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THE UNIFORM SHORT-WAVE ASYMPTOTICS OF SCALAR AND 

ELECTROMAGNETIC FIELDS BASED ON ONE-DIMENSIONAL 

STANDARD FUNCTIONS 

In this paper there are proved the statements with the 

help of which the uniform short-wave aeymptot i c solutione 

of the Helmholtz and Maxwell equatione are conetructed. These 

asymptotics are valid on the caustics and turn i nto geometro­

optical ones far from it. 
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I. cJ?opMJ' JIBPOBI\a. OCHOBHI:IX y TBeplK,ll;einrli 

B OTJIH'llie OT reoMeTpOOR.TH'IeCKHX p a 3JIOJKeHID1, co.n:epJKalJU1X rrpo­

H3Be.n;emm reoMe'l'POOIITH'Ie CKIDC aMIIJIHTY.IJ: Ha 3KCIIOHeHThl, apryMeH­

T':l lWTOpblX rrpe.n;cTa.BJIRlOT co6oti 3:l1:KOHaJll:l Jiy'IeH , pa.BHOMepHH'e 

:i<~ m.filTOTH'IeCRHe pa3JIOJK€H.IDI ROHCTpyHpylOTCH ( CM, [I] ) B BH.n;e J<OM­

~HHa:J;ID1 HeKOTOPH'X 3Ta.Jl0HHH'X cpyHKuffii TaKJIJ:M o 6pa30M , 'IT06hl ITOJie 

B)J,D.llli OT 06JI8CTeli CXO.IJ:HMOCTH Jiy'I8ll lt!MeJio Jiy'IeByIO CTPYKTypy, 

COBna,n:aroozyIO c reoMeTpOOIITH'IeCKOM HJllt! .n:mppamuwmroli, li OCTaBa­

JIOC:b 611 KoHe'IHh!M B y.ruisaH!llix 06JiacT11x. BrrepB1,rn TaRaH KOHCTPYK­

Ul'!H 6h!JW rrpe.n;JIOJKeHa B pa6oTax [2,3] , r.n:e CTpOHJiaCii paBHOMep­

HaJI aCHMIITOTHKa B o6JiaCTH KayCTl1KH, He HMe[(lJ1e:l1: oco6eRHOCTeH H 

co.n:epJKameif o.n;Hy BeTBii. B aToM cJiy'Iae B Ka'IeCTBe aTaJIOHHI:IX 11c­

IIOJIIi30Ba.JIHCii <I>YHRUl'!H 3iip.11. B pa6oTe (4] IIOCTpOeRHe ocymecTBJm-

JIOC:b B CJiy'Iae Kaycnrn c . .IJ:BYMfl BeTB.fIMH, li B Ka'IeCTBe 3Ta.JIORHH'X 

6paJIHC]) WHKUHH rrapa6o.JIH'IecKoro I.WJIHR.n;Pa: Ul'!Jllt!H.Il:PH'IecKM CHM-

1\~eTp:;m ommhlBa.JiaCJ) c rrmnom])IO cpyHKUHH Eecce.JIH [5-5]; ciflepH'Iec­

Ka.fI - c ITOMOm])IO rrpHCOe.n;HHeHHh!X ITOJIHHOMOB JieJKaH.D:Pa li C<pepli'I8C­

runc <iJYHI<uffii EecceJIR (9] ; rroJIR, 06Jia.n;a10UU1e CHMMeTpHeii Tpexoc­

Horo aJIJlli!IcOH.n;a - WHRUHHMH Jla.Me [IO] ·H T • .n;. 06mHM BO Bcex rre-
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I 

yc~oBIDi opTOrOHfl.JThHOCTH 

v\ v~n= 0 npu e =F n. (I.IO) 

IlpHBe;qe.HH!le YTBeplK,!l;e.HIDI cnpa.IJe;q~l:l JJ.JJR TpeXMepH!:lx ( s = 3), 

;qByxMepH!:lX ( s = 2) )/[ O;qHOMepH!:lX (S = I) CJIY'!aeB, npH'leM ;qJ1Jf 

;qByxMepH!:lx )/[ 0,:qHOMepH!:lX 3a,na'l, COOTBeTCTBeHHO, ;qBe )/[~ O;qliy H3 

HCXO;qlih!X !PYHRI¢!: fe ( ~e) c~e;qyeT no.naraT.:O TOlK,!l;eCTBeHHO paBHOtt 

e~e. ,Um! coxpaHe.HIDI 001.QHOCTH 6y;qeM Il0~:030BaT:OCH HH;qeKCOM 

s , npHHl'IMaKIUHM aHa'!eHHH I, 2 ~ 3. 

1IHc~o N , BXO,Wnl1ee B yTBeplK,!l;eHHe 2, onpe;qeJ1JfeTM H3 c~e;qyIO­

li!IDC npOCT!:lX paccylR,ll;eHHl!:. IlycT:O B HeKOTOpOM c~aeMOM cyMMI:l THna 

(1.4) HJrn: (I.5) ID1JeeTcH m HH;qeKcoB Le ., .npIDmMa!OlllHX 3Ha'!e­

IDm 0 ( ocTaJI:&Hl:le s-m HH;qeKcoB npHHHMa!OT Tor;qa 3Ha'leHHe I) • 

Ko~'!eCTBO c~araeMI:lX B cyMMe pa.BRO ~CJIY co'leTaHHJ!: m H3 s: 
m s! 

Cs = (s-m)! m! 

CYMMe pa.BRO cyMMe 

• To~a MaKCHMa.m:.Hoe KOJ!WieCTBO MaraeMHX B 

no BCeM B03MOJKHHM rn 

9 

N=L_ s! s 
(s- m)! m! = 2 , (I.II) 

m:O 

Ta.KHM o6paaoM, JJ.JJR O,I(HOMepH!:lX aa,na 'l HMeeM N = 2, ;qByxMepHl:lx -

N =4 (cM.Hanp. , [2- 4]) H JJ.JJR TpeXMepHHX 3a,u;a'l N= 8((6-IO]) . 

3 Bl:lpQJK,I{eHHOM CJIY'lae O;qHOMepHOil 3a;qa~. O'leBH,ItHO , MOryT IlOJIYtra.­

r:ocH Jllilll:O ~OCKl'!e B~. 

noKa3aT6JThCTBO yTBepJK,IJ;eHHJ!: I H 2 HOCHT MHOr03TanHIDI: xapa.KTep 

H co~eplKHT B ceoe ;qOKa3aTe.JThCTBO ;qOilOJIHHT6JThHl:lX YTBepJK,IJ;eHHJ!:. 

UeJ1I> Bcex 9TKX ~OKa3aTe~:ocTB - noKa3aT:o , '!TO: 

6 

a) KOHCTPYKIJ;HH (I.4) H (I.5) a cHMrrTOTH'!ecKH y;qoBJieTBOPH!OT 

ypa.BH6HIDIM re~:&MrO.JThIJ,8. H Ma.KcBeJlJia, COOTB6TCTB8HHO; 

6) aMIIJIHTy~e ®'HR~, Bxo.i:vruurn B pas~oJKeHHH (I.4) H (I.5) 

- cyT:o HeKOTOpl:le ~eilH!:le KOM6HHa.L(ID'I reoMeTpOOilTH'l6CKHX aM~­

TY~ (CM. (I.7) )/[ (I.8)), npH'l6M TaKHe, 'ITO OCTa~TCH KOH6'llillMH 

Ha Ka.YCTH1IeCKHX IlOBepxHOCTHX, r;qe COOTB6TCTBYIOl!lH6 reoMeTpoonTH~ 

'l8CKHe aMIIJIHTY~ pacxo~TC~. 

3TH ;qOKB.3aTe~:OCTBa no CYTH npoBe;qeH!:l JJ.JJR KalK,!l;Oro KOHRpeTHO-

ro CJIY<ra.H B nepe~Me.HH!lx pa.6oTax. 3~ecI:. lite Ml:l ~a.u;HM o6uzy~ Me-

TO.n;HKy IlOCTpoeHHJI pa.BHOMepH!:lX aCHMilTOTH'l6CKHX pa.3~0JKeHIDi, HH 

KOHM o6pa.30M He KOHRpeTH3HpyH sa.na'lJ, OCHOB!:lBaJICI:. Ha YpallHeHIDDC 

re.JThMrO.JThIJ,8. H Ma.KCBeMa, 3anHCaHH!:lX B CaMmti o6meM BH;qe, H Ha 

CBOitCTBaX ~eoaeBCKKX (EKE) aCHMIITOTHK {flyHKI¢!:, y;qoBJieTBOPHf<lllKX 

~qxpepe~Hl:lM ypa.BHeHHHM BTOporo IlOPH~-

. 2. neoaeBCKM (EKE) acHMIITOTHKa 9TaJIOHHl:lX !l>YHR~ 

PaccMoTpHM o61iKHOBeHHoe ~qxpepeHUHaJI:&Hoe ypa.BHeHHe BToporo 

no~ c K03<I$1~eHTaMH ti. ( ~) H ~( ~) B BH;qe r~a,u;KHX <flyHRI.Uill 

d'lf(f) +'c1.. (~) 
d~? 

df(~) -t Kzj3(~)f(~)::O, (2 . I ) 

JpR IlOCTpoeHHH acHMIITOTKK" 3THX <flyHKI.Uill' Ha30B6M HX 9TaJIOHH!:lMH 

JJ.JJR 6o.1lburn:x. K 6y~eM Me~OBaT:O MeTo;qy' )/[3~0llt6HHOMY ' m:i rrpm~ep, 

B (II) • Ey~eM HCKB.T:O pemeHHe (2.I) B BH;qe 

f(~)=eiKS(~) (2 . 2) 

? 



IIo,ncTaBHB (2.2) B (2.I)' npHXO~ K ypa.BHemno 

( 
dS )2 1 [ d

2 
S c:lS 1 ~ -¥(~)+Ti< d~2 +OC:(~) ~ =O. (2.3) 

Jpe.llCTS.IIHM WHKUIDO S ( ~) B BH,ne ,neclaeBcKoro pa3JIOJKemm no ocl­

;liTHUM CTerreH.ilM i.K : 

S ( ~) = _L Sn(~) 
( iK)" 

Tor.na ypa.BHemrn (2.3) npno,nHTCR K BH.nY 

( 
clSo ,i _ B(~) J_ [ d

2
So +o((\,-) d5o 2 d.So d.51 ] 

Q~ f J- 5 t- lK d~ 2 ~ d~ + d~ d~ t-

.+-1-[d.
2

51 +ol(~)d.51 +d51 +2dSe c:lSo]+ ... ::0. 
· (i.K)2 d'f2 S d~ d~ d~ d~ 

i1a(2.5)B HyJieBOM npHclJIIDKeffi'lli HMeeM 

dSo = ! j J3(~» ' 
d~ 

So=- :t rJ~t~)·d~ · 

( 2 .6)crrpa.Be,UJIHBO B npe,nrrOJIOlKeHHH 

l( dS_\21 lf(d2
S d.5)1 ~j ~ lK d.~ 2 + c<'.n) d~ 1 

T.e. 

_1 I c1.
2
s /( ds _\z. + ~<~> (« 1 . 

t< d~2 d~ ) dS/d~ 

t 

(2.4) 

(2.5) 

(2.6) 

(2 . 7 ) 

.c;CJIH dS + C77"' ( 
d.~ =:: --J~(.~) ' TO 2.7) aarnnneTCH B BY-,ne 

1 I ~·(~) I 1 I ol(~) I ; 
""K .~"'12(~) + t< ~Yz<n « · 

(2.7a) 

A.Jlli 

I ~l( t} ~0) I« K)Ji(})°' /ot.(t) I« K Jp< ~>'. (2.76) 

y CJIOBHe \ 2. ?a) 03Ha '!aeT' '!TO QJYHKW!H J( f) ,UOJllKHa clhlT:b .nocTa­

TO'!HO Me,nJieHHo M8H.ill00le}ic.ff' a cliYHKUHJ'f o( ( t) - orpaHH'feHHOM CBep­

xy. lipH .nan.bHefaill1X Bh!Bo,nax COOTHOl!l8IlliH ( 2. 7a, cl) dy.nyT IT0.1IJ)8.3Y-

MeBaTbCH • 

.llaJiee, B rrepBOM npH6JIIDKemm: H3 (2.5) HMeeM 

ct? So ol(~) cl.So 2 d.So( ~) d.51 ( ~) = O 
df2 -t 5" d~ + d~ d~ (2.8) 

OTKy,na, c y'!eTOM (2.6) 

5 1 (~)=-en~.13(~}°- ~ ~c:<ct)cl~+conet. 
(2.9) 

OrpamrnraaJicI:i 3THM npK6Jml!teH:KeM, .It1IR WYHKUHH f ( ~) IlOJJyliaeM 

CJie.nyl!lllee aCHMIITOTl!'IeCKOe BHPB.!t8Illie 

t t 
f(t)=- /3-Y.(~)[C,exp(i.K [ Jpnfd~) + C2 e><p(-i.K J Jp(~)0d~)]exp(-t r(~)d~)" 

- 1 f 
(2.IO) 

. -Yz l! 1} 
.. [Jp(~)°~(~)) [c,exp(iK Jpc~)'dj) + C2exp{-i.K Jpc~)d~)J. 

J . ' 

~ 



r·rw B(~) > 0 ., 
I:·" J" ~ ' i.I. 

f 
f(f) = [ ~~U)f112 c: exp(-K f JjJWf d~) 

~ 

\ .. . J l ) 

n p;: ~l ~) < 0 • U•-reBl!.llill. "'J'O B •roc;i<e ~ = Y .. : j3( ~) ,, , 

B:'.t: cr•OTi!OJUe!IB.'t, BJ·.Jlll~JW.lllr ;c p:urnc , I'l·mH1r. ·, • . , • .- P ·i:i-

,,,..;, ::nr \:~: . J:O) !! \;'..JJJ, 

"~ . t.1) O'i\~.v· ... 1cr:.·J ·1_-:':1 ~.:,-~i~ , c·_~o·_l'nr·:1 c·~·p,\' ~~;11":· ~ 1.d .).: ~h( _~1.on~11-

I·. (:~ . JL:) . ~-;TOT lJ,1•;;1 1..r::.i,:(~i; 1:~~ ·:p/ (~\.)C.('):_.1~:~(. 1 11H 1
1 · 1 ~;U -}~:;.n:;;u-re 

~ :.- I 1 J ~O u:1-'··. 1:1111P:i GJI81,:H~~.u. 11.·1~.i_ ' u.:.:t.1 11J ~-Li D:" .~:J.ift ~J ,,l! \r : 1 :rc~c-

· · .,, ~MJl-" , G. J) . ~:\a; 1 : :: .. ~ll . lt:( , -r ,_J 1_; 1JJ\rr t~I ~ • i_ \. I • iL) 

'"''""' \,, l:: ')()"'£>"' , ...... ')''"') " .• ,.,,., ... . '("! · · · r o" • .... tv. !..' ~ > 
5 

Ci... ... t 1'L .. t.:. t~ ~· l 1- .. _, · ,.' .l:~ - ~II J ·,_1 , ; ;1 • 1 •· .• \ · t:. • d -

-.. •""b '"" l: < !:, () '!'' ....... , . . '() . ; ';. ~ .... , .., s - ,.), -.l; l .• \ ..•.. ' • ·~t ., • 

,li"1 iU~liHJ:.1 (~ . _._1 ) T.~:L,: :.:;i 1·· , t · ~; . 1 r- ~. : 1. .N ~) E mir,,~ 

._.r,!,:..1 _ 1:.~ ::: OJ·~p~··t~'l' ~i. 1..-1i'· .i ~· u·~··.: ~ == ~ \, ,. . ,_ ... ,,, 1,u. Jh r) 
;~u .. r;;,m1 (;J.l'l'h OC('J,l)JiC'illO )1\1.:_J.Jllf'8H!.J'.l'YP.f.'J u ii ' ~ "' ~ ;i <Jl'p:l-

llC;JB -i .·:' .1',t ·.t~ 'f.1Ch:1:ni :Y:'t..)l\J ~)d 

~(~ ) :: J3(f) + p'(~)(~-~)= - ~·( ~)(~ - ~) . 

.rO..;.'Jli.l \ .. . t.l)~·1;:~~ .-tJ·.t1 J;~if~ 

1 
H ~-~) = [Jlp'(f> < ~-~)f~<~)fvz c:exp(- K f JIJ3l~)(~-~)\d~). ,~ . 1:::) 

~ 

·~ · n,:.nerorn ~~::i.'f 1::•1 ,, .. , Ji'..Jfa~,:1c;11"'i :_1;-;::;:: :.1 f(~) ;,p;r nepexo:uc tie-

·t::;. 1m.yc ·1'5'-.Y , ~ I •"1 · • ,, •. C. • "I_·· •• .1· .- • • ir - . [ ] ~ , \(,1. . • . l~ .. . vd1..-'1•c.J , -·"U .J1.l ~yHKII.}JU 

:: 3 odJiac';·:; 1w.:;..; l ii'!C\;l{t)'.·i TCJi:l \ ~ < ¥ ; -:y:uy 'I' EC!ipepHBHO nepe-

xu,ll~Tb E or;.;1;1 Wb .,;yu:ev1·11on:-umr. .'!.)' ''t: .- ~ > ~ ) , cc.m 

J l ; 

. 31' 

C 
I - L-

1 = C1 e ,. 

L\J:'.i" 1 ;r;1H .n:ec!aencmn 

. lT 

Ci=c:e"'' 4 I C c, =2 

' i ;,;.::·) acm.mTO'l'll!K 11'.~'Hvr r.uii f( ~) , :: '~OP.Jf.U'r -

BOpHKJU11ix YIJ<lBHeHHro 1 :~ • • J , noJ1y-.n10't'C.ff CJ1e,eyrnme ooume r>.,::• .:-;0H1m 

} 

[ ]
-Vz r 5C 

f(t)= Jpt~)·~(~) Ccos(Kr/p(~) · d~- 4 ) . • L3) 

f 

B (J('.lclC'M cyute C'l'BOEaJ!iUI JIY'Ielf ' J.1 

. fl f 
, [ -72 r 

f(n=2 J/p<~>l'~n·)] cexp(-K 1 J1~<~)l
0

d~) ' : .• 111) 
l 

'l 00.:r:,:::':r 1w.ycn1<rncrW.'i Temr . 

BHpa·:.::.;,,ae \ :..: . 1~i) r .. 1oxeT 6IITh rrepernrcauo B OOJJee .)'Ji;O(: cu:.i ,n.,'L-1 

.I((Jj!hHCAL::: ![e,1eH 001/(Gi.' mr.ne, CO,JJ;8PiK8.lll8M Ti.iKlKe ne;,·B./ ~) r:i; .1:i3BO.IJ;­

HYIO npo113BOJl:OHuir ,11yHnw,ir fe ( ~e) , YJi:OBJ!eTBOPHIOli\e i:' JpaBH•.;i1;::0 

(l . 1) 

( iK )i e Le 
d fe (~e) _ 

d ~le 
e 

~ P. ie [ · Pe 1r )] L- (-1)e . exp d-1) (K'fe-4 
{Pe}=o.1 _ 

2 l Jl3eTfJ ~e ( ~e)] Yz -te \ ,...; • j ~) ; 

~2 

r·.ne "Pe,. [Jpe ( ~e) 'd ~e , L~ - npmm1.ae1• 3Jffl.'femrn 0 H .:. • J:J 3Tvr 

8 ,-~:. · :.~ , '.~l'l'flT;\J':;' -i';yJ.;.-.,~l ' 'l fe( ~e) B · .L~''.7!hHC'.''r:e:,! C" n,c:' ;,·~·' ._-j;C,-' ·"-' 

!C;.:.l1J..!LI· :: OBH.i:irl . 

b '1'8X CJiy'iaHX , Kor.ua COOl'BCTC TBYIOlllaJI lta.ycnma He pe:..rn3ye·rc11 

u~f ( ~e) =/= 0) , B (fme acm,1rnO'i'l1.KH r]JYHlill.ID1 fe ( ~e) B8JIH 'il!H:y ~/4 

lI 



CJie,r.ryeT orrycTHTh. 3TO TBM 6oJiee IlOHRTHO, eCJIB y'IeCTh, 'ITO CI<a­

qoK B03ill1RaeT npH KaCa.Hlili Jiy'Ia K KaycTHKe. 

B '!aCTHOM CJiy'IaB c:/.. (~)= 0 H p(~)=const(p'(~) = 0) a0liMilTOTm<a 

:pymm;Irn f(~) B COOTBBTCTBlili c ypa.BHBIDl'.HMH (2.3) - (2.9) B JI!O-

t 
60M npH6JIIDKBHliH no tK COBrra,u.eT c TO'IHHM perneHHBM. Coxpamrn )J.J1J! 

06l!(HOCTH H3JIOlKBHlIB 3anlrnh aCliMilTOTliKli B BH,l.l;B ( 2. 15) H B 3TOM 

CJiy'Iae , CJie,r.ryeT 3aTeM BHBCTH .J3(n = const B IlOCTORHHY!O onpe.n:eJie­

HIDI cpymnum f( ~) . 

3 .noKasaTeJibcTBa ccpopMyJilipoBamrnx yTBeplK,l.l;emrn 

KaK ,l.l;JI.FI ypa.BHeHIDI reJThMrOJih!Ji3., TaK H ,l.l;JI.FI ypaBHemrn MaKCBeJI­

Jia ,n:OI<a.3aTeJihCTBO yTBeplK.D:emrn: I npoBO,n:liTC.A: nyTeM np.A:MOH rro,n:cTa­

HOPXH pa3JIOlKBHlii1 (1.4) H (I.5) COOTB8TCTB8HHO B ypaBH8.HJ.1iI (1.2) 

H \1.3). 

)l.oKasaTeJihCTBO yTBepJK,n:eiiIDi I .11 2 WJ.FI cKa.Jl.A:pHoro ypaBHemrn: 

l'eJibMrOJibl..(a. 3a.rrwueM cJie,r.ry IOO(lie 0'18BH,n:HHe TOJK.D:8CTBa, BblT8Kal<lUl-Ie 

'13 ypaBHe.HHH (I.l) H CBOMCTB <lJYHKUHH ~:e(~el : 

- aie . a i.e 
V' a~~t fe ne) .= {- lec:le ( ~e) a ~/e . fe qe) + 

(3.I) 

Zie ie 1e - • . . at-ie } 
+ K (-1) ,!01 ('~e) a~He fe\~e) 'i7 ~e 1 

- ie . t ie _.. 
V'~e l~e)-Leole,~e)~e l~e)"i7re= 0 · (3.2) 
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,UeiiCTBHe orrepaTopa ~ Ha (l.'l) c Y'I8TOM TOJK.D:8C'rB (:J.l) 

( 3. 2) rrpHBO,n:li'r J<: cJie.n:y 10meMy BhlpruKem:io: 

. al• ais 
°VU = .. f; { ~fl .. ·Le··· a~.·· f,(t,) · · · a~;s fs(~s) + 

l1 

5 . f a~• ;ole-f 
zie ie ·"1e· .. •e-z: [ ) v f. ( )-

+ f;;. K (-1) .A fe (~e) a~.·· Mr. ··· a~t=~· e-1 ~H , 3 .3) 

01-ie aie.-1 ais -

· a~1-le feUe)ar•e+f fe+1C~e+1) ... a~•s fs<~s)vlf'eJ}, 
r.n:e e e+t s 

<7 '+'e = J Pe( ~e)' V ~e · 
\ :1. ·i) 

IIo.n: cyMMOii B (3 .3) MOJKHo npmrnBecTu rrepecTaHOBJ<Y UH,i:LeKC0.1:>. BBe-

M ,n;a.nee oClo3Ha4eHIDI 

e t i 1- • • . .A E fl , ... e-P Lf1 lf+t ... 15 d . :') 

H 

B ... ir ... s v.ff"te ... +iKi:::_,Ae,..,i-i.en)OtH<ene)V'fe, (3 . 6) 
fc1 . re e 

3anHlll8M (3,4) B BH.IJ:e 

t7U = L B .. ·ir: ~:·c~,} .. ·~!sU6) 
... i,e ... (iK)11 +'·""~s 

OLtf,n,) 
a~1L1 
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aLsfs (~J 

a~~s 
\3 .7) 
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B~paJKeHHe (3.?) HMeeT cxo.wzy[() c (1.4) CTPYRTYPY. ~To o6~er'!a­

eT npHMeHeime onepa.Topa. "'7 BTopz~o. 8Ta onepa.u;IDI npnororT 

K c~e;ny1W1eMY BHpaJKeHH[() 

VU::~ r··i.r··· ~~\~.)··· ~!·(~s) ai.'f.(t,) 
'"'e··· (i.K)lt+ .. ·Hs d~fi.f 

r.n;e 

ai.sfs <ts) 
a~;s 

• • & f_ • t-2 l 
r"·Le··· = va···Lt .. • +i.K L_atprLene)~e f(~e)V't't 1 

t=1 

Be= ai.•···Lt-t1t-i.e,ie..1 .. ·i.s 

(3.8) 

(3.9) 

(3.IO) 

BOJJllO,JU,30Ba.Bl!IHCI:. (3.8)' 3aITHl!leM ypa.I>Hemrn re,JU,Ml'O~I:.IJ13. B Bll,Il;e 

... i.e··· i., is · · 
tt.U+ KaE(°t),..(i)U- L G ~. <~.) ... _ts (~5) a''ft(t,) ... al.sfs(~)_oP II) 

'"lt'" (i.K)kt· ... +Ls cJt~f ~- 1 • 
·f S5 

r.ne 

G· .. i.r-.. = {~.R ... t, ... + i.K t... ( (2P,i-\~e) ~;-z•r( ~e) v.Ae + 
• £=1 t 

+Pee v{?r!-\ le) ~e'-2\~e)) v't'e ~ l~l-\ ~e)'a°;-c:i.r( ~e)A 'fie]-

14. 

-K 2 [.A .. ·i.e· .. L(vlfle)1·+t t.i:lJ3!-i.h<~ .. >-
e-1 s=1 h•I 

Li f-li. . . (3.12) . t; s\ ~9) ~h hnh) i;-2·,n,)(vivh vlf',)-.R .... r ... E{i">p<:r>J}. 

B (3.12) BBe~eHo o6o3Ha~e.Eme 

.fl9h 
5 

.A~, ... i9-1,H·:1• i.~+t"'i,h-1,1-i.h,ih+l'"'Ls· 

YpaBHeHHe (3.11) y,n;oBJieTBOpReTCR, ec~ 
... i,e ... 

G =0 . 

(3.13~ 

(3.14) 

Ec~H TenepI:. no.n;cTaBHTI:. pa.~o~eHHe 
... i.e ... 

.fl no o6paTHHM cTene-

HRM iK B (3.14) H nplipa.BHRTI:. MHOJKliTe~ npli O,n;KliaROBWC CTene-

HRX i.K ' IlMY'lliM c~e;nymzy[() peRyppeHTHy[() CHCT8MY ypa.BHe~: 

A-A°~~~e ... ,.. t_ { 2 ~;-i.\ le)~ ;-i\ ~e) v .A~ V ~t + 
t•1 . . 

e ...... t-i.e 1-2•r - e t-i.e 1-2•r } 
+.Anv-(~2 neHe (~e>)v't'e+.A,.pe C~eH'r ne)6qie =o;C3.I5) 

fl = 0 . 
-1 ' 

.A·· ·it·"' t (v%)2+ t t {.A~hP,i·\~ )P,i-i.\~h). 
" e= t ~· 1 h2 1 9 a h 

~+h 

. t91-H'na) ~t2\~h) (vo/h v't's) }- .A·~·-~r ... e.(i>""<;z) = o. 
(3.16) 
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C:;i:c TeMa y paBHeliID1 ( 3 . 15) rrocJie,n:oBaTeJI:ono orrpe,n:eJl.fieT a~m.1J1ITY -

··· i., ... . .u;u .R " ( n = 0 , l , ••• ) , BXO,IJ.Rllll1e B (I. 4) H ( .l . 6) , B TO 

EpeM.fI r<ax ypaBHeHIDI (I. 16) orrpe,neJ!.ffiOT apryMeHTl:I qiymtu;Hfr ~e 

( e = l ,2 , ••. , 5 ) Ka.R QJYHKUlUi OT rrpoc Tp~lHCTB8Hl-UolX KOOp,n:miaT B 

pacct.ia Tp!ffiaeMoif Koop,n;HHa.THOM C!lfCTeMe . llatl,nem-rue H3 ( 3 . 15) peme­

m;:·1 Tlma (I. 4) , .neil:cTBHTeJlhHO , aCHM!lTOTH'J:eCRn y,n:OBJieTBOPR!OT 

:1p!1BHeH.1rn feJI:OMI'OJI:OU8. (1,2) , 'ITO Tpe6yeTC.fI ,n:Jl.fl ,n:OIC33!J'r8Jl:OCTB1 

yTBep>K,UeHIDI 1. 
O.rom.Ko BMecTO Toro , '!T061I I\8.J.t,IIh!M pa.3 pewaT:o peKyppeHTHYiO 

Cltl.CTeMY ypaBHeHIDI, CBe.nervl onpe,n:eJieHHe UM11JlHTY.ll:lllIX !If rwop.n:i.nraT­

HIIX (ilyHKuIDI K peweHliiO reoMeTpOOITTltl.'IeCKltl.X ypaBHemril ncpeHoca .11 

3HROHaJIOB . Ta.Koe paccMoTpeHHe rro3BOJU1'r TaKJKe .norm3aT:o paBHOMep-

··• i.e ... 
ltOCTb aMITJIHTY.n .A" B OKpecTHOCTH Ka.YC'l'lm. 3TO .fIB.'IJieTC.f1 

co~epJKa.HHeM ,noKa.3aTeJibCTB3. yTBepJK,nemm 2. 

CoBeplll.HM Ha.II: cncTeMoi1 (3 . 16) JIHHOilHh!e rrpeo6pa30Ba.HIDf u npn-

Be.neM ee K 3KBlffiaJieHTHOMY BH,ny, He c o.n:epJKallleMY B .R:BHOM Bl1,ne 

a.MITJIHTY,n:Hl:Ie ifu'HI<I..\IDI .fl ~ie··· • C noti ueJII:iiO pas,n:eJrnM npa.BY!O :a Jie-
l, P, + ... +ls Ps 

By!O qacTH ypaBHeHIDl: Ha (1.9), YMHOl!UU.J me Ha (-1) (p, = 
= 0,1 ; e = 1,2, • •• ,.S) H npocyMMHpyeM 110 BCeM HH,neKCa.M L1 -· -Ls = 

= 0,1 . B pesyJihTaTe noJiy'!HM 
s . · ···i.e·" 

- 2 ,,p,+ ... + LsPs .An + 
L.(vlfle ) ~ <- 1) ~ ... c, .. . 
t•1 ••• Lt •" 

s s (- l)i,p,+ ... + i.sPa fl~h (V°'+'s ~'+'h) 
+ L L L 'X t, ... ~3- f , 1- •s . i9+, ... i.h-i, 1-ih , i h+1·" is 

9: 1 hs1 ... le"' 
S*11 

-e.(f:)p(i) ~ (-1)i,p, + ... + i.sPs .A ~·ie ··· _ 
.... , ... X .. . Lt ... - 0 . 
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(3 .17) 

B (3.17) CYMMHPOBa.HHe ITPOH3BO,n:HTC.f1 no BCeM 3Ha'!eHID1M HH,neK-

COB i.1 • •• i. 5 • lvloJKHo nosTOM'J noMeH.R:Th nop.R:,n:OK cyMMHpoBa.HIDI BO 

BTOPOM CJiaraeMOM JieBott '!aCTli no HH,IJ;eKCa.M is n i.n , T. e . 33.Me­

ImTh 1- i.~ Ha i.~ H 1- i.., Ha i. .. (~ + h) • Tor,n;a IlOJIY'IHM ypaBHe­

HHe 

s s ·s P. +P. ... ~·· · 
M .. ·Pc{2=cv'Pe)2+ L_ L(-t)s "(v't'3v\f'h)}-eC:i)f'(7:)Mn =O, c

3 
rn) 

n t•I 9=1 h=I • 
3'fh 

B KOTOpOM Terreph qinr y pHpy!OT 3.MllJlliTY.n:H 

II 

M 
... p,.. . ~ 'E. iePe .R ... tr·- · 
n : L,.- (- f ) f=I I\ 

... ,,... X ... Le·· · (3.19) 

... ie ... 
KaK JIHHettHHe KOM6:ruJa.Wm 3.MllJIHTy,n; .Rn (I.6). :&:Jlli aMITJIHTy,n;l:l 

M~pe... He pa.BHl:l TOJKJJ:eCTBeHHO HYJirO, li3 (3.18) cJie.n;yeT YPaBHe­

.ime 

-y2 - -o ... p, ... = E('t)f'('t) 1 (3.20) 

r.ne 
} 

- s Pe- -o ... p .... = 2:. (-1) v 't'e = v 'fJ ... !\··· J 
• . e:1 

~ .. p, ... = t<-tte [.J.f3e(~e)'d~e +Ce. 
Cc1 ) 

(3.21) 

B (3.21) Ce - KOHCTa.HTa HHTerpHpoBa.HRR:. 0Ha Mo~eT 61IT:b onpe.IJ:e­

JieHa .li3 .IJ:e6aeBCKIDC aCliMUTOTHK iIJyHK~ fe( ~t) (cM.pas,n:eJI 2). 
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J.13 (3.20) 11 (3.21) CJie,cy!OT TOJK,neCTBa. 

( 
- llJ ?. - LU ? 
V TP,·· · Pe-11 Pe,Pe+1·" Ps) "'(V•p, ... Pe-111-Pe1Pe~1 .. ·Ps) 1 

( -w . 1. - z 
\ V f p,. .. Pe-11Pe 1 Pt+J ... Pf-fJ Pf' 'f+ 1 ... P5) "' ( V lf/p, .. ·f\-111-Pe, Pe+f "'Pt-fl 1-Pf, Pf+1 "'Ps). 

B!l'lliTM ::.TH ToJK,necTna .upyr H3 .rwyra, noJiy'!aeM 

'Vse ?~f "' 0 ecJIB f + e. (I.ID) 

Trurnr.•J oopa30M, !13 ypa.BHCHIDI (3.20)' (3.2I) c HeOOXO.Il;tiMOCT:oro 

CJie,cyeT ycJIOBHe opTOl'OHSJ!bllOCTH (I. IO) .JJ;JJ.II KOOp,n;HHaTH!lX cpyHK­

UHf.i ~e . C ~1pyroiii c'ropom•, TaK Ra.K .PemaroTcrr ypaBHeHHR pa.cnpoc­

Tpa.Hemm BOJIH B peaJibH81;' Tpexi.1epHOM npOCTpa.HCTBe' TO KOOp,I(IIBa­

'!'ll ~e RBJIJIIO'l'CR pea.Jibl!W.11! ·~YHi\ll;l1RM1'1 OT TpexMepHl:lX npocTapHCTBeH­

HblX ICOOp,!1,lUfil T . i3 ·raiw;,j C.'J.)' qae Bl:HIOJIHelllie y-cJIOBHII (I. IO) B03MOJK­

HO np:1 s ~ 3, T.e. 1wm:•tecTBO ilJYHKmIB fe ( ~e) He .JJ;OJIJKHO Ol:JTL 

CioJII>me MepHOCTH 11poc ·i'pc.t11cTBa. 

C y l!eToM (I. IO) ypa.:sHeHHJI ( 3. 20 ) - cyTI:. ypaBHeHHJI ai1KoHa.JIOB. 

J:l ::J'l'l{X: y pa:airemmx . H8H3B8CTH!lMH f!BJJ.II[QTCR KOOp.~rnaTHlle cpyHKUIDI 

~e . , ;aMo Re ypa.:snerrne (3.20) ycTaHa.BJl.HBa.eT CBJI3b MelK,IJY HHMH 

I{ To;: !l;'OCTpa.HCTBeHHoH Cl'1CT8MOii KOOp.J:UrnaT, B KOTOpoli 3a.ImCIIBa-

eT Ch B i\al?..UOM KOHKpe':'JIO .. i CJiy'!:J.e ::no ypa.:sHeHHe. 

i iorm.meM o:>erreph, 'i'ro a 1.1IlJIH'i'Y .IU:I M·~f'e··· .fIBJIRroTcrr reoMeTpoonTH-

'!ecxn:.'l! aMilJIHTy,n;a.Mn H y,ll,OB.7leTBOPRlOT reoMeTpOOilTWieCKHM ypaBHeHH­

;{M nep caoca. OopaT11Mcrr K ypaBHeHnRM (3.15). Ilpeoopa3yeM cHatJ:a-
- .. . te ... 

11a Bi-1!\1."'.emrn :<LJIR V .An : 

rei 

. ...[ ... ·"le.. . . "·ie·.. .R ... ie·" . 
- "·Le··· -( t X ) "'Lt"'- .R n - ···Le•·• 
v:An = 'V .An 'l' '"le·" ::: x \? ·x .. .. r,... ... )("'le··· 'V x 

Pa3,JJ;8.lil1B 3aTeM JieByro H rrpanyro 'IaCTH CHCTeMI:J (3.15) Ha X"·Lr'"· , 
p, i, +-·· + Psi.s 

YMHOJKIIB Ha ( -1 ) H rrpocyMMHpOBa.B no BCeM 3Ha.'IeirnRM 

ID!.JJ;8ICCOB · · • Le·•· ,IlOJIY'IBM: 

. . "'Lr· r. (-j)i,p,+ ... +lsP5 Jl~· lr ... \ 
P,L, ..... +P,iLs llfln-t ~ - -( ~ . . . 

L\-1) -:::-r;::--2L_ vlfleV 4- x•1 .. ·l1,f-le,Le+1· .. Lsj + ... ie·- · X e t=1 "" t '" 

5 ( )i.,P,+ ... +isP6 0 f . 

2 "" ~ -I 'ln (- i.1-.. Le 1 f-i.e 7 ie+1 ... Ls) ..... 
+ ~ -~· 'X. L, ... Le-1, 1-ie, it+!'" LS v en x. v '+'e + 

.L-i.e 1-2i.e v 5 
(-f)i,p,+ ... +-iaPa .A~ . ( Vf'e~ <'.re)!~ (fc) Vlf'e + (3.22; 

+ E ~ A.i1 · .. i.r-1,l-it,i.e+1"·•s ~!-•e(~eHrf ZLe(~e) f=f ... Le··· e 

s (-1)i,P,•·· · +i.sP6 

+~~ · L 1 · · · 6'¥.e=O. L_ L_ "ti Lt""• p ... f. -LP-L1P ... .1 ••• L.,. 
e~1 ... L, ... 

Tmc RtlR 

-11 i, ... i.s 1 & [ ~( I 
'\i'LnX =2 L (-1)t vPel'se) ie<~)] -

M ~~e ( ~e) 1

¥e ( ~e) 'V fe 1 

1 . • 
2-Le l-2•e / 

V".l3e <~e) ~e ( ~e) - (-1)£ [ Jfe<hl ~e ( ~e)] v~ 1 

pt!-i.e\~e) ~tZLe<~e) - Jpe(~e)' ~eC~e) H 

To . t ;:imrnne.n;rr B CYMMa.X neperpyrum:ponKy cJiaraeMIDc, H3 ( 3. 22) no-

JI..Y lf!!r i : 
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2- -.. ... pt". ...pe··· - - ···Pe... ···Pe·" 
l! ... Pe·" 'ii" Mn +Mn V ~- .. Pe···+ !:in-1 + ~n "' 0 (3.23) 

3,nec:& 

1,···Pe·"= t_ [~ l!e(~e)J' MP, ... Pe-1>1-Pe,Pr+rPs [- _ z 
n e:1 Jpe<te)1 ~e(~e) · t ... Pe ... v'Pe-(-f)\v~)J~ 3 · 24 ) 

s ···le··· 
... pe ... _ -.;;-- -1 ~ iePe A.An 

':In -£__( ) ?e"· 
···Pe·" 

!:l_f = 0. 
(3.25) 

EcnH BHIIOJl.HJieTCR ycnoBHe opTOrOH8J.ll>HOCTH (I.IO) yTBepJRJJ:eHHR 2, 

KB8,lij)8THalI CK06Kfl B (3.24) o6pama.eTCR B HOn:&. Ta.KHM o6pa30M, B 
···P.··· 

opTOrOH3.Jl:bHOil: CHO Te Me KOOp,UHHaT 1" e = 0' H c y'le'rOM ( 3. 25) 

B HYnCBOM npH6.JrnJKeHHH ypaBHeHHe (3.23) 3aJill1IleTcR Ka.K 

- ···Pe·.. ···Pe"' --
2 ~ ... pe ... vMo + Mo 'Y t ... pe ... = 0 . (3.26) 

(3~26 ) 
... pe"' 

ecT:& reoMeTpOOIITHtrecKoe ypa.BHemrn nepeHoca, a M0 -

- reOMC1'pOOIITHtrecKHe aM~Ty,nH. ,ll.eHCTBHTeJ.ll>HO, IIO.D:CTaHOBKa. .ne-

6aeBCK.l:X acHMIITOTHK <PyHI<IJ;lffi fe ( 5e) B BH,ne (2.15) B pa3nOJKeHHe 

(1.4) llpHBO,JlHT nocne,nHee K reoMeTpOOIITHtJ:6CK.0My Bll.D:Y 

·"Pe·" . u = 2:. Mo exp(LK "P ... pe ... ). 
... pe ... 

(3.27) 

Ta.KJ•.'11 vvj,i8.30M, ,n;JJJI IIOCTpOeHIDJ: HyneBOrO IlpH6JIIDKeHHR perneHHR 

ypaBHerrifl feJ.ll>MrOJ.ll>Ua ,nocTaTo'!Ho onpe,ne~T:& reoMeTpoOIITHtreQK.Oe 
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perneHHe (3.27),.iIBJIR!Olll66CR ero aCHMIITOTHKOH.CBII3:b MeJIUIY aM~TY~ 
... i r ... 

,ll;aMH pa.BHOMepHOH aCHMIITOTHKH .An H reoMeTpOOIITHtreCKOia 3a,n;a-
- JP,+···+J.Ps 

eTCR (3.I9). YMHOJKHB o6e tra.CTH (3.I9} Ha (-I)' 

( je. = O, I; e = I, •• , s ) , npoH3BeM cyMMHpoBaHHe no BCeM Pi 

H ytIHThlBaR, '!TO 

P, U,+i,) + ··· + PsUs +i.a) 

L_(-1) - =N6j,i., ... 6j
5

i.
5

, 
... p, •.. 

IIPHXO.n;HM K BHpaJlt6HHRl (I.7) yTBepJRJJ:eHHR 2. IlpHtJ:eM Heo6XOJO!MHM H 

.n;ocTaTO'lliHM ycnOBHeM OTCYTCTBHR pacxo,n:HMOCTeil: B a.MJlJIHTy,n8.X 
t, ... le-1 , f, i.e+1 ... is 

.A" RBJIR:eTCR BHIIOJIHe:mi:e npe.nenHoro HepaBeHCT-

:sa. 

p, •.. Pe-11f,Pr+f""Ps · p, .. ·Pt-1r01Pr+1 ·-P6 

0 • Mn - Mn 
1.Lm _ < oo 

~e-1, 4J ?e. ( ~e)., 
(3.281 

3THM 3aBep!llaeT6JI ,noKa3aTencTBO YTBepJRJJ:eHWI 2. 
I 

CTporoe ,ll;OKa3aTeJ.ll>CTBO paBHOMepHOCTH pa.3JIOJKeHHlt (I.4) B CJIY-

'!ae, 1wr,na ~e (~e) - 6ecK0He'!Ho-,11;RqxpepeHUHpyeMHe WJHKUllH, Cly,neT 

,naHO B Pa3.n;ene 4. 

,ll.oKa3aTencTBo yTBe~eHHtt I H 2 .IVJJI ypaBHeHHil: Ma.KcBeJIJia. 

,ll.oKa3aTen:&cTBO yTBe~eHHtt I H 2 .IVJJI CJIY'laR 3neKTPOMarHHTHYX 

BOnH BO -MHOrOM aHanOrHtIHO l!IX ~OKa.3aTeJll>CTBY B npHBe,neH­

HOM Bhl!lle CJiy'!ae CK.aJJ.i!pHoro ypaBHSHHR reJ.ll>MrOJ.ll>IJ,a. IlO~CTa­

BHB paMOllte:mm (I.5) B Ypa.BH~HHR (I.3), IlOCJie H8CJIOJKHHX npeo6-

pa3o:aa.HHtt,noJzy"!HM cne,ey~e YPa.BHeHHR OTHOCHTeJ.ll>HO a.MIIJIH-
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TY"JJ. jf'"i.e ... H @···ie··· 

~ i., i i'f .. f;.: '6, t'f1) ... l(/Crs) d;,~,f1) 
dis fs (~s) 
d.~;s 

F .. ·ie ·" 

(il<)i.1+ ... +ts = 0 1 

(3 . 29) 

~ l(i.t (~) ... ~is(~\ dL
1

f1 (f,) 
4- I f S ~S/ dt::' 
"'Lt'" St 

d ~s f .. (fs) 

d~~s 

(f" " te··· 
(i.K)i.1+ ... +Ls :Oj 

r.ne 

f·- i.e ... = -iot.A···ie··· - i.K ±:. [Aev 'fie] ~;-eie( ~eHet-ie<te)-i.Kf (z)~···~· 
e-1 

(3 .30 ) 

G·-ie· .. =wt ~···i.e ... -i.K t_ [ifv%]("\~e).Pti.e(~e)+ iKE(i)R ... i.e .. : 
e=I 

B (3.30) BBe"JJ,eHbl oclosHa.'!eHIDI, a.naJJ.orwnrue o6osHatiemurM (3. 5) H 

(3.IO): 

-c -i.1 ... ie-111-i.r,ie..r .. is -e --i., .. ·ie-1 1 1-ie,ie+t"'i.s 
.R 5 .A ' ¥J =1J . . (3.31) 

PaBeHCTBa (:-,"':I.I) BblIIOJnmIOTC.fI, ec.JJ.H HMeeT Mee To 

Fi, ... ·i.s =O -+i.1 ... is 
G = 0 . (3.32) 

- ... i.e··· 
Ilo,ncTaBmi B (3 .32) aMrurnTy,nHble lfJYHRI.Um .A 

~- .. i.e .. . 
B 

BH"JJ,e .Pfl.D;OB (I.6) no oclpaTHH'M CT6116H.fIM i.K H npHpa.BHfIB K HyJl!O 

1Jl6Hbl. co.nepJK8.l!U1e O)J.l'IHa.KOBble CTeneHH iK , rrpHXO.I(HM It CUCTeMe 
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ypaBH8IDill 

5 
-- Hie L" · . · L [.A~ ~\f'e}~e (fe)~e2 Lhe)-p('i)£f~ .. Lr···= wtif~:~r· .. , Jt;·Le-· •O, 

£:1 

(3.33) 

t [i~ v%] ~~-2i.e( ~e)f3et-le( ~e) + e(z)Jf~"it"'= wt:S~~~e' ~:~Lt- 5 0 . . 
f:1 

ROTOPD.JI fillJl.fI8TC.FI 3JI8KTpOMarHHTHH'M aHaJioroM ypaBHeHKil (3.I5) H 

- ... i.e··· -···Lt··· 
(3.16). B CHJIY paBeHCTB (3.32) aMIIJlliTY"JJ.H' .Rn • "" 
orrpe,JJ;e.JIH8Mbl8 IIOCJI6).l;OB3T8.JThHO H3 peKyppeHTHOH CHCTeMH (3.33), 

ac:aMIITOTKtJeCKJ'[ y .n;oBJieTBOp.A:IOT YpaBHeHIDIM MaKcBeJIJla (I. 5) , 'ITO 

Tpe6yeT )J,71.FI CBOero ).l;OR33aT6JlbCTBa yTBepJK,IJ;eHHe I. 

0,nHaKO' KaK J{ B CRaJI.FIPHOM CJiy'Iae. y.n;o6Hee rrepenr.1 B CHCTe-
- ... i.,... -· .. it··· 

Me ( 3. 33) K Jll1H8MHH'M KOM6KHaJ..J;IDIM aMIIJlliTY ,D; .An a 6',. : 

5 

-M ... Pe··· "° ElePe .A- ... i.e ... 
n =L-l-1)M _n_ 

... te... 'X ... i., ... ' 

E t,P, 
N~··Pe·"= L (-1)'•1 ~~ t3,34) 

···ie··· 
Pa3.n;e.JJ.HB ocle qacT:a ypaBHeHKl-1 (3.33) Ha 'X , yMHOlKHB Ha 

P,i.1+ ... +P9 Ls • 
(-I) 11: rrpocyMMHPOBaB pesyJI:oTaT no BC8M 3Hfl''I8HHffivl HH-

.J.1:81\COE i, ... is , IIOJiy'illM CHCTeMy ypaBHeIIBil OTHOCllT8Jll.HO a:.ITTJnIT'J.14 

- ···Pe·" - ·"Pe·" Mn , Nn : 

[ M~·· Pe'"f.pe...1 + f (°t) N~·Pt•":: x~·~~e· .. , u~~·Pe·"I .. p, ... ]-Ellf)M~-·~-;. Y~,~(j.35) 
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3.uecb BBe.ueHH o6osHatieHHSI 

E. iePe x:·Pe··· = L (-1 )M 
... i.r··· 

'Ult 1r··1r ... 
?(. ... Le ... 

- A. 9 . 

Y
· .. •c"' = ~ ~i.ePe iot Q\···le··· 
n L- (-f)'-1 oV!' 

""Lt'" ?( ... Lt· .. 

-x ... p, .•. = o, 
-1 

(3.36) 
- .. ·Pe·" 
~1 = o, 

-a r ... pt... , Ka.K H B CKaJI..fipHOM CJiytiae, orrpe.ue.IDieTC.fI tPoPMYJ!O:l1 

(3.21). B HYJieBoM rrpl16JIIDKeHHH cHcTeMa (3.35) rrpliHHMaeT Bl1,ll;,COB­

~~ c reoMeTpOOilTH'I8CRHMI1 ypa.BH8HHSIMI1 B 3TOM npH6JmJ!teHKK: 

[
- ... p, ... - ] - - ... p, ... 
Mo l .. p

1 
... -+- }'(7.)No =0 1 

[N~ .. P, ... °i .. p,..J-e{zJM~ .. P, .. ·= o. C3.37) 

........... f'e··· -

¥13 CHCTeM!l (•3.37) cJie,eyeT, 'ITO 
M" ... p, ... 

D 
No , t. .. p, ... 

B3aMMHO opTorOHa.Jl:bHI:I. YcJIOBI18 paspeIIlliMOCTH O~Op0.I(HO:l1 CHCTeMI:I 

cOB~eT c ypaBHeH:lieM (3.20) •. B 3TOM ypaBHeHlil1 HeHsBecTHI:IMH 

SIBJI.liIOTC.fI JIID!Ib Koop,D;l-rnaTI:I Se • EcJili, KaK H B cKaJUipHoM CJIYtiae. 

B pa3JIOlK8IDUlX (I.5) BM8CTO cpyHKu;IDi: fe. l ~e) l10.I(CTaBl1Tb me .ue6a­

eBCKH8 acHMIITOTHKH, onpe.ueJieHHHe B pas.ueJie 2, cl>OPMYJll:I (I.5) 

npeo6pa3.fITC.fI K JIY'I8BO:l1 cpopMe 

-E L-.. ·Pe · 1&1 :: M ... ~K ... p, ... 
. o e 

... pe ... 

- -H = L. N~··Pt·" etK41 .. ,pr ... 

... pE'" 
(3.38) 

rne aitKOHB.Jll:I ~ .. .'Pe... , KaK R B CKaJI.fIPHOM CJIY'IB.e, onpe,neJieH!:l 

it>OI>MYJIB.MH (3.21). TaKVIM o6paSoM, H B sJieKTpoMa.rH:liTHOM CJIYtiae 

ypaBH8H:li.fI 3i1KOHB.JIOB 3arrHCI:IBalOTCH B BH.1(8 (3.20). 
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B 3Jl6KTpOMarH11THOtn CJiytiae ypaBH8m'UI OTHOCI1T6Jlb!IO rem.1eTpoorr­
- ... Pe··· · - ... pe ... 

Tli'I8CKIDC a.MILJIH'ryJJ, M0 l1 N0 ITOJJY'ffilOTC.fI Ita.K ycJIOBl18 pa3·· 

pelllliMOCT}1 Cl1CT8M!:l (3.35) B rrepBOM rrp116JIHJK8Hl1l1: 

[
M._ .. pr ... - ]+ ?: N ... p, ... =-···Pr-- [N'"Pe--- l_e?: M ... Pt·"=Y··Pe·" 

1 't ... pr fl ( ) t Xo 1 1 LPrJ ( ) 1 o · ( 3. 39) 

C11cTeMa (3.39), KaK EIIPO'IeM, c11cTeMa (3.36), np11 Bcex n >0 

OT.Jllf'IB.8TC.fI OT COOTB8TCTBYKXl1l1X HM ypaBH8HIDI reoMeTplitiecmo:l1 OilTH­

Kli rrpaBI:IMli tiaCT.fIMH. .Uei!CTBHT8JlbHO' IIOCJ18 H8CJIOJKHb!X npeoopa 30-

Ba.HH:l1 paB8HCTBa (3.36) MOJKHO nepenncaTb B Bl1.I(8 

s 
x~·p, ... =wt M~ .. Pe"' -~ L.se (~e) [M~ ... Pe-p1-Pr ,Pe+t ... Ps v '+'e] 

t:1 ' 

ii"'Pe·"= (t~· ... Pr· .. _1.. ~ S ( )[-P,···Pr-11f-Pe,Pe+1"·Ps_ ] (3.40) 
:;,n w " 2 L- e ~E Nn v Y'e 

f:1 • 

Tor.ua Ka.K B reOM8TpOOIITI1'I8CI\OM CJJY'I38 (cM .Hanp., [I2J11 T • .I(.) 

OHM l1M8lOT BH.I(: 

- ... Pe·" - ... Pe··· 
Xn = iot Mn 1 

- ... pe... -· .. Pe· .. 
Y"' = ·zot N11 

B (3.40) BBe.ueHo o6osHa'IeH11e 

Se.l~e)= [JJV~e)·~e(~e)J' 
J ~el ~e) 'Xe ( ~e) 

(3.40a) 

(3.41) 

y CJ10Bl18M paspeum:MOC'l'R Cl1CT8MH (3 . 39) .fIBJI.fieTC.fI opTOrOH3.ITh­

HOCTb ee Ilpa.BO:l1 'IaCTR perneIIB.f.IM O,D:HOpO.I(.HO'.\ CRCT8f.1Ll, 3pt.mTOBO 

conp.!DK8HHOi1 c CHCT8MO:l1 (3.37)' T.e·. peJJemrnr,i CHCTe:.:u 

/.5 



- c-- ] ee + m r .. Pe··· = 0 I -um+ [Il ]= o J- ... Pe··· 1 

(3.42; 

KOTOpa.H HM88T ,nBa JlliH8HHO H83a.BHCID.'lllX tra.CTHHX pellleHIDI 

- ~-e, = 'IJ.A ( 'i) f... Pr ' 
- ~-f2 = vfl('t) t ... p, ... ' 

m,= [e('i) ·r .. pe ... ' mi =-JElZ) 'f... Pe·" 1 

(3.43) 

r.ne r. .. pe .... t ... p, ... - rrpOH3BOJlbHl:i8 e,IJ;HHH'llil:i8 Be~TOpi:i, o6pa.3yIO-

ntH8 opTorolffiJll>HY!O TpOttKy c e,IJ;HHH'Illli'M BeKTOpoM J ~ ... p,... : 
£(f) JI ( 't) I 

11 

1 ... p, ... - - ] [ t ... p"". e ... p, ... = ../tCt>pCi>' (3.44) 

~CJlOBlifl pa.apelllHMOCTH CHCT8Ml:i (3.39) IIPHMYT BH,n 

./j..Ci>' ( g; .. p, ... I. .. pe .. .) ... Je(7:> '(x.; .. pe .. · t. .. pe ... )"" o, 
(3. 4~) 

Jpl:t'>1 l ·~t" Pr· t ... pe···) - Jeei>' (;.~··Pe ... f .. pe ... ) = o. 

l\aK cJie.JJYeT H3 Cl1.QTeMl:i (3.37), aMIIJlliTY.IJ;hl M~ .. Pt·" 1~ N~ .. p, ... 

MOryT 6i:iTb Bl:ipa.lK8HH '!epe3 e.IJ;HHH'IHl:18 B8KTOPl:i t .. Pe .. ; • t ... p, ... 
- . . .. p,... ...p, ... 

H H8KOTOpi:ie cKa.JIBpHHe cpyHKUHH <Po H 'Yo , IIO,n:J18l!t8.ll4K8 

orrpe.neJieHHlO, B B>r,ne _. • 

M~··Pe·" =l ... pe-.<P~·Pe·"JJ-1(~')· +I ... Pe"' '4'o ... p, .. 'Je(7:)'' 

(3.46) 

-···Pe·- - ·~Pe-· ·- ... p, ... 
N

0 
= f ... pe ... 4>. Jeez.) - t ... pe ... \V h~?.) 

[lo.JtCTa.HOBKa (3.46) B IIpa.Bl:i8 '!aCTH pa.BeHCTB8. (3.40) rrpH n = u 
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IT03BOJIB8T 3aIDica Tb IIOCJ18,ll.Hll8 'i8p83 Te )!{8 CaMbl8 B8Jlli'!IDlli 
.... ...p. ... '¥. ... pe .. . 
t ... p, ... , <!>0 H o : 

X~ .. p• .. : = Jf'('i) {<f>~ .. pe .. . iott ... J -(t. .. p, ... v4>0 ... Pr] + 

,.,. •. p, ... , .... [ _,,, ... p, ... ] 
+ T

0 
?Ot e ... pe .. . - f ... p, . .. 'V T 0 -

1 
5 e- e- --2 L":set~e)[«Po t,+ o/o ee)vo/eJ -

e=t ' 

[ 
- ... f>e ... o 1tf""Pt"')- ~1} - ( t ... p, ... ~ + c.. ... pe ... 'f"o V v}'l°'!) 1 

-· .. Pe···_ ~{,f., ... p,... - -[e ~..+.· .. Pe·"]-y0 - vE(.°?:) 't'o 'Z.Ot e ... Pe"' . .. p, ... 't'o 

,,, ... Pe... - [.... -11T ... p, .. . ) 
- 'tQ iot t ... p, ... + t ... pt"' V To -

s 
1 "° e- e- )- ] --e L- Se(~e)[(<Po ee-o/o te v % -

e=t 

[ 
- ... Pe · ....... t ,11 .. ·Pe· .. )-.Jfd)J} - ( L . Pr <Po - ... p, ... "f'o V £(. ) • 

3,necb BBe,neHl:i o6o3Ha'leHHR 

,4.,f !! ,+,fl"·Pr-1.1-f\,Pe+f"0 P5 
't'o "l"o I 

\f!e I!! 111P, ... Pt-1,1-Pt ,Pe+1 · .. p6 
o "t'o ' 

~ ... ? _.,.. 
te = tp,--·Pe-1>1-Pe,Pe+f"'Ps I tc = eP, .. ·Pe-P 1-Pe1 Pe+f'" Ps. 

l ......... . 

(3.4?) 

('3.4b) 

Coo6pa3yRCb c (3.45) H (3.4?) ' IIOJIY'iRM ypa.BHeHHR ~ CKa.JlRPHl:iX 

rpyHKI.J;ltii cp~··Pe·" H 'l'o ... p, ... 

2
- - ... p, .. . . .. p, ... ...,.- 2.JE.(i}JA('t) ~ .. . p .... ~ H ... p, ... _ 0 ~ ... p, ... V '¥., + o/0 V l .. p, ... - T ... p,... o T ~El'i)fli°) -2.- - 1 

(3.49) 

-· ,+, .. p, ... ,i.;··Pe· ....... -y 2Je(i>eCti ... pr i:-;;-:;::: H ... p"" -O 
2 b ... p, ... VTo + 't'o V Q .. . Pt ... + T ... Pi·" o/., + -!E(l°Jf('l) 2 ' 
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r.ue 

2 I - - --T- = ···Pe ... wt L : Pe· ·· + t-··Pe·" -zot t ... pe··· ' 
···Pe··· 

=~ ( e~ ···~· ·· _ e-···Pe ··· )_'H(3.5I) 
H ... p, ... f:TSe(~e) <Po Wp, ... Pe-pt·Pr,Pe+f "Ps o/o WP, ···Pe-1,1·Pr1Pe+f'··Ps 'V e 1 

- s e- P. f~···Pe · .. 
H_pe ... = f; Se(~,J(<Po w~::.~~~·-,,l-Pc,Pr+f ""p$+o/., Wp, ... Pe-1.i·Pe1Pe+f"Ps)~%' 

H r.ue , n cBo~ o~epe,nh, 

-"'· ···°'s - r- .... J -[t r J W p,. .. f's - ec(, ... cts tp, .. ·Ps "', ... a.s ,,. .. Ps ' 
(3.52) 

:::::.!:'c( d. - .... ...... ...... 
W p,·::: .r: = (f"'•"'ds e,., ... 535 ) - [ to£, .. ·ds tJ!1·· Ps J · 

.IJ;ol<8.Jl\eM , 'ITO rrpH BllIIOJIHeIDrn ycJioBHil: opTororra;u,HocTH (I. IO) 

::::e- ... pe ... 
W. ' v~ =O fl·"Pe-vt·f?1Pr+1 ·"Ps e · 

-···Pe··· w. -'Yo -0 p, .. ·Pe.pt·Pe,Pe+f '" Ps V e- 1 
(3.53) 

l1CXO,UI1M H3 o~eBH,UHITTC TOJK,!J;8CTB' B!lTeI<a.Kll1IDC H3 orrpe,neJieIDIB 

(3.44): --... ~ ....... ...,. . ~-··Pe··· 
f. .. p, ... 'Z.Ott,..f'e•" - t,.,Pe• .. -z:ot e ... pt"' = ClLY I - i 1 

- [- .... ] ...,.... [.... I: 
Je(=i)p(:t)f ... pe ... = t...Pe · ··~· .. Pe· .. , ~e('t)f(t)i: ... pe···= t ... pe ···t ... !'r·J; (3.54) 

- - =0 t ... Pe··-~··· Pe ' "f .. p, ... l .. Pe··· = 0 1 f .. Pe·" 1, .. p, ... = 0. 
(3.55) 

2b 

OrrycTHB .U.JIR KpaTKOCTH nee 11H,Ue1c011 n B!Jpa.JKemmx (3.52) 1 I<poi,Je 

HIDKHIDC HH,Uel<COB 1- Pe ' Pe ' 3aIUllilCM Bllp.1.JKeJilIB ,UJl5I wt-Pe a ~f-Pe 
l1CIIOJlh3YR TOJK,!J;8CTBa. (3.55): 

- ( (tp, i,,e ]ti-Pe] - [tr, [ti-Pe 11-PrJJ 
W1-P. = ~-. 

e vE.('t)p(z) 

~ _ [fp,(f,.p,tf-PeJJ + [[i;, ep,Jf1·PeJ 
W1 P. - r.-~ 

- e "E.{?:)p (i:) 

(3 .56) 

PacKpllB B (3.56) ,w30HH!le neKTopm1c npOH3Be,n:eHJ1R 

W = -tp,(t1-Pei°Pe)+1°re(tpJ·,.p,)-f1-Pe(tPe"i1-Pe)+ I.-Pe(tpetf-Pe) 

1-Pe Je(';{Jf'('t/ 

;::;!" lf·Pe ( fpe i'1-Pe )-"i;-Pell;.J°f-Pe)-fpe ( T,,e Ii-Pe)+ Ire (ti-Pe tPe) 
W1-Pe =. h,('t)JI ('t)' 

H 3a.M8THB, ~TO 

..... -- s ~-'Ire+ ~f-Pe =- 2 L H) v~f, (3.57) 
f~1 

f+f. 

.... - p 
~Pe - ~1-Pe::. 2(-1) e v'+'e ' 

a Ta.KJKe HCIIOJlh30BaB TOJK,ll;eCTBa' IIO.'lj"J8lil!I:.:f- l' 3 ( 3. 55) H ( 3. 57) 

~ _.. Pe _., ... 
tpe ~Pe= 2(-f) ('7 '+'e i:1-Pe) 1 

~ _,... Pe ......... --
tpe ~1-Pe = -2(-1) ( V 't'e tpe)' 

- - p 
ePe ~1-Pe = -2(-1)'e(~l.lle f re)' 

IIOJIY~ 

s 
!'•[ ~ _. ~ - _.... -+ ...,. ...... .z::_ P:1 ..... 

- 2(:-1). -tpe(Vo/et1-Pe)+(v%tPe) E1-Pe)+2ltPei1-Pe)t=HHt)(-I) V'f+ 

W1-Pe: Je(i")p(f) ' 



" 

s 
- Pe [..... (.... - ) - .... - - -;r L Pf --W _ 2(-f) -t1-Pe V4ie fpe +(l7'+'et1-Pe)fPe]-2(t1-Pel'..Pe) t=Hf#)(-1) V4'f . 

1-Pe - Je(Z)fA(?:f 

Tru< I<aK 

-tp/Vo/e t1-Pe) + t1-Pe(Vlfle "f Pe)= - [v41e [f Pe f1 -PeJ], 

-t1-Pe(v~e fpe)+ 1Pe(vlflet1-Pe)= [v4ie [epet1.pe]J, 

pa.BeHC TBa ( 3 . 56 ) OJ<OHlffi TeJI:OHO rrepernrcI:IBaroTC.FI B mr.n:e 

s 
Pe [- .... - ] - - L_ f _ 

2 (-1) V l.fJe [ tpe t1-PeJ + 2(tpe f1-Pe) f=l<f+t) (- f) V 4if 
Je(i)f('t) I 

-WI-Pe= 

s 
_ Pe [- - - ] - - L_ t -W _ 2(-1) 'i7'4JeCfpetf-PeJ -2(t1-PefPe)f=l<f#)(-f) Vo/f 

I-Pe- Je(i)pCi)' 

(3.58) 

H3 KOTOPI:IX IIPH BHITOJIHeHHH YCJIOBID1 (I.IO) c oqeBH,ItHOCT:bD CJI8.IJY­

eT Bl:IIIOJIHeHHe B8KTopmnc TOJK,ll;eCTB (3.53) 

BHnoJIHeHHe TOJK,ll;eCTB (3.53) 03Ha'ffi.eT, qTo nocJie,ll,HHe "tJJieHH 

H ... pe·" Yr H ... Pe··· B YPa.BHeH!tR:X (3.49) ·TOJK,ll;eCTBeHHo o6pama£OTC.FI B 

HOJI:O, a Ca.MK 3TH ypa.BHCfillrr rrep exo,wIT B reoMeTpoOITTHqec!Gl:e ypaB­

HeH.IDI rrepeHoca 

2 If -;:; t1r"Pe··· w"· Pe · .. -- 2Je(-)~(-
···Pe··· v 'To + T. \I 1S' - 'l: }J. 'Z.) o ... p<"" T -... pe ... 

... pt"' 

4>0 = 0' 
(3.59) 

,.,-; ._ .... Pe... ~ .Jr~--
<- o ..• pe ... v c, o + ~-- r ri?° + Z E(°l> >' c:r)' 

0 Y •nP('•• T ... pe ... 

llf ... f>e ... ..,.o =O. 
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;,,tUBH8IDUI (3.59) JiBJIJUYI'C.FI 3Jl8KTpoMa.rHHTl:lliM aHaJIOrOM ype.BHeHID1 

(3.26) li COBMeCTHO c Ypa.BH8HH8M 3faWHaJia (3. ~0) OIIHCHBam' reo­

MeTpoOITTHqecKoe IlOJie (3.3b), .FIBJI.1IK1J1e ec.FI acHMilTOTHKOH B~far.t8HHFI 

WI.FI noJieli (I. 5) • CB.FI3:0 MeJK,ey aMIIJll:ITY.Il:a.MR paBHOMepHo}i acHMITTOTH­

KH :ff~· · ie"' ' i)n'"it·" H r eoMeTpOOilTHqecKoli 3a,IJ;aeTC~ pa.BeHCTBa-
. j,P,+ .. . +JsPs 

MH (3.34). YMHOl!GIB o6e qa CTH (3.34 ) Ha (-I) ( je '- u , l ; 

e = I' ... ' s ) H npoH3B8M cyMMHPOBa.HHe ITO BC8M Pe ' COBCpmeH­

HO aHaJIOrH'l'.ffiO CKaJJRpHOMy c .nyqa[(), rrpmco,n:HM K Bl:lpaJKeHH.FIM (I. 7) 

YTB8p lK,ll;eHH.FI 2, IlpHqeM He06XO,ll;HMhlM H ,ll;OCTaTOqHHM YCJIOBH8M OTCYT­

CTBH.FI pacxo.n;runocTefi aMIIJll:ITY.Il: _Ai, ... ir-1 ,11 ir.1 .. ·i5M .f)'i, ... ie-1, 1, ir+1 ... is 

Ha KayCTHqeCKIDC IlOBepXHOCTHX ( ~e ( ~e) = (] ) .FIBJI.FI!OTC.FI CJI8.IJYKIJ1H8 

npe,IJ;eJI:oHHe Hepa.BeHCTBa 

fim 
k~t 

fi.m 
~e~fe 

-P, .. ·Pr-1'1,Pt+1 · .. Ps M P1 ··· Pe-1,0,Pe+1· .. Ps 
Mo - a 
~~~~~~~~~~~~~~~~~~~-~ 00 ' 

4./Pe( ~e)
0 

(3. 60 ) 

.... P,·· · Pc-p1,Pe+I " ' Ps N P1 ... Pe-1, o, Pe+1 ·" Ps 
No - o < 

00
• 

'tlsae(~e) • 
Y TBeplK,Jl;eHH.FI I H 2 ,IJ;OKa3aHI:I :a ,IJ;JI.FI · sJieKTpoMar HHTHoro c JiyqaJI . 

CTporoe ,IJ;OKa'.3aTeJI:bCTBO Hepa.BeHCTB (3 . 60 ) n pHBO,ll;HTC.FI B CJie ­

.IJY Klll8M pa3,n:eJie . 

4 . Fememrn ypaBHeHMH rrepeHoca H cTporoe ,IJ;OKasaTeJibCTBo 

pa.BH01v1epHocTH acHMITTOTM:qecKHX pasJioJKeHID1 

Kax H CJ18.IJY8T OlKH,ll;aT:o' ,ll;OJ<a3aTeJI:OCTBa paDiioMepHOCTH acnMH'l'O­

" ' Lf"· 
':';rqec1rnx p a s.rwx eHilli (I . 4) JI ( l. 5) , T. e. iwneqHocn ar.1;i.1Ty .n: .fl 
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- ... ie··· ~-··Le··· 
a R , £J ua RaycT111recKIDC rroBepxHocTmc ~e= ~e (Pe (~) =0)1 

m~eiOT odmilli xapaxTep. Cy111ecTBeHHaJI pa3IDIIJ,8. M8lK.llY CJIY'!a.FIMH cr<a­

JUip1mro ypaBH8Hl1fl r e.7Th:v1rOJI:bL\8 (3.2) l1 ypaBH8IDIRMH Ma.RCBeJIJia 

( 3. 60) 3a.KJliO'Ia8'l'Cfl B H8 Jlli1Il1l1 y ITOCJie;n:Hl!X CBOHCTBa ITOJUI.PH3awm 

!1plIBO;n:ffil18rO R ;n:orrOJIH1!1'8J1bHbl~l TpedOBaIDIBM' B!IT8RaKl!U™' O;n:HaKO. 

!13 ·rex lKe rrpe;n:eJ1b llliX HepaEencTB (3.60). 

lipOCJI8;n:l1M CHa'faJia :n p OU18Hl18M ypaBH8Hl1JI ( 3. 26) ' ;n:JIJI crero 

rreperuruJeM ero B BH)~O 

di.v {(l\1~":'•"')21 .. pc ... } = 0 · (4.I) 

B opToroHaJibHOti cHcTe~1.o 1wop;n:11HaT ~1 ••• ~s ypa.BHeIDie ( 4. I) sa­

mrn1eTCH B Bl1JJ:8 

~ :~e {(M~"Pe·")2~~efJJ3e(~e) }=0, (4.2) 

r;n:e ITO IlOBTOpJIRJll(J1MCJ::: Jlll l.ll:8I\<.;aM f ITO;n:pa3yM8Ba8TCJl cyMMHpOBa.Hl!8. 

Bxowrume B ( 4. 2) o6osHa creHWI cJie,eyRJll(J1e 

• ...J.... • h2 ti. 1 
~ i j = 0 , 1w r.ua l 1 j ; 9 l i = i 7 9 = h~ ' (4.3) 

r;n:e . hi - RO 3@.lHU,118HTbl Jia.Me' H 

2 z 
~=hi··· h5 (4.4) 

PemeHHe ypaBHenuH (4.2) sarrn:cIIBaeTcH B Bu;n:e 

P,... C ... pe ... fF ... pe ... (f1 ··· ~s) 
M = -.Jq 

''1.131(~1)· .. ~s(~s) ~ 
(4.5) 

r;n:e tliYHKJJ;IDI F .. ·Pc· ( ~1 ... ~ 5) y;n:oBJieTBO.PH8T ypaBHeIDiiO 

32 

~ Pe J • d ( ee \: )1\ f:rl- 1) fel~e) a~e 9 F .. Pe·" (~, ... :>s~=O. (4.6) 

B IIpaBOH '!aCT:H: paBeHCTBa (4.5) C ... pe ... - ROHCTaHTlI, rrapaMeTp:H:­

'f8CRJII 3aBHCffil\:H:8 OT HH.I\8KCOB P1 ... Ps • 

AMIIJlliTYJJ:bl M~·Pe·" (4.5), .HBJIJIBCb reoMeTpoorrTWI8CIOfMH, pacxo-

,WITCJI rrp;i: .iae ( ~e) = O. Ypa.BHeIDie te = ~e orrpe;n:eJIJieT 1<a.ycm'fec-

KY£0 IIOB8.PXHOCTb (CM. 2 ) • I';n:e JIY'f8BM T.PaitTOBRa reoMeTpoorr­

Tl!'I8CI<Oro ITOJUI (3.27) T8pSI8T CM11CJI. 

11epefr;n:eM Terrepb I< peweHuro ypa.BHeHl!ii ( 3. 59) , BIIBe;n:eHHblX .I(JIB 

3JI8KT.POMar1rn:THOrO IIOJIH. Ee.Jill BB8CTl1 JI:H:H8HHH8 KOM6:H:Haii;>rn @.'HR­

rum 'o/~··Pe· .. l1 cp~ .. Pe· .. B:H:;n:a 

/\:·Pe"'== cp~··Pf"' + l 'o/
0 
.. ·Pe·" 

' 
A~··Pe ... = <f~""Pe·" - i. o/. ... pe ... 

' (4.7) 

TO }!3 ypaBHeHJl!ii ( 3. 59) ITOJI.Y'18.TCJI ypaBH8HJIIH 

. .. pe .. ·-v - _. ... Pe•" . ZJE.(Z))A(z) A ... p, ... 
{\ t7 0 + 2 (I' · r7 /\ - l /\o =' 0 o v ... pe... ·'"Pe·" v o ' T J ... pe .. · 

"-' .~ (4.b) 
~ ... Pe .. ·.-- -- --· .. f>e·" . ZJe('i)µC?:>' (\"' ... Pe· · · 
A ...,. ¥ + 31V ....,. f\ + L :0. no v ... pe... o ... pe ... v o T o ... Pe ... 

2anucaB B!I_pa.JKeHWI ( 4. 7) . B B:H:;n:8 

A : (\ ,.,. ... re ... pe... I ... p, ... I . ., n 

l\o 0 e 
Ao=- I /\~·Pe"'\e -ioC. .. Pe·") (4.9) 

r;n:e 
... p, ... 

I /\ ... pe .. · 1 ~ ···Pt·" 'Z ···Pe"')a' t 'J.lo (4 o =( ct>
0 

) -r ( 1+'
0 / 

ol ... ,.e ... =a'ZC ~ • ... 6 .... 1 .IO) 
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CBe.n;eM CKCTeMY (4.8) OKOHi:raTeJlbHO K CHCTeMe 

I /\·~· Pr" ' IV 1 .. Pe·" + 2 i .. p, .. . VI /\~ .. p, ... j = O 1 (4.II) 

i .. p, ... Vol - "€t;f>~cf> 
···Pe·" T ... pe--· 

0. ( 4.12) 

Ypa.aHeHHe (4.12) MOlKHO npoHHTerpHpoBaTb B,D;OJll> TpaeRTOpHH JJY'!a 

( dS ... p, .• . 

o(·~Pr· " ""J T. .. Pe"' 
(4.13) 

r.n;e d5 ... P,... - sJieMeHT .IT.JIHH!l JJY'!a, a ypa.aHeHHe ( 4. II) coB~a .. 

eT c YpaBHeHHeM (4. 2) H HMeeT perneHHe (4.5) c yMOBHeM (4.6). 

Kru< H B cKaMpHOM Myi:rae, ypaBHeHHe Pe<~e)= 0 onpe.n;eMeT RaYC­

THi:recRyD IlOBepXHOCTb Jiyi:reli reoMeTpOOTITH'IeCROro ITOM (3.38) . 

Mil YCTaHOBHJIH, 'ITO perneHIDI ypaBHeHKI!: rrepeHOCOB (3.26) K 

(3.59) B B~e (4.5) paCXOMTCR Ha ReyCTHKa.X ~t"" ~e. • Kru< cJie~­
eT H3 BHpaJKemlli (1.7) yTBeplK,Il;eHIDI 2, a.MIIJIHTY'Ali 

.A it" ' ir-1 ii, ir+t ... la i) i, ... ie-t, 1, it+t .. . ia 

. ' 
.Ai, ... i.r-111, ie+t " ·is 

TaRllte MoryT HMeTb pacxo.n;HMOCTH rrpH . .iaeC~e)= o. OHH, O.n;HaKO, oc­

Ta!OTCR ROHe'IHHMH, ecJIH BHITOJIHRIOTCR rrpe~eJll>HHe Hepa.BeHCTBa(3. 28 ) 

.n;JIR cKaMpHoro TIOM ~ (3.60) - .n;JIR 3JieRTpOM8.I'HKTHOro. 

C yi:reTOM (4.5) 3TH yCJIOBHR CBOMTCR R HepaBeHCTBy 

Cp, ... pe-p1, Pt+t"' Ps = Cp, .. ·Pe-1 10 1 Pe+1 -- ·Ps 1 (4.14) 

ROTopoe 03Ha<JaeT, 'ITO 

Cp1 ••. p6 .. const (4.15 ) 

34 

K ,D;OJVKHO BliITOJIHllTbCR rrpe.n;eJll>HOe Hepa.BeHCTBO 

fim 
~-~e 

f, (l, .•. J.l F . l~ ... ~,, 
P1·· ·Pe-1•1,Pt+f'" Ps - p,. .. Pe-t•O,Pc+1 .. ·Pa ' 'I 

< 0-::( 4.16) 
Jpc(~s 

B sJieKTpoMa.I'HHTHOM CJJYi:rae R ycJioBIDIM (4.15) H (4 . 16 ) .n;o6aB­

MIOTCR yMOBHfl 

oC.p,. .. Pe-111,Pe+t ·" Ps = olp, ... Pe-1, 0 , Pe+f"'P& 

ep, ... Pt -1> 1, Pe+t··· Ps = tp,. .. Pe-t, O, Pe+t •·· Ps 

tp, ... Pe-1 ' i I Pe+1 •·• Ps = t p, .•. Pe-11 o, Pe+f ... Ps 

TIPH 

IlpH 

npH 

fe ~ fe 1 ( 4 •17) 

se = ~} (4.18) 

~e = fe. · 

BunoJIHeHKe yCJIOBKR (4.17) CBR3aHO c Bli60pOM Ha~ OTC'IeTa yr­

Jia Kpyi:reHIDI Ha RaJCTHRe; a BurroJIHeHHe ycJioBHil (4.18) - BH6opoM 

B Kai:reCTBe OpTOB t .. pe--- H 1 ... p, •.• - BeRTOPOB HOPMaJIH K 6mmpMa­

JIH K Jiyi:ry r. .. Pe· .. /JE(lJp(i)~ IIoCROJll>~ Ha RayCTHRe ~l!lIDi R Heil 

JJY'I, ROTOPOMY COOTBeTCTByeT BeRTOp ~P,···Pe-f1i1Prw"Ps• H JJY'l, HCX0-1 

.wnuim: H3 Hee ( 7 P, ... Pe-t I 0' Pr+ I . .. Ps ) , COB~a!OT' TO COB~IOT H 

-OpTli rJIB.BHl:lX RpHBH3H 3THX JJY'IeH. 

YMOBIDI (4.lS), (4.17) H (4.15) o6ecne'!HB8.IOT HerrpepHBHOCTb 

reoMeTpoonTHi:recRHX a.MIIJIHTY.D: rrpH nepexo.n;e i:repes Rf!Vc'l'vri:receyD no­

BepxHOCTb ~e = ie H TeM CaMliM o6ecne'll!Ba!OT paBHO~epHOe OTIHCaHKe 

rroJieH. YCJIOBHe lite (4.16) o6ecrre'll!Ba0T ROHe'IHOCTb a.MIIJIHTY.D: acHM­

IlTOTKi:reCRHX paSJIOlltelilrli (1 .4) H (1.6) Ha RaYCTKKa.X. B 3TOM CMliC­

Jie YMOBHe (4.16}SlllJIJJeTCR Heo6xo.n;KMHM YMOBHeM paBHOMepHOCTK 

paSJIOl!temm (1.4) HJlH (1.6). 
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Hruv1 Heooxo,IU1Mo .D;OKa3aTb cJie,nyromee yTBeplK,Ilemrn: npe.D;e.JI:&Hoe 

Hepa.BeHCTBO ( 4. 16) BUilOJIH.f{eTCR' eCJIIi cpymtrnrn: .l3e ( ~e) oecKOHe'TI!O 

,D;mp:pepeRIJ.!ipyeMH B 0Kp8CTI10CTJI! KaYCTJl!K fe=-~e (J'e <¥e)=D) (Cf·,J. 

• ·nep)K,I(eIDrn I ) . . 

IlOKWKeM, ~TO npe,IJ;eJI:bHOe Hepa:seHCTBO (4.16 ) BUITOJIHR8TCR,8CJI11 

cymecTByeT peUJemrn ypaBHeHJl!R (4.6) B 0Kp8CTHOCTU KaycTMIDl: ~e"te• 
HM8!0Ulee cpopMy 

1 2 :r. 
F. .. pe ... (~1 · .. ~s)=fp,. .. Pe-nPH1 .. ·Ps + f..-Pe· .. JJ3e(M

1 

+ 0 [(f3e(~e)) 2
] ' (4.19) 

rrp~eM tflylmrnrn: f H f z He HM8£0T oco6eHHOCTeii rrpH ~e: ~e • 

OrpaHH~MCR CJIYtiaeM, rwr,IJ;a tflyHKWU'I J3e (~e) (oecKoHe~Ho .l.Ui\P­

ipepeHu;l'IpyeMue) pa3JiararoTCR B pR.D; Teli.n.opa no Koop.D;UHaTe ~e B 

oKpecTHOCTH KaycTMKM fe = fe . B aTOM cJiy~ae B oKpecTHOCTH aTo~ 

ro'iKH WHKUIUf Pe ( ~e) MOlKHO anrrpoKCHMHpoBa Th 

~ f 
Pe ( fe) ::: xf ( fe - ~e) . (4.20) 

3,IJ;eC:b f - ueJioe 'IHCJIO - rropR,JJ;OK nepBOH , OTJlli'IHOH OT HyJIR B 

TO~e re::. ~e ' rrpOH3BO.D;HOH cpy~ Pe< ~e) 

.y _ _ !_ af ~e<'fe) I ( 4 21) 
Af - t I "' f ~ • 

7·· 
0 fe ~e = 'f e 

·Ypa.BHeHMe (4 . 6) 3arrHWeTCR Torrep:& B Bll,IJ;e 

(- 1)Pr r=-( _- t ~ F... p, ... n1 .. · ~s) ~ , F. (\: "xf ~t ~e) c'.l~ e h~ + "e, ... p, ... '.W"Ss);O . (4. 22) 
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,. 
B ypa:sHeIDIB (4.22) orrepaTop Ae• HMeeT Bll.IJ;: 

" _ 
5

, Pe' • a f 
Ae1 - Z (-1) Jpe' (re•) -a~ -hz · 

e·=t s-e' e' 
e•te 

TipeHe6peraR nepBUM ~JieHOM B JieBOH ~CTH ypa.BHeHMJI (4.22) rrpH 

~e -- ~e' ' IIOJIY~:eM ypa.BH8Hlie 

/\ F. .. Pe·" ( ~, ... ~s)"'O · (4.23) 

3To 03Ha~aeT, ~To qJYHKUW! F .. Pc·(~1 ... ~5) B YKa3aHHOM rrpHOJlli-

JReHlili B OKpeCTHOCTH TO~ ~e = ~e He CO,IJ;ep;!U'IT OC008HHOCTei.i B 

3TOH TO~Ke (Mb! He paCCMaTpliBa.eM CJIY~aH. KOr,IJ;a O.IJ;UH liJlli H8CK0Jlby 

KO IW3qxpH1J;l'IeHTOB JiaMe HMeroT oco6eHHOCTH B 3TOH TO~e) ' a 3aBH .. 

CHMOCT:& tflyHKUHH F .. p, ... ( ~1 ... ~5 ) ( 4. 19) OT HH.IJ;eKca Pe B OKpecT­

HOCTH re = Fe B TOM JK8 rrpHOJIIDKeIDll'I BUpaJKaeTCR B Bll,IJ;e IIOCTORH­

HOro MHOJKHTeJIR, ItOTOpblii c y~eTOM yCJIOBHR (4.16) MOJKHO IIOJIOJKHT:b 

paBHUM e.IJ;UHMue. 

Vl3 CKa3aHHOro cJie,nyeT' ~TO QJYHI<u;M F. .. Pe··· ( ~1 " ' ~s) B OKpecT­

HOCTH TO~ f e: fe CO,IJ;eplKHT pa3HOCT:b ~e - ~e B~ BH,IJ;e MaJIOro rra­

pa.MeTpa, T. e. 'IJ18HU' CO,IJ;eplK.3.W,He pa3HOCT:b ~e - ~e ' BXO,WIT B 

peUJeHHe B BH,IJ;e Ma.JIOH rrorrpaBKH, II03TOMY HlUeM pemeHMe ypaBH8HIDI 
,.., 

( 4. 22) B OKpecTHdCTH TO~ ~e :: ~£ B Bll,IJ;e pJI,IJ;a 

oo ... Pe·" ~ t</2 

F ... Pe···=L_aK (~e-~e) , 
t<.=O 

... Pe·" 
Clo ·+o, (4.24) 

... Pe .. · 
!',IJ;e KOaj$11J;l'IeHTH a K ' RBJUI[Qll\HeCR tFJHKUHRMH ~e ' IIO.IJ;Jleli\aT 

orrpe,D;eJieHMIO. 110.IJ;CTaHOBKa BHpruKeHH:ii (4.24) B ypaBHeHMe (4.22) R 

rrp:i-rpa:smmaHHe K Hy JIIO MHOJKHTeJiei1: rrepe.D; O.IJ;HHaKOBHMH CT8II81:UiMH 
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- Kfo ( fe - ~e) 2 
npHBO.u;IT 1: CJ18.lJYfOIUCii peKyppeI!'"l!O:; Cl!CTCMe ypaBHeJ-ull 

... f>e ••• 
o·;HOC111'CJI I,HO Ko:.i:li1J1cJ,>lC!l'i'OE a.K 

... pe ... 
Per:::-{ a aK-f K-f +2 } ,.. ... pe ... 

(-1) "xf a~e ~ +a K-f+e _ 2 h~ + Ae a1e = o, (4.25) 

... pe ... 
am =O llpl~ m < o . 

L;/ .l\C'.' .tJ:lCCi.''l Tp:un';'b ClWTG!.JY ( 4 . 2~) OT,I\8-~bl!O MH 3!latremriit 

f ~. .l., f = 2 , f ,) 3 

i . f = l. :;J ;;.'!'O:. C."i~"I:JO CllCTet'a ( 4 . 25) npi!Hl1~.1.'18T B.IU( 

R A ... pt'" 
)Pe £ a; .. e·" + /\e ao =O, 

(- f 2 h~ 1<=0 

... pe·" (4 . 25::i.) 
Pe c-:- { a a1<-1 K+f ... re ... } " ... pt ... 

(-1) "X1 a~e hr-+ 2he C1.K+I +.t\eOic =O, K~f. 

:le\~~~; r:i : ·t1~ :UJ 3Ita11crn1e a; .. Pe· .. nJ rropBoro ypaBHemm ( 4. 25a) Bo BTopoe, 

:10.i<.J'''.:T n !ICi.J K = l , ITOJiylf!U.1 ypaBH81il18 

... Pe·" ... pt"' 
Pe { a Uo Cle } Pe A e ,.. ... Pe ... 

(-f) 5. afe ~ + ~ +2(-f) Ae(he/\ea1 )=OJ 

KOTopoe 1Ern:1p;11::1'i'HO o·.moc1r.Te.'lbHO 38M8Hbl Pe Ha I - . Pe , 11 , 
... pe.. . ... pt ... ~ 

CJI8.IJ;QBa.T8JU,HO, p8l!IGE::_•\ Q 0 , C1z OT.llll'Ia!OTCJI· OT p8!1!flillfri 
P,- .. Pe-1,f-l'e,PeH " 'P5 P, ... Pe-t 1-Pe,Pe+r"Ps ao n Oi ' noc·roRHHbltJ r.iHOlKI1TeJieM . 

c '!'OT ;.MIOJKHT8JI:b, B COO',"DO'l'C TDJm C (il .lG) , CJl8JJY8T IIOJiOliiliTb 

., .. :!I:IM e.nmnru;e. Ua.neu .::i !18~'£0ro ypuB!i8HHJI (1 .25) UM88M! 

•.• o... ...1... 2h2 " ... pe'" 
a, = -u1 = d- Aeao = 91 

'IX1 

.jt) 

~ ~f He 3::lB!!Cll T OT llHJJ:81\CH Pe • :1·ra1\, B Gf\~)CC'i'Ji(JU'r:; ro~:K:i 

~ ~ ~ .. ,. ·'· ,,,.,,.,u· F li- ~) "CC"' 
.)f = ft "" " 'c1Y """" 1 ... Pe"· ~, ... .S"s L •. l .. · 

Pe - Ve -F. .. pe ... l~1 - ··~s)=Clo-t{-f) 91{~e-~t) +O(~e-~e) · 'ci • • ;6:1 l 

2. f = 2 . C::c;~c. t \ .; • ;_,:)) rrp:nue.1ne-r mr.u : 

Ae a~ · Pe ... = 0' K = 0; 
... pe ... 

p, r::- a, 11 ... pe .. · 
(-1)e"x2 2h2+/\ea. 1, =O, 

e 
K = 1 , 

... pe .. · ... pt .. · 
R { a a IC-2 KOK } A ... pe ... 

(-1)efX2 a~e hf""+ 2hi +l\eOK =07 K>2. 

. .. Pe ... 
~13 nepBOI'O ypc1n!!Oll!1FI UJ!e)JJ tn' , 'ITO 0 0 ~ 0 0 He 3[lB!1-

... pt· " . 
CJIT o·r ;rH,Ue;,cor: Pe , 1rn n7o~oi'o - 'l'l'O 0 1 l. . ..3 'l'!)C'i'bC-

P, ... Pe-t
1
0,Pr+1·" Ps f\ · .. Pt·li 11 Pe+t "' Ps 

ro y panHelllIH cJie.n:yeT, tiTO aK I ctK 

Tamm oCinn 301,1 , :)y HhlJ;IiG F. .. pe ... ( ~1 - .. ~5) ;vi:'; f - 2 B 01\llCG'i'li0\;7>: 

~e = ¥e :.'(Y':l!O npc,UC;'i'!lD!!Tb D Hll,!(C 

. .. .Pe·" 
F. .. Pe· ·.{ ~ .... ~s)= 00 + 0 e {~e-~e)'lz+o[(re-~e)%] . 

3. f ~ 3. CHC1'r.' ') "i . :2~) B ::>TO:. c;1;, '!'! C !0~' :·::: : •·1e'I' 

,.. ... Pe · .. 
/\e aK = o, K = o, f ... f- 2, 

... pt"' P. a, 11 ... pe ... 

(-1) e fii 2h2 + /\e af-t =o, K =- f- f, 
e 

{ 
a a ... -j ... pe ... K-f+2} 

(-1/t.fii:; a~e ~T aK-f+z ~ + 

" ... pe ... 
+ Ae aic =- o , K ~f. 
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Ha rrepBoro ypa.BHe.HIDI ...:Jle,ny eT , i:i:To c: j( rrpu K = 

= O,I, ••• , 2 He 3aBifC5IT OT HH,ll;eKcoB Pe , nput!eM ,II.;1.q l<'. = .: 
... pe ... 

f -
2, ••• ' f - 2 aK = 0. Tor.n:a BTopoe Ypa.BHeHHe cue Tew.I 

TO lite .n:aeT JiyJleBHe pewe.HIDI :rtJJJI BCex K9~eHTOB 

BILJIOT:& ,no Cl f-1 = 0. TpeT:oe y pa.BHeHHe :J::'J~ = "- r:p:aml-
MaeT Terrep:r, mr.n: 

···Pe··. Pe a O.o 11 ... Pe ··· 
(-1) JX; ~ ~ + /\ e af = ~ s-e e 

P,. .. Pe-oO, Pe,.1 ... Ps -"= <>, ••• Pe-;,!, Pt- 1 •• P5 OTI\y.n;a CJie.n:yeT. '!TO a; . T a+ I1 

MOJKHO 3a.ITHC3.T:O .n;JIJI CJIY'!M f ~ 3 

F. ... Pe··· - i/z - If. 
... pe ... ( ~1 ... ~s)= ao-+- a; (r,- fe) + 0 (( ~e -~e) 2

] (4.26BJ 

IIo.nyi:i:eHlible acHMIITOTH'!ecIWe BHpa.JKeHHR: .n:M qiyHKIJ;lm F. .. Pe-··< ~' · ·· ~5) 
(4.26a-B) ITOKa.3HBalOT, 't!TO rrpe.n;eJI:oHble Hepa.BeHCTBa (4.I6), .n:efi­

CT.BHTeJI:oHO, Bb!ITOJlliHIOTC.fI. 

Ta.KHM oc5paaoM, ec.JIH qiy~ J3e ( fe) , BXO~e B ypamre-

HHR (I. I) c5ecKoHe'!Ho .n:H@lepe~pye.Mhl (roe Mo:::·:o paaJiaraT:o B 

piI,D; TeH.nopa) B OKpeCTHOCTH TO'IKH ft= fe . 'TO MOlltHO KOHCTpyK­

f-OBa.T:O peweHHR: ypamreHHR:,(4.6), HMel!l!IRe acHMIITOTKKy ~ 

(4.26) B OKpeCTHOCTH "TO'IKK fe = ~ H y.n;oBJieTBopmaitHe YCJIO~IO 
··•Lt·· · (4.I6) Ha Ka.YCTHKe, 'ITO .D:OKa.3HBaeT KOH8'IHOCT:O aMIIJIHTyT.n: .R 

jf ... i.e . . • H .tr ... ie .. . amtMIITOTH'!eCKKX pa3JIOllteHIDt {I • 4) H 

(I.5) Ha.KayCTHKa.X. 

3THM saBeprnalOTC.fI .D:OKa3aTeJl.])CTBa BCex YTBePllt.n:eHIDt H rrpe.n:no­

ChlAOK, rrpliBe.n;eHliblx B paa.n;eJie'I Ha.CTO.fil!lefi CTaTI>H. ~ 3aKJ!IO'tleHHe 
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06061.lJ,lIM pe3y.llliT3.Tbl ·pac50Tbl B BH.n;e CJie.n:yKll\IDC Kpa.TKHX BHBO.D:OB. 

I. y pallH8HI1.FI re.llliMrOJThl.1)3. H Ma.KcBeJIJJa .n:orryCKalOT pa.BHOMepmi1e 

K9.POTKOBOJIHOBble acHMITTOTH'!8CI<He peweHH.FI B rrpoH3BO.llliHOfi H80.n;HO­

p0.n;HOM H30TpOIIHOM cpe.n:e, ITOCTpOeHHHe Ha c5aae COOTB8TCTBYK1!\IDC 

reoMeTpOOITTH"'IeCKHX (nepa.BHOMepHEDC) pa.3JI011teHHfi. 3TH peweHH.fI 

crrpa.Be,IJ,JIRBbl Ha KayCTHKa.X H rrepeXO,wlT B reoMeTpOOITTH'!eCIWe :s.na­

JIH OT HHX. 

2. P1aBH0MepHUe KOpoTKOBOJIHOBble acHMITTOTR'!ec1me peweHHR ypaB· 

Hemm feJI:otvlro.llliu.a l1 lvJaJ{CB8JlJla MOl'YT Ob!T:O ITOCTpOeHl:l C ITOM0111:bl0 Ha-

6opa "aTaJIOHHllX" cpyum..r.ml: , y.n;oBJieTBOPffKIIUDC oc5mmoBeHHOMJ .n:H@le­

peuu;mur:oHoMY ypaBHeHHIO BTOpol'O· ITOPR.n:Ka. c K03qxtlHUH8HTa.MH B BH­

.n:e l'Jla,n;KHX qiyHKUJili (.n;R<!xIJepeHUHpyeMHX B JiyJKHOe KOJIH'!8CTBO pas), 

rrpl1'!8M HYJUI qiYHKuffit, CTOffil.U{X rrepe.n: CBOOO.n;HUM '!JI8HOM B ypaBHe­

HHR, orrpe.n;eJl.FIIOT KayCTH~ec1me ITOBepXHOCTH. 

3. AMrurRTY.D:b! yKaaaHHJ:ci paBHOMepHblx ac.HMrrToTH~ecKHX pewemm 

.fIBJl.fIIOTC.FI JIRH6MHb!MH KOM01UffilJ;l1.FIMH reoMeTpOOITTR'!8CKHX a.MITJIHTy.n:. 

pacXO.D:ffil.U{XC.fI Ha Ka.YCTRKa.X, a KOOP.D:RHaTHble ~y~ - apryMeHTa­

MH 11 3Ta.J.lOHHUX 11 qiymw.mt, orrpe.n;eJleHilliX 113 COOTB8TCTByKJU(l'.rX ypa:BHe­

HHfi 3fiIWHa.JlOB B paccMa.TpHBaeMOM CHCTeMe rwop.n;RHa.T H yc.nomrn op-

TOrOHa.Jl:OHOCTR. 
_I 

4. L.BHOMepHocT:o yKaaa.HHl:lx acHMITTOTH'!eCKHX peweHHli .n:ocTRra-

eTc.FI HaJIOJKeHHeM ycJioBIDi lierrpep1mHOCTU reoMeTpoorr:mi:i:ecKHX aMITJlH­

Ty.n; ITPR rrepexo.n:e COOTB8TCTBYKl.118rO reoMeTp0011TH'!8CKOro Jly'!a 

qepe3 KaYCTHKY H3 reoMeTpOOI1TR'!8CKOM T8HH. 

5. llpe,IT,11araeMa.FI rcoHCTPYI<UH.FI pernemrn rrpRMeHHMa, Kor.n:a rrepe­

MeHH!le paa.n;eJl.fIIOTC.fI ylKe B ypaBHeHRH sihwuanoB. 01-ra Ta.K.lKe MOJKeT 
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6liTb npHMelil'IM8. B Ka'ISCTBS MSTO~a aCHMITTOTH'ISCKOro pa3~8A8HIDI 

nepeMeHHHX B ypaBHSHRfiX. Ma.KcBe~a B CHCTSMa.X KOOp~aT, B KOTO~ 

pwc nepeMeHlille pa3~8JllIIOTc.fI JUW]b B ypaBHSHIDI re~MI'OAI>U:a COOT­

BSTCTBy~eii CKa.JliipHOM sa,n;a<m. 

6. EcJIH ypaBHSHRfI ail:KOHMOB HepaspeWHMli OTHOCHTeJll,HO apry­

MSHTOB "a~MOHHblX 11 cpyHKu;IDi, T.e. nepeMeHlille B aTHX ypaBHeHRf!X 

He pa3~8JllIIOTCR, npo6~eM8. cymecTBSHHO OCAOl!UlR8TCR. B aTOM CJIY­

qae CAS~eT HCKaTb aKBHBMSHTHlie IIyTH K onpe~e~e.HHIO ctiYHKUHil 

~i ' B IIPOTHBHOM CJIY'!ae HepaspelllHMOCTb ypaBHeHHil aiiKOHa.JIOB 

OTHOCHT8~bHO aTHX <lJyHKu;IDl: c~e~eT IIpH3HaTh npe~e~OM npHMeHHMOC~ 

TH npe~araeMoro MeTo~a. 

ABTop BHpruRaeT ~o~apHOCTh HBa.HIDIY M.H. sa co~eiicTBHe 

IIPH BliITOAHSHIDI 8TOH pa60Tli, . 
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