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B~BOB B.C. 

B e w n  no @a30~e smHeRnxx 
mnennn. Kyp neIurPlil ~VIR 
cqnetiToB @swsec~oro w n h  
Teza, HI'Y, 1977, 1-47. 

B xgpce n e w #  c emam T- spesna pccnrorpesu sewHeBaue 
saaeoasre m e m a  B ~ J I U P R H X  C ~ T J ~ I I M ~ X  - npn pcnpocrpemw 3 ~ 7 -  
xa a caera B Gunomso8 cpene, cnnnosxx Bonn B @ppouarsez~~ax. 
aJleRTP0MBSRBTRHX BRNl B MBSUe U T.E. B PBCTBOCTE, OUECaHEJ np0- 
qeCCH Ci3EREBfl ZlBYX BOXB B OW, l'eReWPU! BTOpOn l"W40HnKU, 
pacnamm, nronyqynaq~o?~~~ 0 a a p m  seycroB?~w~oc~E sons, cauo@o- 
RgCEPOBRa CBeTa. RMsallC B M E ,  Bh'EJaJleHHOe ROUdllHUpOBaRHOe PCCe- 
saae ceera B unacrnee. B np6118xen~n cauocornacoemsoro nom 
nonyseee gpasaee~s, omcmarao8e npoqecc wany~poaasHoro paccenms 
Bone Ha nacraqax, wccneno~a~u c w s ~ m p ~ u e  pemema a~wx ypasHeae8; 
nocrpoesa emaeBassl Teop8 napeTpesecKoro ~o36ylaneaes sons. 

Bce arw sBnem8 pacobloFpeasr B p K a x  rmwnbroaoacaax ywse  
m #  mwxems; npensaperenaeo wcxomne ypasaeana n~wnesws c p e q ~  
@OpYi3EnmCR B l'aUBJlMOBOBCKOU BUAe. 3TO UO3BWMeT UpvlNeHRTb 
odmae pesyna~a~u R qenonry p ~ n y  K O R R ~ ~ T H H X  cw~gaunn w onncma~b 
nos~n amwarmecm Tame amfiexra, Roropxe B wcxoniixx nepmessux 
QoblaTpGiBCIBTcR C TnnOM. 

Kypc n e w 8  paccw~ae Ha crgneeTos 111-Y xgpco~ @a3wsecmx 
@xyaTeroa. 



BBe4enne 

Uenddl P R ~ .  Wsusecmx npoueccos NOIRHO onecmaTb B n B A e B - 
a o N npl6nmsemR. OCROBH~R ~pynnoc~b n p l  aTuu sagwrsae~cn B 

sblncaemn ax npupow u rpopymposne vlcxoparrx ypa~aenmll wxeaea. 
He06~0EJ~o 6NXO ZOMTb, HalIpUMep, s T 0  3BJE - ST0 none6aaa~ 
nnOTflOCTB CMOmHOB Cpebtl k5 HmCaTb PJIR Aeb YpaBAeABS ITEpLl- 
mna~um, cBeT - a T o  anenTpouaranTnrre aonnar u nonysarb y w a &  
ma Maxcsema. 3 ~ a  nporpwnra rn s~yna. CBeTa, B O ~ H  na BOW 

6ma BflnoJrnefia ewe B npomnoM Bene, cnesosble ~ o w u  B @ppouarae- 
TElKaX OTKPUTX &OXON B I330 T. Pa311~9~ble T U 5  BMROBHX DXeHBfi 
B CJIOIRBtlX K O f l K p T E H X  CUTYaU0RX npOAOXWP.lT 03YsaTbcR E cebsac. 
C y~eneaeanen ~ I I J I E T ~ W  B O ~ H  sosnunae~ uena uap eosm ywm- 
Tenbarn rrsnenmfi - cahlorpoKycapoa~a a ciuronasamsanns csera uou- 
~ t n r  naaepo~, RBnenme "nemToro sana" B mropcosm ~ o ~ e ,  nonnanc 
ryra3NeHHHX BOJIH 0 T.E., 06gcnome~~tnr B3aUNOpefiCTBUeN B M R ,  

Koropoe onncsatae~crr HennffeBamu metimu ypaBaemfi. 
Baysenme eenueenmx npoqeccos HaPanocb c raao- u rnnpowea- 

warn. ilccnenommcb pmmble penua  gpaBsem8 3Snem am 
Habe-C~oxaa, sa~eu a ~ ~ n s a o  crana mamaarbon Wsuna L I J I ~ ~ N H  c 
ee orpwam pasaoo6peeN p w s m  cnysaes u runoe YpaBaenmi! 
(m~ponnaausec~oe npl6mxeme, maeTusecme RBnenun u ~ . n . )  
nZ3epbl npBeN4 K B03!4URBOBeHBi0 ~el!E~efiHOfi OETURE, B KoTOPOB 

nccnepymTcrr newaefinble ywaemrr kcsenna B cpene, pan#mana- 
TOP - x uccnenoBamm nemaeium CBOBCTB @eppouaraeTBnos c 
~ O N O ~ ~ A )  ypaBaemfi JIaenayJlupmaqa. TWN o6paou. secno pmsairx 
eenuaeimm ypaseenufi, o n e c u m ~ ~ x  maue cpena u cu~gaqn~. seca- 
ua senmrto. 3anasa @ ~ U K U  eemseilam mnenafi - usysa~b nonodaae 
nponeccbl c obinefi TOY- spaan, ormenancb no eosuomoc~u or 
K O H K ~ T E H X  CBOp]CTB CpW. npra BTOU BblnCRSeTCR, q T 0  "U,e~Tbdl 
sari" u cauo@oKycepoBna cseTa secwa noxome saneaerl, uNesmPre 
o6wm npwuny. Tpypaocra @3nm fiemaeilam smemfi suem uaoro 
odmero c T ~ ~ ~ O C T S N P .  naxpocnouuqecnon @anm Boobole. MOIRAO 
HmCaTb YwBHeHIlR aBBB[eHEfl - YmHefMR i-UnPOJIBBBdlBm. ~ ~ I I I c B ~ x -  



aa, liipenmerepa, no Benssn, xax npaenno, ax rosao pemura. 
Xopmll npRNep ~arroll c~~yaquu - npo6neua runpaanaaManecxoti q p  
ciyneereocTtl, ypaeaeaae ll~~lxeaas p+m xoropnll xopomo ussecraa. 
BO " B BOnpOCe 0 C ~ W O C T U  Tgflyl~e~T~OrO HBBXBHBB B HaCTOHUiee 
spun Bce xe eenocTaer noneoti nceocra" (J.JIa~nay). 

T ~ N  He ueeee B noonewe 10-20 neT 6m AocrarwT Becwa 
cymecrseansdl nporpecc nsysenun Bemnemm senemti ( B  nacraoc- 
re B mas~e. aenunemofi onTnxe, B @ppeuariie'~~nax), a   no rue 
pryanauefiTanaene pesy~~b~a~ir  6 w  nmysean coBcev aenmao. 3 ~ n  
ycnem sacrsseo omsaasr c odwu npomuxennehl a npo5neue MHOWX 

Ten, c pa3mrtle~ smacmrexsuoll rexnum, nosnomirmeil npoeaeo- 
m ~ b  n0cme~eae s~cneplluen~~ c 6onbm~ wcnw Bemee&bC( ypaBee- 
null. Eeodxomuo oTMem'nrpb Tame ~osnumll B nocneme row 
a@@xTnBnsdl ~a~eua~asecmll  Neron aeawsa samoro wacca eemaeil- 
am ypaBeemti, nonywmil aassame Merona "o6paraoll sanaw pac- 
cemn". B seawrenbeoil uep  nporpecc B nsynema HemaeilaKx 
saneaati cmsae Tame 0 npenenbno nceOPi Ifiop~ympo~xoti sanan, 
ommeem OT Bcero mmero 0 uanocysecrseeaoro. Odpasqou Taxoil 
@ O ~ Y J L M ~ O B K E  npo6neu nmercfl waccunecRaR MexaHuxa. c@omym- 
poseenan ea name monunecwx nepeueaem. 06pameme x wacca- 
secKoll NexaasRe onepsesaer a WKE, BHYTPY~ KOTOPHX MOXHO p8c- 
C P P I T ~ T L  ea seaw~en~a~lf i  ycnex -  TO ~oncep~ar t l~e~e  OJIM ~ O Y T B  

xoecepBaTuBme cmxeua, B X O T O ~ H X  ~ C C ~ I I ~ ~ ~ H  BOJIH uana. Haudonee 
0mN 0 NOlQBHM NeTOnBN RnaCCBseCROff NeXaRnKE FiL3KUeTCrl radlMJIbT0- 

rtoa @opmsar. IIoaro~y nepBon aaueB sananen 6yner ero ododmeune 
sa cmnajl RoaTaayanbeoro wcna cpeneaell C B O ~ O ~  (CMOIWBR cpe- 
I@) R TPaACIIIIIIflOBRO-UHBapBaHTL1OrO I"aM0XhTOAYIaHa 06qero BUna 
( 5  1.2). 

Hmdonee rpyn~m a aerpamanbem acnexTou BO Bcell 3 ~ 0 6  npoue- 
mpe smeTca Ifiomymposxa ecrecrseeannr ypaaeemil cpew a H ~ H O -  

nunec~n~ mne - a ~ o  RCK~CCTBO, a He uayxa. B nexqrm a aanasax 
aa p8ccuorp~~ qeni-8 p n  TWX npauepoe. 3To n o s ~ o m ~  am npmMe- 
mTb Owe pe3YJIMaTH H pRZLy RORKpeTHHX CMTya4Blf 0 OIIUCHBaTh 
nonrm aBroararesecm Tame ~@~KTH,  xoTopae B acxomm nepeuea- 
am youarpasamm c rBnou. lila pacclroTpau cepem npocre8mMx sa- 
ms: cmaHne p ~ x   om B om, reaemx, aropoti raponurn, pac- 
n w l o .  BSPHBHYYI 3l NOZLyJL¶!JEORFWD HeYClOilgBBOCTB MOCXOfi BOJIHH, 

BsmgxneaBoe ~ou6aamomoe pacceanue csera B macTaee, eemaeil- 
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p - naanem:, noropoe npennMaraema omosaa~~on @pxqmefl 
UUOTEOCT0 f (7, t )  . 

Cacrena gpaBaem8 (1.3) coxpwer aseprua, m ~ ~ o c r e  

f H = J [ ~ ~ J ~ G ) ~ + ~ ( ~ ) ] ~ ; ,  E / / J J = J w ( ~ J ~ ~ .  (1.6) 

Iipwrsnr awecnenuen nomo Tenepb y6e9srb~~,  s ~ o  g p e e m a  
(1.3) noaso nwymra, BapbLlPga rad18mronua~ H (1.6) no p 0 

@ B COOZBerCTBRB C (1.1). TwY ObpL30N, MOTHOCFb XULU(OCTE 

a w e r c s  o6odmeeuoll noopmaaToll, a noreman cnopoc~e - 
0606meaabor uaruynboou. 

1.2. Bsxps~e  B noremanmrre mxema  nneamoil ~ A K O C T E  

ah4 Tor0 ' 4 ~ 0 6 ~  gQeCTb RpWe UOTeHLlB8nhannr T m e  BEXpeBMe 
ABlXeR0fl X0PKOCT0, aeo6xone1ro BBeCTR erne Om UaPg KaROHnseCKB 
conpnareaaux nepewesewx - UepenreaHrre Kne6ma 2 (<tJ sp f<tJ[ l ]  ; 
rad10JIbTOHOBCRee JmHeHUfi JlBUXeH08 PXR KOTOpHX 0Uem EM4 

6 H  6H A A=-=-dLu; lV,  pt =-= = - ( I / V I , u ,  
*I" 

(1.7) 
- .  2 - -  p = % = - d i v p " ,  @=-?=- g2+- (I/ +,-is (1.8) 

C I W l 0 A b T O E R ~ O M  f P  6P 

H =J [p $+ e f p l ]  d i ,  (1.9) 

nplpeu - - 2 -  
V=VG+- Vp. P (1.10) 

tis (1.7) mmo. nepehlemhle L LI p nepiiocarca Bslecre c ma- 
nocrm. Barema no (1.10) 

-Pot &[v+ X?,W] , 
EUAFIO, s ~ o  Baxpeme mmu (marenha& B naxnoll Tosne -? n 
~anpasnemnrdY) npencraBx4lrr cobofi mma nepeceqem mx 
celtellcrB noBemocrea L/pn ,++, paccnam~ara8ax npocrpaacrBo. 
Tam& obpsou, nepMemHe Kne6ma ae onacmaor rononor~seo~e 60- 
nee cnoaRne wm resemll, n p  no~opax BuxpeBrre mnus "samsaau 
B 73JlEn. B T W X  C m ' i W  UepMeHRHe B ,Lf NOXHO BBeCTB J I O X B n U I O ,  

B O K ~ C T ~ O C T ~  d o n  T O ~ R I I ,  HO ORB O R ~ W ~ C R  N R O P O ~ ~ ~ Y ~ M I R  @amq~?- 
RU0 KOOppplEaT. 

CnysaPi ;l=O 0x0 ,u=const orBesaer n o r e m a n w  mxeaem 
mmocre, xorope, n a ~  nonasaeo B npemnymeear paanene, onacma- 
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m~cs nap2 nepesreaasrx ( p ,  91 . B cmsae RecreuFuoB xamoc~e 
/j =0, 0 ypmemn (1.8) C B O ~ C R  R 0 ~ 3 8  d iv  V  =O , ~ O S B D -  

-8 BHpa30Tb  @ Pep3 2 8 ,M 
;L - A @  =-dim ( p  P~). (1.11) 

Torna 83 (1.10) 
+ 

A V  = - r o t  [FA x T P ] ,  (1.12) 

53 YpaBHeHUH &TA ,U 0I lUC~ ' r  HenOTeW~bRHe WXeRafl HeCXE- 
sraenon mmoc~u. B oduesr cnysae nenbsa yreemaTb, s ~ o  nepeuen- 
Hare (p,@)omicaem noremanwe, a ( 2 , ~ ) -  ~sxpeslle n~~xenss. 
B pidore [ 2 1 omicasur npyrne, donee cnoxeo yoTpoeRtur~ paaoee- 
secnue neperreaaae, B nmopm npu CKO~OCTIIX mnuoc~u V ,  n&mn[. 
no cpisaenum co c~opoc~bm aagna B aeB,no~e~~~smwae 0 OxpBue 
wxenrna uancurranb~srm odpasov pasnene~a. 

1.3. Iieperrenme Knedma (1.10) Hmrorcn odpi3qou, ne noropo- 
sly B B O ~ T C I I  KatloHnsecxne nepeuesme B m r s e  ypmem8 mnpom- 
aaasecKoro ~ana. B odsope B.3axaposa [ 31 npsepem ~ a n o ~ n -  
secnue nepeNeHaae &TA ~ ~ X R T U B ~ C T C K O B  mnpOmFIBdlam, m runpo- 
mr.wmrcn saparenaon mnItocru (manru), ~ ~ a n ~ o n e i ~ c ~ ~ y k o l e  c 
3 n e x ~ ~ o ~ a r ~ u ~ ~ m  nonehl, &TA NarmTHOB r n n p o m ~ a ~ 0 ~ u  &TA BOW 

Ha nosepxnocru mprtoc~u. B padore [4] menem serape nam 
KaHonusecnnx nepmeaam. omicmamrde ~eseme a ~ p m b ~ o i I  n 
csepxrenjseti KosrnoHenra mnnoro remH B paarmax aBgmmocraoll 
rBJIpO~H8Nl4KB. 

I;4. Moxao BsecTm Kanomnecme nepeMeaaae m ominan011 
C ~ H ~ B H X  BOnH a @ppohlar~ere~ax B pmax ypaaaewa &oxa m 
MOTHOCTU MaI'RUTHOPO NONeHTa 

- [ -  "" I - 
~ = g  M X Z  , I M [ = M , ,  (1.13) 

rne g=c=7x m c  2,8Eq- PBPOMaraBTHOe OTHO~eKUe, H - DomaR 
3 

saeprun @pposraraerana. Xanee M U  ~ C O N O T ~ N  ma cnocuda sanurcm 
(1.13) B rranosasecmx nepeueesm - lpoprym (2.18) a (2.19.), 
(2.20). 

1.5. Ypamema aemaeBHoiI aneKTpomaaum B cpenax c mcnep 
CUe3 He nOUyCKZOT T O s H O r O  BBeneH0H RaROHvlseCK0X IIepeNeHHHX. 
T.K. He H B ~ D T C H  n~grfep?a~@ans~m~ no Bpeueaa. Ommo, aTo 
uomo cnexaTs npbrmxeeao, mans or peaoflancam mmB, ecm 
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eanpclaieanocrb nom ne cmmxou eemsa. 0606u1ennotl ~oopnnna~ofi 
0 ONQ'X5CON RBJIWITCB, HaIip0NeP. E ~ K T O P H H ~ ~  n0TeHUBa A R er0 
npoa3ao~~au no B@NeHn B q~n0nOBC~Ofi H B N ~ ~ P O B X ~ .  COnp06Hel~ - 
CN. sanasg (2.1) K § 2. 

Sagam. (3Be3~09~0tl ' o ~ u e q e ~ ~  sanaw nosmeHno% cnox~oc~m ) 
6 

1.1. Bsrmrcmra I=G sr rvOIZd? - 601? t l  
P e m e n a e . .. I=SP 6q $ , t ) ( ? @ ( ; , t 1 ~ % ? 1 = 2 ~ p ( ~ @ ~ ~ ~ ) d ~ =  

= - 2 S d i v ( , o ~ C ' ~ ~ ~  6 @ 1 r l  d i '  = - ~ d i u ( ~ ( + ) o ^  @ ( ; ) I .  
1.2. Doeasarb, sro m A B ~ B S X W B W O C T H O ~ ~  uonem I Y I ~ ~ Y E I  683 h(aF 

EMTBOFO nom xasomsecmNa nepuensmu B ~ R I T C B  MOTROCTU pa 
s n o r e m p a  csopocrn nacraq @ a L 5 3 ~  cx = 1,2 - anertrpom, no- 
RE) C ~ ~ O B b ~ O t l a ~ 0 U  

Y R a 3 a R 0 e . 1 1 8 ~ e e p ~ a ~ a ~ b  ypaBnewle pI1i5,tl=p-fi, V ,  
a acsara ero pemetlae e mne moc~ofi amsr p,, ii- - 

exp i (??-w,t) .  



. 

1.5.~ Hanru cneKrp som aa no~epxnocre uneanaaoa necmhtaeuoa 
mp.~ocru B none rmecru [ 7 1. 
Y K a 3 a H 0 e . Hmcara ywaeime Eepnym (ram (1.3)) rn 
no~emana nonu caopocru. Ha noeepxnocm mmocT0 

2.1. IIepexon a KONUTeRCHB. nepeueaem. Iiycrb cpna 
xawrepn3ye~m ~adopohl n nap nepenremm q j  (<tI,p;fr', t I , 



Qopranaeoe npnuyuecrso rmsnaToeoacsoro Nerona - cuNNerps- 
a m  aowa sarulca. Jh peamsamaa ero menerr aosHe nepeueaaue: 

icij ==6/6a?. 
J 

(2.2) 
B asaaroso0 slexaslexe raRo0 sasleae nepehleenm coorseTcrsyel 

nepexon o r  npncTamems ~oopmiia~a-unrrynsc K npencrameaun 
oneplropos powems n ymsroxems, a xoslnnencarre Kaaotmnecwe * nepesleanne a. .a .  s m r c s  sx nnaccssecmncl ananormu. 

J J 
Zanaae8mee npearrp~ecrso - mpomB nponsson B anbop nepelren- 

HHX, C O X ~ ~ W X  ~ a n o m s ~ ~ c r b  (r.e. nun (2.2)) y p a e m a .  

2.2. Ycnosae Ranomsnocrn npeo6paso~amII. Paccao~pvl~ 
qacrne  BEE nmoasqecmx npeobpaaommtl, ae cone&xamx nsao t :  
o.=a. (b  b"),n eaobopo~ b .=b . (a  a*) b.l?l=f({aKf;~]). 
J J K ' K  J J K' K 7 J  

Uoaynasr orpaaasems ea npobpiwoBanus, sarTenanqee 83 rpe60~a- 



"11 
rue . -- 

A~~ ( < ) = J A ~ ~  i?JeLKrdr', Bij(,?J = $ B ~ ~  (?)eiw"di: 
Pa3y~ee~ca.  TO nemKou cm3a~o c TDBRCJIHUBO~RO~ csuuemiei? 



~ ~ P N ~ H R E  bj(2llm~~fl H O p B n b R U N l l  nep'?,NeHHBIII IIUReBHOB 
reope  0 OcO6ea~o ynD6ntI ;uw plccnenosasns nemne8am npo6ne~. 
Cneu.u@secme "mae~atrd'rpynaocra, npucywe accnei[geNcn lvonenu 
cpnu,  nponcnesmcn C ~ H  p: n p  ncucxe nep.veaaux b.  (;I . 

J 
B amx nepelveaaux m~ea@sosana~e  gpaeaeaes w z e a n s  craacmvcs 
Tpaeaaeaoua : 

bj I ; )  + Lw.(x ' lb .  (.?l=O, (2.11) 
J J 

om omcu6amr pacnpocrplaeaee c~o6ona~x  aom c ~ ~ K O B B N R  m c n e p  
CUR Wj I ; ) .  BCB 'NIH~BBBR" B H @ O p d W R .  H ~ O ~ X O & ~ M ~  jVM 83Y98- 

m s  Herneema npobaeN, 3 m e a a  B @Hunuax CT ,F . 
BCR nOnWmvenbRan B H @ O ~ ~ ~ P ~ I I  0 saausloneilcraen  om ccnepirca 

(41 masusecxnil cslmcn H"' . H nerxo notlsrh 0 3  anmorun c KBaRro- 
BOS UeXBBBROB. ~ ~ N U ~ ~ F O B Y I B ~  H f31 OIUICUEaeT T@XBOlIROBtIe 
npneccu. B npccTotd cnynae onaoro rana aom 

(31- -Tf(~,,23b,bTbT+ 1 ~.~)6(1-2-3)d<d<d<+ (2.13) 

3 a n a s 0  
2.1. Ydemrnc~, s ro  amesrpouaraRrnoe none B c p n e  c nocromao8 
mcnepmen uoma omcar5 c nonoam xwomqecmx nepeuemuxaf, 
0% sanawaxii - mpbe sonrnoxenrg semopaoro IIo~etwNBnaK~ B 



I 
H = -  $ ( E E ~ + H ~ ) ~ F ,  (2.16) 

8~ 
a K  E = -  - c a t  7 E=rot i i .  (2.17) 

2.2. IIona3ara. s r o  g p m e n u e  Gnoxa (1.13) n p s o m r c n  R 
xaaomsecnwy m a  n p o 6 p a o ~ u e N  l ' n w m e u a  - I Ipua~o~a[9] .  

+ M Y = , M, =M-yaa* (2.18) 

6 6 6 
T.K. o n e p o p  M , ~ Y - ~ Y ~ , " c ~ b  manor  oneparopr uovenra - . 6̂Y 

c yseroiv cm3un; j l~ ,2(r .e .  n p n c r a m m  M B mne 
- S ~ ~ ~ , M J J B  c p a a a e ~ m  pesynbrar 

C nprBOB ¶aC'Phlo B Btrmelle0 
9 = M M 1, 

M,'-M: 

Y6eXnaeN~fi B cnpmemnocrn  sroporo aaaoaesecnoro ypasaema 

OT srux neperrenaanr nerpymo nocrpomrb amomnecnoe npeobpa- 
aosame K nepeveaem roxbnmre&a-np~a~osa (2.18). Bo-nepsnr, 
npeobpaosaese 0%- MJg, y K N, p : yN = M 0 - M Z , p - ~ R m e ~ R  
Kaaoaesecxnu. Bo-sropaor. aerpymo nposepra ,  s r o  n p e o 6 p a ~ o s ~ ~ u e  
( N , Y )  - a, a* , Q =fi exp i p TaKxe RBRReTCR K B B O H B ~ ~ C K U N ,  

np! BT_OM ypamenns (2.19), (2.20) n p o 6 p e r m  m n  (2.2). Btrp- 
mm M yep23 a, a q y b e ~ n a e u c ~ ,  sro nepeNeflnue a, a* 
nmlorca  nepeaeaamu I'onapreBua-IIp~auom. 

2.4. ilony'larb o r p a ~ a s e ~ s e  Ha noa@@wenrsr u.. ,v . .  mneFI-- 1J ?l 



aoro npeobpaso~aaan (2.81, aeobxonnsl~e IVIR Toro, srodu oeo 6 ~ -  
no xaBonnsecmN. 

r e  9 - 6e3p3uepabna X O ~ @ @ U B ~ H T  nopma I. B naprpae I Na 
noxasm, sro woeugecme nepNeaaue B area sanase ecra p, 
U @' . nepe@W X XOUUneXCHHN IlePNeAHbar U, ff*ilo @OplylIZ+l 

(2.1) B aareu B z-npenc~asnenue no (2.5). noJlysuM u s  (3.1) B 

~myga~usaou np5mxenun 



I I n n c ~ a a n ~ ~  Tenepb p, O Q B  s n e e ~  Tpefbero nopswa B (3.1). 
MU nocne aneaenTapetnr npec6p3c~axe8 n p x o m ~  K mnnbroenaag 
(2.13) c ~os$c@qneermn: ,- 

\ i ) . O /  

+ ~ K , K ~ K ~ ) - ' ( K , ( K ; K ; ) + K ~  (<GI+ K~ (Y; <)I. 
O T M ~ T M U ,  s r o  xoa@@unenTx U n V o b ~ a m r c n  B aynb., ecnn a w e  
a3 BOnHOBHX BeKTOpOB q ,  z2 O n 0  z3 RYJIP.3. 3 ~ 0  C M 3 a B O  

c Tpecmmoneotl cnuveTpeefi 3anasa. Ilericraarenbao, 3 ~ y n  c 2-0 
ecTb nepehlememe cpem KaK qenoro, s r o  He MoxeT n a ~ e m r h  ee 
a ~ e p r n a  . 

3.2. Baaeuonericrme Bonn siico~o8 sacrare  co B B ~ K O N .  IIpnpona 
3TOPO B3akiMOne8CTBYIR 3aKmD9aeTCR B TON, YT0 ROIIe6M8R MOTBOCTB 
0 cnopoc~n cpew,  co3nasaeaae BBQKON, B H ~ H B ~ D T  n3ue~enne sacTo- 
TH B 4  BCnHH. C a n 3 ~ O s a C T O T ~  3BYKOM ( ~ ~ c T o T H R ? )  N O m T  

BaansronericrBoaorb ronmo cnex~panaeo y3m8 naner B 4 BWIR (dmK= - - 52, <-= w K )  . 3 n e p r n ~  B 4   om 
* 

H=fcuKa;-o;dF=w KO SoFo;-dF 
Moxeer 6 i i ~ a  nepemcaea B F - n p e n c r ~ e s e a  

H=SwKoa (?)a*(?-) d F .  
H m s n e  3BYKa I I p B O W T  K 3BBBCBMOCT0 W- OT II K 

cooTsercTByraqeil s a p w a  sneprnn Ko 



no  nowm s e w m m  a = wzo /A, /3 -wc0 / u* , m e  
v* - @OB€M CHOPOCTa B4 BOXHH, Ta l l  Pro BTopOe CnmeNOe B 

(3.8) aveer nopnOR Benewerr (c, /u+) n. K ~ R  npaeeno, an ~oraso 
npeeebpesa. B Barason caysae Bsaauonettcrsen csera co ~ B ~ R O U  

w , = , c / f i  . B 

1 
~ ~ , , ~ = ~ S f , ~ ~ a ~  a$, ( b q + b ~ q ) 6 ( ~ + ~ - ~ ) d ~ d F d ~ ,  (3.9) 
0 - 

Jierxo noeara. PTO OIIPICBBRH~ 3nech nonmn cnpasewB, ecne 
q << K,  K'  . Bnpo~eu, Brrpaxeme (3.10) CnWewBa e B 06tqe~ 
cmgsae, ecnm ero yvaomra ea npo~sseneme nompasaqail cBera - &*  
(ff,oc,, 1 . 

3 a n a n a  . 
3.1. Bmcnerb xos@farreeargs (3.1) m ameanbaoro raaa c 

ypaaeeaaen gqaa6aTe p vr=const . 
0 r e e r . 3g =r-2 .  



MOXHO RiiIIIICaTb 7 

. b B X e R n ~ l  B UOHBOM S B Y K e  NOXHO C ¶ n T a T b  K B a 3 R H e f i T ~ b H E i N B .  
r.e.  n. - n e,fie=zp,I. I IP  (~9,) << 1 ~ ~ e p r ~ e ~ t  ' W ~ K T ~ ~ ~ C K O ~ O  

!lOJIR NOXrsRO l I p H e 6 P Y b ,  C O ~ C T B ~ H H O ~  E a B J e H E l e  k?OBOB n p U  c>>T; 





~ n m o ,  PTO ~ 3 0 u a B c ~ a x  K ~ B ~ R  meeT n o p e ~ q o ~ c g n  m o p g ;  B 

p e 3 o a a x c e  cnmr pa3e 5 rp =yl +y2-y3 = X I 2  . ILlIII T o r n  
Q T O ~ H  OUeHllTb 3@@eKTEBROCTb UPOqeCCa I I ~ o ~ P ~ O B ~ A ~ U  JI.Byx BOJIB 
B Om, R ~ O ~ X O K U N O  3UaTb Be3I4rlllHY NaTW9AOPO 3ileNBHTa v3,12 , 
s a r t o s  u k i c n e p n a  ~ o n a  W K 0  ee n e r t p e N e H T  sawxansa, 

B Kasecrse n p u n e p a  P c m o r p s J  reaepqun e r o p o l l  raplornun 
3BYKON B R p C T a J J l e .  3 a K O A  p v l C U e p 0 U  3 B y R a  

2 .  
Cd - K C ,  ( 1 -OCK 1 .  

K 
BeJ!JQ0HQ a OneAUU US B H P e H e R  ZULR W K B  OUUOUePAON K p C T m e  

2 cs K O  
OK =- a \ s i n T ] ,  

me q - n o c ~ o m ~ a ~  p e m e r x a .  TWU 0 6 ~ 3 o u ,  oc= aZ/24 . Ecm 
B KPUCTaJJle P I I p O C T F a R l l e T C R  3BYK 

3necb N H  y l a e  ~ ~ p a 3 n m b ~ s e p e 3 f ~  n o  (4.5) n n o n c r a B n m  o n e a -  
HQ n m a q e p e a  a. 

4.3. P a c n w m  ~ e y c r o B n ~ ~ o c ~ a .  3necb N H  p a c c h l o ~ p m ~  H e y c T o i r -  
¶EBOCTb IIllOCKOfi N O R O X P O M ~ T ~ P ~ C K O ~  BOWB OTAOCBTellbHO p a C U a U a  R a  

I9 



m e  npyrule ~ o m e .  Ilpeuepaarn raxoro npouecca noryr c m x u ~ b  
smyxnenaoe p c c e m e  csera: [ P o r o ~ ~ ~ r o ~  + (POHOR urn NarHoH 
(cmnosm Bonsa, B ~pppouarner~xe ,  pacnan a n e ~ ~ p o n a r n a ~ a o r o  
CB9 nsnyrgseasn na ma NarHona, [Po~oa+a-ipo~o~ + [POHOA, pacuaq 
nenmmpoBcRoa B O ~ H  ea  nanmmpoBcxyn Bonny u 0oen1.a SBYK B ~ e 8 3 0 -  
TepnsecrtoB nna3ne 0 r.n. Ilrax, Wcra B c p n e  pacnpocrpaftaerca 

Hmen -meme a m x  y p & ~ e m g  B mne 
- 

b, itJ=b, e x p  (J - iw , ) t ,  
(4.8) 

b Z x ( t ) = b ~ e x p ( J + i w , ) t ,  w,+w,=w,.  
Torna p,m 9 nomnaenr Y paBHeHne 

A7=aj - r2 ,  A W = O  +W -wo 
"T Kz 

IIpn 9 70 mnneqasl eom b,, b:, p c w ~  BO spenens no axcnosos~manb- 
EWy 3aRORg (4.8); B aTON CmPae FOBOpTT, YTO mCXO4HaR BOZHR b 
Heycrollsplsa no oraomema, K pacnany Ha m e  Boma b, R bZ, $ - Ha- 
3HBaKIT UHKpeNeHTOU FaCIlaAHOn HeYCTO$fYflBOCTU. %CTO ( O C O ~ ~ H H O ,  
ecm K,= 0 ) ary n e y c r o i l ~ u ~ o c ~ b  ~ a a m a m r  raxae napaMeTpfisecxom. 

M H K ~ ~ M ~ H T  HeyCPO~WBOCTU NaKC0NaneH B TOYHOM pe30HCmCe AW=O 

2Jmax=-(& +& I (4.11) 
Pacnamm iieycrollsnsocrs aveer nopor, CBRB~HHI& c 3 a r y ~ a ~ u e ~  

Bonn I V L , , I ~ = ~ ;  a Z .  (4.12) 

20 



3 H a ~  NaTpYHM 3lleMeHT V B n3MepXX b,, , NOXHO OnpnejlETh 
3aryxa~ne BOBA. 3r0  - OCHOBHDB C D O C O ~  u3~epe~u11 3 a ~ g x a ~ ~ x  
cnmnoam B O ~ H  B @ p p o ~ a r ~ e ~ n x a x .  l ' y a q a  odnacra HeycToflwBocra 
onpenemercfi ns (4.10) npn J =O . Ecm a;=&. TO odnacrb 
Heycronsneocrn 

( A G J ) ' <  41 ~b 1 2 + 7 z .  (4.13) 
Hano cxaaarh, YTO ycno~uff pe30~afica B nponecce p n a n a  

a, = o ~ , t  &,-K, (4.14) 
ae Bcerna sirnonnnmrcrr n B cooreeTorBnn c ~ T U M  a a n o ~ a  wcnepcne 

w ,  nenrlrcrl Ha pacnamae m Hepacnamae. TaK cTeneHHae cneer- 
K pir wK- K R B ~ K I T C I I  p c n a m w n ,  ecm a + 1 . S B ~ X O B O ~ ~  CneKTp 

(+=KC3 flENleTCR I ' p l k l Y H ~  0 YCnOBnB (4.14) BHnOnHfliaTCR TOnbHO 
Ha nunnu < I / K  . bm c n e r t r p a ~ ~ = w ~ ~ 2  pacnamae ycnoBmx 
(4.14) BblllOnHRKITCR, eCllM WK 3 W o  . B 0630p [ I Z ]  IlpBeneH 
U 3 f l m H d  dipa@YIYeCrcll8 UeTOn, n03BOnRW58 BWCHblT6 RBIUleTCfl IIB 

cneKTp pacnamm. 
U m c m ~  B xayecTBe npuNepa nHKpeMenT pacnaniioil neycroilwsoc- 

TB 3ByKa Ha 3BYK. ~0ncTa~nflR V L4 Lul3 (3.6) ( ~ . ~ ) , U O & Y Y ~ M  
npn Vb >> y 

$ = K, ( K - K , )  . (4.15) 
4 ~ "  

4.4. 13aam~one8c~aee r g x  Bonn xoHesHoi3 m m ~ y m  (aanasa 
b o e ~ 6 e p r e e a )  [ 131 . P a c c v o ~ p u ~  ssamMoqe8crsae rpex cnexrpana- 
AO-Y3KIIX IIaReTOB BOIIH, Xap8RTepHHe BONlDBble BeKTOp K(,KL,KJ 



Torna 

[& +.~;+qa] a, (r.t)=-I Va2ir,tla3(r,tl 
a 

[z++2+32?3a2 = i V a l a z  (4.18) 
-X = i Va, a, . 

, nepeueaatre a. (F, t ]  uaremr cuucn 
L- RnunneRcntnr orudamvlx pnn B O ~  exp ; (57 - wjt J . Ypa~ne~ne 

(4.18) nou 7 .  =o n m e r c n  rsYUjlbTOHOBCKUY r ~ . e .  BAW (2.2) 1 
- ' J  L J c rauunbroRnaeou 3 i,J 

H= j= l  2 7 S [ a * ~ a . - a . ~ a * ] d ? +  
J J J J  (4.19) 

+ V J  [ara, a,+ u. c I d r  - .  
Kpwe H,ypanneRne (4.18) npu 7; =O nueer erne ma neaan~cnum 

s m e r w a  pBuxeenn (e~re.~pazn Max~w-Poy): 

N, + N , = c o M s ~ ,  Nl+NJ =cons t  , 
(4.20) 

X ~ ~ = S a ~ ( r ) a ~  i r j d r ' .  
BeJUi9IlnH Nj 0NelDT CNUCn ~ ~ R O ~ O  '40Cna 48CTUU COPTa j . 

Hannnae Tpex sarerpanoB PBsxenun ~ O ~ B M B ~ T  B @ ~ R ~ B B H O  nccneno- 
Barb ars y&bnenan (cN., Ranpuep. [ 13 , 141). 3 n e c ~  %e uu 
paccuorpu npocroB, ao UaFepecnsrtl npuep - reaepanaa Bropotl 
raponurn (a2 = aJ) B C F B [ P I O R ~ ~ I M I  cnyqae. Ily C T ~  m npocro- 

0 
ru rj j. 0 . v .  = v 0 n p  z =O al =O .a,= A ,  u sernecr- 

J eenno. llonc~asnnfl B (4.18) at =i A ,  , a2=A2 , 0 u e e ~  
a a ~ ~ A , = v A ~ ,  v=A,=-YA,A2.  

Pemeaae arux gpaBReana c egnessbl ycnomeu W U ~  H a  rpanuqe 

raproaeu A ,  . 3KcnepNear no reaepaqAm BTUPOB rapomnn 
nmercn  OAUUN 83 Randonee Bne'4arnmwx B nemnetlaoa OnTu'BRe - 
B ~pacrann B X O ~ U T  ~pcasrtl nyq ,  a BHXOPRT semen&. Jlodnrbca nonno- 
ro  npeodpaaosaeas Be ynaercn na-aa flero'4~oro smomerns ycnomtl 
pesosaaca r.n. ; B ny~wsix a ~ c n e p ~ u e ~ ~ a x  K npeobp. = YM. 



4.5. l lapue~pasec~a~ neycTonPeaocr6 a orpamsennofi cpne 
NoxeT dm6 nccnenosa8a c nohlombm y pamenan (4.18). nycr6 
RaRasBOn RBJ!AeTCR BMHa C Pr =O . Torna V,=O,X,=-5, < =& =$? 

X~ K5r a;=~~=a. . P ~ C C U O T P ~  macTnaj T O ~ W H O P I  L u W C T ~  Y( 

nepnenmnympno nnocrtocrn rpamq. Torna Barecro (4.181 eueeu 

a t a2-i VU, a: =o; 
(4.22) 

a * x 
a t  a z 

ngcrh BOJIEU na rpamnax norxowamTcn, Torna 

I Val 1 t h  x L  =-(y+JJ/apu (4.24) 
I Va, 1' = ~ ~ + J J ~ + ~ x u ) ~ ,  

noseon~wsse HaBrn ae n unxphlenT neycrollPusocrn J a aamca~oc- 
TR OT mrinn~yntl HaRaqKU a, n romna L . noporosa~ a m r y n a  
(npll J = O  

me nrncmeHstdl rtoa@@wenTm usuenae~ca OT I / 2  p n ~  roartot! unac- 
TBHH ( L  << , ¶ell m n a  c ~ o d o x n o r o  npodera u/r ) no I B 

Odpfi~80U cwrlae. Epa L >>v/y ssrpaxeane (4.25) nepexomr B 

cooraercrmwsee aapaxenne n n ~  6 e 3 r ~ s ~ o n  openu; u p  L C< u/g 
nopor onpnenseTca nornowemeu aaepme !?a rpmaqax. 

4.6. B~PUSHBR HeSCTO@lRBOCT6 T@X BOJIR. ECM B Cpne NOl'YT 

cyQecraosaT6 Bonnar c orpnqa~en6nofl aneprnefl (artresnan cpena) , 
TO UOWT BHUOlIHBTbCII p30HBRCRHe  YCJIOBBIl pN1 DpOqeCCa "pOW!e- 
ma T@X BOM 113 myua" :  - - -  

WF, +WW- f GJ- =o, K +K2+K3=0,  
K2 1 3  f (4.26) 

OIUIC€lBaeMOU UOCAeRHBN CAaPaeNUN B jPaBHeRBB (4 .2 ) .  Y ~ e p F A B a f i  
sdmsu pe30~anca (4.265 Tonbno aTo cmraeuoe, nmeu pememe B 

BBne T*x BOm:b-(tl=C x 
j - ,  a.(t/6(~-q)exp-iw,~t. J 

C a~860nmen cnopoc~hCabll~~~ym B O ~  6ymr pcre,  ecm wXje 
K j  TO¶HO jnOBTIeTBOWIOT JCAOBBlO (4.26).  B aTON CQsae 03 (4 .2)  

nnnysaercn 

Cjl +fi of = -2i UO,"~," (4.27) 



o ( t )  =aore-7t[7+2~ao(e-'t-l~]-' .  (4.28) 

Ecm nasanasm m m . r y n a  a,noc.raTosao Benilrra: 2 Ua, > 7, 
m m q n a  an) o6pnaeTcH B, ~ ~ C K O H ~ ~ H O C T ~  3a XoHennoe B ~ N R  to ; 
npa aranurbnr 7-//to = 2 Ua, . T ~ K U  neycrohnanocra ~ a s a ~ a e ~ c n  
B3pHBROB. 

4.4. Bwmcmrb 0 C p B H B T b  BHHPeMeRTB PaCnaqHOB HeyCTOk?¶0- 
BOCFB CBeTH R H  CBeT 0 @OHOHM, CBBT B NarHOHB t BWX4eHHOe 
KoN6uHasRosHoe paccesme csera) . 

Y R a 3 a A 0 e . CN.  tdaTp0nHsle aneNeHTa (3.10). (3.12) ; 
B (3.12) E")M,cG - yron noaopora nnocxocTn n o m p n s w ~ a  c s e m  
na-sa a@@xTa mapallen s a  nnnne Bonm cBera. 13 pppov3neKTpnxax 
G = 70-5 

4.5. flcnonbays yp3~aesaa (4.18), Haarn nopor KoluduHauaonHoro 
PaCCeHHRH CBeTa B MaCTRRe. TOnolaHa L KOTOPOR N H O r O  60316me 
m s a  npodera 3sgua u uesme WHX npodera cBeTa. 



5.1. IIpoqellypa nrepaq~n ypmHeHu91 w x e m a .  ii czynae, xorna 
TpemonHoaw npoqecca sanpeqena sarto~mu coxpaaeaea, B YpaBHe- 
Hnn wBiaesea (4.2) HeobxomMo ynm~mara nononsnTer,bsae cnaraewe, 
B 0 3 H U X ~ e  83 9eTHpXBOJIHOBOrO rahlUn6TOHHaHa B3WNOnefICTBIIR 
(2.14). Tp6x~onsosae cnaraehlae noneocrbm He ysa~ueara  nenb3~. 
a60 80 BTOPON I I O p R K B  TeOPU8 BOBNYUeHUR O H 0  IIPklBOjWT X pa3p- 
messm nerarpexBoneosm npoueccm. 

B m c m ~  B T O T  Bman B npocTetime91 cu~yamn ,  xorqa npowemy- 
TD9HOB.  "BUPTY~J~~HO~" RBllReTCR HR3K09aCTOTHm BOJIHB. I ; ~ u ~ M  
B C X O W T b  03 TpXBOJIHOBOFO rahlUn6TOFU3aHa B3a8NOXefiCTB0R Bq EOAH 

0, 8 BOnA bK 



npu p r = O  8ana npoqepyps aasasanearsa ReKoTopoNy nenaneanouy 
na%o&nsecKaMy npeo6pa30~mm. 3ro n p e o d p s o ~ a ~ u e  upseneno B 

odsope ( 3 1  . me . q a ~  o-fi mn KosmquenroB 7 , ~ o r n a  yw- 
i-uaaercq 3~~12.9 Bcex npqeccoB TpeTbero nopuRa. a He ronaKo 
npoueccoe (5.1). 

]iIQ60ilu~Ho i?MFlCH8Th, ~ a ~ o f i  HUW B PeTH@XBOJtHOBHe UHTpPRHe 
a n e ~ e ~ ~ ~  n?e?dxanaer - ncxonerrtl W ~ r n  B o s m m f i  npn mepauaa 
TpexEanioEbix npoueccoB f = v Z / h w .  ~ c n u  pa3noxeme ucxomoro 
PaXlMJlbTOHllaI4a 3POYICXOIIBT no 04HOUY NanOUy MpUeTpg, TO 

~J,w=v< ~ T ~ O N  cnysae pccuarpeaeNge BmaaH oworo n o p m a  
acnnsnnii. %K o d c ~ o e r  .qeXO. KaUplUep, C Ai3ilOnbJ@lnMbFlHU BmWOU 

B nLMt WIH CnnnoBrx B O ~ H  B @eppoNaraeru~ax. B donee cnomm 
cn.ryar;;tnx i.paccuo~pe~~anr B 3 w s a x  5.1. 5.3) n p e o 6 n a ~ u  no 
CDeUU3.EbH5r3 n n p n n a ~  uonrer d m 6  d o B  eman. 

B 3 a l : ~ m e ~ n e  3 ~ 0 r o  pesnena oruersu, s ~ o  areprmpgfi YpaBHeHsR 
4BBnleHlI%, Yl IY  nPDU3BOBR COOTBeTCTWUU!ee H ~ J I U R ~ ~ R O ~  KaBOH07eCKOe 
E ~ ~ O ~ ~ ~ ~ O S Z E : I C . N O I R A O  RCRIIRPRTb BCe CZaPaeNHe B rElhlMllbTOHUaHe 
B3aYINOiIeRCTBBE, DTBe9-e nPOUeCCBbl, KOTOPHB 3allpeUleaH 3aKOHElhl0 

coxpseeni: sheprun - aunynbca. C aroB T O ~ K U  3pemlr DCodemIEB 
nsrepec npeqcraanlrer ser~@xBowoBlrll nponecc paccelrefllr 



s a c T o r a  B o n n u  b,, sasacnman or ee mnmrgntr. B n p c y T c m n n  

BonHtr  b aannmeu y p a B n e H e n  mxenus (5.7) q a ~  B o n H  rranuv arum- 
T y m ,  BOlHOB'de B e K T O P  R RaCTOTH ROTOPLD( YIIOBneTBOPRUT re"OBaHC- 

H a  yCIIoBu8N:  

2w = a  + w , ZKZ,=F,+ii ( 2 . 3 )  
,o Kt x2 

b , + i G  bl + L q Z b 2 b ; = 0  
xf 1 . (5.:ig) * . -  XZ b 2 - w  b f - i q z b  b,=O 

3qec6 - x2 
o = w  + 2 T , , l  bl  2 

- K1 (3.11)' 
W = w  

Kz K2 
+27,,1 b12 

' 1 0  =TK,Ko,K,k'o 3 T z = ~ ~ K ~ , K , K ~  

T ~ o  = T ~ z ~ o , ~ e ~ .  
- 

aanncu~ocra sacrora ~ o n n  b,,b, or  aslunurgnsr npgron 2onsu . 
06pamae~ ~ ~ n u m a e  H a  R o s @ p s w e n r  .m , o~w?mq08 (5.li) OT 

(5.8). 
~ H W C J ~ ~ H U ~  0 B R p N e H T a  HeyCTOilWBOCTU n p O E 3 B O W T C R  aH3UIOFWiHO 

C w q a A l  TpexBOnHOBHX IlpOUeCCOB. C w E k 4 ~  (5.10) C (4.7). NORHO 

no ananorus c (4.10) c w y  ~ a n n c a r b  orser: 

J ~ = [ T ~ ~ ~ ] ~ - ( G  +01 - . Z G , ~ ) ~ / ~ .  
I 1  K2 (5.12) 

E c ~  K, U K2 CUII6BO OTJIU9aRJTCH OT KO , B npl :TOM , I & =  Li, 
UHRPeNeHT He7CTOaPYiBOCTU 9 = [ T ~  b 2 ]  0 no i l O P P 7  B€2JI!5Yl4iiM 

cosnanaer c nemeehncfi n o 6 a B K o B  R q a C r o T e  BMB. fi P C I ~ C R ~ ~ T I ! B H O ~ ~  

cpeqe, xorna E o n m  x saryxam c n e K p u e n T o u  7,,, , ~ ~ 3 i i j l x a e ~  
7,2 

nopor H e y c T o B s e a o c r u .  U o p o r o ~ a ~  aurureryna (no aha ; ,o rc :n  c i4.12)) 

I TfZ  b:? I =vzz .  
B C w Y a e .  R O r R a  Kl U KZ 6 m 3 x 0  K %, B 3 a R O H e  C3X-aHeHi1.9 

(5.9) c n e m e T  Y Y a T t m a r b  H e n u n e m u e  X068BKB K Y B C T ~ T ~  - 1 aZw w =o +u'z+-- 
KO - ae aP +2~,, jb~'  

* t ,  2 2 ar,auP a P - - - 
K =u,+ac, <= awK/a.T(  ,,,o. 

f, 2 
3neca NU panomnu & B pnn no z a n p e s e 6 p r j i : r  ~ ~ E ~ ~ ! C E : ~ O C T L ~  

LZ 
Om X B N a T p l S B W  W E i A e R I a X  . 



Tenepb: 

J z ( f J  = - L * a c 2 ( ~ a e 2 + 2 ~ , ~  b 1 2 ) .  (5.13) 

EciTB TootZE2> o , TO g2<0 0 HeYCTOfiPUBOCTIl HeT. 3 T 8 U  

p a C C N a T p R B a e M W  C R l ' Y ~ R  OTJTdsaeTCH OT TFk?XBOnHOBOrO CJO'UlsW, 

norna m B o s a n x H o s e m a  H e y c T o a P a B o c T e  n o c T a T o n a o  6wo B u n o n H e H n a  

SBROHOB C o x p a n e n n R .  a B H ~ K  N a T p n g e o r o  a n e N e n T a  H e  nrpm pow. 
B cnynae. xorna ~ s a n p a ~ s s ~ m  ifiopa ( 5 . 1 4 )  H e  R m e r c a  sna~oonpe- 
nereasofi. x p r m T e p n a  ~ e y c n o l l s a ~ o c T n  

NOXU0 BKUOJlHklTb DPU n n 6 o N  3 H 8 K e  Too , n3NeHRR HaIlpaBJleHIIB 2% . 
~ c m  ifiopra i a e 2  - s n a x ! o u p e n e n e B a ,  T O  06nac~b H e y c T o P i m B o c T a  

O F p a A a Y e H a  no ZX2 OT 0 q 0  ~ ~ ' = - 4 ~ , , l b ( ~ ,  NaKCUNaJIbHa HeyCTOB7n-  

BOCTb L ~ ~ = - 2 ~ , , l b l ~ .  B p e 3 y n b T a T e  p a 3 B n T E B  HegCTOtiYBBOCTB - 
(5.13) BOnHH To BOBHBKXQT HOBHe BOJIHH C K , ~ J I R ~ H B N J !  K KO , 
33'0 NOEHO BHTePII&TYIPOBaTb RBR B03RnKHOBeHAe MOUJmUBfl WniTBTYnH 

R 0 c x o ~ o f i  Bonnt l .  I i o a r o M g  ~ a r c g m  H e g c r o f i s n B o c T b  H a s t m a r a T  

n o n y n n u n o ~ ~ o f i .  
Monynmon~m HegCTOfi¶BBOCTb B C T p e Y a e T C B  OYeHb YaCTO. Tax. 

H a n p n N e p ,  am n e H m m p o B c x n x   om B I U I ~ ~ N ~  L ze > 0 , TOO c 0" 
91 B 0 3 H f l K a e T  MOqYNlLlllOHH&9 HeyCTOf&EBOCTb, U ~ B O W Q a J I  R JleH~MDPOBC- 

KONY KOIUIanCY; HeyCTO898BH BOJIHH H a  B o n e ,  pb3BMTMe 3 T 0 8  HeyCTO8- 

Y ~ B O C T B  n p m B o q R r  K mneanm " n e m T o r o  m a " .  B H e n n H e f i H t l x  m a n e x T p u -  

an =- o ( R O S ~ ~ U ~ H T  npeno~neens p a c r e T  c xax, y x o r o p ~ x  -- 
aw 

HaIlpRXeHHOCTbm I I O m  E ) Too<  0 . a 6 0  GJ  KC/%^ 
K ~ I E I ~  ~ I E I :  . 

T.K. i v ~  n n H e f i H o r o  3 a ~ o ~ a  mcnepcnn O N  > 0 . T a  T,,w"cO a 
BO38YlKaeT NOT&YNlUUOHHaR H e g C T 0 8 4 0 ~ 0 ~ ~ b .  p a 3 B B T l l e  KOTOPOB U P B O j j l l T  K 

c a u o @ o K y c m p o s x e  csera. 
Iipn n s y s e ~ u a  H e m H e B a o i l  cranna p a 3 B a T n a  ~opymqnoa~oil 

HegCTOfl¶YlBOCTR CJIeZ[YeT BOCnOJb3OBaThCII  TeN O ~ C T O R T ~ ~ ~ ~ C T B C N ,  4TO 

B C e  BTOprm¶HKe BOIIHX COCpeUOT09eHH B Y 3 X 0 8  06RaCTI4 B611113M 6 , 
T.e.  cnepyer nsysarb pacnpocrpnenee yaxoro uanera BOJIH. am. 
YTO T o x e  cmoe H ~ O ~ X O I J Y ~ N O  c n e p T b  3a u e n n e H n w l a  R ~ N ~ H ~ H B R N ~  



- 
52 ,34  - K~ K~ =T/(zz~'. (5.16) 

 TOT nepexoq c n p s e m a ,  ecnn B cpeqe orcy~crayior qanbsoqe8cr~yw 
mne cnna a T,,,,4 f l m e r c a  HenppHBHoii QyHxune8 CBOBX apryrres- 
TOB. Aanee, Tax ae xax n B pasnene (4.31, nepeaqeu K Nenrressbrm 
nepeNeesuM 

a(a-1 = b l ~ + a e ) e x p  i 1 ~ ~ r - 0  t )  (5.17) 

a s a r e ~  B -F -npencraBneme no Qoptyna~ (4.17). iLina1-r) B pe- 
synarare n o l ~ ~ w r c s  

Ypame~ne (5.17) onucaBaer asdnmqnm ysxoro naxera BOJIR: 

~ n e ~ 3 F -  ssuaesae naxe.ra KaK uenoro c rpynnoBo8 cxopocram, 
sneHnr- a 7 / s z  n A ,  - sacnepcnio il qM@paxnnio, nocneuee 
cnaraeMoe - seneHe8soe cahloqeacrme aonH a nartere. Ha onrnsec- 
XOM  saxe ~ T O  cnaraeuoe omcaBaer a a m c n ~ o c r h  xo3muneaTa 
npenoMnelinn cpem or xsaqpara ahlmrym anexrpsecxoro nons. 
P a c c ~ a r p s m  (5.17) xax ypameme IUpa~arepa, Reneaeaam nnea 



m ~ e m ~ f i  c ~ m n  "nmoro secna sacwa". 
@ Q ~ C T B Y ~ T  UEe nOCTaHOBK0 sariam lyvl YPaBHeRBR (5.17) : 

sslmrgna eonH 3 w a ~ a  Ha r p m u e  cpem - Hanpmnrep, cser naqaeT 
Ha HeJWHefiHm W3lIeKTpUR. B 3TOY ClQ'Pae PneHOM N W "  NOXHO 

npeaebpeqb no cpaBHeme c u ( z - HanpaneHme u ) ; ecm 
aanasa cranmosapaa. T O  a = 0 . Torna 

- 
P ~ c c N ~ T ~ B ~ X Z = ~ / ~  X a K  HOBOe BpeY8, N O W 0  TpaKTOBaTS (5.21) K a K  

myNepHoe ( F  =z,y) ypeaeeee Upem~repa. Ilpocreiinan sanaqa 
3 T O r O  TUna - JIUHe&aR ( T = O  ) P J @ p K U R 8  MOCKOfi BOnHK Ha 
nonyunocxocm - K ~ T K O  omcaHa H B E ~  - CY. sanaw 5.6. 
B ~ o p a ~  nocriuloBrra aanasm. 

5.4. 3BOWW8 naKeTa B 6 e 3 r m ¶ ~ O f i  CpeZe. npm ?TON NOXHO 

nepefirn B cucTeMg olcsera, u~0ra~qvm8 c rpgnnoBofi c~opocrbm id 
nneH ( ii ) mcsesaer. &cnepcaossmi wee c. w" H ~ O ~ X O P J N O  

CoXpaHuTh: 

P~ccYoT~UN KaPeCTBeHHO pemeH0e 3TOn sarias0 B TpexhlepHON ( d =3), 
pagluepolv ( d 2) 0 oWoNepHoN cnysae. Cqsati d = 3 B Wxax 
(5.22) c o o ~ ~ e r c ~ s y e ~  s~omuna TpewepHoro crycma, waramoleroc8 c 
rpynnoBoa c ~ o p o c ~ m ,  cnyqati d =  2 - aro sariasa 06 sBonwes 
nnocxoro nmela ( a (x, y, t I ), aeeramerocn c rpynnoBoB 
C K O ~ O C T S R I ,  UJIU - sanasa o crannoHapHoB cmo@oqcnpoBKe naxera 
a ( x  y z )  B PmKaX YpBHeHlR (5.21) nOCne 38NeHbl z / v  - t . 
C l Q ' s a  d = 1 - COOTBeTCTByeT, HWIpNep, c~air~0~apHOfi E I o c K O ~ ~  

c ~ N o @ O ~ C U ~ O B K ~  a = a (x, z ) . Jlanee nm onpeneneHHocrn 
BCloPg NB 6yneu C'iRTaTb ~ " 7 0  0 PaCCNOTPUN ~lQ"4& " u P U T B X ~ H U ~  
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- 
Bnmo. s ~ o  H o.woNepHoN cnysae CyqecTBgeT CTaqnonapnoe peme- 

m e  c 

~n~na03npg1crsee 3~eprmn (5.24). B  TON cnysae qaaneHne sacmu,  
~a3~nxamqee 03-38 OX qBMmeflmfl B nNe,ypaBHoBemBaeT cuny np0Ts- 
.reHnfl. B TpemepHou cnysae qasneHcle npn Z - 0 pacreT NenneH- 
Bee, ¶eN CUXa DpTHXeHOH O IIPOOCXOqYIT KOManC - IIa4eHfle ¶aCTaU 
Ha UeHTp 3a KOHeYHOe BpeMfl. BTON WUIIUTYqa B UeHTpe a ( t )  
J! pa3Nep 7. (t) CBfl3aHbI COOTHOmeHBeN (5.23). rqe h' - VUCnO 
sacTnu, a a x a a s e ~ ~ s m  B xonnance, a~eprnfl (5.24) nolrnancnpynqex 
YaCT84 ~6bIHaeT; nOZRBR 3HeprBR. BK~DlakWBR RIIHeTU4eCIIYM 3HePl'UW 
He ~ ~ X B ~ Y ~ H H H X  H Xonnanc , pasne~am~plxcfl sacTmq. pasy~ee~cf l ,  
coxprulllercn. B rny~ep~ohl cnysae cyna6a n y e r a  q a c ~ n q  sagecnr 

Tlal 
OT HaYalIaHHX YCIIOBOU: npu cuN> TN = -7 NMHnN7N (5.24) OCTU- 

~ f i l z  raeTcfl npu 2 --, T.e. Yacrmw pa3neTamTcn; n p  ~ I " C  7 
Taxme Kax a H TpxNepoN cnysae, s a c ~ 6  naReTa ~ ~ X B ~ T H B ~ ~ T C H  H 

npoqecc Konnanca. 
Msysn~ nonpodsee c r w  osapnue pemeHaH (5.22) B owouepnou 

cnysae. noqcraemfl a (z,t) B mqe 

wUy, ,  = 2 ( ; ~ ~ y  - 1  T l c p 4 ) = - a ~ / a ( ~  
171V4 - ; L ~ ~ Z .  (5.26) U=. 7 

nocne nepeobo3BaseHRn 2 - t  aro ypaaeenne NOEHO pccararpsears 
K a R  ypaeneaue H m r o ~ a  qlIR saCTUUU C NaCCOB w " ,  ROOpIWHaTOB (P , 
margqencrr H none V(y/. Ona uneer ~ ~ ~ e r p a n  nmreass-"a~eprus" 
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IIpocrellmee pmeme - nonowmcfl sacmna na use ~ M H  (P=co&, 
~ 2 = / ~ 1 ~ Z ~ ~ ~ T ~ e T c ~ ~ ? e ~  B RCXO4HCM YPaBHeHYln (5.22) M O C K O a  

BOnHe C HewHetlHt63 CgBarON YaCTOTK -IT1 '. ~ P L I  E7EmLn~03HUKBRIr 
nepno~~mqec~ne ~one6anufl sacTnnu B m e ,  r.e. nepaoriilsecrtw ~ o q -  
mnns BOJIRY a ( z j .  Eonbmo~ s m e p c  npucramner  pememe c E=O . 
Yi3 (5.27) n p  E=O NOXHO n0117¶u~~ 

Xapanrepnm p a 3 ~ e p  2, aroro n o ~ a m 3 o s a ~ n o r o  pemenns - 
' c o ~ T O H B "  BaIlaeTCfl, KaK He T P X R O  ~6e,UJTb~fl, BKPalKeHneM (5.25). 
i ipo~e  nonosmerocfl ( B  cucresle oTcqe.ra, IZsnraiamerocs c rpgnnoaoa 
cxopoc~bm) cowrona (5.28) cyrnecrBymr Tame m a ~ q n l e c s  c nocro- 
fl~nofl C K O ~ O C T ~  COIIBTOBH, a ranae pemems c ABYNR,  pas n T.U. 

cam~aearrrm. N - canvlronnile pemeeas 9Meior bonbmue a e a s e ~ a e .  
MeTOnOM "obpariln8 3anaYM paCCeflfi0fl" NOKHO IlOKa3aTb, ¶TO nPOY13BOAb- 
Hoe ( u o c r a ~ o s ~ o  rnaxoe)  na?mbnoe pacnpeneneHBe a (z,0) npn t -- 
pacnanaercs B O ~ H O B H O N  Ha N - comrosoa: sucno, w ~ e n r r ~ y q ~  n 
cnopocm KOTOPHX YOXBO OnpenemTb no a ( ~ ~ 0 ) .  COWTOHK R B J H N T C ~  

y c ~ o 8 w s m u  obpa3o~afulmn: npn cronnnosemu payx cwmroaoa 
coxpaaniarcs ox ceopocra a arrm.ryne. 

B saxnrose~nu sroro pasnena nonTsepanv npnrber Bmcneseeh, 
nonyseenm panee Xa9eCTBeHHm BUBO9 0 T O N ,  4 T O  B nByNepHoN M 

Tpemepno!, cnysmx 3a KoHesHoe s p a n  npoacxoiIllT paspymeaae 
sasanbnoro naKera. 4.m ynpoqems pacseroB sannme~ (5.22) a 
b e s p a 3 ~ e p ~ o ~  silqe. IIpn ~''70, T c O  

Bcnen s a  aaropaatu pabora [16] aiiqncnnv 
d 2 < r 2 >  d 2  2 

d t 2  - d t 2 J ~ 2 ~ ~ 1 2 d ? = % S ~ ~ d .  
d acu- d r  - V ( ~ * V ~ - J , V Y * I ~ T = - ~ ~ ~ S ~ ~ X ~ ( ~ ~ ~  ?al,) 

Bocnonbs osasmncb erne pas y p a o ~ e ~ a e v  qmlaerlnfl u awrerypyfl no 
YaCTRM TaK YTC6bi He OCTaBWlOCb CJIal'aeMdX, nPOnOPUMOHaJIbHlJX 5,. 



Ecm B HasanbHm NoNeHT BpeNeHmH<O. T.e. J lv$ lZdr  < 
-z+J~+/~d+. T O  3a nofiewoe s p ~ s  pernetme cranom~cn cmrympnm, 

UpOMeXOIWT KOlillaUC, m6o < 'r2> 06piaaeTc~ B Hyiib. 

h 3  IIPWTMKLI 6onmoB B H T e P C  tIpenCT8.BJAXO 6~ CTaUUOHapHOe 

nayNepRoe @mesue ypaBHeHnfi (5.22) - npyrna B O I I H O B O ~ .  1103~0- 

mmee nepeqma'rb aHepwxl nasep~oro 03nyvenun H a  6onme  pac- 
CTORHBll be3 UOTepb 83-38 nu@panuuo~~oB paCX0WMOCTU. Tanoe 
FDeHMe, K a K  BUpRO 03 (5.24). COOTBeTCTByeT H =0 . K COF.UleHiiiaio, 

3TO P3lJeHkie HeyCTOfi'37BO. hem B HaYm6Hm MONeHT H 83-38 

@iyxTyarrefi oRameTcs ponom~ens~o8. TO B cnny (5.32) [ H ~ O N H ~ M ,  

Y T O  UP8 d = 2  B (5.32) CTORT 3HaK P ' l ~ ~ ~ ~ ~ ~ a ]  < r2> 6ynerp 

P C T M  U BOnHOBOq "P~CMHB~~TCR". B 06paT~ON C V 9 a e < ~ ~ > - a  , 
HBnPRXeHHOCTb UOm B U e H T F  CTaHeT 09eHb 6011b~108. K a n  IlpaBUiiO, 

B aTow cnyqae npoacxonur HeobpaTmoe paspgmesae Henunefieoro 
nuanen~pina, conpoaoxnameecn norepmu aHepruu usnyse~us. 
nonpo6aee 06 3TON - CM. B [I71 , [IB] . 

'%)'$f%. OEBBT (CN. , H2mpBNep, 0630~  [19] ) - - W 
(ur"2 G ( K - K ;  wK-uX,), (5.33) 'KK',ICK' - 4nOP7, up K ' ~  

rne 

5.3. lilccneqosarh ~ o q y n n ~ c ~ ~ . ~ ~  HeycroilvrnBocrh csera B Hem- 



H€'%HOM WaJIeRTPKe, K O B ~ U B ~ H T  IlPJlOMZeHBR B KOTOPOMh3aB#- 
CUT OT E Z  . B ~ C H B T ~  xaPaKTepHm7 w N e p  n xapaxlepHoe spew 
uo>umuns a ~ m ~ g m  nom, Haupmeme Naxcnuanneotl Heycrotisa- 
BOCTB. 

5.4. Mc~Jlei70BaTb NO~Jl8~0OHHylo HeyCTO~¶EBOCTb CUP3HOBHX BOnH 
B @eppomanexr~~e. C y r a ~ b  T,,,,,=T<O , saxon wcnepcun 

KL w F = ~ o + a ~ 2 + ~ ,  7 ( ~ l ' , = ~ m , K y  ) , OCh Z 

HapaBlreHa 00 H~arHU¶eHHOCTLi M, Pa~~NoTpelb CXg¶a0 KO 11 M 
R K o I M  . 

5 . 5 ~ ~  nCCZeR0BaTh M04YJMU110HHgIO HeYETOil¶BBOCTb PPaBMTBqlnOfl- 
RFIX BOZH Ha Bone. ~ ~ R O H  mcnepCm ax=@ (cn. mopvyny (1.22) 1. 

5.6. Paccuo~pers B ~ H ~ U H O N  nplldn~menu~ mmpaxqmrn csera Ra 
0OllgllilOCKOCThl. 

P e m e n a e .  
3mmeu (5.17) B 5esNepin nepetdeaam K, x - x, K, z - z ; 

a o 2ia ,+a, ,  =0, a =- ao 
x ax 7 az=?i. 

I 'paa~lsa~e y ccama a fx., 0) =ao I,B (-x I . m e  81x1=1 
n p x 7 0 m  B(xJ=O n p  x L 0 . XaK ypaBneme. T ~ F E  

r w s a n r e  ycnoms O H B ~ ~ ~ H T H H  oTnocnrenano Naclurad~oro npeobpa- 
S O B ~ R  z '=;1 x, 21-2 2 2  u , cnenoaazensno, a lx,z) B netlcmdTenti 
EOCTB 3aBBC0T OF OpROB - n a B ~ ~ ~ O n e ~ b ~ O t l "  UePMeHHOfi k = x / f i  
Jim 4 (~)=a(x , zJ  nonvaeu ypaseeme $heE=iE qg . peuleme 
xoroporo c HWN r p m n n m  ycnomeu meeT BBA 



3lreCb NH nPOlrO.IWMN 03JYeHMB YeTklpXBOJIROBHX lIPODeCCOB. 
OaHaKO bgneN CYBTaTb, YTO B -IIPOCTmCLHCTBe B03bgXneH 
mpomii naKer Bonn. Tmm cn~yaunn Ecrpesaercn n p  ~ 0 3 b g x n e ~ ~ n  
Xt?HlWDpOBCKi4X BOJH B Ma3NB UYYKOM 3ll€'RTPOHOB M J I U  3neKTpOMaP 
m r ~ m  nonenr, npu ~oa6ynxe~rnu cneaoaklx Bonn B @pporrarHeTmax 
CBq-~aFfmTfluN noneu 0 B nenolv p n e  a p y r ~ x  cnysaeB. IIpu a r o ~  
Moxer o ~ a 3 a r x ~  rau, YTO m r n ~ ~ m  B O ~ A  Manu u ox asan~one8cr- 
Wde H ('MOIKHO YYkITElBaTb W b  B IIBPBON UOpApKe TeOPk! B03MY- 

qea&E, p c c u a r p s m  a xasecrse HyneBoro n p 6 m a e a s ~  c~o6omoe 
BOllHOBOe none. 

6.1. C~arncrnsec~ne  ceoiicraa caodoq~oro BonaoBoro nom 

3 ~ e p r ~ s  rauoro nom ~=jh&l$;~e saencilr or i p s   om y,i . 
IIoncrawms 

b, - f t l  = lb , - lexp- i  [w,-t+q,ip,-) 
(6.1) 

a c~o6oqnoe ypaRneaue (2.11). nonysaeM +?=O , r.e. WH 
BDNI aaxowrcn B C O C T O H ~ M  6 e ~ p 3 ~ 1 ~ q a o r o  paBa0Becn.q n, cnenosa- 
TenbHO, OHM XapaKTep3yXJTCR m6m M W  B ~ ~ ~ N O ~ ~ C T B P ~ ~ N ,  HmP- 
Mep, NaJIJIWIn C J ~ Y Y ~ . ~ ~ H H N U  R~OqHOpOmOCTHN~. B3mNOneBCTBUeM BOnH 
c " ~ e ~ o c r a r o n r "  a T.U. T ~ M N  O ~ ~ ~ O I U ,  n p  omcame c~o6omoro 
n m  ecrecTaeHao npo~onimb ycpememe no ancm6w xao~nnecxnx 
ONI - YTO roxe cmoe - cnysmam @s. npn arou 

< a , - >  = O ,  <a,-a,-,> =0, 
(6.2) 

X <a,- a - ,  K > = n F  6G-?'I. 
Bce c p e w e  Heseraoro nopnma ~ H H  ~ y m ,  cpenane sera= 

n o m o B  pacnanmrcn aa npoa3senefmn napam c p m x .  HmpNep. 



* % 6(F-ii11';; =-2a;np6(F-?J+iS[~T <bK,b, bZbJ > 
6[F+1-2-31-T$,,2,<bKb, b ~ b , * > 6 ( ~ ' + 1 - ~ - 3 1 ] d l d 2 d 3 .  (6.4) 

B n e p s o u  n o w m e  r e o p n n  ~ o s n r y u e m s  n o m  bi B n p ~ o f i  Y a c T u  
Y p A e H U R  UOXEO CsaTaTb CBO6OlWlNU 0 BOCUO~b3OBaTbcR nPBUn0M 

(6.39 : 

 TO npn6nuxemer He y w r p e e  m n m e  ~ s a u ~ o u e h c ~ m ~  Ha 
ROPFIU1980HHUe XaPBRTepUCTBXB. RBmeTCR I I O  CYUeCTBY np6mze- 
meu c w o c o r n a c o s m s o r o  n o m .  Y p n e m e  (6.5) oTnnsaercn OT 

Y p a B H e H n R  EJU c e o 6 o n n o r o  nOllR B HeKOHCePBaTUBHOii Cpne rOJIbK0 

n e p e a o p r e p o B x o B  saqxanu~ 

-* B l'8lIBnhTOHOBCXUX Y W s e H U R X  7;, ,,=<6,2 0 ye?, =0. 
OARaK0,  C n0UOulbQ Y p a B H e H I B  (5.3) MOXHO OhrtCblBaTb BOllEit k4 B 

H e x o n c e p B a T a B R o h  cpne ,  npn aToM ~ , ~ , ~ ~ n p n o 6 p ~ a e ~  a n r u a p a r o ~ -  
c ~ g m  n o 6 a s ~ g .  O W H  ~ m o h  npMep M U  n o n y s n m  B pasnene 5.1, rne 
a m c n u m  Koa@@nueHTe T,,,,4 ~ s a e r u o n e f i c ~ m ~  B s r c o r t o s a c T o P  
Hbnr BOXH Yepe3 AI13ROYaCTOTHUe. E c ~  B (5.4) OCTaBYITb 3 a l Y X ~ e  

3 ~ a  @ o m y  na o n e c m a e T  n e H r h l m p o B c m e  B o m a ,  ~ 3 a u n r o n e P l c r ~ y  w e  
sepes a o a i i b d l  3 ~ g ~ ,  a n e K T p o u a r R n T H u e  BOAEN B i i e n u n e i i a o t d  n ! d a n e ~ ~ ~ ~ ~ -  
xe, B 3 a e r u o n e B c r B g w e  y e p 3  sayx. B p y r o Z l  saxnu5 n p u e p  - DTO 

n~nyaapo!%w~oe paccenme B o n n  Ha PBCTUU~X: p c c e n n n e  csma 
aa CBO6OnHKX a n e K T p o H a x  [20] . p c c e n n u e  n e n r n r D p o B c I a x  B O ~ H  
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1211 Ha aonax B ~ ~ s o ~ e p h l n s e c x o ~  nname. Taxwv o 6 p w a ,  ypasne- 
Hue (6.5, ormcmaer nocraTosso wpoxn* xpyr RBneHnB. B c n e w w  
qenr pa3qene N U  K ~ T X O  u3yYPIM cBo&TBa e ro  pemean8. 

6.3. C T ~ M  B u- nPOCTplHCTBe [ 221 . O T N ~ T R M  IIpeXRe BcerO, 
Y T O  n p ~  ypt,  - - -  nena~e i I~oe  cnaraevoe B (S.5) ormcmaer 
U O T O K  nacTMu B .? - npocTpaHcTBe c c o x p a ~ e ~ u e ~  s x  o6uero nucna. 
i l e f i c ~ ~ f i ~ e n b ~ o ,  aHTerpan no F OT a ~ o r o  cnaraeaoro pasen nynn 
B CRW aHTMCUMMeTPJll y;;, . 

Pacc~o~pnhl Tenepb cTauaosapnoe penerne 16.5) 

np, d ~ ' ]  =O. (6.9) 

Ha nepaldl ~ s r m n  xaaerca, PTO   TO ypasneme onpeqemer nK 
C 6011bn1BM npOL13EOllOM, B YaCTHOCTil,hlOXRO nOJl0XmTb M g  = O  B 

N060& YaCTB r- nPOCTPaHCTBa. 3TOT nPOB3BDn CHnMaeTCIl Tp60Ba- 
HMeM YCT0848BOCTLI CTaL1BOHaPHOrO PemeHBR (6.5) OTHOCMTenbRO 
~ 0 3 6 Y ~ l n e ~ 0 ~  BOJIH C TeUO Y , r e  k7p?,-=O.  TO TF6OBan0e BMeCTe 
c (6.9) naer: 

re ( i ? j = O ,  ecw n; # O ;  (6.10) 

& ( K ) < O ,  ecw n? = O ,  (6.11) 
Ecm 7;a - ~ ~ p o a n e n ~ o e  mpo, pemense n-cenrymp~o: n,- # 0 

X 
B TOqKaX, Ha JJBHnBX YIW IIOBePXHOCTRX B !? - IIpOCTpJICTBe, 060 
B BUPOIR4eHRON CWOlqae Upn w6OM FaCnpeileJIeHIlU f i ~  B I a  @Hxmrl 
& = S ~ ~ ~ , ~ , d f i n o c ~ a ~ o n ~ o  onpeaenen 0 gcnome + a;-)=o ~e 
MOXeT BMnOnHaTECR BO BCeM ;- IIpOCTpBCTBf?. P~CCMOT~UU &m 
OnpeneneHaocTn paccesme csera Ha ssyxe. I loncrams  (3.10) B 

(5.4) , nonysaa I 

Y ~ J I T U B ~ ,  s ~ o  wF=->RZz>r5,B 3 ~ 0 8  @omyne ~0x130 nepe8Ta 
x  am ~ a 3 m a e v o ~ y  @@@peHunanaHonry n p 6 m a e m o  

a 37' 7 ; z , = ~ ( c o s O o ~  6 0 ~ l - l K I I ) 7 ~ ~ ~ a = ~  
I K I I K ~ I  (6.13) 

VK ( C O S O C )  =qK ( ~ - C O S O C ) ~ ,  ~ K = 8 ~ A Z R 2 ~ 2 .  
E aTON npn6maeaes 

+ ~ ~ 7 w ( c ~ ~ a ) ~ Z n , , , ,  d 9 '  (6.14) 
- p - 5  Torna e cmsanx, xorna 7; =K-Y ( R I ,  nKs- f ( n ) ,  a 

~ ~ . C Y I M O C T ~  P (Q) onpenemeTca a s  y pxmeHn8 



-?(a + ~ K + I I J ' ~  ( C O S ~ ~  ( n ' l d n k  o (,,,, 

Ecm qfR)=const, TO f f R ) = c o n s t  . B pacnpnenewe Usorponeo. 
Ecm iRe y (521u~eer  p3m8 N ~ R C U N ~ M  (parr OnpeneneHeocrR WCTL 

y ( ~ )  = y ( c o s e ) ,  a ararrcenrysr n p  cosZ@=i),  TO 

f (cos28)  =f [6 ( f -GOSO)+  6 ( l + c 0 s  811. (6.18) 

I l o n c ~ a m n  (6.18) B (6.15) C YseTOM (6.13), IIOJIYsRbl 

-cp(cosocJ+ 2$7(a+l)  f I l + c o s 2 @ ~ ~ 0 ,  
r.e. f =cp ffl/47(a+f) . 3ro prnenile cgqecrByer, ecm y - 
nocraroseo ocrparr @ a w n ,  a uNenno 2 1 a p / d ~ o s Z @ l >  jp ( 7 ) .  

T ~ N  odpaso~.  N H  nonywm CunrpwpHoe peuesue, usewee 
PBgX cTVB B 2 -. IIPOCTpCTBe 

- K ~ - ~ [ G ( C O S B - ~ ) +  G ( c o s B + ~ ) ] ,  (6.1,) 

BeCNOTpe Ha TO, ¶TO 3aWXBRBe rF U RPQO $7~7;' nOCTaTOrlR0 
nnmao 3 a ~ n ~ r  or grnoB. 

Sonee nonpodeo cBo%crBa perneean y p ~ e e ~ l a  (6.5) o6cyxnea~1 
npuemTen&eo R a c ~ p 0 @ 3 8 s e c m ~  npo6ne~ahl B odsop  H.E.3en~no- 
m s a  [ 203 , upNenuTenmo H s a m e  o neHrMmpoBcRofi TymnenT- 
BOCTU usorepasecxon n n a s ~ a  B odsope [ I 9 1  u H onnob s a w e  
o mnaueiRe wcnenBocrn ~ n o n o r n s e c ~ o r o  Bans B padore [ 231 . 

B s m s e w e  sroro pasnena K ~ T H O  p c c ~ o r p v l ~  pnwcasurn 
pacupenenema n, R cramofiapeohly pemesaio. Iionaxe~ npenBapnTen& 
HO ,  TO gpameeae (6.5) u ~ e e r  B B T ~ ~ P ~ J I  maxesns C23, I 9 1  

H = S [ O ~ + Z Y ~ M ~ S R ~ ~ ~ ~ ~ , ~ ? ' ] ~ Z ~  (6.18) 
m e  R;,, - oneparop, 06parn~E TF;,, o ~ ~ o c n ~ e n a f i o  noToporo 
npynonaraercs,   TO 08 Be 0hleer Hgneti Ha Bcex QJHKUBRX 38 

mCmemeM UOCTORHBOb. B ~ T ~ ~ C W M  

B cany a ~ ~ u c a ~ ~ e r p i l a q ~ ; ,  a RF-, . Hamsae a f l r e r w a  pgulxesafl 
03HasaeT. TTO p?mCaUUfl HHsaXbHOPO paCIIp7?jXJleHBfl K CTa4ilOHaPHOMY 
He 6yner npoacxomrb, ecm aaqanssce s ~ a s e s a e  H ne cosnanaer 



co cTauuonapnm. B panham: @sasecmx c a c ~ e ~ a x  uoxeT npoucxo- 
n u ~ b  MennennaR penmcaqurr non ne8crsneM nononaa~enanbm 
cnaraemx, He ywennarx B ypBneaau (6.5). 3 a ~ e r u ~ .   TO ypazne- 
m e  (6.5) B COOTBeTCTBYWX IIepNeHHKX ~BlureTcs WflJIbTOHOBCReM 

C Fahl0nhTOmaHON (6.18). 

6.4. HelIU~etl~aR CTaqMfi tlap%eTpYeCKOtl HeyCTO8'40BOCTE Bonn 
n p  HepacnannoM cnexrpe C 241. ~ ~ O C T O T B  MH O F ~ I E P B N C ~  

cnysaeM, xorqa ~ o w o s x e  B e m o p  K; 0 T2 ~os6yxnarryrmxclr Bonn 
morn bonarue, seM BonnoBoa sexTop ji, ~cxoplion eoma (nneege- 
uoZl qanee Bonnoil "naxasm" urn ~ P O C T O  naxa?xoa). Ilonai-an c=O , 
ynpocrm " rahlanbTomaA ssamone8crsulr B o w  c naxasxotr" (2.13): 

rue Vz=$ 3-Pv-,- , dp- %.CTOTH nOJ.8 HaRa9RII. T ~ N  0 6 p 3 0 ~  
~ o w r o  Hanganrep, ~ o s 6 y m e m e  cmnosm:  ow B meppo- B 

;uiTu@pponrarneruKaxax CBY MarmTabmr noneu. B  TOY cnysae boyF= - 
=hV,- . h - mnm-ryqa Marnurnoro nonfi,fK=g (wpwarmrnoe  
oTnomewe lwur snex~pona). rahlansromam (6.19) onucblsaer Tmxe 
ao36yxnenue neHrhliopoBcmx ~ o n n  B a n a s ~ e  a n e ~ ~ p n s e c m u  noneM. 
~036yxneme B O ~  Ha noBepxnocTu ~ Z L K O C T I I  c nohloqbio ~116pq00 a T.X. 

lIp s s y s e m ~  HenBnetiHoB crania uapanrerpsecxoh neycroBsa- 
BOCTB 6 y q e ~  BCXOqI lTh  83 I'ahlBnhTORBLUla 

1 H = S W - ~ - ~ - ~ Z + H ~ + H ~ , ~ ,  K K K  (6.20) 
r e  Up - ~ s m ~ o n e i l c ~ ~ a e  c nmasxotl (6.19). B aepaonamw 
cnexrpe, xorqa TpexBonnonae npoqecc~ sanpeqena H ; , ~  = H  ' 4 )  . 

Ypannemfi paulxemfi: 
Y - .  6 , - + 1 7 z + i ~ r ) b r + i b o ~ r b i i  - - b S ~ ~ , , ~ ~ b : b , b , x  (6.21) 

x 6(K; IC; -F2-K; )dqdF2dK; .  
Ecm I v r  bb, I n p ~ s r c ~ l ~  nexpMenT aa-ryxamfi B O ~  7;. 

B O ~ H M K ~ ~ T  nap%erp!secxaR ~eycTo5i4nBocTh 0 ahlmTym A, , 



( c p m  c (4.10)); npll arou cYNua ma3 BMB ( q; ~ J P - ~  1. 
pax  TO cnemer 03 (6.21) . aanae~cn  mpxemeM 

lip nocrpoemm Hemeetlnotl Teopum ecrecraeHHo Ha nepxohl aTane 
orpaxulsarbcs nm~embhl no H &,,+ npa6mxemer~, r.e. npn6mxeme~ 
cauooornacosannoro nom. U o c ~ n a a  ~ a x x e ,  nam s B pa3qene (5.2) 
m n c m ~  rj,- a 6~ , pacqerrnrrn c p e w e  s e r s e p o r o  nopmxa 
sepe3 ~ c e ~ o s u o m n e  napme, ymrmaa, onaaxo. sro G~ + 0 : 

< bybrb,b,> =n,n2 [6(1-3)612-4)+6 (1-4)6(2-3)]+ 

+ ~ : 6 ; [ 6 1 ~ ; + ~ 1 6 ( i ? j + ~ ) ]  

< b,b,hb4> =e-2io~tfi ,62 [dll+3) 6(Z-)  + 

+ 611+4 )6 /2+~ ; ) ] +@,~~~ (1+2 )6 (3+4 ) ) .  
B peaynarale nonywnr 

hF = X 
2 n , - [ - r r + ~ m  [ ~ ~ b ~ ) ] ;  (6.26) 

W 2F = 2 6 ; [ - 6 ( ~ ~  - $ 1 - ~ ~ ] - 6  lnF+n-&7 P r ) .  

3r0 ypa.asaeaue o ~ m s a m r c ~  or w a e t h x  r m m o  C ~ ~ O C O ~ M C O B B H H O ~ ~  

nepe~opapo~xoi i  s a c ~ o r ~ w , - ~ ~  Hanasw Vr b, - P,- : 
X 

G,-- = wK^ + 2fTFT, nF, dFl 

Pz = VF b, + !S - - ,G~  d? 
K/( 

T-- = 7-- - (5.27) 
K K  1 K K t ,  t* , S;? = Tz--. 4-F' . 

8 Y.Y,  

M3 (6.26) cnemm cooTHniuenmn: 
3 

(z+47r)(nFnMT-16F12) =O, 



IIocnemse paseacrao osaasaer,  TO ~ p . 3 ~  BonH B napx nonHocTm 
xoppennpoaam. Ycnomn (6.28) nosnomr Bsecrvl aosae nepeareHHare 
C- =C -K A , B X O T O P ~  n~ =~_;=lc~l:%=c,?. d arnx nepeuee- 

am mecro serupex ywnennn (6.26) ~UIR , n_?, ey n 6; 
meeM onHo Koannexckioe ypameme 

?; +[i (G,-- -%') 2 +7T]~T+i P~ C;=O. (6.29) 

E r o  u o w o  nonysnrb BapmpoBameM rmumbromana 

y w ~ e n n 8  (6.29) npRMeHnrenmo H cnvr~o~ner ~omasl B @ppwarHe- 
TnIfax n npmeneeo nonpodaoe cpiseeme reope c sIfcnepeuearou, 
ne~o~crpvrpyraqee KanecrseHHoe n B jmne cnysaeB IfonnsecrseHaoe 
COOTBeTCTBulE. 3necb NU F a C C M O T P N  TMMO MOEBXWYYB) CBTgaqMR) 



MaRceuanamiI EeartpeMeHT COOTBeTCTBYeT BON1ahl C 22,- =ap ; 
J,,;-f+l~l. B ~ m o ,  YTO rpe6osme ycroara~ocTa J,,,<o qaer 
I PIS 7 , mecre c (6.32) noqsaen JPI=y . Ehlec~e c (6.331 

3 ~ 0  oseasae~ c; #O Ha'emHcTseHaofi nosepxnocw 
2 UP ~ ; - = U , - + Z T S ( C ~ , I  d i i ' = ~ .  (6.35) 

Ypa~neme (6.29) npn aToM ynpouiaerca no mna 

06cym~ renepb ea Kasecrsennou yposae nexama~ orpaHmeana 
aumrgnu Bow npn napauerpseoKo8 ~egcroBsa~oc~i3, n p s o m i r  
K craqaosapnony cocroawn (6.35). (6.36) QM Ib,vl>~~onas aapacra- 
DT C UBRpNeHTON (Ib,VI-y) so TeX nOp nOKa NOXHO He YsBTDaTb 
nepenopluposzq e a ~ a s ~ i 3  (6.27). 3 ~ a  nepeaopapoexa npasomr K 

TONY.  TO a@pKrmBHm naxasKa I P r  I ynenmaerca OT I Vbo I GO 

7 T.e. no noporoBoro yposm u nmaeeWm8 p c r  BOJIB npexpaqa- 
eTca. IIpn arou rn acex Bonn, 3a acmsenne8j Tex, KoTopae 
pacnoxoxeaa Ha nosepxnocra (6.35). i3xnpeneHT J,- (6.34) 
orpqarenen a om "y~i3pmr". B pesynbrare " s m s a e ~ "  cenrympioe 
pacupenenenme - c,- # O  Ha pe30~anc~o8 nosepxnocTe (6.35). 
B sammeunm aroro p n e n a  a s y s a ~  ycTomasocTa peniema (6.36) 
oTHOC0TenbHO kT3UeHetZ3 aNWTyW i3 ~036YiK~eilHMX BOIIH. 

aTOrO gnO6HO 3aIUlCaTh (6.29) B IIepeNeHHbIX n r ,  vc, CF = 
=&exp(-i-ip,/'Zj. B naurehc cny sae Ka nosepxnocru (6.35)n,- =n , y?=y 
El PIHTefmbHOtl aNMBTyW N U @3X nOIQ'YBE4 



O~cmXa nn8 GN=N-No n 61p =?-Po 
~ = l b , ~ l ~ , , c o s r , ~ ~ 6 ~ ,  5 $ = - I ~ , v  1 s i n ~ ~ f i ~ + ( 2 ~ + ~ ) ~ , 6 ~  2 a t  

n o n a r a ~  6N, 6rp4 exp  (-i ~ t )  , noxysnhl 

R = - i a . ' . v s 2 .  (6.38) 

Ecm S [ Z T + S ) < O ,  TO cTanuoHapnoe cooronme (6.36) HeycToil- 
YMBO (060 in? R > 0). ii ?TOM cxysae ypaBnewe (6.29) ~Oodae 
He ohleer ycronsnsm c ~ a q n o a a p ~ m  pememn n,   an nona3ma.e~ 
sscneHaoe pemenoe aTnx y p e e m a  [ 241, ~ ( t ) ~ o n e d n e ~ c n  c 
sacToTon n o p R n x a V m .  B o d p a ~ w o ~  cnysae pelnewe (6.36) 
gCTOB¶0BO 0 N(t )  pJI~CMpyeT K HeNy. 3 ~ a  P J l a K C W R  HOCMT 

x a p m e p  s a ~ y x w x  xonedanail c sacToroii R (6.33). Eonee 
nonpod~o 3TOT BOnpOC paCCNOTpeH B odsope [ 241 .  



oTclona n p  ~ a m x  ae 
g- = p  - 

P a 2, ~~ 
6.3.* B npbmxetlau cslracornaoosannoro nom p c c ~ o r p e ~ b  

~ B ~ J I E U U ~ ,  y 3 ~ 0 r o  naxera Bone npn naxmerplsecxoN aos6yxne~nn n 
YanOB R ~ ~ K ~ ~ T R Y ~ O C T U .  

Yxaaanue. Ypa~nenue (6.29) sanucarh B nepeueennnr "slrmryna- 
w s a "  u nonyrysnrh a s l r ~ ~ y r o e  anTerpo~ulQqepenmanhHoe y p ~ n e a i l e  
na m m r y n y .  npene6peras d$ ld t  . Pemewle arux ypaBneauil 
ncsam B asPouonenhHoM Bane n ( ~ , t ) - A  ( t ~ f i e x ~ - [ ~ - ~ ~ l t l ] ~ / d ' f t ~ .  
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