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Abstract

The paper presents a study on the stress-strain state of cylindrical structures with internal

material inhomogeneities and their impact on strength and stability under external loads.

Particular attention is paid to investigating the in�uence of factors such as internal defects,

material structure inhomogeneities, and the values of mechanical parameters like Young’s

modulus and Poisson’s ratio. It has been established that material inhomogeneities lead to

uneven stress distribution, which can cause stress concentrations and local deformations

in the material, increasing the risk of crack formation and premature structural failure.

The use of mathematical modeling and numerical methods made it possible to predict the

behavior of such materials under various loads and provide a more accurate assessment of

risk zones. This, in turn, signi�cantly improves the design process and quality control of

materials, as well as enhances the reliability of structures during their operation . The

experiments conducted con�rm the importance of thoroughly analyzing internal defects

and the mechanical properties of the material for developing new approaches to assessing

the strength and stability of structures. The research results also demonstrated that

mathematical models and numerical methods can be effectively used to simulate stress

distribution, helping to prevent structural damage, cracks, and potential failures under

real operating conditions.

 This is a preview of subscription content, log in via an institution  to check access.

Similar content being viewed by others

Explore related subjects

Discover the latest articles, books and news in related subjects, suggested using machine learning.

Computational Solid Mechanics Mechanical Statics and Structures Materials Mechanics

Solid Mechanics Structural Mechanics Structural Materials

Fracture Mechanics and Numerical Simulation Techniques

References

1. Zhang, L., Guangfu, L.: Mathematical modeling for ceramic shape 3D image based on

deep learning algorithm. Adv. Math. Phys. 1, 1–10 (2021).

https://doi.org/10.1155/2021/4343255

Article Google Scholar

2. Prydalnyi, B., Sulym, H.: Identi�cation of analytical dependencies of the operational

characteristics of the workpiece clamping mechanisms with the rotary movement of

the input link. Acta Mech. Autom. 15(1), 47–52 (2021). https://doi.org/10.2478/ama-

2021-0007

Article Google Scholar

3. Zakirov, A., Belousov, S., Bogdanova, M., Korneev, B., Stepanov, A., Perepelkina, A.,

Levchenko, V., Meshkov, A., Potapkin, B.: Predictive modeling of laser and electron

beam powder bed fusion additive manufacturing of metals at the mesoscale. Addit.

Manuf. 35, 1–15 (2020). https://doi.org/10.1016/j.addma.2020.101236

Article CAS Google Scholar

4. Huaiping, D., Qiao, W., Wei, H., Xiaochun, Y.: Spatial rigid-�exible-liquid coupling

dynamics of towed system analyzed by a hamiltonian �nite element method. J. Marine

Sci. Eng. 9, 1–18 (2021). https://doi.org/10.3390/jmse9111157

Article Google Scholar

5. Sun, H., Elzefzafy, H.: Study on transmission characteristics in three kinds of deformed

�nlines based on edge-based �nite element method. Appl. Math. Nonlin. Sci. 8, 35–44

(2022). https://doi.org/10.2478/amns.2022.1.00021

Article Google Scholar

6. Pasternak, V., Ruban, A., Horbachenko, Y., Vavreniuk, S.: Computer modelling of the

process of separation of heterogeneous elements (spheres). Adv. Sci. Technol. 156, 127–

136 (2024) https://www.scienti�c.net/AST.156.127

Article Google Scholar

7. Langlois, C., Chazot, J.-D., Perrey-Debain, E., Nennig, B.: Partition of unity �nite

element method applied to exterior problems with perfectly matched layers. Comput.

Numer. Acoust. 4, 1–11 (2020). https://doi.org/10.1051/aacus/2020011

Article Google Scholar

8. Klomp, D., Hulsen, M., Anderson, P.: A 2D hysteretic DEM model for arbitrarily shaped

polygonal particles. Powder Technol. 378, 327–338 (2021).

https://doi.org/10.1016/j.powtec.2020.09.055

Article CAS Google Scholar

9. Venkatesh, V., Noraas, R., Pilchak, A., Tamirisa, S., Calvert, K., Salem, A., Broderick, T.,

Glavicic, M., Dempster, I., Saraf, V.: Data driven tools and methods for microtexture

classi�cation and dwell fatigue life prediction in dual phase titanium alloys. Web Conf.

321, 1–8 (2020). https://doi.org/10.1051/matecconf/202032111091

Article CAS Google Scholar

10. Pasternak, V., Zabolotnyi, O., Cagáňová, D., Hulchuk, Y: Investigation of cylindrical

particles sphericity and roundness based on the extreme vertices model. Advances in

Design, Simulation and Manufacturing VII. DSMIE 2024. Lecture Notes in Mechanical

Engineering. Springer, Cham, 62–73 (2024). https://doi.org/10.1007/978-3-031-

63720-9_6

11. Dharmavaram, S., Wan, X., Perotti, L.E.: A Lagrangian thin-shell �nite element

method for interacting particles on �uid membranes. Membranes. 12, 1–20 (2022).

https://doi.org/10.3390/membranes12100960

Article CAS Google Scholar

12. Balemans, C., Looijmansa, S., Grosso, G., Hulsena, M.-A., Anderson, P.: Numerical

analysis of the crystallization kinetics in SLS. Addit. Manuf. 33, 1–11 (2020).

https://doi.org/10.1016/j.addma.2020.101126

Article CAS Google Scholar

13. Huang, Q., Zhou, W., Ma, G., Ng, T.-T., Xu, K.: Experimental and numerical

investigation of Weibullian behavior of grain crushing strength. Geosci. Front. 11,

401–411 (2020). https://doi.org/10.1016/j.gsf.2019.07.007

Article Google Scholar

14. Quesada Pereira, F., de la Cruz, H., An., Gómez Molina, C., Álvarez Melcón, Al., Esbert,

V.: Integral equation analysis of multiport H-plane microwave circuits by using 2D

rectangular cavity green's functions accelerated by the Ewald method. IET Microwav.

Anten. Propag. 17(1), 13–25 (2023). https://doi.org/10.1049/mia2.12308

Article Google Scholar

15. Okeke, G., Udo, A., Alqahtani, R., Kaplan, M.W., Eltayeb, A.: A novel iterative scheme

for solving delay differential equations and third order boundary value problems via

green's functions. AIMS Math. 9(3), 6468–6498 (2024).

https://doi.org/10.3934/math.2024315

Article MathSciNet Google Scholar

16. Junaid, A., Muhammad, A., Zhenhua, M.: Numerical solutions of Troesch's problem

based on a faster iterative scheme with an application. AIMS Math. 9(4), 9164–9183

(2024). https://doi.org/10.3934/math.2024446

Article MathSciNet Google Scholar

Download references

Author information

Authors and A�liations
Lesya Ukrainka Volyn National University, 9, Potapova Street, Lutsk, 43025, Ukraine

Viktoriya Pasternak

Lutsk National Technical University, 75, Lvivska Street, Lutsk, 43018, Ukraine

Nataliia Huliіeva, Oleg Zabolotnyi & Anatolii Tkachuk

Newton University, 1640/65, 5 května Street, 14021, Prague, Czech Republic

Dagmar Cagáňová

Corresponding author
Correspondence to Oleg Zabolotnyi.

Editor information

Editors and A�liations
School of Engineering, Polytechnic Institute of Porto, Porto, Portugal

Raul D. Campilho

Department of Manufacturing Engineering, Machines and Tools, Sumy State University,

Sumy, Ukraine

Vitalii Ivanov

Department of Mechanical Engineering, Polytechnic Institute of Porto, Porto, Portugal

Gustavo Filipe Pinto

Department of Mechanical Engineering, Polytechnic Institute of Porto, Porto, Portugal

Andresa Baptista

School of Engineering, Polytechnic Institute of Porto, Porto, Portugal

Francisco J. G. Silva

Rights and permissions

Reprints and permissions

Copyright information

© 2025 The Author(s), under exclusive license to Springer Nature Switzerland AG

About this paper

Cite this paper
Pasternak, V., Huliіeva, N., Cagáňová, D., Zabolotnyi, O., Tkachuk, A. (2025). Modeling of

Systems with Spherical Inhomogeneities by Using Di�erential Equations Based on Green’s

Functions. In: Campilho, R.D., Ivanov, V., Pinto, G.F., Baptista, A., Silva, F.J.G. (eds)

Advances in Design, Simulation and Manufacturing VIII. DSMIE 2025. Lecture Notes in

Mechanical Engineering. Springer, Cham. https://doi.org/10.1007/978-3-031-95218-

0_14

Download citation

.RIS .ENW .BIB

DOI

https://doi.org/10.1007/9

78-3-031-95218-0_14

Published

13 June 2025

Publisher Name

Springer, Cham

Print ISBN

978-3-031-95217-3

Online ISBN

978-3-031-95218-0

eBook Packages

Mechanical Engineering

(R0)

Springer Nature

Proceedings excluding

Computer Science

Keywords

Numerical Methods Cylindrical Structures Behavior Prediction

Publish with us

Policies and ethics

Access this chapter

Subscribe and save

Springer+ from $39.99 /Month

Buy Now

Chapter USD 29.95

Price excludes VAT (USA)

eBook USD 199.00

Softcover Book USD 249.99

Tax calculation will be �nalised at checkout

Purchases are for personal use only

Institutional subscriptions 

Sections References

Abstract

References

Author information

Editor information

Rights and permissions

Copyright information

About this paper

Publish with us

Discover content
Journals A-Z

Books A-Z

Subjects A-Z

Publish with us
Journal �nder

Publish your research

Language editing

Open access publishing

Products and services
Our products

Librarians

Societies

Partners and advertisers

Our brands
Springer

Nature Portfolio

BMC

Palgrave Macmillan

Apress

Discover

Your privacy choices/Manage cookies Your US state privacy rights Accessibility statement Terms and conditions Privacy policy Help and support

Legal notice Cancel contracts here

77.111.246.10

Not a�liated

© 2026 Springer Nature

Log in

Find a journal Publish with us Track your research Search Saved research Cart

Chapter © 2024

Longitudinal Shear of

Bimaterials with Interphase

Thin Physically Nonlinear

Layered Functional-…

Chapter © 2020

Damage Identi�cation of

Structures Through

Machine Learning

Techniques with Updated…

Article 26 April 2023

Design of Composites Using

Failure-Mode-Concept-

Based Tools — from Failure

Model Validation to Desig…

Log in via an institution

Starting from 10 chapters or articles per

month

Access and download chapters and articles

from more than 300k books and 2,500

journals

Cancel anytime

View plans 

Available as PDF

Read on any device

Instant download

Own it forever

Buy Chapter 

Home Advances in Design, Simulation and Manufacturing VIII Conference paper

Modeling of Systems with Spherical
Inhomogeneities by Using Di�erential
Equations Based on Green’s Functions
Conference paper First Online: 13 June 2025

pp 157–167 Cite this conference paper

Save conference paper (DSMIE 2025)

Advances in Design, Simulation and

Manufacturing VIII

https://link.springer.com/series/11236
https://link.springer.com/conference/dsmie
https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-3-031-95218-0_14
https://link.springer.com/subjects/computational-solid-mechanics
https://link.springer.com/subjects/mechanical-statics-and-structures
https://link.springer.com/subjects/materials-mechanics
https://link.springer.com/subjects/solid-mechanics
https://link.springer.com/subjects/structural-mechanics
https://link.springer.com/subjects/structural-materials
https://link.springer.com/subjects/fracture-mechanics-and-numerical-simulation-techniques
https://doi.org/10.1155/2021/4343255
https://doi.org/10.1155%2F2021%2F4343255
https://scholar.google.com/scholar_lookup?&title=Mathematical%20modeling%20for%20ceramic%20shape%203D%20image%20based%20on%20deep%20learning%20algorithm&journal=Adv.%20Math.%20Phys.&doi=10.1155%2F2021%2F4343255&volume=1&pages=1-10&publication_year=2021&author=Zhang%2CL&author=Guangfu%2CL
https://doi.org/10.2478/ama-2021-0007
https://doi.org/10.2478/ama-2021-0007
https://doi.org/10.2478%2Fama-2021-0007
https://scholar.google.com/scholar_lookup?&title=Identification%20of%20analytical%20dependencies%20of%20the%20operational%20characteristics%20of%20the%20workpiece%20clamping%20mechanisms%20with%20the%20rotary%20movement%20of%20the%20input%20link&journal=Acta%20Mech.%20Autom.&doi=10.2478%2Fama-2021-0007&volume=15&issue=1&pages=47-52&publication_year=2021&author=Prydalnyi%2CB&author=Sulym%2CH
https://doi.org/10.1016/j.addma.2020.101236
https://doi.org/10.1016%2Fj.addma.2020.101236
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BB3cXhvV2nsbvK
https://scholar.google.com/scholar_lookup?&title=Predictive%20modeling%20of%20laser%20and%20electron%20beam%20powder%20bed%20fusion%20additive%20manufacturing%20of%20metals%20at%20the%20mesoscale&journal=Addit.%20Manuf.&doi=10.1016%2Fj.addma.2020.101236&volume=35&pages=1-15&publication_year=2020&author=Zakirov%2CA&author=Belousov%2CS&author=Bogdanova%2CM&author=Korneev%2CB&author=Stepanov%2CA&author=Perepelkina%2CA&author=Levchenko%2CV&author=Meshkov%2CA&author=Potapkin%2CB
https://doi.org/10.3390/jmse9111157
https://doi.org/10.3390%2Fjmse9111157
https://scholar.google.com/scholar_lookup?&title=Spatial%20rigid-flexible-liquid%20coupling%20dynamics%20of%20towed%20system%20analyzed%20by%20a%20hamiltonian%20finite%20element%20method&journal=J.%20Marine%20Sci.%20Eng.&doi=10.3390%2Fjmse9111157&volume=9&pages=1-18&publication_year=2021&author=Huaiping%2CD&author=Qiao%2CW&author=Wei%2CH&author=Xiaochun%2CY
https://doi.org/10.2478/amns.2022.1.00021
https://doi.org/10.2478%2Famns.2022.1.00021
https://scholar.google.com/scholar_lookup?&title=Study%20on%20transmission%20characteristics%20in%20three%20kinds%20of%20deformed%20finlines%20based%20on%20edge-based%20finite%20element%20method&journal=Appl.%20Math.%20Nonlin.%20Sci.&doi=10.2478%2Famns.2022.1.00021&volume=8&pages=35-44&publication_year=2022&author=Sun%2CH&author=Elzefzafy%2CH
https://www.scientific.net/AST.156.127
https://doi.org/10.4028%2Fp-5aAMEf
https://scholar.google.com/scholar_lookup?&title=Computer%20modelling%20of%20the%20process%20of%20separation%20of%20heterogeneous%20elements%20%28spheres%29&journal=Adv.%20Sci.%20Technol.&volume=156&pages=127-136&publication_year=2024&author=Pasternak%2CV&author=Ruban%2CA&author=Horbachenko%2CY&author=Vavreniuk%2CS
https://doi.org/10.1051/aacus/2020011
https://doi.org/10.1051%2Faacus%2F2020011
https://scholar.google.com/scholar_lookup?&title=Partition%20of%20unity%20finite%20element%20method%20applied%20to%20exterior%20problems%20with%20perfectly%20matched%20layers&journal=Comput.%20Numer.%20Acoust.&doi=10.1051%2Faacus%2F2020011&volume=4&pages=1-11&publication_year=2020&author=Langlois%2CC&author=Chazot%2CJ-D&author=Perrey-Debain%2CE&author=Nennig%2CB
https://doi.org/10.1016/j.powtec.2020.09.055
https://doi.org/10.1016%2Fj.powtec.2020.09.055
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BB3cXitVKns7rK
https://scholar.google.com/scholar_lookup?&title=A%202D%20hysteretic%20DEM%20model%20for%20arbitrarily%20shaped%20polygonal%20particles&journal=Powder%20Technol.&doi=10.1016%2Fj.powtec.2020.09.055&volume=378&pages=327-338&publication_year=2021&author=Klomp%2CD&author=Hulsen%2CM&author=Anderson%2CP
https://doi.org/10.1051/matecconf/202032111091
https://doi.org/10.1051%2Fmatecconf%2F202032111091
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BB3cXis1CntL%252FN
https://scholar.google.com/scholar_lookup?&title=Data%20driven%20tools%20and%20methods%20for%20microtexture%20classification%20and%20dwell%20fatigue%20life%20prediction%20in%20dual%20phase%20titanium%20alloys&journal=Web%20Conf.&doi=10.1051%2Fmatecconf%2F202032111091&volume=321&pages=1-8&publication_year=2020&author=Venkatesh%2CV&author=Noraas%2CR&author=Pilchak%2CA&author=Tamirisa%2CS&author=Calvert%2CK&author=Salem%2CA&author=Broderick%2CT&author=Glavicic%2CM&author=Dempster%2CI&author=Saraf%2CV
https://doi.org/10.1007/978-3-031-63720-9_6
https://doi.org/10.1007/978-3-031-63720-9_6
https://doi.org/10.3390/membranes12100960
https://doi.org/10.3390%2Fmembranes12100960
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BB38Xislyhu7fK
https://scholar.google.com/scholar_lookup?&title=A%20Lagrangian%20thin-shell%20finite%20element%20method%20for%20interacting%20particles%20on%20fluid%20membranes&journal=Membranes&doi=10.3390%2Fmembranes12100960&volume=12&pages=1-20&publication_year=2022&author=Dharmavaram%2CS&author=Wan%2CX&author=Perotti%2CLE
https://doi.org/10.1016/j.addma.2020.101126
https://doi.org/10.1016%2Fj.addma.2020.101126
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BB3cXhtVOjsrzL
https://scholar.google.com/scholar_lookup?&title=Numerical%20analysis%20of%20the%20crystallization%20kinetics%20in%20SLS&journal=Addit.%20Manuf.&doi=10.1016%2Fj.addma.2020.101126&volume=33&pages=1-11&publication_year=2020&author=Balemans%2CC&author=Looijmansa%2CS&author=Grosso%2CG&author=Hulsena%2CM-A&author=Anderson%2CP
https://doi.org/10.1016/j.gsf.2019.07.007
https://doi.org/10.1016%2Fj.gsf.2019.07.007
https://scholar.google.com/scholar_lookup?&title=Experimental%20and%20numerical%20investigation%20of%20Weibullian%20behavior%20of%20grain%20crushing%20strength&journal=Geosci.%20Front.&doi=10.1016%2Fj.gsf.2019.07.007&volume=11&pages=401-411&publication_year=2020&author=Huang%2CQ&author=Zhou%2CW&author=Ma%2CG&author=Ng%2CT-T&author=Xu%2CK
https://doi.org/10.1049/mia2.12308
https://doi.org/10.1049%2Fmia2.12308
https://scholar.google.com/scholar_lookup?&title=Integral%20equation%20analysis%20of%20multiport%20H-plane%20microwave%20circuits%20by%20using%202D%20rectangular%20cavity%20green%27s%20functions%20accelerated%20by%20the%20Ewald%20method&journal=IET%20Microwav.%20Anten.%20Propag.&doi=10.1049%2Fmia2.12308&volume=17&issue=1&pages=13-25&publication_year=2023&author=Quesada%20Pereira%2CF&author=Cruz%2CH&author=An.%2C%20G%C3%B3mez%20Molina%2C%20C.%2C%20%C3%81lvarez%20Melc%C3%B3n%2C%20Al.%2C%20Esbert%2C%20V.%2C
https://doi.org/10.3934/math.2024315
https://doi.org/10.3934%2Fmath.2024315
http://www.ams.org/mathscinet-getitem?mr=4702398
https://scholar.google.com/scholar_lookup?&title=A%20novel%20iterative%20scheme%20for%20solving%20delay%20differential%20equations%20and%20third%20order%20boundary%20value%20problems%20via%20green%27s%20functions&journal=AIMS%20Math.&doi=10.3934%2Fmath.2024315&volume=9&issue=3&pages=6468-6498&publication_year=2024&author=Okeke%2CG&author=Udo%2CA&author=Alqahtani%2CR&author=Kaplan%2CMW&author=Eltayeb%2CA
https://doi.org/10.3934/math.2024446
https://doi.org/10.3934%2Fmath.2024446
http://www.ams.org/mathscinet-getitem?mr=4715746
https://scholar.google.com/scholar_lookup?&title=Numerical%20solutions%20of%20Troesch%27s%20problem%20based%20on%20a%20faster%20iterative%20scheme%20with%20an%20application&journal=AIMS%20Math.&doi=10.3934%2Fmath.2024446&volume=9&issue=4&pages=9164-9183&publication_year=2024&author=Junaid%2CA&author=Muhammad%2CA&author=Zhenhua%2CM
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-95218-0_14?format=refman&flavour=references
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-95218-0_14?format=refman&flavour=references
mailto:volynasi@gmail.com
https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Modeling%20of%20Systems%20with%20Spherical%20Inhomogeneities%20by%20Using%20Differential%20Equations%20Based%20on%20Green%E2%80%99s%20Functions&author=Viktoriya%20Pasternak%2C%20Nataliia%20Huli%D1%96eva%2C%20Dagmar%20Cag%C3%A1%C5%88ov%C3%A1%20et%20al&contentID=10.1007%2F978-3-031-95218-0_14&copyright=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Switzerland%20AG&publication=eBook&publicationDate=2025&startPage=157&endPage=167&imprint=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Switzerland%20AG
https://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-95218-0_14
https://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-95218-0_14
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-95218-0_14?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-95218-0_14?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-95218-0_14?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-95218-0_14?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-95218-0_14?format=bibtex&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-031-95218-0_14?format=bibtex&flavour=citation
https://link.springer.com/search?facet-content-type=%22Book%22&package=85268&facet-start-year=2025&facet-end-year=2025
https://link.springer.com/search?facet-content-type=%22Book%22&package=85268&facet-start-year=2025&facet-end-year=2025
https://link.springer.com/search?facet-content-type=%22Book%22&package=85345&facet-start-year=2025&facet-end-year=2025
https://link.springer.com/search?facet-content-type=%22Book%22&package=85345&facet-start-year=2025&facet-end-year=2025
https://link.springer.com/search?facet-content-type=%22Book%22&package=85345&facet-start-year=2025&facet-end-year=2025
https://link.springer.com/search?query=Numerical%20Methods&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=Cylindrical%20Structures&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=Behavior%20Prediction&facet-discipline=%22Engineering%22
https://www.springernature.com/gp/policies/book-publishing-policies
https://www.springernature.com/gp/librarians/licensing/agc/ebooks
https://www.springernature.com/gp/librarians/licensing/agc/ebooks
https://link.springer.com/journals/a/1
https://link.springer.com/books/a/1
https://link.springer.com/subjects
https://link.springer.com/journals
https://www.springernature.com/gp/authors
https://authorservices.springernature.com/go/sn/?utm_source=SNLinkfooter&utm_medium=Web&utm_campaign=SNReferral
https://www.springernature.com/gp/open-science/about/the-fundamentals-of-open-access-and-open-research
https://www.springernature.com/gp/products
https://www.springernature.com/gp/librarians
https://www.springernature.com/gp/societies
https://www.springernature.com/gp/partners
https://link.springer.com/brands/springer
https://www.nature.com/
https://link.springer.com/brands/bmc
https://link.springer.com/brands/palgrave
https://link.springer.com/brands/apress
https://link.springer.com/brands/discover
https://www.springernature.com/gp/legal/ccpa
https://link.springer.com/accessibility
https://link.springer.com/termsandconditions
https://link.springer.com/privacystatement
https://support.springernature.com/en/support/home
https://link.springer.com/legal-notice
https://support.springernature.com/en/support/solutions/articles/6000255911-subscription-cancellations
https://www.springernature.com/
https://www.springernature.com/
https://link.springer.com/
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/chapter/10.1007/978-3-031-95218-0_14
https://link.springer.com/journals/
https://www.springernature.com/gp/authors
https://link.springernature.com/home/
javascript:;
https://link.springer.com/saved-research
https://order.springer.com/public/cart
https://link.springer.com/10.1007/978-3-031-54063-9_23?fromPaywallRec=true
https://link.springer.com/10.1007/978-3-030-47638-0_16?fromPaywallRec=true
https://link.springer.com/10.1007/s11029-023-10095-w?fromPaywallRec=true
https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-3-031-95218-0_14
https://link.springer.com/product/springer-plus
https://link.springer.com/
https://link.springer.com/book/10.1007/978-3-031-95218-0
https://link.springer.com/chapter/10.1007/978-3-031-95218-0_14/save-research?_csrf=Q6eYBfSoiP06mHkvryFvtsw-Z_PO9UKu
https://link.springer.com/book/10.1007/978-3-031-95218-0

