A M. BJOXHH, H. 0. JPYKHHAH, E. B, MHIIEHKO

TEOPUA N PACYET ABEPPAIIUN
TPETBEI'O MOPAAKA RATOJQHbLIX CHCTEM

B pa6ore mocTpoeHAa cTporas Teopua abeppandmii KaTOGHBIX 3JIOKTPOHHO-
ontndecknx ocecuMMerpmuurix cucreM (900C). C maremarudgeckof TOIKU
3peHHA 3TO 03HAYaeT IIOCTPOGHHE CTPOrOd TEOPHMH BOSMYIIEHWH A TaK Ha-
3BIBAEMOT0 OCHOBHOro ypaBHeHmsa Tpaekropmii (OYT) sapasxeHHRIX dacTHIl
B KOMOWHmpOBaHHBIX moiax. OCHOBHBIE HOCTH;KeHMS Teopum afeppamumii or-
paseHsI B GOJBIIOM KoamdecTBe Momorpadmit (cM., maupmmep, [1, 2]). Tem
He MeHee aBTOPH PEIIWINCh W3J0MKUTH CBOM cooOpaskenma mo Teopum abep-
panmit karogabix J00C.

Asropm npusuarenasast B. II. Wasuny, 10. B. Kyaukosy, M. A. Mona-
creipckoMy, B. fI. WsamoBy, MHoroumcjieHHBIe OOCY/REEHNS ¢ KOTODBIMH
CIOCOOCTBOBAMY MIOABACHAK HACTOALIEel MyOanKamyd,

§ 1. OCHOBHOE YPABHEHHE TPAEKTOPHI 3APIKEHHBIX YACTUI[
B ROMBIHNPOBAHHBIX ITOJAX

Hax u3BecrHO, JBUJKEHHE JJIEKTPOHA C 3apAJOM e M Maccoil m Ipm Ha-

AEYMH  DJEKTPHYECKOr0 M MArHUTHOTO HOJeidl ONHCHIBaeTcA ypaBHEHUEM
Jlopenna [3, ¢. 39]

e dr 1
———=——m-{E+75><B, (1.1)

rae r=r(t)— pagyc-BeKTOp IPOMU3BOJBHOK TOUKH TpaekTopum, E — BexTop
HANPAKOHHOCTH JJIeKTPOCTaTUIECKOr0 IIONA, B — BEKTOD MATHHTHOK MHIYK-
nuu. BBoas B paccMoTpeHme BIEKTPOCTATHIECKHAN M MATHHTOCTATHYECKUi
moreHnuansl @(r) m ¢™(r) rarme, aro E=—V ¢, B= —V @™, nepenumem
ypasrenze (1.1) B BEpe

d? m ’
—r=i{v<p+d—t><vcp}. (1.1

at? m

dr
Yuuaoman (1.1°) cxamapro Ha —-, moaydvaem

di

s d (fdar ¥\ _ 4 ar |2 fdr dr

*17( E\)—Tt@(”)’ ar =<d_t’ d_t)’
T. €. ‘

dr |2
Mgl =90 — o) +e, (1.2)
d 2

The & = 7»1“(1—1;(0) ” —- DHeprusa HJIEeKTPOHA B HAYAJLHOM TOUKEe TPaeKTOpHH,

paguyc-BeKTop Koropoit paseH ro=r(0); A; = m/(2e). Coormomenne (1.2)
ABIAETCH MHTErPaJoM HEPLUM, ¢ IIOMOINBI0 KOTOPOro, ciaenyd [4], MHI m mo-
aysum m3 (1.17) OYT.

€ A. M. Baoxmg, W. 0. Jpyxunur, E. B. Mumesko, 1990
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Duyc, 1, Puc. 2.

B pexaproBoil cmcreMe KoopgumHAT ¥, Y, z coorHomenme (1.2) mepemm-
meTcsa Tax:

7"12(:&2 +92+ 22)= (P(x, Y, Z)+ & — (P(xov Yo, Zo),
e z = j_f m T M, e=A%@2(0)+35%(0)+ 22(0)). Humme MBI cTpomm Teo-

puto abeppamuii Karogasix J00C (¢ oceo cummerpuu Oz). Ilosromy mpen-
MOJIOKIM, YTO HAYANbHAA TOYKA JIEKUT Ha KaToje, KOTOPHIN ABAAETCA DKBHU-
floTeRUNANbHON HoBepxHOCcThI0 (puc. 1). Bes orpammvenma ofmmocru Gymem
CYNTaTh, 40 @ (X0, Yo, 20)= 0. W3 (1.2) momywaem

: 1
S (1.3)

rae L = t+rr r=xtiy=pe®, r=ax—iy, R=p’=2+y?
‘/S—i—CP(Z,R) y=p ) Y y

E =r'; ¢(z, R) (9™(3, R))— anexrpocrarndecKuii (MarsuToCTaTHIeCKuil)

HoTeHNHuAaN, yaoBIerBopsaomuit ypasgesuo Jlamnaca (em. [3, c. 114]), t. e.
9+ 4(Rop)r=0 (9% + 4 (RgE)r = 0),
opu stoM ecan D(z)=@(z, 0) (Dn(z)=9¢"(z, 0)), 10

[o°]

— _(_'__1_)‘1 (2v) v
cp(z,R)—vF:o(zv,v,)ﬂ (@) R s

m ,R) = \ (—1)\’(1)5’3'\’) RrY
(cp @R =2 g O @R )
@ (0)=0.
Torpa, yaursiBag (1.3), uz (1.1") mot momyzaem OVT (cm. [5, e. 168]):

2

r’ 4+ LT (r'@: — 29z} + AL ' (2'¢} — y'oF) + ir'el — 2ig} =0, (1.5)

rie A= Ve/2m), ¢ = (1/2)(x + i¢y) = rop, 0 — sHAK 7 (A KaTONHBIX

900C nonaraem o = +1).
Hag OYT mer 6ymem usyuars samauy Homm co caegyomuMm Hadadb-
HBIMH YCIOBUAMU:

i

1B , h
r(z,) = pge % 1'(2) = e ° (1.6)

Bnech po = Vo2 + yo2, 6 = Ve -sin 0, p = Vecosd, p= [w], 8 — yrox Mexxy
4



“ dr
HAOpAaBIEHNEM BEKTOPa HATAJBLHOM CKOPOCTH ET(O) U TONOMETENLHBIM Ha-

npasnermeM ocum Oz(0<0<m); oo, Bo— HeKoTOpEle MOCTOSHHBIE (CM.
pme. 2). 3aMeTHM TaKKe, YTO ypaBHEHHE IIOBEPXHOCTH KATONA MOKHO 3alu-
catb B BuEe @(z0, Ro)=0, Ro= p¢?, oTKyma ciemayeT 3aBHCHMOCTE Zp =
——zo(Ro) HoxameM KaK MOIYIaeTcA BIOPOe yCIOBIE W3 (1.6). ITockoubky

A2 (22(0) + y2(0) = esin? 6, A2z (0) = gcos? 0, 10

’ 6 ’ 6 .
(2" (20)* + (¥’ (20))* = Az y &' (30) = W COS%ey ¥ y'(20) = 7SR %
Cregosarensno,
’ ’ LI § 8 ed
P (zg) = ' (@) + iy (z) = - e "

BoiBegem Temeps HexoTophie caepgersug ua ycaosuit (1.5), (1.6). Iockoasxry
r'=(p" +ipyp’)e”, 7 =(p" —ipp’)e ",
r'F =(p")> +(pv)?
" ={p” — p(¥)2+il2p"p +pp” e,
n3 (1.3), (1.6) BmiTeraer

” ’ L2 ’ ’ m\’

" — P () + 5 (0'p: — @) — ALpy’ (¢™)" =0,

(1.5)
” [N L2 ’ ’ m\’/ ! m

PV + 20 + o p¥'g. + AL {p (™) — (1 + rF) g5} = 0,

(e = oy 0" (20) = 7 cos (g — o). -
P (20) = Py PV’ (20) = %Sin (ctg — Bo)- .

3ecs  (¢") =@+ p Q" = @," + R'@s". Haxomen, ms (1.5"), (1.6")
MOJKHO IIOJYIATH CIAEAYIONIHEe COOTHOIIeHUSA:

L' + -;— L3¢, — 2ALEU ¢ = 0, wn
R'l —]— %‘ L2 (R’(Pz -—_ 4]{(PR) + 2 ['1 J— (8 + (P) L2] _ 27\LU ((Pm ’ _ 0’

§ . 1
U (z) = py —};—sm (g — Bo)s Lz = o

(1.8)
R(z)) = pj, R’ (z,) =20, % cos (a, — By),
rae U = Rvy’.

SameruM, 4To mepBoe ypasmenme cucreMsl (1.7) momydaercs ma Broporo
ypasuenusa cucteMul (1.0') mocme yMuomeHus ero Ha 0. Tperbe ypasHeHme
cucremst (1.7) Berrexaer us mepsoro ypasHemmsa cuereMsl (1.57) mocae yM-
HOKeHHA ero Ha p. Hawkomen, mcmonp3ys ofa ypasmemus cmereMsl (1.57),
moxyuaeM Bropoe ypasHeHme cmctembl (1.7). OYT ¢ umcmoapsoBaHHEM arpe-
ratoB U, L moxHO mepemucars Tak (0= -+1):

2
r’+ -[2'—(r’cp, — 2rog) + AL (r'ofi — 2roRi — 2r'Ugg) = 0. (1.5")

B sagmauax (1.5), (1.6) m (1.7), (1.8) napamerper 8, W, pPo— Mamble
BEJBIHUEHL,



§ 2, TEOPHS IIPOCTPAHCTBEHHBIX ABEPPAIINN
KATOIHLIX 3JERTPOHHO-OITHYECKNX OCECAMMETPNYHBIX CHCTEM

ITockoapxy mapamerpsr 6, po Bxomar B samawy Homm (1.7), (1.8) pery-
XapusIM 00pasoM, 6ymeM mcKarTh pelleHHe 9TOH 3afadd B ClefyoIieM BHIE:

(o]

U=Ub.0)= 3 57 Ussd'ol,
1,j=0

00

L=L(z8,p0) = 2 57 Luid'ph, 21
i,j=0
R— R(z6p0=z i] Ry;8%p},

iU (2,8, p,)

rae Uij = Uij (Z) = 06iapj
1}

Z 1. 5 Ilomaras B (1.7), (1.8)
gm0

8 = po=0, M moxyumM zagauy muaa onpepeienmsa Gyormmia U (z), Loo(z),
Roo(z). Tlpm stom ouesmmro, ato Uy (z)=0, Roo(z)=0, a ¢pyurnua Lo (z)
ecTh pemenue sagaiu Hormm
’ o’
Loo + “2—(Loo)3 =0, Lyp(0)=

1
!J, R
T. €. Loo(z)=1/u(z), rme u(z)=¥u2+ @ (z).

IIpomugpgepenuupyem ypasHenus cucrembl (1.7) m magagbuble TaHHHE
(1.8) mo 6. B moaygemnbix coormommenmsax mojoxuMm O = po=10. B wnrore
MBI modyguM AdA oupenexerus Gymrmuid Uio(z), Lio(z), Rio(z) caegyro-
myo 3amaqy Hommn:

Wy [Uro, Rio] =0, Un(0)=0,
WU, Lio, Rio]=0, Li(0)=0,
We[Uso, Lo, Rio]=0, Rio(0)= Ry’ (0)=0,

rae

Yy X, Z] = X'+ =X + 2 (0,2),
2u 2u

3 @’ " D,
ViX,Y,Z) =Y+ 5= Y—E—Z—BZA—)V—Z?X
- o,
Yo[X,Y,Z] = Z”+ ((DZ) + Z —4uY —2) =2 X.
u

Cunegosarenbno, Uy (z)= 0, Lio(z2)=0, Rio(z)=0
Amanormuno paccysmas, cdopMymampyeM [as onpejeieHns QyHKOui
U (z), Loi(z2), Ro1(z) caenyromyio sagady HKomm:

¥y [Uo, Roil=0, Un(0)=0

W [Uo, Lo, Roi]=0, Lo(0)=0

¥r [Uov L01’ Rm] =0 301 (O) = R(;1 (O) =0,
1. 6. Un(z)=0, Loi(z)=0, Roi(z)=0. 3amernM, 9T0 mpH BEIBOJE IPEXEI-
AYIOIEX COOTHOIIEHHN 3aBHCHMOCTB Zo = Zo(Ho) MBI mpegcTaBmim B BHAe
%y = “jg—kRo + ... rge R, — pagmyc KpUBH3HBI MOBEPXHOCTH KATORA B Bep-

mune Kartoma. W3 ypasmemma ¢(z, Ro)=0 aerko momyuurs, 910 R,=
=20’ (0)/®” (0). Haxomem, mia ounpemenenms ¢yakmui Uy;(z), Ly(z),

6



Ri;(z), i +j=2, chopmyaupyem sagaun Homm

¥y [Uzo’ Rzo] =0, Uzo (0) =0,
¥ [U 2, Lzov Rzo] = 0 Lzo (O) =0,

Wr[Usp Loy Ryl = —:u:— R,y (0) = R;o (0) = 0;

Wy (U Ryl =0, U,y (0) = % sin (ot — Bo)»

Y [Uy, Ly Ryl =0, Ly, (0)=0,

Wp Uy Ly, Byl =0, Ry (0)=0, Ry, (0) = % cos (czy — Bo):
Wy (U, Rypl = 0, U, (0) =0,

@' (0)
‘PL [U021 L02, Roz] = 01 Loz (0) = 2“'3(3;3 )

Vg [Ugs, Lozv Ry =0, Ry, (0) = 2, R(;Z (0)=0.
Idru 3amaun Komn Mosmo mepemmears clefyomuM o0pazoM:
’ " 4
M [Rzo] =0, Rzo (0) = Ry (0) =0, Ry (0) = TL?
A g
= — = mBn )
Uy (2) 2% DRy,

Loy @) =2 ({07 + 200,07 Ryy
0

MR, =0, Ry (0) =0, Rj;(0) =+ cos (e —Bo),

" Q' (0 m(0) .
Ry (0) = — g ) cos (@ — Bo) + 21 —Z5—sin (g —By)»
Uy(z) = — LAq),’an 4 S —B)
u
Ly (z) = -8—%3S [®” + 2A2®,,®,,] R,y — 4\ Dy sin (o, — By)} dr;
0
D (0
M [(Rog] =0, Rz (0) =2, Rep (0)=0, R (0) = — =2,
AD, (0)
U02(Z)———q) R()2 u [
L02 (z)— [2(1)"(0 ) + f[(qy" + 202D, D;,) Ry, — 40D, (0) Dy ]dt},
rje
' 30" + 227 (@),)2 " + 2220, 0
M{X]=X" + 3?2 X"+ + 712( n) X + _+_}:2_m_1x
2u 2u 2u

Ypasmerne M[X]= 0 mocne samensr X = Yiu MepeXofuT B YDABHEHHE
— - ' : [
M[Y]=0,tne M[Y]|=Y"+2¢Y" +q'Y, q = 5 (—ib—z— + ﬁ —Aﬂj . Na-
u K

BecTHO [B, c. 462], uro obmee pememme ypasmemma M[Y]=0 umeer smp
Y= CIV2+CzVW+03W rae Cy23 — OpOW3BOJbHBE mocTogHAbIe; V, W —

1



Kaxag-mnb6e yrmaMenraabHas cmcreMa pemefmﬁ ypasHeHAsR

Nizl=2"+4qZ=0.

Hume MBI GymeM dacTo uMeTh JelI0 ¢ TAK Ha3hIBAEMBIM HapaKcHAJTBHBIM
ypaBHeHueM Tpaekrtopmii (cM., mampumep, [7, c. 1117])

, , ‘D”—} }/2 (Dm 2
NIX] =X+ 25X + —TZ(—_) -0 2.2)

¥ OBYyMs JuHeHHO HezaBmcuMbIMu permemusaMmu U(z), w(z) ypasmemns (2.2),
YAOBIETBOPAOINEMYE HAYAJIBHBIM YCIOBAAM

v(0)=0, v'(0)=1/u, w(0)=1, w (0)=0. (2.3)

Ypasrerne N[X]=0 mocre szamemns X=Z/Z”f mepexoiuT B ypaBHEHUe
N[Z]=0. Honaraa V(z)=u"%w(z) n Wl(z)=u”2w(z), nmeem V(0)=0,
V' (0)=1/p? m W(0)=p"2 W' (0) =
Ry (z), Ri1(3), Roz(2) cmavana uwepes W (z), V(z), a 3arem uepes v(z),
w(z). llonyunm

Ry (z) = 20%(z),

Ry1(z) = 2 cos (o — Bo)v(”) (z)+ AD." (0)sin (o — Bo) V2 (2),

——7 - DBbipasum temeps (ynkmum

Ry (2) = 2u* (2) + = ((D (0))"* (2).
Iocae storo oupemenum Qynxumn Uy;(z), Ly(z), i +j=2:
AD,,

u

Uy (2) = —

v (2),

U@ = — =2 [200 Q)0 @) + hts@p (02 )] + 2,

Upa(2) = — h—%— [2w2 (2) + _Kzi (% (0))%? (Z)] N w,’,’% 0N
Ly (z) = 11;—3 f(D(T) v? (1) dr,
0
Ly (2) =8—1;3§CD ) [250 (3) w (1) + AD}p (0) 02 (1)] dv — (2,”:1,
o
oz(z)“—é-;— (CD(T)[ w? (1) 7~ 2~ (@2, (0))%? T)] gv 4+ ¥ (0) conq;,’: o
0

rme % =sin(a— Bo), %2 =—cos(ag— Po), D (z)= D" (z)+ 222D, (z) X
X O0,"(z), Co= {0, (z)— ®.’(0). Momxuo mnorasars, uro U;(z)=0,
Lij(Z)E 0, Rij(Z)E O, l+] = 3.

IpucrynuM Tenmeph Xk ompefenennio Ko3GPuUMeHTOB pasiokenna QyHK-
muu r. Umeem

oo

r=r(z70,p,) = 2 z']l ri; (2) G{po, (2.4)

i,j=0

mpudeM roo(z)= 0. IIpomudpdepennupyem OYT (1.5) m mawanwmBe ycroBuma
(1.6) mo 6. B monydenunx peipaskenmsax moxoxuM § = po = 0. B mrore mo-

8



Ay9uM A onpegeiaenusa QyHROUA rio(z) caemyomyio sagasy Homru:

W, [riel = 0, 730 (0) = 0, o (0) = "™/,
e
¥, [X] = X" + ( T = )X’ (i‘l"—z+ mi) X.
bu 2u
Amanoruuno, Ana HaxoxpeHus QYHKOUH rop(z) moxydaeM samgazy Hommwm
W, (rgr) = 0, 7oy (0) =€, rgy (0) = 0.
Qopmynupya sagaum Homm pas ompegemenus $yErumi ry(z), i+j=2,

JIerKo 1oxasarb, uTo ri;(z)=0,i +j = 2. ChopMyaupyem Temepp 3again NIf
oupenenenus Gyuroui ri;(z), i +j=3:

Wy [rg] = 3’”10%1 [Ryg, Lag, Uszol + 3riga [Rags Lyl

T30 (0) = r:;o 0)=0;

W [ral = 2r;0X1 [Ry, Ly, Uyl + ":)1X1 [Rag; Lygy Usgl + 2r 4% [Ryy, Lyl +
+ TorXe [R2g) Lol

ry (0) = r;l(O) = 0;

W, lrp] = r;oX1 [Rozs Logs Ugal + 27‘(;13(1 [Ry1s Layy Usg] + 730X [Rozs Loal +
+ 2rp e [Ryys Lygls

uzo ioco @ (0 ) ,
T2 (O) p'R ’ r12 ( ) :2H ( 2; ) + l}\.q)m (O));
R

W lrosl = 3"017(1 [Ros Loas Ugsl 4 3rgita [Ross Lol
' 3¢ (@7 (0
10 0) =0, s 0) = g (S5 4 20} 0).
3necs

o ' , 2D
X, Y, Z] =( ,2+ zx——)x_(liJr iMDm)Y— =7,
u

qu

@ . CDS,{V’) L (@ | .
m[X,Y]_(gza2 + iA T X————( - +Lm>m)y.

z
e -~ ()
Vpasuenne ¥,[X]=0 mocxe zamensr X =e 7Y, f= -;”—54&:, mepexo-
u
0

nut B ypasHenme (2.2): N[Y]=
CiegoBareanbHo,

r (3) = Ty (2),

ro1(2) = e~ ¢y (2) + ¢ ¢Po; (1) Oyv(z),

reo (2) = 6Be%~7 (B + ib),

ror (2) = 267677 (G + ig) + 26" TP (£ i,
r (2) = 2¢™ %07 (D + id) + 2e 2By o) =17 (C + ic),
Tos (2) = 6e'Poe (E + ie),



rje

B= SQ(z, BT [v (), v?(7), 1] dr,
b= {07, v@E), (), 7 dr,
[}

G= 50 (5, DT [ (1), v* (1), 7] — 2pT, [v (1), 02 (1), 7] + T [v (x), v (%) w (x),
—B [vzr), 7]} dr,

g = { 06Ty 10 (), 2 ()71 + 26T [0 (@), 2 (1), 1 + T [o (3 0 (0 (e,
1+ 4 [vo(r), 11} dr,

F = S()(z, T [v(v), v () w(x), 7] + pTy [v(7), 22 (x), 1] + B [v(z),7}] dx,
f= 5 QW {T1[v (), v(Yyw(r), 7] — pT [v(v), v* (%), 7} — A [v (1), 7]} dr,

D= {067 {300 Re@9 + T @ v@w@, + oL, v,

v3(1), 7l + p°T [v (1), v (T) T] pLy [0 (%), v (D w (1), 7] + C v (1), 7] + B [w(%),

w (z)

T] + pA [v (7), 1:]} dt + 4P23 v(z)— R,

a- jow) {3 Ty (@), Bug (8,71 + T 0 (3), v ()0 (2), 7] — pT (),

vi(r), 1] + py [v(v), v2(7), 7] + pI'[v(v), v(Dw(), 7] + f)[v(r), t] —
— A[w(v), 1] + pB [U(T),T]} dv — -}L—%v(z),

C= f Q (z,){F [w(r), v (@) w(v), 7] — pTy [w (v), ¥* (v), 1] — p°T [v (1),
v (7), 7] J: Pl v (v), v(¥) w (v), 7] — B [w (1), 7] — p 4 [v (v), 1]} dx,

¢= OSZQ(Z, )L [w (), v (D w(w), 7] + pT{w(z), v*(v), 7] — p*T,[v (),
(1), 7] + pT [0 (1), v (D) w (1), 7] + A [w (1), 7] — p B [v(v), 7]} dr,

E= S Q(z,7) {—‘%'F [w(t), Ry, (T), T] — %PI‘1 [v(), Ry, (z), 7] + c [w(7),
0

W —pD [ (), 1} dv + G- (3),
e= [ 0@ {21100, Ry 9+ PP [0(1), Ros (991 + D (s
0

10



1] + pC [v (1), T]}d’ﬂ —_— m( ) v(2),
Q(z 1)= v(Z)w(‘v)—- U(T)W(Z),
Ry, (z)= 2uw?(z)+ 2p%2(z),
43 () X' + (V) (2) + 40%0,, () Oy () X v
324 (z)
’ ’ " 2. 12 z
_20@X +(c1>A(3z)+7v @, (2)) X j"(f(r)Ydr,
16 u” (z)

T'[X,Y,z]=

"

4u® (3) D () X'+ (4® () 04V (2) — D (2) Dy, () X

1622 (2)

20, (2) 2% (3) X' + (32 (2) D)y (2) — O’ (2) D, () X 55@) -
16 (2) : ’

T,[X,Y,z] = A Y —

— A

m (0)/2,

p=
4 ’ - ” ’ C()
A1X,z ]=4;§ﬁ[co(z)cp (0) =0 (@) Pn ()] X' +

[@ () +

+ 22D, ()] X,

- C (z 2(13, 4 2 - ” ’

Blx s = 2020 g I [0 ) 0 a) (Co )+ @i ) -
— Co(2) V' (2) O (2)] X,

CIX 2] = 5= (20 [C, 0 ¥ () — W () 0 ()] = 2 > @) X'+

D (z) - 120, (2) @’ (0)
+ 8%° (2) {2 Cola)hp — =, }X’

DIX,z] = %((z)) [2 Co(2) p ‘D;?LO)]X' T {2xp[u (2) Dim (2) X

(
[ (2) Dip (2) — fb;(zﬂ}x

Taxum o6pasoM, B ciayuae KaroqEbix JO0C MBI moayumnu ciegyromee adep-
PANMOHHOE BHIPAMKEHHE A TPAeKTOPUIL:

r= et {ei%v (2)8 + ¢ [w(z) + ipv(2)] oy + e’ (B + ib) 8 +
+[e™(G + i) + CTE 1 1] 80, + [ 7D + i) +

+ 7 (€ 1 ie)] 893 + e (E + i)} + ... ). (2:5)

OrmernM, uto dopmyna (2.5) maer smadenume QyEKOuu r(z) ¢ TOIHOCTRIO [0
MaJbIX BeJIYMH NATOTO mopafka (mo 8 m po). B camom nexe, dopmyampys
sagaun Komm pnsa ompemenemmsa Qyurimit r;(z), i+ j=4, MomHO IOKa-
3arh, 910 ry(z)=0, i +j =4,

0)

X (Cy(2) + D (2)) — C, (2) D' (2) D (2)] +

§ 3. BPEMEHHBIE ABEPPANIITN KATOJHBIX
9JEKTPOHHO-OUTAYECKNX OCECHIMMETPHYHBIX CHCTEM

Vcnonbsysa pesyiabrarsl Ipelsmymmnx maparpados, Ml 0e3 Tpyma Mo-
JKeM peIlnTh BONPOC O HAXOMKJEHWN BPeMEHHEIX aleppanmii KarofHBEIX JIXHS.
C oroit meanro wMul uHcmombsyem ypasmenme (1.3), koTopoe mepemnmmiem
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B caenyiomeM Buae (0= 11):
dt
= =ML, t(z)=0. (3.1)

Pemenne zamaan Komm (3.1) 6ygem mcrath B BUfe

oo

t=1(2,8,p) = X <7 t(2) 8'0), (3.2)

B cany dopmyn ns § 2 umeem

£11(2) = _7_»81 g s1 (y i3 (9) Ry (@) do — 4, Cy(7) )dT1

th (3)= %‘—Y 1(,() (YE((P) v (@) dcp) dr,

1 1 4cb (0) _ )
iR, TE Y ) (f D (9) Rz (@) do + 8hpC, (r)) dv;

tij(z)E 1 I’+]=3

TaxaM obpasoM, B caywae xatomabrx JOOC MBI momydunm caexyiomee aGep-
PaUMOHHOE BEIPAMKEHNE JJIA BPEeMEHM IIPOJeTa:

£ =t (5) + 5 120 (&) 82 + 11, () 89 + 5 Le (VPR + ... (3.9)

OrmernM, uro dopmyna (3.3) naer smauemme PyBrnnE ¢(zZ) ¢ TOTHOCTHIO JO
MaJEIX BeJWYAH IeTBepToro mopagka (mo & m po).

§ 4. BBIYACJEHNE KOO ONINEHTOB ABEPPALIAN
B HEROTOPBIX YACTHBIX CIYYAAX

Usysaa Qopmynst pna wospdumnuentor abeppammit, HoTyueHHBIE B
§ 2, 3, Mu1 yOempmaeMcsA, 9TO OHE IJIOXO0 IPUCIOCOOJEHBl [JI KOHKPETHHIX
BEIYMCIGHAN W3-3a HANMA4IUA 0COGEHHOCTEH B IOJBIHTErPAJBHBIX BLIDAIKEHAAX
(1 mamo, ®(0)=0). B srom naparpade Ml paccMOTPEM HBA FACTHBIX CIY-
gasg, B KOTOPHIX (PopMyJasl Ias Koapdunmentos abeppaiuii mepenmcansl TaK,
9T0 OHH Y:Ke He cojepskaT 0co0eHHOCTeH.

IIyers @, (z)=0, ®O(z)— Hexoropaa amaauTHIecKas QYHKOUA Tarad,
aro D (z)=Az nmpu 0<z<3z m ®(z)>p? upn z = z,, rxe A > 0 — mexo-
TOpas IOCTOAHHAA, z; — ToUKa HA ocH Oz, Ilpm z <X 2| Jerko momyvaeM sB-

HEle (DOPMYJIEI MAA OBYX JHHeRHO HesaBHCHMBIX pemenwit v(z), w(z) ypas-
vempna (2.2):

v(z)=-—3—(Vp2+Az—p), w(z)=1; (4.1)

Mpu z > z; QyERuum v (z), w(z) MOMKHO HCKaTh B BHIE DANOB DO MAJIOMY
mapaMeTpy M:

v (@) = v (2) + w1 () + 5 172, (D) + .. |
(4.2
w(2) = wy (2) + Py (3) + 5 B2, (2) + . ...

VanrsiBag dopMmyast (4.1), (4.2), mocie mpocTHIX, HO TPOMO3IKAX BEIKAAKOK
12



HOCNEe0BATENBHO MONydaeM
pt
a) npu <z
rz) = 2( )1/2 ‘“06 + ezﬁ"po— %ei%pﬁ n (Ai )1/2 m°6 2y
‘1z 2 (12
t(z) =2M(%) — bt KI(E—) RE4 L

6) opn 2>z,

r(z) = eia"vo (2)8 + ew°w0 (2)py + em"v1 (z) 6p + % ei%v2 (z) 6u2 +

+ 20w, (2) py® + € 7088 + [06 + £ O TP b3, 4

+ [e"D 4 £ CP)C] 8p2 + P ER] 4 ..,

1/2 - dz 22
t) =2 (3] i — et

%

My ‘ 1 K ” 2
3 wre b " Q)0 dc] I

1

+ lh ¥y f e [fcp (©) v,y (8) wods} dt

1

+ 8% +

{py +

+{ 1 5@3/2( [Sd)” (©) wo(?;) d¢ | dz

pa +

1 \v2 15‘ dt ] 2y
qul (D3/2( ) M

1

(133/2 @ [5 Q7 () vy Q)01 ©) dc] dt

Am : -
1 : j @3/2 o) {j‘ o~ Ul (C Wo (C) dC] dT] 690“’ + .

21

+ 2

82 +

rue

»l/2 (2) Ql/2 (21)

vy (T w, (V@' (1)

v, (2) { vg (2) w, (2) D" (2) vy (2,) g (3,) " (ZJ

_ jz' v2 (1) O (7)

7 (3 [Uo (7) wo (1)— vo(Thw (1) — >

51

32 @1/2 (2) (Dl/z (z ¢,3/2 (T)

— 2 [vé i (Z) vg (23,) " () + L 1 5‘ vg (1) O’ (1) O (1)
21

. (4.3)

(4.4)

(4.5)

(4.6)

dt]_
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3,0 (2@

5@ (2 o0, y L
— 01((: @3‘;2 el (20" (v) v (1) + D" (v (SCD 0 v (§) d§>d1+

%

1

90 n® o , : \
+ 2 J S 20 (MU () + O (9 v (1) (f@ () v (©) dc) dr,
zy 2
v, (2) | v2(2) W] (2) D" (z) 5 (z,) wg (2,) @7 (z))
G = 016 { 0 @1/2 > Yo% oo E 5 i

1 vE @ wd () O (1) D7 (1)
+ —2— ‘S' (1)3/2 (T) dT -

%

wy (2) | v](2) w, (2) D" (2) . Vi (2,) Wy (2,) @ (2,) _
16 o2 (2) (Dl/2 (31)

v? (1) D" (1) ’ v (1) w, (T) D' (1)
_j 0¢.1/2 = ( (1) wy () — vy (V) Wy (1) — ——53 @ ) dr} —

T

(20" (4w (1) + " (), (0] ( o7 @t dc) dr —

51

z
5,0 S w, (7
16 @3/2 (T)

%

(207 (%) v () + @ (%) 4 () (f O () (2) 0, (1) d;) de +

z

16 03/ (v
zy ) )

= qf;’/f()r) (20" (v) wy (v) + D" (3) wy (1)) (S D" (1) 13 () d;) dt +

) e B R+ O 0 (r)}(j O (©) 0 (w02 dC) a,

%

F=

v, (2) | @wg@ (@) vi(z)wp(3) P (z)
32 @2 (z) OV2(z)

-_—2 j 7o (1) 0 (0) @7 (1) (vo (1) Wy () — vp (D) w, (1) — % (9 (T)‘ o ) dr} —

®1/2 (1) 40 (1)

%

B (2) I V3 (2) wy () @ (3) _ v3 (2,) @, (2,) @ (,)

32 l @1/2 (2) (Dl/z (zl).
¢ o2 (1) " (1) , , o (%) w. (1) ' (1)
—5 e (ro@ s () = vy () — 2 )dr]—
1

Y (2) ; wy (1)

1

16 o () {207 (1) v,’, (1) + D" (1) v, ()} (Z D7 (L) vy () wy (L) dg) dt +



2

w, (2) v, (1)

+ (1)16 Y @3?/2 (1)
“

(20" (1) vy (3) + D" (1) v, (%) (j O (£) 5 5) o (©) d@) d,

51

5, ()

¢ v, (2) wg (z) @ (2) Y (z) wd (z) D" (z)) _
1

QL2 (2) O1/2 (Zl)

4 w2 CD”’ ’ ’ '
. Y 2y (M@ (M) (,;0 (T) wo () — v (T) W, (T) — v, (1) w, (1) D' (7) ) dr] —_

D=

®2 (1) 20 (1)
51

_ 2@ | @@ @) g(z) wh(s) @7 (z)
15 o T e

L (22 () wd (%) @ (1) D" (1)
+ 75 O (7) dv

e @u;‘}z(fl) (20 (v) vy (1) + D" (x) 3, (r)}(f " @) wl Q) d;) at +
%y

%

T [ 120 (50 () O (5) 1y () (f " @) ut (2 d@) dv—

% %y

- Uoléz) ql)l;(;z( T()T) {20 (1) wo(7) + D (1) w, (7)) (j' D7 (2) vy (3) wy (B) dg) dt +

zi zi

Y0 [ 20w () + O (1) (1) (j ©” (£) v (0 o (0 dz) dr,

21 Zi

G { QU@ @ oy () BE)O" ()

32 oL/ (2) ol/2 (zl)

w2 (1) O (1) ALY
_j_(%m_( (5) 3 (1) — v () () — 22 )‘“}_

%

_ % (2) | vg (A wg (2) D" (3) _ v (2,) wo (2,) @ (2y) —
32 OV () V2 (z)

4
v (Vw0 (V) ( ' v, (7) w, (1)D" (%)
- f—"aﬁ—(vomwo(r)—vo<r>wo(r>—° e )dr]—

1

— 5O [ O a0 @) + O W, <r>}<j O @) 0y (©) wo (0 d )

ZI 21~

w (@) (v, ()

(20" (g (5) + O (@) w, (V)] (f O (©) v, (£) w0y £) d )

.\Z

4 1



0, (2)
32

E—=

wg (z) o (z) wg (zl) o (21) ij" wg (v) @’ (‘I‘,’) o (T) d’t| _

(D1/2 (z) - pL/2 (7'1) 2 @B/2 (v)

%

w, (2) | v, (2) wh (2) O (2) () w) (2,) O" (2,) _
32 @12 (z) D2 (3

z w? (‘L‘) D" (T) , , v (T) w (T) @’ (‘I.')
—fiamr%wm%m—%mwm—° = pJ_

—3?1QQﬂMﬁWWHmwwmﬂjW@%@@%m-

1

w, (2) : v, (7)
16 . @32 (1)
1

B@m%m+@m%m%ﬁmwmm@w.

Qynruun vo(z), v1(2), v2(2), we(z), wi(z), we(z) B pasmomennax (4.2)
OIpeReNsaA0TCa CAeAYmMuM 06pasoM:

wo(z)=1w(2), wi(z)=0,

z

- 1 —
@ (1) w' (1) + 5 @ (7) w (T)

1 .
%@:VEJW"” e a
1
@) = Q@ + V@), @)= — 580,
1
z ’ 1
1 — - ( (= @y ()t (D7)
vy (2) = K_A;‘I)m (2zyw (z) — v (2)) + 1_/_51—;5;0 (z,7) 2 (1) dr,

0(z, ©)=7(2)w(v)— w(2)7(1);
v(2), W (z) — ABa JAMHeHHO HE3aBUCHMBIX DeINeHNA YPABHEHUS
” q)l , (I)” _
Ny[X]=X"+ 'EX +E—X—O,
YIOBIETBOPAIONINE HAYAMBHEIM YCIOBHAM
7(21)=0,2"(z1)=1, w(z)=1, 0 (z)=0.

3ameruM, uro B pasmomeHuAx (4.3)— (4.6) BmIOmcanbl Bce HEHyIeBble 9ie-
HBI BIIOTH [{0 WIEHOB TPETHETO MOPARKA o 6, po, U.
Paccmorpum temeps gpyroit cayuaid. Ilycrs @, (z)=0, a @ (z)~—~ HEKO-
Topas amajauTHiecKas Qymrmua Taxag, 40 P(z)=az/(R,—z) mpm 0 <
e e .
<z<zu®(z)> p?npuz =z 3gech o = R —R,’ U, R., R,, (R,>R,)—
c
TONOKATeNbHEIE YACHd; R, — pajmyc KPHBH3HE IIOBEPXHOCTH KaToga B Bep-
mpHEe Karofma; z; < R, — R.. OmpenmennmM cHavaja fgBa JubeilHO He3aBUCH-
MHX pemernsa vU(z), w(z) ypasuemmsa (2.2). Ilocie HeCITORHBIX BBIKIAJOK
moJaydaeM, 4To IPH 2 < 2|

R, —z
o

v(z) =2 (ViE+ 0@ —w),

R,—12
w(z) = th +thv(z).

(4.7)

Ipn z >z ¢ynrknqun v(z), w(z) Gyxem BHOBL mckaTh B BHme (4.2).
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B cuny gopmyn (4.7), (4.2) mocae o4eHb IPOMO3IKMX BBIKIANOK HMeeM
a) npm z<z; u O(z)> p?

R, — /2 R, —
() = 2L ey 4. S

z (R, —3) V2 R, —z\3 /2
+,%h[————( : )] e’ﬁ°pou+[————( ) } ¢ %obp? —

o z00

; R, —z
e1ﬁ0p0_2_ja__€ezaoﬁu+

3

Ry —z 2 . 3
-2 aRk 1ﬁop pe 4 [____f___)_:l %083 4 a—;:[etﬁ()—}— (2% ﬂo)] 820, —

OLS(Rk—z
1 [R,—z]|V2 R, —2z R, —z
————2—[- ‘;z ] hﬁi e'%dpg + ;‘Tieﬁ“@g—k cen (4.8)
A _ 1/2 2M.R
= '1/1& {VAZ—]—Rkarctg(K—) }— ;h
32 — /2 7»
+2—.3};{—1/Az+3harctg( ) }62—1— R 6p0
41/ = {SVAZ—(ZRh+z)( }
A‘1/2
+ —% ™ 3/2 {(ZBh—{-z)( ) +3Rkarctg( ) }
Az 6%, V Az A, (22— Ry) 8x
——5 O 3/2R Spol + TP%M 2w — . (49)
6) mpu z >z

r(2) = €%, (2) 8 + e'Puw, (2) p, + €%, (2) 8 + e'Pow, (2) oot +
+ o €y (2) 8u® + 5 ePow, (2) pypt + ¢%0BEY +
+ [€eG + e(**0™ P F] 820, + [e™%D + &' (Bom%)C] 8p2 + ePoEpl + ...,

(4.10)
t(z) = V~ {l/Alz1 + Ry arctg (-) } + A S @1/2 o
1
9 R 3 . 1/2
— —%—l‘- B4+ 2 A {oc—3/2 {—VAlzl + R, arctg (A—1> :I +
1
2 2 z 1 z T
+ (Tll) 5‘(1)—3/2 (T) dt + E_S(D—-Sﬂ (T) XQ/// (;) l)(z, (g) dg | dv & +
1 % #
2
+ ’\Jg" 1+<D3/2SCD_3/2 (ydv + ZE fcp-f’/2 (1) X
21 Zl
T
A 2R, -z Az \V2
X( D7 () v, (§) wy (T) d(;)dr 8p, + 4];2 — (’;)1/2 L 3( 01‘1) +
z. 3 1
1

+ (ot 30) [0 @y ae 1 B [ oo (T)‘;g O (1) i (D) dg] dr] o ¢

Zl Zl.

2 Baxas N 1004 47



2

[ A\ V2
2Ry + zy) (71-) + 3arctg (
1

1/2 .
+ o —All> —aslzj O (1) drip® +
R 21- 7
Pl qﬂ/zjcp—s/z (1) dv + J D2 (1) X
042
! !

{ “ 32 2V Az,

%, z

x| [0 ©u @ ©d |ar o+ - 20

%1

2z ¥4
+ 4(_1_1)5@3/2 ) dv +
A\ D (T)

1
*

+ 3o [5 O () (v € (0) + v, (©) 0 (2) dg] dr

%

dpgu +

z

22, — Ry + 203 | 079 (1) dv +

%

) ‘j' O (©) 1y (D101 0) d;}:dr

A

aH2

+

8A.R
oo — —LE s L, (411)
3o

1
Tae
3
B =0, (2) 55 1 — (z)——-CD3/2
L% [ @, @06 ) ()P ()
32 o2 (3) QY2 ()
; v2 (7) @ (1) ’ ’ v (1) w, (T) D' (1)
- XW (UO (T) Wy (T) — Uy (T) Wy (T) — 2 2(;) (v ) dT] -
%
@) |A@OTE) w0 (s) 4 (@Y (DO (@)
%2 [ O(DI/Z (2 - O(Di/Z (Zl) - + —2_5‘ - 32 (1) dvp—
30} z w, (7) )
— vy ()t j Gt (20 @ (0)+ O @), (1) v +
3 2 g I »
+un@) gt [ i 0@ + @ @ @)~
1
ACEEAC)

o) gy Q¥ @uE + @ @, (T>)[qug) e dc] dv +

%

| w—ié—) —(D—/(% (20" (v) 3 (1) + @ (1) 3, () [S O ()3 2) dc] d,

1 21

43



G =

v, (2) / 1)) v, (2) [ v (2) wl(2) D (3)
R CE R o o e

RE)RE) () 1 fREOREO @ |
®L/2 (zl) + 2 j’l @3/2 (1) dv

1

w, (2) o3 (2) w, (2) D" (2) _ vh (2,) w, (2,) D" (2,) .
@1/2 (Z) (Dl/z (zl)

z 2 [ , ’ v w )(D’ )
— (202D (i wyw, () — vy (i () — e n 2 O ) dT]—

q)1/2 (T)
51
302 (¢ w, (1) , ]
— Uy (2) —5 = qu;/z (2(D T)wo(r)+(D T)wo(‘t)d‘[—
1
32 ¢ w (1) , .
GE = XE;;—%—)@@ () vs (%) + D" (1) 0, (1)) d +
3CD (%) "
+ ()t f o (20 () () + O (R, () d +
1
Os/2 ; (1) , , ,
+ w, (2 2_79:55‘/—() (20 () vy (2) + D" (5) v, () dt —
(Z) ’ ” "
— ”"w e @3/2( e (20 @) (1) + ' wom)[h ©v2(0) dc]dr—
1
@ ( w, (1) , B
T @3‘}2( - (207 (1) v (7) + " (©) vy (¢ [S@ (©) v (O wo (& )d;]dr +
%y %

z

+ 55 | e (20 @l + @ (o) U > @3 dc] &+

“

w, (&) (7,0

16 3/2
5 O

(20" (1) vy (7) + D" (7) 1, (1)) [5 D" (L) vy (T) wy (5) dC] dr,
%
@2 @ v (2) {22 (2) w2 (2) D" (2)
a}?h — W (Z)Ezl + 032 { : (Dg/Z (2) -

F =uv,(z)

_AEEE) ) f 2y (9 2, () ©” (1)
®l/2 (zl) oL/ (t)

(vo (v w; (v)— v; (D w, () —

T ) ar) — 2 () (v R wy () D" (3)  vi(z)wy () D" (=) _
4 (T) 32 ol/2 (z) B @/ (7'1)
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_fvﬂﬂ¢%ﬂ

’ ' ) ) @' (7)
o (UO(T)wo(T)—UO(T)wO(T)_ v, ( :’3)(;) (T )dT]——

51

8/2 [ -
- —1,(3) ;I;Rk ( @3/2() (ZCD (7) vo(r) D" () vo(r)) dr +
: 3/2 A v
#1000 g [ gy (B0 (500 + O (D) de—

_"’01;")’5'%%)5 (20" (v) vy (t) + D (1) v, r))[j‘q)" Qv Q) w, @) d ]d“l‘
Zi 1

dla 5 o0 (20 () 1) + " (04 (0) [qu(;) 00 (©) s @) dg]dT

1

NONERACH o

D= — —v,(Z
42,  R,0I2 v ) Sh 8R?

j1 @3/2 (ZCD (7) vy (v) + D" (t) vy (1)) dv +

z

+ wy (2) — shE _Y(Dslz = (2CD (1) Ve (t) + D" (7) vo(r)) dt +

L0 [R@ROOE 5y E) e E)
16 @l/2 (2) oL/2 ("‘1)

5 (1) ©” (1)
f

' v, (v) w, (1) D' (T)
o — = (vo w0 (T) — vy (DY wy () — of 2(()D ik ) dr‘ —

_ 0 (2) { vl (2) w (z) ®” (z) %(zl) w? (z) @ (21) +

@1/2 (z) @1/2 (Zl)

1 (220 wd (1) D' (1) D (1)
+ _2_5‘ 0 0(D3/2 = d’t’} —

'

(20" (t) vg (1) + D" (1) v, (1)) dT —

L% 30, Jz w,

832 z (D3/2( )
(1)3/2 z w_ (1) , , )
— 20 (2) g | s (20 (@) (5) + O ()0, (9) d +

®%/2 (1)
1

30, ¢ v, (%) ]
+ w, (2 —éﬁgj S (20 (v (1) + @ ()0 (1) dr +
1

©3/2 ()
1

032 -
+ &) g | S (207 () g (1) + O (3 (9) i —

)



5 (20" (1) vj (1) + " (v ){ @”;um@wx]dr—
1
w, (1) K )
e (20 @ i) + @7 (@, ()] [ 07 @ o @y © at [ v+
% z,
T
w, (2) (1) , ,
ST (D:/z @ (20" (1) vy () + @ (v) v ( [ffb )d;] dr +
1 zl
——w (Z) v (T) ///
o) gy GO (wo(x) + [ D (8) vy (&) wy (©) dc}dr,
%
= 2o (@) | @wi(a) @ (2) vy (z)wp(z) D" (3)
32 q)l/2/z) D12 (Z )
T Q" (1) [ , (t) w, (1) O (%)
__5 @1/2() (vo(r) Wy (1) — U,y (1) 10, (T) — v, ;”g)(m ( /dr]——

w, (2) vy (2) wg (2) D" (2) _ vg (7)) @ (3,) D7 (2y) _
pL/2 (2) oL/2 (zl)

—2 f vy (1) 12, (1) O (1)

’ ’ v (t) w, (v) O’ (1)
DI (x) (Uo () wy (T) — vy () wo (7) — 2 4(‘1’) @) )d’c] —

@3/2 ; (1) - )
v (&) g Z;kam;m = (20 (), (1) + O (), (1) de +

3/2 v (7T ,
+wo<z)%f 010 (20 (W w) () + O (1), (1)) e —

©3/2 (1)
%

(Z) 4 { 4
5 | e (20 () + @ (), m)[ﬁ D" (©) v (©) 0 (D) d;] ar +
1 zl
i () z v ”
' q)a/f( - (20w (1) + O (D w,y(r [f D" (L) vy (), (2) dc] dr,
w6 an @ f w,® o .
B Z()Rg - 3;)22 5v®372()(2q3 (1) wo () + @ (7) w, (1)) dv +
%
aw,  (z) : v, (1) , ,
8;;2 zq)a(/)z() (‘D(T)wo(T)+(D wo(r)dr-l-
1
n v, (z) wé (2) D" (2) _ wg (zl) o (z]) iSz‘ wg () @' (t) D" (1) el
32 (D1/2 (Z) (D1/2 (z]_) 2 @3/2 (T)
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_ 2@ [2,@u @ O @) vy (z)wh(z) P (2)
32 2 V2 (z) B

-Z. w (T)(I)”(T) ’ , ) )(D' )
j 0(D1/2 = (vo (T) wo (1) — v, () wy (1) — ﬂ;}(%(;—)i) d’r} _

z

3D, [ T) "
— vy (2) S—R,%S (Dso/z( (20" (1) wy (1) + D" (1) w, (1)) dt +
%
30, [ v, (1) ,
+ wy (2) —L- 3R j q)l;/z (2(1) (1) w0 () + D" () wy ( r)) dt —

16 (D3/2 ()
1

— 208 [ 20 (30 ywi () + @ (1) () [ffb © 13 dc] dr +

%

16 @3/2 (v)
%

%

4 2@ @ ( % (0 (207 (V) we (1) + D" () w, (1)) [5 D (¢) wp () dl} dt.

Oyaxnmn vo(z), v1(3), v2(z), wo(z), wi(z), we(z) B pasnosmenusax (4.2)
onpefedAoTea CAeTYmmUM 00pa3oM:

w@="2Y P50 2 Vg - 27,

1

Ug(Z)=-ﬁ?E(Z)—T_l7Z.E_—V(Z) -+

z ’ 1
—~ O’ (1) vy (V) + 5 @ (7) 7, (T)
Y ) @o3/2 (7) dT;
1
T 1 v (z 2 5
wo(z)=—§1k—V(z), w1(z)=W;—§1—(%(l—)‘—-§;V(z)),
z ’ 1
- — @’ (1) wy (7) -+ 5 D (1) w, (7)
4 2
w, (2) = R V(2 + —V%_—I—S Q(,7) 0 i S
!

(ZZ]‘ .

V@) =v@E)—Aw(@), Ay=R,— 2, A= Ry — 2, ®, = D (z)) = x5

7(z), ¥ (3)— QyHKIUE, oONWcARNbe BHIIe, J3aMETHM, 49TO B Pa3NO/KeHHAX
(4.8) — (4.11) BbBIIUCAHEI BCe HEHYJAEBHIE WIEHB! BINIOTH [0 YIEHOB TPETHErO

mopsara mo 6, po, Y

§ 5. 0 HAXORJTERNN KO3OONINEHTOB ABEPPAIIAN
IIEPBOTO TIOPAJKA

PaccmorpEM Temeph Bompoc o HaxoskJeHwm pemermit v(z), w(z) mapa-
KemaapHOro ypasHemusa Tpaexropuit (2.2) B cayuae, worga @, (z)=0, a o1-
HocuTenabHO Qynxuuu @ (z) cHpaBemamBEL CJIEAYIOMUe MPEAMOIOKEHNA:

1) ®(0)=0,4=0"'(0)+*0, ®(z)>0 opr z>0;

2) ®(z) amamarmuna ma orpesre [0, z.], 2z, > 0;

3) ©'(2)# 0 upu 0 <2<z <2z, O(2)>p? npu z = zy;
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Q)II

4) pynrnua Q(r) = ——1(2(x)), rne z=D(z), ananuruuna npu 0<

(@)*
< z < 2] U OpejicTaBuMa B BHJE
< 1
Q@)= — Qma™, (5.1)
m=9
am d 1 d
rae Qn =—dx—m Q(x) lx=0> = @)

B ypasuenmun (2.2) cpenmaeM 3aMeHy 3aBMCHMOH M He3aBUCHMOH Inepe-
MeHHBIX X, z:

X =Y/ul?, z=®(z), ® (z)#0.
Torga ypasuenue {2.2) mepenmimercd Tax:

g 2
NY)= {j2+13ﬁﬁ4}y— Q@) —v. (5.2)

Mockonsry Gynrmun Yy = u¥2(z), Yy=u"2(z) spasorTcs nuEeiiHO He3a-
BUCHMBIMM DeIIeHHSAMH ofHOpogHOTO ypasmemua N [Y]=0, wucnoxssys
U3PECTHHII METONl BapHamuy OPOU3BOJLHBEIX HOCTOAHHEIX, m3 (5.2) momyumm

gas dysxmmn U(z)= Y (2)/Y2(x) unrerpanbroe ypasmenve Boanreppa cie-
AYIOILero BUJA:

U@ = K@) U@dr+{c, + 200 O) U (O)Yu (@) + ¢, — 20%Q (0) U (0).
0

(5.3)
3nech

K@n=§0@ﬂ%%

Ci, Cg— NPOU3BONBHBIE TOCTOSHHEIE, J3aMeruM, uro Qyarmua X{(z)=
= U(D(z)) ecrp pemenune ypapuenus (2.2)., YuursBag HaYaJIbHBIE YCIOBHUI
(2.3), us (5.3) suiBommM juia QyEKOUE U(z), w(z) ypaBHeHHS

]+2—0u><ﬂwm—ﬁuw (5.4)

v{x) = — [u(x) —u]+ SK (z, 1) v (1) dr,

. (.5)
w(z)=1+2p0 0) [d (@) —pl + [ K@ ywr)dr
pelasi KOTOpHIe, MOAYIHM
w@=§¢wm~u+5HwJﬂwﬂ—uw4=
=%kﬂ@—@Lw+mewWM~ﬁww+
0 (5.6)
()= L)+ p 2.

3nech

L@ =1+ [H(@qdy
0
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Hz, 1) = 2 K, (z, T) —pesonbsenta sanpa K(z, T);

Kp(z,7)= SK(:::, E) Km—y(E,T)dE, m =2, — moBTopmbie fAgpa sAApa

T
K(z, 1), npuuem K, (z, )= K(z, 1).
OcHOBHBIM Ppe3yJabTaTOM JIAaHHOTO maparpada ABIAETCH CIENYIOLas

Teopema. Juas dynryuii v(z), w(z) npu 0<z <z umeor mecro npeod-
CTasAeHUA

<
—~—
i*,
Ma

(& (@) u¥ " (2) + pn (@) ¥ ()},

i=o0

w(@®) = 3 log(@)u” @) + wb; @u @),

(5.7)

8

2de E;(z), ni(x), a;(z), B;(x) — HeroTopble anaauTuyeckue PyHEYUL.
Horkasareanscreo. IlokameMm cHadajga, 970 A TOBTOPHBEIX Amep
K.(z, t), n=1, anpa K(z, T) cupaBesauBo ImpeicTasieHne
Kn(z,7) = . “2 o {ajhlmnA}k () Al_'nll (r) + bjhlmnAgk (x) A?m (T)} , (9.8
jik,1,m=

rae Al () = ¥ (2) 2% Gjpimn, biuima — MOCTOSHEbIE rkospPunmentsr. [lora-

3aTeNsCTBO OyHeM BecTH MeTOROM MaremarumdecKoil wmuayrmmu., Ms  (5.1),
(5.4) cmemyer, aro (5.8) cmpasenauso ¢ n = 1, npu sTOM

2
Qooom1 == J o7 Qm: Qgo1rm1 = Om+t1s
3 1
boogm1 = 2 ml Om; boogmy = — m Qm+1-

Bcee ocranbasie RO3POUIACHTH Ajpimi, Djum1 PABHBL HYJIO,
Ilepemuosran K, (z, &) m K.(E, 1), moxyaum

[e+]

K, 8)EnEt= 2 |@namAh (@) AZ (1) Alm (B) +

ik,8,t,1l,m=0
+ Cinstim AR (2) A7 (T) Al () + BinstrmAL (2) A% (1) ATLE) +
+ bjhstlmAjk (x) A% (1) Adn (8)],

e
I m ! m
~ 4 —
Ajpstim = 2 2; Airpr1Qi—p m—r,siny  Qjhstim = E 2 bjhprlal—p,m— r,stny
p=0 T==() =0 1r=0
~ ! m — 1 m
‘ Al
bjhstlm = 2 2) ajhprlbl—p,m—— rstny bjhstlm = 2 2_ bjhprlbl—p,m—r,stw
p==0 r=0 p=Q r=0

[anee maM moHamobaTCA CAeLYIONHE COOTHOLIEHUA:

22

. o a]hstlmAlm (g) db = 1, 2 AJk*tIm {A (:L‘) A%m (T)},
L hstlmAlm & d 2 B]kstlm {Alm x)— Alzm (T)}v

IMe s FMs

<

(5.9)

,u_,jg Aty AR
)

TinstimAdm (E) dE = : mE_ , At (Al (2) — Alm ()},

-~
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e o] x oo
¢ ~
2 Y bnsemAm B dE = 2 Birsum! Alm(@) — Al();
l,m=0 ¢ l,m=g0
37echb

!
~ Y (— (I—Di(m -+l ~
Ajnstim = 5 l-l— i 2, P ( @jhst,l—i,m+is

i

<

!

- — ) — )
Binstim = 57 l-H)! 2 ( 21) m + 9! Djnst,1—t,m+i»

1 .
3 1 (=) (m4a1 -~
Ajkstlm = nl i Ajpst,l—i,m+is

=3 | YRR

r=0

2 (0 mt
Jkstlm = ml jhst, I—i,m+4-
=0 ” Re—i+n+1]

r=0

Ucnonsaysn dopmynst (5.9), okoETaTerbHO HAXOHWM

o0

Ban@)=[K@OKEDdE= 3 (lumdhs (@) A0 +

3.k, l,m=0

+ AJhlm in () Al (7) + B]hlmA]h( z) Al (1) + EjklmA;‘)k () Ajm (7)) =

oo

= .“Z . {@n1mm41 A% (@) AT (T) + bjpimnr1 A%k (2) Alm (D),
3R, 0, M=
npugem
A =3 {Allm tmi—1, h—m, + A1 m_ 1m,j—1 }
ll=o m1=0
Ajpim = — l2=}0 m2=0 {A]kllml,l 1 m—m + Ajrim 11 m—ml}
1 1
N iR
B]hlm= 2 Z {Bllm im,j—1, ,k—m + Bl m, Im,j—1 k——m}
ll=0 m1=0
Bipim=— 2 X {Bjkllml,l 1,m—m +BJhl1m1,l ! m-—ml}
11=0 m1=0

Ajpimnil = Aj—l,klm + Ajk,z—l,m, bihlm,n+1 = Bj—l,hlm + Bjk,l—l,m-

3aMeruM, 4UTO KOIPPUIUEHTH @jnstim, Dinotims Ginstims Dinsttm, Ajnstimy Binstim,

- -~ —

Ajpstimy Bipstimy Ajumy Bintmy Ajpimy, Bjum BCIOMOraTeNbHBI IPH OLpeNedeHUN KO-
9PPUIIEHTOB @jpm nt1, Djptmnsl, M HOITOMY OHH He CHADKAIOTCA MHIEKCOM 1.
Ucnoapsys mnpemgcrasaesue (D.8), maa pesoassentsr H(r, t) saAgpa
K (z, 1) morydaeM ciegyomee BhpasKeHue:
fe]

Hxv= 2 {ljpmAlh @) AT (V) + hijmAd (@) Aln ()], (5.10)

7.k, 1, m=0

oo o ]
~ 3 -
3mech Ripim = Z ajhlmnahjhlm == 2 bjhlmn- Haee,
n=1

n=1

jh=0 I,m=0

SH(a:, 7 [z (v) —u(@)] dv = f‘, {[ 2 Hinmim () —
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b . 1
-2 ijzollz(lﬂ)} Ajp () + [ Y HipmAln (@) — H 2l+3J Al (2) +
=0

l,m=0

A, (x)}

I
! — D —iN 1
AN 2 (h]k l—i,m+i — h]k - M+1,) ( ) ( 2:) (m -+ i) ,

— uNe

l ;
S 2 (O mdb D p
S =0 2(l——l—[—r)—{—3]

Y (=) (m ) 7
H FRim,
=0 2 (—i+r)+1]

al»

I{Jklm =

Hockonpry p?= Lﬁ(x) —x,
2 Hinio MZH-Z Z AJklmAlm (@),

> lt“jj)ruol‘«zl‘l'3 =u > thlmA(l)m (), (5.11)
=0 l,m=0
2 ﬁjkloHZH_l = 2 KjklmA?m (2),
=0 l,m=0
rme
— 1)
Ajnim -(—)—,,L(‘-“i@- Hip 1 m—1,00
~ — 1l ~
Ajhim _(__)_’_nL'l-ll—_m)!_ Hp14m—1,0,
-~ — i U =
Ajpim = _(_)m('_“‘|“_”‘)_ Hip14m,00

Torga B cuny (5.11)

fHE@ 9@ —u@]dr= ij (84 (@) w7 (2) + gy (@) u¥ (). (5.12)

3nmech
0o (i—1
81j (x) 2 {120 g [Hlm.i I—1,k—m T+ Hlm G—l—1,8—m T
R
+ Himjmt—1,5-ml — 2 2 A1, k—m} z®,
=0 m==0
© i ko -1 Rk __
goj(x) = — X {2 D Amjmipem + 2 2 Aimji—a, h—m} xR,
k=0 {[=0 m=0 =0 m=0

Haxonen, aerxo moxasars, 4To0

=]

L(z)=1+ SH(x, 7y dt = 20 {1y @) % () + plo; (2) w¥¥ ()}, (5.13)
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rre lio(x) =1+ Tio(x), li;{(x)=T1;(x) upu j >0,

et 'j—l k -~ i k
ln(x 2{2: 2 [Limj—t—1pem + Limi—t—t.nm

J—i—1, ,"—-—,—-]"—2’4 é-le]lhm-rhv
k=0 \l=0m=0 l=0m==0
l ,
1N (—Dim
Ljhlm - m 3 h]'k,l—i,m—{-i?
=l Re—i+n+1
r=0
N (il
T — m4Hl (I — i) =
Linim = Sy 511 2 o B 1—i,mtis
i=0
0o i k
3\ —
l21 2 {Z 2 le,j—l,k—m xk,
k=0 \U=0 m=0
T (— D) (m 4 1)
Lipim = T_Ljh,l+m,o:
i (=D m 4D 7
Lipim = — 57— Linttm—1,0:

Moperasusa (5.12), (5.13) B dopmynsr (5.6), oxoHuaTenbHO ToXyYIaeM s
$ynruui v(z), w(x) npencrasnerns (5.7), B KOTOPHIX

5 (2) = = [y () + 21a; (2) — lpja () + g1 (@),

1 (x) = —i— [l2,5—1 (&) — 1i; (@) + g5 (@)1,
o (2) = 1y (@) + 20 ;1 () — L0, (),
s (2) = 1o (@) + 25O

g (2).
Samegamna 1. Ilpu goxasatedabcTse TeopeMbl MBI HESBHO MONB30BA-
!

MuChH CAGNYIOIEM cornameniem: O a; = 0, ecan [ < k
i=h
2. @opmyns (5.7) MOMKHO Mepenncarh B (KAHOHHICCKOM» BUJIE

0@ =E@ 2 Vi@t + 03 Vi@ n

. - (5.14)
= IZ—OWZI (z) u2! + pu (z) go Wiy (z) n2!,
rae

Vi () = 2_ C;+l§j+l(x) zl, Vi (x) = 2 C]+m;+l($)

Wi (2) = Ecy+z%+z($)x’ Wis(x) =

=0

H
zcz+zf5]+z (@) 2, Cipr= (]]-!_*;!)-
i=0
Ilostomy BBUAY pasmomemuit (5.7) (mam (5.14))

. ,mpr z2<z m D(z)>p?
MBI T1oxyYaeM g pyurouir v{z), w(z) caemyioilne BHIPaKeHUA
M@=VEEWM@W»+M%(&)+M[V®@VM®@)
Vo1 (D ()
+ﬂ@j] . (5.15)
w (z)=Woi (@ (2))+ p¥ @ (2) Wos (@ (z) )+ WW i (D (2)) +

Hpu z >z, dymrumn v(z), w(z) MBI OyieM HmCKaTb B BUJE DPAKOB IO MAXo-
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My mapaMerpy W:

v(8) = vy (2) + poy (&) + W2
o, (5.16)
w(E) = w0y (3) + poy () + w20

rae vo(z), v1(2), va(z), wo(z), wi(z), we(z) ompemensiorcs Tak (cM. Tak-
me § 4):

(6= 4, 8 Va V@b @) + Vi Vo))
vy (2) = A1V(;2 (zy) v (3) + Voo (z) w(2),

-y Vi (z)+ V('n (X)) (=) |-
2()=A{2V Vi) + — — 32] +
U,y (2 1 z, V(2 Vxl 2x7 v ()

+2VEVLE) + ‘—’7(_—)} B+ (2@ T, @ dr,

w (2) = A, Wo1 (2,) 0 () + W, (@) w (2),

0 @)= 4 [ VE W, @) + °;,‘;)}v<z>+ VE W ()5 )

wy(2) = 24, W 13 (2,) v (2) + 2W (2) w (2) +

(V)] dv.

V —
3meck z; =D(z)), A, =D (z1), V(,l(xl)— (:cl) " T. A., 0z, t)=
=7 (z)w(t)— v (7)W(3),
' (z) X' + —;-(D” = X
D32 (z)
¥(z), @W(z)— nBa auHEHHO HE3ABHCHMHIX PelleHHsA yPaBHEHHA

Fo [X] =

1)

d (D"
No [X] = d2+2cp a +4cp} =0,

YIOBIETBOPHIOMEE HATAMBHBIM YCIOBHAM
7(21)=0,2"(z21)=1, w(z)=1, 0 (z)=0.

§ 6. APYI'OII CIIOCOB ONPEJEJEHNA
KO3OOUIUEHTOB ABEPPAIINI IIEPBOT'O IIOPAIKA

HecMmoTps Ha To 49TO JIOKa3aTeabCTBO TEOPEMHI M3 § O ABIAETCA KOH-
CTPYKTUBHBIM W I03BONAET B KOHEYHOM HTOTE ONpPeNeNuTh KO3PPUIHEHTH
Ei(z), ni(z), as(z), Bi(x) pasnomenuit (5.7), MBI PaccMOTPHUM JAPYFO# CIIO-
co6 onpegenenus srux kKosdduumenron. Ilopcrasnsg mpencraBiaenus (5.7)
B ypapHeEWe (2.2) u HavanbHble NaHHGIe (2.3), NpUPaBHABAA HYII KOdD-
Qunmentsr mpu u¥+! (z), pu¥ (z) w mpm u¥(z), u2’+1(x) MBI IONY9AM [
onpepenennsa xoaddunmentor E;(z), ni(z), a;(x), p;(x) cregyoomme pexyp-
PEeHTHEIE COOTHONICHNA:

Mi[§i+11 Eiv EJ"—I] =O1 Ri[ni+11 Ni» 7]:'-1]=O1 ]=17 21 ooy (61)
50) + 0 =0, &0 + 2 En(@+m (0 =0, 7=0,1,..5
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MJ' [Bf'l'l’ ﬁji ﬁi—1]=0, j=07 11 ..
Ri [aJ'+1’ jy ai—ll =07 ]= O’ 17 ..
(6.2)
O‘j(O)'{_pi—l(O):O, ]=11 27 vy
4} (0) + 5 %41 0) + By (0) = 0,

=01, ..
upmaem §-1 (z) = n-1(2) = o—1(2) =B-1(2) = 0,5, (0) = — ny (0) = =, 20(0)=
= 1. B (6.1), (6.2) npuaaTe oGo3HaYeHUA
M;[X,Y, 7] = _HE3 Ay 42 A
glae 2o TEEUEE) (G-t @i+3
. -~ 4 F1 2 ‘
RiIX,Y, Z| =X + 5o AY + rrnoe A2

U+1D@i+1

d 1 d ,d
A=—d—£ +—2—Q, Ay=-+0, 2 = Z.

IIpu BEIBofie coorHOmenmit (6.1)

(6.2) MBI BOCIOMB30BAINCH YTBEPIKACHHEEM,
rotopoe copmynupyem 0e3 [OKA3aTeJIbCTBA B BUAE CJEYIOUEH JeMMEI

Jdemma. Hycre npu 0<z<z uld<spu<y
2{@@ Wi (2) + i (2) 2% (2)} = O,

x) u21 (z) +

uMs |

up; (z) usi+1 (2)} = 0,

2de noagﬁgﬁuquembz ’g]-, n,-, oa]», ﬁj anaauTuunel u npedcrasumst npu 0 <z <
< i}
< z; 6 gude

Ei(z) = 2 517 (d—ZE]) 0yam, ...,

dz

Bi (x) = 2.0 51,—( a” [T’),) (0) zm,

e
Toz0a E(z)=...=B(z)=0 (j=0, 1,

.) npu 0<<z < 7.
Wcnoawsya dopmyast (6.1), (6.

2), IIOCJIGJ:[OBaTeJII)HO HaXOUM
Ei(z)=—Bo(r) & (z) + Br(z)Eo(x),
N1 (x) = —Ae(z) no’ () + Ar(z) n0 (),
ar(z)=—Ao(x) o’ () T 41 (z) 0 (),
B1(xz) = —Bo(z)Bo’ (z) + Bi(z)Bo(z);

@) = 508 (@) — B, ()5 (2) + B, (2) 5o (2),

1o (@) = 22 0 @) — A, (2) o ) + Ag (@) my ),
A0 () o

s =20 0 ) — A, @ty @) + Ay (@) g 3,
By (2) = 222 B () — B, (@) B (@) + By (@) By ()

(6.3)
y(0) = — 2 o)+ B0 ) B, ()80 () + By (@) 5, (2)
ne(®) = — 2 4 () Amdu 4,@) (@) + 43 ()0 (@)
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A (-I ) " ) ”

0t (2) = — ~S— 0ty () + —oy— g (£) — 4, (&) g () + Ay (2) 0y (),

By () = — m%u B@%u By (2) By (@) + By () By (@)
() = 2Oy D8y B0 ) _ B @ 5@ + B0 % @)
ny () = 22 Oy u—l””u+ (%w—%mmw+Ame
(@) = 220 (o)~ A0 0y 1 B oy 4, () oy () + Ay @) o (),
By() = B”WW) ”%m 229 g (0) — B, @) Ba o) + By ()5 @)
U T. A. 37ech

By(r) = 4,(0) =1, Biy(2) = 4,(2) = — %,
Bw-5(0+%) a@=-3(0+Z)

By (2) = — (1400”*‘;2(1)00 +2400> A (”>=~(%Q”+m00’+1%03),

8T . 253 859 T
By(#) = g5 Q" + 630 500" + 3350 (9" + f5ag0 Q°0" + T@Q4’
h/a " 127 433
A, (@) = 5600 + 420 500" + 1155 (@) + 3355 9°Q" + gag 896 5 0

ITonoxum manee
; 4
am 1
Iz ) 0)z™, mylx)= 2 wmr < no) (0) z™

(8 2
ao(x)=ﬁﬁ!—(di—?n )(O)x, By (z) =

4

MM
Sl,_a_
<
Q.
\_/
K
3

rae
£ (0) = 2, 1,(0) = — -, &, (0) = 1, B, (0) = Q(0),
(

0
’ 0 ’ 0 ’ 0 4 3
g (0) = — L 0 =L a0 = EL, B1(0) = —5-¢2(0) + 5 20
v 3 Q% (0) 1 @ (0) 19 Q% (0) 3 (0
BO=3C2 £ 20 - - pCO L 20
” 1 DIN O
@ (0) = 5 T — - @*(0), B (0) =
__ 12100 @ (0) . 8 o1V ()
- 30 A3 %‘O ( ) E A4 ]

(IV) m 3
@0y = OO 3 000 5t

PE 10 e 20 4

m n’ (0) = 13 cD<IV>(0) 2890 (0) @ (0) | 621 Q® (0)
Mo A% 70 44 140 4

w 1 (I)(IV) 0 83 " (0 219
ao(o)____z_ A4() 200()A3 () 003()

” 49783 Q* (0) @7 (0) 2001 4517 Q (0) @IV (0)
Po (0) =5 7 w0 -
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1448 ((D'” (0))2 29 V) (0)

T 105\ 43 15~ 45
g (0) = 2 oV © _ 45000V O , 9 OO _
48 7 48 14 A

221 (0" (0))® | 34823 0* (0)
W0 T 47 840 A4 !

av _ 28 oV () | 7590 TV (©) | 14339 ¢* (0 D" () |
Mo~ =105 48 105 Ve 210 e
+ 22877 Q* (0) 577 (®" (0))
280 A4 20 47
gV _ 17 oV (0) 13246 0 (0) 21V (0) 4 1464290(0) @7 (0)
0 T 3T T 4 210 4% 420 o
13605 2419 @ (0)\2
— S ¢ 0 — 5 (7))
3aMeTHM, 9T0 M3 YCHOBHA OHBHINOTEHOUAJLHOCTH KATOAA MOM{HO BBIBECTH
clegymounie COOTHONICHUA:

” 24 " (0 A
' O)=5 VO - 8——R'£—) ~ 2%

Ilpn yxasammoM BHIGope QyERImUE Eo(z), no(z), as(z), Po(z) HagambHOE
ycaosme v(0)=0 BoimomBserca ¢ TouHocThI0 mo !, yeaosme v’ (0)=1/p—
¢ TouHocTsi0 7o WO, yeaosme w(0)=1—c mroumocreio mo ! yemoname
w’'(0)=10— ¢ rognoctbio 0 W8, VumreiBam cTPyRTypy cooTHomeHmi (6.3),
0ymeM HCKaTh Koatb(bnunem‘m &, M Biy 0y B Bufe
J
£ (2) = E‘“t”@&%mmw= G0 @) 451 (a),

1=0

[*19

o;(x) = Lol () 451 (),

pia)= X G2 a(>1m>wm=£ﬁM)
1=

0

=0

.

¥ T. I
Koadpnumentsr B;, A; Haxonsires U3 PeKypPPeHTHHX COOTHOIIGHMHA

M;[B;i1, By, Bi-1] =0, R;[A;, A; A;-1] =0,
npuaeM A_i(z)=B_i(z)=0, do(x)=Bo(z)=

§ 7. OIPEJEJEHHUE KO3PPUIIUEHTOB ABEPPAITUIN
TPETBEIO IIOPATKA

Paccmorpum Temeph Bompoc o Haxommenun Kodpdummentos B, G, F,
D, C, E B abeppanmorHOM pasmosxennn (2.5) B caygae @, (z)=0. Mu mo-
aygum aasa atux koddumuuenros npu 0 <z < z; mpepcTaBiIeHusa, aHAJOTHY-
meie npepcrasinenuaM (9.7). Ham momago6arcs merko phITexaomue ua (5.7)
cregyomye QOpMYIEL:

v (z) = @' (3) ]2:0 (Vi (@) wi=1(z) + uV;, (z) u% ()},
Vin(@) = 8oy (@) + L5 5@), Via (@) = 2 (@) + G + 1) s (25

.3



V" (z) = (D' (2))? 2{ 1 (2) w23 (2) + u¥a (2) w2 (2)),

Vi(a Y=L @)+ @ — 1) AEjy (2) + Agjs (2),
jz‘(x)=‘(1+1)(1+2)m+2( z)+ 2(j + 1) Angar (2) + Amy' ()5

w'(2) = ©'(2) 2: (Wi (@) w2 (2) + W (2) w232 (),

2]41

W) = o (z) + (j + 1) 41 (2), Wia(z) = Bj—s (2) + B (2);

w' (z) = (D' (2))® ]2:0 {W]-l (2) u2i (z) + p,sz (x) E2f“3 (2)},
Win@) =G+ DG+ 2 e (@) + 2( + 1) Aajyy (2) + Ay (2),
Wia(x) = L=, (2) + (21 — 1) ABj= (1) + ABjs (2);

v (z) = § (Vi (@) u (z) + pV o (@) utiti ()},
Vi (2) = kgo {Er(x)Ejmy—n () + Mr (@) o1 (¥)} — = kgo Nk (%) Nyj—r (2),

Tin@) =2 3 (0) & (2

w?(z) = 2 (Wi (2) u2i () + pW s () usi+1(z)),

j—2

Wi () = kZOam)aJ h<x>——x>3 Ba (@) Bi-11 (2) + 2 Br(2) By (2),

Wiy (x) =2 Z ap (2) Bjn ();

R=0
v(2)w(2) =j2: {Uj (2) u2itt (z) + pUj, () u? (2)},

Un(e)= 3 £ (9) 354 () — 2 3 3 (@) i (@) + me ) Bitn (1),

E=0
Un@) = 8 m@asa )+ 2 @B

Ha sroM MBI IOKa mpepBeM IOJyUeHHE BCIOMOIrAaTeNbHBIX gopMysn um Golee
MOAPOOHO PACCMOTPUM BOLPOC O BBEIUMCICHAW CJAEAYIOIINX WHTETPaIoB:

X@) = [onr@d, Y = [0 @vmw) d,

J(2) = | @ (v)uw?(v)de

upm 0 <z < 7.
bynem merars pyrrumu X (z), Y (z), J(z) B Buge

X(z) = Z= {X;1 (@) u¥ (@) + nXjq (x) w243 (2)},
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o]

24 Y1 () w243 (z) + p¥ s (z) u¥ (2},

J(2) = 20 (T (@) u? (@) + pd o (@) w2it ()},

rae KoapduumerTsl X;i, X, Y, Yo, Ji, J2 onpemensiorcsa ¢ moMompio cie-

AYIOIMNX PeKYPPEHETHBIX COOTHOIMEHHIT:

= Q, ()
M? [Xj+1,1’ le] = Vn( ) i F1°’
0, ()
Bg [Xj27 Xj—l,Z] =2 Vj2 (.1?) 2 _I 3 (71)
Xj1(0)+Xj_2’2(O)=07 ]—O, 1, ..-;
Q, (@)
Rg [le’ Yj—l,l] = 2U.71 (x) 2] T 31

0, ()
M3 [Yit1,2 Yol = Uss (x) T

.72(0)+ 11(0)_0 ]_‘0:1v;
Q, (=)

M3 410 Tinl = Wis (2) FET
0, (®)
R? iar Jjm1,2] = 2W12 (z) 21_+_3’

Jin(0)+ J;52(0)=0, j=0,1, ..,

3mech . ) o
M?X, Y] =X+j—+—1Y'7 RI[X,Y]=X + my', Q1=q7(x)y

X_2,2 (:c) = X_l,z‘(x) = Y_I,I (.Z) = J_2,2 (x) = J_1.2 (.Z) =
3 (7.1)—(7.3) nonyqaeM

Xjn = 2 (— 1y (II L) 22 700,

gyt git ( %
Xjr11= %J-I—_)f)TdTl_ Xo1 () + 51y g (— 1)~k ht 2 dxj_h (Ver@a),

Jj2 = Z (— 1)+ (].ZI ) de]_’; kzol),

=k

(— 1)i+1 git1 &\

i =" pr g Jn @)

——1)’ kk' = (Wlel)

,1—2(—1—h(lj ) LG

(— )i+l git+1 . ik
Yina =500 o Yu @ + gy kzo(__ DR b S (UnsQ2),

=01, ...,

(1.2)

(7.3)

rae L;=2/(2i+ 3). Oyaruun X01(x) Yoe(z), Jo1 (x) Gymem mcxath B BHA®

Xoy(7) = u =R (Dme) (0) 2™,

3 Bakas N 1004
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wo

Yoo (x) = 2 ,,% (DmYoz) (0) z™,

’m”O

E - (D™J4) (0) 2.

N3z coormomenuit (7.1)— (7 3) JIETKO BBIBOJUM

o (_1 il @ittt o
GF 2N goti—i (ViIQI) (0) -

i=0

— ‘(— 1)i(fI_ )d] Z (V1201 (0 )]xm,

ol ]'+‘1 N i1
Jm(x>=01<0>x+2{ 0 SR 00 (0)—

(G+2) gz
— 3 (I 1) 22 W) (0)] o+,

i=0 h=i dx? ™t
Vol = 2 [2 [ (<7i)iff (U@ (0) +
= (g ) dzi—t ( 21()1)( )]} i+,

3aMernum, 9TO ecan BLIGpaTL Xoi(z), Yoa(x), Jor(z) Tak, arobur Xo ()=
=Y0=0, Jo(z)=01(0)z, To magampusie ycaosusa X (0)==J(0)=0 6ymyr
BBIIIOMHATECA ¢ ToYHOCTBIO Mo M, a ycaosme Y (0)= 0 — ¢ Tognoctso mo pi.

Hpogomxum momydenume BcmoMoraTenbHulx ¢opmyn. HocaemoBarensro
HaxoauM

@ X @) = (@ OF D X @75 @) + 1T (o) @)
le (z) = kgo Vi (@) Xjna (@) + :gz Vha () Xj—g—n,2 (2) —

=8
—Z hgo Via (2) Xj—3-1,2 (2),
j

Xjp(2) = 2 (X @) Vino (@) + Xnz (@) Vicpa @));

0

V(@)Y ()= (@ @F 2 (Ta@u” @)+ p¥i @ @),

j i i—1_
Yii(z) = h§o V@) Yipi (@) — 2 Via (2) Yi—na(2) + 2 Via () Yiei—,2 (%),

i—3

Y (2) = 2 Via (@) Yimp,o (@) + 2 Via (2) Yieg—n,1 (2);

v (2)J (3) = (@' (2))® 2 (751 (@) 02 (z) + pl sz (@) u¥ (2)),

J~3

Ti (@)= 2 Vir (@) T (2) + 2 Vo (@) Jjmsn e (@) — 2 2 Vi @) 53 (@),

J;z (z) = Z i—k,1 (7) Tra (2) + vkz (2) Jj—r1 (‘I)L



w” (2) X (2) = (D’ (2))? 2 [Xj1 (@) u® (z) + pXjs (@) u¥° (2)),
. 5 =1 __ i
X (x) = EOWM (=) Xj—k,1 (@) + EOWM (®) X5—1-n,2 (x) — =z }¢2=0sz (x) X:‘—k,z (),

Ria(2) = k}:‘ Wa (@) Xy (2) +

o L
M
> [

Wkl () Xj—g—p,2(x);

w" (2) Y (2) =(@' (2))? Z (Pir(2) w272 (2) + p¥ 5 (0) u® ()],
:1(37) 2 Wkl (x) Y; j—8—k,1 x) + 2; sz(ﬂﬁ) —1—F,2 (x) — 2 Wi (»7») Y;—k 2($)’

Vo (2) = kZ (Wha (2) Yiopa (2) + Wiy @) Yiopa @)

0@ @) = (@ @F 3, (7@ (@) + 17 @7 @),
Tia (2)= éﬂ% (2) Ji—n1(2) — 2 é Wra () Jjn,a (2)+ kg Wha @) Ji-1-n,2 (@),
Ta@ = 2 Waa) Tsaa @) + 3 P @) -sna 0
@) = 3 (Ru @7 @) + pla @)% @),
Ry (a) = 2 Vi (@) Ej-n(2) — 2 2 Via (2) i (2) + ]2 Via (2) ni—s—r (2),
Ry (a) = g z) njn (2) + 2 Via (2) &1 (2);
w (z) = g (Rj1 () u® (2) + pRje () ¥ (@)},
Ry (@)= g @0, (2) W (2) — xhgﬁk (@) Wy—1-1.2 (@) +§:Bk (&) Wis-na (2),

B (2) = E (81 (@) Winr (2) + 3 (2) Wy (@)
w(2) 1 (5) = io (S51(2)2% (2) + pS;a (@) 2%* (2),

S (z) = 2 Ay (x) ~R,1 () + Zv Br (x) Vy-—z—k 2 () —<z 2 Br () VJ—I—k 2 (),

Sia@) = 3 104(@) Viona @) + B4 @) Piona @)

=0

p(@ut(e) = 3 (5@ 17 @) + 18 @ @),

j—1

Sji(2) = Z En (2) Wiz, () — 2 2 0 (2) Wiz (2) + 2 m (@)W j—1—p,2(2)s
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§12 (2) = 2 M (2) Wi—n,y () + 2 gk(x j—1—#,2 (T);

oo

Cey (@) vt (2) = @’ (2) § (@ (@) + pTjs (@) u¥ (1)),
M i1
T;'1 () = 2 Vh1 () Vy—h () + 2 k2(1)V]—2 k,2o(T) — -TZ sz () v; i—1—k,2 (x)

7
- Ti(x) = hZ {Vhl (x) =2 (7) + sz )V ]—h 1 (x)}

w' (2) v (z) = D' (3) Z i1 (@) u¥ (@) + pThe (2) u¥ 7 (2)),
Til (x) Z Whl (1’) V:—k 1(55) — -CV sz (t) i—k,2 (=) + 2 sz (=) V j—1~—E,2 (x),

T;’z,(x) = k§0 Wha(z) Vj—k,l (z) + éo Wiy () Vj—l—h.2 ()3
v (2)v(2) w (2) = D' (2) i”‘, {Piy(@)u¥ (2) + pPsa (£)u* ()},

Py (x) = 2 Vkl (@) Ujp,1(z) — 2 2 th (@) Uj—p,2 (2) + k§0 th (2) Ujmy—n,2 (2),

Pj, (x) 2 Vhl (x) Uj_p,s () + hz——o Ve (2) Ujy—n,1 (7);

oo

v @r@AwE) =0 @) 3 (P (@) w7 (@) + 1Py (o) u¥ @),

i—1

Piu@) = 3 (W (0) U-iosa @ + Win @) Uoaons () —
—z E Wiz (2) Uj—ps (@),

Pis(a) = 2 i e Ut (@) + Wa (@) U@
‘vﬁ(z) w? (z) = @’ (2) g (@i (2) 47 (@) + 1Qi () % (2))
0i (@) - Eo Via (@) Wioan (@) + hﬁ; Ve (2) Wimgon,2 (2) —

| | —z go Vo () Wiy_po (2),
‘ '0;;@ = h‘é‘ (P20 0 73 6) + Fra 0 o)
v @) Kw2 (0 =@ ﬁ (01 (@) u™ (@) + 0z (@) ¥ (@),
Qn(x) 2 Wi @) Wi (@) + 2 Whe (1) W_sn.2 (2) —
| —xh§0 s (2) W sz (),
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j J—1

Q2 (z) = hZ 52 (2) Wi—pa () + 2 Wy (2) W:—1—h 2 (2).

Tlpuerynum Temeps B ompemeNeHHIO Roatb(bmmeHTOB aGepparmit, Koag-
¢unmerT aeppanuu B omnpepmensierca u3. peluenus- 3agaun. Homm (cM. § 2)

prr%rngw@JL (7:4)
B(0)=B’ (0)= |

Pemerne sagaum (7.4) Oymem mckarp mpu 0<Xz <<z B (KAHOHHISCKOM)»
BHze

B(z) = 2 (Bjs (@) u™" (2) + pBja (@) u¥ ()},

rae Koopummentsl Bj, Bj BHMUCIANTCA € HOMOIIHIO cnenymnmx PeKyp-
PEHTHBIX COOTHOIIEHHMA: ‘

X500 T .00 B
Mj—z [le’ Bj—1,11 Bj—2,1] = ]—_1[ 11211111 J 21] ]_O 2 3

Q;[X;

morlimw Pimial g3,

By (0)+ By12(0)=0, |
’ ’ 1 .
Bj1(0) + Bj—1,2(0) + 5 Bj41,1(0) =0, j = 07 1 ...

R;_;[Bjg, Bj—1,2 Bj_s,2] =

rzie

Q' [X Y Z] 8 ((D (Z))zX + 4CI)I (Z) a (z) Y + (D(IV) (z) Z
T 16 (@’ (Z)) 7.

CiueftoBatennHo, B pasioennd (2. 5) MBI ;qomRHH BMECTO Koa(I)(I)nunen'ra B

mopcTasuTh Kospdumment B, (z) = 2 Bj; (a)ar 2 opr <z & ®(2)>p

Onpepennm Tenepk Romb(bnumem Bo(z) npu z >z, Om HaXOJIETCH u3
pemenns cienyromieil samadu I{omn o

N, [By} = 1,2 T4 [, (2), 05 (2), 2, X, (21,

00 .1

=1

By (z,) = _20 Bjy () 2y %,
= R

s

’ ol ’ 2i —1 -
By(z,) = 4, 2 {Bj—l.l (xy) + —12— Bj (-51)} F1 ‘21
7==0
rie ‘ -
(0" () X'+ 0TV (5 X) Y )
L X,Y, 2,1 = prgeT —
20’ (2) X' + @ () X .
SELICEEX0 &+j®(nymm,
2]: ' -
Xo(z) = EO X1 (zy) xi’
T. €.

By () = By () 0 (2) + By () 6(2) +
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+oE 1/2 YQ(Z ) Ty [ (7). 0§ (¥), 7, X, (29)] .

Kosdppumuenrsr aGeppanuit G, F onpemensiorcs W3 peHIeEN# CASXYIOMILX
3a7aq; .

NG = -%-{r [w(2), 12 (3), 2] + T [v(2), w (2) v (2), 2]}
N[F] = —%— I'[v(2), w(z) v (z), 2], (7.5)
G(0)= G’ (0)=F(0)=F'(0)=0.
Bynem mcrars 9Tu kKosdunmentst B Buge
FO = 3 1Fa@i® @) + 1 07 @)
G(z)=F(z)+ G (z),

G(Z) = 2 (Gir (@) u™ (@) + G (1) u™ ™ (@)},

rae xoapdunmenrsr Fj, Fp, Gjl, sz OHpeHeNAlTC ¢ NOMOOIBI0 CIeRYIOIHAX
PEKYPPEHTHEIX COOTHODICHMI:
P S

Q.f¥. . .,p._ .S, )
R [Fs1 Fiy Fiman] = ][ L 1'12]-]_1'1 2 1’1] , J=1,2,.

vy

M;_, [ij Fi 1,0 Fi_gs] = % [¥ ]2’2] ]_:112, j—2'2] y 7=0,2,3, ..,

Fiu(0)+ Fiz(0)=0, Fjy(0) + Fia(0) + 3 FFir12(0)=0, j=0,1,.

=~ = - Qlx. .., T._ . ..8._
Rj—l[Gjl’G'—-lvG'-—zl]_ [ z 112]_]111 J 11] ]=1,2,...,
’ — vS'_ .
J-2[G12v GJ—lzv i~2, 2]— J 1[ ]22]i112 2 2’2], ]=0,2,...,
ral A Yl 7 1 .
Gin(0) + G52 (0) = 0,65, (0) + G35 (0) + 5 G412 (0) =0, j=0,1, ....

CrnemoBarennHo, B pasmosenme (2.5) MBI JOMKHEL BMecTo Ko3(dummeHTOB
F, G ]IOJIGT&B]Z[TL K03 PpumeETH!

o0

F(z)—ZFm)x’ Gy (2) = 2 Gi ()2 + Fy (2)

mpr z<z; u O(z)>p’ Ilpu z >z, roadpdumumentsr Fo(z), Go(z) ompepe-
NAIOTCA TAK:

Fy(z) = F(’)(Zl);(z) + Fo(zl)i(z) +
L LAACENG AR AL
Gy (2) = Gy (21) v (2) + Gy (2,) w (2) + Fo(2) +

_1_2- s a (Z’ T) I‘O [wo (T)7 v(2) (T)v T, Xo (Zl)] dT,

%y



rie

Fo(a) = Ay 3 (Fima (e + /P (e

@w=m§@ﬁmwﬁwwﬁ%
7=

., 3
7+2

Yy(e) = 3 Yilz)as

Koappumuenrsr aGeppanuit D, C HaxogdaTcs W3 pPEIIeHAN CaegyIOmMuX 3amad
Hommn:

NI[C}= —%— T'[w, vw, 2],

N[D} = —1-{1‘ [v,u? 2] 4+ T [w, vw, 3} — wA}’ (7.8)
u 8u’Ry,
: -t D)= —A
CO)y=C (0), D)= TR, D’ (0) R,
ByneMm uckars xoadduuuentsr D, C B Buse
€)= 2 (Cn(@)u" () + pCp@u” @),
j=

-— 1 ’
D=D—2—E;v (2),

D@ = Ds@i @ + WD (¥ @),

rae xoapdunmentsr Cji, Ci, Dj1, Dy onpeeasiioTes ¢ IOMOMBIO CIEeAYOMAX

PeKypPPeHTHBIX COOTHONeHM:

Q [Yin By 0 §ia]
2j—1

Y Py Simanl 1.9
2i —1 v ]=hhde.

’ ’ C. 0)
Ci1(0) + Cj—1,2(0) =0, Cj;(0) + C;—1,2(0) + —lei- =0, j=01,..;

Mj—2 [C]'19 Cj—l,l? Cj—2,1] = 1 ] = 01 21 31 .oy

Rj—l [cjz’ Cj—l,zv Cj—z,z] =

.oy

~

I, — e 7..,.B._...8_
Mj—2 [Dj]_, Dj'—l,lv D]'—2,l] = : 1[ ]12]‘3__;,1 . 2,1] +
+ Q5 [V @iy Sj—a 4] n 1 %
27 —1 16 (@' (2)% (G — 1) (2 — 1)

X[ (4 — @) (@ @5 7 0 () O (3) Ty +

+O" (@) S = 0.2 ..

-~ = - o [7._ .., B _,..5._
R;—1[Dja, Dj-1,2) Dj_zpp] = i1 i 1] +
QJ' [Yj—1,2’ 0'—1,27 Sj—1,2] 1 %
2 —1 16 (D" (2))*] (27 — 1)

>¢%m_¢vmwwﬁmm—%uwwwwﬁﬂﬂ'
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FO @), =12
b N =7 g 1 = .
Dj1(0) + Dj—3,5(0) = 0, Dj1(0) + D;j—1,2(0) + 2 Djy11(0)=0, j=0,1,....

CaegoBarenbHo, B pasmoskeHHu (2.5) MBI JOMMHBL BMeCTO Ko3pdunuenTon
C, D mopcrasuth Ko3(QUIUEHTEI

=3 Culm)d ",
Dy(3) = > (Ba@) — G Vi (@)

. 2H
7=0
opu 2 < z; m ©(z)>p? Ipu z >z, wosdpduumentsr Co(z), Do(z) ompene-
JAIOTCH TAK:
Co (@) = Co(21) v (2) + Cy(z)w (2) +
1 _ .
+ :f/? 5‘0 (Z, T) FO [wo (T)’ Uy (T> Wy (T)v T, Yo (Zl)] dr,
1o
Dy (2) = Do (2,) v (2) + Dy (z) w (2) +

mf@ z, T){P [vo(r ), wa (1), T, I o ( 1)]

207 (1) vy (7) + D" (%) v, (T)
+ Ty [wy (1), vy (V) wy (1), T, Yy (2)] — 4 SZD N o } dr,

i)

CO (z)=4 2 { i—1.1 (%) + C]l (xl)} 1'7 82,

—

o, D. .. (x 2/ —1 D, (x Q
Dy(z,) = Ai 2 { : 121( 2 -+ ! 5 Ji4(1 ) 252 1) .7 1,1 (-11) -
j=0

Vi (=) 27— 1
i=1,1\"1 7 —3/2
— 73R, T Tum, Via ()] a1,

Jo (Zl.)b= j§0 Ji1(2y) xi

Haxomern, koapumuent aGepparmun £ mHaxopuTcs us pemeHns 3agasun Komm

N [E] = % {P [w, 1027 z] — (2(])’11;'8;_31?//10) A }’
4

, (1.7)
’ (Y
E(0)=0, E (0)='g“2%2)-
k

KospPunuenr £ nmem B BUIE

E@) = — g v (¥ X B @)1 (@) + pEa @277 (@),

rme Koa(i;ii)nuneHTLI E;, Ep onpefmensiorca ¢ MOMOIIBIO CJAERYIOMUX PpeKyp-
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PEeHTHLIX COOTHOIIeHNIA:

Q. 7— ) 6_ y ﬁ_
R y[Ejy, Ejnyy, Ejp] = '7[ : 1’12]-_'711’1 2 1’1] +

1 16 4o e PN
Tt maan ey 1w A= T @@ @)

———(ZCD 90" (A Wiaa @) + O (B 1(x>)} j=1,2,

: ‘ 17, 0. ., R._,
M3 [Ejoy Ej—y,9) Ejs,0] = e 2]-{_11’2 2] +

1 _1_§_ . ’ ’ 2"" .
T e @ri—ne—1 {Hk (4 — D" @)D" () Wia(2)

— 72V OO ATz (@) + 7 OBya (@)}, 1=0,2.3, ...,
k

' ’ 1 .
Eh (O) + EJ'2 (O) =0, Ejl 0) + Ejz (O) + 3z EJ'+1,1 (O) =0, 7=0,1,2

CremoBarenbHO, MBI JOMAKHB BMecro Koaddumnmenra E mogerasmTb B (2.5)
K03 PUIEHT
oo . 1 ) _ .
Ey(2) = 3 {En () — o @ () Wiy )]
=0
opu z < zy u ®(z)>p? Ipu z > 21 voaddumuenr Fo(z) ompemensieTca Tak:
Ey(2) = Eq(2,)v(2) + Eq(z) w(2) +

z

- 1/2 ( Q(z 1) {P [w, (v), w} (3), T, T (2))] —
1
. 20 (1) wn (1) + " (7) w, (7) nes
8P3/2 ) Rh. } y

rre

, w [E_ CE. (x)
Eo<z,>=Ai2{ R L

©i=0 1

(o<zl)W] @) + Wiy (2) + anz)}
Tloaaras

< 0, 20, (0)
By () = By, (z) =0, Fy (z)=— 9142 z, Finp@)=-— 3142 )

am (x) = 512 (x) =0, 311 () = — z)\02 (z)=
20, (0) — Q (0) @” (0)
=— K2 v Cp (@) = Cop () =0,

" " 50 (0) 0) v (IV)
En0) =4 00) @ () — 2020 ROGOT, o0

z,
8 16 (@’ (0))*
@ (0) 0* (0 O(O)O (0) oIV (0
E12(1‘)E[— { )20 © — 6] ]—" 8 (@ (é)))gi

JErKO IIOKABaTh, YTO IIPH TAKOM BEIGODE YCIOBHA B(0)

BBIIOJTHEHEI ¢ TOTHOCTBIO 1o ud, . yCuoBua B’ (0)=

HOCTBIO 70 W, yeaosus F(0)= G( y=E(0)=

s B (0) = 2O pr o)
8uR

=D(0)=C(0)=0
C’'(0)=D’'(0)=0— ¢ Tow~

0 — ¢ rounocteio mo pt, ycmo-
=G (0)=0—c TOTHOCTHIO 710 W2
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§ 8. HAXOJRIEHHUE KOOPHUINEHTOB BPEMEHHBIX ABEPPAT[NY
B OBINEM CIYYAE

B § 3 Gmmo mHaiifeHo muA BpeMeHH IpojeTa ! B Ciyuae KaTONHBIX
900C aGeppaniioHHOe BHIpAKEHUE

1 1
t =1ty + 5 £500% + 1,00, + "Z_tong + . (8.1)
rie foo, Ly, i+ j=2— KoapdunueHTH BpeMeHHEIX abeppanuii, 3aBUCAMUE
or z, u. Pasmomum B (8.1) Bce KO3pPMUUMERTHI MO MAJAOMy Napamerpy W.
Koadpdpuament Zo0 onpepensercsa wak pemenme samadn Homm (cm. § 3)

’ A
too = T;l‘v t50(0) = 0. (8.2)

Pemenue 3agavu (8.2) Gymem uckars npu 0 < z << z; B Bufe

@ = 3 7,0 557 (2) + i @35 2],

rae kKoo(dunueHTH f;1, ljz OHPENENAITCA C MIOMOINGI0 CIeTYIOMmHEX DPEKYp-
PEeHTHEIX COOTHOIIGHMI:

R?—l [2;'1, 2;—1,1] =0, MQ—I [E‘zv —t\j~1,2] = O, j= 1,2, .. .
t;1(0) + 2 (0) =0, j=0,1, .. (8.3)

- 2}
tOl (.’t) == q),—(lz)'-

Ta@ =0 ([ 20t ) 5 (),

W3 (8.3) moxywum

— (__ 1)J+1 d7+1 — .
tit1e (1) =~ om b (@) T=0.1, .

—~ d j a1 .
toe () = — Xy Z (]1) Li——l) P (F) (0)27.
j=0 }¥=
Torga npu z < z; u @ (z)> p?
too(2) = To(z)+ puti(z) + pi1e(z) + pits(z) +
rae

00

(@) = 3 T (@) 2, 1) = 3 Ta) o

i=0 i=0
. ~ . i - '—L < . - »
Ty (2) = 2 (] + T) tj1 (z) g2 y Ta(x)= 2 (7 + 11,2 (@) 2,
i=0 i=o

a mpm z > z

too (2) = To () + Ay 5 + uty (zy) + p2| o (2y) — 4 .Y((D ©)2 +

(® (5))1/2
+ Wt (zy) +...

z

X @

HOCKOJILRY tyo(2)= o

dg, 6ymem mckath fy(z) mpm 0<z <z

B BHUIO
Ly (2) = jgo {Ail () u2i=1 () + pljs (2) usi (7?)} ’
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rne KoapumuenTsr Aj;, Ajp OHPERENAIoOTCA ¢ HOMOIBI0 CIENYIOIMUX DPEKyp-
PEHTHBIX COOTHOIIEHM:

A X,
—2 [AJI A] 1, 1] = P (2] ] 1) CI‘;]'-’
A X;
MJ' [AJ'+1,27 Ajz] = 4—(]_1*_—1)' -a)i,z, (84)

. Aj(0)+ As12(0)=0, j=0, 1, ....
W3 (8.4) nonywaem

Ay < , ] @t (X;
M) =22 3~y (1T Li_z) 2 (%),

k=0

__1)]+1 d.7+1 k! di—k (X,
Ai+12(2) = TH O ggitt Ape (1) + ——hgo( TGO gt (_5_

j=01,.
it2 ite ;
Boa(2) = — By (0) + 2 l S (— 1 ([IkLz-z) (@) o+

X o+
+ 2( D G o ]_k(qf?)(O)}xi g
CrenosaTensto, npu z < z; 1 @ (z) > p?

too (z) = ag{z) + poi(z)+
e

0, (z) = 20 A; (z) 27172, 0y (2) = _20 Ajs (2) 27,
i= i=
a mpu z > 21

3
- {XO (z) +S " (7) v2 (1) dt}

b0 (2) = 0y (&) + 32 | s a5 +

21

3
. {Xl (z) 2 S " () v, (V) v, (%) d‘l:}
A

+pl 7 Ziq,s/a 5 dE+oy(z) |+ ...

%

rae X, (z,) = ngo Xna(zy) Zptee, Koapnmmenr #,(z) ompepmenaerca Tak:

z
A% [ Y @
t,(z2) = L2 S‘A dt.
11() 4 6 uS(E) g
ByneM mcrats £;(z) opum 0 <z < z; B BUge

(=]

ty, (2) = Jg',) {pj1 (z) u% (z) + ppjz (z) u2i—1 (z)},

rie KodpPUOUeHTH p;1, P2 HAXOAATCHA ¢ IIOMOMbIO PEKYPPEHTHHIX COOTHO-
Imenni

A, Y. A%, Y;
M3 [pj+1,1 Pial = ;;(]-—l_l:'z])—(—ﬁ%, 52 [Pjr Pi-1,2] = m(TJ?, (8.9)

0i1(0)+p2(0)=0, j=0,1, ...
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Us (8.5). momysaem
j

i (2) =242 D (— 1y (U LH) =)

—1 j+1 giti
o1 (@) = s S o (@) +

i—k (Y.
+“1—22(“1 (z+'1>' j;_k(qgl) j=01 ...,

= ]' dzi—h—1
(0)1

£y “ % (— 1y f] Li_z) o2 (T
i<k doik
CixemoBarensHo, mpn z < z; 1 @ (z)> p?
b1 (2)=mo(x)+ povy (z)+ ...,

rae

oo

7y (2) = 2 01 (x) 2, 7y (x) = j% 0o (2) 29172,

a upu z > 3

5
i lYO (z) + S @ (1) v, (1) w, () dT]

4 z.
by () = (s + 52 | T &5 +

#

3
s {Yl () + j D" () [, (V) w, (1) + v, (7) w, (7)) dr}
A 2
+ B .L/*E * |3/2 (®) dg + JT’l(zl) +.00

Z

rme Y, (z;) = 2 Yia(zy) 3. Haxomerr, koddumment to2(2), ompefenaercs TaK:
i=0 ‘

Bynem mcrath fo2(z) mpu 0 <<z < z; B BUfE
e (@) = — 7' (@)+ 0 @)
rae
0@ = B (0@ 1(0) + 165 @) ()

n roapdunumerTsr 0;, O, OHPEIEAAIOTCA € IIOMOIIBLIO  CIEAYIIMHUX pPeRyp-
PEHTHBIX COOTHONIEHMIA:

" 2, 1[4 @7V, .
R?—z [9,-1, ej—1,1] = _1 '—T[‘—'Jj]_ + Rk JIJ, ] = 1,2, ...,

A )2 V '
M0[6,7+127 ,72] _1——[[1 J.72+( h, ] ]=0, i1 RS (8'6)



| 81(0)+6,-12(0)=0, =0, 1, ...
1113 (8.6) cnenye‘T

dei"R |9 | 4 Ry

B30 (@) = 2 E(— 1>J—k(f=1 ) 2 |+ Jf1+(®l)2vh]}f“

(—1 (H 1_2) d 00 7 =1, 2,

(__ 1)7 +1 dJ-l—l

9.7'+1,2 (x) - G+ E= dz oif1 02( z) +

: j—h ) DYV,
+x2(—1>f~k LI LDL,[LJJ-H,L”]},FQ 1,2,..,

- 7+ D7 dzi ™k 4 1y,

oo (j+1 . i+1 k1 . (DV
N L o Py P

407

im1en [T, @7,
+204Wﬂﬂii{” 7¥h®+
. ‘ 2! R ;

jt+1 ]+1 A J CI)’~V01 .
(H LH) s [23 v Tt r |0 } v
CremoBarenbHO, mpH 2z < 21, D (2) > p?

to2 (z) = t1(x) + pta(z)+.. .,

rae

bt X 2 '_.i
t1(x)=2(611 ()(D())x7 2

.R ?
=0 k

o0

NOED) (@-2 (0)— 2, 2020 ‘z’) o,

R
=0 h
a npm z > gz

toa (2) = 8y (1) + My S"Tq;i/—g—(—é- dag +
; B

Jri

J 6]

1

o (M wi(v) d’l,']
+

&S B vt

1
-+ de +

1

: 032 ) B b+

1

£
L {Jl (zl)+2_§ D" (1) w, (1) w, (7) d'cl
. le‘ 3

r7e

Ji(z,) = 2 Tja () 21302,

](0) +
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§ 9. KOOOOHUIMENTHI ABEPPAIINU JJIA 3JERTPOHHOI'O 3EPRAJIA

@opMyasl, MONyYeHHBle B IPeABAYIIEX maparpadax, MO3BOJAIT Jerko
moxyaarh KodpduumeHTH abeppanuu [is OXHOM 049eHb HHTEPecHOH pasHO-
sugaOocTH J0OO0C — sneKTpoHHOr0 3epkana. B aTom caywae morermman @ (z)
IpHHEMAeT HyJIeBoe 3HaueHme B aByX Toukax: ®(0)=D(z;)=0, a ©,=0.

Tpaexkropus wacTHIbl B JJIEKTPOHHOM 3epKale HMeeT NPAMYI0 W OTpPa-
seHHYI0 BerBd. lIpepmoioskeHMe OTHOCHTENBHO MAJOCTH Qp, B B DPasiorxe-
Hum (2.5) mO3BOIAET CYUTATH, UTO OTPa;KeHHE HPOMCXOJHT B TOUKE Zj.
IIpepmomomum, Taxsxe, uro

1) ®(z)>0 opr 0<z<<zy

2) @®(z) amamurwuna #a orpeske [0, z.], 2z« = zy;

3) O (2)70 mpu 0<z<z 1 mw z1 <2222, O(2)>W upm 21 <
= 7 =< 29

(Dll
4) ¢ymxmma Q(z) = @7
0 <z < z; u npefcraBEMa B BHjE

Q@) = ¥ - ama™,

m==0

(2(z)), rme z=®(z), aHamWTMIHA TpH

1 d
rne qm = —— Q( )lx—O’ (D' (z) dz

5) thHRuM Qw(x) (\P.)z Y (), rre z=W(y)=0(z—y)=D(z),

Yy=2 —2z, agamuruuHa mpu O0<<y<y, (22<z2<2z), Y1 =2 — 22 4 Opef-
CTaBEMAa B BHJE

o0 1 -
Qv ()= X, f I
m=0
d —1 d
rge Qm = ‘—Q\If(x) =0 TS0 @

HoKameM, uTo 3ajava 0 HAXOKIeHWN Kod(pPUIMeHTOB abeppanum Ha
orpeskax [ze, z;] (upsamas m orpaskemHas BeTBH), [z1, z2] (orpaskeHHas
BeTBb) CBONUTCA K YsKe DPACCMOTDPEHHOH 3afade o HaXo:K[eHNH K0dpdunu-
eHTOB afeppamuu Ha otpeske [0, zo].

Brsenem Boipakenme mia QyHEmumit v(z), w(z) OpE 2o <z < z; Ha
mpsaMoil Bersm Ao moBopora. C 9Toi uenblo B ypaBHeHumu (2.2) cmelaeM 3a-
MeHY y = z; — 2. IlomyanM ypaBHeHHE

’ d N
Ny [X] = {d2+ e W}X 0, (9.4)
e usv?(y)=[pn®+ ¥ (y)]"% B cury pesyasratros § 5 mmeeMm mpm 0 <y <
< Y1 OpeficTaBIeHNA

B (y) = §: (@ (@) 2% (2) + s (2) 2241 (2)),

v(y) = )} [T (@) writ1(2) + puy (2)ud (),
AR

W) =@ ZTu@ e+ b 3 Tu@u,
w 9.2
D)= 3 Tl + 4 () X Wia (o), ®.2
rae

o0

Vi (e 2 ChiEipi (@)%, V() = 201+zm+z(x)1’
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) - . mn
Wi (@) = 2‘ Chri®iy (z) i, Wiy (2) = \ Ciifirr (@) 29, Cipr = (]j-,”) .

j=0 ]——0

3nech z;\(y), E(y)— ABa IMHEHHO He3aBUCUMEBIX pemeHus ypasHemHus (9.1),
IpH 3TOM

p(y)=0, v (y)=1/n, w(y)=1, ' (y)=0.

IIpn y <y (uora ¥ (y)> p?) v( ), w(y) MOKHO IpEICTABUTh CIETYIO-
muM obpazoM:

v@=;# L), B (y) = g%a@. (9.3)
Qynxiun v(z), w(z) npu 2e < z < z; Oynem HcKarb B BHAE
v(z)=co(y)troly), w(z)=gv(y)+quw(y), (9.4)

rAe KOHCTAHTHI C, I, &, q OonpenenaroTcAa TaK:
C=—VIEEFTOE){vE)w )+ v (@) wE)h
r=V i+ 0 @) {v ()Y () + v (@) v (y)h
=V I+ O @) {w(z)w (1) + v (@) w(y))
g =V + O (@) {w(z) () + ' (2,) v (¥y)-
Tlonbsysics (5.16), (9.3), woHCTAHTH ¢, T, g, ¢ MOKHO TPEACTABATH B BHE

-

o
I
s
==
2
~
[
Y
e

=0 =0
o~ ! < ! (9.5)
g=2%ghq= '};TQb
=0 1=0
e
n
Con = — JEJO {g Cz; [U1 2) w2]—1 (!/1) + Vz (zz) wz:—z yl)]} CznAan
n (2i+1
Cont1 = — _20{ 120 02,+1 [1’1 (35) w2:+1—i (¥4 +v1( 2) w2]+1—’t (y1)] Cgﬁ!-lv‘lnj,
j=o Li=
on = — 20 ngtAnj {iZo Céi [w; (Zz)—u\’zi—i (yy) + w; (22) ;’zj—i (y1)]} )
i= =
n . 2i+1 ; — , N
Lont1 = — 2 Cgfﬂ-llAnj{ _20 Cojt1 [wi (22) Wajt1-1 (Y1) + Wi (33) Wajg1—i (yl)]}7

Ton = 2 szl{ [Uz (zz) V21——1 (y) + Vz: i(y1) Vi (zz)]} nj

3=0

Fon+1 = 2 gf:l—i { 2 Cza+1 [Uz (Zz) ”2]+1—z (y) + Uz:+1— () vi (Zz)]} njr
. 2 Y -7 7 -
on = 20 Cin {20 Cs; [wi (25) V2j—i (Y1) + wi (32) Vo (yl)]} Anjy
i= i=

n . 2j+1 | — , —
Gont1 = .20 02%111{ _20 Cait1 [wi (25) Vajtr1—i (1) + Wi (2,) Vojt1—i (%)]} Anjs
i= i=
rme n=0, 1, ..., o= ®(z);
nti—1

1
Apy = ZC=IL 57" T (1 — 2.

on—j (n—jyn 2 h==0 3
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+ (9.6)

+
=
—
53
g
W
—
—
N
[ A
=
L
g . ——
N
no
T
1
X
=
I |=
S
N
|
—
N
+
17s
=)
o
—
8
S
g
1S
—
—
ml;ﬂ'
1
—
L
+

qz([—’:-l—l) ] pk ’
(5] CIE -9 —)

z="(y), cci=ro1=g-1=¢1=0.

OueBngHO, UTO UPH 22 < Z <X Zy HA OTPA;KEHHOI BETBHM, IOCIE IIOBOPOTA
v(z), w(z) mMemoT BUR

v(z)=—co(y)+rio(y), w(z)=—go(y)+qw(y), (9.7)

a OpE Z; < 2 <X 29 (HA OTPAREHHOH BETBH)

v(z) = 2 lIJL—;;! = Z l;— lz Ch (rawi—s (y) — cxV1-s (y))}

0

w(z)=z l;—!l;’z=gl;—'[2 C’ (qutor— k(y)_gkvl h(y))}

Ha orpesxe [z, z;] oxasmiBaercs BO3MOMKHEIM mOCTpoeHme (yHKImi b(y)
c(y), d(y), f(y), e(y) '2(y), e(y), 5(y)— mexoropsrx amasoros xoadhdmmu-
emroB B(z), C(z), D(z), E(z), F(z), G(z), ompefeneHHHIX Ha OTpe3Ke
[0, z1]. BBuny 6mammeitmoctm arperara ['[X, Y, Z] mo aprymemtam X, Y
Roati)(bnunemm B(z), C(z}, D(z), E(z), F(z), G(z) ma orpesre [z, 2]
OynyT nuHEHHHIMA KOMOMHALMAME STHX AHAJNOTOB.

ycrs $yrxmun b(y), c(y), d(y), 1(¥), e(¥), (), e(y), 8(y) raxue,
qTo

(9.8)

-4

AL YW 4 YOG T 2
N[l = {2 + o+ O Bl = T 5,2,

5(0)=1"(0)=0;



37eCh

e (y) = W (y) + 122,

Ty [X, Y] = 20 @ (J)—;WV)(y)X D ¥ (y) —
34”\1;' )
g §Y<>‘F G
, dXx ’
X'y =z @ur
N [f1= T« [0, vw], 1(0)=0, 17(0)=0;
Nule]=Tw[w, vw],  ¢(0)=0, ¢’ (0).=0;
Neld] =Tw[v, v, d(0)=0, d’(0)=0;
Nelgl=Tw[w, v, g(0)=0, g (0)=0;
‘ Nw[21=rw[5, w?, e(0)=0, e’ (0)=0;
/(y) e - —1 o7 _ i._
[6] é\%y(y)v 8 (O) = 4!‘-11” (0)1 (O) = 8!"6;
~  wQy) -~ - ¥ (0)
‘ w ) 0) — 0, 7 (0) = — 9
Ny le] = 200 e(0)=0 BChrean

MosxHo Jerko IMONYINTEL Pas3iosKenua s sTux QyHrIumi: ma orpeske [0, yi]

mo cremeHaM uw(y) m Ha orpeske [yi, y2] (B cuay W (y)>u?) mo creme-

HaM u (cm. § 5). Ha orpeske [z2, z;] (mpAmas BeTBB), Kak HETPyHHO IIo-
Ka3arh, '

B(z)=(B+ R(y)), (9.9)
rae (-, -)— CKaJIApHOe MpOM3BejeHNe,
B,=(B\*, b, b)* R(y)=R@)* v(y), w(y))*,

R(y)=((y), 1), d(v), 2(¥), c(v), e(y), 8(), e(¥))*,
B, =(c3, 2¢%r, cr?, rc?, 2cr?, 13, ¢X(zy), rX(z,))%,
b,=—P,(B, B), b,=P,(B, B),

Po(T, 8)=u(z2) (T (22) = (Ss, R(y1)))F (g1)+(T" (22)+ (54, R (y)))T(yn)}.

Amnajornaao o 3
F(z)=(Fy, R(y)), Fr=(F* [ [u)*%, :
(9.10)
fo==Pu(F, F), fo=Py(F, F);
go=—Pu(G, G+F), g.=P,(G, G+ F),
Go=((G*+F.*), g, g)*, G(z2)=(G., R(y)), ;
(9.11)

G, =(gc?, 2gcr, gr*, qc?, 2ger, qr?, gX(zy), qX (31))%,
F, =(c’, c(cq+gr), crq, rge, r(cq+ gr), r’q, cY(z), 1Y (z))*;
, C), co=P,(C,C),
C(z)=(Cs, R(y)), Ci=(Ci* cv cu)¥, (9.12)
C+ =(g%; g(cq +gr), gar, qgc, glcq +18), ¢’r, Y (), qY (z))*;
D, =D, +(0, c®" (0), r®” (0))*, D(z)=(D+, R(y)),
D, =(D.*, d,, dw) %,

Cyp = — L7y
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5+ =(Cg2, 2ngv cq27 rg2’ 2rgqa qu, CZ(ZY), ;Z(Zﬂ)*,

(9.13)
d, = —Py(D, D), dp= Py(D, D);
E, =(g% 28%, g¢*, g%, 280% ¢° gZ(z), 9Z(z1))*,
E, =E++(0, gd” (0), ¢D” (0))*,
(9.14)

e,=—Py(E, E), eo=P,(E, E), E(z)=(Es, R(y)), Bs =(E*, e, e)*.
Ha orpeske |zs, zy] (oTpaskenmas Bersp) Koaddumments: abeppanuu ompe-
JeNAITCA U3 CAERYIOIMAX COOTHOMIECHHUIL:

. B(Z)=(E_’ ﬁ(y))a B— =(B—*’ B,(z'r) Lt B(ZT))*’
£ (9.15)
B_ —(——c3 2¢7r, —cr’, ¢’r, —2cr%, 13, 0, 0)%;

F(z)=(F-, R(y)), F- =(F-* F’(z)u, F(a1))*,

F_=(—c%g, c(cq+ gr), —crq, rge, —(cq + gr)r, r¢% 0, 0)%;
C(z)=(C-, R(y)), C-=(C-*, 0, 0, C"(z)u, C(z))*%  (9.17)
C-=(—cg? glcq+gr), —gqr, qcg, —q(cq + gr), ¢’r)%;

G(2)=(G-, R(y)), G- =((G*+ F*), G'(z:)p, G(z1))*%,

(9.16)

(9.18)
G- =(—c%g, 2cgr, —gr?, qc?, —2cqr, qr?, 0, 0)%;

D(2)=(D-, R(1)),
It Y g " , c¥(0)  r¥(0)
B (A R e R O e

¥ (0)\*
D(ZV)—-W\, ) (9.19)

D_ =(—cg?, 2cgq, —cq? rg? —2rgq, rg®)*;
E(z)=(E-, R(y)),

= (o , : ¥ (0) g% (0)
E-(E_, g¥" (0), ¢¥"(0), “(E (zy) + 8p3 16»24".(0))

g (0)
E(s)— 270)) - (9.20)

E_ =(_' 31 2g q, —gq ’ g q, "'2ng, qs)*-

Ipu z; < z<< z; (orpaskeHHas BerBb) wmem B(z) B Buge
— }Ln
B(s)=B(y) = E — Ba(y), (9.21)
n=0
Nenonwsya pasmoxerns (9.8), monywaeM 3amadd pas é:.(y)

[ 5 ]n~2] n——2,71-—h ~ o~
yo [BTA] = 2 2 2-! anlhjr\lfj [vhn Ulv’n—2]'—-k-l] e
7=0 k=0 =0
n

2 _—
- 2 ban‘Ifj [Bn—2j]’
j=1

_ B y')1 = y "B’ )

, n=0,1, ...




3nech

B(y ad Y aqa oy
( )= 1) N\yo p — + oF rr +4—"—q,,
d W” X
Ny; =(— 1)’J!(ZW+1 w T ;@T) i=1,2 ..,

Ty, [X, Y] = (““(’)'PW[X Ylaeer j=0,1,2, ...
”\xr

Apanmornunble HpejcTaBieHMs uMeeM M Haa $yrrmuit F(z), G(z), C(z),

D(z), E(z):

< P ()
F(z) = X 2 pn,

n!
n=0

(2] s negin [+]

- - 2
N‘l’o Fol =3 3 2 anlkJF‘If [V, Uzwn—2;~k il — 2 N\r [Fn-—ay] bnj»

§=0 h=0 F=1
(9.22)
- "F (¥, — amF’ )
Fn =—2V ’Fn =—21 ) =0,'1,...;
(¥ " umo (1) " |u—o n
Q G ()
G(Z)=2 nl ur,
n=0
2l, n—2j n—2j—k
I 3 -
Ny (Gl = 2 2 2 annj (D [why Uin_sgjp—i] +
7=0 k=0 =0
- 3l
+ T, [Vr, Vitn—gj—r—i1l) + Z Ny, [Gnsj] brj, (9.23)

- "G (v
RPRIRACCR] Iy ARG | R

m" o n=0 ™ lu=o

Cn®
6@=E L
n=0

- (3]

Ny, [Ca] = 2 by Z aninilw, (W, Uzzfn—zg-—h—zl — 2 Ny, [Cn—z;] bnjs.

j=0 k=0 I=0 j=3
' (9.24)
a"C(y o"C’
Culy,) = (nl) ) ( )= (yl) , n=0,1,.,
op" n=e op™  lu=o
N D (4)
D)= ¥ ==,

n=0

[£]
2 [n—2jn-—2j—k

Ny [Dn] = 2 > 2 anlk;(r‘lf [Vhs wlwn—zy—h——I]“"PW (W Vz'T’n-zj—h—t])-l-

j=0 k=0 I=0

(5] - 2] |
2  ~n R 2
+ ;o 4nén(: 2;' vn—;ﬁl 9 _ 2 buiNw, [Da—ssl, (9.25)

j=1
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"D (v,)

— a ,
Dn(yl) = (7]./I.n Dn (.’1’1) - aun =0 n = 07 17 ’
2 En(y/
E(@) =Y = un,
n=0
. [%] n—2j n—2j~h - e
Ny, [En] = | 2 2 aninilw ; [wh, WiWn_gj—p—1] +
J=0 k=0 =0
nl(— n—aj .
+ % T2 ol 241 bnilVw; [Ensjl, (9.26)
= ‘ b =
_ TE@y)|  a - 0E(3)
= En = A ’ == Uy 1,
En(y, " |um = (Y1) P n=20,1

Ilpn Haxomgemlm K0a(h(pueHTOB BpeMeHHHIX abeppammii mocTymaem
TakuM e 00PABOM: - CTPOMM HA oTpesKe - [22;, 2;] Pymxmun  Aw(y), ow(y),
p,p(y) Tw(y) — amamorn xoapdummenros too(z), t11(2), teo(2) tez(z), ompe-
aenesnrx Ha [0, z1] Ha orpeske [22, 2] (upsAMas u orpaskeHHAas BeTBH)
pynrmmnm Zoo(z), gu (2), t20(2), toz(z) TaK;e OygyT amHeAHEIMA KOMOWHATWMA-
MHI 9THX ((aHaJIOI‘ B».

Iycrs $ysxmmn A (y), 0w (y), pe(y), Te(y) ompemeasiorcs u3 sagag

dAy (¥) A Xy (9)

" =
doy (¥) M, Yo ()
= y 0 (O =O’
B i T X A
g ) 1, Tyl) o
dy _TZZ () p\y(O)—O,
o) k1 g M
a =T’ , Tw(0)=—-2—m,

3
Uy (@)
P o
rae -
y

Xo @)= [P/ QPOE Ve@) =1 OIOVE E

L Ze) = Y‘P" © @ d.
Cnenya pe%yns%aTaM § 8 | Jlerko nonyqaeM Pas3IoMeHns JIIA (bymﬂmm
Aw(y), o= (y), ov(y), Tw(y): Ha orpeske [0, y;] — mo cremenam u\p(y), Ha
Y1, y2]—- II0 CTeIeHAM [k.
Ha OTpesHe |72, 2] ;na mpaMoii Bersm EMeem ‘
t20(z) = —c’Aw(y) — 2crow (y) — rpw(y) — X () Tw (y),
ti(z) = —cgAw(y) —(cq + r8) 0w (y) — r9pe (¥) — Y (2:) T (y), (0.27)
v R 27
to2(2) = —g%Av (y) — 28902 (y) — ¢pw () — (D" (0)+ Z(21)) Tw (y),

IUI}I OTpa?ReHHOH BeTBI/I

. !\‘,xr I Ny L }\, X (2 E | .
b () = S a0 () — 2o 5) + 720 (),

£y (2) = 5@—%‘%— + cg/}w (v) —(cq + gr)ow (y) + repw (¥):  (9.98)

o~
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A’ , //( )
Zos (3) = W (@" (0) + z (Z) + s oy 2‘1" Oy +

+ g4 () — 28004 () + %0 (¥) + " (0) Tw (y).

Haxomen, opu z; < z << 22 (0TpasyKeHHAS BETBEH)

o0 Hi ! ,
ty () = DT (y) » (9.29)
i=0
By, (2,) A H (— 1)t Yoy 0® ,
Ti(y) = ;:11‘2 - -I-Tl 3 ‘Y o (Pt dt,_”'zv=0,1,. .
n=0 =0 T £; G—20 vy -
i=1
o iy
to@)= ¥ 7y (y) ==, S :
) 11( ) i‘:(') (y) il (9'30)
i
I Yy
1 (Z‘) A [2] ( 1)1” Y\yi—Zl (t) . ) .
i (y) = ;:ﬂ =TT X S oy b i=0 10
. =0 IT ](~—21)' vy
i=1 Co B
tos (2) = ZG l, , (931)
) =Ty
Y i ‘ >
Ay j (—ylonn  Zwy (O 21 (— 1)F
T3 lgo ! (D(t)3/2+l'+. i o/ati dt,
vy Iz @—o il Hchp (t)
i=1 j=1
02i+1t )
Oira (y) = —Wg;—l"— T
i . Yz
L + _7v_1 (—1)" (2 + 1) Wiy (D) dt i =01
w-h @ (1)3/2+1 ’ ‘ vy e
=0 Il z;@i+1—nty ‘
j=1
rae
Xy (£) g () — 07y (1)
X‘Fi (t) = _0”7— p,:(), Y‘Fi (t) = l?p,i ." _ ’ Z‘P'i (t) = 0“-1: . p,=0’
=2/(2i+1),i=0,1,.
Iycrs t4°(y)— pemenne samaum
dtly ] 0/
(y) ( 2 1 ¥ (y))1/2 ’ t\IJ'(O) = O.

OueBngHo, UTO WpH Zp < 7 << Z, HA NPAMON U OTPAKEHHON BETBAX ‘
to(Z)= to(Zz)— two(y), ‘ (9.32)

a mpm z; < z < 7 (OTpPayKeHHAR BETBb)

: L3, (9.33)
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THIe

~ P (=D 1
tzol (z) = ap'zl (t() (Z2) - t(‘)F (yl)) lu=0 + lI—]l I ! (CD (zl))1/2+l’
i=0 '

~ a2l+1
tare1 (3) = prEy (1o (2) = % (¥)) lmor  1=0,1,....

§ 10. OMNCAHNE NTPOTPAMMbBI PACUETA KO3OPPHUIIMEHTOB
NPOCTPAHCTBEHHBIX U BPEMEHHBIX ABEPPAIINNA HA 3BM.
TECTOBBIE PACYETBI

IMMocramoswa sagagd. Jamsr N rtouex §; ma upamoi Oz,
0=§1<‘§2<---<§N—1<§N=Za,

A B THX TOYKaX 3afaHH 3aerrpocrarmueckmii morermman @ (%) ma ocm Oz,
ero mepsas u Bropas mpomssogasie D’ (L), ®” (L), i=1, ..., N. Kpome To-
ro, W3BECTHHl TPEThA ¥ UYETBEPTAA IPOMSBOfHEIe TOTEHIWAJNA HA KOHIAX OT-
pesra [0, z]: @” (0), @ (z.), ®'V'(0), ®'V(z). Hago soramcants K03f-
¢HuOmenTs TPOCTPAHCTBEHHBIX ¥ BpeMmeHHHX abeppammit B Togxax Gi,
i=2...,,N.

Cona#ne. B mpomecce pemenmsa 3agaudm morpebyeTca 3HATH MOTEHOHWAN
# ero IPOMBBOJHbIE BILIOTH [0 YeTseproii ma BceM uETepBaue [0, z.]. Haa
BTOH HeJN BOCIONb3yeMcs cImIaim-muHTepmoasanmei [8,c.99]. IHokamem, xrak
crpoATea Kybmueckwe cmaains gaa O, @', @7, ©”, ®'Y) ga upumepe O.
Cnnaite S(z) mmercs B BEge

SE)=DE)(1—8)+ P+t —
t
— Qi =GP U—=D)IC =G + (1 + 1) Giy],
Ci <z<S CH.[, O <i<< 1, z = Ci +w(‘§{+1 - ;l) t,
re G — xospunumenTH, TOAMERAMUE olIpefeNeHAl. 3aMeTHM, uTo S(2)
AMeeT HEmpepEBHYI BTOPYI mpoussogHywo. IloTpebyeM HempepHBHOCTH mep-

Boil mpowsBogHOH S’(z) M, KpomMe TOro, HATOMHEM Kpaesble YCHOBHA (CM.
[8, ¢. 97])

5 (0)=@"(0), S (z)=D"(z).

N3 stux yenosmit momydauMm pgas onpemenennsa kosdduumentos Gi, i=1, ...
<. N, cucTeMy muHEHHBIX ypaBHeHHI

21, B 0 ... 0 0 o 6 | [T F,
hy 2(hythy) Ry ... 0 0 0 G, F,
0  hy  2(hythy) ... O 0 0 6 || 7 |
0 0 0 .oihy_p 2(hy_ythn_y) hy_y || 6n_s Fy_,
0 0 0 ... 0 hy_y sy, L6y | | Py _
(10.1)
rme

hi=8—Ci I=1,..,N—-1;



hN—l

Fy=6 [?L(-;Elh:i‘icl—)—cb'(())} Fy— 6[@’ (2a)

1

PEipy) —P(E) PE)—PEiy) ] i=2 N—1.
- , e

_P@m—ﬂh&}

h;

i -1

Fi=6|:

Marpuna cucTeMsl TPexJAMaroHaJbHAA ¢ TpeofiamaHmeM HA TIaBHON AMAro-
HaIH, moaTomy npu pemenun cucTemsl (10.1) MoskHO BOCHOIB30BATECHA METO-
KoM DPOrOHKM. [las 5Toro cHagama oUpefelHM IPOTOHOYHBIE K03PPHIUeHTEH
mo dopmynam ‘

hi F.—V.h. 1
2(hy_y T hy)y—uy gy

U; =

I10cJIie 4ero onpepeInmMm

Fy—hy VN,
hy_1(2—Un_yq)

Gy =

A, coBepmiag OOpPaTHYI NDOrOHKY, HaiifleM Bce ocTalTbHEIE K03PUIHeRTH
G,i=1,...,N—1, mo dopmyne

Gi= V,—u,-G.-H, i=N— 1, N——2, SR 1.
3mavenna O (T;), OV (T) , i=2, ..., N—1, naxonum puddepernuposa-

HEeM cluaainos aias @7 m O™ coorsercreenHo. 3mazenua DY) (0), @Y (z,)
HaxopuM o gopMyzam _

5 5
OV (0) = B @ 0™ (Liry), OV (z) = X ai®@™ (Zn_y),
i=0 i=0

T/i¢ TOCTOSAHHEIE (i, ;' OUPENSNATCA U3 yPaBHEHMI

G G T G L[ al 17
GGG &S| a 0
LGB G|al=]|0]
Lo ls Lals Go ]| aa 0

| &6 a @t e | |0

ao = —i(a; t az+as+ as + as);

P — —_— —

hy hy hy hy h, a; 1
B W2 hE K Rl a, 0
B ORS RE RS RS as |=]0
0
0

BY R B R R a,
A A A _0_
ao' = —(al' + dz' + dal + a4' + a5');

hi=CN—{_§N, i=1,...,5.

’
_as5_

Merog Pysre—HKyrra. Pemenne TApAKCHANBHOT0 YpPaBHEHNS
mmerca Merofom Pymre — Kyrra 10-ro mopsmka (cm. [9]). Meron ompege-
aAeTca safammeM Tabamn xodddunmenros D Cj, i, j=1, ... 17. IIycts
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HaJ[0 PeNITh CHCTeMY ypaBHEHMI
d ; r
— U1 (2) = F (2, uy (2), u,(2)),

d
a7 Ue (3) = Fy (2, uy (2), uy (2))
Ha oTpeske [a, b] ¢ HAVANBHBIME JRHHBIMIT
ur(a)=u, uza(a)= ugo.

Cravasa HAXOMUM BEJUTILHBL

zZ=a,
2o = a -+ hD,,
z18 = a + hD7,

rge h=5b — q. 3areM mOCHeIOBATENBHO BBIUMCIIM BeANUNHEl Uy(Z), U2(3),
i=1, ..., 18, mo ¢popmynaam
v1(31) = tio,
v2(z
1—1
Al

= U0,

[N)
—

L Cl—l,ij (Zm, Uy (Zm), Uy (Zm))-

e
i=1,2; 1=2,,.,18.
IlGciae oToTO ICROMOE pellleHNe UPH Z = h HAXOJHTCH TAK:
ur(b)=vy(z18), ug(b)=v4(z1s).

Tountie fopMyus ngasg cnyuas chPepPHAIECROTO KOHJE H-
caTopa. B cayuae chepuueckoro KOHIEHCATOPA HJIEKTPOCTATHYECKHI II0-
TeHIMax Ha ocu onpefenserca Gopmynoli D(z)= az/ (R, —z), rie o=
=UJ/(R,—R.); U, R,, R.(R, > R,)— nonomxnurensase aucna; R, — papuyc
KpUBHM3HBI IoBepxHOocTH Karcma; 0 <z << R, — R, AGeppauunomnoe BrIpazke-
HUe Jua Tpaexropuu mMmeer Bupm (cM. Qopmyay (2.5))

r(z) = 6eio‘ol;0 + poeiﬁowo + 6M€iaoH + pOMeiBn[{ + Mgéeiaop +
+ nipeeQ 4 8%%0B + 6%, [¢'0G 4 e CHTRIF]
+ 603 [eiaOD + ei(?ﬁo—ao)c] + pgeiBOE-*— .

Beuny (4.8) wosdumumenTHl TPOCTPAHCTBEHHBIX afeppaunil oIpegensiorcs
cnegyiomum ofpasom (D (z)> p?):

v; () =u;+ h

2 e A
Ug =—_l/-a~ VAZ, Wy = ‘}—?:,

/' Az
H:.._EA_, K — 2V Az

1 A \3/2 2A 1 z \3/2 z
P—V;(z} » O=—25- B=ﬁ(‘a) » G=F =15
R, —2 A
D=__h__szA, C=0, E=-2, A—_R,—z.
2R} oz 2R}

AGeppanumoHnce BRIpaieHWe AU BpeMesum mnpoiera mmeer Bupy (em. (3.3))
£(2) = tyoo + Mligo + B3agy + 6%gng + E0lors + Potoee + Wolse +
+ w8550 4+ 1806ty + WOGLiee + - -

Ucnonwsys gopmyny (4.9), xosddunments BpeMeHHHIX abeppamuil ompepe-
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asiem Tak (D (z)> p?):

—20,R,
a

A

'

2 — z \1/2
000 = T:;[VAZ + Bh arctg (T} ]v t100 =

) ( 1/2 z \U/2
Lago = » 3/2 |(ZRh—;—z)( ) +3Rharctg(—A—) },

3h 1/2
too0 = o 3/2[ VAZ-}— Rkarctg( ) ],

27»]x2z A1A3/2 t _ 8)"1Rk
ton =g, lor = Ve T T TgE
61,%, V/Az Ay (22— Ry)
: tlno = — 4% by = — —37‘2R—‘a 102 = ——OLR2
k

JlBa nmmelino He3aBUCUMBIX pelnenus 7 (z), @ (z) ImapaKcHaIbHOTO yPABHEHMA:

X't ((z)) X 4 EZ; X=0 (X(z)=2(2), w()
¢ HATAJIHHBIMM TAHHBIMA
2(z1)=0,7"(zn)=1;, w(z)=1,w (z21)=0
onpefensores HopMymaMu
v(z)=— @V%(z1) [vo(21) wo(z) — wa(z1)vo(z)],
w(z)=— O~2(z1) [wo (z1) va(2z) — vo’ (z1) wo(z)].
PacueTrHble GopMyas gasg caydag NPOU3BOIBHOTO IIO-

TeHIOHMAaJNa Ha 0CH. Pacuersl mpemjaraercs BecTH CHERVIOMEM 06pasoM.
Cravama peiGmpaercs Benuduna z3 = Tag, 910 @(z)> p?, @ (z)>0 opu

0 < z < z;. IIpouece ssranmcnenus xosddunuenton afeppanuit pasbmpaercsa Ha
IBe 9acTH: IPU Z < Z; U OpH 2 > 7,

B caysae 2z<<z; Koapdummentst abeppaumil oUpefeNAOTCA TaK
(@(2)> p?):

vo="TazVoi(z), wo= Woi(z), H="Vos(z), K=VzWe(x),

o (7 ) , 2 -
P=VzV,(z) + 1 Q=W,&), B= n};}o By Y2,
2 2
G = Z [Fnl + Gnl] at, F= 2 Frzt, D= \? [Cn1 + dug + 8py] 277172,
n=0 n=0 n=y9

2 1
C = \j Cnlxn_l/z, E = :}.‘ [eny + &nq] 27,

Aot

n==9 n=g

to00 = To(x), 0= T1(2),

2
1 ;
Lago = Ta (1), forg = 5 o Apxn—1/2,

3
N 1
Lo = }'4 Pn1®™, gy = 5 2‘, (L + Toy) 212,

2
; 1 W
tygg == 2 (’71290“_1/3, tmz = ‘/‘ (tn2 -+ Tnz) xn,
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Ipx z> 2z (®(z)>p?) rosdpdunuentsr abeppanuit onpegeaAOTCs TaK:

Vp = W% + P, w, = Wi + wPw, H=HYo + H®w,

K — K(l)v + K(2)w
P = P(I)E_{_ P(2)177 +
, 1
O’ (1) o) (1) + 5 O (1) v, (1)
@32 (1)

1 — — _— —_—
+ 2—17?;5; [v(z)w(T) —w(z)v(T)] dr,
0 — Q(l); + 0(2);) +
' (1) g (9) 5 O () w, (9

D32 (x) dr,

— w(z) v (7)]

B =B'(z)v(s) + B(z)w(z) +
+szﬁ@@m—a@5mﬂd%%mJﬂﬂdn
1 F=F'(z)v(s) + F(z)w(z) +
+ = j [0(2) w(t) —w (2) v (V)] Ty [1, v, (7) 0, (7). w, ()] v,
1 G=F+ G ()v() + G(z)w) +

(v) — w (2) v (V)] T, [v, wy (v), 05 (1)] dx,

D=D'(z)v(2) + D(z)w(2) +

+ 1};1 zjmzm(r)— w(2) 5 (DT [1, vy (v), w3 (1] +

207 (7) vy (1) 4 D7 (1) v, (7)
1603/2 (1)

C=C'@)o() + Cla)w) +

T 15, wy (), w9 (%) (5)] — @ (0 dx,

+ 1—}-=j [5(2) @ (v) — o (%) ()] Ty [, 1 (1), 0 (1) w, ()] d,

E=E'(z)v(2) + E(z,) w(z) +

+ 7= [ BB @@ [ @, vl o]

207 (1) wy (1) + @7 (1) wy (T) o (0)} gt
1603/2 (1)

t100 = t100 (21)s

tooo = tooo ("1 + 5 L2 (Q)



z

A dt
ta00 = 200 (21) — —21‘5 )
z

%2 ()’
1

z |9
two=tnua>+%§§¢rwﬂo[xua»+f@wew%@y%]dg

Zl 21

z 9
tor1 = fon1 (%) + ll,;g‘ X P © [Yo () + 5‘ @ (&) vy (§) wy (B) dE,] g,

toos = too2 (21) + 3 S CD_S/z © [ + Z (z,) + 5‘ @ (&) wp (B) d§\| g,
" ta00 = t300 (31)s -

L
tiso = tazo (20) + 5 !fm—”%@{ 04-2§®m@ﬁhﬁﬁﬁ@ﬁﬁ]dg

&1

AR ; _
tin = tin (2) + _12_2_ 5'(13 3/2 (& X

4

|4
x[n@»+f®wawua%§r+m@WA®w4dg

z 4
tm2=tmua»+%%f¢r”%®[iua>+2§GW(@wuawaad{Lm
3nech R k
z=0(), ,=0(), A=0(0) 4,=0(z) Vy@)= \ gk (z) 2%,

Wy, (z) = 2 op () 2k, Vo, (z) = 2 e (2) 2%, Wiy, (z) = h§o Pr () x*,

Vi) = k§0 B (@) (B 4+ 1)ah, Wy(z)= kg:) o1 () (B + 1) 2,
£ (2) = & (0) + Eo(0) 2 + - £ (0)2* + &6 (0) 2%,
Mo (2) = 1 (0) + o (0) 2 + 510 (0) 2% + &g (0) <,

0t () = 2t (0) + g (0) z + 5 4 (0) 2 + —-01g (0) %,

By (2) = Bo (0) + Bo (0) 2 + =By (0) 2% & (0) = — o (0) =

2
a, (0) =1, 50(0)-‘20 C_AR ) go(o)——'ﬂo(o)——R—A;,
’ i~ ’ 6 2(1)//’ (0) ” 6 (D”, (0)
ap(0)=C, Bo(0) = — TR + PV £o(0) = R — 3t
. 38 30" (0) " (0) 5
o (0) = T sR2 AP Hoe o O == — FUTH
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60

” " (IV)
[50(0)_—1—210‘1) © | 198 8 o™

5 15 4%
m 1 oIV | 3 % o7 @0 102 C°
& (O)__ A° +?C. AF T 5 4
(Iv) - ox0 F3
;”(0) — ﬁ___*‘b 5(0) _BIH OO | 1220
A 35 A% 35 A
m 1 oIV 83 ~ @ (0 219~
oy (0) =+ 20 2 p270 , 2%,
AL 10 A

S hE=— 08 (1) — (@), (@)= — Téno () — o (2),
oy (2) = — + 00ty (2) — g (2), Br (@) = — - 0By (2) — By (),

Q (zf((:)))zv &0 (2) =‘%§0(:c) T I

—20% a’a(x)=@§0(x> o

Ea(2) = — &8 (2) — -1-@&2; @ — (0 + LohE -

(51;2(1) 00 + 1@ + 2 03) % (2),

m(@) = — - (1) — 4 O @) — 1 (0 4 0] ma ey
— (m 00 + 0" + 4 @3) Mo (2),

i () = — - (2) — 4 Qg (@) — 25 (0 + ) oy () —
—(B00 + B0+ ) )

Ba@) = — %@ﬁ:;(x)—z-o(a' + LB @ —

— (250 + o+ i 2)Bo @)

d_ —_ (IV) (z) _ 7D (Z) " (Z - Z3
@ ot T wer T 8% & () = o e m s
0 E, ( ) ) ” (0
By, (z) = 12A3) 2§0( z) 40 ((D(IV) (0) — qLM),

By, (x) = B; (0) + B;I 0) z,
Buy (2) = — Bi1 (0) — 5 0B, (2) — = (Bay (2) + 0By () +



R " ()T (x) OV ()R, (2)

TXZl (z) + - 1207 (2) 48 (D' (2)*

’ 4(1)/// O ’ d .
By@ =0, Bu(0) === Boy() = B @)

Bin(e) = 5By, K@) = Par () Xr @) + Vi (0 Xy () + Vg (0) Xy @)

20" (0 8 3 . 2D” 0) " (0
Xm(x): _ 3A3( )$2_15'7344 ((D(I\)(O) _ ( h ( )),
4D (0) aw 207" (0) d" (0) : D" (3)
Xn(x)= 3A:§ r+ 5A4((D (0) — ————‘—A——)———x o (z ﬁ’,
) - D" (0 8 @7 (0) D" (0)
le (l) _ _aé_) _ 5; ((D(IV) (O) ___(‘)4*()) +
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Taéanma 1

H 2 8 15 21 28 34 41 47 54 61
z={, 0.0400 0.1376 0.2515 0.3492 0.4631 0.5607 0.6746 0.7722 0.8861 1.0000
0.5600 ~ 1.0125 1.3263 1.5184 1.6872 1.7967 1.8911 1.9474 1.9870 2.0000
Vo 0.5600 1.0125 1.3263. 1.5184 1.6872 1.7966 1.8911 1.9474 1.9870 2.0000
0.9800 0.9342 0.8742 0.8254 0.7685 0.7197 0.6627 0.6139 0.5569 0.5000
Yo 0.9800 0.9312 0.8742 0.8254 0.7685 0.7197 0.6627 0.6139 0.5569 0.5000
H —3.9200 —3.7247 —3.4969 ~—3.3017 —3.0739 —2.8786 —2.6508 —2.4556 —2.2278 —2.0000
—3.9200 —3.7247 —3.4969 —3.3017 —3.0739 —2.8786 —2.6508 -~2.4556 —2.2278 —2.0000
K 0.2800 0.5063 0.6632 0.7592 0.8436 0.8983 - 0.9456 0.9737 0.9935 1.0000
0.2800 0.5063 0.6632 0.7592 0.8436 0.8983 0.9456 0.9737 0.9935 1.0000
13.7200 6.8509 4.6100 3.5897 2.8001 2.3061 1.8579 1.5482 1.2489 1.0000
P 13.7200 6.8596 4.6174 3.5972 2.8076 2.3139 1.8656 1.5557 1.2566 1.0081
—1.9600 —1.8624 —1.7485 —1.6508 —1.5369 —1.4393 —1.3254 —1.2278 —1.14139 —1.0000
e —1.9600 —1.8624 —1.7485 —1.6509 —1.5370 —1.4394 —1.3255 —1.2278 —1.1139 —1.0000
0.0057 0.0374 0.0954 0.1606 0.2542 0.3499 0.4812 0.6124 0.7903 1.0000
B 0.0066 0.0407 0.1004 0.1666 0.2613 0.3577 0.4891 0.6206 0.7996 1.0129
0.0200 0.0688 0.1258 0.1746 0.2315 0.2803 0.3373 0.3861 0.4431 0.5000
G 0.0201 0.0705 0.1273 0.1761 0.2330 0.2817 0.3387 0.3874 0.4440 0.5006
0.0200 0.0688 0.1258 0.1746 0.2315 0.2803 0.3373 0.3861 0.4431 0.5000
F 0.0201 0.0689 0.1258 0.1746 0.2315 0.2804 0.3374 0.3862 0.4429 0.4996
—1.6800 —0.7931 —0.4934 —0.3538 —0.2446 —0.1760 —0.1140 —0.0718 —0.0319 —0.0000
D —1.6808 —0.7961 —0.4969 —0.3577 —0.2488 —0.1804 —0.1187 —0.0765 —0.0367 —0.0049

c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




L

—0.0004  —0.0004 —0.0006 —0.0007 —0.0009 —0.0009 —0.0010 —0.004 —0.0014  —0.0011

E 0.1225 0.1164 0.1093 0.1032 0.0964 0.0900 0.0828 0.0767 0.0696 0.0625
0.1220 0.1151 0.1073 0.1009 0.0934 0.0871 0.0797 0.0735 0.0663 0.0591

fooo 0.5638 1.0371 1.3882 1.6213 1.8476 2.0143 2.1849 2.3147 2.4501 2.5708
0.5638 1.0370 1.3881 1.6212 1.8476 2.0143 2.1848 2.3147 2.4499 2.5700

t100 —4.0000  —4.0000 —4.0000  —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000  —4.0000
—4.0000  —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000  —4.0000

ta00 14.5657 8.4066 6.6923 6.0216 ' 5.5715 5.3275 5.1352 5.0202 4.9241 4.8562
14.5657 8.4090 6.6955 6.0250 5.5749 5.3310 5.1389 5.0239 4.9277 4.8599

tosn 0.0057 0.0369 0.0928 0.1543 0.2405 0.3264 0.4407 0.5509 0.6947 0.8562
0.0043 0.0355 0.091% 0.1529 0.2391 0.3251 0.4393 0.5496 0.6934 0.8546

tors 0.0400 0.1376 0.2515 0.3492 0.4631 0.5607 0.6746 0.7722 0.8861 1.0000
0.0412 0.1388 0.2527 0.3503 0.4642 0.5618 0.6757 0.7735 0.8876 1.0015

toss —1.7150  —0.8564 —0.5762  —0.4487  —0.3500 —0.2883  —0.2322  —0.1935 —0.1561  —0.1250
—1.7198  —08618 —0.5819 —0.4544 —0.3557 —0.2940 —0.2380 —0.4992 —0.1618  —0.1308

t300 —5.3333 —53333 —5.3333 —5.3333 —53333 53333 —5.3333 53333 —5.3333  —5.3333
—5.3333 —53333 —53333 —53333 —53333 53333 —53333 53333 —5.3333  —5.3333

t120 —0.4600 —0.5505 —1.0061 —1.3966 —1.8522  —2.2427 —2.6983  —3.0888  —3.5444  —4.0000
—04599  —05504 —1.0061 . —4.3966 —1.8525 —2.2429  —2.6982  —3.0889  —3.5445  —3.9997

tig —0.8400 —15188 —1.9895 —2.2776  —2.5308 —2.6950 —2.8367 —2.9214 —2.9805  —3.0000
08265 —15052 —1.9759 < —2.2640 —25173 —2.6815 —2.8232 —2.9079 —2.9672  —2.9867

t —0.4800 —0.4312 —03742 —0.3254 —0.2685 —0.2197 —0.1627 —0.4139 —0.0560  —0.0000
102 —04800- —04312  —0.3742 - —0.3254  —0.2685  —0.2197 —0.4627 —0.1139  —0.0568 0.0001




4

Tabmumoa 2

i 2 12 22 33 43 54 64 74 85 101
z={; 0.0300 0.1280 0.2260 0.3337 0.4317 0.5395 0.6375 0.7355 0.8432 1.0000
v 0.4862 0.9789 1.2663 1.4914 1.6457 1.7753 1.8639 1.9287 1.9753 2.0000
0 0.4862 0.9789 1.2663 1.4914 1.6456 1.7753 1.8639 1.9287 1.9752 2.0000
w 0.9850 0.9360 0.8870 0.8331 0.7841 0.7303 0.6813 0.6323 0.5784 0.5000
0 0.9850 0.9360 0.8870 0.8331 0.7841 0.7303 0.6813 0.6323 0.5784 0.5000
H —3.9400 —3.7440 —3.5481 —3.3325 —3.1366 —2.9210 —2.7251 —2.5291 —2.3135 —2.0000
—3.9400 —3.7440 —3.5481 —3.3325 —3.1366 —2.9210 —2.7250 —2.5291 —2.3135 —2.0000
K 0.2431 0.4895 0.6331 0.7457- 0.8228 0.8877 0.9320 0.9644 0.9876 1.0000
0.2431 0.4895 0.6331 0.7457 0.8228 0.8876 0.9320 0.9644 0.9876 1.0000
p 15.9639 7.4597 4.9709 3.7232 2.9891 2.4030 1.9920 1.6582 1.3549 1.0000
15.9639 7.1512 4.9555 3.7020 2.9645 2.3757 1.9633 1.6292 1.3252 0.9684
0 —1.9700 —1.8720 —1.7740 —1.6663 —1.5683 ~—1.4605 —1.3625 —1.2645 —1.1568 —1.0000
—1.9700 —1.8721 —1.7741 —1.6663 —1.5684 —1.4606 —1.3626 —1.2647 —1.1569 —1.0001
B 0.0037 0.0335 0.0806 0.1494 0.2265 0.3279 0.4360 0.5609 0.7199 1.0000
0.0041 0.0353 0.0833 0.1527 0.2303 0.3325 0.4406 0.5652 0.7220 1.0041
0.0150 0.0640 0.1130 0.1669 0.2159 0.2697 0.3187 0.3677 0.4216 0.5000
G 0.0141 0.0628 0.1108 0.1638 0.2121 0.2654 0.3141 0.3629 0.4169 0.4953
0.0150 0.0640 0.1130 0.1669 0.2159 0.2697 0.3187 0.3677 0.4216 0.5000
F 0.0145 0.0627 0.1112 0.1647 0.2133 0.2669 0.3158 0.3648 0.4189 0.4975
—1.9651 —0.8338 —0.5422 —0.3722 —0.2708 —0.189%4 —0.1325 —0.0867 —0.0459 —0.0000
D —1.9672 —0.8386 —0.5482 —0.3790 —0.2781 —0.1973 —0.1408 —0.0953 —0.0547 —0.0086

c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




gL

—~0.0000 —0.0002 —0.0003 —0.0004 —0.0004 —0.0005 —0.0005 —0.0005 —0.0006 —0.0006

E 0.1231 0.1170 0.1109 0.1041 0.0980 0.0913 0.0852 0.0790 0.0723 0.0625
0.1229 0.1162 0.1098 0.1028 0.0965 0.0896 0.0834 0.0772 0.0704 0.0606

tooo 0.4887 1.0009 1.3187 1.5873 1.7892 1.9799 2.1318 2.2674 2.4010 2.5708
0.4887 1.0009 1.3187 1.5874 1.789% 1.9802 2.1322 2.2676 2.4010 2.5705

t100 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000
—4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000 —4.0000

t300 16.6969 8.6611 6.9489 6.1042 5.6729 5.3729 5.1897 5.0593 4.9564 4.8562
16.6969 8.6664 6.9544 6.1100 5.6788 5.3786 5.1953 5.0651 4.9624 4.8625

to20 0.0037 0.0330 0.0787 0.1438 0.2153 0.3069 0.4018 0.5080 0.6386 0.8562
0.0030 0.0323 0.0780 0.1432 0.2146 0.3062 0.4012 0.5077 0.6383 0.8550

o1 0.0300 0.1280 0.2260 0.3337 0.4317 0.5395 0.6375 0.7355 0.8432 1.0000
0.0307 0.1286 0.2266 0.3345 0.4325 0.5403 0.6383 0.7362 0.8442 1.0026

[ —1.9955 —0.8950 —0.6214 —0.4654 —0.3736 —0.3004 —0.2490 —0.2073 —0.1694 —0.1250
—1.9979 —0.8987 —0.6252 —0.4692 —0.3774 —0.3041 —0.2526 —0.2109 —0.1731 —0.1289

t300 —5.3333 —5.3333 —5.3333 —5.3333 —5.3333 —5.3333 —5.3333 ~—5.3333 —5.3333 —5.3333
—5.3333 —5.3333 —5.3333 —5.3333 —5.3333 —5.3333 —5.3333 —5.3333 —5.3333 —5.3333

120 —0.1200 —0.5119 —0.9038 —1.3349 —1.7269 —2.1580 —2.5499 —2.9418 —3.3729 —4.0000
—0.1199 —0.5118 —0.9037 —1.3349 —1.7271 —2.1588 —2.5511 —~2.9426 —3.3721 —3.9921

t1 —0.7293 —1.4684 —1.8994 —2.2371 —2.4685 —2.6630 ~2.7959 —2.8931 —2.9629 —3.0000
—0.7202 —1.4501 —1.8899 —2.2278 ~2.4593 —2.6541 —2.7873 —2.8845 —2.9540 —2.9909

tio2 —0.4850 —0.4360 —0.3870 —0.3331 —0.2841 —0.2303 —0.1813 ~—0.1323 —0.0784 —0.0000
—0.4850 —0.4360 —0.3870 —0.3331 —0.2841 —0.2301 —0.1811 —0.1322 —0.0783 0.0008




IlporpaMma. UnciaeHHBIe pacueTs! BHIIOJIHAJNCH ¢ NOMOIILI HAIU-
CaHHOH 1A BTo# menm mporpaMmsel. IlporpamMMa Hamuca®a Ha AJITOPHTMUYE-
ckom smssike @OPTPAH. Ilporpamma comepsur 11 nognporpamm, paboToit
KOTOPHIX yupasaseT roixoenas mporpamma TECT.

1. B mepsoit wactm mporpammul TECT 3agarorcss ocHOBHBIE mapaMeTphI
N, N1, Z1, ZA, KAP2, LAM1, UC, RC, RK un maccus OZ(N) woopmumar T;,
i=1, ..., N. Bo nropoii yacra mporpaMMbl BRIUHCIAIOTCA 3HAUERHSI BIEKTPO-
CTATUYeCKOTo IOTEHIWAJa M ero IPOM3BOMHEIX, COOTBETCTBYIOINUX CIYIAI0
cepuueckoro Komgescartopa. Ilpm osrom @(z)=ALF -z/(RK—z), rme
ALF = RK —Re Ilo aTEM pmamEHIM BeUHCAAOTCA KodddunueHTHI UPO-
CTPAaHCTBeHHEIX ¥ BpeMeHHBIX afeppanuii B Toukax Gy i=2, ..., N, ¢ mc-
monb3oBaEmeM (PopMYJ, TpUBefeHHBIX BEIIe. IH{poMe TOro, BRICYMTHIBAIOTCH
TOUHBIe 3HAa4eHNA Koadpunmentos abeppammil B Tex Ke TOYKAaX. B pesyus-
tate paborsl nporpammbi TECT mewararorcsa m Te 1 Apyrue 3HadeHHA KO3-
¢unuenTos abeppamuii.

2. Topuporpamma DAT wpucsauwBaer 3HA49eHWS dIeMEeHTAM MaccupoB D
u C, onpemensromux meron Pyare — Hyrra 10-ro mopagka.

3. IMogmporpamma PROGON caysmur pas maxompenns Bexwdnrm G,

i=1, ..., N, umcmonbsyemsix mpm muocTpoenn: cmiaiimoB mra @D(z), ...
ven DUV(2),

4, Tlogmporpamma POT4 mpmcsawsaer mapamerpsr mogmporpaMmsr F, F1,
F2, F3, F4 smavenns cumaitnos gaa @ (z), ..., @V (z) B Touxke z.

5. ITopmporpamma POT41 mpucsamsaer mapamerpaM MHOJmporpaMmst F,
F1, F2, F3, F4 3nauennma ToYHOro moTeHIMana u ero mpomsBomgasix D(z), ...
een, @ (2) B TOURE Z.

6. ITognporpamma UPRK Bsramciaser pelleHme maparRCHaJbHOTO ypaBHe-
HEUA Ha OTpedke z; <z<xZA B yamax &, i=N1-+1, ..., N, u B mpomexy-
TOTHBIX y31ax, 3agaBaeMbx B Maccuse OZL(L). BrseiBaemas mopgmporpam-
ma — RKT. ‘

7. HopgnporpaMmMa RKT BHumciser pellleEWe CHCTEMEBI, COCTOMMIIed H3
BYX OOBIKHOBEHHEBIX Mu(ipepPeHnnaabHbIX YPABHEHTH IePBOT0 MOPATKAa B TOY-
Ke B 1o HaJaabHBIM JAHHEIM, 33maHHEBIM B Touke A (A < B) sa ogum mar
merogom Pymre — Hyrra 10-ro mopsmra. BoissiBaemas mommporpamma — PF.

8. ITogmporpamma PF Bapnaer mpaBylo WacTh CHCTEMBI, COCTOAMEN U3
IBYX OOBIKHOBEHHHIX AudepeHNuaIbHHX YPABHEHM MEPBOro TOPAMKA, DKBH-
BAJIGHTHOM IIAPAaKCUANBHOMY YPaBHEHMIO, DbI3siBaeMasg IOAIPOrpaMMa —
POT4.

9. Topguporpamma ABSF Boramcaser TouHble 3HAYEHWA KOIPOUIACHTOB

MpocTpaHCcTBeHHHX abeppamuii B yaaax L, i =2, ..., N.
10. Iogmporpamma TABSF Brraucaser Toumsie sHavueRns KodpPuIen-
TOB BpeMeHHBIX afeppamuit B y3max G;, i=2, ..., N.

11. Hoguporpamma KOED snrumcasier mpuGameHHBle 3HAYEHNA KO-
$uEeHTOB TPOCTPAHCTBEHHEIX ¥ BpeMeHHBIX abeppanuil. BriskiBaeMble II0f-
nporpammbl — POT4, SIMPS.

12. ITognporpamma SIMPS caymur ni1a BEIUHCICHNS BEINYUH

%y

S,=|i@adz, 8= _t'zf(x> dz

%y

merogom CmMicoma, T. e. IO 3HAYEHMAM Z;, f(x:), i=0, 1, 2, crpourca uH-
TePHOIANNOHHEIA HonMuHOM Jlarpamxa, KOTOPHIA M UHTETrPUPYETCH.

Pacuerst ma 9BM. B rafa. 1, 2 moMemiensl pe3yabTaThi TecTOBEIX
pacueros, monyzennsix Ha 9BM EC-1060 (B raGaumax cokpaijeHHe «T» 03Ha-
qaeT TOUHBIH, a «B»— BHIYUCICHHEN Ko3(pduuments). 3HadeHHs IapaMer-
poB Basarel caegyomue: N1 =2, ZA = UC = RC = ALF = LAM1 =EKAP2 =
=1, RK=2. ¥Yans1 §;, i =1, ..., N, Beibupanucek Tax:

ZA— 71

§1=0, C2=Z1, CN=ZA, §1=W(l—1), i=3,....N‘—1.

74



BpeMa Bomonmesmsg paGodeil mporpaMmsr cocrasiser 5.42 ¢ mpm N = 61
(cM. Tabx. 1) m 9.43 ¢ mpu N = 104 (cm. Tabx. 2).

HeoGxogumo ormerurs ciaexyiommuit ¢garr. Uem Gamme ® Hyao M Oe-
pem Z1, TeM TodYHee B OTOH TOUKE BHIYHACAAIOTCH K03(PPUIMEHTH TPOCTPAH-
CTBeHHEIX H BpeMeHHEIX aleppammii, a Taxke HavJaabHBIe TAHHBIE A pac-
uera KoadpumumenTon abeppamuit ma orpeske z; < z << ZA. Opuaxo 1pm 3TOM
3HAUEHNA HEKOTOPHIX KOIPPUOUEHTOB B TouKe Z = Z1 pe3ko Bozpacraior, 4To
BBI3HIBAET TPYAHOCTH TIpM pacdere 3Tux KoapdunmeAros. ITH TPYZHOCTH
MOKHO H30emarh, eciay B3ATH Oolee TYCTYIO MIN HePaBHOMEDHYIO CETKY MW
BBecTH OONbINe JOMONHUTENBHHIX Y310B. Takue BOZMOMHOCTH TIPETYCMOTpe-
HBI TIPOTPaMMOii.
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C.K.TOAYHOB, E. H. POMEHCRHH, I'. A. YYMAKOB

IIOCTPOEHHNE PASHOCTHBIX CETOR B CJOHBIX OBJACTAX
C IIOMOIIBI0 KBASNMKOH®OPMHBIX OTOBPAJREHHNN

PaGora mocBsameHa OMMCAHWIO BHYMCANTEIBHOTO AJTOPATMA HJIA II0-
CTPOEHHS KDMBOJIMHEHHHIX DABHOCTHHIX CBTOK B CHOMKHBIX obaactax. Mpes
n37araeMoro HIUKe AJTOPHTMA ABIgeTcAa passuTmeM paGorsr [1], B Koropoi
TIpefIoKeH CIOCOO TMOCTPOSHUA DPABHOCTHBIX CETOK IyTeM OTHICKAHHA KBAa3W-
KoH(POPMHOro OTOOpaKeHMs: MAaHHOH o0nacTm HAa KBagpaT. ITo oTobpakeHHme
ABasieTca cyneprosanuell KoHPOPMHONO M 4eGHIIIEBCKOTO M ONpeNendaeTcsa my-
TeM MUHWMHM3AIUM Heroroporo (Qymrnmonama. Ilpomommennmem [1] sBasmercs
pabora [2], B KoTopoii JOKa3aHO CyHIeCTBOBAHHE CHENMAIBHOTO KBASHKOH-
dopmMHOro orofpaskeHUs KPHBOJIMHEHHOTO NMIECTHYTOJBHMKA HA JBA CJIOKEH-
HBIX KBagpaTa. B aroM ciayuae Bo3HWKaerT HOBLIH o0BLeKT — silepoBa BHYT-
pPeHHAA TPaHWOa, PA3fendnmas MHCXORHYH o0Jacrs Ha NBe MOH0OIacTH C
Pa3ANYHEIME TapaMeTpaMu 4e0bIIIeBCKOro oTo0paskeHNA M KOTOpAA HAXOMAT-
CA M3 YCI0BHA MHHHMYMAa COOTBETCTBYWOINEro (QyHKMUoHama. Haszsarnme
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