AHOTAIIIA
Axosenko M. C. TexHomnorii KOMOIHYBaHHS  T€OJIC3UYHUX  Ta
IHKJIIHOMETPUYHUX METOJIB MOHITOPUHTY jAedopmMalliii OyaiBenb 1 CIOpyd. —
KBamidikariitHa HaykoBa Ipailsi Ha MpaBax PyKOIHCY.

Huceprarniist Ha 3700yTTS HAyKOBOTO CTyIMeHs mJokTopa (inocodii 3a

cunemianpHicTiIO 193 — «leonme3iss Ta 3emumeyctpii» (19 — «ApxitekTypa 1
OymiBHUIITBO»). — KWIBCbKUI HAIllOHAJLHUM YHIBEpCUTET OyAIBHMIITBA 1
apxitektypu, KuiB. — KuiBCbKuI HalllOHAJBHUM YHIBEPCUTET OYIIBHHUIITBA 1

apxitektypu, MOH Vkpainu, Kuis, 2026.

VY nucepTtaniiiHii poOOTI BHUPIIIEHO aKTyajlbHY HAyKOBO-TPUKIIAJIHY 3a/1a4y
3 pO3pOOKM Ta BIPOBAKEHHS TEXHOJOTII KOMOIHYBAaHHSI T€0JI€3MYHUX Ta
IHKJIIHOMETPUYHHUX METO/IB MOHITOPUHTY jAedopmaiiii OynaiBenb 1 cHopyx B
CKJIaIHUX 1H)XEHEPHO-TE€OJIOTIYHUX yMOBax. Po3po0iieHy TEXHOJIOr10 aAanTOBaHO
JI0 YMOB BOEHHOTO Yacy, IO OOYMOBIEHO 20CMpOi0 HeOOXIOHICmIO MACO8UX
00C1i0#ceHb TIOMIKOKEHUX OyIiBeNb 1 CIOPY B paMKaxX KOMILIEKCHOI ONepeTHIN
OLIHKM iX TEXHIYHOTO CTaHy. 3a JaHMMHM MOHITOPUHIY CTBOPEHO YTOYHEHHX
reOMETPUYHUX HU(PPOBUX ABIMHUKIB, sIKI OyIyTh 3a/i5H1 Ha HACTYITHOMY €Tari JJis
IPOBEJCHHS YHUCEJIIBHOTO MOJENIOBaHHS HalpyXeHO- Je(pOpPMOBAHOTO CTaHy 3
METOI0 KOHTPOJIO TEXHIYHOTO CTaHy 1 PO3POOKH BIAMOBIIHUX PEKOMEHAIN MO
B1JTHOBJICHHIO.

Y nepuioMy po3aijai mpoaHamizoBaHO Cy4acHI IMAXOAU A0 JepopMariiiHoro
MOHITOPUHTY, (GakTopu naepopMyBaHHsA OyaiBeslb 1 CHOPYHd, PO3IJISHYTO
BITUM3HSIHUH Ta 3apyO1KHUI TOCBIJT OPTraHi3alli CACTEM MOHITOPUHTY, HOPMATHBHY
0azy B YkpaiHi Ta KoHmemimito ImdpoBoro napiiiHuKa. [lokazaHo, 1mo oxpemi
reoJIe3NYHl UM TeOTEXHIYHI METOJU HE 3a0e3MeuyloTh MOBHOLIHHOTO KOHTPOJIIO
CUCTEMHU «OTOPOJIKEHHS KOTJIIOBaHY — IPYHTOBUIM MacuB — OTOUyIO4a 3a0y10Bay, a
TOMY HEOOX1IHUM € PO3pOOJIECHHS TEXHOJIOT1i KOMOIHYBaHHS METO/IIB MOHITOPUHTY
3 IHTeTpalico AaHuX y eauHe aedopmaiiitHe noje. CPopMyIb0BaHO HAYKOBY 1
IPAaKTHUUHY MOCTAHOBKY 3aJ]1a4, 0OTPYHTOBAHO METY Ta 3ajaui JOCIIIKEHHSI.

Y apyromy po3aijii TEOpeTHUYHO OOIPYHTOBAHO IHTErPOBAHUN MIAX1J A0



CIIOCTEPEKEHD Y CUCTEMI «OTOPOJIKEHHS KOTJIIOBAaHY — I'PYHTOBUN MacUB — OTOUYIOYa
3a0ynoBa». Po3po0ieHO TEXHOJIOTIYHY CXeMy KOMOIHYBaHHSI T€0JI€3MYHUX Ta
IHKJIIHOMETPUYHUX METOAIB MOHITOpUHTY Jedopmariiii OyaiBenb 1 CIOPYI.
3anpornoHOBaHO Ta OMMCAHO METOJIUKHA: MOHITOPUHTY TOPU3OHTAIBHUX JIehopMarriil
OTOPOHKEHHS KOTJIOBaHY 3a JOIMOMOTOI0 MPSIMHUX 0araTopa3oBHX J1HIHHO-KYTOBUX
3aC140K; MOHITOPUHTY BEPTHUKAIBHUX IIepeMillieHh (PYHIaMEHTIB 3a JaHUMH
T€OMETPUYHOTO HIBEIIOBAHHS, KOHTPOJIO TPIIIMH 3a JOMOMOIOI KOHTaKTHHUX
TPIIMHOMIPIB; IHKJIIHOMETPUYHOTO MOHITOPUHTY 3CYBHHUX ITPOIIECIB 13 BU3HAYCHHSIM
aKTUBHOI TJIOIIMHYU KOB3aHHS Ta ii €BOJIIOLIT B Yaci.

Po3po0isieHo cxeMy €IMHOI IPOCTOPOBO-YACOBOI IHTErpallil TaHUX, BBEJIEHO
MaTPUII0 KOPEJNAiiii KOMOIHOBAHOTO MOHITOPUHTY, OOIPYHTOBAHO MiAXIJ O
MOETHAHHS MTPOCTOPOBUX 1 YaCOBUX alpoOKCUMAIliil JedopManiiHuX MPOIECIB A
nporHo3yBaHHa. OKpeMy yBary NpUIiIeHO METOAUIl (OPMYBaHHS T€OMETPUYHOI
1M(pPOBOT TiHI Ta TEOMETPUYHOTO IIUGPOBOTO ABIHHUKA SIK OCHOBU ISl MOJAIBIION
ur(ppoBoi TpaHchopMallli CHCTEM MOHITOPUHTY.

Y TpeTboMy pPo3/iJli HABEICHO PE3yJIbTaTH €KCIIEPUMEHTATBLHUX JTIOCI1I>KEHb.
Ha excnepumentampHomy moiironi B M. Kuesi (2014-2019 pp.) BUKOHAHO
KOMOIHOBaHUW MOHITOPHUHT Aedopmalliil y 30H1 BIUIMBY B1J PO3POOKH ITHOOKOTO
KoTJoBaHy Ha cxuii KioBcekoro sipy. Beranosneno, mo ¢aktuani nedopmartii
OTOpOJIKEHHS (TOPUBOHTANIBHI 10 65 MM Ta ocigaHHs (yHIaMeHTIB A0 39 MMm)
MIEPEBUILMIN PO3PAXYHKOBI 3HAYEHHSI, aJIe 3aBASIKH CUCTEMAaTUIHOMY MOHITOPHHTY
Ta KOPUTYBAHHIO MPOEKTHHUX PIIICHb BAAJIOCS 3aM00ITTH aBapitHUM CUTYAIlIsIM JIJIs
OyaiBenb OTOuUyr04Oi 3a0yAoBH. 3a(iKCOBAHO MOETANHUN XapakTep PO3BUTKY
nedopmarliii: Cro4atky — OTOPOJKEHHS KOTJIOBaHY, Jaii — 3CyBHI MPOIIECH B
IPYHTOBOMY MacHBl (IHKJIIHOMETPHYHI CBEPJJIOBHHH), TOTIM — OCIJIaHHSA
(GbyHIaMEHTIB 1 PO3KPUTTS TPILLIMH y OyAiBISAX.

[Ticnst 2022 poky po3po0iieHy TEXHOJIOTII0 aJanTOBaHO 0 YMOB BOEHHOTO Yacy
JIUIS1 OLIIHKY CTaHy MOIIKOKEHUX Oy 1iBesb, 30KpeMa B M. UepHiriB, ae 3adikcoBaHO
3HAYH1 MOIIKOKEHHSI MOHOJIITHOTO 3a11300€TOHHOTO KapKacy BiJl paK€THUX yapiB.

3anpoBaPKEHO MOHITOPUHT HECTAOLTFHUX KOHCTPYKIIINA, BUKOPUCTAHO T€OJC3UYHI
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METO/IY Ta HU(POBHI TeOMETPUYHHI ABIMHUK JIJIs aHATI3Y edopmaliii 1 KOHTPOIIIO
HeOe3neunnx 30H. [lokazano awnamoriro MiDK JedopMaliiHUMU NPOQLIAMU
BUOYXOBOT'O BIUIMBY Ta Je(pOopMallisiMi OTOPOIKEHHS KOTJIOBaHY, 110 MIATBEPIKYE
peNieBaHTHICTh HAMPallbOBAHUX paHilie miaxoaiB. Po3pobiena metoauka nudpoBoro
JBIMHMKA CTaja €(PEKTUBHUM 1HCTPYMEHTOM YIPABIIHHS PU3HKAMU, MOJIETIINIIA
MPUUAHATTS PillIeHb 11010 KOHCEpBaIlii, MiACHICHHS a00 JEMOHTAXy KOHCTPYKITIH.

Po3nin 3 meMoHCTpY€ €BOJIOIIF0 TEXHOJOTIN Bi JOBOEHHOTO BiIIIPAIFOBAHHS
TEXHOJIOTIH KOMOIHYBaHHS METOJIIB MOHITOPUHTY B CKJIAJHUX 1HXKEHEPHO-
TeOJIOTIYHUX YMOBAX JIO iX aJamnTaliii Jjs BUPIIICHHS KPUTUYHUX 33124 BOEHHOTO
yacy. OTpumaHi pe3ynbTaTH MIATBEPIKYIOTh YHIBEPCAIBHICTh 1 THYYKICTb
3alpOIIOHOBAHOI TEXHOJIOTII Ta i1 MOTeHIan JIsi MIKHAPOJIHOTO BUKOPHUCTAHHS B
CUCTEMaX YIpaBJIiHHS PU3UKAMH B YMOBaX TEXHOI'€HHHUX 1 BOEHHUX KaTacTpod.

Y nopmatky A HaBel€HO pe3ylbTaTH MPAKTUYHOTO Ta HOPMATHBHOIO
BIIPOBADKEHHS JUCEPTALIMHUX HampaioBaHb. CPopMyIp0BaHO peKOMEHnalli i
IUIAXWA BUPIMIEHHS MPOOJeM, 10 BUHUKAIOTh M1J] YaC MOHITOPUHTY Jedopmanii y
BOEHHUX yMoBax. [loka3aHO BHUKOPUCTaHHS TEOPETHKO-METOJAWYHHUX IOJI0KEHb
nuceptamii mig yac pospoosienns JCTY-H b B.1.2-17:2016 «HacrtanoBa om0
HAyKOBO-TEXHIYHOTO MOHITOPUHTY OYAIBEINb 1 CIIOPYI» Ta OOTPYHTOBAHO CTBOPEHHSI
crangapTy opranizamii Ykpainu COY JII HAIBK B.1.3-02495431-020:2025
«OCco0AMBOCTI re0AC3NYHUX JOCIIIKEHBb MPU 00CTEKEHHI MOIIKOKEHUX OyAiBeb 1
CHOPY». 3anpONOHOBaHI MiIX0H 3a0€3MeuyoTh YHI(PIKAII0 T€0Ae3UYHUX METOTUK
00CTEXEHHSI 1 MOHITOPUHIY TOIIKOJXEHUX OO0’ €KTIB Ta CTBOPIOIOTH MPAKTHYHE
HNIATPYHTS 111 (GOpMyBaHHS Cy4acHOI HalllOHAJIbHOI HOPMATUBHOI 0a3u M CTIMKUX
CUCTEM KOHTPOJIIO Aedopmarliil y BOEHHUHN Ta MICISIBOCHHUM MEP10IH.

Knrouoei crnosa: TexHonorii KOMOIHYBaHHS T€OAC3UYHUX Ta IHKITIHOMETPUUHUX
METO/I1B, MOHITOPUHT AedopMaIliii, reoMeTpuIHui ITUGPOBUI ABIWNHUK, OY/IiBII Ta

CIIOPY/IH, CHCTEMHHM ITiIX1]T.



Cnucok ny0Jikaniii 3100yBaya 3a TeMOI0 qucepraii
Cmammi y nepioOuyHux ¢axosux sHcypHanax,
wo npoinoekcosani y naykomempuuniv 5/ SCOPUS (Q3,Qa):

1. Yakovenko, M., Nesterenko, O., Tytarenko, V., Bakulin, Y., Banakh, A.
Vapnichna, V., Berchun, Y., Kaliukh, I. (2025). Application of geodetic methods to
refine boundary conditions in digital twins of war-damaged multi-story buildings.
EUREKA: Physics and Engineering, 5, 47-63. https://doi.org/10.21303/2461-
4262.2025.003951

2. Yakovenko, M., Nesterenko, O., Stelmakh, D., Babik, K., Zorin, Y., Ben, I., &
Horkovchuk, 1. (2026). Assessing the Technical Condition of a War-Damaged

Residential Building in Ukraine Based on Integrated Geodetic and Photogrammetric
Surveys. Fachbeitrige begutachtet AVN, (1), 3-14.
https://doi.org/10.14627/avn.2026.1.1

3. L. Lobanov, D. Stelmakh, I. Shkurat, O. Shutkevych, V. Savitsky, R. Toldo, A.
Alessi., M. Yakovenko, & I. Horkovchuk (2026). High-precision Verticality
Assessment of the Kyiv TV Tower Using UAV-RTK Photogrammetry.
Fachbeitrédge begutachtet AVN, (1), 34-41. https://doi.org/10.14627/avn.2026.1.4

Jlonosioi na xonghepenyinx, mamepianu AKUX npoiHOEeKCO8aAHO
vy naykomempuuniu B/ SCOPUS (Qy):

4. Tytarenko, V., Shuminskiy, V., Dombrovskyi, Y., Sirenko, A., Yakovenko, M.,
& Kaliukh, 1. (2020, December). An impact of dynamic loading on the slopes in the

Carpathian region of Ukraine. In International Conference of Young Professionals
«GeoTerrace-2020» (Vol. 2020, No. 1, pp. 1-5). European Association of
Geoscientists & Engineers. https://doi.org/10.3997/2214-4609.20205761

5. Shokarev, V., Syvko, I., Shokarev, E., Shokarev, A., & Yakovenko, M. (2021,
May). Railway retaining walls under dynamic loading in the Carpathians foothill. In

Geoinformatics (Vol. 2021, No. 1, pp. 1-6). European Association of Geoscientists
& Engineers. https://doi.org/10.3997/2214-4609.20215521004

6. Yakovenko, M., Zorin, Y., Ben, I. & Nesterenko, O. (2025, October). Dynamic
impact of military actions on slopes in densely built urban areas with low stability.

In International Conference of Young Professionals «GeoTerrace-2025» (Vol.


https://doi.org/10.21303/2461-4262.2025.003951
https://doi.org/10.21303/2461-4262.2025.003951
https://doi.org/10.14627/avn.2026.1.1%203
https://doi.org/10.14627/avn.2026.1.4
https://doi.org/10.3997/2214-4609.20205761
https://doi.org/10.3997/2214-4609.20215521004
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2025, No. 1, pp. 1-5). European Association of Geoscientists & Engineers. Pexxum
noctyiry: https://doi.org/10.3997/2214-4609.202552030

7. Yakovenko, M., Nesterenko, O., Berchun, Y. & Kaliukh, I. (2025, October).
Monitoring of cracks formation in the existing dense development due to the new

construction influence. In International Conference of Young Professionals
«GeoTerrace-2025» (Vol. 2025, No. 1, pp. 1-5). European Association of
Geoscientists & Engineers. Pexum moctymy: https://doi.org/10.3997/2214-
4609.202552012

8. Yakovenko, M., Nesterenko, O., Tytarenko, V., Kurash, S. & Kaliukh, 1. (2025,
October). The slope deformations monitoring in the conditions of dense urban

development. In International Conference of Young Professionals «GeoTerrace-
2025» (Vol. 2025, No. 1, pp. 1-5). European Association of Geoscientists &
Engineers. Pexxum moctymy: https://doi.org/10.3997/2214-4609.202552011

Cmammi, wo 6x00amb 00 HAYKOBUX NePioOOUdHUX (Paxosux 8UOaHb,,

3ameepodicenux MOH Ykpainu:
9. Yakovenko, M., & Nesterenko, E. (2019). Ormsim BUAIB T€0AE3UUYHOIO
MOHITOPHUHTY AedopMaiiiii OyiBesb 1 CIOPY/I B CKJIAJHUX 1HXKEHEPHO-TE€OJIOTTYHUX
ymoBax. Cyuacni npobnemu Apximexmypu ma Micmo6yodysanns, (55), 341-350.
https://doi.org/10.32347/2077-3455.2019.55.341-350
10. Yakovenko, M., & Nesterenko, E. (2020). AHami3 METOJIB T€0JIC3UNIHOTO

MOHITOPUHTY AedopMalliil 1HKEHEPHUX CHOPYA Ta 3CYBHUX IMPOIIECIB IPYHTOBHUX
macuBiB. Cyuacnui npobnemu Apximexmypu ma Micmobyodysanns, (56), 345-363.
https://doi.org/10.32347/2077-3455.2020.56.345-363

11. Ishchenko, Y., Slyusarenko, Y., Melashenko, Y., Yakovenko, M., & Ben, I.

(2020). I'eoTexHIYHMIT MOHITOPHHT B YMOBaX yIIIIBHEHOT MiChbKO1 3a0yn0BU. Hayka
ma oyoisnuymeo, 25(3), 13-25.
https://doi.org/10.33644/scienceandconstruction.v25i3.2

12. Axosenko, M., Hecrepenko, O., 3opin, €., & bens, 1. (2021). MoniTopuHT

CE30HHOT'0 PO3KPUTTS TPiluH Ha npukiaagal HamionansHoro 3anoBigHuka «Codis
KuiBcbka». CydacHi npobiemMu ApxitekTypu Ta MictoOynyBanss, (61), 276—-291.
https://doi.org/10.32347/2077-3455.2021.61.276-291



https://doi.org/10.3997/2214-4609.202552030
https://doi.org/10.3997/2214-4609.202552012
https://doi.org/10.3997/2214-4609.202552012
https://doi.org/10.3997/2214-4609.202552011
https://doi.org/10.32347/2077-3455.2019.55.341-350
https://doi.org/10.32347/2077-3455.2020.56.345-363
https://doi.org/10.33644/scienceandconstruction.v25i3.2
https://doi.org/10.32347/2077-3455.2021.61.276-291
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13. SkoBenko, M. (2023). [I{ogo muTaHb reo1e3NIHOTO OOCTEKEHHS OY/TIBEIIb, IO
MOCTPaXKJAIM BHACTIOK BOEHHOI arpecii pociiicekoi denepamii. Hayxa ma
oyoisnuymeo, 33(3-4). https://doi.org/10.33644/10.33644/2313-6679-34-2022-4

14, Jlicenutii, O., 'myxoBcekui, B., Map’enkoB, M., /ly6oBuk, C., JIro64yenko, 1., &

Axosenko, M. (2023). OOcTexkeHHS, OIlIHKA TEXHIYHOTO CTaHy Ta YMOBH
B1IHOBJICHHS JKMTJIOBOT'O OyIMHKY Ha ripocniekTi B. JlobaHoBchkoro, 6-a B M. K1eni,
MOIIKO/PKEHOTO BHACIHIJIOK BOEHHWX Hid. Hayka ma 60yodisnuymeso, 33(3-4).

https://doi.org/10.33644/10.33644/2313-6679-34-2022-6

15. 3opiH, €., SIkoBeHko, M., & bens, 1. (2023). I'eoxe3ndHnii MOHITOPHUHT YaCOBHX

3MiH JAe(OpPMOBAHOIO CTaHy Il 4Yac BIJHOBIEHHS OyaiBIl/COOPYAH, IO
nocTpaxkjana BiJg OoiMoBHX il BHACHOK BoeHHOi arpecii pd // Hayka Ta
OyniBauITBO, Ne 36(2). https://doi.org/10.33644/2313-6679-2-2023-6

16. Axosenko, M., Menamenko, FO., 3opin, €., & benp, 1. (2023). bararopiunmii

MOHITOPHHT JepopMalriii OyaiBesnb 1 CIopya TeoIe3UYHIMH MeTojaMu. Hayka ma
oyoisnuymeo, 37(3). https://doi.org/10.33644/2313-6679-3-2023-8
17. Cepriituyk, B., fIxoBenko, M., Hectepenko, O., 3opiH, €., & bens, 1. (2024).

['eone3nyne 3a0e3MeueHHs KOMIUIEKCY poOIT 3 OO0CTeXeHHs OyJiBeib, IO
MOCTpaXkaJIM BHACTIAOK BiichbKoBHX A1 Ha nipukiail XKK «/{unacris» B M. Kuesi.
Hayxa ma 6yoisnuymeo, 40(2). https://doi.org/10.33644/2313-6679-2-2024- 1

18. 3enenko, €., fIkoBenko, M., 3opiH, €., Hectepenko, O., & bens, 1. (2025).

['pannuni nedopmariii TE€OMETPUYHHX TMapaMeTpPiB 3€PHOCXOBHIN (METAIEBUX
CWJIOCIB) Ta OIIHKA X TEXHIYHOI'O CTaHy Ha OCHOBI F€0/IE3UNYHHUX 00CTeKEeHb. Hayka
ma 6yoienuymeo, 42(4). https://doi.org/10.33644/2313-6679-4-2024-3

19. Sxosenko, M. (2025). I[HKIIHOMETpUYHI TEXHOJIOTIi MOHITOPHHTY 3CYBHHUX

NpoIECiB  IPYHTOBUX  MacuBiB.  Hayka  ma  6yoienuymso,  43(1).
https://doi.org/10.33644/2313-6679-1-2025-6
20. SxoBenko, M., bensn, 1., & 3opin, €. (2026). I'eoge3nuni AOCIIHKCHHS

KOHCTPYKIIH (acamHuX CUCTEM AUTAYOI JiKapHi «OXMaTAUT», MOIIKOKEHOT

BHACITIJIOK PaKETHOTO ynapy. Hayka ma 0y0igHUYmMao,
45(3).  https://doi.org/10.33644/2313-6679-3-2025-6



https://doi.org/10.33644/10.33644/2313-6679-34-2022-4
https://doi.org/10.33644/10.33644/2313-6679-34-2022-6
https://doi.org/10.33644/2313-6679-2-2023-6
https://doi.org/10.33644/2313-6679-3-2023-8
https://doi.org/10.33644/2313-6679-2-2024-1
https://doi.org/10.33644/2313-6679-2-2024-1
https://doi.org/10.33644/2313-6679-4-2024-3
https://doi.org/10.33644/2313-6679-1-2025-6
https://doi.org/10.33644/2313-6679-3-2025-6

Cmammi y HayKo8ux 8UOAHHAX Ma Mamepianax Koupepenyii:
21. Sxosenko M. (2019) Ornsan BUIIB reo€3NYHOTO MOHITOPHUHTY JaedopMartii
OyJiBenb 1 CHOPYA B CKJIAJHUX 1HXKEHEpHO-reosioriyaux ymoBax. BMC-2019 —
International Scientific-Practical Conference of young scientists "Build-Master-Class-
2019" November 2019, Kyiv, Ukraine. Pexum JOCTYIIY:
https://www.researchgate.net/publication/394326647

22. SlkoBenko M., (2020). Anami3 3ajeKHOCTI CE30HHOTO PO3KPHUTTS TPILIIUH B
3aJIe)KHOCTI BiJI YyMOB HaBKOJMIIHBOTO CepeloBUIa Ha mpukiaal KuiBcbkoro
cobopy cesatoi Codii. BMC-2020 — International Scientific-Practical Conference of
young scientists "Build-Master-Class-2020", November 2020, Kyiv, ¢. 152-153
Pexxum noctymy: https://www.researchgate.net/publication/394330315

23. SlxoBenko, M. (2021). IIpocTtopoBa Mojieb Ta pO3BUTOK Aedopmarriii B yaci 3a
pe3yJbTaTaMH I'e0JIe3HYHOr0 MOHITOpUHTY miamipHoi crinu. InterConf. (51) 962-

972. https://ojs.ukrlogos.in.ua/index.php/interconf/article/view/11725

24. Sxosenko, M. (2021). I'eome3nunuii MOHITOPUHT AedopMallii KOHCTPYKIIIN
OTOPOKEHHS KOTJIOBaHY Ta MEPEKPHUTTIB MpHU PO3pOOLI KOTIOBAHY METOAOM «Up
downy // byniBai Ta ciopynu CIeniajbHOTO MPU3HAYEHHS: Cy4acHI MaTepiaid Ta
koHcTpykiii 11 HaykoBo-npaktuuna kondepentis. 2021, Kui. 55-56. Pexum

noctymy: https://www.researchgate.net/publication/394311243

25. 3opiH, €., SxoBenko, M. (2021). I'eoae3nyHmii KOHTPOJIb CTIHKOCTI (PyHIAMEHTIB
npy OYIBHUIITBI Ta €KCILTyaTallil BUCOTHOI Oy TiBIi 32 IHAMBIIyaAIbHUM TIPOSKTOM //
Bynisni Ta ciopyu crieriaabHOro Npru3HauYeHHs: Cy4acH1 MaTepianu ta KoHeTpykuii 111
HaykoBo-npaktnuna koHgpepenmis. 2021, Kwuis. 93-94. Pexum pgocryny:

https://www.researchgate.net/publication/394310770

26. SIxoBenko, M. (2021). MeTo MOHITOPUHTY 3MiH IIIMPHUHHA PO3KPHUTTS TPIIIKH 3a
nonomMoror aedopMomMerpa miHiiHOTO posmmpeHHs «SDM 50/500» na 6a3i
inaukaropa roguaHukoBoro Ttumy  MY-10. InterConf, (75), 303-313.
https://doi.org/10.51582/interconf.19-20.09.2021.034

27. Skoenko, M. (2023) T'eonme3muHi METOAM KOHTPOJIK TEPEMILIECHb 1

nedopMmaiiiii pu BUKOHAHHI POOIT 3 OOCTEXKEHHS TMOIIKOKEHUX OY/IBEb.

Bceykpaincbka HaykoBo-TipakThuuHa KOHGepeHIlss «TexHidHe 00CTexeHHS


https://www.researchgate.net/publication/394326647
https://www.researchgate.net/publication/394330315
https://ojs.ukrlogos.in.ua/index.php/interconf/article/view/11725
https://www.researchgate.net/publication/394311243
https://www.researchgate.net/publication/394310770
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SUMMARY

Yakovenko, M. Technologies for combining geodetic and inclinometric
methods for monitoring deformations of buildings and structures. — Qualifying
scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of Philosophy Doctor of technical
sciences in the specialty 193 — “Geodesy and Land Management”, field of knowledge
19 — “Architecture and Construction”. — Kyiv National University of Construction
and Architecture, Kyiv, 2026.

In the dissertation, an urgent scientific and applied problem has been solved —
the development and implementation of a technology for combining geodetic and
inclinometric methods for monitoring deformations of buildings and structures under
complex engineering and geological conditions. The proposed technology has been
adapted to wartime conditions, driven by the urgent need for large-scale assessments
of damaged buildings and structures as part of preliminary technical condition
evaluations, which may also be used for estimating material losses in the future. Based
on monitoring data, refined geometric digital twins of damaged structures are
developed and further used for numerical modelling of their stress—strain state with
the aim of controlling their technical condition and generating recommendations for
restoration.

Chapter 1 analyzes modern approaches to deformation monitoring, the factors
influencing structural deformation, domestic and international experience in
organizing monitoring systems, the relevant Ukrainian regulatory framework, and the
concept of the digital twin. It is shown that individual geodetic or geotechnical
methods do not provide comprehensive control over the “excavation support — Soil
mass — surrounding buildings” system. Therefore, the development of a combined
monitoring technology integrating data into a unified deformation field is essential.
The scientific and practical problem is formulated, and the purpose and objectives of
the study are substantiated.

Chapter 2 provides theoretical justification for an integrated observation
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approach within the “excavation support — soil mass — surrounding development”
system. A technological scheme for combining geodetic and inclinometric
deformation monitoring methods is developed. The dissertation introduces and
describes methodologies for: monitoring horizontal deformations of excavation
support structures using repeated direct linear-angular intersections; monitoring
vertical displacements of building foundations using geometric leveling; crack
monitoring with contact crack gauges; and inclinometric monitoring of slope
deformations with identification of the active slip plane and its temporal evolution.

A scheme of unified spatio-temporal integration of monitoring data has been
developed,; a correlation matrix for combined monitoring has been introduced; and an
approach to combining spatial and temporal approximations of deformation processes
for forecasting purposes is substantiated. Special attention is given to the methodology
for constructing a geometric digital shadow and a geometric digital twin as a
foundation for the future digital transformation of monitoring systems.

Chapter 3 presents the results of experimental research. At an experimental site
in Kyiv (2014-2019), combined deformation monitoring was carried out in the impact
zone of a deep excavation on the slope of the Klov ravine. It was established that
actual deformations of the excavation support (horizontal up to 65 mm) and
foundation settlements (up to 39 mm) exceeded the design values. However,
systematic monitoring and timely adjustments to project decisions prevented
hazardous situations for adjacent buildings. A staged deformation pattern was
recorded: first, the excavation support; then, slope movements within the soil mass
(inclinometer boreholes); followed by building foundation settlements and the
formation of structural cracks.

After 2022, the developed technologies were adapted to wartime conditions for
assessing the state of damaged buildings, particularly in the city of Chernihiv, where
significant damage to the reinforced concrete frame was recorded due to missile
strikes. Monitoring of unstable structural elements was introduced; geodetic methods
and a geometric digital twin were used to analyze deformations and control hazardous

zones. The similarity between deformation profiles caused by blast loads and those



observed in excavation support deformations demonstrated the relevance of
previously developed approaches. The proposed methodology for
constructing a digital twin proved to be an effective tool for risk management
and for supporting decisions on conservation, strengthening, or dismantling of
damaged structures.

Chapter 3 demonstrates the evolution of monitoring technologies — from
pre-war development of combined monitoring techniques in complex
engineering and geological conditions to their adaptation for solving critical
wartime challenges. The obtained results confirm the universality and
flexibility of the proposed technology and its potential for international
application in risk management systems under conditions of technogenic and
military catastrophes.

Appendix A presents the results of practical and normative
implementation of the dissertation outcomes. Recommendations and solutions
to challenges arising during deformation monitoring under wartime conditions
are formulated. The application of theoretical and methodological results in
the development of the national standard DSTU-N B V.1.2-17:2016
“Guidelines for scientific and technical monitoring of buildings and structures”
Is demonstrated, along with the substantiation for creating a new
Organizational Standard SOU DP NDIBK B.1.3-02495431- 020:2025
“Specifics of geodetic investigations during the inspection of damaged
buildings and structures.” The proposed approaches ensure the unification of
geodetic methodologies for inspecting and monitoring damaged structures and
create a practical basis for forming a modern national regulatory framework
and resilient deformation control systems in wartime and post-war
reconstruction periods.

Keywords: technologies for combining geodetic and inclinometric
methods, deformation monitoring, geometric digital twin, buildings and

structures, system approach.
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