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Pa3~mue HOBO% T~XHUKM no~pe6o~ano 6onee rny6o~oro no- 
m ~ m m  @ u ~ u q e c m  O C O ~ ~ H H O C T ~ ~ ~  pa60n1 n p o e m u p y e M m  

K O H C T ~ ~ K ~ &  B PeaJIbHbIX YCIIOBWIX, YTO H ~ o ~ x o A U ~ ~ O  KaK AJIZ 
y s e n w e H m  TOYHOCTU p a c s e T o e ,  Tax M AJIZ n o a b t l u e H m  w Ha- 

ne)KnocTII. 

6 ~ 0  YCTaHOBneHO, W O  KJIaCCU'IeCKUe AeTepMIIHnpOBaHHbIe 

B03MJ'U(eHMR H e  IIBJIJWICII OCHOBHbIMH, a MeTOAbI K ~ ~ ~ c c W I W K O ~  

MeXaHMKU, OCHOBmHbIe H a  IIOHXTUU AeTePMHHA3Ma, H e  IIBRRIOTCII 

noc i - a~orm~u  MX n o n u M a l i m  a 0 6 n ~ c ~ e n m  @ ~ 3 u ~ e c m  3@- 

@~KToB, B03HUKaMl4UX IIPU pa6o~e npa6opo~, HaXOWluUXCX H a  

AB-UXCII O ~ S ~ K T ~ X ,  npu B U ~ ~ U U U  ~ B l i r a ~ e J I e U i  JIeTaTenbHbIX 

annapama, w u x e H m i  T p a H c n o p o m  cpencma, A~RCTBUU aeTpo-  

BbUt U c ~ % c M E ~ ~ c I < ~ ~  HarPY30K. BO~HBKII~  H ~ O ~ X O A U M O C T ~  C03Aa- 

HMR HOBO% @U3UYeCK0fi M O W U  QU UCCJIei7OBaHUU 3TUX JIUHP- 

M ~ W K W X  I I p o u e c c o B  a, B 'Iacrnoau, HOBO~O ~ a ~ e ~ a m - r e c ~ o r o  
annapam, n o s ~ o l u r r o ~ u e r o  ygecrb nHe1miue  B O ~ M ~ J I I ~ H ~ ,  KoTopbte 

H e  IIBJLSIOTCR AeTepMUHUpOBaHHbIMU.  tam^ MaTeMaTUYeCKUM an- 
n a p a T o M  cmna T e o p m  c n y r a f i ~ b x x  npoueccoa, ~ o ~ o p a r r  6ma  no- 
CTaTOqHO XOPOIUO pa3pa6o~a~a IIPUMeHUTeJIbHO K 3WIaYaM p m 0 -  

neTepMUH&ipOBaHHbIX B03M)'IUeHUR HMOPXpOBaHUe C W ~ H M  

BO3hfyJIIeliUd IIPElBOnUnO 6b1 K HcBepHbIM pe3yJIbTaTaM. ~ O B T O M Y  

wopm cnyrafiliant n p o u e c c o B  6ma n p a m e s e H a  K peurenun 
KOHKpeTHbIX 3Wa9, OTHOCIIWXCII K P W O T e X H U K e  U BBTOMaTH- 

YeCKOM)' peIyJIUpOBaHUB, MHOl'O PaHbLIIe, ' E M  B JtpyI'UX o6nac- 
TSX T~XHAKA,  B q a c T n o c T x ,  p a l i b m e ,  .reM uccneaosanua 
MeXaHUYeCKUX CUCTeM, r A e  ~JI)"Iafl~blhiZi B03MYlueHUIIMK, KSLK 

npannno, npe~e6perwu. 



BO MHOIUX n p u i a a m i b U [  3an.anax TaKoe npe~e6pexe~tie my- 
sa%abIMU B 0 3 m e H U I I M U ,  OCO&HHO K O r m  OHN A~%cTBUTWI~HO 

~ B ~ I O T C S I  M ~ J I ~ I M U ,  B n o m e  A O ~ ~ C T U M O  A p e I u e H u e  swasu H e  
~pe6ycr npmenerrwrr c ~ a ~ u c ~ u n e c ~ o i i  M e x m n o i .  EWIn me CUT- 

s a f i ~ b l e  BOBMYlUeHK5I COU3MepUMbI (UO BepOXTHOCTHbIM XapaKTe- 

PUCTUK~M) C U3BeCTHbIMU CKJaMU U, O C O ~ ~ H H O ,  KOrIa  H a  CUCTeMY 
A e t i c ~ ~ y r o ~  ~ o n b ~ o  cnysafirr~e B O ~ M ~ ~ ~ H M I I ,  rcnaccwecme M ~ T O X ~ I  

pacqma ~ ~ ~ H O B X T C I I  H e n p n e M n e M u m  n rn noweam racnea- 
HbIX pe3YJIbTaTOB HaKO ACnOJIb30BaTh BepOmOCTHbIe  MeTOPbI. 

~ O ~ T O M Y  BHeQXHUe B EPaKTUKY IIpOeKTBPOBBHUX CTaWCTUqeCKUX 

MeTOAOB paC¶eTa X8NIeTCII H ~ O ~ X O A U M ~ I M  YCnOBUeM DJIII C03AaHEBI 
H a n e m a o c  KOHCT~~KUUP. 

T I o s b ~ n x e ~ n e  H81(emrocm HOBO% T e x n u w ,  p a c c ~ n m ~ ~ o %  H a  

3KCmaTal . lWO B 3KCTPeMUIbHMX YCJIOBIWL, n p U  BUCOKUX ~pe6o- 
BBHUIDL K TOYHOCTU U HWeXHOCTU @)'HKuuoHu~oB~HUII H OPHO- 

BpeMeHHOM yMeHbLUeHHU MadrpUaJIOeMKOCTU HeB03MOXHO 6e3 UC- 

n o n b s o ~ a m  B n p a m e  n p o e m p o B a H m  MeToaoe  crawmqec- 
K O ~  M e w u r n .  

TIepeb~e rempe rnaBbr HacTornLIero y r e 6 ~ u ~ a  noctuI lueHbr u3- 
noxenum OCHOBH~IX nonomeanti dropnn B e p o r n o w n  H cnysati- 
H ~ I X  npoReccoa. P a c c ~ a ~ p u s a m n  cnyrah~we s e n n v n H b 1  u my- 
~ a ~ b l e  @)WKL~UU El: EM BePOIITHOCTHbIe X B P ~ P U C T U K U ;  @YHKUUU 

pac@~ene~m nrronrocm B e p o r n o m ,  M a T e M a m n e c K n e  omma- 
~m u mcnepcm. II~UBO~TCS p m m u e  BW S~KOHOB pacnpe- 
A e n e H m ,  rrcrpenmmuxcn B n p a m e c m  swam. P a c c ~ o ~ p e ~ b ~  

HecTaquoHapHbte  n c ~ o e a p m e  ~ a 2 t n w e  npoueccu, m e m -  
me 6 o n b r u o e  n p m a g H o e  3 ~ a n e ~ n e  npn aaarrnse ~ o n e 6 a ~ a  
MeXaHUseCKNx CUCTeM. ~ P U B ~ L I ~ H M  OCHOBHbIe Pe3YILbTaTbI CIIeKT- 
paJIbH0fi TeOpUU cTaJJUOHapHblX UI)"I&HblX &'HKUUR U ucnonb- 
3OBaHllrr CneIcrpaJIbHOfo IIpeLICTaBXeHW CTaYUOHaPHbIX UP&- 
H ~ I X  @ y ~ w i 3  npn aaannse ~ C T ~ H O B ~ B ~ E I X C I I  K o n e 6 a H ~ % .  klmo- 
m e H a  T e o p w r  M a p K o s c m  n p o u e c c o B .  

B rnasax 5-8 p a c c M a T p m a m n  T a m w e  ~ o n e 6 a ~ m  c n w e M  

c K O H ~ ~ H M M  'IPCIIOM cmne~eti m60m1 A cncTeM c pacnpeaenerr- 
HUMH n a p a M m p a M u .  klmoxeaue T e o p u n  w a i 3 m  K O J I ~ ~ ~ H U ~  
IIPOBOAUTGII a H U I O r m H 0  UWOXeHUKl K I I ~ c c W ~ ~ C K O ~  TeOpUU Kone-  

~ ~ H u R ,  wo n03~0mec ~an6onee H a r m 0  Y C ~ H O B U ~ ,  'IeM 3m 
P a U e X b I  MeXaHUXU ( i I e T e p M U ~ l i p 0 ~ a ~ ~ b I e  K o J I ~ ~ ~ H & G ~  U ~ ~ n y ~ a f t ~ b l e  

K O J I ~ ~ ~ H U X )  POACTBeHHbI U qeM OHU OTJIU'3amfcII &Iv OT npyt'a. 
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O q e ~ b  qacm npn n c m e A o B a H u n  A u H a M n r e c w  npoueccos, 
B03HAKalOIUUX, HatIPUMeP, B MeXaHIISeCKUX CUCTeMaX, npUXOmimX 

CT8JIKUBaTbCX C aHaJIM30M B03MOXHbE B O ~ A ~ ~ ~ C T B U ~ ~ ,  IIPIIPOAa KO- 

TOpbM HaM IlOJIHOCTblO H e  XCHa. 3TU BOW~~~CTBIIX M O W  Bbl3bI- 

BaTbCX KaK BHeUHUMU HeKOHTp0JIUp)'eMblMU ( C J I Y S ~ ~ ~ H ~ I M M )  B03- 

MyIL[eHEIRMEI, TiW X i  HeKOHTpOJIUpyeMbIMU U3MeHeHMMA WOMeT- 

pnn n n a p a M e v o B  CWCT~MM: H a n p n M e p ,  HepoBeocTI i  ~oporn  
(pm. B.1, a) W K  a 3 ~ O L ( p o M H O ~  nOKPbITU5I ( ~ u c .  B.1, 6), BbI3bI- 

B a r o w e  ~n6paqnn A B ~ ~ ~ W U X C I I  no HUM 0 6 s e m ~  (pnc. B.l), 
r a m A n x i a M z q e c m e  H hxeonomqecwe ~ K C ~ ~ H T ~ U C U T ~ T E . ~  mm pe- 
a m H o r o  A B u r a T w ,  pa6pocb1 n a p a M q o B  CUCT~M a ~ o p 3 a u m  
@uc. B.2). 

EMU 3TU HeKOHTpOJIlipyeMbXe B O ~ A ~ ~ ~ C T B M  BHeIUHAX C W  YI 

p s l 6 p o c b 1  IIapaMeTpOB KOHCTpyK4fH HUKaKUX CYUeCTBeHHbIX He- 

npmomef i  B n o B e n e n x e  C U C T ~ M ~ I  H e  BHOCXT n n ~ n  MOXHO 

n p e a e 6 p e q b ,  TO n o n y r a e M  npammecmi T o r H o e  pemeene. B Wac- 
cnsec~oft MexaHnKe, B q a m m  B tcxaccn'lec~ofi T e o p n n  Kone-  

~ ~ H u R ,  npUHXT0 C'IUTaTb, uTo I lpU AaKHant Haq8JIbHbE YCJIOBHSX 

(TOYHO U ~ B ~ C T H ~ I X )  U E13BeCTHbLX CEUIBX KaWIOMY MOMeHTy BpeMeHM 

COOTBeTCTBYeT eAUHCTBeHHOe COCCOIIHWe CUCTeMbI, a ilx nOCJIeA0- 

Knaccurecm ~ o p m  ~one6a~uB o r p a H n q w s a n a c b  AeTepMyI- 
HEpOBilHHbIMU tIPOUeCCBMR, IIParcrwlreCicw H e  YjlerWr BH&iM%-iUX 

a~arm3y wry.ra$i~m npoueccos. 
B p a 3 B n T m  ~~accnqec~o i i  T~XHUIM 6bu1 nepnon, K o m a  cny- 

qaZhioc~b p a c c M a T p a B a n a c b  KaK g o c a ~ ~ a x  noMexa ,  OT KOTO~OB, B 

I IpUHWlIe ,  MOXCHO E I ~ ~ ~ B H T ~ C I I ,  eCXU 6onee aKKypaTH0 n o m a B m  

OIIbIT. CSKI~JIOC~, qTO pa36pocb1  HaPtUIbHbD( I(BHHbM U pa36p0cb1 
CWI IIPUHUUIMBnbHOM) 3HaYeHMII H e  UMeKIT ti UX MOXHO CAeJraTb 

CKOJIb yrOAH0 MBJIblMU, B O C ~ O n b 3 0 B a B ~ C b  6onee TOqHbIMU C p w -  

CTsaMU U3MeF+HUS. h a  C J I Y Y ~ ~ ~ H O C T ~  U AOnyCKaJIaCb, TO TOJIbKO 

B mxcpo~upe (pa60~b1 Ma~c~enna,  E o n b s ~ a ~ a  no T e o p n n  rmo~),  
a B MaKpOMUpe clryrafi~0CTb paCCMaTp%BWaCb KaK CneACTBMe Ha- 

H e  OqeHb ~lQ'60~0ro nOHUMaHX5I 3aKOHOB IlPHPOLIbI. OCO- 
~ ~ H H O  WTKO 3T3' TOVKY 3wHMX @o~M) ' JM~~B~JI  ~ ~ I ' U I ~ C :  a P a 3 y ~ -  



H o e  C ~ ~ ~ C T B O ,  K ~ P O ~  B MoMeHT 3nam~ Bee 
n B m u e  c m b ~  npnpom u UMeJIO KaPTWHY COC'rOx- 

HWI, B KOTOPOM npupona H a x o n m s ,  M o r n 0  6b1- emu 6b1 TOIIbKO 

en, y~ 6bm B cOCTOSlHUU AOCTaT09HO m a 3 Y r p O B a l ' b  X U  AaH- 

~bre'-  BbIpa3UTb OnHHM YPaBHeHIieM KBK 1 I B M e H U e  C~MbIX 60315- 
T e n  m a ,  T ~ K  n n s u x e H x e  M ~ ~ Y ~ ~ L M X  a'rOMoB. Hmeru H e  

oc~anocb 6b1 H e r o  HeLBBeCPHbIM, U OH0 M o r n 0  6b1 0 6 0 3 p e ~ b  

O ~ H M M  B 3 r W O M  KaK VIlUIOe,  TaK A 6yzwxeea. ( ~ ~ O M U C .  A ~ a n u -  
TUYeCKm TWp- ~e~0rn-g.) 

npaasa, npn peanuawn 3~oro y m e p w e H m  BownKaKvr  He- 
KOTOpbIe TpYlfKOCm, C M u H b I e  C n O n p e H H e M  ~ ~ H & o P M ~ u & ~  0 . 
nOJIOXeHUIl TWI CUCTeNbI u UX C K O ~ O C T ~ ~  B nWi& MOMeIIT 

BpeMemi.  tlanpn~ep, A B m e H u e  MoneKyn ra3a M O ~ O  o n n c a T b  

~ki@@epeHUUUbHbIhfH yPBBHeHUXMU, HO DWl UX M.llIeHE4 He.%- 

XOAUMbI HaqBnbHbIe YCnOBWII B JIaHHbIa MOMeHT BpeMeHU, T.e. MbI 
n O n m w I  MMiOBeHHO nOJIyWlTb U H @ O P M ~ U U ~  0 lI0JlOXeHwl.r MOJIe- 

rcyn B npocrpmcme, mu aow~oxaio m b ~ o  npn 6ec~oneqnoi4 
CKO~OCTU nepenaqn UH&OPMWU, HO H u K a m i e  C U ~ H ~ ~ I  H e  MOW 
6bmb n e p e n a H b I  co CKB~OCT~K) ,  6onbnreit c~opomu cBeTa. l lmh ly  
~ p y n ~ o c n ,  C B I I ~ ~ H H ~  c n o n y r e n u e M  UH&OPMWU o nonoxem 
MOneKyn, HMReT IIpUHUUnIlaJlbHOe 3HaqeHKe. Bwpoe AOnylQeHne, 

KOTOpOe MOJt'IanUBO UCIIOJIb3OBaOCb, 3 a K I l l o 9 a m  B TOM, W O  B 
npnnuune BO~MOXH~I  a 6 c o m o  ToqnbIe  u 3 ~ e p e ~ m  (MOMO no- 
nywn a 6 c o m o  Towme 3 ~ a s e ~ m  K o o p m H a T  MoneKyn n ux 
nepsm ~ ~ O H ~ B O A H ~ M ) .  3TO n o I I y l n e H u e  ~ B O ~ ~ . Y U T  n p u H r u i r t y  
HeOlTpeAeJIeHHOCTU r e h ~ 6 e p r a .  

TWM 06pa30~, nOJI)WWb TO'lHYlO U H @ ~ P M ~ U U K )  0 Ha9aJIbHOM 
cocmmnn nronercyn ra3a n p u H U l i n r m l j H o  ~ens311, a EM CWM 

HeJIb3ri npexcrmam u noaexenue MoneKyn ra3a BO B p e M e m .  Cpo- 
OAHO3Ha'fHZ35I 3aBUCUMOCTb M e m y  CJlWCTBUeM U IX~HYKHO~~ 

~pe6ym H e n p e p m H o r o  i c o n u p o m  orcpymmlyero Mupa ,  T.e. 

c o B e p m e m o  u c m a e ~  n o m e H u e  HOBO~O, KaUeCTBeHHO O T ~ ~ S -  

~ o r o  m e m .  E m  6b1 m 6mo Taxc, TO 6bu1a 6b1 neso3~oma 
~ B O ~ K ) ~  o K p p m o l y e m  H a c  M u p a  c ~enpepkm~oi4 C M ~ H O R  a 
Ka'feGT8eHHE.M U3MeHeHUeM +PM XU3HU. Bce SKU TOBOpUT 0 TOM, 

sn, cnyraibioc~b ~ ~ T C I !  H e  cnencTBneM H a m e m  H e B e m e c m a ,  a 
O ~ ~ ~ I C I ~ B H O  cyrUeCTByrOmea p C ~ b H O C T b I 0 .  

I b K  AOKa3aTWIbCTBO PeaJXbHOCTU CJ~)"&HOCTH M o m  paCCMaT- 
PUBaTbC? IQUHLIUII HaUMeHbLUeK) I l P U H m e H F D l  raycca, BblEOn 

-3TOpOrO UCIIOJIb3YeT MeTOAbI, P LUIS aHaJlM3a BePo- 
RTHOCTKELX 3ana9. n p n ~ w n  
+op~ynupye~crr CnenyronlUM 
c u c m y  n&u(eCm nod dedcm urn c w  u no&u~e~no2 xeoceo- 
6 o x d o ~ 1 q ~ ~  c s m m  6e3 mpenw, o LI uulroemcrc om deuxexuC, coeep- 
ruarowmm npu m a  x e  ~ormbnbucJ ycnoswrw, me- ceoLicmem, lrmo 
d m  U C ~ U H H O Z O  d s u m f l u  om csobodHow a s m e -  
HUX, m.e. n p ~ ~ p d e ~ ~ e ,  

HOrO ABHXeHWI, KOTOPOe OHa UM a 6 ~ ,  HaqUHM C paCCMaTpU- 
BaeMOK, MOMeHla, KOA A ~ ~ ~ c T B M ~ M  P TeX Xe BHeUK-iUX CUJI, ecnu 6b1 
C 3TOrO MOMeHTa 6bUIU Y C T P ~ H ~ H ~  HaJlOlKeHHble H a  H e e  CBZ3H. 

Pnc. B13 
1 

H ~ ~ O M H U M  MaTeMaTUYeCKyIo U 3 a n u c b  3~0r0 
npuequna. P a c c ~ o p u ~  ~ o ~ e q ~ o t i  

MaCCL4 m, B MOMeHTbI 

(PYHWAH] r, (t + A f )  B 

pa3nome~ux 

(B.1) 

Bemop ri (t + A t )  xapa~~epu3* nonoxenne M a c c a  mi c we- 
TOM HBnOXeHHbIX H a  ee paUXeHL%e BX3efi. Ecnn 6u CBs3H Wcyr- P 



m o e m ,  TO n o n o m e H u e  TOW B MoMeHT t + A t o n p e n e m o c b  6b1 
BeKTOpOM d7(f + A 1), KOTUP~IR C TOqHOCTbK) 110 BeJIUYNH TpeTber0  

n o p m K a  ~anocm MO)IMO n p e m a B u m  B B w t e  

anu ( r a ~  KaK 4%) = ri (t ), $(f) = ri (i)) 

B e ~ ~ o p  ABO OIIpeAWlReT OTWIOHeHUe MaTePUaUbHOfi TOVKU 
npu ee neftcmu~enazio~ a s E u K e H m  OT nonoxerrurr, B KOTOPOM o H a  
OKB3UtaCb 6b1 npu ~ ~ 0 6 0 1 1 ~ 0 ~  ABECB(eHRU. 3a M e p y  OTKJlOHeHWI 
ToYKU OT CBO~OAHOM) XBUXeIMR ~ ~ Y C C  IIpUHUMaeT ~ p O n O p W 0 -  

HaJIbHYfO KBaSpaTy OTWIOHeHUff ( A 5 BWtU¶UHy Zi, KOTOPjW Ha- 

3mm n p u w x a e m e M :  

3 
Z ( 7 = C e - $ .  

/;I 

~ ~ u H w U I I  ~ Y C C ~  COGTOUT B TOM, W O  B JII060ft MOMeHT BpeMeHU 
'LUUI UCTUHHOlU BBHXeHvuI CUCTCMbI CDaBHNTeJIbHO C KUHeMaTU- 



n k = n 3TQ BbrpaWeHUe IIpeBPaUlaeTCSI B (B.9). 
B o ~ B ~ ~ U ( ~ R C ~  K nPUHWW raycca, C F e T O M  U3JIOXeHHOTO 

pe3ym~a~a m w p n ~ l  om6or  M O ~ O  em c@op~ynupo~am B 

TePMWHaX TeOPUU B~POIITHOCT~&, a UMeHHO: UCmUKHOe deuxenue 
cucrnmbi omuraemcn om icuiimamureertu eauromozo ma, m o  
meem nau6ansurylo EepmHOCmb. C ~ 3 b  MeT(9Y MeToP,OM HaUMeHb- 

m w  KsanpaToB w n p n ~ q m o ~  H a u M e H m e r o  n p m y m s e H m  raycca 
npencmwmm co6ofi H e m o  mbmee, 'IeM rrpoc~o manom, ze. 
mm'Iue nmumior~ A B U X ~ H ~  T e n a  M B O ~ M O ~ O ~  HOCWT aepo- 
m o d  xapayep. IIpmmn raycca m e e T  cywecTBeHHoe  npe- 
n ~ y t n e c r ~ o  nepeLl np&f~wiixohi Aana~6epa: OH n a e T  B O ~ M O X H ~  

nonywm ypasxiexim .qBmceHnx c n m ~ b ~  npn J I K I ~ ~  merononom- 
CBIWIIX, T.e. npmwn raycca I I B ~ U I ~ X  ~an6onee 0 6 1 ~ ~ ~  

ItpUHgUlIOM MeXaHUKU U 3TOT I I P U H m R  ROIIYCKaeT BePOIITHOCTHYO 

TpaKTOBw ! B C O B P ~ M ~ H H O ~ ~  @3UKe IIPUllIfiOCb SICHO OC03HaTb TOT 
@.KT, 'IT0 CX~¶&OCT~ H W K S  IIOJlHOCTbK) UCKmO¶UTb A ee Ha&O 
y Y m b l s a m  K ~ K  C O C T ~ B H ~  m m  mo6ofi wpnn. 

OAH~KO 3 ~ a  ~onm 3 p e ~ w  p ~ w w I a c b  H e  B c e m  n c c n e n o B a -  
TWIRMK. M ~ o m e  &rnm n M e x a m  C Y ~ ,  YTO p e T  cnpa8- 
HOCTU IIBnxeTcfi B p e M e H m  OTCTYITJEH~~M OT K n a c c m e c r c u x  Teo-  
pa&, ao no Mepe  i r m c o r m e r l m  3 H a r w k  ponb crrysm 6 y m  c e e n e H a  
K Hynm. ITosnasarr B 6 y ~ l y u e ~  6onee rny6o~~f i  ~ P O B ~ H ~  @ 8 3 u ~ e c -  

n p o U e c c o B ,  Ammo 6 y w  O~WTCHEIT~ IfSJIeHm, HblHe NISI H a c  
cnyratia~e, K ~ K  n p o n a n e H n e  nonxfom n e T e p M m u p o B a x u i m  

npoueccos, K o m p u e  B H a c T o m e e  B p e m  C K P ~ I  OT H m e r u  -a. 
CTO~OHHUKU n p o r a ~ o n o x 0 ~ 8  T U ~ K U  spenm H a  wydi- 

H O C T ~  c m a m ,  wo T O ~ ~ K O  B e p o m o c m e  M W ~ I  a H a n n m  npo- 
UeCCOB M O T  n a T b  I I P a B U J I b m  OTBeT. no MHeHHH) CTOpOHHAKOB 
B e p O ~ O C T H 0 f i  QaKTOBKU 38KOHOB IIpUpOAbI, KnaCCIPIeCKBR Me- 

Xa- IIBNIeTOSI YaCTHbIM c l Iy raeM CPBTHCTUY~CKO~~ MeXaHUKU, 
TaK KaK a6conmo TO'IHOe 3HaHUe Ha'IaJIbHbM Y C ~ B ~  H CIYI 

I'IpUHItUIIUWIbHO HeB03MOXHO H e  TWlbKO B MwKpOMU@, HO U B 
M W O M U P .  . 

no  MHeHWD prtqa P e H b I X ,  AeTePMUHM3M eCTb MaTeMaTU'IeCKa5l 
YCJIOBHOCTb, nO3BOXSIK)IltW YIIpoIIIaTb UCCJIWOBaHKe MHOIXX 
cnoxam nponeccoa, B KOTOP~IX MOHO O I p a H m m b c s  n 3 v e ~ n e ~  
omux n m  cpemw ix~a '~e~n& 

Pacc~oTpn~ map (pm. B.4), ~ B U X ~ U ~ ~ C S I  B x i a n p a m e H u n  x 
M e w  AB)Wl XeClWfMU CXHKaMU, HBXO,LI.5llI(HMHCSI H a  paCCTO5I- 
HKRX f I OT HaYaJIa KOOPAUHaT [lo). ~ Y C T ~  B H a ' I a l I b m  MOMeHT 
BpeMeHu map H ~ X O A ~ C R  B H a w e  KoopmiHaT u non n e B c m n e h i  
mnym cum nanpm c~opocm x. Teopewnec~a ~m M o x e M  
npencrasm nanur6~efimee n e n x e H n e  mapa a em T o r n o e  nono- 
xetine M e m y  KAyeHmMn B w 6 o R  ooooooooooooooooooMem BpeMeHn i (npenno- 
narm, 'ITO uMeeT M ~ C T O  ~ ~ C O ~ M T H O  ynpyrnfi y a p  mapa o men- 
KU), T.e. a B U X e H H e  mapa IIBnPeTCff nOnHOCTbI0 A e T e P M U H U p -  
BtlHHbIM, OJlHaKO B peaJIbli0B CUTyaItUU OTtpeAeIIUTb ~ ~ C O ~ I O T H O  
TOVHO H a q a n b n y m  c ~ o p o m  H ~ J I ~ ~ S I .  M ~ I  ee s a a e ~  c onpenenerr- 
HOR fIYCTb 0 ' IeHb M ~ O R  IlOrpeIIIHOCTbIO Ah, ?03TOMY IIOJIOXe- 

H u e  mapa ( ~ o o p n n ~ a ~ a  x) T o m e  6ynm pnpenenrmcx c norpem- 
HOCTbK), ~ ~ B H O &  

A X = A X ~ ~ ,  

21 CTeHKBMH, li B ~ . a l I b H e f i l I I e ~  MbI MOXeM TOnbKO CKaSaTb, 
9TO map naXOlUtTC4 r~e-TO M e w  CEHKaMU - OTBeT, KOTOPM 
B p m  XK MOXHO Ha3BaTb AeTePMUHUpOBaHHbIM. 

i 
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p ,; PaCcMoTpeHHbIe TO'IKU 3 p H W  AUaMeTpanbHO IIpOTUBOnOJIOX- 
n n M e m  YUCTO &moco@c~oe 3~aqe~ne .  C n p m m o f i  TOYKU 

z p e ~ m ,  HU OXUH n3 4 n 3 m e c ~ ~ ~  ~ ~ O ~ ~ C C O B  ~emim C Y ~ T I ,  cqo- 
r0 AeTepMUHEipOWHbIM, TaK Xe KaK HeJIbW CWTTCb U IIOJIHOCTbH) 
cJI)Y&H~IM. K K ~ K O %  KaTerOpUU OTHecTU n a ~ ~ b t f i  K O H K P ~ T I ~ ~ I Z ~  
npoqecc, UMUKOM ~ ~ B U C U T  m TO'IHOCTU m e m m i x c X  HCXOAH~M 
AC-iHbIX U OT TOrO, KaKOBbI KOHeYHbIe p3YJIbntTbI  H C K ~ K O ~  
T o q a o m m  ~eoGxonmo w nonysm. 

~ I M ~ ~ T c X  MHOr0 npUKJIWHbIX 3aEaY, KOTOpbIe M O W  6 6 1 ~ 6  OnH- 
CaHbI TOqHbIMIi MaTeMaTWUeCKUMN COOTHOllIeHWIMU, T.e. IIpaKTU- 
neCKU UX MOXHO CqUTaTb AeTePMKHUPOBaHHbIMU, KaK, HanPWMeP, 
m E l m e H u e  c n y r H n K a  no o p 6 n ~ e .  Ho H e  MeHee o6mnpe~  K n a c c  
@R~IFI~cKUX ITpOUeCCOB, KOTOPbIe HOCIfT XBHO HeneTepMUHUpOBaH- 
~b18 xapamep. K -M (PB~IFI~CKUM npoqeccm n p m a n n e x a T ,  
H a n p n M e p ,  ~ o n e 6 a ~ m  T p a H c n o p m o m  cpeAcTBa npn m u x e H n n  no 
AOpOre CO WQT&H~IMU HepOBHOCWMU (CM. PUC. B.1, a), Kone6a-  
HWI )'lIp)lWX CUCTeM nOl[ A ~ ~ T B A ~ M  c n y ~ a 0 f i  ~ e ~ p o ~ o f i  Harpy+ 
KU @nc. B.5), cTapT p a K m  npu c n y r a f i a b m  s ~ c q e q n c m e ~ a x  ~ x r u  
(CM. pnc. B.2) n T.A. B n p n B e n e n n b o c  n p n M e p a x   KT ~ ~ R C T B U I I  

CII)"fafiHbLX BO~M)'III~HE@ U W f Z  BeCbMa 
c y q e c T s e H H y m ,  a m o r A a  n o n p e ~ m m -  ,/ p o n b ,  no-My npe~e6pera~b q- / 'I&HbIMu BO3MyWeHWIMU HeQOnyCTUMO. 

OCHOBH~IM 0 6 b ~  CBO~~CTBOM CIIY- j s a i i ~ b n  n p o u e c o p B  xm-  H M r r p e n e -  

n e m o m  o x a m a e M o r o  n o s e n e H m  m 
&fi O A U H O ' I H O ~ ~ ~ ~ ~ ~ U U  IKpOUeCCa 

SIBHO BbIp-HHbIe CTaTHCTIFIeCKUe 
Y m  C0BOK)'nHOCTU 60J1bllIor0 YBCna 

p e m q f i .  k l i ixe~e#a-pacre~ .~~a  B 

~e~bl l re t i  menetla, s e M  &nnoco&o~ n 
& E ~ ~ U K O B - T ~ C J ~ ~ T U K O B ,  UHTepeCyeT, KaKOB 

H ~ I U  MUP: ~ U C T O  a y - i a i l ~ b ~ i i  nnn npn- 
qM.IHO 0 6 y U I 0 ~ 1 1 e ~ ~ b I f i .  ropa?q0 60nt:~re 
em nmepecym p a 3 y ~ ~ o e  peluemie no- 
maBneHr io% nepen HUM n p n ~ n a g ~ o %  38- 

W I U .  Ecnn e M y  U3BeCTHO BCe, qT0 H a 0  
~UUI p e u e H n a  3aaxn, n OH M o x e T  oqe- 

hc. B.5  HUT^ m m ~ n e  pas6poca n c x o n ~ b r x  nan- 

HbDL H~a .K-amd .*eOyWbT arrjT-.; m6 .3mmR.mR 

MOXHO rrpe~e6pesb, TO OH ncnonb3ye~ MeTom1 K n a c c m e c ~ o %  

M e x a H n m .  Ecnu xe H e o n p e n e n e H H o c T b  u c x o n ~ b n t  nannbnt UJIM 
HeOnpeneJIeHHOCTb B 3WaHHU 1 I e f i ~ l ' ~ ) T O u ~ :  H a  CHCTeMY CWI Be- 

OAHO 113 npeny6exae~n8 n p m ~  p a c n p o c T p a H e H n s  sepom- 
HOCTHbIX MeTOAOB aHaJIH3a MeXaHUYeCKUX CIiCTeM CBX3aHO C 

HeB03MOXHOCTbK) OAH03HaqHOTO KOJIAYeCTBeHHON I Ip~ACKa3a-  

HMX IIOBeAeHUX CRCTeMbI, KaK S T 0  MOXHO CAeJIaT), OCHOBbIB&\Jb 

H a  s a ~ o ~ a x  n MeToAax wraccmec~oi% M e x a H n m .  M ~ o r n e  nccne- 
AOBaTenU llpU.UepXUBaloTCX y6emse~m, ¶TO ~ A U H C T B ~ H H ~ I ~  BUA 

nPelICKa3aHHII, KOTOPOC UMeeT IIpaBO Ha3bIBaTbCX H a w H b I M ,  - 
3 T 0  TOqHOe KOIImeCTBeHHOe IIpeACKa3aHUe ~ Y A ~ I ~ I U X  C O ~ ~ I T U ~ ~ .  

MoXHO YCJIbrmaTb npeTeH3UU H a  HeIIOJIHOTy CTaTECTUYeCKUX 

M~TOAOB B TOM c M w c n e ,  %TO OHU H e  IIO~BOJUIKIT n e n a T b  onpene- 
I' JIeHHbIe BbIBOAbI 54 IIpenCKa3aHBR OTHOCUTeJIbHO UHAUBU,QaJIb- 

HbIX ~06-8. OLIHBKO, KOrAa qe6yews IIpefiCKa3aTb pe3yJIbTa- 

C T ~ I ,  xapa~~epn3y1o111ne noaeneaue 6 o n b m o r o  nncna m n e n b ~ b ~ x  

c n y s a % ~ b I x  co6b1~u8, c T a T n c T n q e c m e  ~ m o n b ~  n a t o T  donee co- 
n e p x a T e n b H y m  ~ ~ @ o p ~ a q n m ,  n npenc~a3mne, O c H o B a n H o e  H a  

3TUX MeTOnaX, CTOnb Xe OlTpeAWIeHHO, KaK U npeACKa3aHUe 

% IIOBelIeHUII OTneJIbHOTO TeJKl, OCHOBaHHOe H a  MeTOAaX KIIaCCU- 

YecKofi MeXaHUKU. 
.L 

&3I IIpUMeHeHUX MeTOlIOB TeOpUU ~ e p O X M i o c ~ e 8  ~eo6xonu- + MbIM YCJIOBSieM XBJlSeTCff BO3MOXHOCTb MHOroKpaTHOrO OCyUreCT- 

m e H u n  ~ ~ ~ a i l r r o r o  c06mun B rqammecmi O ~ O ~ O A H ~  ycno- 
~ m .  O C H O B H ~  ~ ~ y n ~ o m  npu n p m e H e H n a  B e p o m o c T H m  Me- 
TOROB B pac4m~oi n-Ke c e a m m ' ~ a e ~ ~ ~  B TOM, STO B e p o m H o c T -  

Hbie  XapaKTVpNCTUKM c@"&H~LX & ~ K I I E @  MOXWO IIOn)nIHTb, 

TOII~KO n M e x  6011bu1oe nucno peanmaW cnyrailaoro npoqecsa, 
' I T 0  MOXeT 6b1~b COnPXXeHO C ~ o J I ~ I U U M A  TeXHHqeCKUMU TpYA- 



,&I4 0 ~~~ B o ? W e H W R X  n p o A O m e T C X ,  U nO%cOMy POnb 

BePOXTHOCTHbIX M m j l O B  paC%Ta HelWpbIBHO P a m T .  

B H a c T o x U e e  B p e m  O ~ H W M  u3 OCHOBHMX MeTonoB a ~ a ~ 1 ~ 3 a  
~JIyrafi~bIx n p o q e c c o B  CJI)'XUT KOppeJI5IWOHHClX TeOpIUI. K0p- 
P e n R u U O H H W  TeOpWl nO3BOJuIeT n p U  U3BeCTHbIX BepO5ITHOCTHbIX 

XapaKTepUGqKaX BXOna nOJIy'KUTb U I a i l O r m H b I e  BepOXTHOCTHbIe 

x a p a K T e p u c m K K  B m o n a .  Cnenye~ erne pa3 n o p t e p m y T b ,  sn, 
~ T U  x a p m p n c m ~ u  IiMeIoT cMbIcn K ~ K  x a p a x c T e p u r m K u  MHO- 

x e c T s a  npoueccos, a H e  m n e n b ~ o r o  npouecca. Ecnu, H a n p u M e p ,  

no nopore CO c J I ~ ~ P H ~ I K U  HePOBHOCTXMU ABUXeTCff 1000 OAK- 

H a K O B m  m ~ 0 ~ 0 6 5 i J I e P  C 0KH0fi  U TOP Xe CKOpOCTblo, TO MOXHO 

npeECKB3aTb, B CpeAHeM, KBK AaJiH- ROPOra (BXOA) 11ef i~TByeT 

H a  ~ B T O M O ~ U J I ~ :  H a n p u M e p ,  O n p e m T b  M a T e M a n n e c K u e  o m -  
E m U X  I4 gucnepcuu H~IIPIIX~HHP (B~IXOA) B Ce9eHUSX paMM 

~BTOMO~WUI.  Ecnu Xe no OWHUYeHHOMY OTpe3Ky A O p O m  IIBU- 

XeTCX OnUH ~ B T O M O ~ U J I ~ ,  TO IIORY¶EfTb BePOffTHOCTHMe XapaKTe- 

PHCTUKU BbIXOAa (6e3 AOnOJIHUTelIbHbIX ~ P ~ A ~ I o ~ o X ~ H U ~ )  Henb-  

3 s .  Erne 6onee y 6 e ~ Z i T e l I b ~ b 1 ~  IlpWMepOM IIBJIffeTCII O I I A H O ~ H ~ I ~ ~  

CTapT PaKeTbI (CM. PUC. B.2). 
npu A s m e H u n  no ~ a n p m l o r u e k  H a  p a K e n  neficmym cny- 

Y&HbIe CUJIbI, BbI3BaHHbIe 3KCUeHTpMCWTeTBMU TffM (BXOA), n03- 
m ~ y  B M o M e m  cxona c ~ a n p a s l r r r m u e P  o H a  n o n y r a e T  c l r y s a h ~ e  

pa36pocar (emon) ynra A cp, u yrno~ofi C K O ~ ~ C T E I  A 4K. k l cnomy~~  
KOppeJUI~UOHwylo TeOpUlO, MOXHO ( ~ ~ O ~ M B I I ~ H O  OnPeneXUT3 MaTe- 

M a T m e c m e  o x w a H m  (mq~ee c p w u e  3 ~ a q e ~ m )  pa36poco~ 

MOXHbIX UI)'WkbIX 3aKOHOB U3MeHeHm 3KCUeHTPUC-B T X M  

6yne~ peaJIU30BaH AaHHOM eAUHUqHOM C T a m .  Ecnu 6b1 3a- 
IlyCKanaCb 1000 PaKeT, To MbI MOTJIU 6b1 UCIIOJIb30BaTb BePOffT- 

HOCTHbIe XapaKTepUCTUKU BXOna (BKCJ.~~HTPUCUT~TOB TXlIf) U no- 

JIyWiTb BepOKTHOCTHbIe XapaKTepUCTUKu BbIXOAa (A qK K A 9, ) 
anrr ~ c e P  cepnu n y c ~ o ~ .  llpn O~UHOWOM sanyc~e ~TOI-o cnenam 
H e m ,  HO M O ~ O  ymepmam, YTO c y B e n m e H u e M  Y n c n a  sanyc- 

KOB nolryrmwuecx ~ H ~ Y ~ H I I S I  A qK u A 4K B c e  6nme, B c p w e M ,  

npu6nuxalon:~ K CBouM T e o p e T m e c m M  3HaYeHMXM. 0 6 b 1 9 ~ 0  npu 
u c c n e n o s a H u n  cnyraBam npoqeccoe B M e x a H u q e c m x  cucTeMaX, 

B Y~CTHOCTI~ HecTaquoHapHMx npoueccoa, n o n p a 3 y ~ e ~ a e ~ c ~  ( O ~ H O  

EZ3 110ll)'LlIe~~fi, n 0 3 B O N W 4 U X  UClIOJIb30BaTb ~ a T e ~ a T W I e c K k f f i  an- 
n a p a T  ~eopun cnyraitam npoqecco~), wo y c n o B u e  M a c w B o c T u  

n p 0 U W C a  BbInOnH%XCII. &UI CTaIIUOHapHbIX c l r y s & ~ b I X  IIPOUeC- 

WB npmimne r u n o w b I  06 3prnnw~ocm npouecca n o 3 ~ o m e ~  
BM~CTO MHoxecTBa pemsaqnP paccMaTpusaTb  omy peanusaqum 
U n O W E i T b  IIH@O~M~UIUH), IIOCTaTO'IHYIO B PaMKaX KOppenrulUOH- 

HOP T e o p u s i  IVL(I npenc~a3a~m n o B e n e a r n  c~crrem. J$m MHOI'LM 

n p u ~ n a q ~ m  smaq T~KOP nomoa K u3yrem10 cny-rati~m npoqec- 
COB OKB3bIBaeTCII BnOJIHe IIOCTaTOYHbIM, II03TOM)' K O P P W U O H H a R  

~ e o p m  n nonpuna c m n b  m i p o K o e  pacnpocTpaHeHue .  

M ~ e x  amWpUTM OlIpeAeJIeHWl BepOXTHOCTU 6 e 3 o ~ ~ a 3 ~ 0 8  pa- 
60~b1, MOKHO, U3MeHIIII KOHCTpyKTUBHbIe IIapaMeTpbI CUCTeMbI, 

n0BbICSiTb 3TY BePOIFTHOCTb, T.e. CIIPOeKTUpOBaTb 6onee H m e X H o e  

U3AeJIUe. HO He BCerAa BepOXTHOCTHbXe OUeHKll KaqeCTBa ~ ~ I B W T  

n p n e k u r e ~ m a .  garno Tpe6ye~cff, Y T O ~ M  B H n o n H m u c b  rapawa- 

I 
poBaHHbIe KPUT~PHU Ka ' l ecma  npouecca. Hanpu~ep, npu sanyc~e 
on~ofi paKeTb1 H~O~XOLIUMO, ~ 0 6 6 1  o H a  r a p m T u p o B a H H o  nonana 
B 3WaHHyIO o6nac~b. B ~ ~ ~ X T H O C T H C ~ X  oue~rca ~o ro ,  rn, o H a  no- 
n m e T  B 3aqa~ny10 o6nac~b, HanpuMep,  c BepoffTHocTblo, p m ~ o B  
0,9, H e  nO3BOJuIeT 6 m  yBepeHHh3M B TOM, TTO OHa ~ ~ & c T B U ? W I ~ H O  

n o n a g e T  B 3 8 n v  06nacm. 
OIXeHKa U I Y Y a f i H 0 ~  IIpOIleCCa UJIU p3ynbTaTOB U C I I ~ I T ~ H U ~  

MeTOAaMU T e o p m  ~epomocreir H e  H O C ~  a 6 w n m ~ b 1 f i  x a p m p  
U B 3aBUCHMOCTU OT ~pe6osa~ufi  K KOHeYHbIhi p e 3 y l I b T a M  MOXeT 

: 6 b 1 ~ b  UCTUJIKOBLUia no-pa3HOMY. 0 B03MOXHbLX Pa3IMYHbIX B3Tm- 
I 



nax Ha OAUH a TOT me ~onewblft peaynbTaT PJBOP~CII  B n o 3 ~ e  
M.. Kenaanna [4]. (Ona npuseneHa B npunoxeaan 4.) 

kiHXe~ep-pa~WrI~K n0JbfCeH CaMOCToRTeJIhHO B W ~ U P ~ T ~  Me- 
 TO^ pacqe-ra B S~BUCUMOCTM OT me~ometic~ WH@OPM~UUH o 
CJIYY~&IHX BO3MyIIIeHW. 

- ,  

,. .. :.. . . - , ., n:: 

8 .  ,;.,! , . . . ,  
, . 
. . . ' 'tJ . , 

I.." . - >-, I'nasa 1. KPATKHE CB-EZII ki3 'IkO~k~kl 
f ;- B E P O ~ O ; ~ '  

Bo MHOMX 06nac~m ~ e x m m  n p w m n  BcTpewkncd c oco- 
' 6- IIBneHsmm, KoTOBbIe I lpHHhO FfEiEXSaTks CXJ'Vdhbmzu. Pw- 

. . c~crrpm, nanpmep, npoqem ummePy%I 'bnnommm~ am- 
nefi. Momao y m m o m ,  PfO p a 3 ~ e p ~  neianet ,6ynyr ~one6amcs 
dm10 xieKWpom WTiumBnennoro 3~a9enm. 91% ~ O T K ~ O H ~ H U R  . 

A-XSJII~, OLV~~KO rn 6 0 ~ 1 ~ w  n&~anefi onoroHenarr pm- 
IepoB HarMHBXIT ~ O ~ ~ R R  OlIpeAeJIeRHISM 38XOHOM'5pHocTaM, 
i i b p ~ c  H~T-L cneqmnmofi ~ a ~ e ~ a m s e c ~ o &  f i n c ~ -  
=air - mpneii ~ e p o m o d .  Ttiopm ~epomocrei4 oTpaxaeT 
3aKOHOMePHOCTA, IIpkiCyllfEie CJlJT&IM c o 6 m ~  (SBTI~HWM) 
M W O B O ~  -pa. ~ I M ~ ~ T C I I  m o m   MOHO^^@& no +requu 

I $i?p&THOCTd, B KQMPISX nojlp06~0 U3IIOXeBbI OCHQBKbre II0HR.- 

.I& HanpnMep [12, 13, 171. noamw B ~ W H O P  rnaBenpmeneHu 

9 1.1. Qelfo~lrsle llOHPnta7eopHU. ~ep0-&# 
, ' 

Om0 W 3  ~ C H O B ~ I U X  ~OCMUHCTB ~ & u . s ~ ~ o ~ H o c w ~ ,  KOTOPW 

Kommemenuo. wenmi  -e 

, K ~ m p m  g m m a  II 

19 



%po&~oc&i (~anpmep, B e p O W o c n i  6e30~~a3~0fi  pa6o~br). 
Te0pm ~ e p o X T H 0 C E f i  H OCHOBBHHbIe H a  Heft  P W W I h I  CTaTBCTB- 

Y~CKOB MeXaHUKn MeXBHWXeClUDL CUCEM n03BOJWH)T 3TO CAeJIaTb. 
hJieH&Vi, KOTOPbIe M O W  -30BaTbCB UllU HST, Ha3- 

coyqaiur~u co6umwu. Hanpmep, nopm empa, neB-rwk 
H a  ~ e n m  (CM. puc. B.5), mm q ~ h i b n i  co6bme~. 
Co6me, K O T O ~  06rwa~e~1b~o npomilJlm, m m m ~  d o c m ~ p -  
H6I.M. Co6me, KOTOpOe H e  MOmeT Oc)lWCl'BUThCII, Ha3- HeS03- 

m m ,  TON w6b1 Y ~ H O - ,  nponmilJlm m u  H e  npomfi- 
A ~ T  H e x o m p o e  c ~ r y g a i r ~ o e  co6me,  ~eo6xomhno ripomxu 3~cne- 
pmem nnn, KaK n p ~ m  mmpm, n p o ~ m  n c n m m .  

M c C J E A O B ~ H E ~ ~ ~  lTOKa3bIBatoT, WO C O ~ ~ I T I R ,  ClQ"I&Hbte n p U  

eJOiHlnHOM UCItblTaHHFf, UpLi 6 o n b m o ~  W C X e  U c K l b ~ ~ i l H ~ f i  (~WU 
H ~ E I ~ M ~ H H L U  ycno~mx onma) H a q n w  nommimbcff H~KOTO- 

PbIM HeUly 'Xaf tHhI~  3aKOHOMePHOCTIIM, KOTOPbIe I i O J I y m U  Ha3Ba- 
H u e  eepoxmocmar*, 9uwo nonmemR co6b1~nR q n  M C I I ~ ~ T B H ~ X  
x a p a m p u 3 y m f f  s a m f i  c o 6 b r m r r  W. Yacmornori co6umw1 W 
Ha3bIBaKvr OTHOLUeHHe Y U W a  U C ~ ~ I T ~ H X E  n, RPU KOTOPbIX c 0 6 m e  
lTpOU30IUJI0, K WUI)' BCeX npOBeAeHKbM kl~lThl~iUIl& 21. 

npu STOM IIOEp3yhfeBaewlI,  w HcXORbI C O ~ ~ T N R  B c e p H n  

O n m B  W M H O  He38BHCUMbI (Uly'X&Hhle C 0 6 b 1 m  Ha3b181110T 

naaeucunramru, m u  nonmenae m u  (Ypcymmne OAHO~O u3 HUX 
HWK H e  cwbmamn Ha nome- npyrom). 

r I a c m  co6mnti B K~KoYP-TO LTeneHn M o x e T  P a c c M a T p n n a m c x  

KaK B H ~ T ~ ~ H H I I I I  xaparcrepumim m e m ,  ammo o H a  ecm cny- 
Y ~ ~ H B R  B m U H a ,  3 a U C I I U a R  OT KOHI~XTHO& CepSiH Si~lTblTaFIUfi. 
lTpu oxem 6 0 m m ~  mcne ncnima~ufi s a m a  W nosm nepe- 
CTaeT A3MeHIITbCff, IIP-Ch K H ~ K O T O P O ~ ~  BMWXUHe P, KOM- 
PYX0 HaJbIBaXOT ~ p O J 7 m N o C m ~ .  

CJIenyeT OTMFZuTb, 'tT0 ' X B p W E p  n p n 6 ~ m x e a i r r r  YaCTOTbI K 
seponwocm npu y B e n m e m u  sncna o n m s  H e c K o m K o  o T m a -  

emn OT crpememm K npeneny, KaK m n o ~ m a m n  B sb~clue@ 
MaTeMaTnKe. B ~b~crrreg MaTeMaTnKe, K o r a a  m s o p m ~ ~  o crpentne- 
HUU nepeMe~Ho%i X, c POCTOM n K nocToffHHoMy npww a, TO 

3 T 0  03HaWaeT, WO pa3HOCTb I X, ' a I CTaHOBUTCX MeHblUe n~060r0 
~ O J I O ~ j l b H O T O  WUXa E I W  BCeX 3 ~ a Y e H H f i  n, HaYuHaR C HeKO- 
T O P O N  AOCTaTOWHO 6011b1IION WlCJIa. O T H O C R T ~ ~ ~ H O  4aCTOThI CO- 

6 m  U W I U  BepOIlTHOCTIl =Or0 W p X U e H m  cmam H ~ J I ~ ,  

TaK KaK nnwme BO~MOX~O, .fro npu 60151~0~ mcne o n m B  
vanora c o 6 m  6yne~ s~a-xmwm~o rnomm.cn OT em sepom- 
HOCTU. HO T a m e  3nammm~oe m o H e m e  ~ ~ T C X  TeM M e n e e  

B e p o m b m ,  9 e M  -me mcno o n b n o B .  B ~eopuu  ~ e p o m o c T e i i  

CYlUeCTBJ'eT UOHZTUe aCXOrmMOCTb no BePOXTHOFTIID, T.e. CW&- 
L HZ4 B W I W H a  X,, C pM3TOM tl CXOJWICff ll0 BePOSTHOCTU K BWlllYllIie - a, KOrAa BepOXTHOCTb HepaBeHCTBa I %,, - a I i E n p H  YBej'IUYeHUU n k.' H e o r p r u r r n e H H o  npu6nnxams K e m n u e .  DTO y m e p m e H n e  -0- 

CTaBNleT COAepXaHlle TeOpeMhI ~ ~ H ~ J I J I U .  4 n p n  HeOrpaHElYeHHOM - ysenuremn rvlcna OAHO~OAH~IX nmrnncumm o n b m ~  MOXHO yr- 
9F.3 sepmam, YTO =mum c06blrnff 6ynm c ~ m b  yron~o ~ a n o  O T ~ H -  

'I ~ a n c n  or em sepom~ocni~ .  
11 , 
ta ~ ~ X O M Y ,  ecnn co6bme A n o ~ o p n m s r  6onbmoe sncno (N) 

;;;" pa3 n npn   TOM B n c w a m  co6mne o6nanaer n p m H a K o M  B, a 
. H C X O ~ I  c06b& B mfi nocnenoeaxnanocm B3aiMHO He3aBUCU- 

1 &. Mbl, TO BePO51THOCTb IIOIlBneHYIII llpU3HaEUL 

n P(B)= lim - 
N-P ., N' 

c o 6 m ,  MOXHO, H e  IlPOBOM HMKaKIlX 

co6bme npu ~OJIL.UOM sncne  om^. MOXHO mate C K ~ ~ ~ T L . ,  ' t ~ 0  
= s e p o m m  CO~PHII npencmwer c060ii M e p y  B O ~ M O ~ O C T U  

nomneam c o 6 h m n  npn o m o ~  011brre 
C ~ a ~ u a m e c ~ o e  onpeneneane nepomocw no3somm y c ~ a ~ o -  

B m :  

1) BepOrrrHOCTb AOCTOBepHOKl c06mm @~BHYIO enlmn~e); 
2) BepOrrrHOCTb HeB03MOXHON c 0 6 m  @~BHYIO HYIIK)); 

3) B e p o f f w o c T b  IIPOH3BOJEJiOTO CJIYS~~%HO~O c 0 6 b 1 m ~  A (urn- 

,yemmx B ~ r n ~ c m o c m  OT mm, npon30mo c 0 6 m e  B UJIH H ~ T .  
Bepomocn c o 6 m  A, BbmiCneHHylo  npu ycnom, m, n ~ e n o  
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1.2.1. O C H O B H ~ I ~  rneopmbt meopuu seporrmnocmel? 

3. c P o p ~ y n a  nomofi nepoantocm. Cnegasne~  TeopeM cnoxe- 
HElrr B ~ P O I I T H O C T ~ ~ ~  U yMHOXeHWI B~POIITHOCT~& IfBIIIIeTCX TaK Ha- 

3bIBaeMW a 0 p M y J I a  IIoJIHo& BepOIITHOCTU. m ~ b  ~pe6ye~c11 0npe: 
AenUTb BepOIITHOCTb ~ 0 6 b I l W i  A, KOTOPOe MOXeT IIp01130&~11 B M e C w  

C O m n M  113 ~ 0 6 b I ~ U i i  Bi (j = 1 , 2 ,  t.. , n), 06pa3ylounx IIOJIHyIO rpyn- 
ny HeCOBMeCTHbIX C O ~ ~ I T U Z ~ ,  KOTOPbIe Ha3bIBaMT ZUflOm~3UJdU. He- 
CKOlIbKO C O ~ ~ I T ~ &  B AaHHOM OnbITe 06pa3y10~ rpymrY ~ 6 b 1 ~ 1 d 4 , ~  
ecnu B p e 3 y n b ~ a ~ e  onma  HenpeMeHHo ~ o m o  p e m n 3 o ~ a ~ b w  xom 
661 OgHO 113 HIZY. T ~ K  KaK M n W 3 b I  $06piuyr0~ n a n H y I o  rpymry, 
TO ~ 0 6 b I ~ U e  A MOXeT nOIIBKTbCII TOnbKO B KOM~UH~UWTX C ~ a K 0 f i -  

nu60 113 3mx runo~e3, T.e. 

n 

P ( A )  = C PCB/) .  
kl 

B o c ~ o ~ B ~ B ~ c ~  & p e ~ o &  yMHOXeHarr, ICE4 K W O M  U3 
c n a r a e M m  B npa~oii % a m  nolIyyeHHDro coomomearn o K o m a -  

,Nr.d,;. .... I.. i . . 
, , 

->fi;.&tq. ,.:.:?. . , -.!? n 

: i . ; L : ! ; ~ , . ~ ( A ) = ~ P ( B ~ ) P ( A I B I )  . (1.4) 
y i  2 ;  . :' . f , . ~  

i=1 *....... . - .  .: ...-. . . . 
B b ~ p i u t c e ~ U e  (1.4) Ha3bIBaIoT &PNY/IO~? ~ M H O ~  BepORJnUOCmU. 

. 4. cPopmyna Iialecn (reopema ~ n o ~ t . 3 ) .  Cneac~sne~  TeopeMbI  

YMHOXeHUII U @JophtyJIbI I I o ~ H o &  BepORnrOCTU IIBnneTCII @0phfy- 

na Ea8eca. n y c ~ b  u M e e T c x  n o n H m  rpynna HecoBMecrHbxx rnno- 
Te3  $ ( j =  1 , 2 ,  ..., n). B ~ ~ O X T H O C T K  3TUX T U n O T e 3  A 0  O n b I T a  

U3BeCTHbI H PaBHbI  P(B> B p e 3 y J I b T a T e  n p O B e A e H H O r 0  OllbITa 

U M e n O  MeCTO ~ 0 6 b I ~ t i e  A. B o ~ H U K ~ ~ T  BOnpOC, KaK CJIeAyeT 

113MeHUTb BePOffTHOCT11 r U n O T e 3  B CBII3H C nOIIBneH11eM 

3~01-o C O ~ ~ I T W I I ?  
Bocnonb3ye~ca @opMynoi i  ycno~~ot i  sepomocm P (Bj IA) rn 

W 0 f i  MIIOTe3bI U E O p e M 0 f i  YMHOXeHUII: 

P ( A 9 )  = P(A) P(9IA)  = P(Bi) P(AIBi) 

kl3 n o n V e e H o r u  mmiomenm cnenyeT,  s ~ o  

P (Bi) P (A I Bj) 
P(B/cp)= p(A) 

CO~JI~CHO @OpMyJXe P.JW n O J I ~ 0 f i  BePOIITHOCTU (1.14), OKOHYB- 
T e n b H o  n o r r y r a e M  

P (Bj) P (A I Bj) 
P(B/IA)= ,, (1.5) 

P (Bi) P (A IB,) 
/=I 
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CJ~HIUIJW pacnpepenenun. O n ~ m  us OCHOBH~IX ~OHIITKB Teo- 
pun sepoffmocmii nmeTcn n o m e  o c m a h o i i  Bennqmie. 
Olyraiurou' ~ a r c b n m x  ~ e n w n ~ y ,  -pas B peqmTaTe onma 
MomeT npmmm TO EIIIH moe 3~a ' le~ne,  sapwee ne1l3~ecmoe. 3ra 
BMFIHHa MO>I(eT 6b1~b IQK !JHcQ~PHo~~,  TaK H Henpep~IB~o&.  OH^ 
6yne~ nonaomm onpeAeneHa c ~ e p o m o c m f i  TOYKU s p e ~ m ,  
e W  6y~eT U3BeCTH0, C ~ a ~ 0 f i  BePOXTIiOCTbM B03MOXHO IIOlIBTle- 
Hue mxc~oro n3 npnHmaem cny~&oP ~ e n r n n ~ o i i  3~aye~lIEjI. 
T a ~ o e  cooTBmBne na3bmam 3a~ononr pacnpedenenu~ duc~pernnoP 
cqwzkou' e m r u n u .  ~ W O H  pacnpeneaeHm IIIICKP~THO~~ c y a i -  
HOP B ~ H H Y  X, ~ m p m  B p p T a T e  onbm IIpmeT OAHO u3 
x,(j = 1, 2, ..., n) B O ~ M O ~ ~ Z X  3 ~ a q e ~ n $  MOXHO n p e ~ c m m b  B 
s w e  m6n. 1.1. 

Ta6m1m I I 
Pm pawpenenenna 

3 ~ m  pan pacnpenenem cqwWoB mc-08 Bemwm.1, 
M O ~ O  nonyymn @~HKIWO, x a p a n e p ~ ~  3m pacnpeneneHne: 

~elIpepbIB~0& ~nflafi~ofi  BeJIlnUHbl nOA eepOlunHOC??ZbIO ' c06bunWl noHnMamr BepOXTIiOCTb ~06bl~1lll X < X, r e  X - HeKO- 
Top= Te- UepeMeHHaR. B 3TOM CnyPae BepOffTHOCTb 
P(X<x) e m  HeKoToparr @yHm,na OT x, K O T O P ~  no aiianoruu c 
mc~pe~Hofi  ~ a i i ~ o t 4  senmmofi H ~ ~ E J B ~ I O T  $ywcyue~ pacnpe- 
denenun: 

F(x) = P(X< x). 

WHKUUH) F(x) WHOTAB H83bIBaIOT ~nmeEp~bK0b @ y ~ ~ : y ~ e u ' p a c -  
npedenwun mi unmepanbnmt 3aICOHO.M pacnpeaenenm. @ymam 
pacnpeAeneHnx mmemx ca~ofi  ynmepcanb~oii xapamepncm~ofi 

: ~~ BWUl¶liH KaK AUCKPeTHblX, TBK U HenpepbIBHbIX. 
v Q~HKLW pacnpenenem no-a ynoBneTBopm ycnosm 
I* 

: 
kI3 onpenmeHun @ y ~ w n n  F(x), WHHOM B (1.7), cnenyeT, %TO 

Hn npn Kamx cKonb yrOwo 6onblurn x F(x) He MomT 
6bm 6onbme enntinuw (TW KBK F(x) ecm e.epomHocTa, a sepo- 

F ( 4 )  = lim F ( x )  = 0. 
X-+ Q 

IIpnMep~bIZf sm @~HIWU pacnpenenenm mn ~ e n p e p ~ ~ n o f i  
cnyria&aotf ~ e n w u ~ b r  n o ~ a 3 a ~  Ha pnc. 1.1, TIpn perueHnn npn- 
~nannb!x s e p o m m b o c  3waq sacTo 6 m a e ~  aeo6xom~b1~ on- 
peAC?JISlTb BepOffmOCTEl TOrO, Y X I  C I I Y ' K ~ H ~  BWHHa X npHMeT 
3HaqeHKe, 3aKJIIoWHHOe B HeKOTOPOM Ol'paHUYeHHOM KHTepBalIe, 
HanpHMep, B UHTepBane (0, b). YCJIOBNMCII N I S I  OIIPeAWeHHOCTW 
JLeBbIfi KOHW a UHTellBana (0, b) BKJItorlaTb B UHTepBaJI, a IIpaBM 
' ~ o ~ e q  b He BmmqaTb. T o ~ A ~  n o n w n e  cnynatbd Bennqmu X 
Ha UHTepBU (a, b) PpaBHOCSUThHO BbIIIOJIHeHMK, HepaBeHCTBa 



Bh1pa3m BepORTHOCTb 3TOr0 

c o 6 m  sepe3 cpyHmm pacnpe- 
n e n e H m  c n y ~ a i m o f i  w x r n u H b I  X 
P~CCMOT~I~M 1 P U  C O ~ ~ ~ T E I R :  C O ~ ~ I T M ~  

A, COCTOrrUee B M M ,  TI0 X < 6; 
co6b1me B, comosuee B TOM, YTO 

X  < a; C O ~ ~ I T A ~  C, c o c T o s u e e  B 

TOM, GO 0 5 X C  b. 
T ~ K  KaK 

F(b) = F(a) + P ( a  5 X <  b). 

I b ~ m o c m  s e p o m o m .  Pacc~arpm H e n p e p b m H y l o  cnyraft- 
~ y m  LWIUPUHY X c U~B~CTHO# ~ e n p e p m ~ o #  u m+@epe~qupye- 
MO# a y H ~ K e #  p a C n p W W e H U X  F(x). Hakehi BepOffTHOCTb TOrOp 

-no c n y v a Z L ~ a R  B e n m H a  nonana B m T e p a n  (x , x  + A x): 

P ( x c X < x + A x ) =  F ( x + A x ) - F ( x ) ,  (1.lOf 

T.e. B e p o r n o c T b  P  ecm n p w p a u e H u e  @YHKUYM pacnpefienetim H a  

3TOM YaCTKe.  ~ O W H O ,  q T 0  'IeM MeHblUe dx, W M  MeHblue @ 
BepORTHOCTb T o m ,  'IT0 X  OKMeTCff B YrHTepBme (X , X + A  x). nos- 
TOMY JIeBylO 4aCTb PaBeHCTBa (1.10) MOXHO 3&eHUTb H a  

P~CCMOTPMM OTHOlIIeHUe BCPOSTHOCTU AP K lUIHHe HHTepBaJIa 

npx Ax, cTpehlrrueMcff K Hymo: 

AP lim - = l i  F ( x + A x ) -  F(x) 
b r + o A x  b r + O  A x  

26 

P ( X , S X S * =  If (*&.  (1.14) 

npUMepHbXk BKq + Y H ~ U I I  MOTHOCTU BePOXTHOCTW nOKa3aH 

H a  PUC. 1.2. B e p o m ~ o c ~ b  P  ( X I  5 X 5  X2) YUCneHHO PBBH8.3aUI'lpEP- 

x o a a H a o f i  nrrouarm H a  puc. 1.2. 
(DYHKUUII pacnpenenexim cnynan- Ax) 
~ 0 f i  BenM9UHbI U ee nJIOTHOCTb 

'BepOfiTHOCTU 5IBJIXKlTCrr pa3JIw- 
HHMU + a p ~ a ~ u  B q m x e H m  3a- 
K o H a  pacnpexenexiurr cnywa8~oB 
BeJIHSHHbI. <.  .. . . Pnc. 1.2 

~. ... . ,~ 

. . 



sKcnepnMemammm pe3y11bmrna m u  m-sa onornomi lix npo- 
Bewm m60 m-3a 6mb1ifofi IM CMUMOCT~. B mrx cnyra51x 
B M e m  ~ ~ K O I I O B  pacnpeneneHm acnonbsym npn-HHO~ om-  
m e  cnyraB~oi4 aemm~u, nonyseHHoe c noMowbm ~~- 
~ o n ,  mcna ~ e c n y r a k m  xapaIcrepncw, a r p a ~ m w i ~  ~an6anee 
cymeememrare o c 0 6 e w m  pacnpenenennfi. ' l a m  6b1~ae~ no- 
ClXlD%iO YICWaTb TOJIbKO OTllelIbHbIe WCnOBbIe IIapaMtTpH, Xa- 
pamepn3)nome CylseomeHHue cmi4pa  pacnpenenexim my¶&- 
no8 B-M, nanpmep, cpeWee 3mqeme, u r ~ o c ~ H o  Ko- 
~oponz rpyrmrzpy~~wr  Bo3MoxuiaIe s ~ a q e m  cnysailnoii Bemm- 
H ~ I  PUIEI mono, xapdcmpmymmee mnenb pa36poca cny~a&nofi 
s e n m u m  OT ee cpemem sxaqem.  Tame necrry9aihi~e xapa~- 
TepUCTEIKU, KOTOpJSe B '~Xal'Ufi @OPMG II03- BbI&E%3RTB H a -  
6onee cylqeOTBesHue o c o 6 e n ~ o m  pacnpenenenm, ~a3m3amw 
~ u w o e w u  XOpamepucmwcaMu c.~lyunkIou' eenuuunu. Hanptlhaep, 
&&% o A H o ~  -021 x TaKSiMU WWIOBWMU (HOW- 
d m m )  x a p a m e . p n ~  mnmncx ee ~aTeMameOXOe o m -  
name s nucnepcw. 

Ma~emmecnoe e. Ilpoc~eiinrefi slrcno~ofi xapame- 
PUIXUKO~~ WClQUT'UO=HPfi m H b I  X B A~HHOR CepUU 
o n m B  -~TCII ee cpenaee apu&~emmec~oe s ~ a q e ~ n e  

me m; - cpen~ea masenne cnyrainroB rmmww; N - w m o  
ncnbrrandi; 3 - 3 ~ a s e ~ m  cnymfmog B-, Kompue oHa 
npmimfana npn rrm n c n m m ,  M - onepa- ocpemeHwII. 

B T~XRW~OKOR nmpa?ype s c n o ~ ~  eIqe rn 06ooaare- 
HW uur onepaurn ocpemenm <>, E B m n e i i o n e ~  m one- 
paurn o c p e m e w  npmimu o h a r e m e  M [14]. 

Ecna HeKornpbIe s ~ a s e ~ w  xi, rrpuHmaeMbIe cnylrafi~ofi Be- 
1WXaH0fi X, n0BTOpXH)n:R nj pa3, rn BCe 3Ha'leHUR Xj MOXHO 
l a 3 6 ~ ~ b  Ha R rpynn U B-eHEie (1.15) npeACTaBUTb B BWe 

&cuepc~~a. ,&w xaparcrepscm pas6poca 3~aqenElii RacKpeT- 
HOB CQYafiIiofi BWIH9UHM B A B H H O ~  CepUU OnhIToB Mom0 B3XTb 
cpenHee 3~asenue KaKoft-~&i6y~b nonommm~ofi MepH oTruroHe- 

' 
HUX c~ryraii~ofi sennranbl OT ee cpemem s ~ a n e ~ w r ,  HanpnMep, 

I KBanpaT pa3HOCTU M e w  3HaqeHIurMU cQTafi~08 BeXKwHbr K ee 
cpemm 3 ~ a s e ~ n e ~ :  



Bepomocm OTK'lOHeHSC4 UX)T&Iioft BWMsUHbI OT ee CpWI- 
Hem snaqenm Ha H ~ K O T O P ~ ~  senmany M O ~ O  ouenm, BOC- 
nomosaemucb cpop~ynoir n.¶e6b11ue~a: 

1.3.1. Ouioansle caoCcmaa MameMamurecKom oacudarrwr u ducnepcuu 

1. M ~ T ~ M ~ T U Y ~ C K O ~  OXEuraHwe AeTep-BaHHofi BejlU'4lmbI 
paBH0 3~0a BeJIWKHe: 

w OD 

M [ c ] =  [ c f ( x ) & = c  j f ( x ) d u = c .  
-a -w 

2. M a ~ ~ a m e c ~ o e  ommawue cnyrafinott B e n m m ,  WHO- 
meaaofi ria ne~ep~u~~pommrbr i t  ~ ~ o w m n b ,  

* 
M [ C X ]  = Jqf(x)&=crn,. (1.22) - 

3. fiucnepcm irr~erepMUHllp~Ba~~~ft BeJIU¶UHbI C paBHa HylIIO: 

00 m 
0 

M [ x ~ ]  = j ( x - m ~ ~  f ( x ) & =  I ( c - c ) f ( x ) & = O .  - - 
4. flucnepcm cnyraik-rofi ~enliyumbl, y ~ ~ ~ r n e m o i %  Ha aeTep- 

~ B a ~  MHomrnrrenb, 

30 

npnMep 1.1. Ha CTepXeHb 
@UC. 1.3) A ~ R C T B Y ~ T  crry.iakHa~: 

) cma Q c U ~ B ~ C T H ~ I M U  xapame- 
y 1 . .  .z yk%i pUcTtIKaMH m~ Ei D p  Tpe6-ff 
a onpenenw~b ~ a ~ e ~ a ~ m e c m e  

oxamatma u nucnepcmi F- 
R2 I&&&, rrpom6a B TOYKe npmoxe- 

H r n  cl.um Q u MBKCUMaJlbHOrO 
6 ~ o p ~ i u r a ~ o m  Harrpmcemn B 

crepme B ceuenuu k. X~CT- 

Pwc. 1.3 ~ o c m  6- Ha mm6 EJ,. 
H a i b e ~  peawm R1 M R2 

npom6a yk B Towe npmomew 
CUJIbI U MaKCUMajlbHoe HOpMajlbHOe HallpSXeHUe B Ce4eHUU k no 
@0p~ynaM, n0JI)"IeHHblM ILN1 ~eTepMUWpOWHbIx CUJI: 



Ouenm BepomocTa Tam, m pa3nom (omax - m ) npu- a m  - -. 

M ~ T ~ H ~ Y ~ H H ~ ,  n p e ~ b m ~ q e e  npenen Te.~ecTII MaTepnana 6-. 
BocIIoII~SOB~BWC~ HepaBeHCTBOM qe6anne~a (1.21), no- 

3-w 'KOpliU BepOXTHocTUg nPRCTaWIXKrC co6oft MaTeMa- 
TWZeCKM BbI&XlXeHHe P W H h M  ~ ~ K O H O M ~ P H O C T ~ ~ ~ ,  II~OJXLWIIO- 
m % X C I I  B M a c c O ~  c~~)niaibbm memum. K TLU(IIM MawMamec- 
KXM ~ ~ K O H ~ M ,  B nepByIo orepen, OTHOCXTC~ 3 a m w  paonpmexe- 

1 HWI c n ~ ~ a i l x i b ~  (n 6onee o6me  ~ ~ K O H H  pacnpe~enem 
I cnyraihm @y?mx&). K ~ K  npasmo, 38~0nb1 pacnpenmenm my- 
I ~ ~ ~ I x  BWIUWH YCTaH-54 Ha OCHOBaHllU 3KCIIepEIMeH- 
1 TaRbHI,M U C ~ ~ ~ O B ~ H ~ ,  HO UHOrAa M O W  6b1~h nO~eHb1 H Te0- 

I 
p m e c m .  n p a ~ e p  TeopmecKOm OnpeAeneHElrr 3a~o-a pacnpe- 

I nenemxu n p W e H  B KoHue n a a ~ o m  naparpa@a. 

I 1. 3rurom pacnpenene- m m o m  Bepornmom, KOrAa cny- 
qatinax BermsIlHa X npnmaeT c sepomocnm P = 1 omo 
emcmennoe 3 ~ a r e ~ u e  x = a. B  TOM c m a e  

f (XI = 8 (X - a), (1.24) 

me 8 (x - a) - n e n b ~ a - a m .  
OCHOBH~I~ C B O ~ ~ C P B ~  ACII~T~-@YH=U A m  B IIpNnOXeHHII 1. 
2. H o ~ h a s ~ t i  sa~ost pacnpenenemst nnmoenr BepomocTu 

(saxon I'aycca) (pnc. 1.4), K O P J ~ E . ~  11811~ms o m n ~  u3 nan6onee 
pacnpocTpanerumoc u racm npmemeMm Ha np-e, xapaK- 
~epn3ye~ca nnarnomlo sepomocm 

3 . 3 a x o ~  pacnpenwemm f(x;m 
u o m  a e p o m m  Penea. 
rnx npn~nasHblx 3aqarax 
HbIe BenH¶MHbI M O W  npUH 

maau s~eprurr m, ax 20, 3 0 ~  x 
npn cny.raft~brx 

Pnc. 1.4 

cny.raftn6vc C K O ~ O C T ~  n A P . )  Ha I - npuMep, Ha Maccy m @uc 1.5) 
nef imye~ wrysaft~b~tt no s d r n -  

Penerr: I 

-* 
M a ~ e m ~ m e c m  

H~KBaJ@aTLi%CKOe Pnc. 1.6 



Pacnpenene~ne Penes -as oAHonapaMeTpwiecKuM, TaK 
KaK m, u a, m u m  OT OAHOIY) napaMeTpa a. 

EUIU B pe3ynbTaTe 0 6 p a 6 0 ~ ~ u  3 K C I t e p U ~ e ~ ~ m ~ b l x  naHHbIX 
nonysuncx 3 a m ~  pacnpeneneHm, ~ompbtk MOHO IIPUHIIT~ 3a 
3aKOH PaCIIpeEWIeHUU Penes, TO napaMeTp a PaBeH MaKCUMUIbHO- 
MY 3HaYeHPiH) IVrOTHOCTII BePORTHQCTU (CM PUC. 1.6). ~ P O M ~ B O A -  
~ a u  f (x) (1.27) pama 

n03TOMy MaKCUMaXbHOe 3HaYeHUe f (x) AOCTMraeTC54 IIpU X = a. 
4. 3 a ~ o ~  pacnpepenem IIyaccma. ~ U C K P ~ T W  c n p a f i ~ y ~ o  

BenWIXHy X (6e3pa3MepHYiO) Ha3bIBaloT pa~npeaefleIlIl0~ no 3UKOHy 
li'yaccona, ecnn ee B O ~ M O X H ~ I ~  ~ H ~ Y ~ H I ~ R  p a ~ ~ b l  0, 1, 2, ..., n, a 
BePOXTHOCTb TOrO, YTU X = n, BblpWaeTCU 3ilBUCUMOLTbH) 

< , <;,. -, 

, , , ~ ( ~ = n ) = a e - ' ,  n! 

r e  a > 0. 
M a ~ e ~ a ~ u q e c ~ o e  o m a H n e  n ancnepcm ccrryak~ok senwin- 

H ~ I  X, pacnpenene~~ok no 3 a ~ o ~ y  nyacco~a,  pamu: mX = a n 
D, = a. 

  TO CBO~CTBO PacnpeneneHm A C ~ O J I ~ ~ ~ I O T  npn npoBepKe npaa- 
~ o n o n o 6 m  mno~e3b1 o TOM, YTO 0JIyYakHaU semquaa X pacnpe- 
neneHa no ~ ~ K O H Y  nyacco~a.  E C ~ A  CTaTncrmecme xapamepuc- 
TAKM. m$) U @!) 6nu3m, TO 3T0 MOXm CnyXUTb nOllTBePm4eHlleM 
cnpasemBocTn npemonoxeHnu.  TO cnyrafiaarr senrnma X pac- 

I 
npeAeneHa no S ~ K O H Y  Ilyacco~a. 

5.3mtoa pa~aorep~on ,  pacupemmenun onomocnl Bepournomi. 
Ecnu B03MOXHbIe 3HaYeHm HHe~epblBH~fi c n p a k ~ o k  BIXUYMHbl 
nemaT B npenenax HeKoToporu onpenenetixoro uriTepsana u, icpoue 

TOTO, ~ B ~ C T H O ,  wu B npenenax 
3TOr0 MHTepBaXa BCe 3HB'lCHEIII 
cnylrasH0s BemUHbl OAUHa- 

u ffXb KOBO BepOXCHbI, TO 0 T ~ K O B  
cnyqak~oti BenurwHe ~OBOPHT, 

X2 X YTO OHa UMeeT PaBHOMepHOe 
Pnc. 1.7 pacnpenene~ne (pac. 1.7). 





IsyIo 3mqy. 
Touewan Macca m (pnc. 1.12) 

coBepmaeT rapMoHIlrecme Kone- 
6anm (ymanoswsmuecn ~one6a- - 7 -  

a I - . -  ~ m .  non neficmnehi rapwoh~vec- 

me a - ahumfryna ~one6a~nfi. 
Tpe6ymn ~a&Ei tIJIOTHOCI% BepOffTXOCTK C O ~ ~ I T I U ~ ,  3aKnI0qa- 

IOWerOCX B TOM, TIU B ~JXflaikibIfi MOMeHT BpeMeHH TO'IKa m 
OKWeTCR Ha PaWIOIIHHM X OT ITOJIOXCeHEllI paBHOBeCW4. MOIKHO 
CqnTaTb, 'ITO BePOIITHOCTb TOW, Tl'O MaCCa B np0~3B0JIb~blk MO- 

Mem BpeMenu O K B ~ ~ T C I ~  B unTepBane (x, x + dx), nponopwo- 
XaJIbHa II.lIMHe HHTcpBaJIa dx K O~PBTHO npOIIOplIHOH'aXbXa CKO- 

p o r n  ,mnxenna TO'IKU, ~ . e .  

fix dP(x<X<x+h.)=c - - c  -= cldr, 
1 x - ' &/dt 

E e ~ o c ~ b a a x o ~ e ~ m  Mac- 
~ 1 3  m B I I P O ~ ~ B O J I ~ H ~  MoMem 
BPEM~AU B n ~ ~ e p m e  (xl, Xi) PMC. 1.1s 

dP = f (x) dx , 





Ee uepoxmocmue xapaxmpnwm mFg = 6,5 H , a~ o = 2,4 H .  
Tpe6ye.cn onpenenm sepomocrb mm, wu cma, ~ e f i c m y m w  
Ha CXpXeHb, HaXOIIHTa B UEIXPBane 100 ... 120 H. 

Onpeneme~ s ~ a q e ~ w r  5 n tl: 

Pacc~arpnM ~ a ~ 6 o n e e  IIpOCTOfi c l ~ y r d  - UiCEMy AByX CJIY- 
~ ~ B H ~ I x  ~ e n w m  X, Y. 

CoanrecmnoC @nlcuueCpacnpede/le- 

HWI d ~ p  c n y y a C ~ b a ~  BMUYWI X n 1" 
Ha3hlBalOT BepoXI'HOCTb W B M ~ C I ' H O ~ ~  
nnnomieem wyx nepasencm X < x 
n Y < y, T.e. 

F ( x ,  y) = P ( X < x ,  Y<y) . (1 .39)  

I k o ~ e ~ p m e c m  coomomeHae 
(1.39) npenmmmer co608 uepom- 
H O C T ~  nonmz in  cnygaft~oit m ~ m  B 

Pnc. 1.16 ~ ~ I I ~ ~ M X O B ~ H H ~ ~ O  o6nacm (pnc.1.16). 
f i ~ y x ~ e p ~ y r o  IIlIOTHOCTb UePOIlTHOCTU 

MOmWO BBeCTH luIiUIOlTiM C o ~ ( H o M ~ ~ H o ~ ~ ,  a EIMeHHCC 
8 L ,>\ 3 I 
I .  ' 1 J1,.' 

kI3 coumomem (1.40) cnenym, YTO f (x, y) akdy ecm sepo- 
8THOCTb TOTO, WQ TOY= nonana B ~ ~ C K O H ~ Y H O  ~aJIbdr IIpXMO- 
yror ra~w~ (pnc. 1.16). Bepomocrb T O ~ ,  wo m%a nonana B 

HeKOTOPYiO KOHeMYIO 06nacm B IIlIOCKOcTH, paBHa 

. ... 

2) F(- 00, y) = 0 npn n m 6 0 ~  y; 
, 4) F(x,  -a) = 0 npn n io60~  X; !I. r )  F(X, m) = P ( X <  X)  = F,(x); ,.. . ' .. . - - .  

.,' I a) F ( ~ ,  X) = P ( Y <  Y)  = F#); 
x'';g) F(00, 00) = 1 .  , I .  , . . .: . , : ,,:c-, !., 1 

. . ' '9 ..!. ,!.%. , ,-,.<. 
:,,~. 

%%+I(IIEIR f (x, y) LIonmHa y n o ~ e m o p m  Ym~nf6 '3 r '+  ' 
, 

I . r  I , ! .  : 

h@= I f ( x , ~ ) d x .  (1.46) 
9) 

cWYa@ible BeilWIEIHbl X M Y HmbIBalOT 3aSUCUUMMU, ecnll 
COB-, 3aWIioSaIOIIJMeCR B BWnOJIHeHliM HepaBeHCTB X < X n 
Y < y, 3a~ncmb1 xom 6b1 npn ornoti nape sHaueH& x n y. 



Yc.nosme sa~olm paenpepenemm. Y~XOUH~MI WKOHOM pcnpe- 
deflertwr omofi rn ~emmun (X,  Y), B X O ~ ~ ~ X  B C U C T ~ M ~ ,  Ha3bmaX)T 
ee ~ ~ K O H  pacnpeneneam, B ~ ~ ~ C J ' I ~ H H E &  npu YCIIOBYLEI, YTO fipsim 
c~ryraik-~m sa-a n p m a  onpeeenenaoe c c ~ a ~ e ~ a e ,  T.e. 

d F (x, y) 
itxay 

= f ( x , y )  =fi (x)hCvIx) 

Coonrorne~wr (1.48) u (1.49) Ha3mlm meopenroii ymnoxenm 
3monoe pacnpedaenurr. kis (1.48) w (1.49) s a x o m  ycnosnMe 
saKom pacnpeAeneHlur Yepw 6e3ycno~ab1e: 

~ c n o s ~ e  xapmpem& csmem wyx sen-. 
AJW YCTaHOBJIeHkiS UCBSJH* M XiQ' AByMIl ~nYYahb1MFf B W U H B -  .! MU X u Y B B O ~ C R  HecJrYg f i~ax  nncnosarr xapamepumKa - 
K O P P W M ~ U O H H ~ I ~  MOMeHT K K O T O P ~ I ~ ~  W f f  AUCKpeTHbM UlyY&- 
mn: B M ~ W H  pa~en 4 

I 

r4e f (X, y) - C O B M ~ C T H M ~ ~  IJJIOTHOCTX BepO- 
IITHOCTU CUCTeMM 
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. , 

2rv ( x -  r n ~  O) - my) + O, - m+2 0 ,533 . :! - 
, I,. 8 .I . ax ay 4 

Kw = Ifi (x) (x - mJ& If, 0 O, - m,,)dy =-(mx- m$mY - m,,) = 0. 
--m 4 

CJI~!JOB~TWI~HO, eCnH ~ 0 p p e J L X I E i o H ~ b I f i  MOMeHT A B P  CjlyYafi- 
HbM BenWillH OTlIklqeH OT HYJIX, TO 3T0 YIEa3bIBaeT H a  HalIUQie 
3aBMCUMOCTII M~~ HUMU. C n y y a f i n b I e  BNll 'IRHbI, lUIIl KOTOPbIX 
K O P ~ ~ I [ I I O H H ~ I R  MOMeHT paBeH HyJIO, H a 3 h I B m T  HeKOppL3ZUpO- 
6flHHsMtU. H3 @ 0 p ~ ~ J I b 1 ( 1 . 5 6 )  CJIeDJ'eT, YTO K O P ~ W L R U E ~ O H H ~ ~ ~ ~  MO- 

MeHT XapaKTepU3yeT H e  TOnbKO 3aBHCUMOCTh BMRYAH, HO U KX 
gacceaane. ECIIEI, H a n p u M e p ,  o n H a  n3 s e n m r i H  X U I I ~  Y M a n o  
OTKnOHffeTCII OT CBOem MaTeMaTWIeCKOrO OXUUIaHkW, TO KOppWM- 
WOHH~& MOMeHT 6yne~ M a ,  K ~ K o ~  6 b 1 3 a ~ u c n ~ o ~ ~ b m  3Tli B N H -  
YHHbI HM. ~ ~ L K U  CBIIWbI ,  n03TOM)' lUUI YCTpaHeHUR 3TOr0 HeAO- 
mama BBOLWTC~ 6e3pa3~ep~arr x a p a m p n c T n l c a  - K O ~ @ @ M U U ~ H T  
& O p p ~ n m U l l 3  (WIU HOpMlipOBaHHbIe KOppWUUOHHbIe  M O M ~ H T ~ I ) :  

' . . :*, , . 1' 

r = 
(1.57) 

rae ax, a,, - cpeaane K s a g p a T u s e c K n e  o T K n o a e a m  c n y y a f i ~ b x x  

9eJIlWHH X A Y. K o ~ @ @ H U H ~ H T  KOppenIIuAU MOXeT 6b l~b  KaK 
b0JIbllIe HynX, TaK U M e H b U e  HyJIX. K o ~ @ @ ~ U H ~ H T  rw A3MeHIIeTCII 
B npeaenax 



Cnpasennri~0 li 06parnoe: eCX4 K O ~ @ $ ~ L C U ~ H T  KOppeIDlIMU rq 
6JIEi30~ K WUHUUe, TO CM3b CJl)Y&Hhlx BeiTSNUH X U Y M a 0  

OT-~TCR rn meitnoit. Ko+u&meHT ~oppemWu r, (1.57), 
y a w ~ m & &  CTeneHb n3au~ocmm M e m y  A B Y M  ~~l)~afm6lhni 
@ ~ H W ~ M U ,  H e  whim c~pomm @ ~ H ~ O H B I I ~ H O ~ O  =-pa. Kop- 
peJUWT0HH;uI 3aBElCWMC€Tb, B UDUFTMe OT @ ~ o H B ~ ~ H o ~ ,  UC- 

nOjlb3yeTCII, KOX'Aa OAHa U3 BeJIU¶mi 3aBUCm He TOnbKO M BTOPO~ 

s m v m b ~ ,  HO u OT pma c n y x a h i b o c  m p o s ,  ysem KoTopbxe ~IPU 
y c T a H o m e m u  CBXU M e m y  eenmemn H e m w o m o .  

~ ~ B H C R M O C T ~  M e w  clry4&hbIMU BwIU'IUHaMU X U Y IIpORB- 

mwcu B TOM, wo ~CIIOBH~R ~ e p o m o c ~ b  nomenw, nanpmep, 
YJ npu peanuaamu c o 6 m  xk o T n m a e T c n  OT ~W~CJIOBHOR sepo- 
~ O C T U ,  T.e. m m u e  omoil cnpak~oB senmum1 Ha n p y r y ~ ~  
xapa~~epu3yem y c n o s m  p a c n p e n e n e a u e M  O A H O ~  UP HMX npn 
@RKC~POB~HHOM ~ H ~ Y ~ H U U  npyro8. IIp~prunusec~oe ucnonuosanne 
KOP@@UUII~HT~ ~ o p p m u i u  npa ~ o n n r e c ~ ~ e n ~ o k  ouenrce cTene-  
HU B3aUMOCBff3aHHOCTA ( ~ ~ B H C U M O O T ~ ~ )  ABYX UIyllakHbIX BelILWUH,t 

KaK IlpaBKlIO, CnpaBWKBO,  KOrAa 38KOH PaCIQXAeAeHHS HOpManb- 
H&. B 9TOM CJIm8.e U3 PaBeHCIBa Kq = 0 CneiTyeT He3aBUCUMOCTh 

c n y g a t ~ b m  B e n m m .  &I ouenxu Mepar P~BUCIIMOCTU ~ B Y X  npo- 
U3BOJIbHbIX ~ ~ l ) n i h b ! X  BBJIFlUH UCIIOnb30BaTb K. Henb3R, TaK KBK 
A r n e  n p U  @ ~ H ~ U O H ~ J ~ ~ H O ~  CB113U AByX B@JIUWH ( O A H O P H ~ Y H O ~  
~~~BHCHMOCTH) ~ 0 p p e J U I ~ U 0 H Z i b I l f  MOMeHT MOXeT 6 h l ~ b  PaBeH Hyiuo, 

T.e. n O W T U  HeKOppWLUpOBaHHOCTU II He3aBACUMOCTU H e  3KBU- 
BaTleIWIiM. 

B b v r c n u ~  &nee I T O A ~ O ~ H O ,  
3KBUBaTIeHTHO JIH nOHI(TUe H e  

KOppeJlEfpOBaHHOCm C J I Y W ~ H ~ I X  
BeJIU9UH IIOHXTMX) He3aBUCUMOC- 
TU. Bmo n o K a a o ,  YM nee He- 

~ a ~ u c e ~ b ~ e  w a i l ~ a r e  smrmar 
e c e r .  n- H e K o p p e m p o -  
samiwn. B O ~ H U ~  BOWC - 
c n p a m ~ o  JIM 06pamoe yr- 
~epmeme? P a c c ~ o ~ p u ~  npw- 
MCP. C u m ~ a  w r y r a ~ b o c  

, s e m n u ~  (X, Y )  a ~ e e r  oanno~ep- 

n o ~ a x e ~ ,  rlTo B r n ~  npmepe clryraR~~e w r n n n ~  X u Y 
-H)TCII 3aBUCUMbIMU. w r y Y a g ~ m  BCnmAHa Y n p U H m a  
3wane~ne 0, TO mymihim eenrnma X MOXeT c parcno~ sepom- 
HOCT~M m u H m a T b  we 3 ~ a q e ~ ~ l l  OT -R no +R. Ecnu cnyrali- 
~ a r r  m % i n a  Y n p m a  s ~ a r e ~ u e  R, TO cnyrakm sennrma X 
MO-XeT IIP&WSI'Cb TMbKO OIIHO-eAUHCTBeHHOe sHaqeHUe, p a s H o e  
wynio, T.C. ~ n a n a 3 0 ~  m s ~ o m r b ~ ~  3na~e~nt t  X S~BUCUT 01 rom, 
KaKoe 3nareme np-a BenrYrura  Y. ~ O ~ T O M ~  cnyrattHare 8e- 

M w H b I  X U  YIIBNIruTCR 3aBACUMbIMA. T e n e p b  B a r r r c U n ~ ,  n m -  
~ ~ T C I !  nu onn K O P P ~ ~ ~ ~ ~ O B ~ H H ~ U I K  Hattpe~ m BWHO K o p p e m -  



D 
llonyree~ari? pesynb~a~  FOBOPUT o TOM, 'IM w r y s a i l ~ ~ e  Be- 

nU9UHbI  X U Y H e  KOppeJlHpOBaHbI. U O ~ T O M ~  U 3  HeKOppeJlHpO- 

B ~ H H O C ~  c n y g a f t ~ b I x  B e n m u H  H e  B c e r n a  cne I tyeT  ux ~esasucu- 
MOCT~.  O ~ ~ K O  npn n p a K T I l s e c K n x  p a c s e T a x  ~ o a @ @ u m e ~ ~  ~ o p +  
peJMUUU AaeT K a s e C T B e H W  HH@OPM~II;UH) 0 B3aUM03a8UCUMOC- 

TU neyx cny9aR~m senmux. Hanpu~ep,  ecnu rv > 0, TO npd 
BO3paCTaHUU 0 n H 0 f i  U 3  CJX)'Y&HbIX BeJIU9UH .Apyrm UMeeT TeH4 

, q e H u u m  B c p e m e M  mxe eo3pac~a~b u npu rxy < 0 npu ~o3pac- 
TaHUM OAHOB CJI)"Z&HO# BenHYUHbI l&J)'FM UMeeT TeHneHUUIO B 

CpeAHeM f i b I B a ~ b .  

Aucnepcna U KOppWMUUOHHbIe MOMeHTar lUE? l IBp ~ny.l*HbIX 

BWMrUH M O M 0  npeACTaBUT5 B B W e  MaTpUIIbI 



me X, Y - n e l c m m n b ~ ~ e  c n y r a h ~ e  rncna; i - MHUM~UI enu- 
mua. 

O C O ~ ~ H H O  60nbluyro p0nb KOMlUIeKCHbIe BeJIU¶MHbI UrpaWC B 

T e o p u n  c n p ~ m  +ynKU&. 
Pacc~a~pmm smpaxemie (1.68) KaK c w y  C ~ & H ~ D L  ~ m -  

smi, n o m a e h i  B CooTgeTcTBwu c (1.63) M a T e M a T m e c m e  o m a n u e  
V&HO& BCXUVUHbI Z: 

in, = m, + im,, . (1.69) 

Aucnepcueii ~ o ~ n n e ~ m o u '  wtyraZiioti eenuvu~u Z Ha3bIBaIOT Ma- 

T e M a m e c K o e  oxmqanue DT KBanpaTa M o n y m  uempuposm~ol 
0 

C n p a k ~ o a  BeJIWIUHbI 2: 

K o ~ ~ ~ ~ o H H ~ I ~ !  KOKeHT AByX KOMlUIeKCHbIX Uly'SahibLX Be- 
m s u ~  X = X1 + iXz u Y = Yl + iY2 B ~ a c T n o M  cnwae, K o r n a  

X = Y, nOEKeH 6- paBeH !JUCUepCUU D,. %J UMeeT MeCTO, 

emu n p u m  

rB;. .,..̂  .- , 
Xe Y *  - IIeHTpUpOBiWiaR COnpHXeHHaR Uly'SafiHiUI BermPUHa. 

& ~ ~ C T B U T ~ ~ ~ H O ,  I'QH TaKOM OlTpe!JWIeHUH KOp&EJMUUOHHOlW 

6 o M e n m  npu X = Y n o r r y r a e M  

0 0 

&,,= M [ X Y * ]  = D,. 

,&X IIPOU3BOJIbHbIX KOMnneKCHbIX CJIY'I&H~IX B W U H  

0 0 0  0 

& = M [(Xl + iY2)(Yl - iYz)] = Kvl + %2 + i (KV, - KxIYJ . (1.73) 

K O ~ ~ ~ J ~ U U O H H ~  MOMeHT KOMlUIeKCHbIX CJIY'I&-I~IX BWWgUH 

~ ~ B U C I I T  DT n o p m ,  B ~mpo~ 6epym c n y u & s b ~ e  B ~ I ~ U H ~ I ,  a 
menno npw U ~ M ~ H ~ H U U  nopsima cnpafiaaot B ~ U H  ux Koppe-  

WUUOHH& MOMeHT IIePeXOJXUT B KOMlUIeKCHYIO COnPXXeHHyKl 

jenwuny 

Yac~o  npu pe1ueHuu pawm~rzx T m n r e c m x  3a9a~, cm3a.H- 

HbIX C a H W K  C J ~ Y ~ ~ ~ H ~ I X  ~ B n e m ,  SIPUXOrmTcII PaCCMaTPUBaTb 

clrysa-e a m ,  ~ ~ B E I C I I ~ C  OT w y w i t ~ b ~  B ~ ~ I E ~ U H ,  3aKOHbI 
pacnpegeneIim K ~ P ~ I X  s n n e m b I .  Q H ~  L I I ~ ~ K O H ~ I  p a c n p e ~ ~ e ~ s ~ m  
a p r y M e m o B  cnomol Q,~HKUEIU, M O ~ O  y c m i o ~ m  u ee ~ ~ K O H  
p a c n p e n e n e H m .  Ho, KaK npasmo, npn peu rem n p m a r p i b ~  

3waq 6 ~ e ~  ~ O C T ~ M W O  mcnosm xapamepumux Q,y~mrua OT 
clrys&HbXX apryMeHTOB, UOQ'%fCb KOTOPble CYUeCTBeHHO npoUIe ,  

YeM ~ ~ K O H  p a c n p e n e n e H m .  

P~CCKOT~UM w a r y  O I I p e n e n e H m  racnosm xapamepucrurc 
@y~mruu y DT c n p a l ~ o m  apryMeHTa x npu U ~ B ~ C T H O M  3 a ~ o ~ e  
p a c n p e m x e H m  apryMeHTa x, T.e. ~pe6ye'rcn o n p e n e n a r b  nty u Dy, 
ecnw 



&W I T p e p b I B H ~ f i  ~ n y r a e ~ 0 l  BeJIWUHbl X U 3 B W l W b I  BePOXTHOC- 
TU nOSBJIeHKR. LIEICKPeTHblX 3na.reHuR X ,  H3BeCTeH 3aKOH P a C n p e -  

y/ = $0 (xi), T.e. I T M F a e M  ~a6n. 1.2: 
7' nenenm (3-t p), l lovro~y 113 (1 .  5) a M e e M  (y j+ p,), rxe 

T a b  1.a 
Pnn prcnpca-- v (Xj 



B n m e ~ e p ~ o i r  npamKe n p m o ~  n ~ e n  neno co w a f t -  
HbIMU BeJIUYUHaMU, 3aBUCIIWMA OT HenpepbIBHO U3MeHIIIOUUDtCff 
Hecnyrafim apryMeHToB, HanpnMep, OT speMeHn t  n Koopnnna? 
x, y, t Tame clrysaim~e Benmmbl ~a3bmaw~cff c/~yrannuu 
@yn~qunncu. 

Ha pnc. 2.1 npwseneHM 3a11~cn 4 ( t )  cny~aft~ott @~HKUUU 
X(t ), 3aBncffIUefi OT BpeMeHU. Kamna~ KOHlcpeTHaR 3al'IUCb Ha3bI- 
BaeTcx pemwayuei cnpaCnoli g?ynrcquu X( t ) .  C O B O K ~ I I H ~ ~  Bcex 
B O ~ M O X I ~ X  p e a n d ,  Kmopbre M O X ~ T  nam clry9aik-roe ReneHue 
X ( t ) ,  ~a3mamff  e n y r a h ~ ~ ,  mu cmoxocmuvecrcun, npoqeccm. 
Coomemylouyo Hayniiym mcllrrrurumy, K O T O ~ ~ R  3 a ~ n ~ a e ~ c x  
n 3 y n e ~ n e ~  clrys&aot npoueccoB, 3 a ~ n c m  OT BpeMeHn, M O ~ Q  
~ a 3 ~ a ~ b  dunmwcoii ciparinbur uenenuri. 

Pric. 2.1 

BO BBWeHAu ~ U B O ~ A C b  npUMepbT nUHaMW4~CKKX CUCTeM, 
UcCnWlOBWUe KOTOpbM ~ p e 6 y e ~  peIIleHuri ~~ciY$epeH~li&IIbHbU 
YpaBHeHUi? B03MylIIeHHOTO ABUXeHWd, BM3BWIHOIY) UI)Y&H~IMH 
CUlIaMU, U3MeHIM)IUUMiCff BO BpeMeHU. %Xi Wa'IH OTHOCRTCff K 
~nmaMEmecm ~nysahbm d a r r e m ,  T.e. K c n y r a i l ~ ~ ~  npo- 
necca~. Wanpwlep, cnyrafi~olf @ y ~ m e t i  -em pa36poc AR 
lrar ABWIillWIR R, KOTO~& 3aBUCUT OT BpeMeHH (CM. pnc.E.2). 
Cnearye~ O T M ~ T ~ ,  ' ~ m  npn n3yne~nn clryraft~b~x npoueccos nc- 
CJIePyBX He C B O ~ C T B ~  OTfieIlbHblX CJIYY&bM @yIiKUUfi 4 (t  ), Xa- 

' p a ~ ~ e p u 3 ~ l ~ ~ x  npouecc, a ckofic~ga mru MHoxecma @~TIKIVM 

8'xec~oft cuCreMa1, ~axomueita noa 80we t imue~  cnyrafim 
B O ~ M ~ ~ ~ H M R ,  uccnenoBas ee nosweHne He no oTnomeHnw K 
K ~ K O M ~ - ~ U ~ O  olmo~y aoweBmnio, a no OTHouIemio K uenoti 
COBOKJ'IIHOCTU B03MOXHLSX clrys&bihoc BO~~&CTBI&. 

Pacc~orpm C~YY~RHYIO ~~YHKUHXO x ( t ) .  npem0110m~,  TO 
npou3~ene~o *m n e 3 a ~ n w m   om^, B pymma~e KOTOP~IX 

nonyreHo an, peammm& 4 ( t )  (CM. pnc. 2.1). K~XAZIX pearm3a- 

~ e m n  ( t ) ,  no omma ~enb311. CraBmee m- npn onbl~e 

s b ~ e t l e ~ n e  4 (f ) OT HYNI no t, He n o 3 ~ 0 m e ~  npencKmn noBe- 
ReHUe 4 ( f  ) IIPK f > tl ,  T . e . 4  ( t )  IIpH t  > t1 Ht7OIIpe&WIeHHO. Ecnn 
3a@mcvosam apwem t = t,, TO cnw- @WKUUSI X ( t )  
n p e ~ p a m  B cnyraZi~ylo X, I C O T O ~ ~ R  a m e ~ c a  npen- 
MeTOM PaCCMO'IPeM B TfBPWU ~ep0XTHOcpelf. YC~OBUMCX Ha3bI- 

Ba~b 3 ~ y  C ~ Y ~ H U ~ W  cnpl lkoi  @y#~yuu XO), 
I cobmeemcmsyroqun dannmy Mancenmy 1, (CM. pnc. 2.1). npu t  = " tl nonyrae~ n 3~arexinfi ~ ~ 1 ~ 9 a h o f i  @y~wnu.  Momo, ~ @ U K -  

cnposat sperm, paccMaTpmam n a ~ e ~ e n u e  npouecca no MHOX~-  

n c n m ~ n f i .  ~IOSTOMY ~ B I I  peanu3am, xapa~~epa3yloma~1 
npouecc, 3a~ncm OT myx Hecnyrai4llha apryhfeHmB - A H C K ~ ~ T -  
 on, HoMepa peanumum n HenpepmHoro SpeMeHu, Hanpmep, 
eCJIU 3XIACbIBaTb B-bHbIe YCKOpeHlur B KaKoii-n~h TorKe 
@ w ~ a m a ~  (CM. pnc. B.1, a), m npu -M wewe no ornoit 
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.AeJIeHH%I H a w =  q ( t )  3aBHCKT TOJIbKO OT BpeMeHK. B a 6 q e ~  
peanusaw10 3 (t); W B O ~ H O C T ~  ~TKX peann3aqafi o n p e n e m e T  

clryrae CKOPOCT~ B e p a  v anrr sblcomx coopyrce~~fi MOW qm- 
c m  a OT K o o p m n a m  z l l o m ~ y  

c n w a i r ~ b ~ f i  nuouecc. . 
B mixenep~oti npamme ~ a U 6 0 J I b I U f i  m p e c  n p e n c m e T  

manus cnyrafisbm ~one6& M-, npu6opoa n K O H ~ T ~ ~ K L I & ,  

OT KOTOpbIX 0 W H b  CYUeCTBeHHO W U C I I T  UX ~ ~ ~ ~ T O C I I O C O ~ H O C T ~  
(yc'C8XocTHU IIpO'nrOCTb, HaSeXHOCTb U pecyp~). Hm HK 0m0fi 
OTpacrrU IIpOMbIWeHHOCTU, IXe 6b1 IIpSi npOeKTUpOBaHAU HOBO. 
T e r n u r n  H e  n c n o n b 3 o ~ ~ a c a  npn pacsemx Te m u  u ~ b t e  p a u e n b l  
CT~TUCTU%CKO~~ MeXBHHKU U, B YacTHOCTU, O m  I13 OCHOBHbIX 

pasaeno~, nocwqe~abxti ~eopnn a r n c n e H H b l m  M ~ T O A ~ M  a~a~xn3a 
cnyraittibDt npoueccos. 

P ~ C C M O T ~ U M  6onee nonp06~o Kone6aHKSi M e x a H n Y e c m  CUC- 
TeM, BbI3BmHbIe ~ i 7 f i ~ b I M K  B03M)'IUeHWiMU. Ha pUC. B.2 IIGKA- 
3 a H  CTapF PaKeTbI C H ~ K ~ O H H O ~ ~  ~ a n p a m I U e f i .  x3-3a w a f i ~ m  
c y M M a p H m  xmonomiecm H r a 3 o m i H a M m e c m x  3 ~ c u e ~ ~ p n c n -  
T ~ T O B  (nu~e i t~om e K yrno~om a), n e p e M e H H m  BO BpeMeHn mra 
R H a n p a m e H a  H e  no ocn paKeTb1, nTo  npwsom K n o x B n e H n m  

AByX CJIJTafiHbIX ~ 0 3 ~ ~ 1 1 l e H U f i  - CUJIbI Nc = I R 1 a U MOMeHTa 

M, = I R 1 e (~cpo~e  pa36poca ~ x r n  AR). Ha pnc. B. 1, a n o K a 3 a H  

B B T O M O ~ W ~ ,  K O T O P ~ I ~  ABHXeTCX no A O p O E  CO ~ & i b I h t K  He-  

poBHOClWMEl (h (x)). T ~ K  KaK npa ~ O C T O ~ X H H O ~ ~  C K O p O m  x = vt, T o  

h (vt) 5IBnneTCX ~ n j T & H o f i  @)WKLIHefi, 3aBKcXUefi  OT BpeMeHU. 

Ha pnc. B.5 nommio ~ ~ c m o e  c o o p y x e H a e  ( ~ a n p n ~ e p ,  
~ e n e 6 a m ~ a ) ,  H a  KoTopoe  nefimym e m p o l u u r  H a r p y 3 r a  (pacnpene- 
J I e H H m  a3pOAtrHaMK'KeCKaR CHna q (t)), kih%rou[U A3-3a c J I Y W ~ ~ H O ~ ~  
coc~ammuef i  c ~ o p o m  n o T o m  myvaiiny~o c o c T a m x o u y m ,  T.e. 

4(t) = 40 (t) + hp(t) 

v@;p = vo(z, t)+Av(z, t ) ,  

r e  A V (2, f ) - W O M e p H U  BeKT@HaR CJIJTafiw%I @)WCLUM. 

npn jzefimim wryraofi swim% H a r p f l m  H a  aneMeim.1 
K O H C T ~ ) K ~ &  m a  I u I a m H  H O G O J ~ ~ Y B K . B O ~ H ~ ~ ~ ~ U U  pacnpege- 
hHI& a3pOAKHaMK'leCKZX? H ~ f i K & ' ! k I & l Z T  OTXEyX KOOPJtUHaT 
'H BpeMeHK @KC. 2.2): 

, 0 : :  , .  s . , - .  , ; ..:..;: 
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06pa3no CJIY¶&HbIe npoqeccbI KaK-TO KJI~ccu@uLWPOB~T~, rro6b1 
o 6 n e m  KX ~bl60p WU UCCJIeAOBaHUU IIpUKnWbM 3aIa=I, STO 

~ p e 6 y e ~  BBeneHHR C O O T B ~ % T B ~ M W ~ ~ ~  TepMUuonomu, KOTOPU no- 
s~oruura 6b1 MgeqaTb Ha eonpoc: m~ofi K O U K ~ ~ T U O  cnyrafi~bxfi 
npouecc paccuaTpmaeTcx. 

H a n o ~ n m ,  .mm B maccuuec~ofi ruranunmec~ofi AUuaMuKe U 

Teopuu ~one6a~uf i  p a c c M a ~ p m m x  neTepmmipommbIe npo- 
qeccar (non nuHaMwecrmM npoqeccoM n o a m a m  cuc- 
x~1.1 Ha BHeuuee i[eTepMuHnpoBaHHoe B O ~ M ~ I I C ~ H U ~ ,  u 3 ~ e ~ e ~ u e  
KOTOpOrO BO BpeMeHU H3BeCTUO TOWO). OCHOBH~R O C O ~ ~ H H O C T ~  

AeTepMUHUpOBaHHbM npoL(WC0B 3aKnIOPiI~TC.X B TOM, 'ITO IIOBeAe- 

HXe ITpOUeCCa B 6 y ~ e ~  MOXUO TorHO @ACK83aTb, 3HaX er0 
noBenerne B n p o m o ~ .  

B c~a.~ucnmec~ofi 1WraMSiKe aUanOIOM AeTepMUHUpOBaHHbIx 

npoUeccoB ~BJIXIUXff Ul)TakbIe npoUecCbI, KOTOPbIe MOIV 6mb 
HeCTaUUOHapHbIMU U ~UOHaPHbIMU - aHBnOl"U AeTepMUHEipO- 

BiurHbK HeYCTaHOBUBIIIUXCR H YCTaHOBUBIlIUXCII npWCCOB. h i e -  
CeHUe AUHZMU'XtXKUX IIpoUeCCOB K AeTePMUHUpOBaKHbUI UJIU my- 
~ ~ B H ~ I M  He Bcerna 6eccnop~o. A e ~ e p ~ u n u p o ~ a ~ ~ b x e  u cnywilhue 
IIpOUeCCbI - 3TO ma npeneJIbHbK CJIyraR. B nIO60M PeaJIbHOM 

~ U H Z M U ' X ~ ~ K O M  npouecce Bcerna co i i epmf f  cmaihian cocras- 
EXW)uM. Korna ee LWIUXHWe Ha K O H ~ ' I H ~ I ~ ~  pe3ynblW M a n o  - OHa 
He npmuuaeTcx BO BwMaiiue u npoqecc paccMaTpweaeTcx KaK 
A ~ T ~ ~ M U H U ~ O B ~ H H ~ I ~ ~ .  HO CiaCM MalIbIe ~lX)'¶&ibIe COC-lOWne 

M O W  IlpUBeCTU K 6onbluu~ KOHeYHbIM pa36poca~ pe3yJIbTamB, 
KOTOP~IMU npe~e6pe~b  HW. 

Mom0 ycBepwaTa, .mm Bce @u3wecrme npo~eccb~ He nsm- 
WTCR IlOnHOCTbM LIapMUHEipOBaHHbIMU, l'aK KaK BCerna B03MOW- 

HO IIOffBJIeHUe HeKOHT~OJI~eMOID W F ~ ~ ~ ~ O T O  BO3MYUCHWI, KO- 

Topoe cnenaeT Bnaqane ~e~ephinrisipo~annbxfi npoqecc c w a f i ~ b l ~ .  
Cnyvafi~bxe muaKurecrme npoueccb~, ~ 0 3 ~ 1 1 ~ a ~ ) q u e  B MexaHu- 
Y e c m  cucTeMax, ecTb peawm CUCEM~I ria cnyuaf i~~e  BHemHue 
CIUIbI, KOTOpbIe, B CBOW) OqeWb, IIpeACTaBNIKIT ~060fi ~JIy'XafiUbIe 
npoqeccM. 

Ym6b1 acmenosan cnyrafi~oe nBmceHue ~exaHmec~oi.3 cuc- 
TeMbI, H ~ O ~ X O A U M O  WMeTb, KaK MUHUMYM, no~po6~ym UH@OpUa- 

IIUIO 0 CJly'I&HbIX BHeUIHUX CUnaX, UaIIpUMep, BepoXTHOCTUbnt 
xapaKTepucmw c n y r a h m  npoueccoB. nmuy nmnan r n m  
nocmqeHa wwtomeriun 06111efi mopm cnyra t im I$- - 

Pacc~crrpm cnyraBuym 4 y u w m  X(t) (CM. puc. 2.1), KOTO- 

, pas npu -OM @ ~ C ~ ~ O B ~ H H O M  3naqem apryMeHTa t mm 
cnyrakrog mnwmofi, noneofi ~ e p o m o c + ~ o f i  xapil~crepurm~ofi 
K O T O ~ O ~ ~  -mcx ee ~ ~ K O H  pacnpe&eneHm npu A~HHOM 3~ane- 
HXU x. %T ~ K O H  pacrrpenenenm H83bmaeTcx odnoxepnuw 3mo- 
nom pacnpeaaeu~ cnywcinou' eenurunsr X, 3a~ucxqe1 m napaMeTpa 

t, u MWW 6bnn %wan oinio~epnoti nnmuocTbW) ~ e p o m -  
f (x, f ) OAH~KO ruui cny~aftU0fi I$- X(1) 0RUoUepUhIfi 3-H 

pacnpqeneam f(x, t )  He xBnrreTcli ee nornoti xapaxcrepucnncofi. 
@ynw.m f(x, t )  Xappu3yeT TOII~KO =OH pacweneum 
X (t ) n.w nworo,  xom u rrpou3~onbu0m t. 3 ~ 8 4  f (x, t ), Hen- 
OTBeTUTb Ha BOlIpM: 0 3aBUCUMOCTU ClIy¶abbIX BeJIWIUH X(t ) ~ i p U  
pawuqabm t. b e e  no~~nofi xapamepum~oti cnyr&noti @YHK- 
lry~ X(t) m m x  rny~epnb.~fi ~ K O H  pacnpenenenm 

npenccaBnrr10mt4 &ti pacnpeneneHue cucreMbI myx c w a B m  
BenWIUH X(tl), X(tZ) (CM. PUC. 2.1) W AByx ~U3BOnbHblX Ce- 

=IeHUfi CJIy'laibrofi @yHKUUI4 X(1). HO U 3TY XapaKTepUCTUKy B 
o611te~ wryrae Henbm ~ a 3 ~ a ~ b  ucrepm~amue&, TaK KBK eue 
6onee nonnofi xapamepuccu~ofi x m m x  ~ p e m e p ~ ~ f i  SKOH pac- 
npexenem 

Teopennecrm MOXUO HeOIpaHWIeHHO ~ ~ ~ B a T b  ¶UmO ap- 
r y M e m B  u n o w a n  npu Y~OM Bce bee no~1gm6~ym m@Op~a- 
p m  o uxy%iknoB (PYHwnn. O ~ ~ K O  ucnonb30Ban B pacuemofi 
%pamme m m  rpuowme x a ~ p u c m ,  3aBucxme OT MHO- 
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lXX apryMeHTOB, npaKTU¶eCKU HeB03MOXHO. n 0 3 ~ 0 M y  B V-W- 
H ~ I X  marax a H a n m a  C n ) n l a h m  amiahxmecmx n p o u e c c o B ,  % a x  

IIpaBlurO, UCnOjlb3)WTCsi TOnbKO OXHOMePHbIe U R y M V H b I e  PaC- 

n p e n e n e H m .  Teopm myml~m @ ~ H K I I U ~ ~ ,  ucnom3yrorum T O ~ K O  

OXHOMepHbIe U nBYMePHbIe 3aKOHbI paCIIpeAWIeHU54, Ha3bIMeTCR 

~oppmquonn09 meopueii. 
B nepsofi rnase 6mo n o ~ a s a ~ o ,  wo B T e o p u u  s e p o s i m o c T e i i  

O W H b  60nbl1[~10 POXb UrPaKlT HfXX)"IafiHbIe WCnOBbIe =Pam- 
PUCTUKU ~JI)niafiHbM B e m H H :  MaTeMaTUSeCKOe OXHAaHUe U AUC- 

nepcm - m OXHOP cnyrai4~oR B e m r u x n ,  MaTehiaTIiYecme o m -  
A a H m  U KOpperuIL(U0HHaSI MaTpUua - EJUi CUCT€?MM Cn)nlafiHbLX 

B e r m r u e .  9ncnossle xapamepnmum n p e n c T a m m  co6oP e e c b M a  

m6~uii u M O I U H ~ ~ ~  ~ a w ~ a m e c m f i  a n n a p a T ,  nos~ommqnk 
CpaBHIlTenbHO W C T O  pe111aTb MHOlWe npaKTuseCKUe 3a4aW. MC- 
KyCCTBO nOXb30BaTbCsi UMU COCTaBJIXeT OCHOBY ~ I ~ U K I I W H O ~  TeO- 

PUU B ~ ~ o ~ I T H o c T ~ ~ ~ .  

c~ry ra&am @ y ~ m f i  Tatcue BBOJWTM npomfi~une OCHOB- 

HbIe x a p a K T e p u m m ,  aaanomene s u c n o ~ m  xapamepu- 
c n p a f i ~ m  B ~ U H ,  u y c T i u I a B n n s a m s i  npasma neficmufi c 
3TUMU XapaKTepUCTUKaMU. Ta~oti 8IIIIapaT OKa3bI8ae'IWl nOCTaTOq- 

HW peruenm MHOMX n p m r e c m  w a r .  B o T n u q u e  OT 

sucnonbm x a p m p n ~ ~ u ~  wryrambm senmua, npepcraanrrloqux 
co6ofi o n p e A e n e H a b I e  rucna, x a p a K T e p u c m  crryvafi~m ~ Y H K -  
uuir B o 6 q e ~  crryvae H e  rucna, a @~HKIXUU. 

P ~ C C M O T ~ H M  Ce'leHUe c J I ~ ' ~ & H o ~ ~  @HKLiUU X(t) I IpH (PIIKCU- 
POBaHHOM t. B 3TOM CeqeHUU M P  UMeeM O~~DFHYIO c Q Y ~ H Y I O  

B e n m u H y .  on pen en^^ ee M a T e M a m e c K o e  o m u n a H u e .  O r e ~ m ~ o ,  
B o 6 q e ~  cnyrae M a T e M a m e c K o e  omfnaHue s a ~ u c m  OT t, T.e. 

IIpeXCTaBlLXeT co6oB HeKOTOPYlo @yHKIIUIO t (CM. PUC. 2.1): 

pm npu -OM s e a r e H u u  apryMeHTa t pama MaTeMaTurecKoMy 
OXK4aHUKl C O O T B e T C T B y I o ~ e ~  CtXeHUX CJIY¶afiHofi @ Y H K ~ U H .  

A ~ a n o m r ~ ~ ~  o6pa3o~ onpenenf feTcs i  n w c n e p c u s i  c ~ a t t a o f i  
@YHWUU. 

Xucnepcuefl enylrahoii &ymquu X( t  ) n i u n B a m s i  necny~ail~a~~ 
@YHIC~NR D, (1 ), 3 ~ a r e ~ u e  ~mopoti J.W m o m  t p a ~ ~ o  mcnep- 
CUU COMBeTCTByrOIUerO Ce'XeHYIII 0nyr&08 &yHKXUU: 



M e w  ceyeamn wai2~0ioil @-, O T H ~ X U U ~ M U C ~  K ABYM 

paVrli¶HbXM  MOM^^ B p e M e m  ( f  U t ') .  
P~ccMOTP~M nSa CeYeHWI ~nmaiLH01 ~ W U U  x l ( t )  

(put. 2.3, a), OTHOC$IU(KXCS K pa3nNgHb"M MOMeHTBM: t A t ' .  Ore- 
B m o ,  'm, l IpU 6~13- 3HaYeHIIRX t  U 1' B~JIUWiHbI XI ( t )  U 

XI (t 3 CBZW~~I T ~ C H O ~  JaBllCUMOWbK): eLXU BWrUrMHa Xi (t) mu- 
m a  ==-TO s ~ a y e ~ u e ,  m H BenNgUHa XI ( t ' )  C 60nbmfi BePo- 
~ O C T J , I O  npmm s ~ a n e ~ a e ,  6 m 3 ~ 0 e  K UeMy. cny9aof i  
4-u X2 ( t )  3TO AaneKO H e  0.ie-0. ~ P U  m e H u u  UH- 

Tenwa M e m s y  c e q e a H m U 4  t, t' ~ ~ B U C U M O C T ~  M~WIY XI(') U 

I '  ' 
C ~ e n e ~ b  3aBUCUMODl% BeJIIIYUH X ( t )  H X ( f l )  M o m  6b11-b B 

s ~ a ~ m b ~ o f i  M e p e  o x a p a r c r e p a 3 o ~ m a  K O ~ ~ ~ J D T Y I I O H H ~ J M  Mo- 

* 

T a m  o6pa30~, ~0ppmquooHHo &y~uyueP *1yraZii& &yxuquu 
X ( t )  Ha3bIBaeTCR HeCn)"IaflHm @YHKUHR myX a p N e H T O B  

Kx (t, t 3, KOTOP~R npu -OR nape 3 ~ a r e ~ d  t, r ' pama KOppe- 

JMUXOHHOMY M O M e W  COOTBeTCTByrOW C e Y e ~ U f i  c J T y ~ a t H o P  

(PYHKUnu: 

0 0 

%(t, t ?  = M [ X ( t )  X(t31, (2.6) 

rxe 
0 0 

X ( t ) = X ( t ) - m , ( t ) ,  X ( t l ) = X ( t ? - m x ( t 1 )  

0 0 

(X(t  ), X(t 3 - U e H T P W B a H H H e  c l r y r a f i ~ h t e  @YHKUUU.) 
Hps OAUHaKOBbLX M a T e M a T m e c m x  o m a H m x  u A n c n e p c m  

paccMoTpeHnhte  B KaYecTse n p a M e p a  c n y n a i i a h r e  XI ( t )  
U XZ (1) H M e m  COBePILIeHHO P-HbIe K O p m O H H b I e  4 ~ -  
UXU. K O P P ~ J I ~ ~ O H H ~ R  @~HKI.W CJIYY~~IHOZ~ (P~HKUUX XI (I ) (CM 

puc. 2.3, a) M e m e m o  y 6 b 1 a a e ~  no Mepe  y s e n m e H E v r  n p o ~ e m a  
(t ,  t  '1; H a w m m ,  ~vpemmo~~arr @warn m a f i ~ 0 2 t  &~HKUMU 
X2 ( t )  (CM. PUC. 2.3, 6) 6b1c~p0 ytimam c Y e n m e H u e M  3TOr0 

npouemyrm. 
K ~ P P ~ X R U ~ O H H ~ R  Kx (t, t 3, K o r n a  ee a p r y M e n m  co- 

enanam, pama mcnepcaa or~af iaof i  @~HKUIIA: 

I I 

t , t = M  [c. ( )  il = D x ( t ) .  (2.7) 

T ~ K  KaK K O P ~ ~ R R ~ N O H H H ~ ~  MOMeliT nSyX C n y S a i 2 ~ h ~  B e n w n ~  

X ( t )  H X(t ' )  H e  3BeUCXT OT ITOCJIeAOBaTWIbHOCTU, B ~ O T O p o f i  W U  
B e n w m b t  p a c c M a T p m a m s ,  rn KOPP~JHUUOHH~ ~ p m  CHM- 
MeTpUYHa OTHOCIiTeJIbHO CBOUX apryMeHTOB, T.e. H e  M e H s i W R  ItpX 
n e p e M e H e  & r y M e m s  MecraMu: 

Kx(t, t ' ) = & ( t l ,  t ) .  (2.8) 
K ~ Y ~ C T B ~ H H ~ S ~  XapaKTep H3MeHeHIIR KX OT f II t '  nOKa3aH H a  

puc 2.4. 



1.1 . I . :  

B ~ e c m  x o p p ~ o ~ ~ o f i  @~HKIIKW K, (t, t 3 MOMO nOJIh30- 

B?T~CS H O P M K ~ O B ~ H H O ~ ~  K O ~ ~ U U O H H O B  @yHmKefi 
I.. . . : . . ; I .  *,., .., <. 

- . :P~CCMOQWM, KaK U3MeHSltOTCII OCHOBHbIe XapaKlX?pMCTKKU Cny- 
-0fi @YHWUH ICPU npK6aRJIe~u~r Heclryr&Hom CJIameMOm U 

F&$?l% yMHOXeHMU Ha HeUIYYafiHa MHOXMTWIb. %I He~l~yv&Hb~e 

QEilW?MbIe H MHOXWTeJIti M O W  6mb KaK IIOCTOffHHblMII BeJUFIK- ' w, TaK B 0 6 W ~  cnyrae K @YHKUK~IMYI f .  
npu6asn~ K c~1~4af i~of i  @~HKUWW X ( t )  ~eclryrafi~oe cnarae- 

Moe cp (t), nonyvaeM HOB~IO cnyrafitiyn @~HKUKIO: 

T.e. npu npe6asne~~w K cnyrail~ofi @ ~ H W U  ~ecnysathioro cna- 
raehfon, K ee Ma-reMamqecKoMy omaHux, npu6ame~cx Hecny- 
saktroe cnaraeMoe. 

I I o n y g ~ ~  K O ~ ~ ~ J U I U K O H H ~ I O  @~HKKKIO K mcnepcax, cnyrafi- 
~ 0 f i  @~HKUUU Y ( f )  : 



. .  ,. ,. T.e. npn yMHWKeHUH c ~ ~ ~ & H o f i  ayXKUSUi Ha HWJI)"I*L& MHO- . . '  . . -  . . .  B ~ox( t )=aAe-a t ;  :. ..,,.,, . : 
rarrerra ee MaTeuannecKoe omzamie ~ M H O W B ~ T C X  Ha TOT x e  
MHOmEfFenb. : 

. . , . .: ax( t ' )=aAe-a ' ' .  n o n y r u ~  K O ~ ~ ~ ~ ~ U O H H ~ I O  @ ~ H K I W K )  P xncnepcm: , . .:., 

o o H O ~ M ~ O B ~ H H ~ R  K O p p ~ u o ~ ~ a ~  ( P Y H w  
%(t, t')=. M[Y( t . )  Y(t31 = M[(Y( f ) -+ ( t IXY( t? -my( t ' ) ) l  = 

K t ,  t ~ ~ e - ~ ( ' + ~ ' )  
rx(t,t ')= - 

= ~ [ ~ ( t ) q i t ? ( ~ ( t ) - m ~ ( r ) ) ( ~ ( t ? - m ~ ( t 3 ) 1  = a x ( t ) a x ( t 7 -  $Ae-a(t+t9 = 1. 

= c ~ ( t ) c ~ ( t ' l K ~ ( t ,  1 3 ;  
. . '..,. ,$ ,-,,-:; nanysema Pe3YnbTaT mBOpKT o TOM, mu M e w  J H ~ Y ~ H M I I -  

(2.14) MU CJW*ofi @ W K W K  X ( t )  B pa3Hare MoMem BpeMem r a 
. . D,.c~, = ( ~ ~ ( 1 )  ~ , ( t ) ,  t  ' uMemff  mei%cuI B ~ B M C U M O ~ .  

~ . e .  npu y m o x e ~ n n  m a i r n o f i  @ ~ X I ( I W I  ~a ~ecny%aChiyxi (PYHK- n ~ m e ~  2.2; T p f i ~  onpeaenm KOppemWOHHyro (PYHK- 

UFIO 9 ( t)  "& K O ~ ~ ~ ~ I ~ O H H B R  @yItKl@l YMHOXiIeTOX Ha UUH, cl~yuafi~ofi  @YHKUSU~ X ( f ) ,  ~ C J I H  

q( t ) .q( t ' ) .  a mcnepoiur - ~a $( t ) .  X( t )=ASinm t+Bcosm t ,  
B ¶aCRiOCTK, KOrm lfl ( f )  = C (lie -Sic&& Of 0, .KoP&WI&I~H- 

 an ~YHKIKZCS Y M H O W ~ ~ : X  na c2. r e  A u B - clryrafin~e senmnxu, m ~ o ~ o p m  W 3 B m b I  mA, 
., , . 

n p m e p  2.1. T p f i y m  onpen- ~ o p ~ u p o ~  ~oppe-  m ~ ,  o ; I , ~ B ~ K ~  (mA=mg=O). , . ,. , , ,  , , :  

n o  onpenenemm, , . 
2 ,  . . 

n r n w o ~ ~ y r o  @warnlo,. e m .  uvalhrillr @PI- 
, > j 

X ( t )  =. ~ e - ~ ,  . .  . Kxlfi t ' ) = M [ ( A s i n o t + B c o s w t ) ( A s i n m t ' + B c o s w r ~ ]  = 

r e  A - C.QT&iaU B W U W K H ~ C  ~ W e C T l i b l ~  EnaTeNBTEneCKUhI OXU- 
\, . . r ,  

= M [ ~ ~ s i n m t s i n m t ' + ~ ~ s i n a ,  tcosmtt+ 
naHueM mA H mcneppuefi DA. 

M ~ T ~ M ~ & ~ c K o ~  oxwxanne cnpxafinofi a m  , .. +ABcosmtsinet '+ ~ ~ c o s m t c o s m t ~ ] ,  
m u  8 ' ,  

&=  M[Ae-ar]  =e-"mA. . . . ,  , .  
li 

. . 
, ,. 

K O P P ~ W O H H ~ ~  Q,YH- c n y g a i ~ ~ ~ ~  & ~ H K u s u ~ .  ,, . , 
&(t, t 3  = s i n m t s i n m t ' ~ [ ~ ~ ] + s i n m ( t +  ~ ' ) M [ A B ]  + 

&(t, t ' ) = M ~ [ A e - a t - m A e - a ' ) ( A e - d ' - m A e ' - a r ' ) ~ =  + w s o t c o s ~ ) t ~ ~ [ ~ ~ ] .  
O K O ~ ~  nonygaeM 

. :  : I , .  . . . -. . . & ( t , t l ) = $ A s s i n w t s i n m t ' + K A B s i n w ( t + t ~ +  , .  _, ... 
.. . . ~ , 2 ~ .  , 

. . 1 _ '  . 4 , 3 . . , . . , 9  . . + &Cg~osmtcosmf'. *',2!, -: :,,, : ~. . . . 
. ~ 

B sacrrronn. cnyuae, Korna K~ = O, a: = 4, UGWM 
2 &(t, 1') = OA cm m(t- 2'). .,.. .... . . . -. , , , ~ .  



P~CCMOTPHM CUCTeMy ABfl cJIyYai%bM @~HKUYI& X ( t )  U Y ( t ) ,  
xapa~~epu3y1omm pamfwbre cny¶afi~bre npoueccbl. Hanpn~ep, 
npa napre H a  p a K e y  neficmywr c ~ y s a f i ~ a ~  cma N, a cl~yr&-mG 
MOMeHT M, (CM. PAC. B.2). ~ O ~ T O M ~  IIPU UCCJfeAOBaHUU B O W -  

WeHHOlW JXBIUKeHIIII paKeX"I'I nOJIe3HO 3HaTb 0 K O ~ ~ ~ U U O H H O ~ ~  

3aBUCUMOCTSi 3TUX cJIy¶afi~bLX @yHKUUfi. 

P~CCMOT~UM BTOP0fi ~ M e l l l a H ~ b *  MOMeHT OT BeuIeCTBeHHW 
0 0 

IleHTPWOBaHHbIX clIyra&rbD( @)'HKLIU~~ X U Y pa3JIU¶HbIX 

MOMeHTOB BpeMeHH: 

r e  Kv (t, t ') - emumas K O ~ ~ ~ U U O H H B I I  @yfmUOl. 

&awnoii K O ~ ~ ~ / U ; Y U O H H O ~ ~  @ynxqueii A B ~ X  clIyrattnm @y~mufi  
Ha3bIBaeTCS H ~ c J I Y Y ~ ~ H ~ R  @yHK4Wl ABfl apryMeHToB 1 U f ' ,  KOTO- 

pm npu m o f i  nape 3 ~ a s e ~ ~ i 4  I, t '  pama ~ o p p e n r r m o ~ ~ o ~ y  
MOMeHTy COOTBeTCTByIoUMX ~ e ' I e ~ ~ f i  cny¶&Hofi @yHKXUU X ( t )  U 

crrysaknol @y~mua Y( t  ). 
B ~ ~ U M H ~ R  KOppeJLXWOHHaJr @YHKIlIIII H e  YAOWXeTBOplIeT yCn0- 

BUIO C u m e T p u u  OTHOCUWI~HO CBOUX a p w e m B ,  T.e. 

Ecnn B 3 U i M H m  K O p ~ W O H H a r !  K, H e  PaBHa TOX- 

n e c T s e H H o  ~ y n m ,  m Y)aWb~e @y~muu  X A Y no ananoran ca 
cnY¶afiHbIMFi BenUSUHtHaMU Ha3bIBaH)T KOPPenUpOBaHHbIMU; eCJfH 

me Kw T o m n e c m e H H o  pama Hynm, TO T a w e  cwaf im~e  @ ~ H K U H ~  
H a 3 6 1 B W  HeKOPPWIUPOBaHHblMU. 

B n p u w r m  3asa~ax y ~ o 6 ~ o  u c n o n m s a T b  ~ o p ~ u p o ~ a ~ ~ y m  
B3aAMH)'iO KOPPeJE4UUOHH)'iO @~HI(uuH) 

r,Ci, t'). = 
K, (f. 5 3 (2.1.7) 

cy(tP1 . 
K ~ K  u rn c n c m M m  myx cnyraZi~'m B~JIUSWH, MO)KHO BB~CTU 

' KOPl?WIIOHHYlO MaTPjUV' 

K- [ Kx (f, t '1 &,, Ct, f '1 
&(tsf'> 50, t?  1. (2.18) 

Anq c ~ c r e ~ b l  n B e u I e O m e a m x  CJIY~I-~M +piwufi nMeeM 
,. emmomym MaTpHuy 

Kx,x, 4,5 *.. KXl;"- 

. . . . . . . . . . . . 
i.. ... . .t ... (2.19) IKx2, %.& ..a 

Pacc~a?pasaa ~~~~l~af tnbie  @ m a  3(t) ~ c a ~  K o M n o n e m  

: n-IW BeKTOPa MaTPHUy K (2.19) UOXHO U p e A C T m  B 6onee 
K O M I I ~ ~ ~ ~ O ~  ~anncu, l icna~~yx au- C T ~ H ~ O ~ H O ~ )  npo- 
H 3 W e H U e  AByX BeKTOpOB , , 

0 , e . . 

~ = ~ r X ( t ) ~ X ( t 3 1 .  

&E4 K O & R ~ K C H &  clrysaft~bol @- IIO a H a J I 0 A U  CKPM- 
. n r r e ~ c m h  CJIYY~&~MMII  B M ~ W  B S ~ U M H ~ R  K O ~ O H ~ ~  

@ymawvpamia 
. . 

0 0 

~'(t, t l ) =  ~'Ix(t) y * ( t t ) l ,  (2.20) 

'0 

rAe Y* - UeHTpUPOMHHaR COIIPRXeHHzU c l I y r a H a J r  ( P ~ H R ~ B R .  
K o p ~ m o ~ ~ i l r i  @pmuin (2.20) B ~ ~ C T H O M  W a e  npn t - i n 
X= Y ecm wcnepcm oryrahrofi ~ o ~ n x e ~ c ~ o t t  @ m u  X, KO- 
T O p m  AOnXHa 6b1~h ~ O J I O X W ~ W I ~ H O ~ ,  4TO UMeeT M e c m  B TOM 

'. X ( t )  H a  COnpIDKeHHyio @ y H x y m Q X * ( t ) i  

71 



0 0 0 0 0 0 

D x ( t )  = M f X ( t ) X *  ( t ) ]  = ~ [ ( X ~ ( t ) + i x ~ ( t ) ) ( X ,  ( t ) -  q ( t ) ) I =  

KoppemYJQiOHHble @YHMHU &I (t, t  '1 Kyx ( t  ' 2  ) 'Once 

nonpo6~0fi ?anaca PaBm 

K, (t, t ') = A4 [(XI ( t )  + i3 (t )) (q ( t  ') - iY2 (f '))I = 

= Kxg, + K j y l  + (Kx,y2 - KVI ) ; 

~ r ; , ( t ' ,  t )  = M[(YI ( t  ') + iYz ( t 3 )  (XI ( f )  - iX2 (t))l  = 

= Ir;gl + KV2 - i (hg2 - Kv, . 
 TOM^ C o n p m c e H H m  @~HKGIIA K;X (t I ,  t ) paBHa Kv (t, t I). 
B COOTBeTCTBUH C (2.21) 3JXeMeHTbI K O P ~ ~ N I ~ O ~ O ~ ~  M a q U W  

&ilB KOMlTneKCHbLX ~JTjTakfblX @)WW&, CHMMeTpmHbIe 0THOCI.I- 
W H O  T J I ~ B H o ~ ~  AliWOHaJM, IIBlWOTWI KOhmneKCHbIMU COmIM(eH- 
HbhaEI @yHKlWMK.  -, 

IIpmep 2.3. M~emcrr nee c n y s w e  ~ ~ H W N  nl= 

= A cos m, t , X, = B cos mzt. A~m~l~ynnr A K B IIEJIJ?~R c V & -  

t=  t'.  
no COOTHOUIeHUlO (2.15) 

I r ; , % = M I ( A - m ~ c o s c a l t ( B - m B ) c o s w 2 t ]  = 



= (l - $1 (I- $1 pf M [ M i l  + Z a l @ f  [M%MyJ + 4~ [ ~ ; $ j  = 

= ( 1 - $ ( 1 - $ ) ( ~ ~ ~ + 2 a ~ a ~ ~ + ~ ~ ~ ) .  

~accMolpw~ nan6oJtee Yam yno~pe6me~bxe npn nconenoea- 
nun o~rysa&mm K O J I ~ ? ~ ~ H &  nuiiehare npeo6pa3oea~rtrr cnpag- 

1 =I$Ymwm. 
1. B cnyuae, ewrH sxon X n BMXOI[ Y - clrysaftme n-~eu~bre  . -~ 

8 KKn)PH - fJBI18aHbI JtHHe1.~61~ COoTHowenneM B- 
flncnepcm ~opkmworo  HanprmeHW B wOH3BOJfbHOM ceqe- ~ ~ : l ~ : p ~ = , , y E s  

HUH 
Y O )  = B ( t jx( t . ) ,  

me 8 ( t )  - (n x n), me~eRTbI xcvropofi bd((t). 
D - ~ - $ ~ ( ~ q + 2 a l a 2 6 + ~ ~ y ) .  Hv-'@- WTeMaFeCRHe O m -  KoMno- 

H e m  YJ  emp pa Y ,  ~ o p p e ~ r r r u ~ o ~ ~ a a  MaTpmta ~ ( t ,  t  -O 
B p a w m ~ p m a e ~ o ~  qmepe orac~bhl ceqemeM m~~~eM:fl  K ~ P P ~ o H H ! I E  QIyriraufu xY . pasHbr 

ceqeme npu = 0, n o m ~ y ,  BOCIIOJIb3OBBBIlMCb npBBHnOM TPex 13 . ~~ 

cnm, n0nENut.f 

max om = m 'JI. + 3% . U.I,,,.81y,,V)=M Z,bflxt( t )  = C b l i % I ( t ) .  ( j=1 , ,2  ,...,, n ) ;  
1 [U I::, 

npene-oe wcToxane ~ n r r  c~ep- cm3aHO C nOfiBJIe- 
HUeM mammecmx ne&p~auutt, TO KOHCTPYK'H~e napaMerPu I %#I %,Y* ... KY,Y, 

0 .  0 
a p -  n p ~  H3BeCTHbM CJIpaft~blX MOMeHTBX ~ b l 6 n ~ ~ m -  . . . .. . .. . . . . 

K(t,  t l ) = M W ( t ) ~ Y ( t ) ]  = 
CX M YCIIOBMX .-- ... ,,, ... 9 (2.23) 

QT maxem=-. 
42, K ~ 2 2  -.. '4.2" 

n ~ t  rne 

me OT - n p e ~  ~ e ~ y r e c r u  MaTepnana, H3 K(MOPOK) CAW= CTeP- o o n n 

xeHb; n ~ ,  - KO~@@YIW~HT 6e3onac~ocTU. % , + = " I Y / ( t ) $ ( t ' ) l = ~  Cbb( f )$ ( t ' )K , . . ( t ,  t 1 ) .  
p=l -1 
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1, 

Im4 = Im, ( a  d r .  
0 

m e  a (t ), k (t, t,) - ~ e c l ~ y s a P ~ u e  @ymmin; c - Benu- 
yana c m s e c m m n  m, n D; X(tl)  - cnysatlnm @ynqm c 
R3BeCTHMMR % ( f  ) U 4 (t, t  I). 

M a m ~ a ~ n r e c ~ o e  o-ue Y ( t )  

t 

= a ( t ) M [ c ] +  

t 1 t (2.31) 

+ j k ( f , t l ) ~ [ ~ ] d t ~  = a ( t ) m , +  jk( t ,  t l)m#tl .  
0 0 

K O P P ~ U O H H ~  @YHICIIM, eUIU C R X He3aBUCMMbI, 
t 

0 

KY (t,t ? = M 4 ( t  ) c + l k (t, t i )  Xl(tl) 

Ma~e~al'Si¶ec~oa o w n e  Y ( t )  

( .  M [ Y ( t ) ]  = m , ( t ) =  M = f ! M [ ~ ( t ) ]  =- dm, ( t )  (2.34) [ dt ] dl dt ' 

1. I 
K ~ P W W O H ~ ~  I$YHKLIIIII 





r e  X ( t )  - c ~ r y u m a ~ ~  ~ ~ H K L M I I ,  IWI K O T O W ~ ~  m~e-I mx ( t )  n 
Kx (t, t  9. 

Y p a ~ ~ e ~ n e  (2.44) onncmaer @n~mecmft npouecc, ASM~HII-  
lounttcx BO B p e M e m ,  H a n p u M e p ,  p a 6 q  m u r a m ,  no~asan~om 
H a  PUC. 2.7. B yCTaHOBRslIIeMM pEXUMe pa60~bl MOMeHT A B U E I m  
M, ( t )  YpaBHOBeUIUBaeTCJI MOMeHmM COlIpOl 'U6JleW MC (LO), 38- 

BUC5tIUHM OT yl'JI0~0fi CKOPOCTEl O, R MOMeHTOM HBpY3ICII .k&. 
Cny'Zaft~oe K3MeHeHUe MOMeHTa H m y 3 K U  H a  AM,, lIpHBeAeT I( 

U3?deHeHxlo Y ~ ~ O B M  CKOPoCTU H a  h 9)U IlOHBneHHlO WHePUUOHHOrO 



0 0 

T ~ K  KaK yo H X ( t )  He3aBUCUMbl, TO nocne npeo6pa30~a~u8 
nonyraex 

t 1' 

K,, (t, t I )  = ~ ~ e - ~ ( ~ ~ 3  + I e ~ r ( ~ ~ ~ ) e - ~ ( ~ ' - ~ ? )  &(tl, t p$ dtl dt y) . 
0 0 

(2.50) 

Am nomexim mcnepcun nwo nocne umerpnpoeasm B 

BblpUeHUU (2.50) lIOJIOXUTb t ' = t. 
H a e x  K O ~ O H H Y B J  @~HKWK) u mcnepcnm pemeam 

ypameHm (2.47), ecnu AM, - clrysafi~an ~ , ~ H K I I ~  c xiyneBm 
MaTeMaTwuecKm oxwanueM u noc~orr~~ol4 mcnepcuefi D, (npu 
t = 0, y = 0). noone npe06pa30~iIH&i m (2.50) nomaeM 

IIpn pe~iemm npmmwim saxaq vano 6 m a e ~  nea6xol~lro 
swam ~~~e x a ~ n m i m  II~OR~BOJWIX y. lTane3~oR 
6 m a e ~  E i  UIi&MiUWI, KOTUpyIO MOXHO. IIOily%iTb, PaCCMOTPeB 
B ~ ~ U U I M H O  mppemqnomym d,ymamo Kw Hs YpBBHenm (2.44) 
nonyvaeM 8bIpa;Kenne w IQOH~BOJVIO~~ 

j ( t )=-ky( t )+X( t ) .  (2.51) 

  TO x e  B ~ I M ~  ~ o o r o  norryvm n m @ & p e ~ r u l p y ~ ~  pe- 
l mesue (2.47) no t. llpu m@@epeflriupo~ Bxomqem B npa~ym 

qacm comomenm (2.47) uHmrpana ~ a n o  BocnomBawa npa- 
emoM m@@epe~u~posa.m UHTkrpana no irapa~eTpy: 

A u ~ e p e m y r r  (2.$7), c y n m  (2.52).nonysae~ 

j=-ky+.X(t) ., 
Matc~anmff i~be uxwanue a ~oppenrnuro~~an .+yn&~ anrr 

0 

= i z g - m ~ t ) ; e ? ] - u r ~ ~ r I z ~ t ~ ] + K x .  

T ~ K  KaK clrysaBna ximwnoe cYrwoiiemie yo u X( t )  Heaasu- 
' . OHMIS, TO nowe npedjpmoamuti nbn)rsBeM 

t 
0 0 

Mly(t)X(t')l= Ie4(7)&(t l ,  t3dtl  ;; 
0 



g ( t  - t i )  = e-"(-'~) sinp (t  - t l )  , (p = $&?) 

I 
&? ct - t l)  

~ = c , ~ + ~ & + ~  :: . X ( t l ) d t l .  
(2;57) 

0 at 

npom~onbame nocm&e cl .n c2 onpenenmi u3 aarabmx 
~cIIoB& (t  = 0, y = yo, y =yo): 

C ~ = Y ~ ,  ~ ~ = C t o + n X o ) / ~ .  

Bb~paxenue WLH y npunuhaae'r nm 
t 

l o  y = y O f i 2 + - f i ( t ) +  j g ( t - t i j ~ ( i ~ ~ . % ,  (2i58) 
P 0 

. . 

n 
, $?. A 2  =,A + pfi . 

8 ,  .;i. i, 

&u oiier[eam ~ c p o r n o c ~ ~ h ~  x a ~ ~ ~  M O ~ O  BOC- 
tpnb3o~am11 pe3ynbmwm $2 .3 .  ., 

i - ., Grts~arr aaPam.ame winme yo H y o n  ~03~ynreme X t t )  wsa- 
. B E I C ~  cnyvaihibacu ew~wmam, ~ e e p o m o c m e  xa-- 

t 

nry = my,fi2 + mj o.., fi f i g  (t - t i)  % (ti) 4 (2.591 
-W!lIV'llFiY . ' . . , . 0 . 
_.* i.l...CY " - 
H K ~ P ~ J I S I ~ W Q ~  6-K) , . . .. 

. . 0 0. 

J$= M [ Y ( t ) ,  Y(t?I =fiz(t)fiz(f  3 Dy,+&t)&(t3 + 

t r 

+ j t - t i  - t t 1  , t d d l  . (2.60) 
0 0 

3. PBCCMOT~EIM nmel%roe ueoakropoakroe ypanneaue .BTOK,PO 
! o p m  o nepeanennblw ~ ~ W u m e - :  

y + al ( t )  y., 3 ( t )  y = X ( t )  . .(2.61) 
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me B ( t )  - @ y x n a ~ e n ~ a n b r i a s  M a v u u a  peure- on~opo~sort 
YpaBHeHIlrr (2.61), yAOBJIeTBOpXIOUI%l yCKOBUR3 B(0) = E ;  E -  em- 
H U ~ H ~ S I  MaTpuua;  G(t,  t l )  - MaTpuua  rpusa, 

~ O ~ ~ ~ C H O  npUHXTOMy )'ClIOBUIO 0 TOM, ST0 KOMIIOHeHTbI BeK- , p p o ~  C u f ~e~asucum,  u M e e M  

l l o ~ r y s e r i i i b ~ e  B ZZTOM npmepe BepOXTHOCTHbIe X~paKTepUCTHKU 

nemo 06061wuo~~i ria cnyzair, K o r w  Bemop Z uMeeT n KoMno-  
HeHT. 

? 



IIInpo~oe p a c n p o c r p a H e H n e  n M e m  cnyraaawe n p o u e c c b r ,  KO- 

TOpbIe IIpoTeKaIOT BO BpeMeHU n p U 6 n ~ 3 m W I b H 0  OLMOPOEHO U 

UMeioT BU,4 HenpepbIBHbIX CjTy'IaRHbIX ~one6anuR OTHOCUTeJlbHO 
H e K o T o p o m  cpeweru ~HB'I~HEIR, a B e p o m o m H b I e  xapampncm- 
KU npouecca H e  samcm OT ~n6opa H a q a n a  o T c s e T a  B p M e H Y .  T.e. 
UHBapUaHTHFd OTHOCUTWIbHO CABUIX no BpeMeHU. B COOTBeTCTBUU 

C 3TUM cJIY'I&HWI @yHKlI&Ul X ( f )  H83bTBaeTCII c ~ L ~ Z ~ U O H U ~ H O ~ ' ,  W r o l  

seposmomare x a p a m e p u m  cnyraR~oi (PYHwm X(t + t 3 
n p U  m 6 0 ~  1' TOWlWTBeHHO COBIKWalOT C COOTBeTCTBYlOIUUMA 

XapaKXpUCTUKaMU X ( f ) ,  W O  UMeeT MWTO TOnbKO B TOM cnyYae,  

K o r n a  M a T e M a m e c K o e  oxnnanne n wncnepcm cnyraR~oR $JYHK- 

UMU H e  3aBSiCRT OT BpeMeHU, a KOppeJDIqUOHHU @YHKLUO~ 3aBUCUT 

TOnbKO OT pa3HOCTCI apvMeHTOB ( f  ' - t ). C T ~ W O H ~ ~ H ~ I ~ ~  npOUeCC 
MOXHO PaCCMaTPUBaTb KaK IIPOT~K~K)& BO BpeMeHA HeOIpaHU- 

WHHO n0nm. B 3 M M  CMbICJIe CTaIlkiOHapHblR npOUWC aHalIOlWIeH 

YCTaHOBUBlUUMCff KOIX~~~HWIM, K O W I  ITapaMeTpbI YCTaHOBUBW- 
CS ~ o n e 6 a ~ n k  H e  3aBUCIT OT Ha'IalIa OTC'IeTa BpeMeHU. 

CTaqHo~ap~au cnysaik-ian Cp- X( t ) ,  y ~mopofi  B c e  3a- 
KOHU pacnpenenerrm Baex BO~MOXH~M n o p h o ~  fn (xi , x2 ,..., 
X, , f l  , 12, ..., f , )  3 m C R T  -KO M WHTePBBnOB f2 - ti , t3 - 
- f l  ,..., 1, - tl U H e  3aBwcRT OT l T M O X e H W  III, UHTSpBalIOB H a  

ocn B p e u e w n ,  H a m s a m x  cmaquonapnoC. @yn~queC e ~ 3 x 0 ~  wuue. 
B n a l I b H e h e ~ ,  lVBOpff 0 C T a w o ~ a p H b I X  @-KUWM, ~ Y A ~ M  

nt.ieT$ B  my T O ~ K P  V a q m o H a p H b I e  @ynme B mupo~ou cmcne, 
KOTOpbIe ~ali60nee U C l l M b 3 ~ I  B. I IpElKnWblX 3W&WX. 
OCT~HOBUMCII 6onee lI0np06~0 H a  OCHOBHJdX C m B m a x  CTaqHO- 

K ~ K  yxe 6 ~ 0  CKZ?aHO, ~ m t r y r o  @ y ~ v  X(t ) H ~ ~ ~ I B B W I .  
c~aquo~ap~ot i ,  emu M a @ M a m e c ~ o e  ah i& i ie -  u mcnepcwi H e  
3aBpcllT OT BpeMeHSi, T.e. 

cow; ~ , ( t ) = ~ ~ t .  (3.1) 

P ~ C C M ~ T ~ U M  KOP@JIXU~OHHBI~% MOMCAT K($,.t:C) . e n y ~ & H ~ Z f  

MHU, pawenem= m m e p w o ~  C. &w c T a u n o H a p H o r O  npoqecca 
~oppe~~mno~HbaEL M o ~ e m  H e  3a~ncm OF KOH-~IX 3 ~ a ~ e ~ u i t  

&(t, 1')  = &(t, f+r)=  &(T). (3.2) 

, , 

hc. 3.1 



B npunoxemn 3 npuBeneHb1 rpaCpu~11 Htul60nee 9acTo nc- 
iTOJIb3yeMbix B npWWblX 3WBYaX aBTOKOppelVilruOHHbDI @!!HZ- 

unB K(T). Cpenu HUX ukfeewx ~ o p p e m m o ~ ~ a r r  @ y ~ ~ ~ . l m ,  npo- 
noprruonanbnm nenb~a-@y~miiu Aupa~a, ~o~oparr na3~ssae~crr 
CfflaqUOHapHbLM 6e~lU.M UlyM(M(,  IinH I[MbTa-KOPPWnpOBilHHbIM M Y -  
Y&H~IM npoueceoM: 

3necb So - ~OCTOXHH~I% MHOXUTeJIb; 6 (7) - A e n b ~ a - @ y ~ ~ m  
Aupm (CM. npunoxeme 1). 

Bmbm l u y ~  -  TO c ~ & H ~ I B  npoqecc, Korna 3 ~ a ~ e n m  cny- 
Y&Ho~? @yHKq~&i X(t) N I X  CKolIb yroflH0 6nu3m MOMeHTOB 
BpeMeHu ~ ~ ~ n r n m g  HeKoppenuposamrmu. CnyraBnd npouecc 
Tuna 6enom m a  ~epeann3ye~ B n e f i c ~ ~ m b ~ s o c  ycno~mx, TaK 
KaK, 60-IIepBbX, IIpH nOCTaT04HO 6rul~w~c MOMeHTBX BPeMeFlU 

" @$& 6e~e& ~iiw .rf' -&sre 4*wuu npamnecw Bcerna 

3asacnm H, BO-mpm, m (3.6) cnenym, YTO n p u . ~  = 0 nucnepcm 
npOUeGCa PaBHa ~~CKOHBVHOCTH.  ~ O ~ T O M Y  NIX PealIU3WUH TaKOm 
npouecca T ~ ~ ~ Y ~ T C I I  6ec~one.inm MOWHOCT~, m B p e w ~ b ~ x  
ycrros~~ur nonym~b nerrw. TeM He MeHee clryraRHb~e npoueccbI 
m a  6enom luyMa IU~XJKO H C ~ W ~ I M  BO MHOMX pwenax 
CTamecKol mmMam. 

IIpmep 3.1. Tpe6ym e m c ~ m ,  m m a  nu cnyrail~ac~ 

. , . . ~  n 

X(t)=~(Aicosojt+BJsin wIt 1 (3.7) 
b1 

oHapnoZt cnywtt~oi? cpymwek, e w  Aj a Bj - crryriak~~e 
I B~~EIMHQ H ~ ~ Z I B U C H M ~ I ~  B~JMYHHW c HyneBbIm MaTeMamecKuMn 

ecme oxamme cnyrallHoii @ynm& X(t j paeno 

. . 

.n 

K.(f,,t;)= C D J c o s o J , ( ~ -  r?., (3.8) 

, llonyyenxioe sqaxemie (3.8) &ucm TojIb~d OT P~%OCTU 
' t -  t i .  T.e. X(t) XBJL%nu:a CTaLUioNapH08 Aucnepcm 
ympzaR~oR + y x i m  X ( t )  

' fl 

Dx = Ir; (o)'... oj; (39) 
hl"' 
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nolIyreHm xapamepumr c~amionap~oii cnyrafi~oP 
@~HKIJUU ( M ~ T ~ M ~ F ~ C K O T O  OxanaHm mx u K O ~ ~ W L W U O H H O ~ ~  

@y~xamu I& (t )) ~ e o 6 x o w o  H M ~  3 n a ~ m ~ o e  TUCJIO pernu- 
3auufi cnyraZr~oR @yn~quu X ( t  ). n o  sanucff~ pem3awu MOWHO 
Hatmi n p 1 1 6 m x e ~ ~ ~ e  ~ H ~ ~ ~ H I I I I  mx u KAT). B03HnKae~ wnpoc: 
Hen= nu nonpun Te me xaprucrepumm no oJIHo~~ peruruwuu 
cnyrafi~o8 @~HKIJUU X ( t ) .  noc~onbrcy m y ~ m ~ m  npoqecc mm- 
eTCX ClXWOHapH6IN U IIpOTeKBeT O ~ O p O A H O  BO BpeMeHU (hia~e- 
MmecKoe oxwawue He ~ ~ B U C E I T  OT BpeMenu, a KoppemqnonHm 
c f , y ~ m  - OT Havana o~cse~a) ,  ecrecTneHHo npemonomm, mu 
o n ~ o 8  e n u ~ c m e ~ ~ o i i  pemu3aum nocTamvHo nm onpegeneHm 
XapaKTepUCTHK ~IIY'taiurofi @)'HKwu. BO~MOBMOCT~ EOlIyreWM 

sepo~moamm xapamepumK JWI c~aquo~ap~of i  crryrai%oR 
@yxquu no omol  ee peanusaqnu U M ~  6onbmoe npaKTwecKoe 
3HaqeHUe, TaK KaK n03BOmeT yKeHbllIKTb 0- 3KCnepUMeHTanb- 
H6M H c C J ~ ~ ~ O B B H ~ ,  a TeM W b I M  YMeHbXlIUTb U MaTepUmbHbIe 
3a~pan1. 

C m m o ~ a p ~ ~ e  cnysalhrh~e @ y ~ m u u ,  m K O T O ~ ~ M  M O ~ O  no 
0nHOfi peanri3awU YCTaHOBIlTh BepOffTHOCTHbIe XapaKTepUCTHKU, 
~a3mam w a i i n m m  (PYWIELIWIMB, 0 6 1 f a n m m  3pronmec- 
KUM CBO~~CTBOM, m u  IIPOCTO ~ P Z O ~ U Y ~ C K U M U  cmaquonapnbmu cny- 
lrariHwu & ~ H K ~ U R M U .  3 p m m e c ~ o e  c~of ic~so  3aKmOYaeTcrr B TOM, 
 TO OTnenblhHas pemu3aq1111 cnyraknofi @yHK?.iua naeT 

rne m, - cpepnee sm-ie~fie no ~ ~ o m e c r s y  peanuaiim; 
T 

ne YT - uxym&iax senwma. 
&E4 BblrIOnHeHm I I ~ U ~ J I  HHOM PaBeHCTBa (3.16) ~eo6xo- 

W M O  U ROCTaTO'lHO, ~ 6 h I  ~JIpafi~ofi  BeJlUrHHbI YT 
6bma Mma. Aucnepcm YT pmaa 



1 
Em D [ Y T ] =  lim ~ j ~ ~ ; ( t - t ' ) d t d t ~ = ~ .  (3.19) 
T-tm T - t m T  0 0 

T ~ K  KaK K, (T) )= x, (I), TO OTCloAa CJIeliyeT, S T 0  K, (T) eCT6, 

@YHKI&HII OT 1 r 1. k i 3 M e H m  XIOpSUOK UHTerpEipOBaHUX, IIOJIy- 

q a e ~  

owoe ycnome [29]: npn 1; 1 -r m 4 (T) + 0. 



BocnomyeMC~ nonpennbmn B 5 2.3 B a r p a e H m n r  ~ r r n  Be- 
POIITHOCTH~M xapaKTepncm n p a n 3 ~ 0 m b ~  H e c W O H a p H b M  
@ m n f i .  

EClIn 

5 = M  [dt d ~ ( t )  ] = d m x = ~ .  dt 

K, (t, t ') = - d Z ~ x  6) 
dr2 ' 

~ H ~ I I o ~ E ~ H O  MOXHO H ~ ~ T u  KOPPeNIWOfiHYlO @yliKlWO BTO- 
po i  a nocnezwoqw IIPOU~BO~~D(: 

li; (t, t ') = 
d 4Kx (7) . , K.. = - d 6~ 6) 

X 
(3.28) 

d;' dr6 . 

I 

cos p.r + 



a l ~ l ~ s i , p , - p 2 e - ~ l ~ ~ c o s p ,  + 2ape- 

= D . p  I I [ ( p 2  - a2 sign%) cos $7 + 2u6 (7) cos pr - 2apsinp I r I] 

, , . . . 
0 7 . . . . ' !.' 

P>:i . 
T.0. CTaLWfOHapH&l @)'HK4UX x ( t )  U ee I I ~ O U ~ B O ~ H M  PJ5l 0.4HOm 

U TOW Xe MOMeHTa BpeMeHU SBlMH)n:II HeKOppeJiUpyeMbIMU My- 
~ i l f i H b I ~ U  BeJM'IUHaMH. KoppeJImuo~~bre (PYHKUUU IIepBbIX @)% 

IIPOU3BOIVibIX C T W O H ~ P H O ~ ~  ~JlY'iafi~ofi @~HKUUU, X ( t )  PaBHbI: 
?.. .: ~;. .J . .. 

&=  -&(r),  K*= K&), .: , 

. Koppe~[~iL&ioHHbIe @yHKUUU 5 (t,  t  ') U 4 (t ,  t  ') CBZ3ilHE.I co- 
m T H o m e H u e M  (2.28). B paccMaTpusaeMoM cnyrae IiMeeM 

I7 = t &' 7 ti) - .  . .- . , . ,- .,., 
t t '  

; I #  . , X; (1, t ') = I I K, 01' - t l )  dll dtl' , 
0 0 

rpa@urol peanssauufi CJQY&HFAX @y~wuf i  X,(t) u 4 ( t )  (CM. 

PUC. 2.3, a, 6) nOKa3LdBaKur, W O  U3MeHeHUe BO BpeMeHki 3TkiX 
@y~wfi p a ~ ~ ~ m o .  
h OL[eHKU X W l K W p a  IIOBeAeHUX c n y ~ a k - i b ~ ~  @ y ~ K 1 1 ~ f i  B o  

BpeMeHU 6bma BBeneHa H e ~ J I y W l f i H m  @YHKUUX - KOPpeJiIIL[MOHH~ 

@y~wm 4 (t, t  '), UJIU (1) ma c T a u u o n a p H o m  npoqecca, KO- 

T o p a  oTpaXal?T B m H H l o K ,  CTpyIcrypy COOTBETCTByIOII(er0 efi 



cnyra8aoro npouecca, HanpuMep npouecca, noKamHoro Ha 
puc. 2.3, 6. Bce peanu3a~uti 3~01-0 npouecca uMem I I B H ~ I ~  Kone- 
6aTenb~bIfi xapamp.  TO ro~opm o TOM, mu npouecc AonxeH 
xapamepu3o~am~ cneKTpanbHmm c~of i cma~a  no asranorcia c 
Ae~pM~~OB~HHbIM K o I I ~ ~ ~ T ~ ~ ~ H ~ I M  IIPOIIeCCOM. K ~ K  U3BeCTH0, 
eCJlSi K ~ K o $ ~ - ~ u ~ o  ~0JIe6a~WIb~bIfi IQWrleCC tIpelICTaBlD7eTCSI B BWIe 
CYMMbI TaPMOHU¶WKUX @YHKLXUB C Pa3HbIMU qaCTOTaMM, TO CneKT- 
POM 3TOr0 IIPOUeCCa H83bIBaeTCII @y=, O~UCbIBaIOLUaR paC- 
npeneneHue amnmyn no sacToTaM. C n e ~ ~ p  noKmbIsaeT, Kame 
CJIaraeMbIe npeo6nma10~ B AaHHOM K o I I ~ ~ ~ T ~ J I ~ H o M  IIpOueCCe. 

P~CCMOT~UM WyYafitiyIO @)'HwuH) 

01 

9 ;  . - , D ~ = ~ A D , ( ~ .  (3.33) 

IIpx p m e H a u  sucna WaraeMbm nncIcpe~nbrfi cneKTp 6yne~ 
npu6nuxca~bc~ K HeItpepbIBHOMy, B KOTOPOM MaJOMy UHTepBaJy 
r a m  bj CooTseTcTByeT 3 n e ~ e m a p ~ m  mcnepcm ADj (a,). T ~ K  
KaK ADj MmO, To OTnOllcuM no OCU OpmHaT OTHOUIeHUe 
ADj/Amj. Kompoe xapampu3ye~ co608 C ~ ~ H I O I O  ( K O H ~ Y ~ )  

. .,,>I . . .... 
C P ~ A W  IlJIOTHOCTb AUclIep~d eCTb KOHeqHOe qUCn0. T ~ ~ @ u K  

~ C K ~ ~ T W M  CWHUX ~ H ~ Y ~ H u B  nucnepcxiti aiimonneH rpa@u~cy, 
nOKa3iuIHOMy Ha PHC. 3.3. 

Koppen~l~~~oman @YHKlDW (3.31) npU 60nb1110hi n C yWTOM 
(3.33) u (3.34) pmHa 

n 

x; (T) = C sx (mi, Amj cos m j  .r. 
k1 
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= I K (r) e-"' dr = I K~~ (-) ek dr 
--(9 

xfi 
0 

Ann B~BuMHoR cnempan~llhnoti m m o m  S (im) aMeeM ma- 
X* 

normaoe eblpaxeHue , > 
m 

(T) e'" + K (r) eiml] dr . (3.61) 
xFv 



c n e m  n cnyr&~m cmwionapnbnr n m o n a p n o  
ca~3amiam 4,- 4 (t) MOWHO nonywm MaTpmy (anmom- 
~ y l o  MaTpwe ~3-o ~oppemwiombrx @y~muii%) 

Hnarunanblrue ¶eHbI MaTpHUM S (a) ecm r!eUIecnjennbIe He- 
oTpmaTenbme sembIe @ynxaxnn m: 

s *fi (a) = SXF, (-a) . 

BB~O-~CTH~IMB xapamepnmmm mx = 0, '4 (z) = D, e* 1' 1 . 
Tpe6yewn H& 83aKMHyo cnempmHyr0 rmomocm cmmoHap- 
HOG @~HKIIKH n ee nep~oil npon~~o~noii .  BbIpaxenae LWI n3a- 
UMHO KOPP~E~~JHORRO% (PYHIQIUEI (3.29) 

npn pewennu nuHe&mx r x @ @ e p e ~ ~ ~ a ~ b n b ~  ypmnen~fi npn 
cwnonapnm ~03~ymenwgx BOWQXH~I menyouwe clrynaw. 

1; Ypaswe~nd & f ~ ~ n  cudTe@ ypa~nenwft) nMeer nepe~ennue 
BO spe~enn ko*aiplen%f, ~ u c  HarrpEa4ep,.ypaBHeHUee (2;61): B 
&M ,ur;yirae npvr ixaqknap~oil n p a ~ ~  :sam.n :@menme ypamie- 
&,5m ~ m o H i i p ~ m ~  npn nzb60I. ~ n h x  npouecca. 
i l m e p o ~  ~ecr&nona@iiro ~~~ c S ~ ~ M ~ I ,  nonipm ona- 
c ~ I B ~ ~ T % x  A U & @ ~ ~ ~ H U U ~ R ~ H & M K  ~ ' ~ P B B H ~ H ~  C lTepeMeH~b1MN 
~ o s ~ n q n e m a ~ ~ ,  m m f ~  mpT nmaTenaHoro annapam (CM. 
pnc. B.2). . .  ~. . . 

r 

2. Y w ~ e m e  nMeeT noc~onnHue ~o*&nunem (~anpn~ep ,  

. Hoe n 2) aawiompnoe. Hecramionapnoe m n u e  (nanpmep, 
KoJI~%HXK) CKCTeMbI A&CTfiEiYt CTaUrgHapHT C J @ w  1 mbxyuenuil n ~ e e ~  ~ec ro ,  ~ o r ~ a  c s e ~ e ~ a  j g ~ e t d 6 ~ 1 j 1  e&@ibhix 
~omyuennfi HBXOAUTCII B noKoe. 

i' C~aqnonapnare Kone6anh m e w  ksw rrpn cmnonapabtx 
f BO~MYII[~HYLRX n w e  onpenenemom n&p~am BpeMenn OT na- 

nana ~one6&. 
C~awionapnue aymitnare .~one6anw B O ~ M O ~ ~ I  B YCTOB~B- 

B ~ I X  CKCT~M~X. Pacc~orpm anrupm onpenweans cnempanbnoil 
rncmro,m peruenm* c q m ,  rn IIpa w a w i ~ n a p ~ o ~  B03MWe- 
KUE( aMeeT Memu c ~ a ~ o n a p ~ y f t  pemq w m e m  CUCT~M~I.  
pqypi~,mcrr yp;lew+--nepBoro n'~Toporu noprrsrca. (Bonee 

: 06uwi4 cnygatt onpemenw c n e ~ ~ p a n b r i a ~ ~ ~ m o c r e ~  
' cncreuypa~nemitt n-ru no- ti3nomeH B rnme VI.) 

. H ~ ~ O M H H M  ocHogfiw& c.neneW .m onepmnovoru ncwcne- 
j C B I W B H ~  : n ~ 6 ~ ~ a n x ~ ~  nannaca. ~ c r i ~  ~IMB~TW~HB;  . ~. 

: jHCm,pas ;PYHKUm f ( t )  H&KCHM& ~eulecmenu~fi n + ~ e n n r r ~  
m' ::, a3o~anne n'annaca ?(a - npmoe ' n 8' - chPaT&e) 

. . . ~ 

. onpe~eMLemx @op~ynann .. . - .  . -. > 8 .  ' ,. . I '  : .  .?, ". 
41 

a)&, @)=.I$@) e-Pdt; 
0 



U 3 0 6 p ~ e H W I  T W  xe  @)'HKLWi no %be.. nprr~oe ti 06paT- 
H o e  wilocTopowtie npco6pwo~anm no Oypbe u M e m  BUA 

rAe  f (t) - C T W O H a p H a r t  @yHKUWi C HyneBbIM MaTfMaTUWCICUM 
O m a H U e M  ti U ~ B ~ C T H O ~  cIIeK'IpaJIbH0k IUIOTHOCTaIo. 

I Ecnti d,y~mmi f (t) tiMeeT o T N l r H o e  OT ~ y m  M a T e M a m e c K o e  
omasme,  TO ee MOHO npencmtim. B B m e  

me W@) - n e p e m T o q H w i  Qy~ruvix. 
B Y ~ C T O T H O ~  06na~~t i  

Y (io) = f g ( ~  = W(WA, (im). (ica + k ) (3.75) 



~ O ~ T O M ~  K o p p e m u n o x H y I o  @~HKIWIO Ky (t, t ') M O ~ O  npen- 

$(t ,  t ' )  = M [ Y ( t )  Y* ( t ' ) ]  = 

m a ,  

q~06b1 @yHKlWR 5 3aBUCena OT pa3HOCT)(. MOMeHTOB B P M e H H  
( 1 -  t ' = T), TI0 AOruKHO 6 b 1 ~ b  n p U  CTarulOHapHOM npouecce, He-  
O~XOLU~MO BbmonHeHUe yC2TOBUK 

M [Y (ico) Y* (im')] = Sy@3 S (af - a) .  

KOPPIIIIMOHH~I~ @yH=IO Ky (t, f ') M O H O  nOJyIUTb, BOCnOnb- 

3OBWIlIUCb ypaBHeHUeM (3.75): 

K,(t, t ' )  = M [  Y ( t )  Y* (t31 = 

= M W(im) fo(im) e"' dm) I ( w ' ( id)  f 6 (iw ') e-b't' do' , Id - )I 

~~ Ky (t, t 3 6yW 3aBYICeTb OT wHOCT)(.  MOMeUTOB Bpe- 

M e n u  npu ycno~m 

M rfo &?f ti (i(0'11= +(m? 8 (of - m). (3.80) 

m e  I (im) l2 - KBWT aaonym racm~~ofi  &~HIQHU. 

Yo (im) = k 
f o  ['m) = W(im)fo (b), (3.84) 

[ ( W 2  + (i@) a, + ad 

COOTHOIUEHM~ (3.84) aHaXOIWIH0 (3.751, IEOXQMy ClIeICFpfdtb- 
 la^ I I I I O T H O ~  Sy (m) pama 



Sy (o) = )=l W(io) f Sf(m) . (3.85) 

%OT Pe3YnbTaT CnpaBeAJlUB NUT JII060r0 ~ U H ~ R H O ~  YpaBHeHW' 
C nOCTOIIHHbIMU KO~@@UUU~- (UM~~TCI I  B BWY YpaBHeHUC 
n-ru nopma),  arrrr ~omporo uacToman @~HKLIIIII W(io) paBHa 

k W (io) = 
% + (im)'+l al + a* +...+ a,] ' 

3Harr cneKTpanbnyl0 nnomocm agmona;r, M O ~ O  onpenennB 
nucnepcam Dy : 

(0 

A(iw) = ag(io)" + al(io)"l + ... + a,, . 

Tnisa 4. OCHOBbI TEOPHH MAPKOBCgllX IIPOL@CCOB 

. K coliuvreHm, p.anel(o 

N13e XUHaMUXe'CK3M CUCTeM 3W9a 06 OnpOnWwsiB BepoIITnOCTU 
npeebnueHm opniniam cnymi%~ol &~ymoi~x jantlIi~aoc jnasend. 
~BCB w a s u  v o w 0  'pequm, earn oqxwmmcrr npoueccam, 
0 6 l I ~ ~ ) i U i f M U  HeKOpbIMU CIIeIlUaJIbHbIMa C B O ~ T B ~ M U ,  HO 

ec. B n p m w  nap#- 
N UCn~OB&WfCb lUIII 

BXOEOM U BbIxOnOM. 
B WOM W a e  ~oppenwwo~~ar t  ~eopm nam BO~MOXHOCT~ nony- 

: %m e e p o m o c ~ ~ m e  xapam4pumm pe&eHka m+@epenq~ajm- 
,. H ~ I X  y p m ~ e ~ u i l ,  ecnu ucceecmm nepomomrble xapa~~epuemku 

pewawe H ~ J U ~ ~ ~ B H L ~ X  ypHeIWR ~ m -  
~ o p p m ~ o ~ ~ o # ~ e d ~ ~ u  riejrs;S. OR~~UO, ecnH OrpaHwmn- 

.? IIPOUeWaMU, 0 6 n - v  CITeKlfFbHbIMU CBO~~'+TB~MU, 
'kio)KHo fronyr~hnyrpi:me~e u &UI k r n ~ e k ~ m  3 ~ s  c~a~uc ru -  
X ~ C K O ~  XUHaMIiKK .K TUKUM IIPOIleCCaM OTHOCST MBPKOBCKUe np0- 

, aru~ n o n ~ o l  x@paKTepvm m p b o c  o,oemmrno 3 ~ a m  
TonbKo m y ~ e p ~ G e  &OHE.I. pacnpeneneam. 

. ?  ' 

, T.e. AOIIOJIHWlGnbHOe '3~(1~Ue 3Ha'ie- 
t < til tie mMemeT xapamepa 
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pacnpemeHwi opnnHaT @YHKWW npn t ;I ti. @wuuecm 3 ~ a  oco- 
~ ~ H H O C T ~  cX)Y~~~HOIU IlpOlreCCa 3KBUBaileHTHa IIpoUeWaM 6e3 

nocnencTBm (npouecca~, KoTopbIe He 3a~ncm OT npemc~opnn). 
&Dl MapKOBCKOIU np0UeCCa nm6b1e MHOrOMepHbIe 38KOHbI paC- 

IIpeneXeHwi MOl')T 6 m  BbIpWeHbI 'fepe3.4BYMepHbIe. B KarleCTBe 

IIpUMepa PaCCMOTpUM TpeXMePHylO WIOTHOCTb BepoXTHOCTkl 

f (xz, 12, XI, ti, %, to) - WIoTHOCTb BePOXTHOCTU TPeX OpXUHaT ClW 

raskom npouecca, a 3 m x  B  pa nocnenoeawnbabrx MoMeHTa 

BpeMeHIl to, tl, f2 (t2 > f1 > t0). B COOTBeTCTBUU C o6uefi @ O ~ M ~ J X O ~ ~  

mff YCJIOBHbIX 3BKOHOB paCnpeAeneHwi (1.48) 

HO, TaK KaK : J ' I . :.-vgn 

(D 

(4.6) If (xi, ti I X&l> <7;-1) dq = 1. 
-m 

: Kpohfe TOrO, lIByMePHW WIOnrOeTb BePOSTHOCTU f (xi, ti, Xi-1, 

fLl) cBszaxa c ywra~~ofi  M G T H ~ C T ~ K ) ' B ~ ~ O ~ O ~ T H  cooTHomeHueM 

f 4, xgl, 4-1) = f (xi, ti I Xklr 9-l) f (xi-1. tbl). (4.7) 

Pi3 (4.7) WenyeT 
m 

f (xi, ti) = tir xi-1, fi-i) 4, = 
: Q 

00 
, , 

= If(x, t I xkl. tkhf(xdl, . (4.8) 
' 4 

' , pacc~qm ~ p w  n & e ~ o ~ q e m ~ ~ o c ~ o i e x i v a  spekkki: $, r 
n t (6 c r < t ). B MoMem to (pnc. 4.1) nporrecc mqn opmma~y '%. 

' Toma 3lreMernapm.w BepomwTu mpexona m cocmmm % w 
e p m  (2, z ; dz) (me z = ~ r ) )  B M0Men-r r w H R  anTepm 

(x, X + dr) B MOMeHT f PBBHbI COOTwTTBeHHO f (2, T I %, to) dZ U 

t I%, tdh.  w* 
. ~ 

'8' hi 

0 5 

F'nc. 4.1 

Bepom~oc~b nqexqa  m cocmrr~m ( z , ' ~ )  HC. ~nrrep~arr 
(x, X + dr) B MOMeHT f paBHa f (X, f I Z , 'c) Ibc ~OJXH~S BepOXlXQ.GTb 

nepexow a3 wc~omm (x, x + kc) B MoMem f noxyzams mTer 
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f(x,tl%,a&= J f ( x , t ~ z , ~ ) f ( z , ~ I ~ ~ t ~ d z  I-. 
m 

f(x, tlxo.@= ~ ~ ( ~ ~ I z , T ) ~ ( z . T I % . @ & .  (4.9) - 
Ypasmrre (4.9) B ~ a ~ e ~ a m e c ~ o f i  lIvrrepaType ~83b1nam 

ypamerruajw Yemeno-Konnzotopoea, B NlTepaType no + U E I ~ U K ~  - 
ypameauajw ~ M ~ ~ O S C R : O E O ,  w d  nonyum em npu accneao- 
B ~ U H  6 p o y ~ o ~ c ~ o m  AanxceHm uamiub:. YpaB~e~ne (4.9) Hama- 
I I ~ I B ~ ~ T  BecaMa x e c m e  orpammeHm H H ~  BWI YC~~OBHOR ~ O T H O C T H  
rieposmocw nepexom, a EIM~HHO, amrpsipoBaxine no z AOJOWO 
npuseo~tl K ncmfOtIemm 2, npmeM BWI @ m u  f A O ~ H  
o m W  x i e m ~ e m .  

llpenem a ~ ~ e r p x p o ~ ~ n m  ne 06ff3a~enh~o n o m u  6 m  
paaHbl ~~CKOH~WOCTU. 

@ 4.2. Ypameme @ompa-IInrara-Kanmoropo~a 

IToxyw~ ypaBnem, K O T O ~ ~ I M  y~omm~opltm y c n o ~ ~ a x  nnoT- 
HOCTb IKPO~OCTB f(x, 14 Xg, t0) ( ~ B H ~ H K S  KOJIMO~VPOB~) aNI 
HenpeparsHoro onyrafifioro rrpouwa. npouecc X(1) c s a m  He- 
IIPepbIBHm, MBnWe ~~~~ BpeMeHki X(t) MOXeT 
xronysu~h aahfeTHbIe no sennnme npnpaucelrm mnrh c Manoli 
BeporrmoclaIo. AJM won, B yPBBnexiaa (4.9) nonomM T = to + 
+ A t (A t > 0), T.e. 

., , .. ,. , .7 , , . .. ' w ,  - 1  : ,  . 1, :. : . . ". 

. , +&tl xo,.to)l$+l&f(Z-*2fCE:.;iO+,& flj%, r$&y -, 1 -. , , ' . -  2 a d ,  ... ' ,  j 3 ,:,;:. , ., i 7 . L " "  



bl = lim M [(z - ~ 0 ) ~  I = lim ~ 1 ~ 2 1 .  
At (4.17) 

A f+O At-rO f ' 

B B b x p a x e H m x  (4.17) onepaurn MI ] ecm onepaurn ycno~-  
HOT0 MaTeMaTU¶eCKOm 0-. KO~@@EIUN~HT 01 (%, to) eCTb 

rIpeAeJI OTHOIlIeHUII MaTeMaTU¶eCKOrO 0 m a H K l l  pa3HOCTU OPJ(U- 
HaT cnyvafitioru npouecca K mmp~arry a p e M e H u  A t, ,zrjm ~ m p o r o  
OPAUHaTbI B3RTbI IWU CTpeMJTeHUU 3 T O m  UHTepBaila K HynIO, T.e. 
a1 (%, fo) XapaKTepU3yeT CKOPOCTb I13MeHeHUX cnyafi~ofi @YK- 

mu. K o ~ @ @ u ~ ~ H T  6, ( ~ g ,  to) x a p a ~ ~ e p u 3 y e ~  npenen o T H o l u e H m  

M a T e M a m e c K o r u  omatim uIIcsaqpaTa pa3~ocm OpAUHaT K UH- 
T e p B a n y  BpeMeHH A f n p U  CTpeMneHUU A t K HyJIIO, T.e. X a p m -  
pU3yeT CKOPOCTb U3MeHeHW ~ C J I O B H O ~ ~  W C n e p C U U  c@YafiHOfi 

@YHICLIWM. 
06bm~0 B TeOpKU MapKOBCKKX IIpOUeCCOB n p m L l ~ a m ~ ,  s ~ o  

MOMeHT TpeTbeI'O I I O p W W  M [(z-  G3] CQXMUTCX K HymO 6b1- 

w e e ,  r e M  A t, n03TOMY 

I I p a ~ u ~ a e ~ o e  ycnosue cl (%, ta) = 0 H e  m m e T c X  o y e B m b I M  

m ~ ~ D K H O  p a c c M a T p s i B a m x  KaK n p e m o n o x e H u e  o TOM, YTO Be- 

pOlPPHOCTb 6 0 n b ~ 1 u x  oTI€JIoH~H& Z - Xg HONI(Ha ~ 6 b l ~ a T b  C YMeHb- 

JZeHUeM A t HaCTOJIbKO 6b1q0, W06b1 BCe MOMeHTbI 3~0fi pa3HOC- 

TU, HaPEMaR C TPeTbeIY), CTpeMIWIECb K HYJIIO Bb~c~pee, P e M  A 1. 
%'O ~ p e 6 0 8 a ~ u e  Il03BOJUIeT PaCCMaTPUBaTb C J I Y Y ~ ~ ~ H ~ ~ O  @YHKUUK) 

X ( f )  B CHCTeMe, noLWepElIOI4efic11 &fefic~BHIO w a f i ~ m  HMnyJlb- 

COB, KaK HeIIPePbIBHO H S M ~ H I I I O ~ C X  BelIW3UHY. CJI~~OB~WHO, 
PeIUeHUe YpaBHeHUX (4.15) CIIpaBeIUIUBO @lpU C l  = 0) TOJIbKO PJIII 
UHTepBaJlOB BpeMeHU A f ,  M H O m  6 0 n b ~ u m  UFI'EpBaJlOB BpeMeHU 

M q  UMllynbCaMU. 

O ~ o ~ ~ a ~ e n b ~ o  n o m a e M  wenyowee y p a B n e n x e  (nep~oe ypaB- 

H e m e  Kon~oropoea): 

WCTOXHUS, TaK KaK He3aBUCUMbIMU nepeMeHHbIMM X-R 

, cnpomoe~ spem to a anpomoe* COCTOIIHU~ ~ g .  
llonyrm ypamekrue, no3~om10mee onpenemin u s ~ e ~ e ~ n e  

1% YWOBHO~~ IIJIOTHOCTU BePOIITHOCTK B 6ynyluehf ,  T.e. B a B H e H H e ,  

C B R ~ ~ I B B K ) ~ ~ ~  npon3~on~b1e f (x, rl xg, t0) no t H X, a H e  no to H 
: %, KaK B nepBOM YpaBHeHElfl KOIIMO~~POBB. YpaBtieHHe,  B KOTUPOM 

He3aBUCHMblMM IIepeMeHHbIMH -If t U X, Ha3bIBaIOT BmOPbLM 
ypaenenum Ko~(o2opoea. 

Bocnonwye~cff B~IBOAOM, n p m e n e H n b I M  B pa6o~e 1171. B ~ e n e ~  
B paCCMOTPeHHe HeKOMPylo QOU3BOJIbHylo @ ) ' H I 0  R(x), KO- 

, TOpaR BO O ~ J I ~ C T U  U3MeHeHU5I ~ l y 9 & ~ 0 a  @YHKUBH X ( t )  
X8JIReTCX H e ~ ~ p e p b I ~ H o f i  AH@@pe~L@ipyi7~0fi EO TWOpOrO I I O p W  

I 
X BMe- C IIepBbIMU A B Y M  IIpOU3BOPHbIMU: 



0 6 ~ ~ 0  (no aH&lOI'UU C HOpMUIbHbIM 3aKOHOM PaCIIpeIXWle- 
HXX) C S K T W ,  rTY) O~JXICT~ B03MOXHbIX 3~aSe~Sii4 X pmHa 
(-m, a), T.e. a = -m, b = m. P~CCMOTPUM OnpeAeneHue sacr~ofi 
~ ~ ~ K ~ B O A H O ~ :  

am,  t I xo. ta) 
= lim 

f ( x , t + A t l x o , r a ) - f ( x , t l % , i d ,  (4.21) 
at A t+o ~t 

B OTJIUqUe OT BbIBOAa nepBOrO YPaBHeHMR Komompo~a, rAe 
MOMeHT T 6epe~cr( ~ J I U ~ K U M  K MOMeHTY to, IIPU BbIBMe BTOpOrO 
ypmHeHXX KorrsloI'0poBil MOMeHT T 6epeTcSZ 6JIU3KUM K MOMeHTY f. 

Y M H O ~ M  coonrorrreHue (4.21) Ha R (x) M nponmrpupyehl B 

npenenax OT -m AO a, mrna 
DO 

V(x7 t 1 xo. to) 
(x) dx = 

at 

m 

=lim J for. t + A t l xo. to) -f (x, t l xo, to) (x) , . (4.22) 

A t r o  , At  

~ C K I U O ~ U M  f (x, t + A t I x,,, ta), Bxonrrwie B Bbpaxenxe (4.222 
ucnona30saB ypaaaeme (4.23): 

00 

af Or, t l XO. fa) R = J at 
* 



TO, 0~6pocm c n a r a e ~ b ~ e  pma 0 (x - Z), no-M n o n c T B a a ~  (4.28) B (4.26), no-M 

td  R(x)  &= 
J at 

-OD $ + E - ? ~ ~ ~ ~ ' ] ~ ( ~ & ~ ~ ~  (4.29) 
m 

ax 2 a 2  
1 (4.26) 

= ~ ~ , t ~ ~ , t ~ ~ ~ ( x ) a ~ ( x , t ) + ~ ~ ' ~ ( x ) b ~ ( ~ ~ t )  , T ~ K  KaK C~YHKIWZ R (x) l'L&XlU3BUJfatla, TO~U~~CTBCHHO~ o6pa- 
a w u e  B ~ y n b  nemit s m  ~OOZWS~BHMII (4.29) W~MOMO TOWKO 

> ! e . , ; ;  

nPu 
me , , .  

m 
M [ x - 2 1 .  

2 &fad 1 $5f'b1) 
1 + - - - -  - 0 .  (4.30) 

a ,=a l (x ,  t ) = l i i  - J ( x - r ) f ( z , t + ~ t l x , t ) & = ~ ~  at ax 2 ,$ 
a t 4  A t-OO a t 4  A t  

n o n y s e H n o e  y p a ~ ~ e m  (4.30) e e ~ b  e w e  ypaBHeHne Kon- 
m 

1 MOI'OpOBtI llXR OmtOMepHMx IfpoUeGCOB, RO3BOJMfOiIIGe OlIpeAeHwTb 

b, = b , ( x , t ) = l i m  - J L X - Z ) ~ I ( Z , ~ + A ~ I ~ ~ , ~ ~ ) ~ ~ =  , U3MeHeHUe Y c ~ o B H o ~ ~  ~ O T H O C T I I  BepOSTHWTU B 6y5ymeu npa 
rlf+oAt- U ~ B ~ C T H O ~ ~  nJIMHWTN Bep0RTHW;TU B HaYZ%lb& M O M m  -Me- 

' = lim M [(x - a2] (4.27) n p U  UCCJIeROBO.H&fU W ' 4  ~T~TEIWWI~CKO& & U W p B U  

A A t  c n y ~ a f i ~ b l x  K O J I ~ ~ ~ H &  B T O ~  Y ~ ~ B H ~ H U ~  Kon~nropom nonyvluro 
~ a ~ 6 0 ~ 1 b l r r e e  pacnpocqmeme. no cyn~emyloweir maccuQma- 

B (4.25) npUHRTO, ~ T U  lula &ii&&pe~LW~b~boc #aBHeHU& B n p O a 3 B y b M  
m 

1 fp&B~eEIwr Kon~ompo~a (4.19) u (4.30) n p ~ f w e x a  K napa6o- 
lim - J O ( X - Z ) ~ ( Z ,  t + h t l x ,  f ) d 2 = 0 .  IU'feoKOW Tlarry # ~ B H ~ H & .  ,&%I TDlU mo6br pWn:EUe ypaBHeXKII 
A k 0  A jbLT0 OAH03HaWbIh4, H~O~XOAUMO 3Ham H a ¶ W H b R .  E% Ip2HIPIXXbLe 

BbxpameHWI (4.27) !VIA K O ~ @ @ K U U ~ ~ H T O B  (11 U b1 aHanOI3iYHbI 
U C J I O B ~  AJLR UCKOMO~ @~HKUUU (MS n n a ~ ~ o w u  wpom~ooru 

(4.16) u (4.17), HO T e n e p b  OHM. ~ ~ B H C R T  OT x H f. I '(x, f I Xg, @). KPOM~ H a ¶ a l ~ b ~ b L %  U i p H U W b M  YG~Q%&, @ ~ H K u X S  

Mn~erpupyx sxomuue B (4.26) cnaraeMbxe f noInKHa y n o m m o ~  YCIIOBHIIM, cnpaBemfleblpn m nm60B 
m 41 

~ O T H O C T U  ~epomomfi :  

.,, . , .  I f l t a l k ,  Jflnblabc - -00 

no r a c T m ,  r ronyraeM (npa R (4) = R (m) = 0 )  



CooT~olue~ue (4.34) npu E -, 0 ItanrreTwr OWUM u3 ycno~nlt, 
onpenennmnrux &-@~HWWIO: 

f (x, td = S(X - *. 
?&XU CnyVafi~aX @)'HK~USI ~ ( t )  MOXeT npUHUMaTb nm6b1e 

3~ase~urr B mmpBane (- m, m), TO B ~a%eCTBe KpaeBm ycnoauii 
cnenyeT 6pam yuro~m Ha r a. 

Ttpn Haxomaemu pacnpexene~ult, omopommx 80 BpeMena, 
@y~m f H K O ~ & @ ~ ~ H T ~ I  a n b He ~ ~ B W C I I T  OT f, ~ O ~ T O M Y  
ypmHeHue (4.30) npuaahiaw BW 



npn t -t 0 m + CO, n03TOMY IQlaBaR '4aCTb (4.41) n p H  t + 0 eCTb 

p e J l b ~ a - ~ y H l ~ W X  ( I I P W O X ~ H ~ ~ ~  1). 
nony.leHH0e BbIpEXeHHe (4.41) Iwfl  ycnosaoB llJt0THOCTU Be- 

PO~~THOCTU ecm ~ o p ~ a n b ~ b ~ l  ~ ~ K O H  pacnpepeneam raycca, n3- 
M ~ H Z B ~ I ~ & ~ ~ C X  80 BPeMeHU, C MaTeMaTEfeCmM OxaOlaHUeM 

m, = x0 n mcnepcael D, = blot. 

P~ccMOTP~M ~nY¶&HbIfi IIpOWeCC, KOrAa OH flBlLXeTCff OAHO- 

p o m m  no ~ o o p x u p m  x, T.e. sepoxmomb nepexoixa u3 COCTOR- 

HVUI Xo B COCTOXHMO X 3aBUCIiT TOiTbKO OT pa3HOCTU X - % . 

a l &  
at, ' 2 a,? 

Peueaue ypasr-teanr! (4.43) a ~ m o r u ~ n o  (4.41) (npu Tex xce 
Ha¶mbHbLX ~ c ~ o B P C ~ X ) :  

[x -  - bl(l)lZ 

Y ~ ~ B H ~ H U I I  (4.19) H (4.30) LIaIOT BO3MO)KNOCTb UCWIeAOBaTb 

n s~e~enne  ycno~~oi3  n n m o c T n  pacnpeneneam BO BpeMeHu, on- 
HaKO AJUI ITOMOM) PeLUeHIiR STHX flaBHeH& H ~ O ~ X O A H M O  B o61qe~ 
cnyiae ahten R B H ~  s a~ncu~ocm K ~ ~ @ & U U U ~ H T O B  al H b, OT 
I IepeMeHHbU % , to ,&W n e p B O r 0  )'pitBHeHM% U OT X, t - AJUI BTOPOrO. 

T ~ K  KaK YCnOBHbIe IUTOTHOCTH BepOSTHOCTM, OnpeAemeMbIe  D a B -  

HeHElRMli (4.19), (4.30), OIXFiCbIsaXOT (B BePOXTHOCTHOM CMHCJI~) 
c o c T o m u e  K~KOTO-TO ohema, H a n p m e p  ~ e x a ~ u r e c ~ o Z t  cncmsI, 
TU AONKHa Cylrr€xX¶OBaTh C W 3 b  M e W Q  YpaBHeHYISIMU K O I I M O ~ O ~ O B ~  
H Y P a B H e H W W  ABUXCeHHS CIICTCMbl. &LSl YOTaHOBJIeHSi5I 3TOM 

3aBnCHMOClli PaCCMOTpUM YpaBHeHUe IIBEKeHllrr CUCTeMbl nepBOrO 

n0px.a- 



pa menu^ 06e s a c T n  CooTHomeHWr  (4.47) H a  A t H n e p e w  K 

npeneny B (4.27), I I O n p H M  

m = F ( x ) .  al = lim - 
A t  A t  (4.48) 

A t-t t 

bl = lim M = l i m L ~  
A t*o A t  ~ i 4 A t  

f+A t t+A f I 
- 

i 
1;;: .. 

= lim p2(x) A t + 5 5 KF(tl, t2)dtldt2 . 
A t-t f f  

T ~ K  KaK 

..,, -*<. &(t,, tz) = KE(t2 - t l )  = S08 (t2 - f l )  , .::I : ,I;, - . 

so b1 = lim - 5 6  (t2 - tl)dtldt2 = SO . (4.49) 
Ai-tOAt t , 

npwcep 4.2. Ha puc. 4.2 n o ~ a 3 a ~  mm- 
K O C T H ~ ~  ne~n@ep. Ha IIITOK noprum nefi- 
CTBYeT C J I Y Y ~ ~ ~ H ~  CWLa &(f ). C Y U T ~  IIITOK U 

YpaBHeHKe JIBHXeHWr IIOpIIIHII C& = &(!),  We 
a - K O ~ @ @ U U H ~ H T  BII3KOTO TpeHWr;  &(t) - 
crryraimoe c T a m o m p H o e  s03~ylueme 
( c w ~ )  C lE3BeCTHbIMU B e p O X T H O C T H b ~  Xa- 

paKTepHCTIIKaMM m, = 0, K, = So8 (t). PKC 4 2  ... ..I .-, . 
TpeBye~cff o n p e n e n m h  y c n o ~ ~ y m  ~ O T -  14 

HOCTb B ~ P O ~ ~ T H O C T U  f (x, tI X o ,  0) CMeWeHW3 IUTOKa X B IIpOU3BOJIb- 

; ~ O ~ T O M Y  YpaBHeHWe IW3 Or l~eneJ IeHUII  ycJIoBH0fi  MOTHOCTU Be- 
. POIITHOCTH HMeeT BlUJ 



Ebmo n o ~ a ~ a ~ o  (ypae~enue (4.37)),  TO c = 0. 
113 (4.56) npu c = 0 

nprnuep 4.3. Ha pnc. 4.3 nomarro Teno ~accok  m, ~ompoe 
A B E C K ~ I I  m p u 3 o m ~ o  non n e t ~ ~ ~ u e w  cunu & + AR, rne R,, ,- 
HOMUHWHOe 3HlIqeHUe CUlIbl m U ,  a bR - UIYW&~BII COCTdB- 

~ 1 ~ 1 1 1 a ~ .  Y p a e ~ e ~ n e  mmerim Tens uMeeT ~ r r n  
n i v + F ( v ) = & + A R ,  (4.59) 

: me v - CKOPOCT~ w i m e m ;  F(v)  - cma colpwrwem. b 
pc rb  m m e m  m a  v m-3a p- T S I ~  AR pasm 

I V =  vo + v l ,  r e  vo - C ~ o p o m  Tena npii AR= 0; vl - pa36poc 
CKO~OCTA m-3a pa36poca T X ~ .  

. ~ 

m 

- 
X 

kc. 4.3. 

npribie~, YTO ~JIys&iaR &- AR iTpeACTaslrrreT co6ok 
II~ouMc m a  6 ~ 0 m  luyMa C HylIeBbIM MaTeManneCKUM 0-a- 
HUeM U KOPP~MUUOM)HHO~ &ymqueP K,,q = 6 (t- t l ) .  Tpe6ye~cll 

'onpenenu~b y&mo~mueeq  pacrtpejjeneneHlre s e p o m o c ~ e ~  f (vl)  
H AUCnePCUIO CKOPOCTU V1. 

P a m o w  F(v) B p a  B ~ J I U ~ A  v = vo, cnmarr, YTO cuna conpo- 
I 

T U B J I ~ H ~  AF rn~~en :~~ ;~e r i . e~ i io i i  a y m e i i  M v1:' 
. , 

aF 1 d~ 
.F(v) = ~ i G o )  + ay + xdlyl I""O y: ... (4.60) 

. B pe3yna~a~e n-eM ypaBHeme 
. . 

G 1 + F l ( v i ) = ~ ( t ) .  e ( t ) = -  , " (  $1 (4.61) 
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1 so 
bl = lim --MIA vl(t) A vl (tl)] = 2 .  

A t t 0 A  

. #  ... , . . . , 
. . * 

Moxao C¶&W4'Eb, 9m B ~ ~ ~ ~ . ~ D I I S n e H H I 1 6 O J I b l U ~  -Ha- 
remiti vl m a ,  nomhty I~OTHOCTB ~epamocm nomcna y m e -  
~ ~ o p m  y m ~ m  f [~l)~vi-w.= 0. h u ,  m!+e roro, -0- 

TO ~3 ypaanem (4.62) cne@m+ sn, c = 0. 06omo~ilHpre~ npa- 
p npu- npemonowe~nt4 o nowemin m m o c m  
~ e @ m ~ o m  H ee n p o u ~ ~ ~ &  npu 6 o n m  ~ H ~ ~ ~ H E U M  vl MoxeT 
-TL nOnygenace penrealre. kbm OHO ynonneTBop~e~ n p m -  
THM Lfonyqexmmf, M O ~  cqmm m aoonJmfeam cnpa8c~~1rnar- 
Mu. 

l l p ~  c 0 peiueme ~ ~ ~ B H C A H I ~  (4.62) UMeeT BKU 



- .- 
Hue KOJIMO~O~OB~ D M  MHOmMepHbM C&afi~bJX np04ecco~ [17, 
401: 



Peme~ne ypm~e~ni i  Kofr~oWpo~a npenmaBnueT bonburne 
~pymocm ( ~ p o ~ e  npomltmx racmm crryrae~). 3TEI ypaBHeHm 
B qacmrm ~ P O U ~ B O L I H ~ M  OTHOCIITCU K m c c y  napa6om~ec~ux 
ypm~enuti. ~ O ~ T O M ~  ms nonyreHm O U H O ~ H ~ ~ H ~ I X  pemenufi He- 
O~XOUUMO 3HaTb HaYkUlbHbIe U rpaHWLHbIe YCJIOBW, KOToPbIM 

n o m a  ynoBneTBopm A ( ~ ~ K O H  pacnpeneneam ~ O T -  
HOCTU B~POIITHOCTU). 

IIpn~ep 4.4. P~CCMOT~UM MexaHmecKylo cumhly, Korua 
cmolt uHepwu npe~e6pesb ~enb311 (puc. 4.4). ,4~luKenne Maccm 
f7l OnHCblBaeTCU YpaBHeHUeM BTopOW IIOpUUKX 

%~6b1 nOJXHOCTbI0 OIIUCaTb HB%CKeHUe MaCCbI m, HW~XOXUMO 
3 ~ a m  He TonbKo 3 ~ a q e ~ u e  x npu f = to, HO u 3~avexne nepeol 
npou3~on~olt i, a aenoBasaTenbHo, n 3 ~ a q e ~ n e  x npn f < to (npouecc 
C ~OCJEZ~&CTBU~M).  n03~0My BOCnOJIb30BaTbCII OjlHOMePRHM Map- 
KOBCKUM IIPOUeCCOM LUIII HCCJIenOBaHUU l"fi CUCTeMbI H€Xb3U, 

ODHaKO, emu ypaBHeHUe (4.75) npeACTaBWTb B B W  AByX YpBBHe- 
~ n f i  nepeoro. nopmm (nono- k = XI, x = 

BCerna MOXHO IIpenCTaBXTb B BWe CUCTeM )'!J~BH~Hu& nepBOr0 

nopuma 

%l=Fl(xl,~2,t)+~1; (4.78) 
jLz=x,, 

I CJte~rye~ IIOlrrepKHyTb, ¶TO KOMnOHelrrbl &, ( f  ) BeKTOpa E (f ) 
eCTb CTaUUOHapHble CJly'laPHbIe &)'Hwuu TUna HOpMaJIbHOCO 6e- 

I noro luma (me; = 0, = SOji S ')). TOJI~KO B ~ M M  CJly'lae cnc- 



r e  e ( t )  - ~ o p ~ a n b ~ b ~ i i  6enbdI IUYM c K O ~ ~ ~ H O H H O ~  & y H q u e i k  

4 (7) = So& (7); Ui  - HeU3BeCTHbre K O ~ @ & K U U ~ H T ~ I .  

n3 ~ ~ ~ B H ~ H u P  (4.82) HaXOAUM Cl'IeIcrpmbHbIe NIOTHOCTU 

SSi (a) : 

C n e I c r p a n b n b r e  m o ~ ~ o c m  S (a) npn H ~ B ~ C T H W X  r o p p m ~ u -  

OHHbIX @YHKUURX K i ( t )  (4.81) MOXHO n0n)"lUTb U3 COOTHOUIeHUS 

(3.42) B U H ~ ~ ~ - X H H W H ~ :  
2 viai s ( a )  = 5 n ( a 2 + a $ '  

B pe3ynbTaTe I I O W a e M  COBMeCTHW CUCTIMY YP~BH~HM (4.78) 
a (4.82) n e p B o r o  nopwra, wnepxauym cl~yraP~ym @ p m m  
E ( t )  (6enb& IW), KOTOPYIO MOXHO UCCJIeAOBaTb MeTO&WU Map- 

KOBCKUX n p o u e c c o B .  

&ISl  OlTpWeJIeHUS KO~@@MUU~HTOB YpaBHeHwI (4.72) BOCnOnb- 
3yeMCSX ypaBHeHUSMU ABwKeHElrr (4.80). n p 0 U ~ ~ e r p U p y e ~  3TH 

YpiIBHeHIuI B IIpeAfSIaX (1, t  + A t ) : 
l + A t  I + A t  



HWl B e P O m O C T U  LlOCTEXeHIIII Q a U N I I  B03MO)KHbLX 3Ha4eHEifi CJIY- 
nafiaofi (PYHwuu. 

P~CCMOTPUM O L I H O M ~ P H ~ ~ ~ ~  ~ J I f l a l f H b ~ R  npoqecc. Tpe6ye~crr on- 
pWeIIllTb BepOXTHOCTb TOrO, 4TO B TeYeHUe HHTepBaJfa BpeMeHH 

(to, to + tl) AJISf CJIy'IalfHofi t $ y ~ l U l U U  X ( f  ) BblIIOnIirreTCR YCJIOBUe 

Torna UCKOMZSI BePOSLTHOCTb 

Cpea~ee B p e m ,  B T e q e H n e  KOTOPOPJ B b m o n m e T c n  ycnome 
(4.90), pamo t, = t -  6. O K ~ ~ H ~ M C ~  CJIy'IaeM, K o r n a  ~o~ost$t$ki- 

UUeHTbI Ul U bl H e  3aBUCIIT OT BpeMeHur. h U M W  MecTo, HaIlpUMep, 
e m  Ha BXW c n m ~ b ~  nefimye~ c n m o ~ a p ~ o e  cnywhoe m w e -  
me E ( t )  c HyneBblM Mam.mmec- O x w a m e M  ki 4 = S08 (7). 

Mom0 lIPUHSlTb, YlU B ~a'ItIlIb& MOMeHT BpeMeHU HU W a  pea- 
nmwm wuecca H e  ycnena naTcrnry -, 11031o~y 

P(t0) = 1. (4.93) 

llpn 6 o n m o ~  3narem B p e M e m  t d u e  ~ ~ M O X H ~ I ~  pea- 
nn3auun npouecca nomnryr rpaam, T.e. npk i  t + co P (m) + 0. 
Bnyrpu 06nacm U ~ M ~ H ~ H I I R  ~ e ~ a ~ n c m b x  nepeMeHHbIx 
(xi < X 5 Xz ; to S t < m) YCJIOBHaR MOTHOCTb BePOffTHOCTU f H3Me- 

HneTCX B COOTBeTCTBSiU C )'paBHeHUeM (4.30): 



npllMep 4.5. Ypa8HeHwe ItBKXeHllrr ( ~ ~ ~ ~ I H ~ ~ u u o H H o ~  nOpLUH5l 
(CM. PUC. 4.2), Ha ~OTOpadr LlefiCTBWT nOCTOIMHM Cmula a ii 
cny.~ail~an cma e (1 ), nMem BW 

rae ai - cma c o n p m m e m .  Cnyyaft~arr cma E ( t )  rrBmeTcrr 
CJly¶mbIM IIpOWCWM THna 6enoro WMa C HyJIeBbIhf MaTeMaTU- 
r e c m  oxmaHneM n ~ o p p w u r w o ~ ~ o f i  & y ~ ~ u e k  4 = So S (T). 
Tpe6ye~- OrrpenenUTb BepOSTHOCTb Tom, YTO c r ry~ak~m & ~ H K U ~  
x ( t )  ( c ~ e m e ~ n e  nopmm) B TeqeHne BpeMeHu T He ~bxitqm sa 
npenenbl nmepsarra (- x a ) ,  ecnu npw t = 0 go) = 0. 

C n c ~ e ~ a  ypanne~& (4.109) weez iie?pwmanbtrae pewewe 
(cl + 0) npn 02 = 0 A cos XI% = 0, OTKyaa 



K ~ K  w menoarno omam, nmeHHoe 3naqeme & l ~  ~epo- 
RTH- P(T) He 3a~mm OT 3 ~ a ~ a  CEYI~I a. 06o6wenrre~ pac- 
CMQTPeMioIP npmepa IImeTCII npmcp; Koma rpanKUbl o 6 n m  
BO3MOYCHblX 3~a~eHWfi ClQ"@#HOfi a-H X ( f )  B Ha¶WIbHb& 

Onpenemin K W ~ W U A ~  cb n a x o ~ ~ ; ~  f(X, t ) ,  a 3amt.x ~ e -  
p m o c r s  P ( t ) ,  KaK B npemnyqexf cnysae. l l ~ -  BW- 
hikeme (4.115) nmmmeT o n p e d e ~ ~ ~ ~  cpemee ~ p e m  - e m  
rfopmm 6e3 Kacanm ~ o p n o ~  qamp&% IIO +phtyne (4.100): 

npeo6p3ye~ sbIw%enwe (4.118), BBW 6e3pa3~ep~b1ti napa- 
aa 

MeTp Y l  = 2 % ra .xapa-w  pew tk . 3a xapamepxoe ~ p e m  

f r p y ? ,  BTpeH tk 38 KoTopoe UoPiUGHb UQX ~I@WE~M ,- a 
P y n n E e ,  +oe %. Tws WF vsqmZ&lge, &wne 

~ ~ ~ I H ~ W ~ O ~ O I P .  nopus  ? n u p m a e m ' ~ w q e q e ~  . . . .  . , . . . . , . 

, r ~ ,  , 
8 '. &= 0 ,  

m Bpehw tk p H 0  . . ., 



pa mu^ Ha tk sbxpameme (4.118), nonynuM 6e3pa3~ep~oe 

cpenHee Bpem nBuxceHm nopmm 6e3 Kacanm TOP~OB:  

B npmepe 4.5 6bmo ~ ~ p s m m ,  qm cuna u~epwiu n o p m  no 
c p a s H e m  c cmoti coqmmneHm Mana  u em M O ~ O  n p ~ e 6 p e s .  

P a c c ~ w p u ~  Mexammeclcym c u c ~ e ~ y ,  neuxeHue ~ompoir onu- 
CbIBaeTCX A K & @ ~ ~ ~ H U U ~ J I ~ H ~ I M  QaBHeHUeM nepBOR3 ITOpSIAKa, 
aHaXOrUqHbIM ypaBHeHBI0 (4.44). Ha pUC. 4.5 nOKa3aH BpaUalo- 
II@cX BUI C AUCKOM. Ha Ban AeficTByeT U ~ B ~ C T H &  MOMeHT bfo 
U crry~ai%HbKfi MOMCHT E ( t ) .  npeae6prax MOMeHTOM COIIpOTUBJfe- 
HHX, UMWM CJIeAyIOUIee YPaBHeHUe BpaUleHUS AUCKa: 

J ~ = M ~ + E ( ~ ) .  (4.120) 
. - 

GI I. B H a ~ a ~ ~ b H b I f i  MOMeHT BpeMeHEi )TjlOBaSI CKOpOCTb paBHa Hyirlo. 
Tpe6ye~c~ onpenenm cpeasee Bpem m npu ~ o m p o ~  yrnosm 'I' 
CKOPOCT~ AOCTHI-HeT 3 ~ a ' l e ~ m  (00 B pesynb~a~e rn OnpeAeneHm 
cpenwero BpeMeHu rn nonysaeM BbrpaxeHue, aHanornsiioe (4.120), 

'1 

B KOPOM cnenym xg ~ ~ M ~ H I I T ~  Ha coo, a a - Ha J. 

5. KOJIEIiAHHjl CHCTEM C OJfHOfi 
CTEIIEHbK) C B O I i O ~  

Te~pm cllysaiinblx ~one6wd ~ e x a ~ e y w r x  c u & ~  .H&OL~NT 
F e  6k4nee  n p a m ~ e d e  B qmmme n@e.mupomw no- 80 
scex o~pacmx r rpo~suuIe~~ocra .  K -M .ai,qag~ m o c k  pac- 
PET CUCTeMbI &KTOB IfpU &efiCTBti~ CJl)"4- B03My- 

, imnapaToB, B~I~BBHHHX, Harrpmep, nefimure~ moc&ep~oti 
I 6ynefmrom; map ne-ra- amrapamB; mvo~eme Tpmcnopr- ' Hbnr CPeJiCTB ROpOraM CO CJQ%ibIm H~&~oBH&XMU H T.A. 

cs  oueHNeaTb ~BRewiocm a pecypc K O H C T ~ ~ K U U ~ ~ .  
~eopwi cnyvalryra#akx ~one6adhil sirpan B ~kmpo- 

. . 

0 5.1. w t i m e  *lbm68Ra roore'* mclpw 

b i ~ ,  He conepxwefi cnyxahblx napa~eqoa), BauIlamoe clrysa9- 

Ilrr PaBHOBqqHX. 

U H~¶M~H~I?'YcRo$u& 

M: dkqmm& 

.iU BO3HXKaeT H~O@XOAUMOCT~ B 0aeHKe B03MWHblX 0TlCJI0HeIfhil 

$ $ ~ E u R ~ H ~  OT P&CP~~HOTO. 3waqa onpe.~[ene~& ~ e ~ o & & m d  
~ ~ ~ c ~ ~ r ' m ~ n w  - o606uw~auc K O O ~ W H ~ T  H &fx n e p ~ m  

, mmc~ ~aa6onee 
&iettrne npeo6pa- 

8, umoxeHme B 5 2.4. 
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riwe xaparcrepacTm y a nepsm n~yx ~ ~ O H ~ B O A H ~ I X  y H y. 
A~l&@epe~~npyl~ (5.3), ~ a i U e ~  BbIpaxeHue m c~opoc~u  n 

YCKOpeHWI MaCCbI m: 

n f i  = e-m(cospr+- sinpt); 12 =le-n'sinpr. 
P P (5.5) 

Am pememrrr CC~OPMYJIUPOB~HHOB 3ima9u H~O~XOL[AMO 
sepornocl.Hare xapamepucmlcw p e m m ,  T.e. my ( t ) ,  Dy (t), H 

aBToKoPmsrioHIlyIo @ymarm Z$ (t, t,). B o c n ~ s ~  
Cbp~yJIog Mal'2MaTweCKONl 0~~ C Y M W  c n y ~ & b ~ .  

a m ,  NOIIYYEIM 

ABTo~oppe3u1montraa cpyHrafrrrr pemeHm 

, Ky = &f [Y(t) Y(tl)] = Dy e-n(Htl) (cos p + !! sin pi) x 
0 P 



g (t, t l )  = D,,A ct)$ (t,) + qaO if;(f ) f ; ( t l )  +f;(tl)fz(f;(t)l + 

+ ~ j ~ & ( f  )fz (ti) . 
B oTnwne OT Knaccwec~o& Teopua ~0ne6mnff npu nccneAo- 

w a n  crry.raihibot ~one6anufi cncw~ c onnoir crenenbx, c~o60m1 
~ e 0 6 x o ~ o  nMem me necny~atin~e (PYHwm, xapmepu3ym1llwe 
cnflakbre ~ o n e 6 m  (K~K c~060rotbIe, TaK U B ~ I H F A ~ H H ~ I ~ ) ,  
my (t ) u Ky (t,  t l )  l l o m ~ y  KnaccwecKylo  wpm K O J I ~ ~ ~ H U R  

MOXHO PaCCMaTPSiBaTb KaK . la~nrb~k Wpm C W ~ W  

~one6awufi, rorna ~ a m o r w r m  ycnosm 
D = D .  = K .  = O .  

Yo yo yo% 

Ka~oir npamwecm none3- pe3ynbm~ M O ~ O  n o n F T b  113 
IIDUBeJIeHHbIX BeDOH'fHOCTHbM XBPiLICTePUCTIIK PemeHUR (5.6)- 
(9.9)?. ' 

P~CCMOTPUM PaCqeTHylo CXeMy PUC. 5.1. H O ~ M ~ J I ~ H O ~ ~  pa- 
60~b1 npu60pa H~O~XOL[IMO, W ~ Y  MaKCUMBnbHbIe HOPMmbHbIe 
Hal'QJIMCeHriR, BO3HUmurUe B 384emCe IIPU KOJI&WM- 

m, He npe~m~~anu npwena ~ e ~ y . r e m i  Mawpama ynpyroro 3ne- 
Mema, T.e. 

UT (5.12) max (G) s - , 
"T 

C~UTZtX, ¶TO B KZWbIfi MOMeHT BpeMWH W Gm ( t )  mem 

I 
Memo HopManbHoe pacnpenenexiue, r ~ u r  onpeqeneam M ~ K C U M ~ I I ~ -  
HOT0 HanpILWeHXX ~ W [ U , &  BOCnMb3yeMCX IrpaBWIOM rrpex 
CEirM8: 

max (om) = a m y ( t ) +  3 m y  ( t )  (uy = q) . (5.15) 

*T max (u,,,& = amy (t,) + 3my (1.1 < - . (5.16) 
n~ 

me Jo - MOMeHT UHePWH Tens oTHOclrreRbH0 OCU, nepnemKy- 

~mpnoti uepmxy a npoxomek new TOYICY 0. 



Tpe6ye~cx onpeaenm napaueTpbl 
c u c ~ e ~ a r  a~op3auuru  (c u a) u3 ycno~uB: 
1) Ma~cUMaJIbHblfi YIWJl OTKJlOHeHUrr TWIa 
IIpU E~&CTBUEI UMnynbCa MOMeHTa He Eon- 
meH npesbmram ~ o n y m o r o  cpg ; 2) 3a 
smamioe spem tk aMnnuTyna ymo~boc KO- 

ne6muB Tena n m a  yMeHbuImbcx B k 
pa3. Ecnu BepOXTHOcllIble xapamepucru- 
KU C J I ~ & H O ~  uMnynbca JM U ~ B ~ C T H ~ ~  

(mJ u D,), TO U ~ B ~ C T H ~ I  A BepOmocmbIe 
XapaxTepUCTUKU ~aqaJIbH0fi WIOBO~~ CKO- 

mJ DJ 
P O C ~  ( ~ g  (mq0 = - , Dvo = - ) Jo 1; ' 

M a ~ c m a m ~ o e  3 ~ a q e ~ u e  yrna cp p,m nro6om MoMeHTa BpeMe- 
HH (C ucnonb30~mue~ npaBma v e x  cum) 
.... , ,~: ., (mJ+ 3 0 ~ )  (5.26) 

e-'" sin pt . 
Jop 

r p e m  (e@'~b 1, p -pO) Ha uHTepBane BpeMemi (0, t1 ) n ncnonbayx 
nepeoe ycnosue, no- 



r e f  ( t )  - cnynair~m cma. 
,Qm o m e n e m  BepomHocTnbxx xapampucm pemeHm 

ypaBHeHm (5.26) ~ e o 6 x o ~ o  UMeTb BepOIITHOCTHbIe XapaKTepUC- 
TIiKU EXOm U BepOffTHOCTHble XapaI~epUCTIiIM Ha¶anhHbIx Em- 
HJSX, T.e. m,, %, myo, mjo, q a 0 ,  Dye, Djo, Kh0, Kfja. O ~ ~ U M -  
paccMoTpeHueM cnyuarc, Korna ~ia~anhnare natinbre u c ~ ~ ~ a l h r m  
cma f rr-mc~. ~e~aeac-, T.e. K . = $ = Kfi = 0 . ydb 0 0 

Penreme ypaeHeHm (5.26) JWI npoa3~onb~oP npa~oR sacm 
MOXHO npePmaBm B Bwe 

+ 1. je-n(CI) sin p (t - r ) f ( ~ )  &. (5.27) 
pm 0 

I. , . . !-, ,!i 

I 
1 + - Je*(cr) sinp ( t  - z)  m, m; 

mpo 

n Ky (t, t l )  = e-"("'1) 

1 + - D. sin ptsin ptl 6qk) sin p (t - r) e-"('~-~l) x 
P= yo 

x sinp (tl - T ~ )  K f 6 ,  T ~ )  (5.29) 
. .,,',?~ ,!, ;.; . ' ' ' , \  ::, 

cnysaPHan wc~omitll-- lxxQaHmm B k g -  - ~ a - ,  T . o . ~  = OH(?), me a - myv&w BWUWHB (-) 



* 11 

"0 I Ie-n(k)  e-n(f~qi) sin p (t - 7) S* P (tl - .rl) & h i  - Ky = - 
m2p2 0 0 

"a [-n sin pt e-* + p (1 - cospt ePt)] x 
5 = & 3 @ 2 + n 2 ) 2  

Aucnepcwi peureawi 

Da 
"Y = m 2 g  + n212 [-n sin pt e-"'+ (1 - cospt e")12.(5.37) 

Peuteme o g ~ o p o ~ ~ o l ~  ypaBHeHm (5.41) 

YO = K ( ~ ) Y w  9 (5.42) 

rAe K (t ) h a ~ e l i ~ 8 n a ~ a R  MaTpHUB pl3lIIeH@, y!JOWIeTBOpPW)- 
4 m  ycnoem R(0) = E (E - emmiuqxm ~aqxiqa); yOO - s e m p  
HaumHm A ~ H W L  3ne~emw Mawuw K ( t )  nonywm B ma- 
n ~ m e c ~ o f f  + p ~ e  we ecerza yaa&x, HO B  TOM fi HeT ffeo6xo- 
~ M O C T H  npu sKcnennoM peurenuu y p a ~ ~ e ~ u f i .  

HatQe~ o64ee peureme ypaBHetaur (5.41), B O C l 7 O n ~ B a B U I ~ C b  
M W A O M  B a p ~ I l k  IIpOU3BOJIbHbl.X nOCTOIIHHbIX n ? m .  CW- 
TaR Yoo &y~~clruefi BpeMeHlc, nOACTaBUM (5.42) B ypaB@eH$E (5.41): 



OCHOBH~R TPYAHOCT~ npn rncneHHoM n o v e n n n  peruenm B 

@ o p ~ e  (5.46) s a m v a e ~ c n  B onpeaenemin MaTpnm K(t, r), sa- 

G (t, r )  = K(t  - T) .  

Korna ~pe6ye~c11 nonyrm pelUeHUe L W i  @ U K C M ~ O B ~ H H O K ~  

MOMeHTa BpeMeHU ( t  = tk ), MaTpUlIy rpUHa 0 (1, T )  M O M 0  nOJIy- 

Y p a ~ ~ e m e  (5.51) ~ M H O H M  cneBa Ha MaTpnuy K ( t k )  E npe- 
06pa3ye~ K Bmy 

d - G(tk , r ) -  G(tk,r)A(r)=O, (5.521 m 
r e  G (tk , 7 )  = R(tk)K-l(r) . 

OT.cm~a cnerrym, YM MaTpnua r p w a  y n o ~ ~ ~ m o p s e ~  MaTpm- 
HeHKK) (5.52). K WHeHUKl (5.52) IIpUMeHUM Onepa- 

TenhHbIMn ~ n e ~ e n ~ a ~ t i ) ,  mrna . , , ... , 8 
. .. . 

, . <., 

i: , . . .\  
- - (GA)' = 0, ' . ' -' m (5.53) 

(GA)' =A*G*) . , f ' i :  

dG ---A'G'= 0. m (5.54) 

= K ( ~ ~ ) K - ' ( T ) ,  n, npn T = tk , G = E ) ,  nomMy cnenyeT n e p e m  
K HOBO& H ~ ~ ~ B U C A M O &  n e ~ e a n o f i  rl = tk- r, nocne seru ypaB- 

, Henne (5.54) npvhrKMam sw 

dG' + Ae(rl)G* = 0. m 1  (5.55) 

T ~ K  xcax 3~a~eAue  m r p m a  npn @n~cnpo~a~nboc npenenax 
' : s m p & m ~ ~ u  (546)  He sasncm OT HarrpaBlrenm r n m r p ~ p o ~ ~ u 8  

= tk - 3)) M Mawtiuy G *(tk,  il), ndnyre~~ym npu pemeHm 
.55), nocne.onepwnn conprrmeHm ucnonb3ywc npn 
nHTerpana f~mpoe  cnaraetgoe B (5.46)) 

0 'k 

, r).f (T)  h = - G(ik ,  f (rl)  drl = J G(tkr  r l )  f ( T ~ )  &, . 
. ?k 9 

oxemwe M ~ T O L I ~ ~  ompenenem penre& ypasHeHm (5.41) 
UH ~ P U H ~  CnpaBemUBsl He TOJIbKO mSI CUCTeMbI BTOPOrO 

opmm (5.40) (na npmepe~o~opol i  ~ ~ I J I R  nponenwbt sce ~ e o 6 -  
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H3 (6.69) I[NI rrpOU3BOnbHOm @UKCUPOB~HHON M o M e m  Bpe- 

M e H a  o n p e n e m e M  z ; ~  . Hmoxe~ma METOA n o 3 ~ 0 m e ~  onpwenmb 
MaKCUMBnbHO B03MOXHbIe 3 H a q e H m  -09 113 KOMnOHeHT BeK- 
TOpa COCTOXrain CUCEMbl, HaIIpUMep MaKCHMaJIbHOe OTKjlOHeHEIe 
k-a MaCCbI maX (xlk) UjlU ee M ~ K C K M ~ ~ ~ H O &  CKOpOCTU maX (xik). 
3 H m  3aKOH paCItpeAC!JIeHUSl MaKCUMmbHbIX OTKJXOH~HU~~ MaCC CUC- 
TeMhI, MOXHO OIIPeAejlSiTh BePORTHOCTb T O N ,  TID MaKCUMaltbHOe 
OTKI IOH~HK~~-& MaCCbI YPOBJIeTBOpXW YCXOBHX) (6.62). AHaJioIWI- 
H h l e  3 m a q U  NMelOT MeCTO 11 np11 p a C q e E  CUCTeMbl nOABeCKli 
T p a H c n o p m  c n m ~  (CM. puc. 6.3) npu H a e w e  H a  emmare 
HepOBHOCTH. &a BepOSTKOCTb 

A 

PI@ < Zj, < A  ) = lfil(zim , t ) dzjm CYim = YO) . (6.70) 
0 

&S a B T 0 M U U H b I  (CM. PUC. 6.3) B b l p U e H U e  (6.70), IIO3BOJLXIo- 
uee onpenenm yo & - B e p T u m H o e  c M e u e H s i e  no~aeclur), 
cnpasemso TonbKo B n H T e p B a n e  B p e M e x a  tl, = l/vo (no H a e 3 p a  

34UKHX KoJI~c). 

lTorryre~~oe B u p a x c e H n e  I[NI B e p o m H o r m  MBUCET OT BpeMe- 
HU t. M o ~ e w  r, K o n r a  PI n o m r r a e T  M ~ K C H M ~ J I ~ H O ~  a ~ a n e ~ m ,  
HaXOAUM 113 YCJIOBHII 

~ ~ B U C U M O C T ~  Pl(t) M o m 0  nOJl)WfTb LUIIl p A q a  m C K P e T H b M  
s H a n e ~ n f i ,  a MTeM, ~ o c n o n b s o ~ a ~ u r n c b  cmafi~-@vamm, no- 
rryru~b a H a m T w e c K o e  sbpaxenue m Pl(t). 

AHBn0rWXHbIM MeTOAOM MOXHO OXIpeAUIUT5 U MaKFUMBnbHbIe 
snane~m yc~openuti (nepsare n K o u n o H e m  B e m p a  Z): 

max (2r) = I J1 I = 1 JI 1 bil(t). (6.72) 



B XaHHOM n p U M e p e  HeT H~O~XOWMOCW nepeXOnUTb K CUCTeMe 
Y p a ~ H e H a f i  n e p B O r 0  IIOpXEKa, TaK KaK PeIIIeHUe MOXHO I I O m K T b  
B ~ H ~ J I u T W I ~ C K O ~ ~  @ O P M ~  3anUCH. Haxonu~ HaqaJIbHbIe CKOPOCTU 
cacTeMbx nocne rrpeKpaureHEur nefimm nunylraca u3. cnenyIouMx 
COOTHOIII~HW~~: 

J 
3 

Peme~ae CVrcTeMbr (6.76) a M e e T  ~ n n  
x2 = c1 sin p,t + c2 cos p,t + c3 sin p2t + c4 cos p2t ; 

Q = clal sin plt + c2al C ~ S  pit+ s3a2 sin f i t  + c4a2 cosp2t 

CI = 
P1P2 (02 - 01) 

B p e 3 y n h ~ a ~ e  nMeeM 

xz = al Jxl + a2Jx2 ; 

Q = blJxl + b2J3, 

me 
a2=y11 sinplt-y2, sinp2t; 

a2 = y22 sin p2t - y12 sin pit ; 

b, = yl la l  sinplt - y21a2 sinp2t 

b2 = y22 sinp2t - y12al sinp,t ; 

H.1 = 
JO (% - 01) p1p2 

llonyrm e b r p a x e n l r r r  arur hia~cwrdmHoro 3nase~m chiewe- 
HEU~ x2 a 4. B M O T B ~ T C T B ~  c panee moxennm a n m p m o M  

paCCMOTpUM @ Y H K W O H ~  

J = ( a . J ) - X [ ( U . J ) - 1 1 ,  

2 

( a . J ) = z a , J x , ,  C= 
hl 

YCrroBWl (6.55) C11WeT Y p a B H e W  

a = hC. J. 
~~OBBBIIIHCB y c n o B a e M  (6.53), n o n y r a e M  

. . ~ = J P F G F & ~ = I J I ~ $ X  

& = I J I 'Jc1c,l iii2plt+ c z  sin2p2t+ c12 sinplt s i n e t  , 

c11=Y?,+Y?2; ~zz=T?l+&; 

c12 = - (rllYzl+ ~22~12) . 
M ~ K c u M ~ J I ~ H o ~  3HaWHMe X2 (6.55) 

m a x ( q = h = ~ ~ ( w =  

= I J I 4c11 sinZplt+ clz sinpli sinfit+ C22 sinZP2t. 

COOTBeTCTBUU C (6.67) IIOJIy'4QeM 3aKOH PaCIXpenWleHUX L W I  

max (xz) a rnax (x2): 

(6.77) 



rne 

onpenerrrre~ max x2 n c o o ~ ~ m ~ g y i o w k  eMy SKOH pacnpenene- 

C ruMemmeM ~pehfem ~ ~ K O H ~ I  pcnpenenem HenpepmHo 
WMewnarcrr, a npn A U C ~ H ~ I X  MoMemax BpeMem ~ ~ K O H ~ I  pac- 
npexenem x2m, hrn n o n o 6 ~ ~  ~ ~ K O H ~ M  pacwwenem ~onym 

cnyyahoro mmynbca (CM. puc. 6.8). 
Ma~cnManb~o B O ~ M O X I ~  armomme max (h) A cmpoc~h 

Inax (&A nallne~ ~3 ycno~nii 

4," 
If (xzm , f )  dw2, = 0,99; p 5 = o  5 

rne 

- U3noxe~~brB MWII ananu3a ~exaiimeclwt cncTeM npn neii- 
C T B ~  mywt inb~~  i f ~ n ~ n b c o ~  npon3~0nbnorn HanpaBneHm no3~o- 
XSeT OnpenWIUTb MaKCHMaJIbHO B03MO)KHbIe WHBMWIeCKUe $- 
(P~KTM B cnmMe n ~ b 1 6 o p ~  napaMeTpoB c u m ~  m mmm- 

8 6.3. H ~ u a p m e  w y d b a e  rone6nmn mmeiiuux cncren 

CHCT~M~I  C OW& CTeIIeHblO CBO~OA~I, KaK lIPaBnPaBKn0, U03B0- 

,  KIT nonpa'rb peuemie ypa~ne~at t  newmenu% B ruranmmec~oil 
&op~e,  .rro cymemexino ynpoqam nocnenymmee onpeneneHne 
~epomirocTmx XapamepumK a~mona ,  npn U~B~GTHIZLX Beporn- 
~ o m m  xapampumxax ~BXO~IB,. n p m e ~  D.IM ypasne~uB c 
-FIOCTOIIHHMMU K O ~ @ @ R W ~ H T ~ M U  Bepomoemme x a p m p n c m  
 mom B pme cnyraeB M O ~ O  non- u B m a n m e c ~ o #  
@Op~e, y~06HOfi D.IM aHWU3a. &Jl CUCTeM C KOHeSHblM SHWIOM 

&eneneft C B O ~ O ~ ,  HanpuMep nnnekabut c nocTonnmMu napa- 
I ~ ' e q ~ a ~ u ,  peueHue  om, B npmwnne, nonyrm e aaanmsec- 

K O ~  & o p ~ e  3anncu, HO C ~ ~ ~ O T B E H H O #  nonb3~ OT m o m  pemeHm 
awencmue r p o ~ o w o c n r  +op~yn no cpaBneHum c wcnenxibIM 
pi*nenueM HW, ~ O ~ T O M ~ ,  K ~ K  npaBm6, qUWIeHHbrM mmnaM nc- 
cnenosanm r r a i h m x  Kone6amB OTnaewrr mennommie. 
-Y B. '~S~CTB'  B-Hm B pa3&X Hema~ki0HapHbIX . M ~ & H ~ I X  
&ne6anuB JIUHeftHbtX CUCE2.M PaCCMOTpUM C U O T W  C TPeW CTE- 
newnMu cm6o~[bl (puc. 6.11j a), rne MBCC~I rn~.cqnmeM mqeqHmm. 
lHa' pnc. 6.11, n 4nmo enemax c m  paBno wcny a n e n &  
8~660&, HO BO~MOXHH onyvasi, icorna rucno BomymeHn& Me%- 
me rncna c ~ e n e ~ e k  cBo60llb1 WIB &mure, ta~ nom3a~o ~a 

&w. b3M0XHh1 X MeXaHEneCKUe CUCTeMbI (CUCTEMM BMOPTU- 

. 6.11, 9. 
B ~aJIbHC&UIeht 6 y n e ~  CqHTaTb, W O  B C e  nw6xom~b1e CBWeHElrr 

o c ~ ~ y r a i h m  cmax ( n e p m o c ~ ~ b ~ e .  XapmpncMnui cnyrakem 
-&3~flse~uk) N~B&M. npU 'Ca~6g l l 6 i o B ~ e  OCHOBHBR. 'PYA- 
$deb, EBIISHHBR F n ~ y r e ~ u e t h  ~ e p o m n o c ~  xapame- 

~ ~ % h i a ~ n r e c m x  ~ m n o e  peureHIlrr w@&epe~unanaHbtX ypasae- 
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Pm. 6.11 

HI&, HO xeaonym~o npu ~luemw ~ o ~ ~ c p -  a q ,  c KMP- 
pbIMH IIpUXOgUTCR CTaJKUBaTbCX MfIIKeHepY B ~ O B C W H ~ B H O ~ ~  p- 
60~e. 

B ~ O ~ ~ I I I U H C T B ~  c n y m e B  ~epomxomwe x a m p a m m i  cny- 
Y&S~IX cm (UIM BWOB ~~ ~ o ~ ~ y u l e ~ u f i ) ,  KOSO- 
pme ~ o r y ~ n e f i m s a r n  wa npoemzpyebwm KOHCT~~KKUIO B ge- 
m- y c n o B m x  3 x c ~ l W I M U ,  OWJTCTB~OT. K TOMY Clry- 
u&me B O ~ M ~ I ~ ~ H W I  MOW 38~rce~b QT ca~oi3 KOHCTP-, 
KMO& mxe noxa HeT. l T 0 3 ~ ~ y  pewem y p a ~ ~ e ~ u i i  npemue- 
CTBYW OPeHb 6 0 n b 1 ~ l i l ~  IlOAXDTODWCWIbHaR p a 6 0 T a  IIO IIOJIYTeHHIO 

~ @ O P M ~ Y Y I U  o myw&mx ~ 0 3 1 q w e m  s K c n e p x f M e r m m n m u  
MeZW@hfU C ~ 0 ~ ~ ~ e f i  O ~ ~ & ~ O T X O %  ZJKCIleQUMeHTanbHblX am- 
nbrx JWI onpenenenm sepom~or;r~arx x a p a c m p u c ~ w ~  *BXWW, 
YTO 0C06eHH0 TpyAOeMKO, KOPna ~ p e 6 3 r n X  H W  Y I H @ ~ M ~ ~ E ~ ~ O  
0 BepOSTHOCTHbIX XapaKTepIICTUKaX H e C T ~ O H a p H b W  -&HISL 
n p o q e c c o B .  

%a TpyROeMKOCTb CylseCTBeHHO OpaHEi'IEiBaeT B03MOXHOCTU 

T e a p m  ~ e c ~ a q u o a a p ~ h ~ x  c n y r & ~ b ~ ~  ~ o n e 6 a ~ ~ i 2  npa p e m e m  
n p m m b m  3aaa9. 

Ha n o a m n , ~ m ~ y 1 o ' p a 6 0 y  no onpenenwum B e p o m n w T -  

HbIX XapaKTt?pUCTHK BXOJta ~pe6yema HeCOU3MepBbXO 60lIfiIUe Bpe- 

M e n u ,  sea w p e m e H m  ypan~ewufi n B u m e n s w  npn ~ B W H Q M  (B 
BepOXTHOCTHOM c~b1-e) BXOAe. B KOlre'4HOM, C'IeTe W e X H O C T b  

p a 6 0 ~ b 1  M ~ ~ H u Y ~ c K o ~ ~  CHCTeMbI UWUKOM 3asUCUT OT TOR), Ha- 

CKOJIbKO TO¶HO 3 ~ a H ~ h I f i  B PeLUeHUU BxOA W a e T  PeaRbHylO 

@a3n~y npouecca. B pme c~ryrae~ B e p o m o m b x e  xapamepuan- 
KU sxona H e  3a~ucm OT ca~ofi ~o~crpyraruu u X B I I R ~ X  XO~OIIM) 

mmenmn.xn cnyrafi~bmnu +~HKLMIIMU. Hanpmep, B pe3ynb~a~e 
0 6 p a m  ~ O ~ ~ I U O M )  YKClIa 3KCnePUMeHTUIbHbM AXiHbM now- 
W H b l  B e p o m O C T H b I e  XapaKTepUCTUKU H ~ ~ O B H O C T ~ ~ ~  nopor [36], 
H ~ ~ o B H o C T ~ ~  83pOnpOMHOM) ITOKPbITIISI, CKOPOCTU BeTpa &lEi pa3- 
nurnarx P&OHOB A T.E. B STOM ulylrae npu manu3e mmexim 
CIlCTeMbI MOXHO UCIIOJlb30BaTb H3BeCTHbIe BepOllTnOCTHbIe XapaK- 

T e p w c m m  Bxona. 
OCHOBHU~ M e m m  p e I n e H m  y p a ~ ~ e ~ i i f i  mmeHm npu He- 

CTlU(U0HapHbM c n y Y a R n b m  B03MylIIeHEIIIX YBCTmHO H3nOXeHbI B 

B o c n o n b s o ~ a ~ m a c f i  MeTonoM cnn, n o n y q u M  c n c r e ~ y  ypasne- 
HU% MaJlbK K O J I ~ ~ ~ H H ~ ~  (~uc .  6.11, 0): 

YI = 611(-m1 jil - bl YI) + 612(-mzjiz - 6 2 ~ 2 )  + 

+ 513(-m3 ~3 - b3 ~ 3 )  + %4M+ 611fi + 613h ; 

Yz = Sz1(-m1 jil - bl L1) + 622(-m2 j;Z - 4 L 3  + 

+ M - m 3  Y3 - b3 L3) + 621fi + a23h + S2&; (6.81) 

~3 = 631(-ml YI - bl YI) + 632(-m2j;2 - b Z y 3  + 

+ 533(-m3 ji3 - 63 L3) + 63lf1+ 633h + 6 3 M ,  

unu B ~empwoi i  @ o p ~ e  sanucs ( n m e  11peo6p~~a~iuit)  

M j ; + B y + C y = D l f  (D~=A- 'A~) .  (6.82) 

611 612 613 
A = 6z1 622 6z3 M= 0 m2 0 , 

[%I 632 s3j ' [' ' 'j 





P ~ C C M ~ T ~ U M  B T O P O ~ ~  V ~ C T H ~ I ~ ~  'X)"I&, KOrRa B03MmeHm 
fi ( t )  ~ m c x  c ~ r y s a i l ~ ~ ~ n  @YHKWMH Tuna 6enom uwa :  

n t  

D ,  ct 1 = a$ l[gIv a . 
v=l 0 

%) 6.4. Mmia r n a m ~ ~ ~  wopmum npll r r w n a n u u  
neaTawioeapm none6hmli 

, . P a c c ~ o ~ p u ~  M~TOA pernew mcpm~ neomoponm nn~eil- 
. p x  ypa~ne* c ~ ~ ~ T O ~ ~ I K U , K O ~ ~ U ~ M ~ I ~ T ~ M ~  npw newam- 
QHapHbIX C-&HbIX K W ~ ~ I I I M ~  I103B0JUlO~fi lIOnyYaTb PeIIIe- 
HHIl B ai i~Pf2CKOti  +pMe 3WICU. 

conpommenm ynomemepm onpcAwIemmi y c n o m ,  
'am peuxenm cn-hl ypasnemti (6.81) hanrm 6 m  ucnorm- 
BaH MeTW TJIaBHbLX KOoPEUHaT. 

m b n o  p a c c b n m  m a w  06 onptAenenm c&- 
saaqennfi P, n co6CTBen~b~ B ~ P O B  PJLS CNCTCM~I ORNO- 
ypmseeufi ~ a a m  ~ 0 n ~ 6 a ~ ~ t i  6e3 Vera cm conpownne- 

cao6omm ~one6atplP (npn bii = 0) mee~~ng 
y p m ~ m m  (6.29).], . . 

My + Cy'= 0. (6.94) 
' Peure~ne YpaBneHnR (6.94) alueM. B ewe 

yEUCOQpr 

B pmynbmTe nonyraeM 
p2MU+ & = o  

[C - p 2 ~  u =O. (6.95) 
V a m  pi o n p e ~ w e ~  rn y p a ~ n e ~ ~ 5 1  

det [C -$m 0. (6.96) 
3 ~ a x  qacmm, H B X O ~  C O O T B ~ ~ ~ I ~ W B  Bemop1 ~(9, I(O- 
Me yAoBneTBoprrm mMpamecmM o ~ ~ o p o n n b ~ d  YPaBHeHXfSM 
meM, rm Bce s a m I  pmwulm n o T n m  OT HYJIX): 

[ C - ~ M ] U ( ~ = O ,  (6.97) 

K B CKBJIRPHO~~ @ o p ~ e  sanucu 
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B pe3ynbTaTe ~amqoil as s a c T o T  p, nOnygaeM 

yo = u(0 cos p,t , (6.100) 

r e  (n - 1) - KOMnOHeHT BeKTOpa u", HaXOILXT A3 CACTeMbl YPaB- 
H ~ H R ~  (6.99). K o M ~ o H ~ ~ ~  4) BeKTOpa M O W 0  B3IITb JTIOGOP 
n, B q a m H o m n ,  ~ ~ B H O P  emmElue .  

B e i a o p b ~  u(') YAOBneTBOpIIlOT YCJIOBUIO 

& - $) (Mu") uO) = 0, (6.101) 

. ,.=Q, (6.103) 

) B ypameme (6.82) (6e3 W e T a  cm c o w -  

MUii + CQ = Dlf. (6.104) 
Y M H O ~ M  ypasmae (6.104) H a  Tpmcnonwposrunrylo M a r p n -  

u T ~ u q +  u T c u q =  U ~ D ~  f .  (6.105) 

: MOWO nowam, YTO Maw- U T ~ K U  n U ~ C U  c Yg- 
OBWI O ~ T O ~ O H ~ ~ H O C T K  (6.102) r m s  n ~ w a w a u l a :  

u T~~ = M ! ~ ) ,  UTcU = A (I). 

~ n a r o ~ a n b ~ u e  SJIeMeHTbl MaTptrU d EI A' COOTBeTCTBeHHO 

n n 
(6.106) 

, B ~ K a r ~ r p H o a  (POPM~ U3 (6.105) C ylrVlW4 y ~ J l 0 B a f i  OpTOrOHanb- 
.&u (61101) n o r r y r a e M  ' . 

n 
I 

(6.107) 

I i h  cumem ~arpyrce~a -KO cmaMr fi  (cnyilai~~w MO- 

B H ~ T ) ,  n p m o x e m b I m  K mccahi m, ( c ~ .  pnc. 6.11, a), TO 

J ~ U A  Dl ~@H~&IMHKWIO#, T.&. Dl E H  d @ = ~ n ~ ~ : v + k .  
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1 - &) = - e n"It-l) sin pi (t - 7) pi, ; 
Pi 

Onpe~enu~ q,, ~attneM KoMnoHeHTbr BemPa Y a nePBbm 

npOU3BOjXHMx: 

Hanpmep, izm yk nocrre npeo6pa30sm& nonyYaeM m e w -  
Ittee BbIpaXetflre ( n p ~  HyJIeBbIX HaYaKbHbDc ~ ~ H H ~ I X ) ,  aHalIOruYHOe 
(6.109): 



Y ~ ~ B H ~ H u ~  MtUbiX K o n e 6 t l ~ U %  aHW(EIW'IH0 yPaBHeHKI0 (6.82) 
(Dl = E ) :  

r e  B - n u a m t r a n b ~ l a r r  mTpuml. 
~ O C K O J I ~ K Y  MOJtynR CKII fi H e  38BUCIIT OT BpeMeHU, TO M3 (6.89) 

C WeTOM (6.122) nOl IWaeM BepOSTHOCTHbIe XBpaKTepUCTEiKU KOM- 

n o i i e H T  B e m p a  xl: 

9TQ KOMIIOHWTLI BeKTOPa XI RMeXlT HOpMWbHOe paCnpeAeJIeHUe, 

MOXHO OIIPeAeJXUTb UX MaKCBM;LIIbHO B03MOlKHLIe 3HaYeHKII B ICIW(- 

llpn pacqem H a y l 6 0 n b l w %  m p e c  npenmamm H a n p m e -  
HW, B O ~ H R K ~ I O L U U ~  B K O H C T ~ ~ K W ~  npu H a t p y x e n n u  ee cnyrafi- 
HW C m w .  Hanpw~ep, B KOHCTP~KUUR, n o ~ a m ~ ~ o i t  H a  

PUC. 6.12, IIPU nOCTOIIHHOM Ce'IeHUU CTepXHII n p U  H a Q y X e H U H  

ea cnyrat t~mti  cuna~n fi, H a n p a B n e H H a M u  B O ~ H Y  CTOPOHY, 

o n a c H w M  c e r e n H e M  G y m  cerexue B ~sasen~e. H ~ 6 a w w i l  MO- 

Melrr M, B W W K e  OT BHeIIIHW C W ,  ~&CTBYIOWNX H a  MaCCU mi 
(BW~H)Y~UI U CWlhl BR3KOTO COnpOTUBneHEII[ 4 ;.lp), 



cgRT811, r~.ro o m e w  HopManbHoe pacnpenmeme, nonysaeu 
~ a ~ c w ~ a n b ~ o  so3~omoe  ero 3 ~ a ~ e ~ u e  (npa f ,  = pV&) 

KOe OlroWaHMe ~"WCII~~JCUB~ MaRCUM-OM HOpMaJI5HOCO Ha- 
nprrmenm B meme.  Y p a n ~ e ~ m  M~JBIX 1cone6aa& Macc 



r e  n - mcno ayWWm m, n p w m e  paBnbrM nucny cocpe- 
AOTOYeHHblX MaCC. 

IIpu YCIIOBUU, ao rnaBHbre ocx ceserr,nIt KOHCTPYRUUII. coma- - I10 HalIPaBneIiUIO C - X l  X i  Xa, ypaBHWEW MMarra KOJIe- 



HblX C J K Y ~ ~ M  IIOCTOPHHHX BO Bpe- 
MeHE CUJI IIPOU3BOnbHOrO HanpaBJte- 

FEW. Hanpu~ep, K TaKAM 3WWaM OT- 

HOMT s a , ~ a ~ y  pacreTa CucTeMbI aMop- 
TU3aUEiU C OrpaHHYeHHbIM XOnOM. Ha 
pwc. 6.14 n o ~ a 3 a ~ a  cnmMa aMopn- 
s a w n  ohema, nonycKaton(asi h o  
ynapa o6sema o cmim K O H C I ~ Y I ~ M )  

orpaHusennoe yrnosoe nepeMeueHue, 
aaenc~qee OT A, lTpn pacrm cucre- 
MU a ~ o p ~ u 3 a u u u  ~pe6ye~cri  onpene- 
nUTb MaKCUManhHO B03MOXHOe nepe- 

x2 ~ e u e ~ u e  TOY= k (puc. 6.14) npu 
PHC. 6.14 HaUXy&IUeM ~eficTBliU fi B 3WaHHOM 

HaIIpaBJIeHIIU, KOTOpOe AOnXCHO 6bl~b 

MeHbIUe A. B o6mefi nOCTaHOBKe Tpe- 

6ye~cri OnpeAeJfMTb MaKCllMUbHO 

B O ~ M O X H O ~  n e p e ~ e u e ~ u e  (nnn CKO- 

pocm) MaccsI m, no s a s a ~ ~ o ~ y  Ha- 
npanneHnm, onpenenneMoMy en%- 
HUSHUM BeKTOPOM t? ( ~ U C .  6.15), T.e. 
~pe6ye~cri  OnpeneXHTb MaKCMMyM 

PHC 6 15 @~HKUUOHU~ 







BpeMeHu, KaK noKa3aHo H a  pnc. 6.16, 6. B npenene, npeee6perarr 
a m p s a n o M  B p e M e m  (0, fl), M O ~ O  aman, ¶TO T n r a  n p a K m -  
YeClUi MI'HOBeHHO IIOCTUlleT CBOIIY) HOMIIHBIIbHOTO 3HaqeHFW 4 
  TO ~auxyn~mi% crryrait ~owei%mm H a  c a a e ~ y ) ,  T.e. + y ~ ~ q u m  
R MOXHO PaCCMaTpKBaTb KaK BHe3aIIHO IIpwIOXeHHyIO n0CTOIIH- 
HyXO BO BpeMefM CUJly. B PWJlbHbIx CUCTeMaX n3-3a ~ X H O n O r r i -  
recmor norpe1miom9 aercrop TI I~U m n r a m  R H e  c o ~ n m a e ~  no 
H a n p a m e H n m  c oce~oir nwne% n e T a T e m n o r o  annapam ( O T K ~ O H ~ H  
H a  cJryrafi~bI% YKIn 8 )  If, KPOMe TOID, CMenIeH H a  HeKOTOpOe 
cnyrakoe paccFome e, ao npn~om~ K norrBneHwm cnyrakol  
C W I  f A C)IY~~&HOM) MOMeHTa M (PMc. 6.16, a). 

B o614e~ v a e  ~ o v m  k n p n n o m e H m  c m b ~  R H e  n e m T  B 
WIOCKOCTH qepTt2Ka ( ~ H c .  6.16, a), n03TOMY B03HUKaX)II(lle Cny- 
rakbre  aempu f n M m e m T  r r p o a a s o n b t l b ~ e  H a n p a B l r e H m ,  r e .  
a M e m T  omrnxue OT ~ y m  n p o e K q m  H a  ocn xi, -TO ~PIIBOAUT K 
~ o n e 6 a ~ m ~  CUCTeMbI E p U  a p T e  KaK B NlOCKOCTIi PePTe>Ka, TaK 
M OTHOCUTeJlbHO 3~0% IIIIOCKOW. P ~ c c M ~ T P U B ~ A  IIBUXeHUe CUC- 

TeMbI CTapTe, MOXHO UOJlyWTb ABa nEi~e&lbLX y p a B H e H W  
( c ~ m  ~ o s ~ s i ~ a m ~ q n e  ~ o n e 6 a ~ m  M ~ M M U )  OTHOCW~WI~HO y r n o B  

Q U U B C W C T ~ M ~  KOOpAHHaT $'I, CBII38HHbM C Hal IpaBJLRlo~ef i  

(PEG. 6.16, a): 

M=-R,, e cos a P3 + 4 e sin a i'2 = M it3 + M i I 2  , 
5 3 

/ / 

llpn mapre (B MoMem tk m p n  
ama neTaTenbHoro  a m p a T a  c tra- 

m ~ % )  npencTaBIuIeT mepec 
~ H O  ~03~oxuice 3mqeq, 

a w m a  Wxr 
J = u l Q ( t x : ) + % ' ~ ( f k ) *  0 1; 

OTOM IIO3BOJMeT OUeHUTb pa36poc 
aKeTM no n W O C T n ,  ~ b I 3 8 a H ~ b 1 f i  Ha- 

Pnc. 6.17 

nuR M O ~  I e 1 U I E [ U3BeCTHbI, MaKCKMBIIbHO B03MOXHOe 

aqeane @ ~ H K I W O H ~ ~ ~  J onpe~emm~ no B b n u e u u r o x e H H o M y  

Q 6.5. Bbqxa-e cmmo8apaue eny9ailme xone6airas r m s e b  
esrrenr 

B CjIyYae, KOrAa B P M S  IIpOUt%Ca MHOIY) 6onbrue BpeMeHIl 

nepexo.qaon, rrpoqecca, K O ~ ~ ~ ~ H K R  cncTeMbI MOHO p a c c M a T p a -  

PaTb KaK YCTilHOBEIBIUUeCII W A ,  eCJM OHU BbI3BaHbI CTaUUOHaP- 

HbIMU ClI)Yafi~blMU C-A, KaK CTaIIUOHaPHbIe. 

B e m p ~ o e  ypalBHeHHe B b I H p Z e H H b M  ~one6anHir CUCTeMbl C n 
% e i i e m M u  CBO~OAM UMeeT BUlI (6.82) 

M j ; + B y + C y = D l f .  (6.165) 

a U T a e ~ ,  ¶TO BePOIITHOCTHbIe XaPaKTePACTUKU KOMIIOHeHT 

aemopa f(t) M ~ B ~ C T H ~ I ,  FJ v a m o m  ~ B ~ C T H ~ I  cnercrparrbnue 
I nnoniocru Sf (m) a Sff  (m) . 

I ' I  
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K [ak (a), 0; (031 = S' (a') b (wl - w) . (6.168) 

B  TOM cJryrae nocne u H T e r p n p o m m  no w n o n y r n M  n3 (6.168) 
w 

K& (t, t I )  = I S, (0) eiw' dm, (6.169) 
k 

-w 

r A e  T = t - t '; Sf* (a) - CneKTprnbHaR IlnOTHOCTb KOMnOHeHTa BeK- 





0 j t v ,  

dm. 

&IS PeUIeHUSI WaBHeHuR (6.165) MOXHO BOCUOJIb3OBaTbcrt Me- 
TmOM rXaBHbIX KOOP-T ( ~ H B J I O ~ W ~ K O  pBHee PaCCMOTpeHHOMy 
BJIJ'¶aK, HecTaWOHapHbIX CJXy'faHh~x KOK&HE&). C PeTOM CUJI 
~rm~oro ~ p e m  n ~ n y g a e ~  m q/ ypasne~m ~ u n a  (6.113): - 

@+2njqj+&,= Li = d hf, ( f ) .  (6.190) 

tr-' Bocnanwosa~lrrrack rrpeoSpa30ea~ue~ JIannaca, u3 (6.190) no- 
Pa 

3 a ~ e ~ u ~  B (6.193) onepamp p Ha im,  TO no- one- 
rd14ee BbIPaXeHUC 

i n 

!+ Yk (m> = v=l wb (a) (m) . (6.194) 
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Tpe6ye~cx onpenenmb xucnepcm npom6a yl B S~BEICUMOCTU 

OT OTHolIreHux Macc m2/ml. Ypa~tiensm xBuxeHnrr Macc ml u m2 
(WcTHbIfi CW& ypa~HeHUfi (6.195)) UMeIVT BWI 1 

nepeiisrr K 6e3pa3MepHo~y BpeMeHn f l  = pot, rae po - q a c ~ m  
Kone6aH~fi ~accbr ml (npu m2 = 0), nonyYuM cneaylowym cucTeMy 
~ P U ~ H ~ H U ~  

KO~@@UW~HT bl l  MOXUiO WeACTaBUTb B BWe 611 = mlpon2, 
TAe fl2 - 6e3pa3MepHblfi KO~@'&UUU~HT. f l e p e h e ~  K 6e3pa3~ep- 
HOMY BPeMeHU, TOrAa KOPpeJLSUUOHHiW @)'HKUUS (T - 6e3pa3~ep- 
Hoe ~ p e m )  

. . .a ' 

'D - L ~ l w 1 1 1 2  2?f,'! kr:t!.i '.. C Y: 
Y l  -PO, I n e m1 P' dm1 



rne 

~ P B @ M K  83MeHeHWl J5 B 3aBUCUMOCTII OT t l l  = m2/ml LlJS 
n2 = 0,2 u n2 = 0,6 npn n = 0,05 n o i c a a a n  H a  p ~ c .  6.20. 

P a c c ~ o ~ p a ~  c n y r a i r n b r e  ~one6anurr ~ e x a ~ u r e c K o i r  cucTeMb1, 
Bbl3BaHHbIe CTWUOHBPHbIMA CWIIMU C 3ana3AbIBaHHeM. Hanpu- 
Meg, 

/ k ( f ) = f i ( - t k )  ( k =  1 , 2 , . . . , f l ) ,  (6.206) 

n2-0.2 Jlp-* n2=0,6 

o 1 2 nl 

Pwc. 6.20 
a 

~ O A O ~ H O ~ O  PJEa BO3MYI4eHW lIe2lcTByro~. H a n p m e p ,  H a  mTO- 
o 6 m  (~uc .  6.21), K O T O P ~  &BUXeTCII II0 H ~ P O B H O ~ ~  AOPJre. 

earn, neficmylowie H a  Koneca,  3a i ix icm OT H ~ P O B H O C T ~ ~ ~  
. I b I x i  B MOMeHT BpeMeHU t HepOBHOCTb HBXOnul.CII UOfi 

1 ~ I I H U M K  KOJIeCaMU, B MOMeHT BpeMeHU t + t2, t2 =- 
v '  

a 6yne~ ~ a x o n u ~ b c r r  non ?.amlu~u KonecaMu,  n mrya cnyra t~b~e  
~ M ~ I L ~ ~ H E I R  MOXHO npencmum B B m e  

m 

~ ( t )  =fi  ( 2 -  t k )  = j q m j  e f m W  dm. (6.207) 

* 
V 
C 

PHC. 6.21 

Peure~ue y p m H e H m  (6.165) u u e ~  B B m e  (6.177): 

m 

yk (t ) = ~ Y ~ J O )  eimth . (6.208) 
-m 

~ r n  (6.206) xi (6.207) B y p a e H e m e  (6.165) (nepem K 
P H O ~  ~ ~ I ~ K c H ) ,  n o n p m  
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k-k KOMnOHeHTbl BeKTOpa y(t ) IIOnpaeM BbIpi3XeHUe 

lTocne 11peo6pa30Ba~~, ananormm n p e o 6 p a 3 0 ~ ~  npu 
smone CooTnomenun (6.185), norryraeM cnemouue mpaxensui 
DJlS CUelrrpaIIbHbLX IJJIOTFIOCT~~ U B3aEIMHbM CIIeKTpaJIbHbM IJJIOT- 
n o m i :  



. . 

Pwc. 6.23 

' 
P ~ C C M O T ~ U M  n p U M e p  (CM. pUC. 6.22) CO ClIeJKyKJlqUMU KOHKPeT- 

~IMM SUCIIOBHMU ~ ~ H H ~ I M H :  a = 240 CM; b = 150 CM; m = 
50 H . CM-I; m, = m2 = 8H. c2. CM-I ; c2 = 4000 H . CM-~;  cl = 

lo4  H . CM-'; a = 150H. c .  CM-I. CI'IeKTpaJlbH%i WTOTHOCTb He- 

B H O C T ~ ~ ~  noporu h (pm n a H H o m  mna noporu) u M e e T  ~ u n  

(6.217) 

e v - CKopOClb IIBIM(eHU5X PBTOMO~IZNI, KM/'I. ~ U C ~ O B ~ I ~  ~03!$- 

a m e H m r ,  B x o m q u e  B n e B y l o  YacTb B b I p a x e H w a  (6,217), pa3~ep- 

Ha PUC. 6.23 nOKa3anb l  3aKOHbl 113MeHeWWI C c n ~ T p a J I b ~ ~ l f ,  

THOCTU S,, (a) B ~~BIICMMOCPM OT a ma pma snare~uP crco- 

- v = 50; V - v = 60. nonararr a = 0 B ypasnexiwix (6.213), 
e SaCTOTbI: AIM CUCTeMhI (6.215) I I O m a e M  - 42,6 6'; JUIA CBCTeMbI (6.216) pzl = 9.6 '2-', 

3 0 6 p a ~ e H ~ e  ypasxiesnfi (6.215) u (6.216) B WIGTOT- 

[mA (iw)' + ec (iw) + cd YA (ico) - cz + a i w )  Y, ( i ~ )  = 0; 

[ml(b)2 + aim + c, + c2] q(i~) = clhll(iw); 
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[me ( i ~ ) ~  + a (im) + c2] YE (ico) - (c2 + a i o )  Y2 (io) = 0; 

(c2 + a io )  YB (io)  + [ r n 2 ( i ~ ) ~  + a( io)  + cl + 91 $(io) = c2HZ(io), 

H3 non~ennoii CncTeMbI anre6pamecm ypaswennii n a x o m ~  
YA (iw), YB (im), q( im)  i~ Y2 (im) : 

YA (im) = WA (iw) HI (im), YB ( to)  = WB ( io)  e-% Hl(io), 

Y1 (im) = W, (im) HI (im), Y2 (io)  = W2 ( io)  e-"'z Hl(io). (6.218) 

-+ + a (cl - c2) ( io)  ' 



at, SIC 2 k i 3 ~ e ~ e ~ u e  cpemiemzmpa~uteb :K KOW 3 H a q e H W  YCKOpeHUR lSYc T O q W  

C B 3aBEICEIMOCTU OT CKOPOCTU V RTUI 
pkICCMkITpUBaeMOr0 n p u M e p a  noma- 
HO H a  PUC. 6.27. kis xpa@uca mew- 
eT, YTO npu e z e  no A~HHO# nopow 

4 ( x a p a ~ ~ e p ~ 3 y e ~ o B  cneqanb~of t  
~OTHQCTbK!  (6.218)) UMeeTolr HaU- 
6 0 n ~  H ~ ~ J I W O I Q ~ X X T H M  CKOPOCTb Y. 

'10 20 30 40 v .  ~w/r  (V  * 50 KM/P), W U  K W P O a  CPefiHHe 
ICBBapaTWIeCKUe 3Ha'ieHUR YCKOPe- 

PRC. 6.27 

npusene~  B M p m e H n e  m We K BW, Y ~ O ~ H O M Y  IULII UHTer- 
P U P O B W M .  K ~ K  U3BeCTH0, nm6y1o @ Y H ~ ( ~ I ~ I I O  f ( im) ,  3BBHCIIUIyH) 

f (W =f i (m)  + i f ( @ .  

WA= WA,+iW4, WB= WB +iWB2, 
I 

u B b p x e n u e  mn Wc npeo6pmyelc~ K BW 

Wc (iw) = Wl(o) + i W2(w), 

C 

. , 

3Q5 



rn~sa 7. ~ H ~ I E  KOJIEBAHEIII CTPYH. 
IIPOLIOJIbHbIE U KPYllUIbHbIE KOJIEIiAHHH 

B IIpeJXbIA)llWX fJIaBaX, nOCMI4eHHblX CJIY¶Z&~IM K o J I ~ ~ ~ H U R M  

MeXaHU'IeCKUX CUC=M C KOHe'IHbIM 'IUCnOM CRlIe~efi C B O ~ O A ~ I ,  

c r u T a n o c b ,  wo ynpyrwe 3 n e ~ e ~ m  ( ~ a n p u ~ e p ,  a e p m i e B a r e  3ne- 
MeHTbI PUC. 5.8, 5.9, 5.24,6.7,6.10) IIBnrrIOTCIf 6e3mepuuo~~b1~u.  
 TO, KOHeYHO, He, COBCeM TaK. %O CIIpaBeLUIUBO TOjTbKO B TOM 

cnyrae, rorna c o c p e n o T o r e H H b I e  ~ a c c b ~  MHOI-O 6onbure M a c c  yn- 
pyPUX 3neMeHTOB. K COXUIeHUIO, no-e UMHOlW 6 o n b u e ~  H e  

CBII3aH0 C K O H K P ~ T H O ~ ~  'IUCIIOBO~~ O U ~ H K O ~ ~ ,  II03TOMY lIBNIeTCIl 

HeonpeneneHHbrM H H e  B c e r n a  ~ ~ ~ A E ~ T ~ J I ~ H M M .  Bce 3aeucu~ OT 
TOYHOCTU, npeA5IfBJIXe~0fi  K KOHe'IHbIM 'IUCJIOBMM pe3ynbTaTaM 

pacqeTa. Hanpmep, Ha  pnc. 5.24 6bua n o K a 3 a H a  c o c p e n m q e H H a r r  

MaCCa m, CBX3aHHaR C npyxuwofi, KOToPaR PaCCMaTPUBaJIaCb KaK 

~ ~ M ~ c C O B U I  ( 6 e 3 b m e p L T ~ o H ~ U I ) .  HO PeaJIbHaJ? WYXUiHa UMeeT 
MaCCy, II03TOMY n p K  K o J I ~ ~ ~ H U R X  B03HUKH)T C W b I  UHePUUU, KO- 

TOpbIe M O W  CmeCTBeHHO H3MeHKTb pe3YJIbTaTbI PaC'IETa, IIOJly- 

YeHHbIe 6e3 EIX yYeTa. 

Ha PUC. 5.4 nOKa3aHa MaYTa C B H T ~ H H O ~ ~ .  ~ P U  UCCIIeIIOBClHHU 

M p a Z t ~ b ~ t  ~one6a~uf4 3TOR K0HCTp)'WUU C W b l  U H e p q u u  c ~ e p m  

( M a w )  H e  FWl'bIBaJIUCb, IIOSTOM)' 0UeHUTb TOYHOCTb IIOJL!f'4eHHbIX 
pe3yJIbTaTOB Hen=. EAUHC'TB~HHO~, 'IT0 M O W 0  YTBePXUaTb: YeM 

TeM TO'IHee pe3yJIbTaT. HO TTCI~H n 0 w U T b  KOHKPeTHbIe 'IACJIOBbIe 

pe3yJIbTaTH BJIWlHWi S?OlW OTHOIIIeHklrr H a  TO'IHOCTb PeLUeHKX, 

~eo6xonmo e p a c q e T a x  yrecn CWH m e p ~ u u  M a w m .   TO ~ 0 3 -  

MOXHO WeJXaTb TonbKO B TOM Wac, WIIU Ma'ITy PaCCMaTpABaTb 

CKOS- mnemia 
b TO'IEO~S pe3ym- 

e q H w  ~ U C ~ O M  c~ene~ei3. CBOBO~I  (CUCTW c paonpenenerr- 

Pno. 7.1 

m, Ha ~ q p y E a  nefrmye~ 
B pe3ymm~e 'B03HyLKilyT 
UR uraccH m. Ecnn orpa- 

6b1~1.3 BecbMa 3Ha'IKlWIb- 
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H u e  (anmmmec~oe mu Y n c n e n -  
Hoe) c t#~op~ynnpo~a~~oR 3anam. 

Ha pnc. 7.3, a n o K a 3 m  pat- 

" 
psw~yu[nf icca  ~ponnefi6yc. KOH- 

PUO. 7.2 ~ a m ~ o e  yc~pottcmo ( T O K O ~ ~ M -  

HMK) M O W 0  ITpeRcTaBWTb KaK CO- 

Y C D ~ ~ O T O = ~ ~ H H V H )  M ~ C C V  m u X ~ C T -  
K&& c1 @A;. 7.3, 6): Hz-3a cny- 
Y a H b I X  H e p o ~ H ~ c ' T e f i  nOpOIM (h) 

BHCHMOCTIl OT BePO$lTHOCTHblX 
~ ~ Z I K T I ~ ~ U C R I K  fiOpOIW, CKOPOCTU 

IIBEM(eHKR V U OCTanbHbIX naps- 
MeTpoa  c n c r e M b I  (m, el, Qlo) npu 
BO3HKKaIoUW K o I I ~ ~ ~ H K R x  B03- 

6 M O ~ ~ I  c ~ ~ ) n l a n ,  ~ o r n a  KOHT~KT- 

. ,'..: : -.. PHC. 7.3 ~ a r r  cuna ~ex.qy n p o ~ o ~ p ~  n ~ a c -  
? p u  : COW m B AUCKpeTHbIe MOMeHTbI 

.+wr BpeMeHU 06paqae~cff B HyJIb. 
%O MOXeT ElMeTb MeCTO, TaK KLlK CBI13b MeXAY IIPOBOllOM I4 M B C C O ~ ~  
o n ~ o c ~ o p o ~ m .  BpeaJIbHbIx y c n o ~ ~ x ~ c e r n a a ~ e e ~ c f f ~ e 6 o n b m o e  
IIpOBElCaHUe IIpOBOAa (IIIT~UXII)'HKTK~HW JIXHUX H a  PKC. 7.3, a), 
W O  OYeHb CUnbHO YBenNYLiBaeT BepOXTHOCTb HapyIUeHUff KOH- 

Tams. 

Ha PUC. 7.4, a nOKa3aH ~ ~ H T o ~ o T X X H ~ &  MeXaHU3M B CUCTeMe 
3aIIHCFi U BOClTpOU3BeneHWl H H @ O ~ M ~ U & ~ H .  C H C T ~ M ~  HaXOLWTCII H a  
o c ~ o s a ~ u n ,  ~ o ~ o p o e  n ~ e m  crryrafi~oe nepe~enre~ne Y,(t 

, 6). B p e i y n b m  B O ~ H H K ~ ~  myvahb~e K O R ~ ~ ~ H K I I  
tiCR neszm, wo np~~011~fi .  K n c m x e m  EM@OPMBLII~ZI. 

7.5 no- y s a c r O K  m a w . ,  B-U ~ m p o r o  mi- 
c r b  (I~IIIBHT -   TO ~ammdk crryrafi ~py60npo~ona, y 

HbIe EI K P W b H S I  LIIeCTKOCTU PaBB HylIlO,, T.e. 

a 6 c o m o  ru6-fi m p  
b). ~ B H T  UMeeT B CePe- 

k (~xc. 7.5, a) n O m b -  

TOPOHHlOlO CBII3b, 

Hoe ImpeMeqeHEIe,  

KOne6amat W E -  

m w a qaivxemw p. 
pnc. 7.6, a n o m n  

hc. 7.5 



coii m, Ha ~o~opb lk  neikc~~ym cnyfa%~m pacnpeneneHHarr cma 
q&t) II COCpeAOTO9eHHW CUIIa P, ( t ) .  Gy ' Iak~b~e  IQJOAOnbHbIe 

~ o n e 6 a m  cTepma npmomr K noxMenIllo c n y ~ a i i ~ m  Hanpx- 
IiCeM, KOTOpbIe H ~ O ~ X O A U M O  VUTbIBaTb npu pac9eTax. Hanpu- 
MeP, eCnU Lurrr Hop~a'IbHofi pa60~b1 CTePXWE? H~O~XOIIAMO BbIIIOn- 

Heme ycno~zrr (q - a,,) > 0, r e  oT - npenen TeKyqem MaTe- 

puma cTepm; om - hfaxcubfanbHoe nanpmeaue B CTepme, 

TO npU c J I~T~HoM 0, Sf C y'IeTOM BOBMOXHbE pa36p0~0~ oI 
~pe6ye~ca  OlTpeAWMTb BepOXTHOCTb BbInOnHeHM HepaBeHCTBa, T.e. 

P [(oT - am& z 0 1. Onpenenurn sucnoBoe s ~ a r e ~ u e  P MOXHO B 

cny~aik~bIX IIPOJtOJIbHbIX K o J I ~ ~ ~ H M  CTepmWII. 

Ha pnc. 7.6, 6 noKaw Ban nepeMeHHoro cerleHm, u~ero~qui i  
COCpeIIOTO4eHHYIO MaCCy, MOMeHT UHePUHU K O M P O ~ ~  OTHOCUTWIb- 

HO ocsi Z paseH JL. Ban HarpyxeH cnyrafi~brni pacnpeAeneHHHM 

MOMeHTOM pz ( t )  U Cj l )" Iah~M COCpeAOTOYeHHblM MOMeHTOM 

M, (t). IIpu crryrafi~bnt ~ p y ~ m m  ~one6anmx sana BO~HIIK~KYI. 

U&afiHbIe KaCaTerrbHbIe HaIIpmeHMII. OWHKU H O P M ~ ~ H O B  
pa6orn1 sana, no axanornu c n p e n m u h l  npmepoM, HWO on- 
PeAeJIUTb BepO5ITHOCTb 6e30T~a3~0fi p a 6 m  P [(zr - rmax) > 0 1. 

r a a A  K&&~Hw' & y ~ a r ,  npoliomtim ~ o n d a -  
-F ~onc6a~Elft ~ ~ ~ a ~ o n i o e m x  K o~uoky 

c,Cy y p a ~ ~ e ~ ~ f i  B WZlCTHWX lIpOsi3aoaHao( - K y ~ a ~ ~ e k w u l  

ep6onmecrcoru m. B ~oworpa@nqx si y s , e 6 ~ ~ ~ , ,  nocm- 
Kofi C p U 3 ~ ,  ~ ~ p u B d m f f  ypaB- 

cocpe.&cmige&me Maccn x cocpeaol.o- 

M paffi~~EIaKtTM B O ~ O B M ~  WaBHB- 
YPaBHeHM, KOlXZl AE~CTBYIOU~X~ HB CrpyHy, WpXeHb 

m, ~ a ~ y x w c a  poemti q$ 

(7.1) 

eBoe ycmue Qlo(z) u mcca emHKUar mki~hl C T P ~ H ~ I  
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& , = - m l  
2 

&&, d ~ ~ = - m ~ f  dz ,  
dt dt (7.2) 

q~06fi1 n0JI)YUTh YpaBHeHUe B 'IaCTHhIX lIpOU3BORHbIX, HagO 
IIepeh K IIepeMeHHbIM, KOTOPYe UC~OJIb3ylOTM B MeXaHIMe 
cnno~u~oZt c p m  (nepe~e~mre Jlarpama m u  Shepa). B 3wa- 
rax, me U M ~ I I  oTnocmnbHoe w e m e  cpen, ~au6onee 3@- 
&~KTUB- ~ ~ I I O T C I I  nepeMeme 3hepa. IIepexom B (7.2) K 
nepeMeHnm 3Jmepa, nonygaeM 



me u - n p o n o n b H o e  c M e l q e H u e  c e v e H u u  cwpxtia ( c ~ e q e m e  
TO%K O C ~ B O ~ ~  nRHMA CTepXHII n p H  K O ~ ~ ~ ~ H U R X ) ;  F - IIrrOWa,L(b 

nonepevrioro c e s e H u a  c T e p m ;  E - M o n y n b  ynpyroc~n n e p B o r o  

pona. 
3. Y ~ ~ B H ~ H A ~  Kp)TWbHbIX K O J ~ ~ ~ H I I ~ ~  BWIB IXepeMeHHOm ce- 

n e H m  c cocpeno~ove~~ofi  a~accofi*, p a c n p e n e n e H H u M  u cocpe- 
AOTOqeHHbIM MOMeHTOM M (CM. PRC. 7.7, 6) 

r e  cp - yron n o B o p o T a  c e v e H m  sana; J, (2) - n o m p a b r i i  MoMeHT 

n H e p u u u  sana, u M e I o q e r o  K p y r n o e  c e v e H u e  (m Bana H e K p y r n o r o  
ceream u M e m c x  a ~ a n o m ~ a r r  reoMeTprrrecKarr xapaKTepucTuKa  

c e r e H m  Jk ); G - M o n y n b  ynpyrom ~ ~ o p o r o  pona; I, - 6 x 3 ~ -  
recmfi MOMeHT UHePIIMIl COCP€~IOTOY~HHO~~ MaCCbI OTHOCXTeXbHO 

UeHTpaJIbHofi OCU, coBIIa,L(a~,Iqefi C OCbh3 C p - IIrrOTHOCTb MaTe- 
puma sana. 

EUUi BHeIIIIwr  Harpy3Ka OTCyl'CTBYeT, TO y p a B H e H m  (7.1)- 
(7.8) OnUCLdBaKYC c s o 6 o m b r e  ~ o n e 6 i l ~ u r r ,  BbI3BaHHbIe, H a n p u M e p ,  

CMeqeHUeM T o W K  O C ~ B O ~ ~  JIUHUU CTPYHbI B ~aWJJIb~b1fi MOMeHT 

BpeMeHU. n 0 w U T b  PeIIIeHUX ~ ~ ~ B H ~ H Y I E  (7.1)-(7.8) B aHaRUTU- 
W C K O ~ ~  @lOpMe 3anHCU (3a EiCKlIIoseHUeM WlCTHbIX c n y ~ a e ~ )  BeCbMa 

UIOXHO. O C O ~ ~ H H O ,  KOrAa IIPUJIOXeHHbIe B IIPOU3BOJIbHbIX C W e -  

HWIX C W b I  U3MeHXIOTCII BO BpeMeHU. M~TOA HaqaJIbHbIX IIapaMeT- 

POB, K O T O p a  O ~ ~ I P H O  UCnOJIb3YeTcII n p U  peIIIeHIlPi w a Y ,  r e  
~pe6ye~cx cnmorra-cb y i a c T m ,  PT06b1 c o c p e n o T o v e H n b r e  MaccbI  n 
c o c p e n o T o q e H H u e  cmbr H e  BXOAUJIU IIBHO B y p a B H e H m ,  ~ ~ ~ U B O A U T  

K OYeHb rPOMOUUMM KOHWHbIM pe3yJIbTaTaM ~ O ~ T O M ) '  B nmb- 
~ e l l l u e ~  npu arranme c ~ a l l a m  ~011e6aHltfi c n c r e ~  c pacnpene- 

n e H m M u  napampami u c n o m q ~ ~ ~ ~ ~ ~  K ~ K  TO¶ible M ~ T O A ~ I ,  no- 
@onmque nonyrm p e m e H u e  B a n a n m e c ~ o t i  @lOp~e samcu, 

r u npu6nuxen~are M e T o m ,  KOTOPHM omaexn npeg;novmaue, 
;laK K ~ K  OHU n o 3 ~ w m  ~ O B -  no SUWIOBW ~ ( ~ a q e ~ n f i  p e m e ~ m  
~ X H ~ I X  w a n .  

P~CCMOTPMM H e C T U O H a P H b I e  KOJIe6aHUX C'QYIibl C A B W -  

&II C ~ O C T O I I H H O ~ ~  CKOpOCTbIo v M a ~ c O f i  m (CM. pUC. 7.2, 6). f!r& 
T a r n ,  m B e p o m o m L d e  xapampnmum cnyrallaofi mpo- 

d a ~ U ¶ e C K o f i  CUJlbI F, (i), A e f i C ~ ~ y ~ o ~ e f i  H a  Mat%)' m, U3BeCTHH, 

m m e  y c K o p e H m  M a c c H  m, cqwras ~ ~ K O H  p a c n p e n e n e H u x  yc- 
peHHJ? HOPMaJIbHbIM. 

Ypas~e~ue  M- ~one6a~ui l  c u c r e ~ b ~  n o n y r a e M  1x3 (7.1) npu 
* const, Q10 = const, qy = 0. Ha M a c c y  m nefimym p u  cum: 

na wca mq; m p o n m a M m e c m  c m  Fy (t) u cma mepqm 





3 (@=(A ,.& ,.$21~,), 

A = - S[qll(t, tl)bol(r) + ql&, tl)bol(t)]Fy (tljdt, + b O l ~ y  ( t )  , 

f2 = - l[q21(f5 ti#,(f) + q22((, tl)bo2(t)]Py (tl)dtl + b 0 2 ~ ~  i t ) .  

"Vfl 2nvt1 bol = uf? (ti) sin - + 49 (4) sin 7 ; I 

nvt, 2nvt1 
boz = (tl) sin + u$g (tl) sin 7 

m. sin -j- + gasin - b02 ; 1 

nz 2nz b ( t , z )  = bO1 sin-+bo2sin-. 

2xz) 

I I 

MaTeMaTUPeCKOe OXUAaHHe yCKOpeHSC3 my (f, 2 )  U 

p p e m u o H n y m  @ y ~ w a m  K? (t, t ') : 

t 

b (t, z )my (t  1; (7.20) 

Ki (t, t I ,  Z) = J J q (t, ti. z )q (tr, t2, Z )  K~( t1 ,  ti) dtldG - 
0 0 

I '  

t l ,  z )Kp( t l ,  tl) dtl - b Ct, Z )  j q ( f f ,  f2, Z )  x 
0 

x KF (t, ti) dt2 + b (11, z )b ( t  ', z )KF (t, t ') . (7.21) 

. , , n o n m  t ' = t , r r o n p a e M  ~ucnepcm y c ~ o p e m  
Djj( t ,  z).= Kj;(t, inr z)Itat. (7.22) 

3 w a B W I c h  AUCKpeTHI,IMEi 3HaqOHWRMU r /  (0 5 t i ,  tk), '4UCneHHO 

B o c 1 1 o n b 3 0 ~ a B u n l ~ b  n p a B w r o M  T p e x  C U M ,  nOJIYgUM MBKCM- 

bHOe 3HaqeHUe YCKOpeHIlR IYIA 3wZlHH0fi  CKOPOmU: 

maxy(r/,z)=mj;(r/,z)+30ji(r/,z). (7.23) 

' Kaqecmemibxti Xaplurrep U3MeHeHuri MaKCUM&JIbHOrO YCKOpe- 
a= (mu $UKCUPOBZ~HH~IX 9) nOKi%%H H a  
OqepeJIb, MaKCUMaJbHhIe 3HaueHlirr YCKOpeHUS 
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j, =max(maxj;(q, t)) 

max j; 

P~CCMOT~UM cTaWoHapnue ~ o n e 6 a m  m a m a  (CM. 
pnc. 7.5, a), shnBame mqrionapnaar KEnrehfamecmM ~ 0 3 -  
6ymnenue~ C U3BeCTHbIMH BePOffTHOCTHbIMU XBpaKTePUCTUKaMU: 
?!Iy, = 0, Sy, (u). Haltqe~ CneKTpaXbHjTO IlJIOTHOCTb BepTMKaJlbHhIX - 
neperdenrenuir ToneK ocenoZt mnuu mama  (S,, (a, 2 ) )  a M ~ K C U -  

Manbnoe snasexiue cocpenoToseH~ok -&HOR cmb~, BO~HUK~K)-  
weZt B cesenm K, c m m ,  mm ona meeT ~ o p ~ a m ~ o e  pacnpene- 
neHne. B cecegemn K, r e  m e w  Memo npunymimmoe cMeuleaw, 
BBeneM H ~ U ~ B ~ C T H ~  CocpenoTmeunyIo cmy Py ( t )  Bocnonb3y- 
eMCX ypaBHeHUeM (7.6), IIOnWWI m = 0: 





Tpe6ye-r~ nafi~u aucnepcm c~ly~aik-~of i  c o c ~ m q e f i  na- 
IlpIM(eHUS h C B CTBOne B MOMeHT BbIXOna CHapriqa. Ann ylIpOWe- 

HUS BMUIWOK 6 y ~ e M  CYRTaTb, 'IT0 CKOpOCTb C H a W a  JIUH~&O 

3aBUCHT OT BpeMeHH, T.e. V = at, r e  U - IIOCToRHHOe YCKOpeHHe. 

IIpu t  = 0 TWIO ~axo~mcrr s Hanarre  K o o p x u n a T .  Cuman 
~Jl)"i&HylO @)WKUE~W A P(1) C T ~ I I U O H ~ P H O ~ ~ ,  Haltl[e~ KOppWIXUH- 

OHH~NJ @YHKUHKI KAP ( t ) .  Upou3senenue nsyx 3 H a u e n n t i  @~HKL[KH 

A P ( t  ) H A P ( f  + 7 )  3aBHCUT OT T o m ,  XeXCaT XU MOMeHTbI BpeMeHU 

t  u t + r B OAHOM u TOM me -pBane Tk mu B p a 3 ~ b r x  a ~ ~ e p s a r r a x .  

Ecntl B OnHOM UHTepBalIe, TO 

noJIYYeH&@ K O ~ ~ ~ ~ U H O H H O ~  a y ~ l a r ~ u l  -0 IIPOCYM- 

mposam y c p e m e n n b r e  no MHOX~CTBY 3 H a ~ e m  npoume~e~ufi 
(7.40) U (7.41), yMHOXCeHHbIe H a  COOTBeTCTByIorWe BePOIITHOCTH, 

PJW Y e m  H a 0  H & T U  BepORTHOCTb TOrO, YTO m K  ~ U H 0 f i  T 

y K n a m m a m R  nonHocTaH, H a  m T e p s a n e  Tk. Eha B e p o m o c m  

paBHa B e ~ O X T H O ~  TOTO, YTO H a  B3RTOM c m a a ~ b I M  06pa30~ 
OTPe3Ke H a  OCU BPeMeHU H e  OKXeTCX HU o E H o ~ ~  TOYKIi p83pbIBa 

@J~HKUHR AP(t).  E m  U ~ B ~ C T H ~  ( P Y H W ~  p a c n p e n e n e H m  nynefi 
( p a 3 p b r e o s  (PYHKKHH A P ( ~ ) )  H a  u m p B a n e  T B J~BHCHMOCTU OT 

LUIHHbI 3TOTO UHTepBalIa, TO MOXHO H ~ ~ I M  BepOSlTHOCTb P(n,  7) 

nucna Hynef i  @JYHKIIEM AP(Z), me n - sacno ~yne t i .  Bepom~oc~b  
T O N ,  YTO H a  HHTepB8Xe T H e  O K U m R  HH OnHOTO pa3pbIBa @YHK- 

UHH M(t) ,  PaBHa P(0,  'I). k J l U  npEiWITb, YTU 'XHCJIO Pa3PbIBOB 

I#I~HKWH AP ( t )  H a  nr060~ yYacTKe B p e M e m i  T n o n . r m e T c x  3a- 
K O H ~  pacnpenenenwt nyacco~a 

P (n, T) = L.Er e-p~ 
n! 



4. ocpemem ~ K C ~ ~ H T ~ H C ~ ~ B  mm R mqrram pa- 
m a  rtpn cxoxe c ~aqWW10Irtei p a c ~ p m a m s  (PIT&. 7. 1 1). 
p a c ~ p ~ y r e a ~ ~ ~  ~ M ~ W C X  p ~ n r a ~ e n ~  npoaopo~a 1, xorop~e 
B-SaX,TCII B MOMeHT CXOaa  TOT MOMeHT MOXHO l7PUHRTb 38 
~ a ~ m & ) ,  n~nra~enn  IIpOBOpOTa CO3XaIoT MOMeHT OTHOCKTEnb- 
'HO I I ~ O ~ D J ~ ~ H O ~ ~  OW, ~ m p b l i i  n M e m  
i i y ~ ~  M ( t )  C o c T a m m w e  

~ l O U Q W  M-0 
~p m u m  c umemioi3 c n e ~ ~ 0 2 t  n n m o c ~ b m  S(m).  B 

p e 3 y n b ~ a ~ e  ne2tcmm wath ion ,  Kpyncnre ro  M o M e m a  AM(?) B03- 
HUKaIOT KpylWIbHbIe ~ 0 n e 6 a m  PaKWbI, KOTOPbIe BHOCXT n0rpe.U- 
HOCTX B UOKa3aHXSl TIPI~~OPOB CnCTeMbI yIIpaBJIeHK%?. OUeHKvr 
B O ~ M O ~ ~ M  n o r p e u 1 ~ 0 c T e a  rrpu6opo~ Bcnencmffe  cnyrahm ~ p y -  
TIlnbHbIX ~0ne6-~$2 H ~ O ~ X O ~ K M O  3HaT6 BePOXTHOCT+lbIe xapame- 
pucmm ~ p p n n b ~ b ~ ~  ~one6annii n, B 9 a c T H o c M ,  xncnepcum 
)'lYIOBOrO YCKOpeHWI B TeX Ce9eHwIx  PmeTbI,  rAe HaXOWCX COOT- 
BeTCTByIOrrrUe lTp~60pb1. 

htc 7.11 

C~UTBII, ~ITO cnyraftns~e K p y n m m n e  ~ o n e 6 a ~ m  paKeTbl SB- 
NIX3TCX CTWUOHaPHbIMU, TPe6yeTCX H&TU lWCnepCffI0 y m O B O m  
YCKO&l~HkIIl PaKeTbI. ~ P N  PeUeHffU Orp%IU¶UMCX ~ T ~ O C T ~ ~ I ~ M  

c x y s a e M ,  K o r n a  pJg = const w GJO = const. Y p a ~ ~ e ~ n e  c ~ r y r a i i ~ b u t  

KpylwrbHbIX ~ 0 n e 6 a H n f i  PaKeTbI C yT2TOM BX3KOIU TpeHUX IlMeeT 

BUX (9acTHbIa CjQ"X& ypaBHeHKS (4.57)) 

$ 

a2 J ~ + . % = J ~ G ~ + A M V , ~ ( ~ ) .  
OP at2 a2 (7.47) 

B WHHOM C W a e  G O ~ C T B ~ H H ~ I ~  $ c p y ~ ~ f f f f  C B O ~ O ~ H E J X  K p f l ~ ~ ~ b -  

lrnz "M ~ ~ e 6 a ~ ~ 2 1 .  CrepXHSI PaBHbI COS - ( T ~ K  KaK KpaeBbIe YcnOBllrr 
I 

m e I o T  sm 1) z = O; 3 = 0; 2) z = 1 ; 9 = 0, To, nOnaras i  B (7.47) 
az az 

a m 
2 ' v = ~ ~ ( t ) c o a T ;  a c z ) = ~ 9 c o s ~ ;  q = t l ) j -  (7.48) 

)cl 
I '  



























B racunroM onyrae, Koma p a c w a ~ p ~ c s f  m n e 6 a m  olrwocn- 
TenbiIo emTBtmoro COCW~IHNR orepxm (QO = 1Mg = 0), m- 
pma B (rl, A) uhfee~ BHI( 

r e  K(q,  Ir)  - C ~ ~ ~ ~ ~ M ~ H T ~ H B I I  Mawnua pepeureHKdi om0pomio~ 
~ P ~ B H ~ H W X  (8.74). 

Penreme (8.75) AOJUKHO yxomeTBoprm xpaenw YGXOBWM. 
&a n p o ~ c T B t n x i o - ~ ~ ~ ~ ~ e ~ f l o m  clepxw nhieen:x m e -  
H-I, xpaeBm ycnonni3 (no me- ycno~nl  ilpn q = 0 n n = 1)- 
Hanpmep, IVIU mqxnneHnx qm, MK no~a3ano WI pqc. 8.6, ... 
nMeeM c n e w w e .  xpaenue y c ~ ~ o ~ t m  1) q = 0; n =%to; 
2) q = 1; Ago = MO = 0. W A ~ ~ I  BPIIOJPIRJIYIC~ Kpaeme yenoam npvr 
q =0, mmye~ nonomm e, = cg = ... = cl* = 0, rge ci - 
KoMnoHenm Bemopa C. ki3 W ~ B ~ I X  yeno~u& npn q = 1 nonynaeM 
c n m ~ y  omopawaoc ypawie~ul 

Puc. 8.6 

3 ~ a r e ~ m  h, npn KOTOPWX onpeaen- cncTeMn (8.76) pmeH r 
nl0, XBXKWTCP 6 e 3 p a 3 ~ e p ~ b 1 ~ ~  SaCTOTBMU. 

Onpenenu~ A,, HaxonuM 113 cucTeMbI (8.76) 4, c r ,  q, 4 u 
I B 3aBUCUMOCTU OT CII) (4 - MOXHO IIOJXOXUiTb PaBHPM enU- 

use): 

4 = a&. (8.77) 





ma UawH mao 
-3X ~(ISH~IIB~BH XrnaaurtW udu (~6.8) mna~mU antiamad .9 'UJ 
oHal7aaHdu ) aodmaa maHounox xmndamadex ~ISIWO~O~~ 
Yvanwawnaduo mo&arnou D (26.8) mawad4 axtiamad 

(~6.8) '@a = a3 +!g + JV 

IYathXIlou (88.8) EH '~DUIIBE axdo@ wo~dwaa a moxada~ 

. ((~lt)~~o . JOL) = Wp !p ((d~)~y n . 'od) = sp 

0 
:bp(O?a.'OqI=Qp Ibp(0yfl.30b)j=I!p 

1 

"q, ;qR#$-%q, -%:&"j,-.+$~ ; 
- .v 

a i&>q(k)*&,=% if%] $,(hjW a% 
cmi 
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npOU.3BeneHUe H e q e T H b U  @ y ~ K 4 U f i  eCTb qeTK%4 @YHUM. 
~ O ~ T O M Y  A ~ ~ ~ c T B K I W I ~ H B R  W C T b  B b l p % i C e H ~ ( 8 . 1 0 9 )  IIBE4eTCII YeT- 
~ 0 f i  @yHKllUefi ,  a M H I l M m  - H ~ S ~ T H O ~ ~ .  %H Pe3YJIbTaTbI 6 y w  
~ c n o n b 3 0 s a ~ b 1  npu o n p e n e n e H m  nucnepcm KoMnoHerrr  BeKTopa 
Z (8.83). 

K O M I I O H ~ H T ~ I  BeKTOpa Z n p U  A B W e H H O M  npu6nme~u1.i 
mem BW 

( 8 . 1 1 1 )  
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amin (h*) = oil) (h3 - 

a ,  h *  a,M, (h*)? a a ,  (h'ly* 1 - (8.131) 
- 3 (  F + IY + Ix 

Ma~ca~mbHble (8.129) U MUHUMmbHbIe (8.131) HopManbHb1e 
~anpme- BO3MOXHOCTb OqeHUTb YCTanOCTHYlO nPoTHOCTL , rm~a 9. OCHOB~I T E O P ~  ~ O C T H  
mepxwx. 

nwnemee Bpem M ~ A P  cpmiornecm& daexaamsi nony- 
rwpo~oe pacnpocTpmemie BO w o r m  oqmcm up0~1.m- 

B ,- .%me came xemnme 
%PIC8 CpoKoM Ha OLWi roLp. 

6x110 ynene~o m- 
,quaq l'iamm Memimeam C U ~ M ,  nwpyxemm 

WJEWU, C O n p e n ~ R N e M ~ ~ W ~ p ~  
c n w  c xo~emmd ~ U C ~ D M  merteti & s C ~ M  

owX npmwim 8wa9. H o w  o u e m  
QrnroB OCiiOBHhlX WWi Upti  w x -  

HO- s mcnenm~e amupma, 

pac~em no npqwmw-cmm- 
E @ 0 p u r  Y--) 

a c q q  no npeulwnma cccm~~nwm M W ~ ~ ~ H W  
q x a  (mwee ~anpmce~no-pe+op~~~pamoe 

co-~aefi upweanow coc~o-, ~ompoe onpe- 
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nelIIIeT Hecyuryro C ~ O C O ~ H O C T ~  KOHcTpW. Hecyqax cnoco6- 

HOCTb KOHCTPYKLLUH - HaCTyilAeHUe QXAenbHOlW HanpRXeHHO- 

a e ~ o p ~ u p o ~ a m o r o  C O C T ~ H U X ,  KoTopoe C o o m B y e T  noTepe 
pa6o~ocnoco6Hoc~n KOHcTpYKUUB WU ee pa3pylUeHUi0. K TaKIiM 

npenenbnbIM C O C T O U H ~ M  OTHOCIITCII: noswxeHne nnacTlnecKllx 

ae@op~wnfi, ncureprr cTamec~ofi y c ~ o k m o ~ ~ u ,  pa3pyure~ue. 
P~CCMOT~UM HeCKOJIbKO npHMepOB paC¶eTa no IIpeAMbHbIM 

COCTOIIHMRM. Ha PHC. 9.1, a nOKaSaH IIpfl~oJXFfHek~b& CTepXeHb, 

P ~ c T R H ~ ~ ~ I ~ ~  C I I J I O ~ ~  P, IIpllYeM B03HHKaMWe HaIlplIXeHlBi He3 

a o l ~ ~ ~ b r  IIpeBbIUaTb npeaena ynpymma. B   TOM cnyYae npenem- 
HbIM COCTOUHEeM H COOTB~TCTBY~OIU~~~ eMy M ~ K C U M ~ ~ ~ H O ~ ~  cUJIO~ 

P 6ynm T ~ K W  cma, npn ~o~opoZf HanpxxeHm B orepmie aomn- 
rruol. IIpeAMa TXQTeCTU Or. ~ O ~ T O M Y  LVUI HOPManbHOfi pa6on1 
 TOM) c v ~ e ~ e ~ ~ a  AOJLXHO BhInonmbca yeaosne 

Pnc. 9.1 

Ha pnc. 9.1,6 n o ~ a 3 a ~   onm me^^ cTepmew, HarpyxeH- 
& paCT~1+104efi Crv10k P EI W X I I I J i M  MOMemOM M. B 
cTepme BommaeT myxoc~oe nanpmenHoe cornoxme. IIorro- 
MY, ~ 0 6 b 1  B CTepXHe He 803&rCi~~IO nnarnllYeCm A ~ & O ~ M U U & ,  

nonxHo smumm~hcx yclroane 

OT- max q P ,  M) > 0, (9.2) 



Ha p U C  9.5 CXeMaTUYHO nOKa3aH 

~ y p 6 o p e a ~ ~ n ~ ~ b x P  ABUraTeJIb, W H o p -  

~ a n b ~ o P  pa60Tb1  KOTOpOrO H ~ O ~ X O A U -  

MO, 9 ~ 0 6 b 1  nORBJIIIK)Ir@iecx npn pa60~e 
(npu m + 0 )  y m u H e H m  n o n a m K  A I 
6 b 1 l r ~  MeHbUIe 3 S O p a  A M e w  B H V -  

P ~ H H ~  nOBepXHOCTbI0 KO- X no- 
IIaTKaMA IIpU m = 0 : 

Ha pnc. 9.6 norasario u 3 ~ e n e ~ n e  
~ o p ~ a n b ~ o m  H a n p m c e H u r r  D BO BpeMe- 

- 
CUMMCVWIHOM lIllKJle H a m e H W l  He-  

o6xonmo ( K ~ K  MUHUM~M), qm6t.1 Ha-  

npmeme 6b1110 M e H h m e  npenenmoro 
H a ~ ~ e H W l ,  COOTBeTCTByIoWe'0 me- 
neny BUHOC~UBOCTM lm U ~ H H U ~ O  MaTe- 

pnana: 

0-, - o > 0, (9.6) 

r e  D-I - npenen B ~ I H O ~ ~ U B O C T P ~  npu 
CUMMeTPUYHOM IMKJIe HtWp)XeHYIR. 

M e T o n b 1  pacsem no n p e n e n b n m  
COCTORHIiliM n03BONIIOT ~au60nee 
TIOJIHO U C n M b 3 0 B a T b  HeCYlQno cnoc06- 
HOCTb KOHCrpyKUHK. 

B o61ue~ cnyrae u M e e M  

S-  F >  0, (9.7) 
r e  S - +y~mm, xapamepn3y101l[m 
npeaename B O ~ M O X H O C T ~  K O H C T ~ ~ K -  

qua; F - @pmm, xapamepa3ylou(m 
p e a n a H o e  cocrronnae ~ o ~ c ~ p y r a r n n .  

Harrpu~ep, S 3a~ncw OT M e x a H a -  
secwx x a p a m e p n c m K  M a T e p x a n a  KOH- 
CTpYKllUU: 



0 
On - ca = [a] = ; , (9.9) 

Pnc. 9.7 r e  a, - n p e a e n b H o e  H a n p r m t e H n e  

(npenen T e K y r e c T n  nnrr n n a c T m -  
HblX MaTePUiFIIOB, IQXneJr npOYHOC- 

Tl i  LWi XPYIWiX MaTePMaTIOB, KpHTWXeCKOe HaIIpRXeHLfe, COOTBeT- 
creyxouree n o T e p e  c ~ a ~ n s e c ~ o 8  YCTOR~EIBOCTII); n - K O ~ @ @ H ~ U ~ H T  

~ ~ ~ O ~ ~ C H O C T M .  

~ O ~ T O M Y  YCnOBm *VOWOCT&W, HanpUMep ,  EJIX (9.1), (9.2), 
(9.4) (9.5) XQXf PaCWTaX no AOIlyCKaeMblM COCCOffHllrrM IlMeWT 
BlZq 

=T - - max o, (P, M) 2 0; 
"1 

B b ~ n o m l e ~ ~ e  y c J I 0 B ~ f i  (9.10) ITpH EeTepMUHjipOBaHHbLY 3~aqe- 
HMIM BXOWILIBX B HIM BMIIYUH, KaK ITpIIHRIY) CYFiTaTb, I S L P m -  
p y e T  * n p o Y a o c m  3 m  ~ o ~ c ~ p y r u ~ t i .  

B 6onee 061ueti @ o p ~ e  sanncn coomourew (9.10) ~ o m o  
IIPeXCTaBIlTb B B W e  



- - - - 
~npo~arnul6mrmx no T~~UKO-T~XHW~CKUM xaparcrepnama~ 
ynpameaaaot cnapmoB n = 1,25 [3]. Apry~enmpomnno O ~ C -  
~ m ,  noreMy K O ~ @ @ W ~ H T ~ I  n p n u e ,  H~BO~MOIIMO, nwmhiy 
UCnaTlb30BaIiUe KO~@@HUEI~HTOB ~ ~ ~ O W H O C T I I  CBX3aFIO C Hem- 
mpoZt &one% Heonpenenen.om npu p a c s m .  

BBenenne ~03@@UIlUeff~B & o n a c ~ m  lI03BOnaeT BO MHo- 
nix caywm n o v a =  ynomemopummme ~ o ~ c ~ p y r y n u ,  O ~ O  

npn npoemBarnul  HOB& T ~ I I K I I ,  ~ o r n a  neT mi on=, HU 
A ~ H ~ I X  no 3~cn11ya-, sbr6pam paqmmil ms@$urme~~ &- 
onacnocm osenn cnomo. l l p o n 3 m ~ o  ~ a s ~ a q e m ~ &  KO@@~- 
menT &onacnomr M ( U K ~  I I~UB~CTH K a e n p a ~ m ~ a r l a  pewem- 
m, cnencTBneM K U I U P ~  M O ~ T  cram mu 3a~hrmemui3 ~ e c  
K O H C T ~ ~ ~ & ,  m asapxitnas cmpmu. Oc~oman~pymocn npn 
onpenenennu ~~onyckiemxx nanpmem& ( m  n&op~a&?), a 

onpenenennu Hecywefi cnoc06nm K O ~ C ~ I ~ K L I U U  COCTOUT 

B C O ~ ~ O B ~ H L H B W  pacqemm mmmx c @-ec~u~a. Waqa ~ a r -  
6opa KOHKP~THO~U 3 ~ a q e ~ m  ~o~@$nqnema &onac~ocm, xia- 
npnMep ~ ~ u r  onpenenem gonymaeMom Hanpmcem, ocnoxm- 
~TCI WM, TO mxanmecmie x a p a m e p n c ~ ~ ~ ~  MaTep- (OT KO- 
Topm 3aBncm npenemHbIe coc~ormm K O H C T ~ ~ I ~ W X } ,  peamaare 
czim.~ n EOMeTpH¶eCKUe pa3MepM 3 n e ~ e m ~  ~oarzpywm, OT 
KOTOPMX m n c m  Te-e corn- ~onmyymm, miem my- 

parc6poc~. T p ~ o m b ~  ~ m m  pacgeTB KBK npn pac- 
sere no npenenanaraa COCTOIHNW~, TaK n no nonyc~aemm H ~ P I I -  
XeHHIIM, B03MOIIMbIe CnyXaiinbIe pa36pocar B -OM BWe He 
~ ~ K ~ I I ,  T.e. He yr-ex:~~ ~ e p o m o c ~ ~ a d i  xapamp npe- 
n e n a ~ m  c o c r o s ~  KOHCT~~KU.UH mu ~epomo-fi x a p m p  
pemnoro cocmmm ~oacrp-. llornohly onenman pa6om- 
cnoco6~oc~x. KOHCTpYKWM JIOFWIHee He no ~eTepMUHUPOBaHHbIM 
HepaBeHcTBaM (9.1)-(9.3), a no sepomocm Barnamleuus mix 
HepaBenm, Tee. 



p a 6 m  MOHCeT 61.11-b MeHbIUe, YeM = 1,2, YTO KaXCX:iI 
q a n m m ,  TBK KaK rrpumm c-m, YTO YeM 6 0 m e  KO~@@U- 
w e m  &onac~-, T ~ M  Banne anpowocw ~ o n c r p m .  

Cawl no ce6e FB~OJITHOCTU 6 w ~ x a 3 ~ o f i  pa60m c n m m  
M ~ J I ~  n o ~ n a r  (nanpmtep, P = 0,9, TO q m n o  cwam, 
.xopomo 3TO 'm IIIIOXO), no BCW np.ommII pacqeTbI m p y x  
sapuanio~ i.iaTepdia c yseToM ~ e p o m o c ~ ~ h e r  CBO~CTB m Me?- 
Hwecmx x a p m m p n c ~ ~ ~  u osmmaem~~, YTO B B ~ O ~ I O C T ~  &or- 
-0% pa6om1 C O O T B ~ H H O  pama 0,9 n 0,95, m MOXHO 

J'lTIepXiIaTb, YTQ KOHCTpyWW 0 BepOmOCTax, &UllCa3~0% pa- 
6arar 0,95 6yze~ ny9ure. YY~T C ~ ~ & ~ H J S X  pa96p0~0~ npmxmi~ K 

X ~ Y B C I ~ ~ H H O  npyrm oven- anpoulro~~m, a0 n o 3 ~ 0 ~ i a e ~  npo- 
ek7XipOBaTs 6'- pWOHiUlbHb1e K O H C T ~ ~ ,  o ~ I I ~ A ~ x , I U J ~ ~  
60~1bmeir nanea~~ocl.610, i m ~ e ~ n o + b t o  n piydypco~. 

OGecn~ixine nanexmcm n p o e m n p y e ~  Me~aa&ff i~ l l~  
C U ~ M  XBIEZ&II O L I H O ~ ~  m OCHOBHUX 'npo6ne~ B M&oCT~O~- 

~ ~ ~ U ~ O P O C T ~ O ~ H N E I ,  dm, P ~ K ~ T I I O - K @ ~ ' W K O ~ ~  
U X & O I ~ ~ X  OTpaULSK ~ 0 4 b F I U i l B f i t I ~ .  &Q CBII3WO C 
~ e m h I B H b l ~    TOM ~ ~ 6 b d  lI0 H~&OXH~C~'$ 34 AOWBeY- 
fl0a K HOE& TeXHUY&, K O T 6 p B R ' ~ ~ ~ a ~ ~ p ~ ; u i 6 ~ ~  (pyHKUU0- 
nupo~~Tb B WOXRUX ycrid~+ ~ K C I U I Y ~ ~ .  YCJIOBHO Bce 3wa- 
4~ oue& H ~ ~ W B O C T I I  ~exauuyecxim C U ~ M  MOXHO pa36m Ha 
Tpu Icnacca. 

K &paow Knaccy OTR~CE~TCR ~ i r e ~ ~ a  HBA~WIOCTU KOHW- 
Snekiem?~ ~o~crpyKMM npu omopa30m~ m npu 

M ~ O M  bicne narpykemil. 3-9~ o q n m  nwea~~ocpl: npu omo- 
~ ~ O B O M  narpyxe& xmimam WK npn m m e c i c o ~ ,  TBK n npn 
AmaMIlrecKoM narpyl~emm, nanpmep npn yLlapnoM ~ ~ n r  m- 
nynncno~ narpymenm [,7, 221.. B mix wayax HaKonnexim no- 
Bpememil ne npoucxom m, ecm wcno narpyxemi3 nese- 
nu~o, naKonnemeM no~pe%qeIulli ~oxaio..npene6peiIb. 

Bo empoP mace B X O ~ ~ A ~ Y U  o naKomeiim O ~ T O Y H E J X  

b m ~ ~ c ~ o n w e o m x  ~ e @ o p m  Ha 0rpbiYeBH0M umkpBBne 
BpeMem (0; T)  npn cmmouapabm m ~~83numQuoiiapnm my- 
wiimx naqyxax [8], Korm omiowamtae neperpy3m, npmogrr- 
W e  K OlXa3y CHClWdhl, MOXRO C m T b  MiUlOBepOlfFHbMUi' ~ P Y I  
p a c ~ e m  rn 3rmx -9 ~pe6ye~c11 onpenenm pacnpenenenm 
~ e p m o c r u  m o m m m  ~e@op~a&i  npn t = T. lToz m- 
~ u c ~ a u u o n a p ~  narpymmu ( n p o u e u x ~ ~ )  nonmmmx npo- 



Bepoxmocm 6e30~~a3~0ii  pa6om cume~br (~anexmocm cac- 
T ~ M ~ I )  

5 

H = l - n ( l - H i ) .  (9.18) 
tl 

Harrpu~ep, ecm Hi = 0,5, TO o6wm H W ~ X H O C T ~  C U C T ~ M ~ I  

H = 0,97. B ~ ~ O ~ H O C T ~  ~ C ~ O T K ~ ~ H O ~  pa6o~b1 CUCmMbl C napan- 
JIeJIbHO COeAUHeHHhIMU 3neMeHTaMU BbIUIC, W M  HWe>KHOCTb ee 
3JIeMeHTOB, T.e. MOXHO CyllIeCTBeHHO IIOBbICUTb H CUCWMbI, eCJIU 
BMeCTO OIUIOIY) M8JIOHWe)KHOrO 3neMeHTa BKTIHIYUl'b B 06- 
c u m ~ y  6 n o ~  113 H e c K o n b m x  n a p m e n b H o  coenmemm 3 n e ~ e ~ -  
TOB. Hanpmep, B c u c T e M e  n o c n e n o s a T e n b H o  c o e m w e H H m  -rpex 
3 n e M e m B  meema o n u ~  sneMeHT c ~anoR  H w e x w o c m t o  (HZ) 
(puc. 9.9). Ecnu Hl = 0,9, 4l) = 0,3, H3 = 0,8, TO 0 6 1 4 a ~  Ha,qem- 



cnyw ih&  pa36poc). ki3-3a ~exnonomec~llx norpemocmit npn 
c6op~e ocesaR m m  p- H n m m  ~ ~ E C T B E I I ~  m MOW He 
conna&m., YTO n p m n e ~  K n o m a e m  C J I ~ ~ ~ I O P  C W ~ I  Nc n 
cJIYW~~HO~O MOMeHTa Sc U B KOHeWiOM C¶We - K HeAOIIyCTUMO 
~ O J I ~ U I O M ~  pa36pocy mrm WeHM PaKeTbI, YTO Mom0 PaCCMaT- 
pABaTb KaK oTKa3. 

npn noneTe neTaTenbHom annapam B ~ e c n o ~ o i l ~ o f i  (~yp6y- 
nen~noit) a ~ ~ o c a e p e  Ha Hem ne t t c~~yrn  c ~ r ~ a k i b ~ e  a ~ p o n m a ~ n -  
wcme c m ,  KoTopbxe MOW CyuecTnemio U ~ M ~ H E I T ~  Tpaempmo 
nonem c BmonoM ee n3 n o n y m ~ o i t  "rpy61cll* (CM. pnc. 9.7), TO 

m e  IIBJIII~TCX O T K ~ ~ O M .  K wanonnnoxy o r m y  M O X ~  npmecni 
u -&& ~ O K O B O ~ ~  BeTep. Ha pm. B.2 nOw3iuI ~ B T O M O ~ Z U I ~ ,  

A-CII IIO AOpOE CO ~l1y9ahIbDdX HOPOBHOCTIIMU, U3-38 

~ m p b n t  B c- B ~ ~ U M O A ~ ~ C T B ~  Konec BBMNO~U c noporoB 
I I O ~ ~ J O T C I I  V & b x e  cocmmmmie. B ~ ~ B U C E I M O C ~  OT aBe- 
JIMYUHbIB ?7l'UX CQ'¶dHbL% COCTaWHIOIlMX B03MOXHhI OTKa3bl TIlIIa 
unpo6ox nomecmo m ycnvromon, pa3pymeHm nonsecm. 

npUY3iHOir OTKa30B M W e T  6bm U HeCOOTBeWTBHe Memy 
p a c ~ m o i t  cxe~oit ( ~ a m ~ a m e c m i t  MOA~JII.~) n peam~oit KOH- 
clpyrameit, HaIIpUMeP H e m  B ~ a m m m e c ~ o i t  M O I I ~  am-  

r e  S- @ Y H ~ ,  owwenmoularr npenemae B O ~ M O X H O ~  KOH- 
CTPylaMU (4YHKUUS Hecylueit C~OCO~HOCTII KOHCTP-); F - 
~ Y I E U ~ ,  o n p e n e ~ m o ~ a ~  T e w e e  cocmmne cncmm. 

B  OM naparpaae paccmqunamcx 3maw onpenenem Ha- 
nem- npn OAHOP~~OBOM narpymemin m npa M ~ O M  wcne 
nOMWXOBa'lWBHbIX I i a r p ~ e ~ ~ ,  KOrLta HaKOWeHUeM IIOBpeme- 

@ B .KOHCTpyKtWM MOXHO npexe6peqb. 9 ~ 0 6 ~  H&%i BepW- 
P, H ~ A O  3nam c o ~ ~ e c m &  ~ ~ K O H  pacnpenenesm f ( z )  
oit B ~ U H ~ I  2 = S - Fnpn n 3 ~ e m m  ~ ~ K O H B X  pacnpe- 

enm S H F. Emu f ( z )  U ~ B ~ C T H O ,  TO ~ ~. . - 
P(Z>  0) = I f  ( z )  I&=- - I j  f (S,F)-dSdF. (9,20) 

o n (8- F.> O) 

nonyrenm arcneHHm ~H~T&HL& H H ~ A O  3 ~ m b  (onpe~e- 
OH PacnpeneneHm cnyrlaWoii EWWIKW Z, ~YHKIIUO- 

z =  cp ( x ,  Y) (9.2i) 

JI3BeCTHOM UX COBMeCTHOM 3tlKOHC PaCnpCAEJI@HHX IUIOTIiOCl'U 

IITHOCTU f ( x ,  y), (CM. rn. 1). 
I B o6rue~ crryrae 3aleon pacnpenenenns-crryr&oit n e m w m  Z 

F ( z )  = P ( Z < z )  = P [ ( X ,  Y )  c D] = j J  f (x ,  y) dxdy.(9.22) 
D ( Z < Z )  

. Ma~eMaTmec~a~ 3aqa~a onpenenexsix F ( g )  crmaca, T ~ K U M  

$&OM, peniem nBm*dm m&rprpai - -- " . -';-" 

F ( z ) =  jl f (x , r )&dy .  
DCZCZ) 

m, Korna = X + a ~ ~ ~ e r p m  6epm11 o6nacw 
(PYIc. 9.11), me x + y < z ,  nourow, @KKC~~YI I  Z n nonarm 
= Z - X,  ~OJIy'f&C?M KOHK~'?l"C npeAejlbl UIFTe~OBaKPM, T.e. 

. 1 .  
(9.23) 

2 F ( z )  = jj$(x, y) dx.dy = i f  (x, y) dy dx. 
D 

' I n m o c ~ b  pacrrpenenenm f ( 2 )  nonym~,  m@@epemnpysx 
.f9.23) no z ,  xuropm B X O A ~  KaK napaMeTp B ~epxnnfi npenen 
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I ,. I HT' y-s,2 
- :j"a s haauaa xrq~~ai(u3 fian ~ZL~OHEB~ ~OHEE~ ' 2 

rru~a ao~q@dm (2)d meauaHadnaed nqpn m 
-aga& mog~d goxcExmag momoda~ m~auanaduo nd~ 

- 2 m oIXm~3uw 'rnh 
-xd@ nu~ou 'x ou (92'6) uwh ~~Bdrr modA&a.wnod~ 

m- 

. , ". 
A ' c.-Jl) Kp(OY(K-a)r/l =(a/ 

'1 . ; m 

- ., ,- urn 

: . .* : (2)j umow~~odaa u~~omomr mwuanadu3rd owomr 
Iclm auHamdma omo ama %LH Juou n x r 'A an ashouor3n omg 
omorr (XE 'I~H~~~IJOHEB~X nx mumaa anqrhb ara xr~ 





n p ~  HWIWfUU cny.la%HbIX pas6poco~ UT li o aHWI0mM ~03@- - 
@ u I I M ~ H T ~  n XBJMeTCX KO~@$KUU~HT n, paBHbIft OTHOIIIeHUH) Ma- 

TeMaTlFZeCKUX 0 m a ~ ~ f i  ST li o : 

- 
HO ~03@liweHT n He Y'KUTbIBaeT CpeAHeKBilqpaTUSHbIe pa3- 

Gpoc~ CT U o. K ~ K  6 b ~ 0  CK83W0 panee, ~ 0 6 ~  p e C T b  Bce 
BepomocTlibIe XapaKTeplicTnKn oT u M npn oneme unporHocnis, 
Ha0  UCnOJIb30BaTb U B ~ ~ O X T H O C T H ~ & ~ S  KpUTepr& arlpO¶HOCm~ - 
BepolmrOcTb 6e30~~a3~0f i  pa60~b1. 

C r n ~ a e ~ ,  -TO crryrafisbxe B~JIWfUHbI oT n cr mem ~ o p ~ a ~ ~ b -  
Hare pacnpeneneHwi (pnc. 9.14), T.e. W ~ B ~ C T H ~ I  mcnoBble 3 ~ a q e ~ m  

MaTeMaTnqecKm o m a m f i  (m u m,) st CpeJ&IeKBanpaTUqHbIX 
"7 



~ P X  OIIpe~eJteHriEi HQZeXHOCTN H 6bm0 npAHIITO, ¶TO Cpen- 
HeKsaspamecwe 3 ~ a ~ e ~ r n  pa36pocos aT u am pas~br 10 % OT 

uaTeuamqecm om~ga~nfi .  ki3 ~a6n. 9.1 cnenyeT, mm m scex 
3HaTe~di KO~@#I&~LIU~HT~ ~ ~ ~ O ~ ~ C H O C T U  BepOrnHOCTb OTKa3a R 
(R = 1 - W )  He pama H~JIK). K ~ K  H wenosam o m a m ,  Beporn- 
~ o m b  6e30nca3~lofi pa6o.m BsIrue npu @ n b m  ~03@@uqnemax 
~ ~ ~ ~ K ~ C K O C T U  n u Memure npu uanm n. K ~ K  U~M~HIITCII w p m -  
HoCTU ~ ~ ~ O T K % H O ~  pa6oxb1, cooTBen:TByrO~e ~03@@Si~ue~TaU 
6e30nac~ocm n = 1,15 n n = 1,1, ecnu 83m 6onee i a ~ e c m e ~ ~ a r f i  
uaTepnan A yuem- BO~MO- pa36poc ~ a r p p u ?  

Hanpuuep, cpeme~mapannecue pa36poc~ aT A a ( a  ~ ~ B U C U T  

OT BHenmeR ~ a r p p w )  P ~ B H ~ I  5 % OT m cpenHux 3~aqe~nZt. B 
STOM clryrae sepomocm 6e30m~o2 t  pa60~b1 p a ~ ~ b ~ :  1) npu 
n = 1,15 H= 0,9726; 2 )  IIpH n = 1,l H= 0,9082, wo COOTBeTCTBeH- 
HO Ha 14 N HB 17 % 6omure EM 3 ~ a ~ e m f i ,  qeu npn 10%-HOM 
pa36poce cpemeIcsa4pannHbIx s~a.renut4 q,, u a ,  npn Tex xe 
~03t#mqnemax 6emnac~- ( C M .  m6n. 9.1). qucnosbxe 3~aue- 
HUS IIIpOIITHOCTU k30TKa3~08 pa60TbI AiUOT B03UOXHOCTb IlCCJIe- 
AOBaTb ~ C T B H T e l I b H O C T b  KOHCrpYKUUU K B03UOXHblM pa36pocau 
.sT r cnyraihoil cmm P. 

K ~ K  yxe K~BopHnoCb, a 6 c o m u e  3HaTeHW B ~ ~ O S I T H O C T ~ ~ ~  
6e30TK83~0fi p a 6 m  Mano IIOJIe3Hb1, HO B03MOXHOCTb YCTaHOBUTb, 
KaK BRHIIeT Ha ~ ~ ~ ~ T O C ~ O C O ~ H O C T ~  KOHCTPyK4UU U3MeHeHEle Be- 
poSTH0CTHblX XapalrrepXCTllK AOIQ'CTUMbUr HaIXpRXeHSifi U BHeU- 
HeL H-y3m, X B n X m I I  065eKTU~Hofi O U ~ H K O ~ ~  KaTeCTBa KOH- 
npywnu. C ~ B H U B ~ R  BepoIITHoc~n 6C~TKii3~0% pa6om1, Hanpn- 

uep npn n = 1.1 BWJUM, 'ITO yueHb- 
lrretiue CpemreqaTmHrn 3 ~ a ~ e -  
HUfi 0' U a Ha 5 % XIpUBeJIO K 

nosbxuremm Hanemocrn Ha 20 96. 
B iaqecTse npnuepa ~aztneu sepo- 
X T H O C ~  6 e 3 0 m ~ o f i  pa- nucia 
c nonaTKaMu omofi u3 cryneaefi 
KOMlpeCCOpa T ~ P ~ O ~ ~ ~ K T U B H O N  
A B ~ W  (puc. 9.15). ITpu pa6o~e 
A B ~ W  n o n a m  YAJIUHII~CX u3- 
3a B03HUKaK)IIINX nPU BpaIUeHUU 
m c i a  ocesbor pacnpenenenum 

hc. 9.15 ue~~po6emnaot cun u ~eunepaq- 

p~ to. Yrnosan CKOPOCT~ Bpauem m c m  m E Teunepa.rypa t o  
uMem p836pocb1; m o p  A TBM~C weer @pot, I L ~ ~ T O M ~  ~UIB 
OEeHKH We;iMOCTB AUCKa C JIOlIaTKaMH HWO OllpenMRTb BePo- 

I RTHOCTb BbmOnHeHEIII 3TOr0 HWeHCTBa (A' 6 L ) > 0: 
H = P [ ( A - A l ) > O ] .  

I Ipuue~ ,  mu ~ ~ K O H  pacnpen.eneHwI mopa A sm~~en:i? p m o -  
w p o m o m ~ ~  @KC. 9.16, a): 





l T p a ~ e ~  cnenymuuie ~ ~ K O H ~ I  pacnpeneneam rr Pk si P : 
1 (P- m, ) 

1 , 2.; h ( p k ) = G ( p k - p & $ ;  f Z ( p ) = -  
.12nop 

r e  6 - nenfim-@y~mns. 
3 ~ 0 ~  pacnpeneneHm I J'I* f ( P k )  n o ~ a 3 a ~  Ha pac. 9.19, 

T.e. Pk eCCh JIeTepMHHUpO- 
BmHM BBWIUSUHB, PaBHaR 
Pko. 

B B ~ A ~ M  cny.raE~ym Benu- 
SUHY Z : 

z  = Pk- P > 0 .  (9.44) 

j 3 ~ ~  onpeneneHrur 3 a ~ o ~ a  
0 Pm Pk pacnpenene~m f ( z )  ~ a Z t q e ~  

@~HKUUK) pacnpeneneam 
PUC. 9.19 F ( z ) ,  3aBliCIIl4y!O OT CO- 

BMeCTHOm 3aKOHa PaCIIpeAe- 
JIeHuR Pk U P. ~ O ~ T O M Y  C O B M ~ C T H ~ I R  3aKOH paCnpeneiTeHW3 npu 
Hesasacmm Pk u P  MO=O mpen~~a~mb B Bwe 

f (Pk 9 P  ) = 6 (Pk - Pj$J)f (P ). (9.45) 





H m o x e ~ m f i  B WHOM naparpaae anropuw onpeneneHm 
BepORTHOCTU 6e30~ICa3~0fi pa6om IIPU OnHOpa3OBOM w I M  npa 
M ~ U ~ O M  qacne ~arpyxe~ni2 n o s ~ o m e ~  pemaTb 3ana~a pacqeTa KOH- 

C 3WaHHofi HWe>KHOCTbSO U 3a9a'IlI OIITUMU3aWII KOH- 

cTpmafi. 

m . . .  I - .  - 

-no 3aKOHbI pacIIpenmemm PI, P2 n M u38emb1. B TO~KBX A a 
B ceqeHux crepxum (prac. 9.21, 6, s) meex Memo myxoc~oe 

nnoe commne.  OU~CHHM ceseHueM ~ ~ T C B  cerexine 

I B mwce A (pnc. 9. 21, 6) meeM 
1.; , , s. . ; 

Pl 
. .. 

M .  
8 4 ,  

o p = - ; r  - , up  = O < .  : . : , . - .  ~ ~ 

bh A-&$ 2 , - ~' 

me U - K03&&Xl@XeHT C ~ H - B ~ H ~ H ~  (~a6n. 9.2). ., , ,  

B TOYKe B (PEIC. 9.21, 6) 

PI p21 Op =-;  O p 1 = - ; T ~ = 7 l T ~ .  
1 bh bh2 - 

, ., 

6 ,, -:I, ',. 
. . .. 

I i. . . 4 _ ' . 1  T a h u a  9.2 
3sanemu K- Cee-Beeae~ 

Onpenenu~ BepomocTa  TO^, TO ~ ~ ~ n ~ a n e ~ ~ n o e  Hanprmce- 
HIle B TOqKaX A H B MeHblUe IIpeAeJIa TeKyreCTK, T.e. 

P[(oT- 03) re]. (9.55) 

B~PORTHOCT~ P eCTb BePORTHOCTb 6e3m~a3mfi pa60Tbl 3JIe- 
ems. ~ K B E I B ~ I I ~ H T H O ~  HanpsxeHue no mnoTese 3~ep1-m &op- 

MOU3MeHeHkLR [41] paBHO !. ..: ;71:,:.. 2:: 2 . ,,i 
o,=d(r2+3r2. :i 2 .  - : , : I : :  :; ,. 

B TO= A H B sIcBusaneHmoe HanpsxeHae cooTBeTcTBeHHo 

44= ~ U ~ P ~ + U ~ M ~ ;  (9.56) 

a$@ = d(a, + a3p$ + a4hf2 , (9.57) 
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loTCX OIIpenWIeHHbIM 3aKOHaM pt3CIQW(WIeHllrr, HanpUMep HOP- 
 am- ~ ~ K O H ~ M  pacnpeneneHm @nc. 9.22) mu ~ ~ K O H ~ M  pac- 
npenenem Penerr (pnc. 9.23). 

C m r a e ~ ,  urn APl , APz u AM n m m  M ~ J I ~ I M U  (no CpaBHe- 

~ O ~ T O M Y ,  ~CJISI I m A P I I < <  PojU=1,2) A I ~ A M ) < < M ~ ,  
TO cnysaibme senwnHbx Q, (i = 1,2) A L\M M O ~ O  c ~ m n  Ma- 



H= P [(S- F(x/)) > 01, (9.59) 





P~CCMOTPUM cnpair, Korna AP1 , AP2 nMem nophianbaue pac- 
npeneneHm (CM. puc. 9.22, a), a AMuhfee~ pacnpeneneriue Penerr 
(CM. puc. 9.23, 6). 

Tpe6ye~cn OnpeneJIUTh H~AeXWOCTb (9.64) anrl. crryraa, Korna 
C W & H ~ I ~  BWIU'IUHbI, BXOm4He B @~HKUEW F ( x / )  

IiMemT pa3~b1e 3aKo~ar pacnpenenerim. Hanpnhfep, 
X, (j = 1 , 2  ... n - 1) uMem HopMaJraribIe ~ ~ K O H ~ I  pacnpeneneam, a 
x,, uMeeT pacnpeneneriue Penen. 

llpencrasa~ (9.71) e sKqe 

3 a ~ e ~  Haxonm KOMIIO~U~UH) ~ ~ K O H O B  pacnpenenerim f (y) u 
&, (4l'). 

B B ~ A ~ M  CJIpafiHyX? Bt?JIU'iUH)' y y  PaBHw 



n p U  U3JIOXeHXX TeOpUU c n p a f t ~ h m c  ~one6a~uf i  (CM. rn. 6-8) 
C¶UTallOCb, qTO BCe H ~ O ~ X O I I I I M ~ I ~  CBeAeHKS 0 CCJIYYfiHbIX B03MY- 

UeHWU: ( ~ ~ K O H ~ I  paCnpeneJ1eHwl. lUIU BepOXTHOCTHMe XapaKTepHc- 

TUKU CJIPaf iHbIX (P)'HIcuII~~) . U ~ B ~ C T H ~ I ,  ¶TO l'I03B011lUIO U3BeCT- 
HbIM BePOIITHOCTHbIM XaPaKTepIICTUKaM BXOAa II-UTh BepOXT- 

HOCTHbIe XapaKTePACTUKU BbIXOIIll. 

K p o ~ e  T o m ,  H ~ O ~ X O A U M ~ I M  YCnOBUeM n p X M e H e H m  MmOnOB 
TeOpUU cn)'YambIX iIpOUeCCOB X W e T C X  MHOrOKPaTHOCTb OCY- 
I r [ e c m e H m  cnyrafi~oro c o 6 b 1 ~ m  B npamusecm o m o p o ~ ~ b ~ x  

YCJIOBwot. TO-KO QIi MaCCOBbIX c 0 6 b ~ x  UMeeT CMbICn n p X M e -  
H e H X e  BePOIITHOCTHbR MeTOAOB UCCneAOBaHUII. O ~ M ~ K O  OYeHb 

%CTO n p U  UCCJIenOBaHllU KOHKPeTHbUr 3 W  LIEIHBMXKH MeXaHU- 
¶eCKHX CUCTeM H ~ O ~ X O L U I M ~ R  H H @ O P M ~ ~ ~ U I I  0 C X Y T ~ ~ ~ H ~ I X  B03MY- 

u e n m  mu OTcyrcTByeT, mu xe  nomenue ee n p e n m m e T  
co6oft 3Wa'Xy, HeCOX3MepUMO 6onee M O W  li T p y I I o e M W ,  S e M  

nocnenyronree p e m e H n e  y p a a ~ e ~ u i l  p B u K e H m .  

Oncyrcmue H ~ O ~ X O ~ U M O ~ ~  mi@op~auuu o CJIYW&H~IX cmax 
ycnowwrre~ p e r u e H u e  n p u l a r a ~ ~ ~ n u c  3wa~, a B B o n m a I e  n o n y u e H m  

U ~ p ~ O ~ O X C e H H X  IIPKBOII8T K BeCbMa Q E ~ ~ J I U X ~ H H ~ I M  YI MaXO 
UOCTOBepHbIM VMCJlOBblM pe3YJlbTaTBM. 

n p X  PeJJIeHKU 3 W a Y  0 clrynafiHbIX ~one6a~luoc a ~ ~ 0 ~ 0 6 t l n r r  

n P X  ABvDKeHtiM no AOpOre CO OI ) 'Y~~~H~IMII  HePOBHOCTXMIi (CM. 

rn. 6) c u a ~ m o c b ,   TO ~e06xoan~b1e B e p o m H o c m b I e  XapaKTepuc -  

TUKU H ~ P O B H O C T ~ ~  AOPOrU U3BeCTlibI. ,&Dl n0n) 'YeHm 3TXX Bepo-  

XTHOCTHbDl XapaKTePIiCTllK T P ~ ~ Y ~ T C X  O W H b  ~ O J I ~ I I I ~ R  3 K c n e p u -  

M e H T a n b H m  pa6om, nO3TOMy 3TX XaPaKTi?PACTUKU IIMeIOTCX TOnb- 

KO IIJIX O r p i l H m e H H o r o  mcna nopor. npu npoerrrwpoaanxu KOH- 

CTPYKUAX ( H ~ ~ I P U M ~ P ,  BBMMO~KNI) AONIMbI Y¶UTblBaTbCII YMO- 

B l l a ,  B KOlOpbIR a ~ B T  3 I C C m p O B a W .  T o m 0  C 

ym ycno~d i  MOWIO CTBBEEP~ ~mauy 06 O ~ T E I M E ~ ~ ~  K O H ~ W -  
nun H o n o B m a e H m i  em ~ ~ X H O C T W .  Korna m e v e  yenom 



Puc. 10 2 liWaK3T UHeP9ROHHOCTbI0, 

H a n p m e p  cnyratinarr serpo- 
sari aarpysrca He M o x e T  

MmOBeHHO A3MeHUTb CBOe H m e H U e ,  ¶TO PaBHOCUnbHO -0- 

BeHHOMj' U3MeHeHUM CKOPOCTH BeTpa, ~ O ~ T O M Y  LIOIIYlIJeHUe 0 
BO3MOXHOM P83pbIBHOM ITOBeAeHWW C J I ~ I ~ ~ ~ ~ O N  B03MYUleHWi RB- 

J I X ~ T C ~  meanu3auuei3 p e a n b H o r o  noaenemx f ( t ) .  B n m ~ e i h r e ~  
6 y A e ~  UOKa3aH0, ¶TO lWWi U A W H 3 ~  n o s e ~ e ~ m  f ( t )  llpHBOl[&i~ 
K H W A I U W M  BO3MOXHbIM B O ~ A ~ R C T B W ~ M  H a  CUCTeMY. 

BbIXCHeHWR OCHOBHbIX O C O ~ ~ H H O C T ~ ~  AUHaMINeCKKX 3ill(aY 

IIPU A ~ ~ ~ C T B U U  Pa3pblBHbM. B03MyrueHUfi, O q a H F I e H H b l X  n0 MOW- 
nlo, PaccMoTpuM cnenyrou~fi n p n M e p .  

npIIMep 10.1. Teno M~CCOR m ABmCeTCX l'OpU30HTaJlbHO nOA 

A ~ ~ ~ C T B U ~ M  CUJtbI R @UC. 10.3). CUJta  R HMeeT pa36poc AR(t), 
n p m e M  ( AR,,,, I = a = const (~ . e  AR (t) m e T c x  crryratt~oir 
@YHICIIUefi, O ~ U S ~ H H O ~ ~  MOiQ'nIO, PUC. 10.4). C~lny R M o m 0  
n p e n c r a B m  B B m e  

1 - AR.  
m 

Bemm AR ( t )  W O T B ~ ~ T  on- 
i5 MOMtHT BPeh4eHU fk . T ~ K  KaK 

UWHhI, TO OIPlUiWIeHHbIMX 6 y w  
nonmoaamcx @moil mocrcoc- 



I 
I 

CTBOBaTb ToqIM ITJIOCKOCTU (A xk , A xk) , Kmpue 6y4q  no-- 
i no- ~O-M ~ b r p m e c e ~ ~ e  X1 Z% 9 c f l m M  1303MOx- 

30BaHbl B OrPaHU9eKHOfi 06nac~1 @ a o ~ o h  ~ O C K O C T U .  pa3pblBHOrO f(t) Ha empnane BpeMem (0, tk 1. n ~ a ,  
;I Ha puc. 10.5 06nac~b 803- 

M o m  ~ H B Y ~ H H ~  A x k  )I A jik 

3auTpuxosaHa. C ~ e q e ~ ~ e  xk n pnc. 10.4). Anrr o m e n e m o m  1 I 6 w a  pama +a, a n o q  t I P ~ B H ~  -0, 

I 
CKoPoCTb ik COOTB~TCTB~~OT pac- 
q e m O M Y  pemhiy i l u m e r r m  m a  
B MOMeHT BPeMeHU fk . W 3  orpa- 

I 1  

HNPeHHOCI'U 06nam BO3MOXHIJX 
maqemP c n w ,  mo rn- 

11 npwm~m @mast, 0 x ~ a n . m -  
0 6 n a a  B O ~ M O ~ W  3~aqe- 

1 H M  ( ~ e r o l ~ b ~  onpenenearn irrac- 
TU B03UOXHbLX 3HaqeW peme- 

Pwc. 10.5 m y p a ~ ~ e m  mmHm CUcTe- 

I 

MbI ~ Y I [ ~ P  uwoxenbl HIDK~). 
n ~ w a  K P m  AerrvlT &30- 

I' BYro ~ k x O ' 2 ~ b  H a  ABe O ~ J I ~ C T E I :  06nac~b 3 ~ a q e ~ u g  A xk pj ~ x ~ ,  xl=(2tr-? , )a ;  

i pemu3aUHx KoTopbm B03MOXHa ( ~ & I I ~ T ~ U X O B ~ H H ~ J I  06na~~b) ,  u 
06nac~h wa9erni-i A x k  N A xk, KompbIe HUKOma (npu L[BHHO~ 

{ /  
I 

o ~ n a c ~ u  B 0 3 M 0 X H b t ~  saa.ren& AR)  ~e peanu3ylarcx, HarrpuMep 
~ a a q e ~ r n  A xk n A xk, coome~c~~yrolulue TOYKe A na PEIC. 10.5. BO~MOXHO u HECKOJIbKO XHOe nOBeReHUe &Wm~f, a XMeH- 

: i , ~  no i! @ , ~ ~ m , f = - a ,  a OT t' ao t'k) f =+a .  ~ P U  
3 ~ a u e  o6nam BO3MOXHhM wasemfi A xk u A xk n03BOmeT 

OTBeTmb Ha Pm IIPWX'4eCW ~831Mv BOII~OCOB, B q a m o C T U :  
3awne ~ M ~ I O : . M I R  f 3 ~ a w  nepen m e r p a n w  B m m R  
swamemxi3 (10.9) siaMewIITcx Ha o~panrue, T.e. B O 3 M O ~ ~  

BO3MO-e MaKCUManbHbIe 3HmeHlilI A x k  (TOSK~ (I) EI 3HaqeHm x, N 9 c npmononoxa-mMH 3HaKaMU. D6nam Bo3- 
A xk 6) Q E I  CaMbM ~ e ( i x a ~ ) r r p K S T H b l X  3aKOHaX H3~eaeam M o ~  ~ H ~ P ~ H N ~ I  x1 N 3 npn t =  t '  0 p a ~ m i ~ a e  K P H B ~ ~ M ~  
A R  (t); K ~ K  PaMeprJ o h a m  ~ U C R T  m n a p a ~ e ~ p ~ ~  C N ~ M I J  H 3~~~~ B n a p a ~ e ~ p m e . c ~ o M  Bme. Eizw nono-6 

B b I f i ~ a ~ b  naPaMe7rPbI CKCTeMU, IIpN KOTopbx o6nac~b ~o rqu -  B ~ I ~ ~ H W I  anrr xl H x2 6 y ~ W  me$ rn 
M m n M a i l b H h M  pa3MepOB. 

I - h k e ~  0 6 ~ a c ~ h  B03MOXHbIX 3 a a q e a ~ i 4  pemeHm CHcTeMw nPv 0 s l.(lO.ll-) 
(lo.@, KmOPYIO (mu HYneBbIX Ha9aJIbHbfX nEZf~bfX) MOXHO npeq- 
C T ~ E I T ~  B BWe 

r, 1 
Ik Ik 'k 

(10.7) I = l f ( ~ )  dr ; xZ = J jfm = Jv- T ) f ( ~  m . 
0 0 0 0 
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- 
Ha pnc. 10.6 no-a m TOY=, ~mplur nonana w h  

~armpmo~annoil o6mmi, T.e. ayxe* He noqwmcn.  B3m& 
IIpU nOCIpOeHUU o6nawn 3-H U3MeHeHW @- (C OLIRKM 
pa3pblBo~) oKa3MCII nm6an:ee HEXIpmMibIM. B a a n a ~ e h e ~  6ynm 
U O W ~ O ,  .no, LIeficTBnTenbHo, ANI m o i l  c n c r e ~ b ~  ypaBne~a  
H~UXYJWUM ~BKOHOM mMeHem @ymmn m m m x  J~KOR mMe- 
H e m  0 Om%rM WpbIBoM. B 3TQM W T H O M  npmepe B ~ M O I R ~ H  
~ a ~ o i l  SKOH nmeHeHm Cpymawu f (f = const) Ha BCW m p B a n e  
BPeMeHH, T H  KQIY,pOM LlOCTH%cTcII COBMCCIXb& MaKcVM!&i 

@- 3 n 3 b t = &  (lIPU'4eM B O S M ~  OOBMeOTHMe 

MaKCBMpfbl -KO WHOP3 3~iWi). VTO IIpow30irnel' C o ~ A ~ A I X ~ X ) ,  

ecm @YHKUUII 6yAeT MeHXTbCff B 6onee mupolm npenenax, CKa- 
me& B ~ U  nonocu, orpanwemofi nprr~brMu f 2 a  (a He f a ,  
K ~ K  B npmepe)? 

kl3 BbIpaXeHIYr (10.13) JIeIxO YCTaHOBUTb, 'IT0 @YHKUUII XI U 
3 G ~ U I U  6u B ma pa3a 60mute, re.  06nacm cTana 6h1 6onbute, 
HO ee @ o p ~ a  n nonoxeHne B ~ U  npmoyronb~oi4 o6nacm He 
U3MeHUrmCb 6b1. n o ~ o 6 ~ o e  yBe,lWIeHlie WIU YMeHbXIIeHUe nOn)'CKa 
Ha B03Myrrreme @YIiKWU IlpHBOAUT K IIon06~0My WJMeHeHUIO 
o6nam B O ~ M O ~ W ~ M  saaqe~nit peureHuii cucTeMbI ~ u @ @ e p e ~ m -  
ZUlbHhoc ypa8~e~lIft. B P a C C M ~ H H O M  IlpHMepe 06nacn B03MOX- 
HbIX 3HaqeHUfi Xl U Xz IIOJIYYUJIaCb C A M M ~ U ' I H O ~  OTHOCUTenbHO 
Havana KoopnnHaT, wu, omaxco, He Bcerna meeT Memo, nono- 
xeane o6nacm B O ~ M O ~ X  3~aqe~uI4 peme~nfi cucTeMbx @rrrr 
paccMaTpmaeMoro npnMepa S ~ O  (PYHKIJUH XI u x2) ~ ~ B U C U T  OT 

rpaHUII BOJMOXHhIx ~03~ylrreHtlft (@YHKWW f B LlaHHOM IIp~Mepe). 
l l o c ~ p o u ~  06nac~h B O ~ M O ~ ~ D (  3 ~ a q e ~ u i t  x, u 3 rn @~HKUHU 
f ,  3iUla~~0fi BHWU nonocbl Ha pnc. 10.7. 

Pnc. 10.7 



I 
I 

x, a 3 n ~ e m  sun m l ) s f f 4 ~ ; .  (10.19) 
1 X , = I - t l ;  x , = - ( l - t 1 2 .  2 (10.16) orpa~me~sm mna (10.18) ~a BO~MN~HIIR u ~ e m  

 nom me orrpenene~~bt8 x a ~ p n 3 y x  W- 
CUCT~MM (10.15) n (10.16) L [ e n b ~ 0  BO~MOXH~E XOTOPH~ MOW 

x2 
0,5a O n p e L I m  YpaBHeHkie we- me B O ~ M Y ~ U ~ ~  

nemnofi ~pmofi  ( n ~ e  B~TBU).  CumeMbl,  nowc- 
C O C U ~ S ~ T C T B ~ I ~ ~ R  0 6 n a ~ ~ b  3~aYeHUi% 

n o m a  H a  puc. 10.8. B pac- 
c ~ o l p e ~ ~ b a r  npmepax rpa- 

m e  mmmm fp,  y n o ~ - w ~  
PUC. 10.8 U3MeHXlIaCh @YHWIIR f, 

6 b ~ n n  ~ C T O ~ H H I J M U  BO ~ p e -  m e  ~ 0 -  

Me-. A ~ a n o r u s ~ b ~ ~  06pa30~ I, (10.18) u (10.19), I I ~ ~ ~ T O S I  

MOlKeT 6- OlIpeA'XeHa O ~ J I ~ C T ~  U NE? UIy¶aR, KOrAa rpaHUIIbI c n ~ b n v ~ .  Hanpmep, ewIu Ha CU 

o6nacm 3asucm OT B p e M e m  t, KaK, H h p U M e p ,  n o ~ a 3 a ~ o  H a  
pmc. 10.2, T.e. 

{" ~WIOBUSM (l&18), To B mo60B MI: 
, , '  m ( t ) s f ( t ) ~ M ( t ) .  (10.17) 

. ., ' MeHT BpeMeHU ilx eo3MOXmIe  3Haq  
. Elm B 0 6 1 4 ~ ~  UIy¶ae H a  CUCEldy M O W  A ~ ~ C T B O B B T ~  U HeCKOnbKO 

C J I P ~ H ~ I X  B 0 3 M Y U e ~ l i ~  fk (f ), OlpaHWXCHHblX It0 MOQ'JIK, U YAOB- HOR 06xa~m @uc. &0.9). B PHC. 10:9 

JIeTBOpXlOliwr YCJXOBUSKM 
' CJly¶ae KOMnOHeHTbl BeKTOP *- 
t i  m e ~ &  SEUEWTX ne3a~m' 

m # ( t ) S f i ( t ) S % ( t )  ( i = 1 , 2 ,  ... k ) ,  (10.18) =pmy C H e 3 8 8 R C H ~ ~ ~ a k H b l M U  ~ 0 3 W l I e H -  B O -  

i MO-b~ u a w c w e  cny~&ue orpmare~me no 
me mi (f ), Mi (t ) - K~B~C-e @~HKI.WU BpeMeHu, rrmmwiecrr ;; MOR~JIXX. Pace~crrpll~ B ~ a q e c ~ ~ e  @uc. 10.10), 

H a  ~ o ~ o p y m  neimsye~ cma t, ~Umei'i u ~ e p x i i e ~  r p a m a ~ m  06nac~n B O ~ M O ~ K H ~ I X  ~ H ~ X ~ H U B ,  
' h c r r y s a i i ~ b l i t )  K 

BWU KOTOPO~ @~HKUEW fi  M o x e T  n p n m a m  ilm6b1e 3 ~ a q e m .  
~ O A U T C X  H a  

I'Ipenenbnb~e 3 ~ a u e ~ s m  (PYHKUW fi  (mi n MI) MOW 6bITb u 
H e  3aBnCRUUMK M BpeMeHM t. MHOX~CTBO (PYHKIItifi, YAOBJIeTBO- 
PXIOUiSiX YCIIOBUXM (lO.l8), BKnIOTaeT B ce6rr U JleR5pMUHUpOBW- , . 

HbIe @YHKUUU, U3MeHRlOILMeCII BO BpeMeHU I f0  U ~ B ~ C T H ~ I M  3aKO- 
HaM, OCTaBmCb BHyrpU o6nam B03MOII(HbM 3HaYeHUi. CpeL[&i 
ynoanemoprrmliwr y c n o ~ m  (10.18) MOW 6- u @ ~ H K ~ U U ,  CO- 
xpamxonrue nomrraaue cnywhiart a n a s e m  B T e r e H n e  B c e m  
npouecca, H a n p m e p  c . w a i i ~ b I e  H a r m m e  gaxiHbIe. &m cnysali- 
HhM @YHWUB, c0xpaHII~)IUm n o m s I H H O e  P K c n o ~ o e  3 ~ a r e ~ u e  B 

T e n e H n e  npouecca, BBeneM 06omare~ne fj) .  ~ ~ H W U U  f l )  MOW 

n p u H u M a T b  nm6oe s H a r e n n e  B H ~ U  mepsma: 
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BbIBOAOM YUIOBUII, KOTOpOMY EOJUW~I YAOBneTBOpm npOeKWH f 9; 6) cnysaibme ~o3-em fi  ( t )  M O ~ O  I I~~AOTWW B  me 
c m  f Ha ocu X, K B ypaBHeHue nBUmeHm MaccbI m B npoexuwx 
Ha OCU XU Y BO- I@OeIcr[UU CUJIhI f ,  f, U 4, PaBHbIe f;- = hi (t ) f P, me hf (t ) - mecmibxe Cpymam, sa~uc-e OT 

BpeMem. B crrygae 6) c-e B'aMyllIenm 4, yp.ommpxm- 
f ,=fcosa;  &=fs ina .  (10.20) , m e  (10.23), m ~ e m ~  BO ~ p e ~ e m i .  

kls (10.20) MOMIO nonywrb cmmtueme OCHOBH~S 3m9a, C B I ~ ~ ~ H H ~ S  c nccnenoBanneM HeEmIZiOHap- 
~ s n r  K O J I ~ ~ ~ R ~  ~exammec~08 CHGTPMW npu neiicmm B m m e -  

fi+ff ' f 2 ,  HE&, ~BJleTBOpSTIO~ O~aEiliYeH~M (10.18) WlB (10.19) U 
(10.23), ~ o x m  6 m  c@op~ymponana cnenymmM 06pa30~. Tpe- 

HO T ~ K  K ~ K  f o-we~a no ~onynm 6ye~c11 o n p e n e ~ ~ ~ ~ %  p6nacra B O ~ M O X ~ ~  3 n a q e ~ d  w m p a  y, 

If(t)Isa=fm, XapamepmymIneI'o BorlMylnemoe commme cucTeMbI B Cpmn- 
p0BaIiUJd MOMeHT BpeMeHH fk, KOMlIOHeHTbl BeKIOpa BO3- 

uMeeM biyxuemti ~ ~ I O T C I I  myw&imm C ~ ~ ~ I C U T U I M U ,  y n o m e r ~ ~ p m m -  
MU YCnOBIlWrl (10.18) KlIH (10:19) EI (10.23). 

k r + k j s l ,  (10.21) 
9 a m m m  ~~ c @ o p ~ @ ~ ~ ~ ~ m o i i  wpm jnmm0~~11: 

saqaqa onpeneneHm npoemm n-8 o6nacr~ BO~MOXH~IX 313a~e~E& 
s e m p a  coc~ormar! c n c r e ~ b ~  npu HecmwoHapHanr ~one6- 

T.e. B O ~ M O X H ~ I ~  3 1 i a ~ e ~ ~  ~o3~yll1eHIIZl opmmeHbI 06namm, Ha m p e p m e  n n o c ~ o m  (o6nam, awanomaue npnnenemiofi 
n o ~ a 3 a ~ ~ o i l  ~a puc, 10.11. B knee o 6 m e ~  cnyqae cma f MOX~T ~a puc. 10.6) n w s a  onpenenemm M B K C I ~ M ~ ~ ~ H O  B ~ ~ M O X H M X  
u u e ~ b  u npoe~qum na O C ~  2, ~ O ~ T O M ~  comoweme (10.21) s ~ a ~ e x ~ i i  m o i l  ~ 1 3  ~ o m o ~ e m  y, s e m p a  comommn ( Y  B 
WUHUMaeT BHA @UKO@OBWHJ& ~0ae1-m B ~ ~ M ~ H H ) .  

( q + ~ s + [ q < l .  (10.22) p 10.1. OnpeAWle~ M- 3 8 i l ~ d  K O M O O ~  WK'lWP 
fm fm fm ccwmsmm CIIW~I 

Ycno~ue (10.22) M O ~ O  3amcan B 60nee o6111e~  me: P~CCMOTPHM Bempme ypanxenne m e H m  C H ~ M M  n m a  
(C f . I) 5 1, (10.23) 3 +A( t )y=  B ( t ) f ( t ) .  (10.24) 

rae C - onpenene~~o n o n o m b -  Pememe ypame~& [10,24) npa a e n p b ~ r n  Haranbmm w- 
HBII, c a ~ o c o n p m e ~ ~ a i i  ~naapawax H ~ I X  UMW ~ l ~ q  

MaTpuqa. neeax qacm ycno~m 
(10.23) npenc~aanrre~ co608 onpene- 'k 

nemo nonomTenbHyIo manpann- 
Y = K ( ~ ~ ) Y O + {  G(!,,t)B(t)f(t)dt. 

(10.25) 
HYlo ~ O P M Y .  

Bo~MoXH~I ABa Tuna ~~1flaibIblX 0 

B O ~ M Y U ( ~ H U ~ ~  f i  (!), YEOBJIeTBOPRIO- ~ M I I o u ~ H T ~ M H  BemOpa Ha'iWHJdX AaHHbIIC yo m I I  Cny- 

LWX (10.23) : a) J(t)  He ~ ~ B U C U T  OT -e wcna, y ~ o ~ ~ p s r o n q i e  ycno~um (m, uro yW m- 

hre. 10.11 BpeMeHH, T.e. ST0 B03meHWI THna 06nacTlolA B ~ ~ M ( U I C H ~ I X  3m3ensifx) 

C v o / ) ~ S Y p l 5 ~ ) m a x ~  (10.26) 

418 419 



.. ;::. . !. ') . . npu kmj< 0. 

M ~ K C U M U I ~ H ~ I ~  3Ha'IeHIlrr UHTeIpaJIOB, 3 a B U C m  OT fv , CO- 

OTBeTCTBylar C J I e W n M M  3aKOHaM H3MeHeHWI BO~MYLII~HS& 

f y  (7) : fv(7) = MV(7) H a  UIiTOpBaaX BpeMeHU 7, I'Ae dmv(7) > 0, u 
fv (7) = my (7) H a  UHTePBaJIaX BpeMeHU 7, TAe dmv('T) < 0, T.e. 

Hanpn~ep, ecna rj - 3 ~ a r e ~ m  BpeMeHu, rAe @ y n ~ u u  dm, 
MeHIIX)T 3HaK, TO MaKCUMUIbHbIe 3 H a S e R m  UHTeTpaJIOB, BXOJ!$LL(UX 
B n p a B y m  qacn (10.27) (m o n p e n e n e H a o c r r u  n o n a r a e M ,  m, H a  

nepBoM u m e p B a n e  OT 0 no 770 dm,> 0 ) ,  

- 

B0 BpeMeHU ~ n y r a f t ~ b l x  E O ~ M Y I ~ C H U ~ ~ ,  OTpWWeHHbLX no MOLIYJIIO. 
Hanxymuue 3aKOHbI H3MeHCHSUI B-~HU~ fi  BO BpeMeHU, CO- 

0614a10~e MaKCUMaJIbHbIe 3Ha9eHSUI ~ a m q 0 ~  U3 KOMIIOHeHT Y,,, 
B e i r r o p a  C O C T O X H ~ ,  paurwan, T.e. npn omoii pea.11~381~~ npo- 
uecca ~ T U  3xom O c y m e c T B m c R  H e  ~0ry-r. 3mme M ~ K C U M ~ J I ~ H O  
B O ~ M O ) K H ~ M  senman KOMIIOH~KT B e r m p a  c o c m m l r r r  C U C T ~ M ~ I  
leecb~a none3~0, r a ~  KBK 31% 3 ~ a q e ~ m  rapamupomime. 

# 10.2. o6%WlW B03MO- -.Id eoermaaS CHElX?*IY 
qut xeitmun new- wwymesll8 

U H T e p W e  BpeMeHU tk (~uc .  10.12). ~oVKIM)' BCe T U & U  n-MepHOioro 
@3onoro npocxpaHcTBa ~oearo pa36m H a  m a  w r o x e c T B a :  MHO- 
XeCTBO TSIeK,  KOTOpsIe M O I ' ) T ' ~ ~ I T ~  LIOCTUl7QTbI BeKTOPOM Y IIpU 
BCeB03MOXHm W 3 M e R e H m  BeKTODa f, A MHOXeCTBO T09eK. KO- 



~ P ~ A ~ o J I o X Z ~ M ,  ¶TO U3BeCT- 
HbI MaKCUMaJlbHbIe 3Ha¶eHKS 
npoewuu Benopa y  Ha Ha- 
npaBneHm, onpenemeMbIe 
enumrHm BempoM a. llpo- 
BOW U 3  KOHUOB MYV[ I I P O ~ I C I I U ~ ~  
npu pa3~aoc a nepnewKymp- 
HO K HUM runepIuIocKocni, no- 
V A M  HCKOTOPYIO 3 a M m  
o6nac~b, 3WK)qeH~yKl BHYIPU 
IMocKocT~~. T ~ K  KaK WUHU¶- 
H ~ I %  Bemp a J~BUCUT OT n-1 

kc. 10.12 napaMeTpoB (npoewMtt Ha KO- 
OpnUHaTHbIe OW), MbI IIOJIy.la- 

eM n-1 napaMeTpuqecKoe c e ~ e & c ~ ~ o  runepmoc~oc~ek. Onucm- 
HHZL nurue reo~eTpwecmti MeTop. nonyreHm 06nac~u cyqec~- 
seHHm 06pa30~ c m m  c npeunonomeHueM o aBbrrryKnocru* 
o6nam, T.e. emu ~a~ue-nu60  nBe TOSKU npuHmexaT rpaHuge 
o6nam, TO Bce TOY- o ~ p e 3 ~ a  npa~ofi, coenulurmmero 3111 nee 
TOYKU, npuHaqnemaT o6nam. Hanpu~ep, ecnu Bemop $1) on e 

?l f XeJIFI€T TOSKY 1 (TO¶= 1 COOTBeTCTByeT BeKTOPY COCTORHWI Y 
nomamrqeroca B p a  nbTaTe neitcmm s e m p a  dl), a Bemop f(2j (3 - TWKY 2 ( s e m p  y  ), TO Bemp 

f = h f ( ' ) + ( l - h ) f O  (10.33) 

npu U ~ M ~ H ~ H U U  h  OT 0 no 1  onpeAemeT sce T O ~ K U  0 ~ p e 3 ~ a  npmok, 
coenummmero T O ~ K U  I a 2. B e m p  WCTO~HUX C U ~ M ~ I  npu 
B3IITOM f MOXeT 6bITb IIpeXCTBBneH B BIZl[e 

y =hy( ' )+ ( l -h )ym,  (10.34) 

U npU HeIIpepbIBHOM U3MeHeHUU h  OT 0 no 1 BeKTop y  an 6eraem 
rsce TOYKU npa~oti ,  coenummmeti K O H ~  B ~ K T O ~ ~ B  y e  a y(2). 
3TO CBWeTenbCTByeT 0 TOM, ¶TO BCe BeKTOpbI y  (npu 0 L h  L 1) 
nemaT 9-u O ~ J I ~ C T I I  B O ~ M O H ~ I X  3~aqe~ui i ,  T.e. 0611acrb a m -  
eTcrr sb~yruroti. 

OnpeneJI~B MaKCUMaJIbHbIe 3HaWHwI npOeKUUU BeKTopa y  
m o m  HaIIpaLUIeHElrr setnopa a, ~ o m o  nepefi~u K OnpeneneHum 
npenenbaok noeepxlrom. npoeeqm semopa y Ha HanpaaneHue, 



3 a ~ a ~ a  o n p e n e n e t r m  o6nac~w B O ~ M O ~ ~ L X  s ~ a r e ~ & i  B e n o p a  
B O ~ M ~ I U ~ H H O ~ O  C O C T O I I H ~  C U C T ~ M ~ I  y C B e n a c b  K o n p e a e n e H B m  

MaKCAMaJlbHO B 0 3 M 0 1 W O r 0  3 H a Y e H H  B b I p Z K e H m  (10.40) n p B  Or-  
PaHBYeHUHX, KOTOPbIM AOlDKHbI YnOBlIeTBOPRTb @YHKUBM yp ,f; B 

f t ,  MaKCAMB3Ap)'£OrUUe BbIpklXeHHe (10.40), I IpBYeM @YHKUBB f; 
I I p U H W e X a T  3aMKHYTOMY MHOWeCTBY. a0 YCJIOBBe 03HaYaeT,  YTO 
LWI54 HUX aOIIYCTBMb1 B npeEeJ IbHbIe  3HaYeHBII, T.e.  4 MOWCT 6 b l ~ b  

PaBHblM H a  HeKOTOPOM BHTepBaTIe BpeMeHB (fl , tz) CBOBM ripe- 

EeJIbHbIM 3HaYeHUXM, H a n p B M e p ,  

~ o K Z K ~ M ,  YTO 3KCTpeMaJlbHbIe 3Ha ' leHWl BeKTOPOB Y ( f k )  (CM. 

PAC. 10.12), O ~ P B ~ ~ O I U B X  IIpeneJIbHYK) IIOBepXHOCTb, &OCTBramTCII 
H a  KlIaCCe pa3pbIBHbI.X ( ~ ) Y H K U U ~ ~  f;, Yn0BJIeTBOPIIK)IIiBX YCnOBURM 

(10.18). O n p e ~ e n u ~  , M a K c u M a m H o e  3 ~ a u e ~ a e  ~ruyqoii u3 CYMM, 

BXOAR4UX B IIpaBylO %CTb B b I p Z K e H m  (10.40) OTAeJIbHO. Hat tne~ 
M a K c u M a r m r i o e  3 ~ a u e ~ n e  nep~ofi C ~ M M ~ I  

rET0 M ~pe60~8110~b AOKa3aT5 ( T ~ K  K8.K 3aKOHbl M 3 M e H e H m  

namwue C ~ K C T P ~ M ~ M  OKWPHOMY npo~3~enerarm (y, a), o w e -  
mm B ~ ~ c q e m b ~ ~ b i e  ~ H ~ Y ~ H W I  B e m o p a  y (+)). 

MaKCBMCGI6HOMy 3HaYeHUIO IQB Q! > X MBHBMaTIbHOMy 3 H a W -  

HW npw Q 4 O. TWM oBpa30~, m K ~ O T O  HarrpameHm n 
o n p e n e i u r w T e f l  T a r m e  sx tMareHm y~ , f! n @YHKCCBEI& npx KOTOP~XX 

' npoeam Beicropa y (tk) wa 3m H a n p a m e n n e  n p m m a e T  ~ C A -  

, M a x m o e  3~aqeme. 3 ~ a x  ~ g g  , f: IX fi  , no GopMyne (10.40) onpe- 
; n e m M  n p o B K U u m  y m n a n p a B J r @ m e  a. .KOM~OH~HTH B e n o p a  

; Y (k P a e H h t  
! 



earn t j j ( t k , ~ ) < O  npn O S T S ~ ~ ~ .  
P ~ C C M O ~ ~ ~ M  '4acTH& ~ n y n d ,  KOrAa V a H U U b I  06nacM B03- 

MOXHbLX 3Ha'reHUfi C J l ~ a h b I x  B 0 3 ~ e ~ U f i  f j  nOCT0IMHbI BO B p s  

M e m :  

(10.481 

3TOTO KnaCCa ~ 0 3 b Q l U e H U f i  MaKCUMWIbHOe 3HaSeHUe BTOC 
pOr0 CJIaraeMOrO B B b I p m e H U u  (10.41) 6 y ~ f l  p a B H 0  

sofi o6nacrn ~ 0 3 ~ 0 x a i b m  3 ~ a ~ e ~ n f i  H a  n p m )  ~ ~ ~ M C X O P I ~ T  H e  B 
3WaHHbIe  U3BHe MOMeHTbI BpeMeHU, a B MOMeHTbl, 3aBUCIIIWe OT 
csofim ca~ofi CncTeMu.  06nac~a B O ~ M O ~  m o n e m i t  co- 
xpamfl CBOH) K O H ~ U ~ ~ ~ ~ I U I O  (8 CMbICne non06m) IIPX npOlIOp- 
UUOHaJIbHOM H ~ M ~ H ~ H U U  BCeX ~03~~111eHnfi.  ~ P U  IIOLIO~HOM U3- 
Menem B O ~ M Y I I [ ~ ~ ~ ~  uMeeM 

me J, - M o M e i n  u H e p u m  paKeTbl 

OTHOCKCWIbHO W U ,  r r p O X 0 ~ e f i  

uepe3 uemp TIUK~CTU (nepnem- 
K~WHO m o c K o c m  repem); 

/I/. 
M, - m- ~ 3 M y l U a r o W f l  

MOMeHT ( B b I S I B a e W ,  B ¶aCl'HOC- 
M, F Z W ~ ~ C K H M U  BKCU~W- 

8 
pmmmm m), 31iaqe~ne KOTO- 
poro o 6 m o  umemio B Bqqe He- R 
KMO~OTO p a s m a  (puc. 10.14), 
u ~ e m ~ e r o  rpa~uqbx 4b;  urp - PAC. 10.13 



B O C C T ~ H ~ B J I U B ~ W I ~ U ~ ~  MOMeHT. Tpe6yem OnpenenllTb o6nam B03- 

MOXHbIX ~ H B P ~ H ~  )Tna 4 )T~OBO& CKOpOCni cp (06nac~b Ha 

4a30~0fi IUIOCKOCTU ( G , ( P ) )  B MOMeHT BpeMeHU fK = 5 C. ~ P U  

p e ~ u e ~ m  cqmae~,  rro npu f = 0 cp (0) = 4 (0) = 0, 
J ~ = I O ~ K ~ . M ~ ,  a = 1 , 6 . 1 0 4 ~ . ~ ,  I b I = 2 0 0 H . ~ .  

npeACTaBUTb B BWW BeKTOpa Ha 4 a 3 0 ~ 0 f i  IIJXOCKOCTU (6 0 cp 
( ~uc .  10.15). -OM)' 3aKOHY YI3MeHeHEIII B03MylllaK)LqeTO MO- 

MeHTa Mb C O O T B m y e T  BeKTOp PeIXIeHWl cp, ( cpK = (bK, cpK)T) . 

Onpenerrmi MaKcnMaJI6Hoe sHaqeHm. npoewuu BeKTopa peme- 
HliR 'Pa lIlIII ~ U K C ~ X I H H O I ' O  3HaqeHElR YryTna a U 3aKOH U3MeHeHUR 

Mb, COOTB~TCTB~I~IW~~ (Pa -, HBXOJLUM 3HaPeHWl KOMnOHeHT BeK- 

Topa qK , T.e. 3naqe~m cp, n +K , Komppare nmmorcn Koopmammi 
o n ~ o f i  u3 TweK qmiwqar o6namn B O ~ M O X ~ ~ X  3 ~ a q e ~ I I f t  peme- 
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1. rr. 
DM q7 = -= sin pO (tl - zl) (tz - 7 3  e* cT1 - ~ 1 )  d 

'OPO D 
'2 + 

'2 
DM 

$?=- Jsinpo (t2 - 13 sin po (tl - rl) e+('i -'I) hl + 
~ $ 8  l, [ : 

nocne anTerpnpoBaJiliR u npw6pa3o~amii nonyraeM Barpa- 
xeHue w mcnepcna pemeam: 

2 . 2  1 x (a sin pot, +Po gin pot3 + (PO cOs2 POW sm POQ I -TZ. 1 J@o 

(10.59) 

llocne ~ m u c ~ ~ e m f i  narryraeM cpexnee KsanparrnecKoe 3 ~ a -  
r eme  yrna Q: 

C s m ,  m w yrna cp crrpaneanmo ~ o p ~ m m o e  pacnpene- 
neme, meeM 

WO I1pli6mi3~~enb~0 B JW pa3a MeHbIUe 3HaVeHUSI DJD? 9- B 

~ a 6 n m e  npn a = 0.  k13~1oxeknufi MeTon c acnonmosanaeM pa3- 
PbIBHbIX CJIy'X&HhIX d,y~KIWie8, OIpruMneHHblx no MOWJIIO, AaeT 
&h'e BbICOKUe 3riaYf%I&I MaKCUMaJ&f&LX UTKKOH~HU~~~ CUCTeM OT 
HeB03weHHOr0 PeXUMa, 'PBK KaK ~ ( U w y ~ a  38KOH U3hieHeHWB 
B O ~ M ~ L U ~ H ~  Mb , euiu em oueHusaTb c neportmocmblx no3mafi, 
~ X X ~ T C I I  ~ a x o  BepombrM. n o v e ~ ~ o e  snase~ue qm (10.61) 
no ~ o p p w u m ~ o ~ ~ o i l  ~eopun meeT c w c n  KaK xapamepumra 
nouecca -0 B ~ o ~ ~ c n y r a e ,  emu miems  MBCCOBZLK peanu=- 
uurr, T.e., Hanpswep, o~mnaeTcsr B cpenxehc ~03~ymemoe  mn- 
x e m  60muroro s a w  paKm. Ecrec-men~o, %TO cpemue xapax- 
~ e p a c m  npouecca (~anpmiep, ?,iaKcswanbaue sHageHm yrna 
Q = 30, ) Memure snare~wil Q,, (10.53) r~ur O T A ~ J G H ~  pweT. 
Eonu ;ice sweeTa onHa urru me pearrnsauarr npouecca, TO OpeRnue 
X!dpa~UCTfrKEf He UMeW CMbICJIa, TaK icaK IIpU TaKOM M U O M  
racne pemsaquii ~ b u ~ s ~ l l a  CTamcm'Iecicne C B O ~ ~ C T B ~  A~HHOI'O 

npouecca Hen=. 31iane~ue Q-, H & ~ H H O ~  c ucnomoBaHueM 
p a 3 p m ~ b 1 ~  C J I Y P ~ ~ ~ H M X  @yxiwuW, OqwimeHmx no MOJIYJIIO, m- 



&m cncTeMbI  y p a ~ ~ e n u l  n-ro n o p m l c a  o6nac~b BO~MOXHHX 

snasenuit ~ ~ n r r e ~ c f f  T o x e  n-~epnoa. IIpa npammecxcux pacne- 
Tax 9aCTO 6 b I B a e ~  AOCTaTO¶HO 3HaTb o6nacn B03MOXHbM 3Ha- 

W H U ~  AByX KOMnOHeHT BeKTOpa COCTOXHASi CUCTeMbI, T.e. 3HaTb 

n p o e K m m  n - ~ e p n o l  o6nam H a  

EByMepHyio nnOCKOCTb. 

P ~ C C M O T ~ A M  CKaJISIPHOe IpOU3- 

B W H A e  BeKTOpa peIIIeiiUf3 y A BeK- 

mpa a, n e w e r 0  B II~OCKOCTYI, 

onpwenrre~oa AB~MII e m m H m a i  

sempma rl u (puc. 10.18). 
B o ~ ~ M ~ M  nauhnee o6mk cny- 

¶a%, K o r n a  moc~ocm, onpweme- 
mn B e t c r o p a m  01, m2, H e  coma- 

v 
AaeT C K O O P ~ B T H M M U  IUIOCKOC- 

pwc. 10.18 T-. B e m p  a MOXHO npema- 
B m  B Bme 



5 10.4. Onpenenerme rnancmamaam 3 n a ~ e t d  nwammeclour pea- g e ~ m  Q , y ~ m  f ( r )  c ~ a r m a  nsme~urr no A ~ H H O ~   MOM^. 
B03MOXHOMY n o B e n e H l i m  Q,YHKUMH f (l) B H W P B ~ ~  

n p ~  UCCneXOBaHUM A B U X e H m  CMCTeMbI Ten  YaCTO ~ p e 6 y e ~ c 1 l  (0, ti), r e  tl - ~ ~ ~ U ~ B O I I ~ E X ~ K ~ %  MOM~HT B P ~ M ~ H U ,  COOT~~TCTBYI~- 
Oflpe4enUTb H e  TOnhKO BeKTOp UCOCTOIIHMR* CMCTeMbl Y (KOOPEK- 

nOXOXeHKTO MaCCM m, EOKa3aHHOMy H a  PUC. 10.19, a, 6 y A e ~  
HaTbI n CKOPOCTU), HO A CYUIOBO~ ~ 3 a n ~ o n e l c ~ ~ n e  ( p e a ~ q n n )  

c ;oomeTcTBoBam o n p e A e n e H H o e  SniineHHe p q n n .  n p u s e ~  cpem 
M ~ W Y  O T E ~ ~ ~ H H M U  T ~ ~ M M  CUCT~M. B K ~ ~ C T B ~  ~an6onee flpo- 6 e n < o H e q ~ o r 0  MHOXeCTBa B03MOXHblX n 0 B e ~ e d  4-n f, 
CT02 @ Y I ~ I ~ Y ~ C K O ~ ~  MO4eJIU aHLUlOrUYHbM 3 U a Y  M o m 0  I I p U B m n  g m q m  n pa3pbrWe n3MeHeHUR BO BpeMeHEi, EiMeeTm 3aKoH 
~ n e m m ~ ,  3 a a ~ .  rpy3 M ~ C C O ~ ~  m RBIUKeTCII co C K O P O C T ~ ~  v no ' U3MeHeHW COO~LUWI@% MaKCUMmbHOe 3HaYeHYIe PeaKUElEI B a 6 c o n m o  XecTKofi 6 m ~ e  c ynpyrn~ s a ~ p e n n e ~ n e ~  MOMeEq rp EWK npn copamenmi ypas~e~na  p B m e H m  C n c E M b I  

(PC. 10.19, a). npa~w OnOPa 6- flpeACTaBJL54eT ~060fi npymn- 
B O C n O W B a T b C S  MeTOAOM KUHeTO-, TO n O W H M  P H e -  HY c X~CTKOCT~KI c u n e ~ n a e p o ~  xcumoro T p e H m  ( K O ~ @ @ U U M ~ H T  

, ~ m ,  B KOTOpbIe 6 y w  BXOAUT~ anre6panrec~n (6e3 W O ~ J B O D ~ ~ ~ ~ )  
T p e a m  p a s e H  a). Ha Maccy  m neicmye~ cnpaknw cma f(t) ,  

HeU3BeCTHhIe PeaJarliU. PaOc~oTf?nk% 06- pBkDKeHiM 
OVaHIlqeHH%I no MOAyJIlO. Memy 6m~0fi ti M ~ C C O ~  m B 0 3 H W e T  ' 

cncTeMbI, CYUTaR, ¶TO f i a B H e H m  KBUKeRm CPCPeMbI COIIeP)I(BT k 
P e a K q W  N, KOTOpm 3aBUCUT OT IlOBeL(eHUR 80 BpeMeHU @ Y H ~ E I I I  

HeUsBeCTHbIX p&3KUJi2f, BXOJUUWX B W B H e H m  m m w e c m .  B 
f B H Y ~ ~ U  o6nac~n B03MOXHbTX 3HaqeHnfi.  npn p a c ~ e ~ a x  ~pe6ye~cx 3TOM cnysae nOJlHyKI CUCRMy f i a B ~ e H ~ 2 f  M O B 0  p 8 3 6 ~ ~ b  H a  
O n p e I I e n m b  MaKCUMmHO BO3MOXHOe 3HaYeHUe 4nvl~a~wec~ofi  n ~ e  I I O ~ C ~ G T W ~ I  (BK!IIOY~R II ~ P ~ H ~ H X X  CM~H, ~ P H Y ~ M  CBX3U 
peamna B O ~ H M K ~ K I I I ~ ~ Z L  M e w  M a c c o k  m a 6m~o2. c r x T a o m s  f i s y c ~ o p o ~ ~ m ) ,  K O m p M e  B s e ~ ~ p ~ o - ~ a ~ p n n ~ o i  sa- 

nncn u M e m  BKJI 

Aloj;l +Al ly l  + .412~1 +A13z = Blfl ; 

+Ally + A ~ Z Y I +  4 3 2  = B2f2 , (10.66) 

me yl - B e q  c n - k KOMIIOH~HTWH, KOTO~UMH RBJIRWCCX 

0606lqe~~h1e KOOpmHaThK CUCTeMbI; Z - BeKTOp C k KOMIIOHeH- 
TaMEi 83 H e U 3 B e C W  pe@; f l  , f2 - BeKMPM, KOMnOHeHTaMfP 

K W p b M  SBXSIOTCX ~~~e BO3MyUeHWi, OIpaI iKqeHHHe YTO 
MOJIYJEIO H ymanempmme YCIIOBEim (10.18); AU, Bl, B2 - MaT- 

p-, 3neMeHTbC KOTOPbIX B o 6 ~ e ~  Wac M O W  6 m  @ Y H W ~ -  
MU BpeMeHK. 

B ~ a m ~ e i h e ~  c w T a e M ,  4~ pa3MepHOCTb BegTOPOB fl H f2 
paBHa n - k. B CKCTeMe y p a ~ ~ e ~ ~ f i  (10.66) M a T p W  A,,, Al l ,  
AIZ, As, B1 U 4 IIpffMOYlWnbHbKe, 3a UCKIIlO¶eHUeM MaTPUUbI A13, 
KOTO* x o m a  6 m  ~~aapamofi. T o r o  m6b1 MaTf?mia A13 

Pwc. 10.19 6ma K S ~ J & ~ ~ T H O ~ ,  L[OCTWDPHO U3 &weB CUCTeMbI y p ~ ~ e m  
831Trb 5 U M O  W ~ B H ~ H ~ ,  PaBHOe pa3MepHOCTK BeKTOpa Z ( E ~ P B O ~  

PaCYeTa Ha  nPO'JHOCTb H ~ O ~ X O ~ U M O  3HaTb MaKCUMLUlhHO ypaBHeHUe CUcTeMbi (10.66)). Bmpoe BeKTOpHOe P a B H e H l l E  CUC- 

B03i40mbIe ~ ~ a ~ e H m  PeaI(IWEI Ka)lC90r0 MOMeHTa BpeMeHU. TeMbr (10.66) KMeeT pa3MepHOCTb, P a B W  n - k. Y M H O ~ ~ B  IIePBoe 

3 ~ a ~ e ~ ~ e  P e a W n U  B KarnsbIR MOMeHT BpeMeHEi 3aBMCUT OT no~e -  ypaBfEHUe CUCTeMbI (10.66) H a  M a T P q  AT:, nO-NM 
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rne 

Aria oqeneneHwI % m p a  z HBC 6ynm umepecoga~b n e p w  
ITpOinBW&Ka5I OT BeKTOpa y UO f : 

t 
a + = k(t ) yD.+ J- G (t, 7) (B3f2 - B4f1) h + 

0 
at 



n-k n-k ' 

n-k 1 

B cnyrae onpenenenm ~ a ~ c u ~ a n b ~ o r o  sHaqeHux KWOR 113 

pea~unti s a ~ o ~ b l  U ~ M ~ H ~ H U I I  fij H hj onpenemmcn MWAOM, 
U3nOXeHHbIM B 5 10.1. Ha&ehf, HaIQYUMep, 3aKOHbI U3MeHeHM 
fiJ U fi/. npU KOTOPbIX Zp EOCTUl'aeT MaKCUMaJIbHOIY) 3Ha4eHW-X. 

n-k 

M a K ~ u h f ~ b H ~ e  3 ~ a r e ~ u e  C ~ M M ~ I  C cpj fV nocmmeTcx npu cne- 
hl 

D Y I O ~  ycnosmx: 

ecnn cpj > 0, TO fii = Mj ( t ) ;  

ecna cpj < 0, ~ o f i j  = mj ( t ) .  

A ~ a n o m o  onpenemmsi n w~cnMansHoe sHareHue CYMMH 
n-k 

C dpjhj : 
i=1 

ecnn dpj > 0, TO hj = M, (t ); 

ecnu dplc 0, TO f3= mj(t ) .  

MaK~UhianbHb~e sHaseHIlrr nnTerpanos, e x o m u x  B npasyto 
W C T b  COOTHOIIIeHElR (10.78), OIIpeJ(aKurcrr B @ U K C U ~ O B ~ H H ~ I ~ ~  

MOMeHT BpeMeHIl CnenyIoUUM 06pa30~. kpi' > 0 (UJIU kpj" > 
> 0) Ha uwTepsane (T,, T,+ TO f i j  = Mj ( r )  (mu f i l= Mj (4, u 
ecnn kd < 0 Ha umepsane ( T ~ ,  rV+ TO fi j  = mj (t). 

IIpwrep 10.3. Onpenenu~ ~ a ~ c n m m ~ o e  3~aqe~11.e p e a m u  
N ( t )  (CM. pnc. 10.19, IT), ecnn ) f ( t ) )  c a. Bocnonbso~aeuruc~ 
IIpUHWEIOM A m ~ 6 e p a ,  n0JI)WiM )'paBHeHnR ABUXeHUff B ~ K U  
U MaCCbI m: 



M ~ K c u M ~ ~ ~ ~ H o ~  3HaYeHUe BbIpilXeHUX (10.82) B OCHOBHOM On- 
PeAeJIXWCX UHTerpUOM, KOTO~~IP AOCTUraeT 3KCTpeMUIbHOrO 3Ha- 
we-, e m  +y~wnx f(z)  MemeT 3~aqenm-1 c +a Ha -a B 
Mouemw Bpexemi T,, , onpeaemrearbre a3 ycnosm 

M ~ K C U M ~ H O  B O ~ M O X H O ~  3naqe~ue p q m i  N ~ o c ~ u r a e ~ ~ x  
npa t + m, IIO%TOMY nepeZLpe~ B BsIpaxeHuu (10.82) K H ~ ~ ~ B U C U -  

MOR nepe~eHH0fi 8 = 1- r, KOTOpU U3MeHIIeTCX OT ~ ~ C K O H ~ Y H O C T M  

no Hym. B 3TOM CWae MOMeHTbI P83PbIBa Ek &YHKIXI~EI f (8)  

HaXOAUM U3 YCJIOBUX 

sin [pie + p ]  = O .  (10.83) 

Nmx = 
J04 I """1, (10.84) + c, sin (p + Dl) + Zin pl e 

J~ + m12 
kl 

2npl 
; = Po r e  sin p = m , m' 

B ll@JWIylCW r*lflarpa&J+ Z)8CCMavBgnUCb 3Waq4 KO- 

q u a 0  m n e ~ e i i  c~obo&id c u c m a  = -OM m q m e  ~ p e -  
MeHU mUXeHWI OCTaBBhOCh X f S l 3 M ~  C H&U3MeHHblM ¶U6nOM 
wpm&bfx msFque~X&i. B peanbnblx GNCreMBXSTii MorYT 

6bEb HPpyloeHbX, T.e. B ZlpIteC@ LtBEeW MOXm U3MMUTbEX 
imcno cmmxsfi c w h m  C U ~ M ~ I  m m w o  n &am -,w- 
~ H ~ D L  wmqwm3. Ha pwc,-J0.20 n o & m a  oUmW r: omoa 
.mynem.m ~~060qhI. Macca m mrnvcx qo a6~011mo aCe~mP 
,WE@ co ~ K B W ~ ,  v. Ha.wwpwe (0, I*) H@ MaL:FY AaefialrrYm 
cnysafk~m cmaf, orpanmenHw no a H& uHTepBane ( I ; ,  - 



e N 6 B MOMeHT IIOTepU KOHT'KTa MaCCU m C ~ ~ J I K O B  6 m  3aBUCeTb 

OT PBYX )"laCTKOB ABUXeHUX, H a  K W O M  H 3  KOTOPbIX A e f i ~ T B w  

p a 3 H x e  cny.raBa~e B O ~ ~ ~ H U I I .  Ha puc. 10.21 n o ~ a 3 a ~ a  c u c T e M a  

c u3~e~~1mrurr~crr  w c n o ~  c ~ e n e ~ e a  ~ ~ 0 6 0 ~ .  Konbuo I M O X ~ T  

CB060mlO n e p e h l e u l a m c x  no x e c m M  H a n p m r o m x M  2, cm3a~- 
HbIM C UUCKOM 3. M o ~ e H T b 1  ti KOHTaKTa KOlIbUa C LGiCKOM 4 
H3BeCTHbl. Koraa M e w  KOJIbUOM 1 H AACKOM 4 UMeeTCx 3a30P, 
AaHHBII CBCWMI UMeeT ABe CTeneHH CBO~OW. Ecnu KOJIbUO IUIoTHO 

n p m ~ a e ~ c r r  K 4 (npeanonarae~crr,  TO ~ a a n ~ ~ o e  npo- 
CKWIb3blBaHUe M e W y  KOJIbUOM I U AACKOM 4 MCKJIIO'~~HO), CUCTeMa 

UMeeT o m  CTeneHb  C B O ~ O L ~ ~ I .  

~ I I  T P ~ ~ ~ ~ T C X  OIIpeAWtUTb B03MO)MIUe Y n O B b I e  OTWIOHeHEUI 

EUCKa 3 B @ U K C U ~ O B ~ H H ~  MOMeHT BPeMeHU lIpM A ~ ~ ~ C T B E U ~  Cny- 

vakaon, M o M e m a  AM, o r p a H I i Y e H H o r o  no M o n y n m ,  TO H W ~ X O -  

AUMO PaCCMaTpUBaTb ABUXeHHe CUCTeMhI C )RleTOM R3MeHeHEUI 

vucna c~ene~ef4 C B O ~ O ~ ~ I .  

P~CCMOT~I~M BHaYUIe CiQTafi, KOmAa UMe- ABa P a C T K a  ABU- 

m e H u n  u p a 3 ~ e p ~ o m  B e K m p a  COCTOIIHHII H e  MeHrreTcrr. Ha KW- 
AOM 113 WaCTKOB ABII)KeHUSi CUCTeMa Oll&iCbIBaerCII CBOUM BeKTOp- 

HO-MaTPWIHbIM YPaBHeHUeM B m a  

I 

T ~ K  KaK y 1 ( t ~ )  ~ 7 2 0 ,  TO, lIOIl+UB B (10.90) ~ I r l m H U e  W 



C n p a i r H h I e  B03MYIUeHEEi ffi U f2 YAOBneTBOpIIIoT YCJIOBEM) 

1 sf, s 1. 

rae x:~, xil - ~ H ~ V ~ H E ~ R  xll I xzl npu t = tl. 

- - 
dasumw r ' ~ a  a~fep~ajxkx '(0, %)Ei (fl, $, 0- MOW U ~ C H M  
3HaK TORbKO :OAXiTi p a ,  T&. SKCTpCMUIbHbte 3 H & 9 e W  XGfGiCAOrO U3 
m e q m n o B  noarnmxq npn m o m  wtdene- f, a f2 c 5-M 

pa3pa~o~.  ~ - 0 %  T m K e  r p a t r n m  06na& OT f i  (1) I npa r - tl 
@RC. 1022) COUTBe'TCTByeT 0 9 a c ~ b  OT fi W U  f = f2, lIOKa3aAAaR 

&wo~oft w w e k  0rn6aiomm. 1 6qmiu&ae+ im nnoc~ocw 
W l 2  "OJIwyIo o 6 n m  B MoMeHT t2. K O T ~ I ~  pasMepHOOTb BeXTOPa 

UCOCWRH~: cncre~hl yl ~a m a e v  v e m m  M e p e T c ? ,  .m 
~anpmkp, B cacreMe, n O ~ m n o R  iia pnc. 10.21, H a  -OM U i  
@cT&B p&k6HYLR UMecM ~ & % h h a a r  . . ypaBHeHFift p a 3 ~ 0 E ' p a 3 M e p -  , , .  , .  . . 



- - - - 
Yl 1 y21 
Y12 Y22 

y l =  
' ; y2= ' . 

.. . 1 

yln YIV . . 
- - - 

K O M ~ O H ~ H T ~ I  Y21, ... , Yz,, IIBNIKlTCII <cIIpOXOjlXeHUeMB KOMIIO- 

HeHT Y1 1 ,..., Yl,, H a  BTOPOM ySaCTKe ABUXeHllrr, T.e. KOMlIOHeHTbI 

B e m P O B  Y l  M Y2 6'11, yl2) ... wlvr  yZv) @ B ~ U ¶ ~ C K E I  TOWeCTBeHHbI. 

B e m p  yl(tk') MOXHO IIpenCTaBUTb B B W e  

r e  y2d w n e p m  K o M n o r i e n m  B e m p a  y l ,  H e  m e n m e  nponon- 
X e H m  H a  BTopOM ) ~ C T K ~  XBEM(eHIU?. H3 YpaBHeHLDl (10.96) 
MOHO BbIp,enuTb B q a x e n n e  m y 2 ~  cnexymuero B m a :  

'k 

Y ~ O  = K a l ( t i )  ~ ' 1 0  + K " I ( ~ ~ ) Y " I o  + Jpf~lh, 
(10.97) 

0 

( 10.6. O B n m  -0- 3na.1sasP memupa cononmw 
eaereacsr npa ilell- ~ H C m d U x  ~ r n  

g a c ~ o  cnyra i%~~e  ~ o $ ~ y u e ~ m  H W I W  p a c c M a q m a T a  K ~ K  He- 
~ a ~ u c u ~ b ~ e ,  H a n p m e p  pa36poc K o o p m a T  n nx nepsaor myx 
IIpOK3BOAHbI% B H ~ K O T O P ~  MOMeHT BPMeHU,  IIPOeKUllU w&- 
~ 0 l t  CWIbI H a  KOOPWHaTHbIe OCU li T.&. ~ P U M ~ P  M ~ X ~ H U ~ ~ C K O ~  
cucTeMbI, H a  ~ m p y l o  x e B c T B y m  ~ a ~ u c m e  c ~ l ) n l a k ~ h ~ e  BO~MY- 
U e H m ,  OrPaHU¶eHHbIe IXO MOl(yJIH), XIpUBeJ&eH B 5 10.1 (CM. 
p%C. 10.10). ~ ~ B u c U M O C T ~  M e w y  BO3M)WeHEIIIMII 3KBUBBIIeHTHa 
&OIIOJIHUTelIbHbIM OrpaHII.reHW?M, Hiuorar[6IBaeMbIM H a  3TK 
qua. On= m mmx orpmmemtl I I ~ W C X  ycnosne (10.23) 









Y p a ~ ~ e ~ a e  (10.131) ecm ypaBHeHne nosepxHocTI1: 2-n, nopw- 
Ka B n-MePHOM IIPOCTPaHCTBe. kI3 OrpaHUqeHHOCl'U o6nam OT- 
K I I O H ~ H ~ ~  CJIeP.yeT, TI0 3Ta nOBepXHOCTb XBJMeTCS 3JIJIlmCOUAOM. 

AHWIO~U'IH~IM o6pa30~ MOXHO IIOK83aTb, W O  BeKTOP y2 YAOBne- 
TBOPXeT YPaBHeHUlO 

((pi')' YZ . ~ 2 )  = 1, (10.132) 

r e  P - caMoconpRmeHHarr Maquua. 
COOTHOLU~HEV~ (10.124), (10.125) OllFWWRDT MBKCUMWHO 803- 

MOXHOQ seayeme Bempa y (10.1 15) B ~~BUCEIMOCTII OT HanpameHm 
TIPOU3BOJtbHO~ e ~ H W I H 0 ~  BeKTopa a. npli HeIIpephlBHOM U3Me- 
nemu HanpameHm semopa a B npocTpancTBe KoHeu Bemopa y. 
oxeprmaer npeneJI6HyK) noBepxHocTb (rpawiqy o6nac~u BO~MOXHW 
3~aqenM B e m p  w n o n ~ m ) .  Bemp a M O ~ O  npeAmBmb Y- 
n p o e m  B P C X O ~ O ~  ~oopnmianioii cumMe: 

n (10.133) 
a = C  h i e i ,  

i=l 

me h, - npoeKuan Bempa a na KoopnmiaTmIe ocn; ei - enu- 
HmHbIe BeKTUphI KOOpAUIiaTHblX ocek. 

KOM~OHEHTM Bermpa y* 

i a = hler + JIzez = cos ae, + sin ae2 

Y.1 = a l l k l +  alzh2 2 
(10.135) 

6 
Y.2 = a,,h,+ %2h, . 

0, M ~ e w  a OT 0 KO 360a, n3 coo~~otuetMa (10.135) nonyqaeiix 
mopnunam mqeK r p a m m  woercllm o6nam Ha naytmpm 

: IUIOCKOCm. 
n p ~ ~ e p  10.5. P~ccMoT~UM ~ ~ 0 6 0 ~ ~ a r e  KO- A 

ne6mm Maccbx m (puc. 10.23). Be3 yreTa c m  
conpxBnewta ypamieme ~anm ~ o n $ a ~ a k  
MaccH UMW BHA m 

t ji+dy=0, (10.136) 



M ~ K c H M W T ~ H O  B03MOXH8R 3 H e p M ,  KOTOpyIO MOIKeT IIOJlJTUTh 

cucTeMa,  o r p a H m e H a  a pama W,, n p v m e M  ee MOXHO ~ ~ ~ p a 3 m  
qepe3 MaKCUMWThHO B03MOXHOe MWlOHeHUe H MaKClfM-0 B03- 

MO- CKOPOCTh: 

Ycno~ue (10.143) MOXHO npenmaenn B swe c ~ m p ~ o n ,  npo- 
U ~ B ~ ~ ~ H W I  

I 

I: (10.I13) @UI T Q I ~ B O J I ~ H O I V  mas- 
I h-  om sempa a (CM. pm. 10.18) 
I 

. ;.. 
8 ; " , :  .. ,:. 

sin 1 G@ 1 
.. .. 



Bemop zO, npr KOTOPOM npoewm BeKTopa z Ha HarrpameHue, 
onpepemeuoe BemopoM a, nocmraeT MaKcuManbHon, 3 ~ a ~ e ~ m ,  . 
HaXWUM H3 BbIpmeHm 

(zm - 1) sin 2 cos a + (Sm sir? 1 + cos2 1) sin a e2 I 

cos sin 2(2,,, - 1) + (& d$1+ cosZ 1) sin .(10.151) I 

jb(7) + YO(T) = = f,, ; 4 1  



k 
G', 0 

J @ @ ~ . Q & = [  @.1]. 
0 





Pnc. 10.24 

IIpEIMeM, YTO B HaqaJIbHblfi MOMeHT BpeMeHIl KOOpAHHaTa TO'lKU 

o1 p m H a  i 1 /2 .  H3-3a C n ~ a f i H b L X  3KCqeHTPEICUTeTOB CWfbI R n0- 
RanrrIoTCR KBa c i r y s a R ~ b L X  MOMeHTa, A ~ ~ ~ C T B ~ I ~ U U X  B IIJIOCKOCTRX 

yoz Pi  xoz : 

h 
M o ~ e n ~ b l  MX II My B b W B y T  BWAMyUr,efIHOB ilBEpmeHUe ~pY6b1 ' 

B am TWIOCICOCTIIX, KOTOPW X&paKTepH3YeTM MaJIblMli YTJIOBbUM 

pTKJIOHeHWrMR 6 H (CM. PMC. 10.24). ~ O W M  I'paBHeHWI 
BQ3MYit@HHOTO B B U X e H m  OTHOCWWIbSO OOCTOIIHYLII pWHOBeC&S, 
B KOTQ~OM naxonmx C U C T ~ M ~  ao r r p m o ; ~ e ~ & ~  C W I ~ I  B. 

B MOMSHT BbIXOAa Ti%JIa E13 ~ y 6 b l  WO OCb llOJly'XKT flJIOBbIB 

0 6 ~ 3 3 ~ ~  'TCTblpeXMepHrH) 0 6 n a f ~ b  B w 3 0 ~ 0 ~  I IPOwdHCTBe.  T ~ K  
KRK IIPO~KIILLU e, = I e I cos a , e ,  = I e I sin a, TO noJrysae.\r y c n o ~ l i t . ,  



me Jo - MOMeHT ~ ~ ~ 6 b l  OTHOCYITenbHO TOYKU 0; JO1 - MOMeHT 
Tena omocn=nbHo ocn, n e p n e m m y q ~ o f i  ocn z M npoxomr~~efi 
repe3 uemp Tmecni m a ,  nocne npeo6pa3o~a~u9 n0nyYae.M 

6' + al10 + a128 = 4 + bll$ + b125 ; (10.164) 

v' + a21W + a22v = b l ~ ~  + q2e , ,  (10.165) 

rne 
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T P Y ~ ~ I .  
Ha pnc. 10.26 npneeneaa 06- 

n a c T b  m pma 3 ~ a q e ~ n i r  mecr- 
KOCTU C1. 06namb CYUCCTBBHHO 
sa~acm M n a p a M e T p o B  c u c T e -  
Mbl, B naHHOM C n y P a e  OT XeCT- 

KOCTIl ( n p R  @UKCUPOB~HHOM 
3HaYeHUU c ~ ) .  ~ ~ C T B Y ~ T  TaKOe 
s ~ a ~ e m e  cl, npu KOTOPOM 06- 
n a c T b  ~T~HOBRTCII MWHUM~JI~HOB. 

I 
., - .- 

3M 3 ~ a q e ~ u e  C, MO)KHO C ' I ~ T B  

Pnc. 10.26 OIITUMaTIbHbIM ( T ~ K  KaK B TeXHU- 
q e c K m  3a~ayax m e n a T e n b H o ,  

Y T O ~ ~ I O ~ X ~ C T ~  B03MOXHbM 3 H a q e ~ n f i  BeKTOpa BO3MWeHHOrO ABU- 
XeHUSI CnCTeM61 6 m a  M R H U M B ~ ~ H O ~ ~ ) .  

%CTO n p U  UCCneAOBaHUU ABIfXeHUR A U H ~ M U Y ~ C K O ~ ~  CRCTeMha 
~pe6ye~ca YCTaHOBUTb 3KCTpeMBnbHbIe 3HaqeHUR H e ~ o ~ o p o f i  @YHK- 
uau, xapa~~epu3yromefi K a s e m o  npoqecca u 3aBncrrueeZi or BeK- 
TOpa  y BO3Myrr[eHHOm COCTOIMUR CUCTeMbI B @ U K C U P O B ~ H H ~ I ~ ~  

MOMeHT BpeMeHU fk, HaIIpUMep 

m a .  
Hanpn~ep, B 5 10.2 6wo PaCCMOTpeHO &BWKeHUe PaKeTbI, H a  

KOTOpyrO ~ e h ' B y e ~  B O ~ M ~ U B H ) ~  MOMeHT Ma, O r p a -  

H n q e H H b ~ f i  no M o n y n m  (CM. PUC. 10.13) . Ta~ofi MOMeHT MOXeT 
B O ~ H H K ~ T ~  npn ~ e 2 t c ~ ~ n n  cnpatism nopbIBoB BeTpa  mu npu 
cnyuaaaot s ~ c q e ~ l p u c m e ~ a ~  T R ~ .  l l o n p m  UH@O~M~UBKI  o 
C ~ ~ ~ & H O M  B O ~ ~ ~ ~ ~ C T B H U  BeTpa, ~eo6xo~nhfyro AJDl ITpUMeHeHUR 
MeTOAOB W p U U  ~nfl&bIX llpOl[eCCOB, KaK nPaBWIO, O P e I S  WOW- 
HO, a n p e H e 6 p e u b  B ~ ~ K T O M  OT BO3MOXHOTO L[~%CTBM BeTpa  
H m W .  ~ O ~ T O M Y  BO3HUKWT ~ ~ H ~ ~ ~ x o A u M o C T ~  B OIIeHKe MaKCUMaJIb- 
HO B03MOXkKOm 3WeKTa ~ ~ ~ c T B K ~ I  BcTpa I Q U  OrpaHENeHHOM 
o h e ~ e  UH@OPM~UUU 0 ~ J l p a k H o ~  BeTpe. Ta~ok n~@Op~aLUiefi 
IIBNIeTCII U H @ O P M ~ ~ U Z  0 MaKCUMalIbHO B03MOXHbLX CKOPOCIXX 
BeTpa  B naHHOM W ~ ~ ~ @ U ~ ~ C K O M  MeCTe, KOTOPaR n03BOJLWP O n -  
penmmb o6nacm B03MOXHbIX 3 H a ~ H I i f t  B03MYI4atOlUem MOMeHTa 
Ma (CM. pnc. 10.14). 

B n p n M e p e  10.2 6ma n o n y n e H a  06~1acTb BO~MOXH~IX 3 a a Y e H a k  

YJIa cp U 4 B MOMeHT BpeMeHEI tk .  3lU 3HaSeHlW M-0 PaCCMaT- 

PUBaTb KaK WJIOBOe OTKJIOHeHKe O C ~ B O ~ ~  JIUHUU PaKeTbI (U ee 
nep~oi% npou3~on~oi3) OT H O M ~ H ~ ~ H O T D  3 ~ a ~ e n m  , T.e. cpk u vk 
MOXHO CYUTaTb MaJIbIMR BeJIEmAHaMX. ECJIU ITOR MOMeHTOM Bpe-  

MeHU tk IIOHUMaTh MOMeHT OKOHWHUR A~PCTBUX CCWbl R, TO 

~arra~efillree muxeme T e n a  6 y ~ w  n p o n c x o n u T b  no T p a e K T o p n n ,  
m m ~ o f i  OT pacwniofi. Pacve~~ax T p a e m p n x ,  c o M B e T m y m -  
q m  p a c c T o n m  xg no ocw x, K o H r a e m x  B T O W e  A @nc. 10.27). 
B o ~ M o X H H ~  'lpaeKTOpnu UPIl  IIpOq&iX paBHbIX YCnOBMX 3aBMCRI 
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OT cpk u %. Ecnu 0 6 0 3 ~ a q m  repea A x x o a e a m  tsqeneK nweIwf 

ax a x .  
~ x ( c ~ k > < k ) = - ' P k + - v k  (10.182) 

acp, acpk 

a KoMnoHem s e m p a  f - y c n o a m ~  (10.18) u (10.23). B e m p  
Lk 3amxinb1fi, nprneM KoMnoHem mcropa Lk me#rro  Hemu- 
CUMbI, T.e. COOTHOllIeHUe Lu ai MOmeT BbIILOnHXTbCI TolIbKO 

61 
IIPU ymonm, wo a, = q = ... = a,, = 0. 

P~CCMOT~UM WImafi, KOrAa B03MYIIIeHUJi 4 He3aBHCUMb1, T.e. 
y~OBJIeTBOpIiIOT YCnOBUIIM (10.18). Y m o m n ~  CKWpHOe ypaBHe- 
Hue (10.185) Ha H~KOTOP~* BeKTOP L: 

( L .  y)' - (L. y) + (L . Ay)  = ( L .  B f ) .  (10.188) 



elcrop Lg n o n y r a e T c x  u3 (10.195) WU TI = tk , T.e. 
= K (10) Lk. (10.197) 

B~ICIUP H a v a m H m  J I B H H ~  yo p a B e n  ~ym, m e e M  

tk 
(10.198) 

J ,  = o I ( B * K ( ~ S L ~ . ~ )  kl. 

pu crryraihfbrx @yFwrW C IIOCTOIIHHbhM BO BpeMeHM ma- 
WH (fil = f ai) nMeeM 



6L!3 

nom s~ .1rn~ama4 aorn.~~ xa3a LO m3um acdaox '( 'lg = t 
UdU) SfUHaXHatl akIHOH f EKEHOUhXH@ aUHahEHC aOHqP2X 
-uaxBn mradrr~ .am ar. n ~Hno mama XB~~~LHU xma EH 
FwaWEI3 k-UHaXU& ~UH~HRE~ qmowdavumd &f.IOX 'gEhh3 aUEh 
-eHS ~UdlOn33~d '(HYYWII~ mama pHa~~diC nmo~damced 
amsran !J ~odOGiaE %30~da~CBd OEh 'KIM8LEih3) ~~3o~danfzxi 
&EP~ WYYU L~H !) I9dOJXSE PJahUdU '!J ~H~~EOS al¶H 
-gem ammi amga'd XFI~OX ee '(I*) !tfz) mamads aouea 
-damn hlrd mmam eEJm '(7) '0) amadaxu ew mwn3 amam 
-urn nudLom33ed .mHamYIBE EOXL~EU XUX~UOX~~H aehh EU 
-BHO~@ worqamu amhwc ao~smu3mn mnuakfaduo 

'UrnOU *oomff 
-oga& n OL~ 'ULLY~O ~UHE~I warnomamduo lxm 7.4 adomax 

BTW Xah 'alTt~HaJ4 OX¶UOJ -9 mX0H f S?II??HOUYIX&$ QllHahZHC 

eufi ~OHHEIY mW '-*& modmaa 3 otmauaadue~ ou wain 
-Memuaoa q.4 cdwaa wogm BTW OS~ '&aKUau9 (902.01) EM 

(902.01) .("7.4.Y$y =f 

mhhrou '(~~01) anaamdrse a YL uxmmlto~ 
'mMH 

-Ma OY WKH LO ~0113@imotman 'suamxo~m gm~d-3 - y am 

(socor) c-~~~ =?A 

ama a m3mm suqg LaxoyY '" 
nodawiaa 3 mamvdue~ ou gnh~ 

ZOI ow :' .-ommaw q.4 dmaa gogoxu 

(MCOI) .==(q.7~)=f 
:(8~01 .oxti) 7.4 ddamaa ~aLm.o 

-Laamwf ~KYYU~~H O& '~ouou 
-nad~ '(8~01 -3ud) m30~130im goa 
-OC@ BH IJoBE~~X BOX30UU EHahUH 
-8dI0 HUWahEHE XlPHmOKEOK a3BU 

-90 nu g 'ImaHounox 
SEE mmu 7.4 dwaa ~Itro~ 'pUm 
IJmUEh nudLonou33ed nm0Hb'm.I 

-eH gamsuog 'ma3113 ~HH 

-WE XWEIQO WOHX~-XOU 

-& ~01waEaduo 'xxio~aa I% sl3mwn~30E (?A YX.  )11) = f emwo 
-Uh~Hkq OJOHwaHIIII aUHahBHt aOHWE)"1113XeS4 OLh 'TY~XEXOU 

'$jMHaHOUXLO SU3BUg0 ~o~xdaaou &~UaII?,dll XnhIoiLmaHad 
-no 'xeduaa eH ~xa-esmo'd yurCuw3xnn a 'qmeugo mozeauh 
-1lHEdr0 'S~UOHX~XOU HClLaB3EX y XFIHHaBH BTW k dm% UUJa 

xedoaaa aXH~~ad.Lbff% EH II3~WSU3Olt If E~Ho~~@ &U3 
-XEN ah 'JXhX2HE OLE OL '~JuH~~~HE XFIH?KOYVEOE SiUEUg0 lldLhHa 

Ic3qLEIltOXeH LaEd9 ilOHOXE% XIPHHamH Kllh. X domas llU33[ 

igUHahEHE XlWtXOYYEOa ELL3EItgO u~~o~xdaffou KSqLV3EX 
Lard9 HO nun nmeugo nUa ~~mltoxe~ domaa LOW m mnKg 
..4 dwas g~nduxa~ ~%nhKuon a '(~2.01) anHamedm a mmm 



y i + A i y i =  Bifi(i=1,2, .... n), (10.207) 

" 
MOXCHO H&TU Ln(o). 

B CBOH) O¶epW&, CKaruFpHOe IIPOU3BeAeHUe (Ln(0). ~ ~ ( 0 ) )  IIpeA- 
c ~ w m  c o 6 o f i  3 ~ a v e ~ u e  +yri~cwonana Ha npeLIbwyqeM y9acTKe 
mmeHWI, T.e. 

(puc. 10.29, a), a nocne noTepw KoHraKTa nepen~ek onopbl ( T O Y K ~  
m CUcTeMa HMeeTnBe (XWleHU C B O ~ O ~ ~ I  (DHC. 10.29.6). B03~0)KHbl .. , , 
A Me-ecmie ClicTeMbI, Korna p a 3 ~ e p ~ o m b  Bemupa y Ha nep- 
BOM ygaCTKe BBIEKeHUX 60nbme, 4 e M  Ha BTOpOM (CM. PUC. 10.21). 

. . , - . . . :c  .... V .  . . : ! a ~ : . ,  : 
P ~ C C M O ~ U M  CUCT~MY, Korna meeTcIi 'ma WacTKa W m i c e H m ,  

IIpUYeM &W OlTpeAeneHHDCTH WUMeM,  TTO Pa3MePHOCTb n BeKTOpa 
COCTOSIHB yk Ha nepBOM )'YaCTKe ABUXeHWI 6onblue pa3MepHOCTEI 
V BeKTOpa y> P ~ C C M O ~ U M  B T O P O ~ ~  )nlaCTOK I ( B ~ & C ~ H E ~ R  CUCTeMbI U 
~ ~ 1 1 3 a H ~ b l f i  C HUM H ~ K O M P ~ I ~  BeKTOP L2, U h f e K O l ~  Pa3MePHOCTb 
BeKTopa y . B e m p  L2 YAOBneTBOpSeT COIlp5IXeHHOMy YPaBHeHHH) 
(10.194). h a  BTopoM y9acTxe @ y n ~ u ~ o ~ a n .  

tk-*k, 



Bemop y2(0) paneH s e m p y  yll B KoHqe nepBom yuacnra, rae 
Y1l - BeKTOP C KOMnOHeHTahfU, C O X p a H I M ) ~  CBOe 3HWeHRe A 
Ha BTO~OM p a m e ,  T.e. semop y2 mxxerc~f *nponormteHnem 
BeKTopa yll. T ~ K  Kaxc Bemop yl no y c n o ~ m  sanann meeT pa3- 
MepHocm n (6omrue pa3~epnom~ Bempa yZ), TO npa t = tk 

1 

. , .  
Bemop y12 UMeeT P83MePHOCTb tl - V. 

B e m p  Lz(0) HaXOAAM 113 PeIIIeHUS ypaBHeHK5I 

npu 7 = 0 ~ e m p  b 3 a n a ~ .  . . ; < Y ' .  

B a e ~ e ~  Bemp  Llk C fl-KOMnOHeHTaMW!: . ,; . . 

Bemp Llk eCTb B e m p  HaVWbHbIX AaHHbIX RJIII RaBHeHUS 

npx r = 0 LI = Llk . n p e n c c a ~ a ~  semop yl(tkl ) B Bme 



rue h2 = ( C ~ ' D %  .D Lo) ; D = D ( B H ) * K ~ ~  ; p2 = ( c ~ ~ L ,  . I,,,). 
0 

rue H ( t )  - m a r o ~ a n b ~ a r r  MaTpuua,  a H a m o r u q H a s  MaTpuqe  C1, 
~xonp~uefi B (10.222); S - m a r o n m b n m  MaTpaqa ,  3 n e ~ e m a ~ u  
KOTOPOI? IIBJISIIOTCII eAUHU4HbIe Pa3PbIBHbIe @YHKIIk%&i Sii (2 ). 

Qy~wue Sli(t) M O r v  lIpUHMMaTb 3HaYeHUH i 1, IIpbNeM MO- 
MeHTbI pa3pbIBa @ Y H d  CJIyWfi~b1.  Q U ~ E I Y ~ C K U  3TO 0 3 ~ a ~ a e ~ ,  
YTO KOMnOHeHTbl fi MI'HOBeHHO M O T  M e w  CBOR 3H8K B cny- 
satk-xb~e M o M e H m  B p e u e n u ,  B m ~pem MK KoMnoHelITar sernopa 

Cl ( t )  = (HS)' C (t  ) (HS) .  
'. Ecnu MaTpMqa C ( t  ) m i a r o ~ a n b ~ a r r ,  n, a MaTpuqa  C1(t ) miam- 
i H-Ha. Hanpu~ep, ZUM cJlyrm, KOrua BeKTOp f HMeeT TpU KOM- 

n o a e H m ,  ~ a ~ p n q a  C1(t ) pmna 

rue hi, - meuemu M a T p w b I  H. 
B  TOM P a c T n o M  w a e  (~orna M a w m a  C ( t  ) m a r o ~ i a n b ~ m )  

YCnOBUe ((10.222) H e  W E C U T  OT S,, TaK KaK B 3qeMeHThI MaTpEIu.bI 
C l ( f )  BXORrrT SU, KOTOPbIe PaBHbI eAUHWe,  

nSZHefi~bIf i  @ ~ H w o H ~ ~  (10.223) C P e T O M  (10.226) lIpXHUMaeT 

B r n  

'k  

Jl = J(L . BHSfo) dr + &, . yo) - 5 [(C,fo . fo) - 11 - 
0 



sg) = 1 npa g, > 0, 
-1 npa gK c 0, 

B 3aBHCliMOCTK OT pa3pbIBHON Y13MeHeHIIR 4 BO BpeMeHli rxe 
M H O ~ T ~ J I ~  Jarpama A MomeT npaHaMaTb p m m m e  3nase~n.q~ 
HO CpeW B03MOXHbIX Pa3PbIBHbM E13Me~e~&ii? 4 eCTb Tame 311- 

gx= C d , l o v  h,. 
K O m  R3MeHeHWI, IQll KOTOPbU h XOCTIITaeT MaKCllMyMa. &IS 

3 T O N  3HaYeHM k BBeAeHO 0603naseme hm . H & ~ M  km , PaC- 
C l  1 

MOM~HT~I BpeMeHIl T,, Korna @YHKJXm Sm MeHReT 3HaK (TOSKW 
CMOTPeB BarpNeHWI KBWaTa MHOXIITem narparu~a (norrc- pmpma), ~ a x o ~ c ~  113 ymo8afi 
Heme K (10.225)): 

gK = 0. (10.933) 

A; = (Cilb . b) @ = ll (O)L~) ,  (10.230) O I Q ~ ~ B  S g), HaXOYmM BCKTOp f hm), COOTB~TCTBYM)IUH~~ 3TMM 

3aKOHaM. npu OIIpeXeJIeHUH M a K C H M m O p  3Ha'ieHM JJ1 KCnOJIb- 
3 y m  ycnosue (10.107) 

aJ1 -- ah - 0' 

KOTOpOe B p a ~ c ~ a - r p m e ~ o g  w a v e  II~BBOAYIT K CooTnomeHam 

'. 
(10.234) I ( B H S ~ K  I,,,& - xmcl am) = 0. 

0 

Onpenena~ MaKcmanbHoe sHaqenue A,,, xi ~ ~ K O H ~ I  u3~e~enkm 

enCiHEnHbIX $ly~KJXEift S g) (10.232), H a X O m  BeIcroP f hm) : 
t. 

(10.235) fp = < cil ~ ( B H S Y K ~  . 
0 

B-p f(m), IIpU KOTOPOM @~HKUKOH~JI J (10.221) C FeTOM 
pa3pbIBHON U3MeHeHkm 80 BPeMeHll KOMIIOHeHT fjm) ~0CmaeT 
MaKCUMalBHON 3HaqeHIIR, 

pm) = ~s Cm) am) . (19.236) 

P a c c ~ o ~ p m  m a k ,  KOW B npouecce m m e m  c n c c e ~ w  Ha 
~peMem xe~myroT pa~zb~e C n y S m e  Boxw- 

u e m ,  o r p m e ~ e  no ~ o p y m  a y n o m ~ p I I M m e  ycxoaw 
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(~@#.f@)sl u = 1 , 2  ,..., m), 

TO, H e  n o B T O p m  n p o M e x p o ¶ H b M  npe06p83o~a~ni2 npn onpene- 
neHKU MaKCUMWTbHOm 3M¶eHlir! J1 (aHaJI0lIPIHbLX PUiee PaCCMOT- 

n p ~  rraKOHaX R3MeHeHW 3JIeMeHTOB MaTpUIX so (10.248) KOM- 

IIOHeHTbI BeKTOpOB bo PaBHbI MaKCHMalIbHO B03MOXHbIM 3Haqe-  

HUIIM, U IIpU jXkfa IW~WTb~0k  M a T p W e  (C 9-I C nOJIOXlilWIbHhlMU 

3 n e ~ e ~ ~ a ~ n  n o n y r a e M  MaianManbHbIe  3 n a q e ~ l i r r  A&. n o m ~ y  
OKOH'IaTeJIbHO 

melollIyIo ~ a ~ c w y h f  npu t = 0 n 
t y6FSMIOllIyIo C POCTOM MOlQ'JM ( t 1. 

PWC. n.1 Ilpeo6pa3ye~ @ Y H K W ~  (0, PO- 
m n w ~  ee ~ ~ a q e ~ n e  npx t = 0 B m 
p a :  



C
 

I s
 

t?.
 

II 



1. B c w  cnaBeH MiaBa~a: 
OH ~ ~ I O K  ~enpe~302t4emud. 
J I e r d  J ~ Y K  OH noqHIlMBeT - 
Aecm Crpe;JI B 3 M b I B W  K ~e6y,  
M n o o n e m  cneTaeT 
C ~ B M  ~yroB, 3~emmeii 
IIpemae, seM ~ o ~ a m f f  B s e m  
IIepm 113 xecm. 
Bce, KTO Bunen Ta&zBav, 
rosopwrx, m, ~ ~ C C ~ O P H O ,  
CO~eplUeHcf~a OH WCTKT. 

2. Ho K~KOB-TO xkfrpbdr CKerlTUK 
T ~ M  He MeHee SaMeTwr, 
YTU B c~peIIb6e HC TOJIbKO JIOBKOCTb, 
H0 EI MeTKOCTb JIIOP. 
EI n06a~m: 6mo 6 m e ,  
E m  6 cna~& r a i h a ~ a  
B uenb n o m  6~ xo~b omaww, 
IIycTb XOTb B U ~ O P K ~  npIl 3TOM 
Eyne~ Memmero o h m .  

3. raiimaTa paocepmcn 
M c m m ,  nn, on B KomeRde 
IIocs~nz? ce6x HayKe, 
YTO OT~TIICTKKOB ~ O B ~ T C S .  
OH, ce6n csmm BnpaBe 
n 0 ~ g a ~ b  CBOHX ~06pa~bCB, 
Tyr me neKmao nposen UM. 
BcnoMHwr OH 3aKOH O L I M ~ O K ,  
Ycew- Kpmrse, 
I ~ @ P M ~  nmepm, 
~ ~ B W T ,  ¶'m OH z06~11cff 
H e c ~ e m e ~ m a  pe3yJIbTaTOB, 
M c1ca3m, a o  noone m o m  
H ~ ~ ~ B U C I I M ~ M  nonmK, 
name e m  B m more 
B qem m p q  He noIm OH, - 
Bce ~ ~ B H O  no cpemei% msKe 



Onoro~cmtt OT Mumem 
Mowo cgwram mep& BUBO& 
Ym c~pwrnn OH 6e3ynpewo 
(3a BO3MO- HCKmDPeHbeM 
llpec~~o~yroii Mepu r i y ~ ~ . . )  

4. Ho ynpmme m a -  
B ~ ~ ~ B L ~ W I B  r-~, 
Um o m  He noHMhm'x 
Crolrb paccyncqemit. 

COBCCM He HAIBpeCaH 
Pe3)mbm am no-K 
H o m  npemanamIoT, 
YTO O X a r w o C  AWXCH blm"r0 

B uenb c-. A eomr 6 y m  
OH BWCIYIO TpamTb G T p e m J  - 
A ~ H  CBM = 3a HWXTHE.. 

5. pa3Apnxem r&a~ma 
f.kaJl UWI'EfPOBaTb 06EI1ILa0 
P A  Qmuepa w h a ,  

M a  Q-, 
K d x  Kemuqna Oc~apa, 
Ihasbl Korqram n KOKC~, 
Arrsepoem K &uwo@& 
OH B~~IBLUI K mmpmTaM, 
Y6e4paa Heoormcwa, 
Yrn~mpwm6e~cern~aro1ce 
He npmoe no-, 
A nayn~o 6eqnpeqn~il 
h'IXClSf¶eCKT& IlOmOA. 

6. Roe-KTO m -nrux 
Cor~EI1IC.n c rakBaToa, 
VTO B ~ O A C ~ H O ~  TOPKe 3peM 
&I%, B03MOXCK0, A m  cwona, 
Ho, nomnyit, BCC x e  W m e  
He nycIcamx e paccynmema, 
A 6e3 rrpomxa olpwurm 

7. Ham repon B m r  rra 3m 
npe1~roau1 JIYI(A B = ~ ,  
9106 orpomw~boc o n n o ~ e m ~  
B npluwrre cnocR yecpnm. 
OH c-: aHe06xomrado 
T ~ K  na~pourn, cocmmm, 
K ~ K  c o r n  y n e 6 ~ m  
l l p o ~ ~ m  ~ ~ c n e p m e m l u .  
@om mywail rn cnoco6 

- 
B c o p e  npmeacg 
c %M W-M, KOTOP~I&% 

M H O ~ ~  B WaBHoii 
TOP mopm, 'm, wme 
H O C ~  WI r w  

8. Te, KTO ~b~pmlm ~ B H O C ~  
CoCTmamx c l-'akaBa?o& 
6ESm Kpyrme HcBtxqtd 
B npoBeneHbw sfcnmamfi 
H n03IOMy, HaBepHo, 
Bce omamneeon B ~ C M  

. 
Ho, ~ B H ,  3a ucKmOxeHbeM 
(k HH TPYWO MHC np-~hoII) 
Peynb~a~a raftaBaTbt. 
Takmam, m 06-, 
Bsepx CBOU ~anpaswr cpenx. 
OH TaK JIOBKO 3lU C A W  
Ym omms H~CM~II ICHH~~M,  
Ho npn my, K coxa~~ewf~o, 
B q w  IM pa3y He n o w .  

10. a%u 8(, - c~838rm ~ y p  me-, - 
Msr rrrfom U He xg.wmR.. 

11. ~akahaa,  ~c my1qasc4 
no~orrpoc~ ~ C P O ,  ~YMV, 
IIpom8e~1 pacnec rncnopcu3 
W B m m  BbIBwI m@pu, 
ki3 KO'mpblX C W O  IICHO, 
Ym o~pwrm O M O ~  ~06- 
&UIh CMelUeHHbM p C 3 y l l b m B ,  
A wcnepcm npn 3 1 0 ~  
O ~ O B ~  6 m  
M CoBCCM He OTmFImncb 
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