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HE THONG AN TOAN PIEN CHO GIUONG BENH PA CHUC NANG
HO TRO BENH NHAN LIET VAN PONG, CUNG KHOP

Lé Viét Bau', CAm B4 Thirc?, Nguyén Ngoc Han®
TOM TAT

Giwong bénh da ndng can cd mgt hé thang dién d@é dam bdo cac hoat déng cua
giwong mét cach tu déng. Véi nhiing giwong c6 nhiéu chirc néing, cac chirc ning hoat
dong dong thoi co thé xdy ra xung dét. Bai viét nay trinh bay két qua nghién cizu thiét
ké hé thong dién nham tranh xay ra truong hop xung dét, bao dam an toan cho nguoi
bénh ciing nhu két cau co khi cua giwong.

Twr kKhoa: Giwong bénh da nang, an toan cho giwwong bénh.

1. DPAT VAN BE

Ngay nay yéu cau chat luong cudc séng (Quality of Life) ngay cang cao nén doi
hoi chat luong cham soc y té cling phai dugce nang 1én dé dap tng nhu cau thuc té cua
x4 hoi, didu d6 da tao ap luc cho hé théng y té ciing nhu toan bd nén kinh té.

Theo s6 liéu thong ké tir nam 1990 dén 2017, hang nam, trén thé gigi co tir 140
dén 161/100.000 dan bi dot quy [1]. S6 liéu nay & Trung Qudc Ién hon 2 1an trung
binh trén thé (354/100.000 dan) [2]. Trong khi dé, ty 16 mic mé&i dot quy & Chau Au
tr 95 - 290/100.000 dan [3]. Bén canh ddt quy, ti 1¢ chan thuong s¢ ndo & tré em trén
thé gioi 1a 47 - 280ca/100.000 tré, trong d6 bi nhiéu nhat & hai nhom tudi 1a dudi 2
tudi va tudi vi thanh nién (15 - 18 tudi) [4]. Mdi nam trén thé gidi c6 69 triéu nguoi bi
chan thuong so ndo, nguyén nhan chii yéu do tai nan giao thong, cao nhat & Chau Phi
va Bong Nam A (56%) [5].

Cac nghién ctu thong ké cua cac nhom tac gia khac nhau cho thay ton thuong
tay song cling chiém ti 18 tir 8 - 246 ca/triéu dan tdy ting khu vuc [6 - 8].

Nhitng bénh nhan dot quy nao, chan thuong so nao, tdn thuong tuy séng thuong
phai ndm diéu tri dai ngay din dén nhiing thuong tat thir cip nhu loét do dé ép, teo co,
ctng khodp, loang xuong...

Loét do d¢ ép (Pressure Ulcer) hay con goi la loét giuong, loét nam 1a rat thuong
gip O tit ca cac bénh nhan, dic biét 1a nhitng bénh nhan ton thuong nio, tity sdng va 1a
nguyén nhan kéo dai ngay nam vién, gy tén kém, can tré muc tiéu phuc hdi chirc ning
va anh huong 16n dén tam 1y bénh nhan. Phén tich dit liéu trén toan thé gidi cho thiy ty
1¢ 10ét & bénh nhan khoa diéu tri tich cuc tir 0,9 % dén 41,2% [9,10].

Y Hpi dong Truong, Truong Pai hoc Hong Pikc
2 Bénh vién phuc héi chire nang Trung wong
8 Bénh vién Pa khoa Triéu Son, Thanh Hoa
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O Viét Nam chua c6 s6 lidu quéc gia vé dot quy ndo, chan thuong ndo, chin
thuong tiy séng, loét do d¢ ép, cac di ching do nam vién kéo dai ciing nhu cac chi phi
chira tri cho nhitng mat bénh nay; Tuy nhién, theo mot sb thdng tin [11], wéc tinh mai
nam c6 hon 200.000 ngudi mic dot quy, 800.000 ngudi mic chin thuong ndo va trén
3000 ngudi ton thuong tay sdng, da phan nhitng bénh nhan nay déu khuyét tat ning
né, nhiéu bién ching va thuong tat tha cip nhu loét, teo co, han ché tam van dong
khép, lodng xuong...; cac thuong tat thir cap nay lam tri hodn muc tiéu phuc hoi chic
ning, kéo dai thoi gian nam vién, ting chi phi diéu tri va 12 nguyén nhan gay tan phé
tham chi la tr vong.

Vit ly tri liéu phuc héi chirc nang 1a phwong phap duoc tién hanh som ngay tir
khi bi bénh nham giam thiéu hinh thanh cc thuong tat thir cip, giup ngudi bénh duy
tri va phuc hoi tdi da cac chitrc nang van dong va sinh hoat, gitp ho c6 thé séng doc
lap, nang cao chat luong sdng tham chi c6 thé quay lai hoc tap hay lam viéc.

Trong vat 1y tri liéu thi van dong tri liéu 14 hét sic quan trong, 1am giam thiéu
hinh thanh cac vét loét ty d¢, viém phdi do nam lau, tao thuan loi cho dudng tiéu hoa va
tiét niéu tranh nhiém trung tiéu va tao bon; ddi véi hé co xuong khép, tip van dong gitip
duy tri tAm van dong khép, do dai ctia bap co, tranh teo va co rat cac bap co, tranh cling
khép va lodng xuong ¢ nhitng ngudi bénh phai nam diéu tri kéo dai. Pbi véi nguoi
bénh nam liét giwong, viée lan tré phong loét phai dugce tién hanh déu dan 2 - 3 gio mdi
lan, mdi 1an lan tré phai két hop xoa bop cac vung ty de, vd rung 16ng nguc, xoa bop
huéng tam két hop tap mot vai dong tac van dong cho cac chi thé dé phong tranh 1 tré
tuan hoan hinh thanh huyét khdi & tinh mach sau cua cac chi dac biét 1a hai chi dudi.
Nhitng cong viéc nay chii yéu duoc thuc hién bang tay boi cac ki thuat vién vat 1y tri
lidu va diéu dudng cham soc. Tuy nhién do diéu kién vé nhan luc con han ché dan dén
viéc 1an tré va tap luyén cho nguoi bénh chua dugc thuc hién mot cach dﬁy dt nhu yéu
cau cua viéc diéu tri dan dén nhiéu bénh nhan van bi loét, teo co, ctig khop, hinh
thanh di chung X4u, can trd su phuc hdi cua ngudi bénh.

Dé hd trg cho viéc chim soc va phuc hdi chic ning cho nhitng bénh nhan noéi
trén, hién nay nhiéu loai giwvong bénh va thiét bi phuc hdi chirc ning da dwoc nghién
ctru ché tao va da co mit trén thi trudng véi nhiéu ching loai, mau ma. Tuy vay, nhitng
loai givong va thiét bi phuc hdi chic ning nay ciing ¢6 mot s han ché nhu chua tich
hop céc chuc niang cua chiée givdng vai cac thiét bi tap phuc hdi chirc ning. Pidu nay
gay ra bt tién khi bénh nhan muén sir dung céc thiét bi phuc hdi chirc ning.

Thuc hién dé tai nghién cu khoa hoc “Nghién ctu ché tao giuvong bénh da
chtrc nang nham hd trg diéu tri bénh nhan liét van dong, ciing khép va cai thién chit
luong cot séng cho ngudi bénh” theo don dat hang cua UBND tinh Thanh Héa, cu
thé 1a nghién cau ché tao givong bénh cd 4 chirc nang: (1) Piéu chinh tu thé nhu nam
ngira, nam nghiéng sang hai bén, nira nam - nira ngdi, ngdi va dimg; (2) tap van dong
cac khop chi dudi dé phong cing khdp, teo co, lodng xwong va huyét khéi tinh mach;
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(3) kéo gidn cot sdng thit lung bang chinh trong lwong cia chinh ngudi bénh dé didu
tri dau thit lung; va (4) di chuyén theo y mudn cua nhan vién y té, bénh nhan hoic
ngudi nha..., hé théng dién an toan cho giuvong bénh can phai dwoc nghién ciru nham
bao dam an toan ca vé dién ciing nhu co khi.

Déi véi nguoi khong tinh tao, khong thé tu didu chinh cac tu thé ciing nhu diéu
chinh trong qué trinh tap luyén, cd thé xay ra mot sé trudng hop cac van dong dong
thoi s& gay nguy hiém cho ngudi bénh do su xung dot giira cac van dong. Chang han
ngudi bénh dang trang thai ngdi lai cho lat nghiéng hay dang & trang thai nam nghiéng
lai cho nang dui... D& c6 thé giai quyét dugc van dé nay, chuong trinh phian mém da
dugc tinh dén. Tuy nhién vi mét 1y do nao do, chang han cam bién béo thiéu chinh xac
dan dén chuong trinh khong thé nhan ra. Vi vay cac van dong dong thoi co thé dién ra
ma khong ké dén diéu kién cho van dong. Piéu ndy din dén nguy hiém cho nguoi
bénh ciing nhu két cdu co khi.

Ngoai ra, ddi v6i cac nuéc tién tién, ngudi nha bénh nhan khong ngdi 1én
givong bénh. G Viét Nam, mic du da co6 quy dinh nhung viéc nguoi nha ngdi 1én
givong bénh 1a rat pho bién. Viéc nay khong gay anh huéng I6n dén givong thong
thuong nhung dbi véi givong tap luyén thi phan chan trén givong bénh thuong duoc
dé ty do dé co thé tap chan cho nguoi bénh. Do vay viéc ngdi 1én phan nay sé lam anh
hudng dén két cdu co khi. DBé an toan cho két ciu, can phai c6 két cau do chan va dau
givong. Tuy nhién, khi c6 két cdu d& nay thi viéc ha chan hay ha dau dé tap khop néu
khong thdo d& cac phan d& chan va dau twong wng s& khdng chi khdng tap duoc ma
con pha hay két cdu co khi. Dé bao vé két cau co khi ciing nhu van duy tri chirc ning
tap cac khop nay ctra givong thi hé thdng an toan ciing phai tam ngiing hoat dong cua
khép khi phan chan va ddu cham vao thanh d&. Cac khop s& dugc tap sau khi théo do
cac phan do twong ung.

Do vay, dé dam bao mot cach tuyét d6i an toan cho nguoi bénh, 16p bao vé thir
hai can phai dugc thiét 1ap. Bai viét ndy bao céo két qua nghién ciu hé thong an toan
cho giuwong bénh nai trén.

2. PIEU KIEN AN TOAN
2.1. M0 ta kha ning cia giwong

Kha ndng ciia gieong c6 thé duwoc mo ta bang céc trang thdi sau day

Ché dg nam ngang (Mdt giwong) Ché d¢ at trai (mdt giwong)



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 51.2020

Ché @ |t phai (mdt giwong) s et ()
I ” | //\
x‘::::::ﬁ&/
. ®
®

Ché d6 nam ngang (Hinh chiéu canh)  Ché dé tdp chdn, lung (Hinh chiéu canh)

\ 3

- |—|\"‘i2i:j_':3\-f-\

\L_\J

) Q s \

Ché dé ngai, tap géi (Hinh chiéu canh) Ché dg dimg, kéo gian cét song (Hinh chiéu canh)

Hinh 1. M6 hinh giwong bénh da nang
Luu ¥ rang chan va dui bén trai va phai hoan toan doc 1ap véi nhau. Piéu nay
cho phép ngudi bénh dugc tap luyén doc lap cac khap phai va tréi.
Mgt s6 diéu kién an toan dat ra

Piéu kién khi It nghiéng trdi, phdi: Viéc 1at phai hay trai chi dugc thuc hién khi
toan cac khop cd, lung, dui, chan phai ¢ trang thai tu do. Déng thoi, tai mot thoi diém,
chi c¢6 thé thyc hién 1énh 1at hodc sang phai, hodc sang trai. Néu lat phai va trai dong
thoi thi s& phéd hity co cdu co khi cua giuong.

Piéu kién khi ndng lung: Viéc nang lung chi dugc thuc hién khi trang thai 14t
nghiéng (trai, phai) khong duogc kich hoat. Ngoai ra, goc hop boi lung va dui tréi/phai
can phai nho hon mot goc toi thiéu nao d6 (thuwong chon 90°) dé tranh trudng hop
ngudi bénh bi ép khi ddng thoi nng lung va dui téi da.
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Piéu kién khi ndng doc giwong, kéo gian cét song: Khi dbc ha givdng, dau hoic
chan c6 thé cham vé6i phan gid d& tuong ung (dam bao do viing chéic cua givdng) thi
hé théng phai ngimg lai. Di nhién viéc thay d6i nguoc lai v6i di chuyén ban dau phai
duoc thuc hi¢én ma khong bi can tro.

3. THIET KE HE THONG AN TOAN

Nguyén tic chung: Dé bao dam dugc cac yéu cau trén, chung toi lya chon thiét
bi gdm cong tic hanh trinh (sau nay duogc viét tit 1a CT) va diot nin dong (sau ndy
duoc viét tit 1a D). Mot $6 CT ¢6 muc dich 1a cép dién cho céac driver. Mot sb CT véi
muc dich 14 cip va ngit dién dén xi lanh dién. Nhitng CT nay duoc lap song song véi
diot v6i myc dich 1a ngan dong theo chiéu di (g voi nang/ha) va ngit khi gap van dé
(bdo dam an toan) nhung c6 thé thuc hién chiéu ngugc lai khi dugce cép dong nguoc.
Luc nay diot s& cho chiéu nguoc (ng v6i ha/nang) ma khong gip tré ngai.

3.1. Bo tri hé thong cong tic hanh trinh

. hgﬁ t;ong CT duoc bo tri tai cac vi tri

Véi ky hiéu cac CT bang cac s6 thu tu
trén hinh 2. Mdi CT nay phai ngat khi cac
thao tac trong ing sau day dugc thuc hién:

1. Khi nang lung;

2. Lat trai;

3. Lat phai;

4. Lat trai hodc phai;

5,7; 6,8: Dui phai, trdi nho hon a;

9, 10: Nang dui phai, trai;

11: Nang giuong;

12-17: Chan cham thanh do chan;

18-20: Pau cham thanh d& dau.

, Chl’l}’lléCTSVéﬂ;6VéSduQ’cghc?p
noi nhu trén hinh (trdi). CT 5/6 duogc gan
v6i lung con 7/8 gin vé6i dui phai/trai. Khi
lung va dui gap qua muc (nho hon a) thi Hinh 2. So @6 bé tri cac cong tic
soi ddy n6i 2 CT cing ra va ngat ca 2 CT. hanh trinh trén h¢ théng co khi
Luc nay lung va dui twong Gmg khong thé
tiép tuc gap lai dugc. Hinh 3 lan luot trinh bay hé théng dién cho viéc thuc hién cac
thao tac lat trai, phai, cac khop.

Céc driver s& nhan dién ap vao 12V va xuit dién ap ra 12V theo 2 chiéu nguoc
nhau nham diéu khién cac xi lanh dién nang/ha khi c6 1énh tir vi xur ly. Cac xi lanh

BiE
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dién ¢am nhan viéc tap cho cac khdp twong Gng. Céc cong tic hanh trinh dwoc lip dit
trén so dd va dugc danh sé the ty trong tng nhu so dd bd tri cdng tic hanh trinh va
nhiém vu cua chang.

3.2. Nguyén tic lam viéc caa hé théng

Driver

©

Hinh 3. So @6 bé tri cac cong tac hanh trinh trén hé thong dién

3.2.1. Piéu kién khi lgt nghiéng trdi, phdi

Trang thai 14t trdi, phdi chi dugc thuc hién khi nguoi nam ngang, tu thé thfmg
ngudi. Khi d6, cong tic 1, 9, 10, 11 nbi tiép v6i nhau va déu dong (lung, dui phai, dui
trai, givong khong dugc nang). Pién 12V duoc cap cho 2 driver cta xi lanh diéu khién
1at trai va lat phai.

3.2.2. Piéu kién khi nang lung

Nang lung chi duoc thuc hién khi ngudi nim ngira, dong thoi goc nang lung va
cac dui khong nho hon 90°. Lung chi dugc ha khi phan dau khong cham thanh d& du
(tao su chic chin khi c6 nguoi nha ngdi 1én dau givdng).

Khi nang lung, dong +12V tir driver (chan phia trén) qua CT 4 (d6ng khi lung nam
ngtra), 5, 6 (khi goc nang lung va cac dui khong nhé hon 90°) va CT 19 song song véi
diot D19 (do vay bat ké 1a phan dau cham vao thanh d& dau thi déu co6 thé nang lung dé
tranh cham hoc thao d& phan d& diu) qua xi lanh r6i vé 0V (chan phia duéi driver).

Khi ha lung, dong di tir +12V vao chan phia dudi driver qua dong co; qua 4,5,6
(song song véi diot 456) qua CT 18 néu phan dau giwdng khong cham véo thanh d&
dau néu ha lung). Khi cham vao thanh d& dau, CT 19 ngit, bao vé hé thong co khi. Dé
lung ha ngang, can phai nang dau.

10
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3.2.3. Ha dau, ha lung va ha giwong

DPé dam bao c6 thé ha dau v6i goc am nhung van cb co cu thanh d& dau dé
bao dam do chic chin khi c6 ngudi ngdi 1én dau giwdng, mot hé thdng 3 cong tic
CT 18-20 duoc lap dit.

Khi ha dau, néu phﬁn dau cham thanh d& dau, CT 18 ngét. Do diot D18 ngan
dong khi ha dau nén xi lanh dimg lai. Tuy nhién viéc ning dau khéng bi anh huodng,
nghia 13 ltc nay van c6 thé nang dau binh thuong. Dé c6 thé ha dau ngudi hd trg phai
thao hé thdng khung dau givdng (45 dau).

Pé bao dam tuyét ddi an toan cho co ciu co khi, CT 19 va 20 dugc lép dat dé
khong ché viéc ha lung va ha givong trong truong hop c6 van tao goc am voi lung.
Theo d6, khi ha lung, CT 19 s& ngat khi phan dau cham vao thanh d& dau. Lac nay ¢6
c¢6 thé nang dau dén goc 0 dé ha lung. Tuong tu, khi ha givdng ma goc ¢d van am,
phan dau ciing s& cham thanh d& dau va CT 20 ngit mach. Viéc ha giuong chi co thé
tiép tuc néu nang dau khoi gia tri goc 0.

3.2.4. Bdo vé diii va lung khéi géc bé hon gid tri a ndo dé (tranh ngueoi bi ép)

Khi goc hop boi lung va dui (trdi, phai) nho hon goc i thiéu « (chang han 90 d6 dé
khong ép lung va dui lai), co cau kéo 1am cho CT 5,7 hodc/va 6,8 ngat manh lam dimg viéc
nang lung hodc dui. Piéu nay s€ bao vé duoc ngudi bénh khong bi ép. Viéc ha lung/dui sé
khong bi anh huong nhd dong c6 thé qua diot tuong g ma khong can qua CT.

3.2.5. Bdo vé co cu co khi khi giwong cham phan do chdn

Dé bao dam két cdu co khi chac chan khi c6 nguoi ngdi 1én giudng tai vi tri chan,
thanh d& chan dugc két cau vao givdng. Tuy nhién, néu vay thi khi ha chan s& cham vao
thanh d& chan va co thé pha huy co cAu co khi. Pé tranh duoc diéu nay, hé théng CT
12-17 duoc lap dit.

Khi ha chan, dui, giuong, néu chan cham vao thanh d& chan, CT 14 (chan phai),
CT17 (chan trai), CT13 (dui phai), CT16 (dui trai), CT12 ndi tiép CT15 ngit s& lan
luot dimg viéc ha chan, dui, givong. Luc nay, viéc nang chan, dui, givong 1én dé co
thé 1ay khung dudi givong hoan toan cé thé thue hién do cac diot cho dong quay vé.

3.3. Phan di¢n h¢ thong ning giwong, kéo gian cot séng

Hinh 4 trinh bay hé thong dién phuc vu cho xi lanh dé nang giwdng, kéo gidn cot
séng bang trong luong co thé. Ngudn dién cp cho hé thong nang lung 24V, ¢6 chung
0V véi nguén 12V. Muc dich 1a str dung cho viéc thuc hién hé théng bao vé két cau co
khi cling nhu bao v¢ trang thai tap cuia nguoi bénh.

Nguyén tdc: Nhiéu nhat chi mot phim bam duoc kich hoat (hoac Ién, hoac
xubng cho du ngudi st dung 4n dong thoi 2 phim). Pong thoi, hé théng s& ding lai
néu phan dau hodc chan cham vao thanh d& twong tng.
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Dé kich hoat ning hoic ha giudng, cac phim P1 va P2 dugc 4n dé cung cip dong
qua cudn hut ctia ro le RL1 va RL2. Py 13 2 ro le loai 8 chan. O trang thai chd, ngudén 0V
duoc cAp vao mot dau chd ctua phim P1 va P2 nhd RL 2 va RL 1 tuong tmg. Khi 4n cac
phim P1 va P2, mét trong hai ro le s& ngimg cép dién ap OV cho phim khac. Két qua 1a
phim P1 4n trudc thi RL 1 duge cip dong nudi va RL 2 khong dwoc cip dong nudi vi khi
ddy OV cua P2 d3 bj mat, cudn hit cua RL 2 vi thé khong dugc cap dong nuéi cho du luc
d6 phim P2 ciing da dwoc nhan. Piéu nguoc lai ciing xay ra néu phim P2 dwoc n trudc.

Két qua 13 chi mot trong 2 trang thai xi lanh duoc cip dién ap dé nang hoic ha giudng.

Vi viée két ndi nhu hinh v&, xi lanh dién duogc cép dong theo 2 chiéu nguoc
nhau khi nh4n 2 phim khéac nhau.

Xi lanh dugc cap dong qua 3 cong tac hanh trinh. CT4 déng khi trang thai lung
khong bi 1at. Lic d6, ngudn 0V méi duoc cap dé cac ro le RL 1 va RL 2 hoat dong.

-
RL
_ﬂ_‘_

RL

Hinh 4. Hé théng dién cho kéo gidn cot song

Cac CT 12, 15, 20 ngit khi phan 2 chan, dau cham vao thanh d& twong tng. Lic
do, xi lanh bi ngét dién, bao vé hé théng co khi. Luc nay, chi co thé 4n phim nguoc lai
dé nguoi dung can phai thio d& phan khung chéan hodc dau giudng tuong ting.

4. KET LUAN

Viéc nghién ciru, 1ap dit hé thong an toan 16p 2 cho giwdng bénh da ning noi
trén nham hd trg hé théng an toan tir phan mém cua hé thong dién nham diéu khién
cac xi lanh dién, bao dam hoat dong cua cac khép dién ra duge an toan cho ca ngudi
bénh va hé théng co khi ctia givdng hon rat nhiéu boi hé thong cong tic hanh trinh va
diot rat kho hong. Hé théng da dugc chay thu trén thyc té va cho két quéa nhu mong
doi. Ching toi da thir nghiém ca c6 tai va khong tai. Két qua cho thiy khong c6 bat ctr
su ¢b nao xdy ra. Viéc nay co thé bao dam thém mot 16p bao vé€ tang sy an toan cho
ngudi bénh ciing nhur d6 bén chic cua giudng.
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SAFE ELECTRIC SYSTEM FOR MULTI MEDICAL BED USED
PATIENTS PATIENTS OF JOINT STIFFNEM AND ARTHRITIS

Le Viet Bau, Cam Ba Thuc, Nguyen Ngoc Han
ABSTRACT

The electronic system shoud be needed for a multi-function medical bed to
ensure its operration automatically. In these beds, in some cases, functions could
conflict with each other. This paper presents the electronic system to avoid these
conflicts. This ensures the safety for patients as well as the mechanism structure of
the bed.

Keywords: Multi medical bed, safety for medical bed.
* Ngay nop bai:22/6/2020; Ngay gui phan bién: 22/6/2020; Ngay duyét dang: 28/10/2020

* Bai bdo nay la két qua nghién ciru tir dé tai Khoa hoc va Cong nghé cdp tinh, tinh Thanh Hoa
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MOI TUONG QUAN GIUA HAM LUQNG MOT SO KIM LOALI
NANG VOI KiCH THUOC HAT TRAM TiCH BIEN

Lé Ngoc Anh?
TOM TAT

Ham lirong bon kim logi ndng bao gom As, Cd, Cr va Pb da duwoc Xac dinh
trong 72 mau tram tich bién ven bo dong bang séng Cizu Long. Mai firong quan cua
chang véi kich thuéc hat tram tich dac biét 1a kich thuéc trung binh (Md) va gid tr;
trung binh (Mean) da dwoc nghién cizu. Két qua nghién cizu chi ra rang, kich thuéc
Md va Mean firong quan chdt ché véi ham lirong kim logi ngng. Péi véi cac hat bt
(bun) méi firong quan 1a am, n6i chung khi kich thwdéc hat tang, ham lirong kim logi
nang giam. Paéi Véi cac hat dat sét, moi weong quan |1a dieong, khi kich thuéc hat
tang 1én, ham luong kim logi nang tang.

Tir khoa: Kim logi nang, tram tich bién, méi fuong quan, kich thuéc hat tram tich.

1. DPAT VAN BE

Nhitng nim gan day, kim loai nang trong tram tich viing cira séng, ven bién va
ring ngap man da duoc nghién cau nhiéu trén thé gii [1-7]. O Viét Nam, cho dén
nay nghién ctiu vé kim loai ning chi yéu duoc thuc hién ¢ cac ving d6 thi va dat
nhiém phén [8,9], trong khi viing dat va tram tich ven bién con chwa duoc quan tam
nhiéu. Tram tich bién ven bd dong bang séng Ciru Long (PBSCL), dic biét ban dao
Ca Mau la tram tich ring ngap man, rat giau sunfua va cac chat hiru co, thich hop
cho viéc lang dong va luu giir c4c chat 6 nhidm c6 ngudn gdc tir dat lién, nhat 12 cac
kim loai nang [7]. Trong bai b4o nay, ching tdi trinh bay nhitng két qua nghién ctu
mdi twong quan giita ham lwong cac kim loai As, Cd, Cr va Pb véi kich thuéc hat
trong tram tich bién ven bd PBSCL.

2. THUC NGHIEM

Tap hop 72 mau tram tich bé mit thu thap dwoc trong khu vyc nghién ciu tir
cac chuyén khao sat bang tau nghién ciru bién SONNE cua CHLB Puc (SO187-2,
S0187-3) nam trong khudn khé hop tac nghién cau bién cua Vién Dia chat va Dia
vat ly bién (IMGG) véi CHLB Dtc kéo dai tir cudi nim 1996 dén 2009. Ham luong
cac KLN va kich thuéc hat trong cac mau tram tich bién nghién ciu da duoc xéc
dinh va trinh bay chi tiét o [10].

Y Trieong Pai hoc Tai nguyén va Moi trieong Ha Ngi
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3. KET QUA NGHIEN CUU VA THAO LUAN

Dé danh gia mdi twong quan giira ham lwong kim loai nang véi kich thuéc hat
tram tich, bai b4o sir dung hé sb twong quan R. Hé s6 twong quan (R) 1a mét chi sb
théng ké do luong méi lién hé tuong quan giita hai bién sd, nhu ham luong kim
loai nang va kich thuéc hat. C6 hai kiéu twong quan giita ham luong kim loai niang
va kich thuéc hat tram tich duoc nghién ctru 13 trong quan dwong (hé sb twong
quan R > 0) va trong quan am (hé sé twong quan R < 0). Hé sé twong quan R cang
gan 1 thi mdi twong quan gitra ham luong kim loai nang véi kich thuéc hat tram
tich cang chat chgé.

3.1. Méi twong quan giira ham lrong KLN véi kich thwéc hat trong nhém sét

Nhom sét gdm cac mau tram tich c6 kich thudc hat Md nam trong khoang tur
5,18 um - 9,67 pm va kich thudc hat Mean tir 4,62 pm - 9,38 um. Trong téng s6 72
mau nghién ctu c6 30 mau la sét, chiém 41,67%. Nhing két qua xac dinh kich
thugc hat cho thay: kich thuéc hat Md va Mean ciia cAc mau tram tich xap xi nhau.
Do d6 phan phdi cua céc gia tri Md va Mean trong nhom sét 1a phan phdi chuan.
Thém vao d6 hé s twong quan R giita Md va Mean 1a 0,91, phan nao thé hién méi
twong quan chit ch& giira ham lugng kim loai nang véi kich thuéc hat cua cac mau
tram tich trong khu vyc nghién ciru. Cac dic trung théng ké vé ham luong kim loai
nang trong nhém mau nay duoc trinh bay trong bang 1.

Phan tich mdi quan hé giita ham lwong As véi Kich thuéc hat Md va Mean
trong mau tram tich cho thay ching c6 méi trong quan duong. Hé sé tuong quan R
gitta ham luong véi kich thuéc hat Md va Mean lan luot 1a 0,448 va 0,439. Piéu
nay c6 nghia ham lugng cang cao khi kich thudc hat sét cang I6n. Twong ty nhu
As, ham luong Cd ciing ¢6 mdi twong quan duong véi kich thuéc hat trong mau
tram tich sét. Hé sé twong quan R = 0,28 va R = 0,26 giita ham luong Cd ddi véi
kich thuéc hat Md va Mean thé hién rd diéu nay. Tuy nhién, véi hé s6 tuwong quan
thap, ham lwong Cd thé hién mdi twong quan khong chit ch& va rd rang véi gia tri
kich thudc hat Md va Mean.

Véi @6 nhon (Kurtosis) bang -1,45 va do léch (Skewness) bang 0,18, ham
lugng Cr trong cac mau tram tich nghién ctru thuéc nhém sét duoc coi 1a phan phdi
chuan. Piéu nay giai thich tai sao hé sb tuong quan cta ham lwong Crom vdi kich
thudc hat Mean va Md cua trim tich lai bang nhau. Ham luong Crom c6 mdi twong
quan duong, chit ch& véi kich thudc hat trong cic mau trAm tich, v6i hé sd tuong
quan R = 0,55. Trong cung mdt mau tram tich, Crom thé hién méi quan hé giira ham
lugng va gia tri kich thuéc Md va Mean ro rang hon so vdi cac kim loai nang khac
nhu Asen va Cadimi (hinh 1).
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Hinh 1. Twong quan giira ham lwgng Cr véi kich thwoc Md va Mean

Chi (Pb) 1a kim loai thé hién su twong quan ham lugng véi cac kich thudc Md va
Mean 10 rang nhét trong s6 cac kim loai nang nghién ctru. B nhon béng -1,46 va do léch
bang -0,08 phan 4nh sy phan b x4p xi phan phdi chuan ctia ham lugng Pb trong cac mau
trAm tich. Vi vay, su twong quan giita cac kich thuéc Md va Mean v6i ham lugng kim
loai ning nay 1a bang nhau. Véi hé sd tuong quan R = 0,63 cho thdy mdi tuong quan
thuan chiéu va chit ché giita ham luong ctia Pb véi kich thudc hat Md va Mean (hinh 2).
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Hinh 2. Twong quan giira ham luwgng Pb vei kich thwéc Md va Mean
3.2. Mdi tuwong quan giira ham luwgng KLN véi kich thuéc hat trong nhém bt

Nhom bot gdm cac mau tram tich ¢ kich thudc hat Md nam trong khoang 10,19
UM - 99,18um va Mean ¢6 gia tri tir 10,12pm - 95,70um. S6 lugng méau trong nhdm nay
chiém 54, 17% tong s6 mau nghién ctru. Vi hé sb twong quan R = 0,86 nén gi tri Md va
Mean co mdi tuong quan chit ché voi nhau. Tuy nhién tuong quan nay khong chat ché
bang mdi tuong quan gifta kich thuéc Md va Mean ctia cac mau trong nhom sét. Cac diic
trung théng ké vé ham luong KLN trong nhom nay duoc trinh bay & bang 2.

Trong cac mau trAm tich thudc cép hat bdt, véi @6 nhon 1a -0,38 va do 1éch la
0,38 cho thdy ham luong As trong cap hat ndy 1a phan phdi chuan. Trong mdi tuong
quan v6i Md, As thé hién su trong quan khong rd rang véi hé sd twong quan R = 0,03.
Trong khi d6, trong médi tuong quan v6i kich thude Mean, ham luong Asen thé hién
moi tuong quan am voi hé s6 twong quan R = - 0, 01 So sanh h¢ so tuong quan glu’a
ham lugng As va kich thudc hat Md va Mean tu cap hat sét dén cap hat bot cho thay
hé s twong quan giita kich thudc hat Md va Mean giam manh. Diéu nay cho thiy, ¢
cap hat kich thuéc cang 16n thi ham luong Asen c6 xu huéng giam.
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Bang 1. Pic trung thong ké ham hrong Bang 2. Pic trung thong ké ham lwong
kim loai ning trong nhom sét kim loai ning trong nhom bot

bac trung | Céac kim loai nang (mg/kg) bac trung |Cac kim loai nang (mg/kg)
théngké | As | Cd | Cr | Pb théngké | As [ Cd | Cr | Pb

Mean 2396 | 0,37 |72.46 |27.12 | [Mean 2501|034 | 70.19 | 28,83
Median (Md) 24,13 | 029 |69,75 28,49 | [Median (Md) | 23,72 | 0,32 | 69,0 | 29,04
Standard o 0 | 040 |1836 | 801 |[ANdA 586 |018| 17.9 | 647
Deviation Deviation

Kurtosis 0,30 |15,00 |-1,45 |-1,46 ||Kurtosis -0,38 11,80 | -0,64 | 0,70

Skewness | 0,71 | 3,53 | 0,18 [-0,08 | |Skewness 0,38 [1,30| -0,08 | 0,59
Minmum 9,08 | 0,07 |46,47 (15,19 | [Minmum 14,46 |1 0,13 | 29,81 | 17,25
Maximum [47,11 | 2,16 101,02 40,74 | |[Maximum 37,24 10,92 (101,69| 47,66
Variance 0,40 | 1,08 | 0,25 | 0,30 ||Variance 0,23 (054 0,26 | 0,22

Cd 1a kim loai c6 ham lugng thép nhét trong s6 cac kim loai nang dugc nghién
ctru. Khac v6i nhom sét, trong nhom bot ham luong Cd thé hién su phan bd xép xi
phan phéi chuan. Trong mdi quan hé véi kich thuéc Md va Mean, ham luong Cd thé
hién mdi twong quan am. Hé s6 twong quan R = - 0,1 d6i véi ca kich thudc hat Md va
Mean cho thdy mdi twong quan niy chua thyc sy rd rang. Trong nhom bot, tuong tu
As khi kich thudc hat cang 16m, thi ham luong Cd c6 xu hudng giam.

Tuong ty trong nhoém sét, ham lugng Cr trong nhom bot ciling 14 phan phéi chuan.
Gia tri Md va Mean xép xi nhau, do nhon -0,64 va dg 1éch 1a -0,08 da chimg minh diéu
nay. Ham luong Cr c6 mdi twong quan am voi kich thuéc Md va Mean. Tuy hé sb
turong quan R khong thuc su cao (-0,42 va - 0,52) nhung Cr di thé hién mbi tuong quan
16 rang nhét trong s6 cac kim loai nang khac dugc nghién ciru (hinh 3).
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Hinh 3. Twong quan giira ham lwgng Cr véi kich thwéc Md va Mean

Dbi véi nguyén td Pb, do nhon va do 1éch thap, phan anh quy ludt phan phdi chuan
ctia ham luong kim loai nay. So v6i cac mau trdm tich nhom sét, ham luong Pb trung binh
cao hon va phan phéi gan v6i phan phéi chuan hon. Tuy nhién, trong nhém nay Pb lai
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khong thé hién su trong quan chit ché véi hé sd tuong quan ndi bat nhu nhém sét. Trong
nhom bot, Pb thé hién su tuong quan ham lugng véi kich thudée Md va Mean ro rang hon
cac kim loai As, Cd nhung lai kém hon so véi kim loai Cr. Hé sb twong quan R giita ham
luong Pb voi kich thuéc hat Md va Mean lan lugt 1a - 0,2 va - 0,28 di thé hién mdi tuong
quan 4m. Ham luong kim loai nay giam khi kich thudc hat cia mau tram tich ting,

4. KET LUAN

Dbi véi cap hat sét, kich thudc hat Md va Mean c¢d méi twong quan duong va
chat ch& véi ham luong céc kim loai nang. Diéu nay c6 nghia 1 khi kich thuéc hat
tram tich cang 16n thi ham luong kim loai ning trong mau tram tich cang cao. Nguoc
lai, d6i v&i cap hat bot, kich thuéc hat Md va Mean ¢6 méi twong quan 4m véi ham
luong kim loai ning. Piéu d6 c6 nghia 1a ham luong kim loai ndng c6 xu huéng chung
giam khi kich thuéc cap hat bot tang.

Két qua nghién ctiu nay la nhiing dix liéu quan trong dong gop vao viéc nghién cau,
danh gi4 tac dong moi truong vé sy tich ty kim loai nang trong tram tich viing cira song,
ven bién dong bang séng Ciru Long ndi riéng va trong cac mau tram tich néi chung.

TAI LIEU THAM KHAO

[1] Balachandran K. K, C. M Lalu Raj, M Nair, TJoseph, P. Sheepa, P. Venugopal
(2005), Heavy metal accumulation in a flow restricted, tropical estuary, Estuarine,
Coastal and Shelf Science, 65, pp. 361-370.

[2] Bryan G. W, Langstone W.J., (1992), Bioavailability, accumulation and effects of
heavy metals in sediments with special reference to United Kingdomestuaries: a
review, Environmental Pollution, 76, pp. 89-131.

[3] Defew L. H, Mair J. M, Guzman H. M, (2005), An assessment of metal
contamination in mangrove sediments and leaves from Punta Mala Bay, Pacific
Panama, Marine Pollution Bulletin 50, pp. 547-552.

[4] Hoa Nguyen My, Tran Kim Tinh, Mats Astromand Huynh Tri Cuong (2004),
Pollution of SomeToxic Metals in Canal Water Leached Out FromAcid Sulphate
Soils in the Mekong Delta, Vietham, The Second International Symposiumon
Southeast Asian Water Environment /December 1-3.

[5] Sabine D., Lyn C. N., Lorenzo G., Susan B. Marriott, Hans-Joachim S., David J.
Bird (2006), Evidence for diclining levels of heavy-metals in the Severn
Estuary/Bristol Channel, U.K. and their spatial distribution in semidents,
Environmental Pollution 143, pp. 187-196.

[6] Saifullah S. M, Sarwat I., Khan S. H, Saleem M, (2004), Land Use - Iron Pollution
in Mangrove Habitat of Karachi, Indus Delta, Earth Interaction, 8(17).

19



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 51.2020

[7] Zheng W J, Cheng X Y, Lin P., (1997), Accumulation and biological cycling of
heavy metal elements in Rhizophora stylosamangroves in Yingluo Bay, China,
Marine Ecology Progress Series, 159, pp. 293-301.

[8] Phuong P. K, C. P. N. Son, J. J. Sauvain, J. Tarradellas, (1998), Contamination by
PCB’S, DDT’ Sand Heavy Metals in Sediments of Ho Chi Minh City’s Canals,
Viet Nam, Bull. Environ. Cotam.Toxicol, 60, pp. 347-354.

[9] Rashida Q, Sardar A.S, Naureen A.Q, (2005). A comparative study of heavy metal
concentrations in surbficial sediments from coastal areas of Karachi, Pakistan,
Marine Pollution Bulletin 50, pp.583-608.

[10] L& Ngoc Anh (2019), Phuong phép xac dinh ham lwong mot s kim loai nang va
kich thudc hat trong cac mau tram tich bién ven bo, Tap chi Khoa hoc, Truong Pai
hoc Hong Bric, s6 45, tr.15-21.

THE CORRELATION BETWEEN THE CONTENTS OF SOME
HEAVY METALS WITH COASTAL SEDIMENT PARTICLE SIZE

Le Ngoc Anh

ABSTRACT

Contents of four heavy metals including As, Cd, Cr and Pb were determined in
72 coastal sediment samples in the Mekong Delta. Their correlation with sediment
particle size in particular Median size (Md) and the Mean has been studied. The
research results indicated that, the values of Md and Mean are closely correlated with
the contents of heavy metals. For powder samples, the correlation was negative. It
means when the particle size increases, the contents of heavy metals decrease. For
clay samples, correlation was positive, when the particle size increases, the contents
of heavy metal increase.

Keywords: Heavy metals, sea sediment, correlation, sediment particle size.

* Ngay nop bai: 7/6/2020; Ngay guwi phan bién: 13/6/2020; Ngay duyét dang: 28/10/2020
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NGHIEN CUU XAY DUNG MO HINH MO PHONG MAY BIEN
DONG DPIEN TU KET QUA THI NGHIEM PAC TINH KICH THICH
CUA MAY BIEN DONG TRONG THUC TE

Do&n Thanh Canh’, Pham Thi Ha?
TOM TAT

Mb hinh mdy bién dong dién xdy dung diea trén ddc tinh kich thich trong thi nghiém
thiee té, tir ddc tinh kich thich xdy dung dwong cong tir héa cia 16i thép mdy bién dong.
Két qua mé phong cho thay dic tinh kich thich cia mé hinh mdy bién dong dién dwoc xdy
dung la phu hop voi dac tinh kich thich trong thuc nghiem. Viéc sw dung mo hinh may
bién dong cho phép phan tich déap iing cdc bdao vé khi xdy ra bdo hoa mdy bién dong.

Tir khoa: Bién dong dién, dac tinh, kich thich, md hinh, tir hoa.
1. DAT VAN BE

Trong so d6 bao vé cac thiét bi dién quan trong trong hé thong dién, cac tin hiéu
dau vao caa bo bao vé duoc cap boi may bién dong dién. Chat luong cia may bién dong
anh hudng trye tiép toi do tin cdy cua bao vé [1]. May bién dong dién 1a thlet bi dién dung
dé bién doi dong dién c6 tri sb lon va dién ap cao Xudng dong dién co tri s tidu chuan 5A
hoic 1A, dién 4p an toan dé cung cap cho mach do luong, diéu khién va bao vé [2].

Hién nay, viéc mo hinh hoa cac phan tir trong hé thong dién da trg nén can thiét,
nham Kiém tra, danh gia qua trinh lam viéc cua thiét bi ca trudc va sau khi ap dung
thue té. Voi cong cu md phong hién dai nhu EMTP, Matlab/Simulink, ngudi nghién
ctiu ¢6 thé xay dung duoc mé hinh role bao vé dya trén cac giai thuat khac nhau, két
hop vai cac khéi thiét bi c6 sin trong thu vién md phong dé tién hanh mé phong cac
dang su ¢ va phan tich su lam viéc cua role. Tir cac két qua mo phong, ngudi sir
dung c6 thé danh gia luong hoa dugc anh huong cua cac yéu td khac nhau dén su lam
viéc cua role ky thuat sb, tir d6 dua ra cac diéu chinh phu hop vé mat chinh dinh cac
thong sb cai dat, cling nhu lwa chon hop ly cac thiét bi do luong va mach nhj thi.

Cac nghién ctu trude dé [1,3,4] st dung lai chinh céc sb liéu dién hinh cua
bién dong dién ma Matlab dua ra nén chua phu hop véi yéu cau thuc té [5]. Dé giai
quyét van dé nay, can thiét phai xay dung duoc mé hinh may bién dong dién tir céc
két qua thi nghiém dic tinh kich thich cia may bién dong dién. Trong thuc té, sb
liéu thi nghiém may bién dong tai hién truong cho ta dic tinh kich thich ctia may
bién dong, d¢ mo phong lai may bién dong trong moi truong MATLAB cén thiét
xdy dung duong cong tir hda cua 15i thép may bién dong dién.

2. MO HINH MACH PIEN THAY THE VA PHUONG PHAP XAY DUNG
MO HINH MAY BIEN DONG DIEN

M6 hinh mach dién thay the may bién dong gom May bién dong 1y tudng ndi
song song v4i cudn cam phi tuyén dic trung boi mbi quan hé giita tir thong chinh

12 Khoa K7 thudt Cong nghé, Truong Pai hoc Hong Pire
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moc vong qua cac cudn day, mdi quan hé giira tir thong va dong dién trong cudn diy
may bién dong [6].

Hinh 1. M6 hinh mach thay thé may bién dong dién

Puong cong kich thich cua may bién dong 1a duong cong biéu din mdi quan hé
gitra gia tri hiéu dung cua dién ap kich thich va dong dién kich thich cua may bién
dong dién. Puong cong kich thich dugc thi nghiém va cung cip boi nha san xuat biéu
dién trén truc do thi log-log.

.
L

/ I

Hinh 2. Pwang cong kich thich may bién dong dién
Dé xay dung md hinh méy bién dong dién can don gidn hoa dudng cong kich thich
may bién dong va xac dinh dugc cac tham so6 cua dac tinh tir hda may bién dong dién.
Theo [4,6] ta don gian hoa dac tinh kich thich nhu hinh 3.
Ve b

¥

e

Hinh 3. Pac tinh don gian hda cia dwong cong kich thich
Dé c6 duoc dic tinh tir hoa 16i thép may bién dong dién can xac dinh dugc gia
tri cua hé so A cia phuong trinh i, = A-sgn(1)-| 1|° Q)
MJi quan h¢ giira tir thong lién két () va dién &p kich thich tuc thoi (vs) theo
dinh luat Faraday, khi bo qua dién tré khong dang ké cua cuon day tha cap (Ry) cuaa
da

méy bién dong ta co: ve = — 2)
Gia thiét véi dién &p kich thich dang sin: v, = V2V, cos(wt) 3
Va 2= [v,dt = [V2V, cos(at)dt = 2V, sin(at) @)

(4]
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Dong dién kich thich 1a khong sin, ham iy thira bac s cua A

i, = AL = A{ﬁv& sin(a)t)} = A{@} sin® (at) (5)
w w

Gia tri hiéu dung dugc dinh nghia

25
2z 2 ZV S 2z

1, = ijifdt - iIAZ VT | sin®(wt)dt = yav, ij'sinzs(a)t)dt (6)
2r s, 2r @ w 27

rms
peak '
Vi ham sin thi RP=0.7071, véi i gia tri ctia RP dugc xac dinh nhu sau

27
\/21 [12,sin% (@t)dt :
72_ T
Rp - V270 — |2 Tsin® (at)dt )
ka 27[ 0
vgor A Binh iy i Binh

Hinh 4. So sanh bién d va gia tri hiéu dung caa séng dang sin va khong sin

Dinh nghia ty 6 gitra gia tri hiéu dung va bién do 1a RP =

Thay vao biéu thic 5 ta c6

r TS
T RET ®)
- a) -
Ta s& xac dinh hé s6 A qua diém 1,=10, V.=V
r qs
100° 1
10= A V2, RP; A=—a)s— ©)
o | (vav,f RP
o A e 100° 1 ¢
Thay vao biéu thac (1) ¢ moi quan hé gitra A va ie | =Sgn(/1)W@c|/1| (10)

3. XAY DUNG MO HINH MAY BIEN DONG TU KET QUA THI NGHIEM
3.1. Théng s6 may bién dong tir thi nghiém
May bién dong duoc mod phong c6 thdng s6 400/5 loai 10P20 két qua thi nghiém nhu sau:

0,00001 0,0001 0,001 001 0.1 i
I[A]

Hinh 5. Dic tinh kich thich thi nghiém ciia may bién dong 10P20, 400/5
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Bing 1. Thong sb thi nghiém ciia may bién dong di¢n

Dién ap (V) 155.3475 | 154.2525 153.9675 153.0705 152.0925 150.867 149.1345 | 147.015
Dong dién (A) | 0.1253274 | 0.1102412 | 0.0903417 | 0.0706133 | 0.0526517 | 0.037191 | 0.0244536 | 0.014571
Dién ap (V) 144.3465 | 140.9745 136.761 132.0855 127.2285 122.283 117.3015 | 112.3275
Dong dién (A) | 0.0076347 | 0.0035771 | 0.0018111 | 0.0011504 | 0.0008784 | 0.0007518 | 0.0006782 | 0.0006297
Dién ap (V) 107.3175 102.321 97.3365 92.328 87.327 82.338 77.322 72.303
Dong dién (A) | 0.0005991 | 0.000569 | 0.0005339 | 0.000504 | 0.0004733 | 0.0004413 | 0.0004131 | 0.0003875
Dién ap (V) 67.32 62.2995 57.2775 52.2855 47.271 42.2595 37.2525 32.2365
Dong dién (A) | 0.0003611 | 0.0003365 | 0.0003135 | 0.0002904 | 0.0002673 | 0.0002438 | 0.0002199 | 0.0001959
bién ap (V) 27.2415 22.2255 17.217 12.2085 7.1925 2.175
Dong dién (A) | 0.0001725 | 0.0001482 | 0.0001224 | 0.0000948 | 0.0000651 | 0.0000309

Tir théng sb thi nghiém va dic tinh ¢ hinh 5 xac dinh dugc Vs = 187.05(V), tham s6 S = 16.

3.2 Xac dinh tham s6 A
Thay vao biéu thirc (7) va (9) ta co:

27 16
RP = |- [ sin(at)ct a_l0aoorn® 1
27 4 (V2*187.05)° RP
Két qua tinh toan dwgc thuc hién trong MATLAB/SIMULINK véi so ¢ md phong gom may bién dong duogc cap

ngudn phia tht cap boi ngudn dong diéu chinh ting dan dong dién, phia so cip may bién dong dé hd mach, do dién 4p phia
tha cap [7].
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4. KET QUA MO PHONG
May bién dong dién st dung trong md phong cé thdng sé Ry = 02, L,,=0.005H.

0.6 ==

Hinh 6. Pic tinh tir h6a ctia may bién dong dién

Két qua mo phong cho thiy dic tinh tir hda cua may bién dong dién thyc té va
mo hinh la phu hop véi nhau.

140

120

100+ /
60

Ve (V)
60

Mo hinh
Thue te

40

20

s

/
0

o 02 04 06 0.8 1 1.2 1.4 16 18 2
le (A) M 1D-3

Hinh 7. Se sanh dwong cong kich thich may bién dong trong thi nghiém thuc té va khi sir
dung m6 hinh x@y dwng trén MATLAB

Diém gay caa do thi trong thyc té tai diém l,= 0.0006952 (A), V,=118.4865(V)
trong mé hinh xay dung c6 ly=0.0006948 (A), V=112.9732(V). M6 hinh la phu hop,
chép nhan duoc.

5. KET LUAN

Bai bao nay nghién ciru xay dung md hinh may bién dong dién trong méi truong
MATLAB/SIMULINK tir két qua thi nghiém thuc té va da thuc hién xay dung duoc
m6 hinh may bién dong dién c6 dép ung dung véi dac tinh kich thich khi thi nghiem.
V6i két qua mod hinh may bién dong dugc xay dung cd thé st sung cac ban ghi su cd,
kiém nghiém lai su 1am viéc cua bao vé so léch méy bién ap ciing nhu cac bao vé khéc
khi xay ra bdo hoa may bién dong.
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STUDY OF CURRENT TRANSFORMER MODEL BASED ON THE
STIMULATING PROPERTIES IN EXPERIMENTS

Doan Thanh Canh, Pham Thi Ha

ABSTRACT

Current transformer model is built based on the stimulating properties in
experiments, from the stimulating properties to build the magnetization curve of the
transformer core steel. The simulation results show that the stimulating properties of the
current transformer model are consistent with the experimental stimulating properties.
This model allows to analyze the response of the saturation transformer protection.

Keywords: Current transformer, characteristics, stimulation, model, magnetization.

* Ngay nop bai:1/7/2020,; Ngay gui phan bién: 27/7/2020; Ngay duyét dang: 28/10/2020
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KHOI PHUC VA XAP XI HAM SO BANG PHUONG PHAP
TUYEN TINH TRONG KHONG GIAN BESOV

Nguy&n Manh Cuéng?, Bui Khic Thién?
TOM TAT

Chung tdi nghién cizu khoi phuc va xdp xi 16p ham sé khdng tuan hoan thugc
khong gian Besov By g ¢6 dé tron dang huéng bang phuong tuyén tinh khong thich
nghi. Xay dung duwoc phirong phap tuyén tinh L, (X,,, @, f) duwa trén gia tri ldy mau
ma cy thé trong bai bao nay l1a cac toan ti R,,,(f), ddnh gia sai s6 xdp xi cia phwong
phap qua dai luong dac trung o,.

Tir khoa: Biéu dién ban ngi suy, khdng gian Besov, phiwong phap tuyén tinh.

1. DPAT VAN BE

Nhu ching ta dd biét cic phuong phap hién dai cia todn hoc duoc
ng dung rat nhiéu trong linh vyc xir ly tin hiéu, xir ly anh va thi giac may tinh.
Bai toan khoi phuc tin hiéu va loai nhidu 12 mot bai toan hét sic quan trong trong
linh vuc xir ly tin hiéu va xt ly anh, vi trong thuc té khéng c6 mot loai may nao
c6 thé cho ta théng tin chinh xac cua tin hiéu, ciing nhu nhidu ludn xuét hién
trong qué trinh truyén tai, sé hoa, nhiéu xuit hién do diéu kién tu nhién. Sy phu
thugc cua chat luong tin hiéu va anh vao cong nghé xir 1y thong tin doi hoi phai
phét trién rat manh va c6 hiéu qua cac thuat toan xir Iy tin hiéu, xa ly anh va
tng dung cua chdng [1,2]. Khoi phuc ham sé tir gia tri iy mau téi vu 1a mot trong
nhitng bai toan co ban cua ly thuyét xap xi, duoc nhiéu nha toan hoc quan tam vi y
nghia Iy thuyét ciing nhu tng dung cua nd. Khdi phuc ham sé tir gia tri ldy mau bang
phuong phép tuyén tinh 12 cach tiép can truyén théng dugc nhiéu nha toan hoc nghién
ctru, tuy nhién cho dén nay nd van khéng mét tinh thoi su vi ¢ nhiéu tng dung. Bai
béo nghién ctru khdi phuc va xap xi ham sé bang phuong phap tuyén tinh khéng thich
nghi. Khoi phuc va xap xi ham s bang phwong phép tuyén tinh da duoc nhiéu nha
toan hoc nghién ciu va c6 nhiéu cong trinh dugc cong bb. Trong [3] céc tac gia da
nghién cau khoi phuc va xap xi ham sé bang phuong phap tuyén tinh cho I6p ham sé
tuan hoan thugc khong gian Besov B, véi modul tron ding huéng, cc tc gia da

xay dung dugc phuong phap tuyén tinh va danh gia duoc téc d6 hoi tu cua phuong
phap d6. GS.TSKH Pinh Diing da nghién citu khdi phuc va xap xi ham sé cho 16p
ham sé khong tuan hoan bang phwong phap tuyén tinh trong cac khong gian Besov
BO(

b o B;‘jgﬂ va B,?ﬂ v6i modul tron khong dang huéng, xdy dung duoc cic phuong

! Khoa Khoa hoc Ty nhién, Trwong Pai hoc Hong Pirc
2 Khoa Ky thudt Cong nghé, Truong Pai hoc Hong Pire
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phép tuyén tinh va danh gia tiém can téc do hoi tu cua phuong phap [6,7]. Trong bai
bao nay, ching tdi s& nghién ctru van d& khdi phuc va xap xi ham sé khéng tuan hoan
bang phuong phép tuyén tinh trong khong gian Besov B, véi modul tron dang

huéng, ching t6i xay dung dugc phuong phéap tuyén tinh boi cac B-spline va danh gia
tiém can duoc toc do hoi tu ciia phuong phap.
Dinh nghia 1. Cho f e L (1), toan ti sai phan cdp ! dwoc dinh nghia boi

AL (x) :=ZI:(—1)"J(IJ1‘(X+ jh).

Pinh nghia 2. Néu f e Lp(ld) thi: oy (f,1), Z:SUpHA'th )
et p, 19 (Ih)

duoc goi la
modul tron cdp | cia f, 6 day 14(Ih) = {x:x, x+lhel}.

Chohamsé Q: R, — R_ thoa man cac diéu kién

(i) Q(t)>0,Vvt>D0,

(i) Q) <cQ), vt,t' e R ,t <t

(iiif) V¥ 21,3C"=C'(y) sao cho Q(yt) <C'.Q(t), teR ..

Cha y rang diéu kién (iii) chi can thoa man véi mot sy >1 ¢d dinh (chang hany =2).

Pinh nghia 3. Cho 0 < p,d <o khbng gian Besov B?ﬁ dwoc dinh nghia la tap
hop cacham f e L (I %) sao cho chudn Besov sau 12 hi#u han

[ flse, =IF0,+1 1

1a nira chudn Besov, xdc dinh béi

edt %
P U{w.(f,t)p/Q(t)} TJ 0 <

Gy |y

Q
Bp.o

sup{a),(f,t)p/Q(t)} 0=,

tel

Ki hi¢u U2, 12 hinh cdu dom vi cia khong gian B, .

2. BIEU DIEN HAM SO QUA CAC B-SPLINE

Pinh nghia 4. Ky hiéu N, 1a B-spline chudn tac bdc r véi cac nit tai cdc diém
0,1...r dwoc xdc dinh nhw sau: N, la ham dac trung trén nuwa khodang [0, 1); vdi
r =2, N, duroc dinh nghia bsi tich chap

N, 00 = [ N,y (= YN ().
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Pt Mr(X)1=Nr(X+£) drot goi 1a B-spline trung tam bdc r.

Cho moét s6 nguyén duong r, goi M 12 mot B-spline trung tam bac 2r véi gia
[—r,r] va c&c nét 1a cac diém nguyén —r,..., 0,...r. Dinh nghia d-bién B-spline nhu sau

M(x)::HM(xi),x=(x1,x2,...,xd), (2.1)

va dinh nghia B spline song nhé: M, ((x) =M (2“x—s),
Cho mot s6 khdng am k va seZ® . Ky hi¢u M 1a tap hop tit ca M, ; khdng trit

tieu trén 1¢. Cho A={A(j)},,, l& dady chan hitu han, tic la A(j)=4(-j), ¢ day

eP(u)
P'():={jeZ:|jl<u} v& wu>r-1. Ching ta dinh nghia todn tir tuyén tinh Q cho
ham f trén R? boi

Q(f, )= A(f,s)M(x—5), (2.2)

sezd

O day: A(f,s)= > A3 F(s—j). (2.3)

ieP (w)

Khi d6, tir dinh nghia cua B-spline suy ra toan tir Q bi chin trén C(RY) va
[QUE e qesy <IANT s, - tromg d6 A= > R(DI-

jeP ()

Ky hiéu B, , 1a tap hop cac da thirc dai s6 c6 bac khong vuot quéa 2r — 1. Mot
toan tor Q duoc xac dinh tu (2.2 - 2.3) téi tao lai B, ,, tuc l1a Q(p)=p, peR,_,, dugc

goi la mot toan tir gia noi suy trong C(R?).

Gia st Q la mét toan tir gia noi suy tir (2.2 - 2.3), cho h > 0 va mét ham f xac
dinh trén R, chung ta xac dinh todn ta Q(.,h) boéi Q(f;h):=0,°Q°,, (f), & diy
o, (f,x)=f(x/h). Tu dinh nghia cua Q(f,h), ta CéQ(f,x;h):ZA(f,k;h)M(h’lx—k),

k

vai A(T k= S a0 f (k- ).

jeP? (u)

Toan tr Q(.,h) b cac tinh chat trong tu nhu toan tir Q , ciing dwoc goi 1a mot

toan tir gia noi suy trong C(R?). Nhung Q(.,h) khong duoc dinh nghia cho f trén 1°,

va do d6 khong khoi phuc dwoc ham sé f vai cac diém ldy mau trong 1¢. Mot cach

tiép can duoc GS.TSKH Pinh Diing dé xuit trong [4,5] dé xay dung toan tur gia noi
suy cho mot ham sé trén 1912 mé rong né bang cac da thac noi suy Lagrange.

Cho mot s6 nguyén khong am k, dat x; = j2*, jeZ. Néu f 1a mot ham so trén |,

Ky hiéu U, (f), V,(f)lan lugt 1a cac da thic ngi suy Lagrange tai 2r diém bén tréi

X

Xo, Xy, X0, VA 2r diém bén phai x . X trén doan I duoc x4c dinh béi:

2% _2r+1? "X _2r43'""
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2r 125kA5 f
UL(F 0= F(x)+ 3 e LB

s=1

H(

2r 125k f(X s-1

(AULESICHNNED) Bt H(x X pri1ey)
Ham sb f duoc dinh nghia 14 ham sé mé rong cua f trén R nhu sau:
U, (f,x), X <0,
f (X) =1 f(x), 0<x<],
V, (f,Xx), x>1.
Néu f lién tuc trén | thi f lién tuc trén R. Gia s Q 1a mét toan tir gia noi suy
(2.2 - 2.3) trong C(R). Chung ta xay dung toan tt Q, xac dinh bai

Qk(f,x)::Q(f_k,x;Z’k),XEl,
vai ham f trén 1. Khi do,
Q(f. )= a. (f)M, (x), vxel,

sed (k)
Trong do: J(k):={SGZ,—r<s<2"+r}
var a (f)=A(%,52%) = S a0 . (2" - ).
[il<u

Chung ta nhan thay Q, ciing l1a toan tir gia noi suy trén C(1). Cho f 1a ham sé

trén 1 Gia sir Q la mot toan tir gia noi suy cé dang (2.2)-(2.3) trong C(R"). Chlng ta
x4y dung toan tir nhiéu bién Q, duoc xac dinh bai
Qk(f 1X) = z ak,s(f)Mk,s(X)’ VX e Idi

5300
o day J(k)={seh’,—r<s <2“% +r,i=12,..,d}latip hop cc gié trj cia s sao
cho M, khong dong nhat bang 0 trén 1°. Cha y rang
a(f)=a (8 (- .a, (), (2.4)
O day cac ham hé s6 a,, duoc ap dung tuwong tw cho ham sé mot bién khi xem
f 12 ham sé mot bién xi véi cac bién con lai ¢ dinh.
Twong tu nhu toan tir Q va Q(.; h), thi toan tir Q, 1a tuyén tinh bi chan trén
C(1%) vataitao 7, ,. Bac biét, chling ta co:
Qe ey <CIAL Flle e (2.5)

Vi mdi feC(1%), véi hang s6 C khdng phu thudc k va Q (¢*)=p, VeeB,,, & day p*

la han ché ciia ¢ trén 1°. Toan tir nhiéu bién Q, dwoc goi la toan tir gia noi suy trén C(1%).
Cho keZ,, dat g, :=Q, -Q_, Vi quy uéc Q,(f)=0.Ta dinh nghia Q, boi Q =>"q,.

k'<k
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Bédé1l. Giagsw feC(1). Khidd, ta cé
[f-Q ()], <Can(f.2").. (2.6)
Do dé: |f-Q.(f)], >0k 2.7)
Chng minh.
Bat dang thirc (2.6) duoc suy ra tir (2.29)-(2.31) trong [4] va bat dang thic (2.5).
Cho batky f eC(1%), tir (2.7) fco thé biéu dién thanh chudi

=3 q.(f), (28)
VOi qk(f): Z Ck,s(f)Mk,s'
sed (k)

Chudi nay hoi tu theo chuan trong L, (1), & day c,la cac phiém ham hé sé cua f,
dugc x4c dinh nhu dudi day. Dau tién xac dinh ¢, cho ham sé mot bién (d = 1). Cu thé
Gs(f)=a (f)—a (f), k=0,
2r
a, (f)=2"" > [ i ]aklym(f), k>0,ay,(f):=0,

(M, §)<C, (k.5)
Oday C,(k,s):={(m,j):2m+ j—r=s,meJ(k-1),0< j<2r}, véi k>0,C (0,5):={0}.
Trong trudng hop ham nhiéu bién, chung ta xac dinh ¢, twong tu nhu (2.4) cho

3., tic 1a ¢ () =c, (G4, (€, (F))), & day cac ham hé s6 ¢, ap dung cho ham s6

mot bién f khi xem f 12 ham s6 vai bién x, vai cac bién con lai co dinh.

Ky hiéu A (f)<B,(f) néu A (f)<C.B (f) & day C la hang s6 doc lap véi n va
fEW; A(f)=B,(f) néu A (f)<B, (f)Vva B (f)<A(f).
Cho k e, ky hiéu Z(k) 1a khong gian cac B-splines Mk,s, s&€J(k). Néu 0 < p < oo

thi g €X(k) duoc bicu diénbsig= > aM,, va dang thic sau (xem [5])

sed (k)

gh=2""aj] . 2.9)

Up
O day ||{as}||pk ::E > |a, |F’J , V&i vé phai thay bang supremum khi p = oo.

sed (k)

Tir (2.9) cho ham sé lién tuc f trén 1, chung ta c6 cac nira chuin sau day
twong duong vdi nhau

an;[zmmumuQ@WfJ

o\
hgmm/mwﬁJ

Dbinh 1y sau day da duoc chiing minh trong [7,8].

@m:(z&%”

keZ,
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Pinh Iy 1. Cho 0< p,0<oo va ham sd Q sao cho ton tai cac hang s6 1, p >0
va C, C, thoa man

Q" <CQUENVE* t<titt el
(*) Q)T ettt e, (2.10)

Q)L 2 COM) L7t <ttt el
Khi do, chung ta co
i) Néu > LI p<2r thi mot ham s6 f € B7, 6 thé bicu din thanh chudi (2.8)
D .
Va By(f) < HfHBQ (211)
p,0
i) Néu p<min(2r,2r-1+>) va g 1a mot ham sb duoc biéu didn béi g= ). g, = Y. Z G M, s
p

ke Z, ke Z, sed(k

1/0
4
thoa man: B,(Q) ::[ > {||gk||p /Q(z-k)} j <o, thi geBy, vé1||g||B?ﬂ < B,(9).

ke Z,
o d | : 1, .. s e
iii) Néu ﬂ>6 va P<m|n(2r,2f—1+6) thi mot ham s6 f xac dinh trén 1° thuoc

£, khi va chi khi f c6 thé biéu dién thanh chudi c6 dang (2.8) thoa man diéu kién

(2 11) Hon nita, chuan || o, 1a twong dwong véi chuan B,(f).

Hé qua 1. Cho 0< p,egoo va Q thoa méan céc gia thuyét caa y (ii) trong
Dinh 1y 1. Khi d6, véi bat ky k e Z , chiing ta co: lgllze, < lgll,/2(27%), g € Z(k).
D,
3. KHOI PHUC HAM SO BANG PHUONG PHAP TUYEN TiNH
Pinh nghia 5. Cho X, ={x'}’, 1a n diém cia 1¢, @, 2{(0]}:71 1a ho n ham
s thudc khong gian L, (1?). Dé khoi phuc ham s6 f duge xac dinh trén 1° tir cac

gid tri 1dy mau f(x%),..., f(x"), chung ta dinh nghia phuong phéap tuyén tinh dua trén
gia tri 1y mau L (X ,®_,.) boi cong thirc sau day

L(X.,D,f): Zf 3.1)

Cho W c L, (1?). Chung ta nghlen ctru tinh t8i wu cta phuong phap tuyén tinh
c¢6 dang (1.4) dé khoi phuc ham s f eW tir n gia tri iy mau trén bang dai lwong
sau g,(W, L,(1")) = inf sup|f —L,(X,,®,, )] .
Xn:®n few 4
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Pinh nghia 6. Cho s6 nguyén khong am m, dat K(m):={(k, s):keZ, k<msel’K)},
& day 19(k)={seZ’:0<s <2, i=1,...,d} va ky hiéu M(m) 1a tap hop gém cac
B-splines M, ,,k<m,seJ(K) . Chung ta dinh nghia toan tir R cla cic ham s
feB,, boi R ()=3q()=Y 3 ¢ (fM,,,vd lusi G(m) cia cic diém trong 1°,

k<m k<m sed (k)
G(m):={2"s:(k,s) e K(m)}.

Bo dé 2. Toan tir R, xéac dinh mét phuong phap tuyén tinh c6 dang (3.1) trén
ludi G(m). Cu thé,

R,(F)=L,(X, @, f)= > {2 9y,
(k,s)eK (m)

O day X, =G(m), d, ::{Wk,s}(k,swm)v n:= G(m) |:k<zm(2k +1)?, y, . dugc xac
dinh 14 t6 hop tuyén tinh ctia khong qua N cac B-splines MikyS e M(m) vai N doc lap
véi k,7,m va f.

Pinh ly 2. Cho 0< p,q,0<o0, Q théa man cac dicu kién cua Dinh Iy 1 va
w>d/p, p<min(2r,2r—1+1/ p). Gia s véi mdi NeZ,, m 1a s6 16n nhat thoa
man | G(m) |< n. (3.2)

Khi d6 R x4c dinh phuong phip tuyén tinh ldy mau tdi wu cho

0, =0,Ug L) nhusaw:R () =L (X, @,,f)= > (2 )y,
(k,s)eK (m)

O day X =G(m)={2"s:(k,s) e K(m)}, D, = {‘/’k,s}(k Gek(m’ va chung ta c6 danh
gia tiém can sau day: sup || f-R,(f )||q =, < Q(n Y )n@rra (3.4)
feup,

Chizng minh
Danh gia can trén. Chung ta dé thiy rang

2" <|G(M)| =D (2 +D)¢ < D 2% <2
k<m k<m
Do d6, tir 3.2) thi: 29" =, (3.5)
Truong hop p>q. Xuét phat tir bat dang thuc | f ||q <|f ||p dan dén ching minh

cho trudng hop ndy v6i g=p. Do Bf, =B, chung ta chi can ching minh (3.4)

cho U?, . Ching taldy ity y me Z_, fsug [ fp:o(’gm(f)||q <Q(2™). (3.6)
Liy batky f eU® . Pat r= min(EUpPZ) str dung Pinh 1y 1 chung ta nhan dugc
lr-@, f)\n f Z" g, () *
< Sup[HqA (f) H / Q27 ]T > O™ (3.7)

k>m

ZQ(2 ) < 29(2 "y

<
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Tir (2.10) chung ta suy ra rang Q(27%) < Q(2™)2 ™ cho batky k >m.
Do d6, chung ta tiép tuc danh gia (3.7) nhu sau
lF .0 < 2 QMY « 0@y R 2 < o

k>m

Diéu nay dong nghla v6i viéc ching minh bit déng thie (3.6). Ché ¥ rang sb gia tri
ldy mau trong Q. (f) 12 |G(m)|. Chung ta xac dinh R (f)=Q,(f). Bai (3.5),
chung ta nhan dugc: Sup|| f-Q,(f )”q <Q(n™).

feU

Truong hop p<gq. Pau tién ching ta xem xét truong hop p<g<oo. Cho
f e BS,. Béi [6, B6 dé 5.3] ching ta co: |f — Rm(f)||j, < D {2 g ()] ¥
k>m

Néu 6<q, thi

I -5, < (kz sty f)Hp}e]

< Sup2d/p YO O(2 (Z{qu H / Q2 jl/g (3.8)
< HfH sup 2/7- IOk 027k

9 k>m

1/0

Tir (2.10) chiing ta nhan dugc:  Q(27%)2 < Q2™™)2*", k >m.

Do d6: Q(27F) 2P d/ak < (™) 20/ pr/amplu(dp=diam=) "k 5 m, (3.9

Suy ra Q22PN « (27 m)21PIM k> m. Cho feUy,, tir bit ding
thirc cudi cling va (3.8) chung ta thiy rang: |f =R, (f )||q < Q27™)2(/P-d/am

Bai bat ding thirc cudi ciing va (3.5) chiing ta suy ra duoc
If—R,(f )||q < Q(n Y )nWera), (3.10)

Danh gia can trén cia p, cho truong hop 6 <q dugc chitng minh.
Néu 6 >q thi

|f - &, (), < X2 H N,y
—Z{Q 24, ()] / Q@Y

Hon nita, c6 mot sé q théa min 1/q=1/0+1/q . Ap dung bat ding thirc
Holder, ching ta c6
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1
Hf—@ﬂﬁk<<Q;nﬁmr%ﬁwp”””T%WMﬁk/9@4%ﬂ)q
* 1/‘1*
(kgzl{sx bpldfp=dfa)kya j (£ o], 7 06™)

* 1/q
<|s HBQ ( > {a@ Rl lPmd/0k j . (3.11)
0,0 \k>m

Str dung (3.9) chung ta tiép tuc wdc luong (3.11) nhu sau

1/6

Ir-2.,

Tu (3.12), (3.5) chung ta nhan dugc (3.10). Panh gia can trén cia p, duoc

1/q
(2 ypti/r-d/om [239 {4/ =d/0)m) ) j < Q22U ptam - (3.19)

k>m

chung minh cho p<g<w.
Trong truong hgp p <q=o0, chiing minh tuong ty nhu truéng hop p<q<oo
bang cach sir dung bat dang thic sau

[f =R (D], < 22" [ac(F)],-
k>m
Dénh gid can dudi. Néu W < L (1), thi tir dinh nghia cia p,(W, L, (1)) ching
taco: p (W, Lq([d)) inf sup HfH : (3.13)
q

X, = VLI few f(ah)=0, j=1...

C6 dinh mot s6 r=2" véi s6 nguyén khong am m sao cho p < min(r,r —1+1/ p).

Cho mét sé nguyén 7 >m. Xem xét hinh hop J(s) < 1

J(s)={xel?:2""s, <x; <27""(s; +1), j=1...,d}, s e Z(),

O day: Z(n)={seR}:0<s,<2""-1, j=1...,d}.

Véimdi n cho trude, ching ta tim duge 7 thoéa man

n = 2 = Z(n) [= 2n. (3.14)

bat X, ={X"}rj‘:1 la mot tap con tiy y gom n diém trong 1¢ . Do
J(S)NI(S) =D véi s#S', va |Z()|=2n, ¢6 Z () = Z(n) théa man |Z () [z n
vaX M {Usez*@,)‘] (s)} =. (3.15)

Truong hop p <. Xem xét ham sé g~ € 2(;7) xac dinh boi

g =202 ’7)2d’7/pM oinj2r S € 7' (n),

O day M la B-splines c6 bac r. Boi (2.9) chdng ta co

7,rs+r/2
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*

Do d6, tir Hé qua 1 ton tai A >0 doc 1ap voi n va n sao cho g” eUy,. Chay

g = AQ(277)2Wr=dan - (316)  va Hg”p = 0(27").
g M, ,(X), X2 J(s), cho bat ky, seZ'() va do do, tr (3.15)
9" (x))=0,j=1...,n. Tir (3.13), (3.16) va (3.14) chling ta nhan duoc
o, > |07, = e,
Chung ta chirng minh xong danh gia cén dudi cia ¢, cho truong hgp p<q.
Trudng hop p>q.xéthamsé g € X(57) xéac dinh boi
9 =20027") D M,

seZ" (1)

Tur (2.9) thay rang: Hg”q = 20(27"),va

g

=202 7).
Do d6 tr He qua 1 ¢6 A >0 doc 1ap véi  va n sao cho g" eU},. Cha y ring

g (x))=0, j=1,...,n. T (3.13), (3.14), (3.17) chling ta suy ra
0, > Hg*Hq =On™).

Danh gia can dudi cua ¢, cho truong hgp p > g duoc chung minh.
4. KET LUAN

Trong bai béo nay, ching t6i nghién ciru van dé khoi phuc va xap xi ham sé bang
phuong phép khéng thich nghi cho I6p ham s khong tuan hoan thudc khéng gian
Besov ¢6 do tron dang hudng. chdng toi dat duoc két qua méi do 1a xay dung phuong
phép tuyén tinh va danh gié toc d6 hoi tu cia phuong phap qua dai luong dic trung.
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RECOVERY OF FUNCTIONS IN BESOV-TYPE SPACES BY
LINEAR SAMPLING METHODS

Nguyen Manh Cuong, Bui Khac Thien
ABSTRACT

We study the recovery and approximation of the class of non-periodic
functions in Besov space with isotropic smoothness by non-adaptive linear method.
Constructing a linear method based on the sampling value, specifically in this
paper is the operator, evaluating the approximate error of the method by the
characteristic quantity

Keywords: Quasi-interpolation representation, Besov-type spaces, linear
sampling method.

* Neay ndp bai:31/7/2020; Ngay giri phan bién: 3/8/2020; Neay duyét ding: 28/10/2020

* Bai bdo nay la két qua nghién ciru tir @é tai cdp co s¢ ma sé6 PT-2018-21 ciia Truwong
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CAU TRUC VA TINH CHAT TU CUA HE GOM Pry;A,3Mn0O;
(A = Ca, Sr, Ba) CHE TAO BANG PHUONG PHAP
NGHIENPHAN UNG KET HQP XU LY NHIET

Nguyén Thi Dung“**, Nguyén Thi Viét Chinh*, Nguyén Vin Ping’, Tran Ping Thanh**"
TOM TAT

Hé gom da tinh thé Prg 7Aq3MnO;3 (A = Ca, Sr, Ba) ¢6 cau tric orthorhombic diroc
ché tgo thanh cong bang phuwong phap nghién phdn ing két hop véi xi Iy nhiét. Théng
qua gian do nhiéu xq tia X va diz ligu M(H,T), su anh hurong cua viéc thay thé cation tai
vi tri A 1én cau trdc va tinh chat tir cia hé Pro7A0sMnOs (A = Ca, Sr, Ba) da duroc thao
lugn mét cach chi tiét. Két qua cho thdy cé sir thay déi ciia cac tham sé mang va sir dich
chuyén ddng ké cua nhiét dg chuyén pha sdt tir - thugn tir (Tc) khi thay thé mét phan ion
Pr** bang cac nguyén té kiém thé cé ban kinh ion lén hon. Trong bién thién tir zruong 10
kOe, mau A = Sr (Pro7SrosMnOs3) néi bdt véi hiéu ing tir nhiét lon tai gan nhiét dg
phong vdi c&c gia tri dac trung ASmax Va ACpmax €& 3,06 va 95,82 J/kgK.

Tir khoa: Hiéu #ng tir nhiét, chuyén pha sat tir - thudn tir, manganites,
Pr0,7Ao,3Mn03.

1. DPAT VAN BE

Trong nhitng ndm gan ddy, cc Oxit mangan co cau tric perovskite (ABO3) véi
cong thirc chung RE1,AMnO3, trong d6 RE 1a nguyén té dat hiém hoa tri ba (La, Pr...)
va A la nguyén té héa tri hai (Ca**, Sr**, va Ba®") 1a hé vat liéu rat dwoc quan tam
nghién ctu vé cau trdc tinh thé va céc tinh chat vat Iy [1,2,3,4]. Tuong tac trao d6i kép
(DE) giita cac ion Mn** va Mn** thong qua trung gian Ia ion 6xy cling vdi tuong tac
electron-phonon manh xuat phat tir bién dang Jahn-Teller cia bat dién MnOg di lam
phét sinh nhiéu dic tinh tha vi trong céc vat lidu nay [5,6]. Mot sé hién tugng vat ly hap
dan nhu tir tro khong 16 (CMR), chuyén pha kim loai-dién mdi va hiéu tng tir nhiét
(MCE) d3 duoc quan sét thiy trong hé vat liéu RE1..AMNO; bing cach diéu chinh
tuong tac giira electron-electron va mang tinh thé-electron véi cac kiéu rdi loan khac
nhau [7,8]. Véi nhiéu tinh chat vat Iy hip dan va kha ning diéu chinh d& dang nén hé
vat liéu nay tro thanh d6i twong tiém nang @ng dung trong cac thiét bi nhu thiét bi ghi
tir, thiét bi truyén dong tir, cam bién, va thiét bi 1am lanh tir... [9,10]. Bé c6 thé dua vat
liéu ung dung vao cac thiét bi thi can phai hiéu sau vé cac dac tinh vat ly cua vt liéu khi

! Truwong Pai hoc Khoa hoc, Pai hoc Thai Nguyén

2 Vign Khoa hoc vat liéu, Vién Han 1am Khoa hoc va Coéng nghé Viét Nam

% Hoc vién Khoa hoc va Codng ngh¢, Vién Han 1am Khoa hoc va Cong nghé Viét Nam
* Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Ngi
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chiu anh huong caa cac rdi loan khac nhau nham tao ra kha ning kiém soat va thao tac
t6t di véi cac thiét bi. Cac tinh chat khac thuong cua cc vat liéu nay co thé dat duoc
bang cach dua cac cation c6 kich thudc khac nhau vao mang cau tric ma khong 1am thay
d6i trang théai hoa tri cua ion Mn [11]. Biéu nay goi y rang bién dang ngau nhién cua cac
cation RE** va A" phan bé tai vi tri A trong ciu triic perovskite AMnO; la mot tham sb
quan trong dé diéu khién nhiét a6 chuyén pha va hiéu ung tir tré caa vat liéu [12]. Bién
dang mang lam thay d6i do dai lién két Mn-O va gdc lién két Mn-O-Mn, do d6 anh
huong dén su truyén dién tir gitta cac ion mangan. Gan day, nhiéu coéng trinh da
nghién ctu anh huong cua viéc thay thé vi tri A bang céc ion c6 ban kinh khac nhau
da cho thay c6 sy cai thién dang ké vé tinh chét tir cia vat liu manganite [11-14].
Tuy nhién, cac nghién ctu ndy chu yéu tap trung vao céc hé manganite nén
lanthanum (RE = La). R4t gan day, Pal va cong sy [15] d4 nghién ciru trudng hop
RE = Pr, Nd, Sm, Gd va A = Sr da chi ra rang, Prg7SrosMnO; la mot manganite c6
momen tir kha Ién, chuyén pha dién va tir manh va gia tri tir tré cao & tir trudng
thap. Két qua cua Aguilar [1] va Pal [15] da goi ¥ rang, su khong vira khdp ban kinh ion
tai vi tri Pr/A trong hé Pro7A¢3Mn0Os s& gy anh hudng manh dén cau tric va tinh chat
tir cia vat liéu. Trong bai béo nay, ching t6i nghién ctu chi tiét cau trdc va tinh chat tir
ctiia hé gém da tinh thé Pro7Aq3MnOs (Véi A = Ca, Sr va Ba). Viéc thay thé mot phan
Pr** bang céc ion Ca?*, Sr** va Ba?* ¢6 ban kinh ion khac nhau cho phép chiing t6i danh
gia dugc sy anh huong cua ban kinh ion trung binh (<ra>) va d¢ sai khac ban kinh ion
tai vi tri Pr/A (¢°) 1&n cAu tric va tinh chét tir caa hé vat lisu.

2. NOI DUNG NGHIEN CUU
2.1. Thuc nghiém

Hé gém da tinh thé Pro7Aq3MnOs (V6i A = Ca, Sr va Ba) duoc ché tao bang
phuong phap nghién phan tng két hop xir Iy nhiét. Hoa chat ban du da sir dung 1 cac
bot PrgO11, CaO, SrO, BaO va Mn c¢6 do sach 99,9%. Chung duogc tinh toan va can
theo cong thirc danh dinh Pry7A03MnO; (voi A = Ca, Sr, Ba). Cac hoa chat sau can
dugc nap vao binh nghién cia may nghién co nang luong cao Spex 8000D. Binh va bi
nghién dugc ché tao tir thép ti co d6 cing cao. Ty & khdi lugng bi nghién/bot 1a 4,8.
Thoi gian nghién 1a 4 gio va trong méi truong khong khi. Hon hop sau khi nghién duoc
ép thanh vién vai &p luc 5000 kg/cm?. Cac vién sau d6 dugc nung thiéu két 12 gio tai
1200°C trong khéng khi. Céu tric tinh thé cua vat liéu duoc nghién ciu thong qua
gian d6 nhidu xa tia X (XRD) do trén thiét bj Equinox 5000 (Thermo Scientific) véi
ngudn bic xa Cu-K,, budc séng A = 1,54056 A. Tir d6 phu thudc nhiét do va tur
truong dugc do trén thiét bi tir ké mau rung (VSM-Lakeshore 331) theo chiéu ting
nhiét do, budc tang nhiét 2 K va trong tir truong H = 0-10 kOe.
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Hinh 1. () Gian @6 XRD tai nhiét dd phong va (b) su thay déi cia cac thong sé mang
(a, b, c/ﬁ, va V) theo ban kinh ion trung binh tai vi tri Pr/A (<r,>) caa hé
Pr0’7A0’3MnO3 (A =Ca, Srva Ba)

2.2. Két qua va thao luan

Hinh 1(a) trinh bay gian d6 XRD do tai nhiét do phong cua ba mau
Pro7A03MnO;3 (v6i A = Ca, Sr, va Ba). Két qua phan tich dinh tinh pha cho thay ca ba
mau déu don pha tinh thé, cau tric thuoc hé orthorhombic véi nhom ddi ximng khong
gian Pbnm. C6 thé quan sat thay cac vach XRD dich dan vé phia goc nhiéu xa thap
tuong wng khi A 1a Ca, Sr va Ba. Tur s6 liéu XRD, chiing ti da tinh duoc cac thong s6
cu tric va liét ké ching trong Bang 1. Gia tri ban kinh ion cua Ca?*; Sr**; Ba?*; Pr**;
Mn**; Mn*"; O da st dung lan luot 12 1,34; 1,44; 1,61; 1,179; 0,72; 0,67; 1,26 A. Khi
do, viéc thay thé lan luot Ca, Sr, va Ba vao vi tri Pr dan dén tang ban kinh trung binh
tai vi tri Pr/A (<ra> = 0,7xrp + 0,3Xrcasyea). Két qua tinh toan cho thiy cac tham sb
mang ting dan theo ban kinh ion trung binh tai vi tri Pr/A (<ra>) nhu di chi ra trén
Hinh 1(b). Viéc thay thé cac ion Ca?*, Sr**, Ba** vao vi tri Pr** ddng thoi ciing lam
tang do sai khac ban kinh ion tai vi tri Pr/A (¢® = Zyir% - <ra>%) va tang thira s6 dung
han (¢ = ((<ra> + ro)/\/f(rg + Ip)). Trong d6, 7 ciia mau A = Ba c0 gia trj cao nhat
(0,924), tiém can dén 1. Biéu ndy goi y rang cau tric tinh thé cua Prg 7BagsMnO3 gan
Véi cAu trac perovskite 1y tudng (e = 1) hon so voi Pro,7SrosMnQOg3 va Pro 7Cap sMnO:s.
Theo Ellouze va Boujelben [16], anh huong cua “tng suat ndi”” hodc “ang suat hda hoc”
gay bai viéc thay thé ting dan caa ban kinh ion tai vi tri A dan dén sy gia ting bién
dang cau tric perovskite theo sy ting cia cac goc lien két Mn-O-Mn va d6 dai lién két
Mn-O. Trong hé cau trlic orthorhombic, tng suat tu phat co thé duoc xac dinh 1a [16]:

s=2(a-c)l(atc) (1)

Trén co s& d6, chung toi di tinh dwoc wng suat tu phat cua Pro7AqsMnOs trong
c4u trc orthorhombic véi A = Ca; Sr va Ba twong ung lan luot 13 s = -36,09x107%;
-34,92x107 va -33,90x10%. Két qua nay cho thdy &ng suat tu phéat cia mau A = Ba
la cao nhét, va thip nhat véi mau A = Ca, phd hop véi gia tri thira sé dung han da
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tinh duoc & trén. Nhu vay, viéc két hop giira qué trinh nghién phan tng véi xir ly
nhiét & 1200°C khi ché tao Pro7A¢3MnO; di khong lam thay ddi kiéu ciu trdc tinh
thé orthorhombic cua vt liéu nhung lam thay doi dang ké (rng suat cau tric tu phat,
dan dén cac géc Mn-O-Mn va d6 dai lién két Mn-O trong cau tric thay doi mot cach
ddng thoi [16,17,18].
Bang 1. C4c thong so cau tric cia hé vat liéu Pry-A,sMnO; (A = Ca, Sr, Ba)

Al A R | a®) | bA) | cA | VA [s(x109)
Ca | 1,227 0,544 | 0,895 | 5,360 5,411 7,720 | 223,89 | -36,09

Sr | 1,257 | 1,431 | 0,906 | 5,439 | 5461 | 7,740 | 229,92 | -34,92
Ba | 1,308 | 3,901 | 0,924 | 5,517 | 5536 | 7,769 | 237,28 | -33,90

20—

=2 1 1E
2 2
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e | 1S &
S ° ie
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2 =
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Hinh 2. (a) Puwang cong M(T) do tai 100 Oe trong ché d lam lanh khong ¢ tir truong,
(b) dao ham béc nhat dM/dT theo nhiét dd va (c) nghich dio dé cam tir phu thudc nhiét
dd *(T) = H/M(T) ciia vt liéu Pro-A;sMnO; (A = Ca, Sr va Ba)

Hinh 2(a) biéu dién dudng cong tir do phu thudc nhiét ¢6 M(T) do tai H = 100
Oe trong ché do 1am lanh khong c6 tir truong. Két qua cho thay ca ba mau déu trai qua
chuyén pha sit tir - thuan tir (FM-PM). Khi thay d6i cac nguyén t6 pha tap lan luot la
A = Ca, Ba, Sr c6 thé diéu khién viing chuyén pha dich chuyén vé ving nhiét do cao
hon va gan hon véi nhiét d6 phong. Trong viing nhiét d6 dudi nhiét ¢ chuyén pha,
vat liéu & trang thai FM, tir d6 caa cac mau déu giam bat thuong khi nhiét o giam.
Hién twong nay duoc cho 1a c6 lién quan dén su canh tranh giira cac qua trinh tir hoa,
qua trinh dinh huéng mdémen tir va nang lugng nhiét [19].

Nhiét do Curie (Tc) duoc woc tinh tir vi tri diém udn cua dudng cong tir d6 phu
thuoc nhiét do6 (cuc tiéu caa dM/dT) nhu chi ra trén Hinh 2(b). Gia tri T¢ cua
Pro7A03MnO3 vai A = Ca, Ba, va Sr tuong ung la 128, 190, va 268 K. Theo céc cong
bd trudc day, nhiét do Tc va do rong dai dan W cua vat liéu c6 mdi quan hé tuyén tinh
theo biéu thic [15,20,21]:
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COos

Trong d6: w 1a hing s6 ti 1¢, d 1a do dai lién két Mn—O trung binh, 8= (r - @)/2
la goc quay, ¢ 1a goc lien két Mn-O-Mn trung binh.

Thay thé mot phan céc vi tri trong cau tric bang cac nguyén té ¢ ban kinh ion
khac nhau 1a mét trong sé cac cach thuong dugc st dung nham diéu chinh cau trac,
nhiét d6 chuyén pha va tinh chit cua vat liéu. Trong cac manganite, Biéu thic (2)
thuong duoc dung dé giai thich sy thay déi cua nhiét dd Tc. Theo d6, khi mot phan
Pr¥* duogc thay thé 1an lugt bai Sr** hodc Ca®*, do géc lién két Mn—O—Mn trung binh
cua Prg 7SrosMnO;3; (~160°[22]) 16n hon so véi Pro7CagsMnO;3 (~ 156° [2,23]), hé qua
1a 1am tang W, dan dén Tc caa mau A = Sr 16n hon so véi truong hop A = Ca. Trong
khi d6, khi thay thé mot phan Pr** 1an luot bai Sr** hoac Ba?*, do ion Ba** ¢6 ban kinh
I6n hon Sr®* nén cac gia tri <ra> va o trong truong hop A = Ba sé& Ién hon truong
hop A = Sr. Dan dén d¢ dai lién két Mn-O trung binh khi A = Ba s& I6n hon khi A = Sr.
Hé qua 1a 1am giam su xen phu caa cac ham séng Mn-3d va O-2p dan dén lam suy
yéu tuong tac trao dbi cua cac ion Mn**-Mn*" trong mau A = Ba. Khi d6 T¢ cua vt
liéu c6 A = Ba s& thap hon so véi truong hop A = Sr [11,15].

Nghich dao do cam tir " }(T) xac dinh duoc tir sé lieu H/M(T) caa cac mau duoc
trinh bay trong Hinh 2(c). Trong viing thuan tir, cac s6 liéu y*(T) da dugc 1am khép
theo ham Curie-Weiss: y = C/(T - 6), véi C va @ lan luot 1a hang s6 Curie va nhiét do
Curie-Weiss. Tir két qua lam khép ching t6i da xac dinh dwoc mémen thuan tir hiéu
dung (uefr) ciia cac mau théng qua biéu thuc [24]:

N, (tt ) 422
3k,

trong d6 Na = 6,023x10%° mol™ 14 s6 Avogadro, uz = 9,274x10%" emu 1
magneton Bohr, va kg = 1,38016x10% J/K 13 hing sé Boltzmann.

Vé mat ly thuyét, ta gia thiét mdmen tir trong hop chat Prg 7Aq3sMnOs 1a do céc
ion Mn** (S = 2) va Mn** (S = 3) gay ra, v6i hé sé Lande g = 2. Khi do, gia tri mémen
thuan tir 1y thuyét (uspin) €0 thé dugc tinh duya trén biéu thic:

(uspin)” = 0,7%(umnz+)” + 0,3% (tenna+)’ (4)

Vi fivngs VA tivnas 10 Tuot 13 momen spin cua cac ion Mn** va Mn* véi gi4 tri
twong g 1a 4,9 va 3,87 us. Két qua xac dinh gia tri mdmen thuan tir hiéu dung e va
momen thuan tir Iy thuyét uspin Cia hé Pro7A03Mn0Os trong cac trudng hop A = Ca, Sr va Ba
duoc trinh bay trong Bang 2. Ta nhan thay ues ludn co gid tri cao hon so vai puspin. Két
qua nay dugc cho la c6 sy dong gop cua cac tuong tac FM trong vung nhiét d6 trén T,
6 nghia 13 ¢6 su ton tai cua cac dam sat tir & trong ving thuan tir [15]. Pay ciing 1a 1y do
ma ta thu dugc cac gia tri 6 cao hon so véi nhiét dd chuyén pha FM-PM cua vt liéu.

C= 3)
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Bing 2. Cac thong sé diic trung tir va higu ng tir nhiét trong

bién thién tir trwong 10 kOe cia hé vat liéu Pro7A¢3MnO; (A = Ca, Sr, Ba)

A Tc 0 Leff tspin | Miokoe 100k | |ASmax| | ACpmin | ACpmax
(K) (K) (uB) (us) (emu/g) | (I/kgK) | (I/kgK) | (I/kgK)
Ca| 128 133,9 5,30 4,62 71,57 1,01 -4,86 4,39
Sr 268 273,9 477 4,62 95,83 3,06 -70,92 95,82
Ba | 190 190,7 5,43 4,62 78,33 1,88 -22,90 24,29

Hinh 3(a) trinh bay cac duong cong tir hoa ban dau M(H) duoc do tai nhiét do
T =100 K trong ttr truong cuc dai 10 kOe cua hé vat liéu Prg7Aq3sMnO3; (A = Ca, Sr, Ba).
Trong ving tir trudng thap, tir d6 ctia cac mau déu ting rat nhanh, sau d6 tiém can béo
hoa trong vung tir truong cao hon (trén 4 kOe). Péc trung nay thuong duoc quan sat
thiy trong trang thai sat tir cia cAc manganite. Tai 100 K, trong tir truong 10 KOe, tir
do ctia cac mau A = Sr, Ba va Ca c6 gia tri 95,83; 78,33 va 71,57 emu/g tuong ng
VG Tc = 268; 190 va 128 K. Két qua nay goi V¥ rang tuong tac sat tir trong mau A = Sr
¢6 cudng d6 manh nhat.

10011
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Hinh 3. (a) Pudng cong tir héa ban diu do tai 100 K, (b) bién thién entropy tir va
(c) bién thién nhiét dung riéng xac dinh dwgc trong bién thién tir trwong 10 kOe
cia hé vat liéu Pry;Aq3MnO; (A = Ca, Sr va Ba)

Trén co sé cac sb lieu thuc nghiém M(H,T) do tai cac nhiét ¢6 khac nhau quanh
nhiét d6 T¢ cua cac mau, chiing t6i da tinh dwoc gia tri bién thién entropy (ASy) va
bién thién nhiét dung riéng (AC,) caa vat liéu Pro7A¢3Mn0O3 (A = Ca, Sr, Ba) trong
bién thién tir truong 10 kOe thdng qua cac biéu thire sau [25,26]:

Asm(T,H)zj@—'\T"j dH (5)
0 H

oAS, (T,H)

AC (T, H)=T
o (T.H) oT

(6)
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Hinh 3(b) va 3(c) trinh bay su phu thugc nhiét d6 cua ASy va AC, da tinh dugc
theo cac Biéu thic (5) va (6) cho hé vat lidu Pro7Aq3MnOs (A = Ca, Sr, Ba). Buong
cong ASy(T) cua cac mau déu thé hién mot dinh cuc dai tng vai chuyén pha FM-PM
cua vat liéu. Khi thay d6i nguyén té pha tap theo thir tw A = Ca, Ba, Sr thi gia tri bién
thién entropy tir cuc dai tang dan tir 1,01 téi 3,06 J/kgK (Bang 2). Pudng cong AC,(T)
ctia cac mau thé hién mot su thay doi dot ngot tir tin hiéu am (khi T < T¢) sang tin hiéu
duong (khi T > T¢) ¢ 1an can ving chuyén pha FM-PM. Trong d6, tiéu biéu nhat la
mau A = Sr, trong bién thién tir truong 10 kOe, AC, dat gia tri nhé nhat va I6n nhat
tuong (ng 1a -70,92 va 95,82 J/kgK. Piéu niy c6 nghia 1a mau A = Sr ¢6 hiéu ¢ng tur
nhiét manh nhat trong sé cac mau nghién cau.

Dé giai thich cho mic d6 manh hay yéu (lién quan dén gia trj bién thién entropy
tir cao hay thap), ta tro lai Biéu thic (5). Trong mdi bién thién tir truong xac dinh, gié tri
ctia ASy, phu thude dong thoi vao hai dai luong, d6 1a do 16n cua tir do M va do sic nét
Clia qua trinh thay doi tir &6 M theo nhiét &6 T (6M/AT). C6 nghia 1a ASy, cua vat liéu tir
c6 gié tri cao khi vat liéu d6 c6 dong thoi hai yéu tb 12 tir o cao va chuyén pha tir sac
nét. Trong nghién ctu nay, mau A = Sr c6 gia tri M cao nhét va chuyén pha FM-PM séc
nét nhat (Hinh 2(b)), nén AS,, cia mau nay dat gié tri cao nhat (|ASmax| = 3,06 J/kgK).

3. KET LUAN

Bang phuong phap nghién phan tng két hop véi xir ly nhiét chung t6i da ché tao
thanh cong hé gom da tinh thé Pry7A0sMnO; (A = Ca, Sr va Ba). Viéc thay doi
nguyén té pha tap c6 ban kinh ion khac nhau da gay ra mot sé bién dang mang tinh thé
va thay doi cac théng sé cu trac nhung khong gdy ra chuyén pha ciu tric
orthorhombic. Két qua nghién ctu chi ra rang nhiét do chuyén pha FM-PM va cac dic
trung tir nhiét cua vat lidu (ASy va AC,) hoan toan cé thé diéu khién duoc théng qua
viéc lya chon nguyén td thay thé A. Véi A = Sr, vat liéu thé hién cac dic trung tir tdi
vu hon so véi hai truong hop con lai. Trong bién thién tir truong 10 kOe, vt liéu
Pro7Sro3sMnOs dat duoC |ASmax| = 3,06 J/kgK tai gan Te = 268 K va gia tri bién thién
nhiét dung lon vai ACpmin = -70,92 J/kgK, ACymax = 95,82 J/kgK. Véi cac uu diém
nhu d& ché tao va do bén cao, vat liéu Pry-SrosMnOs ¢d thé tra thanh mot ddi twong
tiém nang trong tng dung céng nghé 1am lanh tir & ving gan nhiét d6 phong.
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STRUCTURE AND MAGNETIC PROPERTIES OF Pry7A¢3Mn0O;
(A =Ca, Sr, Ba) CERAMICS PREPARED BY COMBINATION OF
REACTIVE MILLING AND HEAT TREATMENT METHODS

Nguyen Thi Dung, Nguyen Thi Viet Chinh, Nguyen Van Dang, Tran Dang Thanh
ABSTRACT

Pro7A03Mn0O3; (with A = Ca, Sr, Ba) ceramics belonging to an orthorhombic
structure were successfully prepared by a combination of the reactive milling and the
heat treatment methods. Based on experimental data of X-ray diffraction and M (H,T),
the effect of cation replacement at Pr/A-site on the structure and the magnetic
properties of the Prg7A03MnOs; (A = Ca, Sr, Ba) system has been carefully
investigated. The results show a change in the lattice parameters and a significant
shift in the ferromagnetic-paramagnetic phase transition temperature (Tc) when a
part of the Pr** ion was replaced by a larger ion (Ca®*, Sr**, and Ba**). Under an
applied magnetic field change of 10 kOe, Prg7Sro3MnO3; sample stands out clearly in
a large magnetocaloric effect near room temperature with the characteristic values
such as [ASmax| and ACpmax about 3.06 and 95.82 J/kgK, respectively.

Keywords: Magnetocaloric, magnetic phase transition, manganites, Prq7SrosMnQOg.
* Ngay nop bai: 14110/2020; Ngay gui phan bién: 17/110/2020; Ngay duyét dang: 28/10/2020
* Loi cam on: Céng trinh ndy dwoc tai tro- mét phan kinh phi béi dé tai Khoa hoc va
Cong nghé cap Bé ma s¢ B2019-TNA-01.VL, Triong Pai hoc Khoa hoc - Pai hoc

Thai Nguyén; va mét phan kinh phi dwoc hé tro tir Quy Phét trién khoa hoc va cong
nghé Quac gia (NAFOSTED) trong dé tai ma sé 103.02-2019.42.
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NGHIEN CUU ANH HUONG CUA NONG PQ PHA TAP CARBON
LEN CAU TRUC CUA CAC MANG Mn;sGe;
PUQC CHE TAO TREN PE Ge(111)

Lé Thi Giang®
TOM TAT

Bang cach két hop cac phép phan tich cdu tric hién dgi tir nhiéu xa dién tir
phdn xa ndng lwong cao (RHEED), Kinh hién vi dién tir truyén qua dé phan gidi cao
(HR-TEM) va gidn dé nhiéu xa tia X (X-ray), nhém nghién cizu da xac dinh duwoc
nong dg carbon téi da co thé pha tgp vao mang MnsGes ma khong lam thay déi cdu
tric cua ching 1a x = 0,6. Vot quéa néng dg nay, cac mang sé thay doi hoan toan
cau truc va chuyén sang dang da tinh thé hay vé dinh hinh firong 1ng véi nong do
carbon x = 0,7 va 0,9. Nguyén nhan duwoc cho la do carbon & nhitng nong dé nay da
vieot nguéng cho phép nén khdng thé két hop diwoc vao cac vi tri xen ké con tréng
trong mang tinh thé dan téi carbon du thira pha haiy cdu tric cia mang.

Tw khéa: Mang mong, MnsGes, pha tap carbon.

1. DPAT VAN BE

Cong nghé dién tir spin, thé hé ké tiép cua cong nghé béan dan, s& duoc thuc day
phét trién mot cach manh m& néu tinh chét st tir & nhiét do phong c6 thé dugc dua vao
c4c thiét bi ban dan va cac mach tich hop. C6 hai phuong phéap da duoc sir dung dé tiém
dong spin phan cuc vao cac ban dan: si dung tiép giap khong ddng nhat kim loai sat tir
/ban dan thong qua hang rao dién mai hoic hang rao Schottky [1]; sir dung ban dan pha
lodng tir nhur mot bo diéu chinh spin [2,3]. V6i phuong phép thir nhat, van dé khé khin
gap phai la khdng thé ling dong truc tiép kim loai sat tir 1én cac ban dan nén dé tao ra
16p tiép giap kim loai/ban dan. Phuong phép th hai bi han ché bai nhiét d6 chuyén pha
thap ciia cac ban dan pha lodng tir (duai nhiét ¢ phong) [4].

Gan day, mot phuong an thay thé da duoc dua ra, trong d6 cac hop chat sat tir
nhu FesSi [5,6], FeysGe [7] hay MnsGe; [8-13] dugc phat trién epitaxy trén dé Si va
Ge va hoat dong nhu mot tiém spin. Trong sé d6, duy nhat cé hop chat MnsGes la thé
hién tinh sét tir & nhiét &6 phong. Theo tinh toan Iy thuyét, MnsGe; s& cho hiéu suit
tiém spin cao va c6 do phan cuc spin Ién tai 42% [14]. Cac mang mong MnsGes da
duoc chi ra la cd thé phét trién mot cach epitaxy trén dé Ge (111), cho phép tiém truc
tiép dong spin phan cuc vao ban dan nhom IV [9-11,13]. Pac biét 1a mot sé nghién
ctru da chi ra rang c6 thé lam tang tir tinh va do phan cuc spin cua MnsGes bing cach
pha tap mét luwong nho C [8,11,12] hoac Fe [6,15].

! Khoa Ky thudt va Céng nghé, Truong Pai hoc Hong Pirc
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Nghién ciru ly thuyét cho thay, pha tap mot lugng nho C s& lam ting nhiét do
chuyén pha cua vt liéu do cac nguyén tir C c6 ban kinh nho nén dé dang khuéch tan
dén cac vi tri trong trong mang tinh thé. Mot s nghién cau thuc nghiém ban dau
theo hudng nay ciing da dwoc thuc hién nhung chua dua ra dwoc ndong do C pha tap
tdi wu [2,16,17]. Bé c6 thé dwa vao trong cac tng dung, vat liéu khdng chi can cd
nhiét d6 chuyén pha cao ma con phai giit duoc cau trdc 6n dinh vi qué trinh ché tao
cé4c thiét bi s& trai qua mot s6 budc u nhiét. Chinh vi vay, trong nghién cau nay chiing
t6i thuc hién viéc pha tap C trong qua trinh ché tao cac mang MnsGes va phan tich anh
huéng caa ching Ién cau trdc caa mang, véi hy vong dua ra duoc néng do C tbi da co
thé pha tap ma van giir duoc ciu tric caa pha MnsGes.

2. THUC NGHIEM

Trong nghién ciru nay, ching toi lra chon ché tao cac mau MnsGesCy véi ham
lugng C khac nhau (x = 0,2 ; 0,4; 0,6; 0,7 ; 0,9) bang phuong phéap epitaxy chum
phan tir (MBE) trén dé Ge(111). S& di chung toi lya chon cac nong do nay bai 18
trong qua trinh ché tao, theo ddi trén man hinh RHEED bit dau tir nong do x = 0,6
hinh anh cac soc c6 dau hiéu mo di nén & mau sau chling t6i da lya chon ché tao ¢
ngay ndng do x = 0,7 dé c6 thé thiy duoc su chuyén bién rd hon vé sy hinh thanh ciu
trdc cua cac mang. Cac mau duoc khao sat cau tric bang gian @b nhidu xa tia X va
kinh hién vi dién tir truyén qua (TEM). Tinh chét tir cua cac mau duoc khao sat boi hé
do tir SQUID. Két qua cac phép do s& dugc phan tich va tong hop dé dua ra ham
luong C pha tap pht hop nham 6n dinh tot nhat cac ban dan sat tir MnsGes.

Lang dong epitaxy pha ran (Solid Phase Epitaxy - SPE) la phuong phap duoc sir
dung dé ché tao cac mau trong nghién ciru ndy. Cac mang duoc ché tao trong mdi
truong chan khong siéu cao & nhiét do phong, sau d6 u nhiét. BSi véi hé mau MnGe, ky
thuat SPE cho thdy nhimg wu diém ndi bat d6 1a: kiém soat chat ch& nhiét do va thoi
gian u nhiét, xac dinh chinh xac cac pha cau tric duoc hinh thanh théng qua cac ky
thuat phan tich trong chan khong siéu cao (RHEED). Qua trinh u nhiét khdng chi lién
quan dén su khuéch tdn ma con ca cac budc phan tng tao mam va phan @ng héa hoc dé
tao ra cac lién hoa hoc trong hop chat. Viéc ling dong cac mang MnsGesCy duoc thuc
hién trén mot dé Ge (111) voi bé mit sach. Trudc tién chiing tdi cho ling dong mot 16p
dém khoang 40 nm nham tao ra mot bé mat tét nhat cho viéc ling dong 16p mang. Tiép
theo chiding toi cho ling dong dong thoi cac nguyén tir Mn va C & nhiét do phong, sau
d6 u nhiét & 450 °C trong thoi gian 10 dén 15 phat dé kich hoat sy khuéch tan giira
nguyén tir C, Mn va Ge. Cac nguyén tir carbon c6 ban kinh nguyén tir da nho nén cé
nhiéu kha niang két hop duoc vao mang epitaxy MnsGes théng qua qué trinh phét trién
nay. Ham luong carbon dugc diéu chinh sao cho gia tri x thay ddi trong khoang tir 0,2
dén 0,9. Viéc tang nhiét do duogc thuc hién theo cac budc 10°C /phut dé ngan chan sy
khuéch tan nhanh chong va dam bao do két tinh tot cua 16p mang.
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3. KET QUA VA THAO LUAN

CAu tric cua cac mang MnsGesCy duoc xac dinh dua vao viéc phan tich cac két
qua tir RHEED, TEM d6 phan giai cao va gian d6 nhidu xa tia X. Dwa vao két qua thu
duoc tir thuc nghiém, ching toi chia ra hai khoang nong dé carbon pha tap duoc xac
dinh theo chit lwong tinh thé caa cac mang: 0,1 < x < 0,6 va 0,6 < x <0,9.

3.1. Nong @9 C: x<0,6

Nhu ching ta da biét, RHEED la k¥ thuat quan sat tai chd qué trinh phéat trién
cuia c&c mau va duoc gan vao bén trong thiét bj ché tao epitaxy chum phan tar (MBE).
C4c hinh anh thu duoc trén man hinh cia RHEED cho ching ta biét thong tin vé kiéu
tang truong (2D, 3D hay hdn hop) va ciu trdc cia cic mang. Trong truong hop cac
mang c6 cing kiéu ting trudng va cling cau trdc tinh thé thi hinh anh thu duoc tur
RHEED la hoan toan nhu nhau.

Trong khoang nong d6 nay, qua trinh 1am thuc nghiém chung t6i da ché tao cac
mau x = 0,2; 0,4 va 0,6. Tuy nhién, két qua quan sat hinh anh RHEED trong qua trinh
thuc nghiém cho thay, & nong do x = 0,2; 0,4 va 0,6 cic mang déu phat trién dang 2D
va van gitr cdu triic nhu cua pha MnsGes. Hon nita, muc tiéu cia nghién cau nay 1a
tim ra duoc nong d6 C pha tap sao cho mang van giir duoc cau trdc tinh thé dang
MnsGes, nén trong phan nay ching tdi chi dua ra nhitng két qua cua trudng hop ¢
nong do pha tap carbon cao nhat twong tng véi x = 0,6.

Hinh 1 biéu thj anh RHEED dic trung quan sat dwoc trong qua trinh phat trién
cia mang MnsGe;Cy Véi x = 0,6. Hinh anh RHEED theo hudng [11-2] xuit hién cac
soc 1/3 va 2/3 chinh 1a dic diém cta su tai cdu tric bé mat kiéu (3x3)R30° caa mang
MnsGes xuat hién sau khi duoc 4 & nhiét d6 450°C. Ngoai ra, cac phép do khoang
cach gitra cac soc 1x1 cho thay cung mot gia tri thu duoc d6i véi mang khong chua
carbon MnsGes. Két qua nay cho thay ring mang 1a don tinh thé va két hop hoan hao
véi dé, déng thoi ciing chitng minh rang viéc pha tap carbon trong truong hop nay
khong 1am thay ddi nhiét d¢ hinh thanh pha cau tric ciing nhu cau tric bé mat va ca
khu vuc giao dién véi dé Ge (111). Céc soc thé hién trén RHEED véi cudng do, do
nét va do dai rat rd rang ciing chi ra rang bé mat van 1a 2D dén ndng do x = 0,6.

Hinh 1. Anh RHEED chup doc theo hwéng [11-2]
(a) va hwéng [1-10] (b) sau khi ché tao mang MnsGe;Cq
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CAu tric tinh thé ciia mang duoc hién thi bang hinh anh TEM d6 phan giai cao
trong hinh 2 cho thdy mang 1a don tinh thé véi chat luong rét t6t va giao dién thay doi
dot ngot & quy mo nguyén tir, khdng cd khuyét tat nao xuét hién trong mang. Két qua
nay phu hop véi cac quan sat caa RHEED, chi ra rang su phét trién cua mang
MnsGesCy Véi x < 0,6 dugc kiém soat hoan hao trén dé Ge (111).

Hinh 2. Anh TEM d¢ phan giai cao cia mang MnsGe;Cy

Nhiing két qua trén dugc khang dinh lai bang phép phan tich nhidu xa tia X.
Hinh 3 cho thay sy so sanh phd nhidu xa caa 16p MnsGesCo s Vai 16p khong cé carbon
MnsGes. Tinh don tinh thé cia mang duoc khang dinh boi sy ¢ mat caa cac dinh
MnsGe; (002) va (004) chirng té cac mang c6 clng cau hinh cau tric va hudng [001]
vudng goc voéi mat phang ciia mang. Hon nita, khéng cuc dai nao khéac xuat hién cho
thiy rang carbon khong lam thay doi trang thai ang suat trong mang MnsGes. Nhiing
dic diém cau trdc nay xac nhan rang carbon két hop khong gay ra bat ky bién dang
nao cua cac tham sé mang MnsGes cho t6i ndng do pha tap x = 0,6.

Lo Mn.Ge,(002) —-—Mn5Ges
— . - Mn5Ge3CO,6
©
3
2
2 % Mn_Ge_(004)
n_Ge
2 Ge(111) &
= |
\ Ge(333)
.l Jih
0.0—"" T 'LLl gl T g ll‘l ™ ml , '\ 1‘“”' d‘l“‘ 'HJ.
30 40 50 60 70 80 90 100

0-20
Hinh 3. Gian d nhiéu xa tia X ctia mang MnsGe;Cq moc trén dé Ge (111)
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3.2. Nong d9 C: x> 0,6

Phan tich hinh anh RHEED thu dugc khi chup cac mang MnsGesCo7 va
MnsGesCog theo hudng [11-2] cho thiy, cac soc 1/3 va 2/3 trong hinh 4a va 4b thé
hién su tai cAu trdc bé mat kiéu (3x3)R30° cua mang MnsGes gan nhu khéng con. Ca
hinh 4a va 4b déu chi bao gém cac ddm chang té bé mat mang gé ghé va mang duoc
phat trién dang 3D. Tuy nhién, mot s6 ddm trén hinh 4a c6 hinh dang kéo dai triing
Vi cac soc 1/3 va 2/3 nén nhiéu kha ning trong mang van ton tai cac dam co6 cau tric
ciia MnsGes. Nhin chung, day chinh 1a hinh anh RHEED cua mét mang da tinh thé. O
hinh 4b, cac ddm sang co cudng d6 kha yéu va trén hinh ton tai cac vong dic trung
cho céc cau trac vo dinh hinh, vi vay c6 thé dy doan mang MnsGesCq o 12 v6 dinh hinh
va & mot vai vi tri van ton tai cac dam tinh thé MnsGes.

1/3 2/3

Hinh 4. Hinh anh RHEED chup doc theo hwéng [11-2]
cia mang MnsGe;C, véi x =0,7 (a) vax=0,9 (b)

Anh chup TEM theo mit cit ngang cua 15nm mang MnsGesCo 7 va MnsGesCoyg
thé hién su khong dong nhat trong cau tric cua Iop mang. Trong mang MnsGesCq
Xuat hién cac dam co6 chat luong tinh thé tdt, tuy nhién chi ton tai cuc bo mot vai vi tri.
CAu tric caa mang MnsGesCq g qua quan sat trén hinh 5a thé hién dang v6 dinh hinh.
C6 thé ton tai cac dam két tinh nhung khong quan sat duoc & do phan giai nay caa anh
TEM. Nhu vay, cac két qua nay hoan toan phi hop véi nhitng quan sét tir anh RHEED
trén hinh 4a va 4b.

Ge(t11)

Hinh 5. Anh TEM téng quét cia mang MnsGesCo; (a) va ciia mang MnsGesCo (b).
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Theo nghién ctu ly thuyét, khi pha tap C vao mang MnsGes thi nguyén tir C Vi
ban kinh nho hon s& khuéch tan vao cac vi tri xen k& gitra hai nguyén tir Mny, trong mang
tinh thé [6,10]. Vi thé, su thay ddi cau tric khi ting ndng do C c6 thé 1a do s céc vi tri
xen k& con trong trong mang tinh thé chi da cho mét lugng C nhét dinh di vao céu tric.
Khi nong d6 C ting 1én thi lugng C du thira cang 16n va dan d&én cau tric MnsGes bi phéa
v&. Mot thong tin quan trong khac mang lai tir anh chup TEM do6 1a: giao dién gitra mang
va dé gd ghé, khdng rd nét. So sanh hai hinh 5a va 5b cho thay, khi nong d6 pha tap C
cang tang thi giao dién gitta mang va dé cang bi mé rong. Nhu vay, nhitng khac biét nay
cho thiy mét su thay ddi rd rang vé mat cau tric khi pha tap C bét dau tir néng d6 x = 0,7.

4. KET LUAN

Nhu vay, tdng hop cac két qua phan tich cau tric & trén ching ta c6 thé két luan
rang: Viéc pha tap carbon dong thoi trong qué trinh ché tao mang MnsGes hoan toan ¢
thuc hién duoc ma khong 1am thay doi ciu tric cua mang voi nong do carbon x = 0,6;
Khi ndng d6 carbon pha tap vuot qua gia tri nay, cau tric caa mang bi thay doi, khong
con 1a don tinh thé MnsGe; ma sé 1a da tinh thé hogc vo dinh hinh. Viéc dua ra dugc
ndng d6 pha tap carbon tdi wu nhat dé vira c6 thé lam ting nhiét d6 chuyén pha va lai
van gitr duoc cau tric dang don tinh thé MnsGes caa mang can phai co thém céc két
qua do tinh chét tir ciia cac mang. Pay sé& 1a nghién ciu tiép thheo cua ching toi.
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STUDY THE EFFECTS OF CARBON CONCENTRATION
ON STRUCTURAL PROPERTIES OF MnsGe;
THIN FILMS GROWN ON Ge(111)

Le Thi Giang

ABSTRACT

By combining the results from the structural analysis of Reflection High Enegy
Electronic Diffraction, High resolution-transmission electron microscopy (HR-TEM)
and X-Ray Diffraction, the maximum concentration of carbon which can be doped
into MnsGejs films without changing their structure has been determined to be x= 0.6.
Exceeding this concentration, the films structure turns into polycrystalline or
amorphous corresponding to carbon concentrations x = 0.7 and 0.9. These change
due to the fact that C at these concentrations has exceeded the permissible threshold,
leading to excess C destroying the film structure.

Keyword: Thin films, MnsGes, carbon concentration.
* Ngay ngp bai: 29/11/2019; Ngay giti phan bién: 5/12/2019; Ngay duyét dang: 28/10/2020

* Loi cam on: Nghién ciru nay dwoc thue hién béi kinh phi thude dé tai cdp co so cia
Truong Pai hoc Hong Pirc ¢6 ma sé PT-2018-43. Chiing t6i xin chan thanh cam on
cdc dong nghiép thudc nhém nghién ciru vat liéu khong dong nhdt nén Si va Ge cia
GS. TSKH. Lé Thanh Vinh tai Trung tdm lién nganh vé khoa hoc nano Marseille,
Cong hoa Phap da giup do chung toi trong qua trinh thuc hién nghién cuu nay.
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VANH VOI CAC PIEU KIEN CUA LINH HOA TU TRAI MIN
Hoang Pinh Hii', Vii Thi Nhi%, Nguyén Thi Hwong®
TOM TAT

Viéc nghién citu cac ddc trung vanh thong qua can Jacobson goi ddn cac nghién
cizu méi vé linh hoa tiz trdi min va cac izng dung cia né. Linh hda tir trai min cia mét
vanh da dwoc W.K. Nicholson, Yigiang Zhou trinh bay trong [3]. Mét Idéan phai A cua
vanh R dwot goi 1& min néu véi moi Idéan phdi BciaRma A+ B =RthiB=R; A
diroc goi 12 linh hoa ti trai min néu 1(B) = 0 (I(B) l1a linh hoa tir tréi cia B). Muc dich
cuia bai bao la nghién cizu vé linh hoa tir trai min ma W.K. Nicholson, Yigiang Zhou da
duwa ra tir @6 khai thac mét so dac trung vanh, chang han 16p vanh lkeda - Nakayama,
l6p vanh Artin, 16p vanh m - chinh quy manh véi céc diéu kién linh hoa tir tréai min.

Twr khoa: Idéan phai min, linh hoa tw, can Jacobson.

1. DPAT VAN BE

Trong bai bao, R 12 vanh bén phai, két hop, co6 don vi 1 # 0. Tap con | cua
vanh R duoc goi 1a Idéan phai néu IR = I, va goi 1a Idéan trai néu RI = 1. Néu |
vira 1 Idéan phai vira 1a Idéan trai thi goi 1a Idéan cua vanh R, khi d6 ta viét I < R.
Ta no6i Idéan I 1a ¢t yéu trong R va ki hiéu 1a 1 <* R néu I c6 giao khac khong véi
moi Idéan khac khong cua R. Chlng ta ki hiéu can Jacobson cua R laJ(R) = J; va
S, ,S;, Zy, Z, lan luot ki hiéu cho dé bén phai, dé bén trai, Idéan ki di phai, Idéan ki
di trai cua R. Linh héa tir tréi cua Idéan I 12 I(I) = {r € R| rx = 0, Vx € I}. Tanhic
lai rang mot Idéan phai A caa vanh R duoc goi 1a min néu véi moi Idéan phai B cua
RmaA+B=RthiB=R vatakihiéula A <® R.Phan tar € R duoc goi 1a liy
linh (tya liiy linh) néu ton tai n € N sao cho r™ = 0 (" = r™*,vi > 0). R la vanh
- chinh quy manh néu véi moi r € R day chuyén rR 2 r2R 2 r3R 2 --- déu dung,
didu nay twong dwong voi day chuyén Rr 2 Rr? 2 Rr3 2 --- déu dung, kéo theo moi
vanh hoan chinh bén trai hay bén phai déu 1a vanh 7 —chinh quy manh.

2. KET QUA NGHIEN cUU
2.1. Linh hoa ti va linh hoa tir trai min

Pinh nghia 1. Cho R 1a mot vanh, M 1a mot R - mddun trai, S 1a mot tap con
nao d6 cua M. Linh héa tir cia S trong R dugc dinh nghia la tap hop
Anng(S) ={r e R | rx = 0, v&éi moi x € S}

Y Trung tam Gido duc Quéc té, Truong Pai hoc Hong Pirc
2 Hoc vién cao hoc lop Dai 56 va Ly thuyét s6 K11, khoa Khoa hoc Ty nhién, Truong Pai hoc Héng Puic
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B dé 1. Linh hoa tir ciia S trong R 1a mot Idéan cua R.

Chirng minh: That vay,

V6imoir,s € Anng(S)vax € S,(r + s)x =rx + sx0.Dodor + s € Anng(S).

Véimoir €R,s € Anng(S),x €S, (rs)x =r(sx) =r.0=0.

Diéu d6 chung té rs € Anng(S).

Véimoir € R,s € Anng(S),x € S, (sr)x = s(rx) = 0. Chung to sr € Anng(S).

Vay Anng(S) la mot Idéan cua R.

Bo dé 2. Cho R 1a mot mién nguyén va M 1a mot R - moédun xodn trai hitu han
sinh. Khi d6 médun M ¢6 moét linh héa tir khac khong.

Chi:ng minh: Theo gia thiét M 1a mot R - mddun hitu han sinh nén ton tai tap
sinh htru han A: = {ay,a,,...,a,} € M sao cho M = RA. Do M la mot R - mbédun
x0an trai nén véi mdi a; € A € M, ton tai phan tir khac khong r; € R sao cho r;a;=0.
Chidng ta s& chiing minh phan ti khac khong r € R Vé6i r:= i1, ....1;, thoéa man
rx = 0 v6i moix € M. V6i mdix € M, x = s;a, + s5,a, +  + sp,a,,a; €A,s; €ER
. Do R 1a mot mién nguyén, va r;a;=0, ta co:

rX =17y . p(S104 + S0, + -+ sa,)

=1y .. 51(Mnay) +mrs ....rnsz(rzaz)) + -+ ..., (may) = 0.

Nhan xét 1. B6 dé 2 khong con ding khi bo di gia thiét hitu han sinh d6i vi md dun M.

Chitng minh: Ta ¢6 R = Z — vanh cac s6 nguyén, la mot mién nguyén. Xét
Z - moédun M = ©2,Z/2'Z. Vi mbi a € M,

a = (a, +Z/27, a, +7./2%7, ..., a, +Z./2%Z,0,0, ...), trong d6 a,, a,, ... ,a; € Z.

Diéu d6 suy ra 2¥a = 0 va do d6 M 1a R - mddun xoan tréi.

Bay gio gia sir rang r € Anng(M). Chon sé nguyén k sao cho r < 2¥. Xét phan
tr a = (0,0, ...,1 + Z/2¥Z,0,0,...) trong M, c6 duy nhét thanh phan tha k khéc O.
r € Anng(M) nén ra = (0,0, ..., + Z/2%7,0,0,...) = 0 do r < 2%. Do @6 doi hoi
r = 0.Vay Anng(M) = 0.

Pinh nghia 2. Cho vanh R véi don vi 1. Mot phan tir m cia R - mdédun M duoc
goi 1a phan tir xoin néu rm = 0 véi r # 0 ndo d6 thudc R. Tap hop cac phan tir xoin
caa M ki higulaTor(M) ={m € M |rm = 0,v&i 0 # r nao do6 cia R}.

Nhan xet 2. Cho vanh R véi don vi 1 va R - médun M, I la mét Idéan cua R.
Goi M’ 1a tap con cac phan tir a cua M sao cho ching bi triét tidu bai liy thira I* nao
d6 cua I, bac lity thira k thy thudc phan tir a. Khi d6 M’ 1a mot modun con cua M.

Ching minh: That vay, dat N;:={m € M |sm = 0,v6imoi s € I'}, N; chira
cac phan tir cia M bi triét tidu boi liy thira I°.

Ta c6 cac nhan dinh sau:

1) Mbi tap con N; 1a mot modun con cua M

2) Ta c6 day chuyén ting N;cN,C ---, va

3) M' = U N;
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Ta lan luot chitng minh cho ting nhan dinh trén.

1) Choa,b € N;var € R. V6i mois € I', ta ¢ s(a+ b) = sa + sb = 0 boi
via,b € N bi triét tiéu boi liy thira I*. Hon nita sra = (sr)a = 0 do sr € I* bgi I
la mot Idéan. Vi thé, mdi tap con N; 1a mot moédun con cua M.

2) Ta dé y rang I'*! = I' x IcI*. Do d6 N;CN;,, Véi moi i, nghia 1a c6 day
chuyén taing N;cN,c -,

3) Do hop cac mdédun con thudc day chuyén ting cia M 1a mot médun con cia
M. Tir d6 suy ra diéu phai chang minh.

Pinh nghia 3. Mot Idéan phai A cia vanh R duoc goi la mot linh hda ta trai min
ctia vanh R néu véi moi Idéan phai B caa R ma A + B = R thi [(B) = 0 va ta ki hiéu
A <llas R.

Bang cach tuong ty, ta ndi mot Idéan phai A 1a mét linh hoa tir phai min cua
vanh R néu trong dinh nghia trén [(B) = 0 duoc thay bang r(B) = {r € R| xr = 0,
Vx €I} =0 vakihiéulaA <™ R.

Néu Idéan A vira 12 linh hoa tir trai min vira 1a linh hoa tir phai min cua R thi ta
noi A la linh hdéa tr min cua R, ki hiéu A <*5 R.

Nhan xét 3. Mdi Idéan phai min la linh hda tir trai min

Chirng minh: Gia su, Idéan phai A cta vanh R la min thi véi moi Idéan phai B
ctaRmaA+B=RtacOB =R.Dol(R) =0 nén A lalinh hoa tir trai min cia R.

Vi du 1. Trong vanh sé nguyén Z, véi moi m € Z, mZ < Z.

Vi du 2. Trong vanh thuong % = Z,,, Moi Idéan ctia Z,,déu cd dang Z,, véi n\m.

Vi du 3. Trong vanh sé nguyén Z, thi 2Z <° Z.

That vay , giase I <Zva2Z+1=7Z.Do1¢2Znén1€l. Nhung do! < Z
nénl = 7Z,vay 27 <° Z.

Nhan xét 4. Diéu nguoc lai cua nhan xét 3 1a khong diang.

Chizng minh: That vay, ta xét phan vi du sau:

Vidu 4. Chovanh R = [1(; g

linh hoa tu trdi min nhung khong la Idéan min cua R. That vay, giast K +1 =R. |
phai chita Idéan N = [0 7] co linh hoa tir trsi L(N) = 0 do do (1) = 0. Vay Idéan
I; 8] la linh hoa tir trdi min. Tuy nhién tir ding thac K + N = R, trong khi
N # R, ching t6 K khong 1a Idéan min cua R.
Vidu 5. Vanh R 1a Idéan phai cta chinh no, nhung khong la linh héa tir trai min.
That vay, R + 0 = R trong khi [(0) = R ching to R khéng la linh hoa ti trai min.
Vi du 6. Khi R 1a mot mién nguyén thi R khong c¢6 wéc cia 0, do d6 moi Idéan
phai cia R déu 1a linh hoéa tir trai min.

] trong do F la mot truong. Idéan K = [g 8] la

-
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M6t cAu hoi tw nhién dit ra 1a tong cua hai linh héa tir trdi min c6 1a linh hoa tir
trai min khong?

Trudéc khi tim cau tra loi cho cau hoi ndy, ching ta xem xét ménh dé sau:

Ménh dé 1. Cho 4, B 1a cac Idéan phai caa vanh R sao cho A <® R, B <'@S R.
ThéthiA+B =B + A <35 R,

Chizng minh

That vay, A<® Rnén (A+B)+X = RthiB+X = R. Do B <'* R nén
1(X) = 0. Pang thuc ndy chimgto A+ B = B + A <% R.

Do I(R) = 0 nén moi Idéan phai min cua R déu 1a linh héa tur trai min. Tu d6
Ménh dé 1 nhu 1a mét trudng hop riéng cua gia thiét: “tong caa hai linh héa tu trai
min la linh hoéa tir trai min”.

Ta biét rang can Jacobson J(R) = J ciia R 1a tong cua cac Idéan phai min cua
vanh R, nén Nhan xét 3 chiing ta c6 két qua sau:

Ménh dé 2. Can Jacobson J(R) = J ctia vanh R 1a mét linh hoa tir trai min.

Vi du 7. XétZ, = Z,(R) = {z € R|l(2) <* R}. Ta dé thiy rang Z,(R) 1a linh
hoa tir trai min cua R va con duoc goi la Idéan trai ki di caa R.

Ménh dé 3 [3, Proposition 2]. Cho K 1a mét linh héa tir trai min caa vanh R,
khi dé: K +] + Z, <! R.

Chizng minh

Giast K+J+Z;+X=R.DojmnnnK+Z +X=R. Tontaik €K,z €
Z,x €EXsao chok+ z+ x =1. Do K <' Rnénl(Z, + X) = 0. biéu ndy dan dén
0 =1(zR + X) = I(z) N I(X). Do z € Z, la phan tir ki di trai cia R nén I(z) cdt yéu trong
R. Vithé dang thic 1(z) N 1(X) = 0 kéo theo I(X) = 0, chingto K + J + Z; <@ R.

Ménh dé 4. Néu linh hoa tir trai cia Idéan phai T 1a c6t yéu trong R thi
rl(T) <% R.

Chirng minh

Gia st rl(T) + X = R trong d6 X la Idéan phai nao d6 cua R.Ta c6 0=
L(rl(T)) N L(X) = I(T) N I(X). Do I(T) cot yéu trong R nén I(X) = 0 chang to
rl(T) <45 R.

Nhan xét 5. D& dang thay rang linh héa tir trai min c6 tinh chat di truyén, nghia
la néu A< Bva B <% Rthi A <% R.

Tir Ménh dé 4 va Nhan xét 3 ta co:

Hé qua 1. Néu I(T) cdt yéu trong R thi Idéan phai T s& 1a linh héa tr trai min
cua vanh R.

Tim hiéu chiéu nguoc lai cia Ménh dé 4 ta thay rang, néu ri(T) <'s R va
r(I(T) N Ry) = r(I(T)) + r(b) v6i moi Idéan phai T cia R, b € R thi [(T) <* R.
That vay, véi moi 0 b €R ma I(T)NR, =0 thi r(I(T))+r(b) =R . Do
rI(T) <'*S Rnén I(r(b)) = 0. Lai cO R, < L(r(b)), do d6 b = 0. Mau thuan nay
chiangto I(T) N R, # 0 hay [(T) <* R.
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Mot cau hoi tu nhién dat ra 1a tim dac trung cua linh hoéa tir trai min kR, ta c6

cac diéu kién twong duong sau di duoc trinh bay trong [3].

Ménh dé 5: Cho k € R thi kR <'® R khi va chi khi mot trong cac diéu kién

sau xay ra:

60

1) Véimoi 0 # b € R thi bkR C bR.

2) V6imoir e Rtacod (1 —kr)=0.

3)Véimoir € Rtacd I(1—rk) =0.

A)Voimoir € Rtacd I(k — krk) = (k).

Chizng minh: Ching ta chimg minh theo lugc db sau:

kR <! R = 1) = 2) = 3) = 4) = kR <'% R.

kR <! R = 1)

V6i0 # b € Rtaco b & bkR. Thatvay, néu b € bkR thi b = bkr,r € R.
Diéu do suyra b(1 —kr) =0, hay b € (1 — kr).

Do kR <'¢ Rva kR+ (1 —kr)R=Rnénl(1—kr)=0.
Dods b=0.Vay0 # b € Rthib & bkR va do d6 bkR < bR.
1) = 2)

That vay, lay bat ki b € (1 — kr) v6i moi r € R.

Théthi b(1 — kr) = 0 hay b = bkr € bkR véi moir € R.

Do 1) b = bkr € bkR chi xay ra khi b = 0.

2) = 3)

Véimoir € R lay batki b € 1(1 — rk). Thé thi, b(1 — rk) = 0.
TacOb =brk = br(1 —kr) =b(r —rkr) =b(1 —rk)r = 0.
Do 2)tacd br =0vadodo b = brk = 0.

biéu nay chimg té [(1 — rl) = 0,Vr € R.

3) = 4)

Néu b(k — krk) = 0thi bk(1—rk) = 0.

Do3)tacd bk =0 = b € l(k).

4) = kR <'% R

Gia str X la Idéan phai sao cho kR + X = R.

Taco1l=kr+x,r €R,x €X.Néub € l(X) thi bx = 0.

Diéu nay kéo theo b = bkr = b(k — krk) = b(1 — kr)k = bxk = 0.
Do4),tacé b € l(k),bk = 0= b = 0. Nhu vay [(X) = 0.

2.2. Vanh véi diéu kién linh hoa tir trai min

B6 dé 3. Vi moi r, k € R, ta c6 cac ménh dé sau
1) L()®I(L — kr) = I(k — krk).
2) (1 —kr)=1(1-rk).
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Ching minh
1) V6imoi b € I(k) = bk =0 = bk — bkrk =0
= b(k —krk) =0 = b € l(k — krk)

connéub € l(1—kr) = b(1—kr)=0,dodd

b—bkr =0 = bk —bkrk =0 = b(k—krk) =0 = b € l(k — krk).

Vithé, néu b € 1(k)®L(1 — kr) thi b € 1(k — krk).

Nguoc lai, v6i bat ki b € I(k — krk), néu bk = 0 thi b € I(k).

Néu bk # 0, thi t b(k — krk) = 0tacé b(1 — kr)k = 0.

Diéu nay xay ra véi moi k € R nén b(1 — kr) = 0.

Conghiala b € I(1 — kr). Nhu vay, néu b € Il(k — krk) thi b € I(k)®L(1 — kr).

2) Taco L(k — krk) = 1(k(1 —7k)) = [()®I(1 — k) = [(1 — kr)k) =

=1(1—-kr)®l(k) = L(k)®L(1 — kr).

Suy ra diéu phai chang minh.

Pinh nghia 4. Phan tir v € R duoc goi 1a min phdi (trai) néu Idéan rR (twong
tmg Rr) 12 linh héa tir trai min. Phan tir vira min phai vira min trai thi goi 1a phdn tir min.

Nhén xét 6. Phan tir kha nghich thi khong min.

Chizng minh

That vay, gia sirr € R 1a kha nghich phai. Ton tai ' € R sao cho rr’ = 1. Do
d61—rr’'=0,nén I[(1—rr") = R. T do suy ra, rR khong la linh hoa tu trai min.

Nhan xét 7. Néu R 12 mién nguyén thi phan tir » € R 1 min phai néu va chi néu
rR # R (con c6 nghia la r khdng kha nghich phai).

Ching minh

That vay, néu phan ti r € R la min phai thi rR <'®s R,

Diéu nay chiing té vai moi ' € R taco (1 —rr') = 0.

Suyra,1—rr"+#0 = 1rmr'+#1 = rR#R.

Nguoc lai, néu R # R thi rr’ # 1 véi moir’ € R.

Piéu nay chimng to 1 — rr’ # 0 voi moi r’ € R.

Do R 1a mién nguyén nén (1 —rr") = 0 véi moir’ € R.

Nhu vay ¥R <'® R hay phan tir r € R 12 min phai.

Ménh dé 6. Cho R la vanh Artin, k 13 phan tir min phai sao cho:

V6imoi 0 # b € R ma bR D bkR thi k la tua ldy linh.

Chung minh

That vay, gia st k khdng tua lity linh ta s& chirng minh day chuyén

kR > k?R o k3R > --- la giam thuc su.

Do k khéng tua lity linh nén khong ton tai n € N sao cho k™ = k™, vi > 1.

Do bR D bkRv6imoi0 b € RnénR D kR .

Gia str bat dang thirc k'R > k**1R ding véi i = n, nghia 1a k"R > k™*1R.

Tachang to k™R o k™*2R. Do k khong tya lily linh nén k™1 = 0.
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Bat ding thuc bR D bkR dung véi = k™1 £ 0.

Diéu nay dan dénk™* 1R o k™*2R.

Bang qui nap ching ta nhan duoc day chuyén giam thuc sy kR D k*R D k3R D -

Diéu ndy mau thuan vai gia thiét R 1a vanh Artin.

Gia thiét phan chiing sai chiing to k 12 tua liy linh.

Tir Ménh dé 6, chung ta thay rang néu R 1a vanh cé phan tir k min phai khong
tya liy linh thoa man bat dang thicc bR D bkR véi moi 0 # b € R thi R khong phai
1a vanh Artin. Pong nghia vai R khong c¢6 Idéan tdi tiéu.

Goi tap hop c&c phan tir min trai ciavanh R 1a K; = {r € R|rR <'*° R}.

Ta c6 méi quan hé véi Idéan trai ki di Z; = Z,(R) = {z € R|l(z) <* R} va can
Jacobson J nhusau: Z; € K;vaj <l

Mot diém luu y 12 K; khong dong dbi véi phép toan cong. Vi du trong R = Z,
—2 va 3 thugc K, trong khi 1 € K.

Ngoai ra K; bi chira trong tap hop céac phan tir khdng kha nghich (Nhan xét 4).
Nhu 14 hé qua caa Ménh dé 5, ta co:

Hé qua 2. Néur € K; thirR € K, vaRr C K.

Tir hé qua nay ta noi I 1a nira Idéan caa R. Trong trudng hop tong quét thi nia
Idéan khong khép kin vai phép todn cong va do 1a li do noé duoc goi la nira Idéan.
Truong hgp ntra Idéan khép kin véi phép todn cong thi né tré thanh Idéan.

Hé qua 3. 0 1a phan tir litly dang duy nhat cua K;.

Chirng minh

That vay, néu k 1a phan tir lity dang cua K; va k # 0 thi theo Ménh dé 6,

day chuyén kR > k*R o k3R > --- la giam thyc su.

Diéu nay mau thuan véi k = k2,

ching t6 0 12 phan tir lity dang duy nhat cua K

Ménh dé 7. Cac diéu kién sau day 1a twong duong d6i voi Idéan I cia vanh R:

1' I qlas R

2,1 K,

3,l(1—-k)=0,Vk €1l

Chitng minh: (1 = 2) Khi I <'® R thi moi phan tir cua I 12 phan tir cia K;.

2=3),Vkel=keK,.Dodol(1—kr)=0,vreR. Tacoél(1—-k)=0.

(3= 1).vk€lthi I(1—k)=0

Giast I+ X =R, tacédl=k+xvoikel,xeX. Tacoél(x)=1(1—-k)=0.
Diéu nay chimng to [(X) = 0 hay I <! R.

Ménh dé 8. Trong vanh  —chinh qui manh R thi K; = J 1a liy linh.

Chitng minh: Tir Ménh dé 7, dé dang suy raJ € K;.

Gia sirr € K; khong ity linh. 7™ # 0 véi moi n . Ap dung Ménh dé 6, ching ta c6
r™R o r™*1R. Boi vay rR o r?R > ---. Diéu ndy mau thuan véi gia thiét. Do vay, moi
phan tir cua K; 14 Iy linh. Tir Hé qua 2, ta ¢6 7’ 1 Iy linh v6i moi ' € R vado d6 K; = J.
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Ta dinh nghia AS Idéan trdi ciia vanh R 1 tong cac linh héa tr trai min cia vanh R
va ki hiéu 13 4; = A;(R) = S{K|K <'* R}. Tuong tu AS Idéan phai cua vanh R 1a
t6ng céc linh hoa tir phai min ciia vanh R va ki hiéu 13 4, = A,(R) = Y{K|K <" R}.

R® rang rang voi moi vanh R thi K, € A;, nhung diéu nguoc lai thi khong dung,
chang han R = Z.

DPinh ly 1. Trong vanh R chung ta cé:

1, A; la mét Idéan hai phia chira moi linh hoa tir min trai.

2,A; ={ky + ky + . +ky|k; €K, Vi,n=>1}.

3, 4; = K;R = RK,.

4,] S A VaZ, C A,

Ching minh

2,Pat X = {ky + ky + -+ ky|k; € K;,Vi,n > 1}. Tachiing minh 4; = X.

Liyx € A, x EK, + K, + -+ K, Voi K; <'*° R,i =1,2,...,n.

TacOx = ky+k,+-+k, ki €K, Vi=12,..,n.

Honnita k; R € K;. Bdi vay , k; R <! R.

Diéu nay chimng té k; € K;, suy rarang 4, € X.

Nguoc lai, 1ay k € K; thitacd kR <'*S R.

Boi thé k € 4;. Piéudé suyra X C A,.

1, RO rang A; la mot Idéan phai. Ngoai ra do 2, da dugc chung minh ¢ trén va hé
qua 2, n6 la mot Idéan trai.

3, Suy ra tir 1,2 va bat dang thuc K, € 4, .

4, Piéu nay suy ra tir B dé 3.

Dé It ta rd hon quan hé giita A, va 4; chiing ta c6 nhan xét sau day:

Nhan xét 8.

1, Co thé xay ra cac quan hé A, & A, hay 4; & A,..

2, A,(Z) = 7 va do d6 Idéan phai A4, c6 thé khong min.

3, Tong cua hai Idéan min cd thé khdng min.

Ménh dé 9. Cho R 1a vanh Ikeda-Nakayama.

Néu r1(T) <'@ Rthi [(T) <* Rvéimoi T < R.

Chirng minh

Goi K< R sao cho NnI(T) =0. Do R la vanh lkeda-Nakayama nén ta cé
R=r(KnlT)) =rK)+rl(T).

Tur gia thiét rI(T) <'* Rtaco I(r(K)) = 0.

biéu nay chimng to K = 0, nghia 1a I(T) <* R.

Bai toan: Tinh A, va 4, trong vanh R

Di nhién ung véi mdi dic trung cuia R cho ta cac huéng tinh toan A, va 4,
khac nhau. Do d6 ciu tric cua A, va A; s& gitip ta nhin nhan, phan loai vanh theo
cach riéng cua no.
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O day, ching ta tinh toan trong mot sé truong hop cu thé, doc gia tir d6 c6 mot
cach nhin cuaa riéng minh.

Truong hop 1: Vanh R =Z.

Truéc hét, Z 1a vanh giao hoan nén ta c6 nhan xét 4,.(Z) = A,(Z).

Moi Idéan I ctia vanh céc sé nguyén Z déu cé dang mZ. Gia st mZ + nZ = Z
val(nZ) = 0.

Tuc 12 1(nZ) = {z € Z| znZ = 0}. D& dang thay ring {z € Z| znZ = 0} xay ra
khi va chi khi z = 0. Nghia 13 [(nZ) = 0, dong nghia véi mZ <'*° Z véi moi m. Suy
rad;(Z) =7

Truong hop 2: Vanh R = Z,.

Z, chicohaildéan1a 0 = 2nZva 1= (2n+ 1)Z,n € Z.

D@ dang thay rang 1(0) = Z,. Ngoai ra [(1) = 0.

Chi c6 cac phan tich thanh tong cac Idéan con Z, = 0+ 1 = 1 + 0, do d6 suy ra
A,(Z,) = 0. Do tinh chat giao hoan cua Z,ta c6 A, (Z,) = 0 = A;(Z,).

Truong hop3. Vanh R = [% %2]

2
Z Zz]_z 0 0 Zz] [ 0] 0 ZZ
022‘00 0 Z, 0 Z,

Taco
I
Co cac dang Idéan [g I 2] trong d6 I 1a Idéan cua Z, Iz, 1a Idéan cua Z,
Zy

Xét cac dang thirc ma tran sau:

Z 1 Z 01_ z >< Z 0

[0 Jq " Lo o] a ]

Vé[z qx[o Zz] [O ZXZLy+TXZ,]
J 0 7, J X Zy '

([0 L (TZ O\ _ [0 Zy] . [Z O
Nén ta co l([o Zz]) =0 va l([o 0) = 1o Zz]' Nen[ ]cAL(R).
[ 1 [Z O] [ZXZ IXZZ] [Z 1] y 0 Zz [0 ZXZz]
0 J 0 Z, JXZ," 10 j1 Lo
A ~ J _ \ O ZZ _ 0 ZZ]
Nén ta ciing co l([o Zz]) = Oval([O 0 )— A

N&n [0 ZZ] c 4,(R).

Z T,]

Tir d6 suy rarang A;(R) = [ 0

3. KET LUAN

Cac két qua nghién cau linh hoa ter tradi min caa mot vanh trong bai bao nay
budc dau cho ta mot vai phan loai vanh. Mot sé tinh chit lién quan dén giai xoin
Tor(R) cta R véi tu cach 1la mot moédun trén chinh nod s& la hudng nghién cu’u tiép
theo ma cac tac gia chua c6 diéu kién dé dé cap t6i trong bai bao nay. Mot sé chung
minh trong bai bao la lam rd hon cac ndi dung da dugc cac tac gia W.K. Nicholson,
Yigiang Zhou trinh bay c6 dong trong [3] nham gitp thém tu liéu cho ngudi doc.
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RING WITH LEFT SMALL ANNIHILATOR CONDITIONS
Hoang Dinh Hai, Vu Thi Nhi, Nguyen Thi Huong
ABSTRACT

The study of Ring characteristics through Jacobson radical suggests new studies
on the small annihilator ideals and its applications. Left small annihilator ideals of a
ring has been W.K. Nicholson, Yigiang Zhou presented in [3]. A right ideal A of the
ring R is called a small ideal if for every right ideal B of R that A + B = R then B = R;
A is called a left small annihilator ideals if | (B) = 0 (I (B) is a left annihilator of B).
The purpose of this paper is to study the left small annihilator ideals that W.K.
Nicholson and Yigiang Zhou have contributed. Since then we would like to develop a
number of ring characteristics, such as the lkeda-Nakayama ring, the Artin ring, and
the strong z-regular ring with small annihilator conditions.

Keywords: Small right Ideal, annihilator, jacobson radical.

* Ngay nop bai: 28/8/2020,; Ngay gui phan bién: 23/9/2020; Ngay duyét dang: 28/10/2020
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NGHIEN CUU THANH PHAN THUC VAT KHU VUC NUI MIENG,
XA PHUC THINH, HUYEN NGOQC LAC, TINH THANH HOA

bb Thi Hai'
TOM TAT

Két qua nghién cizu thyre vat khu viee ni Miéng, xa Phidc Thinh, huyén Ngoc Ldc,
tinh Thanh Hoéa da xac dinh duwoc: 117 loai thuge 98 chi cua 47 he; trong do nganh Ngoc
lan chiém wu thé véi 87,23% tong sé ho, 92,86% tong sé chi va 91,45% tong so loai, cac
nganh khac chiém ty Ié khdng dang ké. Hé thuc vdt noi ddy ¢b cac dai dién cia 17/20 yéu
to dia Iy cua thuc vat Viét Nam, trong dé yéu to chau A nhiét déi chiém ty 1é cao nhat
(21,37%). Phé dang séng cho hé thuc vit khu viee ndi dd voi Miéng 1a: SB = 53,45% Ph
+12,93% Ch + 15,52% He + 9,48% Cr + 8,62% Th. Thuc vdt ¢ khu viec nti Miéng c6
gia tri sz dung 1am thudc chiém wu thé véi 67 loai (chiém 41,36%). Sw phan bo cac loai
khdng dong déu ¢ c&c dé cao, chan nli ¢6 sé lodi cao nhat va thap nhat 1a dinh nui.

Tir khéa: Pa dang, dang séng, thuec vat, yéu té dia Iy, nti Miéng.

1. DPAT VAN BE

Phtc Thinh 13 mot x4 trung du mién ndi nam phia Tay nam cua huyén Ngoc Lic,
Thanh Héa. Xa c6 chiéu dai 8 km, chiéu rong 4,5 km, phia Tay nam x& c6 Séng Am bit
ngudn tir huyén Lang Chénh, hop luu véi song Chu & phia Bong nam tai lang Miéng. X4
Phtc Thinh ¢6 vj tri chién lugc vé quan su, xay dung khu vuc phong thu bao vé hudéng
nam cua huyén Ngoc Lic. Phiic Thinh 1a xi ¢6 dia hinh phuc tap, cao thap khong dong
déu, do cao trung binh 1a 320 m, duoc bao boc béi cac ddy ndi giéng nhu 1ong chao. Dan
cu phan b rai rac, tap trung theo cac truc duong giao thong va ven cac suon doi. Phic
Thinh 12 mét xa thuan ndng, thu nhap chinh cua nguoi dan chii yéu tir néng nghiép, doi
sdng cua ngudi dan van gap rat nhiéu kho khan. Co cau cay trong tai xa chua mang lai gia
tri kinh té cao, chua that su gilp 6n dinh cudc sdng cta ngudi dan noi day. Vi vay, viéc
danh gi4 tiém ning ciia ngudn tai nguyén thuc vat noi day 1a can thiét, gop phan chuyén
dich co ciu cy trong, khai thac va sir dung bén viing ngudn tai nguyén da dang sinh hoc.
Xuét phét tir nhitng 1y do trén, chung t6i da tién hanh nghién ctu thanh phan thyc vat khu
vuc ndi Miéng thudc x& Phac Thinh, huyén Ngoc Lic, tinh Thanh Héa nhiam bao ton va
phét trién bén viing tai nguyén thuc vat phuc vu phat trién kinh té x& hoi.

2. PHUONG PHAP NGHIEN CUU

Thu thap mau vat: theo phuong phap cua Nguyén Nghia Thin [1]. Mau dugc
thu 6 dot tir thang 6 nam 2019 dén thang 4 nam 2020. Thu mau theo tuyén chan nui,

Y Khoa Khoa hoc Tu nhién, Truong Pai hoc H(fng Puc
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lung ndi va dinh ndi. Mau vat dugc bao quan tai Phong thi nghiém Sinh hoc, Truong
Pai hoc Héng buc.

Phén tich, giam dinh nhanh theo phuong phap hinh thai so sanh va dua vao cac
tai liéu: “Cam nang nghién ctru da dang thuc vat” ctia Nguyén Nghia Thin (1997) [1];
“Cay c6 Viét Nam” caa Pham Hoang Ho (1999-2000) [2]; “Cam nang tra ciru va nhan
biét cac ho thuc vat hat kin Viét Nam” cua Nguyén Tién Ban (1997) [3]. Danh luc céc
loai duogc xép theo Brummitt (1992) [4].

Danh gia vé gié tri sir dung bang phwong phap phong van nhanh c6 su tham gia
(PRA) va dya vao céc tai liéu caa V5 Vian Chi (2012) [5], D5 Tat Loi (2003) [6].

Phan tich tinh da dang vé céac yéu t6 dia ly: Dua vao hé thong phan chia cac yéu to
dia ly cua Nguyén Nghia Thin (1997) [1], L& Tran Chan va cong sy (1999) [7].

Phan tich tinh da dang vé dang séng: Ap dung hé thdng ciia Raunkiaer (1934) [8].

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Pa dang vé bac phan loai

Két qua nghién ctiu da xac dinh duoc 117 loai thudc 98 chi, 47 ho, 3 nganh, két
qua thé hién & bang 1.

Bang 1. Phan bé cac Taxon trong cac nganh thuc vat ¢ khu vac nii Miéng

Ho Chi Loai

Taxon S6 | Tyle| S6 | Tyle| S6 | Tyle

lugng| (%) | luong | (%) |luong| (%)

1. Lycopodiophyta 1 2,13 1 1,02 2 1,71
2. Polypodiophyta 5 10,64 6 6,12 8 6,84
3. Magnoliophyta Liliopsida 32 | 68,08 70 | 71,43| 82 | 70,09
Magnoliopsida 9 19,15 21 21,43 | 25 | 21,36

Tong 47 | 100 98 100 | 117 | 100

Két qua bang 1 cho thy, nganh Lycopodiophyta chiém sé lugng it nhat vai 2,13%
téng s ho; 1,02% tong sb chi, 1,71% tong sé loai; nganh Polypodiophyta c6 sé luong
kha hon véi s6 ho chiém 10,64%; s6 chi 1a 6,12% va sé loai 12 6,84%. Con lai, hau hét
thuc vat & day thudc nganh Magnoliophyta chiém 87,23% tong s6 ho; 92,86% tong sb
chi; 91,45% tong sb loai. Diéu nay hoan toan hop ly, vi nganh Magnoliophyta Ia nganh
chiém wu thé so véi cac nganh con lai, phi hop véi cac cong trinh trude dé ciia Nguyén
Nghia Thin [1], L& Tran Chén va cong su [7], Nguyén Tién Ban [3] vé da dang thuc vat.

3.2. Pa dang vé cé4c yéu té dia ly

Dénh gia vé yéu té dia ly theo Nguyén Nghia Thin (1997) [1] va L& Tran Chan
va cong su (1999) [7]. Sé luong cua cac loai thuc vat ¢ khu vuc ndi Miéng trong céc
yéu té dia 1y duoc thé hién qua bang 2.
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Bing 2. S6 lrgng loai & khu varc ni Miéng trong cac yéu té dia ly

TT Yéu td dialy Ky hiéu | S6 loai | Ty 1& (%)
1 | Yéutb dic hiru Trung Bo 14 4 3,42
2 | Yéu td dac hiru Viét Nam 16 10 8,55
3 | Yéut Pong Duong 17 18 15,38
4 | Yéu té Nam Trung Quéc 18 11 9,40
5 | Yéu t6 Hai Nam - Dai Loan - Philippiné 19 2 1,71
6 | Yéutd An Do 21 20 17,09
7 | Yéu t Malaysia 22 2 1,71
8 Yéu t§ Indonesia - Malaixia 23 1 0,85
9 | Yéu td chau A nhiét déi 25 25 21,37
10 | Yéu td c6 nhiét déi 26 3 2,56
11 | Yéu tb tan nhiét d6i va lién nhiét doi 27 3 2,56
12 | Yéutd bong A 28 2 1,71
13 | Yéutd chau A 29 3 2,56
14 | Yéu t6 phan bé rong (Yéu td toan cau) 31 4 3,42
15 | Yéu t6 nhap noi va di cu hién dai 32 9 7,69

Tong 117 100

Qua bang 2 cho thay, trong s6 20 yéu t6 dia Iy duoc thong ké & Viét Nam, thi hé
thuc vat & khu vuc ndi Miéng co cac loai dai dién cho 15/20 yéu tb dia Iy. Trong do,
ty I¢ cac loai thuoc yéu té chau A nhiét doi chiém ty Ié 16n nhat (21,37%), tiép theo la
loai thudc yéu té An Do (17,09%) va yéu té Pong Duong (15,38%), yéu té nam Trung
Qudc va yéu té nhap noi va di cu hién dai ciing kha cao, chiém ty Ié trong ung la
9,4% va 7,69%. Yéu té dic hitu Viét Nam chiém 4,27% con yéu té dac hitu Trung Bo
va yéu t6 toan cau chiém 3,42%.

Chiém ty 1¢ thap nhat la céc yéu t6 Pong A, Malaysia, Hai Nam - Dai Loan -
Philippine vai 1,71%. Khong c6 loai thudc yéu té on déi Bac, yéu to Himalaya va yéu
t6 Indonesia - Malaysia - Uc dai duong.

3.3. Pa dang vé dang séng

Dua vao thang phan chia dang séng theo Raunkiaer (1934) [8], dang séng cua
cac loai thuc vat & ndi Miéng dugc théng ké qua bang 3.

Bang 3. C4c dang séng trong khu hé thuc vat ¢ khu vurc nGi Miéng

Dang séng Ky hiéu S6 lugng Ty lé %
Choi trén mat dat Ph 63 53,85
Choi sat mat dat Ch 15 12,82
Choi nira 4n He 18 15,38
Choi an Cr 11 9,40
Cay mot nim Th 10 8,55
Téng 117 100
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Qua bang trén cho thay nhém cay c6 choi trén (Ph) chiém wu thé véi 63 loai,
chiém 53,85%, tiép dén Ia cay choi nira an (He) chiém 15,38%, chiém ty I¢ thap nhat la
cay mot nam (8,55%). Pho dang song caa hé thuc vat cd mach & khu vuc ndi Miéng thé
hién nhu sau: SB = 53,85% Ph + 12,82% Ch + 15,38% He + 9,40% Cr + 8,55% Th.

3.4. Sy phan bé cac loai theo dia hinh

Trong qua trinh nghién ctru, da ghi nhan céc loai sbng & 3 dang dia hinh chinh 1a
chan nui, lung nai va dinh ndi (bang 4).

Bang 4. Phan bé ciia cac taxon theo dia hinh

s Ho Chi Loai
T BRI e g T T 16 % | S8 luong| T3 16 %| S8 uong| T3 16 %
1 |Channai |43 55,13 |85 60,28 | 100 63,29
2 |Lungnti |26 33,33 |43 30,49 |44 27,85
3 | binhnai 9 1154 |13 9,23 14 8,86
Tong 78 100 141 100 158 100

Qua bang cho thay: Cac ho, chi va loai phan bé & tirng dang dia hinh c6 su khac
nhau thé hién:

O chan ndi: S6 ho, chi, loai phong phu hon ca, ¢6 téi 43 ho chiém 63,29%; 85
chi chiém 60,28%; 100 loai chiém 63,29%.

O lung nti: gdm 26 ho chiém 33,33%:43 chi chiém 30,49%; 44 loai chiém 27,85%.

O dinh ndi: gém 9 ho chiém 11,54%; 13 chi chiém 9,23%; 14 loai chiém ty 1é 8,86%.

C6 sy phan bd khéc nhau gitra cac sinh canh ma dic biét 1a sinh canh chan nii so
vé6i dinh ndi 12 do ¢ chan nui c6 diéu kién sinh thai (@6 am, anh sang, 16p chéat dinh
dudng...) thuan loi hon, phi hop véi nhiéu loai, nguoc lai & dinh ndi nhét 1a nti da voi
V6i cuong do anh sang 16N, gié manh, do 4m thap..., chat mun lai nghéo nén chi c6 mot
s6 loai thich nghi duogc nhu: Huyét gidc (Dracaena cambodiana Pierre ex Gagn.), Long
muc (Wrightia rubriflira Pit.) va mot sé cay ho Ray (Alocasia odora (Roxb.) C. Koch,
Raphidophora laichauensis Gagn.).

3.5. Pa dang vé gia tri sir dung

Pé danh gia nguon tai nguyén thyc vat trong khu vuc ndi Miéng dya vao
phuong phap phong van c6 sy tham gia (PRA) va céc tai liéu: Tir dién cay thude Viét
Nam [5], Cay co Viét Nam [2], Nhitng cdy thudc va vi vi thude Viét Nam [6], két qua
cu thé duoc trinh bay & bang 5.

Két qua dan liéu & bang 5 cho thay: Chi vai 117 loai thyc vat nhung da cho 162
luot cong dung. Thuc vat cd gia tri st dung 1am thude 1a cao nhat (chiém 41,36%), diéu
nay ciing rat phd hop véi tap quéan cua nguoi Viét Nam ¢ mién ndi. C6 nhitng ho hau hét
cac loai duogc sir dung 1am thude nhu ho Asteraceae, Euphorbiaceae, Menispermaceae...
Mot s6 loai cay co gia tri cao trong viéc sir dung lam thude nhu: Stephania rotunda Lour.,
Raphidophora decursiva Schott. Tiép sau Ia loai c6 gia tri sir dung 1am cay canh, béng
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mét, 1am thirc an cho con nguoi (14,81%), 6 gia tri 1y gd chiém 6,79%, chiém ty Ié thap
nhit 13 cay chira chat doc (3,70%) va cay lam thirc an cho gia stic (3,09%). Nhitng loai
cay cho nhiéu cong dung nhu: Bambusa membranaceus (Munro) Stapl. & Xia (Tn, Cn,
T); Citrus grandis (L). Osb (Tn, T, D); Phyllanthus reticulata Poir (T, Cn: Nhuom)...

Trong s cac loai & day thi loai Melientha suavis Pierre (Rau Sing) 1a mot dic
trung cua vung nui da voi, 1a mot loai thuc pham rat gan giii trong mdi gia dinh noi
day, hién nay con la dac san cua vung.

Nhu vay, mac di con nhiéu loai chua xac dinh & dwoc gia tri s dung nhung
qua bang trén c6 thé thay rang, thién nhién da ban ting cho con ngudi noi ddy mot
ngudn tai nguyén kha ddi dao cho cudc sdng.

Bang 5. C4c gia tri sir dung cia thuc vat & khu vuc nti Miéng

TT Gia tri st dung Ky hiéu | Séloai” | Ty lé (%)
1 | Lam thudc T 67 41,36
2 | Laygd G 11 6,79
3 | An duoc (cu, qua, hat, 14,...) Tn 24 14,81
4 | Lam cay canh, bong mat C 24 14,81
5 | Thirc an cho gia stc Tg 5 3,09
6 | Lay dau , D 7 4,32
7 | Dung c~:h0 nganﬂh cdng nghiép (dan lat, lay cn ; 4,32
sgi, my nghé, lay nhya...)
8 | boc b 6 3,70
9 | Cong dung khac (cui, phan xanh,...) K 11 6,80
Tong 162 100
"1 loai c6 thé cho 1 hogc nhiéu gia tri sz dung khac nhau
4. KET LUAN

Hé thyc vat vang ndi Miéng budce dau da xéc dinh duoc 117 loai thuge 98 chi, 47 ho
thyc vat c6 mach thudc 03 nganh thyc vat bac cao cd mach 1a Thong dat (Lycopodiophyta),
Duong xi (Polypodiophyta) va Ngoc lan (Magnoliophyta). Trong do, nganh Ngoc lan
chiém wu thé véi 87,23% tong s6 ho, 92,86% tong sb chi va 91,45% tong sb 10ai.

Hé thuc vat noi day co cac dai dién caa 17/20 yéu té dia ly caa thuc vat Viét
Nam, trong d6 yéu t6 cd ty 1¢ loai nhiéu nhat 1a Chau A nhiét doi (21,37%), thap nhat
la cac yéu t6 Dong A, Malaysa, Hai Nam - Dai Loan - Philippine vai 1,71%.

Phé dang séng cho hé thuc vat khu vue nti da voi Miéng la: SB = 53,45% Ph
+12,93% Ch + 15,52% He + 9,48% Cr + 8,62% Th.

Sy phan b cac loai khéng dong déu & cac do cao tir chan nai dén dinh nui.

Hé thuc vat khu vuc ndi Miéng c6 t6i 106 loai cay cho gid trj sir dung chiém 90,60%
tong s6 loai, trong d6 sb loai cay duing lam thudc chiém ty 1¢ cao nhat véi 41,36%, cay lam
cay canh; cho bong mat, 1am thtc in cho con ngudi chiém 14,81%; cdy cho gd chiém
6,79%; cay cho doc chiém 3,70% va thap nhit 1a cay 1am thic an gia sac chiém 3,09%.
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STUDY OF THE FLORA COMPOSITIONS IN MIENG MOUNTAIN,
PHUC THINH COMMUNE, NGOC LAC DISTRICT,
THANH HOA PROVINCE

Do Thi Hai
ABSTRACT

Studies of the flora system in Mieng mountain, Phuc Thinh commune, Ngoc Lac
district, Thanh Hoa province show that there are 117 species belonging to 98 genera
of 47 families; in which Magnoliophyta is the most diverse, repesenting 87.23% of the
families, 92.86% of the genera and 91.45% of the total species, other divisions
account for negligible percentage. The flora system in this area represented of 17 out
of 20 geographical factors of the flora in Vietnam, of which geographical element of
tropical Asia account for the highest percentage (21.37%). The Spectrum of Biology
(SB) of the flora in Mieng was summarized as follows: 53.45% Ph +12.93% Ch +
15.52% He + 9.48% Cr + 8.62% Th. Medicinal plant species in the Mieng mountain
dominate with 67 species (accounting for 41.36%). The distribution of plant species is
not uniform at the altitudes, the highest number of species at the lowest altitude and
the lowest number of species at the mountain peak.

Keywords: Diversity, life-forms, plant, phytogeographical, Mieng mountain.
* Ngay nop bai: 28/8/2020,; Ngay gui phan bién: 28/8/2020; Ngay duyét dang: 28/10/2020
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NGHIEN CUU PO LINH PONG CUA HAT TAl TRONG KENH DAN
GE PHA TAP PIEU BIEN PHU THUQC VAO NHIET PO

Tréan Thi Hai', Nguy&n Thi Thao? Nguyén Thi Dung®, Nguyén Thi T¢*
TOM TAT

Trong bai bao nay ching tdi tinh toan sy phu thugc cia dé linh dong 16 trong
vao thanh phan nhiét dé trong cau tric kénh ddn Ge pha tap diéu bién & nhiét dg cao.
Trong vuing nhiét dé ndy, ching tdi dira ra ham tw fiong quan cho sy phan bé cua hat
tdi VA C&c co ché tan Xg cua ching. Chang tdi dd xem Xét cac co ché tan xa co ban,
ddc biét 1a tan xa gay bdi phonon. Két qua chi ra rang, tan Xg gay béi dé nham bé
mat va phonon am dong vai tro quan trong trong viéc giogi han do linh dgng cua hat
tai. Chung t6i xac dinh dé linh déng phu thugc vao nhiét d@é 1én téi 300°K. Ly thuyeét
cua ching t6i 6 thé md ta kha tét thiec nghiém vé hién fieong van chuyén cia 6 trong
trong kénh Ge pha tap diéu bién trong khodng nhiét dg tir 50K dén 300°K.

Tir khéa: B linh déng, tan xa phonon am, pha tap diéu bién, kénh ddn Ge.

1. DPAT VAN BE

Cac cau tric ban dan di chat chira Ge va SiGe ngay cang nhan dugc nhiéu su
quan tdm nghién cau caa cac nha khoa hoc trong nuéc va qudc té vi tam quan trong
cua chung trong viéc tng dung cac may moc, thiét bi [1-5]. Cac nghién cau vé kénh
dan Ge pha tap diéu bién & nhiét d6 thip cho thiy tan xa do nhdm bé mit 1a co ché tan
Xa co ban gidi han do linh dong cua hat tai [4,6]. O nhiét d6 cao hon 150K, tan xa
phonon am va phonon quang c6 dong gop quan trong va 1a mot trong nhiing co ché
tan xa co ban gigi han d¢ linh dong cua hat tai [2,7].

Trong nhitng nim gan day mot vai nhom tac gia [4,5,8,9] di dua ra ly thuyét
nghién ctitu vé& d6 linh dong caa hat tai giam cam trong cac cau trdc giéng luong tir pha
tap diéu bién. Cac tac gia nay da tinh dén do linh dong phu thudc vao mat do hat tai va
d6 rong kénh dan nhung chua tinh dén @6 linh dong phu thugc vao nhiét do. Chinh vi
vay, nhom chang t6i lya chon bai toan nghién cau va tinh toan do linh dong cua hat tai
trong kénh dan Ge & nhiét d6 cao. Trong nghién cau trude day [8], ching t6i da ap dung
md hinh ly thuyét cho mau kénh dan di chat Ge pha tap mot phia. Céac két qua tinh
toan dugc so sanh véi sb liéu caa nhom Irisawa [3] vé6i do rong kénh dan L = 7.5nm,
Ld = 10nm, Ls = 20nm, I6p Ge duoc nudi ciy & nhiét do 350°C. Trong bai béo nay,
ching i tiép tuc ap dung phuong phép bién phan d& mé ta giam cam luong tir trong

123 Khoa Khoa hoc Tw nhién, Truong Pai hoc H(fng Puc
* Hoc vién cao hoc Khoa khoa hoc Tu nhién, Trueong Pgi hoc Héng Durc
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c4u tric kénh dan Ge pha tap diéu bién mot phia. Két qua duoc so sanh véi thuc nghiém
ctia nhom Myronov [2] véi d rong kénh dan L = 20nm, Ld = 10nm, Ls = 20nm, 15p Ge
duoc nudi cay & nhiét do 300°C, trong d6 tit ca cac co ché tan xa phonon am, phonon
quang, d6 nham bé mit va tap chét bi ion hda déu dugc tinh dén. Cau tric cua bai béo
nhu sau: trong phan 11 ching toi dan ra phuong phép tinh toan cac co ché tan xa trong
cau truc kénh din Ge pha tap diéu bién mét phia ¢ nhiét do cao. Tir d6 rit ra do linh
d6ng cua hé hat tai trong cAu trdc trén. Phan 111 13 mot sb két qua va thao luan.

2. NOI DUNG NGHIEN CUU
2.1. M hinh nghién ciu

Chung tdi tién hanh nghién ctu cau trdc kénh dan Ge duoc nudi ciy trén nén vat
lieu Si (Hinh 1). Bang viéc nudi cay lién tuc cac 16p vat ligu trén 16p nén Si, nguoi ta
s& tao ra duoc kénh dan Ge, ma & dé tap trung cac hat tai mang dién.

Si 3 nm

40 nm

300°C 20 nm
20 nm

~2x107"cm” ) 8153368467 | 10 nm
500 nm

LT- Sig ;:Gey », 50 nm
Sig74Geg 2 500 nm

LT-Si 50 nm

n-type Si (001)

Hinh 1. Céu tric miu [2]

V6i md hinh nhu trén, ta c6 duoc mot kénh dan Ge nam giita hai 16p Sigs:CGey¢;
va duoc pha tap boi mét 16p nguyén tar B ¢ 10nm. Nhu vay, ta c6 thé xem vat liéu ban
dan trén c6 cau trac 1a mot kénh dan cd dang mét giéng luong tir pha tap diéu bién mot
phia véi d6 rong cua kénh dan 1a bé rong cua 16p Ge kich thudc 20nm, hai 16p rao chinh la
hai 16p vat liéu Si,5,Ge, ¢, va dugc pha tap mot phia bai 16p nguyén tir B ¢6 bé rong 10nm.

Chung t6i d& mé hinh héa cau tric trén bang hinh vé 2.

Khi nghién cizu ciu tric ban dan di chat nhu trén, ching ta da xét anh huéng cua
cac ngudn giam cam cd mit trong hé nhu: Céc tap ion hod, ban than khi hat tai 2
chiéu, tac 1a thay vi chi xét giéng vudng goc phing, ching ta phai xét dén hiéu ung
udn cong ving ning luong (band bending).
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Flat-bent

Spacer’

L. L. -2 0 L2

D S
Hinh 2. Mb hinh giéng lweng tir pha tap mét phia

Ly thuyét usn cong viing ning luong gitr mot vai tro khé quan trong déi vai su hinh
thanh kénh dan trong cau tric di chat. Khi c6 pha tap mét phia kénh dan, s& dan tsi hiéu
g ubn cong viing ning lwong lam cho sy phan b cua hat tai trong kénh Ge c6 dang bt
d6i xing: tang vé phia co pha tap (z < 0), giam vé phia khong c6 pha tap (z > 0).

Cu thé 1, dudi anh huong cua hiéu ang uén cong ving niang luong, cac hat tai
trong truong hop pha tap mot phia khéng con ddi xing nhu trong mé hinh flat-band
ma léch vé phia ¢ pha tap. Theo md hinh nay thi viéc diéu bién bat ddi xtng ham
so6ng, nghia 1a do déc cua ham séng thay doi, lam ting tan xa do d6 nham bé mit gay
nén ma tan xa nay 1a tan xa chu dao, vi thé do linh dong cua hat tai giam manh.

Kénh dan cé chiéu cao rao thé 1a v han, ching t6i sit dung ham séng bao &
trang thai co ban c6 dang nhu sau [8]:

B\/fcos(TjeL khi |z| < ;
¢(2)= (2.1)

0 khi |z|>£,
2

O day L 14 do rong cia kénh dan, B Vva ¢ 14 nhiing tham s6 bién phan xac dinh.
B va ¢ dugc xac dinh dya vao diéu kién chuan hoa ham song.

2.2. Xac dinh d9 linh dong cia hé hat tai

Trong ly thuyét van chuyén tuyén tinh, do linh dong caa hat tai duoc cho bai :

e-r gl . ) . . .
M= — véi mla khoi lugng hiéu dung cua hat tai. Thoi gian song van chuyén duoc

biéu dign qua ham tu twong quan (AFC) d6i v&i mdi nhiéu loan bang [10]:

2
1 1 Fopr q° <‘U<q> >
=G, a0 |

(akz-qryz  © @ 2.2)

O day, q=(q,9) la xung luong truyén hai chiéu cho bdi cac co ché tan xa trong

mit phing x, y: 9=0/=2k.sin(3/2) véi 4 1a goc tan xa. Nang luong Fermi dwoc
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xac dinh: E .=7kZ /2m"véi Ke =27D; 1a s6 song Fermi, p,(z) 1a nong do hat tai
hai chiéu xac dinh trong [11].
Ham dién méi £(q) dinh lugng cho hiéu tmg chin cta thé tan xa cta hat tai hai
chiéu. Ap dung gan dung truong ngéu nhién ta c6 [12,13] :
£(0) =1+% ] >F(q)[1-G(a)], for q<2k,

Trong d6, g, =2m'e’/ ¢ h* 1 nghich dao chiéu dai chin hai chiéu Thomas-Fermi.
Hiéu chinh truong cuc bd do tuong tac trao dbi gitra cac hat vdi nhau dugc cho boi [14]:

q
G = ——
2% +k?
Thira s6 dang chan F.(q) phu thudc vao twong tac cua hat doc theo phuong nuéi
duogc xac dinh boi [12,13]:
+00 +00 .
F.(q) = j dzj dz

—00

N

(2.3)

Str dung ham séng & phuong trinh (2.1), ching ta s& x4c dinh duoc thira s6 dang
chan cho boi phuong trinh (2.3). Cac hat tai trong kénh din Ge chiu tac dong cua
nhiéu ngudn tan xa khac nhau, méi nguén tan xa twong (ng véi mot ham ty twong
quan <‘U(q)2> trong khong gian véc to song. Do vdy, dé xac do linh dong tong cong ta

phai xac dinh cac co ché tn xa anh huong dén qua trinh van chuyén cua hat tai trong
kénh dan Ge. O nhiét do cao, cac hat tai c6 thé c6 cac co ché tan xa sau: Tap chét bi
ion hoa (RI), d6 nham bé mit (SR), thé bién dang khdp sai (DP), tan xa phonon am
(AP). Thoi gian séng tong cong dugc xac dinh boi quy tic Matthiessen:

1 1 1 1 1
— =+ (2.4)

Tt Tac Tpz Tmi TR
2.2.1. Tan xa phonon am

Tén xa phonon 1a ngudn géc quan trong gigi han d6 linh dong cua hat tai. Theo
ly thuyét van chuyén tuyén tinh, thoi gian hdi phuc xung lwong caa tan xa phonon am
cho bai [15]:

E = Z}N(k K)(L-cosa), (2.5)
k

O day W(kk ) 1a x4c sudt chuyén tiép tir trang thai k t&i trang thai k, € 1a goc
tan xa. Trong khodng nhiét d0 ma ching ta tim d¢ linh dong cua hat tai thi tan xa
phonon dugc xem la dan hoi. Xac suat chuyén tiép duogc cho dudi dang:

MOy s ey @6

W(k,k')_ZKTLjd 50
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Thé bién dang khép sai (DP - Deformation Potential).

Dbi v6i cac phonon 4m duoc tao boi thé bién dang khép sai thi yéu t ma tran
tan xa dugc cho boi [16]:
D% @,

M (q)f =
M @) 2CV

Trong d6, D 14 hing s6 dang khdp sai.
Thoi gian hdi phuc xung luong cla tan xa phonon 4m trong thé bién dang khép
sai (DP) duoc cho béi:

1 m Dk.T 71— Ccosa
“2= % [ i@,) P d
r..(E)  4zh’C, L o S%(q,)
Trong d6, q, = 2k sin &/2.

(2.7)

<74 (2.8)

Thé dién dp tich dién (PZ - Piezoelectric coupling).

Céc phan tr ma tran trong thé dién ap tich dién (PZ) c6 dang [16]:
M (q)|° P he 2.9)
QO =5—=, :
2¢,6,9°V
v6i P 1a hang s6 dién ap.
Khi @6, thoi gian hoi phuc xung luong do co ché khuéch tan c6 thé viét dudi dang:
1 P?k,T pr1—cosa
= B_ 5 G,(q,)dc. (2.10)
Tpz zhag “o S°(q,)
S6 hang cudi trong tich phan dugc cho boi:

@),
G 2.11
@) =] = rorda 21)
S(q) 12 hé sb chén tinh c6 mdi llen hé véi thira s6 dang chan Fy(q) 1a:
2me? F ()11
€04

véi I1(q) 1a ham phan cuc ¢ nhiét do hiru han.

_ H(q 0 9) m’ E
M@T.E)= 4k T'r §)d§ 277h? { 2kBT}’

Trong d6, I1(Q,0, ) 1a ham phén cyc & nhiét d6 T=0 K, c¢6 dang:

[6.0.6) =1 1-0(a-2k,)| 1 LZZJ
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2.2.2. Tan xa do d¢ nham bé mat (SR)

Ham ty twong quan do nham bé mit gy ra anh hudng 1én d6 linh dong cua hat
tai dugc tinh toan trong cong trinh [17] c6 dang nhu sau:

U (CI) =V, | - |2 Aq

(2.13)
2.2.3. Tap chat bi ion héa (RI).

Ham tr trong quan cho tan xa tir sy phan bb ngau nhién ciia tap dwoc x4c dinh boi [11,18]:
(Un (@) ) = (U (@) )Fe (@) (2.14)

3. KET QUA VA THAO LUAN

Trong phan nay chung t6i 4p dung 1y thuyét tinh toan dé nghién ctru hién twong
van chuyén cua hat tai trong kénh dan Ge pha tap diéu bién & nhiét do cao. Ddi tuong
nghién ctru 13 do linh dong cua hat tai trong kénh Ge dwoc nudi boi 16p nén Si, Siy.
xGex/Ge/SiyxGey Nhu da chi ra trong cong trinh [19], ddi voi kénh dan Ge nudi trén 16p
nén Si, 16p pha tap c6 dang Si;xGey c6 ham luong pha tap Ge 1a x=0.67. Vi viy, cdu
trac nghién ctru clia bai toan s& 13 cu tric di chat Siga3Gegs7/Ge/Sips3Gepsr [20,21]
trong d6, 16p rao 1am bang vat lidu SiGe dugc pha tap béi B v6i Lg = 100 A°, Ls = 200
A°. Vi dd cao ctia rao thé 1a 16n Vo> 270 meV nén ta c6 thé coi giéng thé 1a cao vo han.

Pé tinh s6 chung ta can cac tham sé dau vao, & ddy chiing ta da bo qua sy khac
nhau cua hang sb dién moi giita 16p giéng va 16p rao, sir dung gid tri trung binh cua
chung. Déi véi kénh dan Ge, khdi luong hiéu dung trén phwong z va mat phang (X, y)
la khac nhau, cu thé m, =0.19m_, m"~0.1m_ [22,23]. Hang s6 bién dang cing
c, = 1285 ¢, = 483 ¢, = 6.80 trong mdt don vi 10%° Pa, va héng s6 bién dang
dan hoi cho bdi bs = 2.55, ds = 5.50 [24].

20 T T —
a:ps=5.10 cm
c b: 10"
c: 5.10"
— b
E . S
=] - . a
e 10 N - p
= g .
N
ar
— hent - band
- flat - band
0 L
-390 V] S0
L (A)

Hinh 3. C4u tric kénh din Ge pha tap diéu bién véi cac
gia tri khac nhau cia nong dd hat tai p;
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Trén hinh vé 3, cac duong dut nét la ham song trong mé hinh flat-band,
cac duong lién nét 1a ham séng trong md hinh kénh Ge pha tap mot phia voi
bé rong kénh dan L = 150 A° va cac gia tri khac nhau cua ndng do hat tai ps
voi ps = 5.10*,10'% 5.10%%cm 2.

Quan sat hinh v& ta nhan thay: trong mé hinh flat-band ham séng c6 dang dbi
xung va khong phu thudc vao ndng do hat tai trong kénh dan. Tai ndng do hat tai
nhé ¢& ps = 5.10"cm 2 ham séng flat-band va bent-band gin nhu tring nhau. Khi ta
ting ndng do hat tai ps, ham song trong kénh pha tap diéu bién mot phia bién dang
nhung van c6 dang d6i xung; tiép tuc ting ps, ham song bién dang manh mé& hon,
cac hat tai c6 xu huéng don vé phia c6 pha tap nhiéu hon.

Hinh 4 chidng t6i vé& su phu thudc cua do linh dong gay ra bgi tat ca cac co ché
tan xa va do linh dong tong cong vao nhiét do.

107
108' \ ':DP'
’,5‘10 Tot

50 100 150 200 250 300
T (K)

Hinh 4. P$ linh dong phu thudc vao nhiét dd T cia tit ca cac co ché tan xa: Thé bién
dang khép sai (DP), Thé dién tich ap dién (PZ), Tan xa do tap chat bi ion héa (RI), tan
xa do dd nham bé mit (SR), va d9 linh dong tong cong L,

0

Nhin vao db thi hinh 4 ta thiy, d6 linh dong tong cong Aot cang giam khi ta
tang nhi¢t do T. BJ linh dong téng cong chiu anh huong nhiéu nhat béi tan xa do
d6 nham bé mait gay ra, day la co ché tan xa chu dao & nhiét do thép da duoc
nghién ctru nhiéu & cac cong trinh [4,5,9]. Tuy nhién khi nhiét do ting 1én, vai trd
clia céc co ché tan xa do phonon gay ra cang thé hién vai tro quan trong, chiing da
lam gidi han d6 linh dong téng cong cua hat tai, dan t&i do linh dong téng cong
giam dan khi nhiét d6 ting 1én. Pudng cong cua d6 linh dong tong cong phu thude
ngay cang nhiéu vao do doc cia cac duong cong do tin xa phonon 4m gay ra. Anh
hudng cila tan xa gy bai tap chit bi ion hoa 1 it nhat. Nhitng két qua nay kha phu
hop véi cac tinh toan trong [2,24]. Ly thuyét cia chung toi dd giai thich dinh tinh
dugc su phu thude cua do linh dong téng cong cua hat tai vao céc co ché tan xa
gdy bdi phonon.
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Hinh 5. D linh dong 4, phu thudc vao nhiét do T.

Trén hinh 5 cac cham vudng 1a s6 lidu thyc nghiém ctia nhom Myronov [2], vé
su phu thudc cua do linh dong tong cong vao nhiét do, dudng lién nét 1a 1y thuyét
tinh toan ctia nhom chiing toi. Trong mién nhiét do thap cac tac gia [4,5,8,10] da xay
dung 1y thuyét twong d6i hoan chinh dé nghién ctru do linh dong cta hat tai phu
thudc vao cac tham sd cua giéng lugng tu. Khi nhiét d6 tang 1én, lam xuét hién tan
xa cua cac phonon am va phonon quang, lam cho viéc tinh toan tré nén phuec tap.
Trong truong hop nhiét d6 cao tic gia di sdu xem xét anh hudng cta co ché tan xa
do phonon gay ra va ching minh co ché tan xa do phonon 14 co ché tan xa co ban
trong vung nhiét dd nay. Quan sat hinh 5 cho thiy 1y thuyét tinh toan cho két qua
kha phu hop vé6i thuc nghiém trong ving nhiét do 16n hon tir 50°K dén 300°K. Két
qua trén ciing hoan toan phu hop khi st dung 1y thuyét tinh toan dé ap dung cho
kénh dan Ge pha tap mot phia trong thuyc nghiém ctia nhom Irisawa [3] dd duoc
chiing t6i dan ra trong cong trinh [8].

4. KET LUAN

Bai bao da dua ra biéu thtc tinh d6 linh dong cua hat tai trong kénh Ge pha tap
diéu bién mot phia. Pa tinh duoc d6 linh dong cua hé hat tai phu thudc vao nhiét do T
gay ra boi tat ca cac co ché tan xa. Giai thich dinh tinh dugc co ché tan xa co ban cua
hé hat tai khi nhiét dJ tdng 1én. Trong do, tdn xa gay boi do nham bé mit va phonon
am 1a co ché tan xa co ban, tan xa gy boi tap chét bj ion hoa anh huong it nhat. Pa
so sanh tinh toan 1y thuyét véi thuc nghiém, két qua cho thiy duong tinh toan ly
thuyét phan anh tuong ddi tot két qua do dac thuc nghiém, dac biét trong vung nhiét
d6 tir 50K dén 300K, tir d6 chimg to tim quan trong cua tan xa phonon 4m trong viéc
lam gidm do linh dong cua hat tai khi nhiét d¢ tang lén.
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STUDY THE MOBILITIES OF CARRIERS
DEPENDENT ON TEMPERATURE IN GE CHANNEL
MODULATION-DOPED STRUCTURES

Tran Thi Hai, Nguyen Thi Thao, Nguyen Thi Dung, Nguyen Thi Tu
ABSTRACT

In this paper we calculate the temperature dependent part of the hall mobility in

Ge channel modulation-doped structures with very high room-temperature. At high
temperatures, we were able to derive the autocorrelation functions for the distribution
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of carriers and their scattering mechanisms. We incorporate all possible main
scattering mechanisms, especially acoustic-phonon scattering. It is shown that
surface-roughness and acoustic-phonon scattering play a dominant role in limiting
the mobility. We analyzed the behavior of the mobility for temperature values up to
300K. Our theory is able to well reproduce the experimental data about the transport
of holes in Ge channel modulation-doped structures from 50°K to 300°K.

Keywords: Mobility, acoustic-phonon scattering, modulation-doping, Ge channel.
* Ngay nop bai: 2515/2020,; Ngay giri phan bién: 216/2020; Ngay duyét dang: 28/10/2020

* Bai bao nay 1a két qua nghién cizu tir dé tai cap Bé ma sé B2018-HDT-09 cua Bg
giao duc va Dado tao.
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PHAT HIEN GIA MAO KHUON MAT
SU DUNG CONG NGHE TRi TUE NHAN TAO

Lé Vin Hao', Trinh Thi Anh Loan, L& Viét Nam*, Nguyé&n Piic Toan?
TOM TAT

Phat hién gia mgo khudn mat la mgt budc quan trong trong cac hé thong nhdn
dang khubn mat. Gan day, sw phét trién ciia cac mang no-ron tich chdp (Convolution
Neural Networks - CNNSs) dang cho thdy két qud vieot trdi so véi cac phwong phap
truyen thong si dung cac thudt toan xi 1y anh khac. Bén canh dé, xu hwong di dong
hoa dang doi héi cac phan mém can ddp 1ng diroc kha néng thyec thi trén cac thiét by
6 nang luc han ché nhiwe dién thogi, thiét bj nhiing. Trong bai bdo nay, ching toi dé
Xudt mang no-ron tich chdp hduNet diroc phat trién tir magng MobilenetV2 ciia Google
dé phét hién gid mao khudn mat nham huéng téi muc tidu chay trén cac thiét bi phan
cieng yéu khdng si dung bg xit 1y do hoa (GPU) ma van ddp 1ing dé chinh xéac. Ngoai
ra, chling t6i ciing bé sung thém 5000 diz liéu anh mang dac trung ciua ngwoi chau A
dé tang cuong hiéu qua va tranh viéc mat can bang trong bé di liéu chudn
LCC_FASD [1] vén chi thién vé dnh gid mgo véi 16885 anh gid mao va chi 1942 dnh
thdt. Cudi cuing, chang t6i thurc hién danh gia hiéu qua cia mang dé xudt trén tap dir
ligu mai thu thdp va izng dung két qud trong mét iing dung thuec tién cu thé.

Tir khoa: Gid mgo khudn mat, phirong phéap hoc chuyén giao, phirong phap
tinh chinh, mang no-ron tich chap.

1. PAT VAN BE

CAac cudc tan cdng gia mao da tro thanh mdi de doa bao mat nghiém trong cho
cac hé thdng xac thuc, do ching cé thé duoc str dung dé truy cap trai phép vao hé
théng bang cach mao danh nguoi dung duoc ty quyén. Cu thé, ké xau cé thé dé dang
thue hién céc cudc tin cong gia mao ddi véi cac hé thdng xac thuc khudn mat bang
cach in anh cua nguoi duoc uy quyén Ién gidy hodc bang cach chup anh va hién thi
trén thiét bi di dong [2,3]. Nhiam dbi ph6 véi nhiing thach thic ndy, mot sé ki thuat
chéng gia mao da duoc phét trién dé phat hién nhiing hanh vi gia mao. Cac hé thong
chéng gia mao dua trén mang no-ron tich chap gan day da thé hién su hiéu qua vuot
troi cua ching so véi cac phuong phép truyén théng, vi thé ching 12 giai phép hta hen
dé thay thé céc ky thuat dua trén dic trung va thuat toan hoc may trudc day von dua
trén cac dic trung cuc bo d& nhay cam véi nhidu va két qua kém chinh xéc.

! Khoa Céng nghé Thong tin va Truyén théng, Trieong Pai hoc Hong Pirc
2 8¢ Cong Thirong Thanh Hoa
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Tuy nhién, c6 mot xu huéng méi 1a nhan dang khuén mat dang dan chuyén sang
cac thiét bi di dong hoic thiét bi nhing. Didu ndy yéu cau thuat toan chng gia mao
khudn mit can duoc cai tién dé chay voi chi phi tinh toén va Iuu trit it hon. Tir quan
diém nay, viéc thiét ké cac thuat toan chéng gia mao dua trén mang no-ron tich chap tro
nén thach thirc hon trong méi truong di dong hoic nhing. Do d6, phat trién mot thuat
toan hoc sau du tot dé c6 thé chay duoc trén cac thiét bi cAu hinh thap nhung van dap
g duogc do chinh xac cua thuat toan van dang can nhiéu dau tu nghién ctu.

Poéng gop chinh cua chiing t6i trong bai bao nay 1a d& xuat mot mang no-ron hoc
sau hduNet phat trién tir m6 hinh MobileNetV2 duoc phéat trién boi Google. Bén canh
d0, sau khi nghién ctitu nhitng bo dir liéu vé gia mao khudn mit, ching t6i nhan thay
diém khé khan va gigi han vé muac do phong phii, da dang cua cac bo di liéu hién nay
déu chua dap ung. Boi vi thé, ching t6i dong gop thém vao 5000 dir liéu anh trong bd
dir liéu chuan LCC_FASD nham giam tinh trang mat can bang va nang cao hiéu qua
cua thuat toan dé phd hop véi dic trung ciia ngudi chau A, cu thé 1a ngudi Viét Nam.

Bai bao duoc t6 chirc nhu sau: Phan 2 trinh bay cac cong viéc lién quan dén
nhitng nghién ctu vé phét hién gia mao khudn mat. Phan 3 mo ta chi tiét vé phuong
phap dé xuat cua ching tdi. Phan 4 s& trinh bay cac qué trinh thuc nghiém va két qua
ctia chdng t6i, bao gdm ca viéc tién xir ly dir lidu, va hau xu ly trong ngir canh ung
dung thuc tién. Cudi cing, cac két luan va nhitng dinh huéng phat trién trong tuong
lai duoc trinh bay & phan 5.

2. CAC KY THUAT PHAT HIEN GIA MAO KHUON MAT

Nhin chung, cac nghién cau vé phét hién gia mao c6 thé duogc chia thanh 2
phuong phap chinh gdm: phuong phap truyén thong va phwong phap sir dung mang
no-ron tich chap CNNs.

Phuong phép truyén théng: Bai toan phét hién gia mao duoc quy vé bai toan phan
loai nhi phan bang phuong phap st dung vector hd tro (Support Vector Machine - SVM).
Cu thé, qua trinh dugc thuc hién theo cach sau:

Buwéc 1. Trich chon cac dic trung bang cac bo loc khac nhau. Céac dic trung
duoc ap dung cha yéu bao gébm: Local Binary Patterns (LBP) [4,5,6], Scale Invariant
Feature Transform (SIFT) [7], Speeded-Up Robust Features (SURF) [8], Histogram of
Oriented Gradients (HOG) [9,10], Difference of Gaussian (DoG) [10].

Buéc 2. Phan loai 1a gia hay that biang cach sir dung thuat todn SVM hoic
Random Forest.

Tuy nhién, cac tac gia [11] chi ra rang viéc phat hién dic trung bi anh huéng rat
nhiéu bai moi trudng, vi du nhu diéu kién anh sang. Hon nita, phat hién dic trung cho
thdy cac han ché cua dic trung va cac diém dic trung khong cung cap nhiéu thong tin
nhu cac phuong thirc CNN ¢6 thé mang lai véi cac tap dix liéu khéng 16.

84



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 51.2020

Phuong phap CNNs: V& co ban, phuong phap st dung CNNs ¢é thé duoc nhém
thanh 3 nhom.

Nhém 1. Str dung duy nhat mot khung hinh mau RGB két hop véi bo phan
loai. Hau hét cac phwong phap tiép can bang cach s dung lop cudi cung trong
mang CNNs Ia tang két ndi day du (Fully Connected Layer) dé phan biét khudn mat
that va gia. Bén canh do, cac tac gia [12] dd dé& xuit mot cach 1a khong ldy dic
trung & tang cudi cing ma ho két hop sir dung SVM va tang gan cudi dé phan biét
khudn mat that va gia. Cac tac gia o13] ting cudng thém bing viéc &p dung mang
hoc sau phét hién chép mit dé nang cao két qua. Va cac nghién ctu thay ring nhém
phuong phap str dung anh RGB két hop vai mang hoc sdu CNN van ¢ thé dugc cai
thién hiéu qua.

Nhoém 2. St dung mang CNN véi nhiéu khung anh RGB két hop voi phuong
phap do ap luc tinh mach Remote Photoplethysmography (rPPG) [14] dé dua ra quyét
dinh. Phuong phap nay cho két qua tét do nhitng khudn mat gia s& khéng cé céc tin
hiéu PPG nay. Nhung nhom phuong phap ndy yéu cau can c6 may anh chuyén dung
dé co6 thé do dugc PPG, dong nghia vai viéc can phat sinh thém khoan chi phi vi can
mua thém thiét bi ngoai.

Nhom 3. Két hop nhiéu loai anh RGB, anh hong ngoai, anh 3D trén cing mot
d6i tuong dé truyén vao mang CNN nham trich chon dic trung va dua ra quyét dinh
[15]. Nhém phuong phap nay mac du cho thdy do chinh xac cao nhat so véi cac nhém
khac nhung yéu cau ngudn dit liéu va thiét bi phan ctimg dé dap ung. Bén canh do, sir
dung nhiéu loai anh ciing yéu cau sé luong tinh toan Ion, diéu nay 1am cho thuat toan
kho c6 thé dat duoc téec dd mong mudn.

Qua cac phuong phap trén, viéc 4p dung kién tric mang trong luong nhe chua
¢6 nhiéu sy quan tam. Trong phan tiép theo, chung t6i dé xuat mang no-ron tich chap
CNN's c¢6 tén hduNet dua trén tinh chinh va ti wu kién tric mang CNNs ndi tiéng cua
Google 12 MobileNetV2 [16] dé dap &ng ca do chinh xac va thoi gian xu ly.

3. PHUONG PHAP BDE XUAT

Trong phan nay, chlng t6i s& gigi thiéu chi tiét vé mang hduNet. Cach tiép can
cta chdng t6i 1a tinh chinh va téi uvu mang no-ron nhan chap dua trén mot mé hinh
mang da duoc huan luyén cia Google 13 MobilenetV2. Phuong phap nay thuong dugc
biét dén véi tén goi 1a hoc chuyén giao (transfer learning). Day 1a phuong phap hiéu
qua dé cai thién téc do va hiéu suit tir mé hinh mang dugc huin luyén thuc hién mot
nhiém vu ban dau chuyén sang thuc hién mot nhiém vu thir hai. Phuong phap nay
cling gitip tranh duoc tinh trang hoc qua nhé (overfitting) khi khéng cé sé lugng 16n
dir liéu huan luyén tir dau, va vi thé ciing dong nghia véi viéc tiét kiém duoc tai
nguyén may tinh dé phuc vu huan luyén mé hinh mang no-ron.
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3.1. Kién tric mang dé xuit

Dbi voi cac mang no-ron tich chap, thong thuong c6 2 hudng chinh dé thyc hién
hoc chuyén giao: cach don gian 1 tach iy bo trich chon dic trung (features extractor)
hoic ki thuat ndng cao ma can doi hoi qué trinh thuc nghiém do 14 tinh chinh (fine-tunes)
md hinh. Trong bai béo nay, ching t6i thuc hién theo hudng tha 2 nham muc dich dat
dugc mot md hinh mang no-ron nhan chap téi wu.

Bang 1. So sanh md hinh mang ndi tiéng d4anh gia trén tap dir liéu ImageNet

Mang Kich thuéc (MB) D6 chinh x4c (%)| S6 lwong tham s6
Xception 88 79.0 22.910.480
VGG16 528 71.3 138.357.544
VGG19 549 71.3 143.667.240
ResNet50 99 74.9 25.636.712

InceptionV3 92 77.9 23.851.784
MobileNetV2 14 71.3 3.538.984

Mang hoc sau duoc ching toi dé xuat 1a hduNet dwoc phat trién tir mang
MobileNetV2 [16], mét trong nhitng mang hoc sau tién tién duoc Google dé xuat nam
2018. Chung t6i lya chon mang MobilenetV2 nhim ké thura lai d6 chinh xac (da duoc
huan luyén va kiém thir trén bo dit liéu imagenet chtra 1,2 triéu anh [17]) va giai quyét
dugc kho khan (chi phi phan cang, thoi gian huan luyén) ma hién nay céac thuat toan
vé mang no-ron nhan tao dang gap phai. Ngoai ra, mang MobileNetV2 c¢6 d6 chinh
xé&c khdng thua kém cac md hinh mang phé bién khac nhu VGG16, VGG19 trong khi
luong tham sé chi gan 4 triéu, khoang xap xi 1/39 sb lugng tham sé cua VGG16.
Bang 1 cho thay thong ké so sanh d6 chinh xac, s6 luong tham sé mang cua mot sé
kién tric mang ndi tiéng khéc.

Hinh 1 m6 ta kién tric tong quan vé hduNet. Khdi nét dut Ia phan kién tric cua
mang MobileNetV2. Kién tric mang MobileNetV2 nhan dau vao 1a anh 2D véi kich
thudc 224 x 224 pixel. Lop nhan chap dau tién vai 32 bo loc (filters), theo sau la 19 khéi
(gom nhiéu tang nhan chap ghép cing nhau). Ham kich hoat (activation function) duoc
str dung 1a ham rectifier linear unit (ReLU), tat ca kich thudc caa mat na loc 12 3 x 3.
Tang két ndi day du (full connected layers) cia MobilenetV2 duoc ching t6i loai bo,
thay vao d6 chung t6i bd sung phan dugc bao boi khdi nét lién gom. Tang giam chiéu
tham sd, trong d6 chung toi Iya chon ham giam chiéu 1a Global AveragePooling, theo
sau la ting két ndi va sir dung ham Softmax dé phan loai anh that hay anh gia mao.
Viéc 1am nay nham diéu chinh muc tiéu caa kién tric mang ban dau dé thyc hién muc
tiéu cua bai toan phét hién gia mao khudn mat. Trong phan ké tiép, chdng tdi s& trinh
bay chi tiét viéc huan luyén mang hduNet.
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Added block

MobileNetv2 e
! — i

18 convolution blocks i

GlobalAveragePolling
Den se{softmax)

Hinh 1. Kién trac téng quan caa mang hduNet
3.2. Co sé dit ligu

Ba co s dit liéu duoc sir dung gdbm LCC_FASD [1], NUAA [18] va hduDB la
co so dir ligu dong gop cua ching toi.
That Gia mao

2R
a3 A
nana

(a) Minh hoa hinh anh trong
tdp dir liéu LCC_FASD tdp dir liéu NUAA

Hinh 2. Mt phan ciia 2 tap dir ligu LCC_FASD va NUAA

Co s& dir lieu Large Crowdcollected Facial Anti-Spoofing Dataset
(LCC_FASD) chwra 3 tap con gdm trainning, development va evaluation. Tong cong
gom 243 i tugng (nguoi chau Uc) voi 1942 anh that va 16885 anh gia mao. Hinh
anh dugc thu thap tir nhiéu ngudn nhu Youtube, Amazon, Toloka,... véi hinh thic gia
mao trén 83 loai thiét bi (may anh s, dién thoai,...) khac nhau. Hinh 2 (a) mé ta mot
phan cua tap di liéu LCC_FASD.

Co so dir lisgu NUAA Photo Imposter Database (NUAA) chira 15 déi tuong (nguoi
Trung Quéc), gém 5105 anh that va 7509 anh gia mao tai nhiéu vi tri (vin phong, ngoai
troi, ...) va diéu kién anh sang khac nhau. Co so dit liéu chia lam 2 tap training va testing.
Hinh 2 (b) minh hoa mét phan anh that va anh dwoc gia mao cua bo dit lisu NUAA.
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Sau khi phan tich 2 bd co s& dit liéu chuan, dugc st dung trong nhiéu nghién
ctru V& phat hién gia mao khuén mat [8,9,10,18], ching t6i nhan thiy ring. Co s& dit
ligu LCC_FASD tap trung phé‘m I6n vao thu thap anh gia mao vaéi ti 1€ anh that/anh gia
mao chénh léch nhau rat 16n xap xi 1/9 diéu ndy c6 xu huéng dan dén két qua qué
trinh huan luyén mang no-ron bi kém chinh xac (underfitting). Trong khi do6, co sé di
licu NUAA véi sé luong ddi twong khdng nhiéu, chi 15 nguoi khéc nhau. Ngoai ra
dang tin cong caa co so dir lisu NUAA chi 1a phuong phap chup anh va in lai trén
gidy A4 (2D print-attack) ma khong c6 da dang hoa hinh thic tan cong bang cach
quay chup lai khudn mit tir thiét bi s6 nhu dién thoai, may tinh bang,... (video replay
attacks). Chinh vi thé, véi ky vong c6 mot méd hinh mang tét, ¢6 tinh tong quét cao,
phl hop véi dic trung cta ngudi chau A trong ca qua trinh huan luyén va qué trinh
kiém th thyc té. Chlng t6i xay dung co so dir liéu moi, hduNet, tong hop duya trén 2
co so dit liéu trén va dong gép thém nham muc tiéu phd hop voi dir liéu nguoi chau
A, chi tiét duoc md ta trong bang 2.

Bang 2. Thong ké s6 lwong anh trong tap dir liéu hduDB

Phan Anh gia mao Anh that
Training 8000 4800
Valuation 2000 1200
Evaluation 4436 330
Téng 14436 6330

4. THUC NGHIEM VA KET QUA
4.1. Méi treong thuc nghiém

Thuat toan duoc cai dat bang ngdn ngir Python trén thu vién hd tro phét trién
thuat toan hoc sau Keras®. Ngoai ra qua trinh huan luyén thuc hién trén may tinh véi
hé diéu hanh Ubuntu 18.4-LTS duogc trang bi Intel(R) Xeon(R) W-2133 CPU @
3.60GHz (16GB RAM), NVIDIA GeForce GTX GPU (11GB).

4.2. Tién xir ly dir liéu

Do sir dung 3 ngudn dit liéu khac nhau, dé thuc hién huan luyén mé hinh mang
no-ron nhan chap ching toi cai dat mot sé budc tién xu ly dit liéu gom:

Co so dir lieu LCC_FASD va NUAA: Thyc hién co, gidn anh vé kich thuéc
chung 12 128 x 128. Diéu nay déng nghia véi viée kich thudc anh dau vao trong mang
hduNet 1a 128 x128, khong phai 1a 224 x 224 cia mang MobileNetV2. Diéu nay, ciing
gitp giam duoc chi phi tinh toan trong mang no-ron.

3 Thir vién ldp trinh mang hoc sdu (deep learning): https://keras.io/
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Co sé dit liéu hduNet: Vi dit liéu do ching ti thuc hién dang & mirc thd géom cac
video quay chup tir camera an ninh, thiét bi di dong,... nén ching t6i thuc hién qua trinh
xu 1y theo cac budc nhu sau: Pau tién, video dau vao duoc phan doan thanh cac khung
hinh tuan tu. Budc tiép theo, chling toi thuc hién thuat toan phét hién khudn mat trong
khung hinh. Thi ba, véi nhitng khung hinh ¢6 chira khudn mat chung t6i xac dinh kich
thudc cua chdng va cit ving anh chira khudn mat dé luu trir. Cudi cling, véi mdi anh
mai chi chira khuén mit duoc diéu chinh vé kich thude chuan 128 x 128.

4.3. Huan luyén va danh gia mé hinh

Chung t6i huan luyén mang hduNet véi nhitng tham sé mang gém: learning rate
1a 0.0001, kich thuéc batch size la 32, thuat toan téi wu Adam [19] va s6 luong
Epochs 14 28. Hinh 3 mé ta qua trinh huan luyén mang hduNet.

Training Loss and Accuracy on Dataset

—
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Epoch #
Hinh 3. Biéu @6 huin luyén mang hduNet véi sé lwong Epochs 1a 28

Qua hinh 3 cho chlng ta thdy mé hinh mang no-ron hduNet hoc khé tbt, diéu
nay dugc thé hién qua 2 qué trinh huan luyén (training) va kiém thir (validation). Biéu
d6 ham muc tiéu (loss) va do chinh xac (accuracy) cua huan luyén va kiém thir déu
bam sat nhau va dat két qua an twong khi két thiic huan luyén véi gia tri ham muc tiéu
giam con 0,02 va do chinh xac dat 0.98 con qua trinh kiém thir gia tri ham muc tiéu va
d¢ chinh xac twong tng dat 0,08 va 0,97.

DPé danh gia chat luong mang no-ron va do téng quét dir liéu caa md hinh
hduNet chdng tbi thuc hién chay md hinh mang trén mét tap dr liéu danh gia
(evaluation data) gom 4436 anh gia mao va 330 anh that, khong nam trong dix liéu
dung huén luyén va kiém thir. Do do ma chung t6i st dung 12 3 d6 do phd bién duoc
st dung danh gia cac hé thdng sinh tric hoc gdm: Do chinh xac (Accuracy) cong
thie (3), Ti Ié phan loai anh gia mao nham thanh anh that (False Acceptance Rate -
FAR) cong thirc (1), Ti I& phan loai anh that bi nham thanh gia mao (False Rejection
Rate - FRR) cong thuc (2). Bang 3 dién giai cach tinh FAR, FRR va Accuracy.
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Bang 3. Ma tran nham I4n (Confusion matrix)

Phan 16p boi hé théng
Lop )
That Gia mao
Phén 16p dung| That TP FN
(nhan) | Gia mao FP TN

Trong do:

TP: S6 lugng cac mau thudc 16p that duoc phan loai dung 1a anh that.

FP: S6 luong cac mau thuoc 16p gia mao dwoc phan loai nham thanh anh that.
FN: S6 luong cac mau thudc 16p that dugc phan loai thanh gia mao.

TN: Sé lwong cac mau thudc 16p gia mao duoc phan loai ding 1a gia mao.

N: T6ng s6 luong cac mau duoc danh gia (N = 4436 + 330 = 4766).

FAR = il (D FRR = FN (2)
N - N

TP+TN
Accuracy = v (3)

Két qua twong Gmg ching t6i thu duoc 1a FAR = 0.124, FRR =0.008 va
Accuracy = 0.867. Két qua cua chiing t6i dugc dem so sanh véi két qua do chinh xac
cta nhom tac gia [1] cung su dung cac mang no-ron nhan chap CNNs khac.

Bang 4 cho ching ta thdy mac du két qua do chinh xac cua ching t6i thip hon
gan 10% so véi kién tric mang tot nhat SeNet-154, nhung theo bang 1 chung toi da
chi ra rang muc tiéu cua kién tric mang nay can dat duoc 1a kich thudc mang can du
nhe vé&i s6 lwong tham sé it. Ching t6i ddnh d6i maot ti 1& dé dat duoc kién tric mang
nhe va do chinh xac van & mirc cao la 86,7%. Ngoai ra, trong cac kich ban &ng dung
thuc té hé thong nhan dang khuén mat phai d6i mat véi qua trinh ddi sanh va nhan
dang khudn mat, cong doan nay co6 thoi gian tinh toan ti Ié thuan véi s6 luong mau
(ngudi) trong co s dit liéu ddi sénh. Hoic 13, trong cac tng dung ma viéc doc dit liéu
tir ludng camera véi toc do thong thudng 24 hinh/gidy, toc d6 xir ly cua céc ung dung
1a diéu can duogc wu tién. Bé ddi pho vai rang budc xir ly ludng video tir camera chiing
t6i s& trinh bay cu thé trong phan tiép theo.

Bang 4. So sanh d9 chinh xac caa hduNet va cac CNNs
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4.4. Ung dung thuc tién

Trong céc tng dung thyc tién, viéc phat hién gia mao khudn mit thuong di kém
cuing nhiéu thuat toan khac nhu phat hién khudn mit, danh dau diém dic trung (mit,
mi, miéng) trén khuén mat, trich chon dac trung (embedding features) va phan loai.
Ngoai ra, dit liéu ddu vao thuong sé 1a ludng video duoc doc tir camera, webcam thay
vi anh tinh nhu qua trinh huén luyén va kiém thir. Chinh vi thé, thuat toan tré nén théach
thire hon véi viéc xir Iy ludng dit liéu video (trung binh khoang 24 khung hinh/giay).
Dé giai quyét kho khin ndy, chang toi cai dit thém maot thuat toan hau xa ly (post-
processing) dugc trinh bay dudi day.

Thuit toan: phat hién gia mao khuon mat véi dir li¢u video

Pau vao: Anh thu nhin tir webcam, camera

01 : While True :

02 : Begin :

03 : count_real =0

04 : Do tim va phat hién khuon mat trong anh

05 : Cat vung khuon mat phat hién

06 : Phat hién khudén mat gia mao

07 : count_real +=1

08 : If count_real >5:

09 : Begin :

10 : Hién thi va v& hinh bao quanh khuén mit v&i nhin real
11: count real =0

12 :End if :

13 :else

14 : Hién thi va v& hinh bao quanh khu6n mit véi nhan fake
15: End

g Anti—spoofing by Hi

(a) (b) (©)

Hinh 4. Mt s6 két qua thuc nghiém phat hién gia mao khudn mit tir camera giam sét

(a) khudn mat thdt trieéc camera, (b) khudn mat giad mao diroc chup bang dién thogi,
(c) khuén mat gia mao dwoc in tur anh
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Dé danh gia vé thoi gian xt ly, chiing tdi thuc nghiém md hinh hduNet trén may
tinh thong thuong duogc trang bi CPU Intel® Core™ i5-5300U, RAM 4GB. Qua bang
5 cho ching ta thay rang, mac du hduNet cé thoi gian xt ly ti da xap xi dat 15.4 FPS
(Frames Per Second) nhung véi viéc két hop vao bo do tim khudn mat va hau xu ly thi
vé tong thé thoi gian xur 1y van cho két qua gan thoi gian thuc (real-time) véi trung
binh 22.5 FPS. Nhu vay, két hop mé hinh hduNet va 4p dung thém ki thuat hau xir 1y,
thuat toan cua ching toi tré nén bén virng va co tiém ning ung dung trong céc giai
phap thuc té hon. Hinh 4 mo ta mot s6 két qua thuc nghiém khi chay md hinh trong
diéu kién thuc té.

Bang 5. Thoi gian xir ly

M® hinh Max FPS
hduNet 15.4
Tich hop hé thong 22.5

5. KET LUAN

Trong bai bdo nay, ching toi trinh bay mot hudng tiép can mai ma sir dung
phuong phap hoc chuyén giao trong cac mang no-ron tich chap dé giai quyét van de
phét hién gia mao khudén mat. Ngoai ra, ching t6i ciing dong gop thém dé xay dung
mot co so dir liéu danh cho viéc phat hién gia mao khuén mat vai dac trung khudn
mit cta ngudi Chau A. Co s dir liéu méi khic phuc duoc nhiing han ché cia 2 co s
dir lisgu LCC_ FASD va NUAA, tro thanh mét co so dit liéu mang tinh dai dién tot,
mtc do tong quat va da dang cao. Nhin chung, giai phap cua chung t6i don gian
nhung hiéu qua va dé str dung trong cac tinh hudng wng dung thyc té. Trong tuong lai,
chiing t6i hudng tai tich hop mé hinh phéat hién gia mao khuén mat vao trong nhirng
g dung nhu diém danh, chim cong, khoa ctra nhan dang khuén mit.
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A DEEP LEARNING TECHNIQUE FOR
FRAUD FACE DETECTION

Le Van Hao, Trinh Thi Anh Loan, Le Viet Nam, Nguyen Duc Toan
ABSTRACT

Fraud face detection is a crucial procedure for many face recognition systems.
In recent years, state-of-the-art approaches based on convolution neural networks
(CNNSs) show impressive results compared to traditional methods using hand-crafted
features. In addition, the increasing trend of embedding the computer vision systems
on mobile devices requires that the designed algorithms are capable of dealing with
the time-critical constraint. In this paper, we first propose a CNN model, namely
hduNet, developed from Google’s MobilenetV2 that provides a flexible trade-off
between latency and accuracy, to detect different face spoofing attacks. We then
provide an addition dataset of roughly 5000 images capturing the characteristics of
Vietnamse people. Combining with LCC_FASD [1] dataset (which is only 1942 real
face images, while having 16855 fake face images), the proposed model is carefully
fine-tuned to optimize the computational cost as well as the classification accuracy.
To validate the model, different experiments have been conducted, demonstrating
interesting performance in comparison with other methods.

Keywords: Face anti-spoofing, transfer learning, fine-tunning, convolution
neural network.

* Ngay nop bai: 27/7/2020; Ngay gwi phan bién: 3/8/2020,; Ngay duyét dang: 28/10/2020

* Bai bao nay la két qud nghién cizu tir dé tai cdp co s¢ md sé PT-2019-26 cua
Truong Dai hoc Hong Buic.
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MO HINH TANG TRUONG SOLOW NGAU NHIEN
Hoang Diéu Hong®
TOM TAT

Trong bai b&o nay, ching t6i sé siz dung cdng cu cua ly thuyét hé dong lic ngau
nhién @¢ phan tich chi tiét md hinh ting trieéng kinh té Solow va nghién cizu chuyén
déng dong thoi cia nhiéu quy dao cua cac qué trinh tién hda theo thoi gian trong mo
hinh ting trirong kinh té Solow.

Tir khéa: Ham phi tuyén, nhiéu, quy dao, dang diéu dai han cua cac quy dao.

1. DPAT VAN BE

Tang truong kinh té 12 myc tiéu cua tat ca cac qudc gia. M hinh kinh té Solow
dua ra dé giai thich su tang truong kinh té dai han bang cach nghién cau qua trinh tich
lity vbn, lao dong hoic ting truong dan sé va sy gia ting nang suat lao dong. Mo hinh
tang truong kinh té Solow ¢ ¥ nghia quan trong d6i véi nén kinh té Viét Nam dang
trong thoi ky qua do 1&n chu nghia xa hoi. Trong giai doan nay, su dong gop cta von
vao toc do phat trién kinh té hay sy ting truong caa nén kinh té 1a dang ké. Trong mo
hinh ting trudng kinh té cua Solow cong nghé duoc coi la bién ngoai sinh, vi vay n6
rat pha hop véi thuc trang ciia nén kinh té Viét Nam tir trude dén nay cha yéu nhap
cbng nghé tir nude ngoai. Mat khac, mé hinh nay con dua ra phuong phap hoach toan
tang truong, cho phép xac dinh va tinh toén sy dong gop cua cac yéu té dau vao da
duoc sir dung. Nhu vay, ¢6 thé sir dung phuong phap nay dé xac dinh, tinh toan, danh
gia vai tro cua cac ngudn ting trudng trong nén kinh té Viét Nam. Chinh vi thé mo
hinh ting truéng kinh té Solow duoc lra chon lam co sé ly thuyét cho viéc xac dinh,
danh gia vai tro ctia cac nguon luc déi véi tang truong kinh té Viet Nam.

Muc tiéu caa bai béo 1a sir dung cong cu cua ly thuyét hé dong luc ngiu nhién
dé phan tich chi tiét mo hinh ting truong kinh té Solow. Diém mau chdt ¢ déy 1a thay
vi nghién ctru chi mot quy dao thi ta nghién ctiu chuyén dong ddng thai cua nhidu quy
dao cua cac qua trinh tién hoa theo thoi gian trong mé hinh tang truéng kinh té Solow.

2. NOI DUNG NGHIEN CcUU
2.1. S ting truwéng kinh té

Xét mot nén kinh té bao gdm cac gia dinh va cac cong ty ddng nhat nhu nhau.
Bai vay, nhitng ca thé coi nhu gia ca 1a di dwoc biét khi ho tiéu thy, dau tu, hoic

Y Khoa Khoa hoc Tu nhién, Truong Pai hoc H(fng Puc
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quyét dinh san xuat. C6 mot san pham thuan nhat va duy nhat trong nén kinh té, ma
né 6 thé duoc tiéu thu hoic sir dung nhu dau vao chinh trong san xuit. Hai nhan t6 1a
tién vbn va nhan cong can phai c6 cho qué trinh san xut.

Cong nghé duoc miéu ta béi ham san xuét Y, = F(K,,L,,z,a) .Trong d6 K, va
L, latién vén va nhan cong tai thoi diém t; z,,a, 1a d6 do nang suat lao dong va trang
thai cua tién bo cong nghé; L, z,,a la nhiing bién ngau nhién. V&i mdi z,,a, thi Y, 1a
dau ra téng hop tai thoi diém t voi diéu kién K, von va L, nhan cong di duogc sir dung
trong qua trinh san xuat. Ta gia thiét rang véi méi cap (z,,a ) ham Y, la tan c6 dién va
thuan nhat tuyén tinh. S ‘

Ham san xuat F duoc goi la tan co dién néu nd dua ra dai luong duong giam dan
cac san pham thang du, tac 12

d.F>0, d,*F<0, d F<0,d_°F <0,
Thuan nhdt tuyén tinh, nghia la
AF(K,L,2,8) = F(AK, AL,7,a), VA>0.

Ching ta gii han phan tich cta ching ta cho mot cong ty dién hinh. Gia sir rang
nén kinh té 1a dong, tc 1a vén dau tu tai thoi diém t+1 bang ngudn tai san chua tiéu thu
trong cac giai doan trudc d6. Quy luat van dong cua tién vén duoc cho bai cong thirc.

Kui =F(K L. z,8)+@1-6)K, -C, (2.)

Trong d6, &, 1a téc do mét gia cta vén dau tu tai thoi diém tva C, 1a tong hop
tiéu thuy tai thoi diém t. Trong (2.1), ta gia thiét tong mtc dau tu bang tong tiét kiém
cua cac ho gia dinh. Cong ty xac nhan nhu cau cua ho vé& von va sirc lao dong bang
cach tdi da hoa lgi nhuan vao mdi thoi ky. Gia thiét rang thi truong 1a canh tranh hoan
hao, tién von va sic lao dong thu duoc tir san pham thiang du cua ho trong trang thai
tu nhién, tac la:

I :dKF(KUL[’Zt’a[)’
W, = dLF(Kt’ L[’Zt’a‘t) '

Trong d6, cac bién ngiu nhién r,,w, 1a ky hiéu I4i suat thuc va tién lwong thuc.

2.2. Md hinh Solow ngéu nhién

Trong mé hinh ting truong chling ta gia sir ring dang diéu cua cac ho gia dinh
dwoc miéu ta boi sy tiéu thy caa mot phan 1-s, caa tong san pham trong mdi giai
doan. Ta con gia thiét thém rang cac ho gia dinh khong bi thiéu tién ich trong cong

viéc san xuit va co thé duogc sir dung hét nhan cdng cua ho. Ta dua ra mot gia thiét cu
thé nhu sau: Ham san xuét dugc cho bai cong thire

F(K. L. z,a)=9(2)F(K,al) (2.2)
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Trong d6, g 1a mét ham do duoc, con F 14 mot ham tan ¢ dién. Diéu do co
nghia 1a tién bo ky thuat 1a bd sung cho nhan cdng va céac bién dong san xuat tham gia
vao ham san xuat mot cach nhan tinh. Su tién héa caa nhan cong c6 ky thuat, a,L,
duoc cho boia, L, =(@+n)al, va bién ngoai sinh (n,d,,5,9(z,)) dugc md ta boi
qua trinh ergodic.

Gia thiét vé kha ning tiéu thu cua ho gia dinh 1a tuong thich vai gia thiét rang
vbn tu ban 1a khdng kha nghich, tic 12 san luong trong méi giai doan 1a c6 thé tiéu thu
trong khi von tu ban ma khdng mat gia thi khdng thé tiéu thu duoc.

. . _ x. , R K .
Ta dinh nghia von tu ban cho moi lao dong cd k¥ thuat la k, = —2, va n6 dugc

goi 1a cudng do von tu ban. Véi gia thiét trén, tir (3.1) ta co quy tic ngau nhién cho
cudng d tién von nhu sau
k = Kt+1 — (l_é‘t)Kt +Stg(zt)F(Kt’atL[)
t+1
a‘t+lLt+1 (1+ nt)atLt
_(@-8)k +59(z) f (k)
@+n,)
O day f (k) :=F(k,1). Ham f(k) Ia ham san xuét tan co dién.
Gia su(Q, F,P,0)la hé dong luc ergodic; &, & n la cac bién ngiu nhién sao

cho 5(6'w) 1a toc @6 cua sy mat gia, £(0'w) f (k)14 & phan caa tong san phdm dugc
gianh cho dau tu, van(6'w)la toc do tang truong cua lao dong c6 ki thuat. Vi mot
trang thai ban dauk,cho truéc cua cudng do tién von, sy tién hoa ngau nhién cua
cuong do tién vén duoc cho béi phuong trinh sai phan ngau nhién
(., - A0k @) ) 23
1+n, (0 w)
Phuong trinh (2.3) dugc goi 1a md hinh Solow ngau nhién. N6 sinh ra mot hé
dong huc ngau nhién trén R, khi ta dat cac diéu kién thich hop 1én cac tham sé.
Pinh nghia 1. M6 hinh Solow ngau nhién duoc cho béi cng thic
_(1-5(0' @)k, + O
Ka = 1+n,(6'w)
O day, k, 1a cuong d6 vén tu ban (tién von cho mdi ngudi lam viéc trong giai

w)) f (k) _h(@'o,k) (2.4)

doan t). Phuong trinh (2.4) 1a phuong trinh sai phan ngau nhién phi tuyén mo ta su
tién hda ngau nhién ciia cuong do tién vén k, theo thoi gian t. Ham f:R, ——R,
la mot ham tan cé dién.

Céac qua trinh 5(8'w), £(0'w), n(0'w) la cac qua trinh ergodic, 1a mé hinh su
bién dong ding cua ty 16 mat gi4, ty phan dau tu cua tong san pham va ty 1¢ phat trién
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dan cu. Ty phan dau tu cua tong san pham &£(6'w) f (k,) md ta mot ty I¢ tich lity ngau
nhién va bién dong nhan tinh cua k¥ thuat. Truong hop f(0)=0 tuong Gng véi mot
nén kinh té ma khong thé san xuit san pham khi khéng c6 vén. Truong hop f (0) >0
thi c6 thé san xuat ra san pham véi nhan cong 1a dau vao duy nhat. Trang théi 0 la
trang thai bat dong d6i véi moi ddy bién dong ngau nhién néu f(0)=0. Khi
S(w)=6, E(w)=&, n(w)=n, (2.4) 1amd hinh Solow tat dinh.

Ménh dé 2. [3] Gid si rang f la ham dwong ting dan, 16m chdt va ¢6 dao ham
liéntuc trén R, .Néu §+n>0, s>0 vaf théa man diéu kién Inada

0<lim f'(K) < 51”

thi md hinh Solow tdr dinh c6 mér diém bdt dong khdng tam thwong duy nhat
k(S,n,s). Piém bdt dong 1a én dinh va hit toan cuc trén R, . Néu f(0)>0 thi

<L|Lr3f (k) <o,

khong can ddat diéu kién 1én lim f'(k)va k(5,n,s) la hit toan cuc trén R, .

2.3. Pinh ly diém bat dong ngau nhién

Dinh 1y nay Ia trudng hop cua dinh 1y diém bat dong Banach cho hé ngau nhién
phi tuyén. Cho G(w) R, @ e Q, 1a mot tap ngau nhién, tic 1a G(w) la tap dong hau
chdc chan va {w|G(®) NU = ¢} 1a do duoc véi moi tap mé U. Trong bai bao nay,
ching ta s& xét bién ngau nhién g(w) Véi gia tri trong G(w). Gia sir 6 1a mot hé dong
lyc ergodic. Khi d6 moi quy dao g(6'w), t e Z , ciia bién ngau nhién: g:Q — R® hoic

log* g(@ta))H

1a tang nhanh hon moi ham s6 mii. Tuc 1a limsup = oo hau chic chan.

t—oo

log” |g(¢'a)

Hoic 1a ting cham hon moi ham sé mii: (tic 1a limsup =0 hau chéc chén).

t—>0

g duoc goi la tempered néu:

lime™ |9(6'w)[| =0 véi moi 5>0.

H:={ T4t ca cac bién ngau nhién tempered g(w) thoa man g(w) € G(w) }.

Tinh tempered yéu hon tinh kha tich.

Pinh Iy 3. Cho @ 1a mét hé dong lwc ngdu nhién va anh xg x> ®(Lw x)la
kha vi lién tuc hau chdc chan va @ 1a ergodic. Gid sir ton tai mét tdgp ngau nhién
G(w), w € Q sao cho H 1a mét tdp khéng réng va théa man:

1) 10w g0 'w)eH VgeG

2) sup log|d,®(L e, x)|<C(x) khi EC(x)<0

xeG (w)
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3) Néu véi mét g e H ndo dé ma cé6 O(L 6, g(6 o)) 1a day Cosi thi véi moi
w € Q ,gioi han cua day do la thusc H.

Khi dé ton tai mgt bién ngdu nhién g* € H hau chdc chan sao cho

@) (L w,9" () =9 (6w)

(b) lim |t 0. 9(w)- 9" (0'@)|=0 vgeH

(c) 9" (@) la xdc dinh duy nhdt.

Cac diéu kién 1), 3) 1a cac diéu kién vé tinh bt bién, tinh co déu trung binh va
tinh day du. Két luan khang dinh vé su ton tai mot diém bat dong ngau nhién g*ma co
H 1a tap con ciia mién hat caa nd. Vai nhiéu tim thuong dinh 1y nay chinh 1a dinh ly
Banach vé diém bat dong d6i véi anh xa kha vi.

Déng diéu dai han caa quy dao véi gia tri khoi dau g(w) € G(w) 1a hoan toan
xac dinh béi quy dao g* (') . Trong trudng hop dic biét ta co:

1 t-1
1im%2®(s,w, 9(w)) = gim%Zg*wa) -Eg’,
—00 P —00 pary

Va nhu vay n6 la hiang sé hau chic chin néu g*l1a kha tich. Néu g*(w) >0 thi
téc do tang truong

)= 3009 (@)
9"(@)

Do tinh tempered caag” va Elog(l+ 79" (w)) =0 néu log g* la kha tich.

Ching minh

Véi €>0, g,eH, g,eH, Fi,(w ¢,0,,09,) sao cho voi i >,

d,(@(i,0"®,9,(6" @), ©(i,0" , 9,(0 "' ®)))

<d (P00, ®(-10" v, g,(0 " w), PLO 0,d(i-160" v 9,00 w))))

<e”d_, (0(i-1 6" 0,9,(0" @), (i-1 6" ,9,(6" w)))

y/g*( la tempered,

<exp(KO ), 0,0 N, 0,0 ) <6 <o (4

Do tinh tempered cia @ —d_ (9,(®),9,(®))

Tu (*) suy ra

d (®(3i,0" o, 9(0"'w)), ®(i+1, 0" "'ov,g9(0""w)))

< eXp(ZI_: k@ w)d, ., @0 ®), @10, ,0,9(0" ")) (**)

Véi 0<t<t vado (*), (**),taco
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vag’

100

[1 _
d, (P, 0w, g(0" ), D(t,, 0 ", g(0 " w))) <exp(D>_k(0'w))

j=1
xd_, (Dt-[t].6" 6w, g(0 M0 M w)), d(t,—[t],0" 10w, g (6740 w)))

[t] )
<exp(Q_k(O'w))xd, , (@@t-[t], 010w, g(0" M0 w)), g(67 @)

j=1

Ty , . _ | .
+ 2 0, (@0,0 M0,9(0"0), 0(j+16" 0, 9(0"0)), (j+16 10, 9(6w)))

j=0
+d, q, (@[t 1-[t], 0w, g(0 " w)), ot~ [t], 60w, g (6 Mo w))))

bat i =[t], h(w):=2sup d_(D(s,0°w,9(6 " w)),9(w)))

sef0,1]
Véi t, >t
d,(®(t, 0w, g(6 '), P(t,0 ", g(0 "))
< exp(ZI: k@’ a)))i (exp(i k@ o)l(0"w) =M

m=0

M la hitu han véi t >0 do tinh tempered cua h(w)

Y k(e w)xKn—> -, ieZ*
=1
Ta s& ching minhring M —0, khi i —>.

Vi £>0c¢0 i,(e,w)sao cho V i2i,(s, o)

log* h(6 ') < i, < i

> k(0 w)-K)
j=L
Cho a > 0 bat ky, chon

O<e< —lmax(-E,K) .
PR
Vi 2 <3 exp(> k(@ o)h(@ ™) < Ye™ <oo, nen
m=0 j=1 m=0
lime™ <3 (exp(> k(@ @)h(E ) =0, i >i,
=00 m=0 j=1

i(exp(zm: k(6" w))h(6~™) la tempered

m=0 j=1
Tudd M -0, khii—>ow
Nén d(t, 0w, g(0 ' w)) la diy Cauchy, gisi han cia né duoc ky hiéu 1ag’ (o)

eH
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Do tinh lién tuc cua @
O w,9 (0)) = P o, lim(D(t,0™,9(6" w)))
=lim®(t+1, 6 0w,9 (0" '6w)) =g (bw)

Vay:
O w,9 (w)) =9 ()
va!imHCD(t,a), 9(0))-g'(0'w)|=0 VvgeH

Tinh duy nhdt cua g*(w): Gia su ton tai hai diém bat dongg,",g,” e H . Tur (*)
tacod g, (@) =9, (v)

Nén g*(w) la duy nhat.

Ménh ’dé 4. [3] Néu tap hop H céc bién pgafu’nhién tempered zrong dinh 1y 3
chiza mgt bien ngau nhién hang g(w) =g thi diém bat dong ngau nhién

g : Q—R"Ia do dwoc d6i véi qua khir

F =c{wr DO(s, G’ta))|0 <s<t}.

2.4. Dang di¢u dong luc cia mo hinh Solow ngiu nhién

Chung ta s& chtng to rang dong luc hoc caa mé hinh Solow ngau nhién 1a xéac
dinh boi mot diém bat dong ngau nhién 6n dinh duy nhat va hat toan cuc. Dic biét, n6
dam bao rang dang diéu dai han cua tat ca cac quy dao cua cudng do tién vén 1a nhu
nhau va dugc xac dinh boi quy dao cia diém bat dong ngiu nhién nay.

Pinh ly 5. Gid thiét cac qua trinh ngdu nhién biéu dién téc do cua sw mat gia va
phét trién dan s, va tich cua ty 16 tiét kiém va bién dong trong san xudt, twong ing
lay gia tri

o(w) €[5,,,9...] =[0,1]

N(w) €[N, N e ] < (—1,0)

$(®) €[&pin S = (0,0) VOi ES <0

Gid thiét rang fla khéng am, tang dan, 18m chdt va ¢é dao ham lién tuc.
Gia s rang

1. O Ny >0

2. Oslimf'(k)<M<Lirrgf'(k)§oo,vé

3. Elgi? (“i):nig‘)’) R

Trong d6 k:=K(8,, Nyuo Exin) 18 MGt trang thai bdt dong khong tam thuong
ciza md hinh Solow tat dinh.
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Khi dé ton tai mgt diém bdt déng ngau nhién dwong duy nhat k* cia hé déng
luc ngdu nhién @ trong R, dwoc sinh ra béi mé hinh tang trieong Solow ngau nhién.

piém k"1 én dinh, do dwge doi véi qua khi va hit toan cuc trén R, tirc 1a Vk >0

thi [ (t, @, k) k" (6'®)| — Okhi t —cohdu chdc chdn. Do dé ding diéu dai han ciia
tat ca cac quy dao la xdc dinh duy nhdt bai diém bar dgng ngau nhién k* .

Néu f(0)>0 thi khong can diéu kién dat 1én lim f'(k) vak" hat toan cuc trénR_ .

Ching minh

Chung minh nay 1a mot ap dung caa Dinh ly 3 vé diém bat dong ngau nhién.
batG = [k(5
cia G, H=¢, k=k(S
dong ngau nhién khong tam thuong k.

Tinh bdt bién cia H : Ta kiém tra diéu kién (1) ctia Binh ly 3. Vi h(w,k) > knén
G la bét bién duong, k =k(S,
nhat cua tat ca cac anh xa tat dinh h(k) .

DL 'w,9(0 ') eG véimoi geG.

Tu tinh 18m cia f tasuy ra: f(k) < f(y)+f (y)k voi moi k va y>0 co dinh
tuy y. Do do

£ ),0). G(w)=G la mot tap hop ngau nhién. Do tinh déng

ax ! max’

), ap dung Pinh ly 3 ta s& nhan dugc diém bat

max ! max’ mll’]

&) 1a diém bat bién khong tim thuong nho

max ! max’

DLk < 0@+ @Y, @)
R 1+n(w) 1+n,

< 1 .
1+n(w) 1+n,,

Vi EE <o nén & latempered, suy ra:

Suy ra ham ®(1, 6w, g(6'w)) la tempered

Tinh chdt 2) cia Pinh ly 3: tinh hit. Diéu nay duoc suy ra truc tiép tir gia thiét 3)
ciia Binh Iy 5 bai vi f 1a giam vi vdy nd nhan gia tri max tai phan ta nho nhét cua
G,tic la sup f (k) = f (k)

keG
Tinh chdt 3) ciia Pinh Iy 3. Cho geG va giasia D(t,0'w,g(0 w)) 1a ddy Cosi Véi
moi @, thi gigi han 1 thuoc G(w) véi moiw, Vi G(w)=G 1a bat bién duong va dong.
Dé chiing minh 3) ta chi can kiém tra duoc rang !imCD(t,@_ta), g(60"'w)) 1a bién

ngau nhién tempered.

1-5(@)+&(@f (K) | b(w )_f(wf(k))

biatx , =a(d' b(6'w), véi =
atx,, =a(d w)x +b(' w), véi a(w):= 1 n(e) 1on
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Khi d6 lim®(L 6w, g(0'w)) bi chan trén bai mot diém bat dong ngau nhién
t—wo

X" () 1a 6n dinh bai gia thiét 3) va do d6 hit bat ky bién ngiu nhién tempered nao.
Sir ton tai cia X (@) : C6 duy nhat mot diém bat dong ngau nhién 13

X" (w) =b(0w)+ Y _b(e "w).] [a(0 'w)
i=1 j=1
Nhan xét rang véi méi 0< & <—Eloga, ton tai t(e, ) dé

Ha(@‘la)) <e™ VoI ixt(s, ).
i=1
Do tinh tempered cua b(w) (dugc suy ra tir Eb <o), ta nhan duoc sy ton tai
hau chic chin cia X' ().
Tinh tempered cua x"(w): Tacd Eloga<0 vab la tempered, vi vay véi moi
£>0 ton tai s,(w,&) sao choV s> s (w,&) nén
logh(6~°w) < &s va > (loga(d 'w)-Eloga)|<es
j=1
Boi Vi a(w) >0 va b(w) >0 ta co biéu dién sau
X" (0" w) =exp logb(0 "M w) +
£ . t+1 . t )
> exp[logh(6 " w)+> (loga(d 'w)-Eloga)-Y_(loga(¢'w) - E loga) +iE loga]
i=1 j=1 =1

[Elogal

Vivay, Véi ¢ < va véi moi t > s,(w,s) taco:

X" (0 'w) <exp (e(t+1)) + iexp (e((l+1+t)+(t+i)+iEloga)
i=1
exp (2 + Eloga)

1—exp (2 +Eloga)

Do d6 X' () ting cham hon moi ham sé mii, va vi vay no la tempered.

Tinh hit toan bg: Néu moi qué trinh nhidu 13 tim thuong thi k(5,n, &) 14 trang
thai bat dong hat toan cuc trén R, .

Tinh chit don diéu sau day duoc thoa man:

D, w,k) = h(w,k) >k véi moi @eQ vamoik <k:=k(5,.,n_..&.)

Vé&i mdi k >0t6n tai t(w,k),sa0 cho néu §(6°w) <J véi moi 0<s<t(w,k)thi
O(t(w, X), w,K) > k.

Tur tinh ergodic cua € tasuy ra

t
! im%Z]TM]c?(QSa)) =P{w|5(w)<5}>0,
71520

<exp (e(t+1)+exp (e(3t+1)
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Va do d6 ta nhan duoc

P{w|5(w) <5 véi vd han §>0}=1. Vay ton tai dai luong hitu han T (@, k) V6i
moi @, k vathéa man yéu cau néu & trén.

Tinh duy nhdtva F~ do dwoc ‘ , o

Tur tinh hit toan cyc tir Ménh dé 4 suy ra tinh duy nhat cia diém bat dong ngau
nhién trong R, . Cing tir Ménh dé 4 ta c6 F~ do duoc.

1

Vidu, Xétham f(K)=(1+Ak“)* véi 0% a <1, VA A > 0.
Diéu kién (2) va (3) cia Pinh 1y 5 dugc thoa man néu

1-a
A < mln{(5max + r]max )a ' min E§+ nmin = }
‘fmin Eég (5ma>< + nmax) ¢

1 1

Ta cé$=(A+k‘“)“ — A« khi k —> o

Diéu kién Inada (2) caa Pinh 1y 5 dwoc suy ra bai bat dang thirc
Oy TN

A< (u)a (*)
émin
= 1
Tur do K=(—— i e
Pmax T Mhnax _ p
gmin
Vavi vay f'(K) = A(M)m

Trong d6 k>0do *)
Mt khac ta c¢6 diéu kién hat (3) trong Dinh Iy 5 viét lai nhu sau:
Elog(1 — §(w)+ &(@) f'(K)) < Elog(1+n(w))
Do ham log 1a 16m (tinh chét nay suy ra Elog < logE do bat ding thirc Jensen) ta
thu duoc diéu kién du sau:
E(1 - §(w)+ &(w) f'(K) < exp(Elog(1+n(w)))
Bt dang thuc nay twong dwong vdi
f‘(E(é‘max'nmax’émin)) - Ed(w)—1+exp(E log(l+n(w)))

Eé(w) (2.5)
St dung n(w) >n,_, , (3.5) duoc suy ra tir bat dang thic sau
PR e )< B0 @ Ny (2.6)
ES(w)
Str dung (3.6) ta c6 dicu kién (3) dugc thoa man khi
1-a
0<Acbnn EOtn,

EE (5, +n )"
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3. KET LUAN

Bai bao tap trung nghién ciu vé mo hinh ting truong kinh té Solow va st dung
cong cu cua ly thuyét hé dong luc ngiu nhién phan tich chi tiét mé hinh ting truéng
Solow v&i tham bién ngau nhién. Bai bao da lam sang to duoc réng dong luc hoc cua
md hinh Solow ngau nhién dwoc md ta hoan toan bai mot diém ngau nhién hat toan bo.
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THE SOLOW ECONOMIC GROWTH MODEL
Hoang Dieu Hong
ABSTRACT

In this paper, we use the theory of random dynamic system as a tool to analyze
in detail the Solow economic growth model and study the simultaneous motions of
orbits of evolution processes over time in the Solow economic growth model.

Keywords: Non-linear function, interference, orbit, long-termed pattern of orbits.
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THANH PHAN THU'C AN CUA MQT SO LOAI LUONG CU
THUQC HQ NHAI BAU (MICROHYLIDAE) TAI VUON QUOC GIA
BEN EN, TINH THANH HOA

Trinh Thi Hdng', Nguy&n Hitu Tan?, Thiéu Thi Huyén®
TOM TAT

Qua phan tich cac mdu thic an trong da day cia 25 ca thé lwing cu thugc ho
Nhai bau ¢ Viron Quac gia Bén En, ching tdi da ghi nhdn diroc 906 mau thirc dn cia 21
logi khac nhau. Thanh phan thirc dn cia Kalophrynus interlineatus ¢ chi sé da dang
cao nhat (H'=1,82). Logi thizc an ghi nhan nhiéu nhat 1a Formicidae voi tan sé bat gap
22 lan. Vé thé tich mau thire an, ho Scarabaeidae véi 124,83 mm? (chiém 23,22% tong
thé tich mau thizc an phan tich), thap nhdt 1a ho Salticidae véi 0,1 mm? (chiém 0,02%).
Ho Formicidae c6 chi sé quan trong cao nhdt trong thanh phan thizc dan cia ho Nhai bau
Véi 47,89%, tiép theo 1a ho Kalotermitidae vdi 22,56%, ho Armadillidae véi 11,33%.

Tir khoa: Thanh phan thizc an, chi so quan trong, ho Nhai bau, Microhylidae,
Viron quéc gia Bén En, tinh Thanh Hoa.

1. DPAT VAN BE

Vuon qudc gia Bén En thudc dia ban 2 huyén Nhu Thanh va Nhu Xuan, tinh
Thanh Hoa, c¢6 dién tich 13.886 ha rung, 1a noi chuyén tiép gitra dong bang Thanh
Hoé - Nghé Tinh rong 16n véi nti cao Trudng Son Béc. Binh ni cao nhat tai Bén En
c6 d6 cao 497 m so véi muc nudce bién, vi vay tham thuc vat Bén En thudc kiéu ring
nhiét déi thuong xanh dai thap. Vuon qudc gia Bén En dugc danh gia c6 hé sinh thai
dong thuc vat phong phu va da dang, dai dién cho hé sinh théi dai thdp & khu vuc Béc
Trung B Viét Nam va c6 vai trd quan trong trong viéc bao ton da dang sinh hoc [1].

Cho dén nay céc nghién ctu vé ludng cu ¢ Vuon qudc gia Bén En chi yéu vé
thanh phan loai nhu cong trinh cia Nguyén Vin Sang va cong su (2000) [2], chua c6
cdng trinh ndo nghién cau day da vé dic diém sinh hoc sinh thai, dac biét 1a dic diém
dinh dudng cta ching. Bai viét nay cung cap céc dan liéu vé dic diém dinh dudng cua
mot sb loai ludng cu thudc ho Nhai bau 1am co s& khoa hoc cho viéc bao ton va phat
trién tai nguyén dong vat ludng cu.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

Phuwong phap thu miu

Mau vat cia cac loai ludng cu thudc ho Nhai bau duoc thu thap theo 2 dot trén
dia ban Vuon quéc gia Bén En gdm: dot 1, tir ngay 11 - 14/05/2017, thu mau xung

! Khoa Khoa hoc Ty nhién, Trwong Pai hoc Hong Pirc
2 Phong Kiém dinh chat lwong va Khao thi, Trwong Pai hoc Héng Puc
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quanh try s& Vuon qudc gia Bén En tai xa Hai Van va dot 2 tir ngay 19 - 22/08/2017 &
khu vyc rung tai tram kiém 1am Dién Ngoc, huyén Nhu Thanh, tinh Thanh Héa.

Do cac mau vat can dugc luu trit && nghién ctiru ddc diém hinh thai nén ching
dugc 1am chét bang thudc hiéu Orajel (thanh phan Benzalkonlum chloride 0,02%,
Benzocalne 20% va Zinc chloride 0,1%), sau d6 tién hanh mé tach da day, thoi gian
tién hanh tir 22h - 00h. Cac mau da day dugc dong goi trong cac tdi zip ¢ chira con,
ghi ki hiéu mau, ngam trong con 70% dé phuc vu phén tich va dinh loai thanh phan
thirc 4n. TAt ca cadc mau ludng cu va thic dn cua chung dugc luu giit tai phong thi
nghiém Dong vat, Truong Pai hoc Hong Puc.

binh loai ludng cu theo céc tai liéu cua Bourret (1942) [3], Inger et al. (1999), Ziegler
T. & Kohler J., (2001) [4], Ohler et al. (2003) [5] va mot s6 tai liéu khac co lién quan. Tén
khoa hoc va pho thong cua loai theo Nguyen et al. (2009) [6] va Frost (2018) [7].

Cac mau thtrc an dugc phan tich va dinh loai dudi kinh 10p soi ndi Leica S6E
tai phong thi nghiém hé thdng con tring cua Vién Sinh thai va Tai nguyén sinh
vat. Mau thiee an duoc do, dém, chup anh dudi kinh lup Leica M80. Nghién cuu
dinh loai miu thic dn dén ho theo tai liéu caa Naumann (1991) [8], Naumann 1.
D., et al. (1993a) [9], Naumann I. D., et al. (1993b) [10].

Céc thong sb phan tich thanh phan thirc an gom:

Tan s6 (F) thé hién su phong pht caa mot s6 loai con méi thu dwoc tir cac mau da day:

S6 da day c6 con méi thudc loai i
%F= - ; x 100%
Tong s6 da day co thuc an

S6 Twong (N) 1a s6 mau thirc an cua mot loai con mdi; thé tich (V, mm?®) cua
mdi mau thic an dugce udc tinh bang cdng thuc theo tai liéu cua Magnusson et al.
(2003) [11] va Ngo C. D. et al. (2014) [12]: V= % * TT * % * (g)2 , trong d6: L 14 chiéu
dai cua mau thirc an, W: 1a chiéu rong caa mau thie an. Chi s6 quan trong (Ix) cua
mai loai thirc an duoc tinh theo cong thac mo ta trong tai liéu cua Caldart V.M et al.
(2012) [13], Ngo C. D. et al, (2014) [12] va Pham Vin Anh, Nguyén Quang Truong
(2018) [14]: 1x(%) = (F% + N% + V%)/3.

Chi s6 da dang sinh hoc Shannon - Weiner (H) (Shannon, C. E., and Weiner,
W., 1949) [15]: H' = ¥, pi.ln(pi)

n
e , N 9 9 , 9
n: so lugng loai; ni: so6 lugng cé thé loai i; N: tong so ca thé thu dugc.

Trong do: pi =

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Vé thanh phan thirc dn cia c4c loai

Chung t6i da tién hanh nghién ctu thanh phan thire an 25 ca thé cia 5 loai thudc ho
Nhéai bau (Microhylidae), trong d6 2 ca thé Coc dém (Kalophrynus interlineatus), 6 ca thé
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Enh wong thuong (Kaloula pulchra), 10 c& thé Nhéi bau hoa (Microhyla fissipes), 3 ca thé
Nhai bau van (Microhyla pulchra) va 4 ca thé Nhai bau hay mén (Microhyla heymonsi).
Két qua nghién ciru duoc thong ké tai bang 1.

Két qua ¢ bang 1 cho thy, da ghi nhan dwoc 906 mau thirc an, dinh loai duoc
19 ho thudc 8 bo cua 3 16p, cha yéu thudc 16p cdn tring véi 12 ho thudc 5 bo. Mot sé
mau thac an da bi nghién nho va da bi phan hiy mot phan nén viéc dinh loai va do dac
rat kho khan.

C6 65 mau thire an thudc 9 ho, 6 bo thu dugc ¢ da day cua loai K. interlineatus
(chiém 7,17% téng s6 mau trong cac da day), 525 mau thire dn thude 15 ho, 8 bo thu
duge & loai K. pulchra (chiém 57,95%), 149 mau thirc an thudc 5 ho, 4 bd thu duge tir
loai M. fissipes (chiém 16,45%), 30 miu thic an cua 5 ho, 4 bo thu duge tir loai M.
pulchra (chiém 3,53%) va 135 mAu thac an thudc 5 ho, 4 bd thu duoc trong da day
ctia loai M. heymonsi (chiém 14,9%). Nhu vay, thanh phan thirc an cua loai K. pulchra
da dang nhat, tiép dén 1a loai K. Interlineatus; loai M. pulchra va loai M. heymonsi c6
thanh phan thtrc 3n kém da dang.

Bang 1. Thanh phan thire dn ciia mét s6 loai ludng cu thudc ho
Nhai biu (Microhylidae) & Vwon quéc gia Bén En

. Ao SO mau thuc an trong da day
TT Thanh phan thuc an K KP ME MP MH
L6p hinh nhén - Arachnida
Bo Nhén - Araneae
1 |Ho Linyphiidae 0 1 0 0 0
2 |Ho Corinnidae 1 1 0 0 0
3 |Ho Lycosidae 0 1 0 0 0
4 |Ho Thomisidae 0 0 0 1 0
5 |Ho Salticidae 0 0 0 0 1
Bo Chan dai - Opiliones
6 [Ho Protolophidae 0 1 0 0 0
7 |Ho Sclerosomatidae 0 2 0 0 0
Ld&p Con trung - Insecta
B¢ Canh cung - Coleoptera
8 |[Ho Scarabaeidae 2 3 1 0 0
9 |[Ho Elateridae 1 1 0 0 0
10 |Ho Carabidae 0 4 0 0 0
11 |Ho Lampyridae 0 4 0 0 0
12 |Ho Coccinellidae 0 1 0 0
Bd Canh mang - Hymenoptera
13 |Ho Formicidae 9 140 140 22 130
Bo Canh ntra - Hemiptera
14 |Ho Pentatomidae 4 0 0 0 0
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15 |Ho Reduviidae 0 2 0 0 0
B§ Cénh déu - Isoptera

16 |Ho Kalotermitidae 10 259 2 4 0

17 |Ho Termitidae 17 55 4 0 0

18 [Ho Rhinotermitidae 18 33 0 2 0
B¢ Chay - Phthiraptera

19 |Chua dinh loai 0 0 0 0 1

Lép Giap mém - Malacostraca
B6 Chan déu - Isopoda

20 |Ho Armadillidae 3 18 2 3 1
21 | Chua dinh loai 0 0 0 0 1
Tong 65 525 149 32 135

Ghi cha: Kl (Kalophrynus interlineatus); KP (Kaloula pulchra); MF (Microhyla fissipes);
MP (Microhyla pulchra); MH (Microhyla heymonsi)

3.2. Vé tinh da dang c4c loai thire dn
Chi s6 da dang phan anh sy khac biét thanh phan thirc an giita cac loai ludng cu
thudc ho nhai bau. Sy khac biét nay lién quan dén sd luong mau thtrc an cling nhu céc
loai thirc an khéac nhau trong da day cta ching. Chi s6 da dang Shannon - Weiner (H”)
cua tung loai ludng cu dugc ghi nhén trong bang 2.
Bang 2. Chi s6 da dang Shannon - Weiner (H’) cac ho thirc én theo loai
ludng cu ciia ho Nhai biu (Microhylidae) tai Vuon quéc gia Bén En

Lodi Iudng cur S6 mau thire in S0 ho Chi so
thu dugc thicc an | Shannon - Weiner (H’)
Kalophrynus interlineatus 65 9 1,82
Kaloula pulchra 525 15 1,43
Microhyla fissipes 149 5 0,34
Microhyla pulchra 32 5 1,02
Microhyla heymonsi 135 5 0,22
Tong so 906 141

Theo bang 2, chi s6 Shannon - Weiner (H”) ¢6 bién d6 giao dong twong ddi 16n gitra
cac loai (tir 0,22 dén 1,82). Thanh phan thirc dn cua cac loai Kalophrynus interlineatus,
Kaloula pulchra va Microhyla pulchra co sy da dang trung binh, trong khi Microhyla
fissipes va Microhyla heymonsi c6 do da dang yéu. Sy bién dong chi s H’ khong phu
thudc nhidu vao s6 lugng mau thie dn ma phy thudc rat nhiéu vao tan suat xuét hién cua
chiing trong céc da day. Kaloula pulchra c6 s6 mau va sb ho thirc an cao nhat nhung chi
s6 H’ (H’ = 1,43) thap hon so véi Kalophrynus interlineatus (H’ = 1,82) vi tan s xuat
hién cuia c4c loai thire 4n cua Kaloula pulchra thap hon Kalophrynus interlineatus.

Nhu vay, mic du tinh da dang chung vé thirc an cua cac loai cao véi 19 ho, 8 b,
nhung di véi cac loai riéng biét thi tinh da dang thap va trung binh.
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3.3. Vé cac loai thie in quan trong

Bang 3. Tan sb (F), s6 lwgng (N), thé tich (V, mm?®), chi s6 quan treng (I1x)
thanh phan thire &n ciia ho Nhai bau (Microhylidae) tai Vwon quéc gia Bén En

‘ Tansd | S6 luong Thétich | Chis
TT Thanh phan thirc an FIF@w)| N IN©) vV |V () quan
trong Iy
L&p hinh nhén - Arachnida
Bo Nhén - Araneae
1 | Ho Linyphiidae 1 /400 1 |011 314|058 | 1,57
2 | Ho Corinnidae 1 /400 1 |011 654 |122]| 1,78
3 | Ho Lycosidae 1 /400 1 |011 3,02 |056]| 1,56
4 | Ho Thomisidae 1 /400 1 |011 245|046 | 1,52
5 | Ho Salticidae 1 /400 1 |011 0,10 |0,02| 1,38
B6 Chén dai - Opiliones
6 | Ho Protolophidae 1 1400 1 |011 6,21 |1,16 | 1,76
7 | Ho Sclerosomatidae 1 (400 2 |022 735|137 | 186
Lop Con trung - Insecta
B6 Canh cung - Coleoptera
8 | Ho Scarabaeidae 2 |8,00| 3 |0,33|124,83]23,22| 10,52
9 | Ho Elateridae 1 [400| 1 | 0,11 |45,72|851 | 4,21
10 | Ho Carabidae 1 [400| 4 | 044 (27,28|5,07 | 3,17
11 | Ho Lampyridae 2 |800| 4 |044 545 101 | 315
12 | Ho Coccinellidae 2 |800| 5 |0551]198 037 | 297
Bo Canh mang - Hymenoptera
13 | Ho Formicidae 22 |88,00| 485 |53,53 /11,48 | 2,14 | 47,89
B6 Canh ntra - Hemiptera
14 | Ho Pentatomidae 1 {400 4 | 044 |5534(10,29| 4,91
15 | Ho Reduviidae 2 |8,00| 2 | 0,22 |101,69({18,92| 9,05
B6 Canh déu - Isoptera
16 | Ho Kalotermitidae 8 [32,00| 265 |29,25|34,61| 6,44 | 22,56
17 | Ho Termitidae 2 |8,00| 59 | 6,51 |46,24|8,60 | 7,70
18 | Ho Rhinotermitidae 2 |8,00| 35 | 386 (21,26 3,95 | 527
Bo6 Chay - Phthiraptera
19 | Chua dinh loai 1 1400/ 1 |011 047 |0,09 | 1,40
Lép Giap mém-Malacostraca
B6 Chan déu - Isopoda
20 | Ho Armadillidae 10 [40,00| 27 | 2,98 |32,36| 6,02 | 16,33
21 | Chua dinh loai 1 1400 2 |022|003|001] 1,41
Téng 25 906 537,53
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V& tan sb bit gap, loai thirc an co tan sé bat gap nhiéu nhét 1a Formicidae (v6i
22 1an bat gap, chiém 88%), tiép theo l1a Armadillidae (v&i 10 lan bat gap, chiém
40%), Kalotermitidae (v&i 8 1an bét gap, chiém 32%). S6 con lai ¢6 tan s6 bét gap it
hon, dao dong tir 1 - 2 1an (chiém 4 - 8%). Ngoai ra, trong cac mau da day con c6 cac
mau thuc vat khd, soi da, c6 thé do chiing nudt phai trong qué trinh bat moi.

V& thé tich, cac loai thire dn ciia ho Nhéi bau cha yéu c6 kich thudc nho phi hop
v6i kich thuéc cua co thé. Thé tich thire an cao nhét 1a Scarabaeidae vai 124,83 mm?
(chiém 23,22%), thap nhét 13 Salticidae vai 0,1 mm? (chiém 0,02%).

V& chi sé quan trong, Formicidae c6 chi sé quan trong cao nhit trong thanh
phan thic an cua ho Nhai bau véi 47,89%, tiép theo Kalotermitidae voi 22,56%,
Armadillidae véi 11,33%. Thap nhét 1a ho thudc bo Chay ran véi 1,4%.

Nhu vay, Formicidae, Kalotermitidae va Armadillidae 1a ba ho c6 chi s quan
trong cao ciing dong thoi ¢d tan sé xuat hién nhiéu nhét trong sé cac da day nghién
ctru. C6 thé céc loai nay c6 tap tinh kiém n theo dan, c6 sé lwong 16n trong mot dan
nén tan sb bt gap cao va tré thanh loai thie an quan trong ddi véi sy ton tai cua céc
loai ludng cu thudc ho Nhai bau.

4. KET LUAN

Thanh phan thirc an caa ho Nhéi bau gom 21 loai thire an khac nhau, dinh loai
dugc 19 ho thudc 8 bo cua 3 16p, chi yéu thude 16p con tring véi 12 ho thude 5 bo.
Chi s6 Shannon - Weiner (H’) ¢ bién do giao dong tir yéu dén trung binh (tir 0,22
dén 1,82), trong d6 thanh phan thirc dn cua Kalophrynus interlineatus c6 chi s da
dang cao nhat (H'=1,82), tiép dén 1a Kaloula pulchra (H’=1,43), thap nhit la
Microhyla heymonsi (H’ = 0.22).

Loai thirc an dwgc sir dung nhiéu nhit 1a Formicidae vai tan sé bt gap 22 lan,
tiép theo 1a Armadillidae véi 10 lan bat gap, Kalotermitidae vai 8 1an bat gap.

Thé tich thirc an cao nhat 1a Scarabaeidae vai 124,83 mm? (chiém 23,22%), thip
nhat Ia Salticidae v6i 0,1 mm? (chiém 0,02%).

Formicidae c6 chi s6 quan trong cao nhat trong thanh phan thirc an ctia ho Nhai
bau voi 47,89%, tiép theo la Kalotermitidae voi 22,56%, Armadillidae véi 11,33%.
Thip nhét 1 ho Salticidae thuc bo chay ran véi 1,4%.
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FOOD SPECTRUM OF SOME AMPHIBIANS OF THE
MICROHYLIDAE IN BEN EN NATIONAL PARK,
THANH HOA PROVINCE

Trinh Thi Hong, Nguyen Huu Tan, Thieu Thi Huyen

ABSTRACT

Based on stomach content analyses of 25 specimens of Microhylydae in Ben En
National Park, Thanh Hoa province, we indentified 906 prey items of 21 categories.
Food spectrum of Kalophrynus interlineatus has the highest diversity index (H’ = 1.82).
Formicidae is the highest frequency of prey items, found in 22 stomachs.
Scarabaeidae have the highest volume of prey items with 124.83 mm? (23.22% of total
volume of prey items). Formicidae had the highest important index in the food
spectrum of Microhylidae with 47.89%, followed by Kalotermitidae with 22.56%,
Armadillidae with 11.33%.

Keywords: Food spectrum, important index, Microhylydae, Ben En, Thanh Hoa
province.

* Ngay ngp bai: 23/9/2020; Ngay guri phan bién: 01/10/2020; Ngay duyét dang: 28/10/2020

* [oi cam on: Bai bdo nay la két qua nghién civu tir dé tai cdp co s¢ md sé6 DT-2017-42
cua Truong Bai hoc Héng Durc. Chung t6i xin chdn thanh cam on TS. Pham Thi Nhi
(Vién Sinh thdi va Tai nguyén Sinh vdt) da hé tro dinh logi mdu thirc dn, TS. Ddu
Quang Vinh (Pai hoc Hong Pirc) dd hé tro thu mdu ngodi thwe dia va dinh logi lwong
cw. Cac em sinh vién Bui Bdo Thinh, Tran Thi Tuyét Mai, Ngé Vin Tam, Vii Thi
Hong Hang 16p K17 - PHSP Sinh dd hé tro di thu mdu ngodi thiee dia va do dém
mau thirc dn trén phong thi nghiém.
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MOT SO TiNH CHAT CO BAN CUA HAM DAN XUAT
Nguy&n Manh Hung*
TOM TAT
Bai b&o dura ra chimg minh cho mgt so dinh Iy co ban vé ham dan xudt cua dai
lwong ngau nhién nhdn cac gia tri nguyén, khéng am.

Tir khéa: Ham ddn xudt, dai lwong ngau nhién nguyén, khong am.

1. DAT VAN BE

Chiing ta déu biét: mdi phan phdi xac suat déu duoc xac dinh mot cach duy nhat
boi mot ham dac trung (p(t) =E (e“x ) Tuy nhién viéc nghién ctru cadc ham dac trung
n6i chung phtrc tap va doi hoi van dung 1y thuyét ham bién phic.

Dbi véi cac dai lugng ngau nhién nhan gia tri nguyén, khéng am c6 mot cach
khac don gian hon dé nghién ctru phan phdi xac suat, d6 13 nghién ctu thong qua
nhitng ham bién thuc dang da thuc hodc chudi, goi la cac ham dan xuit. Trong bai bdo
nay chung t6i chirng minh céc tinh chét co ban cia ham din xuat ma trong tai liéu [1]
khong trinh bay hodc trinh bay chua cu thé.

2. KET QUA NGHIEN cUU

Pinh nghia 2.1. [1] Cho dai lugng ngiu nhién X nhan cic gia tri nguyén,
khong am véi P(X =i)=p,, (i=0,1,2, ...). Him s6 f(s)=Es* :Z ps dugc goi la

i=0

ham dén xuét ciia dai lugng ngéu nhién X.

Nhin xét 2.1. Néu f(s) 1a hdx cua dai luong ngau nhién X thi f(e")1a ham
ddc trung cta no.

Vi du 2.1. Cho dai lugng ngu nhién X c6 phan bd xac suat nhu sau:

X 0 1 ] 2 3 4 5

P 01 1015 025 02 01 072
Theo dinh nghia 1.1, ham dan xuét ciia X la
f(s)=Es* =0,1+0,15s+0,255* +0,2 s°+0,1 s* +0,2s°.
Vi du 2.2. [2] Cho dai lugng ngau nhién X c6 phan phdi xac suat nhi thic véi

tham s (n, p). Theo dinh nghia 1.1, ham dan xuat cia X la

f(s)=Es* =) C,p'q""'s'=> C} ( ps) " .
i=0 i=0

Y Khoa Khoa hoc Tu nhién, Truong Pai hoc H(fng Puc

114



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 51.2020

Biéu thire cudi cung chinh 13 khai trién nhi thirc Newton ( ps -+ q)n :

Viy ham dan xuét cta dai luong ngdu nhién c6 phan phdi nhi thirc voi tham sd
(np)la f(s)=(ps+a)".

Vi du 2.3. Cho dai lugng ngu nhién X c6 phan phéi xac suat Poisson v6i tham
s& A >0. Theo dinh nghia 1.1, ham din xuét ciia X Iél

f(s) =Es” _lee!_ _Z

i=0

-

—k eks A(s-1) .

=e

Vay ham din xuét cua dai luong ngiu nhlen co phan phéi Poisson véi tham sb
>0 la: f(s)=e"".

DPinh nghia 2.2. ([1]) Cho dai luong ngiu nhién X nhén cac gia tri nguyén
khong &m véi P(X >i)=q, (i=0,1,2,...). Him s6 g(s)=_q;s' duoc goi la ham dan

xuat phu cta dai lugng ngiu nhién X .

Vi du 2.4. Cho dai lugng ngu nhién X cé phan bd x4c suat nhu sau:

X 0| 1 2 X 0] 1 2

P 01| 05 04 Q 09|04 O

Theo dinh nghia 1.2, ham dan xuét ciia X 1a: g(s)=0,9+0,4s .

Vi du 2.5. Cho dai lwong ngau nhién X c6 phan phdi xac suat Poisson véi tham
s . >0. Theo Dinh nghia 1.2, ham din xuat cia X 12

Ake™ 1-e"?
(S) [ j R .
; k;l k! 1-s
Ham dan xuét phu ctia dai lrong ngiu nhién c6 phan phéi Poisson voi tham sé >0 14
1— ek(s—l)
S)="—"—.
9(s)="7—

Nhan xét 2.2. a) Ham dén xuat f (S) xdc dinh it nhat trén doan [—l; 1] .

b) Ham dén xudt phu ¢ (S) xdc dinh it nhdt trén doan [—1; 1] :

c) Chudi ham i p,.S' hoi tu déu trén doan [o;B]=[-L1]vé ham f(s), do dé
i=0

ta cé thé ldy dao ham 2 vé f ZI pI : Thay S =1vao cong thirc trén ta duoc

:Zi.pi .Suy ra EX=1'(1). Vay f'(s) xdac dinh tai s=1 khi va chi khi EX ton tai.
i=0
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DPinh li 2.1. [1] Cho f (S), g (S) lan lwot la ham dén xudt va ham dan xudt phu

“t(s)

~ . 1
cuia dai lugng ngau nhién X. Khi dé neu |s|<1 thi g(s)= 1
—-S

Chirng minh. Ta c6 g(s):i“qisi =i[i pijsi.

i=0 i=0 \ k=i+1
Do do:  g(s)=(1-p,)+(1-Po = p,)s+(1- Py — P, =P, ) s+ -
=(L+5+8" 4 )= po (L 5+5" 4+ )= py (5487 4+ )= py (8P +) = -

A Al

(1_ Po— PiS— pzsz - )

Pinh ly dugc chung minh.

Pinh li 2.2. [1] Cho X la dai lwong ngau nhién nhdn cdac gia tri nguyén khong
dm. Néu EX ton tai thi ¢ (S)xdc dinh tai s=1va EX =g (1)

Chimg minh. Néu EX ton tai, dé thiy

f(s)—f(1 f(s)-1 1-1f(s
Do d6 EX =lim () ()zlim () =lim ()
s>l s—1 s>l g1 s>l ]1—9§
Tu dinh 1y 2.1 suy ra: EX = Iin? g(s)=9(1).

DPinh 1y dugc chirng minh. N
Pinh li 2.3. [1]) Cho X la dai lwong ngau nhién nhdn cdc gia tri nguyén khong
Gm. Néu DX ton tai thi f'(s), g’(s)xdc dinh tai S=1va
DX = £7(1)+ £'(1)~(1'(1)) =20 (1) + 9 ()~(9 (1))
Chirng minh. Ta co
DX =E(X —EX )’

= EX2-2E(X.EX)+(EX)"  (Xem [1])

= EX?—(EX)’
~Yip, ~(f'(®)y (xem Dinh 1y 2.2)
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[
Ms

i +Z| P — ( )
1)+ f <>—<f'<1>)2-

(Do DX ton tai nén f’(l) ton tai hay f'(S) xac dinh tai s=1).

1-f (s)

1-s

I o

Tiép theo, tr Dinh 1y 2.1 tacd g(s)=

Suy ra: f (s)=1-g(s)+s.9(s)
f'(s)=—9'(s)+g(s)+s.9'(s)
f"(s)=—9"(s)+29'(s)+s.9"(s).
Do f"(s) xac dinh tai s=1nén f"(1)=2g'(1), do d6 g'(s) xac dinh tai s=1 va ta c:
DX = £*(1)+ £'(1)~(F'(1))
=20'(1)+9(1)~(9(1))"
Vay DX = 1(@)+ F(1)-(F'(W) =29’ +9()~(9()",

Pinh ly dugc chung minh.
Pinh li 2.4. [1] Cho X,Y la hai dai lwong ngdu nhién déc lap nhdn cdc gid tri

nguyén khong dam voi P(X ) p;, va P( ) Q,. Dat Z=X+Y thi ham dan
xudt cua dai luong ngau nhién Z 1a f,(s)=f,(s).f,(s), véi f,(s), 1, (s) lan
liwot la hai ham dan xudt ciia hai dai lwong ngdu nhién X,Y).

Chung minh

Taco f,(s)=fy. (s)=Es"").

Suyra f,(s)=E(s*s").

Nén f, (S) = E(SX ).E(S )(V‘I X,Y 1a hai dai luong ngau nhién doc 1ap, xem [2])

Dodo f,(s)=f,(s).f,(s).

Pinh 1y dugc chimng minh.

Pinh 1i 2.5. [1] Neu X, X,,..., X, la n dai lwong ngau nhién doc ldp nhdn cac

n
Qia tri nguyén khong dm va X = Z X, thi ham dan xuat cua dai lwong ngau nhién
i=1

117



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 51.2020

X la f, (s)= n fy (), (véi Ty (s) la ham dan xudt cua hai dai leong ngdu nhién
i=1

X., i=1n).

Pinh 1y 2.5 1a mé rong don gian Pinh 1y 2.4, do d6 viéc chung minh Pinh 1y 2.5
hoan toan dya trén chung minh ctia Pinh ly 2.4.

Viy ham dan xut cta tong cac dai lvong ngiu nhién doc 14p bang tich cac ham
dan xuat ctia timg dai luong ngau nhién thanh phan.

Hé qua 2.1. Néu X,, X,,..., X, la n dai heong ngau nhién dic lap cé cing phdn
phéi xdc sudt thi ham dan xudt ciia X = Z X, (tong cac dai hrong ngau nhién dé) la
i=1
fy (S):(f (S))n, voi f(s) la ham dan xudt chung cia cdc dai lwong ngau nhién

X, Xy X

n-
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SOME BASIC PROPETIES FOR GENERATING FUNCTION
Nguyen Manh Hung
ABSTRACT

In this paper, we present proofs of some basic results for generating function of
random variables receiving integer and non-negative values.

Keywords: Generating function, random variable receiving integer, non-
negative values.

* Ngay ndp bai: 15/10/2019; Ngay giti phan bién: 25/11/2019; Ngay duyét dang: 28/10/2020
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CHI SO CHINH QUY CASTELNOUVO-MUMFORD CUA
IPEAN CANH VA KiCH THUGC NHO NHAT CUA
GHEP CAP CUC PAI CUA PO THI PON

Lé Quang Huy'
TOM TAT

Bai bao trinh bay chizng minh chi tiét vé chan trén cua chi s6 chinh quy
Castelnouvo-Mumford cua idéan canh véi dé thi don G cho truwéc theo kich thwdc nho
nhdt #ng véi ghép cap cuc dai cia G.

Tir khéa: Chi sé chinh quy, idéan canh, ghép cap, do thi don.
1. PAT VAN BE

Cho G la mot db thi don va idéan 1(G)=(xx| {x.x;}e E(G)) goi 1a idéan canh

ciia G. Nhu vay véi mdi do thi don G ta ludn xac dinh duoc mot idéan don thirc twong
tng. Viéc danh gia mbi lién hé va su tuong tac gitta G va I(G) nhu thé nao 1a van dé
duoc nhiéu ngudi quan tim. Cé hai huéng théng dung tiép can vé van dé nay la cau tric
ctia d6 thi G anh hudng nhu thé nao dén tinh chat cua idéan 1(G) va cac bt bién caa d6
thi G c6 tac dong nhu thé nao dén cac bat bién cua idéan 1(G). Trong bai bao nay, tac
gia tiép can theo hudng thir hai vé chin trén bat bién chi sé chinh quy cua idéan 1(G)
g véi @6 thi G 1a kich thudc nho nhat cua ghép cap cuc dai trong do thi G.

Bai b4o va trinh bay chi tiét cac chitng minh cho chin trén chi sé chinh quy cua
I(G) theo kich thudc nhé nhat cua ghép cap cuc dai trong do thi G. Cac két qua nay
dugc trinh bay so lugc trong [4,5] dudi dang nhan xét va goi y.

Ngoai phan gidi thiéu, bai bao chia thanh hai muc. Muc 2 gigi thiéu mét sb kién
thire co ban vé d6 thi, idéan canh, chi s6 chinh quy. Muc 3 dua ra cac két qua chinh vé
chan trén chi sé chinh quy cua I(G) theo kich thudc nho nhat cua ghép cap cuc dai cua
d6 thi G, trong céac trudng hop G 1a dd thi hinh sao (Pinh ly 3.5), G 1a d6 thi chira mot
canh 1a ghép cip cuc dai kich thuéc 1 cia G (Pinh ly 3.8) va cudi cung 1a 46 thi G
tong quat (Pinh Iy 3.9).

2. IDEAN CANH CUA DO THI
Trong muc nay, ching ta ludn gia thiét R=K[X,Xx,,..,x ] 1a vanh da thac n

bién X, X,,..., X, trén truong K vo han, mla idéan thuan nhat cuc dai coa R va A 1a

modun phan bac hitu han sinh trén R . Céc kién thirc co ban dugc trinh bay trong [1,2]
va cac kién thuc co ban vé d6 thi duoc trinh bay trong [3,4,5].

Y Khoa Khoa hoc Tu nhién, Truong Pai hoc H(fng Puc
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Pinh nghia 2.1 [1, Section 1] Chi s6 chinh quy Casteluovo-Mumford (chinh
quy) cua A laséd
reg(A) :=max {a, (A)+i|i >0},

max{n|H! (A) =0} khi H! (A)=0,
o ()] TN THR (), =0} Kl Hi (4)
o khi H; (A)=0.
Véi cach tiép can sir dung day tu do ti tiéu, chi s6 chinh quy duoc xay dung
nhu sau:
Pinh nghia 2.2. [1, Proposition 1.1 va Theorem 1.2] Cho day ty do téi tiéu cua

E dugc xéc dinh nhu sau: 0— @R(-j)""” > - > @R(-j)""” - A>0.

jez jez

Khi d6 chi s6 chinh quy duoc xac dinh la: reg(A) = max{J —i| g (A)# O}.

Trong do:

Tir dinh nghia thir hai cua chi s6 chinh quy ta nhan duoc cac két qua sau:

Bo dé 2.3. [2] Cho | 1a idéan thuan nhét caa R, khi d6 ta co: reg(R/1)=reg(1)-L1.

B dé 2.4. [2] Cho u la phan tir thuan nhat bac d cua R, khi dé

1) reg(R/(u))=d 1.

i) reg((u)) =d.

B6 d@é 2.5. [1, Corollary 20.19] Cho day khép: 0—>P —M — N —0 cic R-
modun hitu han sinh ciia cac ddng cau thuan nhat. Khi d6

i) reg(M) <max{reg(P),reg(N)}.

ii) reg(N) <max{reg(P)—1,reg(M)}.

Tir day khp 0>M > M @®N — N — 0, két hop véi két qua i) trong bd dé
trén ta nhan duoc két qua sau:

Hé qua 2.6. Cho M, N la cac R-modun phan bac hitu han sinh. Khi do, ta c6

reg(M @ N) <max {reg(M),reg(N)} .

Pinh nghia 2.7. [3,4,5] D6 thi don hitu han G 1a mét cap (V(G),E(G))=(V,E),
trong d6 V ={X,X,,..., X, } goi |2 tap dinh va E la tap canh bao gom céc tap con c6 2
phén tir cia V ¢ dang {x,,x; } (i = j).

Do thi G'=(V(G"),E(G)) goi 1a do thi con cam sinh ciia G néu V (G') =V (G)
va E(G")<E(G).

Trong bai bao nay, ta ludn gia sir d6 thi G 1a db thi don.

Pinh nghia 2.8. [3,4,5] Cho d6 thi G = (V, E).

i) X, goi la mot dinh c6 l1ap ciia G néu nd khong thugc bat ki canh nao cua G.
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ii) Cho F={G,,G,,...,G,}1a mdt ho cac d thi con cua G. F goi la mot phit

canh ciia G néu | JE(G,)=E(G).
i=1

iii) Mot ghép cip M cia d6 thi G 1a mot dd thi con cua G sao cho
E(M)< E(G) va moi cap canh cia M doi mét roi nhau. Kich thudc cua mot ghép
cap M duoc ki hiéu boi m(M ) 1a sé canh cua M.

Mot ghép cap M goi 1a cuc dai néu khdng thé bd sung thém canh khéc cua db thi
G dé tao thanh mot ghép canh méi cua G.

Kich thudc nho nhat caa ghép cap cuc dai cua do thi G dugc ki hiéu 1a

B(G)=min{m(M )| M la ghép cip cuc dai ciia d6 thi G}.

Pinh nghia 2.9. [4,5] Cho d6 thi G = (V, E). Goi e la mét canh cua G.

i) N(e)={xeV | Jyeesaocho{x,y}eE(G)} goi lalan can m& (goi tit Ia lan
can) cuae.

i) N[e]=N(e)w{e} goi lalan can dong cua e.

Pinh nghia 2.10. [4,5] Cho d6 thi G = (V, E). Goi e la mot canh caa G.

i) G\e 1a dd thi nhan duoc tr G bang cich xo04 di canh e, nghia I3
G\e=(V(G),E(G\e)=E(G)\{e}).

i) G, 1a.do thi con ciia G co tap dinh 1a V (G,)=G\N|e].

Pinh nghia 2.11. [3,4,5] Cho db thi G, I(G)=(Xixj| {x.x}e E(G)) goi 1a
idéan canh cua d6 thi G.

Ki hiéu reg(G):=reg(1(G)).

Bo dé 2.12. [4, Theorem 3.5] Cho d6 thi G va e 1a mét canh cua G. Khi d6 ta 6

reg(G) <max {2, reg(G\e),reg(G,)+1}.

Ch#rng minh
Gia sir e={xXx; |. Xétday khép

R R R R
Oﬁ(xixj)m 1(G\e) ~ (xixj)@ 1(G\e) ” (xixj)+ 1(G\e) -0

Taco (xx;)+1(G\e)=1(G) vatir He qua 2.6 ta nhan dugc

5y e o ol v |

Két hop vai B6 d¢ 2.3 va Bo dé 2.5 i) ta co

reg (%} < malx{reg[(xixj )mR| G \e)Jl’ b [ﬁ} 0 ['(GL\B)]}
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Taco: (xx)N1(G\e)=xx,(ylyeN(e)+I(G,)).
| R (R
Suyra: reg[(XIXJ)ml(G\e)Jreg(@}z

Dot weo: e 1) max{g[%pg(ﬁjg(l(e;\)}}

Vay : reg(G)Smax{Z, reg(G\e),reg(Ge)+1}.
B6 dé 2.13. [4, Corollary 3.7] hoic [6, Theorem 2]) Giasa G va G,,G,,...,G, la
cac d6 thi don trén cung tap dinh V sao cho E(G)=U;,E(G,). Khi d6 ta c6:

reg(R/1(G)) < .Z;: reg( R/ I(G,)).

3. CHI SO CHINH QUY CUA IDEAN CANH

Bai toan chan trén chi sé chinh quy theo kich thudc nhé nhat cua ghép cap cuc
dai trong G lan lugt duoc chitng minh cho céc 16p db thi hinh sao, d thi chta it nhat
mot ghép cip cuc dai c6 kich thude 1 va tir d6 ta c6 thé khai quat hoa chirng minh cho
truong hop d6 thi G tong quat (Xem [4] va [5]).

Truéc hét ta can dén khai niém d6 thi rt gon.

Pinh nghia 3.1. Cho G la d6 thi. B thi nhan duoc tir G bang cach bo di tap
diém c6 lap cua G goi 1a do thi rat gon cua G. Ki hiéu G™.

Bo dé 3.2. Cho d6 thi G. Ta co reg(G) =reg(G™).

Do d6, trong muc nay khéng mét tinh tong quat, ta ludn gia st 6 thi G khdng
c6 diém cd lap

Bo dé 3.3. Cho d6 thi G ¢6 duy nhat mot canh. Khi d6 reg(G) = 2.

Chirng minh

Gia sir G ¢6 canh e={x,,x,}. Khi d6 G =({x,x,}.{e}). Suy ra 1(G)=(xx,).
Ap dung: B6 dé 2.4 ii), ta nhan duoc reg(G) = 2.

Pinh nghia 3.4. D6 thi G ¢4 tit ca cac canh chung mot dinh goi 1a db thi hinh sao.

Hinh 1. Db thj hinh sao 6 canh

122



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 51.2020

Pinh ly 3.5. Cho G 14 d6 thi hinh sao. Khi d6 reg(G) < 2.

Chwng minh

Ta chitng minh quy nap theo sé canh cua G. Gia sit G c6 m canh.

Véim =1, theo B6 dé 3.3, ta c6 reg(G) = 2.

Gia sir dung dén m-1 canh, ta can chimg minh ding dén m canh.

Theo B6 d¢ 2.12, reg(G) < max{2,reg(G\e),reg(G,)+1}.

Tur gia thiét quy nap, ta nhan duoc reg(G\e)<2.

Mit khac, vi G, 1a do thi rdng, nén reg(G,)=0.

Vay reg(G) <max {2,21}=2 .

Db thi hinh sao 14 d6 thi c6 céc canh déu 1a cac ghép cap cuc dai c6 kich thudc 1.
Trong phan tiép theo, ta quan tim dén do thi tong quat hon so véi d6 thi hinh sao, do thi
chua it nhat mot canh 1a ghép cap cuc dai c6 kich thuéc 1.

Ménh dé 3.6. Gia st canh e ={a,b} 1a mot ghép cap cuc dai c6 kich thuéc 1 cua
d6 thi G. Khi d6, cac canh cta d6 thi G ludn chira dinh a hoic dinh b, nghia 1a G ¢6 dang

Hinh 2.

Chwng minh

Gia stir G c6 canh e’ khong chira dinh a hodc dinh b, khi d6 {e, e’} 1ap thanh mot
ghép cap méi co kich thudc 2, mau thuan véi {e} 1a ghép cap cuc dai cia G.

Pinh Iy 3.7. Cho dé thi G. Gia sir canh e={a,b} 1a mot ghép cap cuc dai c6 do

I6n 1 cia dd thi G. Khi d6 reg(G) < 2.
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Chwng minh

Ta quy nap theo s6 canh cua tap canh E(G)\{e}.

Gia str G c6 mot canh, khi d6 theo B6 dé 3.3tacd reg(G) <2.

Gia str G ¢6 nhiéu hon mot canh khi d6 d6 thi c6 dang nhu Hinh 2. Ta chia tap
canh caa G thanh hai phan E(G)=E,UE,, trong do, E, la tap canh ma moi canh

chaa dinh ava E, la tap canh ma mdi canh chia dinh b.
Goi u l1a mot canh cua G. Khdng mat tinh tong quat, ta ¢ thé gia st u thudc tap
canh E,va u={a,al}. Khi d6 G\u c6 dang nhu sau:

Cy

Hinh 3.
Theo gia thiét quy nap ta c6 reg(G \u) < 2.
D6 thi G, 1a d6 thi chi gom céc dinh dc lap nhu sau

hl

i .bz

[ ] bg
[ ] b—l

L fJ;,

® bf_

Hinh 4.

Ap dung B6 dé 3.2 ta c6 reg(G,) =0.
Theo B6 d¢ 2.12, ta c6
reg(G) <max{2,reg(G\u),reg(G, ) +1} = 2.
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Vay dinh Iy dugc chirng minh xong.

Van dung cac két qua trén, ta chimg minh duoc két qua chinh caa bai bao nhu sau:
Pinh 1y 3.8. Gia st G 1a mot dd thi don. Khi d6 ta c6 reg(G) < #(G)+1.

Chwng minh

Dit g:= 5(G). Giasu {el,ez,...,eﬂ} la mot ghép cap cuc dai cua G. Goi G, la

d6 thi con cam sinh cua G, trong d6 cic canh ciia G, géom e va cac canh cua G c6

ﬂ Ve 2 1
dinh 14 dinh thudc canh e, . Khi d6 ta c6 U E(G,)=E(G). Apdung Bo d¢ 2.13, taco
i=1

reg(R/1(G)) < iZ::reg(R/ 1(G))

Theo Dinh ly 3.7, ta c6 reg(G)<2, két hop véi Bo d& 2.3 suy ra

reg(R/1(G,))<1. Do vay

reg(R/I(G))SZﬁl:reg(R/ 1(G))<B.

Ap dung B6 d 2.3, ta nhan duoc reg(G) < (G )+1.

4. KET LUAN

Bai toan chan trén chi sé chinh quy theo kich thudc nhé nhat cua ghép cap cuc

dai trong G lan lugt dugc ching minh cho cac 16p d thi hinh sao, d6 thi chira it nhat
mot ghép cip cuc dai c6 kich thude 1 va tir d6 ta c6 thé khai quat hoa chirng minh cho
truong hop db thi G tong quét.
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CASTELNOUVEO-MUMFORD REGULARITY OF EDGE IDEAL
AND THE MINIMUM SIZE OF A MAXIMAL MATCHING
OF SIMPLE GRAPHS

Le Quang Huy
ABSTRACT

This paper gives a detail proof of the upper bound of regularity of edge ideal of
simple graphs in term of the minimum size of a maximal matching of simple graphs.

Key words: Regularity, edge ideal, matching, simple graph.
* Ngay ngp bai: 7/110/2020; Ngay gui phan bién: 21/10/2020; Ngay duyét dang: 28/10/2020

* Bai bao nay la két qua nghién cizu tir dé tai cap co sé ma sé6 BT-2019- cua Truong
Pai hoc Hong Prtc.
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NUA NHOM LIEN TUC PEU
TRONGKHONG GIAN BANACH XAC SUAT

Lé Thi Oanh'
TOM TAT

Trong bai b&o nay, ching toi xin gidi thi¢u khai niém niza nhom lién tuc deu
trong khong gian Banach x&c suat va chizng minh tinh chdt dac trung cua todn ti sinh
cua nwra nhom lién tuc deu.

Tir khéa: Khong gian Banach x4c sudt, todn tiz ngau nhién, niza nhém lién tuc
déu, toan ti sinh.

1. PAT VAN BE

Ly thuyét toan tir ngau nhién khong chi 1a mé rong ngau nhién cua ly thuyét toan
tir tat dinh ma nd con ¢ nhiéu &p dung quan trong trong cac linh vuc khac nhau nhu
phuong trinh tién hda ngau nhién, diém bat dong... ly thuyét toan tir ngiu nhién duoc
nghién ctiu theo nhiéu hudng khac nhau [1-5]. Gan day trong tai liéu s [1-4,6] cac tac
gia da dua ra khai niém nira nhdm ngau nhién lién tuc manh trong khdng gian Banach
X4&c suat va chizng minh maot sé tinh chét caa nd. Trong bai béo nay, ching toi gigi thiéu
khéi niém ntra nhom lién tuc déu trong khong gian Banach xac suat va chang minh cac
tinh chét dac trung ctia no.

2. NOI DUNG

2.1. Toan tir ngau nhién trén khéng gian Banach xac suit

Gia sur (Q,3,P)la khong gian xac suat day du, ky hiéu L, () 1a khong gian cac
bién ngau nhién thuc. Trong bai bao nay, su hoi tu trong Lo () 12 hoi tu theo xAc suét.
Néu day (u,) € Lo(Q) hoi tu téi u trong Ly(Q) thi ta viét lim,, u,, = u. Vi &, &, €
Lo(Q) théa man & (w) = &,(w) hau chic chan khi d6 ta viét & > &,. Ky hiéu
L5 (Q) = { € Ly (Q):& = 0}, 7

Pinh nghia 1. [6]. M6t cap (X, ||. ||) duoc goi la mot khong gian dinh chuan xac
suit néu X 1a modul trai trén dai s6 Lo(Q) va ||. || 1a anh xa tir X dén L} (Q) sao cho
cac tinh chat sau la thoa man

1. |lu]l = 0 khi va chi khi u = 6 véi 6 1a phan tir khéng cua X.

2. |lu+ vl < llull+l|v]|| véiu,v E X.

3. [ISull = [Elllull voi ¢ € Lo(Q) vau € X.

Anh xa ||.|l: X = L} (Q) goi la chuan ngau nhién trén X .

Y Khoa Khoa hoc Tu nhién, Truong Pai hoc H(fng Puc
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Pinh nghia 2. Gia sir X 1a mot khong gian dinh chuan xac suit.

1. Mot day (u,,) =X 1a hoi tu téi u € X néu |lu, — u|| hoi tu dén 0 trong Ly ().

2. Mot day (u,) <X 1a diy Cauchy néu lim,, ;e P(|[tty — Upll > &) = 0 V6i
moi & > 0.

3. X duoc goi la khong gian Banach xac suit néu moi day Cauchy (u,,) = X 1 hoi tu.

Pinh nghia 3. [4]. Gia str X 1a mot khong gian dinh chuan xéac suat.

1. Anh xa ®:D(®)— X duoc goi la toan tir ngdu nhién néu mién xac dinh
D(®) 1a mot khong gian dinh chuan xac suat va véi uy, u, € D(@) va &, &, €
Lo(Q), ta co:

(D(é:lul +§2U2) =& D (uy) + & D (uy).

Mot toan tir ngau nhién @ : X — X duoc goi 12 todn tir ngau nhién trén X.

2. Mot toan tir ngau nhién @:D(®)—> X dugc goi la chin theo xac suat néu
lim;_, o SUpyep P{”(I)u” > t} =0,V4i B = {u € D((D): |ul] < 1} 1a hinh cau don vi
cia D(®@).

3. Mot toan tr ngau nhién @ :D(®)—> X duoc goi 1a bi chan hau chic chin
(viét tat: a.s) néu ton tai bién ngau nhién & € LE(Q) sao chol|du|| < &llull véiu €
D(®).

4. Mét toan tir ngdu nhién @:D(®)—> X dugc goi la doéng néu mdi day

(u,)= D(®)sao cho limu, =u, limdu, =g, thig=du.

n—o

5. Mot toan tir ngau nhién ©:D(®) - X dugc goi 1 lién tuc néu mdi day
(un) = D((D)sao cho limu, =u <D(®), limdu, = du.

binh ly 1. [4]. Gia su X la mot khdng gian Banach x&c suét va gia st ta co
®:D(P)—> X

la mot toan tir ngau nhién. Cac ménh dé sau 1a trong dwong:

(i) ® |a bi chan a.s.

(ii) @ 1a bi chan theo xéc suat.

i) @ lalién tuc.

2.2. Nira nhom lién tuc déu cia cac toan tir ngau nhién

Dinh nghia 4. [4]. Cho X la khong gian Banach xac suét va {T (t)} o laho

te[O,
céc toan tir ngau nhién trong khong gian Banach xac suat X. Khi d6 {T (t)} duoc goi
la nira nhom trén X néu:
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1 T(0)=1.

2. T(s+t)=T(s)T(t) vt,s=0.

3. Nua nhom {T(t)} duoc goi la lién tuc manh néu ueX thi anh xa:

t—>T(t)utr [0,+0)vao X lalién tyc.

4. Niranhom {T (t )} ,duoc goi la bi chan néu 3L >0 va mot bién ngau nhién
& e Ly (Q) phu thude Lsao cho HT (t)u| <& |, vueX.

Dinh nghia 5. [3]. Cho{T (t)} 1a mot nira nhom lién tuc manh trong khong gian
X.Ta dinh nghia:

D(A)={UEX:3IimT(t)t$} AU lim T Bu-u

t—0 t—0 t

Thi anh xa A:D(A)— X duoc goi 2 toan tir sinh cua nira nhom {T (t)}.
Dinh nghia 6. Mot nira nhom {T (t)}t duoc goi 1a nira nhém lién tuc déu néu:

lim|[T (t+h)—T (t)|=0vt>0.

t—0

Nhdn xét: Mot nira nhém lién tuc déu 1a nira nhém lién tuc manh.
Dinh 1y 2. Nra nhom lién tuc déu khi va chi khi lim [T (t)—1]=0.

t—>0"

Chirng minh
Diéu kign can. Cho T (t)1a mot nra nhom lién tuc déu, hién nhién ta co:

I|m||T —|||=o.

t—0"

Diéu kién du. Cho T (t)la nira nhom thoa man lim|T (t)—1|=0 ta s& chi ra

(0"
T (t) 12 ntra nhom lién tuc déu.
That véy, véi h>0ta cé'
[T (t+0)=T O] =[[T @ (T (D)= D) <[ Ol (0)=1] < &[T (W) =10
[T (t+h)- \_HT (t+h) ( T(0)|< [T E+h)IT (h)-1] <& (h)-1]—>0

Vi du: Cho Al toan tir tuyén tinh lién tuc trong khong gian Banach xac suét V.

= (tA)" . ‘
Khido T (t)=e" = q 1a mot nira nhém lién tuc déu.
no N:

Chizng minh:1) Chudi ZM la chudi duong hoi tu theo dau hiéu
k=0 .

D’Alembert suy ra e ton tai.
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2) T(t) la toan tu tuyén tinh, bi chin trong X. Ta s& chiing minh
T(t+s)=T(t)T(s) hay e"9"* =e"e*. That vay:
" oA o tnAn © SmAm_ © tnAnSmAm B © © tnAn Sk—nAk—n
¢ e _nz::; n! % m! m;O nim! _nzz(;kz:(; nt " (n-k)!
(k=m+n,m>0,0<k<n)

n

1 &A™ s Ak & (t+s) gt
3o (n_k)- . nz=c; .

T (t) bi chan vi: [T (t)] <

e =1.

3) T(t)la nranhom vi T (t) 14 toan ti tuyén tinh va T (0) =
4) T (t)1alién tyc déu Wi, €[0,+00), tuc la: lime* =e*".

t-t
:‘ = etOA(e(t’tO)A—l)Hs e

Dit h=t-t, —0. Ta s& chang minh IimehA =1.

That vay:

A abAll e(t0+t—t0)A _ghA etOA.e(t—to)A _ghA thA e(t—tO)A _ H

—€

|

That vay: |le™ —1] =Hki hkkAl H i il ” A =" 1,
~ k!

binh Iy 3. {T (t)}tZO dugc goi 1a ntra nhom lién tuc déu. Khi d6, IM e L' (Q),
Ael’(Q)saocho: [T (1)< M.e.

Ching minh: Chon M =Max{L& } nén Mel(Q), M =1, hon nita
[T(t)|<M,vtelo,L]

Bang phuong phéap quy nap, ta co: HT (nt)H <M",vte[0,L],neN

Codinh t>0, tontaine N sao cho nT <t<(n+1)T. Khi do:

rl-r(e0- )<
n+1

Pinh ly 4. Toan tir A 1a toan tir sinh ciia nra nhdm toan tir lién tuc déu trén
khong gian Banach xac suat X khi va chi khi A 1a toan tu bi chan.
Ching minh: Biéu kién du, néu A 12 toan tir bi chan thi 1a Atoan tir sinh cua
0 tnAn “

nira nhdm toan tir lién tuc déu. Xét nira nhém T (t)= Z —=e
n=0 n:

InM

. InM
Mn+1: nInM M e nT— T SM.eAt Vél A:TELG(Q)

Ta s& ching minh T (t) ntra nhom lién tuc déu.
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T _ 272 2 2 A3,3
Xét M—Ax |2 ﬂ+t A e Iy ﬂ+tA—X+t AX +...— AX
tL 2! 2 3!

T _ 2 2 73 2 3 © 24k
:‘ (x)x X—AXHZtAX+tAX+...H=t A’X | tAX H ZtA H
2! 3! 2! 3!
ot A | ot A

< —————=tM Ot—>0 (M =
& (2+K)! =0t =>0M =2 57

la chudi duong hoi tu.
Diéu kién can, T (t)1a nira nhém lién tuc déu bét ky. Khi d6 toan tir sinh A 1a
toan tir bi chan.
1 1 1
I——IT(s)ds =-j(|— SE.[HI—T(S)Hds
0 0
Do tinh lién tuc déu lim|1 -T(s)| =0 = 3t, sao cho: I -T(s)] <M <LVse[0,t,]

s—0

:>jH|— s)ds<M <1,vte[0,t,] DH(I—%IT(s)dsJ_,Vte[O,to]

Ta s& ching minh: A= (T (t,)—1 )(J‘T (s)dsJl el(X).

0

That vay, vi: |A] <1 :%(T (h)-1 )IT (s)ds :%UT (s+h)ds —jT (s)dsj

0 0

(J'T j )ds ziﬁhT(s)ds-fT(s)ds
(TT j s)ds

A = - L - 1 F
L4y gioi han hai vé: LQH(T(h)_I).! (s)ds=lim= _[T ds(T (t)-1)

X—)oo

T

= A[T(s)ds=1(T(t)—1)=T(t)-1

0

A=T(t)=(T(t)—I)@T(s)dsJ_ el(X)
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3. KET LUAN

Trong bai bao nay, ching t6i di trinh bay khai niém ntra nhém lién tuc déu trong
khong gian Banach xac suét va chirg minh tinh chat dic trung ciia toan tir sinh ciia nira
nhém lién tuc déu va gan day nhom chung toi dua ra khai niém nira nhdém ngau nhién
lién tuc manh trong khéng gian Banach xac suat va chitng minh mét s tinh chat cua né.
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UNIFORMLY CONTINUOUS SEMIGROUPS IN
PROBABILITY BANACH SPACES

Le Thi Oanh
ABSTRACT

In this paper, we introduce the notion of uniformly continuous semigroups in
probability Banach spaces and prove the common properties of the generator
operator of a uniformly continuous semigroup.

Keywords: Probability Banach spaces, random operators, uniformly continuous
semigroup, generator operators.

* Ngay nop bai:30/6/2020; Ngay guwi phan bién: 14/7/2020; Ngay duyét dang: 28/10/2020

* Bai bao ndy l1a két qud nghién citu tir dé tai cdp co sé ma s6 PT-2019-18 ciia
Truong Pai hoc Hong Dike.
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NGHIEN CUU SU DUNG BEO TAY (EICHHORNIA CRASSIPES)
VA CAY SAY (PHRAGMITES AUSTRALIS) XU LY NUOC
BI O NHIEM CAC KIM LOAI NANG, CADIMI (Cd),
CHI (PB), KEM (Zn) VA PONG (Cu)

Lé Thi Thwong', Nguy&n Thi Mui
TOM TAT

Céc thi nghiém si dung thyrc vdt 12 Béo tay va Sdy trong viéc xi Iy & nhiém mét
s6 kim logi nang nhw Kém (Zn), Cadimi (Cd), Chi (Pb), Péng (Cu) trong mdi triong
nuéc khi thuec hién cac thi nghiém bé sung kim logi ngng fwong ieng theo cac mic 0,5
mg/L Cd, 2 mg/L Pb, 5 mg/L Zn, 5 mg/l Cu trong céc thing nudi mau thuc vat. Kiém
tra ham fLrong cé&c kim logi trong nuwdc sau 5-10-20-30-40 ngay thi nghiém trong Béo
tay va Sdy, két qua cho thdy ca Beéo tay va Sdy déu c6 kha nang tich luy tét cac kim
loai nang (Pb, Cd, Zn, Cu). Sau 20 - 40 ngay t7 I¢ lam sach cac kim logi nagng trén cua
Béo tay va Sdy hau hét dat mizc 80%. Khd ndng 1am sach déi véi nwéc bi 6 nhiém Pb
cuia Béo tay nhanh hon so Véi nuéc 6 nhiem Cd, Zn, Cu. Kha ndng 1am sach doi véi
nuéc bi 6 nhiém Cd cia Sdy nhanh hon so véi nwéc 6 nhiém Pb, Zn, Cu.

Tir khoa: Béo tay, cay Sdy, kim logi nang, 6 nhiém nudéc.

1. PAT VAN BE

Nudc 12 tai nguyén thién nhién quan trong ddi voi doi séng va san xuat. Vi xu
hudng phét trién kinh té - xa hoi manh mé& nhu hién nay thi nhu ciu str dung nudc
ngay cang cao dan dén luong nudc thai bi 6 nhidm nhiéu chat hoa hoc nguy hiém phat
sinh ra méi trudng tu nhién. Trong d6, 6 nhiém kim loai nang (Chi (Pb), Pdng (Cu),
Cadimi (Cd), Asen (As),...) 1a mot van dé nghiém trong bai doc tinh dic biét nguy
hiém cua cac nguyén t6 nay dén stc khoé con ngudi, sinh vat va méi truong.

Nhitng phuong phap truyén théng bao gém cac qué trinh vat Iy va hoa hoc ding
dé xir ly kim loai ning dang dwoc ap dung hau hét déu cd quy trinh phuc tap, kha ton
kém vé kinh té va yéu cau cao vé diéu kién k¥ thuat. Xt ly 6 nhiém méi truong bang
thuc vat 1a phuong phap xtr ly cac loai hinh & nhiém dat, nudc, khong khi bang cac
loai thuc vat c6 kha ning hap thy, tich liy hay phan giai chit 6 nhiém. Phwong phap
nay da khic phuc duoc nhuoc diém cua cac phuong phap truyén théng do tinh than
thién véi moi treong, thuc hién vai ki thuat don gian.

Béo tay va Say déu la thuc vat phd bién, téc do sinh truong nhanh va khéng can
phai tén cbng cham soc nén st dung hai lodi thuc vat nay dé xu ly 6 nhiém nuéc co
thé thuc hién dugc dé dang trong diéu kién nong ho.

! Khoa Ky thudt Cong nghé, Truong Dai hoc Héng Puc
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Trong nhiéu nghién ciru khoa hoc trén thé gisi va ¢ Viét Nam, Béo tay va Say
dugc nhic toi 1a thuc vat tiém ning trong xt Iy 6 nhidm mai truong [1,2,3]. Phan 16n
cac nghién ciru vé Béo tay tap trung vao kha ning xur ly cac thanh phan chét hitu co va
chét dinh dudng trong nudc thai, mot s nghién ctu vé kha nang xir Iy kim loai ning
cua lodi thuc vat nay nhung chi méi thuc hién déi véi mét hoac hai kim loai nang [4].
Trong thuc t& moi trudng nude 6 nhidm kim loai nang thuong ton tai nhiéu loai kim
loai dong thoi. Bi voi Say, cac nghién ciru trude ddy tap trung vao kha ning xir ly &
nhiém dat [5] trong khi loai thuc vat ndy con cd kha ning sinh truéng trong ving ngap
nuée co dong chay dong. Vi vay, nghién ciru dugc thuc hién nham dua ra danh gia vé
kha nang héap thu riéng I¢é va tong hop céac kim loai nang (Pb, Cd, Zn, Cu) ddi véi Béo
tay va Say trong moéi truong nudc.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

Céc thi nghiém dugc tién hanh trong 30 ngay vai khdi lugng mdi loai trong mdi
chau 1a 100g trong lwong uét. Trudc khi trong, ria sach bui va dit bam & cay bang
nudc cat, ciy dugc cd dinh bang da (gia thé chi phi thap, hap phu kém), thing trong
bang xop thé tich 30 lit.

Céc thi nghiém Iya chon ndng do thi nghiém gia dinh dua trén mac d6 ham lugng
cta ngudng cho phép su c6 mit cua Zn, Cd, Pb, Cu trong mdi truong nudc theo QCVN
40:2011/BTNMT - Quy chuan k¥ thuat quéc gia vé nuéc thai cdng nghiép. Nong do thi
nghiém cao gap tir 3 - 5 lan ngudng cho phép. Béo tay va Say duoc nudi trong moi
truong nudc tudi chira cac kim loai nang Zn, Cd, Pb, Cu theo ndng d¢ lua chon:

Nudc nudi cay chaa 0,5 mg/L Cd

Nudc nubi cay chua 2 mg/L Pb

Nudc nubi cay chira 5 mg/L Zn

Nudc nudi cay chira 5 mg/L Cu

Nudc nudi cay chira 0,5 mg/L Cd, 2 mg/L Pb + 5 mg/L Zn +5 mg/L Cu

Hé thong mau cdy doi sanh: Trong cay trong nudc cat voi gia thé bang da.

Chi tiéu phan tich: Cd, Pb, Zn, Cu trong nudc

Phurong phdp phdn tich: Phuong phap phan tich cyc pho.

Pia diém thuc hién: Phong thi nghiém Ky thuat méi truong - Khoa Ky thuat
cdng nghé - Trudng Pai hoc Hong Brc.

3. KET QUA NGHIEN CcUU
3.1. Kha ning han ché cac kim loai ning caa thuc vat Béo tay
3.1.1. Khd ndng han ché 6 nhiém Cadimi

Tién hanh sir dung nude chira ham lwong Cd 14 0,5 mg/L dé tha Béo tay cho thay:
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Sy sinh truéng cua cdy doi voi moi trudng nude cd ham luong Cadimi & mic
0,5 mg/L, Béo Tay c6 dau hiéu sinh truong tét, than va Ia chic va xanh, khéng cé su
thay d6i nhiéu vé kich thuéc.

Theo bang 1, trong diéu kién thi nghiém thiing nuéi méau, ham luong Cd trong nudc
giam dan theo thoi gian xt 1y bang Beo ty, cu thé: khi chwa co Béo tay, ham lwong Cd
trong nu6c & nong do thi nghiém 1 1a 0,5 mg/L. Sau 10 ngay tha Béo tay, ham lwong Cd
trong nudc 1a 0,359 mg/L, giam dugc 28,2%. Dén ngay 40, ham luong Cd trong nude giam
manh con 0,093 mg/L dat ti 1& 1am sach 81,4%, & muc thap hon ndng do cho phép theo cot
B, QCVN 40:2011/BTNMT - Quy chuin k§ thut qudc gia vé nudc thai cong nghiép.

Bang 1. Ham lwong Cadimi trong nuwéc theo thai gian xir ly bang thuc vat Béo tay

Ngay Ham luong Cadimi Ti 1€ con lai

trong nudc (mg/L) (%)
0 0,5 100
10 0,359 71,8
20 0,247 49,4
30 0,196 39,2
40 0,093 18,6

QCVN 40:2011/BTNMT (cot B) 0,1

3.1.2. Kha ndng han ché & nhiém Chi

Tién hanh sir dung nuéc chira ham luong Pb 14 2 mg/L dé tha Béo tay cho thay:

Su sinh truong cua cy trong mdi truong nudc bi 6 nhiém Chi sau thoi gian 40
ngay van tiép tuc sinh truong, tuy nhién than cay va la cé hién twong nga mau vang,
nhiéu 14 bi ddm vang, mot s6 than va 1a héo Ga, kich thudc than va 14 giam.

Ham luong Pb theo thoi gian xir Iy bang Béo tay duoc thé hién qua bang 2 trong
nude truge thi nghiém 12 2,003 mg/L. O ngay tha 10 cua thi nghiém, ham luong Pb
trong nudc la 1,172 mg/L, dat ti 1€ lam sach 1a 41,4%. Sau 20 ngay thi nghiém thi ham
luong Pb giam manh xudng dudi ngudng cho phép & muc 1a 0,043 mg/L twong ung
véi ti 1€ con lai trong dung dich la 2,15%.

Bang 2. Ham lweng Chi trong nwéc theo thai gian xir ly bing thuc vat Béo tay

Ngay Ham Iugng Chi Ti 1€ con lai
trong nudc (mg/L) (%)
0 2,003 100
10 1,172 58,6
20 0,043 2,15
30 0,007 0,35
40 KXD
QCVN 40:2011/BTNMT (cot B) 0,5
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3.1.3. Khd ndng han ché 6 nhiém Kém

Thuce hién thi nghiém twong tu nhu véi Cd va Pb, tién hanh nudi Béo tay trong
dung dich chira 5mg/L Zn, theo ddi két qua ham luong Zn trong dung dich theo thoi
gian nhan thay kha nang hip thu Zn cia Béo tay 1a twong ddi tét va déng déu theo thoi
gian. Ham luong k&m con lai trong dung dich sau 30 ngay thé hién trong Bang 3 Ia
1,952 mg/L dat ti & xir ly 1a 60% va thdp hon nhiéu so véi ngudng cho phép theo
QCVN 40:2011/BTNMT.

Sy sinh trudng cua cdy trong moi trudng nudc ¢d ndng d6 kém 5 mg/L sinh
truong tt, cd su phét trién vé do dai cdy, cay diing khoe, nhitng ngay cudi chu ki c6
hién tuong mot sb 14 bi héo va ta vang.

Bang 3. Ham lwong Kém trong nwéc theo thoi gian xir ly bang thuc vat Béo tay

Ngay Ham luong Kém Ti I€ con lai
trong nudc (mg/L) (%)
0 5 100
10 3,729 74,5
20 2,483 49,6
30 1,952 39,4
QCVN 40:2011/BTNMT (cot B) 3

3.1.4. Khd ndng han ché é nhiém Pong

Thi nghiém nu6i dudng Béo tdy trong dung dich chira ham lugng Cu la 5 mg/L
cho thay xu huéng giam ndng d6 Cu theo thoi gian duoc thé hién trong bang 4. Cu thé
sau 30 ngay thi ham lugng Cu con lai trong dung dich do dugc la 1,956 mg/L dat hiéu
qua xir ly 12 63%, thap hon ngudng cho phép la 2 mg/L theo QCVN 40:2011/BTNMT.

Sy sinh truong cua cdy trong thi nghiém d6i voi Béo tdy dugc nudi dudng
trong moi truong nude ham lugng Pong 5 mg/L cho thdy sy phat trién tét, co su
phét trién vé chiéu dai & mot sb tan cay, sy xuat hién thém cac nhanh ¢ cay béo, than
va la xanh tét.

Biang 4. Ham lwong Pong trong nwéc theo thoi gian xir Iy bang thuc vat Béo tay

Ngay Ham luong Dong Ti I¢ con lai
trong nudc (mg/L) (%)
0 5 100
10 3,629 73,8
20 2,415 48,3
30 1,856 37,12
QCVN 40:2011/BTNMT (cot B) 2
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3.1.5. Khd ndng han ché 6 nhiém Cd, Pb, Zn, Cu trong méi truong nuéc cria Beo tay

Thi nghiém trong Béo tay trong dung dich chira Cd 0,5 mg/L + Pb 2 mg/L + Zn
5 mg/L + Cu 5 mg/L cho két qua vé kha nang hap thu kim loai nang cua Béo tay theo
thoi gian c6 xu hudng twong tu nhu dung dich bi 6 nhidm riéng Ié cac nguyén td.

Bang 5 thé hién két qua sau 20 ngay thi nghiém, ham lugng Pb con lai trong
dung dich dat muc thap nhat (Pb 0,284 mg/L) so véi cac nguyén t khac va da nim
dudi ngudng an toan theo cot B QCVN 40:2011/BTNMT. Bén cudi thoi gian khao sat
40 ngay, ti 1é 1am sach cua Béo tay véi tat ca cac kim loai nang (Cd, Pb, Zn, Cu) hau
hét déu dat murc cao (65-100%).

Bang 5. Ham lwgng cac kim loai nang trong nwéc theo thai gian
xir ly bang thuc vat Béo tay

Nong d| Ti l¢ [Nong do| Ti Ié [Nong do| Tile [Nong do| Tile
Ngay Cadimi|con laii Chi |con laii Ké&m |con lai| Bong |con lai
(mg/L)| (%) | (mg/L) | (%) | (mg/L) | (%) | (mg/L) | (%)
0 0,5 100 2 100 5 100 5 100
10 0,395 | 79 | 1,263 | 63,2 | 3,792 | 75,8 | 3,749 | 74,9
20 0,287 | 57,4 | 0,284 | 14,2 | 2,568 | 51,4 | 2,502 | 50,1
30 0,193 | 38,6 | 0,006 | 0,3 | 2,037 | 40,7 | 1,958 | 39,2
40 0,092 | 18,4 | KXb 0 1,796 | 35,9 | 1,073 | 21,5
QCVN
40:2011/BTNMT| 0,1 0,5 3 2
(cot B)
6
5
Eo 4 —4—Cadimi
%'- 3 Chi
:én 2 ——— Kém
z 1 Déng
0 —— o .
Ngay 0 Ngay 10 Ngay20 Ngay30 Ngay40

Biéu d6 1. Sw bién thién ham lwgng kim loai niing trong méi truwong nwéc
6 nhiém theo ti I¢ tong hep khi nudi Béo Tay

3.2. Kha ning han ché 6 nhiém kim loai ning cia thuc vat Say

3.2.1. Khd ndng han ché 6 nhiém Cadimi

Tién hanh st dung nuéc pha ti 18 Cd 13 0,5 mg/L nudi cac mau Say. Két qua thu
duoc vé ham lugng Cd trong nuéc nudi cdy theo thoi gian duoc thé hién trong bang 6.
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Sau 10 ngay nudi cdy, ham lugng Cd con lai trong nuéc chi & mac 0,265 mg/L dat ti
16 xtr Iy dén 47%. Sau 30 ngay ham lugng Cd con lai trong méi truong chi con
0,075mg/L dat ti 18 xir 1y 1én dén 85% va & mirc dudi giéi han cho phép su c6 mit cua
Cadimi theo cot B QCVN 40:2011/BTNMT.

Sy sinh truéng caa ciy trong méi truong ¢ nong d6 Cd cho thay Say c6 kha ning
hap thu Cd tét, cy it bi chét, c6 kha ning sinh truéng tdt, co sy phét trién vé chiéu cao
cua cay. Tuy nhién, theo thoi gian dén cudi chu ky khao sét ¢6 nhiéu tan 14 bi vang Ua.

Bang 6. Ham lwong Cadimi trong nwéc theo thoi gian xir Iy bing thuc vat Say

Ngay Ham lugng Cadimi Ti I€ con lai
trong nugc (Mmg/L) (%)
0 0,5 100
5 0,374 74,8
10 0,265 53
15 0,163 32,6
20 0,112 22,4
25 0,0735 14,7
QCVN 40:2011/BTNMT

A 0,1

(cot B)

3.2.2. Kha ndng han ché & nhiém Chi

Nubi dudng Sdy trong moi trudng chira Pb cho thiy ciy Say c6 kha ning hap
thu Pb, cdy van sinh truong tét & ndng d6 Pb 2mg/L, sau khoang thoi gian 30 ngay
thi ndng d6 Pb trong méi truong nudc dat xap xi mic cho phép sy c6 mat cua chi la
0,5 mg/L theo c6t B QCVN 40:2011/BTNMT.

Sy sinh trudng cua cdy van dugc duoc duy tri va ¢ su tang truong chiéu cao.
Tuy nhién sau ntra chu ky khao sat quan sat thay cay c6 hién tugng bi vang Ia.

Bang 7. Ham lwong Chi trong nwéc theo thai gian xir Iy bing thuc vat Say

Ngay Ham luong Chi Ti 1€ con lai
trong nuéc (mg/L) (%)
0 2 100
5 1,762 88,1
10 1,531 76,5
15 1,293 64,6
20 1,036 51,8
25 0,896 44.8
30 0,517 25,9
QCVN 40:2011/BTNMT

A 0,5

(cot B)
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3.2.3. Khd nang han ché 6 nhiém Kém

Sy sinh trudng caa cdy & moi trudong nudc ¢d ndng dd Zn 5 mg/l cho thiy su
hap thu Zn tt. Cay sinh truéng va phét trién tt. Trong chu ky khao sat quan sat thay
chiéu cao cdy ting, tan 14 phat trién maoi.

Thi nghiém nudi cay cho thay két qua duoc thé hién trong bang 8. Kha ning hap
thu Zn cua cdy Sy dong déu theo thoi gian. Sau 30 ngay nong do Zn trong mdi
truong nude dudi gisi han cho phép sy ¢ mat cta Zn trong moi truong nudc theo Cot
B QCVN 40:2011/BTNMT.

Bang 8. Ham lweng Kém trong nudéc theo thoi gian xir Iy bang thuc vat Say

Ngay Ham lugng Kém Ti 1€ con lai
trong nudc (mg/L) (%)
0 5 100
10 3,832 76,7
20 2,571 51,4
30 2,016 40
QCVN 40:2011/BTNMT 3
(cOt B)

3.2.4. Kha ndng han ché & nhiém Pong

Thuc hién thi nghiém nudi ciy tuong tu nhu voi cac kim loai nang khac, Say
dugc nudi dudng trong mdi truong nude c¢o6 ham luong Cu 1a 5 mg/L va két qua khao
sat vé su thay d6i ham lugng Cu duogc biéu dién trong bang 9. Ta thiy ham luong Cu
giam sau mdi khoang thoi gian khao sat. Bén ngay thir 30 thi ham luong Cu con lai
trong nudc 1a 2,314 mg/L dat hiéu qua xtr 1y 53,8% nhung van chua dat dugi muc cho
phép theo cot B QCVN 40:2011/BTNMT. Tuy nhién, xét su sinh truedng cua cay thi
két qua theo ddi cho thiy theo thoi gian thi cay Say nudi trong méi truong nay ¢ dau
hiéu kém sinh truéng, than cdy, 1a cdy c6 xu hudng bi vang. Bén ngay tha 21 thi thay
rd hién tuong bi vang la va than cay tré nén mém & 90% cay. Bén cubi chu ky khao
sat, cay héo, vang va khong quan sat dugc kha ning song.

Bang 9. Ham lweng Pdng trong nwéc theo thoi gian xir ly biang thuc vat Say

Ngay Ham luong Dong Ti 1€ con lai
trong nudc (mg/L) (%)

0 5 100

10 3,826 76,5

20 2,739 54,8

30 2,314 46,3

QCVN 40:2011/BTNMT
. 2
(cot B)
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3.2.5. Khd nang han ché 6 nhiém Cd, Pb, Zn, Cu trong moi truong nudc Cua
thuc vat Say

Thi nghiém trong Say trong dung dich chtra Cd 0,5 mg/L + Pb 2 mg/L + Zn 5
mg/L + Cu 5 mg/L cho két qua vé kha ning hap thy kim loai nang cua cay Say theo thoi
gian c6 xu huéng twong tu nhu dung dich bi 6 nhidm riéng 1¢ cac nguyén té. Cay van
sinh trudng tét tuy nhién khdng co su thay dbi nhiéu vé chiéu cao, tinh chat than va la.

Két qua tir bang ndng do6 cac kim loai ning (bang 10) va qua trinh khao sat su sinh
treong caa cdy cho thay kha nang hap thu tét cac kim loai nang cua cay Say trong moi
trudng téng hop cho thay: Cd c6 xu huéng duoc hip thy tét nhat trong cac kim loai va xu
hudng hap thu céc kim loai ciing gan twong tu nhu xu hudéng hap thu trong méi trudng
don. Cu 1a kim loai ¢6 ti I¢ hap thu kém nhét trong méi trudng téng hop. Sau 10 ngay dau
tién thi Cd 1a kim loai ¢ ti 1& xir Iy cao nhat dat gan 40% trong khi d6 voi Pb, Zn dat ti 1&
xtr Iy vao khoang 20% va Cu chi dat muc 7,6%. Két qua phan tich cho thiy sau 30 ngay
SO Vai Céc gia tri trong cot B QCVN 40 :2011/BTNMT thi ham lugng Cd (dat ti 1€ xu ly
80%) va K&m c6 trong méi trudng nudc & mic dudi gidgi han cho phép, ham luong Chi &
muc Xap Xi giéi han cho phép va Bong van 16n hon gidi han cho phép.

Bang 10. Ham lwgng kim loai ning trong nwéc nudi dudng thuc vat Say theo thoi gian

Nongdo | Tile | Nong | Tile | Nong |Tilé | Nong | Tilé

Ngay Cadimi | con | doChi | con [d6o Kém | con |doBong| con

(mg/L) | lai | (mg/L) | lai |(mg/L) | lai | (mg/L) | lai
2

0 0,5 100 100 5 100 5 100
10 0,307 | 61,4 | 1613 |80,1 | 4118 82,4 | 4,621 | 92,4
20 0,216 | 43,2 | 1,248 | 62,4 | 3,682 |73,6 | 4,018 80
30 0,098 | 19,6 | 0,610 | 30,5 | 2,907 |58,1 | 3,637 | 72,7
QCVN
40:2011/BTNMT 0,1 0,5 3 2
(cot B)
5
45 —_—
= 4 -
% 3.5 ~ = = Cadimi
£ 3 :
925 Chi
,%n 1; - Kém
=1 Doéng

0.5 — @= *-
0 — —

Ngay 0 Ngay 10 Ngay 20 Ngay 30

Biéu db 2. Sw bién thién ham lwgng kim loai niing trong méi trwong
6 nhiém kim loai tong hgp c6 nudi thuc vat Sy
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4. KET LUAN

Céc thi nghiém trong Beo tay va cay Sdy trong mdi trudng nudc co chira cac kim

loai ning (Cd, Pb, Zn, Cu) cho thdy hai loai thuc vat ndy van c6 thé sinh trueong va phat
trién duoc & mic d 6 nhidm nhat dinh. Céc két qua phan tich ham lwong kim loai ning
(Cd, Pb, Zn, Cu) trong nudc cho thiy xu hudng giam dan ndng do theo thoi gian. Nhu vay,
ca hai loai thyuc vat déu cd kha ning 1am sach nudc bi 8 nhiém kim loai ning (Cd, Pb, Zn,
Cu) rat tot. Ddi voi cac ndng do kim loai nang dwoc thir nghiém trong nghién ctu, Béo tay
va cay Say thé hién hiéu qua xir Iy tir 20 - 40 ngay thi cac ham lugng Cd, Pb, Zn, Cu trong
nude déu da dat mic dudi ngudng cho phép theo cot B QCVN 40:2011/BTNMT.
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RESEARCH ON HANDLING HEAVY METAL POLLUTION (Cd,

Pb, Zn, Cu) IN WATER BY WATER HYACINTH (EICHHORNIA

CRASSIPES) AND REED (PHRAGMITES AUSTRALIS)
Le Thi Thuong, Nguyen Thi Mui

ABSTRACT

This study carried out experiments to cultivate Water hyacinth and Reed in

sample containers containing heavy metal-contaminated water at the following
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concentrations: 0.5 mg/L Cd, 2 mg/L Pb, 5 mg/L Zn, 5 mg/L Cu. Heavy metal
concentrations in sample containers are checked after 5-10-20-30-40 days. The
results show that both Water hyacinth and reed are capable of accumulating heavy
metals (Zn. Cd, Pb, Cu). After 20-40 days, the rate of cleaning of water hyacinth and
reed is almost 80%. The ability to clean the Pb contaminated water of Water hyacinth
is faster than that of Cd, Zn, Cu polluted water while the ability to clean the Cd
contaminated water of Reed is faster than that of polluted water of Cd, Zn and Cu.

Key words: Water hyacinth, Reed, heavy metal, water pollution.
* Ngay nop bai:4/6/2020; Ngay gui phan bién: 11/6/2020,; Ngay duyét dang: 28/10/2020

* Bai bao nay la két qud nghién cizu tir dé tai cdp co s¢ md sé6 PT-2018-19 cua
Trieong Pai hoc Hong Piic

142



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 51.2020

HONG DUC UNIVERSITY
JOURNAL OF SCIENCE

No 51 (10 - 2020)

Le Viet Bau
Cam Ba Thuc
Nguyen Ngoc Han

Le Ngoc Anh

Doan Thanh Canh,
Pham Thi Ha

Nguyen Manh Cuong
Bui Khac Thien

Nguyen Thi Dung
Nguyen Thi Viet Chinh
Nguyen Van Dang
Tran Dang Thanh

Le Thi Giang

Hoang Dinh Hai
Vu Thi Nhi
Nguyen Thi Huong

Do Thi Hai

Tran Thi Hai
Nguyen Thi Thao
Nguyen Thi Dung
Nguyen Thi Tu

CONTENT

Safe electric system for multi medical bed used for
of joint stiffnem and arthritis patients

The correlation between the contents of some
heavy metals with coastal sediment particle size

Study of current transformer model based on the
stimulating properties in experiments

Recovery of functions in besov-type spaces by
linear sampling methods

Structure and magnetic properties of Pro7A¢3MnO;
(A = Ca, Sr, Ba) ceramics prepared by combination
of reactive milling and heat treatment methods

Study the effects of carbon concentration on
structural properties of MnsGes thin films grown
on Ge(111)

Ring with left small annihilator conditions

Study of the flora compositions
mountain, Phuc Thinh commune,
district, Thanh Hoa province

in  Mieng
Ngoc Lac

Study the mobilities of carriers dependent on
temperature in Ge channel modulation-doped
structures

15

21

27

38

48

56

66

72

143



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 51.2020

10

11

12

13

14

15

16

144

Le Van Hao

Trinh Thi Anh Loan
Le Viet Nam
Nguyen Duc Toan

Hoang Dieu Hong

Trinh Thi Hong
Nguyen Huu Tan
Thieu Thi Huyen

Nguyen Manh Hung

Le Quang Huy

Le Thi Oanh

Le Thi Thuong
Nguyen Thi Mui

A deep learning technique for fraud face detection

The solow economic growth model

Food spectrum of some amphibians of the
Microhylidae in Ben En National Park, Thanh Hoa
province

Some basic propeties for generating function

Castelnouvo-mummford regularity of edge ideal
and the minimum size of a maximal matching of
simple graphs

Uniformly continuous semigroups in probability
Banach spaces

Research on handling heavy metal pollution
(Cd, Pb, Zn, Cu) in Water by water hyacinth
(Eichhornia Crassipes) and Reed (Phragmites
Australis)

83

95

106

114

119

127

133



