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Figure 1  Approach to addressing the fragmentation of explicit knowledge and its cross — disciplinary compartmentalization
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Figure 2 Approach to addressing the breakdown in tacit knowledge transmission
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Figure 3 Approach to addressing knowledge rigidity
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Figure 4  Approach to addressing the self — reinforcing mechanisms of technological systems
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Figure 5 Approach to addressing collaborative lock — in within industrial chains

i B 20 A 29 AL SR AUER B 2 T B 2 %
VS WP ST RO AORE T fRE TRLA R9 RE
e o A S R AR L 0T O 4 g R B K — )
D) 2K PR R SR SRR B A O sl 25 BB ETROA R R X
o ) JRE 90 3 AR S 1 R e % T 4B R R A A AR

a N 4
! S AL ! }
: ————m B o ]
! %! ! |
I At vl |
| 7'( JT | I ]
: € J) o mmmmme I
N o
i . i :
! EZo ‘ !
BECERE IR CrC U Te i
l ' ™

EVRBAPUE T TE B9 [R] I, S 55 2% JAl T B il B 4
s E] B TR S R G P ) AR BN 2
IR, 51 S A B TR Bk Hh A T E Y R R A AR
A&, M EE 5 HOR B H B OC & NI 249 51 Bl 3
T BCAY RPEPE R ALAS o W AR WL 6 FTR

. i, ‘
O G
_________________ : i i
H | |
S L g Lo
i ! i A
; o CER
S SR 4 IE | | i3l Wk
b ! | I BHE
N i i
I3 B I i
| i |
| A ;

6 ik il B 4 24 R B0 B AR

Figure 6 Approach to addressing constraints of institutional configurations
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Figure 7 Approach to addressing spatial dependency in technology
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Figure 8 Approach to addressing constraints of architectural control
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Figure 10 Approach to addressing constraints of knowledge power
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Research on barrier — breaking pathways for key core

technologies from the perspective of triple barriers
XI Xun

(School of Management, Shandong Technology and Business University, Yantai 264005, China)

Abstract; Breaking through the composite barriers in key core technologies is a necessary path to achieving technological self — reliance

and strength. Based on the knowledge gap, path dependence and niche lock — in analytical framework, our paper systematically reveals

the formation mechanisms of the triple barriers: Knowledge gap manifests as a dual imbalance between the fragmentation of explicit

knowledge and the interruption in the inheritance of tacit knowledge. To break through it, a full - chain reconstruction mechanism is re-

quired, which includes the systematic integration of explicit knowledge, the explicit transformation of tacit knowledge, and the iterative

optimization of knowledge systems; Path dependence arises from the self — solidification of technological systems, the synergistic lock —

in of industrial chains, and the constraints of institutional combinations. To achieve trajectory transition, it is necessary to carry out

modular decomposition of technical architectures, reconstruct technical standards, and design flexibly adjustable policy tools,

Niche Lock - in,

among

other measures. in essence, refers to the multi — dimensional power solidification of technical standards, institutional

rules, and knowledge networks. Achieving niche climbing relies on synergistic strategies including the reorganization of technical archi-

tectures, the remolding and integration of institutional rules, and the cognitive reconstruction of knowledge power. Furthermore, there

exists a dynamic correlation between the triple barrier — breaking paths: knowledge reconstruction provides theoretical support for the
leap of technological trajectories, the leap of technological trajectories creates interface conditions for niche ascension, and niche ascen-
sion feeds back to drive the innovation of knowledge production, thus forming a positive cycle that starts from knowledge reconstruction,

moves to the leap of technological trajectories, then to niche ascension, and finally returns to knowledge reconstruction.
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Based on the above conclusions, the following implications are derived; (D Establish a knowledge factor transformation system to
resolve the dilemma of tacit knowledge inheritance. A national industrial knowledge graph platform should be built to integrate multimo-
dal perception technologies and systematically capture high — dimensional tacit knowledge. @ Innovate dynamic policy tools to address
the dilemma of technological trajectory lock — in. It is necessary to design a special policy package for intergenerational technological
leaps and embed a flexible buffer mechanism to cope with path dependence. @ Implement an innovation ecosystem power restructuring
project to break through standard nesting blockades. A technological standard upgrading plan should be launched, and a mechanism for
transforming international rules on standard nesting should be established. @ Improve the collaborative barrier — breaking mechanism to
enhance systematic evolution capability. An industry — university — research — government collaborative platform covering barrier diagno-
sis, path adaptation, and innovation ecosystem restructuring should be constructed, and a real — time monitoring indicator system for
the three types of barriers should be developed.

Key words: key core technologies; knowledge gap; path dependence; niche lock — in; barrier — breaking paths

(E#E 1832 ,M)

Abstract: Artificial intelligence is a key driver of cultivating new quality productive forces in China. Exploring how the synergy be-
tween digitalization and green transformation can propel future industrial development is crucial for overcoming bottlenecks. This study
addresses three main questions. First, it examines whether digital transformation, green transformation, and their synergy can drive
China’ s future industrial development and thereby inform industrial layout. Second, it analyzes how this synergy influences future in-
dustrial development by evaluating three mediating channels: green financial investment, green innovation capacity, and industrial
structure. Third, it investigates whether the combined digital — green transformation generates spatial spillover effects, providing theo-
retical support for intercity industrial linkages and spatial planning. Key findings are as follows. First, digital transformation significant-
ly drives future industrial development, whereas green transformation shows mainly long-term effects. The synergy between digitalization
and green transformation compensates for the short-term limitations of green transformation, enabling joint short-term and long-term pro-
motion of future industrial development. Second, the synergy advances development through three pathways: attracting green financial
investment, strengthening green innovation capabilities, and optimizing industrial structure. Third, heterogeneity analysis reveals that
the synergistic effects are stronger in larger cities, in cities with more developed digital economies, and in cities with higher environ-
mental awareness. Fourth, this synergy generates significant spatial spillover effects, facilitating coordinated industrial layouts across
cities. Overall, this study deepens our understanding of the drivers of future industrial development, the mechanisms through which du-
al transformations empower that development, and the spatial heterogeneity of these processes. This study offers several policy implica-
tions. First, it highlights that digital transformation can empower future industrial development by accelerating industrial digitalization
and digital industrialization, thus promoting the advancement of Digital China and consolidating the digital dividends in industrial
growth. Second, guided by sustainable development principles, policymakers should formulate long — term plans to extend the benefits
of green transformation to a broader range of industries. Additionally, it is crucial to fully leverage the synergistic effect of dual transfor-
mation—"“1 +1 >2”—to ensure that green dividends are delivered more swiftly and reliably to industrial development. Third, under-
standing the mechanisms through which dual transformation impacts future industrial development can harness green finance, innovation
capacity, and industrial layout as new drivers for industrial growth. Finally, the synergistic integration of digitalization and green trans-
formation demonstrates significant spatial spillover effects. This integration facilitates the coordinated development of digital and green
industries across cities, thereby unlocking their spatial potential for future industrial growth.

Key words: digital transformation; green transformation; synergistic effects; future industrial development; short — term impact; long

— term impact



