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OB HHBAPIIAHTHOM UPEHCTABJIEHHH AHHAMWECKHX yPABHEHKH 
ABHKEHHH CJIOHHHX IUIOCKOCTHHX MEXAHH3M0B

?e3K>Me . HHBapHaHTHOCTL flHHaiiHieCKHX ypaBHeHHii ABHKeHHH nXOCKOCT- 
KHX MexaHH3M0B COCTOHT B TOM, HTO BCe BeAHHHHN, KOTOpue yHaCTByiJT B 
ypaBHeHHHX HucnoBue h He 3aBHCHT or BuOopa CHdeMU KoopAHHai. IIpeHMy- 
meciBa HHBapiiaHTHbix ypaBHeHHS H3BeciHbi, flpexAe Bcero ohh npocTue a 
no3BoJiHBT ycTaHOBHTB BJiHHHae p a sa  hcxoahux napajieTpoB Ha KOHeaHue 
pe3yjibiaTU. B paOoie Ha npaMepe noKaaaao npnueHeHae MeioAa. Pe3ynb- 
iaiu noKa3aHu rpa^aaecKH.

Boe BeJiHHHHH, KOTopue yaaoTByuT b ypaBHeHHHX ABHxeHHH paccuaTpHBaeMUx 
naooKooiHLo: MexaHH3MOB, ObiBaBi ABa BHAai l )  iyHKHHH, 3aBHcanae ot noA oxe- 
hhh MexaHH3Ma, KOTopue BupasawTCH peanbHHMH HHCAaMH, HesaBacHz^nua ot buS o-  
pa KHepUHaAbHOS OHOieMb! KOOpAKHai; 2) BeHHHHHH, 3aBHCHQHe He TOAbKO OT n o - 
AoxeKHH MexaHH3Ma, ho a ot pacnpeAeAeHHa e ro  M accu, IlepBbiS bha BexHHHH Cy- 
Aew Ha3nBaTb reoMeipHnecKH HHBapnaHTHUMH h ycAOBHO -  nepeBOAHUMH $yHKUas- 
mh, KOTopue no cyiąeoTBy coBnaAaaT c  AcypoBUMH aHaxoraMH O K opocieii, yoKope- 
KHiS H T.A . B lop oii BHA BeHHHHHH OyAeM HASHBaTb AHHaMHHeCKHMH HHBapHaHTHUMH.

3 Hasane paO oiu mh AaeM HeKoiopue (paKxu B3 reopaH nepeBOAnux iyH KnaS, 
a noioM noKaxeM hx npnMeHeHKe npn cociaBneHiiH AHHaMHaecKux ypaBHeHaS a b h - 
seHHa CAosHoro nAocKOCTHoro M e x a H ii3 u a , HecMoipa »a  t o ,  h to  Mexana3M k o h - 
KpeieH, moeho Ha cooTBeTCTEyiomeu npHMepe CAeAaib 3aKxjoseHHe o npiiMeHeHKH 
wesoAa npn HanSonee o6ąnx nAooKociHhix MexaHH3Max.

I ,  IlepeBoAHOfi cjiymcrmea aBAHeicn cAeAyionaH HHCAOBas BenisuiiHaj
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r x e  ¿T, b ,  c  -  r p n  x o M n x a H a p n u e  B e K i o p a ,  -  exH H H H H H ß B e x s o p ,  n e p r ie H X H R y -

x n p H x ß  h m . O n e B H flH O , B e p x H H a  ÿ o p M y ji a  a n e e s  c m h c x  x o x b x o ,  e c x s t  b *  z ~c h b x íb j!-

c a  H S K o a a H H e a p K U M H  B e K i o p a M H .  BexH H H H H  B i s x a  P a b c  a s j i a o T o a  $ y H x iM H M H  s p e x

B e K T O p O B , E C X IÎ B e K T O p U  CO C B O e ñ  O r o p O H H , H B a S JO T C a  $yHKUHHM H S  o 6 o 6 jX ë K H H X

K O O p Ä H H a i, q1,...,q3, so H C H O , H TO H P Ä B H H eX CH. (p y H X U H eß  i e x  Z e  K oop-:

A H H a i .  OyHKHHH Biifla P a b c  H c n o x b 3 y ¡o s c H  n p «  o im c a H H K  x s H is e H H S  xioöoro n x o c -

K o c i H o r o  n - y r o x B K H x a ,  C T o p o a u  K o i o p o r o  m u  o s h b h h m  H H x e x c a M B  a ” . I T ,  . . . .  ä *1 3 ' 1 2n*
Eyxeu noxarasb, hto nocxexHHe Bexsopu npn abh&chhh n-yroxBHKxa 6yxys H3- 
MSKHTŁCH K3LK no BeXHHSÎHe f TaK H no HaHpaBXeHHB. IlpH IlpOBeXeHHH BHHHCJieHHä 
öyxyr Hcnoab30BaHU xexapTOBue xoopxHsaxu assoc BexsopoB xi# y , him hx no- 
napHue xoopxsiHasu h  ( i = 1 , 3 , . . . , 2 n - 1 ) . Ho b  Hacxoameß pa6ose 6yxei
Haoso HcnoxB30Basj enje oxhk bhx xoopxaHan

a .
qi “ ^i “ ^iO' qi*1 = ln (i = 1,3.... 2n-1) (2a,6

r x e :  h  a i g -  o n p e x e x e a H u e  H a a a x b H u e  i i o x x p H u e  x o o p x H H a i x  a ^ ,  a  a ^ j a j

C p a a y  b h x h o ,  mto x o .c p X H H a s u  q A h q i  +  1 6 e 3 p a 3 M e p H u e  h ,  h t o  n p x  o n p e x e x e s -  

HOM H a n a x b H O M  n o x o s e a s i B  a i c ) 0HH PaBHH H y x io ,

H a p x x y  o n - y r o x b H i i K O M ,  x o x o p u i i  o 6 p a 3 0 B a H  B e K T o p a M H  p a c o M o ip H M  e u e  

o x h h  n - y r o x B H H K ,  n o x y a e H R u f i  B e K x o p a i M  ? ,  T . , K o i o p u e  x b x ä i o t c r  ses

T o p u  a ^ ,  c o o s B e T c s B e H H O  3 a s e p T e H H u e  H a  90 n o  H a n p a B x e H K io  n a c o B o f i  c s D e x K z .  

B y x e a  r o s o p H S b ,  a s o  o n p e x e x e H H o e  w H o z e c x B o  B e K T o p o s  â ^ .  o 6 p a 3 y a s  K O H T y p , 

e o x H  H x c ö o p  p a B e a  j c y i r o .  S a x  x a x  h 3  B e x s o p o B  s '  m o h h o  n o c r p o H i b  o p a e H X H p o s i  

HUÖ n - y r o x b H H K ,  s o  o h h  h b x h jo t c x .  K o H s y p o M .  B e x s o p u  i f   ̂ ( i + l  = 2 ,  4, . .  . ,  2 n )  

s a x x e  o ö p a s y j o s  x o a x y p ,  a h  s e e  M H o s e c s B o  B e x s o p o B  o f io s o c  n - y r o x b H a x o B  o 6 p a -  

3 y e i  KOHiyp. H s a x  C y x y s  b  c u x e  c x e x y » E a e  s p a  p a B e H C T B a :

2n-1 2n
2  = 7 - 2  ai+1 ■ o'-
i=1 1=2

Ä a x b m e  P y x e s  p a c o M o i p e H O  B o e  M H o s e c s B o  h 3  2 n  B e x s o p o B ,  n p H H a x x e s a n H x  ofioa 

K O H T y p a M .

2 ,  C x e x y jo E H e  x a H e s ia iH H e o x H e  y p aB H eH H S  b  c a x e :

4g = 2  \P-ckg ' ¿X = 2  4TPzgk . 4a-6
T X

X  n p o ö e r a e r  3Ha^eHHH. c  1  n o  2 n  n p o n y c n a a .  npH  o to m  a  h  k # 

n o ^ q e H H e  oTH x y p aB H eH H lł c o ^ e p s K T c a .  b p a ö o T a x  [ l ,  2 ]  « 3 ^ e c b  o tm c th m  HeKOic- 

p y e  c B o î îC T B a  n o c j i e ^ H i i x  ypaBHOHHÜ h  n ep eB O A H H x $ y H K m tñ , K O T o p a e  co A e p sa T C Ä  

b eux:

2n
a . = 0. oc

oc =  1

(3a, 6, ci
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a) ynopiW*teHHOMB HHAeKcoB. nepBHß hhäskc jnoöoß nepeBoanoß (Sj-hkakk 
ooBnamaei o HHAeKco« npeflmecTByioniero ¡¿HOScHTeaa. IlocaeÄ H H ß HHAeac nepeBoa- 
HHx $yKKUHß ooBna^aeT c hhabkcom b aeBoß CTopoae paBBHCTBa. CpeABHM hhack-

c a  113 ( 4 a )  ,  n p n q e M  B e 3 a e  3 a ü e H H » T c a  g - k  h  k - g .  S t k  C B o ß c i B a  n o 3 B o a a jo T  6 e 3 -  

o e h ö o k h o  HanocaxB ö o x b e h h c t b o  n a  K H iie M a T H a e o K E X  y p a B H e H a ä  n p a  c a o x h h x  u e -  
x a H H S u a x .  O h k  H e  l e p a i o T c a ,  a a o n o a H a jo T c a  npa M H o ro K O H iy p H H X  u e x a s £ H 3 u a x  

K Tanze e n o c o 6 e T B y » T  h x  6 e 3 o n H 6 o H H O M y  HariHcaHHB k  ax H a r j i R Ä H o c i H j

hehx abahkitch: HeaeijHHHpoBaHHbiMH. S t o  -KaaecTBo sasaoui o i  KHHeuaTHHecscoß 
CXeMH MexaHH3Ma H OT BHÖOpa OÖOÖmeHHHX KOOpAHHaT g^;

a6comoTHo CKaaapHhie, a A pyrae - nceBAocKaaapHne. HanoMHHM, h t o  nocaeAKae 
H3MeHA»T CBoß 3HaK, KOTAS HSMeHAeTCÄ HanpaBAeHHe, B KOTOPOM H3Mepa»xea 
yraü 'f. Sto HanpaBjieHHe Bhiöiipaeica npoH3soAbHO, H 3-3a a e ro  ÖeccMbicaeHO 
o6pa30Baib cyMMy H3 nepeBoAHOß $yHKi;nH, K o rsa  oHa cn a a a p , k hs ¡jpyHKUHJi- 
noeBxocKaaapa. Tanze 6eceMHcaeHHHK a B a a e r c s  h cpaBHKBaTb nepeaoAHyx $j'hk- 
üHB-CKaazp h nepesoAP.yio (fyHKiiHB-nceBAOCKaaap. KpHTepßeM oripeÁeaeBHS c n a -  
.ispHOCTK h jiH nceBOÄCKaaapHOCTH o a h o A $yHKUHH aB aaeT ca caeAyoniee: e ca a  n ep - 
EHß K TpeTJiß HHA6KC B 0Ö03HaHeHHH Pabc HMeBT OAKHaKOByB HeTHOCTb, TO $yHK- 
UEK H Bjiaeica. aöcoabtkhm cnanapoM , B npoiHBonoaoxHoM ca y a a e  oaa -  nceBA o- 
CKaaap;

A) BeaHHHHa h q Tanze AeAarca Ha aöcoJUOTHbie cnaaapti u neeBAoenaaapu 
3 3a.BHCHM0CTH OT TOTO KaKKM 1HCA0M HBAHeTCH X -HeTHHli HAH HeHeTKbOi. ECAK 
ocHeaeiHoe hhoao, to q^HMeei cmhca yrnosofi okodoctk h ona aBaaeica nceBAo- 
OKaaapoM. To ze othocktch h o q^, KOTopoe asaaerca pa3anK0Ö AByx yraoB, 
KoopAHHaîy q Ä npa cc HeaeiHOM HHcae 6yaeM Ha3b¡Baib KopoiKO yraosoß noopaa- 
Haioß. Eoah o: aeiHoe hhcao, io q^aBjiaeica aöcoajoTHbtM cKaaapoM h öyaea Ha- 
3HBaTB ero AKnaiaaiicHHoß (paciaiHMofi) CKopooibio. B caae paBeHCTBas

HeAonyoTsjMoCTb coöHparb u cpaBHKBaTb CKaaap 11 nceBAOCKaaap abbt Bo3noxHocib 
npoBoAHT ÖHOTpyx) h HaraaAHyio nposepicy soex KHHeMaTHHecnHx ypaBuesmfl, hto 
HanoMHHaei npoBepny no pa3MepHociH.

3 .  B cHne caeayfflüHe paBeHOisa:

co m  n e p e B O A H o ß  (JjyH K m iH  B c e r a a  a B a a e i c a  t o t ,  noTopttß o t h o c h t o a  k o ö o Ö ia e H H o ß  

C K o p o c i H ,  K O T o p a a .  ae c o A e p K H i c a  b p a B e H C i B e ,  P a B e H C i B a  T H n a  ( 4 6 )  n o a y a a D T -

r )  HeKOTopue z3 nepeBOAHux JyHKiwß, n o io p k e  yaaoTBysT b p aseaoxB ax (4 )

0. (6)
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r ^ e  ' z  n p o f i e r a e i  B e e  3HaieHHH c  1 no  2 n , n p o n y c x o a  npn s to m  g h k . Ohh 

H c n o a is y o io f l  npn C K H ie3e  h jio o k o c ih h x  MexaHH3MOB [3]  , Tax K an  M ory x o n y jc n i i  

B M e o ie  o paBeH O iBaM E ( 3 )  h  ( 4 )  a jih  o n p e ^ e jie H H a  HeaHaxoMHx B e K io p o B , K or.u a

< fi  H H 3B6CTBH »

4 .  R x a  o n p e fle jie H iia  y cxo p eH H ii MexaHH3Ma xcn o jiB 3y jo T C K  c jiea y B U H e y p aB n eH H x:

^g " 2  ‘j-jP'Tkg + 2  2^-jSsP^sXg'
Z  r  *  ( 7 a , 6 )

^k “ 2  + 2  2 ^ j ^ s pZskg'

rxet

_ aPZkq. _ 3pZqk
%skg " 3 q s ' z sg k  3 q ‘ ' ( 8 a , 6)

s n p o 6 e ra e i s e e  3Ha<ieHH.a. c  1 no 2n ,  nponycxax npx 3 io u  g k k . nooneAHHe 
«taciHue npoK3BoflHue Ha3NBax>:rcx BTopuuH nepeBoiHBntij iyHKimnuH, Bee ohk onpe- 
A enaETca no oflHofi exHHCiBeHHoJS fcopwyjie:

IPabed
a a c ;b  a c a ;b  Pa cd ^ a c d ;b  £d c;b^

T. <r x r.)
(9)

r^ei

0q Zfc

a£y,5 “  s S  a £  • ry -  W  V i  '  * 5  ( £  ■  H e t l e T H 0 )

a£?;s = V l i 1 ‘V ' ^ V  ‘V  V  t£~ 'leTH0> (10-a »6 -B'r>

Sq,, (l axo -?=A

5 «  = Sji + PS c d ^ n ’ PS d c V  |o ^  ***

0 BiopHX nepeBOAKia $yHKHHsx o th o c h tc x  aHanorHqeoKKe npaBHJia 06 ynopxAoqeH- 
koosh HiyseKooB, T axse Kar. r  0 nepBHX. 3io biiaKO H3 paneHCTBa ( 7 ) .

Bxopaa. nepeBoAKax ¡JyHxnKX p . SBJiaexcE aScojnoiHxu exa.THpoti, eejm a+b■ abcc - T
Hueer qexHocib b d k xsjixeTC.E nces^ooKajiapoti s npoiHBononosHoi:. ojyqae.
HepeBo^HHe $yHxnnn Pa^c n PajjC^ XBJiaarcH reoMeipxqecKHWK KHBapnaEXHiaiB e
ypaBHexnnx .iBiiKeHH.i. Oek 3aB;:cxx toxbxo  ox K0H$5irypanxn uexasxsM a h siriH-
oaKBTcx. e ns3ox noEoseHHE no iopMynaii (1) x (S).
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ÄJijl iie jieö  AHHaMH^eoKoro HccseAOBaHHH cjioxhkx nsocxociH H x MexaHH3MOB n e -  
jiecoo6pa3Ho mhcjienHO pa36H Baib hx He no KOHiypaw, H.aK b XHHesiaTHxe, a  no 
OTKpHTHM nenn u. CociaBjieHHe BHpaxeHHñ XHHeiHHecxoii oneprHH h o6o6meHHHx 
oHJiax oTKpuiHx nenefi cpaBHurejibHO jiern o  h <$>opMyjmf xorop ue noayH aoics -  
OHHMeipHHHHe. Hof HTOÖH nosySHTb BblpaSCeHHK, OTBesaiOUHe ÄeäCIBHTeabHOä XH- 
HeiHHeoxoa oHeprHH, o jie^yeT H cnoxb30Baib KHHeuaTHHecxHe ypaBueHHa, npn x o -  
TOpUX npHHHia BO BHHMaHHe 3aMKHyT0CTb Bcex KOHiypOB.

IIyoib OHanajia paccM oipaií OTxpmyK) p en b , x o to p a s  c o o i o h i  t o x b k c  h 3 3BeHb- 
eB c HeH3MeHHeMoö ashhoíí CTopoH. Hx uh npoHyMepyeM HenexHHMH nouepaiíH. Ha 
pao. 1 H3o6paseHa T axas n en b , x o io p a s  ó o c t o h t  h 3 2n-1 nnocxociH üx T e s , o b s - 
3aHHHx npocTHMH flByxxpaiHHMH napHHpaMH, xoTopue 03HaneHH HHAexcaMH Ao ,Al t  
A2, . . . , A g n ÄBHseHHe nena 3HaxoMoe, ecnn 3naxoMo ABuzeHHe BexTopHoro xoh-

CsHiaeM, s i o  b  mo6oä Toaxe A^i _ 1 pa3MeĘeHa MaiepHaabHaa. ro s x a  c n a c c o ä , 
paBHoñ cyiíMe u acc  B cex  npeAneciByxmHX sBeH beB.

KHHeTHHeoxaa sn e p ra a  laxo ? . o ix p x io g  nenH Hv.eer caeAyBAKÜ bh a :

iypa aĵ , a3 , a5  a2n-l •

2¿V/ 2¿~1

( z n - i )

P h c  . 1

2n-1 2n-1
(1 1 )

i=1 j-1

rae T... HBjiHjoTca. AHH&KIIHecxHMii xapaxiepBCTHxaMH, onpeAeAseuKMK no $opMyaans1 j
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Si e 03HanauT CTaTjmecKBß h HHepiHüfi MOMeHTH 3Beaa c HOMepoií i no oth o- 
ne«HE K napHHpy Ai. Bojiee toeho ohh nojiynaBTCii no eneayioąeMy npaBaay: o6pa- 
syEToa ciarH^eoKHü h HHepiHiifi MOMeHTH 3BCHa 1 no oiHoneHHxi k mapmpy A^.
B  r o ß  x e  T o n n e  A.^ p a 3 M e n ja e T C s  u a c c a  n ^ ,  n o i o p a a  p a B n a  M a c c e  3 B e H a  1 .  ü o t o m  

o o o i a B J i a B T o a  c ia T H n e c K E f i  h  E H e p iH H ß  m o m b h t h  3 B e n a  3  o  T o n n e  A3 h b  H e ß  p a 3 -  

M e n a e i c s  M a T e p H a n b H a a  x o n n a  c  M a c o o f i ,  p a B B o ß  c y w a e  w a c c  3 B e H b e B  1  h 3 ,  T . e .

a 3t o t  nponeoc npoÄoAiaeioa aajibme nyiea npHooeAHHeHHÄ b  Hanaae a k - 
öoro BeKTopa liaTepaaabHofi Tonnn c waccoß, paBHoß cyMMe waoo npeaKayflnix 3Be-
HbSB.

IIp E  A H 4>i>epeH nEpoBainiH  x a p a K ie p H O iK K  n o  x o o p a H H a x a M  h q.. n o a y n a jo T c a  

(fopMyjiKi

0T
3 5 7 ^  = U i j '  3 5 “  “ _ U i j '  ( 1 3 , à , 6)

i\nei

Üü
■P .  ( S ^  X q . )  a n o  i  < j

(14)
0 a n o  i  >  j

Ä E H aM H n ecK H e x a p a K T e p a c T E K H  ï \  ^ a Ö c o jm T H o  c n a a s p H H e ,  n o r a  a  i  e  j  H u e s T  o a h -

HaKOByio n e i H o o i b  b  n c e B a o c n a a n p H i i e  b n p o T K B o n o a o x K O M  c a y n a e .  JE iH a jiB n e c x H e

x a p a K x e p H C T E K E  ü.. j  n o e B f lo c K a a a p H H e  n p n  o a n E a n o B o ß  n e T H o c x H  i  n  j  h a ö c o jn o T -

Ho cn a jiH p K H e  b n p o T K B o n o ao acH O ii c a y n a e .

IIp o H 3 B o a H b ie  n o  B p ew eH E  Ä E H a u n n e c K H x  x a p a K i e p n c T H K  T  . b  u .  . m o s h o  a a ß i z■ 13 X3
n o  ÿ o p u y a a ü t

* «  = V s  = (15!

r ^ e  q i  H q_. ÄBJIÄ23TCÄ. yrjIO BU M H  CKOpOCTKMK,

y paBHÖHHfi ABHSeHHÄ MOSKO COCTaBHTb, HCnOJIB3yH H3B6CTHHe ypaBHeHKSJ

^  á ; . ■ ^ = Qx kjih W z = il6a,<5)

W - 03HanaeT oHeprna yoKopeHHß, Ee ioxe m o x h o  onpeaeaHTb BBeaeHHHME anna- 
liHneeKKMB. xapanïepECTHKaME no íJopayae i

K ' 2  2  [ (^3 (q^j - q<q?) ♦ Uij (Ś̂ t-j - q ^

rae q.; h  - yraoBue ycnopeExa.

2 ) , (17)
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Ecjth HonojriaoBasi. (16a) ana (166) , t o  nojiyi ajorca caeAyxanae AHHaHHHecKHe
ypaBHeHHaj

2 n - 1  2 n - 1

2  + T# i  - 2  (utí - - V  (18)
i = 1  1 = 1

06od n eH H y j>  C H ay Q 6  u o jch o  H aM iH  a p a  h o m o h h  peA yK iiH H  Boex C H a , K o T o p u e  A e S -  

cT ByuT  H a 3 B e H a  n e n a ,  H a 2 n - 1  n a p u ,  h b h  M O M e H it i 'o n p e A e a /u jx c H  n o  < J> o p « y a e :

*21-1
M 2 i - 1  2  *  '  (Í̂ 2 1 - 1  ,oi X  R 2 i - 1 , O C * '  ( 1 9 )

ot=0

W  R 2 í _ i (Q ; A B x a e i c a. raaB H H M  B e K x o p o u  B o e x  c a a ,  A e fic iB y x iin H x  H a 3 B e H a ,  n p e -  

A H íyA ae o HOMepoM 2 1 - 1 .  n p aH H M aa b o  BH H M aH ae, a r o  B e p ie H H e  B c e x  3bbhbcb 
o iK p m o f i  n e n a  H e3aaacHM bi o a h o  o í  A p y r o r o  h n p a M e n a a . n p a a n a n  B a p x y a a b B K x  n e -  

p e u en e H H ñ , m o x h o  a e r x o  A 0 K a 3 a x b ,  h t o x

= Mx, (20)

rae HHAeiccoM 03HaaeHH MOMeam caa, xoioptie "nepeHocaTca" nocaeAOBareab-
ho no 3BeHBHM nena no onpeaeaeHHOMy npasany. 3ro npasaao oaeayei H3 xeopeM 
o peayaiíHH can Ha XBepAOM rene, jcoropae H3BeciHbi H3 cxaxHKa, Oho oooiohi b 
cfleayraaeM: cann Ha 3BeHe 1 peayaHpyBica o lonae A^. IIpn peayKUHH B03Hi:Kaex 
napa cna o MoueHio« h raaBHHM BeaiopoM R1, AeficxByioAHM b xoaae A. , koxo- 
pafi paooMaipHBaexoH Kan CHaa, AeücxByioinaa Ha 3Beae 3 b io)í s e  lonae. C«a, 
anecie o apyrHMH canana Ha 3BeHe, peayuHpyexca o xoane A3> lipa npoaoaxeHaa 
3ioro nponecoa nonyaaioxcK Bce MOMenm

Ecaa oiKpHiaa nena HMeex B3MeHHHBh¡e Anuabi SBeHbeB, xo cocxaBaaexca uuc- 
aeHHHg ABOilHOfi BeKXOpHblfi KOHiyp H3 2n 3BeHteB. B He« Bexiophl 0 HeReXHiaíE 
HoüepaMH paBHH a napaaaeatHH Beaiopan "â  ,"a.j,.., ,"?g , a aeinue BeKxop« oo-
oxBexcTBeHHo neHAHKyaapHU nepBHM a c reiía xe BejiaiHHaua. "nepeHeceaae" 
aacc a oaa aepe3 mapnapu npoacxoaax no xo xe npaBaay, h o  c  yaexoM, aro 3Be- 
aí>a nexHinta HOMepaMa - 6e3MaccoBue.

npa saMKHyxux KHHeMaiaaecKHx nenax caeAyer yaecxb 3aBaca«ooxa «exAy cxo- 
POCTaua 3BeHbeB q.. a q.. ToaHee, ABe H 3 SBeHbeB o HOMepa«a g a k auesox cko- 
pocra, Koxopue 3aBacax oí CKopocxeií ocxaabHux 3BeabeB uexanaaMOB• 3xa 3a- 
bhokhooie BupaxaxixcH paBeHCXBaua (4) . Ecaa aonoab3yeM BbipaxeHae 06 sHepraa 
ycKopeHHÜ (17) , xo caeAyex yaaxuBaTb 3aBacaMocxb nexAy yraoBtasa ycxopeHHH- 
“A npr. nouonja (7).

npa 3cLMKHyitix KJiHeuaxaa e ckex uenax o6o6meHHh¡e c h j i h  noaj^auxca H3 pasea- 
ciBa:
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Q-t - + * W g prcg kMk ' ( 21 !

r«e U0 U 6 HIH onpe^ejiHiiTCjE no (fopuyne (19).
BuBSfleHae Boex 4>opnyji o cociaBaeHHB ABHajiHHecKBx ypaBHeHHfi aepe3 nepeBOł 

HHe $yHKnHH j a m  b [2, 4] . 3Aect, b KaaeciBe npaMepa, paccjioipBM meoTH3ues- 
Boro »teiaHH3ua ipeiBero Knacca (pao. 2). Hamefi ae jiiuo 6yAei hbjlhtbch. cocía-

{ ÔÇ'tc 2 0

s -cd 0 4

5 0¡‘DR -4 4

7 Oj-flQ -4 -2

Pac. 2

4 0 -0,4

3 Sh * ÜX -1 0,4

5 %-nr 0 4

7 ~Q - DE 1 0
9 TV ’LF 0 -4

BJI6HB6 ypaBHeHBÄ ABBxeHBJL, ecBB Ha 3B6H0 FG AeficiByei BHemHÄB napa c h a . 
Kpoue Toro ÖyseM nojiarart, hto l o w a  D coBnaAaei c MaccoBHu ueHipoM 3Bena 
ADE a Tonna E sBJiaeica ijeHTpoM lasecTH 3BeHa EF. HananBHoe SBeHo -FG. 
Oho Mosei 3aBepieThcs a o yrna 2n. IIpK KBHeMaTBHecKOM HccaeAOBaHBH chctcmh 
ona pa3AeMeica uacneHHO Ha a Ba KoHTypa a —FGCDE a 6 - bcda (pac. 3).
BeKTopu KOHTypoB - 9 a nponyMMepoBaHií hshsthłimh HOMepaMH c 1 no 17. Ohh 
cjieAyiŒîHe s

b1 = BC, b3 = CD, b5 =
_* _* _* _¥

a9 * FG, a11 = GC, a1 3

DA, b? = ÄB

= CD, 13 DE, a17=EF

- o KOHiype (b! 

- o KOHiype ( a i

KBHeTHHecKas. oHeprua HaxoAHica npa paaAejieKHH MexaHH3ua Ha ipn npociiie ot- 
KpHTHe Aenn (pHC, 3) nocne MHcneHHoro npenpameaBs CBS3efl b TOHKaz a h F. ( 
lipa onpeAeaeHBH KHHeiaHecKoä DHeprHH (b isaccoBoro aenipa ade) HeoÖxoABMO 
ynectb, hto b E ajjeeica lOHKa c liaccofi 3BeHba, ef.

Oh e iiueei bhaj

33^3 *  T 55^5 + T 77^7 + T 17,17^17' (a)
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ne:

33 ‘ 2 J3 '™5Tral7

T77 " 2 J7 ' T99 T. J9

lB,+m ,)CD ; T__ = ? J_ + m 7DE ,55 2 5 17

J°; T17,17 = 2 J17

(6?

Phc . 3

Tax Kax MexaHK3M aueex o«ny cxeneHb cboöoäu, cjieayei Hcno;ib30BaTb KHaesía- 
TBxeoKEe ypaBHesHK CBjL3eß uexAy yrjroBtaiH ckopocxämh 3BeHbeB bha& (4). 3tk 
ypaBHeHHE 06 o6omc KOHiypax (a) h (6) - cjieAyiomiie:

q3 = ^9 a9,17,15b5,7,3‘/R = <̂ 919,3

q5 ~ q9 a9,17,15/R ” q919,5

q7 * q9 a9,17,15b5,3,7/R = q9a9,7

q17 q9 la9,15,17 + a9,17,15b5,7,3a13,15,17/R) " q9X9,17

ne:

R = 1 - b, _ , a,,5,/,3 13,17,15
nooae saMecjeHHa e bupaseh h h o KHHeiBEecKofi oHepraa nojiy^aexcai

(»)

T = j4q . (r)

n e  j - npKBeaeKHbiß EHepiHufi. woueHt.
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Oh Bupaxaeioa nepeBOÄ:-4>yBKmiÄMH h KBAaexoa HHBapHaHiHofi BeAHHHHoö, Os- 
ABALHHe OÄHOHJieHH, H3 KOTOpUX COCtraBAeH HHepiHKÖ MOUeHX, T0 S 8 HHBapHaHTEK, 
3hbh6hhæ nepeBOÄHHX ÿyHKHHfi 0 6 oöohx KOHiypax bothojhstch npH KajwoH nojto- 
zeHHH uexaHH3Ma Mamaras«

nonozeraie ae6oto 3BeHa onpeAeAaexca noAoxeHaeM ero Bescxopa« Bescxopn 3i( 
BJ>eB BupaiajoTCH noopAHHaxofl Ha^ajitHoro 3Beaa c acnoAB30BaHHeM npHönsiKeHBS 
Ropnymi

8a, 02a,
TA (q2 = ar.(qa) - (^-i^Aq,^ \

r^e HäcxHHe npoH3BOAHne BŁspazanicji xaxxe nepeBOArasua (JyHKisHfUiH:

0a\ 0q
öq^ " ai öq

1+1 ®qi
X ' 1+1 ^

— ? +a< 
®qx

« W  ,0v -  2a ®ql ®ql+1
‘i+i 0qa

GanHcaHHHe sflecB $opuyAH oihochxcä k oönexy CAyzaB, KorAa Beaxopu KOHiypa 
HMejOX H3MeBHeuyX AAHHy (3BeHBH UexaHH3Ua HMeDI H3HeHgHBy» AAHHy) . Ü 3-3a  

oxoro Be3Ae b Bepxaax $opMy;iax CAeAyex npuHHiB, hio = 0. B npoxra-
HOM CAyiae, ecna MexaHH3M mseex HeE3MeHrase HanpaBneHHa 3BeHbeB, xo BeKxop 
ÖyAyx HweiB H3iieHHHBne a u h h h  h nooxoHHHLie HanpaBAeHHa. Torsa npHHHMaexcsi

= 0.
1

ypasHeHHe ABHzeHHa b paccxoxpeHHOu npmiepe Hveex b ha s

Jq 1 0J
9 + 7 ^qT q9qQ = Qq

rfles

3J
W *

2(i
019,3 01

9,3 0q„ T33 + 19,5 0q. 155"A9 ,7 IST“ i77’'19,17
9,5 0i.

Tc c +i„ 9,7 ®i,T__+i_ 9,17
% T1717)(I

Hacxmse npoH3BOAHne b nocneAHeM bLipaxeh h e Bapazaioxoa nepeBOAHtoiH $yHKmafflU 
no CAeAyBAHM (fcopayAaM:

01,9 3
dq9 = a9,9,17,15^5,7,3/R + a9,17,15b5,5,7,3a9,17,15/R + a9,17,15b5,7,3 * S
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Si 9 5
0 q^~ = a 9 ,9 ,17,15/R r a9 ,17 ,1 5 ' S

9 7 2
0q7~ ¿a9,9, 17,15b5,3,7/R + a9,17,15b5,5,37a9,17,15/R +a9,17,15b5,3,7-S

019,17 _
^  a9 ,9,1 5,1 7 T a9 ,9 ,17,15" 5 ,7 ,3a 13,15,17/

2
a 9 ,1 7,1 5b 5 ,5 ,7 ,3a 9 ,17,15a l3 ,15,17/,R +

a9 ,17,15b 5 ,7 ,3a 1 3 ,9 ,1 5 ,17/R + a9 ,1 7 ,15b 5 ,7 ,3a l3 ,15,17 ' S

raet

s = 4 )7¡q^ 1r' = r 2 (b5 ,5 ,7 ,3a9 ,17,15a 13, 17,15/R + b5 , 7 , 3a l 3 ,1 9 ,17, 1 51

06o6meHHaH OHjia:

°9 = M 9 (c)

TAe Kg HBAaeioa AaHHbiM npHBOAHHu noMeHioM. Ha uexaHX3Me He AefiCTBym Apyrae
BKTHBHŁI6 CHAH » '

C noMombD cociaBxeHHHx ypaBHeHHÖ cAexaHa nporpaMua, C npaveHeHHeM nporpau 
«H noAyaeH 3axoH ABHxeHHA 3BeHa 9 , i.e. k3M6H6hhs xoopAHHaiH bo BpeueBH.
Ha pac. 4 noxa3aHa AnarpaMMa Mg(qg) npH1 q g = cte h q g = 0 .

pHC • 4
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CooiaBaeHHyE nporpaMMy moxho HcnoJib30Baxb He xoJibKO ajis paccMaxpuBaeMoro 
uexaHH3uaf ho h mepoKoro Kpyra hjiockocihhx MexaHH3M0B. Taxne MexaHH3Mi¡ mo- 
ryT HKeiB H3neiriHByí> AJiHHy 3BeHBeB, eo MHorHMH xoHiypaMH, hx npaBoa uoxei 
6htb h3 r¡!ApoaKJiHH«poB h i .a • C nonomzio nporpaMmu npoBOAaica MHoroxpaiHHe 
HCCJieAOBaHHH CAOXHHX MexaHH3MOB B OÓOraiHXeiIbHOil TeXHHKe (rpOXOTH, KOHBefie- 
pH, apoSHJIKH), MexaHH3H0B KOHCXpyKUHfl KpeHH, MexaHHSHpOBaHHUX xpenezHtix 
OKCTeu, ropHHX MajmnyjiHTopoB, pa3JiH^HHx paCoHHX opraHOB ropHHx uamHH, KapoE 
z x.A. [5, 6, 7], IIporpaMMa nueex cneayioiuHe oeoSeHHOCTHj 1. He Hcnoxb3yK>xca 
HaTpHHHitK nexo«, npeo6pa30BaHHe npoexuHfi hxh Aexapropiie CHCTeiia xoopAHHax; 
2. HpH onpeAeaeHHH noxoxeHHH MexaHHSwa He HonoaB3yjoToa xpHroHOMexpnvecKne 
$yHKHHH{ 3. Mexoa penemia h nporpauMa ho3Bojihk)x Óbicxpo BHHKHyib b xoHHoexb 
pernera«, pacxpuTb npaHHHy Heio«HocxH z npoojiesHTb p«A bjihhhhü KHHeMaiH«ec- 
xofi cxeub! na Koze^zae pe3yjibiaxn. B cooxBexcxBHH o bxhm mokho BHeeiH xoppeK- 
Hhh b KHHeMaTHHecKyjo cxeMy c yvexoM noayíeHHH. oniHMaabHoro peneras.
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0 INWARIANTNYM PRZEDSTAWIENIU DYNAMICZNYCH RÓWNAŃ RUCHU 
ZŁOŻONYCH MECHANIZMÓW PŁASKICH

S t r e s z c z e n i e

Inwariantowe równania ruchu były wcześniej otrzymane przez autorów dla 
najprostszych jednoobwodowych mechanizmów płaskich. W niniejszej pracy roz
szerzony został krąg mechanizmów na wszystkie możliwe wieloobwodowe mecha
nizmy płaskie, dysponujące wieloma stopniami swobody. Inwariantowością cha
rakteryzują sie także współczynniki, zależne tylko od geometrii mechanizmów 
(nazywane transmitancją), a także wielkości, charakteryzujące rozłożenie 
mas i wreszcie określone rozwiązaniem równań kątowe wielkości kinematyczne 
(kątowe współrzędne, prędkość, przyspieszenia).

W pracy przedstawione zostały rezultaty obliczeń dla mechanizmów trze
ciej klasy.

ON THE INVARIANT REPRESENTATION OF THE DYNAMIC EQUATIONS 
OF MOTION OF COMPLEX PLANAR MECHANISMS

S u m m a r y

The invariant equations of the motion are earlier developed by the au
thors for the most simple single-loop planar mechanisms. In this paper 
all multiloop planar mechanisms with many degrees of freedom are conside
red. Invariant are the coefficients depending only on the geometry of the 
mechanisms (called transfer functions) and also the quantities determining 
the distribution of masses and the angular kinematic quantities (angular 
coordinates, velocity, acceleration) found as a solution of the equations.

In the paper the computational results obtained for mechanisms of the 
third class are given.

Recenzent: Dr inż. Andrzej Nowak

Wpłynęło do redakcji 2.1.1987 r.


