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BazanbToBHIi yTenoBay — NpUPOHiii «3ejieHnii MaTepian
JJISl CYYACHUX KOHCTPYKIi

Basalt insulation is a natural «green material»
for modern constructions

Bakyain €.A., K.T.H., 1oueHT, Pycenbka M.B., acnipanTka (KuiBcbKkuii
HalioOHAJbLHUMI yHiBepcuTeT OiopecypciB i npUpogOKOpPUCTYBaHHA Y KpaiHu,
M. KuiB)

Bakulin Ye.A., Ph.D., Associate Professor, Rusetska M.V., Ph.D.
Student (National University of Life and Environmental Sciences of Ukraine,
Kyiv)

YV cyuacnomy 6yoisnuymei éce 6inbui020 3HaueHHsA HAOYBAE eHep2oepeKMusHiCmb
6y0igenb, momy 8enura yeaza npUoLIAEmMbCa NOULYKY eqPeKMUBHUX A eKOL02IUHO YUCTHUX
Mamepianie 05 CMEopeHHs KOHCmpYKYitl. Ykpaincokuil puHox 0yoisenvHux mamepianie
AKMUBHO PO3BUBAEMbCSL, NPONOHYIOUU WUPOKUL 8UOIP CMIHO8UX Nanenell i3 0a3a1bMosUM
ymenuoeadem. Ix NONYIAPHICMbG  3POCMAE  3A60AKU  BUCOKIU eHepeoepeKmusHoCmi,
nPOCMOmMi MOHMANCY MA GIONOGIOHOCME CYHACHUM eKoNo2iuHum cmanoapmam. OOHak
Dpi3Hi BUPOOHUKU npononyomb npooyKYito 3 BIOMIHHUMU MEeXHIYHUMU
xapakmepucmuxkamu, wo eumacac 0emanbHo20 aH@7i3y 0Nl BUBHAYECHHS HazZKpamux
piuieHd.

Modern economic conditions require materials not only with high-performance
characteristics but also with accessibility and relatively low cost. Thus, significant
potential for improving composite materials' characteristics lies in using inexpensive and
effective fillers, among which basalt and its derivatives undoubtedly stand out.

Basalt insulation materials, widely used for external insulation of wall panels, are
materials made of basalt fiber, which, in turn, is obtained from basalt. Although this is not
anew breed, its research is important for the development of new and innovative materials
not only in construction but also in other industries. Research into the natural origin of
basalt, as well as the chemical and mechanical properties of basalt fiber will help to
identify its strengths and weaknesses and compare it with existing basalt materials on the
market. Therefore, the development of new insulation materials with improved properties
compared to their predecessors remains a pressing problem.

Given the growing demand for energy-efficient and environmentally friendly
building materials, basalt insulation has great potential for further development and
application. Innovative production technologies and continuous improvement of material
properties contribute to their widespread implementation in the construction of new
buildings and the reconstruction of existing ones.

In the process of further research, it is necessary to analyze the technological
processes of production of modern insulation, which is key to identifying possible ways of
optimization and cost reduction. Studying production lines, their impact on product
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quality, and the possibility of introducing new technologies, such as automation and the
use of new types of raw materials, can significantly increase production efficiency.

Kniouoei cnosa: 6asanem, 6azanvmoge GONOKHO, 0A3aNbLIMOGUI VMENTIO6AY,
Xapaxkmepucmuku ma 61acmueocmi ymenaroeauyis.

Keywords: basalt, basalt fiber, basalt insulation, characteristics and properties of
insulation materials.

EHeproeekTUBHICTh Ta EKOJIOTIYHICTh € KIIOYOBHMH HAMpPSIMKaMHU
po3Butky OymiBenbpHOl ramy3i y XXI cromitri. CyuacHi MaTepiaiid MOBUHHI
3a0e3meuyBaTi BHCOKY TEIUIOI30JIAIII0, HOBTOBIYHICTh, @ TaKOX BiqNOBIiOaTH
eKOJIOTIYHNM cTaHmaptaM. ba3anpToBHil yTeIUIIOBaY € MPUKIAIOM TaKOTO
MaTepiary, IO TO€AHYE NPUPOAHE ITOXO/KCHHS, MIHIMAIbHUA BIUIMB Ha
€KOJIOTIIO Ta BUCOKI TEXHIYHI XapaKTePUCTUKH.

1. OcHoBHi XapakTepuCTHKHU 0a32JIbTOBUX yTEILUIIOBAYiB

BazanmpTOBHil yTeIDIIOBaY — 1€ 130JAMIHHHUN Marepiaji, BUTOTOBICHUH 3
0a3a1bTOBOTO BOJIOKHA. [Iporiec HOro BHPOOHMIITBA BKIIIOYAE PO3IUIABICHHS
ripcbkux mopin Oa3anbToBOi Tpynu npu Temmeparypi nonan 1400°C ta
MepeTBOPeHHs 1X Ha TOHKI BoyokHa [3, 4]. 1li BOJOKHA MOTIM 3’€IHYIOTHCS Y
BUTJISIII MaTiB, IUIMT abo pyJioHiB. ba3anbToBuil yTersiroBad BiJOMHI CBOEIO
e(eKTUBHICTIO 1 3aCTOCOBYIOTbCS y pi3HHX cdepax OyAiBHHLITBA Ta
npomuciioBocti [5, 6]:

* 30BHIIIHE YTEIUIGHHS CTiH: AN MiIBUIICHHI €HEepProe(eKTHBHOCTI
OymiBeIb.

*  YTemueHHs NOKPIiBENb: IS 3HIDKCHHS TEIUIOBTPAT Yepe3 ax.

*  3BYKOI30IAIiS MPUMILICHB: Y )KUTIOBUX Ta KOMEPIIIHHUX OYIiBILIX.

+ [IpomucnoBi yTemmroBadi: A 130J4Mii TPyOOHPOBOIB, KOTIIB Ta
1HIIOTO 00JIaHAHHSI.

bazanbroBuii yTemmoBad € YHIKaIbHUM MaTepiaioM i3 TPUPOTHOTO
KaMeHIO, SKUH MO€JHYyEe BUCOKY €(eKTHBHICTH 1 €KOJIOTiYHICTh. PO3risHyBIIN
HOro KIFOYOBI BIACTUBOCTI, BAXJIMBO MPOAHATI3yBaTH, SK Il MaTepian
CHIBBITHOCHTBCSI 3 IHIIMMH MOMYJISIPHUMH YTEIJIFOBa4aMH, 30KpeMa, TaKUMH 5K
MIiHOTIOJIICTHPOJI, MiHEpalbHa BaTa Ta MOJIiypeTaHOBA MiHA.

KitrouoBi BiracTHBOCTI 0a3aIbTOBOIO YTEILTIOBAYA

1) Bucoki Terioi3ousIiiiHi BIacTUBOCTI — 0a3a1bTOBI YTEILTFOBAaYi MAKOTh
HU3BKY TEIUIONPOBIMHICTE, MO0 3a0e3medyye e(deKTUBHE 30epeKCHHS TeIuia
BCEpEIUHI OYIiBIL.

2) IlapompoHMKHICTH — Marepial JO3BOJISIE BOJO3i BHUXOAWUTH 3
MIPUMILIEHHS, 1110 3a100irac yrBOPEHHIO KOHJICHCATY Ta PO3BUTKY LIBLJII.
3) BorHuecrilikicth — 0a3albTOBI BOJOKHA BHUTPHUMYIOTH  BHCOKI

TEMIIEpPaTypPH i He TOPSITh, IO MiABUIIYE IMOXKEKHY Oe31eKy OyIiBeb.
4) MexaHi4Ha MIIHICTh — YTEIUTIOBAY CTiHKHUN 10 AedopMalliii i 30epirae
CBOi BJIACTHBOCTI MPOTITOM YChOTO TEPMiHY €KCIUTyaTallii.
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5) ExonoriyHicTh — 6a3a7bTOBI yTEIIFOBa4Yl BUTOTOBIISIIOTHCS 3 TPUPOTHUX
MarepiaiiB, He MICTATB 1 He BUAUIAIOTH IIKIUIMBUX PEYOBHH, TOMY 3aJIUIIAIOTHCS
€KOJIOTIYHO OE3MeYHUMH MPOTATOM yChOro TepMiHy ciyxoOu. Ile 3abe3neuye
IXHIO TPUBAJy €KCILTyaTalito 0e3 IKOIH JUIs TOBKIJUIS T 3/10POB’ Sl JIIOANHH.

6) JloBroBiuHicTh — 0a3ajbTOBI YTEIUIIOBAa4i MOXYTh €(EKTHBHO
BHKOHYBaTH cBOi (yHKIii mpoTsirom 50 i OibIe poKiB, y 3B 3Ky 3 HHU3KOIO
VHIKQJIBHUX BJIACTUBOCTEH, sKi 3a0€3MedyIOTh CTAaOUIBHICTh XapaKTEPHUCTHK
MIPOTSTOM TPUBAJIOTO TEpioqy eKcIuTyaTarii. Y 0ararboX BHIIaIKaX iX TEpPMiH
CIy’)XOM criBmazmae 3 TepMiHOM ciayxOm OymiBmi, mo poOWTh iX BHTIIHUM i
HaJIHHUM BHOOPOM IS TOBTOCTPOKOBHX IPOEKTiB. BUMOTH 10 JTOBrOBiYHOCTI
OyniBesbHUX BHUPOOIB OynM BKJIIOYEHI JO BIINOBIAHUX HOPMATUBHHUX
nokymentiB 3rimHo 3 JIBH B.1.2.-11:2021 [7]. 3acrocyBaHHS LHMX BHMOT
peainizoBaHe B cucteMi HOpM, 1o micTate JIBH B.2.6-31:2021 [8], IBH B.2.6-
33:2018 [9], aTakox y JICTY B.B.2.6-34:2008 [10], ACTY Bb.B.2.6-35:2008 [11]
i JICTY B.B.2.6-36:2008 [12].

2. MeTtoaoJ10ris 70CTiAKeHH A

JUIs  meTanmpHIMIOTO0  aHANi3y ~HABOOWUMO  TOPIBHSAUIBHY — TaOMNHITO
BJIACTHBOCTEH 0a3ajbTOBOrO yTEIUIIOBada 3 AJbTEPHATHBHUMH MaTepiaslaMH.
Bubip yremmoBava y CTIHOBHX MaHENSX 3HAYHO BIDIMBA€E Ha TEILIOI30JIAIIHHI
BIIACTUBOCTI KOHCTPYKIIIi, Il JOBrOBIYHICTh 1 BapTICTh. YKpaiHChKI BHPOOHUKH
NIPOTIOHYIOTh ~ IIMPOKHWH acCOPTUMEHT CTIHOBHX IaHEJeH, cepex SKHX
NepeBaXkaloTh KOHCTPYKIIi 3 0a3aJIbTOBUM YTEILIIOBAaYeM, MIHOMOJIICTHPOJIOM,
MiHEpPaIbHOIO BATOO Ta MOJIIYyPETAHOBOKO MIHO0.

IopiBHsABLHUIT aHAMI3 MaTepiajiB

Jnist mopiBHsIHHS OyJu BifiOpaHi 3pa3ku CTIHOBUX IaHeNei, BUTOTOBJICHUX
YKpaTHCbKUMH BUPOOHHKaMHU, 110 MalOTh HAHOLIBIINI TOIUT HAa PUHKY. AHai3
MIPOBEACHO 32 TAKMMHU KPHUTEPISIMU: TETNIOTEXHIYHI XapaKTEPUCTHKH, MEXaHIYHa
MIIHICTh, BOTHECTIMKICTh, EKOJOTIYHICTb, BapTICTh BHUPOOHHMITBA Ta
eKCILTyaTarlii.

bazanbmosuti ymennioeau — mae onTUMalbHE MOEAHAHHS BIACTHBOCTEH,
TaKUX SIK BHCOKAa TEIUIOI30JIALIS, MapOIPOHUKHICTh, BOTHECTIMKICTh Ta
MexaHiyHa MimHiCTh [13]. BoHM € BigMiHHUM BHOOPOM JUIS 30BHIIIHBOTO
yTemeHHs: Oy IMHKIB, 3a0€3MeUyI0un BHCOKY €HEProe(eKTHBHICTh Ta KOMPOPT
MEIIKAHIIB. Y MOPIBHAHHI 3 IHIIMMH yTEIUTIOBadaMHM, 0a3aJlbTOBI yTeIUTIOBadi
MalOTh BHUIIY €KOJIOTIYHICTh Ta IOBTOBIUHICTbH, IO POOUTH iX MEPCHEKTHBHUM
MarepiajgoM JjIs cydacHoro OyaiBauimTBa (Tabm. 1).

Minepanvua eama — 11e 3arajibHa Tpyla TEIUIOI30JSIIIMHNX MaTepialiB, 10
SIKOT BXOZSATh Oa3asbTOBA BaTa, CKJIOBATA Ta ITAKOBATa | BUTOTOBIAIOTHCA 3
npupoaHux MarepianiB. Ilonmpu chiiibHe NpH3HAYEHHs, LI MaTepiajk MaloTh
BIZIMIHHOCTI B CKJIaJli, BIACTUBOCTIX 1 cpepax 3acrocyBanHs. bazansToBa Bata €
OJHUM 13 MpOAYKTIiB 0a3ajbTOBUX yTeruroBadiB. CKoOBaTa BUIOTOBIISETHCS 3
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pO3IUIaBIEHOTO CKi1a abo KBapIOBOIO IMICKY, Mae A00pil TeIruIoi3osuiiiai
BJIACTHBOCTI, ajic¢ MOKe OyTH MEHII MIITHOIO 1 MOJAPa3HIOBATH IIKipy Mia Yac
MoHTaxy. lllmakoBata BUpOOIS€ThCSA 3 JOMEHHHMX ILIIAKiB, MEHII JOBrOBiUHA i

CTiliKa JI0 BOJIOTH, HiX 1HIII THITH, aje € OI0KETHIUM BapiaHToM (Tabu.1).

Tabmums 1

[NopiBHsIBEHA TaOMUIT BIACTHBOCTEH Ta XapaKTePHCTUK 0a3aIbTOBUX

YTEIDTIOBAYiB 3 iHIIUMH YTEIUTIOBaYaMi

BazanproBuii | MinepansHa EK CTPYOBARHH [Minomomniyperan
XapakrepHucTuka MIHOMOJICTUPOJI

yTEILTIOBaY BaTa (XPS) (PUR/PIR)
TemIonpoBIKICTs | 6 035 0,040 | 0,035-0,045 |  0,036-0,045 0,020-0,025
(»), Br/m'K
[TapOnpOHUKHICT BHCOKa BHCOKa HH3bKa HH3bKa
3BYKO130JIS1is
(Rw), 1b 50-55 45-50 30-35 25-30
BopmonoriHaHHs HH3bKE cepenHe BH3bKE HH3bKE
Bornecrilikicth HEroprouuil | Heroprodui TOPIOYHi caMo3aTyXaruuit
MexaHiuHa

T BHCOKa HH3bKa BHCOKa BHCOKa

MIIHICTD
JoBrosiunicts 30-50 25-35 20-30 25-40
Exonoriunicth BHCOKa cepenHs HU3bKa HHU3bKa
Baprictb rpa/m? 120-150 100-120 80-100 130-170

Excmpyoosanuii ninononicmupon (XPS) — Mae BHIIy MEXaHIYHY MIITHICTB 1
MeHIIle BogomnornuHaHHs mopiBHSHO 3 EPS. BiH Takox 3abesmeuye moOpy
Terwioizonsamiro. OxHak, sk i mHomwIactT, XPS Mae HU3bKY MapOIPOHUKHICTS 1 €
roproyuM marepiasioM. Lle poOuTh HOro MeHI MPUAATHUM JJIsi BAKOPUCTAHHS B
YMOBaxX BHCOKOI BOJIOTOCTI Ta TMiJBUIIEHUX BUMOT JO TMOXEXHOI Oe3leKku
(tabm. 1).

ITinononiypeman (PUR/PIR) — 3a0e3medye BiAMiHHY TEIJIOI30JIALII0 1 Ma€e
BHCOKY CTIHKICTh JI0 BOJIOTH Ta MEXaHIYHUX TMOIIKO/KEHb. 3aBISKNA 0COOMMBIH
MOHOJITHIM CTPyKTypi 3abe3medyeTbcsi BHCOKME pIiBEHb TeIUIOBOMALIl Ta
mrymMoi3oismii  (KoeimieHT TeIUIONPOBIMHOCTI CTAHOBUTH BCHOTO  JIUIIE
0,02 Bm/m - K), mo nae 3MOTy 3HH3HUTH TOBIIMHY yTemuroodoro mapy. Cepen
HEJIOJTiKiB BUOKPEMITIOIOTh 3aMUCTICTh 1 BUJUICHHS TOKCHYHUX PEYOBUH ITiJT 4ac
TOpiHHS, HEOOX1THICTh 3aXUCTY BiJ] COHSYHOTO CBITJIa Ta PO3YMHHHUKIB, a TAKOXK
BMICT MOTEHINIHHO HeOe3nedHux pedoBuH [13]. BiH Takoxk MoOXe MaTh
caMo03aTyxarodi BJIACTUBOCTI, IO TiABHINYE HOTo MOXKexHy Oesmeky. [Ipore
MHOTIONIYpETaH € 3HAYHO OPOXKYUM MaTepiaioM, a HOro BUPOOHHUIITBO MOXKE
MaTd HETaTUBHUK BIUIMB Ha JOBKULIS dYepe3 BHKOPUCTAHHS XIMIYHHX
KOMITOHEHTIB (Tabum. 1).
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AHaJti3 NopiBHSLIbHOT TA0 ML

1. EmneproedekTHBHICTH — TMOJypeTaHOBa IliHA Ma€ HaHHKYY
TEIUIONPOBIIHICTh, ajie 0a3albTOBUI YTEIUIIOBaY BUIPAaE 3a PpaxyHOK
JIOBrOBIYHOCTI Ta CTabiIbHOCTI MMOKA3HKKIB Y pi3HUX ymMoBax (puc. 1).

2. be3neka — 06a3abTOBUI yTEIUTIOBAaY € €MHUM a0COJIOTHO HETOPIOYMM
MaTepialioM, IO pPOOWTH WOTO ONTUMAIBHHM BHOOpPOM Ui OO'eKTiB i3
i JBUILCHUMH TIPOTHIOKESKHUME BuMoramu (puc. 1).

3. EkonorigHicTh — MaTepiajii Ha OCHOBi 0a3anbTy MarOTh HAWHIDKIHN
BYTJICIICBUH CITiJ, OCKIIbKA BUTOTOBIIIIOTHCS i3 TIPUPOIHOT CHpOBHHHE (pHC. 1).

4. BapTicTb — MHOTIOICTHPOJI i MiHEpaTbHA BaTa € EKOHOMIYHO BHUT1THUMH,
aJie 3HaYHO MOCTYMAIOThCs 0a3aIbTOBOMY YTEILIIOBAaYy B TEPMiHaX €KCILTyaTallii,
BOTHECTI#KOCTI Ta exonoriunocTi (puc. 1).

TennonposiaHicTs (BT/M-K) BorHecTilKicTb (XBUNUH)
0.040 120
0.035 100
0.030
T
= 80
¥0.025 g
= @
< 0.020 X 60
@ 8
0.015 T 40
0.010
0.005 20
0.000 - 0 -
basaneTlpo VYkplawene Minepanbya [M-IsonoKc basaneTlpo Ykplfanene Minepanbya [M-Isonw0Kc
IHpeKkc 3ByKoizonauil (Rw, ob) EkonoriyHicTb (wkana 1-5)
5
50
4
40
o
1 -
230 o3
H H
20 az
10 1
BasansTMNpo  YkpMawens Mivepanbyn MM-I3oniokc 0 BasanbTlpo VYkpMawens Mivepanbyn MM-13on10Kc
CepeaHs BapTiCTb (FpH/m?)
160
140
120
~ 100
=
I 8
=
60
40
20

BasaneTMNpo YkpMawens Minepanbya MM-Isonwokc

Puc. 1. [TopiBHANBHI rpadiku XapaKTEpPUCTHK CTIHOBUX HaHeNeH yKpaiHChKUX
BUPOOHUKIB
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bazanbroBuil yTemiaioBad € ONTHMalbHMM BHOOPOM JUIsi IIPOEKTIB, je
Ba)XXJIMBI JIOBrOBIYHICTb, €KOJIOTIUHICTH 1 Oe3neka. AJbTEpHATHBHI Marepiann
MOXYTh  OyTH  JOLIIBHMMH At OwoJpkeTHoro  OyaiBHUITBA — abo
KOPOTKOCTPOKOBUX 00’€KTiB. [yl cyyacHMX KOHCTPYKIii, Opi€eHTOBaHUX Ha
CTaHAapTH EHEProe(eKTUBHOCTI Ta eKoJorii, 0a3anbTOBHH  yTEIUTIOBaY
3aJIMIIAETHCS HAWKPAIHM PilICHHSM.

Tabmums 2
XapakTepucTHKa YKpaiHCEKHX BUPOOHHKIB CTIHOBHX MaHeNeH
Tun .
Bupobuuku IlepeBaru Henmomnixu
yTeIIoBaya
- Bucoka .
. " . . - Buma Bapricts y
BazanbroBuit Tepmonanens TEII0130JISILI1sT . ..
B S MOPIBHSHHI 3 MHO-
YTEII0BaY VYkpaina", - ExosnoriuHicth .
" " . MOJICTUPOTLHUMH
bazanstlIpo - CTIHKICTh IO BOTHIO
TaHEISIMU
Ta BOJIOTH
. . - ocTymHa miHa - HecriiikicTh 10 BoJIOTH
MinepanbHa "Minepanbyx" Hloety 710 BO:
sara - Hoobpa 0e3 101aTKOBOT
TEIII0130JIA LIS rigpoizossii
. . - Huzbpka BOrHECTIHKICTh
[Tino- " " - Husbka BapTicTh .
. Vkp-Ilanens - BuzineHHss TOKCHUYHUX
TIOJICTHPOIT - [IpocToTa MOHTaXyY . .
PEUYOBHH MPH HArpiBaHHI
- Haiinmxua .
IToniyperanosa TEIUIONPOBiIHICTE - Bucoxa sapricth
P "[I1-130mr0KC" fbo - [IpoGnemu 3
miHa - CTilKiCTbh 70 N
L YTUITI3AIEI0
nedopmariiii

Pe3ysbTaTH NOPiBHSIHHA

1. Inst peTioHiB i3 XOJIOAHAM KIIMaTOM

[Naneni 3 0a3ajdbTOBMM YTEIUTIOBAYe€M Ta IIOJIiypETAaHOBOIO ITIHOIO
3a0e3neuyroTh HallKpally TeIUIoi30JIIiio, MpoTe 0a3aJIbTOBUI yTEIUTIOBaY Mae
repeBary y BOrHECTIHKOCTI.

2. JInsi eKOHOMIYHOTO Oy IIBHUIITBA

[aneni 3 MiHOIOJICTUPOJIOM 3AMIIAIOTHCS HAWBHUTIAHIIINMU 32 IIHOIO,
poTe iXHiA BUOIp MOKIIMBHH JIMIIE 32 YMOB MiHIMAJIbHUX PU3UKIB MOXKEXKI.

3. Jlns KOMepuiiHuX 1 MPOMHUCIIOBHX 00’ €KTiB

[Taneni 3 MiHEpaJIBHOIO BATOIO € ONITHMAIBHUM BHOOPOM Uepe3 OaaHc Mix
LIIHOIO, €KOJIOTIYHICTIO Ta TEILJI0I30JIAIIIEI0.

IlepeBaru Ta Heg0JIiKH BHKOPHCTAHHSA 023aJ1bTOBUX YTeILIIOBAYiB /151
30BHIlIHBOI'0 YTeNJIeHHs

[Micns ananizy NOpPIBHSUIBHOI TaONMIi, B SIKiH PO3IVITHYTO BIACTHBOCTI
0a3abTOBOrO YTEIUIIOBa4a B NOPIBHSHHI 3 IHIIMMM MaTepiajlaMu, AOLIJIBHO
BU/IIJTUTH HOTO KITIOYOBI IIEpPEBaru Ta MOKJIMBI HeJomiKH. Lle 103BosInTh MoBHiIIe
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OHiHI/ITI/I L[OI_IiJ'ILHiCTI) BUKOPUCTAaHHSA 0a3aILTOBOIO yremiroBada y Cy4aCHOMY

OyIiBHHUIITBI.
[epeBaru 6a3anbpTOBOrO yTeruroBaya
EneproedekTuBHICT, — 30BHILIHE YTEIUICHHS CTIHOBHX IIaHeNed 3a

JIOIIOMOT'010 0a3aIbTOBUX YTEIUIIOBAYiB 3HAYHO IIiJIBUIIYE €HEProe()eKTUBHICTh
OyniBii. 3aBIAKH BUCOKIH TEIUIOI3OJAMIMHIA 3AaTHOCTI, 0a3ambTOBI BOJIOKHA
JO3BOJITIOTH 3MECHIITNTH BTPATH TEIUIa B3UMKY 1 30epiratu mpoxoiomy BIITKy. Lle
CHpHsi€ 3HIKCHHIO BUTPAT Ha OTIAJICHHS Ta KOHAUIIOHYBaHHS, 1110, Y CBOIO YEpPTy,
3MEHIIY€E CIIOKUBAHHS CHEPTii Ta BUKUIU BYTJIEKUCIIOTO rasy.

JloBroBiuHicTh — 0a3abTOBI YTEIUTIOBAYl BiTOMi CBOEIO TOBTOBIYHICTIO Ta
CTIMKICTIO ZI0 30BHILIHIX BIUIMBIB, HE MiJJAalOThCS BIUIUBY YJIbTpadioseTOBUX
MIPOMECHIB, HE BTPA4YarOTh CBOIX BJIACTUBOCTEH 3 YacOM 1 CTIHKi O MEXaHIYHUX
nomkokeHs. Le 3a0e3neuye TpuBanuil TepMiH eKCIUTyaTalil yTeIUIIOBaIbHUX
cucreM 0e3 HeoOXiTHOCTI 4aCcTOro PEMOHTY YH 3aMiHH.

Exonoriuna Oe3rnexka — BUPOOHHMITBO Ta BUKOPUCTAHHS 0a3albTOBUX
YTEILTIOBAYIB € EKOJOTIYHO OE3MEeYHNMH TpoliecaMu. Marepiai BUTOTOBISETHCS
3 TPUPONHUX KOMIIOHCHTIB 1 HE BHIUE INKI[UIMBUX PEYOBUH IIiJ dac
ekcruryatarii. Ile poOute 0a3ambTOBI yTeIUTIOBAaYi BiAMIHHUM BHOOpPOM IUIS
Jroziei, siki 10aI0Th PO HaBKOJIMIITHE CEPEIOBHUINE Ta 3/I0POB'Sl CBOIX OJIM3BKHUX.

Kombopr 1 3700poB's — BUKOpHCTaHHS 0a3aJbTOBHUX YTCILIFOBAUiB
3abe3neuye KOMGOPTHHHA MIKPOKIIMAT Yy MPHUMIMICHHAX. [lapoNnpoHNKHICTH
Marepiany J03BOJISIE YHUKHYTH YTBOPEHHsI Ha/UIMIIKOBOI BOJIOTH, IO CIPHSE
3armo0IiraHHI0 PO3BUTKY I[BLTI Ta rpuOKiB. Lle 0c00IMBO BaXKIUBO YIS 37I0POB'S
MEIIKaHIIB OyIUHKY, aJ)ke BOJIOTICTh 1 LBIJIb MOXYTb BHKIIMKATH ajeprii Ta
pecmipaTopHi 3aXBOPIOBaHHS.

Henosixu 6a3anpToBOrO yTerniroBaya

HesBakatouu Ha YMCIIEHHI ITepeBary, 0a3aJIbTOBI yTEIIFOBaYl TAKOXK MAtOTh
JIEesIKl HEJOJTIKH.

Buima BapTicTh — NOPIBHSAHO 3 IHIIMMH TEIUIOI30JISLIHHUMH MaTepiaaamu,
TaKUMH SIK MHOIUIACT abo CKJIOBaTa, MaloTh BUIy LiHYy. Lle Moxxe 3pobOutn ix
MEHII IPUBAOJIMBHUM BapiaHTOM JUISl THX, XTO IIyKae Oro/pkeTHUX pimens. [1pore,
3 ypaxyBaHHSM JOBTOBIYHOCTI Ta BUCOKOI €()eKTHUBHOCTI, Ili TOYATKOBI BUTPATH
OKYIOBYIOTHCS IPOTSITOM €KCILTyaTalliifHOTO 1epiory Oy IiBii.

Bara marepiamy — 0a3ayJbTOBI yTeIUTIOBadi MalOTh BHINY UIUIBHICTD i,
BiJINIOBiJTHO, O1IBIITY Bary MOPiBHSAHO 3 AEIKUMH IHIIMMH yTEIUTIOBAYaMHU, TAKIMH
K miHomact. e Mo)ke CTBOPHTH J10JJaTKOBE HABAHTAXKCHHS! Ha KOHCTPYKIIIIO
OyxiBIli 1 BUMaraTé MiIHIIIOTO KPIMJICHHS Ta CHENiaJbHUX METOiB MOHTAXY.

CKIIaHICTh MOHTXY — Yepe3 OUIBITY Bary i ®OPCTKICTh 0a3aJbTOBHUX IIITUT
iX BCTaHOBIIEHHS MOXe OyTH CKIAQIHIIINAM, Hi>K MOHTaX JITTIIMX YTETUIFOBAYiB.
Lle BuMarae noAaTKOBOro 4acy i 3yCHjb, a TaKOXXK MOXKE 30UJIBLIMTH BapTiCTh
poOiT.
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MOXITUBICTh MOAPA3HEHHS HIKIPU Ta TUXANBHUX MUIAXIB — IMiJ] 9ac pOOOTH
3 0a3aJbTOBMMH YTEIUTIOBAuYaMH, OCOOJIMBO TIPH pi3aHHI ab0 MOHTaxi, MOXe
BUIIIATHCS APIOHUH MW, SKUI MO’KE MTOIPa3HIOBATH IIKIPY Ta TUXATbHI IUISIXH.
Lle BUMarae BUKOpUCTaHHS 3aXUCHOTO OJIATY, PYKaBUUOK 1 MacoK, 11100 3a1o0irtu
MOXKJIIBMM HETaTHBHUM HACJIiIKaM IS 3110POB's.

[Torane 3ByKOi30JIsMIiiHE CHIBBIAHOIIEHHS — X04a 0a3aJIbTOBI yTEIUTIOBAi
MaioTh I00pi 3BYKOI3OJMIINAHI BIIACTHBOCTI, BOHH MOXYTh IOCTYIATHCS
CIIETiali30BaHAM 3BYKOI3OJAIMIMHUM MartepiamaM. SIKmo 3BYKOi30IALIA €
MIPIOPHUTETOM, MOXKYTh 3HATOOUTHCS JOAATKOBI MaTepiaan abo 3aX0.IH.

OOMexeHa [OCTYIHICTh y HEeSKUX perioHax — y JAeSKAX perioHax
JOCTYNHICTh 0a3ajJbTOBHX YTEIUIIOBAa4iB MOXe OyTH OOMEXKEeHOI uepe3
BIJICYTHICTh MiCLIEBOTO BHPOOHHUIITBA a00 HEJOCTATHHO PO3BUHECHY JIOTiCTHKY.
Le Moyke 301IBIIUTH TEPMiHHM OCTaYaHHS 1 BAPTICTh MaTepiaib.

[Momaneim JOCHiPKEHHST MarOTh OyTH CHOpsIMOBaHI Ha aHami3 Ta
BIOCKOHAJICHHS ~BHPOOHMYMX TEXHOJOTiH /s 3MEHIICHHS  BapTOCTI
0a3aNbTOBOrO  yTEIUIIOBa4ya, MiJBUIICHHS EKOJOTIYHOCTI  BHPOOHHUIITBA,
ONTUMI3aIli] TEIUIOTEXHIYHUX XapaKTePUCTHUK MaTepiamy.

Bucnosok

BazanbToBi yTemmroBadi [l CTIHOBHX NaHEJEH € BEIbMH aKTyaJbHUMH Y
CydyacHOMY OYHIBHUITBI 3aBISKH CBOIM BHHATKOBHM TEIDIOI30JIAIITHUM
BJIACTHBOCTSIM, €KOJIOTIYHOCTI Ta JIOBIOBIYHOCTI. BHUKOpHCTaHHS 1BOTO
MaTepially y 30BHINIHBOMY YTCIUICHHI OYJIHHKIB 3a0e3leuye BHCOKY
eHeproe)eKTUBHICTb, KOMGOPT 1 3A0pOB’S MEIIKaHIIB, a TaKOX TPHBAIHA
TEepMiH eKcIuryatanii OyHiBeJIbHUX KOHCTPYKUii. I[lepcnekTuBH pO3BUTKY
0a3aJbTOBUX YTEIUIIOBAYIB CIIOHYKAIOTh JIO MOJAJIBIIOTO BIOCKOHAJICHHS
TEXHOJIOTIH Ta po3mHUpeHHs cdep IXHBOTO 3acCTOCYBaHHS, IO POOUTH iX
HE3aMiHHHM €JIEMEHTOM €Heproe(eKTHBHOTO Ta eKOJIOTYHOT0 OYyHiBHUITBA.

Y cTarTi pO3MISHYTO OCHOBHI BIJIACTUBOCTI Ta  XapaKTEPHCTHKU
0a3aNbTOBMX BOJOKOH, a TaKOX IX BIUIMB Ha EHEProe)eKTUBHICTh 1
eKOJIOTIYHICTh ~ OyAiBEeNbHUX  KOHCTPYKHiH. OpHak Ui NOAAJIBLIOTO
BJJOCKOHAJICHHSI Ta ONTHMi3alii MarepiaiiB AJsl YTEIUICHHS € HEOOXiJTHICTh Y
rIUOIIOMy aHalli3i KOHCTPYKTHMBHUX €JIEMEHTIB CyYacHHX YTEIUIIOBadiB Ta
TEXHOIIOTi# iX BupoOHuTBa [14, 15].

Y mpomeci momambIIMX TOCT/KEHb HEOOXIAHO TPOBECTH aHaJi3
TEXHOJIOTIYHUX TIPOIIECiB BUPOOHUIITBA CYYaCHUX YTEIIIIOBAYiB, 0 € KIIFOYOBUM
JUISL BUSIBJICHHSI MOXKJIMBHX LIISIXIB ONTHMI3alii Ta 3HIKSHHS BUTpAT. BUBUSHHS
BHPOOHWYMX JIiHIH, iXHHOI'O BIUIMBY Ha SIKICTh MPOAYKTY Ta MOMJIMBOCTI
BIIPOBA)KCHHSI HOBUX TEXHOJIOTIH, TAKMX SIK aBTOMAaTH3allis Ta BUKOPHCTaHHS
HOBUX BHJIB CHUPOBMHH, MOXYTb CYTTEBO MiJBHIIMTH €(QEKTUBHICTh
BUPOOHHUITBA. PO3po0OKa i BIPOBAHKCHHS HOBHX TEXHOJIOTIH, SIKI JO3BOJATH
MOKPALIUTH XapaKTEPUCTHKN YTEIUTIOBAYiB, TAKHUX K TEPMiuHa i 3ByKO130JIs1is,
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a TaKoX TXHIO CTIMKICT JI0 BIUIMBY HABKOJHIIHBEOTO CEPEAOBHIIA, € BAKINBUM
HATPSAMKOM JOCII/DKEHb. BIIpOBa)KCHHS IHHOBAIIITHAX MaTepiaiB Ta METO/IIB
ix 00poOkM MOke 3a0e3NEeYMTH CTBOPEHHS YTEIUIIOBAdiB 13 IIe KpamuMu
eKCIUTyaTalliiHUMH BIacTHBOCTsIME [16, 17].

[Momanpun JOCHIIKEHHST IOBHHHI CHpPUSATH PO3BUTKY HOBHX, OUIBII
epeKTHBHUX 1 eKOJOTIYHMX pillleHb /[ yTeIuleHHs OynaiBenb, MI0
BiNIOBIATUMYTh CYYaCHAM BHMOTAM JI0 €HEproe(eKTHBHOCTI i CTIHKOCTI.
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CyuacHi TexHoJorii ¢oTorpamMmeTpii A1 HepeTBOPeHHs 00’ €KTA
Ha 3D-monenp

Modern photogrammetry technologies for object transformation
on a 3D model

I'anonoBa JI.B., k.T.H, nomenr, IBanmoB €.M. K.T.H., JOIEHT
(XapkiBcbkuii  HaNiOHAJILHUN aBTOMOOLILHO-IOPOXKHiil  yHiBepcuTer,
M. XapkiB)

Haponova L.V., Ph.D. in Engineering, Associate Professor, lvanov E.M.,
Ph.D. in Engineering, Associate Professor (Kharkiv national automobile-
highway university, Kharkiv)

Cyuacni mexnonozii pomozpammempii 0na nepemgopers 06 'ekma Ha 3D— moodens,
30epedicenna  opmu  00’ekma, 1020  A8MEHMUYHOCMI  HAOY8AOMb  0COOAUBOT
akmyanvHocmi  ni0  yac iticbkogoi aepecii Ha Oepacagy. IIposedeno 6usyenHs,
docniodcennss 00 '€kmig 3 BUKOPUCMAHHAM CYYACHUX Memooie @izyanizayii 3 memoio
6NPOBAODIICEHHSA Y HABUATLHULL NPOYeC.

The task of preserving architectural monuments, urban planning objects, and
engineering structures is prescribed in the Law of Ukraine on the Protection of Cultural
Heritage. Within the framework of the modern state of engineering structures and the
capabilities of modern software complexes, methods of preservation, visualization, and
maximum reproduction of objects in Ukraine are being developed. The model of the bridge
was chosen for the visualization studies of the structures. The available and accurate
method proposed in the work, which is easy to apply in practice, is the reverse engineering
digital photogrammetry method. The process is based on creating a three-dimensional
model from two-dimensional photographs using software. With its help, the user uploads
a set of photos to Autodesk servers and receives as a result a triangulated model of the
object with preservation of all real dimensions and with high-quality textures. The
obtained data was subsequently imported for further processing into another program of
this family - the Autodesk Inventor package. The Autodesk Inventor package has a
convenient interface and a large set of tools for modeling products. To demonstrate the
scope and level of processing of ReCap Photo, the options included in the application are
demonstrated in the work. The purpose of the article is to develop a sequence of scientific
research using digital photogrammetry. Setting the task. Based on the stage of evaluation
of priority processes, it is necessary to determine the key directions of research into the
digitization of objects and, based on the results of the evaluation, to propose a rational
model for the use of the reverse engineering method in the educational and scientific
activities of the Department of Computer Graphics. Highlighting previously unsolved parts
of the general problem. The Autodesk ReCap application processes DEM data. The
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obtained DEM can be used in Autodesk Revit, etc. Autodesk packages for: the design and
reconstruction of bridges; reconstruction of damaged housing stock; restoration of
damaged infrastructure and much more. The application supports almost all laser
scanning file formats. Clouds of points, in addition, can be edited arbitrarily - delete them,
copy, highlight, or even add survey points. As a result, it demonstrated the possibility not
only of creating technical documentation but also of reconstructing objects with millimeter
accuracy. Visualization and design make it possible to exclude possible errors. Due to the
identity of the spatial virtual model and the real physical object, the accuracy and quality
of the design increase. Digitization of monuments of architecture and cultural heritage of
Ukraine, establishment of a legislative framework, and preservation of UNESCO
monuments are important scientific and practical tasks. Conclusions and prospects for
further developments in this direction. The proposed algorithm makes it possible to use the
Autodesk software complex to preserve the cultural heritage of Ukraine. It is worth noting
that under safe conditions, the proposed algorithm for visualization of cultural heritage
objects will be used in peacetime.

Kniouosi cnosa: pomoepammempis, 3D-mooenv, asmenmuyHicmo, Ousaiis, 06 €km.
Keywords: photogrammetry, 3D model, authenticity, design, object.

AHaniz Bimomux pgociaimkens i myOaikamiii, ge po3B'A3yBagHCh
3aBJAaHHs wi€l npodJjeMu

3aBmaHHsA 30epeKCHHS MaM ITOK apXiTEeKTYpH, 00’€KTiB MiCTOOYIyBaHHS,
IH)KEHEPHUX CIOpYJ MponucaHi y 3akoHi YKpaiHH IPO OXOpPOHY KyJbTypHOT
cHaJuHy. B pamMkax Cy4acHOro cTaHy IHXXEHEPHHX CHOPYJ Ta CHPOMOKHOCTI
Cy4acHHX HPOIPAaMHUX KOMIUIEKCIB pO3POOISIFOTBCS METOMM 30epeKeHHs,
Bi3yastizaiii Ta MaKCUMAaJbHOTO BIATBOPEHHS 00’€KTIB KYJIbTYpPHOI CIAIIIAHU
Vkpainu. B po6ori [1] aBTopu mpoBenu 0OCTEKEHHS MaM’sITKH apXiTEeKTypH 3
BHKOpPUCTaHHAM oOmanHanHs a1 3D ckanyBaHHS i ¢ororpammerpii (TepMmiH
(oTorpaMMeTpisi HOXOANUTH BiJl TPEbKUX CiB: photos - cBiTIIO, gramma - 3amuc,
metreo - Bumip, oTKe, HOro JOCIIBHUI NepeKIIaj - BUMIp CBITIIO3aINUCY).

PesynbraTom poboTu € TppoXMipHa Mozaenb Oy/IiBII 31 30epeKeHHIM YCiX
(aKTHYHUX PO3MIPIB 1 TEKCTYD, SKa B pe3yJIbTaTi MOXKE OYTH 3aCTOCOBAHA SIK JJIS
JETaTBHOTO JOCIIKEHHS 1e()EKTIB iCHYFOUMX KOHCTPYKIIii 1 elIeMEeHTIB Oy TiBIi,
TaK i B AKOCTI MiJUTOKKH JJIST PO3POOKH KpEClIeHb U MPOEKTY PEKOHCTPYKIIi
a0o mpoekTy pectaBparii. IlepcriekTuBam 3acTocyBaHHS (QoTorpamMmeTpii B
ayIioBi3yalbHOMY MHCTELTBI TpHCBsiueHa poboTa aBTopiB  O. Axepmas,
H. Benpina [2].

B.B. binoyc, C.II. bogaap y cBoiif po0oti [3] BHCBITIMIM OCHOBHI
MIOJIOKEHHA Teopii Ta MPakTHKH OTPUMAHHSA (OTOTPaMMETPHUYHUX 3HIMKIB;
0co0MMBOCTI MOOYZOBH 300pakKeHHS KaJpOBUX 3HIMKIB; PO3INISIHYTI Cy4acHi
METOIM Ta TEXHi4Hi 3acoOM aepo(OTO3HIMAaHHS, HPUHLOUIM Ta METOAU
KamepasibHOI 00poOku poTomarepiais.

PosrasinyTuii B poborax [4 - 14] nocTynHui 1 TOYHUIT METON, SIKHIA JIETKO
3aCTOCYBaTH HA TMPAKTUIl — MeTox [udpoBoi QoTorpammerpii pesepc-
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IHKUHIpHHTY. MeTOZ 3acHOBaHWA Ha CTBOPEHHI TPUBHMIpHOI Mozenmi 3
aBoMipHHX  (ororpadiii 3a  JONMOMOIrOI  NPOTPaMHOro  3a0e3NeyueHHs.
Kopucrysau 3aBantaxye Ha cepep Autodesk kommiekT ¢ororpadiit i orpumye
B pe3yJNbTaTi TPUAHTYJIbOBAaHY ITPOCTOPOBY MOJIENb 00 €KTa 31 30€penEeHHSIM yCixX
peaJbHUX PO3MIpIB 1 3 TEKCTypaMH BHCOKOI sikocTi. OTpuMaHi IaHi uist
MTOTAVTBIIIOTO OMPAIIOBAaHHS IMIIOPTYIOTECS B iHIITY IIpOTpaMy IIbOTO CiMEHCTBa -
makeT Autodesk Inventor. I[Taker Autodesk Inventor mae 3pyunuii inrepdeiic Ta
BEJIMKHA HaOip iHCTPYMEHTIB JIsI MOJICITIOBAHHS 00 €KTIB.

Meta podoTH — BIPOBaPKEHHS CYYacCHUX TEXHOIOTiH (oTorpamMmMmerpii
peBepC-IKUHIPHHTY B OCBITHIH MpoIleC Ta HAyKOBY IiSUTGHICTE Kadenpu
KoMmI’'toTepHOi  Tpadikn  XapKiBCbKOrO — HalliOHAJILHOTO — aBTOMOOLUIBHO-
JIOPO’KHBOTO YHIBEPCHUTETY.

IMocranoBka 3aBmaHHsl. 3aBlaHHs 30€pEKCHHS MaM’SITOK apXiTEeKTypH,
00’€eKTIB MiCTOOYyBaHHs, IH)KEHEPHUX CHOPY[ MponucaHi y 3akoHi YKpaiHu
PO OXOPOHY KyJibTypHOI crmaaummuu. Kiacugikaiiiss 00’eKTiB KyJbTYpHOI
CHAJIMHU. apXeoJIOTivyHi; ICTOPUYHI; 00 €KTH MOHYMEHTAJIBHOTO MHCTEITBA;
00’€KTH apXiTeKTypH; 00’€KTH MICTOOYIyBaHHS, 00 €KTH CaIOBO-IIAPKOBOTO
MHCTEITBA; TaHAMa(THI; 00’ €KTH HAYKH i TEXHIKH.

Boennnit cran B YkpaiHi Ta TOB’s3aHI 3 HUM OOMEXEHHS 3MYCHIA
HaBYaJIbHI 3aKJIQAN IEPEHTH Ha AWCTAHWIHHY (GopMy HaBUaHHS, IO 3HAYHO
YCKJIa/IHIOE TPaULiHHI METON BUKJIAJaHHSI.

Jis cTyneHTiB iHKEHepHO-TEXHIYHUX CIICI[ialbHOCTEH, sIKi BHUBYAIOTH
rpadiyHi IUCHMILIIHK, BaXJIMBO 30epiraTé JOCTYH M0 SKICHHX OCBITHIX
MarepiaiiB, 10 JOINOMAararTh iM ONaHOBYBATH Bi3yallbHI i TEXHIYHI HABHYKH.
Bigeoypoku craiy OJHUM 13 OCHOBHHMX IHCTPYMEHTIB y LIbOMY IPOIIECi, a/pKe
BOHH JTO3BOJISIFOTh HAOYHO Ta JETAJIBHO MOSCHIOBATH CKJIAIHI rpadidHi KOHIESTIIIT
HaBITh 32 YMOBH BIICYTHOCTI (Di3U4HOI IPHUCYTHOCTI.

BukJjaag 0CHOBHOro Marepiajqy J0CHiIkeHHSI 3 OOIPYHTYBAaHHSIM
OTPUMAHHUX HAYKOBHX Pe3yJbTaTiB

Juis BinTBOpeHHS 00’€KTa JOCITIHKCHHS y BUTISAI BIpTyanbHOI MoOJeNi
BUKOpPHCTaHUI Meron w1udpoBoi ¢ororpammerpii. 3ayBaxuMo, 00 €KT
3HAXOJUTHCS y 3aXHUCHOMY CKJIi, II0 YCKJIAIHIOE  BUKOHAaHHS (OPMYBaHHS
00’emu01 Mopeni. JIns ¢popmyBaHHS 00’€MHOI MOJETi POOMMO CEpil0 3HIMKIB,
KPYXXIISTIOYM HAaBKOJIO peasbHOro (hismuHOTO 00’€KTa. PexoMeHayeThcss poOuTH
3HIMKH HiCJIsl KOKHOTO HEBEJMKOro nepemimenns (~ 5°) i B Micii 3 mocTiiiaum
OCBITJICHHSM 1 BiicyTHICTIO TiHeH. [Ipu iboMy Ha 3aIHBOMY IUTaHI HE IOBHHHO
OyTH pyXOMHX 00’ €KTIB.

ITix gac ¢oTo3iioMkn HEOOXiaHO 30epiraTu MepHeHINKYIISIPHE MTOJIOKESHHS
momo 06’exta. [loTpiOHO 3MiHIOBATH BHCOTY TiJ Yac KOXHOTO KPYTOBOTO
IIPOXOJ1y, IIOKH HE 3aXONUTHCs BCsS TOBepXHs 00’ exTa. DoTorpadii marote OyTn
4iTKUMH 1 O0e3 BiZIOIHCKIB, SIK 300pakeHHs HA PUCYHKY 1.
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Puc. 1. Bukonanss ¢oro3iiomkn nam’sitauka ['puropito CkoBopoi
y M. [lonraBa

dotorpamMmerpiss He moTpedye JOpOroro oOJaJHAaHHS, MOXHA
BUKOPUCTOBYBATH 3BHYaiiHuii Tenedpon st QororpadyBanHs 00’ €kra.
dopmyeTbest 6aza pororpadiii 06’exTa, 1m0 WIKaBUTH (poTorpadyrots 00’ €xT i3
pi3HUX OOKIB), 3 MOJAIBIIUM OOPOOJEHHSIM [yl BHM3HAYEHHS IIPOCTOPOBUX
KOOpAMHAT TOUOK 00 €KTa.

[porpamue 3abesneuenHs ReCap Photo [15] — cmemiamizoBanwmit
IHCTpYMEHT HAaCTIJIBHUX 1 XMapHHX pillleHb, INPHU3HAYCHHWX IUII CTBOPEHHS
TPUBUMIPHOT MOJIEINi 32 AaHMMH JIa3epHOTO CKaHyBaHHA abo QoTorpadismu. 3
HOrO II0MOMOTOI0 KOPHCTYBad MOXKE 3aBaHTaXUTH Ha cepep Autodesk
pe3ynbTaT cKaHyBaHHs a00 KoMIUIEeKT (oTorpadiii i orpumary B pesynbrati 3D-
MOJIelIb 00’€KTa 3 TEKCTypaMu BHCOKOI sikocTi. 1106 ouiHuTH MaciTab i piBeHb
OIpAIlOBaHHS, JOCUThH NOIVIHYTH Ha 3aKJIaJieHi B HBOTO OIIii, Hacammepen,
JI0JIATOK TiATpUMYye Maibke Bci dopmaru daitmiB. XmMapu TOYOK, KpiM IbOTO,
MOJKHa pelaryBaTH JOBUIBHO — BHJAANATH iX, KOIIIOBATH, IMiJCBiYyBaTH abo
JI0/IaBaTH TOYKH 0OCTexkeHHs. [Ipy IbOMY OTpHMaHi JJaHi 3roJJOM MOXYTh OyTH
IMITOPTOBAHI B iHII mporpamu cimeiictsa Autodesk.

Ha pucynky 2 HariasiiHo NpoJeMOHCTPOBAHO MOXIIMBICTH OTPUMAHHS
BIpTyaJIbHUX MOJIeJIeil 3 BUKOPHUCTaHHAM XMapHoOro cepBicy Autodesk ReCap
Photo.
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Puc. 2. Bipryanbna Monens nam’sitauka ['puropiro CkoBopoai

Autodesk ReCap Pro naBHO 1 MilHO yBI#IIa B TOII TOITYJISIPHUX JOAATKIB
3aBJISIKM PIBHIO CBOT'O BUKOHAHHSI 1 BOYJIOBaHUM OMIisM. 3 T1 JIOIIOMOT'0r0 MOXHA
HE MOYMHATH POOOTY 3 YMUCTOrO apKylla, a BiIpa3y MEpexoJHuTH A0 0OpoOKu
OTPMMaHOI TPHAHTYJbOBAHOI IIPOCTOPOBOT MoOjENi 00’€KTIB  KYJIBTYPHOI
crniaamuuy. Le nporpamue 3a0e3nedeHHs CKIaIaeThes 3 IBOX JOAATKIB. JloaaTok
Autodesk ReCap Photo € xmapaum cepBicom. Autodesk ReCap Photo mae 3mory
3aBaHTaXXyBaTH MacuBU portorpadiil Ha cepep Autodesk (puc.3).

Puc. 3. Lludpori Mmoaeri moBepxoHb 06’ ekTa (MicT)
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Sk BunHO, pazom i3 3D-Monemro 06’ekTa (MicT) 00po0IeHo 6araTo 3aifBoi
iHpopMarii. 3acTOCOBYIOYM IHCTPYMEHTH pEJaryBaHHS, pPEKOMEHIYEThCs
BUJIQJINTH BCIO 3aiBYy iH(pOpMaIilo Il 3SMEHILIEHHS KIJIbKOCTI TOUOK 00CTEXKEHHS

(puc. 4).

Puc. 4. PenaryBanus nuhpoBHUX MOJieel TOBEPXOHb

BunisieHHs1 Hepo3B’sI3aHUX paHillle YACTHH 3arajJbHoI NPodJaeMHu

Honatok Autodesk ReCap o0poOinsic nani mudpoBoi Moneni mam’sri
(IMIT). Otpumani IIMII moxHa BuKOpucTOByBaTH B Autodesk Revit Ta iH.
nakerax Autodesk is: mpoekTyBaHHS Ta BiIOYZOBM MOCTIB; BiIOyIOBH
TIOIIKO/IPKEHOTO JKUTIIOBOTO ¢donny; BIZTHOBJICHHS TIOIIKOKEHOT
IHPPACTPYKTYpH Ta U1 6araTo iHIIOTO.

3apnsaku igeHtHaHOCTi LIMII Ta peampHOrO 00’€KTa, TOYHICTH Ta SKICTh
MIPOEKTYBaHH MiBUINY€EThCA. [J01aToOK miaTpuMye Maiixke Bei opMatu (aiiiis.
XMapu TOYOK, KpiM IbOTO, MOXKHA peJaryBaTH JIOBUIBHO — BHAAIATH iX,
KOITIIFOBATH, TMiJCBiYyBaTH a00 HaBiTh JJOJaBaTH TOYKH OOCTEeXKEHHS. Y
pe3yabpTaTi MPOJEMOHCTPOBAHO MOXIIUBICTD TIPOBOAUTH PEKOHCTPYKIIi 00 €KTIiB
3 JocTaTHIM cTymeHeM TouHOCTi. Lludposizamis mam’aTOK apXiTeKTypH,
KyJbTYPHOI CTIaAIIMHNA Y KpaiH1, BCTAHOBJICHHS 3aKOHOaBYO01 0a3u, 30epeskeHHS
mam’atok FOHECKO € BaxmMBHMH HAyKOBHMU Ta MPAKTUIHUMH 3aBIAHHIMH.

BHCHOBKH Ta nepcrneKTHBHU NOAAJIbIINX PO3POOOK Y HLOMY HANPSIMKY

BHKOHOHO BIPOBAKEHHS NMPOBEJICHHUX JOCIIHKEHb HOBUX TEXHOJIOTIH i
METOJIHUK, SIKi IIOKPAIyIOTh IPOLleC HaBUaHHS Ta HayKOBI JOCIIJUKEHHS, a caMme:
ajlanraris TMCTaHIIHHUX KypciB, 0COOIMBO ISt MPAKTHYHUX 3aHATh; OTPUMAHHS
MIPAaKTHYHUX HAaBUUYOK IO0YOBU BipTyalbHUX MPOCTOPOBHX MOJIENEH 1am’ITOK
apXiTeKTypH, O0’€KTIB MiCTOOYIyBaHHs, IH)XEHEPHHUX CIIOPYA KYJIbTYpHOI
CHAJIIMHN 3 MOXKJIMBICTIO BITHOBJICHHS Ta PEKOHCTPYKIIi Ha OCHOBI pealbHUX
00’€KTiB 3 BHCOKHM CTYIICHEM TOYHOCTi; BUBYCHHS MOKIMBOCTEH BUKOPHCTAHHSA
BIpTyaJIbHOI pEaNbHOCTI, IHTEPAaKTHBHUX CHUMYIALINA Ta iHIINX iHHOBAaIIHHUX
pillIeHb.

21



CyyacHi mexHonoeii ma memodu pospaxyHkie y 6ydigHuymei. [lyupk, JIHTY. 2024, Bunyck 22
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22
OnaHyBaHHSI Cy4aCHUMH TEXHOJIOTISIMH (POTOrpaMMeETpii 3 BUKOPHCTaHHSIM
IporpaMHoro Komruiekcy Autodesk, mig dyac mnepeTBopeHHs 00’€kTa Ha
BipTyasbHi MPOCTOPOBI MOAENI, y MallOyTHIX (haxiBLiB ()OPMYE 31aTHICTH TBOPYO
MUCJIIMTH Ta PpO3BHMBAE IPOCTOPOBY YsBY, II0 HeoOXimHa mpH mnpodeciiHii
MiZTOTOBII CTYJICHTIB.
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IlixBuIIeHHs MIITHOCTI 1epeBHHH ABTOKJIABHUM MPOCOYEHHSIM
JIUISTHOIO 0JIi€10

Increasing wood strength through autoclave impregnation with
linseed oil

I'omon Cs.Cs., a.1.H., npogecop, JloBdoenko T.O., K.T.H, A0UEHT
(HamioHaapHuUii YHiBepcuTeT BOJIHOI'O rocnojapcraa Ta
npupoaokopucryBannsi, M. Pisue), Ilerpenko O.B., K.T.H., cT. BUKJIaga4y
(Hamionanbnuii yHiBepcurter «JIbBiBchbka nmoJitexnika», M. JIbBiB)

Homon S.S., doctor of technical sciences, professor, Dovbenko T.O.,
candidate of technical sciences, associate professor, (National University of
Water and Environmental Engineering, Rivne), Petrenko O.V., PhD (Tech.),
Senior Lecturer (Lviv Polytechnic National University, Lviv)

Hageoeno pezyniomamu meopemuuno2o anauizy 3acmocy8ants 3aco6ie ma cnocobie
NPOCOYeHHs OepeguHU OaA NiOGUWeHHA i1 MIYHOCMI HA CMUCK Y3008 BOJIOKOH.
Ob62epyHmosano BUKOPUCMAHHS IMIpecHamy Ha OCHOSI JIAHOL Ol 3a 00NnoM020i0
080cmaoditino2o cnocody «muck-eaxyymy. Ilposedeno excnepumenmanbti 00CHIONCEeHHs 3
NpoCoYeHHsi 3pasKi@ COCHU, Oepe3u ma SANUHU 3ANPONOHOBAHUM  3ac060M ma
002pYHMOBAHUM CROCOOOM. 3a pe3yIbmamamu MeXAHIYHUX GUnpoOYeanHs Ha CMUCK
630069IC BOJIOKOH 3PA3KIE OepeUHY NPUKIAOAHHM KOPOMKOYACHO20 HABAHMAIICEHHSL 3
JICOPCMKO20  PedNCUMy — BUSHAYEHO  Npupicm  MIYHOCMI — OepesuHlu,  NpoCOHeHOl
3anpPONOHOBAHUM 3ACOOOM I MEXHON02IEN MOOUGDIKayii.

Wood, due to its high strength characteristics, aesthetic and other parameters, does
not lose its relevance in use until now. However, due to the influence of aggressive
environments, biological and atmospheric adverse factors, the characteristics and terms
of effective operation of wood are reduced. For more effective use of wood, it is necessary
to improve its physical and mechanical characteristics.

One of the ways to improve the physical and mechanical characteristics of wood
and prolong the terms of its effective operation under the influence of aggressive
environments, biological and atmospheric adverse factors is modification by impregnation
with an impregnate - a substance that, penetrating into the pores of wood, improves its
characteristics. Materials for impregnation - impregnates have also been studied quite
widely. Substances are used for impregnation, which are classified by origin. Each group
of materials for impregnation has certain inherent advantages and disadvantages. Existing
methods of autoclave impregnation of wood, which ensure the maximum depth of
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penetration of the impregnate and the speed of its drying (polymerization), have been
analyzed. This paper presents the results of a theoretical analysis of methods and
techniques for impregnating wood to enhance its compressive strength along the grain.
The use of a linseed oil-based impregnating agent via a two-stage "pressure-vacuum"
process is substantiated. Experimental studies were conducted on the impregnation of
pine, birch, and spruce samples using the proposed agent and justified method. Based on
mechanical tests of wood samples subjected to short-term compressive loads along the
grain under rigid conditions, an increase in the strength of wood impregnated with the
proposed agent and modification technology was determined.

Kniouoei cnosa: mooughixayis Oepesunu, agmoxiaéHe NPOCOUEHHs, JIAHA OJlis,
MIYHICMb, CIMUCK.

Keywords: wood modification, autoclave impregnation, linseed oil, strength,
compression.

Beryn. [lepeBuHa 3aBISIKM  BHCOKMM — XapaKTEPUCTHKaM  MIIHOCTI,
€CTeTHYHUM Ta IHIIUM MapaMeTpaM Ha BTpayae akTyallbHOCTI Y 3aCTOCYBaHHI
norenep. I[Ipore BHACIHIZAOK BILUIUBY arpeCHBHUX CEPEIOBHIL, OIOJOTIYHUX Ta
aTMoc(epHUX HECHPUSATIMBHX YHWHHHUKIB XapakTePUCTHKH Ta TEPMiHH
e(eKTUBHOT eKCIUTyaTallil JepPEeBUHH 3HIKYIOThCA. s Outbin eheKTHBHOIO
3aCTOCYBaHHS JCPEBHHH HEOOXiTHE TOKpameHHs 11 (i3UKO-MEeXaHITHUX
XapaKTePUCTHK.

Orasig pocaigxenb. OXHAM 31 crtoco0iB MOKpaIIeHHs (Pi3uKo-MeXaHIIHUX
xapakTepuctuk (OMX) mepeBMHH Ta TpOJIOHTANii TepMiHIB 1 edeKTUBHOI
eKCIUTyaTallii B yMOBaX [ii arpecMBHHX CEpENOBHII, OIONOTIYHHX Ta
aTMOC(EepHIX HECTIPUATINBUX YHHHUKIB € MOAM(DIKAIIS MUITXOM MIPOCOYCHHS
IMIIpErHaTOM — PEYOBHHOIO, SIKa, MPOHUKAIOUN B ITOPH JIEPEBUHH, MOKpAIye ii
xapakTtepuctuku [1-3].

Takuii cmoci6 wmonudikamii He HOBUH. YUWCIeHHa HHU3Ka HAYKOBIIIB
JIOCTIKyBasia SIK Matepianu Juis iMIperHaiii, Tak i cmocobu nmpocouenss [1-3].
Po3pobrneni 1 3 ycmixoM BHKOPHCTOBYIOTHCSI TEXHOJIOTIUHI pETJaMEeHTH Ta
HOpPMAaTHBHI TIOKyMEHTH, 5K B YKpaiHi, Tak i B kpaiHax €Bponu Ta CIIIA.

Martepianu Ui MPOCOYCHHS — IMIIPETHATH JOCHIHKEHI TaKOX JOBOJI
mupoko. JIst MpOCOYeHHsT 3acTOCOBYIOTH PEUYOBHHHM, SIKI KiIacH(iKyloTh 3a
moxo pkeHHsIM. KoxkHa rpyiia MaTepialiB Ui MPOCOYCHHS MA€ TIEBHI IPUTaMaHHI
iii mepeBaru ta Hegouiku [1-13].

1. HarypampHi 3acobu — omii. [lepeBaru: €KOJOTiYHICTH BHUTOTOBIICHHS,
HaHECeHHS, eKCIuTyaTarii Ta yrwmizamii. Hemomiku: KOHKYpeHIlis CUpOBHHHOL
0a3u 3 XapyOBOI TPOMHCIIOBICTIO, BHCOKAa BapTICTh, MPH 3aCTOCYBaHHI Yy
HEMOJU(DIKOBAaHOMY BHWIJISII — HEJOCTaTHBO BHCOKI TOKazHUKH DOMX
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MIOKPUTTIB, OI0JOTTYHOT CTIMKOCTI Ta JESKMX TEXHOJOTIYHUX IapaMeTpiB NpU
BUKOPHCTaHHI (B’SI3KICTh, INTMOMHA IPOHUKHEHHS, IIBUIKICTh MOJTiMEpU3alii).

2. Marepianu HpUPOJHOTO Ta TEPEPOOHOr0 MOXOHKEHHS — MPOJIYKTH
nepepoOKH BUKOITHUX PeYOBUH (Ha)TH, KaM’STHOTO BYTLLIS TOIIO), MaTepiajiB
MIPUPOJTHOTO TTIOXO/PKEHHS (TIepepoOKa JepeBUHH NTPHU BUTOTOBJICHHI IEITIOJIO3H)
Ta BiOXOHNiB  BHpOOHMITBA  (mepepoOKa  aBTOMOOUTBHHUX  MOKPHIIOK,
BiAIpaIibOBaHOTO MacTwina Tomo). [lepeBarn: HW3bKa BapTiCTh, IIMPOKA
CHpOBHMHHA 0a3a, MOXIWBicTh Moaudikamii [T HamaHHA OakaHUX
TEXHOJIOTIYHAX Ta eKCIUTyaTallifHUX XapaKTepHCTHK. Henomiku: HHU3bKa
€KOJIOTIYHICTh, BUCOKHU BMICT JIETKUX OpraHiyHuX pedoBuH (JIOP).

3. CunrernuHi mosimepu. [lepeBaru: IIMPOKUN CIEKTP XapaKTEPHUCTHK,
MOXJTMBICTh 3aCTOCYBAaHHS Y BUIJIAl BOMHHUX AMCIEpCiid, HU3bKui BMicT JIOP.
L{inoBa Hila Ta €KOJIOTIYHICTh Y CHHTETHYHUX TOJIMEPIB — CepelHi 3HAuUeHHs
MOMDK HAaTypaJbHUMHU MaTepialaMH Ta IPOAYKTaMH IIPUPOIHOTO i HEpepoOHOTO
TIOXO/IKECHHS.

Bubip marepiaiiB neBHOT rpyIi IPOBOISATH, KEPYIOUUCH OCHOBHOIO METOIO.
Jnst JOCSTHEHHSI BUCOKMX KOMIUIEKCHHMX TEXHOJIOTIYHHX Ta eKCIUTyaTalliHHUX
MOKa3HUKIB (rmbmHa mpoHWKHEeHHs, ®PMX, OiomoriuHa Ta armocdepHa
CTIMKICTh, TOBTOBIUHICTH) 3aCTOCOBYIOTH CHHTCTHYHI MaTepialli — aKpHWIIOBI,
CTHPOIAKPHIIOBI, MOJIiypEeTaHOBI, eNOKCHU/IHI, KpEeMHIHOpTaHIIHi,
¢denondopmanpaerinHi Ta inmm. [Ipu MbOMy Iemo CTpaXKAAaloTh EKOJIOTIvHI Ta
€KOHOMIYHI  MOKa3HWUKW. JIIs TIiOBUINEHHS CEKOHOMIYHUX  IOKa3HHKIB
(3memieBicHAs) BUKOPUCTOBYIOTh 3aCO0M HAa OCHOBI MPHUPOJHHUX BHKOIHHX
MarepiaiiB Ta MPOAYKTIB mepepoOku — OiTymu, acdanbty, nexu ta iHmi. [Ipu
LOMY 3HH)KYETHCSI €KOJIOTTYHICTb, OKPEMI HPOJYKTH MICTSTh KaHIEPOTeHH, a
TEXHOJIOTIYHI Ta eKCIUTyaTalliliHi MOKa3HUKH HaOyBalOTh CEPEIHIX 3HAYCHb.

CBiTOBa NpaKTHKa 3aCTOCYBAaHHS IMIIPErHATIB Ta MOKPUTTIB JUIsl AEPEBUHH
JNEMOHCTPYE CTalijbHE 3POCTaHHS EKOJOTIYHO YHCTHUX TMPOIYKTIB 3
BUKOPHCTaHHSM  OIOJIOTIYHMX pecypciB Ta KpPYroBol0 €KOHOMIKOIO —
MiHIMaJIBHMM BIUIMBOM Ha JIOBKUUI TpH BHUTOTOBJIICHHI, BJAIITyBaHHI,
eKkcITyaranii ta yrwrzauii. lle HaTypanbHi omii: JuIsHa, TYHTOBa, KacTopoBa
(puumHOBa), coeBa, cadaopoBa, COHSIIHMKOBA, KOKOCOBA Ta iHII. BapricTsh
HaTypaJbHUX OJIH BHINA, HDK Y CHHTETHYHHX Ta HPUPOJHHUX Marepialib.
TexHoNOTiUHI Ta eKCIUTyaTalifiHi XapaKTepUCTUKH HEMOIU(IKOBAHUX OIiH
cepenHi. [l NOKpalIeHHsI [IUX XapaKTEPUCTHUK 3aCTOCOBYIOTH IMIIPErHATH, Y
CKJIaJ] IKMX BBOJISATH KPiM OJIi TOATKU: JIJIsl 3HIDKEHHS B’ SI3KOCTI Ta 30UTbIIICHHS
[JTMOUHMA NPOHUKHEHHS - PO3YMHHHUKH MPUPOIHOTO TOXOIDKEHHS (YKUBUYHHNA
CKHIHAIAP), JAJIs IPUIIBH/IICHHS BUCUXAHHS Ta 301UIBIICHHS TBEPIOCTI IUTiBKH —
CHUKaTHBH (OpraHivHI COJi METaiB KOOAJIbTY, MApTaHIio, KT, TUPKOHIIO,
Lepito i.).

BrnactuBOCTI IPOCOUYCHOT AEPEBUHU KPIM IMIPETHATy 3aliekaTh TaKOX Bil
TEXHOJIOTIT npocodeHHs. Hainpocrimmuii ciocid — moBepXHEBOro HAHECEHHS 32
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JIOIIOMOT'0I0 TIEH3JIs, BajHMKa a0 HUISIXOM PO3MMJICHHS 3a3BHYail HE J03BOJISIE
MIPOCOYUTH JIEPEBHHY Ha MIMOMHY 1oHax 2...3 mMM. [Ipu TemMneparypi HaHECEHHS
i Bucuxanua 20°C momimepusamis 3aco0y I HOKPHTTA BigOyBaeThes IIif
BIUIMBOM aTMOC(EpHOro cepeaoBHIlla, TOMY MPOIEC MojliMepHu3alii Moxe OyTh
tpuBaimum [11, 12]. Tak Bigomo, 1110 HemoAu(iKOBaHA JITISTHA OJist 32 HOPMATbHUX
YMOB TOJIIMEPU3YETHCS IUIIXOM OBEPXHEBOTO BUCHXaHHSA mpoTsirom 200...300
roguH. CTBOpeHHs THCKY a00 BaKkyyMmy IpH BIAIITYBaHHI MOKPHUTTS TO3BOJISE
CyTTEBO 30UIBIINTH TAMOMHY IIPOCOYEHHS, sSKa MOXe caratu 1o 20 M.
[linBumenHss TeMmepaTypd TpH MPOCOYECHHI  JO3BONAE  IPHCKOPUTH
TTOJIIMEPHU3AILIIO 1 MIIBUIIUTH SKICTh IUTIBKU (MaTPHUIIi) TOKPUTTSL.

MeTa mpoBeeHOr0 IOCHIIKEHHS — BHM3HAUUTH IIPHUPICT MIIHOCTI
JICPEBUHH, TIPOCOYEHOI  3alpPONOHOBAaHMM  3acO00OM 13 3aCTOCYBaHHSIM
00rpYHTOBAHOTO CIIOCO0Y.

PesyabTaTH pocaimkenb. [Ipu peanizamii mepmroi rpymu 3aaad (migoopi
IMIperHaty) He BHSBJICHO €IMHOTO 3aco0y, sSKWil BIANOBIZaB OM YChOMY
KOMIUIEKCY Oa)KaHHX XapakTepHCTHK. TOoMy MPUHHATO pillleHHs, HE3BaXKAI0YH Ha
YCKJIaIHEHHS TEXHOJIOTI1YHOTO PEriaMeHTy, TPOBOANTH IPOCOYCHHS Y ABA €Taln
i3 3aCTOCYBaHHSIM JIBOX THIIIB IMIIpeTHATiB — mpaiiMepHoro Ta QinimrHoro. [pn
BHOOpPi IMIpETrHATiB BHUXOIAWIM 3 TaKHX YMOB: PEUOBHHA JUIS (DiHIITHOTO
MomuQiKyBaHHS OKpIM OCHOBHHX (Di3UKO-MEXaHIYHHX, TPHOOTEXHIYHHX,
OpPraHOJIENTUYHUX XapaKTePUCTHK ITOBHHHA MAaTH MaKCHMaJIbHO HaTypajbHE
moXoJpKeHHs, MiHiMansHO Buainatu JIOP y mpomeci excmmyaramii. Taxoro
MOUIMPEHOI0, JIOCTYITHOO, I€TaJbHO BUBYEHOIO T4 KOHKYPEHTHO-CIIPOMOIKHOIO
PEUOBHHOIO € JUIsiHA oJiisl. JlepeBuHa, MpocovYeHa HaTypaIbHOO JUISHOIO OJIER0,
HaOyBae Bucokux ®MX, TepMiH ii excrutyaranii 3Ha4HO TTOI0BXKYETHCSI.

ITpu BuOOpPi Marepianmy Juis NpaiiMEpPHOrO MPOCOYEHHS MPOAHATI30BaHO
PEYOBHHHU, SIKI TPU T[IKHOOKIA IMIperHamii, HaJalOTh JCPEBHHI JAEsKi
XapaKTepUCTHKH, BHUII, HIXX NPHU MPOCOUYEHHI JUISHOIO Oji€fo. Tak HampHuKiIa,
JOCTyIHa JUrTsApHa oJisl (NMPOJXYKT IIEPErOHKH KaM’ SHOBYTUIBHOI CMOJIM —
MOOIYHOTO NPOJXYKTY KOKCYBAaHHS BYIriuIl), MOIM(pIKOBaHA >KUBHYHUM
CKUIMIAPOM Ta OOPHOIO KHCIIOTOIO, Ma€ Kpally NPOHUKHICTh Ta aHTHCENTYIOUi
BIIACTHUBOCTI, HE3HAYHO MMOCTYIAOYICh MIHOCTI JUIstHiH oumii. Ille oxHa cyTTeBa
mepeBara JIrTSApHOi oJlii — HHM3bKa BapTicTb. HenocTaTHs eKOJIOTIUHICTh
TITTApHOI Ol HIBENIOETBCS THM, IO TiJ Yac eKcIuTyaTarii i KOHTakT 3
HABKOJIMIITHIM CepelOBHIIEM 0OMexye (DiHIMTHNUHN map JUITHOT OJIil.

ToMy 1 mpoBemeHHS AOCHIIPKEHb MPUHHATO IBI CTanii IMIperHarii:
mpaiMepoM — TJIHOOKONPOHUKHOIO AHTHCENTYIOYOIO JIITAPHOI0  OJI€l0,
MOIM(IKOBAHOIO CKHNMUAApOM Ta OOpHOIO KHCIOTOI (2%) Ta QiHImIHOIO
HaTypaJIbHOIO JUISTHOIO OJII€TO.

IIpn peanizamii npyroi rpymm 3agad — migOopi crnoco0y NpoCOYeHHS
[IPOAHANI30BaHO BiJJOMi aBTOKJIABHI CIIOCOOM NPOCOYEHHs JepeBUHU [4]:
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“BakyyM — THCK — BakyyMm”~ (BTB); “tuck — tuck — Bakyym” (TTB); “Bakyym —
arMoc¢epHuii Tuck — Bakyym” (BATB); “tuck - Bakyym” (TB);

[Ipouec BTB (noBHoro nornuHanHs abo croci6 berena) npoBoasTs y Taxiit
MOCNIZOBHOCTI: ICJIS 3aBaHTAXKCHHS aBTOKJIaBa JEPEBHHOIO CTBOPIOIOTH
MOBITPSHUK BakyyM Ta BHUTPUMYIOTh JEPEBHHY Yy BaKyyMi; 3allOBHIOIOTh
aBTOKJIAB IMIIPETHATOM, CTBOPIOIOTH PIJMHHIH TUCK Ta BUTPUMYIOTh JICPEBHHY B
piAMHI X THCKOM; CKHIAIOTh THUCK JO 3Ha4eHb aTMOC(HEPHOTO Ta 3IIUBAIOTHh
3aJIMIIKA HE MPOCOYEHOTO IMIPETHATY 3 aBTOKJIABA; CTBOPIOIOTH MOBITPSHHUN
BaKyyM Ta BHTPHUMYIOTb JEPEBHHY Y BaKyyMi; MIJBHIIYIOTb THUCK [0
aTMoc(epHOro (CKHIAI0Th BaKyyM) Ta PO3BAaHTAXKYIOTh ICPEBUHY i3 aBTOKJIABA.

[TpocouyBaHHsI IMIperHaToM BiOYBa€ThCs IIiJ] YaC BUTPUMKH JIEPEBUHU
mig  tuckoMm. [loyarkoBuii BakyyM IOKpally€ IIOTJIMHAHHS JEPEBUHOIO
IMIIperHary Ta HiJBUILY€E TTTHOMHY NMPOCOYEHHS 3aBISKH BHIAJICHHIO MOBITPS,
sIKe TICPCIIKO/KAE PYXy 3ac0o0y, 3 MOPOXKHIX KIITHH JAepeBHHU. [IoBTOpHHM
BaKyyMOM IIiJICYLIYIOTh TOBepxHI0 copTuMeHTiB. Crioci6 BTB 3actocoBytoTh
31e0UIBIIOro Uil NPOCOYYBaHHS JIE€PEBHHHM BOJOPO3YMHHUMHU PEUOBHHAMH Y
BeNUKi} KinbKocTi (3aranbHe mormuHaHHs 50-80 kr cyxoi pedoBuHu Ha 1 m°
JNEpeBUHM), a TaKOX MO MiJBUIICHOTO TIOTJIMHAHHS OJIHHHUX IMIIPETHATIB.
I'mnOuHa TPOCOYEHHS 3alIeKUTh BiJl XapaKTEPUCTHK NEPEBHHU Ta PEXHUMIB
mporecy: rmoman Bakyymy 0,08...0,0085 MIla (600 MM prt. CT.), THCKY
0,6...1,5MIla (6...15 Gap) Ta TeMmrepaTypu BOJOPO3YHMHHOTO IMIIPETHATY
20...60°C (mms omiit 85...95°C), TpHBajOCTI BHUTPHUMKH IIJlT BaKyyMOM
0,25...0,35 rox., mig tuckom 0,5...0,8 rox. [6].

Cnocid6 obmexeHoro mnornuHands TTB (cyxuii) npoBomsTh y Takiid
MOCIIZIOBHOCTI: 3aBaHTa)KEHHS aBTOKJIaBa, CTBOPEHHsI MOBITPsiHOTO THCKY 0,20—
0,40 MIla Ta BuTpuMKa copTuMeHTiB npotsirom 0,25 roj.; 3armOBHEHHS
ABTOKJIaBA IMIIPETHYIOUMM 3aCO00M, MiJHIMAHHS PIIUHHOIO TUCKY Ta BUTPUMKA
JepeBUHM B PiAWHI IiJi THCKOM; BHUPIBHIOBaHHS THCKY IO aTMOC(EpHOro
(cKMmaHHS THCKY); 31IMBAaHHS IMIIPETHATY; CTBOPEHHS BaKyyMy Ta BUTPUMKA ITiJ|
BaKyyMOM; CKHJIaHHS BaKyyMy JO aTMOC()EPHOrO THUCKY Ta PO3BaHTa>KCHHS
aBTOKJIaBA.

OcobmuBicTio cyxoro crioco0y TTB € nmonepenns BUTpUMKa A€pEeBUHHU i
JI€10 HA/UIMIIKOBOTO MOBITPSHOTO THUCKY, 32 SKOTO B IIOPOKHHHH JIEPEBUHU
MOTpAIIIsi€ T0JaTKOBE MOBITPS, SIKE B KiHIII IIPOLECY ITiJ] 9aC BUTPUMKH JCPEBUHH
mig Bakyymom 0,08 MIla mporsrom 0,75ron. (3 pasu mo 0,25rof.) BUXOIUTH
HA30BHI, BUIITOBXYIOUH TaKOX YaCTHHY MOTIHMHYTOTro iMiperrary. Crocié TTB
NPUAATHAN JUIS MTPOCOYEHHSI JEPEBUHH BHUCOKOTOKCHYHHUMH aHTHUCETITHKAMHU
(neHTaxyiopderonoM Ta HaTEHATy Mili), ISl E€KOHOMIi MPOCOYYBAITLHUX
3ac00iB  Ta BIICYTHOCTI HEOOXIMHOCTI HAIJIUINIKY BHCOKOE(HEKTHBHOTO
IMIIperHary.

Pigunnuii crioci6 TTB 6a3yerbcs Ha Bukopucranui Bakyymy 0,09 Mlla
(0,9 6ap), sKumii CTBOPIOIOTH B 3alIOBHCHOMY IMIIPErHATOM aBTOKIaBi. Takuii
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cnoci0 npuaaTHUHR SK U1l IPOCOYEHHS JIEPEBUHU 3ac00aMU ISl iABUILCHHS i
OMX [5, 7-10], Tak 1 BOJOPO3YMHHMMHM Npernaparamy, HalpUKiIaz
XpoMoMinHO(TOpHCTHM. BennunHa pIAMHHOTO HA/UIMIIKOBOTO TUCKY HpHU
cnoco6i TTB cranoButs 1,1 MIla, TpuBajmicTh BHTPUMKH TiJl THCKOM
1,0...1,5 ron. TemmepaTypy iMmpersary miATpUMYIOTh Ha pPIBHI TOYKH HOTO
KWAIIIHHSA y BakKyyMi. 3a OUX YMOB TJIMOWHA TPOCOYCHHS B SIOPOBY 30HY
COPTHMEHTY 301BIIYETHCS B 1,5 pa3u MOPIBHAHO 3 iHIINME 0araTOIMKIOBIMHA
crocobamu Ta ynBidi mopiBHSHO i3 crtocobom BTB [6]. Cnoco6u TTB ta BTB
TPHUBAJI Ta TEXHOJIOTIYHO CKIIAIHI.

Croci6 tuck-BakyyM TB HamiBoOMekeHOTO morarHaHHS a0o cnocib Jlaypi
NoJisrae B YBEIEHHI NPOCOYYBAJIBHOI PIAMHHU y NEPEBHHY MiA HAJJIUIIKOBUM
tuckom 0,5...2,0 MIla mpotsirom 0,5...1,0 rox., a micis 3JIMBaHHS IMIIPETHATY
JCPEBUHY BUTPUMYIOTh y Bakyymi -0,08...-0,09MIla. TexHOMOTiYHO MpOCTHil
nopiBasiHO 3 TTB Ta BTB cnoci6 TB npu mpocodyBaHHI ONisSIMH JTO3BOJISIE
JOCSITTH TIMOOKOTO MPOCOYEHHS Ta 3HAYHOTO MOTJIMHAHHS 332 Macor, MpoTe
MeHIIoro, Hixk mpu BTB.

IMopiBHsHO HOBHI BakyymHHHU criocid BATB mo3Boisie BUKOPHCTOBYBATH
aBTOKJIaBH (TEpMETHYHI pe3epByapH) CIIPOIICHNX, HE PO3PAXOBaHNX HAa BUCOKHH
THUCK KOHCTPYKILiH. [IpocodyBaibHy pe4OBHHY BBOISTH B aBTOKJIAB MiCIIs CyXOTO
BakyymyBaHHs (rmuoOuHO0 0,08-0,09 MIla npotsarom 0,25...0,3 rox.) 3a mii
aTMOC(epHOTO THUCKY, SIKMH € HAJJIWIIKOBUM BiJHOCHO BiJI’€MHOTO THCKY
BcepenuHi JiepeBUHU. [1icis 3a0BHEHHS aBTOKJIaBa MPOCOYYBAIBHOIO PiIMHOIO
TUCK BUPIBHIOIOTH JI0 arMocdepHoro. [IpocouyBaHHs BiOYBaeThCsI MPOTITOM
0,5...1,0 ron. 3a mii armocdepHoro tucky. Ilicnsi mpocodeHHs iMIperHat
3JIMBaIOTh 1 IOBTOPHO CTBOPIOIOTH KOPOTKOYACHHH BaKyyM JJIsl MIJICYIIYBaHHS
moBepxHi coptumentiB. Crnoco6om BATB BBOsITE y HepeBHHY OOMEKEHY
KUJIBKICTh MPOCOYYBAJIBHOI DPIIMHM Ha HEBeNuKy mmbOuHy: 5...10 MM 10
3a00J10Hi, 1...2 MM 110 sIIIPY.

[ mpoBeneHHS eKCHEePUMMEHTAIBHUX JOCH/DKeHb IPH  TIPOCOYEHHI
3pasKiB JIEPEBUHHM Yy J1Ba eTanu (IpaiiMepHUid Ta (iHIMHWI) NpUHHATO crocid
HariBoOMEKEHOro MOTJIMHAHHS 32 NMPHHIMIIOM «THCK — Bakyym» abo crocio
Jlaypi. Ilpuitaatuii crocid6 TB xapakTepu3yeTbcsi CKOPOYEHHMM IMKIOM Ta
JI03BOJISIE JIOCSATHYTH TJIMOOKOTO MPOCOYEHHS [BOMa BWIAMH IMIIPErHATY.
IIpocodeHHs M CrI0OcOO0M MPOBOJIMIIH B CIIEIiaIbHOMY aBTOKJIAB1 y TPH CTaIil:

1. XoyiomHe TPOCOUYEHHS MpanMepoM Tia AI€I0 HAJUIMITKOBOTO THUCKY
1,0 MITa, 1,5 MIla ta 2,0 MIIa 3 BuTpuMKo0O K0xHOI cTymeni 0,5 roz.

2. CkumaHus HaJUJIMIIIKOBOT'O THUCKY, 3JIMBaHHS 3aJIAILIKIB
HEIMITPETHOBAHOTO TMpaiiMepy Ta 3aJIMBaHHS (IHIITHOTO IMIIPETHATY — JUISHOI
ouii.

3. BakyymyBanns 3a ticky 0,08 MIla 3 ButpuMkoro npu remneparypi 60,
75 ta 90°C npotsrom 0,5 rog.
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KomniekcHMiA BIDIMB BaKyyMyBaHHS 1 ITiIBUIIEHOI TEMITEPAaTypH HA TPETii
cTajii 103BOJINB 3HU3HUTH B’SA3KICTh SIK MpaiMepy, Tak i (iHIIIHOTO IMIIperHaTy
Juist OLTbII TIIMOOKOTO TMPOCOYECHHS, 8 TAKOXK HPHUIIBHIIINB IOJIMEPH3ALII0
JUIIHOT OJIii, HarajaeMmo, IO JUISHA OJIisl 32 HOPMAJBHHX YMOB BHCHXA€ [0
crynens 2 npotsrom 7...12 ni6.

BunpoGoByBanu 1eB’sTh cepii MO TPU 3pa3KH Ul KOXKHOI IMOPOAX
nepeBuHH: cocHH 3BMUaitHoi (Pinus sylvestris), 6epesu (Betula pendula) Ta sumian
(Picea abies) BikoM mnpubmm3HOo 60 pokiB. i yHHKHEHHS CIIOTBOPECHB
pe3ynbTaTiB, SKi MOTJIM BHUHUKHYTH TPH HPOMDKHOMY CKHAAaHHI THCKY,
MIPOLEAYPY NMPOCOUEHHS 33 PEKUMY «THCK — BaKyyM (HarpiBaHHA)» MPOBOIMIN
OKpeMO Uil KOXHOI 3 JIeB’ATH cepii 3pas3kiB. Y mabopaTOpHHII aBTOKIIaB
3aBaHTA)XXyBaJH O TPHU 3pa3KH KOXXHOTO BUJIY AEPEBUHH, YCHOTO IO JIEB’ATh
3pasKiB [UIsl KOYKHOTO 3 JIEB’TH LUKJIIB BUIIPOOYBaHb.

[Ticnst npoBeAeHHs MPOCOYEHHS 3pa3KU-TIPU3MH BUIIPOOOBYBAJIM Ha CTHCK
B3/I0BX BOJIOKOH IPHKJIaJJaHHSIM KOPOTKOYACHOTO HABAHTAXKECHHS 32 XKOPCTKOTO
PEXUMY 3a IPUPOCTOM IEPEMIllleHb TUTUTH MPECY BiAIMOBITHO 1O HOPMATHBHUX
nokymeHTiB [13]. MimHiCTh mpuiiManu sK cepefHe apupMeTHIHE 3HAYCHHS
TPHOX 3pa3KiB KOXKHOI cepil. 3HaUeHHs MIITHOCTI MOPiBHIOBATH 3 Pe3yNbTaTaMu
BHIIPOOYBaHHS €TAIOHHUX 3pa3KiB KOKHOTO BHY ISPEBUHH, sIKi He OyITH IMixaaHi
aBTOKJIABHOMY IIPOCOYEHHIO. Pe3ynbpraT BUIIpOOYBaHHS Ha MIIHICTD 33 CTHCKY
B3/I0BXK BOJIOKOH HaBeZIeHI Ha puc.l...3 1 KO)KHOTO BUAY J€PEBHHH.

CocHa

58

o A~=1MMa 57.6
1,5MMMa

i 56 55.1 ® 556
= a=gm==)\[1a
5 54 53.2
© A A 53.1
; 52 51.1
E 49.8

48 A 482

t, °C
46
60°C 75°C 90°C

Puc.1. MinHicTh Ha CTHCK B3JJOBX BOJIOKOH 3pa3KiB COCHH, POCOYEHOT
KOMIUIEKCHHM IMITPErHATOM, 3aJISKHO BiJI TEMIIEpaTypH Ta THCKY
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MilUHiCTb Ha cTUCK, MIMa
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Puc.2. MinHicTh Ha CTHCK B3/I0BXK BOJIOKOH 3pa3KiB Oepesu, MpocoueHol
KOMIUIEKCHHM IMITPErHATOM, 3aJIS)KHO BiJI TEMIIEpaTypH Ta THCKY
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Puc.3. MinHicTh Ha CTHCK B3JJOBX BOJIOKOH 3Pa3KiB SUIMHH, IIPOCOYEHOT
KOMIUIEKCHUM IMITPErHaTOM, 3aJISKHO BiJl TEMIIEPATYPH Ta THCKY

Sk BugHO 3 puc.l, puc.2, puc.3 3aBASKH aBTOKJIABHOMY IIPOCOYEHHIO
cnocobom TB MinHICTh A€peBHHHM Ha CTHUCK B3/IOBK BOJIOKOH ITiIBUILY€ETHCS.

3HadeHHs TWiABUINEHHS MIIHOCTI 3aJIEKHO Bil TEMIEpaTypd Ta THCKY

MIPOCOYEHHS BiTHOCHO HETIPOCOYESHMX 3pa3KiB HaBeIeHO y Tabm. 1.

Sk BumHO 3 Ta0IMIN, 3aBASKH aBTOKJIABHOMY MPOCOYECHHIO criocobom TB
MIPUPICT MIITHOCTI 3pa3KiB CTAHOBHUT: UL COCHH Bix 6,4% 10 27,2 %, ms Oepesn
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Big 8,9% mo 20,8% mns smuan Big 6,0% mo 27,1%. Haiibinbmii 3HaueHHS
HPUPOCTY MIlIHOCTI criocTepiramm 3a Tucky 1,5 MIla ta temneparypu 90°C.

Tabuus 1
Pe3yJ'II>TaTI/I CKCIICPUMCHTAJIbHUX ,HOCJ'Ii,H)KeHI)
IMopona Cepist 3paskis Temneparypa, Tuck, MIla Ipupict minHoCTI, %
JIEpPEBHHU ’C
1 2 3 4 5

CocHa C-20-0 erasion 20 atMocepruit | 0
C-60-1,0 60 1,0 6,4
C-60-1,5 60 15 9,9
C-60-2,0 60 2,0 12,8
C-75-1,0 75 1,0 174
C-75-15 75 15 21,6
C-75-2,0 75 2,0 12,4
C-90-1,0 90 1,0 17,2
C-90-1,5 90 15 27,2
C-90-2,0 90 2,0 22,7

bepesa B-20-0 etasion 20 atMocepruii | 0
b-60-1,0 60 1,0 8,9
b-60-1,5 60 15 15,0
b-60-2,0 60 2,0 11,1
b-75-1,0 75 1,0 11,5
b-75-1,5 75 15 17,6
b-75-2,0 75 2,0 12,6
b-90-1,0 90 1,0 10,0
b-90-1,5 90 15 20,8
b-90-2,0 90 2,0 16,3

Snuna 51-20-0 erason 20 atMoceprnii | 0
51-60-1,0 60 1,0 6,0
51-60-1,5 60 15 154
51-60-2,0 60 2,0 17,2
51-75-1,0 75 1,0 13,3
5-75-1,5 75 15 14,2
51-75-2,0 75 2,0 19,5
5-90-1,0 90 1,0 18,1
5-90-1,5 90 15 27,1
51-90-2,0 90 2,0 23,6

BucHoBknu

1. 3a pe3ynpTaToM aHaNi3y MOCIIKCHb Pi3HUX aBTOPIB BCTAHOBICHO, IO
MOXJIMBO MiABUIINTH (i3uKOo-MexaHiuHI xapakrepuctuku (PMX) nepeBunw,
30KpeMa, MIIHICTh Ha CTHCK Y3/0BX BOJIOKOH IIJISXOM IMITpeTHarlii
(mpocoueHHs) PI3HOMAHITHUMH MaTepiajlaMu. 3TiIHO 3 KiIacuikallieo 3a
TTOXO/KEHHSAM, MaTepialii JUisl iMIIperHallii HaileHi TIeBHUMH TiepeBaraMu Ta
HenoJdikaMu. He  BCTAHOBJIEHO €IMHOTO  MaTepialy JUis [POCOYCHHS
(iMmpernHary), SKUii MAaKCUMaJIBHO BiIOBiTaB OW yCIM BUMOTaM.
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2. IlpoaHani3oBaHO ICHYIOYi CIIOCOOM aBTOKJIABHOTO IPOCOYCHHS
JIEPEBHHH, SIKi 320€31eUyI0Th MaKCUMaNbHY TJIMOMHY TPOHUKHEHHS IMITPErHATY
Ta MBUIKICTh HOr0 BUCHXaHHS (TIOTIMEpH3aIlii).

3. Ha ocHOBi aHamizy iCHyHOYHMX 3acO0iB Ta CHOCOOIB MPOCOYCHHS
3alPOIIOHOBAHO CHOCIO MPOCOYEHHS «THCK-BaKyyM», KOMIUIEKCHHM 3ac000M,
SIKHA CKJIAA€ThCS 13 TPaiMEpHOTO IMIIpeTHATy HAa OCHOBI MIrTSAPHOI OJIii,
KUBIUYHOTO CKUMIHIAPY Ta OOPHOI KMCJIOTH, a TAKOX (PiHIIIHOTO iMIpErHaTy 3
HaTypaJbHOI JUITHOI ouii. Bka3aHui KOMIUTEKCHUI 3aci0 IIPH 3aIIpOIIOHOBAHOMY
croco0i MPOCOYCHHS TOETHYE MEepeBaru PO3TIIHYTHX 3aco0iB Ta cmocobiB
MIPOCOYCHHS IEPEBUHHU.

4. Y nabopaTopHHX yMOBax MpPOBEJCHO aBTOKJIABHE IPOCOYCHHS 3pa3KiB
cocHH, Oepe3u Ta SUIMHH CIIOCOOOM «THCK-BaKyyM» 3alpOIIOHOBaHHM
KOMIUIEKCHUM 3ac000M JIsl BU3HAYESHHS ONTHMAJIbHUX MapaMeTPiB IPOCOUCHHSI.

5. IlpoBeneHo MexaHiuHI BUNPOOYBaHHS Ha CTHUCK B3JIOBX BOJOKOH
NPUKJIaAaHHsIM KOPOTKOYACHOTO HABAHTAXKECHHS 3a JKOPCTKOTO PEXKHMY 1
BU3HAYECHO IPUPICT MIIIHOCTI MPOCOYEHOI JEPEBUHU BiTHOCHO HEMPOCOYEHOI,
SIKI MaKCHUMAJIBHO CTAaHOBHB: IJIs1 COCHU 27%, st 6epesn 21%, ms sumuan 27%
3a THCKy mpocoueHHs 1,5 MITa ta temnepatypi 90°C.
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BuxopucTaHHA KJ1e€HOI AepeBHHH Y IPOMHUCIOBOCTI
Use of glue-laminated wood in industry
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National Technical University), Savchuk S.M., lecturer (Separate structural
subdivision ‘Liubeshiv Vocational Technical College’ of Lutsk National
Technical University)

Ilposederno OoemanvHulli ananiz ocobaugocmell GUKOPUCIAHHA KIEEHOT OepesuHi.
Hageoeno obnacms 3acmocysanms enemenmie ma mamepianié Ha OCHOSI Kle€HOT
O0epesuHlL 8 PISHUX 2aLy3AX eKOHOMIKU, 30Kpema, 0y0ieHuymei, depegoobpoodHiil, mediesill,
2IPHUYO-BUOO0OYBHIL NPOMUCTOBOCHI, MAUUHOOYOYBAHHI MA THUUX.

Wood is popular with developers, it is chosen for the construction of load-bearing
structures, decoration, and creation of various interior items, small architectural forms.
Natural material is undoubtedly good and environmentally friendly, but ordinary timber
and boards have significant disadvantages: a tendency to change volume when humidity
changes, drying out, deformation, and knots. These unpleasant consequences are
practically excluded when using glued timber as a structural material and are used in
various sectors of the world economy.

Glued timber is a material made by gluing layers of processed wood, where each
layer is located perpendicular to the direction of the fibers. For production, mainly pine
and spruce trunks are used.

The purpose of this article is to establish the scope of the application of glued
timber and list its advantages compared to other traditional materials.

A detailed analysis of literary sources on the features of the use of glued timber
has been carried out. The main physical and mechanical properties of glued laminated
timber are characterized and analyzed in detail, and its structural schemes are given.

Wood, like other materials (metal, concrete, reinforced concrete, polymers), is
exposed to various active aggressive environments. The scope of application of elements
and materials based on glued laminated timber in various sectors of the economy is given,
in particular, construction, woodworking, furniture, mining and quarrying, mechanical
engineering, and others.

It has been established that one of the main advantages of glued laminated timber
is its high mechanical strength and stability. Unlike solid wood, glued laminated timber is
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less prone to warping, cracking, or changing shape under the influence of temperature and
humidity changes. This is achieved due to the fact that wooden lamellas are carefully
processed and arranged so that the wood fibers alternate before gluing, which allows
reducing internal stresses.

Knwuosi cnoea: rxiecwa Oepesuna, MiyHiCmb, agpecugne  cepedosulye,
0082061YHICMb, CMIUKICMb.

Keywords: glued timber, strength, aggressive environment, durability, stability.

IMocranoBka mnpoGiaemu. JlepeBuHa KOPUCTYETHCS HOMYJSIPHICTIO Y
3a0y/IOBHUKIB, il BUOUPAIOTH AJIsI 3BE/ICHHSI HECYUMX KOHCTPYKIIH, 03100JICHHS
Ta CTBOpEHHsS MpeIMeTiB iHTep’epy. HaTypampHmii marepian, Oe3CyMHIBHO,
XOPOIIXH 1 eKOJIOTIYHUH, ajie y 3BHYaifHOTO Opyca i JOIIKH € iCTOTHI HeIOMIKHU:
CXHUJIBHICTB JI0 3MiHH 00’ €My TIpH 3MiHI BOJIOTOCTI, po3cuxaHHsd, nedopmanii. [1i
HETPUEMHI HACJIIKH IHPaKTHYHO BUKIIOUEHI B pPasi 3acCTOCYBaHHS KIEEHOT
JICPEBHHH SIK KOHCTPYKIIITHOTO MaTepiaiy.

AHani3 BizomMux gociaigxkens i my0Jikanii. binpmmicts myOmikamii, sSKi €
JOCTYIIHI B JIITEpaTypi, ONKHCYIOTh KICEHY JCPEBHHY, SK HE3aMiHHY B
KOHCTPYKIIiSIX, SIKI BHMararoTb BHCOKOi MIIIHOCTI, CTa0iIbHOCTI PO3MIpiB i
BIZIMOBIIHOT ecTeTHYHOI SIKOCTI JepeB’ssHUX BUpoOiB [1]. Kieeni enemeHtn
TAKOX MOXYTh MaTH [OKpAllleHi BJIAaCTHBOCTI (BUIMH, 3CYB) 3aBISKH
NoTiepeIHbOMY 3TMHAHHIO. ICHYIOTH TakoX KIeeHI Oalku 3 MONepeuyHHMH
nepepizamu, siKi MaloTh BEPTHKAJIbHO BCTAHOBJICHI JIaMEJIi B 30H1 HAIIPY>KeHb 200
BEPTUKAJbHI JIaMelli 10 BCHOMY Tepepi3y, KIIeeHi OaiKu, apMOBaHI CTpiYKaMu
(crameBuMU, BYTJICIICBIMH a00 CKIOIDTACTUKOBHMH) [2], apmoBaHi Oanku 3
MOTIEpEeIHbO  HANPY)KEHHM CTaHOM, OalKM 3 eNOKCHIHMMH CTaJeBUMHU
CTPWXKHAMU 3 pi3pOeHHsM [3].

Metoi0 naHOi €TATTi € BCTAaHOBHTH O00JAaCTh 3aCTOCYBAaHHS KIIEEHOI
JICPEBHHH Ta HABECTH 11 II€peBary MOpiBHIHO 3 TPaJULIHHIMHI MaTepialaMH.

OcHoBHa yactuHa. Kieena nepeBmHa — Iie MaTepial, BHTOTOBICHHH
IUIAXOM CKJICIOBaHHS ImapiB 0o0poOneHoi 1epeBHWHH, ¢ KOXEH Imap
PO3TallIOBaHUN TEPIEHIUKYISIPHO O HAampsMy BOJOKOH. [lyisi BHUpPOOHHUIITBA
3aCTOCOBYIOTh MEPEBAKHO CTOBOYPH COCHHU 1 SUTMHHU.

Bumoru 1o nepeBruHH, TOPSIOK BUPOOHHUIITBA, IPUHMaHH:, BUIIPOOYBaHb i
30epiraHHs MaTepialliB periiaMeHTYIOTh HOPMaTHBHI JOKyMeHTH [4-6].

SxicHuil kieeHnid Opyc XapaKkTepH3YETHCSl BUCOKOIO HECYUOIO 37IaTHICTIO,
CTaOUIBHICTIO PO3MIPIB 1 3aTHICTIO POPMYBATH EPEB’sIHI €IEMEHTH MTPAKTHIHO
Oynp-sxoi popmu. Kiteenuit 6pyc 1ocTynHuil y npsMux i BATHYTHX (opmax, 1110
BIZIKpUBa€ Maike HeOOMEKeHY CBOOOAY NM3aliHy B JIepeB’sSIHOMY Oy/IiBHHULITBI
(puc. 1).
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Puc. 1. Kneenwuii 6pyc

Kieeni Matepianu MaroTh yHIKaJbHI BJIACTHBOCTI MOPIBHSHO 3
TpamuIliftHUMU nuioMarepianamu. MinnHicTe Bume g0 50 ... 70%; Bucoka
CTabIIBHICTH PO3MIPIB 3aB/SIKH CKJICIOBAHHIO; BIICYTHICTh YCAIKHU CTiH 301JIbIIIYE
IIBUJKICTh OYHIBHHIITBA; 30LIBIIEHA 3MATHICTH IO BIUIMBIB HAaBaHTaXXEHb —
MOJTyJTb IPY>KHOCTI KJICEHOI IepeBHHU 3 cocHH cTaHOBUTH 100000 kr/cM?, 3 Kepa
— 80000 kr/cM?;, BHCOKAa BOTHECTIMKICT, 1 XiMiYyHa CTIHKICTh;, BHCOKI
TEIUIOI30JIAIIHI BIIACTHBOCTI;, HATypaJbHUH, BiTHOBIIOBAHHUH i IIepepoOIeHUA
OynmiBebHHUN MaTepiai; BiACYTHICTH Je(eKTiB; BIHCOKa TPUMKA 3IAaTHICTh MpPH
HU3bKIA MIUIBHOCTI; BHCOKA CTAaOIBHICTH PO3MIPIB 3aBISKU CKICIOBAHHIO,
Haiikpaiia ¢opma iHHOBaLii: NPsIMi, BUTHYTI Ta crienianbHi ()OPMHU; €KOJIOTIYHO
Oe3rieuHa; BUPOOU 3 KIIGEHMX 3ar0TOBOK Kpallle MepeHOCATh HeraTUBHI TOTO/IHI
(bakTopm — 10111, TEMIIEPATypHi Mepenay; CTiiKi 10 TPU3YHIB 1 KOMax 3aBIsIKH
MIPOCOYEHHIO [7].

BukopucraHHs KJIe€HOT AepEBUHH B Cy4aCHOMY OYAiBHHUIITBI 3aJIEKUTH Bil
YCIIIIHOI criBIpani pi3HUX (haxiBIiB, 0COOJIMBO apXiTeKTOpa Ta MiApsAHUKA. K
IIPaBUJIO, BUOIp KOHCTPYKTHBHOI CHCTEMH BIUIMBAE Ha BHYTPIIIHIO apXiTEKTYpY.
Ha cporonni icHye pi3HOMaHITTS KOHCTPYKTUBHHMX CHCTEM, SIKi 3a0€3MeuyloTh
MOXKJIMBICTB peaizalii HalKpanyx NpoeKTIiB A pi3HUX nineid. Hecyui cucremn
3 KJIEEHOI NepeBMHH MOKHA KIacH(DIKyBaTH 3a TaKUMH TpyImaMH: OalKH,
TPUIIIAPHi apKH, paMH, BUTHYT1 OaJIK¥, KOHCOJII Ta MiABiCHI KOHCTPYKIIii (puc. 2).
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Konerpyxkuii kmacudikyroTs 3a IepeBa)XHUM HaBaHTa)KeHHSM (HaNpHKIa,
(depMu Ta 0OChOBE HaBaHTAXKCHHS, OAJIKH Ta BUTHH) 1 32 IEPEBAYKHUM PO3IIOALTIOM
HaBaHTa)XXCHHS (IUTOCKI Ta TPOCTOPOBI KOHCTPYKIIIT: KYIIOIH, IPOCTOPOBI paMHi
KOHCTPYKIii, MPOCTOpoBi (epMu, Ipatku Ta Kymoun). CHCTEeMH 3 KIE€HOI
JIEPEeBUHH JIO3BOJIAIOTH NMPAKTHIHO HEoOMeXeHuil BHOIp pO3MipiB eJleMeHTIiB
nepepizy, MOXYTh MOKPHBATH BEJIHKI TUIOINII 3 BEITUKAMHU MPOTOHAMH 1 JETKO
aIanTyIOTECS 10 BHMOT Cy4YacHOI apXiTeKTypHu. Po3mip Hecydoro ememeHTa
3aJeKUTh B CTaTHYHOI KOHCTPYKTHBHOI CHCTEMH, HECY40i 3JaTHOCTI
Marepiaiy, TEXHOJIOTi] BUpPOOHHIITBA Ta MOHTaXY, a TAKOX OYiKyBaHOTO e(heKTy
apXiTEeKTYPHOI KOMIO3HUIIIT KOHCTpyKii [§].

Kneena nepeBnHa € He3aMiHHA y KOHCTPYKIiSIX, IO BUMAararoTh BUCOKOL
MIIHOCTI, cTablIBHOCTI pO3MIpIB 1 HAJIE)KHOT €CTETHYHOT SIKOCTI IEPEBUHU Pi3HUX
nopix [1].

Kneena nepeBrHa MIMPOKO BUKOPUCTOBYETHCS B KAPKACHOMY OY/IiBHHIITBI,
30KpeMa IS 3BEJEHHS CTiH, IEPEKPHTTIB, 1aXiB Ta KoJIoH (puc. 3).
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Puc. 3. Kapkac OyniBii 3 KJIe€eHOT IepeBUHI

Sy Sweay

VY wmicroOynyBanHi (puc. 4) KiIeeHa JICPEBHHA BUKOPUCTOBYETHCS 3aBISKU
BHCOKI# MIITHOCTI Ha BUTHH Ta CTIHKOCTI 70 BILTMBY aTMoc(epHUX (akTOpiB.
Taki KOHCTPYKLIl JIETKO TMPOTHCTOSATH KOPO3ii 1 JEMOHCTPYIOTH OiIbLIY
JIOBIOBIYHICTB Y IMOPIBHIHHI 3 TPAIMLITHUMH MaTepialaMH.

0) agpTaHKa
Puc. 4. 3acrocyBaHHS KJI€€HOT JEpEeBUHH B MiCTOOY1yBaHHI

3aBIAKM CBOIM €CTETHYHIM BIACTUBOCTSM 1 3JaTHOCTI 10 TOHKOi 0OpOOKH,
KJI€€Ha JepeBMHA I[IMPOKO 3aCTOCOBYEThCS y  BHUIOTOBICHHI MeOIiB,
JICKOPATHBHUX MAHEJICH Ta IHIIKUX eJIEMEHTIB iHTep epy (pHC. 5, a) Ta eKCTep epy
(puc. 5, 0). BoHa no3BONSIE TOEAHYBATH BHUCOKY MIIHICTh 3 €JIE€raHTHUM
30BHIIIHIM BHUIJISIOM.
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Puc. 5. OcsiTHiii ieHTp B AcceHi (BennkoOpurtaHis), 3BeICHIA TPAKTUIHO
TIOBHICTIO 3 KJICE€HOI IEPEBUHMU: a) iHTep €p Ta CXOIH, BUKOHAHI 3 JICpPEBa;
0) oOnHITIOBaHHS JIepeB’THOIO JOIIKOIO

3aBIsIKM  MOXJIMBOCTI CTBOPEHHSI JIETKHX, alleé MIIHUX KOHCTPYKIIH
BEJIMKUX PO3MIpIB, KJe€Ha JEepeBHHA BHKOPUCTOBYETHCS JUIsi Oy/AiBHHUIITBA
CHOPTUBHUX criopya (puc.6), BUCTaBKOBUX 3alliB (pUC.7) Ta IHIIKMX CIIOPY, L0
MOTPEOYIOTh BEJMKHX BIJIKPUTHX MPOCTOPIB 1 CKJIAHUX apXITEKTYPHUX PillIeHb.

Puc. 6. CioptBHa criopyzia, KpOKB’sIHA CHCTEMa, SIKOi BUKOHAHA 3 KJIEEHOT
JIepEBUHUI
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PI/IC 7. BucraBkoBa 3a1a B my3ei muctents B Acreri (CHIA)

Kiieena nepeBHHA € ileaJbHUM MaTepialoM i OyAiBHHUITBA MOCTIB
(puc. 8) Ta iHmMMX iHPPACTPYKTYpPHUX OO €KTIB 3aBISKH CBOIH MIIHOCTI Ta
3ATHOCTI NMPOTHCTOSATH 30BHIHIM (akTopaM. KpiM Toro, pepes’siHi MOCTH 3
KJICEHOT JIEPEeBMHM JIEMOHCTPYIOTH BHCOKY JOBTOBIYHICTH 1 IOTPeOYIOTH
MiHIMaIIFHOTO TEXHIYHOT'O OOCITyTOBYBaHHS.

Puc. 8. TTimoxigHuiA MICT 3 KIICEHOT IepeBUHI

BucHoBkHM. EKoJOTiyHi BJIaCTHBOCTI HAMAIOTh KICEHIH JAEPCBHHI
KOHKYpPEHTHY MepeBary HaJl iHIIUMU MaTepiajiaMu; Oiiblie Toro, Kparii Gpi3udHi,
MeXaHi4YHi Ta TeXHOJIOTI4HI BIaCTUBOCTI pOOJIATH ii HE3aMiHHOIO B OY/iBHHUIITBI.
Ti ecTeTruna MiHHICTH BHCOKO LiHYETHCS, OCKUIBKH BOHA J03BOJISIE CTBOPIOBATH
CKJIaZHI apxiTeKTypHi (OopMH, peasi3oByBaTH HOBI IPOCTOPOBI KOHUEMHMIi Ta
pi3HOMaHITHI OyaiBenbHI pilleHHS. BUPOOHHMIITBO Ta BUKOPHCTaHHS KICEHHX
JIepeB’THUX EJIEMEHTIB 3pOCTAIOTh Y BCbOMY CBITi. 3aB/ISIKH HOBUM TEXHOJIOTISIM,
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sKi 3a0e3mevarh IMiJBHIICHY TOYHICTh Y BUPOOHMITBI Ta NIPOEKTYBaHHI, iX
3aCTOCYBaHHS TiJIbKH 301JIbIIYBAaTUMETHCS B MAlOYTHEOMY.
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OcobauBocTi opra”izanii MikpocTpyKTYypH
JAEeKOPATHBHUX KOMIIO3UTIB

Features of microstructure organization
decorative composites

Hosranp O.J., K.T.H., noueHt, BupoBoii B.M., a.T.H., npodecop,
JIsimienko T.B., 1.1.H., npodecop, Josrans .M., k.T.H. (OxecbKa aepxKaBHa
akajieMisi OyniBHMITBa Ta apxiTekTypu, Oneca)

Dovgan O.D., PhD, Associate Professor, Vyrovey V.M., D.Sc.,
Professor, Lyashenko T.V., D.Sc., Professor, Dovgan P.M., PhD (Odesa State
Academy of Civil Engineering and Architecture, Odesa)

YV cmammi nponomyemvcs Ons noninuwienHs i 36epediceHHs (DYHKYIOHATbHUX
enacmusocmeii 0eKOpamMuGHUX 6upodie 3acmocogyeamu 6Oazamopienese apmyeaHHs
CMPYKMypu YeMeHmHUX KOMNno3umie. 3MiyneHHs CmpYKmypu Ha 6CIX pIGHSX 11020
HeoOHOpiOHOCmel 003601UMb 3ab6e3neyumu HeoOXIOHY CmIlKicmb eupobam 00 GNIUGY
pizHux nHaganmaoicens. Hagedeni pezynomamu 00CiOdNCeH s CMPYKMYPHUX Napamempie
yemeHmHo2o Kamenw. JJocniodncenns 25-mu pisHUX 3a CK1A00M KOMNO3UYIll NPOBOOUNUCS
3 GUKOPUCIIAHHIM MEMO0y eKCHepUMEHMATbHO-CIMAMUCIMUYHO20 MOOeNIO8aHHs. AHaniz
pe3yIbmamie  HAmMypHoeo U 0OYUCTIOBANLHO20 eKCHePUMEHMI8 niomeepous, o
OQUCKpemHi 8OIOKHA 30AMHI NPUIMAMU AKMUBHY YYACMb Y I3UKO-MEeXAHIYHUX NpoYyecax
CMPYKMYpOYymMEopeHHsl YeMEeHMHUX KOMNO3UMIG.

The article proposes to use multi-level reinforcement of the structure of cement
composites to improve and preserve the functional properties of decorative products.
Strengthening the structure of the composite at all levels of its heterogeneities will provide
the necessary resistance to various loads. The influence of discrete fibers of different
lengths on the organization of the microstructure of dispersed systems was discussed
earlier. The results of structural parameters of cement compositions presented in this
paper are a continuation of previous studies.

To accurately describe the microstructure of the decorative composite and consider
the relationships between its structural parameters, the method of experimental-statistical
modeling was applied. Studies of 25 different compositions were carried out according to
a 4-factor symmetrical plan. Processing of experimental data showed that the value of the
water-cement ratio has a rather noticeable effect on the structural parameters of cement
systems. A significant correlation between the indicators of cement systems has been
identified. An analysis of the nature of damage to the surface of samples by cracks, internal
surfaces of the section was carried out. It is confirmed that discrete fibers are able to
actively participate in the processes of structural formation of building composites.
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Analysis of the data has shown that by introducing fiber, the uniformity of scattering of
microdefects, internal stresses, etc. can be improved. The influence of composition factors
on the structural parameters of the stone was evaluated using mathematical models.
Visualization of local fields of properties in the coordinates of recipe factors made it
possible to analyze the individual and synergistic effects of the influence of two groups of
components on the formation of structural parameters of cement systems. It is shown that
with rational ratios of composition factors, the structure of the capillary-porous space of
the composite improves. The change in the number of microdefects in the structure of the
material should affect the mechanical properties of the cement stone. It is planned to
analyze the results of the study of the structural strength of the cement system.

Kniouosi cnosa: oexopamusnuii komnosum, cmpykmypa, giopa, nonikapbokcunam,
oucnepcra cucmema, Kiacmep, Yeoaim, eKCnepUMeHmanibHo-CMamucmudHa Mooeb.

Keywords: decorative composite, structure, fiber, polycarboxylate, dispersed
system, cluster, zeolite, experimental-statistical model.

Beryn. Ympomoex pi3HMX TNEpiofiB Uil apXiTEKTypHOI BHpa3HOCTI
OymiBenb 1 CHOOpPYHA, OOJAImITYBaHHS 30H BIAMOYHHKY 3aCTOCOBYBAIHCh
PI3HOMAHITHI BUAM JCKOpaTHMBHUX Marepianie i BupobOiB (JMB). Cepen
umpokoro crnekrpy JIMB rigHe wmicie mocigae nexoparuBHuii 6eton (/B).
BukopucranHsi BUCOKOIUTAaCTMYHMX BiacTuBocteit JIb Ha erami  #oro
BUTOTOBJICHHS Ja€ MOXIIHMBICTh OTPHUMYBAaTH apXiTEKTYpHI JeTami CKIagHOl
KOH(]Iryparrii Ta 3a1aHOT'0 eCTETHIHOTO BUY 32 KOJNIPHOIO MATITPOI0, (HhaKTyporo
JIMIBOBOI MOBEPXHi Tomo. [IpoTe Ha MOYATKOBOMY €Tarli CTPYKTYPOYTBOPEHHS
koMno3uty (mo 24 ropj.), WX dYac Tpolecy O3IO0JICHHS netajed 1 Imifg
CHHEPTEeTUYHOO €0 BCIX HAasBHHUX TOTOAHIX ()aKTOpIB HA MOBEPXHI BHUPOOiB
MOXKYTb 3’ SIBJSITHCS Pi3HI JEPEKTH, SKi 3HAYHO TOTiPIIYIOTh 30BHIITHIA BUTIIS,
3HWKYIOTh (DYHKI[IOHAJIbHY HJAIHHICTh IIEMEHTHOTO KOMIIO3UTY 1 TEPMiH CIIyKOU
apXITEKTypHUX eNIeMEeHTiB. JIJI1 MONiNImeHHsT eCTETUYHNX Ta eKCIUTyaTaI[iiHIX
BJIACTHBOCTEH, Ha HAIIl TTOTJISA, IEPCIIEKTUBHUM IIPEICTABISETHCS 3aCTOCYBAHHS
0araTopiBHEBOTO apMyBaHHS CTPYKTYPH JI€KOPATUBHOTO OETOHY. 3MIiITHEHHS
CTPYKTYpPH Ha BCiX PIBHSIX HOTO HEOAHOPIAHOCTEH JO3BOJUTH 3a0€3MECUUTH
HEOOXiHY CTIHKiCTh BUpOOaM 10 BIUIMBY Pi3HUX HABAHTAXKCHb.

Jiss CTBOpPEHHST BHUCOKOC(EKTHBHOTO KOMITO3UTY BHpOOHHKamu (iOpu
IIPOTIOHYETHCS BEJIMKUH aCOPTUMEHT JMCKPETHUX BOJIOKOH, PI3HUX 3a XIMIYHUM
CKJIaZIOM, TEOMETpi€l0 W BIACTUBOCTSIMHU. BukopucranHs ¢iOpu B ckiaii
Marepiairy BHpOOiB, SIK MOKa3aB OIS/ BITYM3HSIHMX 1 3aKOPIAOHHUX JDKepel,
JI03BOJISIE TIEBHOIO MipOIO MOKpallyBaTH Oy0BY KallIIpHO-TIOPUCTOI CTPYKTYPH
1 IiIBUIILYBATH B 3KICTh pyHHYBaHHS OeToHY. Pa3oM 3 1i1M, 3 METOIO OTPUMaHHS
ONTHMAJIBHUX TOKa3HHUKIB apMyBaHHS CTPYKTYypH LIEMEHTHHX KOMIIO3HTIB MPHU
BpaxyBaHHI METOMIB (POPMOYTBOPEHHS Ta 03700JICHHS TIOBEPXHi JIEKOPATUBHUX
€JIEMEHTIB, BIIKPUTHM BCE K 3QJIMIIAETHCSA TMUTAHHS IIOA0 CyMicHOCTI ¢idpu i3
JUCTIEpCHOIO MaTpuIiieto 6eToHy. EdhekTHBHICTD Oyab-SIKUX TUCKPETHUX BOJIOKOH
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3aJIeXKHUTh NEPIIOYEPTOBO BiJl CTYIEHS iX AUCTIEPCHOCTI (PO3IOaiIeHHs ) B 00’ eMi
KOMITO3MTIB, BiJl BUXO/Y iX Ha JINIIbOBY MOBEPXHIO apXITEKTYPHUX BUPOOIB TOILIO.

AHami3 BimomMux gocaimkeHb 1 myOuaikamiii. AHaTITHYHWIA OTJISA
JITEpaTypHUX JUKEPE I0Ka3as, 10 3 METOI0 OTPUMAaHHS IEKOPaTUBHOTO OETOHY
3 TPHBAJIMM €CTETHYHUM 1 (YHKIIOHAILHUM MOTEHIIAIOM y BUpO0ax (axiBIsiMu
PEKOMEHIYEThCSI [0 CKIaQy MEMEHTHHX KOMIIO3UTIB OJHOYAaCHO BBOAUTH
opraHo-MiHepabHi 106aBkU pi3HOI mpupoan i mii [1-5 Tomo]. Pasom 3 ThM,
OCHOBOIO JI71s BUroToBieHHs JIb cimyxatp Oinmii a00 KOTLOPOBUH HEMEHTH, SKi
J03BOJSIFOTE  KOMIIO3UTY 332  TNPU3HAUEHHAM  BHKOHYyBath  (pyHKmii
03100m0BanbHOr0  Marepiany [2, 6]. 3aranbHOBH3HAHO, IO B JIOCATHEHHI
ONTHMAJBHOI CTPYKTYpH OETOHY Ha PiBHI BHPOOIB iCTOTHY pOJb BIiNIrpaioTh
arperoBani (200 KJIacTepHi, OJIOKOBI) CTPYKTYpH IIEMEHTHOro Kamenro. lle
3YMOBJICHO THM, IO KJIAaCTepPHI CTPYKTYPH JMCIIEPCHOI MaTpulli, uepes3
0araToMaHiTHICTb CKJIaay i Oy/IOBH, BOJIOAIIOTH PI3HUMH PiBHAMH BIaCTHBOCTEH
1 CHN aAre3idHO-KOre3iWHMX B3a€MO3B’SI3KIB 1 (OPMYIOTh Ppi3HI BEIUYUHU
Ipaji€HTIB HAMPYKECHB B 00’ €Mi OyiBeIbHOTO KoMmo3uTy. 06’ emHi nedhopmartii,
10 cOPMYBAITKCS TIiJ] BILTHBOM (hi3UKO-XIMIYHUX IPOIECIB TigpaTamii IeMeHTy
Ta BUHUKAIOTH MiJ AI€I0 KIIMaTHYHUX HAaBAHTaKCHb, € TOJOBHOIO NMPHIHHOIO
YTBOPECHHS HECYHITBHOCTEW (IOp, KAIiJsApiB, TPIMIMH TOIIO) B CTPYKTYpi
MaTepiary Bupo0OiB. BogHodac, 3a11e)XHO BiJl HAPYKEHO-1e(hOPMOBAHOTO CTaHY
CTPYKTYPH KOMITIO3UTY, MAapaMeTpH HECYIIBHOCTE TUHAMIYHO 3MIHIOIOTHCS B
yaci. B cBoix my6mikauisx B.M. BupoBoii [7-8 Ta iH.] HeCyliIbHOCTI BiIHOCUTH
JI0 aKTHBHUX €JIEMEHTIB CTPYKTYPH, 4€pe3 Te, 1110 BOHH MEPIIOUEPrOBO PEaryroTh
Ha BIUIMB YCiX 30BHIIIHIX (haKTOpiB, JIOKANI3YIOUM BHYTPILIHI HAIPY>KEHHS 3
KOHIICHTPAI[IEI0 Yy BepIIMHAX TPilMH. To K Ui TOMIMNIICHHS CTiHKOCTI
MDKKIIACTEPHHX MMOBEPXOHb PO3JILTY JI0 /il HANPYKeHb 1 PO3BUTKY JAehopMaliii,
JI0 CKJIaJy CTPYKTYPHHX OJIOKIiB KOMIIO3HMTY Matepiano3HaBusmu [1-5, 7-15 Ta
iH.] peKOMEHIY€eThCSI BBOIUTH IMOPOIIKOMOMIOHI Ta BOJOKHUCTI HATIOBHIOBAYi
pi3HOT prpoau i reometpii. [Ipy HbOMY BaXITMBHM € YIIOPSAKYBAaTH KIACTEPHI
CTPYKTYPH TaKUM YHHOM, 1100 BOHH MaJIH 3aTHICTh Oe3 3MiHH CBOIX MMapaMeTpiB
crpuiiMaTy 1 mepepo3noAiTh Aedopmarii Ha HOBEpXHAX po3airy. CTBOpeHHs
YIOPSIIKOBAHUX CTPYKTYp BHACHiJOK 0araToOpiBHEBOIO apMyBaHHS arperariB
JMCKPETHUM BOJIOKHOM IOBHHHO 30UJIBIIMTH B’S3KICTh PYHHYBaHHS CIaOKHX
MiX(a3HUX MTEPeXiTHUX 30H, Yepe3 PiIBHOMIpHIIIe po3CitoBaHHS eHeprii B 00’ eMi
MaTepiary. Pa3om 3 M, BUpIiIIaJI-HUIM YHHHUKOM Y MIKpOApMYBaHHI CTPYKTYPH
€ PIBHOBEJIMKUH PO3MOIT JUCKPETHUX BOJOKOH B KOMITO3UIIisX. Lle 3ymoBIeHO
THM, IIO HEJOCTAaTHE JAWUCHEepryBaHHA (GiOpM MPHU3BOAWTH 10 BUHHKHEHHS
CTPYKTYpHHUX Ne(heKTiB y BUTIAAI «(hiOpOBUX TpyIAKyBaHB» Ta He 3abe3reuye
CIIPUSITIMBANA PO3MOAT HECYMUIbHOCTeH. SIK BiJOMO, BEJMKHA BIUIMB Ha
(YHKIIOHATIBHI BIACTHBOCTI KOMITO3UTY 3[IHCHIOIOTH caMe HEOIHOPIIHICTH 1
OyIi0Ba KaniJIIpHO-TIOPUCTOTO MPOCTOPY HOro MiKpoCTpyKTypu. CBOEIO Yeproro
A. Bentur, D.D.L. Chung Ta in. 3a3ua4atots [12, 14-15], 1110 po3mo/isi BOJOKOH
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B LEMEHTHIH MaTpuii 3HAYHO MOKPALIYEThCS 32 PaXyHOK 3MEHIICHHsS IX
JOBXHWHH Ta B HPUCYTHOCTI TOHKOJAMCIIEPCHMX YacTOK HAINOBHIOBauiB. 3a
JaHUMH JIOCTi/DKEHb aBTOPiB mpaih, 30Kkpema BiacHux [12, 16-20],
e(EeKTUBHOCTI ~ MIKpOApMyBaHHs ~ MaTpHIi  MOXHA  JOCATTH  3aBJSKU
BUKOPHCTAHHIO TIOpPUAHUX CHUCTEM, IO MICTATH AWUCKPETHY apMarypy OJHOTO
BHAY, aie pi3HWX posMipiB. Hampuxman, miamerpom Big 5 mo 100 MrM i
KPUTHYHOI [TOBXKWHH, OCKUTBKM MOBXKMHa (iOpW BIUTMBaE Ha 3MATHICTH [0
3MiITyBaHHS 1 PIBHOMIpHUI po3monin B cymimax. Ha Hamry mymMKy, CyMiCHICTB
OUCKPETHUX BOJOKOH 1 MaTpWIll MOXHAa BH3HAUWATH dYepe3 PpO3IOAUICHHS
nedekTiB (TPIKH, BHYTPIMIHIX IIOBEPXOHBb PO3ILTY), IIPOSBICHUX Ha MOBEPXHI
3paskiB KOMIIO3UTY, i, BINIOBIAHO, KOS(DIIIEHT MOBEPXHEBOI MOIIKOKECHOCTI.
BrummB ¢iOpu pi3HOT JOBXKUHM Ha OpPraHi3allil0 MIKPOCTPYKTYPH TIIHHSHHX 1
MOJIIMEPHUX KOMITO3HIIiH Oyit0 po3riisHyTo B crarti [21]. OTpumani pe3ynbratu
Ha (I3BMYHUX MOJENSIX IIMX CHUCTEM JIO3BOJIMJIM BCTAHOBUTH, LIO JUCKPETHI
BOJIOKHA 37IaTHI OpaTH aKkTHBHY Y4acTb B OpraHi3amil KJIacTepHHX CTPYKTYD
pi3HOi mpupomu. Bukopucranus ¢iOpu onTuMansHOT reometpii 3abesneuye
OTPUMAHHS KOMIIO3HTIB 31 3HAYHO MCHIIOK KUTBKiCTIO He(eKTiB 1 cmpuse
OJTHOPITHIIIIOMY PO3CiIOBaHHIO BHYTPIIIHBOI eHeprii B 00’ emi Matepiamy. O1xe,
3 OISy Ha pPe3ylbTaTH CTPYKTYPHHX MapaMeTpiB B SDKyUHMX CHUCTEM, SIKi
npexacrasneni B [19, 21], ue Hajgano mijgcTaBu po3MOYaTH HOBI JOCIIDKSHHS, a
came — IIEMEHTHOI MaTpHIli AEKOPaTUBHOTO OETOHY.

MeTo10 po60TH € HalpaBlieHa 3MiHa CTPYKTYPH I€KOPATUBHUX KOMITO3HTIB
32 paxyHOK YNpaBIiHHsS NPOLECaMH CTPYKTYPOYTBOPEHHS B SDKYUMX CHCTEM
LULIXOM ~ pPalliOHaJbHOIO BUKOPHUCTAHHS  HAlOBHIOBAa4iB 1  TiOpUIHOTO
JIMUCKPETHOTO HAIIOBHEHHSI.

Marepianu Ta onuc nociixkenb. [ljisi TOUHOTO OMKCY MIKPOCTPYKTYpH
JICKOPATHBHOTO KOMIIO3MTY Ta PO3IVISAY B3a€EMO3B’S3KIB MK BUXIAHUMH HOTO
rnapamMeTrpaMH ~ 3aCTOCOBAHO  METOJl  EKCIePHMEHTaJIbHO-CTATUCTUYHOTO
MozemoBaHHs [22]. AHani3 iHpopMallii, HAKOMUYECHOI i/l Yac peaisanii HU3KH
MIOUIYKOBUX EKCIIEPHMEHTIB, JI03BOJIMB BH3HAYNUTH CIHHCOK OCHOBHUX JFOYMX
(axTopiB cKiagy MaTpulli Ta MexXi iX BapiroBaHHA. PenentypHi daktopu X;
HOPMaJIi30BaHi Ha TPHOX PiBHAX J10 |xi| < 1 3a TumoBMME hopmynamu [23].

3 ypaxyBaHHSIM BHU3HAYEHUX YMOB ITPOBEJCHHS HATYPHOI'O €KCIIEPUMEHTY
Ta aHali3y XapakTepUCTUK IUIaHIB JIPyroro TOPSAKY Uil ToOynoBH
eKCIepUMEHTANBHO-CTaTUCTHYHNX ~Moxenerr (EC-mopeneit), oOpaHo 4-ox
(akTOpHUN CHUMETPUYHUN IaH 3 25-TH YWCIOM JOCHigiB (ad0 TOYOK).
BpaxoByloun pi3HUII XapakTep BIUIMBY pPELENTYpHHUX CKJIQJOBHX Ha
CTPYKTYPOYTBOPEHHSI [IEMEHTHOTO KaMeHI0, GaKkTopy 00’ €THAHO Y JIBi TPyIIH:

— «Mooudgpixamopu yemenmnoi  cucmemu»  3aJaBadd  KIJBKICTh
TOHKOMeJeHoro Tieomity (Z) Ha piBHAX 0, 4, 8 % (BBOOMBCS B3aMiH YaCTHHHU
LEMEHTY BiJI fioro Macu) 1 cynepruiacTugikaTop Ha MoJlikapOOKCHIATHIH OCHOBI
(MF) —0.15, 0.30, 0.45 % (Big Macu LEMEHTY);
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— «llapamempu ouckpemno2o apmy6ans» CKIAIN JIYTOCTIHKI CKIOBOJIOKHA
noskuHaMu 3 1 12 mm (F3 i F12) na piemsix 0, 0.015, 0.03 % (BBOAWIHCH Bif
MacH LEMEHTHOTO TiCTa).

I'padiune BimoOpakeHHsI TOYOK IUIAHY EKCIICPUMEHTY INpPEICTaBJICHO Ha
Jiarpami «kBajpar Ha KBajapati» (puc. 1), y gKiii Hecy4uil KBajpaT BiAIOBigae
migcucTeMi 1-oi rpymu pakTopiB X1 i X2, @ B 9-TH BY3TOBHX TOYKaX KBaIpaTy
(menTp, 4 KyTH 1 4 cepeAMHH CTOpIiH) pO3TAIIOBaHI IMEpPEMiHHI X3 1 X4 i3
migcucTeMu 2-0i rpynu GaKTopiB.

14 9 2 5
X2
+
19%71
10 13 6 1
X
+1 23
) A +1 x1
-118%  Hl[xi2a] 257 21 17|
-1
24
12 15 8 3
H )
20
16 11 4 7

Puc. 1. [Inan excnepumenTy B 4-X BUMIipHii 00macTi
HOpMaJlizoBaHUX (aKTOPIB CKIay IIEMEHTHOTO KaMEHIO

Cknagu 27-MU KOMITO3HIII BUTOTOBJISUTHCH HA O1JIOMY MOPTIaHAIIEMEHTI 3
Ppi3HUM BOJO-TIeMEeHTHHM ciiBBinHOmEeHHAM (B/L]), mpu sikomy 3abe3nedyBanach
OJIHAKOBa KOHCHICTEHIIiS B’SDKYYOTrO TicTa 3a pO3IUIMBaHHIM KoHyca. CepenHs
rycruna (p, kr/cm®), Bogonormunanns (W, % i r/cm®) if koe]ilieHT TEXHOIOr 9HOT
nomkoxkeHocTi (Kp, MM/MM?) pi3HHX CKIIaJIiB IEMEHTHOIO KAMEHIO BU3HAYAIMCh
LUUIIXOM ~ BUIPOOYBaHHs 3paskiB-muckiB  po3mipom 100x10 wmwm. Ilepen
JMOCTiKeHHIM  (DI3UYHMX TTOKa3HUKIB MAaTpHIli 3pa3Kd BIOPOJIOBX 28 mib
BUTPUMYBAJIHCH Y NIpUMIILIeHH] Tpu Temnepatypi 23+2 °C i BigHOCHiI BosorocTi
armoc¢epHoro noBitps 60+10 %. JlerxkoyxiamansHicts Ticta, p i Wy kameHio
BH3HAUYAJIUCh BIATMOBIIHO O JAEpKaBHUX CTaHAapTiB Ykpainu, a Kp — 3a
po3pobiieHoro MeToarnkor B.M. BupoBoro (matent Ha BuHaxig Ne 5735).

AHaJi3 pe3yJIbTATIB HATYpHOro ekcmepumMmeHty. [locmimkeHHs 25-TH
IIacTU(IKOBAaHUX ANUCIEPCHUX CHUCTEM BHJIY «B’SDKyde — LEOTITY», «B’SDKyde —
biOpay, «B’spKyde — eoutiT — Gpidpar 1 «B’spKyuye — Oe3 HaIlOBHIOBAYiB) ITOKA3aJIH,
110 IIPOLIEC CTPYKTYPOYTBOPEHHS IEMEHTHOTO KaMEHIO HANpsMY 3aJeXHTh BiJ
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MOYaTKOBO1 KOHIEHTpallil mojikapbokcuiaty (MF) y BogHOMY cepemoBHIII.
3aJeXHO BiJ SKICHO-KUIBKICHOIO HAIlOBHEHHsI B SDKYYMX CHUCTEM 1 DiBHS iX
mwractudikarii, B/ kommnosuiiii 3minoBanock y mexax Big 0.200 mxo 0.310, a
cepe/iHs TycTHHa KameHro — Bijt 1751 o 2271 kr/m®. Tlpuaomy 36inemenns B/11,
T 3a0€3TeYeHHsT BUMOTH [0 PYXOMOCTI TicTa, MPU3BOAMTE A0 3HIDKCHHS P Y
1.3 paszu. Mix NoKa3HUKaMH CHOCTEPIraeThesl JOCUTh TICHUHN 3B’ 30K, KOPEJISILIis
cknana r = -0.84. Pa3zom 3 muM, miaBumeHHS no3yBaHHs go6aBku MF Bix 0.15
10 0.45% 0co011MBO «ITO3UTHBHOY BILTHBAE HA (POPMYBAHHS TIOPHUCTOI CTPYKTYPH
KOMNO3UTiB. [TomIKOIKEHICTh 1 BOAOTOTIIMHAHHS 3pa3KiB KaMEHIO 3HUKYIOTHCS
B JIeKiJIbKa pa3iB, BiqnosigHo Bix 0.38 mo 0.07 mm/Mm? (Kp) Ta Bz 16 10 5% (abo
30.28 10 0.11 r/em® — W). OTpumyeThest GibII IIiIEHA 32 IUIONIEI0 MOBEPXHI
TpaHUI PO3IUTY TUCKPETHHX CKIIAAOBHX IIEMEHTHOTO KaMmeHro. [IpaBaumBicTh
3aKIIIOYCHHS MOXKHA TIATBEPIUTH aHANI30M  CHIB3aJIEKHOCTEH TOMiX
CTPYKTYPHHAMHU MTapaMeTpaMi KOMITO3UTIB (puc. 2). AHaJIi3 X B3a€EMO3B’SI3KIB €
BaXJIMBUM, OCKIUIBKHA KPHUTEPIii JO3BOJISIOTh BUHOCHTH CY/DKCHHS MPO OyIOBY
KanuIsipHO-TIOPUCTOTO MPOCTOPY AUCIIEPCHUX CUCTEM.

W —: aW, rfem®  oKp, mM/Mm? W AW, r/fem®  op, kr/md
0.30 T " 025 1 b a2
» r=082 .° I el
025 + N BB ' 8 "‘,_AAA
Lo, AT 020 1 AA N N o
020 t P TKp I r_0.7?:"_‘“,,“ A |
e - 1 015 + 5 .~ 4 A® + 2250
0. o
015 1A & o e L o3  Ba, ]
lap o g0 . o | 010 A, 0 + 2100
[u] . T o il
010 % 70 o 1025 o B0
| P r=0.73 ] rso72 0 0 a0 o T 1950
U g 1 T
005 +7 oo +o1s 000 o 951 1800
r [m]
o B/IT 1 Kp, MM/MMm? |
o,ooTD‘%‘%‘%t%t%H0,050.00‘%‘%‘%‘%‘%‘%‘1650
020 022 024 0.26 0.28 0.30 0.32 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

Puc. 2. Jliarpamu po3ciroBaHHsI €KCIIEPUMEHTAILHUX 3HAUEHb
(i3MYHUX BIACTUBOCTEH IEMEHTHOTO KaMEHIO

OO0OpoOKka eKCIepUMEHTaIbHUX JaHWUX II0Ka3aja, [0 BEIHYHWHA BOJO-
LEMEHTHOT'O CHIBBIHOIICHHS JIOCUTh IOMITHO II03HAYAETHCS HAa (PI3UYHUX
mapameTpax B’sKYYHX CHCTEM. Pe3ynbTaTé IEMOHCTPYIOTh, IO YHAM BHIIE
noyarkose B/I], TuM OinbIa KamijisipHa MOPUCTICTD 1 THM MEHII IILHOIO 3BICHO
€ o0ylacTh MeXi po3Jily MiX CTPYKTYpHHUMHM arperaramu. 3i 3poctanusM B/L]
30UTBIIYETHCS KUTBKICTh HECYIITPHOCTEH y BUTIISAII BIIKPUTHX TIOP, KaIiIsIpiB
TOIIO B 00’€Mi KaMEHIO Ta BIiATOBIIHO MiJIBUIIYETHCS HOTO BOJOIOTIMHAHHS.
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Amnaii3 3Ha4eHb Koe(ili€HTIB MapHOi KOpeIsLii BKa3ye, 10 B3aEMO3B’ 30K MK
KPUTEpPiAMH HaOIIKAETHCSI 10 AeTepMiHOBaHOTO (yHKIioHANBHOTO, I'{B/I[:Kp}
=0.73, r{B/II:W} =0.82 i r{Kp:W} =0.77. Boanouac i3 3pOCTaHHSIM KiJIbKOCTI
HeCYIIbHOCTEN cepens TycTrHa 3HmKyeThes {Kp:p} =-0.72. OueBuaHo, 1110
yuM Oinblre MikpoJedeKTiB (KarisipiB, TPIILUH, TOP TOIIO) y CTPYKTYpi, THM
Jermui 3a Macoro Matepian. Oxe, mapamerpu Kp i p 3MIHIOIOTBCS HE3aJIEKHO,
ajle TapajeNpbHO MiJ 4Yac I0YaTKOBOTO MPOLECY CTPYKTYpOYTBOPEHHS
LIEMEHTHOI'0 KaMeHI0. B po0oTi 10/1aTKOBO po3risiHyTa criB3aneskHicTs Mik W i
p. [Ipu oMy BOIONOTTIMHAHHS BH3HAYAIOCH uepes 15 xB, mami — yepe3 1 roj.
BIIPOJIOBX 6 TOX. Ta miciyist 24 roj. 3aMOYyBaHHS 3pa3KiB-IHCKiB. BussieHo, mo
KOpEJIIii MiX XapaKTepUCTHKaMH Y BCiX BUITAIKaX 3HAXOIATHCSA ¥ Mexax -0.85
<r<-1. Takum YMHOM, MiX (Pi3UIHUMH BIIACTHBOCTSIMU Pi3HUX B’SDKYUYHX CHCTEM
CIIOCTEPIraeThCsl CyTTEBUH KOPEISIMHUI 3B 30K, [0 BKa3ye HA JJOCTOBIPHICTh
OTPUMaHUX PE3yJIbTaTIB.

OmHOYACHO 3 JOCITIKEHHAM CKJIaiB KOMITO3UTY Ha MOMKOKeHICTh (Kp
BH3HavaBcA micist W) mpoBOIUBCS Bi3yalbHUH aHANI3 PO3IMOALTY MiKpOJAe(EeKTiB
Ha MTOBEPXHI 3pa3KiB. 3araJbHOBIIOMO, IO AJISI CTPYKTYPH LIEMEHTHOTO KaMEHIO
3HAUyLUIMM € OJHOPIMHMHA pPO3MOALT SIK TNPOAYKTIB HOBOYTBOPEHb, TaK 1
HECYIIJIBHOCTEM 3a 00’ eMOM 3paskiB [24]. Sk mpukian, Ha pUc. 3 IPEACTABIEHO
¢$oT0o 4-x 13 25-TH 3pa3KiB Pi3HUX 3a CKJIAZOM [IEMEHTHHUX CUCTEM.

a) o 6 B) r)
/, b / ]

&

Puc. 3. Tpiumuu i BHYTPilIHI MOBEPXHI PO3/LTY Ha TOBEPXHI 3pa3KiB
4-x cknajiB IeMeHTHOro kKameHio: a) #4 => Kp = 0.348 mm/mm?;
0) #11 = 0.308 mm/MM%; B) #15 => 0.297 mm/MmZ; 1) #16 => 0.359 Mmm/Mm2

AHami3 XapakTepy IMOIIKOKEHh KOMIIO3UTIB IMOKa3aB, IO TPU PI3HUX
YHCIOBHX 3HaYeHHAX Kp cIlocTepiraeThCsi HEOAHAKOBA KapTHHA PO3IOAITICHHS
MiKpOoJedeKTiB 3a IUIOMISIO MOBEPXHI 3pa3KiB-nuckiB. Bermuuna mapamerpy Kp
HampsiMy TIOB’si3aHa 31 37aTHICTIO C(HOPMOBAHUX CTPYKTYpHHMX arperariB
cnpuiiMaTd 1 TEpepo3NOAUIITH HampyKeHHsS W 00’emHi nedopmarii, Mo
BUHMKAIOTbH MiJ1 Yac MPOTIKaHHS Pi3HUX MPOLECIB CTPYKTYPOYTBOPEHHS KaMEHIO.
3 puc. 3 MoxHa M00AYUTH, 110 AKTUBHUMH 30HAMH HAKONMMYECHHS MOIIKOJKEHb
€ nepudepiliHi AULISIHKK 3pas3KiB-muckiB. [Ipuyomy HaWOULIBII MOMITHO Iie
CIIOCTEPIraeThCsl Ha KOHTPOJILHOMY ckiazi #16 (puc. 3r). KnactepHi cTpykrypu
KaMeHIO #16 XapakTepu3yrOThCS 3HAYHOIO HEPIBHOMIPHICTIO PO3MOILTY
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BHYTPIIIHIX HaNpy»XeHb. be3yMOBHO, PUCYTHICTh BUCOKOJIUCIICPCHUX LIEOJIITY
Ta GiOpu crpusie OLIBII OJHOPITHOMY PO3CIIOBaHHIO MiKpoedeKTiB (puc. 3a-B)
B 00’emi kommo3uty. Jlo TOro >k, He3aJe)XHO BiA piBHSA IacThdikamii
JMCKPETHO-apMOBAaHUX KOMIO3WIiKA (0e3 IieoiTy), 30epira€rhcsi 3arajibHa
KapTUHA XapaKTepy TpilMHOYTBOpeHHs. [Ipn 11boMy yTBOPIOIOTECS CTPYKTYpHI
6moku pizHOi mpupomu (00’eMHi, BUmOBXKeHi). BapTo BigMiTuTH, IO TpH
MaKCHMAaJIbHOMY DiBHI IUTacTH(ikamii IIEeMEHTHOTO TicTa 3 AOOABKOIO IIEOJITY
(6e3 ¢idpu) piBHOMIPHICTH PO3MOAITICHHS HECYIUIFHOCTEH NEII0 BTPAYa€EThCA.
BisyanpHo-KinmpkicHUI aHanmiz mapamerpy Kp (puec. 3) mobpe CTHKYyeTbes 3
eKCTIepUMEHTaNbHNUMHE JaHUMH 10 W. ¥V IHCKpeTHO-apMOBaHHMX KOMIIO3HTIB
ciiany #11 1 #15 nuTomMe BOJONOIIMHAHHS 3pasKiB-IuCKiB (r/cm®), TOPiBHAHO 3i
ckinagoMm #16, awxye Ha 10 Ta 13%, BiamosigHo. [TinTBepaKy€eTHCS MONEPEAHBO
3po0JieHnit HaMU BUCHOBOK, 1110 JIMCKPETHI BOJIOKHA 3/IaTHI aKTUBHO NpUIMaTH
y4acTh y TpOIecax CTPYKTYpOYTBOPCHHs OymiBenbHHX KoMmmo3uTiB [21]. 3a
paxyHOK BBEJEHHS TifpodinbHOol (iOpy MOXKHA MOJIMIIMTH OJHOPIAHICTH
PO3CIIOBaHHSI HECYLIJIBHOCTEH, BHYTpILIHIX HaNpyXeHb i, 30KpeMa, CIPHATH
OUTBII PIBHOMIPHOMY PO3MOJILTY IPOIYKTIB HOBOYTBOPEHH B 00’ €Mi IIEMEHTHOTO
KaMEHIO Ha MOYaTKOBOMY €Talli CTAHOBJICHHS H0To cTpyKTypu. B pobori [21] mu
MOKa3aly, IO JIHIMHI YacTKM MOXYTh BHCTYIATH AKTHBHHUM OCEPEIKOM,
HABKOJIO TOBEPXHi SKHX TPYMYIOTHCS AMCIEPCHI YaCTKU PI3HOTO XIMIYHOTO

Y=bo|l+tbixs =+ bllX12 T bhioxiXo | [ Dbi1sXiXs + bisxixs
ThaXe £ hooXo? (@) | |£basxoxs £ baaxoxs (C)

thaxs =+ b33X32 + basXsXa
+haxs £ basxs? (b) 1)

ckiany. CrocTepira€TeCsi CHIB3aJICKHICTh PIBHOBEIMKHX 32 PO3MIpOM
KJIACTEPHUX arperariB i po3MOAUICHUMH MiKkpoze]eKkTaMu Ha TIOBEpXHi 3pa3KiB-
nuckiB. IIpore, sk mMoka3aHO B IIiif poOOTi, BIACTHBOCTI KOMITO3HUTIB 3HAYHOIO
MIpOI0 3ajJeXaTh BiJ] TOIIKOKEHOCTI iX CTPYKTYpH, IO (GOPMYETHCSA TiX
BIUIMBOM PELENTYPHUX KOMIIOHEHTIB B sDKy4dnx cucteM. OTKe, aHami3 Hajxami
JOLIJIBHO TPOBOAWTH 13 BHUKOPHCTaHHSAM EKCIIEPUMEHTAIbHO-CTATUCTUYHUX
MOJEJICH.

AHaJi3 pe3yJbTaTiB MaTeMaTHYHOI0 MOAENIOBAHHA. 3a HATYpHUMH
JAaHUMM eKCIIepHMEHTy i Bogomoriueanas (W, r/cm®) 1 koedimienra
nomkopkenocti (Kp, Mm/Mm?) B iporpami COMPEX (pospoérena 6 OJABA nio
kepienuymeom B.A.  Bosmecencvkozo) TOOYAOBAHO  YOTHPHOX(AKTOPHI
kBaaparuuni EC-mozeni «moBuux» o Y Buay (1).

Heninitina Mmogens (1) cTpykTypoBaHa 3a rpynamMu CKIAJOBHX KOMITO3UTY
«Moougixamopu  yemenmnoi cucmemu» i «llapamempu  Ouckpemnoco
apmyeanusy. biok (a) onmucye BIUIMB HA BIACTHUBOCTI Y OpraHo-MiHepaabHUX
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Mo udikaTopiB X1 1 X2. ok (0) — BIuiMB Ha Y JUCKPETHHX CKJIOBOJIOKOH X3 1 X4.
Brok (c) mokasye, sik 6yayTh TpaHC(HOPMYBATHCS JIOKAIBHI MOJIST BIACTUBOCTI 3a
PaxyHOK B3a€MO3B’SI3KY JIBOX TPYII IEPEMIHHUX X1 + X4.

3 MeTOor0 aHaJIi3y BIUIMBY OKPEMO KOKHOI rpynu (akTopiB Ha GOpMYyBaHHS
CTPYKTYPHUX IapaMeTpiB LIEMEHTHUX CHCTEM BUKOHAHO PsiJi OOYMCITIOBAIBHUX
excriepuMenTiB [25]. Jlns ix peamizanii 3 venminiitnux EC-moneneit (1) W ta Kp
OTPUMYBAIUCH 2-X (akTopHI Mozem Buay (2) i (3).

Y = bo £bix; £b11xi? £hioXixo
+hoXo +hoXo? 2

Y = bo +hsXs +hasXa? +hzaxsxa
+haXs ib44X42 (3)

Moneni ONUCYIOTH JIOKANBHI OIS (prc. 4) B HOpMalli30BaHUX KOOPIWHATAX
¢axTopiB 1-01 rpymH X1 i X2 i BILTHBOM TUCKPETHIX BOJIOKOH X3 + X4 T2 HABIAKH,
B KOOpauHaTax (haKTOpiB X3 1Xs IPU CHHEPTETUUHIN 1ii MOOu]iKaTopiB x1 + X2
TakuM 4nHOM, Ha AiarpaMax KpuTepiiB Y MmokazaHo Mo 2 MOBEpXHi, sSKi yTBOPEHi
HeapMmoBaHUMH (x3=x4=-1) i ribpuaHo-apmoBanumu (x3 =x4=0) ckiagamu (puc.
4a, BepxHs 1 HW)KHS TNOBEPXHI) Ta CKJIaJaMu 3 ONTHUMAaJbHUM J03yBaHHIM
MoandikaTopiB Ha ABOX piBHIX X1 =x2 =01 +1 (puc. 46, HmwkHs moBepxHs). [Ipu
LBOMY JUIs TOPIBHAHHS edexTy Moaudikalii 10 yBaru NpruiMaiuch KOMITO3HIIT
3 MiHIMaJIbHUM piBHeM IuiacTudikaiiii ta 6e3 neomity x1 =x, =—1 (puc. 40, BepxHs
moBepxHs). 3mina BraactuBocteii W Ta Kp B Mekax JIOKaJIbHUX TIOJIB
OIIIHIOBAJIACK TX aOCOMOTHUM TIpupocToM [23, 25].

OtpuMmaHi pe3y/ibTaTH MOJEJIOBAHHS IapaMeTpiB KamiJIspHO-IIOPHCTOT
CTPYKTYPH LIEMEHTHOTO KaMEHIO JO3BOJISIOTH BiIMITUTH HAaCTYITHE.

JluckpeTHi BOJIOKHA € aKTUBHMMH eJieMeHTaMH (Di3MKO-MeXaHIYHUX
IIPOLIECIB CTPYKTYPOYTBOPEHHS IIEMEHTHHX CHUCTEM. AHalli3 JIOKaJbHUX IOJIIB
CTPYKTYPHHX IIapaMeTpiB MTOKA3Ye, 0 MPUCYTHICTH GiOpHM B CKIIai KOMIIO3UTIB
3MiHIOE OyIOBY KamuIIpHO-TIOpHUCTOTrO mpoctopy (puc. 4a). MiHimMaibHE
BojorornuHaHHs W gocsraeTbcs Ha CKilajJax [EMEHTHOTO KaMEHIO 3 BHCOKHM
piBHeM mactudikamii Ticta 6e3 meomity. Ilpuaomy max i min suauenast W
ribpugHo-apMoBaHUX cucteM Ha 6.5 1 7.8% wMeHmi, y TOpIBHAHHI 3
HeapMOBaHUMH (puc. 4a, HIKHA MoBepxHsA). Pasom 3 TiM, 3mina W matepiamy
3aJIOKUTHh SK BiJl BEIMYMHM KAIJISIPHOI TOPHUCTOCTI, Tak 1 BiJ CEpeaHBOTO
po3Mipy Kaminapis A Ta ix ogHOpimHOCTI . B po6OTi posrisHyTO NiHilHMIL
3B’A30K MiX NMOKA3HMKAMHM Ta BHSBIICHO CyTTeBy Kopesmiio, {W: A} =0.75 i
r{W: a} =-0.87. [lo TOro * MPOCTEKYEThCS, [0 YUM OiNbIIa OJHOPIIHICTH
pO3MipiB KaminApiB, TMM Menmmii ix cepenniii posmip r{o : i} = -0.75.
[TinTBEepIKYIOTHCS paHille 3po0JIeHI BHCHOBKH, IO CTPYKTypa apMOBaHHUX
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KOMITO3HMIIi i MPOHU3aHa TOHIIOK KaMIAPpHOO ciTKo0 [21] Ta Xapakrepu3yeThes
Mikpomnopucrictio [26].

Puc. 4. JlokaspHi OJIsI BIACTUBOCTEH CKJIaiB IIEMEHTHOTO KAMEHIO
B KoopAnHaTax (GakropiB Moaudikalii neMeHTHOI cucTemMH (a)
Ta rnapameTpiB AUCKPETHUX BOJIOKOH (0)

besnepeuno, BOIOMOTIMHAHHS MOJIKAMUIIPHUX MaTepialiB 3aJeKUTh Bij
BEIMYMHHU MOIIKOKEHOCTI. Bizyarizaiist i30moBepXoHb Ha Jiarpami puc. 4a mis
Kb neMoHCTpy€e, 10 CKIagu apMOBAHOTO IIEMEHTHOTO KameHio (x3 = x4 = Q)
XapaKTEePU3YIOThCS MEHIIIOK0 MOMIKOIKEHICTIO, MaX | MiN 3HAUCHHSI MOKa3HUKa
Ha 13 1 37% Hukdi, y MOpiBHIHHI 3 HEApMOBAHMMH CKIagamu (x3=xs=-1). OTxe,
Ha I[I0YaTKOBOMY €Talll CTPYKTYpPO-YTBOPEHHS KOMIIO3HTIB (opMyroThCs
KJIACTEPHI MiJCTPYKTYPH 31 NIUTHHINIOK YIAKOBKOK TOHKOJHUCICPCHUX YaCTOK i
MOKpaLIeHUMH MI>KYaCTKOBHUMH CHJIaMU 3B’sI3KY, 3aBISIKH parioHansHoMy B/I] i
BHCOKOMY CTYIEHIO po3noaiiny ¢idpu B 06’emi B’spKy4oi cuctemMu. BopHowac,
CIIiJl BIAMITHUTH MTO3UTUBHY POJIb LIEOJITY B POPMYBaHHI CTPYKTYPH JTUCKPETHO-
apMOBaHMX KOMIIO3WTIB (puc. 4a, HIDKHA mOBepxHs). llpu 3aMiHI HEMEHTYy
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meoritoM Z B KinbkocTi 8% (abo x1 =+1), ontumaneHi nokasankn W = 0.158
r/eM® i Kp = 0.19 MM/MM? focsraroThcsi Ha CKNajax 3 pi3HMM piBHEM
ractudikanii Ticra, xo=+1 i +0.4 BignoBiznHO.

AwHaii3 3MiHM BJIaCTMBOCTEH B KOOpJIMHATAX JIHIHUX YacTOK X3 1 X4
MoKa3ye, 10 PICT e(heKTUBHOCTI CHHEPreTHYHOTO BILIMBY MO0aBOK (X1 + X2)
3HAYHOI0 MIpOI0 3aIe)KUTh BiA piBHA Moaudikamii CTPyKTypH IEMEHTHOTO
kameHto. [lopiBHAIBHUN aHai3 KOe(DIli€HTIB MOJENEH Ta MPEICTABICHUX Ha
puc. 46 i3omoBepxoHb (BepxHs 1 HkHA) st W Ta Kp no3Boisie BigMiTHTH
HactynHe. MiHiManbHE 3HaYeHHS Koe(illieHTa MOMTKOHKEHOCTI KOMITO3HTIB, SIK
i BOJIOTIOTTIMHAHHS, Pi3KO 3HIDKYIOTHCS TIPH ITiIBUIICHHI KOHIIEHTPAIIil J00aBOK
B ITOYATKOBOMY CKJIaJli ANCIIEPCHOI CUCTEMH, BiJ X1 =Xx2=-1 1m0 x1=x2=0 Ta +1
(BimmoBimHo Mt Kp i W). BTim, mis orpuManHs Halikpamux edektiB mo W
BAMAra€eTbCs BBOAWTH NOBry ¢iOpy Ha piBHI x4 = +0.4, a U1 OOCATHEHHS
HAMOLIBII IITHHOT CTPYKTYPH 13 MEHIIOIO KiJIBKICTIO HECYIITBHOCTEH HAaraJbHO
MOTPIOHO IIEMEHTHY MAaTpHII0 apMyBaTH KOPOTKUM 1 JIOBI'MM IHMCKPETHUM
BOJIOKHOM Ha piBHAX x3=+1 Ta x4=0 (a60 0.9 xr ¢pi6pu Ha 1 M3 B’Kydoro TicTa).
[Tpu Takux yMOBax CHiBBiJHOMIEHb pelenTypHUX (GakTopiB i3 B’ soxydnm, W i Kp
KOMIIO3UTIB 3MEHIIYIOTHCS, BiMOBiMHO Ha 17.6 % 1 33.5 %.

BuCHOBKM Ta mepcneKTHBH MOAAJIBIINX JOCHIIKEeHb. 3aCTOCOBYBAaHHS
6araTopiBHEBOrO apMyBaHHS LEMEHTHHUX KOMIIO3HMTIB TOBHHHO MiJBHIINTH
CTIMKICTh MIKKJIACTEPHHX MOBEPXOHb PO3AUTY IO Ail HAmNpyXeHb i 00’eMHUX
neopmamiii T Yac CTPYKTYpPOYTBOPEHHsS Marepiady Ta TapaHTyBaTH
cTaliIbHICTF HOPMOBAHUX PiBHIB IEKOPAaTHBHO-CKCILTyaTaI[ITHUX BIIACTHBOCTEH
BHpOOiB y yaci. CTpYKTYpHI MapaMeTpy MaTpHIli JEKOPATHUBHOTO KOMIIO3UTY
BHU3HAYAIOTHCS SKICHUM i KUTBKICHUM BMiCTOM OpPTaHO-MiHEpaJbHUAX TOOABOK i
JUCKPETHUX BOJIOKOH. YHMCENbHI JdaHI BIIACTHBOCTEH MIATBEPIXKYIOTh, IO
JIMCKPETHI BOJIOKHA 3/IaTHI NpPUIMaTH aKTHBHY y4acTh y (i3MKO-MEXaHIYHUX
rpouecax CTPYKTYPOYTBOPEHHS MaTepiaiy. IIpu pamioHaIEHIX
CHIBBITHOIICHHSIX PEHENTYPHHUX (AKTOPIB MOKpALIyeThcs Oyn0Ba KamiJspHO-
MIOPUCTOTO TPOCTOPY B’SDKYYHMX CHUCTEM. 3MiHA KiTbKOCTI HECYIUIBHOCTEH B
CTPYKTYpi IEKOPATHUBHUX KOMIIO3UTIB MOBHHHA Bi0OOpa3UTUCS HA MEXaHIYHHUX
BJIACTHBOCTSIX KaMeHI0. B HacTymHiil myOumikamii IuraHyeTbCcsl NpeacTaBUTH
Pe3yNbTaTH JIOCHIPKEHHS CTPYKTYPHOI MIITHOCTI AUCTIEPCHUX CHUCTEM.
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The results of the inspection of the structures of the extension
to the public building in Lutsk

Pe3ynbTaTn 00cTe/KeHH KOHCTPYKIii NpudyaoBH
J10 KOpILycy rpoMaJchbKoi 0yaiBii y M. Jlyubk

Drobyshynets S.Y., Ph.D. in Engineering, Associate Professor,
Uzhehova O.A., Ph.D. in Engineering, Associate Professor, Bondarskyi O.G.,
Ph.D. in Engineering, Associate Professor, Uzhehov S.O., Ph.D. in
Engineering, Associate Professor, Rotko S.V., Ph.D. in Engineering,
Associate Professor, Deneychuk V.E., graduate student (Lutsk National
Technical University, Lutsk)

Apooumunens C.5., K.T.H., A0HEHT, Y:keroBa O.A., K.T.H., JAOLEHT,
Bonpapebkuii O.I'., k.T.H., 10ueHT, Yikeros C.O., k.1T.H., nouenr, Porko C.B.,
K.T.H., Ja0uenr, J[leneituyk B.€., acmipantr (Jlyubkuii HauniOHaJbHUM
TEXHIYHUH yHiBepcuTeT, JIynbK)

Information on the inspection results of the extension inspection to the public
building is presented. The results of the visual survey are provided. The defects identified
during the inspection are described. The technical condition of the load-bearing structures
is analyzed. Measures to restore the technical characteristics of the inspected structures
are proposed.

ITi0 uac pexoncmpyxyii 06 ekmie ma ix KanimaibHO20 PEMOHMY 3 NEPENTAHYBAHHAM
uacmo GUKOHYIOmMb npudyoosu 00 ochonoi b6yodieni. Okpim no3umugy 6i0 30inbueHHs
KOPUCHOI NLOWL, MOJICYMb SUHUKAMU | He2AmMUeHI HACiOKU, N08 A3aHi 3 npuby0060Io, ye
— nosiea mpiwyun (Hagime HACKPI3HUX), NPOCiOanHs yHoamenmis, Oeghopmayii cymirncHux
KOHCcmpykyit mowo. IloscHumu ye MOJCHA MUM, WO OCHOBHA 0VOi6ns OA6HO 8dice
«npocinay i 3auHANa CBOE Micye, AKWO KOIUBAHHS | GUHUKAIOMb, MO GOHU HE3HAYHI, d OM
npubyooea 6 nepuiuili pix ocioae 00Cums IHMEHCUBHO, WO NPU3BOOUMb 00 PYUHYE8AHHS
3’€OHAHb — NOSAGU MPIUUH.

Pobomu 3 ob6cmedicents npuby0osu 00 KOpnycy spomadcvkoi 6y0ieni BUKOHYBANUCH
HayK080-00CioHo0  GydigenvHolo  nabopamopicio npu Kagedpi Oydignuymea ma
yusinvhoi inocenepii JIyybko2o HAYiOHATLHO20 MEXHIYHO20 YHieepcumemy (c8i0oymeo
npo gionogionicme Ne 106-04/2023 6io 22 epyous 2023 p.).

V' pesynomami mexniunoco obcmedicennsi 6yio GuseieHO Yiny HU3KY Oegexmis
OKpeMux KOHCMPYKIMUSHUX eleMeHmie npudyoosu ma 3HayHi Oegopmayii Hecyuux
KOHCMPYKYIl, Ol YCYHEHHsl AKUX Mae Oymu po3pooaeHuti npoekm niocuients. @ixcayis
Pe3yIbmamie mexHiuH020 0OCMEeNCeHHsT Ma PEKOMEHOaYii w000 YCYHEHHS KOMCHO20 3
nepeniveHux Hedonikie nooaui ¢ madauyi 1.
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Bcmanosneno, wo mexniunuti cman KOHCMpYKyiti  npudyo0osu 00 KOpnycy
2pomadcvkoi 6y0ieni HenpudamHuti 00 HOPMAIbLHOI eKcniyamayii — kamezopis «3», He
8ION0OBIOAE Kame2opisamM MexXHIuHo20 c¢maHy «1» ma «2» woodo uecyuoi 30amHocmi,
HopMmanbHol peanizayii 3axuchux @yukyii. I[Ipoeedenuil ananiz degexmis, NOUWKOONCEHb
ma nonepeoHbOo BCMAHOBNIEHUX 2INCOGUX MASKIE CEIOUUMb NPO me, WO KOHCIMPYKYis
npubyo08uU 3HAXOOUMbCSL HA MediCl nepexody 00 asapitiHo20 CMawy — Kameeopis «4x».
Pexomenoosano pospobumu poboyuti npoekm nioCUieHHs i NPOEKM BUKOHAHHS poOim,
32I0HO 3 AKUMU NPOBECTU He2aliHe NIOCUIeHHA KOHCMPYKYitl npubydosu. /lo nouamxy ma
nio uac nposedeHHa pobim 3 GiOHOGNEHHA (NIOCUNEHHA) KOHCMPYKYill HeoOXiOHO
30itichiosamu NOCMIUHUL MOHIMOpuHe 00 'ckma. IHwuM NPUHAMHUM BAPIAHMOM €
NOBHUL 0eMOHmMAadC 06cmediceHol npudyoosu.

Kniouoei crnosa: ob6cmedicenns, Hecyui KOHCMPYKYIL, Oepekmu, 0201eH s apMamypu,
MpIWUHU.
Keywords: Inspection of Load-Bearing Structures, Defects, Exposed rebars, Cracks.

During the reconstruction of facilities and major renovations involving
replanning, annexes to the main building are often constructed. While these
additions provide the benefit of increased usable space, they can also result in
negative consequences, such as the appearance of cracks (including through
cracks), foundation subsidence, and deformation of adjacent structures. This can
be explained by the fact that the main building has already "subsidenced" over
time and reached its stable position, with only minor fluctuations, if any. In
contrast, the annex undergoes significant subsidence during its first year, which
leads to the failure of connections and the formation of cracks.

As soon as deformations of above-ground structures are detected and cracks
are noticed, it is necessary to monitor their development by installing crack
gauges, which should be periodically checked to determine the nature of the
deformations. If a gauge cracks or falls off, it indicates that the crack is continuing
to develop, and geodetic monitoring of the deformation magnitude should be
carried out alongside an inspection of the above-ground structures. An increase
in deformations indicates the need to inspect the foundations, which should form
the basis for developing design solutions for repair works.

The Construction Research Laboratory at the Department of Construction
and Civil Engineering of Lutsk National Technical University inspected the
extension to the public building (certificate of compliance No. 106-04/2023, dated
December 22, 2023).

As a result of the technical inspection, several defects in certain structural
elements of the extension were identified. The findings of the technical
inspection, including the detected defects (damages) that affect or may affect the
safe operation of the structure, are presented in Table 1. Recommendations for
eliminating each of the identified defects are also provided in Table 1.
Photographic documentation of the identified defects and damages is included in
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the report of the Construction Research Laboratory, with some of the materials
featured in the illustrative section of this article (Figs. 1-4).

equipment causing
additional vibration
loads on the wall
structure

Table 1
Results of the Annex Inspection
. Photos for Recommendations for
Description of the L
No. . Eliminating Defects
Defects (Damages) Inspection
(Damages)
Report
1. External walls
1.1 Outer side
1.1.1. | Through crack with Photos Reinforcement with metal ties
an opening up to 10 No. 1-5, 8, | along the perimeter of the
mm, axis 8, along the | 9, 12, 13, extension (in accordance with
entire height 19 the developed reinforcement
design project)
1.1.2. | Cracks above the Photos Seal the cracks with M100
window in axes 8-7 No. 1-3,5- | cement mortar
7
1.1.3. | Dampness in the Photos Remove fungal mold using
lower part of the wall, | No. 2-4, chemical and physical
fungal mold, and 10, 11, 13, | methods. Perform localized
plaster peeling in 14,19 repair of the finishing layer
axes 6-9
1.1.4. | Through crack atthe | Photos Reinforce with metal ties
wall junctionin axes | No. 20-22 | along the perimeter of the
A-B along the entire extension (in accordance with
height, with a the developed reinforcement
deviation of the wall design project)
plane from vertical by
20 mm
1.1.5. | Dampness in the Photos Remove fungal mold using
lower part of the wall, | No. 20,21 | chemical and physical
fungal mold, and methods. Perform localized
plaster peeling in repair of the finishing layer
axes A-B and 5-6
1.1.6. | Installation of Photos Dismantle the technological
technological No. 3,4 equipment (with reinstallation

on the main part of the
building)
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1.1.7. | Longitudinal cracks Photos Seal the cracks with M100
with an opening No. 21,22 | cement mortar
width of up t0 0.3
mm

1.1.8. | Unorganized drainage | Photos Implement drainage to divert
of rainwater, leading | No. 59-61 | water away from the wall
to dampness in wall structures, foundation, and
structures, the soil base
foundation, and the
soil base, as well as
moisture penetration
into the basement

1.2. Inner side

1.2.1. | Through crack with Photos Seal the crack with M100
an opening up to 10 No. 26-28, | cement mortar. Perform
mm, axis 8 37-39 localized repair of the

finishing layer

1.2.2. | Dampness in the Photo Remove fungal mold using
lower part of the wall, | No. 29 chemical and physical
plaster peeling methods. Perform localized

repair of the finishing layer

1.2.3. | Through crack at the | Photos Seal the crack with M100
wall junctionin axes | No. 32,33 | cement mortar. Perform
A-B localized repair of the

finishing layer

1.2.4. | Plaster peeling on Photos Fill the plaster peeling with
walls inside the room | No. 34, 37- | M100 cement mortar.

39 Perform localized repair of
the finishing layer

1.2.5. | Web-like longitudinal | Photos Seal the cracks with M100
cracks on the walls No. 25, 31, | cement mortar. Perform
inside the room with 36, 41, 42 localized repair of the
an opening width of finishing layer
0-5 mm.

1.2.6. | Fungal mold and Photos Remove fungal mold using
dampness on the No. 43,44 | chemical and physical
covering slabs inside methods. Perform localized
the room. repair of the finishing layer

1.2.7. | Horizontal crack with | Photo Seal the cracks with M100
an opening width of No. 39 cement mortar. Perform

20 mm.

localized repair of the
finishing layer

60




CyyacHi mexHonoeii ma memodu pospaxyHkie y 6ydigHuymei. [lyupk, JIHTY. 2024, Bunyck 22
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22

1.2.8. | Unorganized drainage | Photos Implement waterproofing for
of rainwater, leading | No. 63-69 | wall structures and the
to dampness in wall foundation
structures, the
foundation, and the
soil base, as well as
moisture penetration
into the basement
2. Stairwell
2.1, Cracks at the points Photo Seal the cracks with M100
where the stair flight | No. 23 cement mortar. Perform
rests on the brick localized repair of the
masonry finishing layer
2.2, Cracks along the Photos Reinforce the stair flight (in
stringer No. 24,31 | accordance with the
developed reinforcement
project) or completely
dismantle the existing stair
flight
2.3. Absence of the Photos Clean the structural and
protective layer on No. 45-47 | working reinforcement from
the monolithic slab of corrosion using mechanical
the basement ceiling, and chemical methods, apply
reinforcement anti-corrosion protection, and
corrosion in axes 6-7, restore the protective concrete
A-B layer over the structural and
working reinforcement
24. Corrosion of metal Photos Clean the metal structures
structures No. 48-49, | from corrosion using
57,58 mechanical and chemical
methods, and apply anti-
corrosion protection
2.5. Cracks at the Photos Seal the cracks with M100
basement entrance No. 51, 52, | cement mortar, install
(foundation structure) | 54, 55 gypsum gauges, and monitor.
Subsequently, reinforce
according to the developed
reinforcement project
2.6. Subsidence of the Photos Reinforce the stair flight (in
stair landing by 35 No. 37-39 | accordance with the

mm

developed reinforcement
project) or completely
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dismantle the existing stair
flight
2.7. Deflection of the Photo Reinforce the stair flight (in
channel beam at the No. 30 accordance with the
point where the stair developed reinforcement
flight rests on it (20 project) or completely
mm) dismantle the existing stair
flight
2.8. Cracks in the stair Photo Seal the cracks with M100
flights No. 56 cement mortar
2.9. Subsidence of the Photo Clean the surface of the steps
stair flight in the No. 62 and fill with monolithic
basement (right side) concrete of class C20/25

Photo No. 5

-
Photo No. 20

Fig. 1. Cracks (a, b) and dampness (b) on the outer side of the walls
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Photo No. 31 \ 3 Photo No. 39

a b

Fig. 2. Cracks along the stringer (a), subsidence of the stair landing (b)

4 Photo No. 47 Photo No. 48

>

Fig. 3. Corrosion of reinforcement (a) and metal structures (b)
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a . ' b
Fig. 4. Cracks in the foundation (a) and in the stair flights (b)

Conclusions and Recommendations:

1. The technical condition of the structures of the extension to the public
building is unsuitable for normal operation — classified as "Category 3" and does
not meet the requirements for "Category 1" or "Category 2" in terms of load-
bearing capacity and normal implementation of protective functions. The
conducted analysis of defects, damages, and previously installed gypsum gauges
indicates that the extension structure is on the verge of transitioning to an
emergency condition — classified as "Category 4." This is due to the deviation of
the wall in axes A-B from vertical being 2 cm (Category 4 is assigned when the
deviation reaches 3 cm) and the subsidence of the stair landing being 3.5 cm
(Category 4 is assigned when subsidence reaches 5 cm) at the time of the
inspection.

Given the negative impact of external environmental factors (atmospheric
precipitation) on the extension structure, the existing defects and damages will
continue to progress, further reducing the durability of the structures and
components of the building. This will ultimately lead to the structures reaching
an emergency condition — classified as "Category 4," with a potential risk of the
extension walls detaching from the main building.
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2. At present, it is necessary to carry out the immediate reinforcement of the
extension structures (walls and stairwell) and bring the technical condition of the
extension's structures and components to a satisfactory level — Category "2,"
following the requirements of DSTU 9273:2024. The reinforcement must be
performed by the developed working reinforcement project and the project for
work execution, or the extension structures must be dismantled.

3. The technical condition of the structures and components of the external
walls must be reinforced with metal ties of @20 mm around the perimeter of the
extension. Additionally, the window opening lintels must be strengthened with
L 125x125%x10 mm angles, framed on both sides and connected with &12 mm
studs at intervals of 400-500 mm, following the developed working
reinforcement project.

4. The technical condition of the structures and components of the stairwell
must be reinforced in accordance with the developed working reinforcement
project, and construction work must be carried out in accordance with the work
execution project.

5. Until the completion of measures to restore operational suitability, the
object (the extension to the public building) must be used under a restricted
operational regime.

Thus, as a result of the technical inspection of the extension to the public
building, significant deformations of the load-bearing structures were identified,
requiring the development of a reinforcement project to address them.

It is necessary to conduct continuous monitoring of the object (install
gypsum gauges at key locations for observation) in its unsuitable condition for
normal operation to control the processes occurring in the structures before and
during the restoration (reinforcement) works.

An alternative acceptable option is the complete demolition of the extension.
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Analytical solutions of simplified equations
of motion in ballistic problems of a material point
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YV pobomi obzpynmosane sacmocyeanns cneyianvnoi @yuxyii Jlambepma Ons
D036 A3KY 3a0ay banicmuxu MamepianrbHoi moyKu i3 ypaxy8anusam onopy 2azonooionozo
(nosimpsinozo) cepedosuwa. Hasedeni ananimuyHi po3e si3ku CHpoujeHux pigHsIHb PYXy
01 NONo2UX i Kpymux (8iOHOCHO 20pu3oHmy) mpackmopiti. [us po3paxyHky nono2oi
(Hacmunvnoi) mpaexmopii nonvomy npogedeHull NOPIGHANbHUN AHANI3 pPe3YabInamis,
ompumanux 3a donomozoro @yukyii Jlambepma, 3 knacuunumu, ompumanumu JJioionom.
s eunaoky kpymux (6i0HOCHO 20pU30HmMYy) MPAEKMOPILl NONbLOMY MAMepianbLHoi MouKU
enepule OMpUMAani aHATIMUYKI PO36 A3KU 3a0ayi 306HIUHbOI OANICMUKU Y K8AOPAMYPAax.
Ompumani 'y pobomi pe3yiomamu MoxCymv O6ymu SUKOpUCMAHI O YMOUHEHHA i
600CKOHANEHHS ICHYIOUUX THIICEHEPHUX MemOOi8 PO3PAXYHKY MpAcKmopill pyxy ma
OCHOBHUX 11020 XAPAKMEPUCMUK Y 3a0aU4ax 306HIUHbOI OATICMUKY MAMeEPIaTbHOL MoK,
KONMU 8pAXO8YEMbCS HENHIHUL  (NpOnopyitinutl  Keaopamy weuokocmi pyxy) onip
cepedosuya, y 3a0auax CyuacrHoz2o OyoieenvbHo20 6UPOOHUYMEA, SIKI ONUCYIOMb NPOYecu
MOpPKpemysanns OemoHHUX Ccymiutell, a mMaKoxc 3a01a i0eHmugyixayii O0cHOHUX
napamempie pyxy, 30Kpema, koegiyicuma napycrHocmi.
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The paper substantiates the application of Lambert's special function for solving
ballistic problems of a material point taking into account the resistance of gaseous (air)
medium. Analytical solutions of simplified equations of motion for gentle and steep
(relative to the horizon) trajectories are given. A comparative analysis of the results
obtained using the Lambert function with the classical results obtained by Didion is
carried out for the calculation of a hollow (hovering) flight trajectory. For the case of
steep (relative to the horizon) flight trajectories of a material point, analytical solutions of
the problem of external ballistics in quadrature have been obtained for the first time. The
results obtained in this paper can be used to refine and improve the existing engineering
methods for calculating the trajectories of motion and its main characteristics in the
problems of external ballistics of a material point, when the nonlinear (proportional to the
square of the velocity of motion) resistance of the medium is taken into account, in the
problems of modern construction production, describing the processes of shotcrete
concrete mixtures, as well as for the identification of the main parameters of motion, in
particular, the coefficient of sailing.

Kniouoei crosa: ananimuxa, posg’asku, pigHAHHA pyXy, banicmuka, mamepiaivHa
mouxa.
Keywords: analytics, solutions, equations of motion, ballistics, material point.

IToctanoBka mnpobsemu. Ilpu mMmBHIKOCTAX pyXy HYacTHHKH, fKi
CHIBBUMIPHI Y HEPEBHIIYIOTH I MIBUAKICTH BUTAHHS, TEOPIsl KBaJApPaTUUYHOTO
OIOpY HaNKpaIMM YHHOM Y3TOJDKY€EThCS 3 Tocuizamu [ 1], Hix Teopist JIiHIHHOTO
omopy. Y 3B’A3Ky 3 IIMM, Y JTaHOMY JOCIIDKCHHI pO3TJISHYTI 3a1adi 0aiiCTHKH
MaTepiabHOi TOYKH, KOJM CWJIAa OIOpYy Ta30loAiOHOrO  CceperoBHINa
MIPONOpLiiHA KBaAPaTy UIBUAKOCTI PyXY TOUKH.

[Tpu BU3HAUEHHI CHJIM OTIOPY CEPEeOBHIa PO3MOBCIOIKEHI JIBa criocoou. Y
epuIoMy croco0i 1 00YHCITIOITE 32 popMyITor0:

R, =K-mv*, 1)

Je: M — mMaca pyXxoMmoi TOYKH; V — MBHAKICTE pyxy; K — KoedimieHT
apycHOCTI; [K]: ML, OcranHiil OB’ A3aHMii 31 INBUKICTIO BUTAHHS YaCTUHKU

V, CIIiBBiAHOIICHHSM:

@

~
Il
| @

Je: § — IPUCKOPCHHS BUTBHOTO MaIiHHS.

Ipu BusHauenHi R, npyrum cioco6om npuiMaroTh:
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Rou = Kl : S .V2 ' (3)
ne: S — IUIoMIa TOMEPEYHOTO Mepepi3y YaCTUHKH (MiIelb), IepPIeHIUKYISPHA
BEKTOPY MIBUAKOCTL v ; K, — po3mipHuil koedilieHT nponopuiiHocTi. 3rigHo 3

nocnigamu Eiidens, y cucremi CI, K;=0,24 Kr-M2,

Y nojaneIioMy B JaHOMY JOCTi/KeHHI R, Oyae o04McIoBaTHCh MEPIINM

crocoOoM, TIOB’S3YIOYH CHIIy aepOJMHAMIYHOTO OIMopy 3 KoegillieHToM
MapyCHOCTI.

IcHYIOTB Pi3HI CHOCOOM OTPHMaHHS IHTETPAILHUX NPEICTABICHb KOOPJHHAT
Ha TPAEKTOPIl pyXy MaTepiaiapHOl ToukH [2-4].

HeoOxigHo po3B’si3aTH CHCTEMY HEiHIHHUX PIBHSHb:

K+ Kx (% + yz)% =0;

Y (4)
.o . .2 .2 2
y+Ky(X+y°)? =-g,
sIKa 3alrcana y MpAMOKYTHiH cucteMi koopauHat X0Y i omucye TpaekTopito
PYXy YaCTHHKH.

Cucremy (4) citig TOTTOBHATH TOYaTKOBUMH YMOBAMH:

x(0)=y(0)=0; x(0)=v,cos6,; y(0)=v,sin6,. (5)
InTerpanbHe NpeicTaBIeHHA KOOPAMHAT TOUOK TpaekTopil pyxy [1, 4] mae
BUIJIAL:

1 ¢ do 1 ¢ sin6do
Xz | Y= | ———— . 6
K e-[f(o)cosze T é[f(e)cos36 ©)
Tyt:
F(0)=r+ smze0 L JLEsing | stG _In{1+sm9};
cos” 0, cos 6, cos” 6 coso @)
r=—39 . 0<0,<Z; -Z<o<o,
K (v, cos6,) 22

IaTerpanu (6) He BOaeThCS MMOAATH AaHAITHYHO Yepe3 eIeMeHTapHi QyHKIil,
ale iX YHCeNbHE IHTETPYBaHHSA HE BHKIMKAE HISIKUX TPYAHOIIIB. 3ayis
NIPOBEJICHHS OalicTUUHMX po3paxyHKiB y [1] cTBopeHi ckopodeHi Tabnmii
iHTerpanis (6), sIKi JTO3BOJITIOTH BH3HAYaTH AAIBHICTH MPOJLOTY YACTUHKH Y
TOPU30HTAJbHOMY HANpsIMKY IIPH YMOBI DPIBHOCTI OpJMHAT IOYAaTKOBOI Ta
KIiHIIEBOT TOYOK TPAEKTOPII, 8 TAKOXK PU FTOPU30HTAIILHOMY BHJIBOTI YACTHHKH 3
HAcTyHMM 1I MajAiHHSIM Ha 3afaHy BHcoTy. Y [2] ommcana mnpouenypa
3aCTOCYBAaHHS CITEIliabHUX TaOMUIL iHTErpaniB (6), mpoTe 0e3 KOHKPETHHX
004HnCIIeHb, OCKUIBKH TaKi Ta0JIUII Y IUTOBAaHOMY JKEepeli JITepaTypH BiJICYTHI.
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Po3risiHeMO 'y moJanbIIOMYy aHAIITHYHI PO3B’SI3KM 3ajgad  OaJiCTHKH
MaTepialbHOI TOYKH IS PI3HUX BapiaHTIB TPAaeKTOpil i1 pyxy.

1. Po3paxyHOK 1mojoroi (HacTHJIBHOI) TpaekTopil IOJBOTY: PO3B’SI30K
Jigiona Ta oro iHBepcis 3a gonomororw ¢yskuii JlamGepra

Jdnst po3paxyHKy monoroi (HacTuibHOI) Tpaektopii moipoty Jimion [5, 6]
noOyayBaB HaOJM)KEHUH pO3B’s30K cUcTeMH (4), 3a movaTKkoBUX YyMOB (5), y
eleMEHTapHUX  (QYHKIISAX, BH3HAYMBIIM Yy SBHOMY BHIVISJII 3aJISKHICTh
y= y(x). IMpore, ii mia po3paxyHKY JIajbHOCTI TOJBOTY YACTUHKH X,
BUKOPHCTaTH  BaXXKO, OCKUIBKM  HEOOXIZIHO  YHCENbHO  pO3B’sA3yBaTh
TPAaHCUEACHTHE DIBHSIHHA Y, = y(x*) 3a 3aJaHoro 3Ha4yeHHs Y,. Tomy mms

CIIPOILIEHHS PO3paXyHKIB 0a)XaHO MATH SBHY aHANITHYHY 3aJEKHICTh X = x(y) ,

obepHeHy no Tiei, sy 3ampomoHyBaB J[limioH. OOepHEHa 3aleXHICTh €
HEOJHO3HAYHOIO 1 HE BHPAXKAETHCSA Y €IEMEHTApHUX (PYHKIAX. 3aams iHBepcii
po3p’sizky [limiona HeoOXxigHo Bukopuctatd ¢yHkuito JlamGepra [1]. Tomi
BU3HAYCHHS X, 3BEACTHCS J0 3HAXO/KCHHs 3Ha4YeHHs (yHKIil JlamOepra 3a
TabmuIsIMe, monaHuMu y [1], abo x 3a momomoroto ii oouncienHs Ha [IEOM y
cepenosumii «Mapley [7].

Brakaroun cury onopy HOBITPsI IPOIIOPIIIHHOIO KBAAPATy MBUIAKOCTI pyXy
TOYKHM BIIOJIOBXK HacTHIBHOI TpaekTopii (0 < 15%), JlimioH 3HAHIIOB 3ale)KHICTh

y(x) y BTN [6]:

y=y(x):V—2~X—L2-{exp(2ny)—2ny—l}. (8)
et ( 2Ky, )

Tyt v, =V, €0s6,; V, =V,SiN 0, — npoexii BeKTOpa MOYaTKOBOT IIBUAKOCTI
toukn V, Ha Bice OX ta 0y ; K — KoedillieHT mapyCHOCTi YacTHHKH; Y —
MOCTIHHIIA MHOKHUK, OJTM3bKHIA 10 oxuHMLi (3rigHo 3 [6] ¥ =1,017 , ay [Jigiona
vy =1,012).

Y [1] no6ynosana sanesknicts X = X(Y), 380potHa 10 (8). IIpu upomy, s

CTBOpeHHS 1HBepcii po3B’si3ky /JlimioHa, Bukopumcrana ¢yHkmis JlamGepra,
OCHOBHI BiJIOMOCTI PO SIKy IOJaHi HIDKYE.

CrierfianieHa (pyHKINS, SKa PO3MIIHYTa HIDKYE, BUKOPHCTOBYBANACH INE y
po6ori JI.Einepa y 1779 p., ane He Maia caMOCTIHHOTO 3HA4YeHHS ax 10 80-x
pokiB XX cromitra. Sk camocriiiHa QyHKuis Oyjla BBeJEHA Yy CHCTEMI
KOMI't0TepHOi anrebpu Maple it Hasana im’sim Lambert W. Im’s loranna
I'enpixa JlamGepra Oyno obpano Tomy, 1o JI.Einep pobus nocuiianss y cBoii
poboTi Ha npani Jlambepra.
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BukopucranHns 3ranaHoi Buie (GyHKIUii 103BOJISIE BUPIIIYBATH aHATITUYHO
JIesIKi TPaHCIIEACHTHI PIBHSHHSL, TOOTO OyIyBaTH iHBEpCil HU3KH BiJIOMHUX PillIEHb
y 3aa4ax OaymicTuky MarepiaibHOT ToukH. L{i iHBepcCii BUSBISAIOTHCS 3pYIHUMHU
JUIL  PO3paxyHKY JaJIbHOCTI TOJILOTY MarepiaibHOI TOYKM Ta OCHOBHHUX

Oynkuis Jlam6epra W (?;) 3aJI0BOJIbHSIE PIBHSHHIO:
W (&)-exp[W (2)]=¢. ©)

Slkmo piBnsiaHs (9) nposorapudmysarty, Toai maemo mpu & >0 it W (E_,) >0:

InW (£)+W (£) =In& . (10)
Tomy, sixmo f >0 if:
Inf+f=x=In(e), (1)
Topi:
f=w(e*)>0. 12)

Aumnajoriyno, skmo f >0 it
f—Inf=x, (13)
TOML
f=-W(-e"). (14)
VY npomy BHnajaky aprymeHT ¢yHkuii JlamOepra Bin’emuunii. Ha npoMixkky
X e [—e'l, O} w (X) MA€ JIBi TJIKH NIHCHUX BiJl’€MHHX 3HAYCHB. Y TOAJBIIOMY
ix OyneMo Mmo3HayaTH 4yepes Wl(x) — rosnosHa rinka it W, (X) — JIOTTOMi’KHA

rijIKa. i TiIK®M  CTUKYIOTBCS  TIpH x=—e'. V uii Touni
W, (—e™) =W, (—e™) =—1. 3i spocranmam x W, (X) spocrae, a W, (X) cranae.

Y obnacti X>0 W (X) wmae nomarni 3mauenns, mpudomy W (0)=0, a
W (e)=1
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VY po6ori [1] HaBeneHi TabmuI 3HAYEHB Wl(—i), W, (—E_\) i W(E_,) npH

£20.
Posknan ¢pysknii Jlambepra y cremneneBuii psaa Mae BUTIsA [8]:
n-1 _n
= (—-n) "-Xx
wpg- S0 -
n=1 -

. . 1.1 )
et psnx 306iraeTecs Ha MPOMIKKY Xe(——; — |, mpudoMy y obmacTi
e e
Bix’emunx X posian gae W, (X).

IIpu BeUKHUX X BUKOHYETbCSA aCUMIITOTHKA [9]:

Q,Q:(Q-2) Q-(2Q°-9Q+6)

W(x)=P-Q+=+ +
() Qb+ p2 6P (16)
Q-(3Q°-22Q° +36Q-12)
+ :
12p*

ne: P=Inx; Q=InP.
3a nomomororo [TIEOM W (X) 3py4YHO OOUYHUCITIOBATH y cepenoBuii Maple
[7].
Moxixgna ¢pynxmii W (X) Ma€ BUTIIA:
W 1
W'(x)= = . 17
() X-(1+W)  x-(1+1W) (17)

SIkmio BBecTH JorapumivyHe NepeTBOPEHHS:

1
x_Z—Kylna, (18)

Tozi Bupas (8) MoxkHa 3BecTH A0 BUIIIALY [1]:

(22

2Ky, )’
ne: a:l+m; b:l_m. y; n:E+|na .
g g a
PiBusans (19) 3 HeBinomuM & >1, Mae 1Ba po3B’sI3KHU:
g =—aWw,(-e™"); j=(12), (20)
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y SKHX lez (—&) %4 (X > Xe) OCHOBHA I TOTTOMIXKHA JIHCHI T'JIKK (yHKIIIT

Jlambepra Bin’emuoro aprymenty. (Tyr (Xe, ye) — TOYKa MaKCHMyMa Ha

TPAEKTOPIi MOJIBOTY YacTUHKK). Tomy, 3rigno 3 (18) i (20), Ha BUCXinHIHA
JUTTHI TpaekTopii ( X < X, ):

— 1 il .
X = Z_Ky In[—aW1 (—e )J (21)
a Ha HUCXIAHIN ( X > X, ):
— 1 -n
X= 2_Ky : In[—aW2 (—e )] . (22)
Po3p’s3kum (21) Ta (22) CTHKYIOTBCS Y TOUI MAKCUMYMY, 7ie | =1:
1 g
X=X,=——-Ina; y=y,=————-(1-a+a-Ina), (23)
2Ky (2K, )’ ( )

BHACIIJIOK TOTO, 10 W, (—e’l) =W, (—e’l) =-1

3a3Buuaii, BUPIMIYIOYM NPAKTHYHI 3a4adi HEOOXiTHO OOYHCIIOBATH
JaNBHICTh MOJBOTY YaCTHHKH X, > X, IPH 33JlaHOMy 3HadeHHi Y, <Y,. Toxi,
3rigHo 3 (22):

1 T
X, =2—Ky-ln [—aW2 (—e K )] (24)
2
OpUYOMY 1, :§~ 1—@'y* +Ilna.

3HaOuYM 3HAYCHHS X,, HECKIIQJHO PO3paxyBaTH W KyT MadiHHSA YacTUHKHU O, .
IMpomudepenmiroemo Bupaz (8) mo X, TOmi Ais OOYUCICHHS IHOTO KyTa
MaTuMeMo popmyiy:

V.
0, = arctg {—2— ZKivz -(exp[Znyk]—l)} : (25)

Vl 1
3a abCONMFOTHOIO BETMIMHOIO IIeH KyT Oimbmimii 32 0, .
®opmyina (24) moxe OyTH mepeTBOpeHa JUIsl HaOIMKEHOTo O0UNCICHHS X,
3 CHCTEMHU PiBHsIHB (TOUHOT) (4), a came:

X, = 2§/LK In [—é W, (—e™ )] , (26)

IpU4OMY: é:l+%-tg®o; 1. =%+Iné’1; }7:2(1+COSGO)71.
a
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Tob6to HabmmKeHu po3B’s30k JlinioHa Moske OyTH OAaHMHA (IJIs1 JATBHOCTI

MOJBOTY YaCTHHKHU X, )y Burisai pynkuii Jlambepra.

3 meroro Bepudikamii hpopmymu (24) mpoBeneHi 00UNCIEHHS X, MPU Pi3HUX

3HaueHHAX V, # K . Pe3ymbraTu po3paxyHKiB 3anucaHi y Tabmumi 1.

Tabmums 1
3HadyeHHA X, mpH pizHEX K
X,, M K, M1 X,, M K,m X,, M K,m
9,65 0,098 5-10* 10+ 5-107 10”7
5,28 0,294 5-10° 10 5-108 108
2,31 0,980 5-10° 106 5-10° 10°

Crij 3a3HaYUTH, IO pe3yabTaTd, oTpuMani st K < 10~ merouHi, OCKiTbKH
y Tabmumax ¢yskmiin JlamGepra [1] BimcyTHI 3HaUYeHHS W(&) nmpu §—0
(HaliMeHIIe 3HAUYEHHSA & =10, s SKOTO IIe BU3HAYCHA ¢yukis Jlambepra).
Tomy oTpumaHi 3Ha4YeHHS X, CJIiI BBaKath opieHTOBHUMH  (abo

ACHUMIITOTUYHUMH).

Otpumani po3B’s3ku JlifioHa i ix iHTepnperanis yepe3 ¢pyHkiiro Jlambepra
MOXYTb OyTH TaK0>XK BUKOPHUCTAaHI i 171t iieHTHdikanii koedilieHTa mapycHOCTI
(K ) gactunku [1].

2. AHaITHYHI PO3B’SI3KH CIPOLICHUX PIBHIHb PYXY YACTUHKH JUISI IOJIOTUX
(HaCTWJIBHUX) TPAEKTOPIH V 3aJ1a4ax OaiCTUKU

Slkmio cmit oTpUMAaTH 3aMKHEHU# HaOMmKSHUI PO3B’ 130K 3a1a4i OaliCTHKH,

Tozi obMexyemoch Kytamu 0 < 6, <20 . Crijj 3a3Ha4UTH, 0 TaKe OOMEKEHHs

YacTO BHUKOHYETHCS Yy NPAKTUYHHX CUTYAIlisX, KOJNU IOCHTI[DKYIOTh IIOJOTi
(HacTHIIBHI) TPA€EKTOPIl pyXy YaCTHHKH, KA PyXa€ThCS il HEBETMKUMHU KyTaMu
JI0 TOPHU30HTY. Y TaKHWX BHIIAJKaX BUKOHYIOTBCS HACTYIIHI HEPIBHOCTI!

)%zx. (27)

Tomy 3amicTh cuctemu piBHSHB (4) OyzmemMo po3B’S3yBaTH aHAIITUIHUM
LIJISIXOM CITPOILEHY CHUcTeMY JU(epeHIiaJbHuX PiBHIHB!

K+ K-x*=0;
y+K-x-y=-g,

%»¢4%+¢

(28)

3a MOYaTKOBHUX YMOB (5).
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Po3B’sa30k cripomenoi 3agaui Komri orpumanuii y [10] 1 Mae Takuii BUris:

x(t)=%ln(1+ Kv,t); (29)
y(t)=b6-In(1+Kyt)’ —ﬁ.[(u Kut)' -1, (30)

ac: 62

1 9
v, + :
2Kv, 2Kv,

Sxmo BBecTH y 3ammc criBBinHOmeHHD (29) i (30) dpynkmito Jlambepra Tak,
K 11e 3po0ieHo y [1] (3 ypaxyBaHHAM BUIIPABICHHS TOMIJIOK, JOMYIICHAX Y LiH
po0oTi), TOI MAaTUMEMO:

x:x(y):i-ln {—%-Wl [—exp(—n)]}, mpux<x,  (31)

x:x(y):%-ln{—%-wz [—exp(—n)]}, pH X > X, . (32)

VY rtoumi MakcumMyMmy (IO BHCOTi) Tpaektopii (Y =Y,; X=X,) MOXHa

szezi.m{w} (33)
2K g

3 (31) # (32) BumMBae AOBOJI KOMITAKTHAa (opmyna Iis OOYHCIICHHS
TOPH30HTANIBHOI TAJILHOCTI HONMBOTY ( X, > X, ) [10]:

OTpHUMaTHU:

1 2Ky, b -
X =g In {_%-WZ [—exp(—n*)]} (34)
Tyt, y (34):
. 1= g g .
==.h —In| ——|; 35
- b{ +(2Kvl)2} n{(szl)z.B} )

h =—y, — BuCcOTa NaiHHSA YACTHUHKH.

Po3B’s30k (29) MoxHa BukopucTath ¥ Juis imeHTHOiKamii koedimieHTa
napycHocti K (MKImIo, 3pO3yMino, TPAeKTOpis IOJbOTY YAaCTHHKU €
HacTUIbHOIO/ToJIoro10). [Ipu 1boMy citit BUMIpATH TpUBaHHS (4ac) MOJbOTY
yacTHHKU 1, Ha Bincraub X, . Toxi, B cuiy (29):

K-x, =In(1+Kvt,), (36)
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abo:

INz-7=-¢. @7
VY piBusnHi (37):
X X X
I=—--(1+Kvt,); E=——In| —|. 38
vit, ( it): 8 vit, (vlt*j (38)
Ocxkinbku 7 =-W, (—exp[-£]), Toxi
1 1
K=——— =W, (—exp[E]). 39
e (-eelL]) (39)

HacamkiHelp 3a3Ha4MMO, II0 32 YMOBH BHJIBOTY YACTHHOK ITiJl HEBSITHKUM
KyTOM /IO TOPU30HTY, UL pO3paxyHKy X, Ta K y HepyXoMOMY MOBITpSHOMY
cepeloBHII (3 HEBEIHMKOI MOXHOKOI) MOXKHa 3actocyBatu (opmynu (34) i
(39), obuucnrorouu mo Tadnui, noxaxii y [1], 3Hauenns ¢pynkuii Jlamoepra.

3. AHaniTUYHI pO3B’A3KH CIHPOLIECHUX PpIBHAHL PYXY YACTUHKU JUIS
TPAEKTOPIH, SKi MAIOTh KYT HAXIIY JI0 TOPU3OHTY, OJIU3bKHIA 10 90"

SIKIo chaix  OTpUMAaTH 3aMKHEHHN HAOMWKEHUE pPO3B 30K  3ajadyi
30BHIILIHBOT OANICTHKKA MaTepiaabHOI YACTUHKH TPH MOYATKOBUX KyTax HAXHIY

ii Tpaekropii mo ropmsonry, Gmmsekux o 90°, ToGro: 80 <0, <90, cuix

po3p’sizyBaT 3amauy Kol st cripoieHol, y HOpiBHsHHI 3 (4), cuctemu
audepeHianbHIX PIBHSAHB 32 YMOBH BUKOHAHHS HACTYITHUX HEPIBHOCTEH:

7oy

)2 =y. (40)
TakuM YMHOM, Ul ONMCY TAKUX KPYTHUX MO BiJHOILIEHHIO JI0 TOPH30HTY

OaNiCTUYHHUX TPAEKTOPI PyXy YACTHHKH CIIiJi BUKOPHUCTOBYBATH HACTYIHY

cucreMy audepeHniaIbHuX PiBHIHb:

{X+K~)’(~y:0;

Y2 > X ()’(2 +y°

y+K-y° =-g. “

3a3HauMMo, MO Taka MOJAENb PyXy /i€ TiUTbKM Ha eTami miaioMy [0
HaWBUIO] TOYKH TPaekTopii (Y =Y, ), a IpH pycCi NOHU3Y YaCTHHKH 3 HalBHUIIOT
TOYKM MiAHOMY [0 TOBEpXHI 3€MJi CIiJg 3MIHMTH 3HaK nepex § Ha
MPOTHICKHUHN. Y MOJANBIIOMY TYT PO3TNISHYTHH TUIBKH MEPIIMK eTam pyxy
YaCTHHKH (Bropy, 10 HAWBUIOI TOYKH MigHoMy Y =Y, ).

Po3B’s130k crporenoi 3agadi Komri y 11boMy BUNIAIKY Ma€ TaKHUiA BUTIISL:

x(t):%lgeo (14 Kyt ) (42)
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g vZsin® 9, 1 1 )
t)= : 1) —=— |4 | 1
v Kv, sin 0, { (9/K) " Ba" 1 n(z " )+
2| ——+1
(')
(43)

1 3 «3 gt

+7-arctg(z)+ -In|a z+1| K sing,!
a +a* i+1
(a)

ne: a" =V, -sin®, \/K B=.JoK; f:tg(«/gK -t) .
g
[Ipraomy, st po3MipHOCTEH KOSQIIieHTIB, SIKi BXOIATH Y (43), Maemo:
[a] =[]t [p)=c*

Omxe, cniBBigHOWEHHs (42) i (43) 3a1al0Th mapaMeTpy OaicTUUHOI (T1ix
KyTOM JI0 TOpH30HTY, 6im3bkuM 10 90°) TpaekTopii pyXy 4acTHHKH Ha eTami ii
migiioMy [0 MakcHMManbHOi Toukd, ToOrto: O0<Xx<X,; O<y<y,. Mnza
BH3HAYCHHS IIapaMeTpiB BKa3aHOI BHINE TPAaeKTOpii Ha eTami cmycky (i3
HaiiBumoi Touku mimiiomy (X,;Y,) [IOHU3Y, JO TIOBEPXHI 3eMili) CIiX

(44)

BUKOPHCTATH ISl X (t) criBBigHOIIEHHS (42), a Amst y(t) — (45).
i BU3HAaYeHH 3aJIeXKHOCTEN x(y) Ta y(x) Ha KOXXHOMY 3 €TaIliB pyXy
YaCTHHKN (CHOYATKy Bropy, JO HAaWBHUINOi TOYKH IMigHOMY (Xe;ye), a TOTIM

JOHU3y, IO TOBEPXHI 3eMili, TOOTO 0 TOYKH (X*;O)) CIIiJ] BUKOPHCTATH

OTPUMaHI 3aJIe)KHOCTI (42), (43) i (45), a TaKOK YUCETBHHUI alITOPUTM TIOOYIOBU
TpaekTopii pyxy 3a momomoroto ITEOM (mis KOXKHOrO MOMEHTY Hacy t,

te [0; t*] , Ie t, — TPUBAJIICTh PyXY Y MOBITPSHOMY IIPOCTOPI YACTHHKH ).
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g v sin 0, 1 1 2
t)= ) LT Y = O P 1
v Kv, sin 9, { (9/K) " Ba" 1 n(z " )+
ey
o
(45)

+—-arctg(f)+—-ln a*f+1| +g—_t,

( . 1j Kv, sin®

a + 1 0 0

a ]

BucHoBkH

1. OGrpynToBaHi (i3WKO-MexXaHIYHA Ta MAaTeMaTHYHA MOJENI pyXy
MaTepialbHOI TOYKH/JaCTHHKH y HEPYXOMOMY (CIOKIHHOMY) ra3omoliOHOMY
Cepe/IOBHILII 3 KBAIPaTHYHUM BiIHOCHO LIBHJKOCTI PyXy OIIOPOM.

2. OrpuMaHi iHTerpajibHi IPEICTaBICHHS KOOPAWHAT HA TPAEKTOPIi pyxXy
MarepialbHOI TOYKHM, po3B’s3aHa 3asava Komri y To4Hid moctaHoBmi. 3ayis
ONMHCy MapaMeTpiB TPAEKTOpii pyXy OTpHUMaHi HAOIIMKEHI PO3B’SI3KH, SKi
criBnanaoTh 3 pedynpratamu Jlimiona ta Onemrancekoro B.II. # iHmmx, me
BHUKOPHCTaHa crelianbaa GpyHkitis Jlamoepra.

3. TlpoBexeHuii neTanbHUI aHaNi3 pyXy MarepialbHOi YacTUHKH Y
TIOBITPSTHOMY CEPEIOBUIIN TSI JBOX BUMAJAKIB TPAEKTOPIi PyXy: a) HACTHILHOT;
0) KpyToi 6aiCTUYHOT, 3 KyTOM HAXMIIy JO TOPU30HTY, Oam3bkuMm 10 90™ Jlns
000X BUIAJKIB OTpHMaHi HaOIMXKeH1 po3B’si3ku 3anadi Ko y kBagparypax.

4. OtpumaHi pe3yibTaTd MOXYTb OYTH Y IOJajbIIOMY BHKOPHCTaHI IS
YTOYHEHHsSI ¥ BJIOCKOHAJIEHHS IHXXEHEPHHX METOJIB pPO3paxyHKy Yy 3ajadax
OaicTHKM MaTepiallbHOI MacH, sIKa PyXaeTbCs y TOBITPSHOMY CEpPEeIOBHII 3
KBaJIpaTUYHHUM 10 IIBHJKOCTI PyXy OIMOPOM.
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Ensuring the functioning of engineering, transport networks thanks
to the strengthening of damaged reinforced concrete columns of
their structures

3a0e3nevyeHHs: PyHKUiOHYBAHHSA IHKEHEPHUX, TPAHCIOPTHUX Mepesk
3aBASKH IMiACHJIEHHIO MOIIKOAKEHHX 3a/1i300e TOHHUX KOJIOH iX
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Architecture, Odesa), Synii S. V., Ph.D. in Eng., Assoc. Prof., (Lutsk National
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Kcbonumikesnu JI.M., k.T.H., nou., Kpanrosceka O.M., K.T.H., Aou.
(Opecbka nep:kaBHa akajeMisi OyaiBHMUTBa Ta apxitektypu, Opeca),
Cuniii C.B., K.T.H., aou. (JIyubkuii HauioHaJbLHUH TeXHiYHNI yHiBepcHTeT,
Jyubk), Mamnaxos B.B., k.T.H., gou., KchbonmkeBuu A.C., cTyaeHTKa
(Opecbka gepxxaBHa akaieMisi OyAiBHUITBA Ta apxiTekTypu, Oneca)

The reliability of the functioning of engineering and transportation networks largely
depends on the technical condition of their structural facilities. For example, in many
design solutions for pumping stations in water supply, sewage, and heating networks,
significant attention is paid to the compact use of the internal space of technological
rooms. This is due to the need to accommodate large-sized technological equipment in
these rooms, as well as to install a complex pipeline system in accordance with the
operational scheme of the pumping station. Therefore, the use of columns in such spaces
aligns well with the requirements for the reliable operation of engineering networks
because it: ensures the technological requirements for the operation of the pumping
station; facilitates the relocation, repair, and replacement of large-scale technological
equipment and the installation of complex pipeline systems during modernization,
reconstruction, or restoration after damage, while considering changes to the system's
operational scheme. In this regard, the mechanical properties of concrete made with
ordinary Portland cement, microsilica, and the SP-1 superplasticizer have been studied
for its potential use as a high-strength material in reinforcing the load-bearing concrete
structures, specifically the columns of engineering structures within engineering and
transportation networks. These include pumping stations in water supply, sewage, and
heating networks; district heating plants; bridges; and pedestrian overpasses. The
concrete mix was developed to construct reinforced concrete jackets for strengthening
damaged column structures. This technology has significant advantages for constructing
column structures in terms of their resilience during shelling, particularly in terms of
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execution speed, strength, reliability, and protection from various external impacts during
such events. When performing research, first, mixing water, SP-1 additive, Portland
cement and microsilica (from 0 to 10 %) were sequentially introduced, later they were
combined with a dosed amount of quartz sand and granite crushed stone in an ordinary
concrete mixer. The compressive strength of concrete was determined according to DSTU
B V.2.7-214:2009. Experimental data showed that by varying the selected factors, it is
possible to increase the strength of concrete in the initial period when it is doubled in
compression.

Haoitinicmo ¢ynxyionysanms insceHepHux, mpaHcnopmHux Mepexc 3HaA4HO0 Mipoo
3anexcums 8i0 MeXHIUHO20 Cmawny ix iHoceHnepHux cnopyo. Hanpuxiao, y 6acamvox
NAAHYBANLHUX PIWEHHAX HACOCHUX CMAHYill Mepedc B8000NOCMAYaHHs, Kananizayii,
MenionoCMaiants 3HA4YHA Y8aza 30CepeodCYEmbCs HA KOMNAKMHOMY BUKOPUCHAHHI
SHYMPIWHBLO20 NPOCMOPY MEXHON02IMHUX npuminjens. Ile nos’azano 3 nompeboro
PO3MAULYBAHHA Y MAKUX NPUMIUEHHAX MEXHON02IYH020 0ONAOHAHHS 8EIUKUX 2a0apumis,
a MakKoxc 61AUMY6anHs CKIAOHOI cucmemu mpyoonpoeooié 8i0noeioHo 00 NPUHYUNOBOT
cxemu pobomu Hacochoi cmanyii. Tomy eukopucmawnHs KOJIOH Yy MAKUX NPUMIUYEHHSX
000pe 8I0N0sioae GUMO2aM HAOIUHOI eKCHAYamayii HHCEHePHUX Mepedc, OCKLIbKU:
00360/15€ 3a0e3neyumu MexHoI02IuHI 8uMo2Uu 00 pobOmuU HACOCHOI cmanyii; nio yac
MOoOepHi3ayii, peKOHCMPYKYIi, BIOHOGIEHHA NiCA PYUHYB8AHHA HACOCHOT CMAHYTi cmeopoe
ModHCIUBOCMI Ol nepeMilyeHHs, PeMOHMY, 3AMiHU MEeXHONI02IUHO20 00NAOHAHHS BETUKUX
eabapumie ma MoXfCIUBOCHMI ONIA MOHMAJCY CKAAOHUX cucmem mpybonpoeodis,
8PAX08YI0YU NOMPEOU 3MIHU NPUHYUNOBOT cXeMu cucmemu. Y 36 3Ky 3 YuM, 00CIONCEHO
MexaHiyni enacmueocmi OGemony Ha 36UHAUHOMY NOPMAAHOYEMEeHmi 3 0006a6KOI0
MiKpokpemnesemy ma cynepnaacmugikamopa CII-1 0na modcaueocmi 3acmocysanisi
11020 8 AKOCMI BUCOKOMIYHO20 NPU NIOCUNEHHI 3a1I300EMOHHUX HECYUUX KOHCMPYKYIl, a
came KOJIOH [HICEHEePHUX CROPYO THIICEHEPHUX, MPAHCNOPIMHUX Mepedic (HACOCHT cmaHyii
Mepedic 6000NOCMaianis, Kananizayii, menionocmaianis, paionni KOmensHi, Mocmu ma
Hao3emHi niwoxioni nepexoou). Cknad 6emouy po3poOaaéca 014 61AWMYE8AHHSA
3a1i300eMOHHUX 000UM 018 RNIOCUNEHH KOHCMPYKYIU NOwKoOx ceHux KonoH. Taka
MeXHON02IA Mae BaXCIU6l nepesazu ONi GIAWMYEAHHA KOHCMPYKYIL KONOH U000
Ccmitikocmi KOHCMPYKYiti KOJIOH npu 0OCMpinax, 30Kkpema — 3a WEUOKICMIO GUKOHAHHS,
Miynicmio, HAOIUHICMIO, 3aXUcmy 8i0 pi3Ho20 poody 308HIWHIX GNAUGIE NpU O0OCMPINAX.
IIpu 6ukonanmi 0OCHIONCEHb CROYAMKY NOCTIO06HO 8600ULU 800y 3AMIULYBANHS, 000ABKY
CII-1, nopmaanoyemenm ma mixpokpemmuesem (8io 0 0o 10%), 32000m 8oHu noconysanacs
3 8I000308AHOI0 KINLKICMIO K8APYOB020 MICKY | 2PAHIMHO20 WeOeHi0 8 OpOUHAPHOMY
b6emonosmiutysaui. Miynicme Oemony ma cmuck eusnauanacs sziono [JCTY B B.2.7-
214:2009. ExcnepumeHmanvHi Oaui NOKA3AMY, WO 6apirouU 0OpaHumu Gaxmopamu
MOAHCTIUBO 30INLUUMU MiYHICMb DEMOHY 8 NOYAMKOBUL NePiod HA CIMUCK YOBIYi.

Keywords: reconstruction, structures, column, strengthening, high-strength
concrete, operation, research methodology, engineering and transport networks.

Kniouosi crosa: pexoncmpykyis, cnopyou, KOAOHA, NIOCUNEHHS, SUCOKOMIYHULL
bemoH, ekcnayamayis, Memooon02isi 00CIONCe b, IHICEHePHT | MPAHCNOPMHI Mepedic.
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Problem statement. Modern operating conditions of Ukraine's critical
infrastructure, including engineering structures of utility and transportation
networks, have posed additional challenges for the construction industry. The
destruction of critical infrastructure due to ongoing shelling necessitates urgent
intervention—repairs and reconstruction with reinforcement of the load-bearing
structures of these engineering facilities. Military actions result in damage or
destruction of structures across various categories, including residential
buildings, social infrastructure, industrial facilities, and engineering structures.
Nevertheless, the swift restoration of the functionality of utility and transportation
networks is a top priority, as it critically impact the country’'s economy, defense
capabilities, and the living conditions of its population. Considering the
operational characteristics of utility and transportation networks, most of their
engineering structures are technically difficult or impossible to relocate or
reconstruct promptly. Therefore, one of the most effective construction solutions
in cases where engineering structures are damaged or partially destroyed is to
ensure their rapid restoration. Maintaining the strength and reliability of these
structural components is a critical requirement for the restoration technology.
This challenge is often compounded by adverse weather conditions, such as heat,
frost, or precipitation, which exacerbate the effects of shelling. Damage or
destruction of structures may result from one or several factors of various origins,
including physical-mechanical and chemical impacts, such as blows, explosions,
heat and fire, chemical degradation, and dynamic loads.

Construction structures based on cement, concrete, and reinforced concrete
are the most widespread in construction and at the same time one of the most
resistant, in terms of strength and reliability, to external influences of various
origins. This is also confirmed by the prevalence of their use in various concrete
reinforcements and products. Therefore, despite certain disadvantages, the use of
cement and concrete is one of the best solutions for strengthening reinforced
concrete columns damaged as a result of shelling, as well as for ensuring their
protection during the operation of facilities in engineering and transportation
networks. Such structures of urban critical infrastructure, the structural scheme of
most of which includes reinforced concrete columns, in particular, include:
pumping stations of water supply, sewage, heating networks; district heating
plants; bridges and bridge crossings.

Thus, since the main structures of columns of modern facilities in
engineering and transportation networks are mainly made of concrete and
monolithic reinforced concrete [1], and in connection with the increased
requirements for their stability during shelling, special attention should be paid to
their strengthening after damage or partial destruction using technologies for
strengthening columns based on high-strength concrete. Therefore, the relevant
research task is the development of the composition of such high-strength
concrete. To determine the further possibility and feasibility of reinforcing a

82



CyyacHi mexHonoeii ma memodu pospaxyHkie y 6ydigHuymei. [lyupk, JIHTY. 2024, Bunyck 22
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22

column, selecting appropriate methods and techniques and performing
engineering calculations, it is necessary to take into account not only the physical-
mechanical, chemical or other features characteristic of a specific method and
process of destruction but also the actual condition of the structure and the
conditions (factors) of external environmental impact during the subsequent
operation of the column structure [2-4].

Analysis of literary data and problem statement. The study of methods
for strengthening reinforced concrete structures, as well as the reasons that led to
the need for reinforcement, has been the subject of numerous works [5-11 et al.].
The installation of a shell with an additional reinforcement layer increases the
thickness of the column, provides a complex combination of strength, rigidity,
and plasticity of the column structures and the framework of the facility, and
creates additional loads on the foundations. In particular, shotcrete reinforcement
during reconstruction with reinforcement allows for maximum preservation of
existing structures and ensures their efficient operation with minimal work
duration. When designing the concrete mix for shotcrete, it is necessary to
consider several factors, such as the ratio of cement to fillers, granulometric
composition, equipment characteristics, preparation method, etc. [12-21].

The aim of the article: to study high-strength concrete designed for
strengthening reinforced concrete columns of engineering structures damaged
during shelling, based on the reconstruction conditions required for the
operational restoration of the functionality of engineering and transportation
networks. The main objectives: to investigate the composition and mechanical
characteristics of high-strength concrete based on ordinary Portland cement,
intended for shotcreting reinforced concrete columns of engineering structures
damaged during shelling, considering the reconstruction conditions necessary for
the operational restoration of the functionality of engineering and transportation
networks.

Materials and Methods. Portland cement was prepared by grinding clinker
with gypsum stone to specific surface areas of 300, 400, and 500 m*kg.
Microsilica (from 0 to 10 %) from the Nikopol Ferroalloy Plant was used as an
active additive in the studies. The SP-1 plasticizer, in the amount of 1%
(calculated on a dry matter basis) of the binder mass, was used to plasticize the
concrete mixture. Quartz sand with M = 2.2 and granite crushed stone were used
as aggregates. Initially, water for mixing, SP-1 additive, Portland cement, and
microsilica were sequentially introduced, and then these were mixed with a dosed
amount of quartz sand and granite crushed stone in a conventional concrete mixer.
Concrete compressive strength was determined according to [22].
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Results. The accepted composition and strength of high-strength concrete
based on ordinary Portland cement were experimentally studied for its suitability
for shotcreting reinforced concrete columns of engineering structures damaged
during shelling. To obtain high-strength concrete, the binder was modified with
an organo-mineral additive. The following factors were used in the experiment:
X1 — the microsilica (MS) content in Portland cement (by weight) — 5+5 %; X2 —
the binder content in concrete — 450+100 kg/m?; x3 — the specific surface area (Ss)
of Portland cement — 400+£100 m*kg. The amount of SP-1 superplasticizer was
set at 1 %. The results of the research on the mechanical properties of concrete at
the ages of 3, 7, and 28 days are presented in Table 1. Achievement of concrete
strength (up to 40 MPa) at 3 days of age with 10% microsilica content and the
presence of SP-1, makes it suitable for repair, including strengthening load-
bearing structures. As shown in table 1, by the 7th day, the concrete strength
increases almost twice, and by the 28th day, it reaches a value of
f ck.cube =88.4 MPa.

Table 1
Mechanical characteristics of concrete aged 3, 7 and 28 days

Levels | < | Binder |Spec.surf.area| Compressive strength

No | ofvar. | o lconsumpt.,| of cement indicators, f ck.cube, MPa

x1|x2|xs| = kg/m? Ss, m?/kg 3 days | 7 days | 28 days
1]-{-(-]0 350 300 18.6 | 295 43.6
2 |+|-]-]10 350 300 238 | 421 52.3
3 |- -1 0 550 300 269 | 451 53.9
4 |+ - | 10 550 300 295 | 543 69.5
51-|-]+|0 350 500 248 | 3438 52.7
6 |+|-[+]10 350 500 276 | 40.8 64,3
7 -]+[+] 0 550 500 29.1 | 60.9 72.8
8 |+|+|+]10 550 500 374 | 69.6 88.4
9 1|-/0{0]| O 450 400 286 | 47.3 64.9
10|+|0]|0| 10 450 400 36.2 | 60.1 81.4
1110(-]0| 5 350 400 269 | 525 61.6
12|0|+|0]| 5 550 400 329 | 623 75.2
13|0(0|-| 5 450 300 269 | 40.7 53.9
1410(0|+| 5 450 500 30.0 | 482 58.1
1510(0|0| 5 450 400 322 | 56.6 73.4
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Conclusions. In the current conditions of constant threats of shelling of
critical infrastructure objects, significant attention is paid to the rapid restoration
of engineering and transportation networks. In particular, the rapid restoration of
reinforced concrete columns of engineering structures (pumping stations of water
supply, sewage, and heating networks; district boiler houses; bridges and overpass
pedestrian crossings) damaged during shelling can be carried out by strengthening
their structures with shotcreting high-strength concrete. This also promotes the
rapid restoration of equipment and pipelines located in damaged rooms of
engineering structures in engineering networks. In this regard, the experiments
have established that the main conditions for obtaining high-strength concrete are
the use of highly active binders, large and fine aggregates of appropriate quality,
with the use of plasticizers and micro-fillers. The addition of microsilica and SP-
1 superplasticizer allows the production of heavy concrete classes
C32/40...C70/85 with a binder consumption ranging from 350 to 550 kg/m?.

Further research will focus on the specifics of the shotcreting technology of
reinforced concrete columns of engineering structures damaged during shelling
using the concrete of the investigated composition.
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https://doi.org/10.36910/6775-2410-6208-2024-12(22)-09
YK 624.96:624.07

HuxiiyHi HABaHTaKeHHS i PO3PaXyHOK HA BUTPHBAJICTD CTaJIeBUX
KOHCTPYKIi paMHHMX YKiCHUX HIAXTHUX KOMNPiB

Cyclic Loads and Fatigue Analysis of Steel Structures of Frame
Mine Headframes

Kymenko B. M., a.1.H., npodecop kadeapu OyaiBeJbLHUX KOHCTPYKIii
Ta MoctiB, llyasip P.A., cr. BuKkJ. kadeapu OyaiBeJbHUX KOHCTPYKUiH Ta
mocriB (Hanionanbumuii yHiBepcurer «JIbBiBcbKka nmoJiirexnika», M. JIbBiB)

Volodymyr Kushchenko, Doctor of Technical Sciences, Professor of the
Department of Building Structures and Bridges, Rostyslav Shulyar, Senior
Lecturer at the Department of Building Structures and Bridges (Lviv
Polytechnic National University, Lviv)

Y cmammi poszenamymo axmyanvHi numarnHs po3paxyHKy cmaneeux KOHCMpPYKyiu
WAXTMHUX KONpI8, AKI HOPMAMUGHO HedoCmamHbo eusHawewi. Ha niocmasi amanisy
MEXHON02TUHO20 YUKTY POOOMU WAXMHUX NIOUOMHUX YCMAHOBOK GUHAYEHO MUNO8Ull
YUK OUHAMIYHO20 HABAHMADIICEHHS, SKUL BUBHAYAECMbCS 0BOMA  PO3DAXYHKOGUMU
cumyayisimu, Wo 8ionosioams GUHUKHEHHIO MAKCUMAIbHUX | MIHIMAIbHUX HANPYICEHDb 8
PO3PAXYHKOBUX Nepepi3ax KOHCMPYKYIl waxmuux xonpie. [{us xapaxmepnoi cnopyou
6CMAHOGNEH] MUNU KOHCMPYKYIL [ pO3PAXYHKOGUX Nepepi3ie NIOWKIGHUX pam i
KOHCMPYKYIL YKOCUH, 4 MAKONC BUKOHAHO UYUCETbHULl aHAi3 iX 6MOoMHOI MiyHOCmi 3a
Kpumepiem 2paHuyHoi KilbKOCmi Munoeux yukiie Haeanmaoicenns. Bcmarnosneno
0OMedcenull pecypc 3a MOMHOI0 MIYHICTIO KOHCMPYKYIL 207108HUX OANOK YKOCUH.

The structures of mine headframes are classified as lifting and transport mining
structures, which fall under the highest responsibility class. Most mine headframes in
Ukraine have been in operation for extended periods, subjected to intense cyclic dynamic
loads and aggressive environmental conditions. Consequently, there is a need to assess
the residual life of these structures and ensure they meet the required service life in terms
of fatigue strength. Currently, fatigue analysis for mine headframe structures is not
covered by existing standards, as there is no established methodology for determining
typical load cycles. Based on an analysis of the key stages in the technological cycle of
mine hoisting installations, it is proposed to define a typical load cycle as the sequential
application of loads from two design scenarios: the design scenario of the maximum total
tension force in the hoisting rope branches, and the design scenario of the minimum total
force in the hoisting rope branches. These scenarios, combined with constant and long-
term loads, define the maximum and minimum stresses in the load cycle for the critical
sections of the structures. This methodology accounts for dynamic forces arising from
forced oscillations of the lifting vessels when calculating the cyclic forces in the hoisting
ropes. For the characteristic structure, the types of structural elements and critical
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sections for endurance analysis are identified in accordance with the provisions of the
standard methodology. Through the analysis of the stress-strain state in the critical
sections of the mine headframe structure, the characteristics of dynamic stress cycles were
determined, and a fatigue strength calculation was performed. The analysis revealed a
limited fatigue life for the main beams of the headframe structure. The proposed
engineering method for analyzing the fatigue strength of mine headframe structures can
be applied both in the design of new structures and in the development of systems for
monitoring the technical condition of operating mine headframes.

Kniouosi croea: waxmmui konpu, cmanedi KOHCMPYKYii, YUKATUHI HABAHMANCEHH,
amMnaimyoa HanpyxceHvb, Koe@iyienm acumempii Yukmy, mexnca moMu, NPUnycCmuma
2PaHUYHA KITbKICMb YUK HABAHIMANCEHD.

Keywords: mine headframes, steel structures, cyclic loads, stress amplitude, cycle
asymmetry coefficient, fatigue limit, the permissible maximum number of load cycles.

IMocranoBka npo6aemu. KoHCTpyKIiT YKICHUX IIAXTHUX KOIpiB (puc. 1)
BIZTHOCSTBCSA JI0 ITIIHOMHO-TPAHCIIOPTHUX FPHUYOTEXHIYHHUX CIIOPY/ 1 TOUIMPEH]
B IIPOMHUCIIOBOMY Komriutekci Ykpainu [1]. Sk moka3aHo Ha puc.l, po3pi3HSIOTH
YOTHPH OCHOBHI TUIH KOHCTPYKTHBHHMX CHCTEM YKICHUX IIaXTHUX KOTpIB:
a) CTaHKOBa; 0) HAIIBIIATPOBA; B) IIATPOBA; I') KOMOIHOBaHa, SIKi SBISAIOTH COOOI0
IIPOCTOPOBI CTEPKHBOBI CUCTEMH KOHCOJIBHOTO THITY, B CKJIaJl SKUX € YKOCHHH,
NIpU3HA4YeHi Ui CIPHUHHATTS TOPM3OHTAIBHUX CKJIQJIOBHX HABaHTa)KEHb BiJ
poboTn migioMHOi MamMHU. BHcoTa yKICHMX IIAaXTHHX KONpPIB BU3HAYAETHCS
MMO3HAYKOK OOMHpaHHS HANPSMHHUX IIKIBIB, sIKi HECYTh MiTHOMHI KaHATH 1
(bIKCYIOTh TX TOUKY CXOJy B LIaXTHHUI CTBOJ. MaTepiajJoM OCHOBHHX HECYYHX
KOHCTPYKILIH YKICHMX INaxTHUX KOIpIiB € cramb 1 3ami3oberoH. 3a
KOHCTPYKTUBHOIO ()OPMOIO PO3PI3HSIOTH pamHi KompH (puc. 10, B, T) 1 KomnpH y
Burisiai depm (puc. la). 3a KiNBKICTIO MiAHOMHHMX MallMH Ha OJHIA cropy/i
PO3PI3HSAIOTH KOIPH: OJHO- i ABOX-IIiAHOMHI. BHCOTa IMX CIIOPY/ 3aJIeKHO Bif
TEXHOJIOTIYHUX O3HAK CKJIamac aiana3oH Bix 15 mo 70 M.

KoHCTpyKIii mMAaXTHUX KOMPIiB BiHOCATHCS JO KIACY BiAMOBINAIBHOCTI
CC-3, OcKinbKM BOHHM 3a0€3NedyloTh: a) BEPTHUKAIbHY KOMYHIKALIIO0 MIiX
TipCHbKMMH BHPOOITKAMM Ta TEXHOJOTIYHMM KOMIUIEKCOM INAXTHOI IOBEpXHi;
0) (QyHKIiIOBaHHS CHCTEMH BEHTHWIAIIl, B) POOOTy cHCTeM 3a0e3IeYCHHS
Oe3leKkn MIaXTHOro migiioMy. BingmoBa xoua O ojHi€i 3 BHINE O3HAYCHHX
TEXHOJIOTTYHUX (YHKIIH NMPU3BOANTH JI0 BaXKHX KaTacTpo(Qi4HMX HACIIJKIB i
BEJIMKHX MaTepiabHUX 30UTKIB.

B minomy Juisi OMX CHOPYI XapakTepHUM € HasBHICTh BaXXKUX YMOB
eKCIUTyaTallii, Takux SK: a) BIUIMB arpeCHBHUX KOPO3IMHHUX CEepeIOoBHII;
0) abpa3mBHUI 3HOC; B) Mis NUKIIYHUX TUHAMIYHAX HaBaHTaKEHb MPH POOOTI
MiIAOMHOT MaIllMHU; T) Ais THHAMIYHUX aBapiifHMX HaBaHTaKEHb. BHaCTiIOK
BIUTUBY ITUX (aKTOPIB y MPOIECi eKCILTyaTaIlii criocTepiraeThes (HisuaHul 3HOC
CTaNeBUX KOHCTPYKLI [axTHUX Kompis [1, 2].
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Puc. 1. OcHOBHI THIIM KOHCTPYKTHBHHUX CHCTEM YKICHHMX IIaXTHHX KOTIPIB:
a) CTaHKOBA; 0) HaMiBIIATPOBA; B) IIATPOBA; I') KOMOIHOBaHA

HopmaruBHuii TepMiH excintyararii nux cropyx ckianae 50 pokiB, oJHaK
Ha TipHU490100yBHUX MiANPUEMCTBAX YKpaiHU cepeiHii TepMiH X eKcIuTyaTamii
gemo Oumbmuid — 60...70 pokiB. Y 3B’A3Ky 3 NHKIIYHHM XapakTepoM
TEXHOJIOTIYHUX HABAaHTAXXEHb, AKTyaJbHUM € IHTAaHHS OLIHKU 3aJHMIIKOBOTO
pecypcy cTaleBHX KOHCTPYKLIM INAaXTHUX KONpPIB IpPH MOHITOPHHTY iX
TexHiyHOTO cTaHy [3, 4]. Kpim TOrO, UIT OCHOBHHX HECYYMX KOHCTPYKIIii
IIaXTHUX KOMPIiB MPH MPOEKTYBaHHI iCHYe 3aBIaHHS 3a0€3IEUCHHS pecypcy 3a
BTOMHOIO MIITHICTIO ITPOTATOM HOPMAaTHBHOTO TEPMiHY €KCIITyaTalii, BUPIMICHHS
SKOTO HE pETJIaMEHTOBAaHO Taly3eBUMH HopMamu [5]. TakuM dYnHOM,
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JOCIIDKSHHS Y HalPSIMKY PO3POOKH Ta yJIOCKOHAICHHS METOANKU PO3PAXYHKY
CTaJeBUX KOHCTPYKLIH Ha BTOMHY MIIHICTh € aKTyaJlbHUMH Yy 3B’SI3Ky 3
mpoOJIeMOI0  3a0e3MeUeHHs] TEXHOJOTIYHOI OC3MeKU MIAXTHUX IMiIHOMHHUX
YCTaHOBOK.

Anani3 momepennix mnyoOmikanii i mocTaHOBKa 3aBIaHb. 3TiTHO
HOPMATHBHUX BIUMOT [6] JJIs CTaJIeBIX KOHCTPYKIIH MAaXTHIX KOIPiB HEOOX1THO
BHKOHYBAaTH MEPEBipKY BTOMHOI MIIIHOCTI ¥ 3B’S3KY 3 HUKIIYHIM XapaKTepOM
TEXHOJIOTIYHAX HABAHTAKEHB, KUTBKICTh ITUKIIIB SKUX, SIK IPABHJIIO, IEPEOLITBIIyE
10°[3, 7]. Y uuHHOMY rajay3eBOMy HOPMATUBHOMY JOKYMEHTI [5] TeXHOIoriuHi
HaBaHTa)XCHHS Ha KOHCTPYKIii MIAXTHUX KOTPIB BU3HAYAIOTHCS SK PIBHOMIMHI
BiJl CTATHYHMX 3YCHUJIb B MIAHOMHHUX KaHATaX 3 JOJABAHHSM CHJI iHEPIIii B IEPioj
HEpIBHOMIPHOTO pyXy MiJHOMHOI MallMHH, OJHAK NpPU IbOMY HOpMaMu
XapaKTEePUCTUKHU LUKIIYHOCTI HABaHTa)XEHb HE BU3HA4alOThcsa. B poborax [2, 3,
4, 7] BU3HAUCHO AWHAMIYHUI XapakTep eKCIUTyaTaliiHUX HaBaHTa)KEHb, SKHUH
3YMOBJICHUI HAsBHICTIO: ) IUKJIIB 3aBaHTaKCHHSI-PO3BAHTAKCHHS ITiIHOMHHUX
nocyauH; 0) eTanaMy HPUCKOPEHOI'0, PIBHOMIPHOTO 1 CIOBUIBHEHOTO PYyXY
MiZHOMHOT MAIMHA; B) IYJNbCAIiHOT CKJIAZOBOI BHYTPIIIHIX 3yCHIb B
MiIHOMHHX KaHaTaX, sIka BUHUKA€E BHACHIIOK BUMYIICHUX KOJIMBAHb ITHOMHHIX
mocynuH. OfHaK, B HOPMaTHBHOMY JTOKYMEHTi [8] A KOHCTPYKIIH MaXTHIX
KONPiB HE BU3HAYCHI PO3PaXyHKOBI IMKIIYHI 3HAYCHHS 3YCHJIb B IIiTHOMHUX
KaHaTaX, BHACIIJOK IbOTO PO3PAaXyHOK KOHCTPYKIIH IaXTHUX KOTPIiB HA BTOMY
3a METOJWKOI0 [6] Ha JaHW Yac HOPMATHUBHO He 3a0esrmedeHuil. Y poOoTi [2]
KOHCTaTOBaHO WMKJIYHMK XapakTep HaBaHTa)XEHb HAa KOHCTPYKIIl HIaXTHUX
KOIIPIiB i BUKOHAHO CTAaTUCTUYHUII aHai3 Koe(iliEHTIB AMHAMIYHOCTI 3yCHIIb B
MiIHOMHUX KaHaTax Ha pI3HUX eTanax TEeXHOJOTNYHOTO MKy IIaxXTHOT
MiIHOMHOT YCTAHOBKH, SIKI XapaKTepU3ylTh IMyJbCAllliHy CKIIaJIOBY 3YCHJIb B
MiIHOMHUX KaHaTaX, 3YMOBJIEHY BHMYIIEHHMMH KOJIMBAHHIMHU MiAHOMHHUX
nocyauH. OpHak y pobortax [2, 7] BiACYTHE BHU3HAYEHHS MOHSTTS THUIIOBOTO
LUKJTy HAaBaHTaKCHHS y 3B’ 3Ky 3 3aBaHTa)KCHHSIM 1 pO3BaHTAXKSHHSM ITiTHOMHUX
MOCYJMH 1 Ji€0 iHEepuiHOI CKJIaZI0BOT BiJl NMPUCKOPEHOTO pyXy HiIHOMHOT
MalllMH{, TOMY pe3yJibTaTh poOOoTH [7], B sKiH KOHCTaTOBaHO HENOCTATHIN
pecypc 3a BTOMHOIO MIIHICTIO IAMIKIBHAX KOHCTPYKLIH, MOTpeOyIOTh
YTOYHEHHSL.

Ha panuit yac icHye HOpMAaTHBHA METOJMKA PO3PaxyHKY Ha BTOMHY
MIIHICTD €JIEMEHTIB CTAIEBUX KOHCTPYKILIH ¥ (hopMi OIiHIOBAaHHS JOBrOBIYHOCTI
(cTpoky ekcIutyaTarii), sika 3aJeXHTh BiJi 3HaYEHb aMIUTITYJ] i KOedillieHTiB
acuMeTpii TMHAMIYHUX HaNpy>KeHb THIIOBUX ITUKITIB HaBaHTakeHHS [6]. OmHak,
JUTSL CTaJIeBUX KOHCTPYKINIH MIAXTHUX KOMPIiB BiJICYTHI ITyOJiKamii CTOCOBHO
BU3HAYCHHS THUIOBUX NHKIIB HABAHTAXXCHHSI JUIS BUKOPHCTAHHS YHHHOI
HOPMAaTHBHOI METOJIUKM pPO3PAaxyHKy Ha BHUTPHBAJICTh KOHCTPYKTHBHUX
€JIEMEHTIB 1 3 €HaHb [6].
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Merta po0GoTH — BH3HAYEHHS MOHITTS TUIOBOIO IMKIY JAWHAMIYHUX
Harnpy)XeHb, 8 TAKOXK aHajli3 BTOMHOI MIIIHOCTI XapaKTepHUX KOHCTPYKTHBHHUX
(opM paMHUX CTaJE€BUX YKICHHMX IIAaXTHHUX KOmNpiB. J{1s mocsrHeHHs Liel MeTH
MOCTAaBJCHI HACTYNHI 3aBJaHHSA: a) Ha IJACTaBi aHaNi3y CKI3JI0BHX
TEXHOJIOTIYHUX HABAHTAXXEHb 3alpPONOHYBAaTH METOJMKY BH3HA4YCHHS IX
PO3paxyHKOBUX IHKJIIYHUX 3HAUCHb; 0) MU XapaKTEepHUX KOHCTPYKTHBHHUX
¢opM BHKOHATH KiIacH(iKalilo IO Tpymax KOHCTPYKIIH BiATOBIAHO IO
HOPMATHBHUX NaHUX [6]; B) Ui XapaKTepHUX KOHCTPYKTHBHHUX €JIEMEHTIB
BH3HAYHTH PO3PAXyHKOBI Iepepi3n; T) Uil XapaKTepHOI CIOPYAN BU3HAYUTU
XapaKTepUCTUKU IHKIIB IWHAMIYHUX HANpy>XCHb, BUKOHATH aHaji3 BTOMHOI
MIITHOCTI 32 YMHHOK HOPMATHBHOKO METOIUKOIO [6] 1 BH3HAYUTH pecypc 3a
KIJIBKICTIO IMKJTIB HABAHTA)KCHHSI.

MeToguka BH3HAYEHHS PO3PAXYHKOBHX THIIOBMX IHKJIIYHHX
HAaBaHTa)KeHb PO3po0JicHAa Ha MiICTaBl aHAI3y 3MIHHOTO XapakTepy 3YCHIb y
niglioMHuX KaHaTax [2, 7]. Ha puc. 2 noka3aHo OCHOBHI €Tany TEXHOJOTTYHOTO
MUKITY POOOTH MIAXTHOI MiJHOMHOI YCTaHOBKH, SKOMY BIATOBIZa€ 3MiHHUIA
XapakTep 3yCHIIb B TUJIKaxX MiJHOMHOTO KaHATY.
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Puc. 2. OcHOBHI eTany TEXHOJOTIYHOTO IIUKITY 1 TaXOrpaMa podoTH
MiAHOMHOT MaIlTHA: 3aBAHTAXKCHHS, IPUCKOPCHHH 1 YIOBUIBHEHUH PYX,
PO3BaHTaXCHHS

3ycwiuis B MiAHOMHMX KaHatax S, Ha Pi3HUX eTamax poOOTH IIiIHOMHOI
MAIIMHU CJIi PO3MIISAATH K CYMy CTaTHYHOTO HATSry Si, CHII iHepIi Sy, Cri
OMOpy pyXy MIAHOMHOI MOCYIWHH B CTBOJI Sz , AMHAMIYHHX 3YCHIIb S4, IO
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BUHUKAIOTh MPHU KOJUBAHHAX MIAHOMHOI MOCYAWHU BiJHOCHO JWHAMIYHOTO
MOJIOKEHHS piBHOBaru [2]:

Sp=5+8+S3+85, 1)

Po3paxyHKkoBe rpaHIYHE 3HAUCHHS CTATHYHOTO HATATY MiAHOMHOTO KaHaTa
BHU3HAYAETHCS 32 HACTYITHOIO (hOPMYIIOIO:

Sy = (me¥p1 + My¥pa + pilyys) g, ()
Ze: Yy; - KoedillieHT HaliiHOCTI 32 HABAHTAKEHHSAM: IS BIACHOT Baru miaHoMHO1
MIOCYIWHY 3 IPHYiTHAM IPUCTPOEM i BaroHeTKkamu — 1,05; Bix Baru migitoMHOTO
KaHaTa — 1,2; BiI BarW KOPUCHOTO BaHTaXXy: HACUMHKX — 1,2; iHmux — 1,1; m, —
Maca MOCYIWHH 3 MPHUYIITHAM TPUCTPOEM; M,.— Maca KOPHCHOTO BAaHTAXY; Pi—
Bara IMOTOHHOTO MeETpa MiIHOMHOr0 KaHaTa, L — 3MiHHAa MOBKMHA TUIKH
MiAHOMHOIr0 KaHaTa, M0 3aJC)KUTh B MOJIOKCHHS IMiIAOMHOI MOCYAMHH IO
BHCOTI CTBOJIA.

Haii0inpiiie 3HAYCHHS Si,qy HA3UBAETBCS MAKCHMAJIBHUM CTAaTHIHUM
HATSITOM 1 BiJINIOBiJa€ MOJIOKEHHIO HEPYXOMOI BaHTaXXCHOI MOCYJMHM Ha PiBHI
HIDKHBOTO 3aBaHTAXYBaJbHOTO IPHCTPOIO, TOOTO KOJH JOBXHHA TUIKH
MiTAOMHOTO KaHaTa MaKCHUMallbHa. MiHIMalbHE 3HAYCHHS S;,;n BIAMOBiAAE
MIOJIOKCHHIO PO3BAHTA)KEHOI IMOCYIWHM Ha piBHI BEpPXHBOI MPUHAMAIBHOI
TUTOTIAKH.

Cwim  iHepuii BHMHHMKAIOTH TiJ 4Yac pyxy HiAHOMHOI MalIMHU 3
MIPUCKOPEHHSIM 200 YMOBIJIbHEHHSIM 1 BU3HAYAIOTh 32 (JOPMYIIOH0:

Sy = £(meyy + myyy + prlyy)a = 5, a/g, ©)
Je: 8 — MPUCKOPEHHS YU YIOBUTFHEHHS PyXy HOCYIWHHM; 3HaK «+» BiIIOBigae
BHIIAJIKy TPUCKOPEHOTO PYXy IMOCYAWH, IO MiJHIMAIOTHCS, 1 «—» BIAMOBIIAE
MIPUCKOPEHOMY PYXY IMOCY/IHH, 1[0 OIYCKAIOThCS.

OckinbKU Benn4uHa S; 3MiHHA, OTXe, CHJIM iHepuil y mpoleci podoTu
MiAHOMHOT MAIIMHU TAKOX 3MIHIOIOTHCS. 3MiHA CHJI IHEpIlii 3yMOBJICHa 3MiHOKO
MacH TUIKH MiTHOMHOTO KaHaTa, JOBXHWHHU SKUX MPH Pyci MiAHOMHOI MalIMHA
3MIHIOIOTBCS. TakuM YWHOM, JJIsi TIOCYAWHH, IO MiTHIMAEThCS, MaKCHMAabHI
3HAYCHHS CWJI iHEpIii BHHUKAIOTh HAa TOYATKy HPUCKOPEHOTO PyXy, a Jyis
MTOCYIMHH, IO OMYCKAEThCS, — B KiHIII YIOBUTLHCHHSI.

Cuiti omopy pyxy HOCYAMHH y CTBOJII BU3HAYAIOTH 33 (opMyJioio [2]:

S3 = EkcSy, 4)
ne: k.= 0,06...0,15 - xoeo¢imieHT omopy; 3HaK «+» IUIS TOCYIWHH, IO
M THIMAETHCST; 3HAK «-» JJIS1 TIOCYAMHH, 1110 OITYCKAETHCSI.

Junamivni 3ycwiist S, Bil KONHMBAaHHS TMiTHOMHUX TOCYJUH MO0
TIOJIOKEHHS CTaTHYHOi ab0 MWHAMIYHOI PIBHOBarwm BHU3HAYAIOTH 3aJIe)KHO BiJ
CTaTUYHOTO HATATY 3a TaKo0 (popmMyIoro:

Se =05+ SZ)(k,q -1, ®)

94



CyyacHi mexHonoeii ma memodu pospaxyHkie y 6ydigHuymei. [lyupk, JIHTY. 2024, Bunyck 22
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22

me: k; — KOe]iieHT IMHAMIYHOCTI 3yCHUISA B MiJHOMHOMY KaHATi JJIsi
BIZIMOBITHOTO PEXMMY POOOTH MiAHOMHOI yCTaHOBKHM, SIKMH BH3HAYa€THCS HA
I/ICTaBi CTATUCTHYHOTO aHATI3y EeKCIIEpUMEHTAIbHUX JAaHuX (auB. Tabum. 1) [2].

Tabmums 1
UwncnoBi XapaKTepUCTUKN KOe(ili€HTIB JMHAMIYHOCTI 3YCHITh Y i THOMHUX
KaHATaX IIiJ{ 9aC OCHOBHUX PEXHMiB POOOTH NIAXTHHUX ITi JHOMHHIX YCTAHOBOK

Nerrn. | Cragis Matrematma- | Hucnepcis | Hosipumit | KsaaTtmis
pobotu HE iaTepBan | Pg=0,9973
Iy CIIOJIiBaHHS (B=0,95)
1 Coyck A 1,21 0,0122 1,15;1,28 | 1,61
2 Cnyck b 1,12 0,0052 1,09;1,15 | 1,29
3 Cryck B 1,14 0,0074 11,118 | 1,43
4 Coyck I' 1,08 0,0023 1,06;1,1 | 1,24
5 Cryck /] 1,17 0,0074 1,14;1,20 | 1,40
6 [Migiiom A | 1,26 0,039 1,15;1,37 | 1,96
7 [Migfiom b | 1,12 0,0046 1,08;1,15 | 1,32
8 [Miniiom B | 1,14 0,0055 1,11;1,17 | 1,394
9 Migitom I" | 1,08 0,003 1,06; 1,1 | 1,27
10 [Migiiom 11 | 1,18 0,0198 1,123; 1,66
1,24
IIpumirka. B Tabnumi npuiiHATa HacTymHa cucrema mo3Hadens: HIITY-
IIaxTHa MmigiioMHa ycraHoBKa; «Cmyck», «llimifloMm» — HampsAMOK pyxy

PO3MIISIHYTOT TUIKM MiTHOMHOTO KaHary; «A» — MaHEeBpH 1 3aBaHTaKEHHs
MiAHOMHUX cyauH; «b» — 3HATTS 3 OCaAKOBUX MPUCTPOIB; «B» — mpuckopeHuit
pyx; «I'» — piBHOMIpHHH pyX; «/I» — YIIOBUIEHEHHI PyX.

Y naHiii poOOTI B SKOCTI pO3paxyHKOBOIO 3HAuYeHHs KoedilieHTa
JUHAMIYHOCTI 3yCHIUIS B MiTHOMHOMY KaHATi MPUHAMAIOCs 3HAYESHHS K, = 1,17,
AKe BIAMOBiAa€ BEPXHI TpaHUIl JOBIPUOTO iHTEpPBAIy MAaTEMaTHYHOTO
crofiBaHHA IpH iMoBipHOCTI $=0,95 (1uB. Tabu. 1 1. 8) I eTamy NPUCKOPEHOTO
PyXy HiAHOMHOI MaIllMHU HA IOYATKY MiTHOMY.

HaBanTa)keHHs BiJ HaTATY MiTHOMHUX KaHATIB HAa KOHCTPYKII YKiCHHX
IIAXTHUX KOIPiB TPUKIATAETHCS Y BUTIISAAI PIBHOMIIOUMX BiJ HATATY TiIOK
KaHaTa, SIKi BU3HAYAIOTh 32 (DOPMYIIOIO:

R; = 1,414S;{/ (1 + sina), (6)
JIe @ — KyT HaXwWIy BiAMOBITHOI TLIKH T IHOMHOTO KaHaTa 10 TOPU3OHTAI.

3a HasBHOCTI IBOX TLJIOK MigifoMHOTO KaHarta (30iratouoi i Habiraro4doi Ha
OapabaH migiHOMHOI MaIlIMHN) PIBHOIHHI BiIIOBITHUX T1JIOK ITiTHOMHOTO KaHATY
MarOTh Pi3HI KyTH HaxWIy A0 TOPU30HTY, iX TOPH3OHTAJbHI 1 BEPTUKAIbHI
CKIIQZIOB1 Jlemo Bifgpi3HAoTbca. OpHAaK, TpU aHaTi3i BTOMHOI MIITHOCTI,

95



CyyacHi mexHonoeii ma memodu pospaxyHkie y 6ydigHuymei. [lyupk, JIHTY. 2024, Bunyck 22
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22

po3risiianach yMOBHa PIBHOJIIHA, sKa CKiajaiacs 3 MakCHUMalbHHUX 3HaYeHb
BEPTUKAJIbHUX (A7 30irarodoi TinkM MiAHOMHOTO KaHaTa) 1 TOPH30HTAIBHUX
(s HaOirarovoi TijIKy MiAHOMHOTO KaHaTa) CKIaJOBUX 3yCHiIb. Lle mpumymeHHs
MOJXKHa BB&)XaTH KOPEKTHHUM Y 3B’S3KY 3 HASABHICTIO 3MIHM KyTa Haxwiy
PIBHOIIMHMX 3yCHIIb BiJ] MiTHOMHUX KaHATIB BHACIIIOK BILUTUBY CHJI iHEPIIii Mac
KOIPOBHX MIKHBIB, IO 00€pTalOTHCS, P IMPUCKOPEHOMY ab0 YIIOBITFHEHOMY
pyci.

Jln1s BU3HAYCHHS XapaKTEePUCTHUK THIIOBOTO NUKITY AWHAMIYHHUX HAIIPYKCHb
B PO3PaxyHKOBHX IIepepizax KOHCTPYKIIH IIaxXTHOTO KONpa PO3IIISNAIOTHCS
HACTYIIHI PO3paxXyHKOBI CUTYaIIii:

1 - pospaxyHKOBa CHTyallissi MaKCHUMJIbHOTO CyMapHOIO 3YCHJUISA
HATSATHEHHS TUIOK MiJHOMHOrO KaHaTy: 3aBaHTa)KCHA MiIHOMHA MOCYIHHA
pyXa€eThest 3 MPUCKOPEHHSIM Ha MoYatKy migidomy (S7%*), moposxHs NoCyIHHa Ha
movaTky cnycky (SH%*) B komOiHamii 3 MTOCTIHHUM 1 [IOBrOTpHUBAIUM
HaBaHTa)KEHHSM (Bara KOIPOBUX ILIKIBiB);

2 — po3paxyHKOBa CHTYallis MiHIMAIGHOTO CYMapHOTO 3yCHJUIS B TiJKax
MiAHOMHOTO KaHaTa: pO3BAHTAXKCHI ITi THOMHI TOCYIMHI HEPYXOMi 1 3HAXOIAThCA
Ha piBHi HwkHBKOI (SI™) i BepxHboi mpuitMambHOI Miomanku (SH™) B
KOMOIHaIIT 3 MOCTIHHMM 1 JIOBrOTPUBAJIMM HABaHTAKEHHSM (Bara KOIPOBUX
LIKIBIB).

KoeoimienTn crmomydeHHs AN PO3PaxyHKOBUX CHUTYAIliil NpHiMauch
BIINIOBITHO 110 HOPMATHUBHHUX IMOJIOKeHb [8]. O3HaueHi IBI pO3paxyHKOBI
cUTyalii BU3HAYAIOTh IIMKJ HABAHTA)XXEHHS IPU PoOOTI MiHOMHOI yCTaHOBKH.
Po3paxyHkoBi curyamii: «1» i «2» BH3HAYaIOTh BIAMIOBIIHO: a) MaKCHMAaJbHi
Omax,i 1 MIHIMAJIBHI Oy, ; PIBHI HAIIPY’KEHHS LUKy Y PO3PAXYHKOBHX Mepepizax
KOHCTPYKIIH InaxTtHoro konpa. Ha mifncraBi 3HA4€Hb: Opgr;i Ta Opin
BU3HAYAIOTbCA aMILIITy[M HampyXeHb LUKy Og;, a TakoXk Koe(ilieHTH
acumeTpii HanpyxeHs p;. [Ipy TakoMy migXol KUIBKICTh UMKITIB JTUHAMIYHHX
HATpy>K€Hb NM; BIANOBIJa€ KIUIBKOCTI TEXHOJOTIYHUX IMKIIB ITiXHOMHOL
YCTaHOBKH 32 HOPMAaTUBHUM TePMiH eKCIUTyaTalii (3a3Budail 3HagHO Oinpme 1 X
109).

Knacudikauis no rpynax KkoHcTpykuiii BUKOHyBaJIaCh JUISI XapaKTepHUX
KOHCTPYKTUBHUX (DOPM YKiCHHX IMIaXTHUX KOIIPiB BiAMOBiAHO 10 Tabmmii T.3 [6].
CraneBi yKiCHI IIAaXTHI KONpH IIe HPOCTOPOBA CTEPKHBOBA CHCTEMA, SKa
CKJIaJIa€ThCsl 3 HACTYIHUX OCHOBHHMX KOHCTPYKTUBHMX YAaCTHH: @) IiIKOTIPOBOT
pamu, sika 00IMpaeThCs Ha 3aJ1i300€TOHHI KOHCTPYKIIi IIMHAKY IIaXTHOTO CTBOJIA;
0) KOHCTPYKLil cTaHKa, sIKi € (YHKI[IOHAJbHUM IPOJOBXKEHHSAM ILaXTHOTO
CTBOJIA 1 OOMMPAIOTHCS Ha MiJKONPOBY paMy; B) YKOCHHHU, sika OOIMPAETHCS HA
OKpEMO CTOS4i MacHuBHI  3ai300€TOHHI (yHAAMEHTH; T) MiJIIKIBHUX
KOHCTPYKILIH, SKi OONMHMparOThCs HAa KOHCTPYKLII CTaHKa 1 Ha TOJIOBHY OajkKy
ykocuHHu (puc. 3) [2]. 3a KOMIOHYBaHHSM IIAXTHOI MiTHOMHOI YCTaHOBKHU
PO3PI3HAIOTH KOIPH: OJHOMIAHOMHI 1 O6araTomigioMHI (JacTirie JBOIIiTHOMHI)
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[2]. 3a KOHCTPYKTHBHOIO (POPMOIO PO3PI3HSIOTH JIBA OCHOBHUX THIM IIaXTHUX
KOIIPIB: @) y BUIIIAI NPOCTOPOBUX (pepM — KOIIPH CTAaHKOBOI cucTeMu (puc. 1,a);
0) y BUIJISAI1 IPOCTOPOBHUX PaM — paMHi YKiCHI KOTIPH IIAaTPOBI i HAMiBIIATPOBI
(puc. 1,0, B, T).

Puc. 3. [IpuHIMIOBHII CKITaJ CIOPYIH JBOMIAHOMHOTO MATPOBOTO YKICHOTO
IIaXTHOTO Kompa: 1 — 6apabaH migiHOMHOT MAIIMHK; 2 — TIJIKH M1 THOMHOTO
KaHaTa; 3 — IKiBK; 4 — MiAMIKIBHI KOHCTPYKIIT; 5 — YKOCHHH; 6 — CTAHOK

PaMHi HamiBIIATPOBI i MATPOBI YKiCHI KOIIPH BiAPI3HAIOTHCS BiJl CTAHKOBUX
MIPUHITUIIOM He3ale)KHOT pOOOTH MiAIIKIBHUX KOHCTPYKIH Ta YKOCHHH BiJ
KOHCTPYKIIi{ CTaHKa, TOOTO KOHCTPYKIIT CTaHKa HEe CIIPUHMAaIOTh HAaBaHTAXKEHHS
Bil HATATY MigHOMHUX KaHaTiB. OCKUIBKM IUKJIIYHI HaBaHTA)KEHHS Ha
KOHCTPYKIIi IMAaXTHUX KOINpPIiB BUHHUKAIOTH BiJ] HATATYy MiAHOMHUX KaHATiB —
MMUTaHHA BTOMHOI MIITHOCTI Ui PaMHHUX YKICHMX KOIPIiB iCHY€ TUTBKH IJIst
YKOCHHM 1 MiAMKIBHUX KOHCTpYKHid. Te came XapakTtepHe 1 I KOTpiB
cTaHkoBOl cuctemH, ockimbku 80...90% piBHOAIMHMX 3ycHib B TiIKax
ITiIHOMHOTO KaHaTy CHPUHMAETHCS MiIIKIBHUMH KOHCTPYKILISIMH 1 YKOCHHOIO.

V naniii po6oTi aHaIIi3 BTOMHOT MIITHOCTI OOMEXY€ThCS pAMHUMH YKICHUMH
KOIIPaMH, JUIsl SIKNX XapaKTepHI KOHCTPYKTHBHI (POPMH MIAMIKIBHUX KOHCTPYKIIH
1 TOJIOBHOT OaJIKM YKOCHHHU HaBe/IEHO Ha puc. 4.

[ukniuHe HaBaHTa)KEHHS Bijl PIBHOMINHHUX 3yCHJIb B IiAHOMHHX KaHATax
NIPUKIIQAAEThCSl HA MiAMIKIBHI KOHCTPYKIIT Y BUTJISI OMIOPHUX PEaKIii MIKiBiB.
JIis  miAmKiBHUX KOHCTPYKIIH € XapakTepHUM CKJIQJHUNA HANpy>KEeHO-
nedopmoBanuii ctad (puc. 5) [9]. T'onoBHa 6aka YKOCHHU TIPAITIOE TTEPEBAKHO
Ha 3THH, XapaKTepHi mepepi3u TOJIOBHUX 0ajok — KopobuacTi (puc. 4).
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a) 0)

Puc. 4. XapakTepHi KOHCTPYKTHUBHI (POPMH T AMIKIBHIX KOHCTPYKITii
paMHHX YKICHUX LIaXTHHX KOMPIB: a) IBOTABPOBHH CKIAJICHUI Iepepis;
0) xopoOuacTuii iepepi3. 1- miAMKIBHI KOHCTPYKIIil; 2 — TOJOBHA Oanka

YKOCHHH

Sk mokaszye aHalli3 Halpy>KeHO-Ie()OPMOBAHOIO CTaHy KOHCTPYKIIH
IIAXTHUX KOTIPIiB ITPH J1ii TEXHOIOTIYHUX HABAHTA)XEHB, 3aBJJaHHS PO3PaXyHKY Ha
BTOMY BHHHKA€ JUIA TEpepi3iB MiAMIKIBHUX KOHCTPYKIIH y By3/Iax oOmMMpaHHS
IIKiBiB, a TAKOXX B Mepepi3ax rojJoBHOI OAJIKM YKOCHHH B MICISX CIOJYYEHHS 3
MiAMKIBHUMEA KOHCTPYKIsAMHE [7, 9]. B 30H1 By3nma oOnupaHHs IIKiBa BHSIBICHO
YOTHUPU XapaKTepHUX IUISHKH, SAKi BiAPI3HAIOTHCA 32 PIBHEM KOHIICHTpALii
HampyXeHb: A — JUISHKA JIOKaJbHUX HaNpy)XeHb ITiJ] ITiJIOIIBOI0 OHOPHOTO
nigmunauka; B, C — ninsHKa CKIIaJHOTO HANpyXeHO-1e(OPMOBAHOTO CTaHY i
KOHLIEHTpALil HanpyXeHb, D — minsgHKa MI0CKOro HanpyXeHo-1e(OpMOBAHOTO
cTaHy 0e3 CyTTEBOI KOHIICHTpALlii HanpykeHb (puc. 5) [9]. Haiibinpiuuii piBeHb
KOHLICHTpALil HaNpyXeHb CIIOCTEPIraeThCsl Ha JOUISHIOI «A» JIOKaIbHUX
Halnpy)XeHb — Yy MiClli NpPUKIAZaHHS 30CEPe/DKEHUX 3YCHIb BiJ HATATY
migi#oMHOTO KaHata (puc. 5,0).
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a) 0) B)

Puc. 5. Cknaguuii Hanpy»xeHo-1e(hOPMOBaHHUI CTaH IiJIIKIBHIUX
KOHCTPYKIIIH Y By3J1i OONHMpaHHs IIKiBa: a) 3arajlbHUAN BUIJIS i IIIKIBHOT
paMu MaTpoBOro KoIpa; 0) po3moisi 3BeACHNX HAIPYKEHb Opeq )

B) PO3MOJIII TOTUYHHX HANPYKEHb

Binmosiguo 10 Tabmumi T.3 [6] mid miAMKIBHUX KOHCTPYKILH i TOJIOBHOT
0amKkd yKOCHHHM BCTAHOBJICHO HACTYIHI TPYNH €JIEMEHTIB 1 3’€IHaHb MpHU
PO3paxyHKy Ha BUTPHUBAIICTh (pHcC. 6):

]

Puc. 6. Knacudikariis po3paxyHKOBHX Mepepi3iB MiIIKIBHOI KOHCTPYKIIIT 32
TpyIIaMH €IEMEHTIB KOHCTPYKIIi 1 3’€THaHb IPH PO3paxyHKY Ha
BuTpHBajicth (Tabiu. T.3 [6])
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e Trpyna 3a — 3BapHi JBOTaBPOBI NEPETUHH BIOBX 3BapHOIO IIIBa — BY3JIX
oOnupanHs HIKiBiB (puc. 5, 0);

e Trpyna 6a — BEepxHill MOSIC JBOTaBPOBOTO Hepepi3y B MICIi KPIiIUICHHS
(J1aHrOBUMHM LIBaMU yNOpY MiAIIMIHHMKA IIKIBA — BY3JIM OONHMpPaHHS LIKIiBIB
(puc. 5, B);

e rpyma 5a— KpiluIeHHs 3BapHUMH [IBAMH ITOTIEPEYHUX pedep JKOPCTKOCTI
JI0 CTiHKH 1 TOSCIB MiAMKIBHOT KOHCTPYKIII B TIepepisi By3na oOmipaHHs IMIKiBa
(puc. 5, a);

e Tpyna 5 a— 3BapHHI KOpoOYaCTHII Iepepi3 TOMOBHOI OaNKK YKOCHHH 32
HAsBHOCTI NOMEPEYHUX pedep KOPCTKOCTI y By3NaX OOMMpaHHS MiANIKIBHUX
KOHCTPYKIIIH.

AHaJli3 Hanpy:KeHo-1e()OPMOBAHOI0 CTAHY XapPaKTEPHOI CIOPYAU NPH
Il HUKJIIYHUX HABaHTaMKeHb. JJI1 peabHOl XapaKTepHOI CopyAu (CKITOBHit
KOIIEp I'OJIOBHOTO MiIHOMY) BUKOHAHO aHaJi3 LIMKJIIB JUHAMIYHHX HAIPYKEHb B
PO3paxyHKOBUX IepepizaX KOHCTPYKTHBHHMX €JIEMEHTIB (3aralbHUi BHTJISI
CHOpYAM Ta ii 4aCTHH HaBeJEHO Ha puc. 3, 5, 6). 3a KOHCTPYKTHUBHOIO CXEMOIO
LIaXTHUH KoTiep maTpoBuil. HampsMHI HIKiBY po3TanioBaHi B OJHil TUIOMIKHI Ta
obnuparThcs Ha no3Hadkax: +52.00m i +60.00m. Tum nigdOMHHUX TMOCYIHH
ckimu — CH15-221-1,5. lIBunkicte mimiiomy — 12 M/c, NpHCKOpEeHHS Ta
ynoBinbHeHHs — 1,5 M/c?. MakcuManbHa BucoTa nigiiomy — 853 M. IlosHauka
BEepXy pHTENs MOHOPEHKH MOHTaxHOro mpuctporo +67.00 M. Ilepepizu
KOHCTPYKTUBHHX €JIEMEHTIB OCHOBHHMX HECYYHMX KOHCTPYKLIH € CKIaIeHUMH,
3BapHi, KopoO4acTi Ta qBOTaBpOBi. OCHOBHI HeCcydi KOHCTPYKIIi BUKOHAHO 3i
crami mapok (245, C255. Amnanmiz Hanpy)eHO-Ie(OpMOBAaHOTO CTaHy
KOHCTPYKIIIH KOMpa Ha Jil0 HUKIIYHAX TEXHOJIOTIYHUX HABAHTa)KEHb BUKOHAHO
Ha TPOCTOPOBIA  pPO3paXyHKOBIH MOJENI y BUINIAII  ampoOKCUMAIlii
KOHCTPYKTHUBHOT CXEMH CIIOPY/IH CTEPKHbOBUMH CKiHYeHUMHU eneMeHTamu B [TK
SCAD, sixa HaBesieHa Ha puc. 7.

B T1abn. 2 HaBeneHi 3HAYEHHS PO3PaxXyHKOBUX IUKIIYHUX 3yCHIb B
MiTHOMHMX —KamaTax: Sme¥; §Mmax, gmin, gmin - gii  pu3HayalOTh piBEHb
MaKCHMaJlbHUX 1 MIHIMQJIPHUX HaNpyXeHb B PO3PaxXyHKOBUX Iepepizax
KOHCTPYKIiH Kompa. PiBHOAIIOWI BIiNMOBIAHUX 3YyCHJIb B TiNKax IIiTHOMHOTO
KaHaTy, oOuucneHi 3a ¢opmynoo (6) B KkomOiHamii 3 TOCTIHHMM i
JOBrOTPUBAJIMMH HAaBaHTAXXCHHSIMH, MOYEPTOBO MPUKIAAAIOTHCS J0 BEPXHIX 1
HWKHIX I IIIKIBHAX KOHCTPYKIIH U1l OTPUMAaHH MAKCHMAIbHUX 1 MiHIMAITBHUAX
PiBHIB HampyXe€Hb THUIIOBOTO IIMKIY B PO3PaxyHKOBHX Iepepizax MiAMIKIBHUX
KOHCTPYKIIH 1 yKOCHH.
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Puc. 7. Po3paxyHkoBa MOJIeINb IIIAXTHOTO KOIIPa Y BUTIISAIL
ampOKCHMAIIil CTEP)KHBOBUMH CKiHueHHMH eemenTamu B IIK SCAD

101



CyyacHi mexHonoeii ma memodu pospaxyHkie y 6ydigHuymei. [lyupk, JIHTY. 2024, Bunyck 22
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22

Tabmuus 2
Po3paxyHKOBI IUKJIIUHI 3yCHJUIS B T'lJIKaX ITiJHOMHOTO KaHATy

HaiimenyBaHHS pO3paxyHKOBOTO Benuuuna 3ycwuis B
LHUKJIIYHOrO HaBAHTAKEHHS migiioMHOMY KaHaTi, KH
1.Po3paxyHKOBI IUKJIIUHI 3yCHJLIA B TUTKAX MiTAOMHOTO KaHATY JIJIs

PO3PaAXYHKY Oayx i .

SMPX - 3apaHTa)KeHA T IHOMHA CyIHHA 620,3
PYXA€EThCs 3 IPUCKOPEHHIM Ha MOYATKY IiAioMy
SSH* - MOpOKHS CYIMHA Ha TIOYaTKy CITyCKY 152,2
(Smax)
01

2. Po3paxyHKOBI MUKITIYHI 3yCHIIIA B TUIKAX MiTHOMHOTO KaHATY IS
PO3PAXYHKY Opyin i

S _ po3paHTa)KeHa HioMHa CyIuHa 266,44
HEPYXOMa 1 3HAXOIUThCS Ha PIBHI HAKHBOT
MPUIAMaJIbHOT IUIOUIAAKU

SN _ po3BaHTa)KeHA MiIHOMHA CyHUHA 130,1
HepyXxoMma 1 3HaXOUThCS Ha PiBHI BEPXHBOT

MpUHAMaJbHOT IUIOUIAAKU

VY Tabn. 3 HaBedeHi pe3yNbTaTH PO3PaxXyHKY PiBHIB IUKITIYHUX HAMPYKECHb
1 BIINOBITHUX KOEe(IIi€EHTIB aCUMETpii HAPYKEHb B PO3PaXyHKOBHX Tepepizax
MIAMIKIBHAX KOHCTPYKIiH i ykocuH. BinqnmoBigHo 1o gaHuX TaOI. 3, aMILTITYIHI
3HAYEHHsI LUKIIIYHUX HANpyXeHb 1 Koe]ilieHTH acuMeTpii CKIaqaroTh: a) s
HiIKIBHUX  KOHCTPYKUIH: Opgy; = —9,3 ...+ 11,7 MIla, p; =0,2...0,4;
0) A4 TOJNIOBHUX 0aNOK YKOCHHHU: Opqy i = +56,6 MIla, p; = 0,3.

VY nonanbiioMy aHaji3i BTOMHOI MIIIHOCTI O PO3IJIsiLy NpuiiManucs Ti
KOHCTPYKIIi 1 pO3paxyHKOBI Iepepi3u, A IKUX BUKOHYETHCS HACTYITHa YMOBA
[6]:

20q,i
a-pp) ve

(7

3rifiHO 3 JaHUMH, HABEJACHUMHU B Ta0J. 3, 03HAUCHA YMOBA BUKOHYETHCS IS
PO3paxyHKOBHX Iepepi3iB «5a» roJOBHUX 0alloK YKOCHH y BY3Jax OOMHpaHHS
MiAMKIBHAX KOHCTPYKIiH. BiAmoBiaHO 10 monoxeHb [6] BUKOHaHHS yMOBH (7)
03HAYAE HASBHICTH OOMEXKEHOTO PECYPCY 3a BUTPUBAJICTIO.
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Tabnuus 3

XapakTepuCTHKH IIUKIIIYHUX HANPYXKEHb Y PO3PaxyHKOBUX Hepepizax

KoncTpykuist 1 THIIN
PO3paxyHKOBHUX MEpepi3iB

XapaKkTepUCTHKY IIMKIIYHUX HaNpPY)KEHb

Omax,i

MlIla

Omin,i

MlIla

Oq,i
MlIla

Pi

20'a'i

1-pp)
MIla

1. BepxHi migimkiBHi
KOHCTPYKIIIi:

3a — By311 OOTIMpaHHS [IIKUBIB
5a — nepeTUHaHHA
PO3TATHYTOT'O MOSICY
JBOTaBPOBOTO TEpepi3y 3
MONEepeyHUM pedpom
JKOPCTKOCTI

6a — BepxHiii mosic
JIBOTaBPOBOTO Tepepi3y B Miclii
KpimyieHHs! (JIaHrOBUMH LIBAMHU
ynopy HiJIIKITHAKA IKiBa

-33,6
+35,0

-25,6

-12,7
+8,0

-10,5
+13,5

04
0,2

0,3

35,7
33,8

26,6

2. HwxHi nigmkisai
KOHCTPYKLIT:

3a — By3:11 OOTIpaHHS IIKUBIB
5a — nepeTuHaHHA
PO3TATHYTOTO MOSICY
JIBOTaBPOBOTO TEpepizy 3
MONIepeyHIM pedpom
JKOPCTKOCTI

6a — BepxHiit mosic
JIBOTABPOBOTO Tepepi3y B micii
KpiruieHHs (pITaHTOBHMH IIIBAMHU
YIOpPY MiJIHITHAKA IIKiBa

-34,7
+32,4

-37,1

-11,0
+11,4

-11,6

-11,7
+10,5

-11,35

04
04

0,4

39
35

35

3. Bepxwns rosiosHa 6anka
YKOCHHH:

5a — By3071 00mMpaHHA

T IIKiBHOT KOHCTPYKITiT

+56,6

+18,7

+18,5

0,3

55,9

4. HwxHas rosoBHa 6anka
YKOCHHHU:

5a — By30J1 0OnMpaHHs
MANTKIBHOT KOHCTPYKIII|

+56,5

+17,4

+19,6

0,3

49,7

V tabn. 4 HaBeneHI pe3ysIbTaTH aHaNi3y BTOMHOI MIIIHOCT] pO3paxyHKOBHX
nepepiziB 5a royIoBHUX OalloOK YKOCHHHM Yy BY3/1aX OONMpPaHHS ITiJIIKIBHUX
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KOHCTpYKILiH. BigmoBiIHO 10 OTpUMaHHX pe3yNbTaTiB, Pecypc 3a BTOMHOIO
MIIHICTIO KOHCTPYKIIIH KOTIpa BU3HAYAETHCS IPAHIMYHO-JIOMTYCTHMOIO KUJIBKICTIO
TEXHOJIOTIYHHAX IUKJIB TSI BEPXHBOI TOJIOBHOI 0aimku ykocwHHd 1,3 X 10°.

Tabnuus 4
I'paHnuHO-I0MyCTHMA KUTBKICTB IIMKJIB B PO3PaXyHKOBHX Iepepizax
TOJIOBHUX 0aok yKocuH N;

Konctpykiist 1 Tumu Mexa
PO3PaxyHKOBHX Iepepizin BUTPHBAJIOCTI T N,
R,i, MIla (1 —=p)Ry

1. Bepxas TronoBHa Oanka
YKOCHHHU:

5a — By30J1 oOmMpaHH 36,4 1,53 1,3x10°8
i ANTKIBHOT KOHCTPYKIII|
2. Hwxns ronmoBHa O6anmka
YKOCHHHU:

5a — By30.1 OOIUPaHHS 34,6 1,43 1,6x10°
MIANIKIBHOT KOHCTPYKII|

BucHoBku

1. PospaxynkoBiil cutyanii Oy,q,; BiANOBigac HAaCTymHMIl eTam poOoTH
[IaXTHOT MiIHOMHOT YCTAaHOBKH: 3aBaHTAXEHA MiHOMHA MTOCYIMHA PYXa€ThCS 3
NPUCKOPEHHSM Ha TI0YaTKy MiAHOMY, a TOpPOXKHS IOCYIUHA PYXA€ThCs 3
NPUCKOPEHHAM BHHU3. Po3paxyHKOBili cHUTyallii Op,,; BIJNOBilae CTaTHYHE
TIOJIOXKEHHSI TOPOXHIX MOCYIUH Ha PiBHI BEPXHBOI 1 HWXKHBOI MPUHMaIbHUX
TUIOIIAJIOK.

2. JIns miAIIKIBHUX KOHCTPYKLIM XapakTepHI Taki THUIM EJIEMEHTIB 3a
knacudikaniero tadn. T.3 [6]: 3a — By3nu oOnMpaHHs HIKiBiB; Sa — HUKHIH 1osic
3BapHOTO JIBOTABPOBOTO Iepepizy B MiCIl NEpeTHHAHHS 3 peOpOM KOPCTKOCTI;
6a — BepXHiii OSIC JBOTaBPOBOTO MEpepPi3y B MicIli KPiIUIEHHS KyTOBUMH HIBAMHU
yHOpY IIKiBa.

3. T'omoBHI GaJKM yKOCHHH MPAIIOIOTh HA 3TMH, MAaKCUMAaJbHI 3HaYCHHS
HOPMaJIBHUX 1 JIOTUYHUX HANpyXeHb BHUSBICHO Yy By3JiaX CIOJYYeHHS 3
MAMIKIBHAMY paMaMu — TUII ejleMenTa Sa 3a tabi. T.3 [6].

4. Po3paxyHKH 3a HOPMAaTHBHOIO METOJUKOIO [6] MOKazain oOMeKeHUi
pecypc 3a BTOMHOIO MIIHICTIO Ul TOJOBHHMX Oallok ykocwHH. [lpumycruma
IpaHWYHA KUIBKICTh LMKJIIB HABAHTAXKEHb CKIIAIAE: JUTS BEPXHBOI FOJI0BHOT OaKN
— N; = 1,3 x 10°; qna mmxaB0i ronosHoi 6anku — N; = 1,6 X 10°,
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YK 593.3 https://doi.org/10.36910/6775-2410-6208-2024-12(22)-10

MiuHicTs Ta 1egopMiBHICT KOHCTPYKIiHHOI MO (pikoBaHOT
JAepeBHHH SIMHU Ta siceHa 3a eKcIIyaTauii y BOJHOMY cepeloBHIIi

Strength and deformability of structural modified wood of spruce
and ash during operation in water environment

Marsivok O.B., cr. BuHKI., Iomon CB.CB.,, A.T.H., H0pod.
(HanionanabHuii YHiBepcHuTeT BOJHOI0 rocnogapcraa Ta
npuponoxkopucrysannsi, PiBue), Bbypnaes O.M., k.p.-M.H., [JOLEHT
(JIbBiBChKHI1 HALLIOHAIbHUI YHiBepCHUTET NPUPOJOKOPUCTYBAHHS)

Matviiuk O.V., senior lecturer, Homon S.S., Dh.D., professor,
(National University of Water and Environmental Engineering, Rivne),
Burnayev O.M. Ph.D., Associate Professor (Lviv National University of
Nature Management)

Hasedeno memoouxy excnepumMeHmanbHux O0CHONCeHb MOOUPIKo8anoi ma
Hemoougikosanoi 40-piunoi KoHCmMpyKYitiHOT Oepesuru AAUHU MA ACEHA OCbOBUM
CMUCKOM Y3008 80JIOKOH 30 HOPMATLHUX YMO8 eKCHILYAMayii ma y 600HOMY cepedosuuyi.
3a pesyromamamu npogedeno2o eKxcnepumeHmy nooyoo8ano cicmospami OUHAMIKU 3MIHU
OCHOBHUX XAPAKMEPUCMUK MIYHOCMI ma OedopmieHocmi. BcmanoeneHo, wo 6nnus
600H020 CEPeOOBUWA 3HAUHO 3MEHULYE MUMYACO8Y SPAHUYHY MIYHICMb Oepesunu ma
MOOYNb  NPYICHOCMI, 30IIbULYE BIOHOCHI KPUMUYHI MAa 3a1UmKosi Oegopmayii y
NOPIGHAHHI 3 NOKAZHUKAMU 34 cmanoapmHoi eonoeocmi 12%. Busigneno, wo moougixayis
OepeguHU NONIMEPHOIO KOMNOUYIEIO CUNOP RIOBUWYE MAKCUMANbHI HANPYICEHHA Ma
MOOYNL  NMPYIHCHOCMI, 3MEHUYE GIOHOCHI KpUMuUuHi ma 3anumKosi Oegopmayii 6
NOPIGHAHHI 3 NOKAZHUKAMU 3a cmanoapmuoi eéonozocmi 12%.

Structural wood is operated in various aggressive environments. It is most
affected by alkaline, aqueous, saline, and acidic environments. At the same time, wood-
based materials and elements under such operating conditions can operate under various
types of loads. The most common are the operation of solid, glued, and modified wood
under axial compression and tension along the fibers. In this article, we will be interested
in the operation of structural modified wood under axial compression along the fibers
under short-term loads during operation in an aquatic environment. The purpose of this
article is to establish the main strength and deformation parameters in the subcritical and
postcritical stages of operation of a composite material when operating in an aquatic
environment.

The methodology of experimental studies of modified and unmodified 40-year-old
structural wood of spruce and ash by axial compression along the fibers under normal
operating conditions and in an aquatic environment is presented. According to the results
of the experiment, histograms of the dynamics of changes in the main characteristics of
strength and deformability were constructed. It was established that the influence of the
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aquatic environment significantly reduces the temporary ultimate strength of wood and the
modulus of elasticity, increases the relative critical and residual deformations compared
to the indicators at a standard humidity of 12%. It was found that the modification of wood
with the polymer composition Silor increases the maximum stresses and the modulus of
elasticity; reduces the relative critical and residual deformations compared to the
indicators at a standard humidity of 12%. The obtained composite materials based on
spruce and ash wood and the polymer composition Silor are stable during operation in
aquatic environments and do not deteriorate the main strength and deformability
properties.

Kniouoei  crnosa: miynicme, Oeghopmienicms, KOHCMPYKYIlIHA MOOuQikosaua
Odepesuna, 00He cepedosuuye, CIUCK, HANPYH#CeH0-0epopMOBanuLl CMaH.

Keywords: strength, deformability, structural modified wood, water environment,
compression, stress-strain state.

IMocTtanoBka mpobaemu. KoHCTpyKIliiiHa OepeBHHA EKCIUTYyaTyeThCS Y
pizHux arpecuBHUX cepenoBuinax [1-10]. Haiibinplioro BIUIMBY 3a3Ha€E y
JTY)KHUX, BOJHUX, CONBbOBUX, KucimoTHUX [11-18]. Ilpm mpomy martepiamu Ta
€JIEMEHTH Ha OCHOBI JICPEBUHH 32 TAKMX YMOB €KCIUTyaTallii MOXXYTh MPALFOBATH
3a pI3HUX BUAIB HaBaHTaXeHb. HalOLTBII pPO3MOBCIOKEHOIO € poboTa
CYLIbHOI, KJIEEHOT Ta MO (iKOBaHOI AEPEBUHH 32 OCHOBOTO CTHCKY Ta PO3TATY
B3[I0BX BOJOKOH [19-22]. B paniii crarti Hac Oyne uikaButd pobora
KOHCTPYKIIHHOT MOIM()iKOBAHOI JIEPEBUHU Ha OCHOBHUII CTUCK Y3JI0BXK BOJIOKOH
3 KOPOTKOYaCHMM HAaBaHTA)KEHHSIM 32 €KCIUTyaTallil y BOJAHOMY CEpPEOBHIIL.

AHaniz BigomMux pgociaimxedb i mnyOJikaniii. ExcrepuMeHTanbpHO-
TEOPETHYHUMH JIOCIIDKEHHSIMH pPOOOTH JEPEBUHHM Y PI3HUX arpecHBHHUX
cepeOBUIIaX MPHUCBIYCHI HAYKOBI MpAaIli BiIOMHX BITYM3HIHHUX Ta 3aKOPIOHHUX
aBTopiB [1-18]. € HU3KAa HayKOBHX POOIT, IO CTOCYIOTHCS BILTMBY BOJIOTOCTI Ha
(i3UKO-MeXaHI4HI BIACTHBOCTI IepEeBUHH pi3HUX nopix [7-13]. Jlocuts Baromuit
BKJIAJ y JOCHI/DKEHHS 3MIiHM MEXaHIYHMX XapaKTepHCTHK JEPEBHUHH pPi3HOT
BOJIOTOCTI 32 CTUCKY B3JI0BXK BOJIOKOH 3po0uB ['omon CB.Cg. [11, 12, 19]. ABTOp
3alpOIIOHYBAaB MOJENb POOOTH JICTSHUX Ta XBOHHMX MOPiJ IEPEeBHHH 32
Bostorocti B Mexax 12-30%, o nae 3MoTy BU3HAYaTH MIIHICHI Ta 1eOpMiBHI
BIIACTUBOCTI B JJOKPUTHUYHIHM Ta 3aKpUTHIHIN CcTaail poOOTH MaTepiary.

Bepemko O.B. [6, 15-18] mocnimKyBaB BIUTUB OPTaHI9YHNX Ta HEOPTaHIYHUX
KHCIIOT Ha OCHOBHI MeXaHi4Hi MOKa3HUKH JIEPEBUHH OEpe3n Ta COCHHU 33 CTUCKY
B3/IOBK BOJIOKOH. ABTOP Ha OCHOBI YHUCIIEHHUX €KCIIEPUMEHTAIBHUX JTOCTIKEHb
BCTaHOBUB 3aKOHOMIPHOCTI AMHAMIKH 3MiHU BIUIMBY KHCJIOTHUX CEPEJOBHII Ha
JOKPUTHYHI Ta 3aKPUTHYHI MILHICHI 1 1e()OpMIBHI XapaKTEPUCTHKH.

€ 1ocuTh BeJIMKA KiJIbKICTB MPallb, 10 CTOCYIOTHCS MOAU(iKaLii 1epeBUHN
[23-29]. Ase i gociikeHHst B OLIBIIOCTI BUMA/IKIB BiIOOPAXKAIOTh, SIK MPABUIIO,
MOKpalIeHHsT IEeBHUX (I3MKO-MEXaHIYHUX BJIACTUBOCTEH JEPEBUHH 32
HOPMaJIBHUX YMOB eKCIDTyartarii. AJle NpakTUYHO HE 3HAXOJMMO HayKOBHX
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mpanp, OO0 CTOCYIOThCS POOOTH MOAM(IKOBAHOI JIEPEBHHHM B arpeCHBHUX
cepeloBHINAX.

BrummB mosimMepHOi KOMITO3MLIT CHJIOp Ha MEXaHI4HI XapaKTepPHCTHKU
CYIIILHOI Ta KJIEEHOT JIEPEBUHU 3HAXOAUMO B poboTax ['omona Cs.CB. [25-28],
a 6etony — JloBOenka B.O. [30].

VY cBiTOBIf TpakTUI (PAKTHUIHO BiACYTHI HAYKOBI MpaIli, IO CTOCYIOTHCA
JOCITIDKEHb MIIHOCTI Ta 1edOopMiBHOCTI MOIU(IKOBaHOT KOHCTPYKLIHHOL
JepEBUHH TIOTIMEPHOIO KOMIIO3HIIIEI0 CHIIOP Ha CTUCK Y3JI0BXK BOJIOKOH ITiJ] €0
PI3HUX arpecMBHHX CEpElOBHINI, B TOMYy 4HCIi 1 BomHuxX. ToMy Taki
EKCIICPUMEHTAIbHO-TCOPETUYHI JOCII/PKECHHS € aKTyaIbHUMHU.

Mera naHoi cTaTTi € NPOBEJCHHS EKCIEPUMEHTAJbHUX JOCIIKEHb
KOHCTPYKILIHHOT MOM()iKOBaHOI CHIIOPOM KOHCTPYKIIIMHOI IEpEBHHU SUIMHH Ta
sICEHa OChOBMM KOPOTKOYAaCHHUM CTHUCKOM Y3JIOBX BOJIOKOH ITi/i JIi€I0 BOJHOTO
Cepe/IOBHIIIA 32 JKOPCTKOTO PEXUMY BHIIPOOYBaHb Ta BCTAHOBJICHHS OCHOBHHX
MIIHICHHX Ta Ae(OPMIBHUX IapaMeTpiB B JOKPUTUUHIN Ta 3aKpUTHYHIN cTajil
po6OTH HOBOYTBOPEHOTO KOMIO3HUIIIHHOTO MaTepiaiy.

MeToanka eKCHepUMEHTATbHUX JOCHimxKeHb. [i1  BupimeHHA
MIOCTABJICHUX 3aB/JaHb OYyJIO BHTOTOBJICHO 3Pa3KH-OJM3HIOKM KOHCTPYKIIHMHUX
pO3MipiB NepeBUHH SUTHHU Ta siceHa 1 copty 3 mepepizom 30x30x120 mm. Bix
naepeBuHN 1npubam3Ho 40 pokiB. BucymiyBaHHS 3aroToBOK IPOBOJIWIN Y
3aBOJICBKHX YMOBAaX y CHELiaJIbHUX Kamepax J10 3aaHoi BosorocTi 12%.

Omxe, 3paszku nepepizom 30x30x120 mm Oynu Bupi3aHi 3 OpyciB CyLiIBHOT
JICPEBHHH, MICIsI YOro iX MOBEpXHI OyJaM 4HCTO OOpOOJIeHI i B MOAANBLIOMY
mignaBanucs moaudikamii. BomoricTe Beix 3paskiB 10 Momudikariii ckiamana
12%. TIpocoueHHs1 NOCHIAHUX 3pa3KiB IMOJIMEPHOIO KOMIIO3HUIIEI «CHIOP»
BUKOHYBaJIM aBTOKJABHMM criocoOoM. IIpocodyBaHHS NPOBOAMIM 32
temnepatrypu 19°C, T0OTO MPpH3MH HOMIIIIAIK B ABTOKJIAB 3 CHJIOPOM Ha 2 TOII. Ta
MoaudikyBamy mig THckoM 2,5 atM. [licist bOTo 3pa3ku JEpeBUHH SUIMHU Ta
sICeHa JIICTaBaM 1 mpocyuryBanu 3a Temieparypu 18-21°C nHa npotssi 12 rox.

Jepep’siHi  3pa3ku BHIPOOOBYBaNM: 3a CTaHAapTHOI Bosorocti 12%
(10 wr.); 3anypenux y Boai mpotsarom 28 nauiB (10 mr.) (puc.l, puc.2);
Mo (iKoBaHMX HONIMEpHOIO KoMno3zutiieto cuiop (10 mr.); MoandikoBaHux, a
ICJIA I[bOTO 3aHYPEHMX Y BOJi mpoTsAroM BiamosimHo 28 Ta 180 muiB (20 mT.)
(puc.3, puc.4).

ExcrniepuMeHT MpoBOAMIN Ha Cy4acHOMY cepBoriapasiigHomy npeci CTM-
100 3a sxopctkoro pexxumy BunpoOysanb [31, 32]. Bei mocmimkyBaHi 3pasku
BUIPOOOBYBaIM 32 OCHOBOTO CTHCKY B3[0BX BOJOKOH KOPOTKOYACHHUM
HABAHTAXKCHHSIM 3T1IHO Aif0unX cTanaapris [34-36].

B ninmomy gociimkeno 40 mpusm (tadim. 1).
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— — B

Puc. 1. Snuna, 3aHypeHa y Boi Puc. 2. fceH, 3aHypeHuii y Bomi
npoTsiroM 28 IHIB poTsToM 28 JHIB

Puc. 3. MonudikoBana nepeBrHa Puc. 4. MonudikoBana nepeBuHa
SUTHHH TICIIS 3aHYPEHHS Y BOII sCeHa ICIIA 3aHypeHHS y BOJI
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Tabmums 1

I'eomeTpuuHi po3MipH 3pa3KiB Ta 00CIT eKCTIEPIMEHTATBHIIX
JOCITKEHb KOHCTPYKIIHHOT 1epeBUHH

Nowy Iopona [epepi3 BiKk, HIBuakicTs KimpkicTh
JIepEBUHU 3pasKiB., POKIB | 3aBaHTa)KCHHS, 3pa3sKiB,
MM MM/XB HIT.
3a cranmapTtHoi BosiorocTi 12%
1 Snuna 30x30x120 40 15 5
2 Scen 30x30x120 40 15 5
[Tpocoueni y Bozi npotsiroM 28 nuiB (Bosoricts Oinbure 30%)
3 Snuna 30x30x120 40 15 5
4 Scen 30x30x120 40 15 5
MoudikoBaHi MOTIMEPHOI KOMITO3HINEIO CHIIOP
5 Snuna 30x30x120 40 15 5
6 Slcen 30x30x120 40 1,5 5
MoaudikoBaHi CHIIOPOM 3pa3Ky, siKi OyJIM 3aHypeHi y BoJi mpoTsiroM 28 JHiB
7 Snuna 30x30x120 40 15 5
8 Slcen 30x30x120 40 1,5 5
MoaudikoBaHi cuopoM 3pasku, siki OyJu 3aHypeHi y Bogi npotsrom 180
IHIB
7 Snuna 30x30x120 40 15 5
8 Slcen 30x30x120 40 1,5 5

Pe3ysibTaTH eKcnmepMMEHTAIbHUX J0CTiIKeHb. Ha OCHOBI MpoBemeHUX
€KCIICPUMECHTIB BCTAHOBJICHO OCHOBHI IMOKa3HUKHU MIITHOCTI Ta ae()OpMiBHOCTI
JICPEBUHM SUIMHU Ta sICeHa (3a CTaHAapTHOI Bojorocti 12%; 3aHypeHnx y BoJi
nporsroMm 28 1HIB; MOAM(IKOBAHMX IIOJIIMEPHOIO KOMIIO3HIIEIO CHIIOD;
MOM(IKOBaHMX, a MICHIA I[FOTO 3aHYPEHUX y BOJII IPOTATOM BiIOBITHO 28 Ta
180 gHIB) 3a OCBOBOTO CTHCKY B3JIOBX BOJOKOH KOPOTKOYaCHUM
HaBaHTKEHHSIM. TOOTO, EKCIepUMEHTAJIbHUM IIUIIXOM OyJOo BH3HAUYEHO
TUMYacOBY T'paHUYHY MIIHICTh, KPUTHYHI Ta 3QJHIIKOBI aedopMariii, MOIyib
MIPY’KHOCTI. Y ¢l IOKa3HUKH MPUHMAaJIICh yCepeTHEHUMHU.

BcraHoBneHO, 1m0 THMYacoBa TIpaHWYHA MIIHICTH JEPEBUHHM 3HAYHO
3MEHIYETHCS MICIIs 3aHypeHHS 11 y BOJI, 30KpeMa, sutnHK — B 1,91 pasw, a sicena
— B 1,72 pa3u B MOpIBHSHHI 31 3pa3kamu, sSKi BHIPOOYBaHI 3a CTaHAAPTHOI
Bosiorocti 12% (puc. 5). B Toii xe wac momudikamis qepeBHHH NONTIMEPHOIO
KOMITO3MLI€I0 CHIIOp 3HAYHO Mi/IBUIILY€ TAMYACOBY I'PaHHYHY MILIHICTh, 30KpeMa,
smuad — B 1,31 pasu, a sicena — B 1,26 pa3u B NOPIBHSHHI 3 NPU3MaMH, SIKi
BHIIPOoOYyBaHi 3a craHAapTHOI BojorocTi 12% (puc. 5). Ilicns 3aHypeHHS ZaHOTO
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KOMITO3HMLII{HOTO Marepially y BOAY IIOKa3HUKH MIIHOCTI (AaKTUYHO He
3MIHIOIOTBCSI.

70
60
o 50
-
S 40
3 30
<
= 20
10
0 : )
Moandi- Moaundi-
. KOBaHa KoBaHa
. . Moandi-
3a Bonorocti | 3aHypeHiy KoBaHa AepesuHa fAepeBuHa
12% BOA epeBMHa 3aHypeHa y 3aHypeHa y
Aep sopi (28 8o (180
AOHiB) OHiB)
M AnunHa 38.9 20.4 50.8 50.3 50.1
W fAceH 49.4 28.7 62.2 61.7 61.6

Puc.5. JlnHaMika 3MiHM THMYacOBOi TPAaHHYHOT MIITHOCTI JICPCBUHU SUTHHU
Ta siceHa

Takok eKCrIepUMEHTAIBHNM [IUISIXOM BUSIBIICHO, 110 KPUTHYHI nedopmarii
JIEPEBHHU 3pOCTAIOTh MicIsl 3aHypeHHS 11 y BOAi, 30kpema, sutnau B 1,18 paswy, a
siceHa B 1,15 pa3u B MOpiBHSAHHI 31 3pa3kaMH, sIKi BUIPOOyBaHi 3a CTaHAAPTHOT
Bosorocti 12% (puc. 6). B Toii ke wac mMomudikaiiss JepeBHHH MOTIMEPHOIO
KOMITO3HIIIEI0 CUIIOP 3MEHIIye KpUTHYHI JedopMaltii epeBUHH, 30KpeMa, SUTMHA
B 1,21 pa3wy, a sicena B 1,15 pa3u B nmopiBHsIHHI 3 IpU3MaMH, sIKi BUIIPOOYBaHi 3a
cTa"gapTHOI Bostorocti 12% (puc. 6). ITicis 3aHypeHHs JaHOTO KOMITO3UIIHHOTO
Marepiany y BOAY MOKAa3HMKM BIJIHOCHMX KPUTHYHUX Aedopmariit daktuaHo
3aJIUIIAIOTHCS. HE3MIHHUMH.

B cBOl dYepry, BCTaHOBJEHO, L0 3aJMIIKOBI aedopmaiii aepeBHHU
3pOCTAIOTh MiCIsI 3aHypEHHS 11 y BOIY, 30KpeMa, suliH — B 1,22 pasw, a siceHa —
B 1,15 pa3 B nopiBHsHHI 31 3pa3kamH, sKi BUIPOOyBaHi 3a CTaHJapTHOI BOJIOTOCTI
12% (puc. 7). B Toii ke yac Moudikaris I1epeBUHNU MOJIIMEPHOIO KOMIIO3HUIII€I0
CHJIOP 3MEHIIIY€ BiTHOCHI 3aJIMILIKOBI iedpopmarii, 30kpema, simmHu — B 1,13 pasmy,
a sicena — B 1,09 pa3 B mOpiBHSHHI 3 IpU3MaMHu, sIKi BUIIPOOyBaHi 3a CTaHAapTHOT
Bosiorocti 12% (puc. 7). ITicns 3aHypeHHSs 1aHOTO KOMITO3MIIIIHOTO MaTepiaiy y
BOJly TIIOKa3HWKM BIJHOCHUX 3aJIMIIKOBUX aAedopMamiii (QakTuuHo He
3MIHIOIOTBCSI.
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s 0.003
s 0.002
S 0.001
= 0
- Moandi- Mopudi-
o
) . . Moamdi- KOoBaHa KoBaHa
3a BonorocTi | 3aHypeHiy KoBaHa AepeBuHa nepeBvHa
12% Bofi epeBMHa 3aHypeHa y 3aHypeHa y
Aep Bogi (28 Boai (180
OHiB) [OHiB)
W finnHa 0.00435 0.00513 0.0036 0.00362 0.00362
M ficeH 0.00581 0.00668 0.00505 0.00506 0.00508

Puc.6. [luHaMika 3MiHU KpUTHYHUX BIZTHOCHHUX HeopMariii 1epeBUHU
SUIMHU Ta sCEeHa

0.
0.45
z 038
T 03
2 0.25
c 0.2
& 0.15
s 0.1
0.0(5)
Moaundi- Moaundi-
. KOBaHa KOBaHa
. . Mogudi-
3a BonorocTi = 3aHypeHiy KoBaHa AepeBuHa AepeBuHa
12% BOJi epesMHa 3aHypeHay @ 3aHypeHay
pep sopi (28 sopi (180
[OHiB) [OHiB)
W AnvHa 0.3057 0.3721 0.2699 0.2691 0.2687
M ficeH 0.4084 0.4697 0.3743 0.3739 0.3735

Puc.7. JlunaMika 3MiHU 3aJTUIIKOBUX BITHOCHHUX NeOpMaIliii TepeBUHU
SUIMHM Ta sICEHA

TakoXk eKCIepUMEHTAJIbHUM HIISIXOM BHSBIICHO, IO MOJYJb HPYXHOCTI
JIEpPEBHHU TaJIa€ IicJisl 3aHypeHHs i y BoAay, 30KpeMa, sutiHu — B 1,25 pasu, a
sicena — B 1,13 pa3u B OpiBHSIHHI 31 3pa3kamH, sIKi BUIIpoOYBaHi 3a CTaHAapTHOT
Bosorocti 12% (puc. 8). B Toii ke wac momudikariss JepeBUHN MOTIMEPHOIO
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KOMITO3MLI€I0 CHUIIOP 3HAYHO ITiJBHIILYE MOYJb NPY>KHOCTI JIEPEBHHU, 30KpeMa,
smuHU — B 1,59 pasm, a sicena — B 1,51 pasu B NOpIBHSHHI 3 MpPU3MaMH, SIKi
BHITPOOYBaHi 3a craHAapTHOI BojorocTi 12% (puc. 8). Ilicns 3aHypeHHS JaHOTO
KOMITO3HMLIIITHOTO MaTepialy y BOJAYy NMOKAa3HUKH MOIYJISl NPYXKHOCTI (PaKTHIHO
3aMIIAIOThCA HE3MIHHAMU.

25000
20000
£ 15000
=
-+ 10000
5000
0 ) ;
Moandi- Moandi-
3a 3aHypeHi Moandi- Zozz:ia Zozas:ia
BOJIOrOCTi l:c?p,i y KoBaHa 3’D‘a H‘:/peHa v 3AaH’\)/peHa v
129
% AcpeBuHa Bogi (28 Boai (180
AOHiB) AOHiB)
M AnvHa 13800 11000 21900 21900 21900
M AceH 15400 13600 23200 23100 23100

Puc. 8. JlnHamika 3MiHM MOAYJISl IPY>KHOCTI ZIEPEBUHH SUTMHH Ta SICEHA

OTKe, OTpUMaHi KOMITO3HMIIHHI MaTepialli Ha OCHOBI JAEPEBUHH SUTMHHU Ta
sICeHa 1 MOJIMEPHOi KOMITO3MIIT CHJIOP € CTIHKMMHM 3a eKCIUTyaTalii y BOJHHX
cepeoBHIIaX.

BucHoBKkH

1. HaBeneHO METOAMKY €KCIIEPHUMEHTAIBHUX JOCIHIKEHb MO (iKOBaHOT
Ta HEeMOAM(IKOBAHOI JIEPEBUHM SUIMHM Ta SICEHA OCHOBHM CTHUCKOM B3JIOBXK
BOJIOKOH 32 €KCIUTyaTalii y BOJHOMY CepeIOBHIII.

2. 3a pe3ysbTaTaMy IPOBEIECHOTO EKCIEPUMEHTY OOy I0BaHO TiCTOTpaMu
JIMHAMIKHM 3MiHM OCHOBHHX XapaKTEPHUCTHK MIIHOCTI Ta 1e)OpPMiBHOCTI.

3. BcranoBieHo, 10 BIUIMB BOJHOTO CEPEJOBHINA 3HAYHO 3MEHIIYE
TUMYACOBY IPaHUYHY MIIHICTh JepeBUHH B Mexax 1,72-1,91 pasu Tta mMomynb
npyxkHocti — 1,13-1,25 pasu; 30iiburye KpuTu4Hi BigHocHI aedopmarnii — 1,15-
1,18 pasu Ta 3amumkoBi — B 1,15-1,22 pa3u B MOpiBHAHHI 3 NOKa3HUKaMHU 3a
cTaHAapTHOi BosorocTi 12%.

4. Busasneno, mo MogudiKalis IepeBUHH IOJIMEPHOI0 KOMIIO3HIIEID
CHIIOp B MIOMY TOKpamlye€ TOKAa3HMKHA MIOHOCTI Ta aedopMiBHOCTI 3a
HOpPMaJIbHUX YMOB €KCILTyaTallii Ta y BOAHOMY CepeloBHIII. 30KpemMa, 3Ha4HO
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3pOCTAalOTh MaKCHMaJIbHI HamlpyXeHHs B Mexax 1,26-1,31 pa3iB Ta Momynb
npyxHocti 1,51-1,59 paziB; 3MEHIIYIOTBCS BIIHOCHI KpUTH4YHI aedopmarii —
1,15-1,21 pa3wu Ta 3anumikosi — 1,09-1,13 pa3iB B opiBHAHHI 3 TTOKa3HUKaMH 3a
cranpaptHoi Bosorocti 12%. Ilicns 3aHypeHHS OTPUMaHUX KOMIIO3UIIHHUX
MarepialiB Ha OCHOBI JEPEBHHH SUIMHU Ta sCEHa y BOJY HOKa3HUKH YCiX
JOCIIHKYBAaHUX XapaKTEPUCTUK (PaKTHIHO HE 3MiHIOIOTHCSI.

5.  OtpumaHi KOMIIO3WIIiIfHI MaTepialli Ha OCHOBI JCPEBHHH SUIMHU Ta

siceHa 1 MOJIIMEepHOi KOMIO3HIIIT CHIIOpP € CTIMKMIMH 3a eKCIUTyaTallil y BOJHHUX
CepeoBUIIIAX.
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YIK 712.253
PexoHcTpykuis Ta 6aroycrpiii napky B cenumi Patne

Reconstruction and landscaping of a park in Ratne village

Menbnuk F1O.A, K.T.H., goueHT, Bepemkxo O.B., K.T.H., J10UeEHT,
IHapdentreBa 1.0. k.T.H., nouneHT, Crtankesn4y B.}O. maricrp (JIyubkmuii
HALIOHAJBLHUI TeXHIYHMI1 yHiBepcuTeT, M. JIyubk)

Melnyk Y.A., Ph.D. associate professor, Vereshko O.V., Ph.D. associate
professor, Parfentieva 1.0., Ph.D., associate professor, Stankevych B.Y,
master (Lutsk National Technical University, Lutsk)

YV pobomi 30iiicneno nepeonpoexkmui OOCHIONCEHHS ICHYIOUUX VMOS8, BUKOHAHO
SWOT-ananiz. Ob6ipynmosano KoHyenyilo peKOHCMPYKyil, sKka 0azyemvcsi Ha
2APMOHIUHOMY — NOEOHAHHI  NPUPOOHO20  cepedoguwya ma nompebd  2pomaou.
3anpononosano  ynxkyionaivHe 30HY8aHHS MEPUMOpIL, WO GKIIOYAE 30HU OJis
BIONOYUHKY, CHOpPMY, KYIbMYPHUX 3aX00i8, MEMOPIAIbHY mMA NpubepedicHy 30HU.
Ilepedbaueno mooepuizayito iH@pacmpykmypu, niodip o3efeHeHHs i3 MAKCUMATbHUM
30epedcentst  ichylouux euodie. IIpoexkm cnpsmoeanuil HA CMBOPEHHsi CYYACHO20,
KOM@OPMHO20 Ma eKoI02IUHO CIMAN020 2POMAICLKO20 NPOCHOPY.

This article presents a conceptual framework for the reconstruction and
enhancement of the Ratne village park. The primary objective is to enhance the landscape
environment by augmenting the appeal of each functional zone and ensuring the provision
of comfortable conditions for visitors to reside in the green and coastal areas of the park.
In consideration of the desires of the village residents and the extant circumstances, the
area designated for reconstruction and improvement was delineated into functional zones,
comprising the entrance, parking, greenery, cultural and public gatherings, commercial,
entertainment (sports grounds, children's play area), memorial and coastal zones. The
division was made on the basis of the intensity of use and purpose, thus ensuring an
integrated approach to the organisation of space.

The design concept of the park entails the integration of natural and infrastructural
elements to create a space that is responsive to the needs of all age and social groups.
Particular attention is paid to ensuring accessibility and safety for visitors, which is
achieved through the implementation of a well-developed infrastructure. In particular, the
project provides for the arrangement of paved paths, the installation of rubber-coated
bicycle routes, and the placement of modern benches and lighting systems. A barrier-free
environment has been created for individuals with limited mobility, thereby facilitating
their comfortable access to all areas. The park’s design incorporates spaces for children's
and sports activities, with the objective of promoting a healthy lifestyle. Additionally, a
memorial area has been established in accordance with the community's request, serving
to honour the memory of fallen heroes and residents of the village.
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The park's landscaping was designed with the objective of creating a harmonious
combination of tall trees, bushes and ornamental shrubs. Significant effort was made to
conserve the existing natural landscape and to introduce new species of trees and shrubs,
with a particular emphasis on local flora.

The project will result in the creation of a multifunctional park that incorporates
both active and relaxation areas, cultural and memorial elements, and the natural beauty
of the surrounding area.

Kniouoei cnosa: SWOT ananis, 3eneni 30HU, NAPK, PEKOHCMPYKYIA 3eNeHUX
HacaoiceHbs.
Keywords: SWOT analysis, green areas, park, reconstruction of green spaces.

Y cygacHOMy MicTOOyJyBaHHI 03€JI€HEHHS Ha0yBa€ KIIOYOBOTO 3HAYCHHS,
aJKe 3eJICHI HacaPKeHHS HE JIMIIE CIIPUSIOTH MOKPALICHHIO SIKOCTI IPUPOJHOTO
CepeNloBHINa, ajle W BUKOHYIOTh COLaJIbHI, €KOJIOTIUHI Ta ecTeTndHi (QyHKIl.
[Mapku € BaXJIMBUMHM €JIEMEHTaMU IUIaHYBAaHHS HACEJICHWX IIyHKTIB,
3a0e3neuyroyr OYMIICHHS MOBITPs, NOKPALICHHS MIKPOKIIMaTy Ta CTBOPEHHS
KoM(OpTHOTO POCTOPY AJIsI BIAMOYMHKY. B yMoBax yp0OaHizanii peKOHCTpYKIis
MapKiB CTa€ aKTyaJbHUM 3aBIAHHAM s 3a0e3leueHHsl iX BIJMOBIAHOCTI
Cy4acHHM €KOJIOTIYHMM 1 coujanbHuM Bumoram. Ilapk y cenumii Pathe €
MIPUKIIJ0M 3€JIEHOTO NPOCTOpY, KM MoTpedye MoaepHizalii 3aas aganTamii
710 TOTped rpoMaju Ta 30epeXeHHs KyJIbTypHOI CIIaIInHH.

AHai3 JiTepaTypHUX JpKepell CBIMYHUTH MPO aKTyalbHICTh PEKOHCTPYKIIIT
MIapKiB SK CKJIaJI0BOI Cy4acHOTo MicToOyayBaHHs. JlOCTITHUKM aKIEHTYIOTh Ha
30epeXeHHI KyJIbTYpHO-ICTOPUYHOI CTIaAIIUHH, aJalTallii MapKiB A0 Cy4acHUX
coLiaJIbHUX, peKpealiiHuX 1 eKoJOoriYHMX BHMOr. 3okpema, [1] omucye
rapMOHI3allil0 MPUPOJHOIO CEpPEeIOBHINA 3 apXIiTEKTYpOK Y BiJHOBIIEHHI
icTopuuHHUX TapkiB 3akapnarts, a [2] aHaii3ye €KOJIOTIuHI iHHOBaLil B MapKy
Mmicra Ykpainka. ['onuapenko SI.B. [3] BuBuae QyHKIiOHaNbHE 30HYBaHHSI
MICBKHX MapKiB, 30KpeMa OpraHi3allifo 30H BiAMOYHHKY Ta criopty. CutHik C.A.
[4] i [TonomaproBa O.A. [5] HaronoOmyOTh Ha BAXKJIMBOCTI 3aJTy4eHHS TPOMaan
JI0 TIPOEKTYBAHHS 3€JICHUX 30H, IO CHPHsIE BIIIOBIAHOCTI MPOCTOPY MOTpedam
MICLEBUX KUTEJIB.

PexoHCTpyKIisT NMapKiB BUMarae KOMIUIEKCHOTO IIJXOMIY, SIKHH IOEIHYE
ICTOpHYHY CHAJIIMHY, EKOJIOTIYHI pIlIeHHs Ta CydYacHi COLIaJbHI 3aIuTH,
CTBOPIOIOYH KOMGBOPTHHH 1 PyHKIIOHAIEHUN TIPOCTIP VISt TPOMAIH.

[Mapk y cenumii PaTHe € neHTpanbHOIO 3€I€HOI0 30HOI0 ISl BIIIOYNHKY Ta
JIO3BIJUISA MEIIKAHIIIB 1 BiABiMyBauiB cenuma. [Ipore, Ha ChOTOAHI BiH MOTpedye
PEKOHCTPYKIIiT IJIsl TOKpAIEeHHs 071aroycTporo, OHOBJICHHS iHQPACTPYKTYpH Ta
3abe3meueHHs  OumbInoi  QyHKIiOHaNmbHOCTI. Hapaszi  teputopis  mapky
XapaKTePU3YEThCSI HEPIBHOMIPHUM PO3BHTKOM, [0 0OYMOBIIIOE HU3KY TIPOOIIEM
i moTpedye KOMITTIEKCHOTO ITiIXOTy 10 MPOSKTYBaHHSI.
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Ha ocHOBI mepeanpoekTHuX AociikeHb Oyno mposeneno SWOT-anaiis,
SIKMIA OTUCYE CHIIbHI Ta clla0Ki cTopoHu Teputopil (puc. 1).

BpaxoByroun moOakaHHS JKUTETIB CEJIHIIAa Ta ICHYIOYY CHTYaIlil0
TEPUTOPIs, IO MiIJISrac PEeKOHCTPYKILIi Ta 0J1aroycTporo, Oyia CTpyKTypoBaHa
Ha (YHKIIOHaJbHI 30HU: BXiJHY, 30Hy IapKyBaHHS, O3€JICHEHHs, KYJbTYpPHO-
MacoOBHX 3i0paHb, KOMEPIIiiHY, po3BaXalbHy (CHOPTHBHI MaWIaHINKH, AUTIIA
irpoBa 30Ha), MeMoOpiaJdbHy Ta NpHOEpeKHy 30HY [6]. Posmonin 3xilicHeHO 3
ypaxyBaHHSIM IHTCHCHBHOCTI BHKOPHCTaHHS Ta IpPU3HAYEHHS, M0 3a0e3rnedye
KOMIUTEKCHHUH MiAXiA IO opraHi3arii mpocTopy.

Mo aaBOCTI 3arpozm

® CTEOPEHH NPOCTOPY AL CTHMY IFOEAHHA
TEOPYOCTL CePe KHTEME TPOMATH
(mpoBeeHHd hECTHRATIE, KOHIIEPTIB
TOImDo)

® HAYEHICTE EIIHOCHO KEAEOT TPACH HOpYY
13 TOKALTIEIO

# BAHTATIZM

® MICII J719 CTBOPEHEA CY9acHHK IHTAIHK
MAalIAHIHEIR

¢ OKPAEHHEA EIIOYHHKY P12HHX EEPCTE
HaceIeHHR

* CTEOPEHHA HOEHX HACAILECHE

CunabHi cTopoHH
® TepHTOpPIA Napky Opradrae 10 p. [lpan ste

¢ Ha [PHIECIIH TEPHTOPI] 2HAXOIHTECH

Cnabxki croporn
# XA0THYHHI XapakTep HACALKCHE

® BiICYTHE OCEITJICHHA TEPHTODIL

riMHazia ) . .
* BOHpAIEH] HEHATEKHOT FKOCT
# IOy IAPHE MICIE JUT4 NPOBEICHHE

PIZHOMAHITHHX MACOBHX 38X0iB * mpobrexH 31 360poM CMITTA Ta

VIPHMAHHAM TEPHTOPLL
# IAPK V3EE € AKTHEHHM MICIIEM EiIIOYHHEY
LA SKHTEMIE TPOMaTH

® QaKAHHA JKHTEE TPOMATH IPOEECTH
Ouaroycrpiii TepHTOPII IAPKY

® [OCTATHA KUIBKICTE [LTOMN I
MEPCHeKTHEHOTO POIEHIKY

# HAFEHI CKelIETHI HACATHKEHHA

# PO3TAIIYEAHHA TOKAllil E CaMOMY LEHTPL
CelHIa

Puc.1. SWOT-anaini3 Tepuropii npoeKkTyBaHHS

Tepuropist, mo miArae peKoHCTpykKHii Ta Onaroyctporo, Oyna
CTPYKTypOBaHa Ha (yHKIIOHaJIbHI 30HH. Po3noxin 3aificHEHO 3 ypaxyBaHHSAM
CTYyTEHS BiJBiyBaHOCTI Ta MPU3HAYEHHS, M0 3a0e3meuye KOMIUIEKCHUH TTiaXia
JIO0 opraHi3allii mpocTopy.

KoHneniist pexkoHCTpyKIlii mapky B cenwimli PartHe 0a3yerbest Ha
TapMOHIHHOMY TIOE€IHAHHI TMPHUPOJHOTO CEPEAOBUINA Ta MOTPed JIFOJAWHH,
CTBOPIOIOYH YMOBH JUUISI HABYAHHS, PO3BUTKY CIOPTY, aKTUBHOTO BiTIOYHHKY Ta
TOMyJIsIpH3aIiii 310poBOro crocoly XUTTS. OCHOBHOIO METOI0 IPOEKTY €
PO3KPHTTS HOTEHIIay JaHAMAGTHOTO CepeloBUINA Ta 3a0e3eueHHsI KOMOpTy
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JUI  BiJBimyBawiB y 3eieHill 1 npuOepexHiii 30HaX mapkKy, IO CIpHSE
MiABHUIICHHIO IHTEpPECY 10 WOro Teputopii (puc. 2).

\”w- “"-‘x{’." W W W O

.,
e 82

Puc.2. IIpoekTHi pillleHHs PEeKOHCTPYKIIi Ta 01aroycTpoo napKy

Jm3aifH-KOHIIENIIisl pEeKOHCTPYKIT 0a3yeTbess Ha IHTErparii mpupoIHOTO
cepenoBuIa 3 iHQPACTPYKTYPHUMH PIMICHHSAMH, 0 3a0e3MeUylOTh BCeOIdTHUN
PO3BUTOK 1 KYyJNBTYpPHY MisUTBHICTE TpoMamw. Y TPOEKTI mependadeHo
MOJIepHi3alilo iHQPACTPYKTypH, 30KpeMa CTBOPEHHsS [OPIKOK 3 OpyKiBKH,
BEJIOMapUIPyTiB i3 T'YMOBHUM HOKPHTTSM, BCTaHOBJICHHS CYYacHUX JIaBOK 1
OCBITJICHHS, @ TAaKoXX 3a0€3MEeUeHHS JIOCTYMHOCTI I MaJIOMOOUIBHHMX TpyIl
HaceneHHs. [IpocTtopu Ui AMTSYUX Ta CIOPTUBHUX aKTHBHOCTEH CIPHSIOTH
MOMYJIApHU3aLii 370pOBOro croco0y JKHUTTS cepel YCiX BIKOBHX TpyIH, a
MeMopialibHa 30Ha, CTBOPEHA 3a IHII[IaTUBOIO JKUTEIIB, MOKIMKAHA BIIAHYBATH
mam’siTh 3aru0JIMX TepoiB, MemkaHiis PatHoro [7].

O3eneHeHHsI MapKy PO3pO0IJICHO 3 YpaxyBaHHIM rapMOHIHHOTO MMOETHAHHS
BHUCOKHMX JIepeB, KYIIB 1 JEKOPaTMBHUX YarapHHKIB, SIKi JOJAIOTh Bi3yaJbHOT
JIUHAMIKM Ta 3a0e3nedyioTh NpuBaOIMBUIl BUMIIAA Yy OyAb-iKy IIOpY POKY.
Oco0nMBY yBary NpHAUIEHO 30€peKEHHIO MNPHPOAHOrO JaHmmapTy Ta
BHCAPKCHHIO HOBHX JIEpeB 1 KYIIiB i3 BUKOPHCTaHHSIM MiCIEBHX BHJIiB POCIIHH,
II0 MOKPALIYIOTh SIKICTh MOBITPS, CHPHSIIOTH EKOJIOTIYHOMY OajlaHcy Ta
CTBOPIOIOTH 3aTHILHI 30HH AJIsl IPOTYJISIHOK [7, 8].

Oxkpemuii akmeHT 3po0JeHO Ha O03€JeHEeHHI NMpHUOEpeKHOi 30HU B3IOBXK
piuku Ilpumn’ste. Bucamkeni BepObr BUKOHYIOTh (PYHKIIFO 3MIilHEHHS OeperiB i
30epeXeHHsI MPHUPOIHOTO BUIIAAY JaHAMA(TY, IHTETPYIOUHCH y 3araibHy
KOHIIEMIIiI0 TapKy.

PexoHcTpykiiss mapky B cenuiui PaTtHe copsMoBaHa Ha CTBOPEHHS
Cy4JacHOT0, 0araToQyHKIIOHAJIBHOTO IIPOCTOPY, IIO TapMOHIHHO TIOEAHYE
NIPUPOJIHE CepeloBHILE, KOMGBOPTHY iHPPACTPYKTYpPY Ta KYJIbTYypHY CIIAIIINHY.
[IpoekT 3abe3neuye ekosioriunHmid GajlaHc, JOCTYMHICTE 1 YMOBHU ISl aKTHBHOTO
Ta CIOKIMHOTO BIINOYMHKY, BiANOBiZa04M NoTpebamM IpoMaau Ta CIPHSIIOYN
MTOKPAIICHHIO SIKOCTI JKUTTS MEIIKAHIIB (pHc. 3).
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BniuB MmoaudikaTopiB Ha CTPYKTYPHO-(Pi3HYHI XapaKTepPUCTHUKH
JKOPCTKHX NMiHOMOoJIiypeTaHiB

Influence of modifiers on the structural and physical
characteristics of rigid polyurethane foam

Mikyaiu O.A., a.T.H., npogecop, Pypc T.B., K.T.H., JIOUEHT,
Ilemer B.A., k.X.H., paoueHt, Boiitiokx LM., acmipant (Jyubkmuii
HalliOHAJLHMIi TexXHIYHNi yHiBepcuTeT, M. JIynbk)

Mikulich O.A., Doctor of Engineering, Professor, Furs T.V., PhD in
Engineering, Associate Professor, Shemet V.Ya, PhD in Chemical Sciences,
Associate Professor, Voitiuk 1.M., PhD student (Lutsk National Technical
University, Lutsk)

B pobomi nposedeno 0ocniodicenuss eniugy MoOu@ikamopie Ha CmMpyKmypHi ma
Gizuuni  enacmusocmi ninononiypemanis. Ilopienanus npoeedeno 015 080X KIACIE
MOOUPIKAmopie: 6 53KUX ma 2paHyibo8anux. Y sxocmi 8’s3Kk020 Moougikamopa
BUKOPUCTNAHO CUTLOKCAHOBULL Kayuyk. Hx 2PamyIbO8aHULL Moougixamop
BUKOPUCMOBYBABCs nepaim cnyyenui. 1Ipoananizo8ano MiKpoCmpyKmypy OmpUMaHux
niHomamepianie 3 pI3HUM 8A208UM BMICTNOM MOOUQDIKYIOUUX 000AB0K Ul OYiHeHo ix
cmpykmypHo-@isuuni  xapakmepucmuku.  Hasenicme — mooughikamopie  00380ns€
30LbUWUMU 3aXUCT RIHONONEYPEMany 6i0 GNaugy yivmpagpionemy.

Experimental studies of the influence of modifiers on the structural and physical
characteristics of rigid polyurethane foams were carried out in this work. The article
analyzes the structure and properties of polyurethane foam material. The methods of
manufacturing PPU materials are presented with an assessment of the advantages and
disadvantages of each method.

Rigid polyurethane foams were manufactured by pouring into open molds. The main
components for obtaining foam were polyol (component A), which included a foaming
agent, and polyisocyanate (component B). We used different weight ratios of polyol and
polyisocyanate for preparing experimental samples. As a viscous modifier siloxane rubber
was used. As a granular modifier of two types swollen perlite of volcanic origin was used.

It is shown that the modifying additives of siloxane rubber and granular perlite enter
the structure of polyurethane foam heterogeneously, forming an independent phase. The
microstructure of the test samples was characterized, their morphology was described, the
average density was determined, and the porosity of the modified foam material was
investigated. It was established that the addition of silicone into the polyurethane system
leads to a change in the morphology of the pores and the emergence of a mixed type of
porosity. For some samples, it was the presence of both closed and open pores. In the case
of using as a modifier expanded granular perlite, the foam's porosity does not change and
all pores in obtained foam are closed.
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Further studies of the properties of PPU modified with expanded perlite in the
direction of practical application as a heat-insulating material were described.

Kniouosi cnosa: ninononiypeman, Moougikysanms, MikpoCmpykmypa, nopucmicms.

Keywords: polyurethane foam, modification, microstructure, porosity.

Beryn. [Ilinomomiyperanu (IIIIY) HamexaTp [0 Kiacy IOPUCTHX
MarepiaiiB, SKi 3aBASKA ONTHMAIBHUM (Di3MKO-MEXaHIYHUM XapaKTePHUCTHKAM
(HM3pKa  TEIUIONIPOBINHICTH, HEBEJNMKAa T'YCTHHA, 3aKpUTa IOPHUCTICTH,
BOJOCTIHKICTh, XOpOIIi MIIHICHI Ta MEXaHI4HI BJIACTHBOCTI) IIHUPOKO
BHKOPUCTOBYIOTbCS B OYyNIBHHITBI JUIA TEIDIOI30JIAIIl, Mapo-, Timpo- Ta
urymoizosrsmii. 11i MaTepiany 3a BKa3aHUMHU XapaKTEPUCTHKAMU BHPI3HAIOThCA 1
MaloTh TEBHI IepeBard cepejl IHMHUX aHaJoriB OyHIBENFHUX 130JIAiHHUX
Mmarepianis [1-2].

Brim, yHiBepcanbHicTh 1 OaratodynkuioHansHicTs [II1Y 3abe3neuyerbes
MOXIIMBICTIO KODHI'YBaHHS Ta YIPaBIiHHSA BJIACTUBOCTSAMH  BHACIIJOK
HECKJIaHUX oOlepaliid, Takux SK CcHocid onxepaHHs, 3MiHa CKiIagy i
CHIBBIHOIIEHHS KOMIIOHEHTIB.

Anani3z ocrannix pgociaimxens. [lomiyperanu (I1Y) oTpumyrots y
pe3yJbTaTi peakiii i301iaHaTiB 3 HOJIi0JIaMHU, BHACIIIZOK YOT0 YTBOPIOIOTHCS Pi3Hi
CTPYKTYPHI JOMEHH, SIKi MOJUISIOTHCS HA CEIMEHTH >KOPCTKOTO Ta M SIKOTO
naniora. Lli cermeHTH naHIora BU3HavaoTh BracTuBocTi [1Y, Taki sik M’ SKiCTb,
THYYKICTB, TBEPIICTb, JKOPCTKICTH [6-7]. [Tomiomm y ctpykrypi [TV yTBOprOIOTH
CETMEHTH M’SIKOTO JIAHIIOTa, SIKi Ha/lal0Th MaTepiary M sIKICTh Ta €JIaCTHYHICTb.
Came JOBri JIAHIIOTH Ta HU3bKE 3IIUBAaHHSA IIOJNIONIB POOIATH MOIiMeEp
BHCOKOCIIACTHYHIM, YTBOPIOIOYM M’sKi TOJiypeTaHoBi MaTepianmd. Haromictb
130I[laHATH HAJAI0Th TOiypeTaHaM KOPCTKOCTI [6].

BiacHe Ha OCHOBI MOJONIB ¥ i30LiaHTIB 3 JOJaBaHHSM CIIiHIOBa4Ya Ta
IHIINX 7006aBOK OTPUMYIOTh MIHOMOMIypETaHH. 3MIHIOIOUH CITiBBiTHOIICHHS ITHX
JIBOX KOMITOHEHTiB, MOYKHA KOPEJIOBATH TAKOIO CITiB3AJIE)KHICTIO BIIACTUBOCTEH
SIK «M’SIKiCTh, €IACTUYHICTD — TBEPICTh, JKOPCTKICTHY.

VY cHiBBiAHOWICHHI KOMIIOHEHTIB 'HYYKOI HiHM IEpeBakae BMICT IMOJIOTY
HaJl BMICTOM THouiizomiaHary, mo 3a0e3rnedye OUIbIIY THYYKICTH Ta M’SKICTh
Marepiany miHd. | HaBmakw, TBepHi MIHOMOJIYpPETaHW MalOTh BHIIMH BMICT
T0JTi130111aHaTy, MO MPHU3BOAUTH 10 OIIBLI )KOPCTKOI Ta CTA0IIBHOI CTPYKTYPH.
st ctBopeHHs KoMipyacToi (mopuctoi) crpyktypu B [1ITY BHKOpHCTOBYIOTECS
criHtoBayi [6-7].

Tpanuiiino MiHOMOMiypeTaH! OTPUMYIOTh TAKUMHU CIIOCOOAMHM, SIK METO]I
JIUTTS, METOJ PO3NMJICHHS THH Ta METOJ PEaKIiiMHOTO JHTTS IIiJl TUCKOM [6].
JlaHi METOUKH MalOTh CITUTLHE TEXHOJIOTTYHE ITOXOKEHHS, OCHOBAaHE Ha PEaKITii
B3aEMO/Ii1 OOy Ta 1301iaHaTy, IO KaTali3yeThCs JOOABKaMH Ta PUBOAUTHCS
B JIiI0 CTIIHIOBAYEM.
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Texunonoris  orpumanns [IIIY  cnocobom  nutTs  monsirae  y
KOHTPOJIbOBAaHOMY 3MIIIyBaHHI KOMIIOHEHTIB, IO JIO3BOJISIE OTPUMYBATH
MPOTHO30BaHi BracTUBOCTI mmiHu [8-9]. JIias HOCSATHEHHS ONTHMAaTbHUX
XapaKTEepUCTUK MIHW HEOOXiTHUH TOYHHMH KOHTPOJIb 3a PI3HHUMHU IapaMeTpaMu
(CTiBBiTHOIICHHS TOJiON-i30I[iaHaT, BMICT J00aBOK, YMOBH CEPEOBHIIA, Yac
3aTBEpIiHHs). YTUPaBIiHHA CIIBBIIHOMICHHSAM IOJON—i30MiaHAT IO3BOJIIE
peryoBaTH TYCTHHY, IOPUCTICTh 1 MeXaHIUHI BJIACTHUBOCTI MHA JO BUMOT
KOHKPETHOTO 3acTrocyBaHHA. (OcCOONMBICTIO IFOTO METONy HA3HWBAIOThH
aIalITHBHICTH JI0 CKIATHUX (HOPM i 3MaTHICTH A0 IHTETpYBaHHS JOOABOK 3 METOIO
Mou(iKyBaHHS BIACTHBOCTEH Ul MEBHUX 3aCTOCYyBaHb. TOMYy METOJ JIUTTS
BUPI3HAETHCS yHIBepcaibHICTIO At orpuManHs [1I1Y i Mae BaxiMBe 3HAUCHHS Y
cydvacHiii imkeHepii Marepiainis [10].

Texnika  OTpUMaHHS  NIHOMOJIYPETaHIB  CHOCOOOM  PO3MWICHHS
JIEMOHCTPY€E TaKki IepeBard sk e(peKkTUBHE 3MILIyBaHHsS KOMIIOHEHTIB CyMili,
IIBUJIKE 3aTBEPAIHHS Ta TOYHHN KOHTPOJB IMiabHOCTI miHu [11]. JlocsrHenHs
ONTHMAIBHUX XapaKTEPUCTUK MiHM 3aJIEKUTh Bl TaKUX KOHTPOJIBOBAHUX
mapaMeTpiB, SK CHIBBIZHOIICHHS 130MiaHAT-TIONION, THH 1 KOHICHTpPAIis
CIiHIOBaYa Ta yMOBH 3aTBEepIiHHA. Bapiamii mux ¢axTopiB mpHU3BOAATH 10
BiIMIHHOCTEH y PO3Mipi KOMIpPOK, TYCTHHH (IIUTBHOCTI) i, SK HACIIIOK, - IO
peryioBaHHs BiacTuBocTeil [12].

HocmimkeHHss cTpyKTypHO-(isnaanx BiactuBocteil IIIIY, onepxaHmX
croco0OM pPeakLifHOTO JUTTA MiJ THCKOM IOKa3yIOTh, M0 IIUIBHICTH MiHH,
PO3MIp KOMIPOK 1 MeXaHi4HI XapaKTePUCTHKU BHU3HAYAIOTHCS TEMIIEPATypOIO
¢dbopMmyBaHHs Ta THCKOM ynopckyBaHHs [13]. Merojy XapakTepu3yeThCs
BUHSTKOBICTIO LIBHJKO BHPOOJSTH CKJIagHI BUPOOM 3 TOUHHM JU3AHHOM, IO
poOUTH HOTO MPHUIAATHUM JUIS 3aCTOCYBAaHHS y Pi3HUX Taly3siX MPOMHCIOBOCTI,
BiJl aBTOMOOIIBHOT 10 €JCKTPOHIKH [ 14].

HesBakatrounm Ha 3HAYHI JOCATHEHHS Y JOCHIDKEHHSX TEXHOJIOTii
orpumanns  IIITY, ommumizamii i1x  ¢i3uKko-MeXaHIYHHX  TApaMETPiB,
OpIEHTOBAaHMX Ha IEBHI C(epy NPAKTUYHOIO 3aCTOCYBAaHHs, JaHa HayKoBa
TEMaTHKa HUHI HEe BTPAYa€e CBO€] aKTyaJIbHOCTI. 30KpeMa, OKpEMUM HaIPSIMKOM
JOCIII/KEHb, TOB’SI3aHUM 3 ONTHMI3alli€l0 BIACTHBOCTEH IOJO IMiJBUIICHHS
e(eKTUBHOCTI BHMKOPHCTAHHS IiHOMOJIYpPETaHOBUX MaTepialiB, BHIUIIOTH
nporec Mou(iKyBaHHS i BUBYECHHS BIacTHBOCTEH MoandikoBanux IMITY [3-5].

MeTo1o 1aHOT pO6OTH € JOCITIDKEHHS BIUIMBY JBOX BHJIiB MOJAU(IKaTOPiB:
IpaHyIbOBAaHMX Ta B’SI3KHX, HA CTPYKTYPHO-(i3WIHI XapaKTEPUCTUKH KOPCTKUX
MHOTIOJI ypeTaHiB.

MeToanka eKCIepHMeHTaJbHUX AO0CTiIzKeHb. OcHOBHUMH
KOMITOHEHTaMHU ISl OTPUMAaHHS TiHU OYJM TOJioN (KOMIOHEHT A), y CKJIan
SIKOTO BXOJIMB TAaKOX CIIIHIOBaY, Ta moiiizomiaHat (kommoHeHT B). IMomionu
MICTATh peakuiiiHo3nmatHi rigpokcunbHi (OH) rpymm, ski pearyiorh i3
i3omianatHuMu (NCO) rpymamu Ha i3ouiaHaTi 3 YTBOPEHHSM IIOJIiypeTaHiB.
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BBeneHHs cmiHIOBaua Yy CHCTEMY IIOJIIOJ-i30IiaHAT iHILIIOE YTBOPEHHS
Oynp0alIok, MmO TPHU3BOMUTH JIO XapakTepPHOI KOMIp4yacToi CTPYKTypH
MOJIlypEeTaHOBOTO MaTepiaiy.

XKoperki mosiypeTaHoBi MiHW OTPUMYBAJIH CIIOCOOOM 3aJTUBKH y BIAKPHTI
¢dopmu. [yt 1bOro MexaHIYHUM CIIOCOOOM PETENHHO 3MIIIyBaId KOMIOHEHTH
MOJIONY Ta TIOJMii30IiaHaTy IO YTBOPEHHS OJHOpPimHOi cywimri. JlocmimkeHHs
MIPOBOMIMIIACS JJISI PI3HOTO CIIBBiIHOIICHHA IIONIONy Ta IOJIi30WiOHATY Y
cyminri. Barose cmiBBiZHOIIEHHS MOMION — MoJii3omiaHar 1 : 2 € onTUMaTEHIM
UL OTPUMAaHHA OKOpCTKMX [IY miH, IO BCTAHOBIEHO IOMNEPEIHIMHU
JociimpkeHHsaMu [15].

B oTpumaHy TBOKOMIIOHEHTHY CyMilll (MaTpHIII0) BBOAMIN MoaudikaTopu
(xomnioneHT C) meBHOI BaroBoi 4acTkd. Y SIKOCTI MOAM(IKAaTOPIB Ui Meprioi
cepii 3pa3kiB BUKOPUCTOBYBAJIX JH00ABKY B’SI3KOTO MaTepialy — CHIOKCAHOBHUI
Kay4yK, a Ul Jpyroi cepii 3pa3kiB — IpaHyJIboBaHy J00aBKy (MEpIiT CIlyueHHH
ByJIKaHiYHOI opou). Bubip Monudikyrounx 100aBok IpyHTYBaBcsl Ha crioco0i
migBuieHHs — edekTBHOCTI  (omTHMIi3alii)  BIIACTUBOCTEW  MaTepiaiy
MHOMIONIypeTaHy JUIi BUKOPUCTAHHSA Yy OYAIBHHLTBI Ta IHIIMX Tay3sx
MIPOMUCIIOBOCTI i3 3a0e3MedeHHsIM OUTBIIOT0 3aXHCTy MaTepialdy Bill BIUIHBY
ynbTpadioneTy.

CHiI0KCaHOBHH KaydyK (CHIIKOH) — IIe JUMETHIICHIOKCAaHOBA piTuHA 3
HHU3BKOIO MOJIEKYJIIPHOIO Macolo, CTadili30BaHa OKCHIOM KpPEMHIIO; B’S3Ka
BHCOKOEJIACTHYHA PEYOBHHA, TEPMOCTIiHKa B Aiana3zoHi reMmepatyp Big -40 °C mo
+100 °C; BoJ10/1i€ BOTHECTIMKICTIO, TEPMOCTIHKICTIO Ta XIMIYHOIO CTIHKICTIO

Iepnit cry4deHuil sBisie COOOIO JICTKHM, MOPUCTHH 3a CTPYKTYPOIO,
Marepian MarMaTHYHOI TipcbKOl MOPOAM, OTPUMAHUIT 3a MEBHOI METOIUKOIO Y
pe3yabTati moapiOHeHHs i TepMidHOT 00poOKku. Lleit Marepian 3aBASKH BHCOKIH
noBiTpsiHi# mopucrocti (70...90%), HU3bKIH HACHITHII I'YCTHHI, TEPMOCTIHKOCTI,
TITPOCKOMIYHOCTi,  CTIMKOCTI 70 BOJOTH Ta  THUTTS, IMiABHUIICHIN
BOJIOHETIPOHUKHOCTI, IOBF'OBIYHOCTI BUKOPHUCTOBYETHCS B SIKOCTI HAIIOBHIOBaUiB
Ta PO3MyIIyBadiB y 0araTbOX raiy3six, 30Kpema, I TeIUIO Ta IIyMOi30JIsLii.
VHiKaJbHI BIACTHBOCTI MEPIIT OTPUMYE caMe IijJ Yac TepMidHoi oOpoOku. Y
IpoLeci HarpiBaHHs MEpIIITOBA IOPOJia POLUIMPIOETHCS Ta YTBOPIOIOTHCS JIETKI
TpaHyJIH.

Y  moCHiIKEHHAX BHKOPHCTAHO TPAaHYJIBOBAHWH MEPIIT 3 PO3MiIpoM
gactunok 0,5 ... 2,5 MM Ta ryctunoo 110 ... 150 kr/m®.

YTBOpeHy peakiliiHy CyMilll 3aJTUBAJIM y TJIACTUKOBI KOHTEHHEPH, B SKUX
BigOyBasIoCs CHiHIOBAaHHS, (POPMYBaHHS Ta 3aTBEpAiHHA MiHOMoiyperaHiB. I1ix
4ac CIiHIOBaHH BiOyBaIOCs MBHIKE 301IbIIEHHS 00’ €MY peaKIiifHOT CyMilTi y
10 ... 30 pa3iB ipoTsTOM 2 ... 4 XB 3 BUAUJICHHSIM Terlia (€K30TepMiTHa PEaKIlis).

VY Takuii cmnocid orpumyBanu MoaudikoBaHi xopcTki [TV -kommozumii
JIBOX BUIB 3a NMPHUPOI0I0 100aBokK (puc. 1, puc. 2). Bei niHu BUTpUMyBanu npu
KIMHATHi# TeMneparypi npoTsarom 24 roJuH.
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Puc. 2. 3oBHimHi# Burisz cepii komnozuuniit [IITY, moandikoBanux
CIIyYEHHM IIEpIIiTOM

JlocuimKeHHs] BUKOHYBaJIM JUIsl [BOX cepii 3pa3kiB [1I1Y 3 pisHum BMicToM
Mo (iKaTOpiB, XapaKTePUCTHKA SKUX MpuBeneHa y tabnuui 1. ['yctuHy miHu
BU3HAYAIM PO3PAaXyHKOBO 3a (opmyroro p = m/V. Jlnst aHamizy MOPHCTOCTI
BHKOPHCTOBYBAITH Mporpamue 3abe3nedeHs [ 16], pozpobiete Ha MoBi Swift, mo
JI03BOJISIE BUKOHYBAaTH OOYMCICHHS Ha OCHOBI (DOTO3HIMKIB CTPYKTYpH
MaTepiaiy.
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Tabuus 1
XapakTepHuCTHKa JIOCIITHUX 3pa3KiB MoudikoBanux T1ITY

MoandikyBaHHS CHIOKCAaHOBHM KayqyKOM MoandikyBaHHS CIly4EHUM NEPITITOM
Barose Barose P, kr/m® p, %
CHIBBI/IHOTICHHS P, K/ 0, % CHiBBI/IHOTICHHS
KOMIIOHEHTIB, KOMITOHEHTIB,

A:B:C" A:B:C”
2:4:.0 69.9 64 10:20:0 69.8 61
2: 41 71.8 62 10:20:1 60.2 63
2:4:15 75.9 61 10:20:2 57.3 66
2:4:2 97.9 60 10:20:3 63.3 72
2:4:25 105.4 56 10:20:4 65.9 75
2:4:3 180.7 53 10:20:5 68.2 77
2:4:4 189.6 51

* A — nonion, B — nomiizonianar, C — moaudikyrodya no6aBka

Pe3yabTaTh gociaixkeHb

Ha ocHoBi ananizy mikpocTpykTypu pociianux 3paskiB IIITY (puc. 3)
BCTAaHOBJICHO, 10 CWJIIKOH BXOJIUTh Y CTPYKTYPY IIHOIOIIypeTaHy reTepOreHHO,
YTBOPIOIOYM CaMOCTiiiHy (a3y (BKJIIOYEHHs OLJI0r0 KOJbOpY Ha MIKPO3HIMKax

CTPYKTYpH, pHC. 3).

MoaunbikyBaHHsS CHIIKOHOM HNPU3BOJMTH O 3MiHH MOPUCTOCTI MaTepiaity
MITY. A came, BinOyBaeTbCsl BUAO3MiHA MOPQOJIOTIi MOp Bif chepudHoi popmu
koMipok (1-3, puc. 3) 10 TOBUTFHOT aCHMETPUIHOT 3 HEPIBHOMIPHOIO TOBIIMHOIO
CTIHOK KOMIpOK TIOp, III0 Ma€ BHpaKEHUH BHUIIAAKOBUHN Xapakrtep (4-7, puc. 3).
UuM OLIBIINI BMICT CHITIKOHY, TUM ORI BUpaKeHA TaKa BHO3MiHA CTPYKTYPH
MaTepiaiy.

BonHouac, BBeIeHHSI CHIIIKOHY B MOJIlyPETaHOBY CHCTEMY MPU3BOJIUTH 110
BUHUKHEHHS 3MIIIAHOTO THITy MOPUCTOCTI (HAsBHICTH OJHOYACHO 3aKPHUTHX 1
BIIKpHUTHX TTOp). Takuil xapakTep MOPHCTOCTI BUHUKAE MIPHU BMICTI CHIIIKOHY BiJ
1 mac.4. i 6imbIre. 3pocTae BiICOTOK BiAKPUTHX IOP MaTepiany 3i 30iMbIICHHAM
BMiCTy cwiikoHy Bim 1 mo 4 mac.d. Pazom 3 THUM MOpPHCTICTH Martepiaiy
3MeHIy€eThes Bif 64 % 1o 51%.

3arayoM, BBEIEHHS B TONIYPETAaHOBY CHCTEMY MOAM(DIKYI0YOi T00aBKH
CWIIKOHY 1 30UIbIICHHS ii YaCTKU MPHU3BOJUTH A0 TAKHX 3MIH CTPYKTYpHO-
(GI3UYHUX ~ XapaKTEPUCTHK: 3pPOCTAaHHS CEepPeJHbOI TYCTHHHM  Marepiary
(BKJIIOYAIOYN IYCTOTH TOP); 301JbIICHHS BIJICOTKA BIIKPUTHX IIOP; BUIO3MIHU
Mopdororii mop (3pocrae po3Mip KOMIpOK, iX (hopMa 3MIHIOETECS BiJ cheprIHOT
JI0 JTOBIJIBHOI aCHMETPHYHOI, TIOTOBILYIOTHCS CTIHKM KOMIpOK); ApiOHOMOpucTa
crpykrypa (0,01 ... 0,1 MM) 3MiHIOETBCSL B HanpsIMKY KpynHonopucroi (0,1 ...
3MM); TiABHINYIOTHCS TBEPIICTh 1 KPUXKICTh Ta 3HWKYETHCS IIACTHYHICTH
Marepiayy MmHH.
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Puc. 3. MikpoCTpyKTypa 3pa3KiB MHOMOMyPETaHiB, MOTU(PIKOBAHUX
cuitikoHoM (%30 pasiB)

Jemo  mo-iHmoMmy  BinOyBaeTbcs ~ 3MiHa  CTPYKTYpHO-(i3HYHHX
XapaKTepUCTUK BHACHIIOK MoaudikyBaHHs IIIIY rpaHynboBaHMM CITydeHUM
niepiToM. OCKITIBKH CIyY€HUH NEpiiT Ma€ HU3bKY HACHITHY T'YCTHHY, BHCOKY
noBiTpsHy mopucTicTh (70 ... 90%) i B 00’€MHOMY CITiBBiTHOIIICHHI KOMIIOHECHTIB
Ma€ 3HauHy YacKy, sika CYTTE€BO 3pOCTae y cepii 3paskiB, TO BigOyBaeTbCs
KOpeJIsillisi TYCTHHM 1 IOPHCTOCTI CyMilli KOMIOHEHTIB MOAM(IKOBaHOTO
Mmarepiany. Tak, 10 Baroporo criBBigHomeHHs: komrnoHeHTiB 10:20:2 (mosion :
i301liaHaT : MEepIIiT) cepeHs ryCTHHA (BKIIIOYAE MOPH 1 MTyCTOTH) MOAU(IKOBAHOT
ITY minu 3MeHiyerbes Big 69,8 10 57.3 kr/mM5, a 3 NOAAIBIIMM ITiIBULIEHHAM
BMicTy Moaudikaropa 3pocrae 1o 68.2 (10:20:5) (tabn. 1). A nopucricth Takoi
niHy 3poctae Bifg 61% 1o 77% i HEe3MIHHO 3aJIMIIAETHCS 3aKpUTOIO (Tabur. 1) ms
naHoi cepii 3paskiB. HesanexHo Bix BMIcCTy mepiiTy, popMa 1op 3ajJUIIaeThCs
cepuuHOlO, a CTpPYKTypa Matepiany napionHomopuctoro (0,1 ... 2 mMm) 3
MIOOIMHOKMMH TTIOPaMHU po3MipoM 110 5 MM (puc. 4).

Brim, cTtpykTypa Marepiaiy, SIK 1 IpH MOAN(IKYBaHHI CHIIIKOHOM, TE€X €
IeTEePOreHHOI0, IO BiJOOPaXKAa€ThCSI OKPEMHMH BKJIIOYEHHSIMHM IEpPJITYy Ha
MIKpO3HIMKax puc. 4. 3ayBaknuMo, IO MaTepiaq IiHH TOBHICTIO TOKPHBA€E
(oOBostikae) TMOBEpXHI TpaHys IEpIiTy, 10 BKa3ye Ha ajre3iiiHy 34aTHICTbH
JaHoro Moaudikaropa /10 MHOMOIypeTaHy.
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Puc. 4. MikpocTpyKTypa 3pa3KiB MiHOMOJIiypeTaHiB, MOJU(IKOBaHUX
CIIy4€HHM TIEPIIiTOM

OCKINTbKM  CHYYeHHH NepliT XapaKTepU3yeThcss HHU3BKUM 3HAYECHHIM
Koe(illieHTa TEIIONPOBIAHOCTI, a IMOPHUCTICTh MOJM(IKOBAaHOI HUM IiHH €
3aKPHUTOIO, TO OYIKYETHCS y MOAANBIINX JIOCHIPKCHHAX, IO MOAM(iKOBaHI
MIePITITOM HOJiypEeTaHOBI IHK MAaTUMYTh ITOKPAILEHY TEIUIO- Ta 3BYKOI30JISIHHY
37ATHICTD.

BucnoBku. Ha OCHOBI pe3ynbTaTiB MPOBEACHHUX HOCIIKEHb 3pO0JIEHO
BHCHOBOK MPO 3MiHY CTPYKTYpHO-(I3HYHHMX XapakTepucTHk matepiany ITITY
BHACJIJIOK BBe/ICHHS MOAN(IKATOPIB y MOJiypeTaHOBY cHCTeMy. BcTaHOBIEHO,
mo B’S3KMH Moaudikarop (CWIIKOH) BIUIMBAE HA CTPYKTYpY IOJIiypeTaHy
iHaKIIe, Hi>K TPaHyJIbOBaHUH MoAM(iKaTop (CIy4eHHH IepIIiT).

Honasanns o IIITY moaudikyrouoi 10o0aBKM CHIIKOHY 1 30UIbIIEHHS ii
YaCTKU MPU3BOAUTH JI0 TAKHX CTPYKTYPHO-(i3MYHUX 3MiH: 3pOCTAHHS CEPEAHbOT
TYCTUHM Marepiany (BKIIOYAalOYM IyCTOTH MOp), 3HWMXKEHHS IOPHCTOCTI,
HasIBHICTh 3MimaHoi mopucrocTi (OAHOYACHO BIOKPUTI 1 3akpuTi mopm) i
BiJICOTKOBE 301JIBIIICHHS BIIKPUTHX HIOP; BUAO3MIHHU TOPUCTOCTI (3pOCTAE PO3MIp
KOMIpOK, iX (opMa 3MiHIO€ThCS Bil CEepUUHOI JO NOBILIBHOI aCHMETPUYHOI);
npibHOomopucta crpykrypa (0,01 ... 0,1 MM) 3MIHIOETBCS O KPYHHOHNOPHCTOL
(0,1...3 MM); miABUIIYIOTECSA TBEPIICTh 1 KPUXKICTh MaTepiasry 3 OJHOYACHUM
3HIKCHHSAM TUIaCTHIHOCTI TiHU.
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HaroMicTh rpaHy/IbOBaHUH CITydeHUHH MEPIIT MAJIO BIIMBAE HA CEPEIHIO
IYCTUHY MaTepiainy miHW. Pa3zoM 3 TuM, 3pocTrae HOpHCTICTb, (opMa Iop
3aJMIIAETHCA CHEPUIHOI0, a CTPYKTypa marepiany npioHomopucror (0,1 ...
2 MM) 3 MOOJUHOKMMH IOpPaMu po3MipoM a0 5 MM. [Ipu migBHIIEHHI BMicTy
TIEPIIITY MMOPHUCTICTh MIHK 3pOCTAa€ HE3HAYHO 1 HE3MIHHO 3aJIMIIAETHCS 3aKPHUTOIO.

IIporao3yeThcst, mo Moan(iKOBaHI MEPIiTOM MOJIypEeTaHOBI ITIHA MOXYTh
MaTH TOKpamleHy TEePMOCTIHKiCTh, TEIUIO-, Mapo-, TiApO Ta 3BYKOI3OJMIHHY
3aTHICTb.

OpeprkaHi gaHi MalOTh HOBHU3HY W KOPHCHE 3HAYEHHS Ta MOXYTh OyTh
BHKOPHUCTAaHI JJIS TOJANBIINX TOCTIKCHb Y MOAM(]iKyBaHHI MiHOMONIypETaHiB
B HANpPSIMKY TPHUKIJIAJHUX acleKTiB X BUKOPUCTaHHS y OyIiBHHLTBI Ta iHIIMX
rajy3sx iHKeHEepHOT AisJIbHOCTI.
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JocainzkenHs 3anen0anux Oyaiseas BoamHcebKkoi 001acTi Ta oniHka
ix aganTauiiiHoro noreHuiajay Ajs NoTped rpomaamn

Research of neglected buildings in Volyn region and assessment of
their adaptation potential for community needs

HapdentbeBa 1.0., K.T.H., noueHt, MeabHuk IO.B., K.T.H., J10LeHT
Crenanwok B.O., crysenrka (Jyubkuii HamioHaJbHUHA TeXHIYHMI
yHiBepcuteT, JIyubK)

Parfentieva I. O., Ph.D., associate professor, Melnyk Y.A, Ph.D.,
associate professor, Stepaniuk V. O., student (Lutsk National Technical
University, Lutsk)

Hna 3abesnevenna nacenenns Bonuncbkoi obaacmi HOSUMU NPUMilyeHHAMU O
KOMEHYIlHUX, BUpOOHUYUX ma IHwux yinell HeoOXIOHO 36epmamu yeazy Ha cmapi
nokuHymi 0yo0ieni, wo He eKCIyamyomscsa giice bazamo pokia. [[ysce yacmo KoHCmMpyKyii
maxkux 0yodieenvb nepebysawmv 8 HOPMALLHOMY CMaHi, a momy 0y0iensa Modice
eKcyamysamucs nicia nposedents peKoHCmpyKyii abo KaninbHo2o pemMoHmy.

With the current rapid population growth in the Volyn region, the need for the
construction of a larger number of buildings is growing. However, cities are quite densely
built up these days and it is very difficult to find vacant land for construction.

We must to pay attention to old abandoned buildings that have not been used for
many years to provide the population of the Volyn region with new premises for
commercial, industrial and other purposes,. Very often, the structures of such buildings
are in normal condition, and the building can be used after reconstruction or major
repairs. Using old buildings as a foundation for new ones is one of the most
environmentally friendly and economical ways to build. People should make the most of
urban areas and prevent areas from remaining unused. In addition, reconstruction takes
much less time to implement than new construction. This factor contributes to a faster
commissioning of the facility.

It is necessary to conduct a technical inspection of old buildings to check the load-
bearing structures and confirm their condition, which meets the requirements for strength
and reliability. First of all, load-bearing and enclosing structures are checked. It is also
necessary to take into account the condition of non-capital structures for budget planning.

This article examines the problem of old buildings without exploitation, examines
individual buildings, analyzes their technical condition, and draws conclusions about the
possibilities of further exploitation. The examples given show only a small part of the
abandoned buildings that can get a new life.

136


https://doi.org/10.36910/6775-2410-6208-2024-12(22)-13

CyyacHi mexHonoeii ma memodu pospaxyHkie y 6ydigHuymei. [lyupk, JIHTY. 2024, Bunyck 22
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22
One building in the city of Lutsk and one building in the village of Zhuravychi were
selected for the research. Both buildings have not been used for more than 15 years, but
their structures are in good condition and suitable for use.

Kniouoei cnosa: samedbami 0Oyoieni, obcmedswcenuss 6yoigenv, pPeKOHCMPYKYIs,
KanimanbHuu pemMoHm.

Keywords: abandoned buildings, building inspections, reconstruction, repairs.

AHaJi3 ocTaHHIX MoCaiTKeHb. B Menia HeoHOPAa30BO BHCBITIIOBANACH
npobnema 3anenbanux Oyaisens B M. JIynpk Ta BomuHcbkiii obmacti [1, 2]. B
iHpOpMaifHOMY TIPOCTOPi 3’ ABISIFOTHCS CBITJIMHU JaBHO MOKHHYTHX 1 3a0yTHX
OyniBenb, SKi PYHHYIOTBCS MiJ BIUIMBOM aTMOC(EpPHUX OMaiB, MEXaHIYHHX
BIUIMBIB 1 "acy. «Bci mi OyIiBimi 3a po3yMHOTO MiIXOAYy MOKHA IepenaTH I
0i3HEC, JKUTIIO, IHBECTHLIWHI MPOEKTH. | TakMM YHHOM BTPUMATH IJIFOJCH Bif
BHUI3/y 32 KOPJIOH, CTBOPUTH TYT poO0Ui MiCIs», — Kake ToJI0Ba PaHOHHOI pajH.
[3]. dani Gyaisumi 3aiiMaroTh iHHI 3¢MJISIHI TUIOII, 8 TAKOXK MICYIOTh apXiTEKTYPHY
KOMITO3HLIIIO MICTa.

[TpuknagoM BUpilIEHHS Takoi NPOOJIEMH € PEKOHCTPYIOBAHHS 3aHeN0aHOi
aaMiHicTpaTiBHOT OymiBiai B MicTi KoBenp BoauHChKOT 00JIACTI MMiJ KHUTIOBI
npumimennst s BIIO [4]. Tlpoekt Tta peamizamis Oymu 3mificHeHi 3a
¢inancyBanns €C Ta i3 3ajydeHHsSM MiKHapojaHOi (iHaHcoBOI opraHizarii
HE®KO.

MocTranoBka 3amadi. Y 3B’53Ky 3 BeJleHHAM 00HoBHX it Ha Cxo/i KpaiHu,
YHUCENbHICTh HAaCEJICHHs 3aXiTHUX PETiOHIB 3HA4YHO 3pociia 3a paxyHok BIIO. Sk
HACITIOK 30UIbIICHHST KUTBKOCTI JKHUTEIB BUHHKAE oTpebda y OymiBIsaX pi3HOTO
(YHKIIOHATIFHOTO MPHU3HAYCHHS: XHUTIOBUX, KOMEPIIHHUX, aIMiHICTPATHBHHUX,
BAPOOHMYHX TOImIO. OIHUM i3 crmoco0iB OTPUMAHHS HEOOXITHHUX TPHUMIIICHD €
PEKOHCTPYKIIii Ta KamiTalbHUH pPEeMOHT cTapux OyaiBenb, MmO HE
eKCIUTyaTyIOThCs. TakuM 9MHOM, IPUMIIIEeHHs Oy IyTh TOTOBI 10 €KCIITyaTamii B
OUTBII KOPOTKI TEpPMIHM Ta i3 3aJydeHHAM MEHIIOI KiIBKOCTI pecypciB B
MTOPIBHSAHHI 3 HOBUM OYIiBHHUIITBOM.

Ha Tteputopii BommHCchkOi 007acTi 3HAXOMUTHCS BEJNHWKA KIUIBKICTh
30yI0BaHUX B TMONEPEIHBOMY CTONITTI OyniBenb, $Ki mepedyBalOTh B
3aHe10aHOMY CTaHi Ta HE EKCIUIyaTyroThCs. Hammm 3aBIaHHSM CBOTOMHI €
MIOUIYK TaKUX Oy/iBeNb, OIlIHKa MOXIIMBOCTI IX PEMOHTY 200 PEKOHCTPYKIIT Ti]
HeoOXimHI mpuMimeHHs. J[g OpOro po3MiIsIHEMO J(Ba BapiaHTH 3aHEN0aHUX
OyniBesb, IPOAHATI3yeEMO CTaH iXHIX HECY4YHMX KOHCTPYKIIH Ta MpOBEIEMO
OLIIHKY MOXKJIMBOCTI ITOJIJIBIIOTO BUKOPUCTAHHS IIUX OYiBEb.

Buxusag ocHoBHOro martepiany. JlocnimkeHHs Oyze MpoBeIeHO Ha OCHOBI
TEXHIYHOTO 00CTEe)KEHHS CTaHy OyiBeNb Ta iX OKpEMUX KOHCTPYKITiH Bi3yalbHO-
IHCTPYMEHTAJIBHUM MeTOI0M [5].
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Byning Nel (puc.l) — anminictpatuBHa OyniBisi BonumHCbKOi oOsacHOT
CEC 3 nabopaTopHHUMHU NPUMILIEHHSIMH, 10 pO3TalioBaHa y micti Jlynpke mo
Byin. bankoBiii. OpienToBHHMI pik 3a0ymoBu — 1960. 3i ciiB MicueBoro
HaceleHHs, Oy/IiBIIsl HE eKCIUTyaTyEThCS BXKe OJIM3BKO 15-TH POKiB.

KoncTpykTuBHO OyniBiIs siBiIsi€ COOO0I0 LETIISIHY CIIOPYAY 3 HO3I0BXHIMH 1
MIOTIEPEYHIMHY 30BHIIIHIMA 1 BHYTPIOTHIMH HeCcydyuMH cTiHamu. Ilin crimamm
BJIAINTOBaHI CTPiYKOBI MerisAHi ¢yHOameHTH. [lepekpHTTs nepeB’sHEe ™0
nepeB’sTHUX Oankax, IO CIOHPAaOTbCs Ha Hecydi cTiEm. Han Oymisiero
BJIAIITOBAaHUH JBOCXMINN TOPHUIIHHN JaX 3 TOKPIBICIO 3 a30€CTOLEMEHTHUX
XBIICTHX JIUCTIB. HecydnMu KOHCTPYKIISIMH Jaxy € OepeB’sHa KPOKBSIHA
cucrema.

Puc.1. ®oto dakruynoro crany Oynisii Nel 330BHI Ta BcepeauHi

3a pe3ymbTaTaMu NPOBEACHHS OOCTEXEHHS Ta OOMIpiB OyJ0 BHUKOHAHO
KpecneHns wiany Ha Bigm.0,000 (puc. 2).
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OCHOBHUMH TNpPHYMHAMHM, IO 3HIKYIOTh €KCIUTyaTaliiiHy HpHIATHICTH
OyniBIi Ta OKpeMuX i KOHCTPYKIIH € :

— BIJICYTHICTb ITaHYBaHHS TEPUTOPII 3 YXHUIIOM BiJ] CTiH OyaiBIi;

— TpIIIWHY B 30BHIMIHIX CTIHAX BHACIIOK OCiTaHHS (DyHIaMCHTIB;

— HasABHICTHh POCIIMHHOCTI B Oe3mocepeHiil OJIM3bKOCTI IO CTiH Oy/IiBIi;

— pyHHyBaHHS HETJISTHOI KITaAKH KAPHU3HUX 3BHCIB, 3CYB OKPEMHX LIETIIHH
3 HeOE3IEKOI0 BUITAIIHHS,

— HEHaJe)KHA OpraHi3amis MOBITPOOOMIHY B MPUMIIIEHHSIX, MOPYIICHHS
TEMIIEPaTYPHO - BOJIOTICHOTO PEKUMY, YPaXXeHHsI KOHCTPYKIIH rpHOKOM;

— TOBHE pYyHHYBaHHA KOHCTPYKIil mimtorn (ii Hecydnx eNeMeHTiB i
MIOKPUTTA);

— HasBHI OTBOPH 1 TPIIIMHU B a30€CTOLIEMEHTHUX JINCTAX AaxYy;

— BHACJIJIOK 3aTiKaHHS OMAJiB HasBHI YPa)KCHHS THUIM3HOK OKPEMHX
0aJIOK MEPEKPUTTS Ta EJIEMEHTIB KPOKBSHOT CUCTEMH.
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Puc. 2. TTnan Ha Bigm. 0,000 Oymismi Nel

Bynins Nel mepeGyBae B HENpuAaTHOMY /0 HOpMallbHOI eKcIuTyaTamii
CTaHi, TPOTE CYTTEBUX JAe(PEKTIB B HECyYMX KOHCTPYKLisAX, SKi O
YHEMOXKJIMBIIIOBAJIM IIO/AJbIIe BHUKOpDHCTaHHS OyaiBi, He BusABIeHO. [lis
MOBEpHEeHHST OyZiBIi JI0 eKciulyaramii HeoOXigHa  po3poOKa  NPOEKTY
KaIliTaJIbHOT'O PEMOHTY 3TiJHO HOPM i IPaBIJI YNHHUX JIEPKABHUX OYIiBEIHUX
JoKyMeHTiB Ykpainu [6].

Byniis Ne2 (puc. 3) — xutiioBa OyIiBIIs B CKJIA1 CAHATOPHOIO KOMILIEKCY
«Kypaska» B ¢. XKypasudi JIynpkoro paiiony BonnHchkoi 001acTi.

Ha Tepuropii maHOrOo caHATOpil0 3HAXOMATHCA IIIHHI JDKEpena, 1o
BOJIOZIIOTh JIIKYBJIBHHMHU BIIACTHBOCTSIMH. BYHIBIISI HE EKCIIyaTyeThCsS BXKE
6mm3pko 20-TH POKIB. 3asBU IPO BiJHOBJIEHHS CaHATOPiIO0 MOCTymarTh 3 2014
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poky [7], mpoTe moci oaHa 3 HUX HE BTITIOETHCSA B peanbHicTh. B 2023 poui
cTano Bimomo mpo Bukyn canaropiro T30B «Kapneone» [8].
OO0’eKTOM HAIIOTO JOCIIJKEHHS € JBOIOBEPXOBa OyJIIBIIS MPSMOKYTHOT
¢dopmu B ruiani 20-x pokiB 3a0y10BH.

Puc. 3. ®oro ¢paxruunoro crany Oyxaisai Ne2 330BHI Ta BcepeanHi

KoncTpykTrBHO OYIiBIIS SBIISIE COOOIO HETIISIHY CIIOPYAY 3 MO3IOBXKHIMH i
MOTIEPEYHIMHY 30BHIIIHIMH 1 BHYTPIITHIMA HeCydnMH cTiHaMu. [lepekpurts 3i
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301pHHX 32113006 TOHHUX ITyCTOTHHX IUTHT, 10 CIIUPAIOThCs HA Hecydi cTiHu. 1in
30BHIIIHIMH 1 BHYTpIIIHIMH CTiHAMH BJIALITOBAaHI CTPIYKOBI  LETJIsAHI
¢ynnamentn. Hax OyxiBielo BIAIITOBAaHMH OJHOCXWIME TOPUINHMK Jax 3
MIOKPIBJIEIO 3 a30€CTOLIEMEHTHUX XBWISICTHUX JIMCTIB. HecydnmMu KOHCTpYKIisIMU
JIaxy € JepeB’siHa KPOKBSIHA CHCTEMA.

3a pesynbTaTaMu NPOBEACHHS OOCTEXEHHS Ta OOMIipiB OyJ0 BHKOHAHO
KPECIICHHsI TUIaHiB MePIIOro Ta APYroro mosepxis (puc. 4).

&

)]

e —
e e

Puc. 4. IInanu nepioro Ta Apyroro noBepxis Oyuimi No2

OCHOBHUMH TMPHUYMHAMH, IO 3HIDKYIOTh EKCIUIyaTalliiiHy NpHIATHICTh
OymiBIIi Ta OKpEeMUX 11 KOHCTPYKIIIH € :

— HasABHICTh POCIIMHHOCTI B Oe3mocepenHiil OJM3BbKOCTI 10 CTiH OyIiBi,
IO CIIPHsIE TXHHOMY 3BOJIOKCHHIO;

— BIJICYTHE BUMOIIEHHS IO IEpUMETPY OyaiBIi;

— pyHHYBaHHS JIepeB’THUX BIKOHHUX OJIOKIB;

— po3TpicKkyBaHHS OETOHY Ta OTOJICHHS apMaTypH 3aii300€TOHHHX TUIAT
MEPEKPHUTTST Ta OAJTKOHHUX IUIUT;,

— ocimaHHs QyHIAMEHTIB ITi/1 30BHIIIHBOIO CTIHOIO, HACKPI3HI TPIIIMHU B
LETJISTHUX TIEPETOPOIKAX;

— BIJCYTHICTh BOJOBIJIBEJICHHS 3 TIOKpPIBJI, [I0 CIPUYUHSIE 3HAYHI
3aMOKaHHS CTiHU 10 oci E;

— HEHaJe)XHa OpraHi3alis MOBITPOOOMIHY B NMPHUMIIIEHHSX, MOPYIICHHS
TEMIEPATYPHO-BOJIOTICHOTO PEXKHUMY, YPAKEHHS KOHCTPYKIIH TPHOKOM;

— HasBHI OTBOPH i TPIlIIMHU B a30€CTOIIEMECHTHHX JINCTAX JAaXy, 3aMOKAHHS
KOHCTPYKIIH TEPEKPUTTS IPYTOTO ITOBEPXY.
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BynmiBns Ne2 mepeOyBae B CTaHi HENPHIATHOMY 1O HOPMAJIBHOL
excrutyartarfii. KoHcTpykuiii B aBapiiHOMy CTaHi He 3HaijJcHO. BusBieHi
JneexTH MOXHA YCYHYTH IUISIXOM BUKOHAHHS KalliTAlbHOIO PEMOHTY.

BucHoBok. B nanoMy nociimkeHHI po3TISTHYTO JUIIE KilbKa Oy TiBeib, o
MOJXYTh BUKOPHCTOBYBATHUCS UL TIOTPeO HACENCHHS, HACTIPABIi TAKUX Oy/iBEIb
cotHi Ha Bonmai. Bonn 3aiiMatoTh IiHHI MICBKi IDIOIII, IICYIOTh apXiTEKTypHY
KOMIO3ULI0 BYJTHIIb. HOBepHym M JKHTTS MOXKHA 38 JOIIOMOT'OI0 TPOBC/ICHHS
PEKOHCTPYKIIii 260 KaMiTaTbHOro PEMOHTY. [X BiJHOBIEHHS pUHECe HOBi po6oi
MICI_IH, MlCL[}I JJIA Bl}lHO‘II/IHKy Ta po3Bar HaCCJICHHS, HOBI HJ'IOHII JUIA
KOMEpIIHHUX Ta 0(PiCHUX MPUMIIICHb TOIIO. Takuid MiaAXia MOKe 3¢KOHOMHUTH
gac Ta (piHaHCH, HEOOXiTHI AT OyNiBHUIITBA.
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YAK 692.522 https://doi.org/10.36910/6775-2410-6208-2024-12(22)-14

MopayabHi cucTeMu: KOHUENILisl, eHeproeeKTUBHICTH Ta
(pyHKUiOHATBHI MOKINBOCTI B YMOBaX PeKOHCTPYKIT

Modular systems: concept, energy efficiency, and functional
capabilities in the context of reconstruction

MHaciunuk P.B., k.T.H.,, gouent, bosipuyk B.A., K.T.H., [0OLeHT,
Maciunuk O.C., k.apx., aoueHt, 3aaopoxHikoBa [.B., K.T.H., aouHeHT
(JIynbkuii HanioHanbHUI TeXHiYHMIi yHiBepcuTeT, JIyHbK)

Pasichnyk R.V., Ph.D., Associate Professor, Boyarchuk B.A., Ph.D.,
Associate Professor, Pasichnyk O.S., Ph.D. (Arch.), Associate Professor,
Zadorozhnikova 1.V., Ph.D., Associate Professor (Lutsk National Technical
University, Lutsk)

YV emami poszensdaemvcs konyenyis, enepeoeghexmugnicms ma QyHKYIOHATbHICMb
MOOYbHUX cucmeM 6 ymosax pexoncmpykyii. Konyenyis moodynvroeo 6Oyoienuymea
IPYHMYEMbCA HA NPUHYUNAX 3A800CLKO20 8UPOOHUYMBA MOOYI6, Wo 3a0e3neuye GUCOKY
MOYHIiCMyb, AKICMb | BIONOGIOHICMb CMAHOAPMAM, d MAKONC YHIGepcanvbHicms ma
WBUOKICb  MOHmMadCy 1 eHyukicmsv ousaiiny. MooyavHuil nioxio 0036011€ 1e2Ko
aoanmysamu  Oyoieni 00 iHOUGIOyarbHUX nompeb. Y pamkax ybo2o niOXo0y
BUKOPUCTOBYIOMbCSL PI3HI MUnu MoOYJi6, SKi 6UKOHYIOMb KOHKpemHi (yHKYii: ¢hacaoni,
cmpyKmypHi, inocenepui, @ynkyionansni. Mooynwbui cucmemu marome a6HI nepesazu
nepeo mpaouyitiHuMu Memooamu peKoHcmpykyii. Bowu 3abesneuyioms weuokicmo i
SAKICMb BUKOHAHHSL pOOIM, 003601510Mb 3MEHWUMU SUMPAMU MA MAIOMb NOZUMUGHUL
eKON0TYHUIL BNIUE.

The article examines the concept, energy efficiency, and functional capabilities of
modular systems in the context of reconstruction. Modular construction is based on the
principles of factory production of modules, ensuring high precision, quality, compliance
with standards, modular versatility, rapid assembly, and design flexibility. The modular
approach allows buildings to be easily adapted to individual needs. Within this approach,
various types of modules are used, each fulfilling specific functions: facade modules,
structural modules, engineering modules, and functional modules. Modular systems have
clear advantages over traditional reconstruction methods. They ensure speed and quality
of work, reduce costs, and have a positive environmental impact. In the context of post-
war recovery, these characteristics make modular systems the optimal choice for fast and
sustainable reconstruction of the housing stock. Strengthening load-bearing structures and
using replaceable modules for damaged walls and floors are key technologies in restoring
damaged buildings. These technologies provide a quick, cost-effective, and high-quality
return of buildings to operation, meeting modern construction and safety requirements.
The integration of modular systems enables efficient solutions for reconstruction tasks
while minimizing disruption to residents and reducing resource consumption. Modular
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systems are among the most effective approaches to building reconstruction in post-
conflict conditions. They not only ensure rapid and high-quality restoration but also
contribute to improving the energy efficiency of buildings. Considering current
requirements for reducing energy consumption, modular solutions allow for minimizing
energy losses and providing comfortable living conditions for residents. One of the key
advantages of modular systems is the ability to integrate insulation materials directly into
facade modules. This significantly enhances the energy efficiency of buildings, especially
in cases of reconstructing old concrete buildings that typically have low thermal insulation
properties. In modern conditions of housing stock reconstruction after military actions, it
is essential not only to restore damaged buildings but also to ensure their environmental
sustainability. An ecological approach involves minimizing environmental impact through
the use of environmentally friendly materials, recycling damaged structures, and reducing
the volume of construction waste. In this context, modular systems play a crucial role as
they combine efficiency with environmental care. Modular systems provide extensive
opportunities for improving the design and aesthetics of buildings. The use of diverse
materials, the creation of harmonious appearances, and integration into urban
environments make such systems the optimal solution for reconstructing the housing stock
under modern conditions. They not only meet aesthetic demands but also contribute to the
creation of a comfortable and functional urban space.

Kniouoei  cnoea. mooynvui cucmemu, 30ipHi  KOHCMpPYKYii, GIOHO61EHH:A
3PYUHOBAHO20 — JHCUMAQ,  DEKOHCMPYKYis,  MiyHicmbv,  cmitkicms,  Oegopmayii,
eHnepeoepeKmusHicmb.

Keywords: modular systems, prefabricated structures, restoration of destroyed
housing, reconstruction, strength, itability, deformations, energy efficiency

Beryn. MonysibHi cucTeMH — Lie IHHOBaLiHHUIN MIX1]| y Oy NiBHHUILITBI, SIKHI
0azyeThbcsi Ha BHKOPUCTAHHI IIONEPEJHBO BUTOTOBJICHUX KOMIIOHEHTIB
(MomyiB), SIKi JIETKO TPAHCIIOPTYIOTHCS T MOHTYIOTHCS Ha Mictii. s TexHooris
cTajia BIAMOBIAAI0 HAa HEOOXIIHICTH IIBHIKOIO, €KOHOMIYHOIO Ta SKICHOrO
OyIiBHHMITBA, IO OCOOJIMBO aKTyajbHO B YMOBaX PEKOHCTPYKIIi *KHTIOBOTO
¢donny micns BiffHM. 3aBASKM CBOIM I'HYYKOCTI Ta yHIBepCalbHOCTI, MOAYJbHI
CHUCTEeMHU IO03BOJIIIOTH 3a0e3NeunTH e(eKTHBHE BiIHOBJIEHHA OyaiBelb pi3HOI
CKJIQJHOCTI, aIaNTyIO4H iX JI0 Cy4aCHUX CTaHJIapTiB.

MeTo10 11OTO JOCIHIKEHHSI € BHBYEHHS OCOOJIMBOCTEH 3aCTOCYBaHHS
MOJIYJIBHUX CHUCTEM JJIsI PEKOHCTPYKIIi MOIIKOPKEHUX BiffHOIO Ta 3acTapiiimx
OymiBeb.

OcHoBHa yacTuHa. KoHuenuisi MoayJIbHHX cHCTEM Ta iX 3aCTOCYyBaHHS
Y PeKOHCTpYKUil

MoaynbHHN TAXIA IPYHTYETHCS Ha i€l cTaHmapTH3allii Ta MmonepeIHboro
BHUTOTOBJICHHsSI KOMITOHEHTIB OyniBili. OCHOBHI TMPWHITUNM IIi€i KOHIEMIIi Ie
3aBOJICbKE BHPOOHMITBO, YHIBEpCAJbHICTh, IIBHUIKUH MOHTaX, THYYKICTh
nu3aitay [2].
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OCHOBHI eleMEeHTH KOHCTPYKIiHM, Taki SIK CTiHH, NMEeperopoakH, (acaaHi
MaHeNti, 1HKEHEpHI CHCTEMH BHIOTOBIIIIOTH y KOHTPOJBOBAHMX YMOBax Ha
creuiaiizoBaHux 3aBojax. lle 3a0e3nmeuye BHCOKY TOYHICTB, SIKICTH 1
BiJINIOBITHICTh CTaHAAPTAM.

Mopayni MaloTh CTaHAaPTU30BaHi PO3MIpH Ta KOHCTPYKTHBHI 0COOIMBOCTI,
0 J03BOJISIE iX BHKOPHCTOBYBAaTH y OYHIBISAX PI3HOTO TpWU3HAYEHHS — Bif
XKHUTJIIOBHX JI0 KOMEPIIHHUX.

3aBasSKM MIATOTOBII MOAYIIB Ha 3aBOJi, IX MOHTaX Ha Mmicui motpebye
MiHIMAIFHUX BUTpPaT dYacy 1 3ycmib. Lle 0co0nmMBO BaXXIMBO B yMOBax
IIOBOEHHOTO BIJHOBJICHHS, KOJNM HEOOXIZHO IIBHAKO 3a0€3MEYUTH SKUTIOM
3HAYHY KUIBKICTb JIFOJIEH.

MonyapHul — TAXiA  J03BOJsIE  JITKO — aganTyBaTH  Oy[IiBiI 10
iHuBiAyanpHuX notped. Hanpuknaa, Moxysai MOXKyTh OyTH BHUKOPHUCTaHI IJist
CTBOPCHHS CyYacHUX (pacaqiB, yTEIUIGHHS abo0 J00yJIOBH JOJATKOBUX
MPUMILICHB.

VY paMkax MOJYJIBHOTO X0y BUKOPHUCTOBYIOTHCS Pi3HI THITM MOJIYJIB,
SKi BHKOHYIOTh KOHKpeTHI (QyHKIil: dacamHi, CTpYKTYpHi, iH)KEHEpHI,
(yHKIIOHATIBHI.

dacagHi MOIyTl BUKOPUCTOBYIOTH IS BiHOBICHHA a00 OHOBJICHHS
30BHIIIHIX CTiH OYAiBIl, MOXYTh BKJIIOYATH TEIUIOI30JIALII0, 03700JIF0BaIbHI
MaTepiai Ta HaBiTh IHTETPOBaHI iH)KCHEPHI PIilICHHs, TaKi K COHSYHI MaHeN i,
3a0e3MeuyoTh SIK €CTETHYHY, TaK i eHeproe)eKTUBHY PEKOHCTPYKIIIO.

CTpyKTypHi MO/l BKJIOYAIOTh HECY4i €JIEMEHTH, TakKi K KOJIOHH, OaJIKn
Ta TEPeKPUTTS. BUKOPHCTOBYIOTBCS sl  HOCHJICHHS  TNOIIKOJKEHUX
KOHCTPYKIIiif 200 CTBOPEHHS HOBHX.

[mKeHepHi MoOJyni IHTErpyrOTh CHCTEMH ONAJICHHS, BEHTWIIALII,
KOHJMLIIOHYBaHHsI, BOJIOIIOCTAYaHHS Ta EJIEKTPOIIOCTAYaHHSI, JIETKO MOHTYIOTBCS
Ta MiAKIOYAIOTHCS 10 OCHOBHUX MEPEXK.

OyHKIIOHANBHI  MOIYyJi TpPU3HAYEHI I CTBOPEHHS JIOJaTKOBHX
IIPOCTOPIB, TAKUX SIK OAJIKOHH, JIOJKiI, Tepacu abo i TOBI MaXTH, MOXKYTb OyTH
BHUKOPHUCTAaHI JJIs 301TBIIIEHHS] KOPUCHOT TUTOIII OYTiBIIi.

MopnynbHi CHCTEMH MalOTh HHM3KY IIepeBar, ski poOiaTh iX igeanbHUM
pilleHHsAM Uil peKOHCTpyKuii kumioBoro ¢onny. lle Taki mepesarw, sk:
MIBUKICTh peatisariii, sKiCTh i TOUYHICTh, EKOHOMIYHICTh, MiHIMaJIbHUI BILTUB Ha
MEIKAHIIiB, EKOJIOTIuHICTH [6].

B ymoBax BiTHOBJICHHS KHUTIOBOTO (POHITY MiCHs BIHHU MOAYNBbHUH ITiIXif
Ma€ HaI3BUYalHO BAXUIMBE 3HA4YCHHSA. BiH 103BOJIsIE MIBHAKO 1 €(PEeKTHBHO
BiIHOBJTIOBATH TIOIIKO/DKEHI OymiBIi, MIBUIIYBAaTH €HEProe()eKTUBHICTD,
PO3LIMPIOBATH (PYHKIIOHAIBHICTH, OHOBJIIOBATH €CTETHKY OymiBes [5].

[puHIMIM MOIYIBHOTO MIiAXOAY BIAKPUBAIOTH HOBI MOMJIMBOCTI ISt
peKoHCTpyKIii sxuta0BOro (oumy [4]. Ix BmpoBamkeHHs N03BONAE MIBUIKO,
€KOHOMIYHO Ta SIKICHO BIZTHOBIIIOBAaTH OYAiBII, 3a0e31e4y0un KoM(pOpTHI yMOBH
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JUIL TIPOKMBAHHS MEIIKAHLIB 1 BIANOBIJHICTH CyYacHHUM CTaHAapTam. Y
MIOBOEHHHUX YMOBaX IIi TEXHOJIOTIi MOXYTh CTaTH KJIIOYOBUM IHCTPYMEHTOM IS
LIBUIKOTO  BiJHOBJICHHS 1H(PAacTpyKTypu Ta crabimizamii —coriaibHO-
€KOHOMIYHOTO CEepe0BHIIIA.

MoaynbHI CHCTEMH BUPI3HSIOTHCS €KOJIOTTYHOI0 €()EKTUBHICTIO, OCKIIBKU
3HaYHAa YacTHHA OYIiBHHUITBA 3IIMICHIOETHCS Y KOHTPOJIBOBAHHX YMOBaxX Ha
3aBOMi, J€ yCi €JIEeMEHTH BHUTOTOBIIIOTHCS 3 MAaKCHMAaJIbHOI TOYHICTIO, IO
JIO3BOJISIE YHUKHYTH IIEPEBUTPAT MaTepiaiiB. 3aIHIIKH MaTepialliB y 3aBOJICHKUX
yMOBax MOXYThb OyTH mepepoOiieHi 9M BHKOPHCTaHI HOBTOpHO. Momymi
JOCTABIIIOTH B TOTOBOMY BUTJISII, IO 3HWKYE OTPeOY y pi3aHHi, CBEPUTiHHI YK
IHIIUX TpoLecax, AKi CyNpOBOIKYIOTCSI YTBOPEHHSM CMITTS.

KpiMm TOrO, MOAYJIbHI CHCTEMHU JIO3BOJISIIOTH YaCTKOBO BHUKOPHCTOBYBATH
BXKE HasiBHI OyJIiBeNIbHI KOHCTPYKIII a00 MOBTOPHO IHTETpyBaTH Marepiaiu 3i
3pyiiHOBaHuX OyaiBenb. Lle 0co0IMBO BaXKIIMBO B yMOBAaX OOMEXEHHX PECYPCIB
Ta eKOJIOT1YHUX BUKJIMKIB.

MopaynbHi CUCTEMH € HaJ3BHYAHHO THYYKUMH 1 MOXKYTh OYTH 3aCTOCOBaHi
SK JUIA CTBOPEHHS THMYAacOBHX, TaK 1 [UIA TOCTiHHMX OyxiBenb. Lls
YHIBEpCAIBHICTP € OJHIEI0 3 KIFOUOBHX ITePEeBar TEXHOJIOTI].

MonynbHi CHCTEMH TaKOX €(pEKTHBHO BHKOPHCTOBYIOTH JUIS CTBOPCHHS
MOCTIHHUX OyAiBENb 3 BUCOKHM PiBHEM €HepProe(peKTUBHOCTI Ta KOM(OPTHOCTI.
Taki KOHCTPYKIIi BIAIOBIAAaOTH YCIM CydacHHM OYIiBEIBHHUM CTaHOapTaMm i
MOXYTb CJIIYT'YBaTH JAECSITKH POKIB.

3aB/sSIKM BUKOPHCTAHHIO Cy4acHMX MaTepiajiB Ta iHTerpauii iHKeHEepHUX
CUCTEM MOJYJbHI OYAiBII 3a0€3Me4y0Th BUCOKY SIKICTh 1 JJOBIOBIUHICTb.

I'Hy4KiCTh MOIYJIBHUX CHUCTEM JIO3BOJISIE aJANITYBATH iX JI0 Pi3HUX MOTPeED,
MOYMHAIOYM BiJ] HEBEJIUKHX JKUTIOBUX OYIMHKIB 1 3aKiHUYIOYM BEJIHMKHUMHU
6arato(pyHKIIOHATbHIMHU KOMIUICKCAMHU.

MonyipHI CHCTEMH MalOTh 3HAYHI IIEPEeBary, AKi poOJIATh IX ONTHMAaIbHUM
BUOOpPOM Ul BiTHOBIEHHA OyniBenb y NoOBoeHHWI mnepioa. IlIBuakicts
BUPOOHMIITBA 1 MOHTaXy JO3BOJIIE OIEPATHBHO 3a0e3MevyBaTH >KUTIOM
MOCTPaXKAAINX, MiHIMIi3aLlisl OyAiBEIBHOIO CMITTS CIIPUSIE €KOJIOTIUHIH cTanocTi,
a MOJJIMBICTBH 3aCTOCYBaHHS Y THMYACOBHX 1 IMOCTIHUX KOHCTPYKIISIX POOHUTH
II0 TEXHOJIOTII0 YHiBepcajbHOWO. MOAYIbHMH MiIXiJ € HE JMIIE TEXHIYHO
e(peKTHBHUM, aje i eKOHOMIYHO JIOINBHUM, IO POOHTH HOTro KIFOYOBUM
IHCTPYMEHTOM ]I BUPIIICHHS CyJacHUX BUKIHKIB Y cpepi peKOHCTPYKILi.

dacanHi, iHKEHEPHI Ta AOO0YIOBYI MOIYJi € KIFOYOBUMH €IEMEHTaMHU Y
IpoIieci BiJHOBIICHHS MOIIKO/DKEHUX OyIiBenbh Ta MOJEpHi3alii iCHYI04YOoro
KHUTIOBOTO (OHAY. IXHA yHiBepcambHICTh, €(DEKTUBHICT i €CTETHYHA
MIPUBAOIUBICTE POOJATH MOIYJIBHI CHCTEMH ONTUMAIBHAM BHOOPOM ISt
BUPIIICHHS CKJIQJIHUX 3aB/laHb PEKOHCTPYKIII.

OnmHMM i3 KIIOUYOBMX 3aBAaHb y BiJHOBICHHI NOLIKOKEHHUX OyIiBENb €
3a0e3nedeHHss iXHbOI KOHCTPYKTHMBHOI MiIlHOCTI Ta cTilikocti. B ymoBax
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TIOBOEHHOTO BiJIHOBJIEHHSI, /1¢ Oy/iBJl 3a3HalM 3HAYHUX PYHHYBaHb, OCHOBHOIO
BHUMOTOIO € ITOCHJICHHSI HECY4YMX KOHCTpYKLii. Llel mporec BKIItOYae perenbHe
00CTeXEeHHsI TEXHIYHOTO CTaHy OyaiBJi, BU3HAYCHHS CTYIEHS IOIIKOKEHb Ta
BIIPOBA/DKCHHSl TEXHOJIOTIHM, sKi JIO3BOJISIOTH BIZHOBUTH a00O IOKpAIIUTH
3MIaTHICTh KOHCTPYKI[I BUTPUMYBATH HaBaHTaXKCHHSL.

[lepmiM KpOKOM € OIiHKA CTaHy HECYYMX €JEMEHTIB, TaKMX SK CTiHH,
KOJIOHH, OalkW Ta TEepPeKpUTTA. 3a JOMOMOTOI0 CHeIiali30BaHUX METOIIB
miarHOCTHKM  (YNbTpa3BYKOBE  CKaHyBaHHS, peHTTeHorpadis  OeroHy,
BHIIPOOYBaHHA Ha MIIHICTh) BH3HAYAIOTHh HASBHICTH TPIMINH, KOPO3ii apmMaTypw,
3HW)KEHHSI HeCy4ol 31aTHOCTI OeTony. [1]

KapOoHoBi a00 CKIIOBOJIOKOHHI CTPIYKHU Ta CITKU € e()eKTHBHUM 3aCO00M
JUIsL 3MIIHEHHsT OeToHy. BOHM HaHOCATBCS Ha MOBEPXHIO KOHCTPYKIIi,
3a0e3MeuyrOUH T0JaTKOBY MIIIHICTb i CTIMKICTh 10 IUHAMIYHUX HABaHTA)KCHb.

Jlis  BIMHOBIICHHS KOJIOH, OaloK dYd (PYHAAMEHTIB 3aCTOCOBYIOTH
TEXHOJIOTIIO 3aJIMBKH HOBOrO IIapy OETOHYy, IO 00’€IHYEThCS 3 ICHYHOUOKO
KOHCTpyKLi€0. BcTaHOBNEHHS craneBux o000iM a0 CTPIKHIB HaBKOJIO
TIOIIKO/KEHUX EIIEMEHTIB JJ03BOJISIE KOMIIEHCYBAaTH BTPATy HECYdoi 34aTHOCTI Ta
PIBHOMIPHO pO3MOIITUTH HABAHTAKCHHS.

Jns repmerus3amii TPIIWH Ta BiJHOBJICHHS MOHOJITHOCTI KOHCTPYKIIH
BHKOPHCTOBYIOTh ITOJIIMEPHI MaTepiaid, IKi BBOJIATHCS ITiJ] THCKOM.

VY mporeci MOCHICHHS KOHCTPYKIIH HEOOXITHO BpaxOBYBaTH MOMIIHBI
OUHAMIYHI HaBaHTa)XEHHS, 30KpeMa, CeHCMiuHy aKTHBHICTh a00 IOBTOpHI
BuOyxu. lle mocsraeTbcs HUISIXOM BHUKOPHCTAHHS CICLIAIbHUX apMYHOUYUX
cucreM abo JeMI(YOUNX eIEMEHTIB.

[MocunenHss Hecy4Mx KOHCTPYKILIH JO3BOJIIE HE JIMIIE BiJIHOBUTH
(byHKIIOHATIBHICTD Oy[IiBII, ajie it 3HaYHO MPOJOBKUTH TEPMIH i eKCIUTyaTalii,
3abe3neuyroun 0e3rneKy MenIKaHIliB.

VY Bumagkax, KOJM HOMIKOUKEHHS CTiH 1 MEpeKpPHUTTIB € KPUTHIHUMH,
JOLUTBHUM PINICHHSIM € BUKOPHCTAHHS 3aMIHHHUX MOJIYJiB. MOIyIbHHNA TiIX1]T
JI0 BIJHOBJICHHS JI03BOJIA€ MIBUAKO Ta €(EKTHBHO 3aMiHIOBATH 3pyHHOBaHI
eJIEMEHTH, 3a0e3Neuyrour BiJHOBJIECHHS OyaiBII 3 MiHIMAaJIbHUMH BHTpaTaMu
qacy i pecypcis.

3aMiHHI MOJIyJi BHUIOTOBIISIIOTH Yy 3aBOJCHKMX YMOBaxX i3 TOYHHM
JIOTPMMAHHAM HEOOXiJHMX CTaHIApTiB. IXHA KOHCTpYyKIis 3abe3meuye Jerkuit
MOHT2)X Ha MiCIli TOIIKO/)KEHb, HABITh Yy CKJIATHUX YMOBax OyIiBEIbHOTO
MangaHdrka. Moy BUTOTOBJISIFOTh 3 MIIHUX 1 JIETKMX MaTepialliB, TAaKUX 5K
BHCOKOSIKICHUI OETOH, apMOBaHi KOMIIO3UTH a00 CTaJeBi MaHeli.

CTiHOBI MOAYJTi BUKOPHCTOBYIOTH JIJISl 3aMiHH 30BHIIIHIX i BHYTPIIITHIX CTiH,
SIKI 3a3HAJIM 3HAYHUX IOUIKOKEHb. MOXYTh BKIIOYATH yTEIUTIOBAIbHI IIAPH,
03100/MI0BaNIbHI  MaTepiali  Ta CHCTeMH repMermsauii. 3abe3nedyroTh
€HEepProc)eKTUBHICTb i 3aXKCT BiJl BOJIOTH.
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Mopyai TEpeKpUTTIB  3aMIHIOIOTh  TIOIMIKO/DKEHI abo  3pyHHOBaHI
MDKIOBEpXOBi mHepekpurTs. OcHamyloThCs apMyBaHHSIM JUIS  IiJIBUILECHHS
MIITHOCTI 1 CTIHKOCTI JIO HAaBaHTaXeHb. JIErKiCTh KOHCTPYKIIIT MOYJIIB 3MEHIITYE
HaBaHTA)KCHHS Ha iICHYIOYi HECyYl €JIEMEHTH.

Mopayini KOMOIHOBaHOTO THITY BKJIIOYAIOTh (DyHKIIOHAIIBHI €JIEMEHTH, TaKi
SIK BEHTWJIALIIHI KaHAJIH, CHCTEMH OTIaJICHHS Y1 eJIEKTPOMEPEKi.

[licns nmeMOHTaXy TOIIKOKEHMX  E€JIeMEHTIB Ha  OyHiBeIbHOMY
Mal/IaHIWKy BHKOHYETH IMIATOTOBKA IJIsI BCTAHOBJICHHS MOAYIIB (YKpiIUICHHS
CTHKiB, BHPIBHIOBaHHS OCHOBH). 3aMiHHI MOIYJi MOHTYIOTh 3a JOIIOMOTOIO
CIeTiaJbHUX KPIIUIeHp a00 MOHTaXHOTO oONamHaHHA. | 'epMeTHsallisi CTHKIB
3abe3nedye MUTICHICTh KOHCTPYKIIT Ta ii CTIHKICTh 10 30BHILIHIX BIUIMBIB.

Mopayni BHTOTOBISIIOTBCS OAHOYACHO 3 JIEMOHTaXXEM MOIIKOKEHUX
€JIEMEHTIB, L0 3HAYHO CKOPOYYE TPHBANICTh POOIT. 3aBOACHKE BUTOTOBJICHHS
rapaHTye BHCOKY SIKICThb MarepialliB i TOYHICTh KOHCTPYKLii. 3aMiHHI MomyJi
MOXYTb OyTH aJantoBaHi 0 OyIb-IKUX apXiTEKTYPHUX 1 TEXHIYHUX BUMOT.

3aMiHHI MOJIYJi 1J€ajJbHO IHTErPYIOTBCS 3 IHIIUMH MOJIYJIbHUMU
cucTeMaMy, TaKUMHU K (acamHi maHem abo imkeHepHi moxmyni. Lle mo3Bosse
MIPOBOANTH KOMIUICKCHE OHOBJICHHS OyIliBelb, 3a0€3euyloUr X eCTeTHYHICTB,
(YHKIIOHATIBHICT Ta €HEProe()EKTUBHICTS.

EneproedekTUBHICTH Ta €KOJOTIYHICTH MOAYJIBHHUX cHCTeM. MOIYIBHI
CHCTEMH € OJHUM i3 Halle()eKTHUBHIIINX IiJXO/IB 10 PEKOHCTPYKIIi OyIiBeNb y
NIOBOEHHHX yMOBaX. BoHM He Jmmie 3a0e3nedyloTh IIBHAKE Ta SIKICHE
BiJIHOBJICHHSI, ajie ¥ CIIPUSIOTH MiIBUILEHHIO eHeproeeKTUBHOCTI OyaiBens [3].
VYpaxoByroud CydacHi BUMOTH JO 3HIIKCHHS E€HEPrOCIIOKHBAHHSI, MOJIYJbHI
pillieHHs JO3BOJISIFOTH MiHIMI3yBaTH BTpaTH €Heprii Ta 3a0e3neuntn KoM(opTHI
YMOBH TIPOXKHMBaHHS JJIsl MEIIKAHIIIB.

OnHi€r0 3 TOJIOBHUX IEpeBar MOAYJIbHUX CUCTEM € MOXIIMBICTh 1HTErparii
TEIJIOBOJAIIIHHIX MaTepianiB Oe3nocepenubo y (acamui moxym. Lle 3HauHO
Ii/IBUIILy€e €HEepProeeKTUBHICTh OyiBIi, OCOOJIMBO y BUIAIKaX PEKOHCTPYKIIT
cTtapux OCTOHHMX OYAMHKIB, sIKi 3a3BHYaii MAalOTh HHU3bKI TEIUIOI30JIIHHI
BJIACTHBOCTI.

dacamHi MOy OCHAUIYIOTh CYYacHHUMH 130JBILIMHUMH Martepiajgamu,
TaKUMH SIK MiHepajibHa Barta, IiHOHONICTHpos abo miHomomiyperan. Lli
Marepiaii MalTh BHCOKI TEIUIOI3OJLIIINHI TOKa3HUKKM Ta 3a0e3MedyioTh
3MEHIIeHHS TeTIoBTpat 10 50—70%. YTemmoBadi iHTErpyI0ThCS y OaraToniaposi
KOHCTPYKIIii MOYJIiB, IO IOETHYIOTh TETIOI30JAIIHHI apH 3 TeKOPATHBHUMH
ma”ensmu. Lle mokpaimrye MiKpOKIiMaT BCepeIrnHi NMPUMILIEHb: B3UMKY OyIiBIi
30epiraroTh TEIIO, a BIITKY — MPOXOJIOTY, & TAKOXK MPU3BOIUTH 0 3MEHIICHHS
BHUTpAT Ha OMAJICHHS Ta KOHIUIIIOHYBaHHS, MPOJOBXKYE TEPMIiH CITy>kKOU OyITiBIIi
3aBJISIKM 3aXMCTy CTiH BiJl BIUIMBY 30BHIIIHIX ()aKTOpiB, TAaKMX SIK BOJIOTa YU
TEMIIEpaTypHi repenasim.
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VY pekoHCTpyHOBaHMX OyIiBIAX, OCHAIICHHX (acaJHUMU MOIYISIMHU 3
TEIUIOI30JISIIII€10, EHEPTrOCIOKUBAHHS Ha OMNAJICHHS! MOXKe 3HMKyBaTucs Ha 30—
50%, 1m0 CYTTEBO 3MEHIIYE BUTPATH MELIKAHIIB Ta CIPHIE EKOJOTTYHOCTI
OymiBeIb.

MonynpHi  cuCTeMH TiependavaloTe BHUCOKHHA pPIBEHb TepMeTH3allii
KOHCTPYKIIH, IO € BYKJIUBUM (PaKTOPOM JJISI TOCATHEHHS €HePTroe(eKTHBHOCTI
OyniBenb. ['epMeTHYHICTh KOHCTPYKLIN TO3BOJSAE€ MiHIMI3yBaTH TEIUIOBTPATH
Yepe3 CTHKM MK eJIeMeHTaMH OYIiBIi, M0 € THIIOBOIO IPOOJIEMOIO IS
TPAIUIITHAX METOIB PEKOHCTPYKILiI.

Jnst repMeTHUHHMX 3’€HAHb Y MOJAYJbHHMX CHUCTEMax BHKOPHUCTOBYIOThH
CICIiabHl YIIUIbHIOBAaYl, TEPMETUKA Ta MOHTAXKHI MiHH, SKi 3a0€3ICUYIOTh
BUCOKY INUIBHICTh CTUKIB. CTHKM MDK MOJAYJISIMH JIOJaTKOBO ITOKPUBAIOThH
TEIUIOI3OJSIIIMHIMU ~ Martepianamu abo CHeliaJlbHUMH MeMOpaHamu, IO
3aro0iraroTh YTBOPEHHIO «MICTKIB X0JIOAY». 3MEHIIYIOTHCS TEIUIOBTPATH Yepe3
KOHCTPYKILIHHI €eMEHTH, 30KpeMa CTUKHU. [loKpariyeTbess MIyMOi30JsLis, 0
3abe3nedye KOM(OpPTHI YMOBH NPOXHBAaHHA. BHKIIOYa€ThCS NPOHUKHEHHS
BOJIOTH, SIKa MOXXE CIPHYMHHUTH YTBOPEHHS KOHIEHCATy Ta IIOIIKOPKCHHS
MaTepiaiB.

3aBIsKH peTeNbHil repMeTn3anii B MOTyIbHUX OYIIBIAX 30epiracThcs 10
20% OurbIIe TeruIa MOpiBHIHO 3 TPAAUIIMHUMHK KOHCTpYKIisMH. Lle 3abe3neuye
3HIDKEHHSI CHEPrOCIIOKMBAHHSA Ta INJABHILYE 3arajbHy eQEKTHBHICTh
PEKOHCTpYHOBaHHX Oy iBENb.

[le oxHi€0 BaXJIMBOIO IEPEBAroOld MOJIYJBHHUX CHCTEM € MOXKIMBICTb
iHTerpaiii BiIHOBIIOBAHMX JDKEPEN EHeprii, 10 BIAMOBIAa€ CydaCHUM
CTaHAapTaM E€KOJIOTIYHOCTI Ta CTaloro pPO3BUTKY. IHTerpaiisi Takux CHCTEM
JIO3BOJISIE HE JIUIIIE 3MEHIIIMTH 3aJICKHICTh BiJ TPAAUIIHHUX CHEPropecypcCiB, aje
1 3poOuTH OYAiBIII €HEPTETUIHO ABTOHOMHUMH.

dacamHi MoOIynmi MOXYyTh OyTH OCHAIEHI IHTEIPOBAaHMMH COHSYHUMH
MaHeSIMHU, SIKi BHPOOJISIOTH ENEKTPOSHEPrilo Ul OCBITJIEHHS, poOOTH
MOOYTOBHUX NMPWIAAIB Ta IHKEHEPHUX CHUCTEM. BUKOpHCTaHHS COHSYHOI eHepril
JI03BOJISIE 3HM3UTH BUTPATH Ha EJIEKTPOCHEPril0 Ta 3MEHIINTH BHKUAN
Byryekucioro razy. Ha maxax OyniBenb MOXYTh OyTH BCTaHOBJIEHI COHSIYHI
Oarapei OUTBIIOI TOTY)XHOCTI, SKi 3a0e3MedyloTh IMMOBHE ab0 YacTKOBE
eHepro3abe3rneueHHsl.

TenmoBi Hacocm MOXyTh OyTH IHTETpOBaHI y CHCTEMH ONAJCHHI Ta
KOHIWIIOHYBaHHA OyniBenb. L[i mpucTpoi BHKOPHUCTOBYIOTH EHEPTiI0 3eMI,
TOBITpst @00 BOJYW JUIs OOIrpiBy MPUMIIICHh B3UMKY Ta OXOJIOIKEHHS BIIITKY,
3a0e3nedyroun eKoHoMio eHeprii no 70% y TOpIBHAHHI 3 TpaguLiHHUMH
CHCTEMaMH.
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Tabuus 1
[opiBHSIHHS TPAJUIIHHUX METO/IB 3 MOTYJIbHIUMHU CHCTEMAMHU
Kpurepii Tpaguuiiini metonun | MoayJibHi cucTeMu
HIBuakicTh Tpusasuii npouec Bucoka mBHAKICTP MOHTaXY
. . Bucoka sSKiCTh 3aBJISIKM 3aBOJICBKOMY
SIkicTh 3aexuTh BiJl YMOB
BHUPOOHUITBY
Bapricth Bucoxka OnTUMi30BaHa, EKOHOMIYHA
ExosoriynicTh 3Ha4Hi BIAXOIH MiHiMi3aList CMITTS
Eneproegex- Bucoxka 3aBISAKHA Cy4acHUM
P ¢ OobmexeHa . e i
THBHICTh TEXHOJIOTiSIM

[NopiBHIOIOYH eHEPTOSPEKTUBHICTD, TPAIUIIHHI METOIN YaCTO 3AIUIIAI0TH
OymiBIIO 6€3 JOCTaTHROI TEIUIOI30IIALIT Ta TePMETH3AIli], IO CIPUINHSIE BHCOKI
€HepreTUYHi BHUTpaTH. MOIYJbHI CHCTEMH, 3aBISIKM IHTerpauii Ccy4acHHX
yTEIUTIOBAaYiB, T€PMETHYHUX 3’€JJHaHb Ta BIJHOBIIOBAHUX JUKEpe] eHepril
CHPUSIIOTh  3MEHIICHHIO EHEPrOCHOXHMBAaHHA Ta CKOPOYCHHIO BUKHIIB
MAPHUKOBHX Ta3iB.

@DyHKIIOHANBHI Ta apXiTeKTYpPHI MOKJIMBOCTI MOIYJBHHMX CHCTEM.
MopaynbHi CHCTEMH NPOINOHYIOTh YHIKaJdbHI MOXJIMBOCTI JUIS PO3ILIUPEHHS
(YHKIIOHATBHOCTI ICHYrOUMX OyniBenb. 3aBISIKH CBOIH THYYKOCTi, BOHHU
JO3BOJIAFOTE HE TIIBKH BiJHOBJIIOBATH IIOIIKO/KCHI KOHCTPYKINI, ame u
CTBOPIOBATH HOBi (DYHKIIOHATBHI MIPOCTOPH, SIKi 3HAYHO IMOKPALTYIOTH KOM(OPT,
€CTeTHUKY Ta 3PYYHICTh eKcinryaTamii Oymimi. Cepen KIIFOYOBHUX pillleHb —
iHTeTparis OaJKOHIB, Tepac, JaXOBHUX 30H, a TAKOK OOJAIITYBAHHS JOJaTKOBHX
MIPUMIIICHb, TAKUX SK Ti(PTH, TaHTYCH YU TEXHIYHI KIMHATH.

3a0e3mneyeHHs] JHOCTYIHOCTI Oy[iBeNb Ui JIFOACH 13 IHBaNiIHICTIO a0o
MaJIOMOOUIBHUX TPYI € BaXKJIMBOIO BUMOIOK Cy4acHOro OymiBHUIITBA. Moy
JUIs IAHZTYCiB BUTOTOBJISIOTH 3 JIETKUX METAIEBUX a00 KOMIIO3UTHUX MaTepialiB
1 BCTAaHOBIIIOIOTH 0111 BXOAIB 10 OyAiBii. BoHM MOXyTh OyTH CTalliOHAPHUMH Ta
3HIMHMMH 200 CKJIaJHUMU JJIsi THUMYACOBOTO BUKOpHCTaHHS. [laHmycu poOisTh
OyIiBJIIO iHKITIO3UBHOIO, IO TTOKPAITYE SKiCTh KHUTTS MEITKAHI[IB.

Enementn Ge30ap’epHOro moCTyIy L€ MaHIYCH, IIHPOKI JBEPHI OTBOPH,
nidTH, NOpy4Hi Ta MigiHoMHI mIaThopmu.

3aBIsSKH CTaHOAPTHU3AIil MOAYNI JUId MaHAYCiB, JTIB Ta miatdGopm
MOXYTh OyTH IIBHJIKO BHIOTOBJICHI Ta 3MOHTOBaHi. BukopucTaHHs
IHHOBALlIMHUX MaTepialliB A03BOJISIE 3HU3UTH Bary KOHCTPYKLIH Ta 3MEHIIMTH
HaBaHTAXEHHA Ha OyxiBmio. ['Hy4KiCTP MOAymiB 3abe3nedye MOKINBICTH
ajanrarii 0 pi3HUX TUTIIB Oy liBETb.

Bucnosok

1. TlocwieHHs HECYIMX KOHCTPYKIIiH Ta BUKOPUCTAHHS 3aMiHHUX MOIYITIB
JUTS  TIOIIKO/DKEHUX CTiH 1 TEPEeKPUTTIB € KIIOYOBUMH TEXHOJOTISAMH Y
BIIHOBJICHHI  IIOIIKO/UKCHUX OynIiBenb. BoHM 3abe3meuyroTh IIBHIKE,
CKOHOMIYHE 1 SIKICHE IOBepHEHHs OyIiBenb 10 eKCIUIyaTalii, BpaXxOBYIOUH
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BUMOTU Cy4acHOro OymiBHUITBa Ta Oe3meku. [HTerpaiis MOZYJIBHHX CHUCTEM
J103BOJIsIE €(DEKTHBHO BUPILIYBaTH 3aBJIaHHS PEKOHCTPYKIii, MiHIMI3YIOUH BIUTUB
Ha MEIIKAHIIB 1 3HWKYIOUU BUTPATH PECYPCIB.

2. MonynpHi CHCTEMH MAlOTh SBHI TIepeBaru mepe] TPaaullidiHIMU
METOJIAMH PEKOHCTPYKIIii. BoHM 3a0€3MeuyoTh MIBUAKICTE 1 SKiCTh BUKOHAHHS
poOiT, MO3BOMSAIOTH 3MEHIIUTH BUTPATH Ta MAaOTh MO3UTHUBHHUI EKOJOTIUHHUI
BIUIMB. Y KOHTEKCTi ITOBOEHHOTO BiIHOBJICHHA IIi XapaKTEPHCTHUKH POOIATH
MOIYJTbHI CHCTEMH ONTHMAJbHUM BHOOPOM [UIA IIBHUAKOI Ta CTiHKOL
PEKOHCTPYKIIi1 )KUTIOBOTO (OHAY.
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PiBeHb TemioBTpPAT cUCTEM ONAJIEHHSsI ICHYI0UMX OyliBeJib
Level of heat loss of heating systems in existing buildings

Haxoawok O.A., K.T.H., gou., Camuyk B.IL., k.T.H., 1ou., Yamok O.C,,
K.T.H., Joi., Oummyx O.M., maricrp (JIyubkuii HanioHaJILHUN TeXHiYHMIA
yHiBepcurer, JIyubk)

Pakholiuk O.A., Ph.D. in Engineering, Associate Professor, Samchuk
V.P., Ph.D. in Engineering, Associate Professor, Chapiuk O.S., Ph.D. in
Engineering, Associate Professor, Onyshchuk O.M., Master (Lutsk National
Technical University, Lutsk)

Ilpoananizosano empamu uepe3 NOGEPXHIO YMENNEHUX MdAd HEYMenIeHux
mpybonposoodie cucmem onaieHHs.

Energy consumption in buildings is largely dependent on losses through the building
envelope and through engineering systems.

It is known that the largest losses in engineering systems occur at the stage of
transportation of energy resources to the building, as well as in places where they are
located in unheated premises. Therefore, it is very important to provide high-quality, full-
fledged insulation of engineering systems to minimize energy losses.

A significant number of heating systems currently operating in our buildings were
designed and commissioned more than 30 years ago. The materials and thickness of
insulation used at that time differ significantly from the current requirements set out in
Annex B of the relevant DBN.

It should also be noted that the condition of the pipelines themselves is quite different.
In some buildings, although not insulated, they are well maintained, painted, and protected
from moisture. In others, the pipelines are in disrepair, the walls are covered with rust,
leaking in places, and can lead to an emergency.

Comparing the dependence of heat loss changes in insulated and non-insulated
pipelines, we can note the similarity of their character in the form of a polynomial of degree
3.

It is also worth noting that the heat loss of pipelines with outer diameters of 50 mm
or more increases sharply (in uninsulated pipelines) or gradually (in insulated pipelines).

During the heating period, the level of losses corresponds to the temperature of the
heat carrier in the system, and therefore to the ambient temperature. For pipelines of other
diameters, we observe a similar dependence.

Regardless of the diameter of the pipelines, losses in non-insulated pipelines
significantly depend on the temperature of the heat carrier and fluctuate within significant
limits. Losses in insulated pipelines fluctuate within insignificant limits. The highest losses
will occur in January, and the lowest - in April. We do not take into account the months
when there is no heating.
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An average heating system in a five-story building with damaged or missing
insulation will lose UAH 378,294.3 during the heating season compared to a well-
insulated one. On average, buildings that have been in operation for a long time can
usually have localized damage or lack of insulation in the amount of up to 30% for various
reasons. In this case, the cost of losses in such systems will amount to UAH 113488.3.

Kniouosi cnosa: mennoempamu, mpy6onpogio, cucmema onaneHHs.

Keywords: heat loss, pipeline, heating system.

EneprocrnosxuBanHs B OyJiBIISIX 3HAYHOIO MIpPOIO 3aJIEKHUTH BiJl BTPAT 4epes3
000JIOHKY 30BHIIIHIX OrOPOJDKYBaJbHUX KOHCTPYKLIM Ta uepe3 iHXEHEpHI
CHCTEMH.

Bimomo, mo HanOimbII BTpaTH B iH)KEHEPHUX CHCTEMaX BigOyBaeThCsS Ha
eTarll TPAaHCIOPTYBaHHA €HEPTeTHIHUX PECypCiB A0 OYAIBII, a TAKOXK Y MICIIX,
Jic BOHU 3HaXOMIATHhCS B HEONATIOBAHMWX NPUMILICHHIX. TOMy IyXe BaXkIHBO
3a0e3rnedyBaTi AKICHE IIOBHOLIHHE YTEIUICHHS IH)KEHEPHHX CHCTEM JUIs
MaKCHMaJIbHOTO 3MEHIICHHS BTPAT EHEPrOHOCIIB.

3HayHa KiIBKICTh CUCTEM OIAJICHHS, SIKi PAIOI0Th B HALIMX OyIiBISX Ha
JIaHUI MOMEHT, OyJia 3arpoeKTOBaHa i BBEJICHa B eKCIuTyaTallito Oubine 30 pokiB
ToMy. Marepiany i TOBLIMHA YTEIUIIOBaya, sIKi 3aCTOCOBYBAINCH Y TOW Tepioa
3HAYHO BIJIPI3HSIOTBCS Bl Cy4acHMX BHMMOT, BHKJIAJEHUX Yy J0JaTtky b
mpodineraoro JIBH [1].

JocBing 0OCTeXKEHHS 3HAYHOI KUIBKOCTI JKHTJIOBHX Ta TPOMAJICHKUX
OyniBesb IOKa3ye, IO TEIUIOBHH 3aXHCT TPYOONpPOBOIB y HEOIAIIOBaHHX
MIPUMIIICHHSIX MOKe OyTH SIK BiZICYTHIN MOBHICTIO, TaK i 3HAXOIUTHCH Y TEXHIYHO
CIIPaBHOMY BUTJISAAI. A TakoXX MOXE iCHYBaTH 3HAa4HA KUTBKICTh MPOMIKHUX
BapiaHTIB: Bifl CHCTEM, SIKi MAIOTh IIap YTEILTIOBA4a 3pyHHOBAaHUM YaCTKOBO abo
MOBHICTIO — JI0 CHUCTEM YTEIUICHHMX MiAPYYHUMH MarepiajiaMH (TMOYMHAIOYN 3
ouepery, IIMHK, caMaHy Ta IHIIMX HOAIOHMX pedeil 1 3aKiHYyIOUH eJIeMEHTaMHU
rapJiepo0y Ta Matparam).

Takox ciig BiA3HAYMTH, MO CTaH CaMUX TPYOONPOBOMIB JOCTATHBHO
BiZpi3HAETHCS. Y HesKkux OyMiBIsX BOHHM, XOU i HE yTEIUICHI, IPOTe JOTILIHYTI,
modapboBaHi Ta 3aXHINEHI Bix BOJOTH. B HIIMX TpyOOIPOBOIM 3HAXOAATHCS B
aBapifHOMY CTaHi, CTIHKM IIOKPHTI ip)K€0, MICI[IMHM MiATiKalOTh i MOXYTh
TIPU3BECTH JI0 aBapiMHOI CUTYyaIli.

3BaXkaloyM Ha CTaH Ta PiBEHb YTEIUIEHHS TPYOOIPOBOAIB MpOaHaANi3yeEMO
BTPATH TEIUIOBOI €Heprii OHUM METPOM HEYTEIJIEHOi Ta YTEIUICHOI 3riJgHO i3
HOpMaTHBOM [ 1] cTasieBUX TpyO: BOAOra3onpoBiTHUX 3 YMOBHHM HPOXOAOM 25;
32; 40; 50 MM [2] Ta enexTpo3BapHoOi i3 30BHiIIHIM HiameTpom 89 mm [3].
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280°C

Puc. 2. Anani3 remoBtpat TpyOOIIPOBO/IIB

SIkicHy OLIIHKY TEIUIOBTPAT MOKHA IIPOBECTH 3a JOOMOT'0I0 TEIIOBi30pa.
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Puc. 3. Cran tpyOomnpoBozis

MeTtoanKa BU3HAYCHHS TEIUIOBTPAT MpuitHATa 3a [4] Ta 3acTtocoBaHa 1uist
M. JIlynpka npu temmepatypHoMy rpadiky mepexi 95/70°C ta Temneparypi
cepenopuma +10°C. TemionpoBigHICTh Marepiany yTeIUlloBaua NpHUHHATA
0,045 Br/m*K.

PiyHi TennosTpatM 1m HeyTeneHoro
Tpybonposoay

800
700
600
500
400
300
200
100

Tenaoerpat, KBT roga,.

34 42 43 60 89

30BHiWHIK AiameTp TpyGonposoay, Mm

Puc. 4. Pigni TerutoBTpatn | M HEyTEIUIEHOTO TPYOOIPOBOAY
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Piuni TennostpaTt 1m ytenneHoro Tpybonposoay

45,0
40,0
35,0
30,0
25,0
20,0
15,0
10,0

5,0

0,0

Tenaostpat, KBT roa,.

34 42 48 60 89
30BHILWHIW giameTp TpyBonposogy, Mm

Puc. 5. Piuni TeruoBTpatu 1 M yTEIICHOTO TPYOOIPOBOIY

[MopiBHIOIOYHM 3aJIEKHOCTI 3MIHM TEIUIOBTPAT B YTEIUICHUX Ta HEYTEIICHUX
TpyOOIPOBOAAX MOXKEMO BII3BHAUYUTHU CXOXKICTB X XapaKTepy y BUIJISAI TOJIHOMA
3 crynens. Takox BapTo BiJ3HAYUTH, IO TEIUIOBTPATH TPYOONPOBOJIIB HpPHU
30BHINIHIX JiaMeTpax Bix 50 MM pi3ko (B HeyTemsieHMX) abo IUiaBHO (B
YTEIUICHHX) 3POCTAIOTh.

BTpaTu yTenneHUx i HeyTenneHux
Tpybonposogis
800
700
600
500
400
300
200
100

—8—PAnl —@—Pag2

Puc. 6. Brpatu gepes nmosepxHio HeyTemieHoro (Psx 1) ta yremmenoro (Psan 2)
TpyOOIIPOBOAIB
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Puc. 7. Micsani TeruioBTpaT 1 M TpyOOIIpOBOAY 30BHIMIHIM AiaMeTpoM 60MM
Psan 1 — weyrennenoro, Psn 2 - yrennenoro

[IpoTsrom OMaNrOBaILHOTO MEPIOAY CIOCTEPIraeThCs BiAIOBIIHICTE PiBHS
BTpaT TeMIeparypi TEIUIOHOCIS B CHCTEMI, a OTXKE TeMIeparypi 30BHIIIHBOIO
cepenosuiia. st TpyOOMpPOBOIIB IHIIHX AiaMETPIB CIIOCTEPIraeMo MOIIOHY
3aj1exHICTh. [ToMicsiuHi maHi st TpyOONPOBOIB IHIIUX JiaMETPiB 3BEICHO Y
Tabm. 1.

Amnanmiz nmaHux TaOnuii 1 mokasaB, IO HE3AJIEXKHO Big JiaMeTrpa
TpyOOIIPOBOMIB BTPaTH y HEYTEIUICHMX CYTTEBO 3ajieKaTh BiJl TeMIIEpaTypu
TEIUIOHOCISt 1 KOJNMBAIOTBCS y 3HAYHMX MeXax. BTpatm B yTemieHux
TpyOOIIpOBOAAX KOJMBAIOTHCA y HE3HAUHMX Mexax. HaiOunbmi BTpatu OyayTh
BifOyBaTHCh y CivHi, HaiiMeHII — y KBiTHI. MicsIli, B SIKi ONaJIeHHS BiICYTHE, 10
yBaru He Oepemo.

KonuBanHs wmix HaiOuThmuMu 1 HaliMeHmwMu BTpatamu (kBT rom.)

CKJIafiaTHMe!

- U HeYTEIICHUX TPYOOTIPOBOIIB

S 34 42 48 60 89

Jiamerp, MM

Brparu 40,10 49,53 56,63 70,76 105,02
- IUIsl YTEIUICHUX TPYOOIpOBO/IiB

S 34 42 48 60 89

niamerp, MM

Brpatn 5,26 5,98 6,07 6,16 6,48
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Tabuus 1
[omicsiuni Brpatn y 1 M TpyOompoBoais, KBT roz.
. 34 42 48 60 89
Micsub - . . - - . - 2 - -
Hei3. | i3on. | Hei3. | i3om. | Hei3. | i3om. | Heis. | isom. | Heis. | i3oi.
1| 53,26| 6,98| 6579| 7,94] 7521| 8,06 9399| 8,18| 139,49| 8,61
2| 4654| 6,10| 57,49| 6,94| 6572| 7,04 8213| 7,14]| 121,89] 7,53
3| 43,03| 564| 5314| 642| 6076 651| 7593| 6,61 112,68 6,96
4| 1316| 1,73| 16,26 1,96| 1859 1,99| 2323| 2,02| 3447 213
5 0,00{ 0,00 0,00 0,00 0,00f 0,00 0,00 0,00 0,00{ 0,00
6/ 0,00]| 0,00/ 000f 000 000 000 000 000 0,00 0,00
7] 00| 0,00 000/ 000 000/ 000 000 000 0,00 0,00
8/ 0,00/ 0,00/ 000/ 000 000/ 000 000 000 0,00 0,00
9] 0,00/ 0,00/ 0,00 000 000/ 000 000 000 0,00 0,00
10| 1469| 193] 1815] 219| 20,75| 2,22| 2592| 2,26| 3847 2,38
11| 39,79| 5,22| 49,15| 594| 56,19| 6,02 70,22| 6,11| 104,21| 6,43
12| 49,27| 6,46| 6086| 7,35 6958| 746| 86,95 7,56| 129,04| 797
Pazom| 259,75| 34,06| 320,83 38,74| 366,80| 39,32| 458,36| 39,88| 680,25 42,00
Tabnuws 2
[MomicsiuHa pi3HUIA BTpaT y | M HEYTEIUIEHHX Ta YTEIUIEHUX TPYOOTIPOBO/IIB,
kBT roz.
Micsiib 34 42 48 60 89
1 46,28 57,84 67,15 85,81 130,88
2 40,44 50,54 58,68 74,98 114,36
3 37,39 46,73 54,25 69,32 105,72
4 11,44 14,30 16,60 21,21 32,34
5 0,00 0,00 0,00 0,00 0,00
6 0,00 0,00 0,00 0,00 0,00
7 0,00 0,00 0,00 0,00 0,00
8 0,00 0,00 0,00 0,00 0,00
9 0,00 0,00 0,00 0,00 0,00
10 12,77 15,95 18,52 23,67 36,10
11 34,57 43,21 50,17 64,11 97,78
12 42,81 53,51 62,12 79,38 121,07
Pa3om 225,70 282,09 327,48 418,48 638,25

OueBuHO, 110 BTPATH Yepe3 HEyTeIUIeHI TpyOOonpoBOau OyXyTh 3HAYHO
BUIIMMHM, HDK 4Yepe3 YTEIUICHi, TOMY Ul OLIHKM piBHA BTpaT Oynemo
BUKOPHCTOBYBAaTH PI3HULIO MDK BTpataMM y TpyOOIpOBOIaX OJIHAKOBUX
niamerpiB. JlaHi po3paxyHKiB 3BeAeHO y Tabi. 2. [IpuiHABIIYN cepeiHIO BapTiCTh
rirakanopii 2500 TpH. OTpHMaEeMO HACTYIHY BapTiCTb BTpar uepe3 1 M

TPYOOIPOBOY MiCIs SIKICHOTO YTCIUICHHS 3a JIFOYUMH HOPMATHBAMHU.
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SOBRIMIHIH 34 42 48 60 89
ﬂlaMeTp, MM

Bapricte  Btpar, 485,16 606,38 703,96 899,577 137199
IpH.

Takum 9uHOM, i3 30UTBIICHHSAM AiaMeTpa CyTTEBO 3POCTA€E BapTiCTh TEILIA,
BTPAYCHOT0 Yepe3 MIOBEPXHIO TPyOOIIPOBOY.

SKmo B3ATH paHAOMHHH OYAWHOK, CKaXiMO I’ SITHIIOBEPXOBHM, TO
JIOBXXHHA TPYOOMPOBO/IIB PI3HUX JiaMETPiB MOXKE HAOYTH HACTYITHUX 3HAUYCHD.

3oBHiwHii 34 42 48 60 89
JiaMeTp, MM
JoBxuHa, M 202 84 116 62 67

Toni BapTICTh TeIIa, BTPAYCHOTO Yepe3 CUCTEMY TCILIONOCTAYaHHs Oy IiBJIi:

9 Paszom
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Baprictb BTpar, rpH.
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Takum YHHOM, CEPEAHbOCTATUCTUIHA cucremMa OITaJICHHS

I’ ITHIIOBEPXOBOI0 OYIMHKY, TEIIOI30JIAIIIS K0T OyIa 3HUIIeHa a00 BiICYTHS, ¥
MOPIBHSHHI 3 SIKICHO YTEIUICHOI, 3a ONAJIOBAJIbHUN Ce30H Oyje BTpadaTu
378294,3 rpu. B cepenuboMy OymiBii, sIKi TPHUBAIUM Yac €KCILTYyaTYIOTHCS, SIK
MIPABUJIO 3 PI3HUX MPUYUH MOXKYTh MATH MICIISI 3 JIOKAJIbHUMH MOIIKOKCHHSIMHA
a0o BizcyTHICTIO yTeroBaya B KibkocTi 10 30%. Toxi BapTiCTh BTpaT y TaKUX
cucremMax crtaHoBuTuMe 1134883 rpH. JlaHi po3paxyHKH CBig4aTe TIpo
BKJIMBICTH SIKICHOTO YTETUICHHS Ta MiATPUMAaHHS HOTO Y CTIpaBHOMY CTaHi.
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P03BUTOK METOAUKH BU3HAYEHHS HEOOXiTHOr0 OMoOpy
TenJjionepenayi oropo:KyBajJbHUX KOHCTPYKIi

Improvement of the method for determining the necessary heat
transfer resistance of building enclosures

HMamuncekuii B.A., A.1.H., npo¢., IMammucbknii M.B., k.T.H., 701,
®omina T.B., k.T.H., pgou., (LeHTpaJibHOYKpATHCBKUI HALiOHAJIbHUI
TexHiuHMii yHiBepcuteT, M. KponnBHUIbKWIT)

Pashynskyi V.A., Sc.D., prof, Pashynskyi M.V., PhD, assoc. prof.,
Fomina T.V., PhD, assoc. prof. (Central Ukrainian National Technical
University, Kropyvnytskyi)

Pospobrena  memoouxa — 6usnauenHs. HeoOXiOHO20 —OnOpy — mennonepeoayi
020POOIHCYBANLHUX KOHCIMPYKYILl 3G 3A0AHOI0 BENUYUHOIO OONYCHUMUX 6MpPAm menad,
KLIbKICmMIo 2padyco-0ib onanosanbHo2o nepiody 8 nesHiil aominicmpamusHiu obracmi
Ykpainu ma pospaxynxoeoio memnepamypoio nogimpsa 6 npumiwgenni. Buxonane
AoOMIHICmpamueHo-mepumopianivHe pauonysants YKpainu 3a Kinbkicmio epadyco-0io
ONAN0BAILHO2O Nepiody npu memnepamypi nosimps ¢ npumiwenni +20°C ma ompumana
@opmyna Ons nepepaxynky 00 HWUX 3HAYEHbL MeMnepamypu NOGimps 8 NPUMIUjeHHI.
Iopisnsano 3 npoexkmysanusim 3a JJIbH B.2.6-31:2021, 3anpononosana memoouxa cnpusie
Kpawjomy GupieHIO8AHHIO 6mMpam menia no mepumopii 3a pPaxyHox ougepenyiayii
HeoOXiOH020 Onopy menionepeoai 020po0ACYBANbHUX KOHCIPYKYIIL.

The study was carried out with the aim of developing a method of more precisely
determining the required heat transfer resistance of building envelope, taking into account
the climate conditions of their operation and permissible heat losses. The methodology is
based on the dependence of heat loss on the heat transfer resistance and the mutual
relationship between the number of heating degree days determined for different values of
the air temperature in the premises.

The administrative-territorial zoning of Ukraine by the number of heating degree
days at an indoor air temperature of +20°C is based on the published results of
meteorological observations at 367 weather stations located at an altitude of up to 400 m
above sea level. For each of the oblasts of Ukraine, Autonomous Republic of Crimea, and
separately for the South Bank of Crimea, regional values with zoning coverage of 0.9 and
0.95 are set. In order to reduce the spread of data across the territory, the Odesa region
and the Southern coast of Crimea are divided into groups of administrative districts.

The effect of using the proposed method of determining the heat transfer resistance
of building envelopes is analyzed on the example of the walls of residential buildings. The
walls are designed for the climate conditions of 24 regional centers of Ukraine,
Simferopol, the capital of Crimea, and Yalta, located on the southern coast of Crimea. The
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results of the experimental design showed that when designing according to DBN B.2.6-
31:2021, the values of the required heat transfer resistance of the walls within the territory
of Ukraine differ by only 14%, and the difference in heat loss through the designed walls
in different cities reaches 89%. When designing according to the proposed method, the
values of the required heat transfer resistance of the walls within the territory of Ukraine
differ by 2.17 times, due to which the territorial variability of heat losses decreases to 20%.

The proposed method contributes to the equalization of heat losses through the
building envelopes on the territory of Ukraine due to the differentiation of the necessary
heat transfer resistance of the envelopes by region. The significant influence of the
permissible amount of heat loss on the required value of the heat transfer resistance of the
envelopes requires the determination and normalization of the permissible heat loss
through the building envelopes of various types in buildings of various purposes.

Kniouogi cnosa: 02opo0aicyeanvhi KOHCMpPYKyYil, HeoOXIOHUL Onip menionepeoaui,
KiIbKiCmb 2padyco-0io, smpamu menida.

Keywords: building envelope, required heat transfer resistance, heating degree
days, heat losses.

IocranoBka mnpodiemu. OCHOBHOIO TEIJIOBOIO XapaKTEPUCTUKOIO
OTOpOKYBTLHUX KOHCTPYKIIiH, sSika BU3HAYA€E BTPATH TeIUIa Yepe3 HUX, € OIip
terionepenayi. Bitumsasiai HopMmu mpoektyBanHs JIBH B.2.6-31:2021 [1]
BHMararoTh, 00 omip Teruionepenadyi OyB He MEHIIMM Bl MiHIMAlIbHO
JIOITYCTUMOTI'O 3HAYEHHSI, SIK€ 3aJICXKUTh BiJl BUILY KOHCTPYKIIT Ta pO3TAlIyBaHHS
OyniBesbHOrO 00’€KTa B OJHII 3 JBOX TeMIeparypHHX 30H Ykpainu. Takum
YHHOM, JIJIsi OrOPOJUKYBaJIbHUX KOHCTPYKILIH OJHOTO BHIY (CTiHH, MOKPHUTTS
TOI0) HOPMH [1] BCTaHOBIIOIOTH JIMIIE J[Ba 3HAUCHHS OIOPY TEILIOTIEpEeaai.
Hacrinpku oOMexxeHuit BUOip He BioOpakae pisHOMAHITTA KIIMaTHYHUX YMOB
VYkpaiHu Ta MpU3BOIUTH A0 3HAYHOTO PO3KUAY BEIWYHMHH PIYHHX BTpAT TEIuia
yepe3 OropoJUKyBaIbHI KOHCTpYyKHii mo teputopii. BupiBHATH BTpatH Teruia
Yyepe3 OropoPKeHHS B pi3HUX reorpadiyHuX paioHax MOXKHA 3a paXyHOK OUIbII
audepeHniioBaHOro BUOOPY iX OMopy Teruionepeaayi.

AHani3 ocraHHiX pocaigkeHb. 3rigHO 3 maHUMH cTarTi [2], odimiiiai
BUMOIU JIO TEIJIOBHX XapakTePHCTHK OrOpOKYBAIBHMX KOHCTPYKIIH Ha
Tepuropii YkpaiHu Bmepmie Oy BCTaHOBIICHI B "YPOYHOMY MOJIOXKEHHI" Bif
1896 poky, sikuM OyJa peraaMeHTOBaHa TOBINMHA CTiH 3 KEpaMivyHOi mer y 2,5
LernvHu, To0To 61M3bko 64...67 cM. "TexHiuHi Bka3iBku Ta HOpMU" 1929 poky
BBOJISITH HOHSTTS OTOPY Teryionepesadi OropoPKeHHs Ta CTIMKOCTI TEIIOBOTrO
PEXUMY IIPH NEPiOANYHOMY onaieHHi. [Ipu oxHii TomIi medi npoTsaroM aoou
TOBIIMHA CTiHM Mana ctaHoBUTH 640 MMm. Hopmu mpoextyBanus 1954...1986
pOKiB 0a3yloThCs Ha pO3pPaxyHKOBOMY BHU3HAYEHHI HEOOXIJHOrO OIopy
Teruionepenayi Juisi 3abe3nedeHHs] KOM(OPTHUX CaHITAPHO-TIri€HIYHUX YMOB
nepeOyBaHHs B IPUMIILICHHSX, 3T1JTHO 3 SKUMH PI3HULSI TEMIIEPATYPH MOBITPS B
MIPUMIIIIEHH] Ta TeMIepaTypy BHYTPIITHHOI MOBEPXHI OTOPOKEHHS HE TIOBHHHA
MIEPEBHIIYBATH BCTAHOBICHOTO HOPMaMH AOIyCTUMOTO 3HAUCHHSI.
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Y Hopmax TemiioBoi i3onsuii YKpaiHM NpUifHATa CHpOIIeHa METOAWKa
BU3HAYECHHS MiHIMaJIBHO HEOOXITHOTO OMOpY TeIuionepeiadi OropoHKyBalbHUX
KOHCTPYKIIH 32 HAaJEXKHICTIO 0 OJIHI€T 3 TeMIepaTypHHUX 30H YKpaiHu. Y Hakasi
MiHicTepcTBa y cnipaBax OyaiBHUITBA 1 apxiTekTypu Bix 27.12.1993 poky [3] Ta
B JIBH B.2.6-31:2006 [4] Teputopis Ykpainu Oyna po3fijieHa Ha YOTUPH
TeMIepaTypHi 30HH, a B HACTYITHUX BUAAHHSIX HOPM TETUIOBOI 130JIA1Ii1 KUTBKICTh
TeMIEepaTypHUX 30H 3MEHIIEHa [0 JABOX. 3 KOXHOIO HOBOIO PEOaKIIi€lo
JABH B.2.6-31 Bim 2013, 2016 i 2021 pokiB peamizyBajacs TEHACHINS IO
30UTPIICHHS MiHIMANbHO HEOOXINHMX 3HAYeHb OIOpYy TeIvlomepeaadi, y
pe3ynbTati yoro B ynHHNX JIBH B.2.6-31:2021 [1] BoHH cTanu mpubIH3HO Y
m'sTh pasiB OUTBIIMMKM TNOpPIBHAHO 3 HopMmamu 1954...1986 pokiB. Take
TMOJIMIICHHS TETJIOBUX XapaKTEPUCTHUK JOCATAETHCS 32 PaXyHOK YIPOBaIKEHHS
KOMIUIEKCHUX KOHCTPYKIIH OTOPO/DKEHb 3 BHUKOPHCTaHHSM e(eKTHBHUX
TEIUIOI30JSIIIMHIX MaTepialiB Ta 0OyMOBIIIOE ICTOTHE 3MEHIIEHHS BTpaT TeIuia
Ha OTaJICHHsI Oy/IiBeIb.

Jpyrum ¢axropoM, siKMii BU3HAYA€ BTPATH TeIIa Yepe3 OrOPODKEHHS, €
TemmepaTypa aTtMoc(epHOro TOBITps. Y3arambHeHI B [5] pesynbraTtd
JOCITIDKEHb JO3BOJLIIOTh TPEACTaBUTH ii y (opMi KBasicTarioHApHOTO
BHITIAIKOBOTO Tiporiecy. Ll Momenp BpaxoBye sIK CE30HHI Ta HOOOBI IMKIIYHI
3MiHH, TaK i BUIAIKOBI MIXKIOOOBI KOJMBaHHA TeMIiepatypu. [y anami3zy BTpar
TEIUIa JOCTaTHRO MaTh pidHy (YHKII0 MaTeMaTHYHOTO CITOiBaHHSI
TEMIIEpaTypu MOBITPs, 3aJaHy MOCHIIOBHICTIO 3 12-TH ceperHbOMICIYHUX
3HaueHb. Taki MoCHiJOBHOCTI I 0a30BoT1 Mepexi 3 57 MeTeocTaHIii YKpaiHu
naseneni B JICTVY [6], ne Bka3aHi Takox HEOOXI/HI JJIs MOJANIBIIOTO aHATIZY
Cepe/IHI TeMIIePaTypu W TPUBAIOCTI OMAIOBATIBHOTO MEPiOAY, MPOTITOM SKOTO
TemmepaTrypa MoBiTps He mnepesuiinye +8°C. Bimpiimii 00CAr TaHUX MiCTHTH
JoBiHUK [7] Ta MOHOTpadis [S], y siKii HaBeIeH] cepeTHbOMICIYHI TeMIIepaTypu
ToBITPs 1 485 MyHKTIB CHOCTEPEXKEHHS Y KpaiHH.

3 wMereoposorii BiZIoMO, IO 3 POCTOM BHCOTH HaJ pIiBHEM MOpS
TEMIIepaTypa MOBITPSl 3HMKYEThCS MPUOIM3HO HAa 6°C 3 KOXHUM KUIOMETPOM
BHCOTH, 1110 HE BPaXOBYEThCS IPU BHOOPI OIOPY TeIuIonepeaadi oropoKeHb 3a
HopMami [1]. B poGori [8] oOrpyHTOBaHI KOedinieHTH reorpadiqHoi BUCOTH, SIKi
30UIBINYIOTH OIIp TeIulonepeadi OropoKyBaJbHUX KOHCTPYKLIH mpu ix
po3mimenHi Bume 400 M Haz piBHEM MOpSI.

AHauti3 BTpart TeIuia 4epe3 oropo/KyBalbHi KOHCTPYKIII B pi3HUX paifoHax
VYxpaian [9] mokaszaB, mo oOMexeHHH BHOIp 3HA4YEHb OMOPY TEIUIoNepeaadi
Jume JUIs  ABOX TEeMIIepaTypHHUX 30H HE IOBHOIO Mipol0 BifoOpaxkae
PI3HOMAaHITHICTD KJIIMaTHYHUX YMOB YKpainu. L{le 00yMOBIIOE 3HAYHUIN PO3KH]T
BEIMYMH BTpaT TeIJla dYepe3 OTOPOKYBaJbHI KOHCTPYKII B Ppi3HUX
reorpadiyHUX padoHax 1 CHOHyKae a0 Oinbll audepeHuiioBaHOTO BHOOPY
3HAYEHb ONOPY TEIUIONEpeaadi 3 METOI BUPIBHIOBaHHS BEIMYMHU BTpAT TEIUIa
10 yciit repuropii Ykpainu.
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MeTta fgociHimKeHHSI TOJSITa€ B PO3POOJICHHI METOAMKH BHM3HAUCHHS
HEOOXiTHOro OIopy Terionepenadi  OropoKyBaJbHHX —KOHCTPYKIIH 3
ypaxyBaHHSM KJIIMAaTHUYHUX YMOB X €KCIUTyaTalii Ta JOIMyCTUMHUX BTPAT TEIUIa.

IlepenymoBn i MeTOAMKAa BH3HAYEHHSI HeOOXiIHOro omopy
Teluionepesadyi Oropo/LKyBaJLHUX KOHCTPYKHiH. PamioHanbHe 3HaueHHs
OTIOpPY TeIUIOIepeIadi CIi/I MPU3HAYaTH 3 YMOBH OOMEXECHHS BTPAT TeIlIa depes
OTOPOIKYBaJIbHY KOHCTPYKIif0. JlomycTHMI BTpaTH TEIUIa MOXKHA BH3HAYUTH,
BUXOAs9U 3 BetaHoBieHUX y JIBH [1] mokasHukiB eHepreTHUHOI e)eKTHBHOCTI
OyniBenmb, MeTomuky ix Bm3HaueHHs [l10] Ta BcraHoBiIeHHMX HakazoMm [11]
TPaHWYHUX 3Ha4eHb. {11 IIbOTO HEOOXiJHO PO3POOUTH NMPAKTUYHY METOIHKY
BU3HAYCHHS JONYCTUMHMX 3HAUeHb NMUTOMHX BTpAT TEIUIa Yepe3 yci eJIeMEeHTH
TEIJI03aXUCHOT 000JI0HKH OyaiBenb. OCKINBKH PO3POOJICHHS TaKOi METOAMKHU €
3aJ1a4et0 OKPEMOT0 JIOCIIDKEHHS, Y ITOJalbIIOMy OyAeMO BBaXKaTH BTPATH TEILIa
4yepe3 OAMH KBaJIpaTHUH METp OrOpOPKYBalbHOI KOHCTPYKILIi Ha MPOTs3i
OMANIOBAILHOTO NEPioJy BiZIOMOIO Ta Halepe 33AaHOI0 BEJIMUYNHOIO.

@dakTUyHI BTpaTH TeIUIa Yepe3 OJUH KBaJIPaTHUH METP OrOpOKYBaIbHOI
KOHCTPYKIIi IPOTATrOM ONAOBAJIbHOTO MEPioAy BU3HAYAIOTHCS 32 (HOPMYIIOLO,
OTPUMAHOIO 3 BiTOMHX 3aJIe)KHOCTEH OyIiBENbHOT TETUTO(I3UKH:

Q = 0, 0206 x % , Mxau, 1)
RO
1€ Gheat — KUTBKICTB TPaLyco-1i0 OMaToBaIEHOTO EPIONY;
Ro — omip Temronepenadi oropomKyBaIbHOI KOHCTPYKIIIi;
0,0206 — xoedimieHT IEpexoay Bill BaT-TOIAMH IO METaKaJIOPii.
KimpkicTh rpagyco-aid onamoBaIbHOTO Mepioay Gheat OOUUCITIOETECS Yepes
TPUBAIICTD theat T CEPEITHIO TEMIIEPATYPY Oheat OTTATIOBATILHOTO MIEPIOY, @ TAKOK
PO3paxyHKOBY TeMIIEpaTypy MOBITPs B IPUMILeHHI Oin:

Gheat = (gln - eh )X theat . )

SIKI0 BHKOHATH TepHUTOpiaibHE palioHYBaHHA YKpaiHM 3a KiJIbKICTIO
rpanyco-ai0 onaaroBaabHOro nepiony Ghea, HEOOXiTHHUI omip Teruionepenadi
OTOPOKEHHSI JIETKO BU3HAYNTH 3 popMmy:H (1) 3a 1omycTHMUM 3HAYESHHSIM BTPAT
trerta Q. Ilpobnema momsirae y tomy, mo JIBH [1] BcTaHOBIIOIOTH TpH pi3Hi
PO3paxyHKOBI 3HAYCHHS TEMIIEPaTyPH BHYTPIITHHOTO TOBITPS Oin:

+22°C — ans 3aKIa/iB TOMIKITHHOT OCBITH T4 OXOPOHH 3I0POB's,
+20°C — a7t )KUTIOBHUX OyIUHKIB, TOTEINIB Ta 1HIINX TPOMAJICHEKUX 3aKIIa/iB,
+18°C — a1 CHOPTUBHUX 3aKJIAIiB.

Ile oOymoBIIOE HEOOXIAHICTH TEPUTOPIATLHOTO palOHYBaHHS TPHOX
BeMYUH Gheat, 0 BIAMOBIZAIOTh BKa3aHUM Temriieparypam Oin. Jis yCcyHeHHS
IOTO HENOMIKY 3a naHuMmu 57 meteoctaHmiii Ykpaiau 3 JICTY [6] oOuucneni
KIJIBKOCTI Ipaayco-Ai0 Ui MIMPOKOro Aiana3oHy TeMIlepaTyp BHYTPILIHBOTO

eat
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moBiTps Big +16°C mo +24°C Ta BCTaHOBJICHA iX 3aJICXKHICTh BiJl KUIBKOCTI
rpaayco-ai6 Gyo, 1m0 Bimmosigae Oin = +20°C:

Gpea =[1+0,034x (6, —20) [x G, +57,1x(6, —20).  (3)

BinnocHi moxuOku anpokcumyroodoi Gopmynu (3) He BHXOIATH 3a MEXi
-1,3%...42,0%.

MincraBuBomm (3) o (1), mMoxxkHa oTpuMaTH poOody GopMyTy s
BU3HAYCHHS! HEOOXITHOTO ONOPY TEIUIONEpeaadl OropoKyBalbHOI KOHCTPYKLIT
3a JIONyCTHMUM 3HAYEHHSIM PIYHHUX BTPAT TerJa:

 [1+0,034x(6,, —20) [x Gy, +57,1x (8, - 20)
- 48,5xQ, ’

1e Gin — po3paxyHKOBE 3HAUCHHS TEMIIEpaTypH MOBITPs B IPUMIILIEHHI;
G20 — KITBKICTB TPamyco-ai0 OMaIroBAILHOTO EPIONy MPH TEMIIEPATypi
BHYTPIIIHBOTO MOBITPS Gin = +20°C;
Qo — mormycTUMe 3Ha4CHHS BTpAT Teruia (y Merakajopisx) uepes oauH
KBaZIpaTHUH METP OTOPOUKEHHS IPOTITOM OIATIOBAILHOTO MEPiomy.

KiabkicTs rpagyco-aid onajoBajdbHOro0 mnepiony Ha TepUTOpil
Ykpainu. [J{nsg 3a0e3neueHHS NPAKTUIHOTO BUKOPUCTAaHHSA (opmymn (4)
BHKOHAHE aIMiHICTPaTUBHO-TEPUTOPialIbHE pallOHyBaHHS Y KpaiHU 3a KUTBKICTIO
rpagyco-mid omamoBambHOTO Tepiony Gzo Ui TeMIiepaTypd B TPUMIIICHHI
Oin = +20°C. Ockinbku HaBepenux B JICTY [6] manux 57 MereocraHiiit
HEIIOCTaTHbO ISl 3AIMCHEHHS TEPUTOpIalbHOTO paloHyBaHHS YKpaiHH,
BuUKopucTaHa iHdopmaniss 3 MoHorpadii [5], ne HaBeneHi IOCIIIOBHOCTI
CepeIHbOMICIYHUX 3HAauYeHb TEMIIEpaTypu TOBITps Ha 485 myHKTax
CIOCTEPEKEHHSI.

VY pobori [8] mokazaHO, 10 OCHOBHA 4YacTWHA TepuUTOpii YKpaiHu mae
BUCOTY HaJl piBHEM Mops, He Ounbiny 3a 400 M. [lns ripcbkux MicieBocTei 3
Brucororo noHax 400 M Haj piBHeM Mops y [8] oTpuMaHi MONpPaBKH IO ONOPY
TeruIonepeadi, MpeAcTaBlieHi y BUMIIAAL KoedillieHTiB reorpadiqHoi BUCOTH.

Buxos14u 3 BUKIIaIeHUX MipKyBaHb, 3 [5] BuOpaHi gaHi 11t 367 piBHUHHUX
ITYHKTIB CIIOCTEPEKEHHS, SIKi CTBOPIOIOTH JOCHUTH TYCTY MEpPEeXy Ha TepUTOpii
VYxpaian. Ilpu ¢opmyBanHHI 06a3m NaHMX BUIyYeHI IMYHKTH CHOCTEPEXEHHS 3
HaJTO MaJIOI0 TPUBAJICTIO CIIOCTEPEKEHb, a TAKOXK 00'€qHAHI JaHi JEKITbKOX
ITyHKTIB CIIOCTEPEIKEHHS, SIKi PO3MIIIIEHI B OTHOMY KPYITHOMY MICTi Ta HE MalOTh
3HAYHWUX BIAMIHHOCTEH BHCOTH HaJ pIiBHEM MOpS, CEPEIHbOMICIUHUX
TEeMITepaTyp MOBITPsI UM 1HIIHUX reorpadivHUX mapaMeTpiB.

Jlst Ko’)kHOTO 3 0OpaHWX IMYHKTIB CHOCTEPEKEHHS OOYMCIICHA KUIBKICTh
rpanyco-n1i0 Gpo LUIIXOM YHCENBHOrO IHTErpyBaHHA (YHKIIT cepenHix
TEeMIIepaTyp aTMoc(epHOro IOBITPS B MeEXaxX TPUBAJIOCTI ONAIIOBAJIBHOTO
nepioxy (mpu Temieparypi HoBiTpsi, MeHIIii 3a +8°C), mo Bianosigae popmyii
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(2). Topieusaus 3 HasBHuMHU nanumu JICTY [6] miaTBepawio JOCTaTHIO
TOYHICTh OOYMCIIEHHS KIJIBKOCTI Ipayco-1i0 onangroBaibHoro nepiony Gao. s
50 3 57 MereocTaHUill MOXuOKa He BUXOAUTH 32 Mexki —1%...+2% i B cepeqHbOMY
cranoButh 0,7%.

3rigHo 3 MeToamkoro [12], oOiacHi 3HAaYCHHS KUTBKOCTI TIpaxyco-Iiod
BH3HAYAIOTECSA 33 (QOpPMYINIOI0, sika 0a3yeTbcs Ha HOPMAIBHOMY pPO3MOILTI
3HaueHb G2p B MEKax KOXKHOI 00acTi

G, =M +t,-Sg ©)
ne Mg Ta Sg — cepenHe 3HAUCHHS ¥ CTaHIAPT BHOIPKH KiJILKOCTI Ipagyco-aio
JUIsI METEOCTaHIIiH 0071acTi;
tp — apryMeHT QyHKIIIT HOPMAaIBHOTO PO3MOLIY, 10 BiIOBIIa€e
3a0e3mneueHocTi P 001acHOT0 3HAYCHHSI KITBKOCTI Ipaxyco-io;

IIpu 3a6e3neuerocti P = 0,9 tp = 1,282, ampu P = 0,95 tp = 1,645. PiBenn
3abe3neueHocti P = 0,9 o3Hauae, o obacHe 3Ha4YeHHs (5) BCTAHOBJICHE B 3armac
HaxiiHOCTI Mpuonu3Ho 1t 90% Tepuropii obdmacri.

CraTHCTHYHI XapaKTePUCTUKU KITBKOCTI Tpagyco-Iid OIaaroBalbHOTO
mepioxy Ta okpyrieHi mo 10 rpamgyco-mi6 obmacHi 3HaueHHA Goo IS
3abe3neueHocTi paiionyBanHs 0,9 i 0,95 nHaBemeni B Tabmumi | mma 24
azMiHiCTpaTHBHUX oOnacTed Ykpainu, crenoBoi yactuan AP Kpum ta okpemo —
[MiBnennoro 6epera Kpumy 3 0cOOIMBO TEILITMM KJIIMATOM.

B ocranHboMy cTOBII TaOuuii 1 HaBeneHI BiIHOMICHHS HAWOLIBIINX MO
TepuTopii obnacti 3HaueHb Gy /0 HaMEHIIMX, SKi XapaKTepU3ylTh Mipy
PO3KHAY KUTBKOCTI Tpamyco-mid B Mexax o0jacTi Ta IMOBIpHI 3amacu ix
TEPUTOPIAILHOrO paiioHyBaHHs. HaiOuibminii po3kua KiNbKOCTI rpaayco-Iaio
crocTepiraeThest Ha TepuTopisix IliBgeHHOTO Oepera Kpumy, ne HaitOimbIre mo
perioHy 3HaueHHS mepeBuInye HaiiMeHIne Ha 50%, ta B OmechKilt o0macTi e st
pizHuUI ctanoBHUTE 40%. JleTanpHMIA aHAI3 HASBHUX TAHUX JO3BOJIUB PO3IUITATH
TEpUTOPIi KO’KHOTO 3 IIMX PETIOHIB Ha IpyNu aJMiHICTPATMBHUX PaioHIB, Ui
KOXKHOI 3 SKHX 32 OIIMCAHOI0 BHILNE METOJMKOI0 BH3HA4YEHI CTaTHCTHYHI
XapaKTepUCTHKH Ta PO3PAaXyHKOBI 3HAUEHHS KUIBKOCTI Tpaxyco-1i0o Gog i Go,es.
Ii nani HaBeAeHI B TOMATKOBUX psAKax Tadmuii 1 mij psakamu ajs o0yacTi B
nitomy. OTpuMaHi po3paxyHKOBI 3HAYEHHS BigPI3HAIOTHCS BiJ 3arallbHUX IO
obmacti y Oinmpmuii Ta B MeHmuMN Oik, a po3kux 3HaueHb G2o Y MeXax TPyl
paiioniB me nepesumye 1,31. Lle Bka3ye Ha audepeHmiamito Ta BUILy TOYHICTH
BH3HAYEHHS KIJTLKOCTI rpamyco-ai6 Gog i Go,gs.

[t obuncneHHs HeoOXiJHOTO OMOpy TEIUIONEpeaadi OropoKyBaJIbHUX
KOHCTpYKLiH 3a (opmyiioro (4) peKOMEHAYETbCS BUKOPHUCTOBYBATH KiIBKOCTI
rpagyco-ai6 omnamoBanbHOro nepiony Gog um Gogs 3 Tabmmmi 1. Xapakrep
TEpUTOPiANIbHOT MiHIMBOCTI 3HaueHb (Gog NPOUIIOCTPOBAHUM CXEMaTHYHOIO
Kaprolo 3 pucyHka 1. HaiiOurpma KijgbKicTh Tpagyco-mi0 OnaaroBaIbHOTO
MEpPioly CHOCTEPIraeThCsl B MIBHIYHO-CXIMHMX OO0NACTAX, a HalMEHIIAa — B
MIBIEHHUX peTioHax i Ha 3akapraTTi.
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Puc. 1. TepuropiaibHa MiHIUBICTh 007aCHOT KiJIBKOCTI Ipaayco-aib Goo

EdexTuBHicTs po3po0ieHOI MeTOAMKH IIPOaHANi30BaHA Ha IMPUKIALi
MIPOEKTYBAHHA CTiH XWTJIOBHX 1 rpoMazchkux OyaiBenb. CTIHH HPOEKTYIOTHCS
JUIl KJIIMaTHYHUX yMOB 24 oOmacHuX 1eHTpiB Ykpainu, croimmui AP Kpum
M. Cim¢eporons ta M. Snra, po3mimeHoro Ha IliBnennomy Oepesi Kpumy.
Temmepatypa MoBiTpsi B MPUMIIIEHHAX NpuitHATa piBHOIO Oin = +20°C. BTpatn
TeIIa y yMOBaxX KOXHOTO MicTa o04ncieHi 3a (1) 3 ypaxyBaHHSIM TPHBAJIOCTI i
cepenHbol TeMIieparypu onanoBansHoro nepioay 3 ACTVY [6]. PosrnsayTi Tpu
crocoOu BCTAHOBJICHHS ONIOPY TervIonepenayi:

1) saBkasiskamu JIBH [1], T067T0 4,0 M?>xK/BT 115 Nepuioi TeMIepaTypHOi
30Hu Ykpainu Ta 3,5 M2xK/BT 1 Apyroi TeMnepaTypHOi 30HH;

2) 3a dopmyroro (4) 3 ypaxyBaHHIM HaBeJeHOI B Tabmwmil 1 Ta Ha KapTi 3
pucyHka 1 oGiacHOi KiIbKOCTI rpamyco-ai6 omnamroBanbHOro mnepiogy Gog Ta
ponycTuMux BTpat Temna Qo = 10 Mxan/m?, GIM3bKHX 1O HaWMEHLIUX BTpAT
4yepes CTiHM, 3anpoekToBani 3rixgHo 3 JIBH [1];

3) TakuM K€ YMHOM ISl JIOMyCTMMHUX BTpar Terna Qo= 20 Mkaju/m?,
OJIM3BKHX JT0 HAOLTBIINX BTPAT Yepe3 CTiHM, 3anpoekToBaHi 3riguo 3 JIBH [1].
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Tabmuus 1. PesynbTaTti aaMiHiCTpaTHBHO-TEPUTOPIaIbHOTO pallOHyBaHHS
KIJIBKOCTI Tpajiyco-2i0 onamoBaisHoro nepiony Goo npu 6fin = +20°C

Kine- | Cratuctuuni OO6aacHi
No Obnacti Ykpainu KiCTb | XapaKTEpHUCT. 3HAYCHHS Po3-kun
TIC Mec Se Go,9 Go,95 G20

1 |BinHueka 16| 3812| 196,7| 4060| 4140 1,27
2 | BonuHchKa 6| 3630 56,3| 3700 3720 1,05
3 | AninpomerpoBchKa 13| 3669| 1419| 3850| 3900 1,16
4 | lonerpka 14| 3836| 148,0f 4030| 4080 1,15
5 | XKutomupcrka 13 3943 96,2 4070 4100 1,08
6 |3akapmarchka 10| 3192| 266,4| 3530| 3630 1,32
7 | 3anopi3pka 13| 3413| 193,0| 3660| 3730 1,21
8 | IBano-PpaHKiBChKa 15| 3760| 250,6| 4080| 4170 1,25
9 |KuiBcbka 17| 3925 81,7 4030| 4060 1,06
10 |KipoBorpajaceka 12| 3708| 126,0/ 3870| 3920 1,13
11 |Kpum, cTenoBa 30Ha 31 2816| 160,0 3020 3080 1,23
12 | Kpum, [TiBnennuii 6eper 18| 2017| 261,9| 2350| 2450 1,50

@eodociticbkull patioH, 8| 2256| 145,8| 2440| 2500 1,22

sona m. Cesacmonoio

Hnmuncoxuii paiion 10 1827| 148,9| 2020| 2070 1,31
13 | JIyranceka 9| 4015| 129,7| 4180| 4230 1,11
14 | JIsBiBCHKA 29| 3593| 142,01 3780| 3830 1,16
15 | MukonaiBcbka 9| 3249| 180,9| 3480| 3550 1,19
16 | Opnecpka 19| 3109| 293,0f 3490| 3590 1,40

Pationu: Ismainocokul, 8 2841| 130,8 3010 3060 1,16

Bincopoo-/[nicmposcokuil,

bonepaocokuii

Paiionu: Bepesiecovkuil, 11 3304 | 208,2 3570 3650 1,19

Ooecvruit, IToodinbcovkull,

Po3zoinvuancokuil
17 |IlonTaBcbka 16 3920( 1437 4100 4160 1,13
18 |PiBHeHCBHKA 4| 3694 65,7 3780| 3800 1,04
19 |Cymchbka 14| 4215| 133,9| 4390| 4440 1,11
20 | TepHOMiNBCHKA 7 3719( 119,3 3870 3920 1,09
21 | XapkiBchKa 17| 4093| 129,5| 4260| 4310 1,11
22 | XepcoHChKa 17 3126| 123,8 3290 3330 1,14
23 | XMenbHULBKA 11 3808| 122,1 3970 4010 1,12
24 | Yepkacbka 19 3829 | 106,6 3970 4000 1,11
25 | YepHiBenbka 2| 3433| 106,2| 3570| 3610 1,04
26 | YepHirischbka 16| 4161| 127,0| 4320| 4370 1,12

MiniMym 2| 1827 56,3| 2020 2070 1,04

MakcuMyM 30 4215| 302,2 4390 4440 1,65

Poskun 2,31 5,37 2,17 2,14
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Pe3yspraTu eKCriepuMEHTaIBHOTO IIPOEKTYBAHHS CTiH A1 26 MicT YKpaiHu
y3araJbHEHi B TaOJIuIi 2, 1e BKa3aHi MeXi 3MiHM ONOpY Terionepeaayi Ta BTpat
TeIJla Yepe3 CTiHW, a TaKoX ITOKAa3HUKH X TEPUTOPIaJbHOTO PO3KUAY, PIBHI
BIZIHOILICHHIO HAHO1IBIIOro 1o TepuTopii YKpaiHu MOKa3HUKa 10 HAHMEHIIIOTO.

Tabmums 2

3Be/ICHI pe3yJIbTaTH eKCIIEPUMEHTAILHOTO MPOEKTYBAHHS
3a (4) mpu Qq

10 Mkan/m? | 20 Mkam/m?
Onmip Termonepenadi, M2xK/Bt 3,5...4,0 4,2..9,0 2,1..45
Piuni BTpaTu Tenna, Mxan/m? 10,9...20,6 8,0...9,6 15,9...19,2
Po3kuj onopy Teruionepeaayi 1,14 2,17 2,17
Poskun BTpar Termia 1,89 1,20 1,20

[Moka3Huku 3a JIBH [1]

3 Tabnuili BUIHO, 110 Ipu npoekTyBanHi 3a JIBH [1] 3HaueHHs HEOOXiTHOTO
OTIOpY TEeIUIONIepeiadi CTiH B MeKaX TepUTOPil YKpaiHH BiAPI3HAIOTHCS JIUIIE Ha
14%, a pi3HHMII BTpAT TeTIa Yepe3 3alPOEKTOBAHI CTIHH B PI3HUX MICTaX CATAIOTh
89%. Ilpm TmpoeKTyBaHHI 3a 3alpOIIOHOBAHOIO METOAMKOIO 3HAYCHHS
HEOOXITHOTO ONOpYy TeIvlomepenadyi CTiH B Mekax TepuTopii Ykpainu
BIIPI3HAIOTECA y 2,17 pasu, ame mOpd [OOMY BIIMIHHOCTI BTpaT TeInia
3MeHIYIThCs 10 20%. OTKe, 3aIpONoOHOBaHa METO/JMKA CIIPHUSIE BUPIBHIOBAHHIO
BTpaT Temia mo Teputopii YkpaiHu 3a paxyHok audepeHuianii HeoOXiJIHOTO
OIopy TeIuIonepeiadi OropoKYBaJIbHUX KOHCTPYKILiil.

Tabnuus 2 Bkazye TakoX Ha 3HAYHHUIT BIUIMB JIOMYCTUMUX BTPAT TeIlla Ha
HEeoOXi/lHe 3Ha4YeHHsI OIOpYy TEeIUlonepeadi OropoKeHb. [Ipu IomycTHMHUX
piuanx BTparax Temna Qo = 20 Mxan/m? omip Temnonepenaui CTiH HeoOXigHO
BCTaHOBITIOBATH B Mexax Bix 2,1 mo 4,5 M*xK/BT, 10 BUXOAUTH 33 MEXi BUMOT
JBH B.2.6-31:2021 [1], ame B cepenHbOMYy HaOmMmKaeTbcs 10 HuX. Jis
3MEHIIEHHsT PiuHMX BTpar Temna jgo 10 Mkan/m? omip Temnomepejadi CTiH
HeoOXxinHo nigpuiuty 10 4,2...9,0 M?xK/Br.

BucHOBKH Ta MepcrneKTHBH MOAATBIINX A0CTi/IKeHb

1. Po3pobnena MeToauKa JJO3BOJISIE BHU3HAYATH HEOOXITHHWH  oOImip
Terionepenadi  Oropo/LKyBaJbHUX ~KOHCTPYKIIH, BHXOISYM 3 BEIHYMHU
JOMYCTUMHX BTPAT TeIJia Ta KiUTBKOCTI TPaayco-Ii0 OMaltOBAIILHOTO TMEPioxny.
Temneparypa TOBITpS B NPHUMIIIEHHI BpPaXOBYETHCS NUIIXOM KOPUTYBaHHS
KUTBKOCTI Tpayco-1id 3a OTPIMaHO0 alPOKCUMYIOUOI0 3aJIXKHICTIO.

2. 3aomy0aikoBaHUMU PE3yJIbTaTaMU METEOPOJIOTIYHUX CTIOCTEPEIKEHD Ha
367 MeTeocTaHIlisIX 1 METEeONoCTax, po3TalmoBaHuX Ha BUcOTi mo 400 M Han
piBHEM MOpsi, BHUKOHAaHE aJMIHICTPAaTUBHO-TEPUTOpiaNbHE palOHYBaHHS
VYkpaiHu 3a KUIBKICTIO TPagyco-1i0 ONajoBaIBLHOTO MEpioy NP TeMIlepaTypi
noBiTps B npumimenHi +20°C.
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3. PesynpratM eKCIEpUMEHTaJIBHOTO IPOEKTYBAHHS CTIH JKUTIOBUX
OyniBesb JUIsl KJIIIMaTHYHUX YMOB 26 MicT YKpaiHM TOKa3alH, 10 MOPiBHIHO 3
npoekTyBaHHsM 3a Bumoramu JIBH B.2.6-31:2021, 3ampomoHoBaHa METOIHMKA
crpusie BUPIBHIOBAHHIO BTPAT TeIIa 10 TEPUTOPIl 3a paxyHOK audepeHrianii
HEeOoOX1THOTO OIOpY TeIuIonepeayi OropoKyBaJbHUX KOHCTPYKIIN ISl KOXKHOT
3 aMiHICTPaTUBHUX oOJacTel YKpaiHu.

4. Ha HeoOXigHe 3HAYCHHS OIOpPY TEIUIOIEpENadyi OTOPOKECHb iCTOTHO
BIUIMBA€ JOIyCTHMa BEIMYHMHA BTpPaT TeIUla, [0 BHMara€ BU3HAYCHHS Ta
YHOPMYBaHHS JOIYCTUMHX BTpaT TeIUla 4epe3 OropoDKYBalbHI KOHCTPYKLIl
Pi3HUX BUAIB y OyIiBIAX Pi3HOTO NMPH3HAYCHHS.
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BuzHayeHHs MJIacTUYHOCTI JUTOI acaabTo0eTOHHOI cyMimri 3a
3HAYEHHSIM KPYTHOT0 MOMEHTY

Determination of plasticity of the cast asphalt mixture by torque
value

Mupir fL.1., k.T.H., c.H.c., Oxcak C.B., k.T.H., 101., Lnbin S.B., K.T.H.,
acucr., Michiuenko C.O., acnmipant (XapkiBcbKkuii HaNiOHAJNbHUI
aBTOMOOLILHO-10POKHIl yHiBepcuTeT, M. XapKiB)

Pyrig Y.I., Ph.D. in Engineering, S. Researcher, Oksak S.V., Ph.D. in
Engineering, Associate Professor, Iliyn 1.V., Ph.D. in Engineering, Assistent,
Misnichenko S.O., Postgraduate student (Kharkiv National Automobile and
Highway University, Kharkiv)

Y cmammi  pozenasmymo  memoo  Gu3HAYeHHA  NAACMUYHOCMI — JUMUX
acganbmobemonnux cymiuiel, OCHOBAHUU HA BCMAHOBNEHHI 3HAYEHHS KPYMHO20
MOMEHMY MIWanku ni0 4ac nepemiuty8aHHsi CyMiuli 3a MeXHOAO2IYHUX memMnepamyp.
Ilpeocmasnena KoHCMpYKYito GIMUUHAHO20 NPUAAOY MA MemOOUKU BUSHAYUEHHS
nracmuynocmi. Hasedeni nepesazu ma HeOONiKu 0aH020 MEMOOY.

Mastic asphalt concrete, unlike other types of hot asphalt concrete, has a long
history and a wide range of applications in both industrial and road construction. The
peculiarities of the composition of mastic asphalt mixtures and asphalt concrete are the
reason for the use of non-standard quality indicators, which include, in particular, the
indicator of technological plasticity. Many different methods have been proposed to
determine the technological plasticity of mastic asphalt mixtures, but there is no single
generally accepted method. Each country uses certain methods to assess the plasticity
(mobility) of mastic asphalt mixtures during their manufacture and placement in pavement
layers. The aim of the study is to review the method for determining the plasticity of mastic
asphalt mixtures based on the establishment of the value of the mixer torque during mixing
of the mixture at technological temperatures. To achieve this goal, a corresponding device
was manufactured at the Department of Road Construction Materials of Kharkiv National
Automobile and Highway University and the plasticity of mastic mixtures was
experimentally determined with an assessment of the sensitivity of this method to the
parameters of the mixtures. During the first tests, the advantages and disadvantages of this
method and the device were identified. A significant advantage is the ability to conduct the
entire test cycle of one mixture at different temperatures without the need to unload/load
the mixture into the mold during the test at each temperature. This, in turn, significantly
reduces the test time. A certain disadvantage of the method is its subjectivity and relatively
low reproducibility of the results. This disadvantage can be corrected by replacing the
manual rotation of the shaft with mechanical rotation using a motor with a constant
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rotation speed. The experimental verification of this method of determining plasticity was
carried out on a mastic asphalt mixture of the LABS-10 type, made with three
concentrations of bitumen. It was determined that the experimentally obtained temperature
dependences of the torque are described by power functions of the second order and are
characterized by determination coefficients not lower than 0.985. During the experimental
verification of the manufactured device, its advantages and disadvantages were identified,
based on the analysis of which ways to improve the design of the equipment were proposed.
It has been established that this method (after making improvements to the design of the
device and changes in the test methodology) can be recommended for use in production
laboratories of the domestic road industry to design the composition of mastic asphalt
mixtures and check their quality.

Kniouosi cnosa: numa cymiw, nracmuyHicmos, KpymHuti MOMeHM, NPUAo.
Keywords: mastic asphalt mix, fluidity, torque, device.

Beryn. Jlutuit acanproOeTOH, Ha BIOMIHY BiJ IHIIAX BHIIB Tapsdux
ac(arbTOOETOHIB, Ma€ TABHIO iCTOPIIO Ta ITUPOKY Cepy 3aCTOCOBYBAHHS 5K B
MIPOMHCIIOBOMY, TaK i B TOPOXKHHOMY OyIIBHUITBI (s BIAIMITYBAHHS IOKPUTTIB
aBTOMOOUTBHMUX  JOpPIil, MOCTOBHX TMEpPEXOMiB, TIJIOTOBUX IIOKPHUTTIB
PI3HOMAaHITHHX MPOMHUCIIOBHX CIIOPY, TLAPOI30IIALIi TYHENIB 1 pe3epByapiB, Ta
ixmre) [1, 2].

3aBIsikM  OCOOJIMBOCTSIM  CKJIQMy JIUTUX ac(albTOOETOHIB, J0 SKUX
BITHOCATHCS IMiJBHIIECHA KUIBKICTh OITYMHOTO B’SDKY4Oro Ta HAIlOBHIOBAua,
JAHOMY Marepiajly MpuTaMaHHI TakKi MepeBard, SK 3HWKEHA MOPUCTICTH 1
MiZBHUINCHA MIUIBHICTh, 3aBASKH YOMY 3a0€3MEUyeThCs MiJBHUIICHA BOIO-,
MOPO030- Ta 3HOCOCTIHKICTh, MIIHICTB Ta IOBrOBi4YHICTh. OCHOBHUMH NepeBaraMu
JUTOT acambTOOCTOHHOI CYMIIlli € BIICYTHICTD YIIUTFHEHHS i/ Yac YKJIaJaHHS
HAa MiClli TPOBENCHHA pOOIT, 3aBIJIKA YOMY JaHHWA Marepial Moxe
BHUKOPHCTOBYBATHCS JISl BIIAIITYBaHHS OKPUTTIB HA BAYKKOJOCTYITHUX JUITHKaX
(TpoTyapHi 30HH, 30HH MPUMHKAHHS 10 IIOKOJIB PI3HOMaHITHOTO OTOPOKEHHS,
MIPUMHKAHHS 10 METATOKOHCTPYKIIIH Ta iHIIE), a TAKOXK Ha IUITHKaX 3 HEPiBHOIO
MIOBEPXHEI0 OCHOBU MOKPUTTA [1, 2].

OcobmmBocTi  ckiaay  JOUTHX — achambTOOETOHHMX  CyMimed  Ta
acambTOOCTOHIB € NPUYMHOI BHKOPHCTAaHHA HECTAaHAAPTHHUX ITOKa3HUKIB
SAKOCTi, JO SKHUX, 30KpeMa, BiIHOCSATHCS TIOKA3HUKU IUIACTHYHOCTI —
eKCILTyaTaIliifHOT Ta TeXHOJIOT19HOiI [3].

AHaui3 nyoaikanii

ExcryaraniiiHa IUIacTUYHICT JMTUX ac(haJbTOOCTOHIB BU3HAYAETHCS
METOJIOM BJIaBJIIOBaHHS LITAMITY, SIKUH J03BOJISIE€ BU3HAYATH SIK OE3M10CEPEHBO
rMOMHY BIaBiioBaHHS wmramny 3a Temneparypu 40 °C, Tak i 30UIbIIEHHS
MIMOWHY BIABIIOBaHHS mtaMiry micis 30 xB aii HaBaHTard. [lanuit metoz Oyino
po3pobiieHo B 20-Ti pOKM MUHYJIOTO CTONITTSA. [licis MeBHUX yIOCKOHAJICHb Ta
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Moudikamii #oro Oyno cTaHIapTH30BaHO B €BPOIEHCHKIH Ta aMepUKaHCHKIN
cUCTeMax OLIHKH SKOCTi ac(anbToOSeTOHHUX cyMilei Ta acanbrodeToHiB. Ha
JTAHWH Yac [ei METO]T € 3araJIbHOMPUIHHATHM B PI3HUX KpalHax CBITY.

Jlnsi BU3HAUEHHST TEXHOJIOTIYHOI TIACTUYHOCTI JIMTHX ac(aibTOOETOHHUX
CyMIIIICH 3aMpOMOHOBAHO JOCHTh 0araTo Pi3HOMAaHITHUX METOIB, ajc €IUHUN
3araJbHOBH3HAHUM MeTox BincyTHiM. KokHa kpaiHa 3acTocoBye Ti 4M iHIII
METOIW, SKi JJO3BOJIIIOTH OLIHUTH IUIACTHYHICTE (PYyXOMICTB) JIMTHX
acQarbTOOCTOHHNX CyMiIIeH MiJ Yac iX BUTOTOBJICHHS Ta YKJIAIAHHS B IIApH
JOPOKHBOTO OJISTY.

3anexHO BiJ MPUHIWIY BU3HAYCHHS IMOKa3HUKA IUIACTUYHOCTI BCI BiZoMi
METOIU PO3MONUISIOTECS HAa TPU TPYNU: METOAM, B SKHX IUIACTUYHICTH
OLIIHIOETBCS 332 TIIMOMHOI 3aHYPEHHS! BHIIPOOYBAJIBHOI'O IPUCTPOIO B CYMIL;
METOJH, B SKHMX IUIACTUYHICTh BH3HAYAETHCS 3a JiaMETPOM PO3TIKaHHS JIUTOI
CyMIllli MiJ] BJaCHOIO Barolo Ta METOMH, B SKUX IUIACTUYHICTh BU3HAYAETHCS 32
3HAYEHHSIM KPYTHOTO MOMEHTY MIILIAJIKH Mijl 4ac MepeMillyBaHHs CyMilli.

JlaGopaTopHi METOAM MEpUIMX ABOX Tpyn OepyThb modaTok 3 20-X pOKiB
MHHYJIOTO CTOIMITTS. CyTTEBOIO MEPEBAror0 UX METOIB € IPOCTOTA Ta HE BUCOKA
BapTICTh 00JIaTHAHHS, [0 BUKOPHCTOBYETHCS, BITHOCHO MaJIMH 9ac IIPOBEICHHS
BUIIPOOYBaHHS, TapHa BUBUYCHICTH METOJIB Ta BCTAaHOBJICHHS 3aJIEKHOCTEH 3
CTaHAAPTHUMH TOKAa3HUKaMHM, SIKIi BHMKOPHCTOBYIOTBCS JUISl  OILIHIOBaHHS
BJIACTMBOCTEH JIMTUX CyMileil. 3araJbHAMH HEJOJIKaMH METO/IB €: BiJIHOCHO
BEJIMKHIA 00cAT JTuToi cyMimmi (Moxke csarati 10 Kr), moTpiOHOT TS IPOBEACHHS
BUIIPOOYBaHHS (BUTOTOBIICHHS TAKOT KUILKOCTI CyMillli B JIAOOPATOPHUX yMOBax
JUISL PETYJIIPHOTO KOHTPOJIFOBAHHSI iX SIKOCTI CTBOPIOE MIEBHI TPY/IHOIIL ); IIBUIKE
OCTHUraHHs JUTO1 acdanbToOeTOHHOT cyMili (0COOIMBO Y BUIAKY ITPOBEICHHS
BHITPOOYBaHHA 332 HAATO BHCOKMX TEXHOJIOTTUHUX TEMIIEpaTyp, sIKi csratoTh 250
— 260 °C), mo Moxe MO3HAYaTHCs Ha Pe3yibTaTax BHNPOOYBAaHHS; HAJUITAHHS
CyMilIi Ha BHYTPIIIHIO MOBEPXHIO BHNPOOYBATBHUX HPHUCTPOiB (0COOIMBO Y
BUIIAJKy NPOBEJECHHs BUIIPOOYBaHHS 32 BITHOCHO HM3BbKHX Temiepatyp — 160 —
180 °C, abo sKmo B AKocTi OITYMHHX B’SKYYHMX BHKOPHCTOBYIOTHCS OiTyMH,
Mou(dikoBaHi TMOJIMEPHUMH J00aBKaMHu), IO 3HIXKYE BiATBOPIOBAHICTH
OTPUMYBAHHX PE3YJIbTATIB.

Merony, SIKi OCHOBaHI Ha TNPHUHIMII BHU3HAYCHHS KPYTHOTO MOMEHTY
JIoTaTel MIMIaNKH, O 00epTAEThCS B 00CsI31 JIUTOT CyMillTi, € BITHOCHO HOBUMH.
[lepmmii  MeToxm  BH3HAYEHHA  IUIACTHYHOCTI  (3pYyYHOYKIAIaTbHOCTI)
achanpToO0eTOHHUX cymimeld O0yio po3pobneHo B 1978 p. amMepHKaHCHKUMH
nociigaukamu J. Marvillet Ta R. Bougault [4].

3rifiHo JaHuX, NpeacTaBiIeHux B [5], METOIH, 1[0 BUKOPUCTOBYIOTh JaHHM
TIPUHIIMIT JJIs OIIHIOBAHHS TIIACTHYHOCTI JINTUX CyMIIleH, XapaKTepU3yIOThCS
HaWOUIBII TOYHMMH 1 BIITBOPIOBAaHMMH pe3yJIbTaTaMH, OCKUIBKH B IIpHiIajgax
BUKOPHCTOBYEThCSl J1abOpaTopHe OOJaJHaHHS, N0 CKJIaxy SKOro 3a3BHYai
BXO/IITh KOMII'IOTEPH30BaHi CUCTEMH OTPHMAaHHS Ta 0OpoOKM pe3ysbTaTiB. 3a

174



CyyacHi mexHonoeii ma memodu pospaxyHkie y 6ydigHuymei. [lyupk, JIHTY. 2024, Bunyck 22

Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22
pPaxyHOK YOTO METOAM € YYTJIIMBUMHU JIO Pi3HOMaHITHHX OCOOIMBOCTEH JIMTHX
acanbToO0eTOHHUX CcyMileil: iX IpaHyJIOMETPHYHOIO CKJIaay, PEOoJIOridyHOTO
TUITY Ta CKJagy OITYyMHHX B’SDKYYHX, @ TAKOXK PI3HOMaHITHUX TEXHOJIOTIYHUX
¢axTopiB (Temmeparypa NMPHUIOTYBaHHS, Yac BUTPUMYBAHHS 1O YKJIAJAHHS B
MOKPUTT Ta iHIa). OTHaK 3aBASKU HEJ0MTIKaM, 10 SIKMX BIIHOCHTHCS CKJIQIHICTh
BHIIPOOYBAIFHOTO OONIaAHAHHS Ta OOMEXKEHICTh y BHUKOPHUCTAaHHI CyMimied 3
MaKCHMallbHUM pO3MIpPOM 3€peH KPYIHOTO 3allOBHIOBa4a & MM, MaioTh
oOMekeHe 3aCTOCYBAaHHS Y BUPOOHHUIX JIA00PATOPisX.

Ha manuit yac € BigoMuUMH JeKiNbKa MPUIaIiB, CKOHCTPYHOBAaHHUX B Pi3HUX
kpainax city (CILA [4, 6], Hinepnargax [7], Manaitsii [8], Himewunsi [9, 10])
B OCHOBI SKHX JIGKHATh NOAIOHMH mpuHIMI poOOTH. OCOOIMBOCTAMH IHX
NPWIJIAAIB €: pi3Ha KOHCTPYKIIiS JIONATEBUX MIIIAIOK; pi3Hi Gopmu Ta po3mipu
MIIIAJIIOK Ta EMHOCTEH, B SIKUX 3HAXOAUTHCS CYMII, KOHCTPYKLIS SKHX CIPHSE
3MEHILICHHIO cerperamii Ta anroMepamii Kam’ sHHX MarepialiB IiJ 4Yac
MIPOBEICHHS BUIIPOOYBaHHSI; pi3Ha IBUIKICTH 00epTanHs cymii (15 06/xB B [6],
25 006/xB B [7], 17 06/xB abo inma B [9], 13 06/x8 B [10]); ogHOUYacHa peectparis
TeMIepaTypH Ha MOBEPXHi Ta B 00Cs31 cymimti [6]; 3MiHA BUCOTH €EMHOCTI, B SIKiif
PO3TaIIOBYETHCS CYMill, O€3M0CepeHBO TIiJ] Yac MPOBEACHHS BUNPOOYBaHHS, 3a
paxyHOK 4YOro € MOXIMBHMM YCYHEHHS YTBOPEHHS IUIOIIMHH 3CyBY [7];
BJIOCKOHAJICHHS! CHCTEMH OLIHIOBaHHS KPYTHOIO MOMEHTY [7]; MOIHBICTBH
MPUTOTYBAaHHS (3MINIyBaHHSA KaM SIHHX MarepialmiB 3 OITYMHHM B’SDKYYHM)
acdampToOeTOHHOI CyMimi Oe3mocepeHEO B 00epToOBid eMHOCTI [8] 3
OJIHOYACHUM KOHTPOJIFOBAHHSM 3a JJOOMOT0I0 BOYJOBaHHMX JATYHKIB KPYTHOTO
MOMEHTY, IIBHJIKOCTI OOepTaHHs JiomaTed, HEeoOXiAHOI MOTYXHOCTI mpH
3MillIyBaHHI MaTepialiB Ta CHIBCTABJICHHS OTPUMAHHUX JAHUX 3 BIACTHBOCTSIMHU
acanpTobeTony (00’€MHI BIACTMBOCTI, MOAYJIb INPYKHOCTi, BOZOCTIHKICTB);
pizHi KpHTepii BHOODPY HaWOUIbII MPUHHATOT TUIACTUYHOCTI
(3py4HOYKJIaIaabHOCTI) CyMmileH, HampuKiIa B [9] ONTUMAIBHOIO JUTS YKIAIKA
B ITOKPUTTS JINTOT CyMillli BBAXKAETHCS TEMIIEpATypa, 3a SIKOi OITip 3MIIIyBaHHS HE
nepesumrye 100 +£5 H-cm.

3 ycix  BiIOMHX  METOJMIB  OLIHIOBAHHS  IUIACTHYHOCTI  JIUTHX
acanbToOETOHHUX CyMillel, OCHOBaHMX Ha IPHHIMII BH3HAUYEHHS KPYTHOTO
MOMEHTY JIOTaTel MillajdK{, HaHOIIBII IIPOCTUM € MeEToA, SKHH Oyio
sanpornonoBano B 2009 p. [11]. Tlpunan ckiagascs 3 METAIEBOTO Biapa, sKHH
HaIOBHIOBABCS HATPITOIO JIO TEXHOJIOTIYHOI TemmepaTypu ac(harbToOETOHHOIO
cymimmio Baroto 18 kxr, Ta ¥ JIOWMOBOTO JAMHAMOMETPUYIHOTO KIFOUA,
3aKpIMIEHOTO 32 JIOTIOMOTOIO IOJI0BXYBada Ha Oci, cTabimi3oBaHiil TOABIHHOIO
CHCTEMOIO ITiIITUITHAKIB. J[0 OCi MPUKPITUTIOBAJIMCH IBI METAJICB] JIOTIATI, HIKHS
3 SKAX PO3TalIOoByBajlach MiJ KyToM 45° mo oci, a BepxHs Oyma 3irHyta Ha
BizZicTaHi 2 mroiMiB Bix oci. [lepen BUpoOyBaHHSM y BiJJpO BCTaHOBIIIOBAJIHU BiCh
3 JIOMATSIMM Ta HANOBHIOBAINM HOr0 CYMIILIIIO, IICJS YOro PO3TALIOBYBAJIU
NpWwIaja B CYIIWIBHIN 1adi 3 TEXHOIOTIYHOIO TEMIEPATypOI0 Ta BUTPUMYBAIN
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BrponoBx 4 rox. Ilig yac BunmpoOyBaHHS 3a JONOMOIOIO JMHAMOMETPHUYHOTO
KJIFOYa JIONaTh MOBEPTAIH Ha MTOBHUIT 00EPT YOTHPH pa3H, BU3HAYAIOUH KOXKHHUH
00epT KpyTHUH MOMEHT, SIKHH NEPEeTBOPIOBAIIN B OKA3HHUK 3PyYHOYKIaJaHOCTI
LUIAXOM MHOKEHHS BEJIMYMHU CEPEeAHbOro KpyTHOro MoMeHTy Ha 1000.

Ha xadenpi TexHomnorii 1opoxHb0-OyJiBeIbHUX MaTepiaiiB XapKiBCbKOTO
HAIIOHAJIFHOTO aBTOMOOTEHO-OPOXKHBOTO YHIBEPCUTETY OYII0 3aIIpOIIOHOBAHO
BUKOPHCTOBYBAaTH LEH NPOCTHH NpHIaN JUIS OLIHIOBAHHS IUIACTHIHOCTI
BITYM3HSAHUX JUTHX ac(hanpToOeTOHHNX cyMmimed. Ha BimMiHHICTS Big mpmiany,
mpencTaBieHoro B [11], B KOHCTpyKIIito po3pobiieHoro Ha Kadeapi npuinary Oy
BHECCHI HACTYIHI MOIU(IKAIiil: BAOCKOHAICHO KOHCTPYKIIiIO By3JIa 3 JIOATIMH,
3a paxyHOK 40ro 3a0e3MeuyeThcs OUIbII OBHE MepeMIllyBaHHs CyMIlll il 4ac
BUIIPOOYBaHHs; 0018 JHaHO (POPMY TEIUIOI30JISLIHAM KOXKYXOM; BJJOCKOHAIICHO
BY30J1 3 MiIIIAMTHUKAMH, 0 MOMepeKae X 3a0pyTHCHHS.

Merta i 3a1aua nociixzkeHHs1. MeTor0 poOOTH € OIIHIOBaHHS MOJIMBOCTI
i JIOIJILHOCTI 3aCTOCYBaHHS JaHOTO METOAY Ui BHU3HAYCHHS IJIACTHYHOCTI
BITUM3HIHUX JIUTHX ac(habTOOCTOHHUX cymimel. st JoCArHEeHHS OCTaBIeHOT
MeTH OyJI0 BUTOTOBIICHO BiJIIOBIAHMH MPHIIA] Ta MPOBEICHO EKCIIEPUMEHTAIbHE
BU3HAYCHHS UIACTUYHOCTI JINTHX CYMIIIEH 3 OLIHIOBAaHHIM YyTJINBOCTI JaHOTO
METOY JI0 TapaMeTpiB CyMIMIeH.

MeTtoau Ta 00’ €KTH A0CiKEHHS

KoHCTpYyKTHBHO BHTOTOBICHMI TpHIal CKJIAZAEThCS 3 HACTYIHHX
ckimanoBux (puc. 1): MeraneBa HWIIHAPUYHA (OpMa 3 TEIUIOI3ONISAIIHHIM
koxxyxoM (1), B sikiit po3Mirnyerbes jaura achaibTodeToHHa cymiln; Bai (2), mo
obepraeTbcsi y By3imi 3 mimmunHAkamu (3) Ta By3oa 3 somnatsmu (4), wo
CKJIaJIA€ThCS 3 TPHOX PO3TALIOBAHMX OJ[HA HaJ| OJIHOIO JIOTATEeH — HUXKHSI JIONaTh
po3ramioBaHa miJ KyToM 45° 10 TOpU3OHTAJIBHOI MOBEPXHI, 32 paxXyHOK 4OTO
3MIMCHIOETBCS MIMHATTS CyMimn Bix JIHa (GOpPMH yropy; cepeiHsi JonaTh
po3TalioBaHa BEPTHKAJIBHO 33 PaxXyHOK YOTO 3AIHCHIOETHCS TMEpeMIilllyBaHHS
cyMilli; BepXHS JIOmaTh pO3TalloBaHa MiJ KyToM 45° 10 TOpH30HTAIBHOI
MOBEPXHI, 32 PaxyHOK YOTO CyMIIll CIIPSIMOBYETHCSI BHU3; JUHAMOMETPHYHUI
KJro4 (5), 10 3aKpIIUIFOEThCs Ha BY3Ji Ta BUKOPUCTOBYETHCS Ul BU3HAYCHHS
3YCHIIIS ITiJT 4ac MepeMillyBaHHs JINTOT CyMilIi.

BusHaueHHST  IUIACTUYHOCTI 32  3HAYCHHSIM  KPYTHOTO  MOMEHTY
3nificHIOBaMOCh Ha JuTi cymimi Tuiry JIABC-10, BUroToBieHiii Ha TpaHITHUX
3anoBHIOBayax (IlImaTkoBchkuit kap’ep [lonraBcrka 06macTs, [lonTaBebkuii p-H,
c. KapmiBka), BartHsIKOBOMY HAIlOBHIOBAYi Ta IOPOKHBOMY OiTymi mapku BH/|
35/50 (menerpamis 3a 25 °C — 41 x 0,1 MM, TemmepaTypu po3M’SIKIIEHOCT Ta
KpuxkocTi BimnmoBigao 52,2 °C ta minyc 11 °C, inaekc nenerpamii — miayc 1,11).
Jis excrieprMeHTalbHOI TEePeBipKH MOKIMBOCTI BU3HAYEHHS IUIACTUIHOCTI
METOJIOM, IO PO3IISIAETHCSI, BUKOpUCTOBYBaM cyMitl JIABC-10, BurotoBneny
3 TpbOMa KOHIIEHTpaIisamMu 6iTymy — 9 %, 10 % ta 11 %.
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[TinroToBKa 10 NpOBEACHHS BUIPOOYBAHHS IOJISATAE Y BUTOTOBJICHHI JIUTOT
acarprTo0eTOHHOT cyMirtr B KitbkocTi 6 kr 3rigHo 3 JICTY b B.2.7-319 «Cymirri
acdanprodeToHHl 1 achanbTOOETOH JMOPOXHIA Ta aepoApoMHHH. Metoan
BUIIPOOYBaHHS».

[lepen BumpoOyBaHHAM CyMill BUKJIAJAlOTh Ha MIAJIOH Ta pPa3oM 3
OWTIHAPUYHOI (OpMOIO 31 IITOKOM Ta 3aKpilZICHMM BY3JIOM 3 JIONATSAMHU
PO3TaIIOBYIOTH B CYIIHIIBHIH magi 3a Temmepatypu (260 = 2) °C Ta BATPUMYIOTH
BrponoBxk 30 xB. Ilicms TepMocTaTyBaHHS IJUTY CYMIOI 3aBaHTaXYIOTh Yy
MeTaJIeBy HWTIHAPUIHY (GOPMY 3 TEIUIOI30IIAIIHAM KOKYXOM Ta BCTAHOBIIOIOTHh
BaJI 3 3aKPIIUICHUM BY3JIOM 3 JIOTATSIMH.

Puc. 1. 30BHIIIHINA BUTIISIT BUTOTOBJICHOTO IPWITAY JJIS BU3SHAYCHHS
IUTACTUYHOCTI CYMIiIlli 32 3HAYEHHSIM KPYTHOTO MOMEHTY

3a [OMOMOroI0 BHUMIpIOBada TEMIEpaTypd BH3HAYAIOTh TEMIIEPATYPy
cyminn y ¢opmi, MiCIS YOro 3a JOMOMOTOK JHHAMOMETPHYHOTO KITFOYa
MOBEPTAIOTh BPYYHY Baj 3 JIONATSIMM Ha MOBHUH 00epT 3 pa3u, TAKUM YHHOM,
100 OAMH MOBHUI 00epT 3/iiCHIOBATH 3a 5 C, IPH 1bOMY (PIKCYIOUM KPYTHHH
MOMEHT Micis KOXKHOTO IOBHOrO 00epTy. 3a 3HaueHHS KPYTHOI'O MOMEHTY
NPUIMAETHCS CepeIHE 3HAUCHHS TMicis TPhOX 00epTiB.

®opmy 3 TUTOIO acaTbTOOCTOHHOIO CYMIIIIITI0 BUTPUMYIOTh 32 TeMITepa-
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TypH HAaBKOJMIIHBOTO IOBITPS, NPH IIbOMY KOXXHY XBWJIMHY 3/1MCHIOIOTH
oOepTaHHs Bally 3 JIONATSIMH JUIsl EPEMILIyBaHHS CyMimi Ta 3a0e3nedyeHHs il
PIBHOMIPHOTO OXOJIO/DKEHHSI, TOCTIHHO BH3HAYAIOYM TEMIICPATYPy CYMIIIi.
[Ticns 3HWKEHHS TemnepaTypu JuToi acdansTo6eToHHOT cyMiri Ha KoxHi 10 °C
MIOBTOPIOIOTH BU3HAYECHHS KPYTHOI'O MOMEHTY. BUIIpOOyBaHHS 3aKiHUyIOTh NIPU
JOocsATHeHHI Temmeparypu nutoi cymimi 190 °C abo 3a OimbIl HIKYOL
TEeMIEepaTypH 3a IMOTPeOH.

3a ekCcrepuMEHTAIPHIMH 3HAYCHHSIMH KPYTHAX MOMEHTIB, BU3HAUCHUX 32
pizHEX TeMmepaTyp B miamasoHi Bix 260 °C mo 190 °C (abo OimbIn HU3BKHX 32
moTpeOu) OYAyIOTh 3aJIe)KHICTh KPYTHOTO MOMEHTY BiJl TeMIlepaTypH (puc. 2) Ta
BU3HAYAIOTh KOE(III€HT KOPEsLii.

Pi3Huns Mix TppOMa pe3yibTaTaMd BUIPOOYBaHHS KPYTHOTO MOMEHTY 3a
OJIHI€T TeMIlepaTypH He MOBHHHA nepeBunyBatu 10 % Big cepeJHbOr0 3HAUCHHSI.

KoediieHT Kopensiii 3a1eXHOCTI KPYTHOTO MOMEHTY BiJl TeMIeparypH
BUIIPOOYBaHHs MMOBHHEH OyTH HE MEHIIUM Hix 0,9.

R*=0,997

Kpytauiit Mmoment, Hm

M W B L N o O

170 180 190 200 210 220 230 240 250 260 270
Temneparypa BunpodyBanus, °C

Puc. 2. TemneparypHa 3aye’KHICTh KDYTHOTO MOMEHTY

Ilin yac mpoBeneHHS MepmIUX BUIPOOYBaHb BCTAHOBIICHO MEpEBaru Ta
HEJIOJIIKK JTaHOTO MeTony Ta mpuiany. CyTTEBOIO IMEPEBarol0 € MOXKIHMBICTH
MIPOBEJIEHHST BCHOTO IHMKIIY BUTPOOYBaHb OJHIET CyMIllli 32 Pi3HUX TEMIIEPATYP
0e3 HeoOXITHOCTI BMBAaHTaXCHHsI / 3aBaHTAXCHHsI CyMimli B ¢GopMy Tij dac
BUIIPOOYBaHHS 32 KOXKHOI TeMiieparypHu. Lle B CBOIO 4epry CyTTEBO 3MEHIIYE 4ac
npoBefeHHs BunpoOyBaHHs. llle onHI€I0 TepeBaroi0 [aHOTO METOAy €
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MOXJIMBICTh 3HAYHOI KIUIBKOCTI BU3HAYEHb KPYTHOTO MOMEHTY 3a Ppi3HUX
TemrepaTyp (3a HeoOXiTHOCTI, MOXKJIMBO BU3HAYAaTH KPYTHUH MOMEHT HaBiTh 32
3MiHM Temmeparypu cymimi Ha 1 — 2°C), Mo 3HAYHO MiJBUINYE TOYHICTH
OTpPHUMaHHS TEMIIEPaTYPHOI 3aJIe)KHOCTI KDYTHOTO MOMEHTY.

[leBHMM HEIOJIKOM METOXy € HOro cy0’€KTHBHICTh Ta BIJTHOCHO HHM3bKa
BiITBOPIOBAHICTE OTPUMYBAaHUX PE3yJBTATIB: Uepe3 Te, M0 OOCpTaHHS Baly 3
JIOTIATSIMH  3IIMCHIOEThCS BPYYHY, IIBUAKICTH OOCPTaHHS BiAPI3HAETBCSA SK B
mporieci OUKIy oOepTaHHA (32 HU3BKOI TEeMIepaTypd HEOOXiTHO MpPHUKIAJaTH
3HAYHI 3yCWIIIA HA T0YaTKy 0OEpTaHHs, IO IPU3BOANTH 0 IIEBHOTO 3HIDKCHHS
IIBUIKOCTI 0OEPTaHHs, a 32 BUCOKOI TEMIIEPAaTypH 3a PaXyHOK MEHIINX 3yCHIIb
HaBIaKW CIIOCTEPIraeThcsi 30UIbIICHHS IIBUAKOCTI OOEpTaHHS Baly), TakK i y
BUIIaJKy NPOBEACHHS BUIPOOYBaHHS PI3HHUMHU oOmeparopamu. BumparieHHs
LLOTO HEJONIKY MOXe OyTH 3[1iCHEHO 32 PaXyHOK 3aMiHM PYYHOrO 0OepTaHHS
BaJIly Ha MEXaHiuyHe 00epTaHHS 3a TOTIOMOTOI0 IBUTYHA 3 TIOCTIHOIO IBUIKICTIO
oOepTaHHs.

Pe3yabTaTn gocaixxkeHHs

PesynbpraTi BUKOPHCTaHHS JAHOTO METOXY [UISl BU3HAUCHHS IUIACTUYHOCTI
JUTHX CYMIIIeH, IpeACTaBJICHI Ha puc. 3.

BcranoBineHo, 110 eKCIIEpMMEHTAIFHO OTPUMaHi TeMIEepaTypHi 3aJIe>KHOCTI
KPYTHOTO MOMEHTY ONHUCYIOThCSI CTYIIEHEBUMH (DYHKLISIMH JJPYrOro MOPS/IKY Ta
XapaKkTepu3yThes KoedilieHTamMu nerepminaiii He Hmkde 0,985.

st MeTony OIHIOBaHHS IJIACTHYHOCTI JIUTOT achanbToOeTOHHOT cyMmimii,
IO PO3IJIIAEThCS, BaroMuM (DaKTOpPOM BIUIMBY Ha IUIACTHUYHICTH € KiJIBKICTh
B’spKy4oro B cymimi. [Tpu 30ibIIeHH] KiJBKOCTI OITYyMYy CYTTEBO 3HHKYETHCS
JWHaMiKa 3MEHIICHHS KPYTHOTO MOMEHTY 3 IIiIBUINEHHAM TEeMIIepaTypu
BunpoOyBanus. Tak, mis cymimi JIABC-10 3 9 % Oitymy mniiBUIIEHHS
temnepatypu BurpoOyBanas 3 230 °C mo 280 °C npu3BoaUTh 0 3MEHIICHHS
KpyTHOro mMomeHty B 4,9 pasu, miusa JIABC-10 3 10 % Oitymy mifBUIIEHHS
temnepatypu BurpooOyBanas 3 200 °C mo 250 °C npu3BOAUTH IO 3MEHIICHHS
KpYTHOTO MOMEHTY B 2,5 pasu, a mia JIABC-10 3 11 % 6itymy migBUIIeHHS
temreparypu 3 190 °C no 220 °C — B 2,2 paszu. s JIABC-10, BunpoOyBaHoi 3a
temnepatypu 230 °C, 3Ha4eHHS KPYTHOTO MOMEHTY IIPH IIiJIBUIIEHHI BMICTi
6itymy 3 9 % 10 10 % Tta 11 % mpu3BOANTH JO 3HIKEHHS KPYTHOTO MOMEHTY
Bigmosigno 3 8,45 Hm 10 3,28 Hm ta 1,5 Hwm.
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Temmepatypa BunpobyBaussi, °C
Puc. 3. 3amexxHiCTh KPyTHOTO MOMEHTY BiJI TEMIIEpaTypH BUIIPOOYBaHHS
JIABC-10 Ta kimbkocTi 6iTyMy B 11 ckiai

BucHoBKH. 31iliCHEHO BHUTOTOBIICHHSI Ta EKCIIEPUMEHTAJIbHY HEPEBIpKY
NpUIIaAY JUIS BU3HAUEHHS IUIACTUYHOCTI, OCHOBaHOTO Ha BCTAHOBJICHH] 3HAYECHHS
KPYTHOTO MOMEHTY MIllIaJIKH MiJl Yyac MepeMillyBaHHs JIUTOi acdanbToOeTOHHOT
CyMillli 32 TEXHOJIOTIYHHUX TEMIIEpaTyp, B XOJi SKOi pO3po0JIEHO METOIHUKY
MIPOBEJCHHS BUIIPOOYBaHHS.

B Xxoni excrnepuMeHTanbHOI TEpeBIpKM  BUTOTOBJIECHOTO  IPUIIAAY
BCTaHOBJIEHO HOro IiepeBard Ta HEJIOJIKM, Ha OCHOBI aHalizy SKHX
3aIPONIOHOBAHO IIUISXH MOAANBIIOTO BIOCKOHAIEHH KOHCTPYKIIi 00J1a THAHHS.

BcranoBneno, mo pmaHuid MeTox (micis BHECEHHS BJOCKOHAJICHb B
KOHCTPYKIIIO NMPHJIaAy Ta 3MiH B METOJMKY MPOBEICHHS BUIIPOOYBaHHS) MOXKE
OyTH pEKOMEHIOBAHO [UIi BUKOPUCTAHHSI y BHPOOHHMYMX JabopaTopisx
BITUM3HIHOT  JIOPOKHBOT ~ rajmy3i Jjisi HPOEKTYBaHHS  CKJIQAy  JIMTHX
ac(ambTOOETOHHUX CYMIIIEH Ta MEPEBIPKH X SIKOCTI.
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IIpoexTyBaHHs 0araTonoBepXoBMX BUPOOHNYMX OyaiBeJIb i3
ypaxyBaHHSIM CTiliKOCTi 10 IPOrpecyr4oro o0BajgeHHs
y IK SCAD++

Design of multi-story industrial buildings taking into account
resistance to progressive collapse in the SCAD++ PC

Porko C.B., k.T.H., g011., Tanax JI.O., k.T.H., 1011., Aynka C.C., maricTp
(JIynbknii HanioHanbHUH TeXHiYHUI yHiBepcuTeT, JIynbKk)

Rotko S., Ph.D. in Engineering, Associate Professor, Talakh L.O., Ph.D.
in Engineering, Dudka S.S., master (Lutsk National Technical University,
Lutsk)

YV pobomi eurxonano docnioscents KOHCMpPYKMUSHOI cucmemu 6a2amonosepxosoi
6uUpobHUYOL 6Y0isni Ha cmilikicmb 00 npocpecyiouozo obeanennss y IIK SCAD++ ons
3abe3neuenns it JcUByHOCmi npoms2com ycbo2o nepiody ekcnayamayii. Bemanoeneno, ujo
6PAXYEAHHA  MONCIUBO20 JIOKANLHO20 PYUHYBAHHA HA emani npoEKmy8amHs 0ae
Modrcugicmy yoesneuumu 6y0iento i0 tMOGIPHO20 NPOSPECYIOU020 006ANEHHSL.

Progressive collapse is a process in which local damage to a structure leads to a
chain reaction of destruction that spreads to the entire building or a significant part of it.
This phenomenon can have catastrophic consequences, so understanding its causes is
extremely important for ensuring the safety of buildings and structures.

The most common causes of progressive destruction are external influences caused
by natural or man-made factors. Traditionally, the highest percentage of such destruction
is occupied by brittle destruction (for example, during fires) and loss of stability (due to
seismic effects, explosions, impacts, etc.), less often by fatigue and ductile destruction.

To prevent progressive destruction when making design decisions, it is necessary
first to reduce the level of risk by directly calculating such risk. It is important to use such
calculation and design solutions that will make possible damage impossible (general
strengthening of the entire building, local strengthening, interconnection). Structural
interconnection of elements (or structural continuity) is also noted among the methods of
general or local strengthening.

Progressive collapse usually begins with the loss of stability and strength of one or
more vertical structural elements of a building or structure (columns or pylons). For the
building to withstand, it is necessary to provide an alternative path for transferring the
load to other structural elements. Adjacent elements must be designed to resist these
redistributed loads (those that the collapsed structure would have to bear). Otherwise,
collapse will inevitably occur, and further load redistribution will occur until equilibrium
is reached. This in turn will lead to partial or complete collapse of the building or
structure.
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Protection against progressive collapse involves computer modeling using finite
element and limit equilibrium methods. It allows you to create full-fledged models that
almost completely correspond to the response of the building to local destruction.

The work performed a calculation of a multi-story building of the production
building of a compound feed plant with a steel frame for progressive collapse. The
calculation was performed using licensed software - SCAD Office - an integrated system
for strength analysis and design of structures of the MSE.

Knrouosi cnosa: nokanvhe nOWKOONCeHHs, npozpecyioue 0O8ANEHHS, JHCUBYHICHb
byodisni.

Keywords: local damage, progressive collapse, building survivability.

Beryn. MutteBe pyitHyBaHHS OyIiBeslb MOXe OyTH BUKIIMKAaHE CHIIOBUMH
uyn neopMariifHUMH BIUTHBAMH (HAIIPUKIIAA, BHOYXOM, yIapOM TpH 3iTKHEHHI,
MOXEXKEI0, pYHHyBaHHAM (YHZAMCHTIB dYepe3 3CYBH UM  MiJTOIUICHHS
I'PYHTOBUMH BOJiaMH, aBapii Ha BOJOBOJAAX).

Cepen mpu4uH MOXYTh OYTH TaKOX IIOMMJIKH Ha CTajii MPOEKTYBaHHS
(30Kpema, TpH pO3paxyHKax BY3NIiB KpIICHb i HECYYHX KOHCTPYKIIii),
ocnabJIeHHsT CTPYKTYPH MaTepialliB €JIEMEHTIB uepe3 Koposiro Toiro. Ile moxke
CTaTH MPUYMHOIO 3MIHM KOHCTPYKTHBHOI CXeMH OyJiBJi BHACHIJIOK 3HM)KEHHS
KOPCTKICHUX XapaKTepUCTUK KOHCTPYKIIH 1 BIUIMHYTH Ha Oe3neky OyniBii
3arajoM abo skoich 1i dYacTWHM. SIKIIO > BUHHMKAE 3arposza HaWTipIoro
TIO€/IHAHHS HETaTUBHHUX BIUIMBIB, TO II€ MOXE MOXE 3aKiHYMTHUCH MUTTEBHM
pyiHYBaHHSM, T.3B. IPOTrpecyrourM oOBaneHHsM [1].

ABapii Ha BHPOOHHITBAX MOXYTh MaTH KaTacTpO(idHI HACTIAKH — SK
€KOHOMIYHI, TaK i COIliaJibHi, YacTO — 3 IFOACHKUMU JKEPTBAMHU.

3 mowarky MOBHOMAacIITaOHOTO BTOPTHEHHs pocii Hama KpaiHa Hece
BEJIMYE3HI BTpPATH AaKTUBIB MIINPUEMCTB Ta TMPOMHCIOBOCTI. PyiiHyBaHHs
BEJIHMKOI KUTBKOCTI OyHiBeNb 1 CHOpYA NPH IOMY YacTO MAlOTh O3HAKH
nporpecy4oro oOBajieHHs. TOMy sl IOINEPEKeHHS] BUIAJKIB MHTTEBOTO
pyHHYBaHHS HEOOXiTHO TPH MPOEKTYBaHHI OO0 €KTIB BECTH PO3PaxXyHKH 3
ypaxyBaHHIM CTIHKOCTI 10 IPOTPECYIOYOr0 0OBaJICHHS.

Ananmiz my6aikamiii. HalfuactimmMmu npuYmHaMM  NIPOTrpecyrovoro
pYHHYBaHHS BBaXAIOTh 30BHINIHI BIUIMBH, CIPHYMHEHI NPUPOJHUMH YU
TEXHOTeHHUMH (akTopamu. HaWBUIIMHA BiJJICOTOK TakMX pyHHYBaHb 3aliMae
KpHUXKe pyHHYBaHHS (HalpHKJIaJ, IIPH MOXKeXkax) 1 BTpaTa CTIMKOCTI (BHACIIIOK
CeiCMIUYHMX BIUIMBIB, BUOYXiB, yJapiB TOIIO), piliie — BTOMHE Ta B’s3Ke
pyiHyBanHs [2].

I[Ipu TpWIAHATTI NPOEKTHUX PpillleHb [UIsI 3MEHIICHHS PHU3UKIB
MIPOTPECY0Uoro OOBaJICHHS BaXKJIMBO B IEPIIy YEpry BHKOPHCTOBYBATH TaKi
PO3PaxXyHKOBO-KOHCTPYKTHBHI ~ pIilIEHHs, AKi  YHEMOXJIHMBIATH  SIKiCh
MONIKOKEH . M IeThest Mpo 3arajibHe 3MIIfHEHHS Bciei OymiBii, MiciieBe
3MIITHEHHSI 1 B3a€MO3B’30K. KOHCTpYKTHBHHI B3a€MO3B’S30K €JeMEHTIB (200
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6e3mepepBHICTh KOHCTPYKIIii) TAaKOXK BiA3HAYAETHCS Cepell CIIoco0iB 3aralbHOTO
YK MiCIIEBOTO 3Mil{HEHHS [2].

Skmo WAeThCAs MPO MicleBE 3MIIHEHHS, TOOTO, MO MiJACHICHHS
HAMOLIBII YyTIMBHUX MICIlb, TO 1HOJI OyBa€ Ba)KKO CTAHIAPTU3YBATH I1i MOMEHTH
— 3 TUM, 00 BKJIIOYMTH X JI0 HOpPM IpoekTyBaHHs. [loBHicTIO yOe3mednTu
OyIiBIIIO Bl MOXKIJIMBUX TEPOPUCTHYHUX aTak, BUOYXiB miJ yac GombapayBaHs,
BiJl BIyYaHHS CHapsiB KOHKPETHOTO BHJYy Ta BH3HAYCHOI MOTYXHOCTI
HA/I3BHYAITHO BaXXKO, TOMY IIO MIPOPaxyBaTH YCi MOKJIMBI BapiaHTH MPAaKTUIHO
HEMOJKIINBO.

ITporpecytoue oOBaseHHS 3a3BHYall PO3MOYMHAETHCSA 3 BTPATH CTIHKOCTI
Ta MIITHOCTI OJHOTO YM KIUJIBKOX BEPTHKAJIBHUX KOHCTPYKTHBHUX €JICMEHTIB
OyniBni un cropynu (koioH abo minoHiB). I11lo0 HE MOMycTHUTH MOAAIBIIOTO
pyHHYBaHHS, HEOOXigHO 3a0e3MeUYnTH aNbTCPHATUBHUI MUIAX Hepenadi
HaBaHTA)KCHHS Ha IHII eIeMEHTH KOHCTPYKIii. Baxknupo, 11100 cycinHi eneMeHTH
OyJM po3paxoBaHi Ha OIMIp UM MEPEPO3MOATICHAM HABAHTAXKECHHAM (THM, K1 O
Malla HECTH 3pyHHOBaHa KOHCTpYKUis). I[Hakmie pyliHyBaHHS 0OOB’S3KOBO
CTaHEThCs, a MOJAIBIINN NePEePO3IOIiNT HABAaHTAKEHHS BiJOYBATHMETHCS aX 10
JOCSITHeHHsI piBHOBaru. lle y cBOIO yepry npusBe/e 10 YaCTKOBOI'O 00 MOBHOTO
pyitHyBauHs Oymini uu ciopynu [3].

@opMymIOBaHHS «IIPOTPECYIOYOT0 OOBAIEHHS» Y YMHHHX HOPMATHBAX
[4-7] MOXyTb TPOXH BiIpI3HATHCH, NMPOTE CYTh LBOTO MOHATTS OJHO3HAYHA:
SIKIIO Y SIKOMYCh KOHCTPYKTHBHOMY €JE€MEHTi OYiBIIi UM CIOPYAH BHACIIIOK
aBapifHUX BIUTUBIB (BUOYXiB, TIOXKEX, yIapiB) BHHUKAE JOKAJIbHE PYHHYBaHHS,
TO OyAiBIIA B IIJIOMY Ma€ BCTOSTH, MIHIMyM — JIO TOTO Yacy, IOTIOKU OYAYTh
€BaKyHoBaHi JIIO/IH.

ITocranoBKka METH. JocnimkeHHs KOHCTPYKTUBHOI CXeMu
6araTomoBepxoBoi BHPOOHMYOI OymiBIi Ha CTIHKICTH JO TNPOrPECyr0HOoro
obpanenns y IIK SCAD++ nns 3a0e3neuenHs ii )KUBy4OCTI IPOTAIOM yChOI'O
MepioTy eKCInTyaTallii.

Bukian ocHoBHOTO Matepiany gociimkenns. /s po3paxyHKy Oyio
B34TO OyAiBII0 BHPOOHMYOrO KOPIYCY MiJNPUEMCTBA 3 BHUTOTOBIICHHS
KOMOIKOpPMIB 31 CTaJeBMM KapKacoM. 3acTOCOBaHE JIIEH30BaHE IPOTpaMHE
3abesneuenns - SCAD Office - inrerpoBana cucrema MIIHICHOTO aHANi3y Ta
npoektyBanus koHcTpyKiiit MCE [8].

XapaKTepUCTUKH JOCTIKYBaHOI OymiBIi:

— YacTWHA BHPOOHMYOTO Kopmycy B ocax A-K i 3-5 posmipamu 21x12 m
8-MM 1OBepxoBOi OyiBII 3arajibHOI0 BHCOTOIO 43,5 M y MeTaneBoMy
Kapkaci;

—  KPOK KOJIOH Y HamnpsIMKy LM(POBHX Oceil — 6M, Y HAPSIMKY OyKBEHHHX
—10 613Mm;

—  KOJIOHH CYLUJIBHOTO IOCTIHHOTO ABOTaBPOBOTO IE€pepi3y, MPOKaTHI,
cxema o0nupaHHs Ha QyHIAMEHTH — 3aleMIICHHS;
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— TOJIOBHI OalKd TOKPUTTA 1 MEPEKPHUTTS — CKIANCHOTO Iepepisy,
CYIJTBHI, 3 peOpaMu KOpcTKOCTi 3 kKpokoM 1000 mm. Cxema oOnupaHHs
Ha KOJIOHH — JKOPCTKa, 300KY;

— JOpyropsiHi OankM — TPOKATHi, JBOTaBPOBOTO IIepepi3y, cxema
00muMpaHHs — MWapHipHa, B OAHOMY PiBHi 3 TOJIOBHUMH 0ajKaMu.

Po3paxyHOK Ha CTIHKICTb 1O IPOrPECYIOUOTr0 pyHHYBaHHS BUKOHYBAIN Y
KBa3iCTaTUUHil nocraHoBIi [8].

Ha mepmomy erami BH3Hauanu HaiOLIBII 3aBaHTaXCHI KOHCTPYKTHUBHI
eleMeHTH. J{71s1 1IboT0 OYII0 CTBOPEHO MOEIH OYiBII y IPOCTOPOBIN MOCTAHOBIII
(puc. 1).

Po3paxyHok OymiBIi 3a MEpIIO0 TPYMO TPaHUYHUX CTAaHIB B YMOBax
HOpMAaJbHOI eKciutyaralii Bukonysaiu 3a [9, 10] Ha yci mirodi 3aBaHTaKEHHS:
TIOCTiHHI (BiJ BIACHOI Baru KOHCTPYKIIi KapKacy, Baru KOHCTPYKIIIT IMiJUTOTH Ha
MEPEKPUTTS, Bark KOHCTPYKLIT MOKPUTTS; 3MiHHI, Y T.4. KBa3iNOCTIiiHi (Big Baru
o0JaHaHH:) 1 KOPOTKOYACHI (KOPHUCHE BiJl Bard JIF0/icH Ta CHirose). Po3paxyHok
BUKOHYBAaJIM Ha PO3paxyHKOBI crioiydeHHs 3ycuib (PC3) 1 3a ioro pe3ynbratamu
BU3HAYAJN HAHOLIbII 3aBAHTAXKCHI BEPTUKAJIbHI €JIEMEHTH (KOJIOHH).

s

WIIe

[ lkana
partasrTy

SakpHTi

Puc. 1. Cxema mpocTOpOBOTO KapKacy B oCsX 3-5 3 Mpu3HAYCHUMH
KOPCTKOCTAMHU

Ha npyromy erami, miciast BHOajJeHHS Haif3aBaHTa)XKEHIIIOi KOJIOHH,
BHKOHAIM  PO3PaxXyHOK KOHCTPYKTHBHOI ~CHCTEMH Ha CTIWKICTB 10
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mporpecytodoro obOBanmeHHA. Lledl po3paxyHOK BHUKOHYIOTh Ha CIeEIiajbHE
MOEAHAHHS HAaBaHTA)XEHL 1 BIUIMBIB, M[0 MICTITh IIOCTIiHI Ta 3MIiHHI
KBa3iNOCTIMHI  HaBaHTaxeHHA. [Ipy 1pOMy mpuiMalOTh HOPMAaTHBHI
XapaKTEepUCTUKHU MIITHOCTI Ta 1e()OPMATHBHOCTI MaTepiaiB.

Pe3yabraTn gociimxenns

3a pe3ynpTaTaMy CTaTHYHOTO pO3PaxyHKy OyJI0 BH3HAUCHO Micle
MOXIIMBOTO JIOKQJIbHOTO PYHHYBaHHS — HaWOUIbII 3aBaHTaXXEHY CEPEaHI0
konony K-20 HIkHBOTO TIOBEpXY Ha mepeTuHi oceit 4 i [ (BuaineHo Ha puc. 2).

Puc. 2. Bunanenns Hait6inbmr 3aBanTaxenoi konouu (K-20)

[Ticnsa BumaneHHs 1€l KOJIOHHM 1 TIPOBECHHS PO3PAXyHKY Ha CTIHKICTH 110
MIPOTPECY0YOro OOBaJCHHS EKCIepTH3a BCTAHOBWJA, IO MIIHICTh JESIKHX
€JIEMEHTIB pO3paxyHKOBOI cxeMHu (Ha puc. 3 BHUIUIEHI YE€PBOHUM KOJIbOPOM)
HEJIOCTATHSL.

Jns 3axucty maHoi NISTHKH OymiBii Ta 3a0€3MEYCHHs CTIHKOCTI 10
IIPOrpecyodoro oOBajieHHs OyJO TPHUHHATO pIlIEHHS TpO MiJCHICHHS
BU3HAYCHUX MPOTrPaMOIO EIEMEHTIB 3a paXyHOK 3aMiHH IX Iepepi3iB, a TaKoX
BCTAHOBJICHHSI JOJATKOBUX BEPTUKAJIbHUX B’s3iB JUId 3a0e3medeHHs Oiiabmiol
JKOPCTKOCTI Ta cTiiikocti. Iliciast 3MiHHM pO3paxyHKOBOI CXEMH, 3aMiHH
XKOPCTKOCTEH Ta MOBTOPHOI EKCHEPTH3M OyJI0O BCTAaHOBICHO, IO MPOBEICHI
3aX0aU J0BeNH CBOIO eekTHBHICTH (puc. 4). g MOoJanbmoro KOPUTYBaHHS
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KOPCTKICHUX XapaKTEPUCTHK 3aJIMIIAEThCS 1€ HEBHKOPHCTAHA MOXKIMBICThH
3MiHM MapKH CTajli.

[lin yac aHamizy eKCTpeMalbHHX (AKTOPIB EKCIEPTH3M MifiOpaHux
NPOrpaMol0  Iepepi3iB  CTaleBUX EJNEMEHTIB KapKacy BCTaHOBIEHO, LIO
BpaxyBaHHSI MO>KJIMBOTO JIOKaJIbHOTO PYHHYBaHHs Ha eTali MPOEKTYBAaHHS Ja€
MOXIJIMBICTh yOe3rnednTy Oy/iBIIIO BiJ HMOBIPHOTO IIPOrPECY0UOro 0OBaICHHSI.
L{poro MoHa IOCATTH yJalITyBaHHIM JOJAATKOBUX B’5131B, 3aMIHOIO MapKH CTaJI
9d miZ0OpOM MOTYXKHILIOTO TIepepily Ui KOHCTPYKTHBHOTO —EJIEMEHTa
PO3paxyHKOBOI MOJIEII.

&gy

N 8 PesynbTath excneptusn
E E
KpuTiuHui paktop Kmax K.puTHuHMi akTop Kmax

v [ 0.25 0,99 SE ) —— v [ 053 0.99 e —
o ] 0.93/1.01 0 ¥ []093 1 20 "]

v [l .01 124364 20

Puc. 3. PesynbTaTh excrepTusu Puc. 4. Pe3ynbraTtu exciepTusu
€JIEMEHTIB (TMiCIIsl BUJIAJICHHS KOJIOHH TTiciis 3aMiHK nepepisiB
K-20)
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BucHoBkn. €1uHOI METOIWMKH pO3PaxyHKy Ha CTIHKICTH [0
MIPOrPECcy0Yoro oOBaJeHHs Ha CHOTO/IHI HeMa€e. BaximMBUM 3aBIaHHSIM y LIbOMY
HampsiIMKy € TPYHTOBHE MOCIHI/UKEHHS BIUIMBIB 3allpOCKTHHX 1 aBapiHUX
HABaHTAKEHb, YCIX MOXJIMBHUX HaWHECIPUATIMBIMIMX iX KoMOiHamiii Ha
KOHCTPYKTUBHI elleMeHTH OyniBenb i cnopya. OcoOnMBO akTyalbHHM L€
3aBJIaHHs € B yMOBaX BOEHHOTO 4acy.

MeTo MOKIIMBOTO MOLIKOXKEHHS € Hapasi HaHIOIIMPEHIIIUM METOI0M
PO3paxyHKy Ha CTIHKiCTh 0 porpecytodoro oosaieHHs. [Ipu npomMy HaitOimbIT
3aBaHTAKEHUH (UM YIIKO/KCHHWH) eNeMEHT BUIANSAIOTh 13 PO3PaxyHKOBOL
Mogeni, K 3pyiHoBaHUHA. CaMy K MOJIENb PO3PaxOBYIOTh Tak, 00 yOe3meunTn
OyHiBITIO Bi MOJANBIIOTO PyHHYBaHHS.

BcTaHOBNCHO, IO BpaXxyBaHHS MOXJIMBOTO JIOKaJbHOTO PYHHYBaHHS Ha
eTali TPOEKTYBaHHS NTa€ MOJIHMBICTh yOe3mednTu OyIiBIIO Bi WMOBIpPHOTO
MPOrpecyo4oro ooBaieHHs. [[boro Mo>xHa JI0CATTH yIaTYBaHHIM J0AATKOBUX
B’s13iB, 3aMIiHOI0 MapKH CTajdi YU MiJOOPOM TMOTYXKHIIIOTO Mepepisy it
KOHCTPYKTHUBHOTO €JIEMEHTa PO3PaxyHKOBOI MOJIEIII.
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YK 624.046 https://doi.org/10.36910/6775-2410-6208-2024-12(22)-19

AHaJi3 e)eKTUBHOCTi BUKOPHCTAHHA BUCOKOMIIITHUX OeTOHIB
Y CTHCHYTHX eJ1eMEeHTaX MOHOJITHAX KAPKACHHX OyaiBeJb

Analysis of the effectiveness of using high-strength concrete in
compressed elements of monolithic frame buildings

Porxko C.B., KT.H., jgon., Yxkeroa O.A., KT.H., [0l
3apopoxuikoBa I.B., k.T.H., gou., Paodmii O.l, marictp (Jlyubkuii
HallioOHAJLHMIi TexHIYHNH yHiBepcuret, Jlynbk)

Rotko S., Ph.D. in Engineering, Associate Professor, Uzhehova O.,
Ph.D. in Engineering, Zadoroznikova I., Ph.D. in Engineering, Associate
Professor, Ryabiy O.1., master (Lutsk National Technical University, Lutsk)

V pobomi nasedeno mamepianu 3 00CRIOHCEHHST ePeKMUSBHOCMI SUKOPUCTAHHS
BUCOKOMIYHUX OemoHie npu 36e0eHHi 06a2amonoeepxoéux MOHONIMHUX KAPKACHUX
6ydigenv. Bcmanoeneno, wo GuKopucmanHs OemoMie BUCOKUX KIACIE 3aMicb
MPAOUYILIHUX ) KOTOHAX HUNCHIX NOBEPXI 00360I5€ 00epIHCamu eKOHOMII Ha Mamepianax
30 paxyHoK 3MEeHUIeHHs iX nonepeurHo2o nepepisy.

Traditionally, reinforced concrete is the most common material for constructing
multi-story civil buildings. Modern construction is characterized by a significant increase
in the number of storeys of buildings and at the same time a significant increase in the
complexity of architectural solutions. Therefore, high-strength concretes are quite popular
materials, especially in implementing ambitious architectural projects, where it is
necessary to ensure high strength and reliability of structural elements.

The issue of increasing the strength and durability of concrete has long been on
the agenda of scientists around the world. Many of them believe that the main method of
improving the physical, mechanical construction, and operational indicators of concrete
is to ensure the quality of its micro- and mesostructure, i.e., high density, impermeability,
and minimal cracking.

It has been proven that the use of high-quality aggregates, highly active cement,
and a low W/C ratio is the simplest and most economical way to obtain high-strength
concrete using traditional manufacturing technology.

Among the advantages of using high-strength concretes are higher early strength,
the possibility of early stripping (and therefore, earlier commissioning of the facility),
increased load-bearing capacity, reduced costs for formwork due to a reduction in the
cross-section of structural elements (respectively, a reduction in the weight of the latter,
and therefore, the load on the structures below). This, in turn, will contribute to a reduction
in the volumes of concrete and reinforcement, i.e., the installation mass of the elements,
and, accordingly, a reduction in transport costs for the delivery of materials. Important
advantages are also higher density, water and gas impermeability due to a reduction in
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capillary pores, increased resistance to chemically active substances; high corrosion
resistance, and therefore, protection of reinforcement; and reduced costs for formwork.

The paper studies the feasibility of using high-strength concrete for the
manufacture of vertical elements operating in compression - columns and pylons of multi-
story residential buildings.

To study the effectiveness of the use of high-strength concrete, a monolithic 13-
story frame residential building with commercial premises located on the first floor was
taken. The calculation was carried out in the MONOMAKH-SAPR PC using the finite
element method (FEM).

The study found that replacing concrete in columns of class C20/25 with concrete
of class C50/60 allowed a total economic effect of 223,693 thousand UAH due to the
reduction in the cross-sectional dimensions of the columns and the reduction in the cost of
reinforcing steel. The savings on materials amounted to 17.9%. It is also important that
the useful area of the building increased when the cross-sections of the columns were
reduced, which will also have a significant economic effect.

Therefore, we can conclude that it is economically feasible to use high-strength
concrete for columns of multi-story buildings, especially in high-rise construction.

Kniouoei cnosa: eucoxomiyni 6emonu, KOJNOHU, KAPKACHI 0VOi@Ni eKOHOMIUHA
eghexmuenicmo.

Keywords: high-strength concrete, columns, frame buildings, cost-effectiveness.

Beryn. TpagumiiiHO MPOTATOM OCTaHHIX MECATHIITh HAWTOMIMPEHIITNM
MaTepialioM JUIS 3BelEHHS 0araTomoBepXOBUX NHBITBHHX OyniBenb €
3amizo0eToH. CydacHe OyAIBHHUITBO XapaKTEPH3YEThCS 3HAYHUM POCTOM
MTOBEPXOBOCTI Oy[iBeNb 1 BOAHOYAC — CYTTEBUM IMiIBUINCHHSIM CKJIATHOCTI
apXITeKTYpHUX PillleHb. A TOMY BUCOKOMIIIHI O€TOHH € TOCHTH 3aTpeOyBaHUMU
MaTepiaraMu, 0COOIHBO — MPH peatizamii aMOITHIX apXiTeKTYPHHUX MPOEKTIB, /1€
HEOOXiHO 3a0e3NevynuTH BHCOKY MIIHICTh 1 HAJiHHICTh KOHCTPYKTHBHHX
€JIEMEHTIB.

AHaJi3 nociaigkedb i myosaikamiii. [IutaHHs TiABUINEHHS MIITHOCTI Ta
JOBTOBIYHOCT1 OETOHIB YK€ JaBHO CTOSITh Ha MOPAAKY JCHHOMY Iepe]l BACHUMHU
BCBOTO CBiTy. baraTo 3 HHMX BBaXka€, 1[0 OCHOBHHM METOJIOM IIiJIBUILCHHS
¢hi3uKo-MexaHIYHUX 1 OyIiBeNbHO-EKCIUTyaTaliiHUX IIOKa3HUKIB OETOHy €
3a0e3nedeHH s IKOCTI HOro MiKpo- Ta ME30CTPYKTYpH, TOOTO, BUCOKA INITBHICTS,
HEMPOHUKHICTB 1 MiHIMaNbHe TpilMHOyTBOpeHHs [1, 2, 6, 7].

BHCOKOMITHUMH ~ KOHCTPYKLIMHMMHM  (B&XKUMHM Ta  HaJBa)KKUMH)
0eToHaMH BBa)XAIOTh OETOHU 3 MiIlHiCTIO Ha cTrcK 60-130 MIla [3] a00 MilHICTb
sixmx Buma 3a 6000 psi, To6To monan 41 Mlla [4].

3rifHo 3 BITYM3HSHUMH CTaHgapTtaMyd [5], 10 ajanToBaHi -0
€poneiicbkux HopM EN 206-1:2000, BucokoMinHui O€TOH BiIITOBIAA€ KIacy 3a
mimHicTio Bumie C50/60 (mo C100/115). Omxe, kybukoBa MIllHICTH OETOHY Mae
Oytu He Hix4e 60 Mlla.
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OCHOBHIMH TIepeBaraMi BHCOKOMIITHAX OETOHIB BBaXalOTh Cepex
IHIIOTO BUCOKY PaHHIO MILHICTh, SIKa JIO3BOJISIE IIBHUJIIE 3HSATH ONAIyOKy,
MiBUIIEHY  HECy4y 3JaTHICTb, MOJMJIMBICTh  3MEHIIYBaTH  Iepepizu
KOHCTPYKTUBHHX €JIEMEHTIB, a OT)Ke, 3HW)KYBAaTH BUTPaTH OCTOHY Ta apMarypH,
MarepiaiiB Ha onaryoKy. Mo>kHa TOBOPUTH TaKOX IIPO 3HUKEHHS TPAHCIIOPTHUX
BUTpaT Ha JIOCTaBKy MaTepiajiB. 3MEHIIEHI mepepi3u KOHCTPYKIiH
nepelaBaTUMyTh MEHIIE HaBaHTAKEHHS Ha HIDKYEPO3TAIIOBaHI KOHCTPYKIII,
30KpeMa, Ha GyHIAMEHTH, [0 3HOBY K TaKU JIO3BOJIUTH CYTTEBO 3¢KOHOMUTHU HA
MaTepiayax.

J10 BaXKNMBUX TIepeBar BHCOKOMIITHIX OCTOHIB HAaJT TPAIUIIIITHIMH MOKHA
BIJIHECTH BUIIY IIIJIBHICTh CTPYKTYPH, BOJO- Ta TA30HEMPOHHKHICTh — 4Yepe3
3MEHIIICHHS KamlIpHUX TOp. A Ime — TiABHINCHY XIMIYHY Ta KOpO3iiHYy
CTIHKiCTh, @ OTXKe, 3aXKCT apmatypu [1, 2, 6, 7, 9].

3aBIsKM BUKOPUCTAHHIO BHCOKOSIKICHUX OCTOHIB HOBOTI'O IOKOJIHHS,
CTIIKUX 70 BIUIMBY MOPCHKOI BOIH, CBIT MMOOAYMB 332 OCTAHHI JCCATHIITTS
yuMaio yHikadpHEX TpoekTiB MocTiB. Cepen nux — Akashi Kaikyo Bridge
(Slmowist) — omuH i3 HAWIOBIIMX MIiABICHUX MOCTiB y cBiti, Erasmusbrug
(Porrepaam, Tomanmis), Runyang Changjiang Dagiao (KynesiHChKHI MicT,
Kuraii), 3amizamunuii mict Iluama (Tonkonr, Kwurtail), wmicr-akBenyk
(Marnebypr, Himeuunna) [8].

Bigomi xmapouocu Burj Khalifa ([{y6aii), Shanghai Tower (Illanxaii),
PETRONAS (Kyana-Jlymnyp, Cinramyp), AbOpamx ame-beiir  (Mekka,
CayniBcbka Apasis), Taipei 101 (Taiibeit), Two Prudential Plaza (Yukaro,
CIIA) 3BemeHi 3 BUKOPHUCTAHHSM BHCOKOMIIIHHX OCTOHIB I 3a0e3ledeHHs
CTIMKOCTI 10 CHJIBHUX BITpiB 1 3eMuieTpycis [8].

B YkpaiHi Tex 3B0sTh BUCOTHI OyaiBiIi, Ha choroaHi ix 31 (20 — BucoToro
Bix 100 mo 125 M, 9 — Big 125 mo 150 m, 2 — monan 200 m). 3aranom y Kuesi
30y/I0BaHO MOHAJ THUCSIYY OyIiBEIb BUCOTOIO MOHAM 35 M, 1€ JO3BOJISE CTOJHIL
3aiiMaTH BOCBME Micme y cBiToBoMy peiituury (micms Hero-Hopka (6097),
ToponTo (2393), Hy6as (1574), Toxio (1319), I'onkonry (1293), Hlauxas (1234)
i Yukaro (1233) [10]. Tomy TemMa BHKOPHCTaHHS BHCOKOMIIIHUX OCTOHIB €
aKTYaJIbHOIO.

Meta po6oTH — 10CTIIUTH €PEKTUBHICTH BUKOPUCTAHHS BUCOKOMIIHUX
OETOHIB /111 BUTOTOBJICHHSI BEPTUKAJIBLHUX €JIEMEHTIB, 1110 MPAIIOI0Th Ha CTHUCK,
— KOJIOH 1 IMIJIOHIB 6araTornoBepXOBUX JKUTIOBUX Oy/IiBEIb.

Bukian ocHoBHOro marepiaay. Y JOCTIDKEHHI OYJIO pO3TISIHYTO
MOHOIIITHY 13-TH TOBEpXOBY KapKacHY >KUTJIOBY OyIiBIIO 3 KOMEpUiHHMMH
MpUMIIIEHHAMH Ha TepmoMy mnoBepci. PospaxyHok BukonyBamum y IIK
MOHOMAX-CAIIP metonom ckinuennux enementiB (MCE). Po3paxyHkoBa
MO HaBeIeHa Ha puc. 1.

Bynisiro po3paxoByBaJid Ha BCi JiF04i HaBaHTaXXCHHsI: TOCTiliHE — Bif
BJIAaCHOI BarM KOHCTPYKLiH (NpH LbOMY HaBaHTAXEHHS BiJ] IEPEropoaOK
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3a]aBalli HABAHTAKCHHAM HA IUIATY), 3MIHHC — KOPHCHE Ha ICPEKPHTTH,
KOPOTKOYACHI — CHIrOBE Ha MOKPUTTS i BiTpoBe 3rigno 3 [11].

1]

I
i
nodpsz

Puc. 1. Po3paxyHkoBa cxema THIIOBOTO oBepXy Ta 3D-monens Oyaisii

OcCKUIbKM HaOLIbII 3aBaHTRXKEHUMH B 0araToloOBEPXOBUX OYyIIBISX €
KOJIOHH Ta MUJIOHU HIDKHIX MOBEPXIB, TO OYEBHJHO, 110 CaMe B IUX €JIeMEeHTax
Oyne  MakcuMalbHa  KUIBKICT — MmimiOpaHoi — mporpaMor  apmarypu.
KoHCTpyrOBaHHS €IeMEHTIB BUKOHYETHCSI TIPOrpamMoro 3rixuo 3 [12, 13].

[Tpu npoBeneHHI AOCTIKEHHs! y MepUIOMY BapiaHTi Uil BEpTHKAIbHUX
KOHCTpyKIii OyxiBii Oyio 3agano 6eroH xiacy C20/25. Ipu npomy B epiomy
HaOJIMKEHHI pO3MIpH Iepepizy KOJIOH He (ikcyBanu. Y pe3ynbTaTi OTpUMallid
migiOpaHuii mMporpamMolo mepepi3 cepepHiX KojoH nepioro nosepxy 450x450 i
500x500 MM i kpaitHix — 400x400 MM.

JHaii kmac 6eroHy koyioH Oyno 3MiHeHo Ha C50/60 i 3HOBY HpoOBeIEHO
PO3paxyHOK y MepIoMy HaOJNMXKeHHI, 0e3 dikcalii po3MipiB mepepiziB KOJOH.
Pe3ynbpraToM 1IbOTO pO3paxyHKy CTal Hii0paHi mporpamMoro repepizu cepenHix
KOJIOH riepiroro nosepxy 350x350 1 400x400 mwm i kpaitnix — 300x300 Mm.

[Micnst geranbHOTO aHaNizy OTPUMaHUX PE3YJbTATiB 3MIHH Iepepi3iB
KOJIOH 3 BHCOTOI0, OyJI0 BUKOHaHO (ikcaliifo 1 yHidikaiio po3mipiB nepepisis i
3aHOBO BHKOHAHO po3paxyHKH. IIpu ripoMy Opaiut 10 yBaru 3MiHy mepepisiB 1o
BUCOTI U1l KOkHOTO BapianTa. Tak, st nepioro (C20/25) Ha HIDKHIX TPbOX
MOBEPXax CepelHi KOJIOHW HpuifHATO mnepepizom 500x500 mm, a xpaiini —
400x400 mwm. TlouywHarO4M 3 YETBEPTOrO, PO3MIPH MEpPEpi3y 3MEHIICHO 0
450x450 mm 1 350x350 MM, BiAmoBimHO. 3 CHOMOrO MEpEpi3u 3MCHIICHI 10
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400x400 MM 1 300x300 mMm. 3 gecaroro — mo 300x300 mm 1 250x250 mm,
BIZIIOBITHO.

Jnst apyroro BapiaHTy 3 ypaxyBaHHSIM OINTHMAJILHOTO BUKOPHCTAaHHS
BucokoMinHoro oerony (C50/60) Ha HMXKHIX TPHOX MOBEPXaxX CEpPelHI KOJIOHU
npuitaaTo nepepizom 400x400 mwm, a kpaitHi — 300x300 mwm. [lounnarouu 3
YETBEPTOTO TIOBEPXY, pPO3MipH mepepidy 3MmeHmeHo a0 350x350 MM i
300x300 MM, BigmoBimHO. 3 cbomoro mepepisu 3menmieHi o 300x300 mm i
250x250 mmM i ximac 6erony mpuitHaTo C20/25. 3 neB’aToro moBepxy mepepizu
BCIX KOJIOH CTaHOBUTHMYTH 250x250 MM (kiac 6etory — C20/25).

Pe3yabTaTH aociaigxeHHst

VY tabnumi 1 HaBeIeHI pe3yNbTaTH aHANI3y 3arajlbHUX BUTpPAT OCTOHY Ta
apMaTypu 3a 000Ma BapiaHTaMH JJIs 3BEJICHHS KOJIOH 0araTormoBepXoBOi Oy IiBITi.
Bapticte marepianiB (0eTOHY Ta apMaTypH) po3paxoBaHa 3a I[iHAMH 3aBOJiB-
BUpoOHUKiB [14, 15].

Tabuuns 1
OO0uncIIeHHsI EKOHOMIYHOTO e()eKTy 3aCTOCYBaHHS BUCOKOMIIIHOTO OETOHY ISt
KOJIOH
Bap-t | Butpa- | Baprt. It O0’em [ina 1mM® | Cymapna | ExoHoM.
po3p. ™ apma- GeTony, 0eToHy, | BapTICTh edexr,
apma- TYpHU M TPH. Mmarepia- | THC. IpH.
Typu, T | AS500C, TiB, %
TPH. THC. TPH.
1 20,453 31849 188,98 3150 1246,694 -
(C20/25)
2 16,309 31849 45,26 3150
(C20/25) | 1023,001 | 1246,694
71,46 5042 17,9%
(C50/60)

AHanizyoun ofepkaHi pe3yabTaTH, poOUMO BUCHOBOK PO Te, IO 3aMiHa
6erony koo kiacy C20/25 na 6eton C50/60 mo3Bonmia oaepKaTtu CyMapHUN
€KOHOMIUHUHN edekT y po3Mipi 223,693 Tuc. rpH., 3a paxyHOK 3MEHIICHHS
PO3MipiB OMEPEUHOTO TepePi3y KOJIOH i 3HWKEHHsI BUTPAT apMaTypHOI CTali.

VY pesynbTaTi 3MEHIICHHS PO3MipiB MOMEPEYHUX Mepepi3iB (3a paxyHOK
BukopuctanHs Oetony C50/60) cepeqHix KOJIOH HIDKHIX TPhOX IOBEPXIB 3
500x500 MM 1o 400x400 MM i kpaiiHix koioH 3 400x400 MM 1o 300x300 Mmm, 3
YETBEPTOro 1Mo NIOCTUH noBepX — 3 450x450 MM 10 350x350 mm i 3 350x350 Mm
1o 300x300 mM, BiAmoBimHO, a 3 cbkoMoro a0 nes’storo (6eron C20/25) — 3
400x400 mm mo 300x300 i 3 300x300 MM mo 250x250 MM, eKOHOMIsT Ha
Marepianax ckiaana 17,9%. BaxmBuM € i ToW ¢akT, M0 NpH 3MEHIIEHHI
TepepiziB KOJOH 30UIbIIMIACE KOPUCHA IUIOMIA OYAiBNi, IO TEX MaTHME
€KOHOMIUHUH eeKT.
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OTxe, MOXHa 3pOOWUTH BHCHOBOK IIPO EKOHOMIYHY JOMUIBHICTH
BUKOPHCTAaHHS BUCOKOMIITHOTO OETOHY JUIsl KOJIOH 0araTornoBepXoBUX Oy1iBelb,
0CO0JIMBO TIPY BUCOTHOMY OY/IBHUIITBI.

[Ipore KOMIUIEKCHA OLIHKa €KOHOMIYHOI €()eKTUBHOCTI BUKOPHCTaHHS
BHUCOKOMIITHUX OETOHIB BUMAarae ypaxyBaHHS HHM3KH (aKTOpiB, TakuX, SK:
MOXJIMBI JIOJATKOBI BUTPAaTH Ha IMPOEKTYBaHHS KOHCTPYKLil, HEOOXiAHICTH
cHeuiaJibHOro oOJIaZHaHHS 1 KBai(hiKOBAaHOTO IEpCOHANY, pPETeNbHIIINN
KOHTPOJIb IKOCTI 3@ TEXHOJIOTI€I0 BUTOTOBIICHHS Ta YKJIaAaHHS TOIIO.

BHCHOBKH Ta nepcreKTUBU NOAATBIINX 0CTiZKeHb

Ha mpuxmazi 13-Ti moBepXxoBoi MOHOTITHOI KapKacHOI KUTIIOBOT Oy miBiIi
OyJl0 BUKOHaHO PO3PaxyHOK BHTpaT OETOHY Ta apMaTypH A KOJOH y JIBOX
BapiaHTaX — i3 BUKOPHUCTaHHSAM TPATUIIIITHOTO BaXXKoro OeToHy kimacy C20/25 i
BHcOKoMinHOTO — Kiacy C50/60. BcraHOBIEHO, IO BHCOKOMIITHHNA OETOH
JI03BOJISIE 3MEHILIUTH Tepepi3u KOJIOH. Y pe3ysbTaTi 3aMiHM Kilacy OeToHy Ha
C50/60 kinbkicTh apMaTypH KOJIOH 3MeHIIMiach Ha 4,144 T y NOpIBHSHHI 3
MepIIUM BapiaHTOM. 3MEHIICHHS Mepepi3iB KOJIOH JO3BOJIMIIO 3HU3UTU BUTPATH
GeToHy Ha 72,26 M3, 3MEHIIMBIUM MM HABAaHTaXXEHHS Ha (yHJIAMEHTHY ILIATY
Ha 180,65 TonH. ExoHOMI4HMIT eheKT BiJy BUKOPUCTAHHS BUCOKOMIITHOTO OETOHY
JMIIe 3a Marepiasamu KoJjioH (OeroH+apmarypa) cknaB 1246,694 tuc. rpH.
(17,9%). Boanouac, 3MEHIIIEHHS MepePi3iB KOJIOH JO3BOJISIE 301IBIITUTH KOPUCHY
IUTOIY MPHUMIMICHB, IO TEK MAaTUME CYTTEBUH €KOHOMIYHHH e(heKT, 0COOINBO
JUTsL 0araToOMOBEPXOBUX OYIiBEIb.

BucokoMinamii 6eToH 3a0€3MEYNTh MiNBUIICHY MIIHICTh KOHCTPYKIIiH,
o0 0COONHMBO BAXIJMBO U HIDKHIX TOBEPXiB, SKI CIIPHUAMAIOTh HAHOLIBIII
HaBaHTAKEHHS, Ta CEUCMOCTIHKICTh Oy/IIBII, IO 3MEHIINTh PU3UKH PyHHYBaHHS
Ta 3MEHILYE BUTPATH Ha BIJIHOBJICHHSI ITiCJISl 3eMJIETPYCIB.

[Ipore mpu BU3HAYEHHI €KOHOMIYHOI €(EKTHBHOCTI Bijl 3aCTOCYBAaHHS
BHCOKOMIITHUX OETOHIB IIOTPIOHO ITPOBECTH KOMIUIEKCHY OL[IHKY 13 YpaxXyBaHHIM
HU3KKA (akTopiB. 30Kpema, TOW (hakT, MO BHUCOKOMIIHHHA OETOH BUMArae
PETENBHIMIOr0 KOHTPOMIO SKOCTi, JOTPUMAHHS TEXHOJOTii BHUPOOHHUITBA Ta
yKJIaJIlaHHs, CIIELiaJIbHOTO 00JaJHaHHA Ta KBali(hikOBaHOTO INEPCOHAIY, MOXKE
30UTBIIUTH BUTPATH HA OYAIBHUITBO. MOXIIHMBI TaKOX JOJATKOBI BUTPATH Ha
pPO3paxyHOK 1 NPOEKTYBaHHS KOHCTpykKmid. J{is onTumizauii BUTpaT BapTo
3aCTOCOBYBATH CIIEI[iaJli30BaHE IPOrpaMHe 3a0e3IeYeHHS.
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Holovan's House: determination methodology of measures for the
storm drains sewerage of buildings and territory
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BJIALITYBaHHSA 3JIMBOBOI KaHaJi3auii OyaiBesab Ta TepuTopii
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University, Lutsk), Ksonshkevych L.M., Ph.D. in Eng., Assoc. Prof.,
Krantovska O. M., Ph.D. in Eng., Assoc. Prof. (Odesa State Academy of Civil
Engineering and Architecture, Odesa), Sunak P.O., Ph.D. in Eng., Assoc.
Prof., Uzhehov S.O., Ph.D. in Eng., Assoc. Prof. (Lutsk National Technical
University, Lutsk), Oreskovi¢ M., Ph.D. in Eng., Assoc. Prof. (University
North, Varazdin, Croatia)

Cuniii C.B., k.T.H., gou. (Jlyubkuii HamioHAJLHUHA TeXHiYHM
YHiBepcHTeT, Jynbk), KcboHmkeBny J. M., K.T.H., a01L.,
KpanroBcbka O. M., K.T.H., jgou. (Ogecbka jep:KaBHA akajeMisi
OyniBHMUTBa Ta apxitektypu, Opeca), Cynak II O., k.T.H., JoI.,
VYixkeros C.O., K.T.H., jaou. (JIlyubkuii HamiOHAJBLHUNH  TeXHiYHHH
yHiBepcurer, Jlyubk), OpemxoBuu M., k.T.H., pou. (IliBHiYHM#
yHiBepcuTeT, Bapasain, XopBaris)

Under the general understanding of the "Holovan's House" complex, this article
examines the buildings and structures along with the land on which they are situated. The
construction of the sculptor's own two-story brick residential house, which became the
main element of the complex and gave it its name, was started by the renowned
contemporary Ukrainian sculptor Mykola Holovan (1943 — 2022) in the 1980 s. Today,
the history of the Holovan's House complex spans over 40 years. One of the reasons for
this prolonged construction is the sculptor's creative approach, as he handcrafted various
sculptural elements throughout the building process, aiming to incorporate them into the
structural solutions for the house's enclosing constructions. These include lintels above the
entrance doors, numerous decorative elements on the exterior walls, and the roof. The
artist also applied this principle when arranging the house's storm drains sewerage, using
handmade sculptural elements. Overall, most of the construction work on the buildings
and structures, improvement of the territory was carried out manually by the sculptor. For
Mykola Holovan, this was a continuous creative process. However, this also became one
of the reasons for the partial incompletion of the Holovan's House complex, with the
sculptor expressing in interviews his hope that his descendants would complete the work.

The preliminary review of the Holovan's House complex revealed that the partial
incompletion of certain construction works related to the installation of the storm drains
sewerage for the buildings, structures and territory would have a negative impact on the
technical condition of the residential house. Specifically, one of the reasons for the damage
to the enclosing structures of the house, identified during the inspection, is the negative
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influence of the existing storm drains sewerage. In this context, the article justifies the
methodology for determining measures to install the storm drains sewerage for the
buildings, structures and territory. This methodology is based on the belief that a
methodologically sound approach to making technical decisions in construction,
reconstruction and restoration will provide protection against the gradual damage and
deterioration of the house's structures.

Iio  y3aeanvnenum nowsmmsam komniekcy "Byounox [lonoeams"” y cmammi
posensadaromvca 6y0ieni ma cnopyou pasom 3 Mepumopicio OiNAHKY, HA AKill 6OHU
pozmawiosani. Byodienuymeo 6nacrno2o 080n08epx08020 Ye2nAHO20 HCUMN08020 OYOUHKY,
AKULL CMAB OCHOBHUM eNleMEeHMOM KOMUIEKCY i 0as tomy HA36y, po3noyamo Gi0oMum
cyyacHum yKpaincokum ckyronmopom Muxkonoro onosanem (1943 — 2022 p.p.) y 80-x
poxax murnynoeo cmonimms. Ha cboeooui icmopis 6ydienuymea xomnnexcy byounox
Tonosans cknadae nonao 40 poxie. OOHI€EW 3 NPUYUH MAKO20 MPUBATO20 OVOIGHUYMEBA €
61ACHUL MBOpYUIl NiOXi0 CKYIbNmMopa, AKull NPOMASOM YCbo20 Hacy O0yOisHuymea
8U20MOBTIAIB BPYYHY DISHOMAHIMHI CKYIbNMYPHI eleMeHmuy 3 Memoro ix iMniemenmayii y
KOHCMPYKMUGHI  DIUUEHHA 020PO0XHCY8ATbHUX KOHCMPYKYIU Oyounky. 30xkpema, ye
nepemuuky Hao 6XIOHUMU O6epuma, 6azamo pPISHOMAHIMHUX eNeMeHmie 030001eHHs
308uiwKix cmin ma Oaxy. Lleil jice npuHyun BUKOPUCMAHHA BGIACHOPYUHO CMBOPEHUX
CKYIbNMYPHUX e/leMeHmie Mumeyb 6mino8as npu G1aumy8aHti 31U80680I Kauanizayii
6younxy. 3azanom, 6inbwicme OydisenvHux pobim 3 OyoieHuymea Oyodisenvb ma cnopyo,
bnazoycmpoio mepumopii UKOHY8ANUCH CKYIbNMOpoM epyyuny. [ns Muxonu I onosans ye
0y 6e3nepepenuii meopuuii npoyec. OOHAK ye MAKOXHC CIANO0 OOHIEIO 3 NPUUUH YACMKOBOT
Hezasepwenocmi  Oyoienuymea komniexcy byounox [onosams, y ceoix inmeps 1o
CKYIbNMOpP BUCTI08H08A8 CNOOIBAHHS, WO 8Ce O0POOIAMb 1020 HAWAOKU.

Ilposeoenuii nonepeodniii o2nad xomniexcy byounox [onosama nokaszas, wo
uacmKko6a Hezasepuienicmv OKpemux OyOigenvHux pobim 3 GIAUMYBAHHA 31UB060T
Kauanizayii 6yoigens, cnopyo ma mepumopii HecamueHo 6NAUBAMUME HA MEXHIYHUL CMAH
HCUMII08020 OYOUHKY. 30Kpema, OOHIEI0 3 NPUYUH GUSGICHUX NPU NONEPEOHbOMY 021501
NOWKOOINCEHb 020POOACYBATLHUX KOHCMPYKYI IHCUMN06020 OYOUHKY € HEeCnpusimiugi
énaueu 3 OOKy ICHYIOUOI 31U6060I Kananizayii. Y 36’s3ky 3 yum, y Oawniii cmammi
06IPYHMOBYEMbCA MEMOOONO2IsS BUSHAUEHHS 3aX00I8 BIAWMYEAHHA 3IUE080] KAHANI3AYIT
6ydigens, cnopyo ma mepumopii, AKa CNUPAEMbC HA NEPEKOHAHHS, WO MemOO0I02IUHO
npasuIbHUil niOXi0 00 NPUIHAMMSA MEXHIYHUX pilieHb y OVOI6HUYMEI, PeKOHCMPYKYIT,
pecmaspayii  0036015€ CMBOPUMU  3AXUCH  8I0 NOCMYNOB020 NOWKOOINCEHHS MA
PYUHYBAHHA KOHCIMPYKYILL JHCUMA0B020 OYOUHKY.

Keywords: Holovan's House, storm drains sewerage, review, construction,
reconstruction, restoration, operation, improvement of the territory, research
methodology.

Kniouoei cnosa: Byounox I'onosawns, 31u606a kawnanizayis, 0enaod, 0yoieHuymeo,

PEKOHCMpYKYisl, pecmagpayis, eKcniyamayis, Onazoycmpii mepumopii, memooonoeis
docriodicets.

Problem Statement. Today, the complex of buildings, structures and
territory, known as "Holovan's House" [1], where the famous contemporary
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Ukrainian sculptor Mykola Holovan (1943-2022) [2] lived and worked, holds
significant cultural-artistic, architectural, and tourist value for Lutsk and Ukraine,
and is becoming increasingly recognized globally. The artist dedicated over 40
years to constructing his house [3], a continuous creative process reflected in the
buildings, structures and elements of improvement of the territory of the complex,
abundantly adorned with his works (Fig. 1). The main artistic object among them
is the sculptor's house (Holovan's House itself), which is decorated both inside
and outside with his works [4-6 et al.]. Since the complex was not fully completed
during the sculptor's lifetime, the urgent task remains to complete the construction
and preserve Holovan's House.

Fig. 1. View of the Holovan's House complex:
a) — general view of the buildings and
structures, territory of the complex, May 2019
[3]; b) — fragment of the main facade of
Holovan's house, during a preliminary review in
September 2024

Analysis of Known Research and Publications. The construction of
Holovan's House was carried out by Mykola Holovan until 2022, and after the
sculptor's death, it continues to be maintained by his descendants. The originality
of Holovan's House has been one of the reasons for the public's interest in both
its construction and Mykola Holovan's personality. The sculptor's life and creative
work, closely tied to the construction of Holovan's House, have been documented
in various sources, including several videos featuring his interviews [1-6 et al.].
However, since the construction of the buildings and structures of Holovan's
House was continuously ongoing, the majority of information focused primarily
on the artistic and architectural aspects of these structures rather than their
construction techniques. At the same time, issues related to ensuring the good
technical condition of the construction elements of the Holovan's House complex,
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particularly their compliance with regulatory standards, have not been sufficiently
addressed. Regardless of the future decisions concerning the nature of
construction work at the Holovan's House complex (whether it be construction,
reconstruction or restoration), such work must be carried out at a
methodologically correct and well-justified level. This approach also applies to
the installation of storm drains sewerage for the buildings, structures and
surrounding territory. The foundation for the methodology of such studies should
be regulatory methods that are appropriate for the specific research situation [7-
15etal.].

The aim of the article is to research the methodology for determining
measures to install a storm drains sewerage for the buildings, structures and
territory of Holovan's House.

The main objectives are conducting a preliminary review of Holovan's
House and justifying the methodology for determining measures for the
installation of storm drains sewerage for the buildings, structures and territory of
Holovan's House.

Presentation of the Main Material. Due to various life circumstances,
certain construction works at Holovan's House were not completed during
Mykola Holovan's lifetime. In addition, over the years of operation of the building
and the constant creative activity of the sculptor regarding the completion of
individual elements of this building, structures and improvement of the territory
around the building, certain changes occurred in the enclosing structures of the
building and the territory around it, which negatively affected the current state of
the building's storm drains sewerage and territory of the Holovan's House
complex.

In light of this, in September 2024, the sculptor's daughter, Natalia Holovan,
reached out to Lutsk National Technical University (LNTU) to seek solutions to
this construction problem. Research on such construction-related topics at LNTU
is conducted by the Department of Construction and Civil Engineering, part of
the Faculty of Architecture, Construction, and Design, including in the Scientific
Research Construction Laboratory (SRCL LNTU). Additionally, for the purposes
of conducting research, the SRCL LNTU regularly engages experts from other
universities, research institutions and construction enterprises.

In response to Natalia Holovan's request, representatives of SRCL LNTU
conducted a preliminary visual review of Holovan's House in September 2024 [7,
8]. The focus of the review was the condition of the sculptor’s house, which
allowed the team to visually identify the following:

a) Certain existing damage to the structure of the house:

- a crack on the surface of the terrace floor — formed both vertically and
horizontally in a direction roughly parallel to the main facade wall of the terrace,
with the horizontal length of the crack approximately matching the length of the
main facade wall;
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- areas of dampness on both the external and internal surfaces of the house's
enclosing structures.

b) Deficiencies in the organization and arrangement of the house's existing
storm drains sewerage and the construction of its elements.

In our opinion, the identified damages are related to various complex and
longstanding adverse effects due to deficiencies in the organization and
functioning of the existing storm drains sewerage for the buildings, structures and
territory of Holovan's House. However, this established cause may be just one of
several potential technical, technological, and natural causes associated with the
construction and operational processes of the Holovan's House complex. For this
particular case, involving the buildings and territory of Holovan's House in Lutsk,
final conclusions about the causes of the existing structural damages (including
the negative effects from the storm drains sewerage) and recommendations for
their resolution can only be made following a scientifically and practically
justified research methodology [7-15 et al.].

Conclusions and Recommendations. The reliability and longevity of the
buildings, structures and territory of Holovan's House in Lutsk depend on a
methodologically correct approach to both identifying and resolving structural
damages and defects. At first glance, guessing the causes of such damages and
defects may seem cheaper and quicker than construction work based on technical
research. However, neglecting the essential steps of the research methodology by
carrying out technically and technologically unjustified construction work may at
best provide only temporary positive effects, which could ultimately lead to more
severe structural damage, including the possibility of hazardous conditions.

Therefore, the research methodology for identifying and addressing
damages (and possibly defects) in the structure of Holovan's House (considering
the adverse effects of the storm drains sewerage) should include the following
stages: technical inspection of the facility; monitoring the technical condition of
the facility; development of project documentation for the construction (or
reconstruction, or restoration) of the facility.

References

1. Budynok Holovania. https://uk.wikipedia.org/wiki/Byninok_I'omoBaHs

2. Holovan Mykola Mykytovych. https://uk.wikipedia.org/wiki/TomoBass_Mmnkona Mu
KHUTOBHUY

3. Construire pendant 40 ans une maison avec des chimeres a Loutsk. Ukrainer. 13 avril
2020. https://www.ukrainer.net/lutsk-mykola-golovan-fr/

4. Marchuk V. Holovan Mykola. Art Gallery. https://volart.com.ua/art/holovan_mykola/

5. Wakoluk W. Myko/a Golowasi: , Nie zazdros¢! Rob wszystko sam i Bog cig
ochroni”. Monitor Wotynski. 18 stycznia 2013. https://monitorwolynski.com/pl/news/257-
mykoa-goowa-nie-zazdro-rob-wszystko-sam-i-bog-ci-ochroni

6. Henk van es. Nicholas Golovan, Single handedly built and decorated house. Outsider
Environments Europe. Blogger. August 26, 2016. https://outsider-
environments.blogspot.com/2016/08/nicholas-golovan-single-handedly-built.html

203


https://uk.wikipedia.org/wiki/Будинок_Голованя
https://uk.wikipedia.org/wiki/Головань_Микола_Микитович
https://uk.wikipedia.org/wiki/Головань_Микола_Микитович
https://www.ukrainer.net/lutsk-mykola-golovan-fr/
https://volart.com.ua/art/holovan_mykola/
https://monitorwolynski.com/pl/news/257-mykoa-goowa-nie-zazdro-rob-wszystko-sam-i-bog-ci-ochroni
https://monitorwolynski.com/pl/news/257-mykoa-goowa-nie-zazdro-rob-wszystko-sam-i-bog-ci-ochroni
https://outsider-environments.blogspot.com/2016/08/nicholas-golovan-single-handedly-built.html
https://outsider-environments.blogspot.com/2016/08/nicholas-golovan-single-handedly-built.html

CyyacHi mexHonozii ma memodu pospaxyHkig y bydisHuymei. [lyusk, JTHTY. 2024, Bunyck 22
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22

7. Rekomendatsiinyi lyst pro provedennia vizualnoho ohliadu kompleksu budivel ta
terytorii Budynku Holovania u m. Lutsku dlia vyznachennia nedolikiv isnuiuchykh zakhodiv
vlashtuvannia zlyvovoi kanalizatsii. Lutsk, NDBL LNTU, 23.10.2024, 2-4.

8. Synii S. V., Ksonshkevych L. M., Krantovska O. M., Sunak P. O., Uzhehov S. O.,
Oreskovi¢ M. Methodological substantiation of the adverse effects of storm drains sewerage on
the technical condition of the Holovan's House. Innovative processes in the field of road
construction: a collection of abstracts of reports of the Il international scientific and practical
Internet conference of young scientists and students, November 6, 2024, Lutsk. 89-91.
https://sites.google.com/Intu.edu.ua/2024/golovna-stor

9. Sunak P. O., Synii S. V., Melnyk Yu. A., Ksonshkevych L. M., Krantovska O. M.,
Oreskovi¢ M. Reconstruction of engineering structures and engineering networks, landscape
based on laser scanning technology. Modern technologies and methods of calculations in
construction. 2022, 18, 147-161. https://doi.org/10.36910/6775-2410-6208-2022-8(18)-16

10. Shumanov 1., Tabachnikov S., Nalivayko T. et al. Innovative methods of planning and
reconstruction of historical heritage buildings using a 3d scanner. Municipal Economy of Cities,
2023, 4(178), 65-71. https://doi.org/10.33042/2522-1809-2023-4-178-65-71

11. Synii S. V., Melnyk Yu. A., Sunak P. O., Ksonshkevych L. M., Krantovska O. M.
Design of sewerage networks using the principles of SWOT analysis. Modern technologies and
methods of calculations in construction. 2021, 16, 171-179. https://doi.org/10.36910/6775-
2410-6208-2021-6(16)-22

12. Synii S. V., Krantovska O. M., Ksonshkevych L. M., Oreskovi¢ M., Sunak P. O.
Rationale of structures of fencing of the territory of the Lutsk Zoo, taking into account the
analysis of the history of urbanization of landscape. Modern technologies and methods of
calculations in construction. 2022, 17, 138-145. https://doi.org/10.36910/6775-2410-6208-
2022-7(17)-18

13. Aleinikova A., Bondarenko D., Goncharenko D. et al. Methodological principles for
informational and technological monitoring of the stable operation of the sewerage networks:
Monograph. Kharkiv, Rarities of Ukraine, 2022, 272.

14. Synii S. V., Ksonshkevych L. M., Krantovska O. M., Krantovskyi I. O., Oreskovi¢ M.
The role of information and communication technologies in engineering network research
methodology. Modern technologies and methods of calculations in construction. 2024, 21, 207-
215. https://doi.org/10.36910/6775-2410-6208-2024-11(21)-22

15. Synii S. V., Krantovska O. M., Ksonshkevych L. M., Ksonshkevych A.S., Sunak P.O.
The role of information and communication technologies in the research methodology of
construction objects. Modern technologies and methods of calculations in construction. 2024,
21, 198-206. https://doi.org/10.36910/6775-2410-6208-2024-11(21)-21

Jliteparypa

1. bynunok Fonosans. https://uk.wikipedia.org/wiki/bynnrok_TomoBasst

2. l'onoBanp Mukona MukuroBud. https://uk.wikipedia.org/wiki/T"onoBans_Muxkona M
HKUTOBUY

3. 40 poxis 6ydysamu Jlyyexkuii O0im 3 xumepamu. Ukrainer. 3 tpaBus 2019.
https://www.ukrainer.net/lutsk-mykola-golovan/

4. Mapuyxk B. I'onosans Mukona. I'anepest Mucteurts. https://volart.com.ua/art/holovan

mykola/

5. Baxomox B. Muxona Ionosanv: «He 3aszopu! Poou ece cam i boe mebe
o6epesrcey. Monitor Wotynski. 18 ciuns 2013. https://monitorwolynski.com/pl/news/257-
mykoa-goowa-hie-zazdro-rob-wszystko-sam-i-bog-ci-ochroni

204


https://sites.google.com/lntu.edu.ua/2024/golovna-stor
https://doi.org/10.36910/6775-2410-6208-2022-8(18)-16
https://doi.org/10.33042/2522-1809-2023-4-178-65-71
https://doi.org/10.36910/6775-2410-6208-2021-6(16)-22
https://doi.org/10.36910/6775-2410-6208-2021-6(16)-22
https://doi.org/10.36910/6775-2410-6208-2022-7(17)-18
https://doi.org/10.36910/6775-2410-6208-2022-7(17)-18
https://doi.org/10.36910/6775-2410-6208-2024-11(21)-22
https://doi.org/10.36910/6775-2410-6208-2024-11(21)-21
https://uk.wikipedia.org/wiki/Будинок_Голованя
https://uk.wikipedia.org/wiki/Головань_Микола_Микитович
https://uk.wikipedia.org/wiki/Головань_Микола_Микитович
https://www.ukrainer.net/lutsk-mykola-golovan/
https://volart.com.ua/art/holovan_mykola/
https://volart.com.ua/art/holovan_mykola/
https://monitorwolynski.com/pl/news/257-mykoa-goowa-nie-zazdro-rob-wszystko-sam-i-bog-ci-ochroni
https://monitorwolynski.com/pl/news/257-mykoa-goowa-nie-zazdro-rob-wszystko-sam-i-bog-ci-ochroni

CyyacHi mexHonozii ma memodu pospaxyHkig y bydisHuymei. [lyusk, JTHTY. 2024, Bunyck 22
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22

6. Henk van es. Nicholas Golovan, Single handedly built and decorated house. Outsider
Environments Europe. Blogger. August 26, 2016. https://outsider-
environments.blogspot.com/2016/08/nicholas-golovan-single-handedly-built.html

7. PexoMeHIaiHUIM JTUCT PO IPOBEACHHS Bi3yalIbHOIO OISy KOMILICKCY Oy/IiBelb Ta
teputopii bynunky ['onoBanst y M. JlylbKy Asi BU3HAYCHHS HEJOJNIKIB ICHYFOUHX 3aXOIiB
BIIALITYBaHHsI 31MBOBOI Kanamizauii. Jlyuek, HABJI JIHTY, 23.10.2024, 2-4.

8. Synii S. V., Ksonshkevych L. M., Krantovska O. M., Sunak P. O., Uzhehov S. O.,
Oreskovi¢ M. Methodological substantiation of the adverse effects of storm drains sewerage on
the technical condition of the Holovan's House. Innovative processes in the field of road
construction: a collection of abstracts of reports of the Il international scientific and practical
Internet conference of young scientists and students, November 6, 2024, Lutsk. 89-91.
https://sites.google.com/Intu.edu.ua/2024/golovna-stor

9. Cynak I1. O., Cuniii C. B., Mensuuk 1O. A., Kcponuikesuu JI. M., KpanTtoBceka O.
M., OpemkoBud M. PekoHCTpyKIlisi 1HKEHEPHHUX CIIOPYA Ta MEPEeX, JaHAmadry Ha OCHOBI
TEXHOJIOTii Ja3epHOoro ckanyBaHHA. Cyyacui mexHonoii ma Mmemoou po3pPaxyHKie y
6yoienuymei. 2022, 18, 147-161. https://doi.org/10.36910/6775-2410-6208-2022-8(18)-16

10. Illymanos 1., TabaunikoB C., Hamusaiiko T. Ta iH. [HHOBAIHHI METO/M TJIaHYBaHHS
1 pekoHCTpyKIii OyaiBesb iCTOPUYHOI CaAIMHYU 3 BUKOpUcTaHHAM 3d ckaHepa. Komynanvue
2ocnodapemso micm. 2023, 4(178), 65-71. https://doi.org/10.33042/2522-1809-2023-4-178-65-
71

11. Cuniit C. B., Menpnuk 0. A., Cynak I1. O., Kcponmikesuu JI. M., Kpantosceka O.
M. IlpoexTyBaHHsS KaHami3aliMHMX Mepex 3 BHKOpUCTaHHsAM mnpuHIumis SWOT-anamisy.
Cyuacni  mexnonoeii. ma memodu po3paxyukie y 6Oyoienuymei. 2021, 16, 171-179.
https://doi.org/10.36910/6775-2410-6208-2021-6(16)-22

12. Cumiii C. B., Kpanrosceka O. M., Keponmkesuy JI. M., Openikosuu M., Cynak I1.
O. OOrpyHTYBaHHS CIOpYZ OTOpOMKEHHsS Teputopii JIympkoro 3oomapky 3 ypaxyBaHHIM
aHaiizy icropii ypOanizauii naummadty. Cyuachi mexnonozii ma memoou po3paxyHKie y
6yoisnuymei. 2022, 17, 138-145. https://doi.org/10.36910/6775-2410-6208-2022-7(17)-18

13. Aleinikova A., Bondarenko D., Goncharenko D. et al. Methodological principles for
informational and technological monitoring of the stable operation of the sewerage networks:
Monograph. Kharkiv, Rarities of Ukraine, 2022, 272.

14. Cuniti C.B., KcponmkeBuu JI.M., KpanroBceka O.M., Kpauroscekuit 1.0.,
Opermkory M. Ponb iHpopManiiHO-KOMYHIKaifHUX TEXHOJIOTIH Y METOIOJIOTIT OCIi)KEHb
iHmKeHepHUX Mepex. Cyuachi mexnonozii ma memoou po3paxyukig y 6ydienuymei. 2024, 21,
207-215. https://doi.org/10.36910/6775-2410-6208-2024-11(21)-22

15. Cuniit C.B., KpantoBcbka O.M., Kcvonmkesuy JI.M., KebonmkeBny A.C., CyHak
I1.0. Ponp iHpOpMaIiifHO-KOMYHIKAI[IHHUX TEXHOJOTIH y METOIOJIOTIi JOCHIIKEHb 00’ €KTIB
oyniBuuiTBa. Cyuachi mexnonoeii ma memoou po3paxymkis y oyoienuymei. 2024, 21, 198-206.
https://doi.org/10.36910/6775-2410-6208-2024-11(21)-21

205


https://outsider-environments.blogspot.com/2016/08/nicholas-golovan-single-handedly-built.html
https://outsider-environments.blogspot.com/2016/08/nicholas-golovan-single-handedly-built.html
https://sites.google.com/lntu.edu.ua/2024/golovna-stor
https://doi.org/10.36910/6775-2410-6208-2022-8(18)-16
https://doi.org/10.33042/2522-1809-2023-4-178-65-71
https://doi.org/10.33042/2522-1809-2023-4-178-65-71
https://doi.org/10.36910/6775-2410-6208-2021-6(16)-22
https://doi.org/10.36910/6775-2410-6208-2022-7(17)-18
https://doi.org/10.36910/6775-2410-6208-2024-11(21)-22
https://doi.org/10.36910/6775-2410-6208-2024-11(21)-21

CyyacHi mexHonozii ma memodu pospaxyHkig y bydisHuymei. [lyusk, JTHTY. 2024, Bunyck 22
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22

YK 691.167 https://doi.org/10.36910/6775-2410-6208-2024-12(22)-21

KucsioTHi ynena — kpurepiil npuaaTHocTi 0iTyMiB 111 IapiB 3HOCY
i3 INTHX eMyJIbCiliHO-MiHepaJbHUX cyMillleil IOPOKHiX MOKPHUBIB

Acid numbers — a criterion for the suitability of bitumen for wearing
courses for slurry surfacing

Cinyn 10.B., K.T.H., 1oueHT, 'ynbka B.M., A.T.H., 1oueHnTt, [loask O.€.,
acmipantka, Kyaikos /I.0., acmipanr (HanmionansHmii yHiBepcuTeT
«JIbBiBCbKa MOJTiTEXHIKAY)

Sidun lu., Ph.D, Associate Professor, Gunka V., DSc, Associate
Professor, Poliak O., PhD student, Kulikov D., PhD student (Lviv
Polytechnic National University)

Y cmammi obipynmoseana 3anesxcHicmv Mixe KUCIOMHUM YUCTOM  OIMyMHUX
8 AACYUUX A KO2E3IUHOI MIYHICMIO TUMUX eMYIbCiliHO-Minepanvhux cymiwel (JIEMC).
Bemanosneno, wo sucoxo kucnomui 6imymui 6 ’socyui ons JIEMC € onmumanshumu 3a
Kpumepiem Ko2e3iiHoi MiyHocmi.

The article explores the dependence between the acid number of bitumen binders
and the cohesive strength of Slurry Surfacing. To produce cationic bitumen emulsions and
Slurry Surfacing, paraffinic binders from the Polish company PKN Orlen and domestic
bitumen from PJSC Ukrtatnafta (Kremenchuk Refinery) were tested. Naphthenic bitumen
was sourced from the Swedish company Nynas, the world’s largest producer of naphthenic
bitumen. To create the cationic bitumen emulsions for Slurry Surfacing, bitumen, a
cationic emulsifier (amine-based), hydrochloric acid, and drinking water were used.
Emulsions were prepared in a laboratory setting using a colloidal mill. Slurry Surfacing
was designed and tested following the technical bulletins of the International Slurry
Surfacing Association. In addition to emulsions, the Slurry Surfacing mix included a
granite crushed stone-sand mixture (0-10 mm fraction), water, portland cement, and a
decomposition regulator in the form of a 10% emulsifier solution.

It was found that high-acid bitumen binders are optimal for Slurry Surfacing in terms
of cohesive strength. The study confirmed that naphthenic bitumen exhibits significantly
higher acid numbers than paraffinic bitumen. Additionally, Slurry Surfacing compositions
based on naphthenic and paraffinic bitumen require different amounts of decomposition
regulator to achieve the desired decomposition time. Specifically, formulations with
naphthenic bitumen require 0.5 parts more degradation agent than those with paraffinic
bitumen. Despite this increased need for degradation agent, the rate of cohesive strength
gain in Slurry Surfacing samples with naphthenic bitumen is 12 times higher than that of
unmodified paraffinic samples and 10 times higher than that of polymer-modified
paraffinic samples.
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Kniouoei cnosa: xuciommue uucno 6imymis, KamioHHi OGImymHi eMmynvcii, aumi
EeMYNbCIUHO-MIHEPANbHI CYMIUL.

Keywords: acid number of bitumen, cationic bitumen emulsions, Slurry Surfacing.

Beryn. KucnotHe 4nciio BiTHOCUTBCS 10 TOKa3HUKIB HaliifHOCTI 6iTyMy Ta
XapaKTepu3ye TaKy WOro BIIACTHUBICTh, SIK IOJSIPHICTH. [IOHATTS KHUCIOTHHX
yucen OITyMIiB B TEXHIYHHX YMOBax JOpPOXHBO-OY/iBENbHOI HOPMaTHBHOI 0a3u
Vkpainu ta HopMax EN Bincythi [1-4]. Jlume B ykpaiHChbKOMY cTaHmapTi [5]
3rafyloThcAd KUCIOTHI YmCiIa OiTyMiB, aye HEOOXiMHICTh iX BHU3HAYEHHS I
moTped TOPOKHBOTO OYAIBHUIITBA HE PEIIIAMEHTYETHCS.

AHani3 ocTaHHiX gociaizxeHb Ta myOaikaniii. IoctanoBka nmpodaemu
Sk moka3ye OrJIs[ HAyKoBOi Jiteparypu [6-8] KHCIOTHI 4Yucna € BaKIMBUM
MOKa3HUKOM JUIsi BHM3HAUEHHS SIKOCTI OITyMy AJisl BUTOTOBICHHS OITYMHHUX
emynbcid. OCOOMMBO TOCTPO II¢ MHUTAHHS CTOITh IiJ Yac BUTOTOBJICHHS
KaTIOHHMX OITYMHHUX €MYJIbCiH JJIsl TEXHOJIOTIH JIUTHX eMYJIbCIHHO-MIHEpaIbHUX
cymimieii (JIEMC) [9-12]. B cBiToBiif mpaxTwHIli GiTyMH i3 BACOKUMH KUCITIOTHUMH
YHUCIaMH HAa3WMBAIOTh «HA()TCHOBHMMI», & 13 HU3BKUMH — «IapadiHHCTHMN [6-
8,13]. Sk mokaszamm momepenHi AocmimpkeHHS [14] mo HapTEHOBHX BapTo
BiTHOCHUTH OITYMH 3 KHCJIOTHHMH 4YnciaMd He MeHme 3,5 mr KOH/r, a
napadiHuCTi OITyMH 3TiIHO JTiTepaTypHOro orysay [8,13,15] xapakTepu3yroThes
kuciaotHuMu umcramMu g0 1,0 mr KOH/r. Came nHadTeHOBI Oitymm €
onrruManbHuMu i1t JIEMC, ane X oTpuMyroTh 13 JedinutHol Baxkkoi HadTH, Ky
JIOpOTo 1 BaxkKo nepepoosstu. [lapadinucTi 6GiTyMu OTpUMYIOTH 13 Jierkoi HadTu.
3a[16,17] no nerkux HadT BiJHOCATS Ti, 10 332 CTAHAAPTHUX YMOB (TeMIiepaTypa
20 °C Ta Tuck 101,3 kITa) mMaroth ryctuny He 6itbmie 0,85 r/cm®, a mo Hadr
cepeHbOi I'YCTHHH BiHOCATS i3 TycTuHOI0 Bi 0,85 10 0,885 r/cm®. Baxki nadtu
3a TYCTHHOI JiJISTh Ha TPM KJIACH: 3 MiABMILEHO0 TycTHHOK0 (0,885-0,92 r/cmd),
nagBaxka Hadra (0,92 - 0,96 r/cm®), Giryminosna nadra (6inbme 0,96 r/cmd).
3arasnom, BiANOBITHO /10 rpynoBoro ByrieBogHeBoro ckinany (I'BC) nadr [20-
21] BuALNAIOTH HACTYIIHI TPyNH: MeTaHOoBI abo napadinosi ('BC mictuTh noHan
50 % mnapadinis), HapreHosi ('BC mictuth nonan 50 % nadreHiB), apomaTnyHi
(I'BC mictuts monan 50 % apoMaTHuHUX BYTJIEBO/IHIB), HATH MIllIAaHOI OCHOBH
(I'BC mictuth pi3HI BYTJIeBOJHI i3 BMICTOM KO)KHOTO He MeHIe 25%). Otxe,
BJIACTUBOCTI OiTyMiB (B TOMY YHMCIIi 1 KHCJIOTHI 9ynca) OyayTsh 3anexarn Big ' BC
Ha]T 3 SIKOT BOHM BUTOTOBJICHHI.

Metorw poboTu OylO0 BCTAHOBHTH KHCIOTHI 4Yucia Ha(TEHOBHUX Ta

napadinucTux OITyMiB Ta OLIHUTH BIUIMB BHJY BUKOPHCTaHOIO OiTyMy Ha
nokaszHuky sikocti JIEMC.
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OCHOBHA YacTHHA

CrporonHi B YKpaiHi HalOINBOINM ITOCTa4abHUKOM OiTYMy € IIOJBCHKa
kommnaHis PKN Orlen, momo Bitum3HsHOTO O0iTyMy TO HOTO MPOIOBKYE
npoaykyBatu ITIAT «YxkpratHadra» (Kpemenuaympkuit HI13). Kommanis PKN
Orlen gy BUTOTOBICHHS B’ SDKYYMX BHKOPHCTOBYE JIeTKi Ha()TH, TaK camo, 5K 1
I[MAT «YkpratHadTa», sika BUTOTOBISE OITyM i3 CyMimli yKpailHCBKHUX HaT.
BigmnoBinHo 6iTymMu, IO MPOAYKYIOTH 1ii JiBa MIAIPUEMCTBA MOKHA BIZTHECTH 10
napadiHucTuX. A OCHOBHUM BHPOOHMKOM Ha(TEHOBUX OITyMiB y CBITI €
niBezicbka komnaHisi Nynas. Came OiTyMH IIMX KOMIIaHIH OyJIM BUKOPUCTaHI JJIs
JOCITIKeHHSI, 30KpeMa, sk HadreHi 0itymu Bukopuctanu Nybit E 85 ta Nynas
70/100 (Nynas) ta mapadiaucti BHJ[ 70/100 (ITAT «YxkpraTtaadTan) Ta 70/100
(Maxetiksii, Jlurea), 70/100 (ITImompk, IMompma) Ta MoamdikoBaHWA OiTyM
Orbiton 45/80-55 (Ilnoupk, Ilonbia). OcHOBHI (Bi3UKO-MEXaHIYHI TOKA3HUKA
6itymis Bu3Havamu 3a JJCTY EN 12591 [18] ta ACTY 4044 [19], BcTaHOBJICHHS
KHCJIOTHOTO yucia 0itymiB mpoBoaunu 32 ASTM D 664-01[20] (tabm. 1).

Amnani3 Tabin. 1 miaTBeppKye, mo napadiHucTi OITyMH XapakTepH3YIThCs
HU3BKAMHU KUCJIOTHUMH uunciamu, menire 1,0 mr KOH/r. € xapakrepHuM, 110
ykpaincekuii 6itym’ BHJL 70/100 I[TAT «YxkprarHadra ta 6itymn kommnanii PKN
Orlen BUTOTOBNIEHI 3a TEXHOJIOTIEI0 OKMCHEHHS BIJIPI3HSAIOTHCS 3HAUYCHHSAMH
KHCJIOTHOTO 4YHcia Outbll HDK B d4erBepo. [Ipm uoMy MoaudikoBaHMii
moyiMepamu  OesmocepeqHb0 Ha HadromepepoOHOMY 3aBomi Oitym Orbiton
45/80-55 mae piBHHI mNOKa3HUK kucioTHoro uucna i3 BHJ[ 70/100 TIAT
«YkpratHadTa. BiAmoBiZHO B JaHOMY BHUNAIKy MOIU(IKYBaHHA OiTyMy
oJIiMepoM Jetifo 301LTbITye Horo kucinoTHe uncio. Nybit E 85 Burorosnenwmii 3a
JIOIIOMOT'010 aTMoc(epHO-BaKyyMHOI JMCTHIISL T XapaKTepU3yeThCs
ITiABUIIEHUM KHCIIOTHAM YMCJIOM HaBiTh cepen 0iTymiB kommaHii NYNAS [14].

Jis  BUrOTOBNIEHHS KaTiOHHUX OiTymMHuX emynbciii mia  JIEMC
BHKOPHCTANN yCi mepenideHi O0iTyMH, KaTIOHAKTHBHUN eMyJbpraTop (Ha OCHOBI
aMiHiB), CONSHY KHCIIOTY Ta IUTHY BOAY. EMyIIBCif0 BUTOTOBIISUTH 32 IOTIOMOTOI0
n1abopaTopHOi OITYMHO-eMYNIbCIHHOT yCTAHOBKY IO THUITY KOJIOiTHOTO MJTMHA.

JIEMC mnpoexTyBaJii Ta BUNPOOOBYB&JIM 32 TEXHIYHUMH OIOJICTEHSIMHU
International Slurry Surfacing Association [21-24]. [ns nigbopy JIEMC
BUKOPHCTaJM TpaHiTHy meOeHeBo-mimany cymim ¢pakuii 0-10 MM, 1o
CKJIa1aJ1ach 13 HE PEaKTUBHOTO BiACiBY 0-5 MM 3a MOKa3HUKOM «METHJICH CHHIN»
ta mebeHto 5-10 mm. 3eprosuii ckian LTIC naBenenuit Ha puc. 1.
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Takox B cxnan JIEMC Bkoyany DUTHY BOJY, MOPTIAaHALEMEHT MapKu
I 1I/A-111-400 3a JICTY b B.2.7-46:2010 [25] ta perynstop posnany JIEMC y
Burisigi 10% po3duHy eMynbraropa.

OcHOBHI ()i3MKO-MeXaHiuHi MOKa3HUKH OITYMiB Ta iX KUCIOTHI YHcna

Tabmums 1

3/

ITokazuuk

Mapxka 6iTymy, BUpOOHHK

PKN Orlen

70/100
JIutBa

70/100
ITonbma

Orbiton
45/80-55

70/100
ITAT
«YKpTaTH
aray

Nynas

Nybit
E 85

70/1
00

['mubuna
MPOHUKHOCTI
TOJIKA
(meHeTparis) 3a
TeMIepaTypu
25°C, 0,1 mm

81

91 76

77

80

75

Temneparypa
PO3M’SIKIIIEHOCTI,
°C

48,0

45,6 62,6

48,8

47

45

Temneparypa
KPHUXKOCTI IO
®paacy, °C

-14

-18 -14

-14

-13

-11

PozTskHICTR
(IyKTHIIBHICTE) 32
Temneparypu 25
°C, cMm

>150

Temneparypa
crianaxy y
BIZIKpUTOMY THIJ,
°C

316

308 328

298

219

231

KucaortHe uucio,
mr KOH/r

0,2

0,2 0,9

0,9

4,6

3,6

Cxmagy 6iITyMHUX eMyIIbCii

Tabmmms 2

IKomnoneHTH emynbciit, Mac.%

bitym

Emynsrarop

HCI y Bogniit dasi no pH

Bona

61,0

11

2,5

o 100
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OnTuManbeHI CKIAIM 3a KPUTEPieEM po3maxy HigOupanu y 1adopaTOpHIX
ymoBax 3a [23] (tabn. 3). Ha oOCHOBI oOTpuMaHHMX eMyJIbCId Ta IHIIUX
KOMITOHEeHTiB Oynu minibpani cxiaaun JIEMC 3a kputepiem posnaja cymini
(Tab:. 4). 3HaYeHHS NOPTIIAHIIEMEHTY, BOJH Ta OITYyMHOI eMyJIbCii Oy cTaaumMu
CHMPAIOYHCh Ha TONEpeHi TociipKkeHHs [23-25], a BMICT peryisitopa po3naiy
miaOpunu it 3a0e3MedYeHHs Yacy posmaay Omm3pkoro go 120 ¢
pumoramu ISSA A143 [19].

NEMC

~4—TpaHu4Hi KpUBI 3rigHo 3 ISSA
A143 [21] gns uny lIl NEMC

=+=Bignosiaxicts WNC ana tuny Il

NosHi npoxoau yepes cuta , mac.%

0,075 0,15 033

06

1,18

Po3mip oTsopis cuT,mm

2,36

4,75

95

Puc. 1. 3epuosuii ckiag IUIIC miga JIEMC

3rigHO 3

B Tabn.3 yMHCHO HaMarajJuch CTBOPHTH MaKCHMAaJIbHO CXOXI CKIaau
JIEMC 3a xpuTepieM po3mamy Uil BUKIFOYCHHs KUIBKICHOTO BIUIMBY TOTO YH
HIIIOrO KOMIIOHEHTY Ha MOKA3HUKHU KOTe31iHOT MII[HOCTI cyMmimi (Ta0i. 4).

Tabmus 3
Cknann JIJEMC 3a kputepieMm mix time
Bwmict kommonenTis, T, modazg 100 r
KaM’STHOTO MaTepiamy Posmaz
Bitym (<
Lem Boma Perymnsrop EM}.IJTI:-' 120), ¢
€HT posmay cist
Nybit E 85 120-
N 1 1 1 14
ynas 70/100 o & 150
70/100 (JlutBa)
PN 70/100 (1T
OJIbINA -
Orlen : 10 | 10 1,0 14 120
Orbiton 45/80-55 150
70/100 TTAT
«YkpratHadTay
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Bracnigok goro pi3zunns y cknagax JJEMC Ha ocHOBI HaTeHOBOTO OiTYMY
Nybit E 85 i napadinuctux nuue y perynsropi po3nany cymimi. JEMC i3 Nybit
E morpeOye Oimblie J00aBKM perymsaTopa Yepe3 Te IO pO3Maj CyMilli
BiZI0yBa€THCS MIBHMIE 32 PAXyHOK €()eKTHBHOCTI CaMOro 0iTymy.

JocmimKeHHS MO0 PO3Majy CyMillli Ta KOTe31HHOT MIITHOCTI POBOIHIIH 32
temnepatypa 20°C ta BimHOCHOT BosorocTi moBitps 50 %. KoresiitHy MilHICTh
CyMillli BCTAaHOBITIOBAJIM 3T1THO 3 [24] BUKOPUCTOBYIOUHM XapaKTep pyHHYBaHHS
3paskiB JIEMC:

- Near Spin (NS) pyiiHyBaHHsS y BHIJISAI OXHIET pajialbHOT TPILIWHM.
XapakTepu3ye eranm CaMOYIIUTBHEHHS CyMIIl, MOXJIMBE BIIKPHTTS PYyXy 3
00MeKeHHSIM MIBUAKOCTI 70 40 KM/TOXI Ta 3a00pPOHOI0 PO3BOPOTY.

- Solid Spin (SS) xapakTepu3yeThCsl BIICYTHICTIO pyiHYBaHb, alle MOXKJIHBE
3MillleHHsT a00 BUIAJICHHS YacTOK B’sDKy4Ooro. XapaKkTepH3ye eTall 3aTBEepIiHHI
CyMilll, MOKJIUBE BIZIKPUTTS pyXy 0e3 3a00pOH.

Tabnums 4
Koresiitaa minnicts JJEMC
JIEMC Ha GiTymi Xapakrtep pyiHHYBaHHI
NS, roa:xs SS, roma:xB
Nybit E 85 0:15 0:25
Nynas
70/100 0:20 0:30
70/100
JIlutBa
4:00 6:00
PKN 70/100
Orlen Honkma
Orbiton 45/80-55 3:20 5:10
70/100 ITAT «YxprarHadTa» 4:00 6:00

Haiikpanii moxasnuku koresii nemonctpytots JIEMC i3 HadreHOBUMHU
6irymamu Nybit E-85 Ta Nynas 70/100, He 3Baxaiounm Ha OULIBIINH BMiCT
perymsTopa posnaay y cyMinri B nmopiasiHi i3 JIEMC Ha iHIIHX B’sDKy4HX. A SIK
BiJOMO HAsBHICTh pETyJsiTOpa pO3MaAy Y BHIJISAI BOJHOTO PO3UHHY
eMyJIbraTopa 3HIDKYe MIBHIKICTE HaOopy KoresiHoi MimHOCTi cymimi. I3
mapadinucTux  OiTyMiB  HaWKpamli TOKa3HWKH  Koresii  JEeMOHCTpYe
moaudikoBanuii momimMepoM OiTym Orbiton 45/80-55, mpore BimmoBigHO 10
[21,22] xapakTep pyinyBanus NS mist 3paskiB JIEMC mae Oytu 3adikcoBaHrM
He Mi3Hilme Hix 3a 1 rox. Anami3ytoud, Tabm.1 ta Tabn.4 BCTAaHOBIIOEMO, L0
KHCJIOTHI YMClIa € KpUTEpieM npuaaTHocTi OitymHoro B’spkydoro it JIEMC 3
orsiay Ha ii Kore3iifHy MIIHICTB.

211



CyyacHi mexHonozii ma memodu pospaxyHkig y bydisHuymei. [lyusk, JTHTY. 2024, Bunyck 22
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 22

BucnoBku. KucrotHi uncna HadgTeHOBHX OITYMIB € 3HAYHO BHIIMMHU HiXK
napadinuctux. Jocmimkeno, mo ckianu JIEMC Ha ocHOBI HaTEHOBHX Ta
napadiHuCTUX OITYMIB BIJIPI3HSIOTHCS KUIBKICTIO HEOOXIIHOTO pEryisiTop
posmnaay A JOCSTHeHHs HeoOxinHoro yacy posnany (6insie 120 c¢). JJEMC nHa
HadTeHOBUX OiTyMax nmoTpeOyroTh Ha 0,5 yacTHHU Oinbllle PETYNIATOP PO3MaILy
HiX napadinucti. He 3Baskarouu, Ha HEOOXiJHICTh BKITIOYEHHSI OIBIIOT KiTBKOCTI
peryiaropa po3najay MBHIKICTh HA00py KoresiiiHoi MinHocTi 3paskiB JIEMC i3
HapTeHOBHX OiTyMiB y 12 Ta y 10 pa3iB Buma HiX y mapadiHHCTHX He
Mo (iKOBaHUX Ta MOAU(IKOBaHHUX MOJIMEPOM BiAINOBITHO.

Iloosika. [lana poboma eukoHana 6 pamKax peanizayii Nnpoexkmy
«Iunosayitini kKomMniekcHi nioxoou 0iisl GiIOHOGAEHHA MPAHCNOPMHUX CHOPYO» 10
Hayionansroeo ¢pondy oocnioscenv Yrpainu (epanm Ne 2023.05/0026).
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YK 625.7/8 https://doi.org/10.36910/6775-2410-6208-2024-12(22)-22

BnuinB koJiiiHOCTI HA MOKPUTTI ABTOMOOILHOI JOpPOrH HA 0e3leKy
PYXY mijl 4Yac BUKOHAHHSI MaHEBPiB aBTOMOOIIAIMH

Influence of rules on the road surface on traffic safety during
maneuvers by vehicles

Cmoasuwok P.B., k.T.H., 101, 3aBiqyBa4u kadenpow OyIiBHMITBA Ta
ekciiyaranii  apromoOinbHux gopir im. O.K. Bipyasa (XapkiBcbkuid
HaliOHAJILHUI aBTOMOGLILHO-I0POKHIli YHiBepcuTeT, XapKiB)

Smolianiuk R.V., Ph.D., assoc., Head of the Department of Construction
and Operation of Motor Roads named after O.K. Birulia (Kharkiv National
Automobile and Road University, Kharkiv)

B pe3ynomami 6naugy pizHuX YUHHUKIG HA AGMOMODIILHUX 00PO2aX YMEOPIIOMbCs
xonii. Konii He minvku nocipuwyioms ecmemuyHuil ueisd Nokpummsa oopoeu, a U
cmanosname Hebesnexky 0nsa agmomodinig. Ouesuono, wo nio uac onaodieé 8 KOLifAx
HAKONUYYEMbCsL 800d, WO MOJice Npueesmu 00 AKANIAHYBAHHS | 6MpPamu CMiuKocmi
aemomobinem. Ha cyxux nokpummsx KonitiHicmes maxodic Modice Cmanogumu Hebesnexy,
KONU a8mMoMOOIb GUidicONCAe 31 C8OET cMyau OISl BUKOHAHHS MAHesPY 0020HY Yl iIHUL020
Mmaneepy. Konii npuzeodsims 00 000amrosux KOIUEAHb NIOGICKU, PO3XUMYEAHHS KY306d,
empamu KOHMAKMy Koaeca 3 NOKpUMmsM, Wo He2amugHo NO3HAYAcmbCsl Ha besneyi pyxy.
B cmammi nasedeno pesynmbmamu 00CIONCEHHS. WOOO OYIHKU MaKo2o eniugy. Taxooic
HABEOCHO PeKOMEHIaYii Wooo 8PAXySaHHsL YbO2O BNIUGY.

The influence of different factors leads to rut formation on roadways. Ruts not only
diminish the aesthetic appearance of the pavement but also cause danger to vehicles. It is
obvious that during precipitation water accumulates in ruts potentially leading to
hydroplaning and loss of vehicle stability. On dry pavements, rutting can also be
hazardous when a vehicle leaves its lane to perform an overtaking maneuver or other
maneuvers. Ruts cause additional suspension oscillations, body sway and loss of wheel
contact with the pavement, which negatively affects traffic safety. In 2022, Ukraine
introduced rut depth requirements for roads in operation for the first time. However, it
must be understood that non-compliance with these regulatory standards does not
immediately result in resolving such issues through repair work. The reasons are evident
— a significant lack of funding currently exists and is likely to persist for quite some time.
From the moment of problem identification until its resolution, the road will remain in
operation. This article presents the results of a research evaluating the effect of rut-
affected pavement on a vehicle performing a maneuver. For this purpose, pavement models
with varying rut parameters were created within the following ranges: rut depth from 0
mm to 100 mm, rut width from 300 mm to 1500 mm and rut base from 1700 mm to 2100
mm. The cross-slope of the roadway was set at 25%o, with a dual-slope cross-section
profile. Surface modeling was conducted using RutGenerator software developed by
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KhNADU. The Kristy model was chosen to calculate the parameters of lane-changing
maneuvers as it provides the most accurate representation for modern vehicles. The
primary distinction of this methodology from Illarionov's approach lies in limiting the
maximum lateral lane displacement based on the vehicle's sideslip condition, rather than
its overturning condition, which better aligns with the characteristics of modern vehicles.
Using RutGenerator software, vehicle trajectory simulations during a lane-change
maneuver were carried out for speed ranges from 50 km/h to 130 km/h. Basing on the
calculated trajectories, pavement profiles along the vehicle's path during the maneuver
were constructed. The resulting set of profiles was analyzed using the ProVal 3.51 software
package developed by The Transtec Group. The developed methodology can be used to
plan measures to ensure road traffic safety in areas with rutting. Such measures may
include speed limits, restrictions on overtaking and others.

Kniouoei  cnosa:  Konitinicmv, — aK6anIAHY6AHHs,  MAHeSpU  AGMOMOOLNLS,
Miscnapoacnuii Inoexc Pignocmi.

Keywords: rut, hydroplaning, vehicle maneuvers, International Roughness Index.

[1ig BIUTMBOM 111101 HU3KKM YMHHHKIB HA MPOI3HIA YaCTHHI aBTOMOOILTBHUX
JIOPIr a, 0COOJIMBO, Ha HEXKOPCTKHUX JOPOXKHIX OAArax, yTBOPIOOThC nedopmartii
Bizomi sik koutii [1]. Ha Ginbiocti opir YKpaiHu Koutis IPUCYTHS B Till UM iHIIIH
Mipi (puc. 1).

Puc. 1. ABromoGinpHa gqopora KuiB — XapkiB — JloBkaHChKHIA
KM 359 (o mpoBeneHHS pEMOHTHHX POOIT)

Sk mOKa3yroTh JOCII U aBTOPIB HAHOUIBIN 3HAYHI IehopMallii TOPOKHBOTO
MOKPUTTS y TIONIEPEYHOMY HAIpsIMKY YTBOPIOIOTHCSI CaMe Ha I0POTax 3 BEJTMKOIO
IHTEHCUBHICTIO PYXY, SIKUMH € MaricTpaibHi goporu. KomiifHicTs Ha qOporax He
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TLTBKY HE TINBKH 3HIKYE ECTETHIHUI BUTIIS TOKPHUTTS, @ i CTAHOBHUTH PEANIbHY
HeOe3MeKy 3 HaCTYITHHUX ITPUYHH:

— SIKIO IIOBEPXHS € BOJOHENPOHUKHOIO, Y KOJii 30MpaeThcst Boja Ta
MOJXJIMBE BHHUKHEHHS SBHUINA aKBAaIUIAHYBaHHSA [2] Kojic aBTOMOOiNS, mpu
SIKOMY YCKJIaIHSIETHCS. MOKJIMBICTh HOTO rajibMyBaHHs (pHc. 2);

Puc. 2. KomiiiHicTh Ha aBTOMOOUTBHIH q0po3i 11 kateropii, poTo 3podiecHe
yepe3 7 TOJMH MICIIs 3aKIHYESHHS JI0ILy

— i3 30inblIEHHAM TJMOMHU  KOJIi, YCKIaTHAETbCS  YIPABIiHHS
TPAHCIIOPTHUM 3aCO00M, [0 CTAHOBHTH J0JATKOBY HEOE3IEKY;

— B 3UMOBHI Tepio/i POKyY IIPH MEPexo/Ii TeMIepaTypH BHIIE HYJIsI B CMY3i
Hakary 30UpaeThCs BOAA, a IPU 3BOPOTHOMY IIMKJIi BOHA 3aMep3a€ i TAKUM YHHOM
BHUHHKAE BeJMKa HeOe3neKa pyxy aBTOMOOUILHOTO TPAHCIIOPTY.

Buxoasuu 3 BHUIIE HaBEJCHOTO, MiJ 4ac OOIPYHTYBaHHS MaKCHMalbHO
JIOITYCTUMOI TIMOWHY KOJii Ha aBTOMOOUTBHMX JI0pOTax CIIii BAKOPUCTOBYBAaTH
HaCTYITHI OCHOBHI KpHUTepii 3a0e3reueHHs 0e3neyHnX Ta KOM(POPTHUX YMOB:

1. MakcUMallbHE 3HIDKEHHS ab0 HENOMYyLICHHsS WMOBIPHOCTI BUHMKHEHHS
e(eKTy aKBalIaHyBaHHs B JOMYCTUMOMY Jiana3oHi MIBUIKOCTEH;

2. HeJONyIIEeHHS HMOBIPHOCTI BTpaTH CTIHKOCTi aBTOMOOUIEM IIia dYac
BHUKOHAHHSI MaHEeBPIB (0OrOHY, 3MiHH CMYTH PYXY TOIIO);

3. HOpMyBaHHS DPiBHA IWHAMIYHOTO BIUIMBY Ha TPAHCIOPTHHH 3acid Ta
BOJIiSl TiJ{ 4aC BUKOHAHHI MaHEBPIB B 3aJIEXKHOCTI BiJi BUMOT 1070 KOM(DOPTY
PYyXY;

4. BpaxyBaHHS OCOOJIMBOCTEH yTPUMAaHHS aBTOMOOIIBHUX JOPIT B 3MMOBHIA
Tepioj.
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BiTumsHsHI Ta 3aKOpIOHHI BUEHI TPUBAIUN Yac 3aiMarOThCA MPOOIEMOI0
OLIIHKY BIUIMBY BOJHOI IUTIBKH, II0 3HAXOJIUTHCS HA IOKPUTTI, HA YMOBHU PYXY
aBromoOins  [2-5]. B pesynpraTi  NpoOBeNeHHMX ~— TEOPETHYHHX 1
eKCIIEPUMEHTAIbHAX ~ JOCHI)KEeHb Oyl BH3HA4€HI YMOBHM BHHUKHEHHS
aKBaIIaHyBaHHS, Ta BU3HAYCHO Psi/I EMITIPUYHUX 3aJI€KHOCTEH MIBUAKOCTI, IPU
SIKif BUHUKA€ aKBaIUIaHYBaHHS; BU3HAYCHO 3aJIC)KHOCT] TITMOMHU CTOKY BOJHM BiJl
LIOPCTKOCTI, BUMIPSIHI 3HA4YeHHS KOC(ILIEHTIB 3YeNJIeHHS NpH Pi3HUX
IIBUIKOCTSX 1 PI3HUX TOBIIWHAX TUTIBKH BOJIH.

OCHOBHUM pe3yJbTaTaM INPOBEACHUX IOCITIHKEHb CTaJ0 OOIPYHTYBAaHHS
3HAYEHb IMOTIEPEYHOr0 yXWILY, [0 BUKOPHCTOBYETHCS y YMHHUX HOPMATHBHHX
JIOKyMEHTaX II[0JI0 IIPOEKTYBAHHS aBTOMOOLIbHUX J0pir [6].

B Vxpaini B 2022 Bmepmie Oyino BBEIEHO BHUMOTH J0 MaKCHMAllbHOTO
3HAUEHHS TTMOMHU KOJIl JUIs JOPIr, IO 3HAXOIATh B ekcrutyaTaiii [7]. B Toi
caMMi 4ac CIIiji pO3YMIiTH, IO HEBiINOBIAHICTb TOPOTM BUMOTaM HOPMAaTUBHHX
JOKYMEHTIB He TIPU3BEJIe 0pa3y N0 YCYHEHHS LIUX MPOOJIeM IUIIXOM BUKOHAHHS
peMoHTHHX poOIT. [IpryrHN 1IbOMY OUEBHHI — ICTOTHHH OpaK KOIITIB, SIKUH €
3apa3 1, oueBUIHO, Oyne AOCUTh TpuBaiauid 4ac. Ha Bech 4ac 3 MOMEHTY
BUSBJICHHS MPOOJIEMH 1 IO MOMEHTY 11 YCYHEHHsI Jopora Oy/ae 3HaXOIHWThCS B
excrutyararfii. ToMy 3amadero JOPOXKHIX ciayx0 Oyme 3abe3necucHHs Oe3meKu
pPyXy Ha TakuxX JiIIHKaX. BaXIMBUM € BpaxyBaHHS BCIX MpoOiieM, sKi
BHHUKAIOTh BHACIIIIOK HASBHOCTI KOJIiif HA TIOKPHTTI.

[Ipobnemi OWIHKH CTIHKOCTI aBTOMOOLNS IMiJ] Yac BUKOHAHHS MaHEBPiB Ha
MOKPHUTTSIX YPaKCHWX KOJIMHICTIO, NMPHUIUISETHCS 3HAYHO MEHINE YBAard HiX
aKBaruIaHyBaHHIO. [lepei3 KoecoM aBTOMOOLISI BUMIOPY MK KOJISIMH 1 32137 B
CYCITHIO KOJIiFO, 3 Tepei3ioM Ha CYCIIHIO CMYry pyxy, SKa TaKoX ypaKeHa
KOJIHHICTIO OYAyTh BUKJIMKATUA MOJATKOBHUU TUHAMIYHHUN BILIMB HAa €IEMEHTH
MiZABICKK aBTOMOOUTS. [ OIIHKK ILOTO BIUIMBY BHKOHAHO MOJICIHOBAHHS
MMOBEPXHI MOKPUTTS, YPAKEHOrO KONIWHICTIO, 31 3MIHOIO MapaMeTpiB KOil B
HACTYITHUX MEXax:

— raubuHa xouii Big 0 mm 10 100 MM;

— mmpuHa Kouii Bix 300 MM 10 1500 mwm;

— 0aza xoumii Big 1700 mm 10 2100 mm;

INonepeunuit yxun Npoi3HOI YACTUHM MNPUHHATO 25 %o, MONEpeYHUI
podiab — IBOX cKaTHUNA. MoJienoBaHHS OBEPXHi BiI0yBasIoCh 3a JIONIOMOTOI0
nporpamHoro 3abe3neuenHs RutGenerator po3poonenoro B XHALY. I'padiune
BiZIOOpaXXEHHSI MOJIETl TOBEPXHI IMOKPHUTTS YpaKeHOI KOJIE€I0 HaBEJEHO Ha
pHUCYHKY 3.

BiamoBigHO 10 TEOPETHYHHMX TIEPEAYyMOB, BUKIQJACHHX BHUIIE, OyIo
3MIHCHEHO PO3PaxyHOK TPAEKTOPIH pPyXy aBTOMOOUIS TiJ 9Yac BHKOHAHHS
MaHeBpiB. TpaekTopist, 0 OTpHIMaHa Il KOHKPETHOTO MaHEBPY, HAKIAHA€ThCS
Ha MOJENb JOPOKHBOTO MOKPUTTA. IlepeTuH TpaekTOpii 3 MOAEIIIIO MOBEPXHI
CTBOPIOE JIHIIO, SIKA € PO3PaXyHKOBHM IpodiieM — Ie JIiHif, 110 BU3HA4Yae
npodisb, KU Oy1e MPOXOJUTH il KOJIECOM aBTOMOOLJIA i/l 4ac MaHEBpY.
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Puc. 3. Monens minsSHKN MOKPUTTS JOBXKUHOIO 40 M 3 KOJISIMHU TTHOHMHOIO
30 MM

Jlnst po3paxyHKy HapaMeTpiB MaHeBPY 3MiHH CMYTH PyXy 0OpaHO MOJeib
KpicTi, OCKiIbBKM BOHAa € HaHOUTBII TOYHOIO UIA CYYacHHX TPaHCIOPTHUX
3ac00iB. OCHOBHOKO BIJIMIHHICTIO I1i€i METOJUKH BiJ MeTOIuKH LimapioHoBa €
0OMEKEeHHSI MaKCHMaJIbHOTO TOINEPEYHOro 3MIIEHHS CMYTH PYyXy 3a YMOBH
01YHOTr0 3HOCY aBTOMOOIJISI, @ HE 32 YMOBH HOTO ONMPOKHIYBaHHS, IO KpaIle
BIJINOBI/Ia€ XapaKTEPUCTUKAM CY4aCHUX TPAHCIIOPTHHUX 3aCO0iB.

3rizH0 3 00paHOI MOJEIUII0 JJIsl MaHeBpY 3MIHM CMYTH pYyXy,
PO3pPaxoBYEThCS TPAHUYHUI pajiiyc MOBOPOTY 30BHIIIHLO TOUKHA aBTOMOOLIS 3a
YMOBH 34€IIIICHHS KOJIIC 3 IOPOTOI0:

_ W
P 127

+0,5-B, 1)

ne @ — Kkoe(ilieHT 34eryIeHHs npu OiYHOMY KoB3aHHi, 0,8;
V, — MIBUAIKICTH TPAHCIIOPTHOTO 3ac00y, KM/TOJ;
B, — rabapuTHa IIUPUHA TPAHCIIOPTHOTO 3aco0y, 1,7 M.
MakcumasbHe ToTepevHe 3MILIeHHs PO3Pax0OBYETHCS 3a 3AIEKHICTIO (2):

2
y=2-Rnp—Ba—\/(2-Rnp—Ba) - 52, )
ne S,, — BiZcTaHb, [TOJI0JIAHA 32 9aC MaHEBPY.
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3a 3amexHIiCTIO 2 BiICTaHb, HEOOXiNHY Ui BUKOHAaHHS OE3MEYHOTrO
MaHEBpPY 3MiHU CMYTY PYXy MOKHa po3paxyBaTH 3a 3aJieKHIcTIO (3):

Su= 22 Ry =B) ¥ -2 @)

3 ypaxyBaHHAM HaBEICHOI 3aJI)KHOCTI 3a OTMIOMOTOI0 IIPOTPaMHOTO
3abe3neueHHs RutGenerator Oymo 3miHCHEHO MOAETIOBAaHHS TPAEKTOPIH pyxy
TPAHCIOPTHOTO 3aco0y I Yac MaHEBPY «3MiHA CMYTH PyXy» B Jdiama3oHi
mBuakoctel Bix 50 km/rox no 130 km/ron. Ha 0cHOBI po3paxoBaHUX TPAEKTOPIN
mo0OymoBaHO TMpodimi TOBEPXHI MOPOXKHBOTO TIOKPHUTTS IO MUIAXY PYXY
TPAHCIIOPTHOTO 3aco0y Wix Yac BUKOHAaHHA MaHeBpy (puc. 4). Otpmmana
CYKYIHICTh Tpo(uniB Oyja NpoaHai3oBaHa 3 BHUKOPUCTAHHSM HPOrPaMHOTO
komiutekcy «ProVal 3.51» pospobnenoro «The Transtec group» [8].

MM 12

10

0 1 L L 1 L 1 1 L 1 )
0 20 40 60 80 100 120 140 160 180 200 M

Puc. 4. TIpodini Mozeni TOKPUTTS JOPOTH IPU BUKOHAHI MaHEBPIB 3 Pi3HAMHU
IIBUIKOCTSMH JIJISI TPABOTO KOJIeca JIETKOBOTO aBTOMOOIIISA

Bkazane mporpaMHe 3a0e3leueHHS 3HAXOAWUTHCS y BIIBHOMY JOCTYII.
Po3paxyHok ToJiATaE 'y MOJENIOBaHHI MPOi3ay aBTOMOOLIS 31 CTaluMHU
CTaHAapPTU30BaHUMHU XapaKTEPUCTUKAMU IIABICKH (T.3. «30JI0THI aBTOMOOLIB)
10 3aJaHoMy NpOQUI0 3 peecTpalielo NapaMeTpiB KOJMBAHHS ITipecOpeHol
MacH (Ky30Ba aBTOMOG1IIs1) BigHOCHO HemiapecopeHoi [9-10].

Cepen OCHOBHMX NapaMeTpiB, IO MiASrarOTh PO3PAXyHKY: CyMapHe
KOJIMBaHHS Ta rpadik ImepeMilleHHs IPOTATOM ITPOi3/1y IUISHKH, L0 OLIHIOETHCS.
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BuxopucTaHHS JaHUX MOZICTIOBAHHS Ja€ MOXKIIUBICTh 00’ €KTUBHO OLIHUTH CTaH
JIUISTHKY 3a PIBHICTIO Ta JIOKANIi3yBaTH OKpeMi HepiBHOCTI (puc. 5).

100

MM KM/rox

Puc. 5. 3anexxHOCTI OLIHKK MTOOYIOBAHHUX TPAEKTOPIi pyXy 32 MOKa3HUKOM
IRI Bix mIBHIKOCTI BUKOHAHHS MaHEBPY

HaBeneni 3aKOHOMIPHOCTI CTOCYIOTBCSI OOMEXEHHSI PIBHSI IMHAMIYHOTO
BIUIMBY Ha aBTOMOOLIb, SKMH BHHHKAa€ MPH HOro pyci MO CHOTBOPEHOMY
KONIHHICTIO ToriepedHoMy mpodimto. Tomy TepMiH «rauOWHA KOMii» B IIbOMY
KOHTEKCTI BU3HAYA€THCS, B IEpIIy Yepry, SIK MaKCUMaJbHE IEPEBUILCHHS
MIOTIEPEeYHOT0 NMpodisIto, sKe aBTOMOOUIB JI0JIa€ il 4ac MaHEBpPY, TOOTO Pi3HMIIL
MDXK BiIMITKaMU HU3Y KOJIiI Ta BEPXHBOIO TOYKOIO 11 JIIBOTO I'peOHSL.

3a HaBeZIGHNMH pO3paxyHKaMH MOXKHA 3pOOHTH HACTYITHI BUCHOBKH.

[Tpn BukOHaHHI MaHEBpY «OOTiH» MiA KyTOM 2° Ha MOKPHUTTI 3 KOJISIMH
rnubuHo0 50 MM, aBTOMOOIIb Oy/e OTpUMYBaTH HABAaHTAXXEHHS Ha €JIEMEHTH
MiBICKY, EKBIBAJICHTHE HABAHTAXXEHHIO BiJ[ TIOKPUTTS 3 HEPIBHICTIO 2,5 M/KM (32
nokasuukoM IRI). Taka piBHICTh HE BIAMOBiZa€ TPAHUYHUM 3HAYCHHSM,
BCTAHOBJICHUM JIJISI JIOpir BHUIIOI KaTteropii — 2 cm/kM. OOTriH mig kytom 2°
MOJJIMBHH JIMIIE 332 YMOB BITBHOTO PyXy TPaHCIOPTHOTO IOTOKY, IO € JyKe
pigkum. 3a3Bu4ait KyT oOroHy ckiaaae He MeHir 5°. Ilpu TakoMy KyTi 0OTiH Ha
TIOKPHTTI, ypakKeHOMY KOMisiMU ruOuHO0 50 MM Oyzme BiImoBigaTH pyxy IO
nokpurTio 3 piBHicTIO 7 cM/kM (3a IRI). ITokpurrs 3 Takor HepiBHICTIO
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NOTPeOyIOTh HEraifHoro peMoHTy. besneyHa MIBUAKICTE pyXy Ha TakHX
MIOKPUTTSIX cKiagae — 80 km/rox.

HaBeneHy MeToquKy MOXKHa BHKOPHCTOBYBATH JUISl TUIAHYBaHHS 3aXOJIiB
110710 3a0e3neyeHHs Oe3MeKu JOPOKHBOTO PyXY Ha JUISHKAX, /1€ IPUCYTHI KOJTii.
TakuMu 3axomaMu MOXKYTb OyTH: OOMEKEHHS LIBHIKOCTI PyXy, BBEICHHS
o0OMeKeHHs Ha OOTiH, TOIIO.
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Buznauyenns micust po3MillleHHs ABiTLHOHY Ta peKoMeHaamil 3
NPOEKTYBAHHS 3yNIMHOK MAPLIPYTHOI'0 NACAKUPCHKOI0 TPAHCIIOPTY

Determining the Location of the Pavilion and Recommendations for
Designing Stops for Route-Based Public Transport

Timkina C.JO., cr. Bukia. (HaunionanbHuii aBianiiiHuili yHiBepcuTeT,
Kuis)

Timkina S.Yu., senior lecturer (National Aviation University, Kyiv)

Cmamms npucesayena ananizy ma pospooyi peKomeHOayitl wooo onmumaibHO20
PO3MiWenHs: NAasiNblioni6 | NPOEKMYBAHHA 3VRUHOK MAPUWPYMHO20 NACANCUPCLKO2O
mpancnopmy. [ocniodcenns nokazanu, wo micye po3mauty8anHsa NAsiNbUOHY CYMMESO
6NAUBAE HA epeKMUBHICMb GUKOPUCIANHA 3YNUHKOBO20 MAUOAHYUKA, HPONYCKHY
CHPOMOJICHICb 3YRUHOK MA 3pYYHicmb 00cny2o8yeanns nacadicupie. llpoananizoearno
63a€MO0II0 NIWOX00I8 [ nacaxcupis, wo OUIKYIOmMb MPAHCHOPM, 3 MPAHCHOPIMHUMU
3acobamu, sAKi npubyeams Ha 3YNUHKY.

Ha ocnosi excnepumenmanbHux 0aHux 6CMAaHoBIEH0, Wo MPAHCROPMHULL 3aci0, AK
npasuno, 3YRUHAEMbCA HABNPOMU NABITLIOHY, He3ANeHCHO IO 1020 MICYsl PO3MAULYBAHHS.
Lle cnpuuunsc nepisHomipne GUKOPUCMAHHA OO0BICUHU 3VHUHKOBO20 MAUOAHYUKA,
0c00.1U60 3a 8I0CYMHOCMI 3Ai3HO KULUEH].

The article examines and provides recommendations for the optimal placement of
pavilions and the design of stops for route-based public transport. The research reveals
that the positioning of pavilions has a significant impact on the effective utilization of the
stopping platform, the capacity of stops, and the ease of passenger service. The interaction
between pedestrians and passengers waiting for transportation and vehicles arriving at
the stop is looked at.

Experimental data showed that vehicles usually stop opposite the pavilion,
regardless of location. It leads to uneven use of the stopping platform, particularly when
a pocket is absent. A formula is suggested to determine the optimal stopping point of the
vehicle based on the location of the pavilion. These results demonstrate a strong linear
relationship between these parameters (the coefficient of determination is 0.8962).

It's best to put the pavilion 3/4 of a mile away from the starting point of the stopping
platform to make the most of its length. Furthermore, the geometric parameters of the stops
are examined, particularly the width of the boarding platform, which should be determined
considering passenger density and waiting time. We figured out the optimal parameters
for pockets and the number of parking spaces for urban streets with varying traffic
intensities.

The findings provide recommendations for the engineering and planning
organization of route-based transport stops, with the aim of enhancing their operational
efficacy and enhancing passenger service quality.
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Knrouoei cnosa: 3ynumka mapuipymuoco mpaucnopmy, NASiIbUOH, 3VNUHKOGUL
MAUOAHYUK, NIAHY8ANbHI  PIWEHHS, NPORYCKHA — CHPOMOJCHICHb,  NACANCUPCHKULL
MPaHCcnopm, eekmusHicms YHKYIOHY8AHHS.

Keywords: route-based transport stop, pavilion, stopping platform, planning
solutions, capacity, passenger transport, operational efficiency.

[TnanyBaHHS Ta oOpradizamiss 3yNWHOK MapHIIPyTHOTO TPAHCIOPTY €
BR)XJIMBUMH acHeKTaMHM Juisi 3a0e3leueHHs e(EeKTUBHOI poOOTH MichbKOI
TpaHcriopTHO! Mepexi. OIHMM i3 OCHOBHMX YMHHHKIB, SIKMH BIUIMBaE Ha
e(eKTUBHICTh POOOTH 3YNMHOK MapLIPYTHOTO TPAHCIOPTY, € IPaBUIIbHE
po3TalllyBaHHs MaBUIBHOHY Ha 3YNMHKOBOMY Maimanuuky [1]. Bsaemopmis
MacakMpiB, M0 OYIKYIOTh Ha TPAHCHOPT, 3 MIIIOXOAAaMH, L0 PYXarOThCS 10
TPOTyapy, MOXE TMpPH3BOAWTH [0 BHHUKHEHHS IIEPEHIKOA 1 CTBOPIOBATH
He3py4yHOCTI 1t 06ox rTpyn. [IpaBunmbHe pos3TamlyBaHHS NaBiIbHOHY Ha
3YMIMHKOBOMY MaiaHYMKy Ma€ BEJIMKE 3HAYCHHS IS 3pyYHOCTI IMacakKupis, a
TaKOX 151 3a0e31meveHHs Oe3Mekn pyxXy TPaHCIIOPTY Ta MIOXomIiB [2].

HocmimpkeHHs, mpoBeaeHe y poOoti [3], miaTBepmkye, MO YacTo BOIIl
I'POMaJICBKOTO TPAHCHOPTY 3YMHUHSIOTHCS HABIPOTH IABIIBHOHY, HAaBITH SIKIIO
BiH PO3TallOBaHMI Ha MOYATKy YW B KiHLI 3ynuHKH. Lle 3ymMOBiIeHO THM, 110
OLIBLIICT MACAXKUDIB, SIKI YEKAIOTh Ha TPAHCIIOPT, 3HAXOAATHCS OLIs MABUILIOHY
a0o0 Oe3mocepeIHbO B HHOMY. 3yMHUHKA TPAHCIIOPTY B Oe3m0cepe/IHii OaHM3bKOCTI
JI0 TIaBUILHOHY 3MEHIIY€ BiJICTaHb, SIKY IOTPIOHO MPOMTH Macaxxupam Jyist BXOILY
B aBTOOYC YH TPOJIEHOYC, 1110 Mi/IBUILYE SIKICTh 0OCITyroByBaHHS.

Excniepument [3] OyB chopsiMOBaHMI Ha BCTAHOBJIEHHsSI Miclisd (TOYKH)
3YIUHKH MACaKUPCHKOTO TPAHCIOPTHOTO 3aco0y (Lmr) BIAMOBIIHO IO MicIHA
po3ranryBaHHs maBimbHOHY (Lmm3) Ha 3YNMUHIN MapHIpyTHOTO TPAaHCHOPTY

(puc.1).

L?yn
e

254232221 20191817 16151413 11109 8 7 6 5 4 3 2 1

a
%:) [
Puc. 1. Po3mileHHs naBiibioHy Ha 3yIMHUHLI MapUIPYTHOTO TPAHCHIOPTY

Micue posranryBaHHs MaBiIbHOHY BU3HAYAJIOCs SIK BiACTaHb Bijl OYATKY
3YIMHKM [0 CepeluHu maBiibiioHy. Touka B3ynMHKH IacaXHPCHKOTO
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TPAHCIOPTHOTO 3acO0y BHU3HAUamacs SK BiICTaHb BiJ IMMOYATKy 3YHHHKH IO
nepeIHpOro Obamrepa aBTobOyca abo Tposneiidyca [3].

B pamkax mpoBeneHoro excrepuMeHTty [3] Oyno JOCHiIKeHO, SIK TOYKa
3YIIMHKH TPAHCIOPTHOTO 3aC00Y 3aJIEKUTH BiJ] MiCIlsl pO3TalllyBaHHs aBUILHOHY
(puc. 2). Orpumani aaHi [3] mokasanu HasiBHICTb JIIHIHHOTO 3B’ A3KY [5] MiXk numMu
mapaMmeTpamH, [0 MiATBEP/HUKEHO BHUCOKAM KOCEQII[iEHTOM JeTepMiHamii
(0,8962). lleit pesympTaT m03BOJSE CHOPMYIIOBATH YITKE MAaTEMAaTUYHE
piBHsHHES (1) 171 BU3HAYEHHS TOYHOTO MICIIS 3yIIHKH TPAHCTIOPTY 3aJISKHO Bif
pO3TallyBaHHs NaBiIbHOHY.

Lum = 0,8262L,5 + 1,1723, (1)
ne  Lu,s — Miclie pO3MIIIEHHS MaBiIbHOHY HA 3YIHHINI MapIIpyTHOTO
TpaHCIOpPTY, M; L,» — TOYKa 3yNMWHKA MapUIPYTHOTO ITaCAXKUPCHKOTO
TPAHCIIOPTHOTO 3aC00Y, M.
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Micue po3minieHHs NaBuIbLbOHY (L), M

Puc. 2. 3anexHiCTh TOUYKH 3yMMHKH MACAXKUPCHKOT'O TPAHCIIOPTHOTO 3ac00y
BiJl MicIs pO3MILICHHS NTaBUILHOHY

SIKmo naBUTBHOH PO3MIIIEHHH y HEHAJIE)KHOMY MICII — HallpuKIaj, Ha
MOYaTKy 3yIMHKOBOTO MaiilaHuMKa abo B HOro cepeanHi 0e3 HassBHOCTI 3ai3HOT
KUIIEHI, [ MO)XE IPU3BOJUTH 10 YTBOPEHHS 4Yepr. 3yNMHKa MepIIoro
TPaHCIIOPTHOTO 3aco0y TIepes NaBiILHOHOM MOXe OJOKyBaTH WIISAX JUIs
HaCTYITHUX aBTOOYciB abo TposeiOyciB, HABITh SKIIO Ha 3yNHUHIII € BUIbHE MicLe
s ix 3ynuHKH. Lle, cBO€0 ueproro, 3Ha4YHO 3MEHILIYE IMPOIYCKHY 31aTHICTh
3YIAHKA Ta 301IBITYE Yac, 10 BUTPAYAETHCS HA TTOCAKY 1 BUCAJIKY MACAKHPIB.

VY 383Ky 3 muM, OyJi0 pEeKOMEHJOBAHO PO3TANIOBYBATH TABiIBHOH Ha
BimcraHi 3/4 Bim mouyaTKy 3yNMMHKOBOTO MaimaHduka. Taka JOKaIisl JO3BOJISIE
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HaOLIPII €EeKTHBHO BUKOPUCTOBYBATH BCIO TOBKHUHY MalIaHIMKA 1 3a1100ir T
3aTopaM, SKi MOXKYTh BUHUKHYTH Yepe3 HEIpaBHJIbHE PO3MIILEHHS MaBlUIbLHOHY
[4, 6].

[lpn npoexTyBaHHI 3YyMUHOK MapIIPYyTHOTO TPAHCIIOPTY BaKJIMUBO
BpaxoOBYBaTH HE TUIBKM MiClle pO3TallyBaHHs MaBUIBHOHY, ayie ¥ iHmi
TeOMETPUYHI XapaKTEepUCTHKU 3YNHHKOBHX MaijgaHumkiB [6]. Ilepmr 3a Bce,
HEOoOXiTHO BU3HAYMTH IIMPUHY ITOCAAKOBOIO Mai/IaHUMKa, sIKa Ma€ BiAMOBIIATH
MACAKUPOTIOTOKY Ta KIIBKOCTI 0ci0, Imo 4YekaroTh Ha TpaHcmopT. llmpuna
MalilaH9rKa MMOBHHHA 3a0e3medyBaTi KoMpopTHe epeOyBaHHS MaCaKUPiB 1 He
CTBOPIOBATH IIEPEIIKO IS MiMIOX0MiB [2].

3rigHo 3 HOPMATUBHUMH BUMOTaMH [4], TOCaIKOBHIA MaiilaHInK Mae OyTH
JOCTaTHBO TIPOCTOPHM Il 0OCIyTOBYBaHHS HEOOXiTHOI KUTBKOCTI Macakupis,
mo 3a0e3nednTs e(heKTHBHE BHKOPHUCTAHHA HOTO IUIOMII HaBiTh 3a BHCOKOI
3aBaHTQXEHOCTI 3yHnWHKW. [IpoTe, HaiOUIbIl BaXiIMBUM (AKTOPOM IpH
BU3HAYCHHI reOMeTpii MaiilaHuMKa € pO3paxyHKOBa IIUIbHICTh ACAXKUPIB, sIKa B
3aJIKHOCTI BiJ] Yacy J00U Ta JHS THOKHS MOXKE 3HAYyHO KOJMBATHCS. 30Kpema,
JUISL MICBKUX 3YIIMHOK 3 BUCOKHM NacaXUPOIOTOKOM MOTPIOHO BpaxoBYBaTH HE
JIMIIE MaKCHUMalbHY KUIbKICTh MAaca)HpiB, sSKi OYIKYIOTh, ajie i 1HTepBaJl MiX
TPaHCIIOPTHUMH 3aC00aMH, 1110 TPUOYBaIOT.

[I{ono napaMeTpiB 3yITUHOK HA BYJIUISAX 3 IHTEHCHBHUM PYXOM TPaHCIIOPTY,
30KpeMa Uil THX BYJIUIb, II0 MAlOTh KiJIbKa CMYT PyXy B OZHOMY HalpsMKY,
PEKOMEHIOBaHO MPOEKTYBATH 3ai3H1 KUILICH] /IS 3yITMHOK. SIKIIO IHTEHCHBHICTB
pyXy Ha KpaiHid mpaBiii cmy3i mepepumrye 400 aBTOMOOLUTIB Ha TOAWHY, a
IHTEHCHUBHICTB PyXy MapLIPyTHOTO TPAHCTIOPTY CTAHOBUTS Bif 17 10 71 onuHMIb
Ha TO/IMHY, JIOIJIbHO BJALITYBAaTH 3ai3HY KHUILICHIO JJIs YHUKHEHHs 3aTOpiB i
3MEHILECHHS Yacy, BATPAYeHOI'0 Ha 00CITyroByBaHHS Maca)KHpiB.

JlonaTKoBO, MPOEKTYIOYHM 3yNMUHKH MapUIPyTHOTO TPaHCIOPTY, MOTPiOHO
BpaxoBYBaTH TaKi MapameTpH, sIK KUIbKICTh MICIIb JJIsI CTOSIHKH TPAHCIIOPTHUX
3aco0iB Ha 3ynuHIl. J{7s1 3yNUHOK, JIe € 3ai3H1 KHIleHi, MAaKCUMAJILHO JI03BOJICHA
KUIBKICTh MiCIIb JIJISl CTOSIHKH IOBUHHA CKJIanaTh 4 oguHUII. B pasi BiAcyTHOCTI
3ai3HO1 KHUIIEeH], KUIbKICTh MicIlb Ma€e OyTH oOMeXeHa 10 TPbOX.

Po3paxyHOK e(eKTHBHOI JOBXHHU 3YIUHKOBOIO Mai/laHUYMKa TaKOX €
Ba)XJIMBUM €TaIllOM Y IpPOLECi MPOEKTYBAaHHSA. 3a JONOMOrol0 (OPMYIH, IO
BPaxOBY€ IHTEHCHBHICTh MACAXUPOIOTOKY 1 KIJIBbKICTh TPAHCHOPTHHUX 3aco0iB,
mo oOCIyroBylOTbCS Ha 3YNHHII, MOXXHa BH3HAYUTH TOYHY JOBXKHHY
MalJaH4MKa JUIsl KOXKHOI KOHKpPETHOI 3ynuHKH. Lle 103B0JIs€ 3HAYHO MiIBUIIUTH
€(eKTUBHICTh 3YMMHOK Ta 3MEHIIUTH 3aTPUMKH TPAHCIIOPTY.

BpaxoByroun BiAIIOBiIHI BHMOTHM Ta MalO4yl HEOOXiIHI PO3paxyHKOBI
IapaMeTpy, MOKHA BU3HAYUTH €(EKTUBHY JOBKUHY 3y[THHKOBOTO MalIaHUNKa
JUTS TTACAKUPCHKUX TPAHCTIOPTHUX 3aCO0IB OJJHOTO BHIY:

Le¢.3yn = Mm X lpl'IT3 + ld X (Mm - 1)1 (2)
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1€ Legsyn — epexTvBHA NOBXKMHA 3YMMHKOBOTO MaiJIaHYMKa HA MiChKii
3YIHMHII MapOIpyTHOTO TPAHCIOPTY, M; M, — YHCIO MICIpb Ha 3YMUHIN I
OJIHOYACHOTO 0OCIIYrOByBaHHS MaPUIPYTHOTO TPAHCIIOPTY, OA; Lynrs — NOBKUHA
PO3paxyHKOBOTO MACaKUPCHKOTO TPAHCIIOPTHOTO 3acoly, M; l; — BiICTaHb MiX
JIBOMA TTaCaXUPCHKUMH TPAHCIIOPTHUM TPAHCIIOPTHUMHE 3aC00aMH MiJ] 9ac iXHBOT
CTOSIHKH, M.

BinnoBigHi po3paxyHKH TaK0K MO’KHA BUKOHATH BPaxOBYIOYH YMOBH, IO
3yMMHKA MapIIpyTHOTO TPAaHCHOPTY Oyxe OOCIyroByBaTH IacaXUPCHKUI
TPaHCIOPT pi3HUX BUAIB. To/i MOTPiOHO KOpUCTYBATHCS (POPMYJIOIO:

= M, x 2Bl (M, — 1), 3)

Lecl).syn n
ne lyprs; — JMOBXHMHA PO3PaXyHKOBOTO MACaKMPCHKOTO TPAHCIOPTHOTO 3aco0y,
0 BXOAWUTh y I-Ty KOMOiHAI[ifo, M; N — KUIBKICTh MOXIIMBHX BHJIIB
nacaXHPChKUX TPAHCIIOPTHHX 3aC00iB, sIKi 00CIYroBY€ OJlHA 3yNUHKa, 015 M, —
YHCIO MICIb Ha 3YHHHII JJI1 OJHOYACHOTO OOCIYrOBYBaHHS MAapIIPyTHOTO
TPaHCIOPTY, OJI.

BpaxoByrloun iHAMBigyalbHI Ta (QYHKIIOHaIbHI OCOOIMBOCTI 3yNUHKH,
MOJKHA BU3HAYUTH ONTHMAJIBbHY KUIBKICTh MICIh ISl CTOSHKH MACa)KUPCHKOTO
TPAHCIIOPTY, SKY CIIiJ] 3aIPOEKTYBATH HA 3yIIHHIII.

Nypps Xt
M = MT3 3ar.BUT 4
m 3600 ' )

ne M, — 4YHCIO MICIb Ha 3YIHUHII JUII OJHOYACHOTO OOCIYrOBYBaHHS

MapIIPyTHOTO TPAHCIOPTY, 01; N,.; — IHTCHCHBHICTH PyXy NAacaKUPCHKOIO
TPAaHCIIOPTY 4Yepe3 3YHNHHKY MapIIpyTHOIO TPAHCHOPTY, OINTON; taarpur
cepe/iHii MOKa3HHMK 3arajbHUi BUTPAT 4yacy Ha nepeOyBaHHs MAaCaKUPCHKOTO
TpaHCHOPTHOTO 3aco0y Ha 3MT, c.

Toni,

Csarmur = tn+tBLl + t3a+to + it t+ th—lQ) *+ Louirs (5)

ne t, — yac, axuil Butpadaerscs I1T3 Ha 3ai31 10 3ynMHKOBOro MaljgaH4HKa, C;
tyy — Yac 3aTpayeHMil Ha BiOUMHEHHsA ABEpeH, c; t,; — 4ac 3aTpadeHuil Ha
3aYMHEHHS JIBEpEH, C; t, — Jac, IKUi 3aTpavaeThecs Ha BiA 1371 BiJl 3yITUHKH, C; top
— Yac CTOSHKU TpaHCHOpTHOro 3acoby Ha 3MT BHTpadeHHI Ha BXiI Ta BHUXIiA
TACAXKHUPIB, C; Lyoug, — BTPATH YaCy MACAHKUPCHKUM TPAHCIIOPTOM (ac MPOCTOI0),
SIKi CIPUIMHEHI KOHMIIKTHICTIO MIXK HAMH, C; Tyyix — YaC OYIKYBAHHS ITACaXKHUPIB
Ha 3yNUHIII, C.

OcHOBHI BHCHOBKH, OTpHMaHi B PE3yJbTaTi JOCIHIIKEHb, JO3BOJSIIOTH
chopMyIIOBaTH HHU3KY PEKOMEHJALid I0J0 IPOEKTYBaHHS  3YIMUHOK
MapHIpyTHOTO TpaHcnopTy. OJHIEI0 3 KIIOUYOBUX € HEOOXIIHICTh NMPAaBUIEHOTO
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BHU3HAYCHHS MICIII [UIS MABUTBHOHY, SIKE TIOBUHHO PO3MIIIyBATHUCH HA BiJICTaHI
3/4 Bim moyaTKy 3yNHMHKOBOro MaigaHuuka. lle 03BOMMTH MaKcHMalbHO
e(eKTUBHO BHMKOPHCTOBYBATH MPOCTIp 1 3amo0irTM BHHUKHEHHIO 3aTOPIB Ha
3YIHHKAX.

Po3pobiieHo MeToAMKY [UIsi BU3HAYEHHS ONTHMAJIBHOI KUTBKOCTI MiCIb JUTs
CTOSTHKH TPAHCIIOPTHHX 3ac00iB, 1110 00CIIyrOBYIOTh 3YIIMHKY, BPaXOBYIOUH Pi3HI
(axTopu, Taxi SIK MaCAKUPOIIOTIK, TUITH TPAHCIIOPTHUX 3aCO0IB 1 IHTCHCHBHICTb
pyxy. Bci i pexomeHmanii cripssMoBaHi Ha TOMIMIICHHS SKOCTI 00CITyTOBYBaHHS
MacaXKUpiB Ta MiIBUIICHHS e(QeKTUBHOCTI (YHKIIOHYBaHHS 3YIHHOK
MapIIPYTHOTO TPAHCHIOPTY.
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IlinBuIeHHS JOBrOBiYHOCTI TOPOKHBOIO OASITY HA MOCTOBUX
CIOPY/Jax 32 PAaXyHOK BUKOPHCTAHHSA TOHKOLIAPOBHUX MOKPUTTIB

Increasing the durability of pavement on bridge structures through
the use of thin-layer coatings

®egopenko O.B., reHepanbHuil JUpPeKTOP (KOMYyHaJIbHA KOpPHOpauist
«KuiBaBTomop», KuiB)

Fedorenko O.V., General Director (Kyivavtodor Municipal
Corporation, Kyiv)

IIposedeno  eunpobyeanns  achanomobemonHux — cymiwieli  Ha  OCHOGI
MEMUIMEMAKPUIAMHOL CMONU [3 PIsHUM 8udom 3anosniosaya (nicok, 6iocig). OcHoGHUM
3a80aHHAM OYI10 GUIHAUEHHSA DIZUKO — MEXAHIUHUX Ma MEPMOPEONOIYHUX BIACMUBOCMEll
Odocnidocysanux 3paskie. Ompumani pe3yibmamu npogeodeHux 00CAi0NHCeHb C8i0Uamy npo
epekmueHicms ~ GUKODUCTIAHHA — ACaAnbmMOOemMOHHUX — cymiweli  HA  OCHO8I
MemuamMemakpuniamy Oiia 61awmy8anis 6 AKOCMi MOHKOWAPOBO20 NOKPUMMA HA
aA6MOOOPONHCHIX MOCIAX.

Road pavement is a key structural element for ensuring the safety and comfort of
vehicles, in particular due to its flatness, low noise level and roughness, which guarantees
the proper coefficient of adhesion to the tires of vehicles while driving. However, it should
be noted that during operation, such a coating is easily exposed to negative factors that
lead to its premature deformation.

In today's conditions of intensive development of transport infrastructure, the use of
materials capable of ensuring the durability and reliability of pavements on roads and
bridges is of particular importance. One of these materials is methyl methacrylate-based
mixtures, which are becoming increasingly popular due to their exceptional performance
properties. Methyl methacrylate mixtures provide high wear resistance, chemical
resistance, fast curing and the ability to be used in various climatic zones. They also
demonstrate excellent adhesion to various types of surfaces, making them particularly
valuable for repairing and overlaying bridges and other complex structures.

However, in order to maximize the potential of methyl methacrylate-based materials,
it is necessary to comply with the requirements for the quality of the initial components
and the technology of manufacturing mixtures. Inadequate quality of raw materials or
violation of technological processes can lead to deterioration of the pavement
performance, its premature wear and the need for frequent repairs.

Asphalt concrete mixtures based on methy methacrylate resin with different types of
aggregate (sand, screenings) were tested. The main task was to determine the physical,
mechanical and thermo-rheological properties of the tested samples. The obtained results
of the studies indicate the effectiveness of the use of asphalt mixtures based on
methomethacrylate for use as a thin-layer pavement on road bridges.
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O00POIICHE NOKPUMIMSL, MEMUIMEMAKPULAM

Keywords: road bridge, durability, asphalt mix, road surface, methyl methacrylate

IMocranoBka npod;iaemu. B yMoBax iHTEHCHBHOTO PO3BUTKY JAOPOKHBOTO
OymiBHHIITBA Ta BHUCOKHX BHUMOT /IO SKOCTI OPOXHIX MOKPHUTTIB, Ba’KIMBHM
aCIIeKTOM € 3a0e3IeUYeHHs JOBTOBIYHOCTI Ta MIIHOCTI achanbToOeTOHHIX
cymimed. OHHM i3 MOXJHMBHX INUISXIB TIOKPAIICHHS EKCIUTyaTaliitHIX
XapaKTePUCTHK ac(PaTbTOOCTOHHNX MOKPUTTIB € BUKOPHUCTAHHS Pi3HOMAHITHUX
MomudikaTopiB, AKi MOXYTh 3MIHIOBaTH (I3UKO-XIMIUHI  BJIACTHBOCTI
MarepianiB. OfHUM 3 TakuX MOAM(IKATOPIB € METUIMETAKpWIAT — OpTraHiyHa
CHOJIyKa, LIO BiJIOMa CBOEIO 3[aTHICTIO 3MII[HIOBAaTH CTPYKTYpy MarepiajiB 3a
PaxyHOK TMOJIMEpPHOi peakilii Ta YTBOPEHHS BHCOKOMIIHHX TOJTIMEPHHUX
3’€IHaHb.

Ha cporoaHimHiii JeHb NHTaHHSA BIUIMBY METWIMETAaKpUIaTy Ha
BJIACTHBOCTI ac(hanbTOOETOHHUX CyMilllel 3aJINIIAETHCSI HEAOCTATHRO BUBYECHHM.
Bigomo, 1o BUKOPUCTAHHS METHJIMETAKPMWIATY MOXKE TOTEHIIHHO IMTOKPAIUTH
Taki XapaKTePUCTHKH, SK MIIHICTh Ha CTHUCK, 3HOCOCTIHKICTH Ta
TpilmuHOCTIMKiCTE. OgHAaK  BINCYTHICTh JAETANbHUX JOCHIIKEHb IO
MeXaHi3MIB Horo BIDIMBY Ha ac}aapToOCTOH Ta WOT0 JOBrOCTPOKOBY
e(EeKTUBHICTh B yMOBax pIi3HMX KIIMaTHYHUX 1 MEXaHIYHUX HaBaHTAXKEHb
CTBOPIOE HEBH3HAYEHICTh 100 JOULIBHOCTI 3aCTOCYBAaHHS ILOI'O Marepiany B
JIOPOXKHBOMY OYTIBHUIITBI.

Tomy BHHMKa€e HEOOXIJHICTh Y MPOBECHHI CUCTEMAaTUUYHUX BUIPOOYBaHb
acambTOOETOHHNX 3pa3KiB, MOAM(IKOBAHUX METHJIMETAKPUIATOM, 3 METOIO
BH3HAYCHHS ONTHUMAILbHUX TMPOMOPINHA, sKi 3a0e3medyarh MiIBUIICHHS IX
eKCIITyaTallifHUX XapaKTepUCTHK. BUBUEHHS BIUIMBY METHJIMETAKpHJIATy Ha
CTPYKTYPHI Ta MEXaHiYHI BJIACTHBOCTI ac(hanbToOCTOHY JO3BOJIUTH OIIHUTH
MIepCIIEKTHBH BUKOPHUCTAHHS [[LOTO Marepialy B JJOPOXXKHBOMY OYIIBHHMITBI Ta
CHPUSTUME BJIOCKOHAJIEHHIO TEXHOJIOTIH BHPOOHHITBA ac(aabTOOETOHHUX
CyMIIIeH.

AHaJxi3 BizoMux qocaigxens i mydaikaniii. OmHi€IO 3 TOJIOBHHUX TIPoOIeM
IIPU pO3paxyHKy HOKPHUTTIB Ha OCHOBI METAaKpHJIATIB JJIsI MOCTOBOTO IIOJIOTHA,
KpiM 0OMEXEHOCTI METOJIMKH PO3paxyHKY, € 0OMEXeHU Ha0Ip XapaKTePUCTHK
MarepianiB. ICHYIOYI METOIMKH PO3PaxXyHKY ITOPOKHBOTO OSITY Ha MOCTax
30€0UIBIIOr0 3BOAATHCA A0 BHKOPHUCTAHHSA IUIOCKHX DPO3PAXYHKOBHX CXEM,

HalpuKIal, MOXE po3risaatucs poboTa MiX IMONEPeYHUMH OallkaMu
TTO37I0BXKHBOTO pedpa 3 TOPOKHIM OJITOM, X092 pOOOTH ACSIKAX BYCHUX CBITIaTh
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TIPO Te, IO JUIS JOPOKHBOTO OZSATY OLTBII KPUTHIHA POOOTA ITOTIEPEK IPOTOHOBOL
6ynosu [1 — 8].

[lpun HeraTMBHHMX TeMIepaTypax JOPOXHIH OJSr CTa€ KPUXKHM, TOMY
MOXIIMBO BECTH PO3PAaxXyHOK B NPYXHIH cranii. 3a KOpJIOHOM B CHIIy OUIBII
e(eKTUBHOro (hiHAHCYBaHHS HAYKOBHX JOCIIJKCHb IE€peBara BiJJIa€ThCS HE
TEOPETHYHHUM, & €KCHEPUMEHTAIBHIM JIOCIIKEHHIM PI3HUX KOHCTPYKTHBHHUX
pIlIeHb JOPOXHIX OJATIB, SIK HA aBTOMOOIJIBHUX JOpOTaxX, Tak i HA MOCTOBUX
cropyzax (Ha criemiansHuX mosirosax) [6 — 8].

Ilepmi TOHKI TOKPUTTA Ha MocTaX, BiamrToBaHi B 1950-x pokax,
MIPEACTABISUIA cOOO0I0 OJVH INap CMOKCHAHOI CMOJM, HaHECCHWH Ha OETOHHE
MTOKPUTTS Ta MOCHUIIaHUI ApiOHMM 3amoBHIOBadeM. Y 1960-x i 1970-x pokax
MOYaJI¥ BUKOPHCTOBYBATH MoJieipHi CMOIM Ta METHIMETaKpwiIaTH. Brepre
MIOKPHTTS Ha OCHOBI METHIIMETaKpHiIaTy OyJo 3actocoBaHo B 1976 pomi Ha Tpaci
44 B I'pann-Paminc, mrar Miunran (CHIA). Tepmin ekcrutyaTamii Takoro
MOKPUTTS CTaHOBUB 16 pokiB. 1978 p. [ToxiGHe mOKpUTTS OyJI0 3aCTOCOBAaHO B
SnoHii.

3rigao 3 [9] ToHKi mokputTia mpoizay (10 — 20) MM MOXyTe OyTH
3aCTOCOBaHI IPH PEKOHCTPYKINSIX MOCTIB Ta JUII MOCTIB i3 PO3BiITHIMH
nporoHaMu. TOHKI OKPHTTS, SK NPAaBHUIIO, BUKOHYIOTHCSI HA OCHOBI €OKCHIIB,
MoJIiypeTaHiB, METaKPHJIATIB, TIOTieCTePiB.

OnHak, eTalbHUX BUMOT JI0 MaTepiajiB, X CKJIaiB, BUMOT JIO TIOKPUTTIB
He HaJaHo. Tomy OyJio akTyaabHUM NUTaHHS PO3POOJICHHS BUMOT JI0 MaTtepialiB
Ha OCHOBI METaKpPHMJIiB JIJIsl MOCTOBOI'O MOJIOTHA.

3rigao 3 [10] Oyno Bmepine 3amponOHOBAHO PO3PaXyHOK TOHKOIIAPOBOTO
MOKPHUTTSI Ha OCHOBI METHJIMETaKpWJIATy Ha 3ali300€TOHHINM IUIMTI MPOi3HOT
YaCTHHH aBTOJOPOXHIX MOCTIB Ha JIOBTOBIYHICTb.

3rigso 3 [10] mOKpHUTTS mpoi3ay MOBHHHO MaTH MPOEKTHUI CTPOK CIy)OU
HE MEHIIIe Hi)K 7 POKiB 3rijHO 3 [9].

Metoio nanoi mpani € BUnNpoOyBaHHS ac(albTOOSTOHHHMX 3pa3KiB Ha
OCHOBI METHJIMETaKpHJIATHOI CMOJIM JUI BU3HAYEHHS X (i3MKO-MEXaHIYHUX Ta
TEPMOPEOJIOTIYHUX ~ BJIACTHBOCTEl 3 METOH MOAAJBLIOr0 3a0e3redeHHs
JIOBTOBIYHOCTI JIOPOXKHIX MOKPHUTTIB HA aBTOJIOPOKHIX MOCTaX.

Metoau Ta matepiaau. [IpoBeneHHS EKCIEPUMEHTAIBHHUX JTOCIITKECHD
BHKOHYBAJIOCh Ha JIOCTIDKCHHX 3pa3kax (puc. 1) BHUTOTOBIEHHMX Ha OCHOBI
METHJIMETaKpPHIATY, sIKi BUTOTOBIIEH] 3rigHo [11].

Marepian Juisi TNOKPUTTS Ha OCHOBI METHJIMETaKpWJIATHOI CMOJIM 1
3anoBHIOBaya micky ¢paxuii (0 — 5) MM (Tabm. 1). 3mimryBaHHS MiHEpalIbHUX
MarepianiB BinOyBanocs B cyxoMmy crasi. J[is npoBeneHHs JOCHiIKeHHS 0yJI0
3aIpOEKTOBAHO J[Ba CKJIAAU MOJIMEPOETOHIB, a caMme: NOoIiMEepOETOHIB Ha OCHOBI
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METHJIMETAKPUIIATY 3 MiCKOM; MOJIIMEPOCTOHIB HA OCHOBI METHJIMETAKPUIIATY 3
BizciBOM.

OCHOBHHM 3aBJaHHSIM CTATTi € MITBEPKCHHS  MOMJIMBOCTI
BIIAIITYBaHHS TOHKOIIAPOBHX IOKPHUTTIB HAa OCHOBI METHJIMETaKpHJIAaTy Ha
ABTOZOPOKHIX MOCTaX.

Tabmuus 1
@Di3uK0-MeXaHiI4HI BIaCTHBOCTI MiCKY (3alIOBHIOBAYA)
Bumorn
Ne Hasba HoKasHuKa JACTY b Pesynbratn
/I B.2.7-32 BHITPOOYBaHHSA
[14]
1. 3epHOBUIl  CKial, YacTkoBuit TToBHu
[IOBHI 3alIUIIKK Ha
curax, % 3a Macorw
2,5 9,5 9,5
1,25 12,0 21,5
0,63 25,0 46,5
0,315 37,5 84,0
0,14 14,0 98,0
[poiinio 4yepes He OlbIIe 2,0
curo 0,14 Hixk 15 %
2. Bwicr 3epeH
po3Mipom BUILIE He Oiiblie 0,0
10,0 MM, HE Hixk 0,5
ITOBUHHO
TIepEBUIlYBaTH 32
Macor B %
3. Bwicr 3epeH
po3mipom Buie 5,0 1o 10 0,0
MM, HE [OBHHHO
MEePEBUINyBATH 34
Macor B %
4, Moyab KPYITHOCTI 1,6 —35 2,6
5. [nmyBati, rmuHUCTI
YaCTUHKH B % o 5 0,9
6. Hacunna HE MEHIIIE 1420
LJIBHICTh, KI/M3 1100
7. Bouoricts, % HE 0,5
HOPMYETBCS

30BHINIHIN BUJ JOCHIIKYBAaHUX 3pa3KiB HaBeJICHO Ha puC. 1.
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6)

Puc. 1. 30BHIIIHIA BUMIISA JOCHIIKYBAHUX 3pa3KiB:
a) - MoyTiMepOETOHIB Ha OCHOBI METHIIMETAKPHIIATY 3 MICKOM,
0) - moniMepOeTOHIB HA OCHOBI METHIIMETAKPHJIATY 3 BiICIBOM

PesyabTaTn. MeTo0 MPOBENEHOTO AOCHTIKEHHS OYyJ0 BU3HAYCHHS Ta
MTOPIBHSAHHS IIUTBHOCTI MOJIIMEPOETOHIB, IO MICTATH Pi3HI TUIH 3aIIOBHIOBAYIB.
VYci mocmimkyBaHi 3pa3Kd MajM OJHAKOBY MOJIMEpHY Marpuimio (moiiedipHy
CMOJIy Ta METWIMETAKPHJIAT), IPOTE PI3HWINCS 332 THIIOM 3arloBHIOBada (IiCOK
abo BinciB). PesynbraTM BUMIpPIOBaHHS IIUIBHOCTI JIOCITIDKEHHX 3pas3KiB
MIPECTaBICHI B TAOIHII 2.

IIpoBoxasum CHiBCTAaBICHHS OTPUMAaHUX 3HAYCHb MOKA3HMKA MIIlHOCTI
IPU CTHCKY U BUIPOOYBaHHMX ac(albTOOCTOHIB BCTAHOBJICHO HACTYITHE. 3a
temneparypu BunpoOyBanHs (0°C g momiMepOeTOHy Ha  OCHOBI
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METHJIMETAaKpuIaTy 3 MICKOM CepelHe 3HA4YeHHs IOKAa3HHKA BUIIPOOYBaHHS
cranoBuTh 32 Mlla, a g mosiMepOeTOHY Ha OCHOBI METHJIMETaKpWiIaTy 3
BiZICIBOM Ta roJrimepOeToHy Ha ocHOBI nosiedipHoi cmonu 35 MIla ta 75,3 MIla
BIZIIOBITHO.

Tabmuws 2
PesynbraTi BU3HAYEHHS MIUTBHOCTI MaTepiaay JJis MOKPUTTS Ha OCHOBI
METHWJIMETaKpUIaTy
. .| TlomimepOeToH Ha
[MonimMepOeTOH HA OCHOBI .
OCHOBI
METUIMETaKpUJIaTy 3
. METHIIMETaKpHIIIATY 3
. MCKOM .
HaiimenyBanus |OauHULA BIJICIBOM
MTOKa3HUKA BUMIPY | o g T Cepe
BHIIPOOY- Cepense BHUITPOOY- e
pooy 3HAYCHHS pooby 3Hayue
BaHHS BaHHS
HHSA
2,08 2,10
2,08 2,14
. 2,11 2,12
linpHICTH r/em® 209 2,09 216 2,13
2,10 2,13
2,10 2,13
75 3 -
o0 67 2
g 5 42
= 2 27.9 —0
5 ’ } 0.6
SEf2, —
92 !
=
=R 25 1808
=
2 Temneparypa Bunpodysanus, °C
=
E ==4—=TloniMepOETOH Ha OCHOBI METMIIMETAKPUIIATY 3 IIICKOM

IMonimMepOeToH Ha OCHOBI METHJIMETAaKPHJIATY 3 BiICiBOM

ITonimepOeToH Ha OCHOBI MoMie(ipHOI CMOIH

Puc. 2. PesynbTraTi BU3HaYSHHS MIITHOCTI IIPH CTHCKY HOJTIMEpOETOHIB,
BUT'OTOBJICHUX Ha OCHOBI METHJIMETAKpHIIATy Ta nojiedipHoi cMonun

IIpu mpoBeneHi MOCTIDKEHHS BCTAHOBJICHO, IO Mapamerpu (QyHKIii

JIOBTOBIYHOCTI JIJIs1 TIOJIiMEpOETOHY Ha OCHOBI METHJIMETAKPHJIATY 3 BiJICIBOM €
BHIUMHU y TIOPIBHSAHHI 3 TMOJIMEPOCTOHOM HAa OCHOBI METHJIMETaKpHJIATy 3
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mickoM. Bu3HaueHi pe3ynbTaTé MOCTIMKCHHS CBiM4aTh, MO TaKi MOKPUTTA
MaTUMYTh IiIBUIIEHY JJOBrOBIUHICTH Oe3mocepeIHbo Ha 00’ €KTi Oy 1IBHHUIITBA.

Jns  BU3HAaYeHHS  MOAYNS TNPYKHOCTI  3pa3kiB  Ha  OCHOBI
METWIMETaKpHiIaTy OyJIo IPOBEAECHO BUIIPOOYBaHHs Ha 3pa3Kax HoJliMepOeToHy
Ha OCHOBI METWIMETAaKpWiaTy 3 IIICKOM Ta HOJIMepOeTOH Ha OCHOBI
METWIMETAaKpHIaTy 3 BiACIBOM o 12 oIuHHUIB KOXHOro. BumpoOyBaHHs
npoBoamIKch 3a Temnepatypu 0°C ta +20°C.

Tak B pe3ysbTati BUIIPOOYBaHHS BCTAHOBIICHO, 1110 3HAYCHHS TOKA3HUKA
MIPY’KHOCTI MaTepiany Al MOKPUTTS Ha OCHOBI METHJIMETaKPUIIATY 3 IICKOM 3a
temnepatypu 0°C xonmBaeThes B Mexi Big 10798 MIla mo 10945 MITa. 3a Tiel x
TeMIepaTypy BUNPOOYBaHHS Ul MOTIMEPOSTOHY HAa OCHOBI METHIIMETaKpHIIATY
3 BICIBOM JaHa Meka CTaHOBUTH Bix 12749 MIla no 12981 MI]a.

Tabmums 3
PesynsTatu BUNpoOyBaHb NOTIMEPOETOHIB, BATOTOBJICHHX HAa OCHOBI
METHJIMETAKPUIIATy Ha MOKa3HUKH BTOMU

. [Monimep6eron Ha ocHOBI | [TomiMepOeTOH HA OCHOBI
HailiMenyBanHs
METHJIMETaKPHIIATY 3 METHJIMETAKPHIATY 3
[MOKa3HUKa . .
MCKOM BizciBoM
[Moka3zuuku GyHKii
JIOBTOBIYHOCTI:
b -0,562 -0,48
B 349 325
TToka3Huk BTOMH M -1,9 -2,08
Tabmuis 4

Pesynbrat BUunpoOyBaHb MOJTIMEpOETOHIB, BATOTOBJICHUX Ha OCHOBI
METHIIMETAKPHUIIATY Ha TEMIIEPATYPHUH KOS(IIi€HT JIHIIHOTO pPO3MIUPEHHS

L. C .y .105 i i
Haiivterysaris KoediwienT niniitHoro POSLIMpEHEs 1(OCt 107) B inTepBani
/ temmnepatyp, °C
Mmarepiany
20 +10 0 -10 -20

[onimepoOeTon

Ha OCHOBI 50,5 41,13 -34,88 57,83 -25,5
METHUIIMETAKPH-
JIaTy 3 MCKOM
ITomimepOeToH

Ha OCHOBI 255 31,75 -31,75 51,58 -13
METHUIIMETAKPH-
JaTy 3 BiACiBOM

IIpu Temmneparypi BunipoOyBanHs +20°C Mexka MOy TIPY>KHOCTI JJIs
JOCIiPKYBaHUX 3pa3kiB cTaHoBHTH Bim 10142 MIla mo 10300 Mlla mms
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oJIiMepOeTOHY Ha OCHOBI METHIIMETaKpHiIaTy 3 mickoM Ta Bix 11183 Mlla no
11248 MIla anst noniMepOEeTOHY Ha OCHOBI METHIIMETaKpHUIIATY 3 BiZICIBOM.
OkpiM 11bOTO, 32 pe3yibTaTaMH MPOBEJICHUX JOCIIKEHb BHU3HAYEHO
cepesHbOapU(PMETHYHE 3HAYCHHS MOJYJS MPY)XKHOCTI 3pa3KiB Ha OCHOBI
METWIMETaKpHiaTy. AHali3 pe3yabTaTiB (puc. 3) 00UMCICHHS TaHOTO 3HAUEHHS
MIOKazye, 10 TTOKa3HUK BUIPOOyBaHHs 3a Temreparypu 0°C juist mosrimepOeToHy
Ha OCHOBI METHJIMETAKpHJIaTy 3 MCKOM Ha 6% MeHmmi, a npu +20°C Ha 12,5%
Y TOpIiBHSAHHI 3 pe3yJIbTaTaMy IOJIIMEpPOSTOHY Ha OCHOBI METHIIMETaKpUIIATy 3
BifciBoM. [laHi pe3yapTaTH CBiTYATH PO MiABHUIIECHHS JOBrOBIYHOCTI TIOKPHUTTIB
IIpU BUKOPUCTAHHI MOTiMepOSTOHY Ha OCHOBI METHIIMETAKPHIIATY 3 BiZICIBOM.

13000
= b
S 12500 / 782
S 12000
g /
% 11500
&
= 11000 =1g503 11221
2. 10500
S 10000 | 10262

0 Temneparypa sunpo6ysanns, °C 20

==¢==T]oniMepOeTOH Ha OCHOBI METWJIMETAKpUJIATy 3 ITICKOM

IMonimepOeToH Ha OCHOBI METHIMETAKPHIIATY 3
BifciBOM

Puc. 3. BusHaueHHS MOAYJIs IPY)KHOCTI 3pa3KiB HA OCHOBI METHIIMETAKPHIIATY
3aJIeXHO BiJl TEMIIEpaTypy BUNIPOOYBaHHS

BucHoBkn. BukoHaHI OCHi/DKEHHA TPOJIEMOHCTPYBAJIH  BHUCOKHHI
MOTEHI[ia)l ~ 3aCTOCYBaHHS  TOHKONIAPOBHX  IOKPUTTIB  HAa  OCHOBI
METWIMETAKPHUIIATy JUIS BUKOPHCTAHHS B KOHCTPYKIISIX MOCTOBHX CIIOPYA.
ExcriepuMmeHTanbHi  BUNPOOYBaHHsS, TIPOBEAEHI B  paMKax JOCIIIKCHB,
MmiATBepAWIN e(PEKTHBHICTh TAaKUX MOKPHUTTIB y 3a0e31eYeHH] JOBrOBIYHOCTI Ta
CTIHKOCTI MOCTOBHX KOHCTPYKWIH /10 BIUIMBY arpecHMBHHX (aKkTopiB
30BHILIHBOTO Cepe/ioBUIIa. Pe3yibraTH MOCTIDKEHh BKa3ylOTh Ha 3HAYHE
MOKpAILIeHHs]  eKCIUTyaTalliiHUX  XapaKTepUCTUK, 30KpeMa, IMiBUIECHHS
KOPO3iitHOi CTIHKOCTi, BOJOHETPOHUKHOCTI Ta 3HOCOCTIMKOCTI MOKPHTTIB Ha
OCHOBI METHJIMETAKPHIATY.

OtpumaHi JaHi HaAAIOTh MIJCTABH JUIS TIOJANBIINX HAYKOBHX PO3pPOOOK Ta
BJIOCKOHAJICHHSI TEXHOJIOTil 3aCTOCYBaHHS TAaKMX IOKPHUTTIB B OyAiBHHLTBI

MOCTOBUX CIIOPYA. Po3BuTok Hie-l. TCMAaTUKH Bi[[KpI/IBaE HOB1 MOKJIMBOCTI JJIA
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CTBOPEHHS e()eKTUBHHMX MaTepiajiB, sIKi 371aTHI 3a0€3MEeYUTH BUCOKY HaJiHHICTh
Ta JIOBrOBIYHICTH IHPPACTPYKTYpHUX 00’€KTiB, 30KpeMa, MocTiB. [lepcriekTuBn
BUKOPHCTaHHS METHJIMETAKPWIATOBHX MOKPHUTTIB y OYAIBHUUTBI MOXYTh
MIPU3BECTHU JI0 3HAYHUX EKOHOMIYHMX BHUIOJ 32 PaXyHOK 3MEHIICHHS BUTpAT Ha
TeXHIYHEe 00CIyrOBYBaHHS Ta pEMOHT MOCTOBHX KOHCTPYKIIiii, 1110 B CBOIO Yepry
CIPUATHME 3HIKEHHIO 3aTajIbHAX BUTPAT HA iHPPACTPYKTYPHI IPOCKTH.

TakuM 4YHHOM, OTPHUMaHI pe3yIbTaTH € BaroMUM IAIPYHTAM UL
MONATBIIAX JOCTIKEHb Ta PO3POOKH HOBHUX TEXHOJOTIH, SIKi MOXYTh OyTH
IHTETpOBaHI y CydYacHi TpPakTUKA OyOIBHUITBA, a TaKOX CIPHATH
BJIOCKOHAJICHHIO ICHYIOUHX IiIXO0IB Y 30epeKeHHI Ta MOJCpHi3allii imKeHepHUX
CIIOPYA.
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YK 625.7/8 https://doi.org/10.36910/6775-2410-6208-2024-12(22)-25

Cy4acHi MaTepiajau 1J1s repMeTu3anii WBIB B IOPOKHIX MOKPHUTTAX
i KOHCTPYKTHBHHX €JIeMEHTaX aBTOMOOITbHUX J0Pir

Modern materials for sealing seams in road surfaces and
structural elements of automobile roads

®omenko 0.0., acuc. (XapkiBcbkMii HANiOHAJBLHUNA aBTOMOOLILHO-
Jaopo:kHiii yHiBepcuTer, XapkiB), Cenos A.B., K.T.H., Aou. (XapkiBcbkuii
HaliOHAJILHU# aBTOMOGLIBLHO-I0PO:KHIll YHiBepcuTeT, XapKiB)

Fomenko O.0O., assistant (Kharkiv National Automobile and Road
University, Kharkiv), Siedov A.V., Ph.D., assoc. (Kharkiv National
Automobile and Road University, Kharkiv)

Cmamms  npuceésuena  npobdnemi  3abe3neueHHs  2lOpPOI30NAYIIHO20 — Ma
napoizonayitiHo2o 3axucmy 6i0 8nausy NpPOCOYY8AHHA 800U AOO NPOMUONCENEOHO20
posuuny coni. Ilopywyemvcs numanna npo me, wo 8 NOMOYHUX YMOBAX CYUACHO2O
0y0igHUYMBA He 3a8XCOU  HANEHCHO NpUdiIamv — yeazy NUMAHHIO — SAKICHO20
2I0poI301AYilIHO20 NOKPUMMS, SKE 8 C8OI0 YeP2y € OOHUM 3 HAUBANCIUGIUUX KOMNOHEHMIE
ons 36epedicensi 008208I1YHOCTI, OJisl 3a0e3neUeHHs MIYHOCMI Ma HAOIIHOCMI OCHOBHUX
KOHCmMpyKmueie mpancnopmuux cnopyo. Kpim yvoco 6 Oamiii cmammi aemopamu
O0OKIAOHO PO32NA0ar0OmMbCsi PI3HI 6UOU  2IOPOI30NAYIUHUX MAMEPIANié ma O0pPOACHbOI
MexHIKU OISl elawmmysants 2iopoizonayii. Buxonano ananis ¢paxmopie, siKi 6UsHa4aOmMs
AKICMb 61aUIMY8AHHSL 2I0POI30NAYLT 0ehOPMAYIlIHUX WEIE OOPOICHIX ROKPUMMIE.

Motorway structures are constantly in direct contact with natural and climatic
factors. The article is devoted to the problem of providing waterproofing and vapor barrier
protection against the effects of water seepage or anti-icing salt solution. The question is
raised that in the current conditions of modern construction, not always proper attention
is paid to the issue of high-quality waterproofing coating, which, in turn, is one of the most
important components for preserving durability, for ensuring the strength and reliability
of the main constructions of transport structures. In addition, in this article, the authors
consider various types of waterproofing materials and road equipment for installing
waterproofing. Rolled materials, liquids, mastics, pastes, and powders can be
waterproofed. Waterproofing mastics and pastes differ from sealants in that they contain
a significant amount of filler and their main purpose is to protect the material from
moisture. An effective option for modern waterproofing of cracks and deformation joints
of concrete coatings is the use of cold-applied thermosetting sealants, especially silicones.
They have good adhesion, and a small modulus of elasticity, so it is advisable to
recommend them for filling narrow cracks. Such sealants are acceptable for cracks that
have a wetted surface. Cold sealants are used at air temperatures above 5 °C. It is
advisable to use the two-component, bitumen-latex, highly elastic waterproofing material
FLEXIGUM-HP on fairly responsible structures, which is distributed on the treated
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surface by cold spraying with special equipment. In foreign countries, the use of sealing
deformation joints with rubber templates of various profiles, in particular with
polychloroprene silicone gaskets, has expanded. An analysis of the factors that determine
the quality of the installation of waterproofing of deformation joints of road surfaces was
performed.

Krouogi crosa: koncmpykyis 2iopoizonayii, UKOPUCMAKHS CYYACHO20 00IAOHAHHS,
2epmMemuK, Macmuka, yMosi wabaonu.

Keywords: construction of waterproofing, use of modern equipment, sealant, mastic,
rubber templates.

KoHcTpykInii aBTOMOOUTBHHEX TOPIT MOCTIHHO KOHTAKTYIOTh O0€3I10cepeTHLO
3 MMPUPOIHBO-KIIMATHIHUMHU YHHHUKaMH. OTHUM 3 HAHO1IBII BILTABOBUX CEPE]T
HUX € Bosiora. YacTo BOHAa BHUKIIMKA€ IOYATKOBI pPYyiHYBaHHS CHOpPYD Ta
MIPUCKOPIOE TX PO3BUTOK B MPOLIEC] eKCILTyaTalii aBTOMOOLIBHOT JOpOTH. 3aXucT
€JIEMEHTIB JIOPOTM BiA pyWHHIBHOI Jii BOJOrM MOJUISIOTH HAa 3O0BHIMIHIN
(moBepxHeBuil) Ta BHyTpimHid. Criocodn 60poTHOU 3 Ji€I0 BOJIOTH MOEAHYIOTh
HACTYITHI: BJOCKOHAJICHHS CaMHX KOHCTPYKILIH (30UIbIIEHHS X LIUIHLHOCTI,
CTBOPEHHSI MEPENoH pPyXy BOJIOTHM MaTepiajloM KOHCTPYKIII, JpeHaxiB),
BCTAHOBJICHHS JIOJJATKOBMX 3aXMCHUX BHPOOIB, a TaKoX 3aCTOCYBaHHS
30BHIIIHBOI Ta BHYTPILNIHBOI TiIpoi3oiswii Ta repMern3amii crnopyx. Skicte
riApoi30IIALii 3aIeXkKuTh Bif 60orarbox YnHHUKIB (puc. 1) [1].

TIJIPOI3OJISIIT
i

BUKOPUCTAH BPAXYBAHH
EQEKTHBHUX TIPUPOJIHBO-
MATEPIAJIIB, KJIIMATUYHU
BUPOBIB X YNHHUKIB
AKICTb
TIAPOIBOJIALI

JIE®OPMALIIIH
VX LLBIB
BUKOPUCTAH BIJIIIOBIJTHICTD
HSL TPAHCIIOPTHUM
CYYACHOT'O HABAHTAEHH
OBJIAJTHAHHS M

JOTPUMAHHSA
TEXHOJIOI'TL
POBIT

Puc. 1. Knacuoikanis Y4MHHHKIB, sIKi BU3HAYAIOTh SIKICTh BJIAIITYBaHHS
rigpoizomsii reopMarifHuX MIBIB TOPOXKHIX TOKPHUTTIB
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Jis  rigpoi3oiiii  MOKYTh BUKOPHCTOBYBATHCH PYJIOHHI Marepiaiy,
PIAMHM, MACTHKH, TTACTH, ITOPOLIKH. [ iApOI30ISsiHI MACTHKH, TACTH PI3HATHCS
BiJl FepPMETHKIB HasIBHICTIO B HMX 3HAYHOI KiJIbKOCTI HAIIOBHIOBaYa T4 OCHOBHUM
NPU3HAYCHHSIM — 3aXUCTOM Marepiany Big nii Bojoru. ['epMeTHKHM TOBHHHI
3a0e3MCUUTH MTOBHY 130JIA111F0 00 €KTA BiJl 30BHIIITHBOTO CEPEIOBHIIIA.

3a TeMIepaTypor BUKOPUCTAHHS JOPOXKHI MACTUKHU MOMIISIFOTh Ha rapsidi
Ta XOJIO/HI. 32 PYXOMICTIO Cepe]l MAaCTUK Ma€eMO: B’sI3Ki, IIacTUYHi, kieeBi. J[o
PO3TIOBCIO/KCHAX PI3HOBUIB MAaCTHK BiTHOCSATH: OITYMHi, OITyMHOTYMOBI,
0ITYMHOTIOTIMEPHI, TIOKOJIOBI MACTHKH.

MacTHK1 9acTO HaHOCSTh Ha TPYHTOBOYHI IPOIIAPKH, OITYMHI TIpaliMepH.
[paiiMep — B’sDKy4YHi Matepiall Ui TIEPBUHHOI OOPOOKH OCHOBH, TPYHTOBKA,
TPYHTOBOYHHII MPOIIAPOK.

birymuuit  mpaiimep ~— mepeBakae =~ MAacTHKH 32 HACTYIHUMH
XapaKTepUCTUKAMHU:

— Kpallli aHTUKOPO3ilHi BIACTHUBOCTI;

— ILIBHJKE BUCHXAHHS,

— JIONYCKAa€ThCS HAHOCUTH Ha BOJOTY MOBEPXHIO, HATOMICTh MAacCTHKY
HAHOCSATH JIMIIE Ha CYXY ITOBEPXHIO;

— Kpalla aaresis Ta NPUJIKIAaHH 10 OCHOBH.

[NopomrkormoniOHI HATOBHIOBAYI Y CKJIAJi JOPOKHIX MAacTUK ITOBHHHI OyTH
BOJIOCTIHKAMH, XIMIYHOIHEPTHUMH, HE HAOpsKaTH i HE BCTYNATH B XIMIYHI
peaxiiii B mepio OyAiBHHIITBA Ta SKCILTyaTAallii JOPOXKHIX IIOKPHUTTIB.

Bubip wmarepiamy s repmerusanii TpimuH, JgedopmaniiHMX IIBIB
MIOKPHTTIB (pHC. 2) 3aJ€XHUTh BiJ] HACTYITHIUX YMHHHKIB:

—  BHAY NOLIKOKECHb;

— CcTaHy TPIIIMH 1 IBIB NPH iX NOBTOPHII repmMeTH3aii;

— IHTEHCHBHOCTI pyXY;

— KIIMaTHYHHUX YMOB;

Puc. 2. T'epmern3zanis TpiluyH Ta MIBiB
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— CKJIa[y TPaHCIOPTHOTO IIOTOKY;

— 00’emy pooir;

— BapTOCTI 1 JOCTYITHOCTI PEMOHTHOTO MaTepiaiy;

— €KOJIOTIYHOCTI Marepiainy;

— JIOCBi/ly BUKOHAHHS poOiT;

— JIOBrOBIYHOCTI Ti{pOi30JIAIIIT;

— BIAMOBIIHOCTI 10 BUMOT OXOPOHHU IpAlli.

Jlo OCHOBHHX BIACTHBOCTEH HOPOXKHIX MAaCTHK BIIHOCATH: TEMIIEpaTypy
PO3M’SIKIIICHHSI, YMOBHY B’SI3KicTh 3a Temmeparypu 25°C, pO3TSDKHICTD 3a
temnepatypu 25°C, eIacTHYHICTh, TEMIEpPaTypy KpPUXKOCTI, THYYKICTH Ha
CTPWKHI AiaMeTPOM 2 CM, IIUTBHICTD, THYUYKICTh IICIS IPOTPiBaHHSA BIPOIOBK
100, 200, 300 roauH, TeMITEpaTypy pO3M’AKIICHHS iCIS IPOTPiBAHHS IPOTATOM
100, 200, 300 rogum.

B VkpaiHi 3pocrae morpeba B CydacHMX MaTepianax s repMeTH3arlii
TPILIMH B iCHYIOUUX ac()aibTOOETOHHUX MOKPHUTTIX.

HoBi TexHojoOrii BIAmITyBaHHS TiIpoi3oislii Ha JOPOXHIX 00’ekTax
3YMOBJICHI BHMKOPHCTaHHSM BJIOCKOHaJE€HOi ab0 HOBOi Cy4acHOI TEXHIKH,
3aCTOCYBAHHSIM HOBHX TiJPOI3OJIIIHHUX a00 TepMEeTHU3yIOUMX MarepiaiiB Ta
MPUHIUIIOBO HOBUX TE€XHOJIOTIH.

B nopoxHiii ramy3i MalTh CIIpaBy 3 TiAPOI3OJIALI€I0 MOCTIB, OETOHHHX,
3aJ11300€TOHHHX JOPOXKHIX MOKPHTTIB, BOJOIPOITYCKHUX 3aJ1i300€TOHHUX TPYO
Ta PI3HUX ACPOJPOMHHMX NOKpUTTIB. PoGOTH Ha aepoiapomMax BHUKOHYIOTH 3
JIOTPUMAHHSIM ITiBUIIIEHUX BUMOT, TOMY III0 HasIBHICTh HA OKPHUTTIX CTOPOHHIX
MIPEAMETIB HEJJOMYCTHMA.

Puc. 3. Pyuni 3anuBmmku BPM-100, SHG-100

[Tpu Bubopi ZOPOKHBOT TEXHIKK AJIs BIAIITYBAHHS TiAPOi30JIIii epeBaru
BiIalOTh 3aJIMBIIMKAM IIBiB 3 KOMIUIEKTOM 00JaIHAHHSA, 10 3a0e3Iedye YBECh
k1 poOiT. CydacHi 3amMBIONKK KiIacH(iKylOTh Ha pyd4Hi, I€pecyBHI,
HeTIepeCcyBHi, MPUUIIHI 10 TArada Ta caMmoxiaHi [2, 3]. Jlo momymsipHAX pydHHX
3aJIMBIIMKIB BIHOCSATh MOJENI Takux BUPOoOHHUKIB: Mini Meher 10, SKY-S40,
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NorthStar, Hand Held Pour Pot, Pot with Wheels, BPM-100, SHG-100 (puc. 3)
Ta 1HIII.

CyuyacHi yHiBepcaJibHI 3aJMBIIUKH MalOTh BHIJISI aBTOHOMHHMX MallIWH 3
MOBHUM KOMIUIEKTOM HeoOXigHOro obiamryBaHHS. BoHu MawoTh cnenudivyHy
CHUCTEMY pO3IrpiBy Ta MiATPUMaHHA poOOYOi TEMIIepaTypHu TepMEeTH3yHUYOro
Marepialy uepe3 HarpiBaHHS TEPMIYHOrO MacTHja (TeMIlepaTypHHH Mopir
kumiaHa — g0 330°C), momimeHoro B KOHTYp (MacTwibHa copouka). Taxuit
po3irpiB 3IifCHIOIOTH JBOMA crioco0aMu: uepe3 3aXHUCHHH eKpaH 1 uepe3 BaHHY.
IlepeminryBaHHS KOMIIOHEHTIB MAacTUKH BHKOHYIOTH BHUKJIIOYHO JIOTIATEBHUMU
MiITaJKamMu, KOHQIryparist JomnaTei ycyBae BUMAAIHHS CKIaJOBHX a00 CyMimIen
B ocal. ANbTEpHATHBHHH METOJ, BUKOPHCTOBYE IOABIHHY IMPKYJIALIIO
3aJIMBOYHOTO MaTepiaxy MO MariCTpaisiax oOlagHaHHs. Ypi3sHOMaHITHUBCS HaOip
HAacaJoK 3aJIMBOYHOTO CIHCA IV 3pYyYHOCTI PO3MOJUTY MAacTUKH B IIBH abo
TPIIMHU  TOKPHUTTS, 3aBISKM 4YOMY 3pocia TNPOAYKTHBHICTH pOOOTH,
3MEHIIMINCH BTPATH MaTepiaiy Ta SKiCTh BUKOHAHHS pOOOTH.

OCHOBHI ~ BUpOOHHMKHM  IUIAaBWJIbHO-3aJIMBOYHMX  YCTaHOBOK  Ta
6itymosanuBiukie € Taki ¢ipmu: Cimline (CIIA), Cedima (Himeuunna),
Breining (Himeuyuunna), Schafer (Himeuunna), Strassmaur (ABctpist), Masenza
(Itanist), Spektrin-Ko (Ykpaina) ta inmi [3].

EdextnBHIM  BapiaHTOM  cy4acHOI  TiApoi3omAmii  TpilmuH  Ta
negopManifHUX MBiB OETOHHUX MOKPHUTTIB € BUKOPHCTAHHS TEPMOPEAKTUBHUX
TepPMETHKIB XOJIOJJHOTO 3aCTOCYBaHHS, OCOOIMBO —  CHIIIKOHIB. BoHM MaioTh
XOPOIIY aJre3ito, MM MOIYJb IPYXHOCTI, TOMY AOLIJIBHO IX pEeKOMEHAYBAaTH
JUTSL 3aII0BHCHHS BY3bKHX TPIIIUH. Taki TepMETHKH MPUHHSTHI U TPIIIWH, SKi
MaloTh 3BOJIOKEHY HOBEpXHIO. Yac TBepiHHS NP 1[boMY 30uIbLIyETHCS Big 30
XBWIMH [0 JEKIBKOX TOJWH, 3aJeXHO BiJl TeMIlepaTypu IOBITps Ta HoOro
BOJIOTOCTi. XOJIO/IHI T€PMETHKH BUKOPUCTOBYIOTH IIPH TEMIEparypax MHOBITps
Buile 1wmoc 5°C. Cepen MacTHK rapsioro BHKOPHCTaHHS BIJIOMi: IIOBHA
moaudikoBana mactuka TexHomact (Ykpaina), BORNIT (Ykpaina), Sikalastic
821/822 (HimeuyunHa) Ta iHIII.

B 3apyOikHHMX KpaiHax pO3LIMPWIOCH 3acTOCYBaHHS TIepMeTh3alii
nedopmaniiHuX OIBIB T'yMOBHMH INAaOJIOHAMM pIi3HHX Mpo¢iliB, 30KpeMa
TIOJIXJIOPONPEHOBUMH CHITIKOHOBHMH TIpoKiazkaMu (puc. 4) [2]. O00B’s13K0BO
repest MoyaTkoM pooOiT 3 3aTHCKYBaHHS IA0JIOHIB B IIa3W NOTPIOHO HAHOCUTH HA
CTIHKM Ta3iB 1mBa crieniansHui kel (Delastilube Lube Adhesive abo inmmii).

Jnst 3abe3nieueH s HaiiiHOT poOOTH repMeTHKa pO3paxoBYIOTh KOS(ili€HT
¢opmMH (BiTHOIIEHHS BHUCOTH A0 IIMPHWHH 3alOBHIOBAHOTO Marepiany). s
repMETHKa raps90ro BUKOPUCTAHHSA KOeilieHT MOBHHEH OyTH piBHUM 1, a uis
repMeTHKa XOJIOJHOTO BUKOPUCTAHHS 3 CHITiKOHIB — 0,5. MeHIIni 3Ha4eHHs I[bOT0o
koedimieHTa MOKa3yOTh MEHIII HANPYTH MpH AedopMartii mokputTs. HaiOinp
NIpUHHIATHA KOHDiTypatis GopMu B KOHCTPYKITii fedhopMaIliiHOTO TIBa TOJIsTAE
B PO3MILIECHHI T'eépMETHKa 3 HEBEJIMKHM 3aryiMOJICHHSAM BiJHOCHO KpaiB HIBa i
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TpimuH Ha TTHONHY Bix 3 MM 10 6 MM (puc. 4). KpiM Toro B mBax po3mimyoTh
YIIIJIBHIOIOYXH MTHYP 3 JOMIOMOTOI0 CTaJIFHOTO poimka (puc. 4, 0).

Puc. 4. Cy4acHi nedopmaniiiHi IBU B IEMEHTOOCTOHHOMY MTOKPHUTTI
a) — CXeMH PO3MIIIEHHS TYMOBUX MPOKIAAOK y AepopMaIiiiHuX mBax;
0) — KOHCTPYKIis AehOpMAIiIIfHOTO MIBa CTHUCKY B IIEMEHTOOCTOHHOMY TTOKPHTTI
1 — xpail ININTH HEeMEHTOOETOHHOTO MOKPHTTS; 2 — T'yMOBa IPOKJIa IKa;
3 — wiel; 4 — repMeTU3yIOUnil MaTepiar;, 5 — YIIITHHIOIYHH IHYP; 6 — TpilHHA
oOMaHHOro 11Ba; b, h — BiNOBIAHO MIKMPWHA 1 INTHOWHA TEPMETH3YI0UOTO
Marepiany

Le#t mHYp CIyXUTh OCHOBOIO JUisi YKIAJaHHsA TrepMeTHka. Buoip
FepPMETH3YIOUOr0 MaTepiasly MOTPiOHO POOMTH Ha MiJACTaBI EKOHOMIYHOTO
MOpIBHSAHHS HWOTO BapTOCTi, BAapTOCTI BIAIITYBaHHS AedopMalliifHOro miBa,
3aTpaT Ha eKCIUTyaTallilo BIIPOIOBK YChOTO KUTTEBOTO IIUKITY.

By3bKi TpilMHU Ha AOporax MEepeKpUBarOTh YIIUIEHIOIOIOUIMU CTPIUKaMH
Mmapku JIT-crpiuka Ta iMm moxioHuMu (puc. 5).

3 3apyOiKHHUX aHAJOTIB BIJIOMO BHKOPUCTAHHS OJHOKOMITIOHEHTHOT
eacTHuHOI rigpoizossinii Makccin ®nekc-M. Ha rimbuny 40 MM ma3 mBa
3aMoBHIOETHCS repMeTrkoM Maxkc @rnekc 100, a IIOB IepeKpUBAETHCS CTPIYKOIO
Maxkc @nexc XYS, mumpuna gxoi 180 mm. CTpiuka 3aKpiIIFOETBCS 3aBISKA
IIpoMa3yBaHHIO K1eeM Maxkccin drexc.

Jus  OeTOHHHMX  TOKPWTTIB, MOCTOBHX CHOpPYAZ Ta OETOHHHX
BOJIOTIPOITYCKHHUX TPYO OIHIEIO 3 OCHOBHUX XapaKTEPUCTHK € BOJOIPOHUKHICTH
[3, 6]. B po60Ti BUKOHAHO TIOPIBHSAHHS IIHOTO TTOKa3HUKA JJIsT MAaCTHK, SIKi MatOTh
no6asku pizHux noiimepis (BUTAJIEH-2, MI'Bb, BM + Elvaloy®RET).
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Puc. 5. BitymHa Tpiqka JUISL TPILMH

Pesynbrat qOCHiKEHb MOJAHI HAa pHC. 6. AHaNi3 JaHUX MOKa3ye, IO
3aJIEXKHOCTI JUIS PI3HUX MAacTHK MaloTh MOJI0HY TEHAEHII0: B Mipy 301JIbILICHHS
TPHUBAJIOCTI Mii BOAW BOMOTIOTIMHAHHS 30UTBIIYETHCS; BigMiueHa cralimi3arlis
[IO/I0 HAPOCTAHHS BOAOMOIJIMHHS BIPOJOBX Yacy BHUIPOOYBaHHS, i3
30UIBIICHHAM TOBIIMHH IUTIBKA MAacTHKH Ha 3pa3Kax CIIOCTePIraeThes
30LTBIIICHHS BOJIOCTIHKOCTI 3pa3KiB IIEMEHTOOCTOHHY.
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Tpusalicrs BUTPHMYBaHHS ¥ BOl

Bojgonormiraanns, %

B [ [emenTobeToR N 3pasok Gea macTikn B EUTAJIEH-2, h = 1,5 aint
BBEUTAJIEH-2 ,h=2.0 MM BMIBE, h=1,5wv
BMIEBE, h=2.0 MM BEM + ElvaloyRRET, h= 1.5 mm

BEM + Elvaloy®RET, h = 2,0 mu

Puc. 6. PesynbraTi BUnpoOyBaHb 3pa3KiB IIEeMEHTOOETOHY, TIOKPUTHX
T1pOI30JISLIE0 3 PI3HUX MACTHK

Ha pmocute BigmoBigampHUX CHOPYAax IOIJIBHO BHUKOPHUCTOBYBATH

JIBOKOMIIOHCHTHUH, OITYMHO-JIATCKCHUH, BUCOKO €IaCTUYHUH T'iAPOi30IISIi HHIIA
Mmarepian FLEXIGUM-HP, koTpuii  po3mofinsiorb Ha 0OpOOIIOBAILHY
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MOBEPXHIO METOJOM XOJIOJHOTO DO3MUJIIOBAHHS CIEliadbHUM O0JaHAHHIM
(puc. 7) [3].

Takuit TigpoI30NAMIHHNN CKIa Ma€ BUIIIS JUCIIEPCHOI CHCTEMH, KOTpa
CKJIAJTAETHCSA 3 JIBOX B3a€EMHO HEPO3UMHHHX piauH (OITyM-BOIA).

JucnepcHa aza (0iTyM) po3nojizieHa y BoAl y BUIVISAL APIOHUX 4aCTOYOK
nmiameTpoM 5-10 MKM, IIOKPUTHX Ay’KE€ TOHKUM IIAPOM €MYJIbraropa Ha OCHOBI
KUPHUX KUCIOT JJIsl 3a0€3MEUCHHST TEXHOJOTIUHOT CTIHKOCTI TiAPOi30IsIiiHOL
CHCTEMH.

Puc. 7. Hanecenns rigpoizossuiiinoro marepiary FLEXIGUM-HP

3acTocyBaHHS HAllOBHIOBaYa — IIOJIIXJIOPOIIPEHOBOTO JIATEKCY 3HAYHO
30LTBITYE MIIHICTE i €JJACTHUYHICTD T1APOi30JISIii. 3arBepainmii
rigpoi3oisuiitauil map Mae BHCOKI (hi3MKO-MEXaHi4HI BJIACTUBOCTI, 30KpeMa
BUTPUMYE YKJIaJIaHHA achabTOOETOHHOI cyMilll 3 TeMmneparypoto 1o 160 °C 6e3
pyiHyBaHHs. ['Hy4YKiCTh 3pa3kiB OITYMHOMOJIMEPHOT MacTHKH TOBIIMHOW (-6
MM MPAKTHYHO OJHAKOBA, TOMY JOIIBHO TOBIIUHY TiApOi30Jsiii 00MexXyBaTn
MiHIMaJTbHUMU 3HAYCHHAMH (Tab1. 2).

Tabimms 2
3aexHICTh THYYKOCTI 3pa3KiB  OITYMHO-TIOJIMEPHUX KOMIO3HUIIIH IpH
HU3bKHX TeMIIepaTypax BiJl BMICTY I0JIiMEpPY TOBIIMHOIO 4 MM IIPH BUTHHAHHI
Ha CTEpKHi

Bwmict nonimepy, %

Temneparypa, "C

0 3 6 9
-10 + + +
-15 - - -
-20 - - - -

Bubip MacTHKy He MOBUHEH 3aKiHUYBaTHCh JIMILE 1i pI3HOBUIOM, TOMY IO
KO)KHAa MapKa Ma€ 3HadHI BiIXWICHHS IIOAO 3HAUYeHb INOKA3HHKIB CYCiIHBOI.
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J1isl KOKHOTO  KJIIMAaTHYHOTO PaiOHy € CBOS pallioHalbHA MapKa MAaCTHKU
(tabm. 3, 4) [5].

Ha ocHOBiI 1mporo MokHa 3pOOWTH BHCHOBOK, IO TiAPOi30JIAMII0 IIBiB
LIEMCHTOOCTOHHHUX TMOKPHUTTIB B YMOBAaX XOJOJHOTO MEPiOAy POKY MOILUIBHO
BHUKOHYBAaTH XOJIOJHOKO Tipoi3zoirsiiero. J{is ii cTBOpeHHS HaWOLIbII NpUIATHI
OiTyMOIIOJIMEpHI MAacTHKH, SKi MaloTh YMOBHY B’s3kictb 90-130 Mm mpum
temnepatypi 25 °C i B’sa3kicte MeHme 15 [la'c B mepion 3amoBHEHHS
neopManifHuX MBiB 00 TPIIIKH.
rigpoizomAmii  TpimWH

EdextuBHIM ~ BapiaHTOM Ta

negopMalifHuX MBiB OCTOHHUX HOKPUTTIB € BUKOPUCTAHHS TEPMOPEAKTHBHUX

Cy4acHO1L
TepMETHKIB XOJOTHOTO 3aCTOCYBaHHSA, OCOOINBO — CLTIKOHIB.

Ta6muus 3

®Di3uKo-TeXHIUHI TOKa3HUKH OITYMHOT MAaCTHKH 32 Mapkamu [5]

Has3Ba nokasHuka 3HaueHHsI MOKAa3HUKA MAaCTHKH JUIs MapKu
55 | e | 75 85 | 100
OITYMHI MaCTHKH
TemnocTilikicTh Bix 55 no | monax; 65 noHaz 75 nmoHan 85 | moHaxm
nporsirom 5 rox, °C 65 1o 75 1o 85 1o 100 100
BKJIIOYHO | BKJIIOYHO | BKJIOYHO | BKIIOYHO
TemmnepaTypa 45-50 51-60 61-70 71-80 81-95
po3M'skuieHHs, °C
Temmepatypa MiHyc 15 MiHyc 15 MiHyc 13 MiHyC 12 MiHyC
KPHXKOCTI 3a 10
®paacowm, °C, He
BUILE
['HyukicTs Ha Opyci 3 He nmoBrHHO OyTH TpIillMH Ha HOBEPXHI 3pa3ka
3aKpYTJICHHSIM MiHYC 5 MiHyC 5 MiHyC 3 MiHYC 2 0
pazgiycom
(5,0 £0,2) mm
3a Temreparypy, °C,
HE BHUIIE
0iTYMHO-TIOJIIMEPHI MACTHKH
TennocTiikicTs BiJ 55 10 moHaz 65 moHaz 75 moHaz 85 MTOHA/T
npotsrom 5 rog, °C 65 no 75 110 85 1o 100 100
BKJIIOYHO | BKJIIOYHO | BKJIOYHO | BKJIIOYHO
Temmepatypa 45-55 56-65 66-75 76-85 86-110
po3m'sikiienns, °C
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Bonu mMaroTh Xopoly aaresiro, Ml MOIYJb MPY>KHOCTI, TOMY JTOLLIEHO
X peKOMEeHIyBaTH JUIsl 3alIOBHEHHS BY3bKUX TPIlMH. Taki repMEeTHKH NPUHHATHI
JUISL TPIIIMH, SIKI MalOTh 3BOJIOXKEHY IIOBEpXHIO. Yac TBEpHIHHS NpH IIOMY
30UIbIIy€eThesl Big 30 XBHIIMH JI0 IEKUIBKOX TOJMH, 3aJIS)KHO Bijl TeMIlEpaTypu
MOBITPs. Ta Horo Bojorocrti. XONOIHI TEPMETHKH BUKOPHCTOBYIOTH IpH
TeMnepaTypax moBiTps Bumle mioc 5°C.

Tabmuus 4
Di3uK0-TeXHIYHI TOKa3HUKH OITYMHO-TYMOBOi MAaCTHKH 332 MapKaMmH [5]

HazBa nokasHuka 3HayeHHs MOKa3HUKa MACTUKH JUIS MApKH

65 75 85 100 120
TemnocTiikicTh Bim 65 1o | momax 75 | monanx 90 | mowmam 100 | moHan
mpotsirom 5 rox, °C 75 10 90 1o 100 1o 120 120

BKJIIOYHO | BKIIOYHO | BKIIOYHO | BKIIOYHO

Temmepatypa 56-65 66-75 76-85 86-110 111-
po3m'sikmieHHs, °C 130

Crnuparoynch Ha MDKHapOJHHH JIOCBifl, CJII PO3LIMPUTH MPAKTHKY
repMeTH3anii AeopMaIlifHAX MIBIB TYMOBHUMH MIA0JIOHAMHU PI3HHAX MPOQITiB,
30KpeMa TOJIXJIOPONPEHOBUMH CHIIIKOHOBUMHU HpokiaakaMu. OGOB’SI3KOBO
mepe] MoYaTKOM POOiIT 3 3aTHCKYBAaHHS MIA0JIOHY B TTa3W MOTPIOHO HAHOCHUTH HA
CTIHKHM Ta3iB mBa cneriarbani ket (Delastilube Lube Adhesive abo iHmmit).

Jdnst cropyn 3 aKkTHBHHM 3BOJIOKSHHSM JIOLIIBHO BHKOPHUCTOBYBAaTH
OyTHJIKAy4yyKOBI MAacTHKH abo moJiiMep OITYMHI MacTHKH 3 JOJaBaHHSIM
€IIBaJIO0.
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Posensanymo  no3006dicHi  NpYJICUHHI  KOMUBAHHA — 2YCEHUYHUX  CMPIYOK K
cynepno3uyisi 060X C1aOKO 3amyxarodux X6uilb, W0 OOHOYACHO PYXAIOMbCA HA3YCMPiy
o0Ha ooduii. Teopemuyuno npedcmagneno, wo 3HaAuHe 3MEHUIeHHS KONUBAHb 2YCEeHUYHUX
CmpitwoK Modtce 6ymu 00cAHyme WAAXOM Ni0Oopy napamempie 0emMn@pyo1uo2o npucmpoio,
AKULL 1IKGIOYE 6I0OUMI XU HA Medcax HAmMAYy Ma NPOGUCY 2YCEHUYHUX CMPIYOK.
Ilpeocmasneni pospaxynkoei napamempu ¢hikcayii 2yceHuyHUX CmpiuoK Ha 3y0uacmux
BIHYSAX 8eOVUUX KOJIC MA MeHC KIHYeB020 iX 3aKpInieHHsl, 810 AKUX He 8I00UBAIOMbCSL XGUII.

This paper considers longitudinal vibrations of spring elements of the caterpillar
mover and undercarriage support system of crawler load-lifting machines within the
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framework of the discrete-continuum model. A comprehensive analysis of the wave
processes arising during the caterpillar mover operation is carried out.

Crawler belts of modern hoisting machines are spring-closed chains consisting of
movable links with lugs (tracks) of relatively small mass, connected by rigid elements -
fingers. By design, the pins can be covered with wear-resistant rubber when pressing into
the lugs of the tracks [1]. The effect of the elasticity of caterpillar belts leads to the fact
that when the caterpillar machine moves, some parts of the caterpillar mover acquire the
properties of oscillating systems in which dynamic processes of wave type are maintained.

One of the effective ways to eliminate the reflected waves on the boundaries of
adhesion of caterpillar belts with the teeth of drive wheel crowns is the introduction of a
tensioning mechanism with elastic-dissipative elements into the design of the running gear
of the caterpillar. The provision of uniform tensioning of the caterpillar belt (using the
tensioning mechanism) allows for the exclusion of the possibility of resonance occurrence
as a result of the addition of the incident and reflected waves. In this way, it is possible to
achieve a uniform distribution of dynamic loads on the teeth of the drive wheel gears as
well as in other units and parts of the crawler.

Longitudinal spring oscillations of caterpillar belts are considered a superposition
of two weakly damped waves simultaneously moving toward each other. It is theoretically
presented that a significant reduction of caterpillar belt oscillations can be achieved by
selecting the parameters of a damping device that eliminates reflected waves at the tension
and sagging boundaries of the caterpillar belts. Estimated parameters of fixation of
caterpillar belts on toothed crowns of driving wheels and boundaries of their final fixation,
from which waves are not reflected, are presented.

Kniouosi  cnosa: OuCKpemmo-KOHMUHYAIbHe MOOENIO8AHHs, X6Ull, OUHAMIKA
MAUIUH, NO3008JICHI KOJIUBAHHS, NPYICUHHI eleMeHmU, 2YCeHUYHUl PYulill, 2yCeHUuuHda
CMpIYKa, 6AHMANCONIOUOMHI MAWUHU.

Keywords: discrete-continuum modeling, waves, machine dynamics, longitudinal
oscillations, spring elements, caterpillar mover, caterpillar belt, hoisting machines.

ITocranoBka mnpo6aemu. ['yceHmuHui pymid — 1e NpHCTPIH,
NIpu3HaYeHn 11t 3a0e3nedeHHs pyXy BaHTaXKOIIJHOMHOT MalllMHU 32 PaXyHOK
KPYTHOI'O MOMEHTY, SIKH{ IiJBOJUTHCSA BiJl TPAaHCMICii O BEAyYUX KOJIC Ta
3YeIUIEHHsSI TYCEHHYHHMX CTPIYOK 3 IPYHTOM. ['yCeHWuUHMH pymii mo3Bossie
JOCSITHYTH BUCOKOT IIPOX1THOCTI MaIlIMHY BHACJIIZTOK MJIOTO TUTOMOT'O THCKY Ha
IPYHT.

I'ycennunwmiA pymIii MalIMHA CKIAAAETHCS 3 IBOX T'YCEHUIHUX CTPIvOK,
JIBOX BEIY4YUX KOJIC, BiJl 5-TH 1 OLIbIIIE OMMOPHUX KATKIB 3 KOYKHOT CTOPOHH, IBOX
HaApaBIIOYMX KOJIIC 3 MeXaHi3MaMHM HATAry TYCeHHWYHHX CTPidOK Ta
MATPAMYIOYHX KaTKiB.

YV nmaHiii po6oTi 3pobiieHa cripoba po3B’sA3aTH 3a7ady Ta PO3BHHYTH
17Ie10 y3TOJKEHHS! KOHCTPYKIIH CHCTEM IIiJPECOPIOBAHHS, MEXaHI3MIB HATATy
XOJIOBUX YaCTHH TYCCHUYHHX PYIINI{B I'YCCHHYHHX BaHTAXKOIIIHOMHUX MAIUH,
SK JIeMI(YIOYOro racHUKa, 10 BIUIMBA€ HA 3MEHIICHHS KOJMBaHb I'yCEHHYHOT
cTpiuku. ['yceHWuHa CTpiuka pO3DISOAaeTbCs SIK NPYXKUHHA CHCTEMa 3auls
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MTOANTBIIIOTO 3a0e3MeueHHs PiIBHOMIPHOTO PO3MOAUTY AMHAMIYHAX HAaBaHTA)XCHb
Ha Hel.

AHamiz nyoaikanii mo Temi jgocaimkenn. Y poGorax [2,3]
3aIPONOHOBAHNN H TEOPETHYHO OOTPYHTOBAHWH CHOCIO 3HIDKECHHS KOJHBAHB
NPYXUHHUX €JIEMEHTIB MAIVH, 10 3aCHOBAaHMII HA ifel y3rOJDKEHHS MUIIXOM
YCYHEHHS y CUCTEMI BiIOMTHX XBWIIb. 30KpeMa, Ha TPHUKIIAA1I KPYTHUX KOJUBAHb
TpaHcMicii [2] Ta 3riHHUX KoMMBaHb 0aiku [3] mokasaHo, MO y3TOIKSHHS MOXKE
OyTu 3a0e3meyueHe 3a JOIMOMOTOI0 KiHIIeBUX TaCHHUKIB, SIKi HE BiAOMBAIOTh XBUII,
a MOBHICTIO ITOTTIMHAOTh CHEPTiI0 30yPeHb, 1110 PO3MOBCIOIKYEThCS Bill IKepena.
Asrop [4] 3anpornoHyBaB BUKOPHUCTATH XBUIHOBHI METO/I 3HIDKCHHS IPYKUHHUX
MO3JI0BXKHIX KOJIMBaHb T'YCEHUYHUX CTPIYOK, KOTPI PO3MIISAAINCH K JUCKPETHI
cucremu (TOOTO CHCTEMH i3 30cepe/KEHIMH napaMmeTpamiu). Ha nymky aBTOpiB
JAHOTO IIOCTI/DKCHHS, TaKWKM MiAXiA Mae Jesiki XHOW, OCKUIBKH PpO3TJIS
XBHJIBOBHX IPOIIECIB Y KPYTHHX CHCTEMax I'YCEHHYHHMX CTPIUOK CIiJ| JIiriue
3MIMCHIOBATH y MeXax MOJENl AWCKPETHO-KOHTUHYAJIbHHX CHCTEM, MI00
aJIcKBaTHO OCMHCITIOBaTH BCi OCOOJHMBOCTI BHHHKAIOUHX XBHJICTIOHiIOHIX
yTBOpeHs [5-7].

YacTroBo MomiOHMUN migXin peanizoBaHuil y podotax [8-15] Ta cywacHuX
nocrimkennsx [16-20].

Meta poboTH mojsirae y po3BHTKY i OOIpYHTYBaHHI ifiei y3ro/PKeHOTo
JeMnQepHoro racHUKa Ui PO3B'si3aHHS 33/adi 1010 CYTTEBOTO 3MEHILEHHS
KOJIUBAaHb I'yCEHUYHOI CTPIUKU SIK NPY’KHOT CUCTEMH.

BuxJiag 0cHOBHOIO 3MicTy A0C/IiAKEHHS.

[IpyxHi TyceHWYHI pyIIi CYYacHUX MAaIllMH IPEICTABIAIOTH COOOI0
3aMKHEHUH JIAHITIOT, SIKMH CKIIAAa€ThCs 3 MIATIIMBUX JUITHOK MaJloi MacH, sKi
BiJIaJICHi O/THA BiJl OJTHOT )KOPCTKUMH MacCUBHIMH ejeMeHTamH [ 15]. PyxmuBicTh
T'YCEHHYHHMX CTPIYOK IMPU3BOJUTH JI0 TOTO, IO IPH Pyci TYCEHHMYHHUX MAIIWH
JesKi JTUITHKM T'YCEHWYHOro oOBOJy HaOyBalOTh BJIACTHUBOCTEH KOJIMBaJIbHUX
CHCTEM, Y KOTPHUX OMHAMIYHI MPOLIECH MOXXYTh MaTH XBHIIbOBHI XapakTep.
EdextuBHIM 32C000M 3HHMIIECHHS BIOWTHX XBWJIb HAa TPAHHUIAX T'yCEHHYHOI
CTpIYKM € BBEJCHHS y KOHCTPYKI[IO XOJOBOI YacCTHHH T'yCEHHYHOI MallMHU
MEXaHi3My HATATy 3 TPYXHO-JANCHUIATHUBHUMH eJleMeHTaMHu. 3a0e3neueHHs
Y3TODKEHOCTI TYCEHHYHOI CTPIYKM I HATSHKHOTO MEXaHi3My JO03BOJISIE
BUKJIIOYMTH BUHUKHEHHS PE30HAHCY y pe3yjbTaTi CKIaJaHHS MaJarouoi Ta
BiIOMTOI XBWJIb i TAKUM YHHOM JOCSATTH PIBHOMIPHOTO PO3IOALTY JHHAMIYHUX
HaBaHTAXKEHb K Yy 00BOJI, TaK 1 B IHIINX By3JIaX Ta JETAISAX I'yCEHUYHOTO PYIIis.

MaremaTinyHa MOJEINb.

PosristHeMo JMCKpeTHY Mozedb (TOYHIIIE, AMCKPETHO-KOHTHHYAJIbHY)
T'YCEHUYHOI CTPIYKH y BUIIIA/ JIAHIFOTa OJHOPIJHUX Mac 1 HEBArOMUX MPY>KHUX
€JIEMEHTIB, SIKI MaloTh BHYyTpilHe TepTs (puc.l). Ha ogHOoMy KiHII ryceHHMYHOT
CTPIYKH JIi€ MepioInIHa 30BHIITHS CHJIa, & Ha 1HIIOMY KiHIli TYCEHUIHOI CTPIuKH
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BCTaHOBJICHO TPHUCTPil I 11 HaTATy, SKUM BKIOYae y cebe iHepriitHui

NIPY>KHUH eJIEMEHT Ta Aemiidep.
[To310BXKHI  KOJNMBaHHS TakKOi CHUCTEMHM ONMCYIOTBCS HACTYIHHUMH

PIBHSHHSIMHU:

mi, +eX (x, — %)+ B x (¥, —x,)=F, xe™,; i = -1,

: (1)

J‘H'l.“,.: + K |::_?.'f” — -tn—l = 5..-_‘11 -1'-'3}( {2-:'-.r-_ - il'.—i - -'.'-:-I--'.::I =0
n=23..,N-1,

r”}" X .!._1_' - I:‘l\' x :'u_\l' + C‘{ l'u;\' - "q'.\-—l} +E k4 [.ix - .!-._1_'_1} = U.

Je: N — NOPAIKOBUI HOMEp MacH TpaKy I'yCEHHYHOI CTPIUKH;
Xy, — TIO3JI0BAKHE NEPEMiLIEHHs N-T0 TPaKy BiJIHOCHO MOJIOKEHHS PiBHOBArH;
M4 C — Maca Ta HO3IOBXKHs JKOPCTKICTh JIAHKH TYCEHHYHOI CTPivKH;
P — xoediuient, kUil BpaxoBye BTpaTH y MIAPHIPHUX 3 €HAHHAX I'yCEHUIHOT
cTpiuku; My, Cn, By —Maca, 5KOPCTKICTh i KoedillieHT 1eMndyBaHHs KiHIIEBOro
3aKPITUICHHS T1IKH;
Fy, W — ammutiTysia i yactora 30BHIIIHBOT CHIIH.

X1

X2
<
€

B B B

Puc. 1. JluckpeTHa-KOHTHHYaJIbHA MOJIENIb TYCEHUYHOI CTPIUKU Y BUTIISI
JIAHIIOTA OTHOPITHUX Mac i HEBaroMuXx NPYXHUX €JIEMEHTIB, 1[0 MalOTh
BHYTPIIIHE TEPTS

XBUIA, fKa PO3MOBCIOKYETHCS BiX JpKepena 30ypeHHS A0 JaHIora
OMHOPIMHUX Mac IIi€i JAUCKPEeTHO-KOHTHHyanbHOI cuctemu (IKC), micis
B3aEMOJIIT 3 KiHIIEBUM 3aKPIiIUICHHAM MiX 3y0’sMH 3y04acTHX BiHIIIB BEAyIUX
KOJIiC BiIOMBAETHCS BiJl HUX Ta PO3MOBCIOHKYETHCS Y MPOTUIICKHOMY HATIPSIMKY.
ToMy MO3A0BXKHE TIEpEMilllcHHs N-0i MacH JAHIIOra MOXKHA TOJATH Y BUTIISII
CYIEPIIO3UIIIT TBOX 3aTYXaIOYNX XBUIIb:
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xp(6) = AxexpliXx (wt—y xnxa)]l+ B Xexpli X (wt +y xnxa)l. (2)

ne: A — amIniTyia XBuii 30ypeHHst;
B — ammutityna XBuIIi, BIIOUTOT BiJ 3aKPIIUICHHS,

o — 4acrora xBuii; ) =(K-i&) — KOMIIEKCHE XBHIILOBE YHCIIO;

a — KPOK TyCEHHII.

[licTaBIsIOuH PO3B’A30K y BUIIs Oiiydoi xumi X, ~exp[i X (wt +
yna)] y piBHsSHHS (1), MATUMEMO CITIBBITHOMICHHS, SIKi 3B’ A3YIOTh KOMIUICKCHE

XBHJIbOBE yucio ) = K-ia it uacrory w:

2
(c-+ifw

chiiya} = TN 3)

3 pigHomenHs (3) BumimBae, mo mnapamerpu (Ka) € HeniHIHUMH
¢byHKIisiMU gacToTH (V. 30KpeMa, y BUIMAKy JTOBrOXBHIBOBHX 30ypeHb (Ka 1),
KOJIY JIHIIOT Mac Ma€ OJM3bKUil 32 CBOIMH BJIIACTHBOCTSIMHU JI0 B’SI3KOIIPY)KHOTO

ctpwkHs (TooTo 10 JIKC), 3 BigHomeHHs (3) MaTuMeMo JiHiiHUMIT 3akoH st K
1

m.=-
(Ka =(—)2 X (V) i KBafipaTHUHy YACTOTHY 3AIEXKHICTh IS NApaMeTpy d,
c
SIKMH XapaKTepu3ye eKCIIOHEHIIaIbHE 3aTyXaHHs XBHJIl Y B3JJOBXK JIAHIIOTA Mac
mi  w?
a=pgx(2xX_-
c 2¢
Slkuio Brpatamu y cuctemi 3HexTyBatu (£=0), 3 BinHoweHHs (3) BUTIKae
VHiBepcallbHE IUCTEPCiiiHe CHIBBITHOIICHHS, sSKE XapakTepHe Ui OaraThox

ml
mucnepcuux cucrem [7]: @ =2(?)2 X sin |% .

30KkpeMa, Takuil 3aKOH auctepcii Oyae CHpaBeIMBHI A CHCTEMH, IO
BUKOPHCTOBYETHCSL Y SIKOCTI TPHBEICHOI MOJEN NPU PO3PaXyHKY KPYTHHX
KOJIMBaHb TpaHCMiciit [2].

[TincraHOBKOO pPO3B’s13Ky BimHOmieHHs (2) y pIBHSHHS PyXy KiHIIEBOI
JIaHKHM TYCEHHYHOI cTpiukd (1) 3HaX0AUMO 3B’SI30K MiXK aMILTITYAaMH T1aar040i
(A) Ta BinbuToi (B) XBUIb NEpEeMIllIEHHs Ha TPAHUIISIX TYCEHUYHOI CTPIUKH:

E ( (' Zn)
(Zo+Zn)'

= exp{—2i Xy X Na} Xx ——= (4)

ze:

KOMIIJICKCHA BCJIMYHUHA ZTL

Zn=ﬁn+i><(mn><a)—%) (ﬁ——)x(l—ch{lyXa})
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ic ,
Bennuuna Zg = (,3 — —) X sh{i X y X a}.
w
KomruiekcHa BeiuurHa Z. , SIKa BXOAUTH y (4), 3aJEeXUTh B 9acTOTH
xBwiIi (U, mapaMeTpiB KiHIEBOTO 3aKpiIUICHHS, MapaMeTpiB JIaHIIOra mac u

XapakTepu3ye IMIIEAaHC KIHIIEBOTO 3akpiluieHHsA. BemmauHa Z (0 BH3HaYae
iMIeTaHC OTHOPIAHOTO JAHIIOTa Mac 3 BHYTPIIIHIM TEPTSIM.

3 BigHomIeHHs (4) BigOMO, IO BiXOWTI Bif 3aKPIIUICHOTO KiHI XBHJI
B

BiZICYTHI (— = 0), SKIIO IMITeIaHC 3aKPIIICHHS JOPIBHIOE IMIIEIAHCY JIaHIIIoTa
A

mac Z, 0= Zn Take 3’eHaHHA NaHIIOTa ¥ KIHLIEBOI JIAHKM MOYKHA BBaXKaTH

Y3TOKECHHM.

Z[J'IH OTpHUMaHHA Y3IrOJPKEHOI'0 3 HaBaHTAXKCHHAM 3’€L[H3HHH, napamMeTpu

3akpimnenns My, Cp, Bn il mapameTpu nasigora mac (M,C) Ta f, MOBHHHI
3aI0BOJIbHATH HACTYITHUM CITiBBITHOIIICHHSIM:

{mnxwz—cn—cx(1—e“a><cosKa)—,8wae“aXSinKazo,
BaXw+BXwXx(1—e* xcosKa)—cxe* xsinKa=0.
ae:
(K a) Ta yacrota (U 3B’s13aHi piBHAHHIM (3).
TakuM YUHOM, BHXiIHA 3ajaya 3BEJIaCh JO JOCIIDKEHHS CHCTEMH JBOX

®)

piBHsHE (5) AN BU3HAUEGHHS TPHOX MHapameTpiB 3akpirmneHHs My, Cp 3a

3aJaHAMH TTapaMeTpaMu JIaHIFora Mac (m, ¢, ff) Ta 4acToToro 30ypeHHs (V.
dazoBa mBHUIKICTH posmoBcrokeHHs v JJKC XBHIB XapakTepu3yeThes
3aJIEXKHICTIO:
Ve = w wXia ©)
— . 2 .
¢ K mw? e

2 "
[Arch ctifo aa

I'pymoBa mBUAKICTS:
_dw 2sin[iKa+ aa]xiax(c+ifxw)?

VFp T dK mx[2wc+w?xif] ' Y
Ipu =0 3 (6) Ta (7) maemo:
c\1/2 sin|Ka
Vq,:(z) X a X % @®)
Vip =X a X cos (%) 9)
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Ipu K a K1 (y mexxax Mozeni B’si3koro npykHoro ctprkas JJKC) maemo:

1
Vrp—Vq,—( ) X a = const. (10)
Buxonsun 3 Bupasy (9), MOXHA BCTAHOBUTH YMOBM, IIPH SKHX
Vip = 0, 10670 xBUIA ¥ I[KC He [ePEHOCUTh Y CUCTEMi EHeprilo:

o @p+DxTeok =200 520123, @

2
[Ipu mpomy ‘IaCTOTI/I, IUII KOTpUX BHUKOHYeThCs (11), BH3HawaeThes 3i
CITiBBiIHOIIICHHS:

1
C \2
*
=2 x (—) . (12)
m
I[J'Iﬂ OTpI/IMaHHﬂ y3r0z[>KeH0r0 3 HaBAHTAXCHHAM 3’€,Z[HaHH$I, HapaMeTpH

saxpirienns y JIKC i napametpu camoro "nanmora” M, CN, Sn. (M, ¢, f),
MOBUHHI 3a/I0BOJILHATH CHIBBiIHOIIEHHM (5), siKi 3a3HaueHi Bumie. Tak, npu
1

mw?\2
f=0 3 (5) Maemo HacTymHy yMOBY y3romkenns: Sy = By = (mc - ) ,

a Maca i JKOpCTKICTh 3a1<pinneHHﬂ 33/I0BOJILHSIOTH PIBHSHHAM: My = My =
m ( n__)
=, cy = ¢y = 0,260 ——2 = w?.
2 N

3po3ymino, po3B’sA3aHHA IMOCTAaBICHO! 3ajmadi IMOAO  BiNIIYKAaHHS
napameTpiB KiHueBoro 3akpiieHHs y JIKC, ske He BigOuBae XBHIIi, Ma€ CEHC
JIMILIE /IS CIIa0KO 3aTyXarouMX XBWJIb, KOJIM BTPATH Y INAPHIPHHUX 3’€IHAHHIX

rycennni mani (X @ <K C).
Mpu Lw<C 3Havenns koedilienta nemndysanHs 3akpimienns Sy
6au3bKe /10 3HAUeHHs S, AKke 0OUMCIIeHe 3a BiICyTHOCTI BTpaT:
By =Py X e% =B X (1 —e* X cosKa). (13)
[Npunyckaroun, mo Maca H KOPCTKICTh 3aKpillJIeHHA IOPiBHIOIOTH,

. . m
BIATIOBITHO, My = m}'{, = ;, Cy = CX, = 0, MU HE€ JOCATHEMO IIOBHOT'O

. B
Y3TOJKEHHA Ha TpaHULl TUIKU (Z = 0). Ommak, mepesara eMI(yrOUYOTO
MIPUCTPOIO 3 TAKUMH MTapaMeTPaMH MOJIATae y TOMY, IO BiH HE Ma€ Pe30HAHCHUX

BJIACTUBOCTEH 1 TOMY HEKPUTHYHHU IIOJ0 MAajJHX 3MiH 4acToTH 30ypeHHs (U i

B
TapaMeTpiB CUCTEMH. 3aleXHICTh KoedillieHTa BiTOUTTS Z y IbOMY BHIIAIKY

TAaKOK HC HOCUTb PC30HAHCHOT'O XapaKTCPy Ta Ma€ BUA:
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B 2a (ﬁ XP—CXQ)
—| = —exp|— = . (19
|A| p{ (Na)} [4><(cx£+ﬁx<p)z+(ﬁ+p—cx%)2]
Jc:
p = ch(aa) X sin(Ka), ¢ = sh(aa) X cos(Ka).
B
Bokpema, mpu L K C xoedimient Binourrs |—| He nepesumye
LXw
BCIIMYUHU (nc)

PesyneTatu mociimxeHHs
Hapenemo mnpukian po3paxyHKy Ui TYCEHHYHOI CTPIYKH 3 TyMOBO-

METalICBUMH IIapHipaMu Ta 3 mapamerpamu m=8,96xe, a=0,14m, c= 107H/M,

B =17X10% «xr/c, GmusbkiMu [0 BIIOMEX 3 EKCIEPHMCHTAIBLHIX
Jociimkens [1].

IIpu 9acToTi 30ypeHHs w=200¢" 1, my = ?, Cy = 0, maemo:

By = 9,465 X 103 kr/c.

Ha ocranok 3a3Haummo, WIO BeJMUMHA KoedilieHTa aemnyBaHHs

3akpinnenns [y 3a1eXuTh Bifl 4acToTH (U, TOOTO Y3TOJDKEHHS MOKe OyTH
JIOCSITHYTE JIMIle Ha TeBHIH 4vactori. OJHAK, Y BHUIAJIKy JOBrOXBHJIBOBHX
30ypenb (Kak1), cuctema (5) HaOyBae BUy:

{J‘IE:._-X{JJ:—EI\-—E'K{].—FGNJ—SXHJXE’“H ¥ Ka =0,

15
By Xw+EXwX(l—e")—cxXe" XKa=0, (1%

Koedimienr memndyBaHHsS 3akpilyieHHs MOXHA BBaXKaTH TOCTIHHUM 1
1

He3aIeKHUM Bif yactoTu 36ypenns: Sy = (Mc)z. Takum uunom, npu Ka«l
Y3TOKEHHS JOCATAEThCA MPAKTHYHO Ha BCIX YacTOTAaX BKAa3aHOTO Aialla3oHy 3a
(iKCOBaHMX MapaMeTpiB r'yCEHHYHOI CTPIUKHM Ta KiHIIEBOTO 3aKpIiIICHHSI.

BucnoBku

1. V poboti oOrpyHTOBaHWH XBUJIHOBHMA METOJ| 3HIIKCHHS IMO3I0BKHIX
KOJIUBAaHb NPYKHUX T'YCEHUYHUX CTPIUOK y MeXaX AMCKPETHO-KOHTHHYAJIbHOT
MOJ€EI OCTaHHIX.

2. Tlo310BXHI KOJUBAHHS MPYKHOI I'YCEHUYHOI CTPIYKH CITiZ PO3TIIAAATH
SIK CYTEPIO3UINI0 JBOX OKYYHMX Ha3yCTpid OJHA OIHIM CIIAa0KO 3aTyXarodux
xBuib. [IokazaHo, 10 3MEHIICHHS KOJMBAaHb I'YCEHHYHOI CTPIYKH MOXeE OyTn
JOCSTHYTE€ ULUISIXOM IiI00py TmapamMerpiB JaeMrepHOro MpUCTPOIO, SIKHN
JIKBiy€e BIIOUTI XBUIII HAa MEXI1 3aKpiIIEHHs T'YCEHUYHOI cTpiuky. Po3paxoBani
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mapaMeTpu TYCEHHTHOI CTPIUKM ¥ KIHIIEBOTO 3aKpiIUICHHS, KOTpe He BimOmBae
XBHJII, 1[0 YTBOPIOIOTBCS Y CUCTEMI.

3. IlpoBenenuii qucnepciiHO-XBUILOBHUH aHaNi3 BUHHKAIOYHX Y CHCTEMI
XBHWJIENIOJAIOHMX YTBOPEHb JO3BOJHMB BCTAaHOBUTH IX OCHOBHI IapameTpu
(rpynoBy Ta (a3oBy MIBUAKOCTI PO3MOBCIOJKEHHS XBHJIb),  TAKOXK YMOBH, 3a

SIKHX 1l YTBOPEHH:T He MepeHocsts B3araii Hiskoi eneprii (V, = 0).
4. Benuuuna koedinienta geMndysanHs 3akpinieHns [y 3aleKuTh Bif

gacToTH (), TOOTO Y3TOKEHHS Y JIMCKPETHO-KOHTHHYyaubHiH cucteMi ([JKC)
MOXe OyTH JOCSTHyTe€ JHIIe Ha TMeBHIH dvactoTi. OpHaK, y BHUINAAKY
JIOBroxBuiboBux 30ypeHb (Ka<«l) koeodiuieHT nemrdyBaHHS 3aKpilUICHHS

MOXXHA BBaXAaTW TIOCTIHHMM 1 HE3QJICKHUM Bi YacTOTH 30ypeHHS:
1

By = (mc)z. Taxum unnom, npu Ka< 1 y3rokeHHs 10CATa€ThCS MPAKTHIHO
Ha YCIX 4acTOTax BKa3aHOTo Jiama3oHy 3a (hiKCOBAaHHMX 3HA4YCHb IapameTpiB
«IaHIIOray Mac KIHLEBOI'O 3aKpiljieHHs (XBWIIOBOTO TacHMKa). Pe3oHaHCHI
SIBUILA Y TYCEHUYHIHN CTpivLli BIACYTHI.

5. IlpoBeneni JoCHifpKEHHS W OTpHMaHi pPO3paxyHKOBO-aHAIITHYHI
3aJISKHOCTI U1 TapameTpiB XBUIIboBoro racHuka y JAKC MoXyTh ciyryBata
OCHOBOIO JIJIsI TIOANBIIOTO BIOCKOHAJICHHS i YTOYHCHHS ICHYIOUHX 1HKEHEPHUX
PO3paxyHKiB MOAIOHIX CHCTEM.
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AHaJi3 CHIr004YMCcHOI TEXHIKH Ta 3aX0/M, HANIPABJIeHi HA
NMOKPAIeHHA 3UMOBOI0 YTPUMAHHA ABTOMOOIILHUX AOPIr

Analysis of snow removal equipment and measures aimed at
improving the winter maintenance of highways

Mumuyk O.IL., k.T.H., pou., Hpouroxk B.O., k.1.H., pou., Taxax J.O.,
K.T.H., gon. (Jlynupbkuii HamioHaJbHHI  TexXHiYHMH YyHiBepcHUTeT),
MManuyk F0.M., K.T.H., Jou. (Hamionaanumit YHiBepcHTET BOJHOTO
rocrmoJapcTBa Ta iHxKeHepii mpupoaoKopucTyBaHHs, M. PiBHe)

Shymchuk O.P., Ph.D. in Engineering, Associate Professor, Protsiuk
V.0., Ph.D. in Engineering, Associate Professor, Talakh L.O., Ph.D. in
Engineering, Associate Professor (Lutsk National Technical University),
Panchuk Y.M, Ph.D. in Engineering, Associate Professor (National
University of Water Management and Environmental Engineering, Rivne)

Y cmammi nposedeno awnaniz icmyiouoi CHic00UUCHOI MeEXHIKU OJi 3UMOB020
VMPUMAHHSL A8MOMOOIIbHUX 00pie Ma MICbKUX 8yauyb. 3anponoHO6AHO WIHEKOBUIl
CHI2004UCHUK, AKUIl 3a0e3neuumsb UOANICHHS. CHI2Y 3 NPOI3HOT YACMUHY, 3A8AHMANCEHHS
11020 8 Ky308U A8MOMOOINIE MA GUGE3EHHS 30 MeXNCI DOPOU.

The article analyzes the existing snow removal equipment for winter maintenance
of highways and city streets. An auger snowplow is proposed to ensure snow removal from
the roadway, loading it into car bodies and taking it off the road.

During operation, highways are subjected to constant loads and exposed to
atmospheric influences. Weather conditions and destructive transport actions worsen the
operational properties of the road as an engineering structure while reducing the
efficiency and safety of road traffic.

The most important factors in the winter period that affect the safety of road traffic
and the speed of movement of vehicles are the slipperiness of the surface and snow
accumulation (when snow accumulates on the roadway). These factors lead to a decrease
in the coefficient of adhesion of car tires to the road surface and an increase in the
probability of skidding. As a result, the braking distance increases, traffic becomes more
difficult, and the probability of traffic accidents increases.

The winter maintenance of highways includes a set of works performed by road
organizations with the aim of ensuring safe and uninterrupted traffic in winter, in
particular, snow removal, combating slippery conditions, and clearing roads.

Winter road maintenance is an expensive process, as it is quite often difficult to
predict weather conditions.

Road cleaning measures affect their service life and safety. Therefore, the proper
execution of works and the use of modern equipment for winter road maintenance is an
urgent task today.
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For full mechanization during winter road maintenance, we use a wide range of
equipment. These are snow plows, snow loaders, ice scrapers, and sand throwers.
Snowplows are rarely used on country roads, mainly where the ability of snowplows to
throw snow a considerable distance from the roadway is limited or completely excluded.
They are also used to clear snow drifts from roadsides. Snow plows are mainly used on
road sections in populated areas.

The purpose of this scientific article is the analysis and comparison of existing snow
removal equipment for winter maintenance of highways and city streets, and the
development of an auger snow plow for maintenance of roads in the winter period, namely,
the removal of snow cover from the carriageway.

Today, snow plows are manufactured by many companies around the world and are
available for various types of vehicles. They are available with manual, electric, and
hydraulic drives. They have different sizes and designs.

Kniouoei crosa: agmomobinena dopoea, cHico3aHeceHHs, CIU3bKICMb, CHIZ00YUCHA
MexHiKa, 3UMo8e YMPUMAHHSL.

Keywords: road, snow drift, slipperiness, snow removal equipment, winter
maintenance.

Beryn. Ilix wac excroryaTamii aBTOMOOLTBHI JOPOTH 3a3HAIOTH MOCTIHHIX
HaBaHTaXXCHb Ta MiIJAIOTECS aTMOCepHUM BIUTHBaM. [1oroaHi yMOBH, pyiHIBHI
Jii TpaHCHopTy — 1ie Ti (aKTOPH, SIKi NOTIPINYIOTh EKCIUTyaTaliifHi BIaCTHBOCTI
ABTOMOOUIBHOI JOPOTH SIK 1HXKEHEPHOI CIOPYAM, IPH LBOMY 3HHXKYIOUH
e(eKTUBHICTh Ta OE3MeKy JOPOKHBOTO PYXY.

HaiiBaxxiuBinmmu QakropaMd B 3MMOBHUiIl Tepioj, siKi BIUIMBAIOTH Ha
0e3reKy TOPOKHBOTO PyXy Ta MIBHUIKICTH MEPECYBaHHs TPAHCIOPTHUX 3aCO0IB
SIBIISTFOTBCS CITU3BKICTh IOKPUTTS Ta CHIrO3aHECEHHsI (KOJIH HAKOTIMIYETHCS CHIT
Ha Tpoi3Hii wactuHi). daHi pakTopm NpU3BOAATH A0 3MEHIIEHHS KoedilieHTa
3UCIUICHHS aBTOMOOUTBPHUX INIWH 13 JOPOXHIM IOKPUTTSM Ta IIiABHIICHHS
HMOBIpHOCTI 3aHOCY. B pesynbrari pocre rajapMiBHHH IUIAX, YCKIAIHIOETHCS
PYX, i IBUIYETHCSA HIMOBIPHICT BUHUKHEHHS JOPOXHBO-TPAHCIIOPTHUX IIPUTOI.

Jlo 3uMOBOTrO yTpUMaHHS aBTOMOOUIBHUX JOPIT BITHOCHTBHCS KOMILIEKC
poOiT, SIKi BUKOHYIOTBCSI JOPOXHIMH OpTraHi3allisMH 3 METOI0 3a0e3NedeHHs
6e3megHoro Ta 6e3nepedifHOro pyxXy TPAHCIOPTY B3UMKY, 30KpeMa IpHONPaHHS
CHiTy, 60poTE0a 31 CITU3BKICTIO Ta PO3YHIICHHS AOPIT.

3UMOBE YyTpUMaHHS AOPIT € JOPOTOBAPTICHUM MPOIECOM, OCKUTLKH TOCHTh
4acTO Mepe0aYNTH MOTOHI YMOBH CKJITHO.

3axo/u, HaMpaBJieHi Ha PO3YHUINEHHS aBTOMOOUIBHUX JIOPIr, BIUIMBAIOTH HA
TEpMiH iX ciryxOu Ta 6e3neky. ToMmy HanexxHEe BUKOHaHHS POOIT Ta 3aCTOCYBaHHS
Cy4acHOI TEXHIKM JUIi 3UMOBOIO YTPHUMaHHS JOPII € aKTyaJbHOI0 3aJavyelo
CHOTO/ICHHSI.

Anamiz pociimkenn. I[lepmia MammHa JJIsl OYHMINCHHS CHIry Oyna
nobynoBana ['epoeprom @piom B 80-x pokax XIX cromitrs. Tak sk B HIll HE
OyJI0 OBUTYHA, TO JUIsi pOOOTH HEOOXiMHO OYJIO MOCTIHHO KPYTHUTH PYUKY, sSKa
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MpUeAHAHA 10 Bajla CHIrOOYMCHHKA. MaliHa 3MiTana CHIr BChOTO Ha MiBTOpa
MeTpa B CTOPOHY, B 3B’SI3Ky 3 4YMM He Halyjla IIMPOKOTO 3acTOCYBaHHS B
TOIIIIHIA ABCTpilchKii immepii [1].

[epmmmu TIY)KHUMH CHITOOYMCHHMKaMH OyJIM KiHHI AepeB’siHi IUTYXHI
CHITOOYHMCHUKHU. [3 TIOSBOIO aBTOMOOUISA 1HXCHEPH-BHHAXITHUKH TOCTIHHO
HaMarajiwucs iX BIOCKOHAINTH, SIK pe3yJbTaT OyJIo 3aaTeHTOBaHO HOBHH IIpHIIal
B 1940-x poxkax [2].

3 THX mip mpoHnuro 6arato 4acy, a TOMy HaKOIMYUBCS BEIHKHHA JTOCBiX
BHPOOHMIITBA Ta EKCIUTyaTallii JaHWX KOHCTPYKIIiH.

Ha cphoromHimHili JOeHb CHITOOYHMCHUKHA BHPOOJSIOTHCA OaraTbma
KOMITaHisSIMHA IT0 BCHOMY CBITYy Ta JOCTYITHI JUIsl PI3HUX BHIIB TPaHCHOPTHHUX
3aco0iB. BoHn OyBaroTh 3 PyYHHM, CNEKTPUIHAM Ta TiAPABIIYHUM MIPHBOIOM.
MaroTb pi3Hi po3MipH Ta KOHCTPYKIII.

IMocTaHoBKa MeTH i 3axa4 AocaimKeHb. MeTOIO JaHOT HAYKOBOI CTAaTTi €
aHaJli3 Ta NOPIBHSAHHS iICHYI0YOT CHITOOYMCHOT TEXHIKH JUIsl 3MMOBOTO YTPUMAaHHS
ABTOMOOLIBHUX JIOPIT Ta MICBKUX BYJIHIb, PO3pO0OKa ITHEKOBOTO CHITOOYHCHUKA
JUIsl YTPUMaHHSI aBTOMOOUIBHUX JIOPIr Y 3UMOBHH Tepiojl, a came NMpUOMpaHHS
CHITOBOT'O TIOKPUBY 3 POi3HOT YaCTHHH.

Buxusian ocnoBHoro Marepiasy. /{ist moBHoi MexaHi3auii i1 4ac 3MMOBOTO
YTPUMaHHS JIOPIr MH BHKOPHCTOBYEMO INHUPOKHH CHEKTp TexHiku. lle
CHITOOYMCHUKH, CHITOHAaBaHTA)XyBadi, CKpeOKWM I OUMIICHHS JBOLY Ta
MiCKOPO3KUIadi.

IImyxHi cHiroouncHUKH (puc. 1) MOKHA PO3AUINTH HA OIHOJOMATEBI, SKi
BiIKHIAIOTH CHIT 3 OJHOTO OOKY, i ABOJIOTATEBI, SIKi MOXYTh BIIKHIATH CHIT 3
onHOro abo 3 000x OO0KiB. Jleski MapKu CHITOOYMCHHUKIB MAalOTh OJWH abo JBa
0iyHux BinBanu (kpuia). CHITOOYMCHUKHM MOHTYIOTBCS Ha Iaci TPAHCIIOPTHUX
3ac00iB a00 paMax TPaKTOpiB.

[TepeBarn aBTOMOOUIBHUX IUIY)KHMX CHIFOOYMCHHUKIB MOJSATAIOTh Y
HACTYIMHOMY: 3aBJSKH BiTHOCHO BHUCOKIii poO0Uiif IIBUAKOCTI CHIT BiAKUAAE€THCS
Ha 3HAYHy BiACTaHb (10 5-8 M), a CHIrOBHH Baj, IO YTBOPIOETHCS IICHA
IIPOXOJPKEHHS CHIFOOUHCHHUKA, Ma€ MKy (hopMy; BUCOKa MOOUIbHICTD JI03BOJISIE
IIBUJIKO MEPEMIIIaTH CHITOOYHCHUKHU 3 OJHOTO MiCIld POOOTH Ha iHINE; MiCHs
JIEMOHTaXy CHITOOYHCHHKA aBTOMOOLIb MO’KHA BUKOPHCTOBYBATH 32 NIEPBICHUM
MIPU3HAYCHHSIM.

Jlo mepeBar TpaKTOPHHUX CHIFOOYHMCHHKIB BiJHOCSTHCS: BOHH MOXYTb
MIPAIfOBaTH B CKJIAJHHUX CHITOBHX yMOBAaX; TPaKTOp MO>KHa BHKOPHUCTOBYBAaTH
JUTS 1HIIWX 3aBJAaHb IICIIA IEMOHTAXy CHITOOUYHCHHKA.

IIpomucnoBicTh  BUpPOOMSiE TIYroBi  CHITOOYWCHHKH, SIKi  MOXHA
BCTaHOBJIFOBATH Ha aBTOMOOJI Ta TPAKTOPH.
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Puc. 1. IInyXHuii CHITOOYHCHUK

PoTOpHI CHITOOYNCHUKH 3a3BHYAil CKIAIAIOTHCS i3 TBOX POOOYHX OpTraHiB,
OJIWH i3 SKUX 3pi3a€ CHITOBHH MMOKPUB, MOJAIOYH HOTO B EHTPAIbHY YaCTHHY
MAaIlMHHA, a IHIIMKA 3aXOINII0E CHIr 1 Biakumae #Horo BOIk. OpjHak, 1
CHITOOYHCHUKH HE Ay)Xe MOIyJSApHI Yepe3 HU3bKY NPONYKTUBHICTH, BHUCOKE
C€HEePTrOCIOKUBAHHS, CKIATHY KOHCTPYKIIIO pOO0YOro Oprany i Maixy JalbHICTh
BIJIKUIaHHS CHITY. POTOpHI CHIFOOYHMCHHMKH 3aJIC)KHO Bijl THITy poO0u0i CeKiii
MOUISIOTBECSA HA IITHEKOBO-pOTOpHI (puc. 2), dpesepHo-poTopHi (puc. 3) i
TLUTY>KHO-POTOPHI (pHC. 4).

HaiinommpeHiimmuM CHIrOOYMCHUKOM € IITHEKOPOTOPHHUII CHITOOYHMCHHK
(puc. 2), sikuii Mae 1Ba ab0 TPU IIHEKHU JUIS 3pi3aHHs CHITY.

A

Puc. 2.

G e A B S
[ITHeko-poTOpHMI CHITOOYHCHHUK

Xoua 11i CHITOOYHCHUKH KOHCTPYKTHUBHO IIPOCTI 1 Ha/liliHI B €KCIUTyaTalii,
BOHH HE TiIXOASTH JJIs 3pi3aHHs BaXKKUX CHITOBHX IUIACTIB YINIIBHEHOTO CHITY.
®pe3epHO-POTOPHI CHITOOYMCHHUKH - II€ TUIM CHITOOYMCHUX MAIIHH, SKAN
3abe3nedye KOMOIHOBaHUI METOJ BUAAIEHHS CHIry. BoHu 00’enHyroTh y co0i
(bpesepHuii 1 pOTOPHUIT NPUHLIUIIH POOOTH.
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Puc. 3.

®Ope3epHO-POTOPHUI CHITOOUYHCHHUK

[I1yXHO-POTOPHI CHITOOYHMCHUKH — II€ THII CHITOOYMCHUX MAIIWH, SKi
MOETHYIOTh Yy co0i JBa OCHOBHHX METOIW OYHIICHHS BiJ CHITY: IUTYTYBaHHA i
POTOpHE BUIAJICHHS.

b el
Puc. 4. IIny>XxHO-pOTOPHUH CHITOOUYNCHUK

Kowm6inaris mmyra ta potopa J03BOJISIE HE JIMIIE 30MpaTH CHIT, a i IpiOHNTH
HOro, MOJIErIIyI0YH MPOLEC OUYHIIEHHS.

3 Meroro 3a0e3MedyeHHs CHIFOOYMINEHHS B 3MMOBHMH Iepioag HaMu
3aMPOIIOHOBAHO IITHEKOBHIA CHITOOYHCHUK, IKMI CKJIAIAETHCS 3 3a0ipHOT HACAAKH
Ta TPaHCTIOPTYI04Yoro Tpybomporoay (puc. 5).

Bu3HaualbHUMHU ~ KPHUTEpISAIMH il Yac IPOEKTYBaHHS  LIHEKOBUX
CHITOOYHCHHUKIB MAlOTh CTATH IX HaLIMHICTH Ta 3a0e3leUYeHHs €KOJOTIYHOCTI B
MpoIieCi BUKOHAHHS poOiT. JIJis 3amporOHOBAHOIO IIHEKOBOTO CHIMOOYHMCHHKA
(puc. 5) moTpiOHO 3HATM WOro parmioHaabHI TCOMETPHYHI 1 KiHEMaTHYHI
napameTpu.

Bu3HAaYMMO OCHOBHI IIapaMeTPH MEXaHi3MiB ITHEKOBOTO CHIrOOYHMCHHUKA.

Jl7st IIHEKOBOTO CHIrOOYHCHUKA BUHOMPAEMO BHXIHI MAPaMETPHU, BUXOASIN
3 iHpopMauii npo BiIOMI CHITOOUMCHHUKH, B SIKUX POOOYMM OPraHOM BHCTYIIAE
LITHEK, 30KpeMa:

- TiaMeTp BHUTKIB I'BUHTIB D = d, =d, =0,45m;
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- KPOK 'BHHTA TPaHCIOpTyro4oro tpydonposoay P = 0,45 ;

- KyT BIIXWJICHHA OCi MEXaHi3My BiJl BEpTHKaIi TPaHCIOPTYIOUOTO
Tpy6onposoay oo =30°, ta o0 =0°;

- TiaMeTp Baja d, =0,1m;
- yacTota 060pOTiB rBUHTa N =18x671;

- 00’eMHa Maca CHIry j = 0, 45m:/ > (MOXKe 3MiHIOBATHUCS, 3aJI€KHO BiJl
BOJIOTOCTI CHITY);

- KOe(iL[iEHT 3aI0BHIOBAHOCTI poOOYOro npocTopy K =1;
- KoedilieHT TepTs cHiry 3 koxkyxoMm L =0,55;

- IPUHMAEMO [IOBXKUHY TPAHCIIOPTYIOUOro TpyOOnpoBoay L, = 6.z -

6
L,

du 2\ | i
S - 5 d> s \
S1 P — 7

8

>

W
2 R

Puc. 5. Cxema IIHEKOBOTO CHITOOYMCHHKA: | - 3aXHMCHA PEIIiTKa; 2 - PETYJIATOP
xony; 3 -3abipHa uyactuna; 4,5 - TpaHCIOpPTYIOUMiT TPyOONIPOBI; 6 - MPUBO;
7 - marpy0OoK [uis Boau; 8 - maTpyOoK [UIsl CHITY

IIpoayKTUBHICTE NTHEKOBOTO CHITOOYHCHUKA BU3HAYAETHCS IO (HOPMYIT 3a
MIPOAYKTUBHICTIO TPAHCIIOPTYIOUOTO TPYOOIIPOBOMY:

_ 2
Q=47-D*.K,-n-P-y-K_,
TYT D - JiaMeTp IIHEKa, M;

K, - Koe(illi€HT 3aTIOBHIOBAHOCTI,

@

n - 9acTOTa 00EpTAaHHS LIHEKA, XB™L;
P - KPOK BHTKIB, M;
Y - 06’eMHa Maca cHiry, T/m>;
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K, - KoebillieHT, 10 BpaxoBye BILUIMB KyTa Haxuily Bici IBUHTA [0
TOPHM30HTY Ha HOro NpoayKTHBHICTS (3a ymoBu oo = 30", K =0,72).

Q =47-0,45%-1-18-0,45-0,450-0,72 = 24,98m/ 200 -
KpyTHH1i1 MOMEHT Ha Bally ITHEKA PO3PAaXOBYEMO 3a CITIIBBITHOIICHHIM:

1,=0,5-D,, t19(B+93)-F,, @
TYT Dcep =0,6D ;
/3 - KyT Haxully IIHEKa 0 TOPH30HTY, B rpajgycax;
P 0,45
7-D,, 314-0,6-0,45
B = arctg0,5308 = 287,
0 - KyT TepTs CHIry 3 IIHEKOM;
tgd=p, & =arctg0,72 =36";
M - KoedillEHT TepTst CHITY 13 KOXKYXOM.

=0,5308,

F. - ocboBa CcuIIa, sIKa Ji€ Ha IIHEK, H.
a

F,=q-L-(sina+pu-cosa), 3)
1yt (| - Bara cuiry Ha 1m noBxuHK TpyGOnpoBoy, H /e ;
L, - AOBXHHA TPAHCIIOPTYKOYOTrO TPyOOIPOBOAY, I ;

¢ - KyT Haxwiy oci ITHeKa, Tpajl.
Bara cHiry 0yne:

q=250-7-(D*—-d?)-K,-K, 7. @
TYT d-zxiaMeTp Bala, gs.

q=250-3,14-(0,45° —1?).0,72-1-0,450 =51,50 H /

Toxi: F, =51,50-6-(sin30" +0,72-c0s30" ) = 347,17H
ITo dhopmymi (7.2):
T,=0,5-(0,6-0,45)-347,17-tg64° =96,09H - .

[ITHekoBHMI CHITOOYMCHMH HPUCTPIH BCTAHOBIIIOETHCS Ha TpPakTop abo
aBTroMoOinb. Ilig yac pyxy NpHCTPOIO IIap CHITYy pO3pi3aeThesi 3aXHCHOIO
pewritkoro 1 i morpamisie 10 3a0ipHOT HACaAKH, 1€ CTUCKAETHCS 10 00’ €My, 110
MOXE IIPOWTH dYepe3 CIYeHHS HEpPyXOMOro KOpIyca TpPaHCIIOPTYIOUOTro
TpyGOMpOBOLy, POGOYMM OpPraHOM SKOr0 TEX € mHeK. Moro koedimieHT
3amoBHEHHsT ToBMHeH Oytm piBHuM K,;=1. TlepemimieHHss cHiry y
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TPAHCIOPTYIOYOMY  TPYOOIPOBOII  CYNPOBOIDKYETBCS HOTO  CTHCKaHHIM
LIIHEKOBUM POOOYMM OpraHOM i3 3MEHIIEHHSM KpPOKY BUTKIB. B mopanbiiomy
TPaHCIIOPTOBAHUI CHII' MOTpaIuUIiE B Ky30B arperaToBaHol MallMHH Ta
BUBO3UTHCA.

[lix wac HOpMaTbHOT POOOTH CHIrOOYMCHHKA MIBUAKICTH OOEPTaHHS IIHEKa
OB’ sI3aHa 31 IIBUKICTIO pyXy MamyHK. [I0piBHIOIOYH MPOTYKTUBHICTH OKPEMHUX
BY3JIiB, MO’KHa BCTAQHOBHUTH, IO IOCTyNajbHa IIBHAKICTH CHIFOOYHCHHUKA 3
NEBHIM TEOMETPHYHUM PO3MIpOM, NEBHOIO KYTOBOIO MIBHAKICTIO INHEKA Ta
MIEBHOIO MIUJIBHICTIO CHITY 3aJEXHUTH Bijl IMOIEPEYHOTO IIepepi3y CHIrOBOTO
MIOKPUBY, IO TpuOHpaeThess. ToMmy mis 3abe3nedeHHs e(eKTUBHOCTI poOoTH
CHITOOYHCHUKIB B PI3HHX YMOBaX TPAaHCMICi XOMOBOI YaCTHHU MAIIMHH
MIOBMHHA IUIaBHO 3MIiHIOBAaTH CBOIO pOOOYy MIBHIKICTH B 3HAUHOMY Jiana3oHi.
LIporo MoxHa OCSITH 33 paXyHOK BUKOPUCTaHHS TYpOOMYydTH.

BucHoBKkH. BaxnuBuM 3aBIaHHSM IPH PO3UHUILEHHI aBTOMOOUIBHUX JIOPIT
BiJl CHITOBHX 3aMETiB € NpPaBWIbHUH BHUOIp CHITOOYMCHOI TEXHIKH, SKa
BUKOPHCTOBYIOTHCS HA CHOTOJHILIIHIN JIeHb. ['0JI0BHOIO BIIMIHHICTIO IITHEKOBOTO
CHIFOOYMCHUKA, SKUI 3alpOIIOHOBAHWM B CTaTTi, BiJ IHIIMX € IIHEKOBHU
pobounii opraH, BUKOHaHHWH 13 3MIHHMM KPOKOM BHTKIB, IO 3a0€3MEYHTh
MIPECOBYBaHHS CHITYy Ta 3MEHIIEHHs Horo B 00’eMi. Take KOHCTpYKTHBHE
pilleHHS  MO3BOJsI€  30UMBIIATH MPOAYKTHUBHICTE TPUCTPOIO,  JIO3BOIISE
3a0€3MEeYUTH MIPOCTOTY TEXHITHOTO OOCITyTOBYBaHHS Ta YIIPABIIHHS.
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