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Abstract

With the advancement of the national digital education strategy, the junior high school information
technology curriculum plays a pivotal role in cultivating students’  digital literacy and innovative thinking.
However, structural challenges such as difficulty in understanding abstract concepts and insufficient
personalized support severely hinder the effective realization of the curriculum’ s educational goals. As
important carriers of educational digital transformation, digital teachers, with their intelligent and
personalized advantages, offer a new pathway to overcome these teaching difficulties. Focusing on the
junior high school information technology curriculum, this study aims to systematically construct a
scientifically feasible design framework and application model for digital teachers, and to explore their
specific impacts on students ©  learning outcomes, learning experience, and cognitive load through
empirical research, thereby providing both theoretical and practical support for integrating digital teachers
into the curriculum.

To address prominent problems such as the lack of subject appropriateness in existing digital teacher
designs, the high technical development threshold, and unverified teaching application effects, this study
first employed a literature research method to systematically review the evolution of digital humans and
digital teachers as well as their current application status in education, deeply analyzing key influencing
factors for digital teacher design to lay a solid theoretical foundation. Subsequently, through a combination
of questionnaire surveys and in-depth interviews, the study accurately captured junior high school students’
cognitive development characteristics and learning needs, along with front-line teachers’  pain points and
demands in teaching practice, establishing learner-centered design principles for digital teachers. On this
basis, the study conducted a comparative analysis and adaptive adaptation of the TPACK framework and
the 3C model. Integrating the subject characteristics and teaching requirements of the junior high school
information technology curriculum, a digital teacher design framework covering three core stages —
instructional analysis, design, and development—was constructed. The framework clarifies the functional
positioning and collaboration mechanisms of three types of digital teachers: micro-lecture introduction type,
dialogue interaction type, and intelligent Q&A type, ensuring that the design aligns with actual curriculum
teaching. Meanwhile, using low-cost tools such as Jimeng AI, Doubao, and Kouzi, the technical
development of the three types of digital teachers was completed, forming a replicable and scalable
technical implementation path that effectively lowers the development threshold of educational agents and
provides a convenient and feasible practical reference for front-line teachers to develop digital teachers
independently. Finally, to verify the teaching application effects of digital teachers, this study adopted a
quasi-experimental research method, conducting teaching practice in a real junior high school information
technology classroom. The participants were divided into an experimental class and a control class , and the

effects of the two teaching modes were compared and analyzed from three core dimensions: learning
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outcomes, learning experience, and cognitive load.

The results show that digital teacher-assisted teaching yields significant effectiveness in the following
three aspects. In terms of learning outcomes, students in the experimental class performed significantly
better than those in the control class in immediate understanding depth, knowledge transfer ability, and
delayed retention effects, with the advantage further expanding in the delayed test. In terms of learning
experience, students in the experimental class scored significantly higher than the control class in cognitive
interest, behavioral engagement, and emotional satisfaction, and the improvement remained stable across
two class sessions, ruling out the novelty effect. In terms of cognitive load, the experimental class showed
significantly lower intrinsic and extraneous load than the control class, while germane load significantly
surpassed that of the control class in the second session. The cognitive load structure shifted froma “low
stress — low investment” pattern in the adaptation period to a “low stress — high investment” pattern in
the mature period, verifying the cumulative effect of digital teacher efficacy. Based on the problems
identified during the research, this study proposes rational improvement suggestions from three aspects:
optimizing human - Al collaborative teaching mechanisms, strengthening front-line teachers’  digital
teacher development capabilities, and improving the classroom application process of digital teachers,
thereby providing an operational design paradigm and practical pathway for efficiently integrating digital

teachers into the junior high school information technology curriculum.

Key words: digital teacher ; junior high school information technology ; instructional design

I



BHx

BB LB ZEUD oottt 1
L L T T B B0 ettt 1
LT SBribR 5 A0 S BRI IRFE AR s 1
1.1.2 P ANBEARSCIEZE BB v, 2
1.1.3 PR S R B M 2T AN o 3

L2 A DM T T TE oot 5
L2 T BTN e 5
122 ZHB BBEIE <o 5
123 BT B oo 7

L3 FTE H AT ST S oo, 7
LR IR 7B I 3 OO 7
T3 2 BIFTEIE S e 8

LA TTETEPIZR oot 8
1.4.1 ¥IHE BRH IR B 7 2UM I 75 SR AT ST ARTE oo 9
1.4.2 HJHHAE BARHRAE P B BOT AR IT R G I s 9
1.4.3 W15 BRH R T B 7 ZUM I BUE N 5B KL oo 9

LS BIFFE BB G 7725 oot 10
151 TIFTEEEER oo 10
LS. 2 BT TE TV e 11
B2 8 SCHRZEIR G TERE oo 13
2.1 SCHIRZEIE oo 13
211 B P NI R B S FTIIAR oo 13
212 B BUM B R BT S BB R o, 17
213 B HUNAEE BRHERFE R BB T oo 29
2.1.4 STHREFIRIB T oo 30
2.2 FRURFER oo 32
2.2.1 FHBREIITFEIR oot 32
2.2.2 Mayer ZBARZ ST INFIFIS oo 33
2.2.3 BRI SZESTFEI oo 33
224 FEZEIRIZIEEIERID oo 34
%3 F YIPE BRHRAE P B O T SR AT S BRI 37

v



3.1 1 A TS B ARHECREE BT BT R R oo 37

3L B S T R T oo 37
312 BT ZZE T IR IIHT oo 51
3.2 B BOM AT I GRIEIEI oo, 59
321 AEXNEA A R IR HIZE oo 59
322 BUFHBURAIFIEEIEI oo, 62
3.3 B BT AT RN B I BETE DL oo, 64
3.3.1 FIRFABETEIN: EEEMEEEE o 65
332 MIEEENEF BN : RITTI T e, 65
333 FHREE BT EIN: DEHFHE o, 65
%47 YIRS BRHRRE R EF BT G TR o 67
4.1 B BT HEZE IR oo 67
411 BEHHEZE IR AE TR oo 67
4.1.2 HIHE BRHE IR R T UM HELE e 69
4.2 BT ZEBITETT oo 75
421 (EARAEMAHRED) ZUARBIBTE e 75
422 AN NBRBTMIRY BEFRBIBETE oo 80
4.3 ZREBFEITTEARTE R E TZIM oo 86
431 FFRIFEE LB e 86
432 TR EANFIVBLTZTEITF I oo, 86
4.3.3 SF UG EBNRYEUF BT TE IR oo 91
4.3.4 B REBFERE T BTIITEIL oo 102

S B N T G R T oo 108
51 HESZIHIT FETETE oot 108
ST I H T e 108
512 TIGERFBRG I coooeeeeeeeeeeeeeeeeeeeeeeeeeeenae 108
503 MEVES T H et 113
5.2 BUFSHEILTR ..o 116
521 SEIG T AR BT oo, 116
522 IR EARBZIT TR oo 119
53 8 T 3T <o 126
531 B B Il oo 126
5.3.2 B I ARI I HIT oo 132
5.3.3 AAHIBUIRT ZIAIT oot 138



B 6T AL BUEIEE coe 145

6.1 TIFTTAETL <ot 145
6.1.1 #3115 B RHE IRFE B ZOT T ESE 145

6.1.2 FFR TARBAE FZUNHEARSEITFE oo 146

6.1.3 FiF | E T BUMAE R A ZUF R SE PR R e, 147

6.2 BT BT FHEEIL oo 147
6.2.1 WITEEW: FESLEIR R —BOR DI RE RS HER LA oo 147

6.2.2 FFREW: W T REIREE—aE 1 — A S ORE R BUN R 14 %148

6.2.3 MW EEEN—PrE— AN =Fr BRI ... 149

6.3 HEFEAE G IEEE oo 150
6.3.1 TIFTEARIE oo 150

6.3.2 BFTTREEE oo 150
BEZETTRIR oottt 152
B A G BRHE R AR BUN T RIS o 158
bt B 15 BRHEIRIE R B BN TR VIR CFAERERD e, 162
btz C W13 BRHGRIE R B BUN TR VIR CRAEE R e, 163
btk D ¥ BRI IRIE P B EBON TR KUK (BUTIRFEERD e, 165
btk B )RS BRI RAE BT -5 0 I BT AT IR T3 e, 166
Bt FCEEREHAHTRD BB EIIIES oo 168
s G (N AFRBTIMIED BRI EMI RIS v 170
By H (BHBAEREHRD) FERMNRFIFE e 172
By T AN NS EBMIREY LIRS oo 174
B T 45 BB RFE 2 SIARIG T oo 176
Bt K A4S BRI AR ST AU T35 oo 177
FEFETET T oottt 178
BB oottt ettt n e 179

VI



F1E %P BAFREMETEMILX
F1E #P

1.1 RS =

LL1 FrifARs | GV P EERHRIEE SR

BB BTG EDN R, AR ANA T RIEREERZIN AL E . B8 B
MO BTN E S, ORI R A R AR B S R FRR, 2021 EA R
2%z G B R A 2R (RITERB TR SRRATHNE) , Ry R
FAENBUTAE 2 A RIZ DT R s s AL, RIS BB 1 A B AU 2 R B P A
BHDTE" . T3S — s R s I Bt Bk Al BOR BRE IR A (BUMECT R 97) A7bbs
#E, MWECF AR B AR SR R Dy BT B b R R RIEARAT®, HZ0
PETIEE AT B R, e HEREE E BT s VR, OB R IT R SEE"
BUR IR R R 18 AR R PRI 2 T SE PR 5, 2022 48 (LS5 E 5 SRR bR ifE
(2022 SERED ) WA R B A, XSO R AR R L, B3 URHE B R R
FEMER G SEEAE SR AL HIOK, AN ZORIER R, MR IRAEAR R 2 el 44
PRI . IS B BORBNE BRSIFAR, TR0 AR HIARA LR, R A2
TERREIZR, 2R ORI ARG T . SRR, Bkt © 8dE . 5%,
Pk, EEAE., FE%ae. NIEBNFREZETL". RIEN BRI
AT AR, AR S B I B H S, 5l SAEE MRS,
7, QIR AR, BP R R T R IR S A R

KR RA L, W R AR T A E ARGk X TR RN 5
RORERIEN FE RN, B S AR LSRRI [, 87 B35
RISEBME, ARATTIE /5 2 BB INIE sh it Re A RE T R RE T, AL TR A V-4

U e e A RS B RS 3T R E I B R AT E[EB/OL]. (2021-11-05)[2026-02-10]. https:/www.
cac.gov.cn/2021-11/05/c_1637708867754305.htm.

Y e \ RIEAIE 2R #8. ST E FE TY/T 0646-2022[S]. Jbst: w EAF#E MR, 2022,

© ehte N RAEANE A . T 51k —— IR O Bk AR BSR4 [EB/OL). (2024-01-30)[202
6-02-10]. http://www.moe.gov.cn/jyb_xwib/s5147/202401/t20240130_1099366.html.

Yot N RSB S . 5 (S BRI AR (2022 40 [S]. bt AbSOMTE A AL, 2022: 1-5,
Y feHE, g 5 BRHLRRE R OB AR A EAD]. W - A - H0%, 2023, 43(8):25-31.

© AR, REER, (EACEE. WAL EFRIE BHABIEND]. R - A6 - #0k, 2021, 41(11): 124-131.

1


https://www.cac.gov.cn/2021-11/05/c_1637708867754305.htm
https://www.cac.gov.cn/2021-11/05/c_1637708867754305.htm

E1E &R AAFAFHEFMILL
BRI T, UM B S WRIEHA R, XA RS HE S WO 1N R Y. (H
ANE BRI, TRX L E R BERTRR, IREE bR 2 i BRI 5 5] TP IR S
SR AU AE W Y], B AR . BUFH LN G ST RE /AR S5 08 853
1™ ARG R R AL H AR I R0E

1.1.2 FABRARZIEZ TN HEFH

TR, JTTFHBRRAS 1 RERE, e AR T 2 5 A = iR RS20 1
A3, X RS A5 2 [ 5= I BORSos BRI 51 5 5 0rfs. DU FR )
R, Rrait&. R¥dE. NTERE. BUISLIPAEasr P i E gk, $El &
ISR FHAR M GIH SR, EE N AR R RXIE T M=k T 0] . 16 b
fii b, CEZKQUHTIREN A RIS AN EL) 2D REERORI R 5 R e, I EEnama
NEfE. BRI H S MBS RORTE T, HESX SRBORBOR 7 28 5 At 2 %5 AR L 2
B NHEHEARRL . F5 S H0E U R A, TR (E F AR L
REPRER R URRD) , K EREF A, WREEE . AN LSRN AR B GURE AR
e, NBCT NERBER AR JRAE T . ME SR AT G —RALE
REAC A T BE LB xh ik, BRI /N B BO BN R REAH DGR . 1B D
MFEHE, NEF NEAREEERBE R BRSO IR T B ECRKHE .

By NBOR N Fpaksitt, 2D WBEEE R E KIS, FIE NMURRT
ShRB AL, EEN TR AR S AR, B T EALEDE . N DR REROR A
Wik, By NgDR& TAT NS ERE ST, TS T kR e ) [ 24500 3, 1 =4

VAT AR, R, L SRR AR T P BRI SN ). WRE - 20b - H0%, 2023, 43(8):
32-38.

Y BUNG, T, BRI AT RRACR A R AR PR S R AR (D). AR R R LR
2022, 40(9): 26-35.

B AP TREE AR R IRI[EB/OL]. (2022-01-12)[2026-02-10]. https://www.gov.cn/zhengce/zhengeeku/202
2-01/12/content_5667817.htm.

Y E S B E RIS RIS 4 FE[EB/OL]. (2016-05-19)[2026-02-10]. https://www.gov.cn/zhengee/2016-05/19/co
ntent 5074812.htm.

Y ER N REEEAR, ERREEER RS, B, S ERH RN T AR A R 2B FE[EB/OL]. (2
020-08-05)[2026-02-10]. https://www.gov.cn/zhengce/zhengceku/2020-08/05/content 5533489.htm.

C E%B. BN R EIRI[EB/OL]. (2017-07-20)[2026-02-10]. https://www.gov.cn/zhengce/content/2017-07/

20/content_5211996.htm.


https://www.gov.cn/zhengce/zhengceku/2020-08/05/content_5533489.htm

E1E &R BAFRFHREFMIL

PLRTE 5 A N IR B K 28 = R8ey N, 2 R4 B R SCER . AR HER 5 ML S e 77,
eSS 7 R AE B A5 T RS FLAEMK ™, N H R IR IR BG4 5
AR TR, AR5 B R BE R RSO TR HIbFR, o NEHE SU8
FLHRBEWAEAWEFIRN . EREE (BEX) fTERNRFRL “=&” , L1
N PR E L, AR UTR A AR, W R <N
VI TR T, R I 2RSS Oy s A SRR B SRR L SRy, ARdR R 1R
FHEZR ISR T MR B BN AR B @ AL % 4E R 50, ABUE 4 A SR
SEYIFRT, BRI B AP S 2 1R 2 A R R e 227 o K iz s 7 2 481 #4136
Bor NAETRAMNTBS AR« B 71522 2 . PRSI R X 5507 T, A B R
RLFHHE, BRI E B REOREE SIS #0m . B =2 T A B, 3R 4 7 BT
VR SEER S . A, AHSRSEUEWE FUAESE 1 N BEAIME, (555 NI TS K
B, HeF ORI 5 R X 1 A B BE AR RES A AR SR LS L ML SR 5 S SCFF
BEG M SIB R PSR REAR I B SRS, AESRTT S AR G R B GUR v LA R RE /7 7 T
HARERHY . XL BR R H 20 S TR U, B NETRAMT BRI, B
A k= 36 St X B NI S S B SR v | PR S = s R IV E T [ R = R R s S
BORFEGI B HOm BRI, 1RO 7 BRI SL S5 .

1.1.3 RiIZSLht FIEFEMRE EHIR NN

1 A SRR (1RSI it T Wi 22 BB S 2, S 81 29 DA ZANDO™ B E PR br 5
N EFrfE, B0 SRR SRR E UM B AC B RS R R O R, T
FNLE LT UM G AR, B IRAE G H A AR BT A, IXRHOmx L. AL
RREAEHTIE A A R RGUIRAR, MDA SRR BT R IR T SRR, AR B

R E AT R R, BT AR IR U BIR]. b5t R E S BB EFIR, 2022: 1018,

Y BB, I R R (R AL G L), R BT, 2022, 28(1): 13-22.

© AN 2022 B R HIHFNE S —RI4IHI[EB/OL]. (2022-02-15)[2026-02-10]. https://www.huaweicloud.c
om

YO B AL B A N2 A A8 T R G[EB/OL]. (2023-06-15)[2026-02-10]. https://www.kezhi.ai.

U A, R, 2. BULEE LTSS S BT, s EBNLHAR B, 2023(12): 78-83.

O, RO, CHEE, SR R R A (R R I R B STERT R[], B EE A, 2024,
45(12): 98-105.

© AR, WEBEAL, % SEE S BRI SE R TR . RS I —— R T A A ).
ARG R 2254 (BB R AR), 2025, 43(1): 1-15.



E1E &R BAFRFHREFMIL

W3 A7 AEHT AR (I A, BOMAE AT BRURIN P XE DU [F) 22 A 1 52 ST 22 5, R4S
WAME ST 5] RARPCF AL EM, AR TR Btz s, B
RE 7 1 e AR (R R AN 5 A0, 0 20 TR PR A ) R AR AN 08 4 i, A ol ) o 45
TR BYELCEN, BRORFENZ O H°. XS RBAE R4, 3
IR —M% LT G A RIINE B S EEARE T, ML 25 SR SORRE H 2 8 K
AEAL SEENE SRR IR 75K

By BOME N N LR R S BOE R RS 1071, JviR i BRI SRt 128 Bl
ft. HAEWEARILARIME, Bht S mEIEH AT, ARNEMINGIET); ERERT
U MRS AL TR 2, TRANMIMEAL B SCRF RIS, RIS E L i A
6, AEITEN R BIR A MBI, (HERE T A BAR AT B 5 IS b (¥ S F AT AT 1 2
(8], SA7AE ELR YA, Ay 0 B3 S AT i 7 22 FRLAS

BUA W UL [ IR RAR SERE PRI, 57 AE IR AN 2 o BT FUHESERT , STk
FEL DL, PRI 2 8T T RS EE SR E O, B MOOC ) AT B
UL RERSEYIR FAET, I R BRI SR AR B BT AR IE A TR
XBFHr B, HNR a5 REAEAERE 2R, EHAES T AT R B8R AED %
EECA A BCS ARH BARRFIE . TR BRI, AT AT AN R SEBUEAE MO T ML BOR
FIBR, AU R A, w B pAs & &, @AM A REAL T a2 A B, MELLE &
TR A& B B #EE T Ry 200 . ARCRIGIEE T, B 80720 i N 245 A
REINHIRT, R R RN A e . JF R GBS0 A A st 7T, H
RV BEONBE = .

FEBETE ST, URRE SN 1 I S8 PR 538 DI 0y BOm I N (B BF 7E B R e S
BEE R R B R R R B MRS, BORBETT e Tt — 2o B0 B 32 IR AR A
TR BRAE, R Z A F SR A FP IS IE AR RE I SR . 3 T IX = E W U 95 11
A FREIT VIR R, 2l ORI S N 5 . HESh B B0 5] 5 BERHGR
FEMIRIE R G, RIESLERS %

Y obhsl RREOEZEIM] JER: ARCEHE AR, 2018: 245-260.

Yo, REEG, WG, S5 AT AERHREE QUERI 0 SERD). EZRRE, 2023(5): 1-10.

ORI, WA, BN, S N TSI AL R A R . B S HRRT). DUGE R A, 2002, 34(4): 3-11.
YO, FR, BRI, S5 BT ONE S RN E AR A G S PR RALIERT, 2024, 45(3): 52-59.

O Ak, R, 2% WEE TR EOT I BT SR A, B E B AR R, 2024(5): 45-51.

4



E1E &R BAFRFHREFMIL

1.2 #ZIDBE 2R E

1.2.1 #=FA

By NS R SR AEREE BoREED 5N I i, AR T L FE AR 2 YRR
A E AL, KHw OVRFEE ISR . flETH RN 3 5 e e+
ARELER S AN ELZHRANE G RKEFWMESRIER R, A%
TN RALHCTAIM ATB R NSRS e AT RIA B Eh i R A s ATk
T (2023 EEREME T ANIRE) P BEHEARES, mIFHAAET IR &G
ERAFEAEE . BGER. SiERiTe 515 & BRI E .. AN, 174
Lo BRI EIIE R

LA EARN F BTN RAL b, ANy, e N MEETH LR
PR TR I ANE & 5 EE 2 P EOR, R AR S 5 b by s ok B R DL s 4
ORI £ DA REIB N E DI RE, B M A & Ao E]. H,
NACHL G 5 I e A . B0 AN T vE 2, SEIL T 2R SRR AT 9
B it s B RERal M N AEThRENIE I N TR RE Rk s %, b BT N R& T
WEIL BEFI S5 NS HIRE . BEE AIGC BORIIAMTR R, B NAEAMTIS, &
WA BE A s (5 B, AN LT 2SR, WK IIA, FeA N ReTs B
TR, RO IERR IS SN R DL 2 18] (1 B B

122 HEHERER

AN LHEE S A ERERE 7Y, EARFNA RIS AT T 24
PR BUNG MHEEN R AL, AR EREETRERESIMARS, HLEHE
P AIEWI R B Sh#EAPL A, RAENS B EPUTEIRE . B E M. EatE. RNifE
MR RGERET . 75 BREEANIIRERIEL R, VOVEE a2 —
FRRENS 58 B H AR S5 (1 HIE N R G, HORBERMIEAE T B 10k, BEBAE S NRE T
WSO, RGBS EEIASARACAT HARAEST, B 6] H SAT RN ERIRES, i St

Y oghh. BB ARBIIBUR. 55 AR B 5 51, 2022(7): 56-64.

Y KB, REE, J7ih ORI TR T AR R, 2023(3): 55-57.

VAR T, R BT ARSI R AI. B ST, 2022(16): 13,

Y g, BB CFHAEE RRMESRVE I E RS, U B A, 2022(1): 47-56.

Y BUNG, FREE. A, EAE R STHAR RGN Z B RAD]. BRI ARG R R), 2025

5


https://xbsp.snnu.edu.cn/__local/5/15/B8/CB4F7A28901AC9E192B7DCCB54E_F4F19C39_1A0F12.pdf
https://www.careerexplorer.com/careers/virtual-teacher/
https://ercdee.ecnu.edu.cn/b8/9d/c16571a702621/page.htm

E1E &R BAFRFHREFMIL

PATHIRLENEY . XIBY . A7 ) U BRI B A R, 4 e SO ARy KN . g g
MR B E A OARAE . H B R E RS RG] R R R R
RERGL". EAMIFFURE—D5mifl, HE R A IR SN A8 H B 2 104 T
gy, Hzl H IR P A R BN SE AT 55, (RN e B E3AT 55 5 > B B By 7
A H bRk s RS

it A RN R e K S AR R DU R i, 0 R RE A L AP 2R B R g A R 2R
FUARRERIRIE . KRR AN I H0R B RE A L2 B B B R B LS 3 5 3h
TR L ERIEH, TR T BRI —R AT RS, AT, Ehe%
W 2RI E A TR, BT IARHEEAE SR B A ARSIV N T AT 0 TAESS, B
JR I AT 55 R R BR AT, IF 25 SR S5 AT ROR I SR BHRF AL R SR A 31X — BRI
HE R AeR N RAE R RIR RIS TR, 1850 K O HL % e R AR R A P4 S 5t RE 7T 1Y
BREHUA IR

FELRE AN R 2R B, ARSI, BB REA R — R LN TR RER A N O,
VA IARIRLEA . B 552 2R R R EORSR, fehs B TRGNEE S,
0 SR AT R AT 55 LUA U E B AR° e AL ORHE PTG A YA T . — AT
F BN, BREWARD N LT MRS RE R BE S, FHRYE T B A 5t
BEAT BRI, R RUENE, RESARYE A [F) 2 AL AN AR < FHTRAKCT A S
AR ANENTT, RGN SR B R MR R, FET R
SRR 5 RE A7, A R I o A R AR PRI S 2 R RIR U, 0 22 3 AR 55 BUE
FEESHR LERAEI GRS OB, NEERERANRIRYT R T AR5
WseHlEg 2" R AN BN, RevsiEd BRTE S 8. BB RETT NS A M
IS, H&E5 A A ME e R R B EES.

C o, B A E RO B AIAINL NS B ERHH, 2024(10): 5-7..

© I, WlE. HOE R R TS O R RN, o E R R, 2025-03-12(04).

® Holmes W, Bialik M, Fadel C. Artificial intelligence in education: promises and implications for teaching and learning[M].
Boston: Center for Curriculum Redesign, 2019.

COIRBERINT: SR TR Agentic AT 7E % BEUF 165 R WE[EB/OL]. CSDN 175, (2025-10-10)[2026-03-1
1]. https://blog.csdn.net/2501 91483426/article/details/151766286.

O IR, xIE, EA, % HEEE KRR, RHBUR S RREET]. B

© g, REUE, PRMSES. SET ORI I B AR E S ST ALLT]. AL, 2024(7): 78-85.

© e, WA W ARHERRIIET S O EAMAIN]. SN BRAREE, 2024(10): 5-7.

6


https://share.app3.jyb.cn/news_d/31fbb708064fe92bdf2e87575cd22ee3?from=OUM0aVB5TndhMUxEcWc0MnNNOFFqZkpEeG9BSU9SRTZBMklNMlNEUFJ5cFAvYUpmYkFxNVYwQjhtQW5GQ01hYVJwTTFlS2dOTXc2QjJwckhkc1lackE9PQ==
https://paper.jyb.cn/zgjyb/html/2025-03/12/content_144743_18335434.htm
https://www.infona.pl/resource/bwmeta1.element.ieee-art-000004621650
https://www.36kr.com/p/3520018511797127
https://paper.jyb.cn/zgjyb/html/2025-03/12/content_144743_18335434.htm
https://blog.csdn.net/2501_91483426/article/details/151766286
https://share.app3.jyb.cn/news_d/31fbb708064fe92bdf2e87575cd22ee3?from=OUM0aVB5TndhMUxEcWc0MnNNOFFqZkpEeG9BSU9SRTZBMklNMlNEUFJ5cFAvYUpmYkFxNVYwQjhtQW5GQ01hYVJwTTFlS2dOTXc2QjJwckhkc1lackE9PQ==
https://36kr.com/p/3509039384534146
https://www.36kr.com/p/3520018511797127
http://aver.nwnu.edu.cn/Index/eArtShow.do?id=16311018&cid=891328
https://studio.wuhaneduyun.cn/index.php?r=studio/post/view&sid=300073&id=41348
https://paper.jyb.cn/zgjyb/html/2025-03/12/content_144743_18335434.htm
https://paper.jyb.cn/zgjyb/html/2025-03/12/content_144743_18335434.htm
https://ercdee.ecnu.edu.cn/b8/9d/c16571a702621/page.htm
https://share.app3.jyb.cn/news_d/31fbb708064fe92bdf2e87575cd22ee3?from=OUM0aVB5TndhMUxEcWc0MnNNOFFqZkpEeG9BSU9SRTZBMklNMlNEUFJ5cFAvYUpmYkFxNVYwQjhtQW5GQ01hYVJwTTFlS2dOTXc2QjJwckhkc1lackE9PQ==
https://blog.csdn.net/2501_91483426/article/details/151766286

