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K a $ e ;;p a  ¡T eo p aa  M exaHB3M 0B a  a a n a a  
rpy3aHCKOro nojiaiezaaaeoKoro B H C T B iy ra

CKHTE3 CiEPHHECKOrO II3TH3BEHH0r0 EAPHHPHOrO KEZAHH3MA 
no 3AAAHH0a CiEPĤ ffiCKOft JIEMHHCKAIH

P e 3 B M e .  B  p a 6 o i e  A a e x c a  n p o e K T a p o B a H a e  d J s p a a e c K o r o  t w i a s s e a s o r o  
a a p H a p a o r o  M exaH H 3M a c  A B y a a  c i e n e a a u a  c b o C o a h  a a a  B o c n p o a B e A e H a a  
3aflaH H ofi; r p a e K i o p a a  -  c< J> e p a q e cK o A  Jie u H H C K a x n . B eaxop H H H  u e io A o u  b u -  
b o a a x c a  y p a E a e H H a  T p a e a i o p a f l  c< i>ep H qecK ofl J i s a a c K a i H  a  co eA H H B T exB H o fl ■ 
t o b k z  r a T y a o B  c $ e p a a e c K o r o  n a T H 3 B e H H B K a , M e x o A o u  x o a e q a o r o  B H T e p n o -  
jiapoBaH H H . Ha&AeHU s o e  b c k o u h b  n a p a n e i p u  c i j> e p B q e c K o r o  n a a a 3 B e H H o r o  
u e x a H H 3 M a , n o jiy a e H H u e  p e 3 y x B x a i H  n o s B o jt a u r  c  n o u o ą B D  o n p o e K T a p o B a a -  
a o r o  c $ e p a a e c K o r o  B H .X B 3B eH H oro  M e x a H B 3 a a  B o o n p o a 3 B 8 o x a  a a A a a H y »  c4 > e - 
p a a e o K y D  a e u H H C K a x y ,

CaHie3 c$epaaeoKKi naiH3BeHHHX uexaaH3M0B c AByaa CTeneamta c b o Oo a h 
npeflCTaBjLaex co6o8 cxoxayii 3aAaiy. Hpa 0BHxe3e aexaaasMOB o AByna cTeneaa- 
aa c b o Ooał! KoacxpyKTop pacnoxaraei h b c t b » reouexpaqecKHMH napanexpana.
Kpoue a e m p e x  xaHeftHiix pa3uepoB, 3flecB a o a x h h  6u t b n p a a a m  b o BHauaHae a 
aaaaiiŁHHe n anoxemia b x o a h h x  s b o h b o b (<J>a3 o b kU yrox) a nepe^aio^noe oiHoce- 
aae Mea^y b x o ą h ł m b  3b s h b a m h  c y t o t o m HanpaBaeaaji ax ABaxeHa*.

npa npoeKxapoB£Laaa ojepaqecKax naxasBBHHux wexaKH3M0B o a h oA as BaxHttx 
b TpyAHhoc 3aAaa HBJiaeioa Boonpoa3BeAeHae aaAaHHax cjmpaqecKax naxyHHUX apa- 
bbix. Pemeaae xaxoA 3aAaqa aeoSxoAKMo a b b  ocyneciBxeKHa pa3XaqHHX TeXHoao- 
raveoKax npoueccos, aaa HanpaMep, oOpaCoTKH afepaaecKax no3epxHocxett a Ap.

Bonpocu anaAK3a a caaxesa ojepaqecKax nsTB3BeHHiix mapHapaNX uexaHa3M0B 
o ABywt cxeneaBMH cboSoah o nonom!» nexoAOB aHaJiHTaqecxoA reoneipaa aa 
c$epe peaoHH b paOoxax [l, 2, 3] .

B  n o aaeA H ee  B p e a a  npofliecoopoM  n.A.  J leC eA eB ta i ¡ 4 ,  5 j  6 h a  pa3BHT B e x x o p -  

HHfi M eioA  b K a a e u a x a x e  a  K a a e x o cT a T H K e p u q a x n u x  u e x a a a 3 M 0 B , 3 t o t  u e io A  Oka 

n p aaeH eH  x a x x e  p e n e a a a  3 a A a q a  £6, 7] .
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B npeAJiaraeMofi paöoie ¿aerea chhi63 cftepimeeKoro naTH3BeHHoro napaapHoro 
MexaaH3M a f coe¿HBHreai>HaB roui'.a naryaoB kot oporo 0y¿er onHCHBarL BocBuep- 
KOo6pa3Hys ipaeKiopaio - cÿepHaecKyB jiejimiOKaTy.

■äks peneaaa ¿aHHofi 3a¿aaH bnepBa BHBe¿eu ypaBBenne ccSepimecKoft aeuaa- 
OKam. Rjul sTofl ijeJiH BHöepea Ba c$epe e,nnHHBHoro pa^ayoa ¿Be iobkh F h f,
-  $ O K y cH  a e u i a o K a s i i  ( P h o . . 1 ) ,  o trp e fle a a e M H e  o p r a iiH  f  h  f 1 -  o o o T B e i o i B e H -  

H o . 0 6 o 3 B a B U M  yroa uexxy b i b b h  o p r a i i a  a e p e 3  2oc.

B a ö e p e u  npoKSBoaLHyn T o w y  P aa ciepaaecKoß aeMBHCKare, o n p e¿ea a eM y io  

opToü p. IIpeACTaBH« ooHOBHoe cboüctbo JieMKHCKam aa c$epe: npoi!3Bo,¿eHHe
¿¿he Kfr'Ÿ'i , H3«epeHHŁo: ¿o tobkh P ot o6 okx $oKycoB, e c x B  seJiH^HHa no-

£croaBBaa, paBKaao: :

cf.tf -cc2. (!)

*HocTaBH¿ b cooTBeTciBBH y r a a M  * f  h  $  BeKiops p  -  £  b  p  -  f ,  a  y r - y  c t  -  

B e K i o p  f - i - , -  JŁEK npH  P 3 3 8 ® 0 1 8 0  n p e 0 Ö p a 3 y e T c a  k  a n s y

Pac. 1
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EJ1H

p.£ - p.f1 + (p.f)(p.f1) = 1 - f.?Qr 
oTKy^a

p.f- - — ~ Z  fef.f - (f .f ) 2 - P-f] . (2)
1 1-p.f L J

Hcxofla K3 OKanapamc npoH3Be«eBaa p.f; p.f1 a no fcopMyxe zpex
opTOB [4, 5, 6, 7] onpeflejLffau opl

~p  =  i-(f!f (p -£ i ) ( ^ i i l  +  ? i D * ei -  < p - * h * - v ]  +

(3)

1 (fxf.,) |fl - (p.f)2 - (P-f^)2 --«f.f,)2 + 2(¿.í-) (p.f,) (£.f,)j.

nofloiaBsw s m e r a z  (2) b (3) o yaezoM pslbohczbx p.f “ eos"?; f.f1 = eos 2oc 

a f.fQ = cosoc, noayaaMj

p  = --------5—  ------------------ i f  í c o s ' f ’/ l - c o s ' f ) - c o s 2 a ( 2 c o s o c - c o s 2o C -c o s <p) +
s i n  2oc< 1 - c o s < ^ )  L L J

_____________ (4)
+ f 1 jc o s a c ( 2 - c o s o e ) - c o s ' f C I + c o s 2 o G - c o s 'P . c o s 2 o t ) j  - ( f x f 1 ) ^ s i n ^ d - c o s j ) 2 -

- J2co3X-cos oí-cos»fJ 2 - coŝ o¡í1-cosf)2+2co3ífcos2cc(1-cosf) [íteosd-cos2ce-cos"f]|.
ypaBBBHze cepepavecKoií aenHBCKazH (4) cosepaaz oKaaspasa napanezp 2 a  h 

flBa opxa f a í1 c oOaav aaqaaoM b neazpe cipepu. KaxAuft B3 hhx oxaooaxeai- 
ho HexoTopott aaSpaHHoS seKapTOBOü npauoyroxbHoií caczeMH Koopxaaar o na^a- 
jiob b aeazpe c$epu 0 onpefleaaezca. «Byua cKajwpHKua napaaezpaMa - yraaMB, 
cocTaBJiGHHHMH c flByua aa^aHHHua npauuua (aanpauep, x s y u j i ochmh xoopxanaz). 
3xo 03Ha<iaeTf azo Ana peneaaa aa^aaa nocxpoeaaa aeuBBOKaxH aa 3aflaaaoa 
yvaczxe c<J>epH'ieexoa noBepxHooza Aoczazoaao BuCpazt opzu f a ?1, a yroa at ,  
nooae aero, 3abasases sexanBaava ,  x e r n o  noozpoazb xpasyi) no zoutaa 00- 
raacHO ypaBHeHHB (4).

M u  o n p e ^ e x e a a a  o p z  f Q , f  a  f  1 -o n p e f le n a e a -n o jio x e H a e  «eMHKCKazu a a  

c ijiep e  c  y r x a is a  0  ,  S  a  ¡& , r a e  e  -  y r o a  u e x a y  opzow  g a  oc& n  o x .  Opz g n o -  

a y a a e u  n yzeM  a e p e c e g e H a a  n x o e x o c x a  g e p e 3  $ o x y c a  F  a  F 1 , n p o x o a a n ie a  b u e a -  

z p e  o íw p a  a  iw o o k o c z h  x O y ,- j< ? -y ro a  a e s a y  o p z o a  5  a  oow o O x . Opz u n e a y a a e i í  

n y z e a  n e p e o e a e a a a  n a o o ic o c z a  n p o x o jy m e fi  a s p e s  o c u  O z  a  o p z  f Q a  n a o o K o cz n ; 

x O y . ñ - y r o a  n e s a y  o p z o a  fQ a oob» Oz ( p a c .  1).
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l io  $ o p M y a e  i p e x  opTO B u ,  K , f  ( p a c .  1 )  o n p e a e x H i»  o p i  f 0 :

 1 j —  jü [eos (^+jb)-eos cos|>J + K [cosp-cos If cos(* + p  )] -
1 —eos L

1 (üxK) ^1-cos2 (^ + f»-cos2 ¡f- cos2jb+2cos (?f +|))COS ^  COS^j,

fo “

(5 )

rae

ü *= i  . e o s  S + j  s i n  6

J1- c o s 2 (^ +|))-cos2 ^  - cos2p  + 2cos(í + p)cos cosp = 0.

( 5 )  n p a u e i  b h x

f Q = - i  s i n jb c o s í ?  -  j  s i n S s i n ^  + K c o s jb . (6 )

CaeaoBaseaBBO,

f QX = -sinj5cos¿>; f Q = -sin¿>sin^>; f QZ = cosji.

JU ia  o n p e a e J ie H a s -  o p i o B  f  a  f  B m ta e a a M  y r o a  4 ’ $ oO p asoB aH H H ft a e x a y  o p i a -• i
M  f o  E  g :

e o s  ib = f  . g  = f  c o s 0  + f  s ± n 0  = - s i n & c o s  (<? —©) . (7 )o  o x  o y  i

D o  4 > o p a y a a  t p e x  o p i o s  a, f Q , f 1 o n p e a e x a n  f y :

f  =  j -  J  g e o s  C4>—oC) - c o s ^ c o s o :  + f  c o s o c - c o s ^ te o s  C¡j>-oC) -
1-cos'Sj) \ l j 1 J

-  ( g x ? 0 ) ^ í l -C O S 2 f^ -o d  -COS2’15-COS2OC + 2COS (4*- cd  c o s a c o s c e j , ( 8 )

r a e

g = i  c o s 0  + j  s in ©  (9 )



C a r n e s  c $ e p H a e cK o x ,o n a ia s B o n H o r o . . .

g x f  
’  o

1 j  K

c o s e  s i n e  o

■f f  f
o x  o y  o z

= i f  S i n e  -  j f „ c o s e  +  K ( f  c o s e  -  f  s i r f i ) .o z  o z  o y  o x

( 1 0 )

B BupaxeKae (6) nosoTaBasea aaaaeHze (6), (9) a (10) . Hueeits

f ,  =  — -— x ~  J  i  [ c o s e - e o s  (¡t>-cc) - c o s S c o s t f > c o s < C  +  f  c o s a e - f  e o s  r t ,-xC)ixlco's'ii> 
1 s i n 2- *  l  L . ■ o x  r 0 x  1 < -

x -  f o z s i n 0  ^ s i n 2 p|>-a() - c o s ^ f > - c o s c & - 2 c o s  f * - c d  c o s ^ c o s o í  ' j  +

+ j  [ s i r S c o s  ( * - o d  -  s i r f i c o s a c o s «  +  f  ̂ c o s a e  -  f  0 y C o s * e o s  ( * - o ^  +

+ f o z c o s e | | s in 2 rt>-ad - c o s ^ 4 > - c o s 2a e + 2 c o s  pf>-ae) c o s ^ c o s o e ^  -  

/

-  K j j f o y c o s 0 - f o x s i n 9 )  | /s in 2 ( * -o t )  - c o s ^ i f > - c o s 2o j+ 2 c o s  (* -o c )

.  c o s i j> c o s o c  + f Qz ( c o s a c - c o s  (íj’ - o d  c o s i jo  jj^| .  < 1 1 )

A H a n o rz 'tH O , n o  $ o p M y jie  s p e x  o p i o B  g ,  f  , f  o n p e ^ e a a K  f :

f  =  ---------— ir- < g  [ e o s  (ijí+od  - c o s * c o s o e  +  f  | c o s o t . - c o s * c o s  rt^+OC)] -
1 - c o s 2lf>L 1 ■ J  O L J

-  ( g x f Q ) ^ 1 - e o s 2 rf>+oe) - c o s 2i), - c o s 2< 3 £ + 2 co s  (1i,+jo;) c o S Í> co s o C  |  . ( 1 2 )

I I o f le ia B H B  3 s a g e H a a  (6), (9) a  (10) b B u p a x e n a e  (12), n o a y iH M

¿ ? ¡ r H
C O S 0 -C O S  Pt>+0C) -COS9COSt{lCOSOC + f^ C O S C f i  ~  f ^ C O S l *  .

,  c o s C Í ’ +oc) -  f o z s i n e | s i n 2 iÍ ’ + oC ) - c o s ^ j ) - c o s 2 a : - 2 c o s  rt’ +cd  c o s i jte o s o c  ]  +

+  j  | s i n 0 c o s  C * + a £ ) - s í n S c o s #  e o s »  +  f  ̂ c o s o C  -  f ^ c o s ' ^  e o s  ft¡>+ae) +

fozcos9 ysin2 (*+«)-cos^l)>-cos2oe+2cos (IJ+ae) cos!¡>cosce] +
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-  K F— ( f  c o s 9 - f  s i n a V s i n 2 f^+ot) -cos24>-cos2og+2cos p¡>+od co s ij> co so c  + L o y  o x

+ f  o z  ( c o s t e - c o s a c o s  ($>+0C) )\ \ - (13)

ÜOÄCiaBHB noayTjeBHHe 3Ha<jeHiuL f  h £ 1 »  ( 4 )  «  y w T H B a a . 3Ha*ieHHS

f « . f .

i j K

C 11 C 12 C 13

C 14 C 15 C 16

= ̂ (C12C16'C 13C 15)"3 (C11C 16“C13C 14) +

n o c a e  y n p o m e s a a  n oay <iH M j

p = — j
s i n  2 o t ( l - c o s « f )

i j c ^  jcos'f(l-cos’f) -cos2c6( 2coso£r-cos2oe-cos'i>)J + 

c 14 |cosoe(2-cosoa-cos^?(i-cos2ocncosÿcos2ce)] - (c^ie^ir^-is^iTj +

j| c i2  [cosf ( 1 -cosÿ) -cos2<*(2cosee-cos2*-cosf)| +1 ___2
s i n  2ct( 1 - c o s ' f )

C15 |cosoc(2-coso£)-cos<f(1-cos2oL-cosÿcos2oe)J + (Ç11C 1-6.-C13C14)C17| 

Ć j e  i 3 j c o s ÿ ( 1-c o s< P ) -cos2oe(2cosoc-cos^S-costf)J +1______
s i n  2 o t ( 1 - c o s 'f )

C 16 [ c o s o c ( 2 - c o s o d - c o s ' l l  1 -co s2 o C -co stp co s2 o £ )J -  ( C i i C 1 5 - C 1 2 C 1 4 ) C 17J  ,

r*e

C., = — — [cose-cos (ij’+oc) -cos9cosi’cosct+fojtcosot-foxcosi))cos ($+«) - 
sin TjJ '

-  f  s in ©  Fs in  2 (ll>+oc) - c o s 2 t j> -c o s 2o :+ 2 c o s  C$+c£) c o s if ic o s c e j ;

C12 = —^TIT [sis®cosrt>*ce)-siiöcos$cosot*f0ycoso£-f0ycogi£cos($+oe} +

♦ fozcos9|'Sin2 ri>->ce)-cos24>-cos2ci+2cos pÿ+ot) cos'í’coscf'j;
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' 1 3  s i n 2 *
^ —  F -  ( f  c o s S - f  s i n 0 )  V s i n 2 (TfJ+oC) - c o s * - c o s 2 ot+ib *- ox

+ 2COS +0C) COS>í>COScC+fo z  (COSOCr-COS (*+oc) cos'j’jj ;

C , j  — ------- 5— F c ° = 0 - = ° s  n»-oe) - c o s e c o s ^ c o s o c + f  c o s o e - f  c o s * c o s  OP-efc) -
s i n *  L ox ox

-  f QZs i n 9 ^ s i n 2 f¡t>+od - c o s 2 í > - c o s ^ £ + 2 c o s  flf^+ac) c o s * c o s o c ' J ;

J —  sinScos pf* —oc) -sin0cosQcosi¡5+f coscc-f cosacos (*-ce) +
15 sin *  1 oy oy

+ f o z c o s 0 | / s i n 2  ( * + « )  - c o s 2¡j’ - c o s 2c c + 2 c o s  ( * + o £ ) c o s * c o s o e J ;

C., =  í-5— ¡ — {f cosS-f sinS) isin2 Pt>+oC)-cos2iJ>-cos20C+2cos (*+oÜ .
sin *  L y

.  c o s * s o s o t +  f o z  ( c o s o C - c o s  PÍ>-ot) co s i(> )j ;

C 1 7  =  ^ s i n ^ d - c o s ' f )  2 -  [̂2 c o s o c - c o s 2o t - c o s « / j 2 - c o s 2 2 ot( 1 - c o s ' f ’) 2 +

+  2 c o s < f ,c o s 2 o C ( 1 - c o s ' f )  | 2 c o s o f r -c o s 2o t - c o s ^ J .

B iip a x e H H e (1 4 )  h  e c i i .  y p a B H e H a e  T p a e ic T o p a a  c ij> e p H R e c K o S  s e a B a c s a T u ,

l e n e p b  B u s e a e u  y p a B K e H iie  m axyHH Ott K p a B o f l ,  o n a c a B a e u o ñ  i c n t x o a  C c< í> e p a - 

« e o K o r o  jx sT H S B eH H o ro  n a p H a p H o r o  u e x a K K 3 u a  A B C ® : ( P a o .  2 ) .

n p a i í e u  o aefly jo ü iK e o 6 o 3 H a s e B s u u  OA = a ,  OB =  b ,  OC = c ,  OD = d ,

OE = e  -  o p i a  B e a io p O B  R  r 2 , r 3 , r 4 H r 5  B R 1 «  R a ,  Rg = R b ,  R 3 *  R e ,

R 4 = R d , r  = R e ,  r a e  R -  MOAyri» B c e x  B e x T o p o B  R^ ( i  = 1 f 5 )  -  p a p a y o  »t>epu 

a  paB eH  eflH K K ae.

.Una a a H H o r o  u e x a n a s u a  3 B e a o  AE a B a a e i o a  B e n o A B a s a io i  (n p aH H T o  3 a  c i o & K y ) ,  

n o o i o u y  o p T u  a  a  e  B e a i o p o B  R 1 a  r 5 c a e s y e i  c a a i a i a  nooToaH H HUH  a  3 a -  

A aH B K U H ..

P a c c a a ip a B a e M b i ñ  c< j>ep iiR ecK K fl n s T a 3 b e h h h k  a B J L s e i c s  ite x a H H 3 u o u  e  « B y a a  

c T e n e H a u H  c b o C o a h ,  r r . e .  A B a s e m ia  b u x o a h m x  s B e a t e B  AB a  B n o jm e  o n p e A e J i a -  

e i o a  3 a « a H a e M  o p i o B  b  h  d »  s b íu ib ih h x c h  tjjyH K iiaauH  n e p e u e B B o r o  n a p a i í e T p a  

B p e u e H is  t .

3t h  se opTbt m o s b o  onpeAeaaib c noMoqb» yraoB í g  a ‘fgs cociaBJieHBHX 
KacaTeiBHtadH npauiisa cooTeBeToiBeKHO k  ayraü AE a  AB a AE a  J E ,  npoBe^ea- 
h h x  b TORKax A a  E ,  H u e e u :
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b = b (t) = b[f2 (t)] = b [<cco+0e) (t)] , (15)

d = d(t) = d[f5 (t)] = d [(̂>0+ji) (t)] . (16)

0Öo3HaH2M ^epe3oCj, « 2, oc3, oC4 , oc-5 paauepa 3B eKBSB AE, AE, BC, ÄC h
COOTBelCTBeHKO.

P h c .  |£

IloiioseBHÄ 3Beai>eB AE, AB, BC, ÆC h £E BcojiHe onpefle^Hsics 3BaaeBHHUH no- 
CTOÄHatn; opioB ä h ë h nepeaeHHUx opioB b, c h d, H3 xoTopax b h d 
3aj;aBM.

Taxa* ööpa30M, sarasa o BttBoae ypaBHSHHH ipaexiopHH, onaoaBaeuoil c o e a a -  

HaieabBoï loaKoä C aaiyaoB c$epH*tecKoro naTH3BeHHBxa, BnoJiHe onpeAeaeHa, 
ecjsa onpeaeaea opT c.

£aa onpeaeaeH&a sioro opîa BeoöxoaHUo BaäTH yroa cocgaBaeHHuft oprana 
b a d .  Hneeu:

b . d = cos#. (17)
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O n p eA eaH U  o p x  o  o  n o u o n B D  ipop M y jtu  x p e x  o p s o B  [ 4 ,  7 ]  i

c = ^(cosotj-cosoc^costf) b + (costtj-coso^cos?) d -

í (b+d) ^1^coT^^-cos^o^-cos^+2coso^coso^cosíJsin_22f. (18)

TaKHM o 6 p a 3 0 M , o nonon(bB ( 1 8 )  o n p e A e JL s e T c jt  o p x  o a  c  a i a u  n o Jio x eH ae  

x o b x h  C , x o io p a a * .  o n a c M B a e *  c ip e p H B e c K y B  x p a e R i o p a » . ,

B s K T o p H o e  p e m e n a e  n p e f l c x a B a a e x c s  b  o m iB O JH saecK o U  ifo p M e . n p a x i H B e o -  

x h x  p a o ^ e T o s  b  T O B a o B o ñ  $ o p u e  b o o Ox p ^ h m o  B u S p a i s  n p a B y B  n p jw o y r o jiL H y B  a e -  

x a p x o B y  o n o i e a y  x o o p A H H a i Oxyz e  B a a & a o u  b  a e m p e  c ip e p a  0 .  O c a  O x 

a a n p a B H «  v e p e s  x o a n y  E .  Oc b  Oy p a c n o j i o x a u  b  m o c k o o t h  AQE n e p n e H A H x y -  

ax p H O  o c h . O x , Oc b  Oz B iiO p a iia  x a x ,  b t o 6 h  o A B y u a  npeA H Aym auH  oghmh  oH a 

c o c x a s a x a  n p a B y x  x p o f t x y .  n o  o o b m  x o o p A H a a x  x , y  h  z HanpaBH M  c o o i B e T -

alBOHKO OpTH I, j H K.
B  BH fipaH H ofi C H C te u e  xo o p A K H a x  n p e A o ia B H ii  3 a A a n H n e  BexH BH H H . I I y o i B  o p r  

d o  o c b b  Oy c o c x a B J i a e x  y r o x  c o s o í p y .  n o  a s B e c i m i u  A o n y o x a M  y r x o B ,  e o o x a -  

b jz s b h h x  o p i o *  d c  oo h m h  x  h  y  b  d o  y o jx o B H »  o p x o r o B a x B B o c x n  o n p e A e a a a  

x o c H H y c  y r a a ,  c o c x a B a e H H o r o  o p x o a  d c  o c b b  Oz:

COS(£Dz =  -  ^ 1 - C O S 2OC5 -C O S 2OCI)y .  ( 1 9 )

lenepb onpeAeaKU xocHHyoH yrxoa, oociaBxaKHMX opioa b o xoopAHHaxHHMH 
ochuh. Ann si oro npeABapHxexBHO o6o3HaBHií xocaaycn yrxoB, cocxaBxeHHiix op- 
tosí a c oojwh x a y, cooXBexcxBeHHO Bepe3 eos ^  b eos . noxoxeHae 
opxa b oiHOCHiexbHO x ochk Ox, Oy h Oz, oooiBexoTBeBHO,- '¡epas eos Bx» 
eos By h eos Bz. n o  $opuyxe xpex opTOB onpeAeaaM xooHHyo yrxa, cocxaBxea- 
Horo opxou b e ocbb y, x.e. eos B y . H u e s a :

b = ĵ (cosacBz-cos(X1cosoc2)I + (coso^-cosotjCosoe^) a -

- (Ixá) yi-cos^C^-cos^t^cos^ + lcoKiCg^os^cosoCj jsin-^  . (20)

yMHOxHB c x a x a p B O  (20) sa j a K HaüAeu:

-  - 2cosOg^ = b . j = cosa^y (cosc£2-cosa1co93Sx) sin <X1; ( 2 1 )

I 2 2 2
5B“ b z  =  b  • K = - c o s c ^ y  y i - c o s  a B x - c o s  o c í e o s  « 2 +

"•22coso^xcosot|COsoí,sin <X.̂ . (22)
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TaK Kar. B Bhipaseaae (20)

5  = 1  C O SO ^X +  j  COSOi^ J

i j K
!xa = 1 0 0 = K coso^y. (24)

COSOrAx COS% 0 -

TaKHM oöpa3 05i, jmeeus

b  = i  c o s o ^ x  +  j  c o s c ^ y  * K c o s o ^ 2 

AKonorHKHO

(25)

d = i cosa^ + j cosoCpy - K cosoc^. (26)

Ä M  H axoKÄBHKH 3K aBeH H Ä  c o s e H c o s o ^ y  o n p e flB JiH K  o p l  n 1 ,  n e p n e H ^ H -  

Kjraapa k mobkooth OAE:

1 sino^

5akx COSaky

slnoCj Kcoso^y sino^ » (27)

r a e  e  = i .

T o k  x a x  y r o a  * f  o n p eA ea a n ą H S  n o s o s e n n e  3 B e n a  I ,  p aB eH  H y aa  ( y r o sO Ł
s a  p u cy H xe h o  n o K a 3 a a ) i

c o s f o
-  -  COSCCAyK • n, = V 'T.-1 Sinctj (28)

coso^y = sina^ . (29)

Co0?BQTC?B6HB0ÿ

C O S O ^  « COSOCj . (30)

O a p e fle s B M  b b s i b s h h â  c o s a ^ .  cos<^Qy «  COS2£b z '  'zaro h ^ x o s e k  o p ł  n 2

n e p n e H Ä sn c j'Ä d p a  k  m o c k o o s h  OABi
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I 1 K

5 - 5 x B = 2 sin<^ cosakx cos«Ay 0 sinctj = [* coso*Aycoso%z

cos«Bx COSO^y cosaiz

-  3  c o s q a x c o s o {b z  ł  ^ O S< ^ C ° S V ~ C O S V COSOW ]  i Î H Ô Ç -  ( 3 1 >

OaeBHÄBOi

cos«f2 - K . H2 - (oosa^coso^y-coso^yco^) iTl^. (3 2 )

l a x  a a s

I . b = cos«2 = cosot,coso^x + sincSjCosoCgy, ' ( 3 3 )

o n p e A e jiA K  3 E a a e a a e  c o s a ^ y  h s  s H p a s e H H ił C 2 9 )  a  n o a c i a B a a a  a  ( 3 2 ) ,  n o c a e  

n p e o ö p a 3  0BaH H JL n o x y m m

coso^x = cosotjcosoij - sino5| sina^cos’fj. 

¿aanoruaHO

cosa^y = sino^coscCj + coscCjSino^cos^, 

cosaBz = “ siria:2sin<f2’

(3 4 )

( 3 5 )

(3 6 )

Rxn BHBHcaeHHÄ a a a a e B K il  cosocDz, coso^y a  cososDz aaitn eM  o p s  n 3 n e p n e n -  

ÄHKyjLapa k  m to o K o o ïH  OJtEs

e X d
n ,  =   ; —3 smofc

OaöBHJlHOt

cos$. = K . n.

i j K
1 0 0

COSOCj COSX- ÍCOSQ£Í3z
sina^ (-jCOSd^^KCOSO^y)

3saCD.
3 sinoCĵ  H COSÄDy = sino^cos'fj.

(37)

(38)

Ha BHpaseHKñ 19 Hueeut 
c°sxDz = -sind^sin*^ . (39)
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c o s o ¿ j jx  =  c o s o C j.  ( 4 0 )

B (jopuyjiy ïpex opioB (18) as Bupaxeaafi (25) h (26) noAcianjuiea 3HaaeHHÄ . 
b a d .  IIpaHHuaa bo BBxuaHae, aro

ï j K

bxd = cos0CBX cos0^ y  COSÄBz = I^COSO^yCOSO^-COSO^COSO^y

COE«bx COS% y  ÍcosQí)Z

- + R(cosoCBxcosaby-COSQiyCOSaT3x)'
(41)

n o o a a  u p e  o 6 p a 3 O B a m â  a x e e x i

c = J^I(Acosaí̂ x + BCOSOÍJ - CF) + j  (Acosoe^ .+ Bcos0^y + DF) +

+  K (A c o s o < ^ z -  B c o s a ^ )2  -  EF)J s i n  2 .Jf, (42)
r « e

A = c o s o t j  -  co so C g C O stf;

B  = c o s o c 4 -  c o s o c j c o s t f ;

C "  l c O S « B y COSO:DZ “  COSQ^ 2 COSOCD y ;

D = - c o s a ^ x c o s o c ^ z -  c o s o ^ c o s c x^:

E = coso^xcos<j^y - cosoe^coso^ ;

\[ ó 2 2 1F = yl - COS 0C3 - COS 0C4 - cos 'ï + 2 COSOtjCOSOC^COsf;

COS il = 5 . 5  = COSO^COSQCgj, + COSOCg^COSOipy - cosoi^cosoCj^ .

( 4 2 )  h a o i t  y p a B H e a a e  m aîyHHofi x p a B o f t ,  o n a cn B a sM o S  T o a x o fi  C .

E o x a  m a iy H H a s  T o a x a  b h x o a h t  3 a  n p e A e jm  .n y r a ,  c o e A a a s i x u e ä  m a p a a p s ,  t o  s o -  

c i a t o i H O  3 a x a r b  e e  o p T ,  o o c i a a j i e H H ü â  c  o p i o a ,  o r p a K a iH B a m s a u  3 B 0 S 0 (  n o o a o  

< ie r o  MOXHO n p n v e ic jT i>  Qopuyxy  ï p e x  o p s  o s .

y p a B s e a a e  ( 4 2 )  m aT y x H o ft x p a B o ä ,  o n a c M B a e a c ö  T o x x o f l  C ,  c o f i e p x a i  n a î t  ę q h - 
T p a x b H u x  y r x o B  ,  oĉ , o C j, o t4 ,  oc5 ,  y r x u  ocQ a  jb 0 , o n p e a e jL a x n H «  H a i a x M i i a
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n cu to x e H B Æ  b x o a k h x  s b q h b s b  a  n a p e A a x o a H o e  o iH o m e n a e  i 5 2  =  ë  a o x A y  b x o a h u m h

3BeH ŁH M H . 3 l O  0 3 ï i a ^ a Q T ,  tJT O  QpU HCn OS b 3 OBBHHH n p a  0 H H 2 8 3 6  l l f t T H m a m  M OTOA a 

T O H e < lK O rO  H BXepnO XH pO BaH Z B BOCIipOH3B6A6HHÆ  3 a a a H H 0 Ö  XpEBO tt UOXHO 3 a X a T b

s p a ,  q e T u p e  a s a  n a i Ł  l o a e x  H a x e u H a c x a x e ,

n p a  c o B u e o iH o u  p a c o n o x p e H a a  y p a n n o m iâ  ( 1 4 ) a  (4 2 ) a o a y a t a x c a  abbusí, 
A B s a a A u a x B  a n a  n a l n a s q a x  t  y p a a H e a a f t  c  c b u b d  h q h 3 B 6 c t h h u h y n o s s e a a u H M a  o n p e -  

^6Jt6HE9«
¿H a JiH 3  y p a B H e a a a .  c $ e p H « ie c ito Ä  x e K H a o x a x u  ( 1 4 ) a  y p a B H e a a a  ( 4 2 ) n a i y s a o t t  

x p a B o É ,  o n a o H B a e u o S  x o a x o ä  C,  n o x a 3 H B a e x ,  h x o  o p i u  p a c  p a B H U , 3 t o  

ö y s e x  z a fflb  b  to m  c a y a a e ,  e c x a  a a x y a B a a .  i o < o a  C c<t>epH H eoH oro  a a x a s B e a H H x a  

n o  noB ep xH O C X H  c ÿ e p u  o m n a e i  x p a e x x o p a » ,  6 s a 3 x y x  x  c ÿ e p a a e c x o t t  a e u H H O K a x e , 

A s a .  B o c n p o a s B e x e a a a L  x o x o p o f t ,  x a a  C u n o  o x u e a e H O  B u m e , h b o ö x o a h m o  s a s a i t  x p a ,  

n e x u p e  a a a  x w t b  s a a a e H a t t  y r x a  'f( p a c .  1 ) ,  3 x o  o s n a a a a T ,  a x o  Ö y s e n  a n e x a  

x p H , a a x n p e  a a a  m i l  s a a a e a a f t  o p x a  p ,  x . e .  x p a ,  a s x u p e  b a h  m i l  x o a s a  Ha 

s e u a a c x a x e .

C o r  J ia o  n o  p a B e a o x B y  o p x o B  p a ö ,  Ö y x y x  p a s a n  a  a s e a n  3 a  o p x a n a  I ,  j  

a K. Hneenj

Sin22oc(
— ---------------  J e . ,  [ c o s 4 >  ( 1 - c o s < £  ) - c o s 2 < x ( 2 c o s o C - c o s 2o & - c o s 'f .  )]
1 - c o s ^ )  \  11  L 1 1  1 J

+ C 1 4 jcos<£. (2-cosod - c o s ^  (1 +cos2oe-cos<ficos2ot)J -

Í (c12C16‘C 13C 15) p ^ V i (1'oosfi)2 “ (2cosot_cos2aC-cosl*i,2 ~cos2 '2oi:(1-cos^l.)2 +

+ 2cos>f.oos2oc(1-coŝ .) (2cosoe-cos2c6'-cos>ß) I = — -y- IRcosâ +BcosOj. - CF) ; (43)
1  J  c o s  <

|^C12 |cos<^ (1-cosfo> -cos2oc(2oosoe-cx>s2oe-cos>f2)] +| 5 [cosod 2-cosod -
sis22«i 1 —cosf±)

-cos^ ( 1 +ccs2oc<xs<̂ icos2od] + tciici6-C13C14̂  ]/ sin^ i  *1 2 ~

- (2cosae-cos2oC-cos<̂ )2 - cos22ctí1-cos^)2+2oos'^cos2oc<l-cos<í>i) (2cosâ cos2oC-cos'fi)| = 

= — y-  (Acoso^y+Bcoso^y + DF) ; i44>

|ci3 jcos<fi(1-cos<^)-cos2oC(2cosoe-cos2oe-cos«fi)J + C^Ja

sin 

~2 OOScd2-OOSoá
2al1-cos<̂ i)

-cos*f̂ ( 1 +cos2oe-coŝ cos2adj -(C^C^-C^C^) ysin^O-cos^)2-
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*> 2 2  2 2 -(2cosce-cosoc-cos<£) -cos 2ocd-cosÿ) +2cosÿAZOs2oü‘\-costpi ) (2coso>-cos oc-cos^) =

„ 1 tfccs,^ i acoso^ ÎEFJ. (45)
sin Ï

r*e i = 1v5.

PememieH ypaBaemö (43) - (45) onpexexxaxca. Boa napaneipa c$opHHeoxoro
naiE3BeHm¡Ka, ł o m  C bhxoähhx maxynoB xoxoporo no noBepxHoexa c$epn Öy-
flex onHcnsaxL aa^anHyB oiiepnaeoKyn aeitHHCxaxy.

JUa npaxiHHecxoä peaxasannH aafla^a 6h h h  3aflaHH xapaxiepime napauexpa
dj^epHijecKofi aeuHHOKaiHs yroji «ex^y opiaMH f h  f1 2 a -  95°, yroa oÖpa30-
BaHHuÄ nazwy opxoM ü n d c b b Ox  6- 50°, yrox Hea^y opxoa g h o c b b  Ox
9 = 70°, a yrcvs uexwy opxou f a oobio Oz jb = 30° sax, gxo yroa Mea^y opxa-
KH Ü H f COClaBJLHÄ 120° (piIC. l),o

AHaxB3 ypaBHanaÄ (43), (44) , (45) , waxainx bo3mokhooxl onpe^exHib Boe 
HOKOMux napauexpoB ccJiepH'jeoKoro naxa3BeHHoro mapHHpaoro uexaHH3aa, TOHxa 
BHXoflHKX naxyHOB Koxoporo no noBepxHocxH c$epa öyaex BocnpoB3Bo;yjXB 3awan- 
nya Ec^epHaecxyD xeMHHCxaxy, noxa3HBaex, hio äjls hx pemeHHH HeoÖxoÄHMo 3a- 
Äaxt HeKoxopue napauexpa. C axoä nexba no^B3yeHoa oboöoxboh c^epavooKofi 
aeMHHOKaxa; Cyxt axoro cBoäcxBa saKJnoHaeica b tojí, hxo oaa npefloxaBaaex 
CHuuexpHHHy» KpHBy», a nxa. BocnpoH3se.neHHX yxa3aHHHx xphbhx HeoÖxoflHHo 
CpaxL! äxhhh xpxBomnnoB a maxyHOB nonapao ojHHaxoBoro pa3Kapa, yrxn, onpe- 
sexaunae HanajiLHtie noxoaesaa. xpnaoaxno3, OÄHBaxoBoä bbxhhhhh h <¿0 - 0 0.
Taxau o6pa30U 6yfleM xxexbt 12 = 15 ; 13 = 14 ; a o = « 0.

CooiBexoxBeHHO, b ypaBHGHHHX (43) , (44) , (45) h o h s b q c x h u h h  ocxaBXCH napa- 
uexpti 1 , 17 , 13 , i52, a x h - peneHHÄ xoTopux no xeuHHCxaxe Cuan no^oÖpaHH 
2 SHaqeHHX yrxa .

ypaBHesHfl (4.3), (44) , (45) Öimh peneHU mbioäom noflcxaHOBxa. IIoxygeHH 
one£y»HHe pe3yaj.xaxn: 11 = 13 = 14 - 120°; l2 = 1^-- 40°; a o = £>0 = 0;
1 5 2  = _ I -

Taxais oöpa30M, peaeHa 3aaaaa OHHxesa c$epn>iecKoro naiHSBeHHoro siaprapr 
xoro aexaHH3Ka c sByus. cieneaaMH c b o Öo ä h . T o b s h e hS aeio^ HsxepnoXHpoBaHHS 

B03M0SH0CIŁ onpese.xHib pa3uepH 3b c h b s b  o$epHHeoKoro naxH3BSHHHxa, ooe- 
^HHExeaLHas xotixa naxyHOB xoxoporo no noBepxHociH c$epa, aoxex BoonpoH3Bec- 
XH aajaHHyB xpaexxopHB - c$epnqecKyD xeüHHCxaxy.
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SYNTEZA KULISTEGO PIĘCIOOGNIWOWEGO MECHANIZMU PRZEGUBOWEGO 
W OPARCIU O ZADANĄ' KULISTĄ LEMNISKATĘ

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

W pracy przedstawione zostało projektowanie kulistego piecioogniwowego 
mechanizmu przegubowego z dwoma stopniami swobody do odtwarzania zadanej 
trajektorii - kulistej lemniskaty. Metodą wektorową wyprowadzone zostały 
równania trajektorii kulistej lemniskaty i punktu łączącego przegubów ku
listego mechanizmu piecioogniwowego. Za pomocą metody interpolacji punk
towej znaleziono wszystkie poszukiwane parametry kulistego mechanizmu pie
cioogniwowego. Otrzymane rezultaty pozwalają za pomocą zaprojektowanego 
kulistego mechanizmu piecioogniwowego odtworzyó zadaną kulistą lemniskate.

THE SYNTHESIS OF THE SPERICAL 5-JOINT-LINKAGE MECHANISM 
ON THE BASIS OF A GIVEN SPHERICAL LEMNISCATE

S u m m a r y

In the paper the designing of the 5-joint-linkage mechanism with two 
degrees of latitude has been presenten to reconstruct the trajectory, sphe
rical lemniscate. Due to the vectorial method the equations of the trajec
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tory of the spherical lemniscate and of the point linking the joints of 
the spherical 5-joint-linkage mechanism have been educed. By the means 
of point interpolation an the parameters of the spherical 5-joint-linkage 
mechanism have been found. The obtained results helped to reconstruct the 
spherical lemniscate by means of the designed 5-joint-linkage mechanism.

Recenzent: Doc. dr hab. inz. Jdzef Knapczyk
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