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Ó çàäà÷àõ ìîäåëþâàííÿ íåîáõ³äíî îö³íèòè ìîæëèâ³ñòü ñòâîðåííÿ ïðîñòîãî ãðàôà äî êîíñ-
òðóþâàííÿ éîãî ãðàô³÷íîãî ïîäàííÿ. Çàïðîïîíîâàíî ìåòîä «êîíñòðóêòèâíî¿ ïîáóäîâè ãðàôà», 
äîâåäåí³ òåîðåìè ïðî ãðàíè÷íó ê³ëüê³ñòü ìîæëèâèõ íåïåðåñ³÷íèõ çâ’ÿçê³â äëÿ ãðàô³â ç N âóç-
ëàìè íà ïëîùèí³ ³ íà ³íøèõ ïîâåðõíÿõ. Äîâåäåíî àíàëîã³÷í³ òåîðåìè ïðî ðîçôàðáóâàííÿ. 

b“23C 

a3äü- *е "C%! ä*3"=……  “3*3C…%“2S %K’G*2S" (ì…%›,…=) ""%ä,2ü äе *3 “3*3C…S“2ü 
ƒ"’ ƒ*S" S/=K% "Sä…%“,… ìS› …,ì, # “2!3*23!3. Š=*,L “C%“SK C%ä=……  S…-%!ì=öS_ C!% “,“-
2еì, …=ƒ,"=G2ü“  “2!3*23!…,ì “C%“%K%ì =K% “C%“%K%ì Kë%*-“.еì ÷, ìе!е›=ì,. 

l%›…= !%ƒãë …32, ƒ=ã=ëü…S ãе%ìе2!,÷…S L =ëãеK!=_÷…S "ë=“2,"%“2S ìе!е›, äë  2=*%ã% 
K=ƒ%"%ã% C%… 22 ,  * “3*3C…%“2S 2%÷%* ƒ’Gä…=…,. *!,"%ëS…SL…,ì, Kеƒ3C,……,ì, ä3ã=ì, 
(!еK!=ì,). qëSä ƒ=3"=›,2,, ?% C!, 2=*%ì3 !%ƒãë äS ä3ã, (ƒ"’ ƒ*,) ""%ä 2ü“  2Sëü*,  * 
C=!…S ƒ"’ ƒ*,. r öSL !%K%2S ="2%! %Kìе›,"“  …е%!SG…2%"=…,ì, L %ä…%ƒ…=÷…,ì, ƒ"’ ƒ*=ì, 
ìS› 2%÷*=ì, (ã!=-, Kеƒ *!=2…,. !еKе! S Cе2еëü). 

oë=…=!…,L ã!=- ƒ%K!=ƒ,ì% “,“2еì%þ …еCе!е“S÷…,. !еKе! …= Cë%?,…S. dë  …=%÷…%“2S 
ì%äеëеL !%ëü Cë=…=!…,. “.еì %÷е",ä…=. b%…, K3ä32ü %K’G*2%ì ä%“ëSä›е…… , ƒ=“…%"=…%ã% 
…= Säе_ ƒ…=.%ä›е……  ì=*“,ì=ëü…%_ *Sëü*%“2S ƒ"’ ƒ*S" ƒS ƒ=ä=…,ì, %Kìе›е…… ì,, = …е Cе-
!е!=.3"=……  K3äü- *,. ƒ"’ ƒ*S" ìS› еëеìе…2=ì, [1]. 

o!, öü%ì3 2=*,L CSä.Sä -=*2,÷…% ä%C%"…þG …=KS! ä"%. *ë=“,÷…,. CSä.%äS" C%K3ä%", 
ì=!ø!32S" (ã!=-S") …= “3*3C…%“2S "3ƒëS" %Kìе›е…,. äе *,ì, ",ì%ã=ì, %K.%ä3 (еLëе!%"S 
=K% ã=ìSëü2%…%"S ã!=-,) [2]. 

o%“2=…%"*= C,2=……  C!% ì=*“,ì=ëü…% ì%›ë,"3 *Sëü*S“2ü ƒ"’ ƒ*S" äë  äе *%_ *Sëü*%“2S 
!S"…%C!="…,. еëеìе…2S" ("3ƒëS") Cë=…=!…%ã% ã!=-= C!,C3“*=G, ?% ã!=- ì%›е K32, C%K3-
ä%"=…,L äе *,ì ìе2%ä%ì. o!%2е, 3 2е%!S_ ã!=-S" ƒ=ƒ",÷=L ",!Sø3G2ü“  C,2=……  C!% Cë=-
…=!…S“2ü "›е …= "…%ã% ã!=-=, …=C!,*ë=ä, C% L%ã% ì=2!,öS “3ìS›…%“2S (%Cе!=öSL…,L ìе-
2%ä, …=C!,*ë=ä, !е=ëSƒ%"=…,L 3 [3]) =K% C% …= "…%“2S " …ü%ì3 “CеöS=ëü…% ä%“ëSä›е…,. 
CSä“,“2еì, ?% …е C%ä=þ2ü“  Cë=…=!…,ì ã!=-%ì (…=C!,*ë=ä, ã!=-S÷…= 3ì%"= ì%›ë,"%“2S 
C%ä=……  ã!=-=  * …еCе!е“S÷…%_ ìе!е›S …= Cë%?,…S, 3 !=ƒS "Sä“32…%“2S *%›…%ã% ƒ ä"%. “Cе-
ö,-S÷…,. 2,CS" “C%ë3÷е…ü еëеìе…2S" [4]). `ëе, C!=*2,÷…е ",*%!,“2=……  ã!=-S÷…,. 3ì%" G 
ä%“2=2…ü% “*ë=ä…,ì, %“*Sëü*, “C%÷=2*3 C%2!SK…% C%K3ä3"=2, ä%“,2ü “*ë=ä…,L ã!=- S "“S 
L%ã% 2%C%ë%ãS÷…S Cе!е2"%!е…… , 3 2%ì3 ÷,“ëS äë  C%"е!.%…ü, ?% …е G Cë%?,…=ì,. 

r ",C=ä*3  *?% "“S n еëеìе…2S" “,“2еì, ƒ"’ ƒ=…S %ä,… ƒ %ä…,ì, *Sëü*S“2ü 3“S. C=! …е%!S-

G…2%"=…,. %ä…%ƒ…=÷…,. ƒ"’ ƒ*S" G *%ìKS…=2%!…,ì C%*=ƒ…,*%ì # *Sëü*S“2þ “C%ë3÷е…ü. 
g’ “3Gì% S…øS C%*=ƒ…,*,,  *S ì%›32ü K32, "=›ë,"S äë  !%ƒ3ìS……  “*ë=ä…%“2S ìе!е›S. 

2
nC

j%…“2!3*2,"…= C%K3ä%"= ì%›ë,",. ã!=-S" 

m=ä=ì% ",ƒ…=÷е……  “CеöS=ëü…%ã% !%ƒ!%Këе…%ã% …=ì, ìе2%ä3, ?% …=ƒ,"=G2ü“  ä=ëS 
&*%…“2!3*2,"…= C%K3ä%"=[ ", "ëе……  ì%›ë,",. ã!=-S" ƒ"’ ƒ*S" äë  “3*3C…%“2S "е!ø,… 
("3ƒëS"). 

dë  =…=ëSƒ3 “*ë=ä…%“2S ƒ"’ ƒ*S" 3 ìе!е›=. ",*%!,“2=Gì% 2=*,L “C%“SK _.…ü%_ C%K3-
ä%", (",C=ä*, …еƒ"’ ƒ=…,. 2%÷%* G ",*ëþ÷е…,ì,). qC%“SK %C,“3G2ü“  " ãе%ìе2!,÷…SL 
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S…2е!C!е2=öS_, %“*Sëü*, ìе2%þ ä%“ëSä›е……  G !Søе……  ?%ä% ì%›ë,"%“2S C%ä=……  ã!=-= 
CS“ë  C!,C3“2,ì,. Cе!е2"%!е…ü 3 ",ãë äS …еCе!е“S÷…%_ ìе!е›S …= C%"е!.…S, 2%K2% “=ìе 
 * ì%›ë,"%ã% ãе%ìе2!,÷…%ã% %K’G*2=. n÷е",ä…%, ?% ãе%ìе2!,÷…е C!=",ë% &*%…“2!3*-
2,"…%_ C%K3ä%",[ ì%›е K32, Cе!е2"%!е…% …= C%“ëSä%"…S“2ü Cе!еK%!3 "3ƒëS" 3 ì=2!,öS 
“3ìS›…%“2S. 

o!=",ë= *%…“2!3*2,"…%_ C%K3ä%", 

d%"Sëü…,ì ÷,…%ì C!%…3ìе!3Gì% "“S еëеìе…2,, ?% ì%›32ü K32, ƒ"’ ƒ=…S. 
o%2Sì, ",ø3*3Gì% " %K!=…%ì3 C%! ä*3 "“S еëеìе…2, (2%÷*,) S ƒ"’ ›еì% ƒ …,. C%÷=2*%-

",L ëS…SL…,L ë=…öþã ("Sä!Sƒ*=ì, C! ì,. …= !,“3…*3), ƒ’Gä…3þ÷, *%›…3 C=!3 еëеìе…2S" 
(k S k + 1); C!, öü%ì3 1-L еëеìе…2 ", "ë G2ü“  …= öü%ì3 е2=CS ƒ"’ ƒ=…,ì 2Sëü*, ƒ ä!3ã,ì, 
= …= %“2=……ü%ì3 еëеìе…2S ëS…SL…= C!%öеä3!= ƒ=*S…÷3G2ü“ . 

d=ëS ƒ"’ ›еì% (C%*=ƒ=…S ä3ã=ì,, !%ƒ2=ø%"=…,ì, …,›÷е S ",?е ëS…SL*, еëеìе…2S") еëе-
ìе…2, ÷е!еƒ %ä,… ( “…%, ?% 2=*,. ƒ"’ ƒ*S" ?е …е K3ë% !=…Søе). 

Š=*%› ƒ"’ ›еì% (…е Cе!е2,…=þ÷, ƒ C%Cе!еä…Sì, ƒ"’ ƒ*=ì,) еëеìе…2, &÷е!еƒ ä"=[, C%-
÷,…=þ÷, ƒ *!=L…S., ",?е S …,›÷е ëS…S_ (ƒ"’ ƒ*, C%*=ƒ=…S ƒS ƒë=ì%ì). r ƒ=ã=ëü…%ì3 ",C=ä-
*3 C%2Sì ƒ"’ ƒ3Gì% еëеìе…2, &÷е!еƒ 2!,[, &÷е!еƒ ÷%2,!,[ S 2. ä., !%ƒ2=ø%"3þ÷, "“S 
ƒ"’ ƒ*, …,›÷е =K% ",?е ëS…S_, 2=* ?% ä% Cе!ø%ã% L %“2=……ü%ã% еëеìе…2= ƒ="›ä, S“…3G 
CSä.Sä ƒƒ%"…S. n“2=……Sì K3äе ƒ"’ ƒ%* *!=L…S. еëеìе…2S" (Cе!ø%ã% L %“2=……ü%ã%). 

m= !,“. 1 …="еäе…= Sëþ“2!=öS  *%…“2!3*2,"…%_ C%K3ä%", Cë=…=!…%ã% ã!=-= äë  6 еëе-
ìе…2S" (= # C%÷=2%* C%K3ä%", ëS…SL…%ã% ë=…öþã= S ƒ"’ ƒ*S" ƒ= C!=",ë%ì &÷е!еƒ ä"=[; K # 
ƒ=*ëþ÷…S е2=C, C%K3ä%",). 

 
p,“. 1. lе2%ä *%…“2!3*2,"…%_ C%K3ä%",: 

=) C%÷=2%* C%K3ä%", ã!=-=; K) C%"…,L Cë=…=!…,L ã!=- 

g=3"=›,ì%, ?% …= !,“. 1K C%*=ƒ=…S …е "“S ì%›ë,"S ƒ"’ ƒ*,, …=C!,*ë=ä, "Sä“32…SL 
ƒ"’ ƒ%* ìS› 1 S 5. `ëе …= Cë%?,…S …е ƒ="›ä, "ä=G2ü“  ƒ"’ ƒ=2, еëеìе…2,,  *?% ƒ"’ ƒ*, 
C%",……S K32, …еCе!е“S÷…,ì,. d%C3“2,"ø, Cе!е“S÷…S ƒ"’ ƒ*,, ì%›…= ƒKSëüø,2, *Sëü*S“2ü ì%›-

ë,",. ƒ"’ ƒ*S" äë  n еëеìе…2S" (_.…G ÷,“ë% äë  6 еëеìе…2S" = 15). r *%…“2!3*2,"…%ì3 
",ƒ…=÷е……S *Sëü*S“2ü ƒ"’ ƒ*S" ëеã*% !=.3G2ü“  (3 …=ø%ì3 C!,*ë=äS "%…% ä%!S"…þG 12). 

2

2)і

6C

n“…%"…= 2е%!еì= *%…“2!3*2,"…%_ C%K3ä%",. j%…“2!3*2,"…% C%K3ä%"=…,L ã!=- äë  
K3äü- *%ã% ƒ=ä=…%_ *Sëü*%“2S n (  L%ã% еëеìе…2S" ì=G ì=*“,ì=ëü…е ÷,“ë% …еCе!е“S÷-
…,. ƒ"’ ƒ*S" Sƒ 3“S. ì%›ë,",. ã!=-S", C%K3ä%"=…,. …= n 3C%! ä*%"=…,. еëеìе…2=. …= 
Cë%?,…S. 

n

d%"%ä,2ü“  ö  2е%!еì= ìе2%ä%ì "Sä “3C!%2,"…%ã%, 2%ì3 ?% ƒ= K3äü- *%ã% C%!3øе……  
öü%ã% C!=",ë= *Sëü*S“2ü C%K3ä%"=…,. …еCе!е“S÷…,. ƒ"’ ƒ*S" K3äе ìе…ø%þ =K% ƒ=ë,ø,2ü“  
2SGþ › “=ì%þ. 

j%…“2!3*2,"…% C%K3ä%"=…,L ã!=- ì%›е K32, Cе!е2"%!е…,L ä% S…ø%ã% 2%C%ë%ãS÷…% е*"S-
"=ëе…2…%ã% ãе%ìе2!,÷…%ì3 ",ãë ä3. 

bë=“2,"%“2S S ƒ=“2%“%"…S“2ü ìе2%ä3 *%…“2!3*2,"…%_ C%K3ä%", äë  ","÷е……  …еCе!е“S÷-
…,. ƒ"’ ƒ*S" !%ƒ*!,"=þ2ü 2=*%› 2=*S ëеì,. 

kеì= 1. j%›е… ƒ"’ ƒ%*, C!%"еäе…,L C!, *%…“2!3*2,"…SL C%K3ä%"S, *!Sì Cе!ø,. 
ƒ"’ ƒ*S" &C% ëS…SLöS[, ",ë3÷=G ƒS “C,“*3 еëеìе…2S" ä%  *,. ì%›…= CSä"е“2, ƒ"’ ƒ%*, ?% 
…е Cе!е2,…=G2ü“  ƒ C%Cе!еä…Sì,, !S"…% %ä,… еëеìе…2 (Cе!е"%ä,2ü %ä,… еëеìе…2 3 "…3-
2!Sø…þ %Kë=“2ü ìе!е›S). 

kеì= 2. r *%…“2!3*2,"…SL C%K3ä%"S ã!=-= %“2=……Sì “2"%!þG2ü“  ƒ"’ ƒ%* ìS› Cе!-
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ø,ì S %“2=……Sì еëеìе…2=ì, “C,“*3. 
oS“ë  C%K3ä%", %“2=……ü%ã% ƒ"’ ƒ*3 …еƒ=ì*…32,ì, ("Sä*!,2,ì, äë  CSä"еäе……  

ƒ"’ ƒ*S") ƒ=ë,ø=2ü“  !S"…% 2!, еëеìе…2,: ä"= *!=L…S. S %ä,… "…32!Sø…SL еëеìе…2, (ƒ"е!.3 
=K% ƒ…,ƒ3, 3 ƒ=ëе›…%“2S "Sä C!%"еäе……  ƒ"’ ƒ*3 *!=L…S. еëеìе…2S"). 

d%"еäе……  ëеì 1 S 2 ƒ=“…%"=…% …= “=ì%ì3 C!,…ö,CS C%K3ä%", &÷е!еƒ ä"=[, &÷е!еƒ 2!,[, 
&÷е!еƒ ÷%2,!,[ S 2=* ä=ëS ä% ",÷е!C=…… . 

kеì= 3. r Cë=…=!…%ì3 ã!=-S ƒ ì=*“,ì=ëü…% ì%›ë,"%þ äë  …ü%ã% *Sëü*S“2þ ƒ"’ ƒ*S" 
ìS› еëеìе…2=ì, ("3ƒë=ì,) …еƒ=ì*…32,ì, (?% ƒ…=.%ä 2ü“  …= ƒ%"…Sø…SL ã!=…,öS ã!=-=, 
2%K2% …е %.%Cëе…,ì, ä3ã=ì, ƒ 3“S. K%*S") G 2!, S 2Sëü*, 2!, еëеìе…2,. 

kеì= G …=“ëSä*%ì %“…%"…%_ 2е%!еì, S ëеì, 2. 

rƒ=ã=ëü…е…= 2е%!еì= *%…“2!3*2,"…%_ C%K3ä%",. j%…“2!3*2,"…% C%K3ä%"=…,L ã!=- 
äë  K3äü- *%_ ƒ=ä=…%_ *Sëü*%“2S n ( L%ã% еëеìе…2S" ì=G ì=*“,ì=ëü…3 *Sëü*S“2ü …е-
Cе!е“S÷…,. ƒ"’ ƒ*S" Sƒ 3“S. ì%›ë,",. ã!=-S", C%K3ä%"=…,. …= n 3C%! ä*%"=…,. еëеìе…-
2=. …= %ä…%ƒ"’ ƒ…SL C%"е!.…S " е"*ëSä%"%ì3 C!%“2%!S e3. 

2)n і

Šе%!еì= ä%"%ä,2ü“  =…=ë%ãS÷…% %“…%"…SL 2е%!еìS S ä%ƒ"%ë G 3ƒ=ã=ëü…,2, C%… 22  Cë=-
…=!…%ã% ã!=-= ƒ …еCе!е“S÷…,ì, ƒ"’ ƒ*=ì, …= C%"е!.…S !Sƒ…,. 2,CS" (ö,ëS…ä!, *%…3“, *3ë , 
2%! S 2. S….), ?% ä%ƒ"%ë G ","÷=2, “,“2еì, ƒ"’ ƒ*S" 3 "SäC%"Sä…,. *!,"%ëS…SL…,. *%%!ä,-
…=2=.. 

oë=…=!…S ã!=-, ƒ ì=*“,ì=ëü…%þ *Sëü*S“2þ ƒ"’ ƒ*S"  
S !%ƒK,22  Cë%?,…, …= %Kë=“2S 

q2!3*23!3 2е%!е2,÷…%ã% CSä.%ä3 ä% %öS…*, ì=*“,ì=ëü…% ì%›ë,"%_ *Sëü*%“2S ƒ"’ ƒ*S" 
ƒ=ä=þ2ü 2=*S 2е%!еì,. 

Šе%!еì= 1. l=*“,ì=ëü…= *Sëü*S“2ü …еCе!е“S÷…,. …= Cë%?,…S C=!…,. ƒ"’ ƒ*S" 3 ìе!е-
›S ƒ n еëеìе…2S" ä%!S"…þG 

 3 2P n ,= −   äе . (1) 3n ≥

Šе%!еì= ä%"%ä,2ü“  ìе2%ä%ì ì=2еì=2,÷…%_ S…ä3*öS_ "Sä ",C=ä*3, ?% Cе!е"S! G2ü“ , äë  
2!ü%. еëеìе…2S", = ä=ëS, ƒ %ãë ä3 …= 
ëеì, 1 S 3, äë  n S n + 1 еëеìе…2S". 

 

p,“. 2. g=ä=÷= C!% !%ƒK,22  *=!2, %ƒ…=*  
S "SäC%"Sä…,L ã!=- ƒ"’ ƒ*S" 

bSä%ì= ƒ"’ ƒ=…S“2ü ƒ=ä=÷ C!% Cë=…=!-
…S ã!=-, S ƒ=ä=÷ C!% !%ƒ-=!K3"=……  
*=!2 %ƒ…=*, C!,ƒ"%ä,2ü ä% …е%K.Sä…%“2S 
","÷,2, "ë=“2,"%“2S !%ƒK,22S" Cë%?,…, 
…= %Kë=“2S. o!%“23 Sëþ“2!=öSþ ƒ"’ ƒ*3 
ƒ=ä=÷ …="еäе…% …= !,“. 2. 

òî÷êè ïîòð³éíîãî ñïîëó÷åííÿ îáëàñòåé

o!%2е, ã!=-, ?% "SäC%"Sä=G ƒ=ä=÷S 
!%ƒK,22  C%"е!.…S …= n ÷=“2,… ì=G ìе…-
øе ƒ"’ ƒ*S", …S› *Sëü*S“2ü …еCе!е“S÷…,. 
ƒ"’ ƒ*S" ìS› n еëеìе…2=ì, …= Cë%?,…S. 
l%›…= =…=ë%ãS÷…% -%!ì3ëS (1) ä%"е“2, 
2=*3 2е%!еì3. 

Šе%!еì= 2. “*?% Cë%?,…= " е"*ëSä%"%ì3 C!%“2%!S !%ƒK,2= …= n %ä…%ƒ"’ ƒ…,. %Kë=-
“2еL,  *S "“S G …е%Kìе›е…,ì, (2=*,ì,, ?% ìS“2 2ü …е“*S…÷е……3 2%÷*3), S " 2=*%ì3 
!%ƒK,22S ì=þ2ü ìS“öе 2Sëü*, C!%“2S ",C=ä*, “C%ë3÷е……  ã!=…,öü %Kë=“2еL (2%÷*, 
Cë%?,…, ì%›32ü 2%!*=2,“  …е KSëüø  * 3 %Kë=“2S), 2% ì=*“,ì=ëü…% ì%›ë,"= *Sëü-
*S“2ü ã!=…,öü ä%!S"…þG 
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 2 3,D n= − 3n ≥  äе .  (2) 

Šе%!еì= 2 2=*%› ä%"%ä,2ü“  ìе2%ä%ì ì=2еì=2,÷…%_ S…ä3*öS_, C%÷,…=þ÷, ƒ %÷е",ä…%-
ã% ",C=ä*3 2!ü%. %Kë=“2еL, = ƒKSëüøе……  *Sëü*%“2S %Kë=“2еL ì%›…= C%ä=2,  * !%ƒC%äSë 
%ä…SG_ ƒ %Kë=“2еL, ?% S“…3"=ë,, …= ä"S (?% 2=*%› ìS“2 2ü …е“*S…÷е……3 2%÷*3), ƒ %Kìе-
›е…… ì, ?% …%"= ã!=…,ö  …е ì%›е C%÷,…=2,“  3 "›е …= "…,. 2%÷*=. C%2!SL…%ã% 2%!-
*=…… . 



ÔÓÍÄÀÌÅÍÒÀËÜÍ² ÍÀÓÊÈ 

rƒ=ã=ëü…е…S Cë=…=!…S ã!=-, ƒ ì=*“,ì=ëü…%þ *Sëü*S“2þ ƒ"’ ƒ*S"  
S !%ƒK,22S" C%"е!.%…ü …= %Kë=“2S 

l=þ2ü C!,*ë=ä…,L “е…“ S KSëüø ãë,K%*S ä%“ëSä›е……  ?%ä% ã!=-S" S ?%ä% !%ƒ-=!K3-
"=……  äë  “CеöS=ëü…,. ",äS" C%"е!.%…ü (…= ö,ëS…ä!S, …= *%…3“S, …= *3ëS, …= 2%!S), ?% 
…=ä=þ2ü ä%ä=2*%"S ì%›ë,"%“2S !е=ëSƒ=öS_ ƒ"’ ƒ*S". 

p%ƒãë …еì% "SäC%"Sä…S ƒ=ä=÷S …= C%"е!.…S …е“*S…÷е……%ã% ö,ëS…ä!= (S 2%C%ë%ãS÷…% е*"S-
"=ëе…2…,. L%ì3). `…=ë%ãS÷…% 2е%!еì=ì äë  Cë%?,…, “C!="еäë,",ì, G 2=*S 3ƒ=ã=ëü…е…… . 

rƒ=ã=ëü…е…= 2е%!еì= 1. l=*“,ì=ëü…= *Sëü*S“2ü …еCе!е“S÷…,. C=!…,. ƒ"’ ƒ*S" 3 ã!=-
-S, !%ƒìS?е…%ì3 …= %ä…%ƒ"’ ƒ…,. C%"е!.… . 2%C%ë%ãS÷…% е*"S"=ëе…2…,. Cë%?,…,, = 2=-
*%› C%"е!.… ì ö,ëS…ä!=, *%…3“=, “-е!,, 2%!= " ìе!е›S ƒ n еëеìе…2S" ä%!S"…þG öSG_ *S-
ëü*%“2S …= Cë%?,…S, 2%K2% 

 , äе .  (3) 3P n 2= − ≥

)

3n

o!%2е, 2е%!еì, C!% !%ƒ-=!K3"=……  (!%ƒK,22 ) K3ä32ü "Sä!Sƒ… 2,“  "Sä Cë%“*%ã% ",-
C=ä*3. p%ƒãë …еì% !%ƒ-=!K3"=……  ö,ëS…ä!=, C%"е!.…   *%ã% ì%›е K32, C!еä“2="ëе…= 
 * ƒø,2,L ë,“2, …е“*S…÷е……,L 2Sëü*, " %ä…%ì3 …=C! ì*3 (S %Kìе›е…,L 3 ä!3ã%ì3 …=-
C! ì*3). 

Šе%!еì= 3. “*?% C%"е!.…S …е“*S…÷е……%ã% ö,ëS…ä!= !%ƒK,2S …= n %ä…%ƒ"’ ƒ*%",. %Kë=-
“2еL,  *S "“S G …е%Kìе›е…,ì, (2=*,ì,, ?% ìS“2 2ü …е“*S…÷е……3 2%÷*3), S " 2=*%ì3 
!%ƒK,22  ì=þ2ü ìS“öе 2Sëü*, C!%“2S ",C=ä*, “C%ë3÷е……  ã!=…,öü %Kë=“2еL (2%÷*, 
C%"е!.…S ì%›32ü 2%!*=2,“  …е KSëüø  * 3 %Kë=“2S), 2% ì=*“,ì=ëü…% ì%›ë,"= *Sëü-
*S“2ü ã!=…,öü ",ƒ…=÷=G2ü“  ƒ= -%!ì3ë%þ 

 , äе .  (4) 2( 1“D n= − 4n ≥

Päе_ ä%"еäе…ü 2е%!еì äë  C%"е!.%…ü, ?% …е G Cë%?,…=ì,, Lä32ü ä% ä%“ëSä›е…ü 
k. eLëе!%ì ƒ=ä=÷ C!% C!=",ëü…S K=ã=2%ã!=……,*, [5]. o%ìS2,ì%, ?% äë  %÷е",ä…%ã% ",C=-
ä*3 Dc = 1,  *?% n = 2 S C!%“2%ã% ",C=ä*3 Dc = 2,  *?% n = 3 -%!ì3ë= (4) …е ì%›е K32, 
ƒ=“2%“%"=…=, ÷е!еƒ ""еäе…е %Kìе›е……  C!%“2,. “C%ë3÷е…ü ã!=…,öü. 

m= "…S“2ü ",äSëе…%_ 2%÷*, ("е!ø,…,) "*=ƒ3G …= %“%Kë,"%“2S ƒ=ä=÷S C!% !%ƒ-=!K3-
"=……  *%…S÷…%_ C%"е!.…S. o!, öü%ì3, =…=ë%ãS  " !еƒ3ëü2=2=. K3äе ì%›ë,"= 2Sëü*, äë  
C%"е!.…S, 32"%!е…%_ %Kе!2=…… ì C!%ìе… , =ëе …е C! ì%_. l%›ë,"е ""еäе……  “CеöS=ëü-
…,. ",ì%ã ä% ã!=…,öü 3 "е!ø,…S *%…3“=, ?% …=ä=ä32ü S…øS !еƒ3ëü2=2, äë  ì=*“,ì=ëü-
…%_ *Sëü*%“2S ƒ"’ ƒ*S". b !%K%2S 2=*S ",ì%ã, …е !%ƒãë ä=Gì%, =ëе _.…  C!=*2,÷…= ƒ…=-
÷,ìS“2ü C!%Sëþ“2!%"=…= " [6]. “*?% › ""=›=2,, ?% "е!ø,…= *%…3“= …е ì=G %“%Kë,",. 
"ë=“2,"%“2еL, 2% *%…S÷…= C%"е!.…  2%C%ë%ãS÷…% е*"S"=ëе…2…= Cë%?,…S, S äë  …е_ 2=*%› 
“C!="еäë,"= 2е%!еì= 2. 

g C%!S"… ……  !еƒ3ëü2=2S" öü%ã% !%ƒäSë3 ",Cë,"=G, ?% -%!ì3ëþ"=……  C%äSK…,. 2е%!еì 
C!% ì=*“,ì=ëü…3 *Sëü*S“2ü ã!=…,öü C!, !%ƒ-=!K3"=……S 2=*,. ƒ=ì*…32,. C%"е!.%…ü  * 
C%"е!.…S “-е!, S 2%!= C%2!еK3G “CеöS=ëü…%ã% ""еäе……  3ì%" е*"S"=ëе…2…,. 3ì%"S C!% …е-
“*S…÷е……3 2%÷*3 …= Cë%?,…S =K% ö,ëS…ä!S. 

m=“=ì*S…еöü …е%K.Sä…% ƒ=ƒ…=÷,2,, ?% %C,“=…,L CSä.Sä ä% ä%“ëSä›е……  ã!=-S" S ƒ=ä=÷ 
C!% !%ƒ-=!K3"=……  *=!2 G =*23=ëü…,ì äë  C%“2=…%"*, C!,…ö,C%",. ƒ=ä=÷ ì=2еì=2,÷…%ã% 
L =ëã%!,2ìS÷…%ã% ì%äеëþ"=…… , ?% ",*%!,“2%"3þ2ü =K% =…=ëSƒ3þ2ü *ë=“,-S*=öS_ [7]. ` 
ã!=…,÷…S 3ì%", S“…3"=……  …еCе!е“S÷…%ã% ã!=-= ƒ"’ ƒ*S" ì%›32ü 2!=*23"=2,“   * %ƒ…=*= 
ì%›ë,"%_ KS-3!*=öS_ 3ì%" “2=…3 [8]. 

b,“…%"*, 

r !%K%2S ""%ä,2ü“  *ë=“ ã!=-S" …= *S…öе"SL *Sëü*%“2S еëеìе…2S", äë   *,. *Sëü*S“2ü !е-
=ëSƒ%"=…,. …еCе!е“S÷…,. ƒ"’ ƒ*S" ìS› еëеìе…2=ì, …= %ä…%ƒ"’ ƒ…SL C%"е!.…S G ì=*“,ì=ëü-
…,ì. p%ƒ!%Këе…,L C!,ä=2…,L ä% =ëã%!,2ìSƒ=öS_ C!,…ö,C &*%…“2!3*2,"…%_ C%K3ä%",[ 2=-
*,. ã!=-S". 

d%"еäе…% 2е%!еì,, ?% “2"%!þþ2ü “2!3*23!3 2е%!S_ ä=…%ã% *ë=“3 ã!=-S". d%"еäе…% äе-
 *S 2е%!еì, äë  ƒ=ä=÷ C!% !%ƒ-=!K3"=……  *=!2 %ƒ…=* =…=ë%ãS÷…S ƒ=ä=÷=ì C!% C%K3ä%"3 
3ƒ=ã=ëü…е…,. Cë=…=!…,. ã!=-S". 
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bSä%ì%“2S ?%ä% C!=*2,÷…%ã% ",*%!,“2=……  !еƒ3ëü2=2S" 2е%!еì C!% …еCе!е“S÷…S ã!=-, S 
C!% !%ƒ-=!K3"=……  *=!2 %ƒ…=* !Sƒ…,. 2,CS", ƒ=“…%"=…,. …= ä=…,. 2е%!е2,÷…,. ä%“ëS-
ä›е…… ., …="еäе…% " [6, 8, 9]. 
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