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BUKOPUCTAHHA CILTABIB I3 ITAM’SITTIO ®OPMU B
KOHCTPYKHIAX Y CEUCMIYHUX PEI'TOHAX: OI'JISAA TA
IHEPCIIEKTUBH

USING SHAPE MEMORY ALLOYS IN CONSTRUCTIONS
IN SEISMIC ZONES: REVIEW AND FUTURE NEEDS

Boponuak B.1., acnipanTt, Acuniii O.I1., n.1.H. npod., Acuiii B.II.,
A.T.H. 1ol. (TepHomisibcbKuii HamioHATIbLHMIT TeXHIiYHUI YHiBepcHTET
imeni IBana Ilymios, TepHomisin)

Voronchak V. I., postgraduate, Yasniy O.P., Dr. Science, Prof.,
Yasniy V.P., Ph.D. Assoc. (Ternopil Ivan Puluj National Technical
University, Ternopil)

V 36’a3ky i3 360invwennam Kitbkocmi 3emaempycis, 3a0e3neduenus cmiukocmi 0o
ceticMiuH020 6nUBy cmac 8ce Oinbi akmyanbHum numanam. OOun 3 MOJNCIUBUX WLTAXIE
BUDIUEHHAM Yb020 3A60AHHA - GUKOPUCMANHA CHAABI8 3 nam'asmmio Gopmu. B Oawiii
cmammi npogeoeno ananiz NOMO4HO20 CIMAHY Ma NePCReKMuUeU 6UKOPUCMANHA CHIABIE 3
nam'smmio  Qopmu 6  KOHCMPYKYIAX — ONs  3HUIICEHHA — CEUCMIYHO20 — BNIUBY.
Bucsimnioromvcst yHikanvhi enacmueocmi yux mamepianie, 0codauso ix 30amuicmo
gionosmiosamu  opmy nicns  degopmayii. Hasedeno pesynomamu  00CniodceHs
6UKOpUCManna cniasie 3 nam'ammio @opmu. OKpecieno npobremu ma 0OMedHceHHs,
N08'A3aHI 3 WUPOKUM 3ACMOCYBAHHAM 6 0YOI8eNbH Il 2ay3i CAAGI8 3 nam'smmro gopmu,
Ma NOKA3AHO NEPCNEeKMUBHT 00CTIONHCEHHA OAHUX QYHKYIOHAIbHUX Mamepianis.

In today's environment of increasing seismic activity and toughening requirements
for the resistance of buildings to seismic impact, the use of shape memory alloys (SMAs)
in structures is becoming one of the most promising areas. This article is devoted to an
extended analysis of the current state of the art and prospects for using SMAs to reduce
seismic impact on buildings. Shape memory alloys (SMAs) are a special class of
materials that can retain their shape and restore it after deformation under external
factors such as thermal or mechanical loads. This unique property of FRPs makes them
attractive for building structures subjected to seismic loads. One of the key mechanisms
of action of SMA is thermoelastic deformation. Under the influence of a certain
temperature or mechanical forces, the alloy activates its shape memory and returns to its
original configuration. This allows the SMA to adapt to changing environmental
conditions and absorb the energy generated during seismic events. Expanded polystyrene
in structures reduces the seismic impact on buildings, protecting them from damage and
destruction. FRPs can have different chemical compositions, but nickel and titanium
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(NiTi) alloys are the most common. They are characterized by high strength, corrosion
resistance, and good electrical properties. NiTi alloys can withstand significant
deformations, which makes them effective in ensuring the seismic resistance of
structures. In addition, other types of SMAs, such as copper-aluminium (Cu-Al) and iron-
titanium (Fe-Ti) alloys, also have their characteristics and can be used in seismic
construction. The main advantages of using SMAs in seismic structures are their ability
to adapt to changing seismic loading conditions, energy absorption, and reduction of
transmitted forces and deformations to the building. Research is being conducted to
develop new types of seismic isolators based on SMAs that have improved properties and
provide even greater efficiency in reducing seismic impact. However, some problems and
limitations are associated with using SMA. These include the high cost of materials, the
complexity of designing and testing structures, and the need to ensure stable conditions
under operating SMAs in different climatic conditions. As a result, using shape memory
alloys in structures to reduce seismic impact is a promising area of research. They have
unique properties that contribute to the seismic stability of buildings. Continued research
and development of SMAs will help overcome existing problems and ensure the effective
use of these materials in seismic construction.

Kniouoei cnosa: cnnaeu 3 nam’smmio @opmu, epexm ncesooOnpyICHOCHI,
CeUCMIYHI [307I9MOPU, PO3CIIOBANHS eHep2ll, KOIUBAHHS, OUHAMIYHI HAGAHMANICEHHSL.
Keywords: shape memory alloys, pseudoelasticity, seismic insulators, energy

dissipation, vibrations, dynamic loads.

Beryn. CeiicMidHa aKTHBHICT € OJTHIEIO 3 HAHIIOMIUPEHIIINX MTPHPOTHUX
KaracTpod, sfKka MPUHOCUTH 3HAYHI PYHHYBAHHSA Ta 3arpo3y JXHUTITIO JIOJEH.
3eMJIeTpyCH CTaHOBJIATH CEPHO3HMN BHIJIMK AJS OYyIiBEJBHUX KOHCTPYKILii,
OCKUJIbKM BOHM MOXYThb CIPHYMHUTH 3HauHi nedopmanii Ta pyiHyBaHHS
OyniBenb. ToMy po3po0OKa HOBHUX TEXHOJIOTiH Ta MarepiamiB, sSKi JOMOMAararmTh
3HU3UTH CEUCMIYHMI BIUIMB Ha KOHCTPYKLIi 1 3a0e3neyutd ixX CTiiiKicThb, €
HaJI3BUYaiHO BaXKJIMBUM 3aBJIaHHSIM.

OnHUM 3 NEPCHEKTUBHUX HAINpPSIMKIB B IbOMY KOHTEKCTI € BUKOPUCTAHHS
CIyIaBiB 3 maM'sTTIO GOpPMHU B OyAiBEIbHUX KOHCTPYKUisX. CriiaBy 3 mam'sITTIo
¢opmu (CIID) - ne kiac marepialis, SKi MOXYTh BiJIHOBJIIOBATH CBOIO (hOpMYy
micns gedopmanii mia Ji€ro 30BHIHIX (akTOpiB, TakMX SK TepMiuHi abo
MEXaHIYHI HaBaHTaXCHHs. lle yHIKanbHAa BIACTHBICTH, 3aBASKH SKIH iX
e(eKTHBHO 3aCTOCOBYBATH B KOHCTPYKINSX, AKi MiANAIOTHCS TUHAMIYHUM
HaBaHTAKEHHSX, 30KpeMa CEeHCMIYHHIM.

Mexanizm gaii CII® 06a3yeTbcs Ha SBHINI TEPMOEIACTUYHOI JedopMariii.
[Tig BIIMBOM mEBHOI TemmepaTrypu abo MEXaHIYHUX CHJI, CIUIaB aKTHBYE CBOIO
nam'ssTb JOPMHU 1 TIOBEPTAETHCS JO CBOTO TOYATKOBOTO CcTaHy. lle mo3Bosise
CII® apmantyBaTuCs 0 3MiH y HaBKOJMIIIHIX YMOBaX Ta PO3CIIOBATH CHEPTIIO,
III0 BUHUKAE MiJl Yac JTMHAMIYHMX HaBaHTa)XEHb. TakWM YMHOM, BOHH MOXXYTh
3HIKYBaTH CEHCMIYHUI BIUTUB Ha OyIiBJ Ta KOHCTPYKIIii, 3aXHIIAI0UH X Bij
MOLIKO/DKEHb Ta pyiHyBaHb. CII® MOXyTh MaTH pI3HUH XIMIYHHMH CKian,
OJIHaK, HaiOUIbII ommpeHi € Ha ocHOBI Hikexnro (Ni) ta turany (Ti). Yacto no
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ckmagy CII® TakoX BKIIOYAIOTh JOAATKOBI EIEMEHTH, IO MOXYTh
MOKpallyBaTu iX BIACTUBOCTI, Hampukiag, Mins (Cu), amominiil (Al), kobanbT
(Co), xpom (Cr) Ta inmi. 3a XiMIYHEM CKJIaJJOM OKpiM Hikenb-TuTaHoBUX (Ni-
Ti) cinasiB ski, MicTaTh 6aM3bK0 50-55% Hikenmro Ta 45-50% TuTaHy TaKox
HE3HAYHIN KUTBKOCTI JOMIIIOK, TAKHX SIK KOOAJBT, XpOM abo0 3ali30 €: Mifb-
amoMinieBi (Cu-Al) craBu Mictate 6mms3bko 10-15% amrominito Ta 85-90%
MiJi, TOMATKOBI JOMIIIKK, TakKi SK HiKeJIb, TUTaH a00 IMPKOHIi; 3aii3o-
tutanoBi (Fe-Ti) cmmaB wmicTuTe Bapiamii 3aiiza Ta THTaHy 3alie)KHO Bif
KOHKPETHOTO CIUIaBy. MOXYTh MICTHTH JOIATKOBI €JIEMEHTH, TaKi SK HiKeJb,
KOOQJIBT, XpOM TOLIO.

Hitinon xXapakTepu3yeTbcs BHCOKOIO MIITHICTIO, KOPO3iHHOIO CTIHKICTIO,
010CYMICHICTTIO Ta BiIMIHHUMHU €ICKTPUIHAMHU BIACTHBOCTAMH. KpiM 1p0TO,
NiTi criaBd MOXXyTb BUTPHMYBAaTH BHCOKI aedopmauii (mo 8%) [1]. Mexa
MII[HOCTI CIUIaBiB Ha OCHOBI Hikemo Ta TuTany (NiTi) Moxxe 3HaAYHO
BapilOBaTHCS 3aJI€KHO BiJI XIMIYHOTO CILIaBy, 0OpOOKH Ta yMOB BUIIPOOYBaHHS
[2]. Ba3Buuaii rpanuns mirtHocTi NiTi crinaBie 3HaxoauThest y mianasoni Big 300
no 1000 MIla. Bucoka rpanuns winaocti cmiaBie NiTi mos's3ana 31X
YHIKQIbHUMHU MeXaHi3Mamu Jedopmarnii, TakKMMH SK IICEBIONPYKHICTh Ta
MapTeHcuTHI neperBopeHHs. Lli mexanismMu no3Bossitore NiTi  crmaBam
BUTPUMYBATH 3HAuHI HaBaHTAXEHHS Oe3 IIOCTIHHOTO TOIIKO/KEHHS abo
nedopmanii 3aBASKM YOMY BOHM IIHPOKO BHUKOPHCTOBYIOTHCS B 0araTbox
chepax, 30kpema B mequnuti [3], asiawii [4, 5, 6], mamuHoOyyBanHi [7, 8, 9,
10], 6yaiBuunrsi [10, 11, 12, 13] Ta iH.

B KOHTEKCTI CEHCMOCTIMKOTO OyAiBHHIITBA, OJHUM 3 TOTCHIIHHUX
3actocyBanb CII®D € iX BUKOpPUCTAaHHS B CEHCMIYHUX 130J1ITOpaXx.

CeiicMiuHi 130JITOpPU - 1€ KOHCTPYKTHBHI €JIEMEHTH, SIKi 130JIHO0Th
OyniBJIIO BiJ 3eMJI, 3HMXKYIOUM Iepenady CeHCMIYHMX XBWIb BiJl IPYHTY JO
OyniBni. BoHH BUKOPHUCTOBYIOThCS B CEHCMOCTIMKHMX KOHCTPYKISIX 3 METOHO
MOTJIMHAHHS Ta PO3CIIOBaHHS €HEpril 3eMJeTpycy, HIO JOMOMAara€ 3MEHIIUTH
pyWHyBaHHS OymiBIi.

Ipukaagu 3acrocyBanns CII®D y koHCTpyKHiax

CruiaBy 13 maM’SITTIO OPMH MOXKYTh 3aCTOCOBYBATHCSI Y KOHCTPYKIIISIX B
SIKOCTI PI3HUX €JIEMEHTIB: JAPOTHH, CTEP)KHIB, MPY>KHH, CaMOLEHTPYBAIbHUX
nemmngepis [14].

VYV  mocmimxenni [11] po3pobiieHO ajbTEepHATHBHI CaMOLEHTPYBaJbHI
MIPUCTPOT, IO XapaKTEPU3YIOThCS IHTEIEKTYaIbHUM €JIEMEHTOM, KUl 3MEHIITy€e
TMOIIKO/KEHHST CTAICBHUX IIUIMHHUX HemridepiB posciroBanus eneprii (Puc. 1).
[loenHaHHS CTaNeBUX IMIIMHHUX JeMIIpepiB i3 HAANPYKHUMHU CTEPXKHAMH i3
CII® 3abe3meduyioTh CaMOICHTPYBaHHS TMPHW PO3BAHTAXKEHHI Ta BiIIMOBiIHO,
CIIPUSIIOTH 3MEHIIICHHIO TOCTiHHOT nmedopmarii craneBux aemmdepis. Cranesi
IIUTHHHI AeMIipepy B TIOEAHAHHI 3 HAANPY)KHUMH 3THHAIBHUMH CTEPKHIMU
CII® omiHIOBAIM 3 TOYKM 30py HENPYKHOI MOBEAIHKH, 3MOJEIbOBaHOI 3a
JIOIIOMOT'0I0  YTOYHEHOTO aHalli3y METOJOM CKIHYEHHUX eleMeHTiB. Monemni
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OIIUHHEAX ~— OeMIdepiB, IO MINAIOTECS I[HUKIIYHAM  HAaBaHTAXKCHHSM,
BiZKaiOpyBaiM 3a HasBHUMHM pPe3yJbTaTaMU BHIIPOOYBaHb 3 METOI0 TOYHOTO
NIPOTHO3YBaHHs IOBEAIHKU. Peakiii 3amponoHOBaHMX NIUIMHHUX JeMIdepiB
MOPIBHSUIM 3 peakuisMH TPAAWIIHHUX WUMHHUX AemndepiB. B pesynbrari,
BukopuctanHs  CII®D-crepxHiB  JomoOMararoTh  3MEHIIMTH  TOCTiIHHY
neopmariito B cepeHbOMY Ha 27% MOPIBHSIHO 31 3BHYAMHOIO UIITMHHOIO
nemndepnoro cucremoro. KoedinieHTn caMoueHTpyBaHHS JemidepiB 13
BukopucTtanHaM CII® nepeBumyoTs 76% A1 BCiX MOACTHHIX BHUITAJKiB.
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Puc. 1. Cxema minuaHOTO iemidepa i3 HaanpykaHuMu CI1D-cTepxHsIMHU:
a) BuJ criepeny; 6) Bux 3Bepxy; B) 3D Bux [11]

Hocmimkennst [12] memoncTpye mepcnektuBy y 3actocyBanui CIID-
MIPYXHH, B SKOCTI €IEMEHTY IiIBUIIECHHS CEHCMIuHOI CTIMKOCTI OyaiBeIbHUX
KOHCTPYKIIH 3aBASKH KOMIIAKTHIH (opmi, IeMIyodnM BIACTHBOCTSM,
3IATHOCTiI JO BiXHOBICHHA 1 THYYKiH >XOPCTKOCTi. ABTOpaMH IPEACTABIICHO
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KOHIIEIIIIIIO TIPYKUHH, BUTOTOBIEHOI 3 HamnpyxHoro CII®-gpory i3 (NiTi)
cmasy (Puc. 2). Jlns BU3HAYEHHs Ta OIHKM BTOMHHUX XapaKTEPUCTHUK,
OPY)XHHY TMiAJaid [UKIYHOMY HaBaHTakeHHIO. OTpUMaHi pe3yibTaTd
(Ta6murst 1) Gyito BUKOPHCTAaHO Mpu MojetoBanHi moseminku CI1D.

Puc. 2. Ilpyxwuna i3 CII®-aporty [12]

Tabmus 1

Biactusocti CII® mis MomenroBaHHS METOAOM CKIHUYEHHUX E€JIEMEHTIB

Ea Em OMs omf OAs OAf &t

48TTla | 38TTla | 550 MIla | 760 MITla | 520 MIla | 300 MIla | 0,04

MeTo0M CKIHYEHHHX EJIeMEHTIB, MiATBEPIPKCHO MOMIOHICTE MOJIEIBHOL
MOBEMiHKKM a0 HarpyHol. Ha OCHOBI CKIHUEHHO-EJIEMEHTHOI MOJEI,
noOyxoBaHoi B miartdopmi sl MoOJENIOBaHHsS ceiicMocTiiikocti OpenSees,
CII®-npyxuHy TOCHIPKEHO Ha PIiBHI 130111 TPUIIOBEPXOBOI CTAIEBOI paMH.
Pe3ynbTaTH MOpiBHIOBATNCH i3 3BHYAMHOIO €JaCTUYHOIO HpYyXKHHOK. OOHIBI
i3071bOBaHI paMW TMiJJaBaIUCh TPHOM JIMHAMIYHMM HABAaHTAXKEHHSIM, IO
BIINIOBIIAIOTE 3amucaM AiHCHUX 3emierpyciB. IIOpiBHSHHS IOKa3ajo, IO
BukopuctanHs npyxuH CII® e Oinbin eheKTHBHUM y KOHTPOJI MaKCUMaIbHOI
Ta 3aIMIIKOBOi  Jedopmamii s 3axucty crnopyd. CII®-mpyxunHa
IIPOJIEMOHCTPYBaa BiIMiHHY 3[aTHICTh JI0 CAMOLIGHTPYBAHHS, EKBIBaJCHTHHUH
KoedilieHT neMrpyBaHHs CTAHOBUB OlnbIie 2%.

Y crarri [13] posrasHyTO CceiicMidHY IO 1 XapaKTepHCTHKU
CaMOLIEHTPYBAJTbHUX (PPUKIIIHHUX AeMIpepHUX CKOO, SIKi MiAgaBaiu IeKiIbKOM
MaKCUMQJIBHAM a00 IMPOEKTHUM KOJMBAHHAM IPYHTY i 4ac 3eMIeTpycy.
CamomneHTpyBanbHi  (QpuKIiiHI geMndepHi CKOOM BUKOPHUCTOBYBAIHM SIK
YacTHHY CHCTeMH KpimmeHHA. Jletami caMOUIEHTPYBadbHUX (PUKIIHHNX
nemndepHux ckod cxematnmyHo 300paxeHo Ha Puc. 3. CamoneHTpyBajibHI
¢pukniiiHi geMidepHi CkoOM CKIATaroThes 13 IBOX 3pi3HUX IUIACTHH, YOTHPHOX
00JITiB, OTBOPIB i1 OONTIB i OaraToKMILHOrO Haanpy:kHoro aporty CIID. ¥
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MOPIBHAHHI 31 3BHYAHUMHU PO3MIPHAMHU €JIEMEHTaMH Ui BUKOPHCTAHHS B
CTaJeBUX  KOHIEHTPHMYHO  3aKpIIUIEHUX  KOHCTPYKLISAX  pam, i
CaMOIIEHTPYBAJIbHI (bpukLiiHi neMidepHi €lIeMEHTH HalKkpare
MPOJAEMOHCTPYBAJIM CBOK 3IIATHICTH JIO CAMOIICHTPYBAHHS JJIs MiHiMi3amii
3aJIMIIKOBUX JAedopmariii. TakuM YMHOM, BUTPUMABIIM 33JaHe HABAaHTA)KCHHS
HEOOXITHOCTI y 3aMiHI eneMeHTa He Oyso. Y LbOMY MOCITIDKEHHI OMHCAHO
KOH(Irypariro ta MexaHi3M pearyBaHHs CaMOLICHTPYBAJILHUX (DPUKLIHHHUX CKOO
Ta MPOBEICHO MapaMeTPUIHI TOCTIHKSHHS 3a JOITOMOTOI0 HEJiHIITHOTO aHaizy
94acoBOi icTOpii, BUKOHAHOTO HA YHCEJBHHX MOJCIAX MpPYKHH 3 OJHUM
CTyTlieHeM BUTBHOCTI. Ilics aHami3y pe3yibTaTiB JOCHTIKCHHS 3aIPOIIOHOBAHO
METOJIONIOTII0 MPOEKTYBaHHs, $Ka ONTHMAJIBLHO BPaxOBYe 3IaTHICTH MO
CaMOLICHTPYBaHHS Ta TUCHIIAII] €Heprili BiANOBIOZHO MO iXHIX MOPIBHIBHAX
napaMeTpiB, 3 METOK BHKOPUCTAaHHs IEpeBar €HEPreTHYHOTO MOTEHIIalny Ta
0JIHOYACHOT MiHIMI3aIlii 3ATUIIIKOBUX Je(POpMAaIliil.

[ ® 0 0 0
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Borm
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= %g
[ T =
/ 17T T
d ﬁ_ - K -

(r)

O Cavonenpysansai ppuxuiliii xesmndepii By
(a)
Puc. 3. Cxema pamu i3 3aCTOCYBaHHS CAMOLICHTPYBaJIbHUX (PPUKIIITHIX
nemndepHux cko0: a) pama 3 po3kocamu (BU criepeny); 0) BUA cCrepeny; B)
po3pizi A-A; r) Buz 3Bepxy [13]

Jis  MOCATHEHHS ONTHMAaNbHOI KOHCTPYKIIi, ska O 3a0e3medyBaia
3MEHIIEeHHS TOCTiHHOI Aedopmarii 1 30LIbIIEHHs 3/aTHOCTI 10 PO3CIIOBAaHHS
eHeprii, CWJIN CaMOLEHTPYBaHHS TIOBMHHI OyTn Tpoxu OimpmuMu abo,
mpuHaiiMHI, piBHEMH cuiaM TepTs. lle Moxke OyTH JOCSATHYTO IIDISIXOM
pEryIIOBaHHS MMOYATKOBOTO HATSATY OOJITIB 3 METOK MPOCTOrO KOHTPOIIO CHJI
TepTs B cuctemi. LI onTHManbHa KOHIEMIS MPOSKTYBaHHS, 3aCTOCOBAaHA JI0
IHTEJCKTYaIbHUX CHCTEM CaMOIICHTPYBAaHHS, IIEPEBIpEHAa 3a JOMOMOIOI0
CTaTUCTHYHOTO JOCIIPKEHHS, BUKOHAHOTO Ha OCHOBI JIEKIIBKOX PE3YJIbTATIB
aHamizy.

Pesynpratu nocmimkeHs TiATBEPUKYIOTh ToTeHMian 3actocyBannsa CIID B
aKTUBHUX CHCTEMaX KOHTPONIO BiOpamiii i TOKpameHHS CTIHKOCTI
OynmiBembHUX KOHCTPYKIH Tix [i€f0 IWHAMIYHHX HaBaHTAXEHb, 30KpeMa
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3semierpyciB.  Bukopucramas ~— CII®-ememeHTiB  1M03BOIs€  €(peKTHBHO
JMCUIIOBYBATH CHEPril0 Ta 3HIDKYBAaTH aMILTITYJy KOJMBaHb, 3a0e3Medyroun
0TIy Ge3meKy Ta CTIHKICTh Oy/iBeIb.
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TPUBAJIA EKCILTYATAIISI EJIEMEHTIB TA KOHCTPYKIIII
3 JEPEBUHU

LONG-TERM EXPLOITATION OF ELEMENTS AND
STRUCTURES OF WOOD

Haumok B.B, acmipant (Jyubkuii HamioOHAJIbHMI TeXHIYHUI
yHiBepcurer), I'omon CB.CB., A.T.H., npo¢. (HauionaabHuii yHiBepcurer
BO/JHOT'0 I'OCIIOIAPCTBa Ta Npupoaokopucrysanns, Pisue), llerpenxo O.B,
CT. BUKJ., K.T.H. (HaunionanbHuii ynisepcurer «JIbBiBchbka IloJiiTexnika»)

Datsiuk V.V., postgraduate (Lutsk National Technical University),
Homon S.S., Dh.D., professor (National University of Water and
Environmental Engineering, Rivne), Petrenko O.V., Ph.D., senior lecturer
(Lviv Polytechnic National University)

YV oaniii npayi 30iticneno ananiz pobomu oepesuru niciia mpueanoi excniyamayii 3
docnidocenns il Qi3uKO-MeXaHiuHUx 61acmugocmell 8 HAYKOBUX NyOmiKayiax, aKi €
HassHocmi Ha Oanuil yac. [Ipoananizysaguiu HAA6HI HAYKOSI MYOAIKaAYii, NPpUXoouMo 00
BUCHOBKY, WO NPAKMUYHO GIOCYMHI  eKCHePUMEHMANbHO-MeOPemutti  OOCTIOHCEeHH S
OCHOBHUX ~(DI3UKO-MEXAHIYHUX 61ACMUBOCTEl OepesuHu Nicia Mmpueanoi excniyamayii
npomsicom mepminy cysicou 25-75 pokie ma suwe. Taxoosic He 6CmanosieHo poobomy maKux
Mamepianie 6 3aKpUmMuyHil cmaoii 0epopmyeanHsi.

Elements and structures made of wood have been used for hundreds of years for
the construction of objects of various purposes. These include residential, public and
industrial buildings and structures, bridges and overpasses, scaffolding, strengthening
the shores of ponds and lakes, benches, gazebos and many others. There are many
historical objects in the world and not only (temples, residential and public buildings,
engineering structures) that are built from products, elements and structures based on
wood

Materials, products, elements and structures made of wood are often used for a
long time in various environments. The time of operation can be long (decade) or short.
As a rule, the duration depends on the aggressiveness of the environment and the
protection of the wood itself.

In recent years, civil engineers have faced the problem of surveying buildings and
structures, including load-bearing elements and structures based on wood, and assessing
their condition before further operation. As practice shows, many materials, products,
elements and structures made of wood have a fairly good residual resource after long-
term use. Over time, wood needs additional protection from pests, environmental
aggression, rotting and fire. Also, in some cases, such elements and structures are
subject to repair and reconstruction.

In this work, an analysis of the work of wood after long-term exploitation is carried
out based on the study of its physical and mechanical properties in scientific publications

11


https://doi.org/10.36910/6775-2410-6208-2023-10(20)-02

CyuyacHi mexHosnoeii ma memodu po3paxyHkis y bydieHuumei. [lyupk, JIHTY. 2023, Bunyck 20
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2023, Volume 20

that are currently available. After analyzing the available scientific publications, we
come to the conclusion that there are practically no experimental and theoretical studies
of the main physical and mechanical properties of wood after long-term use during the
service life of 25-75 years and above. The operation of such materials in the final stage
of deformation has also not been established.

Knrouosi  cnosa: Oepesuna, mepmin  cryocOU, MeXaHiuHi  8IACMUBOCMI,
excniyamayis, 0eghopmyeanisi.

Keywords: wood, service life, mechanical properties, exploitation, deformation.

[ocTtanoBka mpodiaemu. EnxeMeHTH Ta KOHCTPYKIII 3 JEpeBUHH BXKE
COTHI POKIB BUKOPDHCTOBYIOTbCS Uit OyniBHMOTBA 00’€KTIB  pPI3HOTO
npusHadeHHs. J0 TakMX MOXKJIMBO BIJHECTH JKUTIIOBI, TPOMAJICBKi Ta
MIPOMHCIIOBI OYAiBIi i CIOPYAM, MOCTH Ta MOCTOBI MEPEXOMIM, PHUIITYBaHHSI,
yKpiruieHHs OeperiB CTaBKiB Ta 03ep, JIaBH, aJbTaHKH Ta 0araTo iHIIKX.

JlepeBnHa Tako)Xk Ma€ IIMPOKE 3aCTOCYBaHHS 1 B IHIIMX Tally3sx
€KOHOMIKH.

Marepianu, BupoOW, eJIeMEHTH 1 KOHCTPYKIi 3 JepeBa dYacTo
BUKOPHCTOBYIOTHCSI HPOTSATOM TPHUBAJIOTO Hacy B pi3HHMX cepemosumax. Yac
eKCILTyaTaIlii Moxke OyTH TpUBaIUM (AECATIIITTS) a00 HEJOBTUM. SIK mMpaBwIo,
TPUBAIIICTD 3JE€XKHUTH BiJl arPECUBHOCTI HABKOJIMITHHOTO CEPEJOBHINA 1 3aXHCTY
caMoi IEpEBHUHH.

B ocranHi poku iHXeHEpHU-OyIiBENbHUKH 3ITKHYJIUCS 3 MPOOJIEeMOIO
00CTe)KeHHsI OYIMHKIB 1 CIOPYJ, B TOMY 4YHCII HECYy4HX CJIEMEHTIB 1
KOHCTPYKIIIH Ha OCHOBI JEPEBUHHM, 1 OI[HKM IX CTaHy Iepel] NOAAJbLIOK
excryarariero [1]. Sk mokasye npaxkThka, Oarato MarepiaiiB, BHpPOOIB,
€JIEMEHTIB 1 KOHCTPYKI[iii 3 JepeBa MarTh JOCHTh XOPOIIHHA 3aJTHIIKOBHA
pecypc micis TpuBanoro Bukopuctanus (puc.1, 2) [2]. 3 miuHOM yacy nepeBuHa
oTpedye 10JaTKOBOTO 3aXHCTY BiJl LIKIHUKIB, arpeCUBHOCTI HABKOJIHIIHHOTO
cepenoBHIla, THUTTS 1 moskesxi [3]. Takoxk B nesknx BHNaJIKax Taki eIeMEHTH i
KOHCTPYKLIi MiAJIAraloTh PEMOHTY Ta PeKOHCTpyKii [4].

AHajiz Bigomux jgociaimzkenb, i nyOaikauniid. JlepeBuna Moxe
eKCIITyaTyBaTHCsS COTHI POKIB 3a NEBHHUX yMOB poOoTH. Y cBiTI € Oararo
iICTOpUYHHX 00’ €KTIB 1 HE TINBKH (XpaMiB, KUTIOBHUX Ta TPOMAICHKUX Oy/IiBeNb,
II)KEHepHUX CIOPYX), AKi MoOymoBaHi 3 BUPOOiB, €IEMEHTIB Ta KOHCTPYKIIHA Ha
OCHOBI JiepeBHHH [5].

Barato BUeHWX MPUAIIAIN 1 Aai TPUIISIIOTH BENUKY YBary JOCIiIKEHHIO
(hi3MKO-MEXaHIYHUX BIACTUBOCTEH JIEPEBUHU 3a Pi3HUX BUJIIB HAaBAaHTAXKECHHS Ta
Pi3HHX YMOB eKkcIutyaTarii [6-9]. 3okpema, CylinbHO, KI1e€Ho1, MOAU(IKOBAHOT
Ta iHmmX. Hamu Takoxx nmpoBomutkcst pobota B qaHoMy HampsiMky. OcoOnuBo,
LIE CTOCYETbCS POOOTH JEPEBUHM B JOKPUTHYHIN Ta 3aKpUTHYHIH cTajil
nebopMyBaHHsI 3a pi3HUX yMOB ekcrutyaTaii [10-15].

B nopanbmioMy MM XO4e€MO NPOBECTHM KOMILIEKCHI €KCHEpHMEHTAIBLHO-
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TEOPETHYHI [OCT/DKCHHS MEXaHIYHAX BIIACTHBOCTEH ICPEBHHM IICHA i
TpUBAJIOT eKCILTyaTarii.

Puc.1. CtaH KpOKB’STHOT CHCTEMH a/IMiHICTPaTHBHOBHOT'O MPUMILLIEHHS MTiCIIS
TpUBAJIOl eKCILTyaTarii

Puc.2. Ctan HECyUnX KOHCTPYKIiH KUTIOBOTO OyIMHKY MICIIS TPUBAIIOT
eKCILTyaTarlil

MeTto1o naHoi mpani € NpoBeCHHS aHajli3y poOOTH BUPOOIB, €IEMEHTIB Ta
KOHCTPYKILIH Ha OCHOBI JIEPEeBUHHM MicCis IX TpUBaJIOi eKcIutyaTauii (3a pisHUX
YMOB €KCILTyaTalil), sIKi € B JITepaTypHHUX JUKepenax Ha JaHuH vac.
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OcnoBHa vyactuHa. CrpoOyemo mpoaHamizyBaTH poOOTY BHpPOOIB,
€IEMEHTIB Ta KOHCTPYKWIH Ha OCHOBI JAEpPEeBUHHM TMicis iX TpHUBaiol
ekcryaraiii. ToOTo, 1o caMe € B HAyKOBUX MyOJIiKalisX Mpo 3MiHy OCHOBHHX
(hI3UKO-MEXaHIYHUX BJIACTHBOCTEHl JIEPEBUHHM 3a pI3HHUX YMOB TpHBaJIOl
eKkcITyaranii. B mitepaTypi 3HaX0aMMO Pi3HI HANpPSIMKKA JOCIIHKEHb 3 JTaHOTO
nuTaHHs. Po3risiHeMo nesiki 3 HUX.

Otxe, B poOoTi [1] BUCBITICHO OCOONMBOCTI OOCTECIKCHHS CJIEMEHTIB Ta
KOHCTPYKIIIH 3 JCPEBHHU MCIs iX TPHUBAJIOI eKCIUTyaTallii. ABTOpH MOPIBHSIN
MEXaHIYHI BJACTUBOCTI JEPEBMHH IIIIIXOM BHMIPIOBaHHSA HEPYHHIBHUMH
NpUiIagaMu  Ta TPOBEICHHAM pPYHWHIBHHX  BHIIpOOyBaHb. HaliBaskiuBimmm
pe3yabTaTOM € TOPIBHSHHSA CTaTUYHOTO 1 JUHAMIYHOTO MOJMYJIB TPYKHOCTI
JCPCBUHHU Ta TONANbIC TOPIBHSIHHS KIaciB MIITHOCTI, OTPHMAaHHX pI3HAMH
METOJ[aMH BUMIPIOBaHHSL.

Metoto poboti [3] € BUBYEHHsS BIUTHBY Pi3HOTO BIiKYy Ta TMOIIKOKECHHS
JIepeBHHH Ay0a Ha TeMIleparypy crajaxy Ta TeMIepaTypy 3aiiMaHHs. ABTOpaMH
OyJI0 MpOaHAIi30BaHO TEPMOHABAHTAXKCHI 3pa3ku S-pidHoi nepeBuHH ayOa, 160-
piuHOi AepeBuHH ayba, a Takok 160-piuHOi JepeBuHM Ayda, IerpagoBaHOI
JIEPEBOPYHHIBHUMH KOMaxaMH Ta rpuOamu. JIOCHiAHMKKA BCTaHOBHIIM, IO IPH
TEPMIYHOMY HABaHTa)XCHHI JCPEBHHU [1y0a BiIOYBAIOTHCS 3HAYHI 3MiHH,
0co0NMMBO B TMOBEpXHEBHX Imapax. OKpiM 3MiHHM KOJIbOpY, MPOAEMOHCTPOBaHi
XiMI9HI 3MiHH OCHOBHHX KOMIIOHEHTIB JIPEBHHH Ta EKCTPAKTHBHUX PEUOBHH. 3
MIBUIICHHSAM TEeMIIepaTypyu 30UTBIIYETHCA 1 BMICT EKCTPAarOBaHUX ETAHOJOM 1
TONYOJIOM PEYOBHH. 30UTBIICHHS iX KUTBKOCTI BiOYBAa€ThCS B OCHOBHOMY 32
paxyHOK JITHiHy, ajleé YacTKOBO TaKOXX 3a paxyHOK HPOAYKTIB po3Hamgy
oJTicaxapuIiB.

Asropu [4] mpoBenu MOBrOTpHBaie TOIBOBE TOCIIKEHHS HA PIi3HHUX
NpoOHMUX CTiHAX 3 AepeB’sIHUMH Oankamu. Y Ll CTaTTi pO3risIaroThes 2,5-
piuHI BHUMIpDIOBaHHS IUIIXOM aHaji3y BMICTY BOJIOTM Ha KIHISX Oalok Jyis
pi3HUX BUIPOOYBAIFHUX CTiH. BUKOpHCTaHHS Mapoi30smiHHUX MaTepialliB Mae
JIUIIe He3HAYHUH CIPUATIUBUH BIHB. 3 1HIIOTO OOKY, 3aX0AH1 II0/I0 3HIDKEHHS
BOJIOTOCTI CTiHM MalOTh 3Ha4YHHUH e(ekT, abo IUIIXOM JIOKAIEHOTO PO3PHUBAHHS
1307smi Ha 3’€/IHaHHI 6aJoK, abo LUIIXOM 3aCTOCYBaHHS
BOJIOBIJIIITOBXYBaJbHOI 00poOKkn. KOHTpoJib mOImIOBOrO HaBaHTaXEHHS Ha
CTiHY, 3/1a€ThCSI, € KJIFOUOBUM MOMEHTOM JUISl 3aXUCTY BijJ BOJIOTH BHYTPIIIHBOT
13071s11ii 3 BOY/1I0BaHMMHU JiepeB’ STHUMH OallkaMH.

B po6orTi [5] yacTHHa MOLIKO/PKEHUX JIepEB’THUX KOMIIOHEHTIB CTapOAABHbOT
apxitektypu xpamy Jlancs B Kwurai Oyna igeHTH(ikoBaHa 3a JOIOMOTIOIO
MIKpOCKOTa, a XIMIYHHI CKJIa[ KIITHHHUX CTIHOK CIIOCTEPIraBcs 3a JOTIOMOTOIO
MOJIIPU30BAHOTO Ta (IIYOPECICHTHOTO CBiTJIa BiNMOBimHO. BcraHOBIEHO, IO
CKJIa]T TIEJTFOJIO3H OYB IMOIIKO/KSHNH TprOaMy Ta KOMaxaMH.

VY crarri [16] po3mismaroThes MEXaHiYHI BIACTHBOCTI JEPEBUHU SUTMHM,
ICTOPMYHO BHKOPHCTOBYBAHOI JEPEBMHM Jy0a Ta PiJKO 3rajyBaHOi JEPEeBHHU
MozpuHH. OCHOBHA yBara MpHALIAETHCS ICPEBUHI MOJPUHH, sIKa BUpi3aHa 3i cTedi
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HEpYXOMOT TaM’ATKH KyJIbTypH X VII CTONITTS — BU3HAYEHHIO ii BIKY, iICTOPHIHOT
BOKJIMBOCTI Ta MEXaHIYHMX BJACTUBOCTEH. MexaHiuHI BNACTHBOCTI Oyiu
OTpPHMAHI 3a JIOTIOMOTOI0 CTaHIAPTHUX BUIPOOYBaHb HA CTUCHEHHS MapalielbHO 1
MEPICHANKYISIPHO  BOJOKHaM, 1 Ha  3ruH. Pe3yiaprath  BUNpOOyBaHb
MOPIBHIOBAJTUCh 3 MCXAHIYHHUMH BIACTHBOCTSIMU [ICPCBUHH I1y0a, 3BHYANHHOT
JICPCBUHM SUTHHU Ta HEMOAABHO 3pY0aHOT ICPEBUHI MOPHHH.

VY mpami [17] posmisganocs BIUIMB MIKPOKITIMATy HA iCTOPUYHI JepeB’siHi
OymiBmi, SKI TWiATAIOTBCA BIUIMBY BIJKPUTHX MOPCHKUX ITOTOKIB. MOPCHKHIA
ocoOnsak Dnopii Atariopk y CramOyii, 3BeneHuid Ha Oepes3i Mopsi, abCOIFOTHO
HE3aXHWIICHUH BiJI MOTOAX Ta MOPCHKHX BIUIMBIB, OYB OOpaHUM SIK MPHKIAM IS
0araTboX IHIIMX OyAiBeNb, po3TalIoOBaHWX Ha JiHIT bocdopy. 106 posrmsHyTH
BIUTMB HAaBKOJIMIITHEOTO CEPEIOBHUINA Ha OYIBITO, IO MiITA€ThCS BIUTUBY TOTOKIB
BIIKPUTOTO MOps, MIKPOKITIMATHYHI JaHI 30Upalncs MPOTITOM  OIHOTO
poky. CuHepridauii e)eKT aepo30JI0 MOPCHKOI COJIi Ta MIKPOKITIMATHYHUX YMOB
00roBOpPIOBABCS VISl OLIHKKM BIUIMBY MOPCHKOTO CEpPEJOBMINA HA JIOBIOBIUHICTH
OCOOHSIKA, BHSBJICHHS OUIBLI BPa3IMBHX YaCTUH OYIIBII, a TakoX OLUIbLI
KPUTHYHHX IepioniB. Pe3ynbTaTi NoKa3yloTh, 1110 KOJIHM BMICT BOJIOTH 3MIHFOETHCS
Bin 20,9% mo 36,7%, a TtemmepaTypa 3MmiHIo€Thes Bim 14,1°C mo 28,7°C,
KOE(II[EHT TETIOMPOBIAHOCTI 301TBIITYETHCS.

B npami [18] aBropu pociiKyBany rpaHHYHY MIIHICTh HA CTHCK MapasielIbHO
BonmokHaMm (UCS) nepeBHHH € OJHHM 13 Ba)KIMBHX ITOKa3HUKIB U OINHKA
MIITHOCTI KOHCTPYKIII cTapux AepeB’ssHUX OymiBenb. [lepeBuHa TOMOII, JepeBHHA
MOJIpUHU KUTAHCHKOI 1 JIepeBHUHA SUTHIlI KNTaHCHKOT Oy 0OpaHi SIK MOJIENi B il
crarTi. Metoro pociipkeHHs € mporro3yBanHa UCS nepeBHHH 3a TOITOMOTOMO
METO/IiB pe3ucrorpada Ta BUIIy4eHHs TBUHTIB.

JlocuTh BaroMuii BKJIaJ1 3 JAHOTO MUATAHHS 3pOOUB YKpaiHChKHI BYeHuWit [ aiina
C.B. [2]. ABTOop BHMBYaB MeXaHIuHi BIACTHBOCTI JEPEBUHHU SUIMI Pi3HOTO BIiKY (3
TOYKH 30py TEPMiHY CITy»KOH), OCKUIBKHM BIJICYyTHI HOPMATHBHI JIOKYMEHTH, IO
BU3HAYAIOTH (Pi3MKO-MEXaHIUHI BIACTUBOCTI AEPEBUHH Pi3HOTO BiKY, SKi HEOOXiTHI
JUTSL IPOTHO3YBAHHS BIIACTUBOCTEH OAEpKyBaHMX MaiOyTHIX BHpoOiB. Bupuarmics
MEXaHiYHI BIACTUBOCTI JICPEBUHH SUIMII B Jialia3oHi BUKopucTaHHs Big 0 mo 20
POKiB, 3 BUKOPUCTaHHSIM IIPOMIXKHOTO KOHTPOJIIO XapaKTEPHCTHK KOXKHI 5 POKIB.
Byno BcTaHOBIEHO, IO 3 INIMHOM Yacy eKCIDTyaTallii B pi3HHX YMOBaX, OCOOJIMBO
Ha BIIKPUTOMY IOBITPi, MEXaHIUHi BJIACTUBOCTI 3MIHIOIOTHCS TOJIOBHHM YHHOM Y
OiK 3HIDKCHHSL.

[IpoananmizyBaBm HayKoOBi IyOiikamii, sSKi € Ha JaHWA Yac 3a JaHOI
TEMaTUKOK,  MPUXOAWMO 1O  BHCHOBKY, 1[0  TPaKTHYHO  BIJICYTHI
€KCTIEpUMEHTAITLHO-TEOPETUYHI  JOCIHIPKEHHST OCHOBHUX  (Di3MKO-MEXaHIIHUX
BIIACTUBOCTEH JISPEBUHM ITICJISI TPUBAJIOT €KCIUTyaTallil MPOTIATOM TEPMiHY CITY>KOH
Ta BUme 25-75 pokiB. TakoX HE BCTAHOBICHO POOOTY TaKWX MaTepialliB B
3aKpUTHUHIN cTafii aedopmMyBaHHs.

Omxe, U1 TONANBIINX JOCHIKEHb JaHAa MpOOJeMaTHKa € JIOCUTh
AKTYaJIbHOIO.
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BucHoBku

1. B paHniii npaui 3xifiCHEHO aHaii3 poOOTH AEPEBUHM IICIS TPUBAJIOL
eKCILTyaTalii 3 JociipKeHHs 11 (i3MKo-MeXaHIYHUX BIACTUBOCTEH B HAYKOBHX
myOJTiKaIisx, sKi € B HAABHOCTI Ha JaHUH 4ac.

2. IlpoaHaiizyBaBIIM HasiBHI HAYKOBI ITyOJiKallii, HPHXOIMMO JI0 BHCHOBKY,
IO MPAKTUYHO BIJCYTHI €KCHEPUMEHTAILHO-TEOPETUYHI AOCHTIIKEHHS! OCHOBHHX
(hi3UKO-MEXaHIYHAX BIACTHBOCTCH JICPEBHHHU TICIAS TPHUBAIOI CKCIUTyaTaIlil
MIPOTATOM TEPMIHY CITy>KOU 25-75 pOKiB Ta BHIIIE.

3. Takok HE BCTAHOBJICHO POOOTY TaKMX MaTepialliB B 3aKPUTHYHIN CTaii
nedopmyBaHHS.
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IJEHTU®IKALIIA OIITUMAJIBHUX ITIAPAMETPIB
TEPMOOBPOBKH IIJIACTHUH JIOKAJIBHUM HATPIBAHHSM 1
OXOJOIXEHHAM

IDENTIFICATION OF OPTIMAL PARAMETERS OF PLATE
HEAT TREATMENT BY LOCAL HEATING AND COOLING

Joopsancbknii  I.M., a.T.H., npopecop (IBaHo-PpaHKIBCHKHUI
HallioOHAJbLHMIl TexHiuYHMil yHiBepcuTeT HadTH i rasy), Jlodopsnceka JL.O.,
K.e.H., JouneHT (IBaHo-®paHKiBcbKkMii  HANIOHAJBHMI  TeXHIYHHUN
yHiBepcurer HadpTtm i rasy), labuyk H.I, k.T.H., gou. (Jyubkui
HaliOHAJILHU# TeXHIYHUI YHiBepcHTeT)

Dobryanskyi I.M., Doctor of Engineering., Professor (Ivano-Frankivsk
National Technical University of Oil and Gas), Dobryanska L.O., Ph.D. of
Economics, Associate Professor (lvano-Frankivsk National Technical
University of Oil and Gas), lichuk N.I., Ph.D. of Engineering, Associate
Professor (Lutsk National Technical University)

Bukxonano  cniscmaenennsi  0ocmogipHocmi - pe3ynbmamié  npPo8eodeHo02o
MAMEMAmuiHo20 MOOen08ants Ol npoyecy mepmoobpoOKU NAACMUHYAMUX CUCTEM
npu i’ pyxomux ddicepen Haepigy. Onucano ma 3anponoHO8aHo nioxio OJisi 6UHAUEHHS.
3a2anbHOI KITbKOCcmi meniosoi eHepeii, AKa Modce nepepo3nooiiamucs y 36apro6atbHill
nAACmMuHi Yepe3 JOKAbHULL MEPMIUHULL GNIUS.

A comparison of the reliability of mathematical modeling results of the heat
treatment plate systems by moving heating sources is made. An approach to determining
the amount of thermal energy redistributed in the welding plate due to local thermal
effects is proposed. Increasing requirements for the strength and durability of the
relevant nodes and elements of welded structures, as well as the problem of saving metal
and energy in the context of the transition to resource- and energy-saving technologies,
determines the urgency of the task of determining the optimal parameters of low-
temperature processing technology using moving sources and heat sinks. The continuous
increase in the volume of welding work in industry and construction is inextricably linked
with the development of ways to minimize residual stresses and deformations and their
harmful effects on the quality and performance of welded structures. The analysis of
known literary sources indicates insufficient study of the process of heat treatment using
moving zones of heating and accompanying cooling and taking into account elastic-
plastic deformations since this is associated with great difficulties of a mathematical
nature associated with the mobility of thermal effects, the emergence of purely elastic
zones, elastic-plastic and purely plastic deformations.
The possibility of solving such problems is performed by numerical methods, namely: the
method of finite differences, the method of finite elements, and the method of boundary
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integral equations. Analytical methods that make it possible to construct solutions to
such problems in a closed form can be used in calculations only under the condition of
significant simplifications of the description of the deformation process, which
introduces errors in establishing the real picture of the development of elastic-plastic
deformations.

Knrouosi ciosa. niacmuHra, SGQPHMIZ utos, napamempu 36ApPIOBAHHA,
mepmoodpodKa, pyxomi Oxcepena Haspigy, nepepo3nooil HaNPYHCeHbs.

Keywords: plate, weld seam, welding parameters, heat treatment, moving heating
sources, stress redistribution.

Beryn. 3aranpHi BUMOTH [0 MiABHINCHHS MIIIHOCTI Ta JIOBTOBIYHOCTI
OCHOBHHUX KOHCTPYKTHBHHUX BY3JiB Ta €JICMEHTIB y 3BapHUX KOHCTPYKIIX, a
TakoX IpoOiemMa IIOoJ0 CEKOHOMilI MeTady Ta EHeprii B Cy4acHMX YMOBax
BUKOPHUCTaHHSA pI3HUX pecypco- Ta eHepro3depiralodmx TEXHOJOTIH,
00yMOBIIOE€ aKTyalbHICTh 3ajadl BU3HAYCHHS ONTHMAJBHHX MapaMeTpiB
TEXHOJIOTIT HU3BKOTEMIIEpaTypHOi OOpOOKH, sika mepeadayae MOXKIUBICTH
BUKOPHCTaHHS PYXOMHUX JDKEpel Ta CTOKIB Teruia. IcHyroue OesmnepepBHE
301IbIIEHHS 00CATIB BUKOHAHHS 3BapIOBAILHUX POOIT SIK y IPOMHUCIIOBOCTI TaK i
B OyJIBHUITBI 3aBXAM HEPO3PUBHO IOB’A3aHE 3 PO3POOKOIO PI3HUX CIIOCOOIB
MiHIMi3alil 3aJMIIKOBUX HaNpYXeHb 1 JedopMalliil Ta X MIKIUIMBUM BILIMBOM
Ha SIKiCThb 1 poOOTY 3BapHUX KOHCTPYKUiN. TpyAHICT TEOPETUUHOTO BUPIILICHHS
naHol mpoOiemu (Bif TOCTaHOBKH 3aladi J0 BCEOIYHOTO YHCEIBFHOTO aHaNi3y
BIZIMOBITHUX TEPMOIIPY>KHOIUIACTUYHHUX TIPOLIECIB) IIOJISITa€ HacamIepen y
BHOOpi e(heKTHBHOI PO3PaXyHKOBOI CXEMH BH3HAUCHHS 30H YHCTO IUIACTUYHHUX
nedopmarii.

AHani3 ocraHmix gocaimxkenb. Ha croromHi B miteparypi Bimoma
JOCTaTHSA KUTBKICTh 3aJad B TPYXKHIH IMMOCTaHOBII, TOOTO 0e3 BpaxyBaHHS
racTu4HuX Jaedopmaniii. TepMornpyxHi po3B’si3ku 0€3yMOBHO HE BU3HAYAIOTh
BCIO TIOBHOTY PpO3MVISIyBaHUX TPOIECIB TEPMOOOpPOOKH, OJHAK, HA IYMKY
BYCHUX, JAI0Th BOKJIMBE YSBJICHHS MPO SKICHY KAPTUHY PO3MOALIY HAIPYKEHb
3aJIeKHO BiJ piBHS TeMIIEpaTypH 3a yMOB TepMooOpoOku. KpiM Toro, npyxHuit
PO3B’30K, B MIOAAJTBIIOMY € OCHOBOIO JUIS aHAITI3Y MPYKHO-TUTACTHYHIX 30H.

[MuraHHIO 3acTOCYBaHHS JIOKAaJIbHOI TepMOOOPOOKM 30HaMH HarpiBy
MIPUCBSIYEHO JIOCTaTHbO Oararto pobir [1-7], ame He B mOBHOMY 00cs3i
NIPE/ACTAaBICHO 3arajbHi pe3yiabTaTH Il CHUCTEMAaTH30BaHOro Mingbopy
ONTHUMAJIGHUX MapaMeTpiB Ta TEXHOJIOTI] TepMOOOPOOKH SIK 3 BUKOPHUCTaHHSIM
PYXOMHX JKepell Tak i CTOKIB Teruia. JloCHTh 4acTo, pO3IJISAETBHCS JIMIIE
CXEMaTH4YHO, 110 00JacTi PO3MIMIEHHS PyXOMUX JPKepell TeIla MOBHHHI OyTH
CHMETPUYHIMH BiTHOCHO 3BapIOBAIBHOTO IIIBA, a IIE JOAATKOBO [0 3JiHICHCHHS
HarpiBy JOIIJIBHO TAKOXK 3IHCHIOBATH OXOJIOPKEHHS I1IBa.

[IpoBenenuii aHami3 JITEPaTypHUX JKEPETd CBIMYUTH MPO HEIOCTATHIO
BHBYCHICThH TIPOIIECY TEPMOOOPOOKH 3 BUKOPHUCTAHHSIM PYXOMHUX 30H HArpiBY i
CYIYTHBOTO OXOJIOJPKCHHSI Ta ypPaxyBaHHIO IIPU LOMY IIPYKHO-IUIACTUYHHUX
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nedopMariif,0OCKITBKH IIe TIOB’S13aHO 3 BEIMKUMHU TPYAHOIIAMH MaTeMaTHIHOTO
XapakTepy, MOB’SI3aHUMH 3 PYXOMICTIO TEIUIOBOTO BIUIMBY, BUHMKHEHHIO 30H
YHUCTO TPYXHHUX, NPYKHO-IUIACTHYHUX Ta YUCTO IUIACTUYHUX JeopMariii.
Po3B’s3yBaHHS Takoro pojy 3ajhad 3/IHCHIOIOTH MEpPeBaYKHO YHCEIbHUMHU
METOJaMH: METOJOM CKIHYEHHUX DPi3HMIb, METOJOM CKiHUYEHHHUX CJICMEHTIB,
METOJIOM TPAaHWYHHX IHTErPAJbHUX PIBHSIHb. AHANITHYHI METOMH, SIKI JAIOTh
MOXJIMBICTh OyIyBaTH PO3B’SI3KHM TaKHX 3a/ad y 3aMKHYTOMY BHIJISZl, MOXHa
3aCTOCOBYBaTH y PO3PaxyHKax JHIIE 3a YMOBH CYTTE€BUX CIIPOIIEHb OIUCY
mporiecy nedopMyBaHHS, IO BHOCHTh IOXHOKH Yy BCTaHOBJCHHI pPealbHOI
KapTHHU PO3BHUTKY NPYXHO-TIACTHYHUX Ae(OpPMAITi.

Mera crTaTTi: BH3HAUCHHS 3arajJbHUX ONTHMAJBHUX IapaMeTpiB
MIPOBEJCHHS TEPMOOOPOOKM 3BapHHUX IUIACTHH I€I0 PYXOMHMH HOPMAJBHO-
KPYTOBHMH [DKEPENIaMH TeIlIa. 3arajbHa MPUHHATA cXeMa JUIl HarpiBy AaHOTO
THUILY OIIMCYE MPOBE/ICHHS TEPMOOOPOOKH TOHKMX METAJIEBHX JIKCTIB, SIKi MalOTh
MOBHE BUPIBHIOBAHHS TEMIIEPATypH IO TOBIIWHI, 3 PaXyHOK IOJIyM’sl Ta30BOTO
HarpiBaya 3 BiCCIO, sIKa € MEPIEeHUKYJIIPHOIO /10 MOBEpXHI JiucTa. BiamnosigHo
JI0 TIOCTABJICHOT METH BUPILIYETHCSI HACTYITHE 3aBJIaHHS: BU3HAYEHHS YHCEIIBHOT
OLIHKK Il TOYHOCTI METOJAMKH pO3B’SI3yBaHHS 3ajadyl TEpMOIPYKHOCTI
BITHOCHO  JIOKaJbHOI  HHU3BKOTEMICPATYPHOI  TEPMOOOPOOKHM  ILIACTHH.
[lepenbadeno BHU3HAYEHHS ONTUMAJbHMAX TapaMeTpiB  Ta  JIOCITIHKEHO
e(eKTUBHICTh BKa3aHOTO CIIOCOOY 3BapIOBaHHS IUIACTHH.

Onuc martepiany pociaizxensb. [Ipunyckaemo, mo yci mKepena HarpiBy
OyAyTh MEePEeMIlyBaTHCA 31 CTANOI0 MBHUAKICTIO V , 8 TAKOX BHUXIiJHI ITO3I0BXKHI
3aJIMIIKOBI HAaIPy>KEHHS csgg), SKi € B 30HI 3BapHOTO IIBa, a CepelHs JIiHis
crmiBnmamae 3 Biccto Ox, 1 € PO3TATYIOYMMH, IO HabaraTo NEPEBUIIYIOTH
TIOTIepeYHi HaNpYKEeHHS Ggg) .

3rifHO pe3yabTaTiB pPOOOTH PO3MOAUT MO3MOBXKHIX 3aJHIIKOBUX

HaTpy>XeHb 0532 OTIHMCYETHCA 3aJICKHICTIO

o =y o0 y? 16 )e ), &)

e Y — mapamerp, sSIKui 3MiHIO€eThCst B Mexkax 0<y<1; b — miBumpuHa
30HH PO3TATYIOYMX HAINpPYKEHb; GE,O) — MeXa TeKyd4oCTi Mmarepiany Ipu
KiMHaTHi# (¢, = 20° C) TeMIepaTypi.

3 Meroro Oinbll €()EeKTUBHOIO MOHIDKEHHS PIBHS IIO30BXKHIX

3aJIMIIKOBUX HAIPYXKCHb Ggg) B 00J1aCTI OCHOBHOI'O 3BApHOI'0 1IB4, JIOKAJIbHY

TepMOOOPOOKY Oyio 3AifiCHEHO [UIS BHUIAJAKy CHMETPUYHO-PO3MIIICHIX
pyXoMHX oOJiacTeli HarpiBy IO BiJHONIEHHIO JO HBOTO. Takox Oyiu
peari3oBaHi YMOBH, 3a SKHX B cHCTeMi koopauHat Ox)z , Ika PyXaeThCs pa3zoM
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3 OCHOBHHMH JOKEpeJIaMd HarpiBy, 0Opd I[bOMY [pOLEC HAarpiBy €
BCTaHOBJICHUM, a ICHYIOUI IICHTPH 30H HarpiBy OyJO0 PO3MIIIICHO B TOYKaX 3
KOOpJIUHATaAMHU (O,id ,h), e d — 1e € Bijanb HeHTPiB 00iacTeil HarpiBy Bij
cepenHboi MiHiM 3BapHOro mmsa (oci Ox), h — 1le € MOJOBHHA TOBIIUHH
IJIACTHHH.

Pe3ynbTaTn 4HCI0BUX H0CHiTKeHb. OCKUIbKY IUIACTUYHE TCYiHHS, SKE
MPU3BONTE 10 3arajibHOTO 3HIDKCHHS PIiBHS ICHYIOUHX 3aJIMIIKOBHX 3BapHUX
HATpY>KeHb, SIKC BUHUKAE B TUX TOYKaX, JI¢ € CyMapHE 3HAYCHHS JUIs 3BapHUX

cg-)) 1 THMYacCOBUX TEPMOIIPYKHUX HaIPy>KCHb Gg) Oyne mocsaraTé 3HAYECHHS

MEXI TEeKy4yocTi G, TO Bimganb d mOTpiOHO BHOHMpAaTH 3a MPUHIUIOM:

s
TEPMOIIPY>KHI Hampy)XeHHS, SKi BUHHKAIOTh B 30HI 3BapHOTO INIBA, MOBHHHI
OyTH pO3TATYIOUMMH 1 sikomora OimemmMmu. Came TOMY, a TaKOX Oepydd 1o
yBaru icHyrd4i yMOBH TeKydocTi Mi3eca, poOMMO BHCHOBOK, IO Bimmanmb d
MOTPIOHO BHM3HAYATH, BUXOASYM 3 YMOBH, IIO B TOYKaxX Ha 3BapHOMY IIBi
moTpiOHO  HamaraTwcs  JOCATTH  MAaKCHMajbHOI  pI3HHII  HAIpyXeHb
G=c£§x)—cgfy) npu y=0.

BukoHaHO 4MCIOBI pO3paxyHKM —ONTUMalbHUX Bigpaned d,, B

CepeMHHOMY CideHHI TacTuHM z =0 IpH ICHYIOUMX PI3HUX 3HAYCHHSX LIS
napameTpiB Bi, v, a 1 po3MipiB ISl 30HM HArpiBy, sKa XapaKTepU3yeThbCs
pamiycoM rx; TakoX OyJo OTpUMaHO HAOJKEHE 3HA4YeHHS OILIHKH JUIA
e(eKTUBHOCTI TepMOOOPOOKH, Ky MOXKHA OXapaKTepU3yBaTH IapaMeTpoM € .
Jannii mapamerp € BiJHOIICHHSM MAaKCHUMaJbHOI IHTEHCHBHOCTI JUIsl
TEeMIIEpaTypHUX Hallpy)KeHb Ha IuBi, a came mpu y=0, 10 MakcUMyMmy
IHTEHCHBHOCTI TEMIIEPAaTYpHUX HANpPYKEHb B THUX TOYKAax, SIKI BIANOBIIAIOTh
3HAYEHHSM ONTHMAIbHUX Bigmamnei d,,, a came mpu y=x1d,,. 3 Bume
HaBEJCHNWX JaHUX BUIUIMBAE, IO /I8 OUIBIIOrO 3HAYEHHS MAaKCHUMyMYy
IHTEHCHBHOCTI ISl TEPMONPYXHUX HaNpy>KeHb HA IIBi, TOOTO s BEIUYUHU
G=csgx)—cs£2 mpu y =0, Oyme BignoBimath OimpII e(peKTHBHA JIOKaJIbHA
TepMooOpoOka. Bci oTrpumani YHMCIOBI JaHi TOKasyloTh, MLIO 3arajbHa
e(eKTUBHICTb JIOKAJIBHOI TepMOOOPOOKH 3HAYHO 3AJICKUTH BiJl TAKMX 3HAYECHB
napaMmeTpiB sk: Bi, v, a, pagiyca misiMu HarpiBy I . Ilpm mpomy, mpum
30UTBIICHHI TEIJIOBiqAadl Ta pajiyca 7, ane HpuU 3MEHIIEHHI MIBHIKOCTI
NepeMillieHHs] JpKepesl HarpiBy, BiIOyBaeTbCs MIJIBHUILEHHS e(QEeKTHBHOCTI
TepMOOOpOOKH B LIIOMY. 3aranbHa e(heKTHBHICTD JIOKalIbHOT TepMOOOPOOKH, SIK
NPaBWJIO, 3aJEXHUTh BiJ BHAY CaMOro MaTepiaay, II0 OOYMOBIIOETHCS
KoedilieHTOM TemmepaTyponpoBigHocTi a. Jlo mpukiangy: i IUIACTHH 3
TuTaHoBoro cmiaBy BTS, zaraneHa egeKkTHBHICTH TEPMOOOPOOKH € HUXKYOIO,
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HDK mig mractaau 31 crami 09I'2C, a oo IIacTMHH, SIKa BHTOTOBJIEHA 3
AIIOMIHIEBO-MarHi€Boro cruiaBy AMro6, BoHa € BHIIOIO.
3a pesyibpTaTaMl NPOBEACHUX PO3PAaXyHKIB, MaKCUMalbHO IOIMYyCTUMA
max
Temmeparypa ¢, mpH SKifi BUHUKAIOTH 3aJIMIIKOBI HAIPY)KCHHS PO3TICY,

OesrocepelHbO B 30HAX Jii JpKepen HarpiBy, cTaHoBHUTH Oim3pko 170...195
0
. IIpoBeseHi mocCiiPKEHHST MTOKa3ald TAKOX, IO 3aCTOCYBAHHS CYMICHO 3

HaniBOM JO0JATKOBO OXOJIOJPKCHHSA 3BAPHOT'0 MIBa AO3BOJISIE TOHU3UTU iCHyIO‘-Ii
3QJIMIIKOBI pO3THFyIO‘{i Halpy>XCHHA 3 HaOIMKEHHIM A0 HYJId, 10 HalIpUKIIaay:

[pH 3HAYEHH] Bi=01
v-102, m
6 |-B, B,
P=m/3
a
A, — — —— 7/ — ——=B,
7
7
A, 2 A4,
| | |
-2 o 2 4 x-10%, m
4’ 2 B,
E | —£23
2\
N
/
SA ) N et
=-7/3
Nt
-6 4. B

Puc. 1. Cxema po3MillleHHs HEHTPIB PyXOMHX JDKEPEN BiTHOCHO CepPeHbOT
JIiHIT 3BapIOBAIEHOTO [IBA TUIACTHHH

BusnadyeHo (3 ypaxyBaHHSIM TeIIOBiqAadi) ONTHMAJIbHUN KYT HAXWIY

Povt 30 JUTSL PO3MOJIUTY JKEpeN Teria y JOJaTHhOMY HANpsIMKY OCi Ox Hnst
IIOTO TaKOX HEOOXiTHO BHUKOHATH BIIIOBiIJHI PO3paxyHKH I TO3IOBXKHIX
3aJIMIIKOBUX HAaNpyXeHb, SKi BHHHUKAIOTH IPU TepMOOOPOOI HOPMajbHO-
KPYT'OBHMH [DKEpEJIaMH TEIUIa, NMPUHHATY CXEMYy PO3MILLECHHS SKHX HaBEICHO
Ha puc. 1. I'padiky, siKi IpeICTaBIeHO HA PUCYHKY MOKa3yIOTbh, IO MPUHHSATHHA
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KyT Haxmiry ( ¢=+n/

3 . N .

) mpsiMoi, SKWH 3’€AHYE ICHTPU 30H HArpiBy, ¥y
JNOJATHROMY HAIpPSIMKY OCi Ox | 10610 HaNpsIMKY PYyXy JKepen, € HalOuUThII
ONTHMAJIbHUM.

[Monano omiHKYy e(peKTHBHOCTI TEPMOOOPOOKH TOMEPEIHbO HArpiTHX (J10

. L T,

piBHOMipHOT Temmeparypu ~0) 3BapHHX IUIACTHH PYXOMHMH HOPMAIBHO-
KPYrOBHMH CTOKaMH TEIUIA, SKA XapaKTEPH3YETHCS IMOBEIIHKOK 3aUINKOBUX
HATpy>KeHb B HAmpsMKY iXx pyxy. LIeHTp HOpManbHO-KPYrOBHX CTOKIB
PO3MIIIYEThCST B MOYATKYy PyXOMOi CHCTEMH KOOpPIHMHAT, a BiCh Ox
CYMIIIIAE€TBCSL 3 CEPEHBOIO JIHIEH 3BapHOro MmBa. Buximui maHi s

— 0 — —
PO3paxyHKiB B3TO HACTYIHI: Ty =200 C; d=0; v=09, 5=02

AB,=-15°C. k. =2500

M;

1/M2. ToBIIMHA TUIACTHHU CKIajajia h=0,006 M;
po30utTs oO0macTi Ha eNeMEeHTapHI NPSAMOKYTHHKH TIPH BHKOPHCTaHHI
YHCEJIBHOTO ANTOPUTMY, PO3POOJICHOTO Yy TpamsiX BYCHHX BHUKOHYBAJIH 3a
W) = =001 W™ =k, =0004
CXeMomw: * * M; M.
Pesymbrati  BINMOBIZHMX  PO3pPaxyHKIB  3aJMIIKOBHX  ITO3OBXKHIX
Hampy>KeHb (BIIHECEHWX OO MeXi TEKY4YOCTI HpH HYIBOBIH TeMIepaTypi)
. o 0, =00")
HpeJCTaBiIeHo rpadikaMu Ha puc. 2; TOUYKaM BiANOBijac 3HaYeHHs © 0
IpH SKOMY TeMIlepaTypa Ha caMOMy 3BapHOMY IIBi Jocsraia CBOiX BiJ’€éMHHX
3HAYEHb.

>

L4
ol

P
s

I

Y \ ~N

s

o -4 -8 -12 -16 9,, C

(r)

: c . .
Puc. 2. Po3monin 3aMIIKOBUX HAMPYKeHb ¥ y 3BapHIN IJIACTHHI IiCIA

BHKOHAHHS TEPMOOOPOOKH HOPMATEHO-KPYTOBUMH CTOKAMH TeIlIa, a caMe:
Bi=1 v=0004 .. 5_Bi=01 v=0004

3_ Bi=01 v=0008
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Takox OOCHUTP BaKIMBHUM YNHHHUKOM, SKUH ~ BH3HAYAE Tpomec
TepMOO6pO6KI/I 3BapHUX TIJIACTHH, i JOCUTH CYTTEBO BIIJIMBA€ Ha 3arajbHYy
e(l)eKTI/IBHiCTL oo mpouecy € e(i)eKTI/IBHa TCILJIOBA l'IOTy)KHiCTI) 3BaplOBaJ'II:HOI

q=n1U,YHiﬁ n _

IyTH, SIKy MO>KHa BU3HAYUTHU 3a JOIOMOTOIO 3aJICKHOCTI:
e edexruanii KKJI as mponecy Harpisy; { — e € 3BaproBaibHuii cTpyM™; U
— IIe € Halpyra JIyTd, IIOTOHHA EHEprisl 3BapIOBAaHHS, SKa TAKOXK XapaKTepH3ye
3arajbHy KUIBKICTh TEIUIOTH 3BapIOBaHHs, sKa IEPElacTbCsi B  OIMHUIIO

JOBXWHHU, l'IpPIfIHHTO 1 CM, IJiid OZ[HOHpOXiL[HOFO mBa abo BaJIUKa, AKY

q9,=q/v Y .
, Y HIK — 1€ € IBUIKICTH

BU3HAYAIOTh BIATOBITHO J0 3aJIEKHOCTI:
3BapIOBAHHSL.

[Toronna eHeprisi € OCHOBHMM ITOKa3HMKOM Ui (popMyBaHHS BHOOpY
peKMMa 3BapIOBaHHS, @ OCHOBHHUMHM IIapaMeTpaMH, MpPH SKHX 3IHCHIOETHCS
3aralpHUA MmA0ip peXWMy 3BapIOBaHHS, € CTPYM 1 IOBHUAKICTE 3 SKOIO
MIepEeMIlTYeThCSI 3BapIOBaIbHA IyTa.

Tak sk Hampyra Iyr'" NpH BUKOHAHHI 3BapIOBaHHS 3MIHIOETHCS y BY3BKHX
Mexax (20-36 B), To pH po3paxyHKax il BeMW4rWHA He periaaMmeHTyeThes. Lomo

IHIIUX TTapaMeTpPiB, TO MIBUIKICTH 3BAPIOBAHHS TIOB’sI3aHa 3aJICKHICTIO

V= B_I
oF 2
a BEJIMYHA CTPYMY
=
0,24nU (3)

V¥ 3anexxHocTsX (2), (3) mo3HaveHo:
B — koediIieHT HATUTABIIOBAHHS, I/A'TOI;

F — owa TIOTIEPEYHOTO Tepepizy OJHOMPOXITHOTO MIBa, MM2;

? _ winbHicTs HamMaBIEHOTO MeTainy, I/MM3;
n=0,6+0385.

0,24 — ne € xoedili€eHT, IKUH BpaXxOBYe MOXJIMBHUII BIUIUB, SIKM BUHUKA€E
IIpy J1ii HECUHYCOINAIbHUX KPUBHUX HANPYTH i CTPYMY, Ha IOTY>KHICTB IyTH MIPU
YMOBi BUKOHAHHS 3BapIOBAHHS 3MiHHUM CTPYMOM.

BinnmoBigHO 10 pe3yibTaTiB MPOBEACHUX MPAKTHYHUX POOIT Opi€eHTOBHI
PeXKHMH [JIsI PYyYHOTO JAYTOBOTO 3BAapIOBAaHHS MPHUHHATO Yy3arajibHIOBATH
JAHUMHU, K1 OB’ A3YIOTh MK COOO0I0 SIK TOBIIMHY HPOKATHOTO MPOQiro, TaK i
ZiaMeTpa eJIeKTPOoJa Ta 3HAUSHHS AT 3BapPIOBAIBHOTO CTPYMY.

Jnst BUKOHAaHHA NOOYZOBH QJTOPUTMY I[IOJO BH3HAYCHHS OCHOBHHX
napameTpiB TepMOOOpOOKM B yMOBax JIyrOBOIO 3BaplOBaHHS 3/1HCHIOETHCS

/

HJIAXOM 3aaHHA TPAHUYHOT'O 3aJIMIIKOBOT'O IPOTUHY IMMPOKaTHOI'O HpO(l)iJ'IIO,
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10 BUHUKA€ B MPOIECI BUHUKHEHHS TEPMIYHUX HAIpPYy>KCHb, OOYMOBIICHHUX 5K
JIOKQIBHUM TEpMIYHMM BIUIMBOM, TaK 1 JuUId TOpPIBHAHHA Horo 3
PO3paxyHKOBUMH JaHUMH, sIKi OYJIO OTPUMAHO Ha OCHOBI METO/IHK.

BucnoBkn. HaBeneHo pe3yipTaTH TNPOBEAEHOT YHCENIBHOI  OIIHKH
TOYHOCTI METOIMKH{ IOJO0 PO3B’S3yBaHHs 3a7adi TEPMONPYNKHOCTI JIOKAIbHOT
HU3BKOTEMIIEpATypHOI TEepMOOOPOOKM PpI3HMX IIaCTHMH. Bu3HaueHo  Ta
MIPOaHaJi30BaHO 3arajbHi ONTUMAaJIbHI TApPaAMETPH Ta JOCIIIKEHO e()EeKTHBHICTh
JAHOTO CIOCcO0y 3BapioBaHHA. 3a pe3yjibTaTaMu OyJ0 BCTAHOBICHO, IO
30UTBIICHHS TEIUIOBimavi, a came 30inpmeHHA Kputepito bio Bi, sxe Oymo
JOCSTHYTO OXOJIOJKCHHSIM PIBHOMIPHO HArpiToi IUIACTHHH, TakKOX Ja€
MOXJIMBICTh HE JIMIIE 3HSITH, ajie i HABECTH Ha 3BAPHOMY IIBI IOCUThH 3HAYHI 32
BEJIMYMHOIO Ta JIUITHKOIO, € BOHM MOXYTh 30CEpEIDKYBATHCS, a HANPY>KCHHS
CTHCKY, SIKI TaKOK CYTTEBO HiJABHINYIOThH SK HAMIHHICTH, TaK i TEPMIiH CITYKOH
PI3HHX eJIeMEHTIB 3BapHUX KOHCTPYKUiK. CiliJ 3a3HaYMTH, 10 [IPU OJTHHX 1 THX
JKe Tapamerpax TepMOOOpPOOKHU, yCi 3aJMIIKOBI HAMPYXKCHHS MPH 3BapIOBaHHI
MOJXKHa TOHM3UTH IO 3HAYHO HW)KYOTO PIBHS, HDXK BOHHM OyJM O TOYATKY
MIPOILIEeCy TEPMOOOPOOKH.

Takox Ha OCHOBI 3a/JIaHOTO 3HAYCHHS BiHOCHOTO MPOTHHY, SK IPABHUIIO,
BHU3HAYAIOTh MAapaMEeTPH Ui TEXHOJOTIYHOTO IPOIECY 3BapIOBaHHS, TOOTO
migOUparoTh JiaMeTp eJIeKTPOoJa, HANPYTd i CHId cTpyMmy. [licis BUKOHAHHS
HAaIJIaBJICHHS 3BapHOTO IIBa, BIAIOBIZHO 10 3TiHO BKa3aHOI PO3pPaxyHKOBOI
CXEMH MpPOKATHUH €JeMEHT NPaKTHYHO HE 3a3Ha€ 3ajJMIIKOBOTO IIPOTHHY,
00yMOBJIGHOTO TOJIEM 3aJIMIIKOBUX HAIPYKeHb, L0 MAae€ Micme B Tporeci
JIOKJIEHOTO TEPMIYHOTO BILJIUBY.

Po3pobiieHa MeToAMKa Jla€ MOXJIMBICTb 3IIHCHIOBATH MEPEPO3NOJILI
TEPMIYHUX HANpyXKEeHb Ha (IKCOBAHMX MAUISHKAX MO JIOBXKHHI IPOKATHOTO
npodiJIro 3 METOO MiIBUILIEHHS HECYYO0T 3IaTHOCTI 3BaPIOBAHOI TNIACTUHKH.
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B Oocrioocennsnx euxopucmano cxemy no6yoosu posg’asKy Hess s3aHoi 3aoayi
K8A3ICMAmuyHoi mepmMonpysCHOCMI 015 NiBO3MENHCHO20 Mina 3a 3MIUAHUX SPAHUYHUX
VMO8, W0 Ni00AEMbCA HAZPIBAHHIO 8 0OMedCe il 061acmi SpaHUYHOT NOBEPXHT MENI08UM
NOMOKOM | HA OCHOBI GUKOHAHO2O PO38 513Ky NPOBEOeH020 0OIPYHMOBAHO20 NiOX00y 00
301liICHEHHA PO3PAXYHKY HeOOXIOHUX napamempié Oisi MepMOPOIMPICKY8AHHA, AKULL
npoeeodeHo 3 UKOPUCMAaHHAM Kpumepianornoeo pisusnns (I pugimca ma MaxKninmoxa-
Benwa) 3 mexamnixu Kpuxxoeo pyiinyeamus. 3aeanvha cxema 6yia eunpodysana Ha
OEMOHHUX 3PA3KAX 080X PIZHUX MUNIG, KL MAU PI3HY MIYHICMb HA CIMUCK.

The research used a scheme for constructing a solution to an uncoupled problem of
quasi-static thermoelasticity for a semi-infinite body under mixed boundary conditions,
which is subject to heating in a limited region of the boundary surface by a heat flux, and
based on the constructed solution, an approach to calculating the parameters of thermal
separation was developed, which uses criterion levels. (Griffiths and McClintock-Welsh)
mechanics of brittle fracture. The scheme was tested on concrete samples of two types
with different compressive strengths.

The effect of forced cooling on the thermal stress state in deformable solids under
the conditions of action of concentrated heat flows was studied in works, where the
conditions under which the effect of cooling is significantly felt are established.
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Experimental studies of temperature regimes have shown that in the absence of forced
cooling systems, the heat transfer in the process of short-term (with Fourier numbers less
than ten) heating can be less than 5% of the total amount of heat received.

The general results can also be the basis for further research on the influence of
different laser sources on the processes of heat treatment of building materials and
structures.

A review of the works in which approaches to finding the non-stationary
temperature and quasi-static temperature stresses in a half-space with a uniform thermal
flow of heat were initiated show that the surface outside the contact area is thermally
insulated. However, taking into account convective heat transfer shows the problem more
precisely.

It is necessary to consider the general order of construction of the solution to the
problem of quasi-static unbound thermoelasticity for a semi-infinite body heated by a
uniformly distributed heat flux under mixed boundary conditions.

Next, on this basis, we will present an approach to the calculation of parameters of
laser thermal cracking, which uses some criterion equations of the mechanics of brittle
fracture.

Kniouoei cnosa: KongekmueHe OXONOONCEHHs, memMnepamypa, memMnepamypHi
HANPYICEHHs, KOHYEHMPOBAHI MeN08l NOMOKU, KpUmepianvHi pIGHAHHA MEeXaHIKU
KPUXKO20 PYUHYBAHHS, OEMOH.

Keywords: convective cooling, temperature, temperature stresses, concentrated
heat flows, criterion equations of brittle fracture mechanics, concrete.

IHocTaHoBKa nMpoOaemMu. 3aranbHuil BIUIMB MPUMYCOBOTO OXOJOKECHHS
Ha TEPMOHAMNPYKEHUI CTaH, SIKU BUHUKAE y Ne(OPMIBHUX TBEPAUX TiJax, sIKi
MOXYTh a00 mnepeOyBalOTh B yMOBax Jii pi3HMX KOHIEHTPOBAHUX TEIJIOBUX
MMOTOKIB, OYJIO MOCTiKEeHO y mparsx [1—6], ge Oyio BCTAHOBICHO YMOBH, 3a
SKMX CYTTEBO BIJUyTHMM OyB BIUIMB OXOJIO/DKEHHs. EKcriepuMeHTanbHi
JIOCTI/KEHHST TEMIICPaTyPHUX PEKUMIB IMOKA3aJIH, 110 PH BIJICYTHOCTI CUCTEM
MIPUMYCOBOTO OXOJIOJDKEHHsI TEIUIOBiAada B MPOIECi KOPOTKOYACHOTO (s
grcen Oyp’e MEHIIE AECATH) HArpiBaHHS CKJIaja€ 3HAYHO MEHINE, Hix 5% Bix
3arajilbHOi KUTBKOCTI TeIlia, SK€ BHIUIAEThCA. Take NPUIyIIeHHS Oyne THM
TOYHINlE, YUM MEHIINM 3a 3Ha4YeHHSAM Oyne uyucio PelHompaca st
MOBITPSHOTO MOTOKY, SKUW 00Tikae Tino. Came TOMy, aniabaTHYHICTh BUTEHOL
MTOBEPXHI JJI1 KOHTAKTYFOUUX Ti Oy/ie BHOCUTH 3HA4YHI CIIPOIICHHS J0 IPOLECy
po3B’si3aHHS TeroBoi 3amadvi. JIis mpoBEIEHHS OWIHKM IO MaKCHMabHIN
BemmunHi Kputepito bio B7=ha/ K npy ofrikanni chepu paniyca R mopirpsam
MOKHA CKOPHCTAaTHCh JaHUMHU pobotu [6]. KoedinienT Termnosignaui # moxe

6yTu 3Haiiennm 3a kputepiem Hyccempra M=o /RINU 7o Kb —0,025 Bt/(MmK) -
TEIJIONIPOBIHICTE  CyXoro ToBiTps mpm  Temmeparypi 20 0C. Omxke
Bi = (K,a/KR)Nu . . .

. Ilpu BumymieHid KOHBeHIIT OBITPsl KpuTepiit Hyccenpra €

Re

¢dynkiero gucna Pefinonbaca 1 BUPAKAETHCSI EMIIIPUYHOIO 3aJICKHICTIO:
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— 0,54 0,58
Nu=2+0,027Re™"+0312Re™ [[py 1poMy MaKCHMalbHE 3HAYEHHS Ul UMCIA
Peitnonbica, mpu JociiUkeHHI (I3MYHMX NPOLECIB Ta TEXHIYHUX SBHIL B

. 8
MamuHOGYayBaHHi, He nepesumye 108. ITpu Re=10" 3 popmymu nns gmcna

_ 4
Hyccenbra smaxomamo M =141-10" " [Toxnanaroum, mo cdepa BHTOTOBJIEHA 3
HU3BKOJIETOBAHOI CTalli 3 CepeqHIM 3HAaYeHHS KoeQillieHTa TeIIoNpOBiAHOCTI

K=20 Br/(m-0C) i MPUHMAIOYH A0 YBard, IO IMPH JIOKAIFHOMY KOHTAaKTi B

pamkax Teopii I'epa ¢ /R<01

, 3 BUpasy mis gucna bio Oynmo orpumano, 1o
Bi<18, Crin 3a3HauuTH, IO JTaHA OIliHKA OyJIa OTpUMaHa i3 3HAYHUM 3aIacoM

B CTOPOHY 10 301IBIICHHS, TaK K, MMO-TIEpIIe: TeIUIONPOBITHICTD I O1TBIIOCTI
i i HsTOl Re<10°
CTaJIeil € BUIIA BiJl MPUIHATOT; a MO-ApyTe: K IPaBUIIO .

AHani3 nocaimkenb i myOaikanii. [Ipu mpoBenenHi ormsgy poOiT, y
SIKMX OyJI0O 3amo4yaTKOBAaHO pi3HI MIIXOAM 1O BH3HAYCHHSA HECTAI[lOHAPHOT
TEMIIEpaTypu Ta KBa3iCTaTHYHUX TEMIEpPAaTypHHX HampyXeHb came Y
MIBIPOCTOPI, KUl Mae HEOJHOPIAHUI TEIUIOBHH MOTIK Teruia, Oyjao BKa3aHO,
110 TTOBEPXHS, SIKA 3HAXOAUTHCS 11032 TUITHKOIO KOHTAKTY € TEII0i30Ib0BaHOIO.
OpHak, TpW BpaxyBaHHI KOHBEKTHBHOTO TEINIOOOMIHY OLNBIN TOYHIIIE
BioOpaxkae iCHyr04y mpooemy.

Mera cratTi. Po3rnsHyTH npouenypy Ais moOyAOBH Po3B’sA3Ky 3amadi 3
KBa3iCTaTUYHOI HE3B s13aHOI TEPMOTIPYKHOCTI, SKa i€ JJIs MiBOE3MEKHOTO Tila,
SIKe HarpiBaeThCs MiJl BILTMBOM PIBHOMIPHO PO3IOIIIEHOTO TEIUIOBOTO MOTOKY Y
3MIlIaHUX TPaHUYHUX yMoBax. [loTiM Ha LIl OCHOBI MOJAHO MiJXiA MO0
pO3paxyHKy TMapaMeTpiB Ja3epHOTO0 TEPMOPO3TPICKYBaHHS, SIKUA MOXe
BUKOPHCTOBYBAaTH JEsIKi KpHUTepialbHI PIBHSIHHS MEXaHIKH ISl KPHUXKOTO
pyiinyBanHs. CaMe aisl 11bOTO, Ha OCHOBI BU3HAYEHOI'O HECTAl[iOHAPHOTO
PO3MOALTY TeMIIepaTypy MOTPIOHO 3HATH KBA3iCTATHYHHUN TEPMOHAIPYKCHUI
CTaH IyId MiBOE3MEKHOTO Tijla, SKe HAarPiBAETHCSA B KPYTOBii 00JacTi rpaHIMYHOI
TIOBEPXHI IPHU Aii TEMJIOBOrO MOTOKY 1 Ma€ HOpMaJlbHUI (IaycOBHM) pO3IOJILI
MTOTY>KHOCTI.

BiamoBinHO 10 HOCTaBJIEHOI METH BUPILIYETHCS HACTYITHE 3aBAAHHS:

- BHUBYCHHS IIPOLECIB TEPMOBIJKOJIIOBAaHHS Ha MOYATKOBHX CTaJisX
HarpiBaHHs B OKOJIi 30HH LIEHTPY IUISIMH HarpiBy;

- TIOCWICHHS BiJIKOJIIOBaHHS CKJIAJJOBUX OSTOHY B HaNpsIMKY BiJl KpaTepa
IIPY HOJANBIIOMY OIIPOMIHEHHI JIa3epoM.

BuBdeHHs TmporeciB TEPMOBIAKOIIOBAaHHS Ha TIOYATKOBUX CTafisiX
HarpiBaHHS B OKOJII 30HH LEHTPY IUIIMHU HarpiBy.

. T(r,z,t
,/:[J'Iﬂ BU3HAYCHHA HECTAL1OHAPHOI'0 TEMICPATYPHOI'O IOJIA ( T )

. . L . 0<r<om 0<z<®
cucreMi B Oyb-sKi JOBUIBHIN TOYII Ta y MOMEHT 4acy

t>0 g 3arajibHOMY TPHITYIICHHI, 110 3arajbHi TeTUIO(i3HdHI BIACTUBOCTI HE
3aJeKaTh BiJ TEMICPaTypH, MOXEMO OTPHMATH PIBHSHHS HECTallilOHaApHOL
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TEIIONPOBIHOCT], @ TAKOXX HYJILOBY II0YaTKOBY YMOBY, Ta YMOBH 3HUKHEHHS
0€3MeXHOCTI Ta 3arajbHy 3MilllaHy I'PaHUYHY YMOBY Ha ITIOBEPXHi:
orT —q,yr<a,z=0,
K—=
oz hT, r>a,z=0. )
Po3B’s130K BiAMOBiAHOT 3a7a4i I TEIUIONMPOBITHOCTI MPH 3afaHid yMOBI
(1) He 3HalimeHO, TOMY BHpIIICHHS MaHOI MPOOJIEMH caMeé B MaTeMAaTHYHOMY
IUTaHI € J0BOJII  CKiIamHowo. PosrissHemo  moOymoBy — mmiei  3amadi,
BHKOPHCTOBYIOUH JICSKi MIPUITYIICHHS. 3aMiHsAeMo yMOBY (1) Ha Taky
oT
Ka—:—qH(a—r)+hT 50 0
z npu r0,z=0. (2)
CyTh MpPOMOHOBAHOTO METONY TMOJSAra€ B HACTYMHOMY. 3aMiHHUMO
TeMmepaTypy B TIpaBiii dacTmHi ymMoBH (2) B 00yacti HarpiBy 0<r<a
CepeHbOI0 TEMIIEPaTYpPOIO B Iii 00J1acTi y BiINOBIAHOCTI O GOpMYIIH

e:%jT(r,o,t)rdr
a o

®)
Toni 3 BUKOpHCTaHHSM (3) MATUMEMO TaKy YMOBY
oT
K—=—qg+h6
<r< =
oz p 0<r<a,z=0. @)

YmoBa (4) cmiBnamae 3 ymoBoro (1) B oOxacti HarpiBy 3 TOYHICTIO JO

JIESIKOTO CTANOTO MHOXKHMK 7+ , IKUH c1iJy BUOpATH 13 3aJI€KHOCTI

—q=M-q+h6) )
Toxui Ha ocHOBI (5) MaTHMEMO
1
1w !
T . (6)
Tomy, HaOJIMKEeHU I PO3B’s30K BUXIIHOT 3MiIIaHol 3a1a4l
TEIUIOPOBITHOCTI MOYKHA TIPEJICTABUTH 5K
T(r,z,t) =ATy(r,z,1) @

To(r,z,t . . . . .
ae o(r,2,) € PO3B’SI3KOM DIBHSHHS HECTAIL[IOHAPHO{ TEIIONPOBIAHOCTI
mpu chopMynbOBaHIM TpaHW4HIM yMoBi (2). BBiBmm 6e3po3mipHi 3MiHHI

p=r/a’ Z=1la, F0=kt/a2, A=gpal/K

. To(rzt)
JUIA 3HAXOPKCHHSA PO3IMOILTY
o*T, 10T, &*T, 0T,
+——+ =0
ap> pop oz* 0Fo p=0,722>0,Fo>0
To(r,z0)=0 Ty(o,z,t)=Ty(r,o,t)=0
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x o AH(1-p )+ BiT,
o __ _ ;
o7 p 0

npH pZO’ZZO, (10)

1
=—F>1
ne am 4 i3 (6) oTpumyemo 1-BO/A MPUYIOMY  3TiIHO
3ayIeXKHOCTI (3) MaTIMEMO

1
0=2[7(r0,t)pdp
0 (11
Po3B’s130K 11 chopMynmpoBaHOT KpalioBOi 3a1a4i MOXe OyTH TOOYIZOBaHO
3 BHUKOPHUCTAaHHSIM IHTETPaJbHUX IIEPETBOPEH, a CaMe: 3aCTOCYBaHHS
IHTErpaJIbHOTO TEepPEeTBOPEHHs ['aHKens 1o pajianbHii KOopAnHATI P . a Takox
iHTerpanpHOro nepeTBopeHHs Dyp’e Mo y3aralbHEHOMY TPHUTOHOMETPHIHOMY

. Cy N(Z,c)=ccos(cZ )+ Bisin(cZ

SAp1 1O 3MIHHIN z JUIsL BULY ( Q) 5 (g ) (g )[6, 7], mo

Jla€ HACTYITHUM BUpa3 JUIs PO3B’sI3aHHs BUXIAHOT KpaiioBoi y 3aaaui (8)—(10)

To(V,Z,t)=AI&(P(&)%@Z,FO)Jo(ép)di
, (12)

(5 2, Fo) = \ij(Zg) N2V 8., Fo)d

Came Tomy, po3B’si30k (12), st 3MimaHoi 3a7a4i TEIIOMPOBIAHOCTI, OYII0
3alicaHo y BHUIIISL iHTerpana [aHkess, sKuil MICTHTh NEBHY HEBIJIOMY TOKH
o GyYHKILO, 1 Ky OyJo 3amucano sk inrerpan ®yp’e. st po3s’s3ky 3amadi,
OyJlI0 BUKOPUCTAHO JIOBIAKOBI ZiaHi SIK MPH OOYKCJIEHHI IHTErpajiB, Tak i MpH
(dbopMmysIrOBaHHI BIAMOBIMHOI 3amadi 3TiTHO METOIMKH, SKY BHKIAICHO Y
pobotax [3, 6], OTpUMaHO TaKHil BUpa3:

_1 e“iZ VA
‘DO“’Z’F”[M [zm““ ] & [zm*w"ﬂ
BieBiZ (B* )F .
__ 2 LB o + Biv F
Bi* —¢? ere 2\/5 l 0_

(13)

. . . p=0,Z=0
CrarmionapHa TemIeparypa B IIEHTPi Kpyra HarpiBaHHS ( ) mpu

FO— % 43 ocnosi criBBigHomeHs (11)—(13) Bu3HauaeThCs TaK

T,(0,0,0) = A]'oﬁdg —

Bi+ &
—A{l

(Bz)]}
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Crammii MHOXHUK », KMl 3a1€XKNHTH BiX napamerpa bio Ta 3HaueHHs
yCepemHEHOi TeMIeparypd B o0nacTi HarpiBy, 3HAXOIUBCS Ha OCHOBI
OTPUMAHHMX CITiBBiIHOIECHb YHCEIBHIM LUISIXOM.

. . . T . .
IMicns mepeMHOKeHHs1 3HaieHoi Temmeparypu 0 (12), sika Bianosigae

BUIAJKy TEINIOOOMIHY MO BCii IpaHMYHIA MOBEPXHI, HA MHOXXHHUK A Oyno
OTPUMAHO HEOOXiTHWH TeMIIepaTypHHHA PO3MONUL, SKWH 1 Oyde Bigmoimatu
PO3B’A3Ky M BUXiOHOI 3amadi 0e3 BpaxyBaHHS TEIUIOOOMiHY B o00OJacTi
HarpiBy.

Ilpy  3HaXOMKEHHI  BIANOBIIHOTO  TEPMOHANPYKEHOTO  CTaHy,
00YMOBJIGHOTO HECTAlliOHAPHUM TeMIlepaTypHuM po3snogimom (12), Oymo
3aCTOCOBAHO  3aJIOKHICTh  OCECHMETPHUYHOI  KBasicTaTM4yHOi  3amadi
TEPMOIIPY)KHOCTI, Jie 3arajibHe HalpyXeHHS Oyllo BHpPaXXEHO uepe3
TepPMONPYKHHI MOTeHIian a1s mepemimens ¢ Ta 3a ¢ynxumiero Jlssa L.
ob
[oBHE mOJe KBA3iCTATUMHMX TEMIEPATYPHHX HANpYXeHb )  OTPEMYEMO
CYMEPIIO3UINEI0 HAPYKEHb, IO BiANOBIIAIOTh MOTEHINATY ePEMIlICHb Y 1a
¢ynkuiro Jlssa. ITicnst mpoBeneHHs HEOOXiJHUX MEPETBOPEHb MPEACTABUMO iX
BUPA3U Yy BUTIISI

oy = [ 9(E)S;(Ep.Z, Fo)de—T" e,
’ : (14)
S;(&.p.Z,Fo)

MIPUYOMY BEJIHYHHH BU3HAYAIOThCST depe3 Bl (QyHKmii

(£, Fo) ; (& Z, Fo)

, K1 BU3HAYEHi y pOOOTi.

IlocujieHHs1 BiIKOJIOBaHHSI CKJIAA0BUX O0eTOHY B HaNpsIMKy Bia
KpaTepa Nnpu noAajbIIoMy ONPOMiHEeHHI J1a3epoM

MeTox KepoBaHOTO J1a3epHOTO TEPMOPO3KOIIOBAHHS OTPUMAaB TEOPETUIHE
0oOTpyHTYBaHHA. 3arajpHa pO3paXyHKOBAa CXe€Ma METOXy Mae€ TaKhd BUJ:
BHM3HAYEHHS TEMIIEPAaTypHOTO TOJIS, IK€ BUHUKAE Y PE3YNbTaTi il OIPOMiHEHHS
Ha TOBEPXHIO TEPMOIPYKHOTO Tijla TETJIOBUM IMTOTOKOM, IO Ji€ Ha MIISHIT, sKa
Mae paziyc a TpaHWYHOI TOBEpXHi. 32 YMOBH NEPEBHIICHHS TI'PaJliEeHTOM
TEMIIEPAaTYpHOTO  3HAYeHHS  TEPMOCTIHKOCTI ~ MaTepialy  BH3HAYAIOThCS
ONITHMAJIBHI TTapaMeTpH JJIs POLIECY J1a3epPHOTO TEPMOPO3TPICKYBaHHS, a caMe:
BiJIaJIb BiJl TPAHUII JIA3EPHOT IUISIMH 0 (PPOHTY OXOJIOKCHHS Ta 1HIIII.

3a3HaueHy MareMaTHYHy MOJENb JUIS OCECUMETPUYHOI KBa3iCTaTUYHOI
3ama4di  TEPMOIPYXKHOCTI, sKa BPaxOBYE KOHBEKTUBHHHA TEINIOOOMIH 3
OTOYYIOYHM CEpEIOBHIIECM, OyJI0 BUKOPHUCTAHO AJISI YUCIOBOTO MOJCITIOBAHHS
TEPMOPO3TPICKYBaHHS PI3HUX KOHCTPYKTHBHHUX MaTepiaib.
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[Ipu BuKoHaHHI MOOYIOBH YHCENLHOTO AITOPUTMY OYJIO BHBYCHO
3apO/KEHHsI 30H, TaKUX SK NepeapyHHYBaHHS 1 TEpMOPO3TPICKYBaHHS JUIs
N o, =30 . . .
3BHYaitHOTO OctoHy (BuA I, MPa) Ta 6eToHY TiABHIICHOI MIITHOCTI
o, =65 . .
(Bug 1II, "¢ MPa), Oyno BHMKOPHUCTAaHO YHCIJIOBI JaHI TEPMONPYKHUX
mapameTpiB. Ilpm obOumcneHHAX Oyno NPUHHATO, MO0 TYCTHHA TEIUIOBOTO
MIOTOKY, EMITOBAaHOTO Ja3epoM, 3MIHIOBaJach 32 HOPMAaJbHHM 33aKOHOM, a

KOEQIIIEHT TEIUIOBOTO MOTJIMHAHHS CKJIaTaB 4=06 .
SIK TOKa3yIOTh YHCIIOBI JOCHIHKEHHS TOJIOBHUX HANpPY>KeHb, 00YHCICHNX

" o .
3 BHKOPUCTAaHHAM 3anexxHocteil (14), HampykeHHS | € IOmaTHIM, TOOTO

. o~ . z=~0,1
PO3TATYIOYHM, 1 J0CATae CBOTO HAWOLIBIIOrO 3HAYEHHS B TOYII 0, MM;

. [oX 3 . 0 <z< 0,06 :
TOAL K I'OJIOBHC HAIIPY>XKCHHA € CTUCKAKO4YUM B 30H1 MM 1 AJ1

z>0,06

3HA4YEHb TTIMOMHU MM BOHO ITOBHICTIO 3HMKAE.

HI,HCTaB.TISIIO‘H/I BCIMYHNHA LS| 3 0B KpUTCpl1aJIbH1 PIBHAHHA 1

3IICHIOIOYM BiINOBIAHI PO3PAaXyHKH, BCTAHOBJCHO, IO BHHHUKAE TPH 30HU
Hampy>KEHOTO CTaHy, OOYMOBIICHI Ja3epHHM OINpPOMIHEHHsAM. B obmacti

0<z<0,02 . . .
MM, TOOTO Oe3IOoCepeHbO i/l HArPiTOK MOBEPXHEI0, 3aralbHUil
Hampy>KeHWid craH Oyno Bu3HaueHO 3a ymoBor McClintock-Walsh, sxa

. . <z<
nependavae pyliHyBaHHS CTUCKOM. B 30Hi 002=<2<005 MM BHU3HAYAJILHUMU €
3CYBHI HAmNpPYKEHHS, sKi 3HAXOMATHCSA Yy BIAMOBIAHOCTI IO MOIM(pIKOBAHOTO
kpurepis Griffith. O6macTe po3TATYIOUNX HANPYKEHb PO3MIIIYETHCS HIDKYE 32

z>0,05 MM; B Iiif 00JIaCTi BHKOPHCTOBYETHCS KIacHIHUH Kputepiit Griffith.
Jns HaOopy mnapamerpiB, SKUHA BHKOPUCTOBYETHCS IIPH YHCIOBOMY

aHai3i, Jisl PO3TATYIOUMX HANpPYKEHb BUSBISETHCS B 30HI z2>0,05 MM 1 npu
I[bOMY BHM3HAaUJIPHUMHU NpPU OLIHII CTaHy TIepeApYHHYBaHHS € TOJIOBHI
Harnpy>XeHHS.

B Mexkax 30Hu po3rary (%~ 0,05 MM), TIOBEpPXHs, MO SIKif BinOyBaeThCs
PO3KOJI, BiAIIOBigae Tili KOOpAMHATI MO TIMOWHI, /¢ TOJOBHE HANpyXEHHS
Jocsirae  MeXi MIIHOCTI KOHKpeTHOro Matepiany. BinmoBimHi Tpaexropii
MIOTIepEeIHBOTO  IepeApyHHYBaHHs (TOOTO 3apOoPKeHHS 1 POCTY pO3KOIY

—063.1073
Matepiay) pu 3HaueHHi ©7 /C=0,63-10

6,/C=072-10"

Juts 3BU4aiiHoro 6erony (tum I) i

st criikimoro Oetony (tun II) mpexncraBieno Ha puc. 1.
BpaxoByloun, 1m0 mnomepenHii picT TpIMHM BinOyBaBcs MO HOpMali Yy
HampsIMKy Jii camMe OCHOBHOTO TOJIOBHOTO HAamNpy>KEHHS, TO 1 TOBEPXHI, SKi
MaroTh OJHAKOBHH PiBEHb HANPYKEHb, 1 SAKi € TMEPIEHANKYIIPHIUMH caMe IO
HampsMy il TOJIOBHOTO HANpPY>KEHHS, 1[0 BUHUKAE B KOXKHIHA TOYII OETOHHOTO
MacHBY, SIBIISIIOTBCS TIOBEPXHIMH, TIO0 SKHX BiIOYBAa€ThCs BigKOJ. 3arajibHa
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BEJIMYMHA AJSI IPUBEICHOTO TOJOBHOTO HANpPY)KEHHS CIIBIAJA€ 3 TINOMHOIO,
TOMY BCi KpWBI Ul €KBIBAJICHTHUX HAlpyXeHb B yMOBax iX OJHOOCHOTO
nedopMyBaHHS IPHU PO3TATHEHHI OETOHY, BU3HAYAaIOTh MAaKCHMaJIbHO MOXKIINBE
MIOMINPEHHS TPIIUHY.

o 1 2 3 4 5
z/la b T v T ¥ T y T T

1 1
2 | -2
3| =3
4 -4
st =g |°

i S |
6 |- = 16
7 . 1 2 1 N 1 £ /. 7

o 1 2 3 a4 r/a

Puc. 1. IToBepxHsi, 10 sIKii BifOyBa€ThCsl PO3KOI: VIS 3BUYAHHOTO OETOHY
(tun I), s cridikimoro 6etony (tum II)

BucHoBku. Po3riisiHyTa MoJielib TEPMOPO3TPICKYBaHHS IiATBEPIIKYE, 11O
yCi TpoIec TEPMOBIIKOIIOBaHHS MOXYTh BiOYBATHCS JIMIIEC HA MMOYATKOBHUX
CTaNisX HArpiBaHHSA B OKOJNi 30HM LIEHTPY IUIIMH HarpiBy. Bimkonm ckimamoBux
OCTOHY B HAaIpSIMKY BiIl KpaTepa MOXE ITOCIIIOBATHCH MPH TOHATBIIOMY
OIIPOMIHEHHI Jla3epoM. 3arajbHUI YMCIOBUII aHaNi3 TIOKa3aB, 110 TEMIIEpaTypu
B OKOJIi 30HHM [ii J1a3epa, TAKOK MOXKYTh CATATH 3HAUeHb OJIM3bKO KUIBKOX THUCSIY
rpagyciB 3a llenbciem, sKi 3HAYHO NEPEBUINYIOTH BCTAHOBJICHI BiAMOBIIHI
BEIMYMHM TeMIiepaTyp (asoBoro mepexoay Ui CKIafoBux OeroHy. Came 1e
CBITYNTH, IO SBUIIE BiJKOTIOBAHHS MaTepiady MOXKIUBE Ha IJIONI JiaMeTpoOM
Bix 1 10 2 MM.

Bci  oTpumaHi pe3ynbTaTH  TaKoXX MOXYTh CTaTH OCHOBOIO  JUIS
ITOJTAVTBIIIOTO BUBYEHHS e(eKTiB il Ja3epHUX JHKepel MPH BUKOHAHHI IPOIECiB
TepMOOOPOOKH pi3HUX OYAIBEIBPHUX MaTepialiB Ta KOHCTPYKITi.
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BU3HAYEHHSA MAPKHU LEI'VIN I3 3BACTOCYBAHHSAM
KOE®IINIEHTA ITIEPEXOY

DETERMINATION OF THE BRICK BRAND USING THE
TRANSITION COEFFICIENT

3apopoxuikoBa I., k.T.H., qouent, Caenko B.l., k.T.H., nmpodecop
(KuiBcbkuii HallioHAJbHUI yHiBepcUTeT OyIiBHHUTBA TAa apXiTeKTypH, M.
KuiB), Y:kerosa O.A., K.T.H., 1o1eHT, PoTko C K.T.H., 1oueHT, Yamok O.C.
K.T.H., 101eHT (JIlynbkuii HanioHaJbHUI TeXHiYHUI yHiBepcuTeT)

Zadorozhnikova 1., Ph.D., Associate Professor, Savenko V.l., Ph.D. in
Engineering, Professor (Kyiv National University of Construction and
Architecture), Uzhehova O., Ph.D., Associate Professor, Rotko S., Ph.D.,
Associate Professor, Chapiuk O., Ph.D., Associate Professor (Lutsk
National Technical University)

YV po6omi eusnaueno ¢haxmopu, ski enaueaiomv Ha GopmyeanHs Koediyienmis
nepexooy, wo OmMpPUMAHi NPU PISHUX MEemOoOax NPO6eOeHHs O0CHiONCceHb. ma ix
NOPIGHSIbHI XAPAKMEPUCTIUKUL.

Ceramic brick is one of the first places among other building materials.
Accordingly, in order to guarantee the reliability of the work of brick structures, as well
as to improve their strength characteristics, it is necessary to conduct a study of bricks.

Traditional methods and means of brick testing were used in the research process.

The technique of conducting experiments provided:

1. Classical test.

The mark of bricks and stones is established by the results of their test for
compressive strength and bending for all types of bricks produced in accordance with
DSTU B B.2.7-248: 2011.

2. Tests by simplified methods.

The simplified test method is based on the classical method according to DSTU.B.
B.2.7-248: 2011.

Testing process.

The tests were carried out in accordance with the requirements.

Research results

A chart of indicators of the difference of the transition coefficients was developed,
as well as protocols for testing the bricks.

Conclusions and evaluation of the results obtained

Experimentally examining three methods of brick destruction, determined that
the most effective and accurate way is to study samples with an intermediate rubber
plate.
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The advantages of this method are the less time spent on the preparation of
samples and increased efficiency of the use of technical and material resources, namely
the technical rubber woven plate.

When calculating the coefficients of the transition from the compressive strength
of the conventional method to the compressive strength of the simplified method, we
found that this coefficient of test samples is affected by the method of connection, namely
the type of material used in the experiment. In the example of cement-sand compound, we
can observe that the coefficient is influenced by the type and quality of sand and the
water-cement ratio.

Therefore, it follows from the results the study that the conversion factor greatly
simplifies the definition of the brand of brick.

Knrouosi crosa: yeena kepamiuna, mapxu yeanu, Koegiyicum nepexody
Keywords: ceramic brick, grades of brick, conversion factor.

Kepamiuna nerna psoBa 3aiiMae l-e micup cepel IHIIMX OyJiBeIbHUX
MaTepialiB MO0 3acTOCYBaHHS. SIKICHI IOKa3HHKH (PI3UKO-MEXaHIYHHUX
BJIACTHBOCTEH LIEIJM, LIO 3aCTOCOBYETHCS JJIsi 3BEJCHHS  IPOMHCIOBUX
OyaiBelsb 1 CIIOPY/ TaK i KHUTJIOBUX, 3yMOBIIOIOTh BHCOKHII piBEHb OC3ICKHU Ta
koMbopty.  MirHicTh 1eru e ii ocHoBHa Xapaktepuctuka [3]. Bix skocti
LErNy Ta, BIJMOBIIHO, LETJISIHOI KIIaAKH, 1[0 BUKOPHUCTOBYETHCS B HECYUYHMX
KOHCTPYKIIAX OyAiBEeNb Ta CHOPYA, 3aJCKHUTh HE TITHKU TEPMIiH ii HOpMaIbHOT
eKCIUTyaTallii, aje JIFOIChKE JKUTTSL.

Samis rapaHTii HAAIHHOCTI pOOOTH METNSHUX KOHCTPYKIIH Ta
MTOKpAIICHHS X MIITHICHAX XapaKTEPUCTHK HEOOXiTHO MPOBOAUTH TOCIIIKCHHS
nernu. Y 3B’s3Ky 3 LM, JUisl 3a0e3MeueHH s TpUBaJol eKcIuTyaraiii OyniBens Ta
CIOpYA € HEeOOXiJHICTh OOCTEXKEHHS Ta CBOEYACHOTO BH3HAYCHHS CTaHY
KOHCTPYKIIIA Ta MarepiajiB, 3 SKHX BOHH 3BeICHI, iX (I3UKO-MEXaHIYHUX
XapaKTePUCTHK.

Ha cporoani, mig Yac OOCTEKCHHS UETIISHUX, KaM’SIHUX — Ta
apMOKaMsI'THUX KOHCTPYKIiH OyniBedb Ta CIHOpYA, IIHPOKO 3aCTOCOBYIOTH
METOJM HEepyWHIBHOTO Ta PYHHIBHOTO KOHTPOJIIO B Iporeci 300py BHUXITHUX
JaHuX Ui po3paxyHky [1]. CydvacHi HepyilHIBHI MeTOmM BHIPOOYBaHb
JI03BOJISIFOTH HdepeHiiioBaHo, B Oyb-IKNX KITBKOCTI Ta 30HaX OTPUMYBAaTH
iHpopMmamit0o 11070 OCOONMBOCTEH CTPYKTYpH LM Ta KIAJAKH B
JOCII/DKYBaHAX cropyziax. Bonu Ounbll nmpuiHATHI 3 (iHAHCOBOTO MOIIIALY,
TOMy, IO HE MOTPEOYIOTH BiOOPY AOCII/KYBaHHX 3pa3KiB ISl IOJAIBIINX
JOCI/DKeHb. A 1le¢ HE NpPU3BOAUTH JIO MOTIPIIEHHS 30BHIMIHBOTO BUIIISLY
JIoCIipKyBaHuX OymiBenb Ta il moOcCnHabiaeHHs, OCKUIBKH MiCIi BHUYWHKH €
KOHIIEHTPAaTOpaMH HaIPYXeHb, SAKiI 3IHIIMIACH IMIchs BiaOOpy 3paskKiB yis
nocmimkenb. OpHak € Teopii okpemMux (axiBIiB, SKi BBaXawTh, IO
3aCTOCYBaHHS HEPYWHIBHHX METOJIIB KOHTPOJIO Ha OCHOBI YJIBTPa3ByKy HE €
JOITYCTUMHM, OCKIJTbKHA BOHH JTO3BOJIIOTH JIUIIIE TMPHOIU3HO OI[IHUTH MIIIHICTh
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LEeTIH, a OTPUMaHi pPe3ylbTaTH XapaKTepPH3YIOTHCS, 3IcOLTBIIOrO, BEIHKOIO
HOXUOKOIO.

MexaHi4Hi BUIPOOOBYBaHHS, BiJHOCSTBCS 10 PyHHIBHUX MeTOAIB. BoHM
€ HalOLIbII TPYIOMICTKMMH Ta JIOPOTOBApPTICHUMH, OCKIJIBKH IMOTPEOYIOTH
BiZ0OpY MEBHOT KiJIbKOCTI 3pasKiB LErH 3 Tina Knaaku [2, 6].

Bukopucrani TpaguuiiiHi 3acoOu Ta crnocoOM BUNPOOYBaHHS LETJIM B
MIPOIIECi JOCIIKSHHS.

MeToauKkH NPOBeAEHHS A0CTIIKEHb

Bunpo0yBaHHs 32 KJIaCHYHMM METOJ0M

BignosinHo mo [5] mapka 1ernu i KepaMidHMX KaMeHIB BCTAHOBIICHA 3a
pe3ynmpTaTaMH IX BHIPOOYBaHHS Ha MIIHICTh NpPH CTUCKY 1 BUTHHI.
BunpoOyBaHHS NpoBeleHO Ha BOJIOTHX 3paskax. IIpy 1boMy BOHHM HOBHHHI
3aJI0BOJIBHATH BMMOraM craHmapTy [4], BiamoBigHO, JOCTigHI 3paskw,
BizOupanyu /it BUNpoOyBaHb 3a 30BHIIIHIM BUTJISIOM, BPAXOBYIOYH HAasBHICTh
Ne(EeKTiB 1 30BHIMIHIN BUIIIAL.

BusHaumny  TrpaHUIIO  MIDHOCTI HpPU CTHCKY LEMIM  Ha 3paskax
BUTOTOBJICHUX 3 JBOX LIIMX LEIJIMH 32 CTaHJAPTHOK CXEMOIO MiATOTOBKH
LETJISIHUX 3pa3KiB 10 BUNPOOYBaHHS Ha MiLIHICTb.

Puc. 1. BunpoOyBaHHS HOCIiTHOTO 3pa3ka 3a KJIaCHYHOI0 METOANKOIO Ha
CTaHAapPTHOMY IIEMEHTHO-IIIIIAHOMY PO34HHI

Bunpo6yBaHHs1 cipolieHUMH METOaMH

3 MeToro 301IbIIEHHS TOYHOCTI BU3HAYEHHS MapKy KepaMidHOI IEeTIIH, 5K
QIBTEpPHATHBY CTAHAAPTHOMY METOAY  BHIPOOYBaHHS Ha MIIHICTH OyJ0
JIOCTIKEHO CIIPOIeHnit MeToa. SIKuii mpoBoawin BiamoBigHo 1o [5] Ha 6asi
KJIACUYHOTO METOJY.

Jlanuii MeToJ oJIsirac B TOMY, 0 BUKOPUCTOBYEMO, B SIKOCTI IIPOMIKHOT
MPOKJIAIKUA JUIs  JOCHIJHUX 3pa3KiB, Taki Marepiai sIK TEXHIYHA TOBCTh 3
HACTYITHUMU CTPYKTYpHO-(pi3MYHUMH NoKazHUKaMu (0=10 MM Ta 5 MM, p M =
450 kr/mM%) i TexHiuHa PE3MHOTKAHEBA IUIACTHHA, B SKii Ha KOXKHI 2 MM He
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Oinbute oaHoro mapy TkanuHu (3=10 MM Ta 5 MM, P =1500 kr/m®). Koxen
OCTITHUHM 3pa30K BHTOTOBJICHO 3 JBOX IIETVIMH, SIKi pO3MIIIyBalHd OIHA HAaJ
OJHOIO Ta TPHOX HNPOMDKHHUX NPOKIaJKax MEeBHOI TOBIIMHH, NepeadadeHol st
IaHoi cepii 3pa3kiB. [Ipokmanku, mo iMiTyBalld B TaHOMY BHUIAIKY IIEMEHTHO-
MIIaHUH PO3YUH PO3MIIIYBAIH HAJ METJIO Ta IIiJ] HEl0, B KOHTAKTI 3 TUTUTOIO
npeca, Ta MK IerJIMHaMHU BianoBigHo. CxeMu BUIIPoOyBaHb MOKa3aHa Ha pHC. 2
Ta puc.3. 3pa3ku BiniOpaHi ais BUOpPOOYBaHb, SIK 1 I BUIOPOOYBaHHS 3a
KJIACHYHMM METOJIaM, 3a 30BHIIIHIM BHIJIAJOM, MPH SIKOMY HasBHI Aedektu
MOBHHHI 33/I0BOJIBHATH BUMOTaM CTaHAapTy [4].

Ilepen BumpoOyBaHHSIM, NapTis LErTW Uil JOCIKeHb, 1o Oyia
NpUBE3eHa 3aMOBHUKOM, 3HaXOJWJIach B NPUMILIEHH] 1abopaTtopii 24 ronuHu
mpu Temrepatypi (20 £5) © C.

BinMiHHICTE CHpOIIEHHS AAHOTO METOAY Bill TPAAHIIHHOTO IOJSTAE B
TOMY, IO 3pa3Ku HEOOXiTHO BUTPUMATH B MPHUMIMICHHI JIUIIE 100y, a TAKOXK Y
IIBUIKOCTI Ta MPOCTOTI MiATOTOBKH 3pa3KiB J0 MPOBEICHHS BUIPOOYBAHb.

—e ’

Puc. 2. Cxema po3MillleHHs 3pa3Ka Ha IUIMTI TiAPaBIiYHOIO Ipecy 3
BUKOPUCTAHHSAM IMPOMDKHUX IUTACTHH TEXHIYHOT IMTOBCTI

Puc. 3. Cxema po3MiIIeHHS TOCITiAHNX 3pa3KiB Ha IDTUTI TiAPaBIidHOTO
Ipecy 3 BUKOPHCTAHHSAM PE3NHOTKAHEBUX IUIACTHH
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I[IpoBenenHs BUNPOOYBaHb

BunpoOyBanHsi npoBeneHO 3rigHO 3 BuMoramu [4]. st mpoBeneHHs
JOCITi/IiB BUKOPHCTAHO TaKi OCHOBHI BHMIpIOBalbHI NpHIag: TiApaBIiuyHUNA
npec UI1-1000 Ta TICY-125 3 ninoro moxinku 2 kH. Ilpecu mnosipeno B JI1
,,BOJIMHBCTAHIAPTMETPOJIOTiSA” B YCTAHOBJICHOMY MOPSIZIKY.

BunpoOyBaHHs 3pa3KiB NPOBEJCHO B TaKii MOCIIIOBHOCTI. 3pa3ku, IS
oOuncneHHsl o iX poOo4yoi MOBEpXHi, BUMIPSIM 3 TOYHICTIO 70 1 MM.
[Tomy momepeyHoro nepepizy 3pa3ka 0O0UNCIIOBANN K CEpeHe apu(hMeTHIHE
3HAYCHHS IUIOIL.

Ha OiyHMX mMOBEpPXHAX 3pa3KiB HAHOCWIM BEPTHKAIBHI OCi, A iX
LEHTPYBaHHS Ha IUTUTH Ipeca. 3pa3oK MPUTUCKANIN BEPXHBOIO IUIHTOIO IIpeca.
LIBuakicTh Mojaui HaBaHTAXKEHHSA Oyla TaKol, IO PyWHYBaHHSA JOCITITHOTO
3pa3ka BimOyJocs micisl movaTky BUIPoOyBaHb uepes 20-60 c.

I'panuni MIIHOCTI NPU CTHCKY BUMPOOYBaHOT MapTii LEriau 00YHCIHIN
3 touHictio 0,1 MIla, sik cepenne apudmeTnuHe 3HAYEHHS, I'SITH 3pa3KiB 3
OJHI€T MapTii, OTPUMaHMUX PE3yJIbTATiB BUIIPOOYBaHHS.

[MpoBenu BUnpoOyBaHHS Ha JBOX Mpecax, yci JaHi MOPIBHSIM, 3HAYSHHS
BHECIIH y TaOJIHIII.

s mociiziiB BUKOPUCTOBYBAIM IMIJATOTOBJICHI 3pa3Kd 3 IIETVIM  JTBOX
3asomiB: INIT «Baximg» mereiapHuii 3asoxa c. IlaBmoBuui BonwHCEKOI 00acTi,
«/lyOedHeHChKMIA KepaMiuyHuid 3aBo1» BonmmHChKoT 001acTi.

JJis KOXKHOTO 3 coco0iB  AOCTiKEeHHsT Oyio chopMOBaHO MapTii mo 5
3pa3KiB, BCHOTO BHKOPHCTOBYBaNH 4 mapTii, ToOTO 10 20 3pa3sKiB.

[Mpouecu BUNpoOYBaHb 3pa3KiB LIETJIN NPEACTABICHO Ha pUC.4 .

Puc. 4. TliaroToBka, BCTAHOBJIEHHSI Ta pyHHYBaHHS
JIOCJIITHOTO 3pa3Ka Ha mpeci

Pe3yabTaTn nociigxeHb

Ha mincraBi oTpuMaHuMx pe3ynbraTiB, Oyiao po3pobieHo jiarpamy
TTOKa3HUKIB Pi3HMIN KOeQillieHTIB, HA TPUKIAAI JBOX CIOCOOiIB Ha puC.5., a
TaKOX, II0aHO MPOTOKOJIM 00 BUMPOOYBAaHHS 3BUYAMHOI KEpaMidHOI IETIIH.
Jns xoxHOi mapTil meryiv, BIAMOBIZHOTO  3aBOAY BHPOOHWKA,  IIOAAHO
MIPOTOKOJIH 13 3aCTOCYBAaHHAM Pi3HUX MPOMIKHHX IPOKIIAIOK.
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Puc. 5. [liarpama moka3HUKIB pi3HUIL KOS(DIIIIEHTIB MEPEXOY.

BunpoOyBano 3paszku uernu Bupodnuka 1T «3axig» LlerensHuii 3aBox y
c. [TaBnoBuui, BonuHcbka 001acTh
1. BunpoGoByBamu 1er1y KepamiuHy MOPOXXHHCTY pSJIOBY pO3Mipamu
250x120x65 MM, 3’€qHaHy LEMEHTHO-IIIIAHUM PO3YHHOM.
3aranpHE CepegHe 3HA4YCHHS TPaHMII MIIHOCTI HA CTHUCK BH3HAYWIN 3a
¢bopmymoro:
Pcep = P1+P2+P3+P4=126,68 krc/ cm?

2. BumpoOoByBamm IenTy KepaMidHy IIyCTOTUTY PpSAIOBY pPO3MipaMu
250x120x65 MM, B SIKOCTI HPOMDKHHX IPOKIAJOK 3aCTOCOBYBAIU TEXHIUHY
TIOBCTb.
3arajyibHe CepeHE 3HAYCHHS T'PAHMIll MIIHOCTI IETJIM HA CTUCK BU3HAYMIIA 32
(dhopmyoro:

Pcep = P1+P2+P3+P4=139,72 krc/ cm?
3. BunpoOoByBaiu 1erly psoBy ITIOPOXKHUCTY KepamidHy pO3MipaMu
250x120x65 MM, B SAKOCTI MPOMDKHHX MPOKJIAJOK 3aCTOCOBYBAIU
PE3MHOTKAHEBY IACTHUHY.
3aranbpHe cepeHE 3HAUCHHS TPaHUIl MIIHOCTI HAa CTUCK BH3HAYalId 32
(dhopmynoro:

Pcep = P1+P2+P3+P4=81,54 krc/ cm?
Buznaunny nepexizi kKoeillieHTH 11 3aCTOCYBaHHS NPU OOYMCIEHHI MapKu
Lerim
K1=R1/R2=126,68 /81,54=1,537 (xoedilieHT nepexomy) —IIs PE3NHOTKAHEBOT
IUIACTUHH
K2=R1/R2=126,68/139,72=0,889 (xoedimieHT mnepexomy) — s MPOKIAAKH 3
TEXHIYHOI TIOBCTI

Pesynpratn BumpoOyBaub 3paskiB 3 T30B «JlybeuHeHCHKHN KepaMidHHHA
3aBoJ» BosmHcbKo1 001acTi
1. BunpoOyBanu 1erty kepamiyHy pSIOBY IHOPOXKHHCTY 3 PO3MipOM
250x120x65 MM, Ha IEMEHTHO-TIIIIIAHOMY PO34MHI ISl BUPiBHIOBAHHS 3Pa3KiB.
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3aranpHe CepefHE 3HAYEHHS TPAHMI MIIHOCTI HAa CTHCK BU3HAYWIIHM IS
KOKHOTO crioco0y 3a (opMyJIor:

Pcep = P1+P2+P3+P4=119,96 krc/ cm?
2. Pesynbrar BUnpoOyBaHb 3pa3kiB BUroToBieHHX Ha T30B «/lybeuHeHChKHI
KepaMmiuHHi 3aBoa» BomuHchkoi 00nacTi. BunpoGoByBanu kepamidHy psIoBY
MOPOXKHUCTY Ierty po3mipoM 250x120x65 MM, TpoMiKHA MpPOKIagKa -
TEXHIYHa MOBCTh,

3aranpHe cepeqHe 3HAYCHHS TPAHUII MIIHOCTI Ha CTHCK BH3HAYEHO 3a

(dopmyoro:
Pcep = P1+P2+P3+P4=108,63 krc/ cm?
3. BumpoOoByBamm mernTy KepaMmidHy psSOOBY MOPOXKHUCTY pPO3MipaMu
250x120x65 ™M, B SKOCTI TPOMDKHHX IPOKIAIOK 3aCTOCOBYBAJIU
PE3MHOTKaHEBY IUIACTHHY.
3arajnbHe cepeHe 3HAUCHHS IPaHUIll MIITHOCTI Ha CTHCK 332 (hOPMYIIOH0:
Pcep = (P1+P2+P3+P4) /4=85,79 krc/ cm?

Busnauwnny nepexifHi KoeQiuieHTH Jyis 3pa3KiB:

K1=119,95/85,79=1,396 (xoedilieHT mnepexoay) - IS PE3UHOTKAHEBOT
IUIACTUHH
K2=R1/R2=119,94/108,65=1,1077 (koedimieHT mepexoay) — Ajis MPOKIAJAKH 3
TEXHIYHOT TIOBCTI.

BucHoBku

JlocmiuBIIM  €KCHEepUMEHTAIFHO 3 CIocoOM  pyHHYBaHHS — IIETJIH,
BH3HAYMIIH, 10 Halle()eKTUBHIIINM Ta HAUTOYHIIIAM CITIOCOOOM € JOCIHIKEHHS
3pasKiB 3 pe3MHOTKAaHEBUMH IUIACTHHAMH, IO 3aCTOCOBYBAJIM SIK ITPOMIXKHI.

[lepeBaramMu 1BOrO CHOCOOY € MEHII BHUTpAaTH 4Yacy Ha MiATOTOBKY
3pa3KkiB Ta 30UIbIIEHHS €(EKTHBHOCTI BHKOPHCTAHHS TEXHIKO-MaTepiajbHUX
pecypciB, a caMe pPe3MHOTKAaHEBUX IUIACTHH.

Po3paxoByroun koe(illieHTH Nepexoay BiJl TPaHHIb MIIHOCTI IIPH CTHCKY,
3a KJIACHYHMM CIIOCOOOM, [0 TPaHMI(b MIIHOCTI MPH CTHCKY 3a CIIPOIIEHUM
METOJIOM BHIIPOOYBaHHS 3’SCOBAaHO, IO HA BEIWYMHY KOEQII[iEHTy BIUIMBAE
cnoci® 3’€mHAaHHA JIOCHIHUX 3pa3KiB, a caMe BiJ Marepiany, SKHH
BHKOPHCTOBYBAJU B TOCIIKCHHI.

IMpn pocnmimkeHHi cepii 3paskiB, BHNPOOYBAaHMX 32 KIACHYHOIO
METOJIMKOIO (3’€IHAHHS 3pa3KiB LErIM IIEMEHTHO-TIIIAHUM PO3YHHOM)
BCTaHOBJICHO, II0 HA KOE(II[IEHT Iepexojy BIUIMBAE BHI Ta SIKICTb IICKY i
BOJIOLIEMEHTHE CITiBBiAHOLIEHHS.

Pesynbratn BUNpoOyBaHb, JOBOJAATH, MIO KOEQIIIEHT MEPEXOAy 3HAYHO
CHPOLILY€E BU3HAYCHHS MapKU KepaMidHOI LeTJIH.
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JE®OPMATUBHICTSD I MIINHICTB JPIBHO3EPHUCTOI'O
CTAJIE®IBPOBETOHY 3A OCBOBOI'O PO3TAI'Y

DEFORMABILITY AND STRENGTH OF FINE GRAIN STEEL FIBRO
CONCRETE UNDER AXIAL TENSILE

P. Kinam, pa.1.H., mnpodecop (AGH VYHiBepcuter y Kpakosi,
JIbBiBCcbKHI ~ HANiOHAJBLHMII  yHIBepcHTeT  NPHPOAOKOPUCTYBAHHA),
B. Binosip, k.T.H., nouent (JIbBiBchbKkHMii HamioHaJLHMI YyHiBepcuUTeT
npupoaokopucrysanns), 1.  binenko, acmipantka  (JIbBiBcbkMit
HalliOHAJbLHMIA YHIBepCHTET NPUPOAOKOPHUCTYBAHHA)

R. Kinasz, Dr. Sc., Professor (AGH University of Krakow & Lviv
National Environmental University); V. Bilozir, Ph. D., Associate Professor
(Lviv National Environmental University); |. Bidenko, Ph.D. Student (Lviv
National Environmental University)

Buxonano excnepumenmanohi 00CHiONCEHHS MiYHOCME ma 0epopMamueHocmi
cmaneibpobemony, apmosanozo ¢pioporo muny HEI1050, 3a 0ii kopomxompueanozo
posmsey. ITloxkazanmo, wo 6iOHOCHI Oegopmayii, AKI 6iONosIOaiomb NIKOSI Mouyi
diazpamu depopmyeanns, 3anedxcams 6i0 emicmy ¢iopu. 3anpononosani ¢opmynu ois
PO3PAxyHKy MmiyHocmi cmanegiopobemony Ha posmse i iOHOCHUX Oeghopmayitl, wo
8i0nosioaioms nikosii mouyi diazpamu 0epopmyeanHs.

The purpose of these studies is to study the influence of the coefficient of fiber
reinforcement with bent ends of the HE1050 type by volume g, and the strength of the

concrete-matrix f- prizm ON the deformability and strength of steel-reinforced concrete

under axial tension.

Taking into account the requirements of the standards for the design of steel fiber
concrete constructions, fine-grained concrete of classes C20/25 and C30/35 was used in
the experiment, since concrete classes in this range are used most often in real structures
without pre-tensioning of rods. Coefficients of fiber reinforcement by volume are taken
as gg, = 0.007; 0.0125 and 0.018, since at lower reinforcement coefficients the strength

effect is practically absent, and at higher ones, structures cease to be competitive.
Ukrainian-made steel fiber with bent ends 50 mm long and 1 mm in diameter (type
HE1050) was used. The strength and deformability of steel-reinforced concrete under the
action of short-term tension was studied by testing samples of 400 x 120 x 30 mm, since
in the future the test results will be used to evaluate the stress-strain state of beam
elements of a I1-shaped section with a shelf to the bottom, the cross section of which is
120 x 30 mm.

The following composition was adopted for the production of samples from
concrete class C20/25: M400 cement of "Ivano-Frankivskcement" with an activity of 41.2
MPa - 445 kg, sand with a coarseness modulus of 2.1 from the Yasinetsky quarry - 1645
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kg, water - 240 I. To obtain concrete class C30/35, the following composition was
adopted: cement grade M500 of "lvano-Frankivskcement" with an activity of 52.3 MPa -
431 kg, sand with a coarseness modulus of 2.1 from the Yasinetsky quarry - 1724 kg,
water - 216 liters. Fiber consumption per 1 m3 was equal to 54.95; 98.13 and 141.3 kg
for reinforcement percentages of 0.7; 1.25 and 1.8, respectively.

Based on the results of the experiments, a regression equation was obtained to
determine the relative deformations corresponding to the peak point of the deformation
diagram of the stretched steel-reinforced concrete reinforced with fiber with bent ends of
the HE1050 type. The proposed formula for determining the tensile strength of fiber
concrete reinforced with steel fiber with bent ends of type HE1050 under short-term load
action.

Knrouosi cnosa: Opionoseprucmuii  6emoH, oOucnepcHe apmysanus, @iobpoge
apMy8anHa, MiyHicmy, posmse, deopmayii, Memoou po3paxyHKy.

Keywords: fine-grained concrete, dispersed reinforcement, fiber reinforcement,
strength, tension, deformations, calculation methods.

IMocTranoBka npodaemu. {1 po3paxyHKy Hecydol 34aTHOCTI eJIEMEHTIB
KOHCTPYKIIH, AWCIEPCHO apMOBAaHHUX CTaleBOO (¢idporo, medopmariitanm
METOJIOM HEOOXiTHO MAaTh OOIPYHTOBaHI EKCHEPUMEHTAJIBHO NapaMeTpu
niarpam aedopmyBaHHs cTanediOpoOeTOHy sIK 32 CTHUCKY, Tak i 3a po3rsry [1].

Bimomo, 1o MirHicTh cTanediopoOeToHy Ha PO3TST 3aJEXKHUTh Bif BULYy (HiOpu
Ta i 34YemieHHs 3 OCTOHOM, IO B CBOIO YEPry 3aJie)KUTh TAKOX BiI CKIamy
O6etony. Tomy peranbHi JOCHIIKEHHS MIIHOCTI Ta J1e(OpPMATHBHOCTI
IpiOHO3EepHUCTOTO OETOHY, apMOBaHOTO (iOPOO 13 3aTHYTHMH KiHIIIMH THITY
HE1050, 3a posrsary, ocoOmuBO Ha BUCXiOHIA BiTII AedopMyBaHHS, €
aKTyaJbHUMH.

AHaniz  ocraHHix  gocaimkens, i myOaikamiii.  PesymbraTtm
€KCIIEPUMEHTAJIbHO-TEOPETUUHUX JIOCTIiIKESHb ctanedidbpodeTony AK
Marepiany, 3ruHaHuX cTanediOpoOeTOHHMX 1 KOMOIHOBAaHO apMOBaHUX
eneMeHTiB [2; 3] 3 ypaxyBaHHIM pe3yldbTaTiB IOCHIIKeHb [4], IT03BOIMIH
po3pobutn  nedopmaniiiHy METOIMKY pPO3paxyHKy OaloK, apMOBaHHUX
CTPIKHEBOIO apMaTyporo i (ibporo i3 Biaxoais craneBoro jucra [5 — 7]. ¥V
npaisix [8 — 10] 3anporioHoBaHe BUKOpUCTaHHS JedopmaniiiHoro mMetoxy uis
pO3paxyHKy 3THMHAaHMX €JE€MEHTIB, AapMOBAHMUX 30BHILNIHEOIO CMYTOBOIO
CTaJIeBOO apMaTypoto i pidpamu 3i 3arHyTHMH KiHIsIMH, a Takox [IET-¢ibporo.

Hocmimkenns, BukoHani y JIHTY, Takox 3acBiIYWiIN JOULUIBHICTH
BUKOPHCTAHHS BKa3aHOTO METOAY, IO JO3BOJMTH INUPIIE BIPOBAIKYBATH Y
MIPaKTUKy OyIiBHUIITBA KOMOIHOBaHO apMoBaHi (iOpoOETOHHI KOHCTPYKIIil
6amkoBoro tumy [11 — 13].

VY mpani [13] 3a pe3yapTaTamu BHUIIPOOyBaHb (iOpW Ha BHUTATYBAaHHS 3
IpiOHO3EPHUCTOTO OETOHY 3aMPOIIOHOBAHA YTOYHEHa GopMyJia I BU3HAUCHHS
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MIITHOCTI cTanediOpoOeTOHy Ha PO3TAT, B Kl BpaXOBaHO SIK 34eIUICHHS (idpu
tury HE1050 3 OeToHOM Ha rnajikii 11 4acTHHI, TaK 1 BIUIMB KIHIICBUX aHKEPIB.
ABTOpaMH BKa3aHO, IO MOAAJbBII CKCIIEPUMEHTANBHI TOCIIIKCHHS MII[HOCTI
cranediOpoOETOHY Ha PO3TAT J03BOJIATH, 33 HEOOXITHOCTI, BHECTH JOJATKOBI
YTOYHEHHsI B 3aIIPONIOHOBAHUHN pPO3paxyHKOBHI amapar.

TakuM 4uHOM, ICHye HH3Ka NPOMO3MLINA IIOJO BHKOPUCTAHHS
nedopmaniiinoi MeToAMKH pO3paxyHKy (iOpOOETOHHHMX €JIeMEHTIB, OIHAaK
moTpeOyIOTh JETaIbHINION0 BUBYCHHS MUTAHHSA MIIMHOCTI 1 AeopMaTHBHOCTI
IpiOHO3epHHUCTOTO OETOHY, apMOBaHOTO ()iOporo, 3a PO3TATY, OCKUTBKH IIe
BIUIMBAaTUME Ha TOYHICTh PO3PAXYHKY HECYUOl 3/1aTHOCTI, HAal[PHUKJIal, 3STHHAHIX
€/ICMEHTIB 1, BIATIOBITHO, HA HAMIHHICTh KOHCTPYKITIH

ITocranoBka 3aBAaHHs. 3aBIaHHAM [AaHUX JOCHIIPKCHb € BHBYCHHA
BIUIMBY KoedimieHTa apmyBaHHS (iOporo i3 3arHytumu Kinmsamu tumy HE1050
32 00'eMOM Py, i MIHOCTI OETOHY-MAaTpUIl f; prism Ha AedopMaTHBHICTH i
MIIHICTE cTanediOpoOeTOHY 32 OCHOBOTO PO3TATY.

Buxnag ocHoBHoro marepiaiy. 3 ypaxyBanasm Bumor Bumor JCTY [1]
BHPIIICHO B €KCIIEPUMEHTI:

- mpuiHATH IpiOHO3epHHCTHH OeToH KimaciB C20/25 i C30/35, Tak sx
Kiacu OETOHY B IIbOMY Jialla30Hi BUKOPHCTOBYIOTHCS HaifyacTillle B pealbHUX
KOHCTPYKIIsAX 0€3 HONepeTHbOT0 HATATY CTPIIKHIB;

- xoedinienTn GidpoBOro apMmyBaHHA 32 00’eMoM mpuiHATH prv = 0,007;
0,0125 i 0,018, oCKimbKM TpHU MEHIIUX KOeQillieHTaX apMyBaHHS CHIOBHA
e(eKT MPaKTUYHO BIACYTHIH, a MPU BHIIMX — KOHCTPYKII mepecraroTh OyTH
KOHKypeHTHO3aaTHUMH [2; 3; 5; 7];

- BUKOpHUCTaTH cTajieBy (iOpy yKpailHCBKOrO BHPOOHMIITBA 31 3arHYTUMHU
KIHIIMH TOBKUHO0 50 MM 1 giametpom 1 MM (tun HE1050);

- MinHicHicte 1 gedopmaruBHicTh  cranedibpoberony 3a il
KOPOTKOTPHBAJIOTO PO3TSTy BUBUMTH 3a BHIIpoOyBaHb 3paskiB 400 x 120 x 30
MM, OCKIUJIBKHM B IOJQJIBIIOMY PE3yNbTaTH BHIPOOyBaHb OyIyTh BHKOPHCTaHi
JUISL OLIIHIOBAHHS HaIpy>KeHO-1e(opMOBaHOTO CTaHy OajKOBUX ejeMeHTiB II-
noAi0HOro Nepepisy 3 MOJIMIEI0 10 HU3Y, nonepeyHuii nepepis sxoi — 120 x 30
MM.

Cxiagu OeToHy pospaxoByBanu 3rigHo 3 Bumoramu JICTVY [17] Tta 3
ypaxyBaHHsSIM peKoMeH/alii, noganux y npaui [18]. st BUTOTOBIICHHS 3pa3KiB
3 xiacy 6etony C20/25 npuiiHATO Takwid CKiaa: nemMeHT wMapku M400 IIpAT
“IBano-®pankiBcbkueMeHT” 3 akTuBHICTIO 41,2 Mlla — 445 kr, micok i3
MoxyneM KpynHocTi 2,1 Scunernskoro xap'epy — 1645 xr, Boma — 240 . J{ns
oTpuMaHHs knacy 6etony C30/35 nmpuitHsITO Takuii CKIaa: meMeHT Mapku M500
IIpAT “IBano-®pankiBchKIeMeHT 3 akTuBHICTIO 52,3 MIla — 431 kr, micok i3
MonyneM kpymnHocti 2,1 Slcmnenpkoro kap'epy — 1724 xr, Boma — 216 m.
Burtparu §iGpu 3 pospaxyHky Ha 1 m® nopiBaroBamu 54,95; 98,13 i 141,3 xr 3a
BifcoTKiB apmyBanHs 0,7; 1,25 1 1,8 BiamosiaHO.
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[Iporpama excrepuMeHTAIBHUX AOCHIIPKEHb TOCTITHUX 3pa3KiB MOJaHa B
Tabmmui 1.

IIpuroryBanHus cranedibpodeToHHOT cymini BHUKOHYBaJIH y
OeToHO3MIilTyBayi rpaBitamiiHoi Aii 06'emom 250 1. CriouaTky 3aBaHTa)KyBalu
MICOK, TOTIM JOJaBajld LEMCHT, a HANPHUKIHII — BOAY INPH MPALIOIYOMY
OeroHo3MmimryBaui. IlIBuakicTe oOepTaHHsS €MHOCTI OeToHO3MilmryBaua — 24
00/xB. CrayeBy ¢ibpy A0 cymimni JoJaBajid MOCTYmoBO. Yac MpUroTyBaHHS
cyminni — 8 xBwiuH. [licnsg BkimamaHHSA cyMmimn y (GOpMH Ui BHTOTOBIICHHS
PO3TATHYTHX 3pa3KiB ii yIIITFHIOBAIM NMOBEPXHEBHM BiOpaTopoM, Bara SKOTO
nopiBaroBana 20 Kr, 31 mBuakictio odepranasa 3000 06/xB mpoTsrom 35 c.

Tabmums 1
ITporpama gocimiKeHb PO3TATHYTHX 3pa3KiB
Mapku JOCIITHHUX 3pa3KiB
Knac — - .
Gerony KoedimienT ¢pidbpoBoro apmyBanHs 3a 00'eMoM
ov=0 ov = 0,007 v =0,0125 | pn=0,018
T-1.01 T-1.11 T-1.21 T-1.31
C20/25 T-1.0.2 T-1.1.2 T-1.2.2 T-1.3.2
T-1.0.3 T-1.1.3 T-1.2.3 T-1.3.3
T-2.01 T-211 T-2.21 T-231
C30/35 T-2.0.2 T-2.1.2 T-2.2.2 T-2.3.2
T-2.0.3 T-2.1.3 T-2.2.3 T-2.3.3
MapkyBanHst 3paskiB: T — po3TsrHytuil 3pasok; mnepma uudpa y

MapkyBaHHi: 1, 2 — MilHicTh O€TOHY, IO BiAmoBinae knacam Oetony C20/25 i
C30/35 BiamoBigHo; npyra nudpa MapkyBaHHS — KoediuieHT ¢HiOpoBoro
apmyBauHs: 0 — g, = 0; 1 — ppy, = 0,007; 2 - py, = 0.018; 1perss mudppa —
HOMEPH 3pa3KiB-OJIU3HIOKIB.

ITo cepenuHi BUCOTH 3pa3kiB, Ha BiacTaHi 200 MM Bif TOPIIiB, BUKOHYBAaJIH
HaJpi3u TIuouHOI0 10 MM, /e BCTAHOBIIIOBAJIM MECCYPH 3 1HIWKATOPIB i3 MIHOIO
moxinku 0,001mMM Ha 6a3i 50 MM 171 BUMIpIOBaHHS MO3JIOBXKHIX Aedopmarii
(puc. 1). Y Topusax 3pa3ki 3axiaganyu apmarypy @6B500 va rmubuny 100 M.

BunpobGoByBayin 3pa3ku Ha po3puBHiM Mammui P-20 micna 28 ni6
30epiranHsa. 3a BUIIPOOYBaHb KOHTPOJIOBAIH ITO3I0BXKHI Aedopmarii, MIUPHHY
PO3KPHTTS TPILIMH 1 HABaHTaXeHHs. HaBaHTaXXyBasi 3pa3Kkyl CTYNEHSIMH, SIKi HE
nepesuiryBanu 10% Bix pyHHiBHEX. [lepen odyikyBaHUM yTBOPEHHSIM TPIIIUH i
pYHHYBaHHSIM CTYyIEHI HaBaHTa)KeHHS 3MEHIIyBanu 10 piBHI 3-5% Bix
pYHHIBHHUX.

Pesynbratn BUnpoOyBaHb PO3TATHYTHX 3pas3KiB, mopaHi B Tabmmumi 1,
CBiNYaTh, IO MiJABHMINEHHA BifcoTka (iOpPOBOro apMyBaHHsS 3a 00'€eMOM ffy
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cnpusie 30iTbIIEHAI0 MITHOCTI cTanedibpoOeToHy Ha PO3TAT fzf¢, TOYATKOBATO
MOyl HpPYXHOCTi E.fr, BinHOCHMX naedopmaiiii GeToHy 3a yTBOpEHHS
BHIUMHX y MiKPOCKOI TPIllHH &gft oy 1 A€POPMALIH &pfp 1, IO BiAMOBINAIOTH
MiKOBIi# TouIi niarpamu AeopMmyBaHHs cTanediOpoOETOHY 3a PO3TATY.

Bynmn Takoxx BHUTOTOBJIEHI Ta BUIpPOOyBaHI HAa CTHCK OETOHHI MpPU3MHU 3
po3mipamu 100 x 100 x 400 MM 3 Getony kmaciB C20/25 i C30/35. Cepenni
3HAYCHHS MIIHOCTI A0piBHIOIOTH 23,15 MIla i 31,14 MIla BigmosigHo.

VY mparx [2; 3] mocmimKeHO, IO HANpPYKEHHS, 3a SIKIMX yTBOPIOIOTHCS
TPIIIUHA Y PO3TATHYTOMY cTanediOpoOeToHi, HECYTTEBO 3aJeKaTh BiJ BMICTY
¢iOpoBOi apMaTypH, IO MOXHA BUSBUTH 32 BUKOPHUCTAHHS TCH30PE3HUCTOPIB 3
pizHEME 6a3amu (Metonuka mpod. I'. K. Xatimykosa).

©)

Puc.1. Po3rsirnyTii cranedidopodberonnuii 3pasok T-1.2.1 mig yac
BHIIpoOyBaHk (a) i 6eToHHi Ta cranedidpodberonHi 3pa3ku T-1.0 — T-1.3 micns
BHITPOOYBaHb (0)
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AHami3 OTpPUMaHUX pPe3yIbTATIB EKCICPHUMEHTATbHUX  JOCIIKCHb
3aCBIIYMB, 110 TOYATKOBUH MOJYJb NMPY)KHOCTI MPAKTHYHO JIHIHHO 3aJ€XKHUTh
BiJl BMicTy (hiOpoBoi apmarypu B ouHuLi 00'eMy O6eToHY (puc. 2).

L5 ¥ =7.84155+0.9939
R*>=0.97084

1 L & —————— '
=
S
0.5

0

0 0.005 0.01 0.015 0.02

KoedimieHT hiGpoBOTO apMyBaHHA pfv

Puc. 2. Bius Bmicty ¢ibpoBoi apmarypu tuny HE1050 Ha 3miny
MOYaTKOBOTO MOAYJISI TPY>KHOCTI (hiOPOOETOHY 32 OCBOBOT'O PO3TITY

3a pmedopMmamiifHOTO  pO3paxyHKY 3THHaHHX cTanediOpoOeTOHHIX
€JIEMEHTIB BaXKIIMBUM € SIKOMOI'a TOYHIIE BpaxyBaHHsS MapaMeTpiB MiKOBOT
TOYKH Jiarpamu aedopMyBaHHs cTanediopoOeToHy 3a po3Tary. Y 3B'SI3KY 3 UM
BUKOPHCTAEMO JIaHi TabJuii 2 Ta MaTeMaTH4Hy MOJEINb IJIAHOBAHOTO MOBHOI'O
nsodakroproro excnepumenty (IIOE 2%) s OWiHIOBaHHS  BiJIHOCHHMX
nedopmaniii cranedibpoderony y miit Touni. Matpuus II®OE 22 nopana B
Tabaum 3.

Tabmuis 3
Marpus [IOE 22
Touka dakTopn B3a€MOH'1$I Buxinanit
thaxTopin napamerp
Iany
X1 X2 X1 X2 y
1 +1 +1 +1 Vi
2 +1 -1 1 y2
3 -1 +1 -1 va
4 '1 —1 + 1 y4

dakropamu X1 Ta Xz OyayTh HPU3MOBA MIIHICTH O€TOHY f: prism T4
koedinient (idposoro apmypanus 3a 06'eMoM ff;;. ToMy yMOBH IIaHyBaHH:

EKCIIEPUMEHTY MalOTh BUJI, TIOJJaHWH B TabmwIi 4.
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Tabmuus 4
YMOBH IUIaHYBaHHS €KCIIEPUMEHTY
dakrop PiBeHpb BapitoBaHHs IaTepran
HaTypaJdbHUN | KOJIOBaHUHN -1 0 +1 | BapitoBaHHA
Jom priam; X 23,15 | 27,145 | 31,14 | 3,995
MIla
P X 0,007 | 0,0125 | 0,018 0,0055

KoebiuieHTr piBHAHHS perpeci'l' [IOE 22 o6umciieni 3a popmynoro [19]:

...,__ Lu.'ru
by = TEEE, 1)

1e fy, —3HAYEeHHS I-T0 (aKTopa B PSAIKY MATPHIL EKCIIEPUMEHTY B U-MY JOCITii.
KoediuienT mapHoi B3aemoii hakTopiB MOXHaA BU3HAUUTH 32 (GopMyIIor0

[19]:

EE: 1 I?iu & i Fu

ij = I ) (2)
ne 8;; — 3Ha4eHHs j-ro (akTopa M U-TO JOCIiTy.
Jucnepcis BiATBOPIOBAHOCTI BUXIJHOIO IapaMeTpa 5,:_1., B I[IOE 22
po3paxoByeThes 3a hopmyoro [19]:
n EE:I E:_: rui-Tu 2
ST T aen ©)

ne £¥_, — cyma 3a CTOBMIAME MaTpHIli ekcriepumenTy [TOE 22;
¥T_, — Te x caMe, 3a pagkamu Matpuii [IOE 22;
I — KUIBKICTB JJOCHI/IB y Toull miany excrniepumenty TTOE 22
Cepe/IHbOKBaIpaTUYHE BIXHJICHHS BUXITHOTO MapamMeTpa 0O0YHCITIOETHCS
3a Bijomoro opmyioro [19]:
[N

L= |fu= |._.|__ 'J-ul._.fu' _ z
5['1-'” - Y Nir—11 l."||‘5||:|_'|.'|_:' (4)
CepeiHBOKBaIPATHYHY NOMUIKY 00UHCITIONOTH 32 hopmyoro [19]:
Stb = Sty = S(e;} = - ®)
Hauni o6uncnroroTh 3HaYeHHs t-kputepito Cteronenta (tp) [19]:
b
talhy = (6)
by
bi
telny =5 o ()
|
tp[i,u.} =— ®)

LT}
175y
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KoedimieHTH BBa)XaOTh 3HAYYNINMH, KOJIH lp, IO PO3PaxoBYIOTH 3a
dbopmynamu, siki moaaHi Buie, 6y ayTh OiMbIINMY 32 Tabnu4HI 3HaueHHS {7 [19]
1 5IKi € 3aJIC)KHUMU Bijl IPU3HAYEHOTO PiBHSI 3HAYYILOCTI, @ TAKOX BiJl KiJIBKOCTI
cTyneHiB cBoboau fy3. ¥V jmocnifax, pesysibTaTd AKX MOJAHi TYT, MPU3HAUMIM

piBeHb 3HauymOCTi, sikuit mopiBHIOE 0,05. ToMy KUTBKIiCTB CTYHEHIB CBOOOIH
3HaX0aAUMO 3a (opmyioro [19]:
fa = N(r— 1), ©)

VY BuUmagKy, KOJIM 3HAYCHHS lp BHSABWIOCA OM MeHIIUM 3a iy, TO 1
KoeilieHT MOXHA 30BCIM HE BPaxOBYBaTH 1, BIJNIOBIIHO, HE NIEPEPaxoByBATTH
IHITUX KOeimieHTIB.

Hucniepciss anekBaTHOCTI JJs JHIHHUX pPIBHIHD BH3HAYAETBHCA 3@
¢dbopmynoro [19]:

n r'EIE ']:'u_fu':
5z = _I_I—N|—i‘1'. , (10)

Je M — KUTBKICTh 3HAYYIIHX KOe(IIlieHTIB y JAaHOMY PiBHSHHI perpecii.

AIICKBAaTHICTh MOJIEIIi TIEPEBIpAEMO 3 ypaxyBaHHAM Kpurepito Dimepa (F-
kputepiem). Komn 5% = -5'[:_1.;, TO:

_F.élz'_', (11)

akomn S =< 5{:_1.;, TO:

(12)

e $f; - mMcTiepcCist BiATBOPIOBAHOCTI IS BUXiTHOTO TIApaMeTpa.

Tabmmune 3HaveHHs Kkputepito Dimepa Fr 3anexutrs Big moBipdoi
imosiprocri. Ii maituactime npuiiMaroTh Takoro, mo gopisHIoE 95%. Kputepiit
dimepa 3aJeKUTh TaKOX BiJl KUIBKOCTI CTYIEHIB CcBOOOIM aucmepcii
anekBaTHOCTI fyo. [i BU3HAYAIOTH [Ta JTiHiMHKUX piBHAHD 32 popmymoro [19]:

fz=N-—m. (13)

PiBHSHHS BBaXKAIOTh aJICKBATHUM, AKIIO Fp < Fr.

Martpuus MiaHyBaHHs MOBHOTO JBOQaKTopHOro ekcrepumenty (TIOE 22)
1 eKcmeprMeHTaJbHI 3HA4YeHHS BiTHOCHHX JAedopmariiii, o BiAMOBIAAIOTH
MiKOBiH Touwi miarpamu nedopMyBBaHHS (iOpoOETOHY 3a pO3TATYy, HMOJaHi B
Tabmmui 5.

BinsHwuii unieH piBHAHHA perpecii BU3HAYaIN 3a JaHUMHU TaONuIl 5.
N 1181-10 75 —
by ==tfe = 2820 _ 597,75, 1078,
N 4
Koediuientu piBusunst perpecii & b2, b~ Busnavanu 3a dopmynamu (1)

Ta (2) i ;aHuMu Tadaumi 5:
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by =% =10,25- 1075;
by = FE— = 23,085 - 10°%;
by = = 0,918 1075,

Tabmuusg 5
Marpwuus mIaHyBaHHS i eKCIIEPUMEHTAIbHI 3HAUCHHS gt |

BinHOCHI medopmaii, mo
BIIITOBIAIOTH MMIKOBIH
TOYUII Tiarpamu
Mapxku Touka ®daktopu ;[eq)OpMYBaHHﬂ 3(;:'22;1[{1:;
spaski | Iiamy cranedibpobeTony 3a . . 10°
OCLOBOT'O PO3TATY eft.Lm
Eefrl” 10°
Xy Xo ¥ Mo M
T-2.3 1 +1 +1 332 339 335 332
T-2.1 2 +1 -1 282 289 281 284
T-1.3 3 -1 +1 309 313 307 309,67
T-1.1 4 -1 -1 265 269 262 265,33
Cyma 1191
bo =
297,75-10°

Jis BU3HAYEHHS 3HAYYIIOCTI IUX KOE(IIli€HTIB BU3HAYAEMO CIOYATKY
JUCTIEPCIO BIITBOPIOBAHOCTI 32 PSAKAMH MATPHIIi (Ta0sUIIs 5).
Jucnepcito BiATBOPIOBAHOCTI BUXIZHOTO Mapamerpa -5',:_1.,3Hax0)11/1m/1 3a
dbopmyroro (3): N i
5[._... _ = B (rpi-Tal® _ Lasaaalre
¥ Nir—1) alz-1)

=1,74167E-09

CepenHbOKBaIpaTHUHE BiIXUJICHHS BH3HAYaeEMO 3a popmymoro (6):

— -
Sty =[Sty = VLTAIGTE = 09 =4,17333E-05.

CepennpokBaparnyHa nioMuika (opmyna (7)):
Syn) _ 417333E-05

— = =2,08666E-05
v wd

5[&'“3 = S[E'U: = 5[&'“‘: =




CyuyacHi mexHosnoeii ma memodu po3paxyHkis y ydieHuumei. flyupk, JIHTY. 2023, Bunyck 20
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2023, Volume 20

Tabnmune 3HaueHHs t-kputepito CThIOICHTA 3a pIBHSA 3HAYYIIOCTI
o = 0,05 (F =95%) nopisuroe 2,31 [19], mo BiamoBimae KiAbKOCTI CTYIEHIB
cobomm f, = N(r —1) =4(3-1) = 8.

3 Tabmuui 5 BUOMpaeMo 3HaueHHs KoedillieHTIB PiBHSIHHS perpecii i
3HAXO/MMO PO3PaxyHKOBE 3Ha4YCHHs {p 32 hopmynamu (6) — (8):
|5, | 10,25 -10°%

P S,y 2.08666 1077
lb,]  23,085.10°%

0= 5. 2.08666 - 10-°
bl  0918-107%

P~ S 2.08666 - 10-°

=491 =t =231

=11.06 =t = 2,31

=044 =t = 2,31,

Orxe, koedimieHT B2 € He3HAaUyIIMM, i pIBHAHHS perpecii y KOJOBAaHOMY

BHZI Ha0yBa€ BUTILAY:
= 297,75 -107%+ 10,25- 107 %x, + 23,085 - 107 3x,.  (16)
Jnst mepeBipKH afeKBaTHOCTI OTPUMAHOTO PIBHSHHS perpecii BU3HAYUMO

3HAUEHHs Y JUIA KOXKHOTO psijiIka MaTpulli 1 3HaXOAMMO CyMYy KBajpariB
BIJIXHJICHb PO3PaxXyHKOBUX AaHUX (Tabnuis 6).

Jlucriepciro aieKBaTHOCTI Bu3HayaeMo 3a Gopmysioro (10):

?l‘.l: . R
52 — Mld oy Wu—¥ul® _ 3-139333E-0B
e =

=4,17999E-08,
wy—m 4-3
Je M — KUTBKICTh 3HAYYIIHX KOS(IIiEHTIB y PiBHIHHI.
Ockinbkn 335 =4,17999E-08= 573 = L74167E — 09, 1o pospaxynkose
3HauYeHHs Kputepito Dimrepa BuzHavaemo 3a Gopmysoro (11):
E = I L-‘-fJ.ETE—I}"? — 4167,
53, 7 4.17900E—CE

Tabmauis 6
KoeoiuienTn piBHAHHSA perpecii QyHKIil &q5z 1

Po3paxyHKoBi napaMeTpH [UIsi BU3HAUEHHS KOe(ili€HTIB

JUIA JIIHIAHAX YJI€HIB JUIA B3aEMOMIN
$01 $02 0102
+332:10°° +332:10° +332:10°
+284:10° -284-10° -284-10°
-309,67-10° +309,67-10° -309,67-10°
-265,33-10 -23,71-10 +23,71-10°
r= L= L=
+41-10° +92.34-10° +3,66-10"
b1=+10,25-10" b,=+23,085-10"° b1,=+0,915-10"°
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Tabmums 7
PospaxyHok qucnepcii BigTBoproBaHocTi QyHKIIT 3a psaKaMy MaTpHILi
Touku - \2 - \2 - \2
mmanyu | O (Y2-$n) (Ya-n) Z 525
1 0 4,9E-09 9E-10 5,8E-09
2 4E-10 2,5E-09 9E-10 3,8E-09
3 4,49E-11 1,11E-09 7,13E-10 1,86667E-09
4 1,09E-11 1,35E-09 1,11E-09 2,46667E-09
Cyma 1,39333E-08
Ta6muus 8
Pospaxynok mucnepceii aiekBaTHOCTI I QYHKIIT &, fr 1
Torn Xo X1 X2 Ju Yu Yu-Fu - }_’u)2
IIaHy
1 297,75+ |+10,25-|+23,085- | 331,085: 332 -0,915- | 8,37225-
10° 10° 10° 10° 10° 10° 10
2 297,75+ |+10,25-| -23,085- | 284,915: 284- 0,915- | 8,37225:
10° 10° 10° 10° 10° 10 101
3 297,75+ |-10,25-|+23,085- | 310,585- | 309,67- | 0,915- | 8,37225:
10° 10° 10° 10° 10° 10 101
4 297,75+ |-10,25-|-23,085- | 264,415- | 265,33- | -0,915- | 8,37225:
10° 10° 10° 10° 10° 10° 104
Cyma 3,3489-
10-10

Tabnuune 3HaveHHs kputepio Pimepa Fr , sxmo f; =43 —11 =8 i
F=4-3=1, nopiBmoe 532. Orkxe, F =4167 < F =332, Tomy
PIBHSHHS perpecii € aAeKBaTHUM.

Harypanesi X; i koJoBaHi 3Ha4eHHsI Xi OB’ s13aHi 3anexHicTio [19]:
- Hi—Xin

6; = 17
! AX; ! ( )
ne Xip — 3HaueHHs HYJILOBOI TOUKH;
AXijo — iHTEpBaJI BapiroBaHHSL.
3BigcH OTpUMy€EMO:
Joprism—27.145
=
2,995
P ry—BOLZE
7 oooss
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PiBHAHHSA perpecii 111 BUSHAYEHHS & fp | OTPHMYE BHIIL

fr prism 27.145
3,995

Eefey = 297,75+ 107°+ 10,25 - 107°

5 Pjv—0.0125

00055 (18)

ExcriepuMeHTaNbHi Ta TEOPETHYHI 3HAYCHHS &qfr,1 3PA3KiB 3a KoedimieHTa

23,085 - 107

¢ibposoro apmyBanHs o odemy 0,0125, monani B Tabauui 9, 10cTaTHHO TOUHO
MOYKHa OL[IHUTH 32 BUKOPUCTaHHs piBHSHHS perpecii (18) .
Tabmuus 9
ExcriepuMeHTanbHi Ta TEOPETHYHI 3HAYCHHS &gy 1 3PA3KiB 3a KoedimienTa

¢ibpoBoro apmyBanHs 1o 06emy 0,0125
IIpuzmoBa

KoedimienT | MinHicTh . | TeoperuuHni

¢ibposoro | 6Gerony- Exenepumentaimbhl | = oo s | Eees e
MapK.H p Yy 3HA4YCHHS | O
3pasKiB |aPMYBaHH:A MaTpuIl i .15 Foft.Ltheor ' 10 Erft. Leheor

Prp fr,r' prism Feft-Lexp 10
MIla

T-1.21 283 0,981
T-1.2.2 23,15 289 288,34 1,002
T-1.2.3 291 1,009
T-221 0.0125 309 1,001
T-2.2.2 31,14 306 308,84 0,991
T-2.2.3 311 1,007

Y mpami [14] 3ampomoHOBaHO OMLIHIOBATH MIIHICTH Ha  PO3TAT
cranedidbpobetoHy, apmoBaHoro ¢ioporo Tumy HE1050, 3 ypaxyBaHHAM
pe3ynbTaTiB €KCHEPUMEHTIB 3 JOCTIDKEHHS 34eruieHHs (ibpu 3 OGeToHOM.
MinHicTh cTanedidpodbeTony MokHa obumncoBaTH 3a popmyroro [16]:

frfr = '[‘-Dr'[‘-rr'[:cr!.ﬂfufr': (19)
ne kg — koedilieHt opienTaii GpiropoBoi apmMaTypu
ko — KoedimieHT iiMOBipHOCTI mepeTuHy GiOpOI0 IUIOMMHK, IO SKiif

BiIOyBa€ThCS pyHHYBaHHS;
kan — xoediuienT ankepyro4oi 3xatHocTi Gpiopu;
fr — minmicts $ibpu Ha posTar.
V BiruususHomy crauiaprti [1] npuitasTo, wio kg = kg, TOMY GoOpMyIIa
(19) orpumae BUTIAA;
fr;’r = kérkcn.pfufr" (20)
V npaui [14] mokasano, mo koe}ilicHT aHKEPYI0Y0i 3MATHOCTI Ky HyIs
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¢i0pu 31 3arHYTUMU KiHIIMH HE € TOCTIHHUM 3a Pi3HOI TOBXWHHU aHKEPyBAHHS
¢i0pH, OCKIJIBKM aHKep CHpHUIMae CyTTEBO OUIbLIEe 3YCHIUIS, HDXK TJajKa
yactuna (ibpu, a ToMy Horo mpu cepeHil JoBXKHUHI 3aKnananus (ibpu [/ 4

3ampONOHOBAHO BU3HAYATH 32 (OpMyJI0H0:
kan = (U 806

Jr’F'FL'\.I'll + 327, 98] (21)
ne f: prism — IPH3MOBa MilHiCTh 6eT0Hy, MIla;
L £ — IoBXHHA (ibpw;
dy — miametp idpn.
incraBusiun piBHAHHS (21) y piBHAHHS (20), oTpMyeMO:
fepe = kI (U 808 + 327, ':'JE) Pro. (22)

Ie privmlf
_I
AHaIi3 pe3ynbTaTiB eKCIIePHUMEHTIB, MOAaHUX Y TabiuIi 1, 3acBiT4uB, 110

y piBHsAHHA (22) MOTPiOHO BHECTH MOMPABKOBHUHA KoedimieHT. ToMy OCTaTodHO

OTPUMaHO:

fepe = kI, (U 806

fe prL'.l'l |

+327,98) py, (1,26 - 40.4907,).  (23)

Tabmuns 10
[TopiBHSHHS €KCIIEPUMEHTAIBHUX 1 TEOPETHYHHUX 3HAUEHb MIIIHOCTI

Mapxka P, ferren fefe theor fepraxp
3pa3ka % MIla MITa fefeeheor
T-1.11 2,19 1,04
T-1.1.2 0,7 2,24 2,10 1,07
T-1.1.3 2,26 1,08
T-1.2.1 3,02 590 1,04
T-1.2.2 1,25 3,06 ’ 1,06
T-1.2.3 2,95 1,02
T-1.3.1 3,15 1,07
T-1.3.2 18 3,10 2,94 1,05
T-1.3.3 3,14 1,07
T-2.1.1 2,54 241 1,05
T-2.1.2 0,7 2,52 ’ 1,05
T-2.1.3 2,56 1,06
T-2.2.1 3,46 332 1,04
T-2.2.2 1,25 3,42 ’ 1,03
T-2.2.3 3,41 1,03
T-2.3.1 3,53 337 1,05
T-2.3.2 1,8 3,51 ’ 1,04
T-2.3.3 3,49 1,04
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ImeamizoBana miarpama  medopmyBaHHS cTanediopoderony (Pumc. 3)
MICTUTh TpU AUISHKY. [lepina 3 HUX ONMUCYETHCS MOJIHOMOM IT’SITOTO CTYIEHS
[5;7; 12], a mpyra i TpeTs — NpSIMHUMHU.

Tt )

0,37F |

Ecrt

9 Eertr 55107 25107

Puc. 3. IneanizoBana miarpama geopmyBaHHs cranediOpodeToHy 3a
OCBOBOTO PO3TSTY

[ToTpiOHO BiAMITUTH, L0 KYT HAXWIy CHaxHOI BITKM ieai3oBaHOl
niarpamu  eOpMyBaHHS Maibke He BIUIMBaTHME Ha HeCydy 37aTHICTh
3ruHaHuX crajediopodeToHHuX enemenTis [20].

BucHoBknu

1. 3a pe3ynpTataMM EKCIIEPHMEHTIB OTPUMAHO DIBHAHHS perpecii uis
BU3HAYCHHS BITHOCHUX JedopMaii, 0 BiANOBIAAIOTH MIKOBIH TOYMLI AlarpamMu
nedopMmyBaHHST pO3TATHyTOTO CcranediopodbeToHy, apmoBaHoro ¢ibporo 3i
3arHyTUMH KiHosgmu Ty HE1050.

2. 3ampomoHoBaHa ¢GopMysa IS BH3HaueHHs MiHOCTI (pibpobeToHy,
apMOBAHOTO cTaneBoro (Gidpoto 3i 3arHyTumu Kinnamu tTairy HE1050, Ha po3Tsr
32 KOPOTKOTPHUBAJIOT /1ii HABAHTAXKEHHS.
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EFFECT OF DEICING SALT ON AIR VOIDS AND PERMEABILITY
COEFFICIENT OF ASPHALT MIXTURE UNDER DRY-WET CYCLE

BIIVIMB NTPOTUOXKEJEJHUX PEHOBUH HA 3AJIMIIKOBY
MHOPUCTICTD I BOAOITPOHUKHICTD ACPAJBTOBETOHY IIPU
IHOINEPEMIHHOMY HACHUYEHHI TA BUCYIIITYBAHHI

Kovalskiy V.P., Ph.D., Associate Professor, Mingjun G., Ph.D. student
(Vinnytsia National Technical University, Vinnytsia)

KoBaabcbknii B.II., k.T.H., pouent, Minigons I'., acmipant
(BiHHMIIbKUI HALIOHAIbHUIA TeXHiYHMH yHiBepcuTeT, M. BiHHU1IA)

Although the extensive use of deicing salt has solved the problem of road icing in
winter and reduced traffic accidents, it has also had a significant impact on the
asphalt mixture. Through dry-wet cycle test, this study investigated the change rule of
air voids and permeability coefficient of asphalt mixture under the conditions of
different gradation, different deicing salt solutions and different dry-wet cycle times,
and analyzed the significant indicators of each factor's impact on air voids and
permeability coefficient based on variance analysis. The results showed that the air
voids and permeability coefficient of AC-13 and AC-16 asphalt mixtures increased to
varying degrees after 0, 5, 10, 15, 20, 25, and 30 dry-wet cycles in 20% NacCl, 15%
CHsN20, and 20% CH2CHsOH solutions, and the air voids and permeability
coefficient had a high correlation. Meanwhile, the variance analysis results indicated
that gradation was the main factor affecting the air voids and permeability coefficient,
followed by the dry-wet cycle times, and deicing salt solutions were the least
significant.

Hane docniodcenns npuceauene 6UGHeHHIO GNIUBY NPOTMUOIICENEOHUX PEHOBUH HA
3aauwmKo8y nopucmicme i KoepiyicHm 800ONPOHUKHOCMI — acGanrbmodemoHHUx
cymiweti 3a pisnux ymos. Heszeaodicarouu na me, wo wupoxe GUKOPUCMAHHA 3aco016
npomuodiceeOHoi 06pobKu eghekmueno supiuye npooiemu 0OMeP3anHHs 00POHCHLO2O
NOKpUMMS 63UMKY I 3MEHWLYE KINbKICMb O0PONCHLO-MPAHCHOPMHUX NPU200, B0HO
800HOYAC MAE HE2AMUBHI 8NIUE HA eKCHIYAMAYIlIHI 61aCTMUBOCTI ACHanbmoOemoHHux
NnoKpummia.

3asoaxu  npogedennto  excnepumenmie 3 GUKOPUCMAHHAM  DI3HUX — 8UOIE
acanbmobemony, npomuoicereOHUx pewosurn ma pizHoi Kinbkocmi yuxiie "cyxuii-
Mokpuil", 0yno eugueHo 3MiHu Koegiyichma nopucmocmi ma Koegiyienma
68000NPOHUKHOCIMI acanvmodbemonnux cymiwtell. [na oyinku 3uavywocmi ¢haxmopis,
AKI 6NAUBAIOMb HA NOKA3HUKU 3ATUUIKOS0T nopucmocmi ma 6000npOHUKHoCcmi, 0y
BUKOPUCMANULL OUCNEPCIlIHULL AHANT3.

Pezynomamu oocnioxcens nokazanu, wo nicaa 0, 5, 10, 15, 20, 25 i 30 yuxnis
"cyxuu-mokpuil"  3amuwikoea  nopucmicmv i Koe@iyienm — 80O0ONPOHUKHOCMI
acgpanomobemonnux cymiweri AC-13 i AC-16 noxasanu pisnuil cmyninb 3MiHU
NOKA3HUKI6 npu enaugi pozuunie, wo micmame 20% mexuiunoi coni (NaCl), 15%
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kapbamioy (CHaN20) i 20% 6e3600n020 emarnony (CH2CH3OH), gionosiono. Kpim
Mmo20, ICHYE 3HAYHA KOpenayis MIdC 3aIUWKO80) nopucmicmio i Koeghiyienmom
6000NPOHUKHOCHIL.

Hooanvwuil ducnepcitinuil aHaniz NOKA3ae, Wo EPAHYIOMEemPUYHUL CKIA0 €
OCHOBHUM (haxmopom, wjo 6naueac Ha Koepiyichm 3aIUWKOBOI NOpucmocmi ma
Koeghiyiecnm eodonponuxknocmi, oani ide Kinbkicmo yukiie "cyxuii-eonoeuil", a eniug
PO3YUHY NPOMUOICENEOHOT PIOUHU € HATMEHU BNITUBOBUM.

Takum quHOM, ye O00CNIONCEHHSI BCEDIUHO PO3KPUBAE GNIUE NPOMUONCENEOHUX
Ppeuosur Ha Koe@hiyienm 3aIuWK080I ROpUCmMocmi ma Koe@iyieHm 6000NPOHUKHOCMI
acanbmobemonnux cymiuieli 3¢ 0ONOMO2010 eKCHePUMEHMI6 Ma CMaAmMuCmMuyHO20
ananizy. Pesynomamu O00CHiONCeHHs MAlOMb  6AdNCIUBE NPUKIAOHE 3HAYEHHS OJlsl
Kpawjoeo pO3YMIHHS — GNIUSY NPOMUONCENEOHOI PpPeuo8UHU HA  eKCRIyamayiiHi
61ACMUBOCI  OOPOACHLO20 NOKPUMMISL, VYOOCKOHANEHHS. NPOEKMYBAHHSI OO0POINCHIX
KOHCMPYKYI ma 3uM08020 YMPUMAHHSL 00pie.

Key words: pavement performance, deicing salt, asphalt concrete, dry-wet cycle,
air voids, permeability coefficient, deicing salt.

Kniouoei  cnosa:  excniayamayiini  é1acmugocmi  0OPONCHbO20 — NOKPUMMISL,
npomuodiceneoni  peuosunu, acgaromobemon, "cyxuti-mokpunl” yuki, 3aIUWKOSA
nopucmicms, KoeQiyicHm 6000NPOHUKHOCTII.

Introduction. Asphalt mixture is widely used in road construction, and its
quality has a crucial impact on road service life, driving safety, and comfort [1-
2]. However, in cold weather during winter, road icing, snow accumulation, and
other factors pose significant safety hazards and economic losses to road traffic
[3]. Therefore, deicing salt is widely applied in road ice and snow removal,
which works by melting ice and snow on the surface and preventing them from
freezing again [4]. However, excessive use of deicing salt not only leads to
environmental issues such as water pollution, land degradation, and climate
change but also causes damage to road materials [5-6].

The size of air voids affects various properties of the asphalt mixture, such
as compactness, stability, durability, and water resistance [7]. Generally, a lower
air voids can improve the compactness and stability of the mixture, thereby
enhancing its shear resistance and durability, and reducing water permeation and
damage. ROBERT N et al. [8] found that an increase of 1% in air voids when it
exceeds 7% could result in a loss of about 10% in road life. Rui Xiong [9]
analyzed the relationship between pore characteristics and splitting strength, and
found that the increase of open voids of asphalt mixture had a linear correlation
with the decrease of splitting strength under salt corrosion environment. Di Yu
[10] conducted a microstructural analysis of asphalt mixtures before and after
freeze-thaw cycles, and discovered that the damage source of voids mainly
transferred from large voids to small ones. The water permeability coefficient
refers to the rate of water passing through the asphalt concrete and reflects its
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resistance to water infiltration, which is generally highly correlated with the air
voids [11]. Although there are many studies on air voids and permeability
coefficient, there is relatively limited research on the variation of air voids and
permeability coefficient under salt solution conditions.

Taking into account the unique climate of China's northwest region, this
paper employs collected data on precipitation, air humidity, and interlayer
temperature of the road surface to conduct dry-wet cycle tests on the two
gradations of asphalt mixtures using three concentrations of appropriate deicing
salt solutions [12-13]. Through this approach, we seek to investigate and
analyze the patterns of variation in air voids and permeability coefficient, in
order to deepen our understanding of the interaction between deicing salt and
asphalt mixture, and to provide a certain reference for road design and
maintenance.

Experimental materials and methods. For this experiment, KL-90
petroleum asphalt from the Karamay Refinery in Xinjiang was selected as the
asphalt material. It was determined that all of its technical indicators meet the
required specifications, as shown in Table 1. The coarse and fine aggregates, as
well as the mineral powder, were all sourced from the Wangjiaping quarry in
Lanzhou, Gansu Province. Their technical indicators also meet the required
specifications, as shown in Tables 2 - 4. Urea (CH4N20) produced by Gansu
Liuhua (Group) Co., Ltd., industrial salt (NaCl) produced by Golmud Baojin
Chemical Trade Co., Ltd., and anhydrous ethanol (CH,CH3sOH) produced by
Tianjin Beichen Fangzheng Reagent Factory were selected as the three types of
deicing salts. All of their technical indicators meet the required specifications.

Table 1
Technical indexes of asphalt
Index Test Result Requirement
Penetration (25 °C, 100 g.5s)/0.1 mm 89.2 80~100
Penetration Index -1.5 -1.5~+1.0

Extensibility (15 °C)/cm 144 >100
Softening Point/°C 52 >45

Flash Point/°C 287 >245
Density (15 °C)/(g:cm-3) 1.033 —

Dynamic viscosity (60°C)/Pass 153 >140

Solubility/% 99.9 299.5

Considering the deicing effectiveness and economic efficiency, three
solutions containing 20% NaCl, 15% CH.N.O, and 20% CH,CH3OH were
prepared for the dry-wet cycle tests on Marshall samples and rut samples with
AC-13 and AC-16 gradations. The samples were subjected to 0, 5, 10, 15, 20,
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25, and 30 cycles of dry-wet cycles, with each cycle consisting of immersion in
the three solutions for 24 hours followed by air drying for 24 hours. After the
dry-wet cycles were completed, the air voids of the mixture samples were
measured using the dry-weighing method for the Marshall samples, and the
permeability coefficient was determined for the rut samples using the water
permeability test, in accordance with the "Standard Test Methods for Bitumen
and Bituminous Mixtures for Highway Engineering” (JTG E20-2011).

Table 2

Technical indicators of coarse aggregate

Index Test Result Requirement
Crushed Stone Value/% 17.6 <28
Los Angeles Abrasion Loss/% 17.5 <30
Solmdness/% 10.8 <12
Apparent Particle Density 2.79 >2.5
Water Absorption/% 1.7 <3
Table 3

Technical indicators of fine aggregate

Index Test Result Requirement
Apparent Particle Density 2.71 >2.50
Solmdness/% 9.2 <12
Sand Equivalent/% 75 >60
Mud Content/% 2.1 <3
Table 4
Technical indicators of mineral powder
Index Test Result Requirement
Density/(t-m-3) 2.81 >2.5
Water Absorption/% 0.88 <l
Hydrophilic Coefficient/% <I <l
Appearance No agglomerates No agglomerates

Results analysis and discussion. The changes in air voids and its growth
rate of the AC-13 asphalt mixture after dry-wet cycle tests in three different
deicing salt solutions are shown in Figure 1.

Based on Figure 1, it can be observed that for mixture of AC-13, with an
increase in the number of dry-wet cycles, the corresponding air voids for all
three deicing salts increases. Among them, CH4N>O has the greatest impact on
the air voids, with an increase of 34.1% at the 30th cycle, reaching 6.05%,
which no longer meets the air voids requirements for certain pavement types;
NaCl has the second largest impact on air voids, with an increase of 18.8% at
the 30th cycle, reaching 5.36%; the impact of CH,CH3OH on air voids is the
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smallest, with an increase of 13.1% at the 30th cycle, reaching 5.10%.

The changes in air voids and its growth rate of the AC-16 asphalt mixture
after dry-wet cycle tests in three different deicing salt solutions are shown in
Figure 2.
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Fig. 1 Variation of air voids and its growth rate of AC-13 with the increase of
dry-wet cycles

From Figure 2, it can be seen that for mixture of AC-16, with an increase
in the number of dry-wet cycles, the corresponding air voids for all three deicing
salts increases. Among them, CH4N,O has the greatest impact on air voids, with
an increase of 50.8% at the 30th cycle, reaching 6.38%, which no longer meets
the air voids requirements for certain pavement types. NaCl has the second
largest impact on air voids, with an increase of 39.2% at the 30th cycle, reaching
5.89%; the impact of CH,CH3sOH on air voids is the smallest, with an increase
of 23.8% at the 30th cycle, reaching 5.24%.
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Fig. 2 Variation of air voids and its growth rate of AC-16 with the increase of
dry-wet cycles

Comparing Figures 3 and 4, it can be seen that the growth rate of air voids
for AC-16 is significantly higher than that for AC-13. This indicates that, in
terms of air voids, the impact of the three salt solutions on AC-16 is greater than
that on AC-13.
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When the gradation is AC-13, the changes in permeability coefficient and
its growth rate after dry-wet cycle test under three different deicing salt
solutions are shown in Figure 3.

From Figure 3, it can be observed that when the gradation is AC-13, the
permeability coefficients corresponding to the three types of deicing salts show
an increasing trend with the increase of dry-wet cycle times. Among them,
CH4N20O has the greatest impact on the permeability coefficient, with an
increase of 32.7% and reaching 107.48 mL/min at the 30th cycle; the impact of
NaCl on the permeability coefficient is secondary, with an increase of 19.6%
and reaching 96.89 mL/min at the 30th cycle, while the impact of CH,CH3;OH
on the permeability coefficient is the smallest, with an increase of 9.0% and
reaching 88.32 mL/min at the 30th cycle.
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Fig. 3 Variation of permeability coefficient and its growth rate of AC-13 with
the increase of dry-wet cycles

When the gradation is AC-16, the changes in permeability coefficient and
its growth rate after dry-wet cycle test under three different deicing salt
solutions are shown in Figure 4.
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Fig. 4 Variation of permeability coefficient and its growth rate of AC-16 with
the increase of dry-wet cycles
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From Figure 4, it can be observed that when the gradation is AC-16, the
permeability coefficients of the asphalt mixture under the three different deicing
salt solutions all show an increasing trend with the increase of dry-wet cycles.
Among them, CH4N2O has the greatest impact on the permeability coefficient,
and its corresponding permeability coefficient increased by 51.6% to 116.75
mL/min after 30 cycles; NaCl has the second largest impact on the permeability
coefficient, and its corresponding permeability coefficient increased by 38.4% to
106.54 mL/min after 30 cycles; CH,CH3;OH has the smallest impact on the
permeability coefficient, and its corresponding permeability coefficient
increased by 19.4% to 91.96 mL/min after 30 cycles.

By comparing Figure 5 and Figure 6, it can be seen that the growth rate of
permeability coefficient for AC-16 is significantly higher than that for AC-13.
This indicates that in terms of permeability coefficient, the impact of the three
deicing salt solutions on AC-16 is greater than that on AC-13.

Analysis of variance. Analysis of Variance (ANOVA) was conducted to
examine the variations in the effects of different factors on air voids, as shown
in Table 5.

From Table 5, it can be observed that the significance difference
coefficients (Sig.) between different influencing factors and the air voids of
asphalt mixtures are all 0, indicating that the number of dry-wet cycles,
gradation, and different deicing salt solutions have a significant impact on the
air voids of asphalt mixture. From the F-value of the statistics, it can be known
that the gradation has the most significant impact on the air voids, followed by
the number of dry-wet cycles, and the different deicing salt solutions have the
least significant impact.

Table 5
Variance analysis of different influencing factors and air voids
Source DE Type 111 Sum of Mean F Sig.
Squares Square
Corrected Model | 9 1932.035a 214.671 29.651 .000
Intercept 1 241653.090 241653.090 | 33378.334 | .000
Number of dry- | - o 1472.055 245342 33.888 | .000
wet cycle
Gradation 1 272.316 272.316 37.614 .000
Solution of ) -, 187.664 93.832 12.961 | .000
deicing salt
Error 32 231.674 7.240
Total 42 243816.799
Corrected Total | 41 2163.709
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Analysis of Variance (ANOVA) was conducted to examine the variations
in the effects of different factors on permeability coefficient, as shown in Table
6.

Based on Table 6, it can be observed that the significance difference
coefficients (Sig.) between different influencing factors and the permeability
coefficient of asphalt mixtures are all 0, indicating that the number of wet-dry
cycles, gradation, and different deicing salt solutions have a significant impact
on the permeability coefficient of asphalt mixtures. From the F-value of the
statistics, it can be seen that the impact of gradation on the permeability
coefficient is the most significant, followed by the number of wet-dry cycles,
and the different deicing salt solutions have the least significant impact.

Table 6
Variance analysis of different influencing factors and permeability coefficient
Source DF Type 111 Sum of Mean Square F Sig.
Squares
Corrected | o | 13700004.604a | 1525444.956 | 51.670 | .000
Model
Intercept 1 372978439.002 | 372978439.002 | 12633.498 | .000
Numberof 1o\ 10035856346 | 1672642724 | 56656 | .000
dry-wet cycle
Gradation 1 1738836.308 1738836.308 58.898 .000
Solutionof |, 1 1924311 950 977155.975 | 33.098 | .000
deicing salt
Error 32 944735.177 29522.974
Total 42 387652178.782
Corvected | 41 | 14673739.781
Total

Conclusions. After conducting dry-wet cycle tests on AC-13 and AC-16
asphalt mixtures with three types of deicing salts, the following conclusions can
be drawn from the analysis of the data on air voids and permeability coefficient:

(1) The impact of deicing salts on air voids and permeability coefficient of
asphalt mixtures follows the order: CHsN2O > NaCl > CH,CH3:OH.

(2) The erosion resistance of AC-13 is higher than that of AC-16,
indicating that the increase of fine aggregate is beneficial to improving the
service life of pavement under salt solution environment.

(3) The growth curves of air voids and permeability coefficient show high
correlation, and the increase of permeability coefficient lags behind that of air

voids.
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(4) The results of the analysis of variance indicate that gradation is the

primary factor affecting air voids and permeability coefficient, followed by dry-
wet cycle times, and the effect of deicing salt solution is the least significant.
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Ilpoananizosano  ModCIUBOCMI  6UKOPUCMAHHA — CYYACHUX  iHGhopMayitinux
mexHoao2il st nomped micmodyoysanus. Ha npuknaoi icmopuunoi wacmunu m. Jlyyvra
NOKA3AHO NPUKIA0 KOMNIEKCHO20 aHanizy mepumopii i3 sacmocyeéannsm 1IC-
MexHoN02Iu.

The problem of providing information is one of the key ones in the field of urban
planning. In the process of carrying out pre-project analysis, development, and
implementation of urban planning projects, planners are faced with a huge volume of
cartographic materials, statistical data, and other indicators.

Thanks to the wide application of information technologies, the possibility of
processing spatial data appeared, which led to the development of digital cartography
and geographic information systems (GIS). The growing demand for digital mapping
products has contributed to the development of a new spatial data infrastructure based
on geographic information mapping.

Modern GIS platforms have a variety of capabilities that can be applied to urban
planning. Database management, visualization, spatial analysis, and spatial modeling
are among the most widely used. Database management involves the storage of
environmental data, socio-economic data, land use maps and plans, and planning
programs. GIS in urban planning provides an opportunity for spatial analysis and
modeling, which can contribute to solving several important tasks of urban planning.
With the advent of mobile GIS, city planners can conduct field research, view dynamic
maps on their phones, retrieve key insights, and import field data back into desktop GIS.

Modern GIS programs do not require long-term special training. GIS technologies
are especially effective when creating, for example, a scheme of planning restrictions,
when it is necessary to apply information from different fields of knowledge that affect
the planning decisions of the master plan to one scheme. Project urban planning
documentation becomes widely available to all city services. When making any decision
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in your department, it is quite easy to clarify the decision of the General Plan in this area
using the electronic version and thereby avoid urban planning mistakes when solving
local tasks.

Kniouosi  cnosa: cyuachi ingpopmayitini mexuonoeii, I'IC-mexuonoeii, micoke
NIAHY8AHHS, KOMNIIEKCHA OYIHKA Mepumopii.

Keywords: modern information technologies, GIS technologies, urban planning,
comprehensive assessment of the territory

IMocTanoBKa mpodaeMu

[Ipobnema 3abe3nedeHHs IHGOPMAIEID € ONHIEID 3 KIIOYOBHX ¥
MicTOOyxiBHIA cdepi. YV mpomeci 3mIHCHEHHS IEPEANPOEKTHOTO aHAII3Y,
pO3pOOKHM Ta BHPOBAKEHHS MICTOOYAIBHUX NPOEKTIB IMPOEKTYBAIbHUKH
CTHKAlOThC 3  BEJIMUE3HMM  00csiroM  KaprorpadiuHUX  Marepiainis,
CTaTUCTUYHMX JJAHWX Ta IHIIKX [MOKA3HUKIB. 3aBJJaHHS CTBOPECHHS ONTHMaIbHUX
MOJIeNiell Ta MPOEKTIB PO3TATYIOTHCS HA KUIbKA POKIB, a I[iHA HEIPABUIBHUX
pillieHb € HaJI3BUYAHO BENMKOI. Benuki BUTpaTH yacy, Tpolleil Ta pecypcis
00OMEXYIOTh KUTBKICTh MOJMIIMBHX BapiaHTIB Ta MPHU3BOASTH IO OOMEKEHUX
pilleHs Ta BIACYTHOCTI netanmeil y mpoekraX. Po3paxyHkoBi Mopmeni €
3araJbHUMH Ta HE BPAaXOBYIOTh BCiX MOXKJIMBUX HACJHIAKIB PIilICHb.

3aBAAKH IMUPOKOMY 3aCTOCYBAHHIO iHMOPMAMiHHNX TEXHOJOTIH 3 sSBUIACS
MOXJIMBICTh OOpPOOKM IPOCTOPOBHX JAHWX, IO NPHU3BEIO O PO3BUTKY
mudpoBoi kapTtorpadii Ta reorpadiurmx iHpopmamiitaux cuctem (I'IC).
3pocTanHs monuty Ha HUGPOBI KapTorpadidHi NPOJIYKTH CHPHUSIIO PO3BUTKY
HOBOI  0a3u  NPOCTOPOBMX  JIaHMX HAa  OCHOBI  reoiH(popMaliifHoro
kaprorpadyBanHs. lLle MO3MTMBHO BIUIMBaE Ha BHpILIEHHS MpoOieM
iHdopmaru3alii y MictoOyyBaHHi.

AHaniz Bigomux pochaitkeHb i myOaixaniii. IIutanHS BHKOpHCTaHHA
cydyacHHUX iHQOpMaliiHUX TEXHOJIOTIH y MICTOOYIiBHIH MpPaKTHI PO3IIsIAIN
OGarato SB BITYM3HSHMX TaK 1 3apyODKHHUX BUCHHMX. 30KpeMa, BIUIUB
iHpopManiiHUX cucTeM Ha (OPMYBaHHS CYYaCHOTO MICHKOTO CepeloBHIIa
JeTaJbHO po3risiHyTo B podotax Cemmukinoi O.B. [1, 2]. [TuranHsM aHami3y
ypboreocucTeM i3 BUKOPHCTaHHAM reoiH(GOpMaliifHNX TEXHOJOTIH NPUCBIYEH]
po6oru Koctpikosa C.B. [3, 4]. Ilpobrnemam ¢opmyBaHHsS iHOpacTpyKTypH
TeONMPOCTOPOBUX JAHWUX MPHCBsAUeHi pocmimkends Kapmincekoro H0.A. [5].
[Ipobnemu amanTamii JroguHEM B iHQOpPMAIiiHO HacHYEHOMY ypOaHi30BaHOMY
CepeoBHIII TOCIimKye GpuTtanchka BueHa Ean Kpowin .[6].

@opmMyaI0BaHHA WijJed cTaTTi, MOCTaHOBKAa 3aBJaHHs. [ 0JOBHOIO
METOI0 JaHOi pPOOOTH € PO3KPUTTA CYTi BUKOPHCTAaHHS CydacHHUX
iHhOpMaLiHHAX TEXHOJIOTIH B MicTOOYMIBHUX JociipkeHHsax. IlocTtaBieHi
3aBIaHHs: OLHUTH pOJb CydYyacHHMX IH(GOPMAaIiMHUX TEXHONOTi B
MiCTOOY/IIBHOMY IUIaHyBaHHI; OXapaKTEpU3yBaTH MOXKIMBOCTI 3aCTOCYBaHHS
I'C-texHooriit U1 MiCTOOYAIBHUX MOTPEO.
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Buxkiaax ocHoOBHOTO MaTepiay A0caiTKeHHsI

Micbke IuUlaHyBaHHSI - [e 0OaraTorpaHHUi mpoLeC, SKHH BKJIIOYAE
iHOPACTPYKTYPY, KOMYHaJbHI CHCTEMH, KOMYHIKaIliifHi Mepexi, ToImIo.
YrpaBiiHHSA TakoIO KiTBKICTIO 3MIHHHX MOXe OYTH CKJIaJHUM 3aBIaHHSM, aje
cydacHa ['IC-texnomnoris npononye pimenHss. ['eoindopmaniiiai cucremu (I'IC)
CTamy OE3I[iHHUM IHCTPYMEHTOM U MICHKHX IUIAaHYBaJIBHUKIB, Hagal0ud
HiATPUMKY JUIS CTBOPEHHS 0asM JaHUX, MPOCTOPOBOTO aHalizy Ta
MO/ICITIOBAaHHS, Bi3yari3arii.

Cyuacui I'IC-tiiatopmu MarOTh pPi3HOMAHITHI MOXJIMBOCTI, SIKI MOXHA
3aCTOCYBaTH JO MICBKOTO IUIAHYBaHHS. YTpaBIiHHA 0a3aMud  JaHUX,
Bi3yaJi3allisi, NPOCTOPOBHI aHalli3 1 MPOCTOPOBE MOJEIIOBAHHS € OAHUMHU 3
HaWOUIbII IIMPOKO BUKOPHCTOBYBAHHX.

Ynpaeninna 6azamu oanux

VYnpapninas 0a3010 JaHMX - 1€ IpOLEC CTBOPEHHs, IMIOPTY,
00CIIyroByBaHHs Ta BHKOPHCTAaHHS BCiX NaHWX, MmO nepemimyrotscs B ['1C-
wiathopmy. s MickKoro TUTaHYBaHHS Iie Tiepeadavae 30epiraHHs JaHUX PO
HaBKOJIMIITHE CEPEJIOBUIE, COILIaTbHO-eKOHOMIYHMX MHaHUX, KapT 1 TIJIaHIB
3eMJICKOPHCTYBAaHHSA, a TaKOX MporpaM IUIaHYBaHHA. MicTta CTBOPIOIOTH
BeNMYE3HY KUIBKICTh JaHUX y Oaratbox pisHHX (opmartax. ['IC 3abe3neuye
enuHy 0a3y HaHWX, J1e BCi Il JaHI MOXKHA 30epiraTd Ta JISTKO BIIOPSIKOBYBATH.
Ilicns nmonmaBaHHA gaHUX J0 0a3W JaHWX MIChKi TJIAaHYBaJbHUKUA MOXYTh
BUKOPHCTOBYBATH IPOCTOPOBI 3aITUTH IS IIBUIKOTO JAOCTYITY A0 iH(pOpMAIlii.

Bisyanizayis

Y KOHTEKCTI MICBKOTO IUIaHYyBaHHS Bi3yaii3allisi 9acToO BITHOCHTHCS [0
ctBopeHHs KapT. Hactineha I'IC npomoHye moTykHi iHCTpyMEHTH Bizyauizartii
KapT, IO J03BOJIE IUIAaHYyBaJbHUKaM CTBOpIOBaTH KapTd (HaBiTh y 3D).
Exomoriuni Ta comiaJbHO-CKOHOMIYHI JaHI MOXYTh OYTH BHUKOPUCTaHI IS
CTBOPCHHS IIMX KapT a00 AOAaHi Mi3HIIIE SK BTOPHHHE HKEPEIIO JaHUX.

ITlpocmopoguii ananiz i MOOenr0BaAHHs.

I'IC y micbkoMy IuUlaHyBaHHI J]a€ MOXJIMBICTH HPOCTOPOBOTO aHANI3Y Ta
MOJICTIOBAHHs, II0 MOXXE CIPHATH BHPINIEHHIO HU3KM BAXKJIMBUX 3aBIaHb
MiCbKOTO TIIaHyBaHHsA. Ili 3aBmaHHs BKIIOYAIOTH BHOIp Michs, aHami3
NPUJATHOCTI 3€MJl, MOJEIIOBAHHSI 3€MJICKOPHUCTYBAaHHS Ta TPAHCIOPTY,
BU3HAYCHHS 30H IUIaHYBaHHS Ta OLIHKY BIUIUBY.

36ip noavosux oanux

IIpotsrom ©Oarathox pokiB moau acomiroBamum [IC i3 rpoMiznkum
IPOTPaMHUM 3a0€3MEUCHHSAM, BCTAHOBJICHHM JIOKAJIbHO HA HACTUIBHUX abo
MOPTaTUBHUX KOMII'I0Tepax. 3 mosiBoro MoOinbHOI I'IC MichKi MaHyBanbHUKH
MOXYTb IIPOBOANUTH JOCIHIKEHHS Ha MICISIX, EpEeTIsAaTH JUHAMIUHI KapTH Ha
CBOiX Tene(oHaX, OTPUMYBATH KIIIOUOBY iH(OPMAIIO Ta IMIIOPTYBATH HOJIBOBI
naHi Ha3aj y HacTimeHy ['IC.

Ha puc.l nokazano sik moBuHHa (opmysarucst ['IC ams micToOymiBHHX
notpeo.

74



CyuyacHi mexHosnoeii ma memodu po3paxyHkis y ydieHuumei. flyupk, JIHTY. 2023, Bunyck 20

Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2023, Volume 20

TpaHcnopTHe
o6c/yroByBaHHA

IHXKeHepHo-

[ | indpactpykrypHa cucrema IkienepHa igpacTpykTypa

IHXeHepHa niaroToeka
TepuTopii

MpupogaHi ymosu

i pecypcun

MpupoaHo-eKonoriuHa

EKonoriyHa cuTyauia
cuctema Tyau

MicTobypisHi MNC

CUcTeMa 03eNleHeHHA
MiCbKUX TepUTOpil

ApXiTEKTypHO-NAaHyBanbHa
opraHizauia Tepuropii

|| ApxiTekTypHo-nnanysansHa

MicTtoGypgjieHa ekoHOMIKa
cuctema

Ypb6aHicTM4HMA aHanis

Puc. 1. I'lC- cuctemu B MicTOOyIiBHOMY IJIaHYBaHHI.

KokHa 3 HUX CHCTEM MICTHTh IMMEBHY KUIBKICTh TE€M, SIKI CKIaIarOThCs 31
3HaYHOI KUIBKOCTI TeMaTHYHHX KaprorpadiyHmx ImapiB 3 OigbII-MeHIn
pO3Tay’)kKeHOI0 CEMaHTH4YHOIO0 0a3or0 pmaHux. Hampukian, 3a0ynoBa Ta
IUIaHyBaJIbHA OpraHizallisi TepUTOpil BKIIIOYAE HACTYITHI TEMH:

- ONOpHHMH IU1aH (TUIaH iCHYI0UOTO MicTa);

- 30HM OXOPOHH Ta BJIACHE MaM SITKH iCTOpIi Ta KyJIbTYpH;

- CTPYKTypa 3eMJICKOPHCTYBaHHS;

- KOHIICTIIiS TUIAaHYBAJIBHOT MOJIENI MICTa Ta iH.

Cyuacni I'lC-mporpamu, Brimrodaroun npoayktu ESRI ta CAD-cuctemu,
Opi€HTOBaHI Ha KIHIIEBOIO KOPHCTyBada - €KCIepTa B Tramy3i, a He Ha
nporpamicta. BOHM 3pydHi, MPOCTI Yy BHKOPUCTaHHI Ta HE TOTPEOYIOTH
0araToroIMHHOTO CHeIialbHOTO HaB4YaHHA. Komu HaeTbes mpo MicTOOYmiBHY
JIOKYMEHTAIlif0, 116 03HA4Ya€ MOKJIMBICTh NPUHHATTS TEPEBIPEHUX, HAYKOBO
OOIpYHTOBaHMX TPOEKTHUX MPOIO3HUIL, 3aCHOBAaHMX HAa KOMIUIEKCHOMY
KOMIT FOTEPHOMY aHaji3l MOTOYHOTO CTaHy i BUKOPUCTAaHHS MICBHKOI TEpUTODIi,
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JOPOXHBOT Mepexi, imkeHepHHX cucteM 1 T.iH. ['IC-TexHomOTii MOXYTH,
HalpHKJIaJ, BIUIMBATH Ha IUIaHYBAJIBHI PIIICHHS 110 IeHepajbHUX IUaHaxX. BoHn
0co0NMMBO e(EeKTHBHI TPH CTBOPEHHI CXEM IUIaHYBaJbHUX OOMEXEHb, KOJIH
iHpOpMaIlig 3 PI3HUX TUCLUILIIH, II0 BIUIMBAIOTh HA NPUIHATTA IIaHYBaIbHUX
pilleHb, MOBMHHAa OyTHM BKJIOYEHa B OJHY cxeMy. Jlo HHMX BigHOCSATHCS
oOMeeHHsT Ha OyHIBHUITBO, CaHITAPHO-3aXMCHI 30HM  HiJIIPHEMCTB,
BOJIOOXOPOHHI 30HM BOJIOCXOBHII 1 BOJOTOKIB, CaHITApHO-3aXWUCHI 30HH
B0/103a00piB, 30HH, BifJaleH] BiJ 00'€KTiB MUBLUIFHOTO OYAiBHHITBA, TAKUX SIK
MarictpajdpHi ~ TpyOOmpoBOmM 1  iHII = e’eKTpomepenad, a - TaKoX
MIPUPOJIOOXOPOHHI TEPUTOpii. AJle HAaHTOJOBHIIIE - II€ CTBOPEHHS €JHHOTO
MICBKOTO (peTiOHaNBbHOTO0) iH(pOPMAMmiIHHOTO TpPOCTOpy. Brepmie mpoexkTHA
MicTOOYIiIBHA JOKYMEHTAIlisl CTa€ IMIMPOKO AOCTYIHOIO IJIs BCIX CIyXkO MicTa.
[puiimatoun Oynp-sike pIimIEHHS 3a CBOIM BIiIOMCTBOM, JOCHTH JIETKO 32
SJISKTPOHHOIO BEPCI€I0 YTOYHUTH pilleHHs ['‘eHepanbHOTO IUlaHy Ha Wil
TEPUTOPIi 1 THM CaMHM YHHKHYTH MiCTOOYAIBHUX MOMMJIOK ITiJ] 4aC BHPIILICHHS
JIOKaTbHUX 3aBAaHb. KpiM TOro, KoXHa MyHIIUMadbHA CiIy)k0a MOXe
BUKOPHCTOBYBaTH CTBOpeHi Hero TemMaTuyHi mapu ['1C mis BnacHol poboTu Ha
CBOT TepUTOPIT, a TAKOXK JJIs1 PO3ILIMPEHHS Ta JOMOBHEHHS CBOET 0a3u nanux. B
izeai, ciayx0u TOBUHHI OOMiHIOBATHCS OHOBJICHUMH JaHUMH MiX 00010 uepe3
MEpexXy, TAKHM YMHOM TapaHTYIOUH, IO BOHM 3aBXIH MaTUMYTh aKTyaJbHY
iH(pOpMaIio He JHUIIE PO CBOKO TEPUTOPII0, a i PO CyMiXKHI TEPUTOPIi.

Y wmicroOymyBaHHI BaXKIMBOIO € KOMIUICKCHAa OIliHKa TEpUTOpil Ta
30aylaHCOBaHMH TIJIaH 11 ONITUMAIBHOTO PO3BUTKY , SIKI BKIIIOYAIOTH B cebe:

- IHBEHTapH3alilo MPUPOIHUX, EKOHOMIUYHUX, JIFOJCHKUX PECypCiB;

- KOMIUIEKCHUH MiCTOOYIIBHHI aHaNi3 TEPUTOPIT;

- IUIaH PO3BHUTKY TEPUTOPIil, 1m0 0a3yeThCs Ha COIiAIbHO-CKOHOMIYHIN
KOHIIETIii pO3BUTKY MICTa Ta perioHy.

KpiM TOro 1m0 KOMIUIEKCHOI OIIHKMA ITOBHHHA BKIIOYAaTHCh  PO3pOOKa
3aXO0JiB MIOJI0 ONTHUMI3aIlii E€KOJOTiYHOi OOCTAaHOBKH Ta TOKPAIICHHS YMOB
MIPOXKUBAHHS HaceJieHHs. Ha mijcTaBi KOMIUIEKCHOTO MiCTOOYIIBHOTO aHAI3Y,
y TOMY YMCII i3 3aCTOCYBaHHAM ycix MoxxinBoctei ['IC-TexHomoriit, Mae Oytn
BUpPOOIIEHA KOHIETILIS TEPUTOPIAIEHOTO PO3BUTKY.

[Mpuknan po3poOieHOro HaMHM KOMITIEKCHOTO aHaNi3y TEpUTOpil iCTOpHIHOT
yacTiHH M. Jlynpka BuKOHaHoro 13 BukopuctaHHsM I'IC-texHomorii
MIPE/ICTaBIICHO Ha pUC.2.

BucHoBkn. VY jaHiii crarTi pO3MISHYTO AaKTYaJbHICTh 3aCTOCYBaHHS
cyJacHHX iH(OPMamiHHUX TEXHOJIOTiH, 30KpeMa reoiH(pOopMamiiHUX CHCTEM B
MicTOOyAiBHIH cdepi.

Cyuvacni ['IC-texHosiorii HamaroTh 3py4HI Ta JIeTKi y BHKOPHCTaHHI
iHCTpyMeHTH s (axiBmiB y cdepi MicToOymiBHOTO IUTaHyBaHHS. BoHH
JI03BOJISIFOT CTBOPIOBATH Ta Bi3yalli3yBaTH KapTH, NPOBOAWTH IPOCTOPOBHI
aHali3 1 MOJEJIOBAaHHS], IO JOIOMAara€ BUPIIIYBATH KJIIOYOBI 3aBIaHHS IS
CTBOpPEHHS €EKTUBHUX CTPATETill PO3BUTKY MICT .
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Ocwora: OpenStreetMap

Puc 2. KoMiutekcHuit aHati3 TepuTopii, BUKOHaHu# 3 qomomororo I'IC.

OcobnuBa yBara npuaiiserbes BukopucranHio ['1C-TexHomorii y mpoueci
KOMIUIEKCHOTO aHaji3y Ta IUIaHyBaHHS pO3BUTKY Tepuropii wmict. Ilpum
PO3po01Ii KOHIEMIT PO3BUTKY MicTa abo HOro 4acTHHU 3aBJaHHS IOJISITaE B
TOMY, MO0 BHU3HAYHMTH KIIOYOBI AaCIEKTH 1ICHTHYHOCTI MICTa Ta HaJaTH
IHCTPYMEHTH ISl iX PO3KPHUTTSI B HOBHX MPOEKTaX. BCTAHOBJIEHHS HAOYHOTO
B3a€MO3B’SI3Ky MIDXK MICBKOIO aBTCHTHYHICTIO Ta MiICBKOIO CTPYKTYPOK €
MPUHIMIIOBOI0 HOBU3HOIO KOHIEMIii i Mae MpOJeMOHCTPYBaTH i HAYKOBY Ta
MIPUKIIAHY HIHHICTS.

B craTTi HaBeeHO MPAKTUYHUIA TPHUKIIA] KOMIUIEKCHOTO aHalli3y TepUTOPil
icTopu4HOi 4YacTuHH M. JlylbKka, BHKOHAHOTO 3 BHKOPHCTaHHSM Cy4aCHHX
reoindopmariitnux Texuonorii. Ile cBiquUTh PO ePEeKTHBHICTH 3aCTOCYBAHHS
CyJacHHX IHCTPYMEHTIB JUIS BHBUCHHS, aHANi3y Ta IUIAHYBaHHS MIiCBKOTO
CepeloBHIIa.
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OTxe, BUKOPUCTAHHS CydacHUX iH(opmariitaux texHoiorii, 3okpema ['IC,
B MICTOOYIIBHHX JOCTI[DKEHHSAX € aKTyaJIbHHM 1 NMEPCHEKTUBHHUM IMiIXO/I0M,
SIKM{ CTIPHs€ TMOKPAIIEHHIO e(DEeKTHBHOCTI YNPaBIiHHSI MICBKUM CEPEAOBHIIEM
Ta JONOMara€ YHHMKAaTH HENpaBWIBHUX pIlIeHb Yy Mpoueci po3poOku
MiCTOOY/IIBHUX TIPOEKTIB.
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EKCHEPUMEHTAJIBHI JOCJII)KEHHSA EJJEMEHTIB
3BIPHO-MOHOJIITHOT'O BE3KAIIITEJIBHO-
BE3BAJIKOBOT'O IIEPEKPUTTAA

EXPERIMENTAL STUDIES OF THE ELEMENTS OF A
JOINT-MONOLITHIC FLAT PLATE SYSTEM FLOOR

Muxkutenko C.M., k.T.H., jou. (Hauionanbuuii yHiBepcurer
«ITonTaBchbka moJirexnika imeni FOpia Konaparioka», m. Iloarasa)

Mykytenko S.N., Ph. D. in Engineering, Associate Professor (National
University «Yuri Kondratyuk Poltava Polytechnic», Poltava)

Ilposeoeno  excnepumenmanvHi  0OCHIONCEHHA — eleMeHmie  Oe3KanimeibHo-
6e36ank06020 nepekpumms. JocnioxiceHHs NPOBOOUNUCA  WLIAXOM — 8UNPOOYBAHD
HamMypHO2o (ppazmenmy 06a2amoKeapmupHoeo OYOuUHKy Ha O0it0  eKCnayamayitiHux
Hasanmasicenb.  Ompumani  pe3yiomamu  npogedeHux eunpodysams niomeepounu
NPUUHAMI PO3PAXYHKOGI NOJIOJICEHHS MA KOHCMPYIOGAHHI PIULeH s 8Y3/1i6 ma eleMeHmie
30iHO-MOHONIMHO20 nepekpumms besKanimenbHo-6e30a1K06020 KapKacy.

The paper describes a full-scale tests of the floor fragment were performed during
the construction of a three-section multi-apartment residential building. The purpose of
the tests was a comprehensive check of frame members and connection joints for
strength, stiffness and crack resistance requirements.

The structural basis of the residential building is a precast monolithic spatial
frame without beams and capitals. The frame is assembled from factory products, with
the subsequent monolithing of the joints. The main load-bearing members of the frame
are columns with and floor slabs, the thickness of the slabs is 160 mm. The grid of
columns has a step of 6 m and 3 m, the height of the floors is 3.0 m. The columns are
continuous three- and two-story. Floor slabs are divided into overcolumned,
intercolumned and middle. The reinforcement lugs are arranged in the form of a loop at
the ends of the slabs. This design ensures a monolithic connection of adjacentslabs.
Floor slabs are installed using temporary mounting supports. The reinforcement lugs on
the ends of adjacent plates intersect in such a way that a closed space is formed. After
installing the reinforcement, the joints of the slabs are concreted with fine-grained
concrete.

The fragment of the overlapping above the basement of the erected house was
selected for the test. The load value was calculated for individual sections of the overlap.
This load was the sum of dead and live load. The loading was carried out in stages
according to norms. The wall blocks made of aerated concrete were used for creating the
load. These blocks were used for the construction of external and internal walls after the
tests.

The work presents the results of the performed tests. The value of slab deflections
was obtained, which did not exceed the deflections got from the calculation. The devices
that were responsible for recording the vertical movements of the slabs relative to the
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columns did not record such movements. No normal cracks were found in factory-made
slabs. Cracks were found in monolithic loop joints between adjacent slabs. The opening
width of such cracks did not exceed the limit values. The results of the conducted tests
confirmed the accepted prerequisites for the calculation and construction of the members
of the precast monolithic flat plate frame. Theoretical calculations with sufficient
probability reflect the adopted design model.

Knrouosi cnosa: 6esxanimenvho-6e30ankoguii  Kapkac, HaAmMypHi unpoOyeaHws,
WNOHKOBULI CIMUK. NeMIbOGUL CINUK.

Keywords: flat plate system floor, full-scale testing, key joint concrete, loop bar
joint.

B cywyacHOMy OyIiBHHMITBI IIMPOKO 3aCTOCOBYIOTHCS KHMTIIOBI OYAMHKH,
U1 SKAX  BHUKOPHCTOBYETBCA  O€3KamiTeIbHO-0e30alKOBHA  KapKac.
BeskamitenpHO-0€30aMKOBHI Kapkac MOKe OyTH MOHOJITHUM abo 30ipHHM.
Taki OyxmiBmi MOXHAa BHUKOPHUCTOBYBATH [UIsI IIBHIKOTO OyIiBHHUIITBA
3pyHHOBAHOTO BiifHOIO XHUTI0BOTO (oHAY. s miaTBepKEHHS OE3IEYHOCTI Ta
HAJIHHOCTI TakUX OYIWHKIB TPOBENCHO BHUMPOOYBAHHS MEPEKPUTTS B CKIAi
30ipHO MOHOJIITHOTO KapKacy.

Taki HarypHi BUIpoOOyBaHHsS (parMeHTy NEpPEeKpPUTTS OyJd IpOBeleHi
npu OyIiBHUITBI 0araTOKBapTHPHOIO JKUTIOBOTO OYAMHKY B MiKpOpanoHi
«CanoBuii» B c. Po3comenti [ToaTaBcbkoro paiiony.

BunpoOyBaHHSI IPOBOJWIIMCS 3 METOI KOMIUIEKCHOI TEpEBIPKH BY3IiB
3’€lHaHb Ta €JIEMEHTIB KapKacy BHUMOTaM >KOPCTKOCTI, TPILMHOCTIMKOCTI Ta
MIIHOCTI.

KoHCTpyKIiss Takoro JKHTIOBOTO OyIWHKY SBIs€ COOOK  30ipHO-
MOHOJITHHI MPOCTOPOBHiI Kapkac Oe3 kamiteneid ta puremis [1, 2]. Kapkac
OyayeTbes 13 3al1i300eTOHHUX KOHCTPYKIIIH 3aBOACEKOTO BUTOTOBICHHS, KOTPI
3’€THYIOTBCS. MDX COOOI0 HUITXOM 3aMOHOJI'YEHHS CTHKIB KOHCTPYKIUIH MiX
coboto (puc.l). EmemeHnTn Kapkacy CKJIAQUalOTbes 3 KOJIOH 3 TONEPEYHUM
mepepizom 400x400 MM Ta TIMT TEpPeKpHUTTS po3MmipoM 2,95x2.95 wm.
3aCTOCOBYIOTBCSI TUIMTH TIEPEKPUTTS TOBIMHOK 160 MM. Bucora moBepxiB
cTtaHoBHUTH 3,0 M, a CiTKa KOJIOH Ma€e Kpok 6 M Tta 3 M. KoysioHn Hepo3pisHi Ha
Tpu abo naBa moBepxd. [ITUTH TMEPEeKPUTTS MOMITSIIOTHCA HAa HAAKOJIOHHI,
MDKKOJIOHHI Ta cepeaHi. HaakoIoHHI MIINTH MarOTh MPSMOKYTHI OTBOPH Yepe3
AKIi MOHTYIOTbCS Ha KOJIOHaX. MIDKKOJIOHHI IUIMTH MOHTYIOTBCS JIBOMa
MPOTWJIKHUMH CTOPOHAMHM Ha HaJKOJIOHHI TUMTH. B mpoctip oOMmexeHunit
MDKKOJIOHHHMH TUIMTaAMH MOHTYIOTH CEPEIHI IUIMTH, SIKi CIIUPAIOTHCS Ha HUX
YOTHpPMa CTOPOHAMHU.

ITo TOpusSX IIMT MEPEKPHUTTS 3pOOJICHO BHIYCKH apMaTYpHUX IETElb.
3acTocyBaHHSI TaKoi KOHCTPYKLIS CTHKa MDK CYCITHIMU IUIMTaMH JO3BOJISIE
o0JaITyBaTH MOHOJIITHUH CTHK MK CYMDKHMMU NaHEISIMU.
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MOHTaX IUIMT NEPEKPUTTS BHKOHYETHCS «HACYXO» 13 3aCTOCYBaHHSIM
TUMYaCOBHX OMOpP JUISi MOHTaXy. ApMAaTypHi BHIyCKH HA TOPLSAX CYMIKHHX
[UTUT MEPETHHAIOTHCS TAaKMM YHHOM, IO YTBOPKOKOTHCS 3aMKHYTHH OPOCTIp B
SIKMI TIOTIM 3aBOJATH apMaTypHi crepxkHi AS00 miamerpom 10 mm (puc.2.).
IToTiM CTHKH IUIMT 3aMOBHIOIOTHCS ApiOHO3epHICTHM GeToHOM Kiacy C25/30.

Puc. 1. Burisig 30ipHO-MOHOIITHOTO Oe3KamiTeIhHO-0e30aIKOBOTO
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Puc. 2. KoncTpykuis By3na 3'€fHaHHS IUIAT HEPEKPUTTS: | - mmTa;
2 —apmatypHi Bunycku; 3 — apMaTypHi ctepkHi A500 piamerpom 10 MM

By3on 3'eqHaHHS HaJIKOJIOHHOI TUTUTH 3 KOJIOHOKO (pHC.3.) € MIIOHKOBOIO
30ipHO-MOHOJIITHOIO KOHCTpYKIi€to. [lnura 3’€mHYyeTHCS 3 KOJOHOIO Hepes
NIPOMDXKHI 3aKJIaiHI JieTalli, KOTpi 3BapIOIOThCs 3 OOMYAMKOI BHYTPILIHBOTO
OTBOpPY IUIMTH Ta IO3JI0BXHBOI0 apMaTyporo KOoJIoH. [IpocTip MiXk KOJIOHOIO Ta
00MYaiKoI0 IUIMTH 3allOBHIOETHCS ApiOHO3epHUCTUM OetoHOM. Takmit cTuk
TTicyIst TBEPiHHS OCTOHY MpaLIoe K MIMOHKOBHUH. [o/1i0Ha KOHCTPYKIIist By3Jia €
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KOMIIAKTHOO, 03 BHCTYNAIOYHX i3 IUIOLIMHHU NEPEKPUTTS YacTHH, aJie B CBOIO
4yepry notpe0ye sIKiCHOr0 BUKOHAHHS POOIT IpH 3BapIOBaHHI Ta OETOHYBaHHI.
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Puc 3. KoHCTpyKIIisl ITTOHKOBOTO By3Jia 3'€IHAHHS KOJIOHH 3
HAJIKOJIOHHOIO IUIUTOIO: | — KoJOHa; 2 — ruiuTta; 3 — OETOHHA IIITOHKA;
4 — craneBa oOuyaiika OTBOPY ILUTUTH; 5 — OTBIp 1T MOHTaXXY TUTUTH

Jdnst  po3paxyHKy 3ycWib Ta IEpeMillleHb B €JIEMEHTax KapKacy
Bukopuctanuii nporpamuuii kommiekc «SCAD OFFICE 21.1». B upomy
MIPOTrPaMHOMY KOMIIJIEKCI peati3oBaHO METOA KiHLEBHX eJIeMEeHTIB. Po3paxyHok
BUKOHAHUN 3 BUKOPHUCTAHHIM MOjejel 00O0JOHOK Ta CTEPXKHIB. 3amaua Oyna
PO3B’si3aHa Ha OCHOBI JIHIHHUX 3aJI€KHOCTEH «edopmarlisi-HaIpyKEHHS.

BunpoOyBaHHSI NPOBOJMINCS HA AUISHII NMEPEeKpUTTS po3mipoM 18x9 m
HaJl MiJBaJIOM 3BeleHOro OynuHKy. J[JIsi OKpeMHX IUISTHOK HEepPeKpHUTTs OyJio
pO3paxoBaHO 3HAYCHHA KOHTPOJIBHOTO HaBaHTaxeHHA (Tabmurs 1). lle
HaBaHTAXKEHHS SBILSUIO COOOI0 CyMy IOCTIHHOTO Ta KOPHCHOTO HABaHTa>KCHHSI.
HaBaHTa)keHHSI IEpEeKpHUTTS 3AiHCHIOBANOCS cTyneHsaMu BianosigHo no JACTY
[3]. Jns mporo BHUKOPHUCTOBYBAJIMCS BaHTAXI y BHUIIAAI CTIHOBHX OJIOKIB 3
Hi3aproBaroro OetoHy po3mipom 600x200x375 mm. Cepenns Bara OJHOTO
O6noky craHoBwia 26,7 xrc. B mporpami BumpoOyBaHb HaBeneHa cxema
po3ramryBaHHs OJIOKIB Ta IX KUIBKICTh JUIi KOKHOI CTyNEHI HaBaHTa)KEHHS
(puc.4). Tlicnst BumpoOyBaHb 1i OMOKK OyaM BHKOPHUCTaHi ISl 3BEICHHS
30BHIIIHIX Ta BHYTPIIIHIX CTiH.

Jis BUMiprOBaHHS MPOTHHIB IUTUT 3aCTOCOBYBANUCS nporuHomipu 6I1AO,
B SKWX IiHa Tomiakud craHoBuTh 0,01 MM. Y By3nmax 3’¢IHaHHS IUTUT 3
KOJIOHAMH, 711 KOHTPOJIIO MOXIIMBHX TEPEMIIIEHb IUINT BiIHOCHO KOJIOH, Oymnn
BCTaHOBJICHI iHANKATOPH TOIMHHAKOBOTO THITY 3 HiHOO moainku 0,01 mm.

HaBanTaxkeHHs mix 4Yac BUNPOOYBaHb NPUKIAAAIOCS —CTYHNCHSIMH.
IMoyarkoBi cTyneHi cranoBwn 10 % Big BeIMYMHU KOHTPOJIBEHOTO
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HaBaHTaxeHHA. JIBi octaHHi cTymeHi  craHoBwiM 5 %  Big BEIHMYUHH
KOHTPOJBHOTO HABAHTAXKCHHS.

Tabmuus 1
XapaKkTeprCTUKU KOHTPOJILHUX TIapaMeTPiB HATYPHOTO (parMeHTy
NIEPEKPUTTS
. Howmep pinsaxu
XapakTepUCTHKH KOHTPOJIbHUX NapaMeTpiB
112(3|4|5|6|7|8|9]10
1 1 M O 1O O I| | O M O o
KoHTponbHe HaBAHTAKCHHS 32 MIlIHICTIO 6] I s = e ] B
HOpMaJbHOTO Tniepepizy mpu C=1,0, T/mM2 ol ol ol o] o] o o o o o
1 <I| ©| O | i O M N| © N~
KOHTpobHE HaBaHTaKEHHS 32 JKOPCTKICTIO J&IIFILYS &
mpu C=1,0, T/M2 ol o ol o o o o o o o
K i o] @ ] N5 ™ ©f M~ N o O
OHTPOJIbHUIT IPOTHH, MM al Gl bl Sl ol ol Gl e al .
<| ©| 0O | Hf O M N| © ~
Konrposbhe HaBAHTAKCHHS 32 IHPHHOIO J &3 IRBLYS S s
PO3KPHTTS TPIILMHH, T/M2 ol ol ol o|l o| o] o o o o
; X
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101
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‘F}z uiﬁ
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Puc.4. Cxema po3ranryBaHHS BAHTXIB Ha (hparMeHTi NEPEeKpUTTS
NPU3HAYCHOTO JJIsl BUIIPOOYBaHb

BinmoBigHO 10 BUMOT cTaHmapty [S], miCis NPUKIAAaHHSI KOXKHOI CTYIICHI
HABAHTAXXCHHS JUITHKA MEPEKPUTTS BUTPUMYBAJIACS MiJ IIMM HABAHTAXKCHHSIM
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e menme 10 xBuminmH. [licnd mnpukIagaHHS KOHTPOJIBHOTO KOHCTPYKIIiS
BUTPUMYBAJacsi MiJl MM HaBaHTaXeHHsM He MeHie 30 xBmimH. Burisn
HaBaHTAKEHOTO MEPEKPUTTA IT0Ka3aHo Ha puc. 5. [licis npukianeHHs: MOBHOTO
HaBaHTAKEHHS KOHCTPYKIIiS NEPEKPUTTS OyJia IMiJ] HaBaHTaKECHHSM 11e 100y.

Puc. 5. Burisan HaBaHTa)X€HOIO NEPEKPUTTS

Ha xoxHil cTyneHi HaBaHTaKeHHS (IKCYBalWCS TNPOTMHH, MOMEHTH
YTBOpEHHsI TPIIMH Ta iX mHMpHHA po3KkpurTs. [lpmmaam anst peecrpauii
NPOTHHIB IUIUT Ta TMEpPEeMIllleHb IIMOHKOBUX CTUKIB KOJOH 3 IUIMTaMHU
300pakeHo Ha puc.6.

a)
Puc.6. @) — nmpumaay s peecTpartii IPOTHHIB TUIHT; 6) — MPUIATH ISt
peecTpallii mepeMinieHb MIMTOHKOBUX CTHKIB KOJIOH 3 TUTUTaMH.
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MakcuManbHUH NPOTHH IUTUT HEPEKPUTTS B IIPOLIECi HABAHTAXKCHHS CKJIaB
3,61 mMM. MakcuMmanbHi BEpTHKaJbHI IEPEMILICHHS NEPEKPUTTS BiJTHOCHO
koisioH Oynu B mexax 0,01-0,02 mm. Taki mepemileHi € pe3yabTaToM KyTOBHX
nedopMaliil IIKT BiTHOCHO KOJIOH.

3a pe3yabpTaTaMu MPOBEJICHUX BUIPOOYBaHb 3p00JIEHO TaKi BUCHOBKH:

1. Pesynprarm oTpumaHi B TpolLeci IPOBEJCHUX BUNPOOYBaHb
MiATBEpAWIN TPUHHATI NEpeIyMOBU JJIsl PO3PAXyHKY Ta KOHCTPYIOBaHHS
€IIEMEHTIB  30ipHO-MOHOJITHOTO TIEPEKPHUTTS Oe3KamiTeIpbHO-0e30aIKOBOTO
Kapkacy.

2. TIlpuitHsTa pO3paxyHKOBa MOJENb Ta TEOPETHYHI pPO3paxyHKH 3
JOCTaTHBOIO BipOTITHICTIO BiOOpaXkaroTh poOOTY .

3. B mpomeci BumpobyBaHp He Oymm 3adikcoBaHI BEepTHKAIBHI
HepeMillleHHs IUIMT BIZHOCHO KOJOH. OTpHMaHi 3HAYCHHS NPOTHHIB IUIMT He
MePEBHILYBaJIM POTHHU OTPUMaHI 3 PO3PaxyHKY.

4. B mpoueci BumpoOyBaHb Oyau BHSBJICHI TPILIMHU y MOHOJITHHX
METIBOBUX CTUKAX M CyMDKHUMHM muTamu. lIupuHa po3KpUTTs LUX TPIMIUH
HE TNepeBHIllyBaja TPaHUYHI 3HaueHHs. B mmTax 3aBOJICHKOrO BUTOTOBJIICHHS
HOPMaJIbHUX TPILLIMH HE BUSBJICHO.
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YK 624.012 https://doi.org/10.36910/6775-2410-6208-2023-10(20)-10

BU3HAUEHHS HECYYOI 3IATHOCTI KOCO3ITHYTHX BAJIOK
HA OCHOBI PO3PAXYHKOBOI'O OITIOPY 3AJII3OBETOHY

BEARING CAPACITY DETERMINATION OF BIAXIALLY BENT
BEAMS BASED ON THE DESIGN STRENGTH OF REINFORCED
CONCRETE

IIaBjaikos A.M., A.T.H., npogecop, I'apskaBa O.B., K.T.H., JOKTOPaHT,
Atemoemox K., acmipant (Hanionaabuuii yHuiBepcurer «IlojTaBcbka
noJiitexnika imeni FOpis Konapartioka», m. IlonraBa)

Pavlikov A.M., ScD, professor, Harkava O.V., Ph.D., associate
professor, Atembemoh K., postgraduate student (National University “Yuri
Kondratyuk Poltava Polytechnic”, Poltava)

Ha ocnosi nepedymos pospaxynky 3a €epokodom 2 po3pobreHo KoHyenyio
BU3HAYEHHS 3HAYEHHS PO3PAXYHKOB020 ONOPY 3aNi300eMOHYy NPU PO3PAXYHKY MiyHOCMI
Kocosienymux 3anizobemonnux enemenmie. Ilpu yvomy 3acmocosano meopemy npo
NnapanenvHicms po3mauly8ants NIOWUH Oii 6HympiwHix ma 308uiwnix cui. Posenianymi
BUNAOKU PO3PAXYHKY OJid MPUKYMHOI ma mpaneyienodionoi gopm cmucHymoi 30Hu
bemony, wo € xapaxmepuumu Ol KOCO20 32UHAHHA OanKosux enemenmis. Bueedeni
sanexcHocmi  Ond  OOUUCTEHHA KOeiyieHma 6naugy KOCO20 32UHAHMA HA 3HAYEHH
XAPAKMepUcmuK elemMenma npsMoKymHo20 nepepizy 3 pisHumu Gopmamu CMucHymoi 30nu
bemoHmy. 3anpononosanuii Memoo po3paxyHKy MiYHOCMI y HOPMATbHOMY nepepisi 6aNKosUx
enemenmie npu KOCOMY iX 3euHamHi anpoOOaHUll WIAXOM NOPIGHANHS De3Vlbmamie
PO3PAXYHKIG 3 eKChepumMeHmanbHumy oanumu ons 12 3pasxie kocosieHymux 6anox.

Complex deformation of reinforced concrete members is widespread in the practice
of operation of many building structures. It can be caused by both force and various
factors of a constructive, technological, or operational nature. The application of the
concept of design strength of reinforced concrete in bearing capacity calculations of
reinforced concrete members under complex deformation is complicated by the presence
of additional unknown parameters: the angle of the neutral axis inclination, and various
forms of the compressed concrete zone in the cross-section. The essence of the design
approach is that reinforced concrete is considered a composite material that has a very
specific strength characteristic - the design strength of reinforced concrete. The
application of this concept creates possibilities to solve the problem of the strength of
reinforced concrete members based on the classical theory of strength of materials. The
implemented characteristic is an integral value that takes into account the strength and
deformation characteristics of concrete, reinforcement, and its amount in the section.
Based on the calculation prerequisites according to Eurocode 2, the concept of
determining the value of the design strength of reinforced concrete is developed for
calculating the strength of reinforced concrete beams that undergo biaxial bending. The
theorem on the parallelism of the location of the planes of action of internal and external
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forces is applied. The calculation cases for the most expected forms of the compressed
zone of concrete in a rectangular cross-section of biaxially bent beam members are
considered. The values of the coefficient of influence of biaxial bending on the
characteristics of the member with triangular and trapezoidal forms of the compressed
zone of concrete are obtained. The developed methodology for calculating the load-
bearing capacity of biaxially bent elements based on the use of design strength of
reinforced concrete is brought to the engineering level of application. The proposed
method of calculating the strength in the normal cross-section of beam members under
biaxial bending is approved by comparing the results of calculations with experimental
data for 12 samples of biaxially bent beams.

Knwouosi cnoea: 6emon, apmamypa, 6anxka, KOCUll 32UH, HeCyya 30AMHICIb
PO3PAXYHOK.

Keywords: concrete, reinforcement, beam, biaxial bending, bearing capacity,
design.

Beryn. Ckmamae nmedopMyBaHHS — 3aMi300€TOHHHX — €JIEMEHTIB  Ta
KOHCTPYKIIA Moke OyTH BHKIMKaHE pi3HAMH (akTopaMH CHIIOBOTO,
KOHCTPYKTUBHOI'0, TEXHOJIOTIYHOTO Y EKCIUTyaTallifiHOro xapakrtepy. BoHo €
IIMPOKO PO3MOBCIOKEHIM B TPAKTHIN eKCIUTyaTtarii 6araTtbox OyIiBelTbHUX
KOHCTpyKUii. CrilaqHoro aeGopMyBaHHS 3a3HAIOTh YMMAJO 3alli300eTOHHUX
eNIEMEHTIB, SIKi EKCIUTyaTYIOThCS B YMOBaxX KOCOro 3ruHaHHs. Takoro Buumy
CcKIamHOro aeOpMyBaHHS 3a3HAIOTh SIK OKpPeMi eJeMEHTH (3ai300eTOHHI
MPOTrOHM, MIiJAKPAHOBI Oajiky, CTIHOBI MaHenl Ta 0OaraTo IHINKX), CKJIAIOBI
yacTUHH (00OJIOHOK, MOCTIB, CXOJOBHX MapIiB, MiJ3EMHHUX CIOPY/I,
TPaHCIIOPTHUX Tayneped Ta ecrtakal, (yHAaMeHTiB, (axBepkiB), Tak 1 i
MIPOCTOPOBI CHCTEMH OYAIBEIb Ta CIIOPY

AHani3  ocraHHiXx gociaigxKeHb. Po3paxyHKMm — MIDHOCTI  KOCO
neOpMOBaHHX €IEMEHTIB Ha OCHOBI 3aCTOCYBaHHS YHCEIFHUX METO/IB
po3risiHyTO B poboTax [1 — 9] mis mepepiziB JOBUIBHOT GOPMHU 3 JOBIIHHUM
po3TanryBaHHIM apMmatypH. [ pearnizarii ux po3paxyHKiB Ha MPAKTHIL OyIH
po3pobieHi Tpadiku y BUIIIANI KPUBUX MOMEHT-KPHBH3HA, KPUBUX B3a€MOIi1
IpaHIMYHOI MIIHOCTI Ta TPUBUMIPHHUX MMOBEPXOHH pyiHyBaHHA [10]. Pesynpratn
JOCITIPKeHb MIITHOCTI KOCO3ITHYTHUX 3alli300€TOHHUX €JIEMEHTIB HaBeJCHI B
myOmikamigx [11 — 12]. Po3poGmeHi anroputMu po3paxyHKy MIIHOCTI Ta iX
pe3yNbTaTH MOPIBHSAHI 3 €KCIIEPUMEHTAILHIMU JTaHUMH.

KoHnremntiro po3paxyHKOBOI'O OIOPY 3ai300€TOHY Ta MPOMO3HUIIT Mmoo ii
BUKOPHUCTAaHHs HaBeIeHO B poboTax [13 — 14]. 3anmponoHOBaHUIA MiAXil MOJArae
y TOMY, IO 3aJi300€TOH PO3IIIAJA€ThCs SIK KOMIIO3UTHHUN Marepiall, SKHH Mae
BU3HAYCHY XapaKTEPUCTUKY MIIHOCTI — pPO3paxyHKOBHMH OIIp 3ali300€TOHY.
3acTocyBaHHS [OTO TMOHATTS POOWTH MOXIMBUM  33Jadi  MIIHOCTI
3aI1i300€TOHHUX €JIEMEHTIB PO3B’SI3yBaTH Ha OCHOBI KJIACHYHOI Teopil ormopy
MarepianmiB. BrpoBamkeHa XapaKTepHCTHKAa sBISE COOOI0  IHTETPAIbHY
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BEJIMYMHY, 5IKa BPaXOBY€E MIIHICHI Ta 1e()OpMaTHBHI XapaKTepUCTUKH OCTOHY i
apMarypH, a TaKoXX BiJICOTOK apMyBaHHS Iepepi3y.

Po3pobiiena Meroauka po3paxyHKy HeCydol 34aTHOCTI Moxke OyTu
3acTOCOBaHa JUisl OyIb-KOr0 BHAY Je(opMyBaHHS 3a1i300€TOHHOTO €JIeMEHTA.
AJle BUKOPHCTAaHHS IIbOTO METOAY B PO3paxyHKaxX MIIIHOCTI 3aJli300€TOHHUX
€JIEMEHTIB TIpH CKJIaJHOMY Je(opMyBaHHI YCKIIAJHIOETBCS HEOOXIIHICTIO
BU3HAYCHHS KyTa HaXWJIy HEWTpanbHOI JiHII Ta BiANOBiAHOI GopMH cTHCHYTOT
30HM OeToHy B mepepi3i. Ha cpOromgHi mNpakTHYHAX MPOTO3UIIH MI0I0
3aCTOCYBaHHS Teopil omopy 3ami300eTOHy M KOCO3ITHYTHX €JIEeMEHTIB Yy
TaKOMY acIieKTi He pO3pOOIICHO.

[ocTanoBka MeTH i 3aga4y JgociailkeHb. Y poOOOTI pO3TISTHYTO
3aCTOCYBaHHS Teopil pPO3paxyHKOBOIO OIOpPY 3aji300€TOHY IIPH KOCOMY
3rHHAHHI JJIA €JIEMEHTIB IPSIMOKYTHOT'O NIepepizy 3 OAWHOYHHUM apMyBaHHSIM.

Mertoanka mociigkeHb. BUKOPUCTOBYIOTBCS IEpelyMOBU PO3PAXYHKY 32
[15]: mpuiimMaeTbcsi PIBHOMIPHHMI PO3IOJIT HANpPyXeHb B OETOHI CTUCHYTOI
30HH, miarpama aehopMyBaHHS apMaTypu 3 (i3UYHOIO IUIOIIAJKOI TEKYYOCTI
MPUAMAETHCSA  JABOJIHIHHOK 3 TOPHU30HTAIBHOIO MAUITHKOK HEOOMEKEHOT
JOBXHHHU. B sikocTi KpuTepilo pyHHYBaHHSI 3aCTOCOBYETHCS JedopMaliiHui
KpuTepiil.

Po3B’sa3anus 3amad  MIIHOCTI 3ai300€TOHHHUX €JEMEHTIB Ha OCHOBI
PO3paxyHKOBOTO  ONOPY  3ali300eTOHY MpPOMOHYEThCS — 3AIMCHIOBATH 3
BUKOPHCTAHHSIM HEPiBHOCTI

MEq <MRg =fzmWy. 1)

ne fa — pospaxyHKoBuit omip 3ami300€TOHY OJWHOYHO apMOBAHOTO
eJleMeHTa NPAMOKYTHOTO Ilepepisy Npu IockoMy sruHanni; W = bd /6 —
NPY)KHUH MOMEHT OIIOpY IpPSIMOKYTHOTO Hepepi3y; y — KoedillieHT, SIKHA
BPaxoBY€ BIUIMB JIBOBICHOI'O BHI'MHY Ha 3HAYCHHS XapaKTEPHCTHK eJeMEHTa B
(1). YV poGorax [13 — 14] pospaxyHkoBuii omip 3amizoberony fmm mis
MPSAMOKYTHOTO TTepepi3y 3 OMHHOYHAM apMyBaHHSM 3 YpaxyBaHHIM TPHAHATHX
MepelyMOB BUBEJICHUN Y BUTJIS]II 3aJI€)KHOCTI.

foq”P
_ yd ~1
C

ne p1=As/ (bgh) — xoedilieHT MO3MOBKHBOIO apMyBaHHS E€JIEMEHTA B
HOpManbHOMY mepepisi; fyg — pospaxyHkoBe 3HaueHHs omopy apmaTyp; f.d—
PO3paxyHKOBE 3HAYECHHS OTIOPY OETOHY.

3amexHicTh  (2) Ja€  MOXIWBICT,  NPOTaOyIIOBATH  3HAYCHHS
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PO3paxyHKOBOTO OTIOPY 3aJ1i300€TOHY 3aJIe)KHO BiJ KiIaciB OETOHY W apMaTypH
Ipu PI3HMX BijcoTKax apmyBaHHs. [l mpukinany B Tabmumi 1 HaBeneHo
sHaueHHs fv s apmarypu knacy AS00C. Cruin 6patu 10 yBard, mio 3Ha4CHHS
BeNMMYMH B Tabmumi 1 oOuYuMCcieHi mpu yMOBi, IO B MOMEHT pyWHYBaHHS
HaTpy>KeHHS B PO3TATHYTIH apMaTypi JOCATAIOTh MEXKi TeKyJOCTi.

Tabmuus 1

Po3paxyHKoBi 3Ha4€HHS OIOPY 3aJ1i300€TOHY /IS 3STHHAIBHHUX EJIEMEHTIB
NPSIMOKYTHOTO NIepepi3y 3 ONMHUYHUM apMyBaHHSIM apMarypoto kiiacy A5S00C
(fya = 435 MIIa)

p1, %|C16/20|C20/25|C25/30|C30/35|C32/40|C35/45|C40/50|C45/55|C50/60

0,05 129 | 1,30 | 1,30 | 1,30 | 1,30 | 1,30 | 1,30 | 1,30 | 1,30

0,50| 11,82 | 12,07 | 12,22 | 12,32 | 12,40 | 12,48 | 12,53 | 12,58 | 12,62

1,00| 21,16 | 22,19 | 22,76 | 23,19 | 23,52 | 23,83 | 24,04 | 24,21 | 24,38

1,25]| 24,91 | 26,51 | 27,41 | 28,08 | 28,59 | 29,08 | 29,40 | 29,67 | 29,94

1,75| 30,56 | 33,69 | 35,45 | 36,76 | 37,77 | 38,72 | 39,35 | 39,88 | 40,41

200 - 36,54 | 38,84 | 40,56 | 41,88 | 43,12 | 43,94 | 44,63 | 45,32
250 - - 4438 | 47,06 | 49,12 | 51,06 | 52,35 | 53,42 | 54,50
3,000 - - - 52,10 | 55,08 | 57,86 | 59,72 | 61,27 | 62,82

s Bu3HaueHHs KoedillieHTa p, SKUH BPaxoBYy€ BIUIMB KOCOTO 3THHAHHSA
3ami300eTOHHOT Oalki Ha BEIHMYMHY PO3PaXyHKOBOTO OIOPY 3alli300eTOHY
0anKy, pO3MITHEMO CIIOYAaTKy BHIAIOK, IPH SIKOMY CTUCHYTa 30HA OETOHY Mae
¢opmy Tpamemii. 3rigHO 3 NMPUHHATHMH NEPEIyMOBAaMH pO3paxyHKOBa CXeMa
nepepizy MaTuMe BUIJISAM, HaBEAEHUH Ha puc. 1.
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).

X P
:‘\\\',

a1
PRSI
i

b

Puc. 1. Po3paxyHKoBa cxema repepi3y KOCO3irHyTol Oajku 3
TparenienonioHo GOpMOI0 CTUCHYTOT 30HH OCTOHY

VYpaxoByloud BHKIAJEHI BHUIIE IEPEAYMOBH PO3PAXyHKOBI DPIBHSHHS
PIBHOBAru B ILIOLIMHI BEPTHKAJIbHOI KOOPIMHATHOI OCi Y 3amicaHi y BUITISII.

>Z=Ng—N;=0; ©)
2Mc =Mpgy ~Mgqy =0. )

e
MRdy =Ns(dh-Yc). ©)

Ns, N¢ — piBHOZIHHI 3ycHib BiJIOBITHO B PO3TATHYTIHl apMmaTypi Ta B
0ETOHI CTUCHYTOT 30HH BiJIMOBITHO;

dn — BizcTaHp Bix HalGiLTBII cTHCHYTOI (ibpu GeTOHY Hepepi3y J0 TOUKH
MIPUKJIaIaHHs PiIBHOAINHOT Ns;

Yc — KOOpIUHATA IPUKIJIAAaHHS piBHOMINHOT Nc;

Mrdy, MEedqy — 3HaUCHHS 3rHHAJBPHHX MOMEHTIB BiI Jii BHYTPIIIHIX Ta
30BHIIIHIX 3YCHJb BIIIOBIHO B IUIOIIMHI KOOpAMHATHOI Bici Y B MOMEHT
BHUEPITAHHS MIITHOCTI 3a11300€TOHHOTO €JIEMEHTa B HOpMaJIbHOMY Tepepisi.

Jnis omepxkaHHS HEOOXiTHUX PO3PAXyHKOBUX (OpMyn crodaTky Oymm

OTpuMaHi BUpasu piBHOMIHHOT N¢, a TAKOXK BiJICTaHI Y¢ Bil HAMOIIBII CTHCHYTOL
¢i6opn  Getony no Touku mpukmamaHHs  Nc.  [lykani Bupasm s
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TparemnienonioHoi GopMu CTHCHYTOI 30HH Tiepepidy (puc. 1) oTpruMaHO B TaKOMY

BUIISL:

f.qb i

Ng = cd (ix_bsme]; ©)
cosé 2

312X 2 _31Xbsin0+b%sin2 0
3c0sf (24X —bsing)

ne 6 — KyT HaXwTy HeHTpasibHOT JiHii;

X — BUCOTA CTUCHYTOT 30HU OETOHY.

OCKinbKH 3aja4a pO3B’SI3ye€ThCS ISl BHIAJAKY, KOJM HANpyXKEHHS B
apMarypi po3TATHYTOI 30HHU JOCATAIOTh 3HA4YCHb Os = fyg, TO piBHOAINHHA 3yCHIb
B PO3TATHYTIH apMaTypi BU3HAYAETHCS 32 3aJICHKHICTIO

Ns = fyghs. ®

[MpupiBHsBIIM mpaBy dYacTuHy HepiBHOcTi (1) Ta piBHaHHs (5) 3
ypaxyBaHHM (2), (6) — (8) oTpuMaHO KOEQIIiEHT BIUTUBY KOCOTO 3THHAHHSA Ha
3HAYCHHS XapaKTepHCTHK eleMeHTa B (1) A4 NpsAMOKYTHOro mepepizy 3
TparenienonioHown GOpMOI0 CTUCHYTOT 30HH OCTOHY.

ke b2
12t (21— fyam) drzl

OtpumanHs 3anexHocTi 6 = f(f), 3a JOIOMOTOI0 SKOi MOXKHA OOYHCIHTH
3HaueHHS KyTa Haxwmiy He#tpampHoi miHil 6 B (9), 3mificHEHO Ha OCHOBI
3aCTOCYBaHHS YMOBHU IPO MapaseNIbHICTh IUIOLIMH Jil BHYTPILIHBOTO MRdys Ta
30BHILIHBOTO MEgds MOMEHTIB, SIKI JIIOTh Yy IUIOMIMHAX, PO3TAIIOBAHMX IIiJl
KyTOM £ 10 BepTHKaJIbHOI Oci cuMeTpii nepepisy. BinnosiaHo 3 mi€o yMOBOIO B
cucreMi koopanHat XOY (puc. 1) cripaBeUIMBUM € CITiBBiIHOIIICHHS.

t db —Xc
9B=—"—",
dn—Ye

y sikomy Oy, dn — poGoOdi BHCOTH BimMOBIAHO B HampsiMKy oceir X i Y
MIOTIEPEYHOTO TMepepi3y KOCO3ITHYTOTO eIEMEHTa;

X¢, V¢ — KOOPAWHATH TOYKH NPHUKIATaHHS PIBHOAINHOI HaNpyXeHb B OETOHI
CTHCHYTOI 30HH B cucTeMi koopauHar XOY. Koopnunara yc BU3HadaeThcs 3a
3astexHICcTIO (7), a KoOpIuHaTa

(7

Ye =

y=1 )

(10)

_ b(34X -2bsing) "
"C = 3(24X —bsind) &
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[incranoBka (7) Ta (11) y Buximay dopmyny (10) mae MOXITHBICTH
OTpUMaTH pIBHSHHS, PO3B’SI3KOM SKOTO BigHOCHO tg# Oyme dopmyna, ska
JI03BOJIsIE OOUMCIIOBATH KyT 6 3aJIe)KHO BiJl KyTa f/ HAXMIIy 30BHIIIHBOI CHIIOBOT
IoIKHK. Buainusiu criBBigHomenHs b / dy sk Take, KoTpe MOXKHA 3a71aBaTH,
Ta BHKOHaBIIK 3aminy pi = As / (bdn), dopmyny anst BuzHaueHHS KyTa 6
3aIIMCaHO TaK:

tgo=—-ctgp| 1- [1-

— ] - . d (12)
foqctos

2
24%y4P (k_lj b, fyaA \Ydy,
2)dy, 2fq I\ D
nek=dp/b.

TakuMm 4YHHOM, BUKOpHCTOBYIouM 3ajexkHocti (9) T1a (12) MoxHa
mpoTalymoBaTh  KOCQIIliEHT BIUTMBY KOCOTO 3THHAHHA Ha 3HAYCHHSA
XapakTepucTuk  enmemenrta B (1) I IpSAMOKYTHOTO — Iepepisy 3
Tpaneuienonionowo (opmoro crucHyroi 30HM OeToHy mpu 3MiHI Kyta f
TUTOLIMHY JTiT 30BHIIIHHOTO HABAHTAXKEHHsI BITHOCHO BEPTUKAIBHOT OCi cUMETpil
UL TIEBHOTO CIiBBigHOIMIEHHs b / d.

IMogiOHUM YKMHOM 3HaWIEeHO Koe(ilieHT BIUIMBY KOCOTO 3rHHY Ha
3HAYCHHSI XapakTepucTuk eineMmeHta (1) nnsg mpsAMOKYTHOro mepepizy 3
TPUKYTHOKO (POPMOIO CTHCHYTOI 30HH OETOHY 3aliekKHO Bin KyTa f. [Ipu mpomy
Oyrna 3aCTOCOBaHa CXeMa PO3paxyHKY, HaBe/IeHa Ha PUCYHKY 2.

3araibpHi piBHSHHS PIBHOBArM JUIs PO3MIIATYBaHOI PO3PaxyHKOBOT CXeMH Ha
puCYHKY 2 MaTuMyTh BUDIIA (3) — (4).

Iykani Bupasu piBHoxiiiHoi N¢ B (3), a Takok BHpa3 KOOpAMHATH Yc 11
npukiaaands B (4) s TpUKyTHOI opMH CTUCHYTOI 30HM mepepi3y (puc. 2)
HaOyBalOTh TAKOTO BUIIISILY:

2v2
f. 44X
N :L, 13
¢ sin 26 (13)
AX
- 14
Ye 3cosd (14)

OckinbKM 3aja4a pO3B’A3y€ThCs MJIsl BHIAJKY, KOJNU HANpyXKEHHS B
apMartypi po3TATHYTOI 30HH JOCATAIOTh 3HA4YCHb Os = fyg, TO piBHOAINHA 3yCHIIb
B PO3TATHYTIN apMarypi BU3HAYaTUMETHCS 3a 3aJIEXKHICTIO (8).
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dy

Puc. 2. Po3paxyHKoBa cxema Iepepisy KOCO3irHyTol Gallki 3 TPUKYTHOO
(hopMOIO CTHCHYTOT 30HH OETOHY

[MpupiBHsiBIM mpaBy dacTuHy HepiBHocti (1) 1 piBHsHHS (5) 3
ypaxyBanusam (2), (8), (13) — (14) orpumaHo BHpa3 Ui pPO3PaxXyHKy
koedilieHTa y 3 ypaxyBaHHSAM BIUIMBY KOCOTO 3TMHY Ha 3HAYeHHS
XapakTepucTUK eneMeHTa y (1) Juid NMpsSMOKYTHOTO IIONEPEYHOro Mepepisy 3
TPUKYTHOIO ()OPMOIO CTHCHYTOI 30HU OETOHY, TOOTO.

)= 2fcd _I 8de fydp|tg¢9
2f. 4 —fuqp
cd ™ yd \]9(2fcd_fydpl)

Hnst onepskannst 3anexsocti 6 = f(ff), 3actocoBana ymoBa (13), B skiif
KOOPJHMHATA y¢ BU3HAYAETHCS 3a 3aIekKHICTIO (14), a KoopauHAaTa X

(15)

b
24d,.

X
e 3sind
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IincranoBka (14) Ta (16) y Buximay ¢opmyrny (10) mae MOXIHBICTH
OTpUMaTu pPIBHSHHS, PO3B’SI3KOM sKOro BifHOCHO tgf € dopmyna, 3a sKoro
o0unCIIOEThCSl KyT O 3aJeXHO BiJ KyTa f Haxwily 30BHIIIHBOI CHIIOBOT
IoKHK. Buainusiu crniBeigHomenHs b / dy sik Take, KoTpe MOXHA 3a1aBaTH,
(dopmyrna s BU3HAUSHHS KyTa 6 3amicaHa y BATIISL:

ne | = 3Kb / dn— 3tgs; k = dy / b.

[ToBHOIIHHNI pPO3PaxyHOK KOCO3ITHYTHX €JEMEHTIB 3a BHKIAACHOIO
METOAMKOI0 MOXKJIMBHU TIBKH TPH YMOBI, IO BijoMa (popMa CTUCHYTOI 30HH
Oetony. /Jlns 11 BH3HAYeHHS pPO3DISAAETHCS  BUNAJOK  IEPETBOPEHHS
Tpaneuienonionoi ¢opmMu CTUCHYTOI 30HM B TPUKYTHY NpH IIE€PETHHI
HEWTpPaJbHOIO JIHIEI0 MEHII CTUCHYTOro pebpa mepepidy. Take MOJOKEHHS
HelTpanbHOl JIiHII, SAK 1€ BHIHO 3 TOPIBHSHHS PO3PaXyHKOBHX CXEM,
300paXeHHNX Ha pUCyHKax 1 i 2, € rpaHUYHIM MK IMMH CXEMaMH.

I3 amamizy piBHsHHA XZ = 0 IpU TPaHUIHOMY ITOJIOKECHHI HEUTPaIBHOI
NiHiT pIBHAHHS, OTPUMAHO, IO YMOBOKO ISl PO3MEXYBaHHS (OPM CTHCHYTOI
30HU OyZie HEPiBHICTh

2,2
fog XA

T > g A (18)
sin20 y

Sxmo ymoBa (18) BHKOHYETBCS, CTHCHYTAa 30Ha OCTOHY Ma€ BHIIISA
TPUKYTHHKA, SKIIO HE BUKOHYETHCS — CTUCHYTa 30Ha Ma€ BUIVIAN Tpanewii. s
BHKOPHCTaHHS JaHOI YMOBH Ha MPAKTHUIi HEOOXiTHO 3HATH BCi MapaMeTpH, 10
BXomATh B HepiBHiCTH (18). Ilpm po3p’s3aHHI 3agadi HepeBipKH MIIHOCTI
HEBiZOMUMH € 1Ba mapameTpu X i 6. JI7s BU3HaueHHS HEBIIOMHX 3aCTOCOBaHA
YMOBa MO HapaielbHICTh IUIOMIMH Jii BHYTPIIIHIX Ta 30BHINIHIX 3yCHIb, SKa
Ha OCHOBI PO3PaxyHKOBO1 cXeMH 3amucyeTbes y BUNBAi (10).

[Ticnst BUKOHAHHS MaTeMaTHYHUX MEPETBOPEHb YMOBA VISl PO3MEKyBaHHS
(hopM CTHCHYTOI 30HU MPUBOAUTHCS 10 MPOCTOTO BUNIISAY

3fed —2fyg Ay dn

ctgp <
fed (3k-1) b

(19)
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Otxe, npy BUKOHaHHI HepiBHOCTI (19) MaeMo TpUKYTHY ()OPMY CTHCHYTOT
30HM OCTOHY, IPX HEBUKOHAHHI — Tparelienofiony.

3 BUKOPHCTaHHSM BHBeACHUX 3anexHocter (12), (17), (23), (27) ta (30)
MOXJIMBO BH3HauaTu KOeQili€eHT y BpaxyBaHHs BIUIMBY KOCOTO 3TMHaHHS Ha
3HAYEHHS XapakTepHCTHK eieMeHTa B (1) mmst mpsMokyTHoro mepepisy. Ilpu
BOMY 0 yBarm OepyThCcs TaKOK T'€OMETPHUYHI XapaKTEPHCTHUKH Iepepizy y
Bursial cmiBBimHomens b/ dy, kK = dp/dh (puc. 1 — 2) Ta koedimieHt p)
MTO3IOBKHBOTO apMyBaHHS Tepepily. 3HaueHHs Koe(illieHTa y I apMaTypu
kimacy A500C HaBenmeHi B TaOmumi 2 AJsl BHMAAKY AOCATHEHHS PO3TATHYTOIO
apMaTypoIo MeXi TeKy4OCTi B MOMEHT pyHHYBaHHS €JICMEHTA.

Tabmuis 2
KoedimieHT y 3HIKCHHS OTIOPY 3aJ1i300€TOHY I KOCO3ITHYTHX CJICMCHTIB
NPSIMOKYTHOTO Mepepi3y 3 OAMHUYHUM apMyBaHHSAM apMarypolo kiacy A500C
(fya = 435 MIla, p1 = 1%, b/ dyh= 0,5, k=0,5)

£° |C16/20|{C20/25|C25/30|{C30/35|C32/40|C35/45|C40/50|C45/55|C50/60
0 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
1 |0,998 | 0,998 | 0,998 | 0,999 | 0,999 | 0,999 | 0,999 | 0,999 | 0,999
2 109910993 | 0,994 | 0,994 | 0,995 | 0,995 | 0,996 | 0,996 | 0,996
3 109810984 | 0,986 | 0,987 | 0,989 | 0,990 | 0,991 | 0,991 | 0,992
4 10966 |0972| 0975|0978 | 0,980 | 0,982 | 0,983 | 0,985 | 0,986
5 - 0,957 | 0,962 | 0,966 | 0,969 | 0,972 | 0,975 | 0,976 | 0,978
6 - 0,940 | 0,947 | 0,952 | 0,957 | 0,961 | 0,964 | 0,967 | 0,969
7 - 0,922 | 0,930 | 0,937 | 0,942 | 0,948 | 0,952 | 0,955 | 0,959
8 - 0,901 | 0,911 | 0,919 | 0,926 | 0,933 | 0,938 | 0,942 | 0,946
9 - - 0,890 | 0,899 | 0,907 | 0,915 | 0,921 | 0,926 | 0,931
10 - - 0,867 | 0,878 | 0,886 | 0,895 | 0,902 | 0,907 | 0,913

3  BHUKOPHCTaHHSAM  pO3pPOOJEHOrO  METOAYy BHM3HAYeHa  MIIHICTb
KOCO3ITHYTHX 0ajoK, JOocii/pkeHuX B poOoti [12]. Pesymbraté oGumcnens Ta
eKCTIepUMEHTAJIbHI 1aHi HaBEICHI B TaOIUII 3.
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Tabmms 3
Pe3ynbraTi MOPiBHAHHS €KCIIEPUMEHTAIBHUX Ta TEOPETUYHUX 3HAYCHD
PYHHIBHOTO 3rHHAJIBHOTO MOMEHTY Koco3irayTux 6asnox (b/dy = 0,8; k = 0,62)

IJ_II/I(bp Oym, As,

fcm, o fZM, MY; Mﬂ,theor; M/i,exp; 0
6anku |MlIla | mm p A, %

9
2| % MIla MIla| 7 |xHwm | xHm | xHwm

bII-1-1| 379 |544 | 1,7 | 25 |0,00 (33,690,975 35,03 (35,03 (34,65 |-1,1

bII-1-2| 379 |544 | 1,7 | 25 |6,40 (33,691,000 (35,93 35,71 (39,60 | 9,8

bII-1-3| 379 | 544 | 1,7 | 25 |10,00 33,69 (0,991 |35,61 |35,07 (39,15 | 10,4

bII-1-4| 379 | 544 | 1,7 | 25 |13,36 33,69 |0,969 |34,82|33,88 (38,25 | 11,4

BII-1-5| 379 | 544 | 1,7 | 22 |20,00(33,01 0,892 31,40 29,50 (30,15 | 2,1

BII-3-1| 542 | 292 (0,91 | 22 |0,00 |26,32|0,979 27,48 [27,48 (27,90 | 1,5

BII-3-2| 542 {292 {0,91| 22 |13,36|26,32 (0,971 |27,27 |26,54 (30,15 | 12,0

BII-3-3| 542 {292 {0,91| 22 |20,00|26,32 (0,905 25,40 23,87 (27,45 | 13,1

BbIl-4-1| 581 | 462 (1,44| 21 |0,00 |40,28|0,958 |41,15 (41,15 (41,40 | 0,6

bIl-4-2| 581 | 462 |1,44| 21 |6,40 |40,28|1,000 |42,96 |42,69 [42,30 | -0,9

bI1-4-3| 581 | 462 |1,44| 21 |10,00 |40,28 (0,991 |42,56 |41,91 |44,10 | 5,0

bI1-4-4| 581 | 462 |1,44| 21 |13,36 40,28 (0,964 |41,40 |40,28 |43,65| 7,7

BucHoBkm. Po3zpobneno KOHIIETIIIIFO BU3HAYECHHS BEJINYUHU
PO3paxyHKOBOI MIIIHOCTI 3aJli300eTOHY JJIsi PO3paxyHKy Hecydol 3AaTHOCTI
KOCO3ITHYTHX 3ami300eToHHHX Oanok. Po3paxoBaHO 3HaueHHs KoedilieHTa
BIUIMBY KOCOTO 3TMHAaHHS Ha XapaKTEPUCTUKU eJIeMEHTa IPSIMOKYTHOTO
nepepi3y 3 TPUKYTHOIO Ta TPAIEIenoIiOH0I0 (JOpMaMu CTUCHYTOI 30HH OETOHY.
3anpornoHoBaHa METOJMKAa BHU3HAYE€HHS MIIHOCTI B HOpPMaJbHOMY Iiepepisi
KOCO3ITHYTHX OaJOK Ha OCHOBI PO3pPaxyHKOBOTO OIOpYy 3alli300€TOHY
3a0e3neuye 3a/0BUIbHY 301KHICTh JaHMX PO3PaxyHKY 3 JaHUMH, OTPUMaHUMH
3a pe3ybTaTaMu eKCTIEpUMEHTIB.
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MICTOBYIIBHUAM AHAJII3 ICTOPUKO-APXITEKTYPHOI
CITAAIIIMHU MICTA BEPECTEYKO

URBAN PLANNING ANALYSIS OF THE HISTORICAL AND
ARCHITECTURAL HERITAGE OF THE CITY OF BERESTECHKO

Iapdentbena 1.0., K.T.H., 1oueHT, CTenaniok B.O., ctynenrka, Porko
C.B., k.T.H., (JIynbkuii HanioHAJbLHUIi TeXHIYHMI YHiBepcUTET)

Parfentieva 1.0., Ph.D. in Engineering, associate professor,
Stepaniuk V.O., student, Rotko S.V., Ph.D. in Engineering, associate
professor (Lutsk National Technical University)

OxopoHa icmopuko-apXimeKmypHoi Cnaowjuiu YKpaiHCbKux Micm noguHHa 6ymu
npiopumemnumM 3a60aHHAM CYHACHO20 Micmobydyeanns. Heoocmamue inancysanms i
Hedbanicmb Micyesoi 61a0u npu3godams 00 PYUHYEAHHs I 3HUWEHHS YIHHUX 0)0iselb ma
cnopyo. [lo cnucky maxux micm éxooums bepecmeuxo Bonunceroi oonacmi. B cmammi
npoeedero micmobOyodieHuil ananiz bepecmeuka i auaniz apximeKmypHux cnopyo, wo
Maoms iICMOpUdHy YIiHHICMb, GUSHAYEHO HAUOLIbI NEPCNeKMUBHT HANPAMKU PO36UMNKY
Micma i 3anponoHO8AHO WLIAXYU NOOOJAHHS HAAGHUX NPOOIEM 8 NIAHYBANbHIL CIPYKMYPI
Micma.

Protection of the historical and architectural heritage of Ukrainian cities should
be a priority task of modern urban planning. Insufficient funding and negligence of local
authorities lead to the destruction and destruction of valuable buildings and structures
that bear the memory of the Ukrainian people. The list of cities in which such a situation
arose includes Berestechko, and Volyn region. In the article, an urban planning analysis
of Berestechko and an analysis of architectural structures of historical value were
carried out, the most promising directions of the city's development were determined,
and ways to overcome existing problems in the planning structure of the city were
proposed.

Berestechko is a city of historical significance due to its location within its borders
of valuable architectural and urban planning monuments. During the rule of this
territory of the Republic of Poland, the city played an important role in the transport and
trade system. During the reign of the Soviet government, considerable damage was
caused to the architecture of the city: valuable buildings were used as warehouses, no
reconstruction was carried out, etc. In the 90s of the last century, the planned repairs
and reconstruction of historical buildings were postponed and suspended due to the
financial crisis. At that time, a significant number of the population emigrated from the
city. All these events had a negative impact on the city and slowed down its development.

Now our task is to restore the destruction and encourage the development of the
city of Berestechko. This article is aimed at revealing the city's potential, defining its
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strengths and weaknesses. The analysis of the historical-architectural heritage will allow
to assess the value and profitability of their restoration and maintenance in a normal
state. Here prospects and opportunities that are not currently available due to neglect
and underfunding.

Kniouosi cnosa: ICMOPUKO-apxXimexmypHa cnaowuma, bepecmeuxo,
MicmoOyOieHuil ananis.
Keywords: the historical and architectural heritage, Berestechko, planning

analysis.

AHani3 ocrannix mociaimkens. Ha cporomni B YkpaiHi icHye mepelnik
ICTOpHYHMX HaceleHHX ITyHKTIB, sSKui 3aTBepmxeHuid IlocranoBoro KaOwmiHy.
Ho iioro cxmamy ysiimuio i M. Bepecreuko pasom i3 402-mMa HaceleHUMH
MyHKTaMH, TOOTO BOHa Mae cTaTyc «icropuuanoro» [1]. Bono wmae moBry
icTopito, sika csarae OpoH30Boro Biky. Ha iioro tepurtopii MicTHTbCS 4yuMaia
KUJIBKICTh LIHHUX ICTOPUKO-apXITEKTypHHX 1 MICTOOYAIBHUX I1aM’STOK.
BiamosinHo 10 3akony Ykpainu «IIpo 0XOpoHy KyabTypHOI criammuam» [2], B
Bepecteuky, sSK y MiCTi, IO 3aHECEHE JO CIHCKY ICTOPUYHUX, CYBOPO
pernamMeHTyIoThesi  OyIb-siKi  apXiTeKTypHO-MICTOOYIIBHI ~ IEPETBOPEHHS,
BHIIIAIOTECS BIIOBITHI 3alOBiTHI TEPUTOPil, CTBOPIOIOTHECS OXOPOHHI 30HU i
30HHM PETYJIOBaHHS 3a0YI0BH.

IocTranoBka 3agaui. He3paxkaroun Ha BHCOKY ICTOPHYHY I[iHHICTH MicTa
Bepecreuko, y 1990-i pp. OCHOBHI 3M00YTKH IONEPEIHBOTO CTONITTA Oy
3HHUIICHI €KOHOMIYHOI Kpu3010. ChOTOIHI MICTO 3HAXOIUTHCS B 3aHEIOaHOMY
CTaHi: 3a3HajM MIKOAW BCIi Cepu HOro MisUTbHOCTI. 3aBAaHHSIM ChOTOJCHHS
MOBUHHO CTAaTH BiJHOBJIEHHS BTPa4y€HOI CMIaALIMHU, PECTaBpaLlisi TUX OyaiBesb i
CHOPY/I, SIKI 1€ 3aJMIIUINCS 1 3aM00IrTH TAKUM PYHHYBaHHSIM B MallOyTHBOMY.

Jns mpaBuibHOi oprasizanii Takoi TepuUTOpii HEOOXIIHO IPOBECTH
MicToGyniBHuii aHani3. Moro pesynbTaTH JONOMOXYTh UIiTKO BH3HAYHTH
MOJKJIMBOCTI MicTa, WOro cwibHI 1 cimaOki cropoHu. Ha ocHOBI oTpumaHHX
JAHUX CTAHE MOXIIMBO PO3pOOHTH e(eKTHBHY IUIAHYBaJIbHY CTPYKTYpY MicTa,
BIZIMOBITHO /10 TPIOPUTETHUX HANPSMKIB PO3BHUTKY, BpPaxOBYIOUM HOTO
ICTOPUKO-apXITEeKTypHY LIHHICTb.

Meroro panoi crarri € mpoBectd MictoOyniBHui  SWOT-anami3
M.bepecteuko — BHM3HAUMTH CHIBHI 1 CllaOKi CTOPOHHM JIOCHIPKYyBaHOTO
HACEJIEHOTO ITyHKTY, MOXJIMBOCTI 1 3arpo3H HOTo 3pOCTaHHs; JOCITIJUTH BIUINB
ICTOPUKO-apXITEeKTYpHOI 1 MIiCTOOYAIBHOI CHAgIIMHMA, HA IUIAHYBAJIbHY
CTPUKTYpY 1 Ha (hOpMyBaHHS TOJOBHUX IIISAXiB PO3BUTKY MicCTa.

Buxinan ocHoBHoro marepianxy. Micto bepecTteuko posramoBaHe Ha
teputopii  BomumHCchkoi obOmacti y Jlynmpkomy paiioHi, € IICHTpOM
BepecreukiBebkoi Michkoi rpomann. Moro mioma ckmamae 19,8 kv Bomo
30ymoBaHe Ha Oepesi piuku Ctup, 3a 47 KM Ha TiBIEHb Bl 00JaCHOTO IIEHTPY.
Micro mexye 3 PiBHeHCBKOIO i1 JIBBIBCBKOIO 00JIaCTIMH,
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Crooromui y bepecteuky wmemkae Omm3pko 1700 oci6 — me oxmae i3
HAMIMEHII 3aceNieHUX MICT B YKpaiHi. TpaHCIOPTHA CTPYKTYpa MicTa 0a3yeThes
Ha JIBOX OCHOBHHUX TepUTOpiaibHUX aBrojgoporax T-03-02 i T-18-06, mo Tam
MIePETUHAIOTHCSL.

Bepecteuko po3ramoBaHe B IIMPOTax, AJS SKUX NPUTAMaHHUKA BOJIOTHI
KOHTHMHEHTAJBbHUI KiiMaT, TOOTO Terje JITO, MPOXOJIOJHA 3UMa, HEe3Ha4Hi
nepemnajgyu TeMIeparyp B Mexax J00H i pOKy, TOCTaTHS KibKicTh onafis [3].

HesBakaroun Ha CTPIMKHH PO3BHUTOK BTOPHHHOTO CEKTOpa €KOHOMIKH B
MiCTi, 3Ha4Ha 4YaCTHHA HACEJCHHsA 3aiiHiATa y BHUPOOHWITBI TNPOIYKIii
CUIBCHKOTO TOCTIOAAPCTBRA.

MicTo Mae MOBTy iCTOpifo, IO TATHETHCS I 3 YaciB OpOH30BOI MOOM —
HalicTapimi 3HaXigKM JAaTyIOThCI caMmMe UM repiogoM. JlaBHA icTopis
Bepecteuka TicHO moB'a3aHa i3 icropieto apeBHbOro IlepemMmiss — BEIMYHOTO
Mmicra-opreni, HeHTpY yaLIbHOTO KHs3iBcTBa 1241 poky. bepecTeuko BUHHKIO
Ha nepeaMicTi [lepemuist 1 3roqoM CTajio caMOCTIHHUM MOCEICHHAM. Brepie
Bepecteuko 3ragyerbcst moHan 550 pokiB TOMy Ta AaTyeTbest 1-M 4yepBHIM
1445 poky sk ceno bepectku Ilepemunbcbkoi Bosocti. 7 nunasa 1547 poky
BeJMKHiA JIMTOBCHKMI KHA3b 103BONIMB KHs3eBI CemeHy IIpoHCBKOMY y HOro
cem bBepecteuky 3akmactu wmicto. CraBmu MicToM, bepecteyko 3HAYHO
IiIHECTIOCS Y CBOEMY PO3BUTKY [4].

3HaYHOTO PO3BUTKY iHPpacTpykTypa bepecreuka 3aznana y 50-60-x pokax
MUHYJIOTO CTOJITTS. B 1meit mepion Oyio 3armoyaTkoBaHO 300JI0TIYHUHA TEXHIKYM,
KU TOTiM ~ peopranizyBamu B [ITY No27, takox Oyio BiIKPUTO IIKOIY Ta
paiioHHy JliKapHIO. AKTHBHO OyIyBaluCh 3aBOAM, CEepel HHUX 3aBOJIU 3
BHUTOTOBJICHHS OyniBeNbHUX Marepiais, NaBUIbHOH mo0yTOBOTO
obciyroByBanusi, (imianu ['OpOXiBCHKOTO IJIOAOKOHCEPBHOIO 1 CHpP3aBOIB,
mobnu3y wmicra BumoOyBasu Topd. Y 1963 poii BIiAKpHUBCA MICHKHIA
Kpa€3HaBUUH MY3€H.

Huni y wicti bepecreuko (yHKIIOHYIOTH pSA  TPOMAACHKHX i
MPOMHUCIIOBUX  OyaIiBenb, sKi 3a0e3meuyroTh HaceleHHS HeoOXiTHUMHU
Marepiaiamu, NpoJyKTaMM, HOCIyraMHu 1 MicismMu npauesnamryBaHasa. Cepen
HHUX: MICbKa paja, OyAWHOK KyJNbTypH, OiONIOTEKM Uil JIOPOCIMX Ta JiTeH,
JiKapHS 1 amnTeka, BETNIKAPHSA Ta BETaNTeKa, JICHUIITBO, aBTO3alpaBHA 1
aBTOOyCHa CTaHIlii, OBOYE IEePEepOOHUI 3aBOJ, IIYHKT OXOPOHH I'POMAJICBKOTO
MOPSIIKY Ta MOXKEXKHA YacTHHA; AUIBHUIS YIPABIIHHS Ia30BOr0 rOCHOAAPCTBa,
¢imis Omanbanky Ta BigmineHHs «[IpuBart», a TakoX Mara3wHH pPIi3HOTO
MPU3HAYCHHS Ta MajJiX NPOMHCIOBI miampuemMctBa 1 T.a1. [lie cepemHs
3aranbHOOCBITHS TMikona [-III cr., gurcagox «MamnsaTko», My3W9HA IIKOJNA,
OyIWHOK NIWTSAY0i Ta FOHAIBKOI TBOPYOCTI. 3akiag cepeAHboi CIeliaTbHOl
ocBith IITY  Ne27 3a0esneduye HaBYaHHS  TPAKTOPUCTIB-MAIIMHICTIB
CITBCHKOTOCTIOIAPCHKOTO  BUPOOHMIITBA, MYIIAPiB, IITYKaTypiB, KyXapis,
KOHJWUTEPIB, a TakoXX BOJIIB aBTOTPAHCIIOPTHUX 3aco0iB Kareropii «B» i
«C»[4].
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B Bepecreuky 30epermucs 4uCICHHI apXiTeKTypHI maM’sTKH. [lepemycim
HAeThCs PO CBSATHHI MOB’sI3aHI 3 PUMO-KAaTOJIUIBKIMHU PENIriHHUMA TEUIsIMH:
kammmnsg Cestoi Texm Ta cobop Cesaroi Tpidimi. [Januii cobop BBaXKarOTh
OJIHIEI0 3 HaWKpalMX KyJbTOBHX CHOpPYH, NMOOYZOBaHIN B CTWIJII POKOKO Ha
Vkpaini. Haiicrapimoro OyxiBinero y wmicti € MypoBaHMH CTOBI, SKHH
3HaXOJUThCS Ha Micui kKonuurHboi Moruwin O.ITpoHchKoro.

Kpim Toro nHa Tepuropii bepecreuka po3MillyeThCS s, TaK 3BaHMUX,
3eJICHUX 30H, II0 TaKOXX MAlOTh MIHHICTH 1 oXopoHsaooTecsa. Cepen HUX
BepecTeukiBcbknii mapk — maM’sTKa CagoBO-TIAPKOBOTO MHCTELTBA ILIOMICIO
4,5ta, yrBOpeHHWH 3a pimeHHsM oOmpamu Big 1994 poky. by Biaruit mix
OXOpOHY Y 3B’SI3Ky 3 THM, IO B HOTO Mexax pocte Onm3pko 60 mopinm mepes i
YJarapHUKIB.

Sxmo mpoaHamizyBaTH MicTo 3a Horo mimaHoM (puc.l), TO MOXHa
3ayBaxMTH, 0 bepecTeuko Mae BUTATHYTY ()OpMYy 3 MIBJCHHOTO CXOJy Ha
niBHiuHMii 3axin. Momy mpuramanna BinbHa cxema miaHyBaHHs. Yepes Micto
nporikae piuka Ctup, sika po3ziisie Horo Ha JABI yacTMHM. binblia yacThHA
TepUTOpii JICKUTh HA JIIBOMY Oepesi, TaM 3HAXOAUTHCS 1 3aralbHOMICHKUI
LEHTP.

Puc. 1. [Tnan m.bepecteuko

HenTp MicTa B mIaHi Ma€ KOMIIAaKTHY (OPMY, CyMIIIA€THCS 3 ICTOPHUIHUM
(puc. 2). Ha paniii Ttepuropii mnoemHani OyaiBiai PpI3HOrO NpPU3HAYCHHS,
BKJIIOYAIOYM BaXKJIMBI ICTOPUKO-apXiTeKTypHi mnaM’sTku 1 ckBepu. Cuiin
3ayBaXXMTH, L0 CTPYKTypa 3arajbHOMICBKOTO LIEHTPY € XAOTHYHOIO, IOTaHO
MO€eHYE B €001 icTOpHYHY, TPOMaJICBKY 1 >XHUTIOBY 3a0ynoBy. Bcei cropynu
BHKOHAHI B Pi3HHUX CTWIAX. KpiM TOro, OiIbIICTh 13 HUX MOTPEOYIOTh PEMOHTY.
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Puc. 2. Tlnan 3aranpHOMICBKOTO IIeHTPY bepecTeuka

3yNMHUMOCH JIeTajbHIlIE HA KOXHIH 1CTOPUKO-apXITEKTYPHIN mam’sTii
okpemo. Posrimstremo Tpoinpkuii kocten, Caro-Tpoiupkuii coOop, KaIUTHIO
Cesroi Tekii, MypoBaHUiA CTOBIT - HABU3HAYHIIII OYAIBIII 1 CIIOPYIX MicTa.

byniBauureo Tpoinskoro kocteny (puc. 3) craprysaio 24 mumas 1711
POKy 3a KOINTH, BHiIEHI mombchkuM jisuem Tomamem Kapueschkum. Horo
3BEJICHHSIM TOJIIKM TIPAarHyJid YBIYHWTH IiepeMory B OuTBi mix bepecreuxom.
Xpam noBuHeH OyB cTaTu miATBep/KeHHsM MorytHocTi Peui ITocnomnmtoi i
MOKa3aTH BCIO BEJINY iXHBOI BipH.

K7

Puc. 3. Cygacuuii Burisn TpoilibKoro KocTelry 330BHi Ta BCEpeInHi

BynisensHi pobotn B Xpami Oymo 3aBepmieHo B 1765 pomi. Tpoimbkwid
KOCTE€Nl Ma€ BENMYHHHA BUTILX 1 MoOyINOBaHWI B cTWI pOKOKo. Bcepenmmni
CTiHH cO0OpYy IpHKpamand KapTHHH 3 emizomamu O6utBu mix bepecreukom. Y
xpami Oy1o BiciM BiBTapiB, 03100JI€HHS BHYTPIITHHOTO TIPOCTOPY JOITOBHIOBAIN
JIepeB siHI CKYJBNTYpH Ta YHIiKaimbHI ikoHHW. Kocten MaB mimBam, y sKdi
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BUXOAMJIM JCKUIbKA MiA3€MHHUX XOIIB, OJHAK B HAIll Yac BOHH HETIPHIATHI 110
BukopuctanHs. [lig yac JIpyroi cBiTOBOI BilfHM KOCTEJN MOCTPaKAaB BiJ BUOYXY
cHapsina. B xocreni OyB 3HMIEHHH OpraH, BUBE3EHI JepeB siHI CKyIbNTypH. B
MCISIBOEHHUM TIepiof HOro MPUMILIEHHS BUKOPHCTOBYBAIM ITiJ CKJAM JUIs
30epiranHs 3epHa, a 3 1952 pori B OyAiBIi MOHACTHpS TMPAIOBaB CHP3aBOJ.
CporofiHi KocTen notpedye pecTaBpaliitHux pooiT.

Cesaro-Tpoiupkuit cobop (puc. 4) movamu 3Boautd me B 1910 porri.
3rigHo 3 IPOEKTOM apXiTekTopiB CBATO-TpOIiNbKIMiA COOOp TOBUHEH CKIIANATHCA
3 TprOX "yacTuH — llim3emHoro, OcHoBHOro Ta BepxHporo xpamiB. OmHak y
3B’S3Ky 3 BHUHHKHCHHSIM ITI€BHHX TPYTHOIIIB TOB’S3aHHUX i3 3MIHOIO BJajy,
CIOpPYMXKEHHS XpaMmy 3a IUIAHOM CTaJl0 HEMOXJIMBUM. Bylo 3BeneHo nuine
mepmri 1Ba XpamH. BHacmigok OuxX Mofxid, XxpaM HaOyB HEMPOHOPLiHHOTO
TPU3EMKYBaTOrO BUTIISLY.

[icns Jpyroi ciToBoi BiitHn CBsiTo-Tpoinbkuii cobop CIyryBaB CKiIagoM.
Jlume y 90-X pokax MHHYJOTO CTOJITTSl OyJIO MPUHHATO PIlLICHHS 3aBEPILNUTH
OyMiBHUIITBO Xpamy. Byno 3po0iieHO pPEeMOHT, BHYTPIIIHIH PO3MHUC BHKOHAB
MicreBuii XynoxHuK Mukona Kiiryk. Y 2000 porii po3nodani peKOHCTPYKIIIO
co0opy, BHACHIZOK SIKOi Mae 3’sBUTHCS BepxHiii Xpam. 3riiHO TPOEKTY
TOJIOBHUI KyIojl TOBUHEH csirath 10 50 M BucoTH, Oyno 30yzoBaHO [Ba
3axigHuX Kynoiu. ChOTrOmHI  BiJHOBIIOBaHI POOOTH  IPOMOBXKYIOTHCS.
ByniBenbHi poOOTH 3IIMCHIOIOTBCS 33 PaXxyHOK YKPaiHCBKOI MHpaBOCIaBHOT
rpoMasu.

Puc. 4. Cygacumii Burnsg Cesito-Tpoiliskoro cobopy 330BHi (a); BUTIIS
BCepeauHi (B mMporeci peKOHCTPYKILiT) (a)

Kammms Cesroi Texi (puc. 5) 30ynoBana y XVII ct. B TexHimi 6a3uimiku.
Bona posramoBana B 3aXiJHii 9acTHHI MicTa Ha KypraHi ( BiZOMOMY TaKOX SIK
JliBu4-ropa), BUCoTa SKOro csirae 3,5M. 3a OCHOBY 11 KOHCTPYKLIT B3TO YOTHPHU
KOJIOHH 3 IIAaTPOBUM JaxoM 1 cTpiuacTumu apkamu. Husi cnopyna norpedye
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pecraBpamii. JlaTa ocTaHHIX TpOBeAEHHUX pOOIT HE BiIOMa, MPOTE HEIO
npuitHATO BBaskatu noyatok 2000-X pokiB.

Puc. 5. Cyuachwuit Burnsg karuii Cesaroi Texmi

MypoBanuii cToBm (puc. 6) BBaXKAETbCS HAWCTAPIIIO CIIOPYIOI0 B
Bepecteuxy. Icropis Horo crBopeHHS Mae OaraTo CynepewIMBUX TeOpid i
TaeMHHIB. Lle opuriHabHUN MaM’ATHHK, 10 MA€ BUIIIAJ MipaMiin 3 KaMEHIo,
cropy/ukeHo Ha Moruii kHsa3s Omnexcanzapa [IpoHCBKOro — cHMHa 3aCHOBHHKA
Bepecteuxa. Beepeauni 16-Tu MeTpoBoi criopyau cTosiia TpyHaA 3 TUIOM KHS3S,
SIKOTO 3roJIoM ToXoBalnHM. Ha KaMmeHsX, 3 SKMX BHUKOHAaHMH CTOBII, MICTHUTbh
Oarato HamuciB, naroBaHux XIX CTONITTAM, cepel SIKMX € HaBiThb aBTorpad
nojibebkoro koposs CranicnaBa Aprycra [ToHsTOBCbKOTO, sikuii OyB TyT y 1787
porii.

Puc. 6. MypoBanuii croBm
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Ha ocHoBi HaBeneHOro BHIIe MaTepiary OyJo HpoBeneHO MiCTOOYmiBHUMN
SWOT-anauni3 (tab:.1), B pe3yspTati SIKOr0 BU3HAUSHO CHIIBHI 1 CJIa0Ki CTOPOHU
JOCITIIKYBAHOT MiCIIEBOCTI, il MOXKIIMBOCTI Ta PHU3HKH.

Tabmuus 1
MicroOyaiBauit SWOT -anauni3 micra bepecreuko
W
CUJIBHI CTOPOHU CJIABKI CTOPOHU
v HasiBricth  Benmmkoi  Kinbkocti| v HesHauna KinbKicTh HACENEHHS
ICTOPHYHOI CIIaIINHI v/ Mauia KiJIbKicTh po004uXx Miciib
v/ CIpUATIMBAM KIiMar v 3HauHa BiAJICHICTh BiJl BEJIMKUX
v/ 3Ha4yHi OPHPOAHI PECYPCH Uil | HACEJIEHHX ITyHKTIB
PO3BHTKY peKpeariiHoi chepu v Hepo3BHHEHA TPAHCIIOPTHA
iHppacTpyKTypa
v Cnalka imKeHepHa
iHppacTpyKTypa

v’ BiJICyTHICTh BIIOPSIIKOBAHOTO
IUIAaHYBaHHS MICbKUX TEPUTOPIN

v’ 3aHen0aHiCTh LIHHKMX 1CTOPHKO-
apXITeKTYPHHX IaM’ITOK

v/ XaoTU4HICTh pO3MiLIEHHS

3a0yJ0BH
. !
MOXJIMBOCTI PU3UKI
v' PO3BUTOK Ii3HABAIILHOTO v’ 3HUIIEHHS ICTOPUIHOT
TypU3MY CHaJIMHU Yepe3 Hen0alricTh
v/ 3ajryueHHs KOILITIB IHBECTOPIB v/ THTEHCHBHA MIrpallis HaCEIEeHHs
JUIsl pecTaBpallii OyaiBens 1 cnopy, 10 BEJIMKUX MICT
10 MAalOTh ICTOPUYHE 3HAYCHHS v/ 3a0pyaHeHHs TEPUTOPiii Yepes
v CTBOpEHHS pPEKpealiiHuX 30H HENPaBUIIbHY OPTaHi3aIio
v PO3BHUTOK iCHYIOUHX CMITTEBIABEICHHS

MAMPUEMCTB, 10 TPAIFOIOTh Ha
MICIIeBii CHPOBHHI

v PO3BHUTOK JI0POKHBO-
TPAHCIOPTHOT MEPEXKi

v’ BajydeHHs TPYIOBHX peCcypeiB i3
MIPHJICTIIHX CLJI i CeNTUI
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BucnoBok. [Iposenenuii microoyaiBauit SWOT -anaui3 i aHaii3 icTOpUKo-
apXITEeKTYpHOI CHAJIINHK IT0Ka3aB MOKJIUBOCTI 1 MEPCIIEKTUBH PO3BUTKY MiCTa
Bepecteuko. bByno BCTaHOBIEHO JOUUIBHICTE BHKOPUCTAHHS  CTaTyCy
ICTOPUYHOTO MiCTa 1 HaM’SITOK apXIiTeKTypH, IO TaM 3HAaXOJThCS, IS
3aJy4eHHs TyPUCTHYHHMX HOTOKiB. Takuii Oi3HeC Mae BeNMKI NEpPCIEKTHBU Ha
JOCIIHKYBaHIM TepUTOpii 1 MOXKe CTaTH TOJOBHUM JKepeioM moxoxy. IIpote
UL HOTO PO3BHUTKY HEOOXiTHO TPOBECTH PsX 3aXOMiB 3 YCYHEHHS CIa0KUX
cTopiH Micta. st 3aifiCHEHHS TPaBWIIBHOI IONITHKH IOMO BIOCKOHAJCHHS
Bepecreuka sk Micta HEOOXiTHO MPOBECTH HOTO MICTOOYIiBHE INIaHYBaHHS Ha
OCHOBI pe3yNbTaTiB aHAJI3Y i CTBOPHUTH IUIaH HOTO PO3BHUTKY.
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YPAXYBAHHJ BIIVIUBY IMOCJIIJOBHOCTI 3BBEJEHHS HA
HATIPYKEHO-IE®@OPMOBAHU CTAH KOHCTPYKIIII ITPA
ABTOMATHU30BAHOMY ITPOEKTYBAHHI BYAIBEJIb I CIIOPY [

TAKING INTO ACCOUNT THE INFLUENCE OF THE
ERECTION SEQUENCE ON THE STRESS-STRAIN STATE OF
STRUCTURES IN THE AUTOMATED DESIGN OF BUILDINGS AND
STRUCTURES

Porko C.B., K.T.H., 101., Y:keropa O.A., K.T.H., gon., Tamax JI.O.,
K.T.H., jgon., bymga K.O., Apremyk T.C., maricrpu (JIynbkuii
HallioHAJbLHMIi TexHiYHM yHiBepcuTeT, JIynbk)

Rotko S., Ph.D. in Engineering, Associate Professor, Uzhehova O.,
Ph.D. in Engineering, Talakh L.O., Ph.D. in Engineering, Bulda K.,
Artemuk T., masters (Lutsk National Technical University, Lutsk)

Y pobomi npedcmasneno pesynvmamu 00CAiOHCEHHA HANPYHCEHO-0ePOPMOBAHO0
cmamy KOHCMPYKMUGHUX —eNleMeHmia  6azamonoeepxogoi Mmononimuoi 6yoieni 6e3
VPaxy8amHs ma 3 ypaxyeaHHam nociio06HOCMI 36e0eHHs

Until now, the practice of conducting static calculations with the simultaneous
loading of elements of the calculation scheme prevails in the case of automated design of
buildings, that is, calculation justifications of constructive decisions are made according
to the one-step calculation procedure. At the same time, the stiffness characteristics are
assumed to be constant, and the magnitudes and nature of the loads assigned to the
calculation model are unchanged during the entire calculation.

However,, the building construction process consists of many stages and depends
significantly on the sequence of work performed on the construction site. For monolithic
buildings, the fact that concrete gains its design strength over a certain period is
important. That is, during numerical modeling, it is necessary to take into account the
change in stiffness and strength characteristics of materials.

And monolithic structures are made using formwork with the installation of
temporary supports, which will be installed and removed in a certain order. Thus, at
different stages of construction, the structural and calculation scheme of the building
may change. Ultimately, these parameters will affect the stress-strain state of structures.

Automated design of a monolithic multi-story frame building in two modes -
traditional and taking into account the sequence of construction - revealed some
differences in the results of the stress-strain state of the structural elements of the design
scheme.
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In general, the comparison of the results showed that the difference in both
calculation options is insignificant on the lower floors, but increases on the upper floors,
with an increase in the height of the building.

We can make a general conclusion that the calculation taking into account the
sequence of erection is important for high-rise buildings, it must be performed for
buildings of a high class of responsibility. It will allow you to get a real picture of the
operation of all structural elements, give the correct assessment of the VAT of the latter,
and correctly design them. As a result, it can affect the cost of construction by reducing
the cost of reinforcement and concrete. This approach will minimize the risks of both
local destruction and emergency situations during the life cycle of structural elements of
buildings and structures.

Knrouosi cnosa: mononimua 0yoieis, po3paxyHKo8a cxemd, CKIHYeHHO-eNeMeHmMHA
MOOenb, NOCAIO0BHICINb 36€0eHHS, HANPYHCEHO-0ehOPMOBAHUI CTNAH.
Keywords: monolithic building, calculation scheme, finite element model,

construction sequence, stress-strain state.

IMocranoBka mpo6iemu. Po3maiTTa 1 CKIagHICTh Cy4acHHX 00’€KTIiB
OyIiBHUIITBA BUMArarTh PO3POOKU JTOCKOHAIHUX YHCIOBUX MOJICICH, 3MaTHHX
OXOITMTH BCl HIOAHCH, TTOB’A3aHi 3 PO3pPaXyHKOM 1 IPOEKTYBAHHSAM KOHCTPYKIIIH.
PobuThCst Haromoc Ha BaXKIIMBOCTI BpaxXyBaHHS IPH MPOCKTYBaHHI OymiBI 4H
CHOpYIU TMOTEHHIHHUX 3MiH Yy HanpyxeHo-aedopmoBanomy crani (HIC)
BINOBIJAIFHUX  KOHCTPYKTUBHUX  €IIEMEHTIB MPOTATOM  YCiX  eTaIliB
OymiBHHIITBA, 3aBaHTaKCHHS Ta MOJANBIIOI eKcInTyaTamii. YHHHI HOpMaTHBHI
JOKyMEHTH Ta TpajuliiiHa OyIiBeslbHA MpPaKTHKa YacTO HE BPAXOBYIOTh YCiX
(axTopiB, sSKI MOKYTh MPU3BECTH 10 PyHHYBaHHs. TakuM 4MHOM, aKTyaJbHOO
€ 3aj]aya BIPOB3/DKCHHS CYYaCHHX TEXHOJIOTIH TNPOEKTYBAaHHS, 3IaTHUX
BpaxoBYBaTH 3MiHU HaIPpyKeHO-e(OpMOBAHOT0 CTaHy KOHCTPYKILIH NPOTATOM
YChOTO JKMTTEBOTO LMKy OYyAiBIi, Bl TNPOEKTYBaHHS, OyIiBHHITBA,
EKCIUTyaTaIfii — i a) 10 3HeCEHHSI.

Merta po0oTH — BHMKOHAaTH IIOPIBHSHHS HalpyXeHO-1e(hOPMOBaHUX
CTaHIB KOHCTPYKTHBHHMX E€JIEMEHTIB MOHOJITHOI 0araTormoBepXxoBOi XXHTIOBOT
OyniBii TPH ABOX BHJAaX aBTOMAaTH30BAHOTO PO3PAaxyHKY — TpajULiHHOMY Ta 3
ypaxyBaHHSIM IIPOLIECY 3BE/ICHHSI.

Beryn. Ha pammit  vac  OimbmIicTh  pO3paxyHKIB — KOHCTPYKIIH
MIPOBOJUTHCA 0€3 ypaxXyBaHHS MOCIIJOBHOCTI 3BeJICHHS OyaiBenb i cnopya. Lle
MOJKHa ITOSICHUTH BiJICYTHICTIO y YHHHHX HOPMAaTHBHUX JOKyMeHTax [1,2]
YITKUX BUMOT IOJI0 TAaKUX PO3PaxXyHKiB, aje Il TMOTCHIIHHO MOXKE TMPU3BECTH
JI0 CYTTEBHX MOXHOOK Yy pe3ysibTaTax.

IlepeBakHa TpakTHKa aBTOMAaTH30BAHOTO IPOCKTYyBaHHS OyniBenb
nependadae CTaTUYHI PO3paxyHKH 3 OJHOYACHUM 3aBAHTAKCHHSM CIIEMEHTIB
pPO3paxyHKOBOi cxeMHu. lle o3Ha4ae, MO KOHCTPYKTUBHI PIillIEHHS TMPHHMAIOThH
Yyepe3 OJHOETalnHy Ipoueaypy po3paxyHky. Ilix wac mnporo mpouecy
XapaKTEPUCTUKU HKOPCTKOCTI BBAXKAIOTbCS IOCTIHUMM, @ BEIMYMHH Ta
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XapaKTep HABaHTAXXCHB, IPU3HAUYCHUX HA PO3PAXYHKOBY MOJIEIb, 3ATHIIAIOTHCS
HE3MIHHUMH IIPOTSITOM YChOTO PO3PaXyHKY.

ABTOMAaTH30BaHEe IIPOEKTYBaHHS MOHOJIITHHX KapKacHHX OyaiBenb
HEeoOXiTHO BUKOHYBAaTH 3 ypaxyBaHHSIM Hpolecy ix 3BegeHHs. Ha crhoroaHi me
aKTyaJbHE 3aBJaHHS, OCOOJMBO — TPH IPOEKTYBaHHI 0araToONOBEPXOBHX
MOHOJITHHX OY/IiBEJIb.

Orasn giteparypu 3a TemMoro podoru. [Iporec 3BeneHHs OyaiBii €
CKJIATHUM 1 TPUBAJHMM Yy 9aci, CKIAJA€ThCA 3 HU3KH €TalliB, CyTTEBO 3aJICKUThH
BiJl TIOCJITOBHOCTI POOIT, 0 BUKOHYIOTECA Ha OyAiBEIPHOMY MaimaHUYHKY. Y
BHIIAIKy MOHOJITHOTO OYIIBHUIITBA BHpIMAIEHUM (PAKTOPOM € dYac, 3a SKUH
0eTOH ocArae MPOEKTHOI MIHOCTI. TOMY IIe# acTieKT HeoOXiTHO BpaXOBYBaTH
M 9ac YHCENBHOTO MOJETIOBAHHS, KOHTPOJIOIOUHN (3MiHY XapaKTEepHUCTHK
JKOPCTKOCTI B TIpoIleci HaBaHTakeHHS (TIOB3ydicTh, TpimmHHU). B mporeci
MOHTaXy Npu OyAIBHHLTBI MepexiJi 10 HOBOI MOHTaXHOi cTaiil 4YacTo
3MIMCHIOETBCS, KOJM 3BEJCHAa Ha TMONEPEHIX CTaJisIX KOHCTPYKIIs Ie He
HaOpasia mpoekTHOi 28-1000B01 MinHOCTI. Ile Takox 3yMOBIIIOE HEOOXiMHICTH
BpaxyBaHHSl HENIHIMHMX edekTiB, Tak sK BiJ craaii J0 cTaiil 3MIHIOETHCS
KOPCTKICTh 3BEJICHHUX CIIEMEHTIB, BiMOBIIHO 0 Yacy ix 3BemeHHs» [3].

Bapro BpaxoByBaTH i TOH (haKT, [0 MOHOJITHI KOHCTPYKLIT 3BOJSTHCS
3a JIOTIOMOTOI0 OTAITyOKH, siKa repeadadae yCTaHOBKY Ta IMOJAbIINHA JEMOHTaX
THMYacOBHX OIOp Vy TEBHIA mochimoBHOCTI. OTxe, Ha pi3HUX eTamax
OymiBHHIITBA KOHCTPYKTHBHA 1 pO3paxyHKOBa CXeMHU OYAiBIIi MOXYTh 3a3HABaTH
3MiH. 3pemToro, i Moan(iKamii BIDIMHYTh Ha HANPY>KEHO-Ie(OPMOBAHHIA CTaH
KOHCTPYKIIH [4].

VY cBiTNi BHIIE3a3HAuYeHUX MipKyBaHb npodecop M. Bapabam y cBoiit
pobori [5] Hamae oOrpyHTYBaHHS BaKJIMBOCTI BPaxyBaHHS IMPOIECY 3BEACHHS
OyniBii 4K CIIOpYIM YK€ Ha CTajii NpOeKTyBaHHs OyniBenbHOro odekra. lle
BaXJIMBO U1 BpaxyBaHHs Bapiauid y napamerpax HJIC xoHcTpykuiii Ha

Y cBoemy JgochipkeHHI [6] aBTOpH TPOCHIIKOBYIOTH 3aKOHOMiPHOCTI
BIUIMBY icTopii HaBaHTaxeHb Ha HJIC eneMeHTIB KOHCTpyKWiil mix dYac
3BeJZICHHs OyaiBIIi.

Bukiaag ocHoBHoro marepiany. B cydacHux yMmoBax BU3HAU€HHS
Harpy>XeHo-/eopMalifHOro craHy OyJiBEIbHUX KOHCTPYKLIH 3HIHCHIOETHCS
13 BUKOPHCTaHHSIM TaKOTO IPOTPaMHOTo 3a0e3NeyeHHs], SKe MOXKEe BPaXxOByBaTH
MIOCHIZIOBHICTh TPOILIECY 3BEAEHHs OyaiBii, BHOCSYM 3MiHH B PO3PaXyHKOBY
cXeMy Ha KOXHOMy ertami OyniBHuITBa. Taky MOXJIHMBICTE HaTaroTh
KOpHCTYBadaM BiTUM3HsHI nporpamui komiuiekcu JIIPA-CAITP, MOHOMAX-
CAIIP, SCAD, mo MicTaTh Crerianzi3oBaHi po3paxyHKOBI MOIyTi «MOHTaX»
[7, 8, 9]. Lli Moy MarOTh AESIKY OCOOJWBICTH, IO JO3BOJISIE MOJIEITIOBATH
BXJIMBI CIIeHApii, Taki SK yCTAHOBKA a00 BUAAJICHHS TUMYACOBUX OIIOP ITiJT Yac
BCTaHOBJICHHSI MOHOJIITHUX KOHCTPYKIIii, 3aCTOCYBaHHS a00 3HATTS MOHTa)KHUX
HaBaHTA)KEHb, 3HM)KEHHS MIIHOCTI Ta J>KOPCTKOCTI OETOHy, SKIIO OeTOHHA
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CyMill HE JOCATNIa CBO€I NPOEKTHOI MIIHOCTI, 3AiHCHIOBATH KOHTPOJH 3a
MIOETAITHUM TIePEeTBOPEHHIM Mozeni [3].

Ii Momymi TakoX JO3BOJISIIOTH MOJIENIOBAaTH MPOLEC JEMOHTAXY
CJICMECHTIB, HABaHTaXCHb a00 TMepeKpUuTTiB (i Yac PEKOHCTPYKII abo
3HECCHHS OYIiBIi).

OTxe, pO3paxyHOK BEICTHCSA HA KOXKHOMY eTari OyIBHHUIITBA HA OCHOBI
BIJIMOBITHOT KOHCTPYKTUBHOI CcXeMH OyHiBi, WIO0 BKIIOYaE B cebe Bxke
3MOHTOBaHI a00 JEMOHTOBAHI Ha JaHWI MOMEHT elleMeHTH. OIHOYACHO MOYKHA
BpaxoBYBaTH IIOTOYHY MIIHICTh OETOHY Ta ¥HOro MOAYNb NPYXKHOCTI. Y
BHIA/IKaX, KONM TPOEKTHA KIIBKICTh apMarypu abo TpUHHATHHA mepepi3
3a1i300€TOHHOTO €JIeMEHTa BHUSBIAIOTHCSA HENOCTATHIMH, MPOEKTHI PilICHHS
KOPHUTYIOTBCH.

[IpoexToBanmit y poOOTi 0araTOmOBEpXOBHH KapKacHO-MOHOJITHUH
KHUTIIOBHH OyanHOK (puc. 1) Mae OIHOCEKLiHHY KOHCTPYKLIIO 3 po3MipaMu B
rwianl 27x21 M. Ilpu 3aranbhiidi BucoTi 32 M OyaiBis BKIIIOYAE MapKiHTOBHI
piBeHb BUcoTOO 4,0 M, mepmmii i BiCIM THIIOBHX MOBEpXiB, BHCOTOI 3,0 M
koxeH. [IpocropoBa KOPCTKICTH KOHCTPYKLII 3a0e3NedyeThes CIHUIBHOIO
pOOOTOI0 MOHOJITHHX 3aji300€TOHHHMX KOJIOH, IEHTPAJILHOIO MOHOJIITHOTO
sapa JKOPCTKOCTI Ta JMCKIB MEpPEKPUTTIB 1 MOKPHUTTS, sIKi 30epirarorb
HE3MIHHICTh KOHCTPYKIi] Y TOPH30HTAIbHOMY HaNpPsIMKY.

Kapxkac mpwifHATO 3 KpokoM KojoH 6 i 3 M mepepizom 400x400 MM i
500x500 mm. Hecydi MoHOIMITHI 3ami300€TOHHI KOHCTPYKIIi IPOEKTYIOTHCA 13
Takux KiaciB Oerony: C16/20 — ¢yHmameHTHa IHTa TOBIIMHOK 800 MM,
C16/20 — xomonu Ta miadparmu xopctkocti, C20/25 — mIMTH MEepPeKPUTTIB i
MOKPUTTS, TOBIIMHOIO 200 MM.

PospaxynkoBa cxema OymiBii (puc. 2) Oyna cTBOpeHa 3a JOIMOMOTIOIO
nporpamu  KOMIIOHOBKA y mnporpamaomy kommuiekci «MOHOMAX-
CAIIP», 3roiom TpanchopMOBaHa y CKiIHUEHHO-EJIEMEHTHY MOJIEIb.

IMporpamuanii  kommieke «MOHOMAX-CAIIP» mgae MOXIMBICTH
BpPaxoBYBaTH ITOCTYIIOBE, IIOETAITHE 3BEACHHS OYAiBIIi, 3 BUPIBHIOBAHHAM PiBHIB
MepeKpHUTTiB. [ BU3HAYEHHS MPOrpaMO0 BIIIOBIIHHUX €TalliB, HCOOXITHO B
nianoroBomy BikHi «MCE po3paxyHok» (puc. 3) BKa3aTH HOMEpPH MOBEPXiB, 10
BXOJISITH JI0 CKJIaJly KOXKHOTO eTary Oy1iBHUITBA.

[Tpn npomy BracHa Bara IOCIHIJOBHO ITPUCBOIOETHCS €IEMEHTaM ITijL Yac
iX MOHTaXYy, a JUIsl IHIIMX HABaHTa)KEHb, 3aKJIQJICHUX y MOCTiHHE, PO3POOHHUKH
PEKOMEHIYIOTh BKa3yBaTH MOMEHT iX TpHKIagaHHsA. Ekcruryaramiiini
HaBaHTAXXCHHS MIATUMYTH TICIIS 3aBepIICHHS OyaiBHUITBA Bciei OynIiBiIi, TOMY
i 3amaBaTH iX MOTPiOHO Ha erTami MOBHICTIO CPOPMOBAHOI PO3PAXYHKOBOI
cxemu. Po3paxyHOK BHKOHYEThCS Ha KOXHOMY eTam MOHTaxy (Tiei
KOHCTPYKTHBHOI CHCTeMH OymiBIi, M0 BKIOYaE B cebe eneMeHTH i
HABaHTAXKEHHS, AKI BiMOBIAAIOTH [IbOMY €TaILy).

3a nonomororo MCE-po3paxynky mnporpama oOuYMCIIOE 3ycHIUISA 1
Hanpy)XeHHs, SKI HaKONUYYIOTBCS B €JIEMEHTaX pPO3PaXxyHKOBOI CXEMHU Y
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mporeci 3BeneHHs Oynismi. [Ipn mpomy momymb «MOHTaX» 3BOAHUTE 10 HYJIS
MEPEMIIIEHHsT BY3JIiB, JOJAHHUX Mepea PO3PaXyHKOM KOXKHOTO HACTYITHOTO
eTary.
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ToOTo, mpu IPOMY TEPEeMIIICHHS BY3JiB HAKOMHYIYIOTHCS 13 NESKAM
BUPIBHIOBAHHSIM MPOTATOM THpOLECYy MOHTaxXy. Takui miaxin BigoOpaxae
JilicHu HanpyskeHo-aedopMoBanuii ctan Oynisii [3].

VY mporeci aBTOMaTH30BaHOTO MPOEKTYBAaHHs IIPOLEC 3BEACHHs OyIiBIIi
OyB pozmineHnii Ha 4YOTHpPW eTamd. Ha KOXXHOMY erami MOJETIIOBaHHS
BiIOYyBaJIOCS IUISAXOM 3BEACHHS BIJIIMOBITHOI YaCTUHHU OYJIIBNI 3a JOIOMOTOO
Ha/Oy/IOBH BEPXHIX MOBEpXiB. Pe3ynbTaToM IbOTO NpOLECY CTAIO0 CTBOPEHHS
OCTaTOYHO1 pO3PaxyHKOBOI MOZEIi Oy IiBi.

Ha xoxsOoMy etami (puc. 4) mporpama poOuTh (iKcaliro HEeBHOTO
HOIEPEAHBOTO HAIPYXECHO-Ie(OPMOBAHOTO CTaHy, SIKMH MOTCHLIHHO MOXe
BIUTMHYTH Ha OCTATOYHHUII pe3yJIbTaT PO3PaXyHKY.

6. |0104 Cramawpeaymrame
WOHTAK crams -2

00
0104 Kawrpare poss asxy
0104

Puc. 4. Etanu 38efeHHs OyaiBii y BiKHI pO3paxyHKOBOI'O Mpoiiecopa

Ha pumc. 5 maBenmeni medopMoBaHi CXeMH Ta i30MOJS MEpEMIlICHBb
PO3paxyHKOBOI MOJIeNi 1Mo oci Z Ha BCiX eTarax 3BeJCHHS OyIiBmi. Y TaOIHUIIIX
1-3 — pesynpTaTH pO3paxyHKYy KOHCTPYKTHBHHMX €JIEMEHTIB OyaiBIl IpH
TPaIMLIITHOMY PO3paxyHKY Ta 3 ypaxyBaHHSM ITOCIIiIOBHOCT] 3BEJICHHSI.

-+ 20

Puc. 5. lepopmoBani cxeMu Ta 1301015 IEPEMIIICHB 110 Z Ha BCIiX eTamax
3BEJICHHS

113



CyuyacHi mexHosnoeii ma memodu po3paxyHkis y bydieHuumei. [lyupk, JIHTY. 2023, Bunyck 20

Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2023, Volume 20

[To3/10BXKHI 3ycHJUIs B KOJIOHAX MiBaITy

Tabmums 1

Howmep 3ycuuis B KonoHax, KH
KOJIOHH Tpanuuiitanit YpaxyBaHHS MOCIIIOBHOCTI 3BEACHHS
PO3paxXyHOK
min max min max

1 8cep -1673,6 -1696,1 -1675,3 (+1%) -1699,8 (+0,2%)

1 13 kp -1332,8 -1357,3 -1317,9 (-11,1%) -1342,4 (-1,1%)

1 15 cep -2520,8 -2545,3 -2617,6 (+3,7%) -2652,2 (+4%)

1 24 xp -487,3 -511,9 -514,25 (+5,2%) -538,8 (+5%)

Tabmums 2
[lepemimenns Ta 3ycwuid y GyHIAMEHTHIH IIIHATI
ExcTpeMasibHi 3HaYCHHS
ITapamerp Tpanuuiiauit YpaxyBaHHS MOCIIIOBHOCTI 3BEACHHS
PO3paxyHOK
min max min max

TMepemitueHHst -37,9 -64,0 -37,5 (-1,06%) -64,7 (+1,1%)
1o Z, MM
Mx, kHm/Mm 250,6 930,6 267,7 (+6,1%) 938,3 (+0,8%)
My, kH/Mm 81,5 949,7 76,2 (-6,5%) 954,5 (+0,5%)
Qx, kH/m -1450,3 1099,2 -1541,5 (+5,9%) 1107,2 (+0,7%)
Qy, kH/m -523,7 1516,6 -524,9 (+0,2%) 1572,5 (+3,6%)

Tabmums 3

[TepeminieHHs Ta 3ycuiisl y TuIMTax nepekputris 1, 10 moBepxis

Criony4eHHs 3yCHIIb (EKCTPEMYMH)

ITapamerp Tpaauuiiauit YpaxyBaHHS OCITiTOBHOCTI 3BEICHHS
PO3paxyHOK
min max min | max

1-i moBepx
IepemiteHHst -18,0 1,07 -16,9 (-6,1%) 1,07 (0%)
1mo Z, MM
Mx, kH/m -83,6 -5,57 -78,6 (-6%) -5,25 (-0,4%)
My, kH/m -118,7 1,03 -111,8 (-5,8) 0,97 (-5,8%)
Qx, kH/m -7025,7 7025,8 -6617,8 (-5,8%) 6617,8 (-6,2%)
Qy, kH/m -33,6 3508,9 -31,7 (-5,65%) 3305 (-5,8%)

10-i moBepx
IepemiteHHst -1,72 3,01 -6,86 (-11,1%) 2,48 (-17,6%)
no Z, MM
Mx, kH/m -75,6 0,51 -66,7 (-11,8%) 0,48 (-5,9%)
My, kH/m -711,7 -2,76 -62,53 (-12,8) -2,52 (-8,7%)
Qx, kH/m -85,3 2086,7 -74,2 (-13%) 1918 (-8,1%)
Qy, kH/m -33,3 769,5 -29,32 (-12%) 708,6 (-7,9%)
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BucHoBkm. ABTOMaTH30BaHE MIPOEKTYBAHHS MOHOIIITHOT
0araTonoBepXoBOi JKMTIOBOI OymiBIl BUSBHMJIO Bapialii pe3yibTariB IMIOA0
Harpy)XeHO-1e()OPMOBAHOTO CTaHy €JIEMEHTIB KOHCTPYKLIl pO3paxyHKOBOI
CXEMH IPH PO3PaXyHKY Yy JBOX pPeXHMax — TPaIuLiiHOMY Ta 3 ypaxyBaHHAM
MOCITIIOBHOCTI 3BEJCHHS. 30KpeMa, MO30BXKHI 3yCHIIIS MaiKe B YCiX KOJIOHaX
HAa HIDKHBOMY MOBEPCi MOKa3aau TEHJACHINIO J0 30ubineHHs (y miamasoHi 0,2-
5,2%) mpu BpaxyBaHHI TOCIIJOBHOCTI MOHTaxy. Jluiie B KpaliHiX KOJOHAX
Kum-13 (Km-16) crioctepiramocst 3umkeHHs Bin 1,1% mo 11,1%. Ilepemimenus
(yHAaMEHTHOI INTUTH MOKa3ann He3HawHi 3MiHHU (Bix -1,06% mo +1,1%), npu
IIbOMY 3THHaJIbHI MOMEHTH 3pociu 10 6,1%, a monepeyni cumm — 10 5,9%.

Jis TUIMT TepeKpuTTsS BEpPTHKANBHI TepeMimeHHs (iX eKcTpeMaibHi
3HAYCHHS) Y3MOBXK OCi Z 3MEHIIWIHCS, NPH LbOMY Ul IUIMTH HEpLIOro
noBepxy — Ha 6,1%, mmrtn 10-ro mosepxy — Ha 17,6%. 3miHm 3ycuib
koauBanucs Bix 0,4% 1o 6,2% i Bix 5,9% mo 13%, BiamosigHo. Lli 3MiHK MOKHA
MOSICHUTH 3MEHILEHHSIM OCiIaHHS KOJIOH IIPY BpaxyBaHHI Mpolecy 3BelleHHs. Y
TpaMUIITHOMY pPO3paxyHKy BCl HaBaHTa)XEHHs OJHOYACHO MPHKJIAJanuCh Ha
PO3paxyHKOBY CXEMy, IO MPU3BOAUTH JO JCHI0 OUIBINIKNX MEpeMilieHb. [
HABIAKW, TPH  PO3IJBIAI  MOCTIMOBHOCTI  MOHTaXy  HABaHTa)KCHHS
HAKOMHMYYIOThCS TOCTYIIOBO, LIO INPH3BOAWTH 10 MEHIIMX MepeMillleHb Ha
KO>KHOMY TIOBEpCi 1, sIK HACIIIOK, JO IOMITHOI Pi3HHII NepeMilleHh Ha BEPXHIX
TIOBEPXax.

Takum umHOM, MOpiBHSHHA pe3ynsTariB HC mokasye, mo pisHUI Mix
o0oMa BapiaHTaMH pO3paxyHKy He3HAUHA Ha HIDKHIX MOBEpXax, aje CTae OLIbMI
BHPaXCHOIO Ha BEPXHIX MOBEpXaxX, 0COOIUBO 31 301IBIICHASM BUCOTH OYIiBIi.

[TizcymMoByrOUYH, MOKHA CTBEP/XKYBATH, 110 PO3PAXyHOK i3 ypaxyBaHHIM
MOCIIZIOBHOCTI 3BEACHHSI € BOXJIMBUM JIsi 0araTonoBepXiBOK, BUKOHYBATH HOTO
HEOoOXiTHO, 0COOIMBO — Ui OyaiBeNb 13 BUCOKMM DPIBHEM BiJIIOBINAIBLHOCTI.
Leii migxig K03BOJISIE pEaiCTUYHO OLIHMTH €KCIUTyaTalliiHy MOBEIIHKY BCiX
KOHCTPYKTUBHHX €JIEMEHTIB, [TOJIETIYIOYH TOYHE TPOSKTYBAHHSI Ta MOTEHIIHHO
3HW)KYIOUHM BUTPATH Ha OyJIBHUITBO 3aBASKH ONTHMI30BAHOMY BUKOPHCTaHHIO
apmarypu Ta OeToHy. bimbmie Toro, BiH MiHIMI3ye pPH3MKH, THOB’s3aHi 3
JIOKJIHUMHU PYHHYBaHHSMH Ta Ha/3BUYaHUMH CUTYaIiSIMH MPOTSATOM YChOTO
XKHUTTEBOTO IIMKITY KOHCTPYKTHBHHUX €JIEMEHTIB Oy IiBeJIb 1 CLIOPY/I.
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POBOTA JIEPEBUHH B YMOBAX ITPICHUX I MOPCBKHX
BOJIHUX CEPEJJOBUIII

THE WORK OF WOOD IN FRESH AND MARINE WATER
ENVIRONMENTS

Pomyx M.M., acnipant, 'omon CB.CB., A.T.H., ipo¢. (HamionanbHui
YHiBEPCHTET BOJIHOI'O rOCIIOJAPCTBA Ta NPUPOIOKOPUCTYBaHHsI, PiBHe)

Roshchuk M.M., postgraduate, Homon S.S., Dh.D., professor
(National University of Water and Environmental Engineering, Rivne)

Ilposedeno amaniz pobomu Oepesunu 3a pisHoi 6onococmi. Bcmanosneno, wo
axmuuno  GIOCYmHI  eKCNEPUMEHMATbHO-MEOPEMUYH]  QOCTIONCEHHS  MEeXAHIYHUX
sracmugocmetl OepesuHly 3a mpusanoi ekcniryamayii y 600HOMY cepedoguwyi (piuko8omy
ma mopcvkomy). Haseoeno 06’ em nodanvuuux 00CaiodceHs.

Wooden elements and structures are also used quite often in the construction of
industrial, civil facilities and engineering structures. They include beams, trusses,
arches, scaffolding, rafter systems, decking, purlins, and columns. We will be especially
interested in the work of elements and structures that are affected by aggressive water
environments. These include fresh and marine. The operation of such elements and
structures can be found during the operation of engineering structures (bridges, bridge
crossings, sea piers, shore-fortifying engineering structures) under such operating
conditions.

In the middle of the last century, German researchers Kollmann F., Kuffner M.
established that with an increase in the moisture content of wood, its main mechanical
properties deteriorate (from 10 to 30%). In particular, it was established that the
temporary strength of wood increases when stretched along the fibers at a moisture
content of 0 to 10%, and decreases continuously from 10 to 30%. At a humidity of more
than 30%, this indicator is unchanged.

According to regulatory documents, the mechanical characteristics of materials are
calculated and given at a standard humidity of 12% and a temperature of 20 0C for
samples of clean wood with a section of 20x20x30mm. If they are operated at a different
humidity and temperature, they are recalculated to the standard humidity.

References and standards also present conversion coefficients of the relationship
between strength (for compression along the fibers, chipping, bending) and moisture
content of wood.

Homon St.St. the change of the main mechanical characteristics under axial
compression along the fibers of deciduous and coniferous species at a moisture content
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of 12 to 30% already under a strict test regime was established. The author proposed
methods for determining critical and limit deformations at different moisture levels;
complete wood deformation diagrams are constructed. A model of the real work of wood
under axial compression along the fibers is proposed.

Therefore, in the future, it is necessary to carry out experimental and theoretical
studies of the mechanical properties of wood of various species under various types of
load and during long-term operation in the water environment (river and sea).

Kniouosi  cnosa: Oepesuna, 800He npicHe cepedosuuje, MOpPCbKe
cepedosuuje, MEXaHIYHI 1ACMUBOCI, MIYHICTND.

Keywords: wood, fresh water environment, marine environment,
mechanical properties, strength.

[ocTtanoBka mpodaemu. Marepiann Ta BHPOOM 3 JEPEeBHHH MU
3yCTpidaeMO KOXKHOTO IHS B HOBCSKICHHOMY JXKUTTi. OCKUIBKH, IEpEeBHHA €
MIPUPOIHUM MaTepiajioM, TO BUPOOH Ta MaTepiaiu 3 Hei € MIKOM Oe3MeYHuME
Ta €KOJIOTIYHO YHCTHMHU. JlepeB’sHi eIeMEeHTH Ta KOHCTPYKIII 3aCTOCOBYIOTHCS
TaKOX JIOCHTh YacTO NPH OYIIBHHUIITBI MPOMHUCIIOBHX, IUBUIBHAX 00’€KTIB Ta
imKeHepHuX cnopyna. Jlo HuX MokHa BigHecTH Oanku, QepMmu, apkw,
PHMILITYBaHHs, KPOKBSHI CHUCTEMH, HACTHJIM, IIPOrOHHM, KoioHu. Hac Oyxe
0COOJIMBO LIKaBUTH POOOTa EIIEMEHTIB Ta KOHCTPYKIIiH, sIKi 3a3HAIOTh BIUTHBY
arpecMBHUX BOAHUX cepeAoBHIl. J[0 TakMX MOXJIHMBO BIJJHECTH IpICHE Ta
Mopcbke. PoOOTy TakuX eneMeHTIB Ta KOHCTPYKIIH MOXKHA 3yCTpPITH ITpU poOOTI
IEKeHepHUX cropyn (MocTiB (puc.l), MOCTOBHX mepexoniB (puc.2), MOPCHKIX
mipciB (puc.3), OeperoyKpilLTIOIUNX IHXKEHepHUX cropyn (puc.4)) 3a Takux
YMOB €KCILTyaTarlii.

Otxe, B naHiil cTtarTi MU cripoOyeMo NpoaHali3yBaTH poOOTY JIEPEeBHHU Y
PI3HMX MPICHUX Ta MOPCHKUX BOJHUX CEPEIOBUINAX.

AHaJi3 BizoMux gociaimkenb i myoJikanmii. /{ocnmimkeHHIM MeEXaHIYHUX
BIIACTUBOCTEH JEPEBUHM 3aHMAaIOCs JJOCUTh BEIIMKA KiTBKICTh BUSHUX 31 BCHOTO
cBiTy [1-4]. PoGoTy aepeBuHHM 3a Pi3HOI BOJIOTOCTI 3HAXOAMMO Y MPALSX TAKHX
nocmigaukis sk Kollmann F. [5], Kuffner M. [6], Thygesen L. [7], Madsen B.
[8], Bader M. [9], Németh R.[9], Vasic S. [10], Stanzl-Tschegg S. [10], Tomown
Cs.Cs. [11-17]. Sk mnpaBuio, Taki JOCHTI/PKCHHS MPOBOAWINCH JIO TOYKH
KPUTUYHUX JAedOopMalliii JepeBUHH, a TO 1 HUXKYE, OKPIM €KCIEepHUMEHTAIbHUX
nociimkens ['omona Ce.Ce. [10-12, 16, 17].
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Puc. 1. HaitnoBmmii nepeB’ssHui 3a1i3HOZIOPOKHUN MIiCT B €BpoOIi 4epe3 piuky
Crup (PiBHEHCBKA 0071acTh)
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Puc.3. HaiinoBmmii B €Bporri opcnmﬁ Tipc B MiCTi Coror (moBxuHa
mipcy 650 M, 3 HEX B Mopi 450 M)

Puc.4. BeperoykpimieHHs BOJOWMH IepEB’ IHUMH HaIIMU
M

MeTto10 naHOi cTATTi € NpOBeACHHS aHANI3y pOOOTY IEPEeBHHHU 3a Pi3HOI
BOJIOTOCTI, TOOTO Ti JOCHIIKCHHS, SIKI MM MaeMO Ha JaHHHA Yac, a TaKOX
3aMpONOHYEMO o0csr IO TANTBIITHX CKCIICPUMEHTATIBbHO-TCOPETHYHHUX
JIOCTIIXKCHB 3 JJAHOTO MMUTAHHS.
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OcnoBHa vactuHa. OTXe, NPOAHANI3YyeEMO, SKi EKCIIEPHUMEHTAIbHO-
TEOPETHYHI JOCIIKSHH [TPOBE/ICHI Ha IaHUH Yac 3a JaHOIO NPoOIeMaTHKOIO.

Ille ¢akTHYHO B CEpeOUHI MHUHYJIOrO CTOJITTS HIMENBKI JOCIiTHUKU
Kollmann F. [5], Kuffner M. [6] BcTaHOBHHM, 110 3i 30iMBIICHHSIM BOJOTOCTI
JICPEeBHHH OCHOBHI il MeXaHi4HiI BiacTUBOCTI moripurytorses (Big 10 1o 30%).
30kpema, Oyj0 BCTaHOBJEHO, IO 3a PO3TATY B3JOBXK BOJIOKOH THMYacoBa
MILHICTB JIepeBHHU 32 Bojorocti Bix 0 mo 10% 30inbmryerses, a Big 10 1o 30%
MOCTIHHO 3MeHmIyeThes (puc.5). 3a Bomorocti Outemoi 30% el MOKa3HHUK €
HE3MIHHHM.

a0
: el
E § 60 ’_AQF‘_\_E_\_’:?-:_-.#"F_._‘
S0 || 0]
=g | | | | | | | |
23 45 | | | | | | | |
o s S e mi) Il R R R
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0 et —— -t ——F————A
0 b 9 15 20 25 30
Bonozicme depebunu, %

Puc. 5. I'panryHa MIIHICTh ACPEBHHU HA PO3TAT B3J0BXK BOJIOKOH 3aJIC)KHO BiJ
BOJIOTOCTI [6]

3MiHa MOIYJA MPYKHOCTI HOCHTH MPUOIU3HO TOH K& XapaKTep TUIBKH 3
IHIIMMHU TU(PPOBUMH MOKA3HUKAMHU.

3rilHO HOPMATHBHUX JIOKYMEHTIB MEXaHIUHI XapaKTepHUCTHUKH MaTepiajiB
PO3paxoBYIOThCS Ta MPEACTABICHI JJsl 3pa3ka YHUCTOI JIEPEBUHU MepepizoM
20x20x30 MM npu craHaapTHiil Bomorocti 12% i Temmeparypi 20°C. Skmio
MaTepiall eKCIUIyaTyeTbcsd NPH IHIIH BOJOTOCTI 1 TeMmepaTrypi, TO BiH
NepepaxoBY€EThCs HA CTAHAAPTHY BOJIOTICTh 32 HACTYITHOIO 3AJIEKHICTIO

B; =B, - (1+a(W-12)) (1)

JIOBiTHHMKY Ta CTaHJAPTH HAIAIOTh KOe(illi€eHTH MepepaxyHKy Ui 3B 3Ky
MIXK MIITHICTIO (32 OCLOBOTO CTUCKY B3JIOB)K BOJIOKOH, 3THHAHHS, CKOJIIOBAHHS) 1
BOJIOTICTIO JIEPEBHHM, TAaKOX Y BUIJIAI Tpadika 3aleXHOCTI «TpaHUYHA
MIIHICTB-BOJIOTiCTB». 3a | B34TO TpaHWYHY MIIHICTh JEPEBUHU TIpU
cTaHgapTHii Bonorocti 12% (puc. 6).
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Puc.6. I'padik nmepepaxyHKOBUX KOe(DIIliEHTIB Il BOJOTOCTI Ha CTHCK
B3JIOBXK BOJIOKOH

I'omonom CB.CB. BCTaHOBJIEHO 3MiHY OCHOBHHX MEXaHIYHUX XapaKTEPHCTHK
32 OCHOBOT'O CTHCKY B3/IOBX BOJIOKOH JIMCTSIHUX Ta XBOHHMX ITOPiJ 32 BOJOTOCTI
Bix 12 no 30% Bike 3a JKOPCTKOTO PEXUMY BUIPOOYBaHb, TOOTO B JOKPUTHIHIN
Ta 3aKpUTUYHIH cTaaii poboTu marepiany [10-17]. BusiBneHo, 110 3a BOJIOrocTi
6inpuie 30% MexaHiuHI BIACTHBOCTI JIEPEBHHU IMPAKTHYHO HE 3MIHIOIOTHCSI.
ABTOPOM 3aIPOIIOHOBAHO METOJHMKH JIJIsl BU3HAYCHHS! KPUTUYHUX Ta TPAHUUHUX
nedopmariit 3a pi3HOi Bojiorocti; mo0yq0BaHO MOBHI JAiarpaMu nedopMyBaHHs
nepesunu (puc.7) [10-12, 16, 17]. ABTOpOM 3alpONOHOBAHO MOJEb PEANTBHOT
po6OTH JepeBHHH TIPH OChOBOMY CTHCHEHHI B370BX BOJOKOH (pumc.8) [10].
ABTOp BUIUIMB TNpPYXHY Ta IUIACTUYHY CKIAAoBI Jedopmarnii. [locimigHuk
3a3HauMB, IO 31 30iMbIIeHHAM Bosorocti Bix 12 no 30% nmedopmiBHICTH
JIEPEBUHH 3POCTAE.

B mnopanemomy Hac Oyne wikaBUTH poOOTa JIEpEeBHHH 3a TPHUBAIOL
eKCITyaTalii y BOJZHOMY CEpeAoBHIIl (PIYKOBOMY Ta MOPCBKOMY) 3a
KOPOTKOYACHMX Ta IIOBTOPHMX HABaHTaX€Hb, BPAXOBYIOUH IIPHU IOMY
HEOOXiTHO 3MO/IENTIOBATH PiBEHb BOJH, XBHJII B MOpi, T€Uil0 B piUKax Ta iHII HE
MEHII 1[ikaBi (akTOpH BILTUBY. TOMY HEOOXiTHO TIPOBECTH EKCIIEPUMEHTAIBLHO-
TEOPETUYHI TOCIIHKCHHSI MEXaHIYHUX BJIACTHBOCTEH JIEPEBUHU Pi3HUX TOPIT 3a
Pi3HUX BHIIIB HAaBaHTA)XKCHHS Ta 32 BHIIE HABEIEHUX EKCILTyaTallifHUX BILIMBIB
Ta (akTopis.

Takux HOCHiKEHB € Ay>Ke MaJIO B CBITOBIM IPAKTHIII.
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Puc.7. JlificHi (moBHi) aiarpamu 1eopMyBaHHS CYIIbHOT AEPEBUHH XBOHHUX
nopiz Bikom 60 pokis 3a Bomorocti 30% [10-12, 16]
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Puc.8. Moaens niticHoi poOOTH IEpEBUHHI OCHOBHM CTUCKOM B3JIOBXK BOJIOKOH
3a pizHoi Bosorocti [10]

BucHoBknu
1. ITIpoBeneHo aHami3 poOOTH AEPEBUHM 32 Pi3HOI BOJIOTOCTI.
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2. BcraHoBneHo, mo (akTHYHO BIICYTHI €KCIHEPUMEHTAILHO-TEOPETUYHI
JOCITI/DKEHHSI MEXaHIYHUX BIIACTHBOCTEH EPEBHHU 3a TPUBAJIOI eKCILTyaTalii y
BOJITHOMY CEpeZoBHI (PIYKOBOMY Ta MOPCEKOMY).

3. HaBezieHo 00’ €M MmoJaibIIux JIOCHTiKEHb.

References

1. Landis E.N., Vasic, S., Davids W.G., Parrod, P. (2002). Coupled experiments and
simulations of microstructural damage in wood. Experimental Mechanics 42, Pp. 389—
394,

2. Zakic B.D. (1974). Inelastic bending of wood beams. Journal of the Structural
Division 99(10), Pp. 2079-2092.

3. Patton-Mallory M., Cramer S. (1987). Fracture mechanics: a tool for predicting
wood component strength. Forest Products Journal 37 (7/8), Pp. 39-47.

4. Green D.W., Kretschmann D.E. (1992). Properties and grading of Southern Pine
Woods. Forest Products Journal 47 (9), Pp. 78-85.

5. Kollmann F. Technologie des Holzes und der Holzwerkstoffe. Bd. I. Berlin, 1951.
1050 s.

6. Kuffner M. Elastizitatsmodul und Zugfestigreit von Holz  Verschiedenen
Rohdichte in Abhangigkeit von Feuchtigkeitgehalt. Holz alz Roch und Werkstoff, 1978,
11, Pp. 435-440.

7. Thygesen L.G., Tang Engelund E., Hofmeyer P. (2010). Water sorption in wood
and modifed wood at high values of relative humidity. Part I: Results for untreated,
acetylated, and furfurylated Norway spruce. Holzforsch 64, Pp. 315-323.

8. Madsen B. (1982). Recommended moisture adjustment factor for lumber stresses.
Civil Engineering 9(4), Pp. 602-610.

9. Vasic S., Stanzl-Tschegg S. (2007). Experimental and numerical investigation of
wood fracture mechanisms at different humidity levels. Holzforschung 61, Pp. 367-374.

10. Homon Sv.Sv, Yasniy P.V., Homon P.S., Yasniy V.P. Klasychna model’ diysnoyi
roboty sutsil'noyi ta modyfikovanoyi derevyny os‘ovym styskom vzdovzh volokon:
monohrafiya. Ternopil: TNTU, 2023. 316 s.

11. Yasniy P.V., Homon S.S. Doslidzhennya sichnykh moduliv lystyanykh ta
khvoynykh porid derevyny z riznym pokaznykom volohosti. Visnyk Vinnyts'koho
politekhnichnoho instytutu. Vinnytsya: VNTU, 2020. Vyp. 4 (151). S. 125-130.

12. Yasniy P.V., Homon S.S. Eksperymental'ni doslidzhennya sutsil'noyi derevyny
konstruktsiynykh rozmiriv z vrakhuvannyam faktora volohosti. Suchasni tekhnolohiyi,
materialy i konstruktsiyi v budivnytstvi. Vinnytsya: VNTU, 2020. Tom 28. Nel. S. 41-48.

13. Homon Sv.Sv., Matviyuk O.V., Dovbenko T.O., Savchuk S.M., Vereshko O.V.,
Kulakovs’kyy L.YA. Doslidzhennya mitsnisnykh pokaznykiv derevyny pid vplyvom
ahresyvnoho seredovyshcha. Resursoekonomni materialy, konstruktsiyi, budivli ta
sporudy. Rivne: NUVHP, 2021. Vyp. 40. S. 10-17.

124



CyuyacHi mexHosnoeii ma memodu po3paxyHkis y bydieHuumei. [lyupk, JIHTY. 2023, Bunyck 20
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2023, Volume 20

14. Homon Sv.Sv., Homon Sv.St., Matviyuk O.V., Vereshko O.V., Chornomaz
N.YU. Zastosuvannya derevyny v umovakh ahresyvnykh seredovyshch. Suchasni
tekhnolohiyi ta metody rozrakhunkiv u budivnytstvi. Luts’k: LNTU, 2022. Vyp.17. S. 15—
22.

15. Homon Sv.Sv., Matviyuk O.V., Savchuk S.M., Vereshko O.V., Kulakovs'kyy
L.YA. Vplyv ahresyvnoho seredovyshcha na mitsnisni ta deformivni pokaznyky
sutsilmoyi derevyny khvoynykh porid. Visnyk Natsional'noho universytetu vodnoho
hospodarstva ta pryrodokorystuvannya. Seriya «Tekhnichni nauky». Rivne: NUVHP,
2021. Vypusk 2(94). S. 69-80.

16. Homon S., Litnitsky S., Gomon P., Kulakovskyi L., Kutsyna I. (2023). Methods
for determining the critical deformations of wood with various moisture
content. Scientific Horizons, 26(1), 73-86.

17. Janiak T., Homon S., Karavan V., Gomon P., Gomon S.S., Kulakovskyi L.,
Famulyak Y. (2023). Mechanical properties of solid deciduous species wood at different
moisture content. AIP Conference Proceedings 2949, article number 020009.

Jlitepatypa

1. Landis E.N., Vasic, S., Davids W.G., Parrod, P. (2002). Coupled experiments and
simulations of microstructural damage in wood. Experimental Mechanics 42, Pp. 389—
394.

2. Zakic B.D. (1974). Inelastic bending of wood beams. Journal of the Structural
Division 99(10), Pp. 2079-2092.

3. Patton-Mallory M., Cramer S. (1987). Fracture mechanics: a tool for predicting
wood component strength. Forest Products Journal 37 (7/8), Pp. 39-47.

4. Green D.W., Kretschmann D.E. (1992). Properties and grading of Southern Pine
Woods. Forest Products Journal 47 (9), Pp. 78-85.

5. Kollmann F. Technologie des Holzes und der Holzwerkstoffe. Bd. I. Berlin, 1951.
1050 s.

6. Kuffner M. Elastizitatsmodul und Zugfestigreit von Holz  Verschiedenen
Rohdichte in Abhangigkeit von Feuchtigkeitgehalt. Holz alz Roch und Werkstoff, 1978,
11, Pp. 435-440.

7. Thygesen L.G., Tang Engelund E., Hofmeyer P. (2010). Water sorption in wood
and modifed wood at high values of relative humidity. Part I: Results for untreated,
acetylated, and furfurylated Norway spruce. Holzforsch 64, Pp. 315-323.

8. Madsen B. (1982). Recommended moisture adjustment factor for lumber stresses.
Civil Engineering 9(4), Pp. 602-610.

9. Vasic S., Stanzl-Tschegg S. (2007). Experimental and numerical investigation of
wood fracture mechanisms at different humidity levels. Holzforschung 61, Pp. 367-374.

10. Tomon Cs.Cs, ScHiii I1.B., T'omon I1.C., Sdcwiii B.I1. Knacuuna monenp AificHOT
pobotu cyuinbHOi Ta MoAu(iKOBaHOI IEPEBUHH OCHOBHUM CTHCKOM B3IOBXK BOJIOKOH:
moHorpadis. Tepronins: THTVY, 2023. 316 c.

125



CyuyacHi mexHosnoeii ma memodu po3paxyHkis y bydieHuumei. [lyupk, JIHTY. 2023, Bunyck 20
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2023, Volume 20

11. Scwiit I1.B., Tomon C.C. JlociUkeHHST CIYHAX MOJYJIB JIUCTSHUX Ta XBOWHHX
MOPi IEPEBUHHU 3 PI3HUM MOKa3HUKOM BOJIOTOCTI. BicHux BinHuybko20 nonimexuiyHozo
incmumymy. Biganma: BHTY, 2020. Bum. 4 (151). C. 125-130.

12. Scniit I1.B., T'omon C.C. ExcriepuMeHTaIbHI AOCTIIKEHHS CYyUiTbHOI JepEBUHU
KOHCTPYKIIHHUX po3MipiB 3 BpaxyBaHHAM (akropa Bosorocti. Cyyacui mexuonocii,
Mmamepianu i konempykyii' 6 6ydisnuymei. Binanms: BHTY, 2020. Towm 28. Nel. C. 41—
48.

13. T'omon CB.CB., Martgitok O.B., [loB6enko T.O., CaBuyk C.M., Bepemko O.B.,
Kynakoscpkuit JI.SI. JlocmimkeHHS MIIHICHUX MOKa3HUKIB JEPEBHHHU MiJ BIUIMBOM
arpecUBHOTO CEepPEelOBHINA. PecypcoekoHOMHI mamepianu, KOHCMpYKyii, 6ydieni ma
cnopyou. Pisae: HYBITI, 2021. Bum. 40. C. 10-17.

14. T'omon CB.CB., 'omon CB.Ct., Matsirok O.B., Bepemko O.B., Yoproma3z H.1O.
3acTocyBaHHSl JIEPEBHHU B YMOBax arpecuBHHUX cepenoBuIl. Cyuyacui mexnonocii ma
Memoou pospaxynkie y 6yoienuymei. Jyupk: JIHTY, 2022. Bun.17. C. 15-22.

15. Tomon Cg.Cs., Martgitok O.B., CaBuyk C.M., Bepemko O.B., KynakoBcekuit
JI.51. BonuB arpecuBHOTO CepelOBUINA Ha MIITHICHI Ta JeOPMiBHI TOKAa3HUKH CYLITEHOL
ICpeBUHU XBOHMHHMX mopin. Bicmux  HayiomanvHoeo — yHigepcumemy — 800HO20
eocnooapcmea ma npupoookopucmysannsi. Cepis « Texuiuni naykuy. Pisae: HYBITI,
2021. Bumyck 2(94). C. 69-80.

16. Homon S., Litnitsky S., Gomon P., Kulakovskyi L., Kutsyna I. (2023). Methods
for determining the critical deformations of wood with various moisture
content. Scientific Horizons, 26(1), 73-86.

17. Janiak T., Homon S., Karavan V., Gomon P., Gomon S.S., Kulakovskyi L.,
Famulyak Y. (2023). Mechanical properties of solid deciduous species wood at different
moisture content. AIP Conference Proceedings 2949, article number 020009.

126



CyuyacHi mexHosnoeii ma memodu po3paxyHkis y bydieHuumei. [lyupk, JIHTY. 2023, Bunyck 20
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2023, Volume 20

YK 625.855.3 https://doi.org/10.36910/6775-2410-6208-2023-10(20)-14

INVESTIGATION OF CHANGES IN HIGH TEMPERATURE
PERFORMANCE OF ASPHALT CONCRETE UNDER ULTRAVIOLET
RADIATION

JOCIIIKEHHSA 3MIH BUCOKOTEMIIEPATYPHUX
XAPAKTEPUCTHUK ACOAJBTOBETOHY I AI€IO
YJIbBTPA®IOJETOBOI'O BUITPOMIHIOBAHHSA

Serdyuk V.R., Doctor of Technical Sciences, Prof., Kots I.V., Ph.D. in
Engineering, Prof. (Vinnytsia National Technical University, Vinnytsia)

Cepaox B.P., n.t.H., npo¢., Kou L.B., k.T.H., npo¢. (BinHnubkuii
HAlliOHAJILHUH TexXHIYHMii yHiBepcuTeT, BiHHuA)

In recent years, asphalt concrete pavement in being a large number of
applications, and gradually appeared a number of pavement damage problems,
especially in the strong ultraviolet and high temperature environment of asphalt
concrete pavement, because of long-term exposure to ultraviolet radiation, resulting in
high-temperature durability of the pavement deteriorated year by year. In this paper,
the number of UV aging cycles, aging temperature and UV radiation intensity on the
rutting depth and dynamic stability are investigated through high temperature rutting
test. The test results show that: for asphalt concrete, the number of UV aging cycles
has a more pronounced effect on dynamic stability and rut depth compared to aging
temperature and UV radiation intensity.

3 nocmitinum poseumxom mpauncnopmuoi ingpacmpykxmypu ma 30inbuieHHAM
nonumy Ha nepeeesenms, achairbmobemon OmpuMAas WUPOKe 3ACMOCYBAHHA 5K
ocHosnuil dopoxcniii mamepian. Hozo excnayamayiiini xapaxmepucmuxiu 6 ymoeax
BUCOKUX MeMNepamyp Maroms 3HAYHUU 6NAU8 HA 006208iunicmb i Oe3neky Oopiz. V
bazambox — pecioHax —cnekomma ho2oda ma  inmeHcugHe  yabmpaghionemoge
S8UNPOMIHIOBAHHA € NOWUPEHUMU KAIMAMUYHUMU XAPAKMEPUCIUKAMU, AKI BNAUEAIOMb
Ha  0o06eogiunicmb  acgarbmobemony. B ymoeax  eucokux — memnepamyp
acanbmobemonne NOKpumms CXulvHe 00 NOA8U Mpiwun, Oegopmayii ma
PYUHysanus, wo 6e3nocepedHbo GNIUBAE HA O06208IUHICHL OOPOICHLOLO NOKPUMMS
ma 6e3nexy 0opoHCHLO20 PYX).

3 Mmemolo eusuenns 6naugy  Yibmpagionemogozo  BUNPOMIHIOBAHHA — HA
BUCOKOMEMNEPAMYPHI 6IACMUBOCMI ACPHaTbMOOEMONY, 3a OONOMO2010 NPOBEOeHHs
8UCOKOMeEMNEPAMYPHO20 BUNPOOYEAHHA HA YMEOPEHHA KONii, 0y10 6CMAHOBNIEHO
3aNeNHCHOCMI  MidIC  KITbKICMIO — YUKLIG  YIbmpaghionemosozo  eUmpUMYSaHHs,
memnepamypoio  GUMPUMYBAHHA — mMa  IHMEHCUSHICMIO  YAbmpagionemosozo
BUNPOMIHIOBAHHA HA 2IubOUHYy Koaii ma OuHAMIYHY CMIUKICMb 3a  O0O0NOMO20H
npoeedeHHsl BUCOKOMEMNePAmMypHO20 8UNPOOYBANHS HA YMEOPEHHS KOi.

Pesynomamu eunpobysans noxkasyioms, wo 3a ymMo8u nOCmilinoi inmenHcueHocmi
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Y®-sunpominiosanns i memnepamypu sunpo6ysarv, npu 30iMbUeHHI KITbKOCMI YUKTIG
YIbmMPa@ionemoso2o  BUNPOMIHIOBAHHS — 2IuOUHa KONl HA  NOGEPXHI  3pa3Kad
acanbmobemony 30LnbULYEMbCS 31 30i1bUEHHAM KinbKOCmI YuKie
VAbmMPaA@ionemoso2o  GUNPOMIHIOBAHHS,  HAMOMICMb  OUHAMIYHA  CMIUKICMb -
smeHuyemoca. Pesynomamu excnepumenmis niomeepodxicyioms, wjo npu nocmynogomy
30invuenHi inmencusHocmi Y D-6unpominioganua 1020 6nau6 Ha IUOUHy Koalii Ha
nosepxui  acgarbmobemonno2o  3paska nocmynogo  smenwiyemocsa s
acanvmobemony Kinokicme yukiie Y D-eumpumysantns mae Oinvul 8UPANCEHUU 6NIUSE
HA OUHAMIYHY CMIUKICMb | eMUOUHY KONl NOPIGHAHO I3 3MIHOWO MeMnepamypu npu
6unpobyeanHi ma iHmeHcusHicmio Y @-eunpominG8anHs..

Key words: asphalt concrete, high temperature performance, ultraviolet radiation,
dynamic stability, temperature.

Kniovosi cnosa: acghanbmobemon, eucokomemnepamypHi - Xapakmepucmuxu,
yavmpaghionemoge GUNPOMIHIO8AHHSA, OUHAMIYHA CIMIUKICMb, 3MIHA MeMNepamypu.

Introduction. With the intensification of climate change and the increase
in transportation demand, asphalt concrete, as one of the main pavement
materials in road construction, is subjected to increasingly severe environmental
tests[1][2]. In the process of road service, asphalt concrete experiences the
influence of various natural climatic conditions, among which high temperature
environment is a factor of great concern. Under high-temperature weather,
asphalt concrete pavement is prone to face problems such as cracking,
deformation and damage, which directly affects the service life of the road and
traffic safety[3][4].

Ultraviolet (UV) radiation is an important influence in high-temperature
environments, and its energy intensity and frequency make it a major factor in
the high-temperature performance of asphalt concrete[5][6]. Prolonged exposure
to UV light may cause aging and photo-oxidation of asphalt in asphalt concrete,
which may lead to the degradation of pavement performance[7][8]. However,
in-depth studies on the changes in the high-temperature properties of asphalt
concrete under UV radiation have been relatively limited to date.

Raw materials and gradation. The experiment was conducted with SBSI-
C modified asphalt, and the relevant technical specifications are shown in
Table 1.

Table 1
SBS modified asphalt specifications and requirements
Index Test Result Requirement
Penetration (25 °C, 100 g.5s)/0.1 mm 66 60~80
Extensibility (5 °C)/cm 47 >30
Softening Point/°C 78 >55
Density (15 °C)/(g-cm®) 1.027 —
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SMA-13 asphalt concrete was utilized for the experiment, and the
gradation is shown in Table 2.

Test methods. In this paper, ultraviolet radiation intensity, ultraviolet
radiation cycle times and temperature of the three factors to analyze the impact
of ultraviolet radiation on the high temperature performance of asphalt concrete.
Respectively selected 0, 100 W/m?, 200 W/m?, 300 W/m? of these ultraviolet
radiation intensities; ultraviolet radiation cycle times in order to simulate the
actual road surface as far as possible and selected the radiation time of 12 ~ 13h,
non-radiation time of 11 ~ 12h; at the same time, the temperature selection of 15
~40 °C and 25 ~ 50 °C of the alternating transformation.

Table 2

Gradation of SMA-13 asphalt concrete

SMA-13 Lower | Ppper | Graduate Synthetic
limit limit median gradation
16 100 100 100 100
13.2 0 100 95 96.4
9.5 50 75 62.5 60.7
4.75 20 34 27 27.3
Percentage of mass
passing through the 2.36 15 26 20.5 214
following sieve pores 118 14 24 19 17.9
(mm), %
0.6 12 20 16 15.8
0.3 10 16 13 13.7
0.15 9 15 12 111
0.075 8 12 10 10.6

The indoor ultraviolet light accelerated aging test chamber: the test
chamber includes temperature automatic regulator, the timer, and has a double
wall. The light source of the accelerated UV aging test system takes 1000W
straight tube high-pressure mercury lamp, the control temperature of the high-
pressure mercury lamp is 40-60 °C, the main peak of the UV energy spectrum is
365 nm, and the acquisition of different UV radiation intensities is realized by
adjusting the position of the transformation conversion layer.
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The prepared specimens are firstly placed in 40°C or 50°C UV accelerated
aging tester, and kept under the specified radiation intensity for 12 ~ 13h, then
the specimens are removed and placed in 15°C or 20°C environment for 11 ~
12h, and this process is treated as a complete UV aging cycle, and then 5, 10, 15
and 25 UV aging cycles will be carried out next.

Referring to the specification requirements, the high temperature
performance of SMA-13 asphalt concrete was evaluated by the rut depth and
dynamic stability in the rut test.

Analysis of test results. According to the above test method, different test
conditions are adopted for asphalt concrete to carry out the test of UV aging
cycle. Among them, the same temperature were taken 4 kinds of UV radiation
intensity and 4 kinds of cycle times, a total of 16 groups of tests, in which each
group of tests need to carry out 6 parallel tests, and the average value of these 6
tests as the results of the group. Meanwhile, a group of specimens not treated
with the UV aging cycle was taken as a control group with the rut depth of
1.596 mm and the dynamic stability of 4841 cycles/s/mm. The changes of rutting
depth of asphalt concrete under different UV aging cycle conditions are shown
in Figure 1.

Along with the increase of the number of UV aging cycles, the rut depth of
asphalt concrete gradually increased. In the case of UV radiation intensity of
200 W/m?, the rut depth of asphalt concrete increased by 31.1%, 41.8%, 53.3%,
and 65.3% when the temperature is 15 ~ 40°C, after 5, 10, 15, and 25 UV aging
cycles, respectively. While the rut depth increased by 36.8%, 51.4%, 61.4%, and
75.6% when the temperature is 25 ~ 50°C. The data show that when the number
of UV aging cycles increases, other conditions remain unchanged, the rut depth
of asphalt concrete is also gradually increasing, and the increasing trend is more
and more obvious, indicating that the high temperature resistance to deformation
of asphalt concrete is the worse.

When the intensity of UV radiation increases, the rut depth of asphalt
concrete also increases gradually. Take the case of 10 times of UV aging cycle
as an example, when the temperature is 15 ~ 40 °C, the UV radiation intensity
of 0, 100 W/m2, 200 W/m? and 300 W/m? conditions, after 10 times of UV
aging cycle, the rut depth of the asphalt concrete is respectively increased by
14.5%, 33.2%, 41.8%, 49.0%. The rutting depth of asphalt concrete increased
by 20.1%, 37.9%, 50.3%, and 61.3% when the temperature was 25 ~ 50°C. The
rutting depth of asphalt concrete increased by 20.1%, 37.9%, 50.3%, and 61.3%,

respectively. This set of data can show that the rutting depth of asphalt concrete
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is significantly increased with the intensity of UV radiation, and its high
temperature deformation resistance is getting worse and worse, of which, when
the temperature interval is 25 ~ 50 °C, the rut depth of the increasing trend is
more obvious.
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Fig. 1 Variation of rut depth of asphalt concrete under different ultraviolet aging
cycle conditions

And from the selection of different test temperatures, it can be seen that the
rut depth increased by 15% - 20% when the UV radiation intensity was from 0
to 100 W/m2, about 10% when the UV radiation intensity was from 100 W/m?
to 200 W/m?, and about 8% when the UV radiation intensity was from 200
W/m? to 300 W/m?. These experimental results show that when the intensity of
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UV radiation increases gradually, its effect on the rut depth of asphalt concrete
is gradually reduced. These experimental results show that when the intensity of
UV radiation increases gradually, its effect on the rutting depth of asphalt
concrete is gradually reduced. The reason for this phenomenon is mainly in the
same number of UV aging cycles, asphalt concrete is only affected by the
temperature; and when there is the intensity of UV radiation, the mixture is
subjected to temperature and UV light, UV radiation makes the asphalt in the
mixture aging, resulting in a reduction in the aggregate cohesion in the mixture,
which in turn causes the rut depth of the asphalt concrete to occur more
significantly.

The variations of dynamic stability of asphalt concrete under different UV
aging cycle conditions are shown in Fig. 2.
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Fig. 2 Variation of dynamic stability of asphalt concrete under different
ultraviolet aging cycle conditions
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The dynamic stability of asphalt concrete decreased by 29.2%, 34.1%,
42.1%, and 52.1% after 5, 10, 15, and 25 UV aging cycle tests at temperature of
15 ~ 40°C with 300 W/m? UV radiation intensity, respectively. The dynamic
stability of asphalt concrete decreased by 37.4%, 45.0%, 51.4%, and 59.3%,
respectively, when the temperature was 25 ~ 50°C and the same UV radiation
intensity was maintained. This indicates that the dynamic stability of asphalt
gradually decreases with the increase of the number of UV aging cycles, while
its attenuation shows an increasing trend, and the high temperature performance
of the mixture is a little worse when the temperature is 25 ~ 50°C.

When the temperature interval was 15 ~ 40°C, the dynamic stability of
asphalt concrete decreased by 22.6%, 30.5%, 36.7%, and 42.1% after 15 UV
aging cycles when the UV radiation intensities were 0, 100 W/m?, 200 W/m?,
and 300 W/m?, respectively, while when the temperature interval was 25 ~
50°C, the dynamic stability of asphalt concrete decreased by 26.3%, 34.2%,
40.4%, and 51.6%, respectively. The data show that the dynamic stability of
asphalt concrete is related to the intensity of UV radiation, and the dynamic
stability tends to decrease with the gradual increase of radiation intensity.

Conclusion. In this paper, the rutting test was used to study and analyze
the effect of UV radiation aging on the high-temperature performance of asphalt
concrete, and systematically analyzed the changes in dynamic stability and rut
depth of asphalt concrete with the changes in the intensity of UV aging
radiation, the temperature of the UV aging cycle, and the number of cycles, and
the following conclusions were drawn:

1. Under the condition of keeping the intensity of UV radiation and the
cycle temperature unchanged, and increasing the number of cycles of UV aging,
the rut depth of asphalt concrete increases with the increase in the number of
cycles of UV aging, while the dynamic stability is a consequent decrease.

2.Experimental results show that when the intensity of UV radiation
increases gradually, its effect on the rutting depth of asphalt concrete is
gradually reduced.

3. The dynamic stability of asphalt concrete is related to the intensity of
UV radiation, and the dynamic stability tends to decrease with the gradual
increase of radiation intensity.

4. For asphalt concrete, the number of UV aging cycles has a more
pronounced effect on dynamic stability and rut depth compared to aging
temperature and UV radiation intensity.
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JOCJIIIKEHHS BIIVIMBY TOBABOK KATIOHHOI'O JIATEKCY
BUTONAL NS 198 1 BA3AJIbTOBOI ®I5PH HA MOPO3OCTIHMKICTh
MATEPIAJY 31 IIEBEHEBO-NIIIAHAUX CYMIIIEM 13
SAJIIBUCTUX KBAPHUTIB, YKPIIIVIEHUX HEMEHTOM

STUDY OF THE EFFECT OF ADDITIVES OF CATIONIC LATEX
BUTONAL NS 198 AND BASALT FIBER ON THE FROST
RESISTANCE OF CRUSHED STONE AND SAND MIXTURES OF
IRON TAILINGS REINFORCED WITH CEMENT

Cynb L3snb, acmipant, Kpanwk B.K., a.1.H., npod. (XapkiBcbkmii
HalliOHAJLHMI1 aBTOMOOITbHO-10POsKHII YHiIBepcuTeT, M. XapKiB)

Jian Sun, PhD student, Zhdaniuk V.K., Doctor of Engineering,
Professor, (Kharkiv National Automobile and Highway University,
Kharkiv)

Hocnioxceno enmus 0obasok kamionnozo aamexcy Butonal NS 198 i 6azarsmosor
@ibpu na nokaznuxu miynocmi i mopozocmiiikocmi mamepiany 3 webeneo-niuanoi
cymiwi CI 40 i3 3anizucmux xeapyumie, ykpinienux yemenmom. Excnepumenmanvho
6CMAHOBIEHO 3POCMAHHS 3HAYEHb Koepiyichma 3anuuKo8ol MiyHOCmi mamepiany 3
webeneso-niwanoi cymiui Mooupixosanoi 00HoyacHo iobpor ma 1amexcom.

One of the directions that contributes to increasing the durability of road
construction materials in road surface layers of highways is to increase their frost
resistance. During freezing of a material made of crushed stone-sand-cement mixtures,
saturated with water, its destruction occurs due to the anomaly of water known from
physics. Research has established that in order to obtain a cement-containing material
with high frost resistance, it must be prepared with the minimum necessary amount of
water, compacted to the maximum density, harden under favorable conditions and
contain the optimal volume of pores. Today, the influence of various factors on the frost
resistance of materials made of gravel-sand mixtures reinforced with cement remains
insufficiently studied, compared to such road construction materials as cement and
asphalt concrete. In addition, the impact of the genesis of stone material in crushed
stone-sand mixtures reinforced with cement on the resistance of the material in the road
wear layer to cyclic freezing and thawing remains insufficiently studied. The purpose of
this work is to study the effect of Butonal NS 198 cationic latex additives and basalt fiber
on the strength and frost resistance indicators of crushed stone-sand mixtures made of
ferruginous quartzite reinforced with cement.

According to the results of the research, it was established that the material made
of crushed stone-sand mixtures of SSh 40 made of ferruginous quartzite with 4% cement
shows a tendency towards a moderate increase in the values of the compressive strength
limit and the ultimate splitting strength along the original in case of adding 0.5% basalt
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fiber to its composition , as an individual modifying additive. In the case of simultaneous
addition of 0.5% basalt fiber and different amounts of cationic latex, a similar pattern is
observed. This indicates that the compressive strength and splitting strength indicators
are not sufficiently sensitive as criteria for evaluating the effectiveness of the investigated
fiber and latex additives at the concentrations adopted in the work. The results of the
study of the frost resistance of the material made of crushed stone-sand mixtures
reinforced with cement without fiber and latex additives show that the value of its
compressive strength limit is 3.2 MPa, and after 10 freeze-thaw cycles it decreased to 1.9
MPa, which is 41% and is essential. This indicates insufficient frost resistance of the
material from the crushed stone-sand mixture reinforced with 4% cement. In the case of
adding basalt fiber and cationic latex to the composition of the material from crushed
stone-sand mixtures reinforced with cement, the values of the residual strength
coefficients after 10 freeze-thaw cycles increase significantly. This testifies to the positive
effect of fiber and latex additives on increasing the resistance of the material structure to
cyclic freezing and thawing, that is, on increasing the frost resistance of the complexly
modified material.

Kmiouoei cnosa: Kamionnuii namexc, 6azanemosa @ibpa, ujebereso-niujana
cymiwt, 3ani3UCmuil Keapyum, yemenm, MiyHicmo, MOPO30CMIUKICIb

Keywords: Cationic latex, basalt fibers, crushed stone and sand mixture, iron
tailings, cement, strength, frost resistance

Beryn

JlocBin BUKOPUCTaHHSA B JOPOXXHBOMY OYIIBHHUIITBI IeOCHEBO-IIIAHUX
cymimer (II1C) ykpiruileHUX OEMEHTOM CBIYHTH PO MiJABHIICHY MIIHICTH 1
JIOBrOBIYHICTh BJIALITOBAHMX IIAPIB JOPOXKHIX OJSriB aBTOMOOUIBHHMX JOPIT,
MOPIBHSIHO 3 IIapamMu MOOYJAOBaHMMH 3 HE YKPIIUICHHX I[[EMCHTOM IIeOCHEBO-
MIIaHuX cyMmimeid. bigbima MOBroBiYHICTE TakMX MaTepialiB B IIapax
JOPOXKHBOTO  OJSTy 3a KPHUTEPiEM MIIHOCTI 3a0e3Me4yeThes  IXHBOIO
KPHUCTANI3aIiTHOIO CTPYKTYPOIO.

OnHUM i3 HaNpsIMKIB, IO CIIpUsiE 30UIBIIEHHIO JJOBIOBIYHOCTI JIOPOXKHBO-
OyniBeJIbHUX MaTepiajiiB B IIapax JOPOXKHHOTO OJSATY aBTOMOOUIBHHX JODIr, €
MiBUINEHHS I1XHBOI Mopo3zocrtiiikocti. [Ipu 3amMopoxxyBaHHI MaTepialy 3
meOCHEeBO-MIMIAHO-IIEMCHTHUX ~ CyMIIlIe, = HACHYCHOTO  BOJOK,  HOrO
pyWHYBaHHS BiIOyBa€ThCsl BHACIIIOK BimoMoi 3 ¢i3uku aHomaiii Boxu. Bona,
[0 3HAXOIUTHCSA B IOpax Marepiaixy, 3amMep3a€ B HHX 1, PO3IIUPIOIOYHUCH,
BUKJIMKA€E IOSBY HAJIMIIKOBOTO BHYTPIIIHBOIO THCK Ha CTIHKHA mmop. TwHCK
MOXE CTBOPIOBATH TPaHWYHI PO3TATYIOYi HANpYKEHHS B CTiHKax Tip i
MPU3BOJANTHA JIO ICTOTHUX 3MiH CTPYKTYpH VKPIIUICHUX MiHEpIbHUMHU
BDKYYMMH KaM'SHHX MaTepiajiiB, IO ITO3HAYAE€ThCS Ha 3HWKCHHI iXHIX
MIIIHICHUX ~BJacTUBOCTe#. JlocmipkeHHAMH BcTaHOBieHO [1], 1Mo s
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OTpPUMaHHS [IEMEHTOBMILIYIOUOr0 MaTepially BUCOKOI MOPO30CTIHKOCTI BiH Mae
OyTH NPUTOTOBJICHUH 3 MIHIMaJIbHO HEOOXiTHOK KUTBKICTIO BOJH, YIIITbHCHHUN
J0 MakCHUMaJbHOI TYCTHHH, TBEPAHYTH y CHPHUATIMBUX YMOBaxX Ta MICTHTH
ontUManbHUKH 00'eM mop. Ha chorogHi BIJIMB pI3HMX YMHHHKIB Ha
MOpPO3OCTIHKICTh MarepianiB 3 LIe0CHEBO-MIIIAHUX CyMIMIeH, YKpIIIeHHX
LEMEHTOM, 3aJIMIIAEThC HENOCTATHBO NOCIHIDKCHUM, IMOPIBHAHO 3 TaKHMH
JOPOXHBO-0YIIBETEHUME MaTepianaMu K [IEMEHTHHH Ta acaabTOBUIl OETOHM.
OxpiM TOro, HEZOCTATHBO JMAOCTI[UKEHHM 3aJHIIAETHCA BIUIMB T'CHE3UCY
KaM’STHOTO MaTepiaiy B IIeOCHEBO-IIIIAHNK CYMilllaX, YKPIIUICHUX IIEMEHTOM,
Ha  CTIMKICTP Marepiady B IIapi IOPOKHBOTO OIATY OO0 UUKIIYHOTO
3aMOpOKyBaHHsA-BinTaBaHHs. L[ o6craBuHa yckianuioe Bubip IIIIC 3 Tiel un
iHIIOI TIpChKOT HOPOAM JUIS YKPIIUIEHHS LEMEHTOM B PI3HHX KJIIMaTHYHHUX
yMOBaX CKCIUTyaTallil JOpoxHix oxasriB. Ha choromHi HeAOCTaTHS BHBUYCHICTH
BJIACTHUBOCTEH MarepiamiB 3 ykpimieHux mementom IIIC i3 3amisuctux
KBapIMTiB, TOPIBHAHO 3 rpaHiTHUMHU [2,3], cTpuMye OimbII MIMPOKE IXHE
3aCTOCYBAaHHS B IOPOKHHOMY OYIiBHHIITBI.

Metoro maHoi POOOTH € MJOCHIIPKEHHS BIUTUBY JOOABOK KaTiOHHOTO
narekcy Butonal NS 198 i 6asanbToBOi (ibpy HA MOKA3HUKH MIIHOCTI i
MOpPO30CTIKOCTI 1IeOCHEBO-MIII[AHUX CYyMilllell 13 3ali3UCTUX KBapIUTIB,
YKPIIJICHHX [IEMEHTOM.

Marepiaau Ta MeToAN BUNIPOOYBAHb
Marepianu

Jst mocmimkenp Oyia MpUiHATA MeOSHEeBO-TIaHa CyMIl i3 3alli3UCTUX
kBapuutiB CII 40 3 MakcuManbHUM po3MipoM 3epeH mebenro 40 MM, ska 3a
BIIACTUBOCTSAMHM BiAmoBigana Bumoram [4]. ['paHynoMeTpuyHUil  CKian
MPUAHATOL JUI JOCTIKCHb MeOCHEeBO-TIINAHOI CyMillli HaBeJIEHUH Ha puc. 1.
Sk MiHepanbHUI B'SOKyYMi Martepian B IpoLEci J10CiDKeHb BUKOPHCTOBYBAIN
cuitikaTHU# 1ieMeHT Mapku M400 BupoOHHnTBa CiHBI3SIHCHKOTO LEMEHTHOTO
3aBoay QIiNgsong, TexHi4HI XapaKTePUCTUKH SKOr0 HaBeJAeHO B Tabmuui 1. Sk
Mo u(dikyrouy 100aBKy 10 IeOeHEeBO-IIIAHOT CyMillli, YKPIMJIeHOi IEeMEHTOM,
BUKOPHMCTOBYBaJIM BOJHHWI KaTioHHW# jatekc cepii Butonal NS 198
BupoOHuirTBa kommanii BASF (HiMe4yunHa), TEXHIYHI XapaKTCPUCTUKH SIKOTO
HaBeneHI B Tabmumi 2. basambToBY (iOpy IOBXHHOIO BOJOKOH 18 MM
BupobHuITBa Kommanii Zhejiang Haining Anjie Composites Company
BHKOPUCTOBYBaJM SK apMylody J00aBKy 10 IieOeHeBO-Timanoi cymimni 3
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LIEMEHTOM Ta KaTiOHHUM JIaTeKCOM. TeXHIUHI XapaKTepHCTHKH 0a3ajbTOBOT
¢i0pu HaBeneHi B Tabuumi 3.

Di3uK0-MeXaHI4HI BJIACTUBOCTI IIEMCHTY

Tabiuns 1

Brnacru- Yac cxorutoBaHHS (XB.) MinHicTs 3a MiunicTts 3a
BOCTI crucky (MIla) Buruny (MIla)
Yac Yac 3aui 28nuiB | 3aui 281HiB
MIOYAaTKOBOT'O | OCTAaTOYHOT'O
CXOILTIOBaH- | CXOIUTIOBaHHS
Hsl
Buwmipsine 176 213 26.3 49.3 4.3 6.9
3HaYCHHS
Tabmuus 2
BiiacTHBOCTI KaTIOHHOTO JIATEKCY
HasBa | 3oBHiuIHIA Bwmicr PH | B's3kictp | [Iutoma | Temnepatypa
JIATEKCY BUIJISIL TBEpAOI (mlIla-c) Bara CKIIyBaHHs
PpEYOBHHU (r/em®) Tg(DSC)
(%) O
Butonal Bonna 64 53 300 0.96 -53
NS 198 | mmcmepcis
6imoro
KOJIBOPY
Tabmums 3
BiractuBocti 6a3anbpToBOI (ibpH
imericts | Hiametp | Mimnict | Moayns | ITomosxken Crifikuii 1o nyTiB,
(r/em®) BOJIOKHA( b Ha TPY>HOC HS [IPH piBeHb 30epEKEHHS
pm) po3puB | Ti (Gpa) po3puBi MIITHOCT1 Ha PO3PHB
(MITa) (%) (%)
2.65 18+2 3500 100 3.8 92.3
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Puc. 1 I'panynomerpuunuii ckian mebdeneBo-mimanoi cyminn CIII-40
Meroau BUIIpOOYBaHb

Jis poBeleHHsS OCHIKeHbh BUTOTOBIBLUIN [IcOCHEBO-MIIMAHY CYMIMI i3
3aJI3MCTHX KBapUUTIB yKpituleHy 4% LEMEHTY 3a ONTHUMAJIbHOI BOJOTOCTI 3
Kol (opMyBanM IMIIHAPUYHI 3pa3Kd METOAOM CTaTHYHOTO YIIIJIbHEHHS
mpotsiroMm 3 xBuiauH 3a THCKy 160 kH. Takox ¢dopmyBanu 3pasku 3
BHUTOTOBJICHUX IIeOCHEBO-MIIMAHNX CyMile i3 3amizuctux kBapuutis 3 4 %
LEMEHTY 10 CKJIQJy SKHX JOAaBaIM PI3HY KUIBKICTh KaTIOHHOTO JIaTEKCy
Butonal NS 198 Bix macu Bomu i 0,05 % GasameToBOi (hibpu Big Macu
MiHepaJabHOI YacTHHM ISl BH3HA4Y€HHS e(EeKTHBHOCTI IXHBOTO BIUIMBY Ha
MOKa3HWKH  MIMHOCTI 1  Mopo3ocTiikocti. TBepminHsS  BimdopMoBaHHX
OITIHAPUIHUX 3pa3kiB po3mipom 100 x 100 MM BimOyBanocs mpotsrom 28 miod
y CTaHAapTHUX yMoBax 3a Temneparypu 20 + 2°C i Bonorocti 95 %. Ilicnsa
3aBepLICHHs TEPMiHYy TBEpAIHHS 3pa3KH 3aHypIOBaJIM y Boay Ha 48 romus. s
JOCIIJDKEHHST MOPO30CTIMKOCTI BOJMOHACHYCHI 3pa3Kd MiANABAId [UKIAM
3aMOpOXKyBaHHS-BiATaBaHHS. Y KOXXHOMY IMKJI 3aMOpOXKyBaHHS-BiJTaBaHHS
Yyac 3aMOpPO’KYBaHHS y MOPO3MWJIbHIN KaMepi 3a Temneparypu -20 °C craHOBUB
20 rox, a yac BigTaBaHHA y Boai 3a Ttemmeparypu +20 °C - 4 rog.
MOopOo30CTifiKiCTh 3pa3KkiB 3 IMeOCHEBO-MIMIAHNX CYMIIed 13 3aTi3uCTUX
KBapIUTIB, YKPIIJICHUX IIEMEHTOM, 3 J00aBKaMHU KaTiOHHOTO JjlaTekcy Butonal
NS 198 i1 6a3anbToBOI QibpHU OIIHIOBATN 32 3MIHOIO BEIMYMH TPAHUII MIITHOCTI
3a OJHOOCHOBOTO CTHICKY 1 TPaHHIII MIITHOCTI 3a PACKOJIOBAHHSA IO TBipHIN
micis 10 mUKITiB 3aMOPOKyBaHHS-BiITAaBaHHSL.

PesyabTaTn Ta 00roBopeHHs
PesynmbTaTil MOCHIIPKEHHS BIUIMBY Ppi3HOI KOHIEHTpAIii KaTiOHHOTO
narekcy Butonal NS 198 i 0,05 % 6a3ansToBoi (hiOpy Ha MIIIHICHI TOKa3HUKH Ta
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KOe(QIIiEHTH 3aJHUIIKOBOI MIIHOCTI MaTepianxy 3 IIeOSHEeBO-TIMaHNX CyMilleH
CUI-40 i3 3ami3MCTHX KBapLMWTIB, YKpIIUIEHMX LeMeHToM, micii 10 mukiiB
3aMOpOXKyBaHHs-BiiTaBaHHS TpencraBieHi Ha puc. 2 i puc. 3. KoediuieHr
3aJIMIIKOBOI MIIHOCTI BU3HAYalM SIK BIJHOIICHHS I'PaHUIIl MIIIHOCTI MaTepiaity
micas BIUIMBY Ha Hboro 10 IMKIIB 3aMOpOXKyBaHHS-BIATaBaHHS N0 TPaHMI
MII[HOCTI Marepiaiy sIKy BiH MaB JI0 BIUIMBY Ha HbOTO LIHKJIIB 3aMOPOXKyBaHHSsI-
BiITaBaHHA. 3MiHA 30BHINIHROTO BUINISALY 3pa3kiB micis 5 Ta 10 nukiie
3aMOpO’KyBaHHS-BiITaBaHHS HABEICHO Ha puC. 4.

T pass MiticTi 72 CTHCKY 10 IR AMOPOKYBAHIN - BLTTARNHS
T pasnens MitHicTi 10 CTHCKY MCAN HHCTHS JAMOPOKY BAHIS- BLITARINA
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Puc. 2 3anexHicTh TpaHUIl MIITHOCTI 32 CTUCKY 1 KOe]iIi€eHTa 3aTHUITKOBOL
MIITHOCTI 3a CTHCKY 3pa3KiB Marepiaiy 3 mebeHeBo-minmannx cymimei CLL-40
13 3aJII3UCTHX KBApLUTIB, YKPIIUIEHUX LeMeHToM, 3 0,05 % 6azansToBOi hibpn
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Konuentpauis Butonal NS 198, %

Puc. 3 3anexHicTh rpaHuLi MIIHOCTI 32 PO3KOJIIOBAHHS MO TBIpHIH 1
KoedilieHTa 3aIMIIKOBOT MIiITHOCTI 32 PO3KOJIIOBAHHSI 10 TBIpHIH 3pa3KiB
Matepiany 3 mebdeneBo-mimannx cymimeit CII-40 i3 3ami3ucTUX KBapIKTIB,
yKpimieHnx nemerTom, 3 0,05 % 6azanpToBoi ¢piOpH B KOHIIEHTpAIII] TaTEKCy
Butonal NS 198
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0 nuKIiB 5 1UKITB 10 umkiis

(a) CI11 40 + 4 % uemeHty

0 nuKIiIiB 5 nukinis 10 nukiis

(6) CI11 40 + 4 % nementy + 3 % Butonal NS 198 + 0,05 % 6a3ansToBoi ¢idpu

0 nmkITiB 5 nukiis 10 ki

(B) CIII 40 + 4 % uementy + 5 % Butonal NS 198 + 0,05 % 6a3ansToBoi Gidpu

0 nuKIB 5 nukmiis 10 nukmiB

(r) CIII 40 + 4 % uemenry + 10 % Butonal NS 198 + 0,05 % 6azanstoBoi ¢ibpu

Puc. 4 3aransHuii 30BHINTHIN BUTIISAA 3pa3KiB 0 Ta MICII IIUKIIIB
3aMOPOKYBaHHS-BiITAaBaHHS
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I3 HaBenmeHNX Ha puc. 2 i 3 pe3ynbTaTiB TOCIiIKEHb BUIHO, IO JOJABAHHS
0,05 % 0a3anpToBoi Gidpu M0 ckiamy ykpimieHuxX 4 % IeMEHTy IeOeHeBo-
MIIAaHUX CyMIlled MPU3BOAMTH 0 HE3HAYHOTO 30UIBIIEHHS 3HAYEeHb I'PAHMII
MIIHOCTI 3a CTHCKY (Ha 9 %) i Jemo OiIbIIOro 3pOCTaHHs IPaHMII MIIHOCTI 3a
po3koioBaHHS 1Mo TBipHIA (Ha 14 %). Takox BHUAHO, WO BIUIMB ITUKIIB
3aMOpOXKyBaHHS-BIATaBaHHS TMPHU3BOAUTH 10 3MEHIICHHS 3HAYeHb TI'PaHUI
MII[HOCTI 332 CTHUCKY 1 TPaHUIll MIIHOCTI 32 PO3KOJIIOBAaHHS IO TBIPHIH BCIiX
JIOCITIKYBaHUX MarepiaiiB. HaWOinpIne 3HMKEHHS MOKAa3HHUKIB MIIHOCTI 1
KoedimieHTa 3anMImIKoBOi MimHOCTI micmsa 10 TMWMKIIB  3aMOPOXyBaHHS-
BiTaBaHHS BJIACTHUBE Marepiaiy 3 IeOCHEBO-IIIIaHNX CYMIMIeH 13 3ai3UCTUX
KBapIIUTIB, YKPIIUIEHUX IEMEHTOM, /IO CKIaay SIKOTO He xomaBanu ¢iopy i
JmaTtekc. Y BHUNAAKy OJHOYACHOTO [OJaBaHHA NO CKJIAAy JOCIIUKYBaHOTO
MaTepiary 0a3ampTOoBOi  (PiOpH 1 KaTIOHHOTO JIATEKCY CIIOCTEPIraeThes
3pOCTaHHS 3HauyeHb Koe]ili€HTIB 3amacy MIIHOCTI 3a CTHCKYy 1 3a
PO3KOJIIOBAHHS 110 TBIpHIH, OPIBHIHO 3 MaTepianoM 0e3 BKa3aHUX CKJIATHHKIB.
Haii6inpie 3pocTaHHs 3HaYeHb KoedilieHTa 3aIMIIKOBOI MILHOCTI 32 CTHCKY 1
koedilieHTa 3aUIIKOBOT MILIHOCTI 32 paCKOJIOBAHHS IO TBIpHiH (3011bIIMINCS
Ha 29 % 1 35 % BiANOBIHO) BIACTHBE MaTepiany J0 CKJIaIy SKOTO BXOIUTh 4 %
LeMeHTy, 5 % KaTioHHOTro JlaTekcy Big Macu Boau Ta 0,05 % 6a3anbroBoi ¢idpu
BiJl MACH MiHEpaILHOI YaCTHHU, MOPIBHIHO 3 MaTepiaioM 3 meOeHEeBO-MIMIaHOo1
cymimi CII-40 i3 3ani3ucTux KBapuMTiB yKpimieHnx 4 % mnemMeHTy 0e3 jJaTexkcy
i 6azanpToBOi (hiOpHU. I3 HaBeneHUX Ha puC. 4 Pe3yNbTATIB AOCIIIKEHb BUIIHO,
mo micag 5 ta 10 IMKIIB 3aMOpPOXKYBaHHS-BIITaBaHHS 3pa3kaM Matepiaiy 3
mebeneBo-mimanoi cymimi CII[-40 i3 3ami3ucTux KBapuuTiB yKpituieHHX 4 %
LEMEHTY 3 KaTiOHHUM JIaTeKcoM 1 0a3ayibTOBOIO (hiOporo XapakTepHa MEHIla
MOUIKO/KYBaHICTh 1XHBbOT TOBepxHi, mopiBHsHo 3 CILI-40 i3 3amizucrux
KBapuuTiB ykpiruleHux 4 % 1uemeHty Oe3 Jyatekcy i 0Oa3anbToBol (iOpu.
ExcriepuMeHTanbHO BCTAHOBIICHO, 1110 BTpaTa MacH 3pa3KaMH Marepiaiy Iiciis
10 1mKIIiB 3aMOPOXKYBaHHS-BiATABaHHA 3MEHINYETHCS 31 301IBIIEHHS BMICTY
KaTIOHHOTO JIaTeKCy y HOTO CKJIai.

BucHoBku

3a pe3yabTaTaMH JOCHIKEHb BCTAHOBJICHO, 110 MaTepial 3 IIeOeHeBO-
nimanux cymimen CIII 40 i3 3ami3ucTux KBapiuTiB 3 4 % EeMEHTY JTEMOHCTPYE
TEHEHI[I0 JI0 MOMIPHOTO 3pOCTAaHHS 3HAY€Hb TPAHUIl MIITHOCTI 32 CTHCKY i
TpaHUIi MIIHOCTI 3a PO3KOJIIOBaHHS IO TBIpHIM y pa3i jonaBaHHS 10 HOTO
cximany 0,5 % 6azanbroBoi (idpH, sk iHAMBIAyaTbHOI MOAN(IKYI0Y0T J0OAaBKH.
V pa3si onHouacHoro noxasanHs 0,5 % 0a3anbroBoi GiOpH Ta pi3HOT KiIBKOCTI
KaTIOHHOTO JIATEKCY CIIOCTEPIraeThCsl aHAIOTiYHa 3aKOHOMIpHICTh. 1le cBimuuTh
Ipo Te, II0 TOKa3HWKW TPaHUIl MIIHOCTI 3a CTUCKY 1 I'pPaHMII MIIHOCTI 3a
PO3KOJIIOBAaHHS 10 TBIpHIH € HEJOCTaTHbO YYTJIMBHMH SK KPHUTEpiil OLIHKH
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e(peKTUBHOCTI BIUIMBY MJOCHI[DKYBaHHX Jg00aBOoK (iOpm Ta IJaTekcy 3a
NPUIHATHX B pOOOTI KOHIIEHTpaLii.

Pesynpratn  JOCHiyKEHHS MOpPO30CTIHKOCTI Marepianly 3 I1eOeHeBo-
MIaHUX CyMilled YKpiluIeHHX IieMeHToM Oe3 no0aBok ¢ibpu Ta JaTexcy
MOKa3yloTh, 110 3HAYEHHS HOro TpaHUIi MIIHOCTI 32 CTHUCKY CTaHOBHUTH 3,2
MIla, a micns 10 nuKIB 3aMOpPOKYBaHHsS-BiATaBaHHS 3MeHIIWwIocs a0 1,9
MIla, mo ckmamae 41 % 1 € cyrreBum. lle Bkasye Ha HeIOCTAaTHIO
MOpO30CTiiiKicTh Marepiasy 3 mieOeHeBO-TImIaHoi cymimm, ykpimaenoi 4 %
LeMeHTy. Y BHUNAIKy JoAaBaHHS 0a3aimbToBoi PiOpH i KaTIOHHOTO JAaTEKCy M0
CKIamy MaTepianry 3 MIeOCHEBO-TMMAHUX CYMIIIeH YKpIIDICHHX LEMEHTOM
3HAYCHHS KOe(IIieTiB 3aMUIIKOBOT MIiITHOCTI micis 10 muKITiB 3aMOpOKyBaHHA -
BIZITABaHHA CYTTEBO 3pPOCTaIOTh. Lle CBIUUTH MPO NMO3UTHUBHMI BIUIMB TOOABOK
¢iOpy 1 JaTekcy Ha MIABUINCHHA CTIHKOCTI CTPYKTypH Marepiany o
LUKJIIYHOT'O 3aMOPOKYBaHHsI-BiITaBaHHsI, TOOTO Ha 3pOCTaHHS MOPO30CTIHKOCTI
KOMIIIEKCHO MOM(iKOBAHOTO MaTepiairy.

References

1. Berh O.la. Vysokomitsnyi beton. M: Transport, 1971.-189s.

2. Zhdaniuk V.K., Kostin D.lu., Arinushkina O.0., Pavliutin K.O. Doslidzhennia
mitsnosti  shchebenevo-pishchanykh  sumishei, ukriplenykh portlandtsementom //
Materialy vseukrainskoi naukovo-praktychnoi konferentsii «Suchasni tekhnolohii
budivnytstva y ekspluatatsii avtomobilnykh dorih» Kharkiv: KhNADU, 2016. S. 53-57.

3. Zhdaniuk V.K., Kostin D.lu.,, Arinushkina O.0. Doslidzhennia vplyvu
kombinovanykh viazhuchykh na vlastyvosti shchebenevo-pishchanykh sumishei //
Mizhnarodnyi zbirnyk (za haluziamy znan «Mashynobuduvannia ta metaloobrobkay,
«Inzhenerna mekhanikay, Metalurhiia ta metaloznavstvo») Lutsk: LNTU, 2016. Vyp. 46.
7s.

4. HBN V.2.3-37641918-554:2013 Avtomobilni dorohy. Shary dorozhnoho odiahu
z kamianykh materialiv, vidkhodiv promyslovosti i hruntiv, ukriplenykh tsementom.
Proiektuvannia ta budivnytstvo.

Jlitepatypa

1. Bepr O.51. Bucokominuwuii 6eton. M: Tpaucmopt, 1971.-189c¢.

2. Knanrok B.K., Kocrin I.10., Apinymkina O.0., [laBmorin K.O. JocmimkeHHst
MIITHOCTI meOeHeBO-IIIMIaHNX CyMIlIeH, YKpIIIeHnX MopTIaHaneMeHToM // Marepianu
BCEYKpaTHChKOI HayKOBO-TIpakTHYHOI KoH(epeHmii «CydacHi TexHomorii OyAiBHHIITBA I
eKcIITyaTanii aBToMoOinpHuX popir» Xapkis: XHANY, 2016. C. 53-57.

3. XKmamrok B.K., Kocrin [I.}O., Apinymkina O.0. JlocmiIKeHHS BIUIUBY
KOMOIHOBaHHMX B’SDKYy4YHX Ha BIACTHBOCTI LIeOCHEeBO-Mil[aHUX cyMilueit // MikHapoaHuit
30ipHHMK (3a rajy3siMd 3HaHb «MamMHOOYIyBaHHS Ta MeTato00polka», «IHxeHepHa
MexaHika», Metaiypris Ta Metano3naBctBoy) Jlyusk: JIHTY, 2016. Bun. 46. 7 c.

4. TBH B.2.3-37641918-554:2013 ABrtomo0inbHi moporu. Illapu mopoxxHbOro omsry 3
KaM'SHUX MaTepianiB, BiIXOIIB IPOMHCIOBOCTI 1 TPYHTIB, YKPIIJIGHHMX IIEMEHTOM.
[IpoektyBanHs Ta OyIBHHITBO.

143



CyuyacHi mexHosnoeii ma memodu po3paxyHkis y bydieHuumei. [lyupk, JIHTY. 2023, Bunyck 20
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2023, Volume 20

VK 528.8+711.4 https://doi.org/10.36910/6775-2410-6208-2023-10(20)-16

JACTAHIUIAHAN MOHITOPUHI TEILZIOBOI'O PEXKUMY B
MICTAX: TEOPETHYHI OCHOBH

REMOTE SENSING MONITORING OF THERMAL CONDITIONS IN
CITIES: THEORETICAL BACKGROUND

Yab A.B., A.T.H., npo¢. (BosuHCcbKHUI HALIOHAJBHUN yHiBepcUTeT iM.
Jleci Ykpainku), Meabnuk O.B., K.T.H., 10ou. (BonHchbkuii HanioHaJILHM i
yHiBepcurer im. Jleci Ykpainku), Meabnuk 10.A., k.T.H., 10ou. (Jlyubkuii
HallioHAJbLHMII TexHiYHMil yHiBepcurter), Bakymwox JLA., crapmmii
BUKJIaAa4 (BoauHcbkuii HamioHanbHUM yHiBepcuTeT iMm. Jleci Ykpainkm)
Pe3p P.A., acnipant (Boaunchbkuii HanioHanbHWi yHiBepcurter im. Jleci
Ykpainkn)

Uhl A.V., Dr.Tech in Engineering, Professor (Lesya Ukrainka Volyn
National University), Melnyk O.V., PhD in Engineering, associate professor
(Lesya Ukrainka Volyn National University), Melnyk Y.A., PhD in
Engineering, associate professor (Lutsk National Technical University),
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Dernomen, gidoMull AK MICOKUL MENI08ULl OCMPI8, CNOCMEPIcAEMbCa y MICmax no
ecvomy ceimy 3 1800-x poxie. Memeoponoeiuni cayocou 6 pisHUX Kpainax
cucmemamuyHo Qikcyloms memnepamypy nogimps 6 pisuux mouxax. Oonax yckaiaonemne
npocmopose po3smautly8ants NOSEPXOHb Y MICbKUX pAtionax YmpyoHIO€ abo Hagimb
VHEMONCIUGTIOE OYIHKY JOKATbHUX 3MIH mMeMnepamypu nogepxwi auuie Ha niocmaei yux
oanux. [[na maxkux oyiHOK UKOPUCTOBYIOMbCSA CYNYMHUKO8I 3HIMKU OJi GUSHAYEHHS
memnepamypu nogepxmi 3emii. Jlani OUCMAaHYIlIHO20 MEPMANbHO2O IHPPAUEPEOHO20
cencopa  00360JA10Mb  30MUCHIOBAMU AHANI3 MeMnepamypu NO6epXHi 3eMai 5K Y
npoCcmMoposomy, max i y 4acoeomy eumipax, Hagime na 2nobanvrHomy pieni. OcKinbku
BUNPOMINIOBATIbHA 30amMHICMb MA ammocgepui egpekmu € KIo4osuMU Gakmopamu,
6azamo 00CIIOHUKIE PO3POOUNU PISHOMAHIMHT MEMOOUKU 3 YPAXYBAHHAM YUX (AKMopie.
B yiti pobomi posensinymo mpu ancopummu 6U3HAUeHHs meMnepamypu 3eMHOi no8epxHi
(LST) - ancopumm 00n020 6iKHA, OOHOKAHANLHUL QN2OPUMM MA MEMOO PIGHSHHSI
NnepeHocy BUNPOMIHIOBAHHA, a Maxoxc mpu moodeni nHa ocnosi NDVI - modenv Ban oe
I'peino ma Ose, modenv Banop ma Kacennec, a maxosc mooenvb Ha ocHO8I NOpO206020
snauennss NDVI

A phenomenon known as the Urban Heat Island (UHI) has been observed in cities
around the world since the 1800s. Meteorological services in different countries
systematically record air temperatures at different locations. However, the complicated
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spatial arrangement of surfaces in urban areas makes it difficult or even impossible to
estimate local changes in surface temperature based on these data alone. For such
assessments, satellite images are used to determine the Land Surface Temperature (LST).
This indicator is a key factor that affects air temperature and is also used to create maps
of the spatial distribution of temperature characteristics of the earth's surface. Remote
thermal infrared sensor data allows for the analysis of the earth's surface temperature in
both spatial and temporal dimensions, even at the global level. The accuracy of the
determination depends on atmospheric effects, sensor parameters such as spectral range
and viewing angle, as well as surface parameters such as emissivity and geometry. Since
emissivity and atmospheric effects are key factors, many researchers have developed
various techniques to account for these factors. In this paper, three algorithms for
determining the land surface temperature (LST) - the single window algorithm, the single
channel algorithm, and the radiation transfer equation method - as well as three NDVI-
based models - the Van de Groen and Ouwe model, the Valor and Caselles model, and
the NDVI threshold model - are reviewed.

The use of remote sensing data on land surface temperature (LST) and land surface
emissivity (LSE) in the study of urbanized areas has a wide range of applications. LST
measurements allow for determining the thermal regimes of different city districts, which
can be useful in the development of master plans and urban design. LST data helps to
identify and study urban thermal inversions depending on the types of buildings and the
presence of green areas, which is important for analyzing the microclimate and air
quality in cities.

The LST study can serve as a basis for determining thermal comfort and identifying
areas where measures to improve the urban environment should be implemented.
Monitoring changes in LST allows us to study the development of urbanized areas and
their impact on the environment.

Kniouoei cnosa: ypbanizosani mepumopii, oucmanyitine 30HOVEAHHS, MEPMATbHI
iH(hpauepsoni 306padcenns, Landsat, micokuii mennioguii ocmpie, memnepamypa 3emMHoi
noeepxHi

Keywords: urbanized areas, remote sensing, thermal infrared images, Landsat,
urban heat island, land surface temperature

Beryn. 'mo6ansrae Micbke HaceneHHs 3pocio 3 30 % y 1950 pori 10 55 %
y 2018 pomi i, 3a mporHozammu, craHoButuMe 68 % mo 2050 poky [1].
Ypbanizamiss poOUTh HETPOMOPIIIHHO BETUKWN BHECOK Yy TJI0OAIbHY 3MiHY
kiaimary: y 1990-x pokax ~97 % antponorenHnx Bukuaie CO, mpumamaio Ha
~2 % 3aranpHol ot cywi [2]. OdikyeTbes, M0 eKCTpeMabHi TEIJIOBI SBHIIA
(reroBi XxBWII) OyAyTh uYacTilaTH 1 cTaBaTH Jefaji CHJIBHIIIMMH 3
IJI00aJbHUM TIOTEIUTIHHSAM 1 CTAaHOBUTHUMYTBH 3arpo3y IJIsl 37I0pOB'S Jitojeil B
YChOMY CBITI 4epe3 3pOCTaHHS CMEpPTHOCTI Ta 3aXBOPIOBAHOCTI. 3abopoHa
YTHIII3AIi1 TPU3BOIUTH 10 3MiHM MIKPOKIIIMATy, 110 MOYKE TOCWJIMTH HACIIi KU
MI00ATFHOTO TIOTETUTIHHS. BiAMoOBIIHI JOCTIHKEHHS Ha II0 TEMY 30CepeKEH] B
CepeNHiX IMMUPOTax, TOAI SK BHII IMHPOTH - Bume 45° - HEAOCTaTHBO
npejcTaBieHi Ta Bpasnusi [3]. Y npoxosoaHuX BUCOKMX IIMPOTax 3a0yaoBaHE
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CEepelOBHILE YaCTO IUIAHYETHCS 1 MPOEKTYETHCSA TaKMM YMHOM, IOO 3MEHILHUTH
BTpaTH TeIUla Ta CIIOKUBAaHHS eHeprii B 3uUMOBI Micsui. Micta 3 BiIHOCHO
MPOXOJIOJHMUMH MaKCUMAJIBHUMHU JITHIMH TEMIIEpaTypaMd MalOoThb 3HAuyHO
HIDKYHN TeMIIepaTypHUil opir cMepTHOCTI, moB's13anoi 3 Terom [4]. Lle moxe
NPU3BECTH 10 30UIBIICHHS BUKOPHUCTAHHS EHEprii Uil OXOJOKEHHS, MI0
MpU3BEIE 0 TMOAANBINOro 30iIbieHHs BUKHIIB CO7 1 cipusiTUME TI00aTBHOMY
MOTEIUTiHHIO. MichbKa POCIMHHICTh Ma€e MOTEHIIa ISl 3HU)KEHHS TeMIlepaTypu
TOBITPS 1, TAKAM YHHOM, CIIOKHBAHHS €HEPTii [T 0XOJIOKeHHS [5].

MichpKi TepHTOpii XapaKTepU3yIOThCS 3MEHIIEHHSIM POCIHHHOTO MTOKPHUBY 1
30UTPIICHHSM HENPOHWKHHAX ITIOBEPXOHB - TPOTYyapiB, HOpir i OymiBemp - y
MOPIBHAHHI 3 CLTBCHKOIO MICHEBICTIO, IO YaCTO MPU3BOAMTH IO TOTO, MO B
MICTI TeIutilne, HiXk y HaBKOJIUIIIHIN CUThChKil MictieBocTi. Lle sBute, Bimome sk
Mmicekuii TerutoBuit octpis (Urban Heat Island (UHI)), cioctepiraersest B mictax
1o BcboMy cBity 3 1800-x pokiB. Mereopooriyti ciyx0u B 6ararbox KpaiHax
pEryJIipHO BHUMIPIOIOTh TEMIIEpaTypy MOBITpPS B OKpeMHUX Toukax. OpjHak
CKJIaJIHE TIPOCTOPOBE PO3TALIYBaHHS [TOBEPXOHb Y MICHKHX paiiOHaX yCKJIAHIOE
a00 HaBITh YHEMOJKJIMBIIIOE OILIHKY JOKJIBHHUX Bapialliif TeMIiepaTypH MOoBEepXHi
Ha OCHOBI jumie 1MX JAaHuX. CyIyTHHKOBI 3HIMKH BHKOPHCTOBYIOTHCS IS
omiHKK TemiepaTypu moBepxHi 3emui (Land Surface Temperature (LST)), sika €
OCHOBHUM (haKTOpPOM, LIO BIUIMBAE Ha TEMIICPATypy IOBITPs, a TAKOXK IJIs
kaprorpadyBaHHs IIPOCTOPOBOTO PO3MOIY TEMIIEPATypH MOBepXHi 3emii [6].
TemnepaTypa THOBITpS MOxe OyTH BHIIOK ab0 HIKYOK 3a TEMIIepaTypy
MTOBEPXHI B 3aJIGKHOCTI BiA Pi3HUX (paKTOPiB, TAKUX SIK HASBHICTH 1 HANPSIMOK
BITpY, IHCOJIAL[SI Ta XapakTepucTuku moBepxHi [7]. Tum He Menm, naHi
JMCTAHI[IHHOTO 30HJYBaHHS MOXYTh 3a0€3MEeUUTH OLIHKY MPOCTOPOBOIO
PO3MOJIiTy TeMIEepaTypH Ha BEJIMKUX IUIOMIAX.

IlocranoBKa 3aBAaHHS

Temmneparypa 3emHoi mosepxHi (LST) € ogHAM 3 KIIOYOBUX MapaMeTpis,
IO BIUIMBAIOTh HA CHEPreTHYHHMH OanaHCc 3 KIIOYOBUX MapamerpiB, IO
BIUIMBAIOTh Ha 0ajaHC MOBEPXHEBOI eHeprii, perioHalbHI KIIMAaTH4YHI YMOBH,
TEeIJIOBI MOTOKM Ta eHeprooomiH. [7-9]. bBarato pocnmiiHUKIB BUBYaIH
Ba)XJIMBICTh Ta BIUIMB JOBIOTPHBAIOTO COHSYHOTO BUIIPOMIHIOBAHHS Ha Di3HI
BKJIFOUAIOYM MICBKHH KIIIMAT 1 JIOCIIPKEHHSI MOBEPXHEBUX TEIUIOBHX OCTPOBIB
(Surface Heat Island (SHI) [10, 11], eBamotpanchipauito [12], MOHITOpHHT
nicoBux moxex [13], reomoriuni Ta reotepMainbHi qocimkenHs [12, 13]. Kpim
toro, LST Oymo 3aTBepmkeHO SK OOWH 3 TPIOPUTETHHX IapaMeTpiB
MikHapoaroi mporpamu 3 reocdepu Tta Oiochepu (IGBP)[14, 15]. [aui
JTUCTAHIIMHOTO TepMajbHOTOo iH(pauepBoHOro 30HAYBaHHS (Thermal Infrared
(TIR)) mO3BONSAIOTH MPOBOAWTH YacoBUK 1 mpocropoBuit anamiz LST vy
BEIMKOMY MaciiTali, HaBiTh Ha TJI00amsHOMY piBHI. Toune BusHauenHs LST 3
nanux TIR 3anexuts Bin arMocdepHux e(exTiB, MapaMerpiB JaTyuka, TOOTO
CHEKTPAJbHOIO Jiarna3oHy 1 KyTa OIJsily, Ta IapameTpiB IIOBEpPXHi, TAKHUX K
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BHIIPOMIHIOBaIbHA 37aTHICTH i reomerpis [8]. OCKigbKM BHIPOMiHIOBAIBHA
3[aTHICTB 1 aTMocdepHi epekTn € aABoMa (QyHAaMEHTAIbLHUMH (DaKTOpaMH s
orpumanHsa LST 3 TepManbHUX JaHWX, 0arato JOCITITHUKIB 3alpOMOHYBAIA
pizui miaxoau s otpuManus LST 3 ypaxyBaHHsM nux ¢akropis [16, 17]. 1li
QITOPUTMH HAa3UBAKOTHCS 3aJICKHO BiJ KIIBKOCTI BHKOPUCTOBYBAaHUX CMYT
ceHcopiB. Hampukian, oMHOKaHAIBHI aJTOPUTMU BUKOPHUCTOBYIOTh OJHY CMYTY
TIR. OmHak, METOAM 3 PO3AUICHHM BiKHOM a00 OaraTOKaHaJIbHI BKIIIOYAIOTh
6inmpe oxniei cmyru TIR.

Mertoro nmaHoi poOOTH € aHaji3 HAHIOMIMPEHININX METOTW BH3HAYCHHS
LST ta LSE, mo 3acTOCOBYIOTECS 10 JaHWUX IWCTAHIIMHOTO 30HIyBaHHA 3 KA
cepii Landsat.

Buxknag ocHOBHOro Marepiany

Cynytauku cepii Landsat Oe3mepepBHO HagarOTh AaHI JUCTAHLIHHOTO
30HJyBaHHs 3eMIIi 3 CEPEAHBOIO PO3JUILHOI0 3JaTHICTIO BXKE IOHAJ YOTHUPH
aecaTiaitTs. [lounnatoun 3 23 munas 1972 poky, 3arasoM Oyno 3alyleHO
BiciM cepiit cynyTHukiB Landsat amst nineit AMCTaHIIHHOTO 30HIyBaHHS 3eMJIi.
Landsat 6 OyB €qUMHUM CYIYTHHKOM, SIKMil He 3Mir jocsrtu opOitu. Pemra
CYNYTHHKIB 3a0€3NeUYHIN YHIKaJbHUN pecypc Ui IOCIIKSHHS TI00anbHUX
3MiH 1 3aCTOCYBaHHS B CULIBCBKOMY TOCIIOJapCTBi, Kaprorpadii, reoorii,
JICOBOMY TOCIIOJIapPCTBi, PETiOHATPHOMY IUIAHYBAaHHI, MOHITOPUHTY IPOTITOM
OCTaHHIX YOTHPHOX JECSITUIITB.

Landsat 5 TM i Landsat 7 ETM+ MaioTh IicTh [iama3oHiB BiToOpaKeHHS
(BunmumuiA, OMKHIA iHQpadepBOHUN, I KOPOTKOXBHIILOBHH iH(padepBOHHUIA,
MIPOCTOPOBa PO3iibHA 31aTHICTE 30 M) i oauH miama3oH B oomacti TIR (cmyra
6). TeruioBuii niana3oH Mae BIacHy NPOCTOPOBY PO3IUIbHY 31aTHIicTh 120 M Ta
60 M g cencopie TM ta ETM+, BiANOBigHO, aje BiH HAMAETHCSA KiHIIEBUM
CHOXKMBauaM 3 pO3AUIbHOK 3natHicTio 30 M micias mepeaucKpeTH3aiii
kyOiunoto 3roptkoro. Jlatumk OLI Landsat 8 mae neB'ssTb cMyr BigOWUTTS 3
MIPOCTOPOBOIO PO3AiTBHOIO 37aTHICTIO 30 M, a matuuk Landsat 8 TIRS mae nBi
cmyrn B TIR (cmyra 10 i cmyra 11). Lli TeruoBi cMyrn MaioTh BIIACHY
IIPOCTOPOBY pO3AiMbHY 3maTHicTh 100 M, aje mnepeancKpeTH3yroThCs i
myOITiKyI0ThCs 3 po3aLIbHOO0 3aaTHICTIO 30 M ['eosoriynoro ciryxkooro CIIA.

Anroput™ oxHoro BikHa [18], OnpHokaHanpHuid anroputM [19], Meton
PIBHSIHHS TIEPEHOCY BUIPOMIHIOBaHHS Ta aNropuT™M po3naiieHoro BikHa [17, 18]
€ OJHHMMH i3 HaMIIOPOKOBXMBAHIIIMX AITOPUTMIB BU3HAYEHHS TEMIIEPATypH
moepxHi 3emuti (LST) i3 BuimesramaHux JaHWX TUCTAHI[IHHOTO 30HIYBaHHS
3emuti. Y TOH 9ac SIK mepin TP METOJIU MOXKYTh OYTH 3aCTOCOBaHi JI0 JaHHWX
Landsat 5 TM, 7 ETM+ ta 8 OLI/TIRS, anroput™M po3aiJIeHOTO BiKHA MOXKE
OyTtu 3actocoBanuii ymme numnie 1o nanux Landsat 8 OLI/TIRS, ockinbku mist
IbOTO TOTPiOHO TIoHakMeHmIe nBa mianazoHw TIR. IcToTHI BimMiHHOCTI MiX
LUUMH METOJAaMH MOJIraloTh y MaTeMaTHYHOMY (OpPMYJIIOBaHHI Ta BXIJIHUX
napamerpax [20]. Ha jgomarok 10 BHIPOMIHIOBAJIbHOI 3MaTHOCTI Ta
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MIpOIyCKaHH aTMoc(hepH, SIKi € CIIUTBHUMHE IS BCIX METOIB, aJITOPUTM OJXHOTO
BiKHa NOTpeOye MPU3EMHOI TeMIepaTypH HOBITPS ISl PO3PaXyHKY epeKTUBHOT
cepeHbol TeMIepaTypu aTMochepu, Ha BiIMIiHY BiJl iHIIMX METOJIB. | HaBHmakw,
METOJ PIBHSHHS IEPEHOCY BHIIPOMIHIOBaHHS Ta OJHOKAHAIBHHH aJrOPUTM
MOTPeOYIOTh BUCXIJHOTO Ta HU3XIHOTO aTMOC(HEPHOr0 BUIIPOMIHIOBAHHS IS
3HaxomkeHHs LST.

AJITOPUTM OJIHOTO0 BiKHA

Asnroputm  oxmoro BikHa (Mono Window Algorithm, MWA) 6ys
po3pobnennii [unp Ta in. [43] mis ganux Landsat TM. Meron notpebye Tphox
OCHOBHHX IIapaMeTpiB, a caMe: BHIPOMIHIOBAIIbHOI 3MaTHOCTI, KoedilieHTa
NpOIYyCKaHHA aTMocdepu Ta eeKTHBHOI cepelHboi TeMIepaTypu aTMochepH.
3nauyenHs LST 3a anroputMoM OTHOTO BiKHA MOJKHA BH3HAUUTH SIK:

{al-C-D)+[b(1-C—-D)+C+D]|T -DT,}

Ts = C @
a=-67.35535],
b =0.458606
C=¢xr,

D=(-7)[1+(1-¢)7],
ne Ts - temmepaTypa 3emHOI moBepxHi B KembBiHax, T - Temmeparypa
SCKpaBocTi Ha JaTyuky B KenpBiHax, Ta — edekTHBHA cepemHs TeMmIeparypa
atMocepun B KenpBiHax, T - Koe(illieHT NpOIyCKaHHS aTMocdepu, & -
BUIIPOMIiHIOBaJIbHA 37aTHICTh 3eMHOI moBepxHi (Land Surface Emissivity
(LSE)), aib - koucranTu anropurmy, C i D - mapamerpu anropurmy, o0YHciIeHi
3 BukopuctanHsaM LSE i koedilieHT mpomyckaHHs.

OaHoKaHAJIbHUI ANTOPUTM

Y pob6ori [19] Oyna0 mpeacTaBieHO MEPErIAA aJrOPUTMY OJHOTO BIKHA JUIS
orpumanns LST 3 manmx Landsat TIR. BpaxoByrouu anropurm omHOTO BiKHa,
LST (Ts) moxHa 00YMCINTH, BAKOPUCTOBYIOUH HACTYIIHE 3arajbHe PIBHAHHS:

1
Ts:7|:z(‘/’1|—sen+‘//2)+‘//3 +6 )
ne & - BumpoMiHioBambHa 37aTHICTH 3eMHOT moBepxHi (LSE), Lsen -
BUIIPOMIHIOBAHHS HAa CEHCOpi B TEMJIOBOMY JiamasoHi, W, Wo, W3-

armoc¢epHi QyHKUIT, a v, d - ABa MapaMeTpH, LI0 3aJaf0ThCS:
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]/z

C
e b}/ :72, C, =14387,7 mxm- K, a M - eexTHBHA TOBKHHA XBHJI IS

CMyTru i, sKa BUSHAYA€ETHCA SAK:

jjfvi Ati(A)dA
_—I/IZI f )

ae fi (/1) - OYHKIISA CIEKTPaIbHOTO BIATYKY U BiANOBITHOI cMyTH. Al,i Ta

A2,1, - HIOKHS Ta BEPXHS TpaHULS fi (/1) , BIINOBiTHO. 3HaYCHHA by HOpPiBHIOE

1256 K 1 1277 K mns cmyru 6 3niMkiB Landsat 5 i Landsat 7, BignoBigHo; 1is
cmyru 10 i emyru 11 Landsat 8 Boro gopisatoe 1320 K 1 1199 K BiamnosigHo.
AtmocdepHi GyHKIT W1, W2 Ta Y3 BU3HAYAIOTHCS SIK:

1 L4 y
'//12;"//2:4-4 Av‘//s—L
ae L; (W m2.srt. ,umfl) - BHCXiJTHE BUIPOMIHIOBAHHS abo

BUIPOMIHIOBAHHS aTMOC(EPHOTO ILIAXY, Lﬁ (W m2.srt. ,umfl) HU3XiIHE

BHITPOMIHIOBaHHS a00 BHIIPOMiIHIOBAaHHS HeOa.

Mertox piBHSHHS IEPEHOCY BUIIPOMiHIOBAaHHS

IIpoctum meronom orpumanHs LST 3 oxniei cmyru TIR € inBepcis piBHIHHA
pamiamiiinoro mepenocy BunpominioBaHHS (RTE) BigmomimHO 10 HacTymHHX
BHpa3iB:

L = | 2B, (To)+(1-)Lf [r+ L ()
ae Lien (W m2.srt. ,umfl) - 3apeecTpoBaHE Ha CEHCOP1 BUIPOMIHIOBaHHS

BiJIMOBIIHOTO  TEMJIOBOTrO JiamasoHy, B, (TS ) = (W m2.srt. /,tm_l) -

BUIIPOMIHIOBaHHsI 4OpPHOTO Tia. BumpomintoBanHs yopHoro tina (B;) mpum
TemIepaTypi TS MOKHA OTpUMaTH, 3 PiBHSIHHA (4):
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L (1)L

B,(T.)= (5)
4 ( s ) s
3Bi)ICI/I BXXC MO>XXHa OTpI/IMa.TI/I TS, BI/IKOPI/ICTOBy}O‘II/I 3aKOH HJ’IaHKa SK:
K
T = 2 (6)
K
In o 5
5" -L, —c(1-7)L;
TE

ne Ky ta K; - xamiOpyBanbHi KOHCTaHTH U1 JaHuX Landsat.

AJITOPUTM PO3/1iJIeHOr0 BikHa

VY mnomepenHix MOCTIIKEHHAX OyJ0 NPENCTaBICHO pi3HI aJrOPUTMH
posninenoro BikHa (Split Window Algorithms (SWA) mis pi3HHX aaT4ukiB
[21-23], a merambHa indopmartis mpo SWA HaBenena B [24]. B wiit po6oTi Mu
PO3MIIAIAEMO aITOPUTMU PO3JIIEHOr0 BiKHA, Po3pobieHuit B poGoti [25] 3
koedilieHTaMu mepenapamMeTpu3oBaHumMi y [17], mio BimnoBigaoTe KpHBiH
cnekTpanpHoro BinoutTs Landsat 8 TIRS.

I'eonoriuna ciyx6a CIIIA pexoMeHayBaia He BAKOPHCTOBYBATH cMyTy 11
Landsat 8 mms orpumanns LST depes Bemuky kanmiOpyBallbHY HEBU3HAYCHICTH
[26]. OnHak nmesiki AOCTIMHUKH CTBEPIKYIOTh, 10 BOHH OTPUMAIIH 3a/I0BUIbHI
pe3yNbTaTh 3a JOMOMOTOK aNropuTMH posfineHoro Bikua [17, 27]. Tomy B
LBOMY JOCHI/DKEHHI MM TaKoX aHalli3yeMO alrOPUTM pO3JLIEHOrO BiKHA.
3rigHo 3 anroputMoMm posaineHoro BikHa, LST (Ts) mMoxHa oOuuciuTh 3a
JIOIIOMOT'010 HACTYITHOTO PIBHSIHHS:

T =Tyo +By(Tyo —Ti1) + By, (7

Ci1(1-Ap—Cyo) Ly —Cio1— Ay —Cyy)lyy

e BO =
C11A10 - ClO All

B, = Cio ,
Ci1A0 —CioAu

Ag = €10T10;

Ay = ey,

Cio = (1—710)(1+(1_510)710), Cph= (1_T11)(1+(1—511)T11)-
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Tyr &g Ta &q- LSE s cmyr 10 i 11 BignosigHo, Tio i Ta1 -

arMoc¢epHe npornyckanus armocdepu it emyr 10 1 11, BignosiaHo.

MopeJti BUNIpoMiHIOBaJILHOI 31aTHOCTI 3eMHoI noBepxHi (LSE)

BunpowminroBanbHa 3aatHicTh 3eMHOI moBepxHi LSE (€) - me 3maTHICTH
MOBEPXHi MEPETBOPIOBATH TEIUIOBY CHEPTil0 B CHEPTit0 BUIpOMiHIOBaHHs [28].
BunpomiHroBanbHa 31aTHICTH 3€MHOI MOBEPXHI € OJHUM 3 KIIOYOBUX
rapameTpiB JUisl OTPUMaHHS TOYHMX JAaHUX TEMIeEpaTypH 3eMHOI HOBEpXHi 3 3a
JIOIIOMOT0I0 JJTaHWUX JAUCTaHIIMHOrO 30HAyBaHHs. HamiBemmipuuHi MeToAH,
¢izmgHO OOTpYHTOBaHI MeTOOW Ta OaraTOKaHAIBHI METONU PO3ILUICHHS
TeMIepaTypH/BUIIPOMIHIOBAIFHOI 3MAaTHOCTI € TphbOMa PI3HUMH KaTeTOpisMH
it orpuManHs LSE 3 kocmocy. @i3muHO 0OTpyHTOBaHI MeETOOM i
OaraTokaHaJbHI METOAM HE MOXYTh OyTH 3acTocoBaHi no maHux Landsat mms
orpumanHs LSE uepe3 oOMexeHHs, HaBeleHI B 0araTboX MOCTIIKCHHSX, TaKi
SK BuMora Oinpmi HiX 1Box TIR-miama3oHiB a0o HIYHMX 3HIMKIB.
HanmiBemmipiuHi METOIU BHU3HAYCHHS BHUIPOMIHIOBAIBHOI 3MATHOCTI 3E€MHOI
MOBEPXHI MICTSATh METO/1 BUIIPOMIHIOBAJIBHOI 3JATHOCTI HAa OCHOBI Kiacuikamii
[21] Ta wmerom OIHKK BHUIIPOMIHIOBAHHS Ha OCHOBI HOPMAIIi30BAaHOTO
mudepentiiiHoro inaekcy pocauaHocti NDVI [29], sxi miaxomsaTs 1ist OI[iHKA
LSE 3a mammmu Landsat. Meron BHWIIpOMiIHIOBANBHOI 3JaTHOCTI Ha OCHOBI
knacudikamii reHepye 300paxkeHHs LSE 3 kimacudixoBaHOTO 300pakeHHS
IJISIXOM 3aCTOCYBaHHSI 3HAYEHHSI BUIIPOMIHIOBAJIBHOI 37aTHOCTI JUISl KOXKHOTO
kiacy. OlHaK, METO/I BUITPOMIHIOBAIILHOI 31aTHOCTI Ha OCHOBI Kiacuikarii He
€ MIPAaKTHYHHUM, OCKIJIbKH BHMarae XOpOLIOTO 3HAHHS JOCIIIKYBaHOI TepUTOpil
Ta BHMIipIOBaHb BUIPOMIHIOBAJIBHOI  3JIaTHOCTI Ha MOBEPXHSIX,
pemnpe3eHTaTUBHUX JJs  pi3HMX KiaciB. Metogm Ha ocHoBi NDVI €
OTEPATUBHUMH 1 HaWOIMBII YacTO BHUKOPHCTOBYBAHMMH METOAAMH IIOUIYKY
LSE, ockinbkn BOHM MPOCTi y 3aCTOCYBaHHI 1 JarOTh 3aJOBUTBHI pe3ynbTaTu
[28].

Mogeans Ban ge I'pina Ta OBe

L1 Mmonens Oyaa 3acrocoBana 0 Merofis nouryky LST Beix cepiit Landsat
(Landsat 5 TM, 7 ETM+, ta 8 OLI/TIRS). B po6oti [30] 6yn0 3anponoHoBaHo
norapudmivauil miaxin it momyky LSE Ha ocHoBi NDVI B niamazoni Bifg
0,157 nmo 0,727. NDVI orpumyloTh 3 BHKOPHCTaHHSIM OJIM>KHBOTO
inppagepBonoro (NIR) ta wepBonoro (R) miamazonis. 3amponoHoBaHa MOJIENb
Ma€e BUIJIA:

£=1.0094 +0.047 In(NDVI) ®)
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Mogaeas Banop ta Kacenec

Bauop i Kacemiec B po6oTi [29] 3ampomnoHyBain TEOPETHIHY MOJIEIb, IO
Moke OyTH 3acTtocoBaHa 10 ycix cepiii Landsat, ska moB's3ye
BUIIPOMiHIOBaJIbHY 37aTHicTh 3 NDVI mneBHOi moBepxHi 3a JONOMOIOIO
koediwienTa:

e=6R, +&(1-R)+4(de)R,(1-R) 9)
& 1 &, TpPEICTaBJIAIOTh BHMIIPOMIHIOBAJIbHY 3aTHICTh POCIMHHOCTI i

IPYHTY BiANOBIJHO. <d&‘> - 4YJeH, IO BpaxoBye e(peKT MOPOKHHH, SKUI

3aJeKHUTh Bix TreoMeTpii moBepxHi. Py (Takox Bimomuil sk QpaxuiiHui
POCIMHHUI TMOKPHB) - € YacTKa POCIMHHOCTI, 5Ka PO3PAaXOBYEThCS 32
¢dopmymoro [103]:
2
NDVI — NDVI ;
R, = min , (10)
NDVI j.x = NDVI i
ne NDVImax = 0,5 i NDVImin = 0,2 y rmobaneniii curyarii [70]. Sk
sanponoHyBanu Banop ta Kacemnec [82], &, Ta &g npuiimaropthea 0,985 i

0,960, BignoBigHo. KpiM Toro0, OyIi0o po3paxoBaHo cepeHE 3HAUCHHS JIISI WiCHA
<d8> sk 0,015.

Mogean LSE na ocnosi moporosoro 3nadennsi NDVI (NDVITHM)

Y poborax [31, 32] mpomnonyerscst orminoBain LSE Ha ocHoBi NDVI
noporosux 3HadeHb (NDVI™™M)  posrmsnarouu Tpu pisHi BUnajgku, sK
npeacrapneno B piHsHHI (11). YV nepmomy Bunaaky (NDVI < 0.2) mikcenb
PO3TIISIAETCS SIK TOJIMH IPYHT, @ BUIPOMIHIOBaJIbHA 31aTHICTh OTPUMYETHCS 31
3HaueHb BIJOUTTS B UepBOHii obnacti. Y apyromy Bunanky (0,2 < NDVI <0,5)
MKCEIb CKIAAETHCS 3 CYMIIIIIIIO TOJIOT0 IPYHTY Ta POCIMHHOCTI, & B TPETHOMY
Bunagky (NDVI > 0.5) mikcem 3i 3HauenHsmu NDVI > 0.5 BBakarotbcs

MTOBHICTIO BKpUTUMU
POCIIMHHICTIO.
ajpr +h NDVI <0.2
g=18,+&(1-R)+ds, de=(1-&)(1-R,)F, 0.2<NDVI <0.5(11)
NDVI > 0.5

VY piBasHHI (11) pr - 1Ie 3HaYeHHS Koe(ilieHTa BiIOUTTS YePBOHOI CMYTH,
ai Ta bi OWIHIOIOTBCS 3 EMIIPUYHOrO CHIBBIJHOIIEHHS MK Koe(illieHTOM
BiIOUTTS] YCPBOHOT CMYTH Ta 300paKCHHSM CIIEKTPOPAIiOMETpa 3 CEPEeIHBOIO

PO3IIIBHOIO 3[aTHICTIO Ta 0i06Ii0TEKOI0 BHIPOMIHIOBANbHOI 3[aTHOCTI. &, Ta
&g - BHIIPOMIHIOBAJbHA 3JATHICTH IPYHTY i POCIMHHOCTI, Bimnosimwo. d" -
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e(eKT MOPOKHIHN €(PEKT MOPOKHHUH, 3yMOBIICHUN IOPCTKICTIO MOBEPXHi, fK 1
B nonepenHii Mozeni (de = 0 Ui miuackux NMOBepXoHb). F - reomerpuuHmii
reoMeTpudHui KoedilieHT Gopmu, NpuHHATHIA 3a cepeane 3HadeHHs 0,55 [20].

BucnoBku
Y 1pOMYy JOCHIIKCHHI pPO3MNISHYTO TPH AaNrOPUTMH  BH3HAYCHHS
temneparypu 3emHOi noBepxHi (LST) - anroputm omHOTO BiKHA,

OIHOKaHAJIbHUH QJITOPUTM Ta METO]] PIBHAHHS EPEHOCY BUIIPOMiIHIOBAHHS.

OCKiJIbKH BUTIPOMIHIOBaJIbHA 3aTHICTh 3eMHOI oBepxHi (LSE) € omaum 3
HaBa)XJIMBIMIUX (AaKTOPiB, 0 BIUIMBAIOTH HA TOYHICTH MeToxiB momryky LST,
OyJo TakoX pO3TISIHYTO pi3HI Moxeni Ha ocHOBI NDVI. Tpu Mozerni Ha OCHOBI
NDVI, a came: Mogens Ban ne ['pian Ta OBe, Monens Banop ta Kacennec, a
TaKOK MOJETh Ha OCHOBi moporoporo 3HaueHHs NDVI (NDVI™M) 6ymm
po3risiHyTi [yt nanux Landsat S TM i 7 ETM+.

TemsioBi cMyru MaroTh BIIaCHY POCTOPOBY PO3AiNbHY 3aaTHICTH 120 M, 60
M 1 100 m mus Landsat 5 TM, 7 ETM+ i 8 TIRS, BignoBigHo, ajge BOHU
HAJAIOTHCS KIHIIEBUM KOPHCTYyBauaM 3 PO3AUIBHOIO 3AaThHICTIO 30 M micis
nepeIucKpeTr3alii KyoiYHOI 3ropTKo. Pi3HI MeTOAM 3MEHIIeHHsI MaciuTaly
st nauux TIR a6o LST moxyTh OyTH BUKOpHCTaHI B MOJABILIH poOOTI 1J1st
nociimkeras Toudocti LST.

BuxopucranHs maHux mpo Temiepatypy 3eMHoi moBepxHi (Land Surface
Temperature, LST) Ta BumpominroBanHs 3emHOI moBepxHi (Land Surface
Emissivity, LSE) 3 aucTaHiifiHOro 30H1yBaHHs B JOCIIPKEHHI YpOaHi30BaHUX
TEepUTOPili Mae MIMPOKHU CHEKTp 3acTtocyBaHb. BumiproBanns LST mo3omsie
BU3HAYUTH TEIUIOBUI PEXKUM PI3HUX PalOHIB MICTa, IO MOXKe OyTH KOPHCHUM
Ipu po3poOlli TeHepallbHUX IUIaHIB Ta An3aiiHy Michbkoro cepenosuma. JlaHi
LST nonomararoTe BUSIBIISITH Ta BUBYATH MICBKI TEIUIOBI iHBEpCIi B 3aJI€KHOCTI
BiJl THUIIB 3a0yZOBH Ta HAsABHOCTI 3€JIEHMX 30H, IO BaXJIMBO JUIsS aHATI3Y
MIKpOKJIIMATy Ta SIKOCTi OBITPSI B MiCTax.

Hocnimkennss LST Moe CITy>)KATH OCHOBOIO ISl BU3HAYCHHSI TETUIOBOTO
koMmopTy Ta ineHTndikanii TepuTOpPii, 1€ HEOOXIAHO BIPOBAPKYBATH 3aXO0]U
JUISL TIOJIIMIIEHHST Micbkoro cepexoBuma. CmigkyBaHHs 3a 3MiHamMum LST
JI03BOJISIE BUBYATH PO3BUTOK ypOaHI30BaHMX TEPUTOpIH Ta iX BIUIMB Ha
OTOUYIOYE CEpPEIOBUIIE.

B minomy, nani po temmepatypy 3€MHOI MOBEpXHI Ta BHIIPOMIHIOBaHHS
3eMHOI TIOBEPXHi 3 TUCTaHLIHHOTO 30HIyBaHHS € IOTY>KHUM IHCTPYMEHTOM IS
BHBUCHHSI MICBKHUX o0OJacTell Ta ypOaHi30BaHWX TEPUTOPIH, TO3BOJIAIOUN
OTpUMYBaTH iH(OpPMAII0O MPO TEIIOBUH pPEXUM Ta B3aEMOMII0 MicTa 3
HaBKOJIMIIHIM CEPEIOBHILEM.
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YK 691.328.1 https://doi.org/10.36910/6775-2410-6208-2023-10(20)-17

MOHITOPHUHI' TA YAOCKOHAJIEHHS MTPOEKTHUX PIINIEHD
3AMIHM NIJIKPAHOBUX KOHCTPYKIIA MOHTAKHO-
3BUPAJIBHOI'O LIEXY ITPOMUCJIOBOI BYJIIBJII

MONITORING AND IMPROVEMENT OF PROJECT SOLUTIONS
FOR THE REPLACEMENT OF UNDER-CRANED STRUCTURES OF
THE ASSEMBLY SHOP IN AN INDUSTRIAL BUILDING

®ocramenko O.M. k.T.H., poueHt, [loOpoBoibcbka O.I'., K.T.H.,
pouentr, Ionpap C.O., maricrpanr, ®ocramenko J.0., maricrpant
(3anopisbkuii HAiOHAJLHMIA YHIBepcHTET)

Fostashchenko H., Ph.D. in Engineering, Associate Professor,
Dobrovolska O., Ph.D. in Engineering, Associate Professor, Hondar S.,
M.Sc., Fostashchenko D., M. Sc. (Zaporizhzhya National University)

Busnaueno nepedymosu 011 OO0CHIONCEHHA MEXHIUHO20 CMAHY RNIOKPAHOB0T
KOHcmpykyii  nicia 50 pokie  excnayamayii 080X  MOCMOBUX — KPAHI
sanmaoiconiovomuicmio 20/5 m ma 5 m na npomucinosomy nionpuemcmsi. Bukonaruil
MOHImMOpuHe mexHiunoeo cmawny 32 psoosux ma 8 KpauHix 3ani300emoHHUX KOHCMPYKYIll
nIOKpaHosux Oanox Oyoieni MOHMAMCHO20 yexy 6 npoavomi «B-E» ma odosedena
HeobXiOHicmb YOOCKOHANIeHHsT NPOECKMHUX DiluleHb 3aMINU 3HOUWEHUX 3a1i306emMOHHUX
nIOKpaHosux 6aiok Ha cmanesi NiOKPaHo8i OAIKU.

Under-crane constructions serve for the movement of cranes and transfer the load
from the lifting and transporting equipment to the frame of the building. The design term
of operation of crane structures should be taken as equal to the period during which
their full functionality is ensured.

The object of research is the assembly shop of an industrial building built in the
early 60s of the last century. The building is one story, consisting of four longitudinal
and one transverse span, and an open crane overpass located across the main spans. The
overall dimensions of the assembly shop are 144102 m, of which: four longitudinal
spans of 18x120 m, and one transverse span of 24102 m.

It was found that the under-crane beams of workshops work in difficult conditions:
significant loads, intensive operation, aggressive environment, and elevated air
temperatures.

The prerequisites for researching the technical condition of the crane structure
after 50 years of operation of two overhead cranes with a load capacity of 20/5tand 5 t
at an industrial enterprise have been determined.

Monitoring of the technical condition of 32 ordinary and 8 extreme reinforced
concrete structures of the crane beams of the assembly shop building in span "B-E" was
carried out.

A horizontal survey of the column console was carried out and deviations were
detected (using leveling). It was found that the columns of the building frame, on which
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the crane beams rest, deviate from the horizontal by up to 210 mm. During the
inspection, the destruction of the concrete of the shelves of the crane beams with
exposure and corrosion of the reinforcement was found. As a result of the examination, it
was found that almost 100% of all bolted connections of the crane track are broken.

The necessity of improving design solutions for replacing worn-out reinforced
concrete crane beams with steel crane beams has been proven.

It has been proven that crane beams play an important role in ensuring the safety
and efficiency of work in the assembly shop. Replacing reinforced concrete beams with
metal ones can be an important step to improve these parameters.

Knrouosi cnosa: niokpanosi koncmpykyii, MOHIMOpUHZ MEXHIYHO20 CMAHY,
KOHCMPYKMUGHI PIUUEHHS, CManesi RIOKPAHOBL OanKu.

Keywords: under-crane constructions, technical condition monitoring, structural
solutions, steel under-crane beams.

Beryn. IlimkpaHoBi KOHCTPYKIii € HEBiA'€MHOIO YaCTHHOIO OYyIb-SIKOTO
BEJINKOTO IeXy 200 MPOMHUCIOBOTO KOMILIEKCY, 1€ BUKOPUCTOBYIOTHCS MOCTOBI
KpaHH. BoHH cirykaTh A IepecyBaHHS KpaHIB 1 epeatoTh Ha KapKac OymiBii
HaBaHTAKEHHS BiJ MiMiMaIbHOTPAHCIIOPTHOTO YycTaTKyBaHHA. KpiMm Toro,
MiIKPAHOBI KOHCTPYKLIT 3a0€3Me4y0Th TOPH30HTANBHY PO3B'SI3KYy KOJIOH i3
IUIOLIIMHU PaMU, Mepeaady Ha BEPTHKAJIbHI 3B'SI3KM MK KOJIOHAMH I103/I0BXKHIX
3yCWJIb BiJl TaJbMIBHUX CHJI, BITPOBMX HaBaHTa)XCHb Ha Topli OyniBii Ta
COpPUSAIOTh IPOCTOPOBiA poboTi kapkaca. OCHOBHI HeCydl eJIeMEHTH
MiJIKPAHOBUX ~ KOHCTPYKLIA — MiAKpaHOBI OajiKk{, 10 MalTh pIi3HY
KOHCTPYKTHUBHY dopmy. Haifuacrime o)V} TaKoTo THUITY
i1iHMaTbHOTPAHCTIOPTHUX CHCTEM, BHKOPHUCTOBYIOTH HACTYITHMH Marepian:
cTaib i 3a1i300€TOH.

AHani3 ocraHHix gocaimxenb. [ligkpaHOBI Oanku MEXiB MPamIOITh y
CKIaHUX yMOBax: 3HAa4yHI HABaHTa)XEHHS, IHTEHCHBHA eKCIUIyaTalis,
arpecHBHE CEpelOBHIIE, IIJIBHUIIEHI TEeMIEpaTypu MOBITPsA. 3aBJaHHIM
TEeXHIYHO1 eKcIuTyarallii OyaiBesb Ta Copya Mae OyTH KOMITJIEKC 3aXOJIiB, IO
3a0e3meuyroTh KOMGOpTHE i O€3BiMOBHE BUKOPUCTAHHS IXHIX MPUMIMIEHD 1
CHCTEM JUIS TEeBHUX IJIel mpoTATOM TepMiHy BUKOpuCTaHHS [1]. Di3uuHmiA
3HOC KOHCTPYKIIifl € OHIEIO 3 TOJIOBHUX IMPUYNH PEKOHCTPYKIi OyaiBens Ta iX
enemeHTiB [2].

[Ipu migroToBIi mporpamMu 0OCTEKEHHS MOHTa)XKHOTO IIEXY NMPOMHCIOBOI
OyaiBIIi y3arajdbHIOBAaBCS JTOCBIJ MOIEpeaHIX 0OcTexkeHb [3], unHHI B YKpaiHi
BHUMOTY T2 HOPMAaTHBHI JIOKYMEHTH CTOCOBHO OLIIHKHM TEXHIYHOTO CTaHy OymiBii
Ta KOHCTPYKLiH [4,5], 3a0e3nedenHs HaIiHOCTI ekcinTyaTamnii [6,7,8], BumMorn
J0 TPOEKTYBaHHsS craneBux KoHCTpykuii [9,10,11], moHTaxy OynmiBenbHUX
KOHCTpYKLif [12], KOHCTpyrOBaHHS Ta eKCILIyaTauii BaHTAXOIiIiMambHUX
kpanie [13,14,15], ymMOBHM eKcuUlyaTalil: arpeCHMBHHH BIUIMB JOBKLJLISA,
OJHOYAacHa POOOTa JBOX MOCTOBHX KpaHiB, KOHCTPYKTHBHI OCOOIMBOCTI —
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KpaHOBa peifka Ha 3ali300eTOHHUX MiIKpaHOBUX Oaiikax, sSKi OOMUpPAOTHCS Ha
KOHCOJI1 3113006 TOHHHUX KOJIOH.

Texuiuynuit ornay abo ekcrepTHE OOCTEKEHHS IMiAKPAaHOBUX KOHCTPYKIIN
MOBMHHI TMPOBOAUTHCS BiAMOBiAHO 10 [16]. Hopmu BigxuiieHb HaNpSIMHHX
KOJTiif OTTIOPHUX MOCTOBUX KpaHiB, HaBeneHi B [17].

HopmatuBHuit noxyment [11] BcTaHOBIIOE mpaBUNa MPOEKTYBAHHSA
KOHCTPYKLIH TMiJKpaHOBUX OaJOK Ta IHIIMX MJKPAaHOBUX KOHCTPYKIIH.
[IpoexTHHI TEepMiH eKCIUTyaTamii IMiAKpaHOBHX KOHCTPYKLIH cIijg mpuitMatu
TaKWM, II0 JOPIiBHIOE TIEPiOAY, IPOTATOM SKOTO 3a0e3MeUy€eThCs X MOBHOIIHHA
¢yHKIiOHANbHICTE.  [Ipo€KTHHMIT TepMiH eKCIDIyaTalii IOBHHEH OyTH
MIATBEPKCHUH  HOKYMEHTAIbHO  (HANpUKIA, B IUIAHI  TEXHIYHOTO
00CITyTOBYBaHHS).

Y pa3si  HEMOXIMBOCTI MojanmeIioi  Oe3medHol eKCIUTyaTarii,
HEMPUAATHOCTI 0 PEMOHTY B YMOBaX, IO CKJIAJKCS, a TaKOX y pa3i 3MiHU
YMOB eKCIlTyaTalil BUHHUKae HeOOXIAHICTh 3aMiHH MiJKpaHOBUX Oanok [3].

[TinkpaHOBI KOHCTPYKILIT MOKYTh 3aMiHIOBATUCH TOBHICTIO 200 YacTKOBO,
SIKIIO € BIATIOBiJJHE OOTPYHTYBaHHsI, B TOMY YHCIIi 3a:

— 301IbIICHHS] BAaHTAXOIIJHOMHOCTI MOCTOBHX KpaHIB 1 iX rabapuTHHX
pPO3MIpiB, a TakoXX MOAEpHizalii abo MOCWIIEHHS KOHCTPYKIIi KpaHiB, IO
BUKJIMKAIOTH 301JIbIICHHS] KPAHOBOTO HaBaHTaKEHHS;

— HasIBHOCTI TTOCTYNAJIILHUX PYHHYBaHb Y BUTJISAI TPIIIUH;

— HASBHOCTI 3HAYHOI KUTHKOCTI NE(EKTiB Ta KOHCTPYKTUBHHUX HEIOJIKIB,
110 CTBOPIOIOTH HEOE3MEKy PaNTOBUX PYHHYBaHb.

IlocranoBka MerH i 3aga4 AOCTHiMKeHL. METOIO IOCHIIKEHHSI €
BIPOBaPKEHHSI  KOHCTPYKTUBHUX  pIIIEHb MIOJO 3aMiHM  MiJIKPAHOBUX
3aJ1i300€TOHHUX OaloOK Ha cTajeBi Oajkud B TOB3JOBKHbOMY NposboTi B-E
MOHTa)KHO-30HUPaTLHOTO TIEXY.

Omuc 06’ekta. MOHTOKHHUN 1IeX MPOMHCIOBOI Oy/iBii MOOYyJOBaHHN Ha
movatky 60-X poKiB MUHYJIOTO CTOPiuYsl. ByiBiIs OTHONIOBEPXOBA, CKIATAETHCS
3 YOTHPHOX MO3JOBXKHIX Ta OJHOrO MOIEPEYHO PO3TAIIOBAHOTO IIPOJIHOTIB,
BIZIKpUTOI KPaHOBOI €CTaKaIW PO3TALIOBAHOI MONEPEK OCHOBHUX IPOJIBOTIB.
labapuTHi po3Mipu MOHTaXHOTO Hexy 144x102M, 3 HUX: YOTHPH IMO3IOBXKHI
nposboTH 1o 18%120M, oxmH nonepeynuit mpoutit — 24x102 M [3].

Bynisns MoHTaXHOTO IieXy 00JjlaJHaHa MOCTOBMMH KpaHaMH: B IPOJIBOTI
«B-E» — kpanu BanTaxomigiiomuictio Q=20/5 Tta Q=51

B mponporax «E-K», «K-H», «H-C» — kpaHH BaHTa)XOIiJIHOMHICTIO
Q=10tTaQ=5T;

Kononn — 30ipHi, 3ami300eToHHI, CymiibHI. [lepeTHH cepenHix KOJOH
400x800 mm, meperuH kpaitHix KoJIoH 800%400 mm. Komonu 3mMoHTOBaHi 3
KpokoMm 6,0 M.

Bucora KOIOH 10 HHU3Y KpPOKBSIHUX KOHCTPYKILIH YOTHPHOX OCHOBHHX
MO3/IOBXKHIX MPOJIBOTIB ckiagae — 10,6 m.
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VYci KOJOHM JKOPCTKO 3amemMieHi y ¢yrmamentax. CTiHKICTh KOJOH y
MO3/IOBXKHBOMY HAampsIMKy Oy[iBIli 3a0e3mneuyeTbcss BEPTUKAIBHIMH 3B'I3KaMU
Ta MiAKPaHOBMMH OankaMH. 3B'SI3KM 110 KOJOHAX BHUKOHAHI 3 METaJEBUX
MIPOKAaTHUX KyTOUKiB. ByaiBis nexy Mae remneparypHuii mos o oci 11.

30ipHi 3ami300eTOHHI (epMH MOKPHUTTS BUKOHAHI 13 MONEpEeTHIM
Harnpy>XeHUM HHKHIM MOSICOM.

depmun — 3anmizoberonHi, goBxuHOIO 18,0 M. CnHpaloThCsi Ha TOJOBKU
KOJIOH i TepeAaloTh HaBaHTa)XEHHS Bil KOHCTPYKIH TOKPHUTTS IOKpiBIi Ta
BJIACHOI BAarW Ha T1JIKK KOJIOH.

[MigkpaHoBi OalkW 3MOHTOBaHI 30ipHUMH 3aTi300€TOHHHMH TaBPOBHMHU
nepepizamu, Bucotoro 1,0 M, moxkuHa 0anok — 6,0 M [3]. banku KpimisaTees 10
KOJIOH 3a JIOTIOMOTOI0 3BapiOBAaHHsS 3aCTaBHUX JAeTaled Ha peOpi Oanmku Ta
oy komoHW. [limkpaHOBiI 3ami300€TOHHI OalKW 3aIpOEKTOBaHI 3a Cepiero
KD-01-04.

Mertoauka gociimkeHb. J[7Is  JOCHI[UKEHHS  TEXHIYHOTO  CTaHy
IiIKpaHOBOT KOHCTPYKIIT micist 50 pokiB ekcrutyaTallii I1BOX MOCTOBUX KpaHIB
BaHTakomigiomHicTI0 20/5 T Ta 5 T HEOOXiHO JOCTITUTH TEXHIYHWI cTaH 32
psAnoBHX Ta 8 KpaiHIX KOHCTPYKLIM MiAKpaHOBUX Oanok OyIiBili MOHTa)XHO-
30MpajbHOTO LeXy B NpoiboTi «B-E». Y BucHOBKax [3] nmpuBeneHi pe3yibraTu
00CTe)KEHHSI MOHTa)XKHO-30MPaJIbHOTO IeXy MPOMECIOBOI OYIiBIII 3TiTHO
[16,17,18], mpu oOCTe)KEHHI OIHIOBABCS TEXHIYHUH CTaH KOHCTPYKTHBHOI
cucteMn 00’ekTa. bpaBcs 70 yBarm piBeHb NPHAATHOCTI TEXHIYHOTO CTaHy
KOHCTPYKTHUBHOI cuUCTeMH 00’€KTa B IIJIOMY, SIKMA BH3HA4YaBCS Ha ITJCTaBi
TEXHIYHOTO CTaHy OKpPEeMHX KOHCTPYKIiH 3 BpaxyBaHHsIM ix Kareropii
BiZIMOBiAJIbHOCTI. 3rigHO [3] BPaXOBYEThCSI TEXHIYHMNA CTaH KOHCTPYKIIIH, SIKi
MaloTh MPsSIMUil BIUIMB Ha O€3MeKy eKcIulyartallii miIKpaHOBUX KOJil, 3BEPHEHO
yBary Ha TEXHIYHUIl cTaH 3aJi300€TOHHUX KOHCTPYKLIM Kapkaca, Ha SKHX
3a(piKCOBAHO TPOILEC 3HIKCHHS OMOPHOI 3[aTHOCTI MNUISXOM HAasBHOCTI
HACTYHNHHMX Ie(EeKTiB 1 MOIIKOMKEeHb: KOpo3ii OeTOHy (3HMXEHHS MiIHOCTI
0eToHy), TPIIIMH B 3aXHCHOMY IIapi OETOHY Yy3MOBX CTPIDKHEBOI apMmaTypu
BHACNIJIOK i KOpO3ii, BiAmIapyBaHHSA 3aXWUCHOTro miapy OeroHy. IIpoBeneHO
00CTeXEeHHsI TOPU30HTAJl KOHCOJI KOJIOHH Ta BHUSBIICHI BIJXWICHHS IIIIXOM
HiBeJfoBaHHS. BeraHoBIIGHO, IO KOJIOHH KapKkaca OyiBii, Ha sIKi 0ONMpPaloThes
ITiIKpaHOBI OaJKH, MAIOTh BIAXHMJIEHHS BiJ ropuzoHTaii 1o 210 MM, (auB. puc.
1, a). BigmoBimHO 10 NPOEKTY OONMpaHHsS MiJKPaHOBHX OalOK Ha KOHCOJIb
KOJIOHM Mae OyTHM BHKOHAaHE dYepe3 3acTaBHI JeTalli, M0 3 €HYIOTHCS MIX
KOJIOHOIO Ta TiJKPaHOBOK Oankor. DakTUYHO — OOMMpaHHS BHUKOHAHO Yepes
Ha0lp CTaJieBUX IUIACTHH, PO3MIIMIEHUX JUCKPETHO O3 BiAIOBiIIHOTO
3aKpiMUIEHHST 10 KOHCOJI KOJOHW (BCi BOHM MAalOTh 3pYIICHHS Yy JBOX
miomuHax). Ilpuw oOcTexkeHHI BUSABIEHI pyHHYBaHHS OETOHY IMOJIHUIIL
i IKPaHOBHX OAJIOK 3 OTOJISHHSAM Ta KOpO3i€ro apMartypu (puc. 2).

B pesynbraTi oOcrexxeHHss Oyjo BHsBIEHO, o mpaktuuHo 100% Bcix
0OJITOBHX 3'€JJHAHB KPIIJICHHS KPAHOBOI KOJIii MarOTh NOPYIICHHS (puc. 3).
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PyiiHyBaHHS 3aXHCHOTO Iapy OCTOHY MO HU3Yy OaJOK 3 OTOJICHHSM Ta
KOpo3i€ro apmatypu (puc. 4).
Ckonu y BepXHiil MOuIli 3a1i300€TOHHOT MiIKpaHoBO1 Oayiku (puc. 4, 5).

Puc. 1, a. Binxunenns Big ropuzonrani  Puc. 1, 6. Binxunenns Big

PETYIION0Yi MIACTHHY MiX OAJIKOKO Ta TOPU30HTAJIl PEryo0di

Or'0JIOBKOM KOJIOHH IUIACTHHU MiX 0aJIKOIo Ta
OT'0JIOBKOM KOJIOHH

Puc. 2. PyitnyBanHs OeTOHY Puc. 3. TlopymenHs 60J1TOBHX
TTOJTUIIH MiTKPAHOBHUX OAJIOK 3 3'€IHAHb KPIIUICHHS KPaHOBOT
OTOJICHHSIM Ta KOPO3i€I0 apMaTypu Kouii
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Puc. 4. Cxomu y BepxHili monumi Puc. 5. Ckonu y BepxHiii monmuti
3aI1i300€TOHHOT iAKPAaHOBOT OaJIKK 3a1i300€ TOHHOT i JKPaHOBOT
Oanku

PesyabraTu gociimkeHb. TexXHIYHMH CTaH IMiJKPAHOBUX OajoK, SKHA
NoBUHEH 3ale3neuyBaTH Oe3nedyHy poOOOTYy CHCTEMHM «XOJOBI Koieca —
KpPaHOBUH IUIAX» MOCTOBUX KpaHiB, HE BiJIIOBiJla€ BUMOTAM HOPMATHBHO-
TEXHIYHOI JJOKYMEHTAIIl Ta He 3a0e3medye Oe3lmevHy eKCIUTyaTaIlilo MOCTOBHX
KpaHiB.

Jus peamizamii 3axodiB 3 BiJHOBJICHHS IMiAKPaHOBOI KOJii BHPIIIEHO
pO3pOOUTH  TPOEKT IIOAO 3aMiHM 3aTi300€TOHHHMX IMiJAKPAaHOBHUX OajoK Ha
cTayieBi MiAKpaHOBI Oanku. Y 3B’AKy 3 0OUM, Oymu po3poOJieHi HACTyIHI
KOHCTPYKTHBHI pitnensst (puc. 6 — 10):

—  JEMOHTaX 3a1i300€TOHHUX OaJOK pPa30oM 3 IiIKPAHOBOIO KOJII€0
(puc.7);

— JIEMOHTaX KpiIlJIeHb OalIOK JI0 KOJIOHU Ta PETyJIIOI0YHX IJIACTHH;

— JIEMOHTaX >KOPCTKOI OETOHHOT BCTaBKM MK OAJIKOIO Ta KOJIOHOIO;

— TIJICUIICHHS] KOHCOJI KOJIOHHM 3 MOHTa)XeM KPITUICHHS aHKePHOTO OJIOKY
JUTSL TIOJJATTBILIOT0 BCTAHOBJICHHS! METAJIEBUX MiJIKPAHOBUX OAIOK;

— pO3paxyHOK Ta pO3poOKa MeETaleBHX OalloK, BIATOBIAHO MIFOYUX
HaBaHTAXKEHb, Ta BPaXyBaHHS iICHYIOUHX BiJIMITOK BepXy OaJku;

— MOHTaX OaJloOK 3 PEryJIol0YMMH BCTaBKaMM BIJIIOBIHO CXEMH
HIBEJIFOBaHHS BIJIMITOK BepXy KOHCOJI KOJOHH (puc. §);

— po3poOKka Ta BCTAHOBJICHHS TOPMO3HUX EJEMEHTIB MK Oalkoi Ta
KOJIOHOIO;

— BCTAHOBJICHHSI PEWKH BiJMIOBIHO TEXHIYHUX XapaKTEPHUCTUK MOCTOBUX
KpaHiB Ta MOHT2)XHHX CXeM, 10 HaBedeHi y [14].
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BucnoBku

1. [loBeneHo, 10 MiIKpaHOBI OAKK TPalOTh BXIIMBY POJIb y 3a0€3MeueHHI
Oe3rexy Ta e()eKTUBHOCTI POOIT B MOHT2XXHOMY LieXy. 3aMiHa 3a1i300€TOHHHUX
O6aox Ha MeTasieBi MOXke OyTH BaKIMBUM KPOKOM ISl TMOKPALIEHHS IHX
napameTpis.

2. VYIIOCKOHQJICHHS TNPOEKTHUX pillleHb LIOA0 3aMiHH 3ai300€TOHHUX
MiAKPaHOBHUX OaJOK HA METaJeBi JOTIOMOXKE 3MEHIIUTH Bary KOHCTPYKIIIi, 0
BIUIMHE Ha ii eKCIDTyaTaliiHi XapaKTepPUCTHKHU Ta 301IBIINTH 3aBaHTAKCHICTH
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KpaHOBOTO OOJagHAHHSA: Bara OJHI€I 3aMi300€TOHHOI OalkKi CTaHOBHUTH 8 TOHH,
TOJI SIK Bara MeTajieBoi Oajku CTaHOBUTH 1.6 TOH.

3. 3anpoexToBaHi MeTaJeBi MiAKPaHOBI OAJIKK MOXYTb OYTH BUI'OTOBJICHI 3
ypaxyBaHHSM KOHKPETHHX BHMOT i HOTpeO MOHTa)XHOTO IEXYy, L0 J03BOJISIE
ONTHMI3YBaTH KOHCTPYKIIIO JJIsl KOHKPETHUX 3aBJIaHb.

4. MeraneBi miAKpaHOBI OalKy BiJ3HAYAIOTHCS BUCOKOIO MIIHICTIO 1
CTIMKICTIO JI0 KOpO3ii, 110 pPOOUTH iX ONTHUMAalIbHUMH JJIsl BUKOPHUCTaHHS B
YMOBaX BHPOOHHYOrO CEpelOBUIA MOHTa)KHOTO IIeXy. BaxmBuM acriekToM €
3HIDKCHHS BUTpaT Ha OOCIYroBYBaHHS Ta PEMOHT METAICBHX ITiIKPaHOBHX
0aJIOK MOPIBHAHO 3 3A1I300€TOHHUMH aHAJIOTaMH.

5. PesynpraTd IOCHi/UKEHHS Ta HPAaKTHYHUI JOCBIJ IOKa3ylOTh, IO
3aMiHa 3aJ1i300€TOHHUX ITiAKPaHOBHX 0AJIOK Ha METaJeBi MOXe OYTH BUTiTHOIO
cTparteriero Jursi 6araTbox MPOMHUCIOBHUX MiANPHUEMCTB, CIPHSIOYH ITiIBUILCHHIO
MIPOJYKTUBHOCTI Ta 3MEHILIIEHHIO BUTPAT.
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The wide application of asphalt concrete in road construction has brought
convenience to human travel, but road icing requires the application of deicing agents
to prevent traffic accidents. However, the use of a deicing agent will also cause
damage to the pavement material, so this paper carries out the research on the low-
temperature performance of asphalt concrete with different concentrations of deicing
agent solutions through the freeze-thaw cycle test. The test results show that with the
increase in the number of freeze-thaw cycles, the five concentrations of deicing agent
solution corresponding to the flexural tensile strength and maximum flexural tensile
strain are decreasing trend. Although the deicing agent solution has a certain effect on
the flexural tensile strength and maximum flexural tensile strain, the main effect on the
reduction of the low-temperature performance of asphalt concrete is the frost damage
caused by the freeze-thaw cycle.

3 nocmitinum  po36UMKOM — MPAHCHOPMHOL  IHOPACMPYKMYPYU,  WUPOKe
3acmocy8anis acarbmobemony 6 00POHCHbOMY OYOISHUYMBI NPUHECTO 3PYUHICMb
ons nepecysanns niodel. I[lpome 63uMKy uacmra 00OpOICHLO-MPAHCNOPMHUX NPU200,
CHPUYUHEHUX CHI2OM Ma 0diceneduyero, ceped YCix 00POHCHbO-MPAHCROPIMHUX NPULOO
documv eucoka, i yi ATII uacmo npu3zeodsams 00 NH0OCbKUX dxcepms. [isi yCYHeHHs
asuwa  obnedeHinHa  Oopie 8I00IN  YNpagninHA OOPOJICHIM PYXOM  3a36uyail
BUKOPUCOBYE NPOMUONCENeOH] peyosunu. Lleil cnocib docseae uy0osux pesyibmamis,
3HAYHO — 3MEHWLYIOUU  KIIbKICMb — QOPONCHbO-MPAHCROPMHUX — npueod.  Ilpome
BUKOPUCTNAHHS nPOMUOIHCENeOHUX peuosun CHpuyuHAE NOWKOOXHCEHHS
acanemobemony, a 0cobaUE0 HAOMIpHE | HENPABUTbHE SUKOPUCMAHHA 3ACO0Y, WO 6
CBOI0 YEP2y 3HAUHO ZHUNHCYE eKCNIYAMAYIHI 61ACMUBOCI OOPOICHEO20 HOKPUMMAL.

Hns moeo, wob  3'acysamu  6naus  pisHUX  KOHYeHmpayiu  po3uuHy
nPOMUOICENeOHOI  peYyosUHU  HA  HU3LKOMEMNEPAMypHi  Xapakmepucmuku
acanbmobemony, 6 yiii cmammi nPo8edeHO OOCNIONCEHHS HUZLKOMEMNePamypHUux
Xapakmepucmuk — acgarbmobemony 3 Di3HUMU  KOHYEHMPAYIAMU — PO3YUHY
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npomuodiceeOHoi  peyosuHu 3a  00NOMO2010  BUNPOOYBAHHS HA  NONEPeMIHHE
3AMOPOAICYBAHHI MA BIOMABAHHSL.

Pezynomamu eunpobysanv nokasyromo, wo 30 30i1bUEHHAM KiIbKOCMI YUKII6
3AMOPOICYBAHHS-BIOMAGAHHA  N'AMU  KOHYEHMPAyill  PO3UUHY  APOMUOACENCOHOT
cymiwi, wo 8i0noeioarms mexci MiYyHOCMI HA po3maAe Npu 32UHI A MAKCUMATbHIU
Odepopmayii Ha po3msae npu 32uHi, MAOMb MEHOEHYII0 00 3MEeHUEHHs, WO C8I0UUmMb
Nnpo 3HAYHULL GNAUE KINTLKOCMI YUKIIE 3AMOPONCYBAHHA-BIOMABAHHA HA NOUKOONCEHHS
acanomobemony. Hum 6invwia KoHyeHmpayia npoOmMuoNCeNeOH020 pedceHmy, Mum
OUEBUOHIWUM € 3HUIICEHH MedCci MIYHOCMI Ha po3mse Npu 32uHi Ma MAKCUMATbHA
Odepopmayis Ha posmse npu 32ui. Xoua KOHYeHmMpayis po3UuHy NPOMUOICeneOHOT
CYyMIWI MA€ NeGHULl 6NIUE HA MeXNCY MIYHOCMI HA GUSUH [ MAKCUMATbHY 0ehopmayiio
HA po3msae Npu GUSUHI, OCHOBHULL 6NIUE HA 3HUNCEHHS HU3bKOMEeMNEepamypHux
Xapaxkmepucmux ac@aibmo6emony Mae NOWKOONCEHHA B8I0 MOPO3HO20 30UMAHHA,
CHpUYUHEHe YUKIAMU 3aMep3aHHA-8I0MABAHHA, WO MOJCe NPU3Becmu 00 CepuosHux
NOWKOOINHCEHb 8HACTIOOK po3pugy OimymHoi obononku. Koposis acgpanbmodbemony nio
BNIUBOM  NPOMUONHCENEOHUX peazenmie Modce Oymu  MOPUHHUM — AKMOPOM.
IIpomuodicenedni pevosuHu MOdICymb 3HUNCY8AMU a02e3il0 acanbmobemony, uo
npu3600UMsb 00 3MEHUIeHHs 38'S13KY MIdC OImymom i 3anosHio8avem, a ye, 8 C80H0
uepey, 3HUNCYE eKCHIYAMAayiliHi Xapakxmepucmuku acgaromodemony.

Keywords: asphalt concrete, deicing agent, low temperature performance, solution
concentration, freeze-thaw cycle, road performance.

Kniouosi cnoea: acghanbmobemon, npomuooiceneona peuosuna,
HU3bKOMeMnepamypHi Xapakmepucmuxu, KOHYeHmpayis PO3UUNY, yuxn
3aMOPOHCYBANHA-GIOMABAHHNS, eKCHIYAMAYIUHI Xapakmepucmuky ac@anomooemony.

Introduction. With the continuous development of transportation
infrastructure in cold regions, asphalt concrete is increasingly applied in road
construction[1]. However, in the cold season, the icing phenomenon on the road
surface becomes a non-negligible problem, which not only affects traffic safety
but also puts higher requirements on the performance of road materials. To
solve this problem, the use of deicing agents has become a common means[2].

However, when selecting deicing agents, their effects on asphalt concrete
performance need to be considered, especially under freeze-thaw cycle
conditions[3]. Freeze-thaw cycle refers to the process of alternating freezing and
thawing experienced by the road surface during the cold season, which puts
higher requirements on the mechanical properties and durability of asphalt
concrete[4][5]. Therefore, an in-depth study of the effects of different
concentrations of deicing agents on the low-temperature performance of asphalt
concrete under freeze-thaw cycle conditions is of great significance for
optimizing the use of deicing agents and improving the performance of road
usage. This study aims to systematically investigate the effects of different
concentrations of deicing agents on the low-temperature performance of asphalt

172



CyuyacHi mexHosnoeii ma memodu po3paxyHkis y bydieHuumei. [lyupk, JIHTY. 2023, Bunyck 20
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2023, Volume 20

concrete through experimental methods, to provide a scientific basis for road
construction.

In this investigation, five concentrations of NaCl solutions, 1%, 2%, 3%,
4%, and 5%, were selected to conduct freeze-thaw cycle tests on beam
specimens (250 mm + 2.0 mm in length, 30 mm % 2.0 mm in width, and 35 mm
+ 2.0 mm in height) of AC-20 asphalt concrete. The test parameters for a single
cycle were: freezing temperature of -20°C + 1°C and freezing time of 24h =+
0.5h for the test, and thawing temperature of 20°C + 1°C and thawing time of
24h + 0.5h. A total of 28 cycles were carried out and the low-temperature crack
resistance tests were performed at the end of 0, 4, 8, 12, 16, 20, 24, and 28

cycles, and the test parameters included flexural tensile strength and maximum
flexural tensile strain.

Table 1
Flexural tensile strength of asphalt concrete after multiple freeze-thaw cycles
Number of freeze-thaw Flexural tensile strength, MPa
cycles 1%NaCl | 2%NaCl | 3%NaCl | 4%NaCl | 5%NaCl
0 11,32 11,32 11,32 11,32 11,32
4 11,14 11,12 11,05 10,95 10,91
8 11,05 11,02 10,88 10,71 10,62
12 10,83 10,74 10,52 10,33 10,21
16 10,40 10,27 10,14 9,74 9,54
20 9,86 9,81 9,72 9,23 9,02
24 9,45 9,31 9,17 8,62 8,42
28 9,03 8,86 8,65 8,17 7,91
35
-o— 1%NaCl
30
-# 2%NaCl ol
25711 3%Naci T 4
* 4%NaCl Y

5%NaCl

T T 1
0 4 8 12 16 20 24 28

Freeze-thaw cycles/Times
Fig. 1 Loss rate of flexural tensile strength of asphalt concrete after experiencing
multiple freeze-thaw cycles

Loss rate of flexural tensile strength/%
N
o

Test results. Low-temperature crack resistance test was performed on
asphalt concrete after multiple freeze-thaw cycles, and the flexural tensile
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strength and maximum flexural tensile strain are shown in Tables 1 and 2, and
their corresponding loss rates are shown in Figures 1 and 2.

As can be seen from Table 1, with the increase in the number of freeze-
thaw cycles, the flexural tensile strength corresponding to the five
concentrations of deicing agent solutions showed a decreasing trend, indicating
that the damage of freeze-thaw cycles on asphalt concrete is extremely
significant; meanwhile, it was observed that the larger the concentration of
deicing agent corresponding to the flexural tensile strength decreases more
obviously, at the end of the 28 times of freeze-thaw cycles, the flexural tensile
strength corresponding to the five concentrations of deicing agent solutions
were 9,03 MPa, 8.86 MPa, 8.65 MPa, 8,17 MPa and 7,91 MPa respectively,
which shows that the deicing agent has a certain impact on the flexural tensile
strength of asphalt concrete. Simultaneously, it can be observed from Fig. 1 that
the loss rate for the first 12 freeze-thaw cycles is lower than the loss rate at 12-
28 cycles. At the end of 28 cycles, the loss of flexural tensile strength
corresponding to five concentrations of deicing agent solutions was 20.22%,
21.73%, 23.58%, 27.83%, and 30.12%, respectively.

Table 2
Maximum flexural tensile strain of asphalt concrete after multiple freeze-thaw
cycles

Number of freeze- | Maximum flexural tensile strain, pe
thaw cycles 1%NaCl | 2%NaCl | 3%NaCl | 4%NaCl | 5%NacCl

0 2963 2963 2963 2963 2963

4 2915 2910 2901 2883 2871

8 2892 2884 2873 2842 2824

12 2835 2810 2799 2761 2741

16 2723 2689 2671 2614 2589

20 2627 2594 2578 2525 2493

24 2535 2508 2493 2437 2386

28 2463 2431 2417 2373 2307

As can be seen from Table 2, with the increase in the number of freeze-
thaw cycles, the maximum flexural tensile strain corresponding to the five
concentrations of deicing agent solutions showed a decreasing trend, indicating
that the damage of freeze-thaw cycles on asphalt concrete is quite significant;
simultaneously observed that the larger the concentration of the deicing agent
corresponds to the maximum flexural tensile strain decreased more obviously, at
the end of the 28 times of freeze-thaw cycles, the maximum flexural tensile
strain corresponding to the five concentrations of deicing agent solutions were
2463 pe, 2431 pe, 2417 pe, 2373 pe and 2307 pe, respectively, indicating that
the deicing agent has a certain influence on the maximum flexural tensile strain
of asphalt concrete. Meanwhile, it is observed from Fig. 2 that the loss rate in
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the first 12 freeze-thaw cycles is lower than the loss rate at 12-28 cycles. At the
end of 28 cycles, the loss of maximum flexural tensile strain corresponding to
five concentrations of deicing agent solutions was 16.85%, 17.95%, 18.43%,
19.91%, and 22.14%, respectively.

25
-o- 1%NaCl
20 = 2%NaCl
15 -4 1 3%NaCl
v 4%NaCl
10 5%NaCl

T T
0 4 8 12 16 20 24 28

Freeze-thaw cycles/Times
Fig. 2 Loss rate of maximum flexural tensile strain of asphalt concrete after
experiencing multiple freeze-thaw cycles

Loss rate of maximum flexure tensile strain/%

Comprehensive analysis of the experimental results of flexural tensile
strength and maximum flexural tensile strain shows that although the flexural
tensile strength and maximum flexural tensile strain corresponding to the five
concentrations of deicing agent solutions are different, the difference is not
significant (at the end of 28 cycles, the loss rate of flexural tensile strength
ranges from 20%-31%, and the loss of maximum flexural tensile strain ranges
from 16% to 23%). Therefore, the greatest influence on the low-temperature
performance reduction is the freezing and expansion damage of the freeze-thaw
cycle, the freezing and expansion force caused by solution freezing will tear the
asphalt membrane and cause serious damage; followed by the erosion damage
of the deicing agent on the asphalt concrete, which may be due to the deicing
agent reduces the adhesion of the asphalt, resulting in a decrease in the bonding
force between asphalt and aggregates, which leads to a reduction in the
performance of the asphalt concrete.

Conclusion. In this paper, by comparing and analyzing the experimental
data of flexural tensile strength and maximum flexural tensile strain, the
following conclusions can be drawn:

1. with the increase in the number of freeze-thaw cycles, the five
concentrations of deicing agent solution corresponding to the flexural tensile
strength and maximum flexural tensile strain have a decreasing trend, which
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indicates that the freeze-thaw cycle on the asphalt concrete damage is
significant.

2. The larger the concentration of deicing agent corresponding to the
flexural tensile strength and maximum flexural tensile strain decreased more
obviously.

3. From the loss rate of flexural tensile strength and maximum flexural
tensile strain, it can be observed that the loss rate is low in the first 12 freeze-
thaw cycles, while it increases in the 12-28 cycles. This may imply that asphalt
concrete is relatively more resistant to freeze-thaw cycles in the initial stages,
but the damage increases as the number of cycles increases.

4. Although the concentration of the deicing agent solution affects the
flexural tensile strength and maximum flexural tensile strain, the main effect on
the reduction in the low-temperature performance of the asphalt concrete is the
frost heave damage induced by the freeze-thaw cycles. Freeze-up forces can
cause tearing of the asphalt membrane, resulting in severe damage. Erosion
damage to asphalt concrete by the deicing agent may be a secondary influence.
Deicing agents may reduce the bonding of asphalt, resulting in a reduction in the
bond between asphalt and aggregate, thus reducing the performance of asphalt
concrete.
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Preservation and maintenance of architectural monuments have always been the
number one task for civil engineers. In this context, the engineer encounters a ‘“wagon
load” of problems. On the one hand, there are strict requirements for the composition of
materials used for restoration. On the other hand, it is the almost insurmountable
challenge of selecting the right materials with the essential properties for the proper
restoration of an architectural monument. Fixing of cracks and cavities is crucial for the
durability of reinforced concrete and stone structures. These need to be treated
scientifically to ensure usability.

In this setting, the use of Epoxy resins has become common. While Epoxy resins
perform well under certain circumstances, they have many disadvantages such as heat
instability, high costs, high resource demand, and serious health and environmental
hazards. Furthermore, Epoxy resins are proscribed in monument preservation. To
overcome the potential disadvantages of Epoxy resins, Geopolymers offer a promising
alternative. Geopolymers are an environmentally friendly and durable substitute with
low viscosity, supported by high-temperature stability. Using inorganic additives,
geopolymer can expand and create a preload during solidification; this is a salient
favorable feature since any decrease in volume will lead to the creation of a new cavity
or crack of a smaller size. According to previous studies [1], the implementation of this
low-CO2 geopolymer cement in construction and civil engineering would reduce CO2
emissions caused by the cement and concrete industry by 80%

This article presents the main advantages and disadvantages of the proposed
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geopolymer solution, in comparison to the ordinary cement mortar. The authors present
the argument for the expediency of using a geopolymer solution in the reconstruction of
architectural monuments.

3bepeoicenna ma ympumanHa nam’AmoK apximexmypu 3aexcou 0yn0 3a80aHHAM
HOMep OO0UH Onsl [HdCeHepi6-0y0isenbHuKie. YV 36'A3Ky 3 yum iHdCeHep CMUKAEMbCA 3
6euuesHol0 Kinbkicmio npobnem. 3 00HO20 OOKY, ye HCOPCMKI 8uUMO2u 00 CKIAOY
Mamepianie, AKi 6UKOpuUcmosylomvca 0 pecmaepayii. 3 iHwozo 60Ky, ye
Hemodicaugicmy  nidibpamu  6IONOGIOHI  61ACMUBOCI  MAMEPIanié Ol  HALeHCHOT
pecmaespayii  nam’smku  apximekmypu. YcCyHeHnHs mMpiWyuH mMa NOPOJICHUH MAE
BUPIUATbHE 3HAYUEHHS 0I5l 006208IHHOCIE 3ANI300€MOHHUX MA KAM STHUX KOHCIPYKYILL.
L]o6 3abesneyumu ix excniayamayiiny npudamuicms, nompiben Haykoguil nioxio. /[ns
BuUpilenHs Yb020 NUMAHHA 3A36UYALl  GUKOPUCMOBYIOMb enoKCUOHi cmonu. Xoua
ENnOKCUOHI cMONU 00bpe npayioromsv 3a NesHUX 00CMABUH, ale 80HU MAlmb 6a2amo
HeOONiKi8, MAKUX AK YYMAUBICIb 00 HAZPIBAHHA, BUCOKA 6apMICMb, BUCOKI 8UMO2U 00
pecypcie | Hebesnexa Ol HABKOIUWHBO2O cepedosuwa ma 300pog'sa. Kpim moeo,
EeNOKCUOHI CMOMU 3a00poHeHi npu oxopoHi nam’smok. IlJo6 nodoramu nomenyitini
HeOONiKU ~ eNnOKCUOHUX ~ CMOJN,  2e0noAiMepu  NPONOHYIOMb  0azamoobiyayy
anvmeprnamugy. 1 eononimepu € eKONO2IYHO YUCMUM | O08208IYHUM 3AMIHHUKOM 3
HU3LKOIO  8'A3KiCMIO, WO NIOMPUMYEMbC  BUCOKOMEMNEPAMYPHOI0  CMAbLIbHICIIO.
3a60axku HeopeaHiuHumM 000a8KAM 2e0NoaiMep Npu 3AMEepOiHHI POWUPIOEMbCA |
CMBOPIOE NONEPeoHE HABAHMAICEHHA, ye NOMImHA nepeeazd, OCKinbKu 06y0b-sKe
3MeHueHHs 00'emy npuzeede 00 YMBOPeHHsI HOB0I NOPOICHUHU aOO MPIWUHU MEHUL020
po3mipy. 32i0H0 3 nonepednimu docnioxcennamu [1], 3acmocyeannsa yux 2eonorimepHux
yemenmia 3 Husbkum emicmom CO2 y Oyoisnuymei ma yusinbHii indicenepii 3menuums
suxuou CO2, cnpuuuneni yeMeHmuow ma 6emonHow npomuciosicmio, Ha 80%.

YV cmammi nasedeno ocnoemi nepesacu ma HeOONKU 2e0NONIMEPHO20 PO3UUHY,
npueoOUMbCsL 11020 NOPIBHAHHA 31 36UYAUHUM  YEeMEHMHUM PO3UUHOM. Asmopu
00IpyHmMOoByIOmb  OOYINbHICMb — GUKOPUCMANHA — 2€0NONIMEPHO20  PO3YUHY  Npu
peKoHCcmpYKYii nam amox apximexkmypu.

Keywords: geopolymer, epoxy resins, restoration, cracks
Kniouoei cnosa: eeononimep, enokcuoHi cmonu, 8iOHO8NEHHs, MPIUUHU

Introduction

On the question of ensuring the preservation of architectural monuments, the
main legislative document is the Venice Charter. Article 10 of the Venice Charter
says: “Where traditional techniques prove inadequate, the consolidation of a
monument can be achieved by the use of any modern technique for conservation
and construction, the efficacy of which has been shown by scientific data and
proved by experience” [2]. According to Article 12 of the Venice Charter
“Replacements of missing parts must integrate harmoniously with the whole, but at
the same time must be distinguishable from the original so that restoration does not
falsify the artistic or historic evidence” [2].

The use of new materials is always decided on a case-by-case basis together
with the responsible monument protection office; there is no general, material-
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specific regulation [3].

According to the above arguments, the use of geopolymer-based solutions
for filling cracks and chips in architectural masonry is possible and does not
contradict current rules and regulations.

Goals and objectives of the study.

Under the circumstances, this technical paper attempts to discuss the nature
of geopolymer binders and presents the line of reasoning to support their
utilization in the new era for the restoration of buildings.

What is Geopolymer?

Geopolymer mortars - what are they - a long-forgotten past or a potential
bright prospect for the ecological construction of the future?

Looking into history and drawing an analogy between the properties of
modern geopolymer mortars and Roman cement or the stones of the Egyptian
pyramids, it becomes clear that our ancestors already knew the recipe for this
durable and corrosion-resistant material. However, with the development of
Portland cement and its mass production and use, people stopped thinking about
the environmental friendliness of materials and began to inconsiderately erect
buildings from concrete. Now, due to a realistically foreseeable environmental
disaster, long-forgotten geopolymers are becoming the object of modern
construction science.

Geopolymers are inorganic, typically ceramic, alumino-silicate forming
long-range, covalently bonded, non-crystalline (amorphous) networks. Obsidian
(volcanic glass) fragments are a component of some geopolymer blends [4].

In 1979 Joseph Davidovits created and applied the term “Geopolymer” as
the raw materials used in the synthesis of silicon-based polymers are mainly
rock-forming minerals of geological origin [5]. Geopolymers are divided into
two main groups: pure inorganic geopolymers and geopolymers containing
organic substances, synthetic analogs of naturally occurring macromolecules.

Main properties of Geopolymer vs Portland Cement

Based on the precursor material geopolymer cement could be divided into
slag-based geopolymer cement, rock-based geopolymer cement, fly ash-based
geopolymer cement, and ferro-sialate-based geopolymer cement.

a. Influence of location (source of feedstock)

Research by Australian scientists McLellan, Williams, Lay, Arie van
Riessen, and Corder (2011) proves the environmental friendliness and cost-
effectiveness of using geopolymers compared to ordinary Portland cement
(OPC). For the proposed “typical” Australian geopolymer product, there is an
estimated 44-64% improvement in greenhouse gas emissions over OPC, while
on the flip side, the cost of these geopolymers can go up to twice as high as
OPC [6]. However, the paper also indicates that those benefits are only
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realizable given the most appropriate source of feedstock, supported by reduced
transportation costs. The broad range of potential feedstock sources offers a
very wide range of potential impacts: compared with emissions from OPC
concrete, emissions from geopolymer concrete can be 97% lower and up to 14%
higher. Each application for geopolymers therefore needs to be assessed based
on its specific location, given that the impact of the location on the overall
sustainability is one of the determining factors [6].

b. Resistance to destructive/acidic impact

The results of the study [7] show that geopolymer fine-grained concrete
based on lignite ash has a higher resistance to the effects of a 3% sulfuric acid
solution and a 5% sodium sulfate solution compared to cement mortars. The loss
of strength when exposed to sulfuric acid for 120 days in these concretes did not
exceed 3,6%. The acid and sulfate resistance of geopolymer materials is
explained [7] by the high resistance to destruction under the influence of
aggressive environments due to the three-dimensional polymer structure of the
geopolymer binder compared to the multiphase structure of hydrated cement.

Work [8] shows that the acid resistance of geopolymer fine-grained
concrete when using sodium hydroxide as an activator is higher than that of
concrete with sodium silicate.

It has been established [9] that geopolymer concrete, despite its higher
alkali content than cement concrete, is not characterized by an alkali-silica
reaction.

When geopolymer fine-grained concrete is exposed to acids and sulfates in
28 days, according to [10], they lose no more than 2,5% of the original mass,
while the mass of cement concrete samples decreases: in H2SO4 solution - by
more than 22%, and in HCI solution — 8%. The authors of [11] believe that the
reason for the increased acid and sulfate resistance of geopolymer concretes is
the absence of Ca(OH); in their composition.

¢. Reduced carbon emissions/environmental impact

According to Komnitsas's (2011) study, geopolymer concrete made from
fly ash (FA) and GBFS results in lower CO, emissions than OPC concrete [12].
The environmental impact of geopolymer concrete is associated with the use of
a sodium silicate solution, the production of which uses a pure glass cullet.
However, discarded cullet can easily be used as an alternative source of silicate.
Slag-based geopolymer concrete requires only a small amount of sodium silicate
and therefore has a low environmental impact. In addition, the use of these
wastes reduces the environmental impact associated with their disposal and the
subsequent formation of hazardous leachates.

Problems of Geopolymers

a. Lack of supporting regulations

The use of any building material must be based on:

- the relevant regulatory documents and standards governing and
regulating the composition.
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- the necessary physical, chemical, and mechanical properties of the
output material,

- susceptibility to corrosion and the possibility of application.

Necessary supportive regulatory documents and standards must be created
for Geopolymers. This would serve as an impetus to their increased use and
expose the product to a wide consumer market.

b. Drawback with “fast setting”

Another problem of geopolymer binder was discussed by M. Criado (2009)
and it is its poor workability: “Alkali-activated fly ash has a much greater plastic
viscosity than ordinary Portland cement and is prone to fast setting” [13]. The
viscosity can be adjusted with the right mixture, but the fast setting is a limiting
factor for certain applications.

c. Work environment safety

It is essential, in an industrial work environment to give adequate
importance to the issue of operational safety. Lack of proper care in handling
sodium hydroxide used in the manufacture of geopolymers can cause chemical
burns of varying degrees.

d. Inadequate study on Geopolymer shrinkage

Despite the great importance of the shrinkage of geopolymer and other
alkali-activated binders, this phenomenon has not been sufficiently studied and
results documented. This occasionally results in a high degree of
unpredictability — this in turn adversely affects the use of these binders on an
industrial scale.

Geopolymer mortar as a repair material

The possibility of using Geopolymer mortars as a gap compensation
material for wind power plants has been proven. Good results were obtained,
during the experimentation conducted by Hendrik Morgenstern and Michael
Raupach [14]. The research successfully established the fact that the developed
geopolymer could be used as a compensation material for gaps as small as 1mm.

The idea of the conducted study [15] was to establish the effectiveness of a
material that would combine reasonable mechanical strength with a low
viscosity allowing injectability. A metakaolin-based geopolymer and several
inorganic fillers and additives were combined and tested regarding their
applicability as an injection material. The experiment ascertained the
effectiveness of the material to handle cracks and fill gaps.

The work of Frasson, Pelisser, and Silva (2020) have determined that the
repairs made with geopolymer cement are a viable and efficient means of crack
recovery. The geopolymer cement paste and an epoxy adhesive, as a reference,
were used for the repairs [16]. The results showed a 13% decrease in
compressive strength for unrepaired concrete, and 3,7% in concrete repaired
with geopolymer. The binder presented mechanical performance similar to that
of the epoxy resin on crack recovery [16].
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High encouraging results were received by Yung-Chin Ding et al. [17], -
the compressive strength test of the concrete substrate bonded with geopolymer
paste showed up to 120% rate of repair. In comparison to Portland cement, the
slag/fly ash-based geopolymer paste has very good future potential for further
engineering development.

The study of geopolymers used to strengthen the masonry of historical
heritage structures was further evaluated in the work of Baltazar et al (2019).
The study investigated the fresh and hardened properties of grouts composed of
natural hydraulic lime (NHL) and geopolymer as a useful repair and
strengthening technique to intervene in old masonry buildings [18]. The
experiments were conducted using a geopolymer made of fly ash, sodium
hydroxide, and water. The effects of the replacement of NHL by the fly ash-
based geopolymer (at the dosages of 0, 20, 50, 80, and 100%) on certain
parameters, namely - stability, water absorption, compressive strength, and
durability were investigated [18]. The results showed that geopolymer-based
grout has several advantages based on mechanical strength, durability, and fresh
stability; however, the improvement of their rheological performance proved to
be a challenging task [18].

In the next work of Baltazar and Luis (2022) the experimental findings
revealed that the silica-fume-based geopolymer grout has an inferior
performance from a rheological point of view [19]. This finding was
nevertheless compensated by the promising results in terms of mechanical
strength when compared to traditional hydraulic-lime-based grout [19].

Conclusions

The improvement of the technology related to the manufacture of
geopolymer materials based on industrial waste and the wide implementation of
these technologies in practice will allow for solving several scientific and
technical tasks, which have been summarized below:

- to obtain building materials with higher technical and construction
characteristics, especially with increased durability;

- to reduce the construction industry's need for natural raw materials;

- to solve the problem of storage and rational use of industrial waste;

- to significantly reduce the energy consumption of binder production;

- to reduce the cost of production of construction materials due to the use
of cheaper raw materials.

In addition, replacing Portland cement with geopolymer binders in the
construction industry will significantly reduce the amount of carbon dioxide
emissions into the atmosphere.

Despite the significant advantages of geopolymer binders, they are not yet
widely used in construction. The creation and sustainable development of the
field of geopolymer building materials requires the accumulation and systematic
analysis of data on the influence of various factors on the properties. This will
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encourage the creation of a scientific and practical basis for the development of
industrial technologies of geopolymer materials.

The unpredictability of The behavior in terms of the durability of
Geopolymers can be overcome not only by a systematic study of the materials.
The stated studies should be adequately supported by statistical information
gathering on the effectiveness of the technologies employed based on real-life
operation conditions.

Unreinforced masonry buildings in historic centers around the world have
often gone unnoticed for centuries, without any protection from natural
calamities. These buildings demonstrate low resistance to external influences,
especially earthquakes. Earthquakes can cause severe damage to buildings and
even result in the collapse of structures as a result of seismic effects on
structures [20]. For this reason, repairing and strengthening damaged masonry
structures is of paramount importance.

An analysis of the above studies shows that geopolymer grouts have many
advantages over conventional repair materials due to their high viscosity,
compressive strength, environmental friendliness, and excellent durability, as
articulated in this document.
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TA TBEPIHHI KATISIPHO-MIOPUCTHUX TLI
(HA TIPUKJIAJII BETOHY JJISI JOPOKHLOT'O IOKPUTTS)

STUDY OF MASS TRANSFER, HEAT AND MASS TRANSFER
PROCESSES DURING INTENSIVE DEHYDRATION AND
HARDENING OF CAPILLARY-POROUS BODIES (ON THE EXAMPLE
OF CONCRETE FOR ROAD PAVEMENT)
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Bemon ¢ kaninapno-nopucmum miiom (K npu inmeHCU8HOMY 3He800HeHHT, MAK i y
npoyeci meepdinns). /st ananizy menio- ma mMacooOOMIHHUX NPOYeci6 BUKOPUCMAHA
cucmema OughepeHyianvHux pPigHsAHb MenI0MAConepeHocy, ompumana akademixom O.B.
Jluxosum. Y pobomi Oocniodcenuii 6naug iHMeHCUBHO20 3He80OHEeHMs Oemony Ha
npoyecu 80102000MIHY il 801020nepeHOCcy. Y axocmi Kpumepiro nepeHocy 60102u y
npoyeci  mepmooObpoOKU  3acmocogyemvbcs  MacoobminHutl  Kpumepiti  Kupnuyosa.
Pesynemamu 0ocniodcenns npoyecie menyo- i MaconepeHocy npu meepoinHi Oemony
NOPIGHIOIOMbCA 3 OAHUMU, OMPUMAHUMU NPU MOOETI08AHHI 6KA3AHUX npoyecie 3a
obpanux epanuunux ymos. Excnepumenmanvuuti ma uucenvHuti amaniz OaHux, ix
CnigCmasnentss 3 pe3yIbmamamu aHanimuyHo20 po3e 3Ky MamemamuyHoi mooeni
NOKA3YIOMb  MOJCIUGICb  3ACMOCYB8ANHS OCMAHHb020 NIOX00y 0/ ONUCY Npoyecie
Menio- 1l Maconeperocy npu meepoinHi Oemony.
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Concrete is a capillary-porous body (both during intensive dehydration and
during curing). To analyze heat and mass transfer processes, the well-known system of
differential equations of heat and mass transfer obtained by academician A.V. Lykov is
usually used. This system takes into account all types of energy and matter transfer,
including those arising from the interaction of heat and mass flows. In particular, in the
process of steam-heat treatment due to increase in moisture content of concrete
specimens, excessive lumps grow, which do not relax due to moisture transport. With the
increase in moisture content (especially surface layers) and internal excess lumps, a
volume-stress state in the material occurs, where tensile tangential stresses exist, which
leads to the deformation of the material structure that is formed.

In this paper, the influence of intensive dehydration of concrete on the processes of
moisture exchange and moisture transfer is investigated. Kirpichev's mass transfer
criterion is applied as a criterion of moisture transfer in the process of heat treatment,
which characterizes the intensity of external mass transfer compared to the external
intensity of substance transfer. The main regularities of mass exchange and mass
transfer in the processes of intensive dehydration of concrete are established.

The processes of heat and mass transfer are related to each other, so the purpose
of this research is mathematical modelling of the processes of heat and moisture
treatment of concrete in the generalized formulation of the problem. A concrete product
in the form of a vertical plate of unlimited dimensions of finite thickness is considered as
an object of research.

The results of investigation of heat and mass transfer processes during concrete
hardening are compared with the data obtained by modelling of these processes under
selected boundary conditions. The analysis of experimental data and their comparison
with the results of numerical solution of the mathematical model show the possibility of
its application to describe the processes of heat and mass transfer during concrete
hardening.

Kniouosi cnosa: macoobmin;, meniomaconepeHoc;, IHMEHCUSHE 3He80OHEHHS.,
MBEpPOIHHA, KANINAPHO-nopucmi mina, 6emoHHi 8upoou.

Keywords: Mass transfer; heat and mass transfer; intensive dehydration; curing;
capillary-porous bodies; concrete products.

IMocTanoBka nmpodaemu. betoH, axuii 3aTBEpAiB, € KaMiIAPHO-TIOPUCTHM
tizoMm. Tomy ans aHami3y TEIIOMAacOOOMIHHMX MPOIECiB MOXKHA 3aCTOCOBYBATH
cucreMy  au(epeHIliabHIX  PIBHSAHP  TEIUIOMACOINEPEHOCY,  OTPHUMaHy
akagemikom O.B. JIukosum. Cuctema BpaxoBye yci BHIW NMEPEHOCY €Heprii i
pPEYOBHHHU, Y TOMY YHCHII W Ti, IO BUHUKAIOTHh 32 PaxXyHOK B3a€MOJii TIOTOKIB
Teruia it MacH.

VY mporeci naporersioBoi 0OpoOKH BHACIHIIOK 301IBIICHHST BOJIOTOBMICTY
OCTOHHMX 3pa3KiB, 3pOCTAlOTh HAJIMIIKOBI THCKH, IO HE pPEJIaKCyIOTh
MEepeMillleHHsIM ~ BOJIOTH. 31 30imblieHHSAM  BoOJIOroBMicTy  (0cOOIMBO
MOBEPXHEBUX IPOIIAPKIB) ¥ BHYTPIMIHIX HAJIMIIKOBUX THUCKIB BHHHKAE
00'eMHO-TIPY>KHUH CTaH y MaTepialli 32 HAsSBHOCTI Y OCTAHHBOMY PO3TATYIOUHX
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JOTHYHUX HamNpyXeHb, W0 MNPU3BOJUTH 10 Ae()OPMATHBHOCTI CTPYKTYpH
Marepiaiy, sika GOpMy€eThCSL.

BaxiuBo BCTaHOBHTH, SIK CaMe IHTEHCHBHE 3HEBOJHEHHsI OCTOHY BILTHBAE
HA MPOILECH BOJIOTOOOMIHY i BOJIOTOMEPEHOCY.

JocnimKkeHHs poIeciB TEIUIo- H  MacollepeHoCcy MpH TBEpPAiHHI OETOHY,
MpoOBeACHI BUCHWMH, (DaxiBIFIMH-TEXHOJOTaMH, [IOKa3ylOTh, MO  JUIA
MOJKJIMBOCTI BHUBYEHHS OJHOYACHO IPOTIKAIOUMX W B3aEMOMIFOYUX CKIIATHHUX
MIPOIIECIiB TEIUIO- i MacOIIEPEHOCY, SIK IMPAaBHIIO, CIiJ 3MIHCHIOBATH LTy HHU3KY
CHpOLICHh 1 TPHUIYIIEHb, KOTPi MNPHU3BOIATH OO 3HAYHUX IIOXHOOK Yy
pe3ynbTaTax JA0CTiHKEHb.

OTxe, BUHHMKA€e HarajlbHa 1norpeda y OoOIpyHTOBAaHOMY MaTeMaTHYHOMY
MOJICTIIOBaHHI TPOLIECIB TEIUIOBOJIOTICHOT 00poOKM OeToHy npu HaiOuLIbII
y3arajibHEHII MOCTaHOBIII 3a1ayi.

AHajiz my6Jikaniii mo Temi mociimkeHHs. SIBUINA MEpeHOCY Yy KamiIspHO-
MOPHUCTHX TiNAX, 3aKOHOMIPHOCTI iX CYyIIKHM, a TaKoX IpPOLECH TepMiuyHOI
00poOKHM BOJIOTHX MaTepialiB mpoBeaeHi y poborax [1-4].

Y3aranpHeHHS AOCBILY W pe3yJibTaTH JIOCHIIKEHb, MTOB'I3aHUX 3 BILTMBOM
pizHOMaHITHHX (akTOpiB Ha e(EeKTHUBHICTh TEIUIOBOJIOTICHOI  0OpOOKH
6eToHHUX BUPOOIB mojani y poborax [5-8].

Y pobori [9] HaBeneHi pIBHSHHSA TPOLECIB TEIUIONPOBITHOCTI i
BOJIOTOIIPOBIZIHOCTI O€TOHY i3 ypaxyBaHHAM ek3oTepMii i rigpatamii. 1100
pO3B'si3aTH 1Ii PIBHSHHSA AQHAJTITUYHUM METOAOM i3 YpaxyBaHHSM TI'PaHUYHHX
yMOB, aBTOp [9] MakcMManbHO COPOIIYE 3HAYCHHs, KOTPi BPaxOBYIOTh
€K30TepMito, TPOBIBIIN iX JiHeapu3auilo. BrpaTu Tera, KOTpi BiOyBaroThCs
[IPY BHUIIAPOBYBAaHHI BOJIOTM 3 MOBEPXHI OSTOHHOIO BHPOOY W MalOTh BEJHKE
3HAUEHHS IPH BUBYEHHI NPOLECIB TEIJIO- i MaCOIEPEHOCY, HE BPaXxOBYIOTHCH.
VY poborax [10, 11] nokaszaHo, 10 NPOLECH TEIJIO- i MacONepeHOCy MOB'si3aHi
MK €000, TOMY METOI JOCTipKeHb aBTopiB [12] Oymo MaTemarudyHe
MOJICTIIOBaHHS IIPOLIECIB  TEIUIOBOJIOTiCHOI 00poOKM OeToHy mpu OuIbII
y3araJbHEHiH mocraHoBi 3a1a4yi. Bonu po3rispany 6eToHHu BUPIO Y BUIISL
BEPTUKAJIBHOI IJTACTHHU HEOOMEKEHHIX PO3MipiB CKIHIEHO{ TOBIMHH.

Y nmaHOMy [JOCHIIDKEHHI BpaxoBaHI pe3ylsTaTd poOiT, OTPHUMaHUX
apropamu [1-12].

Meta pociail:keHHsI TIonsATrae y OOIpYHTYBaHHI MaTeMaTHYHOI MOJEi
TIPOIIECiB MacOOOMIHY TEIJIO- i MacomepeHoCcy MPH iIHTECHCUBHOMY 3HEBOAHEHHI
OeToHy Ta IpH HOro TBEPAiHHI.
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OcnoBHa vacruHa. 1. MojaenroBaHHst MacooOMiHY H MacolepeHocy VY

r[poueci IHTEHCUBHOTO 3HCBOJIHCHHA 6CTOHV. IHTEeHCHMBHE 3HEBOIHECHHS 6€TOHy

BIUIMBA€ Ha ITIPOLECH BOJOTOOOMiHY M BOJOTONEpEHOCY. Y SKOCTI KPHTEpilo
MEPEHOCY BOJIOTH Y TPOIECi TEepPMOOOPOOKH MPHUHATHIA MacOOOMiHHUIA
kputepii  KupnndoBa, KoTpuii  XapakTepusye CcoOOI0  IHTEHCHUBHICTh
30BHIIIHFOTO MAacOOOMiHYy y TOpPIBHSAHHI 3 BHYTPIITHBOIO I1HTEHCHBHICTIO
nepeHocy pedosunn [1]:

j(z)-R
Kim = J( ) , 1)

8m - Po *Ug
bi(H j(Z' ) — 3MiHAa TOTOKY Macu Big dYacy 7 ; &, — KoedimieHT
MTOTEHITIaIONIPOBITHOCTI; Lo — TOYaTKoBa IITBHICTE PEYOBHHU, R -

yHiBepcalbHa ra3osa noctiiina; Uy — noyaTkoBa MBUKICT PYXy PEUOBUHH.

Bigomo, mio kpurepiit Kim 3MiHIOETbCsT Bil 0 10 2 y BHIAaKy
1apaboJIiyHOTO PO3MOITY BOJIOTOBMICTY Y MaTepiai.

. . . . .
IIpu po3B's3yBaHHI 3amadi BU3HAYCHHS KPHUTEPIIO Kim HEOOXiIHO
JOCIiMTH 3MiHM HOTOKY Macd |, H Kkoe(illieHTy NOTEHIiaJONpOBiXHOCTI

am. HOCJ’III{)KCHHH OpOBOAWIIUCH 34 YMOB 3BHYAUMHOTIO MPOIMNAPHOBAHHA U

komOiHoBaHoi TeruioBosiorichol  00pooku (TBO), y xotpiii Ha cranii
130TepMIYHOr0 TMPOTrpPiBaHHS HACHUYCHHN BOJSHHUNA Map 3aMIiHIOBAIM CYXHM
raps4uM TIOBITPSAM 3 Temieparypor izotepmiunoi Butpumku [4]. KimbkicTs
BOJM, AKa BUIIAPOBYETHCS y KiHIi MIpOTpiBaHHA cKJlazana
adm =(082; 185; 1,92),@/ M2 oI po3uMHy, OETOHY W IIEMEHTHOTO
KaMEHIO, BIZITIOBIJTHO, npu 3BHUAliHOMY MIPOTIapIOBaHHi, 51
(2,80; 3,78; 4,22);<2/M2 pu koMm6GiHoBaniit TBO (puc. 1).

TpuBamicTs TOCTIHHOI IIBUAKOCTI BHUIIAPOBYBAHHSA 3aJEXKHUTHh  Bif
ITOYaTKOBOTO BOJIOTOBMICTY MaTepiaily, TPaHWYHHX YMOB Ta KiHETUKH TPOLECY
rigpararii.

CkiHYCHHHH TepioJl XapakTepU3yeThCS MAaiHHSIM  1HTEHCHBHOCTI
BUIIAPOBYBAHHS, KOTPE HACTYIa€E MpU NEeBHIN Bojorocti Marepiany. [Ipu npomy
MacooOMiH i3  30BHINIHIM  CepelOBHINEM, JIMITOBaHWH  IpolecaMu
BHYTPIIIHBOTO  MacolepeHocy, i  BinOyBaeTbCsi  MOMIMOJNEHHS  30HU
BHIIAPOBYBAHHS i 3HEBOJIHCHHSI OCTOHY BiJl IEpUQeEpii 10 LEHTPY.
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g.. xzfad I, k2fac 200

6,01 124

sol {20

a0l

10l

Puc. 1. 3vina BUNapoByBaHHs BONOTH (q,,) T2 iHTeHCHBHOCT ([q) i

BUIIAPOBYBAHHS 3a 3BMYAWHOrO nporaproBanust (1)
1 xom0OiHoBanoi TBO (2): 6eron, B/T=0,097.

Juis aHamizy mporecy TepMooOpoOKH Y 3B'SI3KY 3 YTOYHEHHSM PEKHUMIB
kombGinoBanoi TBO Oynu mposeneni [4] pospaxynku kputepiro Kupruuosa

Kin- Ha puc. 2 BuaHo, mo npu 3BHdYaiiHOMy NpONAapIOBaHHI KpUBa
Kim
kputepiii KnpnndoBa pizko 3pocTae 3a paxyHOK 301BIIEHHS 1HTEHCHBHOCTI

BHIIApPOBYBaHHS BoJorm 3 Marepiamy. Ilicms 13 roamH cCymKy MOXHA
3aKiHYyBaTH, OCKUIbKM IHTEHCHBHICTh BHIIADOBYBAaHHS PI3KO 3HIKYETBCA |

= f(z) micna 8-10 romun nounnae cnapatu. Ilicns mowatky cymku

BiJITIOBiTHO BiJI0yBA€ThCS 3MECHIIICHHS Kim .

3 pobit O.B.JIukosa [1,3] Bimomo, 1m0 yuM MeHIe Kim’ TUM MEHIIUM €

omip BHYTPIITHEOMY IIEPEHOCY PEUOBHHM.
Sk BummMBae 3 puc. 2, Ha CTajii i30TEPMIYHOTO MPOTPiBaHHA, KOJIH
CTpYKTypa Marepialy BXe HaOysla MIIHOCTI, JOCTaTHBOI JJIsI OIOpY

HaIpy>XeHHSIM, BEIHMUNHA Kim 3HAYHO 301IBIIYEThCS Tipu KoMOiHoBaHi#t TBO.

Mirpaiiss BOJIOTH BXE YCKIAQJHEHAa BHACIIJOK YTBOPCHHS OUIBII MIJIBHOT
CTPYKTYpH 31 30UIbLIEHHSIM 00'eMy MIKPOKAIISAPIB i 3aMKHEHOIO TIOPUCTICTIO,
110 3MEHIIye HeOe3MeKy feopMalliii Ta IopyLIeHb CTPYKTYPH.
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1.0+
0,9+
0.8+
0,7

| | | | | | | |
0 2 4 3 g 10 12 14 16

Puc. 2. 3mina xputepiro Kupnuaosa Kim y mporeci

3BHYaiiHoOro npomnaptoBanus (1) i kombiHoBanoi TBO (2): 6eron, B/T=0,097.

2. MonenoBaHHs MPOLECIB TemIo- H MacolepeHOCy NpH TBEPJiHHI
OetoHy. MartemMaTH4Ha MOJENb IPOLECY TEIUIO- W MacolepeHOCy IoJaHa
cucTeMoro TudepeHiiaIbHUX PiBHSIHD Y YACTUHHUX MOXIJIHUX JIPYTrOro MOPSAKY
1 Ma€ BUA:

2
Y _ o (o) T2 ¢z

ot ox®
u(x,) Pu(x.) ?
u(x u(x
— = t! ] e tl®!!

) g, 20) 20 g o)

ne: J= @(X,t) — Temmnepatypa y rpagycax (°C) TOUKH 3 KOOPAHHATOIO

X y MOMeHT yacy t; U= U(X,t) — MOTOYHHUI BOJIOTOBMICT OeToHY (y k2lke);
ar =ar (t,@,u) - Koe(ilieHT TEeMIIEpaTypOIPOBITHOCTI,
ar =4-107°.[05+(80—-@)/120), x2/200; a, = a,(t,D,u)- xoedimient
mabysii  Bomorw; A, =da, (u) =4.10°+4.1072 -(U - 0,02)2 ,MZ/ZO() ;
f (t,@,u) - yHKIisn ex3oTepMii 6eTony,

f(t,2,u)=[70+20-(exp(0,02t)-1)- @]t 2pao/200; g(t,B,u) -

(YHKIIIsI, IO ONKMCY€e BHYTPIIIHE CTIKAHHS BOJIOTH, TOOTO KUIBKICTH BOJIOTH, L0
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BUKOPHUCTOBYETBCS JUIA  XIMIYHOTO 3B'A3yBaHHSA BOAWM TIPH  TiJpararii,
9(t,,u)=25-10"- @ /[70+ 20- {exp(0,02t ) —1}], ke/ k2 - 200. Uncemni
3HAUCHHS mapameTpiB dr,d,, f,J, obpani i3 ypaxysammsm poGoru [9].

[ToyaTkoBi yMOBH TO/IaH1 y BUTIISL
2(0,x),_, =Do(x) (0<x<R); @y(x)=20°C,
u(0,x)=ug(x), ug(x)=(0,04...0,09),

e @O(X) — TII0YaTKOBa TEMIIEpaTypa, UO(X) — TOYaTKOBHH

®)

BosoroBmict, R ToBmmna BHPOOY, M, R=01 m.
I'paHHYHI YyMOBH BHPaXKaIOTHCS Yy 3aJIS)KHOCTI Bil XapakTepy KOHTaKTY
O6eroHy 3 (QopMmoocHameHHsIM. Tak, Ui TOBepxHI OETOHy, IO po3MilieHa

0e3mocepeTHRO Y IDIOMIMHI HarpiBaHHS (X = R), MaeMo:.

a(t,x),_ =Trl(t),

o2t x) - ou(t,x)
=0 —Hy (@) [@0)-Ty )]+ - — .
S| H@ )T T
(20+225-t), 0<t<2;
Tr(t)= 85, 2<t<14; @

(85-45-(t-14)), 14<t<15.
Tyr To(t), Tr(t) — Temmeparypa mNOBEpXOHb GETOHHOrO BHPOOY
sinznosinmo mpu X=0 i X=R; HO(Q) — BimHOCHHMIT Koe(imieHT

Tenonepeadi, Ho (@)= |4+ (@—20)? /360| vt [91;
Ho(@)=apy (@) A apyr (D) — xoedimient Terumonepenadi  (y
(m 2. 2pao-200); A- Koe(ilieHT TEIIONPOBITHOCTI (y

Kxanl (M—Zpad-eod); &(t,0) — Ttemmeparypa Ha IOBEpXHi CTiHKH 3
Ci_yragr/ . . .
KOOPJMHATOK X Yy MOMEHT yacy t; | = ) 3 ¥ — winbhicts OeToHy
(},z 240017 3); [ — IUTOMA TEIIOTa BHMIAPOBYBAHHSA BOJIOTH BKIIOYHO 3
M
TeroToro 3MouyBanust ( r =~ 539Kxan [ k2 ).

Jlnst moBepxHi OETOHY, SKa TMPWIATAE 10 METAIOOCHAIICHHS, TPaHWYIHI
YMOBH TOJIaH1 Y BU/I:
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y = By(u)-[u(t.x)],_, - Bo(t):
x=0 (5)
2ul) = Pelapult ], B

ae Bo(t), BR (t) — BpiBHOB&XCHHUI BONOTOBMICT (y Ke/ke), BiAMOBIIHO
mpu x=0 it x=R; PO(U)=PR(U)=P=OCHB(U): ay — BimHOCHMH
koedilieHT Bonoromepenavi; g (U) — KOe(iIlieHT BoJIOTOIEpenai,

app(U)=10"*+05-(u—0,02)? 1200 [9].

IIpu MonemoBaHHI 0yJI0 IPUHHATO, IO TeMIiepaTypa OETOHY 3MIHIOETHCS
Bix 20 1o 80 °C. st po3B's3yBaHHS CHCTEMH PIBHSHB (2) BUKOPHCTOBYETHCS
ampOKCUMAIlisl 3 HASBHOIO CXEMOIO JHMCKPETH3allii, Mo 3a0e3rneuye OTpUMAaHHS
CcTiliKoi pisHuULEeBO1 cxemu [12]. Po3B's30k cuctemu (2) 3iliCHIOBaBCS METOIOM
MPOTOHKH, & OCKIIBKH CHCTeMa 3B's13aHa, TOJIi TIPOTOHKa € MarpuyHoo [12, 13].
VY mporieci MoJIeOBaHHs IPUAHATO, 1110 Kpok 1o yacy 7 =0,01 200, a kpok 1mo
koopauHaTi h=R/N=0,01m, e N — uucno By3mniB minyc oaunuis, N =10. Kpim
TOTO, MPUAMAETHCS, LIO:

@(nh,mr):gnm i u(nh,mr)zu,T. I3 ypaxyBaHHAM BHKIaI€HOTrO

BUILIE CKIHYEHO-PI3HHIIEBA CXEMa CUCTEMH PIBHSIHB 3alUCYETHCS Y BUTIISL

m+1 m
Z =0 ar(me ol M omd -2 00t e o
+ f(mr,@nm,uﬂ‘);
(6)
m+1 m m+1 m+1 m+1
u:ab(m%@m,urrp), Un+1 2U2 +Un1
T n
—g(mr, ;“,u;”), (n=12,..,N-1; m=0.12,.)

HOanKOBi YMOBH 3alIUCYIOTHCS HACTYITHUM YUHOM.
0 0
@n=Do(nh), up =ug(nh). )

JluckpeTn30BaHi TpaHWYHI YMOBH A 000X BHIIQAKIB BHPAXKAIOTHCA Yy
BUTJIISAIL:
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@FI{}+1 =-|-’\Tlﬂ+1;
2wl Mo -Tolme0y0):
- £n+1 _u81+1
R ©
W= Pl luft 1 - Be

CucreMa CKiHYEHO-PI3HUIICBUX PiBHSIHB 3B'A3aHa IIUIIXOM BHKOPHCTAHHS
Koe(ilieHTIB pIBHSIHb Ta TI'PAaHUYHOI YMOBH, IO BHPAXKAETHCS CKIIAJ0BOIO

J: U{n 1 u(r)n +1 /' h. YV pesynbrati poss'ssky cucremu ambepeHIianTbHUX
piBHSHB OyIM BU3HAYCHI: iHTEHCHBHICTH BumapoByBanHs U, (kel(m?-200)),
II0 NpeJCTaBIIeHa Y BHII:

m m m m
U —u Uy —Uu
m 1 0 m N N-1
u@un.(mr) =7 & (UO ) — (uN ) , )
h h
i 3MiHa y yaci iHTEeHCHBHOCTI Tifpamii IiHm.(t) (y %/e00.), koTpa Mae BUL:
1 N
Ly (1) = ——- > g(t,2(t,kh),u(t,kh)), (10)
(N+1) S

a 3MiHa CTeMeHi TiapaTarlii, o BUpa)kae KUIbKICTh BOJIOTH, SIKa BHUTpavyeHa Ha
rigpaTariro BiJ MOYaTKy MPOIECY J0 MEBHOro (MOTOYHOr0) MOMEHTY 4acy (y
BIICOTKaxX BiJl TOYATKOBOTO BOJIOTOBMICTY) MOXKe€ OyTH TpeICTaBJieHA Y
BUTJIISAIL:

Hu(t)ﬁ-}um.(v)d(v), "

ne: Uy — moyaTKoBMH BOJIOTOBMICT O€TOHY (ke/ke), a TaKOX 3MiHa y wyaci

TEIUIOBOJIOTiCHOI 00poOKu KpuTepito PeGingepa [6, 10], skuii mpencrabisie
BIIHONICHHSI KIJBKOCTI TEIUIa, IO BHUTPAYAETHCA HA HArpiBaHHSA BHUPOOY
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QHaep.(t)’ A0 KUIBKOCT1 TCIUIA, $KE€ BUTPAYAECTBCA Ha BUIAPOBYBAHHA

qunl(t) =r- Ugunl(t) y TIEBHHUI MOMEHT 9acy, TOOTO:

Ro (t) = Quacp.(t)/ Qi (t). (12)

QHanp,(t)= y-C: aT(@K} )M_

ac:

h
(13)
arlop) 21 28]] 1

h

¢ — muToMa TemoeMHicTh, Kranl(ke - epad.), (c = 0,25 Kxanl(ke - 2pad.)).

AmHamni3 pe3yabTaTiB JOCHIKEHb NOKa3dye, L0 NPH HAOIMXKEHHI [0
MOBEPXHI HAarpiBaHHS TeMIIepaTypa OETOHY 3pocTae, MPUIOMY 3i 301NIbIICHHAM
yacy TEepMOOOpOOKM TemmepaTypa y KOXXKHOMY Mpollapky OeToHy
30ubInyeThesi. KpiM TOro, yepes TpH TOJMHM IICHS MOYAaTKy TEpMOOOPOOKH
IPaJi€eHT TEMIIEPATypH MO TOBIIMHI IUTUTH OLIs TMOBEPXHI MiMIrPiBY JOCSTa€E
MaKCHMaJIbHOTO 3HA4YeHHs, IO Yy 2,5 pa3W NepeBHIlye 3HAUCHHS NpHU
ycTajJeHOMY Ipoleci (4epe3 I1'sITh TO/INH).

JocimKkeHHs MoKa3yroTh, 1o y nentpi miutu (x=0,05x) Bomorosmict Mae
MaKCHMaJIbHE 3HA4YeHHs, NMPUYOMY 3 HaOMIKEHHSIM 10 OiYHMX IOBEPXOHb BiH
3MEHIIY€eThCSA. [IpoTAroM IT’STH TONWH BiJ IOYaTKy TEPMOOOPOOKH 3MiHa
BOJIOTOBMICTY Ha 000X OIYHHX MOBEPXHSIX BUPOOY Jocsrae y cepemHpomMy 3%.
Kpim Toro, 3MiHa BOJIOTOBMICTY Ha IPAaHUYHUX MOBEPXHSX BiIOYBAa€ThCs OLIBII
IHTEHCHBHO. MakcUMalbHe 3HAa4YeHHS TPAJi€HTY BOJOTOBMICTY IO TOBIIHMHI
IUIUTH JOCATAEThCS Ha OIYHMX MOBEPXHSIX. 3a Yac TepMOOOpPOOKH 3MiHA
TPaJi€EHTY BOJIOTOBMICTY € HE3HAYHOIO W 3MEHIIYETHCS JIMIIE IO TOBIIHUHI
O0eToHHOTO BHPOOY, MPUIOMY Y IIEHTpi BUpPOOy 3MiH HeMae. HeoOXiIHO Takox
3a3HAYMTH, 10 BOJIOTOBMICT Yy MPOIECi TEPMOOOPOOKH 3MEHIITYETHCS, IPUIOMY
Horo 3HaueHHs y LEHTpi W Ha 000X MOBEPXHAX OETOHHOrO BHPOOY € Pi3HHM.
3HaueHHs BOJIOTOBMICTY Ha OIYHHMX HOBEpXHSX Yy cepelHbOMY Ha 2% MeHIIe,
HDK y wueHTpi BupoOy. Ha pucyky 3 mnonaHi 3MiHM 1HTEHCHBHOCTI
BunapoByBaHHs (1), iHTeHCHBHOCTI rigparauii (2) i cTeneHi rigparauii 6eToHy
(3) y mpoueci TeroBosioricHoi 00poOKH. AHAI3 Pe3yNbTaTiB JOCIIIKEHb
MoKaszye, IO y Tporeci TepMOOOpPOOKH IHTEHCUBHICTh BHIIAPOBYBaHHS
3MEeHIIYeThCs. [IpOTAroM YOTHPHOX TOAMH Bl MOYATKY TEIJIOBOJOTICHOT
00poOKM IHTEHCHBHICTH Tipallii 3pocTae, MOTiM 10 ACB’SITH TOJWH MPAKTHIHO
HE 3MIHIOEThCS ¥ y MOJaNbIIoMy 3MeHIIyeTbes. CTemiHb TiapaTamii 10 ofHiel
TOMMHU BiJ TOYaTKy TEPMOOOpPOOKH IIHIHHO 3pocTae W y TOMAJIBIIOMY
30UTBIIYETHCS IO YOTUPHAMIATH TOAWH, a TMIOTIM CTemiHb TigpaTtaiii
3MeHmyeTscsi. Ha pucynky 4 mopmana 3miHa y waci kputepito PeGingepa.
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JocmipkeHHS — [MOKa3ayly, [I0 MPOTATOM JABOX TOIMH BiX  IOYaTKy
TEIJIOBOJIOTICHOT 00poOku Kputepiii Pebinmepa 3pocrae, IO CBIIYUTH ITIPO
BENUKI BUTpPAaTH TeIUla HAa HarpiBaHHsA BHPOOy, NpUYoMy OUIbINI, HIX Ha
BUIIAPOBYBaHHA. Y TMOJAibIIOMY TEIUIO BHUTPAYaETbCS Yy OCHOBHOMY Ha
BUIIAPOBYBAHHS BOJIOTH 3 OETOHHOT'O BUPOOY, SKUH CTAa€ TBEPHM.

L <107, .
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Puc. 3. 3MiHM IHTEHCUBHOCTI BUITapoByBaHHS (1), IHTEHCHBHOCTI
rigpatanii (2) i creneni rigparauii 6eTony (3)
y IIPOILIECi TEPMOBOJIOTICHOT 0OPOOKH.

ExcriepuMeHTanbHi  JIOCHIPKEHHST ~ KIHETMKM  TBEpAiHHS  OeToHy
MPOBOJMIINCH 13 BUKOPHCTAHHSIM YJBTPa3BYKOBHX HPHIIAAIB Uil KOHTPOIIO
MpOIeCy CTPYKTYpOyTBopeHHs [15] it TepMoaaTymkiB — Uil BUBYCHHS 3MiHU
TEMIIEpaTypH JIOCHIPKYBaHOTO CEPEAOBHIIIA.

Ri

Puc. 4. 3mina y gaci kputepito Pebinnepa
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HactynHi eKCepMMEHTH INPOBOAWINCH Ha ONTUMAIBHHX PEXHMAax
TepMOOOPOOKM Ul TPUHHATHX CKJIAAiB OETOHHOI CyMilli, OTPUMAaHHX Y
pe3ynbTaTi 3acTOCYBaHHS METOJAY IUIaHYyBaHHS eKCIIepUMEHTy. PesynbraTu
BUKOHAaHMX JIOCTI/UKEHb CITIBCTaBICHI 3 JaHUMH, OTPUMAaHUMH IIpH
MO/ICIIFOBaHHI ITPOIIeCy TBEPIiHHS OETOHY 3a 00paHHX I'PAaHUYHUX YMOB.

BucnoBku. 1. O0rpyHTOBaHI (Pi3MKO-MeXaHIYHA Ta MaTeMaTUYHA MOJEII
MPOIIECiB  MAacoOOMiHYy, TeIJIO- ¥ MacomepeHoCcy TpH IHTEHCHBHOMY
3HEBOJHEHHI Ta TBEPHiHHI KamISIPHO-TIOPUCTUX T, K Mojelell OeTOHHMX
BHupoOiB. [Tp boMy BHKOpHUCTaHi kpuTepii Kuprnmdosa ta Pebinaepa.

2. AmnHami3 00poOKM eKCHepHMCHTAJIbHHX JaHUX Ta 1X CITIBCTaBJICHHS 3
pe3yibTaTaMHi  YHCETbHUX/aHAMITUYHUX PIICHh MAaTEeMAaTHYHUX MOJeIel
MOKa3yI0Th MOXJIMBICTh 1X 3aCTOCYBaHHS Y MOJANBIIOMY Uil OMHUCY MPOIECIB
TEIJIO- 1 MacolepeHocy, MacooOMiHy y OETOHHUX BHPOOax, SIKi CTBOPIOIOTHCS

3a CTaHJapTaMHM ICHYIOYHX TEXHOJIOTiH BUTOTOBJICHHS.
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VIK 629.113:072 https://doi.org/10.36910/6775-2410-6208-2023-10(20)-21

IHAPAMETPHU MOJIEJII ITPOI'HO3YBAHHS PO3PAXYHKOBHUX
XAPAKTEPUCTHUK TPAHCIIOPTHOI'O IIOTOKY HA
ABTOMOBUJIBHHUX JOPOI'AX

PARAMETERS OF THE MODEL FOR FORECASTING CALCULATED
CHARACTERISTICS OF TRAFFIC FLOW ON AUTOMOBLE ROADS

Spemenko H.B., k.T.H., pgoun. (XapkiBcbkuii HaliOHAJbHUM
aBTOMOOLILHO-10POKHIH yHiBepcuTeT)

Yareshchenko N.V., Ph.D., Associate Professor, (Kharkiv National
Automobile and Road University)

YV mipy poszeumky mpancnopmy HAKOnuuygascs 00ceio 3abesneuenus Ge3nexu,
3PYUHOCME  QOPOJNCHLO2O PYXY HA ABMOMOOIIbHUX 00po2ax 3acobamu opeauizayii
dopodicHboco pyxy. Tak 6yde i Oani, RPOO0BAHCYSAMUCS, 8IONOBIOHO 00 PO3GUMK) MEXHIKU
i mexHono2ii, a Maxodic O0POAHCHLO20 OYOIBHUYMEA.

Hocniooicenns napamempis mooeni npOcHO3Y6aAHHS PO3PAXYHKOBUX
Xapakmepucmux mpaHcnopmHo2o nomoxy 00onomodice 6 nioguujeHHi besnexu pyxy Ha
A8MOMOOITLHUX OOPO2AX.

The article examines the parameters of the model for forecasting the calculated
characteristics of traffic flow on automobile roads.

With the development of motorization for decades, the world has accumulated
experience in ensuring the safety, efficiency and convenience of road traffic in cities and
on highways by methods of traffic management with the use of appropriate technical
means. This process will continue further as well as road construction.

Scientific research and practical engineering activities in the field of traffic
management have made it possible to accumulate a wide range of requirements for road
construction and specific engineering solutions that make it possible to obtain the
desired effect during the mass movement of vehicles.

All developments of various methods of movement organization have a close
relationship and even interpenetration.

In domestic practice, there is a lack of attention from traffic organizers and
employees of road maintenance services to the creation of all the necessary conditions
for traffic safety.

The possibility of creating a uniform traffic flow on the traffic lane and roadway as
a whole has an independent value, it reduces the conflict of the flow and facilitates the
task of optimizing the speed mode of traffic. At the same time, speed optimization is very
diverse, and therefore it should be singled out as an independent direction.

The need to eliminate the unsatisfactory technical condition of roads as a
preliminary stage in the implementation of traffic management measures remains a
primary task in the practice of traffic management. Without an examination of road
conditions and the elimination of identified deficiencies, it is impossible to start
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implementing developments to improve the organization of traffic, since the most
progressive solutions cannot be effective in the case of unsatisfactory road conditions

The conducted research made it possible to propose the application of the
methodology of analyzing the parameters of the model for forecasting the calculated
characteristics of traffic flow on highways, which are the initial and final values of traffic
speed, intensity, and load.

This allowed the author to assume that determining the parameters of the model for
predicting the calculated characteristics of traffic flow on highways, roads, and other
causes and factors that have a significant impact on the increase in the number of road
transport adventures is an important task for researching on improving traffic safety.

Kniouoei crosa: cucmema, asmomobinbHa 0opoza, asmomobiib, Mamemamuyna
MOOenb, pO3PAXYHKOSI XapaKmepucmuKu, cucmema.

Keywords: system, automobile, mathematical model, system, calculated
characteristics, highway

HocmijpkenHst B obyiacTi  oprasizamii pyxy JO3BOJIMIIM HaKONUYUTH
KOMIUIEKC BUMOT JIO JIOPOKHBOTO OyIIBHHMITBA, IO JO3BOJSIIOTH OTPUMATH
OakaHU ePeKT 32 MACOBOTO PYXy TPAHCIIOPTHHX 3aCO0IB.

Yci po3poOkm  pi3HUX METOMIB Oprafizamii pyxXy MaiOTh TICHHH
B33a€MO3B'SI30K 1 HABITh B3a€MOIPOHUKHEHHS.

VY BITYM3HSHIA TPaKTUII € HEJOJIK yBard OPTaHi3aTOPiB JOPOKHBOTO
pyXy 1 TpamiBHHUKIB IOPOKHBO-EKCIDTyaTalliHHUX CITY’KO IO CTBOPEHHS BCiX
HEOOXiIHUX YMOB Juis Oe3neku pyxy [1].

CTBOpPEHHS 32 MOXKJIMBICTIO OJTHOPIZIHOTO TPAHCHOPTHOTO IMOTOKY Ha CMY3i
pPYXy Ta NpOiK/IPKOI YaCTHMHU B LIJOMY Ma€ CaMOCTIHHE, 3HaYCHHS 3MEHIIYy€
KOHQUIIKTHICT TOTOKY 1 IIOJIETIIYE 3aBJaHHS ONTUMI3alii [IBHIKICHOTO
pexumy pyxy. Pazom 3 TuM onrTumizaiisi IBUAKOCTEH AyXKe PI3HOIUIAHOBA, i
TOMY ii CJIiJT BUIIIUTH SIK CAMOCTIMHUN HATIPSIM.

HeoOxigHicTh miKBimamii HE3aJOBIMBHOTO TEXHIYHOTO CTaHy JAOPIT SK
MOTIEPETHROTO  €Tally TPH BIPOBA/DKCHHI 3aXOiB 3 oOpraizamii pyxy
3aJIMIIAETHCS TIEPUIOPSAHUM 3aBJaHHSIM B MPAKTHI OpraHizamii JOpOKHHOTO
pyxy. be3 obOcrekeHHS TOpPOXKHIX YMOB Ta YCYHEHHS! BHSBICHHX HEIOJIKIB
MIPUCTYTIAaTH 10 peattizamii po3poOOK 3 yJOCKOHAICHHS OpraHizamii pyxy He
MOJKHA, TaK SIK HAaHNPOrPECHBHINI PIMICHHS HE MOXYTh JaTH eeKTy y pasi
HE3aJ0BUIBHOTO CTaHy J1opir [2].

XapakTepuCTHKaMH TPAHCIIOPTHOTO MOTOKY €:

- IIBUJIKICTB PYXY

- IHTEHCUBHICTb PYXY;

- IIJTBHICTH MTOTOKY.

Taka xapakTepucTHKa $K MIBUAKICTh PYXy BHKOPHCTOBYETHCS IS
PO3PaxyHKIB XapaKTEPUCTUKH PYXYy OJUHUYHOTO aBTOMOOLTS abo mapameTpiB
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TEOMETPUYHHUX CIEMEHTIB IOpiT (TTaHy, ITONEePETHOTO i MOJOBKHBOTO MPOQiTiB
TOMIO).

[Tix 9ac po3riasiry OCHOBHOTO 3MICTY 1HXKEHEPHOI AisTIBHOCTI 3 OpraHizauii
JOPOXKHBOTO  PYXy HEOOXITHO OI[IHIOBATH KUTbKICHUMH  TOKa3HHKaMU
pe3ysbTaT BIPOBA/UKYBaHUX 3axoiiB. [Ipu mpomy Big3HadaeTbhes 0COOIHMBa
Ba)XJIMBICTh 3aCTOCYBAHHSI METOJly MOpPIBHSHHS IMOKa3HUKIB "no i micis". Lle
BUKJIMKQHO PI3HOMAHITHICTIO KOHKPETHHX YMOB pyXy, Y 3B'SI3Ky 3 4YHUM
HEMOXIIMBO BCTAHOBHUTH a0CONIOTHI 3HAYCHHS OI[IHOYHWUX KPHUTEPIiB 1 ciix
aHaJi3yBaTH 3MiHHU ITOKA3HUKIB, IO BiIOYBAIOTHCS B pE3yIbTaTi BIOCKOHAJICHHS
oprasizanii pyxy BIPOBaPKCHHSIM OKPEMHUX Ta KOMIUIEKCHHUX 3aXO0JliB Ha JaHii
IUISHII TOpOTH a00 y BiAIOBITHOMY PETioHi.

Ominka piBHA Oe3nmekd 0a3yeTbcss B OCHOBHOMY HAa IMOKa3HHKAX
CTaTHCTHKH  JOPOXXHBO-TPAHCHOPTHUX MPHUTOA 1 HA  XapaKTEePUCTHIN
KOH(JIIKTHUX TOYOK Ta KOH(IIKTHUX CHTyalllil Ha PO3MJISTHYTHX EJIEMEHTax
JIOpord. BpockoHaneHHs 3aCTOCOBYBaHMX METOJIB 1 amaparypH CIpHsE TOSBI
HOBUX METOJMYHHUX IMPUHOMIB, a TaKOXK IPUIIAJ0BOrO 3a0E3NEUeHHs] OLIHKU
BIPOBAKCHHUX pillieHb. [3]

Jnst OUiHKM IIBHIKICHUX ITOKa3HUKIB TPAHCIIOPTHOIO IOTOKY MOXYTh
OyTH BHMKOpHCTaHI Taki KpuTepil SK MHTTE€BA IIBHIKICTb Y XapaKTEPHOMY
mepepi3i  JIOpoTH, MBHUIKICTH CIIONYYCHHS HAa TIEBHIA MAUISHIN Mapmipyry,
4acToTa 1 TPUBAIICTh 3aTPUMOK TPAHCIIOPTHHX 3aC00iB, CTYIiHb PIBHOMIPHOCTI
IIBUAKICHOTO pexuMy. HalOinbl MoKa30BOI0 XapaKTEPUCTHKOIO € MIBHIKICTh
CTIOJTy4eHHs, siIka OOEpHEHO IPOMNOpLiiiHa BHTpaTaM dYacy Ha MepecyBaHHS
TPAHCMIOPTHHX 3ac00iB 10 10po3i. CepeHi BUTPATH Yacy Ha PyX BUMIPIOIOTH Y
XBHJIMHAX, BUTPAUYEHHUX Ha MPOT3/ 1 KM JOCIIKYBaHOTO MapipyTy. [4]

[pani BITYM3HSIHUX 1 3apyODKHUX JOCIIHHKIB MOKa3ylOTh, IO YMOBH
0e3reKy, a TaKO)K BUTpaTa MajnBa 3HAYHOI MIPOIO 3aJIe)aTh Bijl CTaOLIBHOCTI
LIBUJKICHOTO PEXHMMY MPOTIAroM Mapuipyty. Unm Oinblia yacrora i giana3oH
KOJIMBaHb (AMCHEpCis) MBHUAKOCTI aBTOMOOUIIB MiJ ac Mpoi3ay 1Mo MaricTpaii,
TUM HIDKYE BITHOCHUH piBeHB O€3MEKN pyXy Ta MaJuBHA €eKOHOMIYHICTb.

[Tapamerpamu Mojesli NMPOTHO3YBAaHHS PO3PaxXyHKOBUX XapaKTEPUCTHK
TPaHCIIOPTHOTO TIOTOKY Ha aBTOMOOUIBHHMX JOpOTrax € IOYaTKOBI Ta KiHIIEBi
3HAUEHHS IIBUJIKOCTI PYXY, IHTEHCHBHOCTI Ta HaBaHTa)XCHHS BiJIIIOBIIHO.

[ToyaTkoBa MBUAKICTH PyXY AJISL aBTOMOOLUISI MOXke OyTH BU3HAa4YeHA depes
IHMBiAyadbHy HOPMY LIBHJKOCTI Ha JIOpO3i, BIANOBIAHMX A0 IOYaTKOBOTO
yacy 3minu cucremu JIAJIC, To6to mpu t=0.

InauBinyanpHa HOpMa MIBUAKOCTI BUSHAYAETHCS 32 POPMYIIOI0

VH =VO =VH6*m6+VHW*mC;
m6+mc

@)

ne V- iHIuBigyanbHa HOpMa IIBUIKOCTI;
Vo - NOYaTKOBa IBUJKICTD PYXY;
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Vs, Vim - OYHKIIOHATbHI HOPMH HIBHAKOCTEH PYyXy IUII MOTHBIB
Oesmeku Ta cBOOO U Ail BOIS BiIIIOBIIHO;
Mg, M, - 5KOPCTKOCTI (KoedilieHTH Baru) HOPMH Vs Ta Vi, BIATIOBITHO.
Jyis TpaHCMOPTHOTO TMOTOKY IIOYATKOBA IIBHIKICTh BHU3HAYAETHCS SIK
rpymnoBa HOpMa IBUAKOCTI

|
V=V ro=2Vuids )
i1

ne Vi - MOYaTKOBAa MBHIKICTh PYyXY TPAHCIOPTHOTO MOTOKY;

Vi - TPYIIOBa HOPMa MIBHIKOCTI PYXY;

Vi - IHAWBiAyadbHA HOpPMa MIBUAKOCTI PyXy I-TOrO aBTOMOOLTIS B
TPaHCHOPTHOMY ITOTOLL;

di - 1o aBTOMOGITIB i-TOTO THITY B TPAHCIOPTHOMY IOTOIII;

| - yrcI0 aBTOMOOIIIIB B TPAHCIIOPTHOMY TIOTOII (TPYIi).

Hopwma mBuaxocTi pyxy Vs MOXe pO3risiAaTHCs SK MOYaTKOBA JHIIE JUIs
JaHUX JIOPOXHIX yMOB, aisi JaHoi nopord. B wmepexi nopir, B sKOCTi
MOYaTKOBOT MO’KHa BHKOPHCTOBYBATH COLialbHY HOPMY LIBHIKOCTI PYXY, SKY
BHU3HAYAIOTh 33 (POPMYIIOI0

M
Ven=Veo= Zl\/erdmi ®)

ne Vo - MoYaTKOBa MIBHIKICTH PYXY Ha MEpexi IOpir;

Veu - collialbHAa HOpMa IIBHIKOCTI PYXY;

Vim - TPYIOBa HOpMa MIBUAKOCTI PyXy TPaHCIIOPTHOTO MOTOKY Ha M-
TOT 10pO3i;

M - 4mcIio JOPIr B TPAHCHIOPTHII Mepexi.

dn - mons mopir M-TOTO THIy B CTPYKTYpi Mepexi mopir, mio
PO3TIISAAETHCSL.

Hocmimxenns [aBpunoBa E.B. [5] moka3yroore, mo uis BOXAiL IO
NICUXIYHOMY IPUMYCY Ta HaAiHHOCTI HOTro [isUIbHOCTI € IIBHJIKICTB, SKa
JOPIBHIOE V.

[HauBinyansHa HOpMa IIBUIKOCTI pyXy V. mparHe 1o (yHKIiOHAIbHOT
HOPMH Vi,

Kinnesa rpynoBa HOpMa MIBUIKOCTI BU3HAYAETHCS SIK

I
V3F:VFH:_§VH111idi? 4

BinmoBigHO KiHIEBA COIliajbHA HOPMa IIBUKOCTI Oy/Ie JOPiBHIOBATH
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M
Vic=Ven=2Vimdm ®)
m=1

[Mapamerpm  Mopneni  NpPOTHO3YBaHHS  IIBHIKOCTEH  pyxy,  sKi
PO3MIIAAAIOTHCS, JO3BOJISIIOTE PEICTABUTH III0 MOZENb y BUIIISII:

- JUI OJUHOKOTO aBTOMOOLISA
V(t) =V Ho(l_ Pr) +VH1[1 Pr; (6)

- ISl TPQHCTIOPTHOT'O TIOTOKY

|
V(t) :VrHo(l_Pr)+PrZVHLUidi; (7)
i=1

- UL Mepexi Jopir

M
V(t) =VCH0(1_ Pr)+Pr ZVgrmdm; 8
m=1

[TporHo3 GpakTUUHUX MIBUIKOCTEH pyXy Ha aBTOMOOUILHHUX JJOpOTax
W, - HOpMa IPOTYKTUBHOCTI i-TO BOJIIS;
Wiy - rpynoBa HOpMa MpOAyKTUBHOCTI;
M - skopcTKicTh HopMH Wi

Pimenns 3amaui omTmMizariii Oynemo 3AiHCHIOBATH METOJIOM HEBU3HAYCHHX
koediienTis Jlarpanxka. [6]

YMOBH HasiBHOCTI €KCTPEMYMY

a 1 1]
A 7z2m'(\Nni_WHi)+722m'(\Nni_Wr'H)—i_ﬂ“l =0
Wy 213 2ig ©)
a |
oA EW "
[TincranoBka B npyre piBHAHHS 3 cucTeMu (9) nae
n L y)
> Wi Wi -R=0. (10)

i=1 2 2m;
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L1
JlonaBum no3HaueHHS Z— =S OTpUMAEMO

i=1 M;

| —
ZZWHI WrH_ER (11)

s& 2 S
[lincraHOBKAa Ja€ ONTUMANbHE 3HAYCHHS HEOOXIMHOI MPOTYKTUBHOCTI
JUSUTBHOCTI Y BUTIISIIT

V\7 .:WHi+WFH+ 1 R_ZI:WHi+WFH
H 2 miS i=1 2

Tak sk W=VPy, To HeoOXinHa IIBUAKICTh PyXy NpH 3aJaHid HaAiHHOCTI
JUSUTBHOCTI BOJIISI BU3HAYAETHCS 3a (POPMYJIIO0

(12)

- V Hi +V 'y 1 ! VHl +V
= + 13
Vi 2 tms|RTZT (13)
|
ne Rl = ani :
i=1

®opmyna (13) Moxe BUKOPHUCTOBYBATUCS JUIS MPOTHO3YBAaHHS CYCHUIBHO
HEOOXiHOT MIBHAKOCTI PyXy i-TO BOJiS TPAHCMOPTHOTO MOTOKY. Ilpu mpomy
rapaMeTpy MOJIelli MPOTHO3YBaHHS BU3HAYAIOTHCSl HACTYITHUM YHHOM:

[10YaTKOBA IIBUIKICTH

i VHOI VI'HO 1 ! v +V

HO1 14
Vo= s AT o

Kinnesa mBuakicts

| |
VHCi+ZVHCidi | VHCi_'_z:VHcidi

~ : 1 :
= i=1 + Ri—> L . (15
Vn13 2 miS 1 = 2 (15)

A MOJIeNb IPOrHO3YBaHHS CYCIIBHO HEOOXiJHOI MIBHIKOCTI pyXy I-ro BOJis
MIEPETBOPHUTHCS IO BUTIIALY
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Vi (8) = Viio (1= P,) + VP, . (16)

MeToau MOMCTIOBAaHHS 3aCHOBaHI Ha BUKOPUCTAHHI MaTeMAaTHYHUX
MoJienelt 3MiHH TapaMeTpiB TPAaHCIIOPTHHUX TTOTOKIB.

3a pe3ynbTaTaMu JOCHIPKEHHS J0BEJCHO, 1[0 MaTeMaTHYHa MOJIElb, SKa
OTHCY€ B3a€MO3B 30K MK IHTCHCHBHICTIO, ITBUIKICTIO Ta IIUTBHICTIO TIOTOKY €
OCHOBHHM DiBHSHHSIM TPAHCIIOPTHOTO MOTOKY.

Bynp-sixuii hakrop, 110 HETaTUBHO BIUIMBA€E HA TPAHCIOPTHHH MOTIK Oyxe
MiIBUILYBATH PH3UK JOPOXKHBO-TPAHCIOPTHUX mpuroa. lle 7103BoaHIO
MPUITYCTUTH, 1[0 BHU3HAYCHHS  IMapaMeTpiB  MOJENII  MPOTHO3yBaHHS
PO3paxyHKOBHX XapaKTCPUCTHUK TPAHCIOPTHOTO IMOTOKY Ha aBTOMOOUIBHHX
JIOpOrax, JOPOXKHIX Ta IHIIUX MPUYUH T4 YHHHHUKIB, IKi MAIOTh 3HAYHUIN BIUIUB
Ha 30UTbIICHHS KUIBKOCTI aBapidHOCTI, € BaXJIMBUM 3aBAAaHHSIM IS
MIPOBEACHHS TOCIIKCHB 1100 MiIBUIICHHS OS3MEKU PYXY.
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OILIHKA ITAPAMETPIB MOJEJII IPOIT'HO3YBAHHS
PO3PAXYHKOBUX XAPAKTEPUCTHK

ESTIMATION OF MODEL PARAMETERS FOR FORECASTING
DESIGN CHARACTERISTICS

Spemenko H.B., k.T.H., gou. (XapkiBcbKuil HauioHAIbLHMIA
aBTOMOOIILHO-I0POXKHIN yHiBepcHuTeT)

Yareshchenko N.V., Ph.D., Associate Professor (Kharkiv National
Automobile and Road University)

V' o0ocnioocennsix 0oposicuboeo pyxy icHye bacamo memoolis, wjo SUMAa2aromb
30ACMOCY8AHH  CYYACHOI  eleKmpoHHOI  anapamypu i pyxomux J1abopamopiil.
Ilpononyemoca  oyinka  napamempié — MoOeni — NPOCHO3YBAHHS — PO3PAXYHKOBUX
Xapakmepucmuk, SAKa NOKA3YE, WO 6 npoyeci esonoyii agmomoOinbHux Oopie
PO3DAXYHKOGI XAPAKMEPUCMUKY MPAHCHOPIMHO20 HOMOKY HA A8MOMOOIIbHUX 00pPO2ax
Habaudcaromocss 00  (QYHKYIOHANLHOT  HOPMU  PO3DAXYHKOBUX — XAPAKMEPUCMUK
MPAHCNOPMHO20 NOTOKY 0151 MOMUBY c80600U Oii 800is.

In the domestic and foreign practice of traffic research, many methods are known,
starting from the simplest, which can be performed by a person without special
equipment, and ending with complex and time-consuming ones that require the use of
modern electronic equipment and mobile laboratories. The variety of methods is by a
large number of tasks that are solved with the help of movement organization and
conditions, and on the other hand, by constant improvement. Radical changes in the
methods of researching traffic parameters and their use are introduced by automated
systems. They allow automatic collection and processing of extensive information about
the state of traffic flows. However, even in the territories served by automated systems,
simpler methods of research focused on the participation of a person - an observer, are
needed. Field studies consist of recording specific conditions and indicators of road
traffic that occurs during a given period. This group of methods is currently the most
common and is characterized by great diversity. Field studies are the existing traffic and
pedestrian flows. Modeling of traffic processes is based on the use of mathematical
methods to describe traffic flow. At the same time, deterministic or stochastic models can
be used. Deterministic models are built based on average values obtained from field
studies and are simpler. Stochastic models are built taking into account the random
distribution of indicators that characterize individual elements of the accepted
mathematical description of the traffic process and can provide a more objective
reproduction of various fragments of traffic, in particular, taking into account the
behavior of drivers. The evaluation of the calculated characteristics on experimental
road sections was carried out on experimental road sections. The speed of movement on
the experimental sections was estimated based on the results of experimental runs of the
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running laboratory. Analysis of the experimental results shows that as roads improve
and their quality level increases, the individual speed limit and functional speed norm for
the traffic safety motive strive for a functional speed norm for the driver’s freedom of
action motive. As the level of road quality increases, the range of homeostatic regulation
of the driver's functional behavior increases. This expands the driver's functional
adaptation to driving conditions. In the process of improving roads and their evolution,
the actual speeds of cars on these roads are approaching the functional speed norm for
the driver’s freedom of action motive.

Kniouosi  cnoea: po3apaxyHkosi Xapakmepucmuxy, MAmeMamuyHa Mooeib,
agmomoobins, cucmema, agmomobiibHa 0opoza.

Keywords: calculated characteristics, automobile, highway, mathematical model,
system.

OriHKa PO3paXyHKOBUX XapakTepucTuk [1, 2] Ha AOCHITHHMX IITISTHKAX
ABTOMOOUIBHOT TOPOTH TMPOBOAMIIACA HAa MOCHIAHUX JiUIsHKax mgopir Kuis-
XapkiB, Ta6m.1. JlocmigHi AUISHKKA PO3TAIIOBYBAIUCS Ha PIBHIM MICIIEBOCTI.
Bucora Hacumy Ta BuiMOK He mepeBuinyBana 1,5 m. KoedimieHT menneHHs
AaBTOMOOLIBHOTO KoJieca 3 CYXHM HOKPUTTAM mpu mmBuakocti V =40 xm/r
3HaxoauBcs B Mexkax Bif 0,71 no 0,75. Tlokputts achaisToOeTOHHE.

OmiHKa HIBHAKOCTEH pyXy Ha JOCHITHUX JIUISHKax IPOBOJMIACS 32
pe3yIpTaTaMy JOCHTITHHUX 3ai3iB X0H0Boi Jaboparopii. Peectparis pakrnaanx
OBUIKOCTEH  pyXy  BimOyBamacs 3a  JONOMOror  iH(OpMaIliifHO-
BUMIpIOBAJILHOTO KOMIUIEKCY, BCTaHOBJICHOTO Ha XOJOBil mabopatopii sk
0opToBe 00 THAHHS.

Juis peecTpariii MIBHIKOCTI BUKOPUCTOBYBABCS 1HIYKIIHHUIN TaTINK, STKUN
CKJIQJA€ThCsl 3 KOTYIIKH, CTAJIbHOTO CepJeYHMKA Ta IIOCTIHHOTO MArHITY.
Kotymika 3i CTaJbHUM CEpACYHUKOM IPHUKPIILIIOBAJIACS Ha OHOPHOMY JHCKY,
MOCTIMHUI MAarHiT - Ha rajbMiBHOMY OapabaHi NpaBOro MepejHbOro Koleca
X0J10BO1 JJaboparopii.

IIpu oGepranHi TanpMiBHOTO OapabaHy 3 MOCTIHHUM MarHiTOM B KOTYIIII
HaBOOUTBCA e€.p.C. enekTpoingykmii. KokHoMmy moBopory koieca Ha 360
rpasyciB BiJIOBIIa€ OJUH IMITYJIbC €.p.C., SIKHH PEECTPYETHCS 3a JIOMOMOTOI0
IBK. IlepeBeneHHs uucia IMITyJbCIB B OAMHMIO Yacy B IUBHIKICTH PYyXY
BiZIOYBa€THCS 32 Pe3yabTaTaMU MONIEPEAHBOTO TapyBaHHS.

OuiHka (YHKIIOHAJTBHUX HOPM IIBHJIKOCTEH pyXy BifOyBasacs 1o METOIY
nedopmanii ninpoBoi ycraHoBku E.B. 'aBpuiosa [3].

3rifHO 3 MM METOJOM, BOiI0 XOM0BOi JabopaTopii Oyna HamaHa
iHCTpyKIis  (dhopMmyBanacs IJIbOBA YCTAaHOBKA) BIATBOPUTH pyX IO
PO3PaxyHKOBIH AUISHIN 3 3a7aH0r0 mBHUAKICTIO Vs (20, 40, 60, 80, 100 km/rom. i
T.1.).
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Hedopmamiss mimpoBOI  YCTAaHOBKHM  OMIHIOBAaJacs 3a  BEIHMYHUHOIO
BIIXWICHHS (AaKTUYHOT IIBMIOKOCTI Bix 3amanoi. [lpy 1pOMy oOKpemo
peectpyBanucs mo3uTHBHI AV4 i HeraTuBHi AV. BimxuimeHHS, SK cepernHe
apupMeTHYHEe I KOXKHOTO KUIOMETpY JHocmigHoi ninsHkd. [lo3utuBHE
BIZIXWJICHHS! BUKOPHCTOBYBAJOCS JUIA IHIMKAIl CHJIM MOTHBY CBOOOIM Aid
BOJiSl, a HEraTHMBHE - JUIS IHAWKaNii CWIM MOTHBY Oe3lekn pyxy. 3agaHa
LIBUAKICTh PYXY, NP SIKif MO3WUTHUBHE BIIXWIECHHS (PaKTHYHOI MIBUAKOCTI Bif
3aJ1aHOi 3BEPTAETHCS B HyJb, IPUAMAIIOCS 33 (QYHKIIOHAIbHY HOPMY IIBUAKOCTI
V2 U1 MOTUBY CBOOOIH JTiil BOIS.

VY cBor uepry, 3afaHa MIBUAKICTh PYXY, IIPU sIKi HEraTHBHE BIIXWIICHHS
(dakTHYHOI IMBHAKOCTI BiJ 3aIaHOI 3BEPTAETBCSA B HyJb, NpUiManocs 3a
(YHKIIOHATBHY HOPMY IIBHUAKOCTI VH1 UII MOTUBY O€3IEKH PyXy, puc. 1.

Al
AV=F (V)
VH] VEH VHE
AV=F(17.) 3
&VZ :f(Vs)
AV

Puc. 1 Po3paxyHkoBa cxema

3ajaHa LIBHAKICT pyXy, NpW SKiH cymMapHe BiIXWiIeHHS (aKTHIHOL
MIBUKOCTI BiJl 3a/1aHOT 3BEPTAETHCS B HYJb, NMPUAMANOCS 3a iHAWBIAYyaIbHY
HOPMY WBHUJIKOCTI pyxy Vs (pyHKIIOHANIEHA HOPMA MIBHIKOCTI JUIi MOTHBALIT
TiSTBHOCTI) JIJISL TaHOTO BOJIISL B JJAHUX JOPOXKHIX YMOBaX.

MMoBsipHOCT 21ii MOTHBIB CBOGOIH KepyrOuMX il BOJis Ta Ge3MeKH pyxy
OLIIHIOBAJIMCS 33 BEJMYMHAMH YacTOT IO3MTHUBHOrO P+ Ta HeraTuBHOrO P_
BiIXMJICHHS (PaKTHYIHOI MIBUAKOCTI PyXy Bix 3amaHoi. 3aaHa MBUAKICTH PyXy,
mpu AKii WMOBIpHICTH Aii MOTHBY Oe3meku pyxy P mopiBHIOE OxuHUII
npuiiManacst 3a TpaHMYHO IOIYCTUMY WIBHAKICTE Vi B JaHUX JOPOXKHIX
yMmoBax [4].

PesynpraTi nocnifiB 3a OIiHKaMHM (YHKIIOHAIBHUX HOPM IIBHIKOCTEH
pyXy IpencTaBiieHi Ha puc. 2, 3, 4.
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Puc. 3 Cuna (a) u gacrota (0) 11iit MOTHBIB JiSUTBHOCTI
Bois ipu pyci mo gopo3i Kuis-Xapkis, km 20-30
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Puc. 4 Ticrorpama po3mnoiny HIBHAKOCTEH PyXy MiKpoaBToOyCiB B
HeperiaMeHTOBaHOMY peXUMI Ha 10po3i Kuis-Xapkis.

AHaJtiz pe3ysibTaTiB JOCTIIIB MOKA3ye, MO M0 Mipi YIOCKOHATICHHS IOPIT,
MiABUINCHHS pPIiBHSA iX SIKOCTI, IHIWBiAyasbHA HOpMa MMBUAKOCTI Vs Ta
(GyHKIIOHAIbHA HOpPMa IIBHAKOCTI JUIs MOTHBY Oe3meku pyxy Vw1 Oyze
MparHyTH 10 (GYHKIIOHAIHHOI HOPMH INBUAKOCTI JJIsI MOTHBY CBOOOAM iid
Boltist VHz, puc.4. OmHOYACHO 30UIBIIYETHCS DI3HUIS MIX I1HIMBITYaJIbHOIO
HOPMOIO Ta I'PAaHUYHO JIOMYCTHMOIO HIBHJKICTIO. OCTaHHE CBITYUTH MPO TE€, IO
3 MiZBMIIEHHSM DIBHS SKOCTI JOPIT 30UIbIIYETHCS Jiana3oH rOMEOCTaTHYHOTO
peryiroBaHHs (YHKIIOHAIBHOT TOBENIHKH BOJisA. 1le po3mmpioe MOKIMBOCTI
¢yHKIioHaNpHOT azanTamii BoXis JO YMOB pyxy. BumiproBaHHS (akTHIHHX
LIBUAKOCTEH PYyXy MIKpOaBTOOYCiB B TPaHCHOPTHOMY IOTOLI ITOKa3ajo, IO
Hai4acTime iX BoJii OOMparoTh Ul MEpPEeMIllleHHs MIBHIKOCTI, ONM3bKI 10
IHIUBITyalbHUX HOPM MIBUAKOCTEH, puc. 4. OTxe, B Ipoleci yI0CKOHaIEHHS
Jopir, ix eBosmtonii (GakTHYHI MBUIKOCTI pyXy aBTOMOOULIIB IMMH JOpOTaMu
IificHO HAaONMXKAIOTBCA 10 (DYHKIIOHAJIBHOI HOPMH IIBHAKOCTI IS MOTHUBY
cBoOOIM [IiH BOMis.

3a pe3yabTaTaMH JIOCHIKCHb JOBEJACHO, IO B TPOIECi eBOJIOLIl
aBTOMOOUTBHHUX JIOPIr PO3pPaxXyHKOBI XapaKTEPUCTUKHA TPAHCIOPTHOTO MOTOKY
Ha aBTOMOOUTBHHMX  JIOpOTax HAOMMKAIOTHECA A0 (QYHKIIOHAIBLHOI HOPMH
PO3paxXyHKOBUX XapaKTEPHCTHUK TPAHCIOPTHOTO IOTOKY AJISI MOTHBY CBOOOIH
Ii1 BOmisL.
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