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The problem of studying the existence of disjoint cycles in directed
graphs has been studied since 1983 by C. Thomassen. In 2012,
Henning and Yeo extended the problem by studying the existence of
disjoint cycles of different lengths in directed graphs. To date, this
problem has yielded many profound and interesting results for different
classes of graphs, notably tournaments, k-part tournaments, local
tournaments, etc. In this paper, we will continue to study the existence
of disjoint cycles of different lengths for the class of incomplete arc
tournaments (which can be considered an extension of the class of
tournaments). The main result is the proof of several important
properties of the class of incomplete arc tournaments when they are
strongly connected, have a minimum degree of 3, and do not have
disjoint cycles of different lengths.
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Bai toan nghién ctru sy ton tai cac chu trinh roi nhau trong do thi co
hudéng dugc nghién cuu tor nam 1983 boi C. Thomassen. Nam 2012,
Henning va Yeo mé rong bai toan bang viéc nghién ciru sy ton tai cac
chu trinh roi nhau véi d6 dai khac nhau trong d thi ¢ hudng. Cho dén
nay, bai toan nay da thu dugc nhidu két qua sau sic va thi vi cho nhing
16p d6 thi khac nhau, tiéu biéu 1a cac 16p do thi giai d4u, do thi giai dau
k phan, d6 thi giai ddu bo phan,... Trong bai bao nay, ching t6i s& tiép
tuc nghién ctu sy tdn tai cac chu trinh roi nhau véi d6 dai khac nhau
cho 16p db thi giai dau khuyét cung (c6 thé coi nhu 1a mot mé rong cua
16p @6 thi giai ddu). Két qua chinh dat dwoc 1a chirg minh mot sb tinh
chit quan trong cua 16p d6 thi giai ddu khuyét cung khi no6 lién thong
manh, c6 bic ra nhé nhét bang 3 va khong c6 cac chu trinh rdi nhau voi
do6 dai khac nhau.

DOI: https://doi.org/10.34238/tnu-jst.15509

" Corresponding author. Email: maivtt@haui.edu.vn

http://jst.tnu.edu.vn

258 Email: jst@tnu.edu.vn


https://doi.org/10.34238/tnu-jst.15509

TNU Journal of Science and Technology 231(07): 258 - 266

1. Gi6i thiéu

Trong linh vyc khoa hoc may tinh va toan hoc, d6 thi c6 hudng dong vai tro quan trong trong
mo hinh hoa cac bai toan thuc té. Chung dugc tmg dung rong rii de gidi quyét hang loat bai toan
thuc tién, tir viéc thiét ké cau trac dir lidu, thuat toan tim dudng, sap xép t6-pd, cho dén viéc phan
tich mang x hoi hay phat trién cac bd may tim kiém.

Nghién ctru nay tap trung khao sat cac do thi c6 hudng voi tap dinh hitu han, khéng chua
khuyén, khong c6 cung bdi va khong ton tai chu trinh do dai bang 2. Gia st D=(V,A) 1a mot do
thi co huong véi V 1a tdp dinh Va Ala tdp cung. Pinh VeV goi 1a ldng giéng ra (twong ung,
lang giéng vao) cua dinh U eV néu (u,v) € A (tuong tng, (V,u) € A). Chiing ta ky hiéu tap tat
ca cac lang giéng ra (twong tng, lang giéng vao) cua U 1a Nj(u) hodc N*(u) (twong g, Nj(u)
hogc N~ (u)), d*(u)= \ N;, (u)\ (twong mg, d~(u) = \ NB(U)‘ ) g0i 14 béc ra (twong tng, bdc vaio)
cia u, min{d(u) JueV} (twong éng, min{dg(u)|ueV}) goi 1a bdc ra nhé nhdt (twong ing,
béc vao nhé nhdf) cia D. Néu u va v 1a hai dinh thudc V sao cho (u,v) € A hodc (v,u) € A thi ta
n6i U, v 1a ké nhau. Néu W <V thi d6 thi con ctia D cam sinh boi tap W duoc ky hiéu 1a D[W].
Do thi 6 huéng D =(V,A) goi la lién théng manh néu v6i moi cdp dinh phan biét u,veV déu
ton tai duong di tir u dén v va dudng di tir v dén u. Gia st C=(c,,C,,...,C,) la mot chu trinh
trong D, néu ton tai cung (Ci,cj ) €A vé6i |i - j| >1 thi ta néi rang chu trinh C c6 ddy cung.
Ngoai ra, cac khai niém khac vé do thi co huéng duoc trinh bay day du trong [1].

Do thi c6 huéng D=(V,A) goi la do thi gidi ddu néu véi moi cdp dinh phan biét u,veV déu
ton tai ding mot cung (U,V) hodc cung (v,u) thudc A. Chang ta ky hiéu dd thi giai dau 1a
T=(V,A).

Cho d0 thi giai ddu T =(V,A) va ee,,...6 la cic cung roi nhau thugc A. D6 thi c6 hudng
T = (V*, A*) goi la do thi gidi déu khuyét cung néu V' =V va A" = A\{eye,....e}.

T nhiéu thap ky nay, viéc tim kiém cac diéu kién dé ton tai cac chu trinh roi nhau trén dé‘ thi
¢ hudng lu6n thu hut sy cha y cua gidi han lam. Vao nam 1983, Thomassen [2] da chi ra rang
bat ky d6 thi c6 hudng nao thoa man di€u kién bac ra nho nhat tir 3 tr¢ 1€n déu s€ chura toi thiéu
hai chu trinh ro1 nhau. Du vy, két qua nay chua khang dinh dugc li€u géc c’hu trinh né’y cg’> do dai
khéc nhau hay khong. Mai dén nam 2012, Henning va Yeo [3] m6i d€ xuat gia thuy€t rang moi
d06 thi co huéng v&i bac ra nhé nhat it nhat bang 4 déu chura hai chu trinh o1 nhau cé d6 dai khég
nhau. Gia thuyét nay da dugc ching minh vao ndm 2014 boi Lichiardopol [4]. Nhu vay, v6i do
thi ¢6 hudng véi bac ra nho nhat bang 3 thi ton tai cac chu trinh roi nhau nhung d¢ dai cac chu
trinh nay c6 thé bang nhau hoic khac nhau. Trong Hinh 1 ching ta xdy dung do thi D 1a do thi

co tap dinh v (Dg) {Vo,Vy, e Vs, t, W} VA tAp canh
A(D])=AUAUAUA,
trong do:
A ={MV)lj =i =1(mod6)}, A ={(v;,v;)| j—i=2(mod6)}
A ={(t,v),(v,,W)|i=0,2,4} va A, ={(w,V,),(v;,t)]i =135}
Do thi D? 1a mét vi du minh hoa cho d6 thi c6 huéng voi bac nho nhit bang 3 nhung khong

ton tai cdc chu trinh roi nhau voi d¢ dai khac nhau. Trong thoi gian gan day, huéng nghién ctru
vé sy ton tai chu trinh roi nhau véi do dai phan biét dang dwoc nhidu tac gia quan tim nghién ctru
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va thu dugc nhiéu kéy qua séu sic. Gﬁp day nhéit’, co thé ké dén cdc cong bé nbi bat trén do thi
giai d@u, do thi giai dau hai phan [5], 516 thi giéi dau k-phan [6], d6 thi giai dau bo phan [7], do6 thi
giai dau tach cyc [8]-[10],... va mdt so0 16p do thi khac [11], [12].

Vo

Vg > Vi

Uy L)

V3
Hinh 1. D6 thi D}

Bfl‘i bao nay ti’ép tuc nghién ctru su ton tai cua c‘éc chu‘ trinh r&1 nhau voi d6 dai kbéc nhau cho
16p d6 thi giai dau khuyét cung. Chung ta chi y rang, do thi D} trong Hinh 1 1a d6 thi giai dau
khuyét cung (day 1a dd thi giai dhu khuyét cung c6 tap dinh 1a {V;,V;,...,Vg,t,W} va khuyét céc
cung (vy,V,), (V;,V,), (V,, V), (t, W) ) , lién thong manh, bac ra nhé nhat bang 3 va khong co cac chu
trinh ro1 nhau véi do dai khac nhau. Van dé dat ra trong bai bao nay 1a, ching ta s€ nghién ctru va

dua ra duoc mot s6 tinh chat chung cua do thi giai dau khuyét cung, lién théng manh, bac ra nho
nhat bang 3 va khong c6 cac chu trinh roi nhau voi d6 dai khac nhau.

2. Phwong phap nghién ciru

Cho db thj giai ddu T=(V,A) va e,e,...g (L<k sg) 1a cac cung roi nhau thudc A. Gia sir
T = (v, A*) 1a d6 thi giai ddu khuyét cung dugc hinh thanh tir d6 thi T =(V,A) bang cach bo di
cac cung €,6,..,6 . Trong bai bao nay, tir diy tré vé sau chung ta ludn gia thiét ring do thi
T = (V, A*) 1a d6 thi lién thong manh, bac ra nho nhét bang 3 va khong co cac chu trinh rdi nhau
véi 4o dai khac nhau. Khong mét tinh tong quit, ching ta gia s rang V ={v,V,,...V,},
€ =(Voiy, Vy;) hodc & =(Vy, Vo) V6i moi i=1,2,...k. Dat

Vi =(V1‘: V) Vo =V, Vg), ooy Vi =(Vaar Vo) Vi ={Vaiad Vi ={Vaks2ds - Vo ={Vn}-

(cht y rang, trong truong hgp n=2k thi Vi, =V, =...=V, =9¢).

ViT" =(V, A*) c6 bac ra nho nhit bang 3 nén theo [2], dd thi T ¢6 hai chu trinh roi nhau
C® va C!. Mat khac, theo gia thiét ciia chiing ta trong bai béo nay la T khong c6 céc chu trinh

roi nhau véi d6 dai khac nhau nén chic chian C° va C! c6 cung d6 dai, ta goi do dai do1a t = 3.
bit
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)
ct =(cécllct171)
V' =V \(v (c?)uv (cl)).

2.1. Mgt sé két qud co ban lién quan dén két qud chinh
) Béqg phuong phap tuong tu trong chirng minh cac két qua trong cac tai liéu tham khao (chi
tiét nhat la trong [6] va [8]), chung ta c6 mdt so khang dinh dudi day.

Khing dinh 1. Gid sir V' =V \(V(CO)uV(Cl)) #¢ va P=(U,Uy,...,U,) la mot duong di trong
T'IV']. Khi d6, néu U, c6 lang giéng ra trongV (P) thi (>t va U_y, la ldng giéng ra duy nhat
ciia U, trong V(P). Twong ti, Néu Uy c6 lang giéng vao thi (>3 va Uy la ldng giéng vao duy
nhat ciza Uy trong V(P).

Khing dinh 2. Gid sir P =(uy,U,,...,u,) la mot duong di trong T'N'1. Khi d6

(i) Néu Uy ¢6 mét lang giéng vdo trong V(C') thi U, cé nhiéu nhat mét lang giéng ra trong
V(C)) véi je{0, 1};

(i) Néu Uy ¢6 hai lang giéng vao trong V(C') thi U, khéng cé ling giéng ra ndo trong
V(C) véi jedo, 1

(iii) Néu U, cé mot lang giéng ratrong V(C!) thi Uy c6 nhiéu nhat mét lang giéng vao trong
V(CY) véi je{0, I;

(iv) Néu U, cé hai ling giéng ra trong V(C!) thi U, khéng cé ling giéng vio nao trong
V(C) véi jedo, 1

Khing dinh 3. Gia sz ueV'. Khi dé

(i) Néu (¢}, uye A" thi (u, cl)) e A",

(i) Néu (u, ¢}ye A" thi (cl,, u)e A"

Trong do, je{0, I}, i=12,...t-1, i1=1 va 1+1 duoc xdc dinh theo modulo t.

Khing dinh 4. Gid sir ueV' va u ké vdi tdt ca cdc dinh cia vV (Cl), je{0, B Khi dé

(i) Néu u ¢é mét lang giéng ra thugc V(C1) thi (u, v) e A" véi moi veV(Cl),

(i) Néu u ¢é mét lang giéng vao thuéc V(C') thi (v, u)e A" véi moi veV(Cl).

Khéng dinh 5. Cdc chu trinh C° va C* déu khéng c6 day cung.

Khing dinh 6. \v,|<2 véi moi pe{l, 2, ..., n—K}.

2.2. Mgt s6 bé dé lien quan d@én két qud chinh

Trong muyc nay, chiing ta s& phat biéu va chig minh mot s bo dé phuc vu cho viéc ching
minh ket qua chinh.

Bo dé 1. P dai t ciia cdc chu trinh C° va C* bang 3 hogc 4.

Chirng minh. Chiing ta chitng minh b6 dé nay bang phuwong phap phan ching. Gia sir t >5.
Néu ¢f vac ké nhau thi (cf,c5 ) e A hodic (c9,05)€ A. Do do (c§,¢3) (hodie (c9,65)) 1a mot
day cung ciia C°, diéu nay mau thudn voi Khang dinh 5 1a C° khéng c6 dy cung. Vi vay
cg vacy khong ké nhau. Tir d6 suy ra ton tai pefl, 2, ..., n—1} sao cho cf, ¢} €V, . Theo Khang
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dinh 6 thi |Vp| <2 nén cy zV,. Do do cd va ¢ ké nhau. Bang lap luan tuong tu nhu trén, ching

ta suy ra (Cg , Cg) (hodc (Cg , Cg) ) 1a mot day cung cua C°, tir d6 din dén tiép tuc mau thuin voi
Khang dinh 5. Vay, 3<t<4,

B6 dé 2. Gid sir V' #¢ va ueV'sao cho U c¢é nhiéu nhdt 2 ling giéng ra thugc

V(CYYUV(CY) va u c6 it nhdt 2 lang giéng vao thugc V(C1), j €{0,1}. Pat
X, ={veV'| Ton tai dwong di tiru dénvtrong T'V']}, Y, =V \ X,,.

Khi dé

1. Tontai uy,uq € X, Véi p#q saocho u, eV,,u, eV,

2. Mdi dinhthugc X, khéng cé lang giéng ra thugc V (C),

3. Moi dinhthugc V' khéng c6 lang giéng vao thugc V (C1™).

Chieng minh. 1. Hién nhién ue X, . Vi d*(u)>3 va theo gia thiét u c6 nhiéu nhét 2 ling
giéng ra thuoc V(C°)UV(C') nén ton tai veV' sao cho (uv)eA. Suy ra veX,. Dit
Up =U, Uy =V. V@y ta da chitng minh xong ton tai u,,u, € X, véi p#d saocho u, eV,,u, €V .

2. Giasir Ve X,,. Goi P 1a duong nam trong T'[V'] di tir u dén V. Theo Khang dinh 2 thi
V khéng c6 lang giéng ra thuoc V(C).

3. Giasirtdntai veV' saocho V c6 lang giéng vao thudc V (C'*). Ta xét cac trudng hop sau.

Truonghop 1. ve X,,.

Khi d6 t6n tai dudng P nam trong T'[V'] di tir U dén V. Goi Q=(u;,Us,...,u,) 1a dudng co
d6 dai 16n nhat trong nam trong T'[V'] v6i u; =Vv. Theo Khing dinh 1 thi U, c6 it nhat 2 lang
giéng ra thuoc V(C®) UV (CY), nhung ta vira chimg minh duoc U, khong c6 lang giéng ra thuoc
V(C)) (vi U, €X,), suy ra U, cé 2 lang giéng ra thugc V(C'™). Tir d6 suy ra mau thuin voi
Khang dinh 2.

Truong hop 2. VeY,:

Theo Két luan 1 vira dugc chang minh cta bd dé nay thi ton tai we X, sao cho (v,w)e A",
Goi P =(uy,Uy,...,u,) la dudng trong T'[V'] c6 do dai 16n nhat véi U =wW. Theo Khang dinh 1
thi U, c6 it nhat 2 lang giéng ra thudc V(C®) LV (C'), theo Khing dinh 2 thi U, khéng cé lang
giéng ra thudc V(C’). Suy ra U, c6 2 lang giéng ra thuoc V(C'*'), diéu nidy mau thuan véi
Khang dinh 2.

B6 dé 3. Néu t =4 thi u ké véi tat cd cac dinh thuge V(C°) LV (Ch) .

Chitng minh. Theo Khang dinh 5 va Khang dinh 6 thi cac chu trinh C°, C! khéng c6 day
cung va |Vp|32 v6i moi ped{l, 2, ..., n—k3}, do d6 ton tai P P, P3, Ps €L 2, ..., n—K} sao
cho{c, c9}=V,, . {c, c3}=V, , {c.cs}=V, . {ci,cs}=V,, . Vi ugV, WV, UV, UV, nén u ké
V6i tit ca cac dinh thude V(C%)uv (Ch).

3. Két qua chinh

Trong muyc ndy ching t6i s& trinh bay mot sé két qua nghién ctru chinh cua bai bao. Cac két

qué nay thé hién méi quan giita mot dinh thude V' véi nhing dinh thuge V(C®) UV (CY) .
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Pinh Iy 1. Gia sit ton tai pefl, 2, ..., n—K} sao cho V' NV, ={u}, (V(C°)LV(CH) NV, =¢.
Khi @6 (u,c?)e A" va (ct,u)e A" véi moi i=0,1..t-1, hogc la (c?,u)e A" va (u,cl)e A" Vi
moi i=0,1,...,t—1.

Chiéng minh. Vi uev, va (V(C®)UV(CY))NV, =4 nén u ké véi tat cd cac dinh thuge
V(CHuV(CY).

Trudce hét ta gia st u c6 lang giéng ra thude V(C®). Theo Khang dinh 4, (u,c®) e A" véi moi
i=0,1,...t—1. Vi u ciing ké véi tat ca cac dinh thuoc V(C') nén (u,ct) e A" hoic (ct,u)e A" Véi
moi i=0,1...,t—1. Ta gia str phan chiang rang (u,c’) e A" v&i moi i=0,1,..,t—1. Vi dd thi T lién
thong manh nén ton tai duong P =(uUy,U,,...,u,) $a0 cho u eV(C®)WV(CY), Up,..,u 4 €V va
u, =Uu. Tir day ta suy ra mau thuan véi Khang dinh 2. Vay, (c},u) e A" véi moi i=0,1,...,t 1.

Bay gio ta gia st rang u c6 lang giéng vao thuoc V(C°). Theo Khang dinh 4, (c®,u) e A" Véi
moi i=0,1,...,t—1. Vi u cling ké véi tit ca cac dinh thuoc V(C') nén (u,ct) e A" hodc (cl,u)e A"
v6i moi i=0,1,...,t—1. Ta gia sir phan chang rang (ct,u) e A" véi moi i=0,1,...,t-1. Vi d*(u) >3
nén ton tai veV' sao cho (u,v)eA". Goi P=(u,U,,...,u;) 1a dudng trong cé do dai 16n nhét
trong T'[V] véi U; =V. Khi d6 U, c6 hai lang giéng ra thuoc V(C°)uV(C), diéu nay mau
thuan v6i Khang dinh 2. Vay, (u,ch) e A" v6i moi i=0,1,...,t -1,

Tt Pinh Iy 1 va B6 dé 3 chung ta dé€ dang suy ra h¢ qua dudi day.

Hé qua 1. Néu t=4 thi (u,c®)e A" va (ct,u)e A" véimoi i=0,1..,t-1, hoicla (c0,u)eA”
va (u,¢l) e A" vGi moi i=0,1,...,t—1.

Pinh 1y 2. Gid st ton tai pe{l, 2, ..., n—k} sao cho V' AV, ={u}, (V(C*)uV(CH) NV, = 4.
Khi do

1. ton tai duy nhat j e{0, T saocho V(C')nV, ¢, t =3 va (u,ct) e A" v6i moi i=0,1,2,

2. Néu V€V, ={c)} thi (cl,,u).(cl,,u) e A", trong d6 ref0, 1, 2 va r+1 r+2 duoc
xdc dinh theo modulo 3.

Chiéng minh. 1. Vi |vp|sz, V' AV, ={u} va (V(C®)UV(CY)NV, #¢ nén tn tai duy nhat
ve(V(C®)uV(CH)NV,. Do d6 chi xdy ra diing mot trong hai truong hop veV(C°)nV, hoic
veV(CH) NV, . Nhu vay, ton tai duy nhat j {0, I} sao cho V(C')nV, = ¢ va v, ={u, v}

Giasirt = 4. Theo B dé 3 thi U k& vai tit ca cac dinh thudc V(C®) UV (CY), tic 1a u ké voi
v, diéu nay 1a vo 1y vi v, ={u, v}. Vay t=3.

Bing cach d6i tén cac chu trinh C°va C!, ching ta ¢ thé gia st rang v eV (C®). Bing cach
doi tén cac dinh thuoc V(CP), ta gia sir v=c). Do d6, u ké véi c?, ¢ va tat ca cac dinh thudc
V(Ch. Vi u k& véi tit ca cac dinh thugc V(C') nén theo Khang dinh 4, ta c6 (u,ct) e A" hoic
(ct,u) e A" v&i moi i=0,1,2. Gia st phan ching rang (ct,u) e A" véimoi i=0,12. Vi v=c eV,
nén c’,co zV,.Dodou k& v6i ca hai dinh ¢ va 3. Suy ra u c6 nhiéu nhat hai lang giéng ra
thuoc V(C°) LV (CY) . Do vay, ton tai weV' sao cho (u,w)e A". Dé& thay w va ¢ ké nhau. Theo
B6 dé 2 ta co (u,c),(u,c9),(w,cd) e A". Ciing theo BS d& 2, mdi dinh thudc V (C°) khong co6 lang
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giéng ra thugc V' nén mdi dinh thugc V(C°) c6 it nhét 2 lang giéng ra thuoc V (C'). Tiép theo, ta
xét cac truong hop dudi day.

Trirong hop 1. w ké véi tat ca cac dinh thudc V (Ch).

Theo Khing dinh 2 thi (ct,w) e A" véi moi i=0,1,2. Vi mdi dinh thuoc V(C°) c6 it nhat 2
lang giéng ra thugc V (C'), khong mat tinh tong quét ta gia sir (cJ,c5) e A™. Vi ¢ ¢o 2 lang giéng
ra thugc V(CY), nén ton tai z=cj sao cho (c9,z) e A". Ta co: (c9, ¢, w, c3) va (u, ¢, c3, z, u)
1a 2 chu trinh roi nhau c¢6 d¢ dai khac nhau (xem Hinh 2). Diéu nay 1a mau thuin véi gia thiét.

Hinh 2. M6 td mdu thudn trong Truong hop 1 ciia Két ludn 1

Trwong hop 2. w khong ké véi mot dinh nao d6 thudc V (CY).

Bang cach doi tén cac dinh thugc V(C'), ta gia sir w khong ké véi ¢. Do d6 w phai ké véi cf
va ;. Theo Khing dinh 2 ta c6 (c},w),(cs,w) e A". Vi ¢J c6 it nht hai lang giéng ra eV (C') nén
ton tai ze{c], cb} sao cho (cJ,z)e A". Vi ¢ c6 it nhét 2 lang giéng ra thuoc V(C*), nén ton tai
x#2 sao cho (c9,x) e A". Khi d6, (w, 3, z, w) va (u, ¢, c3, x, u) 1a 2 chu trinh roi nhau c6 do
dai khac nhau, diéu nay tiép tuc mau thuin véi gia thiét.

Nhu vay, ta da chitng minh xong (u,c’) e A” v&i moi i=0,1,2.

2. Bang cach dbi tén cac chu trinh C° va C* ta gia st j = 0. Bang cach dbi tén cac dinh thudc
V(C%) tagiasir r =0. Khido Vv, ={u,ad}, u ké véica c vac.

Trudc hét ta chang minh (c?,u) e A" hodc (c,u) e A". Gia sir phan chung rang (u,c?) e A" va
(ucd)eA™. Vi T" lién théng manh nén ton tai dwong P=(u,U,,...u;) sao cho
u eV(C®uv(Ch va U, =U,Uy,...,U;4 eV'. Piéu nay din dén mau thuan véi Khang dinh 2. Vay
(¢}, u)e A" hoic (cJ,u)eA".

Tiép theo, ta chang minh  (c9,u) e A" Gia sir (u,c2) e A". Theo ching minh & doan trén thi ta
¢6 (c2,u) e A", diéu nay mau thuan véi Khang dinh 3.

Cudi cung ta ching minh (c?,u) e A", Gia sir (u,c’)e A". Khi d6 ta co6 (c,u) e A", Xét hai
chu trinh (C°) = (u,c‘l),cg,u) va Cl. Ap dung Két luan 1 cua dinh 1y nay cho dinh cg va cac chu
trinh (C%), C! ta thu duoc két qua thi (c3,cl) e A" voi moi i=0,1,2. Tiép theo ta xét cac trudng
hop sau.

Truong hop 1. Tét ca cac dinh cua V (C') khong co lang giéng ra thuoc V'
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Khi ¢6 mdi dinh ciia V(C') c6 2 lang giéng ra thudc V(C°), tir d6 suy ra (c},c¥),(c},ch) e A"
V6i moi i=0,1,2. Do d6 ¢ c6 dung mot lang giéng ra thugc V(C) UV (Ch), suy raton tai veV'’
sao cho (c),v)eA". Vi veV, nén V va u ké nhau. Néu (vu)eA” thi (vu.clv) va
(3, cb, ct,c9,cd) 1a 2 chu trinh rdi nhau ¢6 @6 dai khac nhau, diéu nay mau thuin voi gia thiét
(xem Hinh 3). Do d6 (u,v) e A". Goi P=(uy,Us,...,u,) la dudng trong c6 do dai 16n nhat trong
T'IV] voi U =v. Khi d6 U, cé it nhat hai lang giéng ra thuoc V(C°) LV (C). Nhung theo
Khang dinh 2 thi hai lang giéng ra nay khong thé cling thudc V(C°), suy ra U, c6 mot lang giéng
ra thudc V(C'). Khong mét tinh tdng quat, ta gia s (u,c5) € A . Khi d6 (cS,ck,c0,¢d) va
(€, up,...up,€5,c1,¢0) 14 2 chu trinh ri nhau c6 d6 dai khac nhau, diéu nay mau thuan vai gia thiét.

u v

A

Hinh 3. M6 td mdu thudn trong Trirong hop 1 cua Két lugn 2

Trwong hep 2. Ton tai mot dinh cua V (C') c6 lang giéng ra thuoc V',

Bang cach doi tén cac dinh cua V(C'), chung ta gia sir rang ¢ c6 lang giéng ra weV' . Vi
Vv, =(u, cd) nén u va w ké nhau (vi weV,). Néu (w,u) € A" thi mau thudn véi Khang dinh 2. Do
d6 (u,w) e A", Goi P=(u,Uy,...,u,) la duong trong c6 do dai 16n nhét trong T'[V'] véi U =w.
Khi d6 U, c6 it nhat hai lang giéng ra thugc V(C°) UV (CY) . Theo Khing dinh 2 thi hai ldng
giéng ra nay khong thé ciing thudc V(C'), suy ra U, c6 it nhat mot lang giéng thude V(C°). Néu
1>2 thi C* va (u,w,...,u;,c9,cY,cd,u) (hoic (u,w....u;,c?,co,u), hoic (u,w,...u;,c3,u)) 1a 2 chu
trinh roi nhau c6 d6 dai khac nhau, diéu nay méau thudn véi gia thiét. Do d6 1=1. Khi d6 U, (lac
nay U, =U; =W c6 hai lang giéng ra thuoc V(C°), diéu niy mau thuin véi Khing dinh 2.

Nhu vay ta da ching minh xong Két luan 2 caa dinh 1y nay.
4. Két luan

Khao sat sy tdn tai cta cdc chu trinh roi nhau V(’)’i dd dai khac nhau trén (16 thi ¢c6 huodng la
mot chu d€ hap dan, mang tinh thoi sy va c¢6 nhi€u trién vong trong ly thuyét d6 thi hién dai. Cac
cong trinh trude day da khang dinh chat che€ rang: bat ky do thi ¢6 hudng nao voi bac ra nho nhat
tur 4 trg 1€n déu chac chan chira cac chu trinh roi nhau c6 d¢ dai khac nhau. Do do, tim diém
chuyén sang céc bai toan gidi han hon, cu thé 1a viéc giai quyét 16p do thi c6 hudng co bac ra nho
nhat bang 3. Trén thuc té, nhi€u thanh tyu dang ké da dugc cong bo xoay quanh chu dé nay voi cac
16p d6 thi ¢6 huong khac nhau. Ké thira dinh hudng do, bai bao di sau phan tich nhdém do thi giai
dau khuy€t cung. Budc dau, chung t6i da thict 14p va chimg minh thanh cong mét loat dicu kién can
cho 16p do thi nay trong truong hop do thi c6 bac ra nhé nhat bang 3 nhung khong chira chu trinh
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ro1 nhau nao c¢6 d6 dai khac nhau. Vé mat b6 cuc, Muc 2.1 cua bai bao chi ra cac tinh chét chung
ctia d6 thi khong ¢ cac chu trinh roi nhau voi d6 dai khac nhau (tir Khing dinh 1 dén Khang dinh
5). Muc 2.2 tap trung xay dung va chimg minh cac hé qua trung gian lién quan tryc tiép dén do thi
khuyet cung (tur Bo dé 1 dén Bo6 dé 3). Cac bo dé nay dong vai tro lam nén tang 1y thuyét c6t 15i dé
dua dén két qua quan trong nhat tai Muyc 3, dugc phat biéu chit ché thé hién qua Dinh 1y 1 va Dinh
ly 2. Trong cac dinh 1y nay, chiing t6i da phat biéu va chimg minh dugc mdi quan hé giita cac dinh
trong do thi khuyét cung lién thong manh, bac ra nho nhét bang 3 va khong ton tai cac chu trinh roi
nhau v6i do dai khac nhau. Trong thoi gian téi, ching t6i s& tiép tuc nghién ciru bai toan nay, hy
vong s€ xac dinh tron ven dic trung cAu triic cua cac do thi giai déu khuyét cung co6 bac ra nho nhat
bang 3 ma khong ton tai cac chu trinh roi nhau voi d6 dai khac nhau.

Loi cam on

Céac tac gia bai bao xin chan thanh cadm on Tap chi Khoa hoc va Cong nghé Pai hoc Thai
Nguyén va cac phan bién da c6 nhitng dong gbp quy bau giap cho bai bao dugc hoan thién mot
cach khoa hoc va day du hon. Nghién ctru nay dugc tai trg bai Pai hoc Cong nghiép Ha Noi
thong qua nhiém vu khoa hoc va cong nghé theo hop ddng sé 48-2025-RD/HD-PHCN. Chiing
t6i ciing chan thanh cam on DPai hoc Cong nghiép Ha Noi da tao diéu kién thuan lgi nhit dé
chung t6i hoan thanh bai bao nay, gop phan hoan thanh dé tai nghién ciru cip trudng “Su ton tai
c4c chu trinh roi nhau véi do dai khac nhau trong d6 thi giai dau tach cuc”.
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