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I . I c c J I ~ A o B ~ H H ~  C B O ~ ~ C T B  ~ e Y e H H f i  B O K P Y r  HeCyIIlWX l I p o ( ~ H J I e f i  ( ~ p b l n b e ~  

non . y r n o M  a ~ a ~ n ) ,  K p o n r e  T e o p e T n y e c K o r o ,  n h i e e T  6onburoe n p a K T n s e c K o e  

3HaVeHHt3 ,  o c o 6 e ~ ~ o  B C&htOJIeTOCTpOeHHH H CyAOCTPOeHMH.  I ~ K  X O p O W O  M3- 

BeCTHO,  O T P b I B  H p a 3 B H T H e  ~ & C T O ~ ~ H O ~  3 0 H b I  H KKaBHTaUHH 3a TaKHh1H T e J l a M l l  

' o ~ a 3 h l ~ a . e ~  C ~ I I ~ ~ C T B ~ H H O ~  B l IHf lA t i e  H a  HX I 'WAPOAHHaMHVeCKHe XZLPaKTePHCTH- 

KH U ,  B VaCTHOCTH,  C O n P O B O X A a e T C R  3 H a V H T e J I b t l b I M  H a p a C T a H H e M  C O n p O T H B -  

JIeHHR.   TO 0 6 y c n a ~ n ~ ~ a e ~  H ~ O ~ X O ~ M M O C T ~  C O 3 A a H H n  IlOnXOARIIlHX ~ o ~ e n e f i ,  
a A e K B a T H 0  YVWTbIB&lOIIlUX OCHOBHbIe C B O ~ ~ C T B ~  BTWX ~ e Y e H H f i ,  a T a K X e  3 + + e ~ -  
THBHbIX a J l r O P H T M O B  AJIR p e u I e H H R  BO3HHKalOIIlHX H a  OCHOBe 3 T H X  h i 0 ~ e J I e f i  

3aAa .V .  

M 3  J I H T e p a T y p b I  H 3 n e C T H 0 ,  VTO n 0 C T y J I a T  K y ~ a  - % J ~ K O B C K O ~ O  A a e T  

p e u e n T ,  no3~on~ lomnf i  ~3 ~ ~ C K O H ~ Y H O ~ O  r l m c n a  U W ~ K ~ J I J T ~ W O H H ~ J X  n o T e e u n -  

a n b H b I X  ~ e V e H H f i  ~ b 1 6 p a ~ b  T O ,  K O T O p O e  O ~ T ~ K & ~ T  ~ ~ ~ O T ~ ~ I B H O  3 a A H l O l O  KPOMKY. 

I I o A % ~ M H ~ R .  c m a  o n p e n e n R e T c R  ~3 ~ e o p e ~ b l  % Y K O P C K O ~ O ,  a c o n p o T n s n e H n e  

p a B H 0  HyJ I lO  B COOTBeTCTBHH C I I aPaA0KCOh. I  D ~ n a ~ 6 e p a  (chi. H a n 1 ) H M e p  [I] H 

[2]). P a 3 p a 6 o ~ a ~ ~ a s r  B [3], [4] U [5] Y H C n e H H a R  h1eTOAHKa H a X O X A e H H R  HeBR3-  

K O r O  O T p b I B H O r O  T e V e H H R  B O K P Y r  3 a T y n J I e H H b I X  T e n ,  O C H O B a H t l a R  H a  I I p e A n O -  

n o x e H n H ,  VTO 0 6 n a c ~ b  T e V e H m  C o c T a B n e H a  ~3 n o ~ e ~ u n a n b ~ o f i  n 3ac~of i~of i  
 OH, p a 3 n e n e ~ ~ b 1 ~  H ~ H ~ B ~ C T H O W  r p a ~ ~ u e f i  ( i a ~ a r l a  r e n b ~ r o n b u a )  [6], B H a c T o -  

R I I l e g  p a 6 o ~ e  n p H h f e H e H a  AnJT BbIr lHCJIeHHR TaKHX ~ e r l e ~ ~ f i  B O K P y r  K P b I n b e B b I X  

n p ~ # l H J I e f i .  T ~ K  KaK 6 y n e ~  H C K a T b  O T P b l B H b I e  T e V e H H R ,  TO B 3 a A ~ e f i  K P O M K e  

AOnOJIHHTeJ IbHbIe  YCJIOBMR 0 X a p a K T e l ) e  T e r l e H H f l  H e  6 y ~ e h l  C T a B W T b ,  a r H A p 0 -  

AHHaMHLIeCKHe CHJIbI 6 y n e h l  O n p e n e n n T b ,  H H T e r p H p j ' R  I lOBepXHOCTHOe  n a B J I e -  

H H e  I I p H  H a n H V H H  O T p b I B a .  

I. IIOCTAHOBKA 3ALIAYI.I 

P a c c ~ o ~ p n ~  n n o c K o e  c T a u a o a a p H o e  n o T e H u H a n b H o e  T e r I e H a e  s o ~ p y r  6ec- 
KOIIeVHO AJIMHHOrO K p b I n a  IlOA YrJIOhf a T a K H ,  YTO I I03BOJI l I eT  O r p a H H V H T b C R  

paCChqOTpeHHeh5  T e r l e H H R  B O K P y r  l l l )OH3BOJlbHOrO er0 I I O n e p e V H O r O  C e V e H H R .  

n p e ~ n o n 0 ~ e H H e  0 ~ ~ ~ B H X ~ ~ H H O C T H  I I03BOJIReT  BDeCTCI @ Y H K U H ~ O  T O K a  4, R B n R -  

m r u y m c f i  p e u r e t r H e M  y p a ~ ~ e t ~ ~ ~  JIannaca A$ = 0. 3 a n a ~ y  p e u r a e M  B nsyx KO- 

O P A H H a T H b l X  CMCTeh1a.X. U H J I H H ~ P H V ~ C K H ~  K O O P A H H a T b I  MCIIOJlb3YlOTCR TOJlb-  

KO t l a  3 T a n e  t I a ~ I a J I b H O r 0  p a 3 B H T H R  3 a c ~ 0 f i ~ 0 f i  30Hb1 ,  a ~ 0 H e r l ~ b l f i  p e 3 y n b T a T  

n O J I y r l a e T C n  F% I I ~ ~ Z ~ ~ O J I M ~ ~ ~ C K H X  K O O p A M l l a T a X ,  KOTOPbIe  OKa3b lBa lOTCR O Y e H b  

y n o 6 1 1 b r ~ a  AJIR ~ ~ C K O H ~ V ~ I O  AJIMHHblX ~ ~ C T O ~ ~ H ~ I X  3 0 H .  

B 3 T H X  KOOpILMHaTHbIX CUCTeh laX  y P & B H e H M e  JIannaca H M e e T  BMA 



(3a) $ = 0 n n R  r = R(B); (36) $ = 0 n n R  a = S(T), T E I'. 

Ha H ~ B ~ $ T H O #  c ~ o 6 o m o #  r p a H H u e  B b l n o n H R e T c f I  H H T e r p a n  Bep~ynncr: 

rne p,  M Urn - nasneme H C K O P O C T ~  H a  ~ ~ C K O H ~ ~ H O C T H ,  a pc - A a B n e m e  

B ~ ~ C T O # H O #  3 0 H e .  3 A e ~ b  O H b COOTBeTCTBYIOT W J I M H L I P H ~ ~ ~ C K O #  H napa6o- ' 

nHst?cKQ# KOOPAHH~THO# C H C T e M m .  

I 

K p a e ~ a ~  sanaqa (1)-(4) K o p p e K T H a ;  HO ee perueme C B R ~ ~ H O  c npeono- 
I I JIeHMeM 60nbmwx T ~ ~ ~ H o c T ~ # ,  T a K  KaK r l ) aHHUbI  O ~ J I ~ C T H  K ~ H B O ~ M H ~ # H ~ I ,  a 

~ ~ 0 6 0 n ~ a s i  r p a H H U a  O n p e n e n R e T C R  HeRBHblM 0 6 p a 3 0 ~  I l y T e M  Y n O B n e T B O p e H U R  

I YCnOBMR (4). n 0 C n e  BBeAeHMR nOAXOARIIIWX KOOpAHHaTHbIX T ~ ~ H c ( $ o ~ M ~ u H #  

0 6 n a C ~ b  T e q e H H R  n p e o 6 p a 3 y e ~ c ~  B o 6 n a c ~ b  C ~ H K C H P O B ~ ~ H H ~ I M H  r p a H H U a M H  
I 

(0 A B T a n f l X  Chf. [4] H [5]), KOTOPble  YXe HBnRIOTCR KOOPAHHaTHbIMH JIHHHRMH, 

a ycnome  (4) CBOAMTCR K c n e n y m u e h l y  RBHOMY y p a B H e H H m  n n R  O n p e n e n e m R  

C B O ~ O A H O #  rpaHHI lb1 :  



4 IIocne p a 3 n o m e ~ ~ ~  r n a g H o r o  B e K T o p a  n a s n e H m  R = - pnds, no OCRM 

r 
A ~ K ~ ~ T O B O ~ ~  K O O ~ ~ U H ~ T H O ~ ~  CHCTeMbI, AnJ3 6 e 3 p a 3 ~ e p ~ b l x  K O ~ + + U U U ~ H T O B  no- 1 

6 0 ~ 0 r o  COlTPOTHBneHHH H ~ ~ o A ' K ~ M H o ~ ~  C H n b l  B n a p a 6 0 n ~ q e c ~ ~ x  K O O p m H a T i l X  

n o n y q a e M  cnenymuwe B b r p a x e H n H :  

IV. rEOMETPM9ECIiOE OIIMCAHME KPblJIbEBbIX ~ I P O Q M J I E M  I 

C I 

~ ~ ' K ~ K T o M  HCCneflOBaHHJ3 J3BnHK)TCII T P H  K p b I n b e B b l X  n p o + H n R .  n e p B b 1 f i  
I 

~3 H M X  ( ~ p e x n a p a ~ e ~ p ~ r ~ e c ~ M R  ~ ~ n a  PAN) sanae~  ~ H ~ ~ H T H ~ ~ C K H  B s ~ n e  
I 

( p n c .  2): I 
I a b y  

(8) 

rne - 



13 ilarrrro>i cnyqacA nonaracxr f = 0 ,  do = 0.25 H yo = a12 H nonyqaeM cMMMeT- 

I pUqf'Cl.~Ufi ~lr~O(l)Ujlb. 

B ~ o p o i i  r r p o ~ l ~ ~ n t ,  - ?TO N,4Cl,4 GG3-018. ~ U C K P ~ T U ~ ~ I ~ M R .  B IranpauneHHM 

O-~oo~~aur ra~r l , r  oc.1rouarra tla T ~ G ~ U ~ H O ~ I  3anarruu re0hreTpMI.r npo+unn ( ~ a 6 n .  
1 )[!)I I3nunrrne 3;l~tlefi  K P O S I K U  ywe t ro  no6ar%nerrueh~ 10 nononlruTenbHLrx y3- 

. I 

He3aBUCMJlblX napahleTpOB -- hlaKcHMaJIb~0fi TOJIUMHbI npof$HJIli do .H YrJ'Ia 

70. K O T O ~ ~ I ~ ~  3 a n a e ~ .  n o n o m e ~ ~ e  do (CM. [7], [8]) 

(go 5 11 I I ~ . ~ > K I I ~ . U  u ~luitillc~fi Irononulle npo@vnn) .  A H ~ ~ O ~ U ~ H ~ I M  0 6 p a 3 0 ~  n p H  

IlO~lOll[U I I ;11~ ;160~1U~f '~~0f i  U1ITer)nOnRUUM 

I 

I 

( 0 )  

r = cry2 + by, 

X 
2Bo(l + cos-(0 - -srn yo) 

BI(TO. Bo) = - x 2 
1 -cos2y-  - s i n 7  

2 
do 

Bo(do, Y O )  = - 2c1(ro) 
X 

C'(-(0) = ($0 + s ln  -,0 - - + df roe=? cos yo I 

2 
X 

s l n 2 j o  i r  I,' 1 + cos yo - - sin yo 
- 2  a [-; q -(1 - cosyo) 2 

4 
I 

1 - cos2yo - -slnyo 
2 



~ 0 ~ p e ~ ~ ~ 0 ~ ~ ~ n e p e ~ ~ e # ~ p o ~ ~ ~ n p o + a n ~ ~ o 6 a ~ n e ~ o 6 y ~ n o ~ ( n o  3 ~ s e p x ~ e R  
H H H ) K H ~ #  I I o J I o B H H ~ ) .  @YHKJ~HR r P a H H J l b l  3 a A a e T C R  IIO ~ ~ O P M Y J I ~ M  (10). 

T p e ~ d  ~pbrnbe~oii n p o + a n b ,  A n n  ~oroporo p e u I e H a  sa~aqa o H ~ B R ~ K O M  

OTpbIBHOM O ~ T ~ K ~ H H M  IIOA YrJIOM a T a K H ,  - NACA 2 4 1 8 .  Ero r e O M e T p H R  

s a ~ a e ~ c ~  c n e A y r o r r I H M  0 6 p a 3 0 ~ :  



V. PA3HOCTHA.B CXEMA LIJISI YPABHEBEISI JIAIIJIACA 
* 

B T e p M n H a x  HOBMX K o o p n H H a T  y p a B H e H H e  JIannaca p e r u a e T c R  a @ @ e ~ -  
THBHO no M e T o a y  C T ~ ~ H J I H ~ H ~ ~ K I L U ~ #  n o n p a B K H  ( a e ~ a n n  CM. B (41). 3 n e c b  

I CJleJXyeT OTMeTHTb,  ZIT0 B ~ H H ~ # H O M  C n y Z I a e  a T a  CXeMa a 6 c o n r o ~ ~ o  YCTO~~ZIH- 

sa [lo], HO B AaHHoM cnyqae H ~ ~ H H ~ # H M #  x a p a K T e p  3 a a a ~ ,  H a n n s H e  ~ocof i  
~ ~ O U ~ B O A H O # ,  CJlOXHaR r e O M e T p H R  KpbIJ Ia  H HaJIHZIHe 6 0 n b r u ~ x  r p a A H e H T O B  

CKOPOCTH B OKpeCTHOCTH 3 a A H e f i  KPOMKH RBJIRH)TCR @ ~ K T O ~ ~ M H ,  KOTOPbIe MO- 

I'YT n p H B e C T H  K Z I H C ~ ~ H H O #  H~YCTO~~ZIHBOCTH B XOAe B ~ I Z I H C J I ~ H H H ~ ~ .  T a m h t  

06pa30~,  R s n R e T c R  U e n e ~ 0 0 6 p a 3 ~ b 1 ~  a B T o M a T n r t e c K o e  y M e H b i n e m e  ruara no 
(PHKTHBHOMY B p e M e H H  At B CXeMe C T ~ ~ H J I H ~ H P Y I ~ I U ~ ~ ~  I IOnpaBKH ~ W K a b I f i  pa3, 
K O r A a  B03HHKaeT HeMOHOTOHHOCTb B CXOAHMOCTH HTePaUHOHHOI'O UHKJIa @YH- . 
KWH T o x a  $J. T o q ~ e e  - ecnu H a  n-o2t mepauuu B b I n o n H e H o  c: > €:-I, me 

At 
€: H €:-I - OTHOCHTenbHbIe O U I H ~ K H ,  6 y ~ e ~  n O n a r a T b  At =: -. 

2 

I 

VI. PA3HOCTHASI CXEMA LIJISI YPABHEHMSI CBOBOIIHO~ 
I rPAHMLIbI 
I 

BWHO OTMeTHTb,  ZITO B03MOWHO IIOJIyZIHTb A B a  pa3HbIX PeUIeHMfl Y p a B -  

HeHHR (5), KOTOPbIe AJIR Y A O ~ C T B B  H a 3 0 B e h l  I H 11 H KOTOPbIe H H T e p n p e T H p y e M  

KaK KaBHTaUHOHHbIe CXeMbI C O O T B ~ T C T B ~ H H O  T H n a  Y a n J I b 1 r H ~ a  - K o J I h U I e p a  

H ~ ~ P X ~ O @ B  (0 AeTaJIRX CM. [4] H [5]). H3;3a H ~ J I U H ~ # H O C T H  Y p a B H e H H R  

(5) P e W a I o W e e  3HaZIeHHe A n f l  HaXOWAeHHR Y C T O ~ ~ Z I H B O ~ O  PeUIeHHR A n n  @ O P M ~ I  

C B O ~ O A H O ~ ~  r p a H H U b I  H M e e T  ~ O A X O A R I U H ~ ~  ~ b 1 6 0 p  n a p a M e T p a  p e n a K c a u H H  7 2 .  

P e 3 y J I b ~ a T b I  MH0rOYHCJIeHHbI.Y 3KCnel)HMeHTOB lTOKa3aJIH, ZITO MCnOJIb30BStMe 

6 o n b r u n x  7 2  - 0.1 t 0.5 MOWeT n p H B e C T H  K "B~IxoAJ'" p e U I e ~ h R  11 H a  6onee 
BbICOKYIo napa6ony, ZIehl HCKOhlaH, a 3 T 0  HeMHHYehlO CBfl3aHO C HaPYUIeHHeM 

K p a e B o r o  ~ C J I O B H R  ( a a s n e ~ n e  H a  c e o 6 0 ~ ~ 0 2 t  r p a H H u e  p a m o  H y n m  q = O)., C 
lIpyr0# CTOPOHbI, H C n O n b 3 0 B a H H e  hlaJIbIX 7 2  0.001, IIpHBOAHT K YBeJIHYeHHIO 

ZIHCna U T e p a U H #  H nOCneqVK)UIHhl3&TpaTa:rl hlaLUHHHbIX peCyl)COB. ~ O ~ T O M ~  B 

HaCTOflUIHX p a c r I e T a x  u c n o n b 3 o e a ~ b 1  n a p a k i e - r p b r  p e n a K c a u H H  72 - 0.01,0.005. 
P e 3 y J I b ~ a T b 1  npOBeAeHHbIX ZIHCnC?HHbIX aKCnepHMeHTOB nOKa3bIBaIoT,  ZITO n p H  

3THX ABYX 3HaZIeHHRX I I a p a h l e T p a  PeJIaKCaUHH p a 3 H H u a  M e H A y  paC.ZIHTaHHbIMH 
, 

PeUleHHRhlH H e  IlpeBOCXOAHT O U I H ~ K H  &~lTpOKCHhl&UHH P ~ ~ H O C T H O #  CXeMbI. 

VII. OBUIASI IIOCJIEIIOBATEJIbHOCTb AJIrOPEITMA 

I DJIR HeCHhlMeTPHZIeCKHX T e n  (HJIH, ZIT0 TO W e  CaMOe,  AJIR CHMMeTpHZIeC- 

KHX n o A  y r n o M  ~ T ~ K M )  p e r u e H H e  ~ p a e ~ o 2 t  3aaaw (1)-(4) C B R ~ ~ H O  c ABYMR 

B o n p o c a h l H  n p u H u H n u a n b H o r o  x a p a K T e p a .  I I e p s b ~ f i  n3 HHX OTHOCHTCR K on- 
' - PeAeJIeHHIo  H y n e B o f i  JIHHHH TOKa H a  ~ ~ C K O H ~ Z I H O C T H ,  T. e. nHHHH 6 = 0,7T, H& 

KOTOPO# ~ ~ C T O # H B R  3 0 H a  ~ ~ M ~ I K ~ ~ T C R  B n0JIRpHbI.Y KOOPAHHaTaX. 3 ~ a  JIHHHR 

M o m e T  6 b 1 ~ b  onpeaenem TOZIKO# n e p e c e r l e m f l  C F I O ~ O A H ~ X X  rpamu 3a T e n o M  rr 



[:I + I ,  N - w c n o  e - n ~ ~ ~ f i ,  a o - yron a r a ~ u , o 6 ~ a -  3 ~ e ~ b  j = 1, . . .  , 

~ O B ~ H H ~ I #  nepecerleHHeM xopnbl n p o @ n ~  H HanpasneHm ocHoBHoro TeseHm 

(PMC. 4) .  P a 3 p a 6 o ~ a ~ a  npoueny))a nepexona OT onaofi nonflpaofi K o o p n ~ -  

H ~ T H O ~ ~  CMCTeMbI K A P Y P O ~ ~ ,  BIiJImYalOLLIafl TpaHCJIRUHIO IlOJIflpHOrO U e H T p a  IIO 

xopne KpbrnbeBoro npo+nna H onpeneneaHe ~ o ~ o t i  0 - C ~ T K M :  
, 

Rj,sinBjl - asincr 
Bj = arctg 8 1 = 0 ,  d ~ = 0 1 ,  

Rjl cos Qjl + a cos a ' 

rne j l  = jn + j - 2, j,, - ysen, B K O T O ~ O M  n o n ~ p ~ b ~ i i  yron dl (car. (14)) M e m -  

e T  CBO# 3HaK ( C T ~ H O B H T C R  I I o J I o ~ H T ~ J I ~ H ~ I M ) ,  a a - napaMeTp TpaHJIRl lMH. B 
p a C Y e T a X  HCIIOJIb3OBaJIOCb a = f 0.1. M T ~ K ,  peUlaeTCR C O O T B ~ T C T B ~ ~ O L U M ~  lla3- 

H O C T H ~ I ~ ~  a H a J I O r  KpaeBofi 3aAaYl.r (1)-(4) (CM.  [4]) B nOnflpHbIX KOOpAHHaTaX. 

H a  ~amnofi  o6mefi HTepallHH C nOpRAKOBbIh1 HOhlepohl (2 nenaehf CnenyIOmHe 

I IpOBepKM:  

RUN - R? 
E c n ~  R: > Rgr H > 0.1, TO (1 = 0.1 M ~ 0 ~ e l ) l d a e ~  TpaHCnflLIHK) 

IIO ($0phlyJIah1 (16). 
I RP, I 
R; - RT 

E c n ~  Ry < RE M > 0.1 ,TO a = -0.1 M cooepmaeht ~ l > a ~ c n f l u ~ m  

no cl,op~ynaai ( 1 G ) .  



R;, - R? 
Ecnw B b I l l O n H e H O  2 0.1, T O  C r l W T a e M , r l T O  H ~ G A ~ H ~  H y J l e B a H  JlW- 

.. . 

HWH T O K a .  O A H ~ K O  ~ O ~ C K  H y J l e ~ o f i  JlMHMM T O K a  no 3 ~ 0 f i  n p O U e A y p e  H e  B C e r A a  

s o s h . r o m e e .  Ms-3a ~ e n n t i e f i ~ o c ~ n  p a c c h r a ~ p w e a e h ~ o B  3anarl~ . w  cnomaofi reo- 
M e T p W W  f l 0 C J l e  M 3 B e C T H O r O  ' 4 H C J I a  W T e p a I l r ? f i  E I b l r l ~ ~ n e H ~ b I f i  U e H T P  T P a H C J I W P Y e -  

h l 0 f i  K O O ~ A W H ~ T H O ~ ~  C W C T e 3 I b l 3 l O X e T  O K a 3 a T b C H  B H e  K O H T Y p a  K p b I J l a .  BOT n O r l e -  

MY nepexoa K n a p a 6 o n ~ r l e c ~ ~ ? 1  ~ o o p n w ~ a ~ a ~  c n e a y e T  o c y u e c ~ ~ h ~ ~ b  npemae 
r l e h l  ~ ~ C T O G H ~ R  3 0 H a  p a 3 B W J l a C b  A O C T a T O r l H O  B f l O J l R p H b I X  K O O p A H H a T a X ,  OA- 

H O B P e h i e H H O  A O l l O J I H R R  ee A0 " a K T ) ' a J l b H O f i n  T - ~ ~ C K O H ~ ~ ~ H O C T W ,  n O n a r a H  S = 0. 
B 0 f l p 0 ~  0 H a l O i K A e H W W  l i y ~ 1 e B O i i  IIMHMM T O K a  H e  O K a 3 b l B a e T  B J I H H H H H  H a  AaJlb- 

~ei i runf i  xon p a c v e T o B  n c ~ l e A c T n n e  O T K P ~ I T O ~ O  x a + p a K T e p a  3ac~ofi11ofi ~ O H ~ I .  B 
cnyqae n p o q ) n n ~  P.4.V K o o p n u r r a T H o e  l i a r l a n o  p a c n o n o m e H o  H a  xophe B T o w e  

X = 0.21. Onp€',;€'Jlf?~HaR T a K M S l  0 6 p a 3 0 h l  JILiHMR 0 = 0, K O K a 3 b I B a e T C J 3  C&MO% 

n o n x o ~ ~ ~ ~ ~ e i i .  B nsyx n1)yrn.u c n y q a m  (N.4CA 6G3- 18 M NACA 2418)- ~ o o p -  
A W l l a T H O e  H a q a j l O  p a C l l O J l O i K f 2 l l O  H a  X O p A e  C O O T B e T C T U e I l k l O  B T O r l K e  2 = 0:45. 

B ~ o p o f i  R O n r ) O C  l l ~ ) M I I I I M f l W a J l b H O ~ O  X a p a K T e p a  O T I I O C H T C H  K  B A e K B a T H O M y  

3 a A a H W l o  3 a ~ l l f : f i  Kl)OSlKM. n p o n e n e ~ ~ b l e  P a C r l e T b I  R C ~ I O  M  ilf?ARyC.MbICneHHO no- 
K a 3 a J l M ,  '-IT0 M C I l O j I I ~ ' 3 O R ~ T I ~  0 - C ~ T K ~ ,  H e  y r l W T b l B a l o ~ y l 0  I l a n W q M J l  K p W T W r l e ~ K 0 f i  

T O q K M ,  H C J l k ~ 3 J I .  T i t K  KBK C a l l 0  IT0 ce6e 3 T O  B e A e T  K  6 f 2 ~ K O H e c l l 3 b l b :  r p a A W e H T a M  

A a B J l e l l M H  tl 1.1' OKI) ( ' ( "~I lOCTM,  K  B b 1 ~ ) O i K A e l l M I O  r lOJ l r ;  C K O P O C T M  B O K p Y r  f lpo( [ )WJIn  

W, B  K O l l f ~ ~ l l O > l  ( ' q f " l f ' .  K B 0 3 H M K I i O B e l l M l O  I ~ € ' ) ' C T O ~ ~ ~ M D O C T M  M ~ ' ~ ~ ~ ) ~ . ~ w o H H o ~ o  np0- 
uecca. n o s ~ o s c y  I I I ) M X O A M T C R  c W n b H o  C ~ ~ I I I ~ T I ,  0 - ce , r~y  B O K J I ~ C T H O C T H  K ~ W T M -  

,' 
r l e c K 0 f i  T O q K M  M  3 a A a U a T b  O n H O C T O p O l l l l M f :  f lpOM3UOfl l l l , l f '  (1))'lt~uWM r p a H W U b l  B  

3~0f i  T O r l K 9 :  



LUeHHe P ~ ~ H O C T H O ~ ~  3 a A a Y W  C B B ~ ~ ~ ~ H H O ~  TaKHM o 6 p a s o h 1  O - C ~ T K O ~ ~  HeBO3MOm- 

HO. Y H C ~ ~ H H ~ I M  a K C n e p H M e H T O M  YCTaHOBJleHO,  s T 0  K p a e B O e  Y C n O B H e  H a  T e n e  

(3), COOTBeTCTBylOIUee  ~ ~ ~ H O C T H O ~  JIMHHW ejt (me HaXOnHTCR o c o 6 a ~ '  T O ~ K ~ ) ,  

" ~ ~ O ~ K T H ~ Y ~ T C R "  H a  ~ ~ C K O H ~ ~ H O C T H ,  T. e. K p a e B h l e  YCnOBMfl ~ ~ C C M ~ T ~ M -  

B a e ~ O f i  P ~ ~ H O C T H O ~ ~  3 a A a Y H  H a p y U l a l O T C R .   TOT H ~ A ~ C T ~ T O K  YCneLuHO npe0- 
A O n e B a e T C R  Y B e n H r I e H H e M  IUal"a CeTKH B OKl>eCTHOCTH O C O ~ O ~ ~  TOYKH erne no 

, B T O P O ~  o61uefi H T e p a U H H .  n O n 0 6 ~ b l f i  r ~ H ~ J l e H H b l f i  3 @ ( b e K ~  K1)aCHOPesHBO rOBO- 

p H T  B n O n b 3 Y  ~b160pa  CHJIbHO C ~ Y U I ~ H H O ~ ~  CeTKW T O n b K O  B OKlleCTHOCTH 0~060 t i  
T O ~ K H  ( K ~ O M K M )  . 

.&IR T p e X  p a C C M a T p H B a e M b l X  KpbI J IbeBbIX I I p O + H n e f i  n 0 C n e  ne11~0fi o6ue8 
I 

H T e P a l l H H  B n O n R P H b I X  KOOPAMHaTaX " Y ~ & J I R ~ O T C R "  10 y3J IOB B 0Kl)eCTHOCTH 

san~efi K ~ O M K H  H n o T o M ,  nocne nepexona K n a p a 6 0 n ~ s e c ~ w h 1  K o o p n H H a T a M ,  

n 0 6 a B J I f l l O ~ ~ R  10 y 3 n O B  A 0  T,. O A H O B ~ ~ ~ ~ ~ H H O  C BTMM T - C e T K a  CHOBa  H y M e -  

p y e T c F t .  

VIII. PE3YJIbTATbI II IIPJCKYCCMSI 

Y ~ c n e ~ ~ b ~ e  p a c s e T b 1  B cnysae n p o + ~ n f i  P A N  n p o s e n e t r b I  H a  H e p a B H o -  

~ e p H 0 f i  C e T K e  61 X 45 (0 . ~ ~ ~ ) M H W U H H  CeTKH CM. BbII l Ie ,  a T a K m e  [4]), a HC- 

1 
n O J I b 3 0 ~ a ~ ~ b l f i  U l a r  no @HKTMBHOMY B p e M e H H  nf = -. r [ O J I y r ~ e H b l  p e 3 y n b T a T b l  

4 
o + o p ~ e  p e m e H H R  II, K o r n a  yron a T a K H  cr E [0°, 14'1 wno cr = 20° n cnysae 
p e m e m f l  I.  B H H T e p s a n e  a E [oO, lo0] c x e M a  c ~ a 6 ~ n ~ 3 n p y l 0 u e f i  n o n p a B K H  oc- 
T a e T C R  y c ~ O f i s H B 0 f i  n p H  3 a A a H H O h l  3 H a Y e H H H  n a p a h l e T p a  At.  n p H  a = 12' O H a  

1 

I 
M At = -. n p ~  yrnax a T a K n  cr 1 16' H e 0 6 ~ 0 ~ H ~ b l f i  u a r ' n o  (PHKTP~BHOMY 

16 1 



npw ( ~ H K C H P O B ~ H H O M  yrne a T a K u  B a p b u p y e T  B H H T e p s a n e  27-39 B cnyqae pe- 

I UIeHHfl I H 150-245 B C J I y q a e  p e m e H H a  11. Heo6xonw~oe B p e M R  ~ T ~ o ~ ~ ~ M M H o #  

1 p e a J I H 3 a I l U H  H a  3BM EC 1061 H e  IIpeBOCXOAHT 2 Pi 9 MHHYT COOTBeTCTBeHHO. 

B cnyvae npo(bun~ NACA 663-018, B c n e n c ~ ~ x ;  n o 6 a s n e m ~  nononsa- 
I ~ g n b ~ o r o  d c n a  y 3 n o ~  B O K P ~ C T H O C T ~ ~ X  3 a ~ ~ e #  y r n o ~ o #  T O ~ K H  H nepen~e#  
I 
I KPOMKU, 3 a A a r I a  P e U J e H a  H a  P ~ ~ H O C T H O #  CeTKe 61 X 65. P e 3 y n b ~ a T h l  rIUC- 

I neH?IblX aKCnepHMeHTOB n O K a 3 b I B a B T ,  rIT0 B BTOM C n y v a e  U e M a  c ~ a 6 w n w 3 ~ -  
I 

pyIOIUe# I IOnpaBKH ~ c T o # Y U B ~ ,  e C n H  U a r H  no (PHKTHBHOMY B p e M e H H  MeHbUJe 

mara, c o o T s e T c T B y r o r r r e r o  npo(Panro P A N  ( ~ a 6 n .  2).  Ywcno 06urux mepa- 
1 

UU# B Pa3nH'IHbIX B a P H a H T a X  B a p b H p Y e T  B H H T e p B a n e  34-42 AnSi peLUeHHR I H 

58-221 AJIR peUIeHHR 11. COOTB~TCTB~HHO ~ e o 6 x o n w ~ o e  MaIUHHHOe B p e M R  A n n  

pacse-ra nassoro, B a p w a H T a  H a  3BM.EC 1061 c o c T a s n R e T  2-3 M H H Y T ~ I  H 3- 
10 MHHYT. P a c c r ~ u ~ a ~ a  ( P o p ~ a  C B O ~ O A H O ~ ~  rpaxiuum B nwana30~e a E [0°, 18O] 
A n H  p e m e a w S i  I H a E [0°, 12O] n n R  p e m e H m  II, HO npw a > lo0 nocnenaee Te- 

P H e T  Y C T O # ~ I M B O C T ~  H IIPHXOAHTCR CHnbHO YMeHbIUaTb 3 H a r I e H H e  l T a P a M e T P a  

penawcauwn (r2 < 0.001). 
Y u c n e ~ ~ b ~ e  pacsem n n R  n p o ( P ~ n ~  NACA 2418 ( a ~ a n o r u v ~ o  npo(Punro 

P A N )  B m n o n H e H m  H a  p a s ~ o c ~ ~ o #  c e T K e  61 >: 45. Pememe I n o n y v e H o  npu 
yrnax a T a K u  a E [oO, 16'1, a p e l u e H u e  11 - npa cu E [oO, 14'1. H a q a n b ~ o e  3 ~ a -  

Y r o n  ~ T ~ K W  a 

( a  r p a ~ y c a x ' )  

0 
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4 

6 

8 

10 

12 

14 

16 

18 

1 
rIeHMe Ulara IT0 (PHKTHBHOMY B p e h l e H H  At = -. B 3aBHCHMOCTH OT y rna  ~ T ~ K M  

4 
1 .  1 

m e M a  c~a6wnw3~py10ure# nonpamw Y C T O # ~ M B ~  B amepsane  At - - - - 
16 ' 512 

( ~ a 6 n .  3)'. B cnyqae p e m e H w R  I ~ e o 6 x o n w ~ o e  MaIIIMHHOe B p e M R  OCTaeTCR B 

M H T e p B a n e  2-4 MHHYTbl, a A n R  PeIIIeHMR 11 - 7-9 MHHYT. COOTB~TCTBYIOU~~ 
v H c n o  O ~ U H X  H T e p a I l ~ #  31-50 n n R  peJI leHHR I M 144-207 - A n f l  peLUeHHR 11. 

mar no ~ H K T H B H O M Y  ~ p e ~ e n n  At 

peurenne I 

1 - 
128 
1 - 

128 
1 - 
128 
1 - 

256 
1 - 

512 
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512 
1 - 

I024 
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1024 
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peurenne I1 

& - 
128 
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512 
1 5m 
1 - 

512 
1 - 

512 
1 - 

1024 



CI'yLUeHkie ~ ~ ~ H O C T H O ~ ~  CeTKM B OKpeCTHOCTH TOrIKW O T P b l B a .  ~ O ~ T O M ~  MCnOJlb- 

3 O B a H a  pa3HOCTHZLJl C e T K a  61 X 90. 1 
H ~ ~ ~ B M C W M O  OT T o r o ,  ~ I T O  pemesae, c o o T s e T c T B y I o u e e  npo@anm PAN, 

I 

M M e e T  X a P a K T e p  T e C T a ,  ITOJlyrIeHHble  p e 3 y J I b T a T b I  HaXOAflTCfl  B XOpOlIIeM Ka-  

qeCTBeHHOM COrnaCMM C M3BeCTHbIhIM 3KCIIePWMeHTaJIbHbIMH AaHHbIMW 0 T e -  

rIeHMRX B O K P Y r  K p b I n a  C o 6 p a 3 0 ~ a ~ a e h r  ~ ~ C T O ~ ~ H ~ I X  3 0 H .  Ha  P t rC .  6, 7, 8 I 

I I p e A C T a B J I e H b I  r P a H H U b I  ~ ~ C T O ~ ~ H ~ I X  3 0 H ,  COOTBeTCTBYIOIUMX Y r J I a M  a T a K M  (Y = I 

oO,  G o ,  14'. 06uei5 3aKOHOMePHOCTblO RBJIfleTCR TO, rITO PeLIIeHMe 1 3 a M b I K a -  

e T c R  B . ~ ~ C K O H ~ ~ I H O ~ ~  T o w e ,  a pemeaue I1 p a c u r a p R e T c R  napa6onasec~a  H a  

~ ~ C K O H ~ Y H O C T L I .  B C n y r I a f I X  ff = G o ,  14' XOPOIIIO BMAHO, r IT0  B b 1 6 0 ~  IIOAXOAR- 

ue ro  n a p a M e T p a  pena~cauai l  B n a a e T  c y r u e c T s e H H b r M  0 6 p a 3 0 ~  H a  n o s e A e H a e  

p e m e H a a  11. O s e e a n ~ o ,  ~ I T O  npa  a = Go 3 ~ a s e ~ a e  n a p a M e T p a  r2  = 1 0 - I  H e  

R B J ~ ~ ~ T C R  AOCTaTOrIHO h i a n b I M ,  B TO B p e M R  KaK npa  T? = 5 X M T2 = I 

p a 3 H k i U a  M e X A y  paCCrIMTaHHbIhTU PeUleHUIIMU 11 COCTBBJtIIeT yXe B C e r O  2-3%. 
~ T O . A ~ ~ T  H a M  OCHOBaHHR Y T B e p X A a T b ,  r I T 0  YMeHbUIeHMe I T a p a M e T p a  P e J I a K C a -  

I t 

UMM A 0  T2 = 5 X s n o n 1 3 k  AOCTaTOrIHO AJIR I f aXOmAeHMR M ~ K O M O r O  p e u r e H a f l  

c n o c ~ a ~ o s ~ o f i  T O V H O C T ~ ~ .  M 3  PMC. 8 IICHO BMAHO, ~ I T O  c y s e n a s e H M e M  y rna  
a T a K a  c n e n y e T  H a n n e w a u a h i  o6pasoar y M e H b u r a T b  3, T. e. y c a n m b  O r p a H a -  

q M B a l o I U e e  A ~ ~ ~ C T B M ~  P e n a K C a I l H M .  Ha pMC. 0, 10, 11 A a H b I  I IOBepXHOCTHble  I 
p a c n p e n e n e s a f l  A a s n e H a H  npa T e x  me y rnax  a T a K n ,  c o o T s e T c T B y I o m M x  peme- 

I 



- - I  
C, = 10 

PAN d = 6' 

I 

Puc 7 

I 
I I 

I 

I 
HHKI I ,  a ~a ~ M C .  1 2  - p e u r e ~ l ~ l o  11 I J ~ M  CY = 12'. H a  C D O ~ O A H ~ I X  ~ P ~ H H U ~ X  I 

' 3 H a s e H M f l  A a B n e H M f l  MhleKIT n O p f l A O K  10-3-10-" T .  e. B p a M K a X  O U I H ~ K H  an- , 
I IpOKCMMaUMH C X e h l b l  i l a B n e H M e  nOCTOflIItIO H p a B H O  H y n l O  H a  p H C .  1 3 ,  1 4  
r p a a ~ s e c ~ ~  n p e a c T a B n e e b 1  p e 3 y n b ~ a ~ ~ 1  o ~ o s $ [ p ~ u ~ e ~ ~ . r a x  c o n p o T M s n e t m R  H 

I n o n ~ e h i ~ o f i  c ~ n e  K ~ K  xopouro BMAHO, n cnysae  p e u r e ~ ~ n  J I  n o n ~ e ~ ~ a ~  c ~ n a  
H C O n p O T M B n e H M e  f l B n R K I T C R  B e n M q M H a h l M  O A H O r O  n O p f l A K a ,  T .  e. n O A ' b e M -  



- Upper surface ---- Lower surface 
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---- LO wet surface 

PAN d = 6' 

1 

- U p r  wrfoce 
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L O W ~  surface 
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\ 

PAN d . = 1 2 ~  

H a f i  cnna, c o o T s e T c T r j y r o u a H  O T P ~ I B Y  y nepen~ef i  KPOMKH, M a n a .  H ~ O ~ O P O T ,  
e cnyqae p e r u e H m  I c o n p o T H s n e H n e  ~ ~ H ~ ~ H ~ U T ~ J I ~ H O  B 3.5-2 pa3a M e H b m e ,  . 
Y e M  B cnyqae p e u r e H n R  11, a n o n - b e m i a f i  cuna n p H M e p H o  B 10 pa3 6onbme, 
Y e M  T a ,  KOTOPaf i  COOTBeTCTBYeT OTPbIBY J' I l e p e l I H e f i  KPOMKU ( p e I U e H ~ e  11). 
H a p a c ~ a ~ u e  y rna  aTaKM A 0  8' c o n p o B o m A a e T c ~  nOCTe l I eHHblM CABUrOM TOYKH 

O T p b I B a  P e U e H M R  1 H a  H U X H ~ #  n O n O B U H e  OT 85% OTHOCHTenbHO A n H H b l  XOPAbl  

(11pn a = 0') K 3an~efi  K p o h l w e  ( ~ a 6 n . 4 ) .  n p ~  6onbrunx 3 ~ a Y e ~ n s r x  yrna 





H a p H o r 0  O T p b I B a  I l O r p a H l l s H O r O  cJIoR: ~ O B T O P H O ~  I lpWCOeAMHeHMe B 3KCIlepM- 

M e H T e  COI lPOBOXAaeTCR Pe3KMM IIOBbIUIeHWeM 3HarleHWR I l o ~ ' b e ~ H 0 ~  CMnbl ,  B TO 

B p e M R  KaK I loJIHbIf i  OTPbIB  OT ~ e p X H e f i  IlOnOBkiHbI I l po@klJ IR  C O I l p O B O X A a e T C R  

YMeHbUIeHMeM I ~ o A ' ~ ~ M H o ~  CMnbI .  C K ~ ~ ~ H H O ~  A a e T  OCHOBaHMe I l p e A n O J I O X M T b ,  

s ~ o  npn M a n p I x  y rnax  a T a K n  ( M  A o K p w T n s e c K M x  s M c n a n  Peti~onbnca) peann- 
s y e ~ c ~  p e w e H n e  I .  

n p n  nanbeetirue~ H a p a c T a H n M  y rna  a T a K n  T e c i e H n e  n e p e c T p a n B a e T c R  K 

peIUeHPlH3 11. K0rna W4CnO P e f i ~ o J I b ~ c a  CTaHOBMTCR AOCTiLTOqHO ~ O J I ~ U I M M ,  

norpaan~labl# cnoti ~ y p 6 y n n 3 y e ~ c ~  H B p e 3 y n b ~ a ~ e  H a c T y n a e T  O T ~ ~ I B  ~ 6 n n 3 ~  
san~eti T O ~ K W  (peure~ne I) .  

O6urwR x a p a K T e p  p e m e H n R  c o 6 n r o n & e ~ c ~  n n n R  n p o @ n n ~  NACA GG3- 
018. Ha pMC. 15, 16, 17 I I p e A C T i l B n e H b l  rPAHWUb1 ~ & C T O ~ H ~ I X  3 0 H ,  COOT- 

BeTCTBYH3mMX Y r n a M  a T a K H  Ck = 2',4', lo0 ,  a H a  pMC. 18, 19, 20 - COOT- 

BeTCTByIo I I lP l e  I IOBepXHOCTHble  p a C n p e A e J I e H M R  A a B n e H k l R  B C n y s i l e  PeUIeHMR 

I. YTO KBCaeTCR peUIeHMR 11, TO ~ i l s e c ~ ~ e ~ ~ b l f i  X a p a K T e p  KpMBblX AiLBneHWII 

HMrleM H e  OTJIWrlaeTCR OT COOTBeTCTBYH3I4erO I I ~ o @ M J I w  PAN I l pM Ck = 12'. 
P ~ C C ~ ~ M T ~ H H ~ I ~  ( P O P M ~ I  3 a ~ ~ 0 f i 1 l b l X  3 0 H  C p a B H e H b I  C 3 K C n e p k i M e H T a n b H b I M H  40- 
T O ~ ~ ~ + M ~ I M M  [ll] n a M n H a p H O r 0  OTpbIBi l  M T Y ~ ~ Y J I ~ H T I I O ~ O  . O T P ~ I B ~  I lOBTOpHO 

IlPWCOeAklAeHHOrO IIOrpi tHMrIHOrO CJIOR. M 3  3 T O r O  C p a B H e H H f I  BMIIIIO, rITO pe- 
m e l t w e  I n a K c n e p n M e H T a n b H o  ~ a 6 n m n a e ~ o e  T e s e H w e  npn sncnax Peti~onbnca 
Re = 4 X lo4,  K O r A a  I l o r p a H M l r ~ b l f i  cJIoG CTaHOBnTCR T Y ~ ~ Y ~ ~ ' H T H ~ I M  M TOr IKa  

O T p b I B a  CABMraeTCf I  ~ 6 n n 3 n  3 a A H & #  KpOhlKW n p o @ M J I R ,  HaXOARTCfl  B XOpOUIeM 

C O r n a C H M  M e X A y  co6oti. ~ K C I I ~ ~ H ~ ~ ~ H T ~ J I ~ H O  C K a s O K  K OTPbIBY Y l l e p e ~ ~ e f i  
KPOMKM n\)OWCXOAkiT n p M  Ck = 8'. IIa p H C .  21 C A e n a H O  eUe OAHO C p a B H e H H e  C 

3 K C n e p n M e H T a n b H O  ~ a 6 n l o n a e h l b l h r n  T O s K a M H  J I a M M H a p H O r O  M T Y ~ ~ ~ J I ~ H T H O ~ O  

Yron 

aTaKH a 

( B  r p a ~ y c a x )  

T o r l ~ n  OTphlBa pewelinn I 
OTHOCHTenbHO 

c p e ~ ~ e f i  ~ H H H H  ( B  %) 

T o r l ~ n  O T P M B ~  p e w e ~ n n  I1 
OTHOCHTenbHO 

c p e n ~ e f i  n n ~ n n  ( B  %) 



O T p b I B a  npcr Y w c n a x  P e f i ~ o n b n c a  Re = 8 x lo4 cr yrne a T a K c r  cr = 12' [ 1 2 ] .  OHO 
ewe pa3 A e h t o H c T p w p y e T  y a o s n e T B o p c r T e n b H o e  cornaccre M e m a y  nonomevm- 
M U  T O Y e K  J I a M C i H a P H O r O  M T Y P ~ ~ J I ~ H T H O ~ O  O T p b I B a  W T O Y e K  O T P b I B a  p e I I l e ~ ~ f i  
11 1 C O O T B e T C T B e H H O .  H a  P M C .  22, 23 I I p M B e A e H b I  P a C C Y k l T a I l H b I e  3 H a Y e -  

HCIII K O ~ @ @ C I I ~ ~ H T O B  C O ~ P O ~ ~ B ~ I ~ H C I J ~  CI n ~ ~ [ ' b e h l ~ ~ f i  CCIJIbI, C O O T B e T C T B Y I O U l M e  

p e r u e H u m  I .  K ~ K  BMAHO, npcr r r c r c ~ ~ a ? t  P e f i ~ o n b n c a  Re = 4 x 1O%ornacne c 



- Upper surface 
---- Lower surface 

NACA €6, - 018 
d =  jo 

PAC. 19 

- Upper surface 

---- ~ o w e r  wrfoce 

NACA 66,-018 d = 10' 

aUCIlepMMeHTa,JIbHO IIOJIyrleHHblhlLI 3 l l a r l e H H R M H  B [lo] B H H T e P B a J I e  Q E [oO, Go] 
B n O J I H e  y A O B n e T B O p H T e J I b H 0 .  

T o r l ~ u  O T p M B a  p e u l e H m  I I i a  i i n m ~ e f i  n o n o s u H e  n p o Q n n ~  c POCTOM yr- 
na a T a K M  CABMraK)TCR O T  63% OTHOCMTenbHO AnMHbI XOPAbI n p U  Q = o0 A 0  

97% npn * = 8' ( ~ a 6 n .  5). n a n b r r e f i r u u f i  p o c T  y r n a  a T a K u  c o n p o B o m n a e . r -  

CJ3 OTPhlBOhl  H a  3 a ~ ~ e f i  KpO?lKe n p o @ n J I f l .  Ha .o6opo~,  CABMr TOr leK  O T p b I B a  

H a  ~ e p x ~ e f i  n o n o s m e  H a n p a s n e H  O ~ ~ ~ T H O :  OT 63% npu cr = O0 no 50% npu 



- Jansen & Mue, e -  119831 

- ,om sepilrofron - TurB. ~eparat ,on 

NACA 66,- 018 
.lo R e = L x l o 5  

I C y  
NACA 66 j 018 

cr = 18'. T o l r ~ w  o T p b I s a  p e m e H w R  I1 H a  ~ n r n 1 1 e Z i  n o n o s w H e  A o c T n r a m T  55% 
n p M  = 12', a TOr IKa  O T p b I B a  H a  B e p ? t ~ e f i  I IOJlOBHHe H ~ X O A M T & ~  O s e H b  6 n n 3 ~ o  
K nepen~et i  K p O h l h e  t I p ~ ( t ) H n R  - 0,5% -.2%. 

H a  pnc. 24-26 n p e n c T a s n e H b 1  p a c c r I n T a H I r b I e  [ P o ~ M ~ I  3 a c ~ o f i ~ o i i  ~ O H H  

( p e m e ~ ~ e  I ) ,  c o o T s e T c T B y m m H e  npotj~nnro NACA 2418 npw yrnax  a T a K w  a = 
= 2', 6', l o 0 ,  a H a  pMC. 27-29 - COOTBrTL'iBYlOLUMe K p M B b l e  I IOBepXHOCTHOrO 

AaBJIeHMR. H a  pMC. 38 A O n O J I I I H T e ~ b H O  IIYHKTMpOM n O K a 3 a I I O  3 K C n e p H M e H -  

T a n b H o  ~ 3 n r e p e ~ ~ o e  A a s n e H M e  n p H  y rne  a T a K w  cr = 6' M w c n e  P e f i ~ o n b ~ c a  
Re = 2.7 X 10"[13]. H a  pMC. 30 n p M B e A e H b 1  3 H a l r e H M R  IIOBepXHOCTHOI'O A a B -  

J I eHHR,  COOTBeTCTBJ'IOLUMe p e m e r 1 ~ 1 0  11 n p H  0 = 6'. K p 0 ~ e  T O r O ,  n p H  = 6' 
n p o s e A e H o  n c c n e n o s a H n e  nonenemn p e u I e H w R  I1 K a K  IIYHKLIHHH n a p a M e T p a  

' p e n a K c a s w w  r?. Soporno n n n l i o .  ~ I T O  npw r? = 5 x H rz = o r u ~ 6 ~ a  B 

P a C s e T e  C B O ~ O ~ H O #  r p a H H U b I  BapbHp.\'eT B p a h l K a X  O U I H ~ K M  &IInpOKCHhlaLIHH H ,  

CJ I eAOBaTeJ IbHO.  W C n O J l b 3 0 B a H H e  6 b n b u r e r o  3 H a s e H H R  I I a p a h I e T p a  BIIOJIHe n p H -  



- 
---- T a lo-' 

- 'i: = 5x10-3 
'C2 = 10-3 

NACA 2L18 

NACA 2418 

U e  



, ' f  -. - Upper surfme 

-- -- Lower surfoce 

NACA 2L18 d. = Lo 
- 
x 

I 

1 

Pwc. 27 

- U p e r  surface 
---- Lower surface 

NACA U 1 8  d =6O 

- Upper surface 
----- Lower surlace 

NACA 2 ~ 1 8  d. = lo0 



e h r n e M o .  C ~ p y r o f i  C T O ~ O H ~ I ,  3 ~ a ~ e ~ ~ e  T? = lo-' B  TOM cnyyae o u e B n n s o  

H e  RBJIReTCfl AOCTitTOYHO M a n b l h l .  ~ P O H ~ B O A M T  B n e Y a T J I e H M e  TO,  YTO B C p a B -  

HeHMtr c n p o 4 ~ n e ~  PAN 3necb H a n o  n o n b 3 0 s a ~ b c ~  6onee c ~ n b t l o f i  p e n a K c a -  

~ H e f i ,  YTO MOmHO ~ ~ ' ~ A C H H T ~  reOhleTPMYeCKMMM O C O ~ ~ H H O C T R ~ I W  Aa t I I IOrO np0- 
+MJIR. C ~ ~ B H ~ H M ~  3 k r a ~ e r r ~ R  h 0 9 l ~ ~ ~ 1 ~ 1 1 ~ 1 ' 1 1 ~ 1 ~ ~ ~ 1 l  i l ~ n l h f ? h l ~ ~ f i  CMnbl  W COn1lOTMB- 

NACA 2L18 

Yron 
LTBKU a 

(B  rpapycax) 

0 
2 
4 
G 
8 
10 
1 2  
14 
' 6  
18  

PUC. 30 

JIeHMR, COOTBeTCTBylOUMX peLIIeHM10 1 C 9 h ( ' l l ( ' ~ J M \ I C ' I I  lanLI4LlhlM ])C?3)'nbTELl?~hlM 

[13] ( p ~ c .  31, 32) n p H  w c n e  PeB~onbnca Re = 2 .7  x 1 0 % o ~ a 3 b 1 n a e ~ ,  YTO 

H a C T O R U a R  AlOLlenb A a e T  3HaYeHMR A n n  n o ~ ' b e h 1 ~ 0 ~  CMnbI  hlt3llbUIMe1 I I e h l 3 K C n e -  

P W M e H T a n b H b l e ,  HO 3 a T O  anIIl)OKCWhlM1)3'eT O Y e H b  XOPOUIO 3KCIIepMhlf?HTaJibHO 

~ 3 ~ e p e ~ ~ o e  c o n p o T w s n e H M e  B n ~ a n a 3 0 ~ e  cr E [0°, lo0]. n p e n c ~ a n n e ~ ~ b r e  H a  

pMC. 33 3HaYeHMR rMA~l0AMHahlHYeCKMS CMn ( C O ~ ~ O T M ~ J I ~ I ~ M ~  M n 0 A h e h l H a f l  

c H J I ~ )  RCHO YKa3bIBa lOT B n 0 n b 3 J r  TOI'O. LIT0 K O r A a  OTpblEl nllOWCXOIIMT o 6 n ~ 3 ~  
nepen~efi  K p o M K n  ( p e u e ~ n e  11), H ~ ~ J I ~ O ~ ~ ~ T C R  p e s ~ o e  y M e H b u I e m i e  n o n x e h l ~ r o f i  

c ~ n b r .   TOT  KT ~ a 6 n m n a e ~ c ~  n B a K c n e p M M e H T e .  B TO mc, n p e h m  conpo- 
T M s n e m e ,  KaK M c n e n o B a n o  o m M n a T b ,  ~ ~ M ~ J I M ~ M T ~ J I L I ~ O  o 3 pasa  6 o n ~ u i e ,  Y e M  

c o n p o T M s n e H E e ,  c o o T s e T c T s y r o r u e e  p e m e ~ n l d  I. 
n p ~  y r n e  a T a u n  cr = o0 TOYKH o T p b l o a  H a  H H ~ I I ~ ~  n6nonn1re pacnonomeaH 

COOTBeTCTBeHHO H a  65% OTHOCMTenbt lO nnMHL1 XOllAbI B C n y Y a e  IlelUeHMfl I M 

T o r l ~ n  oTpuBa pemeunn I1 
OTHOCHTrnbHO 
c p e a ~ e i i  n n ~ n w  (B %) 

T o u ~ n  o ~ p u e a  peluenn~ I 
OTHOCUTrnbHO 
c p e ~ t ~ e #  nnnun ( B  %) 

BepXHRR 
n o n o ~ n ~ a  

15 
2 

1 . 5  
1 
I 
2 

0 .5  

BePXHRfl 
n o n o ~ n ~ a  

6 3 
6 5 
GO . 
6 0 
6 0 
6 0  
5 5 
5 2 
5 5 
50 

H H W H R R  

nonoBnHa 

15 
2 0  
2 3 
30 
4 5 
55 
55 

H H W H R R  

nono~nna  

. 63 
7 5 
7 5  
8 5 
9 7 

100 
100 
100  
100 
I00 



1.2 I . 11 1 - Solution I 

NACA 2L18 Solution I I 

000 - R e =  6 x 1 0 6  

oo o - Sdution I 

d I degl 

.O" L .008 
L 8 . 12 16 

H a  15% - B cnyqae peluetlnn I1 ( ~ a 6 n .  6 ) .  C HapacTaHHeM y r n a  a TOYKH 

oTpblea cLieHraro~cn H 3 a n ~ e t i  yrnonoc Towe n p o + ~ n ~  H npn a 2 Go peme- 
Hue I oTpbleaeTcR .vit;e OT yrnoeofi TOYKU, a pelueHne II  nocTnraeT 42% npu 

. 

CX = lo0 . '  Ha ~e l>Xt~ef i  IIoJloBnH'e AMana3011 C a B M r a  TOYeK OTljblBa, COOTBeTCT- 

F J ~ I O U M X  pemeHMRa1 I M 11. OT GO%, n 23% npu a = O0 a o  47% n p ~  a = 16' B* 

cnyqae peuretin~ I M AO 5% npn  a = 10° B cnyqae perueHm II. 
noJl).~etltlb~e l>e3y~lbTaTbl nOKa3blBalOT, qTO npM J'rnaX aTaKH 0 = o0 

6' ( a  f3 Cn).cIae .v.AC'.A 2418 M A0 10') HaCTORLllaJl MOAenb KOnUYeCTBeHHO 



o y e s b  xoporuo c o r n a c y e T c R  c a K c n e p m t e H T o h i  no ~ p a f i ~ e f i  M e p e  .c TOYKM 3pe- 
HMR OUeHKM n 0 6 0 ~ 0 r o  COIIPOTMBJIeHMR. ~ O C K O J I ~ K ~  MOAeJ Ib  HeBf l3Kaf I ,  TO 3 T O T  

(hap C a h l  no ce6e IIpMBOAMT K 3 ~ a ~ l M ~ e J I b ~ O f i  3KOHOhlWM h I a U I M H H O ~ 0  B p e h I e H M .  

3 ~ 0  A a e T  l l a M  OCHOBaHMe y T B e p > K A a T b ,  LIT0 n 0 ~ 0 6 ~ b l f i  n O A X 0 A  MOWHO 34)$eK- 

TMBHbIM 0 6 p a 3 0 ~  MCnOJIb30Bi tTb  AJIR p a C Y e T a  X a p a K T e p M C T M K  OTPblBHbIX T e q e -  

HMfi B O K P Y r  ABYMel)HblX npO(l )PlJ Ief i  C y r J I 0 B O f i  ~ o r ~ ~ o f i  ( ~ p b 1 J I b e ~ b l e  IIpO@LiJIM), 

I I pM 3 T O M  C npMeMJIMMblMM 3 a T p a T a h l P l  M a ~ M H H b I X  p e C y p C O B .  

A B T O ~ ~ I  B b 1 p a m a H ) T  ~ J I ~ ~ O A ~ ~ H O C T ~  M H H H C T ~ ~ C T B ~  KYJIbTYpbI ,  HiLYKW W 

n p o c B e u l e H M R  B o n r a p c ~ o ~  H a p o ~ ~ o f i  P e c n y 6 n ~ ~ 1 . r  3a n o m e p m K y  ~ a c ~ o ~ r u e f i  
p a 6 o ~ b 1  ( d o r o ~ o p  1052/1988 r. ) .  
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Yron 
a T a K H  Q 

( B  r p a ~ y c a x )  

0 

2 

4 
6 
8 

1 0  

1 2  ' 

1 4  

1 6  

T o q ~ n  o ~ p ~ ~ u a  p e l u e ~ u ~  I1 
O T l l O C H T l ? ~ b l l O  

x 0 p n t . 1  ( u  %) 

TOIIKH o T p H B a  p e m e l l n n  I 
O T H O C H T e n b H O  

xopnbr ( B  %) 

~ e p x 1 1 f l f l  

~ O ~ O D H I I ~  

2 3 
2 0  . 
2 0 

1 0  

8 

5 

B e p X H R R  

n o n o B n H a  

6 0  
G2 

6 5  

5 5 
55 
5 5 
5 5 
4 7 
4 7 

H U M l l f l f l  

n o n o ~ n l i a  

15 
15 
18 
1 8  

3 0 

4 2 

HHzKHf l f l  

n o n o B u H a  

135 

7 0  

8 0  

1 0 0  

1 0 0  

. 1 0 0  

1 0 0  

1 0 0  

1 0 0  
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