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Pyccuit B.B. OITUMIBAIISL OPTAHIBAIIIMHO-TEXHOJIOTTYHMX
PIIIEHb BIAHOBJIEHHA TIOLIKO/KEHUX HEINIAHUX BYJAIBEJIL —
KBanidikamiiinuii HayKoOBUM TPy Ha MpaBax PyKOMUCY.

Hucepramisi Ha 3700yTTs cTymneHs AokTopa (imocodii mo crerianbHOCTI 192
ByniBHUIITBO Ta HUBLIbHA 1HXeHepisa. — OnechKka JiepKaBHa akajaeMis OyAiBHHUIITBA Ta
apxitektypu, Ogeca, 2023.

B pobGori BupilmeHO OCHOBHE 3aBJaHHSA ONTHMI3AIlli  OpraHi3amiiHo-
TEXHOJIOTIYHUX PIIICHb BIIHOBJICHHS MOIIKOKEHUX BHACIIIOK BOEHHHUX A1 HETJISTHUX
OyliBEIb.

[TocTaBieHe 3aBAaHHS BHPIMIEHO 3a JIOMOMOTOI0 CY4YaCHUX IPOrpPaMHHUX
KOMIIJIEKCIB IIJISIXOM:

- IPOBEJICHHSI ~ 0araTOKpPUTEpiaJbHOTO  aHalidy  BUOOpPY  €(PEeKTHBHOTO
KOHCTPYKTHUBHO-TEXHOJIOT'TYHOTO PIIICHHS BIIHOBJICHHS MOIIKO/[XKEHb LIETISHUX CTIH;

- BU3HAYCHHS 3aJIC)KHOCTEH MOKa3HUKIB BITHOBJICHHS BiJa (aKTOpIB, II0 HA HHUX
BIUTUBAIOTH 32 JOTMIOMOTOI €KCIIEPUMEHTAIBHO-CTATUCTHYHOTO MOJICTIOBAHHS 3T1THO
00paHoro MmiaHy eKCIepUMEHTY;

- ONTUMI3allll OpraHi3alifHO-TEXHOJOTTYHUX PIIEHb BITHOBJICHHS 32 JI0IIOMOT 00
HaKJIaJICHHs] OOMEXXEHb Ta aHaJ13y BUZHAUYCHUX 3aJI€KHOCTEH.

B nuceprariiftHoMy AOCIIPKEHHI BUKOHAHUM aHaJ13 BIAKPUTUX 1H(GOpPMAIIHHUX
mxepen. [IpoaHanizoBaHO CTaH TMOIIKOJKEHUX BHACIHIIOK BOEHHMX i OyJiBeNb Ta
cropynt 3 iX ¢orto- Ta/abo Bifeo- ¢ikcamiero. BctaHoBIEGHO, M0 cepell HUX HaWOUIbII
PO3MOBCIOJKEHUH Tun — wuerisHi OyniBm (74,26 %) Ta BU3HAYEHO XapakTep ix
MOIIKO/KEHb. HacTymHUMH 3a pPO3MOBCIOKEHICTIO HAYTh TMONIKO/PKCHI TaHENbHI,
KpynHoOouHi Ta kapkacHi (14,08 %) ta inmri Oyzaismai ta ciopyau (11,66 %). Busnaueni
OCHOBHI OPTaHi3aliiHO-TEXHOJOT1YH1 aCIIEKTH 3BEICHHS LETISHUX Oy 11BEb.

3a mpuYMHAMHM BUHHMKHCHHS XapakKTep TMOMIKO/DKeHb IEIJISHUX OyaiBelb
BHACJIIJIOK BIUIMBY BOEHHUX JAiM mojauieHo Ha 2 Bunajku. [lepmmii BUNagoK - BUOYX
cTaBcs mopsa 3 OyJiBieto 3 1eriu. B Takomy pasi maiike B yCiX BUIAAKaX OJHOYACHO

MOIIKO/PKEHb 3a3HAIOTh: 03/100JICHHS 30BHINIHIX CTiH, IPOpi3u (BIKOHHI Ta JABEPHI) Ta



NOKpiBjs. JIpyruii BUMaaok - BUOYX € BEJIUKOI MOTYXKHOCTI Ta CTaBCs OPSIT 3 Oy TiBJICIO
3 merau abo HasBHE TpsSME BIyYaHHS. B 1iboMy BHUIIAIKy BiOyBa€ThCS YaCTKOBE
pyHHYBaHHS HECYUYMX KOHCTPYKIIH 1 MOMIKO/KEHHs (a00 pyHHYBaHHS) IOB’SI3aHHUX 3
HUMHU eJieMeHTiB. [lig moB’S3aHMMH €JIEeMEHTaMH B JIAaHOMY BHITAJIKYy PO3YMIIOTHCS
eJIeMEeHTH OyiBeNb, IO MOMIKOKYIOThCS (PYWHYIOTHCS) HE BiJl BIUIUBY BHOYXY, a BiJ
roro HachiakiB. J[0 HUX BITHOCATHCS CHPUYMHEHI BUOyXaMU: TMOXKEXKi, TEPEPO3MOIiI
HAaBaHTa)XEHb, OOBAJICHHS E€JEMEHTIB TOIIO. B pamkax maHOTO IOCTIIXKEHHS Oyne
PO3IIIAIaTUCh caMe APYTHi BUMNaaoK. [lomkomkeHHs, pyiHyBaHHS €JIEMEHTIB Oy liBEllb,
BUOYXOBl BIUIMBM TOIINO CYIPOBOUKYIOTHCS BHHUKHEHHSM BEJIMKOi KUIBKOCTI
MOOJTMHOKHUX Ta CITOK TPIIIUH B HETJITHUX CTiHAX.

B pesynbrari aHamizy BIAKpUTHX 1H(GOPMAIIHHUX JKEpesl BCTAHOBJIEHO
KOHCTPYKTHUBHO-TEXHOJIOT1YHI PIIMIEHHS BIJHOBJICHHS METJSHUX CTIH Ta I1XHBOTO
30BHINTHBOTO 037100JIeHHsI. BUKOHAHO aHaITi3 ICHYFOUMX METOUK Ta METO/I1B ONITUMI3allii
OpraHi3aliifHO-TeXHOJOTIYHUX  pilieHb. J0  HUX  BIJHOCSATBHCS: METOIUKH
0araTOKpUTEPIAIbHOTO aHalli3y Ta €KCIEPUMEHTAIbHO-CTATUCTUYHOTO MOJICITIOBAHHS,
METOM CTBOPEHHS  YHUCENbHUX Mojened  (KOIITOPUCIB Ta  OpraHi3auiiHo-
TEXHOJIOT1YHUX).

BukoHnano anHamiz MOMJIMBOCTEH IMOTOYHOTO Ta MalOyTHBOro (HiHAHCOBOTO
3a0€e3MeUeHHs] MpOLIECIB BIAHOBIEHHA B YKpaiHi. Bu3HaueHO HasBHI MEXaHI3MU
0OCTEe)KEHHS, 3allydeHHS MaTepiaibHO-TeXHIYHHUX pecypciB Ta pobouoi cuiiu,
KoopAuHaIli 3 OOKy Jep>KaBHOI BiIagu (CTBOPEHO KOOpAMHALIMHUN IITad 3 MUTaHb
JICOKYTIOBAaHUX TEPUTOPIH, «apMit0 BITHOBICHHS», peECTp 30UTKIB, CKIAJICHO MPOrpamy
BIJIHOBJICHHSI YKpaiHW, 4aT-00TH TOIO) /Jisg 3a0e3MeUeHHS IPOIIECiB BIIHOBJICHHS
MOIIKOKCHUX BHACIIIOK BOEHHHX JIid OyIiBEIIb.

Jst BUpiIIEeHHS OCHOBHOT'O HAYKOBOTO 3aBJaHHS B pOOOTI BUKOPUCTOBYBAJIMCH Ta
po3po0JieHI HACTyNHI METOAMKM Ta MeToaud. Po3poOiieHa 3araibHa METOJUKA
JUCEPTAIIITHOTO JOCIIHKEHHS, 1[0 BKIIOYAa€ B ce0e METOIUKU Ta METOJM BUPIIICHHS
OKpEeMHX 3a/1au:

- pO3po0JICHY METOAMKY BHOOpPY IOIIKO/KEHUX OyAiBelb JJId TIPOBEACHHS

CKCIICPUMCHTAJIbHO-CTATUCTUYIHOI'O aHaJ]isy;
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- METOAMKY 0araroKpurTepialbHOrO aHaNi3y JUIsl MOIIYKY HalOLIbIl e(heKTUBHOTO
pIILICHHS 3 BIIHOBJICHHS;
- METOJIM CTBOPEHHS KOIITOPHCIB Ta OPTraHI3aiiHO-TEXHOJOTTYHUX MOJICTIeH;
- METOAWKY EKCIepUMEHTAIbHO-CTATUCTUYHOTO  MOJICNIOBAaHHSI Ta  TEOPiro
IUTaHyBaHHS €KCIIEPUMEHTIB.
3a po3po06IIEHOI0 METOAMKOIO JIJIsl MPOBEICHHS YHCEIIbHOT'0 MOJIETTIOBaHHS 00paHO
NOIIKO/PKEHUH BHACTIZIOK BOEHHUX /i OyAiBeNbHUNH 00’€KT - KOMYHAJIbHUN
HaBUYaNbHUH 3akiaj KuiBcbkoi o0macHoi paan «BacunbkiBCchbkuil mpodeciiHuii Jirei» y
M. BacunbkiB, KuiBcbka o0nacth. JlaHuil 00’€KT MOMIKOMKEHUN MPSIMUM BIIyYaHHSIM.
3pyiiHOBaHAa dYacTWHA HECYYMX KOHCTPYKIIH BHIINE HYJIHOBOI BIIMITKH (LIETJISTHI
BHYTpIIIHI Ta 30BHIIIHI CTIHM, MEPEMUYKH, KPOKBSHA CHCTEMa, MEPEKPUTTH), YCl
POPI3H, MOKPIBEIbHE MOKPUTTS, BHYTPILIHE Ta 30BHILIIHE 03/100JICHHS LIKOJIH.
3a METOAWKOI OaraTOKpUTEpIaJbHOIO aHaji3y MOETarHO TOPIBHSIHO S55-Tb
KOHCTPYKTHUBHO-TEXHOJIOTYHUX PillIeHb BiIHOBICHHS OCHOBHUX MOIIKOKEHb IIETIISTHIX
ctid. [lopiBHSIHHA NPOBOAMIIOCH 3a IIICThMA HAWOUIBIN 3HAYYIIUMHU KPUTEPISIMU
e(eKTUBHOCTI («30UIbLIEHHS! TOBUIMHU CTIHU MICIS BIJHOBJIEHHS 3 YpaXyBaHHSIM BUMOT
CHEProe(PeKTUBHOCTI», «EKCIUIyaTalliiHa JIOBFOBIUHICTBY», «MOXJIMBA TJIMOMHA
3aKJIaJICHHS TPIIUHIY, «1alla30H MOXKJIUBOI TIMOWHU 3aKJIaJ€HHS TPIIIMHNY, «BAPTICTh
BIJTHOBJIEHHSI JUISHKM CTIHM 3 ypaxyBaHHSM BHUMOI' €HEProe(EeKTUBHOCTI 30BHILIHIX
CTIH» Ta «YHIBEPCAJIbHICTh BUKOPUCTAHHS JJIsI €JIEMEHTIB LIETJISTHUX CTiH»). B pe3ynbTati
BUKOHAHHS 0araTOKpHUTEpIaJbHOTO aHalli3y OOpaHO OJHE 3 HaWOUIbIl e(EeKTUBHUX
pileHb BiAHOBIIGHHS HerngHuX cTiH - «[latent GB 593998 Cnoci6 peMoHTY TpillluH B
CTiHax». bararokpurtepiaJlbHUI aHaji3 MOPIBHSHHS KOHCTPYKTHUBHO-TEXHOJOTTUHHUX
BiJTHOBJICHHSI IETJISTHUX CTIH BiOYBaBCS 3a JIOMTOMOTOIO 1THCTPYMEHTApPII0 MPOTPaMHOTO
koMrIuiekcy Microsoft Excel.
IIpn mopiBHAHHI OOpaHMX TEXHOJIOTIM 3a METOAMKOI OaraTOKpUTEPiaIbHOIO
aHai3y KpUTepii €PEeKTUBHOCTI BapIFOBAIUCH Y TAKMX MEXKaX:
- «30UIbIIEHHS TOBUIMHU CTIHM TICJHs BIJHOBJIEHHS 3 YpaxyBaHHSIM BHMOT
eHeproeekTuBHOCTI» - Bij 126 10 400 Mm;

- «EKCIUTyaTalliiiHa TOBroBiuHICTh» - B 15 10 100 pokis;



- «MOYKJIMBA IIIMOWHA 3aKJIaeHHs Tpiluam» - BT 40 1o 380 MmM;

- «Jl1arma30H MOXJIMBOT TTIMOUHM 3aKJIAICHHS TPIMHUY - BiJ S 10 60 MM;

- «BApTICTh  BIJHOBJEHHA  JUISHKM  CTIHM 3  ypaxXyBaHHSAM  BHUMOT
eHeproePeKTUBHOCTI 30BHIIIHIX CTiH» - Bia 1029,77 no 27775,14 rpu/m.11.;

- «yHIBEPCAITBHICTh BUKOPUCTAHHS JJI €JIEMEHTIB LETJISTHUX CTiH» - Big 1 70 3.

O6paHo HaWOUIBII 3HAYYIIl IMOKA3HWKU: «BapPTICTh BIJHOBJICHHS IIKOJIU 3
ypaxyBaHHAM Koedimienty indmsmii (YX)» Ta «rpuanicts BimHOBIeHHS mKomn (Y2)».
O6pano dakTopu, MO 3AIMCHIOIOTh HAMOUIBIIMKM BIUIMB Ha MOKAa3HWKH B1JHOBJICHHS:
«CTYIIHb TMONIKOJKEHOCT! HErJsaHoi Kiaaaku (Xi)», «CTYHiHb MOIIKOJKEHOCTI Jaxy
(X2)», «BapTicTh (acagHOro 037100eHHS (X3)» Ta «CTYIIHb IMOIIKOKEHOCTI HETISHO1
kianku (Ri)», «cTymiHp momko/pkeHocTi naxy (Rz2)», «TpynoMicTKICTh (acaaHoro
o31001eHHs (R3)», «cymimeHicTs pooiT (Ra)».

3rifHo Teopii IJIaHyBaHHS EKCIIEPUMEHTIB OOpaHO JiBa CKOPOUYEHUX IUIAHU
IIPOBEJICHHS €KCIIEPUMEHTY, IO MA0Th 3MOTY OTPUMATH aJeKBaTHI 3HA4YCeHHS: 15-Tm
TOYKOBUHM TUTAH JJis TIOKAa3HUKA «BApPTICTh BIAHOBIICHHS IIKOJIW 3 YpaxyBaHHIM
koedimienry indmamii (YX)» Ta 25-TM TOYKOBMH sl TOKA3HUKA «TPHBANICTh
BITHOBJICHHS TIKOJIH (Y2)».

HarypHni 3HaueHHst pakTopiB, 1110 BIUTMBAIOTH HAa MMOKA3HUK «BAPTICTh BIHOBJICHHS
ITKOJTH 3 ypaxyBaHHAM Koedirienty indusmii (YA )» BapitoBanuch y Takux Mexax:

- «CTYIIIHB MOIIKO/KEHOCTI HernsHol kinaaku (Xi1)» Bix 15,47 no 46,41 %;

- «CTYIIHb NOMIKOMKEeHOCTI naxy (X2)» Bia 18,15 no 54,45 %;

- «BapTicTH (acamuoro o3n00enns (Xs)» Bix 137,88 no 221,40 rpu/m>.

Harypui 3HaueHHs ¢akTopiB, 1[0 BIUIMBAIOTh HA TMOKA3HUK BIJIHOBJICHHS
«TPUBAJIICTH BITHOBIIEHHS MIKOIH (Y2)» BapifOBaJIUCh Yy TAKMX MEXKaX:

- «CTYIIHb NOMIKOKEHOCTI HernsaHoi kinaaku (Ri)» Bin 15,47 no 46,41 %,

- «CTyMiHb NomkokeHocTi aaxy (R2)» Bimg 18,15 no 54,45 %;

- «TPYAOMICTKICTE (pacaguoro o3noonenns (Rs)» Bix 3,09 no 3,85 mron.-ron./m?;

- «cyMiteHicTs pooit (R4)» Bix 77,4 no 79,1 %.
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[Ticnss BMOOpPY OCHOBHMX KOHCTPYKTHBHO-TEXHOJIOTIYHUX PIlIEHb B pOOOTI
CKJIaJIecHO 15 KOIITOPUCHUX PO3paxyHKIB Ta moOyJoBaHO 25 opraxizaiiiiHo-
TEXHOJIOTIYHUX MOJIEJIEW BIJHOBJIEHHS ITOIIKOHKEHOI BHACIINOK BOCHHUX Hill IIKOJIH.
JItst cktaaHHs KOIITOPUCHUX PO3pPaxyHKIB BUKOPHCTOBYBABCS MPOTPAMHUN KOMILIEKC
ABK 5. Jlns mpuBeneHHs 3HAYCHb MMOKAa3HUKA «BApPTICTh BITHOBJICHHS IIKOJIU 3
ypaxyBaHHAM koedimienty indusmi (YX)» 10 agekBaTHHX Ha CHOTOIEHHS 3HAUCHb
BBCICHO cepeaHii Koe]iIieHT IiIBHUINCHHS MOKAa3HUKA BAPTOCTI BIHOBICHHS IIKOJHU 3
ypaxyBaHHsAM 1HQIsiiHNX nporeciB K. OpranizaiiifHo-TeXHOIOT14H1 MOJIEN1 MPOIIECiB
B1JIHOBJICHHS Oy TyBaJIMCh 3a JOTIOMOTOIO MPOrpaMHOro komiuiekcy Microsoft Project.

B pesynbprarti nody10Bu MoeIIeH 31 IHO OOpaHUX IUIaHIB €KCIIEPUMEHTY 3HANICH1
3HAQYCHHS TIMOKA3HWKIB BIJHOBJICHHS, a CaMe: «BapTICTh BIJHOBICHHS IIKOJIU 3
ypaxyBaHHAM Koediienty inpnanii (YX)» ta «rpusanicts Bimnosnenns mxomu (Y2)».

Ha ocHOBI oOTpUMaHMX JaHUX BHUKOHAHO EKCIEPUMEHTAIbHO-CTATUCTHYHE
MojemoBaHHsl B mnporpamHoMmy Komiuiekci COMPEX, pesynapTraToM SIKOTO €
BCTAHOBJICHHSI XapakTepy B3a€MO3B’SI3KIB  MDK TIOKa3HMKAaMW  BIJHOBIICHHS Ta
(akTopamuy, 1110 HA HUX BIUIMBAIOTh y BUIJISA/I1 AHATITUYHUX Ta rpa@iuyHUX 3aJI€KHOCTEM.
Bukonano anaiiz oTpuMaHHMX piBHSHB, JiarpaM CTYIICHIB BIUIUBY KOXHOTO 3 (paKTOPiB
Ha TIOKa3HWKH BiJHOBJICHHS OKPEMO, a cCaMe: BH3HAUEHO PIiBEHb BIUIMBY KOXKHOTO 3
(dbakTOpiB Ha JOCITIKYBaHI IMOKA3HUKHU 32 JOIOMOTOI0 MOOYAO0BAHOTO B IIPOTrPaMHOMY
komruiekci COMPEX panxyBaHHs (DakTOPIB 3a piBHEM iX 3HAUYIIOCTI; BAKOHAHO aHAII3
noOyaoBaHoi B mnporpamHomy koMmiuiekci COMPEX kyOiuHOi jJiarpaMu  BIUIMBY
(bakToOpiB Ha MOKA3HUK «BAPTICTh BIJHOBJIICHHS HIKOJHM 3 YpaxyBaHHSIM KOEQIIIEHTY
indmamii (Y)»; BUKOHAHO aHai3 TMOOGYJOBAHOI 33 BCTAHOBJIEHOI CXEMOIO IiarpaMu
«KBaJIpaT Ha KBAJpaTi» 3aJEKHOCTI MOKa3HUKA «TPUBAIICTh BITHOBICHHS MIKOIH (Y2)»
BiJl (haKTOPIB, 110 HA HHOTO BILJIUBAIOTD.

JIisT TOITyKy ONTHMAadbHUX 3HA4YeHb IMOKAa3HUKIB BITHOBJICHHS Ha OTpPUMaHI
rpadiuHi 3aJIeKHOCTI HaKJIaJIleHO oOMekeHHs. BoHM 3aCTOCOBYBaIUCH SIK 10 (haKTOPHOTO
IPOCTOPY TaK 1 JUIsl MOKAa3HUKIB BIAHOBJIEHHA. A caMme NPUIHATO Taki OOMEKEHHS:

TIOKA3HUKIB «BAPTIiCTh BiJHOBJICHHS IIKOJIH 3 YpaXyBaHHAM Koedimienty indmamii (YE)»
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Ta «TPUBAIICTH BIIHOBIEHHS MIKOJH (Y2)»; (PakTOpiB «BapTICTh (hacaHOTO 03A00ICHHS
(X3)» Ta «cymimeHicTb pooiT (R4)».

30HM ONTUMAJbLHUX 3HAYEHb TOKA3HUKIB BIJHOBJICHHS B POOOTI MO3HA4YCHI Ha
rpadiyHUX 3alIeKHOCTAX. [lomIyk 30H ONTUMaIbHUX 3HAYEHb IMOKA3HUKIB BITHOBJICHHS
BiJI0OyBaBCS MPHU OJTHOYACHIH 11 BCIX HAKJIaIECHUX OOMEKEHb.

30Ha ONTUMAJLHUX 3HAYEHb I[IOKA3HUKA «BApTICTh BIJHOBIEHHS IIKOJIU 3
ypaxyBaHHsIM Koedirienty indumsamii (Y{)» cxmamae Y = 16,323...17,000 MiH. rpH.
3HM>KEHHSI BAPTOCT1 BIJIHOBJIEHHS MOPIBHSHO 3 MPOEKTHUM PIMIEHHSAM 3 YpaxyBaHHIM
3aj1aHuX obMesxkeHb ckiamae YK = 0,636...1,302 mun. rpu. Ilpu npomy daxropu
«CTYIIIHb TOIKOHKEHOCTI IETIISTHOT KITaku (X1)», «CTYIIHb MOMIKOPKEHOCTI 1axy (X2)»
Ta «BapTicTh ¢acagHoro o37007eHHs (X3)» BapilOIOThCA Yy TaKUX Mexax Xi =
15,47...37,2 %, X>=18,15...54,45 %, X3=184,11...221,40 rpa/m>.

30Ha ONTUMAIBHUX 3HAYEHb MOKA3HUKA «TPUBATICTH BiMHOBICHHS IIKoIu (Y2)»
ckinagae Yz = 207...250 nuHiB. 3HM)KEHHS TPHUBAJIOCTI BIJHOBJICHHS IOPIBHSHO 3
MPOEKTHUM PIMIEHHSAM 3 ypaxyBaHHSIM 3aJlaHUX OOMEXEHb ckiamae Y,=63...106 mHiB.
[Ipu upoMy (akTopu «CTymiHb MOUIKOHKEHOCTI HerasHol kianku (Ri)», «cTymniHb
nomkokeHocTi aaxy (Rz)», TpymomictkicTs ¢acagnoro o3mobnenus (Rz)»  Ta
«cyMimeHictb pooiT (Rs4)» BapitoroThest y Takux mexax Ri = 15,47...30,94 %, Ry =
18,15...54,45 %, R3=3,09...3,89 mox.-ron./m?, Rs=77,4...78,3 %.

VYcmimHo  BUKOHAaHA — ampoOarlis — pe3ysbTaTiB  JOCHIKEHb  MUISXOM  iX
BIIPOBA/XKEHHSI B IISUIBHICTD Py MIANPUEMCTB.

Pesynbpratu mucepramiitHOro IOCHITKEHHsS OMmyOJIiKoBaHO B 15-TW JapyKoBaHUX
Npalsx; BIPOBA/HKEHO B HABUAIBHHI MPOIEC Ta HAYKOBY poboTy Omechbkoi aepkaBHOT
akajeMii Oy/1IBHULTBA Ta apXITEKTYPH.

OcCHOBHUI HAyKOBUU pE3ylbTaT TMOJSTa€ y HACTYMHOMY: po3poOIl Ta
BJIOCKOHAJICHH1 METOJIUK, BU3BHAUYCHH1 3aKOHOMIPHOCTEH 3M1HU Ta ONTHUMI3allli OCHOBHHUX
MOKAa3HUKIB  OpraHi3allifHO-TeXHOJOTIYHUX pIMIeHb Ha MPHUKJIaAl  BIIHOBJICHHS
MOIIKOJ/KEHOT BHACTIAOK BOEHHMX [1A LEMISIHOI MIKOJW, MOOYJOBAaHOI 3a THUIIOBUM

IPOEKTOM.



[IpakTHyHA 3HAYUMICTH OTPHUMAaHHUX PE3YJIbTATIB AUCEPTAIIHHOTO JTOCIIIKEHHS
MOJIATAE y BU3HAYCHHI ONTHMAJIBHUX TOEIHAHb 3HA4YCHb (DAKTOPIB MJIsI OTPUMAHHS
HaWOIIbI  €eKTUBHMX  OPraHi3allifHO-TEXHOJOTIYHUX  PIINICHh  BIIHOBJICHHS
MONIKO/PKEHUX BHACIIJIOK BOEHHUX MAIN LEIVITHUX IIKUI, MOOYJOBaHUX 3a TUIIOBUM
IPOEKTOM, 3 YypaxyBaHHSIM JIIOYNX OOMEXKeHb. B pe3ynbTaTi TpOBEACHHS
JUCEPTALIHOTO JOCIIKEHHS pO3pO0JICHO peKoMeHIallii 3 onTuMIi3allli opradizamiiHo-
TEXHOJIOT1YHUX PIIICHb BITHOBJICHHS MOIIKOKEHUX BHACIIIOK BOEHHUX AN IErITHUX
OyIiBenb Ta TEXHOJIOTIYHY KapTy Ha BIJHOBIIEHHS OCHOBHOTO BHUJY IOIIKOIKECHb
LETIIHUX CTIH O 0OpaHOMY HalOUIbII €(PEKTUBHOMY KOHCTPYKTHBHO-TEXHOJIOTTYHOMY
pimenHto («mareHT GB 593998 Criocib peMOHTY TPIIIUH B CTIHAXY).

BukopucranHs pe3yJbTaTiB AUCEPTAIIHHOTO JOCHIPKEHHS MOXKE J03BOJUTHU
CKOpPOTHUTH BapTiCTh Ha 3,6-7,6 % Ta TpuBaiicth Ha 20-34% B1AHOBIEHHS MOIIKOI>KEHUX
BHACJIIJIOK BOEHHUX JT1H IETVISTHUX Oy/I1BEJIb 3 ypaxXyBaHHAM JTIIOYHX OOMEKEHb.

KirouoBi cJjioBa: BIJHOBJIECHHS MLETJAsSHUX OyJiBenb, OYiBIl MOIIKOJKEHI
BHACIIIJIOK BOEHHUX [i, 4YHCEIbHE MOJCIIOBAHHS, OpraHi3alliifHO-TeXHOIOT1YHI

pIlLIEHHS, ONITUMI3allis PIIEHb.

ABSTRACT

Russyi ~ V.V.  OPTIMIZATION OF ORGANIZATIONAL AND
TECHNOLOGICAL SOLUTIONS FOR THE RESTORATION OF DAMAGED
BRICK BUILDINGS - Qualifying scientific paper with manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in the
specialty 192 Building and civil engineering. — Odessa State Academy of Civil
Engineering and Architecture, Odesa, 2023.

The work solves the main task of optimizing organizational and technological
solutions for the restoration of brick buildings damaged as a result of military actions.

The task was solved with the help of modern software complexes by:

- carrying out a multi-criteria analysis of choosing an effective constructive and

technological solution for repairing damage to brick walls;
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- determination of the dependence of recovery indicators on the factors affecting
them using experimental and statistical modeling according to the selected experimental
plan;

- optimization of organizational and technological recovery solutions by imposing
restrictions and analyzing defined dependencies.

An analysis of open information sources is performed in the dissertation study.
Condition buildings and structures damaged as a result of military actions were analyzed
with their photo and/or video recording. It was established that the most widespread type
among them is brick buildings (74.26%) and the nature of their damage was determined.
The next most common are damaged panel, large-block and frame buildings (14.08%)
and other buildings and structures (11.66%). The main organizational and technological
aspects of the construction of brick buildings are defined.

According to the causes of occurrence, the nature of damage to brick buildings due
to the influence of military actions is divided into 2 cases. The first case - the explosion
occurred next to a brick building. In this case, in almost all cases, the exterior wall
decoration, openings (windows and doors) and the roof are damaged at the same time.
The second case - the explosion is of great power and happened next to a brick building
or there was a direct hit. In this case, there is a partial destruction of the load-bearing
structures and damage (or destruction) of the elements associated with them. In this case,
related elements mean building elements that are damaged (destroyed) not by the impact
of the explosion, but by its consequences. These include those caused by explosions: fires,
redistribution of loads, collapse of elements, etc. The second case will be considered in
the framework of this study.

As a result of the analysis of open information sources, constructive and
technological solutions for the restoration of brick walls and their external decoration
were established. The analysis of existing methods and methods of optimization of
organizational and technological solutions was performed. These include: methods of
multi-criteria analysis and experimental-statistical modeling; methods of creating

numerical models (estimates and organizational and technological models).
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An analysis of the possibilities of current and future financial support of recovery
processes in Ukraine was performed. The existing mechanisms of survey, involvement of
material and technical resources and labor force, coordination on the part of the state
authorities have been determined (a coordination headquarters for issues of de-occupied
territories, a "restoration army" has been created, a register of damages, a program for the
recovery of Ukraine, chatbots, etc. has been drawn up) to ensure recovery processes
buildings damaged as a result of military actions.

The following techniques and methods were used and developed to solve the main
scientific task in the work. A general methodology for dissertation research has been
developed, which includes methods and methods for solving individual problems:

- developed methodology for selecting damaged buildings for experimental and
statistical analysis;

- the method of multi-criteria analysis to find the most effective solution for
restoration;

- methods of creating estimates and organizational and technological models;

- the methodology of experimental-statistical modeling and the theory of experiment
planning.

According to the developed methodology, a building object damaged as a result of
military operations was selected for numerical modeling - the communal educational
institution of the Kyiv Regional Council "Vasylkivskyi profesiinyi litsei" in the city of
Vasylkiv, Kyiv region. This object was damaged by a direct hit. The destroyed part of the
load-bearing structures above the zero mark (brick internal and external walls, lintels,
rafter system, ceiling), all openings, roofing, internal and external decoration of the
school.

Using the method of multi-criteria analysis, 55 structural and technological
solutions for repairing the main damage to brick walls were compared step by step. The
comparison was made according to the six most significant efficiency criteria ("increase
in wall thickness after restoration taking into account energy efficiency requirements",
"service life", "possible depth of crack formation", "range of possible depth of crack

formation", "cost of restoration of a section of the wall taking into account energy
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efficiency requirements external walls" and "versatility of use for brick wall elements").
As a result of the multi-criteria analysis, one of the most effective solutions for restoring
brick walls was chosen - "Patent GB 593998 Method for repairing cracks in walls." Multi-
criteria analysis of the comparison of structural and technological restoration of brick
walls was carried out with the help of the Microsoft Excel software package.

When comparing the selected technologies using the method of multi-criteria
analysis, the efficiency criteria varied within the following limits:

- "increase in wall thickness after restoration taking into account energy efficiency
requirements" - from 126 to 400 mm;

- "operational durability" - from 15 to 100 years;

- "possible crack depth" - from 40 to 380 mm;

- "range of the possible depth of the crack" - from 5 to 60 mm;

- "cost of restoration of the wall section taking into account the energy efficiency
requirements of external walls" - from 1,029.77 to 27,775.14 uah/L.m.;

- "versatility of use for brick wall elements" - from 1 to 3.

The most significant indicators were selected: "cost of school restoration taking
into account the inflation factor (YX)" and "duration of school restoration (Y2)". The
factors that have the greatest influence on the restoration indicators were selected: "degree
of damage to the brickwork (X;)", "degree of damage to the roof (X2)", "cost of facade
decoration (X3)" and "degree of damage to the brickwork (R1)", " degree of damage to
the roof (R»)", "labor intensity of facade decoration (R3)", "combination of works (R4)".

According to the theory of experiment planning, two shortened plans for
conducting the experiment were chosen, which make it possible to obtain adequate
values: a 15-point plan for the indicator "cost of school restoration taking into account
the inflation factor (YX)" and a 25-point plan for the indicator "duration of school
restoration (Y2) ".

The natural values of the factors affecting the indicator "cost of school restoration

taking into account the inflation factor (YX)" varied within the following limits:

- "degree of brickwork damage (X1)" from 15.47 to 46.41%;
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- "degree of roof damage (X>)" from 18.15 to 54.45%;

- "cost of facade decoration (X3)" from 137.88 to 221.40 uah/m>.

The natural values of the factors affecting the recovery indicator "duration of
school recovery (Y2)" varied within the following limits:

- "degree of brickwork damage (R1)" from 15.47 to 46.41%;

- "degree of roof damage (R2)" from 18.15 to 54.45%;

- "labour intensity of facade decoration (R3)" from 3.09 to 3.85 man-hours/m?;

- "combinability of works (R4)" from 77.4 to 79.1%.

After choosing the main structural and technological solutions, 15 estimated
calculations were made and 25 organizational and technological models of the restoration
of the school damaged as a result of military actions were built. The AVK 5 software
complex was used to make estimates. To bring the values of the indicator "cost of school
restoration taking into account the inflation factor (YX)" to values adequate for today, the
average coefficient of increase of the indicator of the cost of school restoration taking into
account inflationary processes was introduced K. Organizational and technological
models of restoration processes were built using the Microsoft Project software complex.

As a result of building models according to the selected plans of the experiment,
the values of recovery indicators were found, namely: "cost of school recovery taking into
account the inflation factor (YX)" and "duration of school recovery (Y2)".

Based on the obtained data, experimental and statistical modeling was performed
in the COMPEX software complex, the result of which is the establishment of the nature
of the relationships between the recovery indicators and the factors affecting them in the
form of analytical and graphical dependencies. The obtained equations and diagrams of
the degree of influence of each of the factors on the recovery indicators were analyzed
separately, namely: the level of influence of each of the factors on the studied indicators
was determined using the ranking of factors by the level of their significance built in the
COMPEX software complex; the analysis of the cubic diagram of the influence of factors
on the indicator "cost of school restoration taking into account the inflation factor (Y{)"

built in the COMPEX software complex was performed;
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In order to find the optimal values of the recovery indicators, restrictions are
imposed on the obtained graphical dependencies. They were applied both to the factor
space and to recovery indicators. Namely, the following restrictions were adopted:
indicators "cost of school restoration taking into account the inflation factor (YX)" and
"duration of school restoration (Y2)"; factors "cost of facade decoration (X3)" and
"compatibility of works (R4)".

Zones of optimal values of recovery indicators in work are marked on graphical
dependencies. The search for zones of optimal values of recovery indicators took place
with the simultaneous effect of all imposed restrictions.

The zone of optimal values of the indicator "cost of school restoration taking into
account the inflation factor (YX)" is YX = 16,323...17,000 million uah. The reduction in
the cost of restoration compared to the project solution, taking into account the specified
restrictions, is Y;* = 0.636...1.302 million uah. At the same time, the factors "degree of
damage to the brickwork (X1)", "degree of damage to the roof (X2)" and "cost of facade
decoration (X3)" vary within the following limits: X; = 15.47...37.2%, X, = 18.15
...54.45%, X3 =184.11...221.40 uah/m?.

The zone of optimal values of the indicator "duration of school recovery (Y2)" is
Y2=207...250 days. The reduction in the duration of restoration compared to the design
solution, taking into account the given restrictions, is Y2 = 63...106 days. At the same
time, the factors "degree of brickwork damage (R1)", "degree of roof damage (R»)", labor
intensity of facade decoration (R3)" and "combination of works (R4)" vary within the
following limits Ry = 15.47...30.94 %, R» = 18.15...54.45%, R3 = 3.09...3.89 man-
hours/m?, R4 = 77.4...78.3%.

Approbation of the research results in the conditions of active construction
production proves their effectiveness and significance in the restoration of brick buildings
damaged as a result of military actions. Namely:

- LLC "ZARS" decided to implement the recommendations developed as part of the

dissertation research;
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- when using the results of the dissertation research, it was possible to significantly
reduce the cost (10-15 %) and duration (5-10 %) of repair and restoration works at the
facilities of the PE "Rusrembud" enterprise.

The results of the dissertation research were published in 15 printed works;
introduced into the educational process and scientific work of the Odessa State Academy
of Construction and Architecture.

The main scientific result is the following: development and improvement of
methods, determination of patterns of change and optimization of the main indicators of
organizational and technological solutions on the example of restoration of a brick school
built according to a typical project, damaged as a result of military actions.

The practical significance of the obtained results of the dissertation research
consists in determining the optimal combinations of factor values for obtaining the most
effective organizational and technological solutions for the restoration of brick schools
damaged by military actions, built according to a typical project, taking into account the
current restrictions. As a result of the dissertation research, recommendations were
developed for the optimization of organizational and technological solutions for the
restoration of brick buildings damaged as a result of military actions and a technological
map for the restoration of the main type of damage to brick walls according to the selected
most effective structural and technological solution ("patent GB 593998 Method for
repairing cracks in walls").

Using the results of the dissertation research can reduce the cost by 3.6-7.6% and
the duration by 20-34% of the restoration of brick buildings damaged as a result of
military actions, taking into account the current restrictions.

Keywords: restoration of brick buildings, buildings damaged as a result of military
actions, numerical modeling, organizational and technological solutions, optimization of

solutions.



