
K. ll.3a6JIOHCKHH, 
11. M. BeJioKoHeB, 
B. M. IIJ;eKHH 

TEO PHH 
MEXAHH3MOB 

nMAIIIllH 
,llony14eHO Mw1u.crepcrt10M 
Bbtcwezo u cpelJneeo cnequaJ1t.Hozo 
o6paaoeanusi JICCP B 1Cattecne 
ytte6Hu1Ca 8J1si cry8enros 
BbtCWUX Texnu•teCICUX 
ytte6nt.tx aaee8enua 

Kaea 
roJIOBHOe H3~aTeJILCTBO I Ha,zr.a·reJILCKoro OO'LeAHHeHR• 
•Bhl~a WKOJIR• 
1989 



BBK 34.41 si73 
3-12 

Y JI.K 531.8(075.8) 

P e u e H a e H T hi: .11.-p texn. HayK, np<J41. R. T. CepeiJa (Xapi.KOBCKHA 
HHCTHTYT HH*enepoa rpaHcnopra HM. C. M. Kupoaa), 'l.JI.-Kop. AH YCCP, 
Jl-p TeXH. HayK, npcxt>. c/J. K. HeaH<teHKO (KHeBCKHif no.•rnrexnn'!eCKHl1 llH• 
cnrTyr) 

Pe)l.aKUHll JIHreparyphl no MawnnocrponTeJJbHOMY KOMnJJeKcy 
PeJJ.aKrop E. B. AAeKceu<tyK 

3a6noncKHu K. H. n .11.p. 
3-12 Teop1rn MexanH3MOB H Maunrn: YqeoHHK I K. H. 3a6noncKHH, 

H. M. BeJJOKOHeB, B. M. lUeKHH.- K.: Bbima WK. ronoettoe 
H3;J;·BO, 1989.- 376 c., 349 HJJ., 18 1a6JJ.- Btt6.nuorp.: 9 mm~. 

ISBN 5-11-001334-9 

PaCCMOTpeHbl B COOTBeTCTBHH c yraeplK.11.enHoli yqe6HOH nporpaMMOH KYfll:a 
1TeopHll MexaHH3MOB H M3WHH• o6~e JI.Jiii IlJIOCKHX H npocrpaHC"fBClllllH 
MeXaHHJMOB aonpocbl KHHeMaTHKH H .ztHHaMHKH, BJIHHHHe ynpyrocra 3BellLCU 
MeXaHH3MOB Ha HX KHHeMaTH'leCKHe H .D.HH3MH'!eCKHe xapaKrepHCTHKH, npn 11H111,1 
B03HHKHOBeHHll BHl5paUHH npocreHUIHX MexaHH3MOB H nym 6opb6bl c HHMH, 
a raK>Ke rpel5oaaHHH no o6ecne'leHHIO xa11ecreeHHblX xapaKrepHCTHK pa6on.1 
MeX8HH3MOB. 11cnOJib30B8HO OOHHTHe oneparopeoA tPYHKUHH Jl,Jlll cf>opM3JIH3a
UHH aJirOpHTMOB pacqera MexaHH3MOB • 

.llJill cry.11.enroa Bb!ClllHX TeXHH'leCKHX y11e6Hb1X saae.11.eHHH. 

I 2702000000-215 203-89 
M21 I (04)-89 

ISBN 5-11-0013:34-9 

66K34.4 IA73 

© l'h1taTeJibCKOe 0611Cl!HHCllH4l 
cB1:i11.U.a WKOJI8J, 1989 



BBEJJ;EHBE 

B pewemrnx XXVII C'be3,na Knee no,ll,qepKusaeTCH se.nyrn;aff poJih Ma· 

WHHOCTpoem1.H B ocymecTBJiemrn CTpaTeruu yCKopeHHfl HaytlHO·TeXHH· 

'lecKoro nporpecca. YpoBeHb MawuHoCTpoeHHH onpe.neJrneT cocToHHHe 
TeXHOJIOrHH npOH3BO.llCTB8 JllOOOM OTpaCJIH npoMhIWJieHHOCTH H ceJib· 

CKOfO X03flHCTBa, KaqecTBO npoH3BO,ll,HMblX TOBapoo. Pa3BHTHe MalllH

HOCTpoemrn CBfl38HO c coseprneHCTBOBaHHeM reopHH Mexam13MOB H Ma

llJttH, 1f3yqaJ01.Ueii npouecchl, npoHCXO.llflI.UHe B Marn1rnax npH npeo6pa· 

30BaHHH 3HeprHH, o6pa6oTKe MaTepHaJIOB H HX TpaHcnopTupoBaHHH, 
nepepa6oTKe 1rncpopMaUHH npu ynpaBJieHHH MalllHHHhlMH KOMnJieKCaMH 

H T .. n. B TeopHH MexaHH3MOB u Marnutt o6octtoBb!BaeTCf! Bbt6op onrn

MaJibHhlX napaMeTpOB M8UJHH, onpe,ll,eJI.HIOTC51 MeTO)J,bl HX paUHOH8JlbHO· 

ro npoeKTttpoBaHHfl u pacqern. Bee 3TO .n.aeT · B03MO.IB:HOCTb coa.n.asaTh 

6oJiee cosepmeHHble u r1pouaso.nHTeJibHble MalllHHhl, a TaK>Ke MaurnHhI, 

COOTBeTCTBYIOllJ,He HOBblM npBHUH02M paOOTbl. 

OoHBJiemie HOBhIX MalllHH npHBO,ll,HT K pa3pa6oTKe HOBblX reopeTH· 
IJeCKHX noJio>KeHHH 06 HX MexaHHKe. Cnen.oBaTeJibHO, B pa3BHTHH M8WH· 

HOCTpoeHH.H H Teopuu MeX8HH3MOB H M8WHH HaXO,ll,flT oqepe.11.ttoe no.zx

TBep)f{~HHe .llHSJieKTHtreCKHe npttHUHnhl ecrecTB03H3HH}J. He MO.>KeT 

6b!Tb nporpecca B M8WHHOCTpoeHHH 6e3 H3ytieHHH 38KOHOMepHOCTeH 

ero pa3BHTHfl MeTO)l,aMH Teop11u MexaHH3MOB H MalIIHH. He noJiyqin pa3· 

BHTHH Teopu.H MexaHH3MOB H M8ll!HH, ecJIH ee annapaT He 6y.neT OTBeqaTb 

peaJihHbIM HYJK.D.aM H aanpocaM npoMhIIllJieHnocTu. Oo3TOMY Teop11si Me· 

:X3HH3MOB H MalllHH-o.nHa H3 OCHOBHbIX 06me11mKeHepHblX ,ll,HCUHOJiHH, 

06ecnetmsa10mu.x TeopeTuttecKylO no.nroToaKy HH)l{ettepos-Mexamrnoa. 
TeopHSI MexaHH3MOB 11 MawuH 6as11pyeTCH na ocHODHbIX noJI011<e

HHHX TeopeTHqeCKOH MeXaHHKH. npH If3yqeHHH KHHeMantKH MeXafllf3-

MOB KpOMe OCHOBHbIX npHHUHnos MeXaHIHCH (reopeMbl 0 CJIO>KeHHH ,ll,BH· 

:mettHH, cJIO:>KHOM cocTaBHOM D.Bn>KeHUH u .n,p.) ytIHTb!BaJOTCH reoMeTp.11-

qec1rne H KUHeMaT.11qecKHe cf>a1nopb1, xapaKTepH3YIOUlJ1e BJJ.H51tlHe ¢opMbJ 
H pa3Mepos KOHRpeTHbJX 3BeHheB Ha oco6eHHOCTH HX )J,BH>KeHHH. B CBSl-

3!1c3THM B Kypce paccMaTpHB8IOTCH oco6eHHOCTH rrnHeMaTHKH H ,ll,HH8Mll

KH rpynn MexaHII3MOB (3y6qaTblX, KyJiaqKOBbIX; cppHKUHOHHb!X), 4TO 

o6ecneqIJsaeT no.nroTOBKY K 113yqem110 nonpocos pa6orncnoco6ttocrn 

AeTaJieii M8ll!HH. 
np11 H3JlO.IB:eHHlI ,nHHaMHKH MeX8HH3MOB ElonpOChl D.BH.IB:eHHfl 3BeHb

es, s OT.nuque OT TeopeTw1ecKoii MexattHKH, H:syqa10Tcsi c yqeToM ¢11su-

4ecKoi:i npH'l!HHHOCTH .neiicrsyJOI.UHX Ha HHX cuJI. Bonpocbr H3MetteHHH 

3HeprnH D.BH*YI.UHXCH 3settbeB paccMaTp11sa10Tcsi c yYeTOM MexattH· 

~1ecKOH pa60Thl KaK CHJI, Bbl3hIBafOmHx ,llBIDKeime 3BeHbeB, raK H C.HJI, 
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npen5JTCTBY!Olll.HX 11x .11.BH>KeHHIO. B 3TOM cnyqae OCHOBHOH 3Hepren1-
11ecKttf1 npHHUHll MeXal-IHKH pea.JIH3yeTCH TaKHM o6pa30M, 4TO Mexam1-
qecKaH pa6ora npe)..(CTaB.mteTCH 1rnK pa3HHua Me>KJJ.Y 3Heprneii, nony· 
lieHHOH paCXO,AOBam1eM onpe)J.e.JieHHOro KO.IIH'leCTBa 3HeprOHOCHTeJUI 
(c:»rnraHHeM TODJHrna, pacxo.uoaamieM noreHuHa.JI&Hoif 3HeprHH cma· 
Toro ra3a, KHHernqecKOH 3HeprnH JJ.BHR<)'IJJ;eHCH >KHJJ.KOCTH H T. n.), H 
3Heprnei1, 3atpaqem1of1 Ha tex1IO.JIOrH'IecKy10 nepepa6oTKY HJIM nepe· 
Me111.em1e Matepua.JIOB. 

Pa3BHTHe Teopuw MeXaHH3MOB H MaWHH CBH3aHo c nporpeccoM Tex· 
HHKH. CTo Mepe llOBbIIlleHHH ypoBHH MaWJiHOCTpOeHHH llO.JiyqaJIH pa3• 
BHTHe H pa3JJHqHhre pa3JJ.eJibI teopHH MexamrnMoB. Pa3BHTHe MaIIIHHO· 
crpoeHHH a HalJaJie Halllero CTOJiernH npuse.Jio K pa3pa6otKe reopwu 
cTpyKtypbI MexaHH3MOB H MalllHH. Yc.JI0:>1rneHMe 1rnHeMaTM1JeCKMX cxeM 

MalllHHHbIX arperaTOB o6ycJIOBHJIO Heo6XO,ll.HMOCTb B pa3pa60TKe MeTO· 
,II.OB KHHeMaTw1ecKoro pacl!eTa MeXaHH3MOB. CoseprneHCTBOBaHHe .ABH· 
rate.Jiectpoemrn BbI3Ba.Jio yseJIHlleHwe cKopoCTeif pa6oTbl Mawm1, lJTO 

nOTpe6oaaJio pa3BMTMH Meto,11.os JJ.HHaMHl!eCK.HX pacqeros. B TeopHH 
MeXaHH3MOB H MaWMH pa3BHJIMCb MeTO)J.bl pacqeroB OTJJ.e.JibHblX nrnoe 
MeXaHH3MOB (pb1l!aJKHbIX, ay6qaThIX, KyJial!KOBhIX H Jij>.), YlfHTbIBaio-
111.MX B38MMHOe BJIHHHMe reoMeTpHl!eCKHX, KHHeMaruqecKHX H )J.liHaMH· 
lJeCKHX ¢aKTOpOB Ha KaqecTBeHHbie noKa3aTeJIH paOOThl MeXaHH3MOB. 
~o npHBe.Jio K C03,ll.3HHIO TeOpHH 3auerI.JieHJrn, KOJie6aHHH H JJ.p. 

CospeMeHHoe MalllHHOctpoem1e Tpe6yeT coaJJ.aHHH MOlll.Hhrx u npous
BOJJ.MTeJibHhIX Mau.mu c npoctpaHCTBemmii 30HOtt o6CJiy>KHBaHHH. Bbl
coKaH npmt3BOJJ.HTeJibHOCTb MalllHH HeB03MO>KHa 6e3 C03JJ.aHHH CHCTCM 
ynpaBJieHHH pa6oTOH MalllHH Ha OCHOBe npHMeHeHHH Bb(qHCJIHTeJlhHblX 

nporpaMMHpyeMblX ycTpoikTB H MHKponpoueccopHOH TeXHHKH. 3ro 
Bb13B3JIO C03.l{am1e TeopMH po60TOB H MaHHnyJIHTOpOB, paapaOOTKH 
MeTOJJ.OB HX npoeKTHpoeaHHH H pacqera. 

CoepeMeHHaH TeXHHKa BbI;umraeT nOBhIWeHHbfe TpeooBaHHH K Toq
HOCTH pa6oTW MeXaHH3MOB. 3To noTpe6osaJio OTKa3aThCH OT MeTO,AOB 
pacl!eTa MeXaHH3MOB, OCHOBaHHblX Ha npe.n;noJIO>KeHHH 06 a6COJllOT· 

HOH mecTKOCTH 3BeHheB. Ceii11ac noJiyl!HJIH pacnpocTpmleHHe Mero.Ahl 
KHHeMaTHlJeCHOro H JJ.HHaMHqecKoro HCCJie)J.oBaHHH MeXaHH3MOB c yqe
TOM .necpopMHpyeMOCTH 3BeHbeB, HX KOJie6aHHH, 803)1.eHCTBHH BHopa
UHH Ha 01<pyma1oiuy10 cpeJJ.y H 4eJioeeKa. 

,llJIH cospeMeHHOro MalllHHOCTpoeHHH xapaKTepHa WHpoKaH 3JieK
TpOHH¢HKaI~HH, BJIHHIOIJJ;aH He TOJibKO Ha H3MeHeHHe npHHUHllOB yn
paBJieHHff MalllHHaMH, HO H Ha npHMeHeHHe MeTO.ll;OB HX HCCJie.AOBaHHH. 
CTpttMeHeHHe 3JieKtpo1rno·BbI'IHCJIHTeJihHblX MaUmH AJIH pac11eroe Ma

lllHHOCTpOHTeJihHhIX KOHCTPYKUHH cTaJio o6hl.nettHhlM. ABTOMaTH3aUHff 
pacl!eTOB noTpe6oBaJia paapa6oTKH HOBblX MeT0.11.0B HCCJie)J.OB8HHH Me

xaHH3MOB, HX WHpOKOH aJiropHTMH38UHH H ¢opMaJIH38UHH. 
TeopHH Mexamt3MOB M MalllHH - nepBaH Jl.HCUHnJIHHa, BBO.IJ.HIJJ;aff CTy

.neHTOB B MHp 06111.eHH/KeHepHbJX CBe,ll.eHHH, CBH3aHHbfX c KOHKpeTHblMH 
)l.eTaJIHMH MaUIHJI, a He a6ctpaKTHblX llOHHTHH MatepHaJibHOH TOlJKH 
H MaTepHaJihHoro TeJia. BMecTe c KypcaMH TcopeT1111ecKoii MexaHHKH1 

conpm1rnJiemrn MaTeprrnJIOB H .neTaJief! M3IllHH oHa BXO.AHT B KOMnJieKO 
1; po¢eccHOHaJibHOH no,ll.roTOBKH MaUIHHOCTpo1neJieii. 



Paa,l\eJI nepBhlii 

CTPYKTYPA H K~ACCH¢HKA~HH 
MEXAHH3MOB 

1. OCHOBHhIE IlOH.HTB.H B OilPE,IJ;EJIEHH.H 

1.1. OcnoBBlde npun~m.i xnaccul}nma~u 

Mexauu3Mbl - ocuoea J1106oii MaIIJHHhI. Cy~ecTsyeT orpoMHoe MHO

mecnio MeXaHH3MOB pa3JIHlJHblX THilOB, OTJIHlJaJOmuxcH H83Ha1Jem1eM, 

cTpoeuueM, cnoco6oM nepe.naqu .neumemrn, npum.1.unoM AeiicTBHH u 

MHOrHMH .npyrHMH npH3HaKaMH. c IJ.eJiblO pa3pa6oTKH 3QxPeKTHBHbIX 
MeTO)J.OB auaJIH38 H paIJ.HOHaJibllbIX nyTeii C03,ll8HHH HOBblX MeX8HH3-

MOB (cuHTe3a) ux rpynnupyioT no onpe.11.eJieHHbIM nptt3HaKaM. B Ka

qecTBe 0.11.Horo H3 npH3HaKOB npHHHMaJOT cnoco6 npeo6p030BaHufl oeu-
0/CeHUR. e .MexaHUSMe. HapH.llY c nepe.naqeii .llBH:lKeHHH c noMOlll.hto TBep

Jl.hlX 3BeHbeB B MexaHH3M8X )J.JJH 3TOH 1.1.eJIH HCilOJlb3YIOT )KH)J.KOCTH, 

ra3hl 1 9JleKTpH'IeCKHe H M3rHHTHble IlOJIH. no9TOMY 0)1.HHM H3 npH3H8· 

KOB KJiaccmt>HK8UHH HBJIHeTCH MeXaHHlJeCKOe, fHJl.PBBJIHlJeC1{Qe, IlHeB

MaTHlJeCKOe HJIH 9JleKTpH'IeCKOe B03.lleHCTBHe )J.JJH npuBe)l.eHHH Mexa

uasMa B .11.eu:m:euue. 

8eCbM8 pacnpocTpaHeHa KJiaCCH<l>HKaUHH MeXaHH3MOB no ux<jJyHK
lfiUOHa.JlbHO.MY H03Hattenwo. B 9TOM cJiyqae pa3J1H'IalOT MexaHHJMbI Jl.BH· 

n.Teneii, nepe.naTOlJHbJe H HCilOJIHHTeJibHbie MexaHH3Mbl, KOHTpOJUI, 

ynpaBJieHHH H peryJiupoBaHHH, IlO)J.alJH, TpaucnopTHpOBKH, Illff8HHH " 
copTHpOBKH o6pa6aTbIBaeMblX cpe.11. H o6DeKTOB, aBTOMaTH1Jec1mro C'le

Ta, B3BeIIJHBaHHH H ynaKOBKH roTOBOH npo.nyKIJ.HH "T. n. 

HecMoTpH ua pa3HHII.Y B <j>yHKIJ.HOHaJibHOM Ha3HatJeuuu MeXaHH3-

MOB OTJleJibHblX BH.llOB, B HX CTpoeHHH, KHHeManrne ll )J.HHaMHKe MllOfO 

o6mero. EcnH rnaBHbJM nptt3HaKoM KJiaccu<j>HKauutt ctiHTaTb KHHeMa

THKY MeXa!IH3MOB, TO HX )J.eJIHT no xapaKtnepy 06U~eH.UJl 6XodJlU{UX 6 HUX 
iJemaAeU Ha MexaHH3Mbl c Bpalll.aTeJibHbIM, nocTynaTeJibHbIM, IlJIOCKO• 

napanneJibHbIM H npocTpaucrneHHhIM .llBH>KeHHeM. ECJIH a KJiacrnqm

KaIJ.HH ytJHTbIBaJOT mun .Mexa11.ua.Ma, TO pa3JIH1Ja10T MexaHH3Mbl IIJapuup

uo-pbI'Ia:>K:Hb1e, KyJiallKOBhie, 3auenJieHHH, <l>PHKIJ.HOHHbJe, c rHOKHMH 
CBH3HMH u T . .n. BoJiee .11.eTaJibHOe .11.eJiem1e B 3Toii KJiacctt<Pu«aIJ.HH cTpo

HT~ ua xapaKmepHbtX itacm1tocmJ1.X .Mexanus.Moo: n.1rnueTapub1e, 3yoqa

'fhle, tiepBH'lIJble, KyJJHCHbie H T. n. 

1.2. CTPYRTYPRaa KJiacculj)uica~ua 

MsytieHHe OCHOB IlOCTpoeHHH MeXaHH3MOB H HX 9JieMeinOB 6a3upyeTCff 

ua CTPYKTYPHOH KJiaccucpuKaIJ.HH. Ee npHHII.Hn 3aKJIIO'IaeTCH B TOM, lJTO 

/llo6ou MexaHus.M npeocmae.1tR10m KaK l{enb om0eAbHbtX EJA.e.MeHmapHbtX 
cottAeHeHuu meepobtX UAU cu6Kux me.n, onpeae.n.eH.Hou <J1op.Mbl, npucoeou
HeHflbtX K ucxoiJno~y npocmeutue.My .MexaH.ua.My, ebtnoANJl/OU{eMy u 
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caMocm011meAbHbte cp1JHK({UU. _ lj CXOaHbtU MeXaHU3M He MO:JICem 6btmb pa3· 
aeAeH Ha 60Aee npOCmbte t{(lCmU 6e3 HapyUteHUR OCl-l08H.OU cpyHKt{UU
nepeaattu a8U11CeH.UR. 

3Ta KJiaccH<f>l1Ka1urn, npe)J.JJO:>KeHHaH B 1911 r. Jl. B. AccypoM (cM. 
npHJI.), a sareM .n.onoJIHeHHaH 11. 11. Aprn6oJieBCKHM (cM. npHJI.), npe· 
.uycMaTpHBaeT 06oe.a.11Hem1e B onpe.ueJieHHOH cHCTeMe H Tex KOMOHIIa· 
u11ii no)l,BHJKHhIX t:iacTeli, np11coe)J.1111e1111e KoropbIX cnoco6cTByeT o5pa· 
30B8HHIO CJIOH<Hb!X MeXaH1!3MOB. CooTBeTCTBeHHO AaHHOH KJiaccmfm· 
KaUHH MexaHH3MbI npe.!I.CTBBJIHIOT B BH,11.e CTPYKTyp11b1x cxeM c 
yKa3aHHeM crr,neJibHhIX t:iacTeii H HX no.n.BMJKHl>IX coe.a.1111e11Hii yCJioBHhI· 
MH 11306pa:»<eHtt f!Ml!. 

1.3. ~eTaJib, 3BeHO 

Ka)!{,!l,bltt MexaHH3M cocTOHT H3 ,!l.ern.rreii, onpeneJTeHHhIM o6pa30M co
e)J.1111e1111b1x Me)!{.ny co6oii. ~eTaJJb - amu usiJeAue, Kumopoe He pasiJe
ARemcfl. Ha cocmaeHb/£ ttacmu 6es HapyuteHUR 803MO:JICHocmu BbtnOAHeHuR 
UM npeiJycMompeHHblX </JYHKU,UU. Ha p11c. l. I, a noKa3aH 3y6t:iaTblH 
MeX8Hl!3M, cocrnmn;Hii H3 HeCKOJibKI:IX )J.eTaJieif: Heno)J.Bl!}l{Hb!X - Kop-

2 
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Puc. I. I-. KottcTpyKTllBHafl H CTPYKTypttafl Puc. 1.2. Ko11cTpyKme11aS1 11 crpyK· 
cxeMa 3y6'laToro MexaHH3Ma Typ11a11 cxeMa Kp11eoUinn110-rroJJ3YH• 

Horo MCX8Hll3Ma 

nyca H3 Jl.BYX '18CTeif a H a', IlO)J.llIHilHIIKOB b, b, H e, e' H IlO)J.BH>KHbIX -
Bparn.aiorn.H XCH BaJia-wecTepHH c H BaJia f c 3aKpenJieHHb!M Ha HeM c 
noMOlll.bIO wnoHKH g sy6t:iaTbIM KOJiecoM d. 011 npe)J.11as11aqeu )J.JIH nepe· 
A8'1H Bpaw.-aTeJibHOro )J.BH>KeHI:IH OT BaJia-rnecrepHH c Ha BaJI f qepe3 
napy sauenJIHIOUJ.HXCH 3yt)qaTbIX KoJiec c H d. I(poMe yKa3aHHbIX B 3TOM 
MeXaHH3Me HMeeTCH MHOro JJ.pyrJfX ,n.eTaJieH (OOJITbl, raHKH, IIITHcf>Tbl, 
KpbIUIKH nOAIIIHilHHKOB H AP.), HO Bee OHB pa3.n.eJHIIOTCH Ha Heno.n.BH>K· 
Hb!e, CBfl38HHbie c KopnycoM, H IlO)J.BII>KHbie, CBH38HHbie c Bpaw.a10-
UJ.HMHCH )J.eTaJIHMH. 
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C no3IIUIIii cTpyKTypHoii KJiaccuqnmauIIII Ba:arno 3HaTh He Ko.111p1ecT
no .neTaJieii, a KOJIHqecTBO COBOKynHOCTeii, o6DeJJ.HHHIOUJ.HX .neTaJIH, 
06.JiaJ.J.atOUI.He OJl.HHaKOBhIM xapaKTepoM JJ.BmKeHHH. Ha ocHoBaHHII 3Toro 
paccMaTpIIBaeMhiii MexaHH3M cxeMaT11qecKII npeJJ.cTaBJIHeTCH scero Tpe
MH TaKHMll COBOKYOHOCTHMll .n.ern.11eii. !lemaAb UAU necKOAbKO neno
OBU:JICHO coeiJunennblx M.e31CiJy co6oa iJemaAeii, iJeu:J1Cyw,uxcfl KaK oiJno 
l{CAOC, lta3bl8aemcfl 38eHOM. 

CxeMaTIIqecKoe II3o6pa}!{eHIIe 3y6qaTOro MexaHII3Ma (pIIc. 1.1, 6) 
COCTOHT II3 3BeHa 0, coe)l.llHHIOllJ,ero Bee HenO)l.Bll}!{Hbie JJ.eTaJIH (Kopnyc 
II3 JJ.BYX qacTeii a II a'' qeTbipex 00)1.IllHflHHKOB b' b' II e, e' If .n.p.), 3BeHa 
I, npe.n.crnBJIHIOUJ.ero Ba.n-mecTepHIO c (o.n.Ha JteTaJJb), H 3Bena 2, 060-
e.LIHHfUOIII.ero sa.n {, KOJleCO d H IllOOHKY iJ, COe.llHHeHHbIX Me>K)l,Y COOOH 
(pHC. 1.1, 8) II BpamaIOIII.HXCH c OJJ.IIHaKOBOH l'.KOpOCThIO. 

Ulaptt11pHO-pb1qa}!{HbIH MeXaH113M (pHc. 1.2, a), llCilOJlb3YeMbIH }J,.'IH 

npeo6pa3oBaHllH Bpaw.aTeJlhHOfO JJ.BIUKeHllH B nocTynaTeJlhHOe (II Ha0-
6opoT), COCTOHT H3 HenoJJ.BH}!{HbIX ,!l.eTaJieii (KapTepa m, Kopnyca i, 
KpbillJeK IlOJl.IllHilHllKOB, Kpene}!{HbIX .uern.neii IlO,UllUIIlHIIKOB k) II JJ.Bll
}!{YIUllXCH .uern.11eii (KpHBOillIIIlHOfO Ba.Ila a II Bcex 3aKpenJJeHHhIX Ha 
HeM ,Uern.neii, nopmm1 d, nopmHeBoro naJihUa e, nopmHeBbIX KOJieU iJ 
H maTyHa c c IlOJJ.llIIIOHIIKaMII, JJ.eTa.neii JJ.JIH Kpen.neHIIH b II .n.p .). 
Yc.noBHoe II3o6pa}l{eHIIe MexaHII3Ma, oTpa}l{aIOIUee era cipyKTypy, no
Ka3aHo Ha pIIC. 1.2, "6: 3BeHO 0 npeJJ.CTaBJIHeT rpynny HeilOJJ.BII}{{HbIX 
)l.eTaJicii m, i, k II J1.p., 3BeHo 1 - Ba.n u Bee spaw.a10w.necH .ueTa.nn, 3Be
HO 2 - llJaTyH II CBH3b sa.na II nopmHH d, 3BeHo 3 - IIOpllleHb II Bee 
11.pyrue nocTynaTeJlhHO .UBII}l{YUJ.lleCH ,UeTaJJII e, i) II JJ.P· 

1.4. KHHeMaTH"llecxue napi.1 

3BeHhSI MexaHH3Ma coeJJ.HHS!lOTCH MeLK){Y co6oii TaK, 'lT06bI OHH MOfJIH 
coBepmaTb OTHOCIITeJlbHhie Jl.BllLKeHllSI. Coeounenue oeyx 38Cltbe8, o6ec
netttt8al0Wf!C onpeoeAenHoe omHocumeAbnoe oeu31Cenue, Ha3bleaemcfl KH
ueMaTuqecKon napou. TaK, aBeHo 2 B 
ay6'laTOM MeXaHH3Me (cM. pttc. 1.1, 6), 
COCTOHUJ.ee 113 HeilOJl.BH}!{HO coe,1{1rneHHbIX 
.n.eTaJieii f' d II g' Bpaw.aeTCH OTHOCllTeJib
HO 3BeHa 0" COCTaB.nSieT c HllM Bpaw.a
TeJlhHYIO KirneMarnqecKyIO napy B 
B KpHBom11nHo-no.n3yuHoM MexaHH3Me 
(CM. puc. 1.2, 6) 3BeHbH 3 II 0 06paay10T 
nocTynaTeJlhHYIO KHHeMaTH'leCKYIO na
py - nopllleHb d II UllJillHAP i. 

CoBOKYilHOCTll IlOBepXHOCTeii, JIHHHH 
H TO'leK 3BeHheB, no KOTOpb!M npoIICXO
.ll,IIT 11x coe)l.IIHem1e, 06paay10T 3Ae.Menm 

. o'Pa 
y 

s,, <p,, --:c 

KUneM.amu'lecKOii napbl. 3.neMeHThI Bpa- Puc. 1.3. K1rneMaTH'lecKa11 napa 
maTeJILHoii KHHeMaTH'lecKoii napbl B -
3TO UllJlllHJl.Pll'leCKlle noBepXHOCTH 00)1.IllIIflHHKa CKOJlb}l{eHllSI e II e' H 
uamp Ba.na f (cM. p11c. 1.1, a), ay6tJaTOii K11HeMaTwrecKoii napbl F -
JIHH1111 KOHTaKTa 3y6heB mecTepH11c11 Ko.neca d. B nocTynaTeJJhHOH KHHe-
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qHcJiy CTeneHeH CB060ll.bl: TPH He3aBHCHMblX nepeMememrn s,., Sii H S;: 

OTHoc1-neJibHo Heno.uB11>KHhIX Koop11.nttarnh1x oceii H Tpn BpameHHR 

<p,., (Py H qi2 BOKpyr 3Tl1X me oceJ'.i. l!Jrn 3Be11beB, o6pa3yt0m11x 1rnneMa

THLJecKy10 napy, B03MO/KHOe LJHCJJO .UBH/KeHHH Bcer.ua MeHhWe weCTH, 

TaK KaK coe.llHHeHne HX yMeHbI.IJaeT LJHCJIO He3aBHCHMbIX .LUHUKeHHH OJl· 

Horo 3BtHa OTHOCHTeJJbHO 11.pyroro. Ha pttc. 1.3 noKa3aHa KHHeMaTH

'leCE.aH napa A, o6pa3oBaHHaH wapoM 1 tt nJiocKOCTh!O 2. EcJIH OCH· 

Koop.nttHaT pacnoJIOR<HTb Tai<, LJT06h! ocn Ax H Az coBna.naJIH c nJioc

KOCTblO 2, LJHCJIO B03MO>Kllb!X .UBIDKeHHH rnapa OTHOCHTeJlhHO KOOp.1lH

HaTHOH CHCTeMhl 6y11.eT paBHO TOJibKO mlTH (s,., Sz, <px, <pu l1 <pz), Ta}{ KaK 

nepeMemem1e wapa Su B.UOJJh octt y orpaHttLJHBaeTc11. 

KntteMarnLJecRHe napb1 1<JiaccncpttuttpyroT no LJHCJiy CB5l3eii, HaJia
raeMh!X HX 3JieMetnaMH Ha OTHOCHTeJJbHOe .llBH}l{eHHe 3Bem.eB. 3Jie
MeHTbl KHHeMaTHLJeCKHX nap MoryT HaJJaraTh OT O,UHOH 11.0 nHTH CBH3eA 

(npn meCTH CB5!3l'IX HCKJIJOLJaeTC5! B03MO}l{H0CTb OTHOCHTeJlbHOfO JlBH· 

Menm1: .usa 3Betta coeDJIHHIOTCH 11enOLlBHIKHO, T. e. npeaparuaIOTCH B 11.Be 

11.eTaJIH 011.HOfO 3BeHa). l/ucAO H.aAazae.M.blX CBR:Jetl R8Af/£mCJl HOMepoM 

KJiacca KUHe.M.amu'lecKou napbt. TaK, paccMoTpettttaH KHHeMaTHtfecKas:1 
napa wap - nJJocKocTh (pnc. 1.3) 6y11.eT KHHeMarnqec1mii napon 1-ro 
KJiacca. B ra6JI. I.I noKa3aHbl KttHeMaTHLJeCKHe napbI pa3HhIX KJiaccoe, 

003BOJl5!10lUHe peaJIH301l3Tb pa3JIH4Hbie OTHOCHTeJlbHhle ,ll.BmKeHHH 3Be
HbeB. 3BeHb51, o6pa3yJOW.He KHHeMarnqecKHe napb1 1-ro KJJacca, 

KacaIOTC5! TOJJbKO B O,ll.HOH TOLJKe, 3BeHb51 1rnHeMaTHLJeCKHX nap 2-ro KJlaC

ca - s D.Byx T04Kax 11JJ11 no JJHHHH. B KI-rneMaTHLJecKHX napax ocTaJib

HhIX KJJ3CCOB, yKa3al!HblX Ha CXeMaX MeXaHH3Ma ycJJOBHblMH 0003Hatfe

HH5lMH' 3BeHbH MoryT HMeTb KOHT3KT B T0 1max' no JIHHIHIM H.'111 no no

BepXHOCTH. 
KttueMarnl!eCKHe napbI, 3JJeMeHTaMH KOTOphIX 111oryT 6bITh TOJibKO 

T04KH HJJH 011.Ha JIHHH5!, H33bJBalOTC5l 8blCUJU.M.U, KHHeMaTH4eCKHe naphl 

c KOHT3KTOM 3BeHbeB no noaepXHOCTH - H.U3lUU.MU. np11 KOHCTpyH

poBamm KHHeMaTHlleCKHX nap Heo6X0.11.HMO o6ecneLJJITb OOCTOHHHhiii 

KOHTaKT HX 3JieMeHTOB - 3aMhlKaHHe. 3'ro .nocniraeTCJl JIHOO c nOMOI~blO 
onpe11.eJ1eHHblX ycHJIHH (CHJIOBOe 38Mb!Ka1me) HJIH npHLlaHHeM 3JleMeH· 

TaM onpe.ueJJeHHOH cpopMbI (reoMeTpttt.tecKoe 3aMhIKaHtte). 
TaKHM o6pa30M, 3BeHhH, o6pa3yJOmHe KHHeMaTtt4ecKylO napy, 06Jia-

11.aroT OTHOCHTeJlbHO .n.pyr 11.pyra onpe.ueJieHHOCTblO 11.BH>KeHHM, 3aBHC.sl· 
iueii OT reoMeTpHLJeCKOH <flopMbl 3JleMeHTOB KHHeMaT11qecKOH napbl. 

KJJacc KRHeMaTH4ecKoii napbt H yJJ.o6tto onpe,11.emnb no q11cJiy crenettefl. 

CBOOOJl.hl k a oTHOCHTeJlbHOM .na1n1<ettmL TaK KaK LJHCJIO cTenettei'.i cB0-

6oD.hI B npocTpaHCTBe 6, TO II = 6 - k. 

1.5. KHHeMaTH'leCRHe n.enH 

3eeHbR, coeauH.eHHbLe KUHeMOmU'lCCKU.M.U napaMU, 06paay10m KHHeMa

TH~eCKHe uenH. Pa3JIHtJalOT aaMKHymote KttHeMan1tJecKtte uemf, 3BeHbR 

KOTOpbIX BXO)lHT He MeHee qeM B ,UBe KHHeMaTHLJeCKHe napbI, o6pa3yff 

saMKHYTbie KoHTyph1 (pttc. 1.4, a), H He3aMKHymble, HMelOI.I.J.He 3BeHhH, 

BXO.U5!1UHe TO.!ibKO B 011.HY KHHeMaHi'leCKYIO napy H He 06pasy10mHe 

saMKHYTb!X KOiiTypoB (p11c. 1.4, 6), a TaK>Ke CAOJICH.bte KHHeMaTH 1IeCKHe 
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ucmr, COCTOHIUHe H3 3aMKHYThIX H He3aMKHYThlX KOHTypoB (puc. 1.4, 8). 

3aMIUIYTblC KOtlTypbl HeH3MeHHeMOH KOHCfmrypaUHH Ha cxeMaX 38-
mrptr XOBblllaIOTCH. 3BeHbH, BXO)l.HIIJ.He TOJlbKO B OJlHY KHHeMaTH'le

·CKyto napy' 1133hlBaIOTCH n08oOK£l.MU H HMeIOT 3JieMeHTbl KHHeMaTHlJeCKHX 

nap, IIa3blBaeMble 8HetuHUMU, KOTOpb!MH OHH npncoe.llHHHIOTCSI K .llPY

l'HM KHHeMaTHlJeCKHM uenHM. 3JieMeHTbl Jlpyroro 3BeHa, npucoe)l.HHS!e-

.( 8tl2 6-Lo~E 5 
'·~ I .N 

A• . 
" I I 4 G 

8 \ CT-L{J 
~ B N p 

2 ~--A~, y, 
- 3-3 

S-3,,_,,,, l""-3--5 
"'-J-J/ 

4---.r 
I I 
.s s S-S-S-3 

a d 
'PHC. 1.4. 0JIOCKlle KllHeMaTlltteCKHe uenu 

:Moro K noBO.llKY, Ha CTPYKTypHbIX cxeMax MexaHH3Ma o6o3HatJaIOTCH 

'WTPHXOBOH JIHHPieif. 
B ue3aMKHYThIX KHHeMaTutJecKux uenHx scer.lla ecTh J{Ba noBO.llKa 

H J{Be BHelllHHe KHHeMaTHlleCKHe naph!; B CJIO}l{HbIX KHHeMaTHlJeCKHX 

u.enHX lJHCJIO nOBO)l.KOB He orpaHHlJeHo. npu CTPYKTYPHOM 8H8JIH3e 

H CHHTe3e npnMeHHeTCH YCJIOBHaH 3anucb KHHeMaTHlJeCKOH uenH 

(pnc. 1.4, 8), 3BeHbst o6o3HatJaIOTCH qeproi1, coeJ1.HHH101II.eii umt>pbl, 

COOTBeTCTBYIOIIJ.He KJiaccy KHHeMaTHlJeCKHX nap. 

1.6. RuueMaTaqecRae coe,11;uHeHu.11 

Hesa.MKHymafl KUHe.MamuiteCKafl tfellb, Komopafl no xapaKmepy omno· 
cumeAbHbtx 08u:J1Cenut1. 38eHbe8 sa.MeH!lem KUHe.MamutteeKyto napy, npeiJ
cmaeA5lem co6oii KHHeMaTH1JecKoe coe)(Httenue. KaK npasuno, KHHeMa

THtJecKoe coe.nirneHne BbIDOJIHHIOT B BH.lle KOHCTPYKUHH, 3BeHbH KOTO

poi1 BXO)l.HT B HH3ll1He KHHeMaTH'leCKHe napbI. B Ta6JI. 1.2 OOKa3aHbl 

KHHeMaTHlJeCKHe coe.nttHeHHH, COCTOHIIJ.He H3 qeTblpeX 3BeHbeB, coe)l.H

HeHHbIX TpeMH KHHeMaTHlleCKHMH napaMH 5-ro KJiacca, 3KBHBaJieHT

.Hhle ccpepHlJeCKOH H IMOCKOCTHOH KHHeMaTHlJeCKHM napaM, a T8KJKe 
-coe,nHHeHHe, D03BOJIHIOIIJ.ee peaJIH30BaTb KOM6HHaU,HIO OTHOCHTeJibHhIX 

JlBHJKeHHH, cocroHmyIO H3 Tpex nepeMem.eHuii (3s), ttepeaJiu3yeMy10 
nocpe)l.CTBOM KHHeMaTHlJeCKOH napbI. 

1.7. Ilo,11;8uxcnoCTi. RHReMaTuqec1wii ~enu 

SsetthSI KHHeMaTnqecKoii uenu, 06.Jia,naH onpe.neJieHHOCThlO B OTHo

CHTeJihHOM JlBHJKeHHH co 3BeHbHMH' c KOTOpblMH OHH o6pa3yJOT KHHeMaTH

'leCKHe naphl, MOfYT He o6Jia,naTb onpe.neneHHOCTbJO .llBH}KeHHH OTHOCH-

1'eJibHO Heno.nsmKHOH CHCTeMbJ KOOPJJ.HHaT, B KOTOpoii paccMaTpHBaeTCH 

.KHHeMaTHtJecKaH u.enh. Me}KJJ.Y TeM onpe.lleJieHHOCTh .llBH}KeHHH 3BettbeB-
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o6H3aTeJibttoe cBOHCTBO KHHeMaTHtrecKon u.enH JI106oro ycTpOHCTBa, 
TaK KaK B npOTHBHOM cJiytrae ynpaeJieHHe HM HeB03MO:lKHO. D.JIH ou.eH
KH onpe)l.eJieHHOCTH .ZUrn:lKeHHH 3Bem.ee u.enH HX noJIO:lKeHne OTHOCH
TeJibHO ueno)l.BH}l{HOH KOOp)l.HHaTHOH CHCTeMbl oueHHBaeTCH 3HatreHHH
MH He3aBHCHMblX napaMeTpoe, Ha3blBaeMblX o6o6U{eHHblMU KOOpauHa
maMU. 

Ta611u14a 1.2. ICHHeM&TH'leCKHe coe,u.HHCHH.R 

25 
f<p 

JruHeMamu11ec1roe 
coe0uH£'HUe 

Cmpy1<mypHOR CXet10 
coeOuHeHUn 

4 

c[( 
2~ 
~ 1 

4~ 
~ 

I 

YcnobHoe 
Oli03HO'leHUe 

30MeHRef10(J 
KUHeHamu'leCKOii 

naptir 

Hem 
aHono208 

K o6o6m.ettHblM Koop)l.HHaTaM OTHOCHT paccTOHHHH Mem:.n.y TOt1Ka· 
MH 3BettbeB, HX mrneiittbre u yrJIOBbre Koop.llHHaThI eTHOCHTeJibHO 
Hen0)1.BH>KHOH KOOP.llHHaTHOH CHCTeMbI, CBH38HHOH c HenO.U.BH>KHblM 3Be· 
HOM KHHeMaTHtreCKOH uenH - cmoilKOtl, Koropoe Bcer.ua eCTb B KHHe· 
MaTu1:1ecKoii u.em1 peaJibuoro ycTpoucrea. D.m1 onpe)leJiemrn noJIO:lKe· 
HHH 3BeHbeB KHHeMaTHlleCKOH u.enH (puc. 1.5) B CHCTeMe Oxyz, CBH38H· 
HOH co aeeHoM 0, ueooxo)lHMO npu uaeecTHbIX JIHHeHHhIX u yrJIOBhIX 
paaMepax sBeHbeB 3H8Tb 3HatreHHH 'leT1>1pex o6o6w.eHHblX Koop.n.unaT: 
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yrnoBhIX qi1, qi2, qi6 H JIHHeiiHhIX - /3• Cne}loBaTeJihHO, ecJJtt 3a.llaBaTb 

BO BpeMeHH H3MeHeHHe paccMaTpHBaeMblX o6o6meHHblX KOOp.lllfH3T, 

TO MO}!{HO noJiy•mTb BnOJIHe onpe.n.eJieHHOe )l.BM>KeHHe 3BeHbeB KHHeMa

THIJeCKOH U.entt. noJJ.BH}!{HOCTb KHHeMaTHIJeCKOH u.enH - 3TO onpeJ1.e

J1em10CTb )l.BH>KeHHH 3BeHbeB no OTIIOllleHHIO K O}lHOMY 113 HHX. CTeneHb 

nOJJ.BHlKHOCTH KHHeMaTH1Jec1mii u.entt w paBHa IJHCJJY o6o6meHHblX KO

y 

opJJ.HHaT, Tpe6yeMblX Jl.JJH ee onH

caHHH. 
B c.no}!{HbIX K1rneMaTH1JecK11x 

uenHx onpeJteJJeutte CTeneHH no}l

BH}!{HOCTH BH3Y3JJbHO 3aTpy.ll.HH

TeJJbHO. Ee MOlliHO onpe.n.e.nttTb 

BbllJHCJJeHHHMH H3 CJie.llylOJllHX co
o6pameHHH. EcJIH KHHeMaTHIJe

cKaH u.enb COCTOHT H3 n no.n.BH}!{

HblX 3BeHbeB, TO .llJIH omrcaHHH HX 

llOJIO}l{eHJrn B npocTpaHCTBeHHOH 

1<0op.n.1rnaTHOH CHCTeMe 6e3 y 11eTa 

npocrpaHcraennhie KHHeMaru· xapaKTepa coe)lttttemrn 3BeHheB 
'lecKne ueim ueo6xo.n.HMO 6n Koop.n.ttHaT. TaK 

KaK K3}!{)l3H KHHeMaTIIIJeCKaH napa 

HaJiaraeT Ha OTHOCHTeJibHOe )l.BH}!{eHHe 3BeHbeB IJHCJIO orpaHHIJeHHH -

5, 4, 3, 2, 1, onpe.neJIHeMoe ee KJJaccoM, TO .lf.JIH o6mero CJiylJaH noJJyIJnM 

CTeneHb llO.ll.BH}l{HOCTH KaK pa3HOCTb Me>K.ll.Y L[HCJIOM KOOp.!J.HHaT H L[JICJIOM 

HaJIQ}!{eHHblX orpaHHIJeHHH: 

W = 6n- 5p5 -4p4 - 3p3 -2p2 - p1 , (1.1) 

r.n.e p6, p4 , p 3, p 2, p1 - KoJIHL[eCTBO KHHeMaTtt'ieCKHX nap cooTBeTCT

By10111.11x KJJaCCOB B KHHeMan11JeCKOH uenH. 
EcJIH nepeMemeHtte 3BeHbeB KHHeMaTHL[ecKoii uentt npo11cxo}lHT B 

011.!IOH HJJH HeCKOJJbKHX napaJJJJeJibHblX nJIOCKOCTHX, TO TaKast KHHeMa

Tll4CCKaH uenb H33bJBaeTCH nAOCKOU. llJTH o6pa30B3HHH llJIOCKHX KH

J:CM3THIJeCKHX ueneif }lOCTaTOIJHO IICilOJlb30BaTb KJIHeMaTU4eCKHe naphl 
TOJJbl{O 5-ro II 4-ro K.naccoB, HaJiaraIOIUHX Ha )l.BH>KeHHe B nJIOCKOCTH 

coorneTCTBeHHO }lBa HJIH 0.llHO orpaHHIJeHHe, a )l.JIH onHCaHHH JlBH}!{eHHH 

n no.n.BH>KHb!X 3BeHheB TaKoii KHHeMaTHIJeCKOii uenn tteo6xo.nHMO 3n 
roop.nttHaT. 

B CBH3H c 3THM 3aBHCHMOCTh JlJIH onpe}leJieHHH cTenetttt no.nnH}!{

HOCTH nJIOCKOH KHHeMaTHL[eCKOii uenH 6yJleT 

W = 3n - 2p,, - p4 • (1.2) 

PacCMOTpHM COOTHOWe1rne Mem}ly KOJllIL[eCTBOM 3BeHbeB, J(J1HeMa

TII1JeCKHX nap H CTene11eii no.nBH>KHOCTH Ha npm<1epe npoCTpaHCTBeH

HOH 1orneMaT111JecKoii uenn (pttc. 1.5). Ko.n11 11ecrno no)l.BH}!{Hb!X 3Be11bf'B 

n = 5, KH1ieMaT111Jec1<11x nap 5-ro KJiacca A, B, F - p 6 = 3, 4-ro 
1rnacca C H E - p4 = 2, 3-ro KJiacca D - p 3 = I 11 no cj:JopMyJie 

(l.l) llOJIYlJHM W = 6 · 5 - 5 • 3 - 4 · 2 - 3 · 1 = 4. 3acpHKCH

pyeM nocJienoBaTeJibHO 3BeHMI 1, 2 H 5, nptt.nanaH q.>1, q.>2, q.>6 nocTOHH· 

Hbie 3Ha1JeHHH. Tor.l(a Ka}!{)J.OMY 3Ha1Jett1110 /4 cooTBercrny10T onpe.n.eJieH-
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llLie 3Ha4eHirn napaMerpos q>4 H 13 • DpH cpHKcaunH 3BeHLeB 5 H 4 Ka>K· 

JlOMY 3Ha•1eHHIO <v1 COOTBeTCTBYIOT onpe.ueJieHHble 3Ha4eHlrn !V2 H 1 •. 
CreneHb noJJ.BHMHOCTH nenH B 3THX cJiy4aHx paBHa e.l(HHHUe. EcJIH B 

nepBOM cnyqae 3acpHKCHpOBaTb nonOJIHHTeJibHO 3BeHo 3 HJIH 4, a BO 

-BTOpOM - 3Betto 3, TO CBOOO.UHb!e 3BeHbfl uerm CTaHyT HenOJJ.BHIKHbIMH, 

a w = o. (.fa paCCMOTpem1oro CJie.n.yer, 4TO eCJIH B KHHeMaTiflieCKOH ue

n11 coo6ru.111b .UBttMem1e KOJIH4ecrny 3BeHbeB, paBHOMY ee creneHH no
JJ.BHMHOCTH, TO .l(BHMeHHH OCT8JlbHbIX 3BeHbeB O.ll.H03H84HO onpeJJ.eJIHT· 

CH. TaKHe KHHeMaTH'!ec1me tlenH Ha3LJBalOT MexaHH3MaMu. 3aeHbH ue

ntt, KOTOpbIM npH.n.a10T .l(BIUKeHHe H3BHe, H83b!B810T 6X00Hbl.MU. CJie.n.o

BaTeJibHO, noiJ .MexaHU3MOAt ncmu.t.tarom KuneMamullecKy10 4enb, y KO· 
mopou 11,ucAo BXod!ibtX SBeHbeB pmmo cmeneHu 1wDBuJ1cHocmu. 

2. MEXAHH3Mbl 

2.1. 0cHOBRLie npHaHaKH MeXaHH3MOB 

B 3Heprertt4ecKHX Maunrnax, cJiymaru.ttx .UJIH npeo6pa3oBaHHH pas

JIH4HhlX BHJlOB 3HeprnH B MeXaHHlleCKYIO pa6ory. noJiy4aIOT MeXaHH· 

tJeCKoe .ll.BH>KeHHe B BH.n.e HenpephIBHOro Bparu.areJibHOro HJIH B03BpaT

HO-nocrynaTeJibHOfO nepeMeru.eHHH BbIXO.ll.HhlX 3BettbeB. EcJIH cKopocr1t 

JtBH>Kemrn no BeJIHIJHHe HJIH ttanpaBJieHHIO, YCHJIHe HJIH MOMeHT, pas

BHBaeMbie 3THMH 3BeHhHMH, He COOTBeTCTBYIOT 3a)l.aHHbIM AJIH BblllOJl· 

Hemm Heo6XOAHMOH pa6oTbl HJIH no coo6pa>KeHHHM KOMnOHOBKH ar

perara tteJib3H pa6o4HH opraH npHcoe.n.HHHTb ttenocpe.ucrneHHO K .11.BH-

Puc. 2.1. KHHeMaTH'leCKHe na
phl: 5-ro KJJacca: BXOt\HOe 3Be· 
t!O - CTOHKa 

~r' 
0 A 

a 

o~ 
A~ 

0 
raTeJIIO, TO Me>KJJ.Y HHMH ycraHaBJIHBalOT MeXaHH3Mbl onpe.11.eJieHHOfO 

THna. 0HH npeo6paayIOT JJ.BH>KeHHe BXOJl.HOro 3Betta B CTporo onpe.11.e
JieHHOe rpe6yeMoe ABH>KeHHe 11.pyroro 3Betta, Ha3hIBaeMoro BbtXOOHbtM. 
c nOMOUlblO pa3JIH4HblX MeXaHH3MOB JJ.OCTl!raeTCH nepeMeHH8H HJIH 

flOCTOH!IHaH CKOpOCTb BhIXOJJ.HOfO 3Betta npH aanaHHOH CKOpOCTH BXO.ll· 

Horo. Heo6xo)l.HMbIH 38KOH ABH>KeHHH BhlXO)l.ttoro 3BeHa o6ecne4HB8· 

eTCH BbI6opoM COOTBeTCTBYIOUleH crpyKrypbl MexaHH3Ma H onpe.neJieH· 

HblX KJiaCCOB KHHeMaTH4eCKHX nap. 

MexaHH3M MO>KeT HMeTb HeCKOJlbKO BXOJJ.HbIX fl 0,11.HO BblXOJJ.HOe 3Be

HO H ttao6opoT. KottcrpyKTHBHO BbIXOJJ.Hoe 3BeHo OJlHOro MexaHH3Ma 

OJlHOBpeMeHHO MO)l{eT 6bJTb BXO.ll.HblM 3BeHOM .a:pyroro, npHcoe)l.HHeH· 

Haro K HeMy MeXaHH3Ma. BXOJJ.Hble H Bb!XOJJ.llble 3BeHhfl MeXaHH3Ma CBH· 

aattbI Mem.a:y co6oi1 KutteMarn1JeCKHMH uenHMH, crpyKrypa H reoMeTpHR 

KOTOpb!X o6ecne4HBalOT 3a.QaHHOe onpe.ueJieHI1oe OTHOCHTeJJbHOe .JJ.BH· 

:>Ketttte BXO)l.Hb!X H BbIXOJJ.HbIX 3BeHbeB. ll.BH»<e1111e 9TlIX 3BeHbCB pac· 

CMaTpHaaeTCH OTHOCHTeJibHO tteno}l.BH)l{HQH Koop,ll.HHaTHOH CHCTeMbI, 

CBH3aHHOH co croH:Koti. l.Ja1ue acero BXOJJ.HOe 3BeHo MexaHH3Ma coe.11.H· 

HHercH co crofiKofi K11HeMarnqec1rnMH napaMH 5-ro KJiacca {pnc. 2.1). 
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flo Ha3flatteHUIO MeXaHU3Mbl pa3)l.eJIHIOTC.ff Ha nepe.11.aTO'lHbie H 11a

npaBJIHIOllJ,He. B nepe.11.aTO'IHOM MexaHH3Me 06ecne11HBaeTCH 3a.nauuoe 

OTHOCHTeJlbHOe nepeMelll.eHHe BXOJJ.HOfO H BhlXO,llHOro 3BeHheB, npH KOTO

poM npoHCXO.llH1 npeo6pa3oBauHe 06h111uo paBHOMepuoro BpamaTeJJb

Horo HJIH noCTynaTeJibHOfO ,llBH}!{eHHH BXOJlHOro 3BeHa B uenpepbIBHOe 

HJIU npepbIBHCTOe nocTynaTeJJbHOe HJIH BpamareJihHOe JJ.BH}!{eHHe Bbl

XO,llHOfO 3BeHa B 3a.nauuoif cjlyHKUHOHaJibHOH 3aBHCHMOCTH. B ua

npaeJIHIOUJ.HX MeXaHH3Max TO'IKH BhIXOJJ.HOfO 3Beua Jl.BHlKYTC.ff no aa.nau
Hh!M rpaeKTOpHHM. 0.nHH H TOT }Ke MeXaHH3M MO)l{eT 6b1Tb HCnOJib30-

BaH KaK uanpaBJIHIOUJ.HH HJIH nepe.naTO'lHbIH. 

flo xapaKtnepy 06U3/CeHUfl 36eltbe6 MexaHH3Mbl )l.eJIHTCH ua nJIOCKHe 
H npocTpaHCTBeHHhre. UJ10CKHMH Ha3bt8a10mcfl Mexa1tU3Mbl, y KomopbtX 
mpaeKmopuu mntteK nniJeu3/C1tbtX seeHbe8 onucbt8a10m nAocKue KpU6bte, 
Ae:HCaw,ue e napaAAeAbHbtX nAocKOcmflX. TaKoe JJ.BH1Keu11e 06ecne11HBaeT

CH onpe.neJieHHOH op11euTau11eif K1rneMaTH11ecKux nap 4-ro H 5-ro KJiac

coB. HHor.na B nJIOCKHX MexaHH3Max npnMeHHIOTCH KHHeMaTH'leCKHe 

napbl 3-ro H 2-ro KJiaCCOB, HO B onpe.neJieHHOM CO'leTaHHH c napaMH 

5-ro KJiacca H B TaKOM Mecre KHHeMaTH'leCKOH uenH, 11T06hl He Hapy

IIIHTb npHHUHnHaJibHOro xapaKrepa ,llBH}!{eHIUI 3BeHheB. IlJIOCKHe Me

XaHH3Mbl noJiy11HJIH OOJibrnoe pacnpocTpaHeHHe H3·3a npocTOThl pac11e

Ta H TeXHOJIOfHH H3fOTOBJleHH.ff. 

UpOCTp3HCTBCHHblMH MeXaftU3MQMU Ha3bt8al0mcfl .Ml!JCaHU3Mbl, tnO't
KU seeHbe6 Komopblx onucbl8a10m 1tenAocKue mpaeKmopuu UAU mpaeKmo
puu, Ae:HCaw,ue e nepeceKaJOut,UXCfl nAocKOCtnflX. B TaKux MexamtaMax 

JlJU! BbinOJIHeHHH onpeJJ.eJieHHblX cjlyHKUHB KOJIH'lecTBO 3BeHbeB; a 3Ha-

1'HT H KHHeMaTH'leCKHX nap, cse.neuo K MHHHMyMy. B npocTpaHcrBeHHbIX 

MeXaHH3MaX OTCYTCTBYIOT orpaHH'leHHH Ha OTHOCHTeJJhHOe pacnoJio
>KeuHe BXOJ{Hb!X H BblXOJlHblX 3B~HbeB, a B03MO}!{HOCTb Bhl6opa JI.JI.ff KH

HeMaTH'leCKOH uenH ueo6XO,llHMOfO THna KHHeMaTH'leCKHX nap 113 scex 

DHTH KJiaCCOB HX C03Jl3eT JIY'lllIHe YCJIOBHH )l.JIH o6pa30B3HHH HOBblX TH

nos MeXaHH3MOB. 

2.2. IlJIOC&He MexaHH3Mltl c HH3111BMH RBBeMaTHqecRHMH napaMH 

Mexa1tU3Mbt, 3BeHbfl KOmupbtx 06pa3y10m moAbKO Husmue ( epaw,atneAb
Hbte, nocmynameAbHble, u,uAuHiJpu<tecKue u c</JeputtecKue) KUHeMamu
trecKue napbt, 1ta3bl8a10mcfl mapuupuo-pblllaJKu&1Mu. 3TH MexaHH3Mhl 

H3llIJIH llIHpOKOe npHMeHeHHe B MallIHHOCTpoeHHH H npH6opocTpoemm 

BCJle.IlCTBHe Toro, 'ITO npH saaHMo.neifcTBHH aseubeB ycHJIHH s KHHeMa

TH'leCKHX napax pacnpeneJIHIOTCH no noBepxuocTHM. nJiaronapH 3TO

MY Jl3BJieHHH, a cJie)l.oBaTeJibHO, 11 H3HOC 3THX 3JieMeHTOB HHlKe, 'leM 

3JieMeHTOB s BhICIIIHX napax. K .u.ocTOHHCTBaM II1apuupuo-pb11Ia>KHhtX 

MeXaHH3MOB CJie.u.yeT OTHeCTH npoCTYIO reoMeTpH11ecKy10 <lx>PMY 3BeHbeB, 

'ITO ynpomaeT TeXHOJIOfHIO HX H3fOTOBJieHH51. 
Ocuosoii ,llJIH Muomx nJIOCKHX MexaHH3MOB CJIY)l{HT wapuupublii 

'ICTblpeX3BCHHHK (puc. 2.2, a): 3BeHO 1, COBeprnat0mee noJIHhlH o6opoT, 

Ha3blBaeTCH KPHBOWHDOM; 3Beuo 2, COBepII1at0mee CJIOlKHOe Jl.BH}!{e

HHe,- waTynoM, 3BeHO 3 - KOpOMblCJIO - COBepmaeT Ka'laTeJibHOe 

)l.BH)l{eHHe. Ocu KUHeMaTHtreCKHX nap 5-ro A, C, D H 4-ro B KJiaccoB 
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B 3TOM MeXaHH3Me BbinOJIHeHbl nepneH)l.HKYJIHp!J.O K nJJOCKOCTHM, B KO

TOpblX HaXO)l.HTCH TpaeKTOpHH TO'IeK 3BeHbeB. CTo,no6HhlA MeXaHH3M 

06pa3yeTCH TeMH :iKe 3BeHhHMH npH aaMeHe naphl C 5-ro KJiacca napoif 

2-ro KJJacca (pHc. 2.2, 6). 
Ha 6a3e wapHHpHoro 'IeTblpexailemrnKa noCTpoeH IIJIOCKHH KpHBO·· 

lllHilHO-DOJl3YHHblH Mexauu3M (pHC. ·2.3), cJJy>KaUJ,HH )l.JIH npeo6pa30BaHHH 

BpamaTeJibHOro HJIH B03BpaTHO-Kal!aTeJibHOfO .ll,BH>KeHMH BXO)l.HOro 
3BeHa 1 B B03BpaTHO-nocTynaTeJibHOe )l.BH>KeHHe BhlXOJJ.HOro 3BeHa -

noJI3yHa 3. Ocu BpamaTeJibHbIX H U.HJIHHJJ.pHl!ecKMX KHHeMaTH'IeCKHX. 

2 

< ;~: 
§JJ 

JB, 

"" , 
nB 2 c 

I JJ 
~ J/D 

a 
Puc. 2.2. OJJocKnii wapnn pHLJii qeTblpex-
3BeHHI!!{ c napaMH 5, 4, 3-ro KJ13CCOB 

,k_ c. 
A,! ~ 

Puc. 2.3. KpnaownnHo
noJJ3YHHhlH Mex aHH3M 

a 

c 
2 

A~;~ 
fJ 

Pnc. 2.4. Pa3J1HqHL1e BHJtlil 
KpHBOWHilHO·KYJJHCHblX Me• 
xaHH3MOB 

nap B 3TOM MeXaHH3Me pacnOJIO)KeHbl nepneH)l.HKYJIHpHO K HanpaBJle·· 

HHIO .ll,BH)l(eHHSl nOJI3yHa. 3ToT MeXaHH3M - OCHOBHOH BO Bcex nopw

neBblX MalllHHaX (JJ.BHraTeJIH BHyTpeHHero cropaHHH, KOMnpeccopbI, 

HaCOCbl, npeCCbI H T. n.), a TaK>Ke ceJibCKOX03SlHCTBeHHblX, JJ.OpO)!{HblX 

H JJ.pyrnx MalllHH. 
CTJIOCKHe Kpueowunuo-KyJIHCHble MexaHH3Mbl (pHc. 2.4) HMeIOT a cao

eM COCTaBe BXO.llHOe 3BeHO - KpHBOlllHil I, o6pa3yIOIIJ.HH spam.aTeJib· 

HYJO napy B c no.nayHoM 2, Koropb1ii, B CBOIO oqepeJl.b, BXO.llHT B noCTy

naTeJibHYJO napy C c KYJJHcoii 3, HBJIHJOIIJ.eiicH BblXOJlHblM aaeHOM. 

B 3THX MexaHH3Max npH paaHoMepHoM apameHHH BXO.llHOro sBeHa 

MO)l<HO IIOJIY'IHTb HepaBHOMepHoe K8'I8TeJibHOe (pHC. 2.4, a), BpaIIJ.a

TeJibHOe (pHC. 2.4, 6), nocTyIIaTeJibHOe (pHC. 2.4, 8) .llBH)KeHHH BblXO.llHO

ro, 'ITO Il03BOJIHeT yaeJIH'IHTb npOH3BO.llHTeJibHOCTb MalllHH aa C'IeT 

COKpaUJ,eHHH BpeMeHH XOJIOCToro XO)la. 

MexaHH3MbI co CJIO>KHhIMH CTPYKTYPHO-KHHeMaTH'IeCKHMH cxeMaMH 

B OOJ!blllH HCTBe csoeM B Ka'IeCTBe OCHOBHOH npeo6pa3y101IJ.eii llBH)KeHHe 

tJaCTH HMelOT OJJ.HH H3 p~CCMOTpeHHbIX Bblllie THilOB MeXaHH3MOB. 
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2.3. II pocTpaHCTBen111.1e Mexan11aM.1t1 c llllamHMH 

ltBHeMaTB'leCKHMH napaMll 

OpocTpaHcrneHHbie wapHHpHo·pb1 11alli:Hbie Mexamt3MbI npHMeHSHOTCSI 

B KaqecTBe nepe.!laToqttbtX HJnt 11anpaBJIS110mttx .!lJISI oocnpoH3Be.!leHHSI 

npocTpaHCTBeHHblX KpHBbIX, eCJIH OCH KHHeMaTlf'-IeCKHX nap, COCTaBJieH

Hbie BXOJ.lHbIMH H BhlXO)l.HhIMH 3BeHhHMH co croifKoif, nepeceKaJOTCH 

HnH cKpemHaa10Tcsi B npocrpattcrne. AttaJiorH'-IHO nJIOCKOMY urnpoKo 

2 tc 8 3 

# "'\ IJ 
I 

+ 
A A 

a 'lf 
Puc. 2.5. (4iepuqecKHA 11eTblpex3BeHHHK 

B 

npHMeHSleTCSI npocrpaHcTBeH• 
Hh!H wapHHpHhlH qe-rblpeX3BeH

HHK, cocrosimuif JIH!llb H3 nap 

c 
~· 

A 
'ti 8 

Puc. 2.6. YuuoepcaJibHbiii 
mapuup 

Pee. 2.7. MexaHll3M .nnn socnpoH3Be· 
.J(eHHR 33.ll3HHOH TpaeKTOpHH TO'IKH 

Puc. 2.8. MexaHH3M CllTa 

8 

~ 
J 

Pee. 2.9. npocTpaHCTBeHttbli\ 
KpRBOWHDHO-ROJI3YHHhlii Me· 
X3RH3M 

Puc. L.IO. MexaHH3M maccH caMOJiera 

5-ro KJiacca (pHc. 2.5, a) HJJH BKJJJ04aiomHft TaK>Ke " naphl B, C 3-ro 
KJiacca (pHc. 2.5, 6) Ero npttMt'HHI01 ilJJSI nepe11a4H llBtt>KeHHH Me*.11.Y 

JlBYMff CKpemusaiomHMHCH OCHMl1 lo4Klf Ha warytte 2 OillfChlB3101' 

CJIO>KHhle npocrpaHCTBeHHble KpHBble. 
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CTpy1nypttb1e npeo6pa3oBaHIH! npoCTpaHCTBeHHoro 4erh1pex3seH· 

UHKa fl03BOJHllOT IlOJJY'lHTb pa3Hble MOJIHCp1rnauHH KHHeMaTH'leCKHX 
coe.n.MHeHa:H MexaHH3MOB yHuBepcaAbHbtx iuapHupoo (puc. 2.6). l1x 
HCilOJlb3YJOT B MeTaJJJJOpe:>KyW.HX CTaHKax, aDTOM06J1JIHX H .upyrnx Ma· 

llill f'8X Jl.JJH nepeJia'lH .llBH:>KeHHH MeiKJIY BaJiaMH' pacnOJJOfKeHl!blMH no.a 

yr.IJOM y, a T310Ke B Tex CJJy'laHX, KOr)la IlOJIO>KeHHe BaJIOB B npouecce 

pafloThI H3MeHHeTCH. 

MexaHH3M npocTpaHCTBeHHoro wapHHpHoro 'leTbipex3aeHHHKa -

crpyKTypHaH OCHOBa MHOrHX cneuttaJibHblX MexaHH3MOB - o6ecne

lJIJBaer B03MO)l{HQCTb noJiy'leHIHI Heo6XO)lHMblX COOTHOilleHHH Mem.ny 

nepeMeJUeHHHMH BXO.!lHbIX H Bb!XO,llHblX 3BeHheB npH M3JIOM 'lHCJie npo-

PHc. 2.11. Mexatttt3M MaHH nyJJ!1· 
TO pa 

8 -
- 2~ _J ~ f' ,. '-./~'-.../ ~'v 

)IJJj(/))/7)//1 

{J a 

~-
0 

Pttc. 2.12. HttHTOBble Mexa· 
HH3Mbl 

MeJKyTO'lllbIX. ::ho noMoraeT tt36e>KaTb npttMeHemrn ciio}!{HbJX crpyK· 

Typ11b1x cxeM. HanpHMep, MexaHH3MhI neTJ111TeJJeH waeiiHhlX H BH3aJib

HbJX MaWHH )lOJJ)KHbl aocnpOH3BO)lHTb 33)l3HfIYJO rpaeKTOpHIO T04KH 

Ha UHJJHH,llpH'leCKOH nosepXHOCTH. 0HH HMeJOT npocTbie crpyKTyp

Hble cxeMhl, ecJIH npHMeHHTb MeXaHH3M npocrpaHCTBeHl!OfO 'leTblpex

aaemrnKa (pttc. 2.7). TpeoyeMaH TpaeK1op1rn TOLJKH E aocnpmt3BO.!lHT· 

CH npHMettemteM apaw.areJibHOH napb1 5-ro KJiacca B JIJJH coe)U1Hemrn 

3BeHbeB 1 H 2, B peayJibTaTe qero TOlJKa c )lBH)l{eTCH no noaepXHOCTl:f 

il,HJJHH)lpa, a 3BeHO 3, coe)lHHeHHOe c Heno,LI.BH)l{!IOH HanpaBJIHIOJUeH 

u11JJ1rn.up114ecKoil KHneMarnqecKoii napoii 4-ro KJiacca, coaepwaeT 

nm::TynaTeJibHoe H BpamaTeJJbHOe .llBH)!{eI!He OTHOCHTeJibHO HanpaBJIHIO
Ul,ei\, o6ecne'lHBaH T04Ke E Tpe6yeMbltt xapaKTep .llBH>KeHHH. 

Xopoume 3KcnJJyaTaUHOHHbJe noKa3aTeJ111 11 HH3KHH ypoaettb 1.1.tt
m1M11ttecKHX HarpysoK HMeJOT MeXaHH3Mbl CHT, HCHOJib3yeMbie B CTpOH

TeJibCTBe (pHc. 2.8) H HMeJOJUHe B CBOeH OCHOBe paccMaTpHBaeMyJO cxe

MY. Or Kp11no11mna 1 npocTpaHCTBettttoe 11.BH>KeHHe coo6maeTCjl CHTY 

3, TOlJKa c KOTOporo OilHCbJBaeT KpHBYJO Ha c<fiepe c ueHTpOM B D. 
Orn wapttHpoa £, F, 0, H llOJJMHbl nepeceKaTbCH B TO'lKe D. 

OpocTpa11craeHHbIH Kp11aowHntto-noJ13y11HhlH Mexatt113M (p11c. 2.9) 
npHMeirneTCH B CJiy'lae, ecJIH OCb apaw.eHHH BXO.IUIOfO 3BeHa 1 He nep

neH)l.HKYJIHpHa I{ nJIOCKOCTH, B KOTOpOH .ll.BH)l{eTCH IlOJI3YH 3. JrH Mexa

Hll3Mbl WHpOKO npHMemJJOTCH )lJlH npeo6pa30B3HH51 Bpau~aTeJibHOro 
JIB1nKemrn B nocTynaTeJib11oe 11 H<Jo6opoT. Ha pttc. 2 10, a, 6 noKa3a-. 

Hhl npHMepbl npl-IMCflemrn 11pocTpaHCTBeH11oro KpHBOWl1flHO-IlOJJ3yH

HOro MexamrnMa B ycrpoiicrnax ynpasneHHH wacc11 caMoJJeTa, a KOTO· 

pblX BXO)lHhJe 3BeHb5l HMelOT pa3llbIH xapaK'rep )lBH>KeHHH. 
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K npocrpaHCTBeHHhIM wapHHpHo-pb111a:>KHhIM MexaHH3MaM OTHO

CHTCH TaK>Ke MexaHH3Mbl MaHunynsnopoe (pHc. 2.11). Oco6emmcTb 
STHX MeXaHH3MOB aaKJIIOlJaeTCH B TOM, 'ITO 3BeHbH 1, 2, 3, 4 - BXO)J.

Hble H 3aMbIKaHHe HX B KHHeMaTHlJeCKYIO u.enb ocyru.ecTBJIHeTCH rH.n:paB

JIH'leCKHM, 3JieKTpH11eCKHM HJIH .n:pyrHMH cnoco6aMH B 3aBHCHMOCTII OT 

THna .n:surareJieH, npHBO.!lHILI.HX HX B .!lBH>KeHHe. CornacoBaHH8H pa6o

T0 .n:surareJiefi 3THX saeHheB 06ecne11HsaeT nepeMemettHe onpe.I1.eJieH-
11o:H TO'IKH BbJXo.nnoro 3BeHa 4 no 3a.u,amIOH TpaeKTOpHH. 

lliHpOKO npHMeHHIOTCH BHHTOBble MexaHH3Mbl (pHC. 2.12), B KOTOphlX 

c noMOlll.blO KHHeMaT1HecKo:ii BHHTOBOH napbl B ocymecTB.TIHeTCH npeo6-

paaoaaHHe spamaTeJibHoro (p11c. 2.12, a) HJIH nocTynareJI&Horo 

(puc. 2.12, 6) llBHll<eHHH BXOllHOro 3Bena 1 B IlOCTynareJihHOe (HJIH Bpa

lll.8Te.llbHOe) JJ:BH>KenHe Bhlxo.nHoro asetta 2. KoM6HHHPYH pacnoJio>Ke1-11ie 

H KOJIH4eCTBO KHHeMaTH'leCKHX nap 5-ro KJiacca pa3HblX.THilOB, noJiy11a10T 

pa3H006pa3Hble BHHTOBbie MeXaHH3Mbl .!lJIH peweHHH MHOrHX '18CTHblX 

aaJlalJ. Hx npHMeHHIOT B Mern.iwope:>KyILI.HX crattKax, npeccax, 
npH6opaX,H3MepHTeJlbHblX ycTpoiicTBax If T. n. 

2.4. IIJiocxue MexauuaMi.1 c BhICllIHMH RHHeMaTuqecRHMB napaMH 

Optt noMOlll.H wapHHpHo-pb1<Ja>KHhIX Mexantt3MOB MHorne 3aKOHhI ,U,Bl:!

>KeHHH If TpaeKTOpHH TO'leK BbIXO,nHbIX 3BeHbeB socnpOH3BO)J.HTCH TOJ!b

KO npH6JIH>KeHHO, a HHOr)J.a If BOBCe HeocymecTBHMbI (HanpuMep, 

)l.BH>KeHHe BbIXOJl.HOro 3BeHa c IlOCTOHHHO yaeJIH4eHHOH HJIH yMeHb

weHHOH CKOpOCTblO no OTHOWeHHIO K CKOpocrn BXO)J.HOro). 3ro CBH-

3aHO c TeM, L[TO HH3WHe KHHeMaTtt'lec1rne rrapbl rrpe)J.OCTBBJIHIOT orpa

HH4eHHb!e B03MO>KHOCTH B BbJ6ope no.n.BmKHOCTeH. 3ua4HTe.TibHO 60.TihLUHe 

B03MO>KllOCTH BblIIO.TIHeHHH 38)J.8HHhlX 38KOHOB )J.Btt.>Kemrn Ii Tpaer<· 

ropH:ii T04eK BblXO;:{HbIX 3BeHbeB npe)J.CTaB.TIHIOT co6oH MeXaHH3MbI, 

3BeHhH KOTOpb!X o6pa3ylOT H BblCWHe KHHeMaTli'leCKHe napbl. 

OpocTeHWliH npe.!lCTaBHTeJlb TaKHX MeXaHli3MOB )J.JIH 06ecne11emrn 

nOCT05tHHOii CKOpOCTH BblXO)J.HOro 3BeHa - lf»PHKl.\HOHHblH (pttc. 2.13), 

B KOTOpOM nepe.ua11a OT BXO.LlHOro 1 K BbIXOJlHOMY 3BeHy 2 ocyw.ecTBJlH
eTCH 3a ClJeT CliJl TpeHHH, B03HHK810lll.HX Ha 3JleMe1nax Bblcweif KHHe

MaTttlJeCKOH nap&I B. 3JieMeHTOM HBJIHeTCH TO'IKa 11JI11 JIHHHH (Mo>KeT 

6blTb ttecKOJihKO JIHimii:). Cuna TpeHHH co3JJ.aeTcH 6.Tiaro.I1.apH CHJIOBOMY 
33MbIKaHHIO Bblcwe.H KHHeMaT1111ecKoif naphI. flpH 6oJI&WliX paccromrn

HX Me>K.ll.Y OCHMli spaw.emrn BXOJJ.HOro li BbIXOJJ.HOro 3BeHbeB npHMeHH

IOTCH cppliKUHOHHbie Mexanu3Mbl c ru6Koii CBSl3bl0 (puc. 2.14, a, 6). B Ka

qecTBe rH6KHX 3BeHbeB np11MeHHIOT peMHH pa3HOro npolf»HJIH. 

B poJIH nepeJlaTO'IHoro MexaHH3Ma ,nJIH socnpo113se)J.ett1111 Tpe6ye

Moro 38KOJ-Ia .!lBH:>KeHHH BbIXO)J.HOro 3BeHa npli 3a,naHHOM J{Bli:>Kemm 

axo,L1.uor:o 3Betta np11MeHH10TCH Kyna4KOBLle MexaHH3Mhl (plic. 2.15). He-

06xoJJ.11MbJH 38KOH .nBH>KeHHH .nocrnraeTCH npHJJ.8HHeM sxo.nnoMy 3Be

uy - Ky.T1a11Ky 1 - cooTBeTCTByroru.eii reoMeTpH<JecKoii cpopMhI. KyJrn-
110K coaepwaeT sparu.aTe.TI&Hoe (pHc. 2.15, a, 6) HJIH nocTynaTe.TihHOe 

(pliC. 2.15 8, e) .ll.Bli:>KeHHe, a BbIXO.[JJIOe 3BeHO 2 - nocTynare.TibllOe 

(puc. 2.15, a, e). B 3TOM cJiy11ae OHO Ha3brnaeTcfl moAKllmeAeM; npH Ka
<JaTe.TibHOM llBH>KeHHH (puc. 2.15, 6, c) - KOpO.HbtCAOM. Ll.TIH CHH>KeHHff 

noTep& Ha Tpett11e B Bh!cUieif KHHeManrqecKoH nape B KYJia40K - TOJI-
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KaTeJib (HJIH KOpOMbJCJIO) npHMeHHIOT ,ll,OnOJIHl1TeJibHOe 3BeHo 3 - po
;7UK, 06paay10ruee co aBeHoM 2 apamaTeJihHYIO napy D. llJIH 06ecne

<1e1mH ITOCTOHHHOro 38MblK8HHH KHHeMaTH'l:eCKOH naph! HCITOJib3YIOT 

npylKHHbl HJIH 3JieMeHTaM napbl np11,n,a10T COOTBeTCTBYIOlll.YIO cpopMy. 

KyJia'l:KOBbie MexaHH3MbI ynoTpe6JIHIOT B pa3Horo po,n,a ynpaBJIHIOIUHX 

yerpottCTBax (3JieKTpHtieCKHX, rn,n,paBJIH'l:eCKHX H nHeBMBTHlJeCKHX an-

a 

I 

Wi)r 
~ ·~2 

I 
PHC. ~.1:1. <PpttKUH• 
OHRhlii MexaHH3M 

a 
Pnc. 2, 1'4. Mexa11113M c rn6Koil cBH3blO rpl'· 
HHll 

Pm. 2. ln. KyJJa<JKOBbie MexanH3Mbl 

~ f' ~ 

l,,~,c---a 
A . I -

7Tf1l, 

B 
2 

TTm 

c 
J 

cl 2 

. d~ t~ '' 
z 

Pnc. 2.16. 3y6'laThle MexaHH3Mbl 

d 

3 

napaTaX, KJianattHbJX cucreMax H T. n.). B HeKorophlx MexaHtt3MaX -

MeX8HH'leCKHX npeccax, cpopMOBOlJHblX M8illl1HBX, CHJIHKBTHblX Maum

Hax H n.p' - HX npHMeHHIOT Henocpe.n.cTBeHHO AJIH npeOJ{OJieHHH CHJJ 

TeXJIOJIOfH LJec1<0ro conpOTHBJieHHH. 
EcJIH np11 3a)l.aHHOM sparueHHH BXO)l.Horo 3Betta 1 (p11c. 2.16, a) 

HYIKHo nony<rnTb Henpepb!BHoe .n.amKeHHe BhIXO.ll.Horo 3BeHa 2 B O.II.HOM 

HanpaBJieHHH, HCnOJib3YIOTCH MeXaHH3Mbl c nocJie.II.OBaTeJibHO B38!1MO· 

.neliCTBYIOIUHMH napaMH nosepXHOCTeii, pacnoJiaralOU~HMliCH Ha onpe-
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)J.eJJeHHOM KOJIHl:fecrne BhlCTynoB, Ha3blBaeMblX ay6bJlMU. }I.JUI o6ecne

qeHHft OOCTOHHCTBa CKopocn1 BblXOJI.HOfO 3BeHa 3THM noBepXHOCTl'!M 

npu.na10T cnellHBJJbHYIO cfx>PMY. DoJrnoo6opoTHhle 3BeHbR c 3aMKHyTOA: 
cHcTeMoH 3y6bes, 06ecnequaa10UJ.HX HenpephlBHoe .llflH){<ettHe Apymx 

no.no6HblX 3BeHbeB, tta3blBalOTCff 3y6l.faTblMH KOJIOC&MH, ttenOJIHOOOO· 

poTHh1e - 3y611aThlMH ceKTopaMH. KoHTaKTupy10m.He ay6M1 3y6t1aThIX 

KOJJec o6pa3ylOT BhlCillYIO KHHeMaTnqecKylO napy' Ha3bIBaeMylO 3y6-

'18Tb1M 3anenneuneM. 

a 
FH~. L 17. 3y6'laTO-pb1'13lKHbJe MeXaHH3Mbl 

3 
I 

2 . (] 

Pee. 2.18. MexaHH3M c rn6KoA ca1131>IO san:en.nen1111 

MexaH.U3Mbl, e cocma8 1wmopblx 8XOOflfn ay6t{,ambte KOAeca, H.Q3blt!a-
10m 3y6'l&Tb1MH. 0JJOCKHe ay6qaThle MeXaHH3Mhl, B COCTaB KOTOphlX 

sxo.11.11T UHJIHHJJ.pHqecKHe ay6qaThle KOJieca c ay6MIMH, pacnoJio>Kemn>1-

MH Ha UHJIHH)l.pHqecKHX noaepxttoeTHX, CJiy>KaT JI.Jiff nepeJJ.aqH JI.BH>Ke

HHH Me>KAY napaJIJieJibHhIMH OCHMH. 3y6'1aTbie MeXaHH3Mbl HMelOT OJI.HY 
HJIH HeCKOJlbKO nap ay6'1aThIX KOJiec. 3y6'1aTble MexaHH3Mbl pa3){eJIH

IOTCff Ha p!1.d08ble (pHC. 2.16, 6), B KOTOphlX OCH ecex KOJiec uenOJJ.BH>K

Hbl, cameAAUmH.ble (puc. 2.16, fl), B KOTOpblX HeKOTOpble KOJieca COBep

rnaIOT )lBa Bpam.areJibHblX JJ.BmKeHHfl - BOKpyr co6crneuuoH OCH H 

BOKpyr u.euTpaJibHoii OCH .11.pyroro aeeHa, H ay6wmo·pbl'«l'JfCHbl.e cucme
Mbl c KPYI'JlhIMH (puc. 2.17, a) H HeKpyrJihlMH KoJiecaMH (puc. 2.17, 6). 

3y6'18Thle KOJJeca np11MeHfllOT )lJiff HSMeHeHHfl '18CTOThl apam.eHHR 

BbIXO)J.HOro 3BeHa - eeiJOM020 80/lQ - no cpaBHeHHIO c qaCTOTOti Bpa

m.eHHff BXOJtHoro saeua - eeiJyw,eco eaAa, HanpaaJieuu11 epam.eHHH ne

JJ.OMoro BaJia, cyMMHpOB3HHfl tteCKOJlbKHX .ltBH'>KeHHH. 0HH CJiy>KaT 

TaK>Ke B Ka'lecrne MeXaHH3MOB ynpaeneHHfl, nocnpoH3Be.Qemrn sa.11.aH

HblX ¢>yHKUHH H uanpaBJIRIOUJ.HX MeXaHH3MOB. 

DpH ueo6xoJJ.HMOCTH coxpaHeHHH cTpororo nOCTOHHCTBa cooTHOllle

HHR CKOpOCTeii aJIR nepeaaqH BpameHHR npH 6oJiblliHX paCCTORHHRX 

Me)KJtY BXO)tHblMH H BhlXOJJ.HblMH 3BeHbflMH HCfiOJib3YIOT 3y6L1aTble Me

X8HH3Mhl c m6Koii CBH3l>IO B BH,ll,e sy6qarnro peMHH HJIH uenH 

(pnc. 2.18, a, 6). 3y6qaThlH peMeHh 8 BXOJJ.HT B 3auenJieHHe co lIJKHBaMH 

1 H 2, cHa6>KeHHhlMH 3y6MIMH. lJ,enb orn6aeT UHJIHHJJ.PH'leCKHe KOJie-
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ca, oaa6H<eHHble sy6M!MH, otieplieHHbIMH onpe.n,eneHHbIMH nosepx'Ho

cn1MH,- ase3aottKu. BpaIII.ettHe Bhlxo.nttoro aBeHa ocyIII.eCTBJrneTcR OT 
BXO~HOl'O 38 cqeT TRfOBOfO ycHJIHH, nepe)l.aBaeMoro 3JleMeHTaMH ay6-

'-l1HOfO peMHH HJHI uenB. 

2.5. IlpocTpaHCTBeHHl>Ie MexaHK3Ml>I c Bl>ICillHMH 

KllHeMaTR'leCKHMH napaMH 

<l>pl:tKl..\HOHHble MeXaHl:t3Mbl npll nepeeeKaIOIII.HXCH OCHX (p11c. 2.19) 
nepe~alOT )l.BH>KeHife He TOJlbKO c IlOCTORHHbIM OTHOllleHHeM CKOpocTeH 
(pttc. 2.19, a) BXO)lHOro 1 H BbIXOJJ.HOfO 2 3BeHbeB, HOH c nJiaBHblM H3Me

HeHHeM 3TOfO OTHOIUeHJrn (pHC. 2.19, 6). CTepeMeHHa.R CKOpOCTb BblXO)l,

HOfO 3BeHa .nocTHraeTCH OTHOCHTeJibHblM nepeMeIII.eHHeM npoMe>KyTO"l
HSIX 3BeHbeB 3. 

. , 
2 a,._....,...._ 

a 

PHc. 2.19, f!>pHKl.lHOHH.ble npocTpattcTBettttble Mexa
HH3MW 

PHc. 2.20. l(ynaqKOBbJe npocTpattcTnettHble Mexa
HK3Mbl 

A I 

Puc. 2.21. 3y61JaTble MexattHJMbl c nepece
KBIOID.HllKCJI OCHMH 

P11c. 2.22. 3y6'1aTble MexattH3Mbl co cxpe
W.HBBJOIUHMHCH OCHMH 
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lllHpoKo pacnpocTpatteHhI npoCTpaucTBeHub1e KyJiaLJKOBb1e Mexa

HH3Mbl (pHC. 2.20). llallle Bcero BXOJJ.HOe 3BeHO 1 ocyULeCTBmieT fIJIOC

KOe spalllaTeJibHOe (pHa. 2.20, a) HJIH fIOCTynaTeJibHOe (pHC. 2.20, 6) 
ABH>KeHHe, a 6JiaroJJ.apH cpopMe 3JieMeHTOB Bhicweii napbI B H pasHoii 

CTJ>YKType MexaHH3Ma BblXO.llHOe 3BeHO 2 COBepwaeT CJIO>KHOe JJ.BH>KeHHe 

e npocrpattcrne. 

3y6lfaT&Ie npocTpaucTeeuuble MexaHH3MbI npuMeHHlOTCH MR nepe
,n:aqH .llBH:>KeHHH Me>K.n:y nepeceKa!Olll.HMHCH HJIH CKpeULHBa!OIUHMHCH 

OC.HMH. B MexaHH3Max o nepeceKa!OULHMHCH ocHMH, Ha3brnaeMhIX 

f. .1 

u 

f 

6 
PHc. 4epBH'IHble H r11060Hll.HWC MeXaHH3Mbl 

PHc. 2.24. npocTpaHCTBeHHblH MeXaHll3M c mt5KoA 
CB513h!O 

KO/iU'teCKUMU (pHC. 2.21, a), 3y6hH KOHHlJeCKHX 3y6lfaTbIX KOJieC pac

fIOJiaraIOTCH Ha nosepxHOCTHX KOHycos. KaK Ii MexaHH3MhI c UvIJII1HJl
pHllecKHMH KOJieC3Ml1, MexaHH3Mhl c KOHHlJeCKHMH KOJiecaMH 6bll3aIOT 

pHJlOBbIMH (pHc. 2.21, 6) H caTeJIJIHTHbIMH (pHc. 2.21, a). 
flpll CKpeULHB810ULHXCH OCHX rrpHMeHHl:OT BUHmoeble (pnc. 2.22, a) H 

CUllOUQ/ibte (pHC. 2.22, 6) MeXaHH3Mbl, a TaK>«:e q,epBH/.flibte (pHC. 2.23, a) 

H i1106oudHbte MexaHU3Mbl (prrc. 2.23, 6). B qepBHlJHOM MexaHH3Me sxo.n:
Hoe 3BeHo 1 - q,ep8RK - npeJ{CTaBJlHeT co6oii UHJIHH,n:p c BHHTOBOH 

HapesKoii; BblXO){HOe SBeHO 2 - qep8R'1,HOe KO/leco - BXO){HT B sauenJie

HHe c qepBHKOM. B rno6oH.n:HoM MexamrnMe nosepxHoCTh qepBHKa o6-
pa3oBaHa BpaULeHHeM BOKpyr OCH qepBHKa BOrHyTOro OTpes1rn JJ.YrH 
oKpy>«:HOCTH. KaK H sy6qaTb1e, qepsHqHhie Mexam1sMhI MoryT o6paso

BhIBaTh MHoeocmyneHq,ambte, qame ABYXCTyneHl!aThie MexaHH3MhI 

(pHc. 2.23, a). Me)!{.zzy BXO,!l.HhIM 1 H BbIXO.llHhIM 2 3BeHhHMH, pac110.1Io

:tKeHHhIMH B npocTpaHCTBe Ha 6oJiblllOM pacCTOHHHH (pttc. 2.24), npHMeHH

J:OT TaK)l{e MexaHH3MbI c ru6KHMH CBH3HMH c fIOMOllI.bl:O peMHH HJIH uenH. 

2.6. MexauuaMLI c ueMexauuqecKHM cnoco6oM 
nepe,IJ.a'IH ,l(BHmeuua 

Pacc!'tmTpeHHhie Bhirne KHHeMan1qecK11e uentt pa3HhIX T1moB MexaHH3-

MOB HMel:OT O,n:HO o6ULee CBOHCTBO - nepe.l(aqa .[lBHJKeHHH B HHX OT OJlHO

ro sBeHa K JJ.pyroMy ocymecTBJIHJiacb MexaHH'lecKHM crroco6oM, T. e. 
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tiepea saaHMo,neiicTBHe .usyx Tsep.D.bJX aseHbeB. Km1eMaTHKa H 1111HaMHKa 

TaKIIX Mexa11H3MOB onpe,neJJ51JOTC51 no aaKoHaM Mexam11rn tte11erj;opM11-

pyeMoro TeJia, OCHOBl!hle nOJIOllieHH51 KOTOpoii 113Y4310TCH B o6w.eM Kyp

:::e Teopen1qecKoii MeXaHHKH. B 6oJJblllOM KJJacce Mexa1rnaMoB 3BeHbH 

npttll0Jl.51TC51 B .D.Btt:meHHe B peayJibTaTe B33HMO,lleHCTBH51 c 3JJeKTpoMar

HHTHblMH nOJJHMH, OOTOKaMH JJ.BHlliYW.HXC51 }!{.H,llKOCTeii HJIII raaoB. 

K11HeMaTHKa H .D.HHaMttKa TaKHX aseHbeB onpeJJ.enmoTC51 yme He HX 

MexaHttlJeCKHMH csoi1cTBaMtt, a napaMeTpaMtt, xapaKTepH3YJOW.HMl1 

2 

----·- -
P11c. 2.25. CxeMa ynpauJJeH1111 :>JieK
TpoMarHllTOM MeX3Hll3M3 KJianaHa 

P11c. 2.27. MexaHH'.H! rn11-
paBJJ11'1ecKoro ,QJ;HraTeJill 

P11c. 2.26. MexaHH3M m.npoMexauHtJe. 
cKoro npecca 

P11c. 2.28. MexaHll3M c nueaMO• 
npllBO.llOM 

CBOflCTBa HeMeXaHttLleCKOH cpeJJ.bJ, KOTOpbie MoryT 6bITb Haii.n.eHhl Ha 

OCHOBe 3aKOHOB 3JJeKTPO.D.HHaMIIKH, fH.D.PO.D.HH8MHKH, a3p0.D.HH3MH

KH H .llP• 
Bo MHOrttx Marnn1rnx H MexauttaMax HeMexaHttlJecKHM cnoco6oM npu

BOJl.5lTC51 B .D.BI1)l{em1e TOJlbKO HeKOTOpble 3BeHbH u.enH, qam.e Bcero -

BXOJJ.Hble, a nepe,UalJa .D.BI1}!{.eHI1S1 OCT3JlbHhIM 3BeHb51M ocymecTBJJ51eTCH 

MexaHHlJeCKHM cnoco6oM. Hatt60.1brnee pacnpocTpaHeHtte noJJylJttJJII 

MexaHH3Mbl c 3JleKTponpHBO.ll.OM - 3JJeKTpOMeXaHHlJeCKHM ycTpOHCT

BOM, B KOTOpOM HCTOlJHHKOM MeXaHHlJeCKOfO Jl.BH:m:eHH51 CJJY:>KHT 3JJeK

TPOJl.B!lraTeJJb. B caMoM 3JJeKTpo.D.n11raTeJJe Bhlxo.n.Hoe aseHo - poTop -

npHBO,UHTCH B Jl.BHJ:<eHHe B peayJJbTaTe B3311MO}l.eiicTBIIH c JJ.BM:>KYllJ.MM

C5l 3JieKTpoMarHHTHhlM noJJeM. BaattMo,neiicTBHeM c 3JieKTpoMarHMTHhIM 

no.!leM o6MOTKII 1 HKOpH 2, COBMem.eHHOJ'O co lllTOKOM 3 KJJanaHa 

(pnc. 2.25), ocyrn,ecTBJIHeTC51 ynpaBJieHtte MeXaHH3MOM KJJanaHa. 
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~ Mt"X3HH3Max c nui.paBJIH4t"CKHM npHBO)lOM nocrynareJibHOe 11JIH 
spamare.'lbHoe JlBH1Ke1me 3BeHa nocniraercH aa ctieT ttarHeTamrn no.zt 
.n.asnem1eM pat'iotieH >KHJlKOCTH B IlOJIOCTb, B KOTopoli OHO JlBH>KeTCSI. 
B rn.n.poMexa1111qecKOM npecce~(pHc. 2.26) tteo6xoJlHMOe pa6oqee yc11J11ie 
Hll nJJHTY 1 JlOCTHraeTCH no.aaqeti 00)1. .n.asJieHHeM iKH.1l.KOCTH B IlOJlOCTH 
UHJIH llJI.POB 2. JI.JI H fIOllbeMa OJIHThl »<HJJ.KOCTb no.n. .n:asJieHHeM rro.n.aeTCfl 
B noJiocrn 3. YnpasJie1me pa6oroii ocymecTBJIHeTCSI c noMOlll.blO 30.JIOT· 
HHKa 4 nepeKJIIO'leHHeM ero B COOTBeTCTBYJOW.YJO 003HI.VUO. Ha 
pHc. 2.27 npHae.n:eHa cxeMa MeXaHH3Ma rnnpaBJIHtieCKoro JlBHraTeJJH, 
B KOTOpOM )l{HJlKOCTb, HartteraeMaH non Jl8BJieHHeM B flOJIOCTH UHJIHHll
poB J, npHBO.ll.HT B nocrynaTeJibHOe .ll.BH»<eHHe nopwHH 2, Koropoe npe-
06pa3yercH Bo spamareJibHoe .lJ.BH)l{em1e Kocoro KpHBoumna 5 c no
MO!llblO waryHOB 3 H )lHCKa 4. 

flo.n: MeXaHHJMaMH c ntteeMaTHlfeCKHM npHU0,11,0M o6bl'IHO IlOHHM3IOT 
nopwHeBbie HJIH poTOpHbie MeXaHH3Mbl, BXOllllhle 3BeHbSI KOTOpbiX 
np1rnO.ll.5ITCH B JlBH>KeHHe 3HeprneH C>KaTOro ra3a (B03,Ayxa). 0HH HC
Il0Jlb3YIOTCH qame acero B CHCTeMax ynpasJJeHJrn pa6oroii MawHHhl, 
a raK>Ke s KatiecTBe se11.ymnx e Mawu11ax, B Ko-rophIX np11Menem1e .11.py
rnx a11.n:os npuso.ua HeueJiecoo6pa3HO. Hanp11Mep, ecJm Mexam13M 
pa6oraer so B3pbn3oonacH01'% cpene, ro )lJJH npe,uynpe>K,ue1mH 11cKpo-
06pa3oBaHHH BMecro 3J1eKrponp11so,ua np11MeHH10T nHeBMonp11eo.n:. Ha 
pl1C. 2.28 fIOKa3aHa nrnHtIHaH cxeMa nHeBMonpttBO,ll.a MeX3HH3Ma CHCTeM 
ynpaBJJeHHH. 3,!J.eCb no.u ,ll.eHCTBHeM C:>KaToro 803.llyxa 3.113CTl1'1HaH )lHa
ipparMa 1 nporn6aercH H rrepeMern.aer wroK 2. B 11cxo.n.Hoe noJio>Ke1me 
OHa B03BpamaeTCH npy>KHHOH 3 np11 CHHTHH .n:aeJieHHH. 

B noCJ1eny10meM 6y .uyr paccMarp11BaTbCH JOJibKO MeXaHH3Mhl, y 
KOTOpbIX nepe,uaqa ,ll.BU)l{e!rnH OT O,ll.HOro 3Bell3 K .upyroMy ocyw.ecTBJiil· 
eTCH MeXaHHlJeCKHM cnoco6oM. 

3. CTPYKTYPHhlll CHHTE3 MEXAHH3MOB 

3.1. 3a,n:aqa CTPYKTypHoro CHHTeaa 

B cTpyKrypHoM CHHTe3e Mexa11H3MOB pa3pa6arbIBa10TCH KHHeMaTH'le· 
CKHe ucnH c MHHHMaJibHblM KOJIHlleCTBOM 3BeHbeB ,Ll.JIH npeo6pa3oBaHHff 
.lI.BH>KeHHH 38,D.aHHOfO 1mJI11qecTBa BXO,ll.HbIX 3BeHbeB B rpe6yeMbie .11.BHfile
>KeHHH BhlXO.ll:HbIX. Pe3yAbmamoM cmpyKmypnoio cwune3a MexaHU3Ma 
MAJlemcR ezo cTpyKTypHaH cxeMa, !JKa3bt6a10w.aR 36eHbJ/. u xapaKtnep 
ux 63GUMOC6fl.3U ( KAacc KUHeMamuiJecKux nap). BblXOll.HOe 3BeHo Mo>KeT 
)l:BHraTbCH c nOCTOHHHOH HJIH nepeMeHHOH CKOpOCTblO. J1.B11>KeH11e 3TO 
6b1BaeT HenpepbIBHOe HJIH npepblBHCTOe (c OCTaHOBKaMH), HeH3MeHHOe 
HJIH UHKJIH'leCKH H3Memnorn.eecH. Jl.JIH HanpaB./U IOW.YIX MeXaHH3MOB 
Ba>KHO, lJT06bJ rpaeKTopmr TO'leK BbIXO.ll.HOro 3Belfo COOTBeTCTBOBaJIH 
3a,UaHHb!M. 3a,ua'ltt CTpyKrypnoro CHHTe3a MHOroBap11aHTHbl. 0.n;Ho JI TO 
)l{e npeo6pa3oBaHHe .llBH>K.eHHH noJJytJalOT pa3JIH'IHbIMH no crpyKry
pe MeX3HH3MaMH. f1o3TOMY npH Bb16ope OilTHM3JibHOH CTpyKryp110A 
cxeMbJ YlfHTbJBaJOTCH rexHo.11oruH H3roTOBJieHHH 3BettbeB 11 KHHeMa
THlleCKHX nap, a TaK>Ke ycJJOBHH 3KCnJiyarau.HH MeXaHH3MOB. 
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Pa3JJH 1-Ia!OT nAocKue 11 npocmpm-1.cnuJeHHbte cTpyKTyptti.1e cxeMbl. 
npH CMHTe3e Il.!IOCKOH CTPYKTYPHOH cxeMbl npMHHMaeTC.11, 'ITO 3BeHbH 
MexaHH3Ma nepeMelll,3!0TC51 TOJibKO B O,IlHOii TJJIOCKOCTH (pMC. 3.1, a) M 
y HHX OTCYTCTBYIOT nepeMelll,emrn Sz, 'Px H cpv. TaKoe OTHOCHTeJibHoe .D.BH
:meHHe 3BeHbeB ocylll,eCTBJIJJeTCH npM HCilOJJb30B3HHH KHHeMaTH1JeCKHX 

nap TOJibKO 5-x KJl3CCOB c nepeMelll,eHHHMH Sx, Sy H IPz· npH CTPYKTYPHOM 
CHHTe3e MeXaHH3MOB BbiOOp THna peaJlbHblX KHHeM3THqecKHX nap npo
H3BO.ll,51T c yqeroM 06ecne11emrn pa6cnocnoco6ttocTH MexaHH3Ma, oco6eH
ttocre1i TeXHOJIOrHH H3fOTOBJieHIHl, c6opKH, MOIJT3)J{3 H ycJIOBHH 3KCilJIY
aTal.l,HH. no3TOMY nOCJie CHIJTe'1a IlJIOCKOH CTpyrnypHOll CX€MbI nepeXO
ll5IT K npocrpaHCTBeHHOH cxeMe (pHC. 3.1, 6). 

3.2. CTpyKTYPBLie rpynn1>1 

OJ:oeKrnpoaattue Mexam1s.1.1oa, sse11hH KoTophlx o6pa3)'IOT 33MKHYTbie 
KOHTypbl, npOH3BO,IlHTCH npHC0€)1,HHeHHeM K BXO~HhlM 3B€HhHM M CTOti
Ke KHHeMaTHl!eCKHX u.eneii H3Me1rneMOH KOHqrnrypau.HH, 'JHCJIO CTene
Heii CBOOO~hl KOTOpbiX OTHOCHTeJibHO 3JieMeHTOB ee BHeWHHX KMHeMa
TH'leCKHX nap paBHo nyJIJO. TaKaH KHHeMaTH1JecKaH uenb Ha3b!BaeTCH 
cmpyKmypHotl zpynnotl. Ko.~114ecrno 3BeHbeB, l!HCJIO H KJiacc KHHeMa
cHIJeCKHX nap B TJJIOCKMX CTpyxrypHblX rpynnax, H33h!BaeMhlX rpynna
MH Accypa, ,a.oJDl\Hbl coorne1crnoBaTb coornoweHHIO (1.2); MH nnoc
hHX crpyKTYPHhlX cxeM npH p3 = 0, p2 = 0, p 1 = 0 noJiyl!HM W = 
= 3n - 2p6 - p4 = 0 H, cJie,D.0Ba1eJJbHO, yCJ10BHe cyw.ecTBOBaHHH 
nJIOCKOH CTPYKTypttoii rpynnhl Accypa HMteT BH.D. 

3n = 2p6 + p,. (3.1) 
flpocTeiirnaH CTPYKTypHa.R e.AHHHl.l.a - Moua.a.a - cocTOHT H3 o.n;Ho

ro 3Betta c 3JieMeHTaMH KHHeMaTHlJeCKHX nap. CymecrnyJOT rp11 Mo~mpu
Kauim npocrpaHCTBeHHblX MOHa,D, (pnc. 3.2): c 3JleMeHTaMH KHHeMaTH
qecKHX nap 1-ro H 5-ro, 2-ro 11 4-ro HJJH c ,IlBYMH KHHeMaTH1JeCKHMH 
napaMH 3-ro KJiaccoB. Ec.'IH n npocTpattcrsetttto:H MoHa)J.e Ehlcwy!O KH
HeMaTH1JecKy10 napy 3aMeHHTb 3KllHBaJieHTHblM eft B cTpyKrypttoM OTHO· 
llleHHH KUHt!MamuiteeKU.M coeiJUHeHueM, COCTOHlll,HM H3 KHHeMaTH1JeCKOA 
u.enH c KHHeMaTHlleCKHMH napaMH 6oJiee BbICOKHX KJiacoos, ro noJiy· 
lleHHhie KHHeMaTRlJeCKHe u.em1 6y,nyT 06.11aJ1;aTb csoACTBBMH CTPYKTyp
HblX rpynn. HanpHMep, MOHa)J,e c napaMH 1-ro H 5-ro KJiaccoe 
(pHC. 3.3, a) 6y.ner 3KBHBaJieHTHa JJ.BYX3BeHH8'1 KHHeMaTJ14CCKa.R u.enb 
c napaMH 3-ro, 4-ro H 5-ro KJiaccos (pnc. 3.3, 6). 

npoCTeHUl3H MOHa~a Ha DJIOCKOH CTPYKTYPHOH cxeMe (pHC. 3.4) 'c 
.llBYMH noBO)l.KaMH HMeeT 3.1JeMeHThI .nayx BHeUIHHX KHHCM3TH'leCKHX 
nap: Bb!CWeii 4-ro H HHSrneii 5-ro KJlaCCOB • .Uae MOM<}>HKaUHH DJIOCKOA 
MOH3)1.bl OTJIH1J3IOTC.R BH.AOM KHHeMaTII1JeCKOH napbl 5-ro KJiacca, KOropa.R 
MO)J{eT 6hITb Bpalll,aTeJibHOH (pHC. 3.4, a) H.TJH nocrynare.llhHOH (pHc. 3.5, 
6). CTpyKTYPHhle rpynnhJ c 4Jic.~oM noao)l.KOB 6o.1ee .IlBYX 06pasy10rc.R 
Ha 6a3e CJJO}f{Hh!X KHHeM3THlJeCKIIX u.eneii c 3a.MKHy!Tlbl.11U 6HympeHHU
.MU K0Hmypa.11u. OpHMepoM Mo)KeT cJiy)l{HTb rpynna H3 3BeHa 4 H Tpex 
noBO,ll.KOB 1, 2, 3 c 3JJeMeHT3MH BHCWHHX KHHCMaTH'leCKHX nap A, B, 
C 5-ro KJiacca - nocTynaTe.TihHhlMll (p11c. 3.5, D) u.1111 BpamaTeJihHbIMH 
(p11c. 3,5, 6). 
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113 nJiocKoii MOHa.ztbI 4-5 (cM. pttc. 3.3) no.1yt1aeTcH .ztBYX3BettHaH 
cTpyKTypHasi rpynna (mrn.na) 3aMettoif KHHeMaTHIJecKofl napb1 4-ro 
KJiacca K1rneMaTHIJec1rnM coe,n1rnem1eM H3 .nByx KHHeMarntJecKHX nap 
5-ro KJiacca (pnc. 3.6, a). ll1.rn,na C OJI.HOH BHyTpeHHeH KHHeMaTH~IeCKOi°I 
napoii C H 3.TieMeHTaMH AByx BHewm1x B H D KHHeMaTHIJeCKHX nap no 

8 B 2 ,c 

ftl 
Pnc. 3.1. Lliapuupub!A 
'leTblpeX3BeHHl!.K 

3 

D ~ I D 
a 

6 /z~-t' 

Pnc. 3.3. 3aMeua npocTpaucTll<'HHOH Mn
HaJ\bl 3KBHBaJJeHTHOH l1BYX3BeHHOii Kl! lie· 
M8TH'leCKOH uenh!O 

a 

Pnc. 3.2. Mo!IH<pl!KaUHll np;;CT· 
pa11crneuu&1x Moua.a 

A 8 

~\ 
\ 

'A 8 

4.:.5' 4-5 

a ~ 

PHc. 3.4. Mo.!l;mpH Kau1111 llJIOCKllJC 
MOH8il 

Puc. 3.5. npocTpaHCTBenHaH 
CTpyKrypHaH rpynna c 33MK· 
nyTblM enyTpeHHHM KOHTypoM 

KJiacc11cpHKa1urn H. 11. AprnocMeBcKoro Ha3hrnaeTcH rpynnoii Accypa 
2-ro KJiacca. KoMoHHHpysi B 3TOtt rpynne BpamaTeJibHble If nocTyna· 
TeJlbHble KHHeMan1t1eCKHe naphl, MO)IUJO no~lYlllfTb llHTb pa3.'1Hl!Hb!X 
M<JiJucpuKal{UU nepBoro (pHc. 3.6, a), BToporo (p11c. 3.6, 6), TpeTbero 
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(pHC. 3.6, 8), qernepTOro (pHC. 3.6, e) H llSJTOrO (pHC. 3.6, 0) BH)l.OB. 

KJrncc rpynnhI no 3TOH KJiaccnqmKaunn onpeJJ.eJH1eTcH Hattt'io.nhrnHM 

Ko.nn11ecTBOM KttHeMaTnqecKHX nap, o6pa3yIOUJ.HX 3aMKHYThlH KOHTYP· 

CnHTe3 60J1ee CJlo:>KHhIX nJJocKHX cTpyKTYPHhIX rpynn, o6pa3yIO

mwx 3aMKHYThie KOHTypbl, 3aKJJIOllaeTCH B pa3BHTHH H nepecTaHOBKe 

noBO)l.Ka. Ha npHMepe JIByxnoBo)l.KOBOH rpynnhI 2-ro KJiacca (pttc. 3.7, 
a) MeTO)l. pa3BHTHSJ noBO)l.Ka aaKJllOqaeTCH B TOM, qTQ K O)l.HOMY H3 no-

c 
'/\2 

c{ --b-
B \ IJ 

,A, _ ,)\, _ ,~~, 
r{ I z:;,_6 I b 
B \ / JJ B IJ a' IJ 

a 0 · 6 e iJ 

Pttc. 3.6. DJJoCKHe cTpyKTypHbTe rpynnhl 2-ro rrnacca 

~Az B~ n 
r \.. P ~"" a E \~ 

0 or 
Pnc. 3.7. 06pa3osanHe OJJOCKHX CTPYKTypublx rpyuu MCTo
JlOM pa3BHTH!I H nepeCT3HOBKH IlOBOJlK3 

Pttc. 3.8 . .Uayxasenna11 nnocK8fl cTpyKTypna11 rpynna c nhl
CUJHMH KJIHeMaTH'leCKHMH napaMH 

~j 
~"~ 

' f} e 

BO)l.l\OB, uanpnMep 2 (pHC. 3.7, 6), )l.o6aBJIHIOTCSI )I.Ba OOBO)lKa c 

3JieMeHTaMH JJ.BYX BHernHHX KHHeMaTHqecKHX nap 5-ro KJiacca E n F: 
noBo)l.OK J, 06paay10u1;11ii co 3BettoM 2 HOBYIO KHHeMaTHqecKyIO napy 
5-ro KJiacca G, n noBo)lOK 4, cocrnBJIHIOUJ.HH co CBOOOJIHhlM ~eMeHTOM 
3TOro aaeHa KHHeMaTHqecKyIO napy D. B peayJihTaTe noJiyi-1aeTcSJ cJie

.u.y1ouJ.aH no cJIO:IKHOCTH TpexnoBOJl.KOBaH rpynna Accypa 3-ro KJJacca 

(pttc. 3.7, o): HaHBbicrnttii 3aMKHYTbIH KOHTYP rpynnb1 o6pa3oBaH Tpe
MH KHHeMaTHqecKHMH napaMH C, G, H D. 

MeTO)I. nepecTaHOBKH OOBO)l.K3 COCTOHT B TOM, qTo OOBO)l.01( 4 
(pttc. 3.7, e) OTCOe)l.HI!HeTCH OT 3BeHa 2; npH 3TOM 3JieMeHTbl KHHeMaTH· 

qecKo:'.i napb! D BHOBb CTaHOBSJTCH BHelllHHMH, a OOBO)l.OK 4 npncoe.un

HSJeTCSJ K 3JJeMeHTaM KHHeMaTn11ecKHX nap B H E 3BeHbeB 1 n 3 
(pttc. 3.7, a). B peayJJbTaTe noJJyqaeTCSJ rpynna Accypa 4-ro KJiacca 
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(Nu1ai.1crnHl'f KOHTYP o6pa3oBaH K1rneMaTtt4eCKHMa napal\rn B, C, 
Ci H ~ c 3JieMefJTaMH .D.Byx attewm1x KHHeMaTHIJeCKHX nap D 11 F. He· 
nOJlb3Yfl Ml'TO)lbl pa3BHTHH H nepeCTaHOBKH DOBO)l.Ka, noJiyqaJOT CKOJlb 
yro..11.110 l'.11m1u11.1e cTpyKTYPHhie rpynnhr c KHHeMaTH'IecKHMH napaMu 
5-10 li.Jf;H'l';J. 

Tci" 11 M il\e uyTeM noJiy4a!OT CKOJih yro.IUlO CJIO}!(Hh1e CTPYKTYPHble 
rpy11m~ l' AhJCWHMH KRHeMaTl-11.JeCKHMH napaMH. 3To Jl.OCTHraeTCSI 3aMe
WOl1 n crpywrypHhlX rpynnax !JOBOJJ;Ka H nsyx KHHeMaTHl.JeCKlfX nap 
5-ro KJ1acca KlfHeMaTH1.JeCK011 napol'i 4-ro KJiacca Ha TOM OCHOBaHHH, 
•1ro )I.Be naphl 5-ro KJJacca o6JiaJJ;aIOT CTeneHhIO cso6onh1, paBHOH .n;syM, 
KaropoH: o6JianaeT H BhicwaH napa 4-ro KJiacca. TaK, npeo6pa3yH rpyn· 
ny Accypa 3-ro KJiacca (pnc. 3. 7, B) aaMettoH: nosoJJ;KoB 1 11 4 BblCWHMll 
K1rne1w1aT11qecKHMH napaMH 4-ro KJiacca, noJiytiHM ,D.ByxsneHHYIO c-rpyK
rypey10 rp'yrmy (pHC. 3.8) c Jl.BYMH 3JieMeHTaMH Bh!CUIHX KHHeMarnqe
CKl'fX nap 4-ro I<Jiacca H OJJ;HHM - 5-ro. 

3.S. OCSpaaoaaBHe MexaBH3:MOB MeTO~OM B8CJIOeBH.ll 

~pm.ix rpynn 

<::Mu-res CTPYKTYPHbIX cxeM MeXaHH3MOB c aa)laHHhIM •rnc.imM BXOAHhIX 
3BeltbCB npoH3BOJJ;HTC1i MernoOoM HOCJloeHUJl cmpyKmypHbtX epynn. 
OJlJlcoe,n;HHeHtteM MOHB,nhI 2 K sxo.n;HoMy 3setty I H K cTottKe s 3aau
CPIMOCTH OT TOrD, KaKHMH KHHeMaTHl!eCKHMH napaMH ocyw.ecTBJuteTCfl 
8TO npwcoe,.1urneHHe, M02KHO DOJIYllHTb .n.sa Bap11aHTa MeXaHH3MOB 
\pHc. 3.9). HcnoJJh3YH TBKHM o6pa3oM .nsyxnoBO.llKOBYIO CTPYKTYPHYIO 
rpynny, COCTOHUI.YIO 113 JJ;Byx 3BCHheB 2 H 3 (pHC. 3.10), noJJytiliM Kp1:rno
llU'lrIHO-KOpoMhlCJJOBb!H MeXaHH3M (p11c. 3.10, a). 6oJiee CJIOH<HblH Me
xaHH3M MO)f{HO o6pa3oBaTh np11coeJJ;HHett11eM BTopoA CTPYKTf PHOH 
r,ynnhI, COCTOHUI.eH H3 3BeHbeB 4 H 5, K 3BeHy 3 MeXaHH3Ma H K CTOHKe 
'1t14c. 3.10, 6). 00CJieJJ;OBa'feJihHbIM HaCJIOeHHeM ,11,BYXIlOBO.l(.KOBblX 
CTpyKTYPHbi:X rpynn MO}!(HO o6pa30BaTh CKOJIJ. yro,IJ.HO CJIO)f{HWe Mexa· 
lfHSMbl. 

MexaHH3MhI c llHCJIOM sxo,11.HhIX 3BeHheB, paBHhlM OAJIOMY, .lBfM H 
oo.1ee, MOfYT C03.llBBBTbCH Ha OCHOBe MHOfOilOBOJJ;KOBhlX (6oJiee .fJ.BYX 
HOBO,B.KOB) CTpyKTYPHhlX rpynn, o6pa3yIOW.HX BHyTp&HHHe aaMKHYT&Ie 
KOHTYPbI. TaK, np11 noMOW.H Tpexnoso,11.1<0aol'i CTPYKTypHoA rpynnw 
(CM. pHC. 3.5, 6) MO>KHO cos.n;aBaTb MeXaHH3Mhl c 1.JHCJIOM creneHeA CBG· 
oo,1;h1 OT I JJ..O 8. HanpHMep, npHcoe.D.HHeuHeM TaKoA rpynnw K TpeM 
BXOJJ.Hb!M 3BeHhHM 5, 6, 7 (puc. 3.11), COCTBBJIHIOW.HM nocTynaTallbHble 
KHHeMaTH11ecKHe naphl co CTOHKoii, noJiy'IHM MexauHaM, c noMOW.b!O 
KOTOporo MO)f{HO o6ecnellHBaTh He06XOJJ;HMOe noJIOR<eHHC! aaeua 4 B 
npoCTpaHCTBe. 

CTpH CHHTe3e CTpyKTYPHhlX cxeM IlJIOCKHX MexaHH3MOB 00Jlh3YIOTC5J 
nJiocKHMH cTpyKrypHhIMH rpynnaMH. OpH nptt:coemrnemrn MOHaJJ;bI 
c nocrynaTeJibHOH KHHeMarnqeCKOH napol'i (CM. p11c. 3.4, 6) K BXO,!J,HO
MY 3BeHy H K CTOHKe noJiytiaeTCH nJIOCKHfi KyJial.JKOBhlH MexaHH3M c 
TOJIKaTeJieM (pHC. 3.12, a) HJIH sy611aTo-peeqHblti MexaHH8M (pHC. 3.12, 
Q). OpH np11coeJJ;HHeHHH MOHB,ltbl c Bparn,aTeJihHOH KHHeMaTHl.JeCKOH na· 
pol'i (cM. pHc. 3.3, a) K BXOJJ;HOMY 3BeHy H K CTOHKe noJiyl!aeTCH nnoc-
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KllH HyJia'lKOBblK MeXaHH3M c KOpOMblCJIOM (pHc. 3.12, 8) HJIH 3yf;t1a
TblH MeXaHH3M (puc. 3.12, e). 

0JJOCKHe 3y6qaThle MexaHH3Mbl Ha crpyKTYPHOH cxeMe H306pa2iGlleT 
B n.nOCKOCTH pacnOJIO}l{eHH5l oceA BpauteHHfl 3y6qaTblX KOJleC 
(pttc. 3.13, a). YcJIOBHbie o6o3HaqeHHH KHHeMaTnqecKux nap 5-ro 
KJiacca B 3TOM cJiyqae coorneTCTBYIOT HX H3o6pa>KeHHHM Ha npocTpaHCT
Be HHOH cxeMe, a KHHeMaTHllecKaff napa, o6pa30BaHHa11 3y6LiaThIM. 

2rc 
"~.re~ 

A ] I 8 

0 
PRC. 3.9. MexaHHJMbl c 

npocTp311CTBeHHblMH MO· 

H3.!l3Mll 

8 

(4t, 
57 

PHc. 3.11. no3HUHOHep c 

<rpex noso.nKoaoii npocTpaH· 
CT11e1rnoii CTpyKTYPHOH 
rl'Ynnoif 

Puc. 3.12. 06pa3oea11ne 
IlJIOCKHX MeX3HIBMOa npH 
IlOMOWH fiJJOCKllX MOH3Jl 

0:")~' 
,. .).. " b J 

0 
Puc. 3.10. 06pa3oaa11He ~teXaHH3MGB 11aCJJoe11ae111 
crpyKTYPHblX rpynn 

c 

e 

aauenJieHneM, H3o6paH<:aeTCH 11eprou, coe)J.ttHHIOuteii 3BeHhH 1 H 2 CTpyK
Typnoft rpynnhl, BXOJJ.Huttte B 3TY napy. 00CJJe)lOBaTeJlbHhlM npHCOe)l.H· 
HeHl!eM nJIOCKHX MOHa,ll noJiyLialOT H 6oJiee CJIO)KHhie nJIOCKHe sy6qa
Tbl~ MexaHH3Mbl, HarrpHMep, npttcoe)l.HHeHHeM MOHaJJ.bI 3 K KHHeMaTH
qecKHM napaM DH E (puc. 3.13, 6). Httor,Ua 3y6qaTb1e MexaHH3Mhl 
U30l'ipamalOT H B JlBYX npoeKUHHX (pHc. 3.13, 8). 

Pa3Jrnq11b1e nnocKHe wapHHpi!o-pb1qa1KHhie MexaHH3MbI 06pa3y10TcR 
npucoe.11.111-1em1eM nJIOCKHX cTpywfyptthIX rpynn Accypa 2-ro I<Jiacca 
nHTH BB.II.OB. fpyrrna Accypa 2-ro KJiacca BToporo Btt,l{a (cM. pttc. 3.6, 6), 
OTJIHqa10maRCfl HaJIHLIHeM CB060,llHOro 3JieMeHTa O,l{HOH BHerntteii no
crynaTeJJhHOlI napbr, 11ame Bcero npHMem1eTCff B ttcnoJJHeHHH, Kor.n.a 
u.eHTp cpe.n.neC1 sp;mJ,aTeJibHOCt napbr C pacnonaraeTcR Ha nomyHe 3 
(pHC. 3.14, a). nocJie rrpttcoe!l,HHeH!JH TaKOH rpynnhl 3JieMe1naMll BHelll-
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HHX KHHeMan!'IeCKHX nap K BXO.UHOMY 3BeHy 1 H CTOHKe o6pa3y6TC.H 
KpHBowHrrHo-noJI3YHHbIH MexaHH3M (pttc. 3.14, 6) fpynna Accypa 2-ro 
KJJacca 1perbero 011.ua c BHyTpeHHeii rrocrynaTeJJhHOH KHHeMaTHl!erKoii 
napoii (p11c. 3.15, a) qaw.e Bcero np11Mem1erc.si B TaKOM JKe 11cnoJJ11e
HHH 3Bel!a 2 H npH rrp11coe.u1rnemrn K BXOJlHOMY 3BeHy 1 (pHC. 3.15, 6) 
l1 K CTOilKe 06pa3yeT KpHBOWHfIHO-KYJlHCHb!H MeXaHH3M. fpyrma tJeT

A A 

Beprnro s11.ua (p11c. 3.6, c) npnMe-
t HHeTcH npH o6pa3oBaHHH KYJIHCIIO· 

noJ13yHHoro (p11c. 3.16, a), a rpyrr-
7Tf!?; . 2 na fl51TOfO BHJla (CM. pHC. 3.6, 0) -

B B 
2' B B 

: ~ nm; b '~-~ 
U 6 D 

c 
a 

E 
PHc. 3.13. 06pa3oeatttte ~y6'1aTblX Mexa- PHc. 3.14, KpttBOWHnuo-no.13yHHhlH Me· 
KH3MOB HaCJJoeHHeM IlROCKHX MOHIUl X3HH3M 

1; 
"' ']) 

a 
Puc. 1.15. Kp11Bolll1rnHO· 
Ky.~HCllblH MeXaHH3M 

I 

A I~ 

"t 

Pnc. 3.17. CyMMttpyIOumii 
MexaHH3M 

8~ 
~t a 

7 .. 317 

A 
0 

P11c. 3.16. l<yJittc110-nomy11uh1ii " KPH• 
bO!llHilHO-KYJIHCHblii MeXaHH3Mhl 

Ptt c. 3.18. llmfxjJepettuH aJI h· 

Hhlii 1y6<1aThlii r.iexaHH3M 

KpHBOWl1fIHO-KYJJHCHOro MeXaHH3Ma c rrocrynaTeJJbHO .LlBHIKyJUettcH I<\'" 
JIHCOH (pHC. 3.16, 6). 

Op11coeJl1rneHtteM .u11a,nb1 (CM. p11c. 3.8, 6) K .UBYM BXOJlHhIM 3Bellb~IM 
I 11 4 K crnl1Ke noJJyllHM cy.M.Mupy10w,ut1. MexaHu3M (p HC. 3. 17), s KornpoM 
nepeMellJ,eHJ151 3THX 3BeHbeB npeo6pa3YIOTCH B nepeMern.eHHe BbIXOJli !O
ro 3BeHa 3 KaK cyMMa BeJIHlJHH, paBHblX HJIH nponopllHOHaJibHblX nepe
Meu~eHH51M BXO.UHbIX 3BeHbeB EcJIH BXOJJHoe, BblXOJlHOe 11 3BeHo 2 ::i ! : : Cf 
CTPYKTYPHOH rpynrrhI - sy6tiaTbie KoJieca, TO npyKTypHaH rpyrnia 
oGp:nyeT nAOCKUU aucpcpepeHtfUa.AblibtU 3y6'1.ambtU MeXaftU3M (pHC. 3.18). 
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3.4. 06paaosaHHe MexaHH3MOB MeTO~OM HHBepl'HH 

B 3aBHCHMOCTH OT BblOopa B KHHeMaTH4eCKOH uem1 BXO,'lHOfO 3BeHa 

H CTOHKH noJJyqaJOT Jlpyrne MexaHH3MhI c H3MeHeHHhlM xapa1nepoM 
OTHOCHTeJJhHoro JlBH>KeHHH HeKoTophIX 3BeHbeB. EcJm B 11J1oc1mi1 cTpyK
TypHott cxeMc wapmtpHoro qeTbipex3BeHHHKa, o6pa3oBaHHoro 113 rrJioc
Koii 3aMKHYTOH KHHeManrqecKoii uenH, cTotiKott 6y.ueT 3BeHo 4 

Puc. 3.19. 1-'lttBepcuSI \1eXaHU3Ma wapttup
noro 1JeTbipex3BeHHHKa 

PHc. 3.20. YlttsepcuH KpusowHnHo-no.rl3yH
Horo MexaHH3Ma 

tJ 

A~ 
4 ]} 
a 

a 
Puc. 3.21. 11 ttsepcHSI ay61JaToro 
JJ.H¢cj;epettuuaJia 

Pttc. 3.22. KopolSKa cKopocrei! 

LJ2 c 

3 

. ]} 

A , 't 

a 

6 

,h2 .~ 
~ A 4 

6 ]} 

6' 

(pHc. 3.19, a), TO 110J1ytJ11M KpuBoummw-Kopo,HbtCAOBbtii. MexaHH3M. EcJIH 
aa1<pe11HTb Heno,UBH:>KHO HaHMeHhmee 38eHO 1 11 c.uenaTb BXO.UHblM 3Be

HO 2, TO o6pa3yeTCH .npyroil sapHaHT 3TOro MeXaHH3Ma - JByXKPUBO· 
wunHbttl (6). TaKol'i npue.u noAy'ieHUH eapumtmoe .uexaHU3Ma u eeo 
KO/vtnOH080K nyme,rt 3aMeHbl cfJYHKl{UU OOHOCO 3BeHa cfJYHKl{Ufl,itu apyioeo 
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Ha3bl8aemc11. auaepcaeA. l1cnoJih3osamfe MeTO!la HH1epc1rn B03MO'lKHO 
npH COOTHOllleHJUIX Jl.JU{H 3BeHbeB, onpeJie.11 !leMblX ycJTOBHeM cyu.r.ecTBO· 
B8HHSI KpHBOrnHna B rnapHHpHOM 'leTblpeX3BemIH Ke (CM. r.11. 6). 

HuaepcHeH KpHBOrnHnHo·noJI3YHHoro MexaHH3Ma (pnc. 3.20, a) npH 
npespameuHH noJI3yHa 3 s CTOHKY, a 3Bena 2 - so BXOJI.Hoe no.11yt:1aeM 
MeXaHH3M c nocTynaTeJTbllO Jl.BH>KYlllHMCSl 3BeHOM 4 (pHC. 3.20, 6). 
3ToT >Ke MeXaHH3M npenpacnaeTCH B KpHBOWHnHO·KYJIHCHblH 
(pHc. 3.20, B), ec.1H CTOHKoH: CJleJiaTb 3Betto l, a BXO.llHblM - 3seuo 2 
(3seuo 4 craHer KYJIHcoH:). 

Mern..noM HHBepcttH HJ Jl.H<fxPepemwaJI&Horo ay6t1aroro MexaHH3Ma 
(CM. pHC. 3.18) OOJiytlalOT TPH pa3JIH'lHblX MeXaHH3Ma (pHC. 3.21). 
TaK, ocTauosKoii 3seua 3 (puc. 3.21, a) HJIH 1 (puc. 3.21, 6) noJiyqaeM 
ABB BHJJ.a nnafierapHblX ayoqarblx MexaHH3MOB c BXOJlHbIM 3BeHOM I 
HJIH h H 3 HJIH h; OCTaHOBKOH 3BeHa h - BOJlH-18 - (puc. 3.21, 8) nony· 
qaeM pH,llOBOH ay6traTblH MexaHH3M. JroT MeTOll HCnO.'lb3yeTCSI ll.Jlff CHH· 
reaa 3y6traTblX MeX8HH3MOB co cryneH'laTO H3MeH11IOlll,eHCH CKOpOCTblO 
spam.eHHH BhIXOJJ.Horo asetta. Ha pHc. 3.22 1t.:io6pa>1<e11a cTpyKrypHa11 
cxeMa MexaHH3Ma, COCT8BJ1e1rnoro H3 0.llHH8KOBblX .lll1<fxjJepeHUH8.flbHblX 
MexaHH3MOB, noKa3aHHbIX Ha pnc. 3.18. BoD.HJia 3 H 3' 06o11x :1THX 
MexaHH3MOB npe}lCTaBJIHIOT co6oi1 OJI.HO 3BeHO, BXOJJ,HbJe H BblXOllHbJe 
seeu&si - ueHrpaJTbH&Ie ay6qarb1e Koneca 1 11 I'. MexaHH3M CHaomeu 
.ABYMff MycpraMH 5 H 5'' KOTOpbie coe)J.llHHIOT nonapno 3BeHb51 I Ii 4, 
l' H 4'' H JJ.BYMH ropM038MH 6 H 6'' rrpespamaIOlll,HMJf 3BeH&H 4 H 4' B 
CTOHKY. BKmoqemfeM MycprbI 5 H TOpM03a 6' MexaHH3M npespamaercsi 
a nJTaHerapuwH c BX0.!1.HbIM 3BeHoM 3', s_KJJIOtreHHeM MYQlTbJ 5' 11 rnpMo· 
38 6 - B nJiaHetapHbIH C BblXO,llHblM SBeHOM 3, BKJIIOtreHHeM TOpMO· 
sos 9 H 6' - s JJ.ByxcryneHtiarwii nJ1aHerap11b1r1 MexamtsM, a oaHospe
MeHHhIM BK"1IO'leHHeM MY<f>T 5 H 5' - B npHMYIO nepeJI.aqy Me>K)l.Y 3Be
HbSIMH J H J'. 

3.5. Ilepexo,11; OT CTPYKTypuoii CXeMW IC peaJibBOMY Mexaa:•axy 

OpoeKrnposaHHe nJIOCKHX Mexam1.3MOB Ha1111uaercS1 c CHHTe3a n.11ocKHx 
crpyKrypHblX cxeM, Ha KOTOpblX onpe,lleJJfflOTCH 'IHCJIO 3BeHbel3, xa
paKrep HX OTHOCHTeJlbHblX JJ.BH>KeHHH H ece KHHeMaTHqecKHe napbl 4-ro 
HJIH 5-ro KJTacca. <l>aKTHtreCKH 3BeHbff MeXaHH3Ma H8XOJI.ffTCH B pa3· 
uwx nJiocKocrnx, .lleiicrsnreJTbHble yCJIOBHH pa6otbl KHHeMaTuqeaKHx 
nap ua nnocKoif crpyKTypuoif cxeMe ue MoryT 6&ITb naytreHbl, u .llJlff 
nepexo.n:a K peaJibHOMy MeXaHHSMY HeoOXO,l{HMO CTpOHTb npOCTp8HCT· 
eenHyio crpyKTypuy10 cxeMy. Ha rrpocTpaucTBeuuoA cxeMe MO>r<110 
onpe.lleJIHTh nyTH o6ecneqemrn uenepeceqeHHR 3BeHheB Me>KJlY co6oif; 
BblSIBHTb Heo6XO,llHMble HSMeHeHHSl 9JTeMeHTOB KHHeMarnqeCKHX nap a 
ueJiblO o6ecneqemrn ycTOH'lHBOH pa6oTbl MeXaHH3Ma H B CBSl3H c 9THM 
HaHTH COOTBeTCTBYIOlllHe 3aMeHbl KHHeMaTHqecKHX nap, a TaK»Ce ycra· 
HOBHTb Mepbl no coxpauenu10 yCJIOBHH cyrn:ecTBoBaHHH nnocKoro Mexa· 
HH3M8. 

PaccMoTpHM nocne11osareJJ1>Hh1ti nepexo)l OT nnocKoii K npoCTpaH· 
CTBeHHOH crpyKTYPl-IOH cxeMe raaopacnpen.eJIHTeJJbHOfO MeXaHH3Ma 
.llBHran•o11H BHyTpennero cropaHHH (puc. 3.23, a). Bxo.zwoe 3Beno Mcxa-
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HH3Ma KyJialJOK 1 pacrrpe)l.eJIHTeJibHOfO Ba.Ila - B3aHMO)l.eJ1cTByer 0 pb!
lJaroM 2, KOHTaKTHPYIOlll.HM c KJianaHoM 3. Dptt spaw.eHHH pacrrpe)l.e· 
JIHT€JibHOro BaJia KyJialJKOM 1 qepea pb11Jar 2 npHBO)l.HTCH B nocTyna· 
T€JlbHOe .ll.BH>Kea11e KJianaH 3, ocyw.ecTBJIH!Oll{HH BITYCK HJIH BblDYCK 
raaos. CttttTea nJIOCKOH CTPYKTYPHOH cxeMhI (pac. 3.23, 6) JlJIH o6ecne· 
lleHHH cl>YHKUHOH8JlhHOro Ha3Ha'leHHH 3TOfO Mexamt3Ma MO>KeT 6b!Tb 

3 

J[n 

J~ 
PHC . .3.23, fa3opacnpeAMHTeJlbHblii MeXaHH3M ABHrare.1111 BHyTpeHaero 
cropaatt11 

Ta611uu,a 3.1. nepeMew,emu1, o6ecne'lKBaeMble KKKCMaTK'leCKKMK napaMK paawx 
KJiaccoe 

K1rneMa-
nJIOCKaH CTPYKTypaaR CTpocTpauoTBeHHaH PeaJibHbill MexaHH3M 

cxeMa CTPYKTYPHaR cxeMa 
THLleCKa~ 

nap a 
noABH>KHOCTH I KJiacc JlOABHlKHOC·ru I KJiacc noABH2KHOCTH I KJiacc 

A Sx <pz 4 Sx Sz <l'x <l'y <i'z 1 Sx Sz <p,. <py <pz 1 

B Sx 'Pz 4 Sx Sz fPy fllz 2 S;i: Sz <i'y <i'z 2 

c <pz 5 <l'x <j)z 4 IPx <i'y cpz 3 
D Sy 3 Sg 5 Sy <J?11 4 
E <pz 5 <pz •5 <i'z !) 

npoHaBe)l.eH nocJie)l.OBaTeJibHhlM npHcOe,ll.HHemfeM J{ByX ITJIOCKHX MOH8.ll 
c Bparu.aTeJibHOH (pnc. 3.4, a) H noCTynaTe.'lhHOH (CM. pttc. 3.4, 6) KHHe
MaTHIJeCKHMH rrapaMH: MOHaP.hI 2 c ab1cwei\ KHHeMaT11qecKoii napoi\ B 
4·ro KJiacca H aparn.aTeJihHoii KHHeMaTH1JeCKOH napoii C 5-ro KJiacca u 
MOHa,ll.bl 3 c Bh1cweii KHHeMaTHlleCKOH napoii A 4-ro KJJacca H rrocTyna· 
TeJJb11oii KHHeMantl!ecKoii napoli D 5-ro KJJacca. DepeMememrn, 06ec
nel.J1rnaeMh1e 3THMH KHHeMaTH'!eCKHMH rrapaMH Ha ITJIOCKOH CTpyKTYP· 
ao}1 cxeMe, noKaaaHhI a ra6JI. 3.1. Ha npocTpaHCTBeHHOH cxeMe Mexa
HH3Ma (pttc. 3.23, e) KHHeMaTH'leCKHe rraphI 4-ro KJiacca A 11 B 6yay-P 
riapaMH 2-ro KJiacca, TaK KaK B HHX B03MO:>KHbl .UOITOJlHHTeJihHble .ll.BH• 
>KeHm1: nepeMell{eHHe Sz B.UOJlh OCH z 11 ITOBOpOT <f'y OTHOCHTeJihHO OCH y. 
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Optt ycJioBHSl.X, npHHSl.TblX Ha nJiocKoii CTPYKTypuoii cxeMe, tteo6-
xo.n.JIMO npe)J.bSl.BHTh IlOBblllleHHhie Tpe6oBaHHSI. K TOlJHOCTH BhlflOJIHeHHfl 

ocei1 K11tteMaT11tJecKHX nap E u C B CToiiKe 0 H TO'IHoro pacnoJIO}l(eHHSI 

3JieMeHTOB KHHeMaTutJecKoii napht B OTHOCHTeJibHO 3THX oceii. B npo

TJIBHOM cJiyqae pacnpe)l.eJieuue uarpy3KH B)l.O.'.lb JIHHHH KOHTaKTa B na

pe B 6y.n.eT ttepaBHOMeptthIM, lJTO npttBe)J.eT K 6bICTpoMy H3Hocy 3Jie
MeHTOB 3TOH KHHeMaTHlJeCKOH naphl. ,UJISI. C03J(aHHSI. 6JiaronpHS1.THhlX 

ycJIOBHH KOHTaKTa B KHHeMaTHlJeCKOll nape B HC06XOJl,HMO nptt.n.aTh yr

JIOBYIO IlO)l.Blf)f{HOCTb cpx 3BeHy 2, 3aMeHHB Bpam.aTeJibHYIO KHHeMaTH

qecKyIO napy C 5-ro KJiacca K«HeMaT111JecKoii napoii C 4-ro KJiacca (cq>e

p11qecK11ii wapttttp c naJibUeM) (cM. Ta6JI. 1.2). 3rnM ycTpaHSl.eTcH CB513b, 

ttaJiaraeMa51 KHHeMaTH"'lecKoii napoii C 5-ro KJiacca. Y.n.aJiett11e 3Toii 

CB513lf Il03BOJI51eT nOHH3HTh Tpe6oBaHHSI. K TO'IHOCTH H3fOTOBJieHHfl 

3JieMeHTOB KJIIJeMaTH'leCKHX nap. 
3JieMeHThI KHHeMarnqecKHX nap £, B H C onpe.n.eJIHIOT noJio>Kem1e 

3BeHa 2 OTHOCHTeJibHO CTOHKH. Do3TOMY eCJIH KHHeMaTH'leCKyIO napy 

A, 1rnK u KHHeMaT111Jec1<yio napy B 2-ro KJiacca, BhITIOJIHHTh c KOHTaKTOM 

no JIHHHH, TO Heo6XO)l.HMO TO'IHO H3fOTOBHTb 3.1eMeHThl 3TOH KHHeMa

TH'leCKOU napb1 oTHOCHTe.nhHO 3.neMeHTOB KHHeMaT111JeCKHX nap D H B. 
BhlnoJrnettHH 3Toro Tpe6oBatt11H MOMHo H36eJKaTh, ec.ntt ycTpaHHTb 

CBH3h, aaMeHHB K11HeMaT111JecKy10 napy A 2-ro K.nacca Ha napy 1-ro KJiac

ca (puc. 3.23, e) . B 3TOM cJiyqae TOlJe'IHhIH KOHTaKT aBeHheB 2 11 3 o6ec

ne'IMBaeT HanpaBJiett11e ycHJIHSI. B38HMO)l.eiicTBHH 3THX 3BeHbeB BJJ.OJih 

ocu K1rneMaTH'lecKoii naph1 D, 'ITO cnoco6cTByeT C03JJ.aHHIO xopowux ycno
BHii paOOThl B 3TOH nape lf YBeJIHlJeHHIO .n.o.nroBelJHOCTH ee 3JieMeHTOB. 

B peaJJbHhlX yCJioBHHX .3Kcnnyarau1111 npe.n.ycMaTp11sa10T .n.onoJIHH

TeJibHhie OTHOCHTeJihHble nepeMem.ett11SI 3BeHbeB. TaK, Jl.JIH paattoMep

ttoro lf3HOca Q>acKH fOJIOBKH KJianaHa no ycJIOBHHM paOOTbl (npH KCH
TaKTe c ce)lJIOM) CJie)lyeT )lOilYCTHTb ero npOH3BOJlbHOe npoBopalJHBaHtte 

OTHOCHTeJlbHO OCH. 003TOMY B peaJ1hHOM MeXaHH3Me (puc. 2.23, a) KH

HeMaTH'leCKa51 napa D BhlilOJIHHeTcH u11JIHHJJ.ptttJecKoii 4-ro KJiacca. 

BoaHHKWaH no)lBHMHOCTh - nosopoT KJianatta 3 OTHOCHTeJibHO csoeii 

OCH He BJIHHeT Ha onpe.n.eJieHHOCTb OTHOCHTeJibHOro nocTynaTeJibHOfO 

){BHlK.eHHH 3BeHbeB, 06ecneqnsa10w.ero <PYHKIJ.HOHaJibHOe H33Ha'leHHe 

-MexaHH3Ma • .Um1 ynpow.eHHH TeXHOJIOfHH H3fOTOBJieHH51 11 c6opKH 

KtttteMaT11'lecKy10 napy C (cq>epn11ecKHii wapttttp c naJihUeM) ueJiecoo6-

pa3HO aaMeHHTh KHHeMarnqecKo:if napoii 3-ro KJiacca C (cq>ep1111ecKHM 

wapHttpoM). 0)lH3KO nptt 3TOM IlOHBJIHeTCH Bpam.ettlfe 3BeHa 2 OTHO

CHTeJibHO ero npo.noJibHOH OCH, npOXO)lHIIJ.eH qepe3 u.eHTp napbl c, 'ITO 

uapywaeT HOpMaJihHYIO pa6oTy MexaHH3Ma. B .naHHOM CJiyqae 3TO 

.lJ.BHlK.eHHe Bpe.ntto H .ll.OJDKHO 6hITb ycTpaHeHO (Hanp11Mep, BBe)l.eHHeM 

cneu.ttaJihHbi:X npyMHH 4). 

8.6. HaoL1To'flBL1e cBHau u no)J,BH3CHocTH 

KaK 6h1JI0 noKa3aHo Bblwe, CTPYKTYPHhlH CHHTe3 peaJibHoro MeXaHH3-

Ma conpoBO)f{)laeTCH nenpephrnttoH: ou.eHKOii KOHCTPYKTHBHhIX cxeM co

e.u.ntteH11ii 3settbeB. KottcTpyKTHBHaH npopa6oTKa 3.neMeHTOB KHHeMa· 

TH'leCKHX nap' o6ecnelJHB3IOIIJ.aH Heo6xo)l.HMYIO IlO.l{Blf}KHOCTb COe)UIHe-
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HIHI, MOiKeT 6hITb pa3J1Hl!HOH, HO pa3Hhle KOHCTpyI<UHH Coe){HHeHHH 

HMelOT H pa3JIHllHYIO pa6oTocnoco6HoCTb. 3ro o6ycJIOBJieHo TeM, l!TO 
B peaJibHhlX MeXaHH3MaX H3·3a HeH36e}l{HhIX ttero•mocreii H3rDTOBJieHHH 

H MOHTa}l{a, .ue¢opM3UHM 3BeHbeB npH tteikTBHH 3KCnJiyarnUHOHHhIX 

uarpysoK H H3HOCa noaepXHOcTeii 3JieMeHTOB KHHeMarnlJeCKHX nap B 

npouecce 31{CIIJJyaTaUHH nO.flBJIHIOTCH U36blmottHble C8-'l3U u noOBU:JICHOCmu. 

I-·fa6bITOlJHhie CBH3H C03Jl.3IOT llOnOJIHHTeJihHhle orpaHH".leHHH Ha no.n:
BlDKHOCTh 3BeHbeB Mexamt3MOB, BC.lleJlCTBHe qero KOHCTpyKUIHl CTaHO· 

BHTCH CTan1qecKH HeonpeJJ.eJIHMOii:. 11.x yJJ.aJiemte He H3MemieT KHHeMa

TJJKY 3BeHheB, a npHBOJl.HT J!Hlllh K nepepacnpe,u.eJiemuo YCHJIHH B CO· 

c c 

c~~· 

~ 3 '\ 

f«t 
1 

a 
PHc. :~.24. C1rnre3 pau110HaJJbHoro MexattHJMa 111apm1pttoro -te'fbtpex3eettHHKa 

eJJ,ttttemrnx, BhI3hlBalO~Hx JJ.OOOJIHHTeJJbHYIO ne¢opMBUHIO 3BeHbes K TOH 

KOTOpa.fl B03HHK3J13 OT .D,CHCTBHH 3KCnJiyarnuHOHHhlX ycitJIHH. 8hlsrnJie

HHe H36hITOlJl!bJX CBH3eH Ha CT3Jl.HH CTPYKTypHoro CHHTeaa HMeeT Ila>!<· 

Hee npaK'l'H'lecKoe 3Ha'leHHe, TaK 1{3K II03BOJIHeT npaBHJlhHO Bhif:paTh 

KJ18CC KHHeMaTHlleCKHX nap, coelll!HHIOlUHX 3BeHbR MexaHH3M3, H cJJe

JJa rb KOHCTPYKUHIO 60J1ee pa6oTOcnoco6Hoif. 

Ha pttc. 3.24, a npwae.11.ena 1rnHeMarnqecKaH cxeMa npocTeiiwero 

UJIOCKOfO lleThJpeX3BeHHOf0 lll3pHHpHoro MexaHH3Ma c BXOJl.HhlM 3Be

HOM 1. CTeneHb nOJl.BIHKHOCTH ero no cpopMyJie (l.2) w = 3 . 3 - 2 x 
x 4 = I. Ecm·I H3-3a HeTOlJHOCTeH H3fOTOBJieHHH H MOHTB>Ka OCH wap

HH pOB HenapaJJJieJibHbl, TO 3BeHbH ero 11.BHf3IOTCH B napaJIJieJibHblX 

nJioc1<0crnx rn.ribKO npu ycJJOBHH HX ll.ecpopMaUHH. ECJrn 311aqen11H tte· 

<JlopMaUHH npeBbICHT 11.onycrnMbJe, TO 3TO npHBe){eT JIHOO K 38KJIHHHBa· 

HHIO MeXaHH3M3, JlHOO K npem.n.espeMeHHOH nOJIOMKe OJl.HOro H3 3BeHh· 

es. TaK K8K ct>oPMYJibl (I.I) H (1.2) He OTpa>KalOT reoMeTpHq~KHX COOT· 

Howem1ii Me}K.n.y 3BeHbSIMH, TO npH npe.n,oTBpall{eHHH AeQlOpMaUHi{ 
3BeHbeB <t>opMyJJa (l. l) 6oJJee TOqHo OTpa>KaeT B03MQ)KH0CTb Jl.BH}Kemrn 

3senbeB B 11enapaJIJieJ1bHblX nJiocKoCTHX. CTeneHb no,LQHUKHOCTH pac

CMaTpttBaeMoro MexaHHSMa no <jlopMyne (1.l) W = 6 · 3 - 5 · 4 = 
= -2, lJTO yKaSbrnaer Ha B03MO}l{HOCTb noTepH no.llBH.>KHOCTH H3·3a 

H36bITOlJHblX CBH3eH. 

Ll.Jrn BhHIBJJeHHH H36blTOqHhIX csa3eif <jlopMyJihl (l.J) H (1.2) npeo6pa

syIOT K BHJI.Y 

W = 6n - 5p0 - 4p4 - 3p3 - 2p2 - P1 + q; (3. 1) 

W = 3n- 2p5 - p4 + q, (3.2) 

flle q - 4HCJ10 H30bITOl!HhIX CBH3eH H CTOJJ.BH)!{HOCTeii. 
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.ll.JIH npocTpaHCTBeHHOfO MexaHH3Ma nonyqnM 

q = W + 5ps + 4p4 + 3p3 + 2p2 +Pi -6n; (3.3) 
,ll.JIH IlJIOCKoro -

q = W + 2p6 + p.,, - 3n. (3.4) 

Ecnn q > 0, TO MeXaHH3M HMeeT ll36bfTOqHbie CBH3H, ec.nn q < 
< 0, TO - H36bITOlJHbfe IlOJJ.BH}l{HOCTll • 

.UnH MexaHH3Ma Ha pHC. 3.24, a no ¢opMyJJe (3.3) noJiytrnM q = 
= 1 + 5 . 4 - 6 . 3 = 3, lJTO fOBOpHT 0 Tpex H36blTOlJHblX CBH3HX. 

HcXOJJ.H H3 uenapaJIJieJibHOCTH oceii rnapHnpoB KaK yc.noBHH npocTpau

crneHHoro xapaKTepa KHHeMaTHKH ero 3BeHbeB, 3aMeHHM napbl 5-ro 

KJiacca B, C Ha napbI 3-ro KJiacca (c<j:lepHqecKtte rnapHttpbI) 

(pttc. 3.24, 6). Opn ~TOM nonyqrrM q = I + 5 · 2 + 3 · 2 - 6 · 3 = 
= -1. Pe3yJibTaT rosopHT o noHBJieHHH H36blToqHofl llOJJ.BH>KHocTn, lJTO 

npOHBJISleTCH B B03MO}l{HOCTH CB060JJ.HOfO BpameHnH 3BeHa 2 BOKpyr 

cBoeii ocn. EcJIH no KaKHM-JIH6o npHlJHHaM nposopaqusaeMoCTb 3BeHa 

2 He}l{eJiaTeJibHa, TO ee MO}l{HO H36e>KaTb, npuMeHttB BMecT0 napbl B HJIH 

c 3-ro KJiacca UHJIHHJJ.p!I'IeCKYIO KHHeMaTHqecKylO napy 4-ro KJiacca 

(pnc. 3.24, e) HJIH c<j:lepn'IecKyJO c naJibUeM (prrc. 3.24, z). 

H3 paccMoTpeHHOro npHMepa MO)f(HO CJ{eJiaTb cneJJ.yIOutHe BblBOJJ.bl • 

.Il.nH y .11.a.nemrn H36blTO'IHOH CBH3H llOHH>KaeTCSl KJl8CC COOTBeTcTBylO

IUett KHHeMaTHlJeCKoii napbI, npHHHToii s nJiocKoii cxeMe. OnttpaHcb Ha 

npocTpaHCTBeHHYIO cTpyKTYPHYJO cxeMy, npoeKrnpyeTcsi peaJibHhiii 
MeXaHH3M, B KOTOpOM HeOOJibUJHe CMememrn OTHOCl.fTeJibHOro UOJIO>Ke

HHH 3BeHbeB H 9JleMeHTOB KHHeMaTHlJeCKHX nap, BbI3B3HHbie HeTOlJHO

CTblO H3fOTOBJieHirn llJIH JJ.erf>opMaUHHMH 3BeHbeB IlOJJ. Harpy3KOH, He 

B.TIHHIOT Ha ero HOpMaJibHYJO pa6oTy. MexaHH3Mbl, B KOTOpbIX yJJ.aJieHo 
60.llbWHHCTBo H36bIToqHbIX CBH3eft, Ha3bIBalOTCH patfuo1-taAbHbtMU. B He

KoTOpbIX cnyqaffX, Hao6opoT, ueJiecoo6pa3HO BBO.ll.HTb H36bITOlJHble 

CBH3H, HanpHMep, )J.JISI yseJinqemrn >KeCTKOCTH HJIH pacnpeJJ.eJieHUH H8-

rpy3KH Ha HeCKOJibl<O IlOTOKOB. 

H36blTOqHaH no){BII>KHOCTb noHBJIHeTCSl nptt 3aMeHe coorneTcrny10-

IUett KHHeMaTHlJecKOH napbl napoii 6oJiee HH3Koro KJiacca; B 3aBHCHMOC

TH OT KOHKpeTHb!X ycJIOBlltt OHa MO>KeT 6b!Th epe.n.Hott H.!IH noJie3HOit 

H36bITOlJHble nOJJ.BH>KHocTn noHBJIHJOTCH B pea.!IbHbIX MexaHH3Max e 

pe3yJihTaTe CHHTe3a CTPYKTYPHbIX cxeM npH slJeJtemm B HHX JJ.OnO.!IHH

TeJihHhIX 3BeHbeB, He BJIHSl!OlUHX Ha OTHOCl.fTeJihHOe .l{BIUKeHHe BhIXOJlHO

ro 3BeHa, HO, B qaCTHOCTII, CHH>Ka!OutHX H3HOC BhICWHX Kl!HeMaTHlJeCKHX 

nap H ynyqwaJOutHX 9KCilJIY3TaUHOHHbie xapaKTepHCTHKH MexaHH3Ma 

nJIH cnoco6cTByJOmnx nyqrneMy pacnpeJJ.eJieHHJO 11.asJieHHn. 

4. CTPYKTYPHblfl AHAJIH3 MEXAHHSMOB 

4.1. 3a.o;a1111 CTPYKTypuoro auaJiuaa 

AHaJin3 cTpyKTYPHhrx cxeM MexaHH3MOB no3BOJIHeT onpe.n.enrrTh KOJIH

'lecTBO SBeHbeB, 'IHCJIO " KJiacc KHHeMaTHlJeCKHX rrap, coe}J.HHHIOIUHX HX 
B KHHeMan1qec1<ue uenn, <flyHKIHIOH3JlbHOe H33Haqen11e KHHeMaTHlJe· 

CKHX coe.zvrneHJIH H JJ.3Tb cpaBHHTeJihHYIO xapaKTepHCTHKY MexaHH3MaM, 

36 



BbinOJlHHIOJUHM O.UHH H re me cpyHKUHH, eme Ha :nane BbI6opa HX crpyK· 
Typb1. no cTpyKTypHof1 cxeMe Mexam1sMa onpe,11.eJJHJOT HaJIHlJHe 11s-
6bITOlJHhIX CBH3eH HJUI Il0,D.BIUKHOCTCl1. f ]OJib3YHCb MeT0,11.aMH crpyKT)'p· 
HOro aHaJJH3a, MO.IHHO npeo6pa30B3Tb crpyKTYPHYIO cxeMy, y.ua.JJHB 
3BeHbH, ll3MeHHB KJiacc KHHeMaTHlJeCKHX nap, BHOCHJ.Il;Hx ll36blTOlJHbie 
CBH3H H Il0,11.BH)l{HOCTH, npoH3BeCTH 3aMeHy Bb!CUIHX KllH~aTH'IeCKHX 
nap KHHeMaTHlJeCKHMH coe.n,MHeHHHMH c HH3l11HMH KHHeMaTHlJeCKHMH 
napaMH. 3TH npeo6pa30BaHHH npe,11.CTaBJlHlOT aHaJJH3HpyeMbIH Mexa
HH3M B BH,11.e COBOKYilHOCTH CTaTHlJeCKH onpe.n,eJIHMbIX CTpyKTYPHbIX 
rpynn c HH3WHMH KHHeMaTHlJeCKllMH napaMH, npHcoe.uMHeHHbIX 
K BXO,llBb!M 3BeHbHM MexaHH3Ma, H CBeCTH 33)1alJy KHHe.MaTHlleCKOro H 
AHHaMHlJecKoro aHaJJH3a K HCil0Jlb30B3HHIO Ha6opa COOTBeTCTBYlOll.l,HX 
onepaTOpHb!X cpyHKUHH, paapa6oTaHHbIX Jl,JIH 3THX crpyKTYPHbIX rpynn. 

3TOH )Ke ueJJH CJIY>l<HT CTPYKTypHaH KJiaccmpHKaUHSI MexaHH3MOB, 
npe.UJIO)KeHHaH ,11.JIH IlJIOCKHX MexaHH3MOB c KHHe!'vtaTHqecKHMH napaMH 
5-ro KJiacca H. 11. ApTo6oJieBcKHM. CornacHo 9TOtt KJiaccmp1rnau1111 
MexaHH3MbI 06neJ1,Hm110TCH B KJiaCCbl OT 1-ro H BhIUie no HaHBblCWeMy 
HJiaccy crpy1<rypHott rpynnhl, axo.uHmeii B MexaHH3M. CJJe.uosaTeJibHO, 
KJJacc MexattuaMa onpeoe1memca B peayAbmame eeo cmpyKmypnoeo aHa
Auaa. 

4.2. Onpe,zJ,eJieHue uacca MexaHuaMa 

Crpy1<rypHbIH aHaJIM3 Bh!IlOJIHHeTcH B nopH.UKe, o6parnoM CMHTeay. 
TaK KaK cTpyKrypHaH cxeMa MexaHH3Ma cpopMHpyeTCH nocJie.uosa
TeJibHhIM npHcoe,11.MHeHtteM crpyKrypHblX rpynn K BXO)lHhIM 3BeHbHM, TO 
MX BbIJl,eJieHHe H3 crpyKrypHOH cxeMbl HatmHaeTCH c rpynn, B KOTOpb!e 
BXOAHT BhIXO.UHhre aseHhH. CTpH 3TOM noJ.J.ClJHTblBaIOT cTeneHb nonBH)l{
HocTtt OCTaBUieHCH qacTH MexaHH3Ma, KOTopaH .ll.OJl)l{Ha paBHHTbCH CTe
nem1 nOJ.J.BfDKHOCTH HCXOJ.J.Horo MexaHH3Ma, H nposepHIOT, He pacnaJiaCb 
.JJH KHHeMaTMlJeCKaH n:enh Ha He CBH3aHHhie Me)l{,Ay co6ofi qacTH. flocJie 
BhIAeJJeHHH acex crpyKrypHbIX rpynn ocra10rrn .Mexanu3Atbt 1 1c1acca -
CmOUKa U 6Xo0Hbte 36€Hbfl. 

PaccMoTpHM npouecc crpyrnypHoro aHaJitt3a pb11Ja)l{Horo Mexa
HH3Ma Ha npHMepe MexaHH3Ma J.J.JIH cpopMOBKH KepaMHlJeCKHX H3Jlem1fl 
(puc. 4 .1, a). Bwxo.n.HhIM 3BeHOM MexaHM3Ma HBJrnercsi saetto 5, CB.SI· 
3aHHoe c KYJIHCOH 3 KHHeMarnqecKoli napoii D, a co CTOHKOH - KMHe
MaTHqecKoii napoii E. BbIJJ.eJJHTh 9TH saeHbH B .Ll.BYX3BeHHYIO crpyKryp
ttyro rpynny HeJib3H, TaK KaK B 9TOM CJiyqae paspbIBaeTCH KHHeMaTH· 
qecKaSI n:enh: 3BeHO 4 He CBH3bIBaeTCH c BXOJ.J.HbIM 3BeHOM, 3BeHbH 4 H 2 
noJiyqafOT IlOJl,BH.IHHOCTb. no TOM >Ke npH'IHHe He BbI,ll.eJHllOTCH B llBYX· 
3BeHHYIO rpynny 3BeHbH 4 H 3. Cne.ll.OBaTeJibHO, Bh!Jl,eJIHIOT TOJlhKO 
rpynny 2-3-4-5 (plic. 4.1, 6). CreneHh no.asmKHocrn ee np11 np11co

e.uuHeHMH K crof!Ke W = 3 • 4 - 2 • 6 = 0. 3seHo 3 06pa3yer KOHTYP 
c KMHeMaTMqecKMMH napaMM C, F, D, CJieJ.J.oBaTeJihHo, 9TO crpyKryp
HaH rpyrrna 3-ro KJiacca. Bech MexaHH3M 6y.L1.eT TaK)l{e 3-ro KJiacca. 

CTpoBeJleM crpyKrypHbIH aHaJI11a 3Toro MexaHH3Ma, ecJIH BXOJIHhIM 
3BeHOM 6y.uer 3BeHo 4 (pHC. 4. 2, a). 3seHO 1 co 3BeHOM 2 o6paay10r 
.neyxaseHHYIO rpynny 2-ro KJiacca aroporo BH.na (p11c. 4.2, 6). CreneHh 
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no)lBH}KHOCTH OCTaBweiicH KHHeMaTHlJeCKOH uerm H3 3BeHbeB 4-3-5 
w = 3 . 3-2 . 4 = ] . Cne.n.y!OUJ.38 .D.BYX3BeHH8ff rpynna (3BeHbff 5 
tt 3) TaK*e HBJIHeTCH rpynnoii 2-ro KJiacca. Cne.n.osaTeJibHO, secb Me· 
X8HH3M B 3TOM cJiyqae SIBJHJeTCH MCX8HH3MOM 2-ro KJiacca. 

H3 npose.nettttoro attamtaa CJie.n,yeT, tJTO KJiacc CTPYKTYPHhIX rpynn 
H MexaHH3M8 38BHCHT OT Bb16opa BXOll.HOro 3BeHa npH HeU3MeHHOH KH

HeM8THKe asettbeB. TaK KaK MeTOJlhI KHHeMan1qecKoro H .QHHaMH'lecKoro 

a 
PKc. 4. I. MexaHH3M AJIR <PoPMOBKR 
xepaMHqecKHX H3AeJIHH 

a 
PHc. 4.2. MeJCaH113M .llJIR ctioPMOBKH 
KepaM uqecKHX H3tl,eJIHA c H3MeHeHHhlM 
BXO)lHblM 3BeHOM 

HCCJie.l{OB8HHH npow.e .ll.llff MeXaHH3MOB OOJiee HH3KHK KJiaCCOB, TO HHOr

.11.a npH crpyKTypHOM 8H8JIH3e ueJiecoo6pa3HO npHHHTb 38 BXO)l.HOe 
TaKoe 3BeHo, npH KOTOpOM nOHH}J{8eTCH KJiaCC MexaHH3M8. :::>To n03BO

JIHeT npHMeHHTb .L{JHI pac11ern 6oJiee npocThle anropHTMhl 11 oneparop11b1e 

cpyHKUHH. 
llJiff HCnOJib30B8HHH 6oJiee npoCTb!X aJiropHTMOB paclJeTa Mexa11113-

MOB c BhICillHMH KHHeMaTHlleCKHMH narnMH npott3BO.L{f!TCH CTPYKTyp1-1b!e 
npeo6pa30B8HHH B rpynnax c Bb!CWHMH napaMH nyTeM 38MeHbf HX 

cTpyKTypHo u KHHeMaTHllecKH 3KBHBaJieHTHhlMH KHHeMaTn1.1ecK1tM1t u.e

nHMH c HH3W11Ml1 KHHCM8THlJeCK11M11 napamL 

4.3. CTpy1tTypHL1e npeo6paaoeaaua nyreM aaneHLI BbIClllHX 

KHBeMaTB~eCitBX nap ~enHMH c HH311IHMU napaMH 

PaccMoTpHM nnocKylO CTPYKTYPHYIO cxeMy TpeK3BeHHoro MexaHH3Ma 

(pHC. 4.3, a), COCTOSJW.ero 113 3DeHbeB 1 H 2, o6pa3ylOUJ.HX Me}J{,IJ,y co6ou 

Bh1cwy10 KHHeMarn11ecKy10 napy K 4-ro KJiacca 11 co croiiKoii 0 spaw.a
TeJibHbie KHHeMaTttl.fecKHe napb1 A 11 D 5-ro KJiacca. K11HeMaT11'1ecKy10 

napy K Mo}ftHo 3aMeH.11Tb O.ll.Hl1M aseHoM, npttcoe,1J,11HeHHbIM K 3BeHbffM 
1 tt 2 K11HeMarnqecKHMH napaMH 5-ro KJiacca. BH.L{ 11 pacnoJio»<eHue 

9THX KHHeMaTl1lJeCKHX nap 38Bl1CHT OT 9JieMeHTOB Bb!CllleH KHHeMaTH

'lecKOH napbl. UJIH TOro llT06hl 3aMeHa 6bIJia CTPYKTyptto 11 KHHeMaTH

lfecKH 3KBHBaJieHTHOH, npoB0/(11M o6UJ.yl0 HOpM8Jlb n - n K conpHKa-
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caIOIU,HMCSI npo<i>HJIHM B TOtJKe K. cTaBHM Ha Heil TOtJKH B H C, HBJISllO

UJ.HecH u.eHTpaMH KpHBH3Hhl 3THX npO$HJieii B paccMaTpHBaeMOM 
noJJmKeHHH MexaHH3Ma. 3aMeHHIOIU,ee KHHeMaTHtJec1<y10 napy K 3BeHo 3 
pacnoJiaraeTCH no o6m.eii HOpMaJIH n - n, a ueHTphI apamaTeJihHhix 

l<HHeMaTHtJeCKHX nap, KOTOpbIMH OHa npucoe)J.HHHeTCSI K 3BfHhSIM 1 H 

2 . .n.oJI)J{Hhl coBna.n.aTh c TOtJKaMH B u C. EcJIH O,l{Ho H3 3BeHbeB 6y):{eT 

IIMeTh npHMOJIHHeHHhIH npoqmJih (pHC. 4.3, 6), TO ueHTp ero KpHBH3Hbl 

pacnOJIO)KeH B 6ecKOHetJHOCTH, H 3BeHO 3 6y,ll,eT c nocTynaTeJibHOH KHHe-

a 

/fi 
/c 

A 2 

D 

0 

• I.~ -

A 0 
);; 

fl 
Puc. 4.3. 3aMeHa Bh!ClllHX KHHeMaTH'leCKHX nap u:enHMH c JlH3111HMll KHHeMaTHqe. 

~KHMH napaMH 

MaTHtJeCKOH napoii, HMeH B KatJeCTBe ee 3JieMeHTa HanpaBJISllOI.UYIO JI.JU 

npSIMOJIHHeiiHoro JJ.BH)J{eHHSI. 
IloJiytJeHHble 3aMeHHIOIUHe MeXaHl-13Mhl - wapHHpHbie tJeTbipex3BeH

HHKH (puc. 4.3, a, 8) H KpHBOWHnHO-KYJIHCHhIH (puc. 4.3, 6) - KHHe

MaTHtJeCKH 3KBHBaJieHTHhl 38MeHHeMOMY MexaHH3MY TOJlhKO B ,l{8HHOM 

3a$HKCHpoBaHHOM noJioMeHHH BXO,l{Horo 3BeHa. Optt H3MeHeHHH ero 
flOJIO}l{eHHSI MeHHIOTCSI pa3Mepb1 3BeHheB 3aMeHHIOIUeH KHHeMaTHtJeCKOH 

nenH. IlocJie 3aMeHhl BhlCWHX KHHeMaTHtJeCKHX nap MexaHH3MOB JJ.JISI 
)J.aHHoro pacno.no}l{eHHSI BXOJJ.HOro 3BeHa npH KHHeMaTHtJeCKHX H JJ.HHa

MHtJeCKHX pactJeTaX HCnOJih3YIOT aJiropHTMhl .ll.JIH wapHHpHO-pbitJa/K

HhIX MeXaHH3MOB. 

4.4. AuaJIH3 CBa:aeii, HaJiaraeMLIX KHHel\faTH'leCKHMH napaMH 

AHa.nH3 nJiocKHX cTpyKTYPHhIX cxeM no3BOJIHeT onpe11.e.11ttTh tJHCJIO 

3BeHbeB, tJHCJIO KHHeMaTtttJeCKHX nap, xapaKTep OTHOCHTeJibHOro .ll.BH

)l{eHHH BXO.ll.HhlX H BhIXO.ll.HhlX 3BeHbeB H HX tJHC.no, paBHOe 'IHCJIY CTe

neHeH cao6o.n.w MexaHH3Ma. Ha nJiocKoii cTpyKTYPHOH cxeMe HeJib3H 

BblSIBHTh H36bITOlJHbie CBH3H, HaJiaraeMhie 3.JieMeHT3MH KHHeMaTH'leCKHX 

nap, TaK KaK ace KHHeMaTHtJecKHe napbI Ha HeH 3KBHBa.JieHTHhl TO.nbKO 

KHHeMaTtttJeCKHM napaM 4-ro H 5-ro KJiaccoa. O.u.uaKo 3TO csoiicrno 

n.nocKHX cTpyKTYPHhIX cxeM no3BOJIHeT BhIHBJIHTh 3BeHhH, HaJiaraIO

.mne H36bITOtJHhie CBH3H, HJIH 3BeHbSI c H36bITOlJHblMH nOJJ.BH}l{HQCTHMn. 
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3seHbH, HaJiara10uu1e H36brToqHbre CBH3H ;- 3TO npoMeR<yroqHbie 
SBeHbH, BbIIlOJIHHIOW.He O.D;HH H Te >Ke <iJyHKUHH. npH y,n;aJieHHH O.D;HOro 
H3 HHX .n;s11memre Bhrxo.n;nhIX sseHhes He H3MeHHeTCH. Op11MepoM MO>KeT 
CJIY:H<HTb mapHHpHbIH qeTblpexaseHHbIH MexaHH3M (pHc. 4.4, a). 3.11.ecb 
aseHo 2 (BJIH sseuo 4) HaJiaraer H36hrroqHhie CBH3H. 0.11.HaKo .ll.JIH Hop
MaJI&Horo lf>YHKUHOHHpoeaHHH raKoro MexaHHaMa ueooxomiMo, qro6bI 
BbIIlOJIHHJIHCb paBeHCTBa, o6ycJIOBJieHHble HaJIHIJHeM H30bITOlJHbIX CBH• 

a 

Cnfi , ". 
A 

0 
PHc. 4.4. lIIapHHpHblii Mexa11113M co 3BeHOM, 
uanara10m11M H3ClblTO'IHble cBll3H 

PHc. 4.5. KyJia'IKOBbli\ MexaHH3M 
C pOJJHKOM 

z 

Bfv=f 
1.Sy =I 

~I.Sx=f 

l.Cfr=f 
x 

PHc. 4.6. no]l.BH>KHOCTH 
B 98MKHYTOM KOHType, 
o6paaoeanHoM CTPYK· 
lfypuoA rpynuoii 

~~2 B 
~ f 

Jf" A 
y 

~IS1 =1 

'ICfy~ I 

f Hy =I 
lSz=f/. ~ISz=f 

.// ~ 

' 'I(fz=f (0{Cf:c=2 
z x 

PHc, 4.7. no)IBl\lKHOCTH 
B saMKHYTOM KOHType 
'leT1'1pexaseHHoro wap
HHpHoro MeX3HH3Ma 

PHc. 4.9. Attanua noJJ.· 
BH:lKHOCTeii KpHBOWHR• 
HO·ROJl3YHHOfO Mexa
HH3Ma 

!<P:x=f PHc. 4.10. AHaJJH3 no;i· 

z BH:lKHOCTeii ayc>11aToro 
MeXaHH3Ma 
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l<.pq=f 

t 'lSy=O l 
lSz;~ ~S:r::f 
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l.Cfz =2 -rz 7 

x 
PHc, 4,8. no.11BH.IKHOCTH B 
38MKllYTOM KOHType DOBOJl• 
KOBoro Me.lt8HH3M8 



aefl LAD = lep = LBc· DpH Hapywemm :noro yCJioBHH .n.s1n1<em1e 
MexaHH3Ma HeB03MO)!{H0 (W = 3n - 2p5 = 3 . 4- 2 . 6 = 0). 

3a.[lalla CHJIOBoro aHaJJH38 TaKoro MeXaHH3Ma CTaTHIJeCKH HeonpeLte

JIHMa, CT03TOMY JlJIH B03MON<HOCTH HCnOJib30B8HHH ypaBHeHHH C1'8TH

KH npH pewemrn 3a.n.aq CHJIOBOro aHaJIH38 3BeHO 2 (HJIH 3BeHO 4) 
y.n.aJJHIOT H nepeXO.ll.HT K KHHeMaTHlleCKH 9KBHBaJieHTHOH cxeMe 

(puc. 4.4, 6). 
3BeHhH, .ll.BHMeHHe KOTOpbIX He BJIIIHeT Ha J(BH)!{eHHe BhIXO.ll.HOro 

asena, BHOCHT H36hITOlIHYIO noLtBmKHocTh. DpuMepoM cJiymuT 3BeHo 

3 - pOJIHK B KyJiatJKOBOM MexanHsMe (puc. 4.5, a): W = 3n - 2p5 -

- p4 = 3 . 3 - 2 · 3 - I = 2. TaKHe poJIHKH npHMemnoTcH B Mexa

HH3Max .ll.JlH 3aMeHbl B KHHeMaTHlJeCKHX napax TpeHHH CKOJlb)KeHHH Ha 

Tpem1e KatJemrn. TaKofl MexaHH3M J\JIH peweHHH 38.ll.8'1 KHHeM8THtiec

Koro aH8JIH3a 3aMeHHIOT Kl1HeMaTHtieCKH 9KBHBaJieHTHhIM eMy MeX8Hl13-

MOM c OCTpblM TOJIK8TeJ:eM, a .n.eHCTBJ1TeJibHbIH npo¢HJ!h BXO.ll.HOro 3Be

Ha 38MeHHIOT 9KBH.UHCT3HTHblM eMy (pHc. 4.5, 6). 
JlJIH onpe11,eJieHHH MeTo.n.a. r!03BOJIHJO!ltero BblHBHTh H36hITOqHbie 

CBH3H, npo8H8JlH3HpyeM no,n8H)KHOCTH B 38MKHYTOM KOHType, o6pa3o

B8HHOM CTPYKTypnott rpynnott 2 H 3, npucoe.n.nnettnou nap8MH B H 

D K cToitKe (pttc. 4.6). 3TOT saMKHYThIH KOHTYP npe.u.cTaBJIHeT co6ou 

KHHeMaTHlleCKYIO uenb co creneHhlO no.u.Bml<HOCTH w = 6 . 2 - 4 x 
X 3 = 0. AH8JIH3 B03MOmHhlX nepeMeruemiu noKashrnaeT, llTO KHHe

MaTHtiecKHe napb1 C, B H D 06ecnequsa10r mecTh no.n.BH)KHOCTeH OT

HOCHTeJihHo nenoJJ.BH:li<HOH c11cTeMbI KOOPLlHHaT. B paccMaTpusaeMoM 

38MKHYTOM KOHType 9TH no.n.BH>KHOCTH B KHHeMaTJilleCKHX napax KOM

nencupy!OT B03MO.>KHb!e HeTOIJHOCTH H3roTOBJieHJrn H .n:ecpopMaUHH 3BeHb

es. Dptt npttcoe.n.1rneHHH crpyKrypHol1 rpynnh1 K sxo,n:HoMy 3BeHy 

1 H K CTOHKe (pHC. 4. 7) nonyqaeM MeX81lH3M c llHCJIOM no.n.sm1rnocTeH 

B KHHeMaTHlleCKHX nap8X 6 + I. no,ll.ctieT no cpopMyJie (3.3) noK83bl

BaeT, tITO llHCJIO us6bITOl!HbIX cssiseH: B 9TOM MexamisMe q = I + 5 x 
x I + 4 · 3 - 6 · 3 = 0. . . 

CJieJI.oBaTeJibHO, ecJIH B npHcoe;i:irnReMott KHHeMaTHtiecKoH: uem1 

npiI o6pasosamrn MexaHII3Ma sosMomuu1 wecTb nepeMemeuttl1 oTHOCH

TeJibHo KOOpJIHH8THblX oceii,' TO c yqeTOM CTeneueii CB060.ll.hl KHHeMaTH-

1JeCKHX nap, KOTOpbie COCT8BJIRIOT BXO.ll.Hble 3BeHbH co CTOHKOH, B Mexa

HII3Me orcyrcrnyior II36bITOtitthie CB513H. OrcyrcTBHe KaKOH-JI1I60 H3' 

rnecTH no,n.BH.>KHocrel1 yKa3hrnaer Ha HaJIHllne JI36bIT01IHOH CBHSH, Kpo

Me cJiytrneB, Koma OTCYTCTBHe no,ll.BH)!{HOCTH OTHOCJITeJibHO K8KOH-JllI· 

60 JI3 oceH KOMneHcHpyeTCH yrJIOBOH no,nBH)!{HOCTh!O OTHOCHTeJibHO nep

neH.llHKYJIHpHOH ocH. CTpttMepoM cJiymur pauHoHaJibHhltt noBO.llKOBbIH 

MexaHH3M Ha puc. 4.8. AuaJIH3 noJI.BH)KHOcTeii B 3aMKHYTOM KoHType 

SToro MexauttsMa noKa3hIBaer, llTO ~Sy = 0 npH ~q> .. = 2. Orcyrcrnue 

0,ll.HOH IlO,llBJi)!{HOCTII Sy KOMneHcttpyeTCH yrJIOBOH IlO.ll.BH.>KHOCTblO qi ... 
TaK K8K OCll x H y nepneH.AHl<YJIHpHbl. )leHCTBHTeJlbHO, ecJIH no Ka

KOH-JIH6o npHtIHHe KHHeManttieCKaH napa c CM€CTHTCH B.ll.OJ!b OCH 

y, TO 9TO CMeIUem1e M0)!{€T 61>ITb KOMneHCHpOB8HO nOBOpOTOM 3BeHa 

2 OTHOC"IITeJibHO OCII x. 0JI.H8J<O CMemeuHe KHHeMaTHtieCKOH napbl c 
Rll,OJ!b OCH y He.nb3H KOMneHcHpOB8Tb IlOBOpOTOM 3BeHa 2 OTHOCHT€JlbHO 

9fOH )!{e CCH. 0o3TOMY 1He,n:oCT8TOK JIHHeHHOH CTO)J.BII)!{HOCTH OTHOCHTeJlbHO 
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KaKor1-m160 OCH: KOMneHCHpyeTCH yr.110Boii no,n.BH}l{HOCTblO OTHOCH

Te.JlbHO JII060H ,n.pyroH: OCH. 

OpnMeHeHue 3THX noJIO}l{eHHii paccMaTpHBalOT npH cTpyKTypHoM 

aua.11n3e KpuBowunHo-noJI3YHHoro MexaHH3Ma (puc. 4.9). Aua.11u3 

00)1.BH}KHOCTei't: B 3aMKHYTOM KOHType 3TOfO MexaHH3Ma IlOKa3bIBaeT 

OTCYTCTBHe IlO)J.BH}l{HOCTei't: Sy• Sz, «Jly• 0TCYTCTBHe 0)1.HOH IlO){BH}l{HOCTH 

Sy KOMneucupyercSI yrJIOBOH no,n.BH}KHOCTblO 'Pz· a O){Ha IlO){BH}l{HOCTh 

<Jlz HBJIHeTCH CTOJJ;Btt}l{HOCTblO BXO){HOfO 3BeHa OTHOCHTeJibHO CTOHKH. 

Cne){OBaTeJibHO, B MexaHH3Me HMelOTCH ){Be H36bITOllHble CBH3H (q = 2): 
OTCYTCTBHe 0)1.HOH IlO,l{BH}l{HOCTH Sz " 0)1.HOH IlO){BH}KHOCTH 'Pv· 

CTpyKTYPHhlii: aHaJIH3 3y611aToro MexaHH3Ma Ha pnc. 4 . .10 noKa3hl

eaeT HaJIHllHe .n;ayx U36blTOllHbIX CBSI3eu: OTCYTCTBHe O)lHOH yrJIOBOH 

flO)lBH}l{HQCTH 'Px H O)lHOH yrJIOBOH IlO)lBH.>KHOCTH 'Pu· TaK KaK OTCYTCT

BHe JIHHeHHOH IlOABH>KHOCTH Sg KOMneHcupye'f.CH CTOEOpOTOM 3BeHa 2 
BOKpyr OCH l.~ 

"Paa~eJI BTOpoA·------------------------------------------~ 
KHHEMATHqECKHll CHHTE3 MEXAHH3MOB 

5. MATEMATH'IECKHE METO,IJ;LI, HCIIOJIL3YEMblE 
IIPH HCCJIE,n;OBAHHH MEXAHH3MOB 

5.1. OnepaTopewe 4>YHK~R H oaaoawe aJll'OpRTMl>I 

AJ1ropnTM peweHHSI aa,1J.a11 TeopHu MexaHH3MOB H Mawnn OCHOBbl8aemc11 
Ha a.n.eopum.MaX petuenutl 'lGCmHblX aaiJatt .MeXllHUKU UAU .ManteManlUKU, 
uanpuMep, perneHHH BeKTOpHb!X H .n;m}xf>epeHUH3JlbHbIX ypaBHeHHH, Phl-
11UCJieHHH HHTerpaJIOB II T. n. TaKue anropnTMbl MOMHO CllHTaTb 6a-
306bl.MU . .UJIH OilHC3HHH 6a30BhIX anropHTMOB MO}KeT 6b!Tb HCCT0Jlb30-

B3HO IlOHHTHe onepamopnou </JYHKl{UU: 

<I> (z •. Z2, .•• , z;, .. · , Zn; Yv Y2• .• • , Yi> .•• , Ym). (5.1) 
r.n;e <I> - uiJenmu</JuKamop </JYHKtfUU, Il03BOJIHIOIUHH OTJIHllHTb ee OT 

4>YHKUHH .n;pyrux H3HMeHOB3HHH (o6billHO 3anHCbIB3eTCH TaK, llT06bI Ha

HMeHOB3HUe xapaKTepH30B3JIO H33HatieHue a.11ropHTMa); Zj - 8XodHble 
napa.Mempbl onepaTOpHOH cpyHKUHH, KOTOpbie 33)l3IOTCH npu o6paiue

HHH K Heii; y1 - 8blXodHble napa.Mempbl onepaTOpHoii cpyHKUHH, 

3HalleHHH KOTOpb!X onpe.n;e.JIHIOTCH B pe3y.11bTaTe ){eUCTBHH Ha){ napa

MeTpaMH. 

OnepaTOpt1L1e 4>YHK~HH ucn0Ab3y10m iJ.11.R ynpow.eHuR u t/Jop.uaAuaa
u,uu auopum.MOB. OpH pa3pa6oTKe ttx )lJIH perneHHH HH}l{eHepHbIX 3a)laq 

npu nepexo.n;e K CJie){yIOIUeii no nopH.n;Ky 33BHCHMOCTH HCCTOJib3YIOTCH 

TOJlbKO pe3yJibTaTbl npe)lbI,ll.YIUero pac11eTa, a cpyHKUHOH3JlhHoe onHca

HHe npouecca, KoTopoe 3TOT pac11eT peaJIH3oBaJI, aa11acTy10 He HMeer 

.3Hat1eHHH. B 3THX cJiyt1aHx y){o6uo o6o3Ha11aTh 3aBucHMOCTH, Hx co

BoKynuocTu HJIH peaJIH3YIOIUHe HX a.11ropHTMbl H)leHTHcpttKaTopaMH (' 

yKa3am:eM TOJlbKO BXO)lHbIX H BbIXO){HblX napaMeTpOB, T. e. oneparni-· 

JlblMH cpyHKUHHMH. 
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OnepaTOpHaH ¢YHKI..J.JIH cocTaBJrneTCH JJ.JIH mo6oH: nocneJJ.oBaTenb
HOCTH JIOfHqecKHX H MaTeMan1qecKHX .QeikTBHH. Pa36epeM ee COCTaB
JieHHe Ha npHMepe peweHHH KBaJJ.paTHOro ypaBHeHHH 

ax2 +bx+ c = 0, (5.2) 

KOTOpoe HMeeT KOpHH 

x1.2 = (-b + Vb2 - 4ac)/2a = (-b ± VD)12a. 

EcJm ypastteHHe (5.2) .QeiicTBH· 
'TMbHO, TO B 3aBHCHMOCTH OT 3Haqe
HHH D = b2 - 4ac ero KopHH JIHfio 
,neHCTBHTeJlbHb!e pa3JHl1lllble, JIHOO 
,ll.eHCTBHTeJibHble paBHble, JIH6o KOMfl
JieKCHble conpHmeHHbJe. Ha pHc. 5.1 
npHse.n.eHa 6JioK-cxeMa peweHHH 
ypaBHeHHH (5.2), KOTOpasi peaJIH3Y
eTCH onepaTopnoH: cpyHKUHeH 

K.VDRTU (a, b, c; x1 • x2 , i), (5.3) 

r.ne xlt Xz - 3Ha4eHHH KOpHeH ypaB
HeHHH; i = 0 - ,D.JlH JJ.eHCTBHTeJibHblX 

KopneH:; i = V -1 - .D.JlH KOMnJleKc
HbIX KOpHeH. 

<l>yHKUHH (5.3) peaJIH3yeT Bee 
JI,eikTBHH 6JIOK-cXeMbl aJiropHTMa pe
meHHH KBa.D.paTHOro ypaBHemrn. Optt 
o6pallI,eHHH K onepaTOpHoii ¢YHKUHH 

Ha'laf!o 

BMecTo napaMeTpOB a, b, C MO)!{HO P11c. 5.1. BJioK-cxeMa peme1111si ypaB-
npHMeHHTb HX UH¢poBbie 3Haqemrn. tteHHS! 

HanpHMep, Bbrpa.>KeHHe KVDRTU 
(-2, 5, 14; X1, X2, i) 0003HaqaeT o6parueHHe K aJiropHTMY peweHHH 
ypaBttenm1 -2x2 + 5x + 14 = 0. OneparnpnaH cpyHKUHH BKJIIOlJae-r 
e ce6H .D.pyrne onepaTOpHbie ¢ynKUHH B Kaqecrne napaMeTpos. 06o3Ha-
11eHHH nepeMeHHbIX- z,, y1 MoryT OhITb npott3BOJibHhIMH - B saBHCH· 
MOCTH OT Tpe6yeMbIX no CMbICJIY pewaeMbIX 3a)l.alJ. 

5.2. OnepaTopuaa t1>yu1rn;ua, peaJIHayrom;aa oaaouwe aJiropDTMW 
pemeRHJI CHCTeM JIHReBRblX ypaBHeRuii 

Optt lJHcJJeHHOM peweHHH BeKTOpHhrx ypasHeHHH saJJ.aqa CBOJJ.HTCff K pe
menmo CHCTeMbl n JIHHeHHb!X ypaBHeHHH 

GuX1 + G12X2 + + a1;X; + + a1.,Xn = C1; ) 

G21X1 + 022X2 + + a2;X; + + G211Xn = C2; l . . } 
Ok1X1 + ak2X2 + ... + akjX; + . .. + aknXn =Ck; 

I 
an1X1 + an2X2 + + anjXj + + annXn = Cn· ... 



KopHH cHcTeMbI onpe)leJIHIOTCH H3 Bbrpamemrn 

Xj = D;ID; 

. . . . . . . . . . . .. . . 

llnt, Gn2• • • • , llnj, • • • , llrm 

r)le D - onpeoeAumeAb cucmeMbl, ttepaBHhIH ttyJ110; D1 - onpeJleJIH
TeJih, noJiyqaeMblH H3 onpe)leJJHTeJIH D 33MeHOB j-ro CTOJJ6ua Ha CTOJI-
6eu CB060.D.HblX qJieHOB. 

AJiropHTM perneHm1 cHcTeMhI BKJiro<rneT cocTaBJiem1e onpeJleJIHTe
.rrei1 D H Di H BhJqHcJieHHe KOpHeii xi. Bech o6beM JleiicTBHH peaJIH3Y· 
eTCH onepaTOpHOH cpyHKUHeH 

SI STEMAN, A(N, N), C(N); x(N), (5.4) 

r)le N - nepeMeHHaH, onpeJleJIHIOIUaH nop!WoK cucme.Mbl Aunet1.HbtX 
ypasHenut1.; A (N, N) - .n.syMepHbIH Maccue KOE}(/xpuu,uenmoe npH HeH3-
BeCTHbIX, cpopMttpyromHi1 onpeJleJIHTeJib D; C (N), x (N) - OJlHO
MepHhie MaccHBhI tIHceJI cToJI6HKa cBo6oJlHbIX tIJieHoB H Koptteii cH:
CTeMhI, noJiyt1aeMhIX noCJie ee perneHHH. 

5.3. OnepaTopHLie ~YHR~u, peaJiuayIO~e 6aaoeLie aJiropHTMLI 
1DICJieHHOro HHTerpupoBaHHSI H ,ll;H~epeB1'HPOB3HHR 

DpH perneHHH pH.n.a sa.n.aq TeopHH MexaHH3MOB Tpe6yeTCH HHTerpnpo
BaTh cpyHKUHH. Ecmr cpyHKUirn 33JlaHa B sn.ne rpacpnKa HJIH Ta6JIHtIHO, 
TO npHMeHHIOT lfHCJJeHHb!e MeTO.Il.bl HHTerpHpoaaHHH. lJHcJieHHOe HH
rerpHposaHne ocHoBaHo Ha reoMeTpnt1ecKoi1 HHTepnpernunn onpeJle-

b 

JJeHHoro HHTerpaJia S f (x) dx = <l> (b) - <l> (a), npe.n.cTaBJIHIOIUero 
a 

co6oi1 nJIOIU3Jlb TIOJlhIHTerpaJihHOH cpyHKUHH. Optt HeH3BecTHOM xapaK
Tepe ¢YHKUHH f (x), COOTBeTCTBYIOIUeH 6oJibWHHCTBY cJiyqaeB npHMeHe
Hlrn tIHCJieHHOro HHTerpHpoBaHHH, ee 33MeHHIOT HeKOTOpbIM MHOro
qJieHOM, T. e. annpoKcHMHpyroT cpyHKUHIO BhlpaJKeHHeM, yJlo6HbIM )lJIH 
BDJtjHCJieHHH onpeJleJieHHOfO HHTerpaJia. 

ECJIH <f>YHKUHH sa.n.aHa B BH.D.e rpacpHKa (pnc. 5.2) HJIH Ta6JJHtIHO, 
TO aa.n.aqa ee 1rncJieHHOfO JIHTerpttpoBaHHH 33KJJJOqaeTCH B H3XOJKJleHJIH 
nJiomaJlH TIOJl JIOMaHoi1, coeJlttHHIOIUefi y3JIOBhie TO'IKH. B npocTeiirneM 
CJiyqae TIO)l KpHBOH Ha yt1aCTKe ab TIJIOIU3Jlb 6y.n.eT 

II 

A= L 11xyi, (5.5) 
i=I 

a 3HatieHHe llHTerpaJia B i-H TO'IKe 

J1 = J1-1 + /l,xy 1, 

r)J,e 11x - pacCTOHHHe MeMJlY TO'IK3MH x, B CJiyqae )leJiemrn y'laCTKa 
ab Ha n O,ll.HH3KOBhlX 0Tpe3KOB. 
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11cnoJib30B8HHe Bblpa>Kemi:s1 (5.5) npHBO.ll.HT K norpeurnocrn, 3aBH
csiw.eli OT roro, DJIOW.8.ll.h KaKoro npHMoyroJibHHKa annpOKCHMHpyeT 
IlJIOIU,8.)J.b IlO.ll. KpHBOH Ha yqaCTKe !ix . .ll.JIH yMeHblIIeHHH norpeWHOCTH 
Heo6xoiu1Mo yMeHbWaTh war HHTerpHpoeamrn, T. e. yeeJIHqHBaTb qHcJio 
OTpe3KOB n. Bonee roqHbl cnoco6hl, OCHOBaHHbie Ha 3aMeHe KpHBOH Ha 
OTJl.eJibHbIX yqacTKaX xopaaMu (pHC. 5.3) HJIH annpoKCUMupylOU{UMU 
Kpll8bllrtU, HanpHMep yqacTK8MH napa6o/l (pHC. 5.4): 

n 

Ax1_ 1,x1 = 0,5!ix £ (J/£-1 + Y1); J, = J,_, + 0,51'.lx(y,_, + y,); (5.6) 
l=I 

Ax;_1,x1+1 = (Yt-1 + 4y, + Yt+1) !ix/3; 

J, = 11-1 + (Yi-2 + 4Ut-1 + U1) !ix /3. (5.7) 

g 

ffhJ 

0 a x, Xn-1 b X 

Puc. 5.2. K sao;atte o ttuCJieuuoM uuTer
pu poaauuu 

PHC. 5.3. 3aMeHa yttaCTKOB UCXO,ll;HO• 
ro rpact>uKa xop,D;aMH 

y=ax2+hx+c 

l/l-f lji IJi+I 

:X; x,., x 
Puc. 5.4. 3aMeHa yttaCTKOB rpact>uKa 
uapa6oJiaMu 

y 

0 

PHc. 5.5. fpacpuqecKoe npe,D;CTaB· 
JieHHe .l(nct>ct>epeHL\UpOBaHH![ 

<I>opMyJibl (5. 7) .11.aioT pe3yJibTaTbl 3H81UfTeJibHO TOqHee cj:>opMyJI 
(5.6) npH HHTerpHpoBaHHH cl>YHKUIIH BToporo II TpeTbero nopHJl.KOB • 
.LJ..nsi ecex Tpex cnoco6oe (npHMoyroJibHHKOB, xopJl H KpHBbIX) 3Haqe
mrn HHTerpaJia .ll.JISI nepBOH TO'lKII paBHbI HYJIIO, a npu HCilOJib30B3HlUf 
33BIICHMOCTeH (5. 7) 3Ha'leHHe IIHTerpaJia Ji.JISI eropoli TO'lKII Bbl'lIICJISl· 
eTCH cnoco6oM xopa. AJiropHTM 'lHCJieHHoro HHTerpHposaHHH paccMOT· 
peHHbIMII cnoco6aMM OilHCbIBaeTCSI oneparopHOH <l>YHKUHeH 

INTGR(n, !ix, NOMER, g; J), (5.8) 

r.ll.e GHCJIO ytJaCTKOB n = 2m, 2m - 'leTHOe 'lHCJIO yqacTKOB; y - Ha· 
HMeHOB3HHe HHTerpHpyeMoro M8CCHBa; J - HaHMeHOBaHHe M8CCHBa 
HHTerpaJibHblX aHaqeHHH:; NOMER - 'lHCJioeoe 3Ha1Jem1e ynpaBJIHIO· 
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w:ero napaMerpa, B COOTBeTCTBIUI c KOTOph!M npHMeHHeTCH O,llHH H3 
npHBe,lleHHhIX cnoco6oB lJHCJieHHoro HHTerpHpoBaHHH, HanpHMep, .ll.JISJ 
TeKcra NOMER = 1, 2, 3 coorneTcTBeHHO .U.JIH 3aBHCHMOCTeH (5.5),. 
(5.6), (5.7). 

4HcJieHHOe .u.mp¢epeHuHpOBaHHe ¢YHKUHH npHMeHHeTCfl npH Ta6-
JIHlJHOM JIH60 lJHCJieHHOM cnoco6e 3a,llaHHH cj:JyHKUHH. npOH3BO)l.Ha& 
cpyHKUHH f' (XA) .ll.JIH npoH3BOJihHoro 3HatJeHHH apryMeHTa TOlJKH A 
onpe.II.eJIHTCH H3 saBHCHMOCTH (pHC. 5.5) 

f' (xA) = (f (x + 0,5Lix)- f (x- 0,5Lix))/ Lix, (5.9) 

r.n.e Lix - mar JJ.Hcp¢epeHuHpoBaHHH. 
AJiropHTM tJHcJieHHoro .II.Hcp¢epeHuHpoaaHHH onHCh!BaeTcH onepa· 

TOpHOH tPYHKUHeH 

DFRNCL (n, Lix, y; y'), (5.10) 

r.u.e n - lJHCJIO ysJIOBbIX TOlJeK; Lix - war Jl.HCjxpepeHuHposaHttH; y H 
y' - HaHMeHOBaHHe MaCCHBOB lJHCJJOBhIX 3HalJeHHH nepaoo6pa3HOil H 

npOH3BO,llHOH ¢YHKUHH. 
Hs cpopMyJihI (5.9) cJieJJ.yeT, tJTO 3HalJeHHe npott3BO.ll.HOH lf>YHKUHH 

BbllfHCJIHeTCH Jl,JIH cepe.nHHhl yqacTKa 3HatJeHHH apryMeHTa. 3HalJeHHe 

npOH3BO,llHOH cpyHKUHH .ll.JIH apyrnx TOlJeK B npe.u.eJiaX JJ.aHHOro npoMe· 
>KYTKa onpe.lleJIHeTCH UHmepnOAJll{UeU. nptt lJHCJieHHOM .ll.Hcp¢epeHUH• 
poBaHHH npoH3BO,llHaH cj:JyHI<UHH onpe.ueJIHeTCH c ropa3.ll.O-MeHbllieH TOlJ· 
HOCThlO, tJeM 3a.ll.aHHaH nepaoo6pa3~JaH. npH 3TOM, B OTJIHlJHe OT LJHC· 

JieHHOfO HHrerpHpOB3HHH, yMeHbWeHHe wara .u.11¢<PepeHUHpoaamis1 
Be.II.eT K yaeJIHlJeHHIO norpeWHOCTH. no3TOMY ,llJIH CJIO/KHOH cpyHKUlll1 
6oJiee ueJiecoo6pasHo onpe.neJIHTb npott3BO.llHYIO, no.n611paH armpoKCH· 
MHPYIOIUHH MHorotJJieH H npHMeHHH attaJIHTHtJecKHe MeTO.ll.bI. ~ 

5.4. ,IJ,eiicTBHJI c BeRTOPHLIMH 88.'III'IHHa:r.m 

B IlJIOCKOH H B npOCTpaHcTBeHHblX CHCTeMax KOOp!lHHaT BeKTOp l onpe
.II.eJIHeTCH npOH3BeJJ.eHHeM ero aJire6pattlJeCKoro 3HaLJeHHH - MO.llYJIH 

l H oprn e~ EcJIH npoeKUHH BeKTOpa 7 Ha OCH CHCTeMbl KOOp.ll.HHaT o6o-

3HalJHTb lx, ly, l2 (pHC. 5.6), npoe~I~H~ OpTa e Ha Te >Ke OCH ex, e11 , eu 
. opi:bI oceii KOOp.ll.HH3T o6o3HalJHTb i, j, k, TO noJiytJHM 

l = l; = lJ + lj +ti; e = e) + ey/ + e2k. 

TaK KaK npoeKUHH oprn Ha KOOp.[(HHaTHhie OCH HBJIHIOTCH ero Ha
npaBJIHIOIUHMH KOCHHycaMH, TO 

e = i cos a + / cos ~ + k cos "'. (5.11} 

HanpaBJIHJOIUHe KOCHHYChI JIJ06oro aeKTopa Bb1pm1<a10TCH s s11.u.e 

CKaJIHpHbIX npOH3Be)l.eHHH ero oprn Ii opTOB COOTBeTCTBYIOIUHX oceif 

KOOp.lJ.HH3T: 

cos a= e . i; cos~= e . f; cos"?= e . k, (5.12) 
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a KOCHHyc yrJia Me~y-BeKTopaMH [ H R - B BH.ll.e cKam1pttoro npoH3-

ee,lleHHH HX opTOB e H r: 
......... 

cos (l, R> = e . r = exrx + es1u + ez'z· 
Cne.I1.yeT HMeTb B BH)J.y, tITO cKaJI5Ipttb1e npoH3Be,lleHHff oprne [. T =

= 1 · ] = k · k = 1; i · J = i · k = } · k = 0, a BeKTopttbie npoH3-

BeJJ.eHHH opTOB f X [ = 7 x / = -k x k = O; 1 x ] = k; -j x k = i; 'x k =- r 
z lj 

y 

x 
PHc. 5.6. BeKrop B KOOP.llHHaTHOii CH· 
creMe 

PHc. 5.7. Onpe.11.eJJeHHe noJiolKeHHll' 
JIHHHH .11eACTBHH BeKTOpa 

HanpaeJieHHe nepnett,llHKyJrnpa K nnocKocrn, e KOTopoli Jie.>KaT 

BeKTOphl l H R.. onpe,Zl.eJIHTCff H3 <PoPMYJibI .ll.Jlff BeKTOpHoro npoH3Be,Ae
HHSI 

S= 1 x R = LR. sin 0-:R> 
no HanpaeJieHHIO opTa eeKTopa s: 

......... 

s = (e x r)!sin O. R>· 
ECJIH HanpaeJieHHe O)l.Horo BeKTopa 3a.ll.aHo opraMH e )l,eyx KOOp.ll.H

HaTHblX CHCTeMax Oxyz H O'x'y'z': 

e = exi + ey/ + ei; 

e' = e~i' + e~}' + e~fl, 
TO npoeKII.HH ex, ey• ez OpTa B nepBOH KOOp)J.HHaTHOH CHCTeMe CBff3bIBa
IOTCff c npoeKII.HHMH BO BTOpOH CHCTeMe CJle.ll.ylOlll,HMH COOTHOIIIeHHHMH: 

,_ - ,_ ,_ -
ex= exi' · i + eyj' · i + ezk' · i; l 
ey = e;!· . I+ e~-· 1·_. l -f:!~k~. 1; 
e2 = exi' · k + eyj · k + ezk · k. 

(5.13} 

4acTO npHXO)J.HTCff onpe,lleJIHTb Hanpa8ARIOU{Ue yeAbl BeKTOpOB B.: 

BH,lle cpyHKII.HH no HX npoeKU.HffM B 3aBHCHMOCTH OT 3HatieHHB KaKHX
JIH6o napaMerpoB. B pH.Ile cnyqaee e Ka1:1ecTBe eeKropa paccMarpHBaeTCH 
HanpaeJieHHbIH 0Tpe30K, HanpHMep 3BeHO MexaHH3Ma, )\.TISI KOTOpor°' 
H3eecTHhl KoOp.lJ.HHaThl )J.eyx ero rot1eK - nat1aJia A u Konua B 
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{pHc. 5. 7). Tor.n.a no.no>KeHHe JIHHHH .n.eikTBHH oTpe3Ka AB onpe.n.e.nnr· 
CH yrJIOM 

'P = arctg [(ys - YA)l(XB- XA)I. 

'.:ha 38BHCHMOCTb He scer.n.a y.n.o6Ha, TaK Kai< B Hett He yq11Tb1B8eTCSI, 
K8KaH TQqKa HBJISleTCH HaqaJIOM 0Tpe3Ka, KaKaSI KOHUOM, H, CJie,U.OBa
TeJibHO, yroJI noJiytiaeTCSI KaK IlOJIQ)l{HTe.nbHb!M, TaK H OTpHuaTe.'lbHbIM. 

HanpaBJISIJOlll.HH yroJI BeKTOpa AB, KaK cymecrneHHo noJIO)l{HTeJibHaa 
BeJIH4HHa, onpe,U.eJIHeTCH H3 38BHCHMOCTH . 

( :·+n, 

(j>AB = I q> + n, 
<p + 2rt, 

(YB -YA);;;;?: O; } 0 
(ya-YA)<O; cp;;;;?: ; 

(YB -YA)> O; } 
( ) 0 (j> < 0. 
YB-YA< . 

(5.14) 

BbipruKeHHe (5.14) Mo>KeT 6bITb pea.JIH30BaHo oneparnpttoii cpyHK· 
uneii 

UGLl (yA, Ya, <p; <p4a). (5.15) 

r.n.e YA H YB - op.n.11HaTbI aatiaJia H Kaaua aanpaBJieHHoro oTpesKa; 
qi - yroJI H8KJIOH8 K OCH a6cuncc JIHHliH HanpaBJieHHOro OTpesKa. 

OneparnpHaH cpyHKUHSI .U.JIH aarrpaBJIHJOlll.ero yrna oTpe3Ka MOH<eT 
6bITb COCTaBJieHa H no KOOp.U.HHaTaM T04eK ero H81IaJia H KOHU8l 

UGL2 (xA, YA. xn, YB; cpAB) =sign (ys - YA) arccos ((xa - XA)llAB), 
(5.16) 

r.n.e xA, YA H XB, Ya - Koop.n.naaTbI rnqeK HaIIaJia H Kaaua aanpaaJleH
Horo OTpe3Ka LI.JII1HOH lA8 ; sign - o6osHaqeHHe cpyHKUHH npHcsoeHHH 
3H8K8. 

HanpasJIHIOlll.HH yroJI seKrnpa npHHHMaeT pasHbie saaqeam1 a sa
BHCHMOCTH: OT napaMeTpOB. HarrpHMep, .numrn 11.elicTBHSI BeI<Topa CKO· 
pOCTH TOllKH npH ee ,U.BH>KeHHH no OKpymHOCTH rreprreH,U.HKYJIHpHa pa
,u.11ycy, HO HanpasJieHHe BeKTOpa no JIHHHH ero .n.efiCTBHH 3aBHCHT OT 
3HaKa yr JIOBOil: CKOpOCTH 3BeHa, Ha KOTOpOM pacrroJIO)l{eHa TOtIKa. 
AJiropHTM onpe.11.e.neHHH aarrpas.1rn10w.ero yrna 'I' BeKTopa AJISI no.u.06-
H ,Jx CJiyqaeB pea.1rnsyeTCH onepaTOpHOH <PYHKUHeH 

UGL3 (cp, a, v; 'I')= cp +sign (v) a, (5.17) 

r.u.e q> - yroJI, OTHOCHTeJ!bHO KOTOporo OTCqHTbIBaeTCH yro.n 'I'; v -
napaMeTp, onpe.n.e.1u110mHii 3HaK yrna a. 

B HeKoTopblX 3a.n.aqax, aanp11Mep npu onpe.n.eJiemrn peaKUHH B KH· 
aeMarnqecKHX rrapax, rrpe.n.sap11TeJ1bHO rrpttHHToe aanpaBJieHHe aeK
topa Ha JIHHHH ero .n.eiiCTBHH B 33BHCHMOCTH OT pe3yJibT8Ta peweJIHH 
H3MeHHeTcH Ha rrpOTHBOl10JIO)l{HOe. B 3ToM c.11yqae aJiropHTM onpe,L1.e.ne
HHH HanpaBJIHIOll.lero yrJla BblpamaeTCH 33BHCHMOCTblO 

{ 
<p, v > O; 

UOL4(cp, ct, v; 'Y) = + <O rp ex, v , 
(5.18) 
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r.ne 'V - yroJJ, onpe,neJJHIOlll.HH HanpasJJeHue seKTopa; v- napaMeTp, 
onpe.ll,eJJHIOlll.HH He06XOJlHMOCTb H3MeIIeHHl'I 3Haqemrn HanpaBJJHIOlll.e
ro yrna Ha a. 

VlHor.n.a y.n.o6HhIM HBJIHeTcH onpe.n.eJJeHtte HanpaBJJHIOW.ero yrna BeK· 
rnpa no era npoeKUHHM Ha Koop.llHHaTHhie octt. B 3THX cJJy•rnHx a.nro· 
pHTM peaJJH3yeTCH onepaTOpHOH cpyHKUHeH 

{ arctg (ly!l ,J, r,_ > O; 
UGL5 (lv ly; 'l') = n + arctg (lyilx). Ix< 0. (5.19) 

flptt peweHHH 3a11aq MexaHHKH qacTO npttXO.ll.HTCH cyMMHpOB8Tb 
BCKTOpbI. AJJropHTM onpeneJJeHHH ae.mrtIHHbI H ttanpaBJJeHHH seKTopa 

l cyMMbl llBYX llPYrHX BeKTOpOB f1 H ~ peaJJH3yeTCH onepaTopHOH 
tj>yHKUH€H 

(5.20) 

OllHCblBalOUJ,eH cJie.llylOW.He lleikTBHH H3Jl seJJH4HHaMH BeKTOpOB /~ H 

72 H HX HanpaBJJHIOUJ,lfMH yrnaMH <l't H <J'2l 

l = i1 + l2 ; l.: = 11 cos tp1 + lz cos q>2; 111 = 11 sin rp 1 + 13 sin q>2; 

UGL5 (lx, Ly; rp); l = Vt;+ /~. 
Dpn rpacp11qecKoii HHTepnpeTamrn cpyHKUHH (5.20) BhmOJJHHIOTCft 

nocTpoemrn, cooTBeTcrnyiomrre «npasHJiy napaJJJJeJiorpaMMa». 

5.5. MaTpH'IHaJI <J>opMa aanHCH BeKTOpHLIX COOTHOWeHHH 

Opu HCCJJCJlOBaHHH MHoro3aeHHhrx nJJOCKHX H npocTpaHcTBeHHbIX 
MexaHH3MOB BeKTOpHblC npeoopa30B3HHH CTaHOBHTC51 CJIO>KHblMH, a Bbl• 
lJHCJJeHHH rpoM03.ll.KHMH. y .ll.OOHO STH BblllHCJieHH51 BbinOJIHHTb c no
MOlll.blO nrnTpnu, !10.ll KOTOpbIMH DOHHM8IOT TaOJJHUbl l[HCeJJ, pacnOJIO· 
>KeHHbie CTpoKaMH H CTOJIOit8MHI 

a11 a12 a1n 

A-

a1111 am:i ••• am11 

B MaTpnue, co.D.epmameii m cTpoK H n cToJ16uos, npmrnse.neHHe m x 
x n o6o3Ha4aeT nopH.ll.OK MaTpm:(bJ. ECJin m = n, To MaTpttua H33bIBa· 
eTcH K.Badpanmou. EcJJH n Jlttoo m paBHbI e.ll,HHHue, TO aonyqaeM cooT· 
BeTCTBCHHO cmoA6up1y10 

ai 

B= a2 

am 
HJIH cmpottHYIO 

C=\la1, ~ ••• It J a,.~ 
M8TpHUbl. 
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Ha.n. MaTpuuaMH M0:>1rno Bhmo.nHSITh .n.eiicTBHSI mplllicnonupooanwi, 
cAoJK:eHUR, yMH031CeHUR. MaTpuua A', TpaHcnoHnposaHHasi no OTHO· 
wemuo K MaTpttue A, o6pa3yeTcsi H3 MaTpHilhI A 3aMeHoii Kam.n.oli ee 
CTpOKH Ha CTO.n6eu TOfO )f{e HOMepa. HanpHMep, npH TpancnoHHposa
HHH M3TpHUhl 

A ~i: 
5 7 

I~ I 20 17 
14 20 

no.ny1rnM MaTpHUY 
0 3 9 

A'= 
5 20 14 
7 17 20 

12 5 7 

Cy.M.Motl iJeyx .Mampul{ V u W oiJunaKOBoeo nopRiJKa Ha3bl.8aemcJ1 
mpembR .Mampul{a U = V + W moeo 3/Ce nopaiJKa, Ka31CiJblf1. &Ae.Menm 
cmpoKu i u cmoA6u.a k KOmopotl paeen cyM.Me coomeemcmeyrow,ux 8/le
Menmoo o6eux MampUl{ u,k = Vik + Wik· Optt c.noJKeHml M3TPHU cnpa
se.u..nHBbl nepe.MecmumeAbHbte H cottemameAbHble 38KOHbl. 

MaTpuua YMHO)l{aeTcsi Ha cKaARPHYIO eeAuttuny. B 3TOM CJiy'lae 
Ha cKam1p yMHO>KaIOTCSI see 3JieMeHThI MaTpttUbl. .Use MaTpHUbl riepe
MHO>KaIOTCSI, ecJIH 1rnc.no CTOJI6UOB OJI.HOH M3TpHUhl paBHO 'IHc.ny CTpOK 
BTOpoii MaTpHUhl. ECJIH MaTpttua A HMeeT nopsi.n.oK m x n, a MaTpmia 
B - n x q, TO HX npou3se.u.eHHe onpe.n.eJrner MaTpuuy C = A · B, 
nopsi.n.oK KOTOpoii paBeH m x q. 3.neMeHT MaTpHUhl c onpe.u.e.nttTCH no 
npasuny 

n 

C", = L A1qBq,,, 
i=l 

r)le i = 1, 2, ... , m; k = 1, 2, ... , q. 
HanpttMep, npH yMHO)l{eHHH MaTpHUhl A H3 npuMepa TpaHcnouHpo

BaHHH Ha MaTpuuy 

D= 

2 4 

8 • 3 
12 7 
10 , 12 

144 

F= 420 
440 

, 2081 
251 • 
302 

.U.nsi MaTpuu He co6nio.n.aeTcsi nepe.MecmumeAbHbltl aaK.oH YMIW31CeHua, 
T. e. A · B =I= B · A, HO co6.mo.n.aeTcsi cottemameAbHbltl: 

(A · B) • C = A -(B · C) = A · B · C; A (B + C) = A · B +A · C. 
MaTpuqnaH <jlopMa 3anHCH no3BOJrneT 3Ha'IHTe.nhHO ynpocrttTb sa

DHCb COOTHOllleHHH Me)l{.u.y Be.nH'IHH3MH. HanpHMep, COOTHOllleHHe 
(5.13) 33IlHCbIB3eTCSI MaTpH'IHhIM cnoco6oM, ec.nu BBeCTH B pacCMOTpe-
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m1e MaTpHUbl 

£~1n ·· 1 
i' . i 

-., -: k' -: J • l • l 

E'= e~ ; M11' = -., -~ -:., -. k' . J l • J J • J 

ez i' . k ]' . k k' . k 
B BHJJ.e 

E = Mll'E'. (5.21) 

MaTp1ma M11· 06pa3yeTcH nepeMHO/KeHHeM npocThIX MaTpHu: 
CTOJI6UeBOH F H CTpOtlHOH F'' COCTaBJieHHblX !J.JHI opTOB KOOp,ll.HH8THblX 
cucTeM Oxyz H O'x'y'z'; 

i 

F = 7 ; F' = /I i', ]', k' fl; M 11 · = F · F', 

lk 
E = F · F' · E'. (5.22) 

EcJIH npoeKUHH opTa BeKTopa B CHCTeMe KOOPJ1.HHaT 0 1x1y1z1 pai3Hbl 
exi. ey1, e,., TO npoeKUHH opTa 3Toro BeKTopa B KOOp.ll,HH3THOH CHCTeMe 
02X2Y2Z2 B COOTBeTCTBHJ.I c Bblpa)l{eHHeM (5.21) onpe.n.eJIHTCH KaK 

E2 = M21E1, 
r.ne 

E, = i ::: ; E1 = I ::: I ; 
eZl. e21 

Af 21 - MaTpHua Hanpasnsi10uv1x Koc1rnycos JlJISI o6eHx cHcreM, aHa.no· 
rwrnan M, 1 . 

EcJIH HMeeTCSI n CHCTeM KOOpJJ.HHaT' TO JJ.JISI JJ.PYfHX Koop.n.1rnaTHblX 
CHCTeM 

Ea= Ms2· E,, =Mu. M21 . E1; 

E4 = M4a • Es= M4a • M31! · M21 · E1; 
• • .. • • • • • • • • .. t • • • ... • • • • • • • • • • 

E,, = Mn.11-I • E11-l = Mn-1,n-2 ••• M31! • M21 . E1. 

C.ne.lloBaTeJibHO, .ll.JHI no.nyqeHH» npoeKUHH oprn BeKTOpa B HeKoTO· 
pofl KOOp!lHHaTHOH CHCTeMe no npoeKUHHM ero B HCXOJlHOH KOOp.H.HHaT
HOH CHCTeMe Heofixo.n.HMO nepeMHO>KllTh MaTpttuy HanpaBJIHIOlll.llX KO
CHHYCOB, COCTaBJieHHblX JVUI 9THX CHCTeM, H MaTpHUY npoeKUHH opTa 
B HCXOJlHOH CHCTeMe. 

EcJI11 3JJeMeHThl MaTpHUbI A HBJIHIOTCH n.1HjxpepeHirnpyeMbIMH cpyHK· 
UIHIMH a .• (t) CK3JIH2HOf0 apryMeHTa t, TO MaTpHua MO>KeT 6bITh npo-
.H.H¢<PepeHuHpoBaHa no npaBHJIY · 

dA (t)/dt = d (atk (t))!dt, 
T. e. npH .n.mp¢epeHUHpOBaHHH MaTpHUbI AHcjJ¢epeHuttpyeTCH Ka>K)J.bIH ee 
3.neMeHT. CJJenosaTe.nb1io, no 1IMe10rn.11McH MaTp11uaM, HanpttMep, onpe
,lleJimorn.11M nono*eH11H aaettbeB, onpe,D,e.rtHIOTCSI cKopocrn u yCKopemrn. 
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5.6. Ilpeo6paaoBaHHH Koop,a;unaT 

f1pu onpe,ZleJJeH!lH TpaeKropul! TOlleK MexaHH3MOB, HX CKOpOCTei1 H 
yc1<0peHllH yno6Ho llCOOJib30BaTb HeCKOJlbKO KOOp.ll.HH3THbIX CllCTeM, 
rIOCJie)l.OBaTeJibHO onpe.D.eJif!f! B Hl1X KOOp,ZlHHaTbl TOlleK MeXaHH3Ma. Ll.JHI 

BbilJHC.7JeHHH KOOpJl~IHaT TOlleK B 0.ZlHOH KOOP.ZlHH8THOH CHCTeMe no HX 

KOOp.ll.HHaTaM B l(pyrnx CHCTeMaX (pHC. 5.8) HCnOJib3YIOT H3BeCTHble 
HS eeKTOpHoii aJire6pbl H aHaJIHTHlleCKOH reoMeTpHH 33BHCHMOCTH: 

,......_ ,......_ 

x, = cos (xi, X;) . X; + cos (x,, Y;) . Y; + cos (x,, z,) z, +a,; 
,......_ ,......_ 

y, = eos (ij~. x,) . X; +cos (y,, Y1) • y, +cos (y,, Z1) Z; +bl; l (5.23) 
....... ....... ,......_ 

z, = cos <z,, x1> . x, + cos <z1. !;,> . y, + cos cz,, zj> z, + c,, 

(5.24) 

r X ii I Xj II 
r; =ii y: I[; r; = Yt ; 

I. Z; ~ Zit 11 · I 1 1J 

I _ ....... _ 
I cos (x,. X;) cos (x,, Y1) cos (x,, z,) a, 

M .. -I cos (y,~x1) cos (y,:u;) co.,(!/,~;) b1 ,,-
,......_ 

Ii cos (z;. x,) cos (z1, Y1) cos (z,, Z;) Ci 
I 0 0 0 I . 

(5.25) 

B MaTpHuax r,, r1, M if llHCJio crpoK yae.n:ttlleHo no cpasHettmo c 3a
BllCHMOCTHMH (5.21) sa cqer .n.o6asnemrn a HHX rom.uecrsa I = I. 
3ro He H3MeHf!eT HCXOJlHOH CHCTeMbl, HO )leJiaer M3Tpttuy M;1 KBa)lpar
HOH, 'ITO nossom1er nptt .n.aJibHeiirnHx npeo6paaoBaHttHX 06oii.ruc1> 
TOJibKO onepauttefl MaTpHllHOro YMHO)f{eHHH. Marpttua (5.25) Bbrpa>1rn
er ace B03MOiKHbie COOTHomeHHH MeiK.D.Y KOOpJlttH3T8MH 3BeHbeB, co
e)lHHeHHbIX KHHeMaTuqecKof1 napoii mo6oro KJiacca. B 3as11cHMOCTH or 
THna KHHeMarnqecKoii napbI MaTpttua (5.25) cooTBeTcTBeHHO npeo6pa-
3yercH. ll.Jrn ccpepuqecKOH KHHeMaTttlleCKOH napbl (pHC. 5.9), COeJJ.HHHIO
meif 3BeHbH I H 2, c KOTOpblMH CBSl33Hbl COOTBeTCTBYIOutHe KOOpJJ.MHaT
Hb!e CHCTeMbl, Hal!aJia KOOp,ll.IIH3T CHCTeM COBnaJJ.alOT. 3r11 3BeHbSI nposo
pallHBaIOTCSI OTHOCHTeJibHO mo6oif OCH, H MaTpHl..l8 (5.25) npHHHMaer BH,il. 

I ~ ~ ~ 

cos (x1 , x2) cos (x1 , fi2) cos (x1 • z2) o 
----

M12= cos <fi1, x2) cos(fft, ~2 ) cos (Y1' <'2) 0 (5.26) ! cos<'~:;,, ...--.. 
cos <21• !12> cos (z11 z8) 0 

0 0 1 
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J:Vrn c<PepHqecKoi'I K1rneMaTH11ecKoli napbr 4-ro rrnacca (p11c. 5. 10) 
B03MmKHhI ){Ba ){BH>KeHHSI; BOKpyr OCll naJihlf.3 H B IlJIOCKOCTH npope3H. 

CTpH cocTaBJieHHH MaTpHUhI M 12 ,!J.JISI 9TOH naphr BhI6epeM HanpasJie
i-:11si KOOp){HH3THblX OCett TaK, qT06hJ ){Be OCH 6hIJIH napaJIJieJibHhl HJIH 

coBMe111.eHhI. HanpttMep, OCH 01y1 u 0 2y2 HanpaBHM nepneH){HKyJisip-

P11c, 5,8, Opeo6pa3oBaHHe Koop.11uttaT 

; .... .',I 2/"'/·.'. 
. ' ///;_./ 
,_,_ , I / 

I' ~ .A~=7'"-----~ 

/t<--,,...~/-· 
l . [, y, 

/~ 
/// i 
"~~// / r ./: -
/' x, 
'11c. 6.9. KoopllHHaTHaSJ cucTeMa JJ.JHI c¢e 

pH'leCKOH KHHeMaTH'leCI<Oii naphl 3-ro K.1acca 

Pnc. 5.10. KoopA11HaTHall cncTeMa JI.Jill c¢e
pn'leCKcil KHHeMaTtt'lecKoil naphl -4-ro KJJacca 

HO nJIOCKOCTH npope3H. 0pHHHM3SI HanpaBJieHHe 02X2 BAOJlb OCH naJih

lli.l, IlOJIYlJHM 

\ 

cos (x1, x2) 0 COS (X1, 22) 01 

M12=I 
0 0 0 

(5.27) - ....... _ 

I 
cos(21, x2) 0 cos (21, 22) ~ii 0 0 0 

Jlm1 UHJIHH){pHt.JeCKOll napbl 4-ro KJiacca npH COBTiaAeHHH oceli 

01Y1 H 02Y2 KOOp){HHaTHblX CHCTeM (pm~. 5.11) 

cos(x1,x2) 0 cos(x1,z2) 

0 I 0 
(5.28) 

o cos (z1 , z2) 
0 0 

Jl.1rn UHJillHJJ.pH'-leCKOll Bpam.aTeJibHOH KHHeMaTHqecKOH napbl 5-ro 
KJJacca npn COBMem.emrn ueHTpOB KOOp,!i.HH3THbIX CHCTeM H nptt cosna-
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,11.eHHH oceft 01Y1 H 02y2 nOJiyIIHM 
11 _ ...... _ ......... 

j COS(~, X2) 0 cos (x1, z2) 0 

M12= 
0 0 (5.29) ...... .,...... 

cos (z1 , x2) 0 cos (z1• z2) 0 
0 0 0 l 

PHc. 5.11. KoopnH HaTHaff CHCTeMa 
JlJl!I UJ.l.'IHHJlPH'llecKOH KHHeMaTH'le· 
cKoii napbl 4-ro K.11acca 

Pttc. 5.12. KoopJtHHarna11 CHCTeMa Jt.llll no
cryriaTeJJhnoi'i KHHeMaTn<1ecKoi'1 napb1 5·ro 
K.11acca 

.ll.nsi nocrynareJibHOH KHHeMarnqecKoii naphI 5-ro KJiacca npH 06-
lll.eM cJiyIIae pacnoJiom.eHirn HaIIaJia Koop,11.IJHar (pHc. 5.12) nOJiy1rnM 

1 0 0 0 

0 1 0 bi (5 30 
M12 = O O l O . ) 

0 0 0 
11cnOJib3YH 3TH MarpHUbl .ll;JIH KHHeMarHqecKHX nap pa3HblX KJiac

COB (5.26) ... (5.30) Ii 3aBHCHMOCTb (5.23) HJIH (5.24), onpeneJISIIOT 
IlOJIO)!{em1e mo6oro 3BeHa KHHeMaTHlJeCKOH ueuH H KOOpJJ.HH8Tbl Jll0-
6oit TOIJKH MexaHH3Ma. 

6. IlYTH PElliEHU.H 3.AM q KHHEMATH~IECKOro 
CHHTE3A MEXAHH3MOB C HH3lliHMH IIAPAMH 

6.1. 3a,n.aqu, pemaeMLie c IlOMO~LIO MexaHH3MOB 

(' RH31UHMH napaMH 

McxaHH3Mbl c HH3WHMH KHHeMaTH4eCKHMH napaMH HaUIJIH urnpoKoe 
11pm.1etteHHe B MaurnHocrpoeHirn u npH6opocrpoett1111 6naro11.apsi B03-
MO)f{Hocrn o6ecnettemrn rpe6yeMoro npeo6pa3oBaHHH JJ.BI.J.m.eHHH npH 
npoCTOTe reoMeTp111JeCKOH cpopMbl 3BeHbeB H 3.JieMeHTOB KHHeMaTHIJeCKHX 
nap. BamHoe cpyHKUHOHaJibHOe KaqecTBo HK - 31'0 B03MOH<HOCTh soc
npo11aaecTH TO'lHO HJIH c aa,l(aHHoii crenettb!O npH6J11·rncemrn npaKTH· 
qecKH Jno6oif 3aKOH .D.BH>Kemrn HJIH rpaeKropmo ncnOJ1HHTeJihttoro op• 
ratta npH COOTBeTCTBYIOUJ.eM BbI6ope crpyKrypbI MexaHH3Ma H pa3Me-
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pos ero asettbes. B OTJmque OT cTpyKTypaoro e KHHeMaTHqecKOM cHHTe· 
ae pemaeTcH eonpoc o paaMepax aeeHbee JJ.JIH nOJiyqeHHH ABH>Ke1mi!'. :c 
KOHKpeTHbIMH xapaKTepHCTHKaMH nepeMew.eHHH, CKOpOCTH H ycKope
HHH - s, v, a HJIH <p, ro, s. 

CTpOCTeiimHe mapHH_pHO-pb1qa>KHble MeXaHH3Mhl, BKJllOtfaIOW.He 
O){HY crpyKTYPHYIO rpynny (pHC. 6.1), npHMeHHIOTCH JJ.JIH npeo6paso-

c 

a 

8 

((2 

£' 

B 

Puc. 6.1. npocreihnue rnapHUpHO·pbl
'lalKHble MexaHH3Mhl 

Puc. 6.2. KutteMan111ecKa11 cxeMa MeH· 
HH3Ma H3MetteHHll BbIJieTa crpeJibJ 1<pa11a 

Puc. 6.3. MexaHH3M 1.1amrnym1Topa 

aan:r.u1 paBHOMepHoro epam.aTeJlbHOro .D.BH>KeHHH BXO)l.HOfO 3BeHa l 
B nepaBHOMepHoe H_JIH paBHOMepHoe Bpaw.aTeJibHOe, KOJie6aTeJibHOe, 
B03BpaTHO-DOCTynaTeJibHOe Jl,BmKeHHe BbIXOJJ.HOro 3BeHa 3 HJIH B CJIO>K· 
Hoe .l\BH:>Kefrne npoMe}KyTOqHoro 3BeHa 2 H B03BpaTHO-DOCTynaTeJibH08 
BXOJJ.Horo so epam.aTeJibHoe JJ.BH>KeHue BhIXO)l.Horo. B aaettcHMOCTH OT 
cooTHomeHHH reoMeTpuqecKHX paaMepoe 3BeHbee o6ecnequeaeTcH He· 
paBHOMepuoe epaw.eHue BhIXOJ{HOfO 3BeHa B OJI.HOM HanpaeJieHHH, 
HanpHMep, npH lAs > lAD (pttc. 6.1, a, a) HJIH HepasHoMepHoe 3HaKone-
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peMe~rnoe ero spamemre npH lAn < lAD ( pttc. 6.1, a, e), MrttoseHiiast 

OCTaHOBKa ero B rIOJJO)KeHml, Kor.n.a lAB ...L. lcv(puc. 6.1, e). )lBHMeHHe 
3BeHa CTaHOBHTCH HeB03MO)l{HhlM npu lAB ...L lac (puc. 6.1, 6) HJHl 

Kor.n.a TOl!Ka C nona.n.aeT Ha JIHHmo AD (pttc. 6.1, 8). HepaBHOMepnoe 

.ll.BHMeHHe BhlXO.ll.HOrO 3BeHa c onpe.n.eJieHI-IblMH 3aKOHaMH ero H3MetteHHH 

o6ycJIOBJIHBaeTC51 TeXHOJIOrHlleCKHMH xapaKTepHCTHKaMH MallHill c 

ueJIMO OOJiyllemrn H3HBb!Cweii npOH3BOJl.HTeJibHOCTH. 
Mttor03BeHHbie wapmtpHo-pbJ'lamHbie MexaHH3MhI c 4HCJIOM 3BeHbeB 

6oJiee lleTh1pex np11MeHst10TCH .ll.JISJ noJJylleHirn 6oJJee cJJO)l{HhIX 3a1w11os 

JlBHMeHHH BbIXOll.HhIX 3BeHbeB. TarrnH 3a.u.aqa pewaeTcH np:-1Me11e1rn

eM JIH6o ttec1mJJhKHX CTPYKTYPHhix rpynn 2-ro KJJacca, JIH6o cTpyK

TYPHhIX rpynn BhICWHX KJJaccos. feoMeTpHtieCime pa3Mepb1 3BeHbeB 

T3KHX MeXaHH3MOB, K31{ BblXO)J.Hhie napaMeTpbl Cl1HTe3a, no.11.6Hpa10TCH 

H3 ycJIOBHii o6ecneqemrn Tpe6ye~mx nepeMeme1mii H cKopocTei1 (noJIH

rpacpH4ecKHe ll Tl\3UKHC MaUHIHbl), ycKope111iii (\,13WllHbl .ll.JIH Tpattcnop

THpOBKH Chln)"'lllX rpy3on, BH6pauHOHJiblX 6y111<epoB H T. n.), o6ecne
l!eHHH Tpe6ye~10ro yBeJJII'leHHH CHJJhl Ha pa6olleM 3JJeMe1ne BbIXOll.HOl'O, 

3BeHa (pbl43}1{Hb!e H BHHTOBbJe npeCCbl). 

lllap1rnp110-pbI'la)l<Hbie MCXaHH3Mbl HCl10Jlb3YIOT )J.JIH 06ecnel!e11HSI 

nepeMemettH51 3sena HJIH To.nbKO onpe,ll,eJJem10i1 TOlfKH ero no 3a.n.a11Hoii 

TpaeKTopHH. Ha11p11Mep, npH npoeKTHponaHHH KHHeM<1T1fl-1ecKoii cxeMbl 

nopTOBhIX KpattoB ,ll,.nH yMeHbrneHH5l pacxo.n.a 3Heprntt H y.n.o6crna yn
pasJJeHHH Heo6XO)lHMO o6ecne'IHTb HaXOM.ll,eHHe rpy3a Ha OJI.HOH BblCO

Te npH H3MeHCHHH Bb!JJeTa CTpeJJbl, 'ITO .uocn1raeTCH ropH30HT3JlbHblM 

JJ.BIJmeHtteM roJIOBKH cTpeJihI E (pttc. 6.2). Optt npoeKTHposaHHH po6o

TOB H MaHHOYJIHTOpOB (CM. rJI. 18) pa3Mepb1 3BeHbeB MexaHH3Ma OO)l.-

60pa10TC5l H3 yc.rIOBH5l 11.0CTHMeHirn 3aXBaTOM MaHHnyJIHTopa mo6oii 

TOllKH npocTpaHCTBa B 30He ero o6cJiy)KHBaHHH (pHC. 6.3). 
TaKHM o6pa30M, 3a.ua'la KHHeMa'ftttiecKoro H reoMeTptt'lecKoro cutt

Te3a MexaHH3MOB c HH3llIHMH KHHeMaTHl!eCKHMH napaMH 3aKJIIOl!aeTC5l 

B onpe.n.eJieHHH pa3Mepos 3BeHheB CTPYKTypHoil cxeMbl MexaHH3Ma 

c ueJiblO Yll.OBJieTBopemrn Tpe6oBaHHii K JJ.Bttmem110 BblXOJJ.Horo HJIH npo

MemyTo'IHoro 3BettheB MexaHH3Ma. CJiyqaeTCH, 'ITO 11.JIH npttHHTOH crpyK

TypHoii cxeMbI MexaHH3Ma HeJib3H no.n.o6paTb TaKHe pa3Mepbl 3BeHbeB, 
lJT06bI noJJy'IHTb 3a.!1.aHHbie KirneMaTttl!ecKHe xapaKTepHCTHKH. Tor.n.a 

npHXO.ll.HTCH BbI6HpaTh ttony10 cTpyKTYPHYIO cxeMy. Oo3TOMY cTpyK

TYPHhiii H KHHeMaTnllec1rni'1 CHHTe3 se.uyTcH o,ll.Hospe:14eHHO. 

6.2. Tpe6onaHHH R reoMeTpH'lecKHM napaMeTpaM aseHLeB 

B CBJl3H c 33)),a'laMH BX RHHeMaTHRB 

3a.n.a'la Bh16opa napaMeTpoB CHHTe3a wap1rnpno-ph1'lmKHoro Mexamn

Ma B o6meM CJiytiae MHoroBapHaHTHa. HanpttMep, npH OJI.HOH H TOH }Ke 

cTpyKType MexaHH3Ma B03MomeH CHHTe3: no HeCKOJibKHM 3a.n.attHhIM 

110.llO}!{eHHSlM HCOOJIHHTeJibHOro opraHa, Kor.n.a He cyu~eCTBetteH 3aKOH 

ero Jl.BHMeHHSl; no 3a)J.aHHOMY 3aKOHY .!J.BHMeHHH BXO.!J.HOro H BblXO)J.HO

ro 3BeHheB JIH6o no 3Hal!eHJUO KHHeMaTHl!eCKHX napaMeTpOB, xapaK

TepH3YIOI11.HX 3TOT 3aKOH; no aa.n.aHHOii TpaeKTOpHH Jl.BH}!{eHHH TO'IKH 

BhlXO)J.HOro 3BeHa. 
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CTocTOHHHhIMil rrapaMeTpaMH npH KHHeMan1qecKoM CHHTe3e 06b1qHo 

HBJIHIOTCH JIH6o mrneiiHhie pa3Mepbl 3BeHbeB MexaHH3MOB, JIH6o ITOJIO

.lKeHHH TOtJ.eK Ha 38)1.8HHb!X TpaeKTOpHHX, HX CKOpOCTH H ycKopeHHH. 

3TH napaMeTpbl HasHatJ.aJOT HCXO)I,H H3 THrra MexaHl:l3Ma c ytJ.eTOM KOH

KpeTHb!X ero CBOHCTB H Ha3Haqemrn. flpH 3TOM )J.JIH o6ecneqemrn Tpe6ye

'.11b!X K1rneMaTHtieCKHX caoiicTB MexaHH3Ma Heo6xo.LI.HMO y Jl.OBJieTsop11Tb 

HeKOTOpb!e ycJIOBHH, CBH3aHHbie c onpe)I,eJieHHblMH orpaHHqeHHHMH. 

,ilJIH MexaHit3MOB HenpepbIBHoro .n.eiicTBHH npeiK,ZI.e scero 06ecne1m

Ba10T nposopaq11aam1e BXOJlHhIX ssettbeB Ha yroJI q> > 2n. 3)lecb c.rie

JI.yeT yi,1ecTb tte TOJibKO npeJI.ynpemJI.eHHe rrepecetJ.eHHH 3BeHbeB, Ho H 

pa3Mepbl 3BeHbeB. Vis paCCMOTpemrn cxeM MexaHH3MOB Ha pHC. 6.1 c.1e

JI.YeT, qTQ 11p11 HeKOTOpb!X ycJIOBHHX npoaopaq1rnaH1:1e BXO)J.Hb!X 3BeHbeB 

HeBo3Mmirno. Hanp11Mep, 3Betto 1 B wapmipHOM tJ.eTbipex3BeHHHKe 

(cM. p11c. 6.1, a) He coaeprnHT noJIHoro o6oporn npH lBc < lAD, a B 

Kp11aow11nHo-noJI3YHHOM (cM. p11c. 6.1, 6) npH lBc < LAB· B TOM >!(e 

~1exaHH3Me np11 BXO)J.HOM nocTyrraTeJibHO )J.BH:iKYill.eMCH 3BeHe (CM. 

pHC. 6.1, 8) nepHO)J.HtieCKH 3BeHbH 2 H 3 pacnoJiaraJOTCH no OJI.HOH npH

MOH. TaKoe noJio>Kem1e MexaHH3Ma HashrnaeTcH «Mepmebt.M». ,lJ.JIH BhI

Be)J.emrn MexaHH3Ma H3 TaKHX rrOJIO>KeHHH Heo6xo)J.HMO o6ecnetJHTb JI.BH

a<eHHe BbIXO)J.HOfO 3BeHa 3 B 38)1.aHHOM HanpaBJiemrn, )J.JIH qero npe

nycMaTpHBaJOT cnemiaJibHbie ycTpoiicrna. 

Bo acex MexaHH3Max Heo6xoJI.HMO o6ecnetJ.HTb sa.n,aHHoe nepeMeme

HHe BbIXOJI.HOfO 3BeHa, T. e. orrpe.neJieHHbie 3HatieHHH napaMeTpOB fPa H 

s3. B psi.ne cJiy11aea, KpOMe aa)J.aHHhIX JI.HanasoHOB H3MeHeHHH 3THX 

napaMeTpOB, CTaBHTCH ycJIOBHe rrpOXO>K)J.eHHH onpe.neJieHHOH TO'IJKOH 

BhIXO.UHOfO 3BeHa HeKOTOpblX KOOp.UHHaT rrpH CTporo npe.n:ycMOTpeHHbIX 

nOJIO)l{CHHHX BXOJl.HOfO 3BeHa, T. e. He06XOJl.HMO o6ecnetJHTb aa.n,aHHhlH 

saKOH Jl.B!l>KeHHff £Pa (q:i1) II S3 (<J>1). 3TO Tpe60Bam1e o6H3aTeJibHO npH 
KHHeMaT!l4eCKOM CIIHTe3e MalUHH-aBTOMBTOB, 60JibWl:IHCTBa TeXHOJIOfH

lJCCKIIX MexaHH3MOB, B pHJJ.e nptt6opoB II T. n. 

B HeKoTOpbIX MexaHH3Max nepHOJl.HtiecKoro .neiicTBHH )I.JIH noahIUie

HHH npoH3BOJl.l!TCJibHOCTH Heo6XOJ].HMO COKpamaTb BpeMH XOJIOCTOro 

xo.n.a. c 3TOH UeJihlO np!! IH!HeMaTHtieCKOM CI!HTe3e BhI.D.ep>KHB3!0T aa

.n,aHHhie MaKCHMaJibHbie CKOpOCTH HJIH ycKopeHHH 3BeHa npH ero .UBH>Ke

mm ITOJJ. Harpy3KOH (pa6oqHii xo.n.) I! 6e3 Harpy3KH (XOJIOCTOH XOJJ.). 

3TO ycJIOBile xapaKTepH3YCTC5! K091jlcfJH1.J.HellTOM Il3MeHeHHH cpe)l.ueA 
CKOpOCTH Be)l.OMOro 3BeHa - OTHOllleHI!CM CKopoCTH XOJIOCTOfO XO)J.a 

){ CKOpOCTH pa6oqero XOJJ.a: 

k0 = v)vp; kw = w,Jwp, 

r.n,e Vx, Wx H Vp, (J)p - CKOpOCTH Bb!XO)J.Hh!X 3BCHbCB nptt XOJIOCTOM H 

p a6otJeM xoJJ.e. 

CTpH onpe)l.eJieHHH pa3Mepos 3BeHbeB cJieJJ.yeT HMCTb B BHJJ.y, tJ.TO np11 
HCKOTOpb!X BX COOTHOWCHI!HX B03HHKaeT caMomopMOJICCHUe HJIH aaKAU
HU8aHue (pHc. 6.4), T. e. BHe3arrHoe rrpeKpameHHe JI.BH>KeHHff B HeKOTO

pbIX IIOJIO/KeHHHX 3Be"MbeB. 3aKJIHHHBaHl!e B03MO>KHO B onpe.n.eJieHHblX 

OTHOCHTCJlbHblX ITOJIO>KeHHl'IX 3BeHbCB B cJiy11ae B03HHKHOBeHHH tipes

MepHbIX CIIJI H MOMeHTOB H3-3a TpeHHff B KHHeMaT!l'l.CCKHX napax, 803-

pacTa!Olll.HX nponopu110HaJ1bHO yaeJ111qett1110 JI.BH>KYLI\HX CHJI. HesaKJIH-
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unBaHne )(Jiff epall\aTeJibHoii KHHeMaTnllecKoii napbl C co6JIIOJJ.aerc11 
npu yCJioeuu 

cos Vmax ~sin a.a, 
r.ne Vmax - Ha1t60JibllIHH yroJI Me)K.ny 3BeHb51MH JI.3HHOH KHHeMaTHlle
CKOA napb1; a0 - .l(onycKaeMoe 3HalleHtte yr Jia a Me>KJJ.Y BeKropailim 
CHJibI ff CKOpOCTH, H83blBaeMoro yrnoM JI.aBJieHHH, 06ecne1rnBaIOU{ee B03-
MO)!{HOCTb OTHOCHTe.nbHOfO JI.BH)KeHirn. 

6.3. Cl>yHIC~R ll0JI0.21C8HJIJI 3BeHt.eB H nepe~aTOlJHLie fl>yHIC~JI 

npu peweHHH 33,ll8ll KHHeM8THlleCKOfO CHHTe3a MeXaHH3MOB C HH3WHMH 
napaMH Heo6XO,llHMO JJ.BHiKeHHe BblXOJI.HOfO 3BeHa CB513aTb c JJ.BHiKeHtteM 
BXOJJ.Horo 3BeHa MexaHH3Ma. MareMaTttllecKaH 3aBucuMocrb, CBH3bI
BaioruaH llOJIO)({eHue BblXOJI.HOfO n H BXO,il.Horo 1 3BeHbeB, H83blB2eTCSI 
.pyuKu,ueu nonolKeuuR Mexauu3Ma. B o6rueM cJiyIIae .ll.JIH nlo6oro wap-

B 

x 

B 

Puc. 6.4. Yc.1osue He-
3aKJJHHUBaHHll MCX3• 

HU3M3 

Puc. 6.5. YCJioeue 3aMK
H}'TOCTH KOHTypa wap
uupuoro qeTblpeX3BeH· 
HU Ka 

uupuo-pbIIJ3iKHOf0 MeX8HH3Ma <PYHKUHH noJIO)f{eHHH MO)f{eT 6bITb onpe
)1.eJieHa MemoiJo.M. 3aMKH.ymoco deKmopnoco KOnmypa. CyruHoCTb ~Haro 
Mero.na 38KJIIO'l8eTC51 B TOM, 'ITO JI..nSI mo6oii 38MKHYTOH KHHeMaruqecKoft 
u.enn, npe.l(CTaBJIHeMOH B BH)l.e MHoroyrOJibHHKa BeKTOpOB, MO)J{HO 3a· 
nucarb yCJiosue 38MKHyrocru seKropHoro Kourypa, BCJieJI.crsue qero 
eyMMbl npoeKUHH cropoH MHoroyroJihHHKa Ha OCH npHMOYfOJibHOH CH
-CTeMbl KOOpJJ.ttHaT paBHbl Hyn10. Hanpasneuusi BeKTopos npuuuMa10r
esi HCXO.UH H3 y,u.o6cTBa OTClleTa yrnoB, onpeJJ.eJISIIOIUHX nOJIO}f{eHH>l 
3BeHbeB • 
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)lJIH l.JeTbipex3BeHHOf0 MexaHH3Ma c sparn.aTeJibHblMH KHHeMaTH· 

qecKHMH napaMH (pttc. 6.5) ycJIOBHe 3aMKHyrncrn npH o6xo.n.e KOHTypa 

no lJaCOBOH CTpeJIKe 6y.D.eT AB +BC+ CD +DA = 0. noMeCTHM 

Ha<1ano Koop.D.HHaT B TOllKY A, a Och a6cuttcc HanpaBHM no AD. )lJIH 

y.11.06cTBa OTClleTa yrna <p3 npH.D.a)lHM BeKTOpaM HanpasJieHHH, KaK yKa· 

3aHo Ha pHc. 6.5. Tor.D.a ycJiostte 3aMKHYTOCTH npttMeT BH.ll. 

Z1 + l2 = l0 + l3 , (6.1) 

<leMy COOTBeTCTBYIOT .LI.Ba ypaBHeHHH npoeKUHH CYMM seKTopoB Ha OCH 

KOOp)lHHaT; 

l1 c~s <fJ1 + l2 c~s <fJ2 = lo ~ la cos era; } . 
/ 1 sm qi1 + /2 sin cp2 = /3 sm 'Pa· 

(6.2) 

<l>yHKUIHIMH rIOJIO>Kemrn 3BeHbeB 2 H 3 SIBJI5llOTC51 <PYHKUHH <fJ2 «Pi) 
H CFa (<p1). BbrpamaH B cpopMyJie (6.2) <p2 H % <1epe3 <p1 , UOJIYllHM HCKO· 
Mble <PYHKUHH noJIOJl<eHHH ME:XaHH3Ma. <l>yHKUHH nOJIO)KeHHH SIBJISllOT

CSI M8TeMaTH'leCKHM onttcaHHeM MexaHH3Ma. l1MeSI <PYHKUHIO UOJIO}Ke· 

HHH, noJiyllalOT Heo6X011,HMOe MHOll<eCTBO nOJIO}l{eHHM BblXO)lHOrO 3BeHa 

B 33BHCHMOCTM OT no.nomeHHH BXO)lHOro 3BeHa. 

3HaH 33KOH .llBH}KeHHSI BXO)lHOro 3BeHa CF1 (/), H3 cpyHKUHH UOJIO)l{e

Hll5l noJiy'laJOT 3aKOHbl JJ.BIHKeHHll 3BeHbeB MexaHH3Ma: fP2 (/) = 
= IP2 (cpl (/)); <p3 (t) = 'Pa (4'1 (t)). no 33KOHY .llBH)l{eHHH 3BeHbeB onpe

.ll.eJIHIOT KalleCTBeHHbie KHHeMaTHlleCKHe xapaKTepHCTHKH HX .lJ.BH.llieHHSI 

- ¢YHKUHH CKopocreii M ycKopeHttii. HanpttMep, JlJIH 3BeHa j HMeeM 

w1 (t) = dcp1 (t) 1dt; e1 (t) = d2 <p; (t)/dt2 • 

OpH KHHeMaTHlleCKOM CHHTe3e fl~HHM3IOT 6JiaronpHHTHbie, c TO<l

KH 3pemrn 3KCOJ1yaraum1 MexaHtt3MOB, cpyHKUHH w1 (t) H e1 (t). Ha

npHMep, .llJIH 6oJihWHHCTBa MexaHH3MOB .lKeJiaTeJibHO MOHOTOHHOe HJIH 

nJiaBHOe H3MeHeHHe CKOpOCTeH H yCKopeHHH 3BeHheB, TaK K3K 6bICTpoe 

H3MeHeHHe CKOpOCTll npHBOJlHT I\ flOHBJJeHHIO ynapHOH Harpy3KH npH 

pa60Te. H3MeHeHHR ycKopeHHH np11Bo.llHT K H3MeHeHHJO CHJI 1rnepuHH. 

Hcxo.LJ.H H3 6JiaronpHHTHbIX KalJecTBeHHbIX xapaKTepHCTHK HaXO.llHT 

COOTBeTCTBYIOIUY!O cpyHKUHIO nOJIO)!(eH!rn. 
Kw-teAzamutteocue ceotlcmsa MexaH.U3Ma xapaKmepu3y10mcR nepe.11.a· 

TOlJHblM OTHOUJeHHeM, noa KOnWpbLM. nOHUMaemCfl OmH.OtueH.Ue JlUH.eU· 
HblX LL1U ycAOBbtX c1wpocmeil 38eH.beB. 3aBHCHMOCTb nepe,l\aTOllHOro OTHO

rneHirn i OT UOJIO>KeHHH BXO)lHoro 3BeHa fP1 H33hIBalOT nepeiJamottH.OU 
<jJyH.JcqueTl. B o6rn.eM c.nyqae .llJISI nocTynaTeJibHO .llBH.lliYI.IVtXCH 3BenheB 

Mexmrn3Ma npH sparueH1111 BXOJlHoro 3BeHa 

v; (t) = (ds; (t)!dt) · (d<PJ/d<p1) = (ds, (/)/drp1) • (dcp1/dt) = 
= w1 (t) ds1 (t)/dqi1; 

ds; (t)!d<p1 = i (>;) = V; (t)/w1 (/); 

)I.Jiff Bparn.aTeJibHO .llBH)l{YlUHXCH 3BeHbeB MexaHH3M3 

w, (!) = (dqi, (t)/dt) . (dcp1/drp1) = (dqi; (t)/dcp1) . (dqiildt) :::a: 

= (J)l (t) d<p; (t)/d<pl; 

d<p; (t)idqi1 = i (qi;)= W; (f)/w1 (t). 

(6.3) 

(6.4) 
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Ms np1rne.zteHHhIX cpopMyJI cJie.ztyer, •:no cpyHKUHH no.11o:»<eH11H saeHa 

O.IJ.H03HaqHo onpe.n.em1eT nepe.n.aToqHyIO cpyHKll.11IO H 38KOH ero .l(BH

w.emrn. 

6.4. Bb16op MeTo,n;oe CBHTeaa 

llm1 MHOro3BeHHbIX MexaHH3MOB sa,naqa KJUJeMarnqecKoro Cl1HTe3a pe

waeTcH pe.IJ.KO. 4aw.e Heo6XO.ll.11MO pewaTb 3TY 38.ll,a'ly .llJl5! OCHOBHOfO 

MeXaHH3M8, KOTOpb!H onpe,neJrneT pa6oTocnoco6HOCTb Bceii ~,l."tW!1Hbl 
B ueJioM. TaK, Hanp11Mep, B no.ztoeMHO·TpaHcnoprnoM o6opy.n.oBaHim, 

MaH11nymnopax 11 T. n.- 11,JIH wapm1pHbIX 'leTbipexsneHHbIX MeXJHH3· 

MOB; B TenJIOBLIX .ll,BllraTeJI5!X, KOMnpeccopHbIX Matmmax II T. 11.- JVIH 
KpHBOllll1llHO-rIOJI3YHHblX MexaHH3MOB. 

0pH Cl1HTe3e MeX3HH3MOB nepe,i1,aT04Hbie cpymrn,HH, KaK H tj1ytH<L(tll1 

noJimKCHHH, saJJ,aIOTCH )J,J151 o6ecne4eHH5! TpeoyeMbIX KHHeMaTl142CKHX 

xapaKTepttCTHK. 3aoatta cuHme3a pewaemCJl nw•mr,:,Hu HJ11I 11pu6/luJ1cert
HbtMu MemoaaA1u. To'IHble MeTO,ll.bl npuMeumoTeH r< MaJiosseHHhIM Me

xaHHSMaM, 11MeIOW.HM npoCTyIO CTPYKTyp11y19 cxeMy. llmi CJIO;>l<HhL'< 
cxeM ycJIOJKHHIOTCH nepe.11aT04HbJe tj:lyHKUIHJ 11 tj:lyHKUHH fIOJIO/KeHJrn, 

yse.n11quaaeTC5! q11c.no napaMeTpos CHHTesa. K TOMY me npH c1111rese 

MHorosaeHHbIX MexaHH3MOB o6LI4HO y11,oBJ1CTBopmoT He TOJibKO 1nmeMa

T11qecK11e Tpe6oBaHHH K MeXaHH3MY' HO 11 43CTO Tpe6ooamrn K ero 11.HHa

MIIKe. rB 3THX ycJIOBIHIX 60.nee YJI06Hb!MH OK33b!B8IOTC51 npH6mrn<eH
Hb!e MeTO.ll,bl KHH€M3TH4eCKOro CHHT€3a. KpoMe TOro, BO MHOrHX c.ny
q351x MeTOJl.hl npHOJIHJKeHHOfO KHHeM3TH4eCKOJ'O CHHTe3a 6oJiee npHeM

JieMbl, TaK KaK HCTl1HHble KIH!eMaTH'leCKile xapaKTepttCTHKH see par:Ho 

OTJIHqaIOTCH OT pac'leTHhIX, noJiy'leHHbIX T01U!b!M MeTO.ll,OM. 3To o6bHCJHJ· 

eTCH TeM, 'ITO B peaJibHblX MexaHH3M3X M3-3a norpewHOCTCH H3fOTOBJie

HllH H ynpyrocT11 3BeHbes scerna HMeIOTC5! ::sa3opbl MemJly 9.TJeMe1na

MH KHHeMaTH4€CKHX nap, HeTO'IHOCTM l3 JH1Hei"111bJX p<l3Mepax 3BeHbeB, 

BCJie,ll.CTBHe 11ero TpaeKTopml TO'leK, CI<Opocn1 H yCKopeHHH 3BeHbE'B 

HeHs6eJKHO OTJIHqaIOTCH OT pac4eTHbIX. EcJI11 JlJIH c.nomHhix 33.D.a'I 

CHHTe3a HCilOJib30B8Tb np116m1meHHbie MeTO.ll.bl. TO npH o6ecne4eHirn ,ll,0-

nycTHMh!X npe.zteJIOB OTKJIOHemrn OT 33,ll3HHhlX napaMeTpOB 33Tp3Tbl 

Ha pac'leT OK8>KYTC51 3Ha4HTeJibHO MeHbWHMH, 'leM rrpH HCCTO.TJb300a

HIHf TOqHhIX MeTO.ll,OB. 

I,fa 3anasaeMhIX yc.noBHf1 cmne38, onpene.nHIOUJ.HX csoiicTBa M-exa

HH3Ma, 00bl4HO Bh!OHpa10T O,llHO OCHOOHOe YCllOBUe: noJiyqemie 38,ll.aHHOtt 

TpaeKTopm1, socnpoH3BeJJ,eHtte saKoHa ,ll,BI·rmeHHH 11 T. n. Torna see 

OCTaJihHhre yCJioBirn Ha3h!B3JOTC5! 00110A1wme!lbHbtAtU. OcHOBHoe ye.TIO· 

BHe OOhI'IHO BhrpaJKaeTCH B BH,ll,e ue.nenott cpyHKUHH, 3KCTpeMyM KOTO· 

poH. onpe11,e.nHeT BhIXOJlHb1e napaMeTpbr Cl1HTe3a. Ec.n11 ueJieByio <py11K
UHJO H€Jlb3H Bblp83F!Th B HBHOM BHJJ,e qepe3 napaMeTpbl CHHTe3a, TO ee 

33.!J.8IOT aJiropHTMOM BbJqHCJieHHH, T. e. qepe3 oneparnpHyIO cpyHKUHIO. 

HanpttMep, 11,JIH MexaHH3Ma Ha p11c. 6.5 B Ka11ecrne ue.nesoii cpymuurn 

np<::>JJ.CT2BJIHJOT M8KCHM3JihHOe OTKJIOHeHlie OT pacqernoro 3Ha4eHHH 

¢YHKUHH (noJIO)!{eHHH 3BeHa 3) B 3acp11KCHpOB3HHOH n03Hll.Hll k Be,ll.y

mero sseHa 
(6.5) 
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JlHOO nepe.LlaT04HOH cpyHKUllH 

.1i ( cp3)k = I i ( cp3)k - i( era)!. (6.6) 

PaccM0Tp11~1 cxeMy pemett1ui 3a,n:aq11 CHHTe3a Ha npHMepe Mexamn

Ma wapmipttoro LJeTbrpex3BeHmrna. H3 Bbrpa)Kem1ii (6.2) c.ne.n.yer, 
L!To napaMeTpa:viH CHHTe3a HBJHIJOTCff l1 , l2 , l3 , l0 , <p1 • EcJIH 3a11aTb no

.nmi~emrn 3Beiibel3 I H 3 yrJiaMH <p11 , qi12 , ••• , <rin H <p31 , qi32 , ••. , (f>3n, TO 
no ¢y1rnmrn flOJIO}J{eHJrn 313eHa 3 nOJIYIIHM CHCTeMy ypaBHeHHH rp31 = 
= IPa (qiu), (jl~2 = <p~ (<r1 2), •..• <p32 = <r:i (<p111). EcJIH IIHCJIO ypaBHeHHi'! 
H lfHC.IJO napaMeTpoB cmrnanaioT, TO napaMeTpbr onpene.nIJMhJ. OoJiy· 
<IeHHbie no}lo6Hw·1 o6pa3o\1 rrapaMeTphI MoryT He Y.LlOBJTernopHTb nepe-
11aT01rno~1 cj:JyHKUlll!, TOr,L(a 41lCJJO BXOllHb!X napaMeTpOB H3]{0 nonoJJHHTb 
He06XO,lHMblMH KHHe~IaTllL!eCKHMH COOTHOWeHHHMH, CBH3blB310W.HMH 

Memny cooo-H HeKOTOpbre npyrne napaMeTpbl CHHTe3a. 
LlocTaT04HaH .llJIH HHl!<eHepHOH npaKTHIHI TO'IHOCTb nepe,llaTOlIHOA 

<f>YHKUHll H cpyHKlUIH IlOJIO}l{eHHH .llOCTHraeTCSI np11 npHMeHeHHH npu-
6JIHiKeHHh!X Mero.n.os KrmeMaTHllecKoro CHHTe3a. CreneHh npH6Jiu.>KeHHff 
ouemrnaeTCH no TeopHH 11ptt6J111m.emrn <j>yHKUHH 4e6b1wesa. flpu6Au
:HCeHHblii. cuHme3 no ~le6btmeay oeAunu:R Ha mpu amana. flepabtt'i 3Tan -
BbIOOp OCHOBHOro ycJIOBHSI CHHTe3a 11 ero orpamftieHHH - 33KJIIO'laeTCSI 

B onpel(eJieHHH uenesoti cPYHKUHH H a11aJil1Tlfl!eCKOro Bbipaw;eHHff OT
KJIOHemn'i OT Hee. Bmopou - ynpomeH11e ocHOBHoro ycJIOBHH c11Hre3a 

B BH.LJ.e OTKJIOHemrn OT 3aD.aHHoii cpyHKUHH. Hau6onee y.n.o6HhIH cno
co6 - acnoJih3oBaHue Memooa B3BeweHHoii. pa:mocmu: 

.1Q = q.1, (6.7) 

rne i\Q- OTKJIOHeHHe OT aa.n.aHHOH cpyHKUlfll, Bbipaw;eHHOe cpyHKU.HO
HaJibHO; q - HenpepbIBHaff secosaH cpyHKUHH apryMeHTa u napaMeTpoe 

np116m-rnrn10w.eif. tPYHKUl!H .1. 
HanpuMep, .LJ.JIH MexaHH3Ma paccMaTp11saeMoro wapHHpHoro qeThl· 

peX3BeHHHKa OTKJIOHeHHH OT cpyHKUHlf IIOJIOll<eHHH ql3 (CJ>1) 3BeHa 3 npH 
CHHTe3e onpeJ(eJlSl!OTCSI no .ll.OCTaTO'IHO CJIO>KHOH 3aBHCHMOCTH. 5oJiee 

npocTaH 33BliCHMOCTb 6y.n.eT, eCJIH 3TO OTl\JIOHeHHe oueH!fB3Th pa3-
HOCTblO ,1., = C'C, Me11<.ny .ll.JIHHOI1 3BeHa l2 Ii BblXOllHblM 3H34eHHeM 

ero l2 llpH CHHTe3e, T. e . .11 = 12 - z;. QqeBHllHO, IIeM MellbWe .1,, TeM 

MeHbWe OTKJIOHeHHe OT sa}laHHOH cpyHKUHH <p3 (cp1). Ecmi B KatieCTBe ae-

COBOH <jlyHKUHH BbI6paTb q = l2 + l~ ~ 212. TO cornacHO ct>opMyJie 
(6. 7) noJiyIIHM 

. , 2 . 
.1q = qi11 = 212 (12 - lz) = (12 + l2Hl2 - l2) = 12 - (l2)2• (6.8) 

TaK KaK Ll1 = l3.1qi3 cos a, TO c yqeroM <j>opMyJihI (6. 7) noJiy'lHM 

Llcp3 = t1/l3COSO. = Llq/(2f2l3COSa.), (6.9) 

me a = n/2 - 6 - yro.JI ,llaBJieHHH 3BeHa 2 Ha 3BeHo 3. 
Tpemuii. 3Tan cHHTe3a (no 4e6b1wesy) - BbIIIHCJieHHe napaMerpos 

Cl!!JTeJa 1:13 ycJIOl3HSI MHHHMyMa OTKJIOHeHHSI OT 33.LJ.aHHOH cpyHKUHH. 
3T01 3Tan TeM npome, lleM npome ueJieBa:l cpyHKUHSI HJIH cpyHKUIHI B3Be

L1\'iiH'Jtt pa3HOCTH. 06bilIHO OH CBO.ll.HTCH K peUJeHHIO CHCTeMbl JIHHeHHblX 

yparmeHHH (CM. rJI. 7). 
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6.5. MHoronapaMeTpHqecxaa H MHoroxpuTepHaJILH8..JI 
OilTHMH3a~a 

3a.n.a•rn CHHTe3a pernaeTCH Jrn6o npocTO KaK no11cK napaMeTpoB, y110B

JieTBopmom.Hx ue.neBOH cpyHKUHH, JIH6o KaK BbI6op TaKHX HX 3Hal!eHHH. 

npH KOTOpbIX ueJJeBaH cpyHKUHH HMeeT 9KCTpeMaJlbHOC 3Ha4eHHe. 

B 3TOM cJJyqae roBopHT 06 onTHMaJJhHOM CHHTe3e MexaHH3Ma no ttecKOJih· 

KHM napaMeTpaM. IlpaKTH'leCKH OilTHMaJibHhIH CHHTe3 Bcer.n.a B03MO>KeH 

TOJibKO c npHMeHeHHeM 3BM npH HCilOJJb30B8HHH MaTeMaTH'leCKHX MCTO· 

.II.OB onTHMH33U:HH: CJJyqaiiHoro IlOHCKa, HanpaBJieHHOro Il0HCK8 H T. n • 

.llJIH MHOeonapaMemputteCK.020 onmuMGAbHOZO CUHmesa MeX3HH3Ma 

Tpe6yeTCH peWHTb aa.n.aqy IlOHCKa rno6aJibHOro MHHHMyMa ue.neaoii 

cpyHKUHH. TaK K3K B o6meM cJiy4ae OHa 
y 1n.1eeT HeCKOJlbKO MHHHMYMOB. r JI0-

6aJibHblM MHHHMYMOM cpyHKUHH H83bl• 

B3!0T H3HMeHblillifl H3 MHHHMYMOB• 
H33h!B3eMblX AOKGAbHblMU (pHc. 6.6)! 
fJI003JlbHbIB MHHHMYM H8XO.llHTCH B 
T04Ke 3, B TO'lKaX 1 H 2 H3XO.llHTCH JI0-

0 Xa XtJ x KaJihHhre MHHHMYMbJ. Ol!eBH.II.HO, 'ITO 

Pnc. 6.6. rno6aJibtthlA " noKaJibtthlii .II.ame 11.JIH MexattH3Ma npocToii cxeMhI 
MHllHMYMb! (CM. puc. 6.5) IlOHCK rJI06aJibHOro MH· 

HHMyMa cpyHKUHH (6.5) nepe6opoM 
3HalJeHHH l1. 12, 13, lo, cpl, HBJ!S'llOmnxcsi napaMeTpaMH CHHTe3a, HeB03· 

MomeH 6ea 3BM. B CJJO>KHhIX Mexatttt3Max npH yl!eTe orpaHH'leHHH 

CHHTeaa 3Ta 3a.u.a11a eme 6oJJee ycJIO>KHHeTcsi. Pewem1e ee B03MO>KHO 

Ha ocHose noJJ011<eH11ii meopuu onmuMa!l.blibtX cucmeM, 11 caMa 3a.uaqa 
HBJIHeTCH MaTeMaTH'leCKOH, a He MexaHHl!eCKOH. 

TaK KaK 3ana11a onpe.ue.netttts:i pa3Mepoa 3BeHbeB Mexamt3MOB 

pewaeTCH c TOH 11.n11 HHOH CTeneHb!O npH6JimKeHHH, TO Heo6xonHMO 

oueHHB8Th OTKJIOHeHffSI 38KOHa llBH>KeHHH CHHTe3HpOB8HHOro MeX3HH3· 

Ma OT 3a11.aHHOro, HCXO.UHOro 33KOH::I URH>KeHHH .ilJJH PH.Ila 3HalfeHHH 

yrnosoii KOOp.II.HH3ThI BXOJ!Horo 3ReHa HE:'OOXOllHMO onpeneJIHTh yr.no

Bble HJIH JIHHeHHhle KOOp.11.HHaTbl Bb1xo.attoro 3BeHa Tor11.a, norpewHoCTb 

IlOJIO/KeHHH BhlXO.llHOro 3BeHa llJIH i-ro IlOJIO)l{eHIH! BXOllHOro 3BeHa 
6y.II.eT 

L\t(I) = <(131 - <JJ1; 11.nH i1ts = S31 - S31, 

r.lle <1'31, 5-Jt - cpaKTHqecKHe KOOpllHHaThl BhiXOllHOfO 3Bena; <1'3t. S3{ -

3a.llaHHhle KOOPllHHaTbl Bh1xo11Horo 3BeHa 

3a KpHTe~Hii oueHK'A npH paCCMOTpeHHH n noJJO>KeHHH BXOJlHoro 
SBeHa npHHHMa!OT JIHOO cpenuee no MO/IV.nJO ~Halfem1e OTKJJOHeHHSI 

!\cp = (~, L\,)ln, Jrn6o cpe.L1.ttee KBa.n.parw-1e1.:Koe OTKJiutteH11e .1Ka = 

= (£ 11~)1n. 
t=I 
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7. CHHTE3 IlJIOCKHX MEXAHH3MOB C HH3illHMH 
IlAPAMH 

7.1. Mo~ucI>uKa~ mapBBpnoro 11e'l'Llpe:xaeemriuca 

C noMOW,blO unoepcuu (cM. rJI. 3) ua wapnupno20 'll!fllbtpeX38eHHUKll 
noA.yW,tom .MexanuaMbt, o6ecnettuoa10w,ue paaAU'lflblU xapa1,mep iJeu:JICe
HllR 8blXoOH020 aoena. B 3THX ycJioBHSJX B KaqecTBe exonHoro 3BeHa 
MO}l{eT 6b1Tb npHHSITO JII06oe H3 qeTbipex 3BeHbeB MexaHH3Ma, HO npn 
OnpeneJieHHOM COOTHOllleHHH HX pa3MepOB. nycTb 11 - CaMOe KOpOTKOe 
&BeHo Mexantt3Ma (pttc. 7. l), a 12 HJIH 13 - caMoe llJIHHHoe. llnsi Toro 
qT06b1 npu Bpamemrn Kpttaoiunna 1 ToqKa B nonana B noJIO}l{eHne 
B1 , HeOOXO.llHMO co6JI10JlaTb HepaBeHcrno 

l1 + 10 < l2 + 13• (7. I) 

J-'.13 CBOHCTBa TpeyroJibHHKa CJie.n.yeT TaK}l{e, qTO nptt 12 > 13 
11 +10 >12 -18• (7.2) 

1lm1 npoXO}l{JteHttSJ TOqKH B qepe3 noJIO}l{eHHe B3 Heo6xo,DJIMo co6-
Juo)laTb HepaBeHCTBO 

10 - / 1 < l2 + 13 , 

a npu 11 > la cne.D.yer, qrn 

10 - 11 > 12 -18• 

(7.3) 

(7.4) 

HepaBeHCTBO (7.1) HCKJiloqaeT HepaBeHCTBO (7.3), HepaBeHCTBO 
(7.4) ncKJI1oqaeT nepasettcrno (7.2). Tor.D.a n.1u1 cny11aSI 12 > la noJiyqnM 
CHCTeMY HepaseucTB 

11 + 10 < 12 + 18; } 

11 + 12 < 10 + la. 
TaK KaK 11 - HanMeHblllee 3BeHo, To npu HaH60JihrueM 3BeHe 12 He

paseucrBo 
(7.5) 

06ecne1msaeT BhlnOJIHeHne ocTaJibHhlX ycnosuii. Dpu uau6oJibIJJeM 
seeue 13 yCJiosue npoxO*.ll.eHHSI rnqKH B qepea B1 H B3 Bhlpa1KaercS1 
HepaBeHCTBOM 

(7.6) 
HepasencTBa (7 .5) u (7. 6) no3BOJISIIOT c<}lopMy nupoBaTb yCJ1osue 

nposopa .. usaeMOCTH 3BeHbeB (npasuJ10 fpacrotl»a, CM. npttJI.): caAt0e 
Kopomxoe aoe1t0 wapnupnooo MexanuaMa (pnc. 7.2) 6yiJem KpuoowunoM, 
ecAu cyMMa OAUH co.Mozo KOpomxo20 u ca.Moro iJAunnoco aBeHbe8 Menb
we cyM.M.bt iJAUH ocmaAbHbtx aoenbee. Vis :iroro cne11.yeT, qTo: MexaunsM 
6y l.leT tlBYXKOpOMblCJIOBblM (pttc. 7 .2, a), ecJIH pa3Mepbl ero 3BeHbeB 
He y.n.oBJieTBOpSIIOT yKa3aHHOMY npanuny; KpttBOUJHIIHO-KopoMbICJIOBhlM 
(puc. 7.2, 6), ecnn pa3MepbI ero y11.oeneTBopmoT npaBHJIY H KpttBO
wun - caMoe KOpOTKOe 3BeHo; llBYXKp1mow1mHblM (pttc. 7.2, 8), eCJIH 
pa3Mepb1 ero 3BeHbeB Y.llOBJieTBopsi:!OT npaeuny n sa CTOHKY npuusi:ro 
caMoe KOpOTKOe 3BeHo. 
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PaccMoTpeHHbie ycJIOBIISI nposopaq0saeMOCTII cnpaseJJ.JIIIBhI H JJ.JISI 
'leTbipex3BeHHblX MexaHII3MOB, HMe!OW.HX nocTynaTeJibHYIO KimeMaTH
qecKyIO rrnpy . .3TO ycTaHas.n11sa10r np11 paccMorpemrn npouecca npeo6-
pa30BaHIISI spamareJibHOH napbI B nocrynaTeJibHyt0. TaK KaK ueHTp 
epaw.aTeJibHOH napbI C JJ.BH)l{eTCH no oKpy»rnocrn pa.n0yca D'C 
(pnc. 7.3, a), TO KIIHeMaTIIKa 3BeHbeB 1 II 2 He H3MeHSieTCH, ecJIH 3Be
HO 3 MexaHll3Ma 33MeHHTb IlOJI3YHOM, .ll.Bil)l{Ylll.IIMCH no Kpyrosoii Hanpas-

PHc. 7.1. YCJiom1e npoao
paqanaeMOCTH saeuheB 

f} 

I 

A 

2 
' 

PHc. 7.2. MoitH<l>HKaUHH mapuHpuoro qempexsneuun• 
Ka c apamaTeJibHblMH napaMH 

8 2 

c 

A 
PKc. 7.3. Mo)lH<jm1rnua11 wapaupuoro 'leTi.tpex3se11u11Ka c noCTynaTeJJbHblM11 
oapaMH 

JISIIOIUeH TOfO )l{e pa.n.ttyca. nptt yse.rn1qeHHH .ll.JIHHbl l3 3BeHa 3 HanpaB
JUIIOIUaSI BblllpHMIITCSI n npn l3, _. oo cTaHeT npsiMoJIHHefmoli. B :noM 
CJiy'lae MeX3HH3M npespaTlffCSI B KpHBOCUIHTHO-rIOJI3YHHblH (pHc. 7.3, 6). 
EcJIH npu 13 _. oo 3a CToii1<y npIIHSITb 3BeHo 1, a 3BeHo 0 ocso60.LU1Tb 
(pua. 7.3, e), TO noJiytmM KYJIHCHbitt MexaHH3M c spaw.aIOIUHMIICSI aseHb· 
BMH 2 H 0 co CBOHCTBaMH, aHaJIODllJllblMH .ll.ByxKpHBOUIHilHOMY Me
X3HH3My, npnse.n.eHHOMY Ha puc. 7.2, 8. np11 33KpenJieHHII SBeHa 2 
OOJIY'lHM JlpyryIO pa3HOBHJJ.HOCTb KYJIHCHOfO MexaHHSMa (pHG. 7 .3,(e}. 
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:Y' seJHilfHBaH pa3MephI 9JieMeHTOB KHHeMaTnqecKoii napbI B 11 tte H3· 

.1eHHH .UJIHHY ssetta I - 11 (p!H: 7 4), noJJy•rn10r MexattH3MhI .upyrnx 
THflOB, HO 06JJa.ua10w.11x TaKOH 11<e 11posopaq1rnaeMOCTblO 3BeHbeB H KH

HC:-13THKOH, KaK 11 s wapmipHoM LJeTbipex3BeHHHKe. B 9THX MexaHH3· 

Max 3Betto I npespaw.aeTCH s 9KcueHTpHK c 9KCUeHTp11c1neTOM e = 
- /1. 06bilfHO TaKHe pemeHHH KoHCTPYKTHBHO yno6Ho BhmoJIHHTb nptt 

l1, COH3MepHMblX c llH3MeTpaMH wapm1pOB KHHeMaTHlfeCKHX nap. 

7.2. To"IHLiii MeTo,11. CHHTeaa mapHupuoro qeTbipexaueHHHRa 

B oomeM CJiy<1ae CHHTes Mexam1sMa waptt11pttoro 'leTbrpex3BeHHH· 

Ka (p11c. 7 .5) CBOllHTCH K onpelleJieHHIO napaMerpos 11 , / 2, 13 , 10 , <p1, 

rne <p1 = canst, T. e. MexaHH3M paccMarpnsaercsi np11 qmKcnposaHHOM 

1<pt1sow11ne. PaccMoTpHM MeTOJJ., np11 KOTopoM npe1IBapnTeJ1hHO sa

JUHOTCH 1lJIHHOH senoMoro 3Betta /3 npH IrnBeCTHOH LlJIHHe CTOHKH lo H 

npe.unonaraIOT 33,LlaHHbIMH yr JJOBhie KOOp.llHHaTb! <vat' <va2• <vsa BbIXO,Ll-

y 
c 

P11c. 7.4. 3KcueHTpHKOBnie Mexa- P11c. 7.5. K TO'IHOMy CllHTe3y wapn11pHoro 'le· 
HH3Mbl TblpeX.3B€HHHKa 

Horo 38eHa npH Tpex CTOJIO)l{eHfIHX BXOJJ.HOrO c yrJIOBbIMH KOOp.UHHaTa

MH q>11 (ua<1aJ1bttoe noJimKeHHe) tt (cp12 - q:> 11), (q:>13 - 1P11). Opn npHHff

TbIX YCJIOBHHX KHHeMaTH'leCKHii CHHTe3 CBO.UHTCH K onpe.ueJiemno pa3• 

;-;1epos 11 tt / 2 . 3rn pa3Mepbr onpeJte.nmoTrn, ec.nn s c11cTeMe Koop)llrnaT 

xAy (pHC. 7.5) H3BeCTHbl KOOpllHH3Tbl TO'IKll B . 
. Coo6IUHM BceMy MexaHH3MY yrJiosy10 cKopocTb co = -co1. Tor.Ila 

'BXOJJ.HOe 3BeHO B CHCTeMe xAy CTaHeT Heno.uBmKHhlM, a B HanpaBJJeHHH, 

npOTHBOilOJlO/KHOM CKOpOCTH (1)1' 6y.ueT Bp3lll.3TbCS1 CTOHKa 0. nJJH BTO• 

poro H rpeTberO noJioiKeHHH MeXaHH3Ma CTOJIO>KeHHe CTOHKH OTHOCHTeJlb• 

HO 3BeHa 1 onpe.ll.eJJ.ReTcR yrnaMll (<p12 -- <p11 ) ll (<p13 - q;11), OTKJI3.Ubl· 

naeMbIMH OT OCH a6cuHCC 8 HanpaBJieHHH Bpaw.eHHH co CKOpOCTblO - (1)1, 

TaK KaK TOliKa B npM D.BR>KeHHM 3Betta 2 He MeHS:te'f noJJoJKeHHR, a 

,11,JIHHa 3Betta 2 HeH3Me1rna, TO ro<1Ka B HBJIHercH ueHTpoM OKPY*HOCTH9 

npoBeJJ.eHHOii qepe3 rp11 TOlfKH! C1 , C2 H C3• DoJIOR\em1e TO'IKH 8, KaK 
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QeHTpa OKPY*HOCTH, onpe){eJIHTCH nepecelJeHHeM nepneH){HKym1poB. 
BoccTaHoBJieHHhlX K cepe.llHHaM oTpe3KOB C1 C2 H C2C8 • 

AttaJIHTHttecKH KOOp.llHHaThl TO'leK C, npH i = 1, 2, 3 onpe.lleJIH· 

lOTCH c noMOW.blO eeKTopHoro ypasHeHHH AC1 = AD + DCi. T. e. 

Xct = l0 cos (cp11 - cpu) +ls cos (cp3, + (cpu - cpu));} (7.7) 
Yet = lo sin ( cpu - cpu) + ls sin ( cp31 + ( cp11 - cp11)). 

YrJIOBble K0.9<txf>HUHeHTbl np.HMblX, apOXO.lVlW.HX qepes TO'IKH cl• 
C2 H C2, C8! 

kc,c, = (ye, - Ya,)l(Xc. - Xe,); ka.c. = (Ya. - yeJl(Xc. - Xe,). 
Tor,lla ymosble Ko3<1xPuuueHTbl COOTBeTCTByrow.ux nepneH.11.HKYJIH• 

pos K npHMblM C1C1 H C2Ca: 

kl?. = - (Xe, - xa.}/(Yc, - Ye.); ~ = - (xa. - Xc,)J(yc, - Ye,). 
Koop)l.HHaTbl TO'leK S1 u S2 , Jie)l{aw.ux Ha cepe.ll.HHax OTpesKOB 

C1C2 H C2C8 : 

xs, = (xc, + Xc,)/2; } Xs, = (xa, + Xo.)12; } 

Ys, = (Ye, + Yc,)12; Ys. = (Ye, + Ya,)12. 
YpaBHeHHff npHMblX BS1 H BS2 : 

-- k12x + Y = Ys, - k12xs,; } 
- k23x + y = Ys, - k23xs,. 

(7.8) 

113 pernemrn CHCTeMbl. (7 .8) onpe.lleJIHIOTCH KOOp.ll.HH3Tbl Xs H YB 
To'IKH B 1:1 paaMepbl ssettbeB J 1:1 2: 

V-2--2 

11 = xl:J+ya; 

12 = V (xB - xr.,)2 + (y 11 - Yc1) 2 • 

npu HallaJibHOM OOJIO)KeHHH KpHBOllIHlla, onpe.D.eJISleMOM yrJIOM 

cp11 = arctg (yalxB). 

(7.9) 

(7.10) 

Dp1rne.neHHblA aJiropHTM CHHTeaa rnapHHpHOro qeTbipeX3BeHHOrO 
MexaHH3Ma peam1syeTcH onepaTOpHoii <}lyHKuneii SNTZR. oxsaTbI· 
sa10w.eu CBOHM .n.eiicTBHeM 38BHCHMOCTH OT (7. 7) H see npOMeJKYTO'IHble 
Bblpa:>Kemrn .!I.Jiff <p11 .!l.O 

SNTZR (10 , / 3 , q:i1 (3), cp3 (3); 11 , 12), (7.11) 

r.u.e cpl (3), <l's (3) - M3CCHBbl Tpex t(UCJIOBbIX 3HatteHHH yrnoe, onpe· 
lleJISIIOW.HX 833HMHble flOJIQ)KeHHSI 3BeHa J H 3BeHa 3. 

7 .3. IlpHOJIH3CeBm.rii CHHTe3 mapHHpBoro qen.1peX3BeBBHKa 

AJiropHTM CHHTe3a, OflHCbIBaeMhIH oneparopHOH ¢YHKUHeH (7. 1 1 ). 
Il03BOJISieT onpe,lleJHJTb pa3Mepb1 MeXaHH3Ma, npu KOTOpbIX BbIXOllHOe 
SBeHO H8XOAHTCH B Tpex onpeneneHHbIX IlOJIO}KeHHSIX, COOTBeTCTBYIO· 
W.HX OOJIO}KeHHSlM KpHBOilIHna. 0.nHaKo IlOJIO)KeHHH 3BeHa 3 npH .npy
rnx noJio}KeHHffX exo.u.ttoro 3BeHa npu noJiytteHHbIX paaMepax seeHbee 
T0t(H0 He <}lHKCHpy!OTCH. 
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EcJIH B KatJecTBe HCXO.llHhIX noJio:meHHH .ll.JIR cm1Teaa MexaHH3Ma 
npHHHT 38KOH .llBH}l{eHHH BhlXO.lJ.HOro 3BeHa, Heot'ixo.n.HMO HMeTb 38BH· 
CHMOCTh Me)f{JlY yr JJOBhlMH nepeMemeHHHMH BhIXO.ZlHOfO H BXO.llHOfO 
sBeHbeB. 3Ta saBHCHMOCTb MO>J<eT ObITb saJJ.aHa s BH.ll.e <l>YHKUHH noJio

>1<eHHH <p3 (lPi). <1'2 (cp1), Jrn6o nepe.n.aTO\JHbIX <l>YHKUHH i (cp3) HJIH i (cp2). 
a T8K:»<e TaOJIHlJHbIM cnoco6oM. <I>yHKUHH TIOJIO/KeHHR cp2 (cp1) H CJ>a (cp1) 
3BeHbeB 2 H 3 MexaHH3Ma wapHHpHoro qeTb1pexsBeHHHKa noJiytiaJOr 

c 

x x 

Puc. 7.6. nptt6JJU)Kellllblli CHHTe3 map11upttoro 'letblpeX3BeHHHKa 

H3 ycJioBHH (6.2) aaMKHYTOCTH aeKTOpHoro KOHTypa MexaHH3Ma. Bao

.ll.H BeKTOP l = DB c HanpaBJIHJOmHM yrJioM ~. noJiytJHM (pnc. 7.6)i 

l1 = l0 + l; 
11 c~s cp1 = 10 .+ l cos ~; } 

l1 stn cp1 = l stn ~. 

r .ue l = V1r + z6- Zl1lo cos cpl. 
00.llCT8BJIHSI Bblpa/KeHHSI (712) B ycJIOBHe (6.2), IlOJiytJHMI 

!2 cos <p2 = 13 cos <p 3 - l cos~; } 

12 sin <p2 = /3 sin <p3 - l sin~-

(7 .12) 

(7 .13) 

Bosae11.eM a KB8JJ.paT o6e aas11cHMOCTH (7.13), CJIO)!{HM HX H noCJie 

npeofipasoBaHHH noJiyllHM 6 =I <p3 - ~I = arccos ((l~ + l2 - l~)/2ll3)), 
OTKy11.a <Pa = ~ ± 6. 

)lBa B03MO>KHhIX 3HalleHHH JJ.JIH !J>a o6bRCHHJOTCH TeM, qro npH OD.HOM 
H TOM /Ke CTOJJO/KeHHH 3BeHa 1 3BeHb51 2 H 3 MoryT 38HHM8Tb 1188 pa3-
JI H'lHbIX CTOJIO/KeHHH. )lJISI onpeJJ.eJieHHOCTH perneHHSI BBOJlHT nom1rne 
ycJIOBIUI c6opKH MexaHH3M8 - 'IHCJIO q = -1 .llJIH cxeMbl (pHC. 7.6, a) 

H q = I JJ.JIH cxeMbI (6). Tor.Ila <p3 = ~ + q6 H, cJie.LlOBaTeJibHO, 

IJla = arcsin (11 sin rp1/l) + q arccos ((l~ + l2 --- l~)/2ll3). (7.14) 

)lJisi onpe11eJieHHS1 cpyHKUHH noJio/KeHHH 3BeHa 2 1.p2 (qi1) Haf1.L1.eM 

y = I (j)3 - IP2 I H3 cpopMyJibl (6.2): 
2 2 y = arccos ((l2 + l3 - l2)/2l2l3). 

c yqeTOM ycJIOBHSI c6opKH noJiytJHM 
CJ 2 

IP2 = Illa+ 4 arccos ((/2 + [3 - l2)!2l2l8). 
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rJepeJt.aTOlJHble <J>YHKUHH i (cp3) H i (cp2) noJiyllalOT .n.mJxpepettuupoea-
1meM 3aBHCHMOCTeit (7.14) H (7.15) no nepeMeHHOH CJl1· B o6w.eM BH,ll.e 
.n.u<JxpepeHU.HpoBaHue 3THX <l>YHKUHH BCCbMa rpOM03.ll.KO. 6oJiee y.n.06-
HblM SIBJiffeTCH npHMeHeHHe lJHCJieHHOro .n.mpcpepenuupoBaHHH MaCCHBOB 
3H8lleHHH yrnoB qi8 H <p8 JJ.Jiff nonyt1eHMH pH.n.a lJHCJIOBhlX sHalleHHH nepe
AaTOllHbIX <J>yHKUHH. DpuMeHHH oneparopHylO cpyHKUHJO llHcJieHHoro 
l\HcpcpepeHuHposanusi DFRNCL (cM. rJI. 5), noJiyt1HM: 

DFRNCL(N, L\cpv cp3 (N); irp1 (N)); 

DFRNCL (N, L\cp1 , <p2 (N); iq1, (N)), 

PHc. 7.7. fpa<j>HKH nepel{a
TO'IKblX <j>yHKUHit 

y c, 

PHc. 7.8. CHHTe3 MexaHH3Ma no Mac
c1rny 'IHCJIOBblX 3Ha'leHHit yrJIOB 
3BeHbeB 

rJJ,e N - KOJIHlleCTBO L!HCJIOBhIX sna11eHHH cpyHKU.Mif; <p2 (N), % (N) -
MaC<:HBbl lJHCJIOBblX 3HalJeHHH cpyHKUMH IlOJIO}KeHHH; icp, (N), icp, (N)
MaCCHBbl llHCJIOBhlX 3HalleHHH nepeJJ.aTOllHbIX cpyHKUMH; <'icpl - mar 
1rnTerpupoeaHHff. 

Ha pno. 7.7 npneeJJ.eHhl npHMepHbre rpacpHKH nepe.n.aTOllHhlX <jJyHK· 
UHii .n.m1 aeyxKpHBOIIIHnnoro 1 M KpHB01IIHnHo-KopoMbICJioeoro 2 Mexa
HH3Mos. 

<l>yHKUHIO nOJIO>KeHHSI Be.l{OMOrO 3BeHa noJiy11aIOT aHaJIHTHlJeCKHM 
mi:oo L!HCJieHHblM HHTerpHpOBaHHeM nepe.n.aTOllHOH cpyHKUllH, T. e. 

''" 
qJ3 (1P1) = S i (1Ps) drp1• OopatuaSJch K rn. 5, no.11yt1HM 

(il, 

INTGR (N, L\qi1 , NOMER, icp, (N); <p 3 (N)). 

B KOHellHOM ClleTe aaBHCHMOCTb yrnOBblX nepeMeIUeHHH CBOJJ.HTCH 
K Macc11:BaM llHCJIOBhlX aualleHHH yrJioB BXOAHOro u Bhrxo.n.noro aeeHbeB. 
CTpH CHHTe3e no T8KOMY YCJIOBHIO H3 MaCCHBOB 3HatieHHH nepeMeHHhlX, 
KpaTHblX TpeM, Bb115HpalOT 3JleMeHTbl MaCCHBOB irp8 (3) H CJl:. (3). flocJie 
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:-.iroro o6paiueHHeM K oneparnpHoif cpyHKIIHH SNTZR onpeJle.flHIOT pa3-
Mepbr 11 H l2 H Koop,llJIHaThI To11eK B; (pwc. 7.8). Ee.nu 6hr Koop,1urnaThT 
To11eK B1 c0Bna,11.a.11tt, To peweHtte 6bIJIO 6h1 TOlJHhIM. B o6meM cJJy11ae 
TOlJKH C, He pacno.nararoTCH Ha OJlJIOH OKPY*Hocnr, cJJe,11.oBaTe.JJLHO, 
H TOlJKH B, TOMe He coBna,!l.yT. Tor,11.a nptt pa3MepHOCTH MaccttBOB JJ.aH
HhIX n n m = n/3 noJiy11ttM cpe.11,m1e 3HalJeHH51 napaMeTpoB Cl:lHTe3a 

11 = (~1 lu}m; 

12 = (~ 12,)lm; 
t=l 

( 
n n ) 

<p1 = arctg ~ YBJ~ Xm • 
t=I t=I ! 

Ee.mt Heo6xo,11.HMO 06ecne11HTh ,ll.BH}l{eHtte HeKOTOphIX To11e1< 3Bt'HbeB 
MexaHH3Ma (11aiue Bcero ua waTyne) no onpe,11.e.11eHHhIM 3a)laHHhIM TpaeK
TopHHM, TO Bbt6opoM pa3MepoB waTyHa H IlOJIO)KeHH51 TOlJeK Ha 11eM 
MO}l{HO IlOJIYlJHTh wamyflflbte KpU8bte, KOTOphle Ha HeKOTOpOM YlJ::JCTKe 

a 

o, 

Pttc. 7 .9. CttHTe3 MexaHH3MOB, nptt6Jitt)KeHHO socnpOH3BO,llllW.HX 3MaHttyro 
TpaeKTOpHIO 
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c BhlCOKOH TOllHOCTblO npH6JllDKeH!rn HBJIHIOTCH 0Tpe3K3MH npRMbIX, 

.n;yr OKpymHOCTeH, 9JlJll'1nCOB, rnnepooJJ 11 T. JJ.,, 33.ll3HHbIX B ycJJOBHH 
CHHTe3a. 4aCTo LlJIH 9TOro np11Meml!OT MeTO.ll DOCTpoeHllSI MHOr038l'H

HblX MeXaHH3MOB, npH6JIHiKeHHO eocnpOH3BO.llRUlHX 33.ll3HHYIO TpaeK

TOpHIO, OCHOBaHHbIH Ha Teop1rn 0 cpyHKUHRX, H3HMeHee OTKJIOHH!OlllHX

CR or HYJIH, pa:spa6oraHHbIH 4e6brUJeBbIM. CymttoCTb ero 3aKJI10t1aeTc~ 
B CJie;lyIOIUe:vt. OycTb B CHCTeMe Koop;umaT x0y (pHC. 7.9, a) TpaeKTO

priR 1 33.llalia cjJyHKUHeH t (x), K KOTOpOH MaKCHM3JlbHO npH6JIHmaeTCH 

TpaeKTOpHR 2 rol!KH E 3BeHa MexaHH3Ma, onHcbrnaeMaR e o6meM 

CJJyl!ae OOJIHHOMOM 

P (x} = P1fP1 (X1) + P2!p2 (X2) + · · · + Pn+t(jln+I (Xn+i). 
rne qi1 (x), <p2 (x), ... , %+1 (x) ~ cpyHKUHH 4e6brwesa, xapaKrep Koro

pbIX onpeneJIHeTCH rnnoM KpHBOH 1; Pt> p 2, .•• , P"+' - K09cpcpvmueHTbI 
DO.'IHHOMa. 

Do l.J.e6bIWesy (npHBOJlHTCH 6e3 JlOKa3aTeJibCTBa), JlJIH Toro llT06bI 

DOJIHHOM p (x) HaHMeHee YKJIOHHJICH OT t (x) B HHTepsaJie ab, Heo6XO.llH

MO H .llOCTaTOllHO, llT06bI pa3HOCTb (f (x) - p (x)) He MeHee n + 2 pa3 
Jl.OCTHraJia CBOHX npeJteJlbHbIX OTK.flOHeHHM + ~ c OOCJleJl.OBaTeJibHO qe

peJI.ylOUlHMHCH 3H3K3MH, T. e. (f (x) - p (x)) = + ~. I1CXO.l1Jl H3 ~noro 
cpyHKUHH Y.e6bIWeBa BblpamalOTCR l!epe3 pa3Mepbl 3BeHbeB, KOTOpb!e 

onpe.n;eJIHIOTCH peureHHeM CHCTeMbl Jlf1HellHbIX ypaBHeHHH. 0. JI. 4e-

6blWeB noKa3aJI, llTO csoJ'.icTBaMH Jiyt1wero nptt6JittmeHHR UJaTyHHOH 

KpHBOH K 3a.aaHHOH 06Jia.na101 MexaHH3Mbl, HMe10m11e B ceoef! CTpyKry

pe JlByxnoBO.ll.KOBYIO rpynny - llHally 4e6bIWeBa, o6pa3YIOlllYIO B KH• 

HeManiqecKOH uerrn tJeTbrpe epamare.Tibflb1e naphI, H y KOTopbIX BC = 
= CE = CD (a). B JI.Halle 4e6b1weea norpeumocTb OTKJIOHemrn Tol!KH 

E OT BocnpoH3BOJlHMOH KpHsoJ'.i 1 Ha nopH.LlOK MeHbUJe norpeUJHOCTH, c 

KOTopoti BocnpoH3BO.Ll.HT Kpttey10 TOllKa B. Ha pHc. 7.9, 6 noKa3aHo 

npHMeHeHHe JI.Ha.II.bl 4e6bruresa JI.JHI socnpm13ee.1I.emrn npHMOH JIHHHH, 
a ua pHC. 7 .9, (J llJIH MeXaHH3Ma c OCTaHOBKOH 3BeHa 5. 

7.4. KpueowHnao-KopoMbICJIOBLie MexaHH3MbI 
c 3a.u.aaHb1MH ceoiicTBaMn 

J.fa TexHoJiornqecKH x HJIH KOHCTPYKTHBHhIX coo6pameHHH HeKoTOpbre 

wapHHpHO-pb143/KHbie MexaHH3Mbl .ll.OJl)l{Hbl 06Jia.1I.aTb onpeJI.eJJeHHblMH 

CBOHCTBaMH, o6ecnel!HB310lllHMH 3aJI.aHHOe COOTHOWeHHe npHMOro H 

o6paTHoro xo.11.a BhIXO.ll.HOro aBeHa, .1I.BH)l{ett11e waTyHa no onpeJI.eJJeHHO

MY 3aKoHy, oqeptJHBaHHe HeKoTopLrMH ToqKaMH npeJI.ycMoTpeHHbIX 

TpaeKTopttii H r. n. TaK, Hanp11Mep, c ueJiblO noBbIUJeHHH npoH3BO)l,H

TeJibHOCTH He06XOJ1.HMO, llT06bl CKOpOCTb XOJIOCTOro XOlla 6bIJia 6oJibUie 

pa6oqero, tJTO xapaKTep113yeTCH onpelleJieHHOH se.nHll~IHOH KOJcj)(pU
l{UeHma U3.MeHeH.Ufl cpeeJt·teCi cKopocmu 1wp0Mbtc!la k,~ = ffi3,/W3p (rn. 2). 

0yCTb 3a.ll8HbI .D.JIHH3 [3 KOpOMbICJia lleTbipeX3BeHHllK3 (pHC. 7. J 0), 
YrJIOBbie KOOp,!I.HHaTbr fPs1 H '+132 .zr.syx KpaHHHX OOJIO}!{em1tt ero H Ko3cp

cpHuHe!IT kw; Tpe6yeTCH onpe.11.eJIHTb OCTa.nbHbie pa3MepbI MeXaHH3Ma. 

To'IKH cl H C2, COOTBeTCTBYIOlllHe KpaiiHHM OOJIO}{<eHHHM KOpOMbICJia, 

onpeJI.eJIHT noJiomeHHe T04eK B1 H B2 Ha JJHHHHX AC1 H AC2 JI.JIH cooT-
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BeTCTBYIOIUHX IlOJIO>KeHHH Kplrnournrra 1. 06o3H3llHM qepea ~ yro.11 Me}K
JJ.Y AC1 H AC2 . TorJJ.a kro = (n + ~)/(n - ~), OTKy)'{a 

~ = Jt (kw - I )/(kw+ 1). (7.16) 
OocTpOeHHe MeX3HH3Ma C 3a)],3HHhIM K03cpq>HUHeHTOM k© BhIIlOJIHH

IOT a c.11eJJ,y10meii rroc.11eJJ.0BaTeJihHocrn. OpoaeJJ,eM tta cepe)].HHhI oTpeaKa 
C1C2 a TOllKe S rrepneH1lHKym1p, KOTOpbIH npof!JJ.eT t1epea HCKOMYIO TOll· 
Ky D. 0THOCHTeJibHO JIHHHH SD noJJ. yr.110M ~ npoBeJJ.eM t1epea TOllKH 
C1 H C2 npHMbie, KOTOphie rrepeceKyTcH a TOt1Ke E. U.eHrp apameHHR 

y 

PHc. 7.10. CHHTe3 MexaHH3Ma no K03<jxjJHUHen1y H3MeHeHHIJ cpea
Heii CKOpOCTH KOpOMb!CJia 

A Kpttaournna 1 JJ.OJI)KeH HaxoJJ.HThCH Ha rrepeceqeHHH oKpy:m.ttocrtt pa
.nttyca R = EC1 c OCbIO a6cuttcc, TaK KaK 1vrn oKpy}{{ttocrn 6yJJ.eT cnpa
BeJJ.JIHBO reoMerpHtrecKoe coornoweHHe L C2AC1 = ~ = 0,5 L C2 EC1• 

Ha 3roro nocrpoeHHH KOOp.11.HHaThI rot1eK C1 H C2 6y.11.yr 

Xe, = xv+ /3 cos <:p 31 ; Ye, = las.in ({)31; } (7 .17) 
Xe, = xv + la cos 1Jla2; Ye, = ls sin fPs2· 

Yr Jioaoii Ko3cj:lqmutteHT npHMoii SD onpe.neJIHTCH no Koop)l.HHaraM 
rot1eK C1 H C2 : 

ksv = - (xc, - xe.)l(yc, - Ye,), 

a JJ.JIH npHMOH C1£ OH 6yJJ.er paaeH 

kc,E = fg (<:pJI + ~). 
Koop,!1.1rnarh1 XE, YE roqKH E onpeJJ.eJIHTCH H3 coBMecTHoro pewe· 

mm ypaatteHHH npHMbIX SD H C1£: 

y = ksoX _ = ksvxv; } 
y kc,EX - . ka,EXe,, 

a pam{yc OKPY)KHOCTH R = EC1 6y.neT paaeH 

R = V (XE - xc,)2 +(YE - Yc,)2• 

A6cu.ncca TOllKH A onpe.ne.11ttrcsi H3 yCJJoBHH 

XA = XE + v R2 - y1 . 
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3HaKH «+» H «-» onpe.neJJHIOT nsa B03MQ)j{Hb!X BapttaHTa c6opK fl 
MexaHH3Ma. 

r)l.e 

}lJrntta Kp11Bow11na cornacuo p11c. 7. l 0 6y )].er pasua 

11 = (AC1 -AC2)i2, (7.18} 

AC1 = V<xA - xc.)2 +(YA - YcJ2; 

AC2 = V(x • - xc,)2 +(YA - Uc,)2• 

Pa3Mepbr warytta 11 CTOHKH onpe)l.eJlHIOTCH H3 3aBHcm10cTei1 

12 = ACI - II; 

l,1 =I xu - XA /. 

(7.19) 

(7.20) 

AJrropHTM cHttre3a MexaHHJMa 110 seJI11Y1rne kw 11 .usyM noJioMeHH· 
HM KOpOMbICJJa 13 MollieT Oblfb OflHCaH onepaTOpHOH cpyHKUHei1 

SNTZRI (k,,., <p31 • 'h2 , / 3 , xo; l1 , !2 , !,), (7.21) 
nocJie)l.oBaTeJJbHO peaJIIl3YIOW.t'll 3CllHICHMOCTH OT (7 .16) no (7 .20), BKJllO
'laH H npoMemyT04Hbie 11peo6pa3013amrn. 

EcJII1 KpoMe auattemis1 1orneMan14ecKoro napaMeTpa k,"!, crnBHTCH 
Tpe6osam1e o6ecnelJeHHH He3aKJ!llHHB3HHH 3Bem,eB, TO K yo:IOBHHM 
c1rnTe3a MexaHH3Ma no6anmleTCH .uonoJimneJibHhIH napaMeTp - yeo/l 
nepeoa"tu iJeuJ1CeHUJl. y = 90° - a (rn. 6). 3ToT yroJJ Mell<.ll.Y 3seHhHMH 
2 H 3 (p11c. 7.11) Cl3H3aH c yrnoM \Pi nosoµoTa Kp11sow11na 3aBJJCl1· 
MOCTblO, noJiytJaeMOH 113 paccMorpeHH5l 11ABD ll tiBCD: 

(BD)2 = l~ + !~ - 2/110 cos cp1 = l~ + 1; - 212 /~ cosy. 

I-fa /\,. AC2C1 cxeMbI MexamI3Ma npH )l.onycKaeMbIX yrnax nepe.ll.alJH 
)l.BH)KeHHH Ymin H Ymax .zvrn KpaifHl1X nonomeuui'J rwpOMbIC.'la noJiy4ttM 

4 C2C1A = {n - ~l)/2 - Ymin; -4 AC2C1 = l'max + (n - 11')'2; 

~ = n - -4 C2C1 A - 4 AC2C1 = n - n + 1p +I'm in - Ymax = 

= 'ljJ + I' min - '\'max; 'IJl = ~ + Ymax - ')'min· 
IloJio)KeHHe ueHrpa epaw.aTeJJbHoii napbI A Kp1rnow!!na 11 cToi1KH 

Haxo)l.HT Ha nepecetJeHH11 npHMhIX C1A 1-1 C2A, yrnoBbJe K03¢qmu11eHTbI 
KOTOpbIX k1 = tg (llJa1 - 1'm1n) H k2 = tg (%1 + '\jJ - l'max). 

CHCTeMa ypaBHeHHH npHMbIX cl A H C2A 6y .uer HMeTb BH)l. 

- k1x + y = Ye, - k1xc,; } (7 .22) 
- k2x + y = Ye, - k2xc,. 

Koop.nuHaTbI T04KH C1 H C2 onpe.lle.TIHTCH no cpopMyJiaM (7 .17) npH 
no.n.crattoBKe (()32 = (():n + 't{l. PeweHHH cHcTeMbI (7.22) onpe.nenHT Koop
)l.HHaThl XA, YA; pa3Mepbr 11, 12, 10 onpe)l.eJIHTCH coornercrneHHO 113 ¢op· 
MYJI (7.18), (7.19) H (7.20). 

AJiropttrM Cl1HTe3a MexamrnMa no napaMerpaM kw, 1'm1n, l'max on11· 
CbIBaerCH onepaTOpHOH ¢YHKUHei1 

(7.23) 

noCJie)l.OBaTeJibHO peaJIH3y10w.ei1 COOTBeTCTBYIOUJ.He 3aBHCHMOCT.H. 

72 



Ecm1 s Kp11sowHnHo-KopoMh1cJJ0BoM MexaHH3Me HYIKHO o6ecne
IJHTh 011pelleJJeHHh1e 110JI01KeHirn waTyHa, TO pa3MepbI MexaHH3Ma 011pe· 
)l.eJIHIOT no 3a.n.asaeMhIM KOopn11HaraM ero TOlJeK. OycTh 11,sa 110JI01KeH11H 
sseHa 2 (p11c. 7.12) 3a11,aHbI Koop11,ttHarnMH TOlleK Bl> 8 2 11 C1, C2 yrJro\1 
nosopora Kpusowu11a cp1, coorneTcrny10w.ero 11epeMeIII.eH1110 waTyHa 
H3 O.lJ.HOro B .n.pyroe 110.Jio:>KeHHe. 

c 

Pnc. 7 .11. CttHTe3 MeXaHH3Ma c ytJeTOM yrna oepe,u.a•u! 
J(BmKeHH ff 

CoeD,HHHM TOtJKH B1 H 8 2 , a TaK/Ke C1 H C2 npHMhIMH H B cepe,Z1,m1e 
9THX npHMhIX B TOlJKax S1 tt S2 npose,D.eM nepneH1lHKYJIHpb1 K HHM. 
ECJIH 33,ll.3HO HanpaBJJCHHe CKOpOCTH TOlJKH C1 B .lJ.3HHhlH MOMeHT, TO 
noJio»<eH11e ueHTpa spaw.aTeJihHOl'i napbI D onpe11,eJIHTCH Ha nepece<1e
HHH nepneH1lHKYJJHpOB K JJHH1m C1C2 , npoxo,D.HIII.HX qepe3 TOllKY S2 11 

1Jepe3 TO'IKY C1 K BeKTopy Ve,. OoJio)l{eH11e:1leHTpa A spaw.aTeJihHoii na· 
pbI Kp1rnournn - CTOHKa 011pe11,eJrneTCH nepecet.IeHtteM npHMhIX 8 1A 11 
S1A. PacqeTHhie 33BHCHMOCTH noJiyt.IaIOT 113 CJJe.n.y10w.11x cooopameHHfJ. 
H anpaBJJHIOW.He yrnhI oTpe3KoB B1B2 H C1 C2: 

UGL2 (xs,, Ys,, Xs,, Ys,; <ps,s,); 
UGL2 (xe,, Ye,, Xe., Ye.; cpe,c,). 

YrJIOBhle Ko.9cpcjmu11eHThI npHMhIX S1A 11 S2D: 
ks,A = - Ltg <f!B,B,; ks,D = - l/tg <pc,c,. 

(7.24) 
(7.25) 
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YrnoBble K03<txl>HIIHeHTbl npSIMhlX B1A H C1D 

ka,A = tg (<pa,a1 - n/2 + <p1/2); kc,D = tg (ac, - n/2). 
Koop.ll.HHaTbI T0t1eK S1 u S2 

xs, = (xa, + xn,)12; } 
Ys, =(Ya,+ Yn,)12; 

xs, = (xc, + xc,)12; } 
Ys, = (ye, + Yc,)12. 

YpaaueHHSI .llJJSI onpe.D.eJJeHHSI KOOp.llHHaT XA H YA 

- ka,AX + y =YB, - ka,AXa,; } 
- ks,AX + y = Ys, - ks,AXs., 

(7.26) 

a )].JISI onpeJI.eJieHHSI KOOpJI.HHaT xv H Yo 

- kc,vx + y = Ye. - kc,vxc,; } (7 .27) 
-ks,ox + y = Ys. - ks20Xs,. 

B pe3yJJhTaTe pernemrn cHcTeM (7.26) H (7.27) no.11y11HM Koopmrna- · 
Thi To11eK A HD. Pa3Mepb1 3BeHbeB onpeJI.eJJSITCSI 113 38BHCHMOcTei\ 

11 = V(xA- xa,)2 +(YA- Yn,)2; (7.28) 

13 = V(xc, - xv)2 +(ye, - yv)2• (7.29) 

A.11ropHTM, peaJJH3YIOW.HH 3TH 3aBHCHMOCTH, onHChIBaeTCSI onepaTOp
uoii cpyHKUHeii 

SNTZR3(xa(2), xc{2), <p1 , ac,; 11, 13). (7.30) 

7 .5. Kpnuo11IBnHo-noJiayuHLie MexauuaMi.1 

CHHTe3 1<pHaornHnHo-noJJ3YHHoro MexaHH3Ma ocymecTBJISieTcs:i TO'IHO, 
ecm1 3a.llaHHbIMH SIBJISIIOTCSI Koop.u.HHaTbI noJJ3yHa (HanpHMep, TPH Koop
JlHHaThl TO'IKH c (pHC. 7.13, a): Xo,, Xe,. Xe,, COOTBeTCTBYIOIUHe IJOJIO
}KeHHSIM Be.D.yw.ero 3BeHa 1 npH noaopoTe ero OT HCXO..QHoro <p11 Ha yrnhl 
(<p12 - <p11) H (<p13 - <p11}, BeJJH'IHHa 18 H cMew.eHHe e). OpH 3THX sxo.n
HhIX napaMeTpax BblXO,Zl.HhlMH napaMeTpaMH CHHTe3a 6yJI.yT pa3Mepbl 
11 H 12 • .11.JISI onpen;e.11eHHS1 KOTOpbIX npHMeHHM npunu,un o6paw,eHUJl 08U
:J/CeftUJl. 0JIOCKOCTb, B KOTOpOH paCOOJIO.>KeH Mexamt3M, IlOBOpatIHBalOT 
B CTOpony, npoTHBOIJOJIQ)l<HYIO CKOpOCTll w, Kpl!BOWlma (pnc. 7.13, 6). 
Tor.l{a 3BeHo 1 cTaHeT Heno.l{BmKHhIM, a 3BeHbSI 2 H 0 6y.ll.yT spaw.aThCH 
BOKpyr TO'IKH B u A. TpaeKTOpHeii .ll.BH.>1<eum1 TO'IKH C 6y.u.eT oKpy.>1<
HOCTb c ueHTpoM B; JIHHHSI, npoxo.m1w.aSI qepe3 ueHTp rnapHHpa C H na
paJIJieJJbHaSI ocH a6cuHcc, KacaeTCSI 0Kpy.>1<Hocrn pa.u.Hyca (e + 13) G 
ueHTpoM B TOtIKe A. 113 cxeMbI npHae.neHuoro Bbirne MexaHH3Ma 011eBH){-

Ho, 'ITO AC= AE + EC, Tor.na .nm1 JI106oro noJio.>KeHHSI KpHsornHna 
AB, onpe.l{eJJHeMoro yr.110M <p1i, i = I, 2, 3, nonytIHM 

Xci = AE, cos (<p11 - <pu) + (e + 13) cos(%+ (q>11 - 1P1t)); } 
(7.31) 

Ye, = AE, sin (<pu - <pii) + (e + /3) sin (<p3 + (qi11 - 1P1t)). 

KoopJJ.HHaTbI TO'IKH B, KaK u B cJiy11ae cnHTe3a rnapHupuoro 11eTb1pex-
3BP1-rnoro MexaHH3Ma, O'rbICKHBaeM KaK TOqk.y nepeceqem:rn nepneH.llHKY· 
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JrnpoB K orpe3KaM C1C2 11 C2C3, npoBeJJ.eHHhIM qepe3 cepe.11.IIHhI HX B 

ToqKax S1 H S2. CpaBHeHtte c11creM ypasHemru (7.31) H (7.11) c noCJie
JI.YIOUJ.IIMH npeo6pa30BaHIHIMH 003BOJHieT c.11.eJiaTb BblBOJI., qTo aJiropHTM 
CHHTe3a KpHBOW110H0-110JI3YHHOro MeXaHII3Ma peaJIH3yeTCSI oneparop
HOH cf>yHKUHeii (7. l l) npn HecKoJibKo II3MeHeHHOM o6pamemm K tteH:. 
T aK KaK B cf>YHKUHH (7. l l) 10 - nocTOHHHhIH napaMeTp, a B paccMaTpH
saeMoM CJiyqae - nepeMeHHbIH, TO o6paUJ.eHHe K onepaTOpHOH <PYHK-

y B 

a 
E5 

P11c. 7 .13. CttHTe3 KpttBOlllHnHo-noJJ3YHHoro Mexa
HH3Ma 

s 
lj 

E, I 

lj 

x 
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UJIM B o6Ill,eM BH.D.e 6y.n.eT HMeTb BH.11. 
SNTZR (10 (3), /3 , c.p1 (3), % (3): /1 , 12). (7 .32) 

flpH o6pameHHH K <PYHKUHH (7 .32) O.D.HHaKOBbIMH SHaqeHHHMli sa.ll,a
IOTC51 napaMeTpbI 10 (3) npH CHHTese urapHttpHoro qeTbipexsneHHHKa H 
napaMeTpbI cp3 (3) npu CHHTese KpHBOllIHTIHO-nOJI3YHHOro MexaHH3Ma. 
B noc.!le.n.HeM CJiyqae Ha MeCTO la BHOCHTCH SHaqeHHe e + /3. 

flptt6JIHJKeHHblH CHHTe3. KpHBOUJHTIHO-nOJISYHHoro MexaHJl3Ma no sa
il.CJHHOMY 3aKOHY .11.BHJKeHJrn BbIX0.11.HOro 3BeHa Xe (cp1) BblTIOJJHSICTCH aHa
JIOrnqno CHHTesy rnapHHpHoro qeTbipexsBeHHHKa. <l>yHKUIISI IlOJIOif<e
HHSI 3BeHbeB KpHBOUJHnHo-noJISyHHOrO MeXaHJI3M8 (puc. 7.13, u) fl0J1y-
qaeTCSI npH HCnOJib30BaHHH BeKTOpHoro MnoroyroJibHHK8 l1 + 12 = 

= AE +EC. I-fa npoeKuuii Ha ocu Koop.n.11naT HMeeM 

11 cos tp1 + l2 cos cp2 = xc; } (7.J3) 
/ 1 sin cp1 + 12 sin cp2 = e + /3 , 

OTKY.!J.8 
cp2 (tp1) = arcsin ((e + /3 -11 sin r.p1)/l2). 

flocJie no.n.cTaHOBKH f.fl2 B ypaBHeHue (7.33) noJiyqHM 

xc (c.p1) = 11 cos cp1 + 12 cos (arcsin ((e + /3 -11 sin cp1)/l2)) • 

(7.34) 

.Uuqxj>epeHUHPYH no <p1 Bhipamemrn (7 .34) H (7.35), noJiyqHM nepe
.ll.8Toqnb1e QJYHKUHH sneHbeB 2 H 3. Ha puc. 7.14 npuse.n.eHhI npHMepbl 
rpa<f>HKOB <PYHKUHll i (xc) (CM. rn. 6). 

7 .6. Kpueoum11uo-.Ky JJHCHLie MexaHH3MLI 

Bxo.n.HbIMH napaMeTpaMH npH CHHTese KYJIHCHhIX MexaHH3MOB 
(pHC. 7.15) 06b1qHo 51BJI5llOTC51 K03cpqmuneHT koo = roJwp, KHHeMaTuqecKHH 
napaMeTp S BbIXO.D.Horo ssetta 3 11 3anac xo.n.a h noJisytta 2. Hy:arno 
onpe.n.e.nHTh pasMepbI ZI> 10 H 13 . Pa6o4HH xo.n: KYJIHca cosepwaeT np11 
TIOBopoTe KpHBOllJHna Ha yroJI n + 2~, XOJIOCTOH - np11 nosopoTe Ha 
yroJI n - 2~. Tor.n.a npu ro1 = const HMeeM k~) = (n + 2~)/(Jl - 2~), 
a yroJI 

~ = ((k00 - l)/(kw + l)) n/2 . (7.36) 

.ll.JIH MexaHH3Ma c KaqaiomeikH KyJiucoii (p11c. 7. 15, a) sin ~ = 
= l1/l0 = A. H /3 = s/2/..., c spama10w.ei'ic5! Kym1cofi (pnc. 7.15, 6) 
sin ~ = l0/l1 = l/A.; 13 = s/2 u, cJienosaTeJibHO, .D.JISI o6oux nrnos Me-
xaHH3MOB 

lo= Us - h)/(1 + /...). (7.37) 

OnepaTOpHaH <f>YHKUH51 aJiropHTMa cHHTesa KpHBOillHnHO-KYJIJiCHO
ro MexamI3Ma, peaJIH3YIOW.351 9TH 33BHCHMOCTH, HMeeT BH)l. 

SNTZK (s, h. k00 ; 11 , l0 , 13). ('7.38) 

PasMephl 3BeHbeB /0, 11 onpe.n:e.nHIOT cpyHKUHlO noJiomeHHH, KotopaH 

noJiyqaeTcH us ycJIOBHH i~ = lo + lcB: 
fl COS !pl = f c B COS <jl3; } 

/ 1 sin <p1 = l0 + lcB sin tp3 , 



on~y Aa 
qi3 = :n:/2- arcsin (/1 sin (qi1 + :n:/2)/lcB) 

H 

V 2 2 lcB = l1 + lo - 211!0 cos (qi1 + n/2). 

CTo.ll.CTaBJIHH .lcB H3 cpopMyJibI (7.40) B ¢opMyJiy (7.39), 
o6pa30BaHHH no.Jiy'IHM 

<ra = arctg ((l1 sin qi1 + l0)/({l1 cos !p1)) • 

.UmpqiepeHunpyH Bbipa,;..eHHe (7.4 l) no !pl! onpe)l.e.JIHM 

HYIO cpyHKUHIO 

i (rp3) = 1/(1 + (l1 sin rp1 + l0 )21(lT cos2 qi1)) d X 

X ((11 -;in <p1 + l0)/(l1 cos rp1)) d!p1 

11 nocJie npeo6pa3oaamri% 

i ( <ra) = /1 (l1 + 10 sin rp1)/(lf + l~ + 211 / 0 sin q>1). 

7.7. MexaHH3MLI c ocTaHOBROii Beii;oMoro aBeua 

(7.39) 

(7.40) 

noc.Jie npe-

(7.41} 

nepe)l.aTOll· 

(7.42) 

Bee '1eTb1pex3seHHhie KpHBOWHIIHhie MexaHH3MbI co 3HaKonepeMeHHhIM 

.ll.BHMeHtteM BbIXO.ll.HOro 3BeHa 06.Jia)l.aIOT CBOHCTBOM ero MfHOBeHHOH 

OCT8HOBKH IIpH H3MeHeHHH HanpaB.JieHHH CKopocTH. 3-ro npoHCXO.ll.HT 

llf?11 yr.'le nepe}la'IH Jl.BH/KeHHH Me)l{.lJ.Y KpHBOillHnOM H maTyHOM '\'12 = 
=->. 0 H y12 = n B KpHBOWIInHO-KopoMbICJIOBOM H KpHBOWHnHo-no.JI3YH· 

HOM MexaHH3Max H npH B3aHMHO nepneH.ll.HKYJIHpHOM pacno.Jiox<eHHH 

KpHBOillHIIa H KYJIHChI B KYJIHCHOM MexaHH3Me. KoHcmpyKmU6ft.blM pa3· 
(JurnueM Ky1tuc1iozo MexaHU3Ma f/.8AJ1.emcfl MaJibTHHCKHH MexaHH3M, 

no360//.HJOl1.{UU ocytl.{eCtn8//.flmb 8.llume/lbliYIO 0Ctnafl06KY 6blX081iOZO 36eHa 
npu HenpepblBHOM pMHOMepNo,11, Bpau~eHuu BXOOHoeo 38e1ia. OcttoBHhIMH 

xapaKTepucrnKaMH M8.'IbTHHCKOI'O 111exaHH3Ma (pltC. 7 .16) HBJIHIOTCH 

a 

PHc. 7.16. MaJI&THiiCKHii MexaHH3M 
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cfJYHKUHH noJio:meHH.fl, nepe.naTOtJH2H cf>YHKUHH H K03<fxfmu11em HC· 
nOJib30B2HHH BpeMeHH UHKJia - OTHOllleHHe BpeMeHH noaopoTa K ape-
MeHH nOKOH k, = t1lt2. . 

.UJIH npoH3BOJibHoro noJIO)l{emrn KpHBOllIHna I MaJibTHHCKoro Me· 

X8HH3Ma B cpa3e apameHHH 3BeHa 2 H3 reoMeTpHtJeCKHX coo6paMeHHH 
noJiytJHM 

/1//0 =I.= sin 'P2fsin (cp1 + qi2), 

OTKy)J.a cpyHKUHH noJIO>l<eHHfl 

cp2 (cp1) = arctg (A. sin <p1/(l - A. cos cp1)). (7 43) 

.[lmpcpepeHUHPYR ycJIOBHe (7.43) no <p1, noJiytJHM nepe.naTOIJH yJO 
lf>yHKUHIO 

(7.44) 

DpH tJHCJie na30B z Ha 3BeHe 2 {KpecTe) yroJI noeopoTa ero 3a 01urn 

o6opOT KpHBOllIHna COCT8BHT 2<p2 = 2:rc/z. np11 nOBOpoTe KpecTa Ha 

yroJI 2<p:i KpHBOWHn noaopatJHBaeTCH Ha yroJI 2q.i. = :rt - 21P2 = 
= n - 2n/z = n (I -2/z), H3 qero cJie11yeT, tJTo tJHcno na3oB z;;;:;;. 3. 

DpH noJIHOM apeMeHH UHKJia t = t1 + t2 apeMR nosoporn KpecTa Ha 

yroJI 2<p2 

speMH IlOKOH 

t2 = (2:rc - 2cp1)/rn 1 = :re (I + 2/z)/ffi1; 

K03cflcf>HUHeHT HCnOJib30B2HHfl BpeMeHH UHKJia )I.JI.fl MexaHH3M3 c BHew

HHM 3auenJieHHeM (pHc. 7.16, a) 

k, = t1/t2 = (z - 2)/(z + 2); 

n..rrn MexaHH3Ma c BHyTpeHHHM 3auenJiemteM (p 11c. 7 .16, 6) 

k1 = (z + 2)/(z - 2). 

8. CHHTE3 IlPOCTPAHCTBEHHhIX MEXAHU:3MOB 
C HH31IIU:MU: KHHEMATU:qECKU:MU: IlAPAMH 

8.1. Oco6ennocTH CHHTeaa upocTpancTBeHHLIX MexanuaMoB 

JlJIH onpe.11eJieHHH rIOJIO>l<eHHH 3BeHbeB npocTpaHCTBeHHblX MexaHH3MOB 

B npocTpaHCTBeHHOH CHCTeMe KoopmrnaT TpeoyeTCH OOJlbllle napaMeT· 

poB, tJeM ..LIJIH nJJOCKHX MexaHH3MOB c TeM me tJHCJIOM 3BeHbeB. <l>yHKUHH 

rIOJIO>KeHHH MeXaHH3Ma nJIOCKOro wapHHpHoro tJeTb1peX3BeHHH Ka 

(pHc. 7.5) BKJIIOtJaeT nHTb napaMeTpOB (jJ3= !p~ (LI, l2. la. lo. CfJ1). <1>yHK
u1rn rIOJIO.X<e11m1 npocTpaHCTBeHHOfO 4eTbipex3BeHHOro MexaH H3Ma 

(pHC. 8.1) BKJllOlJaeT y)Ke BOCeMb napaMeTpOB (j!a = (jl3 (ll• lz, l~, 
Xo, yo, Zo, a, cr1l· CJ1e.110BaTeJibHO, npoCTpClHCTBeHHblE' MexaHH3Mbl 
Il03BOJIHIOT peaJIH30BaTb 32112HHbie qiyHKUHH nOJIO)KeHHH H nepenarnq

Hble cpyHKUHH c 6oJibWeH CTeneHblO T04HOCTH, TaK K3K yseJll-14HBaeTCH 

tJIICJIO B03M0/l{Hb!X BapHaHTOB non6opa napaMeTpOB 11 B03MOJ!Ulb!X CO· 

qeTaHIIH HX 3H8'WHHH. 
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0.nHaKo no TOH >Ke npH1nrne npocTpaHCTBeHHbie MexaHH3MbI 06Jia

.na10T 6oJibUieH, tJ:eM OJIOCKHe MexaHH3Mbl, qyecTBHTeJibHOCTblO K OTKJIO

HeHIHIM JIHHeiiHhIX H yrnoBhIX pa3Mepoe 3BeHbeB OT 3a.naHHhIX. Oo3TOMY 

npHMeHeHHe TOlJ:HblX MeTOllOB CHHTe3a npocTpaHCTBeHHbIX MeXaHH3MOB 

H3-3a HeTOlJ:HOCTeH H3fOTOBJieHHSI H MOHTa.)Ka 3BeHbeB, HeH36eX<HhIX npH 

H3fOTOBJiemm H c6~pKe peaJibHbfX MexaHH3MOB, He npHBOJJ.HT K TO<J:HO

MY aocnpoH3Be.neHHIO cpyHKUHH nono>KeHHH HJIH nepe.naTOtJ:Hoii cpyHK

UHH. Opu npoeKTHpoeaHHH npocTpaHCTBeHHhIX MexaHH3MOB 6onee 

PHc. 8.1. Onpe.!leJJeHHe napaMeTpOB ct>YHK· 
UHH DOJIOJKeHHll MeXaHH3MOB 

PHc. 8.2. CHHTe3 npocrpaHCTBetrnoro map
HHpHoro 'HITlilpex3BeHHHKa 

c z R 

3 

T 
ffIJ' 

x 

A' 
j, 
l/t J 

!:I 

ueJiecoo6pa3HO npHMeHSITb npH6JJH)l{eHHbie MeTO.l{bl CHHTe3a c MHHJf

MaJibHhlM KOJJHtJ:eCTBOM onpe.l{eJIHeMblX napaMeTpOB. 3HatJ:eHHSIMH .n.py
fHX napaMeTpOB 3a.l{alOTCSI HCXO.LJ.SI H3 Ha3Ha'leHHSI MexaHH3Ma H KOH

KpeTHblX yCJioBHii ero pa60Tb1. YMeHbWeHHe KOJIH'lecrna napaMeTpoe 

CHHTe3a n03BOJIHeT pewaTb 3a.l{a'ly onTHMaJibHOfO GHHTe3a .l{JISI HeCKOJib

KHX KOM6HHaUHH 3Ha'leHHH npHHHMaeMbIX napaMeTpOB. OonyqaeMbie 

npH 3TOM aapHaHTbl cxeMbl MexaHH3Ma aHaJIH3ttpylOTCSI, H3 HHX Bbl-

6Hpa10TCSI Te, KOTOpbie nptt KOHCTpyKTHBHOH npopa60TKe MeXaHH3MOB 

.nalOT Hatt60JibWHH Bhmrpbllll B Macce 3BeHbeB, CTOHMOCTH HX TeXHOJIO· 

ruqecKOH o6pa60TKH H T. n. 

llJIH npocTpaHCTBeHHblX MexaHtt3MOB nOJib3YIOTCSI MeTO.D.3MH CHHTe-

3a, paccMoTpeHHbIMH Bhiwe. HaH6oJiee o6IIJ.HM HBJIHeTcsi BeKmopHbLU 
.M.emoiJ. Optt tteKoTophIX qacTHhIX cJiytJ:asix pacnoJio)l{eHHH 3BeHbeB a 
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npocrpaHCTBe " opH€!1TaUHH KHHeMaTH'leCKHX nap MeHbWe MaTeMaTtt
qecKHX npeo6pa3oBaHm':i rpe6yIOT MeToJlhI npn6.1111)!{eHHoro crrnreaa 

no l.Je6brrneBy. 

8.2. IlpocTpaHCTBeHHLie mapHHpHLie 1JeTL1pexaBeHHHRR 

PaccMoTpHM cHHTe3 MexaHH3Ma wapm1pttoro 'leTbipex3seHHHKa .nJu1 
npOH3BOJibHOf0 cJiy'laH nOJIO}l{eHHH ero 3BeHbeB H ocett KHHeMaTH'leCKHX 

nap (pnc. 8.2). 3acpHKCHpyeM Ha OCHX spamaTeJibHblX KHHeMaTH'lecKHX 

nap A' H D' TO'IKH A H D, KoTOpb1e ncno.r1b3yeM JJ.JIH nocrpoeHHH eeK

ropttbIX MHOfOYfOJlbHHKOB. npn HCnOJib30BaHHII npOCTp3HCTBeHHblX 

l<OOp.llHHaTHbIX CHCTeM ue.11ecoo6pa3HO npnMeHSITb BCnOMOfaTeJibHblC 

1mop.ztHHaTHhie CHCTeMbI, n03BOJISllOlllHe no.11yLJHTb npoCThie 3aBHCHMOC· 

TH JJ.JISI KOOPJJ.11H3T TOLJeK B HHX, a KOOpJJ.HH3Tbl 3Tl1X TOLJeK B OCHOBHOll 

cttcTeMe - qepe3 cpopMyJibT nepexo.na (CM. r.n. 5) . .LlJlH ynpomeHHH seK

TOpHhlX npeo6pa30B3HHH B pa3HbIX KOOp.llHHaTHbIX CHCTeMaX OCb 

Ox ocHOBHOH KOOpJJ.HHaTHOH CHcTeMhI Oxyz uanpaBHM no ocn KHHeMa

TH'lecKOH napbI D', och Oz - no JIHHHH KpaTLJaiiwero paccrosimrn 

001 Me)l{JJ.Y cKpemueaIOlll.HMHCH ocHMH KHHeMaTHlleCKHX nap D' 11 A', a 
ocb Oy - nepneHJJ.HKYJIHpHO nJiocKOCTH xOz. 

noMeCTHM HaLJaJIO BCnOMOfaTeJibHOH KOOp.llHHaTHOH CHCTeMhT B TOll

KY A TaK, '1To6w ocb Ax1 cos1rnitaJia c oc1>10 spamareJibHOH napbI A', 
a ocb Az1 6b1Jia napaJIJieJibHa ocn Oz. 3seHo I pa3MeCTHM Ha JIHHHH 

AB, coe.nnHH101Ueii ocb napb1 A' c uettrpoM napbI B. npu TaKoM ttanpae

.11emm oceii KoOp.llHHaTHoii cucTeMbI oc1-1 nap D' H A' pacnoJiaraIOTCH 

B napaJIJieJibHbIX nnocKOCTHX xOy H x10 1y1, a ocH Ox 11 Ax1 o6pa3yIOT 

yrOJI a. OpTbI Koop.nmraTHbIX oceii Ax1y1z1 6yJJ.yT (cM. fJI. 5); 

~1 = !cosa + f sina; l 
j 1 = isina + jcosa; 

k, = k. 
(8.1) 

3eeHy J nyCTb COOTBeTCTByeT OpT e1, 3BeHy 3 - opT e8 , 3HaqeHHH 

KOTOphIX c.11e.ny101UHe: 

e1 =I cos qi1 + k.1 sin cp1 = i cos a. cos cp1 + I sin a cos <v1 + k. sin qi1 ; (8.2) 

e3 = 1 cos cr3 + "k sin <ra· (8.3) 
PaccMoTpHM onpe.ne.11ettne pa3MepoB 11 , 12 , 13 3BeHbeB 1, J2 H 3 npu 

33.llaHHhIX Koopmrnarnx TOIJKH A, TO'IKH D u cpynKUHH noJIO}f{eHHH 

q>8 = qi3 (qi1). Ycnosue 3aMKHyrncTH BeKrnpnoro KOHTypa ABCD nMe-

eT BH}l 11 + 12 + fa + [DA = 0. npeJJ.CTaBHM BeKTOp -lDA Ka K CYMMY 

BeKTOpHbIX COCTaBJISllOIUHX no onpe.ne.11eHHbIM opTaMH nanpasJieHHSIM 

lDA = -lDo + loo, + lo,A· Tor.Ila yCJioBne 3aMKHYTOCTH 3an11rnernS1 B 

stt.n.e I1 + l2 + l~ + lDo + loo, + lo,A = 0 HJIH 

lJ1 + l2e2 - 13e3 - lDOi + loo.k + 1o,;,j1 = 0. (8.4) 

3aMeHHM opTbI nanpaBJJSllOIUHMH KOCIIHycaMH . .Ll.11S1 9TOfO B ypaB

ueHHH (8.4) nepetteceM Li!2 B npanyio qacrb" B03Be.D.eM ero B CKaJispuwii 
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KBa)lj)3T. noc.IJe npeo6pa30BaHITH no,1y4HM 
.. 2 2 2 2 2 -- -- --

(ll-l2 + [3 + lDo +loo, - lo,A)- '2! 1 l 3t\t~ - 2l1looe1i + 2l 1loo,e1k + 
+ 211lo,Ae171 + 2l3lDoeai - 2laloo,e3k - 2l3lo,Ae;J1 - 2looloo,"fk-

- 2loolo, .ii/~ + 2loo lo,)i{1 = 0. (8.5) 
HcnoJih3YH CBOHCTBa oprnB nptt cKaJJHpHoM yMHollieHirn, noJiytIHM: 

eleH = sin ex COS (f'tCOS Cf>:i -\- sin cp1 sin cp3; e1i = sin ex COS <pl; e/?. = 
= sin <p1; e1j 1 = O; e3i = 0; e3k = sin <p3; eaf1 = cos a cos <p3; l { = 
= sin a; kj1 = 0. CToJJ,cTaBJI.srn B ypaB11eHHe (8.5) 3Haqemrn cKa
JIHpHbIX npoH3BeneHHi1 opTOB, HatiJ(eM 

1) 2 ') f) :2 /' 
(li-l?-f-t:;+ lb0+ loo+ lo,A)-2/1!3(sinacoscp 1 coscp3 + 

+sin qi1sin1p3)- 211/Do sm a co~ !fi + 2/1/oo, sin (j) 1 - 2l,/co, sin QJs-

- 2 l 3lo,A cos a cos 1p3 - 2 l oolo, A ~in a = 0. (8.6) 

B 3TOM Bhipa)f{eHHll nt•psoe H nocJie,11.uee c,13raeMb1e He 3aBHC51T OT 
HCXO.UHhIX napaMeTpoB. Pa3JJ.eJJHM o6e 11acT11 ypam1emrn (8.6) tta l1 (3THM 
Bhlpa11<aeM see JIHHeHHble pa3Mepbl B .11.0JISIX l,) H o6o3Ha'lHM 

• •) '' '/. 2 c; 

2x0 = (I - 12 + l~ + fiJo +loo, + lo,A - 2luolo,A sin a). 

TorJJ,a noJ1yq11M 

x0 - (sin a cos cr1 cos <i's+ sin q·1 sin rra) l 3 - !Do sin rx cos (p1 + 
+ loo, ~in 1~ 1 - l)oo, sin q1:i - l)o,,, cos u. co~ <p3 = 0. 

Pa3.uemrn see 'lJJeHbl :noro ypar3Hemrn Ha l3, onpeneJJHeM x1 = x0//3; 
x2 = lnoll3 ; X3 = loo.Ila; x4 = loo,; x5 = lo,A· Tor.11.a JlJIH npOH3-
BOJibHOro i-ro IlOJIO)f{eHHH KpHBOWHna, xapaKTep113yeMoro onpe,11.eJieH
HblM 3Ha'leH!feM yr.1a llOBOpOTa KpHBOWHna lp1;, COOTBeTCTBYIOW.He eMy 
no cflYHKUHH IJOJJO>KCHHH 3Hal!eHHH yrJJa nosopora KOpOMblCJia cp31 no
J1y1mM H3 ycJ10BHH 

Xi - X2 sin a. cos 1p1 I + X3 sin (j)Ji - x., sin fP:Ji - X,; CO<; a. cos q;,1; -

- (sin a cos <p11 cos <p;i; +sin cp11 sin cp1,) = 0. (8. 7) 

B ypaBHeJIHH (8. 7) rIHTh HeH3BeCTHbIX. Op11HHMaS1 311a1Jemu1 i = 
! , 2, ... , 5, noJJy'IHM nfffb ypas11em1i1. H3 pewemrn cucTeMbl 3THX 

rnrrn ypaBHeHHH noJJyqHM HeH3BeCTHhIC pa3Mepbi: HenocpeJlCTBeHHO 
ll3 peweHHM - Lou, fl lo,A, 3aTeM - 13 , loo, a H3 Bb1pame11HH ,11.JJSI 
xtJ - BeJJH'lm1y 12 • flpHHHMaH H3 KOHI<pernbIX ycJIOBHH pa6oThI Mexa
im3Ma pa3Mep 11, Bbll!llCJI11~1 m111eti11h1e pa3MCpbI Bcex 3BCHbeB Mexa
llH3Ma. 

CHHTe3 MexaHll3Ma npoCTpattcTBeHHoro l!eTbipex3sem111Ka ocyw.ecr
emnoT I! MCTOAOM 4eobIWeBa. BBHJlY rpoM03JJ.KOCTH aJJr('Of13Hl!CCKHX 
npeo6pa30B3HHH .il.JIH o6w.ero CJiyqafJ paCCMOTpHM 3TOT Mere cJIH l!3CT
J!Of0 cJiy'laH, Korna octt KHHeMaTu11ecKHX nap A' H D' cKpeuurna!OTCH 
non yrnoM 90° (pnc. 8.3). 3a,naHHOH HBJIHeTCH cpyHKUHH noJIO)KeHJrn 
<Jla = <fla (cp1) ; B pe3yJlbTaTC CHHTe3a Heo6xO,ll.HMO onpe,'l.eJIHTb pa3Mepb1 
3BCHbCB /, 2 11 3. HanpaBHM ocb Oy no ocH spaw.eHHH KHHeMaTH'leCKOii 
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napbI A' c OpJJ.11HaToii a TOIIKH A Ha 3Toii oc11. Och apaw.aTeJibHof1 Kl!He
Marn11ecKoii napbI D' noMeCTHM B nnocKOCTh xOz c Koopnu11aTaM1t b H c 
¢i11Kc11poaaHHoH. Ha Heii rn11K11 D. 

CTeneHb np116JIH)l{eHJrn 3aJJ.aHHoii ¢YHKUHH % (cp1) K cpyHKUllll nono
:meum1 <p 3 = qi3 (rp1) CHHTe3HpyeMoro MexaHH3Ma ouemrnaeTCH B3Be
rneHHOH pa3HOCTbIO l'lq, KOTopyIO np11MeM, KaK II )lJlll nJIOCKoro Mexa
H113Ma (CM. rJI. 6), B H3BeCTHOM y)l{e Btt)l.e 

l'lq = l~ - l~c· (8.8) 

3HatieHtte l~c .llJIH npoCTpaHCTBeHHOro MexaHH3Ma 6y.zteT 

z 
c 

l~c = (XB - xc)2 +(YB - Yc)2 + (zs - zcf. (8.9) 

!J 

KoopiumaTbl ueHTpon c¢e
p1111ecK11x KllHeMaTHlleCKllK nap 
B 11 C onpe,!1.eJIHM no 3as11ctt
Mo~rnM xs = 11 cos rp1 : Ya"'= a; 
z11 = l1 sin cp1; Xe= b; Ye= 
= /3 cos rp3 ; zc = /3 sin rp3 + c. 
00.llCTaBJIHH HX B ypaBHetrne 
(8.9), noc.11e npeo6pa3osaH11ii 
nony1111M 

Puc. 8.3. CHHTea MexaHH3Ma no MeTO.llY 4e-
6blmeBa 

Zzc = a2 + b2 + c2 + Li+ 

+ z5 - 21113 sin fllt sin 'P:1 -

- 2cl1 sin ffJi - 2bl 1 co:> <f>i -

- 2al 3 cos tp3 - 2cl 3 sin (i':i· 

np1rnuMaH .ll.nSI .zta.nhHeHUlllX paClICTOB 11 = 1, IlOJIYllllM Bblpame11He 
2 . 

)lJIH l2c. B KOTOpOM Bee Jll!HeHHbie pa3Mepbl Bblpa>KeHbl B )lOJIHX li: 

l~c = a't. + b2 + c2 + l + l~ - 2/3 sin rp1 sin fP3 - 2c sin q>1 -

- 2bc · cos q>1 - 2al3 cos q>3 - 2cl3 sin cp3 . 

Tor;1.a a3aemeHHaS1 pa3HOCTb (8.8) n.nH paccJViaTpHBaeMoro MexaHH3-
Ma onpe.zteJIHTCH B Bii.Ile 

ll4 = l~ - l~c = 218 sin q>1 sin rp8 + 2c sin q:>1 + 2b cos q>1 + 2al8 cos q>3 + 
') 2 + 2c/3 sin q>3 - a2 -b2 - c2 - l3- l + lz. 

Bae.zteM o6o3uaqemrn: a1 = sin cp1 sin cp3; x1 = 213; a2 = sin q>1 ; 

X2 = 2c; a3 = COS cpl; X3 = 2b; 04 = COS fPa; X4 = 2af s; 

a& = sin cp3; x5 = 2cl3; a6 = - I; x6 = a2 + b2 + c2 + l~ + I - l~. 
Torna no.11y1111M 

l'lq = a1x1 + a2x2 + a3x3 + a4x4 + a5x5 + a6x6 + <D ( cp1), (8. IO) 

r.ne <D (q>1) - 3a.ztaaaeMaH <flyHKUHH, He co).l.epmarn.aH napaMerpoo cttH
Te3a. 
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Ko3cpqmu11eHThl a1 , a2 , ••• , a6 onpe.n.eJIHIOT ¢YHKu11eii noJiomernrn 
ll Haxo.n.siT .D.JIH J1106oro 3Ha11emrn qi1. Onpe.n.eJisisi ux .IJ.JIH J1106oro yrna 
noBoporn KpHBOWHna <p1 i H COOTBeTCTBYIOW.ero eMy yrna <p3;, ll.llSI 3Ha
lJeHJIH i = 1, 2, ... 6 noJJytrnM CHCTeMy 113 wecTH ypaBHeHHH, 113 pewe
mrn KOTopoii onpe.n.eJIHM x1 , x2 , ••• , x6 , a no HHM - JIHHeiiHhie pa3~1epb! 
aseHbeB MexaHH3Ma a JI.OJIHX 11 . OpttHHMaH l1 JI.JIH o6ecneqemrn KOHKpeT
HbJX ycJIOBHii pa60ThI MexamrnMa, BhJqHcJJsiIOT pa3MepbI scex 3BeHbeB. 

8.3. RpuuoIIIunHo-noJiayHn:Lie MexannaMLI 

B 3a.n.aqe CHHTe3a npocTpattcrne1rnoro KpHsowrmHo-noJI3YHHoro Me
xaHH3Ma o6bJqHo 3a,naHHb!MH SIBJ!Sl!OTCSI yroJI Me)K)l.Y HanpaBJISIIOUl,eH 
nocTynareJibHOi't napbl D' noJI3yHa 3 (p11c. 8.4) 11 OCblO spamaTeJibHOH 
1nrneMarntJeCKoi't napbI A' Kp11sow11na 1, a TaKiI<e Koop.n.ttHaTbI cf>ttKCH
poBaHHoii ToqKu A Ha Heit PacnoJJomHM ocHOBHYIO Koop.n.11HaTHYIO CH· 
creMy Oxyz TaK, 'lT06hI ocb Ox 6b1Jia HanpasJJeHa no HanpaBJIHIOUl,e.if 

z /<.. B 

PHc. 8.4. CH11re3 apocTpaucrnenttoro Kp11aow11m10-aoJ1· 
syHHOfO MeXaHH3Ma 

nocTynaTeJibHOii napbI D', och Oz - no JJHHHH 001 KpaHaihuero pac
CTOHHRff Me:>KJJ.Y cKpew.naa10W.HM11csi ocsiM11 nap A' HD', ocb Oy - nep
neH.n.nKy.rrn pHa nJtOCKOCTH xOz. B roqKe A noMeCTllM HaqaJJo scnoMo
rareJJbHOi't Koop.n.11HaTHOH c11creMbI Ax1y1z1, ocb Ay1 Koropoi1 npoi'!.n.er 
no ocu KHHeMaTHlJeCKOH napbl A' qepe3 roqKy 0 1 Ha OCH Oz, a oc1> Az1 

6y.l\eT napaJJJJeJibHa OCH Oz. TaK KaK ocb Oz cosna.n.aeT c JIHHHei't 001, TO 

om Ox 11 Ax1 Jie:maT s napaJ1J1eJibHbIX nJJocKocrnx, ~ yroJI Me.m.n.y m:~at 
COCTaBHT a_ 

OpThI oceif cncTeMbI Ax1y1z1 onpe,ZJ.eJIHTCSI no 38BHCHMocrnM (8.1 ), opT 
t1 - no 33BHCHMOCTH (8.2). y CJIOBHe 33MKHYTOCTH BeKTOpHoro KOHTy
pa ABC 6y,ZJ.eT 11 + i2 + laA = 0. BeKrop lcA MOMHO pa3JJO>KHTb 
no H3BeCTHbJM HanpaBJleHHSIM: LcA = lco + loo, + lo,A. Tor,na yc.110-
e11e 3aMKHYTOCTH KOntypa ABC001A oKoHqareJibHo 3armweM s BH,ZJ.e 

l1 + -12 + lco +loo, + lo,A = 0 HJJH 

(8.11) 
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1'kKJllQqlfM 113 Bhipa.IKeHl:H! (8.11) opT e2 , )I.Jiff tiero nepeHeCeM /2e2 B 
npasyJO tiacTb 11 B03Be.n.eM s cKaJrnpHhitt KBa,n:paT. Tor.n:a nocJie npeo6-
pasosan11i1 c yqeTOM CKaJIHpHhIX npOH3BeJJ,eHl1H opTOB, noJiyqeHHhIX 

Bhillle, Hatt)J.eM 

(lT- l~ + l~o, + tb,A) - 2/1/co sin a cos cp1 + 2l1loo, sin IP1 -

- 2leolo,A sin a= -l~o. (8.12) 
Pa3,ll.e.rrns 3TO Bhrpam:emie Ha 11 , Bbrpa311M see JIHHettHhie pa3Mephl 

s JJ.OJrnx 11 11 s JJ.aJibHeiiweM np11MeM 11 == l. B ycJios1111 (8.12) nepsoe 

CJiaraeMoe He 33BHCl1T OT BXO)J.HblX napa'.1eTpOB. 06o3Haq11s 2x1 =< 

l -j-- l~o, + lb,A - [~, llOJIYliHM 

x1 - (leo)i cos cp1i sin a+ sin q:1Joo, -(leo)i lo· A sin a= -(leo)i. 
EcJIH np11HHTb, '!TO x2 = sin a; x3 = loo,; x4 = lo,A · sin a, TO 

x1 - (leo)i cos Ql1iX2 + sin !piiXa - (lea); X4 = - (lco)i. 
BbI'lHCJIHH no 3a)J.aHHOtt cpyHKUHH noJiomeHHH Xe = xe (cp1) 3Ha-

4emrn K03¢¢11uHeHTOB npH HeH3BeCTHblX .II.Jiff Cflii npH i = 1, 2, 3, 4, 
CBe,lleM 3a,llaqy K peweHHIO CHCTeMhl ypasneHHH, 113 KOTOpoii nocJie)l.O

BaTe.'lbHO onpe.neJIHM sin a, loo,. lo,A. 12 • Op11n11MaH /1 113 KOHKpeT

HhIX ycJIOBHH, Bbll!HCJIHM see pa3:v1epbl 3BeHbeB MexaHl13Ma. 

9. IlYTH PEllIEHHH 3A)J,Aq KHHEMATHqEcKoro 
CHHTE3A MEXAHH3MOB C BbICllIHMH 
KHHEMATHqECKHMH IlAPAMH 

9.1. 3aµ;a11H, pemaeMble c IlOMOIIJ;blO MeXaHH3MOB 

c EblCllIHMH napaMH 

MexaHH3MbI c BbICWHMH KUHeMaT11<JeCKHMH napaMH noJiyq11Jill 6oJihUI09 

pacnpoCTpaneHHe B CBff3ll c B03MO.IKHOCTb!O peaJIH33UHll npaKTHqecKH 

JIIOUOro 33KOHa .11.BIDI(eHJrn BhIX0.11.HOro 3BeHa npH MflHHMaJibHOM q11c.r1e 

npoMe)KyTOqHblX 3BeHbeB. 

flepe.11.aTO'IHblMU Mexamt3MaMU C 8blCIUUJdU KUHCAtanlULtCCKUMU napa

JHU pCUiO/Otn 3a8a'lll npeo6pa308GHUfl liCtipepbteHOCO, opbt'lHO paBHOMCp

H02V OBUJICCHUfl 8XOOH020 38CHG 8 HenpephtfJIWC aeuJICCHUC BbtXOOHOCO 38CHa 

c nocmwmHoii. w1u nepe,ueHHou cKopocmb10. Bxo)l.Hble H BbIXO.llHhie sseHbH 

cosepwaioT KaK apaw.aTeJihHbie, TaK 11 nocTynaTe.'lbHhie .llBHMeHHR c 
nOCT05lHHblM HJIH H3MeHHJOll.J.llMCH nanpaBJieHHHMH yrJIOBbIX 11 .'IUHeH

llbiX ci-;opocTeiL CJie.QoBaTe.'lhHO, MexaHH3MbI c Bh1cwnM11 KHHeMaT111.1e

c1rn\rn 11apaM1l HMelOT nOCTOHHHOe HJIH nepeMeHnoe nepe)l.aTOlJHOe OT
HOWeHHe. 

9.2. Tpe6onauua K reoMeTpHH auem.eu u CBJI3H 

c 33,l(a'laMH KHHeMaTHKH 

Op11 pernemm 3a)J.aq11 CHHTe3a MeXaHH3MOB C BhlCWllMH KHHeM3TllqecKH:· 

Mil napaMll Heo6XO)J.HMO ycTaHOBllTb reoMeTpHqecKHe ¢opMbl HX 3Jie

MeHTOB, o6ecnequsaJOlll,He Tpe6yei\lblll xapaKTep OTHOCIITeJibHOfO )J.BH-
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)l{eHHH 3BeilbeB, II HX reoMeTpH'leCKHe pa3:v1epbI, COOTBeTCTBYIOl~He 

3Ha'leJUUIM BXOJl.HhIX napaMeTpOB CHHTe3a. 

flooepXHOCTH, o6paay10w,ue J.lle.Meftnlbl 6blClUUX KUHe.MamUtteCl~UX 
nap u 06ecnettU6a10w,ue ooiJamwe omnocume.llbHOe iJow1eenue 3aen1>eo, 
Ha3bt0a10mCfl conpsiJKeHHblMH. MoryT HMeTb MeCTo .usa cJiyqaH 1rncaHHH 

conpmKeHHhIX nosepxHocTeH - mottettnoe, np11 KornpoM nosepxnocrn 

KacaJOTCH .n.pyr .n.pyra B TOqKe, H ./lUHeilttamoe, npH KOTOpOM nosepxHOCTH 

KaCa!OTCf:I .n.pyr .n.pyra no JIHHHH. 

Ha pHc. 9.1 noKa3aHbl aseHbH 1 H 2, B38HMOJJ.eiicTByJOIIJ.He .n.pyr c 
.n.pyroM s ToqKe KOHTaKTa K. EcJIH cBH38Th c 3BeHhHMH 1 H 2 CHCTeMhI 

KOOp.ZJ.HHaT 01X1Y1Z1 H 02X2Y2Z2, a co CTOHKOii - Heno.n.sm1rny10 CHCTe
MY Oxyz, To npH JJ.BH)l{eHHH aseHbeB TpaeKTopmt TOqKH I<OHTaKTa 

B Koop.n.11HaTHhlX CHCTeMaX onpe.n.eJIHT conpRJ/CeHHbte ,iunuu K1K; H 

K2K~. nputtaJJ.Jie)J<alll.He B3aHMo.n.eikTsy1olll.HM aseHhHM. TpaeKTop11H 

TOlJKH KOHTaI<Ta K s ueno.n.BH)l{HOH cHcTeMe Oxyz onpe.n.eJIHT JIHH11IO 

K0K~. KoTopasi Ha3hIBaeTcH .11unueu aau,en.11enufl. OonomNrne u $JpMa 

conpsimeHHbIX JIHHHH H JIHHHH 3auenneHHH onpe.n.eJJHIOTCH xapaKTepoM 

OTHOCHTeJibHOfO .u.sm1<emrn B3aHMO.U.eHCTBYlOIIJ.HX 3BeHbeB B Jl.8HHOM ua

npasJieHHH 11 cpopMOM nosepxuocTeii. 

OpH H3MeHeHHH uanpasJieHHH OTHOCHTeJibHoro .u.mrnceHHH cpopMa 11 

IIOJIO)!{eHHe conpH)!{eHHbIX JIHHHM H JIHHHH 3aue11JieHHH npH TOlJelJHOM 

KOHTaKTe 3BeHbeB MeHHIOTCH. CosoKynHOCTb conpH)!{eHHbIX JIHHHM 3Be

HheB o6pa3yJOT nosepxHOCTH S 1 u S2, KOTOpb1e 6y.u.yT conpH*eHHbIMH, 

ecJIH BeKTop OTHOCHTeJibHOH CKopocTH .u.nttmeHHH nosepxuocTeii v12 s 

TOlJKe KOHTaKTa Jle}l{HT B o6m.eu, KacaTeJlbHOH K nonepxHOCTHM nncc

KOCTH npH Jll060M HanpaBJieHHH OTHOCHTeJibHOro Jl.Bl-I}l{eHHH. B 3TOM 

CJiyqae COCTaBJIH!Olll.8H OTHOCHTeJibHOH CKOpOCTH BJl.OJlb o6m.eii HOpMaJIH 

n - n B TOlJKe KOHTaKTa K conpH*eHHhIX nosepxuocTeii pasHa HYJIJO 

H BbI6paHHble nosepXHOCTH ue pacXOJJ.HTCH Hue nepeceKa!OTCH. 

CosoKynHocTh JIHHHH sau~nJieHHH K0K~. naii.lleHHhIX JlJIH pa3JIHlJ

HhIX Hanpasnenttii BeKTOpa v12, onpeJJ.eJIHT nooepxnocmb sau,en.11enun 
Q 3BeHbeB 1 H 2. Bo3MOJKHble JIHHHH nepeceqeHHH ·conpmKeHHhIX 

nosepxnoCTeii H8XO.U.HTCH 33 npe.n.eJiaMH B3aHMOJJ.eMCTBYIOlll.llX 3BeHbeB. 

Optt TOllelJHOM Kacamrn aseHbes cpopMa conpHmeHHhlx nonepxuocTeif 

S1 H S2 JI.OJI)!{Ha OhITh CTporo oqepqena TOJihKO B pa6oqeu 30He nosepx

HOCTH aauennemrn, s KOTOpoii onpe.n.eneHbI conpH}l{eHHbie JIHHHH, a 

Ha JJ.pyrux yqacTKax OHa Jl.HKTYeTCH H3HOOJiee npOCTOH TeXHOJIOrHeH 
H3fOTOBJieHHH H ylfeTOM eo3MO}l{Horo cMelll.eHHH conpm1<em1h1x JIHHHH 

H3-3a HeTOllHOCTeH H3fOTOBJieHHH H .u.ecpopMaUHH 3BeHbeB. 

EcnH eaattM011eikTBY10lll.He aseHhH 1 H 2 KacaJOTcsi e ToqKax npocT

crpaucrneHHoii conpH}l{eHHOH JIHHHH HJIH no IlJIOCKOH KOHTaKTHOH JUI· 

HHH, TO Tpe6osaHBe Jl.JIH eeKTOpa OTHOCHTeJibHOH cKopocrn v12 co6mo
JI.aeTcH BO scex TOlJKax KOHT8KTa. CoBoKynHOCTb KOHTaKTHhIX JIHHHH 

B cHcTeMax 01x 1y1z1 H Oax2y2z2 noJIHOCTh!O onpe)l.eJIHeT cpopMy conpsi

*eHHhIX nosepxnocTeif, a B cucTeMe Oxyz - nosepxHOCTb 3auenneHHH 

Q. B 3TOM cnyqae conpH}l{eHHhie nosepxHOCTH S1 H S2 noJIHOCTh!O onpe

.neJieHbI Ha ncex yqacTKax pa6oqeif 30HhI 3Bettbes. 
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9.3. CHHTea conpameHHLIX nosepxuocTeii npoCTpaHCTBenuoii 
BLICWeH: KHHeMaTH11ec1wii napLI 

3a.11,a4a CHHTe3a conpameHHbIX noBepxHocTeii Bb1crneil KHHe~rnrn:qecKoft 
naph1 B npoCTer1wert nonaHOBKe 3aKJII04aeTCH s onpe.D,eJieHim noaepx

HOCTH S2 , conpm1<eHHOH c 3a)l.aHHOH noaepxHOCTbIO S1 , np11 H3BeCTHhlX 

nepenaT04HOfl cpyHKUIHI 3BeHbeB 1 H 2 i12 = W1IW2 H cpyHKUHH H3MeHe

HH.H HarrpaBJIHIOW.ero yr.11a BeKrnpa v12 OT Koop)J.HHaT 3Betta /. DpH B3an

MO)l,ettcTBHH rnepitbIX 3BeHbeB He MOllieT ObITb BHe)J.pemrn onttoii no-

z 

n 

0 

x x 
PHc. 9.1. KottTaKT 3ne11beB B rn•!Ke PHc. 9.2. ~'cJioene conpHIKCHHOCTK 

noaepx11ocTei\ 

"'l 
-\ 
Wz 

PHc. 9.3. 06mHli c.1yqaif KHHeMa· 
TH'leCKOH napbl 

PHc. 9.4. CuttTe3 nonepxttocTeK Bblcmcif KHHe· 
MaTH'ICCKOK napbi 

BepXHOCTH B .upyryIO m160 pa3Mb!K3HHH KHHeMaTl'!l!eCKOH napb!. lfro-

6bi y.n.oaJieTBopHTb 9TO Tpe600am1e, BeKTop u12 OTHOCHTeJibHOro .ll.BH>Ke
HHH B JIIOOOH T04Ke KOHTaKTa llOBepXHOCTH 3auenJieHHH )l,OJI)KeH Ha

XO.ll,HTbC.H B ITJIOCKOCTH, KacaTeJlhHOH K OOOHM conpsi:>KeHHbIM noBepx

HOCTSiM B 9TOH TO'lKe. 3-ro Tpe6osamie 3aOHChlBatoT B BH)J.e ycJIOBHR 

nepneH)l.HKYJIHpHOCTH BeKTOpa OTHOCHTeJihHOH CKOpOCTH 012 K OO~eit: 
HOpMaJIH B TOl!Ke KOHT3KTa K HJlH e,L(HHH'l{HOMY BeKTOpy (opTy) n11 00· 
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meii nopMaJIH (pnc. 9.2): 

(9.1) 

Bb1pa>KeHHe (9. l) HBJIHeTCH MaTeMaTIItieCKOH 3amICblO OCHOBHOii 
TeopeMw 33f\ennennH: noeepxnocmu 8/le.Menmoe Bbtcmeti. KUHe.Mamu'le
cKot1 napbl 6yaym conp».J1CeHHbt.Mu, ecAu e A106ou mo'lKe KonmaKma o6U{GH. 

Hop.MGAb K HUM 6yaem nepnenauKyA».pna eeKmopy cKopocmu ux omno-
cumeAbHoco aeuJ/CeHUH.. BeKTOp OTHOCHTeJibHOH CKOpOCTH V12 onpe.ne.nH
eTCH H3 06UJ.HX IlOJJO)l{eHJIH KHHeMaTHKH OTHOCHTeJJhHOro JlBH}KeHHH 
Tsep.n.oro TeJia. 

nycTh 3BeHhH I JI 2 (pHc. 9.3), 3JieMeHTbI KOTOpbIX, KacaHCh B TQqKe 
/(, o6pa3ylOT Bb1crny10 KHHeMarnqecKyIO napy, aparn.aIOTCH. Torn.a B 

o6meM cJJyqae seKrnpb1 yrJJoBhIX cKopoCTeii w1 H w2 (pnc. 9.4) cKpeUJ.n
BalOTCH. CBH}KeM co 3BeHoM I Heno.nam1rny10 cHcTeMy KOOp.llHHaT 

0 1x1y 1z1 TaK, qTo och 0 1z1 coana.11.aeT c JJHHHeii n.eiicTBHH BeKTopa ffi1 . 

HatJaJJo 0 ueno.nBH>KHOH Koop.uunaTnoif cucTeMbI Oxyz coBMeCTHM c 

TO'IKOii 0 1, ocb Oz - c ,1HHHeii .neficTBHH aeKTopa w1 (T. e. Oz u 0 1z1 

coana.naioT), a och Ox - c mrnueii 0 10 2 = a..,. KpaT4aiirnero paccTosi
mrn MeJl<.llY CI<pern.IJBaJOutHMHCR no.n yrJJOM 1' JJHHIHIMll llCHCTBHH BCKTO

poe ©1 u ©2 • Tor.na noJio>Keuue 3Beua I B cHcTeMe Oxyz onpe.neJIHTCH yr
JIOM noaoporn KOOp.ll.HHaTHhrx oceii <p1• Co 3BeHOM 2 CBHmeM KOOpll.l1-
HaTHY10 CHCTeMy 02X2Y2Z2, OCb 02Z2 KOTOpOH COBna.naeT c .nHHHett .neii

CTBHH BeKTOpa C02. BeKTOpbI CKOpOCTett Toqex KOHTaKTa 3BeHbeB 1 H 2 
6y.nyT 

r.D.e '1 " '2 - pa.nHYCbI-BeKTOpbI Toqex KOHTaKTa 3BeHbeB. 
CKopocTb ToqKu K2 e cucTeMe Oxyz onpe.neJIHM Ha ocHoBaHHH ocnos

uoif TeopeMhl KHHeMaTHKH TBep.D.oro Te.Tia: 
- - - - - -
VK, = VK,O = vo.o + ffi2 x '1 = ffi2 x aw+ ffi2 x '1· (9.2) 

-
rne Vo,o = ffi2 x aw - BeKTOp CKOpOCTH nocTynaTeJJbHOro .ll.BH}l{eHHSI 
TOIJKH 02 npH npocTpaHCTBeHHOM BHHTOBOM nepeMeuteHHH. 

no TeopeMe 0 CJIQ}l{HOM .ll.BH}l{eHHH .llJIH TQqKH K noJJyqHM 
- - -
VK, - VK, + vx.x,; VK,K, = vx. - Vx,; V12 = Vx,K, = Vx, - VK, 

HJIH 

V12 = © 1 X r1 - ro2 X ;:;_ - © 2 X llw = (w1 - w2) X r1 - ffi2 X aw= 

(9.3) 

BeKTop (!)12 onpeJteJJHTCR reoMeTpu11ecKHM cyMMHpoaanueM aeKTo

poa ©1 u - w2 nocJJe nepeHoca ©2 B nJJOCKOCTh zOy. 
lI.JIH npHHHTOro pacnono>KeHHH cucTeM Koop.zrnnaT Oxyz cJJeJJ.yeT. 

rot = ro;-Ti; 002 = f(J)2 sin '\' + kro2 cos y; 

ro12 = - /ro2 sin'\'+ k (<01 - w2 cosy). (9.4) 
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yql!TbIBaSI CBOHCTBa CKaJISipHblX II BeKTOpHbIX npOlI3Be,L{eHHH opTOB 

~oop,nunaTHblX oceif (cM. rJJ. 5), noJJyqHM_H3 ¢opMyJJhI (9.3) npoeKUHH 

vlll ua KOOp.!l.HH3THbie OCJI npH 33,ll3HJIOM W1: 

V12x _ - w1 ((I ~ i 21 cosy} Y + _zi21 sin~); l 
V12y - (1)1 ((1 - 121 COS'\') x-a,,,t21 COSj'), 

V122 = w1 (a,,, + x} i21 sin I'· 
(9.5) 

r.n:e i21 = (J)2f W1 - 3Haqemrn BOCOpOH3BO.llHMOH 33)1.aHHOH nepe,naroq

HOH <PYHI<UHH. 

Op1 HOpMaJJH n12 B ypaBHeHHH (9.1) onpeJ1.eJJS1eTcS1 no 3a)l.aHHOMY 

ypaBHeHHIO nosepXHOCTH 3JleMeHTa KHHeMaTH'IeCKOH napbl 3BeHa 1 
S1 (x, y, z) = 0. B 3TOM ycJIOBHH x = x (v, 0), y = y (v, 0), z = z (v, 
0), r)l.e v H 0 - He3aBHCHMbie napaMeTpbl, HBJIHIOIJ..{HeCH apryMeHTaMH 

.!l.JISI Henpeph!BHblX <PYHKUHH KOOpJJ.HH3T (KpHBOJHJHeHHble K00p.ll.HH3Tbl 

Ha nosepxHOCTH). B seKropnoM mrne yparrneHHe nosepxHOCTH uMeeT 

BH.ll. '1 = r1 (v, 0). Tor.11.a opT HOpMaJH1 

nu = (Or1lov x or i1o8)1 I Or1!Dv + Or1!af) I· (9.6) 

Bb1pa3HM neKTop v12 qepe3 Koop.11.ttHaThl nosepxuocrn S H 3a,ll.aHHhJe na

p11Merph1 ClIHTe3a C HOMOllJ.blO BbipameHHH (9.5). Onpe,ll.e.IJSIH n12 H3 Bbl

pamemrn (9 .6), pew HM ypasue1rne (9. I), nocJie qero onpe.ueJJHM Koop

.llHHaTbl TO'leK noBepxHoCTH S 2 , 3JJeMeHTa 3Beua 2 KHHeMaTH'lecKoii 

naphl, conpmKeHHoii c nosepxuocThlO 3seua 1. 
ECJJH KOHTaKT 3BeHheB npoHcxo.!l.HT no .mrnHH, TO llJIH KamJJ,oif ro<r

KH KOHTaKTHOH JlHHHH ll.OJllliHO co6JJIO)l3TbCH YCJIOBHe (9.1). 0pSIM3SI 

JJHHHH, qepe.3 KOTOPY'° npoxo!lHT HopMaJJH K conp5nKeHHhIM nonepx

HOCTHM scex TO'leK KOHTaKTa conp11meHHhlX nosepXHOCTeii, H33bIBaeTCst 

OCblO aal{enAeflUJl. J13 TeopeTH'leCKOH MexaHHKH H3BeCTHO, 'ITO npu spa· 

IJ..{3TeJibHOM llBH}l{eHHH 3BeHhCB co CKper.uHBalOlll.HMHCH OCSIMH HX OTHO

CHTeJibHOe JI.BH}KeHtte HBJIH~CH 8Ulim08bUt, COBOKYilHbIN! BpamaTeJibllbIM 

llBH>KeHHeM co CKOpOCTblO ffi12 OTHOCHTeJJbHO MfHOBeHHOU _BHHTOBOH OCH 

spameHHH H nocTynaTeJJbHbIM .11.BHX<eHtteM co CKOpOCTblO V12 B.llOJih Hee. 

3Ta OCh SIBJIHeTCH JIHHHeii KaCaHHSI aKCOHJJ,HbIX nosepxnocTeH, CBH33H

HbIX co 3BeHbSIMH. TaK KaK H qepe3 OCh 3auenJJeHHH, H qepea BHHTOBYIO 

OCb npOXO.llSIT HOpMaJIH, TO 3TH OCH cosna)lalOT. YpaBHeHue BHHTOBOH OCH 

W-12 x v12 = o. 
OTKy.na CJie.QyeT, 'ITO JlHHHH )lettCTBHH BeKTOpOB '"ia H Vu napaJJJieJJbHhl. 
Y'IHThIBaH Bhipa}l{eHHH (9.4) H (9.5), csoficrna npoeKuui\ seKTopHoro 

npon3se)leHHH H npHHHMaH ffi 1 = I c-1, noJJy'IHM 

W12yV12z - W122Vt2y = - U21 sin y)2 (x + aw) - (I - i21 cos'\') x 
x ((I - i21 cos'\') x - awi21 cos i') = O; 

W12zV12x - W1ixV122 = 
= - (1 - i21 cos'\') (zi21 sin y + (l - i 21 cosy) y) = O; 
cu12xV12y - W12yV12x = - i 21 sin i' (zi21 sin i' +(I - i21 cosy) y) = 0. 
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Ma ypasHeHHH (9. 7) noJiyl!HM nocJie npeo6pa3oBaHHH .nJIH 
BOH ocu: 

x = -r0 = - awi21 (i21 -cosy)/(l - 2i21 cosy+ i~1); 
y = - zi21 sin '\'/(I - i 21 cosy). 

BHHTO-

(9.8) 

Ha ypaBHeHHH (9.8) BHJl.HO, qTQ BHHTOBa.H OCb nepeceKaeT JIHHHIO 
KpaTll3Hlllero paCCT051HH51 002 B TOqKe x = -ro, a c OCblO z OHa o6pa
syeT yroJI 1\ = arctg [i21 sin y/(l - i21 cos y)I npH YKIZK = -tg 61. 

Torn.a. onpeneJHrn noJiomem1e rnqKH K na BHHTosoii ocu (pHc. 9.4) qepe3 
aa.ll.aHHbie napaMeTpbI, noJiyqHM 

x = - r0 = - a"-,i21 (i21 - cos y)/(I - 2i21 cosy+ i~1); l 
y = -u sin(\; 

z = u cos 01 • 

(9.9) 

Ypasnemrn (9.9) onpe.ll.eJIHIOT noJiomeHHe BHHTOBOH ocu s Heno
.llBH)f{HOH Koopn.ttnaTHott CHCTeMe Oxyz, ocb Oz KOTopoiI cosna}laeT c 
OCblO 0121 CHCTeMbl 01X1Y1Z1, CB513aHHOH c BpauiaiomHMCH sseHOM 
I. Toma ypaBHeHHe BHHTOBOH ocH B CHCTeMe 0 1x1y 1z1 (pHc. 9.4) noJiy
qHM, HCnOJib3Y51 MaTpHUbl nepexona OT CHCTeMbl Oxyz K CHCTeMe 
01X1Y1Z1 (CM. fJI. 5)1 

X1 - cos C(J1 sin qi1 0 0 ro 

Y1 sin qi1 cos <pl 0 0 -usin<\ 
- 0 0 I 0 u cos 61 Z1 

(9.10) 

0 0 0 0 I 0 
HJIH 

x1 = - r0 cos <p1 - u sin 61 sin qi1 ; 

l y1 = r0 sin <p1 - u cos <p1 sin 61 ; 

Z1 = u cos Bl. 
(9.1 I) 

YpasHeHHe BHHTOBOH OCH B cHcTeMe O~x2y2z2 , CBHsaHnoii co BTOpbIM 
3BeHOM KHHeMaTnqecKOH napbl, IlOJIY4HM, HcnOJib3YSl MaTpHUhl nepe
xona OT CHCTCMbl Oxyz K CHCTeMe 02X2Y2Z2, qepes BCTIOMOfaTeJihHYIO CH• 

creMy 0 2x2Y2Z·2, och 0 2xo 1<ornpoi\ cosnanae1 c ocblO Ox, a ocb 0 2z2 -

c ocblO 0~2 • MaTpHUhI nepexona OT cttcTeMhI Oxyz K CHCTeMe O'l.x2y2z2 

paBHhl (CM. fJI. 5): 

0 0 aw cos <r2 sin <p2 0 0 

M2·0 = 
0 cosy -sin y 0 

M2?· = 
- sin <p2 cos fP2 0 0 

0 sin y cosy 0 0 0 1 0 
0 0 0 1 0 0 0 I 

cos fP2 cos v sin (f2 - sinv sin qi2 aw cos 'P2 

I - sin <p2 cos'\' cos q;2 - sin v cos cr2 - aw sin fP2 (9. 12) Mw = j 0 sin y cosy 0 
0 0 0 I 
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Tor)l.a ypaBHeHHe BHHTOBOM OCH B CllCTeMe 02XzY2Z2 6y.n.eT 

r; = M2or() 
HJIH 

X2 = (aw - ro) cos <p2 - u sin U\1 + '\')sin <p2; l 
Y2 = ~(aw - ro) sin <p2 - u sin (61 + y) cos rp2; 

Zz = U COS(<\+ y). 
(9.13) 

YpasHemrn (9.l 1) 11 (9.13) onttcbIBaIOT aKcOH)J.Hbre nosepxHocrn 
3BeHbeB 1 H 2, HBJIHIOlll.HeCH OJl.HOOOJIOCTHblMH rnnep60JIOH)J.Hb!MH no
nepxHOCTHMll apaw.eHHH. B :>TOM JierKo y6e.D.l1TbCH. CTpHHHB B ~rnx 
ypaeHeHHHX y1 = 0 H y2 = 0, noJiyquM ypastteHHR rimep6oJI B ce•w
HHHX, npOXOJJ.Hlll.HX qepe3 OCH 01Z1 H 02Z2 (pHc. 9.5, a), a npHHHB Z1 = 
= 0 H z2 = 0 - ypasHemrn oKpymHocTeif a ropJIOBHHax rnnep6o
JJOHJJ.OB. 

ECJIH OCH 3BeHbeB 1 H 2 nepeceKaIOTCH, TO aw = 0, y = 6, TOr]\a 
x = 0, y = -u sin 6, z = u cos {) H BHHTOBaH OCb o6pa3yeT B OTHO-

z, z z, 

PHc. 9.5. AKCOH.!{Hble _uooepxuocTH 

PHc. 9.6. Onpel{eJieHHe 0Tuoca1eJJbHoii cKopocrn 3BeHbeB 



CHTtJ1bHOM D.811/KeHHlf KOHHtJeCKHe aKCOHJJ.Hhie noaepXHOCTH (p11c. 9.5, 
6) .. EcJH1 oc11 3BeHbeB, o6pa3yJOW.HX BbrcwyJO KHHeMaTHtJecKy10 napy, 

nap<1Ji.1eJJbHbI, TO y = 0, Torna x = -awi21/(l - i21); y = O; z ~ u H, 

CJJell.OBaTeJlbHO, BHHTOBaH OCh 06pa3yeT B OTHOCHTeJJbHOM D.BlDKemrn 

ll,HJ111HD.pH4eCKlle aKCOH!lHbie 110BepXHOCTH (pHC. 9.5, 6). 
I1pu ClfHTe3e 110Bepxi:_oCTeii 3JleMeHTOB KOHlftJeCKOH napbl BeKTOp 

OTHOCHTeJlbHOll CKopocn1 Uiz 3aBHCHT OT MfHOBeHHOfO 3H3lleHHH nepe

A3TOlJHOf0 OTHOWeHl!R i21 nepenaTOlJHOH cj)yHKUHH i,.!1 (fP1) . .3TO 06nHC

m1eTCH TeM, •no nepe.,'.\aTOtIHaH <PYHKUHH 33BHCHT OT reoMeTpHqecKOH 

¢opMbl 3BeHbeB 11 HBJIHeTCH BXO,ll,HblM napaMeTpOM CHHTe3a. JleikT

~HTeJibHO, ecJJH qepe3 0Tpe30K 0102 = a", (pHc. 9.6) H JIHH~!O Be~rnpa 
{!)12 npoaecn1 flJlOCKOCTb l! cnpoeuHpOB3Tb Ha Hee BeKTOphl W1 11 W2, TO 

noJJytJHM 

Wu = (I) I + Wz = W1 cos &1 + (•)2 cos <'12 = 

V 2 2 = <o>i +cu,+ 2w1w2cos6. 

To•ma W JI.CJIHT Memoceaoe paccrnHHHe 0 10 2 Ha qacTH, o6paTHO npo

nopunoHaJJhHble w; H w;. CJJeJJ.oBaTeJJhHO, 0 1W/02W = w:.1w; = 
W2 COS 62/ WI COS 61, a 

i 12 = rn1/w2 = (02W101\fl) (cos <'>2.1cos •\). (9.14) 

Ee.rm noaepxHOCTH S1 H S2 3JieMeHTOB KHHeMarntiec1<0~1 napb1 Bbl· 

IlOJlHllTh B Bl1)~e aKCOH,ll.Hb!X rHnep6oJIOHD.OB, TO KOHT3KT 3BeHheB no 

BHHTosoii ocH 6y!leT JIHHeiitiaThIM. TaK KaK ttopMaJib K nosepxHocTH rn

nep6oJIOH!lOB npo!ineT qepe3 OCH HX Bpam.eHHH, TO CHJIOBOe B33HMOJJ.eii

CTBHe 3BeHbeB He BbI30Ber nepe,llatIH JJ.B11meH11H. Oepe.n.arh JJ.BH1Kett11e c 

flOMOlll.b!O TaKOH KrlHeMaTlllJeCI<OH napbl MO}l{HO TOJlbKO CHJiaMH TpeHHSI 

Me>KJI.Y 3BeHbHMH 1 H 2 ' B03HHKaIO!UHMH 3a C'ler npH.tKHMa!OW.HX HX 
CHJI. JlJIH o6ecnetJeHHH nepe,llaq11 ,ll.BHmemrn ttenocpe!lCTBeHHhIM conpu

KOCHOBeHHeM 3BeHbeB Heo6XOD.HMO npHD.3Tb HM ¢opMy. npH KOTOpoA 

HOpMaJib K noaepXHOCTHM 3BeHbeB ue npoXO,ll.HJia 6b! qepe3 HX OCH Bpa

m.emrn. Tor.a.a KacaTMbHaH nJIOCKOCTh K 3BeHMIM npoilner cornactto 

ycJIOBHIO (9.1) nepneH,ll.HKYJIHpHo n - n qepe3 aeKTophI Wi 2 H v12 • 

YaeJIHtJHM yrJioay10 cKopocTh 3Betta 2 ,ll.O 3Haqemrn w;. Tor,lla HO-
• 

Bblll BeKTOp yrJIOBOH CKopocTH OTHOCHTeJibHOro JJ.BH.>KeHHSI ro12 OTKJIO-

HHTCH no nJIOCKOCTH (ro12 - aw) Ha yroJI V (pHC. 9.6). Me.>K,lly BeKTopa

MH rol, ©; H W~2 o6pa3y!OTCH HOBhie YrJibl ~l H ~2• npHtieM ~ = ~I + 
+ ~2 = 61 + 62 = 6. JlJIH o6ecneqeHHH nepe.n.aToqHoro orHorneHHff 

i~2 = W1lw; nosepXHOCTH 3.IIeMeHTOB 3BeHbeB 1 H 2 .QOJI:tKHbl 6blTb T8KH

MH, '1T06bl ttanpasJJe1rne KacaTeJihHOll K 3BeHbHM COBOaJIO c HanpaBJie-

HHeM BeKTOpa W~2. T. e. c BHHTOBOH OCblO HOBhlX rnnep6oJIOH,ll.OB. 3Tu 
HOBbie rnnep60JIOH,llbl KaCa!OTCH aKCOHJJ.Hb!X rnnep6oJIOHD.OB B O,ll.HOM 

TO'lKe - TOtIKe KOHTaKTa 3BeHbeB 1 H 2, raK KaK lfX BHHTOBbJe OCH nepe

ceKaIOTCH no,ll. yrnoM v. CJie,ll.OBaTeJibHO, H KOHT3KT 3BeHbeB 6y!leT TO· 

qetIHhlM. Jlm1 3Toro cJiyqaH 

i12 = ro1/w2 = (02W/01W)/(cos~2/cos~J = (r2/r1)(cos~2/cos~1). (9.15) 
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TaKHe rnnep6oJJOHJlhl Ha3bIBalOTCH H.{ltl,aJl.bH.bl.Mu. CoOTBfiCTBYIOIUHe 

HM IlOBepxHOCTH, HMCIOIII.HC pa.u11ycbI '1 H '2 B TQql{e Kacaum1, TaKme 

Ha3blBalOTCH H.a'laAbH.blJIW. y HaqaJJbHb'! noBepXHOCTCH conpmKCHHbie 

JIHHHH KacalOTCH, a npoeKuirn BCKTOpa V12 Ha IlJIOCKOCTh, HOpMaJlbHYIO 
B ToqKe KacaHHH 3BeHbeB, pamrn uyJIIO. B TaKOM cJiyqae .n.JIH o6ecne

qeHttH ToqeqHoro Kacamrn 3BCHbeB HeT Heo6X0.11.HMOCTH B KaqecTBe Ha

qaJibHbIX noBepxuocTeli npHHHMaTh HMCHHO rnnep6oJIOHJlhI. UeJiecoo6-

pa3uo 3a HaqaJJbHbie npHHHMaTb npocrhle no cpopMe noBepxuocTH -

Kpyrnh1e UHJIHH.U.pbI pa.u.HycoB r 1 n r 2, nocTpoeHHhie y ropJioBHH rimep-

6oJioHJlOB H KaCalOIII.HeCH .u.pyr .upyra B TQqKe Ha JIIJHHH 0102, HJIH KO

HYCbl c uecoBna.u.aIOIII.HMH BepurnHaMH If ToqeqHh!M KOHTaKTOM H T. n. 
}fa KHHeMaTHKH 3BCHbCB CJieJJ.yeT, qTo CCJIH OCH 3BCHbCB I H 2 Jie:>KaT 

B 0.11.HOH nJIOCKOCTH (pttc. 9.5, 6, B), TO HaqaJibHble H aKCOH.!lHbie rro

aepxHOCTH COBna.uaIOT. 

9.4. CHHTea aJieMeHToe rrJIOCKoH: eL1cmeii KHHeMaTH'lec.Koii napLl 

EcJitt nosepxHocTn S1 H S2 (cM. pwc. 9.1) pacce'lb nJiocKocThlO, npoXOJJ.fl

III.eli qepe3 BeKTop v12 H o6IUyIO uopMaJJb n12, TO B ceqemrn noJiyqHM 

KOHTaKT KpHBbIX, npHHa./lJIC}l<aJUHX 3THM nosepxHOCTHM H Jie}l<aIUHX 

B O)J.HOH IlJIOCKOCTH. 3TH KpHBb!e B .uaJibHCHllICM 6y)J.eM Ha3blBaTb npo

</JUAbH.bl.MU, HJIH npo<jJUAJl..MU. Ta1rne npocpHJIH nl If 112 o6pa3yIOT KHHe

MaTnqecKyIO napy 4-ro KJiacca (pttc. 9.7), 3BeHbH Kornpoii 1 H 2, B 3a-

a 
Puc. 9.7. CHHTe3 9JleMeHTOB nJJocKoii Bblcllleli K1rneMaTH'lecKoii napbl 

BHCHMOCTH OT xapaKTepa JJ.BH}l{CHHH nosepxuocTeli S 1 H S2, coseprnaIOT 

spa1UaTeJihHOe (pnc. 9.7, a, 6) HJIH nocTynaTeJihHoe (pHc. 9.7, e) JJ.BH

memrn. 

3a.uaqa CHHTe3a B 3TOM CJlyqae CBO)J.HTCH K onpe.ueJieHHIO qmpMbl npoqm

JIH 2 no npocpHJIIO 1 H <l>YHKUHH IlOJIO}l{eHHSI HJIH nepeJJ.aTOquoii cpyHKUHH. 
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Bee paHee paccMoTpeHHbie 33BHCHMocrn cnpaBe,ll.JIHBbI H 11.JIH nJJoc-
1<oi1 KHHeMaTHtJeCKOH napbI, T3K K3K nJIOCKo-napaJIJJeJJbHOe llBH)l{eHHe 
flBJrneTcH qacTHhIM CJlyqaeM npocrpaHCTBeHHoro ,n:BHJKeHHH. BeKTOp 

012 = -v21 6y.n.er HanpaBJleH no KacaTeJibHOtt K npoqmJIHM 1 11 2 H nep
ne11.ni1Kym1peH K o6u_\ett HopMaJill n - n vfa reopenr<wcKoA MexaHHKH 
mrnecTHO, lJTO MfHOBeHHhIH ueHTP Bpaw.eHHH npH OTHOCilTeJ1bHOM ,ll.BH
}!(E'HHH .n.ayx 3BeHbeB Jie)KHT Ha JIHHHH 11x uettTpos. CJie.noaaTeJibHO, 
TO'-Il\'1 nepeceqemrn w HOpMaJIH n - n H JIHHHH ueHTpOB 0102 .HBJIH
eTCH MrHOBeHHhIM ueHTpOM Bpaw.emrn 3BeHbeB 1 II 2 H Ha3bIBaeTC.H no
JJIOC'OM. feoMerpHtieCKHe MecTa MrHOBeHHbIX ueHTpos apaw.eHHH W, CBH· 
3aHilbie c n.TJOCKOCTHMH npotjm11et'1 1 H 2, o6pa3ylOT QeHTpoHJJ.bl. Qqe
BH,ll.!10, ueHTpOHll.bl 6y.n.yr COOTBeTCTI30BaTb cetJeHHJO nJIOCKOCTblO 

(v21 - n12 ) aKco11.n noaepxttocTeii S 1 11 S 2 , KoTOpbIM np11Ha.n.Jie.>KaT npo· 
qm,r111. UJ1H n.J1oc1<0i1 KHHeMarnl!ecKoi1 napb1 MaTeMarn:_ecKo_e Bb1palf<e· 

Hl·Je OCHOBHOfi TeopeMbI 3auen.JleHHH TalOKe HMeeT BH)l V12 . n12 = 0. 
EcJiu nepe11.aTOtIHaH cpyH1rn11H nocTOHHHa, TO TOtJKa W He MeHH

er rnoero noJio)l{emrn Ha Jrnrnrn ueHTpoB 11 ueHrpoH.ZI.bI 3BeHbeB 6y.n.yr 
OKPYIKHOCTHMH paD.11ycos 0 1 W 11 0 2 W. Tor.na 62 = 61 = 0 H no cpopMy· 
JJe (9. 14) nepe11.aTO'IHoe ornomeHtte 

(9.16) 

UJIH nJ1ocKoi1 KHHeMaTHtiecKoi1 napb1 nepe11.arntIHoe orHomem1e HMe
er 3HaK (cM. p11c. 9. 7). EcJIH HanpasJiemrn yrnoBbIX CKopocrei1 pa3-
Hbie, TO nomoc w Jie)l{HT MeJK.ny TOl!KaMH 01 H 02 (CM. pttc. 9. 7, a), eCJIH 
o;urnaKoBbie - Ha npo11.0JI)l{emrn JIHHHH 0 10 2 (cM. pHc. 9.7, 6). Op11 
nocrynaTeJibHOM 11.BH>KeHlfH 3BeHa 2 (CM. pnc. 9.7, 6) DOJJIOC 6y.ner Ha
XO,lJ.IITbCfl Ha nepneH11,HKym1pe, npom~neHHOM H3 ueHTpa apaw.eHHH 3Be-

Ha 1 Ha JIIIHHIO JJ.eikTBHH BeKropa v2 , a 3HaK nepenarntIHoro OTHOllle
HHH orrpe.11.eJIHTCH HanpaBJiemteM yr JIOBoi1 c1wpocn1 Ct)1. 

9.5. ll>opMoo6pa3oBanu.e aJieMeHTOB BLICIIIeii KHHCMaTH11ec1wii 

na pM peaJILHLIX 3BCHheB 

CmlilH}KCHHble nosepxHOCTH 3BCHbea 06pa3y10mcfl npu ux u3eomoe.11.e-
1wu 1caK ozu6a10w,ue npou3BUOflut,ux noaepxHocmeu e omHocume.11.bliO.H 
(J,;uJ1ce.'"luU. 0pOH3B0.11.HW.aH noaepXHOCTb KacaeTCH conpmKeHHbIX no
BepXHOCTeH, KOTOpble cpop:-.rnpyIOT pem:yw.ne rpaHH HHCTpyMeHTa. 4a-
1ue rrpHMensiioT npon3B0.11.HW.He nJiocKocrn. Fe-Ky11v1e KpoMKH HHCTpy
}1ettra, onpe.11.eJISl!OUlHe npOH3B0.'1.SIW.He nosepxlIOCTH, OtJeptIHBaIOT 06hitI
JI() npmvlblMH .rillHHSIMlf. 3BOJlbBeHTaMH HJIH OKpy>KHOCTSIMH, TaK KaK 3TO 
06.r1erqaeT KOHTpOJlb HX B3aHMHOro 00.JIOIB:eHHH npH np0113BO.ZI.CTBe If 

33TOtJKe. 0THOCHTeJ!bHble 11.BH/KeHHH npOH3BOJJ.HUJ.HX noaepxHOCTei't H 
3aroroB1rn 06ecneL111Ba10TCS1 1rnHeMaTHKoi'1 CTaHKOB. KoHcTpyKUHH cTaH· 
IWB npen.ycMarpnBalOT o6pa30Bam1e conpsimeHHblX llOBepxHOCTei1 KaK 
orn6al0il~HX B OTHOCHTeJlbHOM JJ.BH>Kemrn HHCTpyMeHTa H 33fOTOBKli. 

f1poll3BOJJ.HUJ.a?. 110BepxHOCTb MOiKeT COBna11.aTb c 011.HOH H3 conpH· 
.>KCHHblX noaepxHOCTei't Ii MOIKeT OTJIH'IaTbCH OT o6eux conpH)l{eHHhIX 
11'.rnepxHocTei-i. Ec.11H npoH3BOJJ.SIW.aH noaepxHoCTh coanaJJ,aeT c 3a)l.aHHott 
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noBepxHOCTbIO S1, TO npu o6pa3oBaHuu noBepxHocrn S2 npo113BOllH

rn.aH " 06pa3yeMaH noBepXHOCTH HMe!OT TaKoe }l{e OTHOCHTeJJbHOe llBH

}l{eH11e, KaK u no8epxHOCTH S 1 u S 2 3BeHheB I H 2 napbI npn nx 83aH

MOJJ.eikTBHH. EcJJtt noBepxHOCTH S1 " S2 o6pa3yIOTCH npoH3B011.HW.eii 

noBepxHOCTb!O Sn, OTJIH'IHOH OT S1 H S2, TO 3TOH noBepxHOCTH 3a11.aeTCH 

onpeJJ.eJJeHHoe JJ.BttMeHtte no OTHorneHHIO K CTOHKe, a 3BeHbHM I u 2 
3a)J.aeTC51 .ll.BHMeHtte c COOTBeTCTBYIOW.HM OTHOllleHHeM CKOpOcTeH. 

Opu H3roTOBJJeHttH conpH:tKeHHhIX no8epxHocTett B uem1x ux B3au

M03aMeHHeMOCTH H CHll)KeHHH HOMeHKJJaTYPhI HHCTpyMeHTa npHMeHH

IOT CT3HJJ.apTHhie HCXOJl.Hble KOHTYPbl - ceqemrn HCXOJJ.Hb!X conpH>KeH

HhIX noBepxHOCTeii OJIOCKOCTHMH, UHJIHH1J.pH'leCKHV!H HJIH KOHH'leCKH

MH nosepxHOCTHMH (cM. rn. 10). Crnttnaprnh11i ncxoJHlhIH KOHTYP llOJJ

}l(eH 6h!Th conpmKeH c o6ettMH H3roTaBJIHBaeMbIMH conpH}l{CHHbIMH no

BepxHOCTHMH. 11cxoJJ.Hhltt KOHTYP JJ.O.n}l{eH 6hJTh TexHoJJorn'leH B 113ro

TOBJ1eHHH H JierKO OO)J.BepraThCH KOHTpOJIIO, 'ITO o6ecne'ltt8aeT ero TO'l

HOCTb. <l>opMa KOHTypa KpOMe reoMeTpH4eCKHX coo6pa}l(eHHH BhIOHpa

eTCH c y11eTOM H3rtt6HOH H KOHTaKTHOH npO'IHOCTH conpH:tKeHHbIX no

sepXHOCTCH. 

10. CHHTE3 IlJIOCKHX ~H.ITHH,il;PHqECRHX 
3BOJihBEHTHhlX 3A~EIIJIEHHfl 

10.1. 3BOJILBeHTHaJI cjtyHKI(IUI 

JlJJH nepe)J.a'IH )J.BH:tKemrn c llOCTOHHHhlM nepe.n.aTO'IHhIM OTHOllJeHHeM 

rnupoKoe pacnpocTpaHeHtte noJJy'IHJIH npeJJ.JIO}l{eHHble em.e JI. 3iiJie

poM (CM. npHJI.) npoqnIJIH, 518JIH!OW.HeCH JJ.yrmrn 3BOJlbBeHT OKpy>K

HOCTeH. I'eoMemputtecKOe ,uecmo u,enmpoe Kpueu3Hbt A106ot1 Kpuooii 
(aeoAbBeHmbt) Ha3bl8aemc5l 3BOJllOTOH. 380Jlh8eHTY H 380.ll!OTY xapaHe

pH3YIOT CJieJJ.yIOW.He reoMeTpH'leCKHe CBOHCTBa: 380.nhBeHTa HB.IHJeTCH 

pa3BepTKOH 3BO.lll0Thl, T. e. OHa OOHCblBaeTCH TO'IKOH npHMOH, KOTOpa5t 

nepeKaTblBaeTCH no 3BOJllOTe 6e3 CKOJlb}l{eHlrn, f!03TOMY paJJ.ttyc KpH

BH3Hhl 3BO.nhBeHTbl paBeH .ll.JllIHe COOTBeTCTBYIOlU.eii 11.yr11 3B0Jii(!Tbl~ 
KacaTeJibHaff K 3BOJllOTe HBJIS!eTCH HOp.ltaAblO K 980AbGeHme; TO'IKa Ka

caHHH c 380.JllOTOH 1mp\1aJlll K 3BOJlbBeHTe HBJIHeTCH u,e11mpo.M ee l\.Pll

BU3Hbl. 
B Teop11u 3auerl.llemrn 3BOJllOTa - 0KpyJ1rnocTh pa11.ttyca rh, 11a3:,1-

BaeMaH UCl-l08HOt1 (p11c. IO. l). T 011Ka B Kacamrn npOH3BO)J.HW.eii [i rrn
MOH Q c ocHoBHoii oKpy}l(HOCThIO H8JIHeTCH MrHoBeHHblM ueHTpoM spa

m.emrn B OTHOCHTeJJhHOM .ll.Bll}l(eH11n, OTpe3oK BM - pa;~11ycoM KpHs1n

Hh1 3BOJihBeHTbI s TO'IKe M. To•:rna C Ha ocHOBHoii oKpymHOCTH (Ha'l<i.10 

380.llhBeHTbl) Ha3hrnaeTCH npeaeAbHotl mottKotl. Yro.'I "M Me)K.n.y paJJ.11y

caM11, npoBeJJ.eHHblMH B npe.n.eJihHYIO TOLIKY C II TO'IKY B KacaHHH npo

II3BO.ll.HIIJ.eii npHMOH c ocHOBHOH oKpy}l{HOCThlO, Ha3hrnaeTCH ljcflOM 

paseep11,ymocmu 3BO.llhBeHTbl B TOqKe M. 
PaJJ.ttyc KpIIBH3Hhl 3BOJibBeHThI npH VM = 0 paBeH HYJIIO; c yseJJH-

qeHneM yrna pa3BepHyTOcrn OH yneJJttqHBaeTCH, npn 3TOM CB= MB. 
Yro.n ctM MeMJJ.Y paJJ.ttycaMII OM H OB Ha3brnaeTcH yzJtoM. npo</JUAfl 
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a TOtIKe M H onpeJJ.e.rrneTcSI no qiopMy.ne 

aM = arccos (rJrM), (10.l)' 
r,rte rM - pa.11.Hyc 3BO.'JbBeHTbl B JJ.3HHOH TOl!Ke. 

Yro.n eM = VM - aM H33hIBaeTCSI 9BOJibBeHTHblM yrJJOM. J13 Tpe-

yroJibHHKa OMB npH CB= MB HMeeM tg aM =MB/OB= CB/OB= 
= rbvM/rb = VAf. 0TCIOJJ.a 

eM = tgaM-aM = invaAf. (I0.2} 

PHc. 10.1. 3ao.1bBe1na oK
PY*HOCTH 

Puc. 10.2. 3no.JJbBeHTHhle 
npoqJH.1H 

3aBHCHMOCTb 0M = inv aM H33bIBaeTCSI aBOJibBeHTHOH cj>yHKI{Heii,. 

otta SIB.ns1eTCSI xapaKTepHCTHKOH 3BO.nbBeHThl OKPY1KHOCTH, rn6y.nnpo

BaHa H ttcno.nh3yeTCSI nptt onpe.11.e.neHHH reoMeTpHtieCKHX pa3Mepos 
aao.nbBeHTHhIX 3y6beB. Ec.nH H3 cpopMy.n (10.l) H (10.2) HCK.n!01JHTI> 

aM, TO no.nytIHM 33BHCHMOCTb Me)l{,ll.y rM H 0M, BbipaJKeHHY!O 'lepe3 

'b· C.ne.11.onaTe.11bHO, 3BO.nhBeHTa no.nHOCTh!O onpe.11.e.nSieTCSI ocHOBHOH 

OKpy)l{HOCTb!O H )1..nsl OTbICK3HHSI KOOpJJ.HHaT 3BO.nbBeHTHOfO npoqmJia 

.llOCT3TO'IHO 33,ll.3Tb ee pa.11.uyc fb· 

10.2. 3BOJILBeHTHLie npOff>BJIH 

CxeMa B33HMOJJ.eiicTBH51 JJ.BYX 3BOJibBeHTHbIX npocp1weu nl H n2 c oc

HOBHbIMH OKpyxrnoCTHMH fbJ H fb2, BpaUJ.alOUJ.HMHCSI BOKpyr ueHTpOB 

01 H 02. noKa3aHa Ha pHC. 10.2. no CBOHCTBY 3BO.nbBeHT 06UJ.aSI HOp

MaJib K 3THM npo<t>HJISIM B no.n01KeHHH n; H CT~ B T01JKe HX KOHTaKTa 

K' KacaTeJibHa K o6oHM ocHOBHhlM 0KpyJ1rnocrnM B TOllKax 81 H R,1. 
OpH nosopoTe 3BeHbeB npoqmmt 38HMYT no.noJKeHHe n; H n;, a TOllK8' 

KOHTaKTa 3BO.nbBeHT nepeMecTHTCH B TOllKY K", HO TaK KaK no.noJKeHHe 

ocHOBHhIX OKPY*HOCTeii He H3Mem1eTcsi, ro u noJio1KeHHe o6UJ.eii 



HOpMaJIH H1H2, KacaTeJibHOH K 3TltM OKpyHmOCTHM, 6y.LJ,eT ITOCTOHliHbl~1, 
H ona 6y.n;eT rrepeceKaTb JIHHHIO 010 2 B o.n;Hoii 11 TOH iKe TOllKe W. KaK 
noKa3aHo paHee (cM. rJI. 9), oKpyiKHocrn, Kaca10rn.11eCH .n;pyr .n;pyra a 
TO'iKe W, HBJIHIOTCH ueHTpoHnaMH a OTHOCHTeJibHOM .n;BHiKeHHH. B reo
pHH 3auerrJieH11ii 3TH OKPY*HOCTH paJlttycoa r\V1 11 rw2, nepeKaTbIBaIO
W.HecH 6e3 CKOJib/KeHHH, H33bIB8IOTCH 1-lQ'lGAbHblMU. Ilpn HeITOJlBH)!{Hb!X 
ueHrpax 01 H 02 nepe.n;aTOllHoe ornoweHHe i 12 = w1/w2 = rw2lrw1 u 
Ha OCHOBaHHH ITOJl06HH 1).0181 w H 110282 w rroJiyqttM 

(10.3) 

PHc. 10.3. 06pa3oaa1me Jy6bea ra3HblX a1111oa 

Cne)J.OBaTeJibHO, npH B33HMO]leHCTBHH 3BOJibBeIJTJlbIX npocj:i11J1ert 
nepeJJ.aTOlJHOe OTHOWeHlfe He H3MeHHeTCH, TaK KaK He 113MeHSUOTCH pa
.11.HYCbl OCHOBHhIX OKPY.IKHOCTeii. 

Ilptt 3auenJieHHH peaJibHbIX 3BeHbeB 3BOJibBeHTHbie rrpocpttJIH orpa
HHllHBaIOTCH ttapy.IKHblM pa3MepoM 3BeHa. LJ..rrn coxpatteHHH Henpepb!B· 
HOCTH nepe.n.aToqHoro OTHOWeHHH MeJl<.ll.Y 3BeHbHMH npH HX JlBH}KeHlrn 
Heo6XO)J;HMO JlO TOfO, KaK rrpocpl!JIH 01 H 02 Bb!H.ll.YT H3 3auenJJeH!rn, 
aaecrn a 3auenJieHHe CJ1e.n.y10rn.11e npoqmJIH H T. Jl. Ha npaKrnKe :no 
.nocnrraercH nptt.n.aHHeM 3BeHbHM Kpyrnoii cpopMbI c paauoMep11bIM pac
noJio.1KeutteM npocpHJieii no ocHoauoii OKPY*HOCTH. PaccTOHHHe Mem.n.y 
coce.n.HHMH npocpHJIHMH no .11.yre pa.n.11yca rb Ha3bIBaeTCH maeoM no ocH.08· 
Hou 0KpyJ1C1-tocmu. 06bilJHO npocpHJIH BbinOJIHHIOT .n.sycropoHHHMH. Ta
KHe 3BeHbH Ha3bIB3!0T sy6ttambtMU KOAecaMU. 
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10.3. 06paaooaHne npsMi.1x ay6LeB 

3y6•rnTble KOJJeca 11Me10T rpeTbe H3MepeHHe BllOJJb oceu spaw.emrn -

umpm1y 3yfitiarnro semla bw (pttc. 10.3, a); ocHOBHaH oKpymHOCTb 

B 3TOM CJJy4ae HBJ151eTCSI TOpUOBblM ceqem1eM OCHOBHOro UH.illHl.llpa. 

3BO./lbBeHTHbie llOBepXHOCTH 3y6beB o6pa3y!OTCH JJHHHHMH, pacnoJJo

}KeHHblMH Ha npOH3BO.ll.51W.eH IIJJOCKOCTH Q, nepe1<aTbIBa10w.eiirn 6e3 

CKOJJb/KeHH51 IIO OCHOBHOMY UHJJHH.llpy. 

Puc. 10.4. 06pa3onaHue npHMbtx Puc. 10.5. 06pa1011aHue KOChIX 
3y6hPB 3yfi1>eB 

JlttHHH M1\r1, napaJIJieJibHaH JIHHHH BB KacaHHH nJiocKocTH c octtoB

HblM UH.1H11.llpOM, OllHCbIBaeT UHJIHHllPH'IeCKYIO 380.JlbBeHTHYIO nonepx

HOC'fb 1, KOTOpaH 518.JIHeTCH pa6o'lei1 nonepXHOCTblO npHMOro ay6a 

(pHC. 10.3. 6), orpaHH'leHHOro UHJJHH.LJ.pH'leCKOH llOBepXHOCTblO 5 Bep

WHH 3y6beB. TaK KaK JI106asi TO'll<a Ha npHMOH MM npH o6KaTbIB3HHH 

OJIOCKOCTH Q IIO OCHOBHOMY UHJlllHllPY O!IHCbIBaeT 3BOJibBeHTy, TO, KaK 

fl 3BOJlbBeHTllble 11pmpttJIH, 3BOJibBeHTllble 6oKOBbie llOBepxHOCTH llBYX 

B331iMO.lleHCTBYIOW.HX 3y6beB HBJIHIOTCH COllpRJJCeHHblMU, T. e. OH!l o6ec

ne'IHB3IOT IIOCTOHHCTBO 33Jl31IHOro nepcnaTO'IHOr<l OTllOWeHHH. 

To4Ke KOHTaKTa K' n.nyx nJJocKHX 3BOJJbBeHTHbIX npoqmJieii 

(pttc. 10.2) cooTBeTcrnyeT B npoCTpattcrne KoHTaKTHasi JIHHHH K' K' 
(pttc. 10.4) Ha IlOBepXHOCTSIX ay6beB, KOTOpaH B npHM03y6oii UHJIHH.ll-
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puqecKOH 3BOJJbBeHTHOH nepen.aqe HBJJHeTCH npHMOH, napaJIJie.nbHOK 

OCHM KoJJec. B npouecce 3auenJJeHHH KOHTaKTHaH JJHHHH nepeMem.aercH 

no 60KOBOH noBepxHOCTH sen.ym.ero sy6a B HanpaBJJeHHH K ero Bep

IllHHe, a no nosepXHOCTH BeD.OMOfO - npH6JJmKa51Cb K OCHOBaHHIO sy6a. 

CTJiocKocTb B1B2 B2B1 B Henon.sm1rnoii cnCTeMe KoopmrnaT, B KoTopoe 

Jie)KHT KOHTaKTHaH JIHHHH, Ha3blBaJOT DJIOCKOCTbtO lauenneHHB. Otta 
KacaeTCH OCHOBHblX UHJIHHD.pOB o60HX B33HMO)l.eHCTBYIOUJ.HX KOJJea 

H HOpMa.nbHa 6oKOBblM nosepXHOCTHM 3y6beB. 

10.4. 06paaonau:ee KOCLIX ay6LeB 

EcJiu JIHHHJO M .. M (cM. puc. 10.3, a), 06pa3y10my10 3BO.nbBeHTHYJO 

nosepxHOCTb, paCTIOJIQ)IUITb non. yr.noM lib no OTHOillemuo K JIHHHH 

BB KacanHH npoH3BOD.HW.ett nJJocKOCTH Q c ocnoBHhIM UHJIHHJJ.poM, TO 

npH ee o6KaThlB3HHH noJiyqHM llHHT06YIO 3BOJJbBeHTHYIO nosepxHOCTb. 

4aCTb ee 2 (cM. puc. 10.3, e), orpattuqettttyio UHJJHHJl.pttqecKoii nosepx

HOCTblO sepwttH 5, HCno.nh3YIOT B KaqecTBe pa6oqeii nosepxHOCTH sy6a 

KOt'03y6oro KOJieca. CTOCTOH HCTBO nepeD.aTO'lHOfO OTHOllleHHSI napw 

KOC03YOblX KOJJec o6ecnequsaeTC51 6JJaron.apS1 HX conp5DKeHHOCTH B JJIO

OOM TopuoBoM ceqeHtttt. TaK KaK 60K0Bh1e nosepxttocTH conps:iraeMbIX 

3BOJJbBeHTHbIX 3y6beB (puc. 10.5) o6pa3yJOTC51 Oll.HOi'I H TOH me npHMOH 

npH o6KaTblB3HHll ee no D.BYM OCHOBHbIM UHJJHHD.paM pan.uycoB r111 H 
rb2, TO 11x JIHHHH KOHTaKTa K' K' TO)!{e HB.nHeTCH npHMOH JIHHHeii. Ha 
n.noCKOCTH 3auen.neHH51 B1B2B2B1. KaK H Ha OCHOBHOM UHJIHHD.pe, KOH

TaKTHaH .nHHHH pacnoJIO)!{eHa non yrnoM ~b· Ha nosepxHocrnx un

JIHHnpos, COOCHhIX c OCHOBHblM UHJIHHD.pOM, YrJibl HaKJJOHa JIHHHH 3y6a 

OTJIHqaJOTCH OT ~b: OHH TeM MeHb!lle, qeM 60JibWe JJ.HaMeTp un.nHHApa. 

TaK KaK 1<a>Kn.oe tt3 napbt 1<oc03y6Lrx 1<0J1ec npe.n.CTaBJIHeT co6oft 

UHJIHHJJ.pHqecKoe KOJieco c 3YOb51Mll, paCllOJIQ)KeHHblMll no BUHTOBOii 

JJHHHH, TO 3y6bH BXOD.HT B 3auenJie1rne nJiaBHO: KOHTaKT napbl 3y6heB 

uaquHaeTcH s ToqKe Ha Topue, no Mepe nosopoTa 1wJiec KOHTaKT pac

npocTpaHHeTcH Ha JIHHHIO, D.JIHHa I{QTOpOi'! llOCTelleHHO yseJiuqusaeTCH, 

a 3aTeM TaK)!{e n.naBHO yMeHblllaeTCH AO ToqKH Ha npoTHBOilOJIO>KHOM 

Topue KoJiec. 
4eM 6onhwe yron HaKJJona 3y6beB, TeM 6onhrne KoJiuqecTBO nap 

ay6heB, OJl.HOBpeMenHo nepeJlalOW.HX Harpy3Ky. On.HaKo c yseJiuqeHn

eM yrJia HaKJJOHa 3y6beB paCTeT ocesasi COCTaBJIHIOW.351 HOpMaJibHOH 

CHJibl B 3auerlJleHJ.IH, nJJH ypaBHOBeimrnaHHH :noii oceBOH CH.Tlhl npHMe

HH:IOT w.eepOHHbte sy6bJl (CM. puc. 10.3, c), 6oKOBble nosepXHOCTH 3 
KoTOpbIX 06pa3y10Tcs:i JJ.BYMH JIHHHHMH MriMf. 11 M~M1~ (cM. p11c. 10.3, 
a), pacnoJIO)!{eHHhIMH nOJJ. yrnaMH ~b• HMe1ow.m.m npoTHBOOOJIO>KHoe 

uanpaBJiemre no oTnoweHHIO K JIHHHH BB 1rncamrn npml3BOJJ.HUJ.eii nJioc

KOCTH Q c OCHOBHblM UHJIHHD.pOM. WespOHHoe 3y6ttaTOe KOJieco MO}[{HO 

npe,ll.CT3BHTh ce6e COCTOHJUHM H3 D.BYX KOC03y6h!X KOJJec, Ha3bIBae
MhIX noJiyrnesponaMH. Ha Ka/KD.OM noJJymespoHe npouecc s3anMoneii

CTBHH 3y6heB a1rnJJornqeH npoueccy B3£lHMOJJ.ettcrnHSI B KOC03y6h!X 

KOJiecax. 
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10.5. 06paaosaHBe Kp11eoJI11BeiiHblX ay6Lee 

B CJiy•rne, ecJrn B KaqecTBe 06pa3y10ruei1 JJllHHH npttnHTh 1<p1rny10 
MRMR, HanpHMep JJ..yry oKpymHocTH paJtttyca R (CM. pttc. J0.3, a), TO 
npH nepeKaThlBaHHH noaepXHOCTH Q no OCHOBHOMY UHJIHHJIPY noJiyquM 
KpHBO.nHHeHHYIO 9BO.nbBettrny10 noaepXHOCTb. 4aCTb ee 4 (CM. pHc. I0.3, 
a) OilHCbIBaeT OOKOBYIO nosepxHOCTb 3y6a. TaK KaK B .n1060M ceqeuuJJ, 
nepneummy.nHpHoM ocu Ko.nee, npoc}m.nb 3y6beB oqepqeu 3BOJJbseuTOii, 

Puc. 10.6. 06pa3oBanue KpusoJiu11eii· 
HblX 3y6beB 

Puc. 10.7. 06pa3ooauue s11yTpenm1x 
3Y6beB 

TO 3auenJieHHe c KpHBOmHieHHblMH 3y6bHMH o6ecnequeaeT nOCTOHHCTBO 
nepeJtaToqttoro OTHoweHttH. B KOHTaKTe HaXOJlHTCH sorHyTaH noeepx
HOCTb OJl.HOro 3y6a c Bb!nYKJIOH nosepxHOCTblO Jlpyroro, JIHHHH KOHTaJ<.
Ta 9THX 3y6beB - KpusaH /(' K' (puc. 10.6). KomaKT 3y6heB Ha4.m:a· 
eTCH no TopuaM, a 3aTeM n"epeMeruaeTcH K cpeJJ..Heii qacn1 KoJJec, ec.1a1 
3y6bsi ua aeJtyrueM KOJiece BXOJlHT a 3auen.neHHe sornyToii cropouot1; 
npH BXQ)KJJ.eHlm B 3auen.nentte BbinYKJIOH CTOpOHOM KOHTaKT naquHa
eTCH B cpeJJ.Hei'I 11acTH Koneca, a 3aTeM pacnpocTpam1ercH K TopuaM. 

10.6. 06paaonauue eeyrpeuHux ay6LeB 

flpfl.M.ble, KOCbLe u KpU60AUfleUHbte C:Jy6hfl. MoryT 6b1Tb BHeUJHHMH " BHYT· 
peHHHMH. 5oKOBbie noaepxHocTH 1 H J' eneutHux 3yt'ibeB (puc. IO. 7, al 
o6pa30BaHhl BhinYKJiblMH 9BO.llhBeHTHblMH nosepXHOCTHMH, CXOJIJIIUll-
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MHCll no Mepe y)J.aJJeHHH OT OCHOBHOH OKPYIKHOCTH 11 nepece1rn1ow.H:,1Ji

CH no JIHHHH 4. floBepXHOCTH 3 Bepwm1 3y6beB HMelOT HaH60JibWHH 

~lrnMeTp. BoKOBbie nonepxttocrn 211 2' n11yrpe111111x 3y6beB (pttc. 10.7, 6) 
o6pa3yIOTCH nornyrb!MH 9BOJibBeHTHblMH nonepxHOCrnMH, paCXO,lJ,SI

W.HMHCH no Mepe y11.aJiemrn OT OCHOBHOro UHJIHHJI.pa. Bb!IlYKJiaH 11 BO

rnyrnH 3BOJibBeHTHble IlOBepXHOCTH BIIeUJHero H BHyTpeHHero sy6a B 
npwvro3y60M 3auenJieHHl'I KacaIOTCH rro rrpHMOH JIHHHH K' K' (p11c. 10.8). 
0.riC>CKOCTb 33UenJieHl'IH paCITOJiaraeTCH TOJibKO Bb!We JIHHHH 8181, T3K 
KaK 11a qacrn nJiocKoCTH B1B2B2B1 9BOJibBeHTHble n0Bepx11ocn1 rrepece-

1rn10TcSI BCJie,UCTBHe Hecosna.uemrn HOpMaJieH K 3BOJibBeHTHbIM IlOBepx

HOCTi1M B T0l{K3X KOHT3KT3. 

rn. 7. 3y6quan peihra. 

ECJIH pa,a:uyc r,, OCHOBHOH OKpym:HOCTH OD:HOro H3 3BeHbeB yneJIH'IHBaTb 

fJ.O 6ecKOHe<tHOCTH (pttc. 10.9), TO 11alJaJibHaH oKpy)J{HOCTb (1rn.1111HD:p) 

BblpO>K}J.aeTCH B npHMYIO JIHHHIO (nJIOCKOCTb 2), COOTBeTcrny10u~aff 
9ro 11..seHTa - B npmv1y10 JIHHmo, a spaw.areJibHoe D:B1Im:em1e - B r:o

erynaTe.n1>1-1oe. 

BJaHMOJJ.eikTBIIC npHMOJI1IHei11mro npoqmJIH c 3BOJibBeHTHbIM, no

fJ,061w B33HMO,lleikTBl'IiO JI.BYX 9BOJ11>BeHT, rrpOHCXO)l.HT c IlOCTOHHHbIM 

2 

~ 
~? 

Pttc. 10.8. 3neMeHTbl BHyTpem1ero 38-
nennemrn 

Pttc. 10.9. Pee•rnoe 3au,enJietttte 

Pttc. 10. IO. I1cxo,l(ttb1ti KOHTYP 



nepe.n.aT04HhIM OTHOlllem1eM. CJie.n.oBaTeJibHO, ecmi B Kaqecrne npoctm.11:1 

sy6a 3BeHa 2, nocTynaTeJihHO .ll.BH)!{yIIJ.erocH B HanpaeJieHHH, nepneH

)1.HKYJIHpHoM JIHHHH 0102. npHHHTb npHMYIO JIHHHIO, TO nVJIY4HM sy6-
43TYK> pefmy. ConpH)!{eHHbIM c 3Bo,1bBeHTHbIM npccpHJieM 3y6a 1<0J1cc2 

6y.ll.eT npHMOJIHHeiiHhIH npoqmJih 3y6a pefiKH c onpe.n.t>..r1eHHbIM yrno~1 
H3KJJOHa era OTHOC1rreJibHO J1HHHH 0102. nepneH)l,HKyJrnpHOti K seKTO

PY cKopocn1 noCTynaTeJJLHoro .ll,BmKemrn pettKH. B 3an11CHMOCTH 

OT 1'11113 3y61>eB - npHMblX, KOCbIX, rueBpOHHb!X HJIH KpHBOJJr!HellHblX -

KOHTaKTHhie JIIHll1H K' J(' 6y.ll.yT 11MeTb coorneTcrnyIOW.Hfi su.n.: npHMbie, 

rrapaJIJieJibHb!e o6pa3yl0lll.llM B1B1 OCHOBHOfO l..l,11JIHH,ll,pa, HaKJIOHHble 

rrp5IMbIC K 3THM 06pa3y1ow.11M H KpHBble. 

10.8. Hcxoµ;H!>IH IWHTYP 

Jl.Afl 06ecnerte1-1 UR conpRJtcertufl aenAMetimHblX sy6tfambtX Kn.1ec, u3comoe
AeHHbtX e pasAUtilibtX ycAoeuRx, Neo6xoouMo, iuno6bt J1106oe 1wAcco room
oemcmeoeaAo mpe6oeaNURAt cmaHoapma, ycmaHaeAuea10w,eeo ocHoeubtc 
napaMempbt saiw1HeHUfl. CTaH.ll.apT Ha napaMeTpbI sy6tf.amot1 peuKu 
ycTaHOBJJeH Ha OCHOBCll!HH cnofiCTBa conpH>l<eHHOCTll npHMO.TJHlletlHOfO 

npoqmJJH pei1K11 c 3BOJJbBCHTOH m<py)!{HOCTH. Pee4Hb1f1 KOHTYP 1 
(p11c. 10.10), flOHO)!{eHHbll':\ B OCHOBY CT3llll3pT3, T. e. npHIIHTblH B KalJe

CTBe 6a3oBoro Jl.JIH onpe;{eJJemrn Teopern11ecKHX ¢opM H pa3Mepon ay6-

11aThIX KOJiec, H33bIBaeTC51 TeopeTH4eCKltM HCXO,i)JlblM KOHTYPOM, HJJH 

HCXO,ll.HhIM KOHTypoM. DpHMaH a - a, nepneH,lU1KYJIHpHaH OC51M CHM· 

MeTpHH 3y6beB peHKH, no KOTOpofi HX TOJilll,Irna paBHa WHpHHe Bna

)l.11H, Ha3bIBaeTCH oeAumeAbrlOU. PacCTomme MCM,Qy 0.ll.HOHMeHHhlMH 

npocpHJIHMH, H3MepeHHOe no lleJrnTeJJbHOH HJIH JIIOOt)H llpyroft napaJI
JieJihHOH el1 npHMOH, !Ia3bIBaeTCH [[la2,0.~t ucxoo1-weo IWHmypa P, a pac

CTOHHHe MC)KJl.Y 3THMH )!{e npmpHJIHMH, H3MepeHHOe no HOpMaJIU,-- oc
li08HblM lllGCOM p b HCXO.ll.HOfO KOHTypa. 0HH CBP.33Hhl COOTHOJJJeHHeM 

Pb=Pcosa, (IQ.4) 
r,1J,e a - yeoA nporjJuAfl ucxoiJHoco 1wt1mypa (yroJI Me>1<1ly npm.wmrneii

HhIM npocjmJJeM sy6qarnf1 peHKH H nepneH;l,HKYJIHpOM I< cpe.nHeH JJllHHH). 

)lJI.H Toro lJTOOhl llHaMeTpb! KOJ1l'C Bbtpa.t!<aJIHCh pauHoHaJibHblMH 

lJHCJiaMH, OCHOBY CTaH,IlapTa COCTaBJlHCT MOJl.YJib HCXOJl.HOro KOHTypa, 

HJIH rrpocTO MO.ll.YJJb: 
m =P/n. (10.5) 

M01lYJih H3MCpHeTCH B MHJIJJHMCTpax H ero 3Ha'-leHHH peniaMeHTH

posaHhI rocT 9563-60. Bee pa3MepbI HCX01lHOfO KOHTypa onpe.neJLH· 

IOTCH B .llOJIHX '.viO.ll.YJIH npH HCJJOJlh30BaHHl1 KostflqmutteHTOB: BbJCOTbl 

roJIOBKH 3y6a h: = l; rny611HhI 3axo.n.a sy6heB h; = 2; pa.n.11aJibHOro 

3a3opa c* = 0,25; pa.n.uyca 3aKpyrneHHH nnaiurn p ~ = 0,38. 3TH KO· 

3cpqmuneHTbI H33h!B3IOTCH napaMt:TpallBi HCXOJ~Horo KOHTypa. 11.JIH 3y6-

qaTblX r<0Jiec 0611~eMam11HoCTp01He.7JbHOro npttMeuemrn yroJi npo<fluJJn 

CTaH,napTOM ycTaHOBJltH a = 20°. 
CT pHM,03YOOMY KOJJecy COOTBeTCTBYCT npH!v103)'6an pei\I<a 

(pHc.10. l l, a). J1HH1IH sy6beB 3TOH pe~!KH nepneH}llIKymlpHbl ee TOpUO· 

BOMY ce11eHHIO T II HX npocpHJib BO BCCX ceqemrnx f!JIOl:I<OCTblO, napaJJ-
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.neJibHOll TopuaM, o.n.1rnaKOB. :Y' KOC03y6oii peH:KH (pHC. 10. ll, 6), COOT

BeTCTBYIO!lleH KOC03y6oMy KOJiecy' o6pa3YIO!llHe JIHHHH 3y6beB COCT<iB

JIHIOT yro.n ~ C nepneH.l!JIKYJIHpOM K ee TOpuy; B HOpM8JlbHOM ceqemrn 

flJIOCKOCTblO N, nep11eHLnIKyJH1pHoii o6pa3yIO!llHM, H TOpuoBoM ceqe

HHH T npocpHJJll 3y6beB pa3JIH"!Hbl. no3TOMY napaMeTpaM npocpHJJSI 

B HOpM8JlbHOM CC"!eHHll npHCB8llB3IOT HH,l\eKC n, a B TOpUOBOM ceqe

HHH - mrneKc t. Cratt.n.apTHbIMH HBJJSl!OTCSI napaMeTpbI 11cxo.1woro 

N 

PHc. 10.11. 3y0qarble peihrn pa3Hb!X BH
.n;oe 

KOHTypa . B HOpM8JlbHOM cetteHHH. napaMeTpbI TOpUOBOfO CetteHHSI HC

XOAHOro KOHTypa Bhipa.>KalOTCH qepe3 napaMeTpbl HOpM8JlbHOro ceqeHHSI 

nocpe.ncTBOM TpHroHoMeTpHtJ:ecKHX cpyHKUHH yrna P: 
P1 = P n/COS ~; m1 = mn/COS p; h~t = h~nCOS ~; 

c, = c~cos ~; a.1 = arctg (tg anlcos ~). 
(10.6) 

KoJiecy c KpHBOJIHHeHHbIMH 3y6MIMH cooTBeTcTByeT peiiKa c KpH

BOJIHHefmw~m 3y6bS1MH (pHc. 10.11, e). 4ame Bcero JIHHHH 3y6beB 
3TllX peel{ B 38BHCHMOCTH OT TeXHOJIOfHH H3fOTOBJ!eHHSI Bhlfl0,1HCHbl no 

.n:yraM 0Kpym11ocTeif irnH no yqacTKaM 3flHUHKJlOH.lJ. . .l1JJH pee1<, y Ko

TOpbIX JIHHHH 3y6heB npe.II.CTaBJISllOT co6oif oKpy)KHOCTH, crnu.uaprnb1M 

SIBJIHeTcH 11pocl>HJ1h 3y6beB s cetteHHH nnoc1<ocTb10 N, npoXO.ll.H!lleii 'le

pe3 ue1nphl oKpy>KuocTefi napaJIJieJibHo TOpuoaoii nnocKOCTH T. 

10.9. HapeaaHBe ay6heB ua 3aroTOBKax KOJiec 

3aroTOBKa UHJIHH.LJ.pHl!:eCKbro KOJieca c EHeWHHMll 3y6hHMH npe.II.CTaB 
JIHeT co6oif UHJIHil.l~P .!1.H8MerpoM da· 3y643Tb!H BeHeu 06pa3yeTCH 38 

ctJ:eT y.11:aneHHH MaTep1rnJia H3 ana.ll.HH npH ttape3aHHH 3y6heB cnoco6oM 
KonupooaHuR HJIH cnoco6o.M. o61wmK.u. npH cnoco6e KOnHpoBaHHH npo

:j>ttJlh HHCTpyMeHra .ll:OJl>KCH C0Bf18.ll8Tb c npO(p!UleM Bfl8.!1.HHbl Me)J{.ll.Y 

::ty6bHMH Hape3aeMoro Ko.11eca. HncrpyMeHTOM :\-10ryT 6bITb MO.llYJibHaSI 
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(,11.HCKOB3H HJIH naJibUeBaH) cppe3a (pnc. 10.12, a), CTporaJibHbIH HJIH 

,11.0:16e}l(HblH pe3eU, npOTml<Ka, WJIHcpOB3JibHbIH Kpyr H 11.P noc.ne o6-

pa6oTKH K3>K,ll.OH Bna,11.HHbl (puc. 10.12, 6) KOJieco, ycTaHOBJieHHOe B 

JJ.eJIHTe.JJbHOM npucnoco6.11euuu, noBopa1rnBaeTcH Ha yro.n 360° lz n.nH 

o6pa60TKll c.11eny1oiuei1 BnannHhI. HenocTaTKH cnoco6a KonnpoBamrn 

S8KJI!O'l3IOTCH B TOM, 'ITO llJIH Ka>K.uoro 'IHCJia 3y6beB HY)l<eH HOBhIH HH

crpyMeHT, TaK KaK c 113MeHe1rneM 'IHCJJa 3y6beB MeHHeTCH npocpHJib 
BIIa,llHHbl. c ueJiblO '.')J{OHOl\H!H H3f0T3BJIHB3IOT Ha6opbl llHCTpyMeHTOB, 

K3JK)J.hlii H3 KOTOpbIX HCllOJib3YIOT 11.JIH Hape3amrn KOJiec c onpe.LteJieH-

a 
Puc. 10.12. Hape3ilHHe sy6beB MeTOnoM KonupoeaHHSI 

P11c. 10.13. Hape3attue sy6bee noJJfi11KoM 

Pac. 10.14. HapeJattue 3y6beB npOii3Bonsimeii. peiiKoli 
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HbIMH tJHc.naMH sy6beE1. Bc.nencrnHe 9Toro TO'IHOCTb 3auenJieHirn CRH· 
>KaeTcsi. KpoMe 3Toro, peMyI.U.HM 1rncTpyMe1n 11MeeT KpHBOJIHHefrnble 
peMyw,11e KpOMKH H npH ero H3rQTOB.neHHH HeH30e)f{Hbl norpeurnoCTH, 
KOTOpbie nepeHOCSITCSI Ha napesaeMoe KOJieco, a llJISI peaJIH33UHH .'UOOOfO 
H3MeHeHHSI B reoMeTplm sy6beB Heo6XOllHMO H3fOTOBHTb cneu11aJibHbIH 
IIHCTpyMeHT, lJTO Tpynoel\1KO H He3KOHOMHlJHO. 

npn cnoco6e o6KaTKII OOKODbie noBepXHOCTH 3y6beB Ha 38fOTOBKe 
06pasy10TCll KaK OrH08IOWHe CeMeMCTBa npOH3B01l.HW,HX IlOBepXHOCTeM, 
CO)l,ep)f{aW.HX pe1Ky!UHe KpOMl<H HHCTpyMeHTa. B Ka'lecrne HHCTpyMeH-

a 

PHc. 10.15. Hape3aHHe sy6beB 11epBll'lHOli ljlpe3oii 

Ta np1rnem1eTCSI npOH3BOllSIIll,ee KOJieco - 00A6fl.IC (pHC. 10.13, a), BXO
JlSIIIJ,ee B CTaHO'IHOe 33Uen.11em1e C saroTOBKOH. npH pa6oTe CTaHKa BOC· 
npmi3BO.ll.HTCSI nepe1<aThrna1rne 6es CKOJJb*eHHSI ueuTpOH.ll.bl Hapesae
Moro Ko.neca I (10.13, 6) no ueHTpm1ne npoH3BOllHW.ero Ko.neca 2. 
B .npyroM c.nyqae npHMeHHeTCH npoH3BOJl.Hlll.8SI pei'ma (pHc. 10.14, a) 
Cl npHMOJIHHeHHbIM npoqnrneM sy6M~B 11 np11 CTaHO'lHOM sauen.11emrn 
9TOH pei'iKH c sarOTOBKOM (pHc. 10.14, 6) npOH3BO.ll.HTCSI nepeKaThlB8Hlie 
6es cKOJib:>Kemrn ueHTpoH.QhI napesaeMoro Ko.neca I no ueHTpOHJl.e pei\
KH 2. ConpsimeHHOCTb 3BOJibBeHrnoro npoqm.nsi spamaIOmerocsi aecHa 
G npS!MO.nHHeHHhIM npoqnrneM 3BeHa, llBHtt<YI.U.el'OCH nocTynaTe.1IbHO, 
IT03BOJISleT 3H3lJHTe.nbHO ynpOCTHTb HHCTpyMeliT llJIH o6pa6oTKll 9BOJih
BeHTHbIX npotpHJJdi, a 3H3'lHT, yBeJll.fllHTb TO'lHOCTb HX H3fOTOBJieHHS1. 
11HCTpyMeHT peequoro rnna, COOTBeTCTBYiO!U,HH npSIM060'lHOll npo113-
BO.QHI.U.eH pefiKe, BbinOJIHHIOT B Blille sy6vpe3i·lOU epe6eH.KU llJIH 11.ep
(JJll/.H.OU </Jpeabl (pHc. 10.15, a). B nocne.nHeM c.nyqae HapesaHHe np01-1cxo
.AHT nenpepbIBHO, cflpe3a ocyw.ecrnnS1eT .n:aa JJ:BH}KeHHSI - BpamaTeJib· 
Hoe H noCTynaTeJihHoe e.no.nb 06pasy10mefl HapesaeMoro Ko.Tieca 
(pnc. 10.15, 6). 
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PasMepbI HHCTpyMeHTOB peeqttoro nma onpe.neJIHIOT no napaMeTpaM 
HCXO,llJ!Oro npoH3BO,ZJJIW.ero peeq11oro KOHTypa 2 (CM. pttc. 10.10), HMelO
m.ero oqepTaHHH snaJJ.HH TeopeTH'lecKoro HCXOJlHoro KOHTypa. Op11 
9TOM MeX<JJ.Y JIHHHefi BnaJJ.HH HCXO)].HOro npoH3BO.ll.H1Uero KOHTypa H 
/IHHHeA aepunrn Hcxo.nnoro KOHTypa coxpaHHeTCH pa11.naJibHhIH 3asop 
c*m )].JUI Toro, 'ITOObl nosepXHOCTb Bna,i].HH HHCTpyMeHTa HC yqacn.>OB8J1a 

B rrpouecce pe3aHHH. 

10.10. Onpe.a;eJieHJ1e 1wop}J;HJiaT To•rnK rrpocpmm 3y6a 

Dptt HapeaaHHH syobeB :iso.TibBeHTHaH qacTb npocj:m.llH QG cpopMttpyer· 
rn npHMomrneii.HbIM yqacrnoM K2K~ (pHc. 10.16) npocjmJrn sy6ttarni'l 
pelhrn, a nepexon:HaH KpHBaH GF -- yq11cTKOM K1K2 , HBJHllOIIl.l!MC?. OK· 

ppKHOCThlO paAttycoM Pt m. 06111.aH To•rna G :=>BOJihBenrnoro npocptt.llH H 

nepexo.nuofi KpHsof1 Ha3bIBaercH rpamt4HOH T04KOit. Onpene.rleHtte Koop
J{HHaT ToqeK npocjmJJett ay6beB 11eo6xonm10 np11 KoHTpo.'!e ux reoMeTpHH 
H paapa6oTKe Mero.a.HK pacqeTa 3yoqaTblX nepe!laq Ha npo•moCTb. 

y,, 

Puc. 10.16. Onpe.neJieuue Koop.nunaT TO'leK npo4JHJIH 3y6beB 

PaccMOTpHM cpopMHposautte 3y6beB KOJJeca nptt or11oc11re,,'1bHO.\f 
pacnoJiomemrn peiiKH, xapaKTep113yeMoM cMew.eHtteM xm. C 3y60M 
DpOH3BOJJ.HUJ.eii pettKH (HHCTpyMeHTa) CBH>KeM QHCTeMy KOOp.n.rrnaT 
TM TaKHM o6pa30M, qT06b1 ocb x" cosnana a ee ueHTpo1111.oii B OTHOCM
TeJihHOM JJ.BH>KeHHH, a ocb y" - c ocbIO CHMMeTpHH ee 3y6a. Torna 
B sToii cucrer.te Koopmrnar ypasHeHHe JIHHHH K1K2 pe>KyUJ.HX KpoMoK, 
oqepqeHHOH no J{yre OKpy>KHocrn pannyca Pim, a napaMeTpJ11.1ecK01i 

4>opMe Oy,!J;eT 
x" = XA + Pim cos a'; 

Uu =YA - pjm sin a:, 
(I 0. 7) 
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.!\JUI npHMOJurneiittoro yqacTKa K2K3 

x., = nm/ 4 - xm tg a + e sin a; 
(10.8) 

Yu= ecosa, 
r.11,e XA, YA - KoopJJ.HHaThI ue1npa KpHBH3HhI A yqacTKa K1K2; a' -
yroJI Me.>KJJ.Y ocbIO x., H JIHHHeH AK', npoxoJJ.Hru.eil qepe3 nomoc W. 

KoopJJ.HHaThI ueHTpa KpHBH3HhI 3aKpyr JieHHoro y11acTKa 3y6a peiiKH 

x: = m (ni4 - h; tg a- Pi cos a); 
(I 0.9) 

YA= - m(h;-x) + p;msina). 

lfatvteHHH napaMeTp a,' OT a .u.o n/2, nOJI}'4HM KOOpJJ.HHaThl JII06oii 

ToqKH y4acrna /\ 11<.2 , a H3MeHHH napaMeTp e OT l .u.o - m (h: -
- x)/cos a - Koop;tttHaThI JI106oii TO'lKH yqacTKa K.2K3, orpaHHqem1oro 
ro•IKaMu K2 H K.3 , KOHTaKTttpyIOmeii B npouecce o6KaTKH c TOIJKoii Q 
npoqnrnsi 3y6a KOJieca. 

KoopJIHHaTbI To4eK Hape3aeMoro npoqmJIH sy6a KoJieca onpe.u.eJIHM 
B CHCTeMe KOOpJlHHaT T K· B 3TOH CHCTeMe OCb XK COBna.u.aer c Kaca
TCJibHOH K neJI11TeJibHoii oKpy.>KHOCTH, a och YK - c ochIO CHMMeTpHH 
3y6a. CorJiacHo ycJ10BHS1M cTaH04Horo sauenJieHHH yrJ1y q> nosopora 
3TOH CHCTeMhl COOTBeTcrnyeT nepeMeru.eHHe peiiKH Ha BeJIHqHHY r<p. 
Op1t q> = 0 ocH y 11 H YK nepeceKaIOTCH c ocbJO spameHHH KOJieca H ocb 
y,. COBna.u.aeT c OCblO CHMMeTpHH Bna.LI.HHbl Me.>K.LI.Y sy6MIMH, 003TOMY 
yroJI Me>KJlY ocHMH y., H yx paBeH '\' = q> + nlz. )lJisi 3Toro Heo6XOJJ.H
MO onpeJteJIHTb KOOpJlHHaTbl TO'leK KOHTaKTa 3y6a c o6pasyiomeii peii
l{QH H, BOCIIOJlb30BaBWllCb cpopMyJJaMH npeo6pa3oBaHllSI KOOpJlHHaT, 
33IIHC3Tb HX B CHCTeMe KOOp.LI.HHaT KOJieca. TaK KaK 061U11e HOpMaJIH K 
npocpHJIHM, npone,lleHHhJe qepe3 T04IUI l<OHTaKTa, JIOJl)!{Hbl npOXOJJ.HTb 
qepe3 IIOJIIOC 3a11enJieI1HH w. TO napaMeTp a', CUOTBeTCTBYIOlilHH Toq
Ke K' KOHTaKTa Ha yqacr1<e K1K2 npoqmJIH o6pa3yJOmeii peiiKH, onpe
JI.eJIHM H3 TpeyroJibHHKa WA E 

a' = arctg (- YAl(xA + rq;)). (10.10) 
napaMeTp e, COOTBeTCTBYIOIUHH KOHTaKTHOt"l TO'lKe K Ha yqacTKe 

K2K3 , onpeneJIHM H3 rpeyroJihHHKa W N K: 

e = W N <;in a = (WO., + O.,N) sin a = (rqi + nm/4 - xm tg a) sin a. 
(10.11) 

Koop.umiaThI To'leK npoqmmi 3y6a a c11cTeMe Koop.u.11HaT KOJieca 
onpe.leJIHIOTCH MaTpH4HbIM ypaBHem1eM 

-;.1<.=Mr.,, (10.12) 

r.u.e rK - cToJI6uesaH MaTpnua KOOpJJ.HHaT ToqeK npoqmm1 sy6a B CH· 
CTeMe ICOOpJIHHaT l<OJieca; '" - CTOJI6uesa51 MaTpHUa KOOpJJ.HHaT KOH
TaKTHbIX TO'leK npoqrnJIH 06pa3y1omeil pei'IKH; M - MaTpttua npeo6pa-
30BRH!rn KOOpJJ.HHaT. 

MaTpmLa npeo6pasoBaHHH Koop.u.ttHaT 6yJleT 

1
: cosy _sin" _,(sin"_ q> cos'\') I 

M=j1lsiny cosy r(cosv-l+qisiny). (10.13) 
I o o 1 
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Op11 cpp = - XA/r 113 ypasHeHHff (I 0. I 2) MO>KHO Hattrn KoopD.1rnaTb1 
TO'JKH F npocpHJJ51 ayoa, nptt q>a = - (YA/tg a+ XA)lr - KOOp}.l.HHaTbI 
rpaHH'IHoi'1 TO'IKH G, a· nptt 

r~~~~~~~~~~~~~~~ 

cp0 = (2x/z - }I I + ( 4 (h; + x) (z + h; + x))!z2 sin2 ex-+- I) tg cx-n/2z-

1rnopJJ.HHaTbI TO'l!UI Q. 
DoJJ.CTaBMrn B ypastteHHe (I0.12) 3Ha'IeHHff x0 H y" H3 Bbipa>Kemrn 

(10.7) npH q> E [q'p; i:pal. noJJy'lHM Koop.nHHaTbI To'leK Ha nepexo.n
Hoil KpHBOH FO. no1'lCTaBJUiff 3Ha'leHH51 XH H YH H3 Bbipa>KeHHH (10.8) 
npH cp E [rpa; crol. noJiy'lHM KOOpJJ.HHaTbl 3BOJlbBeHTHOH qacTH npocpHJHI 
GQ. 

TaareHc yrna npocpHJIH B TOLIKe G 

tgar, = K;B;OB = (WB-Wl(~)/OB = tga-Wl(;!OB. (10.14) 

T aK KaK OB = rb = (zm/2) cos a H 

WK;= (h; - x) m/sin a, (10: 15) 

TO tga, = tga - 4(h; - x)lz sin 2cx. (10.16) 

Onpe.neJieHne Koop.nHHaT TO'IeK npoqm.nff ocyrn.ecTBm1eTcff onepa
TOpHoii <PYHKUHeil 

PROFZ(z, N. m, a. h~. Pi, x; XI(, YF<). (10.17) 

rD.e N - LIHCJIO To'leK npocpHJiff, Kornpoe Tpe6yeTcH Bb1qucJIHTb. 

10.11. Orrpe.u;eJieHue reoMeTpH'ICCRIIx paaMepoB ROJiec 

B crnHoqHoM aauem1emrn ueHTpOHJJ.bI ay6qarnil pettKH H HapeaaeMoro 
KOJJeca c z ay6bHMH nepeKaTb!BaIOTC51 Jl.pyr no Jl.pyry 6e3 CKOJib)KCHHfl, 
CT03TO:VIY war p HCXO;'lHOfO npOH3BO.ll.51IUero peeqHoro KOHTypa .ll.0•1>KeH 
pa3MeCTHTbCH no .ll.JIHHe ueHTpOHJJ.bl KOJieca z pa3. 3ry ueHTpOHll.Y' Ha· 
abrnaeMyIO .uem1Te.1bHOH OKPY>KHOCTbIO, npttHHMaIOT B Ka'lecrne 6a3o· 
BOll .ll.JIH onpeJJ,eJieHHff pa3MepoB ay6%Tb!X KOJieC. QqeBHJ!.HO, qTQ 
nd = zP = nmz, OTKyJJ.a D.HaMeTp JJ.emneJibHOH OKPY*Hocrn 

d = mz. (10.18) 

JlttaMeTp ocHOBHOH OKPY:>KHOCTH onpeD.eJrneTCH yrnoM npa<flHJiff HC· 
XO.ll.HOfO IIpOH3BO.ll.5Illl.ero pee'lHOfO KOHTypa a = 20° B COOTBeTCTBHH c 
<jiopMyJiott (10.4): 

db = d cos a = mz cos a.. (10.19) 

TaK KaK y HCXO.ll.HOH npOH3BO.ll.ffllf.ell pei'lKH war IIO Juo6oii npHMOfJ, 
napaJIJieJibHOM JJ.emneJibHOH' 0.ll.HH3KOB, TO B Ka'leCTBe ueHTpOH.ll.bl B 
OTHOCHTeJibHOM JJ.BH)heHHH npHHHMaIOT JJ106y10 IIpHMYIO, napaJIJieJibHYID 
D.eJIHTe.'IbHOH. 0THOCHTeJibHOe IIOJIO)KeHHe npOH3BO.ll.HW.ero KOHTypa 
pettKH H KOJieca B CT3HO'lHOM aauerrJiemrn onpe.ueJJHeTCff paC'CTOffHHeM 
JJ.eJIHTeJibHOt°l npHMOH pel'iKH 11,0 .n.emneJibHOH OKpy)KHOCTH. 3TO pacCT051· 
HHe HaaomaeTcH cMem.emteM npoH3BOJJ.Hmero KOHTypa pei1Ku. Ecm1 
JJ.e.TIHTeJibHaH npirnasi npo11aBoD.Sillf.ero KOHTypa He nepeceKaeT 11 HI!. 
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Kacaerrn .11.eJtHTeJibHOH oKpy)l{HOCTH (noJ1mKem1e I Ha puc. iO. l 7), TO 
cMem,e1me cquTaeTcsi noAo:w:unzeJ11:>HbtM, ecnn KacaeTcH (nonm1,em1e 2), 
TO CMem,em1e c:qnTaeTCSI paBHblM HYJIIO H Ha3bIBaeTCH HOMLma,lbHb/,11 .. 

Ecnu )l.e.nuTeJihHMI npHMaH nepeceKaeT ne.nuTe.nbHYIO oKpy)l{HOCTb 

(no.nomeHHe 3), TO cMer.ueHHe ctanaeTcH ompuu,ameJlbHbtM. CMem,em1e 

pettKH onpene.nHeTCH B ll.0.flHX MOD.y.1rn K03¢tjmuHeHTOM CMer.ueHHSI x, 
KOTOpbIH MOX<eT 6b!Tb COOTBeTCTBeHJ!O nOJIO)KlJTe.nbHb!M, paBHbll\I HYJIIO, 

It OTpHU}lTe.'lbHblM. 

B MOMel!T OKOH%HHH Hape3aHJISI 3y6beB (pHc. 10.18) OKpy;KHOCTb 

sna.mrn KOJieca B CTM1otJ:10M 3auem1emm KacaeTcsi seplllHH HHCTpyMeH-

' 

Pnc. 10.17. CxeMa cMememrn ucxo.n
noro KOHTypa npn uapeaaunn 3y6beB 

... 

Pnc. 10.18. Onpe.a.c.'!e1rne reoMLTµwit·rnux 
pa3Mepos 3y64aToro IWJieca 

Puc. 10.19. Onpe.iJ.e.'!eHHe Hapyllrnoro .nnaMeTpa 3y64aThix Ko11ec 
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Ta, 1!03TOMY 

d1 = mz - 2m (h,: + c* - x). (10.20) 

ToJiuurna 3y6a s no 11,yre 11.eJIHTeJibHOii oKpym:HoCTH paBHa rnttpHHe 
Bna.11,rHlbl Me)!{,ll,y 3y6MIMH npOH3BO.ll.51UleH peiIKH no ueHTpOHJI.e: 

s = nm/2 + 2xm tga. (10.21) 

Tomurrna 3y6a no Jlyre OKPY*HOCTH 3a.uaHHoro 11.ttaMeTpa d1 6yJI.eT 

S; = d,'ljl;, (10.22) 

r.ue ·IJ!i - ue11TpaJlbllblH yroJI G pa;1Ham1x, COOTBeTCTBYlOlllHH noJIOBHHe 
HCKOMOlf TOJIUUIHbl. 

l·fa pnc. IO. 18 CJie..'l.yer, qTO 

'ljli = lJ' + lnv a - inv a;. (10.23) 

IJ.eHTpaJibHbIH yroJI, COOTBf;TCTilYlOlllHH nOJIOBHHe TOJllllHHbl 3y6a no 
.nyre .nemneJibHOH OKpy>KHOCTll, 

1jJ = s/d = (0,5n:n + 2xm tg a)/mz = n'22 + (2x tg a)/z. (10.24) 

ITocJie coornercrnyIOuUix no11.cra11osoK B cpopMyJiy (10.22) no11yq11M 

s1 = d1 (n/22 + 2x tg a!z + inv a - inv a,). (10.25) 

y roJI npoqm.'151 a; )l,Jll'I TOqKH 3BOJ'JbBeHTbl Ha OKp)'>KHOCTI! JlHaMeTpa 
d; 6y)l.eT 

a.1 = arccos (d1jd;) (10.26) 

ToJilllHHa Sa 3y6a y ero Beprn11HbI onpe.ue"1HTC51 H3 ¢oPMYJihT (10.25) 
np:; flO}lCTaHOBKe B Hee da BMeCTO di H inva.a BMeCTO inva;; yroJI aa 
onpe,11.eJIHTC51 H3 cpopMyJibl (I0.2G) npH noncraHOBKe da BMeCTO d, . 

. U.naMeTp oKpy}l{HOCTH sepurnH, BhmoJ111>1eMbIH Ha 3aroTOBKe, onpe
)le.11HeTCl'I H3 ycJiomrn coxpa11emrn pan.naJibHoro 3a3opa B 3aueuJiemrn 
3YO'l.1ThIX KoJiec (p11c. IO. 19) npH J1106b1x Ko3(jl<jmuueHTax CMem.enHH. 
ITpa ycraHoBJieHHOM MemoceBOM paccT051HHH aw .11.JIH BHeurnero 3auen
Jiemrn (pHc. 10.19, a) 

da1 = 2aw - dt2 - 2c*m; 

d,,,2 = 2aw - dfl - 2c*m; 

.11..1rn BHyrpeHHero 3auenJiem151 (pttc. 10.19, 6) 

da1 = dr2 - 2aw -- 2c*m; 

da2 = 2aw + dn + 2c*m. 

10.12. CnoiicTsa aBOJILBeHTHoro aau;en.11emrn 

(10.27) 

(10.28) 

Cxe~ta 3auer1J1eHHH napbI conpH)!{eHHhIX KoJiec npeJJ.CTaBJieHa Ha 
pHc. 10.20. YroJI aw Me}l{.11.y JittHttei:i 3auenJieHttH H nepneH.D.HKYJIHpOM 
R JIHHHH, coe.11.ttHmomefl ueHTpb1 KoJiec, Ha3hIBaercsi yrnoM 3au.ennettm1. 
B ,21060.H cettenuu Ko/lee, nepnenauKyARprtoM ocflM, 3aKOftoMepnocmu aa
qenAeHwi 980Ab8eHmHblX npO</JU!leU oauHaK08bl U, CAeaooameA.bHO, 06ec
nettueaemCfl ycAoeue nocmofllicmea nepeaamottHoeo omnotuenufl o Ka:JIC
iJo.M ce'leH.uu. B Koco3y60M, rnespoHHOM u KpnsoJittHettHOM 3auenJieHHH 
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BBH.ll.Y HaKJIOHHOH HJIH KpHBOH JIHHHH 3y6a KOHT8KTHPYIOW.He npoqlfiJIH 

B COCeJJ.HHX ceqeHHSIX CMew.eHbl .n.pyr OTHOCHTeJibHO n.pyra. 

TaK KaK nepenaToqHoe OTHoweHHe B 3BOJihBeHTHOM 3auenJieHHH 

onpe.n.em1eTcsi OTHoweHHeM pa1mycos rb ocHOBHbIX oKpy)f{HOCTeii 63aH

MO.!(eikrnyJOUJ.HX 3BOJlbBeHTHbIX npoqm.11eii, TO OHO He 33BHCHT OT pac

erOSIHHSI MeM.ll.Y OCSIMH Bpaw.emrn 3BeHbeB aw - MexmceBoro pacCTOSI• 

Pttc. 10.20. 3auen.ne1rne naph1 3y6•1aTL>IX KOJlec 

HHSI. EcJIH H3MeHHTb Memocenoe paccToSJHHe 1l3HHoii napbI KoJ1ec, 

.ll.3B eMy HOBOe 3Haqem1e aw. TO JJ..1151 cyw.ecTBOB3HHSI KHHeMaTH4eCKOii 

napbl He06XO.ll.HMO llOBepHyTb npocpl!JJH nl H n2 .ll.0 KOHT3KT8, B 3auen

JieHHe BOH.ll.YT npyrne yqacTKH 3BOJlbBeHT, HO HOpMaJlb N Bee paBHO 

6yJJ.eT KacaTbCSI OKpymHOCTeii pa.rwycoB fb, H fb,, H KaK JJ.Jl51 npe)KHero 

UOJIO)f(eHIHI UeHTpOB i12 = ffi1fffi2 = 02 W/01 W = 028210181 = f1>)fb,, 

TaK H JJ.JISI HOBOfO HX UOJIOllieHHSI noJiyqHM TaKme i12 = ffi1IW2 = 

= 0 2 W'/O, W' = 0 2B2/01B1 = rh2lrb1. 

Cne.n.oBaTeJihHO, nepe.n.aToqHoe OTHOWeHHe 3BeHbeB, HMeIOW.HX 

!:IBOJlhBeHTHbIH npocpHJib, 33BHCHT TOJibKO OT OTHOWeHHSI pa.1mycoB 
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OCHOBHbIX oKpy>KHOCTeii. DpH H3MeHeHHH Memocesoro paccTOHHH51 

H3MeH51JOTCH L W01B1 H L W02B2 . CJie11.0BaTeJ1bHO, npH aw =;'= 
~aw noJiyl!HM aw· =aw, TaK KaK L W'01s; = L W'02B; = aw•. 
Opu- 3TOM H3MemIJOTC51 pa11.ttych1 Hal!aJibHbIX oKpy)!{HOCTefl rw1 11 
rw2. HO nepe11aTOllHOe OTHOUJeirne i12 OCTaeTCH HeH3MeHHhIM. 

B peellHOM 3auenJieHHH H3MeHeHHe OTHOCHTeJibHoro CTOJIO)l{eHH51 

KOJieca H peHKH TaK>Ke He CKa3bIBaeTCH Ha nepe11.aTOlJHOM OTHOWeHHH. 

3To CBOHCTBO 3BOJlbBeHTHOro 3auerIJieHH51 no3BOJI51eT B onpe11.eJieHHbIX 

npe11.eJiax CHH3HTb Tpe6oBaHHR K TOllHOCTH H3rDTOBJieHHH 3JieMeHTOB 

CTOHKH B 3y6l!aTh!X MexaHH3Max. 

KaqecrneHHhie noKa3aTeJIH B3aHM011.eiicTBHH 11.Byx conpH)l{eHHhIX KO· 

Jiec onpeJJ.eJIHIOTC51 xapaKTepHCTHKaMH 3au.enJ1eHHSI -- KO:J(tx/JUU,UeH
moM nepeKpbtmufl, yaeAbHbtM CKOAb:JICeHueM, npaeuAbHocmb10 sa4enAe
liUfl - omcymcmeueM uHmepc/JepeHu,uu. 

10.13. Ko3C}J«t»uu;ueHT nepeKpbITR.11 

LI.mi o6ecnetieHHH HenpepblBHOCTH B3aHMOJJ.eHCTBHH 3y6beB B 3y6qa

TOM sauenJieHHH Heo6xo.D.HMO, l!T06bl B MOMeHT OKOHll3HHH 3auenJieHH51 

0.llHOH napbl 3y6beB B KOHT3KTe H3X011.HJl3Cb XOTH 6bl ew.e OD.Ha napa 

sy6beB. Ha JIHHHlf sauenJieHHH 8 18 2 (pttc. 10.21) TOtIKa sxo11.a B sa-

1tenJiem1e napbl 3y6heB 1 11 2 onpe11.eJIHTCS1 nepecetieHHeM oKpy)l<HOCTH 

sepw~rn KoJJeca 2 c JIHHHeii 3auenJieHHH B TOtIKe b2, 8 BhIXOll.8 H3 3auer1· 

Jiemrn - nepecel!eHHeM oKpyxrnocrn uepwHH KOJiec8 I c JI1rn11eti 38· 

u.enJJeHHH B TO'!Ke b1. yr Jib! cpctl H fPa2. Ha KOTOpble TIOBepHyTCH KOJJeca 

c MOMeHT8 BXOll.8 napbl 3y6beB B 38Uen11eHHe 11.0 MOMeHT8 BhIXOD.a HX 

H3 33uenJiemrn, Ha3hlB8JOT - yrJiaMH Topuosoro nepeKpbITHH. 3a 3To 

speMH TotIKa KOHTaKTa npol111.eT 11.0 JJHHHH 33uenJieHHH yqacToK 

b2b1 , H83blB8eMhIH aKTHBHOH JIHHHeii 3auenJieHHH. Ew.e 110 Bb1xo11.a 

H3 38UenJieHH51 paccMaTp11saeMoii napbr npoqmJieii B 11.eiicrn11e 

11.0JllKHbl BCTynHTb npo¢HJ1!1 coce.D.HHX 3y6beB_ 3To B03MO>KHO, ecJIH 

yroJI rnpuosoro nepeKpbITHH 6yJJ.eT 6oJJbWe y2Aoaoco iuaca 't = 2n/z. 
Kmcpcpuu,ueHm mop4oaoco nepeKpbtmwi, xapaKTepH3YIOUJ.H ii 3TO ycJio

s11e, onpe3eAH£mcR KaK omHouteHue y2Aa mop400020 nepeKpwnufl 3y6· 
qamo20 KOAeca K ezo y2A0801rty w.acy: 

erJ'. = (jla,/-i;l = (jla.2h2. (10.29) 

Ko3'p~H1lHeHT rnpuosoro nepeKpbITHH onpel{em1ercH H KaK OTHO· 

rneHHe 1lJlHHbl aKTil!3IDH JIHHHH 3aue1rne1mH K OCHOBHOMY wary: 

ea= b1h2/P6 = (b1ll:7 + Wb2)/nmcosa. (10 30) 

1-'fa TpeyroJJbHHKOB 01B1b1 11 0 18 1 W, a TaKme /J.02B2b2 " /J.0~82 W7 

CJie11.yeT, 'ITO 

b1W = b1B1 -B1W = rb1 tgaa1-rb1 tgaw = 
= rb1 (tg aa1 - tg aw}; 

W'b2 = B2b2 - W 8 2 = rb2 tg aa2 - rb2 tg aw = 

= rb2 (tg aa2 - tg aw), 

(10.31) 
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r)J,e aa1 H aa2 - yrnhI npocpHJIH Ha oKpy.tKHOCTH seprrmH - aa1,2 = 

- arccos (dh1./da1,2)· 
Doc.ne IIO.llCTaHOBKH B cpopMyJiy (10.30) cooTBeTCTBYIOIUHX 3HaqeHttA 

H3 cpopMyJI (10.31) H yqrn, qTQ rb = 0,5mz cos a, OOJIY'IHM 
ea = (z1 (tg CGa1 - tg aw) + z2 (tg aa" - tg aw ))/2n. ( 10. 32) 

B KOC03y6of1 nepe.llaqe (pHc. 10.22) KOCh!e 3y6bS1 BXO.llSIT B aauen
JieHHe nocTeneHHO H TaKMe nocTeneHHO BhIXO.llHT H3 sauenJieHHH. B~npo-

, 02 

P11c. 10.21. Onpe.n.e.rreHHe K03<jxjJHUHCHTa 
nepeKphlTHll npHMo3y6oro 3auenJiettHH 

Pee. 10.22. Onpe.ueJieHHe KO!:icjxjJHUHettTa 
nepeKpb!THll KOC03y6oro 3aUeDJl('l!H5J 

uecce 3auenJiemrn KOHTaKTHhie .1111HHH K' K' n K"K" nepeMema10Tc11 no 
no;uo 3au,e1vteflUJl b2b1b1b2, orpaiHl'ICHHOMY JIHHHHMH nepeceqeHHH OJJOC· 
KOCTH 3auenJieHHH c noaepXHOCTHMH BepwHH sy6beB B38HMO}leikTBYJO
IUHX 1wJiec. KoHTaKT oqepe.nHoii napbI sy6beB Haq1111aeTc11 B TO'!KC 
K, co3na.llai01uef1 c TO"lJKOH b2 Ha O.llHOM Topue, u npe.tK.u.e, 'IeM B03HHKHeT 
KOHTaKT npocp1rneii 3THX sy6beB B TO'lKe, COBna.nalOIUeH c TQqKoA bi ff:'\ 

npoTHBorronmKHoM rnpue, KOHTaKrnasi TOl!Ka K rrpofmeT Ha noJie sa
uenJiemrn nyTb b2K' = bw tg Bb· BcJJe.llCTBHe :irnro npo.uomKHTeJibHOCT!:> 
sanenJiemrn .llaHHOH napbI 3y6beB xapaKTep11syeTCS1 oTpesKoM, 6oJihIIrnM 
paCCTOHHH.H b2b1 Ha BeJI11q1rny b2K', H K03ljxjmuHeHT nepeKpbITH>l 6yn.eT 

ev = (b2b1 + b2K')IP1b. 
c yqeTOM cpopMyJibl (10.29) noJiyqHM 

e'I' = b/Ji/P1n + b2K'IP11- = ec, + e11, (10.33} 
r.n.e ep - K03c}lc}lHu11enT ocenoro nepeKpb1T1rn. 
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TO 

er3 = bw tg ~bl Ptb = bw sin ~/nm. (10.34) 

113 cpopMyJThl (10.34) CJie.nyeT, 'ITO 'leM 60JibU1e yroJI HaKJIOHa 3y6heB, 

TeM 60JibWe K03cpcpHUHeHT nepeKpblTHH, H CJie)lOBaTeJibHO, KOJIHlJeCTBO 

nap 3y6beB, O,llHOBpeMeHHO yqacrnyIOlUHX B 3auenJieHJ1H (JlO JO H 60Jib

we); c yBeJIHlJCHHCM K03cpcpHUHeHTa nepeKpblTHH paCTeT cwaBHOCTh 

pa6oThI 3auenJiemrn. 

10.14. Y.neJILHoe CROJILmeuue 

3y6hH 3auenJIHIOlUHXCH KOJiec nepeKaTb!BaJOTCH H CKOJih3HT npyr no 

JI:pyry. XapaKTep11cTHKoii cTenem~ cKOJTb>1<eHHH HBJIHeTCH yneJihHO€" 

CKOJ1b)Ke1-1ue 'A - OTHowe1-1ne cKopocTH CKOJihmeHHH v12 B TO'IKe KOHTaK

Ta K K rnnreminaJibHOH cocTaBJIHIOl!leii 3TOH rnopocTH v, (pnc. 10.23, a). 
CKopocTb CKOJibJKeHHH v12 npocpHJTeii B TO'IKe KoHTaKTa onpenem1eTCH 

~aK pa~HOCTb TaHre1-1uHaJihl-IhIX con 3BJIHIOlUHX a6coJTIOTHhlX CKopoCTeii 

VtK, H V1K,, a yneJibHOe CKOJlb)l(eHHe IlJIH nepBoro H BTOporo KOJieca 

6yJJ.eT COOTBeTCTBeHHO 

A1 = (VtK, - VtK,)IVtK, H A2 = (VtK, - VtI()/VtK,- (10.35) 

~A 

/ /,0 '-" ::::::r=·r.o / 

-< 
"'"\ t 

-A 
~ 

a . Puc. 10.23. C1<0pocrn n 3auen.11e111u1 

TaK KaK B TO'IKe B1 - V1K, = 0, TO 'A1 = - oo H A.2 = l; B ro11Ke 

8 2 - 0,11., = 0 H 'A2 = - oo, a 'A1 = l. B noJIIOce W HMeeM Vix, = 
= U:8 .• n, cJie.noBaTeJihHO, 'A1 = 0 n 'A2 = 0. BocnoJib30BaBrnHch 3THMH u 

npoMemyTO'IHbIMH 31-1aqennsiMH A.1 u 'A2 llJIH pa3JIH'II-Ih!X To'leK KOHTaKTa 

ay6heB Ha JIHHHH 3auenJTemrn B1B2, MO)!{HO noCTpOHTh rpacp11Kn H3Me

uemrn 3THX BeJrnq1111 (p11c. 10.23, 6). 4eM i50Jib1J1e yLteJibHoe cKOJibme

HHe, TeM CllJibHee B03MO)!{HOe H3HaWHB3HIJC npo<pHJiett. <l>aKTHlJeCKHe 
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yJ.le.nbHbie CKO.nb)l{eHH51 orpaHHqeHbl 3HaqeHH51MH, COOTBeTCTBYIOll\HMH 
rpaHHU3M aKTHBHOH .nHHHH 3auen.neHH51 b1b2. lfa Oilb!Ta 3KCn.nyaTaIJ,HH 
c.neJ.lyeT, qTQ y }.le.nbHOe cKo.nb)l{eHHe He }.lo.n:arno 6bITh 60.nbwe A. = I 3 I· 

10.15. llHTep~epeH~SI ay6LeB 

Oparrn.nbHoe 3auen.neHHe 3y6qaTbIX Ko.nee npoHCXOJ.lHT miwb B TOM 
CJJy4ae, ec.nH T04Ka K3C3HH51 3BOJlbBeHTHblX y11aCTKOB npoqmm1 B33H
MO.l{eiicrny1ow.ux 3y6heB HaXOJ.lHTC51 Ha .numrn 3auen.nemrn. Oo3TOMY 
JlOJDKHa 6bITb ycTpaHeHa B03MO)l{HOCTb K3C3HH51 3THX npoqm.neii BHe 
.nHHHH 3auen.neHH51, 4TO HMeeT MeCTO nptt KpOMO'lHO.M IWCGHUU, KOrJia 
B pa6ory BCTyna10T KpOMKH 3y6bee (rn11KH nepece4eHH51 npoctm.neii 

a 
P11c. 10.24. HuTep<jlepeuu11si sy6bes 

c noBepn:ocrnMH BepmttH 3y6beB). 
0pH11HH3Mll KpOMOlJHOro Kacamrn 
51BJ151IOTC51 He}.lOCT3T04HblH K03cp<fm
U.HeHT nepeKpblTHH ea< I, norpew
HOCTb OCHOBHoro wara, 11pe31.1ep
HOe c6JIH)l{eHHe oceii nptt MOHTa)l{e 
nepe}.lalJH II HHTepcpepeHUH51. 

HHTeplj>epem.i.ueit ay6LeB Ha3bl

eaemcn ecmwe nenpaeUAbHoe Kaca-
1we npolfmAefi eHe aKmuenow 
y'laCmKa AUHUU 3au,enAeHU!l, m. e. 
HSAeHue, KoziJa mpaeKmopuR KpoM
Ku odHoco 3y6a e omHocumeAbHO.M 
iJeu:J1Cenuu nepece11.aem nporjJu,1b co
npnJ1CeHnoco 3y6a. Optt 3TOM 3y6 
o.1uwro Ko.neca Bpe3aeTC5! B Te.no 

3y6a .11.pyroro Ko.neca. 3-ro HMeeT MeCTo nptt pa6ore napb1 3y64aTblX Ko
.nee H o6bllJHO H33bIBaeTC51 BHedpenueM npocpHJJeH, KaK H npH Hape-
3aHHH MeTOJJ.OM o6KaTa, K0f}.l3 npoHCXOJl.HT noiJpe3aHue 3y6bee o6pa-
6aTbIBaeMoro Ko.neca. 

llptt npoqJUAbHOU HHTepcpepeHUHH (pHC. 10.24, 6) KpOMKa 3y6a OJJ.
HOro KO.neca BHe}.lp51eTC51 B 3BOJlbBCHTHYIO 113CTb npocpH.nH 3y6a conp51-
)l{eHHOf0 Ko.neca. Optt HHTepcpepeHuHH c nepexoiJHofi Kpueou (10.24, a) 
l<pOMKa 3y6a 0}.lHOfO H3 3y611aTbIX Ko.nee nepeceK3eT nepeXOJ.lHYIO 
noBepxHocTb Apyroro 3y611aTOro Ko.neca. B c.ny11ae Hape3aHH51 3y6beB Me
TOJJ.OM o6KaTKH lJHTepcpepeHUH51 KpOMKH HHCTpyM.eHTa npHBOJJ.HT K no.11.
pe3aHHIO 3y6beB Ko.neca 2, a HHTepcpepeHUH51 KpOMKH 3y6a Hape3ae
MOro KO.neca c npoqm.neM HHCTpyMeHTa npHBO}.lHT K cpe3y 43CTH npocpH
.n51 y ro.nosoK 3y6beB KOJJeca 1. 

OpocpttJibHa51 HHTepcpepeHUH51 nptt B33HMo.n.eficTBHH 3y6tiaThIX Ko.nea 
OTCYTCTByeT, ecJIH BbIJJ.epMaHO yc.noBHe (HH.UeKC 2 OTHOCHTC51 K 60.nhwe
MY KOJiecy H3 napb1) 

V 2 •) 
da2 ~ 2 aw sin2 aw + r/,2. (10.36) 

l1HTepcpepeHIJ,H51 c nepeXO}.lHOH KpHBOH nptt B3aHMo.n.eiiCTBHH napbl 
sy6qaTh!X KOJiec OTCYTCTByeT, ec.111:1 (HH.ll.eKC 1 OTHOCHTC51 K MeHbIUeMy 
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1wJ1ecy H3 napbI) 

aw sin aw - V r;z - r~z > rw1 sin a - (h; + x2) m/sin a. (10.37) 
B 3auennett1111 c BHyTpeHHMMH 3y6hHMH HHTep¢epeHUMH KpOMKH 

3y6a weCTepHM 1 c 3BOJJbBeHTHOH noBepxHOCTblO BHyTpeHHHX 3y6beB 

Koneca 2 B03HMKaeT Torn.a, Kor.n.a 3y6 weCTep1rn BCTynaeT s KpOMOll

Hb1i1 KOHT8KT c 3TOH nosepxHoCTbJO. Op11 ttape3aHHtt 3y6beB B 3TOM 

cny 1rne npOHCXOJUIT cpe3aHtte MX BepwttH 3y6ope3Hb!M HHCTpyMeHTOM. 

4T06b! npe.n.ynpeJUfTb B03HMKHOBeHMe TaKOH MHTep¢epeHUHH, Heo6xo

JJ.HMO co6JJJOCTl1 ycJJOBMe 

V 2 
da2 ~ 2 (aw sin a1w + Pa1)2 + rh2, (I 0 38) 

r,ue Pat - pa.zmyc KpHBH3HbI npo¢11nH 3y6a rneCTepHH no Ol<pymnocTH 

rpamfqHbIX ToqeK (CM. pttc. 10.16). 

I1Hor,ua c ;nott me ueJibIO JJ.onycKaeTcH H3MeHem1e )lHaMeTpa d2 sep

WMH 3y6beB KOJJeca 2. 

10.16. BJiuauue CMemeuua ua xapaKTepucTHKH aau;em1enua 

Ha reoMeTpttlO H KaqecTBeHHbie noKa3aTeJIH 3y61JaToro 3auenneHHH 

B.1HHeT noJJ011<eH11e peeqHoro HHCTpyMeHTa OTHOCMTeJlbHO 3aroTOBKH 

11p11 oKottlJaHHH npouecca ttape3amrn 3y6beB. Or Koalj>t1>Ml.\HeHTOB 
CMel.ll,eHHH, onpeJJ.eJJHIOW.HX 3TO noJJO:>KeHHe, 38BHCHT K03qxpHuHeHT ne

peKpbITHH, TOJIW.HHa 3y6beB y OCHOB8HHH M BepwHHbl, pa.n.11ycbl KpHBH3-

Hbl pa6oqMX yIJaCTKOB npocj)MJIH, HaJJHIJHe HJIH OTCYTCTBHe no)J.pP33HHH, 

T. e. tj:JaKTOpbI, BJUIHJOW.He Ha npoqHOCTb 3y6bes. Bb16opoM coqeTaHMH 

K03$PHUHeHTOB CMew.eHMH MO.>KHO BJIMHTb Ha CKOpOCTll CKOJ!b:>KeHHH H 

Ha y,lJeJJbHble CKOJJb)!{eHMH, T. e. Ha ¢aKTOpbl, onpeJleJJHIOW.Me H3HOCO

CTOHKOCTb. 

nptt Hape38HIHJ KOJJeC C MaJibJM IJHCJJOM 3Y6beB JJ,JJH MCKJJJOIJemrn 

B03MO)f(HOrD YTOHeHHH 3y6a y OCHOBdHHH npmv1em110T noAOJ/CumeJl.b-
1-we c.Mewpwe HHCTpyMeHTa (x> 0). Ysen11qeHHC Ko3qxp11u11eHTOB cMe

w.eHHH nOBbIWaeT npOIJHOCTb 3y6beB, HO B TO me BpeMH seneT K CHHll<e

lllIIO KO'.':KpqmuHel!Ta nepeKpblTHH H yMeHbWel!HIO TOJIW.HHbl 3y6beB y 

sept11HHb1. YMeHbWeHHe TOJJW.HHbI 3y6a JJ.O HYJJH Ha3bIBaeTC5J aaocmpe-
1-tueM 3y6a. npeJJ.eJibHblH M3KCHM8JlbHb!H K03qxpHUHeHT CMeW.eHJ-lfl X, 

orpaHH'leHHblH ycJIOBHeM Sa min = 0,2m, onpe,neJJHTCH H3 BblpaJKemrn 
(10.25) 

d0 (n:/2z + 2x tg a./z + inv a - inv a 0 ) > 0. (10 39) 

Ope,ueJJhHbIH MHHHMar1bHb1i'1 Ko3cjxfmutteHT cMeUI.eHttH onpe.neJIHTCH 

ycnostteM npeJ.ornpaw.eHHH noiJpe3a sy6a. C yMeHhweHtteM Ko3<1l<jlu

u.ttettra x H IJHcJJa 3y6heB z rpaHHIJHaH TO'IKa G (pttc.10.16) cTpeMMTCfl K 

npe,ueJJbHOH roqKe c 3BOJ!bBeHTbl. .llJJH K3)!(Jl0f0 q11cJia 3y6beB z cyw.e

crnyer T3KOH MHHHYI8JlbHblfl K03¢qmuHeHT CMeUJ,emrn Xmin. np11 KOTO· 

poM TO'IKa G cosnaJiaeT c roqKoii C. B 3TOM cJiyqae yron a 0 s ¢opMy

ne (10.16) noniKeH 6b!Tb paBeH HYJJIO. noncTaBJJHfl B 3TY <jlopMyJJy 

aa = 0, llOJJY'IHM 

z sin 2a tg a = 4 (h; - x) = 2z sin 2 a, 
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OTKyD.a 

Xmin = 11: - (2 sin2 a)/2. (I 0 40) 

Ha pttc. 10.25 noKa3aHhI npo<jmJitt 3y6beB KoJieca c O.llHI--IM H TeM me 

qHCJIOl\f IIX, nape33HHble c pa3Hb1Mll K03<pqmuHeHT3MH CMew.eHH51. 

3BOJibBeHTHbie yqacTKH npoqmJieii npII pa3JIHqHbIX CMew.eHHSIX SIBJISl

IOTCH 3BOJibBeHTOH O.llHOii 11 rnii >Ke 01{py>K11ocrn. Op11 K03<pqmutteHTe 

CMew.em1S1 x > Xmin rpa11uq11aS1 ToqKa G Bhiwe npe.n.eJJbHOH ToqKI--I C, I--I 

nepeXO.l{HaH KpHB3SI ll 3BOJibBeHTHbIH npoqmJJb 3y6a conp51f3!0TCSI nJJaB

HO 6e3 nepeceqentt51. Ope,lleJihHhIM CJiyqaeM 6y.lleT cMew.e11ue, nptt KOTO-

c=t,2 E=I 

V\-

A. 

fl~--

P11c. 10.~5. Bn1rnm1e cMeme- PHc. I0.2G. 5.110KHpyiomHil KOHTYP 
HHIJ Ha npo<f>HJib 3y6beB 

poM rnqKa G conna.l{aeT c npe.n.eJibHOH ToqKofI C 3BOJib8eHTbI (x = 
= Xmin). Opu .naJibHetiweM y1v1e11bweHHII c1v1ew.e1111H (x < Xmin) nepe
xo.n11a51 Kptt8a51 11 380.llhBeHTHbIH npo<jmJih sy6a co11pHra10TcH 11e nJJaB-

1-10, a c nepeceLI2HHeM, TaK KaK BHYTPH ocuoBIJOH OKpy>KHOCTH 3BOJ1b

BeHTa ne cyw,ecrnycT. Ta1<0e S18JJem1e Ha3bmaeTcH no1lpe301v1 3y6:.:, 
KOTOpblH nemeJiaTeJieH, TaK !{31{ 31rnqHTeJibHO CHH}l<aeT ero npoqnoCTb. 

ECJII--1 pernHTb ypaBHeHHe (10.40) OTHOCHTeJJbHO z. TO noJiy•mM HaIIMeflC,

rnee qucJIO 3y6beB, KOTOpoe IIpH .l{aHHOM K03cp<jrnuHeHTe CMew.eHHSI noJJy

qalOT 6e3 IlO,llpe3aHHSI 

Zmin = 2 (h~ - x)/sin2 a. (10.4 l) 

,llJJSI CT3H,llapTHoro HHCTpyMeHTa, nOJJO)J{lfB B 3TOH <j:>opMyJJe h: = I 
H a = 20°, MHHH"'13JlbHOe quCJio 3y6heB, l<OTOpoe MO>KHO Hape33Tb 

6e3 no.n.pe:n1-111H 3y6a, npu x = 0 6y.lleT z = 17. 
KaK yKa3hIBaJIOcb BhIWe, orpa11w1eHHS1MH .llJIH ::rnaqe11wi'1 Ko3<j:><pHUH

enroB x 51BJ1l'JeTC51 He TOJibKO fl0,ll.pe33HHe 3y6bes. llo3TOMY 33,ll.343 

Bb16opa 1<03<j:><j:>HUI--IeHTOB c1v1ew.e111rn JJ.JIH 3y6qaTOro 3auenJieHI--IH perna-
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(''IC!! KaK 3a.UatJ:a onTIIMH3au1rn )].BYX napaMeTpOB X1 H X2 npM HeCKOJlb
hll X KpwrepHHX B 3aBHCHMOCTH OT KOlmpeTHbJX 1pe60BaHHH K npoeKTH
pyeMOMY 3y6tJ:aTOMY 3aue11Jie11mo. B 3TOM cJiytJ:ae o6JiaCTb nonycKaeMbIX 
pernem1il npencTaBJHleT co6oii IUIOCKOCTb, Ha KOTOpOH B CMCTeMe Koop
,1.lHHaT X1 H X2 (pHc. 10.26) Ha1-1eceHbl orpaHHlJ:eHHfl npH BbIOOpe 1<03cp
c!rnuHeHTOB cMern.emd'!: 01cyTcTBHe no.upe3aHH51 11 3aocTpemrn 3y6beB, 
Ml:Hl1M3JlbHbJe nonyCTHMble 1<0:icpqn1utteHTbl nepeKpblTl151 H T. )l. 3Ta 
o6JiaCTb JlJifl onpeneJ1eHHoro cotJ:eTamrn 3y6beB z1 H z2 11a 0ihmaeTCH 6,w
Kt1py10w.u,i1 K.Olimypo!rt. fpaHWJllble JIHHHH 6JIOKHPYJOW.ero l<OHTypa 
OTHOCf!TCH K npe.n.eJibHblM 3HalJeHHf!M napaMeTpOB 3auenJiemrn: 1 -
rpaHHUa mnep¢epeHUHH Ha HO)l{Ke 3y6a arnporo KoJieca; 2 - mrnHH 
MllHHMaJibHO JJ,onycrnMoro Ko:iq1cpmi:11ema nepeKpbmrn; 3 - rpamiua 
irnTepcpepemurn Ha HO>KKe 3y6a nepBoro 1rnJTeca; 4 - rpamw;:i 3aocTpe
HHfl 3y6a Ha nepBOM KOJTece; 5 11 6 - JTHHHH, onpenemHOI.UHe IIO.llpe-
33HHe 3BOJibBenrnoro npocptt.nfl 3auenJIH!Olll,HXC51 3y6LeB. Jl,JIH OflTH
M3JTbHOro no.u6opa KooicpcpHUHeHTOB cMeruemiri BHYTPH 6.nmrnpyioruero 
Kmnypa H306paX<eHbl JJHHHH, COOTBeTCTBYIOW.He H8HJJY4LilliM 3H31Je
HM51M Ka1JeCTBeHHL1x noKa3aTe.neii 3auenJ1eHHfl: a - onpe.11.e.1Jfl10lll,He 
paBHYIO npOtJ:HOCTb 3y6beB o6ottx KO.nee Ha H3rH6 npH Be.ll.yw.eM KO.'le
ce 1; 6 - TO me, nptt Be.uyw.eM 1w.11ece 2; e - peKoMeH)l.yeMoe 3Ha1Jett11e 
K03cpcp11utteHTa nepe1<pbITHfl e = 1,2. 

10.17. Onpen:eJieHHe Memocesoro paccTOHHHH napLt 
conpHmeHHLIX KOJieC 

Me>KoceRGe pacc1mrn1-1e s 3y61rnTo'v1 MexaHH3Me, coc1as.neHHOM mi nnyx 
3~1uenJlflfOUlHXC5l KOJJeC, onpe)l.eJJHeTCfl r.pH 6e33a30pHO.M. sau,en.1CNllll, 
Kor11.a Ko.neca TaK co6paHbl, •no 3y6 O)J.HOro 1<0.neca BBO.ll.HTCH BO Bil3.UH
HY .Ll.pyroro .uo no.nHoro KOHTaKTa c o6ettx crnpoH. TaK KaK ue1npo11JJa
MH B OTHOCHTe.IJbHOM .11.BHJKeHHH .usyx 3y6tJ:aTblX KOJiec HBJIHIOTCH Ha
lJ8JibHbJe oKpymuocrn, TO nptt 6e33a3opHoM 3auenJieH1-111 TOJilll,1111a 3y6a 
S1v1 OtlHOfO KOJieca, !l3MepeHHaf! no .n:yre HatJ:aJibHOH OKpy>KHOCTH .!l.Ha
MeTpOM dw1. 6y.ueT paBHa umpmre Bna.n:HHbI ew2 no )l.yre oKpy)!HIOcrn 
nHaMeTpOM dw2 (pttc. 10.27, a), a TaK}!<e S1vo = ew1. ToJIIUHHa 3yf5LeP 
no HatJ:aJibHhIM oKpy1KHOCT51M H3 cpopMy.nhr (10.25) c y1JeTm.1, 1IT0 
dw = Pwzln, 

sw1 = Pw1 (n/2 + 2x1 tg a+ z1 (inv a - inv aw)); 

sw2 = Pw2 (n/2 + 2x2 tg a + 22 (inv a - inv a 1!1 )). 
{10.42) 

TaK KaK war 3y6beB o6ottx 3y61JaTb1x KOJiec no nyraM HatJ:a.nbHbJX 
OKpy:11rnoCTeii O.ll.HHaKOB: Pw1 = Pvn = sw1 + ew2 = sw~ + ew? = 
= sw1 + sw2, TO, H3 cflopMy.n (10.12) 11.m1 yr.na 3auenJiemrn noJ1y1rn1.1 

inv aw= 2 (x1 + x,!) tg a/(z1 + ?2) + inv a. (1043) 

3naqem1e yr.na aw noJiyqaeTcH npH 11cnoJib30BaHHH oneparopHot1 
cpyHKUHH I NVAL (z1 , z2, x1, x2 , a; aw), pea.ntt3yIOrn.eii HTepauuoimhri\ 
npouecc pewenttfl ypaBHemrn tg aw - a1v = inv aw. 

l13 t..0 18 1 W H t..02B2 \V noJTytJ:m1 Me>Kocesoe paccTOflHHe 

aw= 01W + W02 = 0 18 1/cosaw + 0 28 2/cosaw = 
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= mz1 cos a/(2 cos aw) + mz2 cos a/(2 cos aw) = 

= (m (z1 + z2) cos a)/(2 cos aw). (IO 44) 

.llm1 nepe.n.acm c BHytpeHHHM aauenJieHHeM (pHc. 10.27, 6) aHa· 
norwrno <f>opMynaM (10.43) u (10.44) noJiyquM 

inv a:w = (2 (x2 - xJ tg a)/(z2 - z1) + inv a:; 

aw = (m (z1 - z1) cos a:)/(2 cos aw). 

a 
PHc. 10.27. Onpe11eJ1eHHt: Mt:.IJ\v .... .:.11u1u ;.iaccl'OHHHH 
sy6qaTOA nepe11aqH 

PHc. 10.28. 3KeHea.neHT1th1e f{OJJer.a dcos]J 

CTpH pacqerax re0Merp1rn Koc03y6h1x KOJiec MomHo 6ea H3MeHerrnA 
HCnOJib30B8Tb cll<>PMYJihl Jl/UI npHMoay6hIX KOJiec, IlO,ll.CTaBJISIH B HHX 
aapaMerpbl HCXOJJ.HOrO KOHTypa B TOpUOBOM Cel!eHHH. feoMeTpHl!eCKHe 
aapaMetphl s HopMaJihHOM ceqeHHH Kocoayooro KoJieca xapaKrep11ay-
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mTcH rrapaMeTpaMH 3y6beB 3KBHBaJieHTHhIX np51Mo3y6hIX KOJiec. B 3TOM 

ce4e1 H 1 no.11y4aeM 3.JIJIHnc (pttc. 10.28), y Kornporo no.11yocH p 1 = 
= 0,5d H p 2 = 0,5d/cos ~- KaK H3BeCTHO, pa,n.ttyc KpttBH3HhI 3.JIJittrrca 

a TOqKe, Jie)l{ameii Ha .n.eJIHTeJibHOH oKpy>KHOCTH, 6y.n.eT rv = p~/p1 = 
= d/(2cos2 ~). EcJIH BhlfTOJIHHTb KOJieco .n.ttaMeTpOM dv = 2rv = 
= 2d/cos2 ~. TO Ha HeM pa3MeCTHTC51 Zv rrpHMbIX 3y6beB, HMelOIUHX 

2110.n,yJih m = m,, = m, cos~- lfa ycJIOBHH dv = Zvm H d = zm, c yqe

TOM CK333HHOfO fTOJiyqHM 

Zv = djm =dim cos2 ~ = zm/m1 cos3 ~ = z/cos3 ~- (l 0 45) 

TaK KaK TOpUOBbIH K03(pqmuHeHT CMeIUeHH51 KOC03y6oro KOJieca 

6yJJ.eT 

X1 = xcos~, (1046) 

TO TOp!lOBblH yroJI 3auerrJiemrn COrJiaCHO cpopMyJie (10.43) c yqeTOM, '-ITO 

(x11 + X12) tg a1 = (x1 + x 2 ) tg a, 6y1WT 

(1047) 

feoMeTpHqecKHe pacqeTbI rrpHM03y6bJX H KOC03y6bJX UHJlHHJJ.pHtle

CKHX KOJiec rrpOH3B l,QHTCH oneparnpttOH cpyttKUHeH 

GC/L (z1 , 22 • m, ~. h~, c*, a, r!, x1 , x2 • k; d1 , d2 • dbi. db?, dr1, d12. 

aw, dar, du~). 
r.n.e k = I, 2 - HH,ll.eKCbl, COOTBeTCTBYIOIUHC BHyTpeHHCMY HJIH BHew

HeMy 3auenJieHHIO. 

11. CHHTE3 T011EqHblX KPYrOBHHTOBblX 3AD;EilJIEHilll 

11.1. Ilpo<1>un11p.::)8aHHe 3yfo.eE c TO'Ie•IHLIM KOHTaKTDM 

B 3BO.JibBeHTHOM 3auerrJreHHH B3attMo.n.eftcTntte pa6o4ttX- nonepxHocTeii 

ay6heB npOViCXO.ll.HT no npHMOH JIHHHH. Oo3TOMY nptt HeT04HOCTif B3aHM

Horo pacno.r.mKeHHH Ko.1ec HJIH HX .n.e¢opM3UHH no.n. Harpy3KOH fTJIOT

HOCTb KOlIT3KTa 3y6beB CT3HOBHTC51 ttepaBHOMepHOH, qTo npHBO.ll.HT K 

KOHUeHTpaUHH .n.an.'lelrnH ·tta onpe,QeJJeHHblX Y43CTK3X KOHT3KTHblX JIH

HHH. KpoMe rnro, pa.L1.Hycb1 KpHBH3HhI pa6oqttx nosepxttocTeii 3y6ben, 

KOTOpbre onpe.n.eJJ51IOT Harpy3oqttyIO CfTOC06HOCTb 3y6'-laTOro MexaHH3-

Ma, 33BHC51T OT ,ll.HaMeTpa OCHOBHOrO UHJIHH.!1.pa KOJ!eca: qTo6bI yseJIH

qHTb pa.n.ttychI . KpHBH3HhI, HY>KHO yseJJH'-lttBaTh .ll.HaMeTphr Ko.nee. 

Jl.1151 Toro, qTo6bI H36e>K3Tb yKa3aHHbIX tte,ll.OCTaTKOB, npHMeHHIOT 3a

nen.11etttte c TeopentI.JeCKH TOI.JeI.JHblM l(QHT3KTOM B33HM0.!1.eHCTBYIOIUHX 

ay6beB, KOTOpbI11 3a cqeT npH,!1.3HHH 3y6b5IM COOTBCTCTBYIOIIJ,eH ¢opMbI 

110,ll. ttarpy3KOH npespamaeTC51 B KOHT3KT no fTJIOIIJ,3,ll.Ke. 

Jl.1151 T04e'-IHblX CHCTeM 3au.enJieHHSI HCJ10Jlb3yeTCH MHO)l{eCTBO 

pa3JIH'-IHhIX nap conpH)l{ettttbIX nosepxttOCTett, npo¢ttJIH 3y6beB o6pa

syIOTCH pa3JIH4Hb!MH n.llaBHbIMH KpHBbIMH (UHKJIOH,ll.3.JlbHbIMH, 3BOJib

BeHTHbIMH, 3JIJIHfTTHqecKHMH H .n.p.). B qacTHOCTH, 04epTaHHe npo<fm.neii 

ay6beB BblnOJIH51eTCH no .n.yre Ol(PY)l{HOCTH B TOpUOBOM HJIH HOpMaJib

HOM ce'-leHHH 3y6beB. B TaKHX 3auenJieHH5IX 3a.n.auttaH nepe.n.aToqttaH 
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lPYHKUH51 06ecrreq1rnaeTC5J co6JJIOJJ.eHHeM OCHOBHOro 3aKOHa aauern1e

mrn JJHillb B orrpeJteJJeHHOM ceqemrn, I103TOMY B HeM B03MO)KeH TOJ1bKO 

MfHOBeHHblH KOHTaKT ay61>eB. rJp11 rroBopoTe KOJJec ycJJOBHe IlOCTO

HHCTBa nepeJI.aToqHoro q11cJJa 06ecrre1urnaeTc5J B Ka>K1.1.oe MrH0Bem1e 

KOHTilKTOM 3y6LeB B HOBOM rronepel!HOM ceqeHHH. TaKHM o6pa30M, Teo

peTl!4eCK3H T04Ka KOHTaKTa 3a speMH sauerrJJeHHH ,ll.aHHOH napbl 3y6LeB 

rrepeMelltaeTC51 OT OllHOro rnpua K 1IpOTHBOIIOJIO>KHOMY. 

11.2. Ilpnuu,nn o6pa3oBaHHH 3au,e1meun.11 c To11e11HhIM 
ROHTaRTOM 

DpeJlCT3BJJeHue 06 o6pa3oBaHnn Toqeq110ro aauen.ne1mH MomeT 11.aTb 

npeo6pa30Ba11110e KOC03y6oe 880Jlb8eHrruwe 3au,enAenue. OpennoJl0}1\i1:vt, 

qTo B TOpUOBOM ce'leHHH rrapbl KOC03Y6b!X 3BOJlbBeHTHbIX Ko.nee 

(puc. 11.1) npocpHJJH 3auerrJJHIOIII.HXC51 3y6LeB Bhnue H HHme TO'IKH K 
KOHTaKTa cMemeHbJ B Te.no 3y6heB. BcJJe.llCTBHe 3Toro rnJJuurna ay6a 

HCK3/l(eHHOIJ cj)opMbl Ha scex paJI.HY

cax, 3a HCKJI10qem1eM Toro, r,Qe pac-

Puc. 11.1. 06pa3oBattue ro•1equoro 33· 
uen.~eHllH 

Vue. 11.2. 06pa30Ba1me KpyroBUH· 
TOBblX 3Y6beB 

IlOJIO>KeHa TOqKa KOHTaKTa, CTaHeT MeHhWe TOJlllUlHbl 3BOJlbBeHTHOfO 

ay6a npaBHJibHOH qiopMhI. EcJIH TaKoe 11cJ<a1Ken11e npoqmJJH BblilOJJHHTb 

no sceli .llJIHHe 3y6a, TO rrpH rrosopoTe Be.L1.ymero 3y64arnro Ko.neca Ha 

HeKOTOpb!H yroJJ IWHTaKT Me>KJ(Y 3Y6bHMH B03HHKaeT B HOBOM ce'leHHH. 

Bo scex npyrnx ceqenHHX B,QOJTh 06pa3y10m11x KOJiec H3-3a npenHaMe

pe1rnoro HCKa>KeHHH npocpHJJeii KOHTaKTa 3y6heB He 6yJteT. rJpH .uaJib

HeilweM spameHHH senymero KOJJeca ToqKa KOHTa1na 3auerrJJ5!10UJ.HXCH 

ay6LeB nepeMemaeTcH BllOJJh oceii OT OllHOro Topuosoro cetJeH11H napbI 

corrpH>KennbIX KOJJec K 1IpOTllBOI10JJOJKHOMY. 

B 3TOM HCKa)KeHHOM 3BOJlbBeHTHOM KOC03y6oM 3auenJJeH1rn HMeeT 

MecTo mo'lettflbtt1 KoflmaKm, JIHHHH sauen.nemrn KK 6y.neT napaJI.neJJbHa 

OCHM KOJJeC rrepe.ll34H H paclIOJJOJKeHa Ha pacCTOHHHH l OT ITOJIIOCHOH 
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n11H1111 WW. nocTOHHCTBO nepe.llaToqHoro OTHmneH11H B TaKoM sauen

Jiemu:1 6y.lleT o6ecneqeHo, noToMy qrn ocHOBHaH TeopeMa 3auern1emrn B 

KB)!{.ll,Oe MfHOBeHHe 6y11er co6JllOilaTbCH B HOBOH I1JIOCKOCTH KOHTaKra 

ay6beB. EcJI11 no.no6Hoe i13MeHeH11e npoqmJiett npoH3Becrn Ha npSIMO· 

sy6oM KOJiece, TO nOCTOHHCTilO nepenaTO'lHOfO OTHOWeHHH Hapywa

eTCH, TaK KaK npH MaJieilweM noBOpOTe senyw.ero KOJieca B KOHTaKT 

BCTynHT yqacTKH HCKa)l{eHHOH lJaCTH npoqmJIH, qTo npHBe.ll,eT K Hapy

meHHIO OCHOBHOfO 3aKOHa 3auenJieHHH. CJieJ(OBaTeJibHO, TOLJeLJHOe sa

ue1rneHHe no.no6Horo BH.Ua B03Mo;.KHO .'JHWb c KOC03y6hIMH KOJieCaMH . 

.UJIH ofiecneqeJUIH B03MO;>!<HOCTH nepe,Ual!H 3Hal!HTeJibHb!X HarpysoK 

Heo6XO.llHMO npH HCXO,Ul!OM TOLJeLJHOM KOHTaKTe 3y6beB C03.ll,3Tb ycJJOBHe 

pacnpocrpmiemrn TO'le'lttoro KOHTaKTa non ttarpy3KOH Ha 3HaLJHTeJib

HYIO nJimua;:i:Ky. 3rn .llOCTIUKHMO, ecJIH KOHTaKTHposaTb 6y.llyT He BhI

nyKJibie npoqmJill 3y6beB (pa3Hble 3H3KH pa.llHYCOB KpHBH3Hbl), a BbrnyK

Jlhle c BOfHYTb!MH (pa,11Jr:ycb1 1<p!1BH31-lbl 6yJLyT O)J.IIH81\0DhlX 3H8KOB) 

c 6JI!13KHMH pa.n11ycaMH Kp11BH3Hbl. 

11.3. 06paaouauue ay6LeB s:pyroBHHTonoro aau,emxeHua 

B Kal!ecrne conpH>KeHHhIX nosepxHocTeii 3y6hen, yJ10BJiernop.morn.11x 

yKa3aHHhIM ycJIOBHHM, ue,riecoo6pa3Ho HCI10Jih30BaTb noBepxHOCTH, ,llJIH 

KOTOpblX Texno.11onrn HX noJiyLJemrn H3BeCTHblMH CI10C06aMH Ha cyw.e

CTBYIOW.eM craHO'lHOM 06opynosaH1rn Ha1100Jiee npocra. K qucJiy YJIOB· 

JiernopH!Olll,HX 3THM Tpe6oBaHHHM OTHOCHTCH npem)le Bcero BIIHTOBbie 

nosepxHocTH 3y6beB c nocTOHHHhlM HJIH I1epeMeHHbIM yrnoM 3aKpy•rn

BaHHH BHHTOBOJI JIHHHH. J1HHHH I10nepel!HOro ceLJeHHH T3KHX noBepx

HOCTeii c HOpMaJihHOH (K HanpanJieHHIO 3y6a) H.'llf TOpUOBOH I1JIOC

KOCTblO HBJIHIOTCH )lyraMll OKpy>KHOCTeii. TaKHe C10BepXHOCTH, H33bl

BaeMbJe K.pljc08bl11tll RllHmOBbl.AW noeepXHOClnJ!Jflll, H IIOJIYLJHJIH WHpOKOe 

pacrrpoCTpaHeHHe B Ka'lecrne pa6orrnx nosepxttocTe1'1 3y6heB. 

npe,llCTaBHM, GTO )lBa HatlaJibHhIX UHmlHJipa ,llHaMeTpaMH dw1 II dw2 
(pHc. 11.2) nepeKaTbIB3IOTCH c yrnoBbTMH CKOpOCTHiMI (!)l ll W2 6e3 

CKOJlbll<eHHH, o6ecneGIIB3H noCTOHHHOe nepe,UaTOLJHOe OTHOWeHJie i12 

npH 3a)lalllIOM :Vle)!{OCeBOM pacCTOHHHH aw. 8b16epeM Ha JIHHHll nn, 
pacnoJiox<eHHoii no11. yrnoM 90° - aa K JIHHHH ueHTpoo 0 10 2 Ha paccT05l

HHH l or noJIIOca W, roqKy K H npoBe)leM qepe3 Hee napaJIJieJibHO ocH~t 
KO.'TeC JIHHHIO 3auenJieHHH K K. np11MeM CKOpOCTb nepeMew,eHHH TOGKH 

KOHTaKTa sy6heB BJIOJib Jrn111m 3auenJieH11H nocTOHHHoi'r. Tor.n,a np11 

IIOCTO}I HHOH CKOpOCTH Bparn.eHirn Hal!aJibHblX llHJIHH'lPOB TQqKa KOH· 

TaKTa K on11weT Ha Bpaw.a10w.11xcH cHcTeMax, CBH3aI-IHblX c na'laJibHblMH 

UHJIHH.LJ.paMH, BHHTOBbre JIHHHH KK1 H KK2 . 

Bo::ibMeM B Ka'lecrne o6pa3yIOw,ei1 (\mrypb1 oKpy;,imocTh pa.llnyca 

r = l, pacnoJJO)KeHHYIO Ha llJIOCKOCTll, nepne!l)J,!1KYJI5lpl!Oll OCHM KO.llec. 

OepeMeCTHM ::ny OKpy)KHOCTb B,llOJ!b oceii )lBan<,Uhl TaK, LJT06bi rIOCTOHH

HaH TO•!Ka o6pa3yrow.eii OKpy>KHOCTH, COBI13)1310W.3H c TOLJKOH KOHTaK

Ta 3y6beB K, 011.11H pa3 nepeMern.aJiacb BJIOJih BHHTOBOH JI11mn:1 KK1 , 

BTopoil pa3 - Bll.O.'lh JIHHHH K1K2. CJie.llbI 3TOH 0Kpy11rnocrn 06pa3y10r 

BHllTOBbie llHJil:!HlI.pb!. l.lacTb 0.ll.HOfO BllHTOBOfO UIIJII-!H)lpa, BhICTyna10-

lll8H 33 I1pe,lleJlbl Ha'!aJibHOro ll,HJIHH,llpa meCTepHH, HCI10Jlb3YeTCH 

121 



K8K IHlllT,)BOH 3y6 rneCTepHH, a qaCTb BTOporo BHHTOBOfO UHJIHH.n.pa, 

pac-no.noM.eHHaSI BflYTPH HaqaJibHOfO UHJIHHJJ.pa KOJieca, npe.llCTaBJIHeT 

co6oii sna.n.utty Me)!(.uy 3y6hS1MH KOJieca. EcJIH TaKHe BhICTynhI H ena.u.u

HhI pac-noJimKHTb no HaqaJibHblM UHJIHH.ll.p3M Ha paCCTOSIHHH rnara, TO 

Bpa:ueirne KOJiecy OT rnecTepHH 6yneT nepenaeaThCSI .naeJieHueM BhmyK

Jioro 3y6a H3 noaepxHOCTb BOrHyTOro 3y6a KOJieca, a KOHTaKT 3y6beB 

6y neT nepeMeIUaTbCH B.UOJib KOJiec. 

B TopuoeoM ceqemrn onttcaHHoro 3auenJieHHS1 3y6bsi HMeJOT Kpyro

BYJO cpopMy, H KOHTaKT HX 6y.neT npOHCXO.lJ.HTb no .nyre OKpyMHOCTU. 

3-ro SlBJHleTCSI cymecTBeHHhIM He.nocTaTKOM, TaK KaK Ha npaBHJlbHOCTh 

KOHTaKTa ay6heB 60JibillOe BJIHSIHHe 6y.u.yT OKa3hIBaTb norpernHOCTH 

MeXaHH3Ma. npu OTHOCHTeJibHOM CMeIUeHHH OCett KOHT3KT 3Y6beB 6y

.UeT JIOKaJill30BaTbC51 y eeprnHHbl H HO.>KKH 3y6beB, T. e. OH CTaHOBHTCH 

KpOMOqHbJM. 

11.4. 06paaosauue 3yo'laToro MexaHH3Ma 
c o~oii JIHHHeii aau,enJieBHs: 

ll.11si ycTpaHemrn yKa3aHHoro He.ll.ocrnTKa noeepxHOCTH 3y6beB 06pa-

3y10TCS1 .ll.BYMSJ OKpy.>KHOCTSIMH pa3JIHq}lbJX pa.ll.HYCOB, conp1rnacaJOIUJl

MltCSI B O.ll.HOii TOIJKe K Ha JIHHIHI nn. llJisi oqepqneanuSJ 3y6heB rneCTep

HH HCCTOJib3YIOT OKpy.>KHOCTb pa,ll,Hyca Pi = l c ueHTpOM B nOJIJOce 33-

PHc. 11.3. 3y6'laThlH MeXaHH3M c o.nnott JIH- Pnc. 11.4. 3y6'laThIH MexaHH3M c .!lBY-
HHell: 3au.enJJeHHSl Mll JllHIHS!MH 3au.enJICHHSl 
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uenJJemrn W (p11c. 11.3), D.JIH KOJieca - oKpy>KHOCTb pa.llttyca p2 = 
= l + ,'.\ c ueHTpOM, pacnOJJOJi<eHHh!M 3a CTOJIIOCOM w Ha JIHHIHI nn. 
B 3TOM cJiyqae 1-1aqaJ1bHhIH KOHTaKT 3y6beB seer.Ila 6y D.eT ToqeqHhirvt; 113-3a 

B03:\10A<Hb!X norpeWHOCTCH 3auenJieHHH KOHT3KT 6y11,eT H3X011,HTbCH Bee 

)Ke B6mt3H TeoperntJeCKOH TOqKH KOHTaKTa K. .llm1 Bh!XOll,a CM330qHo

ro MaTepHaJla, ycTpaHeHHH 3aTpynHeH11l1 np11 c6opKe, 06ecrreqeH11.H He-

06xon.1-1.Mol1 np04HOCTH sy6hH Ha HeKOHTaKrnpy!Olll.HX yqacTKax Qtiep
q11BalOTC5! JillHHHMH, He COBCT3.ll310W.HMH c KOHTypoM 06pa3y10mefl OK

PY)l<HOCT11. 
Pa6oq11e noBepxHocrn 3y6heB HaqmrnIOT B3aHMO.llettcTBOB3Tb a TQq

Ke K. pacnoJIO)KeHHOH Ha OllHOM rnpue 3y6qaThlX KoJiec. Op11 Bpaw.e

mrn 3y6qaTbIX KOJiec T04Ka KOHTaKTa K nepeMew.aeTcH no llUHUU sa

u,en.ieHuH K K, napaJlJleJihHOH noJ110cHoii JIHHIHI WW, HBJIHIOW.eiicH 

JIHHHeH K3C3Hl151 H343JlhHh!X UHJIHH1IpH4eCKHX noBepxHOCTeH pa.llHYCOB 

0,5dw 0,5dil'l,, B HanpaBJieHirn CTpeJlKH 11 3y6bH BblXO.llHT H3 3auenJie
HHH Ha npornaonoJI0>1<HOM Topue. Oo3TOMY pa6oqa51 llacTh JIHHHH 3a

uenJ1eH11H paB11a wupHHe 3auenJiemrn bw. 
TaKHe KoJieca o6pa3yIOT 3anenneHHe HoBHKoBa (cM. npn.n.) 

c ooHot'i Aw-weu 3atfenAeHU5l. EcJIH 3y6b5! c BblIIYKJJbIM npoqm.neM pacno

J1ara10TCH Ha BXOJlHOM 3Beue, a 3YOb51 c BOrHYTblM - Ha [!blXOJlHOM, TO 

3auer1JieHtte H33hlB3eTCH sano/llOCHblM, TaK KaK B HeM JIHHHH 3auenJieHH51 

H3X011,HTC51 3a TIOJIIOCOM B HanpaBJJemrn Bpaw.eHHH BXO.llHOro 3BeHa. 

B n.pyroM aapHaHTe 3auennema1 - aonoAIOCHOM - npoqmJib 3y6beB Ha 

BXO.llHOM 3BeHe MO>KeT Ob!Tb BOfHYThlM, a Ha Bh!XO.llHOM - RbinYl\JlhIM; 

rnr na JIHHirn 3auenJieHHH 6y neT Haxo11,11TbCH nepe.ll noJIJOCOM. 

11.5. 06paaoBaHHe ay6'1aToro Mexau11aMa c ,r1;syMJ1 
JIHHHHMH aa.u;eDJieHHH 

C UeJihlO yBeJIHlleHHH Harpy3oqHoii cnoco6Hocrn sauenJiemrn Kpyro

BHHTOBbie 3y6bH Ha K3)!{.ll0M KOJiece BhinOJIH5IIOT c rOJIOBKOH H HO)l{KOH. 

BttHTOBbie nosepxHocrn TaKHX 3y6heB 06pa3y10TcH aHaJIOrttlJHO yKa· 

33HHOMY BbIWe c noMOW.blO OKpy»rnocTeH, nepeMeW.alOW,HXCH no BHH

TOBhlM J1HHH51M Ha H?l..!3llbHblX OKPY*HOCTHX KOJiec. ro.10BKH 3y6heB 
BbinOJIHHIOT c BblrIYKJ!blM npo¢11JieM, HO}f{Klf - c BOfHYTb[M, KOTOpbre 

CBH331lbl Me)!{.llY co6oi1 He60JibWHM yqacTKOM, oqeplieHHhlM nepeXOJJ.

HOft KpHBOH (p11c. 11.4). B TaKoM 3auenJieH1111 KOHTaKTHpoBaHtte sy6heB 

npoHCXO.llHT 011.HOBpeMeHHO Ha rOJIOBKe H HO.il<Ke sy6beB K3)1\.ll0f0 

KoJieca napb!. nJiaro.llapH 3TOMY yse.11114HBaeTcH KOJlHllecTBO OJJ.HOBpe

Memm KOHTaKTHpy10w.11x 3y6beB. Tol!KH KOHTaKTa /( 11 K' Ha roJIOBKax 

H HOA<Kax 3y6beB C,llBHHYThl .llpyr OTHOCHTeJibHO .llpyra Ha HeKOTopoe 

paCCTOHH!le q, 33BHCHl..U.ee OT yr.na HaK.10Ha sy6beB ~ H yrJl3 JJ.3BJieHH51 

a0 . B 9TOM MexaHH3Me o6pa3yl0Tcfl .llBe JIHHHH 3auenJiemrn. 0.llHa JIH

HHH K' K' Haxon11TcH nepen noJI10coM, .llpyraH KK - 3a noJIJOCOM. 
Ka)!{ll.3H JIHHHH o6pasyeTCH nepeMew.eHtteM o6w.eii TOtJKH KOHTaKTa Ha

'I3JibHoii HO)l{KH 3y6a O,llHOro sy6qaToro KOJieca c H343JlbH0!1 roJIOBKOH 

3y6a napHoro 3y6qarnro KO.'!eca. 3TOT BapttaHT sauenJiemrn HoBHKOBa 

C .ll.BYMH JIHHH51MH 3anenJieHirn H33bIBaeTCH Oo3ano/llOCHblM. 
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11.6. Hcxo,n;ai.1e ROHzypi.1 u uapeaaHue ay6i.es 
Ha aaroTOBKe ICoJieca 

reoMeTpHSI ay6beB 3auen.neHHH HoBHKOBa onpen:em1eTCH HCXOJIHblM 
KOHTypoM 3auenJJeHllSI. flapaMeTpbl 3,TJeMeHTOB HCXO.D.Hb!X KOHTypoB, pa
llHYCbl KplrnH3Hbi H .LJ.pyrne pa3Mepbl 3)'6beB Bb16J.1paIOTCSI B TaKHX COOT
HJwemrnx, 1no6b1 06ecneq11Tb HaMBbiro.ll.I-Ieih1rne yc.noBHSI pa601b1 3a
uenJieH1rn JI _Ha.n.Jie.IHamyJO npO"IHOCTb 3y6beB. JlJIJJ UHJJHH.D.PHtJeCKHX 

i s,.. 

p 

p 

a 

i--------·----------. .... 

0 
PHc. 11.5. HcxOJlHblH KOHTYP 3auenJieHHll HoBRKoBa 

sy6qaThIX KoJJec HoBHKOBa wcxoJJ.HbIM KOHTypoM srnJrneTcsi KOHTYP 
sy6beB HOMHHaJJbHOH 3y6qaTOH pettKH B nopMaJJbHOM ceqeHHH. 

JlJrn sauenJiemrn Homrnom1 c O)lHOH JJHHHeil 3auen.neHHH (p1-1c. 
·11.5, a) Heo6xo.D.HMbl .uaa HCXO).lHbIX KOHTypa: OJ(HH - O.//Jl BblnyK.-1blX, 
.n.pyrou - o.//Jl eoz1-tymbtx ay6beB. 5oKOBhie crnpoHbl KOHTypa oqepqenhI 
.11.yraMH oKpymHoCTH. Hcxo.D.Hble KOHTYPbl BbIDYKJloro H aornyrnro npo
qm.neii (KOHTYP 3y6beB peiJKH) no Ite.TJHTeJJbHOH npHMOH a - a 06pa
sy10T n.noTHoe conpm1<em1e. Heo6xo.n11MbIH 6oKoBoii 3asop B sauenJ1e
HHH .n.ocT11raeTCH aa C'leT yTOHeHHJJ BhinyK.noro sy6a. 
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D3paMeTpbI 11cxo11Horo KOIITypa 3auenJ1ett11i1 Hom1KOBa c )lBYl\HI 

JII1Hl1f!MH 3auenJieH!1fl (p11c. J 1.5, 6) perJiaMeHT11pOB3Hbl fQCT 15023-
76. llo 3T0\1Y CT3Hll3PTY nyrn, 06pa3y10w,11e Bbin)'KJIYIO M BOrHYTYIO 
lJ3CTl1 3y6a, conpHra10TCfl Me)KJLY co6oil He6oJibWHM r1pHMOJ111HeHHblM 

yqacTKOM. KaK H B 11cxo11.HOM KOHType c 011.Hoii JI1m11eii 3auenJieHHH, 

npocjm.'IH 3y6beB B HOpMaJibHOM ceqemm oqepqeHbl 11.yraMH OKpymHOCTH. 

feoMeTp11qeCKl!e m1paMeTpbl onpe11.eJif!IOTCH qepe3 HOpMaJibHblf'I 

~IOJJ:YJib m11 • Mo11.yJIH Bb16!-1pa10T B cooTBeTCTBHH co 3Ha'l:eHHf!Mlf, ycTa

HOBJleHHbIMll B fQCT 14186-69 (OT 1,6 llO 50 MM B nepBOM pH.Uy, qTQ 

npennoqnffeJiuHee, H OT 1,8 llO 56 MM - BO BTOpOM). TaK KaK B TOp

UOBOM ceqeHHH npocpHJib sy6a HCXOll.HOro KOHTypa oqepqeH 11.yroii 3JIJIHn

ca, TO 3y6b5l Ha KOJiecax HMe!OT npoqrn.Jib, onHC3HHblil I<pl!BOH, HBJIHIO

meficH orn6a10w.ei1 K pa3JIH'lHblM noJiom:e1111HM 11.yrn 3JIJIHnca np11 

.n.smKemm ee OTHOCHTeJibHO 3aroTOBKH. HccJiencrnamrn noKa3aJIH, qTo 

npocjmJIH TaKHX sy6beB B TOpUOROM Ce4eH!1H He3H3LJHTe.'lbHO OTJIHlJaJOTCH 

OT OKPYMHOCTH, OHH xopowo npupa6aTb!DaIOTCH, BcJiencrn11e qero 

33 KOpOTKHl'i npoMem:yTOK BpeMeH!1 B Teqem1e HaqaJlbHOfO nepH0.13 

pa6oTbI npoqmJIH 3y6beB npHo6peTaIOT onnrMaJibHy;-o cpopMy. 

UnJJHHnp11•1ecKHt' 3y6•IaTb1e KOJJeca c 3a11en.'lem1eM HommoBa H3ro

TOB.'IHIOTCH Ha CT3HKaX, npenna3Ha'l:eIU!blX l(JIH Hape3aHHH 3y61rnTb!X 

Ko.r1ec c 3BOJibBe1nHhIM sauenJiett11eM. KaK 11 3BOJibBeHTHoe 3auenJiem1e, 

BhlilYKJIO-BOrHYTOe KpyroBl1HTOBOe sauenJJerrne MOJKHO noJiy'lHTb Me

TO.QOM o6KaTKH. Ho TaK Kai\ 3yobH B 3anomocHoM 3auenJieHm1 Ha OJlHOM 

KO.'lece llOJDKHbl Ob!Tb BbWYKJibIMH, a Ha 4pyroM - BOfHYTblMH, TO 

npott3B011.Hllll1X peeK JlOJDKHO 6b!Tb JlBe: OJ1H3 - c BOrHYTbIMH, npyraH -

c BhinYKJiblMH sy6bHMH. Hape3aHHe sy6beB Ha wecTepHe H KOJ1ece c 

11.03ano.TJIOCHblM 3auenJ1em1eM ocyw.ecTBJIHeTCH OJ1Hl1M l.fHCTpyMeHTOM, 

COOTBeTcrny1om11M llCXO.llHOMY KOHTYPY no rocr 15023-76, llTO SlB

JUleTCH onHHM 113 ero npeHMymecrn. 

11.7. CuoJ.lcTBa 3au,emiemm HoBiuwsa 

B 3yoqarn~1 MexaHH3Me c 3auenJieH11eM HoB11Kos:i ocHOBHOii 3aKOH sa

Qer1J1eHHH, B OTJI11q11e OT 3BOJibBeHTHoro, KaK y)Ke yKa3bIBaJioch paHee, 

COOJ1lO.LJ.aeTCSl JIHWb B O.LI.HOM onpe.ueJ1e1rnoM ceqeH!111. npouecc 3auenJ1e

llll H HaLJ1rnaeTCH Ha O.llHO:'vl TOpue H 3aKal!LJHBaeTCH ua npOTl1BOf10JIO)K

lla\1. Oo3TOMY .llJIH uenpepbIBHOCTH spaw,eHHH se11.0Moro KoJJeca npe1K.u.e, 
q~M Toq1rn KOHTaKTa .!l3HHOH napbl 3y6beB /lOHll,eT 11.0 npoTHBOflOJIOlliHO

ro rnpua, B KOHTaKT .nom1rna BcTynHTb 11ocJ1e.ny10maH napa sy6beB. 

Dpouecc 3auenJieH1rn B .no3anoJIIOCHoi'1 nepen_aqe (pHc. 11.6) HaqH

HaeTcH Ha Topue 1 OD.HOH HOiKKl1 sy6a 21 c roJIOBKOH napttoro 3y6a 22 , 

o6pa3yH TO'IKY KOHTaKTa K;. B 3TOT MOMeHT npe.u.wecTByJOfll.3H napa 

3y6beB 11 H 12 HMeeT KOHT3KT B 11.syx TO'l:Kax: K; roJIOBKH 3y6a 11 c 

ttom:Koii 3y6a 12 11 HOm:KH c roJIOBKOH 3THX sy6beB B TO'l:Ke K·;. PaccTOH

m1e Bll.OJ!b OCH KOJieca Me)K.UV TOqKaMH KOHTaKTOE Ha HOJKKax 3V6beB 

2 - 2 H 1 - 1 paBHO oceso~iy wary Px = nmx (Ha TaKoM H<e paccTOH

HHll H3XO,ll.HTCH TO'IJKH KOHTaKTa Ha f0JIOBK3X 3TIJX 3y6beB). PacCTOH-

m1e q Me)KJ.Y TOqKaMH KOHTaKTa Ha HOJKKe K; H ro.TJOBKe !<:.; naHHoro 
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3y6a MeHbllle oceBoro rnara H aaBHCHT OT pa.nttycoB P1 H Pa oKpy.amoc

Teii, O'lep'IHB310lll.HX npoqmJIH HOlli.KH H fOJIOBKH ay6beB, yrna 1l3BJie

HH51 a0 u yrna j3 HaKJioHa ay6beB. B 3TOT nepuo.n KOHTaKT npoucxo.ztHT 

2 ; 11. II 
jJ I K2 
~·/ 

I / / 
I I 

Topeu.2 

Pac. 11.6. lloaano,1tocHoe 3auenJieHHe 

B Tpex TO'IKax. Optt .ll3JibHettrneM 

spameHHH KOJiec TOllKa KOHTaKTa 

K~ 3y6beB 11 11 12, nepeMewaHcb 

B.llOJlb JIIIHHH 3auen.neHHH, llOii)1.eT 

no npOTHBOnOJIO)l{HOfO TOpua 2 H 

KOHT3KT fOJIOBKH 3y6a 11 C HO}KKOH 

3y6a 12 npeKpaTHTCSl, HO 6y.neT cy

lll,eCTBOBaTb eme B TO'IKe K; (HO)l{

Ke 3y6a 12 c fOJIOBKOH 3y6a 11)· 
3aTeM HeKOTOpoe BpeMH B KOHTal{

Te 6y.llyT HaXO,l.lHTbCSl 3y6b5! 11-lz 
H 21-22. T. e. 6y.LlyT ,l.lBe KOHTaKT
Hbie TO'IKH .llO Toro MOMeHTa, noKa 

Ha oLJepe.llttOii nape 3y6heB .11-32 
He" B03HHKaeT KOHTaKT, no1106Hb!H 

KOHTaKTY B TO'IKe Ki. KaK yKa3aHo 

panee. TaKHM o6pa30M, B yKa3aH

HOM cJiy'lae B nepe11aLJe cymecrny

IOT nonepeMeHHO nse H Tpu KOH

TaKTHbJe TO'IKH. 

.Lla)l{e no.ll He6oJihrnoii Harpy3-

Koii TOllel!HblH KOHT3KT pacnpoCT-

pa1rneTCSI no BbJCoTe 3y6a u pac

noJiaraeTcH no OOJIOCKe, nOllTH nepneHllHKYJIHpHOH K HanpaBJiem110 

3y6a. 5Jiaro,l.lapH 6oJihlllllM panttycaM Kpirntt3HhI nosepxHocTeii 3y6heB 

B nJIOCKOCTH, nepneH.llHKYJIS!pHOH K 3TOH OOJIOCKe, nptt .neiiCTBllH 3Ha

'IHTeJibHblX Harpy3oK nHTHO KOHTaKTa pacnpocTpaHHeTcff B.llOJib 3y6heB, 

a .llJIHH3 ero 3aBHCHT OT pa11nyca KpHl:lH3Hbl pa60LJHX nosepXHOCTeii 

B yKa3aHHOM ce'leHHH. 4eM M:eHbWe yroJI H3KJIOHa 3y6beB, TeM 60J1b

rne 3TH pa.ztHYCbl. 

11.8. Koa4"j>e11,HeHT nepeKpbITH.s, cxopoCTH B aa~emieuuu 

HenpepblBHOCTb spameHHH se110Moro KOJieca 06ecneq1rnaeTcH aa c'leT 

oceBoro nepeKpblTHH, llTO xapaKTepu3yeTc51 K03cpqmuneHTOM nepe

KphlTHH. B OTJIHl!He OT 3BOJibBeHTHoro, B KpyroBttHTOBOM 3auenJieHHH 

HMeeTCSI JIHlllb oceeoii KOacjx/Juu,uenm nepeKpbllnUfl, SlBJHllOlll,HHC51 OTHOWe

HHeM wupttHht 3auenJ1eHHH bw K oceBoMy wary P x (puc. 11.6): 

e11 = bw!P,, = b\'(I sin j3/nmx. (11.1) 

B MeX3HH3Me c O.llHOH JIHHHeH 3auenJieHHSl B KOHT31<Te 6yllyT Ha

XO.llHTbCff TO o.zt11a, TO llBe napbl ay6heB . .LlsyxnapHoe 3auenJiemte 6ylleT 

HMeTb MeCTO Ha y'IaCTK3X ay6beB, HMe!Olll,HX .llJlllHY bw - nmn, pacno

JJO)l{eHHblX B6JIH3H TopuoB. KaK BH.ntto H3 q.lOpMyJJhl (11.1), K03<flcjm

u.ueHT ocesoro nepeKpbITHH aasucuT OT wHpHHbl 3y64aToro 3auenJie

HHH H yrna H3KJIOHa 3y6beB. npu M3JlblX yrnax j3 H3KJIOH3 3Y6beB 1lJl51 
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o6ecnetJeHHH Heo6xo1lHMoro 3HatJemrn Ko3<flqmutteHTa nepeKphlTHfl 

(peKoMeH.uyeTCfl e13 = 1,15 ... 1,35) Heo6XOJJ:HMO yBe.nHlJHB3Tb LUllpH

Hy KOJiec, lJTO 3KOHOMHlJeCKH HeBblrDJJ.HO. no3TOMY lJ3IIJ.e Bcero npH· 
HliMa!OT ~ = 10 ... 20°. 

B JJ:03anoJIIOCHOM 3auerJJiemrn npu 1<03<fl<flnuHet:Te ocesoro nepeKpbI· 

THH e13 = l.15 ... l ,20 o6ecnelJf!B3IOTCH K3K MHHHMYM JJ;Be H 6oJiee 

30Hbl KOHT3KTa. 3rn 003BOJifleT LUHp1rny 3y6tJaThIX KOJiec ne.11aTb B cpen
HeM Ha 30 .. .40 % MeHbLUe, lJeM B 3a

u.enJieHHH c OJJ.HOH JIHHHeii 3auenJie
HHH. 

Oco6eHHOCTblO 3auenJieHHH HoB11-

KoBa HBJIHeTCH TeopeTHlJeCKH noJIHOe 

OTCYTCTBHe B3aHMHOro npocKaJib3bl· 

BaHHH npoqmJieH. 0JJ.H3KO BCJieJJ;CTBHe 

pacnpocTpatteHHH no1l Harpy3KOH 
KOHTaKTa Ha 60JibWYJO nosepxHOCTb 

B 30He KOHTaKT3 B03HHKaJOT ynpyrne 

t($pMaUHH, lJTO npHBOJJ.HT K OTHOCH· 

TeJlbHOMY CKO,llb/KeHHIO 3y6beB. 

CKopocTb v13 nepeMemeHHH KOH· 
TaKTa BllO.llb 3y6beB (pHC. 11. 7) 60.llb· 

me oKpy/l{uoii c1-:opocrn v1, 6Jiaro.ll.a

pH lJeMy o6ecnelJHBaeTCH ycTOHlJHBaH 

MacmrnaH n.11eHKa: 
Pttc. l 1.7. CKopocm a 3auenJJCHllH 

vr~ = v1 sin~- ( l 1.2) 

4eM MeHbWe yroJJ ~. reM 60.llbWe CKOpOCTb nepeMemeumr KOHT3KTa. 

TaK, Hanp11Mep, npH 3HalJeHHH yrna ~ = 14° CKopocTh nepeMeIIJ.eHHH 

B TOlJKe KOHTaJ<Ta B 4 pa3a 60.11bme OKpy)frnOH CKOpOCTH v,. CKOpOCTb 

CKOJlb)l{eHJ.rn no Bb!COTe 3y6beB 33BHCHT OT pacCTOHHIHI l Me)l{JJ.Y JlHHHeH 

:rnuen.11eHHH KK 11 MrttoseHHOH ochio WW oTHornTeJibHoro spameHHff 

KOJiec: 

11.9. Onpe11eJ1eHHe paaMepoB ay6'1aThIX MexauuaMoB 
c aau,em1euueM HoBHKOBa 

(11.3) 

IlpH npoeKrnpoBaHHH 3y6qarnro MeXaHH3Ma c napaJIJieJibHb!MH OCHMH 

3ana10TcH Memocenoe paccTOHHHe aw, nepellaTolJHaH cpyHI<UHH i 12 H sa

pHaHT 3auerlJleHHH. D.Jiff MexaHH3Ma, COCTOHIIJ.ero H3 napbl KOJiec c 

3auenJieH11eM HoBHKOBa c OJlHOH (pttc. 11.3) " llBYMR JIHHHHMH 3auen

.1eHHH (pHc. 11.4), .ll.HaMeTp nemneJibHOro UHJIHHJJ;pa, COBOaJJ,alOl.U,ero 

C HalJ3JlbHb!M, 

d = mnzlcos ~; 

)l.HaMeTp OKpy.tKHOCTll sepWHH 

da, = d1 + 2h~.mn H da, = d2 + 2h~,mn; 
.U:HaMeTp OKpyll<HOCTH snallHH 

d1, = d1 - 2hi,mn H dt, = d2 - 2ht,mn; 

(11.4) 

(l l.5) 

(11.6) 
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Me>Kocesoe paccTOHHHe nepe11.aim 

aw = 0,5m,, (z1 + z2)/cos ~; 

wHp1ma 3y611arnro semw wecTepttH 

b = bw = Pxef'>. 

12. CMHTE3 IIPOCTP AHCTBEHHblX 3AJ~EIIJIEHHll 
IIPH IIEPECEl{AIOID;HXCH OC.HX BPAID;EHH.H 

12.1. IlpocTpancTBeHHa.H !lBOJihBeHTHa.H cj>yHRIJ,HJI 

(11. 7) 

(11.8) 

C<f>epHttecKoii asOJibBeHToii H33hrnaeTCH npocTpaHCTBeHHaH KpHBaH 
CM (pHc. 12. l), npttH3.ll.Jiemamaa ccpep1111ecKoi1 nosepxHocrn pa.11.Hyca 
R c ueHTpoM R TO'rne 0, 06pa3yeMa5l TO'IKOii M nJIOCKOCTH Q, nepeKa· 

12~ 

Pttc. 12.1. Gpepw1ecKall 3BOJibBeHTa 

Pttc. 12.2. 06pa30BaHHe 3y6beB pa3• 
HhlX BHJ\OB 
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Tb!BaIOW,eikH 6e3 CKOJib/l\eHHH no nosepxHocrn OCHOBHOro KOHyca 
c yr.rio:vi 6b npH sepurn11e, pacnoJio:>KeHHoro B ueHTpe ccpepbr. OcHOBHOH 
KOJ~yc H o6pa3y!OW.8H nJIOCKOCTb Kaca!OTCH no paJJ.Hycy ccpephr OB. 
To11Ka C HaIJaJia ccjlepHl!ecKOH 3BOJibBeHThI Ha nosepx11ocT11 o6pa3y10mero 
K011yca Ha3brnaeTcH npeiJeAbHOt1. TaK KaK nJiocKocTb Q nepeKaThI
saeTcH no nosepXHOCTH OCHOBHOro KOHyca 6e3 CKOJih/l\emrn, TO .nyrn 

CB 11 1\1.B pasHhI. PaccMaTpHB851 ccjlepuqecKHe TpeyroJibHHKH CB01 11 
BAIO (01 - TOtIKa nepecetiemrn: oc11 ocHOBHoro Kottyca co ccpepofr), 
~1011\HO 38IlHC8Tb 

(12. l) 

r.ne VM -yzo12 paseep1-1,ymocmu ccpepHtiecKoii 9BOJihBeHThr. 
Onpe.n,eJIHM napaMeTpbr ccpepHl!ecKoif 9BOJlbBeHThr B TO'!Ke M. J13 

c¢epK1IecKoro TpeyroJibHHKa BM01 KMeeM 

COS <')M =COS {jb • COS '\'M, sin t')M =sin (\,/COS CXM, tg CXM = tg '\'iii/sin <')b• 

Pile. 12.3. C'4JepMqecKaa 3BOJJbBearnaa 
nosepXHOCTb 

Puc. 12.4. KpyroBbie npoiflHJJH Koa11qe
CKHX 3Y6beB 
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TaK KaK eM = VM- aM, TO 

OM = '\'Mfsin {jb - arctg (fg'\' M/sin {jb)· (12.2) 
BbipaJKeHHH (12.1) H (12.2) npe.n.cTaBJIHJOT co6oi1 napaMeTpH'IeCKHe 

ypasHeHHH ctjlepHqecKOH 3BOJibBeHTbI c He3aBHCHMbIM napaMeTpOM \'M· 

12.2. 3BOJILBeHTHLie npo4>HJIH KOHH'leCICHX ay6LeB 

f1pu nepeceKaJOW.HXCH OCHX Bpaw.eHHH 3BeJibeB, Bpaw,aJOW.HXCH c 
IlOCTOHHHbIM nepe.n.aTOlIHhIM OTHOwem1eM, B KaqecTne conpmKeHHh!X 

nosepXHOCTeH Bb!61Ipa10T KOHHIJecrrne 380.IIbBeHTHhlC nosepXHOCTtfo 

0HIJ o6pa3yJOTCH JIIJHIIHMH, pacnoJIOJKeHHhIMIJ Ha npOH3BO.ll,511.lJ.eH !1.il(;C

KOCTH Q (pHc. 12.2, a), nepeKaTh!B3IOW,eHC5J 6e3 CKOJib)!{eHirn !JO OCI!OB·· 

110My KOHycy. DpHMaH M - M, npoxo,il.l1W.an 4epe3 Bep1mrny ocIIoB

Horo KOHyca, OIJHCb!BaeT TeopeTIJqecKyJO IJOBepXHOCTb np}lMOfO KOHH

II€CKOf0 3y6a (p11c. 12.2, 6), npHMaH M13 - M13, He npoxo;J,HW.aH 

qepe3 sepnrnHy KOHyca, OIJHChIBaeT TeopernqecKyIO IJOBepxHOCTb KOCOro 

(pttc. 12.2, e), JIOMaHaH JIHHHH M13MBM13 - wespoHHoro (pnc. 12.2, 2), 

KpHBaH Mn - Mn - TeopeTHqeCKyJO nosepxHOCTb KpHBOJIHHettHbIX 
KOHHqecKHX 3y6beB (pHC. 12.2, o) .• TIJIHH51 B - B Kacamrn npOH3BO

;J,HW,eii flJIOCKOCTH c OCHOBHbIM KOHYCOM 51BJIHeTC51 MrHOBCIJHOH OCblO 

spaw.eHHH 3TOil IlJIOCKOCTH OTHOCHTeJibHO OCHOBHOro KOHyca II OCb!O 

KpHBH3Hbl npOH3BO)l.HMO!I nosepXHOCTH. 0JIOCKOCTb Q HOpMaJibHa K 

3TOH nosepxHocrn. ToqKH JJHHHH M - M, Mp - M1~ 11 MR - MR 
onHchrnaJOT c<f:lep11qecKue 3BOJihBeHThI. EcJIH o6KaTaTh npoII3BO.D.Hmy10 

IlJIOCKOCTb BOKpyr Bceii nosepxHOCTH OCHOBHOro KOHyca, TO ccpepH

qecKa51 3BOJlbBeHTHaH noBepXHOCTb 6y.n.n COCTOHTb H3 «3y6uoB», CllM

MeTpIIlIHbIX mIOcKocrn N, nepne11,Lt.1IKym1pHoii ero ocu (puc. 12.3). 
KpHBII3Ha 3BOJibBCHTHOii KOH11qecKoi1 nosepxnocTII npH nepeceqemm 

c 3TOH IlJIOCKOCTblO MeHHeT 3HaK, T. e. nosepxHOCTb HMeeT nepern6 

12.3. KpyroBLie npo4>HJIH 1Couu:11ec1Cux ayoLeB 

B K8IJeCTBe He3BOJibBeHTHhIX pa60'IHX nonepxHOCTeH 3y6beB KOHHqe

CKHX nepe.n.aq c TOlJCljHbIM 3auenJieHHeM pacnpocrpaHeHHe CTOJIY'lHJIH 

KpyroBhie BHHTOBbie nosepxHocTH HoBHKOBa, o6pa3oBaHHbie oTpe3Ka

MH .n.yr oKpy)!{HOCTeii. Ha 6oKoBoi1 nosepxHOCTH Haqa.1bHoro K011yca 

c yrnoM npII sepwuHe 6w (puc. 12.4) npose;i.eM BHHTOBYIO JIHHHIO CC', 
ycTaHOBHM B TOtIKe C 06pa3y1ow,y10 ccpepy Q c pa.n.HycoM r H 6y.n.eM ne

peMern.aTb ee B)l.OJib BHHTOBOH JIHHIJH T3KHM o6pa30M, 'lT06bI 1.1.eHTp 

C ccpepbI see speMH 11axo)I.HJICH Ha :nofi BHHTosofi JIHHHH. Kpyrosb1e 

BHHTOBbie nosepXHOCTll 6y )I.YT onr6aJOW,HMH ceMeiicrna nonepXHOCTeH 

ctjlepbI Q. CetieHHH noaepxHocrn uaqaJihnoro KoHyca H BHHTOBofi Kpy

rosofi nosepxHocTH c<f:lepoii pa.n.nycoM RH ueHTpoM B TO'iKe 0 npe.n.cTaB

.TIHJOT co6ofi oKpy)!{HOCTH, nepeceKaJOw,uecH B TOtIKax M 1 H M 4 • .U.nH 
npoqmJJIIposaHHH pa6oqux nonepxHocTeii 3y6beB MO)!{HO B3HTb yq2cToK 

M1M2 H M 3M 4 )I.HaMeTpaJihHOH oKpy)!{HOCTH c¢epbI Q (rnr)I.a noJ1yquM 

KOHHlieCKOe KOJieco c BblllYKJJb!MH 3y6hHMH (pIIC. 12.4, 6)) HJIH yqacTKH 

M 1M 6 II M4M5 (rnr.n.a noJiyqIJM KOHHqecKoe KOJJeco c sornyThIMH 3y6hH

MH (pHC. 12.4, 8). 
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12.4. OopaaoeaHue ROHH'leCKux syoi.ea paaJill'llloii fl>opMi.1 

.L(.ru1 o6pa30B8HHH KOHHqecKHX sy6beB HCilOJib3YlOTCH KOHHqecKHe 
COOCHhie noaepXHOCTH, ccpepttqecKHe 9BOJibBeHTHble H KpyrOBble BHHTO· 
Bhle noeepXHOCTH. CToaepXHOCTH aepIIIHH J (pHC. 12.5), Bil8.ZJ;lfH 2 H 
noaepxeocTb 3 11.eJIHTeJiheoro Koeyca Koe11qecKoro sy6qarnro KOJJeca 
HB.r!Sl!OTCH COOCHblMH KOHHlJeCKHMH noBepxHOCTSIMH, OCH KOTOpbIX COB· 
nana10T c OCblO sy6qarnro KOJieca 001• B CBH3H c 3THM pasm1qa10T yrnbl 
OCA/lf!?eAbHOeO KOHyca l5, KOHyca eeptuWl l)Q, KOHyca enaiJtm l5,, HOJICKU 
3y6be6 Or, w.1oe.•w 'J!f61>eR fl,,. 

P;:c. 12.5. Ko11H'lec1me coocHhte noBepx. 
HOCTH 

Pnc. 12.7. Pa3JIH'lHble JIHHHH 3y6beB KOHH'leCKHX KOJiec 

B saBHCHMOCTH OT B3aHMHoro pacnoJio:>KeHHH 06pasy10~wx 11 Bep
lllH H KOHYCOB )l,eJH!TeJJhHOro, aepIIIHH H Bil8)1.HH (pHc. 12.6) pa3JJH'Ia!OT 
mp11 !pOpMbt 3y6berJ B OCeBOM ceqemrn KOJJec (fOCT 19325-73): cpopMa I 
(puc. 12.6, a) - sy6bH npRM.bte H Kpy2oebte (~'1 = 0 .. .45°), noHUJICOJO
U{Ueca nponopuuoeaJihHO KOHyceo111y paccTOHHHIO npH coana11.eHHH Bep
llIHH Koeycoa 11.eJIHTeJJbHoro H ana)l.HH; II (pwc. 12.6, 6) - 3y6hH man-
2eHt{UaAbHbte H Kpy2oeble (~n ll.O 15°), nonuJFCatoU{uecR npH necoena.n;e-
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r-urn sepwirn KoHycos ,ZJ.eJrnTeJibHoro 11 sna,ZJ.11H; I I I (p11c. 12.6, B) -
ay6bH KpyeoBbte (~n = 25 .. .45°), paBH.OBbtCOKue, Kor11,a 06pa3y10u1,:ie 

Ko11ycos 11,emne.TJhHoro, B11a11.11n 11 sepwm-r napaJIJieJibHbI. 5oKOBbie 

ncrnepXHOCTH KOHT!lJeCKOro 3y6a 06pa3y10TCH ccpep11tJeCKHMl1 3BOJlbBeHT

iiblMH l!Jlll KpyroBb!MH BHHTOBbIMH nosepxHOCTHMH. 

B 3as11c11Mocrn OT q1opMbl TeopenitJecKol'I JIHH1rn 3y6beB Ha pa3BepT-

1'2 11.eJIHTeJibHOro KO!Iyca pa3,1JHlJ3]{)T KOHHIIeCKHe KOJieca c npRMbl.M.U 
(pHC. 12.7, a), maHeel-lU,UaAbH.bUIU (6), Kpycoebt.MU (e) sy6bfl.MU, c ,9(30Ab
ee1-1m1wu (2) n t\UKAouaaAbt-Wil (a) mrnnel'I 3y6a. Han60J1bruee np1JMe

nemrc H3XOD,HT KOJieca C np.HMbI:\!11 II KpyrOBbl~i11 3J'6bHMl1. CTocJieJJ,III!e 

Y-'\8( TCH BhinOJIHHTh c Ha1160J1bweli TOlJHOCThIO, 11x np11MeHHIOT np11 

O!\j)j}l{Hb!X crrnpocrnx, l{OXO,ll.>Jlll,HX ,ll.O 30 M.1c. 

12.5. TeopeTH11ec1ene HCXO,!l;H&1e H npon3BO,!l;n~u:e 
3yo11aT1>1e 1coJieca 

B 1-:om1tJecK11x 3auenJiemrnx s KatJeCTBe HCXOJI.Horo npHHHMa!OT KOHH· 

qec1rne KOJieco c yrJIOM .ue.n11reJibHoro Konyca, paBHhIM 90°. 3ro KOAeco, 
onrefkifllow,ee meopemu11,ecKue </JopMy u pa3Mepbt sy6bee ceA1eucmea 
IWHUttecKUX sy6•tambtX KOAec, npedcmasumeAOt KomopbtX OHO flSAHemcH, 
HG3bt8atOm meopemu11,ecKUM ( HO/•tUHa/lbHbtM) UCXOOHblM 11JlOCKUAt KO/le
COM. 4HCJIO 3YObeB TeopeTttqeCKoro HCXO)l.HOro IlJIOCKOro KOJieca )l.JlH 

oprnroHaJibHoro sauenJiemrn (~ = 90°) 

V-2-2 12 
Zc = Z1 + Z2 • ( . 3) 

KOFunyp sy6be8 YCJl08HOU peUKU, uoeHmU'ifiblU paseepmKe Ha ll//OC
KOCmb mopu,osoco ce'ieHUfl ucxo81-1.oeo nAocKoeo KOAeca, Ha3bl8aemcfl mop-
1.4oabL1l meopemu;teCKUtt ucxoaHblM K01-tmypott. Pa3m1qa!OT BHeWHHll, 

cpe,D.H11i'r 11 BHyTpeHHHH Teopernqecrrne Hcxo,ZJ.Hhre KOHTYPbI. B Kat.JecT

se CTaH.uapTHOrO ,ll.JIH npHM03y6hIX KOHJiqecKHX KOJiec 11p11MeHH!OT 

a1-1.eiuHttl1 mopu,oabtu ucxooHbtU KOH.myp, napaMeTpbI Kornporo ycra

HOBJieHhI fOCT 13754-81: yroJI npoqmJIH a = 20°; IW3QJcpHI1HeHThI -

BbICOTbT roJioBKH 3y6a h: = l, pa.znraJibHoro 3a3opa c* = 0,2, pa,D;Hyca 

KpHBH3HbI nepeXO,ll.HOH KpHBOH p* = 0,2 ... 0,3. )lJIH KOJieC c Kpyro

BhlMH 3y6bHMH CTaH,D.apTHb!M HBJI5JeTC51 cpedHUU HOpMaAbHbtii. meopemu
tteCKUU UCXoiJHblU KOHmyp (no fOCT 13754-81). HopMaJibHblM KOtlTy

pOM Ha3blBatom KOHmyp sy6be8 ycAOBHOU peUKU, y Komopou npxpu!lb ll 
Bbtcomfibte pa31r1.epbi 3y6bee ude1-1.mu11,1-1t-t oonou.MeHHbtM a!leMenmaM 3y6be8 
UCXOOHOeO 11Jl0CKOCO KOAeca 8 HOpMaJlb/WM ce'ieHUU. 

)lJIH npoqmJIHpOBaHHH 3y6beB KOHH'lecrrnx KOJiec HCflOJib3Y!OT TeO

peTH4eCKOe npOH3BO.ll.Sllll.ee nJIOCKOe KOJJeco, KOTOpoe 3anoJIHHeT sna,ZJ.HHbl 

TeopernqecKoro HCXO,ll.HOro KOJieca. CTpH 3TOM Mem:,ZJ.y nosepxHOCTb]{) 

sepw1rn TeoperHqecKoro 11cxo.uuoro KOJieca 11 nosepxnoCTblO snaJIJIH 

npOH3BO)l.Hlll,erO KOJieca npe,D.ycMaTpHBaeTCH pa,11.naJibHbitl 3330p. L/,JIH 

noJiytJemrn conpmKeHHbIX nosepx1rncrei1 3y6heB KOJiec, cocraBJIHIOill,llX 

sy6qaryt0 napy, npoH3BOJJ.mu11e KOJieca, 11cnoJib3yeMhie JI.JIH Hape3a

HHH K3)!{,ll.Oro H3 3TI:IX sy6l!aTbIX KO"'Iec, ,ll.OJI)KHbI ObITb COBII3,ll.3!0W.HMH, 

T. e. CTaHQt.jHb!e aKCOlUl.bl o60HX npOH3BO;J.Hlll,HX KOJiec ).1.0"1/KHbl cosna-
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.n.aTb H npH 3TOM 3y6hH O.IJ.HOrO 1!3 HHX 40.'IIKHbl BXO,llJiTb BO Bna.ll,l!Hbl BTO
poro, T3K ;.i<e K3K KOHTpma6JIOH BXO.llHT B wa6.'lOH. 

HapH.n.y c n.7JOCKHMH npo113BO.IUHIJJ1:vm 1<0.~ecaMtt (p11c. 12.8, a) 11p:1-

MeHHIOT 11 !\pyrne: KOH!JCl-lb!C (6), nAOCKOBC/HllllNNb!C (c) u nAOCKlle nAOC/W

eepUl.UHHblC (e). 
llJIH o6pa30B3l!H51 ccj1ep!Jl!eCKIJX $B0.1JbHeHTHblX KOJiec TOpUOBO(' 

cei1em1e 3y6beD 11p01I3B0)\)JJJ.J,ero IJJIOCKOfO KOJieca HMCeT KplWO.'Ilrneii. 

~ I =--------, ,_ ----

a 

PHc. 12.8. npo1!3BO,llHUV1e ay61JaThle Ko:reca 

a 
Puc. 12.9. Topu.osoe cettemre JYUbeB 
n pmrnao.umnero Ko,1eca 

PHc. 12.10. 06pa3oBaHHe npocpHJJH ay6beB 
HCXOlHOro KOHTypa 

HYIO cpopMy (pHc. 12.9, a) B coorneTcTBHH c pHc. 12.3, 'ITO npe.n.cTaBJI.H
eT CJIQ)KHOCTH npH H3l'OTOB,1eHHJI. 06h!IIHO HCl10Jlb3YIOT npOH3BO,ll..Hlll,H(; 

KOJieca c IlJIOCKOH 60l<OBOH noBepxHOCTblO sy6heB (p11c. 12.9, 6), KOTO

pb!e o6pa3y!OTCH .ll.BHJKeHHeM npHMOJil1HeHHblX KpOMOK .llBYX syoocTpO

raJJbHbIX pe3UOB, pa6oTaJOUJ,HX B cocenHHX Bll3JlHH3X HapesaeMoro KO

.rreca. KpoMKH pesuon (pHc. 12.10) pacnoJJoiKeHhI TaK, IITO npo¢HJJh sy6beB 

npott3BO.llHW.ero KOJ1eca connanaeT c npocjmJieM HCXO.llHOro Komypa. 

12.6. Hapeaam1e 3yo1;en u.a aaroToB1eax ICOJiec 

3aroToBKa Kom111ecKoro KOJieca npe.uCTaam1eT co6oi1 yceIIeHHbIH KOHYC 

c yrJioM npw sepwwHe 26a. 3y6bH 06pasy10TCH 3a c4eT y.uaJieHH5! Mare

puaJJa saroTOBKH H3 ana.11.HH. KaK 11 nptt HapesaHHH UHJJHH.ll.PllIIecKHX 

KOJieC nptt Hape33Hl1H KOHHtieCKIIX KOJieC HCI10Jlh3YIOT .II.Ba CUOCOl)a: KO

nupoeaHUfl H o6KamKu. Dptt cnoco6e KonttpoBaHHH npwMeHHIOT cjJacoH-
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12.7. Csoii:cTBa KOHH11ecxoro 3BOJILBeHTHoro aan;enJieHH.11 

Kom1tieCKoe 3auenJJem1e napbI 3y6tiaTbIX KoJJec onpe.ll,em1eTcH HX OT· 

HOCHTeJlbHblM noJJO)KeHHeM, 33BHCHIUHM OT yr.'Ja 2-: Me)l{.ll,j' OCHMH Bpa

weHHH I 11 2 (puc. 12.14). B3aHMO.Qeikrn11e KOHHtiecirnx KOJJec xapaK· 

Tep113yeTcH 3auenJJeHHeM npo<jJ1rneil 3y6beB, orpam14eHHhIX KOHueHT

pH4eCKHMH OKpy)JmOCTHMH, HBJlHIO!llJ!MHCH JlHHHei'i nepeceqemrn co 

ccpepo!"I COOCHblX KOHYCOB - BepWHH l1 Bna,UI!H. nepece4eHHe CO ccpe

poif JLpyrnx KOHycoB ()J.eJIHTeJJbHOro H HaqaJJbHoro) o6pa3yer OKpy>ic
HOCTH - oeJZwneJlbHYIO H flat{,aJlbHYIO. llHaMeTpbl 3THX OKPY)J<HOCTei'I 

onpe.QeJJHIOT JlHaMeTpbI Konw1ecKoro KOJJeca. 01rn pa3m1qa10TcH TaKiKe 

B saBHCHMOCTH OT no,'lomeHHH ccpepbl, Ha KOTOpoif pacno.TiaralOTCH co

OTBeTCTBYJOll~He OI<pylKHOCTH, qro o6o3HaqaeTCH COOTBeTCTBYIOIUllM 

l!H)J,eKCOM: d - cpeoHUU OCJlUmeJlbH.btU dUaMetnp; d, - 6/-teUutUU Oe/lll· 
mellb/-lblU OUGJ.1enp; dae - 8/-lCUl/-lllfl oua.Memp eeputU/-l sy61Jee; dw -
CpCO!iUU J-tat{,aJlbNbtU ouaMemp 11 T. n. 

Mo.D.yJJh, BhICOTa H TOJIW.HHa 3y6heB (3a HCKJIJOqeHHeM pasHOBhJCO

KHX KpyroBhlX) MOHOTOHHO yMeHblliaIOTCH K BepwHHe KOHyca. AHaJJO

rnqHo Jl.HaMerpaM KOJiec pa3JIHtI3IOT MOJl.YJJH m, BbICOTbl sy6heB h ( H HX 

qacreii -TOJIOBOK ha H HomeK hr) H TOJIIUHHhl s sy6beB - 81-leutHue -
me,he, hae• hte• Se, cpeOHUe - m, h, ha, hf, S, 8/-lympel-lliUC - mi, fi,, h01, 
htl• Si. 

Dpouecc sauenJJeHHH KOJJec npo11cxo.ll,HT B nJJocKocrn sauenJiemrn 

B 1B 1B2B2 , HaKJJOHeHHOH no.II. yrnoM sauerrneHHH aw, Ha Kornpoii pac

nonara10rcH KOHTaKTHble JIHHHH KK. Ha ocHoBaHHH cBoi1crn 3y6qaTbIX 

sauennett11if (cM. rn. 10) nepe.ll,aTO•rnoe ornomem1e napbl KOHHtieCKllX 

KOJJec 6y .ll.eT 
i12 = (J)1/(J)2 = 0 2WI01W = r1112lrw1 = z2/z1 =sin6w2/sin 6w1. (12.4) 

Dpu 33.D.aHHOM nepeJJ.aTOtIHOM OTHO!lleHHH 11 rrpoH3BOJihHO Bh!6paH

HOM yrne OCHOBHoro KOHyca OJJ.HOfO 3BeHa yrOJI OCHOBHOro KOHyca 

BTOporo 3BeHa onpenem!eTCH OJJ.H03HaqHo H3 COOTHO!llemrn (12.4) H 113 

no,no6HH c<jJepuqecKux TpeyroJJbHHKOB W B10 1 H W B202: 

i12 =sin 6w~/sin 6w1 = 02B2/01B1 =sin <'lb1/!:iin 8b2. 
OTKy.I(a 

(12.5) 

TaK KaK nepe.ll.aTOl!HOe OTHowenue B 3BOJihBe1nHOM ctj:Jep114ecKoM 

sauenJieHHH orrpenenHeTcH OTHowe1rneM c11Hycos yr JJOB nptt aepunrnax 

OCHOBHbIX I<OHYCOB, TO OHO He 33BHCHT OT Me)l{OCeBoro yrJJa. EcJIH H3Y.e

HllTb MexmceBOl1 yroJI, .QaB eMy HOBOe 3Ha4eH11e, TO 113MeHHTCH yr Jib[ 

npH Bepwmiax HallaJJbHhJX KoHycos H yro.TI sauenJJeHttn aw. llepe..u.a

T04Hoe OTHOWeHHe npH 3TOM OCTaeTCH Hell3MeHHbIM. 31·o CBOHCTBO 51BOl!b· 

BeHTHOfO KOHHqec1rnro 3auerrJJeHHH f103BOJIHeT CHH3HTb rpe6oBaHHe K 

TOtIHOCT!i H3fOTOBJJeH!iH CTOHKH B 3y6qaThIX Mexam!3Max c KOHHqecKH· 

MH KOJJecaMH . .llocTormcrBoM ccpepuqecKoro 3BOJihBeHTHoro 3auenJJe

HHH, KpOMe yI<a3aHHoro, HBJJHeTCH ITOCTOHHHoe f10JlO)KeHtte 8 npocTpaH
CTBe IlJIOCKOCTH 3auenJJeHHH. 

EcJJH yroJJ ew O)J.HOfO H3 3BeHbCB paBeH 90°, TO HatiaJihHhlH KOHya 

npeapamaeTCH B OJJOCKOCTh, H TaKoe 3BeHO H33hJBaeTCH IlJIOCKHM KO· 
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.. 1ecoM HJllI KOHH'-leCKOH pdiKOK. 3y6bH TaKOH peiiKH, B OTJIIJI-IHe OT 

3y6beB peiiKH, conpmKeHHOH c 3BOJihBeHTHblMH llHJIHH,Il,pH'IeCKHMH no

BepXHOCTSIMH, Hl\1eIOT KpHBOJIHHettHbIH npocjm.'lb: 60KOBaH nosepXHOCTb 

ayoa BbIWe HaqaJibHOro KOHyca BOrHyTa, a HHJKe Bhll1YKJia (CM. 

p11c. 12.3). Ecnu 6oKoByio nosepxHOCTb 3y6<1aToii pei1KH c,UeJiaTb 

ITJIOCKOH, TO OHa 06pa3yeT c KOHHqecKHM E>BOJibBeHTHhIM KOJieCOM He

conpmKeHHYIO 3y6'-Iarnpee,rny10 napy. 

Pnc. 12.15. CxeMa Ko11nqec1wro 3auenJJe1ma 
HoBnKoBa 

Ae 

Pnc. 12.16. Un.JJRH!lpH'tecKRe Ko.JJeca, 9KBRna
JJeHTHhie np!!M03y6hlM KOHH4eCKHM 

nosepXHOCTh ay6a KOHH'leCKOrO KOJieca, B3aHMO,UCHCTBYIOI.U.ero C 

ITJIOCKOH nosepXHOCTblO 3y6a KOHHqecKOH peiiKH, Ha3hIBalOT K6G3U-

360Ab8eflmHOU. B KBa3H3BOJihBeHTHOM 3auenJieHHH JIHHHH 3auenJieHHH 

He cosna,UaeT c ,Uyroii 6oJiblllOro Kpyra ccjJepbr, a JIHillh KacaeTc51 ero 

B ITOJIIOCC. Do cjJOpMe JIHHHSI 3auenJieHH51 HaITOMHHaeT pacnOJJO)!{eHHYIO 

HJ ccjJepe nochMep1<y. DpH JIJ06oM yrne a =I= 0 1rna3H3BO.'lbBeHTa OTKJio

IIHeTcH OT ccjJepw1ecKoii 3BOJibBeHTbI. OnHaKo TaK KaK 3TH oTKJJOHemrn 

COH3MCp11MbI c nonycKaMH Ha H3rOTOBJJem1e 3y6bCB, TO B 60JibWHHCTBE' 

cJiyqaeB MMll MO)!rno npeHe6peqb. KoHH<JecKtte 3BO.nhBCHTHhie 3auenJ1e

HH5J oqeHb 'lYBCTBHTeJibHbl K Hecosna.ueHHIO oceii spar.u.emrn 3BeHbeB. 

01-m .UOJI>KHbl nepeceKaTbCH B TO'IKC, COB11a.ua10meii c BCpllll-IHaMH H3-

qaJibHblX KOHYCOB. 

CxeMa KOH!ll{eCKoro 3auenJTeHHH HoBHKOBa noKa3aHa Ha pnc. 12.15. 
J\OJICCO 1 BbinOJJHeHo c Bbll1YKJ!bIMH, a KOJieco 2 - c BOrHyTbIMH 3y6bf1-

MH; 11x KOHTaKT npo11cxo.u11T B TO'lKe K. HopMaJJh K npoqmJJHM 3y6heB 

B 3Toii TO'lKe nepeceKaeT .TJHHHIO WO Kacan11si Ha'laJJhHhIX KOHycoB c 

yrnaMH nptt sepw11Hax c'lw, H c'lw, B TOqKe W. CTpu spameHHH KoHycos 

TO'lKa KOHTaKTa K nepeMemaeTcH snoJTh JTHHHH K K - .nHHHH 3auenJTe

HHH, napaJJJieJihHoii JIHHHH WO, 11 uopMaJib K npocjJH.nHM B 3Toii ToqKe 

nocTOHHHo nepeceKaeT JIHHHIO WO. Ha 6oKOBhIX nosepxHocrnx 3y6heB 

TpaeKTOpH51 ToqKH KOHTaKTa coorneTcrnyeT BHHTOBhIVI JI!IHHHM KK1 

H KK2. 

137 



Hb!M HHCTpyMeHT1 npoqmJib KOTOporo COBna.n.aeT c npoqmJieM Bil3.ll.HHbl 
Hape3aeMoro KoJieca H Kom1pyercfl Ha KOJJece. Hape3aHHe npoH3BO)lHT
CH C ITOMOlli,blO aucKOBblX (pHC. 12.11, a) H nMbl{RBblX .~wayAbHbtX cppe3 
(6) HJIH rrpornrHB8HHeM crreuHaJJbHbIMH KpyrOBb!Mll nponDKKaMH (11). 
3ror crroco6 HapesaHHfl sy6beB He ot5ecne<nIBaer Bh1c0Kof1 TO'IHOCTH 
sauerrJJeHHH. 

PHc. 12.11. Hape3aHHe sy6&eB 111eTO.llOM KOIIH
posa11a11 

~ 
I 

a 

a 
P11c. 12.12. 1-lapesauu~ sy6&ee MetO.!lOM oOKanrn 

DpH cnoco6e o6KaTKH saroTOBKa BBOAHTCH B sauerv1eHHe a npo
H3BOJJ.fllli.HM KOJJeCOM, H HM coo6rn.a10T TaKoe me OTHOCHTeJJbHOe )l.BlDKe
m1e, KaKoe 3TH KOJJeca HMem1 6br B 3au.errJJemrn .ll.pyr c .n:pyroM. B rrpo
uecce Hapesamrn BOCIIpOH3BO.UHTCfl nepeK8Tb!B8Ime 6e3 CKOJlb!KeHl•H 
aKCOH.11,8 HapesaeMOI'O KOJJeca ITO aKCOH.11.Y HllCTpyMeHTa. 3au,enAeHUC 
Hape3ae/IWCO IW/ICCa c npOU3800fl.ll.{UM. 1ia3bl6a!Om cmaHO'tHbtM.. 

KottcTpyKTHBHo npoH3B011.flW.ee KoJJeco ocpopMJJeHo B BHll.e nJiaHUiai\
obI (JIIOJJbKH) ay6ocTpOfaJlbHOfO CTaHKa, IlO KOTOpOH 11.BHmyTCfl pe3U,O-
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eue CaJlll3KU (pHc. 12.12, a). 06pa6oTKY Be.ZI.yT 0)1.HHM HJill .ll.BYMH pe3ua· 

MH, KpOMKH KOTOpbIX rrpH JJ.BH>KeHHH BOCI1pOH3BO.ll.HT OOKOBble CTOpOHhl 

3y6a HJIH sna.ZI.HHbI npm:rnBO.ll.Hlll.ero KOJieca (pHc. 12.12, 6). )1.JISI nape· 

3amrn KpyroBhlX 3y6bes HCIIOJib3YIOT sy6ope3Hbte eo/looKu. Bhl6op JI.Ha· 

MeTpa do ee (CM. pHC. 12.7, 8) ocyIQecTBJISieTCH no Ta6.'llfl.{aM B 3aBHCH· 

MOCTH OT 3all,aHHbIX napaMeTpOB 3auerrJieHHH. 

KoHm1ecKoe KOJieco, Hape3aHHoe co cMeIQemieM HHcTpyMeHTa, xa

paKTep03yeTcSI TeM, llTO B II.'IOTHOM 3auenJiemm c HCXO)J.HbIM IIJIOCKHM 

Pnc. 12.13. CMem.em1e npo
H3BO)l.lllll,eii noBepXHOCTH 

Puc. 12.14. OcHOBHbie na
paMeTpbl MexaHll3Ma c KO· 
HH'leCKHMH sy6'!aTblMH KO· 
JieCaMH 

KOJieCOM ero .ll.eJIHTeJibHbIH KOHYC He KacaeTCH .ll.eJIJffeJibHOii IlJIOCKO· 

CTH HJIH )J.eJIHTeJibHOfO KOHyca HCXO.ll.HOfO npOH3BOll.Sllll.ero KOJieca 
(p:-1c. 12.13). CMern.eHHeM npoH3BO.ll.Silll.eH nosepxHocrn Ha3bIBaIOT pac

CTOHHHe Xme Me~<D.y ,~e.nHTCJibHhIM KOHYCOM IWHHIJ:eCKOfO 3y6tI3TOf0 

KOJieca If JJ.e.rJiffeJibHbIM KOHYCOM (.ll.e.TIHTeJibHOH IlJIOCi~OCTh!O) npoH3BO· 

.ll.Hlll.CfO KOJieca, H3MepemIOe B I1JIOCKOCTH, CO.ll.€p)Kaw,e:ii HX OCH. C~.!e· 
IQeHHe cq1naeTCSI no.rIO:IKHTeJibHhIM, ec.1H )l.eJIHTeJibHhie KOHYChI npoH3· 

BO.ll.nm.ero H Hape3aeMoro Koneca He nepeceKaIOTCH, n Hao6opoT. 

0TH0Illem1e CMern.eHHH npoH3BO.ll.Hlll.eff nosepXHOCTH K MO.l(ymo Ha3bl

BaIOT K03cJ>cJ>nl(HeHTOM cMem.eHHH x. Ko3¢¢nu0eHT cMemeHHH KOHHlle

cKoro KOJieca H.l(eHTHlleH K03Cpq>HU.lleHTY CMern.emrn 3KBirnaJieHTHOfO 

UHJIHH.ll.PHlleCKOro KOJieca. 
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12.8. 3RBHB8JieHTHhle U.HJIHH,ll;pHqec:KHe H KOHHqecRHe 

3au;enJieuun 

CTpornH: reoMeTpHqecKttii pacqeT 3y6beB KOHttqecKHX KOJiec .n.ocTa

Toquo CJIO)l{eH BcJie.n.cTBtte Toro, qTQ rrpocpttJIH 3y6beB pacrroJiaraIOTCH Ha 

noBepxttocTH ccpepb1. Hcxo.n.11 H3 TOro, qTQ BbICOTHbie pa3MepbI he 3y6heB 

HeBeJIHKH rro cpam-1eHHIO c pa.n.ttycoM Re ccpepbI (puc. 12.16), B reoMe

TpnqecKHX pacqernx 3aMeHHIOT yqacTOK noBepxttocTtt ccpepbI 1, co.n.ep

:>1rnrueii npoqmJIH 3y6beB, TIOBepXHOCThIO .l(OTIOJIHHTe.i!bHOrO KOHyca 2 
c BepwHHOH B TOqKe 0 H npeHe6peraIOT OTJIHqtteM rrpocpHJIH KB331I-

9BOJibBeHTHOro 3y6a OT nJiocKoii 3BOJihBeHThI. Dptt 9TOM pacqeT rrpo

cTpaHCTBeHuoro Ko1rnqec1mro 3auenJiemrn 3aMeHHIOT pacqeToM o6biq

Horo IlJIOCKOro 3auenJieHllH UHJlHH.l(pH4eCKHX 3BOJibBeHTHhIX KOJiec 

(rn. 10). ,Z(onOJllUITeJlbHblM KOHyCOM Ha3b!B3!0T COOCHhIH KOHyc, o6pa-

3Y!Oll\3H KoTOporo rreprreu.n.1rnyJrnpua 06pa3y10meil .n.emneJibHoro KOI-Iy

ca. B 3aBHCHMOCTII OT IlOJIO)l{eHHH OTHOCHTeJILHO BepwttH iJeAumeAblible 
r~OnOJIHHTeJibHhie KOHYCLI pa3,ll.eJIHIOT Ha 8flCUlfWe (HaH60J1ee YJI.3JieHHhI6 

OT Bepwmlhl), eHympemtue (HaHMeHee yJI.aJieHHbie OT BepwttHbI), cpea
Hue (HaXO.l(HIUHeCH Ha paBHOM paCCTOHHIIH OT BirewHero H BHyTpeHHero 

.[l.OITOJIHHTeJibHhIX KO HY COB). DapaMeTpaM BHeWmIX )I.OTIOJIHHTeJibl-IhIX 

KOHYCOB rrpHCBallB3lOT HH,il.eKC e, BHyTpeHHHX - i, cpe.n.1mx - m. 
Cetieflue KOflU'leCKOCO KOAeca oaHUM U3 aono.1lH umeAbHblX KOHYCOB HQ3bl· 
sa10m mopu,oebtM. 

BeoAbGeHmHoe u,uAw-tiJpu'iecKoe 3au,en,1em1e, pa3J.tepbt u ¢op.Ma 
ay6bee Komopoco udeflmtttfflbt pa3,wepa-it u </JopJ.te 3y6bee 1'0fltttfecK020 
3al{enAeHUH. Ha noeep:mocmflX ee aonOAfllllne.lloHbLX KOHYCOB' HQ3blBaJOtn 
a1<B1rnaneHTHb1M u.unuu.11.ptt•1ecKMM 3at\enJieHl-reM. Ha pa3BepTKe .n.orroJI

HHTeJILHoro KOHyca KOHH'leCKOro Ko.11eca BHJUIO, qTo .n.mrna 06pasy10-

rn.eH: .n.onoJIHHTeJJhHOro Kottyca O' 11, HBJrneTcH pa,~nycoM 0,5dv" .n.eJIH
TeJJhHOii oKpy:iKHOCTH a1wueaAe1-tnzH020 u,uAuHdpw1ecK020 KOAeca. Jlna

MeTphI Ha•rnJihHhIX OKpy)l{HOCTeti UHJllHl,ll.pttlJeCKHX 3KBHBaJieHTHhIX 

KOJiec JJ.JIH pac<JeTHoro Kottycttoro paccTOHHHH 

dwvt = dwfcos 6w1; 
.u.eJIHTeJihHhIX OKpy>KHOCTeH -

dut = d/cos fJ. 

(12.6) 

(12.7) 

,llJIHHa noJIHoii .n.e.iittTeJihHOH oKpymHOCTH 3KBHBaJieHTHoro KOJieca 

6y.n.eT paBirn nd" = ndlcos .S H.llH z" · Pv = z · P/cos .S. TaK KaK warn 
KOHHlJeCKHX H 3KBHBaJieHTHblX UHJIHHJI.pttqecKHX KOJiec p = Pv, TO 

'JKBUBG/leHmHoe t{UCAO 3!J6beB 

Zu = z/cos o, (12.8) 

r.n.e 2 - rrncJIO 3y6beB KOHttqecKoro KOJieca. 

B 061ueM cJiy<Jae 3KBHBaJJeHTHoe qucJio 3y6beB HBJIHeTCH .n.po6HbIM 

H B nro,Lecce pacqern 01<pyrneHHIO He no.n.ne)l{HT. ,ll.irn 3auenJ1eHHH na

pbI KOJieC c nerrpHMhlMH 3y6bHMH aHaJIOroM HBJIHIOTCH 6naKBHBaJleHT

Hble U.HJIHHJJ.fJH<JecKHe Koneca c .n.ttaMeTpaMn .n.eJIHTeJihHhIX oKpymttocTeii 

dvn• KOTOpble H!.·Je!OT pa3Mepb1 H ¢opMy 3y6beB, tt.n.eHTJllJHhie OJJ.HOHMeH

HbIM 3JieMeHT3M B HOpMaJibHOM ceqemm 9KBHBaJieHTHhlX II.HJIHH)l.pH· 
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LJeCKl1X KOJiec c HenpHMblMH 3y6bHMl1 (p11c. 12.17). c yqeTOM cpopMyJI 
;10.45) H (12.8) noJJytIHM 

Zvn = Zvtlcos3 ~n = z/(cos 6 · cos3 ~n)· (12.9) 

f1epe.ll8TOtIHOe OTHOllieH11e .9KBl1BaJieHTHOH UHJIUH.llPl1tleCKOH nepe· 
µ:aq11 ,l{JIH opTOrOH8JibHOH KOHWieCKOH nepe,l{atI11 (~ = 90°) 6y.a:er c 
ytieTOM cpopMyJI (12.4) 11 (12.8) 

0,a:Ha 11 Ta n<e UJ1.11JH1,i.1.pH· 
qecKaH napa 3au.enJIH.!OW.11X· 
CH KOJiec 3KBl1BaJieHTH3 .rvrn 
pa3HbIX KOHHtieCKHX 33l(CII· 
JieHHH c yrnoM MCM.llY OCHMH 
~ =F 90°. 3TO .IJ,aeT B03MO:>K· 
HOCTb KOHlJIIecKyio napy c 
yrJioM ~ =F 90° np1rnecrn K 
.9KBl1BaJieHTHOH opTOfOH8Jib· 
HOi! (~ = 90°) KOHHl!eCKOH 
nape conpHMeHHbIX KOJiec. 
Hs cpopMyJihI (12, 10) cJie.IJ,yer, 

(12.10) 

PHc. 12.17. UHJIHHJJ.pH'1ecKMe KoJieca, 3KBMBa
JieuTHhle KOHH'leCKHM c uenpHMblMI! 3y6bHMM 

lJTO i = Vf:. Ha ocHoBaHHH .:iroro np11 ycJIOBHl1, tJTO 61 + 62 =F 90°, no
JIYtil1M nepe).laTOlJHOe OTHOilleH11e .9KBl1BaJJeHTHOH opTOrDH3J!bHOH napbl 
KOHl1tieCKl1X KOJJec, BbipaiKeHHOe qepe3 nepe,a:aTOlJHOe OTHowem1e KOHl1· 

tJeCKoii napbl rrpH i};.,foUO" = i = Z2IZ1! 

ix.,,i.90° = Vi (cos 61/cos 82). (12.11) 

f10HHTl1HMH 06 9KBHBaJieHTHblX lJHCJiax 3y6beB 11 rrepe)J.aTOtIHOM lJHC· 
Jie 3KBHBaJieHTHOH UHJil1HJJ.pHtieCKOH nepe.a:a1m TIOJib3Y.!OTCH rrpH HC· 
CJie)lOBaI-IHH re0Merpm1 3y6tiaTblX gauerrJieHHfi KOHHl!eCKHX KOJiec c 
npHMeHeHHeM 33BHC11MOCTeii )J.JIH UHJ!HH)lpHtICCKHX 3BOJILBeHTHbIX KO· 
Jiec (cM. rn. 10). 

12.9. Ko3<1>4>m~HeHT nepe1tpL1nrn: 

KaK H B u11JIHH)1.plltiec1wM 3auerrJieH1111, .QJIH HenpepbrnHocrn B3aHMO· 
.l{ef1CTBHH syobeB B KOHHtieCKOM TaK }!{e Heo6xo.11.11MO, tIT06bI I\3}1{)1.351 
oqepe.uHaH napa sy6beB BcTynaJia B sauenJiem1e paHbWe, tieM tt3 3auen
JJettttH BbittLl.eT 11pe.nb1.nymaH. 3To yc.nos11e B KOHw1ecK11x 3auenJiemrnx 
xapaKrepH3yeTCfl cyMMapHbIM K031JllfHILVteHTOM nepeKpblTPIH E\,: 

(12.12) 

r)J.e Ea: - Ko.:icjxpmtHeHT ropuoBoro nepeKpWTHfl (orHoweHHe nmrnhI 
JIHHHl1 3auerrJieHttH K wary Ha pasBepTKe .a:onoJI1rnreJibHoro KoHyca). 

Ko.:icpqrnutteHT e1, paBeH Ko3cpcpau11eHTy nepe1<pbn11H 9KBHBaneHTHbIX 
UHJIHHJJ.pHqecKl1X KOJiec BO BHernHeM TOpUOBOl\ii celfeHl111. I1cnoJib3YH 
BbrpaMeHtte .llJIH K09cpqrnmiettTa rnpuosoro nepeKpbITttH UHJI11Hnp11t1e
cKoro SlBOJibBeHTHoro sauenJieHHH (cM. rn. 10) H no.n.craBJIHH sHatieHHe 
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9KBHBaJieHTHOf(') l.JHCJI3 ay6heB Zv H3 cpopMy.1Jhl (12.8), noJiyl.JHl\11 

e9_ = ((z1 (tg CXael - tg aw, )/cos Ow1) + (z2 (tg aae2 - tg aw )/cos Ow12)/2zi. 
(12.13) 

B KOHHl.JeCKOM aauenJieHHH, B OTJIHl.JHe OT IJ,HJIHHJl.PHLJecKoro, TOp

UOBbIH K03cpcpttutteHT nepeKpbITHH JJ.JIH nepellal.J c nocTOHHHbIM paJJ.II3Jib

HhIM 3330pOM no Bceii ,lJ.JIHHe 3y6a B pa3HblX TOpUOBbIX ceqeHHHX 6y

;1.eT pa3JIHLJHbIM: no ~1epe nptt6Jitt)!{eHHH K BHyTpeHHeMy TopuoBoMy 

ceLJeHlflO ea yMeHblU3eTCH. l{JIH npHM03Y6bIX KOHl!lleCKHX nepe.aaq 11811-

MeHbWee 3!-!34eHHe ea .ll.OJI}!{HO 6hITb 6oJibllle e.11.1IHHUhI. Ko3cpcp11u.11e11T 

oceaoro nepeKpbITlHI KOHHl.JeCKHX KOJiec c T3HreHUH3JlbllbIMH H KpyroBbI

BbIMH 3y6bHMll npH6JIH;KeHHO 6y l(eT 

ell= b ·sin ~nl(nmn), (12. 14) 

rJJ.e ~11 - yro.1 HaKJIOHa cpellneii JillHHH 3y6heB. 

MnHHM3JibHbIH Ko3cpcpnu11euT oceaoro nepeKpbITHH peKoMeHJxyeTCSJ 

HMeTb a npeJJ.eJiax el\ = 1,5 ... 1,8. Y BeJI11qemrn K03cpcpuu.11eHTa oceaoro 

nepeKpbITHfl Jl.OCTHr3!0T yBeJIHlJe1-rneM yrna H3KJIOH3 JIHHHH ay6a II 

lUHpHHbl 3y6qarnro BeHua, a T3f{)!{e yMellbWemieM MO.LJ.YJIH npH COOT

BeTCTBYIOIIJ,eM yaeJIHlJeHlm lJ!ICJia 3y6beB. 

12.10. BmmHHe cMe~e1111.a na xapaKrepHCTHICH 3au;emienun 

Hape33HHe KOHHl.JeCKHX KOJiec co CMeru.em1eM cyw,ecTBeHIIO BJIH5JCT Ha 

reoMeTpHIO H KalleCTBeHJibie noKa3aTeJI11 3y6llaToro 3auenJiemrn. 

c yseJIHllemteM K03cpqmu11eHTOB CMeru.emrn paCTyT p31lHYCbl Kp11BH31lbl 

6oKOBbIX noaepXHOCTeii 3y6beB, 'ITO 6Jiaronp11HTHO JJ.JIH npo4HOCTHbIX 

xapaKTepHCTHK, HO B TO )l{e BpeMH Cl!H)l{3eTCH Ko::>cpqmu.HeHT nepeKpbl· 

PHc. 12.18. Kom1qecKne 3auen.i1eHHH co cMemett1ieM 

THfl, pacTeT onaCHOCTb 330CTpeHH51 H HHTepcpepe11u1m sy6beB. l{Jrn 1<0-

Jiec, uape3aeMblX pe3U3MH c npHMOJIHHettHOH pe)Kyru.eii KpOMKOH ua 6a-

3e n.TIOCKOBepllllIHHOfO npOH3-BOJUIW,ero KOJieca, npH 60JiblliHX E03jl

qmuHeHT3X cMeru.emrn yaeJiwrnaaeTcH HeconpmKeHHOCTh noaepxHocTeii 

3y6beB. 
Do 3H3JIOfHH C UHJlHHJJ.pHlleCKHMH pa3JIHl.J3!0T KOHH1Jec1rne 3au.enJie

HHSI 6ea CMew.enuu (HyJieBbie), npH}x1 = X2 = 0 H yrne MeMllY OCHMH 

2 = 01 + 02 (p11c. 12.18, a), pae1tocMew,eHHbte (1-rnn60J1ee pacnr:;ocrpa

HeHHh1e) - o6a KoJieca nepe.LJ.aqw HMeIOT paBHbie no BeJIHqHHe, HO 06paT

Hb1e no 3HaKy CMem.eHHfl, X1 = -X2, yroJI 2 = <'>1 + 02 (p11c. 12.18, 6); 
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no,10J1ctune11blibte - cyMMa I<03'fJ(pttu11eHTOB 06011x KoJJec noJimKHTeJlb

Ha, T. e. x 1 + >:2 > 0 11 ~ = 01v. + llw, > 61 + 02 (pac. 12.18, a), 
11 omptttfallleAblibte - nptt x1 + x 2 < 0 H ~ < 61 + 62 (<?). 

Jlmi: Kax<.n;oil napbr 3auenJifl10illJIXCfl KOJiec K03cptjmuneHTbI cMerue

mrn H33H3'!3!0T IHUIJ1BHAya,'IhHO c y'!eTOM ycJIOBHH ee pa60TbI 11 npe,U,b· 

HBirneMbIX K Hefi Tpe6oBaHHHM. 3TO no3so.1rneT yJiyqurnTb Te xapaKTe

p11cTHKH, KOTOpb!e f!BJJH!OTCfl .Ll;Jlfl Jl.3HHb!X ycJIOBttil Ha1160Jiee B3)KHb!

MH II He3H8'IHTeJibl-IO nOBJIJ!P.IOT Ha OCT3JlbHbie. 

)lJrn KOHH'!ec1rnx 3auen.rreHIJfI, KOTOpbre COCTaBJTeHbl 113 KOJieC, Ha

pe33HHb[X 3y60CTporaJibHb!MH pe3U3MII c npHMOJ!HHeHHOil pemymeH 

i\pO~lKoi'.I, nocnpOll3BOJJ.HillHMH npH ABHJKeHl!H 803,ll.HIIY 11CXO!lHOro 

pee'IHOfO KOrITypa, K03cjxpHuHeHTbI CMeruemrn BbI611pa!OT no 6JIOKI!

PYIOIU11M KOHTypa:vr, nocTpoeHHbIM .IJ.JIH UHJ1HHJJ.p11qecKrrx nepe,n:aq 
BHewHero 3auenJieHHfl (CM. rJJ. 10), no 3KBHBaJieHTHblM 'IHCJiaM 3y6beB. 

12.11. Onpe,lleJieuue reoMeTpuqec1eux pa:iMepou 
3an;emie1m.11 ROHHqec.RHX ROJieC 

6a301! JVIH onpe.n.eJieHHfl 3J1eMeHTOB 3y6beB H HX pa3MepoB HBITHeTC!l 

.11.ejiffTeJlbHblM KOHYC - COOCHafl KOHH'!ecKaH noaepXHOCTb c yr JIOM 

y aepwrrHbI 6. Yro.1 .n.eJIHTeJibHoro Kottyca wecTepHH H KoJieca 

61 = arctg (l/i12) H 62 = ~ - 61• (12.15) 

Y ro.r1 KoHyca aepw1rn wecrepHII H KOJieca 

6at = 61 + 0a1 II 6a2 = 62 + 0a2· (12.16) 

YroJI ea fOJIOBKH 3yoa 33BHCHT OT npHHflTOH CHCTeMbl H83Ha'!eHHH 

pamiaJihHbIX 3a3opoa. HaH60J1hmee pacnpocTpaHeHHe noJiyq11J1a H· 

CTer.ra, npH KOTOpofi pa,n:HaJibHblH 3830p flOCTOHHeH no acefi umpHHe 

3YO'IaTOfO BeHUa 11 yroJI 8_, fOJ!OBKH 3y6a )].aHHOfO l<OJieca paBeH yrny 
61 HO)l{KH 3y6a conpSI>KeHHoro Ko.neca: 

8a1 = e,2 H Oa2 = 8r1; 

yroJl H0)l{Kl1 3y6a (CM. pHC. 12.16) 

81 = arctg (h 1c1Rc)· 

B11ewHHH Bhrcora HOmKH 3y6a 

hie = me (h; + c* - x); 

BHewmrn BblCOTa fOJIOBKH 3y6a 

hae = me (h~ + x); 
BHCWHHfl BbICOTa 3y6a 

he= hae + hte =me (2h; + c*). 

(12.17) 

(12.18) 

(12.19) 

(12.20) 

(12.21) 

BtteruHee KoHycHoe paccTOHHHe (.D.JIH opTOrottaJihHhIX sauerrJieHHfi) 

Re= 0,5me · zc; (12.22) 

cpe)l.l!ee .u_emrreJibHOe K0Hyc11oe paccTOHHHe 

R = Re-0,5b; (12.23) 
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BHyTpem1ee KOHYCHOe paccT05!HHe 

Ri = Re - b = R - 0,5b. (12.24) 

PaccT05!HHe Me1K,n.y BHe!llHHM 11 suyTpeHHHM ropuoshIMH cetieHH5!MH 
j!BJrnercH uwpwioU. 3y6'iamoco eNtlfa b (cM. puc. 12.16). Bh16op umpttHllI 
ay6qaTOro BeHua, B OTJmqHe OT UHJIHHJlPH'leCKHX 3auerweHHH, CBH3aH 
c orpaHHqeHHHMH, HaJiaraeMhl\m TeXHOJIOrHeH nape3aHHH H HHCTpyMeH
TOM, H onpe,n.em1eTcH KOJcprjJUlfUeJ-1.mo.r.t waptlHbt ay6tJamoco eeHtfa ktn = 
= bl Re n paCttenmbud AlOUlj/lfM . .llm1 KOJieG a np5!Mh!MH 3YOb5!MH npHHH· 
MBIOT kbe ~ 0,3 (b ~ !Orne); c TaHre1m,HaJibHbIMH - khe -~ 0,25 (b ~ 
~ Bmte); c KpyroBhIMH - kbe ~ 0,3 (b ~ 14mn). 

B KaIIecTBe pacqernoro MO}J.YJU=I (H3 cTaHJJ:aprHoro pHJla) JlJIH npH· 
Mb!X 3y6heB npHHHMaIOT BHeillIIHH OKpyIB:HOH Mo,1yJih me no BHeurneMy 
,neJJHTeJihHOMY JJ:HaMeTpy, .D;JIH TaHreHUHaJibHblX 3y6beB - mne -
BHeillHHH HOpMaJibHhlH MOJl.YJJb no 3TOMY .n;naMeTpy. 

B1-1ew1mif oKpy)KHoi'i MOJJ.YJJb .D;JIH KoJJec c raHreHIU13J1bl!bI!\UI 3y6bHMH 

m1e = mnelcos~11e; (12.25) 
cpe)l.HHi'i OKpym:HOH MOJJ.YJJh 

mm= me· RI Re; (12.26) 

cpe,n.HHH HOpMaJibHbIH MO.D:YJJh 

mn = mnc · R · cos ~nl(Re · cos ~ne)· 

Cpe,n.HHH ,ll.eJIHTeJibHhIH JJ.HaMeTp 

d = mn z/cos ~fl; 

BHeWHI-IH )J.eJJHTeJibHbJH .D;HaMeTp 

de= me. z; 
BHelllHHH Jl.H3MeTp seplllHH 3y6heB 

dae = de + 2hae COS /5. 

(12.27) 

(12.28) 

(12.29) 

( 12.30) 

AJiropHTM pacqera reoMeTptt<IecKHX pa3Mepos npHM03y6hIX KOHH· 
11ecKHX nepe,n.aq peam13yerc5! oneparopHoii cpyHKUHeii 

GCON(z1, Z2, m., R,. b, 1::, h;, c*, a; 01, Bai. Brei. l51e2. daei. dae2). 

feoMeTpHIICCKHIJ pac'leT KOHHIIeCKIIX KOJieC C KpyroBb!MII paBHO· 
Bb!COKHMII H paBHOlllllpOKHMII 3Y0b5!MII npoH3BO!ll1TC5! TaK me, KaK H 
reoMeTpHqecKHH pac<IeT KOJiec c npHMbIMH 3y6bHMH. B 1rni1ecrne pac
tieTHOro npHHHMaercH BHelllHHH oKpymuoi1 MOJl.Y·'lh m,. JI.JI.fl sy6heB c 
ocesoii cpopMoli I 11 II I 11 cpe,L!.HHii nopMaJlbHbIH MOJJ.YJih m11 JlJIH 3y6heB 
no cpopMe II. Oco6eHHOCTb pacIJeTa 3aKJito•raeTCH n Bb16ope ).lHaMe-rpa 
d0 3y6ope3HOH roJJOBI<H, pac11ere cpe.1.1.Hero yrna HBKJJOHa mmrrn sy6a B11 

ll no.ll,6ope Kosrpqmutteura x cMememrn Hcxo.IJ.Horo KOHTypa. Onpene.'le
HHe OT.ll,eJihHh!X napaMeTpOB - yrna H<.m\KH 11 rOJIOBKH 3y6heB - 3aBH· 
cm OT nx ocesoii cpopMbI - I, II HJIH I I I. l111aMeTp sy6ope3uoii ro.11os
KH Bb1611paeTC5l no cneUH3.llhHLIM T20JIJ'.-1113M B 33BHeIIMOCTH OT napa
MeTpOB Re H m1 •• Cpe.n;HHH yroJJ HaK.noHa JJHHHH 3y6a onpe.ll,em1eTCH no 
Bb!6paHHOMY HOMHH3JlbHOMY }1H3MeTpy sy6ope3HOH fOJIOBKII H IW3ctJ
qmuneHTY urnpHHhI 3y64aroro senua. 
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13. CHHTE3 IIPOCTPAHCTBEHHhIX 3AD;EIIJIEHHf.l 
ITPH CKPEmHBAIOmnxc.a OC.HX BPAmEHH.H 

13.1. r:anep60JIOJl,ll.HOe 3a:U.eIIJieHH0 JI ero MO,lJ.:HcpHRau;e:u 

AKCOH)l,aMH B OTHOCUTeJibHOM 11.BlllKeHHlI 3BeHbeB co CKpew.HsalO

lll,HMHC51 no.n. J1Io6h1M yrno"vl ocHMH (pHc. 13. l. a) HBJimoTcH rHnepoo

JJOHJJ.bl (cM. rJI. 9), KOHT3KTHPYIOW.He no o6pa3yIOW.CH -- Mcii06Clili0ll 

ocu opall{CHllfi u CKOAbJICCHUJl l(K. IUIKJIOHeHHOH K OCHM rnnep6oJIOlf)(OP. 

no.n. yrnaMH ~1 H ~2 • EcJIH s Ka'iecrne HaIJaJibHbIX nosepx11ocTeif nptt·· 

W!Tb 3TH r11nep60JIOHL1.bl H Jl3 3!3eHb5JX Hape33Tb 3YObl1, TO no.ny'lHM 

nmep6oJJOH.[l.HblH Mexarm3M c 3y6bHMH, KOHT3J<THpy1ou.I,HMH no JJIIHHH 

PHC. 13.1. AKCOH.llbl 3y6IJaTbIX MeXaHH3MOB co CKpeuurnaIOil..(HMHCil OCHMH 

a 
Pttc. 13.2. HaIJaJ1b1IbJe uoaepXHOCTH 

B npouecce 3auerrneHH51 3TH 3yohH nepeKaTbIB3IOTC51 H CKOJib3HT B)l,OJib 

nprnjill.'151 no BblCOTe 3y6beB JI B Hanpas.TieHHH JlllHHH 3y6beB. 

Ta!H!e 33UC11Jl(:'!HHJ He H3WJill np1rneHeHllH BBH.11.Y CJJO}l{HOCTH H3fO

T03.1eHlrn Hx 3.JJeMeHTun. Optt nocT051HHOM 'lttc.11e 3y6heB H nepeMeHIIOM 

no ll..'IllHe 3BeHheB .n.uaMeTpe HaIJa.TihHhIX oKpy1KHOcTeif war, a 3H34HT, tt 

MOJlY.Tlh 3auen.iJeHH5l ,ll.OJJ)l{Hhl yse.TIH4HB3ThCH OT ropJIOBlIHhl rnnep6o· 

JIOH.11.3 B o6e CTOpOHbl no OCH. BMeCTO HHX npttMeIH!IOT 3auenJ1eH1rn, y 
KOTOpbIX !1343JlbHble nosepxHOCTH npe)(CT3BJIHIOT co6oii unmrn.n.pbl 1, 2, 
Bnncam1i,1e s rop.TIOBHHbI r11nep60.TIOH.ll.OB, H.TIH K0Hych1 8, 4, pacnono

.>KeHHbte Ha y.n.a.11eHHbIX OT ropJIOBl!Hbl yqacTKaX rnnep60JIOHJJ.OB. 
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Kacmrne TaK11x HaliaJibHbJX noBepxHocTef1, He c0Bna,1J,a1om11x c aKcOHLlHhI· 

MH,- mottett1-toe, no3TOMY 11 KOHTaKT 3y6heB B 3auenJiemrnx rome nepe

XO.UHT B mmettHbtU. TaK11e MexaHH3MhI c u11.1111H.np114PCKHMH Ha4aJibHhI· 

\111 noBepXHOCTHMH (pttc 13.1, 6) H33blB3!0TCH 6UHmOIJ!JlMU, ay6<tambtMU, 

a c KOHH'IeCKHMH noBepXHOCTHMH (puc. 13.1, 6) - fli[JOI.Jillfb!Ml!. 

Llmi o6ecne4:eHHH s 3anenJiemrn JIHHei1Horo KOHTaKTa np11Me1rn10T 

cne1111aJlbHhle cr10co6h1 Hape3aHHH 3y6heB. LlJIH yseJIHIIeHirn cyMMap· 
Hoi1 .L1..1HHhI KOH raKTHbJX JIHHHH 11 yJiyqmemrn ycJIOBHH paooTbI '3auen

J1eHHH H343JlbHblM nosepXHOCTHM npHll,aIOT cpopMy' cm1co6CTBY10lUYIO 
yseJIH4eHH!O B33HMHOro OXBaTa HX (p11c. 13.2). B qepB>14HUH nape 

(pHc. 13.2, a) UHJIHH,ll,pH4eCKHH 4epBHK OXB3TbIBaeTCfl <tep8fl'tHblM KO/le· 

coM B npe.ue.T!ax .uyrn 2y, B eA06ou8Hou (pttc. 13.2, 6) - KpoMe roro, 

KoJieco oxBaTbTBaeTcH eAo6ouoHbtAt 'lepRfl!WA4. B npe,ll,eJiax .uyrn 2vc. 
0,n:HaKo oco6eHHOCTbfO Bcex 3THX 3auer1Jie1rnii He33Bl1CHMO OT BH,Ua KOH· 

TaKTa 3JieMeHTOB 3auenJiemrn - roqeqHoro rurn mIHei14aToro - ocra

eTcH CKOJlb)l{eHHe HX B rrnnpaB.T!eHHH MrHOBe~IHOfJ OCH spameHHH. 

13.2. BuuTouoe aau;emieuHe 

B Kaqecrne con pH meHHbIX B ToqetIHOM aaue11JTeH1111 np11MeHHIOTCH 

JII06hie npoqmJIH • .UJIH o6pa30B3HHH BHllTOBOrO 3y64aToro 3au.enJieHHff 

(pHC. 13.3) HCITOJib3YEOT 3BOJlbBeHTHble rurnm1.up11qecKHe K0C03y6h!e 

KoJieca. HaqaJibHbie unmrn.npbI 3THX KOJiec pa)J.11ycaMH rw, H rw, KOH· 

Pnc. 13.3. Bmnoaoe aau.en;reune P11c. 13.4. f11no11!(11oe Jau.enJ1e1111e 

TaKrnpy10T B noJIIOce sauerrJieIIHH W. KpaTIJaiiwee pacoTOHHHe Mem)J.y 

<:KpemHBaIOlll,HMHCfl OCHMH - Me.>KoceBoe paccTOHHHe aw = ft\'l, + 
+ rw,. 4ame Bcero rrpmteHHIOT 11epe11a1m c yrnoM Mem11y cKpemn
Ba10111,11M11cH ocHMH 2: = 90Q. Via ycJIOBHH, 4TO B noJIIOce W' cKopocrn 

T04eK KOHTaKTa B HanpaBJieHHH HOpMaJIH K JIHHHHM 3y6heB )J.OJI)l{Hbl 

6b!Tb O)J.HHaKOBblMHl Vwni = Vwn2 = Vwn, no.T!y4HM VwnCOS !31 = 
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= Vw2 cos (32, OTKY ll3 ro 1rw1 cos 131 = ro2rw2 cos 132, c.nen.oaaTe.nhHO, 

i 12 = w1/rn2 = rw2 cos f32/ run cos f)1, ( 13. I) 

me ffitt W2 " f3h f32 - yr.nOBb!e CKOpocrn B yr.nhl HaK.noHa .nHHHfI 

3y6heB Ko.nee 1 H .2. 
Koco3y6h1e 1<0.neca, HaXOllHill.HecH B 3au.en.neHHH, HMeIOT OllHHa· 

KOBhTH HOpMa.nbllblH war P nl = P n2 = p n· Clle.n.oaaTe.nhHO, npH TOp· 

u.oshIX marax Pn H P12 co6.n101laeTc5! ycJIOBHe P 1 cos 131 = P12 cos 132, 

a pa.n.ttycb1 HaIJa.nbHbJX OKpymttocTeii, BbipaMeHHhie qepe3 3y6hH KO· 

JJec Z1 " Z2, 6y .UYT 

rw1 = z1 • P o/2n = z 1P11/2n cos ~1; 

rw2 = z2P12/2n = z2Pn12:rr cos [~2 . 

DocJie IlOllCTa!IOBKH 3Ha4eHHH p3JlHYCOB rw, H rw, B rpopMyJiy (13.1) 
IlOJIY'IHM 

(13.2) 

T. e. nepe.uaTOllHOe on1owe1rne conpH}{(e1111oi'1 napbt BIIHTOBblX Ko.nee:: 

Bb!pa}!<aeTCH qepe3 lJII('Jl(l 3y6beB TO'IHO T3K >Ke, KaK H B [(HJIHH.UPHIJe

CKOM 33U.en.neHHII c KOC03y6bIMH Ko.necaMH. 

Vfa 33BHCllMOCTB (13. J) CJie)lyeT, GTO nepe.U3T04HOe OTHOWeHlfe 

napbl BlfHTOBblX Ko.nee 38BHCHT He TO.TlhKO OT OTHomemrn pa.unycoB rw 
H r1v., KaK 3TO HMe.no MeCTO B MeXaHlf3Me c napa.nJJeJJhHblMH OCHMlf, 

HO II OT yrJJOB naK.noHa 3y6beB Ha H343.nbHblX U.HJJl!H.Upax: 33.U3HIIOe 

nepe.n.aTOlJHOe OTHOWem1e i12 ocyw.ecTBJIHIOT, sapb11pyH O.UHIIM lf3 yr

JIOB 13 II COOTBeTCTBYIOW.IIM OTHOWeHHeM pa)lllYCOB flrnf rw1. Vb B03MO:>K· 

HblX peweHHH CJie.u.yeT BbI6npaTb Te, KOTOpbie H3HJJY4WHM o6pa30M 

y )lOBJICTBOpmoT KalJeCTBeHHbIM noKa3aTeJieM 3au.en.ne11HH. 

13.3. I'eno11.11.noe aau;enJTeHHe 

Ee.nu sa na4aJibHh1e noaepxnocTH KOJiec npttHHTb KonychJ (pirn. 13.4), 
OCH KOTOpblX CKpeW.HB3IOTCH no.u yr.noM ~ (J Kp3T'l3HWHM pac

CTOfiHlleM MeMJJ.Y HIIMH aw, a o6pa3y!OW.lfe KacaIOTCH B TO'-IKe W, TO 

noJIYllHM riu;oH).(Hoe 3au.en.neHue. A6co.moTHbie cKopocTn vw, = ro1rw. 
H vw, = rn 2rw, TO'leK W1 11 W2 , np1ma11.JJema11111x runoHllHhIM 3y6qa

TbIM KOJJeca~1, 6yD.yT JIC}!{3Tb B nJJOCKOCTH, KacaTeJlbHoii K o60HM 

!I343Jl hHbIM KOHycaM. CTpoeKUHH 3THX CKOpOCTett Ha H3I1p3BJleHHe 

HOpMaJJH n - n K JJHHHlf 3y6heB B 3TOH KacaTeJlbHOH n.nocKOCTH 

.ll.OJllKHhl 6bITb paBHhI Vwn = Vwn, = Uwn, = Vlt7, cos 13 1 = Viv, cos ~2 , rJJ.e 

~1 II ~2 - yr.nhr cm1pam1 sy6beB rnnoHJJ.llbIX Ko.neo. 

J!Jrn KOHTaKTa rnnOHllHbIX KOJJec cnpaRe.UJIHBO COOTHOWCHIIe (13.2), 
T. e. nepeD.aTOlJHOe OTHomerrne runoHJJ.Hh!X KOJJec Bb1paMaeTcH qepe3 

•rnc.na 3y6t.eB TaK >Ke, KaK H BHHTOBhlX 3Y6'13Tb!X KOJlec. B KalJeCTBe 

conpHJKeHHblX npoqmneii B fHI101f}lHOM 3ilU.en.neHHIJ np11MeHHIOTCSI JllO· 

Ohle, B TOM lJIJCJle II 3BOJILBeHTHhie, KpHBOJIHHeHHble nonepXHOCTH KOHH· 

qecKHX 3y6'laTh1x Ko.nee. Kacauue rnnoHJJ.HhIX KOJiee B TO'-IKe II 60.nb· 
woe CKOJ1b/KCHHe B npou.ecce 3au.err.neHHH Bbl3blB310T neo6XOllHMOCTb 

npHMeHeHHH B CHJIOBblX MeXaHH3M3X cneuHaJlbHblX CM3304Hb!X MaTe

pHaJIOB .UJIH yJiy•m1eHHH yc.nOBIIH KOHTaKTHpoaaHHH 3y61>eB. 
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13.4. Oopaaoeauue Jiuueii'lanix aa~enJieBBii 

,l,nH yJiyt1weHHH xapaKTepucrnK sauem1eHHH Me}l{.ny nepeKpemu
saiomHMHCH OCSIMH npHMeHHIOT pa3JIHqHbie cnoco6h1 3aMeHbl ToqeqHoro 

KOHTaKTa JIHHeHllaTbIM. TaK, ucnoJib3YH cneuHaJihHble Mern.nh1 Hape-

3aHHH 3y6heB H 11BCTpyMeHTbl, noJiytialOT rHnOHJlHble 3au.enJieHHH c JIH
ueuqaTblM JIOKaJIH30BaHHblM KOHTaKTOM. 

npuMeHeHHeM se.nymeH wecTepHH c Ma.llhJM LIHCJIOM 3y6heB, BnJIOTb 

;;,o z1 = I, H Hape3aHHeM 3y6heB napHoro 1<0.11eca c no1v10mb10 HHcTpy

MeHTa, TOllHO COOTBeTcTByIOlll,ero napaMeTpaM 3TOH ruecTepHH, noJiy

lJaJOT sau,enAeH.ue c KPUBOAUHet1ttamblJrt KoHmaKmoM. Be.nym.aH wecTepm1 
c l\laJibIM qHcJIOM 3y6beB npuo6peTaeT BH.11 BUH.ma, 3y6MI - BUmKOO ll 

Ha3bJBaeTCSI ttepBJlK(l.M, a MeXaHH3M - 'le/JBJl'lHbl.M. IlJIH yseJrnqe111rn 

Jl.JlHHbl KOHTaKTHblX JIHHHH nosepXHOCTSIM eeplllHH 3y6beB np11.11a10T 

BOrHYTYIO cjlopMy' 6Jiaro.napsi lleMy KOJieco OXB:lTblB3eT qepBHK. 

Oocne.nyJOW.He H3MeHeHHH napaMeTpOB 33UenJieHHSI tiepBHlIHOro 
MeXaHH3Ma 3aKJIIOllaK>TCff B C03.namrn nyqnrnx ycJIOBHH KOHTaKTa ero 

3JleMeHTOB. 0HH HanpaBJieHbl Ha yMeHhUJeHHe 3830pOB Me>K.n.y 3y6bHMH 

H BHTKaMH H Ha 6onee 6JiaronpHHTHOe 838HMHOe noJIO>KeHHe KOHTaKT

HblX JIHHHH H BeKTopos OTHOCHTeJibHbIX CKopocTeiL 3To .llOCTHraeTCH 

OTK830M OT 9BOJJbBeHTHhJX npoqmJieH H HCIIOJlh30BaHHeM BomymblX 
npo<jJu;zea RUmK(}(j qepBHKOB, 6Jiaro.napS1 tieMy KOHTaKTHPYIOT 3JieMeHTbl 

c 0.ll.HH8KOBblM 3HaKOM KpHBH3Hbl. 411cJIO 3y6beB (3aXOJI.OB) 06bllJHO 
npHHHMaercsi B .lllianasoue z1 = I. . .4. War BHHToaoif JJHHHH no .neJJH

TeJibHOMY UHJIHH.llPY Ha3blBalOT xoaoM sy6a H o603H3lJalOT qepes Pz. 
PaccTOHHHe Me>K.n.y o.11tto11MeHHbIMH JIHHHHMH coce.n.HHX BHHTOBLIX 

sy6beB no JIHHHH nepecelJeHHSI oceBOH UJIOCKOCTH c neJIHTeJibHbIM UH· 

JIHHJI.poM Ha3bIBaeTc5l oceoblM. ULa20M P x· Xon H oceBoii mar 3y6a CBH-
3aHhI c 3aBHCHMOCTblO P, = P xZ1 • 

Ilpyroe H3MeHeHHe 3y6qaToro MeXaHH3Ma Me:>K.lly CKpem11sa10llJ.lfMHCH 

OCHMH HanpaBJieHO Ha yaeJIHllelJHe llHCJJa 3y6ueB KOJieca, OJlHOBp<cMeHHO 

3auenJIS1l01IlHXCSI c qepBH KOM, H ooecnel!eHHe Il04TH B3aHMHO nepneH.llH• 

Kym1pttoro pacnoJimKeHHH KOHTaKTHbIX JIHHHH H aeKTopos ero OKPY>K· 
HOH CKOpOCTH y BeJJHLJeHHe llHCJia 3y6beB D 30He KOH'rnKTa .nocnira

eTCfl npH)l.aHJ-JeM 'lepasrny cpopMbl 2A06ouiJa, II03TOMY MeXaHH3M Ha3bl· 
aaeTCH 2AOOOU0Hbt.M. 

13.5. 06pa30l!aHRe qepe.aROB pa3JIR'IHloIX TllfiOB 

Yl3BecTHbl JIHHeH'laTble (reJIHKOHJIHble) H HeJIHHeH'laTble U.HJIHHJlPH· 

'lecKue 'lepBHKH. BuHmoemz noeepxH.ocmb 'lepoRKOB nepB020 muna 06· 
pasyemrn Bpaw,eHUeM 60Kpyz U oa11.oope,tteHHbtM aBu~eHUeM 600Ab UCU 

'lepBR.Ka npR.MOU llUHUU. 5Jiaronapsi 9TOMY 60K0Bble IIOBepXHOCTH BHT· 
KOB qepss!Ka co.11ep>KaT npHMOJIHHeHHhJe 06pa3y10m.11e. Bo BmopoM mune 
qepBR/Wf1 6o!W8ble noeepx1tocmu BUmKOB npeiJcmaoAJuom co6ot1 02u6{lJ()U1,Ue 
npou31mo51.w,e20 KOHyca UAU mopa. 

4epBHKH B o6m.eM cJiyqae HBJIHIOTCH KOHBOJllOfllHbtMU - 6oKOBble 

noaepximcTH HX BHTKOB o6pasyIOTCH JJ.BH:>KerrneM npHMOH 1 (pHc. 13.5, a), 
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Kaca10mel'kH 
0
0CHOBHoro ~HJJHH.n.pa B mqKax BHHTOBOH JIHHHH 2', 

COCT3BJIHIOIIJ.eH nocTOHHHbIH yroJJ a,b c 1<acaTeJJbHOH K HeH, R pacnoJJo

JKeHHblH no.n. yrJJOM Yb =I= ab. Cet:feHH~ 3y6a rnKoro qepBHKa nJiocKo

CTbIO, KacaTeJJbHOH K OCHOBHOMY II.HJJHH.llPY' naeT npH MOJI HHeHHblH 
npocjmJib, a nJIOCKOCTblO nepneH.!{HKYJIHpHOH OCH qepBHKa - yOAUHeH

Hlj10 fJBO/lbBeHmy. EcJJH o6pa:-iyiomaH npHMaH KacaeTcfl BHHTOBOH JJH

mrn Ha OCHOBHOM U.HJJHH.llpe qepasrna npH ycJIOBHH, l!TO ab = 1'1 
(pHC. 13.5, 6), TO TaKOH qepBHK Hll3'>IBaeTGH 860/lbBeHmHblAt; B TOpUOB0'\1 

30011b8eHma 

PHc. 13.5. 06pa3oaattHe BHttTOBblX nonepXHOCTeii pa3HbIX BHJ\oa 

cel!e!IHH npocpHJib cro BHTKa oqepl!eH 3BOJlbBeHTOH OCHOBHOii OKpy>K

HOCTH pa;myca 0,5db. EcJIH pa1wyc ocHOBHOro UHJJHH.npa paaeH Hymo, 

TO 06pa3y10mafl JlHHHH nepeceKaeT OCb qepBHKa, H TC!KOH qepBHI( Ha· 

3bIBaeTcfl apxuMeOOBbtM (p11c. 13.5, a). noKoBaH noaepXHOCTb BHTKll 

JillHeJ1qaTa5l BHHTOBa51, B cel!eHHH TOpUOBOH nJIOCKOCTblO npocpHJII: 
BHTKa f!BJrneTcH apxuMeooeoa cnupaAblO, B oceBoM ceqem:m OH oqepqeH 

np51MblMH JIHHH51MH. 
Pa3HORHD.HOCTH HeJJ11Hef:q rr1.>1x qepa51 KOB OTJJH'laKm:H npoq)liJleM 

BHTKOB, l\OTOpble 3i:lBHCHT OT (tJOpMbJ H pa3Mepoa HHCTpyMeHTa H Tex

HOJJonrn Hape33HH51 4epB51KH o6o3Hi:l43IOT ll.BYMH fiyKB3MH: z ... 6yK· 
BOH, xapaKrep1i3y1ow,eH oco6eHHOcTH o6pa30B3HHfl npoqmm1 BHTKOB, 

Hanp11Mep, Z/ - 3BOJibBeHTHbIH, ZA - apxttMeJioB, ZK - KOHBOJllOT· 
HblM H T. 11.. 

fJio6oHJIHaH cpopMa qepBsJKa (pwc. 13.5, e) 06pa3yeTcH spameHHeM 

nyrn oKpymttocrn R, Jiemaiueii B nJJOCKOCTH, npoxo11.H1ueii qepe3 Och 
qepBHl<a, BOKpyr 3TOH OCH. llpeHMywecTBeHHO npHMeH5!fOTrJJOOOHJ!Hble 

4CPBS11Ht c npSIMOJIHHCHHbll\1 npo¢i.t.JJeM BHTKa B oceBOM ceqemrn. bOKO· 

B3fl flOBepXHOCTb TaKoro BHTKa o6pa3yeTCH TaK me, KaK H y apXHMe· 

.!{OBbIX qepB51KOB, HO 06paay10maH npHMaH COCTaBJIHeT nepeMeHHbIH 
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yroJI Vb c nepneHJJ.HKym1poM K oc11 11epBHKa H sparn.aeTCH s ocesoii 
IlJIOCKOCTH sparn.a10rn.erocsi qepBHKa OTHOCHTeJibHO OCH KOJieca, CKpe
w.m1a10rn.eHCH c OCblO 11epBHK8 no.u npHMbIM yrnoM. 

13.6. Hcxo,u;u1>1e u npouaeOAR~He qepea.KK 

CTaHJJ.apTHbie pa3MepbI If lflopMa rJiaBHbIX nosepxHocTeif BHTKOB 
qepaHKa onpe.neJIHIOTCH ncxoJJ.HblM <tepeHKOM. KoHTyp BHTKOB ero .ll.JIH 
qepBHKOB ZA, Zl H .ll.pyrnx perJiaMeHrnposaH rocr 19036-81 
(pHc. 13.6, a). Boo6pa:m:ae.Mbtil 'li!PBflK, tromopbtt1 onpeoe//Jlem napa.Mempbt 
uHcmpyMe1tma, cf>opMupy10U{l!ZO B cmaHOttHOM 3al{en/le1tuu 3y6bfl ua 
aa20mOBKe 'li!P8flttfl020 KO/leCa, 1W3bl8aemcR. UCXoOflbt.M npOU38o0flU{UAt 
ttepBR.KOM (cosna.n.aiorn.He KOHTypbl FICXO.llHOfO H HCXO)l.HOro npoH3BO· 
ASIW.ero qepBHKOB 011ep1IeHbJ CilJJOWHOH JJHHiieii). Pa3MepbI BHTKOB HCXO,!l-

~1 a 

PHc. 13.6. HcxoJIHblH H npoH3B0.1llllll.Hli qepBHKH 
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Horn H ucxo,ZJ.Horo npoH3BO.l1.Hmero KOHTypoB sa11.a10TcR B ,11.oJIH x Mo,11.y;rn 

qepe3 COOTBeTCTBYIO!l(He K03CpqmuneHThl: BhlCOThl fOJIOBKH H 110/KKH BHT

Ka - 1i;, = 1,0 H h[, = 1,2; rny6HHbl 38XO)l,a - h;,,, = 2,0; pa.n.HaJibHOrO 

3a3opa y noBepXHOCTH Bna,ZJ.HH KOJieca c; = 0,2; pa.n.Hyca KpHBH3Hbl 

nepexo,ZJ.HOl1 KpHBOH BHT!<a - p;, = 0,3 H .n.p. 

rJepeRK, Komopbttl onpeoeARem cmm1oapmHbte pa3Jtepbt oumKo8 u 
rjJopMy cAaeHbtX no8epxHocmeu eumKoe cAo6ouonoco ttepeHKa, Ha3btoaemCfl 
ucxooHb0.1.. KoHTYPhI BHTKOB ero (pHc. 13.6, 6) pernaMenrnpoBaHhJ 

fOCT 24438-80. Pa3Mephl BHTKOB HCXO,ZJ.HOfO KOHTypa 33,ll8IOTCH B 

,UOJJHX VIO.llYJJH qepe3 K03cpqmuHeHThJ: BhlCOThl ,lleJJHTeJJhHOH fOJIOBKH 

H HQ)!{K}I BllTKa - h;, = 0,9 l1 h;, = 1,0: pa,llH8JihHOfO 3a3opa y 

noBepXHOCTH Bna,IJ,!HI KOJieca - c; = 0,2; rJiy6ttHhl 38XO,lla - h: = 
= 1,8 II ,llp. Boo6pamaeMbJH qepBHK, KOTOpblH B CT8HOllHOM 3auenJie

Hl1!1 cpopMHpyeT 3y6hR qepBH'lHOfO KOJJeca, H33bIBaeTCH UCXOaHblM npo
U3800flW1U.M ttep8RKO!rt (KOHTYP ero BHTKOB noKa3aH JIHHHei'I c TOtIKaMH, 

connanaJOurne KOHTYPhl 11cXO.ll.HOro H npoH3BO.ll.Hlll.ero qepBHKOB otiep
qenhr CrIJIOWHOH JIHHHeii). 

13.7. Hape3auue 3JieMeHTOB aa:u;em1eHHJ1 
Ha aarOTOBRe 'lepBJIROB H KOJieC 

J11meHIJ8Tble UH.JlllH.llPHIJeCKHe qepBHKH H3fOTOBJIHIOTCH Ha TOKapHblX 

craHKax pe3uaMH TpaneutteBH.ll.Horo npocpHJJH. DpH HapeaaHHH apxtt

Me)l.oBhIX qepBHKOB pemyw.He KpOMKH 1 pe3ua (pHC. 13.7, a) pacnoJJa

falOTCH B oceBOH OJIOCKOCTH qepBHKa. OpH Hape3aHHll KOHBOJJIOTHhlX 

4epPH KOB (pHc. 13. 7, 6) [JJIOCKO€Th pe)l{ylIJ.HX KpOMOK yo raHaBJIHBaeTCH 

a 
f'HC. 13.7. Hape38HHe BHTKOB Ha Ul!JJHH!lpttt1eCKOM qepBHKe 

nepneH,llHKymipHO HanpaBJJeHHIO cpe,llHei'I BHHTOBOH JJHHHH Ha JleJJH· 

TeJJbHOM lllJaMeTpe qepB51Ka. 3BOJJhBeHTHhle <1epl35!KH H3fOTOBJISllOT Ha 

TOKapHOM CT<HJKe HJIH MeTOJlOM 06KaTKH Ha 3y6ocflpe3epHOM cTaHKe. 

B nepiloM cJiyIJae pemyw.He rpaH11 pe31u1 ycraHaBmrnaJOT B nJiocKocTH, 

KacaTeJJbllOH K OCHOBHOMY UHJIHH.llPY (pHC. 13.7, 8). 
Y:epBHlJ!lbJe KOJJeca c mmeH'-!3Tb!M KOHTaKTOM Hape33IOTCH IJepBH'-1-

HblMH ¢pe3aMH (HHCTpyMeHTOM) c pa3MepaMH H nporj)llJJeM, COOTBeTCT

BYJOW.HMI! IJepBSlKY. B 3auenJJeHHH c KOTOpblM pa6oraeT HapesaeMoe 

KoJJeco (p11c. 13.8). OpH Hape3aHHH ay6heB KoJJeca Ha 3yoocppeaepHoM 

CTaHKe ROcnpOH3BO.UHTC8 npouecc IJepBHlJHOfO 3aue11JJenm1, IT03TOMY OTHO

ruem1e yrJJOBblX CKOpOCTeii IJepBHllHOH cppe3hl H 38fOTOBKH KOJieca paBHfl

eTCH nepe.n,aTOtIHOMY OTHOllJeHIIIO H3fOTOEJJHeMOfO qepBHtIHOfO MeXaHH3Ma. 
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Hape3aHtte 3y6beB Konec npoH3BOJJ.HTCH MeTOJJ.OM paJlHaJJbHOii, 
raureu .. uaJJbHOH unu KOM6HuHpooauuoii noJJ.a'i. B nepsoM cnyqae 
~pHc. 13.8, a) cppe:::e coo6m.aeTcH 11.BH>KeHHe o6KaTa H pa.nHaJJbHaH noJJ.a'la. 
Bo BTopoM cnyqae (p0c. 13.8, 6) npHMeHHIOTCH qepBnlJHhie cppe3hl a 
I ·a6opHOH lJ3CThlO, paccTOHHHe Me>K.ll.Y OCblO cflpe3hl H 33fOTOIH<OH oc
raeTCH Helf3MeHHbIM, HO noMHMO Bpam.eHHH cppe3e coo6maeTCH nepeMe-

Puc. 13.8. Haµe3a1111e 3y6heB Ha 'lepB!l'lHOM KOJ1ece 

a 
Puc. 13.9. H ape3aHHe BHTKOB tta rnofim1t1HOM 'lefJDlIKe 

meutte B uanpasneHHH ee ocu. Opu KOM6HHHposanttoif non.aqe cppe3a cHa
qa.11a ocym.ecTBJIHeT pa,!l.H3.llhHOe JJ.BHMeHHe, a 33TeM - T3HreHUH3JlbHOe. 

KoJieco nape3aeTcH co cMew,eHueM H 6e3 cMew,eHUR.. CMemeHHeM xm 
npoH3BOJJ.Hlll.ero KOJieca, onpe,11.em1eMhIM K03!jlll>nuueHTOM cMemeuusi x 
H MOD.yJieM m, H33bIBaeTCH paccTOHHHe no MemoceBOH JIHHHH Men\JJ.Y 
J(eJIHTeJibHbIMH nosepXHOCT51MH npoH3BO,ll.HlUCfO qepBSIKa H o6pa6aThl
BaeMoro qepsnqnoro KOJieca npu oKoHqaHHH Hape3aHHH. EcJJH yKa-
3aHHb:e neJil!TeJIIJHbJe nosepXHOCTH conpHKacaIOTCH, TO qepBHlJHOe KO
.neco nt>Jiy'laeTcH 6e3 cMememrn. Koneco BbmOJIHHeTcH rJiofiou,nHofi 
tflopMbI, c BOrHYTOH nosepXHOCThlO BepllIHH 3y6beB, o6p<S BaHHOH 
BpameHHeM soKpyr ero ocn JJ.yrn 0Kpy>1<uocTH, ne>Kam.e.H B _ cpe.n.Helf 
nJiocKocTH napuoro qepssIKa. 
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Hape3am1e BHTKOB Ha 3aroTOBKax rJio6oRJI.HbIX qepBHKOB ocylll.ecT
emuoT Ha ym·rnepcaJJbHbIX 3y6ocflpe3epHblX CTaHKax: aaroTOBKa ycTa
HasmrnaeTcH B HHCTpyMeHTaJlbHOM wnHH.ll.eJJe, a HHCTpyMeHT - Ha 
CTOJJe CTaHKa (pHc. 13.9, a). J.1HcTpyMeHTOM MoryT CJJY>KHTb n.eyx- II 
MHorope3UOBbie roJJOBKH HJJH cne1uiaJJbHb1e npornx<Kll (6). Hape3aHRe 

a 
PHc. 13.10. Hape3aHHe 3yflheB Ha rJio5oHJlHOM KOJiece 

ay6heB Ha aaroTOBKax rJJ060HJI.HblX KOJJec (pHc. 13.10) npOH3BO.lJ.HTCR 
JJeryqHMH pe3ua11111 (pHc. 13.10, a) HJIH qepBHGHOH rJI060HJI.HOH cppe-
3011 (pHc. 13.10, 6), reo111erp1-1qecKHe napa111eTpb1 Koropoi1 JI.OJI>KHbl 
COOTBeTCTBOBatb napaMeTpaM HCXOJI.HOro npOH3BO.ll.Hlll.ero rJio6oHAHOro 
qepBHKa. 

13.8. Oupeµ;eJieHHe reoMeTpuqecKux paaMepoa 
qepesquoro MexaHHaMa 

feOMeTpHqeCK!le pa3Mepbl qepBHqHoro MeXaHH3Ma Onpe].{eJJRIOTCR 
Me.lKOCeBblM pacCTOHHMeM aw, KOTOpoe 38BlfCHT OT D.HaMerpoB qepBllKa 
H KOJJeca (pHC. 13.11). fJJaBHb!MH napaMerpaMIJ qepBRKa flBJIRIOTCR MO
.D.YJib m H q11cJio q. Mo.ayJJeM qepBHKa ua3bJBaeTcfl JJHHeiiuaR eeJrnqH-
11a, B n pa3 MeHbmafl pacqerHoro wara qepe11Ka. Pac1.JeTHblM waroM qep
BHKa p HBJIHeTCfl .11.eJJHTeJJbHh!H oceBOH war BHTKOB. y OllHOBllTl<OBOro 
qepes1Ka pacl!eTHblM ll18fOM HBJJHeTcsl JI.eJJHTeJlbllblH XO.LI. BHTKa, paBHb!H 
paccTOHHHIO Me.ll<llY 0.lI.HOHMeHHb!MH npocflHJIHMH .D.8HHOro BllTKa no 06· 
paayIOmeii .ueJrHTeJJbHOro UHJIHH,Upa. 4HCJIO q H83blB8€TCH KOBf/Jcpuu,ueft· 
mo.At OUaMempa LtepB!lKa H p8BHSleTCH OTHOll1€HHIO JJ.eJll.1TeJibHOfO .ll.ll8-
MeTpa qep~RKa di K ero MO.D.YJJIO. MoJI.y.n11 H K03cpcpHUHeHTbl .UHaMerpa 
qepBHK8 perJJ8MeHTHpyIOTCH CT8HJJ.8pTOM no fQCT 19672-74 
(CT GB 267-76). 

0Kpy>Kuocru, onpe.ueJJHIOlll.He paaMepb1 qepsRKa B cpe.n.HeA TDpuosoii 
n.nocKOCTH, Ha3hIBalOTcsi cpei)nu.Mu KOHl{eHmpuLtecKu.Mu. PaaJJHqalOT oK

PY>KHocrn: oe1Zume/lbHy10, .11.HaMerpoM di. naLLMbHYW - d1v1, Bepuum 
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8UnlK08 - dai, ena8UH - d;1, npHH3)lJiemarn.He COOTBeTCTBeHHO no

sepXHOCTHM )leJIHTeJibHOH, HaqaJibHOfI, BepWHH BHTKOB II sna)lHH. 

YcllO.M noihe.Ma JlllHHH BHTKa H33brnaeTCH OCTpblH yroJI Mem)ly Kaca

TeJibHOH B )l8HHOH TOlJKe I< JJHHHH BHTKa H nJIOCKOCTblO rnpuosoro ceqe

Hl!H qepBHKa. Pa3JIHlJ8IOT oe1wmeAbliblll y H HQ'IQ.1bliblU Yw YrJibl flO.ll'b· 

eMa, COOTBeTCTBYIOlUJle neJIHTeJibHOH H HaqaJibHOtt JlllHHHM BHTKa, yrc1bl 

non.oeMa sepw11H BHTKa Ya H sna)lHH Yt• cooTBeTcrnyiomue JIHHH>! M 
sepmHH H JIHHHHM sna)lHH. YroJJ no)loeMa Ha 11aqaJJbHOM UHJIHH.llpe 

H XO)l P2 CBH38Hbl 38BHCHMOCTblO 

yw = arctg (Pz/'JT.dw);:::;:; arctg (z1/q). ( 13. 3) 

7/,d -?'-·-? 
?~~j ~ 'X// <' 
:j/ / / 0 0):~ Q 

;,;; ,' j/0' / (>~ 

/ /,' :/-,/ '/' . 

B 
-c 

PHc. 13.11. Onpe11eJiem1e reoMe1pH 11eCK11x 
pa3MepoB 11ep!l!!IJHOfO MeXaHIJ3Ma 

-, 
IQN! 1J'1' 
I I I 

I b"I 16"1 i 

~rh'-1 I I 
T/~~-~__l 

I 
b, 

Bbtcomou eumKa h1 na3hrnaercH paccroHHHe Me/K,a.y oKppi<HOCTHMH 

BeplllHH BHTKOB H Bnan1rn LJCpBHKa . .Ll,eJIHTeJJhH851 ocesaH HOMHH3Jlbll3H 

TOJIW.HHa BHTKa s paBHa noJJomrne pacqernoro wara qepBHKa H IBMe

pHeTcH Ha )lCJIHTeJibHOH BblCOTe ha2· .Umrna bi 1rnpesaHHOH lJ8CTH qep-
1351 Ka COOTBeTcrnyeT HaH60JibWeMy paccTOHHHIO Me/K.UY rnpuaMH BHT

KOB no JIHHHH, napaJIJJeJibHOfI ero OCH. 

Pa3MephI qepBHlJHoro KOJJeca onpe.LJ.eJimoTcH B cpec1Het1 mup4oeoll 
ll/WCKOCtJlll, nepneH)lHKYJJil p110ii OCll KOJJeca, B l\OTOpoii HaXO)lHTC5J 

Me>KOCCilaH JIHHHH. 01\py JKHOCTH, onpe.n.emllOW.He pa3Mepbl t1epBHlJ
Horo KOJieca B 9TOH nJJOCl\OCTH, H33blB8IOTC5l cpe8/iu,11u KOHl{e!imputf.e
rKU.AtU. Pa3JJHqaJOT 01<py11rnocTH: aeJlumeJlbliYIO - ;111aMeTpOM d2, HQ

l{Q;1bflYIO - div~. eepttWH ay6be8 - da2, enadurt - d,2, npHHa)lJJe:t!rnrn.ne 

COOTBeTCTilYIOll~HM nosepXHOCT5lM - )lCJlHTeJJbllOH, H8'13JJbHOH, Bep

WHH 11 sna)lHH. Ha1100JJbWlH'1 .LJ.HaMeTp daM2 qepBHlJHOro KoJJeca on· 

pe.LJ.eJIHeT nosepXHOCTb BepWHH 3y6beB B ceqeHHHX, napaJJJJCJJbHb!X 

cpenHe.H rnpuoBoti nJJocKOCTH. Bb1cora sy6a LJep BH lJHoro Ko.1eca 

onpe.n.eJJHeTCH paccTOHHllCM Me:t!<.ll.Y oKpymHOCTHMH sepwHH H Bfl8,Ll.HH 

ero 3yoheB B cpe.n.HeH TOpUOBOH nJJOCKOCTH. 
EcJIH qepBHqHoe 3auen.'lettue BhmOJIHeHo 6es cMememrn, To neJJH· 

TeJJbHhle .LJ.H3MeTpbl qepnHKa II 'IepBHqHoro KOJJeca paBHLl Haqa.'lbllb!M 
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MeTpaM H Me:JICoceeoe paccmomwe 6y.n.eT 

Q\W = 0,5(dw1+dwz)=a=0,.5(d1 +- d2) = 0,5m(q + Z2). (13.4) 
B nepe.n.a1rnx, Pape3aHHbJX co cMeW.eH11eM x, tI.eJIHTeJibHbie UHJIHHA· 

pbI qepBHKa 11 '1epR5PIHoro KoJieca He Kaca!OTCH tI.pyr .n.pyra 11 Memoce· 
Boe paccTOHHHe 6yJJ.eT OTJil1lJ3TbCH Ha BeJIH'lHHY CMew.emrn xm: 

aw= 0,5 (q + z2 + 2x) m, (13.5) 

r)I.e x - K03cjxj:n11.1.HeHT CMe1UCHHH qepBHKa, KOTOpb!i':i MO/KeT npHHHM3Tb 
OOJIO)!{HTeJibHble HJIH OTpHUaTeJILHbJe 3Ha'leHHH. 

AJiropHTM pac'lera reoMeTpH'lecKHX napaMerpoB qepBH'lHOro Mexa
HH3Ma c UHJIHHJlPil-'!eCKHM qepBHKOM peaJJH3yeTCH onepaTOpHOH cpyHK
une.H 

GCHER(m, q, z1 , z2 , ax, h*, h~, s*, h{, x; aw, d1 , d2 , 

(13.6) 

13.9. CsoliCTea •rnpes .. IHoro 3au;e:n.11eHHJ1 

B qepm1'!HoM sauen.7leH1m c apxnMeJlOBbIM 11epBHKOM B ocesoM ceLJemm 
qepm!Ka nJJOCKOCTblO Q, nepneT-I)lHKYJIHpHOH OCH KOJieca, no.nyqaeTCfl 
3y6lJaTaH pet'ma c npHMOJ1HHCHHb!M npocpHJieM sy6beB (pttc. 13.12, a). 
TaK RaK np11 Bpaw.eHJrn 4epBHKa :nor npocpHJJb He H3MeHHeTcH, 10 
CBOi'.°lCTBa qepBH'!HOro 3auer1J1e111-rn H3Y'l3IOT 113 OCHOBe 3KBHBaJieHTl-fOfO 
pee1rnoro sauenJJeH 1 rn, C'IHTaH, lJTO nocTOH HHbIH n pocp11.11b qepBH Ka 
nepeMeru,aeTcH Bll.Om_, ero ocH. B 3ro~1 cJJy<Iae conpHR<eHHhIM c npocjm
Jie,w nocrynare.nbHO ,ll,BH>!<yw.e.HcH npHMo6o•rnoii peiiKH 6y.n.er 3BOJibBeHT
HbIH npocjJ11.nb 3y6beB YepBHL!llOro 1rnJJeca, a JIHHHeti sauenJiemrn 6y)I.eT 
np51Ma51 n - n. B ce11e1rnHx, napa.ru1e.'lbHbIX nJiocKocr11 Q, npocpuJih 

3 IQ n1 _Q-Q 

~~.;~/) ~~~ 
(~~ ~~//// 

/" ~ ------=t----- /, ~,, ·_ , __ <:::-------, .. ,_, :~A/ 

c~ ~?~~s ~ 
- -~.0-~~ ~;;- <>-

2 IQ : : 

~~~~;/ 
<p '~ '.5~"~"~'1·~~~~~ -
~1 ' ~~-X~:~-~ ~, 1-J:=-;;sc:::;~:f ~ 7 
_t/\----.~~~ 

G 
Puc. 13. 12, 4epllli'JHoe 3auenJieHHS 
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3 

5 

i5 
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3y6heB KOJJeca ornnqaeTCSl OT 9BOJJbBeHTHoro, a BHTKOB qepBHKa - OT 

npHMOJJHHeiiHoro, no3TOMY JIHHHH 3auenJieHHff 6y.n,yT KpHBhIMH. CoBo

KynHocTh To11eK nepecelJeHHH JlMHHii 3auenneHHH B napanJJeJJhHhIX nJioc

Kocrnx c pa6oqeii noBepxHoCThlO 3y6LeB qepB511JHOro Koneca o6pa3ylOT 

KOHTaKTHble JIHHHH 1, 2, 3, 4. feoMeTpHIJeCKOe MeCTo KOHTaKTHblX 

.mrnuii B Heno.n,BmKHOH CHCTeMe KOOpJJ.ttHaT 06pa3yeT nooepXHOCTb 

3aQenJ1eHHS1 5. Ko3cpcj:muueHT nepeKph!THH B qepBHq1mii nape onpelle

JIHeTcH TaK )Ke, KaK tt JJ.JIH Kocoay6hIX Konec. O.n.ttaKo TaK KaK wupttHa 

P11c. 13.13. CKopocTH 
B <iepB!!lJHOM 3au.en

JICllHH 

KOJiec uesemrna, TO DOJIHblH KOSl\lct>1tu.neHT nepeKpblTHSI 8y npH6.mnKeH

HO paBH51eTCSl K03QJCjmutteHTY Ba JJ.JI51 peellttoro 3auennemrn (cM. r JI. IO). 
CsoiicTBa qepBHIJHhIX 3auenJJeHuii B 3HalJHTeJihHOH Mepe onpe.n,eJIH

IOTCSJ ycJIOBHHMH o6pa30B3HHH M3CJIHHOro CJI051, OT)l.eJIHIOlll,ero noBepx

HOCTH BHTKOB 'lepB51Ka OT 3y6heB lfepBHIJHOro KOJieca. 3TH ycJIOBIHI 

33BHCHT OT yrna ¢ MeJK.n,y HanpaBJieHHeM KOHTaKTHhlX JllIHHH II CKO

pocTh\O OTHOCHTeJibHOro Jl.BlUKeHH5\ KOHTaKTHPYIOW.HX 3JI€MeHTOB. l.JeM 

6JJHJKe 9TOT yroJI K n/2, TeM JIY'lllie ycJIOBHH .ll.Jlfl B03HHKHOBeHlHI M3CJHl
HOro KJIHHa • .llJJH pa3Hh!X TOLJeK Ha nosepxHOCTH 3y6heB yrJihl '¢ OTJ!ll

qa!OTCH BechMa 3Ha'lttTeJJhHO. TaK, B6JIH3H cpe.n,Heii ToprlOBoii nJiocKoc

TH lJepsHqHoro KOJieca yroJI ti' 6Jil!30K K HYJllO H, CJie)l.OBaTeJihHO, ycJiO

BHH JJ.JIH o6pa30B3HH51 M3CJI51HOro KJIHH3 B 3TOH 30He He6.naronpH51THbl. 

~ho 51BJI51eTCH HeJJ.OCTaTKOM nepeJlalJ c UHJIHHJJ.PHIJeCKHM 1JepBHKOM. 

JlJI51 onpe.n.eJieHirn CKopocTH CKOJlh)!{€HH5J B)J.OJih 3y6heB pa3JIQ)l{HM 

OKPY*HYIO cKopocTh vw1 BJJ.OJih JIHHHH BHTKa Ha Ha1JaJibHOM UHJIHH

.n.pe H BJJ.OJih OCH qepB5l Ka (pHc. 13.13). Tor}la 

(13.7) 
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TaK Kale Vw 1 = 0,5 · 10-3dww1 ~ 0,5qmw1 • 10-J; cosyw ;::::: 
~ nmq1V(nmq)2 + (nmz1)2, TO nocJie nO,ll.CT8HOBKH 3THX 3Ha'leHHH B 

cpopMyJiy (13.7) IlOJIY'lHM 

V5 == 0,5 · 10-3© 1m VQ9 + zI. (13.8) 

Y.ll.eJibHoe cKoJih»<eHHe B Topuosoii cpe)l.Heii nJiocKocTA qepB51'IHoro 

KOJieca npH6JIIiJKeHIIO MO.>KHO onpe,LJ.eJIHTb T8K .>Ke, KaK H )l.Jlfl ayoqa

TOfO 3auenJieHHH KOJieca H peiiKH. 

13.10. BJIHJIHHe cMem;eHHS: ua xapaKTepHCTHKH 
'IepeJiquoro aau;em1eHHR 

Bo3MomHoCTb ttape3aHHH crepsHqHhIX KOJiec co cMem.emreM no3BOJIHeT 

o6pa3oBhIBaTb 4epsHqHbie MexaHH3MhI c pa3JIHqHbIMH csoiicTBaMH. CTpH 

Heo6XO.LLHMOCTH BilHChIBaHHH qepsHqHoH napbl B 38,ll.aHHoe Memocesoe 

paccTOmme aw tteo6xo,LJ.HMbIH Koalj>cJ>uu,HeHT cMe~euuff onpe,ll.eJrneTcH 

113 YCJIOBHH 

x = (aw - a)lm. (13.9) 

CTpH O,ll.HOM H TOM me HHCTpyMeHTe H aa.naHHOM Me/KOCeBOM pacCTOH
HHH noJiyqalOT pa3JIHtfHbJe 3Haqemrn nepe,ll.aToqHblX OTHOllleHHH. 4HCJTO 

sy6beB tiepBHtIHOfO KOJJeca npH HeH3MeHHOM MemoceBOM paccTOHHHH aw 
HS cpopMyJJbl (13.9) 6y)leT 

z2 = 2awlm-q-2x. (13.10) 

06bitIHO K03cpqmuHeHT x Bb!6Hpa!OT B npe,ll.eJiax -I ~ ,\ ~ + 1, 
orpaHH'IHBaH ero yc.TIOBHHMH noopesaHUR H aaocmpeHuR sy6beu. CTpH 

3TOM npecJie,LJ.yeTCH ueJTb BnHCblB811HH B CTPH tapTHOe Me KOCeBoe pac
CTOHHHe TaKHX KOM6HH8UHH tIHCeJT sy6beB KOJJec, qTo6bl npH 0.ll.HOM H 
TOM me qepmrne noJ1yq11Tb pa3Hbie nepe,LJ.aTO'!Hble OTHOWeHHH (HanpH· 

Mep, npu z1 = I H z2 = 42; 41; 40; 39; 38 H, CJJe.rrosaTeJJbHO, x = 
= -1; -0,5; O; +0,5; +1 IlOJJYtfHM i12 = 42; 41; 40; 39; 38).' 

CMe1uem1eM s crepBH4HOH nape ,LJ.0611sa10TcH HCKmol!eHHs;i H3 sa

uenJ1e1urn ytiaCTKOB KOHTaKTHb!X JIHHHH c uey,llo JI 'TB'. pH1eJTbHblMH yc

JJOBIUlMH B03HHKHOBeHHH MacJT5rnoro KJIHHa. Hm160Jiee He6JiaronpmlT· 

Ha B 3TOM OTHOWeHHH TOqKa w KacaHHfl H8lJ8JlbHbIX UH.nHH.LJ.pOB 

qepBHKa H crepBHIIHoro Ko.Tieca. Ec.TIH npn • Mell(eHHH ofecne4HTb 

da1 ~ dwi HJIH dn > dw1 (CM. pHC. 13.12, 6), TO 30Ha BOKpyr :>TOH TOqKH 

6y.neT H3 3auenJ1emrn HCKJJIOIIeHa, qTo npHBP.ner K y.nyqmemno cpopMbl 
H noJioMeHHH KOHTaKTHbIX JJHHHH. CT pH 3TuM H3MeHH ~TCH noJJe 3a

uenJ1eHHH 5. y qepBHtIHOH napbl co CMemeHHeM C03JJllOTGH Jlycrrrme 

yCJIOBHH o6pasoBaHH5l MacJIHHoro KJJHHa, 6J1aro,LJ.apH Jiytiweif cpopMe 

JIHHl!H KOHTaKTa nosepXHOCTeii BHTKOB crepssrna H 3YOheB KOJJeca, 

pacnoJ1ara10m.HXCH no.n. 60JibWHMH yrnaMH K BeKTOpaM GTHOCHTeJJbHOH 

CKOpOCTH. 
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13.11. Onpe,11,eJieuue reoMeTpu•iecicux paaMepon 
rJiot'Son~oro MexaBHaMa 

feoMeTpttqecKne pa3Mepb1 rno6ou.1v1oii naphI (pHc. 13.14) onpe.n.e.1rn10T
CH s cpe)l.Heit Topu,eeoii nJ1ocKOCTH r no6oHJJ.HOro KoJieca. KaK 11 B Mexa
HH3Me c un.n1m.n.pw1ecKHM qepBHKOM, f.Jl3BHblMH napaMeTpaMH qep
BHKa, xapaKTepH3YIOI11.HMH ero .n.HaMeTp B cpe.n.neii rnpuoaoi'I n.noc
Kocrn, 51BJIHIOT(SJ MO.Il.YJ!b m H K03cpcpHUHeHT q. LlttaMeTpbl di. dw1. 
da1 H dfl qeprnrn::i onpe.n.e.11moTcH B cpeaflet1 mopqoeoii nAOCKocmu 'lep
BHKa - n.JiocKOl TH, nepneHJJ,HKYJIHpHoi'I ero ocn. PacqeTHhIH rnar 
rno6on.n.noro qepBHKa P H3MepHeTrn no .n.yre - 06pa3y10mei'I .n.e.JIHTeJih
noro rno6011.n.a - 11 paseH ocesoMy rnary Bl1TKOB 'lepssrna. 

Pwc. 13.14. Onpe.lleJieHHe reoMeTpHqecKHX pa3Mepoa rno6oHJHoro 3auen.~eHHll 

Bh1c0Toi'I h1 BHTKa qepBHKa na3brnaeTcH paccT011nne Me)!{.n.y noaepx
HOCTHMH BepmHH BV.T :os 11 Bil3,Il.HH •1epBHKa. L{eJIHTeJibHaH oceBaH EO
MHH3.JlbH35l TOJllll.Hl-13 BHTKa s paBHa IlOJIOBHHe pac'-IeTHOro wara qep
BHKa H H3MepHeTCH Ha .n.emneJihHOH BblCOTe .n.o xop.LI.bl BHTKa. 

L{JJHHa JI.yrn, 06pa3y1orn.eii OKpy)l<HOCTb .n.eJIHTe.JibHOfO rno6011.n.a, 
onpe.n.enHeTcH uenTpa.JibHhIM yrnoM - y2AoM meopemrt'lecKOco o6xeama 
2v,.., 33KJJIO'-IeHHblM Me>l<.Ll.Y Jiy'laMH 113 uenTpa npocp1·nbHOH 0Kpy)!{HOCTl1 
B TO'-IKe nepeceqen11H 1<acaTeJibIJhIX K ::iToii oKpyiKHocTH c .n.emneJibHOH 
OKpy)l<HOCTblO qepBHKa. L{JJHHa nape3aHHOH '-I3CTII qepBHKa orpanwrn
BaeTC51 TopuosbJMH KOHH'-IeCKHMII nosepxnocTHMH H onpe.LieJrneTCH yr
JIOM pacqeTHoro o6xsaTa 2vc• KOTOphiii 38BHCHT OT pacqenwro o6xsaTa 

qepBHKa kc = Z2110 c OKpyrneHtteM .n.o 3Ha'-IeHIIH k~ = 3,5; 4,5; 5,5 Ii 
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(13.11) 

B OTJUltJHe OT UHJIHH.n:pttqecKoro qepBHKa, B KOTOpOM yro.JI no.n.oeMa 
BHTKa H3MeHHeTCSI TOJihKO no BhICOTe npocpHJIH, B rJI060HJJ:HOM yroJI 
no.n:neMa lf3Mem1eTcS1 TaK}!{e no ero JJ:JIHHe If HMeeT MaKcHMaJlbHOe 
3HaqeHHe s ropnomrne, r.n:e .n:HaMeTp qepssiKa MHHHMaJihHhIH. Pa3.im
qaJOT aeAumeAbHblU .MQKCU.!ttaJlbHblU yeoA noiJ'Oe.Ma 8UmKa - y, H{lll.QAb
HbtU - Ywi. oeputuH - 1'a1 H enaauH - 1't1 B TO'lKax nepeceqemrn co
orneTcrnyIOlll.HX JIHHMH BHTKa co cpe.n:HeH nJIOCKOCTb!O qepBSIKa. .LI.e
JIHTeJJhHbIH yroJI onpeJleJHJeTC51 3BBHCHMOCTb!O 

y = arctg(z1/q). (13.12) 

Koneco rno6011.n:ttoH: napbI no nosepxHcCTH eeprrnrn sy6beB Bhmo.n
m1eTCH rJI060HJJ:HOH cpopMbl, T. e. BOfHYTOH, o6pa30BaHHOH spar.ueHHeM 
noKpyr ero OCH .n:yrn OKPY*HOCTH G pa.n:ttycoM Ra2 ~ 0,53dt,max· BbI
COTa 3y6a rJI060H.UHOfO KOJieca - pacCTOSIHHe Me}!{.n:y OKpy>KHOCTHMH 
seprnm1 H ena.n.m1 ero sy6bes - H3MepsieTCSI e cpe.n.Heii TOpuosoii nJ1oc
KOCTH KOJieca. .LJ.11aMeTpbI KOJieca; OeAUmeAbHblU - d2' Half.aAbHblU -
dw2, eepw.un - da2 11 enaoun - dr2, onpe.n.eJIHIOT B TOH *e nJIOCKOCTH. 

Me)l<0cesoe paccTOSIHHe rno6oH.n:Hoii napbI 6y.n:eT 

a=0,5(d1 +d2}. (13.13) 

AJiropHTM pactJeTa reoMeTpHtiecKHX napaMeTpos rno6oH.n:Hoii nepe· 
.u.aq11 peamrnyeTcH onepaTOpHoii cpyIIKUtteif 

GOLOB (q, z1 , Z2 , c, a, it2,Ll; d1 , d9 , m, kc, kT, vT, 

"'c• D0 , ha1. ha2. R1i. da1. da2, Rai. dfl, d12. e, Ra2). 

13.12. CuoiicTBa rJioooup;Horo aa~em1eHu11 

(13.14) 

Ha nosepxHocrn 3y6a (ptto. 10.15, a) rno6oH.n:Horo Ko.11eca MO>I<HO 
Bhl.n:eJIHTh Tptt xapaKTepHble qacTH. Ha yqacTKe II nosepxHoCTh 3y6a 
HBJIHeTCH ozu6a10U{eii. nooepxnocmu eumKa 'lepenxa, Ha Heii pacnoJiara
IOTCH KOHTaKTHhie JIHHHH. Ha yqacTKax I H I I I nosep XHOCTh 3y6a SIB· 
JrneTCSI JIHHeHllaTOH H socnpoH3BOJ{HTCSI pe>Kymeii KpOMKOH llilCTpy
MeI-ITa; KOHTaKTHbie JIHHHH Ha 3THX yqacTKax OTcyTcTBylOT. Jim:H11 A~, 
o6maSI J{JIH yqacTKOB II H I II, CMhIKaHHe KOTOphIX npoHcxo.n:ttT c nepe· 
JIOMOM, Haxo.n:HTCSI B cpe.n:ueif Topuosoif nJJOCKOCTH Q. B 3TOH nJJocKoc
TH see 3y6bSI tiepsHqHoro KOJieca, oxeaTbIBaeMble qepBSIKOM, KOHTaK· 
TttpyIOT c qepBHKOM no 3TOH JJHHHH Ha eceH: pa6oqeif BhlcoTe BMTKOB. 
4acTb sy6beB qepBHt{HOro KOJJeca, OXBBTbIBaeMhlX qepBHKOM, nOMlfl\10 
KacaHHH B rnaBHOH Il.JIOCKOCTH HMeeT er.ue O.U.HY KOHTaKTHYIO JIHHHIO, 
nepeMeUJ.aIOUJ.YIOCSJ no yqacTKY I I noeepXHOCTM 3y6a (HeKoTopble no
JiomeHMSI 3TOH JIHHHH 1, 2, 3 noKa33Hbl Ha puc. 13.15, a). Bee KOHTaKT· 
Hble JIHHHH pacnoJiaraIOTCH B HanpasJieHHlf K ueHTPY KOJieca, BCJie.n.
CTBHe qero Be1nopbl CKOpOCTH CKOJib)KeHMSI o6pa3VIOT c 1-IHMH yrJJLJ 'lj>, 
6JIH3KHC K 90°, qTo cnoco6crnveT o6pa30BaHHIO ):o·roHt{HBOrO M8CJIHHOro 
KJl11Ha H onpe.i.e UUOT no cpaBHeHl-llO c llHJIHHApHqecKHMH qepBS!t{HblMH 
MexahHJMaMH 6oJiee BbIC0Ky10 pa60TocnocooHocTh. feoMeTpuqecKoe 
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MecTo KOHTaKTHbIX JIHHHH rJIOOOHl{HOtt napbl B Henol{BH)f{HOH CHCTeMe 
KoopmrnaT 6y.n.eT npeJJ.CTaBJHITb CJIO)l<HYIO npocTpaHCTBeHHYIO noeepx
HOCTb, COCTOfllll.YIO H3 OCH06HOZO J' H aonOAHUme/lbH.020 2' nOAeU aa
tlienAeH.UR.. 

nJifl y JiyqUiemrn ycJIOBHH pa60Tbl rJIOOOHJlHOH napol npe.n.ycWIT
puaaeTCH MOJJ.U(l>HKaU.HB 4epBBK3j G 9TOH Il~JlblO Ha Ha 8JlbHblX yqaoT-

PHc. 13.15. fJio6ott.llHOO sauenJieHHe 

Kax BHTKOB o6pa:iy OT CKOCbl (pnc. 13.15, 6). 0rJIHl(He HOMHH8JlhHOH 
noeepxHOCTH MOllHll>lfUHpOB8HHOro qepBSI Ka 38KJllOl(8eTCH B '•TKJIOHeHim 
JIHHHH ero BHTi<a Ha .neJIHTeJibHOM rno6on.ne OT reopernqecKOH. OT
KJ10Hem1e xapaKTepn3yeTcfl zAy6mwt1 1tt.oautjJwcau,uu A, KoTopaff B 
npenenax yrna 2vc Bhlno.nHfleTcff B cJlopMe KBa.nparnoii napa6oJihll 

A= A,(0,3 + 0,7v/ve)'2 , (13.15) 
rne As - Han6oJibma~ pac11eTHaH rny61rna Mo.nu¢ttKaunH Ha pac4eTHOH 
KpaiiHeii npflMOH, o6pa3y10rn.eii noaepXHOCTH BHTKa; v - TeKymee 3H3-
4eHHe yrna vc < v < - vc. 

14. CHHTE3 3YBq:A TblX MEXAHH3MOB 

14.1. 3aµ;aqu CHHTeaa ay6'laTLIX MexaBH3MOB 

Dpn cnHTe3e nepe.uaTO'IHbIX ay611aThIX MexaHH3MOB Heo6xonuV10 ynoa
nernopHTb Pfl.ll qacTHblX KpuTepnee, onpe.ue.nffIOI.U.HX: TO'IHOCTh eoc
npon3eeneHHfl 33Jl8HHOH nepe.n.aTOllHOH cJlYHKUHH, oco6eHHOCTH reoMeT
puu ay643Th!X aauenJieHUH, TeXHOJIOrH'IHOCTb H3fOTOBJieHHff H c6op· 
KM MexaHH3Ma n T. n. flpu cmpyKmyp1to.M cunmeae onpeaeARemcR. mun 
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.uexaHuaMa u eco cxe.Ata. Tun MexaHH3Ma Bbl6HpaeTC.SJ HCXO.ll.SJ H3 Tpe6o

Bam1f1 K K03<tJ<tJHUHeHTY noJie3HOfO neikTBHSI H OTHOCHTeJibHOMY nono

}KeHmO BXOJl.HblX H BbIXOJl.HbIX 3BeHbeB. nptt 3TOM ue.necoo6pa3HO HC

DOJlb30BaTb B MexaHH3Me MHHHMYM 3BeHbeB H KHHeMaTnqecKHX nap, 

o6ecneqHB OTCYTCTBHe If36hITOqHblX CBH3eli. CnenytollJ.HM 3TanoM .SJB

JI51eTCH onpeneneHHe reoMeTpH4eCKHX H KHHeMaTH4eCKHX napaMeTpOB 

MeXaHH3MOB: 4HCeJI 3y6heB Ko.nee, HX MO.ll.Y,Jieii, CMemeHH.SI IICXO.ll.HOfO 

KOHTypa II JI.P-
B 6oJiblllHHcrne cJJyirneB Bhr6op napaMeTpos cuHTe3a npoH3BO.D.HTC.SJ 

no .ll.OMHH11pyiomeMy noKa3ai'eJIJo, KaKHM npe}K.ll.e Bcero H BJIHeTcsi 

TOLIHOCTb BOCnpOJ13Be.ll.eHllSI 3a.ll.aHHOfO nepenaT04HOfO OTllOWeHHH i = 
= Wax! (J)BblX• <tJopMaJJH3yeMOMY u.eneBOH cflYHKQHeH 

<I>= Ii- f (Zi) 1. (14.1) 

r.ne f (zt) - nepenaT04Ha51 <PYHKUIHI, 3aBHCHLUaH OT cxeMbI MeXaHH3Ma H 

qHceJI 3y6beB KOJiec, BXOJl51lUHX B COCTaB ero, H onpeJ1.eJIHIOI11.aS1 neiicT

BHTeJJbHOe nepe.ll.aT04HOe OTHOWeHHe. 

ll.nH npocTeliwero TpeX3Bennoro 3y6•raToro MeXaHH3Ma nepe11aToq

nasi cpyHKUHH HMeeT CJie.D.yIOLUHH BH.ll (CM. fJI. 19): 

f (zi) = i 12 = + (z2/z1). (14.2) 

npu no116ope 4HCeJI 3YObeB Z1 H Z2 KOJJeC Tpe6yeTCH onpe11eJIHTb 

T3KHe HX C04eTaHH51, npu KOTOpblX ueJJeBaH <PYHKUHH HMeeT MHHHMyM. 

06JiaCTb nonycKaeMblX peweHHH npM noHcKe 3TOf0 MHHHMyMa orpaHH

qusaeTCH Heo6xo11HMO<Tbl0 BOHC£1TbC5' B 3a.D.3HHOe Me)f<Ocesoe paccTOH

HHe, THOOM npHMeHHeMoro HHCTpyMeHTa, 3Ha4eHHHMU Mo.nyneli H na

paMeTpaMH npHHHTOro npoH3BOllHutero KOHTypa. B 6onee c.no>KHbIX 

MeXaHH3Max. COl'.TOfflUHX H3 OOJJblllOro KOJHl4eCTBa 3y6LtaTbIX KOJJec, 

nepeJl3T04H351 cpyHKUHH 3aBHCHT OT 60JJbWOfO LIHCJia napaMeTpOB, H 

3a11.aqa cHHTe3a 3y641noro MexaHH3Ma H3 .D.ByxnapaMeTpnqecKoii npe

spamaeTcH B MHoronapaMeTpuqecKyIO. K nepeLtHCJJeHHbIM orpaH11qeHH

HM npH cHHTe3e neKoTOpbIX MexattH3MOB 11onaBJIH10TCH ycJJOBHH co
cericmsa 3yfl4<tTblX KOJJt'( 111:6opKu 3y6LtaToro MexaHH3Ma. 

npu CHHTt''W MeXaHH3MOR CO CTyneH4aTO-H3MeHSJIOlUHMC51 nepe.na

TO'lflhl'lll OTHOUH'HlleM Heo6X011HMO o6ecne41lTb HeCKOJJbKO HX 3Ha4eHHH 

111,cpdlCTBOM BKJll04CHH51 ynpaBJJHIOlll.HX ycTpoilcTB. Do3TOMY np11 CHH

Te3e raKHX Mexattll3MOB neo6xo.nHMO y110BJJeTBOpHTb necKOJibKO qac1'

HbJX noKa3aTeJJeH, cpopMaJJH3yeMblX ueJJeBblMH cpyHKUH51MH BH.ll.a (14. l), 
H Bbr6op napciMeTpOI' CHHTt'33 npOH3B01lHTC51 no KOMOJJeKCHOMY noKa-

3areJ110, cj:>opMam13yeM0My Kn.M.n.11eKCHoii. qeJ1eBot1 </JyHtw,uet1 

(14.3) 

r,i1i' <l>k - ueneBafl ¢yttKUHH. cpopMaJm3y1omaH Tpe6oaam1e ocymecrn

JJeHHH k-rt• 1wpe]laTO'lHOfO OTHOLUeHHH - i,,; n - lfHCJIO 33JI.3HHblX cTy

neH43TO-tt:~Ml'HHIOIUHXC51 nepe11aTO'IHblX 0T11owen11il; f (z;) - nepena

TOLIHaH cpy11KUHSI MeXaHH3Ma OT KOM6HH3UHH i-x 3y6LtaTblX KOJJec; 

onpe.nem1eMoii ynpaBJISIIOlUHMH ycTpoiicrnaMH npH peaJitt3aUHH k-ro 

nepe.naTO'lHOfO OTHOWeHH51; qk - BeCOBOH K03ipQllll1HeHT, onpe11enmo-
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ll\HH Tpe6oBaHH51 K T04HOCTH 3a):laHHOro k-ro nepe.uaT04Horo OTHOWe· 
HH51 MeX8HH3Ma. 

Ko=>cpqmuHeHT qk Ha3HatJaeTc5l B coorneTcTBHH c Tpe6oBaHHHMH K 

T04HOCTH BocnpOH3Be11eHH5l k-ro nepe.uaT04HOro OTHOIUeHml' onpene· 

JIHeMOH ycJJOBIHI ~rn cj:>yHKUHOHHpoBaHlrn M3WHHbl. LleM TOlJHee llOJl/!<Ha 

6b!Th (Jcyw.ecTDJJeHa peaJJH33UH5l tTO 31Ia4elllf51' TeM BblUJe cooTBeTCTBy

fOW,Hfl eMy K03cprtnm11eHT q,,. LI11cJ1e1mhlt' 1uaqemrn K03ljxpttu11eHTOB q1, 

BbI6HpaKHCH Tal<Hi\I ofipa30M, 4TOOhl Bblll0Jlll51Jl0Cb COOTHOWeHHe 

(14.4) 

TaK KaK KOJJH4ecrna 3y6beB 3yfiqaTbIX KOJJec n:omKHbl 6bJTb ueJJbIMH 

qHcJJaMH, no)l,6op HX 3Ha4eHHH np11 HCnOJJb30naHHH ueJJeBb!X cpyHKUHH 
(14. l) 11 (14.2) npOH3BO)l,HTCS1 MeTO.ll3MH ueJJOL!flCJletrnoro 11porpaMMHpO

B8HH5l, KOTOpble OTJIHlJ3IOTC51 OT o6bl4llblX MeTOD:OB MHoronapaMeTp114e

CKOH onTHMH33llHH TeM, 4TO Ha COOTBeTCTBYfOW,He pemeHH51 H3KJl8)1,bl· 

BalOTC51 ycJIOBH5i ueJJOlJ_HCJJelll-IOCTH. 

nocTaHOBKY 38Jl3<JH UeJJOlJHC"'leIIHOro nporpaMMHprrnamrn paCCMOT· 

pHM Ha np1rnepe npocTetituero Tpex3semwro MexaHM3Ma (ra6.11. 14. l, 
n. l), ueJJeBaH cj:>yHKUlf51 )l,Jl51 KOTOporo npe.L\CT8BJieHa B BHJie ycJIOBHff 

(14.1). CHa4aJJa HaXO.lIHT npe.lIBapHTeJibHOe peweHHe, coornercrny1omee 

MlII-H!MYMY 3TOH ueJieBOH cj:>yHKUHll, npH KOTOpoii B o6meM c.11yqae lJHC· 

Jia 3y6beB z~ H z; He 6ynyr ueJJhle 4HcJia. 3aTeM HaJJaraIOTC51 .lIOHOJIHH

TeJibHhie ycJIOBH51 ueJI04HCJieHHOCTH, 33KJll04aIOw,ttecH B ycraHOBJieHHH 

rpaHau Bbl6opa cpaKTHlJeCKHX 3H34eHHH 6JIH>K3HIUHX lJHCeJI 3y6beB1 

Z1 = ZIG H Z2 = Z2M; Z1 = ZtM H Z2 = Z~6, 
( 14.5) 

r.n:e Zif), Z26 H ZtM, Z2M - 6JIM>Katiume 60JibWHe H MeHbllIHe UeJibie lJHCJia 
... * * 

OTHOCHTe.'lbHO noJiy4eHHblX 3Ha4eHHH Z1 H Z2. 

I-fa ycJIOBH51 (14.5) Bb1611paerc51 BapttaHT, Y.lIOBJiernopHIDW,Hif sa.n:aH· 

HblM orpaHHlJeHHHM no Mex<0ceBOMY paccTOHHHIO, n:nana30HY BbI6opa 

K03¢cp1mHeHTOB cMeW,eHHH X1 H X2 H3 ycJIOBHH npOIIHOGTH, H3HOCOCTOH· 

l<OCTll, npe.ll,OTBpameHHff HHTepcpepeHUHH npH Hape33HHH ay6beB H HX 
tl3dHMO)l,eHCTBHH, KOTopoMy COOTBeTCTByeT MHHH~l3JlbHOe 3HatJeHHe ue

JieBOH tjJyHKUHH . .ilJI51 6oJJee CJIO>KHbIX MeXaHH3MOB lJHCJIO Bap11aHTOB 

yseJIHlJHBaeTC51, H llO)l,6op lJHCeJI 3y6beB no 33.lI3HHOMY nepe.ll,3T04HOMY 
OTHOWeHH!O HBJI51CTC51 CJIO>KHOH 3a]la4eH, Tpe6y1ouiefi npHMCHeHH51 3BM. 

14.2. PJ1,IJ;OBL1e ay6qaTL1e MexauHaMLI 

PHJJ.06b1e O.LlHOCTyneH'·laTble MexaHH3MbI, cocmomu,ue us napbt ay6ttambtX 
KOAeC oOflOeO U3 paccMompeHHbtX sau,enAeHUU, fl8AfllOmCfl npocmetltUU.MU 
npeacm.aBumeAflMU MHOeG'iUCAeHHOeo ceM.eUCl11.8a sy6ttamblX MexaHU3M08. 
Om1 np11MeHH10TC5l qame scero nptt nepen:aT04HbIX ornoweH11Hx i ~ 8, 
TaK h.3K np11~60JibWHX nepe.naTOlJHbIX OTHOWeHHHX HX ra6apHTHble pas

Mepbl, Macca, a, ClJieJI.OBaTeJibHO, H GTOHMOGTb 60JibWe, tJeM y 6oJiee 

•JIO>Kl!b!X sy6qaTblX MexaHH3MOB. 
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Jlm1 noJiyqeHHH 60JibUJHX rrepeJlaToqHbIX OTHOWeHHH npH MIIHIIMaJib

HbIX JlllaMeTpaJihHblX ra6apHTHbIX pa3Mepax HCnOJib3YIOTCH MeXaHH3-

Mbl, COCT3BJieHHhie ll3 HeCKOJibKHX nocJieJlOBaTeJihHO coe}lHHeHHblX 

OJl.HOCTyneHt.IaTbIX pHJlOBhIX MexaHH3MOB. B TanJI. 14.2, n. I noKa3aH co

cTaBHOtt MexaHH3M c JlBYMH 3y6qaTbIMH 3auen.11e11ttHMH. B 3TOM Mexa11tt3· 

Me nepeJlaToq11oe OTHOllieHIIe OT 3BeHa 1 K 3BeHy 2 
(14.6) 

OT 3BeHa 2 K 3BeHy 3 
i23 = ffi2/ffi3. (14.7) 

nepeMHOlli8H rrpaBbie ll JieBble t.IaCTll 3TllX ypaBHeHHH, nOJIYllllM 

i12 . i2J = ffi1/W3. 

TaK KaK ffi 1/ffi3 = i 13, TO o6mee nepeJlaToq11oe oTHowe1111e ay6t.Ia

Toro MexaHH3Ma paBHo npoH3BeJlem110 nepenaTOt.IHhIX ornorne1mii nap 

sy6qaThIX KOJiec, BXOJlHllJ.llX B ero COCTaB: 

i13 = i12i23· (14.8} 
. ' 3auenJieHHe O)lHOH napbl 3y6qaTbIX IWJleC B TaKOM MeXaHll3Me Ha3hl

BaeTCH cmynettblO. nptt n CTyneHHX o6ru.ee nepe)laTOqHoe OTHOlliemie 

6y,iJ.eT 
n 

i1n = il2 • i23 • i24 • • • • • in-1,n = n ik. 
k=I 

(14.9) 

npu CIIHTe3e sy6qaThIX MeX8HH3MOB, COCTOHlll.llX Il3 HeCKOJibKIIX 

CTyneHeii, KpttrepttHMll nptt BbI6ope nepeJlaToqHhIX OTHOUJeHHH OTJleJib

HblX cTyneHett HBJIHIOTCH MHHllM3Jlbllhle ra6apHTllbie pa3Mephl, Macca, 

yumpHKaUHH 3y6t.IaTbIX KOJiec. EcJIH nepeJlaToq1·lbie OTHOWeHHH B MHO

rocTyneuqaTOM Hecooc110M MexaHtt3Me (Ta6.11. 14.2, n. 1) Bhl6paHbl, TO 

non6op qHceJI 3y6beB OT)leJibHblX CTyneHett npOH3BO}lHTC51 TaK llie, KaK 

H }l.1151 OJlHOCTyneHllaTblX MeXaHH3MOB. B COOCllblX pH.D.OBbIX MHorocTy

neHqaThlX 3y6qaTbIX MexaHH3Max (Ta6J1. 14.2, n. 2) Heo6xo}lHMO o6ec

net.IHTh ycJIOBHe COOCHOCTH 

aw.,= aw".= •.. = awcn-1),n• (14 10) 

KOTOpoe JlJIH npsi M03y6bIX KOJiec onpe}leJHleTCS! CJie.11.yIOlllllM Bblpa)l{e

HlleM (3HaK «+» OTHOCHTCH K BHenrneMy' a 3HaK «-» - K BHyTpeHHe

My ~auen.11eH1110): 

(z1 + z2) ml2/cos aw,. = (z2· ± z3) m').'3/cos aw 2.3 -

= (Z(l1-lr ±Zn) mcn-l)'n/COSawcn-1)',n, (14.11) 

rJie m 12, mw, ... , mcn-l>'n - MO.D.YJIH nap 3y6qaTbIX KOJiec 1, 2, n-ii cTy

ne11eii; aw.,, aw·n, .. . , aw1n-l);n - yr Jib! sauenJieHttfl ay6qaThIX KOJieo. 

COOTBeTCTBYIOlllHX cTyneueiL 

npll KOC03YOhlX KOJiecaX ycJIOBlle COOCHOCTH 6yJ1.eT CJleJl.ylOllJ.IlM! 

(z1 + z2) m,..fcos atw., = (Z2· ± z3) m,2,3 /cos a1w 2,3 = 
= (Z(n-1)' ±Zn) mtcn-l)'n/COS atW(n-l)'n• ( 14. I 2) 
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Ta/5,wqa 14.:J. CocTaBHYe Jy611aTwe MexaHH3Mbl 

nepe- OpHeH· 

c. 
AOTO'I· TH po-

c CxeMa .. exBHHSMa llepe11.aTO'IH8JI «l>YHKUHH Hoe 07- 'l•,'f-

KOWe• Hblil 
;;, fUfe i Kn,11. 

i-S::--
vt 

~ 

I -=- ,..2' i 13 = z2Z3/Z1Z2• 5 ... 64 0,98 

2"' 
7TTlTJ, 

- I 3"' 77i1il 

3 - r: I/, v 7. r-' 
~ ~V' r 

L ~ 
1Tm!; 7;Tn, 

15 ••. 0,96 i15 = l~Z~Z1Z5/Z1Z~.1Z4 
..=, I~. 625 0,92 

·" w;; '2 'lT!lll i/ 
I 2 "4 

I~ 
3 

1l_~~~ 
ilh = - (Z3/21) (1 + Z4/Z2,) 6 .•. 0,98 

2m;~ 12S 0,96 

I 

~Will~ .; i 1h,. = (I + z3 /z1) (1 + :Zy/21,)· 6 ... 0,8 ,w,,W 100 0,94 

3 3' I 
3--I'~" 
~ - z 

---~- i 14 = (I --'.- Z3/Z1)/{) - Z2 ·Z~/Z4Z1) 20 ... 0,9 ... 

L' ~-
500 0,7 

I 

~2 ~ i111 =()/(I+ 

'• + Z1/Z3)) (- i'4•/:Z3,) + 

~-I' 1 + (!/(] + Z:i/Zi)) (- Z4/Z1.) 
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14.8. ll.11aReTapm.1e ayoqaTLie MexaB11aML1 

6oJJ,bllIHM pa3Hoo6pa3HeM cxeM OTJIHlfalOTCH nnatternpttble MexaHHSMbt 

(rn6JJ. 14.2, n. 3 .•. 6). 3rn MexaHH3MbI co,ll,epmaT cameAAumHbte KO· 
Aeca (CM. rJI. 2), nepeMew.a10w.11ern COBMeCTHO c B01lHJIOM h OTHO· 
CHTeJibHO ueinpaJibHbIX KOJiec, OCH KOTOpb!X HellOll,BH)!{Hbl. l13·3a 

oco6eHHOCTeii KJrneMaTHKH c noMOUJ.blO 9THX MeXaHH3MOB no.ny1rn10T 

3H3'IIITeJibHO 60JibllIHH 1lH311330H H3MeHeHH51 nepe.ll3TOlfHb!X OTHOllie

HHll. 01lH3KO CJJe,lJ,yer HMeTb B m1.n:y, 'ITO c ~13MeHe1111eM nepenaTO'IHOfO 

onwwemrn MeH51IOTC51 9KCnJJyaT3UHOllHblC xapaKTepHCTHKl1 MeXaHl13· 

J 

Pwc. 14.1. YcJios11e cocellcrna H c6opKH B caTeJIJIHTHOM MexaHH3Me 

MOB. l JanpHMep, npH yaeJIHlfeIHIH 3Ha'IeHHH i K09<JxPMUHeHT noJJe3· 
Horn n.dfcTBHH HeKOTOpblX MeXaHH3MOB (Ta6JI. 14.1, n. 5) cywecT· 

aermo vMeHblliaeTCH. 

l Ion6op 'IHCeJJ ay6beB nJiaHernpHhIX nepeAa'I npoH3BO.IJ:HTCH c HG· 

noJlb30baHHeM !leJJeaoii cpyHKUHH (14.1) npH orpaHH'leHirnx no ycJJOBHIO 

COOCHO\.'Tlf, paccMOTpeHHOMY .l(Jl51 pH,ll,OBh!X COOCHhIX nepe,n,a'I. JlJHl 33· 

uenJieHfHf caTeJIJIHTOB c ueHTpaJibHb!MH KOJJecaMH BblllOJIHHeTC!'I ya-

JIOBHe 

aw,,= aw,,. (14.13) 
KpoMe 9Toro, a nnatternpttwx MHorocaTeJJJIHTHbIX nepa.n.aqax Ha 

''IHC.'la 3y6beB ay6tiaTb!X KOJieo H3KJI3,ll,b!B3IOTC51 orpamt'IeHHH no yc

JIOBIH! M aoce.n.cTBa n c6opKH. YcJioBHe coce,lJ,cTBa aaKJIIO'laercH s 06ea

ne'leH1111 sasopa A MelK,lJ,Y oKpymHocrnMH BbICTynoa careJIJIHTOB 

(pHC .14. l), onpe,ll.eJHleMoro noTep51MH Ha BeHTllJIHUMIO H nepeMeWHBaHHe 
cMasoqfforo Marepua.na: 

A~ 2a1<· sin (nlkc) - da2, (1414) 
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r.ne aw - Me.>1<ocesoe paccTOHHHe B 3auenJieHHH ueHTpaJibHoro HOJ1eca 
c careJJJJHTaMH; kc - qHcJio caTeJIJIHTOB; da2 - .D.HaMerp OKPY>KHOCTJt 
BhlCTynoB caTeJJJIHTOB. 

Y cJIOBHe c6opKH o6ecnel!HBaeT o.nHoepeMeHHOCTb aauenneHHJJ scex 
caTeJIJJHTOB c ueHTpaJJbHbJMH KoJJecaMH. Heco6HpaeMOCTb nepeJl81JH 
06-bffCHHeTCH CJie.D.ylOlll.HM o6pa30M. CTepBbIH CMOHTHpOB8HHblH C8TeJIJIH1" 
noJIHOCTblO onpe.neJIHeT B38HMHOe noJI021<eHHe II.eHTpaJibHbIX KOJICC II 
BO.llHJia. MouTa)K y)Ke BToporo careJIJIHTa onpe.ne.nseTcsi noJIO)f(eHHeM 
O)J,HOro H3 ueHTpaJibHbIX KOJiec H BO)J,HJ!a, H npH paBHOMepHOM pacnOJl0-
)KeHirn caTeJIJIHTOB no oKpym:HOCTH Mo>KeT Gb!Tb HeBbinOJIHHM, TaK Kai< 
3y6 caTeJIJIHTa OKa3b!BaeTCH He npOTHB sna,nHHbl Me>K)J.y 3y6bHMH u.eHT
paJJbHOro KOJieca, a npoTHB 3y6a O)J,Horo H3 3THX KO.nee. 

Ycnoswe c6opKH .llJIH cJiyqaff, Kor.na ocH caTeJIJutTOB paeHoMepHo 
pacnoJIO)KeHbI no oKpym:HocTH, T. e. yrnhl y Mem:.ny pa.nHyca.,rn-BeKTO
paMH ueuTpoB caTeJIJIHTOB o.nuuaKoBbJ H paBHbI 2nlkc (puc. 14'. I), 
o6ecnequsaeTcH npH cosna.neHHH oceif cHMMeTpHH sy6beB ueHTpaJJb
Horo KOJieca H oceii CHMMeTpHH Bna,ll.HH Me}l{)J.y 3YObHMH caTe.,1.1HT.OB. 
3-ro .D.OCTHraeTCfl B TOM cnyqae, Kor.na yqacTOK ab .neJJHTeJibHOA OK· 
py»<HOCTH KOJieca 1 .noJJ.>KeH 6bITb KpaTHhlM oKpy}l{HOMy mary P, T. e. 
lablP = C (C - J1106oe ueJioe qucno). TaK KaK liib = 'Jld3!k,, a 

nd1 = Z1P, TO nd1I kcP = c H 

(l4. l5) 

TaKoe )Ke ycJIOBHe M0.>1<Ho 3an11carh llJJH 3auenJJeHHH caTe.'l.'IJJToB c 
ueHTpaJJbHbJM KOJJecoM 3, paccMaTpl!B8H yqacTOK km, .neJIHTCJJbHO;; Ol<
py.>1<HOCTH KOJJeca 3 

Z3 = Ckc. (1:LJ6) 

TaK KaK careJIJIHTbJ 2 sxo.nsiT oirnospeMeHHO B ,llBa sanenJJemrn, 
TO, paccMa'I'pHBaH COBMecrno YCJIOBJJfl (14.15) H (14.16), nOJiytlllM 

z1 = z3 = Ck.. (1 4.17) 

.lI.Jifl nepe.n.aq c caTeJIJJHTaMH, COCTOHlll.HM1i H3 .nsyx sy6IJ:8TblX BeH
UOB c Heperym1pyeMbIM yrnosbJM nono.>1<eHHeM, npocTeHlllliII pac4eT H 
c6opKa 06ecneq11saIOTCfl a cJiyqae, ecJJH 1<am.noe H3 3Haqe1rnii 2 1 11 z3 
KpaTHO kc. 

CTpH MaJioif pa3HOCTH ~z qwceJJ 3y6beB ueHTpaJibHoro KOJieca c 
BHyTpeHHHMH sy6hHMH H caTeJIJIHTa MO>KHO nonyqHTb 60JihlllOe nepe
.naroqHoe OTHOIIJeHHe. 06bJqHo B TaKOM MexaHH3Me (Ta6JI. 14.1, n. 5) 
BXO)l.HbIM 3BeHOM npH Heno.D:BH>KHOM 3BeHe 3 flBJIHeTCff BO)l.HJIO h, a 
BbIXOJJ.HbIM - 3BeHO 1, CBH33HHOe c OCb!O caTeJIJIHTa 2 )l,BOHHOH My<tJ
TOH. 0JI.H8KO KOHCTpyHpOBaTb H H3rDTOBJIHTb TaKylO nepe.naqy npu Ma
JIOH pa3HOCTH 3y6beB KOJJec CJIO:>KHO H3-3a HeCOOCHOCTH KOJJec 8 11 2. 
3-rH TPY.D.HOCTH ycTpaHHJOTCH np11 ucnoJib30BaHHH 00Anooo20 sau,en.zeHuJl 
(cM. rn. 2). B TaKOM MexaHH3Me, Ha3bIBaeMOM BOAHOObl.M ~afiJI. 14.1, 
n. 6), caTeJJJIHT 2 BbinOJIHHIOT B BH.lle TOHKOro .zi:e<tJopMHpyeMoro naKa
Ha, CBH38HHOro CO 3BeHOM J. CTo.n B03.lleHCTBHeM eenepam~pa 6U,ift, 
ycTaHOBJieHHOfO Ha BO.llHJJe h, sy6hH Ha cTaKaHe BXOJI.HT B 3auen.11eHHe c 
3y6hHMH ue1npaJJbHoro KoJJeca 3. Kn.IT. soJIHOBOH nepe,llaqH, s OTJ1H-
1me OT nepe.naq c }l{eCTKHMH 3BeHbHMH, MO>KeT 6b1Tb 0)1,HHaKOBO BbJCOK 
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rtpH nepe.n.aTOqHblX OTHOWeHHRX i = 70. 400, B CBSl3H c 'IeM 9cp¢eKTHB

HOCTb npHMeHeHHSI HX TeM Bblillt\ 'IeM 60JJbllle nepe.;'laTO'IHOe OTHO

wemre. 
3a11aqa CHHTe3a DJlaHeTapHblX HanpaBJIHIOlll,HX MexaHH3MOB 

(pHc. 14 2) cf>opMyJJupyeTCSI B CJie!ly10meM BHJJ.e 3anaHa HeKOTOpaH KpH

BaSI x = x (y), KOTopylO JlOJDKHa socnpOH3BOJJ.HTb TO'IK3 k caTeJI.nHTa 2, 
BS8HMO.U.eikTBy10111,ero C UeHTpaJJbHblM KOJieCOM 8 BHyTpeHHero 3BUen

JieHHR. napaMeTpaMH CHHTe3a SIBJIHIOTCSI paJlHYC BO)lHJia T1i, paJlHYO 

y 

Pnc. 14.2. CH tt'fe,l nJiafle-rapHblX HanpaeJIHIOLUHX MexaHH3MOB 

rk TO'IKH k caTenJIHTa 11 nepenaTO'IHoe OTHowem1e i~ = z3/z2 . UeneBaH 

<PYHKUHSI onp e.lleJIHeTCH BblpllmeHHeM 

cf>=jS1 -S2 j, (14.18) 

rne S1 - nJI ;tua.Ub, orpaHH4eHBaH 3a.uaHuoi1 Kpttsofi x = x (y) 11 ocH

MH x, y; ..)i - nnoma11h, orpaHH4eHHaH KpHBOH /( K. HBJ1H10lllef1cH 

tplleKTOpHeti T04KH K H 9THMH me ocRMH 

cf>yttKUHH (14.18) RblpamaeT ycJIOBHe MHHHMyMa flJIOUlBJlH tis, 
aaKJ11ot.1eHHoti Me>KJIY 3aJ.lllHHoH H socnpoH3BOJIHMOH Kp11soti TpaeKTo

pttH TO'Il<H !( B napaMeTplflleCKOH cpopMe npH Ha'IaJJbHOM ycJIOBHH, 

COOT8eTCTBYIOIUt'M yrny nmmpoTll BO,llHJli:l qi = 0 H OOJJO>l<eHHIO T0 1-IKH 

!( Ha OCM y, 01111\'.blfliJCTCH ypaBBeHl!HMM 

x = x (rh, r,1 , r2, r 3, q.): If= y (rh, rk, r2 , 'a· cp}. (14.19) 

B 33BHCMMOCTH OT ctiopMbJ 381l3HHoii KpHBOH Ha onHcbmaeMb1e 11apa

MeTpb1 Mexirntt1Ma BBOllHTCfl onpelleJieHHbie orpaHH4eHHH. OnrnweHHe 

r1/r2 onpe)l.eJIHCT CeMeilcTBO Kp11BblX, OIH!CbJB3eMhlX T04KOH /(. np11 

r3/r2 = I KprrnaH npe.11.cTaBJrneT co6ol1 9JIJJHnc (Ta6JJ. 14.3). Dp11 

f3ff2 = 2 OOJIY'l.HM qmrypy c TpeMH OCflMH CHMMeTprrn; npH (3/r2 = 3 -
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c qeTblpbMH OCHMH HT. Jl, lJHcJIO oceli y onHCbIBaeMblX qmryp Ha enn

HHllY OOJibWe OTHOWeHHH r3lr2 
0THOWeHHe q = rklr2 onpe11.eJIHeT cpopMy socnpoH3BOJlHMOH Kptt

BOH: npn q = I (Kor11.a rk = r 2 ) socnpott3BOJlHMhie TOqKoif K KpHBhie 
npe11.crnBJIHIOT co6oif rnnonttKJIOHJlhI H nptt r;/r2 = l MexaHli3M 6yneT 
TOqHQ npHMOAUHeU/iO 1-wnpasAH/OU{UM. c yMeHbWeHHeM q rHnOllHKJIOHJJ.bl 
-CT3HOBHTCH yKopoGeHHb!MH H B npe11.eJie npll q, CTpeMHW.eMCH K Hymo, 
npH6JJmKaIOTCH K OKPY)!{HOCTH panuyca r3 • Hao6opoT, c yseJiuqeHHeM 
q no.JiyGaIOTCH y 11.mrneHHhie rnnonHKJIOHJlhI, 06pa3y10ul!fe neTJIH TeM 

Ta6AUl{a 14.3. KpHBble eocnpoH3BOllHMble TO'lKOii K caTeJinHTa HanpaenR
ioinero nnaHeTapHoro MexaHH:lMa 

q=0,5 g=t 
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60JibWHX pa3MepoB, lJeM OOJibUJe 3HalJelrne q. nocJie onpe.neJieHH5l napa

MeTpOB r,., rk, ''"' 'a noJt6op lJHCeJI 3y6beB npOH3BO.Ll.HTCH raK .>Ke, KaK 
H B nepe.naTOlJHblX OJiaHeTapHblX MeX3Hlf3M3X. 

14.4. CocTaBHLie ay6'1aTL1e MexaunaMLI 

B 3asucuMocrn OT Tpe6osaHHH K MexattH3MY BbI6ttpaeTcsi cxeMa 

o.nHocTyneHlJaToro psi.no0oro, aJiaHeTapHoro, BOJIHoBoro 3y6qaToro Me

xaHH3Ma m160 HX KOM6HH3UlfH. flpu noc11eiJoeame11bHO/tf coeiJUHeltUU 

HeCKOAbKUX MeXaHU3M08 o6w.ee nepe.llaTOlJHOe OTHOllleHHe ptl8HO npo

U3BedeHUIO nepedamO'lflblX omHot11eHuti omiJeAbflbtX Mexa1tU8MOB, 003TOMY 

COCT3BHhie 3y6lJaTble MexaHH3Mbl OTJIHlf3IOTCSI He TOJlhKO cpaBHHTeJibHO 

60JibWHMH nepe.naTOl!HbIMH OTHOWeHH51MH, HO H B03MO)l{HOCTblO 6oJiee 

TOlJHoro BocnpOI13Be.nemrn 33,ll3HHOro nepe.uaTOlJHOl'O OTHOIUeHHSI. TaK 

KaK nepe;1aT0<111aH cpy11KUHH onpe.ueJrneTCfl lJHCJI3MH 3y61:.eB cpaBHH

TeJibHO 60Jih11Joro lJHcna 3y6llaThlX KOJiec. HanpuMep, 3y61JaThIH Me

xaHH3M, COCTaBJieHHhlH lf3 p51,ll.OBOH H nnaHeTapHOH 3y6qaTh!X nepe.naq 

(Ta6JI. 14.2, n. 3), 6y.neT HMeTh nepe.naTOlJHOe OTHOWeHHe 

(14.20) 

H npu npe.neJibHhIX 3H34eHHHX nepe.naTOlJHb!X OTHOWeHHH 3THX Mexa

HH3MOB i12 = 8 H i2h = 16 no.11y11HM iih = 128. 6onhrnoe pacnpo

cTpaueHHe no.11ylJHJIH .llBYXCTyneHlfaTble OJlaHeTapHbie MexaHH3Mbl 

(Ta6JI. 14.2, n. 4), nepe.naTOlJHaH <PYHKUH51 KOTOph!X onpe.ueJISieTCH 

Bh1paMem1eM 

i1h, = ith, . it'h,· (14.21) 

CpaBHHTeJihHO 6oJihlllHe nepe.naTOlfHhie OTHoweHHH MO)l{HO noJI·Y'IHTb 

B 3aMKHYThlX .llHct>ct>epeHU.HaJibHblX MexaHH3MaX nyTeM BBe.neHHH KHHeMa· 

TH4eCKHX CB511t:'H B BH!lt' pHl!OBblX HJlll fl/l<JHeTapHblX nepena4, ycTaHaB

JIHBa!OLUHX COOTllOl.1Jem1e MelliJlY YrJJOBblMH CKOpOCT5l Mii UeHTpaJJbHbIX 

3y6lJaThJX KOJlec lfJJH yr JIOBblMll CKOpocrn MH O,llHOro H3 ueHTpaJJbHbIX 

KOJieC " BO,llHJia. 3aMKHYTblH llH<jxpepeH UH3JlbHblH MexaHH3M, noJiyqeH

HblH BBe}leHHeM 11.0ilOJJHHTeJihHOH KH.Hetvtant'leCKOH CB513H B BHAe 11.ByX

CTyneHlJaToro p51.llOBOro MeXaHH3M3, COCTOH~ero lf3 3y611aThlX KOJiec 

J', 4, 4', 3' (Ta6JI. 14.2, n. 6), o6ecnel!HBaeT i= 20. OrpaHHlfeHH51MH 

Ha OO.ll60p lJHCeJI 3yfiheB B ")TOH nepe.na•1e 51BJJ5llOTC5J ycJIOBH5J COOCHOCTH, 

c6opKH If coce.ncrna .llJIH 3y64aTLtx KoJ1ec .ump¢epeHu11a.11a H yc.110BH5l co

ocHocTH .llJl51 3y611aTLIX Konec 33MbIKalOLUero .llBYXCTyneHlfaToro 3y6-

11aToro MexaHH3Ma. 

14.5. 3y6'13Tbie MeXaHH3Mbl co CTyneH'laTO 113iWeH.lUOll.\HMCH 

nepe,ZJ;aTO'IHblM OTHomeHHeM 

MexaHH3Mbl co cTynettlfaTo U3MeHS110lll,HMCS1 nepe.llaTO'tHhIM OTHorneuueM 

MoryT 6LITb co3.naHLI Ha 6a3e p51.llOBLIX H .n.mP<PepeHuna.11bHhIX 3yfiqaThIX 

nepe.nalJ. npHMepo:v1 TaKHX MeXaHH3MOB MoryT CJiy)l(HTb KOp06KU nepe

iJa'l (pnc. 14.3). B ,D.aHHOM cJiy4ae coocHLIH Tpex3seHHLIH 3y611aThIH Me

xaHH3M COCTOHT lf3 BXO,llHOro 3BeHa 1 c pacnOJIO)l{eHHbIM Ha HeM 3y6-

lJ3ThIM KOJieCOM 1, BX0,11.SILUHM B 3auenJie11He c 3Y643Tb!M KOJJeCOM 2, 
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npoMeJKyTOlJHOfO 3BeHa //, c >KeCTKO 38KpenJleHHblMH 3YO'l8Tb!Mll KO

.necaMH 2', Z', 2"', KOJlHtJeCTBO KOTopblX onpe.n.emieTcsi 'IHCJIOM 33)131-l· 

HbIX nepe.n.aTOlJHbIX OTHOilleHHH. 3y6'l8Thle KOJ!eca 2'' 2" H 2"' nOCTOS!HHO 

aauenJJHIOTCH a ayotJaTbIMH KoJ1ecaMH 3', 3", 3"', caooo.n.Ho sparua10IUHMHC5l 

Ha BhIXOJJ.HOM aBeHe II I. Kopo6Ka nepe.n.aq cHa6)KeHa ynpaam1eMhIMl1 

MycjrraMH a H b, KOTOpb1e MOfYT ocyruecTBJl5lTb coe.n.11Hem1e COOTBeT

eTByIOIUHX ayotJaTbIX KoJiee c 3BeHoM I I I HJIH coe.n.HHHTb aaeHbH I " 
III Henocpe.n.cTBeHHO, o6pa3yH npHMYIO nepe.n.aqy. 1I,eJ1esaH 4JYHKn.m1 

I 
'7!JTll 7J77J: 

!l -
mm 177TT,. 

Z' 2" z'" 
2 

Pnc. 14.3. Cxel\la Kopo6KH nepe.na11 

Pnc. 14.5. CxeMa MexaHH3Ma c .11.BYMff 
3y61rnTbIM 11.11¢¢epe1mHaJJaMH 

.ll.JIH no.n.6opa 'lttceJ1 3y6beB 3y6qa

ThIX KOJleC 3TOfO MeXaHH3M8 HMeeT 

CJie..n.yIOIUHH BHll: 

<I> = q U1 - z2z1,,,!z1zr) + 
+ q2 U2 - Z2Z,1m/Z1Zr) + 

(14.22) 

r..n.e i 1 , i2 H i3 - 3allaHHbie nepe· 

.ll.8TO'lHble OTHOllleH H5l. 

iii -, 

Pnc. 14.4. CxeMa :oy6'!aroro 
.nmjxpepettun a.1a 

06JJacTb LI.OnyrwieMbIX pewe1111i1 npH noLI.6ope 4l!CeJJ 3y6beB 3y64t• 
Tb!X KOJJec orp2HHllHB:JeTCH YCJIOBHeM COOCHOCTll 

(z1 + z2) m1 ,,/cos a,w 12 = (z2, + Zy} m12'3,/cos a1w2.3,, = 

= (z2,, + Z3,)m12,,3,/cosa1l11r3,, = (z2'" + Z3m)m12,,,3,../cosanv2,,3,.,. (i4.23) 

3y6'1aTblH MexaHH3M c TpeMSl pa3Hb!MH nepe..n.aTO'lHh!MH OTHOUJeHH· 

HMH noJiy'lalOT nptt noMOlll.H 3y6tf.amo20 iJu¢¢epenu,uaAa (puc. 14.4), 
nyTeM OCTaHOBKH OllHOro H3 ero 3BeHbeB - I, 3 HJIH h. 0.n.HaKO B Ta· 

KOM MeXaHH3Me Heo6XO.ll.HMO KCl)!(JlbJH pa3 H3MeHHTb BXO.ll.Hhle H BbIXO,lJ,Hble 

3BeHbH. l.JeTbipe nepell8TOllHbIX OTHOilieHHH, OJI.HO 113 KOTOpb!X i = l, 
npH HeH3MeHHbIX BblXO,IlHblX H BXO.ll.Hb!X 3BeHbSlX MO>KHO flOJIY411Tb np11 

IJOCJieLI.OBaTeJlbHOM coe,UHHeHHll llBYX LI.tt¢¢epeHUH8JJbHb!X MeXaHH3MOB 

(pHC. 14.5). Oepsoe nepe,naTOlJHOe OTIIOilieHHe IlOJIY4HM npH OCT8HOBJ(e 

3BeHa 5 H coe.n.HHeHHH 3BeHbeB 1 H 3, BTOpoe - npH OCTaHOBKe 3BeHa 

3 H coe.n.HHeHHH 3BeHbeB 6 H 5, TpeTbe - npH OCT8HOBKe KOJleC 3 Jl 

5 H tJeTBepTOe - np.tt npHMOB nepe.n.aqe OT 3BeHa 1 K 6-My 3BeHy. 
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Ue.neRasi ,pyHKIUrn D.m1 onpeD.e.neHHH qnce.n ay6heB D.JIH 3Toro MexaHH3Ma 

HMeeT cJie)l.ylOlll.HH BHD. 

"" (. 1<"1) + (. ·(3)) + (. .(3) -(5)) (14 24) 
'¥ = ql li - 46 q2 l2 - 114 q3 l3 - lfh • 146 , • 

rne z~~. zi~ - nepe.uarnqHhle cf>YHKUHH nJiaHeTapHhlX nepeJXacr (cM. rn. 19). 
06nacTb D,onycKaeMbIX pewe1rnii npn noJl6ope crnceJI 3y6beB ayO

craTbIX l\OJiec orpaHH4!1BaeTC51 ycJIOBifeM COOCHOCTH H c6opKH. 

15. CHHTE3 KYJIAqKOBblX MEXAHH3MOB 

15.1. OcnoBH1>1e xapaRTepucTBRH H napaMeTp1>1 

OcHOBHblMH xapaKTepucTHKar.m KyAa'l.Koooeo AtexartU3MO ffBAJuomcR M
KOH d6U:JICCHUfl &iJOMOW 3lJeHa, 6eAU'l.UHQ u 3QKOH U3MeHeHwl ycuAUJl, 

Komopoe M.o:J1cem eocnpunuMamb amo 36eHo. B 3aBHCHMOCTH oT Ha3Hacre

HHH MeXaHH3Ma MO)KeT ObITb 33D.3H TOJILKO XOD. BhlXOD.HOro 3BeHa -

M3KCHM3JlbHOe nepeMelll.eHHe TOJIKaTeJIH lfJ]lf yroJI KaqaHHH KOp0MbICJl8. 

Dptt 3TOM He y'IHTbIBaeTcH 3aKoH H3MeHeHHH cKopocTH If ycKopeHHSI o 

npe11e.nax 3aD.aHHhIX nepeMeIUeHHH. B D.pymx c.11ycrasix KpoMe xoJJ.a 

BhlXO!lHOro 3BeHa npeD.'bHBJ151eTCH onpe11eJJeHHOe Tpe6oBaHHe K 38-

KOHY l13MeHeHHff ero cKopocTH HJJH vcKopeHHH. 

z 
Pac. 15.1. CxeMbl KyJia'IKOBhlX Mexa1103MOB 

3aKOH JI.BIUKeHHH BblXOJI.HOro 3BeHa JlOJI}l{eH 6h!Tb T3KHM, lfT06H 

.n1rnaMH'leCKHe ycumrn, B03HHK3IOIUHe npH llBH}f{emrn Be)lOMoro 3BeHa 2 
(pttc. 15. l), He CK333JIHCb Ha TQqHoCTlf BOcnpOH3BeJieHHH nepeD,aTOlfHOH 

cpyHKUHlf If Ha D.OJirOl:le'IHOCTH MeXaHH3Ma. 3To Tpe60BaHJ1e OTHOCHTOI K 

cpa3aM y.na.neHJIH H B03Bpaw,eHHff BbIXOJlHOro 3BeHa npH IIOBOpOTe 

KyJiacrKa 1 cooTBeTcTBe11tto Ha yrJihI <py H <p8 • EcJIH npn ero .llBHmeHHH 

B03HJIK8IOT pe3Klfe Jl3MeHeHHH CKOpOCTH, COOTBeTCTBYIOW.He pa3phIBY 

HenpephIBHOCTH ee cpyHKUHH, TO yJ1.apHh1e Harpy3KH B nape A Ky.na

croK - BhIXO)lHOe 3BeHO TeopeTHileCKH B03pacTaIOT )lO 6eCKOHecrHOCTH, 

CfTO He6JiaronpHSITHO CKallieTC51 Ha TO'!HOCTH BOcnpOH3Be.n.eHHff nepe-
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.ll8TOLIHOH rpyHKUHH. nJioXO CK83b!B8IOTCH Ha XapaKTepe .llBYDl<eHHll H 

CKilllKH QJYHKUIHI ycKopeHHH Bh!XOJUIOl'O 3BeHa, npHBO.llHIUHe K pe3Kfnl 

H3'11teHeHHflM CHJI m1epmrn, l!TO nµHROllHT K B03HHKHOBeHHIO lH1H8Mli· 

L1e1KHX Harpy::wK, oco6eHHO xapa1<Tep11b1x Ha yqacnrnx nepexoJ.1.a npo· 

qmJrn OT cpa3 BblCTOH %• 1PJ1 K cpa3arvi ilBHli<eIHrn Cf'y, !p 8 . 

Opn npoeKTHpOB8HHH KyJ1aY1<0BbIX MeXaHH3MOB co6JllO.lla!OTOl 

CJJe1lYIOIUHe ycJJOBIHI: llJlfl nonynaTeJJhl!O llBHli<YIUerocH TOJJl\CJTeml 
(pttc. 15 I, a) np11 noJJomeHHH KyJJal!Ka, xapaKTep113yeMoro yrnoM no

BopoTa era qi1 = 0, nepeMe1Ue1rne TOJJKaTeJJfl s2 = S2m111 11 cKopocTh ero 

a 

0 

a 
Pnc. 15.2. fpacp11K11 ycKope1111ii BbIXOJIHhlX 3eeHbeB s KYJia'IKOBhlX 

MeXaHH3MaX 

v2 = O; np11 noaopoTe Ha cpa30HblH yroJJ <p1 = Cfly, s2 = S2max. v2 = O; 
.UJJH KallaTeJJbHoro 1.lBHmemrn KopoMblCJJa (6) np11 q:>1 = 0 yrnoBoe 

nepeMeuteHHe KOpOMblCJli:l \P2 = QJ·2m1n, W2 = 0 H npH <r1 = !py, !V2 = 
= lp2max, w2 = 0 ~ CJJOBHll llJlfl rKopon11 nepeMeLUett1rn aen.oMoro 
3BeHa B H343JlbHblH H KOHe41lhlH "10Mt'HTbl ero llRH>KeHHH Ha.naraIOT 

onpe,ae.11eHHb1e orpaHl14eHHfl 11a cpyHKIHllO yc1<opemrn Hanp11Mep, 

.llJIH noCTynaTeJJbHO llBH>KYlllerocH TOJIK3TeJIH dv2 =a (•+ii) dt = (llw1) x 
X a (ip1) dq;1 H, cJie111m;neJJbHO, 

•P, 

o2 = (ltw1 ) ,\a (ch) drp1 = 0, 
0 

rne (1)1 - yrJJOB3fl CKOpoeTb KVJl34l<8 

(15.1) 

vb cprlfJMYJlbl (15 I) c.rleLlyet. l/j'() np11 0 <cpl< 'Py cpenHee 111\Ter

paJJbHOe {H(lll(-'Hflt' cpy1tKUHl1 tl2 ('h) paBHHeTCH Hy.Tllf}, d rpacp11K tj:>yHK· 

UllH a2 (W1l OTceKaet OTHOCHTeJit.fiO OCH aficUHCC paBHble IJJJOIU8,ll,H B 
c11cTeMe 1<oop1111uat •1· 10a ( pHl 15. 2, a) T a1rnM oopa3oM, llJJH yMeHb· 
llleHHfl llHfHIMH4t'CkHX Harpy"\Of\ f' K£JIH'l'TBe HCXOll!'.Oro ueJ1ecoo6pa3· 

HO npHHHM3Tb 33KOH Pr13Mt'HeHhSI •tKo,c1rnw P,blX0,!!liOrO :meHa, y.llOB

Jl('TBOp>HOUHIH 3aB11c11MocTH (!fl I) Ha p11r 15.2, 6 np1rne11eHbl 

rpatj:>HKH HeKOTO[lbl x cpyH K 11Hfl yrnope1rnil llRllfl\eHHH TOJIK3TCJIH. o6ecne-

411BaIOIUHe oe3ynaptty10 ero paooty 
<PyHKll11H 11epeMe1UeHl1ll TOJJK<ne:1H llOJJY41lcTU1 HHTerp11poBaHHeM 38-

KOHa H3MeHeHHH ycKope1111il. I-Ianp11Mep. ecm1 33Ko11 H3MeHeHHH yc1rn

pett11fi TOJJKaTem1 Ha cpa3e ero v ;iaJ1eHm1 np11 qi/n = k ormcblBaeTO! 
r; t 

¢yttKU.He.H a(cp1) =a· cos (cp11k), TO v2 = (a/w1) j cos(cp/k1)dcp1 = 
0 
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t q>, '1'1 

= (ak/ffi1) sin (q>1/k): c;2 - s20 = S v2dt = S (v2/ffi1) dq>1 = S (ak!wf) X 
0 0 0 

X sin(qi1/k)dq>1 = (ak2!ffif)(l-cos(cp1/k)). 
B psi.ne c.ny11aen aaKoH llBH»<eHHSJ TOJJKaTeJJsi 3anaeTcsi CJIO)l{HOfi 

ljlyHKUHeii, aHaJIHTHlfeCKOe lJHTerpHpOB3HHe KOTopoii 33TpyJlHHTeJih· 

HO. B 3TOM cny11ae 3aKOH nepeMeme1msi TOJIKare.r1si noJiy11aeTcH npttMeHe

HHeM onepaTOpuoii ljlyHKUHH I NTGR (cM. rn. 5) 
Ew.e o.nunM yCJioBHeM, 06ecnelf11Bamw.HM uopMa.nhHhle yc.noBH51 p<.· 

6oTbI MexaHH3Ma, SJB.nHeTcH co6moneHtte nonycTHMoro yrna naBJieHHSI a A 

,WU! Jl8HHOro THil3 MeX8Hll3M3 33 BeCb UHK.n pa60Tbl. 00JI YrJIOM JJ.8B

JieHH51 OOHHM810T yroJI Me»<JIY HOpM8JlhlO (n - n) K npocpHJllO KyJJalJ

Ka H BeKTOpOM VB2 c1<0pocn1 JlBH)l{eHHSI BellOMOfO 3Bella B T0111<e llX 

KOHTaKTa (pnc. 15. l, a, 6). OpH yBeJJH'leBHH yrna nas.neHHH a B03MQ)K

uo 38KJIHHIJB3Hlle. n.rrn K8)1{)l0f0 Hiila MeX8HlJ3MOB C y11eTOM M3TepHa

JIOB KOHT8KTHPYIOW.HX 3JieMeHTOB BblCWeH napbl cyw.ecrny10T .n.11ana30-

Hhl .nonycTIJMblX 3H8tfeHHH a, IJCXOJJ.SI H3 KOTOph!X onpene.THJIOT pa3Mepbl 

SBeHbeB MeXaHH3M3 r0 , rmax, e, f, r2 BO li36e)l{3HHe 38KJJHHIJB8HHSI. 

nJIH 06ecne11eH1rn T01lHOfO BOCOpOH3Be)leHHSI 33JlaHHblX XapaKTe

pHCTHK KyJiatfKOBOro MeXaHH3Ma Hec6XO,llHMO co6JJIOCTH TaKm:e ycJIO

BHe nOCTOSIHHOro JJ O,llH03H3lfHOro KOHT8KT8 KyJJalfKa II ne.n.oMoro 3Be

Ha. YKa3aHHh1e HCXOllHb1e ycJ10B1rn co3na10T onpene.'leHHble orpaHIJ'le

HHH npH Bhl6ope napaMeTpOB MeXaHil3Ma H npocpu.nsi KOHT3KTHPYIOW.HX 

3JieMeHTOB BhICWett KHHeMaTHlfeCKOH napb!. ¥13 Bcex B03MO}l{HhlX BapH

aHTOB COtfeTaHHSI napaMeTpOB Heo6XOJlHMO Bb16paTb T8KHe, 'IT06hl 

OhIJIH 06ecne11eHhI HaHMeHbWHe ra6apnTHhie pa3MephI MexaHH3Ma. 

15.2. Onpe,11,e.11eHue paaMepon KyJia11KoBoro MexaHH3Ma 
c aaocTpeHHblM TOJIKaTeJieM 

Dptt npoeKTHposaHHH 1<yna111<0BhlX MexaHH3MOB ueo6xonnMo y.n.on.neT

sopHTh pa3JIH11Hhle Tpe6onaHHSI MHHIJMyMa ra6apHTHbIX pa3MepoB KOH

faKTHhIX HanpS1m:eH1tH II noTepb Ha TpeHtte, HCKJIIO'IeHlrn B03MO}l{HOCTH 

38K.JJHHHB8HJJSI npH pa6oTe H D,p. nJISI CHH}l{eHHSI MaTep!Ia.JJOeMKOCTIJ 

06b111uo cTpeMSJTCH K yMeHbWeHHIO ra6apHTHhIX pa3Mepoa. Tai< KaK 

yro.11 JJ.3BJieHHSI onpe11em1eTCSI Hanpan.nellllSIMH BeKTOpa CI<OpOCTH Bbl

X()JUWfO 3BeHa H HOpMaJIH K npo¢11mo 1<y.11a11Ka, TO, cne.aoBaTe.1bHO, 

Bhl6op reoMeTpH11ec1rnx pa3MepoB MexaHH3Ma onpe11e.11HeT H ero 3KC

nnyaTaUHOHHhle CBOHCTBa. JlJISI BCCro Jlll3fl330H3 H3MeHeHHSI nepena

TOlfHOH ¢YHKUHH Heo6XO,llHMO 06ecne11HTb 3HaqeHHe yrJia JJ.3BJieHIJ51, 

Me11bwee MHHttMaJibHo .n.onycTHMoro an. Pa3Mepbl, no.11y11eHHb1e H3 yc

JJOBHSI 06ecne11emrn Tpe6yeMhlX K3lJCCTBeHHblX xapaKTepHCTHK " onpe

.ZJ.eJIH!OW.lle ra6apP.THbie pa3Mepb1 MeX3HH3Ma, H33hlB310T OCHOBHblJ1.U. 

y CT3HOBHM CBSl3b Mem11y yrnoM 113BJJeHH51 1-1 reoMeTptt'ICCKHMH pa3-

MepaMH MexaHH3Ma c TOJIKaTe.11eM. A11a.11HTIJ11ecKoe Bb1pmKeHIJe nepe

.ZJ.8T011Hoii c)lyHKUHH onpeneJIHTCH_ H3 ~OJJ.O~HSI TpeyroJibHHKOB, o6pa30-

B3HHbIX BeKTopaMH CKOpOCTH VA,, VA., VA.A, Ha n.JJaHe CKopoC'reii 

(pttc. 15.3) u L\01AB Ha cxeMe MexaHH3Ma: 

VA/VA,= 0 1BJ01A = (ds2 (t)/dt)/(ffi10A), 
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OTKY !l'l nepe11.aToqHasi tlJYHKUHH 

(ds2 (t)!dt)/ro1 = d~2 (<p1)/d <p1 = 0 1B. ( 15.2) 
YroJJ Me>KD.Y JIHHHeli, napanJieJibHOH ocH op.u.1-rnaT, apoxomuu.eii 

qepe3 TO'!KY A, H JIHHHeH AB 6yD.eT paaeH yrny 11.aaneHHH 11.nsi 11.aHHOro 
noJia>KeHHH KynaqKa. Bwpa:H<aH yroJI 11.aanemrn a qepes reoMeTpntJe· 
CKHe pa3Mephl MeXaHlf3Ma, (l yqeTOM 38BHGHMOGTH (15.2) nonyqnM 

tg ~ = ,'.\!(r,, + s2 (<p1)) = (018 - e)l(rn + ~2 (<p1)) = 

= (ds2 (q>1)/dq>1 - e)l(rh + s2 (cpi)). (15.3) 

Puc. 15.3. CKopocw R Kyna11KOBOM MexauHsMe c 
nocTynaTeJibHO Jl.BH:lK)'~HMCJI 'l'OJIK3TeJieM 

PHc. 15.4. nepeitaTO•rnall JJ.liarpaMMa H onpenene
Hl1 e neHrpa spameHHSI Ky.naqKa 

S/~,)t 
tlS/t.iJ,} 
--1 

<hp, I 
i 
i 
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3aBHCHMOCTb nepeMeIUeHHfl TOJIKaTeJrn S2 (fP1) (pHO. 15.4, a) OT ne

pe11.aTOlfHOro OTHowemrn MexaHH3Ma xapaKTeptt3yeTcsi nepe11.aro•rnoii 

JJ.narpaMMOH S2 (q:>1) = <I> (ds, (<pi)/d(P1) - ::S3MKHYTOH KpHBOH B 06-

III.eM npOH3BOJibHOH <j:lopMbl (pHC. 15.4, r)) B CHcTeMe K00p11.HH3T 

(ds2 (<p1)/dcpi), s2 (<p1). IJ>a3e yaaJleHnn TOJIKa1eJisi coorneTcTBylOT y•rnc

TOK .lll!arpaMMbl cnpaRa OT OCH opJlllH::tT, a ljla3e 803Bpaw.eHUH- CJJeBa, 

Till< r<al< B 3THX cJiy<rasix nepenaT04H3SI <j:lyHKUHSl ds.i l<JJ1)/dQJ1 HMeeT 

pa3Hble 3HaKH. Km1<Jtall T04Ka 3TOH 11warpaMMb1 cooTBeTcTHyeT onpe-

11eJ1eHHOMY yrJJy 11oooporn q:>1 Ky 11a4Ka EcJJtt npHllHTb no11ycTHMoe 

JlJHI llaHHoro Tlma MeXaHH3MOB 3Ha4eHHe yrJia 11.aB./leHHSl 'X111 TO ilJUI 

K3)1\.llOH T04KH 11.11arpaMMbl no '\aBll\:HMocT11 (I 5.3) Mr 111rno onpe11.e.nttTb 

BeJIHlfHHbl 3KCU.eH1·put-uTeTa p H MHHHM<tJlbHOro paiut'yca r,,. COOTBeTcTny

IOW.He :HOMV 3Ha<reHHIO O<reBH.llHO, 4To 3Ha<re1me I' H r 0 • onecne<rnaaio

lll.He ycJI01rne a ~all 11.nsi Bcex T04e1< nepe.aaTo<ruoA 1111arpaMMbl, 6y nyT 

HaXOJUITbCfl B o6JiacTH Me>KllY KacaTeJJhllblMH I 11 11, npoBe.aeHHblMH 

no11. yrJJOM a.11 K y<racTK3M rpacpHK11, xapaKTepH3YIOlll.HM IIOllbeM -

dSi (q:>1)1dq>1 > 0 H onycKaHHe - d~ (q>i)/tirp 1 < O roJJKaTC.nSl UeHTp 

BpameHHSI KyJJalfKa MO>KeT H3X01lHThC51 B Jll060H T04Ke 3awTpHXOBaH

HOH 30Hbl Me)l{Jly i<acare.nhHbJMH, a T04Ka 0 onpe11em1eT \fliHHMaJJbHO 

B03MO>l<Hble 3H34eHHSI e II 'o 
now 3H3JIHTHlleCl<OM H lfHCJJeHHOM pe111e11HH 33Jla<Hf HeOOXOJlHMO On

pl'Jle,,1\-iTL TOlfl<H conpHKOCHOIWHIHI 1rncareJJbHblX u nepenaTOllHOH l{Ha

q;aMMOH 3'ro Bb13blBaeT 3a1i•YilHt:'llHli, ec.nH cj:lyHKUIHI ~ (<p1) = 
= <t> (d.s2 (<ri)/dcp1) He <1a11aHa attaJmTH•iecKH B :ffHX cnyqasix ueJie

coo6pa~Ho !lOCnOJib30B3TbCSI npe1moJJ0>1<eHHeM 0 MaJIOM BJlHflHHH Ha 

OCHOBHble pa3MCpbl KyJJalfKOBoro MeXallH3M3 OTKJJOHeHHH yr.Ila 11aB

Jie1urn OT onTHMa.TJbHOro 3H34eHH51 3ro JH!t:'T B01M!l>l<HOCTb npoBOJllfTh 

IIOJ.l yr JIOM a.a np51 MYIO. npoXflll.1-HUYIO 4eµe3 T0111< II imarpnMMbl, liOOT

:1eTCTBYKlUJ.He (ds2 (fPL)/d l<p,)max. 3 He r<aGJTt'JlbllYIO K nepenaT04HOH 

iJ.HarpaMMe (puc. 15.5) UeHTp 1<yna<rKa 11.oJJmeH HaxonHTbcSI Ha 3Tuii 

npSIMOH ECJJH Tpe6yeTcH 110.nyqHTh iv.eXilHH3M G e = O. ro ueHTpoM 

Bpamettusi 6ylleT roqKa 0 1. C ueJJblO yMeHbWeHllfl pa3Mepos Kyna4Ka 

o6billHO npHHHM3IOT e =I= 0. 
MHHHMaJibHbIH pa11uyc Kyna<r1<a nnJJy<rHM, eCJJH npHMeM 3KcueHTpH

CHTeT I' = O' M, T. e ecJJH ueHrp KyJJa<rKa fiv11eT 11axonHTbCS1 B TO<rKe 

nepece<reHHSI npsiMoli A 0 1 H nep11eH1111 K ym1 pa. onyw.eHHoro Ha 3TY 

npHMYIO H3 TOlfKH A0 - Ha<raJtbHOH T04KH nepe11aT04Hoii 1!HarpaMMbI, 

COOTBeTCTBYIOlll.eii yrJiy noBopoTa 1<ynaq1<a qi, = 0 011.HaKO Tor11a 

cH.llhHO so3pacTaeT yroJJ naBJieHHSI Ha cpa3e B03Bpawemrn roJJKaTeJifl 

JJH6o nptt nepeMeHe HanpasJieHHfl apameHHfl 1<yna1.J1<a. ffo:,}TOMY 06b1q

HO 11..IIH MaTepHaJIOB o6weMaWHHOCTpowreJibllOro npHMeHeHHfl ueHTP 

apaw.emrn KyJJa<rKa Bbt6wpa10T Ha nepece<reHHH npHMOH A01 H npHMOii, 

npoae)leHHoii H3 TOlfKH A0 non yrnoM 6 = 0,6 ... 0,75a.11. Toma 

H 

To= ((d.S2 (q:>1)/dq>1))rnaxftg all - .'>2 (q:>1)ia,,HP.J/dqi,1rna>. SIU CX..u./Slll (a.11 + f)) 
(15.4) 

e = r,,sin ~. (15.5) 
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Bb1pa}KeH1rn (15.4) 11 (15.5) MoryT 6bITh peaJIM30BaHhr onepaTOpHoti 

cflYHKUMeH 
KLCHK(N, s2 (N), i2 (N), a 11 , ~; r0 , e), 

rJJ,e,N - pa3MepHOCTb Ma\.'CHBOB nepeMew.eHHH &.! (<pi) 
OTHOllleHHH i2 (<p1) = ds~ (!!-'1)/d<p1. 

(15.6) 
II nepe.uaTO'IHblX 

15.3. OnpelleJieHHe paaMepoB RyJiaqRosoro MexaHH3Ma 
c llJIOCRHM TOJIRaTeJieM 

LI.JUI Kyna'tKosoro MexaHH3Ma c nJJocKHM TOJJKaTeJieM (pttc. 15.6) yro.n 
;.{aBJieHH51 nocTOHHeH H paBeH Hymo, ecJIH pa604851 llJIOCKOCTb TOJIKaTe
JHI nepneHllHKYJI51pHa K HanpaBJieHHIO era .UBH>KeHHH, HJJH a = n/2 -
- p, ecJIH 3Ta llJIOCKOCTh COC'T3BJI51eT c HanpaBJJeHHeM n:BmKeHH51 yron 
f\. Cny11ai'! a =I= 0 BcTpeqaeTcH pe.n:Ko. CTpHMettem1e 3KcueHTpHcHTeTa 
npH HCllOJib30BaHHH llJIOCKOro TOJIKaTeJI51 HeueJiecoo6pa3HO, TaK KaK 
npHBO)l.HT K pocTy ra6apHTOB MeXaHH3Ma. 

PHc. 15.5. Onpe.n.eneHHe MHHl!· 
MaJibHOro pa.n.Hyca KyJia<tKa 

CX=O 

.n~I 
Pl!c. 15.6. Kyna11K0Bblii MeXatttt3M c DJIOC· 

KHM TOJIK8TeJJeM 

Pttc. 15.7. Onpe.n.enetttte llHaMeTpa RY· 
JialJKOBOH waiiohl MeXaHH3M8 c ITJIOCKHM 
roJIKaTeJJeM 
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B ocHoBe onpe.n.eJieHHH pa3Mepa pa.n.ttyca KyJia'IKOBOH wai16h1 Jie
}!{i!T ycJIOBHe BhinYKJIOCTH npocpHJIH Ky.JJa'IKa, TaK KaK .nm1 n.JJocKoro 
TOJIKaTeJIH He.JJh3Sl HCfl0.Jlh30B3Th npocpHJih KyJiaIJKa JI.BOSJKOH KpHBH3Hbl. 

llm1 npoH3BOJJhHOH TO'lKH A1 npocpHJIH ({yJia'IKa (pttc. 15.7) ycnos11e 
BblnYKJIOCTH MO)!{.HO 33IlHC3Tb B BH)le 

PK= S2(cp1) + fo + x;;? 0, 
rn.e rv. - pa.ll.HYC KpHBH3Hhl npocpHJJH KYJI3'1Ka B 3TOH TO'IKe; S2 (q>1) -
nepeMew.emre TOJIKaTeJIH .D.JIH TeKyw.ero 3HaIJeHHSJ yrna noBopoTa Ky

Jia'lKa qi 1; x - HeH3BeCTHaH cocTas.mnow.aH pK. 
11.rrn onpe.n.eJieHHH 0Tpe3Ka x nocTpOHM saMeHHIOllJ.HH MeXaHH3M. 

ll.m:t 3Toro BMeCTO BblCllleH napbl BBe)leM )lOilOJIHHTeJibHOe 3BeHO 3 a 
Bpaw.aTeJibHOH napoif a ueHTpe O' KpHBH3HbI npocpHJIH Ky.naIJKa B rnq
Ke A 1 H nocTynaTeJibHOH napoif A, o6pa3oBaHHOH co 3BeHOM 2 (TOJIKa

TeJieM). 

nJiaH ycKopeHHH 33MeHHIOl..IJ,ero MeXaHH3Ma 010' AB, COOTBeTcTBylO-
- - -n -1 

llJ.Hfl BeKTOpHOMY ypaBHeHHIO aA. = ao· + aA,O' + aAQ', M())l<IIO npe,ll-
CT3BHTb B BHJI.e A 0'01C, B KOTopoM ao·=0'01 • µ".Torn.a Macwrn6 nJiaHa 

ycKopeHHH 6y.n.eT µa = a0'/0'01• TaK KLIK npu :noM 0 1C · µa = a~p, 
TO a'.4.o· = O; O'C = x = aA/µa = (d.2~ (t)/dt2)!rof = d2s2 (qi1)/dqii. 
CJie11.onaTeJibHO, orpe30K O'C 'IHc.'leHHO paseH sHa'leHHIO BTopoif npo

H3BOJI.HOH OT cpy1mum1 33KOH3 )lBIDKeHHH TOJIKaTem1 B ,ll.3HHb!H MOMeHT 

ape';leHtt. Ha ocHoBaHllH 3Toro no.ny'IHM 

2 
PK= S2 (<:p1) + r0 + d2s2 (<p1)/dqi1;;:? 0, (15. 7) 

OTKY.il.3 ro + S2 (q>1) > -d.2~ (cp1)/dqi\' HJIH -(d2s2 (q>1)/dqii)/(ro + 
+ S2 (qi1)) :s;; I. 

TaK KaK I = tg 45°, To 

( 15 .8) 

Onpen.e.neHHe MHHHMaJJbHOro pan.uyca Ky.naIIKa G ucno.nbsoaaHtteM 

3Toro 11epaae11crna npott3BOJlHTCSJ c.ne.n.yJOW.HM o6pa30M. CTpoHTCH .n.Ha

rpaMMa (pHo. 15.8), no OCH a6cU.HCC KoropoH OTKJI3)lbl8310TCH 3H3lleHHH 

BTopolr npOH3BO.ll.HOH cpyHKUHH nOJIO)l(eHlrn d2s2 (cpi)/dcpf TOJIKaTem1, a 

Ha OCH opJJ.HH3T - 3H3'leHHH cj:>yHKUHH S2 (q>i). B COOTBeTcTBHH c Hepa

BeHCTB0'.\1 (15.8) K orpmtaTeJibHOH BeTBH JUrnrpaMMbl npoBOll.HTCH Kaea· 

reJJbHaH no.n. yr.noM 45°. B 06.nacr11, Jie)l(aw.er'.i HHMe 3TOH npHMOH, 

M()}KHO BbIOpaTb CTOJIO)l(eHHe ue11rpa Bpaw.eHHH KyJiaIJKa, HanpHMep, 
B TOIJKe 01, TaK KaK B 3TOM cnyqae yro.n KaCaTe.nbHOfi y acer.n.a MeHb

rne 45°. 
OneparopHafl cpyHKU.HH, pea.1rnsy10ru.a51 yKasaHHbIH anropHTM, HMe· 

eT Bllll 

KLCHPL(s2min, (d2s2/dfrhmin• y; r 0) = (d2S2/dqii)min/tgy-s?min· (IS.9) 

S2 min H (d2s2/dqiT)m1n 33.ll.310TCH .llJIH CV1, COOTReTcTByIOr.qero MHHHMaJibIIO

MY 3Ha'leHHIO cj:>yHKUHH yc1<0pettHtt To.nKareJJH. 
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15.4. Onpe,11;eJieHue paaMepon KyJia'llROBoro MexauuaMa 
C KOpoMldCJIOM 

llm1 MexaHH3M8 c K8lf8IOU(HMCH BblXO)J.HblM 3BeHOM 2 (pno. 15.9) CKO· 

pocTh VA, = VA, + VA,A, TOlIKH A2 Ha KOpOMhICJie (eeKTop VA, Hanpae

JieH nepneH.nnKynsipHo 01A, eeKTOP VA. nepneH.nnKyJisipeH 02A, 
BeKTOp VA,A, CKOpOCTH OTHOCHTeJibHOfO D.BHR<eHlHI HanpaeJieH ITO Ka
caTeJibHOH K npocpHJIIO KyJiatJKa B TOIJKe A). nepe.naTOIJHOe OTHOllieHHe 
onpe.neJIHTCH lf3 Il01l06HSI TpeyrOJibHHKa CKopocTeH " ~01AB, cmpo
HaMH KoToporo S1BJIS110Tcsi 0 1A, ytiacTOK AB uopMaJJH n - n K npocpn
JJIO Ky.na 1IKa B TOIJKe A, ytiacToK 018 nepneHJlHKyJisipa H3 01 na JIHHHIO 

S1((/), 

PHc. 15.8. Onpenenem1e MHHH· PHc. 15.9. CKopocrn e KyJiatiKouoM Mexa11HJMe a 
MaJJb11oro panHyca KyJ1at1Ka Ka•1a10W.HMC$1 BblXO.llllbtM seenoM 

PHc, 15, IO. OepeJ1.a1011nall D.HarpaMMa 

neitcTBHSI BeRropa VA,• 0603H3l!HB '1''2 = A. 
H yqrn, IJTO ro2/ro1 = d<p2 (CJ>1)/dq>1 = i21 (<P1), 
OOJIYl.IHM VA/VA, = 01BI01A = ro2f2/ul1f1 = 
= (ro2/ro1)/A. = (dcp2 (<p1)/dq>1)/A. = i21 (CJ>1)/A.. 

Yron .n.aeJieHHH a onpe.neJIHTCSI 11a Bhrpa*eHHH 

tg et= tg 4 ABC= BC/AC= (801 + 01C)/AC = 

= (i21 (<p)/A + cos ~)/sin 6. (15.10) 

Bbrpa*eHHsi (15.10) w (15.3) attaJiorntmh1 no cMblcJiy. nocTpone 
nepe.naT01.1tty10 D.HarpaMMY (pHc. 15.10) 'P2 (<P1) = <I> (i21 (CJ>1)) n 011pc· 
iteJUtB TOIJKy, Jl./ISI KOTOpoii iu (<p1) = (i21 (<p,))max = i2t max, npoee.neM 
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11epe3 9TY ro1rny no.n yrnoM cr:A K ocH op.nnHaT npsiMyIO. Torita npH ua-
11a.11&HOM yr.11e no.11o>KeHHH KOpOMblC.118 'P2@ H M8KCHM3JlbHOM nepe.n.aTO'l
HOM OTHOWeHHH OOJIHblH yroJI ero DOBopoTa (pHC. 15.9) 

<p2 max = <r20 + ~cp2 max = i21 maxltg aa, 
OTKY.118 

£P20 = i21 max/lg au - L\cp2 max· (15 11) 

lfa .i\01Ao02 (pHC. -)5.9) no reopeMe KOCIHIYCOB noJiy'IHM 

0 1A0 = r0 = l VI + (r2/1)2 - 2 (r2t/) cos q>0 • 

TaK KaK r/l = cos <Jl? max. TO 

r0 = lVI + COS<p2max(COSQJ2max -2cosq>20). (15.12) 

3aBHCHMOCTH (15.10), (15.11), (15.12) peaJIH3YIOTCH oneparopHOH 
lj>yHKUl-leH 

KLCH K (N, <p2 (N), i 21 (N), r:xa, l; cp20 , r0) (15.13) 

<l>yHKUHH cp2 (N) H i21 (N) 3aJJ.alOTCH MaCCHBaMH q1:1ce.11 D.JUI N 
BHaqeHHH tl>t • 

15.5. IlocTpoeHHe opoflJBJIB KyJia'llKa DJIOCKOro MexaHB3Ma 

c TOJIKaTeJleM 

Onpe.n.enf:HHe <IJopMbl H pa3Mepoe KynaqKa BblDOJIHHeTcH OJUlllumu-
1/l!CKUM, 'lUCAeHHbtM HJIH 2paL/JU'leCKUM cnoco6aMu. 4ame HCD0Jlb3YIOT 
8H3JIHTH'IecKHH H qHcJieHHblH cnoco6bl, KOTOpbie MoryT 6bITb npOHJI
nK>CTpHpOBaHbl rpacf>n'IecKH. OpHMeHHM K Kyna'IKOBoMy MexaHH3MY 
(pnc. 15.11) Memod o6paw,eHUfl iJeuxeHU!l. TorJJ.a JlJIH cncTeMbI 1mop.11.nHaT 
x01Y· B KOTOpOH 3BeHbH MeXaHH3M3 COBeprnaIOT JlBH>KeHIUI, nosopoT 
KYJJa'IKa Ha onpe.n.eJ1eHHbIH yroJI paBHOCHJieH DOBopory OCH TOJIKaTeJHI 
na TaKOH >Ke yroJI B nponrnonoJIO)l{HOM spaiueHHIO 1<y.na'IKa Hanpas
JieHHH. Op11 nosopoTe KyJia'IKa Ha yroJI q> 1 TOJIKaTeJih nepeMecTHTCR Ha 

BeJIHIJFIHY s2 (q>1). 113 ycJiomu1 0 1A = U1C + CA Hail.D.eM pa.11.uyc
BeKrop TeKyiueii TO'IKH A 

;:1 = e + (V rg- e2 + ~ < 11>1)), 

a Koop.11.nuaTbl TO'IKH A, KaK npoeKUHH pa.11.nyca-BeKropa '1 Ha Koop.nn
HaTHbie OCH, oy.nyT 

XA = e sin ((<p1 + y) - n:/2) + <V rg-12 + s2 (cp1)) sin ((cp1 + y)- n/2); 

YA = e cos (( tp1 + y) - n/2) + <V r~ - 12 + s2 ( q>1)) cos ( <p1 + y) - ni2). 
(15. l 4) 

Ec.nH MexaHH3M HMeer nAocKutl mo1ucame.llb (pHc. 15.12), ro paJJ.11yc
BeKrop TO'IKH A KacaHHH TOnKaTeJIH H KyJia'IKa 6y.11.er 

r1 = 0 1A = 0 1E +EA. (15.15) 

BeKrop 0 1£ paBeH no BeJIHIJHHe (r0 + s2 (q>1)); seKTop FA onpe.Lt.e

JIHTCH H3 paccMoTpeHHH TPeyroJihHHKa cKopocTeii VA, = VA, + VA,.A,· 
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J.h no.n.o6H» A01EA u eeKTopHoro TpeyroJJbmrna cKopocTeii noJiyl!ttM 

VA/VA,= 01A!EA, 
OTKy)l.a 

EA= 01A · vAjVA, = '1 (ds2(<J11)/dt)/(<1.v1) = ds2(<r1)ldrti1· 

OpoeuttpyH BeKTOpbl ypaBHeHIHI (15.15) Ha OCll KOOp.ll.11HaT, noJiy· 
IJHM 

(15. 16) 

Puc. 15.11. CmneJ npo¢11J111 KyJ1at1Ka Me· Pttc. 15.12. Cirntea npo¢HJI!I KynaqKa 
:riaHH3Ma c OCTpOKOHe'!HblM TOJJKaTeJJeM MeX3Hll3Ma c {JJIOCl<HM TOJlKaTeJJeM 

Puc. 15.13. nocT}loeHHe np<J4>HJJll KyJ1a 1rna D.JJSI DOCTynaTeJlhHO ,LlBHiKyw,erOCll TOJI· 

K3TeJl!J 
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EcJrn 3aKOH .11.BH>KeHHH TOJIKaTeJIH 3a.11.att rpa<t>H'lecKH (pHc. 15.13, a) 
II naHbl OCHOBHhie pa3Mepbl MeXaHH3Ma - ro H e, TO npocf>HJ!b KyJia'!Ka 
MOMeT 6h1Tb OOCTpOeH rpacpH'leCKHM cnoco6oM. J.13 ueHTpa 01 
(pHc. 15.13, 6) spamemrn KyJia'!Ka npoBOAHM oKpyMHocrn paJJ.HycaMH 
r0 H e H npoH3BOJibHO BbJ6HpaeM Ha OKPYMHOCTH, pa.11.11yca T0 TO'IKY A0 

naqaJia )lBHmemrn TOJJKaTem1. Ha'laJihHOe noJio»cett11e octt TOJIKaTeJIR 
onpe)J.emieTcH KacaTeJibHOH, npose,n:eHHOH H3 TO'IKH A0 K 0Kpy>K-
11ocrn pa,ll11yca e, Ha'laJibHoe noJIO}Kem1e TeopeTH'lecKoro npoqmJIR 3a
cjmKcupyeM pa,llttycoM 0 1A 0 • llJIH nocTpoemrn 'PD'IKH A, npocpHJIH 
OT pa.urryca 01A 0 OTJIO}KHM yroJI nosoporn KyJia'!Ka q>1i B Hanpas
JJeHHH, npOTHBOilOJJOMHOM ero spam,emuo, H no.iJy'lttM TOqKy B,. 
Ha npo,n:oJI:>Kemrn pa,11.Hyca 0 1Bi OTJIO}f{HM nepeMemem1e S2i. cooTBeT· 
crny10mee 1P1i, 11 noJiy'IHM TO'IKY A, KOHTaKTa ocTp1rn TOJIKaTeJIR c 
npo<l>HJieM KyJiaqKa. OoCJie,lloBaTeJihHo coeJJ.HHRR ToqKH Ai, noJiytreH
Hhie npH H3MeHeHHH <p11 JJ.O cp1 = 2:rr, noJiy'IHM TeopeT11qecK11li npo<f>HJJh 
KyJiaqKa. llettCTBHTe.nbHblH npocpHJib KyJial!Ka AJIH MexamuMa TOJIKa
TeJJH c poJJHKOM noJJytrnM KaK orn6aIOmyio OKPY*HOcTeif pa.!lHYCOM rp 
c ueHTpaMH, pacnoJJo)f{eHHbIMH Ha TeopernqecKoM npo<t>11ne. 

EcnH MexaHH3M HMeeT nnocKHH TOJIKaTenb (prrc. 15.13, o), TO npo
cjmJih KyJJal!Ka nonyqaercH KaK orn6a10w.aH ceMelicTBa npHMblX, nep
neHJl.HKYJJHpHbIX pan.11ycy 0 1Bi H Kacaiouv1xcH npoqmJIH B ToqKaX A,. 

15.6. IloCTpoeHBe npofl>HJIH xyJia'IRa nJiocxoro MexauuaMa 
c KOPOMbICJIOM 

B MexaHH3Me c KOpoMblCJIOM (pHC. 15.14) HOBOpOT KyJiaqKa Ha yro.11 
<Jl1, B COOTBeTCTBHH c npHHUHilOM o6paw.eHHH ll.BmKemrn, pas11oc11.neH ne
peMeI.UeHHIO ueHTpa 02 Bpamemrn KOpOMblCJJa B IlOJIOJKeHHe o;. Optt 3TO!vt 
KOpOMbI.cJIO H3 Ha'laJlbHOfO no.TJo>KeHHH 02Ao nepeMeCTHTCH B HOJIO)!{emie 

o;A. TorJl,a 01A = 010; + O~A. B KOOp.ll.HH3THOH CHCTCMe x01y. 
*eCTKO CBH3aHHOtt o Ky.11al!KOM, Koop.D.HHaTbl T04Irn A 6yJ1.yT 

XA = l cos cp1 - r2 cos (cp1 + cp2); } 
(15. l 7) 

YA= - l sin q; 1 - r2 sin (cp1 + 1P2). 

PaccMoTpHM epa</Juttec1wi1 cnoco6 npoeKrnposaHHH nporp!IJIH KY· 
,1al!Ka (p11c. 15.15). B 3acpHKCHposaHHOM 11aqa.nbHO~ noJJo>KeHHH JJHHHH 
010 2 npose.AeM oKpy>KHOCTb pa,il.uycoM T0 c ueHTpoM B 0 1. Pa.11.uycoM r1 

npoee,neM H3 0 2 .!lyry 0KpyL1rnocnt, Ha nepece'lemm Kornpoi1 c oKpy>K· 
HOCTblO pa,nttyca r0 noJJytJHM ToqKy A 0 • OpHMaH A~02 coornercrnyeT 
HOJIO:m:eHHIO KOp0MbJCJl3 B Hal!aJibHblH MOMeHT llBHJKeHlrn. Oo 3aJJ.aH· 
HOMY aaKoHy ABmKeHHH Kop0Mbrc.11a (pHc. 15.15,· a) noA yrnaMH <p21. 
COOTBeTCTBYIOUJ.HMH yrnaM nosoporn KyJia'IKa <pri, OT JIHHHH 02Ao 
npoBO.!lHM JIHHHH no nepecelleHHH c .11.yroH: OKpyn<HOCTH r2. 4epe3 noJiyqeH· 
Hbie TOl!KH nepecetieHHH A1 H3 l..leHTpa 0 1 npoBO.!lHM ll.Yrll oKpyxrnocTeii. 

Optt o6paw.eHHH tJ.BH)!{eHHH KyJia'IKosoro MCXaHH3Ma TOl!Ka 0 2 

(p11c. 15.15, 6) nepeMemaeTcH 110 OKPY*HOCTH panHycoM l B Hanpas.11e
HHH, npornsononomHoM spamettmo KyJial!Ka. OT JIHHHll 0 10 2 B 11a
npasneHHH, npor11sono.TJO)!{HOM spameHHIO KyJia4Ka, oTJIO)KHM yrJJbl 
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Pile. 15.H. C1rnrea npocJluJ111 KyJ1a'IKa 
MUaHH3Ma e Ka'JaJOW.HMeH ee)IOMhlM 3Be
HOM 

Pile. 15.15. noerpoeH11e npocJluJ111 KyJ1a•1-
Ka .llJJll Ka'JaJOmeroell BeJ10Moro aneHa 

'f;, 

(j)11 H Ha OKpy:mHOCTH pa.uttyca sacpttKCttpyeM TOIJKH 02. 
TotIKH TeopeTtttJecKoro npocpttJIH KyJiatJKa noJiytJttM Ha nepecetJemm 
Ayr OKpy}l{HOCTeH, npoBe,UeHHhIX H3 UeHTpOB 02i pa.UHYCOM f2, H OKpy11<
HOCTet1 pa.uttycoB 01A1. npose.ueHHb!X H3 ueHTpa 01 . .lleHCTBHTeJibHblH 
np<><PttJih KyJia'iKa np11 HaJIHlltttt poJJHKa noJJy'lHM KaK orn6a10I.Uy10 
oKpy}l{HOCTeii pa.uHycoM rp c ueHTpaMtt Ha TeopeTtt'lecKoM npoqmJie 
KyJia'lKa. 

i5. 7. IlocTpoeune npo<}lu;m KY na 'I.Ka npocTpaHCTeeuui.1x 
MexaHH3MOB 

Ha p11c. 15.16, a nso6pa)l{eH npocpHJih npocTpaHCTBeHHoro KyJiatJKa 1 
c TOJIKareJieM 2 B HatJaJihHOM noJio:lKemrn A0 • HanpaBHM 1<oop.1umarnyto 
och Oz a,n;oJib octt BpaI.UeHHH KyJiaIJKa seprnKanbuo BBepx, a ocb !I -
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nepneHn.1-mymtpHo npoeKUHH JJHBHH n.eiicTBHR TOJIKaTellR Ha OJIO:ICOCTh 
xOy, B Koropoii .r1emm TO'IKa F0 ee nepece11eHHR c mrnneii .n.eiicTBHR TO.II· 
KaTe.nfl. ToqKy nepeceIJeHHfl npoeKUHH JIHHHH .u.eiiCTBHR TOJIKaTem1 a 
oChlO Oy o6o3Hal11iM N0 • Yro.n Me}Kny pan.11ycoM-BeKropoM Po npoeKLl«R 
TO'lKH A0 11a IIJJOCKOCTh xOy H o,:bJO Oy, RBJIRIOll.IJlttCR npo<f>H.rthHblM 
yrJlOM KyJial.!Ka, o!'.i03HallHM 'Po· 

.U1rn epamarenbHhIX KyJJallKOB yn.oouo uoni.3oBaTbCR LlHJIHHll.prt

'ltcKoii n0Jrnpttor1 cncTeMoii KoopJUtHaT p, v, z. Ho.11.sn11rnyio ocb p Ky
natJKa coBMeCTHM c ocb!O y. TotJKY nepecelleH«R 3TOtt oc11 c npoeicu«oo 

z 
w, 

a 

e/J/ o z 
Z' 

P11c. 15.16. Onpe.n.e.11em1e Koop.111111aT npoq,11J1&11oii nouepx:uocrn npocrpaucrueuuoro 
KyJJa'IKa npH noCTynaren&uo na11>KymeMc11 TOJJKateJie 

JJHHIHl AeHCTB1rn TOJIKaTeJrn 06o311a1111M llepe3 M 0 (B 3TOM nonomeHHH 
TO~ll<H Mo H No COBna,l\a!OT). npHMeHRfl np11HLl.Hll o6pameHHR ABH
>KeHHR K MexaHH3My, coo611tHM eMy cKopoCTb ro1• Torn.a croifKa 0 
c TOJIKaTe.neM H3'111eT spaur.aTbCR OTHOCHTe.JlbHO HeflOltBH>KHoro KyJJa'll<a. 
nosopoT ee Ha npOH3BOJlbHblH yroJI IPt (pHC. 15.16, 6) 6y11.eT COOTBeT
CTBOB3Tb nosopoTy OCH p B nJJOCKOCTH xOy Ha TOT >Ke yroJI. Pa,l\Hyc
BeKTOp p npoeKUHH Toq1rn A npH nosopore Ha yro.11 q>1 oc11 p 6yJJ.er 
paseH 

(15.18) 

rAe M H N - cooTBeTCTB.eHHO TO'IKH nepeceqeHHR npoeKU.HH JIHHHH 
)1,eHCTBHR TOJlKaTeJrn c nom1pHOH OCb!O H npoeKLU1R 9TOH TO'IKH Ha OCb 
npH noeopoTe KyJia11Ka Ha yroJJ q:i1 . 

AnnJJHKarn ZA npH noeopoTe Kynat:iKa Ha yro.11 qi1 6yJ:teT 

ZA = S2 (qi1) sinµ, (I~. I')) 
a 80CllHCCY H Of)!.IJIH3TY noJJyquM, COCTaBHB ypaBHeHHR npoe1rn.HH EleK
TOpOB (15. I 8) 1rn ocu Ox 11 Oy: 

XA = r sin,.= e sin <p1 - (f - 52 (cp 1) cosµ) cos <vi; 

YA= (I cos v = e cos <r1 + (f - s2 (cp1) cosµ) sin 'Pt· 
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B unJJHHJI.pHllecKou noJJHptto.H cucreMe Koop1u111aT HMeeM: 

p = V e2 + (/- S2 (1J>1) COS µ)2; 

tg v = (e sin <p1 - (f - s2 (<p1) cosµ) cos <r1)/(e cos <p1 + 
+ (/ - s2 ( cp1) cos µ) sin IJ't); 

ZA = S2 ( <r1) sinµ~ 

Yq11TL1saH, l!To p cos 'lJ = e; p sin 'I> = f - s2 (cp1) cos ~ H tg 'I' -
= (/ - s2 (1P1) cos µ)/e, 
nocne 11peo6pa3oBaHHH 110.1yl!HM 

z 

p = e/cos lfl; 
v = <p1 -'ljl; 

z = s2 (cp1) sin µ. 
z 

(15.22) 

Puc. 15.17. OnpeneneHHe KOOPJlHH8T npoq,HJibHOA nooepx HOCTH o pocTpaHCTBettHoro 
Kyna11Ka npu Ka11aiomeMc11 aenoMoM 3Bette 

Bbtpa:>KaH s2 (cp1) = ZAlsin µ, 80380)1.H B K8aJJ.par o6e l!acrn ypa8He
uuii (15.20) u (15.21) u CKJJa)l.bIBaH ux, nonyquM noc.1e npeo6pa3o8a
uuii ypaatteHue TeoperullecKOH nosepXHOCTH Kynal!Ka 8 HeH8HOM 8H~e 
<I> (x, y, z) = O; 

x2 + y2 = e2 + (f- z ctg µ)2. 

flonyqeHHOe ypa8HeHHe H8JJHeTCH ypa8HettHeM 2Unep6o,wui)a 8pa
U{eH.Ufl, ttro cooTBercTByer o6meMy npeJ1.CTa8J1em110 o cpopMe conpH:>Kett
HblX no8epXHOCTeH 3JieMeHT08 8blCilleH KHHeMantlleCKOH napbl (cM. rn. 9). 

B80.D.H o6o3ttalleHue z1 = z - f tg µ, no.nyllttM ypa8ttettue OJl.HO
nonocrttoro rnnep6oJIOH.D.a BpameHHH 8 cttcreMe Koop.a.11uar O' x' y' z', 
uaqaJIO KOOp.D.ttHaT KOTopoii C)l.BHHYTO OTHOCllTeJibHO TO'IKH 0 Ha 

00' = (x' /e2 + y' /e2 + z' /(e tg µ)2 = l. ( 15.23) 
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AHanorn4HO pelllaeTCfl 3a.D.a4a onpe)l.e.riemrn Koop.u11HaT TeopeTli· 
4ecKoii npo<t>11JibHOH noBepxHocrn npocTpaHcTBeHHoro KyJia4Ka AJiff 
MexaHH3Ma c KopoMbICJIOM (pHc. 15. I 7). KopoMbJCJIO 2, Ha4aJibHOe no
.;lOLKeHHe Kornporo onpe.ne.rrneTcH KacaHHeM c KyJia4KOM B T04Ke A0 

(pHc. 15.17, a), nepeMemaeTCH B f!JIOCKOCTH, nepeceKmomeii flJIOCKOCTb 
xOy no.n yrnoM ii, 110 JIHHHH, napaJIJie,1bHOH OCH Oy H OTCTOHill.eH OT Hee 
Ha paccTOHHHH f. Koop.zurnaTbI ueHTpa spam.ettHH KopoMhicJia B nnoc-

1wcrn napaJIJieJibHOH xOy, paBHhl a H /. PaAttyc-BeKTOp p0 T04KH A~ 
npoeK1..um T04KH A0 Ha nJiocKOCTb xOy 06pa3yeT c ochIO Oy npocpHJibHhIH 
yroJI 'll'o. KOTOpoMy COOTBeTcrnyeT yroJI HaKJIOHa KOpOMblCJia <F20· 
llpHMeHHH npHHUHn o6pameHHH ./l.BHLK.eHHH, noJJy4HM, KaK H B cJJy4ae 
llOCTynaTeJJbHOro )J.BIDKeHH51 TOJIKaTeJJ51 npB nosopoTe OCH p Ha yroJJ 
9 1 (pHc. 15.17, 6), paAHyc-seKTop T04KH A' 

p =ON+ NM+ MF+ FA+ A02 + 0 2A'. (15.24) 
Ilpoeu11pyjf pa.nHyc-Be1nop Ha OCH x, y, Z, noJJy4HM KOOp./l.HH<lTbl 

10LJKH KacaHHH A KopoMbICJia 2 c KyJJa4KOM I s HenoABHLKHoii cucTeMe: 

XA = p sin v =(a - l cos cp2 (cp 1)) sin qi1 -

- (f + l sin <p2 (<p 1) cosµ) cos qi1; 

YA = p cos v = (a - l cos cp2 (q\)) cos (jJ1 + 
+ (f + l sin q;2 (q11) cos !.t) sin cp1. 

(15.25) 

B no.'1HpHoi1 U.HJIHHApH4ecKoii CHCTeMe 1wop.n.1rnaT p, v, z c y'leToM 
Toro, lJ.TO p cos~' = a - l cos (P 2 (cp 1); p sin 'P = f + l sin Cfl2 ((p 1) X 
X cos µ; tg '¢ (j + l sin cp2 (rp1) cos µ)/(a - l cos (jJ 2 (4'1)), noJiy'lHM 
v = cp1 - ip; p = (a - l cos qi2 (<p 1)) cos ljl; z = l sin (P 2 (qi1) sinµ. 

HcKJIIO'laH cp 2 (cp1) 11 (p 1 113 yc;10s11i1 (15.25), 110,1y411:-A ypaBHeHHe 
·reopern4ecKoi-i nosepxHOCTH KyJJal!Ka: 

x2 + y2 =(a- l Vt - z2/l2 ">in2 µ)2 + (f + z ctg µ) 2 • (IS,26) 

YcnosHe (15.26) om1chrnaeT noaepxHocTh rno6011,Ll.Horo KyJJa4Ka, 
o6pa30BaHHYIO Ayroii oKpyJKHocrn, ypaBHeHHH KOTopoii 11Me10T BHA 

x = - (f + z ctg µ), (a - y)2 + (z sin ~t - (x + f) cos µ)2 = 12• 

15.8. Onpe,JJ;eJieHHe napaMeTpoe :meMeHTOB BL1cmeii 
ICHHeMaTH11ecitoil napLI RyJiallKOBLIX MexaHH3MOB 

.UJ1H o6ecne4eHHH BhlCOKOH pa60TOCnoco6ttOCTH KyJJa4KOBoro MeXaHH3· 
Ma npH ero npoeKTMpoBaHMH Heo6XOAMMO no.n.o6paTh COOTBeTCTEiy1n:.u11e 
co4eTaHHH napaMerpos noBepxuocrei1 KYJI34Ka H se.n.oMoro 3reHa, B 
tJaCTHOCTM KpHBH3Hbl npocpHJIH KyJJal!Ka 11 poJJHKa TOJJKareJJH. t:CJIH 
paAHYC KpHBl13Hbl npocpHJJH KYJia4Ka Man, TO np11 9KCIIJJyaTaU.HH OH 
6bJCTpo BbIXOAHT H3 CTpOH H3·3a IIOTepn KOHTaKTHOH npo'!HOCTH HJIH 
H3·3a HHTeHCHBHOfO H3HOca, TaK KaK H KOHTaKTHble HanpHLK.emrn H Te~rn 
H3H3111HB3HlfH o6paTHO nponopJ.1.HOHaJlbHbl rrp11Be,LleHHOMY pa.nHycy 
KpHBH3HbI. EcJJH ttenpaBHJlbHO Bh16paTb paAnyc pomma roJ1KaTeM1, 
TO MO/KeT CJIYlJ.HTbCH' lJ.TO OH He 6y,!l,er BpamarbCH H BBe.ll,eHHe ero B 
KHHeMaTH4ecKyIO uenb He npHBe,!l,eT K CHH)f{eHHIO fIOTepb Ha rpeHHe. 
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Pa.m1yc KpHBH3Hhl KyJlalJKa B npoH3BOJlhHOtt TO'-IKe K ero npocj:mm1 
6y.rr.eT 

2 • 9 3 / 9 2 .. 
PK= (rx + rK_) '/Vx + 2rx - rxrx), (15.27) 

rAe TJ<., 'K· rK - pa.rr.ttyc-BeKrnp npo(j>HJlSJ KyJlalJKa H ero npoH3BO)l.Hbie. 
)J.;rn MeXaHH3Ma, H306pa)l{e1rnoro Ha pttc. 15.3, 

r A = l/(r., + s2 (<p1))2 + e2; 

r A= ds2 (q,1)/dqi1 = 0 18 = e + (r0 + s2 (qi1)) tg a: 

r = dr Aldqi1 = s2 (qi1)· 

2 

Pttc. 15.18. Oco6eHHOCTH KoHTypoa KyJJaqKoB 

~ 8 

no.rr.CTaBJlSISI fA, fA, ·;.A B cpopMyJJy (15.27), nocJJe npeo6pa3oBaHHH 
IlOJlYlJHM cPoPMYJlY Jl.JlSI onpe.rr.eJleHHSI pa.rr.Hyca KpHBH3Hbl KyJlalJKa. 
)J. .. '151 MexaHH3Ma c noCTynaTeJlbHO Jl.BH)l{YUI,HMCSI TOJlKaTeJleM npH s = 
= r" + S2 (qi1) 6y.rr.eM HMeTb: 

PK = s2/(s cos ct+ s sin ct cos2 ct - s cos3 ct); 

Jl.JlSI MeXaHH3Ma c KOpOMblCJlOM 
2 2 .. 3 /. 2 

p K = (lo + r2( I + qi2)2 - 2l0r 0 (I + qi2) cos 'fl2) ·!(lo + 

(15.28) 

2 . .. + rz(l + cp2)3 - l0r2 (cos cp2 (I + 'fl2)(2 + cp2) sin q\2)). (15.29) 

noJlyqeHHble cflopMyJlhl ll03BOJISllOT onpeJl.eJlHTb paJl.HYC KpHBH3Hhl 
TeopeTHlJecKHX npo¢nJlett Ky .. 1a11KoB. Pa.rr.ttyc KpHBH3Hhl npaKTHlJec1mro 
npocpHJISI MO)l{eT 6hITb HaJ1JieH KaK pa.rr.ttyc KpHBH3Hbl .3KBHJl.HCTaHTHOH 
KpHBOH. EcJIH Mexa1m3M 11Meer nJlocKHtt TOJIKaTeJib, TO pa.n.ttyc KpH
BH3HbJ npo¢tt.flsi onpe.rr.em1eTCS1 no cpopMyJJe (15.7). 

nptt Ha3lialJeHHH pa.rr.ttyca pO .. 'IHKa fp cJieJJ.yeT HMeTb B BHJJ.Y, lJTO 
Ha )'lJaCTKe HaH60Jihllleii KpHBH3llhl He.uonycTHMO COOTHOWeHHe Tp > 
> PK min· TaK KaK B .3THX cJiylJaHx no.1yqaeTCS1 HJIH .UBOHHoii npocp1.v1h, 
BhinOJ1Hem1e KOTOporo HeB03MO)l{H0 Ha CTaHKe H3-33 y.naJieHHSI MaTe
pHaJia npH H3fOTOBJleIJHH KyJialJI<a, HJIH 3aocTpeHHhlH npo¢HJlb 

(pHC. 15.18, a). Ofibf4110 BLJ6Hp1110T 'I'~ 0,7pK min· 3-ro JKe ycJJOBHe Hy}KHO 
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co6mo.naTb B KyJiaqKaX c np<><t>HJieM pa3HblX 3HaKOB KpHBH3Hbl (6). 
B MexaHH3Max c TaKHMH KyJJa'lKaMH HeJibJR npttMeHRTb BhlXO.ll.Hbllt 
aeeHbff c UJIOCKHM TOJIK8TeJleM (8). 

15.9. AJiropRTMM pac11eTa DJIOCKHX KYJia'IKOBLIX MexaHH3MOB 

Ba 3JI8KTpOHBLIX BM'IRCJIHTeJILJILIX MaIDHHBX 

Jlm1 MeXaHH3Ma c noCTynaTeJlbHO Jl.BH)l{Ylll.HMCH OCTpOKOHel!HblM TOJI· 
KaTeneM aJiropHTM pacqeTa npoqmnH Kyna1:ma no 3asHCHMocrn (15.3), 
(15.14) H (15.28) MO>KeT 6b!Tb peaJIHJOBaH cj>yHKUHeH 

PRFLP (N. r0• e, w1, s, (N), v1 (N); XA (N), YA (N), a. (N), (>A (N)). 

(15.30) 

Puc. 15.19. 3aKOH H3Menenn11 yc
Kopem1ii TOJJKaTMll 

Dptt o6paw.eHHH K oneparnpHoii cj>yHI<UHH PRFLP .ll.OJDKHhI 6bITh 
onpe.ne.rieHbl: pa3Mepttocrh N Macc1rnos BeJJHl!HH HCXO,IJ.Hhlx ,naHHbIX; 
MaCCHBbl 4HCeJl, COOTBeTCTBYIOW,He CKOpOCTHM V2 (N) ll nepeMemeHHHM 
s, (N) TOJIKaTeJIH )l.JIR yrJIOB nosopoTa KyJia4Ka 'Pt (N); OCHOBHble pa3· 
wephl KyJial!Kosoro MexaHH3Ma, onpe.ll.eJIHeMhie oneparnpttof! cpyHK· 
uueii KLCH K no cpopMyJie (15.6), H yrnosaH cKopocTb KyJiatIKa w1• 

J].JIH MeX8HH3Ma c DJIOCKHM TOJlKaTeJieM aJJropHTM pac4eTa np<$HJil1 
KyJiatIKa no 38BHCHMOCTHM (15.7) H (15.16) MomeT 6h1Tb peaJIH30BaH 

4JYHKU.HeH 

PRFLPL(N, 'o· W1, V2{N), S2(N): XA(N), YA(N), rx(N)). (15.31) 
,ll.JIH onpeAeJieHHH pa.n.ttyca OCHOBHOH wai16b1 r0 11cnoJib3yeTCH one

paropuaH cpyHKI.UHI KLCHPL (15.9). 
J].JIH MeXaHH3Ma c KOpOMhlCJIOM oneparopHaH cpyHKUHH, peam13y10-

lll.8H 38BHCI!MOCTH (15.13), (15.17) H (15.29), 6y)leT llMeTh BH)l 

PRFLKT (N, r 1, l0 , W1 , cp2 (N), ~(N}; <p2 (N); XA (N), YA (N), a (N), P1dN)). 

(15 .32) 
DpHHHTOe onHcaHHe onepaTOpHhlMH <j>yHKUHHMH aJI.ropHTMOB pe

wenuH 'laCTHhlX 38,!J.a'l CHHTe3a KyJialJKOBb!X MeX8HH3MOB ynpow.aer 
crpyKTYPY aJiropHTMa pewemrn 3aMtJH pacqern KyJJatIKosoro MexaHH3-
wa, CBO)J.H ee K nocJ1e)J.OB8TeJl.bHOMY o6pameHHIO K oneparopHblM cpyHK
UHHM. Dycrb, HanpHMep, Tpe6yeTcH pacc4HTaTb napaMeTpb1 MexaHH3-
Ma c I10CTynaTeJI.bHO ABH)l{Ylll.HMCH TOJIKaTeJieM. <l>a30Bbie yrJihl COOT
BeTCTBeHHO paBHbl Ip{! = lpe = 120°, fj'11. = 50°, % = 70°. 3aKOH 
H3MeHeHHH ycKopeHim TOJJKaTeJJH rpacp114ecKH npe.n.crasJieH Ha 



pttc. 15.19, a aHaJIHTHLJeCKH Bbipan<:aeTCH cpyHKUHeii 

1 a0 sin ((jJ1 (2n/2cp + f)), cp + f ~ <p1 ~ct>: 

0 cp < (fl1 < <P + f; 
0 <py <<pl < <py + <pA; 

a2 = { - a0 sin [(cp1 - <py - <pA (2n/2cp + f)], <py + cpA + cp + f ~ 

0 
~<pl:::::;; <py + <pA + cp; 
<py +IPA+ <P<<r1 < 
< cpy + <pA + <P + f • 

(15.33) 
EcJIH Tpe6yercfl onpe.lleJIHTb napaMerpb1 npa<pHJIH qepC3 war A<r 1 , 

TO l!HCJIO pacqeTHblX waroB N = (cpy + CfJA + <p8)/L1cp1- no.n;CTaBJIHH B 
<t>oPMYJIY (15.33) <p1 c waroM Acp,, naifJJ.eM MaccHB 3HaLJeHHH a2 (N). 
3Ha'leHml MaCCHBOB CI<OpOCTeH H nepeMeIUeHHH TOJIKaTem1 Jl,JIH pac
<IeTHhIX Tolle!\ onpe.n.eJIHIOTCfl no cpopMyne (5.8): 

INTGR.(N, A<p1, 2, a2 (N); u2 (N)). (15.34) 

4HC.'IO 2 B <f>y1mu1m (15.34) CBH,!l.eTeJibCTByeT, 'ITO npH 'IHCJieHHOM HH· 
TerpHposaHHH npHMeHHeTcH MeTO,'l. Tpaneutti1 (cM. rn. 5). A11aJiorHLJ110 
AJIH nepeMeIUeHHlt 

!NTGR (N, Acpl, 2, U2 (N); ~ (N)). (15.35) 

CTpHMeM JJ.onycTHMoe 3Ha4em1e yr JI a .ll.3BJieHirn a A B 3aBHCHMOCTH 
or MaTepttaJIOB napb! KyJiaLJoK - TOJIKaTeJib H Ha3HaLJHM yroJJ ~. Tor.n;a 
-OCHOBHhie pa3Mephl MeXaHH3Ma onpe.n.eJJHTCH onepaTOpHOH cpyHKUHeii 
< 15.6), KOTOpaH .llJIH 9TOro CJiyllaH HMeeT BH)J. 

KLCHK(N, s2 (N), u2 (N), a,~; r0 , e), (15.36) 

.a napaMeTphI npocjmm1 1<yJia1ma, pa.n.ttych! KpHBH3HhI, yrnhI .u.asJJeHHH 
.D.JIH 3Ha'lemri"i <p, onepaTOpHOH cpyHKUHefi 

PRFLP(N, r0 , e, rn 1 , s2 (N), u2 (N); XA (N), YA (N), a (N), PK(N)). ( 15.37 

CTocJie,!l.OBaTe,1bHOCTb 3aBHCHMOCTett (15.33) ... (15.37) npe,!1.CT3BJIHIOT 
aJiropHTM pacqera KyJia'IKOBOro MeXaHH3Ma. 

PaaAeJI TpeTHH ~~~~~~~--~~~~~~~~~~~~ 
KMHEMATlfqECKMR AHAJIM3 MEXAHM3MOB 

16. IIJIOCKHE MEXAHH3Mhl C HH3lliHMH IIAPAMH 

16.1. OcuosH1.1e aa~aqu aaaJIHaa 

3a)l.a'IH aHaJIH3a 3a1u1101Ja10mcfl B onpeiJeAeHuu KUHe.MamutJec1wx xapalC· 
mepucmuK iJBUJlceHUR MCXQHU3.Ma, ceo.MemputJ.ecKue pa3.Mepbt Komopow 
tl3BecmHbt. B 3aBHCHMOCTH OT ue.rrn 11ccJieJJ.0Bamrn onpe.UeJIHIOTCH noJio· 
~eHHH 3BeHheB, HX nepeMew.emrn, TpaeKTOpHH, CKopocrn 11 ycKopemrn. 
3a,u.aqa KHHeM<iT11qec1wro 11ccJie.U.0Bamrn pewaeTCH c neJihlO noJiylleHHH 
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3HalJemlii xapaKTepHCTHK npH KOiiKpeTHbIX noJJo:meHHHX 3BeHbeB Me
xaHH3Ma, a TaK>Ke )l.Jlfl onpe.u.eJ1eHHH 3aKOHOB H3MeHeHHH KHHeMan1-
1JecKHX napaMeTpoB B Q:>yHKUHlf BpeMeHH UJJll o6o6m.eHHOH KOop.U.H
HaTbl. 

KttHeMaTu11ecKHe xapaKTepHCTHKH MeXaHH3Ma Heo6xo.11.ttMhl He TOJih
KO )l.JIH oueHKH Kal!eCTBa CHHTe3a cxeMbl MexaHH3Ma, HO H JlJIH perneHHH 
aa.u.aq, CBH3aHHblX c npottHOCTHblM pacl!eTOM H KOIJCTpyttpoBaHHeM ero 
aBeHheB, oueHKH .11.0HaMH1Jec1rnx cBoiicTB MexaHH3Ma. HanpHMep, 
)l.JIH npoBe)l.eHHH CHJIOBoro pac11eTa MexaHH3Ma ueooxo.zi.HMO onpeAeJIHTb 
CHJ!bl HHepUHH H conpoTHBJJeHlrn ABH:>Kemno 3BeHheB, )l.JIH 11ero )l.OJl>KHbl 
Ob!Th H3BeCTHbI cKopocTH H ycKopemrn HX . .llnsi BnHCh!BaHHH MeXaHH3· 
Ma s KOHCTPYKUHIO MarnttHHoro arperaTa Heo6xo.n.HMO 3HaTb TpaeKTo
pHIO .11.BH>KeHirn ero 3BeHbeB H HX IJOJIO>KeHHH, onpe.n.e.nmomHe raoapHT· 
Hhle pa3Mephl MeXaHH3Ma • .llJISl MHOI'HX MexaHll3MOB TpaeKrnpm-1 .11.BH
>KeHHH 3BeHbeB onpe)l.eJIHJOT cpopMy KopnycHblX .n.ern.IJeH, HBJIHJOIU.HXCSl 
uatt6oJiee MaTepttaJJOeMKHMH B Marn1111ax (KapTepbI .ll.BHraTenefi BHYT· 
peHHero cropaHHH, Kopnyca HaCOCOB H Typ6HH, fOJIOBKH 3JieBaTO
poB HT. n.). 

16.2. MeTO.IJ;J.I auaJiuaa 

KuHeMaTH"lecKHH aua.nua nAOCKUX MexaHu3.M08 OCH08b11JaemcR Ha no110~ 
3/CeHuRX KUHe.MamuKu mo11,Ku u meepao20 meAa. Koop.11.HHaTbl To11eK 
3BeHbeB MexaHH3MOB noJJylfaIOT c n0Mom&10 BeKTOPHbIX ypaBHeHHH, 
OilHChlB8IOllf.HX reoMeTpttl!ecKHe COOTHOUJeHHH cxeMbl MeXaHH3Ma H 
CBH3b HX c KOOp)l.HHaTHOH CHCTeMOH. Pa.u.Hyc-BeKTOp TOl!KH 3BeHa Me
X8HH3M8 IJOJIHOCTblO onpe)l.eJIHeT ee no.IJO}f(eHHe B KOOPAHHaTHOH CHCTe
Me, a ycJIOBlle 38MKHYTOCTH BeKTOpHoro I<OHTypa CXeMbl MeXaHH3Ma 
(CM. rJI. 6) onpe)l.eJIHeT KHHeMaTHKy ero 3BeHheB B .mo6ofi MOMeHT Bpe
MeHH, Q:>yHKUHH noJJO)K:eHHH 3BeHbeB H nepe.naTOl!HbJe. 

YpaeuenHH nnueiiHblX H yrJJOBblX Koop,11.uuaT oobll!HO noJiylfaIOT )I.Jiff 

o6o6meHHblX Koop.nunaT, no.n KOTOpbtMH noHHMaIOT JIHHefiuy10 HJJH yr
JJoay10 l<OOp.U.HHaTy BXO)l.HOfO aaeua MeXaHH3Ma, onpe.u.eJIHIOllf.YIO ero 
IlOJJO}Kem1e Ha caoeii TpaeKTOpHH. 3To .n.aeT B03MO)!{HOCTb noJJyl!HTb 
KHHeMaTHlleCKHe xapaKTepHCTI:IKH He3aBHCHMO OT 3a1<0Ha )l.BH>KeHHH 
Be.ll.ymero 3BeHa. <l>yHKU.Hll nOJJO)KeHHH H nepe.u.aTOl!HhJe <PYHKUHH TaK
)K:e noJJyl!alOTCH )l.JIH OOOOllf.eHHblX KOOp.ll.HHaT. 

OpH HCCJJe)l.oBamrn )l.BH)KeHHH 3BeHbeB MeXaHH3Ma Ha OCHOB8HHH 
TeopeM 0 C.IJO)!{HOM COCTaBHOM .ll.BH>Kemrn H 0 CJJO)KeHHH .lJ.BH)KeHHH no" 
ny11a10T BeKTOpHble ypaaHeHHjl, onHCbIB810IU.He CKOpOCTll H ycKopeHHH 
TOlleK 3BeHbeB. lfacJieHHOe peweHHe BeKTOpHblX ypaBHeHHH CBO)l.lfTCH K 
pemeHHIO CHCTeMbl aJireopaHllec1mx JIHHeHHblX ypaBHeHHH, napaMeTpbl 
KOTOpoii OflHCbIBalOTCH onepaTOpHbIMII cpyHKUHHMH (CM. rJI. 5). 

Pernenue JI106ofi 3a)l.alJH attamrna a o6meM BHJl.e cBO.ll.HTCH K nonyqe
nmo aJ1ropHTMa, noaBOJIHIOI.IJ.ero npoBo.U.HTb pacl!eT no e.lJ.HHoii cxeMe 
npH Jll06b!X lJHCJJeHHbJX 3HatJeHHHX reoMeTpHlfeCKHX napaMeTpOB Me
xaHH3MOB. AnropHTM KHHeMaTHttecKoro pac11eTa MexaHHJMa ueJieco
o6pa:mo npe.U.CTaBHTb KaK COBOKynHOCTb anropBTMOB l{lrne~rnTHl!ec1<0ro 
pactrew - ae.11.yru.Hx aaeH&eB H cTpyKTYPHhIX rpynn. 3rn noJBOJIHeT 
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nposo)lHTh pacqerb1 mo6h1x nJ10CKHX 1v1exam13MOB s TOH >Ke nocJ1e)lo
sareJ1httocrH, s Koropof1 ocymecTBm1eTcH crpyKrypttblH cHHTe3 Me
xaHH3Ma. 

16.3. Onpe,I1;eJieHue KHHeMaTuqecRHX xapaRTepucTHR 

,ll;BH.meHHH 3BeHa Ha llJIOCROCTH 

)J.BH)KeHne aseua Ha flJIOCKOCTH xapaKTep1nyeTCH yrnoBbIMH rnopOCTH
MH lI ycKopeHHHMH 3BeHa II KOOpllJ!HaTaMH MrHOBeHHbIX ueHTpOB cKopo
CTeH lI ycKopeHHH; yrnoBb!MH CKOpOCT51MH H ycKopeHHHMH 3BeHa H EeK
TOpal>rn CKOpocrn ii ycKopeHHH o;u1oii TOl.IKH era 3BeHa; BeKTOpaMH 
c1<0pocTeii H yrnopeHHH J.BYX TO'leK 3BeHa. 

Korona MrHOBeHHble ueHTphI cKopocTeii: tt ycKopettttii: 3BeHa cosna
na10T H npu pa6oTe MexaHH3Ma He MeHHlOT csoero nono>Kemrn, 9TO 
COOTBeTCTByeT '13CTHOMY cJiy'lalO nJIOCKOfO )l.BlI>KeHHH - BparuaTeJlhHO
MY (p11c. 16. l). Be1no;:i cKopocTH npoH3BOJlhHoi1 TOl!KH A 3BeHa on
pe)le.1l11TcH no BeJIHtlHHe II HanpaBJieHHIO 113 ycJIOBHH: 

VA = loA • I w I; l 
UGL3 (qioA, n/2, rn; aA). J 

(l 6. l) 

Be1nop ycKopemrn a8 npo113BOJibHO?i TOtIKH B onpe)leJIHTCH l<aK 
-,t -1 u 

cyMMa BeKropos HOpMaJibHoro aa 11 TaHrenu11aJihHoro aa ycKopemm -
- -n -1 
aB = aB + aa. BeJJH4HHa 11 HanpaBJ1H1om11i1 yroJI seKropa no.1rnoro 
yCKopemrn 6y.11.yr 

aB = foB v ffi4 + £ 2; } 

UGL3 (<poa, n - 6, e; ~B)· 
(16.2) 

B ypasttemu1x (16. l) 11 (16.2) H B .l(aJibHeilweM 3HaKH yrnosofi 
cKopocrn 11 yrnosoro ycKopeHHH npHHHMalOTCH no npasttJiaM .l(JIH 
npasof1 c11creMh1 Koop.rurnaT nono>KttTeJibHbIMH, a s cJiy1.1ae sparueHHH 
3BeHa nponrn l!3COBOH CTpeJIKlI - OTpHU3TeJihHblMH. 

LI..1H 3seua, coseprna10mero 1wcmyname/lbHoe 08uJ1CeHue, cKopocTH 
11 yc1mpeHttH scex ero TOtieK paBHbl H HanpasJieHbI B O.llHY CTopotty. 

Ec.rrn .l(BH>KeHHe 3BeHa 3anaeTcH seKTopaMH cKopocTH H ycKopenm1 
1<aKoii-.rrn60 ToqKH A, a TaK>Ke yrnosoii cKopoCThlO ffi H yrnoBblM ycKO· 
peHHe.\I e 3BeHa, BeJIHl!HHh! H HanpaBJJeHlrn CKOpOCTH Ji ycKopemrn JllOOOH 
npyroi'1 TOtIKH 3BeHa, HanpHMep, B, onpe.lleJIHIOTCfl c noMOIUhJO TeopeMbl 
o cJ1o:>Ke;rnn il.BH>KeHMH. ll.B11mem1e TOtIKH B 3BeHa (pttc. 16.2) npeAcTaB
JJHJOT K3K noCTynaTeJibHOe c KOOpll.HifaTHOH CHCTeMOH x' Ay' H Bpama
TeJlbHOe BOKpyr rottKH A s ::noii >Ke CHCTeMe. B cooTBeTCTBHH c 9THM 

cKopocTh TOtIKH B 6yll.eT pastta VB = VA + VBA. a seKTop cKopocTH 

VBA onpe)l.MHTCH no 3aBucHMocrnM, attaJIOrttl{HbIM ypasueHHHM (16.1): 

VBA = [AB . I {t) I; 
UGL3(qiAB, n/2, w, · asA). 

A.'lrOpHTM Bbll!J1CJ1eHHH peaJIH3yeTCH oneparopHOH cpyHKUHeH 

SMVKT(vA, aA, VBA, aBA; Va, aa). (16.3) 

189 



YcKopemre TOlfKH B (pHc. 16.3) no yc.nosmo c"1o>Kemrn ycKopeHHtt 
- - - - - -1 
as = aA + asA = aA + a'BA + aBA· CocTas.nmow.tte ycKopeHHH 6y-
.nyT: a'BA = lAsuJ2; ~BAil = <pAs - n; a~A = LAB I e I; UGL3 (<p,18. 
rt/2, e; ~!Mt). 

Orrpe.n.eJJeHHe BeJJHlJHHbI H uanpaBJUIJOUJ.ero yrna BeKrnpa HOJJHoro 
ycKopeHHH peaJJH3yeTC5! onepaTOpHblMH cpyHKUH51MH 

SMV KT (aA, ~A, a'BA, ~BAil; a, ~); 

SAW KT (a, ~. a1A. ~BA1; as~s), 
r~e a H ~ - npoMe>KyTOlJHbie pe3yJJ1>TaTbl. 

/3e 
8 

PHc. 16.1. K1rneMarn1.1ecK11e xapaK· 
'l'epHCTllKH Bpama10ll.{er0Cll 3BeHa 

!I 1/ 

y 
y' 

Pnc. 16.2. CKopocTh T04KI! aileHa, t(BHJKY
meroCl! no nJiocKocrn 

y 

PHc. 16.3. YcKopeHHe T04KH 3BeHa, ABH· P11c. 16.4. OrnorwreJibHble cKopocrn H 
JKymeroc!I no DJIOCKOCTH ycKopeHH!I 3BeHa 

Ee.nu 3aKoH JJ.BH)KeHHH 3BeHa 3a.naeTCH aeKrnpaMH cKopocTei1 VA 

OT Vs, a ycKopeHHH - -aA H as .n.ayx npoH3BOJJbffhlX ero TOlleK A H B, 
TO yrnosaH CKOpOCTh w H yr JIOBOe ycKopeHHe 3BeHa 8 orrpe.n.eJJHIOTCH 
no BeKTOpaM OTHOCHTeJJhHhlX CKopocTeH H ycKopeHHH. J13 ypaBHeHHH 
VB = VA + VBA rro.nyllHM seKTop OTHOCHTeJJbHOH CKopoCTH VsA =Vs -
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- VA (pHC. 16.4), OTKy.n.a (CM. rJJ. 5) 

VBAx = VB COS (XB - VA COS a A; 

VeAu = Vs sin as - VA sin aA; 

V 2 2 
VBA = VBAx + VBAy; 

UGL5 (VRAx, VBAy; ClBA); 

(!) = sign (aBA - CflAB) VsAllAB· 

l 
t 
I 
I 
I 

(16A) 

J-:13 ypasHeH~H .ll,J'IR 'Ji-s = _aA + QBA noJiylJHM BeKrop OTHOCHTeJibHO

ro yc1<0peHHSI OBA = aB - aA, OTKy.na 
) 

asAx = as cos as - aA cos aA; 

aBAy = as sin as - GA sin aA; 

V 2 2 
aa.4 = aeAx + aBA1J; (16.5) 

UGL5 (a.'1Ax, aaA11 ; j3HA); 

e =sign (~aA - (flAa) Va~A - ro4l~sl1Ae· 
Bb1pa:>KeH1rn THna (16.4) H (16.5) B .ll.3J1bHeHWeM npH aHa.71113e Me

X3HH3MOB 6yneM peaJJH30BaTh oneparnpHOH <l>YHKUHeH (CM. rJI. 5) 

OMEGA (l, qi, v, a; Q) =sign (ex - qi) Iv If/, (16.6) 

r.ne l, qi - pan11yc-seKrop rnqKH H era HanpasJrntorn.11ii yroJI. 
B cpymrn1rn (16.6) 3aJJ.aHbI Mo.nyJJh seKTopa H ero HanpasJIHIOW.Hfi 

yro.'l ..'lJIH 1orneMaTH1JecKoro napaMeTpa: cKopocrn - v, a; ycKope
HHH - a, ~; Q - BbIXO.D.H8H nepeMeHHaH onepaTOpHOH cJlYHKUHH, 
COOTBeTcTBytomaR 3HalJeHHIO yrnoBOH CKopocTH HJIH yrnosoro ycKo
pemrn. 

16.4. KaueMaTRRa 3BeHLeB, o6paayio~ux Bpa~aTeJILBYJO 
KHHeMaTnqecicyronapy 

Bo upamaTeJJbHOH KHHeMaT11qecKoii nape C (pHc. 16.5) .D.BHIKeHHe 3Be
mi 2 MO/KHO npe.ncTaBllTb K31{ cyMMY JlBYX nsmKeHHH - nepeH.OCH.O@ 
BMecTe c TOlJl{QH c 3BeHa 1 H 6pauliameAbHOW - OTHOCHTeJJbHO TQqKH c. 
A6comornaH cKopoCTh npoH3BOJJhHOH TOlJKH B Ha 3BeHe 2 6yner 

- - - - - -
Va=uc+vsc npH Vc=uA+VaA. (16.7) 

DpH 3TOM 

VcA = lw1 j ·/AC; UGL3(<p1, n/2, ro1; ClcA); 

Vac = ;u)2 I · lsc; UGL3 {rp2 + n, n/2, w2; aoc). 

KaK BHllHo, D.JJH peweHH51 seKropHbIX ypaBHeHHH (16. 7) Heo6xonHMO 
onpeneJ1HTb yrnoBbie CKOpOCTH ffi1 II ffi2 llBH>KeHH51 3BeHbeB 1 H 2 . .lln.11 
9TOro pacCMOTpHM ,llBH1Kem1e TOlJKll c co 3BeHb51MH 1 II 2. J13 yCJIOBHH 

(16.7) 110JJyqHM Va =VA + VcA; Ve= Ve - Vac · VB+ VGB tt, 
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c.ne.u.oBaTeJihHO, - . - -
VA + VcA = Va + VCB· (16.8) 

JlHHHH .u.eikTBHH BeKTOpOB OTHOCH'.TeJ1bHblX CKOpOCTeH VaA H VcB 
H3BecTHbI. 0HH nepneH.U.HKYJIHpHbI cooTBeTCTBenno oTpe3KaM CA H CB, 
HO HanpaBJieHHH BeKTOpOB Ha JIHHHHX )leikTBmI HeHJBecTHbl. CTeHMeM 

npe.u.aapHTeJJbHbie 3HatJeHHH 1rnnpaBJIHIOIU.HX yrnoB BeKTOpOB VeA H 

PHc. 16.5. CKopocm 
3BeHheB, o6pa3ytO
UlHX epamaTeJibHYIO 
KHHeMaTH'leCKYIO 
napy 

PHc. 16.6. YcKo· 
peHHll 3BeHbeB, 
o6pa3yiom;Hx Bpa
utaTeJibHYIO KR• 
HeMaTH'leCKYIO 
napy 

VaB: aaA -:- <p1 + n/2, aaB = <p2 + n/2, H cse,ll.eM ycJIOBHe (16.8) 
K CHCTeMe JIMHeHHbIX ypaBHeHHH 

UACOSa.A + VoACOsa.cA =Va COS a.b + VcB<.'OSCX.cB; } 

VA sin aA + VaA sin acA = Va sin aB + VcB sin acs. 

CTpHse.u.eM CHCTeMy K KaHOHHllecKoMy auii:y 

VcA COSfXcA -VaBCOSacB = VacosaB -VA cosaA; } 

VcA sin acA - Vr:s sin <XcB = VB sin aB - VA sin aA. 

3anHilleM aJiropHTM BbillHCJiemrn 1JeKTopoB VcA H Vs;1: 

(16.9) 

. I cosa~·A cosacB I· I VBcosaa-vA cosaA I 
A(2,2) = . . , C(2) = . . . 

sm CX.CA sm aaB Vn srn r:J.B - UA sm aA 
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TorJJ.a noJiy1rnM MOJJ.YJIH seKTopos VcA. UCB qepe3 onepaTOpHyIO 
cpyHKUJflO 

SISTEMA (2, A (2, 2), C (2); UcA, acA), 

a HCTHHHble 3Ha4eHHH HanpaBJIHIOW.HX yrJIOB YT04HHM, HCII0Jlb3YH one
paTOpHyiO <PYHKUHIO (cM. rJI. 5): 

UGL4 (acA, n, VcA; CXcA); 

UGL4 (acs, n, Vcs; acs). 

y r.JJOBbl e CKOpGCTH 3BeHbeB onpe,ll.eJIHM c llOMOW.blO onepaTopHoii 
cpyHKUIUi ( 16.6): 

OMEGA (!Ac, cp1, I V1tA I. acA; ro1); 

OM EGA (/sc, <p2 + n, I Vea I. aca; ro2). 

AHa.11orHIIHhIM o6pa3oM pewaeTCH 3aJJ.aqa onpe,11,eJieHHH cocTaBJIHIO
rn.nx OTHOCHTeJibHblX ycKopeHHii TOlleK c H yrJIOBblX ycKopeHHH 3BeHb
es I H 2 • .UJIH aseHbeB I H 2 (puc. 16.6) nony11nM 

(16.10) 

B ypasneHHH (16.10) ycKopeHHH aA H aB H3BecTHbI no senuq1rne 
H HanpasJieHHIO, HOpMaJibHbie COCTaBJJHW.He OTHOCHTeJibHbIX ycKope
HHH 6yJJ.yT: 

n 21 A n 21 A llcA = ro1 Ac; p<:An = cp1 - n; acs = ffi2 cs; pCBn = <p2 - n. 

npnmrn 1Ipe,ll.BapHTeJibHO HanpaBJI5110lllHe YfJibl t\cAt. H t\cBt BeKTO
poB TaHfeHUHaJJbHblX ycKopcHHH paBHblMH HanpaBJIHIOl1J.HM yrnaM 
BeKTOpOB COOTBeTCTBYIOUJ.HX OTHOCHTeJibHblX CKOpOCTeii (t\cAt = acA H 
f3c8 1 = acs), cseJJ.eM nocJie npeo6Jla30BaHni1 ycJiosne (16.10) K Ka
non11qecKoii cncTeMe ypasHe1rnit 

a~A cos t\cA1 - ~B cos t\cst =as cos t\B + 
+ Qcs COS j3 Sn - aCA COS t\GAn - llA COS t\A; 

a~A sin 13cAt - a~ssin t\r.Bt =an sin t\B + 
+ des sin f3 sn - acA sin 13aAn - aA sin t\A. 

(16.11) 

<l>opMnpyH MaccHBbI A (2, 2), C (2) onepaTopnoit <PYHKUHH 
SISTEMA (cM. rn. 5) H3 ypasueHHH (16.11), 110JiyqnM MOJJ.YJIH seK
Topos TaHreuunaJibHbIX ycKopeHnii 

SISTEMA (2, A (2, 2), C (2); a~A, ~s), 
a 3na11eH11H HanpaBJIHIOW.HX yrnos yTotIHHM c noMOW.b!O onepaTopHblX 

qiy1munii UGL4 (acA, n, a~A; t\cAt) H UGL4 (acB, :rt, a~s; !kBt). 
~' rJIOBhle ycKopeHHH 3BeHbeB onpeJJ.eJIHM, HCllOJib3YH onepaTOPHYIO 

cpyHKUHIO (16.6): 

13 8-2601 

OMEGA (/Ar., {Pt• I ~A,, t\c-A1; 81); 

OMEGA (ICB, q;2, / a~·a I, t\cBt; to2)· 
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16.5. KuueMaTHIC8 seenLee, o6pasyio~ux nocTyuaTeJILHYIO 
RHHeMaTH'leCRYJO napy 

Ecmt sBeHbst 1 Ii 2 o6pasy10T nocTynaTeJibHYIO KHHeMarnqecKyto napy 
(pHc. 16.17), TO cKopocrn Ii ycKopeHHSI npoH3Bo.nbttoii: roqKlf 8 2 aBeHa 
2 M()}KHO HaHTH, liCilOJib3YSI TeopeMy 0 CJIO:>KHOM COCTaBHOM )J.BH:>KeHHH. 
CKopocTb TOqKH 8 2, npHHa)lJien<aUJ.eii: 3BeHy 2 H c0Bna.u.a10UJ.e:ii B .naH· 
HhlH MoMeHT c roqKo:ii 8 1 Ha aBeHe 1, 6y)l.eT 

Vn = Vn, + vs.s,. 
HanpaBJieHHe BeKTopa vn.n, coBna.u.aeT c JIHHneii: .U.BH}l{eHHSI sBeHa I 

OTHOCHTeJibHO 3BeHa 2, BeKrop Vn, nepneH,llHKYJISipeH JIHHHH p ,,8, 
coe)l.HHSllOUJ.eH TOqKy 82 c MrHOBeHHblM ueHTPOM CKOpOCTeH 3BeHa p "' 
ero HanpaB.nSIIOUJ.Hii yroJI 6y.u.er aB, = fJJPB + n/2. Tor.n.a, CBO.llst aeK
rnpHoe ypaBHeHne K CliCTeMe JIHHeHHblX ypaaHeHHH, noJiyqHM 

y 

vn. cos aa, - vn,n, cos qi1 = VB, cos aa-,; } 

vs, sin aa. -vs,a, sin cp1 =VB, sin eta,. 

Mo.u.yJIH aeKTopoa va, H vn.s, 
noJiyqnM, o6paTHBlllHCh K onepa
ropHoii cpyHKUlili 

SISTEMA (2, A (2, 2), C(2); 

Vs,, va,a,). 

HanpaaJISIIOUJ.He yr Jibl 3THX BeK 
TopoB yToqHnM qepe3 oneparopHbie 
¢YHKUHH 

UGL4 (q>p B + n/2, n, Vs,; aa,); 
() 

UGL4 ( qJ1, n, vs,s,; aa,a,). 

I 

PHC. 16.7. CKOpOCTH aBeHbeB, oopaay10-
lltllX nocTynaTeJJbHYIO KHHeMaTH'leCKYIO 
napy 

yr JIOBaSI CKOpOCTb 3BeHa 2 
onpe.nemncSI qepea oneparopHyio 
cpyHKUHIO 

OMEGA (P,,B, qJpa, Vn,, aB,; w2). 

YcKopeHne roqKn B.,, oTHOCHTeJibHO roqKlf 8 1 (pHc. 16.8, a) onpe
.u.eJIHTCSI 00 TeopeMe 0 CJIO>KHOM COCTaBHOM Jl,BHlKeHHH aB, = an, + 

-k -r p + an.a, + aa,n,, a OTHOCHTe.TlbHO MfHOBeHHOfO ueHTpa ycKopeHHH a 
- -n -i 

no TeopeMe o CJJOlKHOM ,11.euJKeeuu: aB, = aB,P + as,P· Tor.na (6) 
-n 1 -, - -k -r 
an,P -r an,P = aa, + aa,B, + as,s,. (16.12) 

B Bblpa>KeHHH (16.12) BeKTOp aa, 3a)laH, a8,P = @ 2lPaB• H ~S,Pan = 
= fJJP,,B + :Jt. 

BeKTOp KOpHOJIHCOBa ycKopeHHSI a~,B, no BeJIH4HHe H Hanpaa.1eHHIO 
onpe.ne.nHTCff H3 ycJIOBHH 
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npHHHMa" npe.neapHTeJihHble HanpaBJieHml lz~1B, If ll~1p0 Ha JIH• 

HHHX .neH:cTBHSI TaKHMH :>Ke, KaK H y BeKTOpoe CKopocTeu v8 ,81 H u81, 

noJiylIHM .nnsi ycJIOBHH (16.12): 
t T 

as,P cos a.s, - as,B, cos a.s,B, = as, cos as, + 
+ a~,B. cos ~s.s,k - a'B.P • cos ~s.Pn ' 

t . r • • 
as,P sm aa, - as,B, sin as,s, = as, sm a.s + 

+ k "R n "R as,B, sm t'S,s,k - as,P sin t'S,Pn· 

a x 

PHc. 16.8. YcKopeHHH sseHbeB, o6pa3YJOlllHX nocrynaTeJJbHYIO KHHe· 
MaTHqecKyJO napy 

-, -, 
, .Mo.11.yJrn BeKTOpOB as,P H aB,B, DOJIYllHM, o6paTHBUIHCb K onepaTop-

HOH cpyHKUHH 

SISTEMA (2, A (2, 2), C(2); a~1p, aa,13i). 

HanpaeJisi10w.ue yrJihl nux eeKTopoe yrolIHHM qepe3 onepaTopHbie 
tPYHKUHH 

UGL4 (as., :rt, a~0p; ~s,Pt); 

UGL4 (as,s,, :rt, aµ,B,; ~B,B,r)· 
Yrnoeoe ycKopeHHe 3BeHa 2 onpe.lleJIHTCSI oneparopHou q>yHKU.Meif 

OMEGA (PB2, {f)Ps •• I a~.P I, ~B,Pt; i;2 I· 

16.6. AJiropHTM1>1 KHReMaTe11ecRoro pac11eTa cTpyKTypn1>1x 
rpynn c BRYTPeRReii apa~areJii.Roii napoii 

EcJrn 3BeHbH cTpyKTypHoH rpynnh1 coe,ll,MHHlOTCH epaw.aTeJihHOH na
pou, TO )l.JHI KHHeMaTHliecKHX pacqeroe Heo6XO)l.HMO 3HaTb KOOp,ll,HHaTbl 
ueHTpa noii naphl HJIM yrnoehre KoopAHHaThI 3BeHbeB. CTpyKTypttaH 
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rpynna nepBoro BH.ll.a (pttc. 16.9, a) npncoe.n.ttm1eTCH K KHHeMaT11qecKoii 
uenH MeXaHJI3Ma Bparn.aTeJibHblMH napai\m, 11.JHI KOTOpbIX H3BecTHbl KO
op.n.nuaThl npttcoe.n.uHHTeJTbHhIX rnqeK A (XA, YA) u C (xc, ye), BeKTophr 
CKOpOcTeif VA, Ve H yc1mpem1C1 GA, ae. I-fa ABYX B03MO/KHblX no.JTO>Ke
HHH (BTOpoe noKa3aHO TOHKHMH JTHHHHMH) BapnaHT onpe.n.eJTHeTCH 
,:ooTBeTCTBYIOlll.HM ycJTOBHeM c6opKH q (CM. fJI. 7). 

KoopJJ.HHaThI rnqKJI B - ueHTpa BHyTpeHHei:i Bparn.aTeJThHOH na-
pbI - onpeJJ.eJTHTCH 113 CJTeJJ.y1orn.11x reoMeTpnqecKJix coonmwem1i't. 
t>accTOHHHe Me>KJJ.Y rn11KaM11 A 11 C 

AC= Jl(xA - xc)2 + (YA-Yc>2; (16.13) 

) ro.r1 HaKJTOHa OTpe3Ka AC K orn a6cu11cc 

IJ·Ac = arctg ((Ye - YAVixe - XA)). 

B 

a 
P0c. 16.9. KHHeMaTHKa 3BettbeB CTPYKTypttoii rpynnbl nepeoro en11.a 

CToMecTHM B TO'IKY C HatiaJTo npasoi:i Koop11.11HaTHOi:i CHCTeMhI x' Cy', 
och op.n.11HaT KOTopoif nanpaBJIM no JJHHHH CA. YroJ1 noBoporn 1<0-
op.ll.HHaTuoif CHCTeMhl x'Cy' OTHOCHTeJTbHO CHCTeMbl xOu 6y11.eT: ljl' = 
= IJleA - n/2. Yro.JT <fe.:i. onpeJ1.eJTmorn.11ii noJio>KeHne oc11 y' OTllOCH
TeJThHO ocn Ox, nai:i.n.eM c noMOlll.hlO oneparnpHo!'i cpyHKum1 (cM. r.n. 5) 
UGLI (ye, YA· fPAe; fPeA). 

113 LlABC CJTe11.yeT, 11rn 4 BAG = arccos ((l~ + AC2 -- t5)!2l2 x 
X AC). Tor11.a KOOpll.HHaThI rnqK11 B B CHCTeX4e x'Cy' 6yJJ.yT 

XB = sign (q) 12 sin 4 BAC; 

y~ =AC- l2COS 4 BAG. 

HcnoJTh3YH cpopMyJThI nepexo11.a OT 011.Hoi:i Koop,11.rmaTHOH c11cTeMbI K 
.n.pyrott (CM. f./T. 5), nony11nM KOOpJl.HH3Thl TOlJKH B B HCXO.ll.HOH CHCTeMe 
I<OOp.ll.11HaT: 
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XB = x~ cos ljl' - y~ sin ljl 1 + XG; } 

l/B = x~ sin 1Jl1 + y~ cos qi' + Ye, 
(16.14) 



qTO )laeT B03MO:lKHOCTb onpe.n.e.1HTb HanpaBJIHIOIII.He 
9 c IlOMOIII.blO onepaTOpHblX tfiYHKUHH: 

UGL2 (XA, YA, xa, ya; qi2); 

UGL2 (xe, ye, XB, ye; qi;;). 

yrnhI 3BeHbeB 2 il 

(16.15; 

(16.16! 
DapaMeTpbI J1HHeMHhIX 11 yrnoBhIX cKopocTeli 3BeHheB onpe,11,eJIHJOTCh 

H3 nJJaHa CKOpOCTeH (pttc. 16.9, 6) perneHMe!'.f ypaBHeHHH 
- - - -
VA -+ VeA = Ve + Vee, 

y 

0L-~~~~~~~~~-~I+o-,~~~---x 

a 

Pnc. 16.IO. K~IHeMaTHKa 3BeHhCB npyKTypttoil rpynnhl BToporo BHAa 

a napaMeTpbl JIMHeMHblX H yrnoBblX ycKopeHMH 3BeHbeB H3 nJJaHa yc
KopeHMH (e) - perueHMeM ypasuemrn 

- -n -t - -n -t 
UA + UBA + llBA = ac + aoo+ aoc. 

HesaBMCMMO OT cpopMbJ 11 pa3Mepos sseHheB 2 11 3 aJ1ropmM KMHeMa· 
THqecKoro pacqeTa cTpyKTypuoii rpynnb1 He H3MeHHeTCH. Ou on11chrnaer
CH onepaTOpBOH ¢>ymurneii, o6o3HaqeHHOH KNMAl (rn6JJ. 16.l). 
BxoJJ.HbIMll napaMerpaM11 I( NM A 1, no KorophIM onpe.neJIHJOTCH Bbl· 
xo.nHhie napa1v1eTpb1 cpyHKUHH, 6y11.yT XA, YA, Xe, ye, l2. la. VA, aA, 
Ve, a.c, aA, ~A. ae, ~e. q B npnse.ueHHOH nocJie.nosaTeJJbHOCTM. HyMe
paum1 BblXO)lHbIX napaMeTpOB, npHBe)leHltaH B Ta6m1ue, JJ.OJDKHa CO· 
xpaHHTbCH B of,pamemrn I{ tfiYHKUHH. 

CTpyKTypuaH rpynna sroporo s11.na (pMc. 16.10, a) np11coe.n11uHeTCH 
K KHHeMaT11qecKoH uen11 MexaHH3Ma spamaTeJJhHOH napofl A, .UJIH KO
Topof1 H3BecTHbl KOOpJJ.HH3Tbl ee ueHTpa (XA, YA), H nocTynaTeJJbHOH 
napoii c, .UJJH KOTOpoii H3BeCTHbl yroJJ Cf4 HaKJJOHa HanpaBJJHJOIII.eH 4 
H Koop.n1rnaTbl O)lHOH 113 ee TOqeK K (xx, Yx).YCJJOBHe c6opKHq onpe
,neJIHeT sapHaHT npHCOe,nHHeHml rpynnhI K MeXaHH3My . 

.llJJH onpe.neJiemrn 1mop11.11HaT ueHTpa spamaTeJJbHoii napbl B BOC
noJih3yeMcH scnoMoraTeJJbHoif cttcTeMoH Koop.11.HHaT x' O' y', ocb 
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~ 'ff:t611u14a 16.J. AntOpHtM KilHeMafattecKOro pac11eta 31eet.es ctpyKtypHo~ tpynnbl 2-ro KJlacca nepsoto BHJJ.J 
00 

fJ 

VA 

11~1----cr--+-,;-

I lu" ~-~ r ~ 

0 x.. x,. :. 

I. AC-= V<x.t-xc)2 + (JJA -Ye)1, 

2. cpAO = arctg ((J/c- YA)/(Xe-xA»· 

3. q> = UGLI <Ye· YA· 'PAC; 'PeA> - n/2. 

4. 4 BAC = arccos «4 +ACS- l~/2l.,4C). 

.r~ = sign (q) 18 sin 4 BAC; l 
5. ' 

llB = AC-11 cos -4 BAC. 

12. UGL3 (cp2, 'lf./2, VBA; u.BA). 

13. UGL3 <eva. 'lf./2, "Be: a.Ba>· 

14. OMEGA (ls, CJ>s• "BA• u.BA; •2)-

15. OMEGA (l8 , cp8 , "BG• a.BC; as). 

16. SMVKT(vA, aA• "BA• ciBA; "A• a.s). 

17. a1tA = w~1; a~ '"" ~13• 

18. A (2, 2) = . . . I cos aBA• - cos a.BC I 
sm aBA• - sm a8c 

ac cos ~Cl+ a'OC cos (cp3 + n) -

19. C (2) = ' - a A cos ~A - aiA cos (cp2 + n): 

ac sin ~c + cl'BC sin (<t>s + n) -

- a A sin ~A-a1,A sin (cp2 + n). 



-:8 

.r 8 = .r~ cos qi' - y~ sin q>' + .re; l 
6. 

"• = x~ sin 41'1 + y~ cos ip' +Ya· 

7. UGL2 (xA, llA• Zs, !Is; q>J. 

8. UGL2 (Xe, lie· XB, !Is: 'Pa)• 

9. A (2, 2) = \cos (<p2 + n/2), - cos (q>3 + n/2) I 
sin (q>2 + n/2), - sin (q>1 + n/2) • 

10, c (2) = . . • I vGcosac- uA cosa:A I 
VcSIDac-UASIDaA 

11. SISTEMA (2, A (2, 2), C (2); uBA• llac)• 

20. SISTEMA (2, A (2, 2), C (2); a~A• ak). 

2l. UGL4 (aBA• n, a~; PBAt>· 

22. UGL4 (a.sc, :n, ak; Psct>· 

23. OMEGA (l2, q>2, a~A• tJBAt; 82). 

24. OMEGA (l3; CJ>s, ak;, ~BCt; es). 

25, SMVKT(aA, PA• asA• cp, + n; a, P>. 

26. SMVKT (a, ~. a~A• PBAr; aB• Pa>· 

KNMAl lXA, YA· xc, lie• 1,,, '•· vA, aA, ve, a.a, aA, PA• ae, Pc• q; xB, YB· 'P2· 'Pa• uBA• aBA• oBc• -...iS.._. ''" "...s• w3, 

•s• aiA• a1'a• a~A• PBAt• ak;, PBci• aB• PB• 82, Ba). 



a6CUHCC KOTOpoii HanpaBHM B.UOJJh OCll HanpaBJJHJOll[ei'! 4, a OCb op.u11HaT -
Ta1<11M o6pa30M, 4T06bl oHa 1ipoxo.!l.HJJa qepe3 rnqxy A. Koopn11HaTbJ 
T04Kl1 O' - H843Jla BCDOMOfaTeJJbHOl'i KOOpll.11H8THOH CHCTeMbl -
onpe.!l.eJJHM 1{8K T04KY nepece4eHHH .UBYX B3aHMHO nepneHJUIKYJlflpHblX 
npHMb!X, yrJIOBble K03qxpHUHeHTbl KOTOpbIX k1 H k2, Kai\ l13BeCTHO, CBH-
33Hhl 38BHCHMOCTbIO k1k2 = -1. nJIH OCH HanpaBJIHIOUJ,el'i !13 HCXO.UHblX 
naHHhIX HMeeM k1 = tg cp4 , rnr.ua k2 = - I /tg cp4 • Pew11B coaMecTHo 
ypasuemrn npHMhIX c yxasaHHhIMH yrnoBbIMH Ko3cjxp11uHeHTaMH, no
Jiy1mM KoopmrnaThJ T04KH O' 

xo, = ((XA + kfxk - k1 (Yk - YA))l(kT + I); 

Yo = ((Yk + kfyA)- k1 (xk - X.4))/(kI + I). 

Yro.~ noaoporn oce~t KOOpllHHaTHOH CHCTeMLI x'O'y' OTHOCHTe.1hHO 
ocei't :ICXO.!l.HOH CHCTeMhl xOy onpe.ueJIHM H3 npe.unoJlo>KeHHH' '!TO TO'l
Ka A acer.!l.a uaxo.nttTCH Ha noJio:>KttTe.1bHOM ua11paBJ1eHmt ocH op.n11-
HaT O'y': 

cp' = (f>O'y' - n/2. 

YroJl cpo'u' Haii.neM c IJOMOll!hJO oneparnpttoii <}>yHKUHH 

UGLI (Yo', YA. (cp4 - n/2). <po'y'). 

Paccrosrnue Me.>K.n.y T04KaM11 A u O' 6y.ueT 

AO' = V(xA - Xu )2 +(YA - Yo)2. 

Koop,IJ.HHaThI TOIJKll B B cuCTeMe Koop.UH HaT x' O' y': 

y~ = la sin (8 + (cp' - cp 4)); 

x~ = ql2 sin -4 BAO' = ql2 sin (arccos ((AO' - Yn)ll2 + (<p' - cp4))}, 

r.ne q ...__, ycJ10BHe c6op1rn 3BeHheB rpynnb1. 
Koop,IJ.HHaThl T04KH B a HCXO.llHOii KOOp.ll.HHaTHoi-i rncTe:..ie 6y nyr 

XR = XR cos <p' - Ya sin cp' + Xo'; } 
(16.17) 

Ya= XA sin cp' +YB cos cp' +yo, 
oTKyna Hanpaa.nmo11u1r1 yroJI 3BeHa 2 onpeneJJHM c noMOW.bJO onepa
TOpHoii <}>yHKUHH 

(16 18) 

EcJIH Ha 3BeHe 4 c HanpaBJIHIOll[eH Bhr6paTb TOt,JKY 84 (6), COB!la,IJ.a-
101uy10 c ueHTpoM cpenHeii apamaTe.nbHoii napbI, TO napaMeTpbI mrneii
HhIX u yrnoBbIX cKopocTel'i onpene.nHTCH pewentteM ypaBHeHHH 

- . - -
VA+ VaA =Va,+ Vaa •• 

a napaMeTphI JIHHel'iHbIX u yrnoBhIX yc1<opeH11ii H3 nJJana ycKopemtii 
(6) - ypaBHeHHH 

- -n -1 - -k -r 
aA + aaA + aaA = aa, + aa13, + aaB.· 

AJ1ropHMT KHHeMaTHIJeCKOfO pacqera rpynnhI BToporo BH)J,a ODH
CbIBaeTCfl onepaTOpHoH cpyHKl.lttel'i KNMA2 (rn6JJ. !6.2), nxo)J,HbIMH 
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napa:vierpaMH KOTOpOH HBJHllOTCH XA, YA. XK, YK· cp4, l2. l3, VA, aA, VB .. 
ctB,, W4, llA, ~A, llB,, ~B•' E4, q. 

B crpyKrypHOH rpynrre tJeTBeproro BH)l,a (pHC. 16.11, a) KOOp)l.HH8Tbl 
TOIJKH B MO.H<HO onpe)l.eJIHTb KaK )l.JJH TOIJKH nepecetJeHHH BCIIOMOra
T(!JlbHbIX npHMblX, napaJJJieJihHblX OCHM HanpaBJIHIOI.lU1X )l.BIUKeirn>l 
saettheB 2 H 3. ECJIH noJio.memrn ttanpaBJIHIOlll.HX Ha nJiocKocrn 3a)l.aTh 
Koop)l.HHaraMH TOtJeK A H C (XA, YA· xc, ye), qepe3 Koropble rrpoxo)l.HT 
OCH HanpaBJIHIOlll.HX, H yrnaMn cpl H cp4, KOTOpbie OHH o6pa3ylOT c OCblO 

"" Act 
~ ~ l 
I I . I 

P11c. 16. l l. K1111eMaT11 Ka sBeHbeB CTPYKTyp110A rpynnbl <ieTBepTOro BH.ll.& 

a6CUHCC Koop)l.HHaTHOH CllCTeMhl, TO npH yrnoBblX K03$1>HUHeHTaX STHX 
npRMbIX, npoxo)l.Hlll.HX l!epe3 ro1J1rn A' 11 C', 

Y-YA' =k1(X-XA·); } 
Y - Ye· = k2 (x - xC'). 

(16.19) 

113 reoMerpHtJecKHX cooTHmuettufl Koop)l.HHaThI rotJeK A' H C' 

XA' = XA; YA' =YA + 12/cos cp1; 

Xe· = xa; Ya = Ye + /3/cos cp4 • 

OoCJie rroJJ.cTaHoBKH 9THX 3HatJeHHM B ypaBHeHHH (16.19), noJJYtJHM 

y - k1x = YA + 12/cos cp1 - k1xA; } 

y- k2x =Ye+ (/cos <Jl.i - k2xc. <15·20> 
Koop.zurnarbI TOIJKH B onpeJJ.eJJHTCH peweH11eM cJicTeMhl ypaBHeHHit 

(16.20), peaJIH3yeMOM orreparopHOH cpyHKUHeii 

SISTEMA (2, A (2, 2), C(2); YB. XB)-
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~ Ta6.11Utjfl 16.2. AnropHTM KllileMaTH'leCKoro pac'leTa 3&eH&eB cTpyK'l'ypHOii rpynnw 2-ro KJtacca eroporo BHAa 
t.:J 

x,. XK 

I. kt= tg cp,. 

2 xo• = ((x A + kixK) - ki (Yk - YA))!(kI + I) } 
• 2 2 

Yo·= ((J/K + k1YA)-k1 (xl(-xA))/(k1+1). 

3. IP' = UGL! (J/o., YA· (qi, - 'lt/2); CJ>o•v> - n/2. 

4. AO'= V<xA - xo.) 2 +(YA -Yo•) 2• 

5. y~ = 13 sin (t' - q>J. 

II. SISTEMA(2, A(2, 2), C(2); vBA• vBB)· 

12. UGL3 («p2 , rt/2, vBA; aB~· 

13. UGL4 (<p4 , n, vBB,; a.BB)· 

14. OMEGA (l2, <Jl2• vBA• ctBA; ro2)· 

15. SMVKT (vB,• a.B,• vBB,• a BB,; vB, a.IJ). 

16. a'BA = w~l2• 

17. a~B, = 2 j Ctl4 f VBB• 

18. UGL3 (a.BB.• 'lt/2, W4; ~BB,k>· 

I COS ct BA• - cos a.BB,, 
19. A (2, 2) = sin a.BA• - sin a BB, 



~ 
oa 

6. x8 = ql1 sin (arccos ((AO' - y~/11) + (cp' - cp.)). 

xB = x8 cos cp' - y~ sin cp' + xc: l 
7. 

YB= x8 sin cp' + y8 cos cp' +Ye· 

8. UGL2 (XA, YA• XB, YB; 1P1)• 

9. A (2, 2) =I~ (IJ>2 + :n:), - cos (q>4 + :n:/2) I· 
sm (q>1 + n), - sin (qi,+ a/2) 

10. c (2) = • • . I vs cos a.8 - vA cos c:iA I 
v8 , sin cxs, - v A sin a A 

aB cos a: + ak A. • B, BB, COS l'BB,k -

20. C (2) =, - a A cos PA - aiA cos (cp2 + :n:); 
• + k . A aB, sm cx,8 , a88, sm l'BB,k -

- a A sin fiA -aiA sin (q>2 + n). 

21. SISTEMA (2, A (2, 2), C(2); a~A• a8a,>· 

22. UGL4 (a:BA• n, a~A; flBAt>· 

23. UGL4 (a.BB,• tt, a8B,; flBB,r>· 

24. SMVKT (aB,• liB,• a~B.• liBB,k; a, fi). 

25. SMVKT (a, fi, a8B,• finB.r; aa, fls)· 

26. OMEGA (12 , cp2, a~A• PBAt; B2)· 

K.NMA2 lxA, YA• "k• Yllo cp,, /2, 13, "A• cxA, v8 ,, "-B,• w,, aA, PA• aB,• Pn,• q; xB, Yn· IP2• vBA• cxBA• •'BB,• '.I.BB,• "n, 

CXB• Cl>i• aJM, a~B,• PBB,k• a~A• PBAt• a8B,• liBB,r• aB, ~B• 6z). 



~ Ta6AUl{a 16.8. AnropHTM KHHeMaTH'leCKoro pac11na seem.ea CTPYKTypttoii rpynnhl 2-ro KJiacca 'ICTBepTOro BHM 

"" 

y 
lf 

0 "). 'T ... 

l l _ tg C\l1 I 
t. A (2, 2) = I: - tg cp4 • 

2. c (2) = . I YA + l2/COS cpl - x A tg 'P1 I 
Ye + !3 /cos C!'4 - Xe tg qi4 

3. SISTEMA (2, A(2, 2), C(2); xB, YB). 

4. A (2, 2) = I c~s <r1' cos ljl4 I 
sm 1P1, sin t:p4 • 

9. SMVKT(v81 , a 8 ,, vBB,• aBB,; vB, aB). 

10. a~B, = 2 \ 001 \ VBB1• 

11. a~8• = 21 {1)' I vBB4 

12. UGL3 (a88,, n/2, 001; tlaB,k). 

13. UGL3 (a88,, n/2, 004; flaB,k). 

' . I cos aBB ' - cos aB/3,, 
2 = ina 14. A(2, ) sinaBB,• -s BB, 

aB, cos flB, + atB, cos flBB,k -

15. C (2) = i - aB, cos tlB, - a~B, cos flBB,k; 

a8 , sin fla, + a~8, sin tl88,k -

- a81 sin fl81 + a~8, sin {)88,k; 



I vB co< a8 -v8 cos aB I 
5. c (2) ·"'""" I 4 . 4 I • I • 

VB sin aB - V3 sin a.B 
4 .. 1 1 

16 .• SISTEMA (2, A (2, 2), C (2); a"38 ,. a~rn). 

17. UGL4 (a.881 , n, a8B,; BBB,r>· 

6. SISTEMA (2, A (2, 2), c (2); VBB,• Vaa)· 
18. UGL4 (a8 B,• n, a'as.; BBs,,). 

7. UGL4 (!JJ1. n, Vae,; aaa,). 
19. SMVKT (a81 , B8 ,. a~8,. Ban,k; a,~). 

8. VG/A (ip4, n, Vas,: aBB)· 20. SMVKT (a, B, a~B,. BaB,r; aB, BB>· 

KNMA.4 (xA, YA• 'Pi• Xe, Ye• cp4, "a,• aB,• C01, vB,• aB,• C04, aB,• tta,. tra,• Bn,• l2, la; xa, Ya· 0sa,• o.BB" vBB,• °'BB,, 

k A k R' I 'i ' :1 f\ _\ 
VB, Cl.3, aBB .. t'BB,k• aBB,• t'BB,k• aBB,• I BB,r• aBB,• t'BB,r• aB, t'Jjl• 

] _______ ._ 



DapaMeTpb1 JIHHeHHhIX n yrnoBbIX cKopoCTeii aBeHheB onpe.ll.eJIHTCH 
H3 nnatta CKOpOCTeii (6) pellleHI-IeM ypaBHeHHfl 

- - - -
VB, + VBB, =VB,+ VBB,, 

a napaMeTpbI JJHHeiiHbIX n yrnoBhlX ycKopeHHH H3 nnaHa ycKopeHHH -
ypaBHeirneM 

- -k -, - -k -, 
aB, + anB, + aBB, = an, + ann, + ann,. 

OnepaTOpttyl:O cpyHKUHl:O KHHeMaTutiecKoro pactiern cTpyKTYPHOH 
rpynnhI tiernepTOro BH)l.a, anropHTM KOTopoii npHBe)l.eH B rnoJI. 16.3, 
oooaHatiHM KNMA4; BXO.LJ:Hhie napaMeTpbI ee - XA, YA, cp1 , Xe, ye, 
1.p4 , vn,, an,, ffi1, vn., an,, ffi4 , aB,, ~B,, e11 an,. ~n,, e4, 12, 13• 

16. 7. AJiropHTMLI KHHeMa TH'lec:Koro pac'leTa CTPYKTYPHLIX 
rpynn c BHyTpeHHeii DOCTynaTeJILHOH napoii 

]lJI.fl rpynnbl TpeTbero BH.LJ:a (pHC. 16.12, a) 6y.llyT aa,n:aHbl KOOp.llHHaTbl 
11.eHTpoB Bpam.aTeJibHbIX nap A H C (xA, YA. xe, ye), JIIrneiiHhie H yrno· 
Bhie paaMephI aBeHbeB 2 n 3, a TaK)f{e ycnoBHe c6opKH aBeHheB rpyanb1. 
JlJrn onpe.n.eJieHHH JIHHeHHhIX n yrnoBbIX 1mop.LJ:HHaT 3BeHheB ncnoJJb· 
ayIOT TOtIKY B' aepecelleHHH .n:syx npHMbIX, o,n:Ha H3 KOTophIX npoxo,11.nl' 

y 

PHc. 16.12. KHHeMaTHKa 3BettbeB CTPYKTypHoii rpynnb1 TpeTbero BHlla 

napanJJeJibHo 11anpaBJJHl:OW.ei'.i llepe3 ueHTp np11coe,11yrn11TeJJbHOti KH· 
HeMaTHllecKoii napbI sseHa, 1iMeIDw.ero Hanpasm11om.y10, a BTopaH -
llepes ueHTp npucoeAHHHTeJihHoil naph1 Apyroro aseHa nepneH.U.HKY· 
JrnpHo 1rnnpaBJIHIOW.eiL BocnoJih3YeMcH scnoMoraTeJJbHOH c11cTeM01'1 
Koop.U.HHaT x' Ay', natJaJio KOTopoii noMeCTHM B TOtJKy A, a och a6cuncc 
11anpaBHM no nuH1rn, coeAHHHIOW.eii ue11Tpb1 A H C TaK, tiTOOhI TOl!Ka C 
scer.n:a Jie:m.ana Ha ee llOJIO)l{HTeJJhHOM HanpasneHHH. YroJ1 qi' nosopoTa 
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KoopJJ.HHaTHhlX oceii x' Ay' onpe.ne.nHM c noMOIIJ;bIO oneparopuoli <l>YHK· 
UHH 

UGLI (yA, Ye, cpAC; cp'), 

B KOTOpoif yroJI Cj)Ae = arctg ((ye - YA)l(xc - XA)). 
Bo BCilOMoraTeJibHOH CHCTeMe onpe.11,eJIHM K90P.11.HHaTbl TO'IKH 3BeHa 

2, uanpHMep TO'IKH B' nepecetieHHH nepneH.11.HKYJIHpa AB' HS TO'IKH 

a 

P11c. 16.13. KHHeMarnKa aae11bea CTPYKTypHoii rpyn
Dbl IlHTOro BH,lla 

A na JIHHHIO, napaJIJieJibHYIO HanpaBJIHIOlIJ.eif aneua 3. Ma LlAB'C 
Il0J1Y1IHM 

r.ne 

Tor.n.a 

4 B'CA = arcsin (l21lAc); 

..::; B' AC = n/2 - arcsin (/2//4c), 

LAC = l1 (YA - Yc)2 + (xA _.:.. xc)2• 

XB' = l2COS 4 BAC; 

Yw = q/2 sin 4 BAC; 

KOOpJJ.HHaTbl TO'IKH B B HCXOJJ.HOH CHCTeMe KOOpJJ.HHaT 6yJJ.yT 

XB' = x~ cos cp' - y~ sin cp' + XA; } 

YB'= y~ sin cp' + y~ cos cp' +YA· 
(16.21) 

Hanpasnsnoru.11if yron <p3 3BeHa 3 onpeAeJIHM c noMOU\bIO onepa· 
TOpHOH <l>YHKUHH 

UGL2 (Xe, !Je, XB, YB; IPs)· 

EcJIH Ha 3Beue 3 BbI6paTb TOtIKY A3 , reoMeTpH1IecKH conna)la!Orn;eA G 
ueHTpOM npaw.aTeJibHof1 naphl A, rn napaMeTphl mrneiiHhIX 11 yrnoBhIX 
CKopocTei't 3BeHbeB 3TOH rpynnbl onpe)l.eJIHIOTCH H3 perneHHH BeKTOp· 
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~ Ta611U"fa 16.4. AnropHTM KHHeMaTH'leCKoro pac111eTa 3Be11&ea CTPYKTypHOii. rpynnbl 2-ro Knacca TpeTbero BHJJ.a 
00 

.!J 

0 .,. .,. ;z; 

1. cp = arctg HYc -YA)/(xa-xA)). 

2. UGLI (YA• Ye• cp; cp'). 

3. AC= V(YA-Yc) 2 + (xA-xe)~. 

4. <r:BAC = n/2 - alicsin (12/AC). 

5. x~ = 12 cos <r: BAG; y~ = ql2 sin <r BAC. 

' I ' } ~=~~'P-b~~+~ 
6. . ' 
h=~~~+b~~+~ 

12. UGL3 (cp', n/2, u A,c; IX A1C). 

13. OMEGA (AC' cp' I v A,C• IX A,6 W3). 

14. SMVKT(vc, IXc, vA.c• cxA,6 v..t,• cxA,>· 

15. a~,,A, = 21Ws1 ti A.A,; a~.c = w~AC. 

16. UGL3 (aA,A,• n/2, roa: ~A,A,k>· 

17. A (2, 2) =I~ aA,A,• - cos ((cp' + n) + n/2) I 
SID a A,A,• - sin ((cp' + n) + :n./2) • 

ac cos ~c + a~,c cos cp' -

-ak ,. cos~ -a cos A • 18. c (2) = I 4,,,., A,A,k A, I' A,' 

ar; sin ~c + a~,c sin cp' -

k • A • H - aA,A, SID l'A,A,k- a2 SID l'JI, 



-.,.. ... 
1 ., 
"' <> -

~ 
0 

'° 

7. UGL2 (Xe, Ye· Xe, YB; 1f3). 19. SISTEMA (2, A (2, 2), C (:..!); a~,A,• a~~.c>· 

B. A (2, 2) =I c~s q>3, - cos ((q>' + n) + n/2) I 
sm <fa, - sin ((q/ + n) + n/2) · 

20. UGL4 (a A.A,• n, aA,A,; BA,A,rl· 

21. UGL4 (c.tA,C• 3t, a~,6 ~A-ct>· 

l 
vc cos a,., - v 4 cos a 4 1 

9. c (2) = . v • • • . ' • 

v,. smac-vA, sm a A_ 
22. SMVKT (a A,. ~A,• a~,A,• ~A.A,; a,~). 

10. STSTEMA (2, A (2, 2), C (2); vAaAt' vA,c). 23. SM\iKT (a, ~. a~4,A,• ~A,A,r; a A.' ~A)• 

11. UGL4((f3 , n, vA,A,; vA,A,). 24. OMLGA (AC, cp', a'..t,c. BA,Ct; ea). 

KNIV1A3 (xe:i, YE;• xe, Ye· 12, vA,• aA,• v11 , eta, aA,• ~A,o alE, ~e• q; xB, y8 , cp3 , vA_,A,. aAaAo' 1:A0r..·· u.,i..(..·· '"'-' '.h<'I,• w3, "A•..;" 

~A,;AaR• aA,10' a~,e. i·;AaCt• a'.,i,Aa• µA,Aof• aAa, PA,• ea), 

. .I 



"' Ta611ut{a 16 .5. A.11ropnTM KHHeMaTnqec1mro .pacqeTa 3Bem.eB CTPJK.Typnoii rpynnhl 2-ro KJ1acca mnoro BHJJ.a 
.o 

g 

IA :tc 

I. A (2, 2) =I c~s (cp1 + n/2), 
sm (cp1 + n/2), 

-cos<p1I· 
-sin cp1 

l vc, cos a.c, - vc, cos ac, I 
2 c (2) = . . 
· vc sin a.r - vc sm etc 

1 '-'1 • ! 

3. SISTEMA (2, A (2, 2), c (2); Vc,c,• Vc,c)· 

4. UGL4 (cp1 + n/2, n, vc,c,: etc,c.l· 

5. UGL4 (ip1 , n, vc.c,; etc,c,>· 

6. SMVKT (vc,• etc,• ve,c,• a.c,c,: vc,• etc)· 

x 

7. t/c,e, = 21 roi I ve,e,· 
3. UGL3 (ac,e,• n/2, ooi; Bc,c,k). 

9. ake e = 2 I rod ve c · ! , ~ ,. 

10. UGL3 (ac,e,• n/2, ro1; Be,c,k). 

11. A (2, 2) - . . . -I cos etc,e,• - cos etc,c, I· 
sm ae,c,. - sm etc,c, 

ae cos Be + ack e cos i)c c k -
'JI 1 2 1 J 1 

- a~ e cos Be e k - ae cos Be ; 
12. c (2) = I ' ' ' ' • ' 

ae, sin ~c. +ate, sin Bc,e,k -
k · P. . R - ae,e, sm 1-'e,e,k - ae, sm 1-'C, 

13. SI STEM A (2, A (2, 2), C (2); a(;,e,• a(:,c,l· 

14. UGL4 (ac,c,• n, ac,c,= Bc,c,r>· 

15. UGL4 (o:c,c,, n, af:,c,; Bc,c,r)· 

16. SMVKT (ae,• Be,. a~,c,• Bc,c,k; a, Bl· 

17. SMV KT (a, B. a~2e1 , Be,c,r; ac,• ~c)· 

k k R r R KNMA5 (cpp la, ©i• vc,• a.e,, ae,• Be,: vc,c,• a.c,c.,• vc,c,• etc,c,. vc,• ete,> ae,c,. Bc,e .. k• ac,c,• PC,C,k• ac,c,• Pc,c,r• 

a(;,G, • Bc,c,,; ac,. Ba,>· 

--. 
I 



noro ypasHeHHH (6) 
- - - - -
VA,= VA,+ VA.A,= Vo+ VA,C; (16.22) 

a napaMeTpbl JJHHeHHbIX II yrnoBhIX ycKopeHllll - H3 pellleHlrn BeK
TOpttoro ypaBHeHH51 (6) 

- _ - -k -r _ - ..L -n -1 
aA, - a A, + aA,A, + aA,A, - G<J , aA,e + aA.c· ( 16.23) 

Pernem1e ypaBHe1111ii (16.22) 11 (16.23) BhinOJJHHeTc.51 c ncno.IJh30Ba
HHeM anrop11TMOB, noJJyIJeHHhIX panee .11.JJH 3BeHheB, 06pa3y10m.11x spa
man~JJhHy10 Km1eMaTHIJecKy10 napy. Oneparnptty10 cpyHKUHIO KHHeMa
THIJecKoro pacIJeTa CTpyKTYPHOH rpynnhJ TpeThero BH.11.3, a,1ropHTM 
1<0Topoii npHse.11.eH B Ta6n. 16.4, o6o3HalJHM KNMA3, BXO.ll.Hhie napa
MeTpbI ee - XA, YA. Xe, ye, 12, VA, aA, Ve, ac, llA, 13A. ac, ~c. 

B CTPYKTypttoii rpynne mnoro BH.11.a (pttc. 16.13, a) HCX0.11.Hhie .11.aH
Hbie no reoMeTplltt 3BeHheB rpynnhT, Koop.n.ttnaThI npncoe.n.ttHHTeJJhHhIX 
3JJeMeHTOB noJJHOCTblO onpe)leJJ51IOT TIOJJQ)KeHHe 3BeHheB Ha KOop.n:nHaT
HOH nnocKoCTH. fI.apaMeTpbl ,1m1eiiHhIX n yrnoBbIX cKopocTeii n ycKo
pem1i1 onpe,neJJHIOT c noMOill.bIO scnoMoraTeJJbHhIX TOIJeK C2 H C3, 
11ptttta.11.JJeMam.ttx coorneTCTBeHHo 3BeHh.51M 2 n 3 H cosna.11.a10mnx c 
ueHTpoM spam.aTeJJhHOH naphl C, pernem1eM ypastteHHii 

Ve, = Ve. + Vc,e. = Ve, + va,a,; 
- - -k -· -, - -k -,, 
ac, = ae, + ac,e. + ac,e, = ac, + ae,a, + ac.,01• 

Oneparnpnyio cpyttK1.u110, onttchma10my10 anropnTM KHHeMaTnqe
cKoro pacIJeTa rpynnhI nHTOro BH.11.a (Ta6JJ. 16.5), o6o3HaIJHM KNMA5, 
ee BX0.11.Hhle napaMeTpbl - <Jl1, la. ffi1, 81, va., ac., ClQ,, 13a •• 

16.8. C-rpy1n'Ypa aJiropuTMOB RHHeMaTBqecRoro 

HCCHeAOBaHUH MexaHU3MOB 

TaK KaK mo6oi'I MexaHH3M MoMeT 6hITh nonyl!eH rmcneJJ.OBaTeJJhHf>IM 
np11coe.11.m1eH11eM K Mexatttt3MY 1-ro 1rnacca CTPYKTypttwx rpynn 3BeHheBt 
_TO aJJropHTM KHHeMaTHlJecKoro pacIJeTa MexaHH3Ma TOtKe MO}l{eT 6b1Tb 
11pe.11.CTaBJJeH K3K nocne.11.osaTeJJhHOCTb onepaTOpHb!X cpyHKUHC! KHHeMa
THlJeCKoro pacqera CTPYKTYPHhIX rpynn H 3asnc11MocTeii .1l.JJ51 onpe.11.e
JJemrn nx BXOJJJiblX napaMeTpoB. Pa36epeM npHMep cocTaBJJeHH51 anro
pHTMa liHHeMaTttIJecKoro pacIJern MexaHH3Ma, cxeMa KoToporo npttse
).(eHa na pttc. 16.14. Koop.u.r-rnaThI H 1orneMaTHIJec1rne xapaKTepncTHKH 
uettTpa sparn.aTeJJbHOH napbl A, KornpaH o6pa3osatta BX0.11.HbIM 3BeHoM 
1 H np11coe,ll11HeHHblM K HeMy 3BeHOM 2, onpene.rrnTCH no ycJIOBHHM: 
XA = 11 cos rp1, YA = 11 sin cp1, VA = I ffi1 I l1, aA = qi1 - rr./2, aA = 
= Wil1, !)A = IJ>1 - tr.. 

J1HHettl!hle H yrnoBb!e KOOp.LlHH3Tbl 3BeHheB 2 H 3, llX xapaKTepHbIX 
TOlJeK H KllHeMaTH'leCKHe 11apaMeTpbl 3THX 3BeHbeB onpe).(eJJHM qepea 
oneparnptty10 cpyttKUHiO KN MA l (xA, YA, loo, 0, 12 , lBo, VA, aA, 0, 0, 
aA, ~A. 0, 0, 1; XB, y B, IP2• <p3, VBAt anA. Vnc. aoo, VB, <XB, (l)IJ ©3, a'BA, 
a'JJo, dBA1 ~BAt, a~o, 13not, an, ~B, 8 2, 83). 
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Puc. 16.14. CocrneJie1111e aJJropttrMa KHHeMarutiecKoro pac•1era 
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.Pac. 16,15, 3aKOHbl JlBHlKeHH.11 SBeHbeB BOCbMHSBeHHoro MexaHHSMa 



.u.rn KHHeMaTll'leCKOfO HCCJie,ll.OBaHH51 rpyrm BTOporo (3BeHh51 4 H 5) 
n '-leTBeprnro (3BeHb51 6 H 7) BM.ii.OB onpe,n.eJIHM KHHeMaTH'-leCKHe napa

MeTpbl, He06XO,ll.HMhie )J.J151 o6paw,emrn K oneparnpHblM cpyHKUH5lM 

KNMA2 11 KNMA4: 
Xe= lnc cos <fa+ loD; Ye= Inc sin era: Ve= l Wa 1 • Inc; 

UGL3 (<p3, n/2, roa; ac); Ge = Inc V ffi~ + e5; UGL3 (<pan -

- arctg (I e3 !/ro5), e3; f3c). 

Koop,ll.IUJaTbI H 3aKOHhI JJ.BmKenm1 3BeHheB 4, 5 11 6, 7 onpe,n.eJIHM 

tiepe3 COOTBeTCTBYIOUJ,He oneparnpHble cpyHKUHH: 

KN MA2 (xc, Ye, 0, G, 0, 14, 0, Va, ac,O, 0, 0, Gc1 ~c. 0, O, O; 
n '' XE, YE. fp4, VEc, aEc, VEEO, aEEO. Ve, aE, rn4, GEO· GEEO, 

f3EEOk. ai::A, f3EAf, GEEO. f3EEO, GE, f3£. e2); 
KN MA4 (loD, 0, fp3 , 0, 0, 0, VB, as, ro 3, 0, 0, 0, GB, f3s, 0, 0, l6, 17; 

Xs, Ys, Vss,, ass,. ass., Vss., Vs, as, ais., f3ss,k, a~s •• 

f3ss.k. ass,, f3ss.,, ass •• f3ss.r. as, f3s). 

CTprme.n.eHHhIH a.nropnTM MO)!{eT 6bITh pea.n113osaH nporpaMMOH Ha 

aJiropHTl\mqecKoM 513bIKe <POPTPAH. B nporpaMMe 11pe,ll.no.naraeTcS1, 

'-ITO HCllOJib3YeMble orreparnpHbie cpyHKUHH peaJIH30BaHbl !10.D.llpo

rpaMMaMH, KOTOphie HaXO)l.51TC51 B 6H6JllIOTeKe CTaH,ll.apTHhIX nporpaMM 

3BM. Ha pnc. 16.15 rrpirne,n.eHbI 3aKoHhI ,!I.BIDKemrn 3BeHbeB paccMaT

pHsaeMoro MexaHH3Ma, no.ny11eHHhie pea.ntt3auttei1 nporpaMMhI Ha 3BM 

.l\J151 CJie,ll.yrom.ttx 3Ha11eHHtt: ro1 = 2,5 c-1; 11 = 0,3 M; 12 = 0,5 M; 

Los = 0,6 M; Ina = 0,75 M; 14 = 0,5 M; 16 = 17 = 0,1 M; a = 0,3 M; 
foD = 0,45 M. 

17. IIPOCTPAHCTBEHHhlE MEXAHH3Mhl C HH3IDHMH 
IIAPAMH 

17.1. MeTOll.M KHHeMaTn11ec1wro a11a.:ru1aa 
npocTpaHCTBeHHhIX MeXaHH3MOB 

CTpH KHHeMaTHllecKoM Hcc.'!e)l.oBaHHH npocTpaHCTBeHHbIX MexaHH3\10B 

c HH3WHMH napaMH HCnOJib3YIOT Te }Ke 3aBHCHMOCTH H COOTHOllleHJrn 

MeMJJ.Y neKropaMH nepeMern,eHHH, CKOpOCTeii H yc1mpeHHH, 4TO H .u.nH 

fl.;10CKllX MeXaHH3MOB, TOJibKO Heo6XO)l.HMbie npeo6pa30B8HH51 nposomn

CH B npocTpaHCTBeHIIOH CHCTeMe IWOp,ll.HHaT. 0CHOBHan 3a.!l.a4a aHaJJH3a 

npocmpa11cmeeHHbtX MexaHua.Awe - amo onpeoeA01w:: 11epe.A1euie11u{L mo
"eK aee11bea, noAy'lenue cpynKu,uii noAo:J1ceHw1 u ypaeuenuii mpaeKmopu{i 
08tl:J/CCH.Ufl. 3TH 38)1.aIIH pewaJOTCH I<aK o6wpAt GeKtnOpflbl.M MemoiJn.u, 
npHMeHHMblM JJ..nH Bcex MeXaHH3MOB, Tai< H GH.QAlltnll'leCKU.M' npmvreHmo

lll.HMCH JJ.JIH :\Jano3Bef1HhlX MeXaIIH3MOB c npoCTblMH coonrowellH51MH .1i1· 

HeHHhIX 11 yrnoBhIX KoopJJ.HHaT. Dpn m1a.TJH3e npocTpaHcrnem1h1x 
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MeXaHH3MOB illHpOKO npttMeH5UOTCH .AtemoiJbl npeo6pa308aHUfl KOOpdwtam 
(cM. r.1. 5), llTO no3BOJIHeT ucno:1b30BaTb pa3Hbie KoopJJ.11HaTHb1e cuc
TeMbI )J.JI.H 3BCHbeB O)lHOro MeXaHH3Ma. 

CKopocrn: H ycKopeHHH TOlleK 3BeHbeB npocTpaHcTBeHHhIX Mexamn

MOB 06blllHO He onpe)J.eJIH!OT BeKTOpHblM MeTO)J.OM, TaK KaK pewem1e BeK

TOpHh!X npoCTpaHCTBCHHb!X MHoroyroJihHHKOB Tpe6yeT CJIO/KHbIX npo-

. >::TpaHcTBeHHhIX noCTpoeuuii H cnoco6 Tep.HeT cso10 Har JIHJJ.HOCTb. C1wpoc

TH 11 ycKopemrn TOlleK JJ.Jrn 3THX MexaHl13MOB npome onpeJlt'.JIHTb .amp
<l>epe1w.upoaam1eM cpyHKLI.HH 110JIO>KeHHH HJIH 33KOHOB nepeMelll,eHHH. 

npH llHCJieHHOM peweHHH 3aJJ.atJH JJ.H<fxPepeHU.HPYIOTCH MaTpHLJ.bl BeKTOp
HhIX COOTHOWCHHll. 

17 .2. Kpnnorunnno-1wpoMhICJIOBhie mexanuan1b1 

Onpe.D.eJIHM yroJI noBoporn (r3 Kopm.1L1cna 3 nptt nosopoTe Ha yroJI 

IP1 KplIBOillHCTa 1 l!eTblpeX3BeHHOro MexaHH3!\la (puc. 17 .1), llJIH KOTO

poro onuca1me Bb16opa Koop){1rnaTHbIX CHCTeM, a TaKJKe oprnB i1 , JI> 
k1, elt e3 paCCMOTpeHO B rJI. 8. 

J.fa ycJIOBHH 33MKHYTOCTH BeKTOpHoro ~.DBC IlOJIYllHM 

(17.1) 

fl 

l 
J: 

Puc. 17.1. KuneMaTHKa Kpusornunno-KopoMbICJJoBoro MexaHH3Ma 

nepeHeceM BeKTOp 12e2 B npaBylO llaCTb Bb!p3)KeHH·H (17. l) H, 803-

BOll,H ero B CKaJIHpHbltt KBall,paT, HCKJl!Ol!HM OpT C2. nocne npeo6pa3o-
2 2 2 - -

BaHHH, o6o3HallHB 2p = lnn + [3 - 12, IlOJIYllHM p ---.,. lnal3eone3 = 
= 0. Onpe.D.eJIHM opThI ii_ tt e;;, paccl\taTpHBaH o6e KOOpll.HHaTHbie 

CHCTeMbI: 

e1 = l1 cos Ql1 + k1 sin (P1 = i cos a cos fP1 + j sin a cos <p1 + k sin QJ1; 

ea = 7 cos % + k sin {j)3. 
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Tor.11.a, 11cnoJ1b3YH cBoi-icrna cKa.1HpHbIX npOH3Be.11.e1mfi opTOB Koop· 
~HH3THbIX ocei1 (CM. rJI. 5), noJiytIHM: 

IDJ'lenae3 = (DB xl + DBy] + DB)i) (/cos% + k sin cp3) = p/l3; 

DB x cos £Ps · i · J + DB x sin <p3 • i · k + DB!I cos% • ] • ] + 
+ DBy sin cp3 • ] • k + DB, cos 1Pa • k • f + DB? sin CJ>ak • k = p/18• 

Ha OCHOBamm CBOflCTBa ClWJlHpHblX npOH3BelleH111i opTOB 

DB!! cos cp3 + DB2 sin% = p/13, 
H, BBO.'{SJ B paccMOTpeHHe yron c'\, .D;.rn KOToporo tg c'\ = DBzlDBu, 

OTKy.n;a 

DB!! cos (er~ - o) 1cos b = pll3 , 

<p3 = o + arccos (p cos 0/ l 3DBy)· (17.2) 

Ll.JIH np1menemrn BbipaiKeHHH (17.2) K HBHOMY BllllY paCCMOTpHM 
BeKTopHblH MHoroyroJlhHHJC ODBAO'O, ycJ1oa11e 3aMKH}'TOCTH KOToporo 
HMeeT TaKOH BH)l: 

(17.3) 

BhlpaiKaH BeKTOp Lvs B npoeKU.HHX Ha KOOP.ll.llHaTHhle ocH H ytrnThl· 
B3H el, J1 = f sin a + r COS a, OOJlY1I~M: 

DB x = 11 cos a cos cp1 - lov + lAo· sin a; l 
DB11 = 11 sin a. cos cp1 + lAo· cos a; 
DB2 = /1 sin cp1 + lo·o. 

(17.4) 

CTo.llcTaBJJHH 3Hat1e1-rnH npoeKUHH n3 ypasHeHHii (17.4) B <l><>PMYJIY 
(17.2), Hatt)leM 

c'\ = -arctg ((11 sin cp1 + lo·o)/(11 sin a cos cp1 + lAo· cos a.)); } 

<vs = b + arccos (p cos 6/13 (!1 sin a cos <p1 + lAa· cos a)). ( 17 .S) 

.Il.nH no.11yqemrn nepe.laTotIHof1 cpyHKU.llH Bblpa.11<eirne cp3 (cp1) He
o6xo_n;]~.10 npo.n.mjxf>epeHu11poBaTb no cp 2, a .!1.JlH noJ1yqemrn yrnoeoii CKO· 
poem 3Beua 3 - no t. 

HanpaBJ1em1e oprn e2 3BeHa 2 onpe.11.e.mieM, BOCOOJlb30B3BlllHCb 
Bb1pam:e1meM ( 17 .1 ): 

l 2e2 = l3e3 - lvaeDa = 13 cos%· J + 1~1 sin %k - DB). - DByf - DB/(, 

OTKy)la 

e2 = - iDBxl12 + f (l:i cos cp3 - DB1)/l2 + k (13 sin qi3 - DB,)ll3 • (17 .6) 
........ 

Onpe..JeJrnn no (17.4) n (17.5) v = (e2 , i), ~t = (e2 , /), y = (e2, k) 
qepe.'3 HanpaBJlHIOIIIJie KOCiiHYCbl, .umj$epeHUllPYH 33BHCHMOCTH no t, 
110J1Y1IHM COCTaBJl5IIOW:He BeKTOpa yrJIOBOfl CI\.opocrn 3BeHa 2 - <02x. 

ro2y, u:i22. CTo '.:X 3Ha'IeHHHM MO.ll<HO onpeA~ll!Tb BeJIH1IHHY H HanpaB,1e· 

HHe BeKTopa W2· 
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17 .3. ICpHuomu11no-110JI3yeni.1e MexaHH3MLI 

JlJIH KpHBOWHllHO-llOJI3YHHOro MeXaHH3Ma (pHC. 17.2) OCHOBHOH 3<1.ll3-
qeJ1 attaJIH3a HBJIHeTCH onpe,UeJieHHe nepeMern.emrn Loe noJI3yHa 3 
11 yrJIOBblX KoOpJl.HHaT waTyna 2. PaccMOTpHM ycJIOBHe 33MKHyTOcrn 
BeKTOpHoro KOH'rypa A BCOO' A: 

( 17. 7) 

:r,i i .r 

Pttc. 17.2. K1rneMaTHKa Kp11BowunHO-IJOJI3YHIIOro Mexa11113h1a 

0pT el = f1 COS 'P1 + hi sin 'P1 = f COSr.t COS 'P1 + J sin a COSq>1 + 
+ k sin 'P1t a opT h = [sin a + J cos a no CBOHCTB3M IWOp,ll.HH3THbIX 

cncTeM; opT e2 npe,ll.cTaBHM B 11poeKUHHX 

e2 = lC2x + f C2!1 + ke2z. 

YMHO)l{HM ypasnemfe (17.7) CK3JJHpHO Ha J H f: 

l1e17 + l2e27 - loci · 7 + loo,kj + lo- Afi · J = O; 

!1e/i_ + l2e2k- Loci· k +loo' • k · k + lo'Af1 • k = o. 

( 17 .8) 

00Jl.CT3BJJHH 3H3lJeHHH el, 11 H HCilOJlb3YH CBOHCTB3 
npoH3Be)leHHH opTOB, nonyq11M 

CK3JIHpHoro 

Tor.n.a 

cos ~t = e2y = (lo, A cos a - 11 sin a cos qi1)/ 12; 

cosy= e22 =---= - (loo'+ l1 sin qi1)/l2. 

co5 \' = e~_, = V 1 - e~y - e~z. 
YMHO)l{afl ypasHe1rne (17.7) Ha opT 7, Haii)leM 

Loe = 11 cos a cos (f!1 - lo A sin a + 12 VI - e~y - e~z-

(17.9) 

(17.10) 

(17.11} 

( 17.12) 

llJIH noJiyqemrn nepe,II,aToirnoii <flyHKUHH noJI3yna 11eo6xc1;1,r-1Mo npo
nmjxpepeHunposaTb Bb1paIB:em1e ( 17 .12) no q\; ,ll.JIH noJiy4eHH!I cpyHKUHH 
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CKOpocni - no t . .U.rrn noJJyLJef)IUI COCTaB./lfllOUJ.HX ffi2x. ffi2g. ffi2z BeK

TOpOB yr JJOBOH cKopocTH ffi2 waTytta tteo6xo.n.HMO npo.n.mpcpepettuttpoBaTb 
not 3aBHCHMOCTH (17.9), (17.10) ll (17.11). Do 3HaLJeHIHIM 3THX COCTaB· 

J15110lli.HX MO)i{HO onpe.n.eJJHTb BeJJHLJHHY H HanpaBJJe1rne BeKTOpa (U2· 

17.4. MexaHH3M YHKBepcaJILHoro mapuupa 

MexaHU3M ynueepca.1b1-1020 wapnupa npe.n.cTaBJJHeT co6oi1 npoCTpmi -
CTBeHllblH wapm1pHblll 1IeTb!peX3BeHHbIH MexaHil3M c BpamaTe./lbHblMH ll<l
pa!V!H 5-ro KJJacca, OCH KOTOpb!X nepeceKaIOTCH B 011.HOH TOLJKe. Ero 
KIJHeMaTl1'1eCKOe HCCJJe,ll.oBairne BbIIIO./lHHeTCH T3K )Ke, K3K Il pa11ee, 
Jl./lH KplIBOWHDHO-KOpOMb!C./lOBOfO MeXaHll3Ma. 0.l(H3l{O H3-33 CJJO)KHOH 
reoMeTpHtJecKOH cpopMbl 3BeHbeB 3aBHCHMOCTH ,Ll./l>l opTOB HMeIOT rpo
M03JJ.KYIO CTpyKrypy. y .l(06Hee paccMaTp11133Tb I-arneMaTHKy MexaHil3\1Z 

Pttc. 17 .. 3. K1111eMarn1-:;1 
3BeHbeB y1111Bepca.%HOIO 

wapHHpa 

yttHBepcaJ1b11oro wap1111pa, octtos&maHcb Ha cBoi'Icrnax sel\TopoB yr
JlOBhIX cKopocTeiL DoMeCTHM Hat:aJJO Koop.n.miaT 0 cttcTeMbI Oxyz 
(p11c. 17.3, a) B ue~np 1<pecrnnHHb1 2 MexaHH3Ma. Ocb Oz ttanpaBHM no 
ocH spau~aTe.llhHoi"I mme1\WTHLJec1wH. napb1 A, ocb Ox - nepneH)l.HKy
j!HpHo Oz B rrJJoc1wcrn oceH. nparn.aTeJJbHhIX KHHeMaTHLJeCKHX nap 
A 11 D. 

Be1nop yrnoB~I cl\opocrn nepneH.armym1peH nJJocKocrn spam.ettHH, 

no3TOMY Be1nop W1 yr.nosol'i CKOpOCTH 3BeHa 1 6y.n.eT uanpaBJieH :f:O 

OCH Oz, Beinop w3 - no om OD, BeKropb1 ornocnTeJJhHhJX yrJJOBbJX 
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CKOpoCTeii ffi21 KpeCTOBHHhl 2 OTHOCHTe.TlhHO 3BeHa 1 H ffi32 3BeHa 3 
OTHOCHTe.llbHO KpecTOBHHbl 2 - COOTBeTCTBeirno llO OCHM KHHeMaTHqe
CKHX nap B 11 C. Ha ocHosa1m11 TeopeMhI o CJIO}KHOM .D,BHR<eH1m 3a-
m1weM 

ffi3 = (J)l + (!)21 + ffia2· ( 17 .13) 

TaK KaK yrnoBLie cKopocTH 3BeHbeB 1 11 3 u)1 = dqi1/dt H (!)3 = 
dcp3/dt onpe,n.eirn10TcH qepe3 yrJILI nosoporn cp1 11 cp3 KpecTOBHHhl ornocrr

Te.llhHO KOOp,llHHaTHbIX ocew 0 H Oy, a BeKTOpbl -;;-)!] Il 7.i3t BCer11a nep
neH,llHKYJI5IpHbl K ocHM KHHeMaTttt1ecKHX nap A 11 D 11 Apyr npyry, TO 

cornacHo ycJIOBHJO (17 .13) BeJrnqrrHa rr 11anpaB,r1e1me BeKTopa ffi 1 no,1-

HOCTLJO onpeneJrnJOT se1nop (!)3 , TaK KaK HanpaBJJem1e ero 3a,LI.aHo no
JJOMeHHeM ocH Bpaui;aTeJJbHoli nap LI D. 

OocTpOHM npoCTpmicTBeHHbIH BeKTOpllblf! :\1HOroyroJ1bl-IHK no ypaB

HeHHIO (17.13). yfa KOIIUa BeKrnpa W1 13 Il.10CKOCTII n. napaIU!e.lbHO~ 
nJJOCKOCTII xOy (prrc. 17 .3, 6), OTJJO}l{.HM BeKTOp w21 no,ll yr.rioM cp1 K 

OCH Ox. lfa KOHlla EeKTopa (;)21 B nJJOCKOCTH, nepnell,lJ.llKYJJ51pHOH K OCH 
AO, onycTHM Ha ocb OD nepneH,LI.HKyJrnp. 3rnT nepneH1lHI<ym1p onpe,II,e-

.nnT seKTop w3~, Koneu KOToporo Ha ocn OD cosnanaeT c KOHUOM seK

Topa (!)3 . 

CnpoeuttpyeM seKTOphl ypasttemrn ( 17 .13) Ha n.11ocKOCTh, o6pa3o-

BaHHYJO BeKTopaMH ffi, H w3 . Torma P nepece'IeHHH Be1nopos w21 n 
@32 npoeuupyeTcH B ToqKy n. Tor.ua O'n = (!)21 cos cp1 ; nr = hl32 sin cp3 • 

CnpoeIJ;rrpyeM MHoroyroJJbHHK Ha nJJocKocTh, nepneH,llttKym1pHy10 

BeKTopy w3 • Yro.TJ L Pmr = cp3, TaK KaK Pn _l_ mr; Pm J.... ffit• no
TOMY qro LO' Pr npoetu1pyeTcH Ha 3TY n.1ocKoCTb rnme KaK npHMOii. 
Ecm1 tg cp1 = Pn!O'n; Pn = mn tg <p3', a.O'n = mn!cos a, TO 

tg cp1 = tg <fla CO:,, IX • 

.QmpcpepeHUttpyH ¢opMy.TJy (17.14) no <p1 , noJJytJIIM 

(17.14) 

nepenarnqHyIO 
cf>ylIKUHIO 

(l 7.15) 

I-fa npoeKUHH se1nopHoro MHoroyroJJbHJlKa (cM. p11c. 17.3, 6) Ha 
OJIOCKOCTh xOy noJiyqnM on1ocIITeJILHhie yrnosb1e cKopocTn KpecTOBH
HhI. Ha !i.O' PS cJJe,nyeT 

Tor,ll.a 

w21 =O'S.cos ip~ = w3 sin a cos <p1 ; } 

ro32 = (!)1 sm a sm cp3 • 

hl3 = w1 cos a + O' n sin a = (!)1 cos a + rn21 cos <p1 sin a = 
= hl1 cos a+ hl3 sin2 a cos2 lp1 . 

(17.16) 

Bblp33HM OTHOCHTeJJbHYIO yrnosy10 CKOpOCTb KpecTOBHHbl (!)21 H Wai 

qepe3 yrJJosyJO cKopocTb 3BeHa /: 
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I-fa 3aBHCllMOCTll (17.16) IlOJIY'-lll"vt '.'H<CTpe~ra.'lbHbte 3Ha4elil1>1 j f'il<)

BbIX c1<0pocTeiL ITptt <pl = 0 HMeeM (J)3 max = W1/cos a; W21 max == 

= W1ltg a; W32 min = O; npH <pl = n/2 - (J)3 min = W1COsa; W21 min = 0; 
(!)32 max = W1 sin a. 

llJrn TOfO 1no6b1 IlOJIY'-IHTb paBl!OMepHoe Bpame1rne Bell.OMOfO 3Be

Ha, npHMCHHJOT CJJ.BoeHHbllI ccpepH'-lecKHH wapHHp (pHc. 17.4). B 3TO~t 
MeXaHH3Me npH yrJ1aX 0:1 = Cl2 MC)!{JJ.Y OCHMll Bpamemrn 3BCHbCB 1H4 
npoMe)KyTO'-IHblM BaJIOM 3, a TaK)!{e pacnOJIQ}KCHHH BHJlOK KpecTOBHH 

2 H 2' Ha OCH 3 B 011.HOJI IlJlOCKOCTlf IlOJIY'-IHM w4 = W1. 

17 .5 .. BHHTOBhie Mexa:aHaMLI 

11.ml)!{CHHe 3BCHbCB BHHTOBOro MexaHH3Ma (puc. 17 .5) COCTOHT H3 Bpa

UJ.CHH51 BOKpyr CBOel':i OCH II 11pHMOJlHHeiiHoro noCTynaTeJlbHOfO )l,BH

w..emrn BJI.OJtb uee. Ee.rm BeKTopbl CKopoCTeii ffi H v, 011ncbrna10mHe oint 

JJ.BH/KCHH51, HanpaBJICHbl B,il,OJlb l<OOplf.HHaTHOH OCH B npauoii CHCTeMe 

KOOp,Ll.HHaT B 0,IJJIY CTOpoHy' TO TaKOH !HHT ~3b!Ba!OT npasbt,u; nporn

BOilOJIO}KHO HanpaBJJCHHbie BeKTOpbl (!) H v xapa1nep113y10T Jle8btU 

A 
y 

Pttc. 17.4. C.11,soeHHbtii apepH'leCKHii map- Pttc. 17.5. BHHTOBoii Mexaun3M 
Http 

BHHT. llm1 npasoro BHHTa v > 0, (J) > 0 COOTBeTCTBYIOT BBHH'-IHBaHHIO, 

v < 0, ro < 0 - BhIBl!H'H1Bam110. Ornowem1e p = v!ffi na3brnaeTcsi. 

napaMempo.M euHma. 
EcJJJf qi - yroJJ nosopora BHHTa OTllOCHTeJ1bHO OCH, s - COOTBeT

cmy10111.ee eMy nepeMeiueHMe, TO v = dsid!, w = d(p/dt 11 p = dsldqy. 
ITpu p = ds!dqi = ccnst, s = p(p, T. e. s H qi - npo11opu110HaJibHbie 

BeJJH'IlfHbl. OpH <p = 2n 11 nepeMew.emm, paBHOM mary h, 110.ny'-IHM 

S = h = 2np H p = ft/2~L 
Ec.ntt ua umne uape:iaHhI z BHHTOBblX nonepximCTeH OJJ.Horo wara, 

TO nptt qi = 2n H nepe!\1e1uemrn, paBHOM xony BHHTa H, no.Jiy'-IHM 

s = H = 2npz 11 p = H/2rrz. 

PaCC);!OTpHM COOTHowemrn Me.fl{JlY nepeMeIUeHHHMH JI yrJJOBblMH CKO

poCT5l'ViH Bpaw.eHH51 BllHTOB B 11.1exaHl13Me c TpeM51 nHHTOBbIMH napaMH 

c napaMeTpaMH p 21 = h1/2n; P:.>z = h~i2n; p 31 = h3/2:t, I'JJ.e h1, h2, 

hs - wartt COOTBCTCTBYIOUJ,HX pe3b6. 

ITptt noBopoTe BHHTa 2 Ha yroJJ qi21 OTHOCHTC.TJbHble yr.nbl IlOBOporn 

B napax 3 - 2 H 3 - 1 6yJlyT !p32 H qi31 . TorJI.a 

<J'31 = (f:21 + ~32• (17.17) 
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a nepeMeIIJ,eHHe 
(17.18) 

TaK 1caK s = p~. ro s31 = h3cp31/2n; s32 = h2~3/2n; s21 = h1<p21/2.n, 
H nocJie IlO)J.CTa!IOBKH 3HaIJeHHH s B cpopMyJly (17.18) IIOJ1YIJHM 

h:lPs1 = hiQ>21 + h2%2· (17.19) 
00)1.CTaBJJSHl 3Hat.iem-1e Ql32 H3 l}>opMyJihl (17.17) B QJOPMYJJY (17.19), 

IIOJ1YIJHM 

%1 = Cf'21 (h1 - h2)l(h:1 - h2); Sa1 = fP31ha/2n. 
AHaJJorwrno HaxoJI.HT yrJibI noaopora rp21 H rp32 . 

18. HPOMblllIJIEHHblE POBO'I'hl 

18.1. 06~He IIOHSITl'UI H onpeAeJiemm 

B KaIJecrne scpqieKr1mHhIX cpeJI.crn aaror-.tarn3aI.J.HH H MeXaHHaaurm 
pa3JIUtlllbIX Bll)J.OB npoH3BO)J.CTBa umpo1<0e pacnpoCTpaueHHe noJJy•rn.~H 

npOMbllUJleHH1:1le po60Tbl (OP). 01m npe.~Ha3HaIJeHbl .l{JJSI pa3J1HlJHbIX Ma
mmyJISIJ..IJ!lI np11 Bb!liOjIHemrn OCHODHbIX H BCilOMOrareJJbHblX rrpoll3-
BO.l{CTBeHHbIX H rpancnopTHhIX onepau.Hfl 6e3 uenocpe,ncraea11oro ytrac-
11u1 11e.TJ0Be1rn. f1pOMb!WJieHIIbie po6oTbI xapainepli3YIOTCH B03MO)KI!0-

2 CTblO H 6bICTpOTOH Hepexo· 

"'"1,'1'""'1'lj'"""ilii11;;;:1111JF! =~':iiir'"il JI.a Ha Bb!nOjJHeHHe HOBbIX onepaunii npH rrepe11po-

11:llll l'i1ll1.1, rpa:v.cMttponaHHH ynpaa-
JIHIOUJ,ero ycrpmkrna 11 

1 I ,;f ii, OH HOH 11acrn. 
J Ill· l.111111,;;,,,;,,,,""5"~~ nepecrpof1Ke MaHHHYJHIUH-

iill'1:l11l!i:.·11!l!'11ll·, Is 31-Ja~~~(~:~~~~~\1 ~fr~~ 
JIHl.J:He Mairnny.'IHTopa :.I. 

j 1
1

·1 !' •' B co11eramm c aBTOMarn-

1 
\ 

'leCKHM ycrpoiiCTBG'.l .. f yn-
1\!I I paBJieHHH 2 Maum1yJJHTop 

1i1!11l 1 CTaHOBHTCH npOMblWJJe!-1-
UblM po6oTOM. B o6aLeM 
cny<iae DP cocrom JI3 Tpex 
CHCTeM: Ma1-tuny11Jll{UOH.· 

Hou - .IJ.JJH t~eneHanpaB
Jiemmro B03JI.ellcTB1rn rra PHc. 18.1. OpoMhUu,1e1rnu1f1 po6oT TYP-10 
0Kpyma10w.y10 cpe,Uy, uH

cpopMatfUOHHOll - .l{J1H onpe.IJ.eJieHHH COCTOHHHH MaHHnyJIHUHOI-ll!OH Cl!
CTe.Mhl po6ora H oueHKH pe3yJihTaTOB B03.l{eiicTBml Ha OKpyJKaIOll~YIO 
cpe.IJ.y 11 ynpa8AJl.IOU{et1 - )I.JUI Bblpa60TKH aJiropHTMa OHTHM8Jlbl!Oro B3al!
llIO).lef!crimSI c 0Kpy.>1<a10UJ,eii cpeL(oli. 

f1pOMblWJieHHblH po6or npe)J.CTaBJIHeT COIJeTaHHC pa3uoo6pa3l!h!X 
ycrpoHcn~ Mexarrn11ec1rnx 3BCHbea, ynpaaJIHeMbIX npHBO)J,OB pa3,TJHIJ
HblX THCTOB, H3MepmeJibHbIX .naTIJl1KOB 06pan1oti: CBH3H H 011yscrnae-
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IH!Sl., ynpaBJJSl.IOlUHX 3BN1, BCTpoeHHblX MHKponpoueccopHblX H JIOrH· 

tJ:eCKHX yCTpoi1CTB, pa60TaJOlUHX B3aHMOCBH3aHHO KaK e,ll.m1asi. JJ.HHa

MHllecKasi. II HHcpapM3UllOHHO·yrrpaBJJSl.IOlU3Sl. CHCTeMa. 003TOMY H3·3a 

MHOroo6pa3HH cj.JaKTOpOB, HBJieHHH H npoueccoB, JJe)!{all{HX B OCflOBe 

CTpoemrn 11 cpyHKUHOHHposaHHH OP, 11x KJ1accucj.Jmrnu11H xapaKTep11-

3yercH 6oJibWHM l!HCJIOM napaMeTpOB H KpHTepHeB Ka'lecrna. 01rn o6'b

e.n.HHeHbl B OCHOBHbte rpynnbl xapaKTepuCTHK: cmpyKtnypHble, KUfleMa
mw1,ec1we, CUAOBbLe, iJuHa.Mtt<tec1<:ue, !'JKCnAyamal{UOHHbte, ynpaeAef<UR, 
UHcpopJ;tal{UOHTiOU CJvlKOCtnU u muna ucnoAHe!-llm, 

Oo Ha3J1alleHHIO OP ,ll.eJIHTCH Ha YHUBepcaAbHble, cnel{UaAU3Up06aH· 
Hbte H cnel{UGAbHbte. rJo rpy30llO,ll.'beMHOCTlf pa3!111!llaIOT po60Tbl: CBepX· 

J1ern11e (JI.o l Kr), JiernMe (1...10 Kr), cpe,ll.m1e (10 ... 200 Kr), rnme.'Jbre 

(200 ... 1000 Kr), CBepXTH>KeJJble (6oJJee 1000 Kr). Oo TllOY CIIJIOBOro 

np11sona 3BeHbeB Matmny.rrnrnpa pa3JJHl!aIOT po6oTbl c rn,ll.pas.rnqe

crrnM, rrneBM<ITlllleCKll'-1, 3JreKTPHlleCKHM H KOM6HHHpOB3HllbIM npirno,ll.OM. 

OpoMbIWJieHHhie po6oTbI no THny cttcTeMhl ynpas.1eHHH )leJJHTCH Ha 

npo2paAtMHbte - ::iro po60Tb1, pa60Ta1omHe no x\ecrnoi1 nporpaMMe c 

Ul!KJIOBOH HJIH 4HCJIOBOH CHCTeMOH nporpaMMHOro ynpaBJJeHIUJ, aoan-
11lll6Hbte po60Tbl, OCHall{eHHbJe ,ll.3TllHK3MH c yrrpaBJie1rneM OT CHCTeMbl 

3BM HclH 40Y' fl03BOJIHIOlUHMH pearttpOBaTb Ha H3MeHelme HeKOTO· 

pblX ycJIOB!H'l 3KCilJIY3TaUHH, H UHme.!lAeKmyaAbHbte po60Tbl, yrrpaBJIH· 

eMble OT 3BM c nporpaMMHpOBamieM ueJJH H 06J1a,ll.a10ll{He WHpOKHMH 

B03MO>KHOCTHMH pearnpoBaHHH Ha H3MeHemie TeXHOJIOfHH npouecca, 
pacn03H3B3HHH o6'beKTOB, npHH51THH peweHHH If T. n. 

18.2. OcHOBHble cxeMLI MaHHnyJISITopou npoMLimJieHHLIX 

po60TOB 

OcHoaoil cxeM MammyJIHTopoB 51BJJHIOTCH KHHeMaTH4eCK!le uerm, He 

06pa3y101uHe cTpyKTYPHbre saMKHYTbie KOHTYPhI, 3BeHhn Kornphrx coe,ll.H· 
HeHbl KHHeMaTHl!eCKHMH napa~rn 3, 4, 5-ro K.nacCOB. rioJJON<eHHe K3>K,ll.Of0 

3Bella TaKHX KHHeMaTHl!eCKHX uerreii H3Mem1eTC5l o6bll!HO OT)l.eJibHbIM 

rrpHBOJl.OM. EcJJH npnao,ll. CMOHrnposaH Ha 3BeHbHX, cocrnB.nmoiu11x 

KirneMaTHlleCKYIO napy' TO TaKaH KHHeMaTHqecKaH napa H33bIBaeTC5l 
npuooihwt1. HaH60Jibrnee pacrrpoCTµaHeHHe no.nyq11m1 MaHnnymnopbr 

c nocTyllaTeJJbHhlMH H Bpaw.aTeJJbHhlMH rrpHBOJl.Hb!MH KHHeMaTaqecKHMH 

napaMu 5-ro K.nacca, O,ll.HaKo H3BecTHhI KOHCTPYKUHH c npHBO,ll.HbIMH 

napaMH UHJIHHJl.pHqecKOH 4-ro H cqiepttl!eCKOH 3-ro KJJaCCOB. lJHCJlO 

cTeneHeJ:"1 rno6oJl.hI MaH1mymnopa c 101tteMaT11qec1rnMH napaMH 5-ro 

K.nacca COOTBeTCTByer 4HCJTY npllBO,ll.HhlX KHHeMaTHlleCKHX nap. 

<l>y111<UHOHa.1hHO M3H!HIY.IT5lTOp COCTOHT 113 llBYX qacTeM - mpaHC· 
nopmupy10w,etl H opuefltnupyl(!UJ,et1 (pHc. 18.2). 3seHbH, cocTaB.nHJOW.He 

Tpa11crropT11py101.uy10 KHHeMaTHlleCKy10 uenh, rrpe)lHa3Hal!eHbl ,ll..nH nepe

noca o6'heKTa MaHHOYJJHpoBaHHH B 33)J.3HHYIO TOllKY npocTpaHCTBa • 
.[LJJ51 3TOH ue.nrl .llOCTaT04HO Tpex CTeneHeH CB060,ll.bl, n03TOMY B COCTaB 

Tpa 11cnoµrnpy10lUHX KHHeMarnqecKHX ueneii BXO,ll.HT 06b1qHo 'l.eTbipe 

3Belrn, BKJIJOqa51 H HellO,ll.BH>KHOe 3BeHO - CTOliI<y MaHHnymnopa, 

cocrnBJJHIOlUHe TPH npHBO,ll.Hhie 1<11HeMaT11l!eCKHe napbI 5-ro KJJacca. 

0pH 3TOM MOryT 6bITb qeTbipe OCHOBHhle CXeMbl (pHC. 18.3). Opu TpeX 
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nocTynaTeJihHbIX KmieMarnIJecKHX napax (pttc. 18.3, a), JJ.BJDKeHHe 
3aJJ.aHHoi1 TOIJKH D 1 3BeHa 3 opraHH3yeTcH B npHMoyroJJbHoi1 cHCTeMe 
l\OOP.UHHaT, npH O)lHOH Bpaw:aTeJlbHOH H llBYX nocTynaTe,'JbHbIX (pHC. 
18.3, 6) - B UHJIHli.UpHl!ecKOH' npH JJ.BYX Bpaw.aT2.%HblX H O)l,llOH no· 
cTynaTeJibHOH (pHc. 18.3, e) - B c¢epttl!eCKoi1 cHneMe Koop.rumaT. Op1-1 

a x 

D 

3ax5am 

~ ~Oobeffm \j MaHuny.'lupo6aHU.'il 

OpueHmupyl{)w,afl '!acmb 
TpaHcnopmupyJl:Jw,aR '/acmb 

-~ 
a 

P11c. 18.2. Mamrnymnop npoMhlWJH!JIHO• 
ro po60Ta 

P11c. 18.3. TpaHcrropTHpyJOmne mrneMa• 
TH'lecK11e uerrn 

Pttc. 18.4. Op11e11rnpy101UHe KHHeMaTl!'lecKHe uen11 

Tpex apaw.aTeJibHbIX KHHeMaTHIJecKHX napax (pHc. 18.3, e), MaHimyJrn· 
Top Ha3bIBaeTc51 anmponoMopqJH.bl.M tt 1;epeMemem1e 3aJlaHHOH TOIJKH 
aBeHa 3 opraHtt3yeTQ6I B CHCTeMe KOOp.UHHaT, Ha3bIBaeMOH aHeyAH.pHOU. 

OptteHTttpyIOW.He KHHeMaTw1ecKtte nentt npMcoe]lttH5llOTCH o6bJlI· 
HO Bpaw.aTeJibHOH KHHeMaTH"IeCKOH napott !{ TpaHcnopTMPYJOW.HM 
(pttc. 18.4). OCH KHHeMarnqecKttx nap opHeHrnpy1011lHX 1rnHeMarnIJeCKHX 
ueneli MaHttnyJIHTopa pacnoJJaraIOTC51 o6bIIJHo nepneHJlHKYJIHpHo .upyv 
JJ.pyry. K opMeHrnpy1ow.HM KMHeMarnqecKttM uenHM npttcoeJJ.HHHeTC51 
aaxBaTHOe ycTpOMCTBO (38XB8T), npe]lHa3HaIJe1rnoe Jl,JI51 y.u.epiK8HH51 
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06beKTa MaHHIIyJrnpoBaHHH B onpe)l.eJ'!eHHOM IIOJIO}l{eHHII. 3axeaTLI 

MoryT 6hITh MeXQHll'leCKU.Mll, nHeBMamu'leCKU.MU HJIH a;zeKmpOMQcHUm

Hbl.MU. 0HH OTHOCHTCH [{ 'lHCJIY CMeHHhlX 3BeHheB MaHHIIYJIHTOpOB, KO

TOpbie MeH5IIOT B 3aBHCIIMOCTH OT Tpe6oBaHHH KOHKpeTHOro pa6oqero 

3a)l.aHHH. 

B cxeMax MexaHH'lecKHX 3axsaros HCIIOJih3YIOTCR pa3JIHIJHhie map-

1rnpHo-pb1lia)!{Hh1e MexaHtt3MhI (puc. 18.5). B 6oJihrnHHCTBe KOHCTpyK-

PHc. 18,5. Illapm1pno·pb1'lalKHhle MexaHH3Mhl Mattunynsnopos 

A 

a 
Puc. Mauunynsnopbl, sseHbH KOTOphlx 06pasy10T saMKHYTI>Ia 
KOH'rypbl 

UHH ry6KH 3axBaTa pacnoJiaraIOTCH rrapa.11JieJihHO H CHMMeTpH'IHO OCH 

nocJie)l.Hett nepeJJ. 3axBaTOM BpamaTeJJhHOH KHHeMaTHIJecKoii naphI, 

lJTO II03BOJIHeT ocym.ecTBHTh lllHpOKIIH KJiacc TaKIIX TeXHOJIOfHIJecKHX 

onepauttii, KaK cBepJiettue, HapeaaHHe pe3b6hl, 3aBHHIJHBaHHe raeK, 

BHHTOB, wypynoB H T. II. 

MaHm1yJrnropb1 c TaKHMH cxeMaMH II03BOJUIIOT coBeprnaTh c.11o>KHhie 

.IJ.BH>KeHHSI saxBaTa. Heo6xo.u.uMaH TO'!HOCTh no3HUHpoBaHHH JlOCTHra-
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eTcH c noMOW.bIO MHKponpoueccopHoro ynpas.1emrn ABIUKem1eM BXOA

HbIX 3BeHheB. Ha pHc. 18.6 noKa3aHbl cxeMbl ~rnH1rnyJrnTOpoB, rpe6ye
!>.1aH TQqHOCTb CT03HUHpoBaHH51 y KOTOpblX )J.OCTHraeTCH npHMeHeirneM 

rpaHcnoprnpyIOW.HX KHHeMarnqec1rnx ueneil, 06pa3yww.11x JaMKHYThie 

KOHrypbr. 06w.11ii npHHUHn noc1poeHHH TaKHX cxeM 3airn1oqaercH a 

cneAyww.eM. K BXO)J.Hbll\I 3BeHbflM, cocraBJJHIOlUHM co crnilK0!1 npH

BO)J.Hbre spaw.areJJbHbie (pHc. 18.6, a) HJIH noCTynareJJbHhie (6) KHHe

:vraT11qec1rne napbI, np11coeAHHHercH npocrpaHcTBeHHaH crpy1nypHMI 

rpynna, q11cno noBO,UKOB Koropoii coornercrnyer 'lHCJJy BXOAHbIX sae

[JbeB. K BXO)J.HbIM 3BeHbHM 1 11 2 (cM. pHc. 18.6, a), cocraBJJHIOlUHM co 

croilKoil np1moAHbie spamareJJbl!hie KHHeMar11qec1rne napb1 A 11 B, 
npHcoe,'.l,1rnHeTcH )J.Ha.n.a 3 - 4 c sparn.aTeJJbHof1 C 11 ccpepH4ecKHMH N 
11 M 1<11HeMar11qec1mMH 11apaMH. B ra1<0M MamrnyJJHTOpe LJ11c.110 ere· 

neHeH CB060Abl 3BeHa 4 paBHO llByM. 60.'lbmee lJHCJIO CTeneHeH CB060,ll.bl 

'v!O}!{eT 6b1Tb IIOJIYlJeHO HCOOJlb30BaH!:!eM MHOronOB0,11.1\0BOi"i CTpy1<ryp· 

HOH rpynnhI c BXOJJ.HbIMlf JBeIIbHMH 1, J', J", 2, 2', 2" (6). 

18.3. Onpeµ;eJieHKe noJiomeHna 06'Le1cTa 1uaunny JIHpoeam1.11 

C ue,1b10 ynpomeHHH K1rneMaT11tJec1<0ro 11 reoMeTpHqecKoro HCCJie)I.o· 

BaHHH K3}!{)J.0MY 00)1,BH:/KHOMY 3BeHy M3HH11YJ1HTOpa, Haq1111a51 OT CTOH

I<H, np11csa1ma10T nopHJJ.I<OBblH HOMep' flellOJl,BlUI<HOMY 3Beny - CTOH

Ke - IIpHCBaHBaIOT HH)I,el\C 0. npH TaKHX 0603H3lleHHHX HOMep 3BeHa 
c 33XB3TOM 6y.11,eT COOTBeTCTBOBaTb lJHCJIY IIO)J.BHJKHbIX 3BeHbeB MaHHIIY· 

,1HTOpa. c Ka11<)J.blM 3BeHOM M3Hllf1YJI51'ropa }!{eCTl<O CB513bIBaeTCH npa

BaH CHCTeMa )J.eKapTOBb!X KOOpll,HHaT, OJJ,Ha 113 oce!1 KOTOpoil COBCTa)J.aer 

c OCblO 00 KHHeMaTHlJeCKOH napb!. rlo.LI. OCblO Bpaw,areJibHOti KHHeMa

THl!eCKOH napbl (pHC. 18.7, a) CTOHHM3JOT OCb ornocwre.'lbHOro noaopo· 

Ta, a nocTynaTeJJbHOH (pttc. 18.7, 6) - npHMym, napa.f!JJeJJbHYIO Ha· 

npaBJiemno OTHOCHTeJJbHOro nepeMeW,eHHH. 

Ocb zi (pttc. 18.8, a) JlOJrnrna cosnaJJ,aTb c ocbIO KHHeMarnqecKoii 

napbr, cBH3bIBmorn.eii 3BeHbH i 11 i + I; ocb x1 AOJIJKHa nepeceKaTb 

Och Zi-I no.n. yrnoM 90°; OCH y, o6ecnel!HBaIOT npasyKJ op11eHTaUIIIO 

Bcex CHCTeM KOOPJlHHar; OCb Zn CHCTeMbl 1wop)I.HITaT, CBH3aHHOH c 

aaxBaTOM (pHC. 18.8, 6), pacnoJIO}l{eHa BJlOJlb ry6oK 3aXBaTa, a OCb 

Yn -- nepneHJlHKYJIHpHo ry6KaM 3axsara. HanpaBJie1rne oc11 x 0 CH· 
CTeMbl KOOp.11,HHaT, CBH3aHHOH co CTOHKOH (pHC. 18.8, 6), BbJ6HpaeTCH 

npOH3BOJlbHO. 
npeHMyW.ecTBO TaKHX CBH3aHHblX CHCTeM KOOpJl.HIIaT 3aKJl!OllaeTCH B 

TOM, 'ITO .)J.Be nocJie)J.OBaTeJibHble CllCTCMbl KOOp)I.HHaT 3BeHbeB, 1rnnp11-

:v1ep T, H T1_1, scer}la Moryr 6hITb cosMetUeHbl np11 noMOJ.llH llCTbipex 

11poMe>KyTOlJHblX npeo6pa30BaHHH. OnepaUirn COBMell(eHH51 CHCTel\i KO

opJl.lliJaT (p110. 18.9) BbIIIOJlJ!HeTC51 B CJ1e)J.y10w,ei1 !IOCJle,'l,OBaTeJJbHOCTH: 

a) flOBOpoT BOKpyr OCH x, Ha yron ~ .n.o )J.OCTH11<eHMH napaJIJJeJibHOCTH 

ocei".1 Zt H Zt-1; 6) nepeHOC B)J.OJlb OCH Xt Ha paCCTOHHHe U 110 COBIIall,e• 

HllH ocer1 Zt 11 Zt-1; B) nepeHOC B)J.OJlb OCH Zt Ha paCCT05JI;Me 5 )J.O COBMe· 

ru;eHHH HallaJJ KOOpJlHHaT o, H 01-1; r) IIOBOpOT BOKpyr OCH z, Ha yroJI 

cp )lo coBMelll,eHHH scex oceii. 3rn 9JJeMeHrapHbie nepeMemeHHH onHCbl· 

BaIOTCH Marp11uaMH npeoopa30BaHHH pa3Mepa 4 x 4, 3a,LJ.aIOW.HMH K3K 
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Pnc. J8.7. IlOJJO)KeHHe oceii KHHeMaTH'le· 
CKHX nap 

PHC. 18.8. 06p830B3HHe CBll33HHblX CHCTeM 
KOOpJlHH3T 

i+1 

PBc. 18.9. CosMeme1rne rncTeM 
KOOp.111H3T 

I~ 

T. 
t 

npeo6pa3os1:11rne uosoporn, TaK u npeoopasosanue u~peuoca (CM. rJJ. 5): 

M-

1'11 '\'12 ')'13 l 11 
'\'21 '\'22 '\'23 ~ 12 

i 

!.:~ ...... :.~~ ...... :.~.J. ... ~~ 
I 0 0 0 : 

r.ue y - MaTp11ua pa3MepoM 3 x 3, 
3a11aioman npeo6pa3oBaHHe nosoporn 
JJ.JI51 11e1<apTOBbJX Koop.u11ttaT, a I -
CTOJIOllOBaH MaTp11ua, 3a)l.aJOW.3H ne
penoc. 

Pac. 18.10. OnpeJteJieHHe ¢YHKUHH nepeMe· 
111.eHHll TO'lKH 38XB8T3 M8HllilYJJllTOpa 

15 8-2601 

(18.1) 
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,UJI51 nocJie.ll.OBaTeJibHblX .IlBH>KeHmi, COOTBeTCTBY!Olll.HX nepeXOJJ.Y OT 
j..f! rncTeMhl K i - 1-il, MaTpHUhI npeo6pa30Bam1fI 3anmuyTcH B c.11e.ny· 
IO~eM BH)J.e: 

0 0 ~ 0 
0 cos~ - sin~ ~ 0 

Af 13 = 0 sin~ cos~ l 0 1 ; 

··0 .......... ~ ........................ ~·······r·~· 

11 1 o o i b 
0 0 ! 0 

Mb= O O I \ O 
··························=;·········1 
0 0 0 ! l 

1 0 0 i 0 
0 l 01 0 

M, = 0 0 I l s 

·cr-··0-·····0·r·1·· 

cos cp - sin cp 0 ~ 0 

sin cp cos qi 0 j 0 

M(j) = 0 0 l ! O 
................................................... : ...... . 

0 0 0 : 1 

(18.2) 

(18.3) 

(18.4) 

(18.5) 

Ha OCHOBaHHH 3TOfO nepexo.n. OT CHCTeMbl KOOp)J.HHaT i K CHCTeMe 
i - l llepe3 L1eTb1pe yKa3aHHbJX npoMe.>KyT04HblX npeo6pa3oBaHHH 3a
!1HllleTcH MaTpHl!Hb!M npOH3Be.ll.eHHeM 

M 1 = M,~MsMbM13, (18.6) 
a MaTpm.1.a nepexo.n.a OT CHCTeMhl Ti K c11cTeMe T1-1 6y.n.eT HMeTh BHJl 

II cos <p - sin cp cos [3 sin qi sin ~ I b cos cp 

~ sin cp cos <p cos [3 - cos <p sin~ j b sin qi 

M; = 0 sin~ cos~ I s . (18.7) 

0 0 0 
KoopJ.1.HHaThl T04KH K o6'beKrn MaHHnyJ111posaHHH (pHc. 18.10) B 

CHCTeMe T 0 (x0 , y0 , z0), CB513aHHOil co CTOHKOH, onpe.n.eJIHIOTCH cJie,n:y10· 
UJ.lfM MaTpHl!Hb!M ypaBHeHHeM: 

ft,_o = M 1M 2M 3 ••• Mn(,,,, = rnrKn, (18.8) 

r.n.e n - lfHCJJo 110)..(BH>KHbIX sBeHheB MaH1111yJIHTopa; M 1, M 2, ••• -
MaTpHUbl nepexo.n.a BH.ll.a (18.7); 'Kn - crn.116ueBaH MaTp111.1.a Koop,n:HHal' 
TOlfKH K o6'beKTa MammyJrnpoBaHHH B cttcTeMe Tno CBHsaHHOH c aa
XBaToM; I'n - MafpHua nepexoJJ.a or CHCTeMhI Tn K cHcTeMe T 0• 
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CToJJ6UeBaH MarpHua Tf<..n HMeer BH.ll 

a MaTpttua nepexo)la: 

ii XKn 

fKn = 1:1; YJ<n I 
ZJ<n 

11 1 

18.4. U:ccJieAOBaHHe KHHeMaTHKB M8HBDYJIHTOpOB 

(18.9) 

(18.10) 

Optt 11ccJie).{0Ba1rnH KHHeMarnKH Marmnymnopa p ewaIOT JI.Be 3a.ua1rn: 
011pe.neJJeH11e nepeMell.leHHH' CKOpOCTll H ycKopeHHH 06beKTa MaHHDYJIH· 
poBaHHH npn 3aJI,aHHbIX nepeMeill,eHHHX, CKOpOCTHX H ycKopeHHHX npH· 
BO.LI.OB B K11HeMaTw-1ecKHX napax 11 o6paTHyIO - onpe.ueJJem1e Heo6· 
XOll.HMblX nepeMeill,eHHH, CKOpOCTei'i H ycKopeHHH B KHHeMaTHl!eCKHX 
napax no 33).{aHHOMY nepeMeIIJ,eHHIO, CKOpOCTH H ycKopeHHIO o6beKTa 
MaHHnyJJHpoBaHHH. PewHTb nepsy10 3a).{aqy MO/KHO, pacKphIBaH MaT· 
pH11HOe Bblpa}l{eHHe ( 18.8), B pe3yJihTaTe qero nOJIY11HM <fiYHKUHIO 
nepeMemeHHH o6'heKTa MaHHDYJIHpOBaHHH' onpe.II.eJJHIOIUYIO 33BHCH· 
MOCTb Koop)l.HHaT ero TO'llrn K or nepeMell.leHHH B KHHeMaTH'lecKHX 
napax A, B, C ... (pHc. 18.10). 3nr nepeMemeum1 B n npHBO.!l.HbIX KH· 
HeMaTH'lecKHX napax MaH11nyJJ51TOpa, BbinOJIHeIIHOfO no pa30MKHY· 
TOH KHHeMarn11ecKOH cxeMe, OC03Ha11HM Q1. Q2 .... , Qn· no)!. nepeMeIUeHH.fI• 
MH 6y.lleM noH11MaTh KaK yrnh1 noBopora so Bparn.aTeJJhHhIX, TaK H ne
peMe1ueHHH B nocrynaTeJJbHbIX KHHeMarn11ecKHX napax. Tor)l.a cpyHKUH.fI 
nepeMememrn ro11KH K o6beKra MaH1111yJrnpoBaHH.fI B cHcTeMe Kcop· 
)l.Hl!aT To, CBH3i:lllHOH co CTOl°iKOH, 3arrnweTCH B BH)l.e 

ff(o = f1<..11(Q1, q2 , q3, ••• , Qn)· (18.11) 

CKopoCTb o6beKTa MaH11nyJJ11poBaHHH onpeJI.eJIHTCH )l.Hqxpepemm
poBam1eM BhlpaiKeHHH (18.11): 

V1<..o=;Ko=fnrKn· (18.12) 

PacCMOTpHM cnoco6 )l.mpqJepeHUHpOBaHHH MaTpHUbl rn. EcJIH KHHe· 
M3THlleCK3}l napa, coe;.JJIHHIOIUaH i - 1-e H i-e 3BeHbH MaHunyJIHTopa, 
HBJIHeTCH spamaTeJiblIOH, TO nepeMeUJeHHeM q B Bblpa)!{eHHH (18.11) 
6y11er H3MeHHeMblH yr;10sot'1 napaMeTp rp. Tor)la 113 Bb1pa:>KeHHH (18.7), 
nOJib3YHCb npaBHJIOM n.mjxpepeHUHpOBamrn MaTpHU (CM. fJI, 5), nony11HM 

-sin rp - cos qi cos~ cos <p sin ~ ! - b sin {p 

cos <p - sin qi cos~ sin qi sin ~ I b cos qi d;t = 0 0 0 i 0 . : ' ( 18.13) 
•••U••···········••oa••••••••••••4"-UO ......................... u•••·····•••u•••O••.: ......................... _ 

0 0 0 0 
drp 

me T- yrJioBa.fI cKopocTh nosopoTa Bo Bpaw.aTeJibHOii KHHeMaTH-

'lecKoii nape. 
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HeTpy.aHo y6e.llHTbCH, tJTO B COOTBeTCTBHH c npasttnaMH YMHO)l{eHHSI 
MaTpHU (CM. rJJ 5) IlH<txf>epeHUHpoBaHHe COOTBeTCTByeT YMHO)l{eHHIO 
MaTpHUbl M Ha MaTpHuy e(j): 

0 -1 0 0 

0(j)= 
1 0 0 0 
0 0 0 0 

I 0 0 0 0 
l!JJH ;.r, Rf)ll!llllTeJJbHOH KHHeMaTHqecKOH napbl nonytrnM 

dMtfdt = 0ipM;d<p/dt. 

ECJJH KHtteMaTH4ecKaH napa, coell.HH™OW.aH i - 1-e n i-e 3BeHbH, 
nocTynaTeJJbHaSI, ro nepeMell.leHHeM q B Bblpa:>KeHHH (18.11) 6y.n.eT 
H3MemieMbIIA 11HtteHHblH napaMeTp s. Tor.n.a MarpHua 6yJ:1.eT HMeTb cne
.Zl.YIOll.lHI1 BHA: 

0 0 
dM, 0 0 
di= 0 0 

0 0 

0 0 
0 0 ds 

0 1 dt' 
0 0 

(18.14) 

ds u y 

r)l.e di - /JHHNfHaH CKOpoCTb nepeMememrn B KHHeMaTHlleCKOH nape • 

.LlH<txf>epeliUHpoBaHHe B c.ny4ae nocrynaTeJibHOH KHHeMaTHttecKOH 
napbI, attanorn4Ho pattee yKa3aHHOMY (CM. rn. 5), coornercrnyeT YM~ 
HO)KeHHIO Ha MarpHUY 

10 
0 

e, = o 
lo 

0 

0 
0 
0 

0 
0 
0 
0 

0 

0 
1 
0 

l!Jrn ;_I', 'l()('TVrtaTeJJbHOH KHHeMaTHttecKOH napbl nonyttHM 

dM,fdt = 0,Mids1/dt. (18.15) 

cl"lc'e •Id I IJ>lll.Y ,j 1iylleM fdllHCbIBaTb 6e3 HH[leKCa, a d(f!Jdt H 
d-, (./l>l HJJii ll<Jfe.IJbHOH 11 11ocry11areJJbHOH KHHeMaTHttecKOH napb! -
of>u 1.1a4aTb 'leJJe3 l/r 

J6w.ee HblJJ'l>KeHHe JlJJS'l llj.10113BOllHOH MaTpHUbl tn 6y.n.eT HMeTb 
Bl-111 

(18.16) 

rJie 0 - Mi11p11;t<:1, :oornen:n1y10,uM1 KHHeMaTH4ecKoi1 nape, Koropy!O 
cocrasJ1H101 , -1 11 1-e ·me11bH. 

\ttaJHJr!14tto MO)KeT 6bITb ttaii11eHo 11 ycKopettHe T011KH K, nptttta.n.ne
ma . .u.ei-i 3axsary 

;·KO= t\rKn· (18.17) 
PernettHe o6parHoii 3a.ua1111, r. e. orrpeneneHHe nepeMern:eHHH qi> 

qi, ... , 4n B KHHeMaTHlleCKHX napaX no 3a.llaHHOH MaTpHUe f n• K3K npa
BHJIO, HBmleTCH CJJO>KHOJ 3c1)1.'14~H c n HeH3BeCTHbIMH, rpe6y10m.eii pewe-
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HH51 ypaBHeHH51 

(18.18) 

Kam.11.a51 KOM6HHaUHH nepeMeW.eHHtt q coornercrnyer onpe.11.e.neHHOMY 
B3aHMHOMY pacnonomeHHIO 3BeHheB MexaHH3Ma. Cyrn.ecrnyer MHomecr· 
BO MeTO.ll.OB perneHJrn 9TOH 3a.11.a11H, KOTOpble B OCHOBHOM 3aKJIIOIJalOTC51 B 
cse.11.emrn ee K 3a.11.aqe c MeHhWHM Ko.rrnqecrsoM Hett3BecTHhIX nyreM 
HaJiomemrn pa3JIH't!HhlX OTHOCHTeJibHbJX CBH3eH Ha nepeMeIUeHH51 B KH· 
HeMarn't!eCKHX napax. 

18.5. MaHHnyJIJITOp c KHHeMaTH'leCKHMH napaMH 5-ro KJiacca 

Onpe.neJieHHe cpyHKUHH noJimKemrn o6beKra MaHnny n uposaHHH pac
CMorpnM Ha npttMepe MaHnnyJIHropa. see 3BeHb51 Koroporo ·csH3aHhl 
KHHeMarnqernHMtt napaMif 5-ro KJiacca (puc. 18.11 ). TpaHcr'oprnpyl-0· 
llJ.(151 KHHeMaTHIJecKa51 uenh COCTOHT H3 CTOHKH 0 Ii 3BeHbeH /, 2, 3. 

X5!<. ~ 

2 

B 

Pttc. I~. I I. CxeMa Ma11ttnym1Topa c KHHeMaTtttJeCKHMH napaMH S-ro KJTacca 

K 3TOtt K1111eMarntJec1<0i1 uen11 npncoe1rnHeHa optteHrnpyiorn.aH KtrneMa· 
THlleCKa5J uellb, COCTOHIU851 113 3BellheB 4, 5; Ha 3Belle 5 3aKpeuJieH 
3axsar. CucreMhI Koop.11.HHaT B KaM.11.o~i K1-rneMaTHIJec1<oil nape pacnoJIO· 
)!{HM B COOTBeTCTBHH c nocJie.ll.OBaTeJJbllOCTblO, yKa3aHHOM Bhlille. 

Co croiiKoii CBHmeM Heno.11.smKHyio cucreMy Koop.n11HaT T0 , ocb z0 
KOropoH 1rnnpaBHM no OCH KmieMaTtt'-!eCKOH napbl A' OCb Xo - npo· 
H.3BOJibHO, a OCb Yo - B COOTBeTCTBl111 c npaBOH CHCTeMOH KOOp.ll.HHaT. 
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TaK KaK ocH KHHeMaTH'llecKHX nap A H B coBnan.aioT, TO npu yr.11e <p 
= 0 OCH CHCTeMbJ KOOP.UllH3T T1' CBH33HHOH co 3BeHOM 1, II OCH CllCTeMbl 
T0 6y.uyT cos11a.n.aTb. Ocb z2 CHCTe?VIhl r..:oop.1umaT T 2 , CBH3aHHOH co 3Be
HOM 2, COBna.n.aeT c OCb!O KHHeMaTltlJeCKOH napbl C, a OCb X2 HanpaB.ne
Ha nepneH,ll.HKYJJHpHo OCH z1• Ocb z3 CHCTeMbJ Koop.n.nHaT T3 , CBH3aHHOH 
co 3BeHoM 3, HarrpasJieHa no ocu KHHe~rnrwrecKofi napb1 D, a ocb x3 
pacno:iaraeTCH nepneHJJ.HKYJIHpHO OCH Z2 npH (p4 = 0. Ocb Z1 CHCTeMhl 

Ta6AUl{a 18.1. 3na'leHHll Ko:i'litliHLtHeHTOK B MaTj)HU.lX COBMe11.1enn11 CHCTeM 

K00j)Jl.HH3T 

I I f~ I /J I • I 'I' 

I M, I 0 I 0 I 0 I <i>r 

I Mt I 3n/2 I la I S2 I 0 

I M:, I 3rc/2 I 0 I S3 I 3n/2 
' 

M4 I n /'!. I -It I 0 I '1'1 
I 

I M, I 0 I 0 I 1. I qi, 

KOOp.UHHaT T4, CBH33HHOH co 3BeHOM 4, cosna.naeT c OCblO KHHeMaTHCJe
CKOH napbt £, a OCb x~ nepneH.UHKy.nHpHa ocn z3 npu <p6 = 0. Ocb z5 

cHcreMbI T6 , CBH3aHHOH c 3axsaTOM, opneHrnpyeTCH napaJ1JJeJibHO 
ero ryoKaM H [l .ll,3HHOH KIIHeMaTB4eC!WH CXeMe COBllaJ.{aeT c OCblO z ... 
Ocb x5 nanpaBJIHeTCH nepneH.11.HKYJJHpHo ocn z4 H npu <p5 = 0 napan
..'IeJJbHa OCH X4. 

0oJib3YHCb 9THMH CHCTeMaMH KOop;urnaT, onpe.ueJJHM t:,i:lyHKIJ,H!O 
noJJO}!{eHHH TOCJKH K o6beKTa MaHnnynupoBaHirn c 1<0opmmaTa';!H 
XoKi lj:,J(, Z5K s cHcTeMe Koop.n.uHaT T5• Koop.n.nHaThI 3TOM T04KH onpe
;~eJJsi:TcH MaTpH4HhIM ypaBHeHHeM Bil.Ila (18.8), KOTOpoe ,ll.JHI ::noro MCJHH
llYJI51TOpa m1eeT BHJJ. 

(iB.19) 

JJ..rrn coBMellJ,eHHH cucTeMhI T6 c cuTeMoif T4 Heo6xo.n.nMo nepe:vre
cTHTb CHCTeMy T5 BAOJJb OCH Z;, Ha paccTOHHHe /5 JJ.O COBna.ueHIHl Hallan 
l\OOPAHHaT II noBepHyTh CHCTeMy Ts Ha yro.n (j)5 .uo no.nHoro COBllaJJ,e
HHR CHCTe~L iliaTpttua M6 onpeJJ,eJIHTCH noJ.{CTaHOBIWii B l\!aTPHI..lY 
(18.7) 3Ha4eHIIH 13 = 0, b = 0, s = 15, (j) = <p5: 

1J cos ip5 - sin <p5 0 ! 0 

11 sin q:i5 cos <p6 0 I 0 
Ms =Ji 0 0 1 ! /5 (18.20) 

11 " ·····~······················~··············-~··r·~--
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3ttaIJemrn ~. b, s H <p )].J151 OCTa.nbHhlX M3TpHU cseJI.eHhl B rn6.n. 18.1. 
00.ll.CT3B.n5lfl 3H3IJeHHSI ~' b, SH <p H3 Ta6.n. 18.1 B M3TpHUY (18.7}, 

onpeJI.eJlHM MaTpttUhI M 0 M 2 , M 3, M 4 11 M 5, nepeMttm1rn51 KOTOpb1e110 
¢opMyJle (18.20), noJiyIJHM 3.ne!lffHTbl ail• i = l ,4, j= 1,4 MaTpHUbI f 
s CJie.n.y101ueM stt.n.e: 

a11 = sin <p1 sin <p.i cos <p5 + cos <p 4 sin <p 5 , 

a21 = - cos <p1 sin <p4 cos <p5 + sin <p1 sin <p5 , 

Gs1 = COS <p4 COS <p5, G41 = 0, 

a 12 = - sin <p1 sin <p4 sin <p5 + cos <p1 cos <p5, 

a 22 = cos <p1 sin <p4 sin cp5 + sin <p1 cos <p5, 

a 112 = - cos <p4 sin <p5, a 42 = 0, a13 = - cos <p4 sin <p17 

a 23 = cos <p4 cos <p1, a33 = sin <p4, a43 = 0, 

a14 = 13 cos <p1 - s3 sin <p1 - l4sin <p1 cos q>4 - l5 sin <p1cos q>4, 

a34 = s2 + z, sin <p4 + /6 sin <p4, a44 = 1. 

~ (18.21) 

TaK KaK .n.m}xpepettuttpoBaHne TaKOH MaTpHUhI ttenocpe.n.crneHHO Ha oc
HoBaHHH H3BecTHblX npaBHJI (CM. r.n. 5) CJIO)KHO, TO CKopocm H YCKO
peHHff TOIJKH 33XB3Ta noJiyIJaIOT, 00Jlb3Y51Cb BbipaJKeHHSIMH (18.16) 
lf (18.17). KttHeMaTnIJecKnii atta.ntt3 MaHttny.nsiTOpa c spaiuaTe.nhHbIMH 
H nocTynaTeJlbHblMH K1rneMaT1tIJecKHMH napaMM npOH3BO.lJ.HTC51 one-

- paTOpHOH cpyHKUHeH 

/(IN MAP (n, bi • ... hn. Si . . . Sn, <pl • • . fPn, ~l ••• ~2• el . . • en, 

(01 ••• (!)n, Vi. ••• Vn, B1 ••• f,n• a1 ••• Gm XnK, 

YnK• Z11K; rK, VK, af<}, 

(18.22) 

r.n.e /1 - q11c::o no,rurn)l<HbIX 3BettbeB MaHttnymnopa; ©,, e1 - yrJio
Bbie c1<opoen1 11 yen:ope1mH Bo spaiuaTeJibHhIX napax; v" a1 - .rurneil
Hble c1<opocn1 11 ye1<opeH1rn n noeTynaTe.nbHhIX napax; XnK.. YnK• ZnK -
1<oopJJJ1HaTbI 061,e1<Ta Mammy.nttpoBamrn B CHCTeMe T 11 , rK., vk, aK
flDJJO)IH'!Hie, Cl<OpOCTb II ycKope11r1e TOIJKH /(. 

19. IlJIOCKIIE II IIPOCTPAHCTBEHHblE MEXAHII3Mbl 
C BbICfilIIM:H IlAP AMII 

19.1. «l>pHRIQIOHHhie MeXaHY3MLI 

npoCTeihmtH cflpHKlJ.HOHl!!>IM MeXaHlt3M (pHC. 19.1)' COCTOHT lf3 .UBYX 
Kpyr.nh1x ¢pttKUHOHHhix Ko.nee. Ee.nu o6eenelfHTb .n.ocTaTOIJHYJO rn.ny 
cuen.nemrn (TpeHHH) Me){<.ll.Y 3THMH Utt.nnH.n,pHIJeCKHMH Ko.necaMH, lfTO
t'5hI OTCYTCTBOB3JIO npocKaJib3bIBaHHe, TO npH nepeKaThrnamrn KOJieC 
MOJI.YJih BeKTopa cKopocTH vw no JIHHHH HX KacaHMH WW onpe.ue.nHTC~ 
H3 yc.nomrn 
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DepenaToquoe OTHOllieHHe i12 T3KHX MeXaHH3MOB HMeeT: 3HaK «-» 
Jl.JISI HHernuero (a) KOHTaKTa, 3H3K «+» - LIWI BHyTpeuuero ('5): 

i 12 = ffi1/ffi2 = ± dw,/dw,, (19.l) 
rne (J)I> dw, H ffi2, dw, - yrJIOBbie CKopocn1 H .nuaMeTpbl ¢>pHKUllOHHbIX 

KOJiec. 

3naK nepeoamo'IHOW omHoULeHUR onpe.nem1eTCS1 no o6meMy npaBHJIY, 

BbITeKaiomeMy H3 OCHOBHOH TeopeMbl 3auenJieHHH (CM. fJI. 9). 
<l>pHKUHOHHble MexaHH3Mbl c KOHH'leCKHMH KOJleCaMH, npenCTaBJIHlO

ll{HMH co6oii ycetieHHbte KOHYCbt 1 H 2 (pttc. 19.2), HBJIHIOU{HecH aKcon

)1.aMH B OTHOCHTeJibHOM )l.BHM.eHHH, cJiyM.aT nJIH nepe11.aqu BpameHHSI 

Puc. 19.1. <l>pHKUHOHHble MexaHH3Mbl c UHJTHHJJ.p!l'1ecK1t~ 11 Ko.~eca11a 

0 

P11c. 19.2. <Pp11KuH01111b1e Me- Pttc. 19.3. Tpex3BeHHbJii 3y6'laTb1ii MexaHtt3M 

X3HH3Mbl C KOHl14eCICllMH KO-

JJeCaMll 
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Mem,n:y 3BeHbHMH C nepeceKalOUJ.HMHCH OCHMH. nepe.11.aTO•uroe OTHOUJe• 

HHe npH OTCYTCTBHH npocKaJib3bIB3HHH 6y11.eT 

i 12 =sin 6w,/sin 6w,. (19.2) 

ECJIH HMeeT MeCTO npoCKaJib3bIB3HHe, TO OHO MO}KeT 6bJTb yqTeHO 

KOBrprpuu,ueHmO.M omHocumeAbHOCO CKOAbJICCHUfl 

~ = (vw,-vwJ!vw,. 

npeo6pa3yH Bbipa>KeHJrn {19.3), noJiytIHM 

~ = I - vw,/Vil7, = I - uJid1/w2d2 = 1 - (i12d1/d2), 

OTKy,11.a 

( 19.3) 

(19.4) 

KoscpqnmueHT ~ He3Hal!HTeJieH H KOJie6JieTcH B npe,11.eJiax 0,01.. .0,03 .. 

19.2. 3yihmTLie MexaHU3MLJ c uenop;BmKHblMB OCJIMH KOJieC 

)lJIH npocTeilwero Tpex3se1rnoro MexaHH3Ma c ,11.syMH 3y6t1aTbIMH I<oJie
caMH (pHC. 19.3) nepe,11.aTOl!HOe OTllOWeHHe onpeJleJIHTCH 113 IrnHeMaTH-. 

KH ueHTpOH.ll. (aKCOH.ll.) I<OJJec. )lm1 TOl!KH KacaHHH ue1npou11. w (no

JJIOC) HMeeM Vw, = Vw, HJIH, BblpamaH J(JJHHbl OKpy11rnoCTeii qepea 

qucJJa 3y6heB z1 11 z2 11 UJar P, 

Vw = 0,5w1dw, = 0,5w2dw, = W2Z1P = W2Z2P. 

OTKy,ll,a 

ii2 = W1/W2 = + Z2fZ1. (19.5) 
3HaK ((-)) OTHOCHTCH K CJiyqalO Hapy}KHOro 3auenJieHHH (puc. 19.3, 

a), 3HaK «+» - K cJJyt1a10 BHyrpettHero (puc. 19.3, 6). llm1 rpex-

3BeHHhIX MexaHH3MOB, OCH KOJiec KOTOpb!X HenapaJIJJeJJbHbI, 3H3K ne
pe11.aTOl!HOfO OTHorneHHH He yt1ttThrnaeTCH. 

np11 He06XO,ll,HMOCTl1 peaJil130B3Tb 60JibWJ.Ie nepe,ll,aTOl!Hbie OTHOUJe

mrn rrpttMeH5IIOTCH COCT3BHbie MHOrocryneH4aTble 3Y64aTbie MexaHH3Mbl 

(p11c. 19.4). TaK KaK rrepe.n.aTOl!Hoe ornoweHHe oT 3Betta 1 K 3BeHy 2" 
i12 = w/w2, a OT 3BeHa 2 K 3BeHy 3 i23 = W2/W3, TO nepe.ll.aTOl!HOe OT· 
HorneHue i 13 (p11c. 19.4, a) onpe.n.eJJHTCH H3 Bb1pa}KeH11H 

(19.6) 

T. e. o6w.ee nepe.n.aTOtJHOe OTHOWeH11e paBHO npOH3Be.n.eHHIO nepe.n.a

TOqHb!X OTHOilleHHH OT,ll,eJihHblX CTyneHeiL Bbrpa}KaH ero qepe3 qucJia 

3Y6beB, ITOJIYllHM 

i12 = (- z/z1)(- Z3/Z2'} = Z2Z3!z1Z2'. 

flpu n CTynem1x 

i1n = i 12 ·in· l3~ · · · · · i11-1,,, = 

(19.7) 

=(- l/(z2. Z3. Z.1 · •... Zn)l(Z1. zz,. Z3• • •••• Z11-1), (19.8) 

r.n.e c - quc,10 CTyneHett c BHeUJHHM 3auerrJJeHHeM. 

EcJIH 3y61rnTOe KOJieco BXOll.HT B 3auerrJJem1e c .ll.BYMH 11.pyrnMH KO

JiecaMH (p11c. 19.4, 6), TO OHO He OK33bIBaeT BJIHHHHH Ha rrepe.n.arotr-
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Hlile OTHOWtHHH Me.IK,LJ.Y HHMH. g.rn TaKoro MeXaHH3Ma 110JIY4HM 

i1s=-(Z2/Z1){Z3/Z2)= Z3/Z1. (19.9) 

TaKtte npoMeJ1CymottHbte («rrapa3HTHb1e») KoJJeca B•lHHIOT ne TOJJbKO 

Ha 3HaK rrepe.u.aTOtIHoro OTHOllleH!rn MexaHH3Ma. 

3ttaK nepe.a.aTOtIHOro OTHOllleHHH B KOHHqecKHX MexaHH3MaX c na

pa.'JJieJihHb!M}I OCHMJI BXO.ll.Hb!X II Bb!XOJJ,Hb!X 3BeHbeB orrpe11.eJIHeTCH no 

npa8UAY cmpeAOK CJJeJly!OW:Hi.\I o6p330M. OeprreHLUIKYJUipHO K OCH KOJJe• 

z, z, 
f 

___; 

71ll11l' 

,,z Zz' 
Zz 2 

~ 

Zz 
J ·-

Z3 -
7Jl7ll!- 7T!17JI 

a 0 
Z3 

Pttc. 19.4 . .UeyxcTynettqaTbie 3yCitJa'!'i,re 
MexaHH3Mbl 

z 

Pttc. 19.5. .UevxcTvneH'laTblA 
3yotiaTb1ii MexairnJ~i c KOH11t1e· 
CKHMH KOJleCaMH 

ca BXO)l.HOro 3BeHa 1 (pHc. 19.5) npoBO)l.HTCH crpeJIKa B HarrpaBJJeHm! 

3auenJiemrn 3yotiaTbIX Ko.11ec 1 H 2. CTpeJIKa Ha KOJiece 2 rrpoBO.ll.HTCH· 

neprreH,llJ1Ky,TJHpHO ero OCH TaKHM o6pa30M, tIT06hl OCTpHe lllJIO HaBCTpe· 

qy cTpeJJKe 1. B 3TOM >Ke Harrpas11eHHH npoBOll.HTCH crpeJIKa Ha Ko.1e

ce 2', OCTpne KOTOpoii oy.u.eT HanpaBJieHO B CTOpoHy y;i_a.'lemrn OT 3aUeC.• 

JleHnH 3y6tiaThIX Ko.1ec 2' H 3. Atta.1oniqtto Ha KOJiece 3 pacrroJiaraeM 

crpe.rIKy B HanpaB.rremrn y.naJiemrn OT 3auenJieHirn KOJ1ec 2 n 3. Omrna· 

KOBOe HJIH rrponrnonoJTO>KHOe HanpaBJieHHe crpe.'!OK Ha BXO.lf.HOM H 

BbIXO)lHOM 3BeHbflX rvrexaHH3M8 onpenec'!HeT flOJlOIK!ITeJibHblll HJIH OTpH· 

U8TeJibHblH 3H3K nepen:arotmoro OTHOilleHHH. 

19.3. CaTeJIJIHTH1>1e ayo"llaTLie MexaHH3MLI 

Ecm1 OCb OJJ,HOro H3 KOJJec MexaHH3Ma nepeMemaeTCH B npoCTpaHCTBe, 

TO xapaKTep OTHOCI-!Te.'!bHOro ,ll.BIDl<eHH5l HX ueHTpOHil, H3MeH!fTCH, rrn-
3TOMY BbipameHHeM (19.5) .lf.JI5l KHHe~rnrnl!eCKHX pac<teTOB MexaHH3MOB 

c no.nBmKHhIMH OCHMH Bpamemrn Ko.r1ec f!O;lh30BaTbCH HeJJb3H. Pac

CMoTpHM onpe.ne.1em1e OTHOWeHHH yrnOBb!X CKOpocTett KOJiec .lf.JlH caTe.'1· 

JlHTHbIX MexaHH3MOB. B o6meM c:1ytJae npocTef!ruHl1 caTeJlJlHTHb1i'1 ~.!e
xaHH3M (pHC. 19.6, a) llMeeT CTene!lb fJO,UBH:>KHOCTH w = 2, T. e. y Pe· 

ro )lBa BXO,ll,Hh!X 3BeHa. nJlH onpell.eJiemrn nepe,ll.BTO'IHOro OTfiOWeHl!>l 

Me;K,ny KOJiecaMH 1 H 2 MexaHH3Ma ero 3BeHbflM Han:o }l3Tb TaKoe ,JBH· 

/KeHHe, nptt KOTOpOM ueHTpOH)l.b! KOJiec 1 H 2 6y.nyr nepeKaTblB3TbCH 

.upyr no .upyry npu Henon:nmKHbIX OCHX. 0pHJ:3;":(HM BCeH CHCTeMe yrno· 

syio cKopocTb (-cu1J Tor)l.a 3BeHo 1 B aeno)l.BllJKHoH: Koop.n.tt Harnoi\ 
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CHCTeMe 6y.11.er HMCTb CKOpOCTb (I);= (ffi1 - (l)h), 3BCH02- (I);= ((J)2-
- roh), B0.11.H.'IO h - (J)~ = (J)h - (J)h = 0, T. e. 6y.11.eT Heno.11.smKHbIM. 

TaK KaK Tenepb OCH 3BeHheB 1 H 2 OTHOCHTeJihHO Hen0.11.BR>KHhl, TO 

Jl.Jlfl onpe.11.e.n.emrn nepe.11.aToqHoro OTHOllieHHfl MO}l{HO BOCflOJib30BaTb

Cfl Bbipa}l{eHHeM (19.5): 
• ' (h) 

(l)tl(J)2 = /12 = (<01 -ffi,,)/(ffi2- ffi1i). (19.10) 

r.11.e i~2 - nepe.11.arnquoe OTHollieHHe o6pamettuoro MexaHH3Ma, noJiy

qaeMoro H3 care.1JIHTHOro OCTaHOBKOH B0.11.H.'la h. 

Puc. 19.6. CaTMJIHTHb1e 3y6'1aTble MexaHH3Mbl 

Puc. 19. 7. Ko11nqec1mii sy6'l&T&1A .1t.H<txf>epeuu11a.11 

npn BX0.11.HbIX 3BCHhflX J H 2 yrJIOBaSI CKOpOCTb BO.lJ.HJia h Onpe,'J.e

JIHTCH H3 cpe>pMyJibI ( 19.10): 

(J)b = ( ffi1 - ffi2i~2)/( l - i~2). ( 19. 11) 

Bb1pa11<eHHfl (19.10) H (19.11) ucno.'lbay10T .11..nSI aHaJIH3a 60.nee CJIO)K· 

HblX C3TeJIJIHTHbIX MCXaHH3MOB c .11.BYMfl ueHTpa.1bHbIMH 3y61JaThIMH KO

.necaMH (pHc. 19.6, 6), .11.Jlfl KOTOpblX 

rob= (ffi1 - u>ai~1)/( I - i?3}. (19.12) 

nepe.11.aTOqHoe OTHOilieHHe i~3 onpe.11.eJIHTCH no ¢JopMyJie 

i~3 = (-1)1 (<2 · Z3)/(Z1 • Z2) = - Z/<1· (19.13) 
5o.'1bwoe pacnpoCTpaHem1e no"1yqii.rm .IJ.Htj>cj>epeHUHaJihHbie MexaHH3MhI 

c l\OHlHeCKHMH 3y643TbIMH KOJJecaMH, y KOTOpbIX quc.na 3y61>eB 3y6-

tiaTb!X KOJiec 1 a.) paBHhI (pHc. 19.7). CooTH01uem1e cKopocTeli 3BeHbeB 

B 3TllX MexaHH3M3X onpeJI.CJISleTCH Bb!pa)l{CHHCM ( 19 .12), a 3H3K nepe_-
~ T ~ .11.aToqHoro OTHOwemrn L13 HaXO.il.SIT no npaBHJIY CTpeJIOK. aK KaK L13 = 

= -1, tj>opMy.'la (19.12) npeo6pa3yeTCSI K BH.ll.Y 

(l)h = ( ffi1 + ffi3)/2. 

19.4. IIJiaHeTapH&Te ay6"1JaTi.1e MexaneaMhl 

fi.11aHeTapHbte 3y64aTbie MeXaHlf3Mbl rrpe.11.CTaBJISllOT C060if ,AHcJi<tiepeHUK· 

aJibHbie \!CX3HH3Mbl c OCT3HOBJICHHbIM ueHTpaJibHbIM 3y6qaTbIM KOJie

cm1. )lJIH HX KllHeM3TH'ICCKOro attaJIH3a MO}l{HO BOCil0Jlb30B3TbCff 
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Bblpa)f{eHHHMH (19. 10) H (19.11), npHpaBHHB B HHX CKOpOCTb OCTaHOBJieH

HOro 3BeHa K Hymo. Onpe11.e.nttM nepe11.arn1moe ontowemre i2h B 

nJiaHeTapHOM MeXaHH3Me c OCTaHOBJieHHb!M ueHTpa.nbHb!M KOJieCOM 1 
(pttc. 19.8, a). Tor11.a cornacHo cjJopMyJie (19.10) 

i~1 = ( <•i2 - wh )/( w1 - Ulh) = ( U12 - Ulh)/- Ulh = - U12/ wh + l . (I 9. I 4) 

TaK KaK w210)11 = izh, To, npeo6pa3y51 Bbipa)l{eHHe (19.14), noJiyIJHM! 

(19.15) 

a 

~ 
z, 

Jl!1" ~ r:;; 7,'.7,"' 

a z e 
Puc. 19.8. n.11aHeTapHbJe 3y6'13Th!e MeXaHH3Mbl 

y4 PHc. 19.9. HanpaBJJHJOIUHii n.11aHeTapHb1tt 
3y6'laTb!H MeXaHH3M 

Pttc. 19.10. 3aMKHYTb!H .nmfxpepettu.1taJihHblli 
MeXaHH3M 

AHaJiorwrno D.Jrn MexaHH3Ma c BHyTpeHHHM 3auerIJieHHeM 1<0Jiec 1 
H 2 (pHC. 19.8, 6) HMeeM 

(19.16) 

Depe11.aTOIJHOe OTHOWeHHe 11.JIH nJiaHeTapHOfO MeX3HH3Ma C 11.BYMH 

ueHTpaJibHbIMH KOJiecaMH, H3 KOTOpb!X OD.HO KOJieco 3 OCT3HOBJieHO 
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(puc. 19.8, n), onpe.ll.MHTCH aHa.11ornqHo 

i~a = (ffi1 - ffih)I( ffi3 - wh) = (ffi 1 - ffih)/ - wh = - irh + 1: (19.17) 

i1h = 1 - t1a = 1 + Z~Z1 
HcnoJih3YH <liopMy.11y (19.17), no.11yquM nepeJtaToqnoe oTHornenue 

Jl..IISl nJiaHeTapHblX MexaHH3MOB c 0.ll.HHM BHelllHHM H 0.llHHM BHyTpeHHHM 
aau.erIJieHHSJMH (puc. 19.8, z): 

ith = } - i~a = } + Z2z/z1Z?•; (1 q 18) 

c Jl.BYMH BHelliHHMH (pHC. 19.8, tJ) " llBYMH BHyTpeHHHMtt (pHC. 19.8. e) 
3au.en.11eHHSIMH .ll.BYXBeHUOBblX caTeJIJIHTOB c ueHTpaJibHblMH KOJiecaMH: 

· 1 «hi l I 1919) Ith= -t1:i= -Z2ZaZ1Z• (. 

Optt HCC.lle.ll.OB3HHH HanpaBJifflOlll.HX nJiaHeTapHblX 3yfiqaTbIX MeXa
HH3MOB onpe.neJIHeTCH lj>yHKUHH noJIO)l{eHHSJ 3allaHHOH ToqKH K ca
TeJIJIHTa 2 (puc. 19.9). Csm1<eM Heno.nBH}KHYIO cttcTeMy KoopnunaT x, 
y c uenO.ll.BIUKHhIM ueHTpaJibHhIM Ko.11ecoM I. BXO.llHUlHM B 3auen.11eH11e c 
caTeJIJIHTOM 2. Opu nosopoTe ao.nu.11a na yro.n <p rnqKa K caTeJIJIHTa 

onurneT UHKJrnqecKylO Kpttsyio KK0 • Pa.nttyc-BeKTOp 01K noi\ TO'IKH 
onpe.ll.Mff eTCff ypaBHeHHeM 

0 1K = 0 102 + 02K. (19.20) 

Cnpoeu.upyeM 3TH BeKTOphI Ha ocn Koop.nuHaT: 

XK = (rw, - rw,) sin <p - r1<.. sm (lj>- <r): 
(19.21) 

r.ll.e rK - pa.ll.Hyc ToqKH K Ha caTMJIHTe; rw, H rw, - pa.ll.HYCbI Ha
'!aJibHhIX oKpy)l{HOcTeii ueHTpa.11bHoro 1<0.11eca n caTeJIJIHTa; lJ:> - yrOJI 
nosopoTa caTeJIJIHTa OTHOCHTeJlbHO BOllHJia. 

0pH IlOBOpOTe BO.ll.HJia Ha yroJI <p OOJiyqHM 

'ljl = i~1 <p = <pz11Z2. ( 1 C) 22) 

npu rK = rw, KpHBaff KKo npellCTaBJIS!eT cofioii rHOOUHKJIOHlJ.y, 

a npH t~~) = 2 rHOOUHKJIOH.ll.3 Bblpom11aeTCff B npHMylO, onpeJJ.eJISieMylO 
ypasueuueM 

x = O; y = rw. cos <p. 

19.5. 3aMKHYTLie ,o;HCl>4>epeH~H8JILHLie MexaHH3MLI 

JJ..1151 onpe.ll.eJieHHSl nepeJJ.aTOqnoro OTHOWeHHff 3GMKHymozo auq)(pcpeH
U,Ua.Jlbl-lOZO .MeXaHU3.Ma (pnc. 19.10) pa30MKHeM KHHeMaTuqecKHe 11e11H 
4-1' " 4, -3' " paCCMOTpHM co6cTBeHHO llHQxPepenuuaJibHblH 3y61JaTblH 
MexaHH3M, .ll.llff KOTOporo B COOTBeTCTBHH c <lioPMYJIOH (19.10) MOrKHO 
330HC3Tb 

ih~ = (roh - w1)/(ro3 - w1); i~~ = (roh - w3)/(ro1 - ro3). (19.23) 

C.110MHB 3TH paseucrna, noJiy'lttM 

i~i' + ik~) = 1. (19.24) 
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(i9.25) 

Bb1pameH11e .llJIH ih, MOMHO noJiyqHTh, pa3,llemrn 3TO ypaBttem1e 
Ha ffi1 : 

(19.26) 

r.lle i 31 - nepe,llaToqttoe OTttowem1e MexattH3Ma, 3aMbIKa10w.ero KHHe
MaTHYecKy10 uenb .lltt¢rpepettuttaJibHOro ~1exattH3Ma. 

0oJib3YHCb ¢opMyJioii ( 19 .26), onpe,lleJIHIOT nepe,llaToqttoe ornowe
HHe 3aMKHyTOro MexaHH3Ma, eCJIH H3BeCTHbl qHcJia 3y6beB 3y6<!aTbIX 

Ko.11ec. TaK, Jl.IIH cxeMbI tta pHc. 19.10 npH H3BeCTHhlX z1, z2, z3 , z;, z~. 
Z4, Z4• 

(19.27) 

19.6. BoJIHOBhle 1'<IeXaHH3MLI 

Optt Bpaw.eHHH rettepaTopa 1 BOJIHOBOro <IJpHKU.HOHHoro MexaHH3Ma 
(pttc. 19. l l) cU6Koe KOJieco 2 ,llHaMeTpOM dw o6KaTbIBaeTCH no :>KeCTKOMY 
Ko.11ecy 3 .llHaMeTpoM d,ll .. EcJIH o6KaTKa ocyw.ecTBJIHeTCH 6e3 CKOJib)!{e
HHH, KOJieco 2 Ll,OJl)KHO nosepttyTbCH Ha yroJI, onpe,lleJIHeMblH pa3HOC
Tbl0 JJ.JIHH oKpy;irnocTei'! 2u6Koeo H :JFCecmKoeo KOJieca. OpH pasHOCTlf 
)J.HaMeTpos :>KecTKoro H rH6Koro KOJiec dw, - dw, = W0 pa3HOCTh 
)J.JIHH OKPY:>KHoCTei-i rn6Koro H mecTKoro KOJiec 6yJieT n W0• OpH He
spamaJOLUeMCH rn6KoM 1<0Jiece mecTKoe KOJieco nosepHeTCH B HanpaB
Jiemrn spamemrn ceHepamopa Ha yroJI qJ3 = 2n Woldw •. nepe,11.arnquoe 
OTHOWeHtte B 3THX cJiyqaHX 6y,Ll,eT: 

npH tteBpammomeMcH rn6KoM KOJiece 

i\~ = w1/ffi3 = %1qi3 = dw,IW0 = dw/(dw,-dw,); (19.28) 

npH HefiO.llBH)l{HOM MeCTKOM KOJiece 

(3) 
i12 = -dw,/W0 = -dw/(dw, -dw,). (19.29} 

B 3y6tiaThIX BOJIHOBhIX MexaHtt3Max rn6KHe KOJieca HMeIOT ttapy)!{
Hble, a X<ecTKtte - BHyTpeHHHe 3y6bH. TaK KaK oTttornem1e JJ.HaMeT
poB MO)l{HO 3aMeHHTb OTHOwemteM qifceJI 3y6beB, TO nepe,11.aT01rnoe 
OTHOilleHHe .ll.JIH paccMaTpHBaeMblX MexaHH3MOB 6y.n.eTJ 
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.(2) /( ) t 13 = 23 23 - 22 ; 

.(3) I 
t12 = - 2~ (23 - <'2). 

(19.30) 

(19.31) 



19.7. 3y6qaTO-pL1qamHLie MeXaBB3Mld 

B 3aB11c11:viocT11 OT Ha3Ha'lemrn 3yfi1.1aTO-pbl'lalf<Horo MexaHH3Mi'l' 
(pHc. 19.12) H c ueJiblO orrpe.lleJieHHH ero KHHeMaTHIIecKHX rrapaMeTpOE
tteo6xo,UttMo HaHTH ¢YHKUHIO SB = s (qi), ecJIH MeXaHH3M nepeiJamO'lHblU, 
JIH6o ¢ynKUHIO rroJiomeHttH TOIIKH rnaTyna M, ecJIH MexaHH3M nanpae
.1uuoutul1. )lJIH 06011x cJiyIIaea neo6xom1Mo orrpe.ueJIHTh Koop.llHHaTh'.' 
TOIIKH M caTeJIJIHTa rrJianernpnoro 3y6IIaTOro MexaHH3Ma B ¢YHKUHE 
OT ITOBoporn BO.llHJia 1, HBJIHIOlll.erocH BXO.llHbIM 3BeHOM MexaHl13Ma .. 

Pa.llHyc-BeKrnp 0 0M TO'IKH M orrpe.ueJIHeTcH ypaanen11eM 

0 2M = 0 002 + 0 2M. (19.32} 
YpaBHeHHe TpaeKTOptttt TO'IKH M B rrpHMoyro.nbttbIX KOOp.llHHaTa;.,: 

XM = (rw.+rw,)sincp-rMsin(cp+');); 

YM = (rw. + rw,) cos qi+ r M cos (qi+');), (19.33) 

x 

Pnc. 19.11. Bo.rnoBoil Me- Pnc. 19.12, 3y6qaro-pbPJalKHblH MexaHH3M 
!!l:aHH3M 

e 

Pnc. 19.13. KyJiaqKOBblH MexaHl!3M 
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r)le 'lj> - yroJI noeoporn caTeJIJIHTa 2 OTHOCHTeJibHO eo.11.uJia 1 npu 

noeopOTe ero Ha yroJI cp, lp = iWcp = cpz0/z2 • 

.l{aJibHeifmee HCCJie)l.OBaHHe ocymecTBJHleTCfl TaK .>Ke, KaK MR KpH· 
BOWHnHo-noJI3YHHOro MexaHH3Ma c KpHBOWHilOM 02M (CM. rJI. 16). 

19.8. KyJia'IRoBJde MexaBB3M:r.I 

Tipu H3BeCTHbIX npo<}>uJie KyJiaqKa H OCHOBHblX pa3Mepax MeX8HH3Ma 
HeOOXOJlHMO onpe.ll.eJIHTb <l>YHKUHIO nOJIOR<eHHff, CKOpOCTH H ycKope
HHH BblXO.ll.Horo 3BeHa. KHHeMaTHqecKHu a1rnJIH3 KynaqKosoro MexaHH3-
Ma paCCMOTpHM Ha npHMepe MeXaHH3Ma c nocrynaTeJibHO .l{BIUKYUU.fMCH 
TOJIKaTeJieM, MHHHM8JibHblM pa.ll.HYCOM ro ff 3KCUeHTpHCHTeTOM e 
(pnc. 19.13, a). 3anmueM ypaBHeHHe, CBH3bl8810lll.ee CKOpOCTH ToqeK 
npo<f>HJiff KyJiaqKa H TOJIKaTeJIH (puc. 19.12, 6), 

- - -
VA,= VA, + VA1A1 t (19.34) 

r.n.e VA, H ·uA. - eeKtophl cKopocTen ToqKH KOHTaKTa A KyJiaqKa I H 
TOJIKaTeJIH 2; VA.A, - eeKrop OTHOCHTeJibHOA CKopocTH ToqKu A 2 roJI
KaTeJIH OTHOCHTeJibHO ToqKu A1 KyJiaqKa. 

Dpe.11.cTaBHM 31'0 eeKTOpHoe ypaeHeHue B eu.n.e cucTeMbl 

VA1 COS <XA, =VA, COS <XA, + VA1A. COS ctA1,; 

VA. sin <XA, =VA, sin aA, + VA,A, sin <XA.,1 

pemeHHe KOTOpou MOR<eT 6b1Tb Bbil10JIHeHO nocpeJlCTBOM oneparopHoii 
$yHKUHH SISTEMA (vA,. aA,, aA,, a.A,.; VA1 , VA1A1). 

BeKTop VA, = ro 1r1 H3BecTeH no qncJieHHOMY 3HaqeHHIO H Hanpaene
HHIO. YroJI a.A, = l'l + n/2, ecnu HanpaeneHHe epameHHH KynaqKa 
coena)laeT c noKa3aHHbIM Ha pHc. 19.13, a, H a.4, = 6 - n/2 - npH 
BpameHHH KynaqKa B nponrnononm1rny10 cTopoHy. Yron a.A, noJIOR<H
TeJieH, eCJIH OH OTCqHTbIBaeTCH B HanpaeJieHHH spameHHff KyJiaqKa 
(CM. 19.13, 6), H OTpHU8TeJieH, ecJIH OTcquTblBaeTCff B o6paTHYIO CTopo
uy. Yron a.A., paeeu yrny )l.asneHHH a., ecJIH HanpasJieHHe cKopocTH 
epameHHH KyJiaqKa coenaJlaeT c noKa3aHHhIM Ha cxeMe (CM. puc. 19.3, 
a), H <XA., = a; - 1& - npH BpameHHH KynaqKa B npOTHBOilOJIO)l<HyIO 
CTOpOHy. 

<l>yHKUHH ycKopeHHff TOJIKaTeJIH MO>KeT 6bITb nonyqeHa H3 cpyHKUHH 
CKopocTeu npu HCil0Jlb30B8HHH onepaTOpHOH <l>YHKUHH JlH<}><}>epeHUHpo
namrn. 



Paa~eJI qeTuepTbIH.~~~~~~~~~~~~~~~~~~~~~ 

,D;MHAMJPIECR11Jl AHAJIM3 MEXAHM3MOB 

20. CHJlbl, ,ll;El.ifCTBYIOIIJ;HE HA 3BEHhH MEXAHH3MOB 

20.1. RJ1acc1ntmxau;1rn CH.JI 

CuJibl, aeucmey10w,ue npu pa6ome MexaHU3M08 Ha ux 38eHbfl, oeARmCR 
Ha BHympeHHUe H BHeUlHUe. Oo.n. BHyTpeHHHMH CHJI3MH CTOHHM3IOT peaK

UllH CBH3ett, B03HHKaJOll~Hx B KHHeMaT11qecKHX napax. Bee .n.pyrne 

CHJibI, He OTHOCHmHeCH K peaKUHHM CBH3eH, o6pa3yIOT CHCTeMy BHeru
HHX CHJI. Harpy»<eHue 3BeHbeB MexaHH3Ma MO}KeT HMeTb pa3JJHqHblH 

xapaKTep. IlpH mot{et{HOM IWHmaKme 3BeHbeB OHO Bb!pa;>irneTCH B .AeH

CTBHH cocpe11ornqemroi'r CHJihI, B npyrnx cJiyqaSJx - Harpy3Ka pac

npe.neJIHeTCH no JIHHHH, noaepxHocrn Jitt6o o6beMy 3BeHa. HanpttMep, 

c11Jia rnmeCTH npe.ncrnBJIHeT co6oii Harpy3KY, pacnpe11eJieHHY10 no 
aceMy o6beMy 3BeHa, CHJia rn.npo.n.1rnaM11qecKoro conpornsJieHHH, B03-

HHKa10maH npH .llBlf}KeHHH 3BCH3 B )l{H.lJ.KOH cpe.ne, npe,llCTaBJIHeT co6oi'r 

11arpy3Ky, pacnpe,ll,eJieHHYIO no nosepxHocrn 3ae11a. 

Co6JllO.UeHHe COOTBCTCTBHH pacqeTHOH cxeMbl JJ.eHCTBllTCJihHOH CHCTe

Me ..uei1crny10mux Harpy3oK Heo6xo,ll,ttMo nptt pacqernx Ha npo4HOCTb. 

flpu pewemm 3a.uaq .UHHaMHKH (onpe.neJieHHe peaKTHBHhIX yrnJIHtt 11 

33KOHOB .UBHIKCHllH 3IleHbeB MexaHH3Ma no.u .nei'rcTBHeM npHJJO}KeHHbIX 

CHJI) pacnpe.ue.'!eHilble Harpy3KH 3aMeHmOT SKBHBaJJeHTHblMH CHJIOBb!MH 

<f>aKTOpaMH. B qacTHOCTH' 3TO OTHOCHTCH K CHJiaM, KOTOpb!e xapaKTe

Pl13YIOT 1mepu110HHOCTh 3BeHbeB. 
B 33BHCHMOCTl1 OT HCTOqHHKa BHeurnero CHJIOBoro 60311,eHCTBIHI CHJ!hl 

neJIHTCH Ha oeuJ1cyu4ue 11 CHJlhI conpomueAeHUR oeu:>1ceH1110. D.eu:;;cyw,ue 
CUAbt ( MOAtCHIJ1bt) IlOHBJIHIOTCH npH 11peo6pa30B3HHH K3KOfO·JlH60 BH.Ua 

SHeprHH B Mexam1qecKy10 3HeprHIO .UBH}KCHHH 3BCHbeB MexaHll3Ma. 

CUAbt conpomueAeHUR aeuJICeHUIO [J051BJIHIOTCH npH npeo6pa30BaHHH 

MCX3HHqecKO(I 3HepnIH ,UBH)l{ymerocH 3BeHa B Jl.pyrne BH,Ll,hl 3Hepn!H, 

!{31( pe3yJihTaT B33HMo.ner"1cTBHH ero c .upyrnM 3BeHOM MexaHH3Ma (cH

Jlbl Henpo113soncrneH11oro conpornsJiemrn) m160 c .ApyrnMH Mexam1qe

CKHMH CHCTeMaMIL EcJIH CHJia conpOTHBJICHHH HBJIHeTC5l pe3yJihTaTOM 

B33HMO,ll,eHCTBHH 3BeHa c .npyroi'r Mexan11qecKOH CHCTCMOH, TO OHa Ha-

3bJBaeTCH cuAou npou3eoocmeeHHoco conpomuBAeHUJl. HanpuMep, B 

l\OMnpeccopHbIX M311JHH3X KHHCTHqecKaH 3HeprnH ,ll,BH)l{ymuxrn 3B€Hb· 

eB npeo6pa3yeTCSl B noTeHUH3JlbHYIO 3Heprmo C}l(3TOfO ra3a, B MCTaJIJIO

pe)l{ymHx cTaHKax - B Mexa11uqecKy10 aHeprnIO pa3pyrnenHH o6pa-

6aThIBaeMoro MatepuaJia. 

0.UHHMH H3 samHeHllilfX B KaTeropHH CHJI nenpOH3BO,lJ.CTBeHHOf0 co

llpOTHBJiemrn HBJIHIOTCH CHJlbl TpeHHH, MCCTOM npHJIO}l(eHHH KOTOpb!X 

HBJ!HIOTCH aJieMeHTbI Kf!HeMarnqecKHX nap. Bonpoc o npttpo.ue rpeHl!H 

jl336ripaeTCH DO,ll.J:'06HO B Kypce QJH3HKH: npouecc TpeHHH npe.ncTaBJIH
('TCH KaK COBOKYilHOCTh CJIO}KHblX QJH3HqecKHX, XltMJiqecKHX II :viexa

f!Hqec1rnx HBJieHHH, npOHCXOAHmHx npH OTHOCHTeJihHOM ABH}KeHIHI TeJI. 
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20.2. AsHmy~He CHJil>I 

.ll.JISI np1rne.n.eHHSI Mexam!3Ma B JlBH>Kem1e K Be.n.ymHM 3BeHbHM Heo(i
XOJJ.HMO npHJJO)!{HTb .n.am1<ymue MOMeHTbl T 11. HJJH CHJJhl FA• uanpasJ1eH
Hble B CTOpOHY .11.BIDKeHJJSI 3BeHa HJIH rnqeK npHJJO)!{eHJ.rn CHJI • .ll.sm1<y
lll,lle CHJibl u MOMeHTbl 3a apeMR ceoero .L1.e1kTBHR coeeprnaIOT noJIO>KH
TeJihHYIO pa6oTy. B MexaHH3Max uHKJIHqecKoro .D.eHCTBHff OHH HMelOT 
nepHO,ll.HqecKHH xapaKTep • .lI.BmKymue CHJlbJ C03J1.alOTCSI Jl.BIJraTe.llffMH. 
KOTOpble ocymecTBJHllOT npeo6pa30B8HHe I<aKOro-m160 BH.ll.8 3HeprnH 
e MexaHuqec1<y10 pa6oTy. B TenJJcBhlX JJ.BHraTeJISIX (BHyTpeHHero cro
paHHR, napoab1e H ra3oBble Typ61rnw) B MexaHH1Ie1<y10 pa6oTy npe
apamaeTcSI TenJIOB8ff 3HeprHR, B 3JleKTp0ll.BHfaTeJJSIX - 3.ileKTpHqecKaR 
3HeprHR, B npy>KHHHblX J1.BHraTeJIRX - noTeHUH8JlbH8H 3HeprHR ne-

4><>PMHpOB8HHOH npy>KHHbl. 
Tun JlSHraTeJISI onpeJJ.eJIReT saKott H3MeHeiIHR ABHlKY°-'eii CHJlbl H 

MOMeHTa. OHM no-pa3HOMY H3MeHRIOWR B 38Bl1CMMOCTH OT CKOpOCTH 
pa6olfero 3BeHa. Pa3Hbie JJ.BHraTeJIH nMeJOr pa3JIHqHhle Mexam1lfeCKHe 
xapaKTepHCTHKH TA= T11. (ro) (puc. 20.1) . .lI.attttaH MexaHHlfecKaR xa
paKTepucTHKa COOTBeTcTByeT onpe.n.eJ1eHHOMY ypoBHIO npeo6pa3yeMOH 
3Heprnu. HanpH~ep, npu yseJil:flfeHHH KOJIHlfecTBa c>irnraeMoro TOII
JIHBa .ll.BHraTe.nb BHyrpeHHero cropaHHR HMeeT Mexam1lfec1<y10 xapaK
TepHCTHKY. pacnoJimKeHHYIO BbIWe, lfeM npuse.n.eHHaR Ha pHC. 20.1, e. 
YpaBHeHHff MexaHHlfeCKHX xapaKTepucTHK ucnoJib3YJOT npu onucaHHH 
B03.ll.eHCTBHH JlBHrareJIH Ha MexaHH3M. --

20.3. CnJILI upoHSBOACTsenui.ix n ueupoHSBOACTBeHHl>IX 

CODpoTHBJieRBii 

Ba.)l<HOH KaTeropHeA BHeWHHX CHJI HBJIRIOTCSJ CHJihl Fa.a H MOMeHTbt 
Ta.c CHJI npoH3BO.ll.CTBeHHoro conpoTHBJieHHH, Koropb1e npHJIO>KeHhI K 
H.:IIOJIHHTeJJhHbIM 3BeHbRM MexaHH3MOB. TaK KaK MexaHU3Mbl npeana
sHa'tQJOmcJl O.llJl npeoiJoAertuJl cull npousBoiJcmeennoeo conpomuBAeflUfl, 
mJ 3Hat.teHue u nanpae!lenue t:1mux cull onpei)eAJl1omcJl mexno/lo<!uitectc11.M 
npol.{eccoM. HanpHMep, e MeraJIJiope>KYlll.HX cTaHKax CHJIOH npoH3BO.ll.
creeHHoro conporHBJieHHSl RBJIReTCSI CHJl8 pe3aHHR, npHJIOiKeHHaR K 
pe>Kylll.eMy HHCTpyMeHTy; B KOMnpeccopHbIX M8WHH8X - CHJia }laB· 
JieHHSi C>KHMae.Moro ra3a, B TpaHcnopTHPYIOlll.HX M8llll:fH8X - CHJibl 
conpoTHBJieeusi nepeMelll,eHHIO rpy3a. Pa6ora CHJI npoH3BO.D.CTBeHHoro 
conpOTHBJieHHSI no OTHOWeHHIO K pa6oTe .ll.BH>Kymux CHJI SIBJIHeTCSI 
oTpHuaTeJibHou. CuJibI 11pou3ao.n.cTBeuuoro conporueJieli1rn, TaK>Ke 
K8K H JJ.BIDKYlll.He CHJibI, 3aBHCSIT OT KHHeMaTHlfeCKHX napaMeTpOB. 
3TH 38BHCHMOCTH SlBJ!SllOTCSl MeXaHHlfeCKHMH xapaKTepHCTHK8MH pa-
601rnx MalllHH (puc. 20.2), npe.n.cTaBJIHIOlll,HMH QJYHKUHOHaJibHYIO ; aB I· 

CHMOCTb Tn.c = Tn.c((J))• 
K KaTeropuu BHewHHX CHJJ OTHOCHTCSI CU/lbl l:f MO.l'1.eHmbl Henpott3-

eoiJcmBeHnoeo conpomu8JleHUJl, KOTOpbie MoryT .n.ei'icrnoeaTb Ha JIJ06we 
3BeHbH MeXaHH3Ma H Ha npeo,D.OJieHHe KOTOphlx 3aTpaquBaeTCH )J.OilOJI· 
HHTeJibHaff paooTa: CHJihl TpeHHSI B KHHeMaTJfqecKHX napax, conpOTIIB· 
JieHHH .D.BH.>KeHHIO 3BeHbeB co CTOpOHbI cpe.n.hl (B03JlyX, >KH.ll.KOCTb HT. n.). 
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nimecTH, HHepum1 u T . .n. Pa6oTa CHJI Henpo113eo.ncrneHHoro conpo
TMBJJeHHff Ha pa3HblX cpa3aX JJ.BH>KeHHH 6brnaeT KaK noAO:JICUmeAbHOU, 

TaK M ompuu,ameAbHOti. HanpttMep, ec.111 npH pa60Te ~1exaHH3Ma ero 
SBeHbH no.nHHMalOTCH B eeprnKaJibHOH OJIOCKOCTH, TO CMJJhl rnmecnt 
3BeHheB coeepwaJOT oTpttuaTeJJbHYIO pa6oTy, ecJIH onycKalOTCR -
IJOJI02KHTeJibHYIO· 

16* 

0 a (<) 0 w 

D w 0 w 
e 

Pttc. 20.1. MexaHH<ie1:1rne xapa1nepttcTHKH ABttraTrJJcfi: sJJeKTpo.naura
<reJJH 3CHHXpOHllJ>le (a), flOLTIJHHHOrO TOK3 c rrapaJJJieJibHblM (6) H no
CJie.llOBaTe.nbllblM (8) B0315ylK.D.CHHeM; MexaHHqeCKHC npylKHHHble (e), 
rrapOBb1e (0), BHyTpe11ttcro cropa11u11 (e) 

Tac 
6,> 60 

Tac 

Go 

G1< G0 

0 w 0 w 
a 

Tnc T 
1 fi.l 

w 0 w 

Pttc. 20.2. MexaHtt'leCKHe xapaKTepHCTHKH: rpy30IIOAbCMHoii Ma111ulfLI 
(a), ueHTpo6e»rnoro Hacoca (6), n11¢Ta (e), l5ernH0MernaJ111H (e) 
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Pa6oTa CHJI Tpemrn scerJJ.a OTpttuaTeJJbHa ornoettTeJJbHO pa60Tbl 

:tBH.iKYU[HX CHJI. B 33BHCHMOCTH OT Tttna KHHeMan111ecKOH napbr, xapaK

Tepa OTHOCHTe.'!bHOro JJ.B!DKeHHSI o6pa3ylOU[HX ee 3BeHbeB conpOTHB

JieHHe JJ.BH)KeHHIO OK33blB3IOT CHJlb[ TpeHHSI CKOJlb){{eHHSI H CHJlb[ Tpe

HH51 K31IeHH51. TaK K3K CHJlb[ TpeHHSI npenSITCTBYIOT OTHOCHTeJibHOMy 

.l.BHR<eHHIO 3BeHbeB, TO OJ-IH .rr.ettCTBYIOT npH pa6011eM H XOJIOCTOM xone 

\rnu11m. Bo MHoroM 3rJxPeKnlBHOCTh 1wHcTpy1<uirn Mexam10Ma onpe.rr.eJrn

eTcSJ 3aTpaTaMH ':IHeprnn Ha npeo.rr.oJiemre CHJI TpeHnSJ. 

20.4. CHJILI HHepu,Hu aseH1>es 

l-1Hepu.uonnocTh 3BeHbeB cnoco6cmeyem UAU npennmcmeyem oeuJ1Ce1-tut0 
pa6oiwx op2mwe M.exattu3~WB. B cooTBeTCTBHH c H3BeCTl!bIMn noJio>Ke

HHHMH JJ.HHaMHKH M3irepH3JlbHOro TeJia, paCCMaTpHBaeMoro KaK cn

CTeMbl MaTepHaJlbHblX TOlJeK, CH.'lbl HHepu.ntt YIIHTbIB3fOTCSI np11 pemeHHJI 

ll.Hcjxpepe11uttaJ1bHblX ypaBHem1H JJ.BHllieHHSI 3BeHbeB, pemem~e KOTOpbIX 

003BOJISleT onreJJ.eJJHTb HCTHHHblH 33KOH .ll.BHH<eHHSI. CTp11 [JH)KeHepHbl.'C 

pactJeTax II3CTO BMeCTO y'-leTa HCTHHHoro 33KOH3 H3MelleHH51 BHelllHHX 

cnJI npn cu.1Iono:v1 pacqeTe ns11myureroCH 3seua pernem1eM 11.ttcp<tJepe11-

B 

u11aJ1bHbIX ypasHe:rntt JJ.BM)f{elHl51 YIIHTbl· 

B3fOT 11.eikTBHe Harpy30K Ha 3Berw B 

KOHKpen1b1x ero no.11omemrnx, np11.rr.a

BaH ypasHeHHHM JJ.BnmeHnH~opMyypa~ 
HeHHH CT3THKH. 3-roT pacqeT npOB011.HT

C51 B cooTBeTCTBilll c np1rnu.m:m1 ll' AnaM-

6epa (cM. npn.11 .): MexaHu 1wxa51 cucmeM.a Pttr. 20.3. CTpHBe.11,em1e rn;1 rrnep-
:lHll At0J1cem ciwmambCH. uaxodflu{etiCJl e pan-

Noeecuu, eCAll IW BCe.M oeii.Ctn8YfOUfUM /ia 
uee CUAG}l oo{)arnem,1 CU.?bl llHepu,uu. Cne11.0BaTe,llbHO, 11.Jlfl BblnO.!iiiell!rn 

CHJIOBOrO pacLieTa MeX3Hll3Ma HeOOXO!lHMO 011pe.rr.e.11nTb CHJ!bl II MOMeH

Tbl CHJI HHepUHH ero 3BeHbeB µ,..rm paccMaTpHBaeMblX nx flOJIO)KeHHiL 

Opn np0Be11em111 .n.1~HaM111IeCKHX pac11eTOB MexaH113MOB scer.n.a c.11e-

1l.yeT noMHHTb, IITO CHJlbl HHepnm1 H HX MOMeHTbl TOJlbKO yc.TJOBHO 

CllHT3fOTC51 np HJIO)KeHHbIMH K paccMaTpttnaeMOMY 3BeHy' lfT06bl c11.e

.i!aTb ClfCTeMy paBHOBeCHOH H noJiylIHTb B03MO>KllOCTb HCCTOJlb30B8Tb 

ypaeHeHH51 cTaTHKn. CTo3TOMY ypaaHeHHH pas11onec1rn c BKJ110tfe1meM 

ClfJI HHepuHn JJHWeHbi cpH3HtfeCKOH cyU[HOCTH H JJ.3fOT TOJlbKO M3TCMa

THtfeCKOe pemeime 3anaq11 . 

.[lJIH 3BeHa, COBepwaIOn~ero HepaBHOMepHoe .11.BH)Kef!He, rJJ3BHblH 

seKTOp BHeUHlllX CHJl, 11.e~icTBYIOUlHX Ha paCCMaTp1rnaeMOe 3Befl0, pa

BeH " nponrnonOJTO)KHO HanpaB.lleH rJiaBHOMY BeKTopy en.~ HHepllHlf 

3BeHa. EcJIJI KpOMe CH.Ii 3BeHO HCflblTbIBaeT B03)tettcTBHe nilp CH.II' TO 

f'JlaBHblH MOMeHT CHJI, neHCTBYIOllUIX Ha 3BeHO, paBen H npoT1rnono.11om

HO nanpas.neH rJJ<.JBlfnMy MOMe1ny c11.11 tt1-1epum1 3Be11a . 

.UJJH 3BeHa, c0Bepma1omero nJiocKonapa.11JWJ1bllOe 11,m1meHtte 

(pHC. 20.3), 3JieMCHTapHble CHJlbl HHepu1rn MO)l{llO npHBeCTH K r.113BHO

MY BeKTopy CHJI H11ep111111 H rJI3BHOMY MOMeHTY CHJI 1rnepu1rn: 

(20. l) 
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r)l.e m 11 Js - COOTBeTCTBeHHO Marca H MOMeln J1Hepmrn 3BCHa; Q5 1: 

i::· - BCKTOph1 JJ11Hei'rnoro ycKopemrn uettTpa Mace H yrnoBoro yrno
peH 11 H 3BCHa. 

Ec.1111 3BeHo )l.BH:>KeTCfl nocTynaTe.11bHO, TO i:: = 0, a cJJe.nosaTeJJbHO, 

Mu = 0, J1 CHJ!bl HHepuHH npHBO,ll.HTCfl TOJlbKO K rJiaBHOMY BCKTopy 

CHJJ HHepu1rn F11 • EcJJH aaeHo coseprnaeT spamaTeJJbHoe .lJ.BH.>KeHtte BO· 

Kpyr TOlJKH' cosna.na10meti c 11,CHTpOM Maces' TO -a. = 0, a CJlC,ll.OBa

TCJlbHO, fH = 0, H CHJlbl HHepUHH npHBO,ll.flTCfl K rJI3BHOMY MOMeHTY 

CHJl HHepu1111 Mu. 

20.5. CHJihJ TpeHHJI CKOJih3\'.CHHJI 

Tpem1e npeacmaeARem co6oa Re.aeHue conpomueAeHufl onuwcume.abHOMY 
nepe.MeU{l!HUIO, e03HUKaJOU{ee 1r1e:J1Cay iJay.1ttfl 38eHbfl/vt.u Ha 3Ae.MeHmax KU
He.tiamu'lecK.ux nap. Do XapaKTepy OTllOCJ.ffeJibHOfO ll.Bl1.>KCHl1H pa3-

:nHl.!alOT TpeHtte CK.OAb:HCeHUJI. u Ka'ieHUR, no COCTOHHl1l0 nonepXHOCTHOfO 

CJJOH 3JJeMeHTOB napbl 11 H8JIHllHIO CM830'IHOfO MaTepHaJia - TpeHHC 

6e3 C.MG3bl8GH.Ufl, epanuimoe 11 :JICUOKOCmHoe. 3rn cpaKTOpbl 11 MHOrne 

.npyrne BJil1HIOT Ha CHJIY TpeHHH, KOTOpaH HanpaBJJeHa B CTopoHy' 

11ponrnonoJIOJl<HYlO HanpaBJieHHlO OTHOCHTeJibllOH CKOpOCHl. CttJia Tpe

H11H ·pr cornaCHo cpopMyJJe KyJJoHa (cM. npttJJ.) 3aBHCHT OT HopMaJihHOH 

COCT3BJIHlOill,eH F,, Harpy3KH, )l.eikTByIOmeii Ha KHHe111aTH'l:eCKYIO na

py, 11 onpe.nem1eTc5! qepes Koarjxflutfue1-tm mpeH.wl f: 
FT~ F,,f. (20.2) 

n 

,1 
2 2 

F 
1.n O 

a 
P11c. 20.4. Tpe1111e Ha TIJJOCKOCTH 

lb pnc. 20.4, a cJie.nyeT, 'ITO f = FTiFn = tg cp. YroJJ cp Ha3bIBaer

CH yz.ao.M mpeH.Ufl.. Ko3Cjxj>Hu11eHTbI TpeHttH onpe.lleJifllOTCH 3Kcnep11MeH

TaJJhHO JI.JUI pa3JIH'I1ibIX coqeTaHllll Tpym11xcH MaTepHaJJOB H ycJJOBHH 

TpeHttH 11 npttBO)l.flTCH B cnpaBO'IHHKax. Pa3JIH'l:alOT K.Oarjx/JUU,UeH.m mpe
HUR noK.oR fn ,,; tg cpn, onpe.neJIHIOill,HH npeJJ.eJlbHYIO c1rny TpeHHH Fm 
B MOMeHT HaqaJJa JlBH.>KeHHfl. H K.oq¢rjJUtfUeHm mpeH.UR. 08UJlfeliUR f A < 
< f n· npe)l.eJJbl H3MeHeHHfl K03cpcpHUJ.leHTa TpeHHH ,ll,.llH MaTepJ.Ja.IJOB 

06111,eMaWHHOCTpoHTeJJbHoro npttMeHeHttH rn11poKJ.J: f u = 0, I.. .0,5; f = 
= 0,05 ... 0,2. 

EcJIH Ha 3BeHo .1 .neikT.ByeT cw.11a F (pttc. 20.4, 6), HanpaaJieHHafl 

no,u yrnoM a OTHOCHTC.IJbHO HOpMa.'111 K IIOBepXHOCTH KOHTaKTa ero co 
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3BeHOM 2, To coCTaBJlst!OW.ast 3Toii cuJibl FA, CJ1.Bnrat0maH aseuo I, fJ.O 
MOMeHTa naqaJJa JlBH}l{efflHI 6y n.eT ypaBHOBelUHB8TbCR CHJIOH TpeHHR 

F,..n, aaswcmueit OT uopMaJJbHOH coCTaBJ1Rt0m.eit Fn: 
FT.fl = fnFn = fnF ·cos a= F ·sin a= FA. (20.3) 

ToJJbKO 1<on1.a .llBttmym,an cocTaBJIHIOU(aR F sin a CH.llbl F 6yn.eT 

60J11>we npeJie.IJbHOM CHJlbl TpeHHR, T. e. Kor11.a FA = F sin a> F .... 0 = 
= f0 F cos a, 1t.acry1111T .11s1nKe1111e. Cnen.osaTeJihHO, ycnosne 11.BH)l{ettHA 

6yAeT 

sin a/cos a= tga > f n = tg 'Pn· 
<l>opMyna (20.2) yCTaHaBJIHBaeT npocreiimyio CBR3b Me>K.n.y Cl1Jl8MH 

HOpMaJibHOH " TpeHHSI, Y.llOOHYIO JtnH HH>KeHepHblX paclleTOB, " HC
OOJlb3YeTCSI B 6oJibUJHHCTBe cJiyqaes KOHCTPYKTHBHblX ucnoJineuuU: 

KHHeMaTuqecKllX nap, eCJIH npttMemlTb npWJeiJeHHblU K03</)(/JUl{UeHm 
mpeHUJI. f': 

F"'~f'Fn u f' = tg(J)'. (20.4) 
Ilpuoe.11eunh1ii K03<txlmuueHT rpeuuR onpeJJ.eJIHIOT TeopeniqecKH 

n 3KcnepttMeHTaJJbHO qepe3 K03<txlmuueuT f JI.Jiff KOHKpeTHblX KHHeMaru
qecKHX nap co CJJO}!{HbJMH 3JieMeHT8MH. 

B BhJCUJeit KHHeMaTnqecKoii nape, Haxo1u1meitcH e noKoe, ouernHRR 
uarpy3Ka " peaKUHH pacnoJIO)KeHhl Ha OJI.HOH JIHHHH (puc. 20.5, a). 
npu OTHOCHTeJibHOM KalleHHH COTipOTHBJieHHe J{BH)KeflHIO o6yCJJOBJ1e110 
aclMl»eKTOM MOJleKyJISIJ>HOrO c~enJJeHHH H TpeuueM npu OTHOCHTeJJbHOM 

CKOJlb>KeHHH 3JJeMeHTOB B npeJJ.eJiax ynpyrnx 11.ecjlopMa(lHH B 30He 

KOHTaKTa. BJiaro.1tapn 3THM srnneunHM npu Kaqemrn peaKLlHH Fn 3Bena 
I Ha 3eeno 2 (6) cMemaeTCH e nanpaeJJeHHH nepeKaThrnauust Ha ueKo· 

Topoe paccrosrnue k OTHOCHTeJihHO seKTopa uarpyiKaiomeii CHJibl F. 
Jlnff ocymeCTBJieHHH pasHoMepuoro KaqenuH .f{BHH<yu1.11ii MOMewr MA 
J.J.OJJ)l{en 6bJTb paeen MOMeHTY MT conpoTHBJJemrn KalleHHIO 

MA= Mr= kFn. (20.5) 

K.oarf>rf>Ut.{UeHm mpeHUJI Ka'leHUJI HMeeT pa3MepHOCTb llJIHHhl H B 33-
BHCHMOCTH OT CO'leTaHirn MaTepnaJIOB H KaqecTBa KOHT3KTnpyIOII(Hl{ 
nosepXHOCTeH H3MeHHeTCH B lliHpOKHX npe11.e.nax (D.Jitt CTaJJH opweHTH

pOBO'lllO k = 0,001. .. 0,005 CM). 

Ilpu OTHOCHTeJibH0\1 Ka'leHHH 110)\ J.J.eHCTBHeM CHJlbl FA (6), C03.Qa-

IOII(eii .11eum:yrn.11ii MOMeHT, B03HHKaer cuna TpenuH F., Ha 3JieMenra JC 

KHHeMaTH'leCKOH napbl, uanpaBJieHHaff B CTOpOHY. npOTHBOllOJJOH<llYIO 

.nsmKeumo. OpeJ.J.eJibHOe 3HalleHue 3TOH CHJibl FT.n B cOOTBeTCTBHH c 
cflopMynoii (20.4) 6yJJ.eT Fu = f~Fn = FA, a 11.BHH<Yll(HH MOMCHT co
rnacno cflopMyJie (20.5) MA= FAh = f~Fnh = kFn. B aasnc11Mocrn OT 

COOTHOUJeHHH f~ ~ klh B03MO}!{Hbl; paBHOMepHoe KalleHHe (f ~ > klh), 
OJtHOBpeMeuuoe KalleHHe H CKo.'lb}KeHHe (/~ = klh) H TOJlbKO CKOJJb· 

}KCHHe (/~ < k/h). 
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DoJib3YHCh no1rnn1eM np11se.n.eHHoro Ko3cpqrnutte1-na rpemrn, MOlf<
Ho conpOTHBJieHHe ABJDKeHl!IO nptt KaqeHHll Bblpa31!Th qepe3 c1rny Tpe
Hll.JI. vl3 ycJJOBllH (20.5) np11 Fn,h = kFn, noJ1yq11M 

FT= Fll. = (k/h}Fn, = f'Fn II f' = k/h. (20.6) 

20. 7. TpeHHe B BB3WHX ICHBeMaTH'l'.eCICHX napax 

JlJJH pa3JIRlJHblX BH)lOB KHHeMaT11<JeCKHX nap CHJia Tpemrn ll MOMeHT OT 
ClfJJ TpeHHH nptt 0.11.miaKoaoii HOpMa.nbHoii CHJJe Fn 3aa11cHT OT 3Ha'le
HHH np11se.11.eHHoro K03qxp11u11eHTa TpeHHH. Ero 3Ha4eHtte onpe.11.eJJHeT
cn 1popMot'1 tt pacnoJio.>1<eH11eM 3JieMeHTOB napb1. 

PaccMOTpttM onpeneJieHtte npttse.n.eHHoro Ko3cpcf>nutteHTa rpeHHH f' • 
noc1 ynaTeJibHOH Kl!HeMaTHqecKOH nape, o6pa30BaHHOH 3BeHbHMll 1 II 2 
(pHC. 20.6), KOllTaKTHPYIOWJIMH no npOH3BOJTbl!OII Ull.nll ll.D.pHqecKOH 110-
eepXHOCTH. Pan11yc noaepxHOCTH p (~) .11.JIHHoii l HBJJHercH cpyn1<u11eft 
yrna ~. o6pa30BaHHoro pa.u11ycoM p II BeKTOpOM HOpMaJJbHOH Cl!Jlbl dFn. 
3Ta CHJia, HBJIHIOIHa.HCH peaKUHeii B KHHeMarnqecKOH nape, C03)1.aeT 
m1 noaepxttocrn KOHTaKTa .uaaJieHHe p (~). Tor.na 3JJeMe11rnpHaH CHJia 
1'peHHH Ha 3JieMeHTe ds = p (~) d~, 3HaqeH11e IWTopoii onpe.11.eJJHeTcH no 
¢opMyJie (20.2), 6yner 

dFT = fdFn = fp (~) lds = fp (~) lp (B) d~, (20.7) 

.a pe3yJihTHpy10w.aH CHJJa TpeHHH 
fl. 

FT= fl s p (~) p (~) dp. (20.8) 
-fl. 

,U.nSJ KHHeMaTnqecKoii napbl c 3JieMeHT8Mll B Bl!)l.e nosepXHOCTJf Kpyr
JJoro UHJIHHJJ.pa (pHc. 20.7, a) p (~) = r =canst. EcJIH napa Henp11pa-
00TaHHaH, TO npttHHMaIOT pasttoMepHoe pacnpe.ueJJeH11e .naaJiemrn no 
nosepxHoCTH KOHTaKTa. Tor.na H3 ycJIOBHH pasHosecHH 3BeHa 1 (nptt 

tr/2 

2~ = n) F = ~· prl cos ~d~ = pld noJiyquM p (~) = p = Fl ld. Do-
-1112 

CJJe 00.ll.CTaHOBKll 3Ha4eHHH p (~) II p (~) B ¢opMyJJy (20.8) noJiyq11M 

FT= fFhr.rlld = fnF/2 = f'F Hf'= (n/2)f. (20.9) 

.llJIH npupa6ora1rnoii naphl npttHHMaIOT KOCHHycouJJ.aJJbHblii aaKOH 
p (~) = Po cos ~- Tor.D.a noJiyqnM 

11/2 

FT = frlp0 J cos ~d~ = 2frlp0 , 

-11/2 

(20. I 0) 

rne p0 - MaKCHMaJJhHoe JJ.aBJJeH11e Ha :i.;ieMeHrnpH0~1 y11ac1Ke no
BepxHOCTH. 

113 ycJJOBHH paBHOBecm1 3BeHa 1 
11/2 1t/2 

- F + j pl cos (kis_ = - F + J p0 lr cos2 ~d~ = 0; 
-11/2 -nfi 
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a 
Puc. 20.5. Tpett1H: 1rn11ea1111 

P11c. 20.6. Onpe.nenetrne npHBe.u.e1111oro KO· 
!1¢4>HUHeHTa TpeHHll 

P11c. 20.7. TpeHHe B nocTynaTem,1101i nape 



11/2 

IIOCJie HHrerpupoBamrn, ytIHThIBasi, qTQ S cos2 ~d~ = n.12, Haii.neM 
-11/2 

Po= 2F/(nlr). (20.11) 

no.ncTaBJUUI 3Ha'leHHe Po B cpopMyJiy (20.10), IlOJIY'IUM 

FT= (4/n)fF = f'F " f' = (4/n)/. (20.12) 
,llJifl napbl c 3JJeMeHTaMH B BH.l(e TpeyroJibHhlX HanpaBJISllO!nUX (6) 

HMeeM p (~) = F/(2lb sin ~) n, npnHnMasi p (~) = 2b, corJiacHo cpop
MyJie (20.8) 

FT= 2fFbl/(2lbsinf3) Hf'= f/sin~. (20.13) 

r r 

Pttc. 20.8. Tpeutte eo opamaTeJibHOii nape npu n.eiicTBHH pa.llH8JlbHoli cunbI 

Bo spam.areJibHbIX KttHeMaTntiecKHX napax 9JICMeHTaMH SIBJIHIOTCH 
IlJIOCKOCTH UJIU U.UJIUH.npnqecKtte IJOBepxHOCTH c o6pa3y10meii npOH3-
BOJihHOH cpopMbl. .llJISI napbl c 3JieMeHTaMH B su.ne noBepXHOCTH Kpyrno-

ro uuJiuH.npa (puc. 20.8, a), uarpy)l{eHHOH pamiaJibHOii cuJioii F, cyM
Mapttasi CUJia TpeHHSI onpe.neJisieTCSI TaK )KC, l<aK H B cJiyqae IlOCTyna
TeJibHOii naphl c TaKHMH )Ke 3JieMeHT8MH, no cpopMyJiaM (20.9) H (20.12). 
HaJiuque CHJibI TpeHHSI FT npuso.nnT I< OTKJIOHCHHIO cyMMapHoif CHJiht 

FR= Fn+ FT OT HanpaBJJCHHH CHJJbI F, .11.eiicreyiomeii Ha coe.nuHeHne. 

CuJia Fl< 6yJleT KacaTbCH oKpyMHOCTH pa.nuyca p = f'r, Ha3h!BaeMoif 
Kpyco.At mpeH.Ufl, H HanpaBJJeHa Tai<, 'ITO CBOIIM .neiiCTBHeM 6y.neT npe
IIHTCTBOB3Tb Bpaw.emno 3JieMeHTOB KHHeMaTH'leCKOH napbl OTHOCH
TeJJbHO .npyr JJ.pyra . .llJrn KHHCM8TH'leCKHX uap c 3JieUeHT8MH B BH)J.e 
c<f>eptt'lCCKHX (pttc. 20.8, 6) H KOHH'ICCKHX nosepxHOCTeH (pnc. 20.8, 6) 
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r 

1;, 

np1rne.neHHble K03qxpHUHeHTbl TpeHHSI 

6y.nyT COOTBeTCTBeHHO f~ = 1,27/ If 

f~ = f' /cos j3. MoMeHT CHJI 1peHHH, 
KOTOpb!H He06XO,Zl.HMO npeo.n.oJieTb 

npH BpameHHH KHHeMaTHIIeCKOH na

pbI, 6y.n.eT 

Mr=0,5Frd=0,5f'Fnd. (20 .14 

npu HarpyMeHHH KHHeM3Tlf lJe

CKOH napbI ocesoii cuJJoii (pttc. 20.9) 
Ha 3.l!eMeHTapnyJO HJ!Olll.3.Zl.KY ds 6y
)(eT )leHCTBOBaTb CHJJa dF = p (j3) x 
x p (j3) dj3, a 3JJeMeHTapHblH MOMeHT 

TpeHHSI COCT3BHT dMT = fpdF = 
= fp (j3) p2 dpdj3. noJJHbIH MOMeHT 

2/11 r 

TpeHHR - MT = f S dj3 S p (j3) p2 x 
O r 0 

r 

x dp = 2nf s p (j3) p2dp. }lJJH KHHe-
r. 

MaTHlJeCKOH napbl c 3JJeMeHTOM B BHJJ.e 

nJJocKoro KOJJhlla p = F/(n (r2 - r~)). 
a MOMeHT TpeHHH 

(20.15) 

r.ne f' = f (2/3) (r3 - r~)l(r2 - r~). 
Jl;rn napbi c 3JJeMeHTOM B BH)l.e HJIOCKOro Kpyra (npH fo = 0) no-

JIYllHM 

MT= 2f Fr/3 H f' = 2f/3. (20.16) 

.UJrn KHHeMaTHlJeCKOH naph! c 3JJeMeHT3Mll B BH)l.e KOHHlJeCKOii no

BepxHOCTH 

f~ = f' /sin fl = 2f /(3·sin j3). (20.17) 

20.8. TpeRHe a ai.1cmux KuHeMaTu11ecxux napax 

3oe1tbfl, 06pa3y10w.ue Bbtcmue KW-teMamu'leCJcue napbt, cooepwa10m nJioc

«onapaJI.nenbuoe H npoCTpaHCTBettuoe Jl.BH>Keuue. B 3THX cJJyllaHx 

HapSI.ll.Y c TpeHHeM CKOJlh)!{eHHH HMeeT MeCTO " mpe1tue KatteltUfl.. Conpo

THBJieHHe Ka'leHIUO, KaK yKa3hIB3JIOCb paHee, ou.eHHBaJOT MOMeHTOM 

napbl CHJI TpeHHH KatJeHHH no cpopMyJJe (20.5) HJIH CHJJOH no cpopMyJJe 

(20.6) . .U.nH BpamaTeJJbHblX BblCWHX KHHeMaTHlleCKHX nap c MHOfO

napHblM KOHTaKTOM (puc. 20.10. a) B3aHMOJJ.eiicTBHe IlOBepXHOCTeii Ka

lfeHHH MO)!{eT 6b!Tb on11caHO CJie.ll.YlOlll.llM o6pa30M. npH )l.eHCTBHH Ha 

3BeHo 1 pa.ll.uaJJhHoii CHJJhI F Harpy3KH Ha 9JJeMeHTax nap, o6pa30BaH-
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PKc. 20.10. TpeHHe Ka'!eHH.11 BO 'BpamaTeJJbHoli nape c Mttoronap· 
ffblM ICOHT3KTOM npH aeikTBHH p3JlH3JlbHOii CHJ!bl 

f 

d 

PHc. 20.11. TpeHHe Ka11emrn ao apa
tu.aTeJibHOil nape c MHOronapHblM KOH· 
TaKTOM npH )leliCTBHH ocesoii CHJlbl 

a 

PHc. 20.12. TpeHHe Ka11eHHff a 
nocrynareJILHOii KHHeMam11ecKoil 
n.ape 

f 90~°'/z 

Puc. 20.13. TpeuHe B BHHToaoii KHHeMarnqecKoli nape 



HblX 3BeHbHMH 1 H 2' 6y .!l.YT CMelil,eHbl OHJOCHTeJibHO TeopeTHlleCKOtt 

T041Ul KOHTaKTa B CTOpoHy OTHOCHTeJibHOro .Zl.BH:>I{eHlUI Ha K03cpq:m1u1-

eHT TpeHHH Kaqemrn k (6). Co cropoHbI 3Be11a 3 K 3BeHy 2 6y.n.eT 

npHJIOMeHa c1rna Fti, MOMeHT Koropoii paBeH MOMeHTY peaKuHH Fi 
npn KalleHHH FtiD = 2F,k, OTl(Y.11.a Fa = 2Fik!D . .[lJrn npeo.11.oJieHH? 

MOMeHTOB c11JI Fu H Fi K 3BeHy 3 Heo6xo)lHMO npHJJOMHTh MOMeHT M 1 = 
= Fud/2 + Fik = F,k (I + dillJ). noJIHbltt MOMeHT rpeHJUI CKJia.Qh!BaeT
CH H3 cyMMbl norepb B Ka>K)].OH HarpyllieHHOfi 30He 3BeHbeB 2: 

n n 

M, = ~. M, = k (I + d1/D) L F, = Fyk (1 + di!D), (20.18} 
io=I i=I 

r.LJ.e y - K03(pqmu11eHT, YllHTbIBalOW.HH 3aKOH pacnpe)leJJeHlrn cHJI F; 
B Harpy}KeHHOtt 30He. 

Dpe.n:noJJaraH, 'ITO pacn pe.11.eJiemie c11JI F1 no.n:lJ11H.fleTcH KOCHHY

co11)].aJibHOMY 3aKoHy, noJiyllHM I' ~ 1,3. n0Tep11 Ha Tpem1e KalleHHH 

MO}KHO npe)].CTaBlffb B cpopMe IJOTepb Ha Tpe~rne CKO.fJb}KeHJrn, BOCilOJJb-

30BaBWHCb IIOHHTHeM 0 npueeiJeHHOM IWBrjJqmu,ueHJne mpeHUfl. ,Um1 

3TOro TpeH11e KalleHH.fl B MHoronapHOM KOHTaKTe C.TJe.n:yeT ycJJOBHO sa

MellHTb Tpem1eM CKOJlb>KeHH.fl Ha IIOBepXHOCTb pa.11.uyca d/2. B pesyJJb

TaTe flOJJYllHM 

MT = (l ,3Fk/0,5d) (I + d/D) d/2 = f' Fd/2, (20.19) 

rJJ,e f' = (2,6kld) (I + di!D) - npHBe.11.eHHblH K03cp¢HuHeHT TpeHHH 

K noBepXHOCTH .!l.HaMeTpOM d. 
,Um1 napbl, HarpyJKeHHOH oceBOH CHJIOii. (pHC. 20 .11)' noJiaraH '\' = l, 

MT = Fk (1 + d1/D). (20.20) 
EcJJH ucnoJib3oBa:rh npttBe.ll.eHHhJH K03cpqmu11eHT TpeHHH, rn npH 

rrpe.11.craBJiemrn noTepb TpeHHH Ka4eHH51 noTepHMH Ha noBepxHOCTH 

JJ,HaMerpoM d no cpopMyJJe (20. f9), MT = Fk (I + d1/D) = f' Fd/2, 
noJJyllHM 

f' = (2kld) (I + d1/D). (20.21) 

B noCTynareJibHOH KHHeMaTH4€CKOH nape c MHoronapHblM KOHTaK

TOM (pttc. 20.12) B03MO)!{HOe OTHOCHTeJibHOe nepeMern.eHHe 3BeHbeB. 

1 H 2 noJJ. JJ,eiicTBHeM CHJibI F .11 6y.n:er np1:1 ycJJOBHH 

" 
F ,p = 2k ~ F, = 2kF. 

i=I 
(20.22) 

Yno.11.06JJH5! 3TY napy ycJJOBHOH KHHeMaTH4ecKoi1 nape c TpeHHeM 

CKOJlbiK€HHH, JlOJJY'lHM 
n 

F p. = FT = f b F; = 2kF ID = f' F' 
i=l 

(20.23) 

r)J.e f' = 2k/D - np1rne)J.eHHbIH K03cpqmuHeHT TpeHHH. 

20.9. TpeBJie B BJIHTOBOH KHHeMaTH11eCKOH nape 

,UJIH orrpe,!!.eJieHH.H MOMeHTa TpeHHH B BHHTOBOH nape (pttc. 20.13, a) 

noJiaraeM, lJTO )J.aBJJeHHe OT BHewHefi Harpy3KH F no noBepXHOCTH BHT

KOB pacnpeJJ.em1ercH paBHOMepHo H saKoH KyJJoHa npHMeHHM .ll.JIH 3JJe-

252 



MeHTapttoii nnom.aJJ.KH ds. CBeJJ.eM npocrpaHCTBeHHYIO cHcreMy c11J1 . 
.Jl.2HCTBYIOIIJ.HX Ha 3BeHbH 1 H 2 KHHeMaTHIJ:eCKOH napbl, K ycJIOBH('H 
IlJIOCKOH, COCTOHIIJ.eii H3 pa3BepTKH pe3b6bI 2 B BH.ll.e HaKJIOHHOii 
nnocKocTH 11 npH3MbI, npe.a.craBJlHIOW.eil 3BeHo 1. Ha 3.JJeMeHT 1 
(pnc. 20.13, 6) npH .llBmKemm 6ynyr .n.eikrnoaaTb .3.JieMeHrapHbie Ha· 

rpy3KH dF, peaKUllH df,,, CHJJa rpemrn dfT H Jl.BmKylll,aSI CHJla df~, 
npOH3Be)l.eHJie KOTOpOH Ha cpeJ].HHH pa,ll.11yc pe3b6bl 0,5d2 C03Jl.3eT 3.Jie
MeHTapHblli spau~alOW.HH MOMeHT dM11.. llpH paBHOMepHOM .ll.BIUKemm 
)1.0.1)1{H0 co6JIIO.ll.3TbCH yc.'lOBHe 

dF + dF,, + dFT + dFJl = o. 
1--fa ycJIOBHH paBHosec1rn MllOroyroJibHHKa CHJI (pHC. 20.13, 6') 

Haii.a.eM 
dF!l = dF · tg (1jJ + <Jl), (20.24) 

rne ip - yro.r1 nOllbeMa BllHTOBOH JJHHHH pe3b6b1; qJ - yroJI Tpemrn -

yroJI Melli.llY !10.JJHOH peaKu11eii dF,'?. H HOpMa.JJbHOH CHJIOH dF n· 
lloJIHbl~I MOMeHT rpeHHH 6yJI.eT 

MT=~ dF Jl. d2/2 = (Fd212) tg N +qi). (20.25) 

llpH JJ.BHMemrn 3se1rn 1 B ttanpaBJJemm, coana,11,aIOw.eM c Hanpas.ne· 

m1eM CHJJhI F (pHc. 20.13, a), MOMeHT CH.JI TpeHHH 6yJI.eT 

MT = (Fd212) tg (~' - <p). (20.26) 

B BHHTOBblX KHHeMaTnqecKHX napax c \~ > qi nocTynaTeJibHOe H 
O.ll.EOBpeMeHHO spamareJJbHOe .ll.BH)!{em1e 3Be1rn 1 B03MOMHO. BttHTOBhJe 
napbl, y KOTOpblX ¢ < <p, H33blB3lOTC51 caMomopM03JlW,UMUCfl: )l.BH)!{e

Hllt'. 3BeHa npH JII06oM 3Ha4emm CHJJhl F HeB03MOlliHO. 
3n1 llie 3aBHCHMOCTH npHro.ll.Hbl ll.JJH BllHTOBOfl napbl c TpeyroJibHOfl 

pe3h6ott (pttc. 20. 13, 2), ecmt B:vtecrn yrna rpemrn qi noncrasttTh nptt· 
se.ueHHhlH yro.11 Tpemrn <Jl 1 = arctg f'. Be.JJHlJllHY ero onpe,'l.eJIHIOT, 
npe.J.no.JJaraH, qro 3BeHo cosepmaer .n.1rnlliem1e 1:1 Tpeyro.JJhHbIX HanpaB· 
JIH!OW.HX c yrnoM nptt sepwHHe 2 (90° - a/2), o6pa30B3HHblX 60KOBbl
MH nosepxHOCTSIMH BllTKOB pe3b6hI. B coorneTCTBHH c cpopMy.JJoi'.i (20.13) 
TIOJJY1IHM 

f' =//sin (90° - a/2) = f/coo0, (a/2). (20.27) 

llocKOJJbKY f' > f H, c.JJell.OBaTe.JJbHO qi' > qi, TO noTepH B BHHTO
BOfI nape c TpeyroJihHof1 pe3b6oi1 60.JJhUJe, 1.JeM B nape c npHMoyro.JJh
noil pe3b6oi1 (nptt a = 60) npttMeptto Ha 15 %). 

20.10. Tpemt:e B KHHeMaTHqec«oii nape c rHoKHM aseHoM 

B 1urneMaTH1.JeCl(oii nape c rn6KHM 3BeHOM 1 (pttc. 20.14) conpoTHBJie
ime llBH)KeHHIO B03HHKaeT Ha noBepxHOCTH KOHTaKTa ero co 3BeHOM 2. 
11,JIH llBHlliemrn rn6Koro 3BeHa np11 ttarpy3Ke f 1 Ha o,ll.HOM KOHUe ero 
K npyroMy Hp1<Ho np11Jim1rnrh c1wy F2 > F1. Bh1,11,eJI11M 3JJeMeHTapHhitt 
yIJacToK ri-16Koro 3BeHa B npe,Ll.eJiax yrna da. Ha Hero 6yJI.yT .n.eftcrno

BaTh cHJJhI HaTH>KeHHH F tt F + dF H 3.JJeMeHTapHbie cHJihI - Hop1v1a,TJhHaH 
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dFn H TpeHHH dFT. I-fa yCJIOBHH paBHOBeCHH B aepTHKaJibHOii 
nJIOCKOCTM sin (dct.12) ~ da/2 noJiy'lHM 

dFn = (F +CF+ dF)) sin (da/2) ~ Fda. (20.28) 

}fa ycJIOBHH paBHOBeCHH B ropH30HTaJibHOH IlJIOCKOCTH npH 

cos (a/2) ~ I noJiy'lHM 

dFT = ((F + dF)- F) cos (da/2) ~ dF. (20.29) 

Do ¢opMyJie (20.4) C yt1eTOM ¢opMyJI (20.28) H (20.29) HaH)leM 

dFT = f'dFn = f' Fda, 

dF.,IF = f'da. (20.30) 

0 x 
PHc. 20.14. TpeHHe B KHHeMaTH'le
cKoA nape' c rn6KHM 3BeHOM 

PHc. 20.15. OpHae.n.eHHe CHJI H MoMeH• 
TOB, AeiicTByIOW.HX Ha 3BeHO 

CTpoHHTerpttposas ypaBHeHHe (20.30) a npe.LJ.eJiax JJ.YrH o6xsaTa 
P, a 

a - .\ dF/F = f' S da, noJiyllHM ln (f2/F1) = f'a H 
F, 0 

CJleJ(OBaTeJibHO, 

(20.31) 

r)l.e e - OCHOBaHHe HaTypaJibHbIX JiorapH¢MOB. 

<f>opMyJia (20.31) noJiy'leHa Jl. 3iiJiepoM (cM. npnJI.) H HOCHTero HMH. 

20.11. Ilpuse.z.euue CHJI, .z.eiicTsyro~ux ua aeeuo, 
K 3.KBHBaJieHTHOH CHCTeMe CHJI 

B CUJIOBblX pac'lerax CHCTeMy CHJI H MOMeHTOB CHJI, .D.eHCTBYIOlllHX 

Ha 3BeHO, YJJ.06Ho CBOJJ.HTb K 3KBHBaJieHTHOH CHCTeMe - OJJ.HOH CHJie 

H OJJ.HOH nape CHJI. JI.mi 9TOfO onpe.ueJIH!OT rJiaBHblH BeKTOp acex CMJI, 

JJ.eHCTBY!OIIl.HX Ha 3BeHO, 11 npHKJiaJJ,bIBa!OT ero B Jl!OOOH TOllKe 3BeHa, 

Ha3hrnaeMOH molf.KOU npueeiJeHUJI,. 4ro6bI paBHOBeCHe CHCTeMbl He Hapy

rnaJIOCb, npH nepeHoce Ka}!{JJ.OH CHJibI He06XOJJ.HMO JJ.06aBHTb napy CHJI, 

MOMeHT KOTOpbIX paaeH MOMeHTY nepeHOCHMOH CHJibl OTHOCHTeJibHO 
TO'IKH npHBeJJ,eHHSI. f JiaBHbIH MOMeHT CHCTeMbl CHJI onpe)l.eJISieTCSI KaK 

cyMMa MOMeHTOB BHelllHHX CHJI H MOMeHTOB nap CllJI, .no6aaJieHHblX 

npH nepeHoce CHJI B TOllKY npHBe)l.eHHSI. 
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PaccMoTpttM npuMep npnBeJJ.eHHSI K OJI.HOU cn.ne 11 nape CHJI sa
n.aHHoii CHCTeMbl CH.n, .D.eUCTBYIOlll.HX Ha 3BeHO MexaHH3M3 (puc. 20.15). 
3a TQllKY npttBe.11.eHHSI npttMeM ueHTp Mace s 3BeHa, KOTOpblH SIB.nSieTCH 
TOIJKofi npu.nmKeHttsi CHJibl TSI}l{eCTH F, 3BeHa H ctt.nhI ttHepuuu F.,. 
f.JlaBHbitt BeKTOp cu.n, .11.eiicTByIOW.HX Ha 3BeHo, F = Fe + F1 + 
+ Pg +Fu- 3HatteHHe H Hanpas.neHue ctt.nbI F MOJKHO no.nyttttTb aHa
JIHTHttecKH, ucno.nb3ysi onepaTOpHyIO <jlyHKUHIO SMV KT (cM. r.n. 5): 

SMVKT(Fe, 0, F1 ,-v1; F"' •. '¢); · l 
SMVKT (F"', 'I', Fr., -n/2, F"', 'I'). (20.32} 
SMV KT (F w• 'I'. F ... O; F, -v). 

rne F.p u 'lj.l - npoMe)l{yTotJHbie 3HatJeHttsi BeKTopa cyMMbl JJ.BYX BeKTO
poB u ero Hanpas.nmomero yr.na. 

OnpeJJ.e.nHM MOMeHTbI OT cu.n Fe u F1, KOTOpb1e .D.o6aBSITCSI npH nepe
ttoce :>Tux cu.n B TOttKy S . .U.ns1 :>Toro Bocno.Jlb3YeMcSI o6II.{HM Bbipa)Ke-
HHeM MOMeHTa ttepea seKTOpHoe npon3BeJJ.ettne cn.nhI Fi u paJJ.ttyca 
BeKTopa ;, JJ.O TOllKH ee npu.no}l{eHHSI M (F;) = ri x F, = rxFg -
- ryFJC (HHJJ.eKCbl x " y onpe.n.e.nSIIOT npoeKUHIO BeKTOpa Ha COOTBeT
CTBYIOlllYIO Koop.n.nHaTHyIO ocb). Tor.n.a no.nyttttM 

MFe = Fc(Ys-Yc); 

MF, = F1Ys cos '\'1 - F1 (Xe, - Xs) sin 'Vt· 
f .naBHblll MOMeHT CHCTeMbl CH.n 

M = Mi + M2 + MF + MF,• c 

(20.33) 

(20.34) 

(20.35) 

Cse.n.euue CHCTeMbl cu.n, .n.eiiCTBYIOlll.HX Ha SBeHO, K o.nttoA CHJie H 
K nape CUJI n03BO.nSieT B .n.a.nbtteArneM <jlopMa.nH30B3Th a.nropHTM pac
qeTa, llTO OC06eHHO B3}1{HO npH npHMeHeHHH 9JieKTpOHHhIX BhlllHCJIH
Te.nbHhlX MaIIIHH. 

21. CHJIOBOR PACllET MEXAHH3MOB 

21.1. PeaR~BH B RBHeMaTB11ec1tux napax 

B 3.neMeurnx KHHeMaTutteCKHX nap B03HHKalOT peaKUHH CBSI3eAr 
nB.nS110UJ.HecS1 pe3y.nhT3TOM cu.nosoro B3aHMo.n.eikTBHSI aBeHbeB. Bo 
BpamaTe.nbHOH KHHeMaTHIJeCKOH nape 1-2 (puc. 21. l) .n.an.neHHSI p (fl) 
pacnpe.n.enS110TCS1 no noBepxttocTn uu.nutt.11.pa. Ec.ntt no-repu Ha Tpe-
HHe Ma.nhl H HMU MOJKHO npette6pettb, TO pasuo.n.eiiCTBYIOlll.aSI F12 pac-
11peJJ.eJieHHOU no nonepxnocrn cu.nw npoii.n.eT ttepea ueHTp naphl 
(puc. 21.l, a). CTptt ytteTe TpeHHSI (CM. r.n. 20) paBHO){ettCTBYIOIUaSI 6y
J1.eT KacaThCSI oKpy}l{HOCTH pa.n.uyca p = f'r (puc. 21.l, 6). 

B n.nocKOH nocTynaTe.nhttoii KHHeMaTnttecKoii nape 1-2 3aKOH 
p (x) pacnpeJJ.e.neHHSI Harpy3KH 3aBHCHT OT BHJJ.3 3.neMeHTOB (pnc. 21.2) .. 
PaBHOJJ.eiicrnyt0masi F 12 pacnpe.n.eneHHoii Harpy3KH 6y.n.eT HanpaB.neua 
lWH no HOpMaJIH K noBepxHOCTH KOHTaKTa (pHC. 21.2, a), eC.'lH TpeuHeM 
npeue6pellb, u.nu no.n. yr.noM TpeuuSI <p K uopMa.11n (pnc. 21.2, 6), eCJIH 
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CHJ!bl TpeHHH yqHTbIB8IOT. )lJIH Ka>K.noro 3BeHa B IIJIOCKOH KOOp,nHH8T· 
Hofl CHCTeMe MoryT ObITb cocTaBJieHhI TPH ypasttemrn pasHosecHH! 
.UJIH n 3BeHheB ql{CJIO ypaBHeHHH paBHOBeCHH oy.neT 3n. CHJia, KaK 
Mepa qmswrecKoro B3aHMo.neflcTBHH .nsyx TeJI, xapaKrep1rnyeTcH se.111-
q11ttofl, Ha11paBJiem1eM H TOqK01i npHJIO.>KeHHH. Jlmi HH3WJ.IX KHHeMa
rnqecKHX 11ap IIJIOCKJ.IX MexaHH3MOB Bcer.na J.13BeCTHO JIJ.100 HanpaB· 
JJeHHe (B nocTynaTeJibHOH nape), JIHOO TOqKa IIpHJIO>KeHHH (BO sparn,a
reJibHOH nape) H HeHssecTHhIMH ocrn10TcH .n.se xapaKTepHCTHKU. Torna 

PHc. 21.1. Onpe.n:eJieHHe peaK1.1.11ii so spauraTMb11oii KHHeMarn<IeCI<oll nape 

z 

'P(X) 

Puc. 21.2. Onpe.n.eJieHHe peaKUHii B nocTynaTeJibHOH KHHeMaTH'lecKoA nape 

npu qucJie HeU3BeCTHblX, paBHOM 'IUCJIY ypaBHeHHH, ycJIOBHe CT8TJ.l• 
qecKOH onpe.neJHIMOCTH .UJIH KHHCM8THqecKOH u.enu c HH3WUMH KHHe
.MaTH'leCKHMJ.l napaMH OY.ll.eT HMeTb BH.iJ. 3n - 2p0 = 0, OTKy.ll.a 

p5 = 3n/2. (21.1) 

IloJiyqeHHoe ycJIOBHe cosna.naer co CTPYIITYPHhIM cooTHOllleHHeM, 
enpaBe.ll.JIHBhIM .ll,JIH crpyKTYPHhIX rpynn (CM. rJI. 3). 3To II03BOJIHeT 
c.iJ.eJ18Th BbIBO.ll., qTQ wapmlpHO-pb!Cf8>KHhle MeXaHH3Mbl oe3 H30bITQll· 
HbIX CBH3eH, oopa30B8HHhie IIpHcOe.LllrneHHeM K BeJJ.ylll,HM 3BeHbfl!Vl 
cTpyKTyptthlX rpynn, HBJUIIOTCH CTaTHllecKH 011pe.neJIHMbI!\m CHCTeMal\ H. 

J].JIH IIJIOCKOH BhICllleH KHHeMBTHlleCKOH 11apbl 6e3 yt1eTa Tpenm1 
(pHC. 21.3, a) H c ylleTOM TpeHHH (6) scer.na H3BeCTHbI HanpaBJieHHe 

168 



H TO'lKa np11Jlo11<e1111H peaKUHH, a HeH3BeCTHo ee 311aL1eH1Ie. Tcr.n.a JI.JUI 
MexaHH3MOB c Bb!CWHMH napaMH ycJIOBHe cTaTHl!ecK0~1 onpe.neJilllW.iCTH 
6y.n.eT 3n - 2p3 - p.1 = 0. 3To coornoweHHe B npoCTeiiweM c.1yqae 
y.n.onJJernopHeTCH npH n = 1, p 5 = 1, p4 = I, oTKy na cJien.yeT, 'ITO 

n 

a 
PHc. 21.3. OnpeJJ.e,1etttte peaKuHii B Bb1crnell KHHeMaTH<JecKoii nape 

CTaTH'leCKH onpe,D.eJIHMOH CHCTeMOH flBJIHeTCH 3BeHO, BXO.lVllll.ee • 
Bb!CWYIO H HH3WYIO KHHeMaTH'leCKHe napbr. 3ToMy ycJIOBHIO COOTBCT· 
crny10T 3BeHbH 3y6L1aThIX, KyJial!KOBbIX, <flpHKUHOHHbIX H .u:pyrn.t 
no.11.06HblX MexaHH3MOB. 

21.2. Onpe.ZleJJeBHe peaKu;uii e ICHHeMaTuqecKHX napax: 
CTPYKTYPHLIX rpynn c BffYTpeHHe:H: spam;aTeJI1>Hoii 
napoii 

BHyTpeHHIOIO apaw.aTeJibHYIO napy HMe!OT rpynnb1 nepsoro, stoporo 
11 qerneprnro BH.11.0B (CM. rJI. 3). TaK KaK cnoco6 onpe.neJJeHHH peaKUHA 
33BHCHT OT rnna npHCOeD.HHHTe.JlbHbIX KHHeMaTHl!eCKHX nap (spaw.a
TeJibHOH HJIH nocTynaTeJibHOii), TO THnHl!HOH .D.JIH 3THX rpynn HBJUieTCR 
rpynna srnporo s11.n.a (pHc. 21.4, a). 0Ha co.nepmHT H nocTynaTeJibHyIO, 
H epaw.aTeJibHYIO npucoe.n.HHHTeJibHbie napb1. Cse.ueM BHewHHe CHJihI, 

Aeikrny10rn.ue 11a 3BeHMI 2 H 3 rpynnhI, K rJiaBHhIM seKTOpaM F9 H F1 
H fJI36HbIM MOMeHTaM Mz H Ma. B KHHeMaTlll!eCKHX napax A H a 
npHJIOMHM peaKUHH Fi.2 H F48 • .UJrn peaKUHH F12 H3BecTHa TOl!Ka np11-

JimKemrn, a AJIH peaKUHH F43 - JIHHHH .neiicrn1rn. 4T06bI onpe,LI.eJJttT• 

seKTop F43 If TO'IKY ero npHJIO)!{eHHH, a TaKX<e seKTop f 12 H ero Ha• 
npaa.TJe1rne, paccMoTpHM pas11osecne 3BeHbeB rpynnbI. YpastteHHe 
paBHOBeCHH llJIH rpynnbl 6y.n.eT 

f'12 + F2+Fa+f4a = o. (21.2) 

Pa3JIOLKHM BeKTOp f12 no ,LI.BYM HarrpaBJleHHHM. nepBblH F1211 
uanpaBJieH K ueHTPY BHytpeHHeii apaw.aTeJbHOH napb!, T. e. I! TOll· 

Ke B; BTopoii - f 121 HanpasJieH nepneH.AHKYJIHpHo. Tor.D.a ypaeuetttta 
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(21.2) aanHWeTCSI B BH)J.e 

F12n + F121 + F2 +Fa+ F.a = 0. (21.3) 

3HalleHne BeKTopa F12t MO)f{HO onpe)J.eJIHTh, paccMOTpes pasttose
cne 3BeHa 2, BOCilOJlb3088BllIHCb ypaBHeHHeM MOMeHTOB OTHOCHTeJibHO 
u.euTpa 6nH>Kalirneli spam.aTeJibHOH napbl B: 

n 

L MB (F,) = MB(F2) + F12tlAB + F12n • 0 + Fs2 • 0 + M11 = 
l=I 

(21.4) 

a 
PHc. 21.4. Onpe,1J.eneHHe peaKU.Hli B KHHeMaTHqeCKHX napax rpymlbl uroporo entr.a 

a 
P11c. 21.5. Onpe,lle.nenHe peaKLlHA 11 KHHeMaTHqecKHX napax rpymn.r nepnoro BHJ(a 



B ypaBHeHHH (21.4) MOMeHT M2 tm.11.crnBJJSHOT co csoHM 3HaKoM, 

MOMeHThI <;HJJ F12n H}~ paBHbI HYJJJO, TaK KaK JJHHHH HX JJ.eikrntts:i npo· 

xo,IJ,RT qepe3 rnq.Ky B, SHaK MB (F2) = BS2 x F 2 onpe.n.eJIHTCH noc.rJe 
pa3JJO)KeI-iirn seKropHoro npmrnse.n.eHHSI. Tor.n.a 

F121 = - (M2 + Mn (F2))/lAB• (21.5) 
Ecm1 nocJJe. J;i~qttc.nemrn sHaqeHtte CHJJhI F121 noJiyq11M c oTpHua

-feJibHbJM 3HaKOM, TO nepe.n. perneHHeM ypasHeHHjl! (21.3) ttanpaaJiem1e 
ee BeKTopa Heo6x~JJ.MMO H3MeHHTh Ha o6paittoe. 11s peweHHSI 3Toro 

!J 

a x 

PHc. 21.6. Onpe.neJJettHe peaKUHll a KHHeMan1'leCKHX napax rpynnb1 'leT· 
aeproro 11n.na 

ypairneHHH (Q) noJiyqaeM 3HaqeHHR H HanpasJJeHHR BeKTOpOB "f12n 

(:rnaq1n, F12 = Fiz, + F12n) H F43. PeaKUHIO B KHHeMarnqecKOH nape 
B Haxo.n.HM HS ycJIOBHR paBHOBeCHR o.n.Horo H3 3BeHbeB rpynnbI, Ha· 

11pHMep 2: F12 + F2 + F82 = 0. BeKrnp f:i2 onpe.n.eJIHTCR npH saM1.>1-

1<aHHH aeKTopnoro rpeyrOJJbHHKa, B KOTOpb!H BXO;llflT CHJ!bl f12 H f2. 

ToqKa npHJJO}K~HHH BeKTopa ~3 onpeAeJIHeTcH H3 paccMorpeH1rn pas· 
uo8ecm1 sseHa S no 'ypaaHeHHJO MOMeHTOB 01uoc11TeJihHO TOllJot B ,nptt 

MB(F43)'=h48 X F43; Ma (Fd +Ms+ A1tJ(f3) = 0 H 

h,3 = - (M3 + M1;(F3))1F.3 • (21.6) 
Jlm1 rpynnbI nepaoro BHJI.a (pttc. 21.5, a) ypaattem1e paBHOBeCHH 

sam1weM, pacKJJ8.11.bIBafl peaKUHH B npHCOe)],HHHTeJibHbIX Bpalll,aTeJibHb!X 
napax A H C na cocraBJJflJOlll.He, KaK yKa3aHo pauee: 

F12n + F121 + r.·2 +Fa+ F\in + F43/ = 0. (21.7) 
BeKTOphl f121 H f 431 onpe.LJ.eJIHM H3 paccMorpeHHH pasHosecm> 

COOTBeTCTBeHHO ·SBeHtieB 2 H 3, COCTaBllB ypaBHeHHH MOMeHTOB llJUI 
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Ka}l{Jl.OfO H3 HHX OTHOCHTeJlbHO TOlfK!I B: 

MR (Fcz) = MB(F2) + .412 + F12tlA8 + Mf: (F3~) = O; 

Ma(Fn) = M,JF3) + AJ3 + MH(Fn) + FndcH = 0, 

oTKylla npn MB (F32 ) = 0 11 AfB (f~3) = 0 

F,~, = -(M2 + MH(Ft.))llAB H F43t = - (M3 + MB(Fs))llrn. (21.8) 

1'fa pewemrn ypaBHemrn (21.7) HattJJ.eM tte1t3secrnble seKTOpbl f:1z..: 
u F,. 11 (pttc. 21.5, 6), a pa ccMaTpHBaH pasttoRecue 3Reua 2 - seK

TOp Fas· 
.fi;rn rpynnbI qeTBeproro BH,LJ.a (pHc. 21.6, a) n11n1111 t1.eitcrnHH se1c-

Topoe F12 11 F43 HJBecTHbI. Om1 nepnenJ1.1tKynnpni.1 ttanpaBJIH!OUVIM 

KHHeMaTHqecKHx: nap il H C. PeaKu1111 f 12 H f 0 onpe.11.enHM peUiemreM 

ypaeueum1 rnna (21.3) F;_2 + F2 + F3 + F0 = 0 (6). TolfKll npuno
}l{eHHH 3THX peaKUHH onpe,l\eJIH!OT H3 ycJIOBHH, !lHaJiornqHblX JI.Jiff no
CTynaTeJibHOH Klll!eMaT!l'IeCKOH napbl c rpym1bl BTOporo 81111.3 (2l.6). 

21.3. OnpeAeJieHBe peaR~ii B RHHeMaTH'lecsux napax: 
CTpyicrypm.1x rpynn c eHyTpeuueii noCTynaTeJILHoii 
uapoii 

flpH CHJIOBOM B33HMO.IJ.eikTBHll 3BeHbeB 2 ll 3 rpynn C BHyTpeHHJfMH 
llOCTynaTeJJbHblMH uapaM!l Hel138ecrna T0'1K3 npuno>KeHHH BHyTpeHHeii 
peaKU.HH. 3To He .naeT B03MO>KHOCTH HCilOJlb30BaTb !/Pfl8He1tue .4WMeflm()(I 
npH paCCMOTpeHHH paBHOBecHH KaiK}l.OfO 38eHa B OT}l.eJlbHOCTH. flo-
9TOMY neHJBeCTHbie cocTaBJHllOW.He seKropos onpeJJ.eJIAIOT Ill ypasuem111 
MOMeHTOB, COCTaB.neHHOro JI.JUI see» rpynnbl. 

!I 

0 a 

/ 

,,.<1. 
/ ... 

x 

P:1c. 21.7. Onpe.u.e.netttte peaKU.Hii B KHHeMaTH'leCKHX napax rpynnw tpen.ero BHJta 
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YcJ10sue paEttoBecm1 3BeHheB rpynnw TpeTbero BH.lla (pHc. 21.7, a) 
t5yJieT aHaJ1orwrno ypaBHeHHJO (21.2) F 2 + f 2 + f 3 + f'43 = 0. _1 

)lm1 onpe)leJleHHH 11anpaaJ1emrn BeKTopa F12 pa3JJOMHM ero Ha co
cTaBJ1HJ011u1e no Hanpas.neHHIO 1< 11eHTPY 6JIH»<atiwe.H apaw.aTeJibHOH 
napbl C - Fun 11 nepneH,n.1mym1pH0My K HeMy - f121. 311a<1eHHe aeK
Topa F121 onpe.nemtM i13 ypaa11emrn MOMeHTOB BoKpyr ueHTpa apaw.a
TeJJbHOi't napb1 C: 

11 

~ ;v1c (F;) = Fnn · 0 + FmlAc +Mc (F2) + M (f3) + M2 + M3 = 0. 
1-1 

(21. 9) 
ornyAa 

(21.10) 

B 3T11x ypaaHeHHHX npll S 2 11 S 3 - TOl!Kax np1.rne11emrn BHeWHHX 
CH.JJ - 1v1c (F2) = CS2 X ~. .He (f3 ) = CS3 X f 3 • HanpaaJJeHHe 
ee1nopa F12, 1<0ppe1<rnpyeTCH a 3aBHCHMocrn OT 3HaKa, no.ny4e1rnoro 
n oc.'le Bhl'-lllCJlettHi't. 

Ta1< 1<a1< 11anpasJJeH11e pea1<um1 F 32 tt3aecTHO H nepneH.llHKYJ1Hp1101< 
HanpaBJiflJOW.ei'I noCTynaTeJJhHOtt napb1 B, TO cocTaBJIHIOW.aH · f 1211 

peaKUllH F12, a TaK;Ke 3HaIJeHHe peaK1~ttH f 32 onpeneJIHT01 113 ycJ1oam:1 
paaHoaec1rn 3Betta 2 (6): 

F1211 + F121 + F2 + Fa2 = o. (21.11) 

Be1<Top F43 onpe,neJJHTCfl H3 ycJIOBHH f 23 + f 3 + f'43 = 0. To•rna 
np11JJO)Kemrn peaxmrn ~3 a noCTynaTeJJbHOH KHHeMarn11ec1<oit nape B 
onpe.n.e.'IHTOI paccTOHHHeM h23 npH paCCMOTpeHHH paBHOBeCHH 3BeHa 

" 
2 H3 pewemrn ypaatteHnH MOMeHTOB ~ M 4 (F1) = M 2 + F32h32 + 

i=l 

+MA (F2 ) = 0 oTHOCHTeJ11:>Ho ueHTpa apaw.aTeJJbHOH napbl A 

h32 = - (M2 + M.~ (F2))/F32 • 

Dp11 paccMOTpeH~lH pasttoaecwH 3BeHbeB cTpy1<Typnoi1 rpynnh1 rrn
Toro Bll,ll.3 (puc. 21.8, a) CJJe.n.yeT HMeTb B BHJIY' 1.JTO BHeWHHSl KHHeMa
Tttt1ecKa5l napa A - noCTynaTeJJhnaH H TO'-IKa npHJJO)!(elllrn peaKUHH 
F12 Bettsaecnia. CJJe)loBaTeJJbHO, cocTaBHTb ypaa11ettHe MOMeHTOB n.n5l 
onpeneJJeHllH COCTaBJIHIOlll,eri peaKUHH F 48 HeJJb3R. no:noMy )J.JIH onpe
.ne.nemrn peai<UHH B KHHeM3TH'IeCKHX napax pacCMOTpHM paBHOBeCHe 
K3)1{,ll.Oro 3BeHa B OT)J.eJJbHOCTH, H3'lHH35l co 3BeHa 2, 06pa3y10w.ero 
)l,Be noCTynaTeJJhHbJe KHHeMaTHlJec1<11e napbI co 3BeHbHMH 111 3. Ycno-
BHe pasttoaecm1 3BeHa 2 ttMeeT BH.D. F12 + F2 + F32 = 0, OTKy.na HaH· 
)l,eM 3HatJemrn Be1<Topoa f 32 H f 12 (6), TaK KaK HX JJHHHH nei1crn1rn l'!3· 

eecTHhI. Om1 nepneHJl.HKYJIHpHbI HanpaBJJHIOlllHM noCTynaTeJJbHbJX nap 
B 11 A. 3awM H3 rpa¢H'lec1<oro peweHHH ypaatteHHH paaHoaecttH 3BeH& 3 
F2:i + Fa + f.i3 = 0 onpe)leJJHIOT HanpaaJJeHHe 11 Mo,11,yJib BeKTO

pa f4:1· 
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TolJKH npHJIOX\eHHfl peaKuHii F12 11 F93 onpen.eJIHIOT 113 ypa0HeH111' 
MOMeHTOB OTHOCl1TeJibHO ueHTpa Bpaw.aTeJil>HOA napbl c . no yCJIOBltlO 
paBHOBeCHH JBeHbeB rpynnbl 

11 seeHa 3 

y 

0 

hu = - (M2 +Mc lfz) +Ma+ Mc (F3))/F12 

a 

P11c. 21.8. Onpen.e.ne11ne peaKu11A 
e KHHeMaT11qecK11x napax rpynnbl 
DllTOro BH)l.a 

EcJIH 3HalJeHirn h12 H h23 noJiylJaTcH c OTp11uaTeJibHbIM 3HaKOM, TO 
TOlJKH npHJIO}f{eHJUl peaKUHH pacnoJiaraIOTCff Ha COOTBercTBy10w.11x 
HanpaBJIHIOW.11X no ,D.pyryJO CTOpOHY OTHOCHTeJibHO TOlJKH c. 

21.4. Onpe,11;eJieaue pea&~ii e &HHeMaTuqec&HX napax 
CTPYKTypm.1x rpynn c yqeToM Tpeuua 

C yqeroM TpeHHH B nocrynareJibHblX KHHeMar11qecK11x napax, KpoMe 
HOpMaJibHhIX K noaepxHOCTHM HanpaBJlfllOW.HX peaKUHH, 6y.uyr .a;eii
CTBOBaTb CHJlbl rpeHHH, HanpaaJieHHbie B.LJ.OJib Hanp,aBJIH!OIUHX B CTO
poHy, npOTHBOnOJIO)KHY!O OTHOCHTeJibHOH CKOpOCTl1 3JieMeHTOB napbl. 
Bo Bpam.aTeJibHblX KHHeMaTI-t4eCKHX napax nOHBffTCH MOMeHTbl CllJl Tpe
HIHJ, HanpaBJieHHSI KOTOpbIX 6yJJ.yT nponrnonOJJO)l{Hbl OTHOCHTeJibHblM 
yrnOBbIM CKopocrnM 3BeHbeB, o6pa3Y!Olll.HX KHHCMaTHlJecKylO napy. 
CJieJJ.oBaTeJibHo, onpe.lleJieHHIO peaKu11ii a KHHeMar11qecKHX napax 
c YlleTOM cun TpeHHH .!1.0JI)KeH npe11.wecrsosaTb KHHeMarnqecK11H pac
lleT MexaHH3Ma. c yqeroM yKa3aHHblX o6CTOHTeJibCTB B ypaaHeHHHK 
pasttoaecHH JJ.OJUKHbl 6bITb Y4TeHbl 11.ono11H."'reJibHb1e cpaKTOpbl. TaK, 
nanpHMep, B crpyKTYPHOH rpynne BTOporo BHJl.a (pHC. 21.9) noHBHTCfl 
MOMeHTbI c11JI rpeHl1H Mr A so apaiuaTeJihHOH .nape A H M TB B nape 

BR cH.na TpeHHH Pre B nocTynareJibHOH nape C. CTo3TOMY ypasHeH11e 
paBHOBecHH (21.2) npHOOpeTaeT Blfll 

F12 + F2 +Fa+ f'43 + Frc = 0, (2l.l2) 
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a ypaaHeHHe MOMeHTOB OTHOCHTeJlhHO TOqKH B npu paccMOTpeHHH pae

HOBeclrn 3Bena 2 BMeCTO (21.4) 6yJJ.eT HMeTb BH,11. 

n 

:E MB (Fi) ==MB (F121) + M2 +MB (F;,) +Mr A+ MrB = 0, 
l=I 

r,11.e MrA = 0,5F12f~dA; MTB = 0,5FaindB; O,SdA H o,.5da - pa,11.Hy

Cbl u.i1.11un.n.pttqecKHX 3.lleMeHTOB spamaTeJJbHbIX nap A " B; f~. f~ -
npuse.n.eHHbie K03'PQ>HUHeHTbl TpeHmI B 3THX KHHeMaTH'JeCKHX napax. 

PHc. 21.9. Y11eT TpenHll B ljl 
K1tHeMaTH11ecKHX napax npH 
orrpeAeAeHHH peaKUHH 

0 

I 
I 

i 
I 
! 

i 

x 

TaK KaK BeKTOpbI F 12 H F 43 HeI13BecTHhI, TO ypaBueuue (2 l.12) He 

pewaeTcsi:. B 3TOM c.11yqae ueuasecTHhre cHJihI MOryT 6brTh onpeJI.eJieHbI 

TOJlbKO H3 co~MeCTHoro perneHHfl rnecTH ypaatteuuii 11.JIH o6mero c.11y

qaH paBHOBeCHH. 0JI.HaKo TaKOe peweHHe oqeHh rpOM03,llKO H ueyJI.06-

HO Ha npaKTHKe. 

llocTaTQqHyIO JI.JJH HH}l{eHepHbIX pacqeTOB TQqHOCTb )laeT cnoco6 
nocAeiJooameAbHbtx npu6Am1CeHut1. B nepBoM npu6Jitt}l{eHHH npnHH

MaIOT, qTo CHJJbl TpeHHH paBHbl uy.n10, H peaKUHH B KHHeMaTHqecKHX 

napax onpe,II.eJISJIOT TaK }Ke, KaK yKa3aHO BbUUe. 11cnOJJb3YH IIOJiyqeH

Hhle 3HaIJeHHH peaKUHH, B KHHeMaTuqecKHX napax Bbiquc.nHIOT MOMeHTbl 

cHJl TpeHHH MrA H Mr8 B cu.ny TpeHHH Fm B nocTynaTeJJhHOH nape 

C (cM. rn. 20}. 3aTeM npoH3BOJI.HT pacqeT B TOH }l{e noc.ne,II.oBaTeJibHOC· 

TH, KaK " 6e3 ytJeTa CHJI Tpemrn, HO K BHeUJHHM CHJiaM npH6aBJIHIOT 
CHJibl TpeHHH B noCTynaTeJlbHblX napax H MOMeHTbl CHJI TpeHHH BO 

spamaTeJibHblX, HanpaBJIHeMbie B CTOpouy' npOTHBOilOJIO)l{HYIO OTHO· 

cHTeJJbHOMY JJ.BH11<eHHIO. Hoshre BeKTOpbI Fn2, FT32, Fna 6yJJ.yT OTJIH· 

IJaTbCH no anaqennHM MOJI.yJieH H uanpaaJieHHHM OT seKTopos F12, 
f'a2, F43• )laJiee no.11yqeHHbie a nepsoM npu6.nn}l{eHHH uoabre auaqeuuH 

Fnz, FT32 H Fn3 cnoaa noJJ.cTaBmuoT B aaBHCHMOCTH JJ.JIH onpeJJ.enennH 

CHJI " MOMeHTOB CHJJ TpeuuH H IlOBTOpHIOT ace BbllJHCJieHHH. B peayJib· 

TaTe noJiyIJaIOT BTOpoe np116JIIIiKeHue 3Ha'leHHH peaKII.HH. y Ka3aHHbIH 

263 



npouecc MO>KeT 6b!Tb npOJIOJDKeH JI.O JI.OCTH>KeHHH Tpe6yeMOH TO'IHOCTU 
pacqern. OH npHMe1rneTcsi TOJibKO s CJiyt1aHx, Kor.n.a Ka>K.n.oe noCJie.n.y
JOIUee npH6JIH>Keu11e .n.aeT MeHblllee npHparueuHe CHJihI HJIH MoMeHTa, 
'leM npe)l.bIJI.YIUee. 06b!lJHO BTOpoe npH6JIH>KeHHe .n.aeT BIJOJIHC npueM
.rieMbie pe3yJihTaThI. 

21.5. AJiropHTMnaan:na ceJiosoro pac'leTa CTPYKTYPHLIX rpynn 

11.AR peULeHllJI. aaaatt CUAOBOW pacttema cmpy1'mypHblX 2pynn Ha BBM 
cocmaeAJ1.10m aJJropHTMbl, peaAuaye.Mbte ttepea onepamopHbie q1yHKU,UU. 
CTpyKTypa aJiropHTMOB pacttema 2pynn ocex euooo oiJuHaKuea, maK KaK 
OHQ OCH08QHQ Ha petueHUU coomeemcmey/Oll.{UX eeKmOpHblX ypaeHeNUU. 
PaccMoTpHM .ll,JJSI npHMepa aJiropHTM CHJIOBoro paclleTa CTPYKTypuoii 
rpynnhI BToporo BHJla. YpaBHeHHe pasHosecHSI 3TOH rpynnbI (CM. 
puc. 21.4, a) HMeeT BHJ1 (21.3). 3Ha1Jem1e BeKTopa f121 onpe.n.eJJHTCH 
no <flopMyJie (21.5). HanpaaJieHHe aeKTOpa yTOllHSIIOT B aasHCHMocrn 
OT 3HaKa Fi21: 

(21.13) 

noCJie liero npttHHMaIOT F121 = I F12t I. 
CucTeMa JIHHCHHhix ypaBHCHHii, coorneTCTBYIOlll.aSI ycJJoBHIO paa

uoaecHsi 3BCHbeB rpynnhI, npHae..a:eHHaSI K KaHOHHlJCCKOMY BHJJ.Y. 
6y)l.eT 

Ft2n cosq>2 + F43 cos (q>4 + n/2) = -(F12t cosy12t + F2 cosy2 +F3 cos y3);1 

F12n sin q>2 + F43 sin (qi4 + n/2) = - (F121 sin Y12t + F2 sin 1'2 + F3 sin y3).J 
Pellla.H 3TY cucTeMy, noJiytJuM: 

SJ ST EMA (2, A (2,2), C (2); F12n. F1s); 

UGL4 (q>2, n, F12n; '\'12,,); 

UGL3(q>4 , n/2, F43 ; yd; 

F12n =I F12n I• F43 =I F43 I; 
SMV KT (F12n. "\'12nt F12t. '\'121; F12, '\'12). 

(21. l 4) 

(2l.l5) 
(21.16) 

(21.l 7) 

Tot1Ky npnJio.>KeHHSI peaKUHH F._3 onpe.n.eJISIJOT, paccMoTpea pasno
eecHe 3Beua 3. 113 ypaBHeHHSI MOMCHTOB OTHOCHTeJibHO ueHTpa epa
lll.aTeJibHOH napbl B (21.6) noJiyt1HM 

h43 =-(MB (F3) + M3)/F43 . (21.l 8) 

PeaKUH.H ao auyTpeuneii aparuaTeJibHOH nape B onpe)l.eJIHTCSI H3 
ypaaueuHsi pasuosecHsi 3BeHa 2 (F12 + F2 + f 32 = 0), pelllaeMoro 
oneparnpHOH <fJYHKUHeH 

SMVKT(F12 , "fo,.F2, 1'2; Fa2· Ys2)- (21.19) 

ECJIH CHCTCMbl CHJI, )l.CHCTBYIOIUHe Ha 3BCHbS! rpynnhI, npe)l.eapH
TeJibHO npHBC.ll,CHbl K 0)1.HOH CHJie H nape CHJI, TO aJJropHTM CHJIOBOfO 
pact1eTa acer.n.a 6yJJ.eT npe.n.cTaBJIHTh nocJie.n.oaaTeJihHOCTh 3aBHCHMoc
reli (21.13) ... (21.19).0HM01KeT6bITb OilHCaH onepaTOpHOH <flYHKUHeli. 
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o6o3Ha'l!eHHOH D NM A2. Ee BXO.IJ.HblMll napaMerpaMH 6y.IJ.yT: 11, q;1, 
la, <p4, las,, QJas,, las,, Cflas,, M2, F2, '\'2. /\13, Fa, Ya· 

Oneparnpttbie ¢YHKUHH, onHChIBaJOW.He 3TH a.JJropHTMhl A/UI 
crpyKrypHhlX rpynn (raoJI. 21. I ... 21.5), ooo3Ha'l!aJOTCH uHQ:>poA, co
OTBereTByiomeii BHJJ.Y rpynnhl. OopH)J.OK BXOAHblX H BblXOJJ.Hb!X napa
MeTpOB, npHBe)J.eHHb!H B K8}1{)l0H TaOJIHUe, ll,0.JJ)f{eH coxpaHHTbCH B 
o6paw.eHHH K <PYHKUHHM. 

21.6. CTPYKTypa aJiropHTMOB CHJIOBoro pac11eTa n.:iocKHX 
MexaHH3MOB c HH3llIHMH napaMH 

flpu CU/lU80M pac'leme MHOe038eHHblX .tteXQHU3M06 c HU3WU.AtU napaMU1 
KQK tl npu KUHe.AtamU'leCKOM pac'leme, npu.+ieH.RIOm MCT0,11. IlOCJICAOBa

TeJJbHOro o6paw.eHHff K onepaTOPHblM c)JyHKl.\HBM, peaJlU3YIOUliUM 
a11eoputnMbl cu11oooeo pac'lema omiJe.~l>HblX epynn. Pacqer Ha'l!HHalOT 
c rpynn, HaHooJJee OTAaJieHHhIX B cTpyKrypHOM OTHOllleHJm or Be)(ym.e
ro 3BeHa MexaHH3Ma, Ha 3BeHhH KOTOpb!X B03)leHCTB)'IOT CHCTeMbl BHew-

A Pm:. 21.10. Onpe.Ae
,ryeH11e peaxuHA s KH· 
HeMl>Tll'leCKHX napax 
BOCbMJl1BeHHOro Me
X3Hll3M3 

HHX CHJJ. B KaqecTBe npttMepa paccMoTpHM a,JJfOJlHTM c11J1osoro pacqe
ra BOCbMH3BeHHoro MexaHH3Ma (p11c. 21.10). Op11MeM, 'ITO cHJibl TH
:>1<ecrH 3BeHbes npliJIO)KeHhI B ueHrpax HX Mace S. 11.eHrp Mace sseaa 
5 Haxo)J,HTCH s ueHTpe wapHHpa E, a 3BeHa 4 - nocepe)J,HHe CE. Pac
qer HaquHalOT c rpynnbI 3settbeB 4-5. Ha sBeHo S BO BpeMH paooqero 
XOJJ.a J).eHcTByeT CHJia --

F s = { Fn.,6 1 a.E, = O; 
0, a.E, = 3t, 

rJJ.e Fn.c5 - MOJJ.YJib BeKropa CHJibI npoH3BOJJ.CTBeHHoro conpoTHBJie
HHH, J).eHCTBYIOW.eH Ha 3BCHO S; a.E, - HanpaBJiff!OllUIH yro.1 BeKTOpa 
CKOpOCTH TO'l!KH £5. 

Cse)J,eM CHJihl F 6 H F g5 K OJI.HOH CHJie F :Es: 
SMVKT (F,,. n, Fg5, - n/2; F:Es. l'r.)· 

OnpeAeJJHM peaKUHH 
<j>yHKUHH 

F34 , ~s. f'u,,, o6parnBlllHCh K onepaTOpuoA 

DN1\t1A2 (14 , cp4 , 0, 0, 0, (0,5l4), 0, 0, Fg4, - n/2, 0, 
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~ Tal5AUl{a 21.1. Anrop1th1 CHJtosoto pacqeTa cTpyKTYPHoii rpynnbl 2-ro KJtacca nepsoro DH.II.a 
Cl> 

g, 

a x 

I. M8 (F2) = IBs, cos <f!as/2 sin y2 -l8 s, sin cp85/ 2 cos '\'2 • 

2. MB lf3) = lBs, cos IJlBs/a sin Ya -185, sin 'f'Bs/a cos Ya· 

3. F 121 =:= - (M2 + M8 (f;,))/l2• 

4. UGL3 (cp2, rt/2, F121; Y121l· 

5. F431 = - (M3 +MB ('f;))/ls. 

6. UGL3 (fPa, n/2, F431; i'431)· 

7. A (2, 2) =I c~s 'P2 cos cp3 I 
sm IP2 sin cp3 • 

8. C(2) = 

= 1-( I F12t I ~os '\'121 + F2 cos ya+ Fs~Os Ya+ I F131 I cos '\'431) I· 
- (I F12t Ism '\'121 + F2sm1'2 + P3 sm 'r'a +I F431 J .sm '\'431) 

9. SISTEMA(2, A(2, 2), C(2); F12n• F43n>· 

10. UGL4 (cp2 , it, F12n; Y12J· 

11. UGL4 (IJJa, n, F43n; Y43n>· 

12. SMVKT (I F12t I. Y121• I F1211 f, Y12n; F12, 'l'12l· 

13. SMVKT (I F431 I. '\'431• I F43n I· '\'43n; F4•• Y'-1)· 

14. SMVKT(Fu, Yw F2, 'l'z; Fu, y.,). 

DNMAI (l2, CJl2• la, 'Pa· lac,• CJ>as,. LBS,' CJlBS,' M2, F2, '\'2• Ma, F,, )'3; Fu, Yu• F2a• Y2s• P4a• Y4al· 



t'1 

~ 

'fao.iuiia 21.2. AnropHtM tHJJoeoro pat'leTa crpyKTypHoli rpynnw 2-ro Knacca stopoto 11HJtll 

------------------------------~~~~~~~--------------~-~~~~~~~~~~~~--. 

Y+ 

0 I. 

I. MB (F 2) = l BS, cos cp Bs/ 2 sin y2 - I BS, sin <p BS/ 2 cos y2• 

2. F121 = - (M2 +MB (F2))/l2 • 

3. UGL3 (<p2 , n/2, F12t: 1'121). 

4. A (2, 2) = I c~s IP2 cos (<p4 + n/2) I 
sm <p2 sin (cp4 + 'lt/2) • 

~C~= . I-( I F 121 I cos y 121 + F 2 cos y2 + F 3 cos '\'s) I 
- (I F 121 I sin y121 + F2 sin y2 + F3 sin y3) 

6. SISTEMA (2, A (2, 2), C (2); F12n• F,J. 

7. UGL4 (cp2, n, F12n; Y12n>· 

8. UGL3 (<p4, n/2, F 4s: y,3)· 

9. SMVKT (I F12n I, 1'12n• I F121 I, Y121: Fu, Yul· 

10. h43 = - (M3 +MB (F3))/I F 43 I. 

11. SMV KT (F w Yw F 2• 1'2: F 2s• Yu)· 

12. F,s=IF,al· 

DNMA2 U2• IJl2• 13, cp,, IBs,• IPas,. IBS,' IPBS,• M2, F2, Y2• Ma, Fa, 'l's; F12, 'l't2• F2s• '\'2a• F,3, '\'41, h4a)· 



~ Ta6Auqa 21.3. AJ1ropnTM cuJ1oeoro pac'leTa 3eeua.ee cTpyKTypHoii rpynnw 2-ro K.itacca TpeTbero BHJla 
~ 

4. UGL3 (qJ AC + n, 1t/2, F 121; Y121)· 

5. A (2, 2) = . . 
, ICOS(j)Ac cos(qJa+n/2)1 

sin CfJAc sm (<"Pa+ n/2) 

6. c (2) = . I- (F121 cos Y121 + F2 cos \'2) I 
- (F 121 sin y 121 + F3 sin y2) 

7. SISTEMA (2, A (2, 2), C (2); f12n• Fa2l· 

8. UGL4 ((j)Ac• n, f12n; Y1211). 

0 :r. 
9. SMVKT(F12n• Y12n• f121• 1'121; f12, Y12). 

I. Mc (P2) = lcs, cos cpcs/2 sin y2 - lcs, sin cpcs/2 cos y2• 10. UGL3 (cpa, rt/2, Fa2: Ya2). 

11. SMVKT (I f 32 I, y32 + n, Fa, Va: f,a, Va,)• 

2. Mc (Fa)= lcs, coscp cs/a sin y3 - lcs, sin Cflcs/a cos Ya· 12. v4a = Va4 + n. 

13. Faz= I Fa2 I· 
14. h32 = (M3 +Mc (F3))/Fa2· 

3. F121 = - (M2 +Mclf2l +Ma+ Mc (G))JlAc· 

DNMA3 lics:' Cfcs,. ics,• lfics,• IAr..:• lfiAC• .H2, Fa, Y2• Ma, Fa, Ya; Fu, \'12• Fa2• \'a~· 11 a;:• · ,,. 14al· 



~ 
O> co 

Ta611uua ~ 1.4. AMopnn CMJJOlloto p~ciwra 1ileH1>eB ctpyKtypHo~ tpynhw 2-to KJlacc1 ,.eTBepToro eJtJHl 

y I cos (lpj + n/2) cos (q>4 + :rt/2) I 
~A~~= • 

sin (<p1 + n/2) sin (cp4 + :rt/2) 

4. c (2) = . . . I- (f z cos 1'2 + F 3 cos i'a) I 
- (f2 sm y2 + F~ sm y3) 

5. SISTEMA (2, A (2, 2), C (2); Fw F~ 3). 

6. UGL3 (q>1 , n/2, F 12: Y12l· 

7. UGL3 (q>4, :rt/2, f43; "\'43). 

8. F12=lf12I; F4a=IF4al· 
'--------------~ ......... -~ ..... ~ 9. h12 = - (M2 +MB (F2))/F12. 

I. M 8 (FJ = l BS, cos IP Bsl 2 sin 1'2 - l BS, sin q> Bsl I cos '\'2· 10. h43 = - (M 8 +MB (F3))!F43• 

I I. SMV KT (F 12• 1'12 • F 2• V2; F 2a• Y~s)· 

2. M 8 (F8) = l BS, cos qi ssl 3 sin y~ - l BS, sin q> ssl 3 cos y3• 12. F2s =I F2a I· 

DNMA4 (l8 s,. <pBSa• l 8 s.• 'PBS,• M 2 , f 2 , j'2, M9, F3 , i's; f 12, Yu• hu, F 23 , y113, F~a· y,,, i1~al· 

I 

I 



~ Ta6AUl.{tJ 21 .5. A.11ropH1'M CHJloaoro pacqna 3aeni.e11 cTpyKTypnoii rpynnw 2-ro KJiacca nRToro BHJla 
0 

IJ 

D x 

1. A (2, 2) =I cos (<p1 + n/2) cos (l:Jli + 02 + n/2) I 
sin (qJ1 + n/2) sin (qi1 + lJ~ + n/2) · 

I- F 2 cos Y2 , • 
2. C (2) = _ p 2 sin V2 

9. SISTEMA (2, A (2, 2). C (2); F 12 , f 39). 

10. UGL3 (<p1, n/2, F 12: Yu)· 

I I. UGL3 (<p1 + 02• n/2, F a2; Y:n)· 

12. F12 =I F 12 I: Fa2 =I Fs2 I· 

13. SMVKT (F32 , Ys2 + n, Fa, Ya; F,a, '\'34)· 

14. Y,a = Ys4 + n. 

15. Mc (F2) = lcs, cos flJcs/ 2 sin y2 - lcs, sin <pcs/ 2 co~ y2 • 

16. Mr (F,1) =Les, cos (j)cs, F 3 sin y3 - lcs, sin q>c5 ,F3 cos y3 • 

17. h12 = -(M2 +Mc (f2) + M3 +Mc (Fs))/F12• 

18. h3~ = - (/\1 2 +Mc (F3)}/fw 

DNMA5 (<p1, (\, lcs,• 'llcs,. Les,. <pcs., M2, F2, 1'2• Ma, Fs, Ya; fi2• Y12· hu, f3a• Ya2• f4s• Y4a• lt43)· 



flepeit,u.eM K paci1trry rpynnhI, COCTOHW.eii H3 3BeHbeB 6-7J 

F7 = { Fn.c7, CX.57 = O; 
0, a.s1 = n. 

OnpeJleJIHM peaKUHH F88, F87, F07, o6paTHBWHCh K onepaTOpHOH 
cpyHKUHH 

DNMA4(cp3 , n/2, 0, n/2, 0, l1 , 0, 0, 0, 0, F7 , n; Fat., '\'as• h36, F17 , 

Ys1• Fo7, '\'01• ho7). 
Ilpu pacqeTe CTPYKTYPHOH rpynnbl H3 3BeHbee 2-3 He06XOJlHMO 

cHJihl F43, F83 , Fga ceecTR K OJlHOH CHJie H nape CHJI, .1teiicreyiow.11x Ha 
aaeeo 3. 3a TOTJKY npHee}leHHH npuMeM ueHTp Mace - TO'IKY S3 • Tor.Ila 

SMV KT (F 84 , y34 + n, F ~· - 3t/2; F, y); 
SMVKT(F, y, F36 , y36 + n; F!.3, y3) • 

.MoMeHTbl OT nepeuoca CHJI napaJIJieJibHO JIHHHHM }leHCTBHH 

Ms. {F43) = is.c X F4s = ls,c cos cp3 • F 48 ·sin (y34 + n)
- ls,c sin cp3 • F 43 cos (y34 + n); 

ls,r = ls.D - (ys cos (n/2 - cp3) + (xs - xo) cos cp8; 

Ms, (F63) = ls,T X F 63 = ls,r cos (<r>s + n) · F 88 • sin (y36 + n) ·

- ls.r sin (cp3 + n) · F63 cos (y36 + n); 

Ms= Ms, (F4s) +Ms, (F6a)· 

Onpe}leJIHM peaKUHH F12, F23, Fo3: 

DNMAl (12 , cp2 • LBn. <r>s. (0,512), cp2 - n, lBs,, <vs- n, 0, 0, 0, 
Ms, FT.,, 'Vs; F12, '\'12• F2s• Y2a• Fos• '\'os)· 

TaK KaK CHJia tH.>K:ecTH 3BeHa 2 He yTJreHa, TO 3a TO'IKY np11ee)l.eHHS1 
MO)f{HQ npHHHTb mo6yJO TO'IKY 3BeHa 2, HanpHMep npH lBs, = o,sz •. 

21.7. CBJioBoii pac11eT npocTpancTBeBRLIX MeXaBB3MOB 
c BB3WHMH napaMB 

Optt CHJIOBOM pactt:ere npocTpaHCTBeHHhlX MexaHH3MOB eeKTOpHble 
ypaBHeHHH paBHOBeCHSI npeJlCT8BJIHIOT npocTpaHCTBeHHblMH MHOfO· 
yroJibHHKaMH eeKTopoe CHJI. BeKTOphl CHJI Y.ll06Ho Bhlpa:>KaTb 11epe3 
HX npoeKUHH Ha KOOp.llHHaTHble OCH, MOMeHTbl CHJI - qepe3 BeKTOpHble 
npOH3Be)l.eHHSI pa.ll.HYCOB·BeKTOpoe TO'leK npHJIO)f{eHHH H BeKTOpOB 
cuJI. PaccMoTpHM Ha npuMepax pactt:era npocreAurnx npoCTpaucreeH
HbIX mapHHpHO·pbI'la>KHbIX MexaHH3MOB nocne.noeaTeJibHOCTb onpe.n.e
JieHHH peaKUHH B KHHeMaTH'leCKHX napax. 

OycTb K · waTyHy 2 KptteowHnHo-KopoMhlcnoeoro MexaHH3Ma 

(pttc. 21.11) npHJIO>KeHbI CHJia F2 (F2x. F211 , F2z) B TOllKe S1, MOMeHT 

M2 (M2x1 M211 , Mz,), HBJIHJOW.HeCH rJiaBHbIM BeKropoM H rJiaBHhlM 
MOMeHTOM CHCTeMbl CHJI 3BeHa 2. AHaJIOrHllHO npHMeM, 'ITO K 3BeHy 

3 - KopoMblCJIY - npBJioX<eHbl CHJia fa (F3x, F311 , Faz) B TOtIKe S3, 

MOMeHT M 8 (M~x. M3~· M3z). OoMeCTHM B TOllKH C H B uaqaJia Koop
)1.ImaTHhlX CUCTeM c OCHMH, napaJIJieJibHbIMH OCHM OCHOBHOH CHCTeMbl. 
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.n.Jia onpe,l\eJ1em111 peaKUHH a KHHeMarnqecKoifj nape D pacCMOTpHM 
paeuosecue aseHa 3. CocTaBHM BeKTOpHoe ypasHeHtte MOMeHTOB cHJf, 

_:teiiCTBYIOlll.HX Ha KOpOMblC.'10, OTHOCHTeJibHO TOqKH C: 

(-Les.) X F3 + M3 + (-l3) X Fo +Mo= 0, (21.20) 
r)te Po (Fox, Foy, Foz) H Mo (0, Moy, Moz) - BeKTOpbI peaKU.IUI H 
peaKTHBHoro MOMeHTa B KHHeMaTHqecKoit nape D. 

z, 
zf k 

Xz 

IA 
PHc. 21.11. npoCTp8HC1'• 

~ BeHHblil KpHBOlllHnHO·KOpO• 

1 Mb!C.10Bb!H MeXaHH3M 

flpe)f.CTaBHM ypaBHeHHe (21.20) B BH)J.e 

i I k i j k 
-lcs. l3" l3y lJz + M3-/3 f3x /3y /3z + 1\fo = 0. 

Fa" F3y F3z Fox Foy Foz 
(21.21) 

npoeKUHH opTa ~ onpe)J.eJISllOTCR no 4><>PMY.lle (8.3). Pa3BepHeM 

onpe)f.eJIHTeJIH no 3JieMeHTaM nepBhlX CTpOK! 

lcs. (~3z cos cps - F311 sin ft>a) ~ M3r = /3 (F Dz cos q>3 - F Dy sin <rs); l 
Fo"sm cp3 + Mo1,1 = lcs.F3x sm cp3 -M3; 

F Dz cos q>3 + M Dz = lcs. (F Jz cos Cf>a - F 311 sin 'Pa) - Af3z. 

(21.22) 
YpaaneHHR CHCTeMhl (21.22) co.n.ep>KaT nRTb HeH3BeCTHhlX, JlJiil 

filblCK3HHS1 KOTOphIX HeOOXO.D.HMO HMeTb .n.onOJIHHTeJlhH-0 eme ){Ba 

ypaaueHirn. CocTaBHB seKTopHoe ypasne1rne MOMeHTOB paBHOBecns:i 

3BeHbeB 3 n. 2 OTHOCHTeJibHO TOqKu B: 

(- loB) x Fo + M3 + (lBce1 - lcs.e3) x F3 + M2 + Lss, x ~ + 
+Mo= 0, (21.23) 

H npoeu.upyR seKTOpbl Ha ocb Bxz, noJiyqHM 

(loB x Po) i = M3r + ((loce2 - lcs,e3) x F3) t + M2x + (lBs.e9 x F2) i, 
(21.24) 



npoeuttpyH BeKTOphl Ha OCh Bz2. noJiyqHM 

(ZoB X FD) k = M32 + ((la.-,e2 - lc.-,,ea) X F3) k + M2t + 
+ (la.s,e2 x F2) k + Mvz, (21.25) 

rne (inB x FD) k = lnaxF Dy- lnnzF Dx· -

B ypaB11emrnx (21 .24) H (21.25) npoeKUHH BeKTopa ln8 onpe11.em1-

i0TCH no cpopMyJ1e (17.7), a npoeKUHH opTOB C2 H ea - KaK YK83i:IHO 

z k f3 

Ix 

~ 
x, 

PHC, 21.12. npocTp8HCTBeHHblii KpHBOWHilHO-IlOJJ3YHHbIH Mexa
HH3M 

B r.n. 8. lfa COBMecrnoro peweHHH ypaBHeHHll (21.22), (21.24), (21.25) 
onpe,lleJJHM npoeKUHH seKTopoB F n H Mn. PaccMaTpHBaH paBHOBeCHe 

ssetta 3, noJJyqHM ypaBHeHHe FD+ F3 + F23 = 0, B KOTopoM BeKTO

phI FD H F2a non11ocTb10 onpe,lleJJeHhI, a npoeKUHH BeKTopa F23 onpe,lle
JJHTCH npH npe11.CT3BJH'HHH BeKTOpHoro ypaBHeHHH ypaBHeHHHMH 
npoeKU111°1 Ha Koop1u1HaTHb1e ocn. A11aJiornq110 pewaeTCH ypasHeHHe 

paBHOBecHH 3BeHa 2 : F32 + F2 + F12 = 0. 
B Toil .>Ke nocJJe11.0BaTeJihHOCTH onpeJJ,eJJHM peaKUHH B KHHeMaTH

qecKHX napax KpHBOWHHHO-[JOJJ3YHHOfO MeX3HH3M3 (pHC. 21.12). 
H3 ycJJOBHH pamwBecHH 3BeHheB 2 H 3 nonyqHM ypaBHem1e MOMeHTOB 
ornocHTe"%HO ue11Tpa npaw,aTeJJhHOH naphI B: 

LRs .. X F2 + 1i12 + 72 X "Fa+ /2 X FD+ MD= 0, 

HJJH B .1.1.pyrnii tj_;opMe 

I i i i j k 
l B-'>, I e2x e2y 

F2x F2y 
+ M2 + l2 e2x e2y ezz + 

F3x F3y F32 

j k 
e2y e2, +MD= o. 
FDy Fvz 

18 8-2601 

(21.26) 

(21.27) 
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B ycJJOBJHIX (21.26) H (21.27) FD(O, FDy, fDz), MD (MDx, 0, 
0) - BeKTOpb1 onopttoi'i peaKUHH H onopHoro MOMeHTa. Pa3BepttyB 

ypaBHemre (21.27) no 3JJeMeHTaM t, ], k, ITOJJYIJHM He06X01lHMOe 4!1C.'10 

ypaBHeHHH llJJH onpe11.eJieHHH F Dz, F Dy H MDx· Pea!<IIHH Fe H Fs oope· 
.lleJJHM, COCT8BJIHSl ypaBHeHJrn paBHOBeCHSI 11.JIH 3BeHbeB 3 H 2. 

21.8. CuJiouoii pac'leT MexauuaMOB c BLICIIIHMH 

RHH0M3TH'l0CRHMH napaMH 

HcxoiJH. us moeo, 'I.mo 38eHo, 8XoORU{ee 8 Bbtcwy10 KuHeMamu1LecKy10 napy, 
Mllfl.emcR cmamu'l.ecKu onpeoe1tu.Mot1 cucme.Mou, cunoeoii pae<1eT Mexa
HH3MOB c BbtcwuMu napaMu aaK1t10ttaemcfl. e noc1teoooame1tbHOM paccMom
peHuu pasHOBeCUJl, 38eHbe8, Ha'l.UHaJl. om mex, Ha 1(,()mOpble iJetJ.cmey/fJm 
CUllbl npouaeoiJcmeeHHOeO conpomu81LeHUR. TaK, HanpaMep, npa pacqere 
KyJiatJKOBoro MeXaHH3Ma (pHC. 21.13), Ha TOJIKareJib KOTOporo 11.eikr-

eyeT CHJia npoH3B011.CTBeHHoro corrpoTHBJJemrn fn c. H3 pacotoTpemrn 

Pttc. 21.13. PeaKUHH B KHHeMa· 
TH'!eCKHX napax KYJJa'!l<OBoro Me· 
X3HH3M3 

paBHOBec1rn ro.r1Kare.'IH noJiyqu:vr 

F12 + Fn.c + F~2 + Fo2 = 0, (2!.28 

rne F12 - CHJia B031leiicTBHH KyJia4Ka Ha 

TOJIKaTeJib; f~2 H F 02 - peaKUHH crofiKH 
Ha TOJJKaTeJib, OTK.'!OHHIOIIJ.lleCH OT Hop· 
MaJJH K Hanp:rn.1H10W.ei'r a cropony, npo
THBOITOJIOIBHYIO ,'.J.BH/KeHHIO TOJIKaTe.JIH. 

3aMeHHM ycJIOBHe (2 I .28) ypasnemrn
MH npoeKUHH Ha KoopJl!H8THble om xOy: 

- f 12 sin a+ F~2 cos <p - F~2 c0s fP = 0; l 
F12 cos a. - F~2 sin a - F~2 sin <1' = 0. j 

(2i.29) 

YpaBHeHHe MoMeHTOB OTHoc1ne.nbHO 
TOl!KH B1 

JI 

2:: M8,(F;)=F~2 hcosr:p-f12 (a-
i=I 

- (r0 + s2 (<p1))) sin a= 0. (2 ! .30) 

Pew11s cosMecrno ypaaHemrn (21.29) 
H (21.30), noJiytJIL\l 3Hal!eHHe BCKTopoe 

}:12• ?:j~ 11 f~?-
B 3a1.1.enJJeHm1 3y6traTbIX Konec 1 H 2 (p11c. 211.14), HaxoJHLIHIXCH 

non neiicrsi.ieM Bpau.1.a1olll,11x MOMeHTOB T 1 11 T2, HanpaB,1e1rne nonHoH 
peaKUHH (c yl!eTOM crw rpemrn) 33BHCHT or cpa3bI 32ueo.rrei1115l. I\or,rn 
TOlJI<a 1<acamrn pa6ol!HX npoqmJieil K Haxon11rcH rviemJ.y rol!Kar.rn Li 11 
b2, orpaHHtJHB810IUHMH 8KTHBHbli1 yqaCTOK JIH!lll~l1 33Uen.nem!H, re· 
aKUHH F12 6y11.er on<.110HHTbC5l OT 1wpMam: 1; nporjmJJHM a crnpoHy, rrpe-

274 



mnCTsy10w.y10 CKOJib)KeHHIO 3y6heB, II nepeceKaTh JilllllllO 0,02 llC 
B noJI10ce W, a B TO'lKe C . .UJrn b2K < b2 W (a) nony'lttM 

F12 =T2/((rw,-h')cos(aw1 +cp)), (21 :H• 

r.n.e aw - yroJI aauenJieHHH sy6'laTbIX KOJiec; cp - yron TpeHHH B 
aauenJieHHH. 

Yf3 AKWC paccToHHHe, onpe.n.Mmow.ee noJIO)l{eH11e TO'IKH C OT
HOCHTe.JihHO non10ca h' = KW sin cp/cos (aw + cp), .n.ocTuraeT Hatt· 

a 
Puc. 21.14. Onpe)le.netttte peaKUHH B npsiMo3y6oM 3y64aTOM 3auenJie1rnu 

60Jihwero atta'leHHSI B Ha'laJie aauenJiettHH np11 KW = b2 W, a npu 
npoxom:.n.eHHH TO'IKH KOHT8KT8 qepe3 IlOJIIOC h' = 0 . .Unsi b2K > b2W 
noJiyqifM (6) 

F12 = T J((rw, -h") cos (aw - cp)}. (21.32) 

PaccTOSI ttue h' = WK sin cp/cos (aw-cp) .n.ocr11raeT ua1160JihIJJero 
atta'lemrn s Konue 3auenJie1msi npu WK = Ws1 • Hs <l><>PMYJI (21.31) 
H (2 l .32) cJie,ll.yeT, 'ITO cuna F12 B npouecce aauenJieHHSI He ocTaeTcH 
nocTOHHHOH na)j{e np11 nocTOHHHOM 3Ha'lemrn MOMeHTa T2• Ho TaK KaK 
3TH KOJie6amrn HeBeJIHKll, MOlliHO np116Jitt)KeHHO npHHHTh h' = h" = 
= h = l...1,6m tg qi II TOf,ll.a 

F12 = T 2/((rw, - h) cos arV'). (21.33) 

3aBHCHMOCTH (21.31), (21.32) II (21.33) HcnOJih3YIOTCH nptt pa:~qe
TaX yc11n11i't s napax 3y6'laTbIX MexattH3MOB pa3JIH'lHhIX BH,ll.OB c 
y'leTOM Tpemrn. Opette6peraH TpeHHeM .ll.JIH npsiMo3y6oi't nepena'ltt, 
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(21.34) 
r,l{e z1 - ql'ICJIO 3y6beB KoJieca; a - npoclittJihHhIH yroJI. 

B pacqerax onepRpyIOT COCTaBJISUOW.HMH HOpMaJibHOH CHJ!bl F n -

·oKpyJKHOH 

H pa,l{HaJibHOH 

F, = 2T1 sin awl(mz1 cos a). 

(21.35) 

(2 l.36) 

P11c. 21.15. Onpe,neJie1111e peaKu11ii a 
KOCOJy6oM Jy6qaTOM JauenJieHllll 

P11c. 21.16. C11JioeoA pac•un exo.nHo· 
ro 3Be11a 

Q 

B Koco3y60M ;:iauenJieHHH (pttc. 21.15) seKTop f'12 peaKUHH, pae

HhlH HOpMaJibHOH CHJie Fm Haxo.runcH B nJIOCKOCTH 3auenJieHl'ISI Q no,A 

YrJIOM ~b OTHOCHTeJibHO nJIOCKOCTH 2, nepnel!.11,HKYJIHpHOH OCHM 0101 
u 0 20 2 , s KOTopoii JieJKHT OKPYJKHaH CHJJa t,, pac110JJoJKeHHaH Ha JIU· 

HUH nepeceqeHHSI nJJOCKOCTH 2 c nJIOCKOCTblO I' KacaTeJibHOH K Ha-

qaJibHbIM nosepxHocn1M. CnJiy Fn, KaK 11 ee cocTaBJIHIOW.He, Bbrpama

IOT qepe3 OKpyxrnyIO CHJIY F1 = 2T1/mz1 : 

HOpMaJihHaH c1rna 

pa.l{HaJibHaH 

ocesaa 
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21.9. CBJIOBo:ii pac'leT sxoAHoro aseua 

noCJie,AOBa_:re.nbHblM nepeXO)J.OM OT rpynnbl K rpynne paCCMaTpHBae

MOfO wex:rntt3\13 B KOHeqHQM cqeTe onpe,ll.eJISieTCSI CHCTeMa CHJI, )J.eHCT

BYIOill.HX Ha BXOJJ.Hoe 3BeHo, 06pa3y10mee co cTOHKOii MexaHH3M 1-ro 

KJiacca (pHC. 21.16). npH paCCMOTpeHHH ero paBHOBeCHSI B n.nOCKOM 

MexaHH3Me COCT8BJISllOT TpH ypaBHeHHSI CT8THKH, f)J.e onpe,ll.eJieHHIO 

no.n.JiexrnT JI.Ba HeH3BeCTHhix; sHaqeHHe H eanpaBJieHHe peaKIIHH F01 BO 

Bpam.aTeJibHOH nape (pHc. 21.16, a) H SHalleHtte H TQqKa npHJIO:>KeHHSI 

f. 

a 

Puc. 21.17. OnpeJ1.e.neHue ypaauoaewm1a10meii CHJJbl 

cit.nhl F91 B nocTynaTe.nbHOJ.i nape (pHc. 21.16, 6), KOTOpble MoryT o6-

pa30BbJBaTbCH BXO.UHbJM 3BeHOM 1 co CTOHKOH 0. 3To HecoorneTCTBHe 
yKa3hrnaeT Ha Ha.nttqHe MHO:>n:eCTBa MaTeMaTHqecKHX pewem1ii sa11,aqH_ 

0JJ.HaI<O CHCTeMa CHJI, )J.eHCTBYIOL~HX Ha BXOJlHOe 3BeHO co CTOpOHbl Bcex 

OCTaJibHblX 3BeHbeB MexaHH3Ma, npeo11,oJieBaeTCSI llBH)!<Ylll.HMH CHJia

MH " MOMeHTaMH, )l,eHCTBYIOill.HMH Ha 3TO 3BeHO co CTOpOHbl llBHfaTe.nSJ 
tt.nH nepe11,aToqHoro MexaHH3Ma. C.ne11,osaTe.nbHO, c yqeTOM tttteputt

OHHOCTH 3BeHheB MO)!(HO cqHTaTh, qTo BXOJJ.HOe 3BeHO MexaHH3Ma ypaB

HOBeumnaeTCH 11,BH}J{Ylll.HMH CH.naMH. no:iToMy yKa3aHHaH Heonpene.neH

HOCTb ycTpairneTCH npH nptt.nomemrn K BXOJI.HOMY 3BeHy ypaBHOBeWH

Baiomero MOMeHTa H.nH ypaBHosewHBaIOmeii cu.nb1. B ocHosy onpeJle

JJeHttH 3'{HX CH.nOBblX <jlaKTOpOB no.nm1<eH MeTOJl, paspa6oTaHHblH 

H. E. )l\yKoBCKHM (cM. npHJI.), ornosaHHhIH Ha npirnuttne B03MO)f{

HhIX nepeMemeHHH npHMeHHTeJlbHO K MexaHH3MaM. 
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YpaeuoaeunrnaIOW.HH MoMeHT My, .a:eii:CTBYIOW.HH ua asetto /, on
pe.a:enHeTcH H3 paCCMOTpeHHH ypaBHeHHSI ero paBHOBeCHSI 

(21.37) 

r.a:e MA (F1) = 1-1 x F1; MA (F21) = iAs x F21 • 

Y pasttoseurnaaIOW.HH MOMeHT Ha aeeue coa.n.aeTcH Henocpe.a:cTBeHHo 
.ll.BHraTeJieM, ecJIH 3BeHO 1 coeJ(HHeHO c pOTOpOM 9JieKTPOJJ.BHraTeJIH, 
HJIH ypaBHOBew1rna10w.eH: CHJIOH, TOqKa npHJIO:a<eHHSI KOTOpOHi onpe-
11,eJISleTCH CTPYKTypoli nepe.n.aT01rnoro MexaHH3Ma. 

YpaBHOBewusa10W.aS1 CHJia onpe,n.eJIHTCH qepea ypaBHOBewuaa10w.uil 
MOMeHT Fy = Mylhy npu H3BecTHOM nneqe hy ee npHJimKeHm1. Pe
aKIIHH B KlrneMaTHlJeCKOH nape BXO.!lHOe 3BeHO 1 - CTOHKa 0 onpe,n.e
m1eTCSI peweHHeM Ol.lHOro H3 .!lBYX COOTBeTCTBYIOW.HX ycJIOBHHi 

a) npH .n;elicTBHH ypaBHOBeWHBa!OW.ero MOMeHTa 

F91 + F1 + F01 = O; 
0) npu .a:eiicTBHH ypaBHOBeWHB810llleH CHJibl 

f:21 + F1 + Fy + Fo1 = o. 
PemeHue 9THX ypasueHHH MH pa3HhIX cxeM nepe.n:aTO'IHoro Me

xaHH3Ma noKaaaHo Ha pHc. 21.17 .D.JIH npuso.n.a OT ay611arnro 
(pHC. 21.17, a) H KyJia'IKOBOro MeXaHH3MOB (pHC. 21.17, 6), rn.n:paBJIH
'lecKoro UHJIHH.!lpa (pHc. 2Ll7, 8). Ha cKaaanHoro CJie.n:yeT, 'ITO cHJio
aoH: pac'leT BXO.!lHOro 3BeHa MexaHH3Ma BblilOJIHSleTCSI TOJlbKO Tor.n:a, 
Kor.n.a HSBecTeH cnoco6 ypaBHOBew1rnaHHSI (MOMeHTOM HJIH CHJIOH 
c onpe.a:eneHHOH TO'IKOH npHJIO>KeHHSI). 

22. ,ll;BHmEHHE MEXAHH3MA 110,11; ,ll;EllCTBHEM 
IIPHJIOmEHHLIX CHJI 

22.1. 0CHOBBJd8 3aAaqu HCCJieAOB3HHJI 

llsumeHHe 3BeHbeB MexaHH3M8 npOHCXO.D.HT no.n. BJIHHHHeM .n.eiicTBYIO
lllHX Ha HHX CHJI. Hx BeJIHlJHHhI, xapaKtep eoa.n:eikTBHH n TO'IKH npH
JI01Ke11HS1 UHKJIH'leCKH H3MeHSllOTCSI no tpeM OCHOBHhlM npHti:HHaMI 
H3MeHeHHe uarpysoK conponmJieHHSI I<aK Ha pa6011eM opraHe, TaK H 
B caMOM MexaHH3Me; H3MeHem1e .!lBH>KYlllHX CHJI, o6yCJIOBJieHHbIX 
npoueccaMH, 11pOHCXO.llJIW.HMH B .!lBHraTeJie MaWHHhI; H3MeHeHHe DOJIO· 
meHHH aseHbeB sa UHK.n pa6oThI .MexaHH3Ma. CosoKynHoe H3MeHeHHe 
ycJIOBHH Harpy>KeHHSI npllBO.ll.HT K ycKopeHHSIM H.llH 3aMe.a:neHHSIM 
11.BH>KeHHSI 3BeHbeB, l!TO BbI3hIBaeT 1rnepuHOHHbie 803,ll.eHCTBllSI Ha HIIX 
H, KaK c.ne.n.cTBHe,- H3Me11ett11e cKopocTeii. C.ne.n.osaTeJihHO, KHHeMa
TH'lecKHe napaMeTpbl 3BeHbeB - <flYHKllHH BHeWHHX CH.n. 0HH 3aBH· 
CHT OT Mace 3BeHbeB 11 HX pacnpe.n.e.neHHSI no HHM r.. yqeTOM KOHKpeTHOA 
<flopMbI u pa3Mepoe. 3a.11.a11a onpe.11.eJ1eum1 saKoH.a oemiceH.UJl seenbeB o 
onpeoeAemwii eeoMemputU!cKOii <fJopMoii, pas.MepaMu u Maccoii npu us
eecmnblX eneumux cu.A.ax u MOMenmax CUA u saKOHOB ux us.MeHeHUJl 60 
Bpe.MeHu pewaemcJl na ocno8e o6w,ux npunu,unOB meopemuttecKoii Ml· 
xaHUKU u flQ3bteaemcJl JlHHaMH<teCKHM pac1.1eTOM. 
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1 -PH .iUiH3MH'leCKOM pac11eTe KOHKpeTHbIX MeXaHH3MOB Heo6XO.ll.HMO 

y11HThIBaTh cneumj:m11ecKHe <jJaKmopbl, npttcyIUHe HM. HanpttMep, Me

xatt113MhI c 9JieKTpH1IeCKHM, fH]lpaBJIH'leCKHM, ntteBMaTH'leCKHM npH

BO)J.ClMH 06.na)l.aIOT pa3JIH'IHbIMH CBOHCTBaMH, y11eT KOTOpbIX npH pac

qeTe Tpe6yeT npHMettemrn cneuttaJihHblX MaTeMaTH4eCKHX MeTOJJ.OB. 

l1Me!OTCH oco6ettHOCTH B JJ.HHaMH'leCKHX pac11erax MexaHH3MOB, npH

MeHHIOUU:XCH B MaWHH3X pa3.'IH'IHOfO Ha3Ha4e!IHH - CTattKax, IlOJJ.'h

el\tHO-TpaHcnopTHblX ycTpoucrnax, KOMnpeccopax 11 ttacocax H T. n. 

009TOMY 8 meopuu JteXQliU3.ll08 npUHflmO pacc,tt.ampuBamb 3aaa'lU dU-

1-lG.ffU'IRCKOCO pac'lema AteXQ1-lU3M08 pa3HblX munOB KQK caMocmoJLmeA.bHbte. 

PoJih JJ.HttaMH4ecKoro pac11eTa 011etth BeJIHKa npH npoeKTHpoBattHH 

HJIH HcCJieJJ.OBattHH MexattH3Ma. ToJibKO JJ.HttaMH'leCKHH pac11eT BhrnB

JrneT HCTHHHYIO KapTHHY B33HMO.ll,eiicTBHfl 3BettbeB MexaHH3Ma H 3a

KOHOB HX )lBH)J(eHHH. 004TH Bcer)l.a, oco6ettHO B CKOpOCTHbIX M3ll1HH3X, 

Kapnrna ClWOBOro B33HMO.ll,eiicTBHH 3BettbeB MexaHH3MOB pe3KO pa3-

JIH4aeTOI npH oueHKe cxeMbl CT3TJl4eCKHMH H JJ.HH3MH4eCKHMH MeTO.ll,a

MH. EC.'lll MexaHH3M, BXOll.HIUHH B K3KOH-JIH60 arperaT, cnpoeKTHpOB3H 

6e3 y11eTa 11.HH3MH4eCKl1X cpa1nopoB, TO ero Ha]leLl<HOCTb 6yJJ.eT HH3-

KOH, CHH3HTCH TO'IHOCTh B npoH3BOJJ.ttTeJihHOCTh pa6oThI arperaTa, 

TaK KaK nptt npoeKTBposamrn tte y11HTb!BaJiacb peaJibttafl KapTttHa 

CHJIOBOfO B3aHMO)leHCTBHH 3BeHbeB. 

22.2. IlyTH pemeHHH 33Aa'IH 0 ,ll;BH:ateHHH MexaHH3Ma 

HcxoJJ.HhlM ycJIOBHe.M, H3 KoToporo onpeJJ.eJIHIOT aaKOH JJ.BH}l{eHHH Me

xatttt3Ma, HBJJHeTCH paBeHCTBO pa60Tbl BHelllHHX CHJI H KHHeTH'leCKOH 

3ttepnm MexaHH3Ma, paBHOH cyMMe KHHeTH4eCKHX 9tteprHH Bcex .ll.BH

.}!{YIUHXCH 3BettbeB: 

" ( 
5i A IJlj ) n 

~ / ~- F1 cos (F1, ds;) ds1 + ~ M 1d<p; = ~ (0,5m;v?; + 0,5J 5;©I)- £ 0, 

<-l\s10 'l!ia i-1 

(22.1) 

r JJ.e F;. M, - CHJibl H MOMeHThl CHJI, )l.eiiCTBYIOIUlle Ha 3BeHO i; m,, J si -

MaCChl H MOMeHTbl nnepu1rn 9THX 3BeHbeB; (J}t> Vs; - yrJIOBbie H Jim1eC1-

Hble CKGpOCTH 3BeHbeB H COOTBeTCTBYIOIUHX TO'lel{ Ha 1rnx; ds, H dqi; -
::ineMeHTapnwe nepeMeIUeHHH To11eK np11JIO}!{emrn c11n H 3BeHbeB 113 

Ha4aJihHhIX noJIO)l{eHHH s;o 11 (flrn B pacniaTpnsaeMhie s1 n qi1; £ 0 -

Kl1HeTH'leCKaH 3HeprHH Mexam-!3Ma B H3'13JlbHOM no.'IO}!{eHHH BXO)lHO

ro 3Bena. 

Hcnonhaysi 9TO ypaBHeHHe JJ.JIH Ka)J(,LlOro nonon<eHHH BXOJlHoro 

3BeHa, MO}l{HO onpe)leJIHTh )lettcTBHTeJibHh1e c1wpocn1 3BenheB. EcAu 
usBecmeli 3aKoH OBW/CeHUH. oOHoco U3 3BeflbeB .MexaHu3Ma c oOflUM exoiJ

HbtM 88€'!-/0M, mo MemoiJaMu KUf-LemuKu flGXoOflrtl 3aKOH Jl.BHJKeHHH .ruo-

6oro Jl.PYfOfO 3BeHa. flO'.HOMY BMeCTO HCC.fle,llOB3HHH ,LlBH)KeHIIH 

Bcero MeXaHH3Ma no.ll, .ll,eHCTBl1eM o6w.ei1 CHCTeMbl CllJI HCCJieJJ.ylOT llBH)l{e

HHe .'IHUJh O.ll.Horo 113 3Be!lbeB MexaHH3Ma, 1-1a3hIBaeMoro 3BelioM npuae

iJeHUfl. llp11 9TOM o6H3aTe.;i,no co6.1110;w1-1ue ycJion11i:i 3KBHBaJieHTHOCTH 

npttBe.uemwro 3BeHa eceii CJ!ne:-tt.: 3UettbeB Me:;<.;-ii13Ma. B Ka11cc-rne 

279 



3BeHa np1rne.nemrn npHHnMaioT saeHo, coaepmaJOw.ee nocTynaTeJibHoe 
HJIH apaw.aTeJJbHOe nawmeHHe, o6bJqHo exo.nHoe. Ha 9TO saeHo JlOJimHbI 
JJ.eikTBOB3Tb TaKHe yc.1JOBHbie Harpy3KH, OHO JlOJIR<HO HMeTb TaKYIO 
YCJIOBHYIO Macey, qT06b1 e KamJI.OM noJJO}!{eHHH MexaHH3Ma co6.1110na
JIOCb yKa3aHHOe ycnoa11e 9KBHBaneHTHOCTH. CuAbt UAU MoMettmbl, npu
KAaow1a.eMbte K seerty npuBeaertufl., H.a3bl.8a10mcR. npuee.11.ennou cuJioif 
UAU MOMeHTOM npnBe}leHHOH CHJlbl; Macca UAU MO.MeHm UHeplfUll eeo -
npnBe.!leHHOH MaCCOH UAU npHBe.11.eHHblM MOMeHTOM HHepl.{HH. y CJJOBHe 
3KBlfB8JieHTHOCTH 6yJI.eT co6JI!Oll3TbCSI, eCJIH pa6oTa npHae.neHHOH 

CHJibl Fn 6y.ner paaHa pa6oTe acex CHJI, .l{eikTBYJOW.lfX Ha 3BeH&ff Me
xaHH3Ma, a KHHeTHllecKaff 3Heprm1 npHBe.neHHOH M8CCbl mo 6y.n.eT 
paaHa KHHernqecKoii 9HeprHH acero MexaHH3Ma: 

A 

FnVn CO'S (Fm Vn) = 0,5m0 v:;- £9, (22.2) 

r.le Vn - CKopoCTb TQqKH npwJio>Kemrn np1rne.l{eHHOH CHJlbl, !I KOTOpOlf 

-"'-cocpe.llOTO'lleHa npHBe.neHIIaff Macca m0 ; Fm tin - yroJI, o6pa3oBaHHblH 
COOTBeTCTByJOIUHMH BeKTOpaMH. 

22.3. Ilpuaeneem.1e CHJia R MoMeRT 

Pa6oma R8AR.en1CR. .Mepotl oellcl1UJUR. CUAbl, no!JmOMY npnse.neHHaR CHJJa -

amo maKaJL cuAa, KOmopaR, 6yoy'l.u npuAoJ1Ce1-1.1-1.ot1 K KaKoii.-Au6o mo'l.Ke 
38eHa npU8eoeH.UR., COBepiuaem (J eoUHUl.-{Y Bpe.MeHU pa6omy, 'LUCAeliHO 
pa81·lY10 cy.A<Ute pa6om 6CeX CUA U MOM.eHm08 CUA, oet1ctn6Y10Uf,UX Ha 
38eHbR. .Mexartu3Ma. QPH HanpaBJiemrn npHee.neHHOH CHJibI F0 , coenaJia-

1ow.HM c BeKTOpOM tin CKOpOCTH TOllKlf llpHee11eHHff, lVUI nocTynaTeJib
HO JlBH}!{yw.eroCH 3BeHa pa6oTa np1rne.neHHOH CHJibl paBHa 

S; A 'Pt 

F0 ds0 = J F, cos (f.,, d1>,) dsi + J Mid<p,. 
510 'P/(I 

0011eJJHB o6e tJaCTH ypanHemrn Ha dt, IlOJJYtJHM 
n A 

FnVn = ~ (F,v1 cos (F;, V;) + M,w1), 
t=I 

QTKyJJ.a 
n A 

Fn = ~ (F1v1 cos(F1, v,) + M1ro;)/v"' (22.3) 
l.=1 

r.n;e ~ - cKopocn1 TOqeK np1tJJo'lKemn1 CHJJ Pi: ro; - yrJJOBb1e crm
pocTH 3SeH&es; M; - MOMeHTbI c11.11, neikTBy10m,11x Ha 3BeH1>H; 

(F1, iJi) - yro.n Me'lK.Zl.Y BeKTopaMH Fi H v,. 
11..IHI 3BeHa npHBe.lleHHfl, COBepWalOUlero BparrtaTeJJbHOe .QBH/KeHJ!e 

c yrnoBOH CKOpOCTblO (!),,, np11BeD.eHHblli MOl\leHT CHJI llOJiy<IHM H3 yc
JIOBHH 

.. , "' 
Mucun = L (F ;Vt cos (F,, V;) + M;rot), 

i=I 
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OTK)'.113 
n A 

Mn= L (F;v,cos(F;, v,) + M:<•l;)!@n. 
i=l 

(22.4) 

TaK, nanpHMep, ecJIH s MexaHH3Me, npe11cTaBJ1eHHOM Ha pHc. 22 l, a, 
sa TO'IKY npHse.11eHHH npHHHTb S1 , TO no Qx>;:>MyJie (22.3) npHBe.neHHa;.i CHJia 

A /'. 

F0 = F!>vc co~ (F6 , vc)/v5, + F3vs cos (F3 , vn)lvs, + M,w,tv.,. 

fj x 

Puc. 22. l. Onpe11eJieHHe npase.nemwli ctt.1b1 

J13 nJiaHa cKopoCTeii (p11c. 21.l, 6) CJie.11yeT, 4TO cos(F6 ,vc) 
.---.. 

- -I; cos (F3 , Vs)= I; w7 < O; v,, = w1lo .. ~ .. rnrna 

F0 = (- F5vr: + F~v11- M 7w,)!(w1lo,sJ 

3a11aqa onpelle.JleHHH 11pHBe)leHHOH CHJlbl HJIH 11pmie)leHHoro MOMeIJTa 
CB513aHa c pac4eTOM ypaBHOBeuumafOIJleH CHJlbl H ypaBHOBel11HBa10me
ro MOMeHTa. }13 pacCMOTpeHHH paBHOBeCHH 3BeHa 1 3y61rnrnro Mexa
HH3M3, HCllOJlb30B3HHOro 11.ns1 np1iBe)leHHH 3BeHa 1 BO Bpamem:e 
(pHC. 22.1, B), noJiylJHM: 

Fnlo,s, = Fyr1,,, T. e. Mn= My. 
CTKy..'l.a 

Fy = F0 ln,s,/rh,. 
EcJIH np1rne,1ett1iy10 CHJ!Y opHJim1mTb no JIHHHlf lleiicTBH>l ypasHo

Bem11BafOmeii CHJTbl, TO F0 = -FY. 
81:>16op TOlJJ{H npHBe)leHHH CB5133H c KOHKpernoA CTpyKTypoi'f Me

X3HH3Ma H cnoco6oM npHBe)leHH51 ero B JlBttmem1e. B 33BHCHMOCTH OT 
cnoco6a uepena4H nsmt:emrn 3BeHy np1rne.n.e11HH Bb1fo1paeTcH npHse.neH
HaH CHJia HJ!H 11p1rne,!leHHbJH MOMeHT. EcJJH F 11 = -FY' TO TOlJKOii 
npirne.lleHII51 )J,OJDKHa 6b!Tb T04Ka np1rno}KeHHH ypaBHOBeWHBaIOUleii 
CH JI bl. 
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22.4. Ilpune,11;emraa Macca u npune)J,eeui.1ii M01'teeT uuepIVIH 

3BeHO npHBe.11.emrn .11.0JDKHO 06.'!a.LI.aTb TaKOH }Ke KHHeTWJeCKOfI 3Hep

rueii, KaK01i 06Jia.11.aioT 3BeHbH scero MexaHH3Ma, IJ:TO o6ecneIJ:HBaeTcH 

pa3Mew.eHHeM B KaKoi'I-JIH6o ero TOIJ:Ke ycJIOBHOH npHBe.ll.eHHOH MaccbI. 

fipHBe.LI.e~IHaSI Macca - BnlO maKaR MOCCQ, KOmopaR, 6yayLLU cocpeaomo
'l.l!HQ e KaKoi1-Au6o moLLKe 3BeHa npueeaeHuR, o6Aaaaem KUHemuLLecKoil 
3Hepzuet1, paBHOU CljMMe KUHemw1eCKUX 3Hepzut1ecex38eHbe8 MexaHU3.MQ. 
JlJisi sseHa np_~rneD,eHHH, coBepwaiorn.ero noCTynaTeJibHoe .ll.BHmem1e 

CO CKOpOCTb!O i'n, npHBe.J.eHH3SI Macca tnn onpe.ll.eJIHTCSI 113 YCJIOBHH 
n 

2 ,, 2 2 
mnvn/2 = k.J (tniVsi.12 + J s1(fJd2); 

i=I 

OTKy.ll.a 
n 
~ 2 2 I 2 mn = 2..J ((m;Vs; + Vs1W1) Vn), (22.5) 
i=l 

r.ne {)Si - CKOpOCTb ueHTpa Mace 3BeHbeB; Js1 - MOMeIIT HHepu.HH 

3BeHbeB OTHOCHTeJ!bHO u.eHTpa Mace. 

JlJisi 3BeHa, coBepwaiow.ero spamaTe.TibHoe .nsmKeHHe c yrnosoii 

CKOpOCTblO Wn, npHBe.n.eHHblH MOMeHT HHepUHH Mace flOJIY4HM H3 yc

JIOBHH 

OTKyJI.a 
n 

J" = ~ (tn;u;; + JsiroI)lw~. (22.6) 
i=I 

);fa 33BHCHMOCTeii (22.3) ... (22.6) c.rie.n.yeT, l!TO npHBe,lleHHbie 3Ha

'leHHSI F"' Mn, m,H Jn He 33Bl!CHT OT CKopocTeii TO'leK H 3BeHbeB, a 

JIHWb OT HX OTHOWeHHSI, T. e. onpe,ll.eJJHIOTCfl nepe,ll.aTO'IHOH cpyHKUHeii 

3BeHbeB. TaK KaK nepe,ll.aTOIJ:HaH cpyHKUHH MeHHeT 3HaIJ:eHusi TOJJbKO 

npu H3MeHeHHH OTHOCHTeJJbHOro OOJIO)KeHHH 3BeHbeB, TO 3HaIJ:eHHSI 

yKa3aHHblX BeJIH'IHH - cpyHKU.HSI nOJIO}l(eHHSI 3BeHa npHBe,ll.eHirn. 

22.5. Hcxo)J;Hoe ypasueeue )J,BH»ceeua MexaHH3Ma 

JlJisi nocTynaTe.:lbHO Jl.BmKyw.erocH 3BeHa npuBe.n.eHHH (puc. 22.2, a) 

npuee.ueHHasi Macca saBHCHT OT Koop.n.uttaTbI x, T. e. tnn = m (x). 

B 3aBHCHMOCTH OT Tuna MexaHH3Ma npuse.n.eHHaH CHJia saBHCHT He 

TOJibKO OT l<OOp.ll.HHaTbJ X, HO H OT CKOpocn1 3BeHa H BpeMeHH, T. e. 

B 061ueM c.nyyae Fn = F (x, v, t). Ha TeopeTHIJ:ecKoii MeXaHHKH H3-

BeCTHO, 4TO npHpaw,eHHe KHHeTHIJ:eCKOH 3HeprnH MaCCbl paBHO 3JieMeH

Tapnoi1 pa6oTe CH.llbl, TOr,J.a d (m0 v 2 /2) = F"dx M, CJie}J.oBaTeJibHO, 

d (mnv2/2)1dx = F n- (22. 7) 

JlHcpcpepeHUHpysi Bb1pamem1e (22; 7) no cpopMy .'laM 11.JUI npOH3BOJJ.

RhIX npOH3Be.n.emrn' nOJIY4!1M 

(v2/2) dmnldx + m0 vi.1:J/dx = F 0 • 
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3aMeHirn v = dx/dt, no.1yquM 

0,5 (dx/dt)2 dmnldx + mn (dx/dt) (d (dx/dt)/dx = F n• 

OTKy.lla 

m (x) (d2x/dt2) + 0,5dm(x)/dx(dx/dt)2 = Fn. (22.8) 

AuaJJoruquo noJ1y11uM ypasueuue JJ.BH:>K:eHHH 3seHa npuBeJJ.eHHSI 

JI.:IR cJiyqan sparn.aTeJibHoro JJ.BH}f{eHirn (puc. 22.2, 6). B 3TOM cJiy'lae 

s 

x 
a 

PHc. 22.2. Bbrno.a: ypasHeHH!I .D.BH>KeHH!I 3BeHa npttse.D.eHH!I 

J,, = J (cp), Mn = M (<p, w, t), TOr)J.a d (J nw2/2) = M.dq> H, C.'Ie,ll.O

BaTe.'lbHO, 

d (J nw2/2) /dq> =Mn. 
3aMeH51H (!) = dcpldt, IlOJJyquM 

0,5 (dcp/dt)2 dJ 0/dcp +Jn (dcp/dt) d (dcp/dt) Jdcp = M., 
OTKy)l.a 

J (qi) d2qi/dt2 + 0,5dJ (cp)/dqi (dqi/dt)2 =Mu· (22.9) 

EcmI Macca ll MOMeHT HHepUHH []OCTOHHHbl, TO Bbipa}f{eHHSI (22.8) H 

(22.9), KaK H3BeCTHO ll3 TeopernlfeCKOH MeXaHHKII, 51BJlfllOTCSI .n.uctJ<f-e
peuu.uaJibHb!MH ypasueunstMH JlarpaulKa (cM. npIIJI.) BToporo po.n.a. 
3amICaHHbie B 1iplrne,ne1rnOM BHJJ.e, OHH Ha3b1Ba10TC51 ypa81teHUJlMU 08U
JICeflllJl Mexat-tU3,ita 8 iJuqxpepeHt{UGAb HOU ¢op.Me. npuse.n.euttafl CHJla 

ll.'Hl MOMeHT B npasoii 43CTH 3THX ypaBHeHIIH MOJKeT 6hITb npe.n.cTaBJie

Ha aJire6paH4ec1<0r1 cyMMOH JJ.B yx CJiaraeMblX, OJI.HO II3 KOTOpbIX onpe

,LJ.eJieHO Jl.Jl51 .Il.Bl!ll<YI.UHX CII.1, a .ll.pyroe - JJ.JIR CIIJI conpoTIIBJieHIIR. 

L(JI51 MalliHH pa3JilJI-IHOro TCXHOJIOfH4eCKOro H33HalleHII51 CHJibl ,llBHJKy

llI.He ll CHJibl co11ponm.11emrn 33Bl!CRT OT OJl.HOro IIJJH HeCKOJibKHX na

paMeTpOB - 11epeMew.eHH5l, CKOpOCTH H BpeMeHH, 4TO onpeJJ.eJiflCTCJI 

MexaHH4ecKHMH xapaKTepucTHK3MH JJ.Bllf3TeJJH II MeX3HH3M3 HCilOJJ

HHTeJJbHOro opraHa. 

L(JJ51 K3)1{Jl.0f0 MeXaHH3M3 cyrn.eCTsyeT 33BHCHMOCTb MOMeH'I'~ Ha se

.n.yrn.eM sa.11y MeXaHl! Ma I! JJ.BIIraTeJIH OT CKopocTII ero Bp3UleHII}I -

Mexanu'lecKue xapaKmepucmuKu (cM. r.11. 20). Kor.n.a KOHKpeTHbIH Me

xaHII3M npuBo.ll.HTC51 n .11.BHllieHIIe .n.s11raTe.11eM onpe)l.e.11euuoro nma. 

TO ycTaHoBHBweecn :lBH>Ker-rne B03MOlliHO TOJTbKO s c.11y4ae nepece-

11euu51 HX NexaHw1t:CKHX xapaKTt:pHCTHK: s T04Ke A (pIIc. 22.3, a) 

npHBe)l.eHPble MCMeHThJ CE.1 ,URlDKYl.lll!X ll CHJI conpOTHI3JleHH51 O,ll,HH3KO-



HhI: M~ = Mc• no9TOMY IIMeeT MecTo ycraHOBHBiueec.H )J.BH}!{eHHe a 

yrJIOBOH CKOpOCTblO ffi11 • 

EcJIH no.n. BJIHHHHeM KaKoro-JI1160 B03MyIII.aJOIII.ero cpaKrnpa yse;rn

irnsaeTCfl CKOpOCTb MexaHll3Ma, TO npll yKa3aHHb!X xapaKTepHCTllKax 

Bo:rn:irnaeT HepaseHCTBO M0 > Mi\, H ycTaHOBHBI11eecH .n.smKemte B 

.!:a.1moe MrHoBeHHe (npasee ToqKH A) oKaJKeTCH HeB03MO}!{HbIM. B 3TOM 

CJiyqae npoH30HJJ.eT yMeHbUieHHe KHHeniqecKoli 3Hepnrn MexaHH3Ma 

aa ClJeT OOJibWeli pa6oTbl CHJI conpoTHBJieHHH H CHHJKeHHe yrnosoi1 CKO

pocn1 Ji.O w11 • EcJIH yrnoBaH cKopocTb CTaHeT MeHbwe ro11 , TO paBHOBe-

N 

IJ w 0 w 
a 

PliC. 22.3. fpa¢HKH np1rne.n.eHHD1X MOMeHTOB c11J1 JJ.BHlKYIUHX H 
ronpOTHBJleHHll 

cue TaKJKe HeB03MOmHo, TaK KaK B 3TOM cJiyqae Mi\ > Mc H yseJrnqe-
1me KHHern:qecKOH 3Heprnll MaUJHHbl nott)leT Ha yseJI11qeHHe CKOpOCTH 

J.O w11 • ECJIH MexaHHLJecKaH xapaKTep.llCTHKa 1lBHraTeJIH HMeeT socxo

NIIIJ,yIO cpopMy. a HCDOJlHHTeJlbHOro MeXaHH3M8 - HHCX0.11.HIII.YlO 
(p11c. 22.3, 6), TO pa6oTa TaKOH MalllHHbl B03l\1Q)l<Ha TOJJbKO npH CKO

pocTH Wy, KOTOpaH llOJl)f{Ha nonnepm:HB3TbC51 cnerrnaJJbHblM.ll ycrpoti

CTBaM.ll - peryJJHTOpC:!MH CKopocrn (CM. rJI. 28). CnenosaTeJibHO, JI.AH 

)'CTQHqHBOH pa60Tbl M8WHHbl Heo6XOllHMO, 4T06bI ee llBHraTeJib HMM 

HHCXO)lHIIJ.YIO, a HCDOJlHHTeJibHblH MeXaHH3M - BOCXO)lHULYIO cpopMbl 

MexaHHllecKoli xapaKTep11cT11K11. TaKaH 111aw11Ha o6JianaeT cooucnl8oM 
«1Mope2yAupooaH.ufL. B nponrnHoM cJJyqae 111arn1rna csoi"1cTBOM ca.Mo

peryJJ11posaH11H He o6JiaJJ.aeT. 
B o6LUeM CJJyqae ypaBHeHHe D.BHmeHHH MexaHH3Ma He peruaeTcR 

TQqHo B BH.II.e KOHelJHOH cpyHKUHH. 06bllJHO npHMeHHIOT npH6JJHll<eHIIble 

JJH6o 4llCJJeHHble MeTO)lbl peweHHH HeJIJrneHHblX )lll¢cpepeHUH3JlbHbIX 

ypaBHeHllll, a ypaBHeHHHM .II.BHll<eHllH MeXaHH3Ma nptt.naioT Bll)l, HlilH

OOJiee y.no6HbIH )l.JIH HCCJie.nosaHHH B .naHHhlX KOHKpeTHhlX ycJIOBHHX 

xapaKTepHCTIIK HarpylKeHHH. 

22.6. ,ll;BH»eeHHe MexaHH3Ma npH YCJIOBHH, 'ITO MOMeHTbl CHJI 

H MOMeHTLI HHepn;HH - cpy HKD;HH IlOJIO;ICeHnH 3BeHLeB 

.ilJIH CJiyqa51 sparu.aTeJlbHOro .l(BH)l(NIHH 3BeHa np11Be.UeHHH npll yc.no

BHH, •ITO Mn = M (cp) ll Jn = J (cp), paccMOTpHM Mernn 4ttc.neHHoro 

perneHHH .llllCpcpepeHUH8JlbHOfO ypaBHeHHH ..QBmKeHHH MeXaHll3Ma. CTe

penmueM ypasHeHHe (22.9) B BH.ne 

J n8 + 0,5w2dJ nldcp = M 11• 
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Pa306beM yroJI nosopoTa <p 3BeHa np1rne,ll.emrn Ha n JlOCTaToQHO wa
JibIX HHrepaaJioB npu yc.noBHH A<p = q>z - 'P1 = <p3 - 'Pi = ... = 
= IJ';+J - fPj· 

Ha HHTepBaJie (q>1 ••• '1';+1) 

dw/d<p = ((l)i+I - (J);) nq>; 

dJ 0 /d<p = (JnJ+I - J nj) A<p 
H npH 8 = (droldt) • (d<pldcp) = (droldqi) (I) IlOJiyQHM 

lnj<J)j (ro1+1 -ro,)/Acp + 0,5roj (Jnf+I -Jn;)/A<p = Mni· (22.IO) 

PernHM ypaBHeHne (22.10) ornocJITeJibHO ro;+r: 

2ln;ro1 (ro1+1 - '"1) + (Jn1+1 -Jni) roJ = 2Mn;t\cp, 
OTHy,na 

©J+I = ro1(3Jn;-Jnf+i)/2Jni + MuiA<p/(ro1Jn1). (22.l l) 

OpttHHMaH B ypaBHeHHJI (22.11) j = I, 2 ... , n - 1 H ttcnoJ11>3y11 
COOTBe'fCTBYIOW.He SHaQeHHH npHBe)l.eHHblX BeJIJIQHH, IlOCJie,llOBaTeJJbHO on
pe)l.eJHllOT 3aKoH H3MeHeHHH yrnosoii cKopocTH 3BeHa npuse.n.eHHH ro (cp). 

EcJIH Jl.JHI MexaHH3Ma cnpase)l.JIHBbl ycJIOBHH, QTO Mc = Mc Cqi), 
M.11. = M.11. (<fJ), TO wcxonHoe ypaBHemte .11.JIH spamaTeJibHoro J'(HHJH~
mrn 3BeHa np1rne.11.emrn 3armweTCH B Btt)l.e 

d (w2J,/2) =(MA - Mc)/d<p. 
TaK KaK B 3TOM ypaeHeHHH nepeMeHHhre pa3JI.eJieHhl, TO ero MO/KHO 

npouHTerpupoBaTb: 

~j Ej ' 
S d£ = ~ d (uN n (2)) = ) (MA - Mc) dq>, 
E• E0 'I'• 

H, CJie,ll.OBaTeJibHO, 

"'' J n/(J)}/2 - J nO(J)~/2 = S (M.11, - Mc) d<p, (22.12) 
'Po 

r)l.e dE - npupaw.eHHe KHHeTtt'leCKOH 3Hepnrn 3BeHbeB MeXaHl13M8 
nptt nepexo,ll.e H3 Ha'laJibHOro IlOJIO}KeHHH c KHHeTttQeCKOB 3HeprneH 
£ 0 B j-e noJI01Kettne c KHHeTttQecKoif 3Heprneif E1• 

OoJiyqeHHae ypastteH11e .u..rrn paccMarp11saeMora qacTHara CJiyqast 
Ha3bIBaJOT ypaenenue.M oou'JICeHUJI. MexaH.usMa o cpopMe KUHemutteC1<0a 
tmep2uu. flpea6pa3yH era, naJiy'lttM yrnosy1:0 cKopocTb 3BeHa np1rne
JI.eHttH B j-M IlOJIOll<eHHJI: 

<•Ji = -V(_2_/ J-n-j )_s_(_Af_A __ M_c)_d_cp_+_(J)_:_( J-n-of_J_nJ) 
(22.13) 

AttaJior1111110 no.TJy'lHM Bb1pam:ett11e Jl.JIH onpe11.eJ1eHHH cKopocTH 3Be
Ha 11p1rne,ll.eHHH np11 nocTynaTeJibHOM era .u.mnKeHHtt: 

V1= v(2/m0;)f(FA-Fc)dx+v~(mnofmn;). (22.1'4-) 
Xo 
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3aBHCW110CTH (22.13) 11 (22.14) 003B0.'15llOT Bb!Hecrn TOJlbKO K84e

CTBeHHbie cy)KJleH1rn o xapa1nepe wrneHeHJ-!H c1wpocn1 3seua flp1rne.n.e· 

HHH, TaK KaK .LI.JJR peaJJbHbIX MeXaH1!3MOB 3a)].aeTC51 cpe.n.mrn CKOpOCTb, 

A He H8'l8JlbH85l. no::HOMy Ila npaKn!Ke ypaBHeH11e .ll.Bl!W:emrn MeXa

HH3M8 B cpopMe KHHeTJ-!4eCKOH 3Heprntt MO)KeT 6b!Tb peweHo nptt6JJH

)KeHHO. PaccMoTpHM aJJropttTM O.LI.Horo H3 nptt6JJmKeHHhIX MeTO.ll.OFI 

pewemrn 3TOro ypaBHeHHH. 

CTepe1rnweM ypaBHeHtte (22.12) 11.m1 npott3BOc1hHoro noJio)KeHirn B 
BH)].e 

Ee+ Ev- Eo = l:A, (22.15) 

M 

0 'f 

A 

'f 

'f 
PHC. 22.4. rpa¢11K11 pa60T B 38BllCHMOCTH 
or yrna rroaopora Be.i\ymero 3BeHa 

:a 
£ 

'fl 

a 

'(' 

<{' 

:r ~ 

i • 0 rp 
PHc. 22.5. fpacjmK11 H3MeHeHHli KR
HerHqecKoil 3HeprHH H yrnoaoil CKO
pocrn 3BeHa rrpHBeJleHRli 

r.ne Ee = 0,5Jcw2 - KHHeTH'lecKaH 3tteprttH 3BeHheB c IIOCTOHHHbIM 

rrprrne.n.eHHbIM MOMeHTOM 1rnep11,Hn le; Ev = 0,5J0 w2 - KHHeTtt4e

cKaH 3HeprHH 3BeHbeB c nepeMeHHblM npttBe,lleHHb!M MOMeHTOM HHepU.HH 

lv; £ 0 - KttHeTII4eCKa51 3HeprnH MexaHH3Ma 11p11 cKopocTH 3BeHa 

np1rne.n.eHHH w0 ; 2:A - cyMMapHaH pa6orn CHJJ JJ.Bnw:yw,ttx H conpo

THBJJeHttH, npttBe)].eHHbIX K 3BeHy npHBe)leHHH, np11 nepeMeW,eHirn ero 

HJ llOJJO)KeHHH (j)o B IIO.'!O)KeHHe cpi. 
3tta'leHHe cyMMapHOH pa60Tbl )l.JIH Jll06oro IIOJIOJKeHMH HaXO){HTCH 

HHTerpttpoBaHHeM cpyHKU.HH MA (cp) H M0 (rp) H HX aJire6patt4eCKHM 

cyMMHpOBaHneM (pHC. 22.4). 3aKOH U3.MeHeHUJl. KUHemU'f,eCKOU 9Hepeuu 

IlOJIYll8IOT' eCJIH H3BeCTHbl KHHeTH4eCKHe xapaKTepHCTHKH 3BeHheB 

G aepeMeHHbIM npttse,11.eHHbIM MOMeHTOM ttHepU.HH. Tor.11.a 

Ee-Eo = l:A- Ev tt Ee= LA-Ev+ E0• (22.16) 
fpacpH'leCKH 3Ha4eHHe Ee - £ 0 noJJy4aeTCH aJJre6pattlleCKHM cy:11-

MHposam1eM cpyHKU.l!H 2:A tt Ev (p11c. 22.5, a). TaK KaK E0 - BeJrn-

1urna IIOCTOHHHaH, TO rpacpHK )l..1H Ee COOTBeTcTByeT rpacpHKY .il·1H 
Ee - E0 , T0<1bKO OCb a6cu11cc .11.JJfl Hero CJlBHraeTCH Ha £ 0 (s o6w,eM 

CJiyirne HeH3BeCTHYIO). 
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TaK KaK Jc rrocTOsrneH, ro K1rneTH4ecKaH 3Heprirn Ee MeHHeTCH 

T0.1bKO 3a C4eT H3MeHeHHSI CKOpOCTH 3BeHa rrpHBe.!{eHlrn, a CJie.!{OBa

Te.1bHO, Ee H Cil rrporropu1mHaJibHbl. no3TOMY H3MeHeHHJI Ee no.rr

HOCTblO orrpe.!{eJIJllOT KOJieoaHHJI CKOpocn1 3BeHa rrpHBe)l.eHHJI OTHOCH

TeJibHO Ha1JaJibHoro 3Hat:iemrn. Orrpe.!leJIHM H3MeHeHHe Ee OTHOCHTe.flb

HO ee Hat:iaJihHoro ::rnaCJeHHH Ec1. 
f paqmt:iecKH 3TO paBHOCHJihHO onpe.!{eJieHHIO op.!lHHaT rpa<f>HKa 

Ee (cp) OTHOCHTeJlbHO OCH a6CUHCC, rrpHBe.!{eHHOH qepe3 Hat:iaJibHYIO 

ero TOt:iKy Ec1: 

l!.E~1 = Eci - Eci = 0,51 cw7 - 0,51 c<oi = 0,51 c (w1 + w1)(co1- W 1). 

(22.17) 
OpH ycrnHoBHBilleMcJI .U.BH)l{eHHH yrnoBaH cKopocTb KOJie6JieTCH 

B orrpe.!leJieHnoM )l.HarraaoHe. EcJIH 3TH KoJJe6aHHSI HeBeJIHKH, ro (w1 + 
+ W1)/2 ~ (J)cp1 H, 0003Ha4HB co; - (J)l = flco/, IJOJIYt:IHM 

j.E~1 = J cCOcpAro~. 
TaK Kai-: le 11 <Ocp - Be.TJHt:iHHhI IJOCTOHHHhie, 

orrpe)l.eJIS!eT B .npyroM Macuna6e H rpa<f>HK 

(pee. 22.5, 6). Cpe..'.lmrn yr.10BaH rnopocTb 6y.neT 

(Ocp = (Wm~~ + Wmin)i2 

(22.18) 

TO rpa<f>nK AE~1 
H3MeHeHHJI Awj 

H Ha rpaqnlKe OTOOp831lTOI COOTBeTCTBY10meii JH!HHeH, .1Je>KameA OT 

OCH aOCl.!JlCC Ha paCCT051HHH 

~<Oo = (J Aw' max 1- J Aw' minJ)/2, (22.19) 
r)l.e Aco 'max H j.ro" min - M8KCHMaJibHOe ll MHHHMaJibHOe OTKJIOHeHHSI 

npHpamemrn YrJIOBOH CKOpOCTll OTHOCHTeJibHO W1. 

0TKJIOHeHl!51 yr.aoaoli CKOpOCTH Cilj OT ee cpe,!1.Hero 3Hat:ieHHff B 

J.rn / = Aro; - Aco0 • 

UJrn npoH3BOJihHoro noJimKeHHSI aaeHa rrpHBe.lleHHH, onpeAeJISieMo
ro yrJIOM cp1, noJiyt:iHM 

Wf = COcp + AE~;/(J cWcp) - (J Aw' max 1-1 Aro' min 1)/2. (22.20) 
AJJropHTM orrpe,11.e.11eHHH yrJIOBOii cKopocn1 H yrJioaoro ycKopeHHH 

3BeHa rrpHBe)leHHJI OilHCblBaeTCSI orrepaTOpHoA <f>YHKUHelf, KOTOpaH 

IlOCJie.!{OBaTeJibHO pea.rmayeT aaBHClfMOCTH (22.16), (22.17), (22.18), 
(22.20): 

ZKNDV(N, z, Wcp 1 Mc(N), .'\.1.ll(N), J0 (N); AE~(N), co(N), e(N)), 

(22.21) 
r.ne N H z - ue-WH 11 neikrn11TeJ1bHaS1 nepeMeHHbie, cooTBeTCTBy10u~11e 
KOJitt4ecrny 3Ha4eHflH Cf'i· .ll.'Hl KOTOpblX orrpe)l.eJJHeTCSI 3aKOH ABH>KeHHff 
1rneHa npttBe)l.eHHH; M, (N), M 11 (N), J 0 (N) - MaccHBbI 4HCeJl, co· 

oTBeTcTBymm11e 3HatJeHHSIM rrepeMeHHbIX Mc, M11 , Iv JJ..1?. paaHbIX cp1• 
Yi JJOBhie ycKopeHHH e; Macc1rna e (A') onp<.>.J.e,1si10TCH lIHCJJeHHhlM 

Amp:jJepeH1.1.11poBa1111ea1. 
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22.7. ,ll.nH:aceHRe MexaHH3Ma ope fCJIOBHH, 'ITO ,ll;BHmym,ue CHJJbl 

aaBHCJIT OT CKOpOCTB 3BeHbeB, a CBJJbl conpOTHBJJ6HHJI -

OT BpeMeBD 

3aBHCHMOCTb ll.BH>KYUIHX CHJI OT CKOpOCTH 3BeHbeB, a conpoTHBJie

HHH - OT BpeMemt THnH'IHa D.JIH MalllHH, npHBOllHMblX B D.eHCTBHe 

3JieKTPOll.BHraTe.JrnMH. 11.Jrn 3.!IeKTPOllBHraTeJiei'! pa3HblX THflOB xapaK

TepHbl pa3.Jil1'1Hble cj:JopMbl HX MeXaHH4eCKl1X xapaKTepttCTHK (CM. fJI. 20), 
pa3JIH'IHble HHTerp11py10urne HX aHaJIHTH'leCKHe 3aBHCHMOCTH H cnoco-

6hI peweHHH ypaBHeHHH llBIOKeHHH MeXaHH3Ma. 

PaccMoTpHM Mexattu11ecKy10 xapaKTepttcTHKY MexaHH3Ma, npttBo

lJ.HMoro B )lBH>KeHHe aCHHXpoHHblM 3JieKTpOD.BHfaTe.JieM {pHc. 22.6). 

f1 

D 
0 wmin w# we w 

PHc. 22.G. MexaHH11ecKaR xapaRre
pttcrnxa MeXaHJl3Ma c npHSO,!lOM Q'r 

9JJeK TpOilllH r aTeJI R 

JleBaH Hepa6o4aH ee 11acTb 3aKJ110r.re

Ha Me>K.ny rnr.rKaMH A H B c op.nutta

TOH Mm"x' paf104a51 r.raCTb BeTBH -
cnpaBa OT rn111<11 B. Ha 3TOH KpHBOH 

MO/KHO OTMeTHTb xapa KTepHble TO'IKH: 

A - c KoopmrnaTaMH 0, Mn (M0 -

H3'13.flbHbIH nyCKOBOH MOMeHT D.BHra

Te.JIH npH yrnoBOH Cl<Opocrn:, paBHOfi 

nymo); B - c KOOpD.HHaTaMH Wm1n. 

Mma~ (romin - MHHHMaJlbHaH yrnoBaff 
CKOpOCTb poropa llBHraTeJIH, npH KO

TOpOH .nonycrHMa ero ycrnj\r.ruaaH pa-
6JTa npH Harpy3Re Mrmx); C - c KOop,11.11HaTaMH 0> 11 H M 8 (0>8 - HO

MHHaJihHaH yrnoBaH CKOpOcTb npH pa60Te c HOMHHaJibHblM MOMeHTOM 

MH); D - c Koop.zurnaTaMH roe, 0 (we - CHHXpOHHaH yrnoBaH CKOpOCTb, 
T. e. CKOpOCTb Bpamemu1 3.Jie«:rpoMarHHTHOfO !IOJIH, npH KOTOpOH MO· 

MeHT MA = 0). 
TaK KaK ynoi14HBall pa6ora arperara 11 caMoperymipoaaHHe ero 

B03MO>KHbl TOJlbl\O nptt HHCX0,11.H!UeH xapaKrepucn1Ke D.BiffaTeJIH, TO 

ycroi\1111BaH pa6oTa MexaH!:3Ma c ac1rnxpo11HbIM JJJHiraTe.neM B03MO>KHa 

TOJihKO Ha npaBoii sern11 xapaKTerrncntKfl. IlJrn OOJJblllHHcrna llBHra

reJleH ,11.3HHOro nrna c .nocTaTO"lllOH )lJHI lipaKTHlrn TOl!HOCTblO HCTHH

Hafl xapaKTepHCTHKa 3aMem1eTCH Ha pa6o4eM }'4aCTKe 0Tpe3KOM npR

MOH JIHHHH, npOX0,11.HUJ,eH 11epe3 T04KH c 11 D. vb ypaBHemrn 3TOfl 
npHMOH -

(22 22) 

DpHHHMaH 33BHCllMOCTb MH MoMettra Jl.BH>Kylll.eH CHJibl no 3TOMY 

ycJIOBHIO, 33CTHWeM ypaBHeHHe ,11.BH>Kemrn MexaHH3Ma c aCHHXpOHHbl:\t 

.D.BlffaTeJieM B BHD.e 33BHCHMOCTH (22.9) 

J (<p) • d2rp/dt 2 + 0,5 (drp/df)! dJ (q;)/dqi =a - bw - :\1 0 (t) (22.23) 

HJIH 

J (rp) d0>/dt + 0,5w2dJ (cp)/dqi =a - bcu - Mc (t), (22.24) 
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r.n.e a = Mu<0c/(<0c - ffiu); b = Mu/(roc - ffin); Mc (f) - cpyHKUH.ff 
np1rne.n.eHHOro MOMeHTa CHJJ conpOTHBJJeHH.ff. 

B o6meM cJJyqae ypasneHHe (22.24) He pernaeTCH. Optt6mnKeHHO 
OHO MOm:eT 6h!Tb pemeHO no Bb!pam:eHHIO (22. J J}. n.'15! CJiyqaeB, KOrJl.8 
npttse.n.enHb!H MOMeHT 1-rnepumi nOCT05lH€H JIHUo Ma.110 H3MeH.JI€TCSI 
(3TOT cJiyqaii THfIHqeH ,Zl.JJ.ff MeXaHH3MOB npHBO,ll.OB pa3HOro pona po-
TOpHb!X MaWHH, JJe6e.n.oK, H3COCOB 
H T. n.) dJ (q;)ldqi = 0 n Torna flJ 

Jdro/dt =a - bro - Mc (t), 
OTKy,ZJ.a 

dro/di + rob/J =(a - M0 {t))/J. (22.25) 

ECJIH B ypaBttettm1 (22.25) cpy1mu1rn 

Mc (!) aa.naeTCH attaJIHTHqecKH, TO ero 

MO)KHO pernHTb. TaK KaK nprrnenettHb1t'1 Puc. 22.7• SaKoH JlBH)!{eJIHll aae· 
MOMeHT CJW conpOTHBJieHH.ff .HBJI.HeTC.ff Ha np11Be}leH11H c MOMeHT8 nycKa 

nepttO,ZJ.HqecKOH cj:JyHI<UHeH, TO MOJKHO 
npttH.HTb Mc = Mc (t) = c + d sin kt. EcJIH o6oaHa · HTb 'A = bl J = 
= Mu/(J(U>c - roH)) H r:x = (a - c)/J = (MHw/(wc - coH) - c)/J, 
j3 = d/J, TO H3 ypaBH€HH.ff (22.25) no.TJyqHM 

dro/dt +A.cu= r:x - ~sin kt. (22.26) 

YMHOm:HM o6e 11acTH nocJ1e.n.11ero ypaBHettHH tta HHTerp11py10mnii 

MHO>KHTeJih e1•1• Tor na 

e'A1dw/dt + 'Awe1•1 = e'J..1 (r:x - ~sin kt) 
HJIH 

d (roe'A1) = e'·1 (a - ~sin kt) dt . 

.HttTerpnpyH Bb!paJKemie (22.27), noJiytJHM 

t t t 

(22.27) 

<0eA1 = S e'J.1 (a - ~sin kt) dt = S ae'J.idt - S e'J.f~ sin ktdt. (22.28) 
0 D D 

HttTerpaJihI B npaBott 11acni Bhipa}!{eHJrn (22.28) - Ta6.rmq11bre. 

nocne HHTerpttpOBaHHH llOJJyqHM 

(J)e'Ar = a (e'A1 - I )/'A - (ei..t (/1- sin kt - k cos kt) - k) ~/(A.2 + k2), 

OTKy.n.a 3aKOH ,ZJ.BH>Kemrn 3BeHa np1rne.n.ettH.ff B lPYHKUHH BpeMeHH 

(J) (t) = a(A - r:x/(f...ei..t) - (A. sin kt - k cos kt - k/eM) ~/(A.2 + k2). (22.29) 

TaK KaK HttTerpttposattne Bb1pa)l{ettns:r (22.27) BhinOJitte110 n npe.ne

Jiax OT 0 .n.o t, TO BhipaJKettHe (22.29) onHChrnaeT 3GKOH oeu11ceHUJ1. 3ee
Ha npueeoeHUfl. co BpeMeHH 11ycKa (pHC. 22.7). JlsmKCHHC CT3HOBHTCff 
ycTaHOBHBWHMCH npH (.-.+ 00. 0.n.HaKO yJKe 4epe3 HeKOTOpoe MaJioe 
BpeM5l t BCJJl!llHHa e-'Ar 6b!CTpo y6brnaeT, H ).J.13H>K€HHe cqttTaeTC.ff 
ycTaHoB1rnwH\IOJ c nocTaTOtnro1'.i cTeneHbTO TOqHoCTH. Oo3TOMY ,ZJ.JI5J 

nepao,:i,a ycTa Honnsu1eroc>J n.mDKemrn '.'lll llHChrna;oT 

ro (t) =a/A.- (A. sin kl - /?cos kt)[:\/( ),.l + .R2). 

19 8-2001 

(22.30) 

289 



3KCTpeMaJJbHbie 3HalJeHH51 yrJIOBOH CKOpOCTH 011pe.D,eJ15l!OT, 11po.n.H<f>
¢epettu11poBaB ypaBHett11e (22.30) 110 t: 

dw (t)/dt = ~k (A. cos kt+ k sin kt)/(A.2 + k2). (22.31) 

DpHpaBHHB Bb1pa>Kett11e (22.31) tty.nIO, 110JJylJHM 3HalJeHHH t, np11 
KOTOpbIX cpyHKUHH w (t) HMeeT 3KCTpeMyM. EcJJH A. cos kt + 
+ k sin kt = 0, TO A + k tg kt = 0 H tg kt = -A.lk, OTKy.n.a. 

kt= arctg(-A./k). (22.32) 

<l>yHKUH51 (22.29) HMeeT nepHO.ll. 2n, paBHblH nep110.n.y H3MeHeHHH 
CHHyca H KOCHHyca. 3HalJeHH51 TaHreHca O.ll.HHaKOBbl .ll.JJ51 yrnos, pa3-
HOCTb Me>K.ll.Y KOTOpbIMH paBHa n. Cne.n.oBaTeJibHO, 3a BpeMH 11ep110,n.a 
KoJie6aHHH yrnoBoli cKopocTH T = 2nlk 3KCTpeMaJJhHbie 3HalJeHHH 
<i>YHKUHH w (t) 11p11MeT IIpH BpeMeHH OT HalJaJJa nepHO)l.a 11 = 
= (Ilk) arctg (-A./k) 11 t2 = (Ilk) (n + arctg (-A./k)). Tor.n.a 

COmin =a/A.-~ (A. sin (arctg (- A.lk)) - k cos (arctg (-A./k)))/(A.2 + k2), 

ffimax =a/A.-~ (A. sin (arctg (- A./k) + n) - k cos (arctg (- A./k) + 
+ n))l(A.2 + k2). 

Ooc.ne Toro, KaK IIOJiylJeH 33KOH .ll.BH>KeHH51 3BeHa IlpHBeJI.eHHH, 
HaXO.ll.51T HCTHHHblH 38KOH H3MeHemrn .D,BH>KYlUHX CHJI Mn. (/), .ll.JIH 
qero 11eo6XO.lJ.HMO Bblpa>KeHHe (22.30) 110.ll.CTaBHTb B cpopMyJJy (22.22). 

22.8. Asumeuue MexaHH3Ma npu ueJiuaeiiuoii 
xapaRTepucTHKe ABBraTeJia 

EcJIH MexaHH3M 11puso.n.11TCH B JI.BH}l{ettne .n.sttraTeJJeM, MexaHttlJecKaH 
xapaKTepHCTHKa KOTOporo HeJIHHeHHa, TO .ll.Jl51 llOJiylJeHH51 aHaJJHTH
qecKoro pewemrn ypaBHeHH51 .lJ.BlDKeHH51 3TY xapaKTepHCTHKY MO>KHO 
a1111pOKCHMHpOBaTb KpHBOH BToporo HJJH 60.nee BbICOKOro 110p51JI.Ka. 
0o.n.o6Hble c.nylJaH XapaKTepHbl .ll.Jl51 .ll.BHraTeJieH llOCTOHHHOro TOKa 
c llOCJJe.ll.OBaTeJJbHbIM B036y}l{.n.emreM, KpaHOBblX acm1xpoHHbIX 3JieI<
TPO.ll.BlffaTeJieH, a TaK>Ke .ll.JIH rtt.lI.po- H TenJ10%1x JI.BIIraTeJieiL 60.1b
woe 3HalJeHHe .ll.JIH T04HOCTH peweHHH HMeeT xapaKTep H3Me11e1rnH 
MOMeH 1 a conpoTHBJJettm1. ECJIH .ll.l}H}l{YlllHH MOMeHT a1111poKCHM11po
BaTh 0Tpe3KOM 11apa60J1bl, TO npH J = const ypaBHeHHe .lJ.BH>KeHH51 
6yJI.eT 

a+ b(t) + cw2 - Mc= J · d(J)/dt, (22.33) 

rJJ.e a, b, c - lJHCJJOBhJe K03cpqrnu11enThI, no.ny11etttth1e 11p11 a1111poKcH-
111au1111 MexaHHlJeCKOH xapaKTepHCTHKH. 

DpttHHMaH a - Mc = A, llOJIYlJHM 

A + bffi + Cffi2 = Jdffi/dt. (22.34) 

EcJJH Mc = Mc (t), To, pa3JJ,e.rurn nepeMeHHhie H HHTerp11py11, 110-
ny•rnM Ta6JIJ11UihIH HHTerpaJI 

(U 

t - t, = J S dffil(A + bffi + cw 2), 

©t 
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BH,ll. peweHHH KOTOporo 33BHCHT OT 3HaKa Bblpa>«.eHHH (4Ac - b2). 
CTptt 4Ac - b2 > 0 ttMeeM 

(J) 

t- 11 = 2JlV 4Ac - b2 J arctg ((2cw +{;)IV 4Ac- b2) I ; {22.35) 

nptt 4Ac - b2 < 0 HMeeM 

t- t1 = J j ln ((2cw + b- Vb2 - 4Ac) (2cw + b + 
OJ 

+ V b2 - 4Ac)) J /l/ b2 - 4Ac. (22.36) 

3HaH (1)1 npH ti. no.nytialOT 3aKOH JJ.BH>KeHHH 3BeHa np1rneJJ:eHHH np11 

ycTaHOBHBWeMcH JJ.BH:tKeH1111 MexaHH3Ma. EcJrn M 0 = Mc {cp), TO ypas

ueuue (22.34) nepen11ch1Ba10T a a11Jte 

A + bw + cro2 = Jro • droldq>, 
DOCJie HHTerpHpOBaHHH no.ny1rnM 

(J) 

cp - cp1 = J S wdwl(A + bw + cw2}, (22.37) 

r.n.e cp1 H m 1 - HaIJaJJhHbie 3HaIJeHHH yrna noeoporn H yrnosoii CKopoc

TH 3BeHa npHBe,ll.eHHH. 

811)1. perneHHH ypaBHeHHH (22.37) 38BHCHT OT 3HaKa Bhipa>«.eHHH 

4A c - b2, a ca Mo pewetttte, KaK H B npe.ll.h1.n:ymeM CJiy11ae, noJJ y11aeTCH 

c noMOW.bJO rn6.nttu HHTerpa.noa. Oco6eHHOCTh peweHHH 38KJJJOIJaeTCH 

B TOM, 'ITO H3-38 rpoM03JJ.KOCTH nony11eHHh!X BbipamemtH npaKTHIJeCKH 

HeJJb3H nepeHTH OT 38B11CHMOCTH cp = <p (w) K 38BHCHMOCTH (J) = (J) (cp), 
IJTo .ne.naeT npenno11nneJibHhIM 11HcJieHHh1e MeTO.llhI perneHHH. 

22.9. Koa:fi<lmn;HeHT:&I eepauHoMepHOCTH ,u;uHmeeua: 
H JJ,HHaMH•IHOCTH MexaBHaMa 

Ha 3aBMCHMOCTH (22.13) CJieJJ:yeT, IJTO yrJJoBaH cKopocrb 3BeHa npttBe

,neHHH 38 IlOJJHhlH o6opOT He OCTaeTCH IlOCTOHHHOH, 8 MeHHeTCH, nepHO· 

)l.HIJeCKH npHHHMaH O,ll.HH8K0Bhle 3Ha1JeHHH, ecJIH He MeHSIIOTCH 38KOHbl 

H3MeHeHHH Jn (cp) H Mn (<p). nocTOSIHHhlFi xapaKTep <l>YHKUHH npHBe
.n.eHHblX BeJIHIJHH B03MO}l{eH TOJlbKO B cJJyqae ycTaHOBHBillerocH .ilBH}l{e

HHH MexaHH3Ma. TaKoe .llBH.>KeHHe H:MeeT MeCTO, eCJIH npu pa60Te Ma

IIIHHhI npHBelleHHbIH MOMeHT CHJI JlBH>KYW.HX DOCTOHHHO paBeH np1rne

,ll.eHHOMY MoMeHTY CHJJ conpoTHBJleHHH. B ::rroM CJiyIJae KHHeTHIJecKaH 

3HeprnH M8WHHbl E = 0,5J n(J)~ He ,ll.OJ]}l<Ha H3MeHHTbCH. TaK KaK 

dE = Jnwadron, (22.3&) 
TO ycTaHOBl1BllleecH .llBil)KeHHe B03MO)KH0 TOJlbKO npH OTCYTCTBHH np11-

pameHHH CKOpOCTH dwn 3BeHa nprrneneHHH. 
Bb1we yme rosopHJlOCb, IJTO nm KaK npHse.rreHHbie se.nttlJHHbI ne

ptto,ll.HIJecKH MeHHIOT CBOH 3HaIJeHHH, TO 11pH ycTa!IOBliBllleM:cH .ll.BIDi{eHHll 
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HCTHHH3ff yrnOBaH CKOpOCTb 3BeHa np1rne,lleH1rn npHHHMBeT neptto

.nuqecKHe 3Haqemrn, BeJJHqHHa KOTOpbIX KOJJe6JJeTCH OTHOCHTe.TlbHO ©y 

(pttc. 22.8). J13 3TOro CJJe,nyer, qTQ CKOpoCTb yCTaHOBHBWerOC11 ,ll,BH1Ke

HHA H8Af/£mcfl. UHmezpaAblWU xapaKJr1epucmUKOU dBUJteeHUfl. 3lJella npu
eeiJeHUJl. B Teoptttt MexaHH3MOB ee Ha3hIBaIOT cpeiJ11,et1. cKOpocmblO 38ena 
npueeiJeHWl fficp· .llm1 xapaKTepttCTHKH OTKJIOHeHHH MfHOBeHHhIX 3Ha

qeHHH yrJJOBOH CKOpOCTH 33 UHKJJ OT cpe,ll,Hero 3HaqeHHH lfCOOJJb3YIOT 

Ko::1¢¢utfueHm 11,epaBHOMep1tocmu iJeuJteeHUR. .MexaHU3Ma 

(22.39) 

0 

PHc. 22.8. fpacj>HK HCTHHHOH CKO· 
pocTH 3BeHa npHBeneHHH 

Pnc. 22.9. OuenKa nnuaMHqHOCTH Mexa
HHSMa 

r,ne Wmax H ©min - COOTBeTCTBeHHO M3KCMM3JlbHOe M MHHMM3JlbH06 

MfHOBeHHbie 3HaqeHHH yrnosoii CKOpOCTlf 3BeHa npttBe,ll,eHHH. 

06biqHQ npHHHMalOT 

Wcp =(©mall<+ Wmin)/2. (22.40) 
PemaH COBMeCTHO ypaBHeHHff (22.39) H (22.40), noJiyqHM 

Wmax = ©cp (1 + 6i2); } 
©min = ©cp (1 - 6/2). 

(22.41) 

Optt 6oJiblllOH pa3HHUe Mem.ny yrnoBhIMH CKOpOCTHMH ©max H ©min 
B03HHK3IOT ,ll,HH3MHqecKHe Harpy3KH, CHIUKaI0111,He Ha,ll,e.tKHOCTb H ,ll,OJJ

roBeqHoCTb MaUJHH. KpoMe Toro, yxy,ll,rnaIOTCH H 3Kcnnyarnu.110HHhre 

IIOK833TeJJH MexaHH3MOB. 113-38 KOJJe6aHHH Harpy3KH CHmlrneTCH Toq

HOCTb H3fOTOBJJeHHH ,ll,eTaJieH B MeTaJIJJopemym.ux CTaHKax, TOqHQCTb 

ycraHOBKH M3fHHTHOH JieHTbI B JieHTonpOTH.IKHbIX MexaHH3M3X 3BM. 
yxy.nUJaeTCff 3BYK038BHCb H 3BYKOBOCHpOH3Be){eHHe B MarHHT~OHaX. 

npaKTHKOH YCTaHOBJieHbI OOTHM3JlbHbie 3HaqeHHH aMnJIHTY){bI KOJie-

6aHHH CKOpOCTH 3BeHa npttBe,ll,eHHff, HanpHMep, 6 = 0,04 - JI.Jiff ceJib

CKOX03HHCTBeHHbIX M8llIHH, 6 = 0,01 - ,ll,JIH MeTaJIJI006pa6aTbIBaIO

IIJ.HX CTBHKOB o6m.ero H83HaqeHHff, 6 = 0,005 - .UJIH poTOpHbIX )lBH

raTeneii. Optt ,ll,HHaMttqecKoM pacqeTe MexaHtt3Ma cTaBHTCH 3a.ll,aIJa 

o6ecneIJeHHH Tpe6yeMoro K03~PQlHUHeHTa HepaBHOMepHOCTH ,ll,BHR<eHHH 

MeXaHH3Ma. lleM MeHbWe 6, TeM 6oJiee paBHOMepHO spa111,aeTCH BXO)l.HOe 

3Betto MexaHH3Ma, CJle)lOBaTeJibHO, MeHbWe KOJie6aHHH CKOpOCTei1 ero 

3BeHbeB. 

Koa<fJ<fJutfUeHm HepMHO.MepHOCmu iJeuJteeHUJl He xapaKTep1nyeT JJ.H

HaMHKY ,ll,Btt}l{eHHH 3BeHa npuse)leHHff BHYTPH OJJ.Horo UHKJia neptto)la 

ycTaHos11swerocH ,ll,Btt}l{eHHH. Ha pttc. 22.9, a, 6 noKa3aHbI rpacpHKH 3a

~HCHMOCTH (I) = (J) (qi) .ll,JIH MexaHH3MOB, y KOTOpbIX O.ll,HHaKOBa BeJIH-
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1nrna 6, HO pe3KO pa3JHf'lHhl .11.HHaMH'leCKHe CBOHCTBa • .ll.HH8MHlleCKHe 

CBOHCTBa MeXaHH3MOB, K8K 3TO H3BecTHO H3 TeopeTH'leCKOH MexaHHKH, 

xapaKTepH3YIOTCH 1W8</XpUU,ueHmOM auna;nuimocmu 

(22.42) 

r.11.e Bmax - MaKCHM8JihHOe 3Ha11em1e yrnoaoro ycKopeHHH 3BeHa. 

23. BJHUIHHE YITP~TOCTH 3BEHhEB HA TOqHOCTb 
HX ITEPEME~EHHfI H HArPY3KH B MEXAHH3MAX 

23.1. IIpoa:sJieHue ynpyroro esanMo)J;eiicTBHa: seeHLeB 

B peaJJhHhIX Mexam:1aMax aseHhH 11 11x coe.11.11Hemrn ynpyrn. 3To np11so

.ll.HT K OTKJIOHeHHIO cpaKTH'leCKHX xapa1nepHCTHK .llBl:l:>KeHHH 3BeHbeB 

MexaHH3Ma OT noJJyt.IeHl!bIX B npe.n.noJJo:>KeHHl:I HX He.llecpopMHpyeMOCTH. 

YnpyrocTb npoflB.llfWmcR 8 803H.UKH08eHuu nozpeumocmet1 noAo:JICeHUR 

38eHbeB npu UX OmHOCUme.llbHO.M aeu{){CeHUU, nepepacnpeae.lleHUU CUA, iJet1-
Cln8Y10W,UX Ha 38eHbR, u iJae.lleHutl 8 KUHeMamw1eCKUX napax, 8 803HUK· 
HOBeHUU iJUftaMU'teCKUX Hazpy30K Ha 38eHbR U 8AeMeHmbt KUHe.Mamutte

CKUX nap. 
CTorpemHOCTH CTOJIOJKeHHH 3BeHbeB H3-3a HX llecpopMaUHH Hapyrna!OT 

TOl!HOCTb .llBHR<eHHH, l!TO oco6eHHO 88/KHO .II.Ml MexaHH3MOB np116opoB. 

CTepepacnpe.ue.neH11e HarpyaoK MeJK,11.y aseHbHMll ll R 3.TJeMeHTaX KHHeMa

THl!eCKHX nap oco6eHHO Ba}!{HO YllHTbIBaTb np11 npoeKTl:lposaHHH BbI

coKocKopocTHhIX MalUHH. ,l{HH8MHlfeCKHe Harpy3KH, o6ycA08AeHHbte yn
pyzocmbto 3BeHbeB, iJocmuzatom BeAUttUH, COU3MepUMblX c HG2p!f3KGMU om 
aeacmeuH. CUA meXHOJlOeUtteCK020 conpomu8/leHUR. Heo6XO.llHMOCTb HX 

yl!eTa npttBO.ll.HT K pocTy MaTep11aJioeMKOCT1:1 KOHCTPYKUHH. B HeKOTO· 
pbIX CJJyllaHX ynpyrocTb 3BeHbeB T8KOBa, l!TO np1:1 !:IX .llecpopM1:1poBaHHH 

OOTeHUHaJibHaH 3Heprrrn ynpyroii .n.e¢opMau1:11:1 CTaHOBl:ITCH COH3MepH· 

MOH c KHHeTHl!eCKOH 3Heprneii 3BeHbeB MexaHl:l3Ma, c pa6ornii CllJ1 TeX· 

HOJiornl!ecKoro conpOTHBJieHHH 11 .usm1<ym,11x CHJJ. B 3THX cJJyl!aHx npe-

11e6pe:meH11e ynpyroCTblO 3BeHheB npH OOHCaHHl:I ,ll.HHaMl:l'leCKHX npo
ueccos npHBO,ll,HT K HenpaBl:IJlbHblM npe.D,cTaBJJeHHHM 0 JlBH)!{eHHHX 

3BeHbeB H HX B3aHMO.D,eikTBHH H, K8K CJie]lCTBl:le, K BbI6opy Hepa60TO· 

cnoco6HOll 1\0HCTPYKUHH MeXaHH3Ma. 

CnenosaTe.llhHO, Heo6XOJlHMOCTb yqern ynpyrux csottcrn MaTep11a

.11os 3BeHbeB IlOJIHOCTblO onpe.11.eJJHeTCH Ha3Hat.IeHHeM MexaHH3Ma H, K8K 

CJie,ll.CTBl:le, Tpe6yeMOH TOllHOCThlO HH:>«:eHepHoro pacl!eTa ero. 

23.2. XapaRTepHCTHRH ynpyrux ceoiicTB seeHLeB u MexaHHSMOB 

Ba1160J1ee na)!{HOH xapa1nep11cT1:1Koii, oTpa)!{aIOw.eti BJJHHHl:le ynpyrocTH 

3BeHa Ha ero JlHH3MllKY, HBJI HeTCH )!{eCTKOCTb. 00.U }!{eCTKOCTblO 3BeHa 

B )l.3HHOM HarrpaBJiemrn I10Ill:IM310T Cl:IJIY H.111:1 MOMeHT Cl:IJlbI, BbI3blB3!0· 

w.11e B 3TOM 11anpaBJJeHHH e.D,HHHl!Hoe ynpyroe nepeMem,eHHe, onpe.neJJH· 

eMoe O)lHOI1 Koop.n1111aTOH. TaK, ecJJH CBH3H 3BeHa .llOnycKaIOT TOJibKO 

nocTynaTeJibHoe .11.BH)!{eHHe (p1:1c. 23.1, a), TO )!{eCTKOCTb C ynpyroro 

3BeHa 1 paBHa c1:1JJe F, BbI3bIBaIOm,eii Y.11.JIHHeHtte ero Ha en1rnm1y 
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.LJ.JIHHbI. ,UJrn 3Betta, no.n.sepra10w.erocS1 11ei'.icTBHIO 1<pyrnw.ero MOMeHTa 
M (puc. 23.1, 6), >KecTKOCTb 6y.n.e1 pasua MOMeHTy, Bhl3BasweMy 3a
Kpyqusauue 3Betta na e.n.uuuqHhIH yro.n. 

XapaKTep 3aBHCHMOCTeif .ll.JISI onpe.n.eJieHHSI w;ecTKOCTH 3seua onpe
JJ.eJISleTCH ero KOHCTPYKUHeH Jf CHCTeMOH n.eikTBYIOlll.MX Harpy30K. npu 
oceBOM .n:ei'ICTBHH CHJibl Ha 3BeHO (pHC. 23. l, a) 

C = EA!l; (23.1) 

npH Kpyqemrn 3seua (pHc. 23.l, 6) 

~•I 

C = GJ ,,IL. (23 2) 

PHc. 23.1. Onpe11.e.11eHne >KecrKocreli 
3BeH&eB 

Pnc. 23.2. )KecTKOCTb B&rcweit K1rneMa· 
TH'lecKoii nap&1 

!J 

8 2 

EcJIH Ha sseuo .n:eiicrnyer nepneH.D.HKyJrnpHo ero ocH cttJia F 
(pHC. 23.]. 8), TO )f{eCTKOCTb B uanpaBJieHHH .nettCTBHSI CHJibl noJiyQHM 
H3 paCCMOTpeHHSI .n:eQ>opMaUHH Jf3rH6a 

C = ;~EJ ll(a2 (l - a)2). (23.3) 

B cj:JopMyJiax (23.1) ... (23.3) E H G - MO.D.YJIH npo.uoJJbHOH ynpyro
CTH H C.ll.BHra MaTepHa.lia; l - .UJJHHa :rneua; A - nJiow.a.n.h ero nonepeq
uoro ceqeHHSI; J ti - rIOJIHpHblJI MOMeHT HHepum1 ceqeHHH; J - MO
MeHT HHepUHH ceqeHHSI. 

ECJIH .D.JIH 3aMbIKaHHH KHHeMaTHqecKott napbI npHMeHHIOTCH 3BeHbSI 
cneuHaJihHOif KOHCTPYKU.HH, o6Jia.naiomue Ma.noif >KecTKOCThIO, uanpH
Mep, BHTaSI npyw;HHa 2 (e), TO ee )l{ecTKOCTb 

C = 8D3nl(Gd4), (23.4) 

r.ne n - qHcJJo BHTtms; D - ,ll.HaMerp npy>KHHbI; d - .n:ttaM·~p npo
BOJIOKH npymHHbl. 

llml npocrpaHcTBeHHblX MexaHH3MOB nOIHJTHe }KCCTKOCTlt 3BeHa CBSl-
3bIBaeTCH c HanpasJieHHeM .n:eqmpMaUHH npH JII060M HanpaBJieHHH CHJlbl. 
3seHMl TaKHX MexaHH3MOB HMelOT B o6meM CJiytrne ueo.n:irnaKOBhle >KeCT
KOCTH B pa3Hb!X H811JHIBJielilHIX. TaK, 3y6qaToe KOJieco c KOCbIMH 3y6hS1-
MH (pnc: 23.2) HMeeT pa3JJHqny10 meCTKOCTb B nanpmiJJeHHSIX Koop.nH
HaTHblX oceif Ox, Oy, Oz, TaK KaK 3y6 no-pa3HOMY .n:e<t>opMHpyercSI a 
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3THX HanpaaJJeHHHx. TeJJo KOJieca H3rn6aeTcH B JJ.Byx n.nocKoCTHX H 
cKpytrnaaeTCH BOKpyr ocH Ox. 

B HeKOTopbIX cJJylJaHx yJJ.o6tto onepttposaTb o6paTHoii mecrnocTbIO 
3Betta - noJJ.aTJJHBOCTb!O 'A = l/C. DoJJ. noJJ.aTJIHBOCTbro 3Bena B .uaH
HOM ttanpaaJieHHH nomrMa!OT ynpyroe nepeMew.ettHe, BbI3BaHHoe .ueii
CTBHeM e)l.HHHlJHOH CHJ!bl. 

YnpyrHe 3BeHb5l coen11HH10TCH KHHeMaTw1ecKHMH napaMH B KHHe
MaTHlJeCKy10 Ueflb, o6Jia,'"(a!Olll.YIO ynpyrIIM0H CBOHCTB3MH. 003TOMY BBO
,ll,5lT nomimue >KeCTKOCTH MexaHH3Ma, noiJ r.omopbtM noapasyAte6G/Om CUAY 
UAU MO,lfeHm CllAbl, npUAOJ/CeHlibte K 8XOdHOMY 38eHy ll 8bl3bt8a10u1,ue eco 
eounu'inoe AUHer1noe ll.i!U yeAOBoe nepeMeu1enue. )KecTKOcTb MexaHH3Ma 
3aBHCHT OT cTpyrnypHoii 11 KOHCTPYKTHBHoii cxeMbI, meCTKOCTef1 ero 
3BeHbeB, OT BH,ll,a KHHeMaTHlJeCKHX nap, coe.ZJJ![JH!OW.11X 3BeHb5l, 11 ynpy
fHX CBOHCTB 11X 3JJeMeHTOB. Do.UaTJ!llBOCTh MexaHH3Ma, COCT<JHW.ero H3 
n 3BeHheB, nocJJe)l.OBaTeJ!bHO coe,D,HHeHHbIX p KHHeMaT11l.!eCKHMH napaMl1, 
paatta cyMMe no,n.aTJJHBOCTeH ero 3BeHheB A3i 11 Kl1HeMaTHl!eCKHX nap /,ni: 

n P 

1w = b A3i + b Ani; (23.5) 
i=I i=I 

)KeCTKOCTh MexaHH3Ma CM = l/A.M. 
B pa3BeTBJJeHHbIX KHHeMaTHtJecKHx uenHx 3Betto BXOJJ.HT s HeCKOJJh

KO KHHeMaT11lJeCKHX nap H o6pa3yeT napaJJJJeJJhHhie cTpyKTYPHble uenH. 
B 3THx cJiylJaHx nepeMem,etti1e BXOJJ.Horo 3Betta, Bhl3BaHHoe no.uaTJJH
Bo•:ThlO BCeH KHHeMaTl1lJecrrnii uen11, onpeJJ.e.nHeTCH B OCHOBHOM JJ.ecpop
M3lUH!Ml1 na1160:1ee )J{eCTKHX coe,llHHeHHH. )KecTKOCTb MexaHJ!3Ma npH 
napa.nJieJJhHOM coe,D,HHemrn ynpyrnx 3BeHbeB paBna cyMMe mecTKOCTeii 
era 3BeHbeB C3 ; 11 rrnr-reMaTHlJeCKHX nap Cni: 

n p 
\, '\, 

C1v1 = '""' C3i + Li Cni· (23.6) 
i=ol i=l 

Pacc10Tp11M onpe}J.e,1em1e :»<ecTKOCTH 3y6tJaToro nepe.uaTOlJHoro Me
xaHH3M'1 (puc. 23.3). DpH 3acj:mKrnposannoM no.riomemrn 3BeHa 4 11 
rrpn.J10t1\en1111 K Ko.1ecy 1 MOMeHTa M 113-3a .ue¢opMauu11 scex 3BeHbeB 
11 nap 3TOH K1rneMaTHlJeCKOH uenH OHO nosepHeTcH Ha yroJJ cp. Tor.ua 
mccTKOCTb MexaHl-I3Ma cocTaEHT CM = ivf!cp. Onpe.uem1H yrJIOBbre ,n:e
qJopMau.111-1 (nonaTm--rnocrn) KatK.uoro H3 ynpyrnx coe.uuHem1i'i H npHBO.llH 
11X K KOJJecy 1, nOJJYlJl!M 

'P = MICM =MIC1 + M/C12 + M/i2/C2:1 + Mif2/C34 + MiT4/C4 , 

AM = ucM = 11cl + 1 iC12 + d21c23 + ir21c3-1 + if41c4. (23. 1> 
3Has:i 3IIalJemrn mecrnoCTefl coe;_urneHHH C1; C12, •• ., C4, 113 cj:JopMyJJhI 

(23. 7) onpell.eJIHIOT )J{eCTKOCTb MexaHmiMa CM. 

23.3. IIepepacnpe)'.l;eJieHHe uarpy31m B KHHeMaTH'lecxux napax 

TaK Kai< 3JieMeHTbI KHHeMaTHlJecK11x nap o6Jia,llaIOT onpe.ueJieHHhIMH 
ynpyr11M11 CBOHCTBaMl1, TO 113-33 .ue¢opMaU,11H noBepXHOCTeii HX KOHTaK
Ta npoucxo,n_in nep~pacnpe)l.eJieHHe uarpy3Kl1. )J.ecj:JopMaU.HH noeepx-
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HOCTeH, no KOTOpblM B3aHMO.!leHCTBYIOT 3BeHbSI, BKJll043IOT He TOJlbKO 
KOHTaKTHbie, HO H npyrne BHD.bl .neqmpMaUHH: H3rn6a, Kpy11emrn, CJKa

THSI H T. n. B o6rueM cJJyi-iae orrpe.neJJeHHe cpyHKUHH mecTKocrn HJJH no
.n.aTJIHBOCTH 3JleMeHTOB KHHeMaTHlJeCKHX nap rrpe.ncTaBJJHeT co6oi'I Tpy.11.
HYIO aa.11.aqy, TaK KaK Tpe6yer yqern CJ1omnoii reoMeTptt11ecKoii cpopMbI 
3JieMeHTOB, nenponopUHOHaJJbHOCTH KOHTaKTHblX .necpopMaUHH npHJJO
JKeHHbIM CHJJaM, cpH3HKO·Mexam11-1ecKHX CBOHCTB MaTepHaJlOB. 

B 3aBHCHMOCTH OT THfia KHHeMaTH'lecKoi'I napbI 3atWH pacnpede11eHUJl 
nazpy3Kll 110 noaepxHOCTH 3JleMeHTOB onpe)J.eJlHeTCSI pa3Hb1Mll '.v!CTOJl.3'.IH. 

Puc. 23.3. Onpe,ll.eJJem1e }KeCTKOCTH 
3y64aroro MexaHtt3Ma 

Pwc. 23.4. Pacnpe,ll.eJie1rne y,ll.eJ11.>Hoii" 
Harpy31rn B HH3llleii J{HHeMaTli4CCKOii 
nape 

0JlH3KO B onpe.11.eJieHHblX rpaHH
uax T04IIOCTH HHJKeHepHblX pac-
1.JeTOB B nepBOM np116JlHmeH1rn 
MO/KHO npHHHTb cpyHKUHIO pac· 
npe.n.e.neHHOH Harpy3KH B BHJJ.e 

W (x) =Wit. (x), (23.8) 

I a b ,__,, _____ __, 

2 Fi, 

A 

a 

r.ne "' (x) - cpyHKUHH H3MeHe- x 
mm no.narnuaocn1; W - cpe,'l
HHH pac11peneJJeHHaH Harpy3Ka, 

a 

noJ1y11eHHaH a npe.11.noJJo>Kemrn paaHoMepHoro pacupe.neJiem1H peaKUHH 
no 3JJeMeHTaM KHHeMan111eCKOH napbl. 

.LlJJH flOCTynaTeJJbHOH KHHeMaTHlJec1rnii napbl c KOHT3KTOM 3BeHbeB 
no llJIOCKOCTll (pttc. 23.4) onpe;ieJJeHHe KOHTal\Tl10H .11.ecpopMaUHH CBO
)l.HTCJI K pac 11eTy .necpopMaUHH H3rn6a cwpJKHH I Ha ynpyroM octtoaa
Hli!I 2, paccMaTp11sac:viol1 a Kypce conpoT11BJieH11H MaTepua.1on. Opu 
cnJJournoii Maccl!BHOH 1wHcTpy1<11J1H 3JJeMeHrn 3BeHa 2 pacnpeJ1.eJ1em1e 
Harpy3KH onpe.ne.1HeTCH l(QHT8KTHOH )!{eCTKOCTb!O noaepXHOCTeH I! M0-
1!\eT 6bJTb upHHHTO paBHOMepHhIM Ha y11acTKe ab {pHc. 23.4, a). Ec.111 
KOHCTPYKUHH 9JieMeHTOB no3BOiIHeT HM ,necpopMHposaTbCH, TO H3n16-
HaH J.ecpopMauirn 3JJeMeHTa 2 npHBeD.eT K nepepacnpe.11.eJieHHIO Harpy3KH 

H cMew,emao paaHo,aeikray10rueii F21 (pHc. 23.4, 6, o). 
Bo Bpaw.aTe.1bHOH KHHeMaTH4ecKoii nape nepepacnpe.11.eJJeHHe Ha

rpy31rn B03MOJKHO 113-3a KOHTaKTHb!X H H3fl16Hh!X .naj>opMaUHlI 9J!E'ME'H· 
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TOB, lJTO npHBOllHT K He3Hal\HTeJibHOMY H3MeHeHHIO ttanpaBJiemrn peaK
IJ.HH 11 CMew.eHHIO TOllKH ee npHJIOR<eHHH. 

B BbICWeH KHHeMaTHlJeCKOH nape Harpy3Ka Me)KJJ.Y 3BeHbllMH nepe

)laeTCH B T01-!Ke HJIH no JIHHHH, n03TOMY KOHTaKTHb!e JJ.e¢opMaUHH HMe

lOT 3HallttTeJibHO 6oJihwee BJIHHHHe Ha pacnpe.ueJietrne Harpy3KH. Jfa 
Kypca TeOpHH ynpyroCTH H3BeCTHO, l!TO ynpyrne IWHT3KTHbie nepeMe

rn.emrn B 3THX CJiyllaHX 33BHCHT OT MO.LlYJIH ynpyroCTH MaTepHaJia H pa

.n.uycoB KpHBH3Hbl KOHTaKrnpytoW.HX noBepXHOCTeiL 3aBHCHMOCTH, on-

Pnc. 23.5. Pacnpe.!leJ1e11ne y.!leJJbHOil narpy3KU B Bblcweii KntteMaTn11ecKoA nape 

pe.ueJIHIOW.He c6muKeHtte 3BeHbeB, He YllHTb!BalOT peaJibHoro cocTOHHH• 
IlOBepXHOCTH KOHTaKTa B HallaJie pa60Tbl MaWllHbl. B nOJ.J.BmKHOM KOU• 

TaK're Ha c6mrm:errne OKa3b!BaeT BJIHHHHe rnepoxoBaTOCTb IlOBepXHOCTH, 

Mem1tow,aHCH co BpeMeHeM. B pe3yJibTaTe H3Hoca H J.J.ecpopMaUHH MHK· 

poHepOBHOCTeH co apeMeHeM KOHTaKTHaH )J{eCTKOCTb pacTeT, Il03TOMY 

TeopeTHl!eCKHe 3aBHCHMOCTH Jiy11rne OIUICblBalOT no.uaTJIHBOCTb coe.n.H

HeHHH nocJie npttpa6oTKH. 

3anaqa pacnpeneJieHHH Harpy3KH B)l.OJib KOHTaKTHblX JIHHHH B Bh!C

weii KHHeMaTHl!eCKOH nape pernaeTCH c y11eTOM He TOJibKO KOHTaKTHOA 

mecTKOCTH, Ho H c yqeroM JJ.pyrnx JJ.e¢opMaU.HH, 3aBHCHW.HX OT KOH· 

Kpernoi1 cjlopMbl 3BeHbeB. flpennoJIOMHM, l!TO Harpy3Ka B KHHeMaTH• 

qecKOH nape c JIHHeHHbIM KOHTaKTOM nepe.n.aeTCH OT 3Beua 1 K 3BeHy 2 
(pttc. 23.5, a). BttelllHHH ttarpy3Ka MmKeT 6b!Th B BH.Ue Bpaw.mow.ero 

MOMeHTa (KaK, HanpHMep, B 3y611aTOM MexaHH3Me, pHc. 23.5, 6) HJIH 

CHJibl (KaK B nape I<yJialJOK - TOJIKaTeJib) • .113-33 JJ.ecpopMaUHH 3JieMeH· 
TOB KHHeMaTlllJeCKOH napbl Harpy3Ka no KOHTaKTHb!M mIHHHM pacnpe

)J.eJIHeTCH HepaBHOMepuo. 3anal\a onpeJJ.eJieHHH 3a1wHa pacnpe.ueJieHHH 

Harpy3Kl1 B KOHTatne 11MeeT TO<IHoe pewett11e, cyw,HOCTb KOTOporo 38K

JltQlJaeTC51 B cJJe.UyIOW.eM. KoHTaKTHaH .1Jl1HUH pa361rnaeTCH Ha y•iacTKH, 

a noJIHaH pea1<UHH P21 3aMeHHeTCH cocpe,!l,OTOl\CHHbIMH c11JiaM11 Fi, npH-
n 

JIOn\eHllblMH nocepe.unHe Kam.uoro yqacrKa no yc:10Bmo F21 = ~ P1• 
/=I c IlOMOIUbto MaTeMaTH'leCKoro amrapaTa MeTO,LJ.a CHJI paccMaTpHBaeTCJI 

ycJIOBHe pai3HOBeCHH 3BeHa fJO)l. ,l\ellCTBHe'.li BHClllHHX CHJlOBblX 



'1JaKTopoB " CHJl peaKUJlH B 3JleMeHTe KHHeMan1qeCKOH napbI: 

n 

~ FlJli - {\ - 61 = O; 
/=l 

" ~ F 162i - 60 - 62 = O; 
/=I 

" ~ p.-" . - <' - x - O· .._ 1Un1 :'e: Un - ~ 
i=I 

rt 

~ F1-F12 = 0, 
j=l 

(23.9) 

cJle F1 - CHJia Ha j-M yl.!aCTKe KOHTa1nHoii JI11Hm1 np11 ycJIOBHll pa3-

)11emrn IWHTaKTHblX JIHHHH Ha n yqacTKOB; 61it 62;, .•• , On; - r1epe· 

}{em,emrn yqacTKOB KOHTaKTHblX JllHIHH OT scex BHJJ.OB Aelj:>opM3UH11 

:meHheB HJIH HX 3JieMeHTOB JIOJJ. JJ.eHCTBHeM c11JI F1, np11JimKeHHblX Ha 

f-x yqacTKax; t\, 62, ••• , 6,. - nepeMeW.eHH51 yqacTKa KOHTaKTHOH 
,JHH!flf noJJ, JJ.eHCTBHeM BHewrmx CHJI H MOMeHTOB c1rn; 60 - nepeMe

m.emi:e OOJJ. JJ.eHCTBHeM BHewtteH Harpy3KH yqacTKa KOHTaKTHblX JIH

HHH, OTIIOCHTeJlbHO KOToporo BeJJ.eTCH OTCl!eT nepeMeW.eHHH. 

B c11cTeMe (23.9) Ka.>K,[loe ypaBHett11e onHcbrnaeT paBeHCTBO ne

peMew.eH11fl OT J3HeWHHX Ii BllyTpeH!IHX CHJl Ha \'lJ.~CTJ\e KOHTaKT

HOH JIHHHH, noc-1eJJ.Hee ypaB11e1111e - ycJIOB11e pas110Becm1 KHHeMa

TttqecKof1 napbl non. JJ.eHCTBHeM BlleWHllX H 1rnyTpemrnx CHJl. 

PemeHHH CHCTeMbl ypas1wH11i:l (23.9) no3BOJI51IOT oripe.ue.nHTb <PYHK

u.mo F (x), T. e. 1rnpnrny pacnpene.'leHHH pea1\UHH B.Ll.OJlb KOIITaKTHhIX 

JIHHHf.i. Eho no3BOJIHeT pau110Ha.JJLHO KOHCTpyupoBaTb 3BeHb51 Me

xaHH3MOB- H 3JleMCl!Tbl KHHeMaTHl.!ec1rnx nap, CTpeMHCb K Bblp8BHII

BaHlflO Harpy3KH BJJ.OJ!b KOHT8KTllbIX JIHH!lll. wrnp11Mep' B 3y6tf3Tb!X 

MeXaHH3MaX 3y6b5!M np11.11.anaTb 6ot-IKOo6pa3HYIO tropMy' l!TO, KpoMe 

roro, IlOBbIWaeT 1rnacc KHHeMaT!ll.!ecKOH napbl B 3al(enJJeHHH, B cppHK

U.HOHHbIX MexaHH3MaX JleJiaTb KpHBOJll-iHeHHble o6pa3yJOIUHe KOJieC 

H T. a. I1cnoJih30BaHue pea.'lbHoro 3aKoHa pacnpe,IleJ1eHIH1 Harpy3KH 

Il03BOJI51eT H36emaTb OWH60K np11 KOllCTpy11pOB3Hllll 3BeHbeB MCXa· 

HH3Ma. YqeT .uei:lCTBH51 pa3JIHtIHblX ¢aKTopoB npoBoJJ.HTCH Ao6anJie

HHeM B ypaBHeHJrn CHCTeMbl (23.9) COOTBeTCTBYIOW.HX nepe.MeW,eHHH 

yqacrKOB KOHTaKTHblX JIHHHH. 

23.4. HaMenenHe cnJI, .n;eifcTBYIOIQHX ua aBeHLH 

YnpyrocTb 3BeHbCl3 B wapm1pHo-pb111a}l{HhIX MexaHH3Max npu 11a.1tt-

1IHH tt36bITOlJHblX CB513elr npllBO!LHT K nepepacripe)leJieHlllO mlrpy:ioK, 

,D.eHCTBYIOIUHX Ha 3BeHb51 (p11c. 23.6, a). J-fa-3a pa3HOi-i cj:iopMbl 3B0HbCB, 

napaJIJleJlbHO pa6oTaIOW.HX B Cll.JJOBblX DOTOKaX' .a.erj:>opMaUHH MoryT 
tSb!Tb Heo)l.HHaKOBblMH KaK no Be.JJl.fl!HHe, TaK If no HanpasJieHHlO. 

BCJie.ll,CTBHe 3Toro 3BeHh.51 6onee mecTKHe (p11c. 23.6, 6, 13) socnpnMyT 

6oJibllIHe yc11.rrnH, 'ITO Yl.!HThrnaeTC51 B .a.aJ1bHef1w1-1x pac11ernx Ha 

npOIIHOCTb, Jll-160 BbIHYA51T i-13:11.eHllTb crpyKTYPHYIO cxeMy MexaHll3Ma. 
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2 

I 

A 

Puc. 23.6. Pacnpe.n.e.nenue CH.II 
MelKAY 3BeHbllMH MexaHH3Ma 

2 
!fB==~~~~~c 

Puc. 23.7. CxeMa peaJJbHoro narpyJKemrn 3BCHbeB 

PBc. 23.8. HepaBHOMepnoe pacnpe.n.ene1rne Harpys• 
KH H3•38 ,!!.elf>opM3UHH ru6KHX 3BCHbCB 

CTpH pa6oTe MexaHH3Ma H3MeHHIOTCH Hanpasnemrn H HarpyaKH Ha 
3BeHb5l (CM. rJI. 22). 3ro npHBOJl.HT K nepeMeHHblM 3HaqemurM JI.e
ctx>pMaI..Oiii, qTQ, B CBOIO oqepeJI.b, Bhl3bIBaeT H3MelleHHe Harpy3oK 

Ha 3BeHbH. CTepHOllHqecKHe KOJie6aHHSI Harpy30K, CBH33HHble C He

nOCTOHHHOH >KeCTKOCTblO 3BeHbeB, MOryT npHBecTH K HX BH6pauHH. 

Op11 KHHeMan1qecKHX pacqernx MexaHH3MOB (cM. rn. 21) Hcxo

Jl.llJIH 113 Toro HepeaJibHOro rIOJIO>KeHHSI, llTO Bee 3BeHbH HaXOJlSITCSI 

B O)J.HOfl n.IJOCKOCTH, B TO BpeMH KaK B nJIOCKHX MeXaHH3Max 3BeHbSJ 

pacno.'lmKeHbI B napannen&HhIX nnocKocrnx (pHc. 23.7). CTpH nepe

pacnpeJl.e.'IeHHH Harpy3KH MeJK)l.Y 9JJeMeHTaMH rorneMaTHqecKHX nap 

npoHCXOllHT BHeUeHTpeHHOe npHJIO>KeHHe ee K 3BeHbHM, a CJie.u.osa

TeJibHO, B03lrnKaeT npo.u.oJibHhIH H3rH6, Kpyqe1me, qTo, B CBOIO oqe

pe,llb, smrneT Ha peaKUHH B KHHeMaTHtJecKHX napax. B 6bICTpoxo,ll· 
Hb!X MeX8HU3MaX BCJie)tCTBHe :>roro B03MO.>KHO B03HHKHOBerme .llO
llOJIHHTeJibHblX JtHHaMuqecKHX Harpy30K. 
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B MexaHH3Max c BbIClllHMH KHHeMaTH'lecKHMH napaMH nepepacnpe.D.e
JieHHe uarpy3KH no E>JieMeHTaM nap B npouecce pa6oThl MO)!{eT npu· 
BeCTI1 K nepHO,l{Hl!ecKH H3MeHHIOlll,el'icH CHCTeMe CHJJ, ,n:eiicTByIOll.l,HX 
Ha CTOHKY MexaHH3Ma (Hanp11Mep, B 3y64aToM 3auenJJemm, KyJiatIKO· 
BbIX MexaHH3Max 11 T. 11.). B MexaHH3Max c ru6KHMH CBH3HMH (pttc. 23.8) 
,n:e<jJopMaUHH rn6KHX 3BeHbeB 3 HapywaIOT pacnpe,n:eJJeHHe Harpy3KH 
Me)!{,n:y HHMH (B KJlHHOpeMeHHblX MeX3HH3M3X), cnoco6cTByIOT yCH· 
JJeHHIO H3HOCa (a uenHb!X MeXaHH3M3X), npHBO,l{HT K KOJJe6aHH5IM 
CKOpOCTH H BH6pau~rn. 

23.5. 0mH6Ra nonomeHHR aBem.eB MexaHH3Ma ua-aa Hx 
ynpyrocm 

,ll..TJH onpe,n:eJJemrn norpewHocTel'i noJJO)!{emrn H3-3a ynpyrnx 11.e· 
4JopM3UHH 3BeHbeB MeX3HH3Ma o6bJtIHO HCTIOJlb3YfOT iJuqxpepefll{UQ,lb
flbta MemoiJ, I<OTOpb!H paccMaTpHBaeT cf>YHKUHM TIOJIO)Kemrn MeXaHH3· 
Ma s = f (ql> q2, .. ., qn) B 3aBHCHMOCTH OT nepeMeHHblX q;, ee onpe
)leJIHlOllJ.HX. Opttpam.eHHH nepeMeHHbIX qt B nepaoM np116.TJHJK.emrn 

a 
PHc. 23.9. BJIHllHHe ynpyrocTll 3BettbeB Ha ourn6Ky HX noJIOR(eHHll 

paccMaTp11sa10TcH KaK norpewHocrn (cM. rJJ. 27). Tor,n:a oum6Ka no
JIO)!{eHHH MeXaHH3Ma onpe,n:eJJHTCH rJOJJHblM .n:mjxpepeHUH3JlOM cf>YHKU!IH 
nepeMeHHhIX 

ds = (iJf/dq1) dq1 + (of 1aq2) dq2 + · · · + (iJf ;aqn) dqn 
HJIH 

(23.10) 

r,n:e 1'1q1 , l!..q2 , •• ., 11qn - ynpyrne ,n:e<jJopMaum1 3BeHbeB. 
PaccMoTpHM npttMeHeHHe ,n:ncf>cf>epem.1.11aJJbHOro Mern,n:a .ll.•lH rnap

HHpHo-pb1qamnoro MexaHH3Ma, HanpttMep - KpHBOWHflHO-IIu.13yH
HOro (pttc. 23.9, a). l13-3a ne¢opM3UHH paCTHX<eHirn (CX<3TH51) ~ll 
KpHBOWHna 11 1'112 waTyHa B03HHKHeT OllJH6Ka noJimKemrn !is TIOJJ3Y
Ha 3. Dptt noaopOTe Kp1rnowttna 113 noJioMeHHH 1 a noJJoX<eHHe 2 Ha 
yroJJ (<p 2-(p1) owH6Ka nepeMew.emrn noJl3yHa 6y,QeT As c.\s1 -

- L\S2. <Dyrn<UHfl rJOJJO)!{eHHH MeXaHH3M3 onpe,n:eJJHTCll 113 yc,10-

BH}l (cM. rn. 7) 

soo 

11 cos cp + I 2 cos ~ = s; } 
11 sin qi= 12 sin~· 

(23.11) 



Opo.11.mP¢epem.1.ttpyeM ypaBHeHHH (23.11) no 11, 12, s, ~ tt, nepexo

Jl.H K KOHeqHblM npttparn.eHH5E\/1 :lTHX napaMeTpOB, IlOJJYllHM: 

cos cpAl1 + cos f3Al2 - 12 sin f3A~ = As; } 
(23.12) 

sin cpAl1 = sin ~d/2 + /2 cos f3A~. 

Hail.UH tt3 ycJJoSttiJ (23.12) 3HaIIem1e 

(23.13) 

no.r1yIIHM 

L\s = M 1 cos {<p- f})/cos 13 + L\l2/cos f3. {23.14) 

B ¢oPMYJie (23.13) 

i'll1 = F 2111/{£1 A1); Al2 = F32 / 2/(£2A2), 

r)l.e F21 , F32 - ycttmrn:, cxrnMaiorn.tte 3BeHhH 1 H 2. 
B 6oJJee ToqHoM perneHtttt JI.onoJJHHTeJJhHO yqHThlBaeTcH BJJHHHHe 

H3rtt6HhIX .uecpopMaUHH 3BeHheB Ha nepeMeIII.eHHe noJJ3yHa 3. HanpH

Mep, JJ.JJH 3y6qarnro MeXaHH3Ma (pttc. 23.3) ¢YHKUHH IlOJJO}l{eHHH 6y
JI.eT HMeTh BHJI. cp1 = <p4i12 · i 34• TorJI.a Acp1 = Acp2 • i 12 • i:u, H ornH6-
Ka HOJIO}l{eHHH 3BeHa 1 H3-3a ynpyrocTH 3BeHbeB MeXaHH3Ma COCTaBHT 

dcp1 = i'lrP01 + A12 + dcp23i12 + i'ls4i12 + i'lcp45i12 • i34, 

rJI.e ~<p01 = M/Co1, Ll1Jl2:i = M1./C23, drp45 = Mm · i34/C45 -ynpy
rne .n.$pMaum1 KpyIIeHHH COOTBeTCTBYIOIII.HX 3BeHheB, )l{ecTKOCTb KO

TOpbIX onpe.n.eJJHCTCH no ¢opMyJJe (22.2); d12 = (2M/(m1Z1 cos aw,))/C12• 
da4 = ((2M1..f(m3Z:i cos aw.))/C:i4 -· ynpyrne JI.ecpOpMaUHH KOHTaK
THPYIOIII.HX 3y6heB B nJJoCKocrnx JI.eiicTBmI oKpy}l{HblX ycHJJHii 

KOJJec J, 2 H 3, 4. 

24. KOJIEBATEJlhHhIE IIPOD;ECChl B MEXAHH3MAX. 

24.1. BH,ll;LI KOJie6auilii aseuLeB MexaHH3MOB 

TaK KaK nptt pa6orn .. MexaHH3Ma Harpy3KH Ha 3BeHMI HenpepblBHO 

MCH51IOTCH JI.a}l{e npH nocTOHHHhIX CHJJaX npOH3BOJI.CTBeHHOro conpo

THBJJeHHH, TO H3-3a ynpyroCTH MaTepttaJJa 3BeHb51 HCilblTblB3IOT H3-

MeHHIOIII.HeC51 .n.ecpopMaUHH' Bbl3bIBalOlIJ.He HX KOJJe6aHHH. 3TH KOJJe-

6amrn Heo6XO,ll.HMO yqHTbIBaTb npH JI.HHaMHqecKHX pacqeTaX, TaK 

KaK OHM OKa3bIB3IOT Bpe.n.Hoe BJJHHHHe Ha pa60TOCilOCOOHOCTb MalIIHH. 

KoJie6aHHH 3BeHbeB B 3aBHCHMOCTH OT np1-1q1rn, ux Bhl3hlBalOIII.HX, 

pa3JI.eJJHIOT na IIeTbipe rpynnh1: ceo6oa1tble, Bbl1tyJ1Caennbte, napa.Mempu
'lecKue H aemoKoAe6anuR. 

K cso6oJI.HbIM OTHOCHTCH Kone6attttH, B03HHKa10mue B MexaHH3Me 
H3-3a HM ny n bc11oro stternttero cHnosoro so3.n.eikTs1rn. Oco6eH

HOCTblO :lTHX KOJie6aHHH HBJJHCTCH TO, 'ITO :lHeprirn )l.Jl51 B036y)KJI.eHHff 

KOJJe6aHHH BBO)l.HTCH B CHCTeMy H3BHe, a HX xapaKTep nocne B03)l.eii

CTBH51 HMilYJlbCa CHJlhl onpe).leJJHeTCH CHJlaMH ynpyroCTH. nJJH CB0-

60JJ.HbIX (rapMOHH'leCKHX) KOJie6aHHH xapaKTepHO IlOCTOHHCTBO HX 

aMnJlHTY.ll.hI qepe3 onpe.n.e.neHUhIH nepHo.n. BpeMeHH T (pttc. 24. l, a), 
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,ll;JUI saTyxaJOIUHX - yMeHbllleHHe aMOJlHTY.Abl c TetieHHeM BpeMeHH 
(pHC. 24.l, 6). 

K swuy11<.L1.eHHbIM OTHOCffTCff Kone6amrn, BbI3hIBaeMh1e .LJ.ef1CTBHeM 
alieurnHx CHJI, H3MeHSIIOlll.HXCH no onpe.neneHHOMY 3aK011y. IlJH1 Bbl· 
tty)K.LJ.e1mh1x Kone6aHHH xapaKTepHo npoTeKaH11e cao6o.AHhIX KOJie-
6aHHH 0.ll.HOBpeMeHHJ a KOJie6aHHf!MH nepHO.ll.HtiecKoro xapaKTepa 01' 
sueurnero so36y.nHTeJIH (pHc. 24.2). Optt TaKHX KoJie6amrnx aMnJIH
Ty.ll.a Mem1eTCH so speMeHH H 11p11 onpe.ll.eJieHHbIX ycnoBHHX HMee1' 
TeH)l.eHUHIO K HeorpaHH4eHHOMY pocry (pe30H8HCHble KOJie6aHHff). 

T 
x 

a 

~xrn~ 
0 \_j't 

PHc. 24.1. fpaqmKH caoOO.!lHblX 
11 3aTyxa1ournx KOJJe6aHHH 

x T 

PHc. 24.2. BhlBY>KJleHHble KoJie!5aHHll 

0apaMerpH4eCKHe KOJie6aHH51 Bbl3bIBalOTCff H3MetteHJ:leM napaMeT
pos MexaHI13Ma - Mace, MOMeHTOB HHepuHH H T. II. ABTOKOJie6amrn 
B03HHK8!0T B MaWHHe, ttaxo1rnmei"tcsi 00.ll. .ll.eiicTBHeM CHJI, He o6na.na
IOl.IJ,HX KOJJCOaTeJihHbIMH CBOHCTBaMH, B KOTOpOH pe)KHM KOJie6aHHH 
IlOMep)!U!BaeTC5l CHJIOH, Bbl%1BaeMOH Jl.BIUKeHHeM H HCl.Ie38lOlll.eH npH 
ocrnttosKe ns11meHHH. Hanp11Mep, s cj:JpHKUHOHHbIX nepe,naqax CKO· 
pocTL CKOJlb}!(f'HHfl KOJie6JJeTCSI OKOJIO cpe.nttero 3Hat:ieHH51, aBTOJ{Q· 
Jie6amrnM 11onaep)f{eH rpy3 Ha llBH)KymeMCH KOHBeliepe 11 T. n. 

1\foxaHHt:It'CKHe KOJJe6amrn B TeXHHKe 'I3CTO Ha3hIBalOT 6U6pal{UfUW. 

B116paum1 oKa3bIBaIOT KaK none:rnoe, TaK H epe.nttoe .LJ.eHCTBHe Ha 
pafloTy MexaHH3MOB. 8 Maw1rnax 11 np116opax, rlle MexaH11'lec1rne KO· 
Jie6aHHH HCnOJlb3YIOT 11.JlH BbinOJIHeHHH OCHOBHblX cpyHKUHH (Bli6po
KOHBettepbl, BH6po6y1rnepbl H T. n.l BH6pauHH none3Hbl. B npoTHBllOM 
cJiy4ae OHH Bbl3bJBaIOT Harpy>KeHHe 11eraJieH MexaHH3MOB H np116opoB 
Jl.OllOJIHHTeJJbHblMH HHepuHOHHhlMH CUJiaMH, a npH 60JibllIHX atvmJili• 
Tynax npHaoiun B KoHe'IHOM c'Iere K paapyrneumo ,neraJJeii. • 

24.2. Cso6o.llHhJe ROJJe6a1ma 

Cao6oL!HbIM KOJie6amrnM no.n.aep>K:eHhl 3BeHbfl, cosepIUa101une nocTy
naTeJJbHOe HJIH spamaTeJJbHOe Jl.BH>KeHHfl, COeJl.HHelll!LJe c JlPYrHMH 
3BeHbHMH ynpyroti CBH3bl0. TaKHM KOJie6aHHHM nonsepme1·1b1 TOJI
KaTeJIH KyJial!KOBblX MeXaHH3MOB, Jl.HCKH H KOJieca Ha ynpyrnx B8Jl3X, 
6ycpepHble CYICTeMbl l1 T. n. 

OnpeaeJIHM 3a1<0H .ns11)KeHHH 3BeHa (pnc. 24.3), KOJie6JI10W,eroc51 
no.n. 11.eiicrnueM CHJI ynpyrocrn nocJie ,ne¢op'111posatt11.H ynpyroii CB.SI· 

302 



3H (npyJKHHbl) CHJJOH rn»<:ecTH 3BeHa Pg. Jlm1 npoH3BOJibHoro noJJo
:memrn BeprnKaJibHO nepeMema10merocH 3BeHa Ha Hero JleikTBye-r 

cuJia rnJKecTH Pg 1:1 c1:1Jia F"' pacrnrnsa10rn.aH npy}!Hrny 

Fn =Fe +ex, (24.1) 

rJle c - :>KecTKOCTb npy}l<f!Hbl; x - nepeMern.eHHe 3BeHa OT IlOJIO)KC-
HlU! paBHOBeCHH (x IlOJIO)KHTCJibHO npH nepeMemeHHH 3BeHa BHH3). 

B paccMaTp1:1saeMOM cJiyqae 3BeHo HaXO.II.HTCH B paaHoaecHH noa 

,ll,eHCTBHeM CHJI Fn, Fg Ii c1:1,,1b1 HHepu.1rn F8 = (Fg/g) d2xldt2• Torpa 

x 

PHc. 24.3. 
Cxe111a KoJie6· 
ll10W.eroc11 
SBeHa 

t 

~ 
·Hc.i._~-~~--'>---+~-+--

t 
PHc. 24.4. Orrpe.u.e.neHue sa
KOHa KOJie6aTeJlbHOro JlBH· 
lKeHHH 

3aKOH JlBH>KeHH.H 3BeHa OTIHChIBaeTC.H .n.mf><PepeHI.1.HaJibHbJM ypasHe-
HHeM, cnpase,ll,JIHBbIM .ll.JIH JII06oro nOJIO>KeHHH 3BeHa OTHOCHTeJibHQi 
COCTOHHHH paBHOBec1rn: 

(Fg/g) tflxJdt2 = F11. - (F4 + Cx) = - Cx, (24.2) 

r.ne g - ycKopeHHe CHJibl TSDKecTH. 
I-fa ypaaHeHirn (24.2) noJiyqHM <Pxldt2 = -(Cq/ F 1 )x, OTKy.B.a .. 

o6o3Haq115 Cg/ F 11. = w~, HaA.neM 

d2xf dt2 + W~X = 0. (24.3) 

KaK H3BeCTHO H3 MaTeMaTHKH, ypaBHeHHIO (24.3) y.nosJieTBopHIOT 
pemeHHH x = C1 cos wet H x = C2 sin w,,t (C1 1:1 C2 - npoH3BOJibHble 
flOCTOHHHble). 06rn.ee pewem1e noJiyqHM KaK cyMMY 3THX peweHHii: 

X = Cl co;, Wet + C2 Sill Wet. (24.4} 

TaK KaK ti>YHKUHH -cos wet H sin wJ HBJIHIOTCH nep1m.n.11qecKHMH' 
noarnpmom.HMH caoH 3HaqeHHH 110cJJe HeKowporo HHTepsaJJa T -
nep110Jla KOJie6aHHH, TaK, qrn we (t + T) - ffic (t) = 2n, TO T = 
m:: 2n/ We, HJI H 

(24.5} 
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r.ne ll = F glC - CTaTHtJecKaH .n.e¢opMaUHH npyJKHHhl noA JJ.eHCTBHeM 

cHnh1 Fg· 
Ben114MHa, o6parnaH rrep110JJ.y T, tta3bJBaeTcH ttacmomorl KoJ1e6a1-1.uu: 

f = 1/T = (l/2n) V g/6. (24.6) 

.ll..nR orrpeD,eJieHHH saKoHa KOJie6aTe.nbttoro ns111Kemrn orrpenem1M 
nocTOHHHSie C1 tt C2. f1ycTb B MOMeHT, KOr,ll.a t = 0, noJJoiKe1111e 3DeHa 
xaparnep1ByeTCH rrepeMew:emieM x0 • Tor.n.a HaIJaJJbHaH cKopocTh 

6y.n.eT dx0!dt, H, cnenOBaTe.%Ho, H3 ypastte· 
mm (24.4) c.ne.uyeT, tITo x0 = C1 . llmjxjJepeH· 
m1pyH 3TO >Ke ypaBHeHHe H IlO)l.CTaBJJHH B 
11ero t = 0, noJJY'IH\1 C2 = (dx01dt)lwc. Tor.na 
33KOH KOJle6aTeJlbHOro JlBHlK.eHHH OllHCblB3e'f· 
CH Bb!pax<eHHeM 

(24.7) 

1/13 Bblpa)J{eHlrn (24. 7) BH)l.HO, tJTO KOJie6a
HHH COCTOHT 113 llBYX tJaCTeH - KOJie6aHHH, 
rrpo11opLUIOHaJibHblX cos <Uct H 3aBHClHUHX OT 
x0 (p11c. 24.4, a), 11 Ko.ne6attttii, 11ponopu110-
HaJJbHbIX sin wet H 33BHCH11U:!X OT (dxofdt)lwo 

Pee. 24.5. CxeMa KpyTllJJb· 
HblX KOJJe6a1n11'i (6). TaK K3K o6e KpHBbie CMellJ,eHbl npyr OTHO· 

CHTeJibHO npyra Ha cpasy T/4 = n/2, To reo· 
MeTpHt!eCKOlf mneprrpeTaUHeH Bbipa)J{eHilH (24. 7) c.nylKaT nsa B33HMHO 
neprreHllHKYJJHpHbIX Be1nopa x0 11 x0/wc, sparumoW:HXCH c yrnosoii 
CKOpOCTblO (J)c BOKpyr TOllKH 0 (8). f1ptt 3TOM nepeMeW,eHHe x HaiineM 
KaK cyMMY npoeKUHH aeKTopoB Ha ocb a6cuttcc. To Me caMoe no.ny. 
<IHM, ucrroJih3YH aeKrnp X, KompbIH paseH 

x = V x~ + (x,/ffic)2• (24.8) 
Tor.na H3 pHc. 24.4, 8 

X = X cos (wet - 0). (24.9) 
B STOH 4>opMyne C,ll.BHr cpa3 1<0ne6aH11ii 

e = arctg ((xoi'wc)lxo)- (24. l 0) 
fpacpttK 33KOHa (24.7) HJlH (24.9) npeJJ,cTaBJieH Ha pHc. 24.4, e. 

MaKCHMaJihHaH op.n.1rnarn 3Toro rpaqmKa BblllHCJlHeTcH no cj>opMyne 
(24.8) H H33bIBaeTCH AtaKCUAWAbH.OU aMnAumyoorl KOAe6aHutl. 

Jl.JIH 3BeHa, UO,ll.BepMeHHOro KpymU/lbHblM KOAe6aHUflM (pHC. 24.5), 
noCJie attaJJornqHbrx paccyxrneHHH no.nytJHM nmpqJepemmaJibHoe ypas
eettHe, orr11cbrna10w:ee KOJie6aTeJlbHbitt npouecc: 

d2q./dt2 = - (CJJ) qi, (24.11) 
r.n.e C - KPYTH.llbHaH >KeCTKOCTb 3sena; J - MOMeHT HHeputt11 3BeHa. 

PewettHe ypasttemrn (24. I I) HaiilleM B BH.D.e 
qi= qi0 cos O)ct + ((d%ldt)lw 0 ) sin ro.J. {24.12) 

IlepHO)l. H qacTOTa IWJJe5aHHfi COOTBeTcTBeHHO 6y.n.yT 

T = 2n J1 J!C; f = (l/2n) V C/J. (24.13) 
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24.3. BLrnym.u;eHi.1e 1wJie6aHn.R 

B peaJibHhIX MexaHH3Max Ha 3BeHh51 JJ.eikniyioT nepHo.rmqec1m 113Me
H 51IOIIJ.Jfec51 CHJibI, 003TOMy, KpOMe CB060)lflblX [\OJJe6aHHfl, 3l3ellbH 
OOJJ.Bepm:eHhI BblflY:JICOeHHbtM KOAe6aHWlM. B npocTeihueM cJ1yqae 110-
JJaraJOT, qTo B03MYW.310IU3fl CHJI3 )leikrnyeT 110 nepHOJU1qecKOMY sa
KOHY F (t) = F sin wBt, nepno.u 113MeHeHnH cnJihJ paBeH T F -= 2mu B. 

a qacToTa f F =· (!)B/2:rr. llmjxpepemtnaJJhHoe ypasnenHe, om1chrnaio
IIJ.ee rw.11e6aTeJihHoe JlBHJKeHne 3BeHa n 3TllX yc.110B11Hx, 6yJJ.eT 

(F1/q) d2x/dt2 = Fg - (Fg + Cx) + F sin wBt 

n.11u nptt q = F/Fg 

d2x!dt2 + w~x = qsin w8t. (24.14) 

Ec.!JH npeJJ.nOJIOJKHTh, qTo nepeMer.ueHHe x nponopuHoHaJibHO 

sin wat, TO x = k sin w8t H d2xldt2 = - k(J)~ sin w8t. OoCJie noJJ.

CTaHOBKH x ll d2x/dt2 B ypaBHeHHe (24.14) noJiyqHM k = q/(w~ - (J)~) 
H 

- kw~ sin wut + kw~ sin (J)3{ = q sin w3t. (24.15) 

Yacrnoe pemeHHe ypaBHeHH51 (24.14) noJJyquM B BHJJ.e 

x = q sin wBt/((J)~ - w~). (24.16) 

06w.ee pemeHHe ypaBHeHH51 (24.14) Bbipa3HM KaK cyMMY JJ.BYX 
peweHHH (24.16) II (24.14): 

(24.17) 

B :noM BbipameHHH nepBbie JJ.Ba c.11araeMhie xapa1uep1nyior paccMoT
peHHhie BbIWe co6CTBeHHhle KOJie6aHH51, a rpeThe - BbIHYlli.D.eHHbie, 
aaBHCHW.He OT B036ym.n.aiow.eii CHJibl. Ec.11H co6cTBeHHhie Ko.11e6a11HSI 
MaJibI no cpasHe11mo c BhIHY}KJ{eHHhIMH HJIH orcyrcTBylOT, qro HMeeT 
MecTO npH H3J!Hq1m conpoTHBJICHIIH ,llBHJKeHHIO, TO KOJie6aTeJibHbIH 
npouecc 6y.n.eT onttchrnarbcsi ypasHeHtteM (24.16). 

HcnoJih3YH BbipaJKeHHH D.JIH q n (J)~, noJJy'IHM noc.11e npeo6pa3oaa-
HUi'I 

x = (F/C) sin wst 1/(1 - (J)~/w:), (24.18) 

r.ue FIC - .n.e:popMaurrn 3BeHa npH cTarnq2c1wM .n.eikTBu11 cuJibI F. 
BblpaJKeHue k11 = 1/(1 - w~lw~) Ha3bJBaeTcH iJuHa.MutJecKu.At 

KOBjJtjJu4ueHmoM. KaK s1111.Ho, 21.11HaMHqec1rnli 1w3:PllmuneHT 3aBJJCHT 
TOJ!bKO OT COOHIOWeHHfl qacTOT B03Myw.aioa1.ei1 CHJlbl H co6CTBeHl-lbIX 
KOJie6aHHH (puc. 24.6). Dp11 M3JihIX 3Ha'-IeHHSIX ros/w0 aMIIJIHTY!l.3 
KOJie6am1i1 6JIH3Ka K CTaTHIIecKoll .n.e,popMau11u. Dp11 np116nume1111u 
OTHOlileHH51 UJB/Wc K e.n.nuHue Jl.HHaMH'-IeCKHH K03rprpHUH.eHT If aMO.'IHTy
.n.a 6b1CTpo so3pacTalOT H npH WB = w0 (ycnostte pe3oHaHca) Teope-
ruqecKH o6par.uaJOTC51 B 6ecK011eqnocTb. _ : 

i3 pea.llbllblX MeXaHH3MaX 3HaqeHH5I k!I. H x He .ll.OCTHraiOT 6ec1w
Heq110CTH, noroMy qro ua 3BeHhfl seer.a.a HaJJaraIOTCH 11 ueynpyrne 
CBH3H. 0JJ.H3KO HOpM3JlbH3fl pa6oTa MeXaHH3MOB B 30He pe30HaHca 
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He)J.onycTHMa, TaK KaK B KOHeqHQM cqeTe 3TO npHBO)lHT JIHOO K no-

noMK3M ,!l.eTaJieH MexaHH3MOB, JIHOO K Bb!XO.ll.Y H3 CTp051 yCTaHOBJieHHbIX 

Ha HHX npH6opos H ycTpoiicTB. MawHHbl cneu:HaJibHoro na3Ha'leHHH 

paOOTalOT B ycJIOBHHX pe30HaHca. 

Ecmt co6cTBeHHbie Kone6aHHH COH3MepHMbI c BbIHYiKJleHHbIMl1 If 
He raCHTCH, TO l}>yHKUHH, OIIHCh!BalOW.aH 3aKOH KOJie6aTeJibHOf0 )J.BH

>KeHlrn, noJiyqHTCH H3 Bbipa)KeHHSJ (24.17) onpe)leJieHHeM noCTOHHHblX 

C1 H C2 npH paccMOTpeHHH HaqaJihHbIX ycJIOBHH. EcJIH B HaqaJihHhIH 

ka 

2,0'L----!..-L..U...-1.--l----1---1---1 

x 
211/"1 

t 

Pl!r. 24.fi. rpacj>HK D.HH8MH'lecxoro Puc. 24.7. CoBMCCIHhlil rpacjmK COOCTBeH-
KD:;ij"t:;1mue11Ta HblX H BblHYJK)lelll!blX KOJie6aHHH 

MOMellT (t = 0) nepeMeUJ.eHHH H CKOpOCTb Ko.r1e6J110UJ.eHCH )leTaJIH paB

HhI HYJIIO, T. e. x = 0 H dx/dt = 0, TO H3 3aBHCHMOCTH (24.17) H3H){eM 

i 2 cl = O; Cg = - (qros/roc)/(roc - Ws). 

CTo)lcTaHOBKOH C1 H C2 B ypastteHHe (24.17) nocJie npeo6paaoea
HHtt nony1rnM (puc. 24.7) 

t 

(24.19) 

CTpH pa6oTe B pe3oHattcHoi1 30He, KOr){a 

pa3HOCTb we - ros = 2Ll secbMa MaJia, npe
ue6peraH BeJIH'mHaMH .srnporo nopHJJ.Ka Ma
JIOCTH, noJiyi:mM 

x =(sin rost - (((t)c + 2Ll)/roc) sin roct) q/(ro~ -

- cu~) =(sin roBt - sin (J)d) q/(ro~ - ro~). 
HcrroJih3YH H3BecTHhie TpHroHOMeTpHqe

CKHe COOTHOllleHJrn, H3H)leM 
Pttl:. 24.8. fpacpHK KOJie6a· 
Hnii npu uacTynneHHH pe· 
30HaHCa 

x = (2q/(ro~ - ro~)) cos (0,5t (ros + 
+ we)) sin (0,5t (wa - we)) = 

= - (2q/sin ti!!) cos (0,5t (ros + (J)c))/((J)~ - (!)~)-
OoCJie npe.o6pa3oBaHHi1, npette6peras:i 2Ll2 H cqHrnsi cos (0>6t + 

+ tll) ~ cos (J)8 t, onpe)leJIHM 

x = - q sin t/1 cos watl(2waA). (24.20) 
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TaK KaK Be.TIHqIJHa /1 MaJJa, TO sin t!J. ~ t!J. MeHHeTCH MC)l.JieHHO 
c nepHO.llOM T = 2n/ 8. CTpH WB = roe, T. e. npH HacTynJieHHH ycno
BHH pe3oHaHca, noJJyqHM 

x = -(qt/2ros)COS(J)et. (24.21) 

AttaJIH3 3roro Bhrpa)l{eHHH noKashrnaeT, qro aMnJIHTyJJ.a KOJie6a
HHH paCTeT co BpeMeHeM (pHc. 24.8). Sro osHaqaeT, 4TO xorn kA, KaK 
9TO BH.llHO H'3 ypaBHeHHH (24.15), CTpeMHTCH K 6ecKOHetlHOCTH, Jl.JIH 
noJiyYeHHH 6oJibUIHX aMnmITy.n. KOJie6aHHH Heo6xo,n.1-1Mo speMH. Cne
.n.osaTeJihHO, B peaJibHOM MexattHsMe pa3pyweHlrn JI.eTaJieli He B03-
HHKHyT, ecJIH nepexo.n. qepes pesoHaHCHYIO 30HY ocyru;e<:TBHTh JI.OCTa
TOl.JHO 6bICTpO. 

24.4. Oco6eHHOCTH KOJie6aHHii npa~aro~uxcJI 3BeHLee 

B 6hICTpoxo.n.HhIX MaUIHHax Bpama10ru;Hec51 sseHbH ycTaHaBJJHBalOT 
T8KHM o6pa30M, qT06bI ueHTp Mace 3BeHa HaXOJUlJICH Ha OCH ero Bpa
memrn. 0.n.HaKO TOl.JHO BblflOJIHHTb 9TO ycJIOBHe He Bcer.n.a yJI.aeTCH 
H3-3a CJJO)KHOCTH reoMcrpHqecKofi ctx>pMbI 3BeHbeB H HeOJI.HOPOJI.HOCTH 
MaTepl-IaJJa, H npH Bparn.eHHH HX B03HHKaeT ueypaBHOBellleHHaH ueH
Tpo6e)KH8H CH JI a, Bhl3b!BaIOUlaH KOJie-
6aHH51 . .llBH)l{eHHe npH H8JIHlJHH no
nepe4Hb!X KOJie6am1i1 CTaHOBHTCH 
neycTOHlJHBblM, lJTO MeHHeT ycJJOBHH J; 

B3aHMO,lleHCTBHH 3BeHbeB MeXaHH3Ma. 
PaccMoTpHM sBeHo c Jl.HCKOM, y 

ueHTp Mace KOTOporo CMemeH OTHOCH
TeJlbHO OCH Bpaw;emrn Hae (pHC. 24.9). 
CHJJbI TR)KecTH sseHa 6y.n.eM ClJHTaTb P11c. 24.9. KoJJe6aHHll epamaiomttxcl! 

3BeHbeB 
MaJihIMH, CJie.!l.OBaTeJibHO, He BJJHHIO-
lll.HMH Ha ero .ll.e¢opMaUHIO. CT pH spaw.emrn noHIHJTCH ueHTpo6eMHa51 CMJia 

Fu= mw2 I y + e I, 
r.ne m - Macca spama10mero 3BeHa; w - yrnosaH cKopocTh BpameHHH; 
y - nporn6 3BeHa no.n. .n.eHCTBHeM ueHTpo6e.>KHOH CHJihI. -

KaK HssecTHo H3 Kypca «ConpoTHBJJeHHe MaTepHaJIOB», nporn6 

y = Fu!C = F)3/48EJ, 
rJI.e l - paCCTOHHHe MelKJJ.Y onopaMH; c - .>KecTKOCTb 3BeHa npH 
H3rH6e; E H J - COOTBeTCTBeHHO MO.UYJib npo,UOJibHOH ynpyroCTH 
MaTep11aJJa H MoMeHT 1rnepu1rn sseHa. 

U.eHTpo6exmaH CHJJa Fu ypas110sewHBaeTC5l CHJIOH y11pyrocTH 
sseHa. Tor.ua H3 yc,11osHH pasHoBecHH cJJeJJ.yer 

mw 2 (y + e) =Cy, (24.22) 
orKy.n.a nocne npeo6pa3osaHHi1 noJiyIJHM 

y = e/(C/mw2 - l). (24.23) 

I1s aHaJIH3a 3TOH 3aBHCHMOCTH CJJeJJ.yer, qro nporno sBeHa B03· 

pacTaeT npH npH6JimKeHHH w K V Clm. EcJIH IJacrnra spaw;ettHll 
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3BeHa co CTaHOBHTCR paBHOtt qacTOTe co6cTBeHllblX KOJJe6am1i't, TO 

npont6 TeopeTnqecKH CTaHOBHTCH paBHblM 6eCKOHe4HOCTH. ClleJlOBa

TeJJbHO, KpttTnqec1..:oe 3HaqeHtte yrnosoi't c1wpocn1 pasuo 

wKP = V C/m. (24.24) 

{13 ¢opMyJJhl (24.24) CJie]lyeT, 1!TO BpaUleH!Je 3BeHa He 6yJleT co

npOBOJKJlaTbCR nonepeqHbIMH KOJJe6amrnMH, ecJJH OHO 6yJleT sparn.a

TbCH c qacTOTOH, KaK MeHbweii KpHTHqecK011, TaK H 6oJihwei't. EcJIH 

CBR3aTb OCb opJlHHaT y c Bparn.a1orn.HMC5J ,LIJICKOM TaK, qrn6hl OHa npo

XOJlIIJJa qepe3 era u.enTp Mace, TO IIOJIY4HM 

y = j 1/((u>Kp/co)2 - l)le. (24.25) 

113 cf>oPMYJJbl (24.25) CJJe]lyeT, qrn c yseJIIIqenIIeM CKOpOCTH sparn.e

HHR nporn6 3BeHa HalJIIHaeT yMeHbUJaTbCR H CTpeMIITCR K CMern.eHIIIO 

e, T. e. u.eHTp Mace JlllCKa yctaHaBJIHBaeTCR Ha reoMeTpuqecKOH OCH 

sparn.eHIIR. 

24.5. Oco6euuocTR RoJieoaHBii noc-rynaTeJILHo JJ;BRacy~HXCH 
3B0HL0B 

fl pu onpei:Je.11e1tuu aaKoHa i:Jeu:JICeHUR nocmynatneAbHo i:Jeu:J1Cyw,e2ocR 
38eHa Heo6xoau.Mo o6pawµmb BHUMaHue Ha COOTHOWeHHe qaC'fOT co6-
cm8eHHblX u BblHy:J1Ci:JeHHbtX KOAe6anuii. CTpII onpe.11.eJieHHOM HX coqe

TaHIIII B03MO)!(:llhl cyrn.ecTBeHHh!e norpewHOCTH B 3aKOHaX JlBH}){eHHSI 

3BeHheB. Y4eT ynpyrocrn 3BeHheB no3nom1eT no.11.06paTh Macchi H 

pa3MepbI IIX TaKIIMH, qT06h1 y.11.osJiernopIITb 11acTOTHhIM xapaKTepnc

THKaM. PaccMOTpIIM BJIHHHne ynpyrocTH 3se11a Ha 3aKoH era .11.BH}){emrn 

Ha npIIMepe TOJIKaTeJIH KyJJaqJ<osoro MexaHH3Ma. 

CTpH II3y4eHIIH 3aKOHOB .11.BH}){eHIIH TOJIKaTeJiefJ KyJia41\0BblX Me

XaHII3MOB (CM. rn. 15) 3BeIIhR HX npttHIIMaJIII a6COJIIOTHO IKeCTKHMH. 

B peaJibHhIX MexaHH3Max >KecTKOCTb KyJiaqKa naMHoro 6oJJhwe )l{eCT

KOCTH TOJJKaTeJIH, a Jl.llH o6ecnetJeHH51 3aMb!K3HllR KHHeMaTttqecKOH 

napbl KyJiatJoK - TOJJKaTeJib B KOHCTPYKU.HH y3J1a TOJJKaTeJIH npeJJ.yc
MaTp1rnaeTcH npy>KnHa (pnc. 24.10). CTo3TOMY noJJ. .11.eiicTBHeM CHJI 

teXHOJIOrIIqecKoro conpOTJIBJJellHH ll )l.3BJieHH51 KyJiaqKa TOJIK3TeJib 

.n.ecf>opMnpyeTCR. JJ.mjxpepenu.1rn.11bHoe ypasnenne .D.Btt>KeHHfl ynpyroro 

TOJIKaTeJIR 6yJI.eT IIMeTb BH.!I. 

d2y/dt2 + (C/m) y = Cs/m, (24.26) 

r.11.e c - K03<fxi>HU.HeHT }){ecTKOCTH TOJIK3TeJI51; 11l - Macca TOJIKaTem1; 

g - nepeMern.eHIIe TOJTKaTe.1rn; s - nepeMern.eHHe T04KII KOHTaKTa 

ynpyroro TOJIKaTeJIR' B3aIIMO)l.eHCTBYIOIIJ.ero c npoqmJTeM KyJiaqKa 

(B o6rn.eM cJiyqae H3-3a ynpyrocTH CIICTeMbl TOJTKaTeJIR s =fa y). 
JI.mi KOCIIHYCOH)l.aJihHOro 33KOHa H3MeHeHH51 ycKopeHIIH TOJIKa· 

TeJIH <l>YHKU.HIO ycKopeHHR IlOJIYlJIIM B BH)l.e a (t) = a cos (ntlty), 
a <l>YHKUIIIO nepeMern.eHIIR TOJIKaTeJIH 

.~(I)= (at;f:ri:2 ) (1 - cos (nt/fy)). 

r)l.e fy - BpeMH r.poXO.iK,'l.ellHH cpa3bl y.n.aJJeHIIH TOJIKaTeJIH. 
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YqTH, qTQ ro~ = C/m, ypaBHeHHe (24.26) 3anmueM B BHJle 

d2y/dt2 + u>~y = (a(t)~tyln) (I - cos (nifty)). (24.27) 

YpasHeHHe (24.27) ecTh JIHHeHHoe .nmfxpepem .. urnJihHoe ypasHemre 
BToporo nopH,nKa c npasoii qacThIO. Ero pellleHne noJiyqttM cyMMH
poeaHHeM pemeHHH OJl!!OPO.lJ.HOfO ypaBHemrn H qacTHOro peweHHH: 

II =A sin roct + B cos w,t + (at~/n2) (1 - cos (nt/ty)/(1 - (n/roiy)2)). 

(24.28) 

!J 
f 

Puc. 24.10. Ko.~e6a111rn TOJ1KaTe
m1 KyJiaqKOBOfO MexaHH3Ma 

Pnc. 24.11. 3aKOHbI na1rncen11H 
'l'OJJK3TeJIH B 33BHCllMOCTll OT na
paMeTpa n 

c 

t 

t 

B ypasHemrn (24.28) KpyroBaH co6cTBeHHaH qacTOTa ro0 CBH3aHa 
c nepHOJlOM co6cTBeHHbIX KOJie6aHHH COOTHOllleHHeM (J)o = 2n/T o• 

OpHHHMaH <oct/n = n = 2tylT 0 , onpeJJ.eJIHH K03qxpHUHeHTbl A H B 
H3 ycJIOBHH np11 t = 0, y = 0, dy/dt = 0, nocJie npeo6pa3oBaHHH 
IIOJI.YIJHM 

y = (at~/n2)(1 - (n2 cos (ntlt11)- cos (nnt/ly))l(n2 - 1)). (24.29) 

JlBa)KJlbl npoJJ.HqxpepeHUHPOBaB Bblpa)l{eHHe (24.29), IIOJIYlIHM 
83KOH H3MeHeHHH ycKopeHHH TOJIKaTeJIH 

d2y/dt2 = (cos (ntlty)- cos (nnf!ty)) an2/(n2 - 1 ). (24.30) 

Ha puc. 24. I 1 noKa3aHhI 3aKOHbI ~BmKeHHH 1 TOJIKaTenH )I.JI)} 
pa3HhIX 3Hal!eHHH n H HX cpaBHem1e c 38KOHOM JlBH)l{eHHH 2 )l{eCTKOrO 
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TOJIKaTeJIH. KaK BHJJ.HO, yMeHhWeHHe nepwo.n.a Tc co6C'rneHHblX KO· 
Jie6aHHM no cpaBHeHHIO c ty Be,UeT K cyw.ecTBeHHb!M HCKa>KeHHHM 3a· 
KOH a Jl.BHJH:eHHH TOJI KaTeJIH. 

24.6. ,ll;eMmlmpoBaHHe CBOOO,ll;HltlX ROJie6aunii: 

B peaJibHbIX MexaHl13Max OTHOCHTeJlbHOe ,UBHMe1rne 3BeHheB Bcer}J.a 
corrpoBO>K,UaeTC51 .u.eikTBHeM CH.n conpOTHB.neHHH JJ.BH>Kemno: CHJI Tpe
mrn B KHHeMaTHtJeCKHX napax, 3JieKTPOMarHHTHOro conpoTHBJieHHH 
B 3JieKTpOMallIHHax, r11.11.poJJ.HHaM11tJecKoro conpoTHBJieHHH B rH,Upo
MaWHHax 11 T. IT. I1o3TOMY KOJie6aTeJibHhie Jl.BH)KeH!rn 3BeHbeB corrpo
BO)K,UalOTCH ,ll.eMCTBHeM CHJI neynpyroro corrpoTHBJieHHH. .3TH CHJibl 
)leMrrqmpyIOT KOJie6aHHH, T. e. cnoco6crnyIOT rawenmo an6pauwi'i Me
xaHH3MOB. 06bltJHO CHJ!bl ,UeMnqmpoaamrn (rallleHHH) B rrepBOM rrpH6JIH• 
x<emm np11n11Ma10T nponopunoHaJJbHbIMH cKopocTH ,UBIUKemrn. Tor
.ua )l.Jl51 cxeMbl Ha puc. 24.3 BMeCTO ypaBHei-IHH (24.2) 6y,UeM HMeTb 

(F,,g)cPxldt" = -Cx + kdx/dt, (24.31) 

r,Ue k - K03cjxj>HUHeHT nponopUHOH8JlhHOCTH. 
06o3HatJaH kg/Fg = 2n, nonytJHM JIHqxpepenuwaJihHoe ypasnen11e 

cPx!dt2 + 2ndx/di + ffi~X = 0, (24.32) 

perneHHe KOTOporo MOJKeT 6hJTb np!iHHTO B BH.11.e 

x = ex1• (24.33) 

I1ocrnHHHaH a onpe,Ue.nHeTCH 113 ycJIOBHH, l!TO pernenwe y.uoBJie· 
rnopHeT ypasnem:no (24.32). OnpeJieJIHH H3 cpopMyJibl (24.33) dxldt, 
d2x/dt2 H ITO,ll.CTaBJHrn HX 3H8tieHml B ypaBHeHHe (24.32), ITOJIYtIHM 

cx.2 + 2n.a + (Y~ = 0, 
OTKy,IJ;a 

V ! ') °'= -n± n -w;;. (24.34) 

B peweHHH (24.34) B03MO»<Hhl ,UBa cnytJaH: n2 < w2 H n 2 > w~. 
Cnyqafi n 2 < (!)~ COOTBeTCTByeT YCJIOBmlM, Kor.n.a CHJ!bl JJ.eMnqmpoBa
HHH MaJlbI. Torp,a nonytmM .n.aa KOMnJieKCHbIX 1rnpHH a 1 = -n + 
+ fH H CX.2= -n- ~i (npH ~ = v (J)~ - n2 H i = v -1 - MHHMOe 

tIHCJlO ). 
I10JJ.CT8BJJHH ct1 H ct2 B Bblpa:>KeHHe (24.33), HaH,UeM t.IaCTHhle pewe

mrn ypaBHeHH5l (24.33). 06w.ee peweHHe ITOJJY'IHTCH KaK HX cyMMa: 

x = e-111 (C1 cos ~t + C2 sin f~/). (24.35) 

Bb1pa)Kett11e B cKo6Kax HMeeT TOT me xapaKTep, '!TO H Bb1pa)Kem1e 
(24.4), H npe,UCTaBmJeT nepHO,ll.H'leCKYIO ¢YHKUHIO c nepHO,llOM 

T = 2n!P = (2nf<:.oc)/V I - n2/ffi~. (24.36) 

J13 cpaBHeHHH Bb1pa:>Keumi (24.36) H (24.5) cJJe.uyeT, 1ITO npn ,Uei'!· 
CTBHH ,UeMn¢11py10IItei'I CHJihl nepHOJl KoJJe6aHHH B03pacrneT. Ecm1 
n « (J)c• TO 3TO B03paCTaHHe He3HalJ!ITeJJbllO Ii .n.eMncpHpoaaHHe He 
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YtIRTbIBaerc.H. MHO>KHTeJib e-nt B ¢opMyJie (24.35) y6hrnaeT c pocTOM 
t, CJieJJ.OBaTeJihHO, KOJie6aHHH 3aTyxaJOT co BpeMeHeM. 

nocTO.HHHhle C1 H C2 onpeJJ.eJIHM KaK H ,llJIH Bblpa>KeHIUI (24.4). 
flocJie npeo6pa30B8HHH flOJiyqHM (pHC. 24.12) 

x = e-nt (x0 cos ~t + ((dx/dt + nxfl) sin Mi~). (24.37) 

FcJJH B Bbipa>KeHHH (24.34) n 2 ),:> (I)~, TO o6a KOpH.H ypaaHeHJrn -
iteiicTBHTeJJhHhie IJHCJJa. Tor.na noJiytJHM peu;eHHe 

x = C1ea,t + C2ea•t, (24.38) 
KOTOpoe He co.n.ep>KHT nepHOJJ.HtiecKHX tIJJeHOB, CJJeJJ.OBaTeJ1bHO, B 3TOM 
CJJyqae KOJie6aTeJJhHOe .Zl.BH}KeHHe He npOHCXOJJ.HT. 3ToT cJiyqafi COOT
BeTCTByeT 60JJbllJHM 3HatieHHHM .LteMmfmpy10mHX CHJJ. 

24. 7. ,ll;eMnclluposanue BLIRYlRAenm.ix KOJieoauuii 

Kone6anm1 CJJO}l{HhIX KOHCTPYKUHH onacHhI TeM, IITO TPYJJ.HO BhI.IJ.emn& 
HCTO'IHHK CHJlbl, Bhl3blBaJOIUeH KOJJe6aHH.H. CTpHMepoM TaKHX K0.7Je6a1rn1' 
.HBJIHIOTCH KO.ne6aHHH :lKeJie3HOJJ.OpO>KHhlX saroHOB, Kpbma caMO.'leTa •• 10-
nacTeii poTopos sepTOJieros H T. n. Oco6eHHO onacHhI aernKo.'1e6<!!llrn, 
Bb13hIBaiouv1e B He1mTOpb1x c.11yIJaHx HeorpaHHt:reH.Hhiii pocr ;p.rn.rn ry;tbI, 

z k • .--~~..---~ ............... -x-~~~~..---~---, 
" . nlip ~e.1 

T T 

PHc. 24.12. fpacl>HK aaryxaJOIU.HX 
KOJJe6aHHil 

. I 
i 

P11c. 24.13. fpa<f>HK JlHHaMH'lecKO· 
l'O K031fxt>HUHeHTa npH H8JIH'IHH 
.Ae~mqmpoeaHHll 0 lJ.5 ~0 ~5 2,0 (u~,lic 

'ITO npHBOJJ.HT K 6hlcTpoMy paapyUJeHHJO MaUIHH. B 3THX c.1yt:raHx orpam1-
<1eHHe aMIIJJHTY.ll,bl aBTOKOJJe6aHHH Jl.OCTHraeTCH 33 C4eT )l.eMnqmposaHHH. 
o6ecnetIHBa.H 3THM pacceHHHe sHeprnu, HanpasJieHHOii Ha eo36y}K.n,e
HHe KOJie6aHHH • .UJJH 3TOH ueJIH npHMeHHIOT cneu1rnJJbHble ycTpOH
CTBa - iJeMnl/Jepbt (raCHTeJIH). 

Ecnu .Zl.eMnqmpy10mue CHJihl HMeJOT MeCTO npH BhIHY:>KJJ.eHHOM xa
paKTepe KOJJe6aHHH (puc. 24.3), TO JJ.HqxpepeHuHa.'lbHOe ypaBHeHI!e, OIIH
CblBa10mee 3TOT npouecc np11 q = F~IFg, npttMeT BH.il 

d2x/dt2 + 2ndx/dt + w~x = q sin wst, (24.39) 
l'Jte q sin wat - B03:-.1ym,at0w.a51 cu;1a. 
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06uu1M pemem1eM ypasttemrn (24.39) 6yZJ.eT s:o1pa>Kem1e 

x = e--n1 (C1 cos f3t + C2 sin [3t) + M sin WBt + N cos wat. (24.40) 

IlocJTell.Hlle Jlfla cJTaraeMbIX COOTBefCTBYIOT BbIHYIK1l€IIHhlM KOJTe6a

HIUIM, OflHCbIBaeMblM l!aCTHhIM perneHHeM 

x = M sin wat + N coswat. (24.41) 

IlOJJ.CTaBJHIH 3Ha4eHl1e x 113 ¢oPMYJibi (24.41) B ypaBHeHHe (24.39), 
nocJie npeo6pa30BaH11f1 Hai-i,n.eM 

2 2 2 " 2 M = q ( w,: - W13)/(( We - wi3) + 4n2wa) (24. 42) 

(24.43) 

c yqernM npose.ueHHhIX npeo6pa30BaHl1H TIOJJYl!l1M l.lblpa1KeH11e 

AJ!fl aMTIJll1TY.D.bl !3b!HY)!{ll.eHl!hlX KOJTe6aHHJ1: 

x = (FIC)!(V(I - w1/w~)2 + 4n2w~/(u~ sin (ront - 0)), (24.44) 

f,!J.e e = arctg (2:i@[l/(<o~ - ro~)) - C.D.Bl1r cpa3; FIG - CTaTl1l!ecKaH ne-

v 2 ~ 2 4 
¢opMau11H; kJJ. = I I ( l - w8 /ciic)2 + 4n2w13/wc - ,D,HH8MH4eCKHH K03cp-

qmuHeHT npH HaJTH4HH .neMnqn1posaHHH (puc. 24.13). 
EcJ111 l!acrnrn B03Mylll.a10mei1 CHJihI no cpaBHeHmo c co6crneHHOH 

tJaCTOTOH KOJie6aHl1H CHCT€Mbl MaJia, TO kJJ. ~ 1. IlpH WB » WC, 

kJJ. ~ 0. B 3Tl1X ,D,Hana3oHax OTHomeHHH 48CTOT CHJihI )l.e;-,mqmpoBa

HHH He OK83b!B8IOT BJll1HHHH Ha aMnJil1TYll.bl l<OJieoaHHH. flp11 WB = 
= (1)0 BeJil14HHa kJJ. CTaHOBHTCH BecbMa 4YBCTBHTeJibHOH K 113MeHeHH!O 

JJ.eMnqmpoBaHHH, oco6eHHO ecJIH OHO MaJio. .UmjxpepeHu11pyH kJJ. no 

(wB/roc) 11 npttpaBHl1B851 nymo dkJJ./d (roB/w6 ), noJiy411M kJJ. = kAmax 

2 I 2 I 2 2; 2 npH ro B roe = - n We. 

Paa~en ITHThlH.~~~~~~~~~~~~~~~~~~~~~ 

gA 1IECTBEHHbIE ITOKA3ATEJUI P ABOTbI 
MEXAHII3MOB 

25. OIITHMH3AD;H.H IIAPAMETPOB MEXAHH3MOB 

25.1. IIocTauooKa aaAa'I onTHMeaau;uu npH CHHTeae 
MexaHH3MOB 

flpouecc npoeKrnpoaaHHH MawHHbI HatmHaemCfi c </JopA1yAupoBKU 
3aoattu u onpeiJeAeHufl npuH4unuaAbHoco HanpaeAeHUJl noucKa ee pe
tueHUR. Ha nepBoM 3Tane 11ccJ1e.11,y10TCH 11 nporno311py10TCH ycJIOBl1H 

cpyHKUHOHHpoBaHl1H MaWl1H, HBJIHIOllJ.11eCH BblXOOflbtMU napaMempaMU, 
I{ KOTOpbIM OTHOCHTCH CKOpocni' yr1<opeHl1H H yc11JIHH Ha Bh!XO~Hb!X 

3BeHhHX. KpoMe 3Toro, onpe.ne.~HIO'l'LH 4HCJTO, BHll., nepe,!laTOl!Hhre 

cpyHl\l.J.HH H xapaKTepHCTHKH MeXaHil3MOB, BXOJl.51llJ.HX B COCTaB Maurn-
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Hhl. H HX MeCTO B o6meM 3Heprern11ecKOM noTOKe, npeo6pa3yeMOM 

npoe1nnpyeMoi1 Mawm1oi1. 3-rttM 06ecne11nBa10TCH noKa3aTeJIH, onpe

.n.enmomtte tneXHOAOZUtteCKOe HQ3HatteHue MQUlUHbt: npoH3BOJJ.HTe.llb

HOCTh, 11a.nemHOCTh, 3HeproeMKOCTb • MaTepttaJioeMKOCTb H ra6apHT

HbJe pa3Mepb!. TaK, BhIXOJJ.HbIMH napaMerpaMtt MeXaHtt3Ma HBJIHIOTCH 

3aKOllbJ JJ.Btt)l{eHHH ero 3BeHbeB, onpe.nem1eMhie ttx pa3MepaMH -

BHyTpeHHHMH napaMerpaMH (HanpttMep, JJ.JI51 MeXaHH3Ma. npe.ncrnB

JieHllOfO Ha pttc. 16.14, Iv 12 , loB, Loe, 14 , 16 , 17 , a, loo) 11 sHeJ.UHHMH 

napaMeTpaMH - nepeMemeHtteM, CKOpOCTblO H ycKope1rneM BXOJJ.HOro 

3BeHa. Km!{JJ.OMY H3 nepe4ttcJieHHbIX BbIXOJJ.HhJX napaMeTpoB coor

BeTcrnyeT CBOH KpHTepHtt OilTHMaJlbHOCTH (TO'IHOCTb BOCllp0113Be)lemrn 

3a)l.aHHOH TpaeKToptttt, Kfl.U, Macca H T. JJ..). 
CBH3b Mem.ny KpHTepttHMH onTttMaJJbHOCTH H napaMeTpaMH npoeK

TttpyeMoro MeXaHH3Ma (sHyTpeHHHMH napaMeTpaMH) <PopMaJ1113 yercSJ 

MaTeMaTH'leCJ<OH MO.!leJiblO (,''v\M), KOTOpa51 MO)l{eT 6bJTb npeJJ.CTaBJieHa 

JJH60 B 811)].e aJiropHTMa pac'leTa Ha 3BM HJIH MaTptt4HOro BblpameHHSJ, 

KaK, nanpHMep JJ.JIH npOMbllliJJeHHOro po6orn (CM. rJJ. 18), JIH6o B BB.Ile 

nepe.naTO'IHOH cpyHKUHH 11.JIH KpHBOWHnl-IO-IlOJI3YHHOro MeXaHH3Ma 

(cM. rn. 17). Optt pa3pa6oTKe TaKHX MM ttcnoJih3YIOTCH MeTO.ll.hl 

KHHeMaTH'lecKoro H lUIHaMH'leCKoro aHaJJH3a, npe.ncTaBJJeHHbie B 
pa3)l. 3 H 4. 

CuuTe3 Mexaun3Ma 3aKA10<taemc51, 6 noucKe onmuMaAbHoii coooKyn
Hocmu aHatteHuii ezo oHympei-tHux napaJ.tempoo. C 3TOH ueJiblO KpttTepHH 

onTHMaJihHOCTH BbipaMalOT L{eAe6bl.MU QJYHKl{UJlMU, B OCHOBe KOTOpbIX 

JI~aT MaTeMaTH'lec1rne MO.!leJIH MeX3HH3MOB, npe.!lCT3BJJeHHbie Ta

KHM o6pa30M, '-ITO np11 OHTHM3JlbHOj:'J COBOKynHOCTH BHyTpeHHHX 

napaMeTpOB MeXaHH3MOB, COOTBeTCTByIOmeii Hatrny11weMy 3Ha'leHHIO 

BbIXO.llHbIX napaMeTpOB, ueJICl3ble cpyHKUHH HMetoT 3KCTpeMa.nbHOe 

3Ha4eHtte. CTpttMepaMH no.no6HhIX cjJyHKUHH HBJIHJOTCH 3aBHCHMOCTH, 

npttMeHHeMhle nptt no.n6ope 411cen 3y6beB pH.llOBhlX n nJiaHeTapHbIX 

3y611aThIX nepe.n.a11 (cM. r.'I. 14). EcJJH cpe.LlH Bcex noKa3aTeJieH Ka-

11ecrna Bbl.lleJIHTb OJJ.HH KpttTepHH, nan60.1ee IlOJJHO OTpa)fl'.alOmttif 3cjJ

cpeKTHBHOCTb npoeKTttpyeMOH MallJHHbl HJJH MeXaHH3Ma' TO BbI6op 

onTHM3JlbHOH COBOKYHHOCTH BIIyTpeHHHX napaMeTpOB MexaHH3Ma npo

H3BO.llHTCH no ueneBOH cpyHKUHH, ¢opMa.'IH3ytomej:'1 3TOT 43CTHblH 

KpttTepHii. TaKaH onepauuH Ha3bIBaeTcH onmuAm3au,ueii no iJ0MuHu
py10U{eMy Kpumepu10. OcTaJibHbie KpttTeptttt nptt 3TOM Jittllib orpam1-

1111sa10T o6JiaCTb .n.onycKaeMbIX peweHHH. 0nTHMH33UHH no )lOMHHHpy-

10meMy KpttTepmo nptt sceif npoCToTe nocraHOBKH 3a.na11tt o6na.naer 
TeM He.nocTaTKOM, 'ITO OCTaJibHhie BblXO)lHbie napaMeTpbl HaXO)lHTCH 

o6bl4HO B o6JJaCTH npe,lleJihHblX 3Ha4eHHH. 

B cJJy11aHx, Kor.n.a Tpy.n.no Bbl.lleJIHTb o.n.ttn noKa3aTeJib H3 MHO

rnx, npHMeirneTCH MHOZOKpumepuaAbHQJI, onmUMU3QU,UR, npH KOTO

poli qucJIO BbIXO.llHbIX napaMeTpOB 60JibWe e)l.HHHllbi. 06bJlJHO 6brnaeT 

Tpy.n.Ho ttaifTH sapttaHT perneHHH, KOTOpbIH 6bIJI 6bI JJy11we .n.pyrnx 

no sceM BbIXO)l.HbIM napaMeTpaM. 4ame Bcero OJJ.HO pernettHe Jiy'lrne 

.n.pyrHX no OJJ.HHM napaMeTpaM, HO B TO me BpeMH xyMe no OCTaJib

HblM. TaK, npu npoeinHposarrnu J(yna111<0Boro MeXaHH3Ma (cM. rn. 15) 
CTOHT 3a)l.a11a o6ecnelleHHH ero MHHttMaJibHbIX ra6apttrnbrx pa3Mepoa 
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H MHHHMaJibHhlX rroTepb Ha TpeHHe. TaKHe BbIXO.ll.Hble rrapaMeTpbI tta
BlilBaIOTCH npomueopettU6blM.U, IlOTOMY LJTO c yMeHbUiemreM pa.D.Hyca 

OCHOBHoii rnaf16b1 KyJia'!Ka, np1rno.D.Hlll,HM K yMeHbIIJeHHIO ra6apHT

HblX pa3MepoB, yseJIH'!HBa!OTCH yrJibl .ll.aBJieHH51 H OOTepH Ha Tpem1e, 

irro CHH}l{aeT Kn.LI. MexaHH3Ma. 

DpttMepoM HerrponrnopetIHBblX BhIX0.11.HhIX napaMeTpoB HBJIHIOTCH 

H3rH6HaH II KOHTaKTHaH npOLJHOCTb 3y6beB UHJIHH.D.pH4eCKHX 3y6I.JaTbIX 

-KOJlec (CM. fJI. 12). npu YBeJIHLJeHlm BHyTpeHHHX napaMeTpOB -

KO*PHuHeHTOB CMelll,eHHH X1 H X2, onpell,eJif!IOlll,HX reoMeTpH'!eCKHe 

xapaKTepttcTmrn rnpueBhIX ceqenttrr 3y6heB, yseJJHLJHBaeTCH TOJilll,11Ha 

OCHOB8HHH 3y6a H pa.11.ttyc Kp11BH3Ilbl 60KOBOt'I IlOBepXHOCTH, LJTO cno

co6cTByeT yEeJIMLJeHHIO KaK H3rH6HOH, TaK H KOHTaiffl!Ot'I npoLJHOCTH 

ay6beB. 0.ll.HaKo np11 yaeJIHI.Jemm K03cpqmu11eHTOB cMememrn ctt11.1Ka

ercR Ko3cpqmu11eHT nepeKpbiTHH nepe.11.aLJ11, onpeJJ.eJIHIOlll,HH nJiaBHOCTb 

nepeconpH}l{eHHH. B no,ll.o6HbIX pa3o6paHHbIM cJiyLJaHM npoeKrnpye

Mble MalllHHa HJIH MexaHH3M HMe!OT BeKTOpHbIII xapaKTep nponrnope

'IHBblX BhlXO)lHblX napaMeTPOB CllHTe3a. 

25.2. IlocTpoeHHe ROMnJieRCHLIX u;eJieBLIX cf>YHKD;HH 

npe)lnOJIO}l{HM, LJTO npH npoeKrnpoBaHllll MallIHHbl paccMaTpHB8!0TCff 

ABa npornBopeLJHBbIX BbIXO.D.HhIX napaMeTpa, cpopMaJitt3yeMhie ueJie

BlilMH cpyHKUHHMH <f>1 H <f>2 OT OI1THMH3ttpyeMhlX napaMeTpOB Mexa

HH3Ma. B o6meM cJiyqae OITTHMaJibHOH cosoKynHocrn onpe.n:eJIHeMhIX 

BHyTpeHHHX napaMeTpOB MeXaHH3Ma COOTBeTCTBYeT MaKCHMYM o;moa 

ci>YHKUHH H MHHHMYM .lJ.pyroiL KpoMe rnro, 3TH UeJieBbie cpyHKLIJIH 

f. '1--+---...;;::-. 2 c 

t, ~ 
a 

Pnc. 25.1. CxeMa 06pa3oeaneH paano3Ha'IHblX peweunn e Mno
roKpn1ep1rnJibHb1x 33.lla'lax 

11oryT HMeTh pa3JIHLJHYIO cpH3HLJecKy10 pa3MepHOCTb. DoKa npttMeM, 
qro 3HaI.JeHHH 3THX cpyHKUHH 6e3pa3MepHbl H OilTHMaJibHa.H COBOKyn

HOCTb BHyTpeHHHX n·apaMeTpOB COOTBeTCTByeT MHHHMYMY UeJieBhlX 

4>YHKUHH. 
0rJIO}KHM 3HaLJeHH.H 3THX cpyHKUHH' COOTBeTCTBYIOlll,HX onpe,ll.eJieH

HOMY paccMaTpHaaeMoMy sapmrnTy MexaHH3Ma, Ha .n:ayx B3aHMHO 

11epneH)J.HKYJIHpHbIX OCfJX <f:>1 H <f:> 2 (pHC. 25. l, a). CTyCTb MHHHMaJibH06 

8Hat1em1e ueJiellOH cpyHKUHH <f>1 onpe)leJIHTCH TOLJKOH Ii Ha OCH ct>,. 
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CoBOKYDHOCTH BHyTpeHHHX napaMeTpOB npoeKTHpyeMoro MeXaHH3Ma, 

npn KOTopoii ueJleBaH <PYHKUIHI <1>1 npHHHMaeT MHHHM8JlhHOe 3HalJe

HHe ft, COOTBeTCTBYeT onpe)l.eJreHHOe 3H8 1-IeHHe I 2 UeJleBoii c}lyHKUHH 

~2• B cncTeMe Koop.n.nHaT <1>1<1> 2 3TH ~Ba 3Ha'-leHHH f1 H f2 onpeJJ.eJrHT 

lJ'OlJKY a, xapaKTepH3YIOUJ.YJO BeKTOp Xi BHyTpeHHHX napaMeTpoB Me

X8HH3Ma. AHaJ1ortt11Ho, ecJIH onpeJJ.eJrHTh MHHHMaJlhHOe 3HatJeHHe 1; 
ueJreBOH <l>YHKUHH <f>2, TO MO:>l{HO uaiiTH COOTBeTCTBYJOUJ.ee eMy 3Ha

qeHne f; ue.rreBoii <jlyHKUHH <1> 1. B cHcTeMe KoopllttHaT <t> 1<t> 2 3TH JI.Ba 

8HalJeHH51 1; H 1; onpe,lleJIHT TOlJKY b, 'xapaKTep113YJOUJ.YIO ,11.pyroH 

BeKTop x2 BHyTpeHHHX napaMeTpoB MexaHH3Ma. .3TH ,II.Ba pernemrn 

np11 ;myx KpHTepHHX <1>1 H <1> 2 paBH03HatJHhI. AttaJ1or1111tto MO)l{HO 

noJrylJHTb 6ecKOHelJHOe KOJIHlJecTBO perneHHH, Jle)l{all[JIX Ha KpHBOH 

ab, tta3hrnaeMoii Aunuea 6e3p(],3AWlUR. Opu Tpex Kp11Tep11Hx <1>1, <t>2 , 

<1>3 paBH03H8'-IHble peweHHH 6y,11.yT HaX0,11.HTbCH Ha nosepXHOCTH 6e3-

pa3JIHlJHH abc (pHC. 25.1, 6). l(JJH O,ll.H03Ha.l!HOro peweHH51 3a.na1111 

cmITe3a MHOfOKpHTepnaJlbHYJO 3a.na11y CJleJJ.yeT CBecTll K O)J.HOKpHTe

pnaJibHOH, onpeJJ.eJIHB KOMDJleKCHYIO ueJ1eBy10 QJYHKUHIO. 3TOT npo

uecc HOCHT H83BaHHe ceepmKU eeKmopHOCO KpumepuR. 
l13BecTHO MHO:>KecTBO cnoco6oB OOCTpoeHHH KOMDJleKCHbIX UeJle

Bb!X QJYHKUHH. CpeJI.H HHX Ha1160J1ee lJ8CTO npH CHHTe3e MeXaHH3MOB 

HCOOJib3YJOT MeTO}I B3BeweHHbIX cyMM, npH KOTOpOM see BblXO}IHhie 

napaMeTphl o6be.ll.HHHIOT B JJ.Be rpynnhI. B nepByJO rpynny BXOJJ.HT 

napaMeTphl, 3HatJeHHH KOTOphIX HY:>KHO noBhJWaTh: KDil. npoH3BO

JJ.HTeJihHOCTh, TOlJHOCTh BOCDpOH3Be}lemrn 3a,,'J.aHHOH QJYHKUHH HJIH 

TpaeKTOpHH, a B lJ8CTHOM CJiyqae - H3rH6HaH H KOHT8KTHa51 npotJHOCTb 

sy6heB, Ko3¢qmuneHT nepeKpb1T1rn " T. n. Ue11eah1e <PYHKUHH, cooT

BeTcTBy10rn.He 3THM BhIXOJJ.HblM 11apaMeTpaM, o6o3HatJHM <t>t. Bo BTopyio 

rpynny BXO}IHT napaMeTpbl. 3HatJemrn KOTOpblX HY)l{HO CHH)l{8Tb, Ha

npHMep, ra6apHTHbie pa3Mepbl, CKOpOCTH CKOJlb:>KeHHH, yrnbl Jl.8BJie

HH51, CHJibl, }letlCTBYIOIUHe Ha 3BeHb51 "KHHeMarntJecKHe napb!, BH6po

aKTHBHOCTb, HepaBHOMepHOCTb JJ.BH)l{eHHH, CHJlOBOe B03JJ.eiiCTBHe H8 

CTOiiKy scne.n.crn11e npoHBJJeHHH HHepu110HHOCTH. IJ.e11esh1e QJYHKUHH, 

cooTBeTCTBYJOUJ.He 3THM napaMeTpaM, 6yJJ.eM o603Ha'-laTb <t>j. Tor.11.a 

)l.JIH cnyqasi MHHHMH3aUHH KOMDJleKCHOH UeJ!eBOH QJYHKUHH csepTK8 

se1nopuoro KpnTepnH 6y.n.eT HMeTh BHJJ. 

n m 

<l> = ~ Q1<f>/ - ~ q;<t>t. (25.1) 
/=I j=11+I 

me n n m - KOJJHlleCTBO noKa3aTe.11eii nepBoif u BTopoii rpynnh1 npK 
m>n. 

CTenetth BaMHocrn j-ro Kp11Tep1151 B sb1pa>Kemrn (25.1) onpeJJ.emi:

eTcH BeCOBblM K03QlcplHJ,HeHTOM qj. KOTOpbIH CBO)J.HT 3HatJerrnH scex 

ueneBblX <PYHKUHH K OJI.HOH pa3MepHOCTH HJlH K 6e3pi:!3MepHblM Be

JIHlJHH3M. Ko3cpqmu11eHTb1 qi > 0 ycrattaBJIHBaIOTCH B 3aBHCttMOCTH OT 

H33HatJemrn MaWHHbl c y11eTOM OOblTa 3KCTIJiyaTaUHH H B npouecce 

OTITHMH33UHH o6bllJHO OCT3IOTC51 flOCTOHHHblMll. Op1rnepaMH TaKHX 

KOMIIJieKCHblX ueneBblX QJYHKUHH 51BJl51JOTCH 33BHCHMOCTH, paccMOT-
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peHHhie nptt CHHTe3e MeXaHH3MOB co cTyneHl.JaTO H3MeHmolll,HMCH 

nepe,zr.aTO'-!HhlM OTHomemieM (CM. rJI. 14). 
CymttocTh onrnM11sau1rn nptt Bbr6paHHoI1 KOMnJieKcHott ueJieBon 

cpyHKUHH CBO,llJlTCH K OTb!CKaHHIO nptt H3JIO}!{eHHbIX orpaHtt4emrnx 

TaKHX 3lia'-leHJIH napaMeTpOB MexaHH3Ma, KOTOphie ,l{a!OT MaKCHMYM 

(MHHHMYM) ueJJeBOH cj)yHKUUH, xaparnepH3YJOIIJ,eH KOMnJJeKCHYIO 9cp· 

cj)eKTHBHOCTh npoeKrnpyeMoH ManmHhI. Op11 &TOM 11cno.r1b3YIOTCH 

MaTeMaTWleCKHe MeTO,llhl OITTHMH3aUirn, Il03BOJIHIOIIJ,He ocyIIJ,eCTBHTb 

HenpepbIBHhI~r noHcK HanpaBJJemrn yJJyqrneHHH BHyTpeHHHX napa· 

MeTpOB MexaHH3Ma 38 C'-leT KOJIH'-lecrne1rnoro H3MeHelmH HX 3Ha1IeHHI1. 

TaK KaK KoMnJJeKCHMl ueJieBaH cpy!IKUHH, noJ1y11aeMaH cBeprnott PeK· 

TOpHbIX KpttTeptteB, onpe.n.eJIHeTCH HeHBflblM c6pa30M OT BHyTpeHHHX 
napaMeTpOB CHHTe3a, '-!TO He Il0380J18eT oueHHTb ee CBOHCTBa (Bbl· 

nyKJIOCTb, BOrHYTOCTh H T. ,zr..), TO peweHHe 3a,!l.a'-! OTITHMH3aUIHI Be· 
,!l.eTCH c IlOMOIIl,b!O llOHCKOBblX MeTO,llOB, noJiyqHBWHX H33B3HHe Memo· 
aoe MatneMamulfeCKOCO npozpaM.MUp06aftUR. B H3CTOHIIJ,ee BpeMJI HeT 

9KOHOMH'-IHOfO, y1mBepcaJ1bHOfO MeTO,Ua, .ua10m.ero BhICOKYIO rapaH· 
THIO noJiy'-leHHH H3HJiyqweJ1 COBOKYITHOCTH BHyTpeHHHX napaMeTpOB 

M3WHHbl H MeXaH113Ma, npHrO,!l.HOfO ,!l.JIH peweHHH .n106oii 3a.n.aq11 

onTHMH33mrn. B 3aBHCHMOCTH OT KJI3cca pem3eMhIX 33,ll.311 H3 HMe!O

W:HXCH B HaJJH'-IHH nporpaMM, BXO,llHIIl,HX B nporp3MMHOe o6ecneqe

HHe MeTO,llOB OITTl!MH33UHH, Bh16Hpa!OT TaKylO, KOTOpaH )l.aeT HaH6oJiee 

Bh!COKYIO BepoHTHOCTb OThlCKaHHH ODTHM3JlhHOH COBOKynHOCTH on

pe,zr.emieMhIX rrapaMeTpOB c H3HMeHbliIHMH 3aTpaTaMH MaliIHHHOfO 

BpeMeHH. 

Op11 orrttc3HHH KOMnJieKcHoti ueJieBof! cpyttKUHH HeJIHHeHHhIMH 

33BHCHMOCTHMH OT BHyTpeHHHX nap3MeTpOB 3a,ll.a'-!3 onTHMH3aUIIH 

pelilaeTcH MeTO,llaMH JIHHeii.Horo nporpaMMHpoBamrn; ecJIH }Ke UeJie

aaH cpyHKUHH HBmieTC.H JIHHeHHOH cpym<UHeH OT BHyTpeHHHX napa
MeTpOB, TO HMeeT MeCTO 33)1.aqa JIHHeHHOro nporpaMMHposaHHH. 

B o6meM CJiyqae ueJieBaH cj:lyHKUHH Mo>KeT HMeTh HecKOJibI<O 3KcTpeMy

MOB, OTJJHl!a!OIIJ,HXCH no a6cOJIIOTHOH BeJIH'-IHHe. B 3aBHCHMOCTH OT THIIa 

9KCTpeMyM3, B KOTOpOM 33K3H'IHBaeTCH noHCK OTITHMaJJbHOro perneHHH, 

pa3JIHqalOT MeTO)l.bl llOHCKa JIOK3JibHOf0 H r.no6aJibHOfO 3KCTpet111.yMa. 

EcJitt Ha 3H3'-leHHe orrpe.ne.nHeMbIX napaMeTpoa HaJJomeHhI tteKOTOpbre 

orp3HH'-!eHHH' TO pellleHHe 33)1.aqH CHHTe33 MeX3HH3MOB ocymeCTBJIH

eTCH MeTO,!l.3MH yc.noBHOH onTHMH3au1rn. B npoTHBHOM cJiyqae (npu 

OTCYTCTBHH orp3HHqeHHH) npH CHHTe3e MeX3HH3MOB ,ll.JIH noucKa 3Ha

tJ.eHHH onpe,ll.eJIHeMh!X napaMeTpOB HCl10Jlb3Y!OT MeTO,llbl 6e3ycJJOBHOH 

OTITHMH33UHH. 

25.3. MeTo~LI 6eaycJionaoii onTHMH3a~u 

Cpe.ntt MeTO.uoa noHcKa JIOKaJibHoro 9KCTpeMyM3 MeTO,zi;br 6e3ycJJOBHoA 

ODTHMH3aQHH COCTaBJIHIOT HaH60Jiee MHOroqHcJieHHY!O rpynny. CyIIJ,· 

HOCTb 9THX MeTO,ll.OB 3al{JI!O'-!aeTCH B TOM, '-ITO CTpOHTCH T3KaH ~oc~e-

)1.0BaTeJibHOCTb 3Ha'-!eHHl'.I Beinopa BHyTpeHHHX napaMeTpon Xn, X1• 

x2 , nptt Kornpoii B cJiyqae noHcKa MHHHMyMa ueJieBoil ¢ymrn.m1 B 
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npouecce onTHMH3aui:rn: 06ecneq1rnaeTCH nocJie.n;oBaTe.nhHOCTb 

<I> (xo) ><I>(~)> <I> (x2) ... , (25.2) 

r.n.e Xo - BeKTOp HCXO.llHOll COBOKynHOCTH BHyTpeHHHX napaMeTpOB, 
Bhl6op KoToporo so MHOroM onpe.l(e.1rneT ycnex pewemrn 3a.uaqlf CHHTe3a. 

CxeMa aJiropRTMa noHCKa .ll.JIH o6m.ero cJiyqaH npeJI.CTaBJieHa Ha 
puc. 25.2. Bb16op BeKTopa HCXOJI.HOH cosoKynHOCTH BHyTpeHHHX na
paMeTpos npOIBBO.llHTCH B 6.JioKe 1. 3Ta COBOKynHOCTb ,llOJI1KHa npH
HaJI.Jie)KaTb o6JJaCTH onpe,lleJieHHSI UE',JieBOii cpyHKUHH, H qeM 6JIH1Ke 
K 3KCTpeMyMy OH8 BbI6paHa, TeM 6bICTpee OH 
Mon<:eT 6b!Th HaiiJleH. B 6.JioKe 2 npoH3BOJlHT
cH Bblq11CJieHHe UeJieBoii cpyHKUHH, 3HaqeHHe 
KOTopoit nona.naeT B 6.JioK 3, onpene.nRIOIII.HH 
yc"1omrn npeKpam.emrn noHcKa. Ec.1rn 3TH yc.110-
BHH Il03BOJIHIOT CJleJiaTb BbIBO.ll., qTo IlOHCK 
c.ne.n;yeT npoJloJin<:UTh, To s 6110Ke 4 onpe.n.e
JIHJOTCSI HanpasJieHHe H mar noHcKa B .n.ocn:ir
Hy-roif TQqKe, a B 6JIOKe5 - y.n.oBJieTBopHTeJib
HOCTb naXO>K,ll.eHHH HOBOH COBOKYilHOCTll B 06-
JiaCTH onpe.ll.e.JieHHH ueJiesoii cpyHKUHH. Dpo
uecc Bl>lqUcJleHHH IlOBTOpHeTCSI .ll.0 TeX nop 
noKa Y.ll.OBJieTBopHTCH yc.JIOBHH npeKpam.eHHff 
nottcKa. TaKHM ycJIOBHeM Jl.JIH 6oJibIIIUHcTBa 
MeTO.ll.OB HBJIHeTCH 31rnqem1e wara IlOHCKa, 

. Ha'laRO· 

/(OHeu, 

Puc. 25.2. Otio6iueHHblA a.11-
ropHTM MeTOllOB 6e3yCJJOB· 
HOH 0IlTHMH38U.HH 

KOTopoe B KOHUe BblqHcJieHHH 06b1qHo COli3MepHMO c Tpe6yeMOH Toq-. 
HOCTblO onpe.n.e.JieHHH BHyTpeHHHX napaMeTpOB MexaHH3Ma. 

B 38BHCHMOCTH OT KOJIHqecTBa BHyTpemmx napaMeTpOB B ueneBOH 
<l>YHKU.HH pa3JrnqaIOT MeTOJl.bl 0)1.HOMepHoro (ecJIH apryMeHTOM ue.ne
BOH cpyHKUHH SIBJIHeTCH O,llHH BllyTpeHHHH napaMeTp) H MHOfOMep
HOfO DOMCKa npu tmcne BHyTpe1rnnx napaMeTpOB 60JibIIIe e.UHHHUbl. 
TaK, HanpHMep, BbI6op K03lfxPHUHeHTOB CMemeHIISI X1 H X2 KOJiec 3y6-
lJaTOH nepe.n.aqH HBJIHeTCH 3aJlaqefI .n.syMepHoro noHcKa. AnropHTMbl 
OJl.HOMepuoro noHCKa npHMeHStIOTCH BHYTPH anropHTMOB MHoroMep
uoro. OpH Bb16ope HanpasJieHHH H rnaros B MHoroMepHOM noncKe 
BHyTpeHHHe napaMeTphl Heo6XOJl.HMO npHBecTU K O,llHOH pa3MepHOCTll 
HJIH K 6e3pa3MepHoMy BHJI.Y. DpH 3TOM i-ii BHyTpeHHHH napaMeTp 
CHHTe3a a, npeo6pa3yeTCH B 6e3pa3MepHblH 

x, = 111 (a,!e1), (25.3) 

r;1e e, - K03cpcpHUHeHT, l!H:cJieHHO pasHhiii e.llHHHUe H3MepeHHH BHYT· 
peHHero napaMeTpa. 

MeTOJl.bl 6e3yCJIOBHOH ODTHMH3a(.\HH no cnoco6y onpeJleJieHHH Ha
npaBJiemrn noHcKa JtemITCH Ha MeTOJlbI HyJiesoro, nepBoro u BTOporo 
nopSIJl.KOB. .Unsi MeTOJlOB HyAesoeo nopR.OIW THJmqeH BbI6op HanpaB
JieHHff IlOHCKa no pe3yJibTaTaM IIOCJle)l.OBaTeJibHblX BhllJHCJleHHH uene
BOH cpyHKUHU. no cnoco6y BbI6opa COBOKYilHOCTH 0IlTHMH3HpyeMb!X 
napaMeTpOB 3TH MeTOJlbl JleJIHTCff Ha Oemep.MUHUp06llHHble U CAyt/.aUHOW 

no11c1~a. B .n.eTepMHHHposaHHhIX M_eTo)l.ax npouec~ nepexoJta OT BeK

TOpa BHyTpeHHUX napaMeTpOB x, K BeKTopy Xi+I npOHCXOJI.HT !'1 
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cooTBercrnirn c HeKOTOpbIM aJiropttTMOM, onpe.n.eJJHJOlilHM TOT HJIH HHOA 
MeTO,ll.. B MeTO.nax CJiylJaHHOfO llOHCKa B 3TOT npouecc BHOCHTCH 3Jle· 
MeHT cJtyqa~rno~TH. B MeTo.nax nepa020 nopR.aKil nepexo11 oT BeKTopa 

x, K ~eKTopy Xt+~ npOH3BO)J.HTCH c HCOOJlb30BaHtteM nepBOH npoH3· 
BO.!lHOH OT ueJieBOH cpyHKUIUI B TOlJKe, onpeJJ.eJIHeMOH BeKTOpOM BHYT· 
peHHHX napaMeTpos x1, a B Mern.nax emopoio nopRaKa c ::noii m:e ueJihJO 
BbllJHCJJH!OT Bropy10 npOH3BO.!lHY!O B 3TOH m:e TOlJKe. B 3a.natJaX MHO· 
roMepHoro noHCKa c ueJieBblMH cj:>yHKUHHMH CJIO>K:HOfO BH.lia np11Me· 
HeHHe MeTO.!lOB 6e3yCJIOBHOH O!ITHMH3aU!Ul , nepaoro H BTOporo 110· 
pH)J.KOB HeueJiecoo6pa3HO. MeTO.llbI HyJiesoro nopH)J.Ka npmue npo

rpaMM11py10TCH H Tpe6y!OT MeHbillHX 3aTpaT MalimHHOro BpeMeHIL 

25.4. MeT01:i;.1:.1 ycJioBuoii: oIITHMHaan;uu 

Hau6oAee munu'ieH cuHmes MexaHU3M08 MeTo,naMH ycJIOBHoif onTHMH· 
s~HH, Kazda Ha eHympemwe napaMempbt cuHmesa HaAoJ!Cefibl onpe· 
deAeHflble ozpaHutteHuR. Pa3JIHlJaIOT napaMerpHtJeCKHe, nttcKpeTH3H· 
pyJOW,He H cpyHKUHoHaJibHble orpaHHlJeHMH. flapaMempu'iecKue ozpa~ 
HU'leHUfl, npttMepoM KOTOpbIX MOfYT CJJY)f{HTb orpaHttlJeHHH Ha )J.JlHHhI 
SBeHheB, npeACTaBJIHIOT co6oii CHCTeMy HepaBeHCTB 

Xmin [ ~ x, ~ Xmax { nptt i E [ l; nJ, (25.4) 

r,11,e Xm111 i H Xmax I - MHHHMaJibHbie H MaKCHM8JlbHble 3H<lllemrn i-ro 
onpene;rneMoro napaMerpa MexaHH3Ma; n - lJHCJIO napaMeTpHtJec· 

KHX orpaHHlJeHHH. 
Jl.ucK.pemusupy10w,ue ozpaHu'ieHUfl Hanara10TCH Ha 3HalleHttH napa· 

MeTpOB B CBH3H c HX cp!BHlJeCKOH cylll,HOCTblO JJH6o B CBH31l c Tpe6o
BaHHHMH fOCT. TaK, napaMeTp «qncno 3y6befl» 3y6q;noi'1 nepena1rn 
npHHHMae'f TOJJbl<O UeJlble llOJJO)KHTeJl.bHble 3H3lJeHH51, a 1iapaMeTp 

«MOJJ.YJib 3y6heB)) ~ l'OJlbl<O 3HaqeHHH 113 CTal!ll.apTHoro pH.Ua MOllY· 
nei'I. 3n1 orpa1mqea11H HMe10T BH.!l 

x1 = (XjJ, X12, ••• , XJm) npH k EI I; m), (25.5) 

r.ne x 1 - j-ii napaMeTp npoeKrnpyeMoro MeX<HJH3Ma; xi;, - nonyc
THMhie .lIHCKpeTHbie 3HalJeHIUI j-ro napaMeTpa; m - lJHCJlO ,UllC((peT

HbIX 3Halle1rnii j-ro napaMeTpa. 
<PyHKU,UOflllAbHbte ozpaHUtfCHUR npe,UCTaBJJHlOT co6oii ycJIOBHH pa6o

rocnoco6HOCTH MeXaHH3Ma, He OTpa~aeMbie ueneBOH cpyHKUHeH: yc
nOBHH nposopalJttBaeMOCTH 3BeHbeB MeXaHH3MOB (CM. r.n. 6), npe· 

AOTBpamenttH nonpe3a 3y6beB, orpaHHliemrn no Ko3<\><Pttu11emy nepe· 
KpblTHH (CM. rJI. 10) H T . .n. H HMelOT BH,!\ " . 

f 1 (x) ~ O; f 1 (x) = O; f,. (x) < 0, (25.6) 

rne f (x) - cj:JyHKlUHI OT BeKrnpa BHyTpeHHHX napaMeTpOB. 
Y1w3a11Hb1e 02paHwieHw1, cpopMupy10m JJ,onycn1Myio o6JJ~CTb no

HCKa onmuMGAbHOil coeoKynHocmu napa1r1emp08 A-texaHuaAw. Ec11u 
amu ocpattu<teHUR coena<Ja10m c yc11oeuflMU pa6omocnoco6ttocmu, mo oo
nycmuA-1y10 0611ac1t1b Ha3btea10m maKJtCe o6JiaCTbJO pa6orncnoco6HocTH. 
Ha3HaqeHHe orpaHHlJeHHH HBJIHeTCH OTBeTCTBeHHhIM snaHoM B npo· 

u.ecce IlOCTaHOBKH H pememu1 38)].aq OilT.lfMaJlbHOfO rrpoeKTHpOB8HHff 
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MeXaHH3MOB. HeyqeT KaKHX-JIH6o orpa1rntJ.eHHit npHBO.IlHT K CHH)f(e

HHJO TeXHHK0-3KOHOMHtJ.ecKHX noKa3aTeJieH H .11,pyrnx BhIXO.LlHhlX xa

paKTepHCTHK MexaHH3Ma. BMecTe c TeM H36hlrotJ.Hhie orpaHH'leHHR 

(oco6eHHO 4>YHKUHOH3JlbHble) flOBbIW3lOT CJJO)l{HOCTb aJiropHTMOB H 

MeTOJJ.OB pewemrn 3anaq, a TaK)l{e yseJittqusaIOT 3aTpaTbI Maurnuuoro 

speMem1. Ba)l{Hoe 3Ha'!eHHe npu nocTaHOBKe 3a)l.aIIH onTHMaJJhHoro 

npoeKTttposaHH51 HMeeT aHa.ntt3 COBMeCTHMOCTH npttH51ThIX orpaHHtJ.e

HHll, T3K K3K MO)l{eT OK£133ThC51, llTO .n.onycTHM351 o6JiaCTb noHCK8 ue 

co11.epxmT HH 011.HOro pemeHH51, T. e. 51B.JJ51eTC51 nycThIM MHOMecTBOM. 

Optt pewemrn 33.Lla'! yc.11osHoi1 onrnMtt3aUHH ue.necoo6pa3HO Hc

no.'lh30BaTh r.teToJU>1 6e3yc.11osnoit onTHMH3au.uu, y11HThIBa5l 6oJihIUOe 

EO.'IH'leCTBO pa3pa6oTaHHblX no 3Tl1M MeTo)l.aM nporpaMM. c noA 

ueJibIO 33)l34£1 j'CJ10BHo;'.j OllTHMH331.lllli CBO)l.HTC51 K 33,il.alle 6e3yCJIOBHOH 

onTttMH331.lHH yc1patte1rneM orpattttLJeirni:f ny1eM npeo6pa3oBaHHH na

paVie1pa x,, Ha 3HaLJemrn Koroporo ua.10MeHhI orpaHHIIeHttH, s He

orpaHHIIHBaeMhIH. 

Boo6w.e 3aJI.a4tt yc.11os11of! onTHMtt3auutt 60.11ee CJIO)l{HbI, 'leM saJJ.a

'ltt 6e3j'CJIOBHOH OllTHMH33UHH. lVrn llX pewemrn HCDOJ1b3YIOT cne

uua.nbHO pa3pa6oTaHHble MeTOll.hl nporpaMMHpoBaHHSI c orpauuqe

HHSIMH. 0.LlHl1M H3 T3KHX MeTO.LlOB, KOTOphie OTHOC5ITCSl K MeTO)J.aM 

flOHCKa rJI06£J)lbHOfO 3KCTpeMyMa, HBJJHeTC51 Memod CKOHUp08aHUfl, co

CT051UJ.HI1 B TOM, LJTO nonycTttMaSl o6JiaCTb nottcKa, onpe.LleJIHeMa51 CHCTe

MOH orpaHH11e11ni1, pa3fornae1csi ua k nono6Jiac1ei1, B u.eHTpe KaM.11.oA 

H3 KornpL1x onpeJleJrneTC51 3HalJeHHe u.e.nesoii tPYHKU.HH. EcJIH u.ene

Basi cpyHKllHSl 33BHCHT OT n napaMeTpOB, Heo6xo.nHMO BhlllOJIHJfTh k" 
BapttaHTOB pac11era. llnH Ha.llexrnoro onpe,lle.nemrn rJio6aJihHOro Mil

Htt~yMa neo6XO.LlHMO yBemJtIHB3Th '!HCJIO k no.no6JiaCTeii, llTO npuso

J{HT K 60JlhWHM 3aTpaTaM MaWHHHOfO speMeHH. 

Memodbt Mame;11amu'l£cK020 npo2paM.MupooaHuf! npuMeHsiIOTCSI H& 
Bcex 3Tanax CllJJTe3a i\13WJIH H MexaHH3MOB, B qacTHOCTH, Kor.na pac

CMaTpHB3IOTC51 BOllpOCbl npo'!HOCTH .11.ernJieii, H3 KOTOphIX COCTOHT 

8BeHbH MeXaHH3MOB, .LlOJlrOBellHOCTH, Ha)l.e)l{HOCTH, TeXHOJIOrHlJHOCTH 

H JJ.p. 4eM 60.Jlhille lJaCTHb!X xapaKTepHCTHK HCflOJib30B3HO B Qx>pMH

poBaHHH KOMn.neKCHOro KpHTepHH H 4>YHKUHOH3JihHblX orpaHHIIeuuA. 

TeM 60.nee onTHMaJihHb!M c TOLJKH 3peHHSl cpyHKUHOHHpOB3HHSl 6yner Bb16op 

B11y1peHHHX napaMeTpOB npoeKTHpyeMOH M3WHHbl H MeXaHH3Ma. 

25.5. YnpaBJIJJeMLie uHyTpemme napaMeTpLI CHHTeaa 

fl pu peULeHUU 3aaatt onmUMU30U,UU He06XOOUMO OpC!aHU308amb t{eAeH.a
npa8AeHHbtU noucK onmuMaAbHoii. coooKynnocmu BHyTpeuuHx napaMeT

poa maK, ttmo6bt, c oonoii. cmopoHbt, noAyttumb nauAyttmue 3Ha'leHUR 
8blXo(}HblX napaMempoo .MexaHU3,UOB, a c iJpycou - MOKCUMOJlbHO COKpa
mumb Mamwuwe apeMfl noucKa amux ana'!enuu. B11yTpeHHHe napa

MeTpbl, :rna11emrn KOTOpbIX MOryT MeHSJThCH B npouecce CHHTe3a, H33bl

B3JOTC51 ynpa8Afl.OtblMU. llpn yMeHbWemm lJHC.na ynpaBJJHeMblX napa

MeTpOB OllDKaeTC51 pa3Mep.HOCTb o6JiaCTH nonycTHMblX pemeHnA. 

ynµmuaercH ee aHa.n113 II, c.ne11.0BaTe.nbHO, yMeHbW3!0TCH BblllHCJIHTeJJb

Hhie TPY.il.HOCTH, ·CBH3aHHhie c noncKoM 3KCTpeMyMa UeJieBoii cpyHKU.H.H,. 
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3Ha4emrn HeKoTopbIX BHyTpeHHHX YHHqmm1poBaHHhIX napaMeT

poa cmne3a Ha3Ha1.Ja10TcH H He no.n.JJe>KaT H3M('l!eH1r10. He1<0Topb1e 

irnyrpemrne napaMeTpbl He.llieJJaTeJihHO H3MeHHTb 113 l<OHCTPYKTHBHbJX 

H TexHoJiorn1.JeC'KHX coo6paxceHHif. TaK, BHyTpeHHHMH riapaMeTpaMH 

CHHTe3a 3BOJlbBeHTHoro 3auenJ1eHHH 6yn.yT napaMeTpbl UCXOdH.OeO 
KOHmypa H 3Hal!eHHH K03tpcpHUHeHTOB ero cMeu.1.emrn. OirnaKo H3Me

HeHHe napaMerpOB HCXO.lI.HOro KOHTypa (HanpHMep, yrna npoq:JHJJH 

a) Bhl3bJB3eT yDeJIH4eHHe HOMeHI<JI3TYPbI pe)!(yrn,ero HHCTpyMeHTa, 

'ITO He3KOtIOMH4HO. nosroMy B Kat.Iecrae ynpaBJJHeMbIX napaMeTpoa 

o6bI4HO Bbi6Hp3IOT IWfH/XpUl{tteH.Jnbt CAtew,eH.UH UCXOdH.Of:O KOH.mypa Xi H 

xll. l13 OCTaJibHb!X BHyTpeHHHX napaMeTpOB .ll.JIH cpopMHpOBamrn aer<

Topa ynpaBJIHeMh!X napaMeTpOB BbJfofpaIOT TaKHe, H3MeHeHHe KOTOpb!X 

HaHOOJlbllIHM o6pa30M H3MeHHeT BblXO.lJ.Hble napaMeTpb!. 

CTeneHb BJJH5lHH51 BHyTpemmx napaMeTpoB Ha BhIXO)l.Hhre 01.1.eHH· 

B3eTC51 a6coJIJOTHhlM b" If OTHOCHTeJlbHblM Cij K.0.9qXpUl{UEH.ma.Mu t.tye
cmeume/lbH.OCmu, onpe.n.e.rrfleMbIMH no 3aBHCHMOCT5JM 

b,i = dyt/dx1 H C11 =bi/xi uoMly; noM• (25.7) 
r.11.e y1 - t·H Bb!XOJJ.HOH napaMeTp; x1 - j-H BHyTpeHHHH napaMeTp; 

Xf HoM H y; noM - HOMHHaJJbHhie 3Ha4emrn 3THX napaMeTpoa. 
l13 BCeX BHyTpeHHHX napaMeTpOB B Ka•1ecTBe ynpaBJifleMblX Bbi6H

paIOT TaKHe, y KOTOpb!X 3TH Ko:::iqxjrnr.1.11eHTbl nMeJOT Ha1160Jihlllee 3H3· 

qem1e. B pe3yJihTaTe H3 Bcex aHyTpeHHHX napaMeTpoa onpe.n.eJI5llOT 

HaH6o.riee BJIHHIOil.!Jie H cpopMHPYfOT H3 HHX BeKTOp ynpaBJIHeMblX 
napa111eTpoa c1rnre3a. KpoMe srnro, no5lBJI5leTcn B03MOJl{HOCTb oueHKH 

CTa6HJJbHOCTlf BblXOJlHbJX xapaKrepHCTHK npoeKTttpyeMbIX M3lliHH II 

MexaHli3MOB npH ylJeTe norpernHOCTett H3fOTOBJJeHlrn H JleiflopM3UHH 
3BeHheB, qTO cnoco6cTByeT npaattJibHOMY Ha3Ha4errnro )lonycKOB Ha 

napaMeTpbI cHHTe3a. 
CTp11 onrnMaJibHOM cmne3e MexamBMOB cpauHeHrre aaprraHTOB pe

llleHHH Ha JIJ060H CTa.D.HH npoeKrnponaHHH npOH3!30)1.llTCH nprr IlOMOll~H 
noKa3aTeJieif Kal!eCTBa (BbIXOJlHbIX napaMeTpoB c1rnTe3a). K noKa3a· 

TeJlflM, yqHThIBaeMblM Ha nepDOM :nane npoeKTHpOB3HH5l, OTHO· 

CHTCfl: K03qxprruHeHT noJJe3HOro JLeHCTBHfl, TOlJHOCTb Bocnpon3Be)lemrn 

33,ZtHHHOH cpyHKUHH HJIH 3311.3HHOH TpaernoprtTI. [1aBHOY!epHOCTb .ll.BH· 

»<eHHH HCDOJ!HHTeJlbHOro 3BCHa, CHJlbl, B03llliK3IOW,He B 3BeHhHX H 

KHHeMaTHqec1mx napax, .n.11HaMIIlJecK11e narpy3KH, yposeHh 111exa1111-

11ecKrrx KOJJe6aHHH, BH6poaKyCTH4eCKaH aKTHBHOCTb. 

26. ITYTH OITTHMH3Ail;llH MEXAHH3MOB 
no MHHHMYMY IlOTEPh MOID;HOCTH 

26.1. MexaHH'lec1rnii IC03<l14mu,HeHT noJieauoro )J;eiicTBHa 
H Koacl>4>Hu,HeHT DOTepb 

Mexauu11ecKHH K091flljmu.rreHT noJJe3HOro .n.ei1cTBHR (KCTll) - oouH. 
U3 6aJ1CHet1Utux Ka'1-ecmeeH.H.btX no1al3ameAeii pa6ombt Maw.UH.bl. lfeJ.t OH. 
dbltue, meM BbteOOHee e aKcnAyamau,uu Matutma. rip11 Bbr6ope crpyKTY· 

phi MeXaHH3MOB, o6pa3yJOIUHX Mawrmy, He06XOJJ.HMO opHeHrnpoBaTbCfl 
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Ha T3KHe napaMeTpbl 3BeHbeB II KHHeMaTllt:teCKHX nap, KOTOpb!e ot"ie
CIJelJaT H3H60JibWHH K03qxjmu.tteHT £10Jle3HOro neilcTBml He TOJlbKO B 

OT,lleJlbHble MOMellTbl p360Tbl HJIB 33 IUIKJ!, HO H 33 Beeb cpoK CJIYJK6bl 

i•l'.lWHlib'.. 

MrnosemtbIH KO,ll - Bmo omHOUleHue no11e3Hoii MOUl/LOcmu P2, 

OtilBOOIUWU c 6eaoAtOcO 36eHa, K .MOU(HOCtnU Pi 6HelUHUX CUJI (cu,1 aau:>ICy

w,ux), aampattemwii Ha eeiJyw,eM seeHe. T3K K3K .ll.Jrn npeo110.'leHHH 
OOTepb B CH,10BOM llOTOKe MeXal!H3M3 OT se.n.yulero 3Belrn I( Be,llOMO~Y 

33Tpa4MB3IOT 011pe,ae.ne1rny10 MOUUJOCTb Pac, a MOlllHOCTb, KOTopy10 

Peo6xo;1JtMO flO,llBecn1 K 13e11y1ueMy 3BeHy, P1 = P2 +Pac. TO KO

:;rp'i;nuue1n 110J1e311oro Jle!JCTBH~ 6y11eT 

Ii= P2!f\ = P2ff..P2 + Pa.c). (2'.i.l) 
U11KJIOBblH 1(0,il - Bmo omHmueHue sampam noAesHou pa6onlbt 

K 3Qtn/){!/1laJvt pa6ol1lbl 013UJIG_ljUf,UX CUA sa l(UKJI ycmaH06U6UleC:OCH. 06WJ!Ce

HW!.. I1o a1ia.non111 c npe;1w1,yruJ1M 

11 = A21 Al = A2/(.42 + Aa.c). (26.2) 

r,'le .4 1 - pafiora rn.n JlBHJKYlllHX; A 2 - pa6orn c11.n no.ne3Horo co

npoTHBJie111rn; An.c - pa6orn, 3aTpa4eHHaH Ha npeono:1ett1ie CHJJ 
epe,'l,Horo conponm.riemrn. 

Ee.nu 011.HH u.mrn COOTBCTCTByeT 011.HOMY o6opoTy BXO,llHOro 3BeHa, 

TO pa6oTa 
231. 2:rt 

Ai= s Tl ({p) d{p Ii Aa.c = s M".e (qi) dqi, (.26.3) 
0 0 

o':F.' T1 - MOMe1n .llBI-DKYlllHX c1rn; Af 8.0 - MOMeHT CHJI spem-JbIX co
np,nirnJJeHHil. 

i1o 311st1eamo Kn.Ll cpasmrnaIDT 11.ocTOHHCTBa onHoT1111HbIX Manmtt, 

H c1 iqrnMep, JLErnra1 e,qe11 cmyTpe11Hero crop a mm, Typ6HH. 4eM 60.nhwe 

KJ i).J., TeM 31ptpe:<nrnHet• Ma1uHHa npn npollHX paBHbIX yc.nomrnx. 3Kc-
11JI y aTaUHOI! !Ible l\i! 1H~CTB<l MeXaIH13MOB O.llHHaKOBOl'O H33Ha'leHHH' 

1-1a11p11\<!ep wap1111pHO-pbl'!JiKHbIX, OT,11.CJibHblX KHHCM3TH'leCKHX coe.ll.HHe
m1i'; II KHHCM3TH'leCl\HX 11ap (Hanpvt111ep, nap 5-ro KJiacca CKOJlbllieHHH 

11 1<a'leHirn) raKJKe cpaBHHBa10r no BeJJH'4HHe 11x KnU. 
l1 p J l'iHHbl' Bbl3bll:la!OlUHe Heo6xoJ(HMOCTb 3aTpaTbl ll.0110J!HHTe.i!bHOH 

:it1eprnr1, oTJIH4aJOTCH 6onbWllM pasrmo6pa3HeM. HaH6o.nee cymecTBeH

Hbl norepH Ha npeo.uo.~e1rne conpoTJrn.neHHH OTHOC11Te.nbHOMY .llBJrn.;e

HlllO KOHTaKTHpy!OLUHX rnep.UblX 3BeHheB. 3aTp3Thl MOLUHOCTH Heo6-

XO}ll!Mbl TaKiKe .umr npeono.nemrn conponrn.nemrn .usmKe1r1110 sseHhea 

OKpy:-KaJOLUeH cpeJlbl - B03.ll.YX3 (oco6eHHO npH 60JibWHX crwpo

cn1x), /KHllKOCTef1, B 43CTHOCTH CMa304Hb!X M3TepttaJI0!3, 11.JlH 3BeHheB, 

IlOJlHOCTblO llJlll 43CTH'IHO norpy)!<eHHhlX B HHX \HanpttMep, sy6lJaTbIX 

Ko.r1ec, rnapmtpHbIX coenttHeH11i1 H T. n.). B npouecce pa6oTbI 3BeHbSJ 

HCllhlTbIOaJOT 1..letpopMau1111 110.ll. B03J(2HCTBIIeM nepeir.aBaCMb!X Harpy-

30K, a pe3y.nhTaTe 'lero 110Te11n11a.nhHaH 3Hepnrn ynpyr11x JlecpopMa

UHH nepexomn B ren.nony10. TaK11e no1epH HMe10T MeCTo s ynpyroM 

KOf!TaKTe IWJJeC cjJpHKUHOHHblX MeXaIIH3MOR, B rn61rnx 3BeHbllX 

COOTBeTCTBYJOUJ.HX MeXaHH3MOB (HanpnMep, peMeHHbIX). 0THOCHTeJlbHbie 
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aHalJeHHSl 3THX rrorepb 38BlICflT OT yrrpyrnx CBOHCTB MaTepliaJIOB 

3BeHbeB H HX 11arpy)l{eHHOCTH. HmKe paccMaTplIBaJOTCSJ JIHillb rr0Tep11 

B KlIHeMaTH4ecKHX napax. 
Cpam-1e11Me 3qxpeKTHBHOCTH MexaHH3MOB, KlIHeMarnI.JecKHX coe}llI

HeHHH H rrap B pHJJ.e cJiyqaeB 6oJiee 11arm1,n110 He rro Knll., a no 

3Ha4eHHIO nOTepb, oueHHBaeMOMY KOaclJcfrnu.ueHTOM noTepb (KO), KO

mopbtt1 npeocmaeAflem ormwiue1-we pa6ombt AB.c sa HeKomopbtt1 uHmep· 
eaA epeJo.teliu npH npeo,noJieHHH CHJI ape.n.11oro conpoTHBJieHMH, K pa-

6oTe A 1 c11JI .uamKylUMX: 

'¢=An.cf A1. 
c yI.JeTOM ¢opMyJibl (26.2) ITOJIY411M 

1] = 1-'ljl. 

(26.4) 

(26.5) 

Ko3cpqmuHeHT noreph ,naeT npe.uCTaBJ1e11Me o JJ.ODOJIHHTeJibHbIX 

saTpaTax :rneprnH s Ma1111111e npH noJiyl!eHHH noJie3HoI1 paooThI. nplI 

cpaBHemm Koactxi':>nulieHTOB noTepb CTaHOBHTCH OoJiee OLJ:eBH,D.HblMH He
}J.OCTaTKlI OT)J.eJibHbJX MexaHH3MOB HJm KHHeMaTHLJ:ecKHX nap. TaK, 

11anp11Mep, .UJI51 p51)J.OBoro ay6LJ:aTOro MexaI-IH3Ma l] 3 = 0,97, a .ll..'HI 

qepBHI.JI-Ioro l]q = 0,80 JI OTH0111em1e 3THX Knll cocTaBJIHeT 'h/rj" = 
= 0,97/0,80 = 1,21. BMeCTe c TeM oTHoweHHe Ko3cpqmu11e11TOB no

Tepb B 3TOM cJiyLJ:ae 6y)J.eT '\jJqh~3 = 0,20/0,03 ~ 6,7, lJTO 6oJiee y6e

t1.11TeJlbHO 110Ka3bIBaeT npemv1yLUecTBa 3y6I.JaToro rv1exa11H3Ma rrepe;i 
qepBH4Hb!M no 3HepreTH4eCKHM 3aTp<iT3M. np11 Herrpepb!EHOt\ pa6o; e 

cTOHMOCTb H3JIHWHHX 3cnpaT 3Hepnrn Ha npeo,a:oJiem1e noreph B 4ep

BHlJHOM MeXaHH3Me B Te4eHHe roAa 3KCflJIY3T3l.llHI OK33b!E3eTC51 Ebl!Ue 

CT011Mocr11 ay61rnroro MexaHH3Ma. LJ aw.e scero orrpeAeJiel!11e Kn 1. 
npOH3BO)J.HT IlO cpopMyJie (26.5), T3K KaK BO MHOrHX CJJylJaHX OTblCK~
HHe K03qxpHUHeHTa norepb OK33hIB3eTCH 6oJiee y.uo6t1hIM. 

26.2. BJIHHHHe Ha KII,ll; MecTa pacnoJiomeHHH MexauuaMoB 
B aHepreTH'leCKOM IlOTOKe 

MawHHbl npeocmaeAfl/Otn co6ot1 nocAeooeameAbftoe, napa.11;ieAbH.oe uAu 
C.Atetummoe coeatmefrne MexaH.U3.M08. B CBOJO 04epe.Uh, B l(eml Mexa

llH3MOB OT BXOAHoro K BhIXOJI:HOMY 3BeHy KHHeMaTHlJeCKHe napbl pac
flOJiaraJOT 1101106HhIM )l{e o6pa3oM. PacnoJiomeHIIe MexaHtt3MOB B c1:

JlOHOM DOTOKe M31llHHbl OT se.nyrn.ero K Be.UOMOMY 3BeHy BJIHSleT Ha 

Klill.. noTeptt B Ka)l{)J.OM MeXaHH3Me, B CBOIO OLJ:epe.Ub, 3aBHC51T OT pac
flOJIO)l{eHHH KHHeMaTll'!eCKHX nap B 3TOM i10TOKe. 

EcJIH Knll tt K03qxpHUHeHT nOTepb Kam,a:oi1 KttHeMaTHLJ:ecKoi1 napbI 

HaXOJI:HT 110 ¢opMyJiaM (26.1) H (26.4), TO 113 paCCMOTpeHHH 110Tepb 

B CHJIOBOM noTOKe 110JJY43JOT 33811CllMOCTl1 JI:JI51 onpeAeJJeHHH K03cjxpH

UHeHTOB lJ tt cp AJIH Bcero MexaIIH3Ma. TaK)l{e, 110Jiara51 H3BeCTHhJM KllU 
H Kn Ka)l{.ll.OfO MexaHH3Ma, onpeAeJIHIOT 110JJHhIH Knn :1!3WHHbl. Ha 

pttc. 26.1, a noKa3atto nocJie,a:osaTeJih11oe coe,a:H11e1rne n MexaHH3MOB 

C IW3cp¢HUHeHT3MH IIOJie3HOrO AeHCTBHH 'llt • 1]2 , ••• , 1ln- nepBb!H MC
XaHH3M aaTpai.rnsaeT pa6ory .UBH}J{yu~11x c11"~ A1 tt cosepwaeT noJie3-

11y10 pa6oTy A2 = A1'Y) 1• Bropo!1 MexaHH3M aaTpa•nrnaeT pa6ory JI:BlI-
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:>KYII~Hx cHJJ A2 H coBepwaeT no.Jie3HYIO pa6oTy Aa = A2112 = A1111112 • 

CTponomKafl nono6Hhie paccy)l{,UeHHfl, noJiyIJHM Bhipameuue ,UJIH no
.Jie3uoii pa6oThI n-ro MexaHH3Ma 

(26.6) 

06muii KHU u.enu MexamI3MOB c noc;zeoooameAbHbtM coeounenueM 
OTHOCHTeJibHO 3HepreTH'lecimro IlOTOKa onpe,UeJIHTCSI no cf>opMyJie 

n 

ri = An!A1 = D 1li· 
i=I 

A, -~~ An:1((;\_~~ 
~------~ 

a 

(26. 7) 

Pttc. 26. I. CxeMhl pacrroJIOJKemrn MexaHH3MOB B MaJIIHHe OTHOCHTeJibHO 9Hep· 

reTHt!eCKOro llOTOKa 

I1p11 napaAAC.llbflOM coeauNCflUU m MeXaHH3MOB (pttc. 26. J, 6) Ka)!{· 
Jl.hIH k-V. Mexarrn3M 3aTpa1msaeT pa6oTy Ak 11 npon3BO,UHT noJJeJHy10 
pa6oTy An1, = A k"YI~· 06maSJ pa6oTa D.BmKyw.11x c1ui, 3aTpalleHHafl 

m 

BCe?vm MexaHH3MaMn, A = ~ A,,, a no.r1e3uaSJ pa6oTa scex MexaHtt3· 
k=I 

m 

MOB An = L A 1111k· B 3TOM cJJyt1ae Kfl.ll 3aBHCHT OT Toro, KaK pac
k=t 

npene.;rnercH pa6oTa ,UBrn1<yrn,11x cu.11 AA Me*.UY OT,UeJJhHhIMH noToKa
MH, 'lTO yqnTbrnaeTcH coorneTcTByIOmHMH Ko3<1Jcp0uneHTaMH pacnpe-

m 

)l.e.riernrn Harpy3KH Qk npa ycJJOBHH, •no 2: Q,, = I. Tor)l.a 
k=I 

1') =~I AklJk/k~ Ak =(~I AAQklJk}AA = k~ Qk'llk· (26.8) 

Opll CJteUtaH/iOM coeotmenuu MeXaHII3MOB (pHC. 26.1, 8) paccMaT
pHBaIOT OT)l.eJ!bHhie y11acnrn uenefi, HMeI-Olll,HX nocJie,UOBaTeJJbHbIH JIJIH 

napa;u1e..11bHblH xapaKrep coe,'J.HHeHHH, Kfl.ll KOTopbIX pacc11r~·rhIBa-
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eTCfl no cpopMyJJaM (26.7) H (26.8). nocJJe 3TOfO, B 33BHCHMOCTH OT 

cTpy1nypb1 c;v;erua1rnoro coe.Il,111-1emrn, onpe.uem1eTcn o6nml1 KDll. 
llmi cxeMbl. rrpencTaa.:1eHH0!'1 Il.'.l p11c. 26.1, 13, 3an11cLma10T 

(26.9) 

r).l.e n - 'lllCJIO MeXaHHC!MOB, COC}l,l!fleHHblX fIOCJle)lOBaTeJJbHO B na-

paJJJJCJlbHbIX BeTB51X; rn - ~JlCJJO uapaJJJJeJJbHblX BeTBeJ). 

TaK Kai\ KaJ:KAbIH OTJleJJbHbIH MexaHH3M paccMaTpHBaIOT KaK no

c.'le.uoaaTeJJbHOe, napaJ1neJibf-JOe IIJIH CMewa111roe no onrorneHH!O K 3Hep

renFJCCKOMY 110TOKY pacnoJIOiKeIIHe l<HIIeM<ITWieCKHX 11ap, TO cpop

MY Jlbl (26.7), (26.8) 11 (26.9) ttcno:1bJY10T µ_mi onpeneJieHHfl Kn.ll 
orneJibHbIX MeXaHH3MOB, ecJJH H3BeCTHbI KI11l KHHeMan14eCKlfX nap, 

BXOA5HUJIX B HX COCTaB. Ta1mi"1 me llOD,XOA lle.riecooi\pa:wfl llpH HaXOM.UC· 

HIHJ flOTepb B COCTaBHOii KI1HeM3TH~ecKoii nape. CCJlll 3JieMeHTbl, ee 
06pa:iy10lllHe, COBepwalOT CJ10>KHOe llBtl)KE'JaJe. llJJfl 3TOro OTHOCH

TeJibHOe .u1:1111Ke1me 3Bel!beB (KCll\, H<rnpm·1ep, B 4epmPlliOM 3a11en.TJemm, 

CM. J'JI. 13) npeJlCTaBJifllOT COCTOHU.l,liM ~13 r.poCTblX .il.!3H)KCHHII, H no

TCpH onpeJJ.CJJ5110T llJIJJ l\3il(Jl0!0 H3 HiiX jl<H.\e.1hHO. 

26.3. Ro3¢tl>m~neHT uoJie3uoro keiicTBRH Hnamux 
KHHeMa'l'li'IeCKHX nap 

PaccMOTpHM onpene.neH11e KOLL Ha1160Jiee pacnpoCTpaHeHHLIX rrn11e

Marnl!ecK11x nap - nocrync:m~.11bHOH 11 apamaTeJJhHof1, 11cno.nb::>jH 3a· 

BlJCHMOCTlJ CH.Tl rpeHHH OT napatvwrpoB KHHeMaTWieCKHX nap (CM. r.n. 20). 
riycTh B nocTynaTeJlbHOll Kl1llf::vJarn4eCKOH nape c CHJJOBblM 3a\lhIKa" 

HHeM (pnc. 26.2, a) 313eHO 1 nomKeTOI OTHOCHTeJibHO 3BeHa 2 co CIW-

z 
a 

PHc. 26.2. Onpe.n.e.neHI1e Knn. B nocTynaTc.1b1Joil KH11e
MaT11'1ecKoii nape 

~:,'"hz ·@ . ~ ... 1 
/// 6. I T .... ,..... 

Jf-(~,i -< ___ ); 
%l -~ 

. -·~ z 
y /;?>.._._~_?!.% 

Pttc. 2G.3. CxeMa onpe
ne.1cHllll KHU i:;o Bpa
maT('.%Hoii K1111eMan1qe
c1wii n;ipc 

poCTbIO v12 no.n. .n.eiicTBHeM CHJJbr F, npHJJO)KeHHoi"1 no)]. yrnoM (:n:/2 -
- a) K HanpaBJJf!I01ueii. ConpornnJ1eH11e 3TOMY JlBIDKeHIJ!O oKa3bIBaer 

CH JI a TpeHHfl' nponopUHOHa.11 bHafl HOpM3JlbHOH COCTaBJIHIOII.I.eH ClJJlbl 

F, a pa6orn, 3aTpaqeHHaH Ha npeonoJJemie cHJJ ape,woro conponrn-

11emrn - CH.11 TpeHHH, 6yJleT 

(26.10) 
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r)],e F" - ttopMaJJbHaH cocTaBJJ5J!Olll,aH cHJibl F; ( -- 11:n:rie;terrnb1~1 
1<03qzjmu11e1n Tpett11H. 

Ecm1 o6o3Ha4HTb rrpoeKUH!O CHJibI F Ha ttarrpaBJie1rne OTHOCHTeJib
lloi'! CKopocTH F x = F sin Cl, TO pa6oTa CllJI )],Bl-DKYW.HX Al = F xU12! = 
~ Fu12t sin Cl. Toma B cooTBeTCTBHH c 3aBHCHMOCTbID (26.5) KOll 

11 = l - 1~ = I - AB clA 1 = 1 - f' tg a. (26.11) 
B noCTynaTeJlbHoi'i 1rn1:eManJL1ecKoi'! nape c reoMeTpf1l1ecKHM 3a

~1b1Kam1eM np11 uepe1<0ce sseua 1 no)]. ,Ile!1crn11eM 3Kcue1npwrno npn
.11omeH11bIX CH,1 H.!IH MOME'HTa /\1 (puc. 26.2. 6) B03Hl11WlOT CH.'lbl peaJ(
llHll F 21 , pacr.oJimKeHHbie .Il.pyr OT .Il.pyra 1rn pacCT05JHBH, paBHmi 
,'V111He l uanpan,1mo111ei'i. B 3TmI cJiyqae pa6orn, saTpa1rnBaeMan 11a 
;ipeo,II0;1e1rne CHJJ Tpemrn, 

Aac = 2FTt112t = 2F21{'v 12t = Mf'v 12f/l. (26.12) 

Pa6orn CH.IJ .UBHMYilJ.HX, KaK 11 B nepBoM CJlytiae, A1 = Fv12t. 
Tor.ua KOll nonynaTeJibHO~i napbI np:r rrepeKoce noCTynaTeJlhHO 
,uaDKYlllerocH llOJJ3YHa 

lJ =I -'ljJ =I - Mf'v12t!(Flv12t) =I - Mf'/(Fl). (26.13) 

YJ3 3TOH cpopMyJlhI cJ1e.uyeT, '-!TO ,nJrn noBhIWeHHH KOll noCTyna
'H'.%MbIX l<V.HeMitTII4eCKHX nap c reoMeTpII4eCKHM 3aMblKam1eM 11e-
1,0xo.u11:vro yBeJllJl:HB3Th ,llJJJHIY HanpaI3JIHIOlll,eH. 

Bo Bp:m~aTe,1bHOH KHHeMarn4ecKoi1 nape (pHc. 26.3), Harpy>;-m1-
ll'.Ji'.1 pa_u1iaJibttor1 cHnoii F, pa6oTa, saTp<1trunaeMaH Ila npeo.nonerrne 
110Tepb Ha TpeHHe (cM. rn. 20), Ase = 0,5t•)df' Ft. Ecm1 EpaUI,3!CllJ.HH 
\JOMeHr 6y.ueT T, TO pa6oTa CHJl .llBH)Kym11x A1 = (J)Tt. Ha oc11osaH1m 
':J rnro KOll Bpau1.aTeJibHOH K1rneMaT1111ec1wii rrapbI onpe,UeJIHTCH no 
<:iop111yne 

i1= l-A0 c/A 1 = I-0,5(J)df'Ft!(wTt)= l-0,5f'Fd!T. (26.14) 

f1mep11 B BHHTOBOH nape 3aBHCHT OT .llBYX napaMeTpOB - yrna y 
!rn,:;,1,eMa BirnTOBOI°I JIHHHl1 11 npuse,llemmro Ko3cjxpmmeHTa Tpemrn f', 
1wropb1e orrpe,LJ.eJJHIOTCH 3,1etv1eHTaMH Hapb1 (ctvt. rn. 20). Op11 noBopOTe 
JBe11a 1 (pHc. 26.4) Ha yroJJ 9 Heo6xo,n11Mo 3aTpaTHTb pa6oTy A 1 = 
c~ TO. Op11 3TOM noJlytJHM 110Jle3HYIO pa6ory CHJ!bl F, parrnyIO Az = 
occc 0,5FOdi tg y. Yllrn (cM. rn. 20), 11To T = 0,5d2F tg (y + <p'), 
ll'.';JJY4HM 

lJ = A21 At = 0,5d2F9 tg yl(0,5d2 F0 tg (y + cp')) = tg y/tg (1' + q/), 
(26.15) 

Ilptt .UBIUKemrn 3BeHa 1 rro.u .ueiicrnueM CHJlbJ F noJiy4HM 

t] = tg (y - <p')/tg y. (26.16) 
Opirne;J,eHHbiil yroJJ TpeHHH cp' (a r10 q/ 11 llp1rne,11eHHbIH K03cpqi:;

llHeHT Tpe111rn f') npHHHMaJDT B 33BHCHMOCTH OT THIIa pe3b6h! 11 BH,J.a 
-rpeHHH B BHHTOBOH nape - CKOJlb)KeHHH 11.HI Kallemrn. 

llm1 onpe,lleJJeHIIH TIOTepb H !(03(lxJmu11eHTa fJO.!IC3HOro n,ei!CTBHH 
KHHeMarnlleCKHX nap 5-ro KJlacca, coJJ.ep11wmFx TeJla KaLiemrn - wa
pHKH HJIH pOJIHKH, TaK~Ke 11CIIOJlb3YIDT npHBe,UeHHbie BbIWe cpopMyJib!. 
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3Ha'!eHHH np1rne,ll.eHHbIX K09cjxpHlJ.HeHTOB TpeHHH B 9THX cJJy'laHX on

pe)l.eJJHIOT 'Iepe3 K09qxj:mu11eHThl Tpemrn Ka'lemrn k H .u11aMeTph1 d 
TeJI Ka'leHHH (CM. rJI. 20). 

26.4. Roal)>l)>Hu;HeHT noJieaHoro µ;eiicTBHa BL1cm11x 
RHHeMaTlI'leCRHX nap 

3BeHbH, BXO.UHlll.He B Bh!ClllHe KHHeMaTH'leCirne napbl, COBeprnalOT 

!lJlOCKOnapaJIJieJibHOe HJIH npocTpaHCTBeirnoe OTHOCHTe.TJbHOe .D,BmKe

r-rne. B nocJJeJUieM cJ1y'lae Ha pH.UY c TpeHHeM c1<0.n:.,w.emrn HMeeT Mee· 

TO H TpeHHe Ka'!eHl!H. nycTh 3BeHbH J II 2 BbICWeii KHI-Je~.taTH'lcCI<OH 
m1pb! (pttc. 26.5), KOHTaKrnpyromHe no JJHHHH, nepneH;Lm<y.'IHpHOH 

DJIOCKOCTH HX OTHOC!HeJibHOro Bpam,emrn Ii npoxo)JJIUJ.eii qepe3 TO'IKY 

Pttc. 26.4. norep11 B BllHTO• 
BOH KHHCMarw1eCKOll nape 

P11c. 26.5. 83a11Mo)J.eilcrn1;e 3Bel!b· 
CB B BbICwei'i ]{llllCM3Tll'ICCl\OH nape 

0, rrnrpyMeHbI HOpMaJibH0(1 CHJioi'! F. Ilptt BpameHHH 3BeHbeB c yr

JJOBbIMH CKOpOCTHMH (l)l H (1)2 B 30He KOHTaKTa K[JOMC Ka'leHHH B03· 

M())K!!O OTHOCHTeJlbHOe CKOJ!h)KCHHe co CKOpOCTblO V12 = V1 - V2, 

e :.rm B 30He KOHTaKTa (TOl!Ka A) oKpyxrnhre crwpocrn 3BeHbeB He 

6yAyT paBHbIMH. MrnoBeHHbre n0Tep11 MOUJ.Hocrn B 3TOM c.ny'lae CKJia· 

.D,b!BCl!OTCH H3 MOIUHOCTH Ha npeo,llOJICime noTepb Ha Tpemie Ka'!eHHH 

H II fl Tperrne CKOJlb/KeHHH: 

(26.17) 

r.ue ,Hr - MOMeHT noTeph Ha Tpemie Ka'lemrn; FT - c11.na Tpe1m.a B 

l\OHTaKTe; (!)12 - OTHOCHTe.JibHaH yr.noBaH CKOpOCTb KalfeHml; V12 -

0THOCHTe.1bHa5! CKOpOCTb CKOJih;Kemrn B KOHTaKTe. 

n'.).ll,CTaBJIHH B ¢oPMYJJY (26.17) 3Ha'leHlrn MT H FT (cM. rJI. 20) 
JI (;)I:l If V12 (cM. rn. 9.10), llOJIY'lHM 

Pn = Fk (w1 + w2) +Ff' (w1 + w2) OA = F (u)1 + w2)(k + f'OA), 
(26.18) 

r,;;e OA - paccroH1111e OT MrHOBeHHoro ueHTpa apamemrn 0 AO TO'IKH 

1rnHTaKTa A. 
06bll!HO B Bh!ClllHX KHHeMaTH'leCKHX napax c nepeMeHHhlMH pa.uu· 

yca1vm KpHBH3HbI paccTO.HHHe OA nepHO)J.H'leCKH H3Mem1eTCH. B 3TOM 



CJJy11ae Jl.7151 npH6.nmKeH11oro onpe;:te.neHHH IlOTepb MOIU.HOCTH aa UHKJJ 
'l3CTO Hcno.nb3YIOT ycpe;:tHeHHOe 3Ha'leHHe paCCTOHHHH - (OA)m. 
Tor,11.a Ko3cjxjmu.tteHT 110J1e3Horo neilcTBH5l nptt se,11.yw.eM 3BeHe 1 

'l = l - 1p = l - Pnl P 1 = l - F (w1 + rn2) (k + f' (OA)111)/(Tw1). 

(26.l 9) 

EcJrn HopMaJibHa5l cH.na F HBJIHeTCH pe3yJihTaTOM neikrn1rn spa· 
ma1om.ero MOMeHTa T, T. e. F = Tlr, TO 

I}= l - (k + f' (OA)m) (1 + rn2/w1)/r, (26.20) 

r.ae r - pa,11.ttyc, Ha KornpoM .n.eikrnyeT CHJJa F. 

26.5. Onpe)J.eJiem1e KII,IJ. Mexannar.10B c nocJie.ZJ;oBaTeJILHLIM 
pacnOJI02".eHHeM 1rn:Her.IaTH'leCKHX nap 

DpoCTeliwHM MexaHH3MOM c nocJieJJ.OBaTeJihHbIM pacnoJio)!{e~rneM KH
HeMaTtt'leCKHX nap B 3HepreTHqecKOM llOTOKe HBJI5ICTC5I KpHBOUJHllHO
noJI3YHHblH MCXaHH3M ~pHC. 26.6, a}. Opn ;:teiicTBHH )l.BH)!{y!llero 
MOMCHTa T1 Ha 3se110 1 11 ctt.1bI conpoTHBJieHHH F3 na 3Beuo 3 pacno
JIO>l<eHne KHHeMaTttlJeCKHX nap llO OTHOWeHHIO K 3HepreTH'leCKOMY no-

B 

~ifi 
a 

P!lc. 26.6. Onpe)le.nett11e KO.II B Kp;rno
wu n 110-no,13yHttOM Mexamn~1e 

Pi:c. 26.7. CxeMa onpe,Qc.~ettllll KO.LI KY· 
.na'1KOllOro MeXaHH3Ma 

'r. 2 

TOKY coorneTcrnyeT cxeMe (p11c. 26.6, 6), H npH y'leTe noTepb TOJibKO 
B KHHeMaTttlJeCKHX napax KD.Ll Mexautt3Ma cor.riacHo Bbipa)!{eHHIO 
('.26. 7) 6y ,l\eT: 

n 

l) = n l'li = 'Y)A'll1JllcT)D. (26.21) 
£=1 

.LlJIH npam,aTe.nhHhIX 1rnHeMarnllecKnx nap A, B H C KD.U oilpe
.nem1eTcH no tj:>op~-iy.lle (26.14} c y'leTOM COOTBeTCTBYIOW.HX 3Ha'IeHl-!ll 
)l.ttai\1eTpOB d l{HHCMaTH'ICCKHX nap, npnse.ueHHbIX K03¢q>HU.HeHTOB 
TpettHH f' (cM. r.11. 20) 11 peaKutti'I B KHHeMaTH'leCKHX napax F1 (cM. 
rn. 21). KD.U noCTynaTeJibHOH KrmeMarnqecKoiI napbI D onpe,11.e.1111Trn 
H3 Bbipa)!{eHm':i (26. l l) HJIH (26.13). 
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TaKoii MeTOJI. onpe.ueJieHHB KO.LL 6y)J.eT nptt6m0Kett1fo1M, ecmt 
peaKu1u1 B KHHeMarnqecK11x napax onpe)J.eJJeHbl 6e3 yqerc1 !3JJHHIHIB 
CHJJ TpeHHB. BoJ1ee roq1me pewem1e noJJyqa10T, ecJm peaKUHH HaH
.ll,eHbI MemoaoJ.t 1wcAeaoBameAbH020 npu6Au:JFCeHU5! (cM. rn. 21). 0.'.J.Ha
Ko B Ka.IK)J.OH MaWHHe HMelOTCB )J.OTIOJIHHTeJibHbie 11orep11 (conponrn
,nemre 0Kpy;Krnow.ef1 cpe)J.bJ - B03)J.yxa, cMa3oq11oro Marep11aJrn 
lI .up.), He 3aBHCHW.He OT peaKUlIH B KHHeMaTIJlleCKHX rrapax. i\flOMe 
3TOro, K03qxpmureHT rpemrn' KOTOpbIH HBJUJeTOI cpyHKUHet1 CKOpOCTll 
CKOJJL)!{emrn l1JJH 1<aqe1I1Ul, ,u.aBJJeH11e, rer-.rnepaTypa 11 copTa cMa30lJ.
Horo MaTepHaJJa He TQlll!bl. no3TOMY pacqeTHOe 3Haqe1rne Kll11 Bcer.ua 
6yI(eT rrp116JllD:KeHHblM. 

EcJIH B 3aBIICHMOCTb (26.21) rroncranHn BLrpaMemrn .LJ.Jrn 'l']A, 'l']B, 
1]c 1l l]D 113 cjiopMyJJ (26.11) H (26.13), 13 KOTOpb!X B I<aIJecrne (/., HF 
llOJl,CTaBJIH!OTC51 IIX cpen1rne 31liiIJemrn 3a 0.l!HH l(ll!CJl ,'lBH)KE'lIHH Mexa
HH3i\13, TO 3Ta 33BllCIIMOCTb MO/KeT 6bITb HCf10Jlb30BaHa tl :caIJecrne neJ1e1~01! 
rpyHKUHll, ¢opMaJlll3YIOll~e;"1 qaCTHblH KpHTep11!1. K()TOpblH 11p11 33)].aH-
110:1 CTPYKTYP~ MeXailH3Ma Bbipa:>1<aer Tpe6onam1e HaH60J1ee Bb1co-
1wrn ero Kf1)1. B I<aqecrne ynpanJIHe\'1bIX napaMeTpos Fl 3TOH ueJie
Boii cpyHKlUIH npHHHMa!OTCH )l.JIH!lbl 3BeHbe3, COOTilOWeHHe l\OTOpblX 
Bmrner Ha cpe,11.m1e snaqeHH51 a H F, ,nMaMeTpb1 Bpaw,aTe.1bHbIX KHHe· 
M3TIJlleCKHX 11ap H napaMeTpbl. BJHUllOiUIW 113 3H(llJCHHe K03'.!J'.fl!IU!:CI-I
TOB Tpemrn. 

11pH HilJll!lJHH B MeXalll\3Me Bb1Cllll1X KllHCMilTV.'-lec1rnx 1rnp, l\aK, 
Hanp11Mep, B 1<yJJa1moBoM MexaHl!3Me (pm:. 26.7, a), cnoco6 onpe.ne
neimH Kf1)1 ocrnercB TairnM me. f1ycTb K KynaqKy 1 nonBe;1:::n )l.BH
IKYUJ.HH npaw.aiow.11f! MOMe!IT T 1• Ha TOJJKaTeJib 2 AeiicrnyeT cHJJa no
,1e3ttoro conpoT1rnJiemrn F 2 • T aK Kai\ pacr10,JO£i{e1me KHHe~raTHlle
CKHX nap no OTHomeHHIO I\ Cl!JIOHOMY llOTOJ<y llOCJieAOBaTeJibHOe 
(pric. 26.7, 6), ro Kf11l MexaHH3:VIa onpeHeJ1HeTc5l rarDKe no cpopMyne 
(26.21) - 11 = l]A · 'l']n - l]c- Kf1.Ll Bparn,aTeJJbH01'1 KHHe~rnniqeCKOH 
1wpb1 A onpeneJJHero1 c'J.lOl'MYJJOH (26.14). KOil noCTynaTeJJbHOH 1rn
HeMarnqeCKoii napb1 C onpeAemncn ljlopMyJJof1 (2G. l3j, B Koropyro 
!leo6xoJJ,HMO 110.llCTaBHTb MOMeHT M c= F1·~1 (a - fo - S2) - F 12nX, a 
BMecTO F no)J.cTaBHTb F 2. I<:nll s01cmer"! KHHeMaTH4cCJ<O~! napL.r B on· 
pe)l.eJI51!0T no cpoprvryJJe (26, 19), ecm1 noJicTa[JHTb l3 nee F 1?,,, nn1rn<y
i!lHH MOMeHT T1 , mv1ecro \OA)m - paccTos-11rne AB. ripeHe6peraH no
repHMH Ha TpeHHe KaIJeHHH BBH)J.y He3Ha'HITeJlbHOCTH no cpaBHellHiO 
c f!OTepHMH Ha TpeHHe CKOJib/J\eIIHH, f!OJ1Y4HM 

'l'1 = l - F12nf1 (t)1 (AB)/(T1w1), (26.22) 
r.n.i; F, 2,, - HOpMa.nbHaH cocTaBJ1B101uaH CHJibI F12 B ToqKe KOHTaKTa 
li, pas?lafl T1fx. 

OocJJe TIO)J.CTaHOBKH B cpopMy.ny (26.22) COOTBeTCTB)'!OlllliX 3H3-
lJeHHH, no.~yIJHM 

'l'] = l -T1f'ro1 (rv + s2).l(T1ro1x) == f' (r0 + s2)/x, (26.23) 

r::i,~ r0 - pa)l.ttyc OCHOBHOH wafl6h1 KyJiaqKa; S:i - nepeMern.emrn TOJI

KaTemi. 
TaI< KaK 3HaqeHH51 sa H x nepeMeHHbI, TO nepeMeHHbIM 6y)J.eT H 

[{Q3CpqmuHeHT noJie3HOro )J.eHCTBH51, T. e., KaK II ,ll,JIH MexaHH3M3 wap· 
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HHpuoro LieThipex3BeHHHKa, KCTll KyJia4KOBorq MexaHH3Ma HBJIHeTCH 
t:flyHKUHeH nOJJO)!{eHHH KyJiaqKa. 0o3TOMY B Ka4ecTBe UeJleBOH cpyHK
l.JJIH nptt OI1THMH3aUllll napaMeTpOB KyJial!KOBOro MeXaHH3Ma 11cnOJib-
3yeTCH 33BHCHMOCTb (26.21), B KoTopofi oueHHBaeTcH cpe.nHHH KOll 
MexaHH3Ma 3a o,nIIH o6opoT KyJiallKOBOH rnai16bI. YnpaBJIHeMhIMII na
paMerpaMH npH 3TOM HBJHllOTCH ro•i x H pe:mHMbl JJ.BmKeHIIH TOJIKaTe
JHI Ha yL1<1cnrnx no.rn,e~a tt onycKaHHH. 

nptt onpeJleJieHtttt KO.LI. 3y6qaToro MexaHtt3M3 (p11c. 26.8) ne
o6XOJlHMO y11ecTb norepH MOIUHOCTH B onopax, sy643TOM sauenJieHttH 
11 Ha nepeMernttaa1rne CMa3o4Horo MaTeptta
JJa. KOll onop onpe.n.eJrnercH no cpopMy
JJaM JJ.JJH Bparn.aTeJJbHblX KttHeMaTttllecKHX 
nap. MrnoseHHbie noreptt MOII~HOCTH B KII
HeMarw1ecKoi1 nape B, ecJitt npeue6pe4b 
noTepHMH Ha TpeHtte Ka4eHIIH H yLiecTb 
T0.1JbKO noreptt Ha rpeHttt CKOJJb:lH.eHHH, on
pe,neJJHTC51 H3 Bbipa)!{elllHI (26.18) (3HaK 
«-» - .n.nH suyrpe1rnero 3auenneHIIH) 

Pn = F12f'(WK)(w1 + W2). (26.24) 

TaK KaK paccTOHHHe OT T04Ktt KOHTaK
Ta K .n.o no.n10ca 3auenJieHHH W H3MeHHeTcH 
<rr b1 W no Wb2 , ro norepII ua rpeuue B 
3auen;iemrn nepeMeHHbJ. Oo3TOMY npu 011-
peAe.neHHH cpe.uHero 3Ha4eHIIH KO.LI. 3y6tJa
Toro 3auen.1eu11H c;ie.uyer Y4HTbIBaTb cpe.n
Htte norep11 MOlII.HOCTH 33 BpeMH H3XOJK.lle
HHH B 3aue11nemm napbI 3y6beB, 11cnoJ1b3YH Puc. 26.8. B3aHMOJJ;eAcrBHe 
<::pe.uuee 3Ha•1e1me paccTOHHIIH TO'IKH KOH- 3Be!lbeB 3y6'1aTOro MeXSHH3Ma 

TaKrn 3y6heB OT noJJ10ca 3auennemrn W, 
BhipmKeHHoe qepe3 ocBoBHOH war Pb tt TOpUOBbIH Ko31xpttUIIeHT nepe
KpbITHH ea (CM. r.n. 10): 

(WK)m = 0,5(h1Wl2 + Wb2!2) = l/4 = eaP1/4. 
Toma ycpe.uueHHbie norepII Morn.uocrtt Ha rpemre B 3auenJieHIIH 

6y.UyT 
(26.25) 

a KOll 3y6qaTOro 3atten.neHHH 

'YI= 1 - Pn!P1 = 1 - F1J'eaPb (w1 ± W2)/(4F12rb,w1). (26.26) 
no.ucrnBJJHH B 3TY cpopMyJiy rb, = mz1 (cos a)/2, Pb = ;r.m cos (X 

11 w2/u> 1 = z1/z2 , nocne npeo6pa3oBaunll noJJytJHM 

ll = 1 - nf'ea (l!z1 ± l/z2)/2. (26.27) 

26.6. Onpe.11eJien:ue RH.I\ MexaHH3MOB c pa3BeTBJieHHLIM 

aHepreTH'ICCKHM UOTOKOM 

Mexa1-1H3Mbl c pa3seTBJieHHblM auepreTH'·leCKHM noToKOM omAUttaJOmCJI 

c,1w:Huwcmb10, nmmo,lty mpe6yemcJ1 'iemKo pa3UeAumb noc.~eoooameAb-
1toe u napaAAeAbHoe pacnoAo:JICeHue ucmo'LHUKOB nomepb - KHHeMaTH-
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1.!eCKHX nap. PacCMOTpllM caTeJJJJHTHblU 3y61.1aTb1ti MexaHH3M (puc. 26.9, 
a). Bxo,LJ.Hh!MH B MeXaHH3Me HBJHl!OTCH 3BeHh51 1 .H 3, K KOTOphlM no,ll.

BO,ll.51TC51 .U.BH*Ylll.He MoMeHThI T1 Ii T3 , a BhIX0.11.HhIM - BO.U.HJIO h, 
K KornpoMy npHJIO)KeH MOMeHT corrpornaJieHHH Th. B cooTBeTcTBHH 

c 3Heprern11ecKHM ilOTOKOM rrocJie,ll.OBaTeJihHOCTh pacrroJIOJKeHHH KH

HeMaTH"leCKHX nap H306paJKeHa Ha pHC. 26.9, 6. 00 QJOpMyJie (26.9) 
.U.JIH cMewaHHhIX coe.U.HHeHHH, 3aMeHHB pa6oTy A Ha MOlll.HOCTh P, .U.JIH 

paccMaTpHBaeMoro MexaHH3M8 38IIIIChIB8IOT 

1J = [(P11JA1JB + P31}E'lJK)l(P1 + P3)] TJcl]D, (26.28) 

a 

Puc. 26.9. CxeMa pacnoJio:lKeHHH K11HeMaT11•1ecKHX nap no OTHoweuu10 K 3Hep
reTH'!eCKOMY DOTOKy B MexaHH3M3X c 0.llHHM caTeJIJIHTOM 

r,LJ.e P1 = T1 (1)1 H P3 = T3w3 - Morn.uocrn .U.BHJKYlll.HX MOMeHTOB Ha 

saeHhHX 1 H 3; 'YJA, 'Y]c, rie H l}D - KI1.ll. coorneTcTByJOll{HX sparn.aTeJih

HhlX KHHeMarnqecKHX nap; 1JB H 'YJK - KO.LI. 3y6qaThIX 3auerrJieHHH -

cooTBeTCTBeHHo BHewHero H BHYTPeHHero. 

fl pH 3aKpenJiel!HH O,ll.HOfO 113 3BeHheB, Harrp.HMep 3BeHa 3, . .u.mPQJe

peHUH8JlhHhIH MexaHH3M npespamaeTC51 B IIJiaHeTapHblH c 3HepreTH· 

'leCKHM IIOTOKOM, COOTBeTCTBYIOlll.HM cxeMe (pHc. 26.9, 8). Cl>opMyJia 

(26.28) KO.LI. )lJIH 3Toro MexaHIBMa 11peo6pa3yeTcH K BHJJ.Y 

'YJ = [(P11JA1Jll + PKTJK)/(Pl +PK)] 'Y]C 0l}D• (26.29) 
3,LJ.eCb Px - MOlll,HOCTh, 38Tpa1umaeMaH Ha TpeHHe B KHHeMaTHlie· 

CKOH nape K - 3y61rnToM 3auerrJ1eHHH. 
3aBHCHMOCTH (26.28) H (26.29) crrpaBe,ll.JIHBbl ,ll.JIH MexaHH3Ma c 

0)1.HHM caTeJIJll-ITOM. ]l.JI51 AHtPQJepem.1.ttaJibHOro MexaHH3M8 c JlBYM51 

caTeJIJIHT8MH (pHC. 26.10, a) II BXO,ll.Hh!MH 3BeHbHMH 1 H 3, K KOTOpblM 

110,LJ.Bo;u1TcH sparn.a101UHe MOMeHThI T1 H T3 , rrocJie.nosaTeJihHocTh pacno

Jio>KeHHH KHHeNl8THlJecKHX rrap B COOTBeTCTBHH c 3Hepre1w1ecKHM ilOTO

KOM cylll,ecTBeHHO H3MeHHeTCH (pHC. 26.10, 6). flo cj:JopMyJie (26.9) 
,LJ.JIH cMewaHHhlX coe)l.nHeHuii, 3aMeHHB pa6oTy A ua MOlll.HOCTb P, 
B 3TOM cJiyqae MO)l{HO 3arrucaTb 

'I') = [Pi(Q1llB1lc + Q211B'lld l}A +Pa (Q1 llK'lJc + ~1lK'1lc') lleJ/(P1 + 
+ P3) 'Y]D, (26.30) 

r.n;e Ql H Q2 - K09cp<PHUHeHTbl pacnpeAeJieHHH uarpy3KH no .11.BYM 
noToKaM (Q1 + Q2 = I; npu paBeHcTBe nepeJ1.aBaeMhIX MOlll.HOCTeH 

Ql = Q2 = 0,5). 
Dp11 3aKperrJieHHH o)l.Horo H3 3BenheB, HanpttMep 3seua 3, .nmp· 

Q:>epeHuHaJihHhIH MeXaHH3M npeBpalll.aeTCH B nJiaHeTapHbIH c 9Hepre· 

THlJecKHM nOTOKOM, COOTBeTCTBYIOlll.HM cxeMe (pHc. 26.10, 8), JlJIH KO· 
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TOpOH cpopMyJia (26.30) npeoopaayeTCH K BH.ll.Y 

1l = (Q11ls'l'}c + Qa1lwt1d11All]D + QK(Q1l1Kf1C + Q2fl/(')/Tto, (26.31) 
r.&e QK = PKJP1• 

CTpH cpasmneJihHOM attaJIH3e 11croqHHKOB norepb MOW:HOCTH B 
MeXaHH3MaX co CJIOJKHbIMH CHJIOBbIMH nOTOKBMH ytIHTbIB8eTCH HaJIH

tJHe KHHeMaTH11ecKHX nap c noBTopH!OW:HMHCH 3JieMeHTaMH. B Ka-

11ecrne TaKHX BbICTynaJOT HH3IIIHe BpamaTeJibHble H nocTynaTeJibHb"i 

J x 

PHc. 26.10. CxeMa pacnoJ1mKett11H KHHeMaTH'lecKHX nap no ornoweHHIO K suep· 
rer11qecK0My DOTOKy B MexaHH3MaX c J!BYMH caTeJJJIHTaMH 

T, 

a o 6 
Pttc. 26.11. OnpeJ1e.ne1rne KHU MexaHH3MOB c nosropsnomHMHCH 
!lJieMeHT8MH KHHeMaTH'leCKllX nap 

napbl CKOJlh:tKeHHH HJIH I<aIJeHHH, BblCIIJHe- B BH.D.e 3auenJ1el1HH napaJJ

JleJJbHO pa60Tal01Il.HX ay6IJaTblX KOJiec, ay611aThCX aauenJieHHH c He

CKOJibKHMH 0.ll.HOBpeMeHHO KOHTaKTHpyiomHMH 3y6bHMH, BhICIIlHX KH

HeMaTH'leCKHX nap c HeCKOJlhKHMH KOHTaKTHblMH roq1(3MH l:i JIHIHUI· 

MH (cM. rJJ. IO, 11) H T. n. TaK, HanpttMep, B qepBH'IHOM MexaHH3Me 

(pHC. 26.11' a) qepBHK 1 COCTaBJIHeT co CTOHKOM Bpaw.aTeilbHYl:O KH
HeMaTHlJCCKYIO napy c noaropHJOLUHMHCH 3JieMeHTaMH A H A' 11 c qep

BH'IHblM KoJJecoM 2 3auenJJeHHe B. 4epBH'IHOe 3auenJJeHtte (cM. rn. 13) 
pacCMaTpHBalO'f KaK ay6lJaTo-pee'!Hoe 3auenJ1etttte H napy BHHT

raiiKa, T. e. KHHeMaTHl.JecKy!O napy c noBTOpmomHMHCH 3JleMeHTaMH 
B 11 B'. l.JepeHqHoe KOJJeco co CTOHKOH cocTaBJrneT epaw.aTeJJbHYIO 

KHHeMaTflIJecKyIO napy c nosrnpH!OW.HMHCH 3JJeMeHTaMH C H C'. B co

OTBeTCTB1n1 c nocJie.ll.OBaTe.llbHOCTblO pacnOJJO)KeHHH KHHeMaTHIJeCKHX 

nap B CHJIOBOM fiOTOKe (pHC. 26.11, 6) no cpopMyJie (26.9) .ll.JlH CMewaH· 
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llblX C0l'Jlllllt'lll1il 331lHCb!B3!0T 

Tj = (QAl]A + QA'llA') 'l']B'l']B' (Rcric + Oc·rid· (26.32) 

B :noi1 ¢opMyJJe llA, r1A·; 'Y]c 11 ric· - Kr1JJ. Bpaw.an!JJbHhIX KHHeMa· 

rnqecK11x nap, onpe.uenReTcH no ¢opMyJJe (26.14); 11B - KOJJ. 3y6-

'-laTo-pee'-!Horo 3auenJleHHH - no cpopMyJie (26.27) np11 z2 = oo~ 
lln' - KOJJ. BHHTOBOI1 napb1 - no cpopMyJie (26.16). CyMMa Ko:icj>

cp11u11eHTOB uepaBHOMepHOCTH nepeJJ,a'-111 MOW.HOCTH no llOBTOpHIOW.HM

CH 3JJeMeinaM 1rnHeMaTrit1ecKrix nap nonapHo paBHa eJJ.HHHUe, a 
HMeHHO: 

QA + QA, = 1 ; Re + Re, = l. 
B MexaHtt3Me c u11.ni1HJJ,pHYec1rnM '-lepBHKOM B 3al{enJJeHHH Ha.>.o

.LJ.HTCH nonepeMeHHO O.LJ.HH-.UBa 3y6a KoJieca. CTo:irnMy .uaJibHeC1wee 

yrn'-!Hem1e noTepb B CHJIOBOM noToKe noJiy'-lalOT npri paccMoTpemt:H 
06o11x cJJyqaeB 3auenJJeHIUI. B MexaHH3Me c rno6011.uHbIM qepBHKOM 

B 3auenJJemrn O}~HOBpeMeHHO H3XO,lJ.HTCH TpH-tJ:eT1>1pe 3y6a, '-!eMy co

OTBeTcTByeT cxeMa (pHC. 26.11, 8). 
OpttBe.LJ.e!ltth!e aHaJJ11T1111ecK11e 33BHCHMOCTH cny.maT B Ka11ecrse 

ueneBbIX lf>yHKUHfl DJUJ cpaemneJJbHOH xapaKTepHCTHKH pa3JJH'-!Hb!X 
Mexmm3MOB, o.n.ttaKo ott11 He Jl.3IOT TO'lHoro 3Ha'lemrn Knll., TaK KaK 

He Y'-IHTbJBaJOT n.eiicTBHTeJJhHhIX ycJJoBHtt TpettHH e K11HeMaTtt'-leCKHX 

napax. ToJJbKO 3Kcnepm.1eHTaJibllb1e 11ccJie.LJ.0BaH11H .11.a10T ua.uelKHbJe 

3Ha11eHHH KDll Mexa1rn3MOB 11 KHHeMaTH'-leCKHX nap. 

27. BJIH.HHHE TOqHOCTll 113rOTOBJIEHH.H 3BEHbEB 
HA PABOTY MEXAHH3MOB 

27.1. 0mHOKH B peaJILHLIX MeXaHH3MaX 

Dp11 perneHHII 3a)l,al! aHaJIH3a (cM. rn. 16 ... 19) H cHHTe3a Mexarrn3MOB 

(cM. rJJ. 7 ... 15) 6hIJJH npmrnTbI )l,onyu.r.emrn, 11.ueaJI11311py101l{He ycJJo

BHH HX H3rDTOBJleHHH H pa60TbI; 3BeHbH - a6COJIIOTHO /KeCTirne, 

KHHeMaT1111ec1rne napbI -- 6e3 33Cl0pOB, 3aKOHbl )l,IH!>f(eflHH BXO)].HbIX 

3BeHbeB - cosna11.a10ume c npI!HHTblMH B HCXO)l,HblX .uaHHblX H T . .LJ.. 

DpH 9THX JJ.onyr.ueHHHX noJJy'-leHbI 3aBHCHMOCTH, onpe.ueJIHIOW:He nepe

Mern.emrn, c1<0pocn1, ycKopemrn, CHJibI H T. n. )].JIH pa3JIH'lllb!X Tll

noa MeXaHH3MOB. Ho B peaJihHbIX MexattH3Max 3TH 3aKOH0Mepttocr11 

TO'-IHO He Bblfl0,1lUHOTCH, T3K K3K Bcer.11.a HMeIOT Mecro OTKJJOHeHHff 

.11.eikTBHTeJlbHblX rrnpaMeTpon 3BeHheB H KHlleMaTH'leCJ<HX nap OT 

npHHHTblX npH paclJeTe. 3To 06bHCHHeTCH Helf36eiKl!blMH norpewHOCTff· 

MH npH H3rOTOllJJCHHH 3BeHbeB H c6opKe MeXaHH3Ma, H3H3WHB3HHU 

3JieMeHTOB KHHeMaTlflfecKHX nap H T. n., '-!TO npHBOllHT K OTKJJOHelrnto 

nOJIO/Kemrn 3BeHbC8 OT npe.uycMOTpel!HblX Ha CXel'vle MeXaHH3Ma. 4eM 

OOJibwe 3HatJ:eH11r1 ornJ10Hett11i1 coH3MepHMbI c JIHHeiiHblMH pa3Mepa

MH 3BeHheB, TeM Cl1JlbHee l1X BJHHlHlie Ha pa6oTy MeXaHH3Ma. 3-ro 
npOHBJJHeTCH B onrnoHeHIUI 3aKOHOB .LJ.BH/KeHHH peaJibHoro MexaHH3Ma 

OT npe)l.yCMOT{>eHHblX npH npoeKrnpoMHHH. 

Y1rn3aHHbie OTKJJOHeHHH oco6eHHO cyw:ecrneHHbI B 6hICTpoxo.LJ.HblX 

MeXaHH3MaX, r.ue OllH - npII'-IHHa .uo6aBO'-IHblX CHJJ 1rnepl{HH, .lJ.HHa-
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MH11ecKHX Harpy3oK e KHHeMarn11ecrrnx napax, BH6pau.wi1 tt JJ.p. 11.Jrn 
po6oTOB, MalUHH-aBTOM3TOB, H3MepHTeJihHbIX H ynpaBJIHIOllJ.HX Mexa

HH3MOB TO'IHOCTh pa60Thl - OCHOBHaH KaLieCTBeHHa51 xapaKTepHCTHKa. 

OmKJJOHeHUfl 6 3aKOHax a6u:JICeflUfl .MexaHU3.Ma flBARIOmCfl eco OUlU6-
KaMu: 'JeM 60AbUle outu61w, me.M MeHee nwrJeH MeXGHU3M. lVrn ou.eHKH 

omu6oK peaAbHbtt1 AtexaHu3M cpaBHHBaJOT c meopemurJecKU.M, KOTOphIH 

He CO)lep)KHT HHKaKHX tteTOl!HOCTeH B pa3Mepax H ¢opMe 3BeliheB H 

B' c 
c' 

a 
PHc. 27.1. Ourn6Ka noJJoJKeHHll B mapmipno-pwia)l{HbIX Mexa11113Max 

2 

a 
PHc. 27.2. Omn6Ka IIOJJO)l{eHHll B Mexanu3Max c BhJCIDHMH napaMH 

TOIIHO BocnpoH3BOJJ.HT aaJ1.aHHhIC1 3aKoH .11.BH)!{eHirn. Pa3HOCTh B 110.110-

lKeHttH BbIX0.11.HhlX 3BeHbeB np11 0.11.HHaKOBhIX IIOJI01Ke111rnx BX0.11.HblX 

SBeHheB peaJibHOfO H TeopeTHl!ecKoro MexaHH3MOB H33bIBaJOT owu6-
KOU noAo:JJCeHUfl Mexanua.Ma. Ha pttc. 27 .1 .11.JIH npocTefmrnx pbI'Ia)K

HhIX MeXaHH3MOB IIOK333Hbl JIHHeHH351 (a) orntt6Ka IIOJIO.iKeHHH .1s3 

OOJI3ytta 3 H yrJioBaH (6) omu6Ka IlOJJO.>KeHHSl ll<p3 IWpOMblCJia 3, 
B03HttKrn11e tt3-3a norpenrnoCTeii A/1 u A/2 .11.JIHH KpttsornttnoB 1 H 

waTyHoB 2. Om116Ka noJiomemrn B03HHKaeT 11 nptt norpemHocTH 

A0 , Aaw oTHoc1neJihHOro pacnoJio.>Kemrn ueuTpoB Bpaw.aTeJihHhIX 
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nap H HarrpaBJUllOIIUIX, KaK HarrpHMep, B KyJiaqKOBOM (pHc.27 .2, a) 
HJIH 3y611aTOM (6) MeXaHH3Max. 

Pa3HHUa nepeMeUJ.eHHH BhlXO,!l.HbIX 3BeH1>eB peaJJbHoro H Teopern· 
t:JecKoro MeXaHH9MOB rrpe omrnaKOBblX nepeMel.l.{eHHHX HX BXO,!l.HblX 

SBeHbeB H a3b!Ba.IOT OUtU6KOii fl.f!peM.eW,CHUfl M.exaHU3Ma. nnH KpHBO· 
IIIHilHO-ITOJI 3YHH0f0 MeXaHH3Ma (pHc. 27.3, a) rrpH rrepeMelll.eHHH 
BXO,!l.Horo 3BeHa H3 noJIO:>K:eHHH 1 B ITOJIO}l{eHHe 2 OIJ1H6Ka nepeMe1u.e-

mrn l1s3n = S3 - s;, .11.JIH KpHBOlllHilHO·KOpOMblCJIOBOro (6) - L\t:pan =-

Pnc. 27.3. Ourn6Ka nepeMeUieHHll B ruapHHpHo·pb111a>KHblX MeXaHHJMa~ 

= 11<J>s - l\qi;. 0l.lIH6Ka nepeMememrn' 3aKJIIOqaIOtnaHCH B OTCT888· 
HHH nepeMemeHHH BblXO,!l.HOro 3BeHa rrpH: H3MeHeHHH HarrpasJieHH>I 
,!l.BlDKeHHH BXO,!l.Horo, Ha3hIBaeTCH «.MepmsbtM. xoiJoM.». OH rroHBJIHeTcfl 
B OCHOBHOM H3·38 3830pOB B KHHeMaTHqecKHX napax H H3MeHeHHfl ,!l.e· 

<J:>opMaUHH 3BeHbeB MexaHH3MOB. 
Ourn:6KH noJIO>KeHHH H nepeMern.eHHH npn )l.BmKemrn 3BeHbeB 1u

Me1rn10Trn, a npH HeH3MeHHb!X norpeillHOCTHX - L1s = !is (t), l1cp3 = 
= A<p3 (t), 

11sn = 11sn (t), /1cp3n = d<p3n (t). 

CTpo.umfl¢epeHUHpOB8B <J:>yHKUHIO Oll1H6KH IlOJiO:>K:eHHH ITO BpeMeHH, 
nonyqHM nocJJe.UoBaTe.'lbHO owu61m cKOpocmu u yc1wpenu51. MexaliU3.Ma. 
f1po.umpcpepeHUHpOBaB <fJYHKUHH OWH6KH nepeMelll.eHHH no o6o6uteH
Holl KOOp,!1.HHaTe, xapaKTep1ny10tneH no.nmKeHHH BXO.ll.HOro 3BeHa, 
nonyq11M omu6Ky nepe8amo'iHoco omHow.enuR !ii (cp3). 

27.2. IlpU'lllHLI ROHBJieHHJl OmHOOR MeXaRR3MOB 

OrnHoKH MexaHH3MOB AtO:JICHo ycJ100Ho pa,aiJeAUmb Ha mpu ipynflbl: 
1. Ourn6K11 cucmeJrtamuttecKue iJAR iJanttoro muna MexaHU3Ma. 3To 

OllIH6KH, KOTOpbie 0)1.HHaKOBbl no BeJmqHHe HJIH 33KOHY HX H3MeHeHml 

B cPYHKUIHI TOro H.nH HHOro napaMeTpa He TORbKO ./VU! paccMaTpHBa
eMoro MeX8HH3Ma, HO 11 ,!l..nH BCeX MeXaHll3MOB 3TOro THna. 

2. Oum:6KH cucmeMamu'ieCKue a/151. eauHU'tliOW MeXaliU3Ma, HO 
CJiyqaifHbie MH MHomecTBa MeXaHH3MOB .n,aHHOfO nma. 3HaqefHIH H 
38KOHhl H3MeHeHHH TaKlfX OIIIH60K ITOBTOpH!OTCH npH MHOrOKpaTHbIX 
.ueHCTBHHX .n.aHHOfO MexaHH3Ma, HO OHH pa3JrnqHbI ,!l.JlH Ka)K.ll.oro OT· 

JleJlbHOro MexaHH3Ma. 
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3. Ourn6KH cAywunble H ,nJrn THna H .l(JISI OT.l(eJibnoro MexanH3Ma. 

0fm He IlOBTOpSllOTCSI ue TOJibKO B pa3HbIX MexaHH3MaX, HO H npn rro

BTOpHbIX .l(eHCTBHSIX pacCMaTpHBaeMoro MeXaHH3Ma. 

Ourn6KH rrepsoii rpynnbl noHBJIHIOTCH, Kor.na B MexaHH3Me BMec

To CXeMbl, TOlJHO BOCilpOH3BOJJ.HIII.eH 38J].8HHbIM 38KOH .nsmKeHHSI, npH

MeHHIOT rrpOCTYIO KHHeMaTHlJecKylO CXe'1y, BOCITpOH3BO.l(Hlll:YIO 3TOT 

38KOH npH6.11m1<euuo. TaKaH ynpomeuHaH KOHCTPYKUHH HBJIHeTCH 
3KOHOMHlJecKH 6oJiee BhirOJ].HOH, a Tpe6yeMaH TO'IHOCTh pa60TbI Mexa
HH3Ma .l(OCTHraeTCH ero 

noCJieJJ.yiomeif peryJI11pos-
Kou. Ourn6Ka MexauH3Ma 8 
B 3TOM cJiytJae H83hIBaeTCH 

omu6100i1 cxeMbl dscx H on

pe,neJIHeTCH KaK pa3HOCTb 

nepeMemeuHif BblXOJJ.HbIX 

3BeHheB .neliCTBHTeJibHOfO 

MexaHH3M8 c yttpOIII.eHHOH 

CXeMOH Sy H TeopeTHlJecKO

ro MexaHH3Ma sT. HanpH· 

Mep, JlJifl npeo6pa3osamrn 

spamaTeJihHOro .nsu:>1<emrn 

s noCTynaTeJihnoe npHMe

HHeTCH 3y6qaTb!H peelfHhlH 

MexaHH3M (pHC. 27.4, a) 

2 
A 

I 

PHc. 27.4. K eonpocy 06 onm6Ke cxeMN MexaHll3l\fa 

UJIH 6oJiee npocroii pbitJa>KHhlH MexanH3M (6). B nepsoM MexaHH3Me 

nocTynaTeJihHoe nepeMern.euHe Bhixo.nuoro sseua 2 6yJJ.er s. = rw(p1, 

so BTopoM - no ynpour.euuoii cxeMe Sy = r sin cp1• Ourn6Ka cxeMhI 

MeXaHH3Ma COCTaBHT npH r = rw : dScx = Sy - S.· 
Ilpu M8JIOM yrne cpl IlOBOpOTa BXO.l(Horo 3BeHa 1 ourn6Ka dScx ~ 0, 

HO npH yseJIH'IeHHH q>l OHa CT3HOBHTCH cyrn.ecTBeirnoii. 

~ Ornn6KH BTOpOH rpynnhI B03HHK8IOT H3·3a HeJ:l36elKHblX OTKJIOHe

HHH pa3Mepos H <P<>PM 3BeHheB M HX J],eTaJieH npH H3fOTOBJieHHH H 

c6opKe MeXaHH3MOB. 0HH onpe,neJIHIOTCH TeXHOJIOrHeH npoH3BOJJ.CTBa. 

Hx HCTOlJHHKaMH HBJISllOTCH HeTO'IHOCTH CT8HKOB M HHCTpyMeHTa, 

.n.e<jiopMaUHH .neTaJieM npH HX o6pa6oTKe Ha CT8HKe H MOHTaJKe, ne-

0,l{HOpO,llHOCTb MaTepHaJJa .neTaJJeH M T. n. 0HH npoHBJJHIOTCH B nepe

Kocax 11 uenapaJIJieJibnocrnx oceii 1orneMaTHlJeCKHX nap, H3Mettemm 

B38HMHoro pacnoJIOLKeHH51 HX 3JieMeHTOB. 

Ourn6KH TpeTheii rpynrrhr B03HHKaIOT rrpH 3KcrrJiyaraUHH Mexa
HH3MOB. 0HH o6ycJIOBJieHbl MecTHhlMH MCKa:>l<eHHSIMH npocpHJISI KOH

TaKTHPYIOUI.HX noBepXHOCTeH, H3MeHeHHeM ynpyrnx .ne$>pMBUHH, KO· 

JJe6aTeJJhHblMH npou.eccaMH H T. n., Bhl3BaHHhIMH .neHCTBYIOW.HMH CH

JlaMH (cM. rn. 23, 24). K ::>roii rpynne OTHOCHTcH H TeMnepaTypHbie 

OllIH6KH, B03HHK8IOIII.He npH H3MeHeHHH JIHHeHHbIX pa3MepoB 3BeHbeB 

H MeXaHUlJecKHX CBOHCTB HX MaTepHaJIOB, a T3KLKe BH3KOCTH CMa3bl

BaJOUI.HX MaTepuaJIOB npu H3MeHeHHH TeMnepaTypbl B MeXaHH3Me. 

BecbMa cyrn.ecrneHHhI omn6KH, CBH3aHHhie c H3HaWHBaHHeM 3JieMeH

TOB KHHeMaTHl!eCKHX nap. 



27 .3. ~Hl)fllepeH~HaJILHLIH MeT0,11; onpe,m;eJieHHH ome6os: 
MexaRB3MOB 

Hau6onee o6rn.uii MeTO.ll onpeJteJJeHHH oum6oK MexaHH3Ma - 3TO 
iJu<jx/JepeHU,UU/lbHblU Memo(), B KOTopoM oum6Ka nonmKemrn Mexa
HH3Ma onpeJteJJHeTCH KaK IlOJIHblH .ump¢epeHUHaJJ cpyHKUHH IlOJIOll<e· 
HHH, a npuparn.eHHSI nepeMeHHblX 3TOH cf>YHKUHH paccMaTpuaaIOTCff 
KaK norpeWHOCTH. <l>yHKUHSI IlOJIO>Kemrn npH 3TOM MO»<eT 3a)J.aB8TbC.ff 
K8K B HBHOM, TaK H B HestBHOM BH)le (CHCTeMOH ypasHeHHH, TpltrOHO· 

t:.ip (Ill) MeTpm1eCKHM!l COOTHOUleHUH· 
3 :J MH u T. n.). HeRBHbtu cnoco6 

3aOa/-lUR rjJyHKU,llU npH OUeH• 
Ke ournfio1< 6onee y.u.o6eH B 
c.1y 1rnHX, Kor.u.a ct>YHKUHH no
JJQ)KeHHH npe.D.CTaSJIHeT rpo
M03.llKOe Bb!pa;H:eHHe, ttanpH· 
Mep B MexaHH3MaX c HH3UIH
MH KHHeManfqecKHMH na
paMH. 

f0 PaccMOTpHM npHMeHem-1e 
.n.u¢rpepeHUHaJihHOro MeTOJl.8 
Jl.JIH pnpe.u.enemrn owu6KH no-

PHc. 27 .5. Onpe.AeJJeHHe ourn6KH noJIOJKeHHH JIO}f{eHHH Llqi3 KopoMbfCJJa 3 
.llH<lxJ>epeHUK8JlbHblM MeTO,llOM 

MexaHH3Ma rnapttupttoro qe-
Tbipex3BeHHHKa (pHc. 27.5), 3BeHbH 1, 2 H 3 KOToporo HMeIOT norpew
HOCTH nutte.iiHbIX paaMepoB cooTBeTCTBeHHO Lll., l!i..12 u 1113• Cnpoe
l{HpyeM BeKTOpHbIH KOHTyp, OOp830B8HHblH OCHMH 3BeHbeB Ha KOOp
JJ.HH8THble OCH (CM. rJI. 7): 

11 cos cp1 + 12 cos IPs = 10 + l3 cos 1P3; } 
11 sin <p1+12 sin q>2 = /3 sin <p3. 

(27.1) 

DpoJJ.uqxpepem.1.1-tpyeM Bhlpa>Kemrn (27. l) no aepeMeHHhIM l1, l2 , 

l3, 'P2· <p3, 3aMeH5rn 3HaK .n.mtx:pepeHU.HaJia Ha 3H8K OWH6KH: 

cos cp1 M1 + cos cp2!1/2 -12 sin cp2!'.\cp2 = cos fp31l3 - /3 sin cp31.<JJs: (27. '2) 

sin cp1M1 +sin <p2 !'.l/2 + /2 cos <p211q:i2 =sin CJJ3!'il3 + /3 cos (fa1.q>3. (27.3} 
Dpe.n.cTaBJIHH d<p2 B Bbipa:>Kemrn (27 .3) qepe3 JJ.pyrne rrepeMeHiu . .ie 

H no.u.cTaBJJHH ero 3HalleHirn B ycnoansi (27 .2), nocc1e npeo6pa3osaH11i1 
IIOJJYllHM .ll.JIH OWH6KH IIOJJO}f{eHHH /1cp3 3BeHa 3: 

Ll% = (l/13 sin {fp2 - era)) (cos (cp2 -I- cp3) /il3 - cos (cp1 +- <p2) M 1 -- t-.f~). 

(27.4) 
B Bhipamemm (27.4) sttaqeHHH cp 2 11 cp3 onpeJJ.eJIHIOTCH u::i s<w11cH

MOCTeii ,U.JISI cpyHKUlfH IIOJIO>Kemrn 3BeHbeB 2 M 3 (CM. rJI. 7). MHo:·KH!e
JlH nepeJl. norpewttocrnMu Lll1, Al2, Lll3 nasbIBaIOTCH K.03qJ(puu,ue1111wJW.u 
BAUR.HUR. Ha puc. 27.5 rpacpH4eCKH npo11.11.11IOcTpHpoBaHo nJJHmme 
Ka:>KJJ.OH H3 norpewttocTeii na Aqi3 . 

.lI.11¢<PepeHUH8JlbHblll MeTOJI. 1103BOJistCT H8HTM OllIHOKy MeXaiHJ3Ma 
He3aBMCHMO OT npuqHHLI ee IIOHBJJemrn. c IIOMOU~b!O :noro MeTo;i.a 
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JierKO onpe,!I.eJIHTb ourn6KH 110.nom.eHHH npOCThIX MexaHH3MOB, BXO
Jl.HlUl:IX B c.11mKHhie KHHeManPtecKtte cxeMht. HeJI.ocTaTKOM ero stBJHl

eTcH TO, 4TO a HeM He y11HTbIBaIOTCH norpemHOCTH napaMerpoB, ue 

BXO,!l.5lllJJIX B Bbipa)!{eJme ,!l..1151 cpyHI<UHH no.nmKeHHH, HanpuMep OUIH6-
KH B3aHMHOfO paCllOJIO)!{eHHH 3JieMeHTOB KHHeMaTH4ecKHX nap, on

pe.11.eJIHIOJJJ.HX 3a3ophl B HHX • 
.Um1 onpe,!I.eJiemrn BJIHHHHH norpemHOCTeii 3BeHbeB Ha OUIH6Ky 

MeXaHH3MOB, HMeiOIIJ.HX CJIO)!{Hble cpyHKUHH IlOJJO)!{eHHSI 3BeHbeB, 

y.no6HO npHMeHHTb Memo() npeo6pa306aHHOW .!texaHU3Ma, BblTeKaIO

llJ,HH H3 ,!l.HqxpepeHu.HaJibHOfO. B HeM HCIIOJJb3YeTCSI CBOHCTBO ueaaBH-

a 
Pnc. 27 .6. Onpe)l.e.1e1111e ourn6Kn noJio.lKeHH.R MeTOJJ.OM npeo6pa30Bauuoro Me
xaHH3Ma 

CHMOCTH 43CTHblX npoH3BO)l.HhIX cpyHKUHH OT Jl.Hcpcpepem:wa.na nepe

MeHHOH, no KOTopoii BhlllHCJIHeTcH npott3BO,!l.HaH. TaK·, HanpnMep 

B BbipameHHH (27.4) K03cpqmutteHThl BJIHHHHH nepe.n norpelllHOCTSIMH 
OT HHX He 33BHCSIT. 3-ro .11.aeT B03MO}l{HOCTb, npe.ZJ.CTaBJISISI norpemHOCTb 

KaK B03MOJKHOe nepeMeIIJ.eHHe T04eK 3BeHa, Ha KOTOPOM OHa B03HHK

na, onpe,!l.e.nHTb norpeUIHOCTH IlOJIOJKeHHH .npyrux 3BeHheB KaK HX 

COOTBe'rCTBYIOIIJ.He nepeMeJJJ.eHHSI. 

PaccMoTpHM onpe,!l.eJieHHe 3THM Me'rOJl.OM omH6KH noJioJKeHHSI Acp8 

saeHa 3 mapuupHoro 11eThlpex3aeHHHKa (pttc. 27.6, a) OT norpeurno

CTH Lll1 )l.JIHHbl KpHBOlllttila 1. nycTb TOQKa B 3BeHa 1 IlOJIYllHT nepeMe
UJ,eHHe Al1 B Hanpaa.neHHH yaeJittlleHHSI )l.JIHHhl Kp1rnoumna. Tor.na 

nepeMem.eHtte TOllKH C no .11.yre pa.11.uyca DC cocTaBHT /3 Arp8 • Ero 
MO}l{HO onpe.11.eJIHTh KaK cyMMY .11.syx nepeMeJJJ.eHuii: Al1 tt Ac8 - ne

peMem.eHHe TOllKH C oTHOCHTeJihHO TOllKH B no .11.yre oKpyB<HOCTH 

CB pa,ll.Hyca (l3 A<p3) = A/1 + AaB· lh BeKropttoro MHoroyroJibHHKa 

(6) HOJIY411M 

Al/(/3Aq>3) = sin(<p2 -<p3)/sin(<p1 -<P2 + n/2) = sin(<f2-

- cp3)/(- cos (cpl+ cp2)), 

OTKy.11.a no.1yq1.gA :iaBHCHMOCTb, COOTBeTCTBYIOll(Y!O Bblpa>:<emno (27.4): 

i11J 3 = - (cos (!Pi+ lf'2)/(/3 sin (<f'2 - %})) !1/1. 
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27 .4. MeTo.n; MaJILIX nepeMe~emrii 

Jlm1 MHOro3BeHHblX MexaHH3MOil OlllHOKY noJIO)l{eHHH onpe}le.n f!IOT 
nocrpoeHHeM BeKTOpHoro MHOroyrOJibHHKa MaJiblX nepeMelUeHHH. npH 
ero nOCTpoeHHH OTHOCHTeJibHOe nepeMeIUeHHe npe.llCTaBJIHeTCH COCTO
HlUHM H3 HopMaJibttoro, ytIHTbrna1omero H3MeHeHHe pa3Mepa no ocH 
3Betta, H TaHremurnJibHoro nepeMeruemrn, HBJIHIOJ.UerocH cJie.llCTBHeM era 

a 

c' 

Pttc. 27. 7. OnpeneJieHtte ourn6KH noJio:>Ke
HHH MeTOllOM M8Jlb!X nepeMerueHHii 

Pttc. 27 .8. OnpeneJJeHHe ourn6KH noJiolKe
HHH KyJia'lKOBOro MexaHH3Ma 

yrnosoro nepeMelUeHHH. OocTpOeHlle 
MHoroyroJibHHKa nepeMelUeHHii no Me
TO.llHKe aHaJIOrHL!HO nocrpoeHHIO MHO
royroJibHHKa ycKopeHHH. TaK, .llJIH 
MeXaHH3Ma wapHHpHoro lleTbipeX3BeH
HHKa (p11c. 27 .7' a) MHoroyroJibHHK 
nepeMelUeHHtl (pHC. 27.7, 6) CTpOHTCH 
peaJIH3aUHeH BeKTOpHblX yprurneHHH 

- - - -, - -1 
!1c = !ln + llcn + '1.Cn H !le= !1co + !lco, (27.5) 

r)l,e !1B = !111 - nepeMelUeHHe ueHTpa ruapn:npa B npH H3Menemm 

AJIHHbr 3setta /; !1cB = !112; llcv = Al3 - ttopMaJibHb1e cocrasJIHIO
~He nepeMemenHii uettTpa ruapttHpa C ornornTe.nbHO uettTpos B 
H D; Abn H A~o - TaHreHuHaJibHbie cocTaBJIHIOlUHe nepeMeruemriI, 
nanpaBJieHHbie no JIHHHH BeKTOpOB OTHOCHTeJibHblX CKOpOCTeH; !le - ne
peMelUeHHe ue1npa wapHHpa COT .neikTBHH norperuttocTeii !111, 1112, Al8• 

11MeH MHoroyroJibHHK MaJib!X nepeMelUeHHH, npoBO.llHT JIIOObie pac
"leTbI, CBH38HHhle c TOL!HOCThlO, HanpHMep, onpe.neJIHIOT OlUHOKH no-

JIO)l{eHHH 3BeHheB 2 H 3 COOTBeTCTBeHHO no nepeMelUeHHHM Kf:B H 'iSbo. 
YpasHeHHSI (27.5) pewa!OT c noMOlUhJO oneparnptthIX cpyHKUHH, npe.n-

- - -1 -n -1 
crasJisisi seKrnpttoe ypastteHHe AB + AcB + Acn = Acv + Acv cH-
CTeMoii JIHHeHHhIX ypaBHeHHH, H 38)1,aBaHCb HanpaBJieHHHMH BeKTopos 
norpelUHOCTeH Ha JIHHHHX HX .nefiCTBHH TaK, KaK 3TO BhinOJIHHJIOCb 
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npH pac11erax KHHeMaTHKH cTpyKTYPHhIX rpynn {cM. rn. 16): 

:: :: :: : ::: = :: :: ::: : ::: ::: :: :: _ ::~:~:: ~.; ,1 

- A/2 sin cp2; 

I cos ( cp2 + n/2) - cos ( cp8 + n/2) I 
A <2• 2) = sin (cp2 + n/2) - sin (q:i8 + n/2) ; 

C (2) = (Ll/8 cos cp3 - A/1 cos <p1 - M2 cos <p2); M3 sin cp8 - Li/1 sin cp1 -

- A/2 sin qi2); 

SISTEMA (2, A (2, 2), C (2); tibB, ~n). 
HanpaBJieHHH TaHreHUHaJihHhIX cocraBJIHIOIUHX norpernHocTeli on· 

pe)l.eJIHIOT, ttcnoJib3YH onepampHyIO <f>YHKUHIO UGL3; 

UGL3 (<p2 • n/2, /).f;B; 6cBt); 

UGL3 ( q>3 , n/2, AbB; 6cm}, 
-1 -1 

r)l.e 6cat H 6cn1 - HarrpaBJIHIOIUHe yrnhr BeKTopos AcB H lien. 
Tor.D.a, npHHHMaH Ma = I MB I. Abn = I Mn j, BeKrnp rrorpelll· 

HOCTH nepeMeIUeHHH ueHrpa wapHHpa c nOJIYIIHM, npHMeHHH orrepa· 
TOPHYIO <f>YHKU:HfO 

SMVKT (Al8 , qi3 , A~n. 6cDt; Ac, 6c). 
Own6KH noJio>KeHHH 3BeHheB 2 H 3 6y)l.yT BhIIIHCJIHThCH no 3aBH· 

CHMOCTHM: 

Aqi2 = Aba/12 , Aqi3 = Abn/!3 • 

nptt H3JJH1IHH B uerJH Bh!CUJeH KHHeMaTH1IeCKOH napbl HaXQ)KJJ.e· 
HHe OUJH6Ktt noJIOJKeHJrn Tpe6yeT pacCMOTpemrn ¢>YHKU:HH IIOJJOJKe· 
mm KaK BeKTOpHoro ypaBHeHJ!H' OflHCb!B310lll.ero ycJIOBHH cymecTBO· 
B3HHH Bh!Cllleii KHHeMaTHIIeCKOH naph!. .ll.JIH nJJOCKHX MeXaHH3MOB 
33.ll.31Ia CBO.ll.HTCH K ITOCTpOeHHIO MHoroyroJibHHKa nepeMelll.eHJ1H. npH 
3TOM CJJe.uyeT HMeTb B BHJJ.y, IITO BeKTOp rrepeMemeHHH TOIIKH KOHT3K· 
Ta npe)l.CTaBJIHeTC5i KaK cyMMa BeKTOpOB HOpMaJihHOro H TaHreHU:H· 
aJThHOro K noaepXHOCTH 3JTeMeHTa nepeMemeHHH. 

Orrm6Ky noJIO:H<eHHH As2 KyJiaIIKosoro MeXaHH3Ma (pttc. 27.8) 
H3-3a cMemeHHH L\1 = L\0 ueHTpa 0 KyJiaqKosoro MexaHH3Ma H norpeurno· 
cm A3 H3MeHeHHH pa.l\uyca poJIHKa TOJIKaTeJIH onpe.D.eJIHIOT H3 ypaa· 

tteHHH Ks 2 = K1 + K3 + A2 • BeKrop rattreHUHaJJhHoro nepeMeme· 
HHH l'\2 HanpaaJieH no KacaTeJihHOH K npocpHJIJO KyJiaqKa, a BeKrop 

3s2 - no JIHHHH cKopocrn TOJIKaTeJIH 2. Tor.n:a H3 paccMoTpeHHH MHoro· 
yroJibHHKa nepeMemeHHH, rrpoeu:ttpyH BeKTophr Ha HarrpaaJiem1e Hop· 
M3JHI n - n, flOJIYliHM 

As2 = l'\3/cosa + A1 tga, (27.6) 

r.n:e a - yroJI )l.aBJiemrn. 
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.Yfa Bb!paiKeHHH (27.6) CJJe,LJ.yeT, lJTO OWH6Ka noJJOiKeHlrn I<yJJalJKO

Boro MeXaHH3Ma 3aBHCl:IT OT yrJJa ,LJ.aBJJeHHH. c yMeHbWeH11eM yrJJa. 

.ll.3BJieHl1H yMeHbwaeTCH H ourn6Ka noJIO>K:eHHH MeXaHl13Ma. 

27.5. YqeT BJIH.llHH.11 aaaopoB B KHHeMaTuqec1mx napax 

Ha OIIIH6Ky MeXaHH3MOB 

.Um1 o6ecneqemrn no.u,Bl1MHocrn pa3Meph1 3JJeMeHTOB KHHeMaTH'lec1rnx 

nap OXB3Tb!B310lll.l:IX noBepXHOCTeH 3BeHbell Bb!CTOJIHHIOT HeCKOJlbKO 

6oJibll1HMH, 'leM oxsaTbIBaeMhIX. Ha-aa 3Toro nom3JIHeTCH B03MO)!{HOCTb 

OTHOCHTeJJbHOro nepeMem.emrn 3BeHbeB l!O Jll1HHl:I .ll.el!CTBl1H pea l(UIHI 

Ha BeJIII'll1HY 06pa3y1omeroc51 3a3opa: Bo Bpaw.aTeJibHOH nape 
(p11c. 27.9, a) 3TO pa3HOCTb ,LJ.l:laMeTpOB OXB3TbIBaeMoro d1 11 OXB3Tbl

BaJOmero d2 3JieMeHTOB L1 = d2 - d1. AHaJion1'lHo HaXOJlHT 383op 

t> ~ PHc. 27.9. BJ1HHH11e 3a3opoa ua owtt6Ky 
~ MexattH3Ma 

'•, d, t 'l 
/ 2 21 

'fjz a o 

Pttc. 27.10. Onpe.neJJeHHe owu61rn noJio
:iKeHHH IJOJJ3yHa H3·3a 3830pa BO Bpama· 
reJ!bHOH Kl!HeMaTH'!eCKOH nape 

. ,, 
P11c'. 27. I I. Hcno.~b30BaHHe MHoroyroJJb
HHKa nepeMelLLCllHH }'.)HI yiiera 3330pOB 
npH onpe.n.eJ1eHHH OWH6K11 !IOJJO)l{eHH.!l 
MeXaHH3Ma 

B nocTynaTe.'lbHOH nape (6). l13-33 JJ.eikTBH5l CHJI TpeHl:IH llOBepXHOCTl:I 

3JieMeHTOB KHHeMaTH'lecK!fX nap H3H3Wl!Ba!OTCH H co BpeMeHeM 3330p 

L1 yBeJIJ!lJHBaeTCH, B pe3yJJbTaTe qero pacTeT OWH6Ka MeXaHl:l3Ma. 
3ttaH HanpaBJieHWI peaKUl:IH B Km1rnoii )(HHeMaTH'leCKOH nape, MO:>K

HO, 1:1cnoJJb3YH MeTo,LJ. npeo6pa3osam1oro Mexa111:13Ma, onpe.n.eJIHTh 

BJlHHHHe 3a3opa B Ka:>K,ll.Olf Kl1HeMaTll'IeCKOH nape Ha Oll1116Ky IlOJIO· 

JKemrn. Hanp11Mep, norpemHOCTh L\Sc noJioMeHttH noJJ3yHa 3 H3-3a 

3a3opa B K~rneMarnqecKof1 nape 8 (puc. 27.10, a) onpe.neJIHTCH 113 

BeKTOpHoro TpeyroJJbH11Ka nepeMemem:Ji1 (p11c. 27 .10, 6), o6pa30BaH-

11oro Be1nopoM rrepeMem.eHHH Ka ueHTpa 8 2 3JIGMeHTa K1rneMaT1:1tJe

c1mii napbr 3BeHa 2 B HanpaBJieHHH ,ll.eHCTBHH CIJJJhI F~1 , BeKTopa -.1c8 

nepeMemeHHH ueHTpa napbI c OTHOCIITeJJhHO TOlJKH 82 H 33Mb!K3!0-

mero l!CKOMOro BeKTOpa Llsc. 
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B 6oJJee CJJOJKHLIX MeXaHH3Max own6Ka noJJo>Kemrn H:3-3a 3a3opoe 

a KHHe"'ia rn4ecK11x napax onpelleJrneTcH TaKm:e noCTpoe1meM M 11oro

yroJJb1111Ka nepeMeW.eHHtt' HO 3a3opbl no Jlf!HHHM )leikTBHH peaKU.HH 

pac1rna;].b1Ba10TCH Ha COCTaBJJHIOWJle no OCHM 3BeHbeB, 06pa3y10rll,HX 

Kl1HeMaTH4eCl<He napb! (pttc. 27.11). 3TH COCTaBJJHIOW.He KaJ< 6bi 

y.uJJ1rnmoT HJJII y1wpa4HBaIOT pa3Mepb1 3BeHheB no octt. Ec.JJH np11 onpe

.ue,1e111111 OWHOKH nOJIO)Kemrn Heo6XOllHMO yqecTb fl norpewHOCTH oce

BblX pa3MepoB, TO OHH aJJre6panlleCKH cyMMnpy!OTCH c norpeWHOCTH
MH OT 3a3opoB. 

flpH H3MeHeHHH nanpaBJJeHHH Bpaw.eHHH BXO.ll.HOfO 3BeHa IIOHB· 

,;rneTcn ow116Ka MepTBoro xo.ua AM.'<· Oua onpe.uem1eTCH cyMMttposa
m1e\i ourn601< llOJ!O/KeHllH OT 3a30pOB B KHHeMaTtt4eCKHX napax c 

yqeToM l13MeHeH1H1 11anpasJJe1111i"1 peaKu.Hli np11 tt3Meuemm Hanpas.ne· 

HHH spaw.ettttH. Ow116Ka MepTBoro xo.ua B03HHKaeT H 113-3a norpew· 

HocTeii 3BeHheB. TaK, HanpHMep, B 3BOJibBeHTHOM 3au.enJiemrn UH· 

Jim1.uptt4eCKHX 1<0.11ec (prrc. 27.2, 6) H3·3a norpewHocrn Aaw MeJKoce

Boro paccTOHHHH B03HHKaeT HOpMaJibHbil"i 3a3op An Me)K.UY 3y6hHMH 

·KoJiec rr, cJie.ll.OBa-TeJibHO, MepTBbIH xo11. i'lM.x· Itrrn KoMneH(aU.Irn ero 

.KoJieco 2 noBopallHBaeTCH Ha yro.11 Acp 2 = Aaw tg aw. TaK KaK A1 = 
= L\aw tg aw, TO Liqi2 = (Aawlrw,) tg aw. Tor.ua nptt H3MeHeHrrH Ha

npasJJeHHH Bpaw.eHHH KOJieca 1 fJOJIY4HM 

L\M.x = (2Aawlrw,) tgaw. 

:27.6. KoMneHcau;m1 oum6oK H pery.impoeKa MexaHH3MOB 

TexHoJiornqecK11e B03MOJKHocrn 06opy.uosaH11H, Ha KoTOpoM H3fOTaB

JIHBaIOTCH .D.CTaJJH H 3BeHbfl, He II03BOJIHIOT noJJyqaTb MeXaHH3Mbl,TOtI· 

HO socnpo113BO.D.HW.He Tpe6yeMbie 3aKOHhI 11.BH>KeHHH. B pa3JIHtIHhIX 

MexaHH3Max yKa3aHHbie owH6K11 npoHB.llHIOTCH no-pa3HOMY. B 33BH· 

·CHMOCTH OT Ha3Hal!eHHH MexaHH3Ma H ero KOHCTPYKU.HH npeeaJIHPYIO· 
ll.l,ee 311a4eHrre HMeeT O,UHa H3 K3KHX-JIH6o OWH60K. B 3TOM cJJyqae 

aHaJIH3HPYIOTCH npnqHHbI, ee Bbl3bIB310lll,He, H npttHHM3IOTCH MepbI 

no ycTpaHeIIHIO ee BJIHHHHH c YlleTOM .neiicTBHH ::>TOH ow116KH. }fHor.ua 
B MeXaHH3MaX npe.uycMaTpHBa!OT cneu.Ha.llbHhie peryJJHpOBOlfHble 

ycTpoikrna, npeiJ1wsH.a'leH.Hbte OAR KOMneflcattuu npu c6opKe Mexa11us· 
Moe ouu160K us20moe.11£HUfl seeftbee. KoMneHcaTOp npe.n.cTaBJIHeT co6oif 

ycTpOHCTBO, H3MeHHIOW.ee OTKJIOHem1e O)].HOro H3 napaMeTpOB MexaHH3Ma 

-OT HOMHHaJibHOro 3H34CHH5l, .UJIH ycTpaHeHHH oum6KH IIOJIOMeHHH 

HJIH nepeMew.emrn. KoMneHCHpyeMblMH npH perynHposaHHH napaMeT
paMH o6bt'lli0 flB/lfl/OmCfl /lUHeU/ibte u yc;WBbte pa3Mepbt 38eHbe8 U/lU Kf)· 

opiJuftanzbt esau.MHoco pacnoAo:JICeHufl &AeMemnoe cmot'i.Ku. 
Pa3JJHl!alOT TPH ocnoenblx Tuna peryJJHpoeanusi MexaHH3MOB. Otuu6-

Ka cxe.Mbt If .upyrne, ornocHw.necH K nepeoMy muny otuu6oK, KOMneHcrr· 

py!OTCH BBe.n.eHHeM Ha BhlXO.ll.HOM 3BeHe nocTOHHHoii nonpaBKH An 
(p11c. 27.12, a), KOTopaH fI03BOJIHeT cyw.ecTBeHHO yMeHhWHTb Oll1H6Ky 

nOJJO/KeHHfl (nepeMew.eHHH) MeX3HH3Ma, CBO,llfl ee .n.o ypoBHH OTKJ10· 

HeHHH OTHOCHTeJibHO An (331UTpHXOBaHH3fl t.I3CTb rpacpHKa). 01.llH6KH 

smopow muna qacTo 3aettcHT OT H3MeHeHHH o6o6w.eHHOH Koop.urrHaTbl 
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uxo.uuoro 3Betta. Omi B 3HatIHTeJJbHOH cTeneHH CKOMnettcttposaHbl 

BBe,UeHHeM nonpaBKH 6JI, JIHHeHHO 33BlfCHW:eH OT lf3MeHeHJrn o6o6meH

HOH KOOp,UHH3Thl (pllC. 27 12, 6). nptt OTCYTCTBfrn 3aKOHOMepHOCTeli 

B H3MeHeHHH OlllH6KH .ll.JIH ee KOMnettcaum1 Tpe6yeTCH 6oJJee CJJO)J{HaH 
peryJJllpOBOtIH351 cpyHKUH}'J (pHC. 27.12, e). 

nocTOHHHaH nonpaBKa fl0 BBO.ll.lfTCH npllMeHeH!feM ripOCTbIX pe-

rymf poBOtIHhIX ycTpOHCTB .!I.JUI KOMileHCaUlfH B03MOJKHbIX HeTOtIHOCTeH 

0 t 
PHc. 27 .12. TpH rHna peryJIHpO· 
BO'!HblX cpyHKUHA 

PHc. 27 .13. PeryJIHpOBO'!Hbllt 
ycrpOHCTBa 

)l,JIHH 3BeHbeB (pHC. 27 .13, a). JlHHei1Ha51 nonpaBKa t}JI BBO.ll.HTCSJ 

H3MeHeHlfeM COOTHOWeHHH mmeiiHblX pa3MepoB yqacTKOB 3BeHbeB 

{pttc. 27 .13, 6). npH CJIO)J(.HOM XapaKTepe peryJJllpOBOtIHOH cpyHKU.HH 

KOHCTPYKU.lfH KoMnettcaTopos ycJJOMHHIOTCH. 4acrn Tpe6yeMaH TOll· 

HOCTb .UOCTlfraeTCH O.UHOBpeMeHHOH peryJJHpOBKOH HecKOJlbKHX KOM· 

nettc11py10ur.lfx ycTpoiicTB (pllc. 27 .13, a). Heo6xoJJ.HMoe KOJIIIllecTBO 

KOMileHcarnpoB H HX napaMeTpOB onpe.lleJIHIOTCH oueHKOH K09<pqm· 

U.HeHTOB BJIHHHHH HJIH pacqeTOM MHoroyroJJbHHKOB nepeMew:eHlfH. 

28. PErY JIHPOBAHHE KOJIEBAHHII CKOPOCTH 
SBEHbEB MEXAHH3MOB 

28.1. Cnocoobt peryJiupoaaRHa .11:a11me11Ha M.exaHHaMa 

B nepHO.ll ycraHOBHBrnerocH JI.BlfJKeHHH Maurnttttoro arperarn CKopoc

TH 3BeHheB He fIOCTOHHHbl (CM. rJJ. 22). 0HH UHKJIH4ecKH H3MeHHIOTCH 

OTHOCHTeJlhHO 3Ha4eHHH cpeJJ.HHX CKopocTeii. 3aKOH H3Mettemrn 9THX 
KOJie6aHHH 3aBHCHT OT THna MexaHH3Ma, Mace H MUMeHTOB HttepUHH ero 

3BeHbeB, CHCTeM CHJI, Ha HHX neHCTBYIOIUHX, cnoco6a npHBe,lleHHH Me· 
xaHtt3Ma s .UBHMem1e. HepaattoMepttocTb .ilBH.>KeHHH BhJ3hIBaeT KOJie· 

6aHHH B MexaHH3MaX, KOTOpb!e HBJIHIOTCH OllHOH H3 np111rnH HeTOllHOCTei\ 



ll3fOTOBJJHeMblX Ha CTaHKax .neTaJieii. BH6paUllH B TpaucnopTttpy10u.u1 )\; 
Mannrnax, oum6oK B noKaaantt.six np116opos ll T. n . 

.[lJISI 6oJiblllllHCTBa MalllllH ll nptt6opoB KOJie6aHHH CKopocreif 3BeHb
eB .nonycTHMbI TOJibKO B npe.neJiax, onpe.neJIHeMblX K03cpqmutteHTOM 
HepaBHOMepHOCTH .ll.BH)l{eHHH 6 (CM. fJI. 22). llJIH orpaHHQeHHH 3TllX 
KOJie6aHllH B rpaHHUaX peKOMeHJJ.yeMblX 3HaQeHllH I) peryJittpy!OT OfKJIO
HeHHH CKOpOCTll 3BeHa npHse.neHHH OT ee cpe.nttero 3Ha'leHHH. llJIH Ma
lllllHHblX arperaToB, o6Jia.naiomux csoiicTBOM caMoperyJrnposamrn, pe
ryJittpoaantte 33KJIIOliaeTCH B ITO.l{60pe Mace H MOMeHTOB HHepu1rn 3BeHb
eB, COOTBeTCTBYIO:uux CHCTeMaM JIBll)KYUJ.HX CHJI ll CllJI conpOTHBJieHHSI 
B arperare n..nsi o6ecneqenHSI 3HepreTH'lecKoro 6a.nanca. TaK KaK MeHHTb 
Macchi H MOMeHTbI 1rnepUHH scex 3BeHbeB tteue.necoo6paaHo, 3a.naqa 
pernaeTcH ycTaHOBKoii 11.ono.nttttTe.nhHOH Maxosoii Maccw. KoHCTPYKTHB
Ho ee <><flopMJISllOT B Bll.lle MaXOBHKa - M3CCHBHOfO .11.llCKa llJlll KOJlbUa 
co CITHUaMH. 4aCTO cpyHKUitll M3XOBHKa BbIITOJIHSllOT 3y6qaTbie KOJieca 
HJIH rnKHBhl peMeHHhIX nepen.aq, TopM03Hhle 6apa6auw u 11.pyrne .neTa.ntt, 
JlJISI qero HM npu.naIOT COOTBeTCTBYIOUJ.YIO Macey. MaxOBhle Macchi Ha
Kan.nHBalOT KHHeTH'leCKYIO 3Heprul0 B nepH0.11.bl llll KJla, Kor.na np11-
se.neHHblH MOMeHT .11.Bll)l{YIUHX CHJI 60.nhrne npttse.nennoro MOMeHTa 
CllJI conpOTHBJieHHSI ll CKOpOCTb 3BeHa B03pacTaeT. B nepHO.llbl UHKJia, 
Kor.na HMeeT MeCTO o6paTHOe COOTHOrnenue Me)l{,Ay MOMeHTaMH CllJI. 
HaKon.neHHBH KHHeTHQeCKaff 3HeprHS1 MaXOBblX Mace pacxo,AyeTCSI, npe
mlTCTBYff CHll)l{eHmO CKOpOCTll. Cne,AOBaTeJlbHO, MaXOBllK BbinOJIHSieT 
po.nb aKKYMYJISITopa KHHeTH'leCKOH 3Hepruu ll cnoco6CTByeT yMeHbUJe
HlllO npe.neJIOB KOJie6aHHH cicopoCTH OTHOCHTeJlbHO cpeJJ.Hero 3HatieHmt 
ee npu IlOCTOSIHHOH MOW.HOCTll .ABHraTeJiff. 

Ee.nu MarnHHHhlH arperaT He o6Jia.naeT csoiicTBOM caMopery.nuposa
HHSI, TO KOJie6aHHSI CKOpOCTll 3BeHa npuse,Aemrn He HMeIOT nepHOJJ.H'le
CKOro xapaKrepa. PasHoMepnocTb .nsrr>KeHHH ,AocT11raeTc11 npttMenenueM 
cneu.uaJibHhlX ycTpoiicTB - perynffTopos cKopoCTu. PerymnopbI CKO
pocTH yBeJlll'lllB8IOT HJlll yMeHblll3IOT MOIUHOCTb JJ.BHraTeJIH, coxpaHSlff. 
OOCTOHHCTBO CKOpOCTll Be.Ayrn.ero 3BeHa MexaHH3Ma, T. e. pery.nuposa
Hlle ocyw.ecTBJIHeTCSI 3a C'leT H3MeHeHllff BHeUIHllX 803,AeHCTBliH Ha Me-. 
X3Hll3M co cropOHbl JJ.BHraTeJIH. 

28.2. 06ecneqenne panHOMepuocTu ,11;nnmeHBa arperaTa 
6ea yqeTa xapaRTepRCTRRR ero ,Il;BRraTe.JIB 

ECJiu ue y'IHTbIBaeTCff MexaHHQeCKaH xapaKTep-HCTHKa JJ.BHraTeJISI Ma
lllHHHoro arperaTa, TO npuse.neuHaH cu.na H ee MOMeHT aaBHCSIT TOJibKO 
OT noJio)l{eHHH 3BeHa npuse.neH11s1. TorJJ.a JJ.JISI neptto.na yCTaHOBHBUie
rocSI JJ.BH)l{eHHH MexaHH3Ma ypasnenne ero JJ.BH)l{eHHH B ::>HepreTH
qecKoif cpopMe (cM. r.n. 22) HMeeT BHJJ. E - £ 0 = ~A. HJIH 11£ = 
= ~A = 11£ (cpn). KoJitt'lecrno KHHeTH'lecKoii 3Heprnu 3BeHbeB Me
xann::iMa B paccMaTpttsaeMoM E H naqaJlbHOM £ 0 noJio:>KeHHHX 3BeHa 
npHse11eu11si onpeJJ.e.nHeTCll 3Haqe1111HMH ero yrnosoii Koop.nunaTbI. cp0 • 

Ee.nil B MeXaHH3Me BbllleJIHTb OOCTOffHHYIO Jc H rtepeMeHHYIO J., COCTaB
JlfflOlIJ.lfe MOMeHTa HHepUHlf, TO 33BHClfMOCTb MOMeHTa HHepUHH 3BeHa 
npuse,ll.eHHH OT yrJIOBOH KoopJI.ttHaTbl 'Pn onHChIBae-rc11 cf>YHKUtteil 
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JD= J 0 (<p0 ) = Jc+ J0 (qi0 ). VICKJll04351113 Bblpa>KeHHH )l.Jl51 11£ (qin) 
H JD (<p0 ) Koop.nttHaTy <p 0 , noJJyqHM cpyttKUHIO AE = AE (J0 ), rpa
·cJ>nqecKaH HHTepnpeTaHHH KOTOpOH (pHC. 28. J) Ha3bIBaeTC51 OUGcpGM· 
Motl 3Hep20.Macc (.nuarpaMMa <I>. Bnrrett6ay3pa, CM. np11JI.). 

ECJiu JlttarpaMMY 3HeproMacc cMeCTHTb BBepx Ha seJI11qnHy E0 , qTo 

paBHOCHJJbHO CMeIUeHl!IO OCH OJ n BHH3 Ha 3TY >Ke Be"'Ittq1rny, TO OHa 

6y.ner OTo6pa>K.aTb H3Mettem1e acei1 KttHeT11qecKofi 3tteprntt Mexatttt3Ma 

B 33BHCHMOCTH or J0 • KoJTe6attHH yrnosoit cKopocTn 3BeHa npHBe11.emu1 

onpe.lleJIHIOT COOTHOwe1meM J fJ ( fPn) H Jc• llJIH roro qro6bJ 3TH KOJJe-

Puc. 28. I. .IlnarpaMMa 
3HeproMacc 

6anm1 He npeBhIIUaJIH MaKCHMaJlbHOro Wmax 11 MHIIHMaJibHOro ffimtn 3Ha
qeHHH CKOpOCTH, onpe,ll.eJIHeMbIX 3naqeHHHMH Ko3cpcpnuHeHTa HepaBHO

MepHOCTH 1lBH>KeHH51 6, neo6XOJJ.HMO .n.o6aBHTb K noCTOHHHOH COCTaB

JISllOIUeii MOMeHTa HHepUHH Jc MaXOBYIO Macey c MOMeHTOM HHepUHH 
J,,.. fpacf>tt"IecKtt 3TO oro6pa3ttTCH cMemetttteM ocn OAE B.neao 11a ae.nu

qu11y Ju. B no.ny'leHnofi TaKHM o6pa30M KoopJJ.HHaTHOH cttcTeMe J 0 0 1E 
JlJJSI nl0601i roqKu i nnarpaMMbI 3HeproMacc cnpaBeJJ.JIHBo paBeHcTBO 

Etf lnt = ro~/2, a yrnosoii K03cjxpnutteHT npHMOH 01i paBeH tg '¢i = 
= (1);12. 

Opn pa3JIH'IHbIX nonomemrnx rnqKH i Ha .n.ttarpaMMe yroJI '¢1 

6y.lleT MeHHTbCH OT '¢min 11.0 'flmax, KOTOpblM COOTBeTCTBYIOT nOJIO>Ke
ffHff KaCaTeJJbHblX 0 1A H 0 18, npoBeD.eHHblX K HmKHHM 11 BepXHHM 

yqaCTKaM mrarpaMMbl 0011. 3THMH yr .naMH. y fJIOBble K03qiqmuHeHTbl 

9THX DpSIMbIX 6yJJ.yT 

k1 = 0,5 (I + 6/2)2 w~p; } 

k2 = 0,5 (1 - f}/2)2 W~p· 
YpaBtteHHH KacaTeJibHhrx 3annweM B BH.lle 

AE-AEA = k1.(J0 - JA); \ 

AE-AEH = k2(J0 -JB), f 

(28. l) 

(28.2) 

r.11.e J A, AEA, J B, AEB - RoopllHHaTbl roqeK A H B Racamrn c JlHa

rpaMMOH 3HeproMacc npHMbIX c yrJIOBhlMH K03qxprume11rnMH k1 II k2. 

PerneHHe CHCTeMbI ypaBHeHHH (28.2) OTHOCHTeJJbHO Jn onpe.neJJHT 

MOMeHT HHepu1rn MaXOBOH MaCCbl, nptt KOTOpOM KOJie6aHHSI yrJIOBOA 
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CKOpOCTH 3BeHa npHBe)leHHH OTHOCHTeJibHO ffic· orpaHttQeHbl: ©max = 
= (I + 6/2) fficp H (J)min = (I - {j/2) (J)Cp· 

00CJ1e npeo6pa3C>BalIHfl H3 BbipameHHH (28.2) fiOJJYQHM 3aBHCH· 

MOCTb llMI onpene.11eHHH MOMeHTa HHepum1 MaXOBOii MaCCht: 

JM= I (ll'.2b)((J A - J a) (I+ 6214) + (J A+ J a) b) + (L\EA-

- L\£ a)/{Ow~p)). (28.3) 

Bb1pa>KeHtte (28.3) peaJiu3yeTC51, ecJrn u3secTHbl KoopiurnaTbl TO

qeJ< A 1-1 B. Vix onpeneJI51lOT m160 rpaqmqec1rn c noMOlllblO nttarpaMMbI 

3HeproMacc, Jltt6o npu l!HCJieHHOM peweHHH Ha 3BM llJIH MaCCllBOB 

3HaqeHHH L\E (<pn) H J 11 (<p0 ). He6oJibWa51 norpeUIHOCTb B onpeiteJieHne 

JM BHOCHTC51, eCJIH npoBOllHTb He KacaTeJibHbie K mrnrpaMMe, a no)l 

yrJiaMH 'ilmax H 'ilmln npHMble qepe3 TOQKH c KOOpJlHHaTaMH B (Jn min. 
llEmax) HA (Jn max. L\Emin) (pttc. 28.1). 

EcJIH npeHe6peqb BJIHRHBeM nepeMeHHOH coCTaBJIRIO!lleii Ju np11-

Be11eHHoro MOMeHTa HHepuHH Ha HepaBHOMepHOCTb llBH)KeHJHI, T. e. 

npttH51Th J A = J B = JC> TO H3 BblpmKeHH51 (28.3) llOJJYQHM 

JM= I L\£max I /{c'\(J)~p)- Jc. (28.4) 

AHaJIOfHQHbIH pe3yJibTaT noJiyqttM, paccMaTpttBaH ypaBHeHne JlBH· 

)){eHHH M3WHHbl (CM. fJI 22): 

W ( q.>) = (J)cp + L\E c ( q:)/(J ,fficp) - ( I L\romaY 1-1 L\romin I )i2 ~ fficp + 
+ L\Ec (<p) 1(JcWcp). 

TaK KaK ro (<p) H L\Ec (cp) nponopunoHaJibHbI, TO 3KCTpeMaJihHbie 

8HaqeHHH tPYHKUHH L\F, (<p) COOTBeTCTBYlOT 3KCTpeMaJibHbIM 3Haqe

HH51M cpyHKUHH ro (<p). Torita nptt ycTaHOBKe Maxosoii Macchi nonyqHMl 

2 2 
L\Ecmax = 0,5(JM-Jc)(Wmax-Ulm;n) = 0,5(JM -Jc)(ffimax + 

+ ffimin) (ffimax - ffim1n)• (28.5) 
BBOJ151 B Bbipa)!{eHue (28.5) MHOiKHTe.nb (fficplfficp) H yttttThIBafl, ttTO 

fficp = (ffimax + ffimin)/2 H 6 = (ffimax - ffim1n)/fficp, 

28.3. 06ecne'l:eHHe paBHOMepHOCTH ,IJ;BH~eHHJI arperaTa 
c yqeTOM xapaKTepHCTHRH ero ,11;nuraTeJia 

(28.6) 

KoJie6aHHH c1<opocn1 3BeHa npHseneHttH npn pa6oTe MalllHHHoro arpe

raTa npuBOllHT K H3MeHeHHIO MOMeHTa nsnmymeiI CHJlhl MA, TaK KaK 

)lJIH 60JI1>w1rncTBa llBHraTeJieiI M.11 51BJJHeTCH cpyHKUtteii ro (cM. rJI. 22). 
y p511l3 JlBHfaTeJieH - CHHXpOHHhIX 3.'IeKTPO.llBHraTeJiett. nrJ(pO.ll.BHra

TeJiett H llP (CM. fJI. 20), HMeIOII{HX )KeCTKYlO xapaKTepttCTHKY' 3TH 
KOJJe6aHHH He"Haq1rreJibHbI. Ho llJIH HeKoTopbIX (ac1rnxpoHHhIX, no

CTOH1111oro TOKa c napaJJJJeJibHblM B036Y}l{JleHtteM H 11.p.) OHH cymecTBeH· 

Hbl. flo3TOMY 11.JlH 6oJJee rnqr;oro onpeJieJieHHH MOMeHTa HHepIJ.HH Ma· 

xoattKa cJJe)].yeT yquTb!BaTb xapaKTepttcTHKY llBHraTem1. ECJIH yqacToHi 
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pa6011eii xapaKTepHCTHirn JJ.BHraTeJUI aaMeHHTh 0Tpe31(QM npHMOH, TO 
rpacpHK MA (ro) HMeeT BHJI., npe.zr.crneJieHHbIH Ha puc. 28.2, a. Tor11.a 
npH cKopocTH 3BeHa npttne.11.eHHfl ro = rocp H3 Q>yHKUHH A1A (ro) no
JIYIIHM cpe.11.Hee aHaqeHue MOMeHTa .11.em1<ymeii: CHJibI M,11.cp 11 npHMeM 
ern paBHblM cpe.n.HeMy MOMeHTy CHJI conpoTHBJiemrn (M,11.cp = Mcp). 

Ai\m.TJHTYJJ.bI KOJie6aHHH yrnoeoii cKopocrH 3BeHa npHBe.n.emrn yc
raHaBJUIBalOT .rrn6o 11epea K03cpqmuHeHT 6, JI1160 1rnrerpttpoaaHHt'M 
JJ.HCpcpepemrnaJlbHOro ypaBHemrn Jl.BH)l{eHHH MeXaHH3Ma c ABHraT~Jie~l 

N, Nil 

a 

Puc. 28.2. fpa<jJHKH MOMeHTOB CHJI .ABH.lK)'W.liX, conporns.1e1mif H H36w· 
TO'IHOll pa60Tbl 

(cM. rn. 22). Onpe.n.eJIHB 3HaIJemrn Wmax H Wmin no pa6otiei-'r xapa rc-re
pHCTHKe, Haii.11.eM COOTBeTCTBYIOIUHe HM 3HatJeHHH .lf.BIDl<yw.ero MOMe[tf?. 

;\.1.!I. min II M,11. max· 
TaK KaK npw 3KcrpeMaJihHhIX 3HatieHHHX yrJioBoii: cKopocrn 3seua 

np1rne.D.eH11H yrnoBoe ycKopenHe paBHO HYJIIO, To npttee.11.eHHbie Mo
MeHTbI .ll.BH:a<YW.HX CHJI H CHJI conponrnJieHHH paBHb!. Cne.11.oBaTeJibHO, 
s T01IKax nepeceqeHHH rpacf>HKa cpymuum M0 (<p) c JIIIHIHIM:-t: 1vrn 
;\1,11max H M,11.min HMCeM Mc= M,11. Ha l!HTepB<:iJ1aX l'-3', 3'--i''. 
r - 3" MClf<.ll.Y T01IK8MI! nepeceqemrn cpyHKU:HH MA (q>) HMeeT rnrrn:i 
nepern6a, H ee HCTHHHblH xapaKTep ycrattaB:rnaaerrn no.u;crattoa:wa 
3Hallemrn c1> B ypam1e1rne xapaKrep11cTHKil .ll.BHraTe:rn. Toni;a 4JYHl<JJ;!rn 
l!36hIT01lHOri pa60Tbl ~-4 (<p) = ~E (<p) onpe.n.eJIHTCH mnerpupoBaHHeM 
cpy1rnu.H11 ~M (<p) = M.11 (q>) - Mc (<p). .UaJihHeiiw11ii xo.n. peme· 1 1rn 
paccMarpueaeMoii 3a.11.a1111 aHaJIOrttlleH cJiyqa10, Kor.n.a He yq111brn:.l:TCH 

xapa1<Tep1!CTl1K!l .ll.BHraTeJJH H MOMeJn MHep1rn11 MaXOBlU<a MO»teT Ub.!Tb 

onpe.11.e.1JeH no 3aDHCHMOCTH.M (28.3) HJJH (28.6). 
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28.4. Onpe,D;eJiesse paaMepos MaXOBHKa H si.16op MecTa 
ero ycTaBOBKB ' 

I\oHCTPYKTl1BHO MaXOBHKH ocpopMJIHIOT B Bl1)1.e )l.HCKOB 11Jil1 KOJieu. co 

cnm..i.ar-rn (p11c. 28.3). I1x 113fOTaBJIHB3IOT 113 qyryHa HJil1 CT.\lJil1 • .Ll,JIH 

.!J.HCKOBhIX MaXOBHKOB (a) MOMeHT HHepu.1111 OTHOCHTeJibHO OCl1 paBeH 

J" = mD2/8. Ecm1 Macey m Bhipa311Th qepe3 o6beM tt rrJIOTHOCTh p 
MaTeplJaJia, TO IIOJiyquM 

a 
Pric. 28.::\. Onpe,n.eJJCHHe MO· 
~~HTa llHepUHH MaXOBHKa 

D = V32JM/nbp. (28.7) 

Pttc. 28.4. BbrGop Mecra ycrattoBKH MaXO· 
BllK3 

JVrn M3XOBl11\3 B BH)J,e KOJlbU3 co cnauaMH (6), npeHe6perasi MaC

co(1 CIHIU, no.1y4HM JM = mD214, HJIH JM = :nbhpD3/4. 060311343.H 

f.b = h/D u J.11 = h/D, HOJIY4HM JM= rrf.bf.hpD614, orny.ua 

D = ]/ 4J M/nAbAhP· (28.8} 

I-fa aHaJIH3a Bbipa}Kemfii (28. 7) 11 (28.8) cJJe.nyeT, qrn MaTepaa.10-

eMKOCTb MaXOBI1Ka o6pan:o nporropuHOH3JlbH3 KBa.upaTy ero l(HaMeTpa. 

Oprl O)l,HHaKOBbIX )l,HaMeTpax M3CCa .lf.HCKOBOfO MaXOBHKa npm.1epHO 

B ;l,Ba pa3a 60JihWe, qeM MaXOHHKa co CIIHU3MH. J13 33BllCHMOCTei1 

(28.3) II (28.6) BH)l,HO, lJTO MOMeHT HHepulfH MaXOBHKa o6paTHo npo

nopu110HaJieH KBa)l,paTy YrJIOBOH CKOpocrn 3BeHa npHBe)J,eHHH. no-
3TOMY )J,.IJH yMeHbllleHl1H pa3Mepos M3XOBl1Ka ueJiecoo6pa3HO ycrnHaB

JIHBaTb ero Ha caMOM 6bICTpOXO)l,HOM BaJiy MeXaHH3Ma. 0)J,H3KO TaKoe 

pewemte ue BCerAa paILHOHa.1btto, TaK KaK npu 3TOM He yquTbrnaercH 

J'eaJibHaH }KeCTKOCTb 3BeHbeB 11 B03HHK3l01UlfX H3·3a 3TOro Ko.1e6am1A 

B MeX3HII3MaX. 

EcJIJI spame1rne K pa6o4eii Matmrne nepe)l.aeTCH OT )J,BttraTeJIH qe· 
pe3 nepe,11.arn4Hb1ii MexaH!13M, Hanp11Mep 3y64aTbIH (p11c. 28.4), TO 

HCT04HHKOM B03MYULal011U1X KOJie6am1i1 B arperaTe 6y.nyT KaK )l,BHra· 
TeJ1b, Tai\ 11 nepe;raToqub1t'1 MexaHH3M. TaK KaK 3BeHbH noro Mexa~H3Ma 
ynpyrne, TO !10_1 ner1cTBHeM !303MYII(310IU11X CHJI OHH KOJie6JIIOTCH 

(CM. r.11. 24). 8b16opoM 3BeHa nepe.rr,aTOqHoro MexaHH3Ma )l,JIH ycraHOBKH 
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M8XOBHKa .ll.OCT!ffaeTCH 9¢q>eKTHBHOe CHH)!(eHHe KOJie6aHHH yrJIOBOH 

CKOpOCTYI 3BeHa np1me.11.eHHH. EcJIH HCTOIIHHKOM KOJJe6aHHH B arpera

Te c npHBO.ll.OM OT 3JieKTPO.ll.BHraTeJHI HBJIHeTCH pa6011aH MaWHHa 

(nopwHeBhie MaWHHhl, MOJIOTbl, npeccbI HT. n.), TO MaXOBHK ueJiecoo6-

pa3HO ycrnHaBJIHBaTb Ha BaJiy 3 3TOH MalllHHbl - 3BeHe npHBe.UeHHH. 

B 3TOM cJiy11ae nepe.uaTOIIHhiii MexaHH3M H .ll.BI-iraTeJib pa3rpyma!OTCH 

OT .ll.HHaMHIIeCKHX B03.ll.eHCTBHH H3-3il KOJie6a1mft 3BeHheB, KOTOphle npe

BblW8lOT HOMHH8JlbHY!O Harpy3KY (oco6eHHO np11 pe30HaHCHhlX pe)!(H· 

Max) H nepe.uaTOIIHhlH MexaHH3M pacCIIllThIBaeTCH 6e3 y11eTa nHKOBbIX 

MOMeHTOB. KpoMe Toro, YJIY1lllla!OTCH ycJIOBHH nycKa sJieKTPO.ll.BHraTe

JIH 3a cqeT COKpaIUeHHH BpeMelm nycKa. 

,UJIH yMeHbWeHHH MOMeHTa 1rnepuHH H MaCCbl MaXOBHKa ero noMe

IUa!OT Ha BaJiy 4, coe.nuHeHHOM c saJioM 3BeHa npuBe.UeHHH nosbmia10-

IUeii nepe.uaqel'i. B 3TOM cJiy11ae JM, = JM (w,/c1J4 ) 2 H .ll.JIH .ll.BHrareJIH 

H nepe.naT01IHOro MexaHH3Ma coxpaHHeTCH pa3rpy)!(aIOlUHH 3WKT. 

EcJIH B arperarax c npHBOJlOM OT nopwHeBbIX MaWHH (JlBHraTeJiel'i BHY· 

TpeHHero cropaHHH, nopwHeBhlX rHJlPO.UBHraTeJiel'i H .up. HCT01IHHKOM 

KOJie6aHHH HBJJHeTCH .ll.BHraTeJlh, TO JlJIH 3aIUHTbl nepe.uaT01lHOf0 H pa-

6011ero MexaHH3MOB OT JlHH8MH1leCKHX B03)1.eHCTBHH MaXOBHK ueJieco

o6pa3HO ycrnHaBJIHBaTb Ha BaJiy 1 JlBttraTem1. B 3TOM cnyqae J Ml = 
= JM (wn/w1)2. 

npH OTCTYITJieHHHX OT YK833HHhIX peKOMeH)l.aUHH, HanpHMep npH 

ycTaHOBKe MaXOBHKa Ha BaJiy 1 npH np1rno.ue OT 3JieKTPO.ll.BHraTeJIH H 

)l.eHCTBHH B03MYIU8JOIUHX KOJie6aHHH OT pa6o11el'i MaWHHhl, Me*.llY )].BH
raTeJieM H 3BeHOM npttBe)leHHH IlOHBJIHeTCH ynpyraH CBH3h (nepe)la

TOIIHhIH MeXaHH3M). ECJIH :>KeCTKOCTb 3TOH CBH3H npHHHTh paBl-IOH c 
H npe.l]JIOJIO:>KHTb, IITO CHJ!hl conpoTHBJieHHH .ue;tx>pMHpOBaHHIO C03)la

IOT MOMeHT, nponopUHOH8JlbHblH CKOpOCTll IIOBOpora BaJia k (dcpldt), 
a B03MyIUaIOlUHH MOMeHT, .ueiicTByIOIUHH Ha 3BeHo npHBe.ueHHH, M = 
= M sin roBt, TO .11.mpcf>epeHu11aJihHoe ypaBHeH11e, onucwBa10mee )I.BR· 

>Kem1e 3BeHa np11Be.neHHH MeXaHH3Ma, HMeer BH)l (CM. rJI. 24) 

d2cp/dt2 + 2ndqildt + ro~qi = q sin WBt, (28.9) 

r)l.e we = V Cf Jn - qacroTa co6cTBeHHhIX KOJie6aHHH 3BeHa npu:Be

)1.eHHH: 2n = k/Jn; q = MIJ 11 • 

Vfa pellleH.lrn ypaBHeHHH (28.9) CJie)lyeT, IITO IIpH W8 = Wcp MaK· 

CHM3JihHhlH yro.JI 3aKpyIIHB8HHH BaJia 3BeHa npHBe.UeHHH paBeH 

(CM. rJI. 24) CJln = (M/C) k11. npH K03ct>cf>HUHeHTe ,llHHaMHIIHOCTH 

kA = l/V(l -(wcp/w~) + 4n2 (©cp/w~)2• (28.10) 

Ha Bbipa*eHHH (28.10) c.Jie.uyeT, IITO npH coBna.n;eHHH Wcp c co6-

CTBeHHOH qacTOTOH KOJJe6aHHH CHCTeMhl We HacTynaeT pe.30HaHC. Cne..u.o
BaTeJihHO, yBe.nHIIeHHe npHBe)leHHoro MOMeHra HHepu11H 3a c11er .D.O· 
6aaJieHHH Maxoaoii Macchi npHBOJl.HT K YIBeJIH'leHHIO KOJJe6aH11ii yr JIO· 

BOH cKopocrn ssetta npuse)leHHH. 3ToT cpaKTop He y11HTh1BaeTCH npH 

Bh!BO)l.e 3aBHCHMOCTeH (28.3) H (28.6). 
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28.5. 06ecneqenue paBHOMepHOCTH ,ll;BBateHHa MamBHLI 

C IlOMO~LIO pery JIJITOpOB CKOpOCTD 

EcJrn: MarrrnHHbIH arperaT He o6JJa.l{aeT csoH:cTBOM caMoperym1posamrn, 
TO era .UBH»<em1:e cTaHOBHTCH HeycTOH:tmBhIM. HapyrneHHe paBeHcTBa 
npHBe,Z{eHHbIX MOMeHTOB ){BH»<ymHX CHJJ H MOMeHTOB CHJI conpOTHBJJe
HHH Bbl30BeT JJH6o OCTaHOBKY MallIHHhI, Jm6o YBeJJHlfeHHe CKOpOCTH 
,nBH>«:eHHH .ll.0 He.nonycnIMoro, c TOlfKH 3peHHH HOpMaJJhHOH 3KCIIJJyaTa
UHH, yposnH. HeycTOHlfHBOCTh .11.BHmeHHH xapaKTepHa .ll.JJH MaWHHHbIX 
arperaTOB c npHBO.ll.OM OT .D.BHraTeJJeH BHyTpeHHero cropaHHH' c aCHH
xpoHHh!M ){BHraTeJJeM B nep110.11. ero nycKa HT. n. TaK KaK ycJJOBHH Ha-

Pnc. 28.5. CxeMa IlOJlKJllO'!e· 
HHB peryJisrnpa K pa6oqeii: 
M3WHHe 

Pnc. 28.6. CxeMa npBMoro pe
rynnpoaaHHB 

Ban 
mypriUHbl a 

rpymeHHH MHOrHX MalllHH HenpepbIBHO MeHHIOTCH BO BpeMH HX 3KC
nJJyaTaUHH, TO HOpMaJJbHaH pa6oTa TaKHX arperaroB B03MOmHa TOJ!b
KO npH HaJJHlfHH cneu11aJJhHb!X ycTpOHCTB, IlOJUJ.ep)f{HBaIOmHX 
IlOCTOHHHOH yrJJOBYIO CKOpOCTb 3BeHa npHBe.n.emrn,- peeyARmopoe. 

Pa6orn peryJJHTopa ocHoBaHa Ha npHMeHeHHH npwtquna o6pam1wu 
C8R3U, 3aKJJIOlfaIOIUeroCH B CJJe.D.yIOIUeM. nycTh .ll.BHraTeJJb 0, (pHC. 28.5) 
CDe.ll.HHeH c pa6ot:ieH: MalllHHOH p M. Ha KOTopy10 .n.eiicTByeT CHJJa conpo
THBJJeHHH, MeHHIOIUaHCH no npoH3BOJJhHOMY saKoHy. Bos.n.eikTBHe 
pa6olfeH Mallll1Hbl Ha .ll.BHraTeJJb, CJJe.ll.OBaTeJJbHO, TO)f{e Henpepb!BHO 
M3MeHHeTCH. 3TH H3MeHeHHH BocnpHHHMaIOTCH .n.aTlfHKOM peryJJHTOpa 
JJ.P, KOTOpblH, 803.D.e:iicTByH Ha paooqee 3BeHO P3P peryJJHTOpa, yse
JIH'IHBaeT HJJH yMeHhrnaeT no)lalfy 3HeprnH Ha ){BHraTeJJh. TaKHM o6pa
SOM, )lBlffaTeJJb npH paooTe )leHCTBYeT Ha peryJIHTOp, KOTOpbIH, B CBOIO 
Olfepe)lb, ynpaBJJHeT paooTOH .D.BHraTeJJH. 

PeryJrnpoeaHHe no npHHUHny o6paTHOH CBH3H MomeT 6h!Tb npa
MblM, Kor.n.a peryJJHTOp B03)leHcTByeT Henocpe.ncTBe1rno na pery.nH
PYIOIUHH opraH .QBHraTeJHI, H H.enpJLMblM - qepe3 scnoMoraTeJJbHhle 
ycTpoH:cTBa (cepB0MoTopb1). Ha puc. 28.6 HpHse.neHa cxeMa npHMoro 
peryJJupoBaHHH napOBblX Typ6HH, npHHUHll Koroporo npaKTHt:ieCKH 
He H3MeHHJJCH c MOMeHTa HX H306peTeHHH. BaJJ napoBOH Typ6HHbl 1 
npHBO.ll.HT BO Bpamem1e BaJJ 2 peryJJHTOpa, CBH3aHHh!H co 3BeHbHMH 
3-4-5 H 3-4' -5'. o6pa3y!OIII.HMH )I.Ba CHMMeTpH"IHO pacnoJJO>KeHHb!X 
KpHBOlllHrrno-noJJsyHHhIX MexaHH3Ma c rpy3aMH m H m'. OpH HSMeHe
HHH CKOpOCTH Bpamemrn Typ6HHbl rpy3hI no.I{ .n.e:iicTBHeM ueHTpo6em-
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HhIX CHJJ F" nepeMeIUalOTCH B pa.zurnJJhHOM HanpaBJJemm, 6JJaro,'J.apH 
tJeMy noJJ3YH 3 nepe.11.BHraeTcH no BaJJy 2 peryJJHTOpa. .UBHJKeHHe 
3BCHa 3 c noMOIUhlO 3BeHheB 7-8 npHBO)l.HT K nepeMerueHHIO 3a)l.BH>I<
KH 9, B pe3yJJbTaTe qero COOTBeTCTBeHHO H3MeHHeTC51 no.11.aqa napa B 
Typ61rny. CKopocTb BparueHHH ee Ba.'la coxpaHHeTCH B ycrnHoBJJeHHhIX 
npe.11.e.Jax. 

DpH HenpHMOM peryJJttpoBaHHH HcnoJJh3YIOTCH He MexaHHtieCKHe 
303,II.eI'kTBlffl .11.BHraTeJJH Ha o6paTHYIO CB513b, a 9JJeKTpHl!eCKHe, fH)l
paB.1HtJ"ec1rne H .llp. Ha p11c. 28.7 H3o6pam:eHa cxeMa perymipoBaHH5! 

2 

3 

7 

PHc. 28.7. CxeMa Henps!Moro peryJmprnarmH 

c IlOMOIUblO 3JJeKTpH1IeCKO· 
ro CHrHaJJa, Bh1pa6aThIBae· 
Moro TaxoreHepaTOpOM 51 

pomp KOTOporo npHBO· 
.ll.HTCH B )l.Birn<eHHe liepe3 
3y6tJaTb1e KoJJeca 3--41 
CB513blBalOIUHe ero c BaJ10M 

u
0 

pa6oqefi MarnHHhl 2, npH· 
BO.ll.HMOH B )l.BHJKe1rne .ll.BH
raTeJJeM BHyTpeHHero cro· 
paHHH 1. TaxorettepaTOp 5 
Bblpa6aThIBaeT TOK HanpH
)!{e~rneM U1. 0.ll.HH 3aIBHM 
rnxoreHeparnpa coe)l.HHeH 
co meTKOfl noTeHI.I,HOMeT
pa 6, ttaxo,ru1merocH no~ 
HanpmKeirneM noCTOHHHO· 

ro TOKa. B ycHJJHTeJJhHoe ycTpoficrno 3JieKTpmianrnrn 7 no,J.aeTrn 
pa3HOCTh HanpmKeHHH U1 - U0 , KoTOpaH pasHa Hymo n,151 yCTa· 
HOBJJeHHOH cpe.11.HeH CKOpOCTH )l.BHraTeJJH. DpH H3MeHeHHH CKO· 
pocTH saJJa pa6otieli MBll!HHhl HanpH)!{eHHe U1 yBeJJHlJ11BaeTCH H.1H 
yMeHbWaeTCH. npoHCXO)l.HT paCCOfJJaCOBaHHe HanpHIBeHHH, H cep,nelf
HHK 8 :weKTpoMarHHTa onycKaeTCH HJJH no)l.HHMaeTCH. Ero )(BH>KeH11e 
npeo6pa3yeTCH 3BeHb51MH 9, 10, 11 B rrepeMememie 3ansmKKH 12, 
peryJittpyiomeif KOJIHtiecTBo TOIIJIHBa, no.11.asaeMoro B .!l.BHraTeJJh. 
flpymHHbI 13 ypaBHOBelliHBalOT ycttJJHe, .neikTByiom:ee Ha cep,II.el!HHK 8. 

PeryJittpy10ruHe caoficTBa peryJJHrnpoB MoryT 6hITh oueHeHhI no 

xapaKTepHCTHKaM, npe,ncTaBJIHIOI.IJ;HM 3aBHCHMOCTh CHJibI HHepuHH PH 
Mace rpy3oB peryJIHTOpa, ttanpmKeHHH rnxoretteparnpa U 11 T. n. 
OT KOOp.lJJlHBThl nepeMeme11H5! pa60lJHX 3BeHheB npH6opoB . .UJIH Me· 
xamrqecKoro pery.nHTopa xapaKTepttcnmy noJ1y4a10T li3 ycJJoBHH paB
HOBeCHH rpy30B np11 Bpam:eHHH ero BaJia, )l.JJ51 9JJel<TpH4CCKOl'O - pac
CMOTpemieM BJlHHHHH CKOpOCTH poTopa Ha Bb!pa6aThIBae:vroe Hanpil
>1<em1e. JlJIH MexaimtJ"ecKoro peryJJHTopa (pHc. 28. 7, a) no.r1y1rnM 
aaBHCHMOCTh cHJJhI 1rnepum1 FM = -m (a2/2b2) u}y OT cu 11 y. 3anaBaf:ch 
qacTOTaMH BpameHH5l cu, .ll.JlH KOTOpb!X Heo6XO)l.HMO o6ecne4HTb pery
JrnpoBaHHe, noJJytIHM 3Hatiemrn Koop)l.HHaT y noJJ3yHa 3 (pm:. 28.G). 
3aBHCIIMOCTh Fu (y) HBJIHeTcH xapaKTeprrcrnKorr pery mlTopa 
(pHc. 28.7, 6), a KpHBa11, o6pa3oBaHHaH TOqKaMH JJt, F,, rrpe.n.cras:rneT 
y pa8HOi3etuU8alOUfYIO rj;yHKlfUIO pee{jARJnopa. 
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Ba:>1moe cBottcTBO perymnopoB - 3TO Hx cmamuttecKaJt ycmouttu-
60cmb, npOHBJIHIOW:aHCH B CTpeMJieHHH peryJIHTOpa BepHyTh CHCTeMy 

B COCTCf.HHe paBHOBec1rn, H3 KOToporo OHa BbIBe.neHa B03MyW:alOW:HMH 

CH.il<lMH' H durtaMuttecKafl rteycmouttU60Cmb' npoHBJIHIOill,3HCH B H3Me
Helll1Yl yr.10BOH CKOpOCTH peryJIHpyeMoro BaJia co BpeMeHeM npH li3-

Jl!elff'JJyJH Harpy3KH Ha MaurnHy. CBoiicTBa peryJIHTopoB H oueHKa 

ycrn}1"rnBocrH HX pa6oTbI ttccJieii:y1-0TCH ;nemoaaMu meopuu aemo.~tamu
'lccr.cw pecyAupoBartuR. 

29. ,II,HHAMIIqEcKOE B3AHMO,l1;ERCTBHE MAIIIHHHOro 
ArPErATA c OKPY)KAIOIU;Ell CPE,lJ;Oll 

29.l. IlyTn orpaHII'leHHH ,IJ;HHaMHqec1mx B03,IJ;eHCTBHH MallIHH 

na m>:pymaron~yro cpe,!l;y 

Pa6oTa MamHHHoro arperaTa conpoBolli.naeTCH .D,HHaMHllecKHMH B03-

,neilcTPE<;JMJI ero Ha OKPY*a1omym cpe.ny. DpH OTHOCHTeJihHOM .ABHllie
HHH SBeHheB ycHJI!IH B KHHeMaTw1ec1rnx napax H3MeHHJOTCH, 'ITO flpH

BO)UlT K nepeMeHHOMY Harpy*eHHIO CTOHKn MexaHH3Ma. BcJie;'lCTBHe 

3Toro qiytt.naMeHT' Ha KOTOpOM yCTaHOBJieH M3lllliHHblH arperaT, HCDbl

TblB3€T Ulll\.f!HlleCKH ll3Me!lfl10lll.HeCH no BeJJHllHHe H Hanpa!3JieHll!O 

CH.!Jhl. .:hH CH,!Jbl 11epe3 cpyH.na'.\!eHT nepe.naJOTCH Ha Hecy1uHe KOI!C'TpyK

UHH 3)lamrn, coceJI.H11e MaillHHHble arperaTbI H flpH6opb1 H npI1BOJI.HT 

K Ko.ne62H11HM H BH6paum1M. HepaBHoMepHocTb .nsttmeHHH 3UeHbeB 

.MeXC:BH3MOB npHBOJI.HT !{ B03HHKHOBeHHIO )J.OflOJIHHTeJibllb!X CH.Tl HHep

UllH. .3:JI CllJibl yBeJJHLIJ1B3!0T KOJie6aHH51 H BH6paUHH 3BeHbeB Mexa

HH3Ma V. MallIHHbl B ue.lIOM H CKa3bIBa!OTCH Ha T0'4HOCTH HX pa60Tbl. 

Ecm1 2Mnmny.ua KOJie6aHHH .nocTaTOllHO BeJitt1<a (HaflpttMep, npH pa-
6oTe B 3GHe pe30HaHca), TO B .neTaJIHX 3BeHbeB B03HHK3IOT HanpmKe

HH}J, nprnh1ma10w.He .uonyc1<aeMbie, 'ITO npHBOJl.HT K 11x paspyrnemno. 

B.tt6pauBH - 3TO npHllHHa Bb!Xo.na H3 CTpOH .neTaJieH CaMOJieTOR H Bep
TOJI€TGB, 3JJe~1eHTOB ra30Bb!X H napOBb!X Typ6HH, HeTOLJHOCTei"! B pa6o

Te CTaHKOB, po60TOB H T. n. 
Kc..ne6aHHH HBJIHIOTCH rrpHllHHOH cos.naHHH TaKHX ycJIOBHH pa6oTb! 

Mmwrn, Kor.na saTpy.UHHeTCH .neHTeJihHOCTb 06cJiy)!rnBa10mero nepcol!a

.na 112-2a BH6paUHH .neTaJieH H llpesMepHoro myMa. Bo MHornx cJiy1.1aHx 

,!Pf: npe,llynpe)!{.neHHH Bpe)J.HOro BJIH5IHH5I na lleJIOBE'1eCKHH opraHH3:\1 

Tpe6yeTOl cneuHaJJbHOe o6opy.noBaHHe pa60llHX MecT MallJHHHCTOB 

31\CKaBaTOpOB H rpysono.n'beMHb!X MalllHH, TpaKTOpHCTOB H BomneJieii 

aBTOM06H,1eii, flHJIOTOB BepTOJieTOB H T. fl. 

np1rne,UeHHble npHMephl TIOK33bIBalOT, 'ITO )J.JIH HOpMa.nbHOH 3KC

fl.1J"2TalilfH MaWHH Tpe6yeTCH npHBeCTH B COOTBeTCTBHe c .ue1'.icTBy10-

rnmrn 1-:opMaMH .n11HaMH'4eCKHe napaMeTpb1 arperarnn. Bo3JI.eHCTBHeM 

1ra onpe.ne.neHHbIM o6pa30M Bb16paHHbIH napaMeTp ii:1rnaMHllec1rnil xa

paKTep1:cT11KH .no61rna10TCff 0}].HOBpeMelrnoro H3MeHeHHH ypoBHH wyMa, 

BH6pam:i'i sseHbeB, cpyH,naMeHTa H T. fl. Cm1me1rne JI.HHaMHlleCKHX 

Bos.nelicrn11i1: arperaTa 11a oKpy)l<aJOill.YJO cpE?,ll,Y .nocrnraeTCH ypaBHO· 
BeWilBaHtteM MeXaHH3MOB. !loa ypaBHOBeumeam1eM MexaHH3MOB no· 
.HUMaenufl nepepacnpede!lertue ;nacc onpeoe!lertrtbtX seertbe6 maKUM o6pa-
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30.M, ttmo6bt MaKCUMaAbflO yMeflbWamb UX B03aet1cmsue fW apycue 
nooeuJfCHbte seeHbfl. u cmofixu. 

HaH6oJibUIHH arprpeKm ypaeuoeemueaHUfl .ll.OCTHraeTcH npH ycJioBHH, 

KOrJJ.a Macchi 3BeHbeB no.no6paHbl H pacnpeJJ.eJieHbI TaKHM o6pa3oM, 

llTOObl npH pa6oTe MeXaHH3MOB MaWHHbl HX ueHTpbl Mace 6b!JIH Heno

llBH)l{Hbl H ueHTpo6e:>KHble MOMeHTbl HHepu1rn 3BeHbeB OTHOCHTeJlbHO 

oce1i eparn.ettHH 6hIJIH paBHbI HyJ110, a OTHOCHTeJibHO JJ.pyrnx ocetr -

rIOCTOHHHbI. npn '.OHOM cyMMa npoeKUHH BCeX CHJI 1rnepurrn Ha KOOp)l.H

H8THbJe OCH H MOMeHTbl CHJI HHepUHH OTHOCHTeJlbHO 3THX ocei1 paBHbl 

HYJIJO, a cyMMa KOJIHlleCTB .nsH:>KeHHH nocToHHHa. BbmOJIHeHHe 3Tl1X 

ycJioBHH cB11JJ.eTe.TibCTByeT o noJIHOH ypasHoserneHHOCTH arperarn. He 

see MexaHH3Mbl MoryT 6h1Tb noJIHOCTblO ypaBHOBerneHbI, HO BhmoJIHe

mre 3Toro ycJIOBHH Tpe6yeT nocJie.nosaTe.TibHoro perneHHH 3a,naq 

ypaBHOBern11BaH1rn Cl1JI HHepmrn 3BeHheB rnapHHpHO-pbllla)KHb!X Me

X8HH3MOB, CHJI HHepUHH eparn.a!OUJ.HXCH Mace 3BeHbeB, CBe.n.emrn .ll.0 

MHHHMyMa H3MeHemrn CHJI, .ueHCTBYIOUJ.HX Ha cpyH.n.aMeHT. 

29.2. YpauHoneDIBsauue aneHLeB mapuupuo-pL1qamHLIX 
MexaHH3MOB 

YcJ10B11H ypasuoBernnBaHHH CHJI Httepr.1.1rn no.UBH)l{Hh1x 3BeHheB Me

xaHH3Ma Bb!pa)l{a!OTC.H ypaBHeHl1HMH 
n n 

L Fui = 0 H L M11i = 0, (29.1) 
i=I i=I 

r.n.e Fui = -mias, - rJiaBHblH Be1<Top CHJI HHepUHH, ,Z1.eikTBY10UJ.HX 

Ha i-e 3BeHo MexaHl13Ma, HMeIOrn.ee Macey m,, cocpe,Zl.OTOlleHHYIO B 

UeHTpe Mace Si 3BeHa, )l.BHra10rn.eroCH C ycrwpeHHeM as UeHTpa Mace; 

Mui = -J s;i, - rnaBHbIH MOMeHT c11JI HHepUHH, J1.eiicrny10UJ.l1X Ha 

i·e 3BeHO, 06J1a)J.a10r.uee MOMeHTOM m1epUHH J Si OTHOCHTeJibHO ueuTpa 

Mace H J1.B11ra10r.ueecH c yrJIOBhIM ycKopeu11eM e,. 
06a ycJIOBHH (29. I) BbinOJIHHIOTCH .ll.JIH MexaHH3MOB c nocTOHHHhIMH 

np1rneJJ.eHHb!MH MOMeHTaMH 11Hepu1111 3BeHheB - sy64aTbIX, cpp11KU110H

Hb1X H JJ.p • .UJIH MeXaHH3MOB c nepeMeHHblM11 np11BeJJ.eHHblMH MOMeHTa

MH n11epu.11H sseHbeB - rnapHHpHo-pbilla:>KHhIX, KyJJallKOBbIX - o6hlll

HO BbIIlOJIHHeTCH JIHUib nepsoe ycJIOBHe: 

n " 
L Fni = - ~ msillSi = 0. 

i.=1 i=I 

0110 BbIIlOJIHHeTCH, ecJIH ueuTp Mace S MexaHH3Ma Heno)J.BH)l{eH HJIH 

)l.BHraeTCH c noCTOHHHOH CKOpOCTblO, T. e. npH as = 0. TaK KaK )J:JIH 

MeXaHH3MOB xapaKTepHO UHKJIHlleCKOe Jl.BH}l{eHHe, TO ycKopeHHe ueH

Tpa Mace (as = 0) co6JIIOJJ.aeTrn, ecJIH uemp Mace Heno.usmKeH, T. e. 
npH Vs = 0. 3To Jl.OCTl1raeTCH Jl.06aBJieH11eM K 3BeHbHM Jl.OilOJIHHTeJib

HblX Mace - npoTHBOBeCOB, xapaKTep Jl.Bl1iKeHHH KOTOpb!X BbI6Hpa!OT 
TaKIIM, llT06hI noBJIHHTb B HY)!{HOM HanpasJieHHH Ha noJIO)l{eHHe ueH

Tpa Mace MeXaHH3Ma. I1x BeJIH'll1Hbl 11 MeCTa yCTaHOBKl1 onpe)J:eJIH

IOT M3 cJieJJ.yIOUJ.HX coo6pa)l{em1i1. 
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B Kp1mounrnHo-noJI3YHHOM MexaHH3Me (pttc. 29.1) e.n.i-rncTBeHHoli 
HenoJJ.BH>KHoii ro•:moii HBJrnercH ueHrp Kpttaoumna A. EcJIH TaK pa3-
MecTHTb nponrnoBeCbl, l!T06bI ueHTP Mace MeXaHH3Ma 6b!JI npHBeJJ.eH 
B :ny TOl!KY' TO eHJibl HHepUHH MexaHH3Ma ypaBHOBelllHBaJOTeH. c 9TOH 
UeJihJO npttBeJJ.eM ueHTP Mace 3BeHbeB 2 H 3 B ueHTp mapttttpa B yCTa
HOBKoli npOTHBOBeca MaeCOH mn1. llJIH onpe)leJieHHH Maeebl mn2 Ii 

Koop.1urnaT ee YCTaHOBKH pacCMOTpHM B Koopmrnarnoii CHCTeMe X2BY1 
ypaBHeHHH CT3THl!eCKHX MOMeHTOB )lJIH 3BeHbeB 2 H 3: 

m2Xs, + m3l2 + mn2Xn? = O; } 

m2Ys2 + mn2Yn2 = 0. 
(29.2) 

PHc. 29.1. YpaettoeewHeaHHe 3BeHbeB KpH
BOWHDHO·DOJI3YHHOro MeXaHH3Ma 

PHc. 29.2. Ypa1rnoeeuweaHHe 3BeHbeB 
wapHHpHoro qeT~peX3BeHHHK3 

113 Bbipa>KeHHH (29.2) noJiyl!HM 33BHCHMOCTH .llJIH onpeJJ.eJiemrn KO
Op.llHHaT TQqKH ycTaHOBKH npOTHBOBeca: 

Xn2 = - (m 2xs? + m 3 / 2}/mn2; } 

Yn2 = - Ys2 (m2fmn?). 
3a.nasaHCb BeJIHqHHoli m112 , onpe.neJIHM 1mop.11HHaTbI x02 H y02 • 

QqeBHJJ.HO, qTQ qeM 6oJibWe mn2, TeM 6JIIHI<e [{ UeHTPY B ycTaHaBJIH·· 
BaeTCH nponrnosec. nocJie ycTaHOBKH nponrnoaeca mn2 B TOl/Ke B 
cocpe.noTOl/HBaeTCH Macea ma = m 2 + m 3 + mn·1. llJIH np1rne.neHtt5£ 
ueHTpa Mace MeXaHH3Ma B TOl/KY A BBe)leM npOTHBOBee mnt' KOop.n1rna
Tbl ycTaHOBKH Koroporo B CHCTeMe X1AY1 onpe.neJIHJOT U3 paccMOTpeHU?. 
ypaBHeHHll eTan111eCKHX MOMeHTOB: 

OTKyJJ.a 

mal1 + m01Yn1 + m1Xs1 = O; } 
m1ys1 + mn1Yn1 = 0, 

Xn1 = - (msl1 + m1xs1)lmn1; 
Yn1 = - Ysi (mn2/mn1). 

EcJIH a MexaHH3Me HMeeTCH HecKOJihKO sBeHbeB, apamaJOmuxc~ 
OTHOCHTeJibHO Heno)lBH>KHOH TOl/KH, TO 3a)lal!a pewaeTCH ycTaHOBKOA 
npornsoaecoa Ha 3BeHh51X, coellHHHJOlllHXeH co cToiiKoii. llJIH Mexa
HH3Ma wapHttpHoro l/eTblpex3BeHHHKa (pttc. 29.2), ueHTpbI Mace 3BeHb
eB KOToporo pacnoJio>KeHbl J<aK yKa3aHo, noJiytJHM 

m2 = tn1:3 -t- me; rnnlAs 2 =me (12 - lss2), 
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OTK)',11;8 

m13 = m2 (U2 - lBs,).1l2); me= maf Bs,!l2• 

Pa3Meur,aH Maccb1 rrponrnosecoB mrrr H m~1 Ha npoJJ:omKemrnx 
aBeHbeB 1 II 3, Itaf!LI,e11 IlOJIOiKemrn HX OTHOCHTeJibHO ueHTpOB Bpaw.e
HHH aBeHbeB: 

a 

fnt = (msl1 + m11As;)'mrr:; 

fr13 = (mcl8 + m3fos3) 1mnJ· 

PHc. 29.3. CxeMbI McxaHH3~D3 c 'laCTHLJHbrn ypaBHOBCIIIHBamreM: 

G - CHn HHepu.un; 5 - i\oWMeBT')B CH;'"[ 1.ll-l~~Ui-1:~1 

.llonoJJHHTe.lbHbie rrponrnoaecbr ysemrqHBaIOT 06w.y10 MaTeptta
JioeMKOCTb KOHCTPYKUHH H rrepeMeHHYIO qacTb rrp1rneJJ:eHHOro MOMeHTa 
HHepUHH, yxyJJ:IIIa5! JJ:HH8MHqecKHe xapaKTepHCTHKH M8llH!Hhl B rrepHO,!I. 
ycraHoBHBIIIerocH JJ:BmKeHHH. 4acTO yp aBHoBewHBaIOT cHJJhI HHepUHH 
He IIOJJHOCTblO, a TOJJbKO HX COCT8B.r1HIOW,He, I<OTOpbie 5!BJJHKlTC5! B036y
Jl.HTeJIHMH l\O.'Ie6aHHl°l 3BeHbeB . .llJJH 3TOro HCfIOJJh3YKlT pa3JJW!Hbre 
ycrpoi'.'1cTBa, KaK, HanpHMep, npttcnoco6JJeHHe, npeJJ:Ha3HaqeHHoe JJ.•1H 
ypaattoaeurnnaHHH nepTHKa.'lbHOli cocTaBJJmour,efi FY ueHTpo6e}lrnoii 
CHJlbI mrepmm HeypaBHOBellleHHOfi MaCCbl m 3BeHa 1 MexaHH3Ma 
(pHc. 29.3, a), IlI\:IJO~a10w.ee JJ:OIIOJJHHTeJibHOe 3Beno 2, pa3BHBaIOur.ee 
TaKy10 )Ke rn.11y 1mepum:. B MexamisMe co 3BNlbHMH (ocnoBHhIM 1 H 
.n;onoJJHHTe.'lbHh!M 2), Bpau.1,alOW,HMllCH B O.UHY CTOpoHy (pnc. 29.3, 6), 
BTopoe sBe1rn 2 npenHa3HaqeHo JJ:JJH c03JJ:aHHH ypaarmae1mrna10ruero 
MOMeHTa M = mCJ)2ra cos er B cnyirne neticrnrrn B MexaHH3Me 1 nepno· 
,ZJ,HlleCKH MeHH10illeroc51 MOMeHTa CHJJbr l!Hepuirn M" (cp) = M,, cos rp. 
TaK KaK cos rp = cos (:n: - cp), Tv mr = MHlw2ra npu yCTaHOBKe 
npOTHBOBeCOB c cpa30BblM )TJIOM n. 



29.3. 1-'paBHOBCllmBaHHe Bpam;aro~XC.11 3B0BheB 

c ueypaBHOBemeHRLIMB :MaccaMH 

KoHCTPYKTHBHoe ttcnoJrneHHe MexaHH3MOB llHOr.Qa npHBO.QBT K He-
06xo,1uiMOCTH paenoJIO)l{eHllH Ha OCH BpamaIOmero 3BeHa HeypaBHOBtl
rueHHhlX '.\lace. Macchi paenoJiaraIOTCH B 0.11.Hoii nJIOCKOCTH, 11x MO}l{eT 
6h!Tb o;;.Ha HJIH HeCKOJibKO. 0HH HaXO)l.HTeH B napaJIJJeJibHbIX DJIOeKOC
T5lX B,D.O.lb ocu. Dpn spamemrn TaKoro 3BeHa B03HHKaIOT Heypasttose
rueHHhle CHJibl HHepUHH, KOTOpbie, )l.eikTBYH Ha ero onopbI, BbI3b!BalOT 
KOJie6amrn cpyHJI.aMeHTa. 

PaccMoTpttM CJiyllatt c O)l.HOH HeypasHoBerneHHoii MaccoA. Ee.nH 
9JieMe:napHaH Macca dm (pttc. 29.4); noJIO)l{eHHe KOTopoii Ha oKpym:
Hocrn pa.nttyca p onpe)l.eJI51eTCH yrnoM qi, TO rrpH spameHttH 3BeHa c 
yr JJOBOH eKopoeTbIO (J) )l.etteTBHe pe3yJibTHPYIOlll.eH CHJ'Ii>I 1rnepuHH 
onpe,ll.e.-'IHTCH H3 ypaBHeHm'i: -

dF x = ffi2p cos qidm - ep sin qi dm; l 

dF !I = ffi2p sin qidm + ep cos q>dm; \ 

dFZ = O; ~ 
dMx = dFyz; I 

\ 

(29.3) 

d.l1!i = - dF xz; 

d:Hz = dF xY- dFy-r:. 

H1nerp11pya ypasHeHtte (29.3) no BCeMy o6'beMy Macchi, nony•IHM 
npoe1m.HH rJiaBHb!X BeKTOpOB Cl:Jl HHepUHH H IIX MOMeHTOBI 

F" = ffi2 S xdm - e i ydm = ffi2Xs m - eysm; 

F11 = ffi2 5 ydm + e S xdm = ffi 2ysm + exsm; 

F 2 = O; 

M" = ffi2 S yzdm + e 5 zxdm; 

My= -ffi2 S zxdm + e S yzdm; 

M 2 = - 8 5 y"'dm - e 5 x2dm = - e .\ p1dm. 

(29.4) 

B ypaBHeHHHX (29.4) HHTerpaJihI S yzdm, ~ zxdm - ue1npo6e;K

Rhfi-.' \!mfeHTbl rrnepum1, a s p2dm - MOMeHT 1rnepUHH OTHOCHTe.,o'!bHO 
OCli sparn.eHH5l. 

Ifa ypaBHeHHH (29.4) CJie.QyeT, llTO ctt.llbf Fx 11 FY paBHbI Hy.'r!O, 
ecJil! ueHTP Mace JJe)J{HT Ha oc11 spameHHH aseHa. Pe3yJJhTHPYI01UaS1 

cw1a HHepu1111 B 3TOM cJiyt1ae paBHa TaKm:e HYJJIO: F" = JI F; + F~ """ 
= 0. TaKoe .:rneHo Ha3hmaeTcsr crnTttlleCKH ypaBHoserneHHhJM. 

BbmO.TJHeHtte ycnoBHH F11 = Q )l.JIH 3BeHa c HeCKOJibKHMH Heypas
HOBemeHHbIMH MaccaMH (pttc. 29.5, a) ,ll.OCTIJraeTCH ycTaHOBKOH nponl
BOBeca, l\iacca mu KOTOporo onpe;:i.eJJHeTCH H3 YCJIOBHSI paBHOBeC'IHI 
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asetta: 

Fut + FH2 + FH3 + FHn = 0. 
TaK KaK Kam.n:a.H cMJJa ttHepu1m 6y.n:eT FH 1 = m1w2r1, ro MMeeM 

m1r1 + m2r2 + maf- + murn = 0. (29.5) 
Hs perneHHH ypaBHemrn (29.5) flOJiyq11M BeJJI:itUrny murn H yroJI 

YCTaHOBKH cm ypaBHOBellrnBaJOr.ueif MaCChl mu (6). B 3aBHCHMOCTH OT 
KOHKpeTHOH KOHCTPYKUHM aaitaJOTCH mn H '°' qeM onpe11e.nHJOT napa
MeTphI rrpoTHBoseca. 

Httor.n.a rrpH 6oJihlllHX oceBhIX paaMepax aBeHheB tteypasHoBellleH
HocTh B03HI1KaeT 113-3a HeTOqHOCTeH H3rOTOBJieHHH, HanpttMep, nptt 

P11c. 29.4. YpaBHOBern11aau11e 
Bpaw:aJOw.erocH 3aeHa c O.!\HOfi 
HeypaBHOBerneHHOH Maccoli 

Pnc. 29.6. HeypaBHO&erneHHOCTb, 
Bb13B8Hfl8H HeTOlJHOCTblO H3rOTOB· 
.lleHHH 

P11c. 29.7. Ypaau0Bew11aau11e 
Bpaw.a10w.erocH 3BeHa c ueypaa
HoaerneHHblMH MaccaMH, pacnoJio
:lKeHHbIMH B napaJIJleJibHbIX nJioe
KOCTHX 
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norpernHoCTH pacnoJio}f{eHHH ocH spameHHSI (pHc. 29.6). EeJIH B 3TOM 

C11yqae CHJia 1rnepu1rn Fa = 0, TO TaK}f{e paBHa Hymo H npoeKUHH M 2 

BeKropa rnaBHoro MOMeHTa M. EcJIH He paBHbl tty mo npoeKUHH M x 

u MY seKropa M, ro B03HHKaeT MOMeHT CHJI 1rnepUHH, Korophtii MO}!{Ho 

npe,11.eTaBHTb napoii eHJI F' H F" 3-roT MOMeHT B03HHKaeT, ecJIH ocb 
BpameHHSI He SIBJISleTCSI rJiaBHOH ueHTpaJibHOH OCblO HHepu1m, T. e. 

nptt ycJIOBHH S yzdm =I= 0 H S zxdm =I= 0. 3seHo 6yneT nonttoeTbIO ypas
eosernetto, ecnw M_. = M11 = 0, T. e. oeb spameHHH 6yneT rnaBHoii 
ueHTpaJibHOH OeblO HHepUHH. 

EeJIH tteypaBHOBerneHHhie Macchi paenoJio>KeHbI B napanJieJihHhlX 
DJIOeKocrnx (pwc. 29.7, a), TO yc.110BH5! (29.4) pea.llH3YIOTCH CJJellyIOllJ.HM 
o6pa30M. 8h16epeM npoH3BOJibHYIO nJiocKocTb I H nepeHeceM Tylla 
CHJlbl HHepUHH BpamatollJ.HXCSI Mace. llJIH paBHOBeem1 CHeTeMbl nptt 
nepeHoce CHJI ee Heo6xo.11ttMo 11pnJio>KHTb MOMeHTbI M, = F",l,. 
,lloIJOJIHHTeJibHbie MOMeHTbl M, C03.llaIOTC5! 11apaMn eHJI Fni• H Fnm 
npH ycnoBHH F"" = F~<II· CHJia F"' pacnoJiaraeTesi H nJioeKoeTH II, 
noJIO}!{eHtte KoropoA Bbl6ttpaeTcsi IIpott3BOJibHo. EcJIH paceTOSIHHe 
Memny n.11ocKOCTHMH /-// pasHo L, TO nonoJIHHTeJibHble CHJibt onpeJe

A.fl.IOmcfl. U3 ycA08UH. 

Fu,1 = Fa111 = m,CfJ2r; (lJL). 
}13 yCJioBHH pasHoBecHH CHJJ s nJJocKocrnx I H II, of103Haqws A; = 
= l;I L, oIIpe,11.enHM ypasttosernHsa10111.we CHJJbl B 3THX nJiocKOCTHX 
(pnc. 29.7, 6" e): 

m1r, + m2r2 +. m3r3 + m 1r1A.1 + m2r2A.? + m 3r1A.3 + mn1r1 = 0; } 
- " - " - • - (29.6) 

m1r1'A1 + m2r2'>...i + m,r3A.3 + mn11r11 = 0. 

B ypaBHeHHSIX (29.6) BeKTOpb! m,.ri'A; H m,.r,'A~ HMeJOT npoTHBono· 
JIO:lKHble ttanpasJJeHHH. J.fa nepsoro ycnoBHH HaX01I.HM npo113se.11eHHe 
mn1f1 H HanpasJieHHe ycTaHOBKH npOTHBOBeea B OJIOCKOCTH I; H3 BTO
poro - nln11T11 H HanpaBJJeHHe llJISI BTOporo npOTHBOBeca. QqeBHllHO, 
qro npH JllOOOM qHCJie HeypaBHOBerneHHblX Mace 1I.Jl5l ypaBHOBeWHBaHIUI 
.n.oCTaroqHo ycrnHOBHTb nsa IIpOTHBoseca B 3apaHee Bb16paHHblX na
PaJIJieJibHblX OJIOCKOeTHX. 

29.4. IlaJJancuponxa npamaiom;uxc.a aneuheB TBna poTop 

BpamaJOmneeH 3BeHbH 6oJiblllttX .n.waMeTpoa w ,11.JIHH He 6hIBalOT noJI
HOCTblO ypaBHOBerneHHblMH H3-3a HeonttopO.llHOeTH MaTepHaJia H no
rpernHoCTeii o6pa6oTKH IIpH H3roTOBJieHHH. OpH 6oJibWOH yrnosoii 
CKOpoeTH ,ll.a)l{e He3HaqwTeJibHa51 HeypaBHOBerneHHOCTb Bbl3blBaeT 
60JiblllHe CHJibl HHepUHH. 003TOMY TaKHe poropbl IJO,llBepra10T 1I.OllOJIHH
TeJibHOH TeXHOJIOrnqecKOH onepaUHH - 6aJiaHettpOBKe. liaJiaHCHpOB
Ka 3QKAJO'lllemcH. B Jo6asAeHUU UAU yJa.n.eHUU ( 06Wt.HO 8bl.C8epAU8QHUe.M) 

1teo6xoduM.oii. MQCCbt Mamepua.n.a. 

HeypaBHoseweHHbIH poTop cornacno ypaBHeHHIO (29.6) npe,ll.erns
nH10T B BH,Ue yeJIOBHOro 3BeHa c .11.BYMH MaccaMH m1 H mu (puc. 29.8, a), 
pacno.IJmKeHHhlMH B IIapaJIJJeJihHhlX IJJJOCKOCTHX, Bhl3hlBalOmHMH 
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nOHBJJeHHe CHJI HHepUHH F"1 H F"11' nponopu11otta.1bHb1x CTaTH4eCKHM 
MOMeHTaM m1r1 H mur11. 3-ry HeypaBHOBeweHHOCTb ycrpaHHIOT aHaJIO· 

fl:illHO npeJJ.hIAylll.eMy JJ.BYMfl MaccaMH mn1 H lnn2i pa3MeIUeHHhlMH B 
IlJIOCKOCTHX HCCTpaBJieHHH f11 H f1 2,- 00bl4HO Ha TOpll,aX poTOpa 

(pHc. 29.8, 6). CoCTaBHM Ll,JIH poropa ypaaHem1e paBHOBeCHH npo

eKUHM CHJI HHepu.m1 Ha Koop.n1rnaTHhie OCH: 

mniW2r nl cos a1 + tnn2W2r nl cos a2 = m1w2r1 cos au + muw9ru co:; au; 

mu1W2r nl sin o;l -j- tnnz<u2r n2 sin o;2 = tn1<U2r1 sin ct11 + m11ffi2r11 sin ctn. 

i5 

PHc. 29.8, YpaBHoaew1rnatttte poropa 

PHC. 29.9. npHHU.HnHa.1bHa!I cxeMa oaJiaH• 
CHpOBOtJHOH M3WHHbl 

3aMemrn npOH3Be,ll.emrn: r 1 cos a1 = Zix 11 r 1 sin ct1 = r;y 1:1 HcKmo-
11aH ffi, UOJIY'!HM 

mn1fnlx + mn2fn2x = m1r1x + m11r1 ix; } 

mn1fnl!i + m112fn2y = m1r1x + m11r11!1' 

8b1pa3H\1 11Zn1fn1x H mr1 1r 11 1y 'lepe3 ypaBHemrn MO:\!eHTOB 

TeJihllO f!J10CKOCTH npoTHBOBeca IJ: 
tnntTntx = (tn1f1x ({ + f2) - tn11fr1xf2)f(l1 + /2 + /); 
mn1rn1y = (m1r1y (l + /2)- muruxl2)l(l1 + !2 + l). 

Att<WOI'H4HO IlOJIY'!HM mn2fn2x H mn2fr.2y· TaKHM o6pa30M1 

mntfnJ = V(mn1Tnrx)2 + (mu1fnty}2; } 

COS CGn1 = (mn1fn1x)l(mn1fni); 

mn2rn2 = V<m"2'n2x? + (mn2rn2u)2; 

COS <Xn2 = (m112r n2x)/(mn2/r1'2). } 

(29. 7) 

OT HOCH· 

(29.8) 

(29.9} 

(29.10) 

npOH3Be,ll.eHlrn m1r1 H ln[!f!l Onpe,neJIHIOT Ha CTleUHR,1bHbIX 6aJJaH• 
Ci;poBoqHblX MaumHaX, O,ll.Ha H3 cxeM KOTOpbIX npHBe,ll.eHa Ha pHC. 29.9. 
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YKa3aHHhie napaMeTpbl onpe,!1.e.1rn101cH pa3HhJM11 cnocooaMH, B ocnoBy 
Kornph!X noJiomeHhI MeTO)l.bl onpe,!!.e.'leH:rn aMn.1 ;ny .Uhl Ko.ne6anuA 
IlO)l,WHfiHHKOB poTopa npll llX ynpyroM no,'lBece. 

29.5. Boa~eifcTBHe Heypa1rnoBemeHH1>1x cH.'I MamHHbI 
Ba ¢YHt{aMeHT 

Pacc\mTpHM :-1exaHll3\t ,\\ (puc. 29.10), J<0TOp1>1H 33i<perr.1eH Ha cj:>ye
)la:v1eHTe <l>. Cor.1a•2Ho 3aK0Har-,1 ~ieX<ifi!JKll :--1exaHH3'.lf t:axo)l.1nu1 B paB-

HOBeci-rn 110,ll J,eikTBHeM c11.11::1 rn:-KecTJ! Fg = m;,1g, np1rnomettHOH B 

11,e!npe Mace 5\1 \!eX3Hll3~18, c;JJl irnepUHH r.1exaHII3\1a ms1as_\\ If peaK

lllfll l!1yH,L1.a:v1eHTa F1 •. C11.1a F 4, 1'~~eeT CTaT1it:ecKy10 F-1'.c H ;i.1rnaMlflle

cKy10 Fct>IJ, cocraBJIHIOW,!;C. nl!H<!\ii!CJeCKylO COCTaB.'15:ilOlllYIO Ollpe,!!.eJI.RIOT 

~·· 
(J?'LLx 
~wt-:r. 

,/. 

PHc. 29.10. Cxe~1a ycrattOBKH MaWHHbl 
Ha cjiyHJWMeH re 

Pttc. 29. l I. BJaliMO,!leiicTBHe Ml• 
WH1-;1:.1 H cpytt,l\a'.l!ettra 

H3 BblpmKeHH51 ,,11,.'HI r JiaBHoro BeKTOpa 11e1"icTBy10uu1x Ha MeXaHH3M 

CM.:l F~ + f'<t>c + Fct>;i. = f'x.. TaK KaK Be1nopw Pg H F<t>c paBHbl, 

a HanpaB.:1eHHH npoT11sonoJiom:HhI, ro 7\. = F<I:>:t. = mMa5,,\. fJiaBHhrii 

Be1nop c1w 1rnep1um no)l.BmKHhIX aseHheB MexaHM3Ma F::. = mMas_\1 
paBeH Hy.ruo TOJlb]{Q B cJiy•rne llsM = 0. 9-ro COOTBeTcTByeT CJiyqaro 
no.iHoro ypaBH0Bew1-1BaH11H MexaHH3Ma, Kor.n.a ero uettTp Mace S1t1 
Herio~smKeH 1"1H .rt.BmKe-rcR pasHoMeptto H flPHMOJIHHeiiHo. KaK 6h1,10 
J10l{333HO BhIWe, 3TO B03MO}f{HO TGJ!bKO npll spamaTeJibHOM ,ll,BH)l{e
H!Ui 3BeHheB. Dp1-1 HaJrnq•rn no:::·ry nareJihHO .n.s1-1m:ym11xcH aaeHheB 
llOJIHOe ypaBHOBeillHBaHtte B03MC)l{H0 npH ;1cnoJib30DaHMH cneuHaJib
HblX cxeM MexaHIJ3MOB. 

ECJIH Bpama10muern 3BeHMI ypaBHOBerneHbl He noJIHOCThlO, TO HCi 
CTOHKY MexaHJ-I3Ma H Ha ¢YH.UaMeHT MaWHHbI nepe.n.aIOTCH nepuopy 
11ec1rne B03:v1yma10mue CHJlbl (pHc. 29.11). EcJIM ueHTp HeypaBHO! c'

wem1oii Macchi rn pacno;w:w.ett OT ocn BpameHHR Ha paccTORHHH 1, 
TO seprn KaJlbll851 COCTaB.1H]()Ill,aH B03MYlll31-0lll.eH CHJibl 6y ,neT 

Fy = mrn~e sin ffi8 /. 

T mme BOJJJe.HcrBHe c11.1Jb1 FY Bhl3hrnaeT Bh1ttym:,neHHhie Kl.JI ,,1\rn1tli 

'CM. rn. 24). Do.:icras:rn5l B ¢opMy.1y \24.i8) F = F,J> no.1y11HM 

2 ' - ' 0 ' 2 y = (mwae!C) sm w0 t (I - Wai We). 
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MaKCIIMaJibHYIO aMnJIHTY.Zl.Y KOJie6aHHH noJJytrnM npH ffi8t = 
-= ±n/2: 

Ymax = (mffi;e/C) (I - ffi~/ffi~}. (29.11) 

HJIH, BBO.llH (J)~/ (J)~' noJJytIHM 

01 c 2 ~ I I ~ 2 Ymax = (mewci ) (ffiR/ffic) ( /( - W8/ffi,)}. (29 12) 

J13 ypaBHeHIIH (29.12) CJJe.nyeT, 'ITO npII fJOCTOHHHOM napaMeTpe 

me(J)~/C MaKCHMaJJ bHaH aM llJI HTY .n.a 3aBHCHT TOJI bKO OT OTHO We Him 

m./(J)c· npH 60JJbWHX 3Ha'lellHHX (J)B/wo. OHa CTpeMHTCH K Ymax = 

= me(J);1c, TaK KaK K03qxpHUHeHT (ffi;/w~)/(1 - w~/(J)~) CTpeMHTCH 

K e.n.IIHHUe. 3Ha51 MaKCHMaJJbHYIO aMllJIHTYllY BbIHY>K.ZJ.eHHblX KOJJe6a

ffIIH H :-KeCTKOCTb c Kpe11JieHHH CTOliKH Ha rpyn.n.aMeirre, MO>KHO 011pe

,ileJIHTb BeJJH 1UlHY MaKCHMaJJbHOH CHJlbl, nepenaBaeMOH Ha Hero: 

.' 2 2 Fmox = Cymax = mewR (I/I - ffiq/ffic)). (29 13) 

vb QJoPMYJJbl (29.13) CJJe.nyeT, l£TO ynpyroe KpenJJeHHe MaWHHbl 

yMeHbwaeT CHJJY' nepenaBaeMyIO Ha cpyH!laMeHT. 3-ro IIMeeT MeCTO, eCJJII 

f 1 - w:lw~ I > I, T. e. npH 

(29.14) 

Kor.l(a MaWHHa ycTaHORJTeHa Ha BecbMa nonaTJJIIBOM KpenJJemrn, 

TO (J)R >> (t)c 11 npoHCXO.Zl.IIT cymecTBeHHOe yMeHbilleHHe B03!leHCTBIIH 
Ha cpyH!laMeHT. CnenoBaTeJibHO, !lJIH yMeHbWeHHH B03!leHCTBH51 B03· 

Myma101ueii CHJlbl Ha cpyH.ZJ.aMeHT HeOOXO!lHMO, tIT06bJ co6cTBeHHaH 1-laC· 

TOTa KoJJe6aHHH ffic 6hIJJa MaJJa no cpaBHeHIIIO c yrnoBoil cKopoCTb!O 

(l)s· EcJJH rncTeMa KpenJJeHHH K rpyH.naMeiny no3BOJJHeT coBepwaTb 

M3WHHe H ropH30HT3JlbHble KOJTe6amrn, TO peweHHe 3a.nat1H ycJJmKHH

eTCH H3·3a npocTpaHCTBeHHOro xapaKTepa KOJJe6aHHH. 

29.6. 3am;uTa MexaHH3MOB OT BH6pau;u:H: 

CHJihI, neftcTByJOUJ.He Ha croiiKy MexaHH3Ma, BbI3bIBa!OT Btt6pauHH cpyH

.naMeHTa MaWHHbI. HaJio>KeHHe KoJJe6aHHtt cpyH.naMeHTa Ha co6crneHHbre 
KOJJe6amrn 3BeHbeB MeXaHH3MOB npHBO.llHT K cosna.n.eHmo l£3CTOT II 

B03HHKHOBeHHIO pe3oHaHCHhIX pe}[{HMOB pa6oTbl. B 3THX ycJJOBIIHX 

MexaHH3M CTaHOBHTC51 Hepa6oTocnoco6HblM II3·3a HapyweHIIH T0 1I

HOCTH pa6oThl, pocTa aMnJJHTy.n KOJJe6aHIIH H llIIHaMHl£eCKHX Harpy3oK. 

,Il.JISI npe.nornpaw.emrn B03HHKHOBeHlrn pesoHaHCHbIX pe)l{HMOB pa6oThl 

B MeXaHII3Mbl BBO.nHT ycnoKOHTeJIH KOJie6aHHH - )l.eMnc)>epbl, C0311,aIO

mHe CHJlbl conpoTHBJJeHHH !lBlDKYIUIIMCH )].eTaJIHM H pacxo.ny10w.He 

9HeprIIIO KOJie6aTeJibHoro npo1tecca, cnoco6crnyH 3aTyxaHHIO KOJie6a

HHH (CM. rJI. 24). 
K oJqxpul{UeHm nponop l{UOHaAbf:lOcmu MeJ1CiJy cuAoil conpomueAeHufl 

08UJ/CeHUIO u CKOpOCmblO 38eH.a Ha3bteaemCR K03clJc)>HUHeHTOM ycnoKOeHHSI • 
.Il.BH)l{emre 3BeHa c .neMncpepoM B o6o6rn.eHHb!X KOOp)l.IIHaTax OilHCbI· 

BaeTCH .n.11qxpepemr.ttaJJhHbIM ypaBHeHHeM 

360 

2 
d2q/dt2 + 2ndq!dt + fficq = 01 



r.n.e q - o6o6meHHaH KOOpP.HHaTa; n = kro0 fVCm - JJ.JIH nocTyna

TeJihHoro JJ.BH}l{eHHH aBeHa H n = kw,/V CJ - JJ.JIH BpamaTeJihHoro 
)J.BH}l{eHirn 3BeHa; m H J - COOTBeTCTBeHHO Macca ll MOMeHT HHepum1 
aBeHa; G - }l{eCTKOCTh aBeHa. 

11.Jrn xapaKTepHCTHKH .ztBH}l{eHHSI 3BeHa c .n:eMn<PepoM qacro HCrIOJib· 

syIOT l) = 2nn V ro~ - n2 = 2nn~. naahrnaeMyio AOzapurjJM.U'l£CKU.M 
iJeKpeM.enmo.M. samyxaHUfl. B KatJecrne xapaKTepHCTHKH neMn<Pepa 

r.--~-~~~-~----. 

0,3 

0,2 

0,1 t----+-----+--~+-+-+"""+-"<---1 
~08t----+-----+----+-+-+--+-...-....-. 

~041---+--+--++-+--'l--"'7' 

0,02 t----+-----+---1--+-+--+--"r-l 

0·0~2 0,4 0,8 1,41 2 

Puc. 29.12. 3aaucttMOCTh KO· 
3¢¢nuneHTa Btt6p033lllHThl OT 
K03<MrnutteHTa .neMmfmpoaaHH» 

H 

zR I mn;;,. 

6 

l. 

2. 

Pttc. 29.13. OpttttunnuaJJbHble cxeMbl .neMmf>epoa u aMopru3aTopoa: 

o 
F 

a - MeXaRR'lecKux; 6 - r1111paBJill'1eCKllX (nHeBM3Tll'leCKHX)l • - 3JleKTPOMaPRllTllhIX " aMopmsa
ropoB~ 2 - MeT3JIJIOpe3HHOBblX: Q - >l<HJlKOCTHblX 

ucnoJih3YIOT µ = n/ro0 = MV 4n2 - {52, naahrnaeMyio cmeneHbfu 
iJeM.nrpupoBaHUfl. llep110.n. KOJie6aHHii aBeHa o .n.eMnQ.:>epoM 6y.n.eT [cM. sa· 
BHCHMOCTh (24 .40)) 

T = 2n/~ = (2n/wc)!Vl - µ2, 

OTK-y.!l,a CJJe.n.yeT, LITO npH µ = 0 )J.eMmflep He OKa3hIBaeT BJIHffHH.H Ha 
xapaKTep KOJie6aHttfi, a nptt µ = I .!l.OCTttraeTcH noJinoe yenoKoenne, 
TaK KaK KOJJet'iaTeJihHhiii npouecc npeKpamaeTcH. 

Deperpy3KH MaUHIH, MeXaHH3MOB H npHt50pOB H3·3a BH6pallHM 3a
BHCHT OT ycKopeHHH a, B03HHKalOIUHX npH KOJJe6aHH51X 3BeHbeB, H 
xapaKTep113y10TcH cnJJoii nttepUHH F11 = am. Han6oJJhruee ycKopenHe 
aaBHCHT OT aMilJIHTY.llbl KOJie6aHHB x H l!aCTOThl co.• 

~ a= Xffic. 

CTeneHh aaruttTbl MexaHII3Ma OT BH6pauIIif oueHIIBaeTcH Koar/Jr/Jut{u
eHmoM 8U6posaw,umbt y, paBHhJM OTHOWCHHIO aMllJJHTY )J.bl KOJie6aHHB 
XM 3BeHbeB MeXaHH3Ma K aMilJIIITY )J.e KOJie6aHHH X<t> Q.:>ytt)J.aMeHTa: 
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y = xM/Xq,. Ko3cptjrnurieHT BH6p03all1.rIThl Bhlpam:aercH 4epe3 qacToThI 

KOJJe6airnii 3BeHbeB (J)c 11 cpyHnaMeHTa WcJ> CJle,Lly!Olll.HM o6pa30M: 

'Y = V (( (l)q,/(J)c)2 µ 2 + l )/((Wet>/ (J)c)2 µ2 + ( Wcp/ w0 ) 2 - l )2 . (29.15) 

Ha p11c. 29.12 noKa3aHa 3aBHCHMOCTh Ko3cjxjrnuHeHra BH6po3am11-

Thl OT Ko3qxp11u11eHTa L(eMwtmpoBamrn µ fl OTHOWeHlrn 4aCTOT (l)q,/(J)c· 

B116p03am.11ra 6y 11.er o6ecne4eHa 11p11 y < l. 3ro ycJIOBHe Bb1110JJHHerrn 
npH wcp/wc > 1,41 (cM. 3aBHCHMOCTb (29.14)). EcJJH ro<!,/wG > 1,41, 
B11fip03mu1na yxy,Llrnaer ycJJOBHH 3KCI1Jlyarau1m, TaK KaK npH 3TOM y > 
> l H X,\\ > X¢. c yMeHbl.UeHHeM µ npH ffi¢lffic > 1,41 Be.flH4HHa y 
yrv1eHbUJaeTC5l 11 yJJy1..1maeTCH BH6po3alUHTa. 0,LlH3KO npH HH3KHX 3Ha-

4eHHHX fl .ueMIIcpepbl llJJOXO CMHf4alOT ynapb!. 06bi4HO Bbl611pa10T 3Ha

lleHHe µ B ope11eJ1ax 0,2 ~ µ ~ 0,5. 
B Heo6xO.!l.HMbIX cJiylla~x croC!Ky MexaHH3Ma yCTaHaBJIHBaJOT Ha 

Cilel.Ul3JlbHbJe yCTpoikTBa c l10BblWeHHOH no.ll,aTJIHBOCTblO - aMOPTH-
3aTOpbl, KOTOpble 003BOJll'llOT yMeHbWHTb ycHJIHH, nepenaBaeMble Ha 

cjlyHnaMeHT 3a cqer neMn¢11poBaH11H ux ynpyrnx 3JieMeHTOB. B ux 

KOHCrpyKUH51X 11pHMeHeHhl pa3Hble npHHUHllbl .QeMmjmpoBamrn 

(pric. 29.13). K nac1;oprnb1M naHHblM aMoprn: a ropa ornornTcH ero 

.ll,e<flopMaUHfl fa• MKM, OOJI. 11.etiCTBHeM HOMHHBJlbHOH CTBTH4€CKOH Ha· 

rpy3KH. 4acrora co6crneHHhlX KoJJe6aHriii ffia onpe,neJrnercH no 3aBH· 

CHMOCTH 

(j)a = (l)c = 99,2 VI!fa· 

Onpe,LleJIHH H3 ycJIOBHH 7KCnJiyaraLLHH ro1 = W8 H K03cW>HuHeHT ft 
no 3aBHCflMOCTH (29 .15) I HaXO,LlflT HCTHHHblH K03cpcpHUH€HT BH6po3a· 

m11rh1. Bb16op aMoprn3aropa ocyrn.ecrBJIH!OT B o6parHoM nopHnKe. 

OrHoweHHe Harpy3KH Fa, BOCllpHHHMaeMOH 3MOpTH3aropoM, K ne· 

¢opMaUHH H33b!Ba!OT Ko:>¢qmm1eHTOM lli.eCTKOCTH Ca = Falt. c yae
JIH1I€HHeM Ca HJIH yMeHblll€HHeM Fa yBeJIHl!HBaercH roa, 1ITO npH Tex 

)f{e 43CTOTaX ffi¢ npHBO.ll.llT K yxynmeHHIO BH6po33lUHTbl. £lo3TOMY 

JIY4WYIO BH6p038ll1.HTY o6ecne4HRalOT aMOpTH33TOpbl c Manofi >K€CT· 

KOCThlO, 3arpymeHHble Harpy3KOH, 6JIH3KOH K HOMHHaJlbHOH. 
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