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0nTHMH3ARHfl I1APAMETP0B ABT0M0EHM nO KPHTETHJ0 
yCTOflHHBOCIH yUPARHEHHfL

Pasane. B oiaibe Hcnoab3yH ycToftHHBocib ynpaBJieHas, noKasuBaeica 
cnocoó onTHMKsauBE napaueipoB ubtouodmia. lipa otom, hoa ycTołłiaBocTbn 
ynpaBiieKHa aBioMoCajta. noApa3yMeBaeTca ero onocoCHoeTb, ^to6u npH 
ynpaBreHHH uor AettciBaeu pa3Htcc BosuymeHHfl, ero aaaanbHNe amnaTyAH 
KOJieCaHRa oz Kypca AsiiseHHa Sucrpo yweHbmajiacb ctpeuacb k CBoeuy aa- 
naAuouy-ciafiEJibHouy noJiosceHa» ABazeuaa. Ha noAioAamefl uezaHaaecKofi 
Mosejia asHaeHaa aBTouoOHJLa, orBaiuBaionefl ero cyniecTBeHHiie xapaktepa- 
cthkh, KaaeoiBeBHaa oaeHxa yoTofl^aaooTH ynpaBaeHas cneaaHa aepe3t 
ycaoBua yoioflauBociH, Bpeua oi3UBa Ha B03HyqeHaa a HOBopaaHBaeuooib 
aBIOMofiUJM.

0CH0BHHE OB03HAHEHHH-

{x} - napaiieipa flBaxeHHfl,
A - MaipHua CHOTemj,
A. - yroji B03paneHaa nape^mn Korśc,
Sy - dOKOBOe B03MyneHH9,
TC - MoueHi Bo3MymeHHa. Ha pyjieBoa aojieoe,
{b},{u}£} _ aaipnuH B03>tyąeHaa
5), ^2 OoKosofl yBOA nepeflaero a 3aflHero moctob, 
e - yroj: anaBBOCTH asToHoOaJiJL,
M - uacca aBTouoOHjia
a - pacctoHHHe ox npeABefi och a neaipe rasecia,
r - panamo ipacKTopas,
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1 / R  -  KpH BH 3H a T p aeK T O p H H ,

- cxaiHaecicaa KpHBE3na,
7^ - BB.'iaJLbSajL KpiI8B3Ea,
%  -  cxaxH aecKaa ayBCtBHXeabHocib kphbhshqS t

t - speua,
t  -  a p e jt a .  0 T 3 « B a ,

P
v T  -  C K o p o c T L  i je B x p a  x a x e c i H ,

vkr=vkz - KpuxHascKaa cKopooTi yosofi’jHBoosH n noaopaqnBaeiiocxH, 
j=dv/dt - ycKopeBHe KaoaieJitHoa aeHipa, xasectK,
CO -  yXMIOB&B OKOpOCTb OKOJIO BOpTKKaJIbHOfi OCH,

¿1 -  y r a o s o e  y c K o p e H a e  okojio B e p x E K a a tH o f t  o c a ,

Y .= k i 5i  -  dOKOBHe CHJIll,

k^r k 2 - HeoxauHoBapHHe Kosij&iHnaeHXH, doKOBoro yBofla Koaeca aBioModaJia, 

(Vj.r) opt ~ KpaiHBeoKaa CKopooxj. ycsoii<jHBocxH onxzMaabHoro aBioModHJia, 

ltp*opt ~ 0EIiUiaJIi>H0e speiia oi3K9a aBxoModaaa,
to7£) t  “  o n in ic a J ib H a a  p a 3 H E a a  c x a i H i e c K o R  a y B c i B i i t e . n i H o c m  k p h b h 3 h u  a B i o -  

uodmm,
-  n p o A O A b B a a  B 0 3 M y n a B n a a  C E J ia ,

Zi -  p a ^ K a a b n a iL  H o p u a a b H a a  p s a K n ji B  o s io p n ,

X . - xaBreHBBOBaxbBaa npoaojitHaa oaaa,
G -  ooBOKynH&a. x a z e c x j»  eiBXoModaaa,

hT -  B L t c o ia  n e a x p a  x a x e c x a  T o x  r o p a s o H i a n & B o B  H a a a jib H o ii  n o B e p jc s o -

CIK.

SBejeHHe

CyEjeciByex doabaoe b h c j i o  xpyAOB, b  Koiopnx HccaeAyexca, aacijjBHo, ycxo2- 
BBBocib b ynpaaraeMocxb aBioModaJia. Asxop 3ioro xpy^a Hcnoab308aa aaa on- 
XKUK3arotK napanexpoB aBxoMofiKJta ycxoltaKBoexb ynpasaeaHa, i.e. $yHKUHa Kpa- 
xepaa, Koxopait coAepzET s cede ycxoijBHBOcib h noBopaaHBaeMocxs ynpaBaae- 
viocxb .  ripH Bio« Kaaaaocb ox xpyAOB (1) -  (7), a Koxopttx onpefleaaziica aa- 
npaBaaauaa ycxo2aHBocxb, ycxo2RK8ocrx> npoxKB 3aaomeBHB, ycxo2<aiBocib Kyp- 
ca ynpaBaeBua noABeaeHHo2 uaccH h xowy noAoCHoe. Eaaxaanee onpefleaaHHe 
ycxoflaBBocTK ynpaBAeaaa. (stability and Control, Vehicle Directional Con
trol Stability, Handling), flara V . J .  Hiliken i-L— Jutkom-C8) .
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A b t op &&8 K p a ło p n a  o n iB M iw a a z n  a c a o s b 3 0 B a s  yciOÄHHBOCTb ynPAEJESHHH. A B I0-  

MOEHJIH, K o t o p a a  a p e a o x a B S J ie s  c n o c o C n o o T b  sB a a sy m e ro c a  a a x o s io ö a a a ,  K o io p n ö  

H a x o sa x o jL  n o *  b sz ä h h 9 M  o a n  B03M yąeH iuŁ H an asbH ofl a s in n a iy s u  K onefiaH iia 01 n a o -  

c k o c t h  ero n p o ao ab H o fi c a u a ip in i  -  x y p o a  f l s n i e E a a , '  S ü o ïp o  yM eabm aex cH , o x p e -  

u a c Ł  K CBoeMy p e ç a p e H iH o u y  cxaÖM LH OM y n oaoE Q B ita  «HBHxeHaa, s iu u o n a s ÖOKoBy» 

o a a c iH n u o o s L  a  a p y r a e  x a p a x ie p a cT H K H  a B io J ío G a n a .,  ( 9 ,  1 0 ) .

Hoxoäs H3 OOHOBHHX xapaxxepacxaK oHoieMH BHenaaa. cpe^a - aBTOMoÖaab - 
BOÄHxeiL (s-A-v) a TpsöoBaaKiL BOflHxeaa aarKo ynpassaib, onpeaeaeEH syzHue 
yoaoBHÄ. o xeaaeuoM noBexcHHH aBTOMoömuL. CaeaaHo uoaeanpoBai£na a b x x b b e s . 
aBTOMo6aaa. h KaneciBeHBafl. oaesica ycioänaBocxa ynpaBaeima, ( l l ) - ( 1 3 ) .

noai>3yaoL onpeseaÖHHHMa napaMeTpaMH aaa. KanecxBeHHOü oubhkh yoxothiHBooTH 
ynpaBaeBHa h nysHHe ipeÖosaHKa o noBeseHHH noijßiajiBHoro aaxoMoÖaaa. ( 1 4 ) ,  

onpsaeaeEH KpaxepHH jvlsl oninuaabBoit ycÆofi'îHBocxa ynpaBaaaHÄ.

OcHQBHHe xapaKxepgoxMKH czcxeMH BHemaga. opeaa — 
aBTOMo6KaL-BoaHieab ( s -a - v )

Ü3 anaaH3a OHcieMU s-A-v h o x b o  Cfleaaib b h b o ä  o ayxHou noBeaenaa asxoMo- 
6aaa, a xoxopoe cocxoax b eaeaywąeu (pao. 1),
- HyscHO apa s d Öo h BosuyuemiH aBioMoöasb yciIOKOHÜb,
- nyxHO aioöH yonoKaHBaHHe npoKCXoAHJio aocxaxonKo EUCTPO kbk Öh  Boaa*aab 

nor caesHXb sa B03MymeaKsi4H (h o  ne caamKoa 6ücxpo)f i.ej. <rroÖn Boaaxeab 
jpearapoBaji no saxpiiTofi oÖpaiHoä o b ä 3 h h

- sysHo aioÖH» aocae yonoKaaBamia aBxoaoöaab 6ns ieu öaaxe KBJLAEMOił TPAEK- 
I0PHH.
JIhhb laKOBhat aBionoÖaaeM Boaaxeab itosax Öea, Öostmoro HanpaoseHBLH} Beoxa 

aBToMoömcL xasaaMouy Kopaaopy. Boa xpa xeaaaMna oboäcxbb oxBanesH yoxofina- 
Booxbio ynpasaeHHJL asxoMoeaaeM.

P a o .  1

B  c a y a a e  csy a a ö H H X  B H eu n ax  BO3Myn;0HHii a a  a B x o n o Ö H s e , ayatao  a x o 6 n ;O i3 ü B  

aBTOMOöHsa . t  Öua naHbme ox  p e a x r ta a  b o a a x e a a  t v  ( t a  <  t v ) , i . e .  < jx o 6 h  (in s  

b onpeA eaëBH H X o n x H u a s b s u x  p a a x a x .
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n o  ( 1 7 )  o n i H u a i Ł H a a  p eaxH H JL  b o a h i o m  Ô H B a e i  b  u a i e p s a j i e :  .

- ipyAHłoc yoaoBHfl ^bhjcobha. tv = (0,3-1) s,
- a m . jiërKHX ycaoBKä ABHieHHa. t = (1-3) s.

MojejHPOBaHMe ABHxeHHH aBirMPÖBAB ananasa ycToftHHBooTB ynpaBJieHHg.

& M  aHanH3a yciofinaBocTa ynpaBxeHBs aBTono6jŁM. HcnoJib30Ba)iHcŁ paaHooßpas- 
Hue 6oaee npocme b öojiee cJioxHHe MOAeaa 3a ipa, ttetupe, mm., neoiŁ h osmb 
CTynaes c b o ö o a h ABxxeHHH.

Ab t o p  p a 3 B e p H y a  B e c ïa H H O H a p H y »  u o ^ e a Ł  aBToiioÖ H JW L B a  o o a o B e  x o i o p o f i  m o x -  

HO 3 $ $ a X T H B H 0  a H a JIB 3 B p 0 B a T L  BABÄHHH p B f la  B a p a H e lp O B  aBTO M O Ö H M  H a y O T o ä H H - 

BOCTŁ ynpasaeHBÄ.
B  ypaBH BH H Ä X A B K x e H M . H c n o jiL 3 0 B a H a  K p H B a a  %  ( p a p a y o  x p H B o ä  R ) ,  x o r o p a a .  

o ö e c n e H H B a u ia  H H T e rp a x L H H ä  a B a x H 3  y o i o ä t n i B o c T B  h  y n p a B M e x o c T H  ( n o B o p a a H B a -  

eU O C T H ) aBTOXOÖH AA, I . e .  yCTOflHEBOOTH  y n p aB JieH H JŁ .

H a p B cy H K o  2  n o x a a a a a  M e ia K H a e c x a L  h o a b a ł  K o i o p a æ  B c n o o iŁ 3 0 B a H a  n p a  ijpop— 

UHpoBaHHH A Bî4>epeH naajibH LC i[; y p a B H e im ä ,  K o i o p u x  tp o p u a :

rxe 3 uaKE noxa3aHH b saÖJiHue.
IUiocKar» MOAejib b oöo3HaqeHHH [vT /¡f£,e,Ä] (Ph c . 26), xoiopuä aHaaH3apyeT- 

OH. b oTaTie, ÄBjiBeTca. xapaKTepHHu b oaeAyioĄeM:
- napaMeipaim xBuxAUjiR bbmbtob cxopocTb laxeoiH vT, xpusasHa ipaeKiopaH 
¡TBxecTB 7Í-1/R R yroBB naaBHooTH aBiomoGhm 8 , a A - yroia BOSBpaneHHB 
nepeAKHX xoAëc aa-Meica. BoauymeHHeuj ao3MyneHHei: xoryi äbhioä h öoxoBaa. 
caaa Sy x BoauynareuHfl «oxear TO j:

- ÖOKOBue c h a h  Ea nepeAHiix b 3aAHHX xoaëcax, BcaeACTBiie Öo k o b o ö saaciBH- 
HOCTH, SaBBCBT OT BHeBMaiHKH H pOXHUa ABBXaHHH, I.e.

a  x o siK JB E caeH T U  y B O A a  a a ß K C S i  o í  u s e B M a x b k b  h  y c x o p e n a a  i ie p e p a c n p e A a x e B H a  

cBJiu aa xoaëcax z1 h z2 );

( 1 )

t a *  n oH B M JK C A  y rx H  yBOAa n e p e A H e ro  a  3aA H ero  u o c r a ,

k 1
z1 k

Z1 - Gfb/l-^d-j/g)/!], Z2 - G[a/1*hT (1+j/1)/l] ;



Î H C ._ 2
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-  s e a a ^ H H ü  A, ,  6 ,  5 1  h  £>2  -  M a a e H Ł K s e  b e s s s H s a  -  o ^ e j i a a a  a s s e a p s a a n s s i

-  RXfi. ^ H 0 K p e iK 3 a i3 iH  p a c s ë i a  b 3 ä t o  s t o  K a c a i e j t Ł H o a  y c K o p e s z e  K O H C iaH T H O , 

K o r ^ a  o a s A y e i j

v T = j  *  c o s t ,  ü>z = v T  ,'?£• Wz _ = VT %  + î i j .

IIpHU6H6HH6u n p s s u a n a  D 'A la m b e r t  n o J i y s a B i c s  AHipiiapeHHHajibHHe y p a B H e s s a  ä b h -  

SeHHH B JIHHeapHOÖ $O pM S:

-M j  -  S x  + X 1 + X 2 -  Y 1 (A  + e ) -  Y2e + S y 9  = o

-M V % 7 £ +  Y 1 + Y 2 + X ^ A  + e  ) + X 2 0  -  S y  -  S x 0  = 0 (2 a )

- J z v T Ú -  J z j  + Y .,a  -  Y 2 b  + X ^ Ä  + W  = 0 .

K o r f la  BKJuoąajDTOK d o K o a s e  c h a h  y a  npHBeaëHHHe npeAnooŁuiKH ( B a s a s s e  c K o p o c u s

h y c K o p e H a a  aH ajiH 3H pyx)ioH  A B C K p eT H a a a a e ä ) y M e K Ł m a e ica  aH aJiB 3 n n m m m i»  b 

s a c a t e abhom  H anpasjieH H H , h  a jm u sH a sH efl y r a a  a n a B H o c iH  0  , c H c i e s a  x u i p i i e p e B -  

HHaJtbBHX y p aan eu H tl ABiixeHHa u cocho C B e o iK  t o a b k o  s a  A H ÿ $ e p e a i^ a n i> B o e  y p a s s e -  

BHB KpHBH3UH -  n e p B o r o  p x j y L ,  b  (Jjopue

A2 7 £ =  b ^ *  u . ,S y  + r . , W  (2 )

r ^ e  ÄBÄHexcH4

A , -  J z (K 3 ♦ M j )

A2 = i -  [ i 2 <k 4 - k 5 ) *  K 2M j  + J z j  (K 3 + M 5)]

b ,  = i -  f a ( k 1 *  M j )  (K 3 + M j )  -  (M j  + k ,  ) k J

u ! = k i/vt r i = f- lK3 + H j)
2 2

K 1 = a  -  k 2 b ,  K2 » «*■ k 2 b  ,

K3 = k 1 ♦ k 2 , K4 = k ^ , ,  K5 = M K 4 / l 2 .

y p a B H e s s e  ( 2 )  n oA oO H a xjm  s e K o i o p u x  a s e u i s 3  s a y . H a n p s s e p ł  p a c n o p a x e s a a  

uzee, b h a  n s e B s a T B K a ,  b jc e s h h b  Ö c x o B o r o  B e t p a ,  b k  A n p H B o x a  ( l o p u o z e s s a ) ,  

y u p a B A s e s o r o  s e x a s H s u a ,  n o A B e a u B a s s n ,  p e x s s a  a b h x o h h s .  h  ä P *
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OcHOBHue ¿ a m u le  aBXouoÖ H Xa. K o xo p u k  a H a jin s a p y o x c a  b  c i a i t e t  g  »  1 0  0 0 0  N;

a » 1,2 m (2 BapasHi) H a  = 1,4 m (3 Bapasus).

KfmecTpegHŁŁ oneHKa ycioftgzBooxg ynpaajetma.

ConociaBJieHH8H onpexexeHHux ipeCoBaraft Koxopne ^oxxeH BimoxHHib onxa- 
MaJIbHHÜ aBXOSIoCuHb, C T01KH 3p8HHJí BO3MOZCHO0TH BOÄHleÄH. B ■' OHOTeÛë 
S-A-V, a Ha3BaHKHX oBoftctB, xapaxTepasyroiuix onsmiaabHy» yoioftHHBooib ynpaa- 
nesHH, no AeiJatHHipm, bh^ho hio ohh cooeis coanaflaxT, Ha3BaKHue oaoñotsa 
yoTofi'iHBooTH ynpaBxeHHx Moryx onoHKBaTbca ge pe 3 1

-  yCJIOBHH yCTOÄVHBOOIH ÄBHKÖHHJL (O  yCDOKaHBaHHH H ap y B B E H O rO  ÄBHSeHHH HO

Rauth-Hurwitc-u),
- apena OT3HB& aBTouoÔHJiÆ Hau BOSMyąaHHJi o OKopooTH yonoKaaBaHK* na pane"

ïpOB ÄBHXeHHÄ H
- noBopaRHBaauocTH aBxoHoÖiuuL - araxaneoRoö nyBCXBHSeabHooiH icpaBofl (o Ha- 

ôxæxeHHH 3aj(aHHOfi TpaeKTopHH - ynpaBÄHeuootH).

yOTOÖqHBOOTb ÄBHHeHHJL aBIOMOÖHÄL
ABH xeH H e a B T o H o Ö a n a  o n a c a H H o e  f l in p ie p e n ip ia J iL H ia i  y p asH eH H eM  (1 ) f T . e .

( 2 ) ,  u o x e x  6 MTŁ anepH O Ä H necK H H  a n a  o c n ju is T o p H M u . Eona n a p a n a i p n  A E U JteH aa 

o o  BpeKeH O M  cT p ö L L fiT ca  K K aK oö-H H Ö y,n b o n p e fle n ö H H o ö  B e x a g H s e  h  h x  a n n jiH T y x H  

n o c ie n e H H O  y n e H b in a jo T c a , T o r ^ a  Ä S H ste a n e  C r n a e x  cxaÖHHbHHM (y c x o f l< iH B H n ) ,

(pao. 4). Haoöopox iony, aBHxeHae örnaaex Heycxofi<iHBHH. Hcnoxb30BamJ Rauth- 
-Hurwitz yCÄOBHH. yCTOÖgHBOCTH, H3-3a Toro HXO KOO$$Hr[HeBTH B AHlJ({iepeHnHaXb« 
HOM ypaBHGHHH, b cxygae HeciaĘaoHapHoro äbhxshhä aBXouoÖaxx co nocTOHBHHM 
yoKopeHHe«, cboahxcx Ha KoicianTH. Tax, aHŁXH3 ycxoflgHBOcxH npa h3hbhchhh 
pexHiia ABHxeHHÆ (ycKopeHaa hckojíocth) BunoaÍHeH AHCxpemsanaefl.

ä j i h  o n p e x e x e H H H  y o T o f iR H B o c th  cacieun ( 1 )  K o x o p a x  o n H O H B aei y n p a B x x e H o e  

A BH xeH H e aB T ou oÖ H JL H , i o p u H p y e i o a  x a p a x ie p H C X H g e c K E M  noxHBOM g e p e 3  y p a s H e -  

HHe

C a d e n a  X B x x e x c x  y o io f t s H B o ä  e c x a  xopHH x a p a x x e p H C T a g e c x o r o  n oxH B on a p e a x b -  

HH a  o ip a n a T e x b H U  ( a c H u n io ic K a a  ycxottHHBOcib) .  3 x a  y o x o B a x , Moryx onpegexHXb-

2M = 1 019 kg; 1 = 2,4 m; J z = 1 000 kg cm ; hT = 0,6 m; a = 1 m (1 BapasHX) ;

f (p) = |a  - E p| = 0 (3)

ex. h Ö63 pemeHHH xapaKxepaoiHgeoxoro noximojía, noxbsya. Rauth-Hurwitz ^e- 
xepuHBaHT, Kor.ua noxyganxcx ycxoBHX. ycxoRr h b o c t h noJcasaHH b Taöxaue 1,

CorxacHo ycxoBHXM npeflexbHOÖ ycxofigHBooxa ä x ä  ypaBHeaax ( 2 ) ,  Ag «  0 ,  

noaygaexcx. xpaTHiecKax OKopooi ycioöiHBOciH:

(4)
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TaÖaHua 1
KADTH-HURWÏTZ KPKTEPIÎH YCTOMHHBOCTH JJHHEflHÔË CHOEEMU

H o u . X a p a K T e p K U Î t  nojiKKOu TCJIOBHH y C T O Ö U K B O C T H
rpaHKUft
onepnojmtiocrç
y C T O f l R M S O C T H

•rparocua.
ocmtJïHTepHoîl
y C T O Ü U H  B O C T U

1 . h ? 2  *  a 2  " 0
A1 >  0 , A 2 >  0 *2 - 0

2 .
\

AjP 2  ♦ A2 p ♦ . 0 Kx >  0 , A2 >  0 , A j >  0 V o
V

3 - * jP 5  ♦ A 2 p 2  ♦ A jP 4 A ^ * 0
Ax >  0 , A 2 >  O t A ^ >  Q 

a2 a 3  “  * 1  A¡* >  0

\  •  0 * 2 * 3  '

“*lA if “ 0

k .
4 ^ 2AjP ♦ A2 p 4  A^p 4  

4 A ^p 4 Aj  « 0

A ¿ >  0 , A2 >  a, Aj> 0  t‘ A ^  0 »

0 , A^(A 2 Aj — A^A^)— AjA 2  ̂  0 * 5 - 0

A lł(A2 A^  - AjA^)-

-* 5 * 2  ■ 0

n.

Aa pn ♦ A 2 p“ *X ♦ A n » 0  

*a2  a v  a6 ... 0  o*  

A i a 3 a5 ... 0  o

0  A 2  a^... 0  o 

0  0  0  ... A n l  0  

-o 0  0  ... A n _ 2  An

Ax >  C 
« A

a 2 . 

a 3 .

. * 2  >  0 , 

2 >  0

* 1

* 2  *<t * 6

» i V S
0  * 2  Aj,

> 0

*n  “  0 A - l  =  0

Bpetta o i3 b œ a .  a B x o u o Ö H x a

BpeMÄ oiatœa aBioMoÖEJiÄ BejiEiHHoä xapaKTepH3yjaqeft cKopocxi. ycnoKOHBaHM. 
HapymeHoro abhechhk aBTouoöiuLa, T.e. npoAajiaHiejbgocTbB nepexojçHoro npo- 
necca, HEJiaeTca Bpeua oi3HBa aBToiioöHJta. Ba RapymesaH t . 3ia BeJiHHHHa He- 
3 aB HC E M M  OT BH*a BOBliyneHJLS, pHC. 4, HO 01 EapaHBTpOB aBIOMOÖHJIH.

y v H T H B aa a p e n a  o x 3 H B a  w  c j i y n a a  a o c t m c o h i u ł  1  _t-1  /e «  1 , 3 3  ( 1 3 3 $ )  c x a -  

HHOHapHoö B e jiH W H H  x ap aicxep H C X H K H  ABHHeHHa h  yp aB K eH B H . ( 2 ) ,  n p n  H ap y m eH H Sx 

H a ap H M ep  X ,  a o Ö i i B a e x c «  B p e u a  0 X 3 H B a  caeay m i¡H M  c n o c o ß o M s  

P e a e s B e  A H tJxp ep eH H aaJibH oro  ypasH O H H Ä  H B jm e ic H  b  $ o p M e

b, A, -A,t/A.
^  ° *2 (X+ V  (1 “ e 1 ' (5)

Bbë oïarpîOBapHoe 3HaveHae k p h b h3b h 

b A.
Tí, , = lim7£ = t”  t2 ) (6)

2 2

noEa3ana Ha pac. 5«
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H3 le p itH H a

Tis 'Ti * | * s

Ä O Ö H B a e x o a  B p e íia . o i 3 b i s a  a B i o u o Ö a j i L

t p  = A , / A j  (7 )

B oCueu cJłysae, apeMÆ oiauBa cnpe^e^aeioa no xepMHHy

V  = 1 / p r  V  “ 1 / P 2  Cp n  = 1 / p n  > ( 8 )

r Ae p 1 > P 2 < • • ■ ' P n npeACTSLBJLzvT o o ö o ö  p em en aa . x a p a K ie p a c x a H B o r o  noatHHOMa.

n o B o p a n i i B a e u o c i b  a a i o M o S a i iA

T p e i b e i i  x a p a K ie p n c i K K O ü  i c o i o p a a  o n p e Ae a a e s  y c x o f t a H B o c x b  y n p a a a e H H S  a B X o -  

HOÖ1ULH í y n p a a a a e u o o T b  B H Ju n o aH B aa b  a h í e a a ) .  B x o i i  x a p a K i e p a c i H K o f t  o n p e f l e a a -  

e x c a  o iK JioH B H H a a s T O M o ö K Jia  o t  3 a A a H H o ro  K y p o a ,  p a c .  3 .

K o H e a a o e  n o J io i e a H e  a B X o « o 6 a a a ,  n o c a e  B 03M y m eH H a, b  o iH o n e H a a  H a 3 a a a H H y s  

i p a e a x o p a m ,  moxho o n p e a e a a i i .  n o j ¡ B 3 y a o b  p a s m m e ñ  (A JU i K p a s o J iK H e f ia o r o  A B a x e -  

a u )  .

* * * * *  - * 0  - a +  -*0'

r Ae j  Tí 0  -  K p a B K 3 K a  a  a a a a j i e  A sn a ce h h ä ,  n p a  t  =  0 .  OaeBHAHO i x o  a x a  x a p a i c -  

x e p a c T B K a  He y a o ó H a  a a x  n a p a u e x p  o n e H K a .

Abtop a xpy.se (13), san Aeíjammas oxsesbHott oxaxaaecKoft ayaciBaieJibHoc- 
XH KpHBH3Hlí U p a paaZH^HŁDC B03llyHeHHHX, a 3X0S
-  c x a i H a e c K a a  a y s c x B B i e a b H o c x b  k p h b h 3 h h  n p a  B03itym eH H H H  Ä .,

ñ - ^ - h-± V  ^  - -1 ( 9 )
J T  . a2' Its ' A2' <vc aeiï a2

JxHR OUeHKH COCTO/tHHÄ aSTOUOÖiLJlÄ y^OÓHO D0JIb30BaTb paSHHIÇf C T aT H 'ieC K O â ïiyB- 
CTBHTeabBOCTE

-7£i0 do)

r s e  K y . ' .e s a jî  c x a T n a e c a a e  H y B c T B H X e n b H o c x b  o n p e A e a e a a  n p a  c a o p o o x a  n e a x p a  

x a i e c X B  v T = 0

* 1 0  ‘ % .  (v T  -  0 ) ,
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n o  p acy H K Q  7 »  n o n y q o E T c n ; h o b h o  ^eijH H E ixaH  q o o t o h e h ä  n o B o p a B H B a o a o c T H  a a i o i i o — 

6 a x a i

1 .  H eä z p a x B H H tt a B X o iiD Ö a a b  aa A f t *  0 ;|

2 .  JlB E u o e  n oB op a<ieH B u ä a B io a o Ö B Jib  a p n  A f t >  0 ;|

3. HexoczaioiHO noBopaaeHHHä aBXCh-oÖnai. npa A3£ < O î]
Haxoaen npHBeXëM h ypasHenaa itaipaaa ciaTaaecKofi ayBOTBHSeaBHooiH. Cue- 

Hofi B MaxpaaHoe ypaBnesae ^BaxeHaa (1) xa pista Ha {x}»0 noxytiaeK

A  {x s} + íb} ^ + Sy + {r}TO = 0,

oiKyAa

K )  = - * " 1 [={»»}X ♦ { u }  s y + { r } ™ ]  ,

Ä a a b n e ,  ffajxfrepeHipïpoBaHBaM, n a n y a a e u  oiaiHaecxae B y B c i B a x e j i b H o c i a ,  a a  npa-
uep, X E 03Ö y SÄ 0H H 6

{x4  = { a x }  = ~  Ü t T  W  (11)

Ch b h o S  b  ypasHSHHH (11) oxopooxK vT = 0, noxyaaeu HyaeBue axaiaaeoicHO 
ByBOIBBIeSbHOOXB - j x ^ j ^  , H HOryX $0pUHp0BaXB0a pa3HH£5HJ

{ a x * h *x} " k o }  • (12)

K o x o p u e  M o ry x  c x a x b  n a p a a a t p a u a  oaaK K H  c o o x o s h h jl  n o B o p a< iH B aâM o o x H  a b x o u o -

6 ¡USA.

K p B x e a H g  M  B H C o p a  onxiutaJbHHx n a p a i t a x p o B  y o x o f la H B o o x a  

ynpaBJieBHB- aBZouoCHJia.

0 n xB M H 3aip tH  n a p a i t e x p o B ,  s a  o o h o b s  K p a x e p a a  y c x o ß B B B o c i H  y n p a B ji e H a a ,  

« B J i s e i c L  o y e H b  c jio x h o ö  3 a x a a e f i .  C x o s c a o c x b  n o B u m a e x o a  h  H 3- 3 a  ® x o r o  a x o  

HeoÖXOflHMHM BB JIH 6X C B  C O rJlaO H T b '0H IH M H 3aitH H  n a p O K B lp O B  aBIOMOÖHXH H H a o c -  

H 0B 8 a p y r a x  x p e O o B a n a ft  3 a  e r o  n o B e x e H a e .

Äxa. 0HTHMH3aHHH JiapaJíelpOB aBXOUOÖHJIH O XOBKH 3peKHJL yOIOÖBHBOOXH ynpaB- 
aeHHH 6y,nyi noxb30BaTbCB flBa KpaxepiiH: nepsua o x h o c h x c r k yoioßaaBocxa, 
a Bxopoft K HOBopamiBaeMocxii (ynpaBXaeitooiH ).

O ö x a o x b  y c r o ö B H B o o x H  a B x o a o Ö H Jia  o n p e A e j i s e x c a  Ha o cH O B e n o x o s r a x e x b H o o x a  

K 034>$H iiH eH T0B x a p a K X e p a c x a a e c K o r o  n o jt a n o u a  h h x  o iH o n e H H ä , k  ypaBHüHHK)

( 4 ) .  H a p a o y H K e 9  n o x a a a n o  a i o  p e a  a ^ ë x  o  n o a e p x H o c iR x  h b i o  y  H e K o io p a x  

o n p e f le x ë K H K x  b 3 j i h b h b  o x o p o c x b  h y o x o p e B H B  ajlh  K O B K p e iH o ro  a f l i o a o ö a a a  n o -  

H B j i x e i c a .  R p H X H B eoK o e o o c x o a n a e ,  i . e .  x e p a e i c j i  y o x o f l a a B o c x b  ( a p a i a a e o i c a R -n 

ttaOOKOCIk— -  o x o p o c x b ) .
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noiouy v io  npH oniauuaaoaz pacouaxpzBaexcH Ooxbae Bapzanzö aaTouoOaxji, 
to nojiytiaeTcs ceueöcxBo xpzBZ3H noBepxHocTeä, T.e, KpzTZHeoKHX nnooxooxefl. 
OnTHHaJibHua aBTozoözjib Aozzez ZM6TŁ TaKze napauexpH, hto6h ero paöozaH 
OßXaCTb ĵVT S (0, VTmax) , j e (jmin, jmax jj HaXOAHTOÆ B 30H6 yOTOa^HBOOTH 
oo HOKaKHM aysHHM 3anaoou pjix CKopooTz, T,a. ycxopeHZ* Aj. 3th 3anaou, 
npooTo, npe^oxpaHÄ»! aBiouoözJib rtoÖh okb h b cauou HeßjiaronpzHXHOH paßozeu 
pexaue Ha npzuep, MrHOBOHHoe xopMoaeBze npz npe^eabaoft ozopooiz Baxoxzjxca 
AOCTaTOHHO ÄEUieKO 0T KpZTZHeOKOrO COCXOHHHÄ, Ha 0CH0B6 OTOrO UOXHO OltpOÄe- 
XHIb KpzTHHHyTO CKOpOCTb (KpHTHRHOe C0CT0HHH6) OBXZHaXbHOrO aBIOUoßHXH. (lOH- 
xa CR , pzc. 9) oae^ymnzH BupaseHzeuj

‘W o p t  = vKR(jmin + Aj) > vmax (13)

Mex^y T e a ,  otot y q a o iO K  He o n p e ^ O A H e i b c y m a o c x z ,  o n iz u a J ib H H ä  a B T o M o -  

ßHHb o  TOHKH 3p e H Z Z  y C T  OñRZB OCTH HO XOHbKO y K a 3 b £ B a 3 X  H a n o x o s c e s z e  K p Z I Z -  

R e c K o ö  n o B e p x H o c i z  o n z z u a x b H o r o  a B io u o ß z x H .  c o  n p e a x o x e H u u  s a n a o o u  A j .

Bxopaa KaueciBeHHaa BexzzzHa - ot3ub aBiouoßZHH ip , onpaaexeza ypasza- 
Hzeu (6), onpeflejwei ozopocTb cTaßzxH3anzz. Ha pHO. 10 BpeuH. oxsuBa aBXo- 
hoöhxh noKaauBaexcHi noBepxHocxb», npz h ö h  KpaxzieoKoe 3Ba<teHze oxsHBa 
(t — » «  ) noxyqaexcjL 3a KpzxzzeoKy» nxocHocxb yoxoftzzBocxH. äxh pa3xzz- 
HHx BapzaHTob aBToMoßzxÄ noxyiaexcH ceueäoiBo noBepxHooTH ox3HBa, pao, 11. 
CMOTpJŁ Ha B03U0XH0CXH peaKQZZ BOflZleXH aBTOp OniHJiaXbHy» oöxaotb A sBgC sDs 
(D0Ka3aH0 mxpzxoBaHO) onpeaexzx sa ooaose oxexyxqero xpHiepzHj zroßu boäh- 
xexb xerxo Bëx aBTouoßzxb npz uaKazuaxbzoft cKopooxz, i.e. htoöh ox3hb aBXo— 
uoÖHxji npz MaxozuaxbHOä cKopocxz öux b HHTepaaxe ta = (1-3) s. Hs oxoro 
yCXOBHH BHBXHHZpyKX OrpaHHROHZH. sa Bps UH. OXSUBa ÄXH xozex BsC q B (JlOpMO«

^p^opt ~ tp^vTmax' •'max̂  ^ ^
(14)

^p^opt “ ^p *vTmax' ^min^ ^ 3

Pao, 14
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BHnoaHeHHe yonoBEÖ AaBHHx HepaaeHCTBajiH (14) onpezexsuo? ycAOBiw xoiopae 
AOAxen yAOBAeisopHXb aBiouoÖEab, h lor^a ycioftHHBocib AsuxeHaa ÖyAsi onxa- 
HaAbHOÖ,

MexAy xeM, s a  ooHOBe a° ohx nop CAeaaHHoro aHaAH3a, moxho cA eaaiB  b k b o a  
hio aBTouoÖHJib et)ë He oÖaaAaex oniBMaAbHoä ynpaBaaeuociB ia.

CoctoHHHe noBopaaHBaeuociH aBioitoÖHAH MoxHo, yAOÖHee Bcero, onpeAeaHit 
Ha OOHOBe pa3HHHH CiaiHHeeKOfi HyBCTBHTeAbHOCTH OnpeAeaëHHBQC ypaBBeHHHHH 
(10) , pac. 12. H B ot om cjiywae noHBAHexc«. haocxoctb xpaiHnecxoro cociohhha 
noBopaHHBaeMooiH, xoxopaa coBnaAaex oo iiaocxocib» xpHTHqecxoä ycxoöHHBociH 
aBIOHOÖHAJI.

JlXH. pa3AH<tHEX BapHaHTOB aBIOMOÛHAA MOÛEHO $OpMHpOBaTB OeUeÖOXBa HOBepXHO- 
OTH pa3HHHH CiaiHHeCXOä HyBCTBETeABHOCTH A%t pHO. 13, Ha XOIOpbEX AHHHeß 
Axn HeBipaAbHoro aBiouoÖBAH (npa j = c o n s t ) , pa3rpaHHHHBa»xca oSaaciH  He- 
AOCTalOHHOñ H AHQHeÖ HOBOpaHHBaeMOCIH. OnTKMELAbHOS HOBOpaiHBaeUOCTblO UOXHO 
CHHTalb HeAOClaTOHByjO HOBOpaHHBaeHOCTb, XOTOpaA ABAHeTCH. ÖAH3K0S HeftlpaAb- 
Houy aBioMoßEAB a 2b zc zdz (mipaxoBaHHaH noBepxH ocib aa pacyHxe 13) b p aö o - 
qeß oÖAacTH aBTOuoÖHAH [vT e (0, v ^ x) ; j e (jmin, jmax>] . HueHHo, npa 
WHHHMaAbHHX yCKOpeHHÄX (XOpMOXeHH») COCTOHHHe aBTOldOÖHAH HaAO ÖHTb Heii- 
TpaAbHHM. HyTb npa óoxím H X 3aneAJieHHfix j < jmin (ÖAH3 npocxaAb3braaHHH) , 
asrouoÖHAb cxaHOBHica apesMepHO noBopaaHBaeMHii.

Ilpa HopuaAbHbtx pexKMax ASHxeHHÄ oh .iBAaeTCH, HeAocxaxoHHO noBopaaHBaeumj,
I . e .  CTpeUHT K npHMOAHHeftHOUy ABKXeHHB. H3 3T 0r0  yCAOBHÄ, HaSaiOAaA. XpHIH- 
necKHe xobxh bz h Cz onxnuaAbHHe o6;iacTH,

tó®opt = ^ ( VTmax, jmax) * - a 0
(15)

(alä . = , j . ) £ 0opt Tmax Jmin

Haxa, xaxse, Hiieib b bhay hio ypaBHeKHH (15), a x a oniHKaAbHoro aaxoMoÖHAH, 
AOAXHE ÖUTb BUHOAHeHU AAR pa3AHHHHX B03UyqeHHß,

Ha pnc. 14 noxaaaH npauep BapHAHXob pacnpeAeEeHHR. xacc, xpHiHHecxoß cxc- 
pOCTH yCIOßAHBOCTK H HOBOpaHHBaeHOCTH.

Bsrecj

»3 noKa3aHKLOt HCCAeAOBaHüß b TpyAe bhaho h i o  onTiiHHaauHÄ napaxeTpoB aB- 
lOXOÖEAOB, no XpUTepHB yCIOilHHBOCIH ynpaBAeHHA HBAHelCR OHeHb CAOXHOß H
BaxHO» 3aAanefi. Ccoöoe xasecTBeHHoe 3HaneaHe aar ABKxeHHA asxoMo6HAA, b 
si oh c a y ta e ,  axeex Ooxoaaa aAaciHHHOCXb x o a e c , xoxopaH oÖecneHHBaex a e p e -  
BeCHXb ÖOAbCHX ÖOXOBLDC CHA, npi! HëH npOHCXOAHI ÖOKOBOe EOBOpOHHBaHHe XOAe- 
c a ,  xax E Ao onosAHBöLHiia xcuceHcaioioHHoR peaxmiH aBXoHoÖHAa. ÍI3 othx n p « - 
HEH aBxcp bböa ßoxoBoe HOBopaHEBaHEe xoAec axa CAyneus HecxacKOBapHoro abb- 
xeHEA. aBXOHoäuxK, nepea xo3!jxpHHEeHi yBOAa KOAëca.
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H a - 3 a  x a q e c T B e H H o ä  o a e H x a  y c i o f i ^ H B o o i H  y n p a s jie H H H  a B T O M o d a jia  a B x o p  n p e * -  

s a r a e x  o je ^ jT o o iH e  y c j i o B a a i

-  yCJIO BK Ä i y C X o äB E B O C T Z  HO H epaBH O O SB (4),
- B p ew jL  oisusa aBxouofizJia no H e p a B H O c x a  (8) a
-  n o B o p a a H B a e H O C T B  y n p a B J i a e u o c x a  a B i o M o d a x a ,  o n p e x e x B H H a s  B a  ooH O Be c x a T a -  

aeC K O it tjyBC X B H TeX bH O C X K  K p B B H 3KOÜ - (10) .
H c x o ä ä  o i  x a p a K x e p H c x a a  c n c T o u t i  S - a - V  o n p e x e x e a H  K p a x e p a a  x x a  o m a a a j i t -  

H o r o  a B T o M o S n Jia  o  I o w a  3 p e H H a  y c T o i l g H B o c x a  y n p a B x e B H * .  H T a x *  h to Ö h  a a x o -  

u o flH Jib  d u x  o n iH u a n B H o  y oT oftB H BK M  n p n  y n p a B x e H H D , a y x a o  y x o B x e i a o p e H a e  c x e -  

AyJoaiHX yOAO BH BXJ

-  äää. ysoBBeiBopeH za ycxoBHfi ycxofiaaBooTH HyxHo RXodn BKcnxyaxarcHOHHue c x o -  
pOCXH ÖhUIH MeHbfflHe OX KpHIBBeCKHX no yCXOBHB yOTOiiaHBOOTH, T .e ,  HeOÖXOXH” 
muu aBxaexos. BtinoxHeHae y c x .  (13)f

-  B p e iu i  o i3 H B a  a B X o M o d a x a  x o x x h o  6 o t b  xaKOBHM w o 6 h  B O A H X ex t t o r  p e a r a p o -  

B a i B  n o  3 a K p H X o ä  o d p a iH o ft  c b h s e ,  i . e .  p a m c a x  x s -h h u x  y c x o B a f t  ( 1 4 )  j

-  b x o  K a o a e i o a  n o B o p a a H B a e u o o x a  y n p a B x a e u o o i a ,  H y x a o  a x o 6 u i  a B X o a o d a x b  d u x  

b HeilxpaxbHeft n o B o p a a a B a e M o c T a  b c a M o u  n x o x o a  p e x a u e  x B H Je e a a a  ( n p a  u a -  

K C H M axbH oä o K o p o o x a  v T [n ax  a  M HHHM aabHoiiy y c K o p e a a »  j mi n ) ' a x o d u  b  p a d o -  

a e u  p e x a i i e  d u x  a e f lo o x a x o a H O  n o s o p a a a B a e a ,  a  x e jh b  H e n o c p e x c x B e H H o  d x n a  

n p o c K O Ji3 B B a H H s  k o x S c  ( n p a  c x p e u a x e x B H O K  3au exx eH H K >) c x a x  a p e 3 M e p a o  n o s o -  

p a q a B a H j oxo o n a c a H O  y c x o B a a u a  (15).
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OPTYMALIZACJA PARAMETRÓW SAMOCHODU 
W OPARCIU 0 KRYTERIUM STABILNOŚCI KIEROWANIA

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

W pracy, wykorzystując stabilność kierowania, przedstawiony jest sposób 
optymalizacji parametrów samochodu. Przy tym pod stabilnością kierowania 
samochodem rozumie się jego zdolność do tego, by przy kierowaniu w warun
kach różnych zakłóced jego początkowe amplitudy odchyleh od kursu szybko 
zmniejszały sie, dążąc do swojego zadanego - stabilnego stanu. Na odpowied
nim mechanicznym modelu ruchu samochodu, obejmującym jego istotne charakte
rystyki, jakościowa ocena stabilności kierowania przeprowadzona w oparciu 
o: warunki stabilności, czas reakcji na zakłócenia i zwrotność samochodu.
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THE OPTIMIZATION OF AUTOMOBILE PARAMETERS ACCORDING 
TO THE CRITERION OF CONTROL STABILITY

S u m m a r y

Using the control stability, we give the way of the optimization of au
tomobile parameters. The control stability is considered to be the automo
bile s property tending to decrease its initial oscilating amplitudes that 
appeared under various disturbances. They quickly tend to achieve their 
assigned - stable position of motion. A qualitative estimation of control 
stability is performed through stability conditions, the time of reaction 
on disturbances and the automobile turning about it is done on a suitable 
mechanical model of automobile motion, which involves its essential cha
racteristics.
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