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T6i uu héa bidu d6 chay tau trong mang ludi dudng sét

8 TS.LE CONG THANH
Vién Khoa hoc va Cong nghé Giao thong van tai

TOM TAT: Bai bao dua ra vi dy tinh toan 1é vu khi
thiét 13p bidu d6é chay tau trén dudng sit vér muc
hiéu gidm thidu thar gian chifm dyng khi t8 chic
chay tau giba cac ga Viéc 1iét kiem thén gan trong
| viéc 18 chuc chay tau, trong nhibu trudng hop sé
gop phdn nang cao nang luc théng qua tién cac
doan tuyén ma khéng cdn phai ting thém kinh phi
déu tu

TU KHOA: Nang luc thong qua, db thi chay tau,
biéu dé chay tau

ABSTRACT: The article gives an example of
optimal calculation when sething up a train chart
on the railway with the goal of reducing the time
spent when running trains befween stahons.

Saving time In organizing the train operation,
in many cases, will contribute to improving the
capacity of passage on the sections without
Increasing the investment cost

KEYWORDS: Throughput capacity, train graphs,
train chart

1. DAT VAN DE

Van @é lap ké hoach giao thong dudng sét luén
dugc cac chuyén gia trong Nganh quan tam, dac biét la
vé biéu 68 chay tau bén vi biéu d6 chay tau thé hién gia
tri khong thé thay thé dudc trong viéc quan Iy va sip xép
lich trinh cda tau. Trén thé gidl, & cdc nudc c6 dudng sdt
phat trién cing nhu & Viét Nam diéu nay vin luén ding.
Khéng kh6 dé nghién cdu hé théng van tdi hang hda &
nudc ta hién nay va thay réng, cac tuyén duang sat can
phai dugc phat trién chiém vai trd 16n hon va chiém ti
trong cao hon trong tdng khéi luong van chuyén hang
héa cua dat nudc. VGi muc tiéu st dung hét cong suat
cac tuyén dudng hién ¢6 cén gidi quyét nhiéu van dé
phat sinh trong phat trién mang lugi dudng sit cing nhu
trang qué trinh van chuyén.

Viéc nhién ctu gidi phap t6i uu biéu dé chay tau cho
phép khong chi tranh chi phi bé sung ma con dat duoc
lai nhuan té1 da trong viéc van chuyén hang hoa.

2.NOIDUNG

Hé thdng duding sit thé hién nhu mét mang lien két
€6 cau tric khong ddng nhat. Khi xem xét chi tiét vé cau
tric clia todn bo mang lud dudng sat, ¢6 thé chiara nhiéu

phan cia mang lugi, khac nhau vé 58 lugng duéng ray,
cdu tric két néi véi cdc ga lap tau... Nhing van dé db doi
héi can céc cach tiép can khic nhau. Do 86, ¢6 thé dua ra
phudng thic hop ly gidi quyét cac van dé ndy nhu sau:

- Nghién clu tat ¢a cac tinh nang va dac diém caa
mang ludi dudng st trén cac Boan cla né;

- Xac dinh cac doan trén mang Ui dudng sit cb cdu
tric tuong tu nhau;

- Chia tat ca cac khu gian thanh cac nhém nhit dinh;

- Bua ra mot mo ta rd rang va dinh dang céng thirc
toan hoc cho ting nhém;

- Dé xuat cac thuat toan & gidi quyét cac van dé.

Vi cach phan [oal trén cia mang ludn dudng st sé
<6 mot s8 bai toan, dugc col |3 dan gidn theo nghia la sé
c6 mot dinh dang cong thdc todn hoc cy thé tén tai va
gidi dugc (trong mét s6 truaing hap ¢6 thé 13 cong thic
gan dung). Thoat nhin, dudng nhu mai bai toan nhu vay
Aéu dé dang dugc gidl quyét, nhung thuc té trén dudng
sdt Viét Nam khi xem xét bai toan don gidn nhét, ching
han nhu baij toan |&n @6 thi chay tau gia hai ga duoc két
néi bang tuyén duéing sét don, sé ndy sinh van dé.

Trong phan I4n cac bai todn nhan dugc sé phat sinh
cac ham muc tiéu: tang kha ndng thong qua cia mét
doan duding s&t, t3i da héa loi nhuan khi van chuyén cac
loai hang hoa, gidm thiéu tién phat, gidm thiéu su cham
tré cUa tau trén hanh trinh...

D€ dat dugc cac muc tidgu can phai Ung dung céc
thuét toan mai cho phép tim ra gidi phap tét nhat. Cac
doan dudng sét ¢6 s6 dusng han ché lam gidam kha ning
théng qua, nhat 13 trong trudng hop chi ¢6 mot dudng
nhu trén dudng sat quéc gia cUa Viét Nam. Cac doan nay
cla mang ludi dudng sat thudng lam gidm kha nang
thdng qua, do d6 né dugc goi 14 mot not that ¢d chai.
Trong bai bdo @é xudt thuat todn @6 t6i vu héa chuyén
dong cla cac doan tau trén mét doan dudng don coa
mang Iudi dudng sdt, Ung dyng G¢ gidi quyét bai toan
Van tai tai cac nut thét ¢6 chai.

2.1. Céng thic toan hoc cta bai toan that ¢ chai
trong mang lugi dudng sit

Xem xét van dé hinh thanh biéu dé chay tau gida
cac ga dugc két ndi vdi nhau bing dudng don.

Gid st réing da biét cac tham sé sau day:

N=NUN, - tap hap cac chuyén tau;

N, ={1, 2, .n}- tap hop cac chuyén tau dén nha ga
dau tién;

N, =(1,2,..m} -tap hap céc chuyén tdu dén nha ga
thu hai;

81



KHOA HOC CONG NGHE

$604/2020

- thai gian chuyén tau / (ieN)) dén nha ga thu
nhat de gufi @én nha ga thu hai;

r#- thas gian chuyén tau (€N, @én nha ga thir hai
ae gm dén nha ga thi nhat;

d'- thoi han dén chi thi cia tau i tir ga thu nhat @&n
ga thu hai;

- théi han @én chi thi cla tau j tir nha ga thi hai
dén nf\a ga thi nhat;

Gid sirréng d = > + p, se{l, 2}, p - thai gian van
chuyén cha tau ¢6 tai hang (gia st réng p - gia tri khang
d6i béng ty 1é khoang cach gidia hai ga vdi téc 46 chuyén
dong trung binh cta doan tau). Khi cdc doan tau di
chuyén ciing huéng giia céc doan tau chay ni tiép theo
cum, cén tuan thi diéu kién vé khoang gian cach § 2 0
don vithai gian.

Can phai s3p xép théi gian biéu m biéu dé chay tau
gida hai nha ga, tUdo tinh toan khoang thi gian S, § g
chuyén tauitinha gath nhat tdinha ga thir hai va (ucng
Ung chuyén tau j tir nha ga th hai téi nha ga thi nhat.

B1éu thi qua cong thuc C! = §' + p, C? = S+ p thai
gian dén cta chuyén tau d&n vi tri dsn nhan .

Cén phai tinh todn khodng then gian khai hanh ti
nha ga 1 dén nha ga 2 va nguoc lai, tu dé hop ly tdng thai
gian cham tré nhd nhat ctia cc chuyén tau.

Lua chon ham muc tiéu la tang thdi gian chgm tré
nhd nhat clia cc chuyén tau.

Ham t8ng thai gian chim tré ca lién quan dén cac
cdng ty dudng sat tham gia van tai hang hoa, vi trong
trudng hop khéng dap dng dugc thai han giao hang,
¢dng ty hoan trd tién phat, phat sinh tan thét.

* Gidi bai todn

Bi€u d6 chay tau duoc ch8p nhan trudc tién sé dugc
lua chon nhu sau. & budc dau tién, cac chuyén tau @én
tif nha ga thit hai sé duoc guii cing mét Juc vao thai diém
§, =1r2,d6ng thdi c6 d6 tré ban dau cla tat ca cac tau tai
gathuhall‘ (S) Vi

l/)‘ (I iy

Khi do (ac tau cla ga dau tién di khong cham tré
néur' < S - phodcs! =8 + p. Mat khac, tong @6 tré cia
cac tau cla ga dau tién sé bang nhau F(S), vor:

Flo=3 p=t;-n

i ={itt-p<r,<i+p}

Tiép theo, xét khoang thén gian (e 7. 1> §,. Chon §;
khi dat gid tri nho nhat cia ham muc tiéu F (1) = F'(1) +
F(0). V& i, - lich trinh thu dugc trong trudng hop nay.

¢} budc thir hai, sta thai gian khdi hanh tau m trong
trang thai S;', con dé cho m-1 chuyén con lai dat trong
khodng S, #* < 5 < S/, khi dat dudc gia tn nhd nhit
cua ham muyc tiéu,

Gid su da xac dinh cac thoi diém §; < ] <.
<8< S, gui chuyén tau tir ga 2 (khi do chuyén dau
nen (m k+1) duoc gm trong khoang thdi gian ;). Dat
<< rh < 7! khodng thai gian gun chuyen tau
cua ga déu tién, tuong Ung véi lich trinh r,, dudc sip xép
dbudck.
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& budc k+1 chinh sta thai gian gui chuyén tau §;
<8, £..5§;, § cha bén tha ha va danh cho m-k giir
lai th&si gian khai hanh, sép x&p khoang thai gian ¢6 thé
reT .}, <1<S,.Téng @6 tré cla cac tau cla ga thd hai
trong trudng hcp nay dugc nnh theo céng thuc:

L..(n»;( e ) Z(' 7

& day ta thdy duoc réng, lich teinh cac chuyén tau
clia nha ga ddu tién thay d6i nhu thé nao trong truéng
hop nay. Biéu thi bing /(1) = firi-psr? ’l+p} bg thai
gian khdi hanh cho cac chuyén tau cia ga dau tién, phai
thay @6i khi cac chuyén tau khdi hanh tir ga thi hai tai
thai diém t. Xac dinh lich trinh tau méi cho ga dau tién
nhu sau:

ok _re J' ).
=1 pkhi_1eJ' (1,8 -122p;
lr;_,.k}niieJ'(l].S: -1<2p,

Vig=max{ire ' ().

Téng d¢ tré cua cdc tau cla ga dau tén duoc tinh
theo cong thuc:

FL= Z(r -

Trong nhung khodng thdi diém reT,r], <1585,
chon mét gid tri, trong 46 dé dat dugc do tré nhé nhat
cho chuyéntau £, (1) = £ (1) + R, (1) Két qua I, chung ta
€6 duac mét chudi cac gid tr khong tang cia ham muc
tiéu cua bai todn £ 2 F, 2. 2 F, 2 F,, mdi trong s6 d6
tuong ung vdi mét lich trinh té1 uu.

2.2.Vidu tinh toan

Xem xét mét vi du minh hoa tién trinh cla thuat
toan. Truéc hét, chung 16i gidi thiéu dinh nghia sau:

*Binh nghia:

Batch(k,)) - tap hgp cum xe chifa k chuyén tau, khdi
hanh tlr ga xac dinh (1 hodc 2) trong cung mét khodng
thai gian S1, voi:

S = max P

Gid s mbt tap hop cac yéu cau ddn tau tai ga ddu
tién ¥, ={1, 2. ..n} va tap hop cac yéu cdu dén tau tai ga
thirhai V,=(1,2, ...mn}. Chang téi sdp xép tat ca cac yéu
céu ndy theo cac thoi diém nhan tang dan r va biéu thi
day di cac yéu cau do6 trong Hinh 2.1. Hinh vé sé dai dién
cho nhiéu hinh chd nhit giéng hét nhau, vi thai gian
tac nghiép la tuong duong nhau. Su khac biét gida cac
hinh chir nhat la chdng thudc vé cac ga khac nhau, do
d6 chung ¢6 thé duac phan biét mot cach cé diéu kién
bing mau séc.
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=
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Hinh 2.1



Hinh 2.1 cho thdy rdt nhiéu yéu cau 1,2,...,n 8én ga
2va nhiéu yéu cdu i-1,i...,m, dén ga 1 va Batch(n,)) - cdu
tric, 36 1a mot hinh chirnhét xép 16p ¢ n yéu cdu dén ga
2.Chi s3 ddu tién trong dinh nghia cho biét s3 lugng tau
trong 16, chi 5§ thi hai cho biét vi tri tuong d6i clia cac
tau clia ga dau tién i.

Vidu:

Gid st cac dac diém tau sau day c6 sin:

n=0 =l =3, =1 =25 =4, p=3(Hinh2.2)

Hinh 2.2 cho thay khoang thai gian khi tau dén ga.
Hinh trén mé ta cac doan tau cua ga 1. Hinh dudi - cac
doan tau cla ga 2.

L
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Hinh 2.2

Budc dau tién cin tao mét Batch, bao gém tat ca cac
tau clia ga thi hai - Batch (3,2). X4c dinh thdi diém khéi
hanh S = 4. Batch nay ¢6 chi s6 3 va 2,d6 13 3 tau va nhan
vi tri sau chuyén tau thu 2 cda ga dau tién (voi diéu kién
p 13 3 don vi thdi gian). Hdm muyc tiéu khi d6 sé bing 9.
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Hinh 2.3

& budc thirhai hinh thanh Batch, bao gém tat ¢a cc
tau ga thi hai - Batch (3,3). Xac dinh thai diém khéi hanh
c0ané S = 6. Botch c6 chisd 3 va 3,do 13 3 tau va nhan vi
tri sau chuyén tau thi 3 cGa ga dau tién (véi diéu kien p
12 3 don vi théi gian). Ham muc tiéu béng 1.

Lnon S(3,3)
o—o o ) -
< ¢ +
0 1 2 34567 89 t
Batch{3,3)
ry
v
0 1 2 3 4567 89 1t
$={0,1,3} $={6,6,6) F=11

Hinh 2.4

& budc thu ba, tién hanh tif cac két qua thu duge
bing céch chon gid tri nhd nhét cia ham myc tiéu (gia tri
9). Do @8, stfa vi tri cia chuyén tau mai nhat tu tap hap
cvanhagathihaidvitricogidtris= 4,Tiép theo ta xem
xét Batch tao nén tir hai chuyén tau cia nha ga thi hai. Ta
6 dugc Batch (2,0). Batch c6 chisé 2 va 0, vi né bao gém
2 thu va nhén vj tri sau chuyén tau thi 0 cia ga dau tién
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(vai diéu kién p 13 3 don vi thai gian). Ham muc tidu khi
d6 <6 gid tri bsng 18.

$(2,0) $1535%
[ i Y
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8atch(2,0) opt.
b 'y >
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0 123 %ZS 67 89 1t
$<{7,7,7) 2 5={2,2,4} F=18

Hinh 2.5

Thuc hién th tuc nhu vay dé dat dugc Batch (1,0),
ta sé tim thay tap hop gid tri clia ham muyc tiéu tuong
g véi cac vi tri khac nhau va cac tau ¢8 dinh khac nhau.
B3ng cach chon nhé nhat trong tap hgp trén, ta chon
dugc ra lich trinh t3i uu nhit.

Tim thay lich trinh t&i tu

A=0r =y =70 =407

Thuat todn nghich ddo:

Diéu quan trong can luu y 13 quy trinh duoc mad ta
hoat ddng vai cac tau clia ga tha hai. Bay gid, khi tao ra
céc 16 tau, bao gém cac tau cla ga dau tién, ta sé van
hanh vdi cac tau cla ga dau tién, trong mot s§ trudng
hgp, nhan duac gia tri thap hon ctia ham muc tiéu. Mot
bé sung can thiét nhu véy sé duoc goi la nghich ddo cla
thuét toan.

Vi vdy, trong vi du 1 trong budc dau tién chidng ta
s& hinh thanh "Batch’, bao gém tat ca cac tau cia ga dau
tién - Batch (3,0). Xac dinh théi diém khéi hanh clia né S
=3.Batch c¢b chis6 3 va 0, tuong Ung vdi 3 tau va nhan vi
tri sau tau thu 0 clia ga thi hai (voi diéu kién p la 3 don vi
thi gian) (Hinh 2.6).

. &

<
o 1 2 3 4

v Buteh(3.0)

5 6 7 8 9
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0O 1 2 3 4567 89 t
r: r e
Hinh 2.6

& budc thir 2 ta hinh thanh Batch, bao gém cac tau
clia nha ga thi hai - Batch (3,3). Xac dinh théi diém khai
hanh § = 7. Batch ¢6 cac d6i s6 3 va 3, v6i 3 tau nhan vi
tri sau tau thu 3 cla ga thd hai (vdi diéu kién p la 3 dan
vi th&i gian).

$6 lugng Batch la n?, vi vay d6 phuc tap cta thuat
toan la 0{n?) hoat déng.

r r} r} Batch(3.3)
<
O 12 2 34 567 89 t
4—0— 2 g
0 1 2 3 4567 89 t
r{ r? r’

Hinh 2.7: Thi nghigm tinh toén
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Bdng 2.1 cho thay két qua cUa mét thi nghiém
tinh toan so sanh két qua cua thuat toén truc tiép va
nghich dao.

Béng 2.1. So sdnh cdc gi3 trj cia ham myc tidu khi sir dung
N phuong phap true tiép va nghich déo cua thudt todn
58 chuyén thu Sé(.huyin“ﬁlilviu‘uhlmmuuﬂa Gl v co» hbm muetibu |
téinha ga th | thistéinhd | khi~két hop” cac chuyén | khi kbt hop” cic chuyén
‘ nhSt | gathirhai | thucdanhdgathirhal | thu eda nha ga thinhit
5 s ® 11

w_ | o | 38
\S—_-Al 15 - G—Sir
x| .
S B T 108
0 3 T 28
_ s 50 716
3. KET LUAN

C6thé dé dang nhan thdy ti bang réng cac gia tri téi
thiéu clia ham muc tidu (gia tri s6 duoc in dam) dat duac
khi cac tau cGa ga thu nhat va th hai duoc “két hap” vdi
nhau. Hon nifa, c&n xem xét dong thdi ¢3 hai huéng vao
ga. Luu y rang, trong moi trudng hap déu c6 thé 6 duac
giadi phap t3i vu.
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