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trén nén ¢ao su butadiene acrylonitrile ¢6 nhom cacboxyl cudi mach
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Tom tit:

Vit liéu mang ning lwong di thé (VLMNLDT) sé hiru nhitng wu thé vt tri so véi cac vat liéu mang ning lwong
khac. Chinh vi vy, viéc nghién ctru, phat trién loai vat li¢u nay dé tao lwc day cho vt thé bay 1a xu huéng tat yéu
trong linh vue khoa hoc quéin sy va vii tru. Bai bdo trinh bay két qua nghién ciru dnh hwéng ciia mét s6 yéu to
dén tinh chit cong ngh¢ va téc do chiy ciia VLMNLDT trén nén cao su butadiene acrylonitrile CKH-10KTP va
ammonium perchlorate (AP). Két qua cho thay, quy luit chay phu thudc vao ap suit cia VLMNLDT trén nén CKH-
10KTP va AP siéu min (dién tich bé mit riéng 2,61+3,85 m%g), sir dung xiic tic chay din xuit ferrocene. Nghién
ciru ciing xac dinh dwge ham lwgng chét xic tac chay - chit héa déo toi wu 1a 3,5+3,8%. Két qua nghién ciru 1 co sé
khoa hoc virng chic dé téi wu cic thong sé xa thuit, ning lwgng mac vét liéu mang ning lwgng, bo sung vao ngudn
dir liéu quoc gia vé thiét ké dong co vat thé bay.

Tir khéa: ammonium perchlorate siéu min, cao su butadiene acrylonitrile CKH-10KTP, din xuit ferrocene, vat liéu

mang nang lwong di thé.
Chi s6 phén logi: 1.3
1. Mé dau

VLMNLDT s¢ hitu nhiing uu thé vuot tri so v6i cac vat
liéu mang nang lugng khac, chinh vi vay, viéc nghién ctru, phat
trién loai vat liéu nay dé tao luc déy cho vat thé bay la xu hudng
tat yéu trong linh vurc khoa hoc quén sy va vii tru. VLMNLDT
1a h¢ polyme compos1te di thé c6 thanh phan gom: chat chay
- két dinh; chit 6xy hoa; cc chat chay kim loai, cac chét nd
manh (nhu hexogen, octogen); cac chit hoa déo, phu gia toe do
chay, phu gia cong ngh¢ va cac loai phu gia khéac [1-4]. Thanh
phan co ban cia VLMNLDT bao gdm:

Chét 6xy hoa (60+80%, theo khdi luong): La chét trong qua
trinh phan huy giai phong ra lugng 6xy tu do can thiét dé oxy
hoé cac thanh phan khac trong VLMNLDT. Mot s6 loai chat
0xy hoa thuong duoc str dung la: NH,CIO,, NH,NO, KNO,,
LiNO,, KCIO,, NOCIO,, NO,CIO,, N.H HCIO,, NH OClO

Chét chay - chat két dinh (10+15%, theo khdi lugng): Chét chay
két dinh dung trong VLMNLDT chu yéu 14 céc cao su dang long
(céc cao su co phan tir khdi thip - oligome) hodc nhya nhiét déo.
Hién nay, trén thé giéi thuong sir dung chu yéu cao su butadiene
acrylonitrile c6 nhom cacboxyl cudi mach nhu: CKH-10K TP, CKH-
18KTP va hydroxyl terminated polybutadien (HTPB).

Chét chay kim loai (5+18%, theo khéi lugng): Chit chay
ning lugng cao dang dugc dung phd bién trong VLMNLDT 14
cac bot kim loai, khi chay téa ra mot luong 16n nhiét. Cac kim
loai thong dung nhat 1a Al, B, Be, Zr. Cac chat chay ning lugng
thudng sir dung voi tong ham lugng khong vuot qua 25%.
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Chit hoa déo va cac phu gia khic (2+7%, theo khdi
lugng):

i) Chét hoa déo: Sy co mit ciia chat hoa déo trong thanh
phan VLMNLDT lam cho mét s6 tinh chat hoa 1y ctia vat li¢u
thay doi, giap giam do nhot, ting do déo va linh dong, giam
nhiét o thuy tinh hod. Mot s6 chat hoa déo con dong vai tro
chit phu gia tbc do chay. Cac chit hoa déo thuong duge ding
la: dioctyl sebacate, dibutyl phthalate.

ii) Chat phu gia toc do chay: La thanh phan dugc dua vao
VLMNLDT nhim muc dich diéu chinh téc do chay (tang
hodc giam toc do chay).

iii) Cac phu gia khac: Pay 1a cac chat 1ong hodc rin duoc
thém vao voi khbi lugng chi khoang mot vai phfin tram, thuc
hién chirc nang diéu chinh dic tinh cia VLMNLDT dé cai
tién chung (46 bam dinh, kha ning doéng rin...), cic thanh
phan phy gia nay co ban khong ting gia tri xung lugng riéng
cia VLMNLDT. Ngoai ra, trong thanh phan ctia mot sd
VLMNLDT hién dai c6 thé bo sung thém cac loai thudc
n6 manh nhu hexogen, octogen dé ting cic dic trung ning
luong cho vat lidu.

Di c6 nhing cong b lién quan dén anh huong ciia mot
s6 yéu té dén tdc d6 chay cuia VLMNL [5-8]. Cac phuong an
diéu chinh tc @6 chay VLMNLDT chu yéu bao gém: dua
vao thanh phan nhién lidu xuc tic chay, thay mot phan hodc
toan bo AP bang chat oxy hoa khac, thay di kich thudc ciia
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Abstract:

Heterogeneous energy-carrying materials possess outstanding
advantages compared to other energy-carrying materials,
therefore, research and development of this type of material
to create propulsion for flying objects is an inevitable trend in
the field of military science and space. This paper presents the
results of research on the influence of a number of factors on the
technological properties and combustion rate of heterogeneous
energy-carrying materials based on acrylonitrile butadiene
rubber CKH-10KTP and ammonium perchlorate (AP). The
research results show that the combustion law depends on
the pressure of heterogeneous energy-carrying materials
based on CKH-10KTP and ultra-fine AP (specific surface
area 2.61-3.85 m?%g), using a combustion catalyst ferrocene
derivative. The study also determined the optimal content of
combustion catalyst - plasticiser to be 3.5+3.8%. The research
results are a solid scientific basis for optimally determining
the parameters of radioactivity, energy of energy-carrying
materials, supplementing the national data source in the design
of aircraft engines, meeting requirements in the new context.
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chit chay va oxy hoa, ting ty 1& chat 6xy hoa trong thanh
phan, sir dung chét chay - chat két dinh va chat 6xy hoa hoat
dong mang nang lugng cao.

V.A. Arkhipov va cs (2011) [9] nghién clru énh hudng cta bot
nhom d xuc tac chay dén toe do chay thude phong hdn hop, sir
dung méac nhom Alex (dién tich bé mit riéng 13,9 m¥g) 1am ting
toc do chay cua thudc phong di thé 1,2+2,4 1an so voi chi sir dung
nhom mac ACD-4 (di¢n tich bé mit riéng 0,51 m%/g). Tuy nhién,
phuong 4n st dung mac nhom c6 tinh chit twong duong Alex véi
s0 luong 16n dé dap tmg quy mo cong nghiép lién quan dén yéu t6
cong nghé, gia thanh san phim, kha ning dim bao vat tw con kho
khan, do d6 nhom nghién ctru khong lya chon.
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Viéc nghién ctru dnh huong ciia mot s yéu t6 dén tdc do chay
cua vat liu mang nang luong dat ra bai toan hét stic phic tap, do
1a xay dung co so dé on dinh tinh chét xa thuat va thiét ké dong
co vit thé bay. Tinh chat chay cia VLMNLDT dugc céc nude co
cong nghé tén lira phat trién nghién ctu tir 1au. Tuy vay, d6i v6i
cac nghién ciru lién quan dén linh vuc quan sy, dén nay chua co
nhiéu cong bd vé anh hudng cua kich thudc hat AP, thanh phan xic
thc chay dén cac dic trung xa thuat va yéu t6 cong nghé dé ché tao
VLMNLDT cho ddng co trén nén cao su CKH-10K TP,

Mac VLMNLDT trén nén CKH-10KTP phuc vu ché tao dong
co xuit phat doi hoi c6 tde d chay cao (35-40 mm/s & ap suét 80
at), chay 6n dinh, nhiét luong 16n. Chinh vi vy, ¢6 thé lam chu
thanh phan mac VLMNLDT la myc tiéu 16n nht ciia nghién ctru
nay.

Tai Viét Nam, Vién Thudc phong Thubc nd 1a don vi tién
phong trong nghién ctu VLMNLDT. Mot 56 nghien ciru vé loai
vat liéu ndy cua Vién da duorc ap dung vao thuc tién, gop phan
quan trong trong ndng cao tiém lyc quan sy nude nha. Vién Thude
phong Thubc nd da nghién ctu dugc cac mac vat li¢u hoat dong
tin cdy 6 cac diéu kién khac nhau tir -50 dén +50°C, c6 chat lugng
tuong duong voi cac san phém cung loai trén thé gigi. Cac vat
liéu truoce day tiy theo yéu cau co toc do chay tir 1,0-13,5 mmys.
Tuy nhién, truoc yéu cau moi vé phat trién cac mac VLMNLDT
moi, viéc ndm 13 quy ludt chay ctia loai vét liéu méi nay dit ra
nhiéu thach thirc cho cac nha khoa hoc. Bai bdo nay trinh bay anh
hudng cia mot s6 yéu tb (ham lwong xuc tac chay, chit 6xy hoa)
dén tdc do chay cua VLMNLDT trén nén cao su phan tir khdi thap
(oligomer) butadiene acrylonitrile chtra nhom cacboxyl cubi mach
CKH-10KTP va AP.

2. D6i twong va phwong phap nghién ciiu
2.1. Thanh phan vit liéu mang ning lwong

Thanh phén chinh cuia VLMNLDT trong ndi dung nghién ctru
bao gom:

Cao su phan tir khoi thap butadiene acrylonitrile chira nhom
cacboxyl cudi mach CKH-10KTP. D nhét dong hoc ¢ 50°C
7,5+11,0 Pa.s, ham lugng nhom cacboxyl 2,8+3,0%, ham luong
tap chét khong tan trong chloroform <0,15%, ham am <0,2%, xuat
xtt chdu Au. Pay 1a chit chay - chat két dinh c6 chtra nito trong
thanh phan, trong phan tir ¢ CKH-10KTP phan bd khong gian
cua cdc nhom cacboxyl dong déu. Chat két dinh dang butadiene
acrylonitrile duoc dac trung boi do on dinh co ly, 40 nhay thép va
¢6 thoi gian sir dung lau dai.

Chat 6xy hoa AP: ham luong chat chinh >99,5%, xuit x& Vién
Thudc phong Thude nd. Dé danh gia anh hudng cua kich thude hat
AP dén tdc do chay VLMNLDT, hat AP dugc gia cong bang cong
nghé nghién khi dong theo cac ché do khac nhau dé dat cac gia tri
dién tich bé mit riéng.

Epoxy ED-20: ham lugng nhom epoxy 20-22,5%, ham lugng
ion C1'<0,5, xuét xt chau Au.
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Dioctyl sebacate (DOS): chat 1ong khong mau, khong co tap
chét co hoc, hé s6 axit <0,12 mg KOH/g chat chinh, nhiét do
bung chay khong 16n hon 215°C, ham luong chét dé bay hoi,
khong 16n hon 0,1%, mat d6 ¢ 20°C 1a 0,913-0,919 g/cm?, Xuét
xir chau Au.

Chi II oxit (PbO): dang ngoai, bot mau vang, ham lugng
chét chinh >99,0%, xuat xir M.

Aerosil: ham lugng am <1,5%, kich thugc hat trung binh
5-15 nm, xuét xit My.

Diethylferrocene: chat 16ng mau nau do, ham luong sat 22-
24%, ham lugng am khong 16n hon 0,05%, nhiét o bdc chay
125-140°C, d6ng vai trd chat xuc tic chay trong thanh phan
VLMNLDT, xuét x(r Viét Nam.

Bt nhom: bot dang cdu, ham lugng chit chinh >99,7%
nhom, dién tich bé mit riéng 0,51 m%g, xuét x& chau Au.

2.2. Phwong phap nghién ciru

Do dién tich bé mat riéng Brunauer-Emmett-Teller (BET):
Kich thu6c cta AP dugc phéan tich thong qua dién tich bé mat
riéng trén thiét bi Micro Active for TriStar II plus 2.03 (My),
cac mau AP duoc siy kho ¢ 100°C trong 6 gio trude khi tién
hanh phan tich.

Céac miu VLMNLDT dugc ché tao trong thiét bi tron chan
khong: nhiét do tron 25+75°C, toe do canh khudy 10+20 vong/
phut, toe do truc khudy 5+10 vong/phit, thoi gian tron 5 gio. HO
nhién liéu dugc ép (cé hut chan khong) vao khuon tao mau do
toc do chay. Hoa rin mau theo chu trinh 70°C: 12 gio, 80°C: 12
gior va 90°C: 120 gio. Tong thoi gian héa ran 150+160 gio (tinh
ca thoi gian ting, ha nhiét). Cac mau nhién liéu (®8x80) sau khi
hoa ran duoc thao khoi khudn phuc vu do toe do chay ¢ ap sudt
khong d6i (hinh 1).

AL

Hinh 1. Mau thoi nhién lidu sau héa ran phuc vu kiém tra toc do chay.
Do xuyén kim dugc danh gia trén thiét bi K19500 (M§) theo
quy trinh kiém tra duoc Vién Thube phong Thude nd phé duyét.
Mau hé nhién lidu dugc ldy tir trong thiét bi tron ngay sau khi
tron ¢6 gia nhiét xong. Thoi gian kiém tra 30 s. Gia tri do xuyén
kim duoc 1y trén gia tri thang do. Do dan trai Kp la thong s6
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cong nghé chi sy thay doi twong ddi cua duong kinh ban dau
(30 mm) cta mau cao 30 mm trong thoi gian 30 phut, dudi tac
dung cua lyc trong truong. Téc do chay duoc xac dinh ¢ ap
suat khong doi 80 at bang thiét bi kiém tra toc do chay - bom
ap sudt khong ddi tai Vién Thude phong Thube nd (TCVN/QS
888:2019).

Dé danh gid kha nang lam viéc on dinh cta nhién liéu sau
khi Vién Thudc phong Thude nd da nghién ciru, thiét ké (dong
co nhién liéu rin hdn hop c6 bé day chay 125 mm), tién hanh
d6t thue nghi¢ém & cac nhiét do bao 6n 0, 20 va 50°C.

)P
3. Ket nua va ban luan

3.1. Anh hwéng ciia kich thwéc hat AP dén toc dp chdy
ciia nhién li¢u

Pé danh gia anh hudng cua kich thude hat AP dén toc do
chdy VLMNLDT, nhém nghién ctru d tién hanh tao mau trong
phong thi nghiém, st dung 4 loai AP kich thudc nhé: AP M1,
AP M2, AP M3 vi AP M4 (hinh 2). Thanh phan aerosil (0,06%
theo khdi luong AP) dugc dua vao trong thanh phin AP nhim
han ché sy dinh cac hat AP véi nhau. Aerosil trong mot sd
truong hop mang hiéu Gmg chit xuc tac chay va 1am gidm san
pham pha rin trong qua trinh chay trong dong co cua vat liéu
nay [9, 10].
(A) (B)

Hinh 2. Chuan bj mau thi nghiém. (A) Mau AP mac siéu min dé kiém tra dién
tich bé mét riéng; (B) Thiét bj tron mau chan khéng mini.

Thanh phéan va tinh chat cta cic mau AP nay duge mo ta
O bang 1.

Bang 1. Thanh phan va tinh chat ciia mau AP mac siéu min.

Thir ty  Thong sb MauAPMI  MAuAPM2 MAuAPM3 Mau AP M4
1 Dién tich bé mt riéng (mg) 0,72 2,61 3,85 5,70
2 Kich thudc hat trung binh (um) ~ 9-10 53 42 35

Kich thudc hat AP anh huéng nhiéu dén toc do chay cua
nhién li¢u, tuy nhién dé tao hinh duge mau nhién liéu theo cong
nghé diic rot tw do doi hoi dam bao yéu td cong nghé rét cao [1,
2, 9-11, 12]. Bd dan trai khong nhé hon 0,3 va do xuyén kim
khong nho hon 280 don vi. Két qua kiém tra tbe do chay (ham
lugng xtc tac chay 1a 3,6%) dugc trinh bay ¢ bang 2.



Bang 2. Anh hwéng clia kich thwéc AP dén tinh chat cong nghé va téc do
chay VLMNLDT ().

Thit Méu thi nghi¢m
Tén chi tiu ; :
tw MiuAPMI ~ Miu AP M2

MiuAPM3  MiuAPM4

Ty I¢ tron AP méc siéu min/AP

L ients (oo K umg. 25 6 3068 664 3664 300
) DY dintii (Kp) 038 07 06 05 02 03
5 B el 40 35 30 % 275
g Tocdochiybdpsuardlui ), ) 65 B0 B0 40 400

Uy, (mms)

(*): thanh phan mac VLMNLDT: AP 66%, nhom 18%, xuc tac chay 3,6%, cao su
va cac phu gia khac 12,4%.

Trong nghién ctru ndy, nhém nghién ctru ya chon ty 18 khi
luong AP hat siéu min/hat to 1an luot 13 30/70, 32/68 va 36/64. bay
14 nhitng ty 18 nam trong dai AP hat nho/Ion 30/70+40/60 nhim dat
duoc tinh chét luu bién va mat do tot nhat [13].

Két qua thir nghiém cdc mac AP cho thy, theo chidu giam
cua kich thude hat AP, toe do chay cia VLMNLDT tang 1én. St
dung AP M1 (kich thudc twong duong mac PA7), dam bao t6t yéu
t6 cong nghé dé ché tao nhién lidu (d9 dan trai Kp=0,8, d0 xuyén
kim 340 don vi), tuy nhién gia tri tdc do chay thap hon theo yéu
cau U, =23,2 mm/s. Viée giam kich thuoe AP cho két qua 15 rét
(mau AP M2), dap ung dugce yéu cau dt ra trong viéc nghién ciru
miu VLMNLDT c6 te d6 chay cao 36,5-38,0 mm/s. Diéu ndy co
thé dugc giai thich ring, khi giam kich thudc, toc do phan huy cia
cac hat AP siéu min ting lén, ngoai ra 6 thé han ché hinh thanh
lién két AL-N giita phan tmg ctia AI+AP va AI+CKH-10K TP trong
VLMNLDT [11].

Viée tiép tuc giam kich thuée hat AP khong thay dbi nhiéu
dén tc do chay cia VLMNLDT (38+41 mm/s). Diéu nay c¢6 thé
do khi trén mau & quy md phong thi nghiém céc hat AP siéu min
¢6 xu hudng két dinh lai. Mt khic, déi véi mau AP ¢ dién tich
bé mit riéng 16n (miu AP M4), yéu t6 cong ngh¢ (Kp=0,2+0,3, d¢
xuyén kim 268+275 don vi) khong dap tmg dé ché tao miu nhlen
liéu theo cong nghé duc rét tu do. Theo P.D. Nhan (2010) [4], A
c0 kich thudc cang nho cang c6 do nhay va déap cao, 1a nguy co mét
an toan trong qua trinh gia cong hat. Do do, gi4 tri dién tich bé mat
riéng t0i wru clia mac AP siéu min dugc nhém nghién ciru lwa chon
la 2,61+3,85 m?/g (kich thudc hat trung binh 4,2+5,3 pm). Gia tri
ndy dugc st dung cho nghién ctru tiép theo vé anh hudng ciia xtc
tac chay dén tdc do chay cia VLMNLDT.

3.2. Nghién cieu anh hwong ciia dén xudt ferrocene dén toc
do chay VLMNLDT

Sir dung xuc tac chay 1a phuong an hiéu qua dé thay doi
toc do cia VLMNLDT. Trong mdt nghién ctru vé anh hudng
cua diethylferrocene déi véi nhién liéu réin hdn hop co ty 18 AP
thip (30+ 35%), diethyl ferrocene (trong vai tro la mot hop chat
hiru co' chira sit) 13 mot trong nhiing phuong an hiéu qua nhét
dé tang toc do chay cia VLMNLDT trén nén AP [11]. Ngoai ra,
diethylferrocene la chat long dé dang hoa tan trong nhiu cao su
tong hgp nén ngoai xtc tac chay hidu qua, no con dong vai tro chat
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héa déo, phuy gia cong nghé trong ché tao VLMNLDT theo phurong
phap duc rot tu do. St dyng hon hop dan xuét ferrocene 10% c6
the tng toc do chdy 1én dén 55 mm/s ¢ &p suat 100 at [11].

Trong pham vi bai bao ndy, chung t6i nghién ciu mac
VLMNLDT c6 ty 1& AP cao (66%), toc do chay 35+40 mm/s va
ché tao bang cong nghé diic rot ty do. Ty 1¢ thanh phan din xuat
ferrocene duoc lua chon dé nghién ctru 1a 1,0+4,0%.

Két qua thir nghiém kiém tra miu thi nghiém va thong s6 chay
& ap suét 80 at dugc trinh bay & bang 3 va hinh 3. Két qua cho théy,
khi cho thanh phan diethylferrocene vao, do xuyén kim va dan trai
tang 1én, diéu nay giai thich vai tro hoa déo ctia nd dbi véi vét liéu
trén nén cao su CKH-10KTP. Hai thong s6 cong nghé nay ting
khi tang ham lwong diethylferrocene tang, cac gia tri ndy dam bao
yéu cau theo phuong phap dic rot tw do khi ham luong dat gid tri
>2% (bang 3).

Bang 3. Anh hwéng cia diethylferrocene dén tinh chat cong nghé
VLMNLDT.

Thanh phan diethylferrocene (%)
10 20 30 35 38 40

Thi e ohi itn
fw

1 Do dantrai (Kp) 02 03 05 0,6 0,6 0,7

2 Do xuyén kim (don vi) 250 205 290 300 315 330

A
382 38,5

\
£\

Téc dd chay tai 4p su 4t 80 at (mm/s)
B R 8

0 1 2 3 4
Ham lwgng diethylferrocene (%)

Hinh 3. Anh hwéng cua diethylferrocene dén téc do chay VLMNLDT.

Nghién ctru anh huong cua diethylferrocene dén tinh chat chay
cia VLMNLDT (hinh 3) cho théy, diethylferrocene voi vai tro la
chét xuc tac chay lam tang te do chay cua nhién li¢u 18,1+40,1
mm/s khi ting ham lugng xtc tac chay 1,0+4,0%. Dac biét khi
tang ham lugng 1,0+3,0%, toc do chay tang dén 89%. Viée tang
xuc tac 3,0+4,0%, toc d chay ting cham 12,6%. Diéu nay co thé
dugc giai thich do khi tang ty 1¢ diethylferrocene nhiét luong sinh
ra giam, tir d6 lam gidm hiéu mg xic tac. Diéu nay phu hop voi
két qua ciia mot sd nghién clu trude day [3, 4, 11, 12, 14].

3.3. Thii nghigm dot trén djng co

Mac VLMNLDT nghién ctru thanh cong trong phong thi
nghiém duoc trién khai bang cong nghé duc rét ty do vao dong
co trén hé thiét bi tron dic quy mo pilot cia Vién Thude phong
Thude nd. Két qua thir nghiém dbt cho thy, dong co hoat dong
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6n dinh theo tinh ton, dat yéu cu cac chi tiéu vé ap suit, luc déy,
thoi gian lam vige cua dong co theo thiét ke (hinh 4). Day la co s¢
quan trong dé nhoém nghién ctru thuce hién cac nghién ctru sau hon.

< .8 e = e N
(A) Hinh anh téng 13p déng co.  (B) Hinh anh dét thir nghiém déng co
mau.
Ap suéit (bar)
100 {1
80 : : : f
60 v N
. | \\ N
R B E— A \
90 95 10,0 10,6 1,0 1,5 12,0 12,5
Thoi gian (gidy)

(C) Két qua dét thir nghiém dong co mau.

Hinh 4. Téng lap va dét thir nghiém dong co’ mau.

4. Két luan

Trén co sé khoa hoc va thyc nghiém, nhom tac gia da
nghién ciru dnh huong cta mot s yéu t dén toe do chay cao cua
VLMNLDT, tir d6 x4y dyng co s& xéc 1ap thanh cong thanh phan
{mg dung trong vét thé bay. Py 1a lan dau tién nghién ctru vé quy
luat anh hudng cua dién tich bé mit riéng AP (0,72-5,70 m%/g) va
thanh phan diethylferrocene (1,0-4,0% theo khdi luong) véi vai tro
1 chét xtc téc chay dén quy ludt tdc do chay cia VLMNLDT trén
nén cao su CKH-10KTP dugc tién hanh. Dac biét, s dung cong
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nghé trong nude dé ché tao thanh cong mac VLMNLDT dat toc do
chay trén 35 mm/s. Két qua nghién ctru 1a can cir dé xac lap ty 18
xuc tic chay tdi wu trong viée lya chon thanh phdn VLMNLDT c6
toc do chay on dinh va yéu to cong nghé dap tmg.
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