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4
The four-parameter space Y = y(#, Cy, ..., C,) =Y C;sin*"'rcosi™'s, te
i=1
c(—w, +w),C;eR,i =1, ..., 4, of all solutions of the fourth-order iterated linear
differential equation

y () + 10y"() + 9y(1) = 0, (1y

with base [sin® 7, sin? £ cos ¢, sin f cos? 1, cos® ] is broken up — with reference to
triviality and nontriviality of the values of the parameters C; (i = I, ..., 4), respect-
ively —into the following fifteen subspaces:

I. four one-parametric (Y!, Y3, Y3, YJ),
I1. six two-parametric (YV,, Y13, YYq, Y45, Y5, YY,),
HI. four three-parametric (Y5, Y134, Y154, Y334),

IV. one four-parametric (Y1y3,).

This paper investigates the existence and the form of the conjugate points relating,
to the zeros of any (nontrivial) oscillatory solution of (1) of all subspaces cited in
L—1IV.

Explanation to the Notation

Besides the standard logical symbols 3 and V (existential and universal quantifier),
3 (non-existing), A (V, =, <) conjunction (disjunction, implication, equivalence),
— (such that), : (holds), R(C) denotes the set of all real numbers (integers) and
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v(t) ... the multiplicity of the zero ¢, N(¢,, ..., #,) ... the number of the zeros ¢,, ..., t,
(including their multiplicities), p<{ty, # +.> ... the length of the closed interval
{tes tesny, 1.€. the distance of the zeros ¢, f,4,, 1,(Zo) ... the first conjugate point
of the point #,, i.e. the smallest number 7, > ¢, such that the nontrivial solution
v(t) of (1) with zeros ¢, and ¢, has exactly four zeros including their multiplicities
on {tg, ;).

L(D)

V[te(—o, +)] AV[C,eR — {0}]3[y(1, C,) = C,sin*teY)| » .

- y"™(t, C,) + 10y"(t, C;) + 9y(¢, C,) = 0];

{[y(t, C) = 0] «=V(keC); [t, = km, v(t,) = 3] A

A [tks Ler1 €t tg ) = (tk < tk+1)] A [P<1k» ey = m, N(1y, ’k«}—l) = 6]} =
:aﬁx(’k)

1.(2)

V[te(—oo, +0)]AV[C,e R — {0}]3[y(t, C;) = C,sin’rcoste Y, —

- y"™(t, C,) + 10y'(t, C,) + 9y(1, C,) = 0];

{[y(t, C,)=0]«V(keC); l:(tk = km, v(t,) = 2) A <l,’< = g + km,v(ty) = l):l A

Altes tiers i€t e = (B <t < B )] A
APt tiev 1) = 7, N(ty, tis1s ) = 5] A
Atiors i o€ty i) > (e < g < ti)]A

APt ter 1) =10 Nty 15 s tey) = 4]} =
- {iﬁ,@m a[ﬁ,(r;) . 1)n]}.

1.G3)

Vlre (o, + )] AV[Cy e R — {0)]33(1,Cs) =

= Cysin tcos” te Yy - y™(t, C,) + 10y"(t, C3) + 9y(1, C3) = 0];

{[y(z, Cy)=0]=V(keC): [(tk = kn,v(t,) =1) A <1; = —271— + km, v(1) = 2)] A
Aty ir s ke s ) = (G < 1 < iy )] A

ALpltis s 1> = 7, N(ty, g, 1) = 4] A

Attt i€ i i) = (I <ty < iy )] A

APt ter 1) = 7 N(tis 15 s tes 1) = 5]} = {3y (1) = (k + 1) ] Aéﬁl(’i)}
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14

V[te(—oo, +0)]AV[Cse R — {0}]3[y(t,Cy) =
= C4 COS3 te YL - y“V)(t’ C4) + 10y”(l, C4) + gy(t’ C4) = O]s

{[y(t, C,) =0]<=V(keC): [tk = % + km,v(t,) = 3] A
At ter € Koty = (e < e DI A [ty ter 1) = T N(t, b ) = 6]}$§ﬁx(’k)-

11, (1.2)

V[te(—o, +oo)]/\V{CieR —{0},i=1,2A

[ C, . C, :
Al —— - =SIMAA ——"—— = COS o, 1.€.
Ja + ¢ Jei + ¢

o= arctg%’—e(—;—, 0) U (0, g)]} Iy(t,C,, C,) = Cysin’ t + C,sin®tcost =
. .

= /C% +~C§ sin’ £ cos (t - “)E YIIIZ - y(m(t: Cy, Cz) +
+10y(t,C,, C,) + 9y(1,C,, C,) = 0];

{[y(t, C,C) =0]<=VY(keC) :I:(tk =km,v(t) =2)A
A<t,; =a + —;— + km, v(1y) = 1>:l/\

n , :
de(”v,0>=>[tka tevts o€ (i Bea ) = (e <t < By y)]

9}

(1

T ’
0“5(0, “2"*>=> [t tir 1o tee Kl tew 1) = (e < 1 < tiiy)]
APty teayy =, N(ty, tiy, 10) = 5]
n ’ ’ ’ ’ o ’

0!6(“-5,0> = [t 1ot Tea €Kit 1) = (B < v <t 1))
@ 5
OCE(O, "2“>=> Lt ts tos ft €Ki b 1) = (e < tewr < tpay)]
AT s = 7 NGt 1) = 4 =

3 13 [ﬁm;) —at Dkt 1)n]}
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1.

(1.3)

a) V[te(—o, + )] AV[C,, Cse R — {0} A(sgn C; = sgn C;)]

b)

98

I[y(t,C,;, Cy) = C; sin*t + Cysintcos’ t =
=sin #(C, sin® t + C, cos’ 1) e Y3 —» y"™(t,C,, C;) + 10y"(1,C,, C;) +
+9y(1, Cy, G5) =0];

{[y(t, C;, C3) = 0] & V(ke C) : [t = km, v(1,) = 1] A
At terts terzs tees € Xty sy = (e <ty < fewa < Beps)] A
APt tir 3> = 37, Nt tg 15 B2y ters) = 413 = 3[(4) = (k + 3) 7]

V[te(— o0, + )] AV{CI,C3eR — {0} A(sgn C; # sgn C3) A

G

(/j—:—lpl>0)/\|: 1 = sin o A P = cosd, i.e. o =
v G J1 +p? J1+p? ’

1 2
= arctg ;e(—;—,O) ) <O, %)]}H[y(t ,Cy,C3) = Cysin®t + Cysintcos’ t =
= C,sint(sin?t — p?cos®t) = —C,(I + p*)sintcos(t + a)cos(t — o)e Y} —
- y™(1,C,, C3) + 10y'(1, C;, C3) + 9y(1, C,, C;) = 0];

{[y(t, C,,Cy) =0]<V(keC): l:(tk = km,v(t,) = 1) A

A(tL: -m+—§~+kn,v(i,’()= 1)A<l;=a+g+kn,v(t,’: = 1)]/\

n ! ”n ” !’
i€<—°‘2—,0>=>[tk, fevts o €t By 0 = (B <t <ty <ty y)]
(1) -
5”5(0, 7>:[tk’ st o i€l t 1) = (G <t < 1) < 14 q)]

APt tev 1) = 7 Nt teg s b, ) = 4],

4
0(6(——7, 0)9

= [t tis v rs e 1 € iyt 1) = (e <l < oy < ligy)]

ae(O,g—):-

=[tristio ke ety i) = (L < 1 < fyy < liyy)]

(2)

APt vy = T N(ba 1 8 tivts Biv ) = N(terqs B tea g 1) = 4]



n " " " n I/
0“5(_7, 0)¢ [te+1s tis tes Tt 1€ e teay = (< e < ey < tes1)]

3 B
" " 14 ” ”n "
ae.(O, 3‘): [tes sttt ti tes1 € Clis tkv1? = (ty < tgsr <txs1 < ti+1)]

APt 1a1> = 7, N(fier 15 T Bics t/+1) = N(ts1s tier1s T )= 4]}
— - Y

{BEm(tk) =(k + 1) 7] Aa[n,(t;) = —at 5 +(k+ l)n]A

Aa[ﬁl(tii) =0+ g- +(k+ 1){‘}.

1.(1.49)

C
V[te(—oo, +OO)]AV{C1,C46R — {0} A(\/_.C.i = p)/\
1
1 . 1 n T
— p .
Al ——== =Sing A ———— =08, 1.&. & = arctg——e(——,O)u(O, ——)]A
|:\/1+p2 J p 2 2

1+ p?

2
A[:/‘Zj;? =sinf A J—;p—_:. =cosf, ie = arctg%e(__nz_, O)U <0, g_)]}

4+p2

E[Y(t’ C,,Cy) = C,sin*t + C,cos’ t = Cy(sint + pcos 1) x

x(sin®t — psintcost + p?cos? 1) = _CZI—\/T+ E cos (t — o) x
w [(4 + p?) cos? (t + f) + 3p? cos? 1] e Yiy = yV(1. C1, Ca) +

+10y"(1, C1, C4) + 9(1,C,, C,) = 0:\;

{[Y(t’ C,,Cy) =0]xV(keC) :[rk =o+ % + km,v(ty) = 1]/\
At tes 1o leszs tk+3e<tk, tesa = (f < tgsr <lesz < tk+3)] A

A Lot tirad = 3 N, et 1o Berzs Tees) = 4]} ~

=>3[ﬁ1(’k) =a+ ‘721 +(k + 3),{‘

11.(2.3)
V[te(_oo’ +CD)] AV{CZs C3€R - {0} /\['—;:C_z_z:_* =sino A —-—-——c—:—s-—;‘_ =
JC2 + ¢ Je2 + ¢
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. . _ C, m 7
= cosa, i.e. o = arctg E;e( 5 0) v (0, 7)]}

3[y(t, C,, C3) = C,sin®tcos t + Cysintcos® t =+/CZ + Clsin t cos (t—a)e
€ lela - y(w)(ts C,, C3) + 10y"(1, C,, C3) + 9y(1, C,, C;) = 0];

{[y(t, C,, C3) = 0] = V(ke C) : [(rk +kmv(r) = 1) A (z,; = 5+ kmv(t) = 1) A

A(t[{:oc +at km, v(ty) = 1):|/\

( n o .
0‘6(*7,0): [t s ts e Kl Tew 10 = (e < 1 <ty < 1y y)]
(1 -

n 14 " ! ”
°‘€<O’ 7): [t tirts tis tietis B 1) = (B < e < 1 < by y)]
AP, tevyy = m, N(ty, i1 tes 1) = 4],

n 7 7 ” ’ ’ 4 ” ’
ote(———2~, O)=>[tk+1, fios T 1o a1 €K Tw 1) = (B < ey < By < tigy)]

)

n ’ ’ ” 7 ’7 ’ 1" ’
OCE(O, E—): [teris o tivrs i€t tew 1) = (e < B <ty < te+1)]
A[p<tl/ga t]’(+1> =T, N(tk+17 tl,w tl,c+15 tl’(, = N(tk+1, tllcs tl,(+13 tl’<,+l) = 4],

n ’ ” ” " ” \ ” ’ ”
ae 5 0)=[tesrs tis tis tca 1 €XHG Ba > = (1 <ty < by < tiyq)]

©)

TC ” ” " ”n ” 7 "
ae(oa 7)3 [fis 1o tiew 1o 16 w1 €S T 1) = (0 < vy < tir < 14)]

A [p<t|'(’, t1’<’+1> =T, N(tk+1s Il,o 11’2, t1,</+1 = N(tk+1’ tx’(+1 > t;:, t;c’+1) = 4]}:
= {300 = G+ 0] a3 ) = 5+ (4 1w
Aﬂ[ﬁl(t{(') —a+ o+ (k+ 1)7{'}.

I1.(2.4)

a) V[te(—o0, + )] AV[C,, C,e R — {0} A(sgn C, = sgn C,)]
A[y(t,C,, C,) = Cysin*tcost + C4cos’t = cos t(C, sin® ¢ + C, cos’*t) e Yh, -

- y™(1,C,, C,) + 10y'(t,C,, Cy) + 9y(1,C,,C,) = 0];
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{[y(t, C2, C4) = 0] @V(k € C) :[tk = _g_ + k=, V(tk) = 1] A
[t 1otz ter3 €0 sy = (e < tiwq < tiwz < beys)] A

ALp<tis tirs) = 31, N(t, ter 1 tirzs ters) = 4]} =
:al:nl(tk) =5+ (k+3)= ]

b) V[te(— oo, +oo)]/\\7’{C2,C4eR — {0} A(sgn C, # sgn C,) A

A “'&=,pl>0 A ———1_——_::=Sina/\"'—p = COS «, ie.
C
2 \/1+p2 \/ 2

1+p

1 i T - _
o= arctg;e(—a—, ) U(O, 7)]} i[y(1,C,, Cy) =

= C,sin*tcost + Cycos®t = Cycos t(sin t — p*cos’t) =
= —C,(1 4 p*)costcos(t + a)cos(t — a)e Yy, =
- y(IV)(ta CZ’ C4) + loy"(ta CZs C4) + 9Y(t3 CZ& C4) = 0]’

{[y(t, C,,C,) = 0] =V(keC) :[(tk - ; + k, v(t) = 1) A

tk— - +~—+kn v(tk)—1> <t§=a+—721+kn,v(t;; =l):|A

—5 0 = [t tier 15 s Tew s € K w1 = (e < e < ey < ferq)]
ote 0 — => (s fes 1o tiass T € Kby Bg ) = (e < 1 < ligy < tyiq)]
APt tiw > = 7 N(t, Bers ts B4 1) = Nty teg 15 tir 1 1) = 4]
5 0 [tk+1atl,utl,<+l’tl,(l+le<lll(atl’(+1>_>(tl,c<tl,<’+1<tk+1<tllr.+l)]
(2)
oce 0 5 => [fks fis T 15 1€ iy Ty 10 —’(tk <t <1< teyy)]

APt i) = 7, N{t 1ttty v r) = Nl s ey, ) = 4]

- = [t b 1o o1 €K tig 1) = (0 < b <t <ty )]
7r.
7 = [tk+1’ ter 1o Lo Bea 1 € G o) = (B < By < teoy < Ba)]
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AP 1D = 71 Nt i, 1, 1 1) = Nt 1s tesrs e, teyy) = 4]} =
_ 7 _
='>{3|:r|1(tk) =7+(k + l)n]AH[m\t{() = —a+ % + (k + I)n]/\

Aﬂ[ﬁl(tﬁ) =a+;+(k + l)n]}.

I1.(3.4)

V[te(—oo, +00)]AV{C3,C4ER - {O}A[——g—f =sina A
Jei v c

A———— =cosa,ie a=arctg—>¢e( ——,0)u(0, =— fy(1, C,, C,) =
JCi + 2 C 2 2 B

= Cysintcos®t + C4cos’t = /C2 + C2cos?t cos(t — a)e YV, —

- y(IV)(ta C3’ C4) + 10y”(t’ C39 C4) + 9Y(t9 C33 C4) = 0];

{[y(r, Cy,C,) = 0]« Y(keC) :[(zk =2 bk v(n) = ),\

¥/

A(t; =a+ 5+ km, v(t,) = 1)]/\

n ’ ’
“G(—T, >=>[tk’ fierts Ter 1 €Kl e 1) = (e < tiiy < tyy)]
Wiy ~
ae(O, 7)"* [tis tirts tee {tis b)) = (B <t < tyy)]

Aot i 1) =7, N(t, by tiry) = Nty sy s 1) = 5],

n ’ ’ ’ ’ ’ ’
ae(—?, 0>=> [t tis tir 1 € <tis 1) = (e < e < tiiy)]
2

n , ,
0“5(0, *i“): [tes 1ot terr €<t teg ) = (0 < twy < tiiy)]

Aloltis tee D> =, Nty te, 1y 4 0) = Nty ty s y) = 4]} =
= {iﬁx(tk) A a[ﬁl(t;) =q+ —;— +(k+1) n:l}
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1. (1.2.3)

a) Y[te(—oo, +oo)]AV{C,. eR—{0},i=1,2,3A(sgnC,; =sgnC;) A

A(4C,Cy — CI > O)A[__?_,—— =sina A —C——_%z_ = cos a,
Jact + 2 Vac? + C2

ie o= arctgicc—l—e‘(—%, 0> U ((), .;.):I}
2

B[y(t, C,,C,,C3) =C;sin*t + C,sin’tcost + Cysintcos’t =

sin t[(4C} + C2)cos® (t — a) + (4C,C; — C3)cos’ t] e Y5, —»

4C
g y(“’)(t’ Cl ’ C29 C3) + loy”(t7 Cl ) C27 C3) + 9y(t’ Cl ’ CZ’ C3) = 0];
{[y(t’ C] s CZs C3) = 0] ¢>V(k € C) : [tk = kTE, V(tk) = 1] A

Attt sy a3 € Xt Begad = (1 < iy < tga < Biis)] A

Alolti, tivs) =31, N(t, tivys bevas bess) = 4]}:’3[ﬁ1(tk) = (k + 3)x].

1
1

b) V[te(— o0, + )] AV{CieR —{0},i=1,2,3A(sgnC; =sgnC;) A

A(4C,Cy = CHA [;zc—lﬁ =sina A *;C—z—; = cos a,
Vact 4+ 3 Jact + ¢z

i.e. x = arctg %—'e(—%, 0) V] (0, %):I} Ay(1,Cy, C,, Cy) =
2

= C,;sin*t + C,sin’tcost + Cysintcos’t = (C; + C,)sintcos®(t — a)e
€ YII‘E’.J - y“V)(ta Cl b CZ’ C3) + .lOy”(t, Cl s C29 C}) + 9y(ts Cl H CZ’ C3) = 0]’

{[y(I,CI,CZ,C3) =0]«V(ke C):[tk =km,v(1,) = 1) A
/\(t{ = a+§75+ km, v(ty) = 2)]/\

(1) I:Ol‘f(—g—, 0>V “E<07 ;)]3 {Ttes i1 tee (s B ) =

- (1 < e < s )JALP <t iy 1) = 7, N(t, tiy ti) = 413,

T us ’ ’ ’ ’
2) |j’¢€<—7, 0>V0C€<0, 7)] = {[fes 15 tis i r €<XHG L) >

= (e <ty < e )] A Lot i) = 71, N(taq s 1y, tiay) = 5]}

= {36 = (k + 2] A 304(1)},
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c) V[te(—oo, +oo)]AV{CieR —{0},i=1,2,3A(C3 —4C,C;> 0) A

C, +4Ci—4C,C; G, —Ci—-4C,Cy,
A( 2C1 —p/\ 2C1 ~q,P=¥0>q4:0,
1 p . 1
ptq=*0 — =SsinaA — == = C0S 0, l.e.a = arctg —€
\/1+p V1+p? P

e(—f-, )u(O, £>:|A[ —1__—;_— =sinffA- q = cos 3,
2 2 Vi+q? Vi+q?

. 1 7 n

ie. f= arctg;e(—-z—, 0) v (0, 7)]}

A[y(t, Cy, C5, C3) = Cysin®t + C,sin®tcost + Cysintcos®t =

= C,sint(sint + pcost)(sint + g cost) = C; \/(17+4p_25(1 + q2)><

xsin tcos (t — a) cos (t — f)e Yiss = y"V(1, C,, C,, C3) +

+10y'(t, C,, C,, C3) + 9y(t, C;, C,, C3) = 0];

{[y(t, C, Gy, Cy) = 0]« V(keC): [(zk = km, V(1) = 1) A
A(t,'(=a+—72£+kn,v(t{()=1>A(lk—/)’+—+k7t v(ty) = 1)]

(1y) [(——<a</3<0) <——-§—<x<O<ﬁ<%>v(0<a</3<~g«>]=>

= [ty gy i tr ey, s ) = (e < 4 < 1) < tyiy)]

(1,) [(—-—-<ﬂ<a<0> <—%<ﬁ<0<a<g>v(0<ﬁ<a<g~)]=>

= [t et B €t ) = (4 < 1 < tp <ty q)]

A [Q<tka tk+1> =T, N(tks tk+17 tl’(a t;c’) = 4]

(2)[<—~<oc</3<0> (—%<a<0<ﬂ<121—\)v<0<a‘</3<-§—>:]=>

= [t rs tos tegrs € (i gy ) = (e < 1y < iy < tiiy)]

(2,) [(—%<ﬁ<a<0>v<—%<[3<0<oc<~72[~>v<0<[3<fx<~2n—>:|=>

= [tes 1o o tewrs a1 € s sy = (B <ty < By < tiiy)]

Aot i =, Nty y, t, tiy s ) = N(tgsvs b by s tigy) = 4]

(3)[(——<a</}<0> <——§-<-1<0</§<;>v<0<a</1<—§—>]=>

= (st 1o 16 a1 € X 1 1) = (B <ty <ty < 144)]



(32)[<—~~</3<0<<0> <—-~;i</3<0<oc<—;>v<0<,8<a<—;—>jl=:

= [fers to o (a1 €KHG B = (1 <t <ty < By)]
A[p<t},c,5tl’:+l>=nsN(tk+l>tl,<+lvt;</’tl’:+l =N(tk+1,ti,lﬁ,i{2+1 =4]}=>

:{H[ﬁ‘(tk) = (k + 1)7] Aa[ﬁ,(r;) =a+ -+ (k+ 1)n]/\

/\B[ﬁ,(t,’(’)=ﬁ+g~+(k+ 1)71]}.

nr. (1.2.4)

a) V[te(—oo, +w)]AV{C1,C2,C4eR — {0} A(sgnC, =% sgn C,) A

C C C C,

2 3 = =2 _ _ 4 [ S Y
A(27CIC, + 4G, 0)A<C1 3pA C, 4p3 ie. p ac, \/4C1>A
/\[ 71 — = SiNo A - p»4,.:=cosoc,i.e.cx=arctgLe<—~2n—,0>u<O. ?)]/\

Ji +p’ \/1+p2 P -
A[ - =8in A - ;2p_ — = cos f3,
J1 + ap? J1 + 4p?

ie. f —-ar«.tg—%—e( ;,0>u<0,-;r—>]}

I[y(t,C,y, C,, Cy) = C,sin*t + Cpsin*tcos t + C,cos’t =

= C,(sint + pcos 1) (sin t — 2p cos 1)> = C,v/1 + p2 (1 + 4p?).
cos (t — a)cos® (t + B)e Y\s, —» y™V(t,C,, C,, C) +

+ 10y"(t, C,, C,, C,) + 9y(t, C,, C,, C,) = 0];

{[y(t, Ci, C,,Cy) =0]=V(keC): [(rk =a+ =+ kn,v(t,) = 1) A

2
’ TL ’
A <tk = —f+ 5t km, v(ty) = 2)] A

(1,) <p>0,i.e.0</f’<0(<-—§-):>

= [l it it €Xho ) = (e < gy < teir)]
(1) <p<0, i.e.~§-<a<ﬁ<0>:

= [t v et o) = (e <t < tiy)]

APt e 1) = 7 N(G tears teer) = N(t, fegy, 1) = 4]

105



(2y) <p>0,i.e.0<ﬂ<a<§)=>
= [t ts tior 1 € iy tiy 10 = (B <t < 1y y)]
(2,) (p<0, ie. —g—<a<ﬁ<0>:

= [fei1s tio w1 € Kl 1) = (e <ty <ty y)]

APt tee 1) = 7, Nt tics tiew ) = N(tr 1 tis tiesy) = 5]} =
= {a I:ﬁl(tk) —at+ o+ (k+ l)n] A §ﬁ1(t;)}.

b) V[te(— o, +oo)]AV{Cl,C2,C4eR— {0} A

AMl(p>0A—-4p<q<0)Vv(p<O0AO<qg< —4p)]A(p+q+0)A
(sgn C,C, +sgnq) A[sgn(C,p — C,) =sgn C,] A

C _ C4__ 2
fe ")

ie. p’(C;p — C;) = C4AC,Cy + q(C, — Cyq)° = o] A

A [—-—lf~ =sino A *}—pf———»— = cos «,
J1 + p? V1 +p?
1
ie o= arctg-—e(—l, 0) u(O, i)] Ali~ 2- ~ =sinff A

q

. 2 n n
—— =cos f},1.e. f = arctlg—e| ——, 0 0, —
T o piep=waste(-30)u0.3)|}

3 I:y(t, C,,C,,C,) =C,sin’t + C,sin*tcost + C,cos’ t =

A

= C,(sin t + pcos t)(sin®t + qsin t cos t — pq cos® 1) =

= -Cét—‘\/ir—-—i-?p?cos (t — ) [(4 + q*)cos*(t — B) — q(4p + q)cos*t] e Y%, —
- y™(1,C,, C,, C,) + 10y'(t,C,, Cy, Cy) + 95(t, C,, C;, C) = oJ;

{[y(t’ C1, €y, Cy) = 0] =V(ke C) i[tk =a+ % + km, v(t,) = 1] A

Alt, et tivas e s €<l teray = (e < tyy < bevz < beya)] A

ALp<ti, tes3d = 37, N(ty, gt tesas tirs) = 4]} =

:a[ﬁ&@: at o+ (k+ 3)71].
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<) V[te(— o0, +0)] AV{CU C,,CoeR— {0} A(sgn C, # sgn Cy) A

3 2
A C1>0Awi§4 - 0A£4_<0 v
c C

1 1

3 2
V<C1 <0A£2—%7C‘—Ci OA—C—“—>O>:|/\

1 Cy
C, p+pa+q’  C, p’q’
ANmF==——r—"""—A—"=— ,Pp#+0,q+0,p+q=+0,
I:C1 p+q C, p+q P 4 P=a
p+2q#0,q+2p=l=0:|/\[ l-ﬁ-—mnaz/\%:cosa,
J1+p? V14 p?

ie a= arctg—l—e —l, 0julo, L | DY }_4,_ =sinff A B cos f3,
p 2 2 Ji+ q’ Ji+ q’

er=smeg (00 D)l -
d Vp +q)* +p’q

=siny A — P cos y, i.e.y = arctg(—gj—g—)e
Jp +9) + p’q? Pq

e<—-%, 0) U <0, %>:|} 3 [y(t, C,,C,,C,) = C,sin’t + C,sin* tcost +

2 2
+ Cycos’t = C, (sin3t+~ph*‘—pffj-——q sin?tcost — 23 _cos®t

= Cy(sint + pcost)(sint + g cost) <sint - FP:EE cos t> =

= piq\/(l-f—pz)(l—{—q)[(p—{-q) +p?q*]cos(t — a)cos (t — f)cos(t — y)e

Yll“Z - y(IV)(t’ CI £ C29 C4) + 10y”(t, Cl ) C25 C4) + QY(Is Cl ) C2a C4) = 0]’

{[y(t, C,, C,, C,) = 0] «V(keC): [(rk =o+ —’23 + km, v(ty) = 1) A

A<t,'(=ﬁ+—;~+k7r,v(t;)= 1>A<tﬁ=y+;+kn,v(t()= l>:|/\

1 p+q . n T
1 <0< —< — e, ——<a<0<f<y<—]V
()[( q o 3 p<v<s
v<i<i<0<—p+q,i.e. -—<o<</3<0<)< )
P q Pq 2

=

[t st tio e €K, ) = (1 < IL <t <t )] A
A [Q(tkv o) =T, N(’ks Lot ts tes Iy 4]
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[t 15 s tir s tE St e ) = (< < tgy < 1G] A

A Lot tev 1> = 1 Nty 15 s tr 1, 1) = 4],

Dtcs 1o terts B> et €K e 1) = (0 < by <ty < Bq)] A
ALt 1) = 1 N(tir 15 tis 15 B tiar) = 4],

(2 [(-é—<0<-—p+q <i,i.e. —l<a<0<y<ﬂ<—g—>v

Pq q 2
1 p+gq i, n n)]
Vi—< ——— <0< —,ie. ——<a<y<0<f<—
(p pq q 2 ’ 4 2
=

[t tests tio i€l tep ) = (G < e <t < e )] A

ALpCt tew ) = 7 N(t, fes s B, 1) = 4],

[tes1s tis '1'(+1s' tia1 €<t ey 1) = (e < ferg < 1< tir )] A
Aot tev 1) = 7, Nty 15 tis tesns teeq) = 41,

(st tio 1 e €KL 1) = (1 <ty <ty < e )] A
ALt s 1) = 7 Nt 15 ties 1 tesq) = 41,

(3)[( <0<1<—p+q,i.e —1</3<0<o¢<y< >v

p pq 2

v<l<-1—<0<—-p+q,i.e ——~<ﬂ<oc<0<y< )
q P pq 2

=
(ks tes s ter s 0E iy teg ) = (e <t <ty <ty )] A
APt tir 1) = 7 Nt tey s tir 1 1) = 4],

[fes tios 1> o€ Clis tey 1) = (G < B < B <t )] A

ALty tes 1) = 7, Nt tis tesrs 1) = 41,

Dt 1o tis 1o 1 ey €K 110 = (8 <ty < hewy < )] A
APt 11D = 7, Nty st ts B e ) = 41,

(4)[( <0<_p+q <i,i.e. ——g—</3<0<y<a<%)v
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Pq p
1 1
v<—< —ﬂiﬂ<0<;,i.e. ~g</3<y<0<a<%):|

[t tior 1o Tt i1 €Kt tov 1) = (B <t s < Bpr < By )] A
APt tiss) = 1 N, tis g, tos g i) = 41,

[ i tiv s et tip D = (0 < <t <ty )] A

APt 1) = 7 N, 1, tis g, 1) = 4],



Lo ter s ts tea 1t €Ut ) = (80 <t <ty < B )] A
APt tes 1) = 7 N, ty 15 1 i g) = 41,

pP+aq 11 T )
) <0< —<—,le. ———<y<0<a<f< \%
v()l:( oa b <73 5 <7 B

1 .
v<——p+q<~<0<i,1.e ~£<y<oc<0<ﬂ<
pq p q 2

=
[t ties 1 tio tea1 € Kl fer 1) = (e < e < By < By )] A
APty tew 1) = 7, Ny, te 1 o terr) = 4],

Lticr 15 tios w15 tiea 1 € Xl ter 1) = (e < Gy < fewy < ley )] A
APt ter 1) = 76, Nty 15t tir 15t 1) = 41,

[t ties 1o B 1 €KHG a1 = (e <t <t < )] A

ALt v 1) =7, Nt b, 1, tiry) = 4],

p+gq 1 1. n n>
- <0<—<—,ie. ——<y<0<f<a<—=]Vv
()[( q > 5 <7 B 5
p+q 1. s n):l

Vi — <—<0<—,ie. ——<y<f<0<a<—

( pq P 7 <1<h 2

[tes ter ot 1o Bt € Clio tep 1) = (e <ty < tpr < tp )] A
ALt i1y = 7 Nt terts tirrs tes 1) = 41,

[fis tios tw 15 i1 € Clis b 1) = (B <t < By < ey )] A
Aot tev 1) = 7, N(t, b, tes 15 14 1) = 41,

[ts tis 1 i1 €KHG g0 = (0 < e <t <t )] A

AP, tev 1y = N(ty, b, te, B g) = 4]}3
{a[ﬁ,(tk) —a+ o+ (k+ l)n:l [nl(zk) B+o+(k+1) ]
Aﬂ[ﬁl(ﬁ;) =+ ; +(k + m}}.
I (1.3.4)
a) V[te(—~o0, +0)] AV{C“ C;,CheR — {0} A(sgn C; = sgn C3) A
A(27C,C2 + 4C3 =0)/\<g1 = —3q¢*A gl = —2q°,
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ile.q= =+ /—~Ci = i/———Ci‘—> A [ﬁ-:,!_:» =sin o A ____2.3_ »»»»»»» = COS «,
V3G 2C, 1+ 4q° V1 + 4q
1 n T 1
e 1= arctg — €| ——, 0) | <0, —)] A ["‘i: =sin f A
2q ( 2 2 J1 +q? B
A3 —cos p,ie = arctg—1~6<—~§~, 0) V] <O, —;)]}
i+ ¢ q

I[y(t,C,, C3, Cy) = C,sin*t 4+ Cysintcos’t + C,cos’ t =
= C,(sint — 2qcos t)(sint 4+ qcos 1)’ =

=—C(1 + V1 + 4?005(1 + a)cos(t — f)eYis, —
- y(W)(t= Cls C39 C4) + 10y,,(t5 Cl: C37 C4) + 9Y(l’ Cl’ C:’n C4) = 0]7

T

{[Y(t, C,,C;,Cy)=0]<V(keC) :[(rk = —o+ 5 +km, v(t) = 1) A
A<1L=ﬁ+; +krz,v(t"()=2>:|/\

. n
(q>0,1.e.0<a<[3<—2—>=>
= [t e h€t, ) = (e < e <ty y)]

() ]
<q<0,i.e. ——<ﬁ<a<0>=

2

= [t e a1 €KX Leryy = (e < gy < tyq)]

A [p<tk’ lyvi1) =T, N(tk* Tevs ’1;) = N(tk’ Lyt tl’(+l) = 4]

. n
<q>0, 1.e.0<a</3<7>$
=[terrs o tier €K o) = (e < ey < tgr)]

@ )
(q<0,i.e. ——<[3<1<0>=>

2

= [, 1, tesr €t tey = (e <t <ty y)]

A[p<tl’(, ll’(+1> =T, N(tk+15 tl’u ll’(+)) = N(tk’ tl’u tl’(+l) = 5]}=>
:{E[ﬁ,(tk)= —a+g— +(k + l)n]/\iﬁ,(t,’()}
b) V[te(— o, +co)]AV{C1,C3,C4eR —{0}A(p# 0.1 >0A4dr—p>>0)A

C4_ C3_ 2 C4_
({8 )5 or)
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ie. p(C3 + C;p®) = C4, A C ;1% (rC, — Cy) = Ci:l A[sgn (rC, — C;) = sgnC,] A

1 p . 1 T n
i = =SiNGA—-—-— =Cosa, i.e. o = arctg —€ ~5 0ju 0,7 A
\/1 +p’ Ji +p’ P

2 . .
A I: e =SInfi A R cosfi, ie. f= arctgie<—§, 0) v
Va4 + p? Va4 p? P

u<0, %):I} 3 {:y(t, C,,C5,C,) = C,sin’t 4 Cysintcos®t + C,cos’t =

C,
-—C(smt+pcosl)(sm t —psintcost + rcos t)_T\/1+p cos (1 — a)x

x[(4 + p*)cos® (1 + f5) + (4r — p?)cos® t]e Y5, = y"™V(t, C,, C3, Cy) +
+ 10y"(t, C,, C;5, C,) + 9y(t, C,, C;, Cy) = 0];

{[y(r, Ci,C3,Cy) =0]V(ke(): {tk =q+ —;3 + km, v(ty) = 1:|A
At tirrs vz s € X i 3d = (e < gy < feya < Beys)] A

APt tis 1) = 37, N(fhs fs 1 Tepas tera) = 4]} =

:3[ﬁ,(tk)=a+;+(k+3)n}

¢) V[te(—oo, +oo)']AV{CI,C3,C4eR — {0} A(sgnC; =+ sgnC3)A
I C,y\" < C, C, Y\

A ——3 — — 3 _
_<C1>0/\2< C|> +33 Cl>0/\ 2 C, +3\/3 <0

C, 3/ _C3 32 - C,
V<Cl<0/\2< ET) +3\/3——<0A—— < _C_1> +3\/3a—>0 A

C . C
M =prpa—(p+a) A= —pap+a),p+0,q+0,p+q+0,
1 1

p+29q+0,q+2p+ O]/\[ -],—r———; =sinoaA—— P__ = cosa,

\/] + p \/1 + p2
ie o= arctgLe <~4;, O) v (0, 1)} /\[—»LA; =sinf A —— a = cosp,
P 2 Vi+gq Ji+g?
ie. i = arctg A]‘e <——-§~, 0) V) (0, %)] AI: — _..j, e = Sin Y A
d 1+(p+q)

1
P cosy. e y_anctg< )e<_%,o>u
1+t P

U (0, ?>]} Iy(1,C,, C;,Cy) = C,sin’t + Cysintcos’t + C,cos’ t =
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= C,{sin’t + [pq — (p + q)*]sintcos’ t — pq(p + q)cos® 1} =

= C(sint + pcost)(sint + qcost)[sint — (p + q)cost] =

= C, \r/il +p) (L +q*) [ +(p+q)*cos(t — a)cos(t — f)cos(t—y)eY
= y™M(t, €y, €5, C4) +10y"(1, Cy, C3, Ca) + 9y(1, €y, C3, Cy) = 0]

{[y(t. Cy,C;,Cy) =0]«V(keC): [(zk =+ % + k(1) = I) A

A<t"‘ =h+ _;— + ke, (1) = 1>/\<'f2 =7+ g— + km, v(1") = l):l/\

1 1 1 . n
1 — <0< —< ——,le. ——<a<0<ff<y< \%
()[<p q ST 3 p<y< )

V<L<L<0<— ! , l.e. —~<7<[ﬂ<0<y< )
P d p+dq 2

=

[tk’tk+1,tl;’t1:€<tk,fk+1>—’(lk<tl:<’l’(/<fk+1)]/\
ALplts tew 1) = 7, Nt tes 15 s 1) = 4],

[teris tis tests tk€<tk,tk+1>"’(1k <t <ty <t )] A
A[p<tl-,(>t;(+l> =, N(tkﬂ’tl,utx:ﬂa t) = 4].
[tis i tewts sty g€ (o vy = (0 < By < g < )] A
/\[p(t{", te+1) =7, N(te+1> v 1o s terr) = 4],
(2) [( <0< \_1,4-1—, ie. —47-t~<1<0<y</3<£>v
p+tq 2 2

\Y 1< ! <L e, —~<u< <0<[3<1)j|
T R R I 2

o
[tis e 1, T B e (it 110 = (e << 1 < i )T A

Aot tev 1D = 1, N(fg’tk-&-latka ) = 4],

Cherts t, tiwn, 1, e (ko w1 = (e < tpy < By <t )] A
A |l—_0<tl/u t;’c+1> =T, N(1k+1’ tI,U ’|’<+1 s IEH) = 4],

[tesrs B, B 4 g €41, terry = (<t < tipy < 1 )] A

A [pdty, tht1) = 7, N(tg+1> Lo, B, teyy) = 4],

1 | s
(3) [<-<0<\< - — e —~2~-</3<()<a<y<vj>v

v<1_<1< 1-# ie. -—~</3<a<0<y<———>
qa p 0<-pwa T T2

=
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[tis tev s ter s LOE sty 10 = (e < 1 <ty < By )] A
ALp{tis tev 1) = 7 N(tys tesrs tevrs 1) = 41,

[t st s e Kb b0 = (B <t < B <ty )] A

ALp<te, ti 1y = 7, N(t, b, ter s 1) = 4],

[tes 1o tors T Brn €KHG B ) = (0 <ty <ty < B )] A
Aot 1) = 1 N(tp 15 g 1 T —-4]

1 1 1 T b
(4 — <0< ————< —,ie. ——<PB<0<y<a<—]|V
‘)Kq p+q " p 7 <F ! 2)

v(l<— 1 <0<—]— ie —1<[3< <0<a<l>:'
q p+q p’ 2 ! 2

=
[tes tew 1o tiers e € Kl B ) = (B < vy < fier <t )] A
AloCtes tev 1) = 71 N(t, tgys Tevrs Tey) = 41,

[t tis tiw 15 1€ s tiew 1) = (e < B < e <ty )] A

ALp<tics w1y = m Nt tis te 1 1) = 4],

[tos tes s tio e 1 EKHG B ) = (< B <t g < )] A
APt sy = 1, N(ty, tepys B, tier) = 4],

1 1 1.
5 —_——— <0< — < —, ie. ——< <0O<a<f< \%
()[( ¥4 P <4 2 <7 g )

+

V<_VL*<L<0<L,i.e ——<y<¢<0<[3< )
p+q p q 2

=

[ts B s T e 1 € Xl tew ) = (e < e <ty < By )] A

A Lot tis 1) = T Nt ter o tis B r) = 41,

[l 1ottt et €Kl T 1) = (e < B <ty < )] A
APt i 1D = 7 Nt 15 s Tew s terr) = 41,

(s tios 1 0y € KB 1) = (fh <t <t <t )] A

APt 1) = m Nt 1, 1 1) = 4],

1 1 1
6 ——— << —< —, e, ——<y<0<f<a< \%
()[< T 2 Y p )
v<——L—<-1'«<O<—:)—,i.e. —‘g<y<ﬁ<0<a<—->

[t fewss sty tie 1 €<t ) = (e < gy <ty <t )] A
Aletis 1) = T N(b Bt ter s tiwr) = 41,
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[fos ties T 15 tian €<t tw 1) = (B < e <ty < )] A

A [Q<tl,(: tl’(+]> =T, N(Ika tl’(v tl’<+19 tl’(’+]) = 4:]’
(i tio 1 i €KHG 1) = (0 <t <ty < 1) A
ALodtes tie 1) = m N(ty, 1, 1, 1) = 4] =

{H[ﬁl(tk)=fx okt 1)n]/\3[ﬁ,(rk)=ﬁ+g-+(k + ])n]A

Aa[ﬁl(t;;)=y +§+(k + l)n]}.
III. (2. 3. 4)

a) V[te(—oo, +oo)]AV{ C;,CoeR — {0} A(sgn C, = sgn C,) A

A(4C,Cy — C3 > 0)A [ —f—ch—:f— =sinoA—— G =

Jacz k2 Jact 4 2

= cos o, 1. = t7CE nO 07r
= o, eoc-arca*és— 5 v )

S[y(t, C,,Cy,C,) = Cysin*tcost + Cysintcos’t + Cycos’t =

1 2
= 4o 08 1[(4C3 + C3) cos™(t — o) + (4C,C, — C3)cos” (] e Vi, -
2!

—~yV(1, C;, Cy, Cy) + 10y(1, Cy, Cy, Cy) + 9y(1, €5, €, Cy) = 0}

{[y(t, €, Gy, Cy) = 0] =¥k e C) : [’k = ‘;t' + km, v(1,) = '] A

Al teers Boaas a3 €0 v 3) = (e < hoyy <tz < gi3)] A

; N o
APt s ) =31, N(t, s ys Bevas Bss) = 4]} = j[m(Ik) =5 + (k +3) n:}

b) V[te(— o0, +o0)] /\V{CZ, C3, C4e R — {0) A(sgn C, = sgn Cy) A
2C, C

A(4C,Cy = CHA [ e = SinUA e = COSa,
Jac? + 2 J4c2 + 2

ie o= arctggécie<-—;, 0> u(O, g):l} y(1, Cy, C5,Cy) =
3

= C,sin’tcost + Cysintcos® t + C,co8’ t = (C, + Cy)cos tcos’ (1 — )€
€Yy, = y"(1, Cy, Cy, C,) + 10y(1, C,, Cy, C,) + 9y(1, Cy, Cy, Cy) = 011
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{[y(t, C,, Cy, C,) = 0] «V(keC): [(tk - % + k, v(ty) = 1) A

A<t,;=x+g+kn,v(tg)=2)]/\

(1) “E<"%=0>:|=> {[tis w15 ter 1 €Kt tew 1) = (B < vy < e )] A
;\[Q<tks vy = T N(t, e rs tes 1) = 413,

(1,) 1E<0, —g*)]=> {[ts tir 1, € (s g1y = (e < < i )] A
E[P(’k, e = 1 N(t, ferrs ) = 415,

@ [re(=50) | Dt ey (< < ] 4
ADPCH the1) = 7 N(t, 1, f41) = 5T

i n . , ,
(22) 0“5(0, 7)} = {[ter1s tis i1 €ty i) = (e < sy < tix )] A
-

A [p<tlis tl’c+ 1> =T, N(lk+ls tl:9 tl’(+1) = 5]} =
= [0 = 5+ G+ s | az 0}

¢) V[te(—oo. +oo)]AV{C2,C3,C46R~ {0} A (C2 = 4C,C, > 0) A

Cy +4C2—4C,C,  Cy—CE-4C,Cp
A< 2G, = PA 2C, =qp+0
1 p
q+0,ptq+0]A e —Snla/\~—~,—~—~:;:=coso(
Ji+p? 1+ p?

ie. o= al'ctg~l—e<———72[~ 0> (0 ~-—>:! [,, L = sm,l?/\~—~:—cL-: =
p \/l +q \/1 +q°

. 1 T [ m
=cosfl, ie. fi= alctgqe<—~2a, 0) U (\0, 7)]}

I[y(t, C,, C5, C,) = Cysin’tcost + Cysintcos®t + Cycos’t =

= C,cost(sint + peost)(sint + qcos 1) = C,v/(1 + p?) (I + ¢*)x
x cos tcos (1 — «)cos (t — B)e Yas, = y"V(t, Cy, C3, C) +
+ lOy"(f, C27 C39 C4) + 9y(ta CZ’ C3’ C4) = 0],

{[y(l, C,,C;3,C,) =0]=V(keC): [(zk = —zn— + km, v{1,) = t)/\

A(t,; =+ —7; + km, v(ty) = 1>A<rk = + 5 +k7r V() = )]/\
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1 1 . n
I:—<—<0, ie. ——<a<ff<0|=

P q 2
[tes terns tivss tiey € by tryy St <tyyey <oy < ter )] A
APt tev 1) = 1 N B s T tias) = 41,
[fes tis tew 1 i€ (st D = (e <ty <t < tp )] A
APt tiv 1 = 7, N(t, 1, tew g, 1) = 4],
Lot 1o fies e € KHG 1 0 = (10 < e <ty < B )] A
A[p<tl,<'? tll(,+1> =T, N(tk’ tl/<+l’ 11129 tl,<,+1) = 4:]’

1 1 . T T

—<0<—,1e. ——<a<0<f<=—|=>

p q 2 2
[t terts et k€t te 1) = (e < B < fiyy < By y)] A
APty tier 1) = T Nt B 15 e 1 1) = 41,
[t tios w15 1o € Clis By 10 = (e < e < B < By )] A
A [P(t;, tl,;+ 1> =7, N(tk’ tllw tl,c+1’ tﬁ) = 4]’
[feets e 1o B e €K 1) = (00 <ty <ty < 1L )] A
A [Q<tl,(/7 tlZ%-l) =T, N(tk-i-l’ tll(+1’ t;(ls t;é-f»l) = 4]’

1 1 . T
0< —<—, ie. 0<a<[§<——:|=>
P q 2
[tis terts tio i€ Kty ey = (e < e <ty <ty )] A

APt v 1) = 7 N(b, tesrs e, 1) = 4],

[teets tio terns e €ty by ) = (te < B < by < tyig)] A

A [p<tl,<’ t!,:+1> =T, N(tk-l»l’ tl’(’ l!,c+1a t;) = 4]’

[terts it tis ot €Kt ) = (10 < by <ty <)) A
APt terr) = 7 N(tei 15 L B tewy) = 4],

1 1 T
—<—<0,ie. ———<ff<a<0|=>
[q P 7 </ ]

[t v ts ter1s tea 1 €l tei ) = (e <ty <ty < fy)] A
ALt 1) = 7, N(t, b1 terrs tear) = 4],

[t tis i ns it €K, tow ) = (B < e <ty <ty )] A

A [p<t1,;s tl,:‘+1> =T, N(tk’ tll(n tllc+1 s tﬁ+1) = 4}

[t tes tis e €Kt te ) = (e < tp <t <t )] A
A[p<tl’<,’t;(,+1 =1I, N(tk’tl’(st;(', tlz+1) =4]s



) [—é—<0<%~, ie. -—~2n~</3<0<a<—;t—:|=>
Lot 1o i e 1 €Kiy ey 10 = (e <t < gy <l )] A
ALp<tie, tev 1) = 71, N(b, tesrs ts v ) = 4],
Cfics st tew s te g € iy ) = (T < fay < liay < tig )] A
ALPSts ter ) = 71 Nty 15 B, tir g i) = 4],
[t tis tis Bl €Kt ) = (8 < e <t < )] A
ALt a1y = 7 N, 1, 1, 14 1) = 4],

p 2
, (s tiewts tio OE iy tig 1) = (e < 1 <t < By )] A
Afp<tes tes 1) = L N, tir s 1, 1) = 4],
[fs s tis ten s a1 € i w1 = (<t < By <ty )] A
APt i 1) = 71 Ny 15 s tir 15 1 1) = 41,

[T O T VAP R N —’(lkl <t <t <)) A

A Lot tas> = 1 Nlts 15 tis 15 14 1) = 4]}2’

(6) [O<%<~1~,i.e.0<ﬁ<a<—n-]=,

{H[ﬁ,(tk)=—2n~+(k + l)n]AS[ﬁ,(t{()=1+%+(k+ l)n:l/\
Aa[ﬁl(:;; =ﬁ+§+(k+ m]}.
IV.(1.2.3.4)

a) V[te(— oo, +oo)]/\V{CieR— {0},i=1,...,4A(sgnC, = sgn C3) A

A(sgn C, = sgn C,) A (C,C3 = 9C,C,)A(3C,C5 — C3 =0) A

C C C
3 2 _ 2 _ 3 42 4 _ .3
A(2C3 — 9C,C,Cy + 27C3C, = 0)A<3C1 Po3c = Ph oo =P >A

A [Mf—};,» - =sina A P _ cosa, i.e. o = al‘ctg~1— €
V1+p? V14 p? P

4
€<_%‘E’ 0) Y (O’ %>:]} Ay(1, €, C;, G5, Cy) = 3, Cysin® T tcos’™ 1 =
i1
3
=C Y (?) sin® " ¢(p cos 1) = C,(sint + pcost)® = C,(1 + pz)alz cos® (1-o)e
i=0
€YWay = y™Y(t, Cy, oy Cp) + 10y'(1, Cy s -y Cg) + 99(1, Cyy ..y C4) = 0]
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{[y(t’ Cisirs Gy) = 0] = V(ke ) : |:’k = o+ o+ k(1) = 3:| A

Alts e €<t i) = (B < e )] A [otis ti s> = 7, N(ty, tyyy) = 6]} =
:aﬁl(tk)’
b) V[te(— o0, + )] AV{CiER —{0},i=1,...,4A{[3C,C;—C; =0A
A2C3 + 9C,(3C,C, — C,C3) # 0] V(C3 — 3C,C; < 0)V[C5 —3C,C; >0A
AC; > 0A2[C3 + (C} — 3C,C;)"*] + 9C,(3C,C, — C,C3) < 0] v
v[C3 -3C,Cy >0AC, >0A2[C] —(C?—3C,Cy)"7] +
+9C,4(3C,C, — C,C3) > 0] V[C; —3C,C3>0 C, <0A
A2[C3 + (C3 = 3C,C,)"?] + 9C,(3C,C, — C,C3) > 0] v
V[C3 —3C,Cy >0AC, <0A2[C; - [C}-3C,Cy)"7] +

+9C,(3C,C, — C,C;) < 0]}/\(%2— =p+ q/\%i =pq+rA
1 1

A%:pr/\sgn—g“‘-zsgnp,p#0,p+q4=0,pq+r=k0,r>0/\
1 1

/\q2 — dr <0>/\[ii~:=sino{/\—_£—:: = COS «,
Vi +p? J1+p?

. 1 i T 2 . q
Le. a =arctg—¢e{ ——,0)u|0, — | |A| —====sinff A —— _
£ ( 2 > ( 2>] [\/4+q2 f \/4+qz~cosﬁ,

. 2 n T
ie. f= arctg—q—e (—~2—, 0) U (O, 7)]}3'}0, Cy,...,C) =
4

=Y C;sin* 'tcos' "'t = Cy(sint + pcost)(sin® ¢ + qsintcost + rcos’ t) =
&

1

= SLU1 pPeos (1 = ) [(4 + qY)cos” (1 = ) + (4r — @%)cos” (] € Vi, —
-y, Cy, ..., Cy) + 10y"(t, Cy, ..., C4) + 9¥(1, Cy, ..., Cy) = o];

{[Y(” Cis s Cy) = 0] = V(ke Q) :[tk =+ 125 + kn, v(1) = I]A

Al s s s € (o faa) = (B <ty < fa < )] A

AP, tersy = 31, Nty by (s tisas bers) = 4]}=>

=>3|:ﬁ1(tk)=a+;+(k+3)n]
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1]

2) V[te(—o0, +0)]AV{C;eR — {0},i=1,...,4A(C5 — 3C,C; > 0)A
A{[C; > 0A2[C3 + (CF — 3C,C;)"*] + 9C,(3C,C, — C,C3) > 0 A
A2[C3 - (C] = 3C,Cy) "] + 9C4(3C,C4 — C,C3) =0A(p < q)] v
V[C, > 0A2[C3 + (C3 — 3C,C;)""] + 9C,(3C,C,4 — C,C3) =0 A
A Z[Cg -(C3 - 3C1C3)J/z] +9C(3C,Cy — C,C) <O0A(p>q)] V
v[C, < 0A2[C] + (C7 —3C,C3)""7] + 9C,(3C,C, — C,C;) <O A
A2[C3 — (€7 = 3C,C3)"] + 9C,(3C,C, — C,C3) = 0A(p < q)] V
v[C; < 0A2[C3 + (C5 — 3C,C;3)"*] + 9C,(3C,Cy — C,C3) =0 A
A2[C3 = (C3 - 3C,Cy) 2] + 9C,(3C,C4 — C,C3) > 0 A (p > Q)J} A

C, C, C, 5 C,
A == = 29 A —== = q(2 —T = — = s s
[Cx p+ 29 c, q(p+q)/\Cl Pq /\sgnCl sgnp,p=*0
1 .
q#O,p#:q,p+2q=r-0,q+2p#0]/\[f-f:=sma/\f:p_=
Ji+p? J1+p?

=cosa, l.e. & = arctgL € <—%, 0) U (0, l):l A I:*/:l;; =sinf A
p 2 J1+g?
A ~,q - = cos f}, i.e. i = arctg 1 € <—£, 0) U (0, g)]}
\/l + qz q 2 =

4
Iy(t, Cy, ..., Cy) = Y, C;sin* " Frcos' ™'t = C,(sint + pcosi)x

i1
x(sint + qcost)* = C, V1 + p> (1 + q2)cos (1 — a) cos*(t — B)e Y, —
- y™(1, Cyy o, Cy) + 10y(1, Cy o, ) 4+ 9Y(1, €y ooy Cg) = 0]

Bt civ ey = 0= ke0): f(n=ns T o rmn=1)a
A {t{‘ =+ —;_[— + km, v(1y) = 2)] A

T

(1) <~:)—< %1 i.e. ——g— <a<fi< 2>=>[tk,1k+,.r,;e<tk,tk+,>—+
= (e <t < g ) Aoty tes 1) = T N(t, tes s 1) = 4] A
Altcs s s et € KE e 1 = e < ey < fa ) APl e ) =,
N(ts 15 s tier 1) = 51,

2) ({1—<—:)—, i.c. —g—<ﬁ<a<%
= (f <ty <t ) APt e 1) = T N(fs ti st ) = 41 A

At tis tiy €8 - (e <ty <t ) Aol tiy ) = 7,

N(tys tis tyy ) = 5]}} :{3 [ﬁl(tk) =a+ % + (k + 1)7:] A?ﬁl(t,;)}

)::,[tk, w1 bt €l tep ) =
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d) V[te(— o0, + )] AV{CieR —{0}i=1,...,4A(C3 = 3C,Cy > 0)A

A{[C, > 0A2[C3 + (C3 — 3C,C3)"2 + 9C,(3C,C, — C,C3) > 0 A
A2[C3 — (C3 = 3C,C3)?] + 9C,(3C,C, — C,C;) < 0] v

V[C, <O0A2[C3 + (C2 —3C,C5)""] +9C,(3C,C, — C,C3) <0 A
A2[C3 — (C3 = 3C,C3)?] + 9C,(3C,Cy — C,C3) > O]} A

N + +r/\&— + pr + ea S opgr +0
Cl—p q C]_—pq p q C]_pqsp )
q4=0,r¢0,p=#q4:r=#p,p+q+r#0,pq+pr+qr#0>/\
Ali—~;~1::~=sinozA~—.J)~~—=cosa,

J1+p? V1 +p?
ie a= arctg%e(—%, 0) U <O, g-):l A
A —~1—~=sinﬁ/\——9———=cosﬂ,
LV1+q? Vi+q
. 1 T T
ie. f =arctg—e| ——,0) U (0, —||A
p=amts e =50} (0.3)]
[ 1 . r
A —————— =S YA ————= = C0S Y,
LJ1 + 12 V1412

ey = arctg—i—e(-%,o) U (0, %)]}

4
[y(t,Cy, ..., Cy) =Y. Cysin* T rcos’ ™t =
i=1

= C;(sint? + pcost)(sint + qcost)(sint + rcost) = ,
=C /(L +p) (1 +a*) (1 +1*)cos(t — a)cos(t — f)cos(t — )€Y oy >
- y"™(1,Cy, ..., Cy) + 10y"(2,Cy, ..., Cy) + 9y(1,C,, ..., C,) = 0];

{[y(t,Cl, ., C) = 0] == V¥(ke ) :[(:k = a+ o k(1) = l)A

A<t,§=[)’+%+kn,v(t,§)=1>/\

A(t;;=y+%+kn,v(t’k’)=1>]/\

1 1 1. ks s
(1) [F<E<T,1.e. —3—<ex<ﬁ<y<7:|=>

[t tiris i i€t ) = (e < te <ty <t )] A
A [p<tk9 tk+1> =T, N(tk’ tk+l) tl’n t;(,) = 4]’



Ltcr 1o o T 1> BOE Clis iy ) = (1 < 1) < fyy < fuq)] A
A[p<ll/u tl’(+1> =T, N(’k—l—ls tl’c; rl’(+la t;(, = 4]*

[l 1ot ts 1 By €K 1D = (10 <ty <ty < 1)) A
AP 1y = 1 NGy ot 1 1) = 4],

p r q 2
= [t a1 to € G ) = (e < B < 1 < 1 )] A
Aplty, iy =, N(tka Tew 1o Lo 1) = 4],

[fests tios ter s te 1 €K i) = (e <ty <ty < G )] A
A[D(’l’utl,(+1>=n! N(rk+1=tl’<’tl,g+19tl/</+l)=4]’ .Y

”

Dl s tioo 1 i € KB ) = (1 < 1 <ty < tg)]A
A[p<tlltl5 ,;\,-l-] =nsN(tk+1:rl,(’t;:’tl’:+])=4]’

1 1
(2)[L<——<»—,1.e. —l<a<y</3<%]:>

1 1 1. m n
(3) qu<—p~<—;,1.c. —-2—<[f<oz<y<7]=>

= [l e rs toprs Et, D = (e < B <ty < tyy)] A
ALt ter ) = 71, Nty s T s t) = 4],

Lo tios tiw 1> e (it ) = (e <t < 1 < ey )] A
Aplt, i) =, N(ty, st tg) = 4],
[l 1 s B tea €U i) = (1 <ty < heyy < )] A

”

AP v 1) = T N(fp s tir 1o 1 i) = 4,

4 [—l(i~<—1—<--:)~,i.e. —g—<[3<y<a<§:|:

= [, fewts tirrs it €l i) = (e <ty < tie < o)A
[p<tics ti 1D = 70 N(ti> st tewrs ter 1) = 41,

[ts i tiorns e Kty e ) = (e <t <t <t g)] A
A [Q<tl’g’ w1y =T, N(tka o Terts b)) = 4]’

"

(st s 0 o €KL ) = (<t <ty < B )] A
Aot ey = T N(t, s B e ) = 41,

©) [—1—<-r1)«<~;—, ie. —-;i<y<oc<[)’<%:l=>

[tis ter 1ot tirt €<ty tea 1y = (B < e < By < )] A
A [P(lk: tk+l> =T, N(tk’ Tkt1o tl’(’ tKH) = 4],
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Ltir 1o tios tiew s e €KBTEG ) = (< 0y < fewy <t )TA
ALt tewr) = 70 Nt 15ty tiw gy B ) = 4],

[t tics 1 e €0 a1 = [t < e < (e < ()] A

ALt B> = 7 N(t, fis 1 tieq) = 4],

6) [~i—<%<% ie. ——725<V<ﬁ<“<*§—]ﬁ’
[tes vt vt Bet €< tier 1) = (B < By < tir < s )] A
ALp<tis s 1) = 1 Nt ter 15 ties 15 e 1) = 4,

[fis tes tew 15 tior 1 € Xtis tea 1) = (e < e < By <t )] A
APty tiw ) = 71, Nty fis teays T y) = 4],
s ot i i €KL B0 = (g < e < e < )] A

[p<tllc’, tl,</+1 =T, N(tk’ tl/w tﬂ’ tl,<’+l) = 4:]} =

{3[ﬁ1(1k)=a+—§~+(k + l)n]/\a[ﬁ,(t;)z/w—g— +(k + l)n]/\
Aa[ﬁl(t;;)=y+;+(k+ 1);:]}.

Shrnuti

KONJUGOVANE BODY RESENI ITEROVANE LINEARNI
DIFERENCIALNI ROVNICE 4. RADU

Vladimir Viéek
V ¢lanku je vySetfovdna existence a hledan tvar konjugovanych bodua pfislusejicich k nulovym

bodim kazdého (netrivialniho) oscilatorického #z23eni rovnice (1) ze vSech patnacti podprostori
prostoru jejich feseni.

Peszome

COTPSXEHHBIE TOYKU PEWIEHUN UTEPUPOBAHHOTO
JUHEVHOIo [JU®PEPEHLUMAJIBHOIO VPABHEHWUSA 4-ro TIOPAKA

Brnagumup Bruex

B paGoTe pauaeTcs BOMPOC O CYLIECTBOBAHUH (M POPMC) CONPSIKENHBIX TOYCK MPUHALIIEIKALUX
HYJIEBLIM TOYKaM Kaxgoro (HETPUBMAJILHOIO) Kosebstowierocs peutenus ypashenus (1) u3 Beex
MATHAAUATH TOANPOCTPAHCTB MPOCTPAHCTBA €r0 PeLuCHMA.
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