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1971 — ACTA UNIVERSITATIS PALACKIANAE OLOMUCENSIS
FACULTAS RERUM NATURALIUM — TOM 33

Katedra ické analyzy pFirodovédecké fakulty
Vedouci katedry: Prof. RNDr. Miroslav Laitoch, CSc.

TRANSFORMACE NEKTERYCH NELINEARNICH
DIFERENCNICH ROVNIC NA NEHOMOGENNI{
LINEARNI DIFERENCNIi ROVNICI 1. RADU

VLADIMIR VLCEK
(Predlozeno 27. biezna 1970)

n
Dokazuje se véta o existenci a tvaru obecného feSeni nelinedrni diferenéni rovnice H X(x+j)=

== P(x), P(x) > O,ne N (pomoci jeji transformace na linearni nehomogenni diferenni rovnici

n-tého Fadu). Jsou uvedeny véty o transformaci a existenci obecného feSent jistych typti nelinearnich

diferen¢nich rovnic na linearni nehomogenni rovnici 1. Fadu, kdy substituéni funkci prisluiné
n

transformace je prevazné slozena funkce vyrazu n X(x + j) resp. jeho diference.
j=0

D, .

J; ka o uZité symboli

e: N zna¢i mnoZinu viech pfirozenych &isel, N* =
= N U (0); prvky mnoZiny N* ozn. x. R resp. K ozna&uje obor viech realnych resp.
komplexnich ¢&isel, P je prostor viech redlnych funkci definovanych na N* (stacio-
nérni funkci zapisujeme misto C(x) jen C, kde C € R, specialné trivialni funkci O(x)
téZ jen 0). Jednoparametricky prostor viech funkci F(x) primitivnich k P(x) vyzna-
Cujeme JP(x) = F(x) + C, C e R, kde pro F(x) plati: AF(x) = F(x + 1) — F(x) =
= P(x). VETY jsou vétsinou formuloviny pomoci znakii obvykle uZivanych v logice:
symbol A resp. v znamenad konjunkci resp. disjunkci vyrokd, = resp. <> implikaci
resp. ekvivalenci mezi vyroky. 3 resp. V je existen¢ni resp. obecny kvantifikdtor;
znakem — rozumime réeni ,,tak (-ovy, -ova, -ové), ze*, dvojtetka ve vyrokové funkci
znadi ,,plati*.

Pomocnd véta:

Bud P(x) € P, x e N*, takova, Ze pro V (x e N*): [P(x) > 0].
Pak obecnym feSenim nelinearni diferencni rovnice

f[X(x +j)=P(x), neN

i
} je n-parametricky prostor X(x, C;,...,C,) < P, C; e R, i = 1,...,n, viech
| Kladnych funkei tvaru

‘ X(x,Cy, ..., C,) = exp i Zj(x) Yi(x),
=1

i
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kde Yyx),j = 1,...,n, tvofi bzi prostoru viech feSeni linearni homogenni

n+1

diferenéni rovnice . ; )A""}’j(x) = 0akde Z,(x) = Zi(x, Cy, ...,C) =

=
n-tého fadu

il

|

|

$ < P, C;e R, i=1,...,n, vyhovuji linearni nehomogenni diferen¢ni rovnici
| i=0

B (" )am g 209 1001 = o)

Diikaz: Ozna&ime-li Y(x) = In X(x), pak {f[ X(x+i)= P(x)} a{i Y(x +i)=

= lnP(x)}Q{i <" + 1) A""'¥(x) = In P(x)}, nebot {(i Yx+i)=Yx+n)+

&\

FYx A=+t Y(x))/\ AY(Y) = Y(x + n) —(Dm +a— 1)+
+(;) Y 40— 2) — o+ (=1 Y(®)) (A""Y(x) = Yx +an-1) -
—(" N 1)Y(x+n—2)+<n; l)Y(xﬁun._s)m”,+(_1y-' Y(x))A(A"‘ZY(x)=
- Y(x+n—-2)——(nT2)Y(x+n—3) +(";2)Y(x+n-4)«...+
+ (=12 Y(X))A... A (AY(x) =Y+ ) - Y(x))}»{é:o Y(x + i) = A"Y(x) +
+ ('1’) Yx +n = 1) - ('2' Y+ 1= 2 + .= (=1 Y(x) + AV +
+ ("Tl) Y +n - 2) — (";1) Y+ n=3) 4o = (=17 YO +

+ATIY(x) + (","‘) Yx + 0 — 3) — (";2) YO+ — 4) + ...~

S (=1 V) F o+ AY() + V) + Y() = AY(0) + (T *1' 1) AV (x) +

+ (" er I)A"‘ZY(X) - (" : 1) Y&) = 2 (" + 1>A""Y(x)} a plati:

i=o0 i

i=0 =0

" 1 . o
V<Z("T )A""Y(X)=0>3(]_ZZ’=0A26KAZ=!=0Az=#= l)-

- V(EEKA > Zj=0>i [z"*" — 1 = 0] z] = 1], nebot pro V(neN):[z"” —1=
7

o

LA ' k+1
=(z—I)Z‘-”]AV(k=0,L-~~,H—1Al1>lAneN):[zk=cos + 2n +
j=o
1

+ isin k: —2n kromé z = 1};pron= ljez = —1.
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n

a)Je-lin:2mAmeN,pakpro{V(i=1,...,n):[Zz{=0AzieKAz,=
=0

=ay +ibyjAz, =a, —ibyazy=a, + ibyAzy =ay — by A ... AZppoy = Gy t+

2n

+ibmA22m=am—l'b,,,l\(alA...A(l,,,AblA‘..AbMER)]A 3(Y,(x)=cosTxA
.2 4 4

A Yy(x) = sanxz\ Yi(x) = cosTnxA Yi(x) = sm—nlx/\ e A Yy (X) =

n-— n-1

1 2 Y .
" nx A Yp,(x) = sin 7

b)Jellin =2m + 1 ameN, pak{ﬂ(l’j(x)el’/\j =1,....2m+ LAY (x) =

= cos 2nx)-—> Y(j=1,....,2m) A ¥(x € N¥):

2 2 -1
= cos Tnx A Y,(x) = sin Tn XA .. A Yq,_1(x) =cos 1

" 27X A You(X) =

n—1

= sin
n

2m+1
:[ ¥ (2mi+ 2>Azm+1-iyj(x) = 0]}
i=0

{V(neN An>DAaVYx)ePaj=1,...,M)aVxeN*: [W[Y(x+1),..,

2nx A Yypyy = (—1)‘)'-» Vix e N¥) A V(j = I, ..., 2m + 1):

Y (x + 1] + 0]} > V(CieRAj=1,...,m) 3| Y(x)e PA Y(x) = E": Zj(x) Yy(x) A
=1

) In P(x) WiLYy(x + 1), ..., Y(x + 1)]
WYy(x + 1), ..., Yo(x + 1)]
+ CAWY (x + 1),..., V,(x + D} =
Y (x+1) .Y+ i+ Y&+
B kAyl(x F1) LAY (x4 1) AV G+ D) LAYGH+ D l

1A"'2Y,(x + D)L AT+ DAY+ D)L AT Y+ 1)] /

AZx) = Zx, C)) =) (=1

- V(x e N¥) : l:i (”-:—1>A""'Y(x) = In P(x)] A3 (X(x) ePar XX =

i=0

= X(x,Cy,...,C,) = exp Y. Zy(x) Y,-(x))—» V(C;eRaj=1,...,m)a¥(@neN)A
=1

A V(x eN¥*) [f[ Xx +j) = P(x):l}



Specialné pro
l.n=1:

{a(P(x) €P) > V(xeN*) : [P(x) > 0] o 3(1 (~'~“ ii‘t)' e P)} - {V(C eR) B(X(x)e
In P(x)

e +

e PAX(x) = X(x, C) = exp {[J

:[.]j_lo Xx + i) = P(x)]}

C:I (—vl)"}) - V(x € N¥) :

2.n=2: ]
{3(1’(.\') €P) o> V(xeN¥:[P(x) > 0]43 (j(]n P() . ("—“)—2-"-) P
AJ(InP(X) ) cos@i’ge P)} > {V(Ci eRai=12)3 (X(x) ePAX(K) =
= X(x, C,, Cy) = exp [ »-2_ ](In PG . sin 5F ')2">+ cl] cos 2 4

3
| 2. L‘“, 1)
+ NE J(ln P(x) . cos

>+ Cz]sm-—— > Y(CieRAi=12)a
A V(xeN*): I:l—] X(x +1)°*P(x)j|}

3. n=3:

{amx)e P) > V(xeN*): [P(x) > 0] a( PO p oy (lnP(x) sin 213 n)s

( 1)\'+l
ePA](lnP(x).cosix—:—}n>e P)}a Y(C;eRnj=12, 3)3(X(X)EPA

In P(x) . J2 )
AX(x) = X(x, Cl,Cz,C,)=exp{[71 (——1?7»1 + C] (=D + [— 7]<In P(x) .
n) + C:,] sin %}) -

2% + 3 2 2x + 3
. sin x: ) + Cz] cos—z— + [L— (lnP(x) cos 22t

3
> V(xeN*)AV(CeRArj=1,2, 3):[2 X(x + i) EP(X)]}

i=0
atd.

Pozndmka:

{[ﬁ X(x+n—i) =P(x)]/\(n AkeN)Ak £ n}@%[ﬁ Y(x + i) = P(x))A[Y(x) =
i=0 i=0

=X(x+n —-k):l}
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{H(P(x)/\ Ox)eP) > V)xeN*) : [P(x) £ 1A Q(x) + 0] A 3(] In|l —P(x)|e

O(x)exp(=JIn|1 — P(x)]) _ _ s ~
Pa) [1*: P(x)]i{sgn V[T P € P)A B(U(x) = U(x,C) = {sgn[l
- x — P(x Q(x)exp (—Jin|1 — P(x)1) A
Px)}*exp J In | 1 — P(x) I[J {1 = POx)] Gsen [1 = POOT + C]e P

ACe R)—» Y(x € N¥) : [U(x)>0]} = |V¥(C;jeRAj =1 ..,nane E
| eN)IX(x)ePaX(x)=XxCCy,..., C,) = Y(xeN¥) :[X(x +n+ 1)+
(P - D XE) = — 26)
T1X(x + 1)
| i=1 L |
Diikaz:

{3(P(x) A Q(x) A X(x) € P) > V(x e N*) 1 [P(x) £ | A Q(x) + 0 A X(x) + 0]} =
= [ X(x +n+ D)+ [P(x) = 1] X(x) = -, Q—('?() )cb(X(,\' +n+ 1D)X(x +n).

TIX(x+1)
CX(x b= 1) X(x 4 1) = X(x + n)x&lqu n—1).. X(x+ )Xx) [l = Px)] =
= QW)= (A if!) X(x + 1) + P(x) {flﬂ X(x + i) = Q) = (AU(x) + P(x) U(x) =

= 0 A U0 = T] X + i))} ;

V(CeR)I| Ux)ePAUK) = Ux,C) = {sgn[I — P} exp)in|l —Px)|.

Q()exp(=)in|t - P ]) - o = 0)l:
. [ [l — ()] Gen [1 = PO +C VY(xeN*): [AU(x) + P(x) U(x) = Q(x)];

{3(CeR) > V(xeN*): [Ux, C) > 0a fI X(x +0) = Ux, O} = |3(Y;(x) e Pa
i=0

(1+—l-> ATV =
& i
= 0A WY (x+ 1),....Y,(x+ DI+ O]A V(CieRaj=1,....,n) IZ(x) = Z;(x,
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n+1

Cy,...,C)eP) > V(xeN¥*) [Z [(—) A""(_i Z(x) Y,(x))] =In U(x, C):]A

i=0 i

A3I(X(x) e PAX(x) = X(x, C, Cy, ..., C) = exp Y. Z(x) Y(x)) » V(xeN*):
j=1

X(x 4+ 1)+ [Px) - 1] X(x) = —"L(x)# .
X+ i)
i=1

Pozndmky:

1. {3(P(x) A Q(x) € P) > Y(x e N*) : [P(x) = 04 Q(x) #+ 0] A 3(JO(x) € P) A
AI(U(x) e PaU(x) = Ux, C) = JQ(x) + CACeR) = V(xeN*): [U(x,C) > 0]} =

= V(G eRAj=1,....,naneN)IXE) e P AX(¥) = X(x,C, Cy, ..., C) >

=S VxeN*) | X(x +n+ 1) - X(x) =- —fQ—(x)ﬂﬁ
]:[X(x + 1)

2. {3(P(x)A O(x) e P) » V(xe N*) : [P(x) = 1A Q(x) > 0]} = |V(C;eRA j =

=1,...,naneN)IX(x) ePaX(x+ 1)=Xx + 1,Cy,.... C)) > Y(xeN*) :

:[X(x +n+1) E»-;fg(f) -

‘UX(x + i)

Véta 2.:

{E(P(_x) AQ(x) e P) > V(x eN*) : [P(x) + 12 Q(x) + 012 3(] In[l -Px)|e

p oy Q)exp(=)inl1 = P(x)). ) = _

ePaj [1 = P(o)] {sgn [1 = PO)L)” € P()A E(U(x) € P))A) U(x) = {sgn[1

- PO - 2Cgexp(=]in |1 = P)]) R
P(x)]}*expJin]|1 P(x)l[ [1 - P(x)] {sen [1 = POOJ + C]A Ce R)

= V(xeN*):[Ux) = Ux,C) >0l =43(Y(x)ePaj=1,...,0—1a

1
aneNan>1)->V(=1,..,n— 1)AV(xeN* [Z (‘:)A”"_‘]f'j(x) =
)

i=

=0aAWY(x+1),...,Y,_(x+ 1)+ O]A Y(CieRaj=1,...,n—

- 1) 3,Z® = Zx Cis ...y Cooy) € P) > Y(x € N¥) :["f (':)A"‘"'

i=0
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| (Z Zi(x) Y{(x)) = In — T )]AB(X(x)e PAX(x) =X(xC Cy,....Cpy) =
|
= Z Zi) ¥(0) » V(x e N*) : [X() + [PY) — 1] X(x + n) =

!
|
= 00 [T Xor + :)1} ‘]

|
|
|
i
|

Diikaz:
{(3(P(x) A Q(x) A X(x) € P) V(x e N¥ 2 [P(x) + 1 A Q) + 0 a X(x) + OF} =
:{(X(x) + [P(x¥) — 1] X(x + n) = Qx) ﬁ X(x + i) = (X(x) — X(x + n) +
i=0

+ P(x) X(x + n) = Q(x) ﬂ X(x + ) ¢<AI + ,,_7,' ce— + Px) .

n=1

[1X(c+0)  [IX(x+1)
b e\ (A —Pw = o) (av +
‘l__[X(x + i) _[[X(x + i) _[]X(x + i) .
+ P UM = 00 A U = ———— \[:
HX(X + t)

V(CeR)I|UKX)ePAUK) = U(x.C) = {sgn [l —Px)}*exp)in|1 — P(x)|.

Q(x)exp(=JIn|1 = P(x)]) )_, N . .
'[J [1 — P()] fsen [1 — POOTY C] V(xeN"): [AUW) + P UK) = 0L

n—=1
{B(C eR) > V(x e N*) : [U(x, C) > 0] A n X(x + i) = U():-_('T} . {3(Y,»(x) c
ePa

j=1..,n—=1aneNan>1)>VxeNHaAViG=1..,n-1):
I: () AT = 0 WY (x + 1), ., Yoy (x + l)]:(:O:IAV(CjeRAj=

n—1
=1, .., n=1DAZW) = Z(x, Cy, ..., Co_y) €P) » V(xeN¥) 1[2 (rir)A,H_,
i=0
n—-1
(,-Z, Zi(x) Yy(x)) = In T C)] XX ePAXE) = X, C, Cys ... Co_y) =
n—1 .
= exp ¥ Zi(x) V) » VxeN#): [X(x) + [P(x) — 11 X(x +m) = Q) [ Xex + ,-)1}
=t i=0
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Pozndamky:

1. {3(P(x) A Q(x) € P) > V(x e N*) : [P(x) = 0 A Q(x) + 0] A A(JO(x) € P) A
A (U(x) e PAUW) = Ulx,C) = JQ(x) + CACeR) - V(xeN*): [U(x, C) > 0]} =
= {V(C;jeRaj=1,...,n—1aneNan>1)I(X(x)e PrX(x) = X(x,C,Cy,...,

C,-1)) = Y(x eN¥) @ [X(x) — X(x + n) = O(x) [[u X(x + i)}

2. {3(P(X) A Q(x) € P) > V(xe N*) : [P(x) = 1 A Q(x) > 0]} = {V(C;eRa

Aj=1,..., naneN)IX(x)ePaX(x +1) = X(x + 1,Cy, ..., C)) » Y(xeN*)a
AV(CieRAj=1,....n): [X(x) = Ox) [] X(x + )]}
i=0
Véta 3

‘; {A(P(x)A Q(x) € P) = Y(xeN*) : [P(x) # 1 A Q(x) & 0] A 3<J In|l-PXx)|e
Q(x)exp (=JIn |1~ P(x)])
[1 = P(x)] {sgn [1 = P()]}*
‘ = {sgnll = P()]}*exp)in| 1 — P(x)] [’

€ P)A 3<U(x)e PAU(x) = Ux,C) =

Q) exp(=)In |1~ P()) c} g
[t = P(x)] {sgn [1 = P()]}" |
‘ ACe R>a V(xe N*): [U(x) = Ux,C) +0la3(JIn|Ux) | e P)a3(V(x)e ‘
ePAV(x) = V(x,C) = C {sgn Ux)}*exp JIn | U(x) [nC eR A C * 0) >
> VY(xeN*) : [V(x) = V(x,C, C) > O]} = {V(C;jeRaj=1,...,n—1ane

L eNan> 1) IXE) ePAX(X) = X(x, C, C, Cy, ..., C,y)) = V(x e N¥)
I X+ r+ D) X(x) + [P(x) — 1] X(x + n) X(x + 1) = Q(x) X(x) X(x + D]}

‘ e Pl

|
!
|

Ditkaz:
{-El(P(x) AQX)AX(X)eP) > V(xeN*) : [P(x) £ | A Q(x) & 0AX(x) =+ 0]} =
= {V(ne Nan>1) :[(X(x +n+ D) X(x) + [Px) — ] X(x +n) X(x + 1) =

= Q) X(x) X(x + 1)) ¢<i(;g{£%ﬁ + P - 1 5(7’;(;)-";‘ - Q(x)><r>
( A X (};(E)J’Z. + P(.\')——X(—;—(—%{Q» - Q(x))<><AU(x) + P(x) Ux) = Q(x) A U) =

_ Xlx A+ !’l) .

- X( xj j’ ’

Y(C € R) E(Ul.\’) e PAUx C) = {sgn [l — P} exp)in]l — Px)}|.
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‘ [J Q(x)exp (=1in[1 - P(x))

[1 - P(v)] sgn [1 = PO CD 7 VeND (AU + PO U = 000):

Uy = Xxtm) - X+ mXx+n—T1). X(x+1) _ 'Hl Gxo
O X T Xt~ DX+ DX "ﬂ' Xt
X 1
n-1
SV D L = T e+ Db (Ve 4 1) = U V) e (AVG) +
V(x) i=o

+ [1 — U@)] V(x) = 0)}:

{3(CeR) » V(xeN*) : [U(x, C) + 0]} = {V(CeR)I(V(x)e PaV(x) = V(x,C) =
= C{sgn U(x)}*exp ) In | U(x)|) » V(xe N*): [AV(x) + [I — UX)] V(x) = 0]}:
{HCeRAC + 0) > V(xe N¥) : [F(x) = V(x,C) > 0]} = {V(C;eRaj=1,...
n—1laneNan>1)3IXx)eParXx)=XxCCC,..., Co-y)) > V(xeN*):
X+ n 4+ D X)) + [P(X) ~ 1 X(x + 1) X(x + 1) = 0(x) X(x) X(x + D]}

Pozndmky :

1. {3(P(x) A Q(x)eP) > Y(x eN*) : [P(x) £ 1 A Q(x) =0l A I(JIn | 1 -~ P(x) | €
eP)AUx) e PAUKX) = Ux,C) = C{sgn [l — Px)]} exp)in| 1 — Px)|a
ACeR) > V(xeN*) : [Ux) = U, C) £01a3(JIn | Ux)| e P)a I(V(x) e Pa
AV(x) = V(x,C) = C {sgn Ux)}*exp JIn [ Ux)|ACeR) > V(xeN*) : V(x) =
=V, CC) >0} ={V(CeRaj=1,...,n—laneNarn>1)I(X(x)e Pa
AX(X) = X(x, C, T, Cs ooy Coy)) = Y(xe N¥) 2 [X(x + 1 + 1) X(x) + [P(x) —
- 11 X(x + n) = 0]}

2. {3(P(x) A Q(x) € P) = V(x € N¥) : [P(x) = 0 A Q(x) * 0]A 3(JQ(x) € P) -
- V(xeN*) : [Ux) = Ux,C) =J0(x) + C+0ACeRIAI(JIn| UX)|eP)a
AI(V(x)ePAV(x)= V(x,C)= C{sgn U(x)}*expJIn| U(x) | A CeR) > V(xeN*):
([V(x) = ¥(x, C, C) > 0]} = {V(C; ERA]»‘ Li..on—1aneNan>1)3IXx)e
ePAX(x) = X(x,C, C, Cy, ..., C,y)) = V(xEN*) [X(x + n + 1) X(x) =
— X(x + ) X(x + 1) = O(x) X(x) X(x + D]}

3. {I(P(x) A Q(x)e P) > V(x eN*) : [P(x) = 0AQ(x) = 0] A H(CeRAC +0) >
> V(xeN#*) : [C{sgnC}*C* > 0aCeR]} = {V(C;eRAj=1,...,n = lAne
eNa>1)I(X(x)e PAX(x) = X(x,C,C,Cy,...,Cpuy)) = V(xe N¥) 1 [X(x + 1+ 1).
LX(x) = X(x + n) X(x + 1) = 0]}

Pomocné tvrzeni:
V(P(X)A Q(x) e P) A V(C; e Rai=1,...,naneN)IX(x)e Pa X(x) =

= X(x, Cy,.... C,) = Z Cix"™ 1) - V(xeN*) : [A"Y(x) + [P(x) ~ 1].A"X(x + 1) =
i
= Q(x) A"X(x) A"X(x + 1]



Pozndmka (definice):
¥(neN) : [J'P(x) = JII" '"PX)]A J°P(x) = P(x)]

Véta 4.:

|
|

{3(}’(,\') AQ(x)eP) > VixeN*) : [P(x) + 1 A0(x) + 0]a3IX(x)e P) ~

- Y(CieRai=1,....naneN): [X(x) + i Cx" A 3(] In|l - P(x)|e

Q(x)exp(=JIn|1 — PN
P e s — o T V)
« Q(x)fgpf (=JIn|1 - P(x)])
= PO exp ) 1= Py ) e S

ACe R)}Q{V(C-GRAI' = 1,4..,n)3(X(x)ePAX(x)=X(x,C‘ ,,,,, C,) =

ePaY(x) = {sgn [l -

C]#OA

=]

Y(\) Z Cox" 1) - Y(x e N¥) 1 [A"X(x) + [P(x) — 1] A"X(x + 1) =

= 0L ATX() . AT (x 4 1 )]}

Ditkaz:
AP((x) A Q(x) e P) > Y(xeN*) : [P(x) + | A Q(x) * 0] A I(X(x) e P) > V(C;eRa
ai=1,..., naneN): [X(x) + Z Cx" 1} = {(A"X(x) + [P(x) — 1]A"X(x + 1) =

) A of P -1 )Q( R
= Q(x) A"X(x) A"X(x + 1)] <A X 1) + AX(Y) = Q0(x) A 1) +
L - _ ot
+ P(x) A"X(\j) = Q(x)) (A Y(x) + P(x) Y(x) = Q(x) » Y(x) = AXG) )1 .
. Y(C eR) E(Y(x) ePAY(x) = Y(x,C) = {sgn [l —P(x)]}*exp)in|l — P(x)|.
[J Q(x)exp (=JIn|1 - P(x)[)

[1 = P(x)] {sgn [1 = P(x)]}*

C] * 0) - V(x e N*) : [AY(x) + P(x) Y(x) =

= 0l
{A X(x) = Y( )} {V(C eRai=1,..., nAneN)E(X(x) X(x, C, C,
C) =1~ + Z Cx" )5 V(x e N*) 1 [A"X(x) + [P(x) — ]]A"X(x + 1) =

Y( )
= Q(x) A"X(x) A"X(x + 1)]}
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Pozndamky:
1. {E(P(x) AQ(x) e P) » V(xe N¥) : [P(x) = 0A Q(x) + 0] A I(X(x) e P) -
- V(CieRnai=1.., naneN): [X(x) + i Cx"" 1A I(JO(x) e P A JO(x) +

+C#0ACGR)A3( JQ(V)+C€P>} {V(C‘ eRai=1, n)i(X(x)e

e P aX(x) = X(x, C, Cy, +2Cx ") o V(x e N¥) ¢

oG =F JQ(x)+c
S[ATX(X) — AX(x + 1) = Q(x) A"X(x) A"X(x + 1)]}

0(x)

I(P(x) A Q(x) € P) > V(x e N¥) : [P(x) = | A Q(x) + 0]a 3(]"———~ ePa
AnE N)}:{V(Ci eRai= I....Jr)ﬂ(,\’(x)e PAX(x) = X(x,Cy,....C) =

= Y Cx""' v X{ = x + 1, Sy "
uﬂlC’l VXx+ )= Xx+ 1,C =} Q(

2 ) + Z Cx"~ ') -
Vix e N*) : [A"X(x) = Q(x) A"X(x) A"X(x + ])]}

Véta 5.:

B(P(,\)AQ(X)E P) = V(xeN*) :[P(x) + 1 A Q(x) % 0] A 3<Jln|l — P(x)| e }
\
|

Q()exp(=Jin| 1= PX)]) )A 3<U(\)e P A Ux) = Ux, C) =
[1 - P(x)] {sgn[1 — P(x)]}" “ )
= fsanl — PO - Q@) exp(=fin|l - P)])
= {sgn[l — P(x)]}"exp)in|1 P(x)[[ [~ PCo) sgn [ — P()L)* + C:l

rCe R)A A(JU(x, C)eP) » Y(x e N*) : [JU(x,C) + C>0ACeR]} =

]

A

:JV(CjeRAjz I...,aaneNan> 1)3I(X(x) e P A X(x) = X(x,C, C, !

Cy, ..., C)) — V(xeN*):l(X(x +n+2) - Xx+ 1) X(x +n+ 1)+
S P — (X o+ )= X)) Xx + D= - 00 l
HX(x+]+1) ]
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Diikaz:
{3(P(x) A Q(x) A X(x) € P) = V(x e N¥) : [P(x) + | AQ(x) # 0 A X(x) # 0]} =
= [V(MENA'I > l):[(()((x+n+ 2) = X(x + D) X(x +n + 1) + [Px) = 1].

X 4+ ) = X)X+ D) = 2 e (kD) -
_]]X(x+1+i)

—X(x + D)Xx +n+ DXx +m)Xx+n—1)...Xx + 2)+ [Px) = 1].

(XG44 1) = X)) X(x 4+ 1)L X+ 2 X(x + 1) = 0(x)) < (A 1‘[ X+ 140+
i=0
+ [P(x) — 1]A H X(x + i) = 0(x) < (A[A [T X(x + i) + P A T] X(x + i) =
i=0 i=0 i=0

= 0(x)) <= (AU + P(x) U(x) = Q(x) A U(x) = A Uo X(x + i))” ;
Y(CeR) I Ux)ePaAUx) = Ux, C) = {sgn[l — P} exp)In|]l — P(x)]|.

Qx)exp(=]In]1 = P()]) >q )+ AU 3= O
.[J [1 = P(x)] {sgn [1 = P91} + c] Y(xeN*): [AU(x) + P(x) U(x) = Q(x)];

{3JU, C)e P)aACeR) > V(xe N*) : [JU(x, C) + C > 04 f] Xx + i) =
i=0

=JU(x, C)+ C > 0]} ﬁjV(C,eRAj =1, ...,naneN)IX(x)eParXx) =
=XxC.CC,y,..., C"))AV(xEN*):{(X(x+n+2)—X(x+1))X(x+n+l)+

FIPG) — (X +n 4 1) — X Xee + D = 20
[IXx+1+1)

Pozndmky:

L {3(P(x)r Q(x) e P) » V(xeN*) : [P(x) # 1A Q(x) = 0]a3(JIn| 1 — P(x) | e
cP)aI(U(x)ePaUx) = Ux,C) = C{sgn [l — Px)]}*expJIn] 1 —Px)}|a
A CeR)AI(Ux,C)e P) - Y(xeN*): [JU(x,C) + C> 0 CeR]} = {V(C;eRn
Aj=1,., naneN)I(X(x) e PAX(x) = X(x, C, C, Cy, ..., C) » V(x e N¥) :

X+ +2) —Xx+ D) Xx+n+ D)+ [Px) — 1](Xx +n+1)—
— X)) X(x + 1) = 0}}
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2. {3(P(x) A O(x) € P) > V(x e N*) : [P(x) = 0 A Q(x) * 0] A 3(JO(x) € P A
APO(X)ePYAICA CeR) - V(xeN*) : [[?0(x) + Cx + C > O]} = |V(C;e Ra

Aj=1,...,naneNAn> 1)3(X(x)e Pr X(x) = X(x,C,C, C,...., C,)) —» V(xe
eNH:(Xx +n+2) — Xx+ D)Xx +n+ 1) —(X(x +n+ 1) — X(x)).

X+ D= o) ie A? ["] Xx + i) = Q(x)>
TTX(x+1+0) =
i=1 n

3. {3(P(x) A Q(x) e P) » V(x e N*) : [P(x) = 0 A Q(x) = OJAIC A C eR) —
> VY(xeN*:[Cx + C>0]} = {Y(C;eRaj=1,....naneN)IX(x) e Pa
AX(xX) = X(x,C, C,Cy,....C)) = VxeN*) : [(X(x + n + 2) — X(x + 1)) X(x +
+n4+ D)~ (X(x +n+ 1) — X(x) X(x + 1) = 0]}

4. {A(P(x) A Q(x) € P) > V(x e N¥) : [P(x) = | A Q(x) + 0] A 3(JO(x) € P) A
A3(CeR) » V(xeN*) : [JQ(x) + C > 0]} = !V(CjeRAjz l,...,naneNa

An>DIXE) ePAX(x + 1) =X(x+ 1,C,Cy, ..., C)) = VixeN® | (X(x +

0 e [Tx+1+4)=

+n+2) = Xx+ D) X(x +n+ D)=, -
i=0

H X(x+1+1)
=]0(x) + C:”

5. {3(PE)A Q(x) e P) - V(xeN*) : [P(x) = 1 A O(x) = 0]} = {V(CeRAC > 0
ACieRAj=1,..., nAneN)I(X(x)ePAaX(x) = X(x,C, Cy, ..., C)) > V(xeN*):

A+ +2) = Xx + D) X(x+n+ D) =0ie [[X(x + 1+ i) =Cl}
i=0

Véta 6.:

i {H(P(x)l\ Q(x)e P) > V(xeN*): [P(x) £ 1 AQ(x) * 0]A3<Jln| 1 -Px)|e
I
|

Pa) Ag(fc,)fﬂi:!}ﬁll,:,f(f),i) e p)A E(U(x) eP A UK = U, C) =

[1 = P(x)] {sgn[1 - P(x)I}"
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o) exp(=)In|1 - P)])
[1 = P(9)] {sen [1 = PRI}

= {sgn [l — PX)]}¥expfiIn|| ~ P(x)i[]
f + c] +0ACe R)A 3(1 Tf(ilT'C‘)“e P)» V(xeN*):[Jf——-’——+ C>0a

i rCe R]} = {V(C;eRaj=1,....naneN)IX(x) e P A X(x) = X(x,C,

C. CpvnCy) » Y(x e N®)  [(X(x + 1 + 1) — X(x)) X(x + 1) + [P(x) —
=X +n+2) - X(x + D)X(x +n+ 1) = 00)(X(x +n+2)—

= X(x + D(X(x + 1+ 1) = X)) [T Xx + 1+ D}
i=0

Diikaz:
{3(PEx) A Q(x) A X(x) € P) - V(xe N*)a V(e N): [P(x) + 1 A Q(x) + 0a X(x +
+ o+ 1)y F X = ]((X(x + o+ 1) = X)) X(x + 1) + [P(x) = 11 (Xx + n +

+2) = X+ D) X(x +n 4+ 1) = Q) (X + 1+ 2) — X(x + DY(X(x +n +

F1) = X)) TT X+ 0+ ) ‘”()((.\» - ”)i("'zf_')){(x oy P -

X(x + n | "
. X(;;‘—"-ﬁi—;:ﬂ))m- =0 [[ Xt + i+ D)
i
TN 40 +2) = X+ D)X+ 1+ 1) X(x +2)
I
TXGA 1) = X)X+ n) o X(x + 2) X(x 4 1) Q(x)>°
. R ! + [P(x)— 1] R ! - - =0x)\<=[A . ! +
Al X+ i+ 1) AT X(x + ) AT] X(x + i)
i=0 i=0 i=0

+ [P(x) = 1].

n

+ P(x) 717 o = QW) = [AUx) + P(x) Ux) = Q(x) » Ulx) =
ATT X(x + i)
i=0

1
AT XGx + i))]
i=0
Y(CeR)I[ Ux) e P rUX) = Ulx, C) = {sgn [l — P(x)]}*exp JIn |1 — P(x)|.

.[J 2 exp (=)l =PRI c] + 0) - VixeN¥) : [AUG) + P() U) =

[1 = P(x)] {sgn [1 = P(x)]}*
= Q)]
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{A [Txx+4) :ﬁéﬁ}={V(fe R): ['j:]o,\’(x +i) = 170(71’—6)— + C};

i=0

{B(FGR) aV(xeN*):[]-—U(T:ACT +C >0]}f» {(Y(C;eRaj=1,...,nAne

eN)I(X(x) e PAX(x) = X(x, C,C.Cy, ..., C)) » V(xeN*) : [(X(x + n + 1) —
- X(x)) Xx + 1) + [P(x) — N(X(x +n + 2) — X(x + l)) Xx+n+1) =

= 0X)(X(x + n + 2) — X(x + D)(X(x + n + 1) — X(x)) U Xx+i+ DY
Pozndmky:

L J3(P(x) A Q(x) € P) » V(xeN*) . [P(x) + 1A Q(x) = 0]a3(JIn|1 - P(x)| e
eP)AIUK)eP AU = Ulx, C) = C {sgn [l — P exp JIn|1 — P(x)| A
1 1

ACeRAC + 0)/\3(]'—»06—(7;)——6?)—» V(,\-EN*):[JTJTX—&)—+C>OA

A CER:I}:* {(Y(C;eRAj=1,....,naneN)IXx)e P rXx) = Xx C C,

Ci. ) C)) = Yxe N : [(X(x + 1 + 1) — X(0) X(x + 1) + [PO) — 1] (X(x +
+n+2) = Xx+ D)) X(x +n+ 1) =0)}

2. {El(P(x) AQ(x)e P) - V(x e N¥) : [P(x) = 0aQ(x) + 0] & 3(JO(x) € P) =

*) - o l - * .

S V(xeN*:[JQ(x) + C+0aCeR]a E(széml‘c—,-e P>- Y(x € N¥) :

:[j'j'Qﬁ(x;*qL-er C>0a C‘eR]}: MCjeRaj=1,....,naneN)I(X(x) e

ePAX(x)=X(x.C,C,Cy,...,C)) » V(xeN*)  [(X(x + n+ 1) — X(x)) X(x + 1) ~
—(Xx+n+2) = Xx+ D)Xx +n+1)= Q) (X(x +n +2) — X(x + 1))

(Xt a4+ D= X)) [] X+ 0+ DT
3. {E(P(x)AQ(x)eP)—-»V(xeN*):[P(x):()AQ(x) =0JAHCACeRAC+0)—

—»V(xeN*):[%+C> OJ}Q{V(CI-ERA]= L...,naneN)IX(x)e Pa

AXx) = X(x,C,C,Cy,...,C)) » V(xeN* : [(X(x + n+ 1) — X(x)) X(x + 1) =
—(Xx+n+2)— X+ 1)) X(x +n+ 1) =0}

* . — ] -
4. {E(P(x)AQ(X)EP) - V(re N*) : [P(x) = 1 A Q(x) #OJAH(Jﬁae P)a

- V(x e N*) :[J-Q(Lx)——i- C > OACER:I}fa V(C;eRaj=1,...,naneN).
CAXE) ePAXx+ D) =Xx+ 1L,C,Cy, ..., C)) = V(xeN*®) : [(X(x + n + 1) —
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- X)) X(x + 1) = 0(x) (X(x + n 4+ 2) - X(x + D) (X(x + n + 1) —
X)) [T Xx+i+ Die [TXx+i+1
i=0 i=0

1l

1
o * ¢
5. {3(P(x) A O(x) € P) » V(xe N*) : [P(x) = 1 A Q(x) = 0]} = {3 <X(x) ePa

A Z " + 1)A"“'X(x) =CAaCeRaneN)->V(xeN*)aVmeN): [(X(x +n+

i=0 1

+ D)= XX))X(x+ 1) = 0]}

Pesiove

TTPEOBPA3OBAHUE HEKOTOPBIX HEJUHENHBIX
VPABHEHUWM B KOHEUHBIX PABHOCTBHAX
B HEOJHOPOJHOE JIUHENHOE YPABHEHMUE
B KOHEUYHBLIX PABHOCTBAX 1-T'O MOPAILKA

BIAAVMUP BITYEK

B paGore npexie Bcero nokaspiBaeTcs TeopemMa 00 cyuecTBoBaHuH M (hopme

06IIEro peluenust HEeJUHeHHOro ypaBHEHMS B KOHEYHBIX PA3HOCTBAX THNA
"

I1 X(x + /) = P(x), P(x) > 0,neN (npn noMoLuy ero TpanchopmaLiu b nHeiiHoe

j=0

HEOAHOPOJHOE Pa3HOPOCTHOE yPaBHEHHE M-TOTO TOPSAKA).

B nasnbHeiieM npeocTaBieHbl TEOPeMbI 0 IPeoOPa3OBAHUAK W CYLIECTBOBAHUH
ofLIEero pelleHHss HEKOTOPbIX THUIOB HEJMHEMHBIX YPABHEHHIT B KOHEUHBIX pa3-
HOCTBbSAX B JIMHEITHOE HEOIHOPO/HOE PA3HOPOCTHOE ypaBHEHUE 1-ro nopsiakKa, Koraa
MO/JCTAHOBOYHON (yHKUMeH mpucyleil TpaHchopMaImu rIaBHBIM 06pa3oM sB-

n

AseTCs cnokHas GyHKuus Bbipaxenus || X(x + /) WM ero KoHe4Has pasHOCTb.
j=o

146



		webmaster@dml.cz
	2015-03-16T14:30:16+0100
	CZ
	DML-CZ attests to the accuracy and integrity of this document




