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Research Progress of Ferroptosis in Pathogenesis and
Therapy of Nasopharyngeal Carcinoma

WANG Fucai, ZHOU Zhihan, MA Lihao

(School of Medicine, Huaqgiao University, Quanzhou 362021, China)

Abstract; By reviewing the relevant literature in recent years, the concept, characteristics and research pro-
gress of ferroptosis in the treatment of nasopharyngeal carcinoma were reviewed. The results showed that the
mechanism of ferroptosis was complex and it played a key role in the treatment of nasopharyngeal carcinoma.
Although the long-term survival rate of nasopharyngeal carcinoma patients had significantly increased, distant
metastasis and resistance to radiotherapy and chemotherapy remained the treatment difficulties for nasopharyn-
geal carcinoma patients. As a novel mode of cell death characterized by elevated levels of reactive oxygen spe-
cies and lipid peroxides, ferroptosis was expected to become a new target for clinical intervention in nasopha-
ryngeal carcinoma.

Keywords: nasopharyngeal carcinoma; ferroptosis; mechanism; antibiotics resistance
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Tab. 1 Different characteristics and regulatory factors of ferroptosis and other modes of cell death
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Tab. 2 Mechanism of ferroptosis regulation in nasopharyngeal carcinoma
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Role of LncRNAs in Targeted Drug Resistance in
Lung Cancer and Their Mechanisms

YANG Suxin'?, MA Lihao', ZHANG Jinghong'

(1. School of Medicine, Huaqgiao University, Xiamen 361021, China;
2. School of Sociology, Universidad Complutense de Madrid, Madrid 28040, Spain)

Abstract: The roles and mechanisms of long non-coding RNAs (IncRNAs) involved in targeted drug resist-
ance in lung cancer were analyzed comprehensively, elucidating multiple biomarkers for treating lung cancer re-
sistance. By reviewing relevant literature in recent years. the involvement in cisplatin (DDP) resistance in lung
cancer, targeted epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) resistance, targeted
anaplastic lymphoma kinase tyrosine kinase inhibitors (ALK-TKIs) resistance, and various long non-coding
RNAs (IncRNAs) resistant to immunotherapy were summarized, and its role and contribution in reversing
drug resistance in lung cancer were analyzed. The results show that among the IncRNAs associated with
EGFR-TKIs targeted resistance, LLINC00460 not only regulates gefitinib resistance through activation of the
miR-338-3p/SMC4 pathway, but also plays a crucial role in resistance to osimertinib. Additionally. lung ade-
nocarcinoma metastasis-associated transcript 1 has been shown to affect immune resistance by modulating the
expression of major histocompatibility complex proteins and programmed death-ligand 1. highlighting its po-

tential as a key therapeutic target for improving the outcomes of immunotherapy in lung cancer.
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BRIl A7 AL 1) 36 )7 BE 98 2 e U T SR ki O 3 M TR UG (LR 2 2T 2
(multi-drug resistance MDR) S B AL ST 2 WM A2 e A TH R i 6 97 v A8 — M L. Wk 58 2 W 7 il
I8 T} 245 20 0 5 A0 A =2 1) K AR 4 S RNA (IneRNAs) 119 6 14 4 20 47 78 S8 38 22 5 o 1 76 1 2 1k
Ak R AR 2575 T - IneRNAs R HEE U HIOCHER PRI o FE I i 255 A2 p . € & B IneRNAs il i 2
Pl A% 0T 2 Wy HE A RE A0 ) 40 M O T R i RINA B 4 4 A 1 W L L B o g 1 A
(¥ 19 ST AE 0 A5 2 S e AR 1 22 25 T 250 . B T AR SR S g it 9 R 1) 5 24 11K B AR 4 A
RNA {5 I BB #EAT 253 o

1 S 5MEIRAT 255 IncRNAs

VE Ry —Fh 2 B4k 7 259 W0 CDDP) 4 )32 F Wi B o . O S0 7 3000 . 405 1 M o R Sk 39056 46
R IR T . BRI, DDP i 25 (1 AR A S BUR A MBS AR . MCHER R 152 IncRNAs # 5
fifi g5 DDP fiif 2545 56, A0 58 B0 s 98 19 45 F IncRNAs, 77 # a1 55 HOX # 5% X L RNA(HOTAIR) |
il i g6 7 o AF DG J SR LAOMALATL) (X e 8 R 5% 3 5 5 R 5% SR 7 (XIST) L/ {~ RNA 15 £ 5 A
1/7/12(SNHGI /7/12) 3 A a5 5t A 1(BLACATL) 4% 5 £ 55 51k 1(NEATL) | 3 40 i 98 75 4
Sifi 1L(PVTD) 2, 1M J5 H A5 K 55 JE 4 i RNA LINCO00173 A K42 i S pE 6 2 AR 5(GASH) 28, %
il IncRNAs T 15t DDP [fif 25 9 43 ¥ ML ] 3 242 55 30 1) 40 i 94 T CAPOPTOSIS) . 2 5 4 i A Wit . A 5
DNA e S 3 b R-Ia 58 i 5 4k (EMT) %5 . 25 T i DDP it 25 19 IncRNAs K HAE AL

Hil g 1R, R 1 A FORE BEEUEGE 5 ¥ o 1 B

#1 5T DDP 251 IncRNAs K& HAE FHHLHI
Tab.1 LncRNAs involved in intervening DDP resistance in lung cancer and their action mechanisms
IncRNAs i 967 24 A4 i 358 245 0 i 25 BUE N /5 5 i it 24 #1111 27 ik
miR-338-3p/PYCR2 0] 248 o T SCHik[4 ]
miR-27A-5p/PBOV1 00 ) 41 e o T k5]
MALATI1 NSCLC A miR-503-5p/SEPT?2 O 441 B 0 T paNK
miR-374B-5p/SRSF7 A0 248 B o T SCHRL7]
miR-146 A/miR-216 DNA #if5is & k(8]
SNHG1 NSCLC NF-«B.STAT3 00 248 i o T SCHRL9]
SNHG12 NSCLC miR-525-5p/XIAP 0 441 o T CHik[10]
7 MRP.CCL22, s X
HOTAIR NSCLC A miR-6807-5p) EGRI AT SCEkl11-12]
o S GPX4. NN o

XIST NSCLC A miR-329.3p, TMBIMS MM T SCEk[13-14]
NORAD NSCLC A miR-199A-3p/ZNF217 0 291 i 3R T CHik[15]
HARIA NSCLC v C-MYC 0 7 240 L 0 T SCHKL16]
DINO LUAD v P53.P53-BAX 0480 40 R T SCHERI17]
SNHG7 NSCLC A LC38.Beclinl , p62 R CHk[L18]
BLACATI1 NSCLC A miR-17/ATG7 VAT A A SCk[19]

. o miR-142-5p/PD-L1. S ) _—
FGD5-AS1 NSCLC A miR-140-5p/ WEE1 VAT A0 A SCHR[20]
ACTA2-ASI NSCLC v TSC2 R CHk[L21]
SNHGI5 LUAD A E2F1.ECE2 DNA #ifiitt & k227
e - CTR1.miR-98-5p. e e
NEAT1 NSCLC A Wat {5 52 i g DNA #iie & k23]
CERS6-AS1 LUAD A miR-424-5p/ ANLN i+ 5 EMT k241
.\ oo miR-217/LHPP, N ros

GAS5 NSCLC v miR-221-3p/ TP63 5 EMT SCEk[25-26]

MAGI2-AS3 NSCLC v miR-1269A/PTEN i+ & EMT Cwik[27]

https: // hdxb. hqu. edu. cn/



5 439 a0, G5 25 il 1 T 25 A I BE R TS RNA B 15 1 &AL 371

1.1 #040 A8 T # IncRNAs

Y U T CAPOPTOSIS) &t — i phy 2 PR 43 () T 1 A M 3 T 0 5 [ 0322 DDP i 2 1 i 48 M
7 A TR 2 ) L 2 — . HAT . & B R IncRNAs EA7 # ) DDP i 24 it 75 40 86 94 7~ 9 4 1 L JEHL i
W REZREESTREY., Hdh . MALATI 2528 % H IncRNAs 22—, MALATI £ NSCLC ffi
2 B 5 miRNA B H A5 520 7 i b RAE S 1 7R . 78 NSCLC . MALATI il i 4 1]
miR-374b-5p - 8 & & 22 R/ K R IR I BY 3 B F 7 (SRSED) AR T miR-27a-5p fy 3% 3k . 41 il Jx
PBOVL 11 6 [ 8 #4326 11 3 5o W03 MALAT1/miR-338-3p/ bt I 1hh-5-% B & J5L i 2 (PYCR2) s %
MALAT1/miR-503-5p/SEPTIN # [ 2(SEPT2) %5 {5 53l # . 100 1 T 24 Jils i 40 JE 19 9 1 I e A0 %o
DDP fiif 245 40 i i St

S A

" ] E!EI-I-I
S =
] * %
O~ (o) T
G
Col = Gzn! =~ T
)] —@)| ) — (e : G ERD)
ATGT PD-L1
)| )| G| — N 7
|
= Atioptagy O
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Bl 1 MALATI 7£ NSCLC ifif 2538 2 o 15 miRNA B H At f5 545 9 B ) 45 F1)
Fig.1 Synergistic effect of MALAT1 with miRNA and
other signaling molecules in NSCLC drug resistance process

T U045 Al g 20 O T A B R, BT RNA 5 EIE R (SNHG) & 4% % <1 . — J7 1 » Nie
LR AL SR 1 (HPV) B8 i SNHGT {1 2383805 A% X - BONF-«B) 3 #% . M i _E 38 114
R-6(L-6)MRB ARG MG FE S5 T 55 %06 1 3(STAT3) i L #HEH 2 MAEM 75— Jrm .
SNHG12 W5E 3 9 1 miR-525-5p (973K . B0l RNA (982 5 M 1 X 3% B0 T 30 1 8 11 (XTAP) (1 4% 5%
M AT 36 3 DDP it 25 NSCLC 40 i iy Fipk ) s — & B v ik NSCLC fy DDP i 25 $2 43 758 1936
T HE AT

BeAk FGE & B2 25T 25 A0 JC 2R 11 1 (MRPD 78 g 2 2 24 v BT OB/ . HOTAIR ] DL o
miR-6807-5p/ WL K R4 11 1 (EGRD) Bl , 8 MRP 3 [H B 35 35 5% 1 MDR () & Jgt | [a] i,
HOTATR A D3l 55 400 1 8 40 R Be A4 22(CCL22) [l 363k , LA 38 38 Bt 40 i %F DDP (9 b7 fi itk

IncRNAs 5 — 4> F 0L & 1E 2 9 T RNA(ceRNA) 254 35 54 miRNA S HF 57, % 15 Hifg
SRR T B AR miRNA 5 N 8 S0 25 6 & H HL AR 0 i 25 A0 M 08 T A . OGRS R A
JoEH Bk it A AL P B 4 (GPX4) 1Y %35 5 B0 IncRNA XIST By 33k 52 1E A8 56, i XIST I ] 3 5 - 3
GPX4 (2235, W0 4k ZE T, D 400 i fili B 938 200 J6 i) 9 1, i 0 BR XIST J5 , W AT B miR-329-3p 1) 3£
I 5 DT (5 5L A7 i e 2 a0 A D 19 i S BAUXC 4100 i) 57 35 -6 C TMIBIMG ) (14 26 34 22 21 90 i, i g IR XIST 0
A X — R AR g4, NORAD 78 NSCLC i i 263k, H 335 F 8 7] {2 i miR-199a-3p ) %
KRG AR TR B 1 217 (ZNF217) &k, T4l il H460/DDP 41 jf i 3 58 2 dE i i i v .

M F 25 i DDP i 25 19 808 IncRNAs, & F419 IncRNAs 54 Ho, A8 s ik fk
X TACHARILA) 8 E 5238 528 T I8 156 20 M98 s 27 g 55 DXL [R) 40 (C-MY O 1 5% 5 it 028 1 g 44
R fife o 308 0 1) NSCLC #1952 & Fnif 2510, 1 463 443175 5 19 Al 4 5% (DINO) RNA U ] L3 5 A& e i 3 R
P53 1% P53-BAX {55l , LA il i 438 (LU AD) il jd %t DDP 25 9 i) Sk
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TEN R 40P T 09 IncRNAs dr, B T4 MALATI s M IEA  MALATL # o Z F (5 58
% (miR-374b-5p/SRSF7 Ml miR-27a-5p/PBOV 1) 8 ¥ fifi fi DDP ifif 25 1) AL il £ 73 2] % Sk B 1 19 18 5
MALATL & B I RIA YT il 458 i 245 1) W 76 A AR 2 — .
1.2 254 BEEA IncRNAs

5 R A0 B T 9 SNHGL F1 SNHG12 AR SNHG7 32 2058 50 75 5 11 W ok 4 A1 1 it s 40 g
DDP fiif 24 13 % . i 4 1 NSCLC /)5 & Fliif 25 . 58 & B, #H4E F DDP #Usk ) NSCLC 4 ffd . DDP Tif
2 240 2 B T i 9 SNHGT7 3R3K7KF A B 58 & Ik SNHGT7 Rk 5, 2 BE AR B AR &4 LC3B
A Beclinl 25 [ ik K A2 0E P62 JE IR Fe a0 1 J # L8 F 1 25 40 B A W i 1 . ok ok . BLA-
CATI F 258 3 61 1) 4% miR17, B [ WEAH G 1 7 (CATGT) [y 2235 R 1 & 44 075 S it 24 20 Ff [ i
Ve LT FGD 36 ) X RNAT(FGD5-ASD) J 3 5o 9 il miR-142 %35 , [0 #2 L8 PD-L1 (1) %3k
AKAF . AT a8 NSCLC i 25 40 il %F DDP 259 i bu k= . o 8B AR5 R o F I LIS R 1 2 ]
X RNATCACTA2-ASD) RE#E A 25 55 MR AL A &2 & 1K 2 (TSC2) (1 &3k, i o 7 ] B W, 3% 5 NSCLC
fiif 245 41 i Xt DDP ) Sk
1.3 45 DNA {518 £ i IncRNAs

DDP 154 —Fh & 4k y7 254 . BT T4 DNA (52 ) F 240 0 70 2400 66 F1 . 0o 2 26 4 3 3t 7 o 4t e
WIE i DNA-DNA SZHCH0 il DNA F 5l %% 5. 24 DNA 5473 1K 300 12518 5200 18 B2 B 968 40 i 2% A= )
T8 R FE . Huang % % B DDP i 24 fifi 4 40 M (4 98 1- 5 DNA 45 4% & &2 %% Y1 A 56, 3 i s Ik MAL-
AT1 B LLBE L miR-146a Al miR-216, 3% #& miRNA 38 i i 7L IR g 5 3L ] 1 (BRCAD) £k iF 5
DNA #5145 , A 1iii 4 5 NSCLC i 25 41 g %+ DDP (9 fgktk . Li 87 & 3 SNHG15 1] DLl i 324 E2F
SRR 1(E2FD) RN 2 R 1Ll 2 (ECE2) By 23k, M 1T 3 5 il B i 40 i X+ DDP i) it 25 4 .
NEAT]1 f£5 miR-98-5p (% ceRNA 3@ i %} NEAT1/miR-98-5p %l i1 8 #5 , & 7+ 4 % 35 /& (CTR1) £ ik
KL T R NEATL GEAS I NSCLC 41 i 7% . A B 58 & B Wt {558 B A9 W =/ EMT it 5
LA R T 2 40 0 1 2 B AH DG

PEAN, Yin 2025 % B2k ki ik RNA i T. 9 ¥ i (RMRP) 1 IncRNA 414y, 7 7if 25 NSCLC 41 Jfi p 2
KW B L E AT TGFBR1/SMAD2/SMADS {555 # . 4 45 1 24 i g T 240 M4 1 (CSCO L 7E 4
it 55 40 . DDP fiif 245 1) 3k # vh & ¥ EEAE .
1.4 5 EMT F R B IncRNAs

EMT 7 i (2 28 M5 4% bl %5 B2 09 /E A MALATL B T 6898 300 ) 40 At 98 1=, 38 nT LUGE i 45
EMT fi¢ it ifi 95 240 M i 7% #% . 1 HOTAIR JU158 i3 %) miR-680 7-5p/EGR1 il iy 8 45 , 7€ 310 1] 20 M 03 1= A
HER R R RUEAE N . A M2 B A B 6 I L RNAL(CERS6-AS1) M3 i3 %t miR-424-5p 6§ 4
VB FH o A 5 % L3 88 1 45 & 8 1 Anillin CANLND A9 41, 48 NSCLC 40 g b & # 3 5% DDP 4 09 1
Y. BRI R IAEIE IncRNAs 1, NSCLC Tiif 25 41 il vh GASS f) 263k 3 T e, Hol 3 % miR-217
Ve 268 A FH 00 1) 4 0 R W IR I (LHPP) (1 2635 JF T 8 48 EMT, e 4, &t v] DL ) i % miR-221-3p 7= /E
VB o 1057 8 i e 240 B 0 1 L TP63 19 2638 M il NSCLC DDP 4l i (¥ 1irf 24 2 F-0° ,  J AH 56 15
TR 2 )2 X RNA3(MAGI2-AS3) U # 7] miR-1269a, | 4 A S5 10 2 s (a4 B 2 114 Bl 92 15 2 5k )
H A FVEY (PTEN) B 235 7K il AKT B #R AL, I i 410 il EMT, Jin i A549/DDP 41 il & T 19 i
U, AR EMT AR Z IncRNAs o1, HOTAIR 78 A SCHF5E 7 9 30 5 o, H A 5 i 983 40 i 3 4%
FRZZ PRI C ) Iz Bk 2 3 EMT MO R % O bR Z — .

2 25 EGFR-TKIs #2 @ #E 1 BY IncRNAs

T 8 1 S ) 3 7 Ao R e pl T R A S 3R R AR KR 2 IR (EGFRO S5 3 1 55 2 A28 748 (i
T790M Z8745) MET 3% F1 BRAF 28 48 85 3t , FLR A5 M 1f 25 A A wfk LAkt e . B AT, EGFR-TKIs /&6
J7 H A EGFR €725 (1) NSCLC B H A AW . A8 L% % JE Cerlotinib) (75 HE 85 JE (gefitinib) | B 2 ¢
JE (afatinib) fI B PG 2 Cosimertinib) 254, £ 5 EGFR-TKIs # [a] #5119 IncRNAs, W13 2 fiw,
B2 2 A1 A 13 F IneRNAs 22 5 25 W88 m K40, Horp, 10 Aol R Je 25
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2% 2 25 EGFR-TKIs #[1 #tHL Y IncRNAs
Tab. 2 LncRNAs involved in EGFR-TKIs targeted resistance

IncRNAs EGFR-TKIs i 6 245 4y ik 24 UL /{5 5 27 ik
PCATS6 HAEE R A miR-326/IFNAR2 k29
AFAP1-AS1 FHIEER A miR-653-5p/AGR2 CHik[30]
MALATI1 HIER B A miR-141-3p/SP1/IGFBP1 SCHKL31]
FTH1P3 E[ = A E2F1.LSD1/TIMP3 CHkL32]
SNHG17 HIER B A EZH2/LATS?2 SCHK[33]
LINC00460 HAER R A miR-338-3p/MCM4 CHik[34]
LINC00969 HIEER A NLRP3/caspase-1/GSDMD XHRL35]
LINC00665 FHAER e A PI3K/AKT SCHRL36]
RP11-89K21. 1 HAE e A miR’fﬁ%ng{fngz‘ SCHR37]
LOC105376794 HIER B v ATF4/CHOP CHKL38]
H19 JLiEE e A - ik [39]
PTCSC3 JEiEE e v WNT/g-CATENIN SRk [40]
LINC00460 WYEE e A - ik [41]
LINC01278 BPGE R A miR-324-3p/ZFX wik[42]
LINC00313 L i) A miR’Zf{fg;‘;/g{),lL‘lAl : k437

2.1 HIFERWMH

T AR JE 3 L 5 BEL U b 3 A L P 15 A% A A TR B AR R A A T K B VR R T AR
fiif 25475 1A & NSCLC JA 97 1 2 i 19— KME . Zheng 450 K 30AE 7 L8 JE i 25 (1 NSCLC . 7/ 51 it g
A S 6 (PCAT6) Fik F i, HAE H miR-326 1 ceRNA A DA B #:# [i1] miR-326, )T #% 5% NSCLC
XF AR JE R i 25 M 1T 8 ) miR-326 D) W] DASE A 0 f LR I T4 B o 2 2(AFNAR2) (19 3% 3K, 1
BEAR NSCLC X3 A 87 R T 251 . Zuo 2500 Je BUAE 75 A8 85 J2 iif 24 1 il i 98 400 Ja v L 3h 2 1 22 A 5%
HH 1 XX RNAL(AFAPLI-ASD 4635 I S 2R EE 1 2(AGR2) 1938 26 35 , 1 H Xt miR-653-5p
BA R VE A BEWE BHLIBT miR-653-5p X AGR2 2 {3 A4 4 il , 28 i 400 ) ili B g 40 B X 35 JE 8% e i9 4t
oAb, 259 Solamargine 1 Al #5795 MALAT1/miR-141-3p/Spl/fE B RFEAKE F455HE 1
(GFBPD {55 il #% . A 2 g a5 AL & R i pom fE DY . RO R W R gk EHaE 1 AW 3
(FTHIP3) W) fm#&ik 5 NSCLC B # MR R TG % VI AH G, 10 % ¢ 7 E2F1 3@ i infk FTHIP3 [ 4%
S AR HE A R R S 0 2 S AR 1 (LSDD) (#3351 42 8 2R 11 i 4L 2L i 7] 3 (CTIMP3) 1 35, )
M fE#E NSCLC (i 25 it & A= Fn & Jg s . Bl A WF 52 2 W SNHG17 ¥ ZESTE 3 [H 38 5% 7 [ i 9 2
(EZH2) SE42 31K Mo 00 ) B 2 (LATS2) (1 ) 8 F X3 i o 9 ) LATS2 (1 2235 o A il B Jis 240
X AR e A SO PE

5 LR ERARR VRN 4 IR RNALLINC00460 3 33 i 45 W it miR-338-3p J& » L iE /g
TR ZEFF B 11 4 (MCMA) [ 2235 - DT 3 58 5 B85 e T 25 2 L 1 LINC00969 W5 33 98 4% NOD # 27 14
T 3(NLRP3) /2Bt K & fiff-1(caspase-1) /gasdermin ZE#3E 4 D(GSDMD) M 6 R T-15 5 %, i
5 i 5 40 A T 25

BEAh, LINCO0665 3 %258 o #1355 EZH2 11 3% 58 - 21 240 M J& 138 5 4 i1 77 1C(CDKN1O) /) 3l 7
X5, 300 Aok 400 4 G 7% BB T W M TR UL 3 3 ( PISK) /2R M BCAKT) {5 53 % 1M & 4% H B0 18
FAS . M 26 B 45 B AE WL LINCO00665 5 EGFR-TKIs U [ 411 il /E F %5 Y] #1 5¢. Chen 2557 % B
IncRNA RP11-89K21. 1 ] P 1 4 45 & Bh J88 40 M 9 miR-146a/b-5p, FFEARH Kk K F, SR 5 £ RHO
GTP BE#0% & H 2(RHPN2) Rk #F il o $0m RAS [\ P8 K 0 A(RHOA) /RHO F G %
Hit B2 L B A SO (ROCKO {5 53 % . 5 5 e R e i 25 & 2k

AT EUE R IncRNAs, & F il IncRNAs £ EGFR-TKIs & ] # il /5 H 9 o 52 882> . Hor, Liu
SEDSIESE T UL IneRNA LOC105376794 0] DUARE #F EGFR PR A1 587 19 HE P k26 (19DEL) 28 7% fi4 i
g 1) 52 R RN RS o s 4 R X i TR R A 24 M T 3 — o R 5 A A O B S R - 4 (ATF4) /C/

https: // hdxb. hqu. edu. cn/



374 A R e Al CA R B 2R O 2025 4F

EBP [7 5 2 11 (CHOP) {5 5 5 5% 0 40 I 417 5 8 15 34 (ERK) B 82 1k S2 8L
2.2 EERERWME

JEW B AL 1 RS 1 40 EGFR-TKIs. Mo i 35 4440 il EGFR #9 ATP %5 4 67 S0k ML EGFR
FE IR S, Xu S0 S B R AR 0 JE 9 85 JE R SR ME S IneRNA H19 3235 5 0F M 6, 17 B-EL-
EMENE ] DL i F i EGFR 2878 NSCLC v H19 19383k , JE Ifi 75 3 IR 40 0 2% A6 4k 8 12, AT 34 33
O 9% 5 8 A R

A A A S 5 T8 % B R T 25 (308 IncRNAs H, 3k U8 T A B B 1) 76 5 T 40 il CHBMISC) £y
IncRNA PTCSC3 I 8T 13 it % WNT/B-CATENIN f5-5-3 i V8 3 1 FH i % I 900 4 % Vo5 5
Je H T 2517
2.3 REHRMHE

VPR S 1 RS 3 (A AT iy EGFR-TKIs, et i Jil T3R 07 #54F EGFR 2828 09 i i % . B
FEFWT L LINCOO460 AN A5 i 5 20 M 555 4% J& 1§ 24 . o 4 L VG 5 J i 245 vh 2 44 2 S A AT, d /s
T RNAGIRNA)BUER LINCOO460 75 2 i A 1 7 45 Je 5 24 21 W » 22 I 38 240 e e L 65 U2 ) 245 9 40
JEAERE IR LT LINCO1278 Wi o 48 1] miR-324-3p/ ¥ 48 8 11 X 3% 8 (ZFXO %l . 38 2> NSCLC 4 Jfd X
B R BT L A % B LINCO00313 3 3 98 3 miR-218-5p/ [ B i JE ol 4% (COL1ATL) i, 7 4%
PISK/AKT {5 5 5 B . 38 5 S 06 85 8 it 24 19 2% A0

7625 EGFR-TKIs $ [ HEHTA) IncRNAs 41 %f LINCO0460 5 5F 78 4 2  FL it 245 HL i 19 BF 5 55
RN WF 58 KB LINCO0460 W LA 1o 54 i fift 980 48 e Hh miR-338-3p/ MCMA4 {553 it - [l B, 10 3 55 1
T 25 0 R R S T 247 9 2 2 L VB T 2 R 40 L 4 T AR R EMIT LA 5 90 B v
R THT H A28 26 S R T o 0 A P 0 T 245 9 F S B s 2 —

H i 68 75 3R 85 R i 265 19 IneRNAs BTG4 2 1 08 A S 5098 85 J8 i 3 25 R i 25 79 IncRNAs
BFFEAI B R ABFE S 5 EGFR-TKIs # [0 IncRNAs 55 Al J 88 15 245 10 3 77 52 (36 97 10 0 i
7 1] .

3 £5 ALK-TKIs 31 1$ 8 IncRNAs

HHi. © &4 340 ALK-TKIs # H] T NSCLC iR 77 » FEAFEH 1 LAY 58 e (erizotinib) L 55 2
R 2E 55 5 JE (ceritinib) (B & 5 JE (alectinib) A1 4 i %5 JE (brigatinib) 45, L K& 55 3 AR 11 95 $i1 %5 JE (lor-
latinib) . FHICHFFT R, HOTAIR A9 F J& 06 1T se b8 Je 45 25 )5 A549 41 A9 Beclinl F1 LC311/1
BEMERE FE L BEEART UNC-51 FERE 1 CULKL) B Wi 800 50 0 % 52 16 19 7K o7 3B HOTAIR
AT 3 A0 R B A NSCLC 4 i X o e 5 J2 i i 2

B Ak A B 9T & BLEUE IncRNA ROR 78 NSCLC 4V R4 & i 22k . H 5 NSCLC By 140 iy
FibE B YA 56 . 78 AS549 4 . ROR 1 @& 255 THE Bl XY HE 2R [ 4 (SOX4) RN RIRZE 5 5%
S F 4(Octd) I 235, IR RETE S FH DG ZE RS A-TR] A2 P 9k B 99 98 (EMILA-ALLKD FHA4%: NSCLC 41 fifg
i, & B ROR [ 2635 5 HF M 4 552 DI AR OG-,

IR K A S F 1o & X RNA 2(HIF1A-AS2) [l 35 5 NSCLC 5 3% 1 o983 95 P 45 2%
TNM 45 ], iz 4b %% B K W IR B J5 2 1F 4 56 HIF1A-AS2/miR-153-5p/S100A 14 % 4 UE 5 fE % I 37
NSCLC 41 i i) 3% 5 i B A8 T2, @i I8 HIFLA-AS2 m] 1 5 fili i 40 M 0 22 22 b0 & ) B0k IRl 0 A
W, AN RSN ] R BB 250 5 HIF1A-AS2 (335 L IE M 26, FiE HIF1IA-AS?2 5, 38275
T NSCLC 4l i % B8 75 85 Je ya I i i 25 95

FHEWF I R B VR B 45 5 I F 1o (HIF1o) 9 f2 L RNA, HIF1A-AS2 7] DL o 44 5% DEAH-
BOX fi#ligf 9 (DHXO H H FE MYC 5 g F X I MYC [ %% 5%, DA 4 56 fil 98 200 B 3% 58 Fn %% 72 B
J3H, BN S ALK-TKIs HitE 19 IncRNAs I #F 58 54> . (0 HOTAIR £ 58 e 2 it 245 0 1) 43 1Bl
il A3 2025 R 4278 A BE B ALK-TKIs RS 2 8 AR . B, iF — B IR A58 ALK-TKIs
Z% IncRNAs I-4 7% Ho 43 F B 5 J2 il 308 1 3 97 S0 s v 045 340 A9 0F 5 7 1l
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4 S5RERITHE IncRNAs

7E NSCLC H# 387 o, S Bs 25 /S 1570 (ICD PD1 F1 PD-L1 75 I JR 1 9 i FH £ 28 315 it o
SR S G MR IR AK IH 2 5 3 NSCLC B 7™ A e iy IRP i F 2 R 2 — . #E NSCLC w1, & 5 g
WEITHEPT Y IncRNA F 342 45 MALAT-1, LINC00847., LINC00261,OIP5 3£ A Jx ¥ RNA 1(OIP5-
AS1) .SNHG12 il IncRNA NPSR1-ASI 25297 M EWF52 0 . MALAT-1 7685 S 28 b v B 5 %
HEAEH B AEENS i S S AR AR (MHCO) 8 B F1 PD-L1 4 3635 . i ELI8 AT AR} 2 Ff 4
S5 20 JELRE 7 AR R T VR . PR VR AR MALAT-1 A8 G 38 36 97 H8BE 19 43 F AL X5 F el i NSCLC
IR YT Hems B B2 . Chen 2547 & B LINCO0847 5 ifi i J 4 i B 41 i .CD8™ T 241 ffd it 4w
SR A M 17 Ho 93 351 2 T AH G O L RB 9% R AR 20 M fo B2 VR 9T A DGR I PD-L1 3Rk, ILSh, ib A BF 5T
FBH L7 NSCLC s & 8 OIP5 3£ L RNA 1(OIP5-ASD) 14 2235 K F 8, ol 2 #0 17) miR-34a {
#F PD-L1 3 63k, 42 #F NSCLC 4l il i) 3 585 . b, UL EK IncRNA SNHGI12 7] g /b H 5
HUR #4549 Fi8 PD-L1 filiz 45 0k A i 8 (USPS) 1 ik K F . I Tfi % NSCLC 42 & FI i 7
A A AR R USPS A3 iz AL BN i — P8 T PD-L1 K P 4 58 NSCLC
HOR/AR L] S

£ NSCLC iR 7 WF o8, B % MALATI s x5 2. © B8 MALAT-1 32 %58 i 8 4%
MHC & 1 PD-L1 1 3% 35 5% 0 592 20 B 0 T 25 v 10 MALAT-1 A5 82 B Jifi s S0 5 VA 97 1 DG B 2E
WARAR . AT IncRNAs 78 G b 3% 13 B rp 2 30 R [ i 98 3 4 Al & BT 1) IncRNAs $E47 , 35
N H S 5 QU HPT R B HLE A R I e TR YT R AR I T R I

5 BES5RE

Z B IncRNAs 72 15 il fi i} 25 v Sz #5558 2AF JTL B8k LINC00460 HA 8 15 35 1 JE A vl %
JETR 25 (19 XU AR T 0 BF X MALATL (9 0F 5 5 o TR A - G 410 i) 22 b i s 0 245 20 0 vy 0 12 A &
EMT. DL K AE S 836 )7 HRGT A i F i A0 e 45 36 SRR P O 0 2 Il 1 24 1) e A5 A B IR T R AR 2 —

IncRNAs S5 19 5 BUAAL Ay v fie i 938 e 245 S (4L 17 257 SR T _EL o oAy fii 988 91 ) 3 Al B8ORS 16 7 i it
TR B . BAR 2 Bl BUm SR B9 IncRNAs 7225 i AR TH 25 2 17 EGFR-TKIs 8 ALK-TKIs
AT KL RS 50506 )7 IR0 b K 45 36 TR0 /E AT oAy B LI R An i o T 2 S A A L
EMT. XK DNA #4582 % 2 #70 THLUH L (H 2 250 IncRNAs 11 BRI 38 75 i 2 LT LA
SR ) L

D) W18 IncRNAs & 75 5 HAW R 25 1 5 3 A7 A2 A BLAFE 5

2) TR G P A G K i 1 T 5T R 2 MO T R S S DRI AT A e AR A S 8 B UE IneRNAs
AR BT S A A A L O R PO HEVR T PR AR

AT Mg o 245 9 5 2 L RO O BIE TS PP O B3 T 22 A RS B AT £ d R TN 2 e vl )
G B AR T B IR ASE I IncRNAs 7 Jifi i Tt 25 w0 i R 7E 78
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Influence of Dispersion Control of Active Additives on
Refinement of Copper Plated Wire

LE Qihe, JIANG Kaiyong

(Fujian Key Laboratory of Special Energy Manufacturing, Huaqgiao University, Xiamen 361021, China)

Abstract; To address the issue of edge refinement of copper plated wires in flexible cathode electrochemical
machining, the influence of additive particle size and dispersion on copper plating quality was studied. The
grinding time of additive particles and the slurry stirring method were adjusted, and laser activation was com-
bined with electroless copper plating processes to prepare conductive wires and their morphology was analyzed.
The results demonstrated that grinding time significantly influenced the particle size. which stabilized at 1. 445
pm after 48 hours of grinding, with improved dispersibility and reduced agglomeration. After stirring for 5 mi-
nutes using a high-speed disperser, the particle area fraction in polyurethane decreased by 11. 9% compared to
traditional stirring. The refinement and uniformly dispersed additive particles improved the uniformity of laser
activated catalytic centers. Under the optimal conditions (48 hours grinding and 5 minutes high-speed stir-
ring) » the copper plated wires exhibited sharp and well-defined edges. uniform distribution, and a consistent
wire width of approximately 85.1 pm.

Keywords: electrochemical machining; laser activation; electroless plating copper; refinement; particle dis-

persibility
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Design and Implementation of Offshore
Floating Garbage Collector
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2. The Engineering Research Center for CAD/CAM of Fujian Universities (Putian University), Putian 351100, China)

Abstract: Based on the operational conditions of existing floating garbage collection devices, a design method
for an offshore floating garbage collector was proposed by adopting a structure combining self-priming and re-
verse pushing. The self-priming function was applied to guide the floating debris into the collector, while the
reverse pushing function was used to achieve high mobility and motor multiplexing through differential control,
without compromising the self-priming function. A prototype was subsequently developed to verify the feasibil-
ity of the proposed design. The results demonstrated that the collaborative operation of self-priming and re-
verse pushing could improve the collector’s ability to handle floating garbage that is widely distributed and
closely attached to the shore, thereby greatly improving collection efficiency. During the prototype testing. on
the still water surface with a floating garbage density of approximately 0. 3 pieces per square meter, the aver-
age collection rate was 8 pieces per minute.

Keywords: offshore floating garbage; collector; self-priming function; reverse push function
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in the stone tessellation process, a color matching method based on convolutional neural network model is pro-
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dataset. Different convolutional neural networks were trained to screen out the best stone classification model.
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method significantly improve the efficiency of stone selection and ensure the stability of product quality.
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Tab. 2 Training results of different stone image classification network models

) 4% A5 7 W SHIX [i] B ER R/ Y X £6% A5 7 W s X 1] T ER R/ %
AlexNet RSk — ResNet50 50~100 74.148
VGGI11 50~100 95. 698 ResNet101 50~100 43.019
VGG13 50~100 95. 008 ResNet152 50~100 76.542
VGG16 50~100 93. 669 ResNeXt50 0~50 97. 362
VGG19 50~100 90. 990 ResNeXt101 0~50 97. 443
ResNet18 50~100 74. 229 ResNeXt152 0~50 97.119
ResNet34 50~100 80.073
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Tab. 3 Evaluation results of five indicators corresponding to each network model

I 2 /% o) % 7% T/ % Sen/ %
VGG11 94.01 99. 88 94, 87 94. 54 94. 44
VGG13 93. 59 99.12 91.59 92.96 92.21
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VGG19 89. 89 99. 60 90. 53 89. 26 89.19
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ResNeXt152 96.52 99. 96 97.50 97. 27 97. 24
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NC-UHPC Interface Shear Performance Test and Simulation
Based on Cohesive Zone Model

HUANG Wei'?, WANG Ting'?, ZHANG Yuting'*
SIBINUER ¢ Xiamuxinu'?*, ZHOU Zhi’

(1. Hubei Key Laboratory of Theory and Application of Advanced Materials Mechanics,
Wuhan University of Technology, Wuhan 430070, China;
2. Department of Mechanics and Engineering Sciences, Wuhan University of Technology, Wuhan 430070, China;
3. School of Transportation and Logistics Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract; To investigate the shear mechanism at the interface between ultra-high performance concrete
(UHPC) and normal concrete (NC), nine groups of double-sided shear tests were conducted on NC-UHPC
specimens, the effects of steel fiber content, concrete age, and boundary constraint conditions on interfacial
mechanical properties were studied. Combining with ABAQUS software, a refined finite element model consid-
ering interfacial bond-slip characteristics was established, and an interfacial bond stress distribution model was
constructed through theoretical derivation. The results show that under unrestrained conditions, specimens

with low steel fiber content (0%-1% volume fraction) exhibit single-surface failure characteristics, while
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fixing the bottom of the NC blocks effectively activates a dual-surface failure mode. The steel fiber content in
UHPC positively correlates with the interfacial shear strength, while the interfacial stiffness is less affected by
the steel fiber content. The increase of UHPC age enhances interfacial stiffness, while higher NC age has the
inhibitory effect. The proposed finite element model effectively simulates the damage evolution at the interface,
but simulates the asymmetric strain field in double-shear specimens with limitations. Based on the principle of
energy conservation, the two-parameter model of interfacial load-displacement is established, and its prediction
results conforms well with the test data.

Keywords: NC-UHPC interface; pushout test; digital image correlation; finite element; cohesive zone model
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1.1 REHFBEERESL
CAOREE MM EREIREE LB F KM R A . iR 1.2 iR, £ 1.2 H.m R,

F 1 CA0 IR BE+ 19 57 I KM BHEC A L (LA kg
Tab.1 Material mix proportion per cubic meter of C40 concrete (unit: kg)
m(IK) mOKIE) m B kD mCHLEED m (Pl KR
166. 71 340. 20 793. 00 1 101.00 4.76
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Tab. 2 Material mix proportion per cubic meter of UHPC (unit: kg)
g5 mOKIR) mCBREEIK mEEK) mEIR)  mOREy)  mGHE) m(K)  mQEIKFD m A4
1 754 201 160 469 368 279 200 30 0
2 754 201 160 469 368 279 200 30 78.5
3 754 201 160 469 368 279 200 30 157.0

1.2 X Ei&it

F &3 NC 5 UHPC A 45K JUHPC 14 448 & (KR 73 80 (NC 5 UHPC 1y 8 1 SR 5E
5 A5 G B DR, 45 9 B A R, BT IR RIE T 9 40 NC-UHPC i /4, Hd , NC-UHPC i {4 1 2 4~
150 mm X150 mm X 50 mm [ NCi®/4F1 1 4 150 mm X150 mm X 50 mm [ UHPC i 440 1%, i1k R
SN 1 R,

(a) IEFLIE (b) M4 &
1 RS (AL mm)
Fig.1 Specimen dimensions (unit; mm)
9 AR AR B T anZ% 3 R, 2 3 Her, S NC #;¢,  UHPC W], i F U10-N17-0,
UTO-NI7-1F UT0-N17-2 £ - F 540 SRR 46 T 6000 152 LI 7 28 55 3 A R
39 AL XY A

Tab. 3 Working conditions corresponding to 9 groups of specimens

RUERES o/% w/d n/d | RUE#HRES  o/%  w/d o w/d | RUEHS /% t/d t,/d
U7-N14-0 0 14 7 U7-N28-0 0 28 7 U10-N17-0 0 17 10
U7-N14-1 1 14 7 U14-N28-0 0 28 14 U10-N17-1 1 17 10
U7-N14-2 2 14 7 U28-N28-0 0 28 28 U10-N17-2 2 17 10

1.3 MEHFE

K BRI B BT I8 I G R ARG S5 5B B . O T MERR S ] NC-UHPC LI /Y 7 715 I o 76 5L 18 B 3
() NC F ik 4540 A B AR 1. 3078 NC IR B0 . 78 A i UHPC MKS 45 10 A8 . R & 55 1 1 28
THOL I #R2E B R T eI L. R B0 G A1 56 (DIO) £ A 5% £ % i 4 U10-N17-0,U10-N17-

1A UL0-N17-2 f 5181 5% S ot B AT 4 Rl it 120r
1.4 KM 100 |-

1 4% 32 (R e R A DL, LR UL0-N17-0 g fif, % 8- <
B R AT DU JURTAR CF) - RS () W2, I 2 e, 2 OO .
PEBEIR I A 3 R e D

1P 2.3 AT R 0 4R R0 (5 A) . NC-UHPC %1 & 2r 4
B B 2 20, R B ki NC-UHPC #4451 36 2 H B0 7% ok 3 00 01 0z 03 04 05 06 07
B R AR /DN He 5T 107 78 R B e NC-UHPC 72 ) 3 16 19 A/mm

T 3Ca)) s Wi A5 434 & 4 B.NC-UHPC R skt B2 B UL-NIT-0 1 fif -8 i 2
EU%E%%?X ?}EQT:E NC-UHPC meﬂﬁﬁ?ﬂﬂﬂﬂjﬁsﬂiﬁjﬁﬁ( lz] Fig. 2 Load-displacement curve of

3Ch) ) 5 B2 7 AR 19 0 — 255 01K 7 72 D0 Hy Bk 20 4 O 3L e g specimen UL0-NIT0

S A7 2 0 (5 C A A 00 167 0 BB/ 8 BT 3 o)) s ot 2 7 00 0 10 FF 24 o A Q0 P 1 133 ke
3 HJGiaE A DR 3(d)),
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(a) A (b) /5 B

R LS
Fig. 3 Phenomenon of specimen failure
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Fig. 4 Load-displacement curves of different specimens under various working conditions
HE 4 AR 4 T ST 4E B N 0203 = 20 G F U7-N14-0,U7-N14-1 f1 U7-N14-2) i}, 5
T U L A 28 5 00 B9 i B 43 i) 4R 32, 9% il 33. 300, WS (B W S 48 N 0. 37 mm, {H B 1T W BE R R 24
9.6 %% » 2 B4R 2T 2k 1) 38 1) R0, 7E B2 T 5 1D AR 2R BE 1 1 [R) R 2 1 55 W s #E NC g 3508 28 d A&
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N28-0 #ik {4 U7-N28-0) , 2 8] UHPC /K {1k ik 2 xF 5t 17 1 2% 2% g A 32 548 5 00 29 313t 14 Ul0-
N17-0 DS 4R R ol M0 i 457 5 JHL 06 (Ao 28 45 TC 29 AR U7-N14-0 #2151 6. 2 %0 (HAREF i B o 1010
RO UL0-N17-1 H BRI BE 540 59 50 B 5 3 M EE 4% W 413 7F U10-N17-0 , U10-N17-2 4354 5 T 8. 8%
8. 6%, YL BT IR E 4 B P T 37. 0YO R 6. 1% HEM 5 LY A4 T £ 4 43 A $ S el A %

F 4 HRERES

Tab. 4 Characteristic parameters of each specimen

Mgws Ko/kNemm ' F,/kN ¢,/MPa S,/mm igs Ko/kNemm ' F,/kN ¢,/MPa S,/mm
U7-N14-0 112. 7 91.0 6.07 0. 81 U28-N28-0 124.1 235.8 15.71 1. 90
U7-N14-1 106. 3 105.0 7.00 0.98 U10-N17-0 110.8 73.1 4. 87 0.68
U7-N14-2 101.9 121.0 8.07 1.18 U10-N17-1 121.5 111.6 7.73 0.99
U7-N28-0 76.8 50. 8 3. 39 0. 64 U10-N17-2 111.8 114. 1 7.26 1. 16
U14-N28-0 96. 1 68. 3 4.55 0.67

1.6 UHPC-NC REHME A AZMERSH
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Fig.5 Shear strength-steel fiber content curve of specimens under different constraint conditions
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Fig. 6 Shear strength-concrete age curve of different specimens
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Fig. 9 Finite element model
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Fig. 10 Comparison between finite element calculation results and test results of different specimens
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Abstract: Based on the ultra-precision electronic factory of Tianma Optoelectronics Limited Company of Xia-
men City, Fujian Province, ABAQUS finite element software was used to simulate 3-dimensional (3D) model
of the beam-slab structure, the simulation data and the monitoring data from the construction site were com-
pared. The influence of temperature action on the ultra-long structure with large-span slab was studied from
the slab thickness, reinforcement ratioes, and concrete strength grades, and parameter value suggestions were
proposed for actual engineering. The study shows that the influence of temperature action on the slab stress is
positively correlated. Under temperature action. the reinforcement ratioes of the slab have a significant impact
on the stress and deformation of the floor slab, while the strength grades of concrete only have a significant im-
pact on the deformation of the floor slab, and the the slab thickness has a certain impact on the stress of the
floor slab. The temperature difference has a certain impact on the deformation of the central floor.
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Fig. 1 Diagrams of ultra-long structure electronic factory
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Tab.1 Parameters of measuring point model

9 5 ay X by /mm X mm ap X by /mmX mm t/mm

. 600 X 600 600X 1 650

\n -

Wi 10001 000 1 000X 2 000 150
6001 650

M 2 . gggi?o&o 1 000X 2 000 150
1 400X 2 200
600X 1 650

3 X gggifo&o 1 000X 2 000 150
1 400X 2 200
600X 1 650

W A . gggé?o&o 1 000X 2 000 150
1 400X 2 200
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Tab. 2 Measuring point 1 stress

5 AT,/ C o1/ MPa o,/ MPa £
1 0.5 1. 845 2.377 0.224
2 0.8 2.870 3.032 0.053
3 2.5 8. 815 6. 742 0.235
4 7.8 18. 040 18. 308 0.015
S 9.5 25.420 22.018 0.134
6 10.0 26. 445 23.109 0.126

3 M 2 BRI X L

Tab. 3 Measuring point 2 stress

F5 AT,/ C o1/ MPa o,/ MPa £
1 0.8 3. 690 2. 547 0.310
2 2.2 6. 560 6.131 0.065
3 3.3 5. 740 8.948 0.309
4 4.2 14. 350 11. 252 0.216
5 5.0 12. 710 13. 301 0.046
6 6.0 16. 810 15. 861 0.056
7 7.0 17. 835 18. 422 0.033

4 WA 3 BN R
Tab.4 Measuring point 3 stress

SE=2 AT,/ C 01/MPa 02/ MPa &
1 5.7 12.710 15. 190 0.163
2 7.7 20. 295 20. 457 0.007
3 9.7 21.935 25.725 0. 147
4 10. 7 37.925 28.358 0.252
5 11.4 31.160 30. 202 0.031
6 13.0 27.470 34.410 0.202

5 WAL 4 AR IR L
Tab.5 Measuring point 4 stress

5 AT,/ C o1/ MPa o,/ MPa &
1 2.5 12.915 7.147 0. 447
2 3.5 10. 865 9.627 0.114
3 4.5 11. 070 12.108 0.086
4 5.7 12. 710 15.084 0. 157
5 6.2 11. 275 16. 325 0. 309
6 8.5 15.170 22.030 0.311
7 9.0 26.035 23.271 0.106
8 9.2 19. 270 23.767 0.189
9 9.8 25.010 25.255 0.010

FEVR 220 [ 2 9 - = 4 A BROTAR B R 73 I i 45 SR 35 BE XS LU B 2 » 2 B = 4 A FROTASE BY B LURS B2 45
S B T = AT BROTARE Y 1 HE A

3 ARTEEN

3.1 NFEEEESN
SR AR S =4 A7 BROTEC BRI 50 7 (o) X bE AN 4 Bz o Hy T 4 a] 00 e AR 4k 1 28 0 A A T
1 AEf/MEZE 0.5 CRIYIN RN 1 2. 377 MPa. fE S Kl 22 100 C R A AN T3 0 23. 109 MPa; il

https: // hdxb. hqu. edu. cn/



2025 4

30 -

A R e Al CA R B 2R O

30 -

414

M2 FER/NEZE 0.8 CTF R AL 18 2. 547 MPa, fE e K25 6.0 C 19 &5 8 f1 4 18. 422 MPa;
s 3 AE B /NI 22 5.7 C R AN A5 R J1 o4 15. 190 MPa, 7E e Kl 22 13.0 C R 55 71 R 34. 410

MPa; il &5 4 FE B /MNEZE 2.5 CRAYIN AN S8 7. 147 MPa, fE i Kl 22 9. 8 CF A9 & 0 f1 4 25. 255

MPa,

=
=
= IS 0
H = <
el 2
o
EE M o
= = e
= - 2
§§ﬂ \§§§8 (3} —_—
MRy e o mﬁ.uwA &2 =
LN = B 0w =
7222224 3 2] < o = zZ
N ~ o ~ mw .WV_HA © .rw
Z thel S i =i LS 2 R
_— v & g Ik - £ N
~ = N x = .ﬂ “
3Mi ey = coo = g ®
) o < S 4 WMMW 2 £ 2
N7 z _ 7777727777777 ) = ° ] = ~
\l/ /n S el " ERRE wav
| \ T BjLok N
ZE N cE 27 ®E
Y o 4 2 RIS =X 0 w =B
: o s B 50 Z® =
] = © 2 B B o Mm%%.ml E g Q
BJIN/2 RJIN/O M_mﬁ = - R ,\,)w = 5
ﬂmm.ﬁﬁ&%& @m
2 R E& . WEm
ﬁnwu_ﬁmnmgm Eﬁm
#EEHEHE g
n a 5t w R 2=
e K == g
2 m KE & =
g = = Vo ©
SRR il
& S e w~ g
A = H & : 2
sl < == imwwy/ﬁ/ T, Z
< 3 Ew =
7 7727277777777, . £ ~ K E
— o™ 2= 4 <
7 i A i’ RO
KKK R o ¢ SRSy e = fmaﬁwﬁm -
"g = e S mﬁﬁﬁ b
a9 4 . e e R o= F
s ¢ ~ - g Mﬁnﬁm
7 77777777 v g 32
Mm &= MW RS = mﬁmnuni =
7 Z\ e, S O ]
e NG ) - L%Eﬂm -
L 1 1 1 X .
& = e S 2 S = = M@mm@m/w.@ £
BdIN/2 eJIN/O Hﬁﬁﬁn =
e c
g <]
R
n_M

https: // hdxb. hqu. edu. cn/

B 6 B AL A IROT RN FIAZ I T

Fig. 6 Finite element stress and deformation in central floor



&4 AR, A RIEARE T TORKS T T B RS AR ) 2 T e 415

Hy B 5 A] R AR R — il RE A PR 0 4% i 9 591 05 e 7K 52 B8 I 0 B i RO ) A A T S R R
SRR BT AL 5 AR AT RN 5 g KRS A I B AT O L 25 BRI S RO Y 3 9 I B 3 B
[ ROR )| BE AER ST | B NG A AR R 20N 3 i ATRY LR B3 T 2 P/ S0 1 NG a0 3 VA
AL dr 6 R A T — A T AR AR R 52 g R ) R AR e RARTE

3.2 REMERTSHEYRAN
3.2.1 A&t DA 1 =4 RITHAUE], #5277 A RITY R (M1 ~M7) . A RITY

JEBRI SR MR 6 TR, K 6 H g AR
6 AT BB

Tab. 6 Parameters of finite element extended models

L t/mm % aie X by /mm X mm L S

M1 150 1.0 1 000X2 000 C50

M2 120 1.0 1 000X2 000 C50

M3 180 1.0 1 000X2 000 C50

M4 150 0.8 1 000X2 000 C50

M5 150 1.2 1 000X2 000 C50

M6 150 1.0 1 000X2 000 C40

M7 150 1.0 1 000X2 000 C60
5.2.2 WA AMOBURT U RESERE RN AL O
S A AR B T LB B R A TR AR . e ) i
SR 3o JEE A R At 25 16 i B Joi i RS o ) i R TR BEAE T sl i
AR b 3R T 2 RO L 3R RN R \%

AR 10 WS BRI 9 I 7 B e 7 T
A1 1) B2 0800 R R B A0 B 16 LB KRR s |
2) LI ZERR IR M3 OB K TG BOR M8 BRI ﬁﬁ o
PO ML B RS 8 T M2 8 ) RN
S5y 120~ 150 mom 4 50 1 BB 0/ T 04
R MR BE S g 150 180 man I 00 4 F Bt 50
LA R P 500 E 2 I 0
R AR 0 S 60 55 (6 B s Semron o e el
3T S 00 58 . IR 0 B AS T () B
I 8 B

10

7 AR AL AN [ AR R
T (14 L 3 % e

Fig. 7 Comparison of stress in central

0541 _o vy 0.60 F —o—M]1
M2 —o—M2
M3
0.48 M3 054 |
E 042 £ 0481
< B
036 | 042
o——0—0—o0 o6 o o
030 T T T 036F o e '
. o . ; ; . .
0-28 2 4 6 8 10 0 2 4 6 8 10
AT/ AT/C
() B AR AT 7 i (b) PR L

&8 AN [] i 5= A A5 B A2 S X Ll
Fig. 8 Comparison of deformation in central floor of different plate thickness models
H P8 TR 1) Bt UL 25 A I . M3 R 4 B BB A8 35 2) ML M2 Al o0 1 A2 B 22
185 AL Bt 3t 38 A 48 R R I T R d . 3) [R]— R RE 22 R A TR BSR4 R 0 B9 28 T S R T R AR
B LTS BRI T 106 ~20%.
3.2.3  MABCAy R ch ARNC A AR R R e B A TR B AR UK BORE ) Y IR R AR A R TR U

https: // hdxb. hqu. edu. cn/



416 A R e Al CA R B 2R O 2025 4F

,7:%><1oo%o

@A B A S A e B

B R A [ A T 375 A5 28 614 157 3 X LG L BT 9 BT o e [
9 AP 1) Bl R BE 2 A 3G A () I SR R A TR e 0 A R
BUSG KA Ha Fs2) [a] — il BE AR T o A T 315 256 g /N A5 28 )
B R AR 3y 38 e R TR B IV 0 de /0N 5 3) 3t JEE 25 AR AN [ S
3 A AL F) I g Mg AR T L B i R 2 B R B — R A R L A
RS RIS > N DI L T N B T R S RIS S NI

A [e Al FC A7 3R A A Y A TE X LG L An 10 B . diy 8] 10 AT
1) S0 % v A AR R L AR AT R DR R TR I A il R 22 Y 1
T AR T R R 2 WS 7 R /IR Y 1) 2 T I R iR RE 2 1Y
B0 5 BTG R 5 20 R TR AR 0 B A TR 25 1 1Y
T A [ Al T 377 S35 Y 1) A ] 249 52 B s I e a4 5 3) [l —
TR 22T+ A [ JHE 7 23 4 7R ) R A o 1) AR T G R T R RO 2

034 - 0.42
——MI
—o— M4
o | e B 0.40
D;.\,Mgrco-/—o—/ﬂ”‘“/a _ 038
Eonf ¥ g
= ~ 036
031
0.34
0.30 : 032
0 2 4 6 8 10
ATC

(a) BT 2 ity

(2)

Wz
[ _Im2
24| M3

18 |

12

?%@%%

0 4 6 8 10
AT/

9 AR A [ A L A
ALY B )0 b

Fig. 9 Comparison of stress in centran

floor of different plate reinforcement models

[ —o— Ml

AT/

(b) HEAR 0

10 S [l A P 95 < A5 2 (1) A2 T X b

Fig. 10 Comparison of deformation in different reinforcement models

ST BTN T 18%6~25% .

3.2.4 BB EBAFAYA  FEEREELEREEHMN R AR RERRE T W R . 7E R EE IR

BCOR B AL S AP O 1 I A R i A BEOR L Tl ’

0r

V7 m1
PR AR R P S R . TR DAY R A ul ﬁg m
C50 Sy 3 B i 110 I JEE (B g | )
B=Euls. 3) £

A3 - Eos Hy BEAR R 1 MEBLRE 1 IO © 12
T4 25 B |

A T B0« 5 2 0 TR L e T 0 HEEEEE | |
F P A LT S 98 B il B AT SR B S T 4 7 4 R I
[T BE . 36 B T 0 A B A T 5 1 R 5 R 4 75 2
FA PR TR AP A FPERE 53— D i . v 1 TR T 11 k&%fﬁjﬁlomﬁjﬂzﬁﬁﬁrﬁ

O A [ YR 5 - 5 B 25 AR Y O g X EE L AN BT 1T IR

different concrete strength grades models

P 1T R 1) BEAE R 2 BN AN R TR

J3E A G AT (19 7 T 40 S B R i 5 2) AE[R] — R B 22T AN [ R 05 - o B A5 A Y 114 B ) B A ek
B R AN [] T S5 - 5 B S5 R ASE AR (1 AR TR X LG L A 12 i o AT 12 AT 1) % T R ARG B i
Wt 3tk JEE 22 B 380 o A [ YR 05 - 9 T 25 ALY ) 20 T 3 2 B R s 2) X TR A R L B il R 2

https: // hdxb. hqu. edu. cn/



&4 AR, A RIEARE T TORKS T T B RS AR ) 2 T e 417

SN AN [ R 56 A 58 38 S SO R 1) A B 2 1 B G Ul A 4 s 3) TRl — IR 2 T A IR VR B A 0l R A )
PR B rr e (9728 T 8 R T R AR S i ) R T L AR TR I T 2020 ~2504

0.38 - 0.50 -
—o—MI —o—MI1
—o— M6 ——M6
0.36 |- M7 0.45 - M7
o— o O _/;,/ 7
g e oo g O——C
L) )
D__D__Q__D-—-o——ﬂ——D_‘D'_D—’D
032 - 035 |
0.30 . . . . : 0.30
0 2 4 6 8 10 0 2 4 6 8 10
AT/C AT /C
(a) BRI 2 vy (b) B

P12 S [ R 556 it J3E 45 SRR R 1Y A8 TE X HE

Fig. 12 Comparison of deformation of different concrete strength grades models
AN
4 g

1) il B2 AR PO R AR R 7 1 52 M0 a0 AL 5 T A 5% I 3 T B 22 9, B AR R g R . A (R — 3L AR
T RN g TR AR AL T 52 3 e R RS AE Y R2 R o B AR g R ) Rl e RAETE AR AR R AR AE AU O

2) FEMFEAE T 2120~ 150 mm A 508 T 38 07 8 0 A5 1T A0 280CR 38000 BRAR L (ELAR S X T #E Al 8 T2
AIRZ M AN K o 7652 TR oh AR R BTN B R B 150 mm B 75 225 18 [ Jo Sk U R A [ 4 Y
AFIFE M o

3) FEM LA T A IC A3l 25 Xk B Al R g A0S B A T RO I [ I il R 2 R R AR T A R
R B AR R AR L g RS Y B4 8RB

4) LEMRBEAE TR TR B 5 B A5 O BB T B2 W] . YRR OB 9 R S B  BEBRURTE B

5) i JBE 25 WY AR A X TR B RO A T A A IR KA L B A R 2 A S B AR A Y — i 1 BR S ne
HERY B H IR 2 BARMT , — R R AT DI AR AR A 28 TE o B AR I R v 1 A T G0 B A iR EE 22 B3
T o TRV B A o 9728 T S8 T A A R i 4 8 T R TE — B 1 1006 ~2004

Sk

(1] akgem, b LR B [, 55, WA IR e - AE L 45 0 I 3 S 5 00 5 0 B2 280 9 L]/ OL ). LR Jy 2%, 1-9(2023-11-28)
[2024-11-01]. http: / kns. cnki. net/kems/detail/11. 2595. O3. 20231127, 1457. 047. html.

(2] "o, B, REW, % BRIEEE 45 prse 50 0], dE5E5 2 4, 2001(6) : 14-19. DOI: 10. 3321/, issn:
1000-6869. 2001. 06. 002.

(3] fEMoin, R WREW] 45, 84 TR B8 L Bl (A IR B2 17 ) 1153 e AR FE BT S R B 52 (0] R AR 4R, 2011, 44(9)
35-41. DOI:10. 15951/j. tmgexb. 2011, 09. 016,

C4] BT H TR BRadiam . 45 Bl SO [ BR A3 T2 Ml b A% 68 1 45 48 v 08 g g 1o A LT ). B3 4544, 2010,40(9)
11-13. DOI:10. 19701/j. jzjg. 2010. 09. 003.

(5] F5078r, Wraak AR 4T 55, AR BE - 45 04 76 4 1 B BOWR B2 R J) R i 4 ag sl [T ], At 4 4544, 2021, 51(14) : 107~
111. DOI:10. 19701 /j. jzjg. 2021. 14. 018,

(6] JRJCHE, FEylnsg 55 5 58, 45, A I IR I3 v 68 4K TR 8 1 45 4 IIC AR B N ) i sg i L. A AR 454, 2023, 53 (B4 Tl D)
1723-1727. DO1.10. 19701/j. jzjg. 23S1255.

(7] S XM X045 B ra B S L3 T2 ol 4 8 4 25 M TR B AT e O W 5 [0 ). e 45 4 2 4, 2023,44.(9) « 1-
13. DOI.; 10. 14006/j. jzjgxb. 2022, 0833.

(8] Wi, Whst,. 2=, 5. MEKMELLSSWIREMEAMR T &M% MW F R, 2018,39(1):136-145. DOI: 10. 14006/;.
jzjgxb. 2018. 01, 016.

(9]  frA5t, X005 . % a5, BRI EE L 45 M R EEE R E /0 i S0Fse )], Tl @4, 2011, 41 (3 ] 1) : 714-717.

https: // hdxb. hqu. edu. cn/



418 A R e Al CA R B 2R O 2025 4F

DOL:10. 13204/j. gyjz2011. s1. 168,

(100 MK AT oA, He v R AR BE AR Z5 0 ) by i AR 3 0 A [0 ], S 454, 2023, 53 (38 1) 1) . 221-
224.DOI1:10.19701/j. jzjg. 23S1150.

[11] JIA Yigang,LU Liangjian, WU Guangyu.,et al. Temperature stress analysis of super-long frame structures account-
ing for differences in the linear expansion coefficients of steel and concrete[ J ]. Processes, 2021,9(9):1519. DOI:
10. 3390/pr9091519.

[12] JIA Yigang,LU Liangjian, WU Guangyu,et al. Spatial nonlinear simulation analysis on the temperature shrinkage
effect of a super-long frame structure considering the construction process[ ] ]. Processes,2022,10(9):1874. DOI;
10. 3390/pr10091874.

[13] LI Yanying,ZHANG Yongsheng. An analysis of temperature stress and deforming considering shrinkage and creep
in super-long frame structure[ J]. Key Engineering Materials,2006,326:1467-1470. DOI.10. 4028/www. scientific.
net/kem. 326-328. 1467.

[14] YANG Zhiyong,ZHAO Liang, ZHANG Peng.et al. Research on temperature stress of annular super-long frame
structure by finite element method[J]. Advanced Materials Research,2013,639:1200-1205. DOI: 10. 4028/ www.
scientific. net/amr. 639-640. 1200.

(157 e AR IEFIE AR G AU £ e & TR BE L 45 Mt bR : GB/T 50010 —2010[S]. Jb ¢« r B = 58 Toll i bt
2024.

[16] FEA M, FEHA, £ TS5 RS ARSI ERE N A RIT AT LT ], A4 K22 24 CH AR 2 D . 2019, 40
(6):724-732. DOI:10. 11830/ISSN. 1000-5013. 201905008.

C17] w5 B B INK Dy, 45 Ao 990 00 A8 ¥l /K T T TR 6 - Rl R P BB A BR DT 2 B L) . 8 R 2 2 4l CHL AR B2 O
2023,44(4) :442-450. DOI:10. 11830/ISSN. 1000-5013. 202303015.

[18] Al ¥, BRSCHE. SR AR K R T RO H 2L G 75 1 A BROCAERE 5 40 BT LT ). @ 54519, 2021, 51 1) 1) :1361-1367.

[19] SRAgp IR 5245 RER T MARTH ] M TR, 2017,36(7):172-174. DOI: 10. 14018/j.
cnki. cnl13-1085/n. 2017. 07. 071.

[20] e ANRIGFIE AR AL S e d. A A5 i 48038 - GB 50009 —2012[ S, 4t 5t v = g 5 Tl i At . 2012.

C21] v Rk, BE 1 Jy %F MLy 3 1 B 5 245 20 BB R W F T L0 0. s 345 4, 2011, 41 (G ] 1D - 1068-1072. DOT: 10.
19701/j. jzjg. 2011. s1. 252.

[22] ARJFR . bk, E 0B 55, ST Rk AE 1o TR BE 0 55 R AR W B2 e R 3R 43 B () ). AR L 3 R 2% 4Rk (B R B2
R 5 2024,46(4) :100-109. DOT:10. 3969/j. jssn. 2095-2716. 2024. 04. 012.

(RERE: KEK RXER: FTEP)

https: // hdxb. hqu. edu. cn/



Faek HaW LR E W CH KRB B Vol. 46 No. 4
2025 4F 7 H Journal of Huagiao University (Natural Science) Jul. 2025

DOI:10. 11830/ISSN. 1000-5013. 202412027

Low-E WEBHEEBINEFSRBFE
T BE RIS H HY B FH 4 40

WA E, Rk, BB A, RIEE

e R 52 EBE, e EI 36102D)

DR

WE: LUETE BB A R I 5 DesignBuilder B 84U AR 25 4 1 75 7% A FASE S0 50088 5 52 )
B B 40 A 5 S50 E AR AL (T M L IR 3 RS P Bl 48 (BAJZ Low E EHS (b as Low-E S8 L b 28 W5 3
TE) B A A Z W I T AR R 2B Low-E B RS 19 19 BERCR . 4R L b AR 280 M, 2R 20 A D
L, 6F BT L Y REREHEAT X L s ATATIE A Low-E BB 1938 k. &5 R 28 R M Low E {5 . ma &
AR A JR 7 2 A 22 AR I REAE AL B JRAIG 5. 6 %0 s AE rh s Wl BE B L )2 Low-E BE RS S b 28 Low-E {8555 3 Fh
B SR A Low-E BE BT RE RS 35 21, 996, HoAh 2 Fh Bt 7 R RE AR T 8. 190 5 46 bk i #BUF Y
AN i S i as Low-E 358, AT AE 15, 9% WA BB . R F Low-E L8 M4 LR R ¥ B K 7 4 i J
A PN 3 A i Il A

EgR. EAKEMIXK; HoErk; Low-E B8 AERERRL; WRETLE

FES%ES: TUI11L.19 MERRERG: A XEHS: 1000-5013(2025)04-0419-06

Simulation of Low-E Glass in Energy-Saving Renovation of
University Teaching Buildings in Xiamen City

CHANG Mingyu, LIN Shuying., LI Lingzhen, WU Zhengwang

(School of Architecture, Huaqiao University, Xiamen 361021, China)

Abstract: Taking the university teaching building in Xiamen City as example. a method combining on-site
measurements and simulation by DesignBuilder software was adopted, the reliability of the model was verified
by fitting the simulation data with the actual measurement data. 3 window renovation schemes (single-layer
Low-E glass, hollow Low-E glass and hollow ordinary glass) were set to replace the original single-layer ordi-
nary glass, and the energy-saving effects of different types of Low-E glass were analyzed. For the teaching
buildings with south and north corridors, 20 working conditions were simulated to compare the energy con-
sumption before and after the renovation, in order to evaluate the applicability of Low-E glass. The results
show that after the renovation with Low-E glass. the energy consumption of the teaching building with south
corridor is 5. 6% lower than that with north corridor. Among 3 renovation strategies of hollow ordinary glass,
the energy-saving of the hollow Low-E glass reaches 21. 9% , while the energy savings of the other 2 strategies
are less than 8. 1%. By replacing the south facing external windows of the north corridor teaching building

with hollow Low-E glass, energy saving reaches 15.9%. From the perspective of economic feasibility, the
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initial investment of Low-E glass is relatively high, and the cost is difficult to recover within the building’s life
cycle.
Keywords: hot summer and warm winter regions; teaching buildings; Low-E glass; energy consumption sim-

ulation; energy-saving renovation
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Tab.1 Measurement data of research objects
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Tab. 2 Distribution of indoor lighting intensity of research objects
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Tab. 3 Proportion of daylighting coefficient of research objects
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Fig. 3 Simulation of current illumination Fig. 4 Simulation of current lighting
in cave dwellings coefficient in cave dwellings
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D) EES R I 7 2 (A E A) AR GB 50033 —2013¢ @M R FR U 45 5 45
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201 3¢ FE RGBT AR E D 35 T 5 T SR FH S S 2 B0 = 1 A B TR RE RO R B 0. 91 (I B
b TV SR FH RS R AR 0,75 W K e TR oRHE R B2) L D R BR BE 32 T 6 RO RIOR .

3) FHEME L HE O 3 H DS530 7 2 18 5 v] I 15 T 638 KU AR 418 4% 25 T R L Bk 22
S E SRR (TR 1 %€ 3 A (RE CD L ER 2 %48 2 38 (F R C2) 5 3 &% 4 3
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Fig. 5 Light guided ventilation duct with Fig. 6 Section of installation strategy
adjustable multi-point diffusion of light ventilation pipe

SRR S A R EAE 100° /247 I RESS AR LR M AR M IR EE S T BRI, OB RS MR
oG B E A ARG A B 1 2 MR & SE N RGO E R & 2. SOLE T
G Eh J KB AEE N MR 28 5E 0.5 CEUXEIAS] 0.2 m « s " f, B o] 3 e 5% e < oh g HoHE < 0
SEHRE AT K 3.4 m e s ', MR JGI/T 374—2015¢ 6 R R G H AR A WAL E M2 S
HEHERKIE, BREREREIRP IR N

/A3 ><7]TTE><T2°
S NERDGAR B AT WOGE  H s v S T8 I AR B3 S FE 5 e N OGE IAE HRSCR

MR 5206 8 B R AL B S5 e SO A8 BE T A 2 2 IS SE K B SO M s0R 15 1
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Tab.5 Lighting efficiency of each branch pipe system

AR 1 T W S
2 1 0. 86 0.83 0. 80 —
W 2 0. 86 0. 82
#W 3 0. 87 0.84 0.81 0.78

i 5 AP 3 A7 A B — LA 7 R I9 T0IE S i TS RO EK
3.1.2 FEERALANRSAFMAER% P OUARHEXEL S 20 L ROCEGER R . B R Bk
AT REAT RO A LB T 4 FhALE SOE Hms - 5ms 1 9 AC 415 5ms 2 9 BC 4145556 3 O AB
A s 4 o ABC & . 7 21 A o SR a3k 6 o,
F 6 R A A R

Tab. 6 Renovation strategies of cave dwelling combination

1 it =i 1A =i 2 WG =i 3 HE
SIS 1 A1C1 ALC2 A1C3
NG 2 B1B2C1 B1B2C2 B1B2C3
S 3 A1BIB2 AIB1B2 AIBIB2
WS 4 A1BIB2C1 A1BIB2C2 A1B1B2C3

3.2 MIERMNEARIRILL
BEXS 3 AN M RIWF ST 23 18], SR H] Dali 845 JEAT 4 Bl 00 A0 5 0 A9 45548070 A7 o 3 R DA 4% SR g T 28
HR AR R AR AL
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Tab. 7 Distribution of indoor natural illuminance in cave 1 for each strategy

it Euin/1x E../1x E/lx
g 1 65 1 606 288
WG 2 71 1572 279
Fmg 3 2 1 546 116
Mg 4 81 1415 304

8 AN 1A SR N SROL R B LB A

Tab. 8 Simulation analysis of indoor lighting coefficient proportion in cave 1 for each strategy

& it PR /%  P(FE/%  P(—B/%  PUF/%  PUREF /% C/%
g1 0 4 28 65 3 2.52
Fmg 2 0 3 29 65 2 2.46
Hmg 3 63 13 13 8 2 0.77
W 4 0 3 22 72 3 2. 64

FO A 2 AR N R RO IR B2 A i L

Tab. 9 Distribution of indoor natural illumination in cave 2 for each strategy

15 i Eoin/1x Ex/1x E/1x
SN 1 87 1599 300
WS 2 93 1648 284
HEW 3 22 1672 119
HEWS 4 113 1436 331

F 10 AR 2 A5 E RS R B AR LA AT

Tab. 10  Simulation analysis of indoor lighting coefficient proportion in cave 2 for each strategy

51 PUREY/%  P(EY/%  P(—lO/%  PUF/%  PORE/% C/%
Fmg 1 0 4 36 56 5 2.52
g 2 0 2 39 56 4 2.42
Fmg 3 47 21 18 11 3 1.12
Fmg 4 0 1 32 62 5 2.69

A1 w3 A R A R IR O IR B 3 A v

Tab. 11  Distribution of indoor natural illumination in cave 3 for each strategy

i Eoin/1x Eo/1x E/lx
w1 78 694 294
S 2 93 680 293
W 3 3 588 51
g 4 102 587 303

F 12 w3 ARG E R R B AR L Ay

Tab. 12 Simulation analysis of indoor lighting coefficient proportion in cave 3 for each strategy

51 PO/ % P(EY/% P(—f)/% PUTY/ % POAE) /% C/%
g 1 0 2 20 78 0 2.61
WS 2 0 0 15 85 0 2.78
Hmg 3 80 12 6 2 0 0. 34
W 4 0 0 15 85 0 2.82

3.3 BRHR

SOt KU B 5 1A 2 2 RIS 7 A T R . A e A TP SR RUSR L A N 2k 5 0l 3 XL
TS A2 A Gl XUIR B0 R 6 1 307 48 20 3 XUV Vent X 3 AN 25 AT 0L 70 B . B 45 SR R 1
SOt A RO R T AR B NS R A S, B GE TR N X B T 2R
702 11 P S ] LA R AR

2 1] B 2 0 T i ) T RV AL B Al 9 B R . B9 o S XU,
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Fig. 9 Comparison of ventilation simulation before and after renovation of cave in summer
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Tab. 13 Standards of renovation strategies
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Tab. 14 Budget estimations for power-saving projects
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(L Seffika BB A /M 3620215
2. RMIBHAEBE LT 5 PO %R . A 5 362000)

FEE . IR R M RSB R S A 5 B 4 R R S S I R R C5-12 )3 3l 7E W 2D BT B 4
XFURIE HE E COVA) B S 2 SN R AE T . S B a5 R R W1 1e /b BUSOILAE i C2C12 o, C5-12 J3 3 7 A & Wi
OVA MR35, MTE/D BE B8 SR AL JAWS [T /7, C5-12 B 3) ¥ B F Wil OVA KK A OVA $i 5t ik iy %
MR AZE,Co-12 B 8h T RE4ER: OVA FENL A 412U F5 82 = 838, MO G 58 4 5 AR T LA L 4L 4
PE N A58 L3 o BH M 4 3 ok S i

EgR. C5-12 331 EAMRM SRR CAAV) ; RBER N FEEH; IHEEHOVA)

FESES: Q78 XEtRERG: A XEHS: 1000-5013(2025)04-0435-07

C5-12 Promoter Reduces Transgene Immune Response
Following rAAV1-Mediated Gene Delivery

WANG Xiao', HUANG Xiaoping”, LI Ling',
ZHANG Hong', DIAO Yong'

(1. School of Medicine, Huagiao University, Quanzhou 362021, China;

2. College of Chemical Engineering and Materials Sciences, Quanzhou Normal University, Quanzhou 362000, China)

Abstract; The efficacy of the C5-12 promoter in reducing or abolishing the immune response against ovalbu-
min (OVA) was explored through experiments such as determination of transgene expression, in vitro antigen
presentation, and the clearance of transduced positive cells. The experimental results showed that in mouse
myoblasts C2C12, the C5-12 promoter had no impact on the expression of OVA, while in mouse bone marrow
dendritic cells JAWS ]I , the C5-12 promoter significantly inhibited both the expression of OVA and the pres-
entation of OVA antigenic peptides. After muscle administration, the C5-12 promoter could maintain the con-
tinuous high expression of OVA in muscle tissues, the humoral immunity remained at a relatively low level,
the immune response in muscle tissues was relatively mild, and the clearance of transduced positive cells was
significantly reduced.

Keywords: (C5-12 promoter; recombinant adeno-associated virus (rAAV); immune response; transgene;

ovalbumin (OVA)
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FE AL YL PRI 10 B 36 S50 - UL 0 AR I A 7 43 WA A DGR YT 25 Al L 51 i i S i 4 4
—t L AR SR (PAAV) HLAS TR I IR G SR A T AP TR R K 3R R A 2 T AR SR
HE EWE 2z, Wik rAAV B8R0 Y R B RA 74T Bk B SRS kT . R e E
B r AAV B 78 Z R 41 2 QUL L4000 g S A vh ifi A 756 SE R s Ak e 1™ o Bl . rAAV (1 )i
FHTEREAS 2 — 25 30 &, rAAV B R a8 SRR 3% of APk, 8 & i CD4-1gs, & 76 11 B 3L 1%
P R A E R R SRR M . SR X T IR A AR B EE R R rAAV A
F10 5 TR 8 126 1T 300G 6 DR Sk e s oy ) B R E— 2B 5| R AT X N TRME B 0 A B e g,

P 5L 58 A0 CAPC) I AN R % S e 2 35 DR S 110 S 8 2 7 1) — 1 A 9T JB0 R0 ) D B i 4 floh & i 2
X rAAV Fak LR = g L AR L APC IR 2 IR 41 g (DC) | 515 20 i A1 B3k B2 20 i)
H, DC 248 i e EE ISR A H i) 2 PR R 3 . Rk, rAAV §5 5 DC nf fi fifi 7% 5L ]
JREAL 7R T MHC 1 287507 b JE M0 40 75 1 CD8 + T ik 2 40 i (CT L) R i BR 2R 38 AN IR & 1 i)
A, C5-12 J& 8 F i) R AETR % C2C12 WU b it 5% 3k B e 5k i & BLAY & R ) 2h 2k B 76 UL 1A 40 i v
SEBL G IR AR R AR AR T LA AL S SE B R A BIE S L Be Al . C5-12 i B F B IR B AE 3
PR 2l 4y b 5 LA A S o B AN A AT DAk B 5 4% e B Al s 7 (CMIVD Ji 3l 7 3K 8 19 3R 7k R 4 4
M FLIX FaR K IR BE R 5 L R 7E L 4L 20 3k T PR S DR S I s IO, . 3% T ok AR
SO AT AL E AL rAAV HAk rAAV-C5-12-OV A, 3¢ HAE /N B N 19 7 R 247 20 #7

1 #H57TE

1.1 ##

DMEM #5355 1640 B5353% /N BUSUILANIE C2C12. B8 40 1 7 (R T W i 26 24 i R A TR A 7))
N BLE BE R AR A0 JAWS T GRIIN T 38 B B4 A RS W) 5 5 M W i (PET 3£ [# Polysciences 23
"D BEE E (OVA) CABLINTE A 1eG Bk S W I 2 12050 & C L i v B 3 BHECA BR A FD
1.2 rAAV HiEHMHESH &

MR S0 5 S B S R A R G AT rAAV R B OE B 293 T R T 15 em IR LA,
FToM 3 3 d (85 3%, Fr 20 i 2 3 5K 85 V0 o B S DR KL A 56 HORE AU B BRI # I 1+ 1= 3 IIEE/R L
PEI 5E4MR A # & 10 min J5 M B IR ML A 5 Q457 4E 6 h )5, W4y 58 42 DMEM 85 57 5, 4k 22 b
2 72 h g JORANAL . SR 5 7S R 20 i L 4 e A% BRI (Benzonase) W 4k » >R FH G2 Ak 0 A B 85 .00 76 )
rAAV FEAT I3 8 38 3 375 A R BB B O E— P AL T AAV L TR T A5 5 S0 SR 19 rAAV Bidk . B
JG AT rAAV AT S 5 A8 1 R A E 2SN (qPCR) 4347
1.3 OVAF##H OVA ik REREMNINE

SR FH T IBG 4 9% WG BRF I 52 CELTSAD ¥ X6 40 g 15 % B3 I3 H OVA RNy H OVA Bkt 174,
HRBRAE ™ b B SF Ul R . e B AR AR A 100 pL B OVA 4k sk OVA, ZE R E 10 h
Jei s W VAR B IR 22 v (PBS) VR 3 WK, SR K 100 Ll 20 i 85 5% 13 s v - 5 b o i 43 501 m
ABEARAR L IRIEE 1 h WK & Tween 20 I BERRER 28 0O (PBSTOEEUE 3 IR He & I ABR
it ALY (HRPYARICH OVA Fiiksiht OVA Sk i diik, =il E 1 h, W iR, PBS I8k 3 K.
BeJa A 100 pL iy 3,3",5,5 - DU F R BEOE — e (TMB) F %8 i 1 €5 30 min, Ff € 5B 7850 )5 » A
50 pLL 1 mol « L™ "y H, SO, £ 1k 52 ) » 58 B A5 A 2 B OB E (D (450)) o AR 192 56 25 ) 09 A o it
LR OKE TS 1 OVA I Bk B
1.4 fR5MEESR

C2C12 7E & A M- Ml (FBS KB 0k 10900 Fl s 85 R /85 & (KB40 1270 1 DMEM 8
FrArp AT R R . I 2L PolyJet % 94 iR 4 Bk pAAV-CMV-OVA [ pAAV-C5-12-OVA e
C2C12;JAWS [l B 5575 &4 FBSURF3 40 10%) LB GM-CSF(5 ng « mL ") . & & Bt (4 mmol
L D « MEM 1 335 B4 BB IR 2. 0X10° ML ZEZF I T EE T 100 pl o555 i 1,
FEIMA pAAV-CMV-OVA [ pAAV-C5-12-OVA KRR A FF i A H i B AL AR v, I 258 8880 L 09 2 7
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Recognition of Simulated Aquatic Animal in
Turbid Water Environments
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Abstract; Using turbid water as a model, this study investigates object recognition in dynamic scattering en-
vironments. . Taking simulated aquatic animal as an example, a neural network is constructed and trained to i-
dentify the species and quantity of aquatic animals through deep learning techniques. When untrained speckle
images are input into a trained neural network, it outputs the categories and number of aquatic animals. The
experiment results demonstrate that deep learning techniques can successfully identify both the categories and
quantity of aquatic animals in turbid water. The accuracy of quantity recognition reaches 100% , while the ac-
curacy for species recognition exceeds 99 % across all tested categories.
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Fig. 4 Categories recognition results of aquatic animal
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Improvement of Sliding Window Decoding Algorithm for
Double Spatially Coupled LDPC Codes
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Abstract: With regard to the decoding performance optimization issue of double spatially coupled low-density
parity-check (LDPC) codes in a joint source-channel coding system, a supervised sliding-window decoding al-
gorithm is proposed. First, supervisor bits are incorporated within the current decoding window. Then, the
supervisor bits supervise the most reliable log-likelihood values and the minimum average error probabilities
within the current window, they are placed into the corresponding positions in the memory, respectively.
Next, the codewords within the window undergo the next round of iteration until the decoding termination con-
ditions are met. Finally, the decoder estimates the decoding result based on the stored log-likelihood values.
Simulation results show that under both additive Gaussian white noise and Rayleigh fading channels, the per-
formance of the supervision sliding-window decoding algorithm is significantly improved in both the error floor
and waterfall regions.
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Design and Implementation of Real-Time Soil Data
Monitoring Software Based on UDP Multicast Protocol
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Abstract; To address the requirements of generality and scalability in real-time data monitoring of mainstream
soil monitoring systems, a hierarchical visualization software design framework for Model-View-View Model
(MVVM) based on user datagram protocol (UDP) multicast real-time data stream is proposed. The frame-
work adopts UDP multicast at the external interface layer to achieve “one to many” client extension capability.
Meanwhile, an improved MV VM model is adopted at the human-computer interaction layer to achieve universal
visualization of multi-dimensional soil data. Experimental results show that the proposed software can meet the
real-time soil monitoring needs of agricultural experts and farmers, overcoming the limitations of traditional of-
fline guidance, effectively resucing labor costs, and contributing to the advancement of smart agriculture.

Keywords: soil monitoring; user datagram protocol; Model-View-View Model; smart agriculture
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Fig.1 Hardware deployment diagram of soil monitoring system
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Tab.1 Functional requirements for soil monitoring system
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5 00T R B A 0 255 4 2, 2 iy o 5040 SR B U A T B B

WPF 1 SE AR A 2 Fh g AL — Rl R AL GE 1Y socket 4 # 5 o — B & 3 %€ 5 19 UdpClient
5L 5 N AT E AT B R g R B L RDS 3SR A UdpClient 28 DL AR i) 19 J7 2 422 10241 #5 %4
P AR BRI T REAR Sy B B 3 TR .

https: // hdxb. hqu. edu. cn/



458 K ¥ CH B E D 2025 4

UdpClient receiveUdp;
void Initial UDP()

receiveUdp = new UdpClient();

receiveUdp.Client.SetSocketOption(SocketOptionLevel.Socket, SocketOptionName.ReuseAddress, true);
receiveUdp.Client.Bind(ipLocal);

receiveUdp.JoinMulticastGroup(IPAddress.Parse(strEndIP));
receiveUdp.Client.SetSocketOption(SocketOptionLevel.IP, SocketOptionName.MulticastTimeToLive, 10);
iPEPEnd = new IPEndPoint(IPAddress.Parse(strEndIP), int.Parse(strEndPort));

}
void ReadThreadLoop()
{

int receiveSum = 0;
receiveUdp.Client.ReceiveBufferSize = 1024*512;//15% B K2z 1M X AT LA SR 5 K FR) 0 48 $ 4 7 1t %6
while (readThreadLooping)

byte [] receiveBuffer = null;

receiveBuffer = receiveUdp.Receive (ref iPEPEnd);/ & XYL F J5 #i 2> 2448 iPEPEnd (18
receiveSum + = receiveBuffer.Length;

ardOut.WriteData (receiveBuffer);

}
}

B3 AR T e AR )Y
Fig.3 Multicast data receiving functional program block
EIRHIE &% KB . UdpClient 259] 15 1k )5 75 B 32 49 receiveUdp, receiveUdp f{ receive Ji ¥ LA
L 28 4 11 Q5 I 47 0000 » WA 38— > 52 8 A AR A TR 2 B s I 2 i) L IR Y receive J7 1%
TR H U3 1) B0 8 5 % e DXk B BN A AT )2
2.2.2 #HEEdEAT LRI RS 0B I ERE AE Windows Server2008 1 s 45 BE R 55 A% L. A AL

M55 L3EA Oracle B4 JE B4, RDS #k 4% public static bool GetDataFromDB(out DataSet dt,string sqlStr)
{

ActiveX f&ﬂi‘i Xd‘ % (ADO) ;J’i 7'% Ej f& TE E:F i& //fi‘ @ oconn.Open();

OracleDataAdapter myAdapter = new OracleDataAdapter(sqlStr, oconn);

Jﬁ‘ ’ ADO IEIL:?%[ i‘f;k j% IJLI:II E],:J @ FH $% }? ?ﬁ F CAPD ’ FH DataSet dtDataSet = new DataSet();
PASE BT ) 5 A8 s IR 5% 28 508l 4 v 19 K dls » Orra- e

myAdapter.Fill(dtDataSet);

cle B 2 41 41 X ADO HE 42 i) $6 45 3 % ODP. dt = diDataSet;
NET 883, 26 92 Bl Gt B P B B 1rbatadet TablesCount - 1)
ODP. NET 388 £ {F . RDS i+ H 5% 51 H o iy g s
Oracle. ManagedDataAccess. dll BI 0] 5 %y 45 72 it } return true;
TTIBAET R P i e o R R A 4 g
1T RS 50 50k 080 e 15 175 1) R 5 5 4% 4 BRI R R

Fig. 4 Database access function program

b G AP — PR 8 T AR R SO P
AT T3 0 A AR R o T A5 2R A (i O P 3 DT A A0 S A A R A B B T R R
2.3 HERBRERIT

0 8 TR BB TGS AU 14 % 288 M ST S Ak ot D st R SO 4 A BEAE B A R R O R
B b, by s A R AR A 5 RDS B0k AT UDP 21 4% 3% 422 Mo 0 i 7 v 92 i 4 5 381 19 - 49 S )
M RS0 AN A7 A T BT B B B R T LA A 2 s R 3 o L 8 4 R S s >R A 0 2 14 o
S T B e B S A . e S Sk R I AR it B R R U L Ak 2 PR

2 RS I i B A R W]

Tab. 2 Field description of real-time soil monitoring data frames

B W] B B0
Wik T WL F A8 B PO 577 1 o 0 1
o CIERMSGHEWECGRSR G TIERE | BRI HT R H T UDP i f
B T 0 0 DI P2 B W00 B o 2 5% 9 5L
Gig A 0 0 25 fiet PR CBCR L0 F 024
Wi BB {5 B S P
LB B S 9 LR R (5

2.4 HURMEIRT
B iR BT )2 X 0 WA 380 19 - SIS S T Sl e R, P RO BB i AT G A R R AT A AT TR
Xof JH G 2% 38 1 g sk B R 7 S R SO e S B AT AR AT AT S R A SR ik AL R AT R
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o SIS 2 BOGT A ST s 00 5 i i A A SR BSOS 8K Bl % O =X Tl
PEICE] — W52 8 SO WUR A JEAT AR BT RDS BOFEORATVER IS 0 — e
& 5 B | AR |
2.5 AZEEIEIT v
RDS #0415 Jy 560 W BUHAR A T AR 0 Gk s ok | MR
B RS 9 BB % B ST R R T A AR R AR | A T Ll
W ORI 1 TARRTS RO R AT ARG S (B P ALz | A AR
)2 BB TR B T A AL R B RN A e e M R A [ ZXEAbSZER |
5 9 190 O 0 8 5 AT 3 26 R B
(Model-View-Controller, MVC) . & Bl-f &-3% /8 #5 2 ( Model-View- v
Presenter, MVP) fil MVVM, Model #4542, View 135 7./~ Con-
troller/Presenter i 8 # AL, MVP il MVVM 23T MVC B 5 RDS %ok 5000 i b7 i 8 1
B o, T B e AR View 5 Model EWIE B . Fig.5 Data parsing flowchart
MVVM k% WPF F1 Silverlight 22 # i Ken Cooper Fil Ted of RDS software

Peters JF & , J&— Al i £k P St i 19 S5 2F 3K s 4 #2 7 28, i John Gossman F 2005 4F & &7, TZ?’F'JFH
BRI Jm AR Bt R A SR M S S A R T AR AN F AR 5 CF B E ) WinForm 48
¥ . MV VM [ 4% 0 2 BRI 3l Bl ViewModel s ViewModel % View 1 Model 3¢ % Bﬂ%ﬁi BLFL ) MV -

VM BB R A 6 R Mi : e
M 6 A& S50 MVVM #8315t 7 4@9 View ViewMode! SRS
Model JZER T A %48 524K Entity (— iR

ke lk%&iﬂﬁl
Hibernate £ A6 H AR A HO S8 36 47 K 01 S ko
%34, FIL. HAT MVVM % ki T 6 B MVVM B BT
Web i H {4 2t i% T T ) S i 3 v 1 T E Fig. 6 Typical MVVM design pattern diagram

G AN 22 . RDS B0y 1 552 B S I R0808 A0 8500 12 a1 P B i (UD 52 5. E 9 58— » 4 T Al
55 38 B 2 B AT )Z L T Model J2 5B B B4 S A DA TIT S5 B S5 I KR 405 A A0 K08 RSO0 1 S A2
B JE S SRS R B A E XA R . RDS #PF S b MV VM BB L I 7 frs . RDS #ff
MVVM &I REBE . a3k 3 Fi .

View , ViewModel , Model
i H 1
] — [ee——=
DataHistory View ! DataHistory : DataEntity
. Viewlg\;/lodel ! ™
@] — oo/
: . ' FileEntity
FileDownloadView i FileDownload

Payload
Item

ViewModel | ]

Chart

. : I
ChartView ! ViewModel =
: PayloadFrame
; Item
TableView :  Table :
ViewModel PayloadData

Item

K7 RDS #fFschr MVVM 345 2
Fig.7 Actual MVVM design patten diagram for RDS software
I RDS #AFE ABLAE B2 HAR S MV VM B 2, AR 8 AR 4 0 2 i 4 s R T 515 58
MVVM AR B J7, FEF LT 2 ST,
D) &4 MVVM w1 Model J2 4355 7l 55 22 8 A1 5244 L 1T RDS 111K Model J2 i K AR 73l 55 2
AR R 5 2 B T2
2) ViewModel 5 View R T —XF Z %1t . 7 LIE £ 4 View HLE —4 ViewModel,
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# 3 RDS#fF MVVM L REHEH]
Tab. 3 Function description of RDS software MVVM class

JZ % hrg it vl
TableView 7R S S I M T B L A AR A B A A A
View ChartView 7R 8 S A M 0 R L R T AR A RO Yl A
FileDownload View FH T 25900 AT 28 s B SO 00 A
DataHistoryView FH 4 160 70 5 7R D7 sk 08 1 7 I
TableViewModel e BB IT R 5 R R BRSO E
ViewModel ChartViewModel EBFE TR TER I MA B RS E
FileDownload ViewModel G5 s B SO A R Al SR SRR D s B SO A
DataHistory ViewModel 4B 58 P BSR4 SR SRR s B s A A
Payloadltem fEIRER L HR
PayloadFrameltem o wion E
Model PayloadDataltem LA EI T
FileEntity 300 IR v D sk e SO AR
DataEntity B R Y s B

BEAT Al 52 A AR B il B OO T 1 RO » 4 U 19 T R AT R o 3 T AN L8R R
A AN 2 PP R T3 3 30 i A B R B D RE . RDS P AHLAS B A L WA 8~11 Fi

SERTISHR
RDS sammsasmmee: _ @

mw
Q%
o %

K8 BRA 3  S T K9 RDS 8/ SHE PR A
Fig. 8 Software navigation interface Fig. 9 Parameter table display interface of RDS software

7 HIRIRIERHZMNEH ROS)

10 RDS #2480 £ Box FH 11 RDS ¥ 8 B E X8R Fm
Fig. 10 Parameter curve display Fig. 11 Parameter custom display

interface of RDS software interface of RDS software
3 HXRIE

e SO S Ik s I P R e I AR 5 P Y S S AR A L B P S I R R
R pH E AN SR TSRO MR SRR TR s o DU SRy 7 s 8ot B 3T
PRRY AR . BRI I R AL BT IR E WL BZR T MV VM BB S i 1 3 8ol /9 vl
MALRREE . >R H UDP 41 % 59 2080 38 15 07 20 (38T 5078 28 i 19 %15 4 ) 55 3 i LA e 1 o P P A T
PRETE . H IR GRS BRIa AT BOR R LA RS 5 e AR T K AR R R SR A 1
IR N
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Abstract: To rapidly detect heavy metals pollution in the soil around caused by mineral resource exploitation
and transportation, the soil around the copper mine in western Sichuan was taken as the research object. The
original spectral reflectance was processed by fractional-order differentiation from 0 to 1 (an interval of 0. 2),
and the minimum absolute shrinkage and selection operator (LASSO) algorithm was used to screen the charac-
teristic bands of the transformed spectrum. Inversion models of Cr content (mass ratio) were constructed u-

sing ridge regression, support vector regression, adaptive boosting algorithm, back propagation neural net-
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work, and gated recurrent unit (GRU) algorithms. The research results showed that, compared to the original
spectra, the maximum correlation coefficient increased by 5% and 9% respectively after 0. 2-order and 0. 4-or-
der differentiation, and the selected feature bands were concentrated in the near-infrared spectral region. The
best prediction model was 0. 4 GRU with determination coefficients of 0. 799 2, root mean squared error of
4,875 0, and residual predictive deviation of 2. 300. This model could accurately predict soil Cr content.

Keywords: soil; western Sichuan mining area; Cr content; spectroscopy analysis; hyperspectral inversion;

fractional-order differentiation;
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D EFHHAIR R*>0. 9,epp>3. 0;

2) RIUFEIR K 0. 9>>R*>0.82,3. 0=>ep, >2. 53
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2.1 TESEEECr&=

FHEE AR Cr & REGTHREME. R 1 IR . 81w BB S IR K s o 55 i /M
w R I o AR 2

HI 3% 1 A0 B0 XN B & i e K R 220. 13 mg » kg ' P34 {E 2l 106. 83 mg » kg ' B & &P
HEE TN EE FM73.7 mg « kg DO R 2EET R 61 mg » kg D HA MK S EST
E R GB 15618 —2018( - 58 PR 4% it -4 F b 1= 38 5 2 XURS: 48 #5 A v Gl A7) ) v A S AR HH 1l 1) AL
I 7 B (150 mg « kg™ '),

F1 IHESERE Cr TEEIHREE

Tab. 1 Statistical characteristics of heavy metal Cr content in soil

R e n/ 4> W /mg * kg ™! Whin/mg * kg ™! w/mg + kg ! o/mg + kg™!
JSY =N 51 220.13 61.98 106. 83 28.999
| i 34 220.13 61.98 107.03 34. 829
% F 4 17 125. 77 89.12 106. 43 11.213

2.2 BHEEBWEXSMEFHFERRRER
AA FOD bR 61 5 8% & BRI SC R B & 2 e 181 2 e r R SR R HG | | SR
KRBAERE 0 B EGA NP

0.80
1.0 0.75 +
0.70 _—" - \
08 0.65 |
0.6 = 0.60 |
& S 2L 0sst
= 0.4 0.50
0.45
2 0.40 \
R 035 |
-0.8 0.30 . . . n d
400 800 1200 1600 2000 2 400 0 0.2 0.4 0.6 0.8 1.0
J/mm Vi
(a) JGil 55 & A ¢ R BT B (b) 6l 5 5 & 5 4 OC R B K ME

K2 AN[E FOD AR FETR b 5 8% & 19 A7 5 R 4L
Fig. 2 Correlation coefficients between spectra and Cr content under different FOD treatments
HITE 2 ATAL OGS 22 0. 2 B 0. 4 Bir oo o » Hodm R 56 R BB 36 6 il A — 2 42 71 . (HLBE & B B
BRI RO AE T B TN R B 0. 2 B 0. 4 Bir 0. 6 BB a5 7E 1 900 nm BT A7 42y A A SCHE L 1l 0. 8 i
https: // hdxb. hqu. edu. cn/



196 R E L CH O B D

2025 4F

A1 1.0 BY e 7E 2 000~2 400 nm AH I 58,

2 RRAE BB

Tab. 2 Number of characteristic bands

FALP B N 2 TR, R 2 W A MRS .

v/ By i 55 Ip B3 A ok A /nm [ 7 |
R 8 400,620,630.880.,890.1 320,1 350,2 350 0.663
0.2 9 400,410,610,880.,1 180.1 320,1 910.2 340.2 350 0.712
0.4 4 400,590,1 240.1 980 0.743
0.6 9 400,570,580,800,1 100,1 180.1 240.,1 980.2 010 0.665
0.8 10 400,570,790,1 100,1 180,1 240,1 980.2 000.2 010.2 400 0.476
1.0 11 400,420.,790,1 000,1 030,1 180.1 240.,2 220.2 230.2 240.2 400 0.332

HI 2 AT ARG R 36 1 AT O AT 21 A0 i B {H T 22 9 R D BEAR FP AR T £L MG IX (780~
2 500 nm) . HFAE P B AR I L0 AN X IR PR O A [R5 A8 A6 T 12 DXCICRR A 5w 1 A 5 R 8 OF BLAE R A
(B 5E L Cr 9 R5AE B BB 2 (9 0 T X

2.3 REEBEEN

FHETE 4R Cr S FBURORE RE AT K 3 PR
#3 HHEEAIE Cr & I HOHR T 6

Tab. 3 Accuracy evaluation of heavy metal Cr content inversion model

‘| é,; 1 i
U R 30 o/ Wy — : WL

R ERMS R ERMS €prD

R 0.798 2 15.412 7 0.565 0 7.174 0 1.563

0.2 0.802 0 15. 266 5 0.580 5 7.046 1 1.591

. 0.4 0.761 9 16.741 5 0.427 6 8.230 0 1,362

1

8¢ 0.6 0.700 2 18.788 8 0.433 7 8.186 3 1. 370

0.8 0.674 5 19.575 4 0.340 9 8.831 4 1. 270

1.0 0.662 3 19.939 3 0.108 7 10. 269 6 1,092

R 0.771 6 16.399 5 0. 668 2 6.265 9 1,789

0.2 0.750 3 17.146 8 0.681 8 6.136 0 1,827

Uk 0.4 0.859 8 12.846 3 0. 600 4 6.876 2 1.631

0.6 0.736 9 17.600 0 0.758 0 5.351 3 2.095

0.8 0.682 8 19.324 9 0.499 7 7.694 4 1,457

1.0 0.685 7 19.236 0 0.042 8 10.642 8 1.054

R 0.975 8 5.338 8 0.709 2 5. 866 5 1.911

0.2 0.976 6 5.248 6 0.612 3 6.773 3 1.655

. 0.4 0.987 7 3. 804 3 0.321 2 8.961 9 1.251
aboost

hoos 0.6 0.8825 11.762 8 0.325 2 8.935 5 1.255

0.8 0.996 1 2.154 6 0.271 6 9.283 7 1,208

1.0 0.999 9 0.312 8 0.611 0 6.784 1 1.653

R 0.802 9 12.350 7 0.677 8 6.174 1 1.816

0.2 0.816 1 11.622 0 0. 600 0 6.879 8 1. 630

PN 0.4 0.843 2 15.137 3 0.572 5 7.112 7 1.576

0.6 0.817 4 14,491 2 0.591 5 6.952 5 1.613

0.8 0.769 2 13.347 0 0.152 1 10. 016 4 1.119

1.0 0.462 3 30. 281 4 0. 446 6 8.092 2 1. 386

R 0.703 4 18. 687 2 0.527 1 7.480 7 1,499

0.2 0.999 9 0.067 0 0. 680 3 6.150 5 1.823

GRU 0.4 0.685 4 19.244 9 0.799 2 4.875 0 2. 300

’ 0.6 0.999 9 0.159 0 0.649 1 6.443 8 1. 740

0.8 0.999 9 0.170 9 0. 295 2 9.132 2 1,228

1.0 0.181 0 31,051 9 0.154 7 10. 001 2 1.121

B 3 A Al B A TN R BB R 0. 4 B i GRU (0. 4-GRU) , H R* {H . exws 1H « ern 15 43 51 K
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Fig.3 Scatter plots of prediction from different spectral transformations
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Exact Traveling Wave Solutions of Burgers-Huxley Equation

JIA Huilin, WEN Zhenshu, ZHANG Xiaoya

(School of Mathematical Sciences, Huaqgiao University, Quanzhou 362021, China)

Abstract: Various kinds of exact traveling wave solutions of Burgers-Huxley equation by using (G/G)-expan-
sion method and F-expansion method are obtained respectively. The research results show that one can only
obtain the solutions of Burgers-Huxley equation under the condition A* —4,>>0 by (G//G)-expansion method,
while one can only find the solutions of Burgers-Huxley equation under some special conditions by F-expansion
method.

Keywords: Burgers-Huxley equation; (G'/G)-expansion method; F-expansion method; exact traveling wave

solution

1 Fi& iR

Burgers-Huxley (BH) J5 # & — 28 B B A AR Lt S b 4 1O e » HOB 0k
u,+ pu, —u, tqulu—1)(u—s)=0, (D

XD pag.s BHAETFHEL

BH J7 8 (D W fife JOH RS o BA S B M M E. HEr, © 4453 BH 5 #(D # & o
Kitffit . Fan'" S8 A5 5118458 BH R (DB — LR . Yefimova % @ i1 Cole-Hopf 454
733 BH F R (D MF 5 . 3T i B E L XB R 455 45 8] BH J5 B2 (1) 19358 43K o 1 A0 B =X A
MBI R G AR EE R X BH F R (D AT RIS . 3 TR OE 2 AW 45 5
BH 7 72 (1) i JURNAS [R]J% 2C 00 47 D it 5 B2 09 1 260 2 605 24 1 3 1R v 80, 75 8] BH J7 2 (D) B IR
PR i A3 AT . Kushner 2936 F BH R (D 93 J1 2% W AR R o i . BARC 248 T
BH J5 F (1) (35 43 8  fF 3 T 57 10 7 3 vl B S 4R BB AR . 35 F 0 A ST BRI (G /G- R FFIL T
F-JEaruM 458 7 BH 7 RE (DD 5945 Rl 2800 RS 50 17 5 A

KRB 2024-04-20

BEIEE:  WAIRIE 1984 —) ) R0 L 1L 500, 5 MR 7 T 5 3 1) R A MO BFS . E-mails wenzhens-
hu@hqu. edu. cn,

E&WAH: Wld ARPFESRIIHE (2021]01302)



54 PE G . 5. Burgers-Huxley J5 8 RS i 17 Ik i 471
Sy 79T BH J5 B2 (D AT AR RIS 4 w0 =u(®) =2 —ct ¥ BH FR(DEN
—cu'+ pu' — i+ quCu—1) (u—s)=0, (2)
2 FMA(G/G)-BIFEKRMHEBH FE(1)
e w(® A LARIF N KT (G /G M EZ KA
w(® = Da, (G/G's  a,#0. (3)
I—Et(g) EP tlosdy st sl j‘j?#ﬁﬁﬁﬁg#ﬁ9ﬂ G:G(S) ’{ﬁ/@
G’ +AG +puG=0, D

KO A HHE

KT IR B, AT S % 3CRC10]M R (18) ~ 20>, FIH o5 u (u—1) Cu—s) Z 81 1 57 -1 »

ARG PR A m=1, LRICAKX ) IR . A7

a, (alq—2)(G'/G)* +a, (c—p—3a1+qa, 3a,—1—))(G' /G +(a, (c— p—DA—2a, p+

qa, (3al —2a, (1+5)+s))(G'/G)+a, (c—p—2) ptqa, (ay—1) (a, —5) =0,
ARG PG /G (k=0,1,2,3) ) R E W15

ar (c=p—Dptqa,(a;,—1) (ap—s)=0,
ar (c—p—A—2a,u+qa, (3ai —2a, (1+5)+s)=0, {
a, (c—p—3x+qa, (3a,—1—5))=0, J
a, (afq—2)=0,

TR (6 F LA T

1) M g=2( — 40 A
ao:l(1i+), w=t T e=pEQT DV

2 VAT —dp
i Mg Z(A—Dzﬂ),sxlﬁ,ﬁ
1 G DA 2 st
0T o \+1_—‘_7>9 =4+ /=, = pHT AP —A4 R
¢ 2( A= “T A TP #
i) % g 2”—1)&) <1 I A
_ (s— DA 2 s+1
= +1+7), =45 e=pt A,
¢ 2( VAT “ q TPE *

—
iv)giq:gngéﬁzm<Xnﬁaﬁ

S (1 A 2
S(F =) —+ /2, =
2( =1 “T NS

v) q:%\'—f&),oo LA

ay—

_S_gzx//\z_ﬁlluo

G A 2 _s—2
3 (1+—L— — £ — $ -
ay 2 ( AZ 4#>9 ay 0 q I} C S A 4}10

FIAR ) (D ~AD) PSRk 10 a9 i E L 1.
FE1 i) Yg=20 —400,BH FEH#

n 1 A _ 1 z—
R N R
1 7
Clexp(?m€>—cvexp< ?N/A‘—Zl#{:)
1 7 1 7 °
Clexp(?m5)+czexp<—?vk—4;;5)

http: / hdxb. hqu. edu. cn/

(5

(6)

P

(8

(9

(10)

(1D

(12)



472 R ¥R (AR R B 2025 4F
fC(IZ)':F‘;521'—Cl,czpi(2.s‘—1)«//12—4/40
i) M g=2Q"—4p)/(s— 1), s>1 aff BH 7 # (D1 fif
1)/1
* s+ 1+ XAy
uE () = ( 74# /Zq gt x
clexp(?«/qé)*czexp( %«/ 4,15)
(13
clexp(1 m&)—ﬁ—czexp( % A’*4#5)
K3 .= I—Cl,cfp—O—\JF%\//\z—ﬁlluo
i M g=2Q" =4/ G— D" . s<<1 B .BH FFE (D FH iR
— G—Da_ 1 W —14
+ s+1+7> = 4 AR
= W) N TN g
C]CXp(% m&)—czcxp<—%«/ﬁ—4#§>
o (14)
clexp(% m&)chzexp(—%«//\z—Zl#&')
KA .= I—CZ,(—erHFl«/AZ—éL'uo
V) M g=2" —4p) /5" s<<0 B, BH F (DA f#
= A - 1 N —Adp
+ — S + ) e +
Wi © =5 A =g ) T N2 TN 2g S
Clexp(% mg)—fzexp<—%v/lz—4#§>
(15
C,exp(% 17—4#S)+(gexp<—% )(7—4/,¢S>
RS e=r—ctie=pt 2 1,
V) Y g=20—4) /5" ,s>0 i} .BH ﬁ*%(l)ﬁﬁ’%
ut — S 1+ —r
us (§) 2( /1—4# +A/ [A A 2q
clexp(% m&>*c7exp< VA *4,15)
(16)
1 ‘

(1) e=x—ct,c= szmo
Wl B GRO2) WWIB I 1B . SR 2 .

3
0.8
0.6
*s._
0.
2 0.2
0 - s 0
-5 0 5 -5 0
3 g
(a) MT (b) u;

[zll M}‘ *ﬂul E(JUJ('}E@

Fig. 1 Waveform diagrams of u; and u;

http: / hdxb. hqu. edu. cn/



54 B{ B . % : Burgers-Huxley J7 72 A 8 17 % fiF 473
3 FAF-RBFEKRSEBH FE(1)
e w(e ] LU BT F(Ory 2 uix , B
w® = > aF &,  a,#0, (17
i=0
KADH rapar s sa, HFFERE L B FQEWE —B & o
(F/)ZZQU+(12FZ+(14F4Q (18)
it(18)':'j :qo 429, ﬂ‘jﬁﬁo
WX (18 . F'F'=q¢FF +2q,F'F, #—%4
F'=¢,F+2¢,F, (19)

XFHBRAOMMFE S 1R 1, A 5 wCu—1) Cu—s) Z 8 1 55 0 F 17, 7] 15 5

AD R E KRR m=1, ERADMRAKX @ IFFFHAXAD 7T
a (p—F (O +a, (alq—29 ) F (&) +qal (3a,—1—s)F* (&) +
(qa, (3a}—2a,(1+s)+s)—a;q.)F(&) +qa,(a,—1)(a,—s)=0,
LXK QOF F(&),F (&) (k=0,1,2, )M RECHZE . o[ 15
a (p—c)=0,
a, (aiq—2q,) =0, l
qal (3a,—1—s)=0,
qa, (3al —2a,(1+s)+s)—a,q, —O,{
qa,Cay—1) (ap —s)=0,
HRHCOEWT .

) 1 12 1

| ) a():?yal:i %,S:?,C:])’q:*‘lqeo
- 2

i) a=1.a==% A%ws:2w:7hq:‘ﬂh

24
q

i) ay=0,a, == ws=—1,c=p,q=—qs.

MM AD T RA DR Fid g DU SCERLIT a2 1. 0743 BH 758 (D 8 .

FE2 1) B 0 =1aq = 2o =1, % 5= .c=p.q=8 It .BH JrF (D41 fif

ui (=5 (1% tanh OB w (9= (1Ecoth o).
ui (&)=1"4tanh € 8§ ud (&) =1=+coth &,
Ms=—1,c=p,q=2 B, BH FE()HI#E
ui; (&) =t tanh € 5f ui (&) =t coth &,
i) MBE ¢w=0,¢.=1,q,=—1, 4 s:%,c‘:p,q:—ﬁl Bf, BH B #2 (1) A it

1

ui; (&) :?i\/%sech g,

M s=2,c=p,q=—1 M ,BH (DA R

ut (&) =142 sech ¢,
Mos=—1,c=p.q=—10.BH T HMH

ui (&) = +4/2sech &,

it ) {E%/"\HE (10209(12:*19(11:1o ‘:JZI 5:%’6':,0’(1:4 Hd-aBH ﬁ*%(l)ﬁ%

http: / hdxb. hqu. edu. cn/

(20)

2D

(22)

(23)

24

(25)

(26)

27)



474 A R e Al CA R B 2R O 2025 4F

ul,(é)*fﬁfcsc e uls (&)= «Esecf,C (28)
M s=2.c=p,q=18,BH Jy (DA fig
ui; (&) =142csc £ 8 uis (&) =142 sec &, (29)
M s=—1,c=p,q=10,BH FE)AHMH
uiy (&) =+/2csc €8 ui, (&) =+/2sec &, (30)

SE B 2 RO T 1L AL 2 B o HC A AR 6 L F) BT PR 2 AR

2
Bl
. 0 L
-5 0 5
§
-5
(b) u
4 4r
& 5
2F 2
1 L 1 1
-5 0 5 =5 0 5
L & 5
-2 2}
il
4}
(d) wis (e) uys

B2 B2 o i ORI

Fig. 2 Waveform diagrams of partical solutions in theorem 2

4 LEFRIE

BT (GG - I F-JRIF 43 B 2] T BH J5 B (D 25 FOB 3RS B 1T B % . 3 2o 3 A 11
ST R (G /G- TR IF i HARERS 5 BH 5B (D FE A° —4p>>0 B A 15 JC 145 3 HAE 27 — 4,20 B
fifg s AT F-Je 0T 2 HREAS 2 BH J5 2 (D 7R R SeRe R 0 00 T A . 302 il BH 5 8 (DA B B 454 3
SR . AR AT AR S B T R B T e A R k2B B A S A S BH D5 B R 1Y

Sk

[1] FAN Engui. Travelling wave solutions of nonlinear evolution equations by using symbolic computation[ J]. Applied
Mathematics: A Journal of Chinese Universities,2001,16(2) :149-155. DOI:10. 1007/s11766-001-0021-3.

[2] YEFIMOVA O,KUDRYASHOV N. Exact solutions of the Burgers-Huxley equation[]]. Journal of Applied Mathe-
matics and Mechanics,2004,68(3) :413-420. DOI:10. 1016/S0021-8928(04)00055-3.

(3] XUBTIR. 5. 2 £ R, Burgers-Huxley J7 287 B0 A L) 1. [0 AR B TR 222 i CHU AR B 24 hD) 5 2006, 20(5) : 44-46,
50. DOI:10. 3969/j. issn. 1672-6197. 2006. 05. 012.

[4] WEN Zhenshu. The generalized bifurcation method for deriving exact solutions of nonlinear space-time fractional

partial differential equations[ J]. Applied Mathematics and Computation, 2020, 366124735, DOI; 10. 1016/j. amc.

http: / hdxb. hqu. edu. cn/



5 439 B R . 4% . Burgers-Huxley J5 T2 #8517 0 fig 475

(5]

[6]

[7]

[8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

2019. 124735.
WEN Zhenshu, LI Huijun.FU Yanggeng. Abundant explicit periodic wave solutions and their limit forms to space-
time fractional Drinfel’ d-Sokolov-Wilson equation[ J]. Mathematical Methods in the Applied Sciences,2021,44(8) .
6406-6421. DOI:10. 1002/mma. 7192.
E e, M) %, 2] X Burgers-Huxley J7 78 8% 5 H oy 3L ] B i 56 B 5 AR, 2010, 40 (1) : 240-245.
FET WG SRV 5 Burgers-Huxley J7 R RS 0 i [T 1. X8 SCHL2 B2 i CH AR B R0 . 2014, 34(4) : 1-
4.DOI:10. 13467 /5. cnki. jbuns. 2014. 04. 008.
Fpsng = k. Burgers-Huxley J7 72 (9 B 2888 1 i L1 1. KK R I 24 B 2% 2019,39(5) : 115-117. DOI: 10. 3969/j.
issn. 1671-1351. 2019. 05. 022.
KUSHNER A,MATVIICHUK R. Exact solutions of the Burgers-Huxley equation via dynamics[J]. Journal of Ge-
ometry and Physics,2020,151:103615. DOI:10. 1016/j. geomphys. 2020. 103615.
i fi 5. 2248119 Drinfel’ d-Sokolov-Wilson J5 5 i 45 28 Pk W fif [1]. A2 1 K 24 2 4 CHUAABE2£ R - 2016, 37 (4) : 519-
522.DOI:10. 11830/ISSN. 1000-5013. 201604026.
TR AR B M 9 8 TE AR R B KAV J5 R i AR L ke i 1. A4 KA 22 4R CH AR B 24 1D , 2014, 35 (5) : 597-600. DOL:
10. 11830/ISSN. 1000-5013. 2014. 05. 0597.
HUANG Zihong, WEN Zhenshu. Persistence of kink and periodic waves to singularly perturbed two-component
Drinfel’ d-Sokolov-Wilson system [J]. Journal of Nonlinear Mathematical Physics,2023,30(3):980-995. DOI: 10.
1007/s44198-023-00111-x.
ZHAO Keqin, WEN Zhenshu. Existence of single-peak solitary waves and double-peaks solitary wave of Gardner e-
quation with Kuramoto-Sivashinsky perturbation[J]. Qualitative Theory of Dynamical Systems,2023,22(3):112.
DOI:10. 1007/s12346-023-00811-1.
HUANG Zihong, WEN Zhenshu. Single-and double-peak solitary waves of two-component Drinfel’ d-Sokolov-Wil-
son system with Kuramoto-Sivashinsky perturbation [J]. International Journal of Bifurcation and Chaos,2023,33
(1):2350007. DOI:10. 1142/50218127423500074.
HUANG Zihong, WEN Zhenshu. Persistence of solitary waves and periodic waves of a singularly perturbed gener-
alized Drinfel’ d-Sokolov system[ ]]. International Journal of Bifurcation and Chaos,2023,33(14):2350171. DOI.
10.1142/S0218127423501717.
DERZIE E, MUNYAKAZI J,DINKA T. A NSFD method for the singularly perturbed Burgers-Huxley equation
[J]. Frontiers in Applied Mathematics and Statistics,2023,9:1068890. DOI:10. 3389/fams. 2023. 1068890.

(REHRE: &H RLER: WO

=

http: / hdxb. hqu. edu. cn/



Faek HaW LR E W CH KRB B Vol. 46 No. 4
2025 4F 7 H Journal of Huagiao University (Natural Science) Jul. 2025

DOI:10. 11830/ISSN. 1000-5013. 202407035

F¥FE L a-Bloch == [E X E

MR, A K

R Bre B2t be, M 362021

W=, FA Schwarz-Pick 5| B, 153 |- 1 I Bloch 25 [l (¥R . 4 0<<a<<2 &M TF FFF L a—
Bloch %% 8] ) — A~ %0 ) , 3 i Bh B AR 52 B 30 E 4500 10 IR dfdE . 25 SR R0 SOh SR O A A R X R A
Jof 45 S AE ) B I X

X8R ¥ Bloch 25 18] ;5 o-Bloch BR%1; o Bloch 23 [d]

FESES: 0174.56 XERFRERR: A XEHS: 1000-5013(2025)04-0476-05

Characterization of g-Bloch Space on Upper Half-Plane
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Abstract: The property of the Bloch space on the upper half-plane is obtained by using Schwarz-Pick lemma.
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