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TOM TAT:

Viéc diéu tra, phdn tich tai nan giao théng cé vai tro rdt quan trong trong viéc
nghién citu nguyén nhdan gdy ra tai nan va dwa ra canh bao ciing nhw tang cuong
hanh vi an toan giao thong. Tuy nhién, trén thuc té, cdc vu va cham giao thong
thudng rat phirc tap va kho xac dinh nguyén nhan giy ra va cham giita cac phuong
tién. Vi vay, viéc mo hinh hoa va phan tich céc yéu td x4c dinh tdc d6 va cham ¢6 y
nghia trong viéc phuc hoi tai nan giao théng phuc vu céng tac diéu tra, phan tich tai
nan giao thong. Trong bai bdo nay, ching t6i trinh bay phuong phap xac dinh van
tdc cua xe trudc va sau va cham béng moO hinh ma tran. M6 hinh dugc xay dung trén
co SO phan tich ton that dong nang khi va cham va sy bién dang tai bé mat va cham.
Két qua thuc nghiém dwoc so sanh voi luoc do tir phc”in mém PC-Crash dé danh gia
hiéu quad cua phwong phap.

ABSTRACT:

The investigation and analysis of traffic accidents play a very important role in
studying the causes of accidents and giving warnings as well as improving traffic
safety behavior. However, in reality, traffic collisions are often very complicated and
it 1s difficult to determine the cause of collisions between vehicles. Therefore, the
modeling and analysis of factors to determine the collision speed are meaningful in
the recovery of traffic accidents for the investigation and analysis of traffic accidents.
In this paper, we present a method to determine the vehicle’s velocities before and
after the collision using a matrix model. The model is built on the basis of the
kinetic energy loss in the collision and the deformation at the impact surface. The
experimental results are compared to the schema from PC-Crash software to show
the effectiveness of the method.

Tir khoa: tai nan giao thong, mo hinh ma trén, xac dinh van toc va cham
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1. GIOI THIEU

Tai nan giao thong duong bo 1a nguyén nhan thir 8 gay tir vong & moi lira tudi va
1a nguyén nhan tir vong hang dau cua tré em va thanh nién 5-29 tudi. Theo két qua
nghién ctru ndm 2018 ctia To chire Y té Thé giéi (WHO), s6 ca tir vong do va cham
trén duong 13 1,35 triéu ca tir vong mdi nam. Mic du con s6 nay kha cao va gia ting
hang ndm, nhung ty 1& tir vong do tai nan giao thong trén 100.000 dan van khong
d6i trong nhimg nim qua, & mirc khoang 18 ngudi chét. Tuy nhién, ty 18 tr vong
nay khong duoc phan b theo ty 1¢ giita cac khu vuc va qudc gia khac nhau. Céc
qudc gia ¢ thu nhip cao di ghi nhan ty 1¢ trung binh thap nhét 1a 8,3 trén 100.000.
Nguoc lai vdi con s6 nay, cac qudc gia thu nhap thap cé ty 1¢ tir vong do giao thong
duong bd hang nim cao nhét, trung binh 14 27,5 ca tir vong trén 100.000 - hon ba
lan muc trung binh cta cac qudc gia thu nhap cao. Khu vic Tay Thai Binh Duong
chiém 25% tong dan sb thé gidi, 25% tong sé phuong tién dang ky va 24% sb ca tir
vong do giao théng dudng bo trén toan cau (gan 320.000 ca tir vong). Ty 1é tir vong
do giao thong duong bd tai khu vuc cao thir tu trong s6 cac khu vuc caa WHO, véi
ty 1€ 1a 16,9 trén 100.000 dan.

O Viét Nam, nhitng ndm vura qua, linh vyc an toan giao thong da co nhiéu cai
thién, nho cac nd luc tir co quan quéan 1y cip Trung wong toi dia phuong, ciing nhu
nhiéu t6 chirc ¢6 lién quan. Tuy nhién, sé lugng TNGT va thiét hai do TNGT gay ra
cho nén kinh té van con & mirc cao.

Pic diém khac biét cta giao thong Viét nam 1a giao théng phu thudc xe may.
Nhu cau di lai cta ngudi dan tai cac khu vuc @6 thi van duoc giai quyét baé1 70-80%
lugng xe may. Co thé noi, tbe dd co gidi hoa nhanh chéng trong giao thong van tai,
dic biét 1a sy bung nd sir dung xe gan may va cac phuong tién co gidi ca nhan khac,
trong diéu kién han ché vé co so ha tﬁng va dic biét 13 sy han ché trong y thuc cua
nguoi diéu khién phuong tién va trinh do quan 1y giao thong 1a nhiing nguyén nhan
chu yéu dan dén cac vén dé vé giao thong d6 thi: 6 nhiém, un tic, tai nan giao thong.

Gan day, cuing v6i su phat trién kinh té, sé lugng phuong tién ting nhanh da lam
mat can bang gitta 3 yéu t6 gdm phuong tién, con ngudi va ha ting giao thong. Su
két hop cta ba yéu t6, hanh vi ciia ngudi dan, chat luong k¥ thuat ciia phuong tién
va co s6 ha ting chua dap ung duoc yéu cau phat trién da dan dén tai nan giao thong
ngay cang gia tang.

Céc giai phap trién khai thiéu dong bo va thiéu tinh hé thdng c6 thé khong mang
lai hiéu qua t6i da nhu mong doi. Nhiéu giai phap cai thién tinh trang mat an toan
giao thong dugc trién khai tén kém nhiéu chi phi nhung khong hiéu qua, phai loai
b6, tham chi co thé c6 tac dung tiéu cuc dén tam 1y.
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Pé hd tro c¢6 hiéu qua cac chinh sach, gitip trién khai cac giai phap dam bao an
toan giao thong, viéc phan tich/diéu tra tai nan giao thong 1a hét strc can thiét, no
khong chi gitip hiéu rd nhitng van dé chu yéu xay ra trong mot tai nan giao thong ma
con cung cip nhitng thong tin toan dién gitp cho viéc lwa chon hoic dwa ra nhimg
bién phap dam bao an toan. Viéc xac dinh dac diém cta hanh vi tham gia giao thong
trudc va/hodc trong cac tinh hudng xung dot va tai nan ggiao thong c6 thé cung cip
nhirng thong tin hitu ich vé dic diém ctia ngudi tham gia giao thong, phuong tién va
moi truong giao thong.

Trén thuc té, va cham gitra cac phuong tién dugc chia thanh hai loai va cham 1é€ch
tam va va cham gitra. Do phan xa tu v¢ cua nguoi 1ai xe trudce khi xdy ra va cham nén
hau hét cac vu va cham trén thyc té déu 1a va cham 1éch tam. Tuy nhién, day 1a dang
va cham phuec tap, khé du dodn nguyén nhan va cham, dic bi¢t 1a van tde clia cac xe
trude va cham. Vi vay, viéc mo hinh hoa va phan tich xac dinh van tdc va cham ¢6 y
nghia trong viéc khic phuc tai nan giao thong nham tim hiéu nguyén nhan vu tai nan.

C6 nhiéu loai nghién ctru vé mé hinh va cham hoic va cham dé xac dinh véan tc
cua cac phuong tién (Matthew va cong su 2022, Neades, 2013, Neades va Smith,
2011). Cong thirc phan tich mé hinh va cham bang Phuong phap phan tir hiru han
(FEM) voi d6 climg thuc dd dugc sir dung dé mo hinh hdéa mé phong giai doan
va cham hiéu qua vé mat thoi gian (Dario et al. 2018). Cac mo hinh hdi quy nhur
RARMAX, ARMAX va AR duoc str dung dé mo phong va cham gitta 6 t6 voi cot
va nhitng mo hinh nay c6 thé dugc st dung dé udc tinh cac thong sé hé thong vat 1y
cling nhu tai tao dong hoc 6 t6 bao gdm gia tdc, van tdc va luc nghién (Witold et al.,
2011). Hoat dong cta 6 to trong qua trinh va cham c6 thé dugc mo hinh hoa bang
Lo xo khoi (LMS) dua trén mot s6 khoi lugng va 10 xo roi rac cua vat liéu cé tinh
chit co hoc duoc xac dinh bﬁng cac thtr nghiém dong hoc (Deac va cong su, 2018).
Phuong phap thiét 13p cac thong sé ctia mé hinh va cham xe dugc mé ta va tiy chinh
mo hinh Kevil dé danh gia mic d6 nghiém trong ctia mot vu tai nan (Witold et al.,
2010). Phuong phap do luc hip thy sau va cham va tac dong cua do ctng cta xe
duoc thuc hién trén 93 tinh hudng va d kiém chung tinh chinh xac ctia phuong phap
(Wang va Gabler, 2007).

Trong khi nhiéu phuong phap tap trung vao viéc trich xuat nang lugng va dong
luong tir mot diém trong khu vuc va cham cta hai 6 to, phuong phap nay thiéu do
chinh x4c do thiéu gia tri tir mot diém khac. Bai bao trinh bay phwong phap udc tinh
van toc cta 6 t trudc va cham bang md hinh ma tran (James, 2016). Thay vi st dung
mot diém trong khu vire va cham, mo hinh ma tran két hop dong nang va dong lugng
clia timg diém dé udc tinh vén téc ciia 6 to. Tir sy bién thién ctia dong ning va dong
lugng trude khi va cham vai gid tri ciia ching trong va sau va cham, nguoi ta uéc
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tinh duoc van téc goc va van toc ctia 6 to. Uu diém ciia phuwong phéap nay 1a két hop
thong tin tor moi diém trong vung va cham, do dé dat dugc do chinh xac cao hon.

2. PHUONG PHAP NGHIEN CcUU

C6 nhiéu loai va cham, nhu duge mo ta trong Hinh 1. Qu4 trinh va cham bao
g6m hai giai doan: giai doan bién dang va giai doan phuc hoi. Khoang thoi gian bién
dang tir khi bat diu va cham cho dén khi vat va cham khong con bién dang. Trong
giai doan phuc hoi tir khi két thuc bién dang, cac vt khoi phuc lai hinh dang ban dau

cho dén khi két thuc va cham.

Hinh 1. Minh hoa cdc logi va cham 6 6. (a), (b) va cham ngwoc chiéu, (c), (d) va
cham ciing chiéu, (e) va cham vuéng géc, (g), (g) va cham xién

Pé x4c dinh chinh x4c loai va cham ctia mot vu tai nan cu thé, nguoi ta co thé dua
vao vi tri cudi cuing cta vy va cham va cac ddu hiéu trén xe cling nhu trén dudng. Vé
mit vat 1y, kiéu va cham c6 thé duoc chia thanh va cham hudng tam (khi phéap tuyén
chung di qua trong tdm ctia hai 6 t0) hodc va cham léch tdm (khi phap tuyén chung
khong di qua trong tam cua hai 6 t6). Thong thuong, cac vu va cham trén giao 10 va
va cham truc di¢n la va cham l€ch tdm, con va cham tir phia sau la va cham huéng
tam. Theo théng ké, hau hét cic vu va cham déu 1a va cham léch tAm nén trong bai
bdo nay s€ uu tién xem xét va cham 1éch tam. Mgt vu va cham 1éch tam hoac va
cham cao 1a mot dang phtrc tap cua tai nan 6 t6. Khi hai 6 t6 va cham, khong chi xay

ra chuyén dong tinh tién ma con xay ra chuyén dong quay, nhu mo ta trén hinh 2.
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Hinh 2. Dién bién vu va cham 6 t6 (James, 2016)

Trén thuc té, va cham 1éch tAm 1a mdt loai va cham phé bién trong d6 va cham
giira hai xe rat phtic tap do chuyén dong tinh tién va chuyén dong quay cua 6 t6 dién
ra cung mot lac. bé xay dung mo hinh va cham, mdi quan h¢ gitra cac 0 t6 dugc xem
xét. Pau tién, su thay doi dong ning gitra thoi diém ban dau va thoi diém cubi cing
cua vu va cham dugc moé ta theo phuong trinh:

| S | R
AE :(Emvaf +51wfwf)—(5mv[ v, +EIW[ w;)

Trong do6: m 1a khoi lugng cua 6 t6, v 1a vén toc sau va cham, wf la van toc goc
sau va cham, vi la van toc trudce khi va cham, w 1a van toc goc trude khi va cham va

v, =v,—Av w,=w, —Aw

b

Sau do, sy thay doi dong luong dugc tao ra trong vu va cham:

Ly
S = det =mAv
i

Mo6i quan hé gitra van toc va bién dang tai diém va cham véi sy bién thién nang
lugng da cho la VE:

AE=v,.s—as.s
AE =v,.s+as.s
Khi d6 van toc 6 t6 trude va sau va cham c6 thé udc tinh bang phuong trinh:

v, =(AE—as.s)/s
vp=(AE+as.s)/s
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3. KET QUA THUC NGHIEM
3.1. Thiét 1ap thi nghi¢m

Nghién ctru thuc hién mo6 phong mot vu va cham gitra hai 6 t6. Hai 6 to6 va cham
vudng goc voi nhau. Cac thong sd cua thi nghiém dugc thé hién trong bang 1.

Badng 1. Cdc théng s6 trong va cham léch tam vuéng goc

Tham sb Xe 1 Xe 2 Dbon vi
[ 1331 2740 Kg
[ (momen quan tinh) 1423 5890 kgm ?
~1.38cos 6’ ~1.825in29.7°
R (vj tri xung) ~1.38sin 6’ ~1.82¢0s29.7° I
0 0
cos30° —cos30°

S(vecto don vi xung) sin30° —sin30° Kg m/s

0 0
E (mat tong dong ning) 18.3 9,5 kJ
k (hé s6 hoan nguyén) 0,3 0,3

Céu hinh cta 6 t6 tudn theo thi nghiém truéc d6 (James, 2016). Vi tri xung R va
huéng S duge dé lai dudi dang biéu thuc luong giac dé c6 thé d& dang hinh dung va
lién két cac vecto voi cac ngudn tham chiéu. Céc gia tri tiéu tan ning lugng xuat hién
riéng biét cho mdi 6 t6 mac du chi st dung tong ton that dong ning trong tinh toan.

Ngoai ra, m6 phdong cAu hinh va cham cua hai 6 t6 duogc thé hién trén hinh 3. O
t6 Nexia 55KW doi 1997 di chuyén véi van toc 30 km/h (16,5 m/s) va gia tbc phanh
1a 5 m/s2. AviaA21 N/4 di chuyén véi téc d6 30 km/h (16,5 m/s) va gia toc phanh 1a

S5m/s2.
(a) (b)

Hinh 3. M6 phéng va cham 6 6. (a) Piém va cham
va (b) chuyén dong ciia 6 t6 sau va cham
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3.2. Két qua thi nghiém

Két qua ¢ bang 2 cho thiy su thay d6i van téc cia xe trude va sau va cham theo
cac huéng trong mat phang 2D (m6 hinh va cham 1éch tim). Xe thtr nhat (dam truc
dién), van toc giam dot ngdt tir -7,57 xudng -1,57 theo phuong ngang, tuy nhién van
toc theo phuong nguoc lai ting nhanh tir 0 1én 3,8 1m/s. Twong tu d6i véi xe2 (xe bi
va cham), van téc doc giam di tuy nhién mirc giam khong qua nhiéu so véi xe 1 va
con xay ra van toc nam ngang cung hudng véi xe 1.

Bang 2. Van toc cua hai 6 to trudc va sau va cham woc tinh bang mo hinh ma tran

Carl Car2
Av, Avy;, = Av,, Vi Vi Av, Vai Vay
6.6 9.64 -3.04 —1.57 -3.04 0 -3.04
3.81 5.56 54 3.81 -1.75 7.15 54
0 0 0 0 0 0 0

Trong mo phong PC-Crash, van toc ciia hai 6 t6 ciing giam nhanh nhu hinh 4.
Chi tiét van tdc bién thién trude va sau va cham dugc thé hién & bang 3. Cac thong
s6 trong mo phong nay twong ty nhu cac thong s6 dau vao trong ma trin phuong
phap. Nhu trong bang 3, két qua mo phong cho thay sy twong dong vé sy bién thién
van tdc cua hai 6 t6. Khi va cham xay ra, van tdc cua 6 to1 gidm nhanh va xudt hién
tdc do chuyén dong ngang. Van tdc cia 6 to 2 van gitt nguyén hudng trudc khi va
cham va giam dan.

. vmnrhy v Tt . Seasa S mil o AH e | ECETR
-'--I..—I—\_

L a0 ¥ e i B fs B i OEL (£ 1 i [T ' e 7l i = L)

Hinh 4. Van toc cua hai o0 to sau va cham

249



Badng 3. Van toc cua hai 6 to trudc

va sau va cham woc tinh bang phan mém PC-crash

xel Car2
Avl Avli - AVZ[ Vi Vig sz Vai Var
6.38 8.76 -7.57 -1.8 —-2.38 0 —2.38
2.7 3.95 0 2.7 —-1.25 7.15 59
0 0 0 0 0 0 0

Két qua cho thiy van toc va cham 1éch tdm trudc va sau ctia hai 6 to sir dung
phuong phap ma trdn va PC-Crash kha giéng nhau. Piéu nay cho thay tinh kha thi
khi 4p dung phuong phap ma tran dé tinh van tdc trudc va sau va cham.

4. KET LUAN

Hé théng giao thong van tai [a mot hé théng phtrc tap, doi héi co6 sy van hanh tron
tru va phdi hop hoan héo giita cac thanh phan trong hé thong. Tai nan giao thong xay
ra c6 thé noi 1a két qua ctia mot 16i hodc mot sai pham cuia hé théng. Tuy cac con $6
thong ké chi ra rang, nguyén nhan din dén tai nan giao thong (& Viét Nam) da phan
1a do 15i ctia ngudi tham gia giao thong (nhu da noi & trén), c6 thé thay rang néu chi
riéng nguyén nhan d6 khong thé dan dén xung dot, chir chua nédi dén tai nan giao
thong. Cé thé lay vi du don gian nhu mot ngudi l4i xe phong nhanh, véi van tée vuot
qua van tdc cho phép theo luat. Néu dudng anh ta dang di 1a duong thang, khong co
giao cit, khong ¢ cac khic quanh mat an toan, khong ¢ cac chudng ngai vat (vi du
nhu, nguoi di bd ngang qua duong), k¥ niang lai xe tot, 1ai xe tap trung, v.v... thi xac
suét Xéy ra tai nan 1a rat thép. Nguoc lai, mot nguoi lai xe trong gidi han tdc d6 cho
phép nhung 14i xe mat tap trung, kha niang xu 1y tinh huéng kém, gip tinh hudng bat
thudong xay ra nhu gap khic quanh dot ngot, ngudi qua duong sai luat, v.v... thi tai
nan van c6 thé xay ra véi xac suét cao.

Cho dén nay, cac phan tich nguyén nhan dan dén tai nan giao thong da phan chi
thuc hién trén co s phan tich mdi quan hé don gian, mdt chiéu, chua thuc sy mo ta
dugc hét cac méi quan hé twong tac qua lai giira cac yéu t6 trong hé théng. Céac giai
phap bao dam an toan giao thong ciing trién khai trén co s& d6 nén trong rat nhidu
truong hop khong thuc su phat huy dugc hét hiéu qua nhu mong doi. Cac giai phap
diéu chinh hanh vi doi hoi phai co su phan tich nguyén nhan - két qua hanh vi cta
nguoi tham gia giao thong maot cach hé théng va khoa hoc dé ¢6 duoc hiéu qua lau
dai va bén viing.

Bai bdo trinh bay phuong phap udc tinh vén toc cia 6 to trudc va sau va cham
bang mo hinh ma tran. Van tdc dugc udc tinh dya trén su bién thién ciia dong luong
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va nang luong cua 6 t0, do d6 khong yéu cau tinh toan phirc tap va hé thong tinh
toan c6 cau hinh cao. Két qua ctia phuong phap ma tran duoc so sanh voi két qua
mo phong ctia phan mém PC-Crash cho thdy phuwong phap ma tran dat d6 chinh xéc
cao. Hiéu qua cua phuong phap rat hitu ich trong viéc xac dinh nhanh chong nguyén
nhan gay ra tai nan va con c6 thé dua ra cac bién phap canh bdo nham giam thiéu tai
nan giao thong./.
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