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Yqeb~oe noco6~re no Teopm nemae21noro pe3o~asca 3HaPIOMBT a- 
TaTem c coepeueewm MeTonam reopm n e m s e % m  ~ o a e b a a  ra- 
MBnbTOBOBM CBCTeM. ~ C H O B H O ~  BBIDlame YAeJeRO RBIIemD ~ ~ J n f ~ e f i -  
Horo peaoaaaca ur ~saa~oneBcTEm r r ecxonm ~ ~ ~ O H ~ H C O B ,  ~ R B O P I I -  

aeMy K csoec6paatroll c~oxac~anec~oB treyc~oflsneoc~~. IIomdso 
PaCCMOTpeH KPITBPB# BO3BXKUOBe~ T& B ~ Y C T O $ ¶ E B O C ~  mll nepe- 
xpsrm trec~m~laaex pesoaa~co~ .  Omcaas npwepH n p m e s e m  Teopa 
K aaamsy y c ~ o i i n a ~ o c ~ ~  KomcpeTm ~oneda~ezbmx  cII[cTeM. 

Ilpeerraxaraercn 3 name 'laTaTenem o6qero nypca ~ e o p e ~ a ~ e c ~ o 8  
Mexamm a ,  B ~ ~ C T H O C T L I ,  Texiima mHom~ecxm npe06pa3osa~Efl. 
a TaKlRe TeOpHa @yHKI@ KOMnJeRCHOl'O DepeMeHHOFO E 3HaEOMCTBO CO 

Dpemarae~oe ynedaoe nocodze HamcaHo no MaTepaanaM cnempca,  
aTaeMOI'0 a33TOPOM Xnfi CTYAeHTOB KyPCOB @ ~ P ~ ~ ~ C K O T O  @aXyJI6Te- 
Ta HOBOC~~EPCKO~O ymepcnreTa no cnemanHocTm "flxeprrm @am- 
~ a "  LI "Cz3ma mas~u".  

OCHOBHBFI ueab yne6~0ro noco6m - n o a ~ a ~ o m ~ b  cnymaTem c no, 
cnenmm ztocTnxemmm a coBpeMeamma MeTonam TeopeTasecKoro aHa- 
m s a  aemaefhx Kosedamli rmmmoaomx cacTeM,etqe He  ome em^ 
B yqe6mm B JIHmb UaCTEqHO OTpaEeHMMm B ~0~0l'p@klRX a 06sopmx 
CTaTbm. Aae~cs xpamoe asnorrreme coBpeMeaao2 Teopm yc~oflwmoc- 
TE s e m ~ e f b m  rcoae6amiaf (§  4.51, acnons,sgme% c n e m m u p  Teopm 
~03~ymernIHB K O ~ ~ O ~ O P O B ~ ,  XOTOP~R obecne-aem csepxcxomocTb no- 
cnenoBaTemux npa6mrrrernrt ( § 2.2) . OCHOBHO~ Bramame yaeseHo, 
oaaaxo, noay~auecme~ao8 @snnecxofl Teopm ~ C T O B ~ B O C T E ,  OCHO- 

saaaol Ha aaarrnrse o~ae~rsaarx ~ e m ~ e l m x  p e s o ~ a ~ c o ~  (pa. 3 )  LI m 
ssamonelicT~m (r~1.4) . IIocJiesl~ee n p a ~ o m ~ ,  npa onpeneaeam yc- 
J I O B m ,  K C B O ~ O ~ P ~ ~ H O ~ ~  c T O X ~ C T P ~ ¶ ~ C K O ~ ~  B ~ ~ C T O ~ ~ ~ I B O C T H  HeJIE~efimx 
rconebamti, KOTOP~R npejzcTawmeT, c onaofi cropom; npmqmmaJra- 
HHd HHTepeC K a K  MeXaHEsM B03aPrKHOBeHHR CTaTBCTX¶eCm 3aKOHOB 

B mriam~ec~oi? CMcTeMe, a c .qpyrot C T O P O ~ ,  BaxHa am npmoxe- 
HEa KaK OAHa 83 ~aFI60~lee paCnpOCTpaHeI3HhTx H OJIaCWX HeyCTOhl- 
B O C T ~ ~  H ~ ~ I X H ~ ~ ~ H H X  xoae6amfi. IIo~podao aH~3HPyeTcR KPEpPrTepI@ 
c ~ o x a c m ~ e c ~ o l  ~ e y c ~ o l . z ~ r ~ o c ~ a  ( 15 4.1: 4.2) . P a c m o ~ p e ~ s  KompeT- 
me npmeps ~emaetlmx ~onedaml  ( §  4.31, npejzcTasmmme Tame 
ca~0~~0s1Tenb~hlfi MHTepeC. 

Yqe6soe noco6ae npennwaraeT s ~ a m e  YaTaTeJreM ocaosmx rrom- 
~ a f l  ~eope~mzec~oii Mexamm, B ~ ~ C T H O C T P I  Texmm HaHomqecmx 
npeccipasosamB, OCHOB Teopm @ y m P  KoMmeKcaoro nepeMeHHoro 
M 3JleMeHTOB TeOPHEI CIleL@WlbAblX @yHIU@!. 

Ma~epLIarr noco6m OCHOBaH B 3Ha~Te~Hof i  CTenem Ha OpXPLIHmb- 
HHX P ~ ~ o T ~ x  I'pyniIH COTPYAIMKOB H H C T P I T ~ T ~  mepH021 1@3= CO AH 
CCCP. Havano aTm p a 6 o ~ a ~  6nso noaoase~o MHoro aeT ~ a s w  meef, 



~oMEMo OTKprJTPrR @ymaMeHTii%lbHrJX 3aKOHOB npEpO&€J erne OW3Kb 

BatgHO yMeTb EZ3BJleRaTb ST3 HHX CXeECTBHR, T e e .  IIPeACKa3blBaTb HJIEl 

XOTR 68 n o m a T b  K o m p e T m e  npomaexm a m  saxoxo~. 3 ~ a  11po6- 
a e M a  o~asanacs H a M a o r o  c s o x H e e ,  neM MOXHO daao o w a m .  3a 
300 ,neT c B o e r o  c y a e c T B o s a H m  maccasecxw M e x a m R a  B c e  erne He 

B C O C T O R ~ H  c n e x a T b  nonml lnar OT s w a n ~ r  DYX T e a ,  6 a e c T m e  

p e m e ~ ~ o t  H~DTOHOM. AO " v y ~ b - s y ~ b "  donee c ~ l o x ~ o t  3aaw T p e x  

mn, He r o B o p f f  y K e  o s w e  senapex T e a ,  rze c o B c e M  HeAagHo 06- 
HapyXeHEJ ItaWCTBeXHO HOBMe TED8 A B B X ~ H H ~ %  (CM. BCTYIIXTeWHJUO 

crams, X.B.A~ocosa B /33/). Toaxo celnac MU u a m i a e M  noimam 
MaCIUTa6 EZ IIpHYXIIbl 3TEX B e O W a H W X  T p y n H O ~ T e f i .  O K ~ ~ ~ & B ~ ~ T C R ,  

¶TO BCe A e a O  B BCKJlWETenbHO CJ~OXBO~? CTPYKTYpe T[BEIXeHJW (@Ia30~0- 

ro  npoc~pa~cma)  ST=, ~asanocb 68, n p o c T a x  M e x a m n e c m x  CEcTeM. 

1 T e p ~ o n p ~ r w ~ o B  ~ a x o t  CJIO~XOCT~I m a m ~ c ~ r  ~ a r r  ~ a s m a e ~ ~ e  ronnorwrprm- 

secme, ivm ranepdomsecme 06aaCTkI.  O C H O B H O ~  "no,mox" s , s e c b  

CBRSaX, rpy60 I'OBOPR. C TeM, PTO 6m3me TPaeKTOPHZ B 3TEX 065121- 

CTJTX o s e ~ ~  6arc~po ( s x c n o a e m a n b ~ o  no ~ p e ~ e m )  p a c x o m T c R  xpyr  
OT q y r a ,  T.e. m a t g e m e  m m e T c f f  A O K ~ ~ X O  H ~ ~ C T O ~ P H B U M .  ECBE 
 pa  TOM mmeme O c T a e e c f f  @HETXMM, aaupmep B c a e z c m x e  coxpa- 
HeBHR 3 i i e p P E E ,  TO 3KCnOHe84081IbHW JIOKaJIgffaB H ~ Y C T O ~ W B O C T ~  IIpE- 

BODIT K TaKOhRS IIePeMeIIIHBaHHR, TpaeltTopEI8, TI0 CHCTeMa DSTXeTCR 
TaK,  KaK B ~ A T O  68 H a  H e e  AetcTByD'J! K W e - T O  cay¶&We CEJlm, Xo- 

TR BCeM 83BeCTHO. ¶TO B 3WaW T p e X  T e a  HEKaKVrX C J I Y ¶ & ~ H X  CEZn 
H e T ,  H mxceme cHcTeM8 O n p e A e m e T c R  %KCTO A H H ~ M E I ~ ~ C H H M B  ypm- 
He HIWME. 

B IIOCAeAHee BpeMR MaTeMaTHrIeCKaB TeOPBa E?3HaME¶eCXHX CHCTeM 

~006~18 a ~ ~ A ~ P W ~ ~ T O H O B H X  c a c T e M  macc~secxol M e x a m m  B q a c m o c T z  

n e p e m a e T  6yp~oe  pa3srcr~~e. Cetsac gxe MOXHO c x a s a ~ b .  ¶TO, no 
~paBaeB lwepe  r n ~  r a m m T o H o m x  a c T e M ,  MU n o m a e M  B 06m sep- 
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H CToxacTmecme KoMnoBeBTtJ, mm 06aacm. Tax K ~ K  r p a m a  CTO- 

x a c ~ ~ s e c ~ o t l  odaac~x o6pa3ye~cff CroxacTanecmH xe TpaexTopmm, 
E€?TpyZHO IIOIWT'b9 ¶TO CTpYKTypa TaKOFO pa3EeJleHIiOl?O npocTpaacma 
RsJrrreTCR spess~s&rro caowaoii: OHO COcToHT n3 npx~gp,mmo nepeMe- 
rrtaaxr~xcff Y C T O ~ ~ ~ H B H X  06aac~efi Bce 6onee m 6oaee Menxoro MacmTa- 
cia ( CM. Koaeu $ 4.3) . B B ~ Y  T ~ K O B  "mepapxmecxofi caorrtaoc~m~ , 
IIpeZCTZBJrrreTCR COMHmTe7IbH0fi CaMaR BO3MOXBOCTb IIoJlHOfl KJBCCE@E- 

EaqHH Pa3JlPIYHMX THIIOB ABEKeHHR I I O A O ~ H ~ T X  CHCTeM. 
Epanvrag TaKoro ~aoroo6pasas1 Hsmemt! MOXHO noRcmTb EI no-p,pyro- 

MY. B ~osaofi  rPop~ympos~e maccmecxoB Mexaam mmearze C H C T ~ M U  

IIOAHOCT5R) 3aaeTCff Ha9aJIbHNMB YCBOBPXMH, Toe. H~~OPOM HeCKOabXmX 
n e t c m x ~ e n b ~ ~ x  uace.n. I 'o~ops R ~ M K O M  Teopm H H @ o ~ M ~ I ~ ~ ,  Kamoe 
raKoe mcao coneprrtm d e c x o s e v ~ ~  MH@OPMWQ o W O ~ X O M  P 6yayme~ 
A ~ H H O M  TpaeKTOpPrtl, @UI~CTB~HHO, ¶TO pa3EOCTb E K @ o ~ M ~  M R  D Y X  

c ~ o a b  yromo dm3mx a p a e ~ ~ o p ~ f i  Tame Becxosesaa, ~ . e .  Tame Tpa- 
em'opm npencTaBnmT, soodme roBopa, cosepmeanro p a s w a o e  maa- 

I ~ m e c ~ o e  n~tixesEe c a c ~ e w ~  O T C D Z ~  ~'i B O B ~ K ~ ~ T  nemsepnae~oe pas- 
aoodpas~e m cnoxaocm mnmmecxoB xapmaa mmemm. O Z H ~ K O  ~ ~ a s i  

Y C T O B ~ B H X  CECTeM, XOTOPblNIFI, E OCEOBKOM, TOnbKO yi 3aBPIWJaZaCb 
KnaccmvecKaR MexamKa AO f;e,nmnero BpeMelii?, Bce EITO ~OT~BLJJ I~J IL -  

noe pasaoodpasne rrpoaeecoB ae pemsyeTcs,  a nememe meeT ym- 
no o~~oOSpa3KMbj ~ m ,  m b  ma60 3m1ifcm8 OT aa¶a.nbmz ~ C J I O B E Z ~ ,  

IIon aefdc~skleh~ xe aorca..blmo$l ti 'eyc~olmaocT~, oco6esao sxcnonre~q~- 
ans~nol, HeynosmMe p a 3 m m  B Ba¶anbsHx y c a o ~ m x  B ~ O ~ T  "aapy- 
XY" 0 II03IFIOCTbD 83MeWT LiERE?MYIrPeCKYIO XapTtiBg ABHXeHm. 

E b m c m e ~ ~ a x  hmTeMaTmxxaR Teopm, x o ~ o p m  B sacTomee BpeMR 
HsyuaeT nonoame cracTewr3~o T ~ K  ~ a s b l ~ a e ~ a x  Teopm r a w  
msmnsecmx cmTeia /33/, am m@epemansam ,mamma /34/, 
H~CMOTPII Ha oorpmme y c n e a  3 r d  Teopm, n p e ~ p a ~ m m e l c ~  B no- 
caemee sperm @xTasecm B cmocTo~TeJLbmG pasaea MaTeMaTsEE, 
Oaa AaeT m b  xavecmeaaoe omcame pamrirelmE8. 3 a ~ m  ycnoBm 
ecTecmewo ~ c n o ~ i b a o ~ a ~ b  @ ~ 3 ~ r l e c m e  MeTom mcneAoBams, ocao- 
Baiime aa cacTeMe nprn6m~e~mx Mozesreil, pasyMrr;ax s~c~panonwrt;fi 
D.  ~ P ~ ~ O I I O Z O ~ ~ X  aonyuema , sarrpmmermx nx mompenmeMax m p o ~ m  
3xcnepmeaToM. l I p ~  EITOM pem m e r  ae c~oabxo o "H~CTO-" sxc- 
nepwmmx c peanbmm MexamsecKwlE cacTeMaMm ( x o ~ a  ecm E Ta- 
m ) ,  cKonmo o  ax a a s m a e ~ m  qxcaeamx ~xcnepme~le~~ax, Tee. 
mCJleHROM HHTeI'pHpOBaEKE ypi3B~eHHfi ABMXeHER Pa3JLP19mX ZHHaMBYeC- 





rJIaBa 2

'tITO TAKOEHFJ.I!lliEt1HhIROJIEBAIMH?
HECROJThROIIPOCThIXIIPI1MEPOB

PaOOMOTpJ'IM BHa'IaJIe. HeOROJI1>RO npOOTD1X npJ'IMepOB HeJll'lHeEHHX RO-

~e6aHRI1 0 o~oM OTeneHbID oB06o~ 0 ~eJIDID nOMO'lD 'lR'l'aTeJIID BOI1'l'K

B RP)'r R,netl OOBpeMeHHotl 'l'eOpO HeJll'lHetlHHx ROHOepBaTRBIillX ORO-
~eM* . Me npO,neMOHO'l'pRpyeM Ba~Hetlmee OBO~O'l'BO HeJll'lseESOrO 00-

nRJIJI.!1TOpa- ere s eRa 0 x p 0 H H 0 0 '1'D, T.e. RaMeHeHRe
nepPIo,na OB06o,nHD1X ROJIe6aHRtI 0 R3MeHeHReM RX aMITJll'!Ty~, RJll'! 3sep-

I'IDI. B § 2.2 6y.ny'l' omICaHH OOHOBHEle PJ:,neR R npax'l'K"IeOROe npJ'IMeHe-

HRe oOBpeMeHHoE Teopo BoaMy~e~, oOHoBaHHoE sa noo~e,nOBaTeJII>-

IillX RaHOHR'IeCroIX a8lllesax .nRHaMR"IeCroIX nepeMeHHHx. Haxose~, B

§ 2.4 MY paccMoTpEM OC06YID TpaeRTopRID HeJll'lHeEHOro OCnRJlJlRTOpa -
Tax HaaEIBaeMYID cenapa'l'pRcy, RO'l'OPM RrpaeT nepBOC'l'eneHHyJO POJID

B np06JIeMe YCTO~'lRBOO'l'R seJll'lHeEIillX ROJIe6a~.

§ 2.1. MMTHRR

RoJIe6asIDr MMTHRRa HBJl$IIOTOHo,nHRMRa Han60JIee CTapElX npJ'IMepOB
ROJIe6aHEE Bo06~e R SeJll'lHeEIillX ROJIe6aHRE B 'IaCTSOCTR. MaorOBeROBM

ROTOpRHRaY'IeHRH aTO~, RaaaJIOCD 6E1, npOCTOE CRCTeMEInORaaaJIa He-

01KH,naHHoepaaao06paaRe ee ,!(BR~eHRE. Tax, e~e CpaBHl'ITe,llI>HOHe;n;aB-

HO 6E1JlO06sapy~eHo aOBoe .!iBJIeHRe.nRSaMR'IeCROEYC'l'OE'lRBOCTRMMT-

HRRa /rr/,.!iB.lleHRe, Ha KOTOpOMOCHOBaHapa60Ta COBpeMeaHElXrR-
raHTCroIX YCROpR'l'eJIeE aapHmeSHD1X"IaCT~. ~ Hac npOCTM MO;n;eJID

MM'l'mma 6y,ne!l.' RrpaTD oc06yJO POJID. Me YBR,JJ;P!MHR~e, 'ITO C nOMO~JO

S'l'OE MO,n6JlRMomHO06'E>HOHRTI>jRRa"IeCTBeHHO H ,na1KeRO,1lH'IeCTBeHHO,
MHorRe 06~e CBOEC'l'Ba HeJll'lHeEIillXROJIe6aHRtI (§ 3.3).

PaccMoTpEM BHa"IaJIe cB060,nlille ROJIe6aHIDi MMTHHRa. 3anIDlIeMra-

*) TIpeRpaclillE 06sop SToro Rpyra BonpOCOB ,naH B CTaTbe APHOJI1>-
.J;(a /2/.
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MR1lDTOHRaS CRCTeMEI B BPJ:,ne .z,
1-1 (p) <f)= £ - Cl- Cos ID£M 0 r , (2.1)

r,ne If - yroJI OTRJIOaeHI'IHMMTHRRa0'1' HR~sero (ycTotl'lRBOro) nOJIO-
lIteHPIHPaBSOBeCHH;P= fv(cf - MOMeHTJ'lMITyJI1>caMMTHRRa,
Jt1 ::::/1.1e- 2 - MOMeSTHHep~H; a 'laCTOTa (cu..) MaJIElXROJIe6aHR~

MMTHKR8 BORpyr nOJIO~eHHHYCTOE'lRBOrOpaBHOBeCIDr ~ = 0 CBHsa-
Ha C aMnJll'l!'y,nOEnOTe~aJII>aOE 3HeprRR lif) COOTHOmeHReM

~ Uo
CUo == .M . (2.2)

SaMeTJ'IM, 'ITO ,ItJHI cB060;n;Horo Bpa~eHRH MMTHHRa (npn U" = 0) MO-

MeST J'lMnYJIDCa p .!iBAAeTCH nepeMeSSOE ,Ife~C'l'BRH. B ;n;aJI1>SetlmeMno-
JlO~ ;n;AAnpOCTOTHM = I.

RaIt xopomo RSBeC'!'HO (CM., HanpEMep, /4/). YPaBHeHHH,TI;BR1KeHIDr

MMTHHRa TO'IHORHTerpRpYJOTCRB 3JlJll'!ITTR'IeCKIDC\PYHKWiHX.TIpR STOM

cy~eCTBYIDT,!(Ba peIKRMa;n;BRIKeHRH-ROJIe6aHIDrH BpameHRe.

PaspemM ypaBseHRe 1--1(p ) 'f ) = COkS z: OTHOCRTeJII>HOf'= ~
SaE,neM

~= ;t:.!.2(H+ UoCo-srp/'
TIp.aMoeRHTerpRpOBaHJdeSToro YPaBHeHIDrnpH H -< Uo (peIKRMRo-
JIe6aHRE) ,naeT (CM., HanpHMep, /12/)

i G;'::;: It % sin. }P" . CH., (4)0 t) .1
'( .2-

r,ne C/II(u..) - SJlllHnUtJ:ecM:1iKOCHHyCHK06Rj <Po- aMnJll'l!'y;n;a OTRJIO-

seHR.fr MMTHRKa, a MOMeH'!' BpeMeHH t. = 0 COOTBeTcTByeT npOXO!K;IJ;e-

HRID TO'IroI f{J = 0 C rrO,1l01KHTe,llDHOI1 CKOPOCT:bIO. VIHTerpRPYH nO"IJIeHHO

pH,D; tJ?ypDe;IJ;AA CI1.- (u.). HaE,n;eM (X>
, . V Sin, C<), t:

VJ(i:)=4-UJL. h.(; ";:;>L).,=1 tU.., C 7<: ~
3,necI> 1( '== k (k ') - nOJIIillI1 SJlJll'!IITR"IeCroIMHHTerpaJI nepBoro

pO;n;aj I<i:;:/1-kX.". k=Sil1 Y'o. TIepRo;n;KOJIedaIDlEt= f2:11-/~,r,ne" .2
&)(i-f) = ~ .~J(

(.2. /1. - d.) c.)

(2.3)

(2.4)

(2.5)

(2.6)

'tIaGTO'l'EI cneKTpa KOlle6aHHM

c.) = (2;7)
/
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~B pelKHMe BpaU\elll'IH ; H > Uo ) pemelll'Ie RMeeT BH,n:

:t If (t) :::: ,t. am (VJ..t) =
00 5i:i1..t<Jt (2.8)

=- icvt + L;4)L~ (;, cU) .11; -( 4Jh c; -=::::.!1.. ~

3.n;ec1> aWl (I':') - 3,JIJIRnTJI'IeCRM aMIUllJ:Ty,n:a H1<o6YI.;k~'" '/:l t/o/ (H+tI;;=
= l0o / wn r,n:e . ,

/., - /H+ Uc ."""'1'- .£
MH BBeJIR no~oBMHHyID 'IaCToTY cpe,n:Hero BpaU\elll'IH

co (H).= ;~I' , (2.10)
'IT06I:l:aspaJKeHYlH(2.5), (2.8) 6bJJIRMaRCnMaJIl>HOnoxou .IUJyrHa .IUJY-
ra - 3TO nOTpe6yeTcH HaMB § 2.4. CneRTp 'IaCTOTnpH Bpamelll'IM

cv"'-= fln,w . (2.II)

BepaRteHYI.e(2.6) XapaRTepYI.syeT HaH60,JIee BaRtHOe B npo6~eMe yc-
TO~'IYI.BOCTYI.CBO~CTBO HeJIRHe~HOro OCnKnJIHTopa - ere HeM s 0 -
x p 0 H HOC T l>, T.e. SaBMCRMOCTl> 'IaCTOTS Ro~e6a~ OT MX

aMITJmTy,1W', MJIR. saepr!U!. tITo6I:l 60,JIee Har~HO npe.n:CTa:BMTl> ce6e

STy SaBYI.CMMOCTl>,paCCMOTpMM C~Y'I~ MaJII:lX IWJIe6aHYI.~ MMTHYI.Ra

( /fo «do). ApryMeHTSJIJIRnTM'IeCROrOMHTerpaJIak= 5th ..fg « 1.
~

BI:lpaSMM 'Iepes SHeprMID MMTHYI.Ka E , KOTOPYRJ 6y.n:e.M OTC'!J1TI:lBaTl>

OT MMHMMYMa nOTeHr(YI.aJI1>HO~ SHepr!U! U ...t.. := - t/ Q . IIo~y'IMM

E:= .2k.2uo . (2.12)

PaS~arMBI:lpaRteHYI.e [7C(k)}~J B PR.D:no k:t, Haji,neM

~'"V1..(lc ) 5' fE ).t 11 IE )
3

"-10o"V - "Truo -~5"6lU; - ~ ruo . (2.13)
TaKM TO'IHOCTl> nOTpe6yeTcH HaM B CJIe.nyIDU\eMnaparp8!f!e ,D;J1H,CpaBHe-
HYI.HC pesyJIl>TaTOM Teop!U! BOSMYl11eHYI.i!.IIpR E <'< Llo .n:OCTaTO'IHO
OrpaHYI.'IMTl>CH nepBI:lMM .TI:BYMH'I~eHaMM.

BBe.n;eM 6espa3MepBH~ napaMeTp He~YI.He~aOCTH
I dw

c:<. == c:;:). dI . (2.14)

MU onpe,n:eJIHeM ere 'Iepes npoK3Bo,n:HyRJ OT 'IaCTOTbJ no ,ne~cTBHID I, no-

CKOJThRY B .naJIl>HeJ1meM MH 6y,n:eM Mcno.JIl>SOBan, RaR npamwo, .rrcpeMeH-
HI:le.n:eikTBHR- yroJI (I, B ). B npM6.JIMlKeH!U!'->/1<,)0::;:;i - E /8 c.;;

(2.9)
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MORtHOnO~OUTl> I ~ E / (.,Jo

Tor.n:a
RaR .n;JIHrapMOHYI.'IeCKOrO OC~JIJIHTOp~.

I
o(.~--

Scvo
TaR KaR B paccMaTpMBaeMOM C~'Iae I« Wo, TO HeJIRHe~HOCT:&Ma-
J1I:lXKOJIe6aHYI.~MalIa ( 0<.« 1. ).

EPyrEMXapaRTepHbIM CBO~CTBOMHeJIHHe~HI:lXKOJIe6aHYI.MRBJIHeTCR

MX a R rap MOH H 'I HOC T l>, T.e. HaJili'IMe BIJClliHXrapMO-

HYI.ROCHOBROt! 'IaCTOTIJ .cu (2.5). B c~'Iae MaJII:lX KOJIe6aHYI.t! 1(' ~

In. (~/k):::: fk.- 3~lIo H (2.5) npHHMMaeTBH,IJ;

(cl AJ ~ S'ZI1(.ih-1}0t (L )h:-:
tp 'V IOc6 £11-1 D.tlfo

AMIIJIRTy,n:sBIifClliHXrapMOHYI.K,TaRMMoC5pa30M,O'IeHl>M~, T.e. M~e
KOJIeC5aHHRMaHTHYI.RanO'ITH rapMOHH'IHIJ.

COBceM .npyron XapaKTep MMeeT .n;BHRteHHeMaHTHHRa B o6paTHoM npe-
,n:eJIl>HOMc~Y'Iae 611CTporoBpalIleHYI.R( H~ E '» Uo ). B STOM

CJIY"fae k= 4)0/ cv". «d R !Pypl>e-pasJIo1KeHYI.e(2.8) npMBEMaeT BH,IJ;

if ((:) ~ £ C0 t +4£ _s/-n,!b,,;v..t(. "Jc )~n. (2.17)
r 11=~ ~ 7'c.J,..

XOTJ3:aTO ,IJ;BR1KeHYI.eR RBJIHeTCRnO'ITH paBROMepBHMBpaU\eHHeM, KOTO-

poe MORtHOpaCCMaTpnaTl> KaR rapMOHYI.'IeCRHeltOJIe6aHYI.R, 'IaCTOTa STO-

ro BpameHYI..ffJ.,'-<.)y~ P SaBRCHT OT SHeprHM. Y'IMTHBaH, 'ITO B

STOM CJIY'Iae p ~ I (,n:e}!CTBMe), nOJIY:tJP!M,'ITO napaMeTp ReJIRHe}!HO-
CTH 0<. ~ i ,T.e. HeJIHHeMHOCTl>Bpal11eHHRHe MaJIa, XOTR aarapMO-
HWIHOCTl>R MOlKeT6eTl> CKOJIl>yro.n;HO M8J10~ npR ,n:OCTaTO'IRO6aCTpOM
:apameH!U!: c.,)o I 4.).,-;. O.

(2.15)

(2.16)

§ 2.2. KaHOHH'I6CRHe rrpeo6pa30BaHYI..ff H cBepXCXO,D;HMOCTl>

HeCMOTpR Ha 60Jll>lliHe ycneX>'! B rrOMcRax TO'IHO MHTerpMpyeMHx He-

Jll1IHei'itmx CHCTeM /13/ ,IIOCJIe,1Ume RBJIHJOTCR Bce }Ke, no HanJeMY y6e!!t.IJ:e-

HYI.JO,MCKJll!)'qMTeJIl>HblMH.Bo BCRKOMCJlY'Iae, sa.n;a'IM, KOTOpl:le MI:l C06M:-

paeMcR pacc/YJaTpRBaTl> HYI.1Ke,He OTHOCHTCR K HHTerpMpyeMHM. IIO3TOMY

,IJ;~q aHaJll1ITH'IeCKOrO RCCJIe.n;OBaHHR Heo6xo~ KaKo~-To npR6JIH1KeHHIif~

MeTo.n:, CRa1KeM, KaRO}!-TO BapHaHTTeopRH BosMYlIleHYI.R. IIoc,JIe,nIDm BOS-

MOlKRa, pasYMeeTCR, TOJIl>KOB TOM CJIY'Iae, Kor.n;a.B sa.n;a'Ie eCTl> Ma-

~:!1 napaMeTp. B COOTBeTCTBRH C STRM MS c.n;eJIaeM oC5IJ.'laoe npe,IJ;IIOJIO-

RteHHe, 'ITO raMRJIbTOHHaH HanJe~ CMCTeMIJ MO}KHOpaS6MTl> Ha .n;Be 'IaCTH:

J.{(I, 8) ==H" (r) + i V(l, f9J . (2.18)
13



lrepsarr H3 KOTOPHX x a p a x ~ e p m y e ~  "~e~os~yure~HyIo" CHCTeMy x meep 

HHTWpaJI ,aFJFIIRecIHR 1 ( H ~ ~ c T B E ~  ) a OCHOB~MM "CBO~CTEOM" HeB03MyQe~- 

808 CXCTeM6I XBJUTeTCR TO, 4TO Mbl 3HaeM ee nBHXeHEe B TOM lena 

@opMe. HameM saaaqeii., onnaxo, 6 y n e ~  msyseaae mmem "B03My~e& 

HOB" CXCTeM6I C TaMHJIbTOHElaHOJ~. kf ( I J @ ) , HO "B03b9yUIeEFlen 

& V ( I , @  ) ME2 6 y n e ~  CYBTaTb MaJIHM ( ( (< 4 ) . XBpaK~epHklM 

OBOBCTBOM B03MYLUeUER SiBJUTeTCR eI'0 3aBMCkIMOOTb OT @I3 t?? HeB03- 

MYoleEIHOl'O ABHIKemR. ~ ~ H H O  3Ta 3aBXCEIWIOCTb IIPEBOAYIT K H ~ M ~ H ~ H X K I  

H e B o 3 M y m e H a o r o netcmm I. a e ~ m ,  YTO pasneae- 
IIHe FaMlUlbTOFLElaHa H a  HeBO3MyUeHHyIo YaCTb X B03MYUleHHe YCJlOBHO I 

3aBHCHT, B ¶aCTHOCTH, OT Ha3IleI'O MaTeMaTH¶eCKOFO HCKgCCTBa, 

Ilpemoaom, s ~ o  MH He 3 n a e ~  ~ ~ I I T M ~ ~ C K K X  @YHKI@ nonpo6y- 

eM ~ T P H ~ J L H W ~ H H O  Ha3TH JWTateUJIe MaRTmKa, aa6pm B KaWXTse HeB03- 

~ y m e ~ H o B  cswreMn npoc~o  rapMoHmecmti ocql i lm~op ( y ac ero-TO 3aa- 

 ax. KX IIpX 3TOM YPaBHeHXR ..4BXX(eHEfI HeIIOCpeACTBeHHO XHTerpXpy- 
~ T C R  (2.20). B 9aCTHOCTEI, 3HaR y, MOBlHO H ~ B T X  YaCTOTY ZEXIKeHBR 

K= I@ tmJ,EIo pI 3HeprXE. 

Haxoxneme I 3 ~ ~ ~ e H T H O  nOnHOMy PeUIeHEXl 38,4askI n il03TOMY 

B 06me~ cnysae HeBomoxao B EBHOB a o p ~ e .  B xnaccnsec~oB Teopm 
~os~ymemii nOCneA0BaTenbHOCTb XaHOHH¶~CXZX npeobpasoaaml 

(I, B)+ ( I d , o + ) ' t  ... (In, &)h I+..- ( i )  Q) CTPOETCR TaXBM 06pa30~, 

qT06k.I Ha Kartt.40M IIIare BO3MyUlewle YMeHbmanOCb Ha OAHy CTeneHb Ma- 
noro napme~pa:  E T/+ ~'75 -+---- E h C 4 c  -+ 0' Onaaxo Ta- 

me nocne4OBaTenbHOCTEI, KZLK ripammo, pacxommx, m  TO orpam- 
QBaeT IlPKMZMeRHMOCTb TeOpEH B03MylUeHkIX OTHOCkITeJlbHO X O P O T W  88- 

TepsanoM ~ p e ~ e  m mmxe~m. 
P e n r a d  ycnex B YTOM HarrpaBnemE 6an nocTmrKgT c norfiourbro 

HOBO% Teopm ~os~yuiewlB, npeanoxeaeoi! K o r u l o r o p o ~ ~ ~  /I/, KOTO- 

p61B s a ~ e ~ n n ,   TO nocnezoBaTenbHue XaHomYecme npeo6pasosamn 

MOXHO IIOCTPOHTb T8XkIJd 0dpa30~, ~T06bl KaR(AOe CneEyIoUlee B03MyW- 

I IOCMOTP~,  ICX p a 6 o ~ a e ~  aTa Texmxa Ha n p o c ~ o ~  npmepe M ~ T -  

B 0 3 b ~ e ~  nepme ma cnaraeuax B xasecme ~ e ~ o 3 ~ y r n e ~ a o r o  raManbTo- 

maHa (2.19) m nepeiine~ B i% K nepeMemm ( 1, O 1. Toma 



Ocaosame~ zm Taxoro ycpememfi c n y m ~  npagznbaoe cmo no cede 
npezcTameme o TOM, YTO nepeMeaHaR sacm ~ o s ~ y ~ e a a s  B M ~ H B ~ ~ T  

m b   anar are" o c w n w z .  IIocnezma MOKHO npeaedpesb, orraa~o m b  

c onpexe,nerraofii TOYHOCT~D. B YacTHocTE, K ~ X  MM y m , w  mxe, m a  
n o c m z m  rllleaa B (2.25) ywe nperastuam T O Y H O C T ~  ycperrwemm E mm- 
HITCR IIO3TOMy Henp8BMJIbHBME. 

P~odsr peiuxTb 3 a a v  6onee axKypaTHo, n p o m ~ e a e ~  xaaomsecrcoe 
npeoiSpa3o~ame K HOBMM nepeMeam ( I,@ -Z I,, , 8, ) Tmoe, 
srodar He npOCT0 iTpOE3BOnbHO O T ~ P O C H T ~  IlePeMeHHYP) YaCTb B03MyUle- 
BPLR, .a  3aKOHHO YMeHbiuxTb ee.npEI 3TOM HaM KyRlHO 3a60TETbCR 06 
yMeabmeHma TOJI~KO n e p e ~ e ~ ~ o g  sacm,   arc rcax ~ O C T O R H H ~ R  YacTb 
BO3M~W~ff He HapgtnaeT EHBapHaXTHOCTll ( c o x ~ ~ H ~ H E R )  I, a J!.Wb H3- 

MeHReT YaCTOTy xo~re6amE. 
EYJE'M ECKaTb lTpOE3BO~HI [r)YHHII,EIO KaHOHEYeCKOJ?O npe06pa30Ba- - 

rn ( 1,8 -+ Z,,B,) B Bane 

QmecTseHHO, YTO 3 T O  BMjlaKeHEe He COHePXHT IIOCTORHHO~ C O C T a B J U f G  

ae8 no 8 , ~o~opyro  MM npemapmenbHo BarAemRm (rllle~ - 1~/16).  
B npoTPIBHOM cnygae mTerpzpoBame (2.28) 2-0 6ra  ax ~az~rnae~tafi  
ce~ympmfi w e a ,  HeorpamseHHo ~ospac~a~owfii  co apeueaepa, l i ~  pa3- 
H O C T ~  ( Q4- 0 ~e 6ma 6~ uanol (2.27). IIo DTOB we n p ~ m a e  
~ e n s a  YHEI~TOXETL 3TYIM we npeodpa3o~ame~ (2.27) m e m  .v r3, 
T ~ K  KaK nplr EOnCTaHOBKe (2.28) B Y J E H  - (& G& - $) z- 
nommercsr noc~ossaarr c o c ~ a s ~ a ~  N I ~ .  Tenepb B ~ H O ,  Raxgn TOY- 

HOcTb AaeT MeTOH YCpeJIHeFiER, HenOCpe,JXCTBeHHO IIPmnvleHeHHH8 K HCXOz- 

HOMY I'aMBJIbTOBlaHy (2 2 4 )  . 3 ~ a  TOsHOCTb OrpatICl¶KBaeTCR lIOpmOM 
IIOCTOSHWX WIeHOB, KOTOPHB 0CTaff)TCR IlOCJIe BMIIOJlHeHHR KBHOBE19eCKO- 
ro  npeocipaso~am~. a n ~ l  mxomoro rmvrnbTomaHa aTo m e w  wI3 
(2.29). ~ o ~ T o M ~  B BE@aKeW (2.25) MOKHO NCnOnb30BaTb TOJBKO IIep- 
m e  m a  c.naraeMsx. anFl nonygem 66abmeB TOYHOCTE ~ e o d x o m o  npc- 
k13BeCTB HOBOe KaHOFLEYeCKOe I I P ~ o ~ P ~ ~ O B ~ H K ~ ,  IIpeABapHTeJIbHO BH,IE= 

IIOCTOffHHyHI YaCTb. 
Bsrnme~ Tenepb amypaTHo nonymmmBca nocae n p e o d p a 3 o ~ a ~ a ~  ne- 

PeMeHHEJX  HOB^ I'aMEJlbTOHl3aH, KOTOPMB 0603~aYEM H4 ( I,, 8, ) . Tax 
KaK H C X O H W ~ ~ ~  raMEI,JBTOHEaH (2.22) B3RT C T09HOCTbHI E0 ¶JleHOB N I?, 
TO EI H, HOCTaTOYHO BERilCJIETb C To8 EX? TOYHOCTbHI: 

(2.29) 

m e  MH BBem o6qee 0603aa~eme 

4" 
E c:~ = &k) !  /iL!12 - mcno co,eTams a3 2 k  no k . 

HeqeTmx LZ cpemee <~by'B>= u . BosMymeme ( s ~ r e m ,  3a- 
~~CRmPIe OT 0 ) CT-0 TeIIepb MeHblUe ( N 3 )  , HO, K COXa~eHEIO, 
Cmwee. H  TO erne Re Bce, H ~ K H O  erne 3 a ~ e 1 - x ~ ~  B Ha 8, c noMo- 

(2.27). Tm xax 4-8= @ t5 2, (2.28). TO aa~erry 
7, 
I7 



o O ~ o m a ~ e a ~ o  y cpen~eaaaB raaRHabTomaH npHHtlMaeT snn 
I 

1 I-? e l ,>  25 I ,  - - - 
#6 

~ J o , u c ~ a s m  BTO Bupaxeme B (2.34), n o x y m  Towoe pasasxeme 
nno E (2.13). 

B xasecme Apyroro npmepa paccMoTpm c~eneaaoil raMamTomaa 
2 Z 3 

H ( p , x ) =  &++-+%x + 9.5 (2.35) 



00 

x l t l  - ma - - CN ( C Z ~ J =  - 2 cos (ah-i)&,,t 
a 25 

h = 4  ch[%(fi- &)I (2.43) 



Pa3BHe 3HaKPr COOTBeTCT- 
BYKIT DYM Bemm cena- 
PaTpHCH - ABYM HaIIpaB- 
n e H w  m m e m  M~ETBH- 

Ica. Ha aaso~ofi  naoc~o- 
cTm cenapaTpnca odpasy- 
eT xapax~epw8 "xpec~" 
(pmc. 2.1): 

p = 4 w, (2- 5 0 )  (2.48) 

Towa "nepecesemdl seT- 
sefi cenapaTpacs onpene- 
meT nonoxeme H ~ Y C T O ~ ? -  

¶I.BOI'O PaBHOBeCmR. no- 

P ~ C C M O T P ~  mnrrteme MaRTRMXa B 6 n ~ 3 ~  cenapaTpmcb1. EYE~M xapax- 
~ e p n s o ~ a ~ b  pacc'foame no cenapaTpms ~THocmenb~otl aeeprr?eE 

YET&,  TO mmxeme B ~ T M ~ Y I  cenapaTpmcM npmepHo TaKoe xe, KaK E Ha 
cenapa~pme , sa  mcxnmemeM Koaevaoro nepqaa (2.52) . 

Hal,ae~ erne nei?c~srne ~ 6 n m 3 ~  cerrapaTpYrcH. Aaanorauao (2.45)  ox- 

Ae3cmme Ha cenaparpnce I,, n o n y m ,  m r e r p i m x  (2.47) : 



Aelcmae Pa3AGiHHX QPbe-KOMIIOHeHT B03MyU!eHMR 6 y ~ e T  TeM ~ElIbHe8, 
neM MenneHHee aa~eme~cnrs klx Qasa 

C~o6onme xanedaawr aemHeBaoro RoacepsaTmHoro ocqmnmopa 
c ozaot cTeneribm C B O ~ O H ~ I ,  pacciwoTpenIIbTe B npemzymeM pasaene, 
BcerAa ~ C T O P ~ B H  npa ycnosm, xoeesao, ¶TO mnrtterrkle Q E ~ T H O .  RM- 
nero O C O ~ ~ H H O  amepecaoro a  TOM cnysae He npoacxomT. ¶TO IP(e 
npoasoihe~, ecm B K J I ~ T ~  saeuraee B O ~ M Y ~ ~ F J E ~ ?  r a ~ m m o m a a  cac- 
TeMB MOXHO 3aDXCaTb B 3TOM CJQJsae B Bane 

BTBRM ~ ~ H C H M O C T ~  FmmbTOmaHa OT BpeMeaa E xapmTepE3yeT 3,qecb 
saemee ~03~ymeme.  Haxe MB 6 y z e ~  npemonaraT6, YTO ~ 0 3 ~ y u e m e  
RsmeTcR nepxomsecm no BpeMernm c nepaonm T a oc~osao t  nac- 
TOTOB S2 = f P/T . B aToM cnysae cnemp ~ o s ~ y u e m ~  meeT sac- 
TOTH kn . ~ O ~ T E  nepXOJW-leCKOe B03MyUeEkle C! IlPOH3BOJIbHMM mC- 

ICPeTKHM CEeKTpOM ( R, ) He IIpXBOmT K K~KHM-m60 KaWCTBeHHO 
ROBHM a@@ex~m. Orpamseaaoe BO BpeMemi ~ o s ~ y m e m e  c HenpepmHm 
cnexTpoM ( m n g s ~ c  ~ o a ~ g m e m )  ae npezcTammeT ocodoro amepeca, 
T ~ K  K ~ K  ~ ~ 3 b l ~ a e ~  m b  Manoe ( E << 4 ) m ~ e ~ e m e  3eepraa xone- 
6aaaP. Haxoaeq, cTwoaapaoe ~ o 3 ~ y m e m e  c aenpepmmm cnempoM, 
aanpmep, aeperympaasr nocnenosaTenbaocm mnynsco~ ,  B H ~ M B ~ ~ T  B 

cprcTeMe npoaecc ~a@#ysaoaaoro Txna. Teopm ~artnx npoqeccoB, 
onew sawmx zm npasorrre~~fi, cocTaBmeT cefisac 06mapmii pasnen 
TeOpHH ~09€?6aHMfi, mHeBaM.x ~eJIIlHefiHblx.  TO BHXOmT, OJlrHaKO, 

3a p m m  riamero n o c o 6 ~ ~ .  M T ~ K ,  6yneM csmam,   TO ~ o s ~ y m e m e  m- 
JmeTcnrs nepnozasecm. Bsene~  @asy ~ 0 3 ~ y r n e w  

~=R2f+c, (3.2) 

rze  Pa- Hasanbarn W3a. P a s a o m  ~ o s ~ y m e m e  B moPaoM p m  

B npenexbaoM cmysae noc~o~aHoPl @a361 MH meeM peaoaaac 

 TO COOTHOmeHEle OIIpeHeRReT rradop pe30HaHCHHX 3HaneRLTfi saCTOTB- 
IT COOTBeTCTBeHHO sa6op pe30HaHCHHX 3HaveHXTfi 3HeprliE rconeda- 

aa8 ( m a  1). P ~ ~ O E ~ H C H H ~  3 ~ a s e a a ~  Wm,odpa3yro~, B o6rne~ cxysae, 
BCWy l'IllOTHOe MHOriteCTBO. T ~ M  He MeHee MH HaYHeM C 06paTHoro Dpe- 
nenmoro c n y s a ,  xor,qa cyma B (3.3) COCTOXT Bcero a s  omoro 
cnaraeMoro ( ~ o s ~ e e ,  k13 myx mmneKcrio conpme~mx).  M~ase roao- 
PR, MM. PaccMoTpm B  TOM paanene cnoficma omHosaoro (asomposarr- 
H O ~ O )  H ~ J I E I H ~ G H O ~ O  pesoaa~ca. HmeP qema mmeTcn YcTasoBJleaae 
Hmdoxee 0 6 ~ ~  C B O ~ ~ C T B  H ~ ~ I E H ~ ~ ~ H O S ' O  pe3OEaHCa, KOTOpBe nOMOIyT 
HaM OpPieHTklpOBaTbCff B CllOxtHOM CQ,l¶ae ~3ar?~0,4eficTBm MHOrkSX peso- 
HaHcoB (rn.4). Nibi HaqHeM c ,I~BYX ~ P O C T H X  npmepoB - saemaero 
( § 3. I) a napmjeTpasecxoro ( 5  3.2) p e s o s a ~ c o ~ ,  KoTopDe HeonHo- 
KpaTHo paccMaTpmamcb B pa3msmx n p m o x e m ,  Hanpmep B Teo- 
p m  ycxopmeneM /16/, 

P~ccMoT~JTM ZBErrtemie MaFnTHtrKa ~6JIy13X ~ O ~ O r r t e ~  PaBHOBeCaR, 
T.e. npm Mamx mnnmyiiax xonebaaaij ( % P,< 1 ) , B npurcyrceam 
saemero ~03~ymema.  B xasecTse nocnenaero aadepe~  rapMomsecxyD 
BHemHKIKI CkIlly C ¶ ~ c T o T o ~ ~  a . Torna HOnOJlHKTeJIbHH~ WeH B rahlEnb- 

3nem F, << 1 - Manm aMn,mTyr MoMeHTa cam; nocnenrree mpa- 
stetme nonysaeTcR nocne nepexona K nepeMesam ( I, 8 ) pr nozcTa- 
 HOB^ B ~ 0 3 ~ y m e m e  H ~ B O ~ M ~ U ~ H H O ~ O  peuremnrs (P= $4, c t s  B . &me 
B  TOM npocTelu~e~ cnynae ~ o s ~ y m e s a e  coaepxm m a  rwreea. 0~6pocm 
6 ~ c ~ p o o c 1 p l n m p y m ~  BTOPOB, a oceoatrym sacm rmamcoaaaaa BOS- 

MeM B npadmxtemo: (2.25) ( C  TO'-IHOC'PbBY W I ~ )  



ymYToxeme B O ~ M ~ I U ~ H M R  H~BOBMOXHO 113-3a nomnemm Manor0 peso- 
HaHCHOI'O 3HaMeHaTeJLR. 

O T K ~ ~ S L B I I I E ~ C ~  OT YHH4TOXeHPI.R B03MYLlleHER, 11011p06ye~ O C B O ~ O H M T ~ C R  

OT SIBHOB SSLBBCEIMOCTPI. I'aMHJIbTOtlPlaHa (3.6) OT BpeMeHE, KOTOpaR npM- 

BODIT K PI3MeHeHED 3HepI'HEl CEICTeMH. BRR. 3TOTO BBeXeM HOBYIo @3y, 

a Kaiiomvecmi conpaxeaaa c ae l  mny n m  O C T ~  nperrtw (I) : 

y =  8- p (3.9) 

I I p o m s o r n a ~  @ymm Tmoro npe06pa30sam~ nepeMeHnblx meeT s4a 

F(1, p, .c) = - I  (P+c),  (3.10) 

I,,, = y . a 4 ' 3 p 3  of. (3.12) 

T a n m  o6pa30~, nonorrteme pamosecm B STOM cxygae HeycTo&xmo. 
Cyuecrse~ao, OZH~KO,  YTO npH ManoM F, aMmTgna B O ~ Z I E I K ~ W ~ H X  DOE 

n e f c n e ~ e ~  BosMgnlem xonebamf ocTaeTcR  ano of. B BTOM COCTOHT 

Kapmsiamaoe oTmrIHe ae~ ln~e laoro  p e ~ o ~ a ~ c a  OF J L H H ~ B H O ~ O .  B no- 
cnemieM caynae npa ~ o s a o ~  pesoaaace aMnmTyAa ~oaedawrti Heorpa- 
KaPeHHO BO3paCTaeT. H ~ U I H ~ ~ ~ H O C T ~  K e  KaK 661 cTadXAX30pgeT DExe- 

me 3a C s e T  H3MeHemR 'IaCTOTH ~ 0 n e 6 a m  H BtaXOZa CHCTeMhl H3 pe- 
soeaHca. c npyroti CTOPOHH, xeficmxe cm60ro ( 6 -  o ) ~03~gme-  

m B peaonaace o ~ a 3 m a e ~ c ~  aaam~exbao cmmee ( ce/3), ye, 

Brie peaoaaaca ( F, J7, CM. (3.6) 1. 3 ~ o  11o~a3mae~ B ~ H O C T J ,  

pe3osa~cmx mne- a rn ~ern~eflmx xanedamfi. 

B H T ~ P ~ C H O  OTMeTETb, 9TO MaKCEManbHOe 1 COOTBeTCTBJeT He sac- 
TOTe = , a HeCKOnbKO MeHbEeMJ? 3HaPe~IO .  TO ITOHRTHO, 

TaK K a K  YaCTOTa ~0Jle6a~Ef JMeHhUIaeTCR C POCToM EMEIIHTgm. PT06U 

HafiTPI. 3TOT MaKCmYM, DOCTyDaeM CJleffgHUEM o6pa30~. TW KaK H, = 
= 0, s a m c ~ s a e ~  ypaBHeRPre H ,  /E = o B Bme (CM. (3.11) 

yqacma, He C B R ~ ~ H H H X  Memy co- 
601 ( ~ H c .  3. I). Ec7lH MH EHTepe- 

CyeMcff ~036yXi'~@HMeM KonedamIHZi 
Parc. 3.1. Hccnenosame BHemHero 

OT wJIeBOl 2JdnmwA6T, TO Ham- 
pe30HaHca (3.13): 2 - * = A4 6 o m e e  I coomercmyer xaca- 
(3.1& 2 - A > A 4 .  
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s ro  npa6~m3a~eano B 2.5 pasa boame s n a s e m  (3.12). 
Xare BE,UHO H 3  pm .3. I (xpmm 2) , ~ P P I  A > Ar nommeTcR 06- 

JIaCTb H3MeHeletIHR I , P30JlBpOBaHHaR OT 1 = 0, npIPB¶eM I B 3 ~ 0 a  

odlacra pacTeT c POCTOM A . P ~ C C M O T P ~  ee no~po6aee. 1ISR BTOFO 

cneaaewr aoBym xaaomsecKgro swerpg nepenneanm, O C T ~  npexsmB) 
@a37 y/  E BBem HOBEJ~~ ElAllmJlbC 

p = ~ - l ; -  ; w p ~ i  = d -  - L n  8 . (3.16) 

C W T B ~ T C T B ~ ~ ~ ~ R  IXpOHSBO~aR @HIE~.ER PaBHa ( CP. (3.10) : 
F(I , p, 2-)= - (L-I,.) (y+ z). Beamma I, ecm peaonascnoe 
snaseme E ~ ~ ~ C T B H R .  r m x a ~ o x a n  cacrem (3.6) npamaeT Tenepb 

W J I ~ C T ~  aemaetiaoro pesoaasca coomeTcTByee ~ o a e d a m  "M~RT- 

m a w  Lorpamsexnoe asmeaeme Qiasa ly a pacmnoxeaa BKYTPIB ce- 
naparpxcs ( 8  2.4). RlaPtcmraaa.nbaoe p pasno: 

p,,, = 4 (4 I~)''~ (/'F ;;*% - (3.19). 

IIapme~pmecmB pesoaanc 30s a n r ~ a e ~  npa xxepnomsecItob? m ~ e a e m  
napaMeTpa cPrcTeMN a:, onpenemmem gacToq ~oae6amfi. IIyc~b 

a ~ [ ~ ) = d + E ~ c c s 2 ' ;  fY=Rf+c; € < < d .  (3.23) 

B xasecme ae~osMymen~oro rmmsTomana srrdepe~ No = (p% pg)/g. 
IIepexom K nepenaeanm ( I, 6' ) m /& , 110~1ynm 

B nocnenneM anpaxem Mn npo~ssem ycpenne me, T. e. a~6pocam 
o c m m p y w e  m e w ,  xpoane pesoaaacnoro c @sol 

p a e -  ;r, (3.25) 

Aanbme neacmye~ ananorasno npenmymeMy naparga@y. acmenosa- 
HER ~036grqqem xoae6aaaf OT nyae~ol aMnmTym sar6~pae~ @asy 
(3.25) sa  t ro~y~)  nepeMeanym. B3m IIPOPIBBOAR~B) @ymcmm B Bme 
F(1, yP 2)  = - I (?+ ?)/f2 (- 3 F/3 I = @)> H c Z W W M  HOBIJ~~ 
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Asms sToro ratilamTorraaHa erqe npowe, neM m Baemaero pesoaa~- 
ca (§  3. I). E C ~  saasane 2 = 0, TO, U, = O. c o ~ p a ~ m  nocsenaee 
pmeacmo H a  2 ( T ~ K  K ~ K  aac He aaTtepecyeT Tpmaanaaoe pememe 

BospacTaeT. 
C nepBoro s a r ~ a  ~ o x e T  ~ O K ~ ~ ~ T ~ C C R ,  ¶TO ~ @ I ~ K T  OT napmerpra- 

secKoro peso~aaca (3.29) Toro xe noIpma, YTO a OT ~epesoaa~cao-  
r o  ~ 0 3 ~ y r q e m  ( w  E 1. OHH~KO H3  (3.24) BHAHO, YTO B riocnezueM 
cnysae n s ~ e a e m e  ne#cmmi ( A X  coaepms nonosnxTes>mfi ~ a m f i  
MHomTeJIb I << d : AI .vEI . I~IOBTOM~ m ans  napaMeTpmec- 
Koro ~ o s ~ g n i e r u l ~  aaado~ree Baaea pesomaacmii c~lysail. 

Bos~paara~cb K a e m a e ~ a o ~ y  napanaenpasecxoaoy pe30aaacy, paccMoT- 
PHM 6mbmygl paccTpoky A ,> E/. . B  TOM cnyrlae 06nacTb 61313- 
mfi ~ M W I E T Y ~  orpamneaa cm3y (3.28). Bsene~  H O B H ~ ~  m- 

Tenepb M ~ J  MoxeM paCCMOTpeTb donee mmpomfi xmcc pe30aaacos. 
B b l ~ e ~  np0~3~0nbHhIa YneH @pbe-pa3JlOlgemf~1~ (3.3) if 3XUXlJJeM I'aMSiJib- 

MM Diepemm 3necb K z e B c m n ~ e s b ~ m  @ y m a a ~ ~  n n 3 ~ e m m  3 ~ a ~  nepez 
b , BTO~H no,mepKayTb pesoaaacmji xapamep amenesaoro meaa. 

B B O E ~  AOBYEO ( p e 3 0 ~ a ~ c H y ~ )  Qasy 

y =  m e -  l z -2  (3.33) 

n n ~ b a p a e ~  11pon3~0mygl Q y m m  B Bane 
p + h Y  , 

F = - I )  (3.34) 



HmMaeT Ban (cp. (2.47) a pac.2.13 
I, = I, k ( ~ 1 ) ~  Sin h l B - h P  

2 ( 41 I,,. W A ~ M  erne nonymnpmy ~ e , m ~ e f i ~ o r o  pe3oaa~ca no sacToTe 

(a o ) ~  = (~1)~- a0' 
m M (3.41) 

OTM~TWII ,  YTO OIIRTE-Tam ~@@C?KT pe30HaHCAOrO B03MYUleHmR (* c) 
bonbme, seM Hepe30HaHCHOrO ( E 1. 

H ~ ~ c T o E w B o ~  n0nOxteHne PaBHOBeCKR " M ~ R T H ~ H ~ "  (3.36) Cf+'= 0; 
a,/ > o ) npeBpaaeTcR B mcxommx nepeMeHHm B ~ ~ M K H Y  TYM cm- 

pmb $ = 1~2/~1 , Tononorasecm 3 m m a n e ~ ~ ~ y m  ~onbqy. 3 ~ a   pa- 
BaR EI eCTb " Y C ~ T H ~ !  TOP" ApHonb~a pa3MepHOCTE ? ( 5  2.4) , K KOTO- 

p o ~ g  "npmxpennew y c ~ "  (3.40). 
Yrr~rsepcansaoe onmame pesoaa~ca B npa6naiitem MmTmKa (3.36) 

OrpamseHo, BO-nepshlx, ycnoBaeM ManocTa 0 ~ 6 p o r o e ~ ~ ~ x  npa pasnoiite- 
HHa UeXOB m p  << I r  , Elm (3.40) E << d . Bo-BTOPUX, He06~0- 

piaM0 nOTpe60BaTb, ¶TO& 4aCTOTa @230Bbl~ ~one6amfi R + 6nna 6~ 

AOCTaTO¶HO MaJla, ~Todbl MOIgHO 6m0 njEHe6pesb Hepe30HaHCHNMa CAa- 

I'aeMblMEI B I'aMBnbTOHPlaHe, C-TaR BX ~ ~ C T ~ O O C L Z C I ~ ~ ~ ~ ~ U ? M B .  B 5 3. I 
MB I I P E I R R ~  ycnome SL+ e w, . B o6rne~ cnysae (3. I) , O A H ~ K O ,  

3T0 YCnOBBe XOnxtHO 6nTL 3HaWTe7BHO ycaneao, TaK KaK s a C T O T H  He- 
pe30HaHCaMx ¶neHOB ( m,,, ) MOryT 6 ~ T b  3Ha9BTeXbHO MeHbUIe W, .  TO 
T ~ R  ~aamaehfh~e Mame s ~ a ~ e a a ~ e m  (CM. 11.4.5)~ 203Toh.l~ sanamelm 

ycnosme npa6miitem~ MaRTmxa B swe 



neme N -~epaoro n p o c T p a a c T s a  neiicm~l Ha N - M e p H o e  n p o c T p a a -  

CTBO @a3. ~ J [ ~ B O ~ M Y U I ~ R H ~ R  @30BafI  TpaeKTOpXR CXCTeMM 7leKMT H a  

/V-MepHoM T o p e  I = C Q M ~  , KOTOpb!fi B IIpOCTpaHCTBe A ~ ~ ~ c T B H ~  

~ s o c i p a ~ a e T c ~  ~onxofi f = c ~ * s C .  B M ~ C T O  n p o c T p a H c T s a  neficmafi 
y n 0 6 ~ 0  P a C C M a T P B B a T b  CBR3aFIHOe C HEM IIpOCTpaHCTBO 4 a C T O T ,  KaXJlaR 

T O w a  KOTOpOl?O TaKIKe COOTBeTCTByeT T O p y  B @a3OBOM I I p O C T p a H C m e .  

C~mb o b 0 E X  npOCTpaHCTB RsJUreTCR B ~ W  H O - O A H O ~ H ~ ~ H O ~  IIPH yCJ10- 

BXX H€?Bb!pOWeHHOCTI? CBCTeMM, K O r n a  EeTePMHHaHT M a T P w  (3.44) 
OT?WEH O T  HY.I1R /I4/. 

Ycnome pe308a~ca ~ ~ C H B ~ ~ T C R  B Brine 

MOLHO IIOJlYUnTb H 3  gpaBHeHHfl  ,DHatecraR 

i = - r x = - i E m K e  . 
3 8 



IIocaea~ee mpaxeme ysaTmaeT, s ~ o  Bce pk= 0, xpoMe p, . 
Bcaencmae m ~ o f i  S ~ B H C ~ M O C T ~  F OT t sepes G npeo6pasoaaa- 

HEd I'aMLlJIbTOHPlaH H3MemTCR Ha BWIEWEIy 



 OH ~ a 3 m a e ~  T a m e  m K n m m e n b H H e  r a m n b T o m a r w  H e K p y T H - 
M 8. B I I ~ O T H B O ~ O ~ O ~ K H O M  cnyqae, T.e. K o r z a  AT/d,m + o H ,  
C n e n O B a T e l l b H O ,  H e J l M H e f i H a ~  cTa6HlLE3-$4 p e 3 0 H a H C H O r O  BO3MyUeHwI 

MMeeT MeCTO, TOBOPRT, YTO h o  (1) - KPYTaR I # Y ~ R .  B 0 6 W ~  
C X y Y a e  n p O B e p K a  y c n 0 ~ 1 l f i  KPYTM3HN 3aTPYAKFiTenbHa. H O C T ~ T O ~ R M M ,  
6onee c k l n b k m ,  YCJIOBHeM RBXReTCR BHlQ'KnOCTb ITOBePXHOCTE 3Hep-  

FZM H, ( I  ) r cob sk. Eue donee cranmm m m e T c R  ycnome ma- 
sm~nyxnoc~~  ~y ~ L L P I P I  Ho Oj /20/ ,  K o T o p o e  o s ~ a ~ a e ~ ,  YTO B m y K -  

n o c T b  0 6 e c n e m ~ a e ~ c ~  m a 4 p a T m A h I M H  gnerimn ~ 6 n 1 1 3 ~   TOY^ xaca- 
HllS lT0BepXHOCTH Ho (2 = [ G t l s f  C IInOCROCTbH). B nOCneAHeM CAY- 

OY~BHAHO,  YTO a T a  @ Y H K ~ R  He m m e T c R  K B ~ ~ P I B M I I Y K ~ O ~ ~ .  T ~ M  He Me- 

H e e  OKa3MBaeTCR, ¶TO HeJMHefiHaR CTa6EIm3- 11MeeT MeCTO A m  
n r o d o r o  peaoea~ca. I l e f i c m n ~ e n b ~ o ,  ycnome K B ~ ~ Z H ~ O X ~ O H H O C T P I  me- 

2 
e T ,  K ~ K  MOKHO nposepmb, BI~H .ma = '?.t,lt3i+r,h12. HO 3 ~ o  ypame- 
me He m e e T  pemesm sr qemx w x a x ,  T ~ K  K ~ X  p e u r e r u l e  ypaBHeHklIi  

x'= 3 x  -+ 1 ecm x,,,  = ~ z / w ,  = (3 2 f i  2 . C n e n o s a ~ e n b -  

HO, KBa3KE3OX OHHOCTb HeB03MO)RHa. 9 E c ~  M- # 0 MOIRHO HCIIOnb30BaTb BhIpaXerulR (3.39),  (3.40) 
§ 3.3 c "M~CCOF (3.56),  n p m e M  senmmsa 1; n o m a m ~ c ~  T e n e p F  

K a R  BeKTOpH. 

Am z a w s e f i l l r e r o  saxso n p e z c T a s n T b  cede CTPYKTYPY p e a o ~ a ~ c a  B 

n p o c T p a H c T s e  s a c r o T .  E3 (3.40) n o n y s a e M  B e m o p  @asos~x  K a n e d a m d  

( Am ): C O O T B ~ T C T B Y I O ~ ~ E I ~ ~  (dl) 

Y= 041, ~ ) p ,  ; r , = ~ & E ' = ~ ~ ~ , . ( 3 . 5 9 )  

 TOT BBKTOP, BAOJlb KOTOPOI'O IIPOMCXOaRT (Pa30BHe ~ o n e 6 a W  BeKTO- 

pa w , He napannenea, s o o d n l e  POBOPR, H o p M a m  K p e 3 0 ~ a ~ c ~ o f i  no- 
s e p x B o c T a  h . l / , r n /  , rze lm12= I",H.I). n p o e ~ m  @w)' H a  HOP- 

3aBHCBMWlE BeRTOPBUE m'"(l= ', - - 0 r X p a 3 H W .  F i006Ue 

~ O B O P R ,  ~ ~ M I I  k,. . P ~ ~ O H ~ H C  KP~THOCTI k C o o m e T c m y e T  nepece- 
pemm k p e s o ~ a w c ~ ~ x  rro~epxaocre~ (3,45).  wcno pe30~a~cmx XH- 

v3 
3gecb 4 =(3/?/2 a) %' Y,. $6 ?i, MU O C T a B H l B  B B03MyUe&OPI TOnbKO 

OEHO C n w a e M o e ,  c o o T s e T c i e s y m n i e e  peaoeaacg C B R ~ E  adr--- b g  , KO- 

~ 0 p M f i  MK H codnpae~cn a c c n e n o s a T b .  

~ e ~ 0 3 M y D i e ~ H U f i  r a M n n b T o m a H  m m e T c a  w a a s a ~ n y m ~ ,  T ~ K   arc 
06e sT0p.e n p ~ ~ r e o ~ ~ e  2 ' ~ ~  /f1, =4ff/91:h& B miqecme 
HOBMX @a3 B03bMeM 

, = . ,  - U ; vz = B4 + Bz . (3.63) 



Eon saamo,neEcmae~ p e 3 0 ~ a a c o ~  nomaeTcR oHZooBpeMeHuoe He%- 
CTBEle Ha CElCTeMY HeCXOnbKmX Pe30HaHCOB. T.e. HeCKOnbKIlX l'ElPMOHYIK 

B03MYQeMR B (3.3) am, B MH0l"OMepHOM CJiyYae, B (3.43). Kawm 
TaKW raPMOH5Ka OIIpeJ@JLReT "cBo~~" pe30HaHC B C O O T B ~ T C T B Y B ) ~ ~ %  06- 
nacTn @aso~oro npocTpaHcma. KaKElM 6ygeT paaserne C11CTeMM npur 
O,D,HOBpeMeHHOM , U ~ ~ C T B E ~  MHOrsX ~ ~ ~ o I K ~ H c o B ?  a0  HeH?AHerO BpeMem 
3TOT @yH,T(aMeH~aJ1bHMfi BOnpOC OCTaBEiJICR IlpaKTHPeCKI 6e3 OTBeTa. 

Ea nepsblI7 B 3 ~ ~  MOKeT llOKa3aTbeR, 9TO eCJIEI CECTeMa HaXOXdTCR 

~ 6 7 ~ ~ 1 3 0  0nEIOI'O 113 pe3ORaHCOB, TO OCTanbHMe YJleRhl B03MyUieHPIR RB- 

MDTCR Hepe30HaHCHblME 11 MOI'YT 6 ~ T b  YHIIYTOXeHtJ 3a~eU0a IIepeMeHHHX 

( 5 3. I ) .  fiefi~TB~TenbH0, HaBHO IBBeCTHO, ¶TO BCerHa  MOKHO IIOCTPO- 

11Tb TEWJFJ, ~006llle I'OBOPR, ~ ~ c K o H ~ Y E Q ' D  IIOCneHOBaTeJlbHOCTb 3aMeH 

nepeMemsx, x o ~ o p m  yHmToxraer u e p e 3 o ~ a ~ c ~ a e  mew. B npexene 
nonysaeTca mTerpnpyeMax cxcTeMa, mimeme ~ o ~ o p o f  mmeTcs ma- 
3nnepaopj1~ecm, T. e. ycroi%mas~, O n ~ a ~ o   TO m a  @op~anbwf Ma- 
~ e ~ a ~ n s e c m t i  npmeM. Peanbaau Y C T O ~ ~ ~ B O C T L  ,mmem 3a3HCLlT OT 

TOTO, 6y,ge~ 7I5 TaKaR IIOCneHOBaTenLHOCTb nepeM8EIHHX C X O T L R ~ ~ ~ ~ ~ C ~ I ,  
mnur, wase roaops, cymecTByeT m TOT npenea, B KOTOPOM pameme 

mmeTca @opManbeo y c ~ o l m ~ m .  Eo Zoenasnero BpeMem crn~anocb,  

YTO, ~0061ue roBopR, ~mofi ffpeaen He cyuiecmyeT, T.e. aemselcme 
~one6a~ura  mnsr~o~ccr B 06Uie~ cnysae tieycToB%~wn. IIoH06Hue npen- 
CTS1BJEH5R OIILlpaJLYICb, B ¶aCTHOCTE, Ha TeOpeMy l&'a~~ape /6/ 06 OT- 

cy T C T B ~ ,  B 061ue~ cmnae, aHmTursecRHx ElaTerpanoB mime m, 
IcpoMe a ~ e p r ~ n * ) .  Cetisac Mar sHaeM, YTo Tmoe nomame 3 ~ 0 ~  Teope- 
MH 0 ~ 6 0 s ~ o  ( 5  4. 5, O T H O C ~ ~ T ~ ~ ~ H O  HeH8BHO B pa60TaX KOJIMOI 'O~OB~ 
/I/, Ap~oabna /2/ m Mosepa /3/ 6sna p a 3 p a 6 o ~ a ~ a  HOB= Teopm yc- 
TO~~WOCTEI  ALIHaMB'4eCKE9C CXCTeM (T~OPYIR Em), B K O T O ~ O ~ ~  yt4a7I0Cb 

8)  II, p a 3 y ~ e e ~ c ~ ,  Bcex OcTanbwx W T ~ ~ B H M X  aaTerpanoa, B 06- 

meM caysae: mngnbca, MoMeZoTa n nmerpana aempa naepw.  



nocTpoaTb c x o m e c a  p m  reopm a o s ~ y u e m s  a n o ~ a s a ~ ~ ,  9 T O  B 

o6n;eM enynae cyoiecTByeT HeKoTopoe xpmmecKoe s ~ a u e m e  Maxoro 
napmeypa ~ o s ~ y m e m ~ ,  onpenemuiee ipamqy y c ~ o f m ~ o c ~ ~  maxe- 
HEIR. KpaTxoe apencrasneme 05 OCHOBHIJX Haem reopm XRU 6yneT 
mao  B § 4.5 O C E O B H O ~ ~  p e 3 y n b ~ a ~  3 ~ 0 %  Teopm - c y m e c ~ ~ o ~ a m e  
a'pamH ~CTOBYEBOCTB AJLS aemaetiaiax ~one6atult - meer  Qyma~eFi- 
Tanbaoe saaueme ma o6meP Teopm m a m m e c m  cmTeM. 

MOXHO IIOAOETE K Dipooke~e c myroij C T O ~ O H H ,  nonmaTbca Kane- 
cmeaao, MS dlu' naxe c ~ a 3 a ~ m .  H ~ ~ B O  n p o a ~ a m 3 ~ p o ~ a ~ b  KompeT- 
me  MexamsMN, n p a a o w e ,  c p o c ~ o ~  ~ o s ~ y i x e m ~ ,  re pa3py-iuem 
EHTeFpaJIOB DXXt?PaaR H K H ~ ~ C T O ~ ~ % T B O C T H ,  O I L ~ I C ~ R E I B ~  TaKOrO ISOJIXOna 
E uOcBmeEIa aacFoma.x m m a .  Oreasmae~c~,  s ~ o  secma o d m  Mexa- 
MK3MOM BO@RPIKBIOBemB F~B~~c'Po~%SBOCTII~ ,DJ3PXeHKR RBJLeTCR T2JC 8838- 

saeMoe nrepeacp8Txe ere,m~elam pe3oma~co~ /9/. Mayueme s roso Me- 
sMa no3somer e@opPdympoaaTb secsMa @ @ ~ K T H B W B ,  XOTR M ae 

c~poa'nt!, xprrep& aey C T O ~ ~ B O C T E ,  C EOMOaibIO mxoro Kpmepm yxa- 
eTca B pme CayqaeR ~ I O B ~ V ~ I T ~  oqeam w a m w  ~ C T O ~ ~ ~ O C T B ,  Beema 
bmsme re ,net!cmmTenbmn?. 

Heyc~o8s%s~oc~b ~ e m ~ e P ~ u x  xonedamti, sosaasmuim npa nepexpu- 
THE pesoeaacos, meeT secma cnem@mecxy~ I IP~I~OW - oHa n p i l ~ ~ -  
mr fc weper7 ,wpeoMg , cToxacmse cxo?.~ J ~ E X ~ H H D  CECTBMM . Ta- 
rcol PemM xexammemoro A B B X ~ ~ E  6 ~ n  rIpe,meTcM xrimensam r~o~crsow 
ti CBR3B C DODBTKmX O ~ Q C X O B ~ I ~ I Z ( I  C T ~ W I C T E ~ ~ C K O ~  MBXaKPIPX. ~ ~ & H B O  

0 TCWB BO3 WHIIinB 3PPOPLI9e CKm TeOpYIR $38 8aMHYe CICMX CBC TeM /2f.  80- 
sojibpro H e o w a H m  P ~ ~ Y J I ~ T E L T O M  ~ 3 ~ i g r q e m  iiern~ePmx rconebamf 
OKa38JIaeb B03MOEHOGTb CTBT~CTEYeCKOFO 5OBeHEHEfl OWW IIpDCTMX 
mklHBNlEYeCW CHCTeM . 

I I p o c ~ e l m  cayngrIaeM ~3aumnoneticmm p e 3 o ~ a ~ c o s  RsmeTca asamdo- 
ae%cmxe Bcero myx p e 3 o ~ a ~ c o ~ .  U O - B ~ O I J ~ ~ ,  nepsari4 npmep T ~ K O ~  

CHCTeMB AeTaJlbtIO P13yYeH aHaJmTEYeCIEH B WiCJIeHHO ~OJLXePOM EI: (POP- 
not8 /21/. Wlhl paccMorpm myroZi npmep, 6onee npocToG B sauurcm- 
TeJlbHOM O T ~ O l I l e ~ .  

IIyc~b Ha OCIJ,H.ANITOP C ~y6~~ecacoG H ~ ~ H ~ @ H O C T L H )  ( 4  2.3) AeticT- 
ByeT BHeuiM BO3Mg~aXBlaR CMna C DYMR 4aCTOTaMH n4 , . ra- 

~ Y C T ~  C ~ R ~ C T B  mYX ;)eBOBaACOB (4,2) ZOCTBTOqBO lJE%Jl&m ,L?&T 

oa npyra, Tee, pasaocrb I R, -a, / zocTaTosm seirsKa, Tor,aa, 
mea B ~ajxy 480 aos~yeze,rme milo, g a s y ~ a o  npennoxoxtlTb, YTO ,WE- 

xeme cxcTekm 6ynea no-npexae~y n ~ ~ w s o a a a o  n e x j n a c ~ ~  onaorc 83 

pe3OB&AC6B B 3aEHCEMOCTB BT HaYWCKSX ycn0IB8. Bropoti Ee W E E  

sos~g i j i em 6y ~e T ~ m s  ae3 mam~ern'bfio xcreaxmb TpaexTopm no cpm- 
xeara~, 60 cjiguaeu e,macTsemoro pesoaaaca. 3 ~ o  npeanonoxeme xo- 
pom no.~rmeprn,~ae~ca acnemmrn sltcnepmeHTmz. C ~pgroii  C T O P O ~ ' ,  

ECHO, YTO SCm pe30HaHOHble 06nacTH XaYEyT c6mxa~bc11, HallpEMep 
n p ~  YMeHblIleaan pa3KOCTH PacToT JR,- QsJ , TO B Rome XOBJJOB 

smswreM Broporo pesoaaeca yxe ~ e ~ 3 1 1  d y ~ e ~  npe~e6peub. BCHO, 
9TO TrpX ,JlOCTaTOYHOM c d m x e ~ m  pe30HaHCOB TpaeKTOp8R ABHXeRtlR yXe 
me 6 y ~ e ~  donbuie AOKW30BaHa B OAHOM 83 Pe30HaHCOB, a CLlCTeMa 
C M O I R ~ T ,  ~oodme roBopa, nepexoam a3 omoro p e 3 o ~ a ~ c a  B myrol .  
Cahrl no cede T ~ K o B  nepexon BPRn MOXHO 68110 6~ I C B ~ J L I @ ~ Z ~ ~ P O B ~ T ~  

Km H ~ ~ c T o ~ ~ ~ I H B o c T ~  (DO XPMH~G Mepe DyX pe3OHaHCOB, CM. 

§ 4.21, ecm 613 He xasecmeaaoe ~ a ~ e a e m e  xapamepa mmemz.  
&K IIOKa3L2BaOT Y8C7leHHEJe SKCnePMMeHTH, ,IlB8EeHSTe CTaHOBBTCR llPB 
8TOM I i e p e r ~ l r r r p ~ ,  K a K  6ynro 613 Ka CBCTeMy JL~PcTB~KJT KWe-TO 
cny~atime C E ~ ,  XOTII Ha C ~ M O M  nene HEK~KEX ~ a m x  crnn aeT (4.1) . 
~IO~TOMY T ~ K O ~  p e w  m a x e m  n o n y ~ n  ~ a s ~ a m e  c T o x a c T x- 
Y e c K o r o. XapmTepaol O C ~ ~ ~ H H O C T ~ M  mzxema B BTOM pexme 



1 

R B N i e T C R  CId lbHaR J IOKanbHaR HeyCT0fi911BO~Tb. ~ O C ~ ~ A K R R  0 3 H a Y a e T ,  

¶TO 6m3me TpaeKTOpHLI PaCXOXUTcR B CpeAHeM 3KClTOHeHW3nbHO BO 

B p e M e  m . 
~ ~ F ~ ~ ~ . ~ I o I I o . ~ I O ~ H H M  gC7IOBLIeM BO3HEKHOBeHiTR ~ m 0 f i  C T O X ~ C T H ~ ~ C K O ~  

H ~ Y C T O ~ ~ ~ B O C T I ~  l l p e n C T a B N I e T C E  YCnOBXe c~AI?R(~FIEIR P e 3 0 H a H C O B  H a  

paccroame n o p m a  LIX pas~epa. Tarcoe c6nn~eme nonywno e c T e -  

c T B e a a o e ~ a s s a ~ p r e  n e p e x p ~ ~ n e  ~ ~ ~ O H ~ H C O B .  

%nee o n p e ~ e n e a ~ o  MOXHO c ~ a ~ a ~ b ,  ¶TO nepexpmne p e 3 0 ~ a a c o ~  sa- +T 

W H a e T c u  T o r n a ,  K o r n a  mx c e n a p a T p a c e  x a c a r o T c a t  A p y r  A p y r a .  To, 
¶TO IIPE ~ T O M  c m T e M a  MoxceT nepexomrb 83 O A H O ~ O  pesoaaaca B 

qpyrokt, E o c T a T o I m o  o n e B m a a o .  T p y n ~ o c ~ b  B apjjr6~ - ~m xomne- 
CTBeHHO R&TH gCJIOBER KaCaKLlR C e n a p a T p H C  C YrieTOM B03MYWHPIR 

m cocemm peaoaaaco~? I I p o c T e t m B  n o B o n b H o  rpy6eii M e T o n  coc~o-  
LIT B TOM, lbCilOJIb30BaTb HeBOSMYUleHHIJe I IapaMeTpbl  p e 3 0 H a H C O B ,  

T.e. CPPITaTb K a r n t r i j  LI3 H5TX Ta.B¶M, X8.K 6yJlT0 6~ ~pgI!OI'O H e  6 ~ x 0 .  
HCHO, ¶TO t f p n  3TOM MOKHO p a C C 9 H T H B a T b  XHDb H a  OLWHKY IT0 ~ O ~ ~ y  

B e m a m .  ~ ~ H H o   arca as ~ ~ O C T S L R :  npouenypa r a w e e T c s  B saw, xorna 
I'OBOpET 0 KpETepHLI n e p e K p M T E 3  p e 3 0 H a H C O B .  I C p ~ e e p l l r B  3 T O T  OKa3H- 

saercs, TW odpasm, B e c b M a  r p y 6 h ~ 1 ,  HO 3 a ~ 0  O 4 e H b  ~@@~KTPIRHE.JM, 

~m  ax ~ K ~ ~ ~ H H S L R :  npouezypa MortteT 6 ~ ~ b  nerxo B a n o n H e a a  naxe 
HOBOJIbHO CnOXHHX CPCTeM ( 5  4 4  1. 

Kpn~epaB nepexpmm p e 3 o ~ a ~ c o ~  YiMeeT B donee cepbesiw8 A @ ~ K T .  

Heno B TOM, ¶TO, Ha&W.blep, JWff CPICTeMM (4.2) TdCllO p e 3 0 H a H C O B  

p a B H 0  2 TOnbKO B IlePBOM I I ~ M ~ ~ P I K ~ H K M .   TO CBff3aHO C TeM, YTO (pa- 

sa 6' ~ ~ B H C E T  OT a p e r d e m  m ~ e 8 ~ o  T O ~ I ~ K O  B n y n e B o M  nprn6xrn~~e~m. 
C J'seTOM n e B c T B E 3  BO3MyuleHprR ee 3aSYICEMOCTb OT BPeMeHYI CTaHOBPIT- 

CR O ¶ e H b  CIIOXHOB, 4 T O  IIPLIBOMT K nORBneHKM HOBhTX Pe30HaHCOB.  B 
o ~ U $ ~ M  C l l y ¶ a e  HMeIoT MeCTO Pe3OHaHCH hI k)  + k?, R,-k &%aJL = 0 
C nK6hmnLI QeJWMK M J  f l 4  7 62% , T e e .  CElCTBMa P e 3 0 H a H C O B  OK83blBa- 

e T C R  B C W  I I ~ O T E O ~ ~  ( 5  4.5 ) . ~ O ~ T O M Y  RCBO, YTO OTCYTCTBEe ITepeKPH- 

~ s m  ~ ~ ~ O H ~ H C O B  n e p B o r o  npm6m~em e c T b  m b  seo6xomoe, HO He.- 

HOCTaTO¶HOe YCnOBiIe ~ C T O ~ ~ L I B O C T I I  JE3HXeEfRR. MOKHO C R a 3 a T b  T a K X e ,  

 TO ~pmepnkt n e p e x p H T m  p e 3 o ~ a ~ c o ~  n a e T  7 m b  B e p x m n  r p a m r I y  yc- 
T O B ~ B O C T L I  (no B e m w H e  B O ~ M Y Q ~ H E E ) .  Ijonee ~ o r o ,  ~ o s ~ m c a e ~  @ywa- 
MeH~al lbEKT8 BOnpOC,  a e C T b  Jrvr B o o d t u e  o d n a c T b  YCTO~~YPIROCTLI? He iIpX- 

B e A e T  Dl B C E  3 T a  B C W Y  BnQTHafi  CXCTeMa p e 3 0 H a R C O B  K K ~ Y C T O ~ E ~ O -  

CTE ,mrnxenm npa nI06m 3 ~ a ~ e m m  n a p m e T p o B  c a c T e w r u ,  xonb cxopo 
nocnenmm H e  m m e T c s  TO¶HO o ~ ~ e r p ~ p y e ~ o i 4  H a n p m e p ,  B cny- 
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Y a e  OAHOI'O p t?30HaHca)?  RcHo, YTO OTBeT H a  3 P O T  BOIIPOC H e n b 3 R  

IIOnyYmTb D¶lUb IIJTTeM HarJLRHHbiX ~ ~ c c Y ~ s ~ ~ F I K ~  TJdIIa l IPPIBeHeHiwX BBlUe. 

Ha H e r o  MOKHO o T s e T k i T b  m6o c IIOMOWR) ~ K C I I ~ P E I M ~ H T ~ ,  B TOM a c a e  
m mcnesaoro, m6o c n o ~ o t u b i ~  c T p o r 0 9 i  T e o p m .  IIeps~kt o F e T  mee? 
o6~sme nm axcnepme~~a  o r p a w i e m ,  aaupmep xosens~nt n H T e p -  

B a n  B p e M e m ,  H a  x o ~ o p o ~  MOXHO y6ew~bcs  (LI y 6 e m T b  npyrxx) B 
y c ~ o i l a ~ o c ~ ~  m i m e t r m .  B~opoB o m e T  orpamses ynpotuemmn T e o -  

p e T m e c x o r o  asarras3 (oco6eaao c~pororo)  ( 4  4.5). 3a6era.13 snepea, 
CKaLTeM, UTO TOJibXO ElM CLICTeMM C D y M R  CTeIleBR?dLI ~~060Jf.N YAaeT-  

cs xoxaaa~b a 6 c o n M T H y m ,  nm semym, yc~oBm~oceb  mmemsi, l I p ~  
> D k l X e H H e  B HeKOTOPOM CMMCHe BCeI 'Aa H ~ Y c T o ~ ~ ~ H B o .  

Bepae~cs T e n e p b  x r a M a n b T o m a H y  (4.29 H npmem K HeAny KPLI- 

T e p m  n e p e K p m m  pe30HaHCOB.  I I Y C T ~  nQ= In,--n, =g n,; &=,+P,. 
Ycno~ae xacams c e n a p a T p x c  p e 3 o ~ a ~ c o ~  meea npoc~oB sm 



GJ = 0.234 ( a= 0.276), nexaueii nocpemHe Memy .Q, , R,. Baa- 
80, ¶TO B OTHOCBTeJIbHO y3KOM IlHTepBaJIe E3MeHeHER #, = (2. & ~ . ~ ) x I o - ~  
K O ~ @ & W , ~ ~ H T  J&3@ly3Bl (aF) IImaeT Ha 6 IIOpsE4xOB.  TO JLK He OCTaHHaR 
r p a m a  YCTOB~IHBOCTE! IIonoxeme rparram ~ C T O ~ P P ~ B O C T I  MOIKHO npamTb 

Bbme r p a m m  ~CTOBPLIBOCTYI, cmXeM, n p ~  A > 2 . ~ x I o - ~ ,  o6a 
xoa@jmme~~a D, ,as npm6msxTenbHo p m m ,   TO KBK pa3 m y~assr- 

. BaeT Ha m@@y3ao~~m7 xapamep rn3~eaema aaeprkla cmcTeMs. O T M ~ T ~ ,  
  TO B pa6ore /21/ ~eperymp~arfi xapamep HsmXerraR npa nepexpaTmm 
pe30HaACOB llpenCTZlBneH OYeHb HaI'WHO Ha @3OBMX KaPTHHKaX ,DB- 

trtem EI pesxo ornmsaeTcn OT perympHoro noBenemiff ~ p a e ~ ~ o p a t j  B 

oTcyTcmae nepexpmm. mxe rpamm y c ~ o i i w ~ o c ~ ~  ({,< 2.6x10-~) 
XO~@@LIQII~HTH .D9 ,a, pa3msaro~c~  aa 2 n o p w ,  T ~ K  ¶TO m ~ e ~ e m e  
mepram B a ~ o i i  o6nac~m Hocm mao  H ~ ~ ~ ~ ~ I ~ o H H ~  xapamep n on- 
pene meTcff, rnaBHhwr odpaso~,  m a 3 m e p ~ o ~ s e c i ~ ~ 1 ~ ~  ~one6a~m~m4z 
a~eprnm cacTeMu non neticTsae~ ~osuymern~ ,  a Tame O J U I ~ K ~ M H  csera. 

H H T ~ ~ ~ C H O  OTMeTETb, 9 T O  B 06nacTH nepeXPHTER pe3OHaHCOB CKO- 

p o c ~ b  mmy3m~1 He pacTeT c ~ O C T O M  +$ , a naRe aecxonmo na,aae~, 
npaseM 06a xo@vrqcle~~a OIIRTL PacxomTcR,  TO yxa3mae~  Ha ylvlew- 
meme ponra mmysnn c pocroM 12, . Tmoe Hecxonmo cTpaHHoe Ha 
neps~ii ~ 3 r m  noBeneame ~noxrao IJOPLRT~,  ecm npencTasaTb cede npe- 
aenbabrii cnysati &a), >> A R . no~eaea~re  cmTeMx B  TOM caysae 
oco6eaao H ~ T ~ ~ T H O ,  ecm alZ+ 0 . Toraa oOa pesoaama C ~ B ~ I O T -  

CR B O,IUTH C A B O ~ ~ H O ~ ~  aMIIlllTTy~~fi, PI CYICTeMa CTaHOBElTCR CBOBa EIHTBT- 

purpye~oc. O ~ c m a  B ~ H O ,  YTO CacTeMa amdonee aeyc~oficga~a (B  cny- 
sac AByX D ~ ~ O H ~ H C O B )  K a K  pa3 B6JJB3H I'paHbllZbl n e p ~ ~ P ~ ~ ~ : ( d ~ ) y & _ d 4 L _ d 4 L  

h@@y3~ff llpm nepeKpHT~8 mYX pe30HaHCOB Re MOliteT BH3BaTb 60n;- 
IUOrO PI3MeHeHMli HeB03MYUleHHhIX HHTerpanOB ABlIrtlem (I ) ,  TaK It= 
06nacTb CToxacTmHocTn orpamgeaa "cnmmeBc~" o6nac~b1o myx pe- 
3OHaHCOB. 

B xasecme npyroro oTHocareabHo npocToro npmepa nepertpmm 

~ E ~ H ~ ~ H o c T ~ K ,  ( $  3.41, Ha 0,WH 83 XOTOPMX ~eficTByeT BHeIIIRRR clzna 
c ABYMR YacToTaMa (4.1). Pacnonoxtewe pe30~aecrrr~x nonoc nm aToB 
CacTeMbl Ha nnocxocT8 UaCTOT W,,LJO CxeMamsecm I I O K ~ ~ ~ H O  Ha 
PHc.4.2. B naiiHoM cnynae pesoaaec CBR~LI  ( a, = de) nepecexaeT 
o6a BHemmx p e s o ~ a ~ c a  ( a,=Q, ; a,= fi4 1. n o a ~ o ~ y  Bcerna ecTb 
,me c~oxacTnsecme O ~ ~ ~ C T E I ,  CoomeTcmyme BTMM n e p e c e s e m :  
I )  w, = ~ ) e  = R ?I ' , 2 = w, =R,. npn OnpeaeaeHritdx ycnom- 
IIX, OHHBKO, nORBMeTCR HOBWI B03MOxtHOCTb - IIepeXOA CFiCTeMH 83 0E- 
$or0 memero  pesoaasca B npyro8 ~ e p e a  p e 3 o ~ a ~ c  CBR~H. ,4m ~ T O ~ O  



Bc.4.2. IIepexp~~ne Tpex pe- 
30HaHCOB: CTpeJIKZMH lTOK838HH 

sexTopa ,@~OBMX xonedamd4 

( A Ir HJUI xaworo p e s o ~ a ~ c a .  

~eodxopsnno 3wmame ueenow Be&- 

TOPOB , BnOJlb KOTOPblX 

n p o n c x o ~ l ~ ~  @ a s o ~ ~ e  xo.ne6ama B 

pesoaaace. Ha pnc.4.2 noxaaa~a 

Ycnosne a~taxawrs aMeeT Bnn 
6%) 

@ ~ ) ~ + ~ w ~ + g ( a o ) ,  = &-Q,l, 
me (ow)':', (do]$' - qoexma Bex- 

HEH) cenapaTpm Tpex pesoaaacon 

ALL , +i+ Jg =- 
2P 

(4.9) 

l?,IIe MM C-TaeM ZJlS IIPOCTOTM IIaPaMeTPH PBYX B H e I U W  pe30HaHCOB 

OJDIHSIIIOBHME. ~ P P I  3aJlaUHOM 4 4 fE (4.7) 3T0 C O O T H O I U e ~ e  On- 

pexenueT xpmmecxoe a~aserule pi , qm xo~opcm Bce TPE pesoaaaca 
OKa3HBaBTCR CBR3BHHHMId Mew cOd0a o6!3,&4 ( C T O X ~ C T ~ ¶ ~ C K H M )  XBHXe- 

meM CnCCeMH, 

XapZiK~epHa~ O C ~ ~ ~ H B O C T ~  PaCCMOTpeHHHX IIpLIMePOB - CyQeCTBOBa- 

me KpmrTnsecxoro B O B M Y I I I ~ ~ ,  mxe xoToporo ~em~efime ~ 0 ~ 1 e 6 a m  
~ I B J L R D T C R  Y C T O Z ~ ~ E ~ B ~ B  naxe npa HaXaPHM p e s o ~ a ~ c a  B cncTeFoe. 3 ~ a  

yc~o8m~ocms c~maaa  c pameaeme~ ~ ~ ~ O H ~ H C H E J X  06nacTeB B @so- 
BOA4 IIPOCTP88CTBe EPB HOCTaTO¶HO MaROM B03MyRleHHPI. - yXe OTMe- 

sanocb mme, B cnyaae nepecesem peso~apcsax no~epxaoc~em Tmoe 
pasneneme He nponcxomT, n B OKpecTHocm nepeceaem coxpamerca 
CTOXaCTH%CKaR o6nacTb EpE CKOJlb yl'0,EHO MaAOM B03MYUeHBLtI. ECJIPI He- 
~ o s ~ y u i e ~ a m  cacTeMa aemaefiaa , (d  # 0, CM. (2.1411, TO p a s ~ e p  3T0M 

C T O X ~ C T E ~ ~ C K O ~ ~  0dJIacT1l YMeHbIUaeTCR I I p O ~ O p ~ O H a ~ H O  pa3Mepy Bern- 
~etiaoro peaomaca, T.e. K a x  JET (3.40). Ecm, o,~maKo,  WE> 
r.e. sem~eBaocTb xo~redamfi Toze onpenemeTc8 ~oa~ynre rne~ ,  a nn- 
HegLiHe ¶aCTOTU CHCTeMH Y~OB~el'BOpIlroT HByM pe30EIaHCHtaPn COOTHOmeHH- 

m , TO n p a 3 ~ e p  c~oxac~asec~or; i  o6sacTE He yMeabnraeTca npa E -t 0, 
PaCTeT TOAbKO BPeMR PaBBPITYLR H ~ ~ C T Q ~ ~ ~ ~ B O C T B .   TO ElHTepeCHOe 

me dun0 06Hapy~eH0 @OpnOM H &~cf$opno~ /18/. ~ ~ M E J I ~ T O E ~ E ~ H  "CROH- 
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5 4.2. Maoro pesoaaacos; oeodpaxem 

IIepexpa~ne myx nm ~edonbmoro yncaa pesouaaco~ MosteT n ~e 
BIJ3HBaTb C H A ~ U O ~ ~  H ~ Y C T O ~ ~ ~ B C ~ C T I I I  B CBCTeMe B TOM CMHCJIe, 9TO 86- 
paaypxna~cff IIPH rIepeKpHTHEl pe3OHaHCOB OdJIaCTb CTOXaCTE¶?IOCTgI OFpaFEf- 

9eHa B @i3OBOM IIpOCTpaHCTBe CHCTeMH. ~03T0bdy E3MeHerule 3HepI'EElaa 

xonedam8 EIIH 06JdeH BaepmeB Memy CTeneaRMa c~o60Hsr KOHCepBaTZB- 

HOZ~ CBCTeMB TOXe OrpaHEaeH a Man npST MaJrOM B03MyWHHa. C O B C ~ M  
npyroe ,neno, xorna p e 3 o ~ a ~ c o ~  M H O ~ O .  Torna no cncreMe nepexpm- 
ItylTXCff pe30HaHCOB TpaeKTOpHR ,ItBBXeHER MOXeT YBTEI O%HL AaAeKO 

OT Ha¶&nbHOl?O IIOnOXe~R, TaK 9TO B03AHBaeT He TOJlbKO JlOKaJlbHaR 

H ~ ~ c T o ~ K B O C T ~  .q&XeEulff, HO H H ~ Y c T O ~ ~ ~ Y I B O C T ~  "B 60lIbm0~". B 3TOM 

naparp* MH PaccMoTpm npeaemmfi c~~gpaij  dec~oaesaoro mcna pe- 
3OHaHCOB. Yn06~0ij MOfieJlbID JIBIZReTCR CECTeMa, DHXeHXe X O T O P O ~  3a- 

naeTcR passoceamn y p a ~ m e m n  , nm o~o6paxeme~.  P ~ C C M O _ T P ~ ,  no- 
xa B KaPecTBe apmepa, myMepHoe o~ocipaxeme 0, @)+ ( x t  @), 



U e ~ m ,  nTo XOTR uepeMeawe J, 8 RBJHDTCR K E L H O ~ P ~ C K P I M E I  , npe- 
odpaso~ame nepeMeamx (I, $) -* g, 8) He RsmeTcn xaaomtmec- 
=, T ~ R  KBK m06zaa a (2) ~) / a  (I, e/ = d / T # i . 

TaK KLEX CHCTeMa ~ ~ ~ B H ~ H E B  (4.14) 3KBElsaneHTHa ECXOAHOMY 0~06-  
p m e m  (4.11) , MB BHHHM, YTO orodpaxeme onxcmaeT nepmmtmec- 
xoe (c  nepraonoM T 1 Baemaee ~03~ytueme.   TO ~os~yrneme npeacTaB- 
JHeT c060fi EOCAeJ(OBaTeJl5HOCTb KOpOTlcnrX "TOIIYKOB" (4.13 ) , ¶TO np8- 
BOntlT K ~ ~ C K O H ~ T H O ~ ~  CbCTeMe Pe30HaHCOB (4.14). 

~ C T L  V(Q) = cos 6' ; IL= i (T=~P), MB noJrgsaeM Torna M ~ E T ~ K ,  

Ha x o ~ o p d  a e B c T ~ y e ~  nep8omuecxoe ~ 0 3 ~ y u e m e  

H ( ~ : B , ~ ) = ~ * + ~ , < . O S ( B - ~ ~ / ,  (4.16) 
l7=-93 

me k = 7(/C$F)4 -  HOB^ napmeTp. C Y E T ~ H  e ro  MW , nanysaeM 
CHCTeMJJ pe30HaHCOB IIePBOI?O 11pm6mxem 

(4.E') 

3 ~ a  oqema HaeT npamnb& nopaox xpmasecxoro ~ 0 3 ~ y u i e r n ~  HO 

 ax. xe, xax m B cnygae myx pesoaaaco~ ( 8  4. I ) ,  cytuecmeaao 3a- 

BbnuaeT ero se.mwFIy. UmcaeHme a x c n e p m e a ~ ~  npmomT K 3aa~emm 
XE 53 4 /31/. O T M ~ T M M ,  ¶TO OTHOIUeme q / ~ ~  S 2.47 ~ J L E ~ K O  

K a ~ a n o r m ~ o l  BemmHe P, / f E  % 2.26 m myx p e s o ~ a e c o ~  
( $  4.1). 

K W  B A ~ H H O %  MOAeTLH BCe pe3OHaHCM IIepC?KpkJBaDlWI OXHOBpe- 
MeHHO, B03mXaeT H ~ Y C T O ~ X B O C T ~ ,  B pe3ynbTaTe ROTOPO~ XMnYnBC 
CBCTeMbI 2 83MeHffeTCR C TeYeHEeM BPeMeNPI CXOJib JTOZHO CHJIbHO. B 
oTcyTcmne nepexpmm s ~ s ~ e a e ~ m e  2 orpatmeno p a s ~ e p o ~  cenapaT- 
pat. peroaaaca: /dJl 6 l Ge 

P a c c ~ o ~ p m  Tenepb q Be MoEem (4.111, HO e HHOB noTemam- 
aol saeprnefi 

tw -6-m 

B nocJremeM mparirenm MH OIIYCT~JIPI rrocTosauoe c.naraeMoe, T ~ K  xax 
OHO He BmneT Ha mnxeme cncTeM8. ~ p b e - a ~ n m ~ y m  'VkV s e m o  
Bbl¶YIC;RRDTCR C lIOMOUlbB BMYeTOB, TaK KaR @YHKE.HB v(8j EIMeeT EPO- 
cme nonma B TOYIBX cos 8, = 5 rb s , rae B, = L ~f elt-, 
Koaryp anTerpnposams noxasaa aa pnc.4.3. DoJrysae~ 

Bce a ~ n  pesoaaacha coBepmeaao omaaxoaae , s a  acxnmemeM c m m a  
~ 0 2 .   TO BmHO TaKlRe HeiTOCpeHCTBeHHO 83 ECXOAHOI'O OTOdpa~eHXfl 
(4.11): npn rrepexone OT onaoro peso~aaca K ApyroMy I B (4.11) 
P I ~ M ~ K J T ~ T C R  H a  qezoe xpawoe Zu , T ~ R  xax 25 BPJ (4.13). 
OTMeTEM, ¶TO np86Jra~e~Ha~ 3aMeHa pa3HOCTWX gpaBHeIeKm% (4.11) HM@- 
@ e p e m a n a m ~ ~  coomeTcmyeT yqeTy Tozbxo omoro pesoaaaca$ = 0. 

IIonympnaa cenapaTpncn x a a o r o  n3 peaoaaacoB no 2 a m ,  YTE, 

LlllR ~ ~ H H O #  CBCTeMB TO are CaMOe, UO H ~ B O ~ M ~ U ~ H H O ~ ~  ¶ ~ C T O T ~ W = @ =  =a passa: @a), = (AJ), = 2 fl . Paccrosme re  Memy cocenw- 
ME pe30aaacmn no s a c ~ o ~ e  (m n o 2  ) pmao f (4.17). ~3 ycnosm ~c .4.3. Xoa~yp s~n~erpnposa- 
x a c a m  cenapa~pac (d a), = 1/' t iaxom x p a ~ a ~ e c ~ y m  ~ e r n a w  m nm BbIwcaewR x03@&11lf?- 

PHTOB Qpbe @YHKqLIX (4.19) . 

O T M ~ T R M ,  ¶TO 3KCIIOHe~BJIbROe y 6 ~ -  
s a m e  Qpbe-mnm~yn RsmeTcfi 06- 
urn c n o f i c ~ ~ o ~  aeam~msecxoii @y HK- 

m n  ( CM . , ~arrpmep , /2/). Iloxasa- 
Tenb & OnpenenseTcn ~~mpmaoB nono- 
Cbl aHaJEITEIYHOCTH @YHKI.TJIH B KOMII- 

nexcaofi nnocxocm, Tee. paccTos- 
FMeM 6mxaBmefi O C O ~ ~ H H O C T F ~  @yHIWfM 
A 0  J T ~ % c T B E I T ~ ~ I ~ H o ~ ~  OCE. Q H K W  (4.19) 
IIpeACTElB7LReT JUIff HaC MHTBPBC YlMeHHO 
noroMy, YTO npn a* 4 oaa meeT 
MHOrO FapMOiFYIK (CP. $ 4.4 ) . r a ~ ~ ~ b -  
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IIo~lyllrnpa~a pesoaarrca pama: 

HatjJte~ Tenepa cyMMaprrylym wp~rry Bcex peso~a~con ,  nonmamqm 
Ha oTpesoe (07U Tee .  P ~ ~ O H ~ H C O B ,  AJLFI XOTOPMX G < < 4 . ICEliE 
yxe omesanoca Bmue, ~ n s r  accxeaonam YCTOBUL~BOCTH aocTaTowo pac- 
CMOTPeTb TOJIbKO Tame pe30HaHCM, TaK KaK OCTanbKW pe3OHaHCM TO% 

HecTBeHm c H ~ I  3a ncRnmemeM cMeiqeme n o 2  . C y ~ ~ a p ~ m  m p m a  

lIocne~Hm cyma c x o m ~ c ~  npa nB36o~ 6 BcnencTsne s ~ c n o ~ e ~ m a n b ~  

HOT0 y 6 m a m  aM~7lJlTy.ll raPMOHElK B03MYUleHER. B 3TOM COCTOET IIPOC- 

Toe, XOTff EI He OPeHb KOppeKTHOe, 06nsrcaeme BaXH08 O C O ~ ~ H E O C T E I  

H ~ J I E H ~ ~ ~ H M x  KoJIe6a~n8, C O C T O ~ I I J ~ ~ ~  B TOM, 9TO BCK)Ay ITJIOTHaR CHCTeMa 

Pe30HaHCOB COBCeM He OdR3a~eJIbH0 BeAeT X H ~ Y C T O ~ ~ ~ B B O C T P I ,  eCJltI 

TOnbKO aMlTIIIITY,UH BMCOXPUC rapMOHaK y6mam~ IiOCTaTOPHO ~ H c T P O .  He- 
KOppeXTHOCTb npOCTOT0 0 6 n f f c ~ e m  CBff3aHa C TeM, PTO CyMNla (4.27) 

nocTpoeHa Ha pesoaaecax nepBoro npadmxem.  B csezymm npn6m- 
X e m X  TeOpkIH BO3MYUeHtlR @?Pbe-aMDWTJJ,W I'aPMOKKR H3MeHRMTCR (BO- 

o6me TOBOPR, B O ~ P ~ C T ~ D T ) ,  TaK XaX m3KEle TapMOHII~ JXaKIT BIUJtlTI B 

BMCIU8e pe30HaHCbI. K ~ o M ~  TOI'O, BO3RmKalOT, ~oo6ule I'OBOPR, HOBMe IIC 

cpamemx, c (4.22) p e 3 0 a a ~ c ~  Ha sacToTax a a s o ~ ~ x  xone6am8. 
T ~ M  He MeHee MOXHO nOnblTaTbCR EICIIOnbSOBaTb EI B 3TOM CJIyYae 

npocTo8 xpaTepn2 nepeIcpsTm p e s o ~ a ~ c o ~ ,  r p a ~ n y a  cToxacTnsAocT8 

COOTBeTCTByeT yCnOB8E S o ,  6'1% 4 , T.e. CYMMaPHaJr IWpHHa BCeX 

pe30HaHCOB PaBHa IUIfPHHe BCerO BHTepBWIa . B HaE60nee HHTe- 

pecHoM cnysae donbnroro a c n a  rapMomK ( 6C<< 1 ) CYMN~Y B (4.27) 

MOXHO s a ~ e m ~ b  EHTerpanoM. B p e 3 y n b ~ a ~ e  Ann xpn~auecxoi3 semsplm 

O T M ~ T ~ ,  YTO i?CJLPI 6M MM 8~~0nb30B&JIE np86mxeme MaJrTHEIKa AlLfl 

coxpame TCR. 

I I p o c ~ y ~  OaeHKy (4.28) MOXHO HeCKOJIbKO yllyVJUlTb. DpeXJIe BCWO 

3aMeTEM, YTO CYMMY B (4.27) HYXHO 6paTh He no BCeM he, I t Q ,  Kt3.K 

 TO 667110 c,qenakio Erne ~m ~ P O C T O T H ,  a Tonb~o no Tmm 83 m, KO- 

TopMe o 6 p a s y ~ ) ~  HecoKpaTmMe ,mipoba no /m, . Oc~ammse rapMomm 
B03MYUleHER yXe YPTeHbl B BMPaKeUKkl (4.25) ANI FaMFlnbTOHHaHa ODI- 

HosHoro pe30aaaca. Xax n o ~ a s a ~ o  B A o n o ~ l ~ e m  A ,  mcno ramx He- 
UpSTEO~MX pe30HaHCOB COCTaBNIeT B CPeHHeM 2/3 OT BCeX pe3OHaH- 

COB ( C  n 1 0 6 ~ ~ n  h, a )),  TO noBmaeT onemy (4.28), HO He HSMeHA- 



&nee aKKypaTH0 BeJrPIrIElFIy LM4 MOXHO OaeIiKTb C ~ e ~ ~  06pa30~. 
noTpf?6ye~, 4T068 Pe30HaHCbl C I'aPMOHEKaMB LM, > h4 IIepeKpMsU He- 
KOTOPHB ysacToK (d;j2 , HenocpencmeHHo 11pm~~amwi4 K aenoMy pe- 
30~a~cy.Onpeneaeme p a a ~ e p a    TO TO ygacma rpeacTaBmeT m 3 ~ e c ~ ~ e  
TPJAHOCTH. OAHaX.0 IIPE 8 << 1 EI COOTBeTCTBeHHO IIPH m,, >7 d 
aToT p a s ~ e p  He B O ~ E ~ T  B ycnosae nepertpmm,  ax  ax: mcso peso- 
HaHCOB C pa3ntlYHEJMH bo (ITpL3 38aaHHOM In, ), nOII&I@WX B 3 T O T  He- 
E ~ B ~ C T R M ~ ~  y%CTOK, TaXXe ~ Y A ~ T  lTPOUOPI@lOHanbHO er0 pa3Mepy. no- 
aToMy y csome nepeKpmm ~owtio aanacan  B smae SAl(J~/m % j6cdjS ? 

m e  S (&,I - nonwatl mpaaa pe30aa~cos c h, > wl, Ha ysacme 
nppa & < < I  DoollysaeM(gfl/36e)/=(x)=d, 

. Ho P x/6 = 1 / m  , ( y cnosme nepexpn- 

TBLR *memu GW I, ) , ~m 2 &/&% = 1 / X  . ~ O A C T ~ B J L R R   TO mpa- 
xteme B nepBoe ycnome, nonyumhrl ypameme Fh , )  = 3 G x 4  /Y, 
npn x,>>4; F ( x , ) ~ P ~ ( ~ ~ ~ ' ) ~ - ~ ~ ' ~  m x , z & ~ , L .  

Y b  
  TO sHpaateme MOBHO y T O ~ ~ T E ~ T ~ ,  nonoms I+ $/x, 3 d+x /L , Torna 

X, L + 4 / L  . K ~ H T ~ T Y ~ c K o ~  s ~ a s e m e  k aaxomTcfi, T ~ M  



TO B O ~ N I ~ I U ~ H E ~  ~ m m a e ~  JIEW Mame ( E e 4 9 nonoarnTeame oc i  
~JWQEE, KOTOPHMEI B nepBcNl 1'1p86matem MOEHO npe~edpesb. Haare 
IIpE d 3TE O C w m  MaW, eCJlE TOJlbKO 4aCTOTa B03MYW- 

H E i  AOCTaTOPHO BeJIEKa ( fi X' ). ?&K.ESBeCTHO ( $  2.2), Me- 
TOH YCpeAHeRPrsI KaX pa3 If COCTOHT B TOM, ¶TO& 0~6pacHBam T8ECBe 

darcrpo o c ~ p y ~ e  ( ~epeso~acme wem ~03~yrnem51. CeBsac Mn 
y ~ m ,  ¶TO BbJIE3H cenapaTpacbl aToT MeToa nepecTaeT pado~arb. 

IIoc~pom o~odpaxeme, onacmannee HPiHaMBsecKoe comosme cac~e- 
MB (4.32) B MOMeHTbl npoxbamenm IIOJIOliteaaR yc~of iwa~oc~a  paBHOBt? 

T.e . Ha IIOBepXHOCTa ( ~ 3 0 ~ 0 l r 0  DpOCTpaHCTBa CECT~MH) y = 0 ,  &lB 

3TOr0 IlpOBBTeI'PJlPYeM YpaBHeHPLR IIBHXeaPeR (4.32). %&WM CHa¶ana H3- 

Meireme 3 a e p . r ~ ~  cKcreMe ( AN 3a nonynepaon xo~redaEI!i?B am 3a 

nepno,q sparnew Mamma. T ~ K  R ~ K  dH/& = aH/3t. = E~VAZ~, 
TO A H = £  Jdt. a ~ b f  . &JJ.E CIWTeMa HaXOEETeR nOCTaTO¶HO 

~rm3xo x cenapaTpace, TO MOKHO IIOJIOIR~T~ IIp0dll~[~eHfX0 Y&'GY~~&)  
(2.49) a amerpaposarz no tf. B '6ecxoses~rax npezem. O c T a ~ 5  IIOKII 



rxe n;e - Y ~ C T O T ~  ~ 0 n e 6 a ~ a s  ~ m ~ m x a ;  G= Ho - i - OTHO- 

p=-- i@- ;.,I, (4.39) 
di 3 2  

a pe3oHaHcwe sHaqerurn w, onpenemmcn n3 yCnOBm )( [ h  - c zpr 
124,i 

H p a w  ( V - uenoe) - 29Y/\ 
I%/ = 3.2 e (4.40) 

OTMeTm, =TO llpH nrod0M /\ .", 04 B ,UOCTaTOYHO ~aJI0fi OKpeCTHO- 
cTa cenapaTpacs (dV --zo ) napaMeTp > 4 n,  cnenoBaTenbao, 
B03HYIKaeT CTOXaCTHgeCKBR A ~ Y C T O ~ ~ E I B O C T ~ .  3Ta 06na~Tb IIOAyYEna 
  as same croxacansecxoro cnon / 9 / .  MeTOH ycpemeana (o~dpacma-  
me ~ e p e s o ~ a ~ c ~ ~ x  r a p ~ o m x )  CTaHoBmTcn snecb HeDpmemm. IIpn 
fi ,> w, (ycnosme ycpen~emn) c~oxac~nsec~u ld  cnoE axcnoaem- 

mbHO Man, Ii 3 T O  CBEEeTenbCTBYeT 0 B M C O K O ~ ~  TOYHOCTB MeTOJLa YCpeZ- 
HeHER. 

CpaBHllBa~ FaMEnbTORPraH ~ ~ C C M O T ~ ~ H H O ~  CXCTeMH (4.32) C TaMHnb- 
TORClaHOM (4.16) ~eIIpepHB~0fi CIICTeMM, ~ K B E I B ~ A ~ H T H O ~ ~  CTaHXaPTHOMY 
oTo6paxe~a~1, MOAtHO 3aMeTHTb, PTO IlpIPB E = 2 B03MYUleFMe B (4.32) 
conepxm m a  6mxajjmx no yacToTe sneHa BosMymem (4.16). IIo- - 
cxonaxy q e f i c ~ ~ n e  ocTanbmx axcnoee m a n m o  Mano (4.33 ) , TO nmy- 
neeme s m e  p e 3 y n b ~ a ~ ~  HenocpeacmeHHo pacnpocTpamloTcn n Ha cn- 
CTeMy (4.16) , T. e. Ha cnyl~al? B ~ ~ ~ ~ M O , E ~ ~ C T B X R  MHOI'EX Pe30HaHCOB. 
IIpa ~ T O M  BemmHa uo nrpaeT ponb sacTom S ~ ~ O B H X  ~ o n e 6 a m l  
np= dr (,nm (4.16)), a - paccmnme Meray ~3aEMoneficrey& 
uw~n p e 3 o ~ a ~ c m a .  Iipn = Q/R+ >, f s a a m o ~ e 8 c ~ ~ n e  pesoaae- 



COB RBJrrreTCff ~Jla6hWI. E Mu BIIpaBe PaCCMaTpHBaTb K a r t r ~ d  E3 pe30- 

HaHCOB He3aBHCHMO ( $  4.1). BEAaM, ¶TO BTO ~ef i~TFM~eJlb~0 

cnpaseaxlnBo BCW, 3a mcnlOgemeM ~anofi oKpecTHocTB cenapaTpa- 
CH, PXe B ~ ~ E M o A ~ ~ ~ c T B H ~  pe30HaHCOB BCerA8  CyuleCTseHHO.  TO If 

e c n  y a a s e p c a a s a a ~  ~ e y c ~ o f i ~ a ~ o c ~ b  

HeJISfHefiHHx xosedaanrfi. B CHCTeMe C 0 ~ ~ 0 8  CTelTeHbB CBO~OJ&J Tam 
(4.32) aTa ~ e y c ~ o f i m o c ~ b  He npnaom~ R xam-m60 c e p b e 3 ~  

nocnencmam. Bnam OT nepeKparTm peso~a~con  cToxacTasecme 
CXOE M W ,  a H ~ ~ c T o ~ ~ % T B o ~  ,I@4spIXeRae JlOK~3OBaHOrBagTp~ BTYUl 

T O H ~  cnoen. O H H ~ K O  nnx Maorax cTerreaejPr cB060q xapTasa ma- 
 em cym(eCTBeHA0 E ~ M ~ K R ~ T C R :  CToxacTmecme C ~ O H  06pa3ym~ eza- 
I?yB nP0TREeHHJVJ CeTb, DO K O T O ~ O ~  TpaeKTOpEisI MOXeT yXO,U,MTb O¶eHb 

A%iAeRO OT iia¶aJlbHOI'O IIOnOXeHtZFI. B 3TOM Cny¶ae yHElsepCX&HaR He- 
YCTO~~YBBOCT~ CTa@BHTCR peill~b~ofl (CM, $ 4.5) . 

Ecnar ~cxomuffi raMmmomaa (4.32) onncmaeT aexo~optafi Hem- 
H ~ B H ~  pesoaasc, TO cTamapTHoe oT06partreme (4.34) omcmaeT 
 ax aas&aeMae pesomacar B T o p o r o y p o B H R /31/, 
T.e. p e a o ~ a ~ c ~  ~ 0 3 ~ y m e ~ ~ i i  c W~OBHMH xonebammx Ha p e s o ~ a ~ c e  
(4.32) (nepsoro YPOBHR) . B Teopm yc~opa~eaefi sapmemhlx lrxac~nq 

Tame peaoeaec61. HaamamrcR c E H x p o T p o H H u M a. K a x  
dmo omeneao Barnre, cramapmoe oTo6paateme (4.34) onncmaeT 
TaKXe E pe3OHaBCH BTOpOrO YPOBKA CaMOFO CTaHAaPTHOI'O o T 0 6 p a ~ e m  

( c WYraME naPaMe TpOM E EepeMeHHBMB, K O H ~ ~ H O ) .  ~ O S T O M ~  pe30HaHCH 

TpeTbeI'O YPOBHR DCXOAHO~~ CECTeMEI, Tee. Pe30HaHCbl B03My[fleHMR C 

@B~OBMMH ~ o n e 6 a m m ~  Ha Pe30HaHCaX CHCTeMB (4.341, CHOBa OIrPrChl- 

BEUOTCR HeKOTOPhWI CTaHAaPTHMM O T O ~ P ~ X ~ R P I ~ M  E T .A. B 0 3 m ~ a e ~  6ec- 

KOHe'IHasI EepapDR pe3OHaHCOB Pa3HETX ypOBHe8, KOTOPaFI MOXeT 6 ~ T b  

pexypcssao owcaaa 0 ~ 0 6 p a ~ e a ~ e ~  ontroro a Toro xe sana - cTaH- 
napTmhR oTo6partreme~. 

h ? T  pe3OHaUCOB 6o~lee BHCOIfJTX (am, 661Tb MOXeT, Jrgme CKa3aTb 

6oaee PJIy60KEX) yp0BHefi O¶eHb BmeH B np06JleMe Y C T O ~ ~ ~ ~ B O C T L I  ,I@& 

rtrf?KER. & C T ~  I'aMHJlbTOIIPlaH (4.32) OnRCmaeT H~KoTOP& He7IEHefi~tafi 

pe30HaHC B "np~6mlgemn MasITAEIKa" ( $ 3 . 3 ) .  Torm ¶aCTOTa M W X  

@aso~m xoae6amfi (nep~oro  yposm) a, lu P , rne p - HeKoTo- P 
pdj  M m  IIapaMeTp BO3MyUleHJU3 ECXOEHO~~ CECTeMH . IIapaMeTp (4 -38) 

o~o6paxem~ moporo YPOBHR (4.34) 3(+ exp (- c/$), 
me C - ReKOTOpasI IIOCTORHEaR. Cefi~ac nPHEUrT0 FOBOPXTb, ¶TO a- 
@KTu TaKOPO (BKcIIoH~HI@~JI~Ho M ~ ~ o I ' o )  LIOpma HeHOCTEWElMH C no- 

~ M O I U ~ H )  xa~oii  Bar TO m 6 ~ 3 0  ~ C ~ I I T O ~ P ~ C X O ~ ~  Teopm, ~ . e .  Teopm, 
acnonbsymeB @op~anbwe, soodure roBopR, pacxoP)I1[IPIecR p m  no 
cTenem Manoro napaMeTpa ~ 0 3 ~ y m e m .  (CM. aanaao ra.4). Bepao, 
¶TO @ y w   ma exp C- c/t%;) He m w e T  6ar~b npencrameaa 
K ~ K  par, no cTenem p . &no 6u oxamo oma6osm 3arorros~r~a OT- 

cma, ¶TO supartreme (4.389 nonyqeao c nopnowrr, ~ao i i -TO ~ornrroii 
~eacmn~o~mecxof i  Teopm. Cosce~ He T ~ R ?  Bce, ¶TO MH cneJlana,- 

BTO nocnenoaaseabmd yseT Bcex pesoaaaco~ B CarcTeme, B W I B ) ~ ~  

LI Pe30HBHCH 6oaee rny601tn.x Y ~ J O B H ~ ~ ,  ?&J He HCiIOE630BW KEW?I'O 

66mmer0, ¶eM npoc~oB MeTOA y CpeJJHeRnff, HOTO~HB ZIBJIReTCR, RCTa- 

TE, 061d4w C ~ O C O ~ O M  nocTpoemff ~ C E ~ N I ~ T O T E I ~ ~ C ~  pmo~. 
p a a o ~ ,  cyaecTseHw IIsJureTca He cTonmo  an p 
mema (acmn~o~anecmfi mm cxo 
napme  pa ~ o s ~ y m e m ,  no x o ~ o p o ~ y  r r p o m ~ o m ~ c ~  pa3aortreme. B 
WCTHOCTE, LWR pe30HaBCOB BTOPOrO YPOBKR M W ~  IIapaMeTp B03WIy- 

a r e m  K N exp C / ~ ~ R B ~ ~ T C E I  c caivoro Hasana HeaHanETX- 

secxofi @ymcq~ed napmeTpa ~ 0 3 ~ y u l e m ~  acxo~~oi5 CxcTeMu ,v npa 
p 4-0. 

M0pLWlb 3TEX P ~ c c Y w ~ H X ~ ~  COCTOKT B TOM, ¶TO IIOAXO,7i9 OCHOBBH- 

H ~ f i  Ha lTOCJleAOBaTeJlbHOM y¶eTe BCeX pe30HaHCOB B ~ 0 ~ 6 1 ~ -  Aa- 
ze c npocTm MeTonoM ycpeniiem, npmowr K pernemm swan, KO- 

Tophie &ranso csm~aro~c~ ~ e p a 3 p e ~ n m ~ ~ a  zm Tartoro noxxona. 3 ~ a  
TeOpm MOXeT 6aTb Ha3BaHa lIO3TOMy P e 3 0 H a H C H 0 fi 
T e o p a e fi B o 3 M y m( e H ar R xax cnemanb- cnysai4 06- 
me8 ~C~DV~IITOTX¶~CKO~ TeOpEH BO3MYlJeHHR. 



TOraa = I, a MaTpHUa He~rvrHefiH~~Tk¶ ad / b ~  CTaHOBFiTCff 
ewsms~o8. IIc noxeme r p a m  cToxacmnecxoi4 ~e y c ~ o f i m o c ~ a  cy- 
mecweauo a a ~ ~ c a ~  OT noBenem Qpbe-aMnmqn rrpm 6onbmx & . 
Mtr pacmoTpm m a  cnym.fr. 

'= 4 
rAe - EOPRAOK IGI3IIlFiX I'aPMomK B03MYQeHCIR.  TOT cnys& COOT- 

BeTCTByeT aHallJlTHWCKOMy BO3MyUeHHKl V/8/ (CM. , HaIIpHMeP, /2/, 
a Tame § 4.2). &xe Hac 6yWT msrepecosam Mame s a a s e m  napa- 
MeTpa 6" , Korna ~ 0 3 ~ y m e m e  meeT Maoro rapMomxr(cp. § 4.2). 

B~opoP THII B03MYUleHEllf, K O T O P ~  MM ~ J ' A ~ M  Aa36TBaTb I' JI a z - 
K H M ,  OKipeAWMeTCR 3aB~l~aMd~TbIil 

MH OrrgcXaeM B orlewax Bce a c s e e m e  @axrop~ ,  o c ~ a s m  Toabxo 3a- 
BElcrnoc~b OT IIapmeTpoB. K ~ K  MU Banem B Ej 4.2, ~onbxo LUR Tamx 

IJpz pt 2 d Bce rrpocrlpatIcmo s a n o a ~ e ~ o  p e a o ~ a ~ c a ~ n  E meea 



nosepxsocm. E m  nate a T o r o  He CJIy¶ZTCSf, TO nocne cnepgmtuero 
K a R o m s e c K o r o  npedpa3onram BOBMO~IIO,  =TO , (3 (IS)= o . DO- 

c x o l i b ~ g  H ~ X B O  C n e n a T b  6 ec~o~esnoe  wcno npeo6pa3o~am8, TO co- 
BeplLE!HHO HeHCHO, KaK MOtHO T a p a H T E p O B a T b ,  YTO CXCTeMa BEKOPAa 

He o K a t e T c a  H a  p e 3 o H a H c a o f  noaepxaocra, He r o B o p a  y X e  o TOM, YTO 

OHa MOXeT L ~ O A O ~ T E  K H e f  jlOCTaTO!THO 6 J D 5 3 ~ 0 ,  ~ i ' 0 6 ~  COBepmeHBO HC- 

nOpTETb CXOppeJlOCTb PETJOB. &R LIpeO~OJleHPlJl 3 ~ 0 B  TPYAHOCTB KOJIMO- 

rOPOB H3MeKmn nOCTaHOBKY 3aJKiYX: BMeCTO EICCAenOBaHLW IIOBeR3flEff 

T p a e x T o p a E  c r p p a 9 c n p o s a s a ~ ~ L I  H a w i n b n m H  YC~OBSLRNX OH H c c n e n y e T  

TpaeKTOpHH C @ X ~ C H P O B ~ H E M M  Ha60pOM s a C T O T  

BO B c e x  n p ~ 6 m ~ e ~ m .  T ~ K  xw,  soodme r o B o p R ,  s a c T o T a  B KBXAOM 

n p n 6 m r t t e m  wecxoilbrco m ~ e m e ~ c a  3a c s e T  <V(I,6'/> (CM. 

$ 2.2), a e o d x o ~ o  CMemaTbCR DO HaYaJlbsraM YCAOBPrrnvl XJI.8 KOMneHCa- 

rn STMX m~eaem3. PTO~EJ  ~ T P I  C M e m e m a  He 6 ~ m  CJIXIKOM 6 o a b m  
YI EX IIOCJleJiOBaTeJIbHOCTb CXOP41JI€ICb, ~ ~ ~ J I H E I ~ ~ ~ H o c T ~  CHCTeMB He ZOnst- 

Ha 6 6 T b  C ~ K O M  M ~ O B  - ycnome, mxoxee Ha OAHO a3 H e p a s e a c m  

y ~ e p e H H 0 f i  H ~ J E S H ~ ~ ~ H O C T H  d 2 6 (3.42). NOtH0 C K a 3 a T b  TaKtTe, 

YTO B nornone K O J ~ M O ~ O ~ O B ~  H c c n e x y e T c R  noseneme non aefdcmae~ 
B o s M y i a e m E  nm4apaaar~oro T o p a  H ~ B O ~ M ~ ~ ~ H H O ~  cxcTeMar c 3 a a a ~ w  
~ a 6 o p o ~  n a c T o T .  B YCTO~~WBOM czynae TOP cnema ( N E  ) A@OPMIIPY- 
erca, B H ~ Y C T O B ~ B O M  - pa3pgmae~cs1, n p e n p a w c b  B H ~ ~ T O  oqem 
CJIOXHOe M HeIlOEiTHOe. 

B ~ o p a ~  npodne~a COCTOHT B oqeme M ~ M X  same~a~esefi cmay, 
YTO T m t e  A ~ O ~ X O ~ I P I M O  JUlR lIOCTpOeAHR CXOJTSJlEXCR PIIAOB. 3 T a  3Wa- 
qa osern; rroxoaca H a  noayneme KpnTepacr  nepexpwacr peaoaanco~ 
( $  4.4). B CaMOM AeJIe ,  Mbl MOlgeM IlCXJ1EOsaTb BeKOTOPble OKPeCTHOCTYI 

pe3o~a~cmx n o B e p x a o c T e l  (pesoaaacme cnod YI TeM C ~ M H M  orpam- 
4 H T b  CHE3Y M U e  3HaMeHaTWIE. ~ O C K O J ~ ~ K Y  YaCTOThl @KCEPOBaHEi, 

T a K o e  orpamseme 6 y n e ~  cnpasemmo am B c e x  I I p Y I b r n ~ e A a 3 .  O T ~ -  
¶3¶e OT 3Wa9a 0 IlepeKpblTHE pe30HaHCOB COCTOHT B TOM, ¶TO TaM IIIH- 
pMHa pe30HaHCOB 6ma 3 w a H a  ~ ~ a M n K 0 f i  CYICTeMbl, B TO BpeMR KSU( 

3 A e C b  MU MOlReM B E J ~ P I P ~ T ~  mPIpEIQ' " 0 D a ~ ~ b c r "  CJlOeB npOEI3BO%HO, a 
3Ra-T H OIITWIIa%HO. K O H ~ Y R O ,  mpYIaa c n o e B  AOAlRHa KW-TO y 6 ~ a ~ b  

c p o c ~ m  HoMepoB pe30~a~cmx r a p M o m x ,  Y T O ~ H  noaad o b a e ~  " B ~ P *  
&!HHo~" 06aac~s YaCTOT OCTEMCfi KOAe9fWM (YI N~EUIE~M). n3 09em 



(4.58) 
&nu aamTmecXoro ~ o s ~ y u e m  CXOAHMOCT~ P ~ O B  ~ O P T H  " o ~ e ~ m -  

aa", T ~ K  K ~ K  Mame s ~ m e ~ a ~ e r n  (4.54) y6mamz 3 a a m ~ e m a o  Men- 
nemiee Wpbe-mnwr~yn (4.42). O H H ~ K O  nomo6aoe ursaorrreme no~asa -  
Tenbcma BTOFO " o p e ~ a n ~ o r o "  p e s y ~ l b ~ a ~ a  s a m a e ~  donee n o n o ~ a m  
o6ae~nc~ohi xnnm /32/. B ~ P o ¶ ~ M ,  KpaTxoe a RcHoe asaol~eme cxePnrn 
AoxasaTeabcTsa meeTcR B npeKpacam o63ope Apaonbna - aBTOpa 
n o ~ a s a ~ e a b c ~ s a  /2/. IIomepmsa;-i npEmnEanmyx, naxaocrb cTpororo 

I 
~ o ~ a a a ~ e n c ~ s a  cyuecmoBamrr xpaTxsecKoro ~ o s ~ y q e m ,  Hnrtre KOTO- 

pOr0 ,UBEXeXEe ~CTO~¶EJO, ~e06~02r t l~0  OTMeTXTb, P T O  nanysawecx 
OUeAKPI JIJM KPHTJlIgeCKOrO B03MyQetIKR CHnbHO 3aHK?X?Wy, PI MU He 6y- 
aeM EX anecb n p m o m ~ b  (CM. /32/, 9 7.10). 

Texmm IIOCTPOeHIlR CXOLUrmaXCff PR~OB TeOpm B03MYQeW 68za 
gcosepmeHcmosana M o ~ ~ ~ o M ,  x o ~ o p o ~ y  yainocb pacnpocTpamm ee 

Ha rnawoe ~ o a ~ y o l e ~ ~ e .  B nep~oB p a d o ~ e  6mo paccMoTpeao oTo6pa- 
xeaae, noxoxee Ha oTo6paxe~as B 9 4.2, a nonyseao xpaTasecKoe 
seasewe napaMeTpa rnamocTa ~ o s ~ y u e m r r  tC = 333. XOTR C ~ M O  

 TO s ~ a q e m e  RBHO HepeanbHo, O T K ~ ~  OT Tpe6osamff aHanBTE¶HO- 
CTM B03My~eBEIR HMeeT UpHH~IIPIanbHOe 3WeHPle. PelUeHJlR 3T08 
saaasa Mosep ocnonbsye~ armpo~cmamm rnar[lcrur @,7~1w8 TparoHo- 
MeTPFfYeCItPlMB I 7 0 ~ H O M a M B  KCHBPHO~ CTeneH0. B H T ~ ~ ~ C B O  OTMeTBTb , 
 TO anerr TaKoro no,qxoqa ynoMaHaeTcs eue Ijoronro60s~~ a Mmpononb- 
C ~ M  (CM. /4/, c.168, 5 131, XOTR B nanbHe8me~ MEI~pononbcmB a 
C m o l n e ~ ~ o  mcnonbso~aw npa mcnenosama r n m o r o  B O ~ M Y ~ ~ H P I R  

,wyrym Texmxy ( crnaxasamumB oneparop) /I5/. 
~amylouan orrema ana o T o 6 p a ~ e w ~  nonyseHa P w c ~ a r r o ~ :  4 = 6. 

B /3/ ymepmaeTcR (des n o ~ a 3 a ~ e n b c ~ s a ) ~   TO aTy oseHxy MOIRHO 
Yny~LITb ,a0 lc = 4 , ~  BBCX83hTBaeTCR 3?Bl.10Te388 PTO Ba CWOM AeJIe 
LC = 3. C p$yroB CTOPOHH, IBBBCTHO (CM. /3/), PTO 4 = 2 

o~o6pa l~eme  Bceraa HeYCTOhIBOx). T a m  o6pa30~ YnaeTCR nOny%iTb 
BeCbMa ~ @ @ ~ K T E B H B ~  OueHKB, I10 Kpd~ef i  Mepe B OTHOIUeHER aOCTaT09- 
HOG I'nEUUCOCTa Bd3MyUWHmR. O T M ~ T ~ ~ M ,  9 T O  KPllTePIfl IIepeKPBTMR peso- 
HaHcoB HaeT Ann oTdpaate~aa 4 = 2. 3 ~ o  sHa-seaae nonynaeTcsI 
113 (4.47) npa N = 2 ,  TaK rtax no mcny p e s o ~ a ~ c o ~  o~o6paxeme 
ammBaneHTHo CacTeMe c , ~ Y M R  cTenemB c ~ 0 6 0 m .  

Bo3spaInmcb K ~ e n p e p m ~ o l  cacTeMe c raManbToHnaHoM (4.411, 
OTMeTMM ITpextae BCerO, s T 0  HeJlOCTaTO¶HO n0Tpt?d03aTb, ¶~06bl @J'pbe- 
aMnmTy,ns 7/', y661sana 6scTpee Mamx s ~ m e ~ a ~ e n e 8  B (4.53). 3 ~ o  
npaseno 661 K 4 = N- 3 B IIBAOM n p o ~ a ~ o p e ~ m  c WXWB O U ~ H K O B  

no nepeKpmam ~ ~ ~ O H ~ H C O B  (4.47). B x e  ANI CXOABMOCTH pma  I- I,= 
= LE C m  $h eGm> nep~oz  sa~eatn nepeMeHmx H ~ ~ H O  50Tpe60BaTb, 

m 
~ ~ 0 6 6 1  $ > R N -  , Tax KaK 

W) 0 6 p a ~ m  BmaHae, =TO Bce npaneaeswe s m e  3~a.re~ursr L nnx 
0~06palReHEE Ha emwlSy donbllre, seM B /3/,  ax r t a K  y Hac napaMeTp 
,4 x a p a ~ ~ e p a s y e ~  rnmKocrb raManbToHaaHa ( a m  npoas~omme2i 

@YHKIIPIM), Toraa K ~ K  B /3/ 4 x a p a ~ ~ e p n s y e ~  BosMyrrleHae cmoro 
0 ~ 0 6 p a x e m ~ 1  ("canb~" . 



s k > N- 4 (4.58). B cmnyyoauu npm6mRie~~nx rozcno senpeptis- 
ru~x npoa3~onmx B03MyUeKer~ YMeHbJJaeTcsr ~ 3 - 3 a  M ~ H X  saa~eaa~enef l ,  
H e c m  iie nanb3osa~bcff cnemarrb~ofl Texaaxoii crnamsama, TO se- 
pe3 KorresHoe mcao nocaeaosaTeJlbmx npa6mntemunl p w  6ynyT pac- 
xomTbca. Annpo~cmarrerrr so3~yrrrema aHamTmecxmm @Y-H 

cpasseme K KpaTepaeM nepexpmm pe3oeaacon (4.47) (4 =X'N-9) 
no~a3maeT, s r o  AocTaTosaaFI osema Mosepa (4.60) secwa  a@$ex~a~- 
Ha. 

Bnee ~orqtrgm Texmnrxg nocTpoeHm c x o ~ c ~  pmos B cnyqae 
raa,moro ~ o 3 ~ y m e m  MOXHO nrcnoabaosa~b E AM ynysluem oseHoK 
B aHamTnrsecKw cnysae. ,Em B T O ~ O  3 a ~ e ~ m ,  ¶TO aHamTasecKoe 
~ o 3 ~ g m e m e  sm (4.42) MOKHO osemm csepxy rnawrwr: 

¶TO osem 611~13x0 K o s e ~ ~ e  (4.51) no nepeItpaTm P ~ ~ O H ~ H C O B .  non- 
nepxsenn, nro B cmy n p ~ m ~ o f i  aop~aposxa E ycnorsae (4.63) xapax- 
~ e p a s y e ~  AocTaTosHga, c p e A k e x B a z p a T n s H y m 
DO @a3a~ll 6' ManOCTb B03MgQemR. TaKm HOpM3TpOBKR yy~od~a TeM, YTO 

O H a  He 3mEmT OT @ ~ ~ O B ~ T X  ~00T~0111eHEfi Qpbe-I'apMoHI8~ BO3MyUleHElff. 
B m c w  Tenepb 6oaee noapo6~0, ¶TO co6cmexHo o 3 ~ a s a e ~  rpam- 

s a  yc~of l4a~oc~m sma (4.63) B Teopm KAM. Eymans~o orra oaaa~a-  
eT, ¶TO HeXOTOPbTe ("XOPOIILEI~")  HHEaPEaHTHIJe TOPH H ~ B O ~ M ~ U ~ H H O ~  







Tee. O C w p g e T  C T.  TO BEAHO B13 aCEMIITOTEYeCROT0 IIOBenemff 

npa f + - + o o -  

m e  Ma Bsem nome ay &,., (N ( CM. rime). 
~ [ P H  A < 0 KOHTYP HHTe~PHpOBaRPLR 38MMKaeM B B ~ P X H ~ B  IIOlIy- 

TWIOC~OCTE t E ~ q x o m  ero B nosomTenmoM mrrpaBnemm. 3jmrtrafi- 
mil K ~e i l c '~~ ld~esbso i l  OCBI nonmc pacnosopetI Tenepb B Towe 
if, = 3 ? 3 / ~  . Bce o c m m w e  cooTcromenm coxpammcs. IIOBTOMY 

Ho a ~ o  K ~ K  pa3 TOT camfi o c q ~ ~ ~ r m p g m B  .enen, K O T O ~ H ~ ~  MH yae OT- 

~ ~ O C E J I E ,  am a ~ o  dmo odaacneno Bme. M 3  (B.19) E (B.7) noay- 
saeM peqpemaoe coomomerne anrr m y m n  P, (4) 



4P(2l) PA --  
A, ( A )  ,Y e E c .r (B.I7) 

seam m 3TO Brrpaxceme cosnaqaeT c npa6,mxteaaol @opuynofi 
( ~ ~ 1 3 )  B meeT, ~ a x m  06paso~, T O ~ R O C T ~  * ( w / A ) $  (m. (B.11)) .  
Jh 4 0 a aeqemx m 6mxaameB K n e t c ~ ~ a ~ e m ~ o 9  ocm oco- 

~ ~ H H O C T ~ I O  fG3IBJLReTCR T09Ka Be TBXeHKff ( H Y ~ )  ~ T O H ~ ~ H T ~ P P ~ I ~ H O ~ ~  @ym- 
3YL : 4+ie4=o; . nonarm a~anomsao npembaffgaie~y 

Cllysal4 = 6, i ~ / ~ A  1 , , H ~ E ~ M  

B OKpeCTHOCTX 0~060fi T O W .  ~ H T ~ ~ P P I P Y R  BOKPYI' pa3pe3a ( ~ E c .  B. I) , 
DOJry¶EM - Y e (-81% 

(B.18) 
- _ - r(ht 4 j  ~ i h  Fh . 

(2 ~AI)''' +i 
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