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PHAN LAP VA XAC PINH TRINH TU GEN RPOC1 TU LOAI SAM
CAU (CURCULIGO ORCHIOIDES GAERTN.) TAI THANH HOA

Lé Pinh Chic!, Nguyén Hoang Yén?
TOM TAT

Thudt ngit “DNA barcode” dwoc sir dung nhiéu trong nghién ciru phén loai hoc phan tir.
Vé co ban, ky thudt nay dva vao viéc su dung mot trinh tw DNA khoang 400-800 bp nhuw la
mot tiéu chudn d@é nhdn dang va xdc dinh quan hé chung loai cua cdc loai sinh vdt mot cach
nhanh chong va chinh xdac. Do do, ky thuat DNA ma vach khong chi giup cdc nha phan logi
hoc trong céng tdc phdn logi va xdc dinh lodi, ma con ndng cao nang lye kiém sodt, hiéu biét
va tan dung sw da dang sinh hoc. Vi vdy trong bai viét nay, chiing téi dé cap dén két qua phén
Idp va doc trinh tw gen rpoClI ciia cac mau Sam cau thu tai Thanh Héa. Ching t6i dd phdn
lap gen rpoCl tir 2 mdu Sam cau thu tai Vieon quoc gia Bén En va Khu bdo ton thién nhién
Xuan Lién Thanh Hoa, kich thuoc gen rpoCl ma chung toi thu dwoc la 570 nucleotid va c6 sw
twong dong la 99,5% so vi trinh tu gen rpoC1 di cong bé trén ngdn hang gen ma s6 JF972810.

Tw khéa: RpoCl, DNA barcoding, gen RpoCl, gen luc lap.

1. DAT VAN BE

Theo Y hoc ¢6 truyén Viét Nam, Sam cau (Curculigo orchioides Gaertn.) c6 vi cay,
tinh 4m, o tac dung trg duong, trir han, cuong duong, manh gan xuwong. Mot sé nghién ciru
gin day cho thay, Sam cau c6 tac dung kich thich mién dich, bao vé gan, chdng oxy hoa, chong
ung thu [10]. Mit khac, Sam cau c¢6 nhiéu hop chat quy co tac dung chira bénh cao, dic biét
1a mot s6 hop chét nhu: glucosid chlorophenolic méi dugc phén 13p tir Sdm cau, trong nhom
nay gom co: curculigin E (1), curculigin F (2), curculigin G (3), curculigin H (5), curculigin I
(6) va mot phenolic glycosid médi 1a orcinosid H (4), 2,6-dimetoxy benzoic acid (1),
curculigoside A (2), curculigoside B (3), curculigine A (4), curculigine D (5) va3,3',5,5'-
tetrametoxy-7,9": 7',9-diepoxylignan-4,4'-di-O-beta-D-glucopyranoside (6), cung véi 8 glycosid
phenolic da duoc biét dén trude @6 [5]. Cau trac cia ching di duge chimg minh bai cac ki
thuat phé (IR, UV, MS, 1D va 2D NMR). Céc glycosid phenolic nay dugc danh gia co tac
dung chdng lodng xuong trén dong té bao MC3T3-E1 st dung phuong phap MTT. Tuy
nhién viéc nghién ctru dic diém di truyén hoc cua lodi cdy ndy con han ché, do d6 nhimg di
liéu khoa hoc vé di truyén hoc cua loai dugc li¢u quy nay chua dugc cong bd nhiéu trén thé
gidi va trong nudc; dac biét 1a hé théng ma vach DNA (DNA barcode).

Déi v6i thuce vat, trong h¢ théng ma vach DNA thi h¢ gen luc lap mang nhiéu dic diém
thich hop d6i vi chi thi DNA va hé gen nhéan, ving DNA nam giita cac gen hay con goi /TS

! Gidng vién khoa Khoa hoc Ty nhién, Truong Dai hoc Héng Puic
2 Gido vién Truong Trung hoc pho thong Nguyén Trdi, thanh phé Thanh Hoa
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(Internal Transcribed Spacer) thuong duoc sir dung 1am DNA chi thi trong mot s nghién ciru
[2,6,8]. Trong nhitng ndm gan day, nhiéu ving gen di dwoc nghién ctru va d& xuét 1a chi thi
DNA cho thyc vat nhu Matk, Procl... [3,4,7]. Theo Taberlet P. va cong sy (2007), h¢ théng
ma vach DNA 1y tuéng phai dap tng cac yéu cau sau:

Thir nhét, doan DNA chi thi phai di d6 bién thién dé phan biét giita cac loai nhung
khong khac nhau qua mirc giita céc cé thé trong cung loai;

Thir hai, hé théng dinh danh bang DNA phai dugc chuan hoa, véi cing mot ving
DNA c6 thé dugc sir dung cho cac nhom phéan loai khac nhau;

Thir ba, doan DNA chi thi cdn chtra du thong tin phat sinh loai dé c6 thé d& dang dinh
danh loai vao cac nhém phan loai (chi, ho...);

Tht tu, c6 kha ning ap dung véi cac mau vat tho, voi vi tri cap moi nhan gen c6 do
bao thu cao, dé dang thyuc hién phan tng khuéch dai va doc trinh ty DNA.

Gen rpoB, rpoCl1, rpoC2 ma héa ba trong 4 tiéu don vi cia RNA polymerase luc lap.
Hién nay rpoB 1a gen dugc sir dung nhiéu trong nghién ciru phat sinh loai va xac dinh cac
loai vi khuén, dic biét khi nghién ctru cac ching c6 quan hé gan giii. Cung véi gen 16S
rRNA, rpoB dugc sir dung trong nhiéu nghién ctru dé xac dinh loai vi khuan méi, do vay cac
gen nay dugc dé xut 13 chi thi barcode doc lap hodc két hgp mot sb gen khac. Trong cac
nghién ciru gan day, CBOL di thir nghiém 7 locus va thdy rang kha ning phan biét loai ctia
doan gen rpoC1 1a thap nhat (43%). Mic du vy, trong mot s6 nghién ciru gan day da chi ra
rpoC1 13 mot chi thi rat hitu ich khi dugc st dung dé phan biét cic loai bryophytes. Do viy
can c6 cac nghién ctru tiép theo dé chimg minh sy phit hop khi st dung rpoB va rpoC1 1am
chi thi barcode trong cac nghién ctru gidm dinh loai [9,10].

Nhiing thay d6i & DNA luc lap (cpDNA) d3 va dang dugc st dung cho cac nghién ctru
vé tién hoa, sinh thai va phat sinh chung loai & thuc vat. CpDNA c¢6 muc d6 bao thu trong
viéc thay thé cho cac nucleotide. Piéu nay tao diéu kién cho su so sanh nhiing thay d6i ¢
pham vi rong trong phan loai thuc vat. Mot s6 chi thi cpDNA nhu microsatellite luc lap, mdt
s6 ving khong ma hoa, mot s6 phan doan ciia chudi don 16n (trnC - trnD, trnD - trnT, psaA
- trnS, petB - petD, trnH - psaA, trnD - trnT) va mét s6 ving dém giita cac gen (trnL - trnF)
da duoc dir dung trong cac nghién ciru vé da dang di truyén va phat sinh loai & thyc vat [1].
Vi vay trong bai viét ndy, chung t6i d& cap dén viéc phan 1ap va doc trinh tir gen ropC1 loai
Sam cau (Curculigo orchioides Gaertn.) tai Thanh Hoa nham cung cép dir liéu thuc vat hoc
vé loai dugc liéu quy nay.

2. NOI DUNG

2.1. Vit liéu nghién ctru

Mau Sam cau (Curculigo orchioides Gaertn.) dugc thu thap vao lic 8h00’ sang, ngay
18/4/2017 tai Thanh Hoa.

Ciap moi dic hidu rpoCIF/R va cac hda chat can thiét trong nghién ctru sinh hoc phan
tor nhu: Kit GenJET PCR Purification ciia hang Thermo Scientific; Kit BigDye® Terminator
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v3.1 Cycle SequencingTris HCI, EDTA, phenol, ethanol (100%), agarose... thudc cac hang:
Merck, Sigma, Biolabs cua cac nudc nudc My, Anh, Dirc.

Tén mbi Trinh ty mbi (5°- 3°)
oo F GTGGATACACTTCTTGATAATGG
[0}
P TGAGAAAACATAAGTAAACGGGC

2.2. Phwong phap nghién ctru

2.2.1. Phwong phdp tach chiét DNA tong so

DNA tbng s6 dugc tach chiét tir 14 non theo phuong phap cua Shanghai Maroof va
cong su (1984).

2.2.2. Phwong phdp nhdn gen proC1 bang ki thudt PCR

Theo phuong phap ciia Peter va cong sur (2011) va bang cac cap mdi DNA Barcoding [12].
Trong do, doan gen rpoC1 dugc khuéch dai bﬁng k¥ thuat PCR voi cap mdi dic hiéu
rpoCI-1f/rpoC1-3r véi kich thudc dy kién 1a khoang 600 nucleotide.

Phan g PCR duoc tién hanh vé6i thanh phan phan Gmg duoc trinh bay & bang 1.

Bang 1. Thanh phan phan ing PCR nhan gen rpoCI

STT Thanh phan Nong do Thé tich (pl)
1 PCR Masster Mix 2X 12,5
2 Mdi xudi 10pmol/pl 1
3 Mdi nguoc 10pmol/ul 1
4 DNA khuén 10ng/"l 1
5 Nudce khtr ion - 9,5
Tong thé tich 25

2.2.3. Phirong phdp chay dién di kiém tra san pham PCR

Trong nghién clru nay, chung t6i st dung DNA trén gel agarose 0,8% dugc phat hién
bang cach nhudém véi Ethidium Bromide (EtBr) va quan sat dudi tia UV.

Sau khi chay dién di, ldy ban gel ra khoi may dién di, nhe nhang liy riéng phan gel
agarose cho vao hop chira dung dich Ethidium bromide. Nhuom trong 10 phut. Lay ban gel
ra, rira bang cach ngam trong nude 2 - 3 phat. Pem vao may quan sat dudi dén tir ngoai
(UV) va chup anh.

Phuong phép tinh sach san pham PCR

Sau khi nhan dugc gen rpoClI budc tiép theo can thu nhan gen & dang tinh sach va
khong 1an gel agarose. Qua trinh tinh sach dugc thuc hién theo Kit GenJET PCR Purification
cua hang Thermo Scientific.
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2.2.4. Phuwong phap xdc dinh trinh ty nucleotide cua doan gen rpoCl

Trinh ty nucleotide ctia doan gen rpoCI duoc xac dinh bang may giai trinh ty ABI
PRISM® 3100 Avant Genetic Analyzer, st dung b Kit BigDye® Terminator v3.1 Cycle
Sequencing v&i cdp moi ddc hiéu. Trinh ty gen dugc phan tich, so sanh va 1ap cdy phat sinh
chung loai béng cac chuong trinh Bioedit, BLAST, DNAstar. Thi nghi¢m dugc thuc hién tai
Vién Han 1am Khoa hoc va Céng ngh¢ Vi¢t Nam.

2.3. Két qua va thao luin
2.3.1. Két qua tach chiét DNA

DNA duoc tach chiét theo phuong phap ctia Shanghai Maroof va cong su (1984), sau
d6 DNA duoc do ndng do va xac dinh do sach bang may do NanoDrop (Thermo Scientific).

Bang 2. Nong d¢ va do tinh sach cic miu

Tén mau 0D260/280 Nong d6 (ng/pl)
SCXL 2,00 938,4
SCBE 1,92 995,7

Qua bang 2 c6 thé théy réng DNA duoc tach chiét voi do tinh sach cao nim trong
khoang tir 1,92 dén 2,00. Nong d6 DNA duoc tach chiét dat tir 938,4 dén 995,7. DNA nay
s& dugc pha loang dén ndng do cudi ciing 1a 100ng/ul cho phan tmg PCR tiép theo.

2.3.2. Két qua nhan ban gen rpoCI cdc mau Sam cau

Sau khi thuc hién PCR san phém duoc tién hanh dién di kiém tra trén gel agarose
0,8%. Két qua PCR vdi cac cap mdi dic hiéu duoc thé hién trén hinh 1.

i 2 M

750 bp
500 bp

Hinh 1. Két qua PCR 2 miu véi cip mdi RpoCI
M: Marker (1kb, Thermo),
1: San pham PCR nhén ban bang cdp moi rpoC1F/R tir mau Sam cau Xudn Lién;
2: San pham PCR nhdn ban bang cdp moi rpoCIF/R tir mau Sam cau Bén En



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 39.2018

Két qua PCR tir 2 mau Sam cau v&i cap mdi rpoCI F/R thu duoc mot bang duy nhat
& vi tri khoang 600 bp, két qua nay phu hop véi tinh toan 1y thuyét va 1am co s& cho viée
doc trinh ty gen rpoCI phuc vu cho cac nghién ciru tiép theo.

2.3.3. Két qua doc trinh tw gen rpoC1 tir 2 mdu Sam cau

San pham PCR sau khi dugc kiém tra bang phuong phap dién di, cho thiy san pham
thu dugc 1a dic hiéu dung kich thudce so véi tinh toan 1y thuyét, 1a co s& dé ching toi tién
hanh doc trinh tu gen rpoC1 trén may ABI PRISM® 3100 Avant Genetic Analyzer, sir dung
bd Kit BigDye® Terminator v3.1 Cycle Sequencing v&i cip mdi dic hiéu, két qua thu duge

nhu sau:

1
51
101
151
201
251
301
351
401
451
501
551

1
51
101
151
201
251
301
351
401
451
501
551

Trinh tw gen rpoCI Bén En

AATCCGCGGA
TTTCAGATGT
GGTAAACGGG
GCTTTCATTA
TCCAAACATT
ATAGGTATTG
AATACTTCAA
CCACCTTGCA
GGGCGTGCCA
CTTTGATGGG
AAGCGGAAGC
ACTATTGGGG

Trinh tu gen rpoC1 Xuan Lién

AATCCGCGGA
TTTCAGATGT
GGTAAACGGG
GCTTTCATTA
TCCAAACATT
ATAGGTATTG
AATACTTCAA
CCACCTTGCA
GGGCGTGCCA
CTTTGATGGG
AAGCGGAAGC
ACTATTGGGG

CAGCCAATGA
AATTGAAGGC
TTGATTACTC
CATCAATGTG
TGTAATTCGT
CTAAAAGTAA
GAAGTTATGC
TAGATTAGGC
TTTGTTTACA
GATCAAATGG
TCGTTTACTT
ATCCCATTTC

CAGCCAATGA
AATTGAAGGC
TTGATTACTC
CATCAATGTG
TGTAATTCGT
CTAAAAGTAA
GAAGTTATGC
TAGATTAGGC
TTTGTTTACA
GATCAAATGG
TCGTTTACTT
ATCCCATTTC

GGGATGGTCA
AAAGAGGGAA
GGGGCGCTCC
GATTACCTCG
GGTCTAATCA
AATTCGGGAA
AGGGGCATCC
ATACAGGCGT
CCCATTAGTT
CCGTTCATGT
ATGTTTTCTC

GGGATGGTCA
AAAGAGGGAA
GGGGCGCTCC
GATTACCTCG
GGTCTAATCA
AATTCGGGAA
AGGGGCATCC
ATACAGGCGT
CCCATTAGTT
CCGTTCATGT
ATGTTTTCTC

TAATAAAGTT
GATTTCGCGA
GTCATTGTCG
AGAAATAGCA
GACAACATCT
AAAGAACCGA
TGTATTGTTG
TCCAACCCAT
TGTAAGGGCT
ACCTTTATCT
ATATGAATCT

TAATAAAGTT
GATTTCGCGA
GTCATTGTCG
AGAAATAGCA
GACAACATCT
AAAGAACCGA
TGTATTGTTG
TCCAACCCAT
TGTAAGGGCT
ACCTTTATCT
ATATGAATCT

TACAAGTCAT
GACTCTGCTT
TGGGTCCTTC
ATAGAACTTT
TGCTTCTAAC
TTGTATGGGA
AATAGAGCAC
TTTAGTGGAG
TCAATGCAGA
TTGGAAGCTC
CCTGTCTCCA

TACAAGTCAT
GACTCTGCTT
TGGGTCCTTC
ATAGAACTTT
TGCTTCTAAC
TTGTATGGGA
AATAGAGCAC
TTTAGTGGAG
TCAATGCAGA
TTGGAAGCTC
CCTGTCTCCA

Vi 2 mau thu duge tir két qua phan lap, chting t6i nhan duogc trinh ty nucleotide cua
2 miu déu bang nhau va bang 570 nucleotitde, dé khing dinh trinh tw nay 1a gen rpoCl1,
chung t6i tién hanh so sanh voi trinh tir gen rpoC1 da cong b trén Ngan hang gen quéc té
ma s6 JF972810 dé lam co s& cho cac nghién ctru tiép theo.
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2.3.4. Két qua phan tich trinh tir gen rpoC1 thu dwoc véi trinh tir gen rpoC1 mang ma
56 JF972810 dd céng bé trén Ngdn hang gen quoc té

Dé so sanh cac trinh ty gen rpoCI ching t6i thu duge véi trinh tu gen ropClI thudce
loai Curculigo orchioides Gaertn dd cong bd trén Ngin hang gen qubc t& mang mi sb
JF972810 bang phan mém Blast. Két qua duoc thé hién trén hinh 2.

rpoCl-JF972810-Hypoxis.
SCBE-rpoCl.seq
SCEL-rpoCl.seq

rpoCl-JF972810-Hypoxis.
SCBE-rpoCl.seq
SCEL-rpoCl.seq

rpoCl-JF972810-Hypoxis.
SCBE-rpoCl.seq
SCHL-rpoCl.seq

rpoCl-JF972810-Hypoxis.
SCBE-rpoCl.seq
SCEL-rpoCl.seq

rpoCl-JF972810-Hypoxis.
SCBE-rpoCl.seq
SCEL-rpoCl.seq

rpoCl-JF972810-Hypoxis.
SCBE-rpoCl.seq
SCHL-rpoCl.seq

rpoCl-JF972810-Hypoxis.
SCBE-rpoCl.seq
SCEL-rpoCl.seq

rpoCl-JF972810-Hypoxis.
SCBE-rpoCl.seq
SCEL-rpoCl.seq

rpoCl-JF972810-Hypoxis.
SCBE-rpoCl.seq
SCHL-rpoCl.seq

seq

seq

seq

seq

seq

seq

seq

seq

seq

10 a0 30 40 50 &0 70
B e L L L I [ e B B [
GATCCGCGGACAACCAATGAGGGATGGTCATAATAAAGTTTACAAGTCATTTTCAGATGTAATTGAAGGC
< Gt e e e e e e e e e e e
< Gt e e e e e e e e e e e

80 20 100 110 120 130 140
AAAGAGGGAAGAT TTCGCGAGACTCTGCT TGGTAAACGEGT TCGAT TACTCGGGECGCTCCGTCATTGTCG

150 1e0 170 180 130 200 210
TGGGTCCTTCGCT TTCAT TACATCAATGTGGAT TACCTCGAGAAATAGCAATAGAACTTTTCCARACATT

220 230 240 250 280 270 280
TGTAATTCGTGGTCTAATCAGACAACATCTTGCT TCTAACATAGGTATTGCTAARAGTARARTTCGGE.

230 300 210 320 330 340 350
AARGARCCGATTGTATGGGAAATACT TCAAGAAGT TATGCAGGGGCATCCTGTATTGTTGAATAGAGCAL

3E0 370 380 330 400 410 420
CCACCTTGCATAGAT TAGGCATACAGGCGT TCCAACCCATTTTAGTGGAGGGGCGTGCCATTTGT T TA

430 440 450 480 470 480 430
I L I Lo o B EE T ey ey
CCCATTAGTTTGTAAGGGCTTCAATGCAGACT TTGATGGGEATCARATGGCCGTTCATGTACCTTTATCT

500 510 520 530 540 550 560
TTGGAAGCTCAAGCGGAAGCTCGCTTACTTATGTTTTCTCATATGAATCTCCTGTCTCCAACTATT
....................... e
....................... e

570

B R
ATCCCATTTCCGTA

Hinh 2. Két qua so sanh trinh tw gen rpoCI thu dwgc vé6i trinh tw gen rpoCI di cong bd
trén Ngan hang gen qudc té ma s6 JF972810

10
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Két qua trén hinh 2, cho thdy: Cac mau Sam cau thu dwoc tai Bén En va Xuan Lién c6
khéng dinh cac miu Sam cau thu duogc tai Vuon Quéc gia Bén En va Khu bao ton thién
nhién Xuén Lién 1a cing mot loai. Tuy nhién, mot s vi tri trén céc trinh tw gen rpoCI chiing
t6i thu duoc cé sy sai khac so véi trinh tu gen rpoCI mang ma sé JE972810 da dugc cong
b trén Ngan hang gen quc té. Sy sai khac nay dugc cu thé hoa boi bang 3.

Bang 3. Sw sai khac ciia cac trinh tw gen rpoCI thu dwgc va trinh gen rpoCI di cong bd
trén Ngan hang gen qudc té ma s6 JF972810

TT Vi tri JF972810 BE XL
1 G A A
2 13 A G G
514 C T T

Két qua bang 3 cho thdy, ¢6 3 vi tri khac nhau gitta trinh tu gen 7poC1 chiing toi thu
dugc so voi trinh tw gen rpoCI mang ma s6 JF972810 da cong bd trén Ngan hang gen qudc
té. Piéu nay cho thay su sai khac trong trinh ty nucleotide ctia gen rpoCI 13 twong dbi nho
gilta cic mau chung toi thu duogc so véi trinh ty gen rpoC1 da cong b trén Ngan hang gen
qudc t& ma s6 JF972810 (Trung Qudc). Tuy nhién, hai trinh ty 7poCI chung t6i thu duoc tir
2 mAu Sam cau tai Xuan Lién va Bén En Thanh Héa c6 d6 twong dong 1a 100%. Diéu nay
cho thay, trinh tu nucleotide bao thil cia gen rpoC]I 1a rt cao dbi voi cac ca thé cung loai
tai nhitng ving dia 1y twong tw nhau vé diéu kién ty nhién, thd nhudng, tiéu khi hau.

Dé phan tich mdi quan hé di truyén ciia gen rpoCl tai cac mau thu dugc va so véi
trinh tu gen rpoCI di cong bd trén Ngan hang gen qudc té, chung t6i tiép tuc str dung phan
mém BioEdit dé phan tich, két qua duoc thé hién trén bang 4 va hinh 3.

Biang 4. Két qua so sanh giira cac trinh tw gen rpoCI phan lap dwoc véi trinh ty gen
rpoCl1 da cong bo trén Ngan hang gen qudc té

Percent [dentity

EXERE ;
g | 1 B oos|995| 1 1poC1-JFa72810-Hypouis seq
| 2 |05 1000 2 sSCBE-poCtseq
w T
= |3 0500 M 3 @ SCXrpoCi.seq
1|2 |3 5

Két qua phan tich bang 4 cho thdy, su twong déng cta cac trinh tu gen rpoC1 chiing
t6i thu dugce 1a 100% va co6 su sai khac 0,5 % so vai trinh tu gen rpoCl loai Hypoxis aurea
thudc ho Hypoxidaceae.
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| SCBE-rpoC1.seq
- ! SCXL-rpoC1.seq
rpoC1-JF972810-Hypoxis.seq

0.3

0
Nucleotide Substitutions (x100)

Hinh 3. So' @6 ciy dua trén trinh tu nucleotide ciia gen rpoCI ciia cic miu thu dwge
v6i trinh tw gen rpoCI Hypoxis aurea - thudce ho Hypoxidaceae ma s6 JF972180

Két qua trén hinh 3 cho thdy, cic mau Sam cau thu dugc tai Vuon Qudc gia Bén En
va Khu bao ton thién nhién Xuan Lién 13 ciing loai va c6 quan hé khéc chi, cing ho vé6i loai
Hypoxis aurea thugc ho Hypoxidaceae.

3. KET LUAN

Chting t61 da thanh cong trong vi¢c phan 1ap va doc trinh ty gen rpoCI cia loai Sam
cau tai Thanh Hoa, kich thudc gen rpoC1 ching t6i thu dugce 1a 574 nucleotid va c6 sy tuong
ddng 99,5% so v6i trinh tu gen rpoCI d3 cong bd trén Ngan hang gen qubc t& mi sd
JF972180;

Trinh tu gen 7poCI cuia cac mau Sam cau thu duoc tai Khu Bao ton thién nhién Xuan
Lién va Vuon Quéc gia Bén En Thanh Hoa c6 d6 twong dong 1a 100%, diéu nay cho thiy
cac mau Sam cau chiing t6i thu duoc 13 cing loai.
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DISTRIBUTION AND GENERATION OF GENETIC TYPES OF THE
CURCULIGO ORCHIOIDES GAERTN. IN THANH HOA

Le Dinh Chac, Nguyen Hoang Yen
ABSTRACT

The term “DNA barcode” is applied extensively in molecular taxonomy research.
Basically, this technique is based on the use of a DNA sequence of about 400-800 bp as a
standard for quickly and accurately recognizing and identifying species. Thus, DNA
barcoding techniques not only help taxonomists in classifying and identifying species, but
also improve their capacity to control, understand and utilize biodiversity. Therefore, in this
article, we refer to the results of isolation and sequencing of rpoC1 genes of the Curculigo
orchioides Gaertn., in Thanh Hoa province. We isolated two rpoC1 gene samples in Ben En
National Park and Xuan Lien Nature Reserve, Thanh Hoa. The rpoCI gene size we obtained
was 570 nucleotides and was 99.5% similar to the published rpoC1 gene sequence compared
to found gene bank code JF972810.

Keywords: RpoC1, DNA barcoding, gen RpoCl, gene, chloroplast gene.
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MOT SO UNG DUNG CUA HAM SINH XAC SUAT
Pham Thi Cuc!, Pham Vin Chau?
TOM TAT

Trong bai bdo nay, chiing téi giGi thiéu mot vdi vmg dung ciia ham sinh xdc sudt. P6
la stk dung ham sinh xdc sudt dé tinh xdc sudt, ky vong, phirong sai, fim tong ciia cdc bién
ngau nhién déc lap, khdo sdat qud trinh phdn nhdnh va tinh xdc sudt tuyét ching ciia mot
ho ca thé.

Tir khoa: Ham sinh xdc suat, bién ngau nhién, phan phoi xac suat.

1. DAT VAN BE

Ham sinh dugc st dung rong rai trong toan hoc va dong vai trdo quan trong trong ly
thuyét xac suét [3-5].

C6 nhiéu loai ham sinh nhu : ham sinh thuong, ham sinh md, ham sinh xac Sut, ...
Trong bai viét nay, ching t6i s€ xem xét ham sinh xac sudt ddi véi cac bién ngau nhién roi
rac nhén cac gia tri 0,1,2,...

Ban than tén goi ‘ham sinh x4c suit’ cling cho chiing ta mot goi ¥ vé vai trd cta no.
Ham sinh xac suat ¢ thé duoc sir dung dé ‘sinh ra’ tt ca xac sudt caa phan phdi. Tuy rang
day khong phai 12 cach hiéu qua duge dung dé tinh xéac suat, sy thuc 13 ham sinh x4c suat da
dugc ching minh cho chung ta biét moi didu vé phan phdi x4c suat. Bén canh dé, ham sinh
xéc sut con duge sir dung dé tinh ky vong va phuong sai.

Trong 1y thuyét xac suit, tong ciia cic bién ngiu nhién dong vai tro dic biét quan
trong trong viéc nghién ctru cac qué trinh ngdu nhién, boi vi nhiéu qua trinh ngiu nhién
duoc tao nén tir téng cua mot day cac budc lap, chéng han bai toan vé sy thua cudc cua
ngudi choi ¢ bac. Song nhin chung, viéc tim ra phan phdi cua tong bang cach sir dung
cong thire tinh xac sudt truyén thong 1a kho khian. Ham sinh xdc sudt duoc xem 1a mot
cong cu hitu dung dé tinh tong va gi6i han cua cac bién ngau nhién. Uu diém dic biét cua
ham sinh xac suat 1a cho chung ta mot phuong phap thuén tién dé dic trung phan phdi tong
X +Y khi X va Y 1a doc 1ap. Ham sinh xac suat chuyén mot tong thanh tich va do d6 ta c6
thé tinh toan dé dang hon.

Ngoai ra, d6i voi mot sd qué trinh ngiu nhién, ham sinh xac suit ciing dong vai tro
dac biét trong viéc chi ra khi nao thi qua trinh s€ dat dén mot trang thai dac biét hoac mot
trang thai cho trudc.

! Gidng vién khoa Khoa hoc Ty nhién, Truong Dai hoc Héng Puic
2 Gido vién Truong Trung hoc phé thong Hau Lic 3, huyén Héu Léc, tinh Thanh Héa
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2. NOI DUNG
2.1. Ham sinh xéc suét
2.1.1. Dinh nghia va tinh chat

Pinh nghia ([5]). Cho X 1a dai luong ngiu nhién rdi rac nhan gia tri trong tp hop
cac s tu nhién {0;1;2; 3;...} . Ham sinh xé4c suit cia X 13 ham sé duoc x4c dinh boi

0

Gx(x)=p0+p1x+p2x2+ """ zzpkxk ’

Trong d6 p, = P{X = k} 1a xac sudt dé bién ngau nhién X nhan gia tri £.

Chu ¥ rang néu X chi nhan mot sd hitu han gia tri thi ta gan cho xéac suit bang 0 dbi
v6i nhitng gia tri khong thé xay ra.

Tinh chat. D& thiy G, (x)=E(x").

Chu ¥ rang G, (1)=1 vi vay chudi hdi tu tuyét d6i véi | x|<1.

Ta ciing c6 G, (0)= p,.

Ta c6 thé mo rong dinh nghia ham sinh xac suit cho cac ham cua X. Ham sinh xéc
sudt cta bién ngau nhién rdirac ¥ = f(X) 1a:

Gy(X) =G,y (x) = E(x' ™) =Y P(X = k)x'®

Néu Y 1a ham don gian thi ta c6 thé biéu dién G,(x) qua G, (x). Chang han, néu

Y =a+bX thi:
Gy(x) = E(x") = E(x""™) = x"E[(x")" ] = x" G (x)

2.1.2. Ham sinh xdc sudt ciia mét s6 phdn phéi thuwong gdp

i) Phan phéi hang ([1]): Gia sit X = ¢ 1a bién ngiu nhién hang, nghiala P(X =¢)=1
va P(X =k)=0 véi k # c¢. Khi d6 ham sinh x4c suét cua X 1a:

G,(x)=E(x")=x

ii) Phan phdi Bernoulli ([2]): Gia sir X 1a bién ngiu nhién théa man: P(X =1)=p,

P(X=0)=1-p=g, P(X=k)=0 véi k #0,1.Khi d6 ham sinh x4c suit cua X 1:
Gy(x)=E(x") =g+ px

iii) Phan phdi hinh hoc véi tham sb p ([2]): Gia sir X 1a bién ngiu nhién thoa man

P(X =k)=pg"", k=1,2,..., ¢ =1— p . Khi d6 ham sinh x4c suét ciia X la:

, 1
G, (x)=—L5 ndu x|~
1-gx q
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iv) Phan phéi nhi thirc ([2]): Gia sit X ~ B(n, p) 1a phan phdi nhi thirc v6i hai tham sb
(n,p),nghiala P(X =k)= Cfpk (1-p)"™*, k=0,1,2, ...n Khid6 ham sinh x4c suit ciia X 1a:
Gy(x)=(g+px)", (g=1-p)

v) Phan phéi Poisson ([2]): Gia st X 1a phan phéi Poisson véi tham sd A, nghia la
lk -4

P(X =k)= , k=0,1,2,...,n. Khi &6 ham sinh x4c suét ctia X 1a:

Go() =Y 2ttt =
k=0

2.1.3. Pinh Iy duy nhdt

Pinh 1y 1 ([2]). Néu cdc bién ngau nhién X va Y c6 cdc ham sinh xdc sudt lan lwot la
G, (x) va G,(x) thi G,(x)=G,(x) voi moi x khi va chi khi P(X =k)=P(Y =k) voi moi
k=0,12,... Nghia la, G, (x)=G,(x) khiva chi khi X va Y co cung phan phdi xdc suat.

Chitng minh.

Ta chi can chitng minh diéu kién can. Do ban kinh hoi tu ctia G, (x) va G, (x) khong

nho hon 1 nén chiing c6 duy nhat mot khai trién chudi liy thira:
Gy(x)=> P(X =k)x*, G,(x)=D_P(Y =k)x"
k=0 =0

Néu G, (x) = G,(x) thi hai chudi lily thira nay c6 cac hé s6 dong nhat.

Trong thuc hanh, néu ta c6 thé chi ra rang hai bién ngau nhién cé cing ham sinh xac
suat trén mot khoang nao d6 chua 0 thi hai bién ngau nhién d6 c6 cung phan phéi xac suat.
biéu do6 co nghia la ham sinh xéc suat cho chung ta biét moi di€u vé phan phoi xac suat.

2.2. Mt s0 wng dung ciia ham sinh xic suat

2.2.1. Sur dung ham sinh xac suat dé tinh xac suat

Ham sinh x4c suat c6 tén goi nhu vy bdi vi chudi lily thira c6 thé dugc khai trién va
vi phan ctia n6 s€ cho chling ta bi€t cac xac suat riéng biét. Vi vay, cho trudc mot ham sinh
xé4c suat G, (x) = E(x") ta c6 thé biet dugc tat ca cic xéac suat p, = P(X = k) nhu sau:

Tx G, (x)=E(x*) =) px" = p,+ px+p,x’ +px’ +.. suyra:

k=0
1 d*

=P(X = k)—— “"(0)_k o

Gy ()|

2.2.2. Tinh ky vong va phwong sai tir ham sinh xdc sudt

Ciing giéng nhu viéc tinh x4c sudt, ta co thé sir dung ham sinh xac sudt dé tinh ky
vong va phuong sai cua phan phéi X.
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Pinh 1y 2. Cho X la bién ngau nhién roi rac cé ham sinh xdc sudt la G, (x) . Khi do:
i) E(X)=Gy(1)
i) D(X) =Gy ()-[GY (D) + G (1)

Chirng minh.

Ta co: Gy (x) = kpx*".

k=1

Chudi ndy hdi tu véi —1<x<1.Véi x=1 thi vé phai chinh 1a ) kp, = E(X). Néu
ky vong nay ton tai thi dao ham G, (x) s&lién tuc trén khodng dong —1<x<1. Néu kak
phén ky thi G, (x) — o khi x — 1. (Trong trudng hgp ndy ta néi X cé ky vong vé han va
viét G, (1) = E(X) = o). Diéu niy chimng to:

E(X)= kp, =Gy (1)
k=1
Tuong tu, ta co:

E(X(X-1) =S k(k-1)p, =G, (1)

P

Tur d6 suy ra phuong sai cia X la:

D(X) =G, (1)~ [G, (D]’ +G, (1)

2.2.3. Tim tong ciia cdc bién ngau nhién doc lap

2.2.3.1. Tong cua hai bién ngau nhién déc ldp

Tir dinh nghia ctia ham sinh xac suit G, (x) = E(x*) dé dang suy ra két qua sau.

Pinh Iy 3. Gid sir X va Y la hai bién ngdu nhién roi rac doc ldp véi nhau va cé ham
sinh xdc sudt lan heot la G, (x) va G,(x). Pdt Z=X+Y, khi do :

G (x) = Gy y (¥) = G4 ()G (x)

HE qua 4. Néu X, X,,...,X, la cac bién ngcfu nhién roi rac doc ldp voi nhau va co
ham sinh xdc sudt lan heot la Gy (x), ..., Gy (x) thi: G, . (x) =G, (x)..G, (x).

Vi dy 1. Trong mot day gom n phép thir doc 1ap Bernoulli, gia sir 7, =1 néu phép thir
thir i cho két qua thanh cong (v6i xac suét p) va I, =0 néu phép thir thir i cho két qua that
bai (voi xdc sudt g =1—p). Pat X = Zn: I, 1a sO 1an thanh cong trong n phép thir. Tim phan

i1

phoi x4c suat cua X?
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Giai.
Vi cac phép thir 1a doc 1ap nén cac bién ngau nhién 7,,...,7, 1a doc 1ap. Vay

G,(x)=G,G, .G, (x)

k _n—k

Nhung G, (x) =g+ px, i=1,...n nén G, (x)=(q+px)" =D C,(px)'q
k=0

Khi d6, P(X =k) lahésdcua x* trong G, (x) vabang C*p*q"™*, k =0,...,n, nghia
1a X 13 bién ngau nhién c6 phan phdi nhi thirc véi hai tham sb (n, p).

2.2.3.2. Tong ciia mot s6 ngau nhién cdc bién ngau nhién déc lap

DPinhly 5. Gid s N, X,,X,,... lacdc bién ngcfu nhién roi rac dém dwoc. Néu cdc bién
ngdu nhién X, cé cing phan phoi véi ham sinh xdc sudt la G, (x) thi S, = X, +..+ X, ¢6
ham sinh xdc sudt la Gy () =Gy (Gy(x)) . Chu y rang ta thira nhan quy uwdc
X, +..+X,=0v6i N=0).

Chitng minh.

Ta co: G (x)=E(x*) = iE(xSN | N =n)P(N =n)

n=0

=S E(x")P(N=m)=3 Gy, ()P(N=n)

= S[G, (I PN = 1) = Gy (Gy (x))

Hé¢ qua. i) E(S,)=E(N).E(X)

ii) D(Sy)=E(N)D(X)+D(N)E(X)

Vi du 2. (Ga Poisson) Mot con ga dé N qua tring, v6i N 1a bién ngiu nhién c6 phan
phdi Poisson v&i tham s6 4. M&i qua trimg nd ra ga con véi xac sudt p mot cach doc 1ap
voi cac qua tring khac. Tim phan phéi X4c suat cua sb ga con dugc sinh ra Z.

Giai.

Goi X, 1a bién ngiu nhién chi s6 ga con dugc sinh ra tir qua trimg thtr i. Ta ¢6 :
Z=X,+..+X,, trong d X,,.., X, 1a cac bién ngiu nhién c6 phan phdi Bernoulli v&i
tham s6 p. Khi d6: G, (x) = "™, G, (x)=q+ px.

Vi vay G,(x) = G, (G, (x)) =", nghia 1a Z la bién ngiu nhién c6 phan phdi
Poisson v&i tham s6 Ap .

Vi du 3. (Bai toan co bit ca) Mot quy ba trudce khi di du lich dd nho hang x6m cia
minh cho ca vang ¢ cai ao trong vuon nha an. Mac du ngudi hang xém sang va cho 1
c4 vang an hang ngdy song ngudi nay khong bao gid nhin thiy mot con ci vang nio
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trong sudt 3 tuan. Hoa ra tat ca ca vang da bi mot con co chén sach trong khi nguoi nay
khong deé y.

Goi N 1a s0 lan con co ghé tham cai ao trong khi nguoi hang x6m vang mat. Gia s
rang N la mdt bién ngau nhién c6 phan phoi hinh hoc véi tham so 1-6, vi vay
P(N =n)=(1-6)8", véi n=0,1,2,...Khi con cd ghé thim cii ao, xac suit p dé n6 bat
duoc mot con ca vang khong phu thude vao cac 1an ghé tham khac. (Piéu d6 co nghia 1a
ta da gia sir c6 nhi€u vo han ca vang de€ cho co bat!). Tim phan phdi xac suat ciia bién ngau
nhién 7 chi tong so ca vang bi bat.

Giai.

bat X, =1 néu co bit duge mot con ca vang trong lan ghé tham va X, =0 néu co
khong bat dugc con ci vang nao trong 1an ghé tham d6. Khido 7= X, + X, +...+ X, (tong
ctia mot s6 ngu nhién cac bién ngiu nhién).

Vivay: G, (x) =G, (G, (x))

Bay gio: G, (x)= E(x*)=x"P(X =0)+x'.P(X =1)=1-p+ px. Taciing ¢ :

Gy () =3y PN =m) =3y (1-0)0" <1-O)Y () =10 (y< )
n=0 n=0 n=0 1-0y 0
1-6 1-6 1-6
1-6G, (x) 1-0(1—p+px) 1-0+0p—6px

Tiép tuc bién doi ta duoc:

Suyra: G.(x)=

1-6 1-60+6p—-06p __bp
G (x)= 1-6 _ 1-0+6p __ 1-0+06p _ 1-0+6p
r (1-0+0p)—0px (1-0+60p)—0Opx 1_( Op jx 1_( Op jx
1-60+6p 1-0+6p 1-6+6p

. . . ) . 0
Pay la ham sinh x4c suat ciia phan phoi hinh hoc véi tham so (1 —1—pj . Vivay

theo tinh duy nhat ctia ham phan phdi x4c suét ta két luan rang T c6 phan phdi hinh hoc véi

tham sb 1_6’—p .
1-0+6p

Nhdn xét. Bai toan trén day cho théy vi€c st dung ham sinh xac sut thuc sy rat hitu
ich trong viéc tinh tong cua cac bién ngiu nhién ma néu st dung ham xac suit thong thudng
s& gap kho khan. That vay, dé tim phan phdi x4c sudt ciia 7= X, + X, +...X,, (la tong ctia
mot s6 ngau nhién cac bién ngu nhién) ta can tim biéu thirc P(T =¢) voi ¢ bat ky. Dé tim

P(T =1t) ta phai phan hoach cac gia tri khac nhau ctia N:

P(T=t)= iP(T =t|N =n)P(N =n)
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Sau d6 tinh tong theo n. DSi v&i nhitng bai tong quat, ca hai budc nay nhin chung s&
quéa khé néu khong co may tinh. Str dung ham sinh xéc suét ta khong gap nhimg kho khin
nay, va tham chi néu G, (x) khong c6 dang don gian thi ta vin co thé biét dugc moi diéu vé
phan phbi cua T.

2.2.4. Sir dung ham sinh xdc sudt dé khao sat qud trinh phdan nhanh va tim xdc sudt
tuyét chung

Xét mot ca thé (gia dinh) nao d6 sdng trong ding mot don vi thoi gian sau d6 chét
trong qua trinh sinh ra mot ho cac ca thé twong tu. Ta gia sir rang :

1) Cac kich thudc cua ho ca thé 1a cac bién ngﬁu nhién doc lap nhan cac gia tri 0,1,2,... ;

ii) Cac kich thudc ciia ho ca thé 14 nhimng bién ngiu nhién c6 cing phan phéi xac suét,
s6 ‘con’ trong mdt ho ky hi¢u 1a C ¢6 phan phéi : P(C=k) = p,, k=0,1,2,...

Su phat trién cta ‘dan s&’ khi thoi gian tiép dién goi 13 qud trinh phdn nhanh. Gia st
X, 14 s6 ca thé dugc sinh ra & thoi diém n (nghia 14 kich thudc ctia thé hé thir ). Sy phat
trién ctia dan sb dwoc mo ta bai mot diy cac bién ngiu nhién X, X,,X,,... Gia sir rang
X, =1, nghia 14 ta bat dau véi diing mot ca thé.

Ta c6 thé s dung ham sinh xac sudt dé khao sat qua trinh nay nhu sau. Goi G(x) 1a

ham sinh xac suat cta C, theo dinh nghia ham sinh x4c suét thi : G(x) = ZP(C = k)x"*

k=0

va goi G,(x) 1a ham sinh xé4c suit ciia X, thi: G,(x)= ZP(X L =0)x'

i=0

Bay gio, gid sit G,(x)=x, vi P(X,=1)=1; P(X,=i)=0 véi i #1 va G,(x) = G(x).
Taclingcod: X, =C +C, +..+C,

Trong do: C; lakich thude cua ho dugc sinh ra boi thanh vién thirj cua thé hé thi (n-1).
Nhu vy, do X, 1a tong cia mot s6 ngau nhién cac bién ngau nhién doc 1ap va c6 ciing phan
phdi x4c suat nén ta c6: G, (x) = G, ,(G(x)) voi n =2,3,...va diéu nay ciing dang véi n=1.
Lap lai cong thirc nay, ta dugc :

G,(x)=G,_(G(x)) =G, ,(G(G(x))) =...= G(G(G(...(x)...))) = G(G(G(...(x)...)))

v6i n=0,1,2,...,nghia la G, 1a buédc lap thtr n cia G.

Bay gio, vi G(I)=1néntacd: E(X,)=G,(1)=G,_(G(1)G'(1) =G, ,(1)G'(1), nghia
la E(X,)=E(X, )u, trong d6 u=E(C) 1a kich thudc trung binh cua ho ca thé. Do d6 :
E(X,)=pE(X, )= E(X, ) =..= ' E(X,) = i’

0, u<l
Vivay:E(X,))—>131, u=1
o, u>1
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Thuc ra ta c6 thé chi ra dugc toan bo phan phoi xac suat cia X, bang cach khai trién

ham sinh dudi dang chudi lily thira cta x, song két qua nay kha phuc tap. Tuy nhién, truong

hop ddc biét : P(X, =0)=G,(0)= p——L - £ _ 11

u
Trong d6 u=¢q/ p la kich thudc trung binh cua ho. Tur d6 suy ra sy tuyét chung la

chac chin néu u <1 va it chac chan hon néu u>1.

Dudi day, ta s& chi ra rang két luan trén ddy vé su tuyét ching 1a dung dbi véi tat ca
cac phan phdi cua kich thudc ho ca thé.

Xac suat dé qua trinh tuyét chung sau n thé hé 1a e, = P(X, =0). Ta cb e, <1 va
e,<e. (vi X,=0 kéotheo X, ,=0),nghiala {e,} la mot day don diéu bi chan. Vi vay

e=lime tOn tai va dugc goi la xdc suat tuyét chung.

Pinh Iy 6. e la nghiém khong dm nhé nhat cia phwong trinh x = G(x).

Chiurng minh.

Chuayrang: e, = P(X, =0)=G,(0). Ta cb:

G,(x)=G,,(G(x))=...=G(G...(x)...)) =G(G,_,(x))

Cho x=0 thi e, =G,(0)=G(e,_,), n=1,2,..., voi diéu kién bién e, =0. Ly gi6i
han khi n — o ta dugc e =G(e).

Bay gid gia sir 7 12 nghiém khong 4m bt ky ctia phuong trinh x = G(x). Do G(x)
1a khong giam trén doan [0;1] (vi n6 co cac hé sé khong 4m) nén

6 =G(e)=G0)<G(n)=n

e, =G(e)<G(m) =7

vabang quinaptacod e, <7 voi n=1,2,...

Vivay: e= iirgoen <7 . Suy ra e la nghiém khong 4m nho nhat.

Pinhly 7. e=1 khiva chi khi u<1.

Chirng minh.

Ta c6 thé gia sir rang p, >0 (vi néu nguogc lai thi e=0 va u>1). Bay gio, trén
doan [0;1] thi G(x) la :

lién tuc (vi ban kinh héi tyu >1)

khong gidm (vi G'(x) = Z:kpkxk’1 >0)
k

16i (vi G"(x) =Y k(k-1)p,x"?>0.
k
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Tir d6 suy ra rang trong doan [0;1] thi dudng thing y=x cOmdt (néu G'(1)<1) hodc

hai giao diém (néu G'(1) > 1) véi dudng cong y = G(x).

Vi G'(1)=u nénsuyra e=1 khivachikhi g<1.

Vi du 4. Tim xéc suat tuyét ching khi C c6 phan phdi kiéu hinh hoc
p.=prq, k=012,.; 0<p=1-g<l.

Giai.
RS S p !
Ham sinh x4c suat cua Cla: G(x) =———, | x|< —
1-gx q
va e 1a nghiém khong 4m nho nhit ctia phuong trinh: G(x)= 0 P _y
+ _
Céc nghiém ctia phuong trinh nay la 1£@p-) .
2(1-p)

Vi vay:

néup<l (nghia la ,u=1>1)thi e=£(=u’1),
2 p q
néupZ% (nghiala x#<1)thi e=1.

3. KET LUAN

Trén day, sau khi gigi thiéu vé ham sinh xac suat cung véi mot so tinh chat va vi

du dién hinh, chiing t6i da trinh bay mot sé ng dung co ban ctia ham sinh trong 1y thuyét

xac suat. Ngoai cac rng dung nay, ham sinh xac suat cling c6 thé dugc sir dung dé tinh

mo-men, giai h¢ thuc dé quy hodc xem xét khi nao thi mot qua trinh dat dén mot trang
thai dac biét nao do.
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SOME APPLICATIONS OF PROBABILITY
GENERATING FUNCTIONS

Pham Thi Cuc, Pham Van Chau

ABSTRACT

In this paper, we introduce some applications of probability generating functions:
using probability generating functions to calculate probability, expectation, variance, sum
of independent random variables, investigating branching processes and caculating the
extinction probability of a family of organisms.

Keywords: Probability generating function, random variable, probability distribution.
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MANG VA QUY HOACH MANG NOI BQ
TRUONG PAI HQC HONG PUC

Hoang Vin Diing', Trian Minh Ngoc?
TOM TAT

Viéc khai thdc swr dung mang noi bo trong Truong Pai hoc Hé‘ng Pure la nhu cau bat
bugc, cdc dich vu trén mang da lam ndng cao hiéu qua hoc tdp, giang day, nghién curu va
quan 1y. Hién nay, sé lwong thiét bi truy cdp mang trong truong la rdt I6n, can phdi phén
cap/lop vé toc dg truyén, mirc bdo mdt cho cdc thiét bi mang nham ddp g nhu cau vé toc
dé, an toan dir liéu va kiém sodt truy cdp mang cia cdc thiét bi. P6 la viéc quy hoach lai hé
thong mang ndi bé ciia Nha truong. Mang dwoc quy hoach theo mé hmh gom 3 1op: Lop
16i: 16p ¢6 toc do truyén dir liéu cao, giao tiép voi mang internet va két néi cdc mang trong
cdc toa nha lai thanh mang ndi bé Truong Pai hoc Hong Pire; Lop phdn phéi: Két néi cdc
thiét bi cudi hodc cac nhém vao 16p 16i, 16p ndy c6 vai tré dinh tuyén, bao mdt, qudn 1y viing
va thiét bi truy nhdp,; Lép truy cdp: La cdc diém truy cdp va phan két noi ghép thiét bi vao
mang théng qua 16p phdn phéi.

T khoa: Quy hoach mang néi bé, tiéu chuan ky thudt, Trieong Pai hoc Hong Piic.

1. DAT VAN BE

Mang may tinh 1a su ndi két nhidu méy tinh voi nhau boi diy cap mang dé trao doi
thong tin, chia sé tai nguyén va tao ra hé thong lién két xir 1y da linh vuc. Tir dau thé ky XX,
mang duogc hinh thanh va tng dung ngay sau khi c6 may tinh dién tir. Ban diu mang méy
tinh ndi két mot vai may, trong khu vuc hep va dén bay gio dugc két ndi thanh mang toan
cau. Hién nay, mang toan cau khong chi 1a may tinh ma con thém nhiéu thiét bi s6 khéc, tao
nén s6 luong 16n cac thiét bi trong mang. Hoat dong cua mang da dem lai cac loi ich rat 16n
trong vi¢c truyén van ban, dit li€u, hinh anh, &m thanh, chinh phuc khoang cach dia li khong
gii han va dap tmg cac yéu cau thong tin cuc ky nhanh chéng. Mang may tinh Truong Dai
hoc Héng Dirc d3 hinh thanh rit sém va phuc vu hi€u qua cac cong viéc phuc vu giao duc
dao tao va nghién ctru khoa hoc ctia truong. Tuy nhién do sy phat trién theo cac dy an xay
dung mot cach thu dong dén nay da boc 10 nhitng han ché can phai khéc phuc. Quy hoach
lai mang Truong Pai hoc Héng Dirc 1a mét viée can phai thuc hién.

2. NOI DUNG
2.1. Yéu cu va quy hoach mang

Mot thiét bj tham gia vao mang cin ¢ cac yéu cau co ban sau: Pang nhiap mang thanh
cong véi thoi gian hop 1y, thiét bi dugc an toan, bao mat va ¢ thé trao d6i thong tin trong mang.

! Trung tam Théng tin thu vién, Truong Pai hoc Hong Piic
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Viéc dang nhap mang la viéc xac 1ap dé thiét bi s& hitu mot dia chi IP doc lap trong
lan két ndi mang do, IP cua thiét bi mang co thé dugc dat trude hodc mot DHCP cua hé
thdng cap, IP cua thiét bi quyét dinh mang LAN ciia né.

Viéc an toan va bao mat thong tin cé nhiéu muc khac nhau, tuy theo su can thiét dé
chung ta chon thiét bi & mirc bao mat phu hop. Muc an toan va bao mat cang cao thi tdc do
truy Xudt thong tin d6 cang giam, do viéc kiém duyét dbi tuong trao dobi thong tin, kiém tra
dit liéu khi truyén tin.

Mot mang LAN co sb luong thiét bi 16n, phuc vu nhiéu muc dich khac nhau s& phat
sinh cac mirc yéu cau vé mang khac nhau, thuong cé nhirng diém khong dat duoc muyc dich
gay ra su c¢d. Dé han ché su cb, nang cao hi¢u suat hoat dong cua mang, ngudi quan tri mang
phai lga chon dugc cAu hinh mang tdi wu, phu hop véi nhu cau cua tung thiét bi. Viéc lua
chon ché do hoat dong cho cac thiét bi trong mang tién t6i thiét ké, lap rép, phan ving, dinh
tuyén khi két ndi né vao mang la cong viéc quy hoach mang cuc bd cu thé. Nhu vay, khi
trong mang c6 nhiéu thiét bi va chia thanh nhiéu viing, nhém cin quy hoach dé tat ca thiét
bi déu dugc dam bao yéu ciu vé mang. Truong Pai hoc Hong Pirc hién nay, c6 hang nghin
thiét bi truy cap mang, trong s6 d6 co nhiéu thiét bi chua dugc thiét 1ap cac thong s6 k¥ thuat
hop 1y trén hé théng mang dan dén bat cap trong quan Iy va xuat hién nhiéu 13i truy cip trén
mang. Vi vdy mang ndi bd cia trudong can phai dugc quy hoach lai dé dam bao hiéu nang,
an toan va thuén tién trong quan ly.

2.2. Thyc trang hé thong mang Truong Pai hoc Hong Pirc

Hé thdng mang ctia Trudng Dai hoc Hong Pirc hinh thanh tir nim 1998 (khoang 50
may ca nhan vao Internet, chi can 01 dai IP). Hién nay di c6 hang nghin thiét bi truy nhap
mang Internet (gdm mady tinh server va may ca nhan, camera, Smartphone... yéu cu mang
phai cap nhiéu dai IP va c6 nhiéu ving v&i cac mirc bao mat khac nhau). Hién tai hé thong
mang cua trudng co dén 8 mang LAN, mdi mang tao thanh do sy két ndi thiét bi mang
trong mot hodc vai tda nha lai dé truy cip vao Internet. Toan truong dang st dung 15
duong Internet toc d6 cao, chia thanh 8 diém truy cap Internet tuong dwong 8 mang LAN
doc lap, trong d6 diém tai Nha diéu hanh c6 ciu trac phic tap: c6 hang trim may tinh ca
nhan, camera s, hé thong server Website, phdn mém tng dung va Data... Tét ca cac diém
déu truy cap truc tiép Internet tu do thong qua Modem, chua c6 phan mém hodc thiét bi
chuyén dung dé bao mat, d6 6n dinh va toc d6 két ndi Internet trong cac mang LAN trén
la khac nhau.

Tur thuc trang trén dan dén hé théng mang ndi bd cua Trudong Pai hoc Héng Dic tdn
tai mot s6 han ché nhu: Viéc bao mat truy cap Internet cho cac Server, can bg, giang vién,
nguoi hoc trong va ngoai mang déu chua duoc thuc hién triét dé, dang st dung cong cu bao
vé sin co cua Hé diéu hanh Windows nén nhiéu Virus tin hoc c¢6 thé vuot qua ; cac thiét bi
truy cdp trong mang ¢ muc an toan va bao mat chua cao, chua quan ly dugc nguoi dung, do
on dinh va toc do két ndi internet khac nhau trong cac mang LAN.

25



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 39.2018

2.3. Tinh cép thiét phai quy hoach mang ndi b Truwong Pai hoc Hong Dirc

Trong nhitng ndm qua, cung voi sy phat trién khong nglmg cia cac cong nghé va ing
dung trén mang va internet, Truong Pai hoc H6ng Plrc d3 du tu nhiéu cho co sé ha tfing
dé mo rong va khai thac cac ing dung trén mang. Tuy nhién trén hé thong mang con ton tai
nhimng diém thiét bi chua dam bao yéu cau vé quan 1y, an toan truy cip, chua quan 1y dugc
ngudi ding, toe do truy cap internet con chdm va chua 6n dinh. Mudn khic phuc yéu diém
hién tai va mo rong, phat trién mang trong tuong lai, viéc quy hoach lai két ndi mang ndi b
can dat cac myc dich sau: Phan chia ving, bang thong hop 1y, str dung phdn mém chuyén
dung dé nang cao mirc an toan, bao mat, quan 1y nguoi truy cap mang, du phong cac két ndi
cho viéc mo rong va phat trién mang trong tuong lai, thiét 1ap lién két giita cac nhom trong
mang LAN Nha truong dé duong truyén ndi bo dat tdi thieu 100Mkps.

Cén cu vao cac yéu cau sir dung, ky thuat két ndi mang hién tai va chién luoc phat
trién Cong nghé thong tin-truyén thong Trudng Pai hoc Hong Pirc giai doan 2015 - 2020,
tam nhin 2025 dé x4y dyng nhitng yéu cau va giai phap trién khai mang twong tng.

Bang 1. Céc yéu cau sir dung va gidi phap kha thi cho viéc quy hoach ciia hé thong
mang ndi by Truong Pai hoc Hong Pirc

STT Yéu cau Giai phap Ghi chti
C6 s6 thiét bi | Dung nhiéu ving, mdi ving 1 dai | Gom ca may ca nhan, camera
1 | truy nhap mang | IP dong; S6 may < 254 may. va Server, Smartphone,
>2000. camera ...
) Tat ca déu vao | Dinh tuyén cac ving bai Router | Nhu cau cong viéc va quan
Internet. va ISA Server. ly, toc do.
C6 nhiéu hinh | Chia thanh nhiéu ving LAN khac | - ISA dé an toan, bao mat cho
thic va mic | nhau; dung Router va ISA dé cip | Website va Data;
bao mat khac | IP va dinh tuyén, quan Iy truy cap | - [SA dé quén 1y ngudi vao
3 Internet, - Router cap IP va Internet
cho LAN (vao truc tiép
Internet);
- Vung LAN cua Modem
ding cho quan ly, thiét bi
thong minh.
Thiét bi phan | Kéo dudng Cap quang ndi bd, | Nha trudng gébm nhiéu khu
4 | bd ¢ nhiéu khu | thiét bi dinh tuyén va cép IP | nha doc lap.
nha khac nhau | dong cho khu nha - céc vung.
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5 Chia sé¢ tai | Thiét bi cudi c6 thé truy nhap vao | Sir dung thiét bi, phan mém
nguyén duogc tai khoan tai cac Server. dung chung va luu trit chung.
Thuong xuyén | Phai c6 kha ning cap IP phat | Phat sinh laptop, thiét bi so ra

6 | phat sinh thiét | sinh- IP dong. vao mang dé day hoc.
bi

7 Mang chay 6n | Phuc vu cong tac va hoc tap. Co cdu cép du IP theo vung,
dinh thiét bj cap IP chay 6n dinh.

g Tiét kiém chi | Dung Router va ISA server ding | Str dung thiét bj cap IP phu
phi vi tri. hop theo tirng vung.

Quy hoach sir | B6 sung thiét bi dinh tuyén, | Mdi IP cia Modem 1a 1 dau

9 dung thiét bi | Swicth cho dAu vao céc tdoa nha. | vao cua mot vung.
theo hé thong
da co

Tir cac yéu cau sir dung va giai phap ndi trén, mang cia trudng bao gom: Pau vao la
Internet, vung ndi by mang LAN cua truong.

Pau vao Internet: 2 dudng Fiber Internet, chay can bang tai cip chung cho mang; néu
can thiét thém 01 dudng Leased line ADSL bd sung cho hé thdng server.

Trong vung mang LAN dwoc phdn theo mirc bao mdt thanh 4 vung sau:

Viung I:

Truy cap Internet qua Firewall (xay dung ISA sever, c6 3 card mang: 1 vao l6p modem
Fiber Internet, 1 vao Leased line ADSL, 1 vao Swicth ctia hé thong server). Ving ndy quan
trong nhat, viing két nbi hé théng server.

Vung 2:

Truy cdp Internet qua Firewall (xay dung ISA sever, c6 2 card mang: 1 vao 16p
modem Fiber Internet, 1 vao Swicth cap cho mang LAN dé vao Internet). Viing ndy quan
1y céac truy cp Internet, ding cho cén b, sinh vién nudc ngoai, hodc nhitng ngudi can
quan ly truy nhap.

Ving 3:

Truy cap Internet qua Router, Router chi dinh tuyén va cap IP cho mang LAN, khong
quan ly vao Internet.

Ving 4:

Co dia chi chung véi dia chi LAN ciia modem vao internet, ving nay truy cap truc
tiép Internet, viing nay ding cho quan Iy va du phong dé phat trién cac ving ndi b sau nay.

Mo hinh phan ving va két ndi internet dugc thé hién bang so d6 quy hoach tong
thé (hinh 1).
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Fiber Internet A
Modem 192.168.X.Y . A
— Intenet -~
: =
Leased line ADSL I—&‘ _ )
Firewall/ISA sever Viing |
Vao 192.168.X.Y — | - Sever Website
V& IP Leased line ADSL - Sever database
Vung 2
_ ISASever Céc thiét bi cudi truy cap
-Vao 192.168.X.Y mang Ineternet can kiém sodt,
“Ra192.168A.B str dung Swicth ket noi théng

qua cong 192.168.A.B

Cac Router cip IP Vung 3

-Vao 192.168.X.Y Cac thiét bi trong cdc mang LAN
-Ra 192.168.C.D

C,D=1-254 ( T4t ca truy cdp mang Ineternet
truc ti€p)

Vuing 4

- Cac thiét bi cudi st dung tbc q@ cao;
- Caéc thiét bi du phong phat trién sau nay;
Vung nay c6 Ip theo modem =192.168.X.?

Hinh 1. So' @6 quy hoach tong thé phan ving theo mirc bio mat va mirc truy cip

Tir so dd quy hoach téng thé, chuyén sang so dd chi tiét va xac dinh thiét bi can thiét.
Hién tai hé thong server khong dung dudng Leased line ADSL nén so dd chi tiét khong thé
hién duong truyén Leased line ADSL. Thiét bi an toan, bao mat trong so dd chi tiét s& lua
chon ISA server (1a phin mém cua Microsoft, c6 gia thanh thap hon firewall va tan dung
server). Mo hinh so d6 quy hoach chi tiét phan ving va két ndi internet dugc thé hién bang
so do quy hoach chi tiét (hinh 2).

= _: D
e s

192.168.X.Y

Wing |

192.168.8.7 192.168.5.7
. - £
sW ISA sever - H¢ thong Server

Vung 2
Ky tic xa cho luu hoc sinh nuéce
192.168.%.2 102.168.n.7 | NgOAL, Sinh vién va cac ddi tuong
_ can theo doi vao Internet: N4, N2
T ( hién tai chua quan ly, dung Rounter,
khi quan li dinh tuyén vao céng ra
cua ISA server)

Vung 3

192.168.X.2 10216822 | TAt ca céc giang duong, nha
Piéu hanh va cac nha ky tic xa
con lai: 10 nha— 10 SW va 10
Rounter

Vung 4

T4t ca cac SW quang két ndi vao truc cap quang ndi bd cho chang ta

" —| trién khai cdc camera bao vé, hé théng quan sat, thiét bi du phong...

Hinh 2. Phin ving chi tiét IP mang ciia Truong Pai hoc Hong Dirc
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Nha o A5 —— 5| TNXH » GDTC Ad
bH
A2 > A3 > NI123 ™V | NXeg » N4
1
v v
Al 13T MN

Hinh 3. So' b két ndi tuyén cap quang

Tir ISA sever hodc Router s& két ndi vao cac Swicth trung tim trong cac toa nha.

Nhimng truy cép Internet cin quan 1y phai két ndi chung vao Swicth dé thong qua
rounter dinh tuyén dén ISA sever dé quan 1y nguoi dung.

Heé théng cap quang quyét dinh toan bo lién két, can chu trong dén chit luong duong

cép quang.

2.4. Panh gia md hinh quy hoach mang Truong Pai hoc Hong Pirc

Sau khi khao sat, danh gia, nghién clru cac giai phap va lap ra m6 hinh quy hoach
mang téng thé va chi tiét mang ndi bo Truong Pai hoc H6ng Puc. M6 hinh 16 rang, cy thé
cho ting vi tri va thiét bi. Xét trén mo hinh tong thé mang cua Trudng Pai hoc Hong Pirc
¢ du vung, dap tng yéu cau str dung, dic biét ¢6 nhiu nét twong ddng nhu mé hinh mang
Campus cua Cisco (hinh 4).

Ty 0 [,
; Swithn2
_ SwiPmL2
& i Y by
Gilng dutig ’ |
.
Switeh/L. S
SwiteL. 2 % o

Core Switch

Gidng duimg

ThwVia " Switch/L3

SwitchfL3

P
Ky ticxa B

Switch/L2

Switch/L2

Mé hinh kién tric mang truong dal hoc

Hinh 4. M6 hinh kién triic mang truong dai hoc
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Can ctr theo dinh nghia cac 16p mang Campus cua Cisco la:

Lép I - Lép core: Lép 16i ctia hé théng chinh 1a cac thanh phan mang co ban trong d6
bao gom hé thong may chu (Server farm), cac thiét bi chuyén mach va dinh tuyén trung tam.

Hé thdng nay 13 noi cung cap cac dich vu cho toan bd mang, dinh tuyén cac ludng dir
liéu trao doi giita cac thanh phan cta hé thong.

Cung cép cac dich vu co ban cho hé théng

Thuec hién viéc dinh tuyén phan phdi dit liéu téc do cao

Lép 2 - Lép phdn phéi: Thuc hién chitc ning phan phdi, dinh tuyén thong tin trén
mang. Muc dich ctia cip nay 1a cung cap su xac dinh ranh gidi va 13 noi thuc hién viéc xir
1y cac goi dir lidu va thiét 1ap cac chinh sach trén mang. Trong mdi truong lam viéc mang
nhiéu module, cap nay c6 thé bao gdm mot sb chirc ning co ban sau:

Cung cép truy cap dén cac workgroup, domain

Dinh tuyén trén VLAN

Thuc hién chuyén tiép giita cac thiét bi néu can thiét

Loc dia chi ngué)n hodc dia chi dich

Trong moi trudng LAN Campus, 16p phan phéi c6 thé dong vai tro 1a mot diém phan
phdi lai gitra cac dinh tuyén hodc 1a ranh gi6i giita cac giao thirc dinh tuyén. Ngoai ra, no
ciing 1a diém ma tir 46 cac diém bén ngoai c6 thé tir xa truy cdp vao mang.

Lép 3 - Lép truy cdp: 1a diém ma tai ¢6 ngudi dung cudi duge phép truy cap vao mang.
Cép nay co thé st dung céc danh sach truy cap hoac cac bo loc dé t6i vu hoa yéu clu cua
mot nhoém ngudi dung nhat dinh. Lép truy cap c6 cac chirc ning sau:

Cung cép két ndi toi nguoi sir dung.

Thuc hién loc theo 16p dia chi MAC.

Thyc hién phan doan mang nham tang hi¢u suit hoat dong

Mo hinh mang ctia Trudng Pai hoc Hong Ptic phan 16n 13 tuong dong voi mé hinh
kién triic mang Campus cua Cisco. Lop 1 cta truong la dudng truyén cap quang véi dai IP
13 192.168.X.Y; 16p 2 1a duong truyén dan va cac Switch ndi tir 16p 1 dén cac ISA sever va
Rounter cho cac vung 1, 2, 3, 4; 16p 3 la cac vung 1, 2, 3, 4.

Piém khdc ciia M6 hinh mang Trirong Pai hoc Hong Pirc

Mang cua Truong Dai hoc Hong Pire két ndi tir Switch 16p 2 dén cac ving 1, 2, 3, 4
trong hinh 2 1a cac ISA server va Rounter. Cac ISA server dong vai tro bd loc - Firewall,
xac 1ap, cap IP va dinh tuyén; cac Router dong vai DHCP cap IP va dinh tuyén. Tang cuong
thém cac thiét bi trén 1a do mot Switch hién tai khong thé cdp dwoc nhiéu dai IP ma 01 khu
nha cta Pai hoc Hong Pirc ¢6 thé can nhiéu dai IP vi vay phai ndi thém dé cip IP dong, ting
tbc do dang nhap mang cho thiét bi. Mang cua Nha trudng dugc quy hoach trén co so cac
thiét bi mang hién c6, kinh phi bd sung router thip hon nhiéu so véi d6i Switch ciu hinh.

C6 thiét bi cubi két ndi vao 16p 2 (ving 4 trong hinh 2), ¢ mot s it thiét bi sir dung
vao muc dich quan 1y va diéu hanh, cAn vu tién vé tdc d6 nén két ndi vao 16p nay. Cac Switch
& 16p nay c6 thé cau hinh, lwa chon dai thong cho thiét bi dé khong lam anh hudng dén toan
hé théng.
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So sanh voi mo hinh mang hién tai

Mo hinh mang quy hoach: Quan Iy mang tap trung, toan truong chung mdt mang
LAN; C6 thé kiém soat dugc cac diém truy cap; tiét kiém duoc tai nguyén, duong truyén va
nang cao hiéu qua st dung hé théng; mang on dinh hon, it su ¢d, dé xt ly su cd, dé dang dap
g cac yéu cau vé mang hién tai va mé rong mang trong tuwong lai.

Mo hinh mang hién tai ctia trudng: Chia thanh 8 mang LAN doc 1ap dan dén lang phi
tai nguyén, kho kiém soat, khong thé quan 1y tap trung... day I mo hinh mang pham vi hep,
lac hau.

3. KET LUAN

Nhin chung, quy hoach mang n6i b Truong Pai hoc Hong Dirc 1a hét sirc can thiét
trong bdi canh hién nay khi ma nhu cau khai thac cac dich vu trén mang ting 1én khong
ngimg. Dé quy hoach hé thong mang ctia Nha trudng can mot s thiét bi phan cting co ban:
01 Core Switch, khoang 15 Router, 15 Swicth quang 16p 2 va céc tuyén cap quang ndi bd
két ndi tir Nha diéu hanh dén cac toa nha giang duong, thu vién, phong thi nghiém... Khi da
thuc hién xong quy hoach, tdc do truy nhap mang trong trudng s& tuong d6i dong déu, 16i
loop mang dé xir 1y hon, hé théng mang hoat dong on dinh, s& tiét kiém duoc khoang 3
duong Internet Fiber VNN hién tai, c6 duong truyén va cac cong két ndi thiét bi phuc vu cho
cong tac bao vé, quan 1y va du phong cho phat trién mang trong twong lai. Trong tAm cua hé
thdng 1a xay dung cac tuyén cap quang ndi bd, cac tuyén cap dugc xay dung trude, cac phan
con lai s€ hoan thién sau.
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NETWORK AND NETWORK ZONING AT HONG DUC UNIVERSITY
Hoang Van Dung, Tran Minh Ngoc
ABSTRACT

The internal network utilization at Hong Duc University is a timely demand. The
networks’ services improve the effectiveness of learning, teaching, research and
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managements. Currently, there are a large number of devices accessesing to the network,
it's needed to classify the network’s devices in term of data transferring speed and security
level in order to meet the demand of speed, data security and network access controlling of
those devices. It is the umiversity’s internal network reorganization. The network is
organized into 3 layers: (1) The core layer which has high data transferring speed interacts
with the internet and connects the networks inside buildings to Hong Duc University’s
internal network; (2) The distributing layer: Connecting terminal devices or groups of
devices to the core layer. This layer is in charge of routing, securing, domain and devices
managing, (3) The accessing layer: Accessings points and the linking parts which connect
the devices to the network via the distributing layer.

Keywords: Internal network planning, technical standards, Hong Duc University.
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PIEU KHIEN HE SO HAP THU VA TAN SAC TRONG HE PHAN TU
KIM LOAI KIEM CAU HINH CHU V

Nguyén Tién Diing'
TOM TAT

Trong cong trinh nay, ching téi thiét ldp hé phirong trinh ma trdn mdt dé dan ra biéu
thire gidi tich ciia hé sé hdp thu va hé so tan sdc cia hé phan tir kim loai kiém doi véi mot
chim laser c6 cwong dd yéu (chim do) dudi sie cam vmg cia chiim laser ¢é cwong dé manh
(chiim diéu khién). Cdc hé sé nay cé thé diéu khién dwoc theo cdc théng sé cia trieong laser
diéu khién.

Tir khoa: Trong suét cam ing dién tir, phan tir kim loai kiém.

1. DAT VAN BE

Hap thu va tan sic 13 hai tham s6 co ban dic trung cho cac tinh chit quang hoc cua
moi trudng. Trong 1an can mién phd cong hudng, bién do ctia cac hé s nay thay déi manh
theo tan s6 va quy luat thay ddi duoc quy dinh béi dic trung cdu tric cua cic nguyén ti,
phan tir trong mdi truong. Tuy nhién, su ra doi cta anh sang laser thi tinh chat quang hoc
clia cac nguyén tir co thé duoc thay d6i mot cach “cé diéu khién”. Tiéu biéu cho diéu nay 1a
su tao hiéu g trong sudt cam tng dién tir (Electromagnetically Induced Transparency viét
tat EIT). Day 1a hiéu tng dugc dé xuat vao nam 1989 [8] va kiém chung thuc nghiém vao
nam 1991 [6] béi nhom nghién ctru & Stanford. Hidu tmg nay 1a két qua su giao thoa giira
cac bién do xac sudt cua cac kénh dich chuyén trong nguyén tir dudi sy kich thich két hop
ctia mot hodc nhiéu truong dién tir dan dén su trong sudt ciia moi truong ddi véi mot chum
quang hoc nao do.

Diéu khién su hép thu va tan sic dua trén hiéu ung trong sudt cam ung dién tur hién
dang duoc chu ¥ nghién ciru trén ca hai phuong dién 1y thuyét va thuc nghiém ddi véi cac
hé nguyén ti, phan ti khac nhau béi co nhiéu trién vong ung dung. Ti€u biéu 1a tao cac bd
chuyén mach quang hoc [3], 1am cham van tc nhom ciia 4nh sang [7], ting hiéu sudt cac
qua trinh quang phi tuyén [4]. Dac biét, su ra doi cua cac k¥ thuat 1am lanh nguyén tir bang
laser trong thoi gian gan day da tao ra cac hé nguyén tir lanh ma & d6 cac va cham dan dén
su bién ddi pha giira cac trang thai luong tir cua dién tir c6 thé duoc bo qua. Cac nha khoa
hoc ky vong diéu nay sé& tao mot budc dot pha trong g dung vao ché tao cac thiét bi quang
ttr hoc c6 do nhay cao. Dé dat duge muc dich ndy, viéc mé ta chinh xac hé sé hap thu va hé
sO tan sic 1a rat quan trong.

Gan day hiéu tmg EIT cho hé phan tir dd duoc nghién ctru trén ca phuong dién 1y
thuyét va thuc nghiém nhu Lis [1], Cs2 [8] va gan day nhat la cong trinh ctia A. Lazoudis va

! Giang vién Vién Ky thudt va Céng nghé, Truong Dai hoc Vinh
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cong sy da nghién ctru hién tugng EIT trong cdu hinh 3 muc ning lugng loai V & trang thai
mo cta phén tir Nas [2]. Trong cong trinh nay, tac gia bang thuc nghiém da quan sat do sau
ctia cira sO EIT trong phén tir Nay. Dé giai thich thuc nghiém, A. Lazoudis va cong su da st
dung cac hinh thirc ma tran mat do, phuong phap nhiéu loan va v& cong tua hip thu véi
truong do cho ca hai hé mé va dong cta phan tir Nay, tir d6 cho thdy su phu hop giita thuc
nghiém voi 1y thuyét. Cac két qua nghién ctru 1y thuyét méi dimg lai & dang sd, chua c6 buc
tranh vé thay d6i lién tuc phd EIT theo cac tham s6 diéu khién dan dén han ché trong mot sd
g dung. Pé khic phuc van d& nay, chung toi d& xuat sir dung phuong phap giai tich dé xac
dinh hé s hap thu va hé sd tan sdc cho cdu hinh chir V cho phan tir kim loai kiém. Theo do,
diéu kién cuong do chum laser do yéu so v6i chum laser diéu khién dugc dwa vao dé don
gian hoa qua trinh giai hé phuong trinh ma trin mat do ctia hé phan tir kim loai kiém.

2. NOI DUNG

2.1. Din ra hé s6 hap thu va hé sb tan sic

So dd céu hinh chit V ba mtrc cua phan tir kim loai kiém dugc trinh bay nhu trén
hinh 1 [2]. Mt trudng do yéu véi tn s @, = @, va d6 léch tan A, = @, — @, tao sy dich
chuyén |2> - |1> , truong diéu khién manh c6 tin sb @, =, va d9 léch tan A, = o, — o,
tao sy dich chuyén |2> - |3> , cac phan tir chiém cac mirc ning lugng kich thich |1> va |3>
c6 thé bi kich thich manh theo cac cach khac nhau dé xuéng 0 trang thai co ban muc |2> .0
day Wi 1a tbe do phat xa ty phat ctia mirc |z> dén mirc | j> , Wi 1a téc d6 phan ra tu nhién cta
ml'rc|i> . Tc @6 phan ra cia trang thai co ban mirc |2> 1a khong dang ké. Cac tan sé Rabi ciia

cac truong do va lién két duge ky hiéu twong tng Q , =diEy/ i va Q= dsEe/fi; w12 the
do tich thoat cua céac phan tr & cac mirc do cac nguyén nhan khac nhau [9].

—» uy
2>

Hinh 1. Ciu hinh Iy thuyét chit V cho phén tir hai nguyén tir

Duéi tac dung ctia cac trudng quang hoc, su tién trién cac trang thai luong tir ctia hé
nguyén tir c6 thé duoc mé ta qua ma tran mat do p theo phuong trinh Liouville [9] (¢ ddy,
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chung ta xem xét cac chuyén dong ciia cac phan tir 1a bé so v6i do 1éch cua truong va bo qua
hi¢u ung Doppler).
. i
p= —%[H P 6]

Heé phén tir xét trong bai toan nay ¢6 3 muc nén phuong trinh (1) 1a mot hé gdbm 3x3 =9
phuong trinh cho cac phan tir ma trin mat d6 pix. Tuy nhién, vi chi quan tim dén phan tir ma
tran (mg véi dich chuyén tao boi chim do nén ta chi can viét 6 phwong trinh cho cic phan
tor ma tran mat do lién quan dén dich chuyén gitta trang thai |1> véi bdn trang thai con lai.
Trong gan dung séng quay va gan ding ludng cuc dién, bo qua cac bién doi trung gian, hé
6 phuong nay cé thé dua duoc vé dang;

Pu=1Q, (P, = p) =W p, (2a)
P =1Q (P = Py) —dp, +IQ P (2b)
Pis =1Q.py, —d, pry i€, Py (2¢)
Par ==1Q, (P = P2) +1Q (P55 = P32) + W, 01 + Wor P33 = W,(Py, = P55) (2d)
Py =—1Q P13 +1Q(Py; — P33) —d3 oy (2e)
Pyy ==1Q (P55 = Py) =Wy P (29

V6i d, =iA,+ y,,, dy =iA,—iA + 3, ,d, =—iA.+ y,', d, biéu thi lién hop phirc
cia di, W'=W,+ w, va 5,/ = y,+ w,. Trong do W, téc do phan rd muc i, W, 1a toc do
phét xa tu phat gitta mici va j, p; 1a mat d6 muarc i ¢ trang thai can bang nhiét, 7; la toc do
phan ra d6 cu tra gitta mac i va j.

Gia thiét réng hai truong laser la hoat dong & ché db lién tuc nén chi sau mot khoang
thoi gian rat ngan thi diéu kién dimg duoc thiét 1ap (dao ham cta cac phan tir ma tran pix s&
triét tiéu). Dong thoi, cong suét ciia chum laser do dugc chon 13 rat bé (cong suit ¢ W) so
v6i cong sudt chum laser didu khién (cong suit cd mW) nén do cu tra ciia nguyén tir & cac
trang thai kich thich s€ nhé hon rat nhiéu so véi trang thai co ban |2> , khido p,, =1. Giai
hé cac phuong trinh (2a) - (2f) ddng thoi sir dung cac gia thiét nay ta tim duoc:
. 2
Z(Qch _deZdS) _ K + lL

2 - .
Qd,+dd,d, P+iQ

voi K =Q, [A(,yg 7' (A,, —A, )]
L=0,[(A,-A)A -O2 =y |

P :7/£3Qc2 +7/1t2 |:(Ap- AC)AC+}/{3}/;3:|-A;7 [7[23 (Ap- Ac)_AJ/[n}

P = 3)
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0= Ap[(Ap - Ac)Ac +7aul4 (Apj/;?) — A7 _Ac7{3)_Ach2

Mit khac, d6 cam ctia nguyén tir d6i v6i chum laser do lién hé pa; theo biéu thic [9]:

d — 1 . n
Py =X +Ix (G))]
WE
P

v6i N 14 mat d6 phan tir, con o 13 hang sb dién méi ctia chan khong.

Dé xac dinh cac biéu thirc ctia hé s6 hip thy o ciia moi trudng phan tir hai nguyén tir
do1 véi chum do, ta st dung phan ao cta d§ cam tuyén tinh (hoac pi2) ¢ (3), ta c6 h¢ so hap
thu va hé so tan sac doi voi chum do:

z:_zN 21

X o, o, 2Nd’, LP-KQ

a =
c ¢ heQ, P+ 0’ %)
2Nd’,
n=1+ll'=1+ - (LI?K?) (6)
2 heQ, P +Q

2.2. Dieu khién h¢ so hap thu va hé so tan sac

Céc biéu thirc (5) va (6) cho thiy hé sé hap thu va hé sé tan sic phy thudc vao cuong
d% va do 1éch tan sd cua chum laser diéu khién. Su phu thudc nay dugc khao sat theo phuong
phap dd thi. Dé khao sat hé s6 hap thu a ta chon cac théng sd khong thay doi [2]:
c=3.10m/s, h=1,0510""Js , y,, =y, =y, =8IMHz , s6 phan tt N =10" phan

ti/cm’, &, =8,85.10 " F /m .

2.2.1. Diéu khién theo cuong dg truong

a larbitrary units 1
=
T

—4p0-200 © a0p 400 600

Ap [MHz]
Hinh 2. Do thij ba chiéu ciia hé s6 hip thu o theo Ap va Qc véi Ac =0 MHz

Tir hinh 2 cho Q, ting dan cuong d6 ctia chum diéu khién thi hé s6 hap thu cia moi

truong voi chum do giam dan & vi tri Ap = 0 (hinh 3a,b). Do tdc d6 phan ri 16n nén khi gia
tri Q_cd 30 MHz dén 35 MHz thi bit dau xudt hién cua sd EIT. TAm cua cira s6 trong sudt
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nam & gia tri Ap = 0 tirc 1a khi d6 tan sé cua chum do cong hudng véi tan sb chuyén mirc
|2> - |l> . Tiép tuc tang Q_ ctra s6 EIT tang dan do sau so v4i do hép thu cuc va dat dén do
hép thu cuc dai khi Qc =75 MHz( hinh 3d).

0# Q=25 [MHz]

o7

0é

04

0z

a [arbitrary units 1

0z

o [arbitrarv units |

0.1

-600 -400 -200 a 200 <400 600

b) Ap [MHz]

o o
[ -

o [%rbitrarv units |

o [arbitrary units |

=]

600 -400 -200 (e} 200 400 600 -600 -400 -200 0 200 400 600

c) Ap [MHZz] d) A [MHz]

Hinh 3. P thi 2 chiéu ctia a khi Qc c6 céc gia tri khac nhau
2.2.2. Diéu khién theo d léch tan s6

¢ [arbitrary units |

Hinh 4. P thi 3 chiéu ciia hé s6 hip thu o theo tin s6 ctia chum diéu khién A. va A,
véi Qp =1 MHz, Qc =70 MHz
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Dé diéu khién hé s6 hap thu chum do ciia méi trudng, chung toi cb dinh cac gia tri
Qp =1 MHz, Q¢ =70 MHz va thay d6i d6 1éch tan s6 ctiia chum diéu khién trong khoang
-30 MHz dén 30 MHz thi su hap thy ctia méi trudng d6i voi chum do thay d6i ddi ximg
quanh gia tri Ac = 0 MHz (hinh 4). TAm cua khe EIT nam chinh giita voi gia tri Ac =0,
Ap = 0 nghia 1a khi d6 ca chum do va chim diéu khién c6 tan sé cong hudng véi tan sd
chuyén mirc |2> - |l> ctia moi trudng (hinh 5¢). Ngoai gia tri Ac = 0, d6 sdu cia cira s6
EIT khong dat duogc dén cuc tiéu déng thoi tAm cua ctra s6 s& bi 1éch vé gia tri am cua
Ap khi Ac am (hinh 5a) va tdm cua cira sO s& bi léch vé gia tri dwong cua Ap khi Ac
duong (hinh 5b).

A,=30 [MHz]

o [arbitrary units |1
5

o larbitrary units |
o
=

o larbitrary units |

-600 0 -1 o -600 -400 -200 0 200 400 500

a) A [MHz] b) Ap [MHz] ¢) Ap [MHz]

Hinh 5. D6 thi 2 chiéu ciia hé s6 hip thu o theo tin s6 ciia chim diéu khién véi
Qp=1 MHz, Qc =70 MHz trong cac truong hop Ac =-30 MHz, Ac =30 MHz, Ac =0 MHz

3. KET LUAN

Trong khuén khé 1y thuyét ban c¢6 dién, chiing t6i di din ra phuong trinh ma trin mat
d6 cho hé phan tir kim loai kiém ciu hinh chit V dudi tac dung dong thoi cia hai trudng
laser do va diéu khién. Sir dung gan dung song quay va gan dung ludng cuc dién, ching toi
d4 tim nghiém dudi dang giai tich cho hé s hap thy va hé sb tan sic ctia phan tir hai nguyén
ttr khi chum do c¢6 cuong do bé so voi chum diéu khién. Viée rat ra duge biéu thirc hé s6 hap
thu va hé sb tan sic s& tao diéu kién thuan loi cho céac nghién ctru ung dung sau nay. H¢ qua
1a chung t6i dd khao sat anh hudng cia cac thong sé cua trudng laser diéu khién 1én cac hé
) hép thu va hé s6 tan sic dugc thuc hién mét cach dé dang. Két qua cho théy réng, v6i cdu
hinh chit V 3 mirc ta xuét hién cira s6 trong sudt d6i v6i chum laser do. Do sau va do rong
hodc vi tri cua cac cira s6 nay co thé diéu khién dugc béng cach thay doi cuong do hoac do
1éch tan sb cua truong laser diéu khién.
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CONTROLLING ABSORPTION AND DISPERSION COEFFICIENT IN
AV SCHEME OF THE ALKALI-METAL DIATOMIC MOLECULES

Nguyen Tien Dung
ABSTRACT

In this word, we set up a system of density matrix equations leading an analytical

expression of absorption and dispersion coefficient for alkali metal molecule system for a
weak probe laser beam under the induction of a strong coupling laser beam. These
coefficients could be controlled by the frequency detuning and intensity of the coupling laser.

Keywords: Electromagnetically induced transparency, alkali-metal molecule.
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DANG PIEU TIEM CAN NGHIEM CUA MOT LOP PHUONG
TRINH KIEU THUY PONG LUC HOC NGAU NHIEN CO TRE

Nguyén Tién Pa’
TOM TAT

Trong bai bdo nay chiing t6i nghién ciru tinh on dinh mii theo ky vong va on dinh mi
hau chdc chdn ciia mt 10p phwong trinh kiéu thity dong liec hoc ngdu nhién cé tré thoi gian
thong qua mé hinh trieu tuong:

ou dw(t)
e —Au(t) = B(u(t)) = R(t,u()) + G(u(t — p(1))) + o (t,u(t —P(l)))7
trén mién bi chan théa man bat dcfng thirc Poincar'e.

T khoa: Phuwong trinh vi phdn ngdu nhién cé tré, én dinh mii theo ky vong, on dinh
mii hau chéc chdn, tré thoi gian.

1. DPAT VAN BE

Tinh chét 6n dinh ctia dong chay theo thoi gian d va dang duoc danh gia 1a mot trong
nhitng van dé quan trong va tha vi trong Iy thuyét ctia dong luc hoc chat 16ng. Dic biét chiing
da va dang nhan duoc rt nhiéu sy quan tim nghién ciru ctia nhidu nha toan hoc nbi tiéng
trong va ngoai nudc, trong d6 ¢ cac chuyén gia hang dau vé phuong trinh vi phan dao ham
riéng ngau nhién nhu Capinski. M va Gatarek. D. Mot s6 két qua hién nay vé linh vuc nay
da dugc mot sb tac gia trinh bay trong cac bai bao [1-3,5,6,8,9]. M6t trong nhitng mo hinh
quen thudc nhét 1a phuong trinh Navier-Stokes hai chiéu ngiu nhién khong nén dugc. Bén
canh d6, mot s6 mo hinh quan trong khéac ciing duoc nhiéu chuyén gia trong nuéc nghién
ctru vé phuong trinh dao ham riéng ngau nhién, dién hinh 1a PGS. TS. Cung Thé Anh va cac
cong su nghién cuu vé su ton tai cua tap hut toan cuc ciling nhu dang di¢u tiém can nghiém
ctia phuong trinh khi tham s6 thoi gian du 16n.

Tuy nhién hau hét cac két qua ké trén déu xem xét trong truong hop tat dinh va khong
c6 tré cuia bién thoi gian. Didu nay dan dén mot cau hoi khé ty nhién va tha vi 13 nghiém cua
hé tat dinh s& bj anh hudng thé nao néu né chiu tac dong boi mot nhidu ngau nhién co do tré
thoi gian? Dé tra 101 cho cau hoi trén, trong bai bio nay, chung ta xem xét sy 6n dinh cta
mot 16p cac phuong trinh vi phan dao ham riéng c6 tré trong co hoc chét 1ong duogc biéu
dién boi mot mo hinh triru twong c6 dang:

Ou dw(t)

5 = ~AuO = Bu@) - R(tu) + Gt = pO) +oltutt=pO)— = (1.1)

! Giang vién khoa Khoa hoc Ty nhién, Trwong Pai hoc Hong Pirc
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Trong d6 u =u(x,t) = (u,,u,) 1 vecto van toc chua biét, G(u(t— p(t))) 1a trudng ngoai

. x dw(t : x : :
lyc bén ngoai co tre va o(¢,u(t— p(t)))# la truong ngoai lyc ngau nhién véi W(t) la

mot qué trinh Wiener v6 han chiéu.
2. NOI DUNG
2.1. Mt s6 khong gian nghiém va cic khai niém lién quan

Gia str (A,

) 1a khong gian Hilbert kha li, 4 12 mot toan tir tuyén tinh khong bi chin

ey

va xac dinh duong trén H . Ki hiéu F=Dom(A'?). V6i mdi veV taco ||y = \A”v , 201 1V~

1a khong gian dbi ngiu cta ¥ (twong tng vdi tich vo hudng <,> trén H). Pong thoi ta c¢6
quanhé¢ Vc H=H'cV'. Ta goi <u,v> 1a ky hiéu tich ddi ngiu gitta u €V va velV '.sao
cho <u,v> =(u,v) voimoi ueV,ve H, cudi cung B : V' x V' — V"’ 1a anh xa thoa man cac
diéu kién dudi day:

(Cl) B: V' x V—V"1a anh xa lién tuc.

(C2) Véimoi u,v,welV , taco:

(B(M,V), W) = —(B(M,W),V);
(C3) Tbn tai khong gian Banach noi suy H , sao cho:
VcH cH
2
el < el e
2
(B w) <nlw]+C,lul, ], Fuv.w eV
Gia su (Q,F,P) la mot khong gian xac suét déy du dugc trang bi mot bd loc tu nhién
F (t=0) thoa man mot s6 didu kién thong thuong, ta ki hiéu S,(1) (n=1,2,...) la mot day
doc lap cac chuyén dong Brown mot chiéu nhan gia tri thyc. Khi d6 qua trinh Wiener v han
chiéu duoc biéu dién boi:

W) =S Z, B e, 120

Trong d6 A, 20 (n=1,2,...) 1a ddy cac s6 thyc khong 4m sao cho Y A, <+ va

n=l1

{e,} (n=1,2,...) 1amot co s¢ tryc giao day du trong khong gian Hilbert thyc kha li K. Goi
0 e L(K,K) 1a toan tir tuyén tinh lién tyc trén K xac dinh boi Qe =Ae (n=1,2,..).Qua

trinh ngau nhién nhén gia tri trong K noi trén dugc goi 1a qué trinh Q -Wiener. L(K,H) 14
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khoéng gian cac toan tu tuyén tinh bi chan tr K vao H. V61 o € L (K,H) ta st dung dinh
2

Néu ||a||j2(KO;H) <+w , thi o duoc goi la toan tir Q-Hilbert-Schmidt va ki hiéu

2

2 (k) = tr(cQo’) = {i

nghia: ||0'

(K H) , vé6i K°= Q%K la khong gian cic todn tu Q-Hilbert-Schmidt
o:[0,T1xH — [*(K°,H).

Vé dinh nghia cua tich phan ngau nhién nhén gia tri trong H ciia mot qua trinh ®(¢) dy
doan dugc va F, - thich nghi nhan gid tri trong L*(K°, H) tuong (mg v6i qua trinh O-Wiener
W(t), c6 thé tham khao trong [8].

Véi viée thiét 1ap nay hé phuong trinh kiéu thay dong luc hoc hai chidu ngiu nhién c6
tré thoi gian duoc viét nhu sau:

du(t) =[—Au(?) — B(u(?)) — R(¢,u(?)) + G(u(t — p(1)))]dt
rou(t—pONam(t), 120, @.1)
u,(@)=pe r’'(Q,C(-1,0],H)), 6¢e[-1,0],

Trong d6 L*(Q,C([-7,0],H)) 1a ki hiéu ctia mot ho cac quéa trinh ngiu nhién F
(t > 0)- do dugc va bi chan hau chéc chin nhan gia tri trong C([—7,0], H) duoc trang bi voi

chuan ||go||0 =E9;1}§0]|¢(6) ’; ham p: [0,+0) —[0,7] (r >0) 1a bi chin va do duoc;

G:V-oV'vao: [0,T]xH — L*(K°,H) 1a cac ham do duoc theo nghia Borel.
Phuong trinh tat dinh twong (mg ctia hé (2.1) ¢6 thé viét nhu sau:

diu(l) = —Au(t) - Bu(?)) — R(¢,u(t)) + G(u(t — p(1)))
1 (2.2)

u,(0)=peC([-7,0l,H), t=0, 0¢e[-7,0].
Pinh nghia 1 [12]. Mt qud trinh ngdu nhién u(t) (t > —7) duwoc goi la nghiém yéu
ciia hé (2.1) néu u(t) la F, -thich nghi; u(t) € L (-7, T; HYN L*(=7,T;V) hdu chéc chdc véi
moi T > 0;

Phuong trinh sau ddy xay ra hau chdc chdan nhw mét dong nhat thire trong V' véi moi
t €[0,+00),

u(t) =u(0)+ .fot[—Au(S) = B(u(s)) = R(t,u(t)) + G(u(s — p(s)))}ds

+ jo’a(u(s — p(s))dW (s).
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Ki hiéu C"? ([0;+0)x H,R") 1a khong gian tat ca cac ham @ nhan gia tri trong R
xac dinh trén [0;+00)x H voi cac gia thiét sau day:
®(t,u) kha vi theo ¢ €[0;+0) va kha vi Fréchet hai lan theo u voi D, (2,)), D, (2,)
va ®_(¢,-) bichan dia phuong trén H;
d(t,7), D,(t,-) va D, (¢,-) 1a cac ham lién tyc trén H;
Céc toan tir 16p vét Z, tr(®,, (¢,-)Z) 1a lién tuc tir H vao R véi méi Z;
Néu veV , thi @ (1,v)eV va x> (®,(t,x),v,) 1alién tuc véi mdi v, eV
|®, (¢, )| < C,()A+ | x|l), Cy(r)>0, v6imoi xeV.
Bo dé 1. (Cong thuc Ito) [7]. Néu qud trinh ngdu nhién u(t) la nghiém yéu cia hé
(2.1), thi ta c6 ding thirc
(t.u(1)) = D0.u(0) + [ LO(s.u(s)ds + [/ (@, (s.u(s)). o(us — p(s)dW(s).
Trong do:
LO(t,u(t)) =D, (t,u(t)) + <—Au(l‘) —Bu(t))— R(t,u())+ f(¢)
+ Gu(t = p(1)), ©,(1,x(1)))
+ St - P0Gl - PO )
Pinh nghia 2 [7]. Ta néi nghiém yéu u(t) cia (2.1) hdi tu mii t6i u, € H theo binh
phirong ky vong néu ton tai a > 0va M ,(u(0)) >0 sao cho
Elu(t)-u,| <M,e ™, Vt20.
Bdc biét, néu u,, la nghiém ciia (2.1), thi ta néi u, la 6n dinh mii theo binh phwong ky
vong.

Pinh nghia 3 [7]. Ta néi nghiém yéu u(t) ciia hé (2.1) hdi mii hau chdc chdn téi

A A . . 1 A < <
u, € H néutontai y >0 sao cho: 11msup—log|u(t)—uw| < —y, hau chac chan.
4

t—+0

Bdc biét, néu u,, la nghiém ciia hé (2.1), thi ta néi u,, la on dinh mii hau chdc chan.
Bo dé 2 [7). Gid sit y la s6 dwong tity ¥, khi d6 luén ton tai cic s6 A >0, A’ >0 va
cdc ham y: [—1;40) — [0;40) sao cho néu A’ <y thi bat dang thirc:

t
Qe +ﬂ“J-€_7([_S) sup y(s +6’)ds t>0,
s Oe[-7;0] (23)

Ae”, te [—T;O],

() <

—At

xdy ra. Hon nita, ta cé6 y(t)< Ae™ (t > -1), trong dé pue(0,y) sao cho;t—e‘” =1.
]/ p—

U
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2.2. Cac két qua chinh

Dé dua ra cac két qua vé tinh 6n dinh mil theo ky vong va 6n dinh mii hau chic cua
nghiém yé€u cta h¢ (2.1), chung ta can dua thém vao mot s6 gia thiét sau:
(H1) Ton tai ¢, >0 sao cho
IGw) -G, <
(H2) Tbn tai s6 dwong L >0 thoa man:
|R(1,u) = R(t,v)| <

, voimoi u, ve H va G(0)=0.

, voiu, ve H

Chung ta nhic lai rang |u|2 <A ||u ?

,Yu € V', hon nira chung ta cling sir dung khai niém
2{x0.1) = tr(a(t,u)Qa(t,u) )

Cudi cung chung ta gia sir o'(¢,.): H — L’ (K ' H ) va thoa man cac diéu kién:

HG tu)

a) O'(t,uw) =0 V>0,
||o*(t,u)—o*(t,v)

Pinh nghia 4. Nghiém dirng yéu ciia bdi todn (2.2) la mét phan tir u, €V sao cho

(H3) <c

Yu,ve H .

LZ(KO,H)

Au, + B(uw,uw ) +Ru, =Gu, trong V' (2.4)
2.2.1. Su on dinh mii theo binh phwong ky vong
Pinh Iy 1. Gid sit rang cdc diéu kién (H1), (H2) va (H3) duwoc théa man. Néu

2¢, +c?
2__ -2 -2

thi nghiém yéu u (t) cua (2.1) hoi tu mii theo binh phwong ky vong toi nghiém dung u,, cua (2.4),

>0 (2.5)

nghia la ton tai hang sé dwong A >0 sao cho: E|u(t) —uw|2 < ]E|u(0)—uw|2 e, t20.
Chirng minh.
Tir diéu kién (2.5), ching ta c¢6 thé chon sd thuc dwong >0 di nho sao cho
2
a> 21[2—%”%”—2L—2clﬂjij . Khi 46, 4 dung cong thic Ito cho ham
e lu(t)—u, [, ta duoc:
t
e‘”E‘u(t)—uw = E‘u(O)—uw & +Iae”“‘E lu(s)—u, |’ ds
0

t

—ZJe”‘“E(Au(S),u(s) —u, )ds

0
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t

—2J.e"sE(B(u(s)),u(s) - uw)ds - Z.Ee““E(R(S,u(S)),u(S) —u, )ds

0

+2j. e’k <G(u(s —p(s8)),u(s)—u, >ds

—2J.e‘”E <O'(u(s —p($)),u(s)—u,, >dW(s).

Hon nﬁa,(B(u(s))—B(uw),u(s)—uw) = (u(s)—uw,uw,u(s)—uw)

Khi d6, ta co:

e‘”E‘u(t)—uw < E‘u(O)—uw & +jae‘“E | u(s)—uw I’ ds—2je“sE(A(u —uw),u(s)—uw)ds
0 0

t

- 2je“SE(R(u) - R(uw),u(s) —uw)ds —Zj.e‘”E(B(u(s) —uu,u(s)—u, ))ds

t

+2 j e“B{G(u(s — p(5)) — Glu,, ),u(s) —u, s

0

—2I e‘”E(a(u(s - p(s)—o(u,),u(s)—u, >dW(s)

<E|u —u, [ +J.(a 22.,( \/7C)|u || 2L-A (2cl+cz))e“‘ sup E||u(s+¢9) u, |[* ds.

Oe[-7;0]
Do vay,
2
af[“EO]E'“(”‘“w'ze_m{“ (”Tuu - szTﬂ

x j e sup Elu(s+6)—u,[ ds,
0 Be[-7;0]
véi ¢ > 0.R0 rang, ta c6 dugc
E|u(t)—u, < sup E‘u(@)—uw‘z e, te[-r;0].
Oe[-730]
Chung ta xét hai truong hop:
2
Truong hop 1. Néu a=4, (2—%”%" ~2L —%ﬁ} ta ¢6 didu cn phéi chimg minh.
2

Truong hop 2. Néu a > 4, Lz_%||uw||_2L_2CI/11ij ,tir B6 dé 2, ta suy ra

Elu(t)—u,|" < Me™, 120, (2.6)
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trong do, a € (0;a) va

-1
2¢, +c?
M= E “(a- 2—— 2L -E8TG e |
e ees[u?m |u uW| (@ a)x[[ [ \/_ A J]e J

sup E‘u uw‘2}>0.
Oe[-7;0]
Nhu vay, dinh 1y da dugc chirng minh hoan toan.
Y tudng chirg minh cua dinh 1y sau dugc dua theo [7]. Do vdy no c6 thé duoc bé qua
o day.
2.2.2. On dinh mii hau chdc chdn
Pinh Iy 2. Gid sir u, la nghiém dimg duy nhat ciia (2.4) va cdc diéu kién (H1), (H2), (H3)

2¢,+c;

xdy ra. Khi d6, néu 2 —T” || -2L- > 0, thi nghiém yéu bat ky u (t) cua (2.1) ciing

héi tu mii hau chdc chan t6i nghiém dimg u, cua (2.4). Nghia la, ton tai hang s6 y >0 sao

cho limsupllog |u(t)—u, |<—y, héu chic chin.

t—>+0

3. KET LUAN

Trong bai bio nay chung toi da chimg minh dugc tinh 6n dinh mii theo binh phuong
ky vong va 6n dinh mii hau chic chin cua mét 10p cac phuong trinh dao ham riéng ngiu
nhién kiéu thuy dong luc hoc trong co hoc chat long, 16p phuong trinh nay bao gém nhiéu
phuong trinh quan trong nhu phuong trinh Navier-Stokes ¢6 dién hai chiéu khéng nén dugc
ngiu nhién, phuong trinh Maxwell biéu thi sy chuyén dong cia chat 16ng trong tir truong
hay con goi 1a hé MHD (magnetohydrodynamic equation), mé hinh 3D Leray-  va mot sd
phuong trinh quan trong khac. Hon nita, trong trudng hop s6 hang R=0, ching ta thu dugc
cac két qua hoan toan tuong ty nhu trong [7].
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ASYMPTOTIC BEHAVIOR OF STOCHASTIC TWO-DIMENSIONAL
HYDRODYNAMIC TYPE EQUATIONS WITH DELAYS

Nguyen Tien Da
ABSTRACT

The aim of this paper is to study the exponential behavior and stabilizability of
stochastic 2D hydrodynamic type equation with delay
Z—L; =—Au—B(u)—R(t,u(t))+ G(u(t — p(t)))+o(t,u(t — p(t)))% in a bounded

domain satisfying the Poincar'e inequality.

Keywords: The 2D stochastic hydrodynamic type equations, exponential stability in
mean square, almost surely exponential stability, delay.
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UNG DUNG PHAN MEM MAPLE PE XAY DUNG HE THONG
BAI KIEM TRA PANH GIA KET QUA HQC TAP

Nguyén Dinh Dinh', Trinh Thi Phu?
TOM TAT

Bai viét nay trinh bay vé vmg dung ciia phan mém Maple dé xdy dung hé thong cdc
bai kiém tra, danh gi két qua hoc tdp ciia sinh vién doi véi mét sé hoc phan trong chwong
trinh dao tao nganh Cong nghé thong tin ciia Truong Pai hoc Hong Pirc. Myc tiéu ciia gidi
phdp nay la dam bdo tinh chinh xdc trong kiém tra danh gid nguoi hoc.

Tir khoa: Ung dung, phdn mém Maple, kiém tra, danh gid két qua hoc tdp.

1. DAT VAN BE

Trong nhitng nim qua, Trudng Pai hoc Hong Ptrc da thuc hién cong tic dam bao chit
luong bang viéc xdy dung va ban hanh chuan dau ra, chuong trinh dao tao cho timg nganh
dao tao; xay dung hé thong cac dé cuong chi tiét, cac ngan hang dé thi cho timg hoc phan;
d6i moi phwong phép day hoc theo hudng tich cuc, tmg dung cong nghé thong tin, gan Iy
thuyét vi thue hanh; t6 chie cac hoi nghi, hoi thao vé d6i méi phuong phap day hoc, ddi
moi phuong phép kiém tra danh gia nham nang cao hiéu qua, chit luong dao tao dam bao
chuan dau ra. Bé dam bao dugc chuan dau ra phu thudc vao nhidu yéu td, trong d6 chit
lwong kiém tra ddnh gia 1a mot yéu t6 quan trong, phan anh ning luc va kién thic ciia ngudi
hoc, qua d6 danh gia dugc co6 dat chuin hay khong.

Két qua dénh gia ngudi hoc, ddi vai timg hoc phan, khong chi dya vao két qua cta bai
thi két thuc hoc phan ma két qua danh gia qua cac bai kiém tra qua trinh va gitra ki ciing rat
quan trong, giup nguoi hoc y thirc duoce can c¢b gang, nd lyc ngay tir dau va trong sudt qua
trinh hoc tap. Muc tiéu ctia chiing t6i 14 xay dung dugc hé thong danh gia tir cac bai kiém tra
qué trinh dén bai kiém tra giira ki cho mot s6 hoc phan trong chwong trinh dao tao ctr nhan
Cong nghé thong tin. Trong d6, mdi bai kiém tra cho tit ca cac sinh vién déu c6 ma dé khac
nhau, véi d6 kho cia mdi ma dé 1a twong duong. Qua do, danh gia chinh xéc, cong bang két
qua hoc tap ctia sinh vién, gop phan cai thién chét luong kiém tra ddnh gia ngudi hoc.

2. NOI DUNG

2.1. Hién trang

Hau hét tat ca hoc phﬁn cua cac chuong trinh dao tao tai Trudong Pai hoc Héng Pirc
da dugc xay dung ngan hang cau hoi thi két thuc hoc phan va duoc cac hoi dong chuyén
moén danh gia ki ludng, quy trinh t6 chirc kiém tra danh gia két thic hoc phan ciing chit chg,
chinh xé4c. Tuy nhién, cac bai kiém tra danh gia qué trinh va giita ki thi do can bo giang day

12 Giang vién khoa Céong nghé Thong tin va Truyén thong, Truong Pai hoc Hong Pirc
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tu quyét dinh hinh thirc to chure thi va danh gia két qua. Mdi hoc phan giang day, giang vién
thuong phai danh gia 3 dén 6 con diém thanh phan va 1 con diém giira ki cho mét sinh vién,
v6i cac 16p ¢ 50 dén 70 sinh vién thi kho dé kiém soat duoc chit luong kiém tra danh gia,
boi néu s6 dé kiém tra it khong tranh khoi viéc cac sinh vién trao doi, hd trg nhau trong lic
1am bai, con mdi sinh vién 1am mot ma dé khac nhau thi viéc 1am dap an chi tiét va can ddi
muc do tuong duong cho cac ma dé s& rat kho, dic biét dbi véi cac hoc phén ma vi¢c giai
mot bai tap hay mot vi du doi hoi mot lugng 16n cac phép tinh toan.

Maple 13 mot phan mém tinh toan, duoc sir dung phuc vu cong tac hoc tip va nghién
ctru. Trong day hoc, véi sy hd trg ctia Maple nguoi hoc d& dang kiém tra két qua tinh toan
ctia minh, nguoi day c6 thé ding Maple dé xay dung cac hé thong bai tap, bai kiém tra mot
cach nhanh chong chinh xac.

2.2. Giai phap
2.2.1. Ung dung phan mém Maple trong day - hoc

Phan mém Maple hd tro cac gbi 1énh cho phép giai truc tiép cac bai toan, qua d6 nguoi
hoc ¢ thé tu kiém tra lai két qua giai quyét cac bai tip ciia minh. Trong truong hop cin
kiém tra toan bo cac budc tinh toan ctia qua trinh giai bai toan thi phai lap trinh dé thuc hién
céc bude tinh toan, tuy nhién viéc lap trinh trén Maple rat don gian vi hau nhu di c6 tat ca
cac ham hd tro tinh toan, nguoi 1ap trinh chi can ghép cac budc tinh toan gidng nhu tinh toan
thu cong.

Khi giai bai toan tdi vu quy hoach tuyén tinh, ngudi hoc ¢6 thé kiém tra lai két qua:

B E\Duieu SHCMET 2208 ng:
Fie Edt View Insert Format

D2BES (2B 5¢ ETPE EE -+ NI Oo%s & SEHx » = F
: ETD b Orawisg  Plol  Animalin =
P Heading2 | | Times Hemfiomen ¥ E IE EEE miE =i=
¥ Giai bai toan quy QHTT, bai todn vin tai
VY Vi du: Giai bai toin QHIT
fix)=2x1-6x2-4x3+2x4-3x5 > min
x1 +2x2 +4x3=52
4x2 +2x3 +x4=60
3x3+x5=36
| xj>0,j=1.5.
¥ Thure hién lénh:
| > with(simplex) :
1> f=-2x] +6x2+4x3-2x4+3x5:
1> c:={x] +2x2+4x3=52,4x2+2x3 +x4=60,3x3 +x5=36}:
> s = minimize( f, c. NONNEGATIVE);
s ={xI=52,x2=0,x3=0,x4=60,x5=36} (1242.)

va

=>» subs(s, f):
-116 (1.2.422)

b
1:Pulieu!SHIMHT 2. 2017 Memory: 3038 Tive: 0,145 Text Mode

121 4M
= il T 3
L= S00/2017

Hinh 1. Kiém tra két qua giai bai toan t6i wu
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Hodc kiém tra tinh nghich dao, tinh luy thtra trong s6 hoc modulo:

File Edit View Insert Format Table Drawing Plot Spreadsheet Tools Window Help
L2BESE Xl ¢ BTPX EE s MIOHe ¢ Bexx @

Text  (@EELY Drawing Plat Anim ation

iy

Y

[ [ 2D output ™ | | Times Mew Roman ¥ (el B Q

i
il
4

.H
[
i
7]

¥ Tinh toan sb hoc Modulo

Tim s6 nguyén t0 nhé nhat 16n hon sb 3465
> p = nextprime(3465);

p=3467 (LLY)

Y Tinh nghich dao theo mod p
> 2635 ' mod p;

m

1746 (L2.1)

Tinh luy thira theo mod p
> 123°" mod p:

688 (1.31)

Hinh 2. Kiém tra két qua tinh toan s6 hoc modulo
2.2.2. Ung dung phan mém Maple trong kiém tra danh gid

Cin ctr sb tin chi ctia mdi hoc phan dé xay dung hé thong bai kiém tra dam bao quy dinh
sO lugng bai kiém tra qua trinh va giita ki, ddng thoi mdi bai kiém tra lai cin ctr vao ndi dung
kién thtrc va tiéu chi ddnh gi ctia tmg phan trong dé cuong chi tiét hoc phan dé phan dang
cac bai tap tir d6 thiét ké cac dang cho timg bai kiém tra. Véi phan mém Maple chung ta dé
dang tao ra cac dé kiém tra nhiéu ma dé cing véi dap an chi tiét cho timg ma dé ma khéng ton
nhiéu cong strc. Trong phan nay, ching téi trinh bay mét vi du vé viéc thuc hién bai kiém tra
gitta ki ctia mon hoc Ly thuyét mat ma cho 16p Pai hoc Cong nghé thong tin K18B.

Buoc 1: Soan noi dung dé kiéem tra

BAI KIEM TRA GIUA Ki

Hoc phan: Ly thuyét mat ma Lop: PH CNTT K18B
Thoi gian lam bai: 30 phut

NOI DUNG BAI KIEM TRA
Ghi chu: Lam bai kiém tra voi so k la thir tw cua SV trong [op.

Chohé¢ ma RSAcop=13,q=17,e=35.

a) Hay tim khoa cua hé ma trén.

b) Cho ban rd x =k+15. Hay tim ban ma cua x.
¢) Gia st ban ma thu duogc la y = k+20.

Hay tim ban rd cua y.
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Budoc 2: Tao dap an
with (matma) :
Dapan:=proc (stt)
local p,q,n,e,d,phin, x,vy;
p:=13; qg:=17; e:=35; x:=15+stt; y:=20+stt;

n:=p*qg: phin:=(p-1)*(g-1): d:=1/e mod phin:
printf ("M\n* a) K' = (%d, %d),

K\” = %d. “, n, e, d); ndaoB(e,phin);
printf ("\n* b) y = %d”, x"e mod n);

luythuaB(x,e,n);
printf ("\n* c) x
luythuaB(y,d,n);
end proc:
Vay la da c6 mot bo dé kiém tra gitra ki hon 200 ma dé, cac ma dé khac nhau vé sb
liéu tinh toan ma mirc d6 kién thic hoan toan twong duong.
Khi chim bai kiém tra, dé c6 dap an ma dé 1 chi cdn nhép sb 1 cho dap 4an nhu sau:

sd”, y~d mod n);

[> Dapan(1);
s& nhan dugc két qua dap an chi tiét cia ma dé 1:
* a) K' = (221, 35), K” = 11.

Buoc lap : t g2 v2 g0 v0 gl vl
K.gan : - - - 192 0 35 1
1 :517 -5351 17 -5
2 :2 111 17 -5 1 11
3 :17 0 -1%92 1 11 0 -192

So nghich dao: 11

* b) y = 152

Buoc lap: zl1 al x

K.gan : 35 16 1

: 34 - 16

: 17 35 -

16 - 118
8 120 -
4 35 -
2 120 -
: 1 35 -
8 : 0 - 152

Gia tri: 152

* ¢c) x = 200

Buoc lap: zl al x

~N oUW

K.gan : 11 21 1
1 : 10 - 21
2 : 5 220 -
3 4 - 200
4 21 -
5: 11 -
6 : 0 - 200

Gia tri: 200
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2.3. Két qua ing dung

Chung t6i d4 (mg dung phan mém Maple dé xay dung bo dé kiém tra qua trinh va giita
ki, hé théng cac dé kiém tra dugc to chuc dang cay thu myc.

File Edit View Insert Format Table Drawing Plot Spreadshest Tools Window Help

2SS Xl S< 8T = M OFs o K @A [ G

: [est]math (P Heading 4 ) (TimesMewRoman ¥ (16 ¥ ru == L3 =i

vBOQ PE KIEM TRA PANH GIA HQC PHAN
» TOI UU HOA
» TOAN ROI RAC

¥YLY THUYET MAT MA
» Bai kiém tra s6 1
» Bai kiém tra s6 2
» Bai kiém tra sé 3
Bai kiém tra gitea ki
» Lop PH CNTT Ki7AB
- Lop PH CNTT K184
¥ Lop PH CNTT K18B
> Pébai
P Tao ddp an
P [Pap dn chi tiét theo ma dé

Hinh 3. H¢ thong cac bai kiém tra thwong xuyén

Phan mém Maple cho phép tao ra cic file dang e-book ma trén d6 vira c¢6 thé soan
thao van ban (bai giang, ndi dung dé kiém tra) nhung dong thoi ciing cho phép thuc hién cac
1énh tinh toan. Nhu trong file ing dung trén, mdi dé kiém tra chung t6i da bién soan ca ndi
dung dé diém tra, noi dung lénh tao dap an, ddp an cham chi tiét cho timg ma dé, vi vay c6
thé dung file nay dé trinh chiéu truc tiép dé kiém tra ngay trén 16p (& ché do Slideshow cua
phan mém Maple).

File Edit View Insert Format Table Drawing Plot Spreadsheet Tools Window Help

DEESS YR $¢ ETPX EE &= N oxn & sax 2 [F @

: [Text|Math (P Heading 4 ¥ ) ( Times Hew Roman ¥ ) fE 7 iy == Ml =i
¥ Ldp PH CNTT K18B i
¥ Déhai

. BAIKIEMTRA GIUAKi
Hocphan: Ly thuyét mitma Lop: PH CNTT K18B
Théi gian lam béi: 30 phit

NOI DUNG BAI KIEM TRA
Ghi chii: Lam bai kiém tra véisé k Ia thir tir cita SV trong lop. —
Chohé maRSAcop=13,q=7,e=123.
a) Hay tim khéa cuahé ma trén
b) Cho ban ré x = k+15 Hay tim ban mi ciax.
c) Gia sit ban mi thu dwoc lay =k+20.

Hay tim ban & cia y.

m

P Tao dap an
| b Dap 4n chi tiét theo m3 dé

Hinh 4. N$i dung bai kiém tra
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File Edit View Insert Format Table Drawing Plot Spreadshest Tools Window Help
D2BSS Ll ¢ BTPEPX EE &= W] OFS & Ly g
: [fest]math (P Heading 4 ¥ | | TimesMewRoman ¥ ([ 1& ¥ Iu E = @DhlR =i
¥ Lop PH CNTT K18B %
b Débai
P Tao dap an
¥ Pap an chi tiét theo ma @&
> Dapanil):
* a) EK' = (221, 35),
K" = 11
Buoc lap : Tt g2 v2 =8} w0 gl w1
K.gan - = = = 152 a 35 1
b £ 5 EF -5 25 & T -5
z 2 1 11 17 =5 1 11
= 17 0 —1o2 Al 1L o -132
So nghich daao: 11
* b} vy = 152
Buoc lap: =1 al b4
K.gan " 35 ig &
1 = 34 = i6
z 17 is =
3 16 o 11E
4 a 120 =
) 4 35 =
& 2 120 =
7 1 35 =
e i - 152 E
Gia tri 15z
it ok ] X = 200
Buocc lap: z1 al X
K.gan s 11 21 1
1 10 = 21
2 5 220 =
3 4 o 200
4 2 i =
= 1 1 =
& i = 200
L Gia tri zZo00
L L L L= -
< 3
|| ® Ready C:\Users\AdminYGoogle Drive\Dulieu'\Bai bao gui tap chi Memory: 30.37M Time: 0. 10z Text Mode
z 3
N r r o 4o A A ~ IA
Hinh 5. Pap an chi tiét cho m¢t ma de

Qua trinh kiém tra danh gia thuong xuyén I mot phan trong day hoc, nham gitip ngudi
day dénh gia mirc do kién thirc, k¥ ning ciia ngudi hoc, ddng thoi nguoi hoc ciing y thirc
duogc ban than can phai ¢ gang dé dat két qua hoc tap tt. Tuy nhién, 1am sao dé co két qua
danh gia chinh xac méi thuc su quan trong trong qué trinh day hoc. Trong qua trinh giang
day cho sinh vién nganh Cong nghé thong tin tai Truong Pai hoc Hong Ptic, chiing t6i da
mg dung Maple trong kiém tra danh gia thudng xuyén nguoi hoc bang viéc xdy dung hé
théng cac dé kiém tra nhiéu ma dé. Cac hé théng dé kiém tra nay duoc xay dung véi su hd
trg cia Maple, cac dé kiém tra co mirc do kién thirc twong dwong nhung khac nhau vé sd
lidu tinh toan, diéu nay dap tmg dwoc muc dich vé su cong bang va chinh xac trong kiém tra
d4nh gia. Qua d6 tranh duoc tinh trang sinh vién dwa dim vao sy hd tro nhiing sinh vién
khac, thuc day sinh vién ¢ y thiic hoc tap t6t hon; nang cao hiéu qua day hoc, gop phan d6i
moi phuong phap day hoc va kiém tra danh gia nguoi hoc.

Hién tai, rng dung cua chung t6i da dugc ap dung cho céac hoc phén tai Truong Pai
hoc Hong P 1a: Toan rdi rac, Ti uu hoa, Ly thuyét mat ma. Nhitng wu diém ndi bat cia
viée ap dung nay la: D dang xdy dung duoc cic bd dé kiém tra nhidu ma mot cach nhanh
va chinh x4c; cic ma dé khac nhau c6 noi dung khac nhau vé sb liéu tinh toan, nhung hoan
toan twong duong vé yéu cau kién thirc, k¥ nang.
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THE APPLICATION OF MAPLE SOFTWARE TO BUILD TESTS

Nguyen Dinh Dinh, Trinh Thi Phu

ABSTRACT

This article presents the application of the Maple software to build tests for some

modules in the IT training program at Hong Duc university. The goal of this solution is to

ensure accuracy in the assessment of learners.
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ANH HUONG CUA KiCH THUOC COT LIEU LEN
CAC TiNH CHAT CUA BE TONG

Mai Thi Ngoc Hang', L& Thi Thanh Tam?, Mai Thi Hong®
TOM TAT

Bai bdo nghién ciru sw anh huwong cia kich thuée cot liéu lén cdc tinh chat ciia bé
tong. Cdc hon hop mau bé tong dwoc thiét ké véi 1y 1¢ mede - chdt két dinh 0,35 va 0,45. Cot
liéu lon duoc sw dung voi cac kich thudce [om nhat la 25mm, 19mm, 12,5mm va 9,5mm. Két
qud thi nghiém cho thdy, khéi lwong thé tich ciia bé tong twoi khong bi anh hudng nhiéu béi
kich thuée cot liéu. T uy nhién, kich thuoc cot liéu anh huwong lon dén aé sut, cwong do chiu
nén, va van toc truyén xung siéu am trong bé tong. Khi kich thiede cot liéu tang, do sut ciia
bé téng tang. Sir dung cot liéu cé kich thuée 16m nhdt 12,5mm cho bé téng cé cuong do chiu
nén va vdn toc truyén xung siéu am trong bé tong lén nhdt. Hon nita, tdt ca cdc mau bé tong
trong nghién ciru nay déu cé chat heong tot véi vin toc truyén xung siéu am trong bé tong
16m hon 4200m/s. Két qua ndy cho thdy, cé thé sir dung kich thude cot liéu hop Iy dé ning
cao chat lwong ciia bé tong.

Twr khéa: Bé tong, cuong do chiu nén, do sut, kich thuoc cot liéu, van toc truyén xung
siéu am.

1. DAT VAN BE

Trong qué trinh cong nghiép hoa va hién dai hoa dat nude hién nay, viéc phat trién co
s& ha tang dugc vu tién nhu 12 mot nhiém vy trong tam. Trong d6, bé tong ¢t thép van dong
vai tro 13 két cau chiu lyc chinh va phd bién trong cac cong trinh xay dung. Chét luong cia
bé tong phu thudc vao tinh cht va dic tinh cta cac loai vét liéu cu tao nén chung, bao gém:
xi mang, cat, da, nudc va phu gia. Véi viéc chiém gén 45% thé tich trong bé tong, kich thudc
cdt liéu 10n 12 mot trong nhimng nhan té quan trong anh hudng 16n dén cac thude tinh cia bé
tong nhu do sut, cudng do chiu nén va do bén. Chinh vi vy, theo tiéu chuén thiét ké thanh
phan cap phdi bé tong ACI 211.1 ctia M, ham lugng nude va cdt liéu 16n duoc xac dinh
dua trén kich thudc 16n nhat caa cot lidu [1].

Nghién ctru sy anh hudng cua céc kich thudc ¢t 1iéu khac nhau 18n cac thudc tinh
ctia bé tong nhan dugc sy quan tm tir mot s6 cac nha nghién ciru trén thé gidi. Pa phan
céc nghién ciu déu cho ring cudng do chiu nén cua bé tong ting khi giam kich thudc
cac hat ¢t lidu 16n [2,7,13,15]. Tuy nhién cling c6 mdt ) nghién ctru cho két qua nguoc
lai [10,12]. Mat khac, khi nghién ctru anh huong cua céc ¢t liéu co kich thude 16n nhat
10mm, 12,5mm, 16mm va 20mm, Rathish va Krishna [8] da chi ra réng cuong do chiu
nén 16n nhat dat dugce véi ¢t lidu co kich thude 16n nhat 1a 12,5mm. Két qua nay cho

123 Gidng vién khoa Ky thugt Cong nghé, Truong Pai hoc Hong Pirc

55



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 39.2018

thay, bé tong dat cudng do chiu nén cao nhat khi str dung cac kich thude ¢t liéu phu hop,
chtr khong phai kich thuéc 16n nhit hay nho nhat. Khong chi anh huong dén cuong do
chiu nén, kich thudc cbt liéu con anh hudng 16n dén tinh cong tac cua bé tong. Mot s6 két
qua nghién ciru cho rang do sut ciia bé tong ting khi kich thude cdt liéu tang [2,13,15].
Tuy nhién, két qua nghién ctru cua Rathish va Krishna [8] lai cho ring do sut cua bé tong
giam khi kich thuéc cot liéu ting.

Céc két qua nghién ctru vé anh hudng cia kich thudc cbt lidu 1én cac dic tinh cia
bé tong con trai ngugce nhau, bai vi ty 1& nudc-chat két dinh, hinh dang va kich thudc
mau bé tong, didu kién thi nghiém, ham lugng va tinh chat cta cac thanh phan vat lidu
cAu tao nén bé tong trong mdi nghién ciru khac nhau. O Viét Nam, van dé nay chua nhan
duoc nhiéu sy quan tim tir cac nha nghién ctru trong nudc. V4i sy anh huong 16n cia
kich thuéc cdt liéu 1én cac dic tinh cua bé tong nhu da néu trén, viéc tim ra kich thudc
¢t liéu phu hop 1am ting hiéu qua sir dung cdt liéu trong bé téng, dic biét 1a khi ché tao
bé tong c6 cuong dd cao hodc co tinh cong tac 16n. Bai bao nay nghién ctu anh huong
cua céac kich thude cdt lidu dién hinh trén dia ban Thanh Hoa 1én cac dic tinh vat ly, co
hoc va d6 bén cua bé tong.

2. NOI DUNG
2.1. Vat li¢u va phuwong phap thi nghiém
2.1.1. Vat liéu

Nghién ctru nay st dung xi mang Nghi Son PC40 va tro bay ciia nha may nhiét di¢n
Nghi Son 1am chat két dinh, khdi lugng riéng ctia chiing 1an Iuot 1a 3,12tAn/m> va 2,16tdn/m>.
Ham luong tro bay duoc sir dung bang 10% tong lwong chét két dinh. Cac thanh phan héa
hoc cuia xi mang va tro bay dugc trinh bay trong bang 1.

Bang 1. Thanh phén héa hoc ciia xi miing va tro bay

Thanh phin | . | Luong mat
%) SiOz | ALO3 | FeO3 | CaO | MgO | SOs | K2O | NaxO | Khéac | kphi nung
Xi méng 22,4 5,3 4,0 55,9 2,8 271 Oa8 073 4,5 179

Trobay |484 | 204 | 48 | 28 | 14 | 02 | L1 | 0.8 | 43 15,8

Chu y rang, viéc sir dung 10% tro bay thay thé xi miang duoc ké thira tir két qua cua
nghién clru trude voi cung loai vat liéu [11].

C6t lidu nho st dung trong nghién ctru nay 1a cat vang c6 khbi luong riéng 13 2,62 tan/m®,
khdi luong thé tich x6p ¢ trang thai kho 1,43tan/m®, d6 4m tu nhién 5,65%, do hat nudc
0,28%, mo6 dun d6 16n 2,67. Trong khi ¢t 1idu 16n 1a d4 duoc khai thac tir cac mo dé tu nhién
c6 khdi luong riéng 1a 2,69tAn/m?, khdi luong thé tich x6p & trang thai kho 1,41tAn/m?, do
am tu nhién 0,05%, d6 hat nudc 0,68%, kich thude hat 16n nhit (Dmay) 13 25mm.
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100 1 100 y
S 80F <80 F
2 2wl
5 s |
o 40 > 40 |
c c
s 0 g
J920 F ba 320 F Cat

0 & 9 1 1 1 1 0 4 I 1 1 1 1 1 1 1 1

0 5 10 15 20 25 0 1 2 3 4 5
Ca sang (mm) C8 sang (mm)
(a) (b)

Hinh 1. Puong cong cip phdi hat ciia: (a) da va (b) cat

Hinh 1 thé hién duong cong cap phdi hat ctia d4 va cat str dung trong nghién ciru nay
theo tiéu chuan ASTM C136 [3]. Chua ¥ rang, muc dich ctia nghién ciru nay 1 danh gia sy
anh hudng cua cac kich thudce ¢t liéu Dmax dén céc dic tinh cua bé tong. Do vay, sau khi
duc cac miu bé tong voi cip phdi da ban dau c6 Dima=25mm, cdt lidu 16n con lai duoc sang
qua ry sang c6 kich thudc 25mm dé duc cac mau bé tong co kich thude d4 16n nhét 13 19mm.
Tuong tu nhu vay cho da qua cac rdy sang c6 kich thudc 15mm va 12,5mm dé c6 cac loai
dé c6 kich thude hat 1on nhét 1a 12,5mm va 9,5mm.

Pé giam luong nudc, ting tinh cong tac va chit lugng bé tong, phu gia hoa déo
Sikament R7 ¢ khéi lugng riéng 1a 1,15tAn/m’ duoc str dung v6i ham lugng bang 1% tong
khéi luong cac chat két dinh.

2.1.2. Thiét ké thanh phan cdp phéi mau bé tong

Céc hon hop bé tong trong nghién ctru ndy dugce thiét ké dya theo tiéu chuan ACI 211.1
[1991] véi ty 16 nude - chat két dinh (N/CKD) 0,35 va 0,45. Véi mbi ty 16 N/CKD bao goém 4
hdn hop bé tong duoc ché tao v6i da co kich thude hat 16n nhét 1an lugt 1a 25mm, 19mm,
12,5mm va 9,5mm. Thanh phan cap phdi ciia cac hdn hop bé tong dugc trinh bay nhu bang 2.

Bang 2. Thanh phin cip phoi hdn hop bé tong

Thanh phan cap phdi (kg/m®)

Hdn hop bé tong N/CKD | Xi Tro Phu gia
§ Cat | Pa | Nuéc e
mang | bay hoa déo
M35 (Dmax=25; 19;
( 0,35 | 469,1 | 52,1 |811,6| 8984 | 172,2 52
12,5; 9,5mm)
M43 (Dma=25; 19; 0,45 | 3654 | 40,6 |910,3 | 899.7 | 1787 4,1
12,5; 9’5 ) 9 9 9 b 9 9 9

(Ghi chii: Cdc gid tri ghi trong bang la khoi lwong vt liéu & trang thdi khé, khi tién hanh diic mdu
da dwoc diéu chinh dya trén dé am va do hit nude cia vat lidu)
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2.1.3. Chudn bi mdu va phuwong phap thi nghiém

Khbi luong thé tich va do sut ciia hdn hop bé tong tuoi dugc do ngay sau khi tron
déu. Sau d6 cac mau bé tong duoc duc trong khudn hinh try c¢6 dudng kinh 10cm va chiéu
cao 20cm. Cac mau bé tong dugc thao khudn sau khi diic 1 ngay va ngdm bao dudng trong
nude & diéu kién thuong dén khi lam thi nghi¢m. Cuong d6 chiu nén va van tde truyén
xung siéu am trong bé tong duoc xac dinh tai cac thoi diém 3, 7, 14, 28, 56 va 91 ngay,
két qua trinh bay trong bai bao 1a gia tri trung binh cia 3 mau thtr. D6 sut cua hon hop bé
tong, cuong dd nén va van tdc truyén xung siéu 4m trong bé tong dugc xac dinh 1an luot
theo tiéu chuan ASTM C143 (2015), ASTM C39 (2012) va ASTM C597 (2009). Cac thiét
bi do cuong d6 chiu nén va van tde truyén xung siéu am dugc minh hoa nhu hinh 2. Thiét
bi do vén tc truyén xung siéu am c¢6 ma hi¢u 58-E4800 duogc san xuét boi hang Controls
cua Y, c6 mot dau phat song siéu am tan s6 50kHz, mot dau nhan song, hai dau nay duogc
ndi v&i may do nhu hinh 2(b). Thoi gian song truyén tir dau phat qua mau bé tong dén dau
thu s€ dugc ghi lai trén man hinh diéu khién, tir d6 xac dinh duogc van tdc truyén song qua
mau bé tong thong qua cong thirc vat 1y. Két ciu bé tong cang ddc chic thi van tdc truyén
song si€u am trong bé tong cang cao va ngugc lai, do vay no6 dugc su dung trong nghién
ctru ndy dé danh gia su sap xép cua cac hat cbt liéu c6 kich thude khac nhau trong bé tong.
Céc thi nghiém trong nghién ctru nay dugc tién hanh tai Xuong thuc hanh, khoa K§ thuat
Cong nghé Trudng Pai hoc Hong Prc.

(a (b)

Hinh 2. Thi nghiém xac dinh (a) cwong d chiu nén va (b) van téc truyén xung siéu 4m

2.2. Két qua va thio luin
2.2.1. Anh hwéng ciia kich thide cot liéu lén cdc thude tinh ciia bé tong tiroi

Céc thugc tinh cua bé tong tuoi dugc xem xét bao gém khdi lugong thé tich va do sut.
Két qua thi nghiém dugc trinh bay trong bang 3. C6 thé thiy rang, khéi luong thé tich cua
céc hdn hop bé tong gan nhu nhau, dao dong xung quanh gia tri 2500kg/m>. Piéu nay c6
nghia 12 kich thudc cot liéu khong anh hudng nhidu dén khdi luong thé tich cua bé tong tuoi.

58



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 39.2018

Hdn hop bé tong cé ty 18 nude - chit két dinh 0,35 c6 d6 sut nho hon cac hdn hop bé tong
tuong tng c6 ty 18 nude - chat két dinh 0,45. Diéu nay duoc giai thich bai vi d6 sut cua bé
tong phu thudc vao ham lugng nudc va ty 18 nudc - chat két dinh. Khi ham lugng nudc ting
hoac ty 1€ N/CKD tang sé lam tang do sut cua bé tong. Mat khac, véi cung ty 1€ N/CKD, do
sut ctia hon hop bé tong vi Dmx=25mm 1a 16n nhat, tiép dén 1a hdn hop bé tong voi
Dinax=19mm, 12,5mm va hdn hgp bé tong voi Dmax=9,5mm c6 gié tri dd sut nho nhat. Nghia
1a d6 sut cua hdn hop bé tong ty 1¢ thuan voi kich thude ¢t lidu. Két qua ndy ddng thuin
v&i cac nghién cuu trude cua W.Xie va cong su (2012), R.K.L.Su va C.Bel (2008), A.Woode
va cong su (2015). Tuy nhién, lai nguoc voi két qua nghién ctru ctia Rathish va Krishna [8].
Chu ¥ rang, nghién ctru ctia Rathish va Krishna [8] d4 sir dung ty 18 nudc - chat két dinh va
kich thude ¢t lidu khac so véi nghién ctru ndy. Két qua ciia nghién ctru ndy c6 thé duoc giai
thich bai Shetty [9], v6i cting mot don vi thé tich, tong dién tich bé mit ciia cac hat cbt liéu
¢0 kich thudc 16n nho hon téng dién tich bé mat cua cac hat cdt liéu co kich thudc nhé. Do
vay, khi ham lugng nudce va ty 1€ N/CKD nhu nhau, lugng nudc va vira xi mang bao quanh
bé mat cac hat ¢t liéu 16m s& nhiéu hon & cac hat nho, do vay lam gidm sy ma sat gitta cac
hat cét liéu, vi vay lam tang d6 sut cua bé tong. Chinh vi vay, trong ti€u chuan thiét ké thanh
phan cap phdi bé tong ACI 211.1 (1991), véi ciing d6 sut yéu cau, kich thudc 16n nhét cia
cdt liéu tang thi lugng nude st dung giam.

Bang 3. P9 sut va khdi lrgng thé tich ciia cic miu

x o Phu gia hoa déo Do sut Khéi luong thé tich
Hon hop bé tong | N/CKD R 3
(kg/m”) (cm) (kg/m”)

M35-9,5 1,6 2523

M35-12,5 3,6 2523
0,35 52

M35-19 55 2513

M35-25 6,1 2517

M45-9,5 3,9 2514

M45-12,5 4,5 2513
0,45 4,1

M45-19 8,7 2493

M45-25 11,2 2495

2.2.2. Anh hwong cua kich thuoc cot liéu 1én cuwong do chiu nén

Su phat trién cudng do chiu nén cta cac mau bé tong duoc thé hién trén hinh 3. Cac
mau bé tong dugc thiét ké véi ty 18 N/CKD=0,35 c6 cudng do chiu nén cao hon cac mau bé
tong twong ung dugc thiét ké véi ty 16 N/CKD=0,45. Cudng do chiu nén cua bé tong phu
thudc nhiéu vao ty 16 N/CKD, khi ty 16 N/CKD giam, cuong d6 chiu nén cia bé tong ting.
Mit khéc, voi ciing ty 16 N/CKD, cac mau bé tong dugc ché tao voi Dmax=12,5mm c6 cudng
d6 16n nhat, tiép theo 1 cac mau bé tong véi Dmax=9,5mm, 19mm va 25mm. Cu thé, véi hdn
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hop bé tong c6 ty 1¢ N/CKD=0,35, cuong do chiu nén ctia mau M35-12,5 16n hon cuong do
chiu nén ciia cac mau M35-9,5, M35-19 va M35-25 1an luot 1a 5%, 15% va 20% & 28 ngay
tudi; va 5%, 16% va 23% & 91 ngiy tudi. Twong tu v6i hon hop bé tong co ty 1é
N/CKD=0,45, cudng d6 chiu nén ciia mau M45-12,5 16n hon cuong do chiu nén ciia cac
mau M45-9,5, M45-19 va M45-25 1an lugt 12 4%, 8% va 12% & 28 ngay tudi; va 5%, 9% va
13% & 91 ngay tudi. Co nghia 1a kich thudc cdt liéu 16n nhat Dmex=12,5mm 12 kich thudc
hop 1y nhit trong nghién ctru nay dé bé tong c6 cuong do chiu nén 16n nhat.

Két qua trén c6 thé dugc 1y giai nhu sau, theo Shetty [9], mot cach tdng quat, cuong
d0 chiu nén cua bé tong phu thudc vao su sép xép cua cbt lieu trong bé tong va mbi quan
hé giita cot liéu 16n va vita xi ming. Nhu da giai thich ¢ trén, khi kich thudc c¢dt liéu ting,
téng dién tich bé mat cua cac hat cdt liéu giam, ham lugng nudc va vira xi mang bam trén
cac bé mat nay ting. Ham luong nudce nhiéu trén bé mat cac hat cbt liéu 1a nguyén nhan
dan dén sy giam cuong dd cua bé tong. Hon nita, khi sir dung c6t lidu 16m, su déng nhat
trong két cAu cua bé tong bi giam, tng suit truyén qua giira cac ving nay khong dong déu
cling 1a nguyén nhan din dén cac pha hiy cuc bd trong bé tong khi chiu lyc, 1am giam
cudng do cua bé tong [15]. Hinh 4a va 4b lan luwot minh hoa cac miu bé tong véi
Dmax=25mm va 12,5mm sau khi bi nén v&. Su déng nhét cia miu bé tong duogc ché tao
v6i cbt liéu ¢6 Dmax=12,5mm duogc thé hién 16 rang hon so v&i mau bé tong dugc ché tao
vO1 Dmax=25mm. Do vy, bé tong duogc ché tao v6i Dmax=12,5mm c6 cuong do chiu nén
16n hon bé tong duogc ché tao v6i Dmax=19mm va 25mm. Kich thudc cdt liéu cang lon thi
cuong d6 chiu nén cua bé tong cang giam, két qua ndy tuong tu véi cac két qua nghién ctru
trude [2,7,13,15], tréi nguoc voi két qua nghién ciru [10,12]. Tuy nhién can luu ¥ ring, két
qua nghién ctru cia Meddah [10] 1a sy két hop ciia cac t6 hop kich thude cdt lidu gdm: 3mm
va 8mm, 8mm va 15mm, 15mm va 25mm; két qua nghién ctru ciia Kozul va Darwin [12] chi
gém hai kich ¢& ¢6t liéu Dmax=16mm va 19mm.

Tuy nhién, nhu da dé cap trén, cuong do chiu nén cua bé tong con phu thudc vao su
sap xép cac cot liéu trong bé tong. Cudng d6 chiu nén ctia bé tong v6i Dmax=9,5mm nho hon
cuong do chiu nén cia bé tong voi Dmax=12,5mm. C6t liéu co kich thude 16n nhat 14 9,5mm
chi co cic hat c6 kich thuéc trong khoang Smm dén 9,5mm, trong khi ¢t lidu c6
Dumax=12,5mm ¢6 cac hat ¢t liéu tir 5Smm dén 12,5mm. Su két hop cta nhiéu hon cac kich
thudc cdt liéu d& sap xép tao thanh két cau viing chac hon, cac hat nhé hon khoa 1ap nhiing
16 hong giita cac hat 16n. Tuy nhién, diéu nay chi dung khi sy khac biét giita 9,5mm va
12,5mm 1a khong 16n, con khi kich thudc c¢dt liéu ting 1én dén 19mm va 25mm thi két qua
da duoc giai thich nhu trén. Nghia 13 trong pham vi nghién ctru nay, giita cac ¢t lidu co
Dmax=25mm, 19mm, 12,5mm, va 9,5mm, viéc st dung bt liéu ¢6 Dimax=12,5mm cho cuong
d6 chiu nén cao nhat. Nghia 1a Dmax=12,5mm la cbt liéu hop 1y nhét trong pham vi nghién
ctru nay. Két qua nay twong dong véi nghién ciru ctia Rathish va Krishna [8], bé tong dat
cudng d6 cao nhit khi sir dung kich thude ¢t liéu phu hop. Diéu nay ciing giai thich tai sao
trong cac san pham bé tong chat luong cao hodc yéu cau cao vé ¢t liéu nhu bé tong cudng
do cao, bé tong tu len, bt 1iéu c6 kich thudce 16n nhat 1a 12,5 mm thuong hay dugc str dung.
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Hinh 4. C4c miu bé téng sau khi nén: a) Dpsy=25mm va b) Dpax=12,5mm

2.2.3. Anh hudng ciia kich thude cot liéu 1én vin toc truyén xung siéu dm trong bé tong

Su sép Xép cua céc hat cdt lidu c6 kich thude khac nhau anh hudng dén d6 dic chic
va cAu trac bén trong bé tong. Do vay dé danh gia sy dong nhét, cac khuyét tat bén trong
cling nhu dic tinh bén chic cia bé tong, thi nghiém xac dinh vén tdc truyén xung siéu am
trong bé tong dugc tién hanh. Thong thudng van tdc truyén xung siéu 4m trong bé téng cang
cao thi bé tong cang ddc chic va dong nhét, it c6 cac khuyét tat bén trong két cdu. Két qua
thi nghiém xac dinh van tdc truyén xung siéu am trong bé tong dugc trinh bay trén hinh 5.
Tuong ty nhu cuong do chiu nén cta bé tong, cac mau bé tong co ty 1¢ N/CKD=0,35 c6 van
tdc truyén xung siéu am trong bé téng 16n hon cac mau cb ty 16 N/CKD=0,45. Didu nay
duoc giai thich tuong tu nhu trén, véi ty ¢ N/CKD nhd, ham luong xi mang 16n, lugng nudc
nho cho két ciu bé tong dac chic va déng nhét. Vi ty 1€ N/CKD 16n, ham lugng nudc dé
phan tng véi xi mang con du thira ton tai trong két ciu bé tong, sau mot thoi gian ching bay
hoi, dé lai cac khuyét tat vi mo trong bé tong va lam giam sy dong nhét trong bé tong, do
vay lam giam cuong d6 ciing nhu d6 bén, dic chic cua bé tong.
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Tuong tu nhu két qua thi nghiém nén, van tdc truyén xung siéu 4m trong bé tong cua
cic mau v6i Dmax=12,5mm 13 1én nhat, tiép theo 13 cac mau véi Dmax=9,5mm, 19mm, va
25mm. Két qua nay ciing chirng minh rang, bé tong duoc ché tao v6i Dma=12,5mm c6 do
déng nhat va dic chic tot hon bé tong duoc ché tao v6i Dmax=9,5mm. Diéu nay khéng dinh
lai két qua cudng do chiu nén cua bé tong voi Dma=12,5mm 16n hon bé tong véi
Dinax=9,5mm & trén 12 hop 1y. Hon nira, tat ca cac mau bé tong duoc ché tao trong nghién
clru ndy ¢ vén tde truyén xung siéu 4m trong bé tong 16n hon 4200m/s. Theo phan loai ciia
Carcano va Moreno [14], chung dugc xép vao loai bé tong co chit lwong cao.
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Hinh 5. Van téc truyén xung siéu Am trong bé tong ciia cic miu a) M35 va b) M45

3. KET LUAN

Bai bio nay trinh bay cac két qua thuc nghiém vé cac dic tinh cua bé tong duge ché
tao v6i cac loai cdt lidu co kich thude hat 16n nhat khac nhau (25mm, 19mm, 12,5mm, va
9,5mm), ty 1& nudc - chat két dinh 0,35 va 0,45. Cac két luan chinh duoc rat ra tir két qua thi
nghiém trong nghién ctru nay nhu sau:

Khéi luong thé tich cta cac hdn hop bé tong twoi khong thay d6i nhiéu khi thay d6i
kich thuéde cdt liéu, tuy nhién d6 sut cua bé tong tang khi tang kich thudc ctia cac hat cbt
li¢u 16n.

Cac mau bé tong dugc ché tao véi cbt lidu c6 Dma=12,5mm ¢6 cuong do chiu nén va
van tdc truyén xung siéu 4am trong bé tong 16n nhét trong bén loai cbt liéu dwoc nghién ciru
trong bai bao nay, nghia 1a néu chon kich thudc cdt liéu hop 1y s& cho bé tong c6 chat luong
cao nhat.

Tat ca cac mau bé tong dugc ché tao trong nghién ctru nay c6 chét lugng tot voi van
tdc truyén xung siéu 4m trong bé tong 16n hon 4200m/s.

Céc két qua trén duoc thyc hién véi cac loai vt liéu c6 tinh chét va thong s k§ thuat
nhat dinh, khi 4p dung cho cac cong trinh thyc té voi cac loai vat lidu c6 tinh chat khac nhau,
ty 1€ nudc - chét két dinh khac nhau can tién hanh thir nghiém dé lua chon duoc kich thude
cdt liéu hop 1y cho bé tong co chit lugng cao nhét.
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THE EFFECT OF COARSE AGGREGATE SIZES ON
THE PROPERTIES OF CONCRETE

Mai Thi Ngoc Hang, Le Thi Thanh Tam, Mai Thi Hong

ABSTRACT

This paper investigates the effect of coarse aggregate sizes on the properties of
concrete. Concrete mixtures were designed with water-to-binder ratios of 0.35 and 0.45.
Coarse aggregates with maximum sizes of 25mm, 19mm, 12.5mm and 9.5mm were used.
Testing results indicate that the unit volume weight of fresh concrete is not affected by coarse
aggregate sizes. However, the coarse aggregate size are significantly influenced by slump,
compressive strength and ultrasonic pulse velocity of concrete. The slump of concrete
increases with increasing the coarse aggregate size. The use of maximum coarse aggregate
size of 12.5mm results in the highest concrete compressive strength and ultrasonic pulse
veloscity. In addition, all concrete samples produced in this study have a good quality with
the ultrasonic pulse velocity of higher than 4200m/s. This study also indicates that the
quality of concrete can be improved if the optimal coarse aggregate size was utilized.

Keywords: Concrete, compressive strength, slump, coarse aggregate size, ultrasonic
pulse velocity.
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CAC PAC TINH KY THUAT CUA BE TONG BI XAM THUC
BOI MUOI SUNPHAT

Mai Thi Ngoc Hing', Luu Dinh Thi?, Ha Vin Son®
TOM TAT

Bai bdo nghién ciru cdc dic tinh cia bé tong bi xdam thie béi mudi sunphat. Cdc hon
hop bé tong dwoc thiét ké véi ty 1é nuéce - chat két dinh 0,35, 0,40 va 0,45. Tro bay thé ciia
nha mdy nhiét dién Nghi Son dwoc sir dung dé thay thé 10% xi méng trong thanh phan cdp
phoi hon hop bé tong. Cde mau bé téng dwoc ngam trong dung dich Na:SOq4 nong dp 5% va
trong nuée dé so sanh két qua. Cdc thi nghiém vé cuong dd chiu nén va vin toc truyén xung
siéu am dwoe tién hanh tai 3, 7, 14, 28, 56 va 91 ngay tuéi. Két qud thi nghiém cho thay,
cwong do chiu nén va van téc truyén xung siéu dm cua cdc mau bi xam thuc sunphat nho
hon cdc mdu bé tong thirong dwoc bao dieong trong mede. Cdc phan vmg gitka mudi sunphat
va cdc san pham thiy héa va puzolan héa tao nén gypsum va ettringite la nguyén nhéan gay
nén sy truong no, nut né va lam giam cwong do chiu luc cua bé tong.

Tw khéa: Bé tong, xam thuc sunphat, cwong do chiu nén, van toc truyén xung siéu
dam, gypsum, ettringite.

1. DPAT VAN BE

Chat luong ciia cac két cau bé tong cdt thép bi giam dang ké do hién tugng xam thuc
tir moi trudng bén ngoai. Cac hoa chét tir bén ngoai nhu axit, mudi. .. khi xdm nhap vao bén
trong bé tong s& tac dong tiéu cuc va 1am thay doi kha niang chiu lyc ciing nhur d6 bén ciia bé
tong. Hién twong bé tong bi xam thuc bdi cac mudi sunphat duge phat hién tir nim 1908, tuy
nhién cho dén nay cac nha nghién ctru van chua thyc sy hiéu biét vé né mot cach day du [8].
V6i cac nghién ctru trén hd xi mang, Sahmaran va cong sy [8] d4 chi ra ring cuong do chiu
nén ciia ching giam dang ké sau 16 tuan ngam trong dung dich Na,SO4 néng do 5%. Céc
nghién ctru trude ciing chi ra rang hd xi ming khong phu hop dé st dung trong diéu kién
moi truong bi xAm thuc sunphat boi vi sy tAn cong ctia cac mudi sunphat dn dén su gidn no
va lam mat kha ning chiu luc ciia chung [4,8]. Tuy nhién, cac nghién ctru trén ciing chi ra
rang kha ning chéng lai sy xdm thyc sunphat ctia hd xi ming dugc cai thién dang ké khi st
dung thém tro bay va tro trdu v6i ham luong phu hop.

Nhiing tic dong tiéu cyc cua sunphat 1én bé tong duoc thé hién thong qua su gidn no,
mat khoi lugng va giam cuong do chiu luc [6,7,10,11,12]. Pac biét cac nghién ctru ctia Torii
va cong su (1995); Li va cong su (2003) déu cho rang véi bé tong thuong chi s dung xi
mang lam chét két dinh bi gian no 16n va mét kha nang chiu lyc sau 1 nam bi xam thyc bdi
dung dich Na>SO4 ndng d6 10% hoidc HSO4 nong dd 2%. Pé cai thién kha ning chng dn
mon sunphat, Summer [10] d4 sir dung 10+17% tro bay loai F hodc C dé thay thé xi mang.

123 Gidng vién khoa Ky thugt Cong nghé, Truong Pai hoc Hong Pirc
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Két qua twong ty khi Torii va cong su (1995); Iassar va cong su (1996) str dung 1an luot 50%
va 20% tro bay thay thé xi mang. Viéc str dung két hop tro bay véi xi 16 cao va mudi silic
cling lam tang kha nang chdng lai sy xam thuc sunphat ctia bé tong [7,12].

Véi tée d6 phat trién manh mé cua nganh cong nghiép xay dung hién nay, ngdy cang
nhiéu cac cong trinh dugc xay dung voi cac yéu cau ky thuat ngy cang khét khe, dac biét
1a cac cong trinh tiép xtc truc tiép véi moi trudng ¢ ton tai sunphat (dat, nude ngam, nudc
bién, nudc thai, khong khi, ...). Hién nay cac cong trinh nghién ctru thuc nghiém & Viét Nam
vé dn mon sunphat con rat han ché, trong khi cic nghién ciru trén thé gii van chua hoan
toan hiéu hét vé hién tuong nay. Viéc sir dung tro bay va cac phu gia khoang khéc c6 thé ting
kha nang chéng lai sy xam thyc sunphat, tuy nhié€n hi¢u qua ctia ching phu thudc nhiéu vao
chét lugng cua vat liéu duoc su dung. Cac Kkét qua nghién ctru trude day st dung tro bay tuyén
(duoc tuyén chon véi cht lwong cao) c6 lwong mat khi nung tir 0,45% dén 3,2%. Bai bao nay
nghién ctru cac dic tinh ctia bé tong sir dung tro bay ciia nha may nhiét dién Nghi Son dé thay
thé 10% xi mang bi xdm thuc boi dung dich Na;SO4 ndng d6 5%. Chu ¥ rang tro bay dugc sir
dung trong bai bao nay 14 tro bay tho (chua qua tuyén chon) c6 lugng méat khi nung 16n, 15,8%.

2. NOI DUNG
2.1. Vat li¢u va phuong phap thi nghiém
2.1.1. Vat liéu

Chat két dinh sir dung trong nghién ctru ndy 13 xi mang Nghi Son PC40 va tro bay ciia
nha may nhiét dién Nghi Son, cac thanh phﬁn hoa hoc ctia chung dugce thé hién trong bang 1,
khdi lugng riéng cta chung lan luot 14 3,12tAn/m® va 2,16tn/m?>. Theo tiéu chuan ASTM C618
[2005], tro bay sir dung trong nghién ctru nay 1a tro bay loai F, v&i tong ham lugng SiO2, ALO;
va Fe,03 16n hon 70% (bang 1). Ch ¥ ring, cic nghién ctru trude [4-7,10-12] sir dung tro bay
tuyén c6 lugng mat khi nung nho hon 6%, phtt hop véi tiéu chuan ASTM C618 (). Tro bay sir
dung trong nghién ctru nay 1a tro bay thd, voi lugng mét khi nung 15,8%, 16n hon yéu cau theo
quy dinh cta tiéu chuan ASTM C618. Viéc str dung tro bay tho chua qua tuyén chon trong
cac cong trinh chiu xam thyc sunphat s€ dugc danh gia trong nghién ctru nay.

ba va cat duogc khai thac tir cac mo tu nhién trén dia ban tinh Thanh Hoéa voi cac dac
trung duoc trinh bay trong bang 2. Phy gia hoa déo Sikament R7 véi khdi luong riéng 1a
1,15tdn/m* duoc str dung dé giam luong nudc va ting tinh cong tac cho bé tong. Ham lugng
phu gia hoa déo duoc sir dung bang 1% tong khdi luong cac chat két dinh.

Bang 1. Thanh phén héa hoc ciia xi miing va tro bay

Thanh Luong
A SiO; | ALLOs | FeO3 | CaO | MgO | SO; | K>O | NaO | Khac mat khi
phan (%)
nung (%)
Ximang | 224 | 53 40 |[559] 2,8 [ 21|08 ] 03 | 45 1,9
Trobay | 484 | 204 | 48 |28 | 14 |02 | 1,1 | 0,8 | 43 15,8
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Bang 2. Céc dic trung cia cbt liéu

Kich thuéc | Khéi lugng | Khédi lugng . e
VR , £ o . - Do am Do hit nude
Cot liéu hat 16n nhat riéng the tich kho %) %)
(mm) (T/m?) (T/m%) ’ °
Cat 5,0 2,62 1,50 435 1,08
ba 15,0 2,69 1,45 0,11 0,08

2.1.2. Thiét ké thanh phan cdp phéi hén hop bé tong

Bang 3 trinh bay thanh phan cap phdi ciia cac hdn hop bé tong. Cac hdn hop bé tong
duoc thiét ké theo tiéu chuan ACI211-91 [2] véi cac ty 1& nudc-chat két dinh (N/CKD) 0,35,
0,40 va 0,45. Chu y rang, ham luong tro bay sir dung bang 10% tong ham luong chét két

dinh, duoc ké thira tur nghién ctru trudc voi cung loai vat lidu [1].

Biang 3. Thanh phin cip phoi miu bé tong (tinh cho 1m?)

Ten miu Tylé | Ximang | Trobay | Cat ba Nudc | Phu gia hoa déo
N/CKD | (kg) (kg) (kg) (kg) | (kg (kg)
M35 0,35 469,1 52,1 811,6 | 8984 | 1772 52
M40 0,40 410,8 45,6 867,1 | 899,1 178,0 4,6
M45 0,45 365,4 40,6 910,3 | 899,7 | 178,7 4,1

2.1.3. Chudn bi mau va phwong phdp thi nghiém

Khbi lugng bé tong tuoi va do sut ctia cac hdn hop bé tong dugce xac dinh ngay sau
khi tron. Sau d6 cac mau bé tong dugce duc trong khuon hinh tru c6 duong kinh 10cm,
chiéu cao 20cm. Sau mot ngady, thio khuon va bao dudng cac mau bé tong trong nudc va
trong dung dich Na,SO4 ndng d6 5% cho dén khi tién hanh cic thi nghiém. Cac thi
nghiém duoc tién hanh bao gé)m cuong do chiu nén va van tdc truyén xung si€u am tai
3,7, 14,28, 56 va 91 ngay tudi. Két qua trinh bay trong bai bao nay 1a gia tri trung binh
ctia 3 mau thir.

2.2. Két qua va thio luin
2.2.1. B¢ sut va khoi luwong bé tong tuoi

Do sut va khoi lugng don vi thé tich cua cac hon hop bé tong tuoi dugc trinh bay
trong bang 4. Do sut va khdi luong don vi thé tich cua bé tong thay doi 1an luot tir 5,2+6,0
cm va 2408+2372kg/m? khi ty 16 N/CKD thay dbi tir 0,35 dén 0,45. Két qua cho thiy do
sut ting va khdi lugng don vi thé tich ciia bé tong giam khi ting ty 16 N/CKD. Véi ham
lugng nudc gan nhu nhau, khi ty 16 N/CKD ting thi ham luong xi mang giam, dan dén
khéi lugng don vi thé tich mau giam, béi vi khdi luong riéng ciia xi mang 16n nhat trong
cac thanh phé‘m cAu tao nén bé tong. Mat khac, cuong d6 chiu nén cua bé tong phu thudc
cht yéu vao ty 16 N/CKD [9], khi ty 16 N/CKD giam thi cudong do bé téng ting.
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Bang 4. Dj sut va khéi lwong don vi thé tich cia cac mau

< Phu gia R Khéi luong don vi
Hon hop Y Do sut i
bé 16 N/CKD hoa déo (cm) thé tich

€ ton cm

i (kg/m’) (kg/m)

M35 0,35 52 42 2408

M40 0,40 4,6 5,1 2388

M45 0,45 4,1 6,0 2372

2.2.2. Cuong do chiu nén

Cuong d6 chiu nén ciia cac mau bé tong thuong duoc bao dudng trong nudc va cac
mau bi xdm thuc sunphat (ngdm trong dung dich Na>SO4 ndng d6 5%) dugc thé hién lan
lwot nhu hinh la va 1b. Cuong d6 chiu nén cia tit ca cac mau van tiép tuc ting theo thoi
gian, boi vi cac phan mg thily hoa cta xi mang (1) va puzolan héa cia tro bay (2) van tiép
tuc phat trién theo thoi gian. O cung ngay tudi, cic mau véi ty 16 N/CKD nhé ¢ cudng do
chiu nén cao hon cac miu véi ty 16 N/CKD cao. Diéu nay duogc giai thich boi Shetty [9],
cuong do chiu nén cua bé tong ty 1€ nghich vai ty 1€ N/CKD.

Phan Ung thuy hoa:

(C,S,C,S) +H,0 » C-S-H + Ca(OH)2 (1)
Phan rng Puzolan hoa:
Ca(OH)2 + Si0, —» C-S-H (2)

Cudng d6 chiu nén tai cac ngdy tudi ban dau khong co sy khac biét nhidu giita cac
mau ngam trong nude va dung dich mudi sunphat. Tuy nhién & cac ngay tudi cang dai, cudng
d6 chiu nén cua cac mau bé tong duge ngam trong dung dich mudi sunphat thdp hon cac
mau bé tong twong tng dwoc ngdm trong nude. Tai 91 ngdy tudi, cudng do chiu nén cia cac
mAu bi an mon sunphat chi bang khoang 86+88% so véi cac mau thuong, va sy giam cuong
d6 nay c6 xu hudng tiép dién theo thoi gian. Day 1a két qua cua cac phan ung giita mubi
sunphatva cic san pham thiy hoa va puzolan hoa dé tao thanh thach cao (gypsum:
CaSO,.2H,0) va ettringite (C;A.3CaS0O,.32H,0) nhu phuong trinh (3)+(6). Tai cac ngay
tudi ban dau, cac phan tmg thity hoa va puzolan hoa chiém wu thé nén cuong do ciia cac mau
tiép tuc phat trién. Tuy nhién, cang vé sau, cac phan ng tao ra gypsum va ettringite ngiy cang
nhiéu, day 1a cac hop chit gy gidn ng, lam nit né va giam kha niang chiu luc ciia bé tong.

Na,SO,.2H,0 + Ca(OH), — CaSO,.2H,0 + 2NaOH (3)
Na,SO,.2H,0 + C-S-H —> CaS0,.2H,0 + N-S-H )
C,AH,, + 3CaS0, 2H,0 + 14H,0 — C,A.3CaS0, 32H,0 + Ca(OH), 5)
C,A.CaSO,.12H,0 + 2CaS0,.2H,0 + 16H,0 — C,A.3CaS0,.32H,0 (©)
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Hinh 1. Cwong dd chiu nén (a) miu ngim nwéc; (b) miu ngdm trong dung dich Na,SOy
2.2.3. Vin téc truyén xung siéu dm

Vian toc truyén xung siéu am 13 mot thi nghiém khong pha huy mau, dugce ding dé
danh gia d6 bén cuia bé tong lién quan dén tinh dic chéc, tinh dong nhét va cac khuyét tat
bén trong bé tong nhu vét nirt, 16 rdng. Van tc truyén xung siéu am trong bé tong cang cao,
d6 dac chic cia két cAu cang tét, chat lugng bé tong cang cao. Theo Carcano va Moreno [5],
bé tong c6 van tdc truyén xung siéu 4m 16n hon 4100m/s duoc xép vao loai bé tong c6 chat
luong cao. Hinh 2a va 2b 1an luot thé hién van tdc truyén xung siéu 4m ciia cac mau thuong
va mau bi dn mon sunphat. Két qua thi nghiém chi ra rang, van toc truyén xung siéu 4m co
lién quan mat thiét dén kha ning chiu nén cua bé tong. Cac miu bé téng co cudng do chiu
nén cao thi twong tng c¢6 van tdc truyén xung siéu 4m cao. Tuong tu nhu két qua chiu nén,
cac mau bé téng bi an mon sunphat ¢ van tdc truyén xung siéu 4m nho hon cac miu bé tong
tuong ung & diéu kién thuong. Két qua nay ciing dwoc giai thich tuong tw nhu két qua thi
nghiém xéac dinh cuong do chiu nén, do sy hinh thanh gypsum va ettringite lam giam chét
luong bé tong. Tuy nhién, tat ca cac mau bé tong trong nghién ciru nay déu c¢6 van tdc truyén
xung siéu 4m 16n hon 4100m/s, duoc phén loai 1a bé téng ¢ chit luong tot nhu da dé cap ¢
trén [5]. Két qua ndy mot phan 13 do sy c6 mit cia tro bay da lam tang kha ning chong an
mon sunphat, twong tu nhu két qua tir cac nghién ctru trudce [4,6-7,10-12].
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x x
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‘03>’. 4400 —e— M35 Q4400 —e— M35
2 . —— M40 2 H —a— M40
~<§ 4200 |- —— M45 ‘:8 4200 —— M45
§' 4000 [ FURN N T NN T N T T ST T T S 1 <f>cﬂ 4000 [ FUR NN W NN TN N TN T T T T N
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Ngay tudi (ngay) Ngay tudi (ngay)
(@) (b)

Hinh 2. Vén téc truyén xung siéu am
(a) mau ngam nuéc; (b) miu ngam trong dung dich Na,SO,
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3. KET LUAN

Bai b4o nay trinh bay két qua thi nghiém vé cac dic tinh k¥ thuat cua bé tong bi xam
thuc boi dung dich Na;SO4 nong d6 5%. Cac mau bé tong thuong dugc bao dudng trong
nudc ciing dugc thi nghiém dé 1am mau so sanh. Céc két qua chinh duoc rit ra tir thi nghiém
cho thay :

Sau 91 ngay tudi, cuong d6 chiu nén ciia cac mau bé tong bi xdm thuc sunphat giam
con 86+88% so v4i cac mau bé tong thuong.

Van tdc truyén xung siéu am cua cac miu bé tong bi xam thuc thap hon cac miu bé
tong thuong.

Su giam chét luong ctia bé tong trong mdi trudng bi xam thyc sunphat 1a do sy hinh
thanh gypsum va ettringite gay gian ng, nut va giam kha nang chiu luc cia bé tong.

Cac miu bé tong trong nghién ciru ndy co chit luong twong dbi tot khi c6 van toc
truyén xung siéu 4m 16n hon 4100m/s, mot phan do sy c6 mit cua tro bay trong thanh phan
cap phdi mau.
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THE ENGINEERING PROPERTIES OF CONCRETE
UNDER SULFATE ATTACK

Mai Thi Ngoc Hang, Luu Dinh Thi, Ha Van Son

ABSTRACT

This paper investigates the properties of concrete under sulfate attack. Concrete
mixtures were designed with water to binder ratios of 0.35, 0.40, and 0.45. The raw fly ash
of Nghi Son power plant was used to substitute 10% of cement in concrete mixtures.
Concrete samples were immersed in 5% Na>SOq solution and fresh water for comparison.
The compressive strength and ultrasonic pulse velocity tests were conducted at 3, 7, 14, 28,
56 and 91 days. Testing results indicate that the compressive strength and ultrasonic pulse
velocity of concrete samples immersed in sulfate solution were lower than those of
corresponding samples immersed in fresh water. The chemical reactions between sulfate ion
with the hydration and puzzolanic products to form gypsum and ettringite are causes of
expansion, cracks, and reduction in strength of concrete.

Keywords: Concrete, sulfate attack, compressive strength, ultrasonic pulse velocity,
gypsum, ettringite.
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CAC TRANG THAI PAN ROI TRONG BQ GHEP PHI TUYEN
KIEU KERR PUQC BOM TREN HAI MODE

Nguyén Thi Hong!
TOM TAT

Bai bdo nay, ching téi nghién ciru b ghép phi tuyén kiéu Kerr bao gom hai dao
déng tir phi tuyén dwoc lién két bang kiéu twong tac tuyén tinh va chiu tic déng ciia
treong dién tir bén ngoai dwoc gia thiét dudi dang cdc xung lién tuc trén cda hai mode.
Chiing t6i sé chi ra rang hé c6 thé dwoc xem nhw kéo liong tir phi tuyén va déng vai tro
nhw mét mé hinh hai qubit. Bang cdch sir dung cdc cong thire todn tir bién doi, chiing téi
tién hanh mé hinh héa hé lwong tir, tim ra biéu thire gidi tich ciia bién d6 xdc sudt cia
cdc trang thai phu thugc vao thoi gian va tir do tao ra cdc trang thai dan réi cue dai véi
hiéu qua cao.

Tw khéa: Trang thdi dan voi, do dan roi lwong tu, entropy von Neumann,
concurrence, cong luong tir.

1. DAT VAN BE

Do nhu ciu tinh toan ngay cang ting, may tinh dugc vi tinh héa lién tuc kém theo d6
14 nhu cau cai tién thiét bi dién tu ngay cang nhd hon nira. Viéc thuc hién ca hai nhu cau trén
1a thach thirc 16n dbi véi cac nha khoa hoc. Trong khoang dau nhitng nim tam muoi cia thé
ky trudc, dé tim 16i thoat khoi tinh hudng nay, nha bac hoc ndi tiéng Richard Feynman d
dua ra y tudng tinh toan chinh ngay trén hé vat ly [2]. Sau do, tinh toan lugng tur da phat
trién nhu vii bdo, hién dang 1a d& tai nong trong vat 1y 1y thuyét. Thong tin lwong tir ding
don vi nho nhat 1a qubit (bit lugng tir), mot hé hai trang thai bat ky dé lién hé véi tin hoc ¢d
dién, nguoi ta thuong ky hiéu chung 1a |0> va |1> . Trong khudn khé 1y thuyét luong tir, no
c6 thé 14 t6 hop tuyén tinh cia hai trang thai |0> va |1> . Theo do thi qubit 1a mdt véc to trong
khong gian Hilbert hai chiéu duoc biéu dién dudi dang [1]:

lv) = al0)+5[1) (1)
Trong 6 a va b 1a cac s6 phuc thoa man didu kién chuan hoa |a|2 + |b|2 =1.

Biéu hién cta qubit khi dugc do 1 chi thu dugce céc két qua |0) hodc|1). Phép do lam
thay d6i trang thai cua qubit, lam tan v& trang thai to hop cia |O> va |1> . Khi khong thuc
hién mot phép do nao 1én trang thai lwong tir, rd rang n6 giit nguyén tat ca cac bién lién tuc
moé ta hé nhu @ va b. Nhung néu khong do thi 1am sao c6 thé xur 1y duoc thong tin? Khai

! Gidng vién khoa Khoa hoc Ty nhién, Truong Pai hoc Hong Piic
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niém trang thai dan rdi dugc dua ra giai quyét cho cau hoi nay, d6 1a trang thai khong thé
phan ra dugc tich tenxo ctia hai trang thai mé ta cac hé con thanh phan. Néu trang thai cta
hé 1a dan rdi thi khi doc qubit riéng biét thir nhat duoc hai két qua véi cliing xéac suat thi néu
ta do qubit thtr hai ciing ludn thu dugc két qua nhu qubit thir nhat (tham chi & khoang cach
rat xa). Einstein di goi day 1a mot tdc dong ma qudi & khodng cdch.

Trang thai dan rdi cua hai hé con dugce dinh nghia 14 trang thai dugc mo ta béng mot
vécto trong khong gian Hilbert ctiia h¢ phirc hop ma khong phai 1a tich cua cac vécto mo ta

cac hé con.
[v) #[va) ®lws) @)
Toan tr ma tran mat do ctia ching khong duoc biéu dién duéi dang:
P= ZpipiApiB 3)

Ma tran mat do 1a dai luong do mat dg trang thai nén khong c6 thur nguyén.

Mot 16p céc trang thai dan rdi nay dugc goi la cac trang thai Bell. Tinh chat dan rbi
ctia hé luong tir tién t6i thuc hién mot may tinh lugng tir trong twong lai voi nhitng kha ning
tinh toan ma khong mdt may tinh hién thoi nao thuc hién dugce [3,4]. Trong bai bao nay,
chung t6i nghién ctru st dung kéo lugng tir dé cit cac khong gian Hilbert vo han chiéu tao
ra céc trang thai dan rdi giita hai qubit c6 d6 dan réi cao nhét - Trang thai Bell.

Hinh thtc luan kéo lugng tir va mo hinh kéo lugng tur tuyén tinh.

Chung ta biét rang khong gian Hilbert 1a mot khong gian ma khong bi gidi han vé s6
chiéu, d6 1a mot khong gian co tich vo hudng. Tuy nhién, gan day cac trang thai lién két hiru
han chiéu di dugc xem xét & cac khia canh khac nhau trong mot s6 cong trinh. C6 nhiéu céac
trang thai lugng tir hiru han chiéu nhu trang thai n-photon, cac trang thai bi ép hitu han chiéu,
céc trang thai Bell... Cac trang thai nay duoc goi 1a cac trang thai bi cit [7,8,10]. Chung
thuong dugc xét trong trang thai dan 16i luong tur. Vi du trang thai Bell 1a mot trang thai nhu
vay [13]. Kéo luong tir tuyén tinh chinh 13 co cdu sir dung cac phan tir tuyén tinh cét cac
khong gian v6 han chiéu thanh khong gian hiru han chiéu. Tir d6 ta tim ra cac hé lién quan
trong tin hoc luong tu.

Dé an Iy thuyét dau tién vé kha ning cit ngin cac trang thai lién két quang duogc dé
xuit boi Pegg, Philips, va Barnett [5,12,14].

Céc trang thai két hop dinh nghia khong gian hai chiéu:

)=

da duogc cit dé co mot dang don gian hon ma & do6 chi ¢ su chdng chap cua hai trang thai so:
|l//>cut = ]/0 |0>+ ]/1 |1> ?

Trong do y,, y, 1a cac bién d) xac suat

o

|n)=exp| == ZJ—I@ 4)
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’l//>()ut o D2

c{
b ¢,

_ D, Ty

y D1

B B

4 b,

‘1> |l//>in

Hinh 1. Db thi biéu dién thiét bi kéo lwong tir tuyén tinh v6i hai chum tia
BS1 va BS2 va cac bg do photon D1 va D2

A
~
A

N
A

Thiét bi bao gom hai bo tach chum tia d6i xing (BS1 va BS2), mdi bo tich chum
phan xa va truyén téi moi trudong voi xac suat 0,5. Néu gia su tai by tach chum thir nhat
BS1, mot trong cac trudng toi (biéu dién boi 51) ¢ trang thai mot photon con truong toi
kia (biéu dién bai 152) O trang thai chan khong thi bo tach chum tia s€ tao ra mdt trang thai
dan rdi. Ché do dau ra sau d6 duoc dua vao bd tich chum tia thir hai tao thanh mot trang
thai lién két, trang thai nay s€ dugc cat dé dieu ché sy chong chdp chan khong va trang
thai mot photon theo y muodn:

1
= > (|O>b, +a|1>b] ) (5)
1+ |a|
D6 dan rdi cua trang thai cit ngan duoc tinh thong qua d6 tu hop (concurrence)
Concurrence cua trang thai dang xét dugce xéac dinh theo [13]:

C(|V/>AB) - ‘ AB <V7|W>AB‘ = 2|COOCII - 601clo| (6)

Ciing theo [13] ta x4c dinh d6 dan rdi E(|1//> ) cua |1//>AB theo cong thirc:

AB

| l//desired > b

E(|l//>AB)=—x10g2x—(1—x)10g2(1—x) (7)

_1+41-C?
—
Trong d6 Concurent c6 thir nguyén 1a ebit, d6 dan rdi duoc do bang entropy.

voi x

2. KEO LUONG TU PHI TUYEN VA BO GHEP PHI TUYEN KIEU KERR

Kéo lugng tir phi tuyén 1a thiét bi quang hoc sir dung cac yéu té quang phi tuyén ma
két qua tac dong cta né 1én céac trang thai quang ciing trong ty nhu mé ta ddi véi truong
hop kéo luong tir tuyén tinh. Trong phan ndy, ching toi s& mo ta thiét bj kéo lwong tir phi
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tuyén sit dung bd ghép hai dao dong phi tuyén vai tinh chat phi tuyén Kerr y,, 7, c6 tinh
dén ca twong tac v6i trudng ngoai. Bo ghép phi tuyén kiéu Kerr thé hién sy ty khic phuc, tu
diéu ché nhiing thay ddi cta chinh né va cac hiéu tng ty chuyén do6i. Trong trang thai luong
tir, chiing ciing tao ra anh sang nén, hay cac trang thai dan r6i [6].

Bo ndi phi tuyén kiéu Kerr dugc dua ra bao gdm hai dao dong tir diéu hoa phi tuyén
kiéu Kerr a va b twong tac véi nhau bang kiéu twong tac tuyén tinh, cac dao dong tir c6 thé
duoc tac dong bang truong dién tir bén ngoai dugc gia thiét duéi dang xung lién tuc mé ta
trén hinh 2. Cuy thé, ching toi s& gidi thiéu b ndi phi tuyén kiéu Kerr bao gdbm hai dao
ddng tir didu hoa phi tuyén kiéu Kerr a va b duogc lién két mot cach tuyén tinh voi nhau,
cac dao dong tir dugc tac dong bang trudng dién tir bén ngoai duoc gia thiét dudi dang cac

xung lién tuc [11].
LN AN

§ > > u/
% 7 7

Hinh 2. Mé hinh b ghép phi tuyén kiéu Kerr, twong tac véi nhau va chiu s kich thich
cua trwong ngoai ¢ ca hai mode dudi dang xung lién tuc

Hamiltonian mé ta h¢ c¢6 dang:

H=H,+H, (8)
trong do:
H,=wdd+mb'b 9)
H =Hy), +H) +H + 1)+ H) (10)
(a) Xa [ 7+ A2 ﬁ P\ o

Hmml+Hn0nl 2 ( ) a + 2 (b ) b (11)
H  =cd'h+eab* (12)
HY —ad" +a'a; HY =pb* + b (13)
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a,b,a’, b" la cac toan tir huy va sinh boson tuwong rng v&i hai mode a va b cua tan

sO w,, w,; H,

nt

mo ta twong tac tuyén tinh giita cac dao dong tir, ddc trung bang tham sb &

mo ta do 16n cua twong tac gitra cac mode, H if;b) mo ta tac dong cuia xung bom bén ngoai
1én cac dao dong tir didu hoa a va b, cac xung bom nay la cac xung bom lién tuc. y,,z,1a
d6 cam mo ta tinh chat phi tuyén trong Hamiltonian ctia cac dao dong tir. Cac tham sé «, S
dic trung cho d6 manh ciia twong tac véi truong ngoai. Tién trién theo thoi gian cta hé co
thé dugc mo ta boi phuong trinh Schrodinger:

Iy

iy ()=

w (1)) (14)

Bo qua qua trinh tat dan (damping) va do do tién trién ctia hé c6 thé duge mo ta boi
mot ham séng phu thude thoi gian. Haim song nay c6 thé duoc biéu dién thong qua to hop
tuyén tinh trong co s¢ cua cac trang thai Fock nhu sau:

)= 2 e, ®lm),[n), (15)
m,n=0
Véi ¢, (¢) 1a bién d xac suit twong (mg véi trang thai m va n photon trén dao dong

tir @ va b. Str dung céc tinh chét cuia toan tir huy hat va toan tir sinh hat va két hop cac biéu
thirc tir (11) dén (13) thay vao phuong trinh (14) ta thu duoc:

.d 1
L =L Lamm )+ gn(n-1Jen +
+é&C, | .n m(l’l-}—l)+(€‘*C’m+l’nil n(m+1)+ (16)

+acm4’nx/% +a'c,, Nm+1+ ,ch,nfl\/; +fc, aNn+l
Trong thyc té phuong trinh (16) bao gdm vo s6 phuong trinh, viéc giai hé phuong
trinh nay gap rat nhidu kho khan. Tuy nhién, gia st ring tat ca cac twong tac dugc xem xét
ddaylayéu {a, e} <{7,, 7,} . hé luong tir c6 thé dugc xem xét nhu kéo lugng tir phi tuyén.
Va theo d6, tién trién theo thoi gian cua hé s€ duoc gioi han trong bbn trang thai cong hudéng

|O>a O>b’ 1>a 0>h’ 0>a 1>b’ 1>a

han xudng hé bén phuong trinh cho bién do x4c suét twong tmg véi {m, n} =1{0, 1} . Nghia

l>h . Két qua thu dugc 1a hé phuong trinh (16) s& dugc gidi

1a cac bién do xdc sudt ¢, , (t)=0 khi {m, n} #{ 0,1}, tir 6 ta c6 thé viét lai ham séng dudi
dang “cit” nhu sau:
|'/’(t)>m, =cw0),10), +ca[0), 1), + 6, [1),[0), + e [1), |1), (17)

Véi gia thuyét tai thoi diém ban dau, hé trong trang thai chan khong (|w(0)) =[0)[0)).

Tir d6 ta thu duoc hé bdn phuong trinh don gian sau:
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dc

00 Co1

. * * . * *
i =ac,+ ¢y, i =gc,+ac, +fcy,

(18)

dc R dc
i—d;" =¢ec, +acy, +p ¢, iT; =acy, + fe,,-
Giai hé phuong trinh trén trong truong hop a =¢ véi cac didu kién ban dau:
¢ (0)=¢,,(0)=¢,(0)=0, ¢, (0)=1 ta thu dugc nghiém twong mg véi mot s6 truong hop

cu thé:
Truong hop: a =

Coo (£) = €, (£) = —2i%sin (%jez (19)
MO L g +l{cos(£j—i£sin(£ﬂ ef% (20)
2 2 2 A 2
(1) = —lei““’ +l{cos(£j—i£sin{£ﬂ e_% (21)
2 2 2 A 2

trong d6: A =+16a°+&* .

Tinh Concurent theo cong thirc C =2 |COOC11 - cmcm| va tinh d9 dan rdi theo (7):

E(r)- =€ 1+\/1—C2_£1_1+\/1—C2}10g{ 1+\/1—C2}
- 2 2 2 ’ 2

1—

log, (22)
Két qua thu dugc thé hién trén dd thi tién trién theo thoi gian cua do dan roi cac trang
thai duoc tao ra (cac ddu chdm) va céc trang thai duoc cit ngin theo mong mudn (dudng
lién nét) boi bd ghép bom 2 mode nhu sau:
1
E(ent
(entropy) 0sl

06 A

0.4F

02r A

G 1 1 1 1
0] 0.2 0.4 0e 08 1 Jad

time (s) x 10°

Hinh 3. Tién trién do dan ri cia cac trang thai ‘l//(t» dwgc tao ra (cic diu chim) va
cac trang thai duwgc cit ngin theo mong mudn ‘l// (t)> ) (dwdng lién nét) béi bd ghép
10° )

bom 2 mode f=a = D E=a
200
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Truong hop: f=-a

a . (At 2
Coo(f)=—Cn(f)=2lzsm(?jez (23)
c (t)—le*"‘”+l cos(ﬁj—kifsin(ﬁj e%t
ot =5 2 2 )2 (24)
c (z‘)——le""‘“+l cos(ﬁj—ifsin(ﬁj e%t
R R Y A 25)

Két qua thu duoc thé hién trén do thi tién trién theo thoi gian cua do dan roi cua céac
trang thai duoc tao ra (duong chim) va céc trang thai duoc cat ngan theo mong mudn (dudng
lién nét) boi bd ghép bom 2 mode nhu sau:

1

E(entropy) AL /\ !\ f\\ ]
06+ i
04t \
02t .

" 02 0.4 i 05 i 1.

time (s) x 10°

2

Hinh 4. Tién trién d9 dan roi ciia cic trang thai ‘y/(t)> dwgc tao ra (dwong chim)

va céc trang thai dwoc cit ngin theo mong mudn ‘y/(t)> . (dwdng lién nét) boi bd ghép

10°
bom2mode f=—a=——; €=

200
R& rang trong ca hai trudng hop trén hinh 3 va hinh 4 thi d6 dan réi giai tich thu duoc
rat phu hop véi két qua tinh s6. Ta ciing nhan thay db thi Tién trién cua d6 dan rdi cua cac
trang thai duoc tao ra ¢ hai truong hop trén hinh 3 va hinh 4 14 nhu nhau. Diéu nay dugc
giai thich don gian tir cong thic tinh concurent va cong thire tinh ¢ dan réi (22) trong hai
truong hop nay 1a nhu nhau. B9 dan rdi cua trang thai thu duoc co thé xép xi hoac tham chi
bang 1, tuy nhién ciing ¢6 nhiing thoi diém trang thai dan rdi ciia hé hoan toan bi bién mat
(46 dan 161 bang khong) roi lai duoc tai sinh. Dé danh gia chét lugng cua trang thai quang
hoc dugc cit ngin, by gio ta s& xét dén do sai léch giita trang thai hai qubit Iy tuong

Do :‘t//(t)> <(//(t)‘ va trang thdi dau ra thuc té ﬁ(t):‘w(t)xt//(t)
‘y/(t» dugc tinh todn sé dang [11,15]. ‘y/(t)> = exp(—il:lt)|01> trong khong gian Hilbert

, trong do,

cut cut

hai mode thuc té 13 v6 han chiéu. Trong phén tinh toan sd toi s& dwa ra & phu luc, t6i chon
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s6 chiéu 1a 20 trong mdi khong gian con. P9 chinh xéac clia trang thai cit ngin duoc tao ra
ctia phép cit ngan bang kéo luong tir & trén dugc xac dinh boi [11,15]:

F(pp)={r] (Jopipn) ]|

(26)
do tin cay duoc do béng ebit.

Trong phan nay, toi tip trung vao trudng hop cac trang thai thuan duoc cit ngan. Khi
d6 d6 chinh xac ¢ (26) dugc don gian hoa thanh:

F=y 0l ()., @)
Do chinh xac cua viéc cat ngin 1y tuong bang 1. Két qua thu dugc tir viée tinh s6 do
chinh xé4c ctia sy cit ngin trong cac trudng hop dugc thé hién rd trong hinh 5 va hinh 6.

F T T T T

2

0.9999

0.9995

0.9995

0.9997 !
0

35 4
time (s) 107
Hinh 5. D§ chinh xic giira trang thai thuc dugc tao ra ‘y/ (t)> va trang thai cit ngin

. a

;€
200 10

- — ey ; ————
F ' \ [\ A\ I\ N
\ / \ f/ \ [ [
0gessl | \

osees u,\ / / \ H\ | \ .fj \‘u:

09998} | /' ] l'

\
\J \,‘ / \ / \ | SH\L/ | Ill's / %

35 4
time (s) x 107

8
Iy twéng |y (¢))  béi by ghép bom 2 mode S =a = 10

Hinh 6. P§ chinh xac giira trang thai thwc dwoc tao ra ‘l// (t)> va trang thai cit ngin

8
ly twéng ‘l//(t)>cm b6i by ghép bom 2 mode f =-a =— 10

— &
200 10

79



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 39.2018

Két qua thu dugc trén hinh 5 va hinh 6 cho thay d¢ tin cdy cta qua trinh cét trong
treong hop £ =a dat dugce 1a cao hon so vai truong hgp f=—a . Theo dinh nghia cta

(P-4

fidelity (d6 chinh xac hay do tin cdy ciia phép “cat”), fidelity s& bang 1 cho truong hop

(P-4

chiing ta c6 phép “cat” hoan hao. Vi viéc lay sb chiéu ctia moi khong gian Hilbert con 1a

m=n=20, két qua tinh toan s6 do tin cay cta trang thai |l//(t)>cm va trang thai thuc |l//(t)>

duogc chung to6i tinh toan va thé hién trén hinh 5 va 6, voi mot sb gia tri khac nhau cta
tham s6 dau vao. Ta nhan théy d6 chinh xac cia viéc cit ngén luén Xép xi 1 trong mot
thoi gian ngan. Cac gia tri ctia do chinh xéac chi léch khoi 1 ¢& 3.107, tham chi 1a 2.107*
, diéu nay chi ra sy phit hop trong phuong phap phan tich dé chi ra mot thiét bi kéo luong
tir dung dé cat ngén cac trang thai tao ra dugc trang thai hai qubit c6 d6 dan roi cao nhét
trong thoi gian tién trién twong d6i ngan. Vao nam 2006, nhom tic gia Miranowicz A.
and Leonski W. cling da cong b cong trinh tinh toan d¢ dan rdi cua trang thai dugc tao
ra cling nhu do tin cay ctua phép ct ngén nay voi cac tham s6 dau vao khac nhau va cling
thu dugc cac két qua tuong ty.

3. KET LUAN

Bai bao gidi thiéu tong quan vé trang thai dan réi lugng tir, phan tich tinh toan do
dan rdi theo hai cach khac nhau. Chung t6i ciing dwa ra cac mo hinh kéo luong tir tuyén
tinh va kéo lugng tir phi tuyén va tap trung nghién ctru mé hinh kéo lugng tir phi tuyén
c6 cac mode tuong tac tuyén tinh dugc bom 2 mode tao ra khong gian Hilbert hiru han
chiéu trong truong hop khong c6 mat mét va thu dugc nhirng trang thai c6 do dan réi cao.
Qua nghién ctu, khao sat ching t6i da thu dugc cac trang thai lugng tur hai qubit c6 do
dan r6i xap xi hodc tham chi bang 1 tir viéc st dung kéo luong tir phi tuyén dé cit cac
trang thai trong khong gian Hilbert vo han chiéu. Chat lugng cua trang thai tao ra twong
ddi cao va duoc chung t6i danh gia qua dd thi ciia do chinh xac gitra trang thai thuc duogc
tao ra va trang thai Iy tuong theo mong mudn. Do chinh xac nay xap xi 1 va chi sai léch
¢d 2.10™. Cac két qua tinh toan duogc so sanh giira phuong phap tinh sé va phuong phap
giai tich da xac nhan gia tri cia phuong phap giai tich ma ching t6i dua ra. Piéu c6 thé
duoc ap dung nhu 1 ngudn nguyén liéu cia giao thirc vién tai lwong tir va may tinh luong
tr trong tuong lai khong xa.
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ENTANGLEMENT STATES IN THE KERR - LIKE NONLINEAR
COUPLER PUMPED ON TWO MODES

Nguyen Thi Hong
ABSTRACT

In this paper, we study the Kerr - like nonlinear coupler consisting of two nonlinear
oscillators that are linearly coupled together and affected by an external electromagnetic
field being assumed to be in the form of continuous pulses in both modes. We explore that it
is possible to apply the formalism of nonlinear quantum scissors to the system so that the
system can be considered as a two-qubit system. By using transformational formulas for
operators, we conduct modeling the quantum system, find out the analytical expressions of
the probability amplitudes of time-dependent states, and thus generating maximal entangled
States with high efficiency.

Keywords: Entanglement state, quantum entanglement, von Neumann entropy,
concurrence, quantum gates.
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CAU TRUC CAN CUA IPEAN PON THUC
Lé Quang Huy', Hoang Thi Minh Nhan?
TOM TAT

Bai bao gioi thi¢u vé cau truc can cua idéan don thic trong vanh da thirc nhiéu bién.

Tw khéa: Vanh, cau truc can idéan, vanh da thiec.

1. DAT VAN BE

Cho R 14 vanh giao hoan c6 don vi, trong tap hop cac idéan ciia R ching ta c6 thé xay
dung duoc cac idéan méi qua cac phép toan nhur tong, tich, lily thira va chia. Bén canh do,
nhu mét su md rong ty nhién cua cac phép toan trén tap hop sd d6i voi cac idéan 7 cia R,
khai niém idéan cin cua idéan dugc nhiéu nha toan hoc quan tdm nghién ctru. Idéan
JI = {x eR| IneN: x" e I} duoc goi 1a can cua /, khai niém nay duogc trinh bay trong
[1], [2], [3], [4] va [5]. Muc dich chinh cta bai bao niy 1a mé ta ciu tric cua idéan JI trong
truong hop 7 1a idéan don thuc (idéan sinh bdi cac don thirc).

Trong noi dung nghién curu cua bai bao dwoc chi thanh hai muc

Muc 2.1 gi6i thiéu mot s6 két qua can thiét cua tap 16i trong IR” dé 4p dung vao chimg
minh két qua chinh ctia bai bao.

Muc 2.2 trinh bay két qua mé ta cdu tric cin cia idéan don thirc (Dinh 1y 3.5) va dua

ra mot s6 Gmg dung ctia dinh 1y nay trong tinh toan idéan cin mot sb 16p idéan don thirc
(Pinh 1y 2.2.6).

2. NOI DUNG

2.1. Tap 16i trong R”

Pinh nghia 2.1.1

i) Cho tip X <R” va X#Q goi 1a tap 16i néu v6i moi x,yeX thi
tx+(1-t)ye X voimoi0<r<1.

i) Mot t6 hop 18i ctia céc phan tit {¢;, a,, ..., @, } = X 1a biéu thic Y aq,, trong

i=1

doa, eR,0<a <1 va Zaizl.

i=1

! Gidng vién khoa Khoa hoc Ty nhién, Truong Dai hoc Héng Puic
2 Pai hoc Su pham Todn K174, khoa Khoa hoc Ty nhién, Truong Pai hoc Héng Purc
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Bo6 dé 2.1.2
Giasutap X cR" latap 1diva {a,, a,, .., a,} = X.

Khid6 Y aa, €X, trongdd a,eR, 0<a, <1 va Y a =1.

i=1 i=1
Churng minh
Ta chirng minh quy nap theo m:
Vé&im = 1,2, suy ra tir dinh nghia tap 16i.

k k
Giéa str ménh dé dung dén k, nghialatacod ) a,e, € X, trongdd ¢, eR va > a, =1
i=1 i=1
Ta can chiing minh ménh dé ciing dung dén k + 1, ttc 1a can chimg minh.
k+1 k +1
Zala[ € X, trongdo a, e R va Zai =1. Taco

i=1 i=1

kel k k a a
_ _ 1 i
Zaiai_zaiai+ak+lak+l_zai T Gttt/ | ta 0,

i=1 i=1 i=1
Zai Zai

i=1 i=1

., a a,
LaicOo ——a +...+4—/——a, =1

k k
Zai Zai

i=1 i=1

nén theo gia thiét quy nap ta co

q

a,
X at..t—F—a X

B3P S

i=1 i=1
k+1 k k
Do do, Zaiaiz Zai x+a,,,y. Vix,yelX, Zai+ak+1=1, nén theo Dinh
i=1 i=1 i=1

a, a.
.t

S Y

i=1 i=1

nghia 2.1 ta c6

Vay ta ¢6 diéu phai chimg minh.
Pinh nghia va B dé 2.1.3

Cho Y'la 1 tap con hitu han cia R". Ki hiéu

Conv(Y) = {iaiai

i=1

a. €Y, aeR, 0<q <], Zajzl,mzl}

i=1

Khi d6 ta noéi Conv(Y) 1a mét tap 16i va dugc goi 1a bao 16i ciia Y.
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Chitng minh
Véimoix, y € Conv(Y), khi d6 ta c6 thé viét duéi dang:

m m
x =Zaiai, a,eY,a eR, 0<a, <1, Zaizl,mzl,

i=1 i=1

y =Y bB,B €Y, beR, 0<b <1, Db =1uxl.

Jj=1 Jj=1

Taco: ox + (1-0)y =Y taa, + Y, (1-1)b S,

i=1 j=1
Mit khac: Y ta, + Y (1-0)b, =tY a,+(1-0)D b, =t +1—1 = 1.
i=1 j=1 i=1 j=1
Suyra tx + (1 — )y € Conv(Y).
Vay Conv(Y) 1a mot tap 16i.
Néu Y ={a, ..., a,}, dé cho don gian ta ki hiéu: Conv(Y) = Conv(a,, ..., @,,).

Ménh dé 2.1.4
Cho a,, ..., a, 1a mot diy cac phan tir d6i mot phan biét cia R”. Khi do, ton tai

j € {L 2, .., m} sao choa, eConv(a,, s Qs Oy ey am). Nghia 1a khong ton tai

0<ag <1 & . "
', Dla, =1, sao cho ta cd thé viét duge @, = ) a.a,.
VZ¢] i=1 . i=1
i#j i#j
Chirng minh

Ta ching minh quy nap theo m: V&i m = 1, 2, hién nhién ding.
Gid sir ding dén m-1, nghia 1a v6i moi ho 6 m-1 phan tt {4, ..., B, _,} . luén ton tai

t sao cho B & Conv(p,, ..., B s B..1s - B, _,)- Ta can chimg minh ding dén m. That
vy gia st eConv(a, oy &, |, |y s @, ) Vj€ 1, m, nghia Ia ton  tai
Jay, 0<a, <LVj=1,mV k=1 mk#j sao cho:
o =a o+ a o+ .. +aqa,

5 3 m

o= a,o,+ a, o+ .. + 4, @, (2)

a,=aa+.ta, o +a o+ . +ad, ()

a,= a,o+ a,a+ ..+ a,d, (m

m

Rut «; | 6 phuong trinh (j - 1) thay vao phuong trinh thir (j) v6i 2 <j <m ta dugc:
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m
B =1
a, = ﬂ23 o, +...+ ,b’zm a, 212 Jk
: , trongdo {V2<j < m.
a, = ﬂm, a, +...+ﬂmw1 a, k+#j
Do véy: a; € Conv(@,, ..., &, _, @, s 0 @, _,).

Diéu nay méau thuin voi gia thiét quy nap. Vay ménh dé dugc ching minh.

2.2. Ciu triic ciin cia idéan don thirc

Trong muyc ndy, luén xem R = K[x,, x,, ..., x, | 1a vanh da thtc n bién x,, x,, ..., X,.
Tir 1a biéu thic c6 dang ax...x" , trong 46 o€ K duogc goi 1a hé s6 ciia tir. Ki hiéu:

x=(x, ., x,), a=(a, .., a,)eN va x* =x/"..x" . Pathtcnbién x,, ..., x, trén vanh R

1a mot tong hinh thirc cta céc tr f(x)= Z a x“, trong d6 chi c6 mot sd hitu han hé sb

aelN

a, 0. To a,x" voi a, #0 duge goi la tir cua da thire £ (x) va x* 1a don thirc cua f (x).
Ménh dé 2.2.1 (Xem [1, B6 dé 4.3])

Cho 7 1a mot idéan cua R, khi d6 cac diéu kién sau twong duong
1) I 1a idéan don thtrc.
i1) Véi moi da thuc f € R thi f e/ khivachikhicactircua fel.

B6 dé 2.2.2

Cho da thuc f= ax™+ ayx™2+ .. +a,x™ (bién x, .., x, ). Khi d6 ton tai
i e {l,2 ..t} saocho o; ¢ Conv(al, R A A a,).

Churng minh

Tacd a,....a; € R” d6i mot khéc nhau, theo Ménh dé 2.1.4 ta c6 diéu phai chimg minh.

Ménh dé 2.2.3

Néu 712 mét idéan don thirc thi NI cling la mgt idéan don thuc.

Chitng minh

t
Lay f1a mot da thic f = D hxt e~/1. Suy ra ton tai keN sao cho f*e I

i=1
Can chung minh x“ eI véi moi a,,i = 1, ¢.

Ta ching minh quy nap theo t: Vi t = 1, ménh d& hién nhién dung.
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Gia sir ménh d& dang voi moi da thirc ¢6 ¢ -1 s hang.
Ta can chimg minh ménh dé ding voi moi da thirc c6 ¢ s6 hang. That vay, khong mat

’ A ’ co . s A k
tinh tong quat gia su trong khai trién f©, 3k ,k,,...k, sao cho
xW = xh o x®h L x* Vi =11, trongdd k =k + k,+ ..+ k, (0 <k, < k).
Suyra: ak = ak + ak,+ ... +a,_k,_,+a k., + ..+ ak,
Sa =a k + +a =L ta il ta k
i " ‘ i—1 i+ 1 t
k—k k—k k—k, k—k
< L1 . k k, k, k
Mat khac,taco <a, = a, . ——+ ... +a,_, . —+a, . L t+a . ——.
k—k k—k, k—k k—k,
Theo Pinh nghia va B6dé2.1.3,tacod a, € Conv(a,, a,, .., a,),izl,_t .Piéu nay mau

thudin vé6i B6 @& 222. Do d6, ton tai i e {I, ...t} sao cho

. I ka; . .
a; ¢ Conv(a, ..,a; |, a wa)Vi =11 Suyrax el , do do x“ e/I. Khi

i+ 1
d6 dathic g=f—hx“ e JI, ma g ¢6 k -1 s6 hang nén theo gia thiét quy nap ta co tit ca
cac don thic con lai ctia fdéu thude ~/7 . Nén theo Ménh dé 2.2.3, /1 1a idéan don thc.
Ta c6 diéu phai chimg minh.
Pinh nghia 2.2.4

Giasir x* = x1 .. x% . Ky hiéu +/x* =X, ... X, 1a can cia don thirc x“.
Ap dung cac Kkét qua trén, ta nhan duoc két qua cua dinh 1y sau:
Dinh ly 2.2.5 (Xem [3, Proposition 1.2.4])

Cho idéan don thitc I = (£, f, ... f,).

Khi d6 N1 =(\Jf;, \[for oo [T, ).

Ap dung két qua ciia Pinh 1y 2.2.5 ta d& dang nhan duoc cac két qua sau:
Pinh ly 2.2.6

Cho K[)q, vy xn] 14 vanh da thirc » bién trén truong K. Gia su {xil,..., xil} C {xl,..., xn}.

Khi d6, ta co
o o
: 1 k| —
1) (xl-l R xl.k ) = (xil’ ...,xl.k )
.. al ak ’ \ y ,
ii) xl-1 - xl.k JU s Uy = x’i’ oo xl-k , trong d6 u,, ..., u, 1a cac don thirc
chi chua cac bién thudce tap {x’i’ vy xik} va e N\{0}.
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1i1) \/(x{ll, oy X U ey u,) = (xl, e xn), trong d6 e N\{0} va u,, ..., u, 1a

cac don thire tiy y ctia K| x;, ., X, |.

tai i

J

Chitng minh

i) Taco | xﬁ J = x;, ,Vj= L k. Ap dung Dinh 1y 3.5 ta dugc diéu phai chimg minh.
J J

ii) Ap dung Dinh 1y 2.2.5 ta ¢

(04 [04
1 k
\/(x’i R xl-k Uy, ) (x oo ’k JU;, .. )

Vi u,, ..., u, chichiracac bién thudc tap {x ) X; },nén Vou, I = 1 t, luon ton

ma j e {1, .., k}, saochou )C ha( ) \/7, . ) (xl, - xn).
]

iii) Ap dung ii) cho k = n, ta nhan dugc két qua cua iii).
Vidu 2.2.7
Gia sir K[x,, x,, x;, x,, X5, X, x, ] 1a da thire 7 bien trén truong K. Khi do ta co
: A 11 3 N
i) Neu 1 =(x,, X, X', x, ) thi VT =(x, x,, x,, x,)-
. NA’ ] = 13 25 5 3 8 2 4 th‘\/?—
1) Neu I =(x", x,7, x;,7, X7, X5, XXX, X iV =(x, Xy, X5, X4, X5 ).
NA’ 7 =(x" 7 3 9 8 2 4 2.7 th‘ﬁ—
) Néu 7 =(x,7, x,°, X7, X, , Xy ) XX X, X5 5 X, X0, Xs iVI=(x,x, X, X, X).
. NA’ 7= (x> 71 13 8 4 2\ thi ﬁ_
W)Neu I =(x7",x,, X;, X, , X5, X, X, X5 , X,X, iV =(x, Xy, X5, X4, X5).
A 3 5 44 3 11 8.9 5..2 7. 2 5
v) Néu ]=(x1 Xy, Xy, Xy, X, X X Xy, XXX, XX, XX, x6)
thi \/7=(x1, Xy, X35 X4 Xs, xﬁ).
: A 5 7 7 30 8 5 3.5 8 282
vi) Néu 7 =(x", X,°, X3, X, 5, X5, X 5 X7, XX, Xgy X, X5, XX, X5 X))

thi \/7=(x1, Xy, X3y Xyy Xsy Xg, x7).

3. KET LUAN
Cho R=K]|x, x,, ..., x,] 1a vanh da thirc n bién.

Khi d6 véi moi idéan don thirc 7=(f,, £, ..., f, ), idéan can duoc xéc dinh béi cong

thl’rcﬁz(\/z, \/72, cen \/7,1)

béi v6i mot sb 16p idéan dac biét, tir cong thic trén ta co thé tinh toan cu thé duoc

idéan can nhu sau:
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Giad sur

B R Epa

Khi do, ta co

(04 o

: 1 k| —

1) (xl.l R xl.k ) = (xil’ ...,xl.k )

.. al ak , . , ,

ii) xl.1 - xik CU s Uy = x’i’ oo xl.k , trong d6 u,, ..., u, 1a cac don thirc
chi chua cac bién thudce tap {xﬁ’ vy xik} va 1 e N\{0}.

1) \/(xlal, vy X U, .., ut) = (xl, e xn), trong do teN\{O} va up, .., u, la

cac don thire tiy y ctia K| x;, .., X, |.
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THE RADICAL OF MONOMIAL IDEAL STRUCTURE
Le Quang Huy, Hoang Thi Minh Nhan
ABSTRACT

This paper gives the radical of monomial ideal structure of polynomial rings in the
indeterminates.

Keywords: Ring, radical of monomial ideal, polynomial ring.
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NGHIEN CUU THOI GIAN SONG VAN CHUYEN VA THOI GIAN
SONG LUQNG TU TRONG MO HINH GIENG
LUQNG TU PHA TAP MOT PHIiA

Ngo Thi Lan', Nguyén Thi Thao?, Nguyén Vin Can®
TOM TAT

Chiing t6i dea ra mét 1y thuyét vé anh huong cia pha tap diéu bién bat doi xirng 1én
hién twong vdn chuyén cia hat tdi trong giéng lwong tir vudng géc. Bang viéc sir dung
phirong phdp bién phdn chiing téi da dwa ra biéu thirc gidi tich ciia hat tdi trong giéng lirong
tik pha tap mét phia. Chiing téi da tinh thoi gian song van chuyén va thoi gian séng lwong
tik cho cdc co ché tan xa khdc nhau RI, SR, va DP. Ly thuyét ciia chiing ti c¢é thé gidi thich
mét s6 két qua tinh toan gcin day vé tinh chadt vin chuyén cuia hat tai, dic biét 1a ti sé thoi
gian song van chuyén va hrong tir.

T khéa: Thoi gian song vin chuyén, thoi gian song lwong tir, giéng lwong tir, pha
tap mot phia.

1. DAT VAN BE

Thoi gian sng van chuyén va luong tir 1a hai dai lwong quan trong d6i v6i mot hé
lwong tir. Trong nghién ctru tinh chat van chuyén ciia cac hé thap chiéu nguoi ta nhan thiy
rang co6 su khac biét rd rét giira hai thoi gian ddc trung néi trén. Thoi gian sng van chuyén
7, 1a thoi gian chuyén dong tu do trung binh ciia hat tai chuyén dong theo phuong riéng biét
(vi du cuia truong ngoai) khi ton tai cac tan xa. Thoi gian séng van chuyén duoc rat ra khi
do d6 linh dong Hall véi tir trudng yéu. Thoi gian séng khéc 1a thoi gian song luong tir 7,

la thoi gian trung binh ma hat ton tai trén mot trang thai luong tir khi tdn tai cac tan xa. Thoi
gian séng luong tir dugc xac dinh tir ham bao ciia dao dong Shubnikov-de Haas.

Thoi gian sdng van chuyén va thoi gian sdng luong tir 13 hai tham sé quan trong
thuong dugc su dung dé dac trung cho hi¢u suat cua cac cau trac ban dan co do linh dong
cao. bé nang cao hiéu suét cua cac linh kién dién tir can phai nghién ctru va xac dinh dugc
cac co ché tan xa gay bat loi cho d6 linh dong [7,8,10,12]. Cac nghién ctru gan day chi ra
réng, mot trong cac cach hiéu qua nhat dé xac dinh cac co ché tan xa chu dao 1a nghién
ctru thoi gian sdng van chuyén va lugng tir ciing nhu 13 ti s ctia chung (Dingle ratio) [2,9].
Thoi gian sdng lugng tir con lién quan dén sy mé rong cia cac mirc Landau cua cac dién
tr trong tlr trudng ngoai va véi nang luong riéng cua hat. Viéc luu trir va truyén thong tin
bang céac hién tugng luong tir 13 linh vuc nghién ciru ndng bong ctia cac nha khoa hoc trén
toan thé gisi. Pé 1am didu d6 ngudi ta phai tim cach kéo dai thoi gian sdng luong tir ciia

I Gido vién Truong Trung hoc ph(f thong Hau Loc 2, huyén Hau Loc, tinh Thanh Hoa
23 Gidng vién khoa Khoa hoc Ty nhién, Truong Pai hoc Hong Pirc
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dién tir. Gan day cac nha Vat 1y di sir dung tir trudng cuc manh va nang thoi gian song
luong tir ciia dién tir 1én hon 50 lan [9], diéu nay gitp cho viéc xdy dung méy tinh luong
ttr tién gan hon dén hién thyuc. C6 thé néi rang thoi gian sdng (van chuyén va luong tir) 1a
dai luong vira mang dén cho chung ta nhimg thong tin quan trong vé hé luong tir vira 1a
dai lugng co tinh quyét dinh cho viéc ing dung cac h¢ do trong cac thiét bi lugng tir. Véi
nhitng ¥ nghia do, viéc nghién ctru thoi gian sdng ctia hé hat tai trong cac giéng luong tir
pha tap mot phia 12 vin dé nghién ciru c6 tinh khoa hoc va cap thiét.

Trong bai bao ndy ching toi nghién ciru thoi gian séng van chuyén va luong tir cua
hat tai trong mo hinh giéng luong tir pha tap mot phia. Céc tinh toan nay goép phan hoan
thién thém 1y thuyét van chuyén tuyén tinh va giai thich & hon vé mat Vat Iy dai luong thoi
gian song ctia hat tai cling nhu ti s6 ciia thoi gian sdng van chuyén va thoi gian sdng luong tir.

2. NOI DUNG
2.1. Ly thuyét tinh thoi gian sdng vin chuyén va thoi gian song lwong tir

Theo 1y thuyét van chuyén tuyén tinh, d6 linh dong & nhiét d6 thap duoc xac dinh boi
u=er/m véim*la khéi lugng hiéu dung trong mit phing ciia kénh dan. Thoi gian sdng

cua hat tai (van chuyén va luong tir) dugc biéu dién qua ham ty twong quan:

1 1 2%y 27 7 <|U(q)|2>
;_ (272')2hEF }[ dq£d¢(4k; _qz)l/z gz(q) (1)

& day, ¢ =(q,¢) 1a xung luong truyén hai chiéu cho bdi cac co ché tan xa trong mit

phang x,y: ¢ = |q| =2k, sin($/2) voi 9 la goc tan xa.
Nang lugng Fermi dugc xac dinh: E, =#’k; /2m" v6i k, = \/ﬂ 13 s6 song Fermi.
Ham tu twong quan trong phuong trinh (1) c6 <|U (q)|2> dugc dinh nghia 14 trung binh
théng ké cac bién d6i Fourier hai chiéu cua céc thé tan xa phu thudc vao ham song bao.
Ug) = dz|¢ (=) U(g,2) )
Ham dién moi &(g) dinh luong cho hiéu ing chén cua thé tan xa cia hat tai hai chidu.
Ap dung gan dung truong ngau nhién ta co: g(q)=1 +%FS (gD[1-G(q)]-

Trong d6, ¢, =2m’e’ / &, 1" 1a nghich dao chiéu dai chan hai chiéu Thomas-Fermi.

Hiéu chinh truéng cuc b do tuong tac trao doi gitta cac hat voi nhau dugc cho béi:

q A < P L
G(q) =————" Thura s6 dang chan phu thudc vao tuong tac cta hat doc theo phuong
2q° + k;
nuoi, duoc xac dinh boi: F,(q) = J'_w dZJ'_OO dz'gz(z);z(z')e-q\z-Z" 3)
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Str dung ham song mé ta sy phan bd ciia hat tai trong giéng luong tir pha tap mot phia
c6 dang [3]:

o) {B\/ﬂ /Leos(nz/L)e ™" khi|z|<L/2 W

0 khi |z|>L/2,

trong d6, B 1a hing sb xac dinh tir diéu kién chuan hoa, ¢ 1a tham s bién phan.
Thay biéu thirc ham song & phuong trinh (4) vao phuong trinh (2), két hop véi cac ham
don gian y,(x) va w,(x) cho bai (5), ta sé thu dugc biéu thirc cho ham ty twong quan U (9),

két hop véi phuong trinh (1) ta s€ thu duoc dai lugng thoi gian séng cho tirng co ché tan xa.
1 -1)" . —-1)" :
7,(x)= {—+%} sinhx, o, (x)= [%} sinh x 35

X X +nr X +nr
véi n=0,1,2,... 1asd nguyeén.
O nhiét do thép, cac hat tai c6 thé c6 cac co ché tan xa sau: Tap xa (RI), d6 nham bé
mat (SR), thé bién dang khdp sai (DP). Thoi gian song tong cong duge xac dinh boi quy tac
Matthiessen:

o, ]
Tt(n‘ TSR 7 TRJ , ( )

DpP

O day 74,7 pp,7, lan lugt 12 thoi gian séng gay boi cic co ché tan xa do d6 nhdm bé
mit (SR), thé bién dang khép sai (DP), tap xa (RI).

Tir phuong trinh (1), ta thiy gia tri cua thoi gian sdng van chuyén duoc biéu dién qua
ham tu twong quan cho mdi co ché tan xa. Mt khac, theo [1, 4, 6] ham tu twong quan cua
hé hai chiéu chua dung hau nhu toan bd dic trung cua hé, cho phép tinh todn céc tinh chét
dién nhu: d6 linh dong cua dién tir va sy md rong cac muc Landau. Vi vy, dé tinh toan céc
dic trung quan trong ctia mot hé lugng ti, ta phai xac dinh biéu thirc ham tu twong quan tmg
Vi timg co ché tan xa trong hé.

2.2. Cac co ché tan xa co bén trong giéng lwong tir pha tap mot phia

2.2.1. Tdn xa gdy boi dg nham bé mdt (SR)

Ta biét rang d6 16n cua thé tan xa trong khong gian vécto song duge xac dinh boi gia
tri cuc bd clia ham song tai cac vi tri bién ¢, = (z=mL/2), gia tri clia thé trong khong
gian véc to song dbi v4i cac tan xa tir bé mat nham phia dinh c6 dang:

Usen @) =Va[C,[ A, (7

& day, A, 1a bién doi Fourier hai chiéu ciia cau hinh bé mat.

Vi chidu cao thé rao ¥, di116n ta c6 thé thay thé ham song trong (7) bang dao ham sau:
P

2m

z

2

Voles

s ®)
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Tién hanh tinh tich phan phuong trinh Schrodinger 1 chidu v6i ham song bao cho bai
(4)th z=20 t61 z = z, (zO >—L/2) . Ta dugc:

302 B e
Ve =[E(c)—m<zo>1g2(0)¢%{ﬂz I (te£5)
L

—[Mjrl(i%,i5)—%[F2(i2c,i§)—FO(iZC,i§):|i ©)
C

i%[Qz (£2¢,% ) + 20 (£2¢, + 5)]}
& ddy E(c) la nang luong tong cong cta hat & trang thai co ban [10].

2.2.2. Tdn xa gdy boi thé bién dang khép sai (DP)

Tiép theo, nhu da chig minh trong [5], 6 nham bé mat tao ra thing gidng cta bién
dang trong giéng lugng tir c6 su chénh 1éch hing sé mang. Chinh sy chénh léch nay dn t6i
su thay ddi cua dang bién, lam xuét hién cac co ché tan xa moi. Thé tan xa méi nay phu
thudc vao dang ddi xurng cua tinh thé va loai hat tai.

Str dung ham song tir phuong trinh (4) ching t61 xac dinh duoc biéu thirc cho ham ty
tuong quan cho thé bién dang khop sai cho dién tir c6 dang phuong trinh (10) tring véi két
qua da dan ra trong cong trinh [4]:

7% € AAB?

o ngzzbm)x

Ug,a“(q,z):[

12 (10)

2
x é[by (K + 1)]2 (1+sin* @ +cos*p) + LAG (1+sin* pcos’@)
2°° 4c,,
trong d6, thira s6 dang F,,(t) =t’e” [;/1 (ctt/ 2)]2 F,(1).

2.2.3. Tan xg gay boi Tap xa (RI)

Cudi cung, ham ty tuong quan cho tan xa tir sy phan bd ngau nhién cua tap dugc xac
dinh boi tich phén trén toan mién pha tap [8]:

(Vut@f)= ( 28”2 j J N, )E g.2) ()

Trong d6, N,(z,) 1a su phan b cua tap va F,(q,z,) la thira sé dang d6i véi 14 tap &

vitri z = z,, dugc xac dinh béi:

Fi(g,2) = [ dzlg(z) e (12)
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Tinh toan phuong trinh (9), (10) v&i ham song cho bdi phuong trinh (4) ta duge ham
tu twong quan cho tap c6 dang [6]:

(vut@l) =[2:Z j ME L) (13)

4
& déy thira s6 dang chin c6 dang:
RZ(Z) 67251 _efzdt
2 £(t+t)

véid=z /Lvas=z /L vat =q.L.

Fo(t) = (14)

Nhu vay, véi viée st dung ham song bao & phuong trinh (4), chung ta da xac dinh duoc
ham ty trong quan cho tit ca cac co ché tan xa cta giéng luong tir pha tap diéu bién ddi ximg
& dudi dang giai tich. Cac ham tu twong quan trong khong gian véc to song 1a thanh phan quan
trong dong gop vao viée xac dinh thoi gian sdng cua hat tai theo phuong trinh (1). Cu thé, xac
dinh duoc cac ham tuong quan cho mdi co ché tan xa ta s& xac dinh dugc thoi gian séng cua
hat tai tuong ing v&i timg co ché tan xa, tir 46 thoi gian séng tong cong duoc xac dinh boi
quy tic Mathiessen cho bai phwong trinh (6).

2.3. Két qua va thio luin
Tac gia ciing tién hanh so sanh ti s gitra thoi gian séng van chuyén va thoi gian song
luong tir o = ;— (hinh 1) do céc co ché tan xa khac nhau (hinh 1) anh huéng dén qua trinh
q
van chuyén cia hat tai trong giéng lugng tir pha tap mot phia Sio3Geo 7/Ge/ Sio3Geo7 voi s6
liéu thyc nghiém trong [7]: p, = 10%em™;n = 4; g, =15.2; vi tri bién dang pha tap co gia tri
L,= 1004, L. = 1504, cic tham s6 nhdm bé mit A=5A, A=40A.

103F . T r r

I I 1 I
0 100 200 300

L it

Hinh 1. Ti s6 giira thoi gian sdng van chuyén va thoi gian song lwong tir gy ra béi tit ca
cdc co ché tan xa khac nhau trong giéng lwong tir pha tap 1 phia phu thudc vao
bé rong giéng lwong tir L
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Hinh 2. Ti s giira thoi gian sdng van chuyén va thoi gian séng lwong tir tdng cong
phu thudc vao bé rong giéng lwong tir L

Puong dut nét (dash line) 1a ti s6 thoi gian séng van chuyén va thoi gian séng lugng
tir v& cho truong hop giéng lugng tir khong pha tap (flat-band). Puong lién nét 1a ti sé thoi
gian sdng van chuyén va thoi gian sdng lwong tir v& cho trudng hop giéng luong tir pha tap
mot phia.

Hinh 2 14 ti s6 gitra thoi gian sdng van chuyén va thoi gian sdng luong tir tng cong
dugc xac dinh theo quy tic Mathiessen cho ca hai truong hop: Flat-band (dudng dut nét) va
pha tap mot phia (duong lién nét). Ta nhan thiy: o = ;—’zl , tan xa xay ra dang hudng, dong

q
thoi ciing chi 18 cac thé tuong tac tim gan nhu: khong trat tu hop ban dan (DP) va d6 nham
bé mit (SR) 13 nhitng co ché tan xa co ban. Khi a = Z—[ >1, tan xa xay ra chu yéu vé phia
q
trude, trong d6 cac thé twong tac tim xa nhu: tap nén va tap Coulomb xa (RI) 1a nhing co
ché tan xa co ban.

Hon nira, hinh 1 cho théy anh hudng cua cac co ché tan xa SR, DP, RI 1a khac nhau
1én qua trinh van chuyén cua hat tai trong giéng. Tan xa do do nham bé mat 12 ngudn tan xa
cha dao, con RI khong dong vai tro 1a ngudn gay ra tan xa. Két qua nay ciing dugc dan ra
trong cong trinh [11] khi nghién ctru cac co ché tan xa co ban trong mé hinh giéng luong tir
pha tap moét phia.

Hinh 2 cho théy, ti s6 thoi gian sdng van chuyén va luong tir trong truong hop pha tap
mot phia khong ting don diéu nhu trong truong hop flat-band ma co ton tai mot cuc dai cia
ti s phu thudc vao bé rong giéng lugng tir, didu nay cho thiy anh huong cua hiéu ing ubn
cong ving ning luong do pha tap mot phia di 1am thay d6i dang diéu cua ti s6 nay so véi
truong hop khong pha tap (flat-band). Py ciing 14 co s& dé chung ta c6 thé nghién ctru sau
vé anh hudng ctia hidu img udn cong ving ning luong 1én tinh chat dién cua hat tai trong
mo hinh giéng luong tir ¢6 pha tap.
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3. KET LUAN

Chung t6i d4 nghién ctru ti s6 thoi gian sdng van chuyén va thoi gian séng luong tir
trong mo hinh giéng luong tir pha tap mot phia. Két qua ciia chiing t6i thu duoc bao gdm dong
gop cua tat ca cac co ché tan xa khac nhau SR, DP, RI lén qua trinh véan chuyén cua hat tai
trong giéng. Ti sb nay ciing cho phép chiing ta két luan vé co ché tan xa ndo 14 co ban, cling
nhu dy doan duge chiéu hudng ctia cac tan xa. Theo d6, khi ti s6 nay x4p xi bang 1, tan xa giy
boi khong trat ty hop ban dan (DP) va d6 nham bé mat (SR) 1a nhitng co ché tan xa co ban.
Khi ti s6 nay 16n hon nhiéu so véi mét tin xa gay boi tap nén va tap Coulomb xa (RI) 1a nhitng
co ché tan xa co ban. Nhiitng két qua tinh toan trén day dong gop mot phan quan trong vao
viée xac dinh co ché tan xa chii dao trong mé hinh giéng luong tir pha tap mot phia, gitip hoan
thién thém Iy thuyét vé qua trinh van chuyén cia hat tai trong cu trac giéng lugng tir.
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A STUDY OF TRANSPORT AND QUANTUM TIME IN ONE-SIDE
DOPED SQUARE QUANTUM WELLS

Ngo Thi Lan, Nguyen Thi Thao, Nguyen Van Can
ABSTRACT

We present a theoretical study of the effects from asymmetric modulation of the
envelop wave function on quantum transport in square quantum wells (QWs). Within the
variational approach we obtain analytic expressions for the carrier distribution and their
scattering in asymmetric one-side doped square QWs. We calculated tranport and quantum
time ratio for RI, SR and DP scattering mechanisims. Our theory can explain some recent
caculations about the transport properties of interest, namely, the ratio of the transport to
quantum lifetimes.

Keywords: Transport lifetimes, quantum lifetimes, quantum wells, one-side doped.
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TINH CHAT TU NHIET CUA HE VAT LIEU PEROVSKITE
NEN MANGAN Lag7A03MnO3 VOI A LA Ca, Sr va Ba

Pinh Chi Linh', Lé Viét Bau?, Tran Ping Thanh?
TOM TAT

Trong bdo cdo ndy, ching t6i trinh bay cdc két qud nghién ciru vé hiéu irng tir nhiét
cua hé vat lieu Lao,7403MnO3 (voi A = Ca, Sr va Ba). Su thay thé Srva Ba cho Ca gay anh
hiong dang ké lén cdc théng s6 mang tinh thé, dong thoi déng vai tro quan trong trong sir
tiang nhiét @é chuyén pha sdt tir - thudn tir (nhiét d¢ Curie, Tc) cia vit liéu. Khi A = Ca, vit
liéu biéu hién tinh chdt chuyén pha logi I véi d bién thién entropy tir rat 1ém. Khi thay thé
Srva Ba cho Ca, vit liéu chuyén sang tinh chat chuyén pha logi Il va dj bién thién entropy
tir giam déang ké, nhung lam tang kha nang lam lanh ciia vét liéu trong mét sé truong hop.
Két qua thuc nghiém cho thcfy, cdc s6 lidu vé dé bién thién entropy tu phu thugc nhiét do do
tai cdc tir truong khdc nhau cia mau A = Ca khéng tudn theo phwong phdp dwong cong phé
qudt, diéu nay hoan toan nguoc lai véi két quad thu dwoc khi thay thé Sr va Ba cho Ca.

Tir khoa: Hiéu irng tir nhiét, vit liéu perovskite nén mangan, chuyén pha tir.

1. DAT VAN BE

Trong vai thap ki qua, hé vat li€u perovskite nén mangan (REMnOs véi RE 1a
nguyén t6 dat hiém, dugc goi tit 1a manganit) da thu hut duoc sy quan tdm to 16n cua
céc nha khoa hoc bai tinh chat dién - tir ciia chiing vo cung tha vi. Mac da REMnO; 1a
chét dién moi - phan sat tir, nhung khi thay thé RE bang mot nguyén té kiém hoic kiém
thd (A) trong cong thirc RE1 xAxMnO;, ddn dén mot phan ion Mn’* (2., S = 2) chuyén
thanh ion Mn*" (f2°, S = 3/2), thi cac hé vat liéu nay trd thanh kim loai-sit tir va xuét hién
chuyén pha sét tir (Ferromagnetic, FM) - thuan tir (Paramagnetic, PM). V& co ban, tinh chat
dién-tir cua hé vat liéu La;xAxMnO;3 (A = Ca, Sr, va Ba) di dugc nhiéu nha khoa quan tam
tir nhitng nam 1950 [5,6]. Két qua cho thay, khi thay thé mot phan ion La* bang cac ion kim
loai héa tri IT thi vat liéu xuat hién mot sd hiéu tng dién - tir tha vi [13], dién hinh nhu hiéu
tmg tr tré khong 16 (Colossal magnetoresistance, CMR) va hiéu Gng tir nhiét
(Magnetocaloric, MC) [9,11]. Trong sé d6, hop chat Lag-CaosMnO; dugc biét dén nhu 1a
mot vat liéu dién hinh cho céc hiéu ung CMR va MC, d¢ 16n cta céc hi¢u tng nay 16n hon
rat nhiéu so voi nhitng két qua thu duoc tir cac manganit khac. Vi du nhu: hiéu tng CMR
thu duoc trén mang mong Lay;3CaisMnOs ¢6 gia tri tir trd MR 16n hon 100000% tai nhiét
d6 T'= 77 K trong tir trudng H = 60 kOe [12] va hiéu tmg MC thu dugc trén da tinh thé
Lao7Cao3MnOs ¢ d6 bién thién entropy tir cuc dai |[ASmax| = 5 J/kg-K trong bién thién tir

! Nghién citu sinh Vién Khoa hoc vit liéu, Vién Han lam Khoa‘ hoc va Cong nghé Viét Nam
2 Gidng vién khoa Ky thudt va Cong nghé, Truong Dai hoc Hong Dic
3 Nghién ciru vién Hoc vién Khoa hoc va Cong nghé, Vién Han lam Khoa hoc va Céng nghé Viét Nam
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truong AH = 10 kOe [7]. Tuy nhién, chuyén pha FM-PM cua vat liéu Lag7Cao3MnOs dang
khéi don tinh thé hay da tinh thé ludn di kém véi su thay d6i vé ciu trac tinh thé, diéu nay
duoc biét dén 1a dac trung ctia vat liéu chuyén pha loai I (First-order phase transition, FOPT)
[12]. Chung ta biét rang, d6 rong ving chuyén pha FM-PM cua cac vat liéu FOPT thuong
rat hep. Hién twong tré nhiét va tré tir trong cac vat liéu nay ciing kha 16n. Nhimg nhugc
diém nay da lam han ché kha nang ung dung cua vat licu FOPT. Trong khi do, cac vat licu
chuyén pha loai IT (Second-order phase transition, SOPT) thuong c6 ving chuyén pha FM-
PM kha rong, hau nhu khong c6 hién tuong tré tir va tré nhiét. Do vay, dé tan dung cac uu
diém cua ca hai loai vat liéu ké trén, chiing ta can phai mo rong ving chuyén pha FM-PM,
d6ng thoi phai 1am giam hién truong tré nhiét va tré tir ctia vét liéu thong qua bién ddi ban chat
FOPT thanh SOPT. Mot b bién phép co thé ap dung cho truong hop vat liéu Lag7Cao3sMnOs
nhu: 1) thay thé cac ion thich hop vao vi tri La/Ca va/hodc Mn, ii) giam kich thudc tinh thé cua
vat liéu, iii) dung cac tic nhan bén ngoai nhu 4p suat, tir truong. Trong bai bao nay, ching
t6i thay thé mot s6 ion kim loai kiém thd (Sr** va Ba®") vao vi tri ciia Ca®' va nghién ctru
anh hudng cta chiing 1én ciu trac tinh thé, chuyén pha tir va hiéu tng tir nhiét cua hé vat
liéu Lag7Cao3MnO;. Két qua nghién ctru cho théy kha nang lam lanh cua vat liéu duoc cai
thién dang ké dong thoi viing chuyén pha FM-PM da mo rong va dich vé phia viing nhiét o
phong, gitp vat liéu trd nén hiru ich hon trong cong nghé lam lanh bang tir truong.

2. NOI DUNG
2.1. Thwe nghiém

Sau mau gém da tinh thé co cong thirc hoa hoc dang Lag 7A03MnOs (A = Ca, Sr va Ba)
dugc ché tao bang phuong phap phan tng pha ran. Nguyén liéu ban dau gém céc 6xit La:Os,
CaCO0s3, BaCOs3, SrCOs3 va Mn véi d6 sach 99,9%, chiing dugc can khdi lugng theo cong thire
hop phan danh dinh, sau d6 duoc trén déu va nung so bd trong khong khi tai 1200°C trong
thoi gian 24 gio. Hon hop bot sau khi nung duoc nghién tron lai, roi ép thanh vién véi ap luc
3 tAn/cm? va nung thidu két trong khong khi 24 gio tai 1400°C. Cac san pham cudi cting duge
kiém tra cdu triic tinh thé bang nhiéu xa tia X (Bruker AXS, D8 Discover) véi ngudn birc xa
Cu-K, (A = 1,5406 A). Cac phép do tir d6 phu thudc nhiét do M(T) va tir trudng M(H) duoc
thuc hién trén hé tir ké miu rung (VSM) vaéi budce tang nhiét o 1a 2K. Dé thuan tién, chung
toi st dung céc ki hi¢u viét tit cho cac mau vét lidu trong bai bao nay nhu sau:

La0,7Cao,3MnO3 (Ca), La0,7Sr0,3MnO3 (SI‘), La0,7Bao,3MnO3 (Ba), Lao,7Ca0,15Bao,15MnO3
(CaBa), Lag,7Cao,15Sr0,1sMnQOs3 (CaSr) va Lag7Bao,15Sr0,1sMnO3 (BaSr).

2.2. Két qua va thao luin

Gian do nhiéu xa tia X do tai nhiét d6 phong ctia cic miu cho thdy chiing déu don pha
tinh thé. Cac mau Ca, CaBa, va CaSr c¢6 hé ciu trac tinh thé 13 orthorhombic, trong khi d6
cic mau Ba, Sr va BaSr c6 hé céu tric tinh thé 1a rhombohedral. Trén co s& sb liéu nhiéu xa
tia X, cac thong sb mang (a, b va c) va thé tich 6 mang (V) ctia pha tinh thé c6 trong cac mau
da dugc tinh todn va trinh bay trong bang 1.
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Bang 1. Céc thong s6 mang, ban kinh ion trung binh tai vi tri La/A (<ra>) va nhiét d¢
chuyén pha FM-PM (7¢) ciia hop chét Lag7A0:MnO;

Hop chét hilu Chutric  |a(A)|b(A)| c(A) V(A <(;‘\*)> (ZI;C)
Lag,7CapsMnO; Ca Orthorhombic | 5,451 (5,468 | 7,709 | 229,.8 | 1,354 | 260
Lag,7BagsMnO3 Ba Rhombohedral | 5,541 - 113,505|358,9| 1,435 | 333
Lag,7Sro3MnOs Sr Rhombohedral | 5,511 - 113,405|352,6 | 1,384 | 360

Lao,7Cao,15Ba0,1sMnQ; [CaBa |Orthorhombic | 5,428 | 5,503 | 7,751 |231,5| 1,395 | 300
Lag,7Cao,15S10,1sMnQOs [CaSr |Orthorhombic | 5,481 | 5,463 | 7,748 | 232,0 | 1,369 | 322
Lao,7Bag,15510,15sMnO3 (BaSr |Rhombohedral | 5,535 - |13,463|356,4| 1,410 | 350

. | I 7
[+ =05 &— Ca i Iwl Y
— b ¢ |
Lo . 4 f i Ba | # ¥y
E -+ & I.‘la i g_] v Sr
9, *— 8r Lty =] CaBa 4
=, CaBa |t a— (CaSr
g & (CaSr D I : -1.5 +— BaSr A
(a) +— BaSr 9 }i AL pe | )
Ol v "Mw =21 - :
100 150 200 250 300 350 400 100 150 200 250 300 350 400
T(K) T (K)

Hinh 1. (a) Cac dwdng cong M(T) va (b) dM/dT phu thudc 7, do ¢ ché dp ZFC trong
tir truong 100 Oe ciia hop chit Lay-7A03MnOs véi A = Ca, Sr va Ba

Tir bang 1 ta thiy, so véi gia tri ¥ ctia Ca, khi thay thé Sr va Ba vao vi tri cia Ca di
lam ting dang ké thé tich 6 co so. Su thay ddi ndy c6 thé dugc giai thich boi sy thay thé ion
Ca®" ¢6 ban kinh nho hon (rca+ = 1,34 A) bang cac ion Sr** hodc Ba>* véi ban kinh ion 16n
hon (rsp+ = 1,44 A va rpar = 1,61 A). Do vay lam ting ban kinh trung binh (<ra>) ctia cac
ion tai vi tri La/A (thuong dugc goi la ban kinh ion trung binh tai vi tri A trong clu trac
perovskite ABO3).

Puong cong tir 46 phu thudc nhiét d6 trong tir truong 100 Oe cia cac mau, do trong
ché do 1am lanh khong tir truong (Zero field cooled, ZFC) duoc trinh bay trong hinh 1 (a).
Khi nhiét d6 tang, tit ca cac mau déu c6 mot chuyén pha FM-PM sic nét xdy ra & khoang
nhi¢t o trén 250 K. Nhi¢t do xay ra chuyén pha FM-PM phu thudc manh vao néng do cua
Ca, Sr va Ba trong hop chat. Nhiét 6 Curie (7c) ciia cac mau duoc xac dinh tai diém cyc
tiéu trén duong cong phu thudc nhiét do ctia vi phan bac nhét tir do theo nhiét do, dM/dT
phu thudc T, hinh 1(b). Gia tri Tc ctia cac miu dugc trinh bay trong bang I cho thiy, nhiét
d6 chuyén pha FM-PM ting véi su gia ting ctia Sr hodc Ba trong vat liéu. Két qua nay rat
pht hop voi nhitng nghién ctru da duoc cong bd trude day [10,15]. Nhin chung, su gia ting
Tc cua cac manganit da dugc cac nha khoa hoc giai thich dya trén su gia tdng cua ban kinh
i0n trung binh <ra>. Véi cac ion c6 ban kinh khac nhau nam & vi tri A sé tao ra hién tuong
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khong vira khép ban kinh, dan dén hinh thanh nhiing bién dang mang dia phuong trong bat
dién MnO, két qua 1am thay doi d6 dai lién két Mn-O va goc lién két Mn-O-Mn. Khi <ra>
tang, 4o dai lién két Mn-O giam, goc lién két Mn-O-Mn ting va tiém can dan dén gia tri
180°. Két qua nay tao diéu kién 1am ting kha niang trong phu giita cac dién tir 3d clia cac
ion Mn véi cac dién tir 2p cia cic ion oxy. Do vdy cudng do tuong tac trao dbi kép
(Double-exchange, DE) mang tinh sat tir ting 1én, 1am tang Tc cua vat liéu [3, 4, 17]. Su
bién dang mang tinh thé khong chi 1am thay ddi gia tri 7c ma con 1am bién ddi ban chat
chuyén pha tir va tinh chat tir ctia vat liéu [17].

Pé biét thém thong tin lién quan dén tinh chét tir cta cic miu, ching t6i di do
duong cong tir hda ban dau cua chiing tai cac nhiét d6 khac nhau M (H, T) trong tir trudng
H = 0-10 kOe. Hinh 2 trinh bay bd cac duong cong M (H, T) cia hé miu dugc do tai cac
nhiét d6 khac nhau xung quanh ving chuyén pha FM-PM. Ta c6 thé thiy, trong trang thai
sat tir, phan 16n tir d6 tang dot ngodt trong khoang tir trudng thip (H < 3 kOe), sau d6 tién
dan dén gia tri bao hoa trong vung tir trudng trén 4 kOe. Tuy nhién, tir 46 ciia cac mau khong
dat gia tri bdo hoa hoan toan khi tir truong da 1én dén 10 kOe. Piéu nay duoc cho 1a ¢o lién
quan dén su cung ton tai cua twong tic DE mang tinh sat tir va tuong tac siéu trao d6i (Super-
exchange, SE) mang tinh phan sat tir trong vat liéu. Ngoai ra con c¢6 thé lién quan dén sy
khong ddng nhét vé tinh chat tir trong vat liéu. Cac két qua twong tu cling dugc quan sat thiy
& nhiéu hé manganit khac. Tai mdi gia tri tr truong nhét dinh, tir do cta vat liéu giam dan
khi nhiét do tang, cac duong cong M(H) chuyén dan tir trang thai phi tuyén tinh sang tuyén
tinh khi vat liéu chuyén tir pha sit tir sang pha thuén tir.

6
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Hinh 2. Bo cac dwong cong M(H, T) do tai cac nhi¢t do khac nhau xung quanh 7¢
ciia hop chét Lag7A03:MnO; véi A = Ca, Sr va Ba
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Dua trén bd sb liéu M(H, T), hiéu img MC cua mot vat li¢u tir co thé dugc danh gia
thong qua viéc xac dinh va nghién ctru cac duong cong ASm(7). Hinh 3 trinh bay cac duong
cong -ASm(T) ctia hé mau xac dinh dugc trong cac khoang bién thién tir truong AH = 4-10 kOe
(v6i budce nhay ciia AH 1a 1 kOe). Trong d6, gia tri ASm trong bién thién tir truong AH tir 0
dén H duoc tinh toan tir cac sb liéu M(H, T) thong qua biéu thirc:

AS (T,H)= I(Z—Aﬁ dH (1)

H

Tur hinh 3 cho théy, trén cac duong cong -ASw(7) xuat hién gia tri cuc dai tai lan can
nhiét d6 chuyén pha Tc. Gi tri |ASmax| ting khi AH ting. M6t hiéu Gmg tir nhiét 1on c6 gia
tri |ASmax| dat 4,92 J-kg"K™' duoc quan sat thiy trong mau Ca. Tuy nhién hiéu Gmg nay chi
X4y ra trong pham vi nhiét do kha hep (250-262 K). Nguoc lai, cic mau CaBa, CaSr, BaSr,
Ba va Sr ¢6 d9 bién thién entropy tir vira phai, nhung hiéu tmg MC cua chiing dién ra trong
pham vi nhiét 46 rong hon. bé danh gia kha nang lam lanh cua vat li¢u, nhiéu tac gia da su
dung dai lugng cong suit 1am lanh tuong dbi (Relative cooling power, RCP). Gia tri RCP
duogc xac dinh bang tich gitra gid tri bién thién entropy tir cuc dai (|ASmax|) nhan véi do rong
tai ntra chiéu cao cuc dai ciia dudng cong ASw(T) (8Tewnm) [1]

RCP = |ASiax|¥0T trwHM (2)

RCP Ia dai luong dac trung cho kha nang lam lanh cta vat liéu. N6 cho biét luong
nhiét c6 thé dugc chuyén giao giita hai bo phan noéng va lanh cia may lanh trong mét chu
trinh nhiét dong ly tuong.
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Hinh 3. Cac dudng cong -AS(7) phu thude 7 xac dinh dwoc trong cc bién thién tir
trueong khac nhau AH = 4-10 kOe ciia hop chit Lag;A(3MnO; véi A = Ca, Sr va Ba
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Hinh 4. Sy phu thudc ciia |[ASwax| va RCP theo AH ciia hgp chit
Lag7A03MnO; véi A = Ca, Sr va Ba

Hinh 4 cho thay khi so sanh cac gia tri ctia |ASmay va RCP giita cac mau. Mau Ca cho
|ASmax| 16n nhét, tuy nhién RCP cua né chi dat gia tri vira phai. Nguoc lai, cac miu Ba va
BaSr ¢6 |ASmax| thap hon cac mau khac, nhung RCP cua chung lai dat gia tri 16n nhat trong
phan 16n cac khoang bién thién tir truong. Dé thuén tién cho viéc so sanh hiéu tmg MC trong
céc vat lidu tir nhiét khac nhau, chiing ta c6 thé st dung cac ti s6 |[ASmax|[/AH va RCP/AH.
Trong trudng hop ctia chung t6i, ti 6 |[ASmax|/AH clia hé vat liéu Lag7A03MnOs co gia tri tir
0,10 - 0,49 J'kg""K-kOe™!, gia tri nay co thé so sanh duoc v6i mot sé két qua nghién ctru
trude day. Bang 2 cho biét gia tri cac thong sé lién quan dén hiéu tmg MC cia hé vat liéu
Lag.7A03MnQOs va so sanh voi mot s6 manganit twong déng [2,8,14,15,16,17,19]. Co thé nhan
thdy mau Ca clia ching toi ¢6 ti $6 [ASmax[/AH cao nhat (0,49 J/kg-K-kOe), nhung ti s6
RCP/AH cia mau nay ciing chi cung bac khi so sanh véi cac manganit khac.

Bang 2. Gia tri Tc va cac thong sb lién quan dén hiéu tng MC (|ASmay|, [ASmax/AH,

RCP va RCP/AH) ciia hé vat liéu LaysA¢3MnOs so sanh véi mdt s6 manganit

khac di cong bd gin day

£ TC | AH ||ASmax|||ASmax|/AH | RCP | RCP/AH
Hop chat TLTK
(K) [(kOe)|(J/kg-K)|(J/kg'K-kOe)|(J/kg)|(I/kOe-kg)
T
Lao7CaosMnO; (PC) 20| 10 | 492 | 040 |4275 428 | O
T
Lao,7Bao3sMnQOs (PC) 333 | 10 1,37 0,14 48,46 4,85 :;rllg
T
Lao;5t0sMnOs (PC) 360 | 10 | 191 | 019|399 400 | O
T
LaoCao,5Bao1sMnO3 (PC) | 300 | 10 | 1,67 0,17 |36,62| 3,66 :;?g
T
Lag 7Cao,15S10,1sMnOs3 (PC) | 322 | 10 | 2,19 0,22 44,000 4,40 ‘:;rilg
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LaosBao5Sro1sMnOs (PC) | 350 | 10 | 0,99 0,10  [47,98] 4,80 Tlr)‘;?g
Lao7Ca0275Bao2sMnO; 256 | 30 | 4,39 0,15 | 140 | 467 | [14]
(NPs)
Lag 7Cao.25BaoosMnOs (NPs) | 258 | 30 | 4,38 0,15 140 | 4,67 [14]
235- 5,00- 218-
La0,7Ca0,3MnO3 (NPs) 70| 45 .60 0,11-0,19 |° +'|4:84-540 | [15]
Lao 7CaosMnOs (SC) 275 | 50 | 10.50 0.21 462 | 9,24 [16]
Lag 7Ca02Sro, MnOs (SC) | 308 | 50 | 7,50 0,15 374 | 7,48 [16]
Lag7Cao,1S10oMnOs (SC) | 340 | 50 | 7,00 0.14 369 | 7.38 [16]
Lag 7Ca0,05S102sMnOs (SC) | 341 | 50 | 6,90 0,14 364 | 7,28 [16]
Lag7Cao2Sro MnOs (PC) | 284 | 30 | 4,30 0,14 150 | 5,00 [17]
Lag7Cao2Sro, MnOs (NPs) | 297 | 10 | 1,47 0,15 544 544 [9]
Lag 7Cao,10Sr0,1MnOs (NPs) | 301 | 10 | 1,42 0,14 52,5 525 [9]
Lag 7Cao,18S10,12MnOs (NPs) | 309 | 10 | 1,38 0,19 443 | 443 [9]
Lag7Ca02Sro MnOs (PC) | 294 | 50 | 6,20 0,12 |234,5| 4,69 [18]
Lag7Ca02Sro MnOs (PC) | 280 | 50 | 4,62 0,00  [|239.6] 4,79 [18]
Lag 7Ca02Sro MnOs (PC) | 255 | 50 | 3,80 0,08 240 | 4,80 [18]
Lao7Cag3sMnOs (PC) 260 20 | 780 039 124 620 [10]
R 50 | 10,70 0,21 278 | 5,56
Lao,7Ca27Bao,02sMnO;3 (PC) | 260 20 | 640 032 9] > [10]
S 50 | 9,20 0,18 276 | 5,52
Lao7Ca025Bao0sMnOs (PC) | 267 20 | 630 0,32 1) >0 [10]
ST 50 | 9,10 0,18 267 | 534
Lao 7Ca0225Ba0,07sMnO; (PC)| 268 20 | 410 0,21 20 >0 [10]
R ’ 50 | 7,10 0,14 241 | 482
Lao7Cao2Bao i MnO; (PC) | 300 20 | 3.10 0,16 105] 529 [10]
R 50 | 6,00 0,12 246 | 4,92

(Ghi chii: Cdc ky hiéu viét tat: PC: da tinh thé, NPs: hat kich thuréc nm,
SC: don tinh thé, TLTK: tdi liéu tham khéo)

Gan déy, Franco va cong su (2010) di dwa ra nhimng dic diém phd bién cia vat liéu tir
nhiét chuyén pha loai II, tir nhimg két qua nghién ctru d6 ching ta c6 thé du doan dugc mot
vai thong s vat Iy vuot ra khoi diéu kién hién c6 ctia phong thi nghiém. Véi vat liéu chuyén
pha loai I, sy phu thudc ctia d6 bién thién entropy tu cuc dai vao sy bién thién tir truong ngoai
¢6 thé duoc mod ta bang quy luat ham sd mil, |[ASmax| ~ AH". SO mii tir trudng » 14 dai luong
phu thudc nhiét do va tir truong, gia tri ciia n6 cod thé xac dinh duoc thong qua biéu thue [18]:
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dln|2fm(T,H)| 3)
nH

0 day, gia tri ctia n trong vung FM c6 xu hudng ti€ém can dén 1 khi 7<< Tc va tiém cén
dén 2 trong vung PM khi 7 >> Tc. Tai T = Tc, n ¢6 gia tri cuc tiéu va khong phu thudc tur
truong [18]. Hinh 5 trinh bay su bién d6i theo nhiét d6 cta n trong cac bién thién tir truong
khac nhau AH = 4-10 kOe tinh duoc theo biéu thurc (3) cta vat liéu Lag7A03MnOs. Tt hinh 5
ta théy, gi4 tri n phu thudc manh vao nhiét do va tir truong. Véi cac mau Ba, Sr, CaBa, CaSr,
BaSr (hinh 5b-f), quy luét bién d6i ctia n(7T) c6 dang giéng nhu Franco va cong su (2010) da
md ta. Nhin chung, gi4 tri n cia chung déu tiém can dén 1 trong ving FM (7 << Tc) va tiém
can dén 2 trong ving PM (T >> T¢), dat cuc tiéu tai 7= Tc (ky hiéu 1a n(7Tc)). Khi bién thién
tir truong ngoai thay ddi, gia tri n(7Tc) thay d6i khong déng, ching t6 chuyén pha tir ciia nhitng
mau nay tuan theo quy luat cia SOPT. Tir hinh 5a ta théy, dang diéu va quy luat n(7) cia mau
Ca c6 nhiéu diém khac biét so véi cac mau con lai. Trong ving FM (T << Tc), n(T) ¢6 xu
hudng tiém can dén gia tri 16n hon 1. Trong ving PM (T >> T¢), gia tri n(T) c6 su thay doi
16n, chiing ting dot ngdt dén cuc dai (7max > 2) trong khoang nhiét do vai Kelvin sau d6 giam
dan vé 1an can 2. Trong ving lan can chuyén pha FM-PM, gi4 tri cuc tiéu n(7c) thay theo ca
nhiét d va tir truong. Didu nay chimg to chuyén pha tir cia mau Ca khong thugc SOPT.

n(T,H)=
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Hinh 5. Cac dwong cong n phu thugc 7 xac dinh dwgc trong cac bién thién tir truong
khac nhau AH = 4-10 kOe ctiia hgp chit Lag7A¢3MnO; véi A = Ca, Sr va Ba

Theo phuong phap dudng cong phd quat (Universal master curves method) [18], tat
ca dit liu ASm(7) trong cac bién thién tir truong AH khac nhau cua vat liéu SOPT sé& chong
pht 1én nhau tao thanh mot duong cong duy nhat (goi 1a dudng cong phd quat) thong qua
nhitng thao tic bién ddi nhu sau: cac s6 liéu ASwn(T) dugc chuan héa theo gia tri 16n nhit
cua ching (ASm(7)/ASmax). Truc nhiét d¢ 7 (K) dugc thay ddi ti 1é trd thanh truc 6 theo
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mbi lién hé: 0= (T - Tc)/(Tr - Tc), véi Trla nhiét 6 tham khao va c6 lién quan véi hé s ti
1€ £ = ASm(T7)/ASmax, 0 < k < 1. Sy lya chon gia tri k£ khong anh hudng dén viéc xay dung
duong cong phd quat. Hinh 6 biéu dién ASu(7)/ASmax phu thudc € cho cdc mau trong cac
bién thién tir trudng AH = 4-10 kOe, voi bude nhay cua AH 1a 1 kOe. O day gia tri T; dugc
chon twong tng voi k = 0,6. Ta thdy, tit ca s6 liéu thuc nghiém ASm(7) cia mau Ca khong
tap trung vao mot dudng cong duy nhat, hinh 6(a). Trong khi dé, tit ca sb liéu thuc nghiém
ASw(T) ciia mau pha Sr va Ba déu chdng phui 1én nhau tao thanh mot dudong duy nhit trong
toan dai nhiét do, khao sat hinh 6b-f. Tir nhitng két qua danh gia n(7) két hop voi phuong
phap dudng cong phd quat, chiing ta c6 thé khang dinh mau Ca 1a vat liéu FOPT, cac mau
con lai déu thude vat liéu SOPT.

SN S | N B | :
[ (a) : " Ca - r (b) .’:. Ba ] r ((‘.‘) - Sr 1
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Hinh 6. Cac duwdng ASm(7)/ASmax trong cac bién thién tir trwomg khic nhau AH = 4-10 kOe
ciia hop chét Lag7A03:MnO; véi A = Ca, Sr va Ba

3. KET LUAN

Chung t6i da nghién ctru &nh hudng cua sy pha tap Sr va Ba dén cu trac, hiéu ung
MC cua h¢ vat liéu Lao,7A03MnO3 (A = Ca, Sr va Ba). Khi A = Ca vat li¢u c6 hi¢u tng MC
rat 16n (|ASmax| = 5 J/kg'K trong bién thién tir trudng AH = 10 kOe) nhung viing nhiét do xay
ra hiéu tmg khé hep. Khi thay thé A bang Sr va/hodc Ba, d6 16n bién thién entropy tir cta
vat liéu giam di dang ké, tuy nhién ving nhiét 6 xay ra hiéu tng duoc mé rong. Nho do,
kha nang lam lanh ctia mét s6 mau da duoc cai thién.

Trén co s phuong phap dudng cong phd quat, su phu thudc nhiét d6 ciia do bién thién
entropy tir ASwm(7) trong cac tir truong bién thién AH khac nhau da duoc xay dung. Két qua
chi ra ring, cac s liéu ASu(7) trong m&i mau hoan toan tuan theo mot dudng cong duy nhét,
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ngoai trir mau A = Ca. Két qua nay chimg minh rang, trudng hop A = Ca 1a vat liéu FOPT,
cac mau con lai déu 13 vat liéu SOPT va tuan theo mo hinh dudng cong phd quat.
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MAGNETOCALORIC PROPERTIES OF PEROVSKITE
MANGANITES Lao.7A03MnO3 WITH A = Ca, Sr, AND Ba

Dinh Chi Linh, Le Viet Bau, Tran Dang Thanh

ABSTRACT

In this work, the magnetocaloric properties of Laop.7403MnO3 (with A = Ca, Sr, and
Ba) have been presented. Sr and/or Ba substitution for Ca strongly affects the lattice
parameters, and it also plays an important role in enhancing their ferromagnetic-
paramagnetic phase transition temperature (Tc). For A = Ca, sample exhibits the first-order
behavior coresponding to a high value of the maximum magnetic entropy change (|ASmax|).
Meanwhile, for A = Sr and/or Ba, samples undergo a second-order phase transition, and
their magnetic entropy change (ASy) sigfinicantly reduces, however, the value of the relative
cooling power is improved for some cases of the Sr and/or Ba substitution. Additionally, all
ASw(T) data obtained under different applied field changes of sample Ca do not follow the
universal master curve. This behavior is in contrast with that obtained from other samples.

Keywords: Magnetocaloric effect, Perovskite manganites, magnetic phase transition.
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NGHIEN CUU THUA SO DANG CHAN PE KHAO SAT ANH HUONG
CUA PHA TAP LEN TINH CHAT PIEN TRONG
GIENG LUQNG TU

Tran Mai Loan!, Tran Thi Hai%, Nguyén Vin Can?
TOM TAT

Chiing t6i dwa ra mot Iy thuyét nghién ciru vé thira sé dang chdn hai chiéu trong cdc
mé hinh giéng lwong tir pha tap diéu bién mot phia va hai phia. Bang viéc xdy dung cdc
céng thite todn hoc phit hop, gitip cho viéc mé ta dnh hudng cia pha tap diéu bién trong
giéng lwong tir duoc dé dang hon, ching t6i di dwa ra cong thire tinh todn chinh xdc cho
thira s6 dang chdn hai chiéu. Chiing téi ciing tién hanh tinh s6 cdc dang cia thira so dang
chdn trong mé hinh giéng lwong tir pha tap diéu bién mot phia va hai phia. Anh huéng ciia
chdn tang lén khi tang bé rong giéng lwong tir va nong dé pha tap.

T khoa: Thira s6 dang chdn, giéng lwong tir, pha tap diéu bién.

1. DAT VAN BE

Khoa hoc cong nghé nano 13 mot nganh khoa hoc dang duoc quan tim va thuc day
phat trién manh mé& hién nay [1,2,6,9,10], cong ngh€ nano da mé ra mot budc ngodt moi,
con duong méi cho nganh khoa hoc, d3 mé ra mot trién vong mdi trong viéc tng dung
nhiing dung cu thong tin k¥ thuat cé nhitng chirc ndng ma trudc kia chua tirng c6. Cac
dong may tinh dién tir ngay cang dugc ning cip nho ting mat do va téc do xir Iy thong tin
bang cach thu nho kich thude cta nhitng thanh t6 co ban. Sy hoat dong cua cac céu trac
nano c6 d¢ linh dong cao dugc quy dinh béi cac tinh chét van chuyén (tinh chét dién) cua
ching. Vi vay viéc nghién ctru tinh chat dién cua hat tai 1 vin dé dugc nhiéu nha khoa
hoc trong va ngoai nudc quan tam.

Céc nghién ctru Iy thuyét va thuc nghiém [3] chi ra rang co ché giam ham gy bai pha
tap c6 anh huong rat 16n 1én d6 linh dong cta cau trac di tinh. Vi miu ving ning lugng bi
ubn cong do pha tap [3] ngudi ta da giai thich duge mot sb van dé co tinh cht thach d6 cua
hé hat tai hai chiéu nhu su phu thude khong don di¢u cua d6 linh dong vao do rong giéng va
nguyén nhan cia sy giam d6 linh dong khi mau dwoc pha tap diéu bién bat ddi xtmg.

Két qua tinh toan tir cong trinh [4,5] cho thdy rang duéi anh hudng ciia hiéu ing udn
cong vung nang luong, hinh dang cia ham séng biéu thi sy phan bd cua cac hat tai trong
giéng c6 sy thay ddi dang ké, khong con ddi xting nhu trong mé hinh flat-band ma né ting
vé phia c6 pha tap va giam vé phia khong c6 pha tap trong truong hop pha tap mot phia va

! Truwong Trung hoc phé théng Nguyén Méng Tudn, huyén Bong Son, Thanh Hoa
23 Gidng vién khoa Khoa hoc Ty nhién, Truong Pai hoc Hong Pirc
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tap trung vé ca hai phia trong truong hop giéng luong tir pha tap hai bén. Su thay d6i nay
phu thudc vao mirc pha tap va bé rong kénh dan.

Hiéu tmg uén cong ving (band bending) anh hudng Ién tinh chét dién trong giéng
lugng tir dugc thé hién rat rd nét & thira sb dang chin boi thira sd dang chin phu thudc vao
su phan bd cua hat tai theo phwong z (phuong giam ham) [3]. V6i nhimg ¥ nghia do, viéc
nghién ctru thira s6 dang chin ciia hé hat tai trong cac ciu trac giéng luong tir 1 van dé
nghién ctru mang ¥ nghia khoa hoc 16n va can thiét.

Tuy nhién, mdt trong nhiing tré ngai chinh ctia cac 1y thuyét hién co6 1a viéc st dung
ham Fang-Howard [2]. Ham song dugc xac dinh bang phwong phap bién phan nay da cho ta
cong cu toan hoc don gian mo ta giam ham luong tir giy boi pha tap, 4p dung rat tot cho cac
truong hop giéng lugng tir tam giac duge tao boi cac tiép xtc di tinh. Khi ap dung cho céc
giéng lugng tir vudng goc, mo hinh Fang-Howard chi ¢ thé mé ta gan dung sy phu thudce
cua do linh dong vao nhi¢t do, vao mat do hat tai chtr hoan toan khéng thé dan ra su phu
thudc vao do rong cua giéng. Cho dén nay ngudi ta méi xdy dung duoc 1y thuyét vé anh
huong ciia pha tap 1én giam ham lugng tir cho giéng tam giac, d6i voi cac giéng lugng tir
vudng goc van chua dua ra duoc biéu thirc tinh toan tudng minh va thoa dang. Vi vay, trong
bai bao nay chiing toi tap trung tinh toan thira sé dang chén trong cic mé hinh giéng lugng
tlr vudng goc va so sanh gitta cic mo hinh pha tap khic nhau dé thiy duoc sy anh hudng ciia
thira sb dang chén 1én tinh chat dién cua dién tir trong cAu tric giéng luong tu.

2. NOI DUNG
2.1. Ly thuyét tinh thira s6 dang chin

Mot tap hop cac dién tich phan bb déu (uniform/ homogenous) trong khong gian s&
khong tao ra truong. Gia su ta tha mot dién tich thur Q vao trong hé dién tich. Pién tich Q s€
déy cac dién tu gén no, xung quanh Q c6 mot vung khong gian thiéu dién tich 4m, khéi dién
t bi phan cyc. Nhu vay, duoi tdc dung cua mot nguén ngoai nao do thi h¢ dién tich s€ phan
b lai va phan bd trd nén khong déu, hé bi phan cyc, su phan cyc tao ra mot truong phuy,
truong phu c¢6 xu huéng chdng lai ngudn di sinh ra né, tac dung nguoc chidu véi trudng
chinh. Khi d6, trudng tong hop bao gdm truong chinh cong véi trudng phu s& yéu hon truong
chinh. D6 1a hién tugng chan. Cac phan tir tham gia vao chan la cac dién tich linh dong.
Duéi tac dung cua nguén ngoai nao do (dién tich thu, dono, axepto, d6 nham bé mit. . .) cac
dién tich nay s& di chuyén, phan bé lai khong déu, chung bi phan cuc, tao ra trudng phu lam
yéu truong ban dau.

Diéu kién dé co6 chin: Phu thudc vao do linh dong cua cac dién tich va cac dién tich
phai tuong tac voi nhau.

Cdc yéu t6 dé xdc dinh chan

(1) Chén dugc xac dinh dua vao do co dong cua cac dién tich. Khi dién tich dé di
chuyén, chung s& dé bi phan b lai, tir d6 hé dién tich d& bi phan cuc va vi thé chén s& tang
1én. Bén canh d6, s6 dién tich tham gia vao chan ciing anh huong dén chan.
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(ii) Chén trong ba chiéu manh hon trong hai chiéu, chin trong hai chiéu con phuy thudc
vao ciu tric cua giéng luong tir chtra dién tich.

(iii) Ngoai ra, nguyén Iy Pauli khong cho phép hai hat nim trong cting mét trang thai,
diéu nay lam giam kha ning di chuyén ctia cac dién tich, chan vi thé ciing giam. Tét ca cac
tuong tac (Coulomb, d6 nham bé mit, thé bién dang khép sai...) 1am thay d6i phan bd cua
khi dién tr déu bi chan dong.

Hiéu tng chan dong dugc dinh luong bang ham dién méi &(g). Pé xac dinh &(q) ta

sir dung biéu thirc trong gan dung pha ngiu nhién dugc dua ra boi [1].
e(q) =1+ Fy (qL)[1 = Glg)] véi ¢ <24, (1)

)
véi g, = 2m_he2 1a nghich d&o ban kinh chén Thomas-Fermi hai chiéu.
gL

F, (qL) 1a thira s6 dang chin phu thudc vao su phan bé ciia khi 16 trong hai chiéu theo

phuong z.
F,.(qL) = J. dZJ. dz |¢(2) |2| é’(z) |2 o7 )

G(¢)1a hiéu chinh trudng cuc bd khi tinh dén twong tac trao doi, tire 14 twong tic ctia
cac dién tir xuat hién do nguyén 1y Pauli. Theo nguyén 1y Pauli, khong thé ton tai qué hai hat
Fermion cung nam trong mot trang thai, diéu nay da han ché kha nang di chuyén cta cac
dién tich, [am gidm sy phan cuc cua h¢, lam yéu truong phy, chan vi the cling giam di.

Trong phép gan dung Hubbard, G(q) c6 dang [7]:

Thira s6 dang chén F, (2) phu thudc vao sy phan b ctia khi 13 trong theo phuong z.
Khi ham song thay ddi thi thira s6 dang chan thay ddi, c6 nghia 1a khi dang pha tap (doping)
thay doi thi chan thay doi. Bé khao sat anh hudng cta pha tap (doping) lén tinh chat dién
trong giéng lugng tir, nguoi ta xac dinh thtra s6 dang chan.

2.1.1. Thira s6 dang chdn trong giéng lwong tir pha tap mét phia

Str dung biéu thirc (2) ¢ trén va ham song trong mo hinh giéng luong tir pha tap mot
phia cho boi phuong trinh (1) trong tai liéu tham khao [4], két hop v61 cac ham phu y, (x)
va w,(x) cho boi (Al) va (A2) trong phan phu luc cua tai liéu tham khao [4], ta thu duoc:

Thtra sb dang chin phu thudc vao tuong tac cua hat doc theo phuong nuoi, dugc xéac
dinh béi:

2 p4
n°B

F ()= [Fy () + FL(D)] (4)
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FL(r){ﬁ) {— ! {e“*2>¢(a,c—§)—¢<a,zc>}—

2 2c+t
t
cts I (et t
- 2 2cosae 2 d(ac——)—d(2a,2¢) - 24(a,2¢) + ¢(0,2c)} )
4 +(c+ Lyl 2
2
+ a ; 2sin ae_(c+é)¢(a,c —%) -y (2a,2¢c)-2p/(a, 26‘):|},
Aa* +(c+-)]L
2
va
Y| 1 (=) t
FU(t)_(Ej {2C—l|:e ¢(a,c+5)—¢(a,2c)}+
ot
—2{2 cosae’ 2 hac+L)—p(2a,2¢) - 24(a,2¢) + ¢(0,2c)} +
2 > 2 (6)
4a +(c— 5) ]

a

—x {2 singe’ 2 g(a,c+L)+p(2a,2¢)+ 2w(a,2c)}},
4 +(c=2)] 2
2
t = gL 1a sb song hai chiéu.
2.1.2. Thira s6 dang chdn trong giéng lwong tir pha tap doi xvmg hai phia

Str dung biéu thtrc (2) & trén va ham séng trong mé hinh giéng luong tir pha tap hai

phia cho b&i phuong trinh (1) trong tai liéu tham khao [8], két hop vé6i cac ham phu 7, (x)

va o, (x) [7] ta thu dugc biéu thirc giai tich dang twdng minh ctia thira s dang chin cho

truong hop giéng lwong tir pha tap dbi xtng hai phia nhu sau:

()=

X[w,(2¢)+2w,(2¢)] - 87°[

7’B* 4¢ 8 .
8 {m[yl(zc)“]*;[%@)—e 2y (t12)+1]+
t—2c t+2c
(=207 +47° (1420 +47° j” 1(2) +27,(20) = 7,(2¢) +1]+
> -2 167ct 6
2 1an +27,(0) = 7(0) + 112)+1/2]+
P OO @+ I 2 ST )

c—t/2

2 2 +
(t-20)[(t—2¢c) +4r"]
o et/ 4o

+ 2 2 + 2
(t+20)[(t+2¢) +47°] > +4n

2]]{71(c+t/2)+7/1(c—t/2)}}
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(5), (6) va (7) 1a biéu thirc giai tich cta thira s dang chin trong mé hinh giéng lwong tir
pha tap mot phia va pha tap d6i xtng hai phia. Viéc tinh toan ra biéu thirc thira s6 dang chin
nay hét st kho khin do su phirc tap ctia qua trinh tinh todn. Vi cac tac gia trude trong [2] chi
dura ra biéu thirc gan ding cua thira sb dang chidn ma khong thé nao tim duoc biéu thic giai
tich chinh xac. Nhom tac gia chung toi, bang viéc xay dung mot s6 ham phu [4] giup cho
viéc tinh toan duoc dé dang hon, chung t6i di dua ra biéu thic giai tich cia thira sé dang
chan theo cac phuong trinh (5), (6) va (7).

2.2. Két qua va thio luin

Chung t6i tién hanh khao sat thira s6 dang chan phy thudc vao cac tham sd ciia giéng
luong tir nhu néng d6 hat tai va bé rong cla giéng.

Do thi hinh 1 cho biét su phu thudc cua thura ) dang chén vao xung luong vo hudng ¢
d6i v6i khi 16 tréng hai chiéu trong giéng luong tir vudng goc GaAs [8] v6i cac gia tri khac
nhau ctia bé rong giéng luong tir L =150, 3004 .

Do thi hinh 2 cho biét su phu thudc cua thira sb dang chin vao xung lugng vo hudng
t d6i voi khi 16 trong hai chiéu trong giéng lugng tir vudng goc GaAs [8] v6i cac gid tri khac

nhau cua néng do hat tai p = 10,10 em™.

1.0 .

on =408 2

R b: ps_ 1012 (cm”)
rnp,=10

Fs(t)
Fs (t)

05F

b L=150(A)

0 5 10

Hinh 1. F, phu thudc vao ¢ véi cac gia tri Hinh 2. <, phu thudc vao xung lugong ¢ véi

khac nhau ciia bé rong giéng lwong tir L cac gia tri khac nhau ciia ndng dd hat tai )2

Trong d6, cac dudng dit nét (dot line) 1a thira s6 dang chin trong mo hinh flat-band,
dudng dut nét (dash line) 1a thira s dang chén trong mé hinh bent-band do pha tap mot phia
va duong lién nét 1a thira s6 dang chan trong mo hinh pha tap d6i xtng hai phia.

Quan sat hinh 1 ta thdy, khi ta thay d6i bé rong giéng luong tir bang cac gia tri
L=1504 va L=3004(mg v6i cling mdt gid tri clia nong d pha tap 1a p, =10 cm > thi
thira s6 dang chin trong mé hinh flat-band (dot line) khong thay doi, thira s dang chén trong
mo hinh pha tap mét phia (dash line) va pha tap hai phia (dudng lién nét) thay doi rd rét, dic
biét khi ta ting bé rong cua giéng luong tir thira sé dang chin trong hai mé hinh trén cang
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khéc biét nhau, diéu nay dan téi tinh chét dién cua dién tir trong hai m6 hinh pha tap mot
phia va pha tap hai phia 1a khac nhau ro rét.

Quan sat hinh 2 ta thay, khi ta thay d6i ndng d6 hat tai trong giéng luong tir bang cac
gidtri p, =10%cm™ va p, =10"cm™ (mg v6i ciing mot gid tri cua bé rong giéng luong tir

L =1504 thi thira s6 dang chan trong mé hinh flat-band (dot line) khong thay ddi, thira s6
dang chin trong md hinh pha tap mét phia (dash line) va pha tap hai phia (duong lién nét)
thay doi ro rét, dac biét khi ta ting nong do hat tai trong giéng thira sé dang chin trong hai
mo hinh trén cang khac bi¢t nhau, diéu nay dan toi tinh chét dién cua dién tir trong hai mo
hinh pha tap m¢t phia va pha tap hai phia la khac nhau ro rét.

3. KET LUAN

Chung t6i tinh toan thira s6 dang chin ciia cac mé hinh giéng lugng tir khong pha tap
(flat-band), giéng luong tir pha tap mot phia va giéng luong tir pha tap ddi xtng hai phia.
Céc tinh toan nay hét stc phtic tap, ma cac nhom trude dy chua dwa ra dugc biéu thirc giai
tich. Tuy nhién, béng viéc st dung cac cong cu toan hoc thich hop voi viée dat cac ham phuy,
chung t6i da dua ra dugc dang tuong minh ciia cac biéu thire dang chan. Chung t6i ciing tién
hanh tinh sé va két qua cho thiy, d6i vdi cac giéng lwong tir pha tap khac nhau thi chan 1a
khac nhau. Dang cta chin ting khi ta ting bé rong giéng lugng tir va ndng do hat tai trong
giéng. Diéu nay giai thich dugc tinh chat dién, tinh chat van chuyén cua hat tai trong cac mo
hinh giéng luong tir pha tap khac nhau 1a khac nhau, phy thudc vao noéng do6 hat tai va do
rong cua giéng luong tir.

Tinh toan ra biéu thirc gii tich cua thira sé dang chin va mo phong dé tinh sd, so sanh
dai luong nay giita cac mé hinh giéng luong tir khac nhau da gbp phan hoan thién thém li
thuyét nghién ctru tinh chat dién cua hat tai trong cac cu trac giéng luong tir.
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STUDY SCREENING FORM FACTOR TO INVESTIGATE
MODULATION-DOPING EFFECTS ON ELECTRIC
CHARACTERISTICS IN QUANTUM WELLS

Tran Mai Loan, Tran Thi Hai, Nguyen Van Can
ABSTRACT

We present a theoretical study of the 2-dimensional (2D) screening form factor in a
single-side and double-side doped square quantum well (QW). By introducing some
mathematical functions, which make up a helpfu tool [ to the description of the modulation-
doping effects in an infinite square QW, we derive a special formula allowing to exactly
calculate the 2-dimensional screening form factor. We have carried out numerical
calculations to evaluate the band-bending effects from single-side and double-side
modulation doping on the 2D screening form factor. The bent-band screening is raised with
a rise of the channel width and of the doping level.

Keywords: Screening form factor, quantum well, modulation-doping.
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LUAT MANH SO LON CHO CAC PHAN TU NGAU NHIEN
POC LAP POI MOT TRONG KHONG GIAN BANACH

Nguyén Thi Nga'
TOM TAT
Trong bdi bdo nay, ching t6i thiét ldp ludt manh sé Ién cho day cdc phan tir ngdu

nhién doc lap doi mot nhan gia tri trong khong gian Banach.

Tir khoa: Ludt manh s6 I6n (SLLN), hoi tu hau chdc chdn (Hcce), compact kha tich
déu (CUI).

1. DAT VAN BE

Ly thuyét x4c sudt trén khong gian Banach 1a mét linh vuc duge nhidu nha khoa hoc
quan tdm nghién ciru va phat trién manh mé, thu dugc nhidu két qua sau sic. Trong bai bao
nay chung t6i ching minh mot bo dé vé luat manh s6 16n cho diy cac bién ngau nhién thuc
do61 mot doc 1ap. Tu do chung t6i thu dugc luat manh s6 16n cho day cac phf‘m tr ngau nhién
d6i mot doc 1ap nhan gia tri trong khong gian Banach.

2. NOI DUNG

2.1. Phin chuin bj

Trong bai bao nay (Q,7,P) lakhong gian xéc suat ddy du. = la khong gian Banach,
khong gian lién hop ciia Z duogc ky hidula Z° va B(Z) 13 o - dai sd cac tap Borel cia =

Pinh nghia 2.1.1 Ta ndi anh xa X:Q—>Z 1a mot phan tir ngau nhién néu
X '(B)e 7 voimoi Be B(E).

Dudi day, ta néu 1én mat s6 khai niém hoi tu cua ho cac phén tr ngau nhién.

Dinh nghia 2.1.2 Gia st {X X, in2= 1} 1a ho céc phan tir ngéu nhién cing xac dinh
trén Q va nhan gia trj trong Z. Tandi day {X, :n>1} hoi tu dén phén tir ngdu nhién X :

Theo x4c suit néu véi moi &€ > 0 thi
lim P(||X, - X||>£)=0

n—>0

Hau chic chin néu
P(lim]x, - x]=0)=1
Pinh nghia 2.1.3. Ddy céc phan tir ngdu nhién {X, :n>1} goi la “Compact kha tich

déw” néu voi mdi & >0, ton tai tap compact K, cua E sao cho

! Gidng vién khoa Khoa hoc Ty nhién, Truong Pai hoc Hong Piic
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Sli}lf)E(”Xn 11{x, K. })<e.

Gia tri ky vong ctia mot phan tir ngiu nhién dugc dinh nghia boi tich phan Pettis [6]
nhu sau:

Pinh nghia 2.1.4. Gia sit X :QQ — = 1a mot phan tir ngiu nhién. Phan tir EX € 2
duogc goi 14 ky vong ciia X néu: f(EX)=E(f(X)) véimoi feZ".

2.2. Luat manh s6 16m cho cac phﬁn tir ngiu nhién d6i mot doc lap

Dé thiét 1ap két qua chinh trong phan nay, dau tién ta can ching minh bo dé sau

B6 dé 2.2.1. Cho {Xj P> 1} 1a diy cac bién ngiu nhién khong am doi mot doc 1ap
vO1 moment bac hai hitu han sao cho:

(a) supEX, <o

izl

(b) - EX;

1
3 < o0
=1 1

, n hee
Khi do ta thu dwoc ludt manh so lon lZ(Xi —EXi)—>0, khi n —»
noi—
Chirng minh.
Cho a>1, dit n, =[a"]. Vi C 1a mot hang s tuy y nao d6 va & 1a sé duong bat

ky, theo bét dang thirc Chebyshev ta c6

EX’
e S —ES, 1 & Vars, i Z i 2 FX?
D P| |55 <) —5E<CY H—<CY =t <o  (theo (b))
k=1 n, [y n =1 =1 1
PR ) S, —ES, )
Bé&i bo dé Borel-Cantelli, ta thu duge — L= 50, khin—>x
n

Véimoi n nguyén duong, ton tai so tw nhién & sao cho n, <n<n,,, .Tacddanh gia

sau.
S —ES, |S.,-ES,,| ES, -ES, |S, -ES,.|n. ES, —ES
n n < e+l e+l + i1 e < e+l K+l . k+1 + i1 "y
n n n e ny n
va
S -ES, _ |S.-ES,| ES, -ES, _ |5, -ES,|n, ES, -ES
n > k k] Ny e > i k . k+1 i1 "y

n n n n, n, n,

Khi n — oo thi &k — o . Tt d6 kéo theo

limsupm <sup(EX;)(a-1)  (hcc)
n ;

n—>0
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liminfﬂ > —sup(EXi)(a —1) (hcc)

n—>0 n

Cho a ¥ 1 ta thu duoc diéu phai chimg minh
Pinh ly 2.2.2. Cho {X - 1} 1a day cac phan tir ngiu nhién d6i mot doc 1ap va CULL

2

Gia su ZM < o0, khi d6 ta thu duoc luat manh sb 16n
=11

i X, -EX.

cc

>0, khi n —>

i=1 n
Chitng minh.
Vi £>0, tir gia thiét suy ra ton tai tdp compact K, cua E sao cho

E(”Xi”]{Xi & Kg}) <& vo1 moi i. Tu tinh compact cua K, tén tai hitu han cac diém
{xl,xz,...,xp} sao cho K, OB(xt,g) , Vo1 B(x,,€) = {x € E:”x—xt” < g} .
t=1

V&imdi i >1, ta dinh nghia phan tir ngau nhién sau
Y, =ZI(X ek,),
P Jj-1
v6i Z, =x [ X, e B(x,,&)]+ ). x,I| X, € B(x,,&) N B(x,, &)
j=2 k=1
Ta thiy Y, 1a phén tir ngiu nhién nhan hitu han gié tri va day {¥:i > 1} la d6i mot doc

lap. Boi bat ding thirc tam gidc, ta c6

anXi_EXi“S X XX, ek, Z”:XiI(Xing)—Yi||+ Z”:Yi—EYiH
i=1 n i=1 n || i=1 n ” i=1 n
.\ ZEY ~EXI(X, e /cg)||Jr Z EXI(X, eK,)-EX, H
i=1 n i=1 n

= () + () + (4) +(A4,) +(4)
Bay gio ta s€ danh gia lan luot twong tmg tir (4,) —(4,) :
Véi (4),taco

Z”: XI(X, ¢K,)

i=1

(‘41):=

1 1 &
< ;Z(”Xi[(Xi 2 K,)|- E|X.I(X, ¢ K,)||)+ ;ZE”Xi[(Xi e K,
i=1 i=1

1
< ;Z(”Xi](Xi g K,)|-E|X (X, g K,)|)+¢

n
i=1
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Dé ¥ rang day {||X.I(X, g k)| :i =1} 1adoc lap doi motvoi sup E|XJ(X, ¢ K)| <
i>1

va $ERIC ] EX
i=1 l i=1 1
Do d6, ap dung bd d& 2.2.1 ta co

LXI(X, e¢K,)
2
i=1

Véi (4,), boi dinh nghia cua Y, ta co

limsup

n—>00

<g (hco)

X]XK‘Y
Z(en)ll

(4,) = ”s Z”X](X eK,)-Y|<e

i=1

Véi (4),tacd: Y, =ZI(X, eK,)=>" xI(X,=x,)

i

va EY, = Zleij(Xi =x,)

Y, - EY,

Do d6 (4,) =

Z[I(X =x,)-P(X,=x))]

i=1

S

Vi v6i mdi j=1,2,...,p thi ddy bién ngdu nhién thuc {I(X, =x,):i>1} 1a doi mt

doc 1ap thoa mén bd dé 2.2.1, nén ta co: (AS)L)O, n— 00,

Véi (4,), ta co:

iEY:_EX’](XIEKS)”

i=1 n ”

(A4) =

<— ZHEY XX, ek,))| < ZE”Y XI(X, ek,)|<¢

Véi (4;), ta co:

()= [ XL KD EX| 1S i oy g i < 5
- n ” iz
Tur d6 ta co:
limsup iﬂ <de
n—ow i=1 n

Cho ¢ =0, ta c6 diéu phai chimg minh.

3. KET LUAN

Két qua chinh trong bai bao 1a Pinh 1y 2.2.2. Trong dinh Iy nay néu khong gian 13 hiru
han chiéu thi diéu kién CUI twong duong véi diéu kién kha tich déu.
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THE STRONG LAW OF LARGE NUMBERS FOR PAIRWISE
INDEPENDENT RANDOM ELEMENTS
IN BANACH SPACE

Nguyen Thi Nga
ABSTRACT

In this paper, we establish the strong law of large numbers for sequence of pairwise
independent random elements taking valued in Banach space.

Keywords: Strong law of large number, almost sure convergence, compactly
uniformly integrable (CUI).
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ANH HUONG CUA NONG PO ION AL** VA PIEU KIEN CONG
NGHE TOI TiNH CHAT QUANG CUA MANG SILICA-TITANIA
PHA TAP ION ER* UNG DUNG TRONG QUANG DAN SONG

Lwong Thi Kim Phuong!, L& Thi Giang?
TOM TAT

Mang thuy tinh silica-titania dong pha tap ion AP va E¥** dwoc ché tao bang phwong
phdp sol-gel va ky thudt quay phii trén d@é silic. Mau dwoc i nhiét ¢ 900°C trong thoi gian
tir 1 gio dén 6 gio véi dé day mang thay doi tir 500nm dén 3000nm. Kinh hién vi dién tir quét
SEM dwoc ding dé danh gia chdt heong bé mdt ciia mang ciing nhw mdt do cde sai hong
trén bé mat. Két qud phé tan xa Raman cho thdy cdc lién két trong vt liéu cé déic trung lién
két ciia vat liéu thuy tinh vé dinh hinh véi nhitng dinh phé dic trng nhie trong thuy tinh
silica dwoc ché tao bang phwong phdp néng chdy quartz. Anh hwéng ciia nong do ion AP*
16i cuong d huynh quang da dwoc khao sdt khi nong dg ion AP thay doi tiv 1 dén 7%mol.
Cuong do huynh quang dat gid tri I6n nhat vmg véi nong do ion AP pha tap la 5%mol. Anh
hiong cia cac diéu kién cong nghé nhie dé day mang, thoi gian @ mdu... dén kha ning phat
quang ciia hé mdu ciing da dwoc khdo sdt.

Tir khoa: Thuy tinh silica-titania, ion AP”, ion Er’", sol-gel, hupnh quang, mang dan séng.

1. DAT VAN BE

Vit liéu thuy tinh da thanh phan pha tap cac ion dat hiém da thu hut dwoc nhiéu su
quan tim nghién ctru cua cac nha khoa hoc trong nudc va trén thé gi6i vi nhimg tng dung
to 10n cia nd trong linh vuc quang din séng, ké ca cho soi quang va cac kénh dan song
phang. Mot trong nhitng yéu cau chinh cua vat lidu ché tao soi quang 1a kha niang giam gitr
anh sang trong no, do do6 gia tri ctia chiét suat vat lidu cling 12 van dé can duoc quan tim
nghién ctru. Dé tang chiét suit cua vat lidu ngudi ta c6 thé pha tron cac loai thuy tinh khéac
nhau vé6i thuy tinh silica nhu GeO», P2Os, TiO; ...Cac nghién ciru cho thay khi pha tap GeO»
vao silica, né 1am ting chi s6 khiic xa ctia vat liéu, dong thoi cho phép giam him anh sang
16n khi cac dan song duoc ché tao. Vat liéu SiO; - TiO; ndi 1én nhu mot hé thuy tinh co
nhiéu Gmg dung quan trong, nhét 1a trong linh vuc dan song boi tinh on dinh va kha ning
thay ddi chiét sut ciia chiing nho viée diéu khién ty 16 SiO»/TiO; [7]. M6t sb nghién ctru da
chi ra rang, khi pha tron TiO» vao mang nén ctia thuy tinh SiO» thi chi sé khiic xa c6 thé ting
tir 1,46 dén 1,73. Chi s6 khtc xa phu thudc vao né)ng do Ti trong mau theo ham bac nhét [2].
Tuy nhién trong thuc té, TiO» c6 thé hinh thanh tinh thé khi xtr 1y nhiét v6i nhiét d9 tao tinh
thé cua TiO; khoang 450-850°C [5]. Nhiét do nay co thé cao hon khi TiO, dugc pha tron vao

! Phong Qudn Iy Dado tao Sau Pai hoc, Truong Dai hoc Héng Duic
2 Giang vién khoa Ky thudt Céng nghé, Truong Pai hoc Hong Pirc
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vat liéu khac. Nhitng mang tinh thé d6 sé tan xa anh sang va gy mat mat nang lugng, do d6
thanh phan pha tron va quy trinh ché tao phai dwoc nghién ciru dé tranh su tao thanh pha tinh
thé trong vat liéu. Két qua ctia mot s6 nghién ctru cho thiy khi ty 1& SiO»:TiO» 1a 80:20 thi hé
vt liéu c6 chiét suat khoang 1,56 va su phan pha gitta SiO2 va TiO, van chwa xay ra [4,9].

Sau d6 sy phat huynh quang ctia ion Er** xung quanh buéc séng 1530 nm dugc quan
tam rat nhiéu ma muc dich cta né 1a st dung hi¢u Gng nay dé tang hi¢u suét cho bo khuéch
dai quang. Vat lidu thuy tinh silica cho ton hao quang thap nhat vdi tin hiéu & xung quanh
budc song 1530 nm. Khong phai ngiu nhién ma ngudi ta pha tap Er’* vao vat liéu silica, 1y
do ¢ day 1a kha ning bu suy hao cua ion Er** khi pha tap vao mang nén, do dic trung cac
muc nang lugng cua no [3,8,10,11].

Soi thuy tinh pha tap ion Er*" di dugc chuyén tir nghién ctru sang cong nghiép trong
thoi gian rit ngan va nhanh chéng mé ra Gmg dung trong cac mang vién thong véi khoang
cach 16n. Tuy nhién, van ton tai mot sb kho khin trong viéce tich hgp quang hoc trong mot
thiét bi quang nén cac nha khoa hoc van dang c6 gang lam ra cic bo tich hop quang va dan
song véi kich thude ¢d mot vai cm. Didu khac nhau co ban trong ché tao soi quang va nhing
b6 khuéch dai dén song 1a khoang cach tir vai mét téi vai chuc mét cho quang duong quang
hoc thi thich hop véi soi do vdy c6 thé pha tap Er’* v&i ndng do thap. Tuy nhién trong cac
b6 din song phang co pha tap Er’* thi kha ning cung cap hé sé khuéch dai cao trong khoang
cach vai cm 12 mot yéu cau, do vy nong do Er’* trong d6 doi hoi phai cao hon. Khi pha tap
& ndng do cao cac ion Er’* ¢6 xu hudng tao dam nén 1am ting kha ning tai hop khong birc
xa do céac ion Er’" bj kich thich truyén nang lugng cho cac ion ¢ 1an can. Vi vay, kha nang
¢o 1ap céac ion Er** véi cac ion khac cang cao cang t6t 1a mot thong sb quan trong cho viée
lua chon vat liéu quang dan song. Kho khin dat ra 1a SiOa c6 lién Kkét cong hoa tri bén virng
nén viéc pha tap Er*" ¢ ndng d6 cao 1a khong d& dang. Van dé nay c6 thé dugc giam bét khi
ddng pha tap nhém vao mang nén cua SiO».

Trong bai bao nay, chiing t6i tién hanh nghién ctru vai trd ciia ion AI** pha tap vao
mang nén cia thuy tinh SiO»: TiO» trong viéc phén tan cac ion Er’* pha tap nhd hinh thanh
céc lién két Si-O-Al-O-Er. Tir 46 nghién ctru anh hudng ctia ndng d6 ion A" va mot s6 diéu
kién cong nghé 1én tinh chit quang mang thuy tinh da thanh phén.

2. NOI DUNG
2.1. Thyc nghiém
Hoa chat dé tién hanh thi nghiém c6 cac thong s6 co ban nhu trong bang 1.

Bang 1. Tén hoa chét va cac thong sé co ban dwoc sir dung dé ché tao miu

STT Tén hoa chat Nong d6 (d6 sach) Ngudn gbe
TEOS (Si(OC2Hs)4) 98,0% Merk, Dtic
2 TPOT (Ti(OC3H7)4) 98,0% Merk, Dtrc
Al(NO3);.9H,0 98,5% Merk, Dtrc
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4 Er(NOs)3.5H.0 99,0% Merk, Dtrc
5 CHsOH 99,8% Merk, Buc
6 H>O 100,0% Phong sach vién ITIMS
7 HNO;3 65,0% Merk, BPurc

Quy trinh tao mau theo phuong phap sol-gel va k¥ thuat quay phit dugc thyc hién qua
cac budc nhu sau:

Tao hon hop cia TEOS (Tetra Etanol Ortho Silica), Etanol, nuéc va axit nitric voi ti 1&
mol: 1: 30: 2: 0,01 va khudy tir tir & 70°C trong vong 60 phut. Sau d6 TPOT (Tetra Propanol
Ortho Titana) dwoc dwa vao hdn hop thu dugce theo ti 18 TPOT : TEOS= 1 : 4. Tiép d6, cac
mudi Er(NOs)3.5H,0 va AI(NOs)3.9H,0 dugc pha vao dung dich véi cac ndng do khac nhau.

Sau cung, dung dich Sol dong nhat duoc quay phu trén dé bang may spin-coating.
Kich thudc cta dé ¢ 1,2 x 2cm, téc d6 quay phi 13 3000vong/phut va thoi gian quay phu 1a
20 gidy. Mau duoc xtr Iy nhiét nhanh & 900°C trong vong 50 gidy sau mdi lan quay phu, sau
d6 mau duoc 1 nhiét & 900°C véi thoi gian 1 tir 1 dén 6 gio.

Kinh hién vi dién tir quét (SEM) duoc sir dung dé biét duoc nhimng thong tin can thiét
vé hinh thai bé mit ctia mang, mot trong nhiing yéu té quan trong lién quan tryc tiép dén ton
hao quang hoc trong qu4 trinh truyén dn.

Phd tan xa Raman dugc dung dé xem xét cac lién két hinh thanh trong vat liéu, thong
qua cac dao dong dic trung cia lién két d6. Phép do nay dugc tién hanh tai bd mén Hoa dau-
khoa Hoéa, thuoc Truong Pai hoc Bach khoa Ha Nai.

Mot s6 két qua do phd huynh quang trong viing hong ngoai ctia nghién ctru nay duoc
tién hanh trén h¢ do Raman véi buée séng kich thich ciia laze 1a 1064nm va mot s két qua
khac duoc tién hanh ¢ cong hoa Phap véi bude song cua laze kich thich 1a 976nm.

2.2. Két qua va thio luin

Suy hao quang trong qué trinh dan séng 1a mot van dé 16n can han ché, vi vay yéu cau
vé chit luong mang va chét luong tinh thé duoc dat ra hang dau. Bé mat mang thu dugc phai
ddng déu, khong c6 cac sai hong hay cac vét ran ntt trén bé mit, chiét suat cia vat liéu dong
déu trong toan b mang. Nhu thé s& tranh dugc cac loai ton hao quang trong qué trinh dan
song nhu: ton hao do tan xa, ton hao do tan séc... Trong d6, nguyén nhan cua t6n hao do tan
xa 1a do d6 gd ghé va céc sai hong hinh thanh trén bé mit mang trong qua trinh ché tao, cac
sai hong d6 sé& tré thanh cac tAm tan xa va lam mat mat nang luong. Con su khong dong déu
ctia chiét suat s& gy ra ton hao do tan sic, 1am cho tia sang bi léch huéng va gy nén tén
hao quang trong qué trinh truyén soéng.

Hinh thai bé mit cua céac mang sau khi ché tao dugc kiém tra thong qua anh hién vi
dién tu quét (SEM) voi cac do phong dai khac nhau dugc trinh bay trén hinh 1.

Két qua tir anh SEM cho thay vdi cac d6 phong dai khac nhau, bé mat mang thu duoc
c6 6 dong nhat cao, cac vét ran nit hay cac diém sai hong hau nhu khong quan sat thiy trén
bé mit mang khi @6 phéng dai 1én téi 40.000 lan.
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Hinh 1. Anh hién vi dién tir quét (SEM) ciia mang véi cac dd phéng dai khac nhau
(a) x35 14n; (b) x1.000 14n va (c) x40.000 lan

Pé xem xét viée hinh thanh cac lién két dic trung cua vat li€u thuy tinh silica trong
mau, chiing t6i tién hanh do phd tan xa Raman dé xem xét cac lién két d6 (hinh 2). Cac mau
mang 80Si0,:20Ti02:x%AI*":0.5%Er*" véi x=1%, 3%, 5% va 7%; 0,5% duoc kich thich
bang ngudn laze v6i budc song kich thich A=1064nm, dugc quét trong toan b dai song tir
250cm™ dén 1300cm™. Cong sudt ngudn bom 1a 800mW va gbc mé ciia detector 1a 30°. Tir
két qua do phd Raman ta thay c6 xudt hién nhitng dinh phd dic trung cho cac lién két ciia vat
lidu thay tinh silica. Ving c6 tdm & 430cm™ 14 do dao dong udn cong cua lién két Si-O-Si,
trong khi d6 dinh phd 800cm™ 1a do dao dong cua lién két ddi xing Si-O-Si tao ra.

x=1%
6 ) §

o
1

B
L

3% ]
1

Cuong dj (d.v.t.y)
w

400 600 800 1000 1200
Dich chuyén Raman (cm)

Hinh 2. Phd tan xa Raman ciia h¢ mau mang 80Si02:20TiO2:x%AP*:0.5%Er**
voi x=1%, 3%, 5% va 7%
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Céc dinh phd tng v6i budce song 1100cm™ duoc cho 1a do mode dao dong LO cua lién
két bat doi xang Si-O-Si trong vat liéu [1]. Ngoai ra, nhiing dinh phd Raman ¢ 490cm™ va
600cm™ ciing xuét hién, d6 1a vi tri gy ra boi cac sai hong D1, D2 ctia mang thiy tinh silica
[6]. Ving & 430cm™ va 800cm™ 13 do qua trinh da ngung tu tao thanh, lam cho cac lién két
Si-O-Si dugc hinh thanh trong cau tric cua vt liéu do qua trinh xir Iy nhiét. Nhitng dinh nay
xuét hién nhu trong thay tinh silica duoc ché tao bang phuong phap néng chay Quartz [1].
Nhu vay, co thé kh?mg dinh réng, cac lién két thu duoc tir cac mang duoc ché tao béng
phuong phap quay phu tir dung dich sol-gel ban dau 13 kha phu hop so véi cac lién két dic
trung cta vat liéu thuy tinh silica dugc ché tao bang phuong phap nong chay Quartz. Van
dé nay c6 vai tro rat quan trong trong viéc danh gia chat luong ctia mau ché tao bang phuong
phap quay phti so v&i mau ché tao bang cac phuong phéap khac.

20

1530 nm

- -
o (4]
! 1

Cudng dj (d.v.t.y)
(&)}

0 x=0%

1450 1500 1550 1600 1650 1700
Budéc séng (nm)

Hinh 3. Phé huynh quang trong viing hong ngoai ciia mang 80Si0,:20TiO2:x%Al*:0,5%Er**
v6i nong do AP pha tap 12 0% va 5% va bwéc séng kich thich A=1064 nm

Hinh 3 1a phd huynh quang trong ving hong ngoai clia mang
80Si02:20Ti02:x%A*:0,5%Er*" voi ndng dd A" pha tap 13 0 va 5%, duoc phu trén dé
Quartz, kich thich bai ngudn laze c6 budc song A=1064nm, quét trong dai song 1350 - 1750nm,
cong sudt kich 1a 800mW va gbc mé cia detector 1a 60°. Tir hinh v& ta thiy c6 mot dinh &
1530 nm va mdt vai phé 0 1560nm, n6 dac trung cho qua trinh dich chuyén buc xa tu
132—*152 ctia ion Er’*. Do rong phd trong ca hai truong hop ¢6 pha tap nhém va khong
pha tap nhom 1a twong d6i giéng nhau va do ban rong vao khoang gan 50nm. Su mo rong
nay bao gdm sy mé rong dong nhat va khong dong nhét. Vi khi d6 su trong tac cia trudng
mang nén d6i véi cac ion Er’' ¢ su thay ddi ciing nhu c6 su thay d6i trong tuong tac gitra
cac ion Er’* khi thay d6i khoang cach giita chiing, dan toi su tach vach stark va mé rong
phd. Hon nita, thuc té cac ion Er* khong thé ¢o vi tri hoan toan gidng nhau, nghia 14 c¢6 sy
khéc biét trong mdi truong cuc bd clia mdi ion, dan tdi sy mé rong phé khong déng nhét.
Tir két qua trén hinh 3 ta ciing thdy cudng d6 huynh quang ciia mau co6 pha tap ion AI** cao
hon nhiéu so véi mau khong c6 AI**. Khi AI** dugce dwa vao mang nén no co thé ton tai theo
2 dang, 46 1a duéi dang nhom AlO4 trong mang chuan (formal network) va dudi dang nhém
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AlOg)2 trong mang cai bién (modified network) [6]. Trong mang chuan, AI** s& thay thé vi
tri cua Si, silic ton tai & trang thai Si*'con nhom ton tai & trang thai AI*" nén khi su thay thé
nay cang nhiéu thi tao ra cang nhiéu nhém A/O; , cic ion dat hiém c6 xu hudng tién lai
gan nhom ndy dé tao ra sy can bang vé dién va 1am cho cac ion Er’" phan tan déu trong
mang nén. Con trong trudng hop hinh thanh mang cai bién thi ion A" lam dut giy céac
lién két Si-O-Si lam ion Er** di vao mang nén dé dang hon ddng thoi né tao ra cac nhom
Al-O ¢6 thé phan tan cac dam Er-O-Er thong qua hinh thanh lién két Si-O-Al-O-Er... Nhu
vay, cac nhom AlOs» va AlOgx c6 thé hoat dong nhu nhitng phan tir hoa tan trong mang
nén dbi voi cac ion dat hiém.

0'2_ 020
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§n|e : \ .
~ yo / 1%
= i — 3%
s x :
< ‘ z\'-‘.m:]u‘;-\f" :vup[:.p : 5%
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Hinh 4. Phé huynh quang trong viing hong ngoai ciia mang
80Si02:20TiO2:x%AI*:0,5%Er* v6i ndong d A pha tap khac nhau:
1%-xanh, 3%-den, 5%-d6 va 7%-hong

Ngoai ra, do ban kinh ion ctia AI** 16n hon ban kinh cta ion Si*'nén né s& lam gian
mang silica, tao khung oxit rong hon nén cac ion Er** ¢6 nhiéu co hoi dé to hop vao mang
nén hon va lam cho cudng d6 huynh quang ctia miu ting 1én. Cung vdi viée nghién ctru trén
dé Quartz, dé xac dinh nong do ion AP’ pha tap t6i wu, ching toi tién hanh phan tich phd
huynh quang trong ving hdng ngoai ciia hé mau mang 80Si0,:20TiO2:x%A*":0,5%Er*" voi
dai néng do ion AI*" pha tap 1a 1%, 3%, 5% va 7% dugc phu trén dé silicon-silica, budc
song cua laze kich thich 12 976nm (hinh 4). Két qua cho thay khi ting néng d6 ion AI** pha
tap tir 1%mol dén 3%mol thi cudng do huynh quang ting 1én va dat dén trang thai bao hoa
& nong do pha tap 1a 5%mol. Tiép tuc ting nong d6 AI** phatap dén 7%mol, thi cuong do
huynh quang ctia mang giam manh (hinh 5). Diéu nay duoc giai thich nhu sau: & nong do
AP pha tap thap (<5%mol), s& gitp cho cac ion Er’* pha tap phan bé dong déu hon trong
mang silica va lam cho cudng d6 huynh quang ctia mau ting 1én. Tuy nhién, khi nong do
ion AI’* pha tap tiép tuc tang lén, s€ xuat hién sy phéan pha trong vat liéu, dan t&i sy hinh
thanh cac pha giau ion AI** va cac pha nghéo ion AI** 1am giam cudng d6 huynh quang ctia
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mau. Ngoai ra, ion AP’ 1a nguyén t6 c6 ban kinh ion kha 16n nén néu lugng ion AI** duoc
dua vao cang nhiéu thi lai 1am cho vat liéu tré nén xép hon, nghia Ia vat liéu lai kém xép
chit hon va dé gy ra cic sai hong. Nhu vay, voi mot nong do pha tap 0,5%mol Er** thi
luong ion A" tdi wu dugc dua vao vat lidu 1a 5%mol. So voi két qua nghién ctru cliia mot
s nhom trén thé gi6i nhu nhom cua Xavier Ogirnac c¢o ti 18 t6i uu:
80Si0,:20Ti0,:0,31%Er**:5%AIP" thi trong nghién ctru ndy ti 1é mol ctia ion Er’" duoc tich
hop vao mang nén nhiéu hon [12].
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Hinh 5. Cwong dd huynh quang ciia mang theo chiéu day
mang khac nhau: 40 16p va 60 16p

Pé danh gia anh hudng cia chidu diay mang dén kha ning dan séng ctia mang thiy
tinh da thanh phan, chung t6i da tién hanh ché tao mang 80Si02:20Ti0:5%A13":0,5%Er>*
v6i chiéu day mang khac nhau. Hinh 5 14 phd huynh quang trong viing hdng ngoai ctia mang
40 16p (chiéu day ~ 2pum) va mang 60 16p (chiéu day 3pm). Két qua cho thiy cuong do
huynh quang ctia mang 60 16p 16n hon nhiéu so véi mang 40 16p. Nguyén nhan 1a khi chiéu
day mang ting 1én thi voi cling mot diém laze chiéu, s ion Er’* nhan dugc su kich thich s&
nhiéu hon, dan t6i cudng do huynh quang tang 1én. Khi ting s6 1an quay phu tir 40 16p 1én
60 16p thi cudng do huynh quang cia cac ion dat hiém ting 1én nhiéu, nhung néu tiép tuc
tang s6 1an quay phi v6i quy trinh xtr 1y nhiét nhanh & 900°C trong vong 50 gidy thi khi
mang cang day thi sy khac biét do sy gidn nd vi nhiét ciia mang va dé cang 16n, din t6i xuét
hién nhing tng suit gdy ran nit mang. Ngoai ra, dé ché tao 16p din song don mode tng véi
budc song 1530nm thi ¢ day cta 16p dan khong can qué 16n (chi ¢& 1,5um), do vay trong
nghién ciru ndy chiing toi chi tién hanh khao sat mang véi sé lan quay phu tdi da 13 60 16p.

Véi viée str dung phuong phap quay phu tir dung dich sol-gel dé ché tao mang, thi
quy trinh xt 1y nhiét anh hudng rat 16n dén chat lugng mau. Hinh 6 1a phd huynh quang
trong ving hong ngoai cia mau mang 80Si02:20Ti0,:5%A1*":0,3%Er*", dugc u & nhiét
d6 900°C, trong mdi truong khong khi voi thoi gian u 1a 1 gio va 6 gio. Két qua cho thdy,
cudng d6 huynh quang ctia mau ¢ & 6 gio 16n hon rat nhidu so v6i i mau ¢ 1 gid, vi khi thoi
gian & mau tang 1én, s& gitp cho viéc dét chay hoan toan céac tap chit hitu co trong mau va
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ting cudng su thoat nudc ra khoi mau, tir d6 gop ph?m loai bd su ¢c6 mat cua nhom OH, 1a
nhom gay ra su ton hao quang trong vat liéu. Ngoai ra khi ting thoi gian ¢ s& gitp cho qua
trinh co ngot va xép chit duge hoan thién hon, tao ra mot cau trac vat liéu thue sy 6n dinh.
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Hinh 6. Cwong do huynh quang ctia mang 80Si0,:20Ti0,:5%A*:0,3%Er*"
khi dugce @t & 900°C véi thoi gian khac nhau: 1 gio va 6 gio
Cudng d6 huynh quang cua mau 80Si02:20Ti0,:5%A1%":0,3%Er*" phu thudc vio

cong suat ngudn laze (100 - 800 mW) dugc chi ra trén hinh 7. Ta thay rang, khi cong suat
bom tang 1én thi cudng d6 huynh quang clia mau ting 1én kha déu dan (hinh 1ong).
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Hinh 7. Cuong d9 huynh quang ctia mang 80Si0,:20Ti0,:5%Al*:0,3%Er*"
khi cong suit nguén bom thay doi

Nguyén nhan 1a do khi ting cong suit ngudn bom thi s6 photon kich thich t&i mot don
vi dién tich mau ting nén s6 ion Er** bi kich thich dé chuyén tir mirc co ban 1én muc *I112 va
céc murc trén ciing ting 18n, dan t6i s6 ion Er’* chuyén mirc tir *li32 vé *I1s2 ting va 1am ting
cuong d6 huynh quang ctia mau.
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3. KET LUAN

Ché tao thanh cong mang 80SiO,: TiO2: AI*: Er’* bang cong nghé sol-gel va k¥
thuat quay phu voi d6 day mang tir 500nm dén 3000nm. Mang dwgc xu 1y nhiét & nhiét
d6 900°C trong thoi gian 1gid - 6 gid. Két qua chup SEM cho thdy mang c6 d6 dong déu
cao va khong c6 cac sai hong ciing nhu ran nut trén bé mat cia mang khi do phong dai
1én t&i 40.000 1an.

Céc lién két dic trung cua vat li¢u thuy tinh silica-titana dugc khéng dinh tur két qua
do pho tan xa Raman ctia hé mau. Phd huynh quang cua cdc mau duoc khao sat trong ving
hdng ngoai véi budce song xung quanh 1530nm. Cuong d6 huynh quang tiang 1én khi nong
d6 nhom tang tir 1% tdi 5% mol nhung sau d6 lai giam di khi ndng do AP tiép tuc tang.
Cudng d6 huynh quang cao nhat khi ti 16 mol cia ion A"
80S102:20TiOx: 1a 5%AP*:0,5%Er".

Khi khao sat sy phu thudc cuong dd huynh quang vao cac diéu kién cong nghé nhu

va Er'* trong vat liéu nén

thoi gian G nhiét, d6 ddy mang va cong suit nguén bom chiing t6i nhan thiy rang cudong do
huynh quang ciia mau & viing budc séng 1530nm ty 1¢ thuan véi thoi gian u nhiét, do day
mang va céng suat ngudn bom.
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THE EFFECT OF AL*" ION CONCENTRATION AND
TECHNOLOGICAL CONDITION ON OPTICAL PROPERTIES OF
SILICA-TITANIA THIN FILM DOPED ER*" ION FOR
OPTICAL WAVEGUIDE APPLICATION

Luong Thi Kim Phuong, Le Thi Giang

ABSTRACT

P* and Er*" ions on silicon substrate were

Silica-Titania glass films co-doped with A
prepared by sol-gel route and spin-coating technique. Thermal treatment for samples was
set up at 900°C from 1 to 6 hours and film’s thickness varies in the range of 500-3000nm.
The film’s surface morphology as well as defect density can be evaluated owning a Scanning
Electron Microscopy (SEM). The result from Raman scattering spectrum reveals bonds in
material having the same feature bonds of silica glass fabricating by Quartz melting method.
The influence of AP" ion concentration on photoluminescence intensity was investigated
when increasing AF" ion concentration from 1 to 7% mol. The highest photoluminescence
intensity obtained at the value of AP" ion concentration is about 5% mol. The effect of
technological conditions such as film’s thickness, annealing time on photoluminescence
properties of the glass film are also studied.

P

Keywords: Silica-titania glass, AP* ion, Er** ion, sol-gel, photoluminescence, planar

wave guide.
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THU'C NGHIEM NGHIEN CUU CHE TAO GACH KHONG
NUNG GEOPOLYMER TRO BAY

Lé Phuong Thanh!
TOM TAT

Bai viét dé cdp dén viéc thire nghiém ché tao gach khéng nung geopolymer tro bay,
véi kich thude vién gach la 220x105x60mm. Gach khéng nung geopolymer tro bay dwoc ché
tao tir tro bay va cdt séng véi cdc ty 16 khdc nhau 9:1, 8:2 va 7:3 theo khoi lwong. Dung dich
kiém kich hoat gom NaOH 8M va thuy tinh long theo ty 1é c¢o dinh 1:2,5. Ty 1é dung dich
kiem kich hoat/ tro bay co dinh 1a 0,25. Cac vién gach dwoc ché tao va bao duong o nhiét
s 60°C trong thoi gian 24 gio. Cdc thi nghiém vé dg hit mede va cuong do nén cho thay gach
geopolymer cé cueong d¢ nén cao hon 10MPa chi sau 7 ngay va dg hit nuée thap hon 4%.

Tw khoéa: Gach geopolymer, tro bay, gach khong nung.

1. DAT VAN BE

Geopolymer 1a loai vat liéu dinh két polymer vo co, dwoc phat trién dau tién bai nha
khoa hoc nguoi Phap Joseph Davidovits tor nhiing nam 1970 [13,14,15]. Phan ung
geopolymer héa 1a mot phan tmg hoa hoc dién ra gitta cac oxit cia nhom va silic voi dung
dich c¢6 tinh kiém manh dé tao ra cac mach co cAu triic ba chiéu rin chic chua cac lién két
Si-O-Al. Qua trinh geopolymer héa cac nguyén liéu dugc thé hién trong hinh 1.

Aluminosilicate Source
M!?In} ﬂh HLO Hba tan

OHjaq

Aluminate & Silicate

— Trang thai
HO 1 ) cén bing

SRR ) o

cilu tric

HO s > sép xép lai

< Polymer héa
HO l ) v:dénz cifng

S m s
e

Hinh 1. Qua trinh geopolymer héa

!Giang vién khoa Ky thudt Cong nghé, Truong Pai hoc Hong Piirc

130



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 39.2018

Theo cac tai liéu nghién ctru cua cac nha khoa hoc, bét ky dung dich kiém manh nao
cling c6 thé dugc st dung dé 1am chat kich hoat cho viéc tao ra geopolymer. Cac dung dich
kiém duoc st dung phé bién nhét 1a NaOH hoic KOH va Na,SiO; hodc K»SiOs. Tuy nhién,
theo nghién ctru ctia Palomo va cong sy (2004), dung dich kiém NaOH c6 chira silic hoa tan
nhu dung dich natri silicat (Na>Si0s3) hoac kali silicat (K2SiO3), thi phan tng geopolymer
hoa xay ra & mot ty 1€ cao hon so véi khi chi ¢6 hydroxit kiém dugc sir dung dé kich hoat.
Mit khac, tang néng dd mol cua dung dich kiém s& tao ra sy hoa tan 16n hon cta nguyén
lidu[11,12,16]. Két qua 1a cuong d6 nén ciia geopolymer sé ting 1én cing véi viée ting ndng
d6 mol cta dung dich kiém. Fernandez-Jimenez két luan rang sir dung NaOH 12,5M mang
lai cudng @6 nén cao hon khi st dung NaOH 8M [5].

Tro bay 12 mét loai phé thai cong nghiép nguy hai ctia nha may dién chay than. Hién
nay, cac nha khoa hoc trong va ngoai nudc da va dang nghién ctu ing dung tro bay trong
nhiéu linh vuc nhu: x4y dyng, nong nghiép, composite... nham giam thiéu tic dong dén
moi trudng cia loai chat thai nay. Trong sé ing dung d6, san xudt gach khong nung dang
dugc quan tAm nghién ctru va phat trién. Gach khong nung tro bay két hop véi xi ming
Portland hodc véi voi va thach cao di duoc nghién ctru va tmg dung thanh cong trén thé
gidi. Bén canh d6 di c6 mot sé nghién ctru ché tao gach khong nung tro bay geopolymer
nhu: Banupriya va cong su (2016), di tién hanh cac thi nghiém dé nghién ctru ing xir clia
gach geopolymer sir dung tro bay va xi 10 cao. Raghunathan va cong sy (2010) da ché tao
gach sir dung xi ming, bun d6 va cat véi ty 1& 1:1,7:3,5 thu duoc cuong d6 nén 3,73 N/cm?.
Gach khong nung tro bay ché tao theo phuong phap geopolymer 1a mot phuong phap xanh,
g6p phan bao vé mdi trudng [6, 8]. Tuy nhién sb luong cac nghién ciru con han ché, mat
khéc céc tinh chit cua geopolymer phu thude nhiéu vao chét luong cua tro bay [4]. Trong
khi d6, mdi nha mdy nhiét dién chay than thai ra loai tro bay c6 tinh chat khac nhau [1].
Vi vay, nghién ctru thuc nghiém ché tao gach khong nung geopolymer tro bay ctia nha
may nhiét dién Pha Lai 1a can thiét.

2. NOI DUNG
2.1. Vat li¢u va phwong phap nghién ctiru
2.1.1. Vit liéu

Nguyén vt liéu dé ché tao gach khong nung geopolymer tro bay bao gdm: tro bay,
cat, dung dich NaOH 8M, thuy tinh 16ng Na,SiO3 theo so dd hinh 2.

Tro bay Cat Alkaline  |€= NaOH

v 1 NaxSiO;3

Gach khong nung Geopolymer tro bay

Hinh 2. So' d6 vit liéu sir dung ché tao gach Geopolymer tro bay
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Tro bay (FA)

Tro bay sur dung trong nghién ctru la tro bay Vina F&C léy tur tro thai ctia nhiét dién
Pha Lai, thi xd Chi Linh, tinh Hai Duong. Thanh phan hoa hoc cua tro bay thi nghiém dugc
kiém tra tai Vién vat liéu xay dung (bang 1), dat yéu cau cua tro bay loai F theo tiéu chuin
ASTM C618 -03 (2003).

Biang 1. Thanh phin héa hoc ciia tro bay tinh theo % khdi lwgng

SiO, | ALOs | Fe;O3 | CaO | MgO | KO | NaxO | TiO2 SO; Loi*
51,74 | 24,53 | 5,59 0,81 1,95 4,42 0,11 0,76 0,31 8,98
(*: Lwong mat khi nung)
Bang 2. Chi tiéu vit ly ctia tro bay
STT Chi ti€u thi nghi¢m Phuong phap tht Pon vi Két qua
1 Do am 14TCN 108:1999 % 0,31
2 |Khoi luong thé tich x6p TCVN 4030:2003 | kg/m3 920
3 |Khéi lugng riéng TCVN 4030:2003 g/cm3 2,39
4 |B6 min (lugng soét trén sang 0.08) | TCVN 4030:2003 % 6,93

Cat song

Cat sir dung trong nghién ciru nay 1a cat song M3, Iy tai mo cat Tao Xuyén, Thanh
Hoa. Céc chi tiéu vat Iy dugc xac dinh trong bang 3.

Bang 3. Chi tiéu vat ly cua cat

STT Chi ti€u thi nghi¢m Phuong phap tht Pon vi Két qua
1 |[Khéi lugng riéng kho TCVN 7572-4 : 2006 g/cm’ 2,63
3 [Khéi lugng thé tich x6p TCVN 7572-6 : 2006 | T/m’ 1,42
3 Do hong TCVN 7572-6 : 2006 % 49,73
4  |Ham lugng bui, bun, sét TCVN 7572-8 : 2006 % 0,68

Dung dich kiém kich hoat (AK)

Dung dich kiém kich hoat 1a hdn hop cta dung dich kiém manh (NaOH 8M) va thiy
tinh 1ong (Na»Si0;3). Dung dich xut dugc diéu ché tir NaOH dang vay kho (do tinh khiét
98%) pha véi nudc dé dat duoc ndng d6 mol yéu cau. Thuy tinh 16ng sir dung san pham
clia nha may hoa chat Viét Tri c6 ty 16 Na,0/SiO/H,0 tuong tng 1a 11,8/28,5/59.7% theo
khéi lugng. Lua chon pha tron dung dich kiém kich hoat theo ty 1& khdi lugng
Na»Si03/NaOH = 2,5.

2.1.2. Phuwong phap ché tao mau

Ty 1¢ phoi trén vt liéu: Tro bay va cat dugce phdi tron theo mot ty 16 duge dé xuét
trong bang 4.
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Bang 4. Ty 1¢ phdi tron nguyén liéu ché tao gach geopolymer tro bay

Tén mau Tro bay (FA) (%) | Cat (Sand) (%) AK/FA Ghi chu
M1 90 10 0.25 Nhict 88 <4
1€t do say
M2 80 20 0.25 60°C. 24h
M3 70 30 0.25

Thiét bi ché tao mau gach

Thiét bi ché tao mau gém 4 bo phan chinh: (1) B phan dinh luong nguyén liéu lam
bang ton 2mm, (2) bd phan khudn (gom xilanh va pitton) 1am bang thép 10mm co kich
thude 220x105mm, chiéu cao xi lanh 160mm, (3) khung ép lam bang thép V75x75x5mm
va (4) kich thuy luc 20 tan. Thiét bi duoc ché tao tai xuong thuc hanh khoa Ki thudt Cong
ngh¢, Truong Dai hoc Hong Duc (hinh 3).

Hinh 3. Thiét bi ché tao miu gach Hinh 4. Miu gach geopolymer tro bay sau
khong nung trong phong thi nghiém khi ché tao va bao dudng

Ché tao mau

Vién gach ché tao c6 kich thudc tiéu chuan 220x105x60mm. Tro bay va dung dich
akaline duoc tron trudc v6i nhau bang may tron trong thoi gian 5 phut sau d6 cho cat vao
tron tiép trong thoi gian 2 phuat. Sau khi tron xong hdn hop dugc dua vao khuén va duoc ép
tao mau bang thiét bi ép thuy luc 20 tan (hinh 3). M&i mau ché tao 30 vién (hinh 4).

2.1.3. Bdo dwéng madu

Mau sau khi ché tao dugc dua vao 16 sy & nhiét ¢ 60°C (hinh 5) trong thoi gian
24h, sau d6 duoc dua ra 1o va 6n dinh & nhiét d6 phong trong vong 3 ngay trude khi dua
di thi nghiém.
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Hinh 5. May siy 300°C Hinh 6. Thiét bi nén miu 100T

2.1.4. Phwong phap thi nghiém
2.1.4.1. Kich thuéc, mau sdc va khuyét tdt ngoai quan

Kich thudc, mau sic va khuyét tat ngoai quan duoc xac dinh theo TCVN 6477 (2016).
Str dung mat thuong dé danh gi4 mau sdc va khuyét tat ngoai quan, dung thudce 14 c6 do
chinh xac Imm va thudc kep c6 d chinh xac 0,Imm dé xac dinh kich thuéc mau gach. Mdi
mau Iy 3 vién, mdi vién do kich thudc ¢ 3 vi tri gdm 2 dau va giita.

2.1.4.2. Cuong do nén

Sau thoi gian bao dudng cic vién gach duoc ché tao tir thiét bi nén tinh. Tién hanh
kiém tra cudng d6 nén cua cac mau bang may nén ¢ cong sudt 1000kN vai tée do gia tai
0,5MPa/s. Thyc hién nén mau thir timg vién don 1é (mdi mau thir nén 3 vién) cho dén khi bi
pha huy do duoc lyc nén 16n nhét Prax (N). Cuong d6 nén dugc xéac dinh theo tiéu chuin
TCVN 6477 (2016):

R=P —
S

Trong do: S 1a gia tri trung binh cong dién tich hai mit chiu nén (mm?). K 1a hé sb
hinh dang ldy bang 0,68. Két qua thi nghiém cudng do nén 1a gia tri trung binh cta nén
3 vién riéng lé.

2.1.4.3. Do hut nudc

Po hit nudc dugce xac dinh theo TCVN 6355-4 (2009). Mdi mau thi léy 5 vién gach
mang say kho & nhiét d6 105°C dén 115°C cho t6i khi khéi luong gach khong ddi giita hai
lan can lién tiép (chénh léch khong 16n hon 0,2%), can duogc khdi lugng (mo). Ngam miu
thir vao nudc sach trong 24h ¢ nhiét do 27+2°C. V6t mau ra, ding khin am tham bé mat
mau thir va can mau ngay lap tirc dugc khdi lugng bio hoa nude (my). Két qua thi nghiém
la gia tri trung binh cua 5 vién gach.

Do hut nude % tinh theo khéi luong = 22" 100
m,
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2.2. Két qua va thio luin

2.2.1. Kich thuéc, mau sdc va khuyét tdt ngoai quan

Biang 5. Két qua xac dinh kich thuéc, mau sic va khuyét tat ngoai quan

Mau | Dai (mm) 52;% Cao (mm) V?n(':lc(:;ri) Khuyét tat Mau sic

MI 220 105 59,8 0 Khong Xam tring
M2 220 105 60,0 0 Khong Xam trang
M3 220 105 60,1 0 Khong Xam trang

Cac mau gach ché tao co kich thude yéu clu 220x105x60mm véi dd sai sb theo chiéu
cao (bang 5) & mau M1 (-0,2mm), mau M3 (+0,1mm), va khéng c6 sai sb theo chiéu dai,
rong. Cac bé mit cta vién gach c6 do phflng cao, nhian, min. Nhu vay, cac vién gach ché tao
thi nghiém phu hop véi tiéu chuan TCVN 6477:2016.

2.2.2. Cuong do nén

Cuong do nén duoc thi nghiém & tudi 7 ngay va 28 ngay. Két qua thi nghiém thé hién

trong bang 4 va hinh 7.

Biang 4. Két qua thi nghiém cwong dd nén theo thoi gian

s Cuong do nén (MPa)
Tén mau
7 ngay 28 ngay
M1 8,56 14,55
M2 10,39 16,07
M3 10,99 16,25
18
16
= 14
&
% 12
£ 10 m 7 ngay
=
(=1
i 8 7 m 28 ngay
£ 6
5
O 4 -
2 -
O .

M1 M2

M3

Hinh 7. Biéu d6 két qua thi nghi¢m cwong d nén theo thoi gian

135



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 39.2018

Nhan xet

Cuong d6 nén ting theo thoi gian tai tat ca cic mau, diéu nay ciing phu hop véi cac
két qua nghién ctru da dugc cong bd vé geopolymer (cudng do phat trién theo thdi gian
twong ty nhu xi mang portland).

Cuong d6 nén ting khi ting ham lugng cat tir 10% dén 30%, 1y do ham luong cat
ting gop phan ting d6 dic chic cho cac mau gach. Tuy nhién, theo két qua thi nghiém
thi cuong d6 nén mau M2 ting dang ké so vi mau M1 va thip hon khong dang ké so
véi mau M3.

Cac mau gach M1 dat mac M12,5 va cac mau gach M2, M3 dat mac M15 & tudi 28
ngay theo TCVN 6477 (2016).

2.2.3. Bo hut nwoc

D6 hit nude duge thi nghiém cho hai thoi diém 7 ngay va 28 ngay tudi. Két qua thi
nghiém thé hién trong bang 5 va hinh 8.

Bang 5. Két qua thi nghiém dd hit nuée 24h

5 Do hiut nudc 24h (%)
Tén mau
7 ngay 28 ngay
M1 3,8 3,00
M2 3,64 2,80
M3 3,24 2,60
4
3.5
~ 37
)
S 2.5 A
o =7 ngay
;g 2 -
: \
E 15 | =28 ngay
Qe
=)

0.5 -

M1 M2 M3

Hinh 8. Biéu d6 két qua thi nghi¢m d9 hut nwée 24h

Nhdn xét: Do hut nude 24 gio ciia cic mau gach déu giam theo thoi gian va giam
khong déng ké khi ting ham lugng cét tir 10% (mau M1) dén 30% (mAu M3). Céc gia tri thi
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nghiém déu cho d6 hiit nudc twong ddi thap (nhé hon 4%) théa mén tidu chuan TCVN 6477
(2016) (d6 hiit nude yéu cau < 12%).

3. KET LUAN

Két qua thi nghiém budc dau ché tao dwgc cac mau gach khong nung geopolymer tro

bay dat M12,5 va M15 va théa man cac yéu cau vé do hat nudc 24 gi0, kich thudc, khuyét
tat ngoai quan theo TCVN 6477:2016.

Do s6 luong loai mau cta thi nghiém con it nén chwa thé danh gia hét duong cong anh

hudng khi thay d6i ham lugng cat va tro bay ciing nhu viéc thay d6i nong d6 mol cia NaOH,
ty 1&¢ AK/FA, ty 1€ NaxSiO3/NaOH va gia thanh.
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EXPERIMENTAL INVESTIGATION ON FLY ASH BASED
GEOPOLYMER BRICKS

Le Phuong Thanh

ABSTRACT

This paper presents the experimental study of fly ash based geopolymeric bricks with

the size of 220x105%60mm. The bricks were produced from fly ash and river sand with fly
ash to sand ratios by weight of 9:1, 8:2, and 7:3. The activated alkaline solution including
NaOH 8M and liquid glass in a fixed ratio of 1: 2.5 was used. The activated alkaline solution
to fly ash ratio was 0.25. The bricks were made and maintained at a temperature of 60°C

for 24 hours. Test results indicates that the compressive strength of bricks are higher than

10 MPa after 7 days and their water absorption is less than 4%.
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NGHIEN CUU MO PHONG PONG LUC PHAN TU CAU TRUC
NANO XOP ZnO KENH RONG DANG LUC GIAC

Nguyén Thi Thio!
TOM TAT

Ciing véi wurtzite (WZ) va zincblende, nguoi ta da tim thdy mét sé lwong om oxit kém
(Zn0) co cac da hinh khac nhau voi cac dac tinh va ung dung khac nhau can ban. Do do,
dy dodn va tong hop cdc nhém da hinh méi cia ZnO c6 ¥ nghia 16n va van dang thu hit
dwoc sw quan tam nghién ciru dang ké. O day, ching t6i thue hién mét nghién ciru diea trén
phirong phap Iy thuyét phiém ham mdt d¢ két hop gan diing lién két chat (Density Functional
Theory based Tight Binding - DFTB) dé dy dodn Iy thuyét mét ho da hinh rong méi ciia ZnO
bang cdch tiép cdn tir trén xuong. Hinh thii ciia cdc thanh t6 co ban cho phép thu dwoc ho
cdu triic nano ZnO xop mdt d thdp véi kénh rong hinh luc gide. Tinh todn ciia ching t6i
ciing chi ra rang tdt ca cdc cdu triic rong dwoc diw dodn/thiét ké déu la chdt ban dan ¢é viing
cam rong, thang giong nhw ciia cau triic khoi ZnO. Cau triic ving dién tik ciia cdu triic nano
x6p ZnO ciing dwoc nghién cieu chi tiét.

T khoa: Nano xop, Iy thuyét phiém ham mdt dg, chat ban dan.

1. DAT VAN BE

Ngay nay, cic vat liéu vé co md khung (nano xdp) da nhanh chong tré thanh mot
hudng nghién ciru manh. Cac vat liéu nano x6p dong mét vai tro quan trong trong nhiéu ing
dung lién quan dén nang lugng va phat trién bén vimng, vi du xuc tac, tach khi, loc nuéc va
pin nhién li€u. Theo thuc nghi¢m, véan dé chinh coa hudng nghién ctru vat liéu khung mo la
tim ra cac vat li€u sé hitu kénh va céc tinh nang ma lam cho ching thanh vat liéu nano xép,
chang han cac héc co s/cac 1ong & cap do nano. Vé mat Iy thuyét, tim kiém cac dang thu
hinh rdng méi khong nhimg can thiét ma con 1a thach thirc. Co s dit lidu cua Hiép hoi
Zeolite qudc té (IZA) cho thiy rang, theo thoi gian sd luong cac loai ciu trac khung nano
xép doc dao da tang nhanh chong, tir 27 loai trong nam 1970, Ién 38 vao nam 1978, 1én 64
trong ndm 1988, 1én 98 vao nim 1996 va dén 174 trong nim 2007 [9].

Oxit kém (ZnO) duoc cho 1a vat liéu ban dan c6 nhiéu tinh chit thi vi va quan trong
hon nhiéu so véi cac vat liéu khac. Ly giai cho diéu nay 14 vi ZnO c6 thé dugc hién thyc hoa
rat d& dang trong nhiéu céu tric nano khac nhau, tinh chét phat quang tuyét voi va kha ning
thay d6i d6 rong viing cdm ning lugng, ching han trong cau tric nano di chat vo-13i, tinh ap
dién ciia n6 tim thiy ing dung nhu may phat dién nano, tinh tuong thich sinh hoc ctia né tim
thdy tmg dung trong cam bién hoa sinh, tinh trong sudt cao va kha ning c6 tinh sit tir & nhiét
d6 phong sé& tim thay tmg dung trong quang dién tir va dién tir hoc spin. Pén nay, cac tim
kiém dé tong hop hodc du doan 1y thuyét cac nhom cau tric hay cac da hinh hodc pha méi
cho cac hop chit ndy van c6 ¥ nghia 16n va dang thu hit dugc su quan tim dang ké [6].

! Gidng vién khoa Khoa hoc Ty nhién, Truong Dai hoc Héng Puc

139



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 39.2018

Trong bai bao nay, chung toi d& xuat mot phuong phap 1y thuyét dé thiét ké ho cu
trac nano ZnO xdp mat d6 thap voi kénh rdng hinh luc gidc tir mot vai thanh t6 don vi rong
dugc lya chon cin than. Chiing tdi cho rang phuong phap nay c6 thé cung cip mét cach hiru
hiéu dé thiét ké mo hinh tinh toan vat liéu nano x6p. O day, chiing t6i thao luan vé d6 bén
viing va cAu tric dién tir ciia cac vat liéu dua trén céc tinh toan trong hinh thic phiém ham
mat do két hop gan dang lién két chat (DFTB).

2. NOI DUNG
2.1. Phwong phap nghién ctru
2.1.1. Phwong phdp thiét ké cu tric

Trong phan nay chung t6i mo ta ngan gon phuong phép tiép can “tir trén xubng” dé
tién doan vé mat ly thuyét céc tinh thé nano rong. Cac thu tuc thiét ké dugc bit dau tir mot
sO lugng 16n cac siéu 6 cua tinh thé ZnO dang WZ, roi khoét di cac kénh rong dang luc giac,
dé lai mot khung xuong rdng. Tiép dén, cdu trac khung rong nay dugc dich chuyén vé tim
dbi xtg va dugc thuc hién cac phép ddi ximg c6 thé, dé duge 6 mang tinh thé nguyén thuay.
Sau d0, cac cdu triic nay duoc tién hanh t6i wu hoa cau trac, tirc 1a cho phuc hoi hay giai toa
cac bién dang di kém véi su ton tai cua kénh rdng ciing nhu bé mit bén trong cia cac vach
rong. Cudi cling, cac cau trac da hdi phuc ndy duoc tinh toan cac ddc trung ciu tric, dién tur
va rut ra cac quy luat lién quan.

Céc cau triic nano xdp réng ZnO trong bai bao nay dugc dic trung boi kich thude hdc
va do day vach, tit ca cac hdc déu c6 hinh luc giac nhung c6 dudng kinh khac nhau, dugc
do bang don vi kich thudc khdi luc gidc. Chiing toi dua ra khai niém do day vach véi ngu ¥
1a d6 day nho nhat gitra cac hdc, ciing duoc do bang sd 16p khdi luc giac, co thé 1a don vach
(SW), hai vach (DW), ba vach (3W) hodc bdn vach (4W). Do d6, mot ciu trac duge viét 1a
SW-2 s& c6 hdc lyc giac véi kich thude 2 khéi luc giae, duge cach nhau béi nhitng vach don.
Tuong tu nhu vay, cAu trac 1.5W-2 1a héc luc giac vai kich thudc 2 khéi luc giac, dugc cach
nhau bdi vach rudi. V6i muc dich minh hoa, chung t6i chi dua ra cac cAu tric nho nhét &
mdi chudi duoc chi ra ¢ hinh 1.

e 9

L& ‘Dﬂbqb‘ ‘Dab B
la’etave

« «

£o N &%

Hinh 1. Bén chudi c4u tric nano x6p ZnO kénh réng luc giac thiét ké trong bai bao nay
(chi ¢6 hai dai dién nhé nhéit cho m&i chudi). Tir trai sang phai: SW-2, SW-3, 2W-2, 2W-3,
3W-2, 3W-3, 4W-2, 4W-3. Cac qua bong nhé (mau do) la nguyén tir O, cac qua béong l6m

(mau xam) 1a nhirng nguyén tir Zn. Khung hinh thoi 14 6 co sé&
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2.1.2. Phuwong phap tinh toan

Tinh toan cua ching t6i dwa trén phuong phap phiém ham mat d6 két hop gan ding
lién két chat (DFTB+) c6 phan cuc spin va ty twong thich dién tich. Phuong phéap nay dwa
trén viéc khai trién dén gan dung bac hai phiém ham ning luong téng ctia hé dién tir Kohn-
Sham phu thudc vao spin cua h¢ dién tir tham chiéu cho trudc nhét dinh va mat do tir hoa.
Phuong phap nay di duoc st dung pho bién [5, 7] va dugc dura ra mot cach ngin gon nhu sau:

i) Khai trién cic quy dao theo t6 hop tuyén tinh cic quy dao Slater:

v, (F)=>.>.C.¢, (77 —Ei). Céc ham co s6 ¢, (F —R’i)tép trung vao hat nhan nguyén tir
thtr 1, & vi tri Ri , ban than chang 1a t6 hop tuyén tinh cia cac quy dao Slater don

¢, (7)= (Z[Z a_;nfl"+’1)ea'f"jifz,m . Lugng tir s6 goc va lugng tir sb tir duge xac dinh boi
=0

J=1

[,vam, .Y  laham cau diéu hoa twong ung.

ii) Gan dung lién két chat khai trién cac ham song (tinh cac yéu t6 ma trén trong gan dung
hai tam): ZZ\H w—ES, |C, . =0véi H, = <¢,.Vyﬁy¢,ﬂ> va s, =(#,14,)

iii) Khai trién phiém ham ning lugng Kohn-Sham dén gan dung bac hai (tu tuong

) m

. 1 L N
thich mat d¢ dién tich- SCC-DFTB): E,,,, = Z(Eyqu#Aqu + Zni <y/i ‘Ho
i=1

trong d6 Ag,, - la thang giang dién tich cua tung don nguyén tir (dién tich Mulliken),

v

Y -1ahé s6 duoc xac dinh tir trong tic Culomb giita hai phan bd dién tich cau tap trung

quanh cic nguyén tir u va v tuong Gmg, E™ - 1 s6 hang mo ta twong tac day.

Tat ca cac yéu té ma tran va cac quy dao déu duoc suy ra tir viéc tinh phiém ham
mat d0, loi thé ctia phuong phap DFTB 14 dua trén viée st dung bd co so nho ctia cac quy
dao nguyén tir (dé giam kich thuéc ma tran cho viéc ting tdc d6 chéo héa) va han ché dén
hai tam Hamilton khong truc giao (cho phép st dung rong rdi bang tra ctru). Phuong phap
nay khéc biét so vdi phuong phép ban thyc nghiém la tinh rd rang cua ham séng co so,
cho chiing ta cai nhin vat 1y sau sic hon va kiém soat t5t hon cac gan ding dugc sir dung.
Phuong phap nay st dung hinh chiéu dién tich Mulliken dé giai phuong trinh Kohn-Sham
bang cach tu hop va chimg minh cho kha ning dua ra thé twong tac chinh x4c ciing nhu
hiéu quéa bang s cho phép mé phong dong luc phan tir ciia 6 mang chira vai trim dén mot
ngan nguyen tu.

Nhu vay day 1a phuong phép dic biét thich hop dé nghién ciru céc tinh chat dién va
dong lyc ctia hé vi mo 16n va phan tir hitu co nhu day nano hay chét hap thu bé mit, chat
ban dan di cdu trac... [5]. Loi thé cua tham sb DFTB chi 1a rét it, c6 thé lya chon cac hé can
thiét dé tao ra cac thong sd, tic 1a trong DFTB céac hé 1am khop c6 thé ciing 1a cac hé hoan
toan ly tudng, néu chung duogc chép nhén vé mit hoa hoc va duge mé ta can than véi phuong
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phap ab-initio. Tiép theo, tham sé nay cé thé dugc sir dung cho hé 16n hon nhiéu do tinh
chuyén d6i ctia né. Trong tinh todn ctia chung t6i, tham sb va tinh chuyén ddi ctia né da dugc
ap dung thanh cong trong mot s6 cong trinh DFTB [7, 8]. Cac tham sb dién tir DFTB (tirc 1a
tham s6 Hubbard, va cac yéu td ma tran H® va S ) duoc rit ra truc tiép tir tinh toan DFT,
duogc thyc hién trong gan ding gradient tong quat (GGA) va st dung phiém ham trao ddi
tuong quan Perdew, Burke va Ernzerhof (PBE).

2.2. Két qua thao luin

2.2.1. Nang lwong lién két, @6 bén vitng ciia pha

Dé so sanh @6 bén vitng cua cac khung nano tinh thé xp véi cac pha ZnO khdi truyén
thdng, chung t6i da tinh tong nang luong lién két trén mdi cip ZnO theo thé tich ty dbi cho
tat ca cac ciu truc dugc nghién ciru so v6i pha WZ-ZnO da biét.

T T T T T T T T T T L T

Nang Iwgng lién két rigng Zn-0 {{eViA®)

0.0L

096 098 100 102 _1.04
Va"vrﬂaud

Hinh 2. Su phu thudc ciia niing lwong lién két riéng (eV/ZnO) véi thé tich ty dbi
cho tit ca cac ciu tric réng cé kich thuée nho nhit (n = 2) ciia tirng chudi

Trén co sé ctia nhitng duong cong 1am khdp bac ba phi tuyén [2], chung toi rit ra
mot s6 két luan vé do bén viing ciia chung. Nhu ching toi da du kién, cac ciu trac rong da
dé xuét déu dung ving (tirc 13 c6 thé ton tai) trong tit ca cic hé cdu trac tudn hoan ma
khong bi sup d6 vé mit cdu tric, diéu nay c6 thé din dén sy ton tai ctia cac pha nano xdp
mat do thap cia chung. Nhu ¢ hinh 2 cho ta thiy rang cac cdu trac bén vitng hon vé mit
nang luong 1a tuong Gmg véi o day cua vach tang 1én. Mic du pha c¢6 do bén viing cao
nhat 13 pha khong rdng, hay chinh 14 cdu triic tinh thé WZ va c6 mot nang luong can bang,
tuy nhién cac pha rdng lai c6 thém mot phan ning luong lién két dén tir cac qué trinh hoi

142



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 39.2018

phuc bé mat noi tai. Sy anh huong cia bé mat bén trong cling nhu ti s6 bé mat bén trong -
trén - thé tich & day c6 thé dugc danh gia qua s6 phdi vi trung binh cua ciu trac, s6 nay 1a
it hon bdn phdi vi (xem bang1) va khac nhau cho timg nhém cu tric, sé ndy thay d6i khi
kich thuéc thay doi.

2.2.2. Cau triic viing dién tir

Dé biét liéu cac ciu trac ZnO xép duoc du doan, néu duge téng hop c6 s hitu céac
dic tinh méi la khong, ching t6i khao sat cac cdu tric dién tir ciia chung. Hinh 3 cho thiy
su phu thudc d6 rong ving cAm ciia cic cau trac rong nay theo kich thude cua héc rong,
tat ca cac ving cam ciia chung déu nho hon so véi cau triac khéi WZ. Viéc tat ca cac do
rong ving cidm cua cac cdu tric réng déu nhoé hon WZ da duoc chi ra béi L.Sponza va
cong su (2015) 1a do tac dong cua thé tinh dién 1én cac anion V, va cation V,, dan dén
mot dong gop ¢ V =V, -V, >0 cho viéc chia tach mirc ndng luong ctiia nguyén tir va do
rong vung cam. Hon nita, chung toi ciing quan sat thiy viéc ton tai mot gia tri ving cam
nho hon trong mot vai cAu trac dau tién cua mot s6 nhom, vi du 2W-2, 4W-2... so sanh véi
2W-3, 4W-3, diéu nay 1a do hiéu tng bé mat 1am xuat hién cic trang thai bé mat ¢ ngay
trong viing cam.

P réng viing cAm cia WZ

Bd rdng viing cam (eV)

5 10 15 20

Ban kinh héc réng (A7)

Hinh 3. P9 rong viing cAm theo kich thwéc héc réng

Tinh toan cta ching t6i cho thay ring d6 rong ving cim cua chung dao dong trong
khoang tir 3.7eV vdi cau triic 4W dén 4.1eV v6i SW. Vi vay, c6 thé két luan 1a tit ca cac
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pha méi thu dwoc van 1a cac ban dan co ving cdm rong va thang ¢ diém gamma (I') nhu cta
ciu trac gbc WZ-ZnO. Céc ciu trac rong cho cac két qua khac chu yéu & mit cat tiét dién
ngang cac hudng H-K-I'-M-L, giy ra boi viéc 1am phing cic ving ning luong (hinh 4).

s W L S Ny oS

Nang lwrong (eV)
F =

-2

i

MA HK I MLH2Z ™A HK T MLHZ ™A HK T MLH

Hinh 4. Tir trai sang phai, cAu tric ving ning lwong ciia khdi WZ-ZnO va SW-2, DW-2

Céc lién két treo trong bé mit gay ra sy hoi phuc bé mit, c6 thé duoc quan sat théy
béi su chuyén dong vao phia bén trong mit cuia cac vi tri anion (Zn), dan dén sy co nhin lai
bé mit ngoai ctia cac vach rdng (hinh 1). Demiroglu va cong su (2014) cho rang, binh thuong
thi viéc hinh thanh cac khoang tréng trong khong gian ctia mot tinh thé tudn hoan dam dic
s& loai bo mot s6 nguyén tir va qua d6 ciing loai di dong gop vao viéc hinh thanh cdu trac
ving cta chiing, két qua 13 lam cho d6 rong viing cdm nhé hon. Luu ¥ rang cac hoc & day
khong dua thém vao cic trang thai trong ving cdm thong qua viéc tao ra cac khuyét tat,
ngoai trir thong qua céc trang thai bé mat nhu da noi trén. Day ciing 12 1y do ma dang diéu
ctia d rong ving cdm tré nén phang khi khong gian trong cta hc bén trong lam han ché su
chdng chéo, xen phi 1an nhau trong hau hét phuong tiét dién ngang khip cac tinh thé. Do
cling chinh 12 hiéu tng ciia viéc ciu trac x6p lam giam sy hinh thanh cu tric ving ning
luong nhu duoc chi ra tai [1] hay cu thé n6 tuan theo dang diéu du kién cta hiéu ung giam
ham luong tu.

2.2.3. Cdc théng sé cdu triic

Dé danh gia sy tin cdy cho cac cu trac nano xdp rong chung toi da tinh cac thong s6
dic trung cho ting cau trac rong xop (bang 1).
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Bang 1. Cac dic tinh tiéu bi€u ciia moi loai tir cac cau tric nghién ciru

Céu tric SW-2 DW-2 3W-2 4W-2
Mat d6 khoi lwong (gem™) 3.975 5.126 4757 5.257
Thé tich riéng V/at (A%/at) 17.002 13.183 14.205 12.854
Mat d6 hat (10%cm™) 36.588 46.759 96.704 106.778
S6 phdi vi trung binh 3.67 3.87 3.87 3.94
CAu tric tinh thé Hex. Hex. Hex. Hex.
Nhom dbi xing tinh thé P63MC 185 | P31IM 157 | P63MC 185 | P31M 157
S6 nguyén tir trong 6 don vi 36 46 96 106
Hing s6 mang (a-c) (A) 1140544 | 1140540 | 17.085.40 | 17.105.39
Do dai lién két (A) 2.00 2.01 2.01 2.013
Goc lién két 108.65 109.18 109.09 109.34
Zn-0-Zn/O-Zn-O 111.25 110.06 110.05 109.72
Do rong ving cam (eV) 4.12 3.82 3.87 3.79
Dién tich bé mit tiép can (A?) 130.27 42.79 127.77 43.63
Thé tich rong (A%) 163.67 20.72 156.60 21.02

Su bén viing cua cac cau tric duoc nghién ctru 1a bang ching rd rang cho thdy mot
cach hop 1y dé tin rang céc ciu triic tinh thé dugc tao ra bang phuong phép tiép can tir trén
xudng s& 1a muc tiéu téng hop nén cac da hinh hap dan. Ciu tric ving va cac phan tich trén
bang 1 cho thay s6 phdi vi trung binh cho ciu triic bit ky gan nhu bang bdn (ngoai trir mot
s6 nho céc lién két treo do bé mat bén trong cta hdc), tirc 13 mdi nguyén tir Zn (O) ¢6 gan
bbn nguyén tor O (Zn) bén canh hinh thanh mdt kiéu lai héa dang sp3 bién dang cho hau hét
tat ca cac cau tric. Vi vy, bang cach nay da giit lai tinh chat quan trong cua vét liéu ZnO
nhu: ban dan viing cdm rong, ap dién va trong sudt quang hoc voi anh sang nhin thiy.

Két qua bang 1 cho thdy, thé tich mdi nguyén tir ctia cac ciu tric réng ZnO cao hon tir
8% dén 57.0% so véi WZ (11.9 A3). Mot cach ty nhién, diéu nay dan dén do linh hoat va kha
ning nén cao hon ciia cac pha réng nay. Do d6, cac pha nano x6p méi nay néu duge téng hop
s€ 1a mot trong nhiing tng cur vién hura hen nhét cua siéu vat liéu co hoc dé thay thé cac vat
lidu dét tién, d& bi gdy v& co hoc hodc céc vat li¢u dung cho viéc loc cac phan tir. P rong
ving cAm cla chung thay ddi duoc va dién tich bé mit bén trong rong cting 1a loi thé cho cac
giai phap day hira hen trong viéc chuyén doi hiéu qua ning lwong mit troi thanh héa ning luong
va phan dién héa nudc thay thé cho cac ciu trac vi/nano khudn tir vat lidu TiO,. Céc thong sd
cAu trac thiét yéu khac, chéng han nhu cac hﬁng s6 mang tinh thé, mat do hat, mat do khi
luong, cAu tric mang tinh thé di kém voi nhom ddi ximg khong gian, cho thay rang tat ca cac
pha nay déu 13 cac pha tinh thé c6 tinh ddi xtmg cao, nghia 1 di kém vai su 6n dinh cao.

3. KET LUAN

Du doan ly thuyét cua chung toi vé cac ing ctr vién cho cac cau truc tinh thé nano
x0p ZnO dang hoc luc gidc theo cach ti€ép can md hinh topo, cac cau tric nay cé tinh doi
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xtng tuong ty v6i pha WZ-ZnO nhung véi kich thude hdc va do day vach khac nhau. Céc
phan tich vé& ciu truc, tinh chit dién tir cho thdy rd rang, cic pha réng co thé ton tai trong
céc cau tric tudn hoan ma khong lam sup d6 ciu trac, diéu nay co thé din toi viée ton tai
céc pha nano x0p va vat liéu tinh thé c6 mat d6 thip. Mot yéu td quan trong cho cac tmg
dung thuc té 1 kha nang diéu chinh d6 rong viing cim, do anh hudng cua kich thudc 15 (hdc)
va phan bd hinh dang.
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MOLECULAR DYNAMICS SIMULATION STUDY ON ZnO
NANOPOROUS STRUCTURE WITH HEXAGONAL HOLLOW

Nguyen Thi Thao
ABSTRACT

Along with zincblende and wurtzite, a large amount of zinc oxide (ZnO) has been found
with different polymorphisms with different basic properties and applications. Thereby
synthesizing and predicting new polymorphic groups of ZnO are of great significance and are
still gaining considerable research interests. Here we perform a study based on the DFTB
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method to predict several new classes of ZnO polymorphisms by a top-down approach. The
shape of the basic elements allows for obtaining a series of hexagonal, low density nanoporous
ZnO hollow structure. Our calculations also explore that all hollow structures are
predicted/designed to be semiconductors having the large, straight band gap like the bulk
ZnQ. The electronic band structure of the ZnO nanoporous are finally investigated in detail.

Keywords: Nanoporous, theory density functional (DFT), semiconductor.
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MO PHONG TU TRUONG MAY PIEN MQT CHIEU
BANG PHUONG PHAP PHAN TU HUU HAN

Nguyén Ngoc Viin!, Ping Viét Hung?
TOM TAT

Viéc mé phong phdn bé cua tiv trieong trong mdy dién cho phép danh gia dnh
hwéng cia cau triic, hinh dang va cdc thong sé vit liéu dén cdc théng sé van hanh. Hién
nay, cac chwong trinh mé phéng dwa trén phwong phdp phan tir hitu han (Finite Elemen
Method - FEM) I cong cu manh, tin cdy va cé chi phi thap, hé tro cho cdc nha nghién ciu,
san xudt trong qua trinh thiét ké, danh gia va cai thién cac ddc tinh ky thudt cua thiét bi. Noi
dung bai bao tdp trung phan tich, danh gia anh huong cua tir thong, mat do tw cam, song
hai va mé men trong mdy dién mét chiéu khéng chéi than (Brushless DC - BLDC) dya trén
két quda mé phong.

T khéa: Phuong phdp phan tir hitu han, tinh todn tir trieong, mdy dién mot chiéu
khéng chéi than.

1. DAT VAN BE

Hién nay, trong tinh toan va thiét ké may dién, khi cu dién cac nha san xuét ludn mong
mudn san phém san xudt ra van hanh tin cay, tiét kiém dién nang va c6 do bén cao. Dé danh
gi4 hiéu qua hoat dong ciing nhu anh hudng cua cac vat liéu khac nhau dén sy 1am viéc cia
may dién thi viéc phan tich, lam rd su bién doi cta truong dién tir xay ra bén trong 1a van dé
hét sirc quan trong. Giai phap mo phong cac hién twong dién tir trudng trong may dién bang
phﬁn mém dua trén FEM d3 dugc nghién ctru rong rai [1,2,4,5], giai phap giap phan tich
hiéu qua tac dong cia ciu trac, hinh dang va vat liéu tir toi phan bd tir trudng trong may
dién. O nhiing khu vuc ¢6 méat do tr cam cao nhu rang, ranh. V&1 muc tiéu cai thién phan
b tir truong ¢ cac khu vuc dac biét hodc nghién cuu tng dung vat li€u tr mai, phuong an
mo phong bang cac phan mém chuyén dung trd thanh mot giai phap ndi bat véi chi phi
thap. Cac nghién ctru mé phong may dién thuong tap trung vao viée tinh toan, phan tich
trudng dién tir may dién xoay chiéu, mot chiéu théng thuong va chwa co nhiéu nghién ctru
danh gia vé song hai va mo men. Do vay, ndi dung bai bao s& tap trung vao viéc phan tich,
danh gia tir truong, dong thoi v6i cac thong s vé song hai va méd men cta may dién mot
chiéu khéng chdi than (BLDC). BLDC la loai may dién mét chiéu dic biét. BLDC lam
viéc tin cdy, khong tao tia lira dién, khong gy nhiéu va co tudi tho cao hon so véi cac loai
may dién mot chiéu thong thudng.

12Gidng vién khoa Ky thudt dién, Truong Pai hoc Dién luc Ha Noi
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2.NOI DUNG
2.1. M phéng tir treong may dién bang FEM

FEM la phuong phép sé cho phép phan tich bén trong ddi twong nghién ctru va wéc
lwong chinh xé4c cac thong s6, su phan bd dién tir trudng nhu mat do tir thong trong khe ho
khong khi hodc trong bat ky bd phan nao cia thiét bi dién. Trén co s cac két qua phan tich
vé phan bd trong khong gian cta dién tir trudng, c6 thé xac dinh cac diém bét loi vé mit ciu
triic hogc thiét ké ciia thiét bi.

Theo FEM, qua trinh tinh toan mo6 phong tir truong trong may dién thuc hién nhu sau:

Roi rac hdéa mdt mo hinh mau, tao ra cac phé‘in tr va cac nut. Cac phé‘in tor duoc lién
két boi cac nut thanh mé hinh mau hoan chinh.

Duya trén dic thu cac vat lidu khac nhau ciia mo hinh mau, cac thong s6 vé vat lidu
tuong mg s& duoc xac dinh cho mdi phan tir.

Phuong trinh Maxwell va cac diéu kién bién dugc sir dung dé lién két tat ca cac phan
tr voi nhau tiy theo cau tric bang viéc don gian hoa mot cach phu hop, tir d6 thiét lap cac
phuong trinh phén tir hiru han.

Tuy theo cac didc trung riéng, ¢6 thé mot phuong phap tinh toan chinh xac s& duoc lya
chon dé giai quyét cac biéu thirc tir trudng & cac nut khong xac dinh.

Céc phuong trinh Maxwell ddi voi tir truong:

rot H=J; B = ugH; divB = 0 (1)
Trong dé: H 1a vector cuong do tur truong,
B 1a vector cam ung tir,
fis 12 d0 tir tham
f la vector mat d¢ dong dién.
Mat khac: B=rotd;divA=0 (2)
Vi 4 1a tir thé vector.

Két hop voi (1) rit ra: ;—x[iz—i] 5[:5 zﬁ] J=0 3)

Str dung FEM, mé hinh dugc phén tich biang cach phéan chia thanh cac phan tir
tuyén tinh dang tam giac (hinh 1). Luéi phan t dugc chia nho hon tai nhitng vi tri quan
trong hay noi tir trudng phan bd tip trung nham 1am giam d6 phic tap tinh toan va ting
toc d tinh toan.

Hinh 1. Céc lwéi phén tir hitu han é dong co BLDC
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2.2. M6 phéng tir trrdomg may dién mot chiéu

2.2.1. M6 hinh mo phong

Mo hinh nghién ciru 1a dong co mot chiéu khong chdi than nam cham vinh ciru 3 pha,
4 cuc, 24 ranh. Do tinh chét d6i xung cua dong co qua cac truc, mo hinh hinh hoc 2D duoc
xdy dung trén mit phang cat ngang chi bao gdm % dong co gdm 6 rinh stator va 1 cuc bac
cua nam cham (hinh 2a). Viéc xay dung mo hinh, phan tich va mé phéng dugc thuc hién
trén phan mém mo phong trudng dién tir Flux2D [6].

B (Tesla)
-

B e e e e e
Stator

1.5

Cam ng t

1.0

0.5

Rotor

H (A/m)
I'l IZ I3 -:1 ’53
Cudng d§ tir tedng

a) b)

Truc

Hinh 2. M6 hinh m6 phéng (a) va dic tinh B(H) cia rotor va stator dong co BLDC (b)

Trong m6 hinh mo phéng, thong s6 cuia vat liéu tir nhu sau: do tir thAm nam cham vinh
pr=1.07, mat do tr cdm B = 0.401T, do tu thdm ban dau cua rotor va stator u = 7500, mat
d6 tir cam bao hoa B = 1,99T (hinh 2b). Bai bao thyc hi¢n mo phong va phan tich anh hudng
clia tir truong nam cham dién dén rotor, stator va khe hé khong khi dong co BLDC véi cac
goc quay khac nhau cua rotor.

2.2.2. Két qua mé phong
2.2.2.1 Tinh todn phédn bé tir théng theo géc Rotor

Két qua md phong cho phép tinh todn cac gid tri va hién thi dudng phan bd tir thong
theo goc quay rotor, ta thay gia tri 16n nhét tir thong 13 2,58.10-6Wb va xuét hién tai vi tri ¢
hai ranh cudn day gitra hai cyc nam cham (hinh 3).

Hinh 3. Phan b tir thong trong cic truwong hop khac nhau ciia goc rotor
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2.2.2.2. Phdn bé mdt dé tir cam trong dong co

Két qua mo phong cho phép hién thi két qua phan b dudi dang mau sic d6 16n mat
d6 tir cam trong toan bd mat cat ciia dong co va trén timg phan tir riéng biét nhu rotor hay
stator. Gia tri 16n nhit ciia mat do tir cam dat 1,332T xuat hién tai vi tri trén than rang stator
db6i dién véi nam cham rotor (hinh 4).

lzovalyes  Color shade ] Req vectors |

Scale Color | =
413074E-15 / 83.272E-3 W |
33.272E-3 / 166.545E -3
166.545E-3 / 249.818E-3
249 818E-3 / 333.091E-3
333091E-3 / 416.365E-3
416.365E-3 / 499.538E -3
499 53BE-3 / 582 911E-3
h82911E-3 / BEE.184E-3
BEE.184E-3 / 749 457E-3
749 457E-3 /832 73E-3
332 73E-3 / 916.004E-3
916.004E-3 / 999.277E-3
933 277E-3 /1.082
1.082 /1.165
1166/ 1.249 -

m

Hinh 4. Phan b tir théng va mat dd tir cam

Nhan thiy gia tri mat do tir cam 16n nhat B = 1,322T xac dinh diém lam viéc trén
duong cong tir hoa ciia vat lidu tir. Diém lam viéc ndy ndm trén doan tuyén tinh ctia dudng
cong tir hda (mat do tir cam ng voi doan bao hoa cua vat liéu tir dang khao sat 1a 1,99T) va
& vi tri chuén bi bao hoa cua vat liéu tir. Viéc déy cao diém 1am viéc sat doan bdo hoa cua
duong dac tinh cho phép tan dung tt kha ning dan tir cua vat liéu, dan dén kich thuéc hinh
hoc ciia dong co va khéi luong vat licu tir 13 tdi vu. Nhu vy, két qua mo phong ngoai viée
cho phép nha thiét ké xac dinh phan bd tir truong, mat do tir cam, con cho phép xac dinh
diém lam viéc trén duong cong tir héa ctia vat lidu tir. Didu nay dong vai trd quan trong trong
viéc tan dung t61 wu kha ning dan tir cua vat liéu cling nhu t61 wu hoa phuong an thiét ké
kinh té, ky thuat.

2.2.2.3. Phén bé tir cam doc theo khe hé khéng khi rotor va stator

Két qua phan bd tir cam thanh phan vudng goc doc theo khe hd khong khi rotor va
stator (hinh 5a) tai cac thoi diém khac nhau khi rotor quay quanh truc cho thdy gia tri mat
do tor cam thay ddi doc theo vi tri tuong dbi rotor va stator, dat gia tri 1on nhét bf‘?tng
397,197.107 T. Tir truong khe ho khong khi ¢6 phan bd dang hinh sin theo khong gian. Két
qua mo phéng cho phép xay dung tryc quan dd thi phan b tir cam doc theo khe hé khong
khi (hinh 5.b).

151



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 39.2018

Flux density ~ Magnitude {(Teslal
397.197E-3
|

338.062E-3
318.928E-3
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84 123E-3
: 44 038E-3
Time LETH =T aT0 5.834E3
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a) Khe ho khong khi b) Phan bo tur cam theo khe ho khong khi

Hinh 5. Phin b6 cam tng tir vudng goc tai khe hé khong khi thoi diém t=1,3,5,7s
2.2.2.4. Phaén tich thanh phan séng hdi
Tinh toan mo phong cho phép phén tich bién do cac thanh phan song hai xuit hién
trong qua trinh 1am viéc ctia ddng co. Xét tai thoi diém t=1s, phan tich cho thay xuét hién

cac thanh ph?m song hai co bién d6 16m la cac song hai bac 1€ 3,5, 7,9 va 11 trong do gia tri
16n nhét 12 hai bac 7 (hinh 6).

(E-3) Tesla
400
- SPECTRUM $pectrum

300— FromFDnom
= - Fundamental 12.531E3
Dl —4
g 200—]
g -
-3 .
@] 100—_

5 10 15 20 25 30
Béc song hai
Hinh 6. Phd séng hai theo thanh phin cam tng tir trong tng tai khe hé khong khi

Tu gia tri phé song hai thu duoc, co thé xac dinh d6 méo dang song hai (THD) tuong
ung theo cong thirc sau:

\/Bzz +B}+B]+..+B’
Bl

Dua vao phé song hai trén hinh 6, d0 méo cuia tir cam thu dugc 1a THD (tr cdm) = 22%.
Do song hai c6 thé anh huong dén cac thiét bi khac trong hé thong dién, nhiéu tiéu chuan da
dugc dua ra & danh gia mic d6 nghiém trong ciia song hai. Mot trong cac tiéu chuan nay
1a tiéu chudn IEEE 519 cua Vién K§ thuat Dién - Dién tir [3], tiéu chuan can ctr vao muc do
nhay cam cua céc thiét bi trong mot hé thong dién 1am ngudng quy dinh muc song hai ap t6i
da duoc cho phép. Do @6, chuan IEEE 519 dua ra cic ngudng song hai khac nhau cho céc
hé thong dién khac nhau. Trong truong hop may dién nghién ctru & trén muic d6 méo dang

THD =100.

4)
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song hai cho tir cam thu duge tir tinh toan mé phong (22%) da vuot ngudng cho phép déi
v6i hé thdng cong nghiép (10%).

2.2.2.5. Phan tich momen trén truc dong co

Hinh 7 thé hién sy thay ddi ciia gia tri mémen trén truc dong co trong khoang thoi
gian 30s, gi tri cyc dai bang 2,0188.10°N.m. Viéc tinh toan chinh xac gia tri moémen gitip
cho viéc tdi vu hoa van dé co khi khi ché tao cac may dién.

(E-3)Nm

M6 men

10 20 30

Thoi gian
Hinh 7. Momen trén truc dong co

3. KET LUAN

Str dung phﬁn mém md phong truong dién tur trén co s FEM cho phép xay dung mo
hinh mé6 phong va danh gia cac tham sb dién tir truong trong may dién. Thuc hién mo
phong trén dong co BLDC cho thdy phan bd va anh hudng cia tir trudng nam cham vinh
ctru d6i voi truong hop khac nhau cua goc rotor. Két qua méd phong cho thiy gia tri 16n
nhét cua tir thong xuét hién tai vi tri ¢ hai rinh cudn day gitra hai cuc nam cham; gia tri
16m nhat ctia mat do tir cam xuat hién tai vi tri trén than rang stator dbi dién v6i nam cham
rotor; tir truong khe hd khong khi ¢ phan bd dang hinh sin theo khong gian; xuét hién
song hai bac 1é trong d6 16n nhat 14 bac 7 xét tai thoi diém t=1s. Cac két qua md phong
gitip danh gia va cho phép dua ra cac giai phap trong thiét ké, ché tao nham tdi wu hoa va
nang cao hiéu suit dong co.
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SIMULATION OF ELECTROTROMAGNETIC FIELD IN DC
MOTORS USING THE FINITE ELEMENT METHOD

Nguyen Ngoc Van, Dang Viet Hung
ABSTRACT

The simulation of magnetic field distribution in electric machines enables people
to evaluate the influence of device construction, device geometry and material
parameters on machine performance. Recently, computer-aided simulation programs
based on the Finite Element Method (FEM) are effective, reliable and low-cost tools for
supporting researchers,

This paper aims to analyze and evaluate the impact of magnetic flux, flux density,
Total Harmonic Distortion (THD) and moment through the simulation of a model of
brushless direct current motor (BLDC).

Keywords: FEM, magnetic field calculation, BLDC.
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