DOI: 10.31276/VIST.66(3).01-05

Khoa hoc Tu nhién | Vat |y e

Sw tién héa ciia 16p vo hat nhan
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Tom tit:

Bai bio trinh bay téng quat vé b tri thi nghiém nghién ctru cAu triic ddng vi hat nhin khong bén trong viing tir /Cl
dén ®V ciia du an SEASTAR 3 cung véi s tién hoa ciia 16p vo hat nhan trong cac dﬁng vi giau neutron N=32 va
N=34. Két qua ning lwong kich thich dau tién ciia cac dong vi Cl, Ar va K xung quanh N=32, N=34 thu dwoc tir dw 4n
SEASTAR 3 di dwgc xdc dinh. Sy tién héa ctia 16p vé hat nhan trong cic ddng vi giau neutron N=32 va N=34 dwgc
giai thich 1a do dong gop ciia lwc tensor bén canh lwe xuyén tim va lwe spin - quy dao. Sw xuét hién ciia sé magic
neutron méi N=34 trong Ca dwgc giai thich l1a do anh hwéng ciia luc tensor proton-neutron di kéo neutron ¢ mire
of,, xudng thip hon mirc Ip,, din dén khong chi dio ngwoc neutron ¢ mirc Ip,, va 0f,, ma con lam d¢ r(f)n‘g khe
niang lwong giira hai mirc nay ting lén. Sy thay doi mirc ning lwgng ciia cac vé proton va neutron trong cac dong vi
Cl, Ar va K xung quanh N=32, N=34 giy ra béi luc tensor ciing dwoc ban luin trong bai bao nay.

Tir khéa: 16p vo hat nhan, lyc tensor, phd gamma ciia niing lwgng kich thich, SEASTAR.

Chi s6 phén loai: 1.3

1. Dat van de

Ké tir khi M.G. Mayer (1949) [1] va nhém nghién ciru
ctia O. Haxel va cs (1949) [2] doc lap d& xuit thém thanh
phan thé spin - quy dao trong nghién ctru cu tric hat nhan
nim 1949, miu v6 hat nhan di tro thanh 1y thuyét xwong
sdng clia cac nghién ctru cdu trac hat nhan. Mau vo mé ta
duoc dﬁy dua cac déc trung cAu triic cua hau hét cac hat nhan
bén va cac déng vi phong xa ty nhién da dugc biét dén, dic
biét 1a tinh bén cta cac hat nhan c6 s neutron (proton) 2,
8, 20, 28, 50, 82 va 126 (dugc goi la cac sb magic). Hinh
1 minh hoa so d6 phan 16p ciia cac nucleon trong hat nhan
theo mau vo. Sy phat trién ctia khoa hoc va cong nghé ngay
nay da giup chiing ta tao ra dugc cac dong vi giau neutron
(proton) m&i nim xa ving bén véi thoi gian sdng vo cung
ngan. Két qua cia cac thi nghiém nghién ctu ciu trac hat
nhan xa ving bén trong thoi gian gan dy da cho thdy su
xuét hién cta cac sé magic méi N=16 trong dong vi 2O [3,
4] va N=34 trong dong vi *Ca [5], ctng voi sy bién mat ciia
s6 magic N=28 trong dong vi “Si [6]. Ngudn gdc cua su
thay d6i s6 magic méi trong cac dong vi gidu neutron dugc
giai thich la do déc tinh cua lyc tensor da lam tach phan lop
0d,, raxaphanl6p Is, ,trong **O hodc dao phan 16p Ip, , va
phén 16p 0f; , trong *Ca [7, 8].
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Hinh 1. S’ dd mirc nang lwong trong mau vé hat nhan (gi¢i han dén
sb hat 50 nucleon), sy tach mirc nhan dwoc khi thém vao sé hang
spin - quy dao [1].

Trong nhitng nim dau thé ky XXI, nhiéu thi nghiém
da duoc thiét lap dé nghién cuu sy tién hoa cla cac lop
nucleon ngoai cung trong cac dong vi hat nhan giau neutron
xa viing bén. Tiéu biéu 1a cac thi nghiém do khdi lugng va
nang luong tach nucleon dya vao phuong trinh Einstein vé
mdi lién hé khdi lugng - ning luong, trong d6 khéi luong
duogc xac dinh tir ty sb giita khdi lwong va dién tich qua do
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Abstract:

This paper presents an overview of the experimental
setup to study the structure of unstable nuclear isotopes
in the region from “Cl to ®V of the SEASTAR 3 project
and the evolution of shell structure in neutron-rich
nuclei N=32 and N=34. The first excited energies of Cl,
Ar, and K isotopes around N=32, N=34 obtained from
the SEASTAR 3 project were determined. The evolution
of shell structure in neutron-rich nuclei N=32 va N=34 is
explained by the contribution of tensor forces in addition
to central and spin-orbit forces. The appearance of new
magic neutron N=34 in Ca is explained due to proton-
neutron tensor force that pulls neutron 0f5/2 lower than
1p,,level, leading to not only causes the spin inversion of
neutrons at Ip, , and 0f,, levels and enlarges an energy
gap between these levels. The change of proton and
neutron energy levels in Cl, Ar, and K isotopes around
N=32, N=34 driven by tensor force was also discussed in
this article.

Keywords: gamma spectroscopy of excite energies,
nuclear shells, SEASTAR, tensor force.
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l&ch cta céc ion trong truong dién tur [9]. Céc thi nghiém do
ph6 gamma tir cac qua trinh phan ra B [10] hodc tir cac phan
g hat nhan tryc tiép [3-6] cung cap cho chiing ta nhiing
thong tin vé nang lugng kich thich hat nhan, dac biét 1a nang
lwong kich thich cua trang thai 2* dau tién trong cac hat
nhéan chin - chin (day 1a thong tin quan trong dé xac dinh s6
magic mdi) [4, 5]. Bén canh do, cac phan Gmg hat nhan tryc
tiép con la mot cong cu quan trong dé tham do céac thong
tin cau trac khac nhu thoi gian séng cta cac trang thai kich
thich, 6 bién dang t&r cuc dién hat nhan thong qua cac phép
do cuong do dich chuyén dién tor B(cA) trong tan xa phi
dan hoi [11], hodc hé so phé ciia cac ham song don hat. Cac
phan mg truc tiép thuong duoc sir dung bao gdm phan tmg
chuyén nucleon [12], phan @ng loai trir mot nucleon [3] va
cac phan g but nucleon (p,2p), (p,pn) [13]. Dy an “Shell
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evolution and systematic search for two-plus energies at
RIBF” (SEASTAR) l1a mot du an hop tac khoa hoc 16n trén
thé gi61, cd su tham gia cua Viét Nam. Du 4n nay dugc thiét
lap va thyc hién tai Vién Nghién ctru RIKEN (Nhéat Ban) dé
nghién ctru sy tién hoa cua 16p vo hat nhan trong cac dong
vi gidu neutron qua phép do phd gamma kich thich tir cac
phan (ng hat nhén tryc tlep Trong bai bao nay, chung toi
trinh bay tong quan vé cAu tric cua cac dong vi glau neutron
xung quanh N=32, N=34 va cac két qua méi nhét thu duoc
tr cac thi nghiém nghién ctru cac trang thai kich thich qua
phé gamma trong dy 4n SEASTAR.

2. Déi tuong va phuong phap nghién ciiu

Dy 4n SEASTAR c¢6 muc dich nghién ctu cic trang
thai kich thich thong qua viéc do dac nhiéu tham sb lién
quan dén céc san pham ciia phan tng hat nhan, trong d6 ¢
nang lugng gamma phat xa ctia cac hat nhan giau neutron
tir “CI dén "°Zr [14]. Cac thi nghiém ciia SEASTAR lan
thir 3 (SEASTAR 3) tap trung do cac hat nhan trong ving
tir ¥C1 dén V. Hinh 2 13 so d6 bé tri thi nghiém trong dy
an SEASTAR 3. Hé¢ thng gia toc ciia RIKEN, Nhat Ban
[15] gia téc chum so cdp °Zn dén ning lugng 345 MeV/u
voi cuong do 250 pnA va bén vao bia so cép ‘Be dit tai vi
tri 16i vao ctia hé théng phan tach chum hat cia BigRIPS.
Phan tmg phan manh cta chum hat toi trén bia °Be tao ra
san phim 1a hdn hop cac ddng vi gidu neutron (chum thi
cép). Cac manh v& trong hon hop nay dugc phan tach va
nhan dién bang phuong phap TOF-Bp-AE trong BigRIPS
[15] dé xdc dinh chum thtr cap can quan tam. Sau do, chum
hat thtr cap nay dugc dan téi bia phan Gmg tht cip (hydro
long - LH,) dat tai mat phang hoi tu (vi tri F13 trong hinh
2) cua hé pho ké tir SAMURAL Vi tri F13 ¢6 dat 2 dau do
nhép nhay SBT [16] cho phép phat xung, kich hoat viéc ghi
nhan cda cac h¢ ghi nhan tin hiéu trong SAMURAI. Tai
vi tri nay, chum hat t6i thir cdp c6 ning luong c& 200-270
MeV/nucleon. Hai ddu do BDC1 va BDC2 [16] s& theo doi
vi tri ctia chum hat t6i trude khi di vao bia thar cép (LH,)
trong thiét bi MINOS [17]. Phan tng loai bo (knock- out)
mot hodc vai nucleon trén bia proton cling tao ra chum hat
hon hop gdm rat nhiéu hat nhan san pham. Chung dugc
phan tach khi di chuyén trong budng chan khong cta nam
cham siéu ddn (SAMURAI Magnet). C4c hat neutron khong
tich dién c6 duong bay thing va dugc do bai hé NEBULA
[16] va NeuLAND [18], trong khi quy dao bay cua céac hat
¢6 dién tich s€ bi bé cong va dugc do boi hé dau do FDCI,
FDC2 [16]. P mat ning lugng va thoi gian bay ciia cac hat
mang dién tich dugc do bﬁng HODOF24 [16]. Tai vi tri dat
bia thir cép (LH,), thiét bi MINOS c6 kha ning theo ddi quy
dao bay cua cac proton phat tir cac phan ung xay ra trong
bia dé xac dinh vi tri phan (mg. Cac tia gamma tirc thoi phat
ra tir cac hat nhan san pham sau phan ing ¢ bia LH, s€ duoc
do bang hé dau do nhap nhay DALI2+ [19, 20] bo tri xung
quanh MINOS. Hé dau do DALI2+ bao gém 226 tinh thé
Nal c6 hi¢u suat ghi ~26% vd&i tia gamma c6 niang luong 1



MeV va goc ghi do xép xi 4m. Tat ca cécﬂthéng tin vé hat san
pham cudi cung duge ghi nhan trong pho gamma cua h¢ dau
do nhap nhay DALI2+ nay.

Piu do do neutron
NeuL AND NEBULA
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Biéu do do hat tich dién

Hinh 2. B4 tri thi nghiém cia SAMURAI trong thi nghiém SEASTAR 3.
Hinh anh duoc stra ddi tiv trich dan [21].
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3. Két qua va ban luan

3.1. Swtién hoa cia I6p vo neutron va sy xudt hién cua
$0 magic moi N=34

Trudce khi ban luan vé céu tric 10p vo cla cac dong vi
¢6 s6 neutron N=32 va N=34, _chung t61 gidi thiéu lai céu
trac cua dong vi *Ca va sy xuat hién ciia s magic neutron
N=34. Viéc thém vao thanh phan spin - quy dao cua thé
tuong tc, cac tinh toan theo mau vo hat nhén (goi tit [a mau
v6) dd mo ta thanh cong cac dic trung cau trac cta hau hét
cac déng vi tu nhién (bao gdm cac dong vi bén va dong vi
khong bén 6 thoi gian song dai), déc biét 1a cac hat nhan
magic co s& neutron hodc proton bang 2, 8, 20, 28,50... Cac
s0 magic hat nhan nay hoan toan khac biét cac 62, 10, 18,
36... trong cac khi tro dugc giai thich bang vo nguyén t
(khong c6 dong gop cua lyc spin - quy dao). Tuy nhién, mau
vo nay da khong thé dy doan dugc cau trac cua cac dong
vi xa ving bén véi thoi gian séng vo cing ngan (¢ 107
s). Vao dau nhiing nam 2000, cac nha khoa hoc thuc Dai
hoc Tokyo (Nhat Ban) da dé xuat thém vao thanh phan Iyc
tensor trong cac tinh todn mau vé bén canh lyc spin - quy
dao va thé xuyén tam dé giai thich c4u tric cua cac hat nhan
xa ving bén nay [22, 23]. Luc tensor la lyc twong tac giira
cac proton va neutron ngoai cung voi nhau va phu thudce vao
su dinh hudng spin cta cic hat tham gia tuong tac. Trong
do6, luc tensor cta cac nucleon cd dinh hudng spin nguoc
nhau (/+1/2 va [-1/2), hut nhau va cac nucleon c6 cung dinh
hudng spin (cung /+1/2 hoac I-1/2) day nhau. Trong céc hat
nhan N=34, luc tensor (bao gom lyc day f; L5-0p,, va luc
hat nf, -v(f;,,p,,)) trong hat nhan bén ©Ni 1a manh nhat, két
hop véi cac lyc xuyén tam va lyc spin - quy dao hinh thanh
s0 d6 muc nhu & hinh 1. Khi s proton mtrc f,, giam, luc
tensor trén giam, sy can bang nhu hinh 1 dan b1 pha V& véi
phan 16p p,,, bi kéo xuong, trong khi cac phan l6p f , vap,
bi day 1én. Chu y rang, cuong d6 lyc hat . -v Vs, manh hon
“vp,, nhiéu, do d6, khi s6 proton mirc nf gidm thi murc

Vs day manh hon, dan dén sy dao nguoc cua hai mic vf;,
vavp,, 101 tao thanh khe 16p rong giita trong hat nhan 54Ca
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va xuat hién so magic méi [7, 22]. Nhiing tién doan vé sy
xudt hién ctia s6 magic mai N=34 ciia nhém nghién ctru nay
da dugc D. Steppenbeck va cs (2013) [5] chung minh vao
nam 2013 thong qua thi nghiém do nang lugng kich thich
2" tai RIKEN.

bé chung minh sy ton tai cua luc tensor anh huong 1én
su tién hoa cua 16p vo neutron ngoai cung, chung t6i khao
sat nang luong kich thich 27 cia cac hat nhan chén - chin
N=34 va s0 proton ngoai cung ¢ 16p f, , khac nhau. Bit dau
tir hat nhan bén “Ni (8 proton ngoai cung lap day 16p o)
nang lugng kich thich 2* dugc xac dinh tir cac phan ung
chuyén 2 neutron (¢,p) [24] va phan Gmg chuyén hat alpha
(°Li,d) [25] co gia tri 1172 keV la khoang cach cuia khe nang
luong neutron vf, -vp 1 Nhu da ban luan & trén, khi s6
proton trong 16p f,, giam, cudong do luc tensor gidm lam
thu hep khoang cach gitra hai mirc neutron va dua dén ning
luong kich thich 2* giam. Thyc té, ning lugng kich thich
2+ dau tién cua “Fe 1a 824 keV duogc xac dinh tur nhirng
nam 1970 trong phan (mg chuyén alpha (*He, "Be) [26] hodc
tir phan (mg nhiét hach - bdc hoi [27]. Trong khi d6, ning
lwong kich thich 2* ciia cac ddng vi gidu neutron *Cr dugc
quan sat trong thoi gian gan ddy thong qua phd gamma tir
cac phép do phan ra B voi cac gia tri tuong g la 880 keV
[28]. Néang lugng kich thich cua *Ti, hat nhan chan - chan
cubi ciing N=34 va c6 proton nam trén 16p nf,,, dugc xac
dinh qua qua trinh phan rd  1a 1128 keV [29]. Gia tri nang
luong nay cua *°Ti cao hon nhiéu cac gia tri cua “Fe, Cr
(cac hat nhan c6 sb proton nhidu hon) va gin bang gi tri
ctia Ni. Diéu nay duoc giai thich 1a do khi luc tensor giam,
murc Vo f; » bi day 1én cao hon dan t6i sy ddo nguoc cua hai
muc f;, va p, . Ching ta c6 thé thdy 16 sy dao nguoc cac
muc neutron f; ,, p,,nay va tao ra mot khe rong gitra hai
murc voi nang luong kich thich 2043 keV trong hat nhan
54Ca [5]. Bang ching xuét hién sy dao nguoc cua hai muc
/;, vap, nay trong cac ddng vi titalium 1a spin va do chin
1¢ J==1/2 ctia *Ti dugc xac dinh tir phan rd p v6i cau hinh
5 neutron ngoai cung (p,,)*(p, ,)' [30, 31]. Déi nang luong
kich thich 2* va nhiing anh hudng cta luc tensor 1én sy tién
hoa cua 16p vo neutron trong cic dong vi neutron N=32
cling ¢6 xu huéng twong tw nhu cac dong vi N=34. Ning
lugng kich thich 2* ctia *Ni va *Fe dugc xac dinh tir cac
phan tng hat nhan tryc tiép twong Gmg 1a 1332 keV [24, 25]
va 810 keV [26, 27]. Phd gamma tir cac qua trinh phan ra B
da xac dinh mirc nang lugng kich thich 2* cho cac dong vi
3Ti va **Cr tuong ung 1a 1495 keV [32] va 1007 keV [28].
Ning lugng kich thich 2+ dau tién ciia *2Ca tham chi con 16n
hon voi gié tri 2563 keV [33].

3.2. Swtién héa ciia I6p vé proton va két qud thi nghiém
SEASTAR 3

Su tién hoa cua 16p vo nucleon trong céc hat nhan chén
- chdn ¢6 Z<20 trong thi nghiém SEASTAR 3. Trong sd cac
hat nhan chén - chin N=32, N=34, **3Ar |3 nhiing dong vi
thap nhét c6 thé quan sat dwoc ning luong kich thich 2° tir
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thuc nghiém. Ning lugng kich thich 2* cua %Ar ¢ 1656 keV
dugc quan sat 1an dau tién tir phé gamma cta phan tng bt
proton (knock-out) **K(p,2p)Ar [29]. Mac du gia tri nay
thip hon niang lwong kich thich 2* cia *Ca [5], nhung gia tri
nay 1a nang luong kich thich 2* cao nhét trong s6 cac dong
vi Ar, thdm chi cao hon mtc nang lugng kich thich 1554
keV cua “Ar (hat nhan c6 s6 magic neutron N=28). Didu
nay cho thay tinh chat dong 16p neutron N=34 & (p3 AP
trong 22Ar ciing xuét hién. Nang luong kich thich 2 ctia *2Ar
thip hon ctia **Ca 1a do ¢6 thém sy dich chuyén cua proton
tur Is,, dén chua [ép day 0d ., bén canh su dich chuyén cua
neutron tir /p, , dén 0f; ,. Dya vao cac két qua phan tich xap
xi xung song méo (Distorted - wave impulse approximation
- DWIA) cuia phan ing bt proton **K(p,2p)**Ar, nang lugng
kich thich 2* cta Ar dugc xac dinh 13 do su dich chuyén
ddng thoi cua ca proton va neutron.

He s6 pho ctia neutron dich chuyén tir / D dén 0f, , va cla

proton tir /s, , dén 0d,, déu 1a 0,5 [29]. Pbi véi dongzw AT,
pho gamma tu cac phan tng loai trir nucleon *Be(**Ca, *Ar)

X, °Be(*’Sc, °Ar)X va *Be(**Ti, *°Ar)X da xac dinh nang lugng
kich thich cua trang thai 2* dau tién 1a 1178 keV [34]. Phan
tich cac phan tmg but nucleon (knock-out) S'K(p,2p)*°Ar va
STAr(p,pn)* Ar cling ghi nhan duge mirc nang luong kich thich
nay 1a 1150 keV [35]. C6 thé thdy ring, ning luong kich thich
2+ do dugc ctia Ar (N=32) thap hon cua 2Ar (N=34) va hoan
toan trai nguoc voi két qua cia cac hat nhan Z>20 tir Ca dén Ni.

Nhu da ban luan ¢ trén, anh hudng cia luc tensor da lam
dao nguge mue nang lugng Ip,, va 0f;,, cua 16p vo neutron va
hinh thanh 1én hat nhan magic méi (N 34) [5]. Tuy nhién, sy
anh huong cua lyc tensor ciing ¢6 thé lam thay déi so d6 mirc
ning lugng ctia 16p vo proton. Trong phan nay, chung toi thao
luan vé sy tién hoa cua 16p vo proton trong cac dong vi Cl va
K v&i s6 neutron chén tir cac sd liéu thuc nghiém. Bét dau tir 2
dong vi bén ¥’Cl va *¥K véi sb neutron magic N=20, spin va do
chin 1¢ & trang thai ctia hai déng vinay 1a 3/2* dugc xéac dinh tur
céac qua trinh phan ra B [36]. Trang thai kich thich 1/2* véi nang
lugng kha cao vai gia tri 1727 keV trong ¥'CI va 2523 keV
trong *K [37]. Két qua nay cho thdy, cac proton ngoai clng
nam muc Od,, va khoang cach khe nang luong gitra hai mirc
0d,, va Is,, kha 16n. Tuy nhién, khi s6 neutron f, , (20<N<28)
trong cac dong vi Cl va K ting, ning luong leh thich 1/2*
giam nhu minh hoa trong hinh 3. Diéu nay dwoc giai thich 1a do
Iy tensor gilta cua cdc neutron f, , voi proton d,, la Iyc hut va
véiprotons, , la lyc day [22,23]. Luc nay tang lén khi c6 nhleu
neutron 16p f7/2 hon, kéo muc d,, 1én va day muc s " xudng,
dan dén khe nang lugng gitra hai mirc nay giam dan va b dao
nguoc trong cac dong vi K va “4Cl [37]. Bang ching vé sy
dao nguoc proton mirc d,, va s, , trong YK va “*Cl duoc quan
sét tir phan tmg chuyén proton 48Ca(t a) [38] va phan manh
hat nhan “K [39]. Do nhiing han ché ciia ky thuét gia tdc, cac
thi nghi¢m nghién ctru hat nhan giau neutron N=32 va N=34
ctia chudi déng vi Cl va K chi dugc thyc hién trong thoi gian
gin ddy. Pho gamma thu dugc tir cac thi nghiém phan img but
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nucleon trong du an SEASTAR 3 da xac dinh duoc phé kich
thich, spin va d¢ chén 1¢ ciia cac dong vi >'K va “Cl déu la 3/2*
[40, 41]. Két qua nay 1a bang chimg ciia sy khoi phuc lai muc
0d,, va Is,, cia cac proton ngoai cung nhu hinh 1 véi trang
thal kich thlch dau tién 1/2°. Lyc tensor ddy ns VP, Va lue
tensor hut nd, ,-vp, , gidm so v6i luc day (ms oV, va luce hat
(nd,, vf7 ,,) trong cac hat nhan N=28 la nguyén nhan gdy ra hi¢n
tuong nay. Sw gidm cua lyc tensor do neutron mic vp, , gdy ra
su chong chép lén nhau cua proton ¢ hai mirc 0d, , va Is, trong

cac dong vi 44745C] va B4950K
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N

Hinh 3. Nang Iwong kich thich dau tién ctia cac dong vi Cl va K ¢6 s6
neutron 20<SN<28 [36].

4. Két luan

Bai béo di gioi thiéu tong quat vé bd tri thi nghiém nghién
ctru cAu triic dong vi hat nhan khong bén trong ving tir “’Cl
dén 3V cta dy 4n SEASTAR 3 sir dung phé ké tir c6 do chinh
xac cao SAMURAL Anh hudng ciia luc tensor proton-neutron
1a ngudn gdc hinh thanh sé magic neutron méi N=34 trong
dong vi giau neutron *Ca. Su thay doi cuong do luc tensor
do sy thay dbi s6 proton, anh hudng 1én 16p vo neutron N=34
trong cac dong vi 2Ar, *Ti va Cr ciing di duoc trinh bay
thong qua bang ching thuc nghiém 1 ning lugng kich thich
cla trang thai 2* dau tién. Su anh huong cua lyc tensor khong
chi 1am thay ddi so d6 mirc ctia 16p vo neutron ma con gay ra sur
thay doi so 6 muc cta 16p vo proton. Bao céo ciing giai thich
ngudn gdc cac két qua thi nghiém vé sy dao nguoc cia 16p vo
proton ngoai cuing ¢ hai mirc /s, 7 -0d 4 trong cac dong vi #Cl
va /K, sau d6 16p vo proton ngoai cung dugc khoi phuc trong
cac dong vi “Cl va 'K (N=32).

LOI CAM ON

Nghién ctru dugc thyc hién boi su tai tro ctia B Khoa hoc
va Cong nghé thong qua dé tai “Nghién clru cdu trac cua cac
hat nhén giau neutron 1an can *Ar va ®Ni thong qua thi nghiém
phén tmg hat nhan truc tiép trong ving ning luong trung gian”,
ma sb DTCB.01/21/VKHKTHN. Nhom tac gia xin trin trong
cam on.
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