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PAIIIOHAJIbHUIT BUBIP KOHCTPYKTUBHO-TEXHOJIOTTYHOI CXEMU

3BYKOI3OJIAIII MIJIJIOTA Y MOHOJITHUX 3/B
BATATOIIOBEPXOBHX KUTJIOBUX BYIUHKAX

Anomayis. Odun i3 20106HUX HEOOLIKIE MOHOLIMHUX 3ANI300eMOHHUX OAZAMON0BEPXOBUX OYOUH-
ki — wym. IIponuxaiouu 6 keapmupy, 6in cmae NPUUUHON NOOPASHEHHS, NEPeuKo0oto cHy abo
30cepedacenoi pobomu. Hi 0ns xozo ne cexpem, wo sKicHa 36yKoi3onsuyis npumiuens 6idiepae
BAINCTUBY POTb Y HAULOMY HCUMMI T HeOOXIOHA O1Ls HAWL020 KOMDOPMHOZO CAMONOUYMMSL.

L[ cmamms npucesuena SUPIUEHHIO BANCIUB020 NUMAHHS U000 36YK0I30AAYiT Ni0N02 Y MOHO-
Jimuux 3/6 6azamonosepxoux Humiosux Oyounkax, a came 6io yoapnozo wymy. Y cmammi
PO32NAHYMT KOHCIPYKMUBHO-MEXHOLO0ZIUHT CXeMU 36YKOI30AUTT nid0zu Oecsimu munie 3 6UKOPUc-
MAHHAM PISHUX Mamepianie i ix KomOinauii 0ns 00cazHents HOPMAMUBHUX BUMOZ 36YKOI30LAU I
6i0 ydapnozo wymy.

Y subopi naibinous payionarvioi KOHCMpPYKMUBHO-MeXHOIOZIUHOT CXeMU BUKOPUCTOBYBANUCS Pe-
3y omamu NOPIBHAILHO20 AHANI3Y OPZAHIBAUIUHO-MEXHOI0ZIYHUX NOKASHUKIG Y PA3L GAUMYBAH-
s 36YK0I301AUTT NiO02U, @ MAKONHC NOKASHUKIU NPUBLOEH20 YOaPHO20 UWYMY, OMPUMAHT 6 Pe3yib-
mami npoeeceHHs HaAMypPHUX UNPOOYEAD.

Hamypnui eunpobysanns 6yau nposedeni ¢ Oyounxax, wo cnopyoacyromvcs. Bid eubpanoi xon-
CMPYKMUBHO-MEXHONO0ZIUHOT CXeMu OyOe 3aNexcamu mexnonozis GUKOHAHKS KOHCHO20 Muny nio-
J02U, G 8 Maudymuvomy i Kompopm mewranuie xeapmupu. Ilopinsnus KOHCMPYKMUBHO-MEXHO-
JOZIHUX CXeM Y MatioymHuvomy 003601umy 00CIIOUMU i PO3POOUMU CYUACHY | BUCOKODEKMUBHY
KOHCMPYKMUBHO -MEXHOL0ZIUHY CXeMY KOHCMPYKYil 36YKOI3018Uli nionozu.

Pesynvmamom npoeedenns namypuux eunpodyeans ma nopiGHAIbHOZ0 AHANI3Y OpeaHizayiil-
HO-MEXHOI0IYHUX DIUeHb BIAUMYBAHHA KOHCMPYKMUBHO-MEXHOLOZIYHUX CXeM 38YKOI301UYIL
nidn02uL, @ MAKoNHC 3a BUOPAHUMU Kpumepismu ma 6ionogiono 0o 6aivoi wxan 0036010 subpa-
mu HaTlOibUL PAUIOHATLHULL | ePeKMmUBHULL Bapianm <Niasaiouoi» nidiozu Ha 0CHOBI Mamepianis
«Axynexcs i <«Isonxan Fine> (noricmuponbemon is sanoeuiosauem <Ilonimepm Fines) — Tun 1,
indexc nasedenozo pisis yoapnozo wymy cmanosumy Lon=50 ob.

Burauimyearis KoHCmpyKmueH0-mexHOROZIMHOT CXeMiL 38YKOL30ALiL “nionozu Tun 1 doseonsie snusumu
piseny nouamko60zo (3anizobemonna niuma bes noxkpummsi) yoaprozo wymy 6 npumienni na 37,5%.
Kniouosi cnosa: 3eykoizonauia, yoapuuii wym, <niaeaiouas nioioeza, dazamowaposa
cucmema.

ITocranoska npo6semu. Po6ora npricssiueHa
BUPIIIEHHI0 BasKJINBOI pobeMu BUOOPY paili-
OHAJIbHUX TEXHOJIOTIYHUX PillleHb TPUCTPOIO
3BYKOI30JI1lll  MIKIIOBEPXOBUX  IE€PEKPUTTIB
Yy MOHOJIITHOMY JKHUTJIOBOMY OY/IiBHUIITBI IILJIsI-
XOM TIPOBEJIEHHSI TOPIBHSJIBHOTO aHAJi3y Op-
raHi3aliifHo-TeXHOJIOTIYHUX MOKAa3HUKIB y pasi
BJIAIITYBaHHS 3BYKOI30JIs11i1 IEPEKPUTTIB 3 BU-

KOPHUCTAHHSIM PI3HUX MaTepiasiB i 1X KOHCTPYK-
THBHO-TEXHOJIOTIYHUX 0COOJMBOCTEIL.

Anani3 ocraHHixX gocaikenb. OnuUH 3 TOJIOB-
HUX HEIOJIKIB 0araToloBepXOBUX OyAWHKIB —
1myM. SIK ByJIMaHUT, Tax i Biji CyCifiB 1Mo GyAnHKY.
[TpoHukaioumn B KBapTUPY, BiH CTA€ MIPUIUHOIO I10-
JIPA3HEHHSI, MEPEIKOI0I CHY ab0 30CepeKEeHOl
poboru. TTommpeHHs 1mymiB Mokasaxe Ha puc. 1.
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Puc. 1. TTommpeHHst myMy B MOHOJIITHOMY OyIMHKY

Hi a5 xoro He cekper, 1110 SIKiCHa 3BYK0130-
JISALliS TPUMIIIEeHb BiJIiTPa€ BaKJIUBY POJib y Ha-
IOMY JKUTTI 1 HeoOXigHa [Ist HAIIoro KoMdopT-
HOT'O CaMOIIOYYTTSL.

Po3pisHgioTh Ba OCHOBHI BUIU HIYMY: IIO-
BITpsHMIT 1 cTpyKTypHUil. CepenoBuiieM Momm-
PEeHHSI TEepIIoro CIYKUTh TIOBITPS, APYTOrO —
TBepe Tifo. [lo MOBITPIHOTO MIYMY HAJIEKUTD,
HalPUKJIaJ], PO3MOBA JIOJeil y CyCiJHiil KiMHaTI
abo TeseBizop, mo npamioe. CTPYKTYPHUH IyM
MOJKYTh BUKJUKATH MeOJIi, 10 MePeCcyBaOThCs
0 Mi/71031, ab0 CTYKIT MOJIOTKA, HAJEKUTH [0
HalOLIbII HEIIPHEMHOTO HOr0 BULY — YAApPHOTO,
SAKAN MOJKHA TIOYYTH, MepedyBaodn HaBiTh Ha
3HaAuHIl BijcTani Bij mxKepena (yaapu mo Gara-
pei LeHTpaJbHOTO OllAJIeHHS Ha IepIIoMy I10-
Bepci OyIMHKY, HAlIEBHO, MOYYIOTh MEITKAHI Ha
cboMoMmy) |7, c. 324].

Jxmo piBeHb 1304111 TOBITPSHOTO HIYMY
MIKIIOBEPXOBUX  TEPEKPUTTIB  BU3HAYAETHCS
Hepir 3a Bce MACUBHICTIO 1 TOBIIMHOIO IJIUTH
NEePeKPUTTS, TO CTOCOBHO 130JIAIIl YIapHOTO
nyMy 1pobJiemMa 3aBKan BI/IpiIJ_IyGTbCSI 3a paxy-
HOK JIOZIATKOBUX KOHCprKHlI/I [6, c. 161].

HaitBaxxsmsimum i HaMed)eKTMBmHmM crio-
cob0M 30i/bIIEHHST 130JIAIHi  yIApPHOTO IIyMY
3 TOYKH 30y OYy/iBeJbHOI aKyCTUKK € BJIAIITY-
BaHHSI KOHCTPYKIIi1 «IJIABAIOYOI» MiJIJIOTH.

Y szaranbHOMy BUNAJKY IlJ1aBaioya ITiJjI0-
ra sIBJSIE COOOI0 MaCHBHY CTSKKY 3 OETOHY
ab0 1EeMEHTHO-IIIAHOI CyMilii, TTOKJIaIeHy Ha
MIiKITOBEPXOBE TIEPEKPUTTST OBEPX TPy MPYK-
Horo Mmarepiany. CTsbKKa IJIaBalOyuol MiJJIOTH
He TIOBUHHA MaTH HisIKMX JKOPCTKUX 3B’S3KiB
3 OrOPOJKYBUIBHUMM KOHCTPYKIISIMHU, TOMY 11
BiIi/IsTI0Th BijI GiYHMX TIOBEPXOHb CTiH i mepero-
POMIOK TIPY>KHUMU TPOKJIaAKaMu (aeMiipepHoio
cTpiukoo) [4, c. 144]. Ak marepian i30JsIIiii-
HOTO TIapYy, K MPABUJIO, 3aCTOCOBYIOTHCS TLITUTH
3 aKyCTUYHOI MiHepaJbHOI BaTh Ha (Ga3aabToBiil
ab0 CKJIOBOJIOKHMCTIiI OCHOBI ab0 pisHi criHexi
noJsliMepHi pyJioHHi Matepiasnu [5, c. 151].

4

3ByKOiSOJIHHi§I IJIAaBAI0YO1 Mi/IJIOTU 3aJI€KUTD
Bl MACHBHOCTI CTSDKKH 1 IPYXKHIX BIACTHBOC-
Teil MaTepiaay MPOKJIAJKH 1, K TTPABUJIO, CTAHO-
Buth ALn, w = 23-28 1b. 3/:[e6ulbmoro 3aCTO-
CYBaHHS BUCOKOE(MEKTUBHUX 3BYKOI30JISIITHIX
MaTepiaiiB I03BOJISIE JIOMOITUCS 3HWKEHHS
VIAPHOTO TTyMy Ha BeJWYWHY, IO TEPEBUIIYE
40 nb [1, c. 45; 2, c.164].

Mera po6oru. Metoro cratti € Bubip i 06-
IPYHTYBaHHS  KOHCTPYKTHBHO-TEXHOJOTIYHUX
pillleHb 3BYKOI30JIAI[Il TIEPEKPUTTIB Y MOHOJIIT-
HOMY JKUTJIOBOMY OY/TiBHHI[TBI.

s nocArHeHHS MeTH BHU3HAYeHO Taki
3aBJlaHHS: JIOCJIIUTH BIJIMB KOHCTPYKTUBY Tiji-
JIOTH Ha 3BYKOI30J110104i BJIACTUBOCTI; TIPOBECTU
MOPIBHSIHHSI TEXHOJIOTiT BUPOOHUIITBA POOIT;
MIPOBECTU TIOPIBHSJIBHUI aHaJi3 opraHisalfii-
HO-TEXHOJIOTIYHUX TTOKA3HUKIB.

Jlnst 1boro HeoOXifHO BWOpaTH Matepiaiu
1 KOHCTPYKTUBHO-TEXHOJIOTIYHI CXeMHU Y iX TIPU-
CTPOI, a TAKOXK TIPOBECTU TOPIBHSJIbHY OI[IHKY.

Pesyabratu. JlocmifzkeHHS TIPOBOAMJINCS
B HATYPHUX YMOBaxX y NPUMIIIEHHSX OyIiBesb,
[0 CHOPYAXKYIOTHCS, B SIKUX Mi/I7TOTa BIANITOBA-
Ha Ge3 (iHiHOI 06POOKK 3 KIIBKOMA PISHUMU
KOHCTPYKTUBHO-TEXHOJOTIYHUME  PillIeHHIMU
Ha OCHOBI TaKMX MaTepiaiB, SIK:

— «I3osnkam» (mosictuposbeToH i3 3armoB-
HioBaueM <«llomitepm») — mosermena cyxa cy-
MIlI JIJIg BJAANITYBAHHS TEIJI03BYKOI30IS11ITHO1
CTSIKKH, SIKa HAJIEKUTH 0 KJIACy JIETKUX GeTo-
HiB. CyMilll CKJIQZIAE€THCS 3 IIEMEHTY 1 3all0BHIO-
Baya — iHEPTHUX TPaHyJl CIIHEHOTO TOJICTUPO-
ay (III 4—6 mMm), 3 BUCOKOIO TEMJI0I30AIIHHOI0
HOTYSKHICTIO, 0OPOOJIEHNX CIelialbHO0 npu-
CAJIKOIO, 1[0 CHPHSAE OTPUMAHHIO OJHOPI/HOIL Cy-
i y pasi poboTH 3 HacOCaMH i PIBHOMIPHOMY
PO3TOAILTY PO3YMHY;

— «Izosaxkan Fine» (momictuposberot i3 3a-
noBHioBaueM «l[lomitepm Fine») — mosertie-
Ha CcyXa CyMIlll ISl BJAMITYBaHHS TeINJIO3BY-
KOI30JIALINHOT CTSIKKM, dKa HaJEXKUTb 0
Kjaacy Jerkux OeroniB. CyMill CKJIaZa€ThCs
3 IIEMEHTY 1 3all0BHIOBaYa — IHEPTHUX TPaHYJI
cunigenoro nogictupoay (I 2—4 mm), 3 Buco-
KOI0 TETI0i30IAIiHOI TTOTYKHICTIO, 06pOo-
OJIEHUX CIEeNiaJbHOIO TTPUCATKOIO, MO CIPHSIE
OTPUMAHHIO OJHOPIAHOI cymimmi y pasi pobo-
TU 3 HacocaMu 1 PIBHOMIPHOMY pPO3MOIiIY
pO3YUHY;

— 3BYKOI30JISI[IOHHOE KOMIIeHcalliiiHe 110-
kpurtd  «lliHonmosmictuposibHi  rpaHynM  Ha
IPY/KHOMY  B'SI3KOMY»  SIBJISIE  €O0OI0  TOTO-
By /IO 3aCTOCYBAaHHSI TPAHYJbOBAHY CyMIIl



HOBI TEXHOJIOTII B BY IIBHUIITBI No 39 2021

(rpanymm 11T 6-8 mMMm) emacTudHOTO BiOPOi30-
JIIOYOTO MaTepiasy, sKa TIcas HaHeceHHS Ha
MOBEPXHIO MEPEKPUTTSI BUKOHYE (DYHKIIIIO 3BY-
KOI30JI1010901 MTPOKJIAJKN MiXK CTSIKKOIO 1 Tepe-
KPUTTSM Y KOHCTPYKIII1 [JIABAIOYUX TT1/1JIOT;

— pyJonHuil Marepian «Akydiaekc», 0CHOBY
SIKOTO CTAHOBJISATD CIEIiaIbHO 00p0o0/IeHi moJtie-
(bipHi BoOKHa, po3pobJIeHi BiMOBIAHO 0 aKTy-
AJTBHUX BUMOT 3 aKyCTUKU TIPUMITIIEHD i CJIYKaTh
U1 IOTJIMHAHHS yaapHoro urymy. Matepian Bu-
KOPUCTOBYETHCA SIK 3BYKOI30JII0I04a MiJKJIAIKA
B KOHCTPYKIISIX TIJIABAOYMX IT/JION, SKa € Ta-
POM MIiXK CTSIKKOIO i (DiHIITHIM TIOKPUTTSIM TTifT-
Joru (JiHOJIeYM, JJaMiHaT, mapkeT). Kpim 1poro,
Axydaexc Moxe CIYKUTH TIPY>KHAM IAPOM Tijl
BUPIBHIOBAHOIO CTSIPKKOIO JIJISI JIOJIATKOBOI 130-
JIAIII1 B/l YIQPHOTO HIYMY;

— camoBupiBHIOOYa cTsKKa “Ceresit CN-69”
JIJIS1 TATOTOBKY TIOBEPXHI MIJIJIOTH MM1] YKJIAAKY
nokpuTTiB (ToBImMHA Mmapy 3—20 mm). CamoBU-
piBaiotoua cymim “Ceresit CN 69” npusnauena
JUUIsT BUPIBHIOBAHHST OETOHHHUX OCHOB Ta CTSKOK
MIJJIOTH 3 1[eMEHTHO-TIIAHWX PO34YMHIB, Jier-
KOro GETOHY 3 MOAAJIBIIUM YKJIATaHHSIM TaKHX
MOKPUTTIB, $IK JIIHOJEYM, KOBPOJIiH, JiaMiHAT,
KepaMivyHa minTka, uTka [IBX, Ta inmux no-
KPUTTIB Y KUTJOBUX, TPOMA/ICbKUX, aJIMiHICTpa-
TUBHUX Ta MOOYTOBUX TPUMIIIEHHSIX 3 MAJOI0
IHTEHCUBHICTIO [Ii1 BOJIOTH;

— eJIACTUYHUI 3aKPUTONOPUCTUIA MIHOTIOJIIe-
TUJIEH 31 3MUTOI0 MOJIEKYJSPHOIO CTPYKTYPOTO
“Izolon Base” mpejcraBieHuii y MIMPOKOMY Jii-
ammazoni ToBiuH (0,8—50 MM) i miisbHOCTI (Biz
25 mo 20 xr/m?), 110 BOJIOMIE YHIKAJIbHUM MO-
€IHAaHHAM (DiI3UYHUX 1 XIMIYHUX BJIACTUBOCTEH;

— LIYMOI30JIAIIIHNI 1ap Ha OCHOBI MaTepi-
ary “Gum Gum Spray” BUKOPUCTOBYIOTH [IJISI
3BYKO130JI11i1 BiJl yrapHux myMis. Ilepeminry-
BaHHS JIBOX KOMIIOHEHTIB 130JA1IITHOTO MaTe-
piany, a came TpaHya Kayuyky SBR 3 KoHTp-
OJIbOBAHUM PO3MIPOM 3€epHa 1 MOJIMEPHOTO
CIIOJIYYHOTO, BiZOyBa€ThCs Oe3MOCEPeHbO Ha
OyniBesbHOMY MaiiaHunky. [oToBa cymimr Ha-
HOCUTHCS Ha TOBEPXHIO TM/ICTAaBU HANMUJIEHHIM
TOBIIMHOIO 710 5—7 MM. OcobOauBIiCTIO TaKoro
HallMJIEeHHS € Te, 1[0 Ha [TOBEepPXHi CTBOPIOETLCS
CYUIJIbHUI 3BYKOI30JIAIIMHUI KOHTYP.

TakuM umHOM, OyJM BJANITOBAHI Taki KOH-
CTPYKTUBHO-TEXHOJIOTIYHI CXeMH 3BYKOI130JIs1-
HiftHux miggor, a came: Tum 1 — 56 MM — 11/
crskka M 150, 4 MM — migkaanka «Akydekcy,
20 mm — <«Izonkan Fine» (momictuponberon i3
3aroBHIOBaueM <«Ilomitepm Fine»), 180 mm —
/6 T,

Tum 2 — 60 mm — 11/11 cTskka M 150, 20 M —
«IliHOMOMCTUPOIBHI TPaHYJU HA KOPCTKOMY
B'si3koMy», 180 MM — /6 TuIHTa.

Tumn 3 — 80 mm — 11/11 crskka M150, 4 Mmm —
miakaagka «Axydaexcs, 180 mm — /6 mimTa.

Tun 4 — 40 mm — 11/ cskka M 150, 4 My —
migkaanka «Axydaeke», 50 mm — <«I3osKamns
(mosictuposiberon i3 3amoBHIiOBaueM «Iloi-
Tepm»), 180 MM — 3k /6 TUTHTA.

Tum 5 — 50 mm — 11/1 cTskka M 150, 4 v —
migkaaaka «Akydaekc», 50 MM — <«I3osKams
(momictuposibeton i3 3amoBHIOBaueM «Iloi-
Tepm» ), 180 MM — /6 mmTa.

Tumn 6 — 50 mm — 11/ cTsokka M 150, 8 Mm —
migknaaka «Akydiekc», 50 MM — <«I3osKamn»
(momictuposibeton 13 3amoBHOBaueM «Iloi-
Tepm»), 180 MM — /6 mmTa.

Tun 7 — 60 mm — /1 cTskka M 150, 4 My —
migkaanka «Axydaexcs, 20 MM — caMOBUPIBHIO-
foua crskka “Ceresit CN-69”, 180 MM — x/0
TLJTATA.

Tun 8 — 70 mm — 11/m crskka M 150, 10 mm —
migknaaka “Izolon Base”, 180 MM — /6 mmTa.

Tun 9 — 50 mm — 11/11 cskka M 150, 10 mm —
map “Gum Gum Spray”, 180 MM — /06 mmrTa.

Tumn 10 — 50 mm — 11/ cTsskka M 150, 50 MM —
«I3osKar» (110JiCTUPOJIOETOH 13 3aMOBHIOBAYEM
«ITomitepm»), 10 mm — map “Gum Gum Spray”,
180 MM — /6 mmTa.

Texuosorist BuKoHaHHs pobit. Opramizaiiii-
HO-TEXHOJIOTIUHI TIPOIeCH 1 TPUCTPOI KOHCTPYK-
TUBHO-TEXHOJIOTIYHOI CXeMHU 3BYKOI30JIAI MTiI-
goryt Tun 1, Tum 4, Tun 5, Tun 6.

1. Iligrorosui poboTu. BupiBHIOBaHHS ILJIUTH
HepeKpUTTs (3aaMBKa 3arnb/IeHb 1 KaBepH, Bil-
OUTTS BEJMKKMX HAILIMBIB OETOHY), a TaKOXK 3a-
KJIaJIeHHs] PO3YMHOM KPIiTlJieHb (pacaaHol TIuTH
JI0 TJIUTU TIEPEKPUTTS 1 3aKJTaJIeHHS PO3UNHOM
reoJIe3NYHNX OTBOPIB Y TIJIUTI IEPEKPUTTS.

MoHnTax nemidepHoi CTpiuku 10 HepUuMeTpy
npuMitiens (puc. 2), TpruOMpaHHs MOBEPXHi Bij
CMITT#, @ TAKOXK 3HEIUJIIOBAHHS [TOBEPXHI.

Puc. 2. MonTax pemmndepHoi cTpiukn
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2. BnamrtyBamns wmartepiany  «[3omkams
(nmomictuposberon i3 3anosHioBayeMm «IloJi-
Tepm» )/«I3okan Fine» (mosictuposnberon i3
3anoBHioBaueM «l[lositepm Fines). Iligrorosui
poboTu (3amic i mojaya MaTepiamy, IiIHSATTS
iHCTpyMeHTy, iHBeHTapio Ha moBepx). IIporec
IIPUCTPOIO MaTepiaay MmoKazaHWi Ha puc. 3.

Puc. 3. Bramrysaunnst marepiany «I3omkarn»
(mosticTUpOIGETOH 13 3aMOBHIOBAYEM
«ITomitepm»)/«I30mkan Fines (momicruposberon
i3 3amoBHIOBaueM «Ilomitepm Fines)

3. BaamryBanus matepiany «Akydexcs.

3.1. IligroroB4i pobOTH MAJIST BJIAIITYBaHHS
Mmatepiany «AKydiekcs:

A) YactkoBe 3a0MBaHHS NOBEPXHI TOKPHT-
TS B MICIAX YTBOPEHHs KaBEPH 1 MPUMUKAHHS
Tpy6 omaseHHss Matepiasom «I3oskarm» (mosic-
TposIOeTOH i3 3anosHiOBaYeM <«Ilomitepm» )/
«I3omkan Fine» (momicTuposibeToH i3 3amoBHIO-
BaueM <«llomitepm Fine»), 3auncTka HaIIMBIiB
10 paHille BUKOHAHIN TOBEPXHI.

b) Ouumenns pemmdepHoi cTpiuku Bij 3a-
OpynHeHb MaTepiasom «I3oskars (momicTipo-
Geron i3 samnosHioBaueM <«ITomitepms)/<«I301-
kan Fine» (mosictupos6GeToH i3 3alloBHIOBaYEM
«ITomitepm Fine»).

3.2. VYrkmamanus wmarepiany <«Akydiekcs.
[TpoBoAUTBCA MIISIXOM NPUKJIEIOBAHHS PYJOHIB
Marepiajqy OfWH 3 OMHUM apMOBAHUM CKOTYEM
3 HaxsectoM 5—10 cMm, a TakoX NPUKJIEIOBAH-
HSIM pYJIOHY /10 JemiibepHoi ctpiuku. IIporiec
VKJIaJanHsg mMarepiany <«AkydJekces mokazaHui
Ha puc. 4.

Puc. 4. BranrryBanusa matepiany «Axydaekcs

4. BramTyBaHHS 1IeMEHTHO-TIIAHOI CTSIKKA
(puc. 5).

\, i

Puc. 5. BranrryBanus 1/ CTSOKKE 110 MaTepiasry
«Axydaexcs

OpranizaItiitHo-TeXHOJIOTiYHI TIPOIeCH BJIall-
TYBaHHSI KOHCTPYKTMBHO-TEXHOJIOTTYHOI CXeMU
3ByKoizosidAtii migmorn Tum 2.

1. TizroroBui po6otu. BupiBHioBaHHS TIUTH
HepeKpuTTs (3a/MBKa 3arIn0IeHb i KaBepH, Bijl-
OWTTS BEIMKMX HAIUIMBIB OETOHY), a TAKOK 3a-
KJIQJIeHHS] PO3YMHOM KpiIlieHb (hacagHol nianTu
JI0 IUTUTU TIePeKPUTTS 1 3aKJIa/leHHST PO3YMHOM
reojle3NYHIX OTBOPIB Y IJIATI MEPeKPUTTSI.

MonTask semndepHoi CTpiuKH 110 IepuMeTpy
an/IMuueHb (puc. 2), npubupanHs HOBerHl BiJ[
CMITTSI, @ TAKOK 3HETJIIOBAaHHS TOBEPXHI.

2. BuoamrtyBanus wMarepiany <«Ilinomouic-
TUPOJIbHI TPaHyJM Ha SKOPCTKOMY B’SI3KOMY»
(puc. 6).

OpranizaiiifHo-TeXHOJOTIUHi TpoIecu Balll-
TYBaHHS KOHCTPYKTHBHO-TEXHOJIOTTYHOI CXeMU
3ByKoi3osii migyorn Tum 3.

1. ITigroroBui poborn. BupiBHiOBaHHS TLIH-
TH TIEPEKPUTTsI (3aIMBKa 3arJubJIeHb i KaBepH,
BiIOWTTST BEJMKUX HAIJIMBIB OETOHY), a TaKOXK
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3aKJIaJIeHHST PO3YITHOM KPITJieHb (hacapHoi M-
TH JI0 TIJIUTH TIEPEKPUTTS 1 3aKJIAJE€HHS PO3UM-
HOM Te0/Ie3MYHUX OTBOPIB Y IVIUTI EPEeKPUTTSI.

MoHnTaxk nemigepHoi CTpiuKy 1Mo HepuMeTpy
npuMitiens (puc. 2), npuOUpaHHs MOBEPXHi BT
CMITTS, @ TAKOK 3HEMUJIIOBAHHS MTOBEPXHI.

2. Yxnamanus matepiany «Axydraexcs. IIpo-
BOJUTHCA TIJISXOM TPUKJICIOBAHHS PYJIOHIB
Marepialy OfMH 3 OJHUM apMOBAHUM CKOTYEM
3 HaxyecToM 5—10 cM, a TakoXX TPHUKJIEIOBaH-
HSM PyJIoHYy 70 Aemideproi crpiuku. [Iporec
yKJIalaHHsA MaTepiany «Akydiekcy mokazaHuii
Ha puc. 4.

Puc. 6. [Iporec BramrtyBanHs MaTepiany
«ITiHoTmOMCTHPONBHI TPaHyIHN
HA JKOPCTKOMY B'SI3KOMY»

3. BramTyBaHHS 1IeMEHTHO-TIIAHOI CTSKKA
(puc. 7).

Puc. 7. BramtyBaHHs 11/11 CTSKKH
no matepiany «IlinonomicTHposbHI rpanyn
Ha JKOPCTKOMY B’I3KOMY»

3. BramTyBaHHS 11eMEHTHO-TIIAHOI CTSIKKA
(puc. 5).

OpranizaiiiiHo-TeXHOJIOTIUHi TTPOIech BIaIll-
TYBaHHSI KOHCTPYKTMBHO-TEXHOJIOTTYHOI CXeMHU
3BYKoOi30Js1lii mijgorn Tum 7.

1. Iigrorosui poboTu. BupiBHoBaHHS ILIUTH
HepeKpUTTs (3aaMBKa 3araTnbIeHb i KaBepH, Bijl-
OUTTS BEJMKKMX HAILIMBIB OETOHY), a TaKOXK 3a-

KJIaJIeHHs] PO3YMHOM KPiTlieHb (pacaaHol TINTH
N0 TITUTU TIEPEKPUTTS 1 3aKJIaIeHHS PO3YIMHOM
reoIe3NYHNX OTBOPIB Y TIJIUTI IEPEKPUTTS.

MoHnTax nemidepHoi CTPiuky 10 HepuMeTpy
npuMitiens (puc. 2), puOMpaHHsT MOBEPXHi Bif
CMITTS, @ TAKOK 3HEMUJIIOBAHHS [TOBEPXHI.

2. BnamTyBaHHS CaMOBUPIBHIOIOUOI CTSKKH
“Ceresit CN-69” (puc. 8).

Puc. 8. [Iporec BaamTyBaHHS CaMOBUPiBHIOIOYO1
crsukkn “Ceresit CN-69”

3. Yknananns marepiany «Axydaexcs. [IpoBo-
JITBCS MISIXOM TIPUKJICIOBAaHHS PYJIOHIB MaTepia-
JIy OJTVIH 3 OZIHIM ADMOBAHUM CKOTYEM 3 HAXJIECTOM
5-10 cM, a TakoX TPUKJICIOBAHHSIM PYJIOHY 10
nemriepHoi crpiuku. [Iporec ykmananus matepi-
any «Akydrekcs» nokazaHuil Ha puc. 4.

4. BnamTyBaHHS 11eMEHTHO-TIIIAHOI CTSKKU
(puc. 5).

OpranisaitiiiHo-TeXHOJIOTIuHi TIpolecy BIalll-
TYBaHHS KOHCTPYKTHBHO-TEXHOJIOTIYHOI CXeMU
3ByKoizosnii mizyorn Tum 8.

1. IligroroBui pobotr. BupiBHIOBaHHS ILINTH
1epekpuTTs (3ajMBKa 3arinbIeHb i KaBepH, Bij-
OUTTSI BEJMKUX HAIJIMBIB OETOHY), a TaKOXK 3a-
KJIaJIeHHsS PO3YMHOM KPiIlJieHb (pacaaHol TInTh
70 TITTU TIEPEeKPUTTS 1 3aKJIaIeHHS PO3YIMHOM
reo/Ie3NYHNX OTBOPIB Y TIJIUTI TIEPEKPUTTS.

MoHnTaxk nemidepHoi CTpiuku 1o TepUMETpY
l'IpI/IMllL[eHb (puc. 2), npubupanHs HOBerHl BiJl
CMITTSI, a TAKOXK 3HENUJIIOBAHHS TIOBEPXHi.

2. Yxnaganss Matepiany “Izolon Base”. ITposo-
JIUTHCS NIJISIXOM TIPUKJICOBAaHHS PYJIOHIB MaTepia-
JIy OJTH 3 OJTHUM aPMOBAHUM CKOTYEM 3 HAXJIECTOM
5—10 cM, a TaKoX TPUKJIEIOBAHHSM PYJOHY [0
nemripepoi crpiuku. [Iporiec ykmazanusa mMartepia-
ay “Izolon Base” mokasanwuii Ha puc. 9.

3. BnamTyBaHHS 1IeMEHTHO-TIIIAHOI CTSKKH
(puc. 5).

OpranizaIiiiHo-TeXHOJIOTIYHI TPOIECH BJIAII-
TYBaHHS KOHCTPYKTHBHO-TEXHOJIOTIYHOI CXeMU
3ByKoizoJisttii migmoru Tum 9.

1. IligroroBui poboTn. BupiBHIOBaHHS TLIH-
TH TIEPEKPUTTS (3aJMBKa 3arauOJeHb i KaBepH,
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BiIOMTTS BEJIMKUX HAILIMBIB OETOHY), a TaKOX
3aKJIaJIeHHST PO3YMHOM KpiTieHb (pacasHoi mim-
TH JI0 IJIUTHU TIEPEKPUTTS 1 3aKJIajleHHs] PO34u-
HOM Te0/Ie3NYHIX OTBOPIB Y IJIUTI MEPeKPUTTSI.

MounTax nemrdepHol CTPiuKy 1o ePUMeTPy
npumMinies (puc. 2), npuOMpaHHs MOBEPXHi Bif
CMITT, @ TAaKOXK 3HENUJIOBAHHS ITOBEPXHI.

2. Ilpuctpiit marepiany “Gum Gum Spray”
BUKOHYETbHCSI criocobom Hanumenus (puc. 10).

Puc. 10. I[Tporec Hammtennst marepiany “Gum Gum Spray”

3. BramTyBaHHS 1IeMEHTHO-TIIAHOI CTSIKKA
(puc. 11).

Puc. 11. BranrryBasss 11/ CTSIKKH 110 MaTepiany
“Gum Gum Spray”

OpranizaiiitHo-TeXHOJOTIUHI TTPOIecH BIIaIll-
TYBaHHSI KOHCTPYKTHBHO-TEXHOJIOITYHOI CXeMHU
3ByKoizoJistii mignorn Tum 10.

1. Iigrorosui poboTu. BupiBHioBaHHS ILIUTH
HepeKpuTTs (3aaMBKa 3aranubIeHb i KaBepH, Biji-
OUTTS BEJMKKMX HAILIMBIB OETOHY), a TaKOXK 3a-
KJIaJIeHHs PO3YMHOM KPirieHb (pacagHol TIuTh
70 TUTUTU TIEPEKPUTTS 1 3aKJIaJIEHHS PO3YTHOM
reo/Ie3NYHNX OTBOPIB Y TIJIUTI TEPEKPUTTS.

MoHnTax nemidepHoi CTPiuku 1o epuMeTpy
npuMitiens (puc. 2), IpuOMpaHHsT MOBEPXHi Bif
CMITTS, @ TAKOK 3HENUJIIOBAHHS MTOBEPXHI.

2. Ilpuctpiit matepiany “Gum Gum Spray”
BUKOHYEThCS criocoboM Hammenus (puc. 10).

3. Ilpuctpiit martepiany «I3omkamy» (mosic-
THpOJIbeTOH 13 3amoBHIOBaueM «IlosiTepm» ).
[Tigrorosui poboTu (3amic i mogada Matepiany,
HiZIHATTS IHCTPYMEHTY, iIHBEHTapIO Ha MOBEPX).
[Tportec mpucrtpoo MaTepianay TOKa3aHUii
Ha puc. 3.

4. BramTyBaHHS 1leMEHTHO-TIIAHOI CTSIKKA
(puc. 12).

Puc. 12. BranrtyBaHHs 11/ CTSIKKY 1T
o Matepiaiy «[3osKkarmy (moicTHPOIOETOH
i3 3anoBHI0BaueM «IlomiTepm»)

3rigno 3 JIBH B.1.1-31: 2013 «3axuct Tepu-
TOpiit, OYAMHKIB i CIIOPY/L Bifl IITyMY», MizKITOBEP-
XOB€ TIePEeKPUTTS TIOBUHHE MATH iHEKC MpHUBe-
JIEHOTO PiBHA YJIAPHOTO LIYMY TIiJ[ MEPEKPUTTIM
Lnw < 55 nb.

BumipioBanHs 3BYKOi30J41i1 TPUBEIEHOTO
VIQPHOTO IIYyMY CKJIAJIA€ThCS 3 TAaKUX eTalliB:
IITOTOBKA /10 BUMPOOYBaHb MPUMIIIEHb; BUMi-
PIOBaHHS PiBHS yAAQPHOIO IIYMY IIiJ TIEPEKPUT-
TSIM Y Pa3i CTBOPEHHS HAa HbOMY YAapHUX BILIH-
BiB; 06p0OKa pe3ybraTiB BUMipIOBaHb.

ImiTaiiga yzapHoro mrymy HpoOBOJAUJIAcS 3a
nonoMoroo yaapHoi Mamuau Y M-10. Bumipio-
BaHHS IIYMIiB BiZI0YBaJOCs 3a JOIIOMOIOIO IIy-
momipa Exodisika-110A.
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JlocipkeHHs TIPOBOIMJINCS B KiJIbKA €TalliB.
Ha nepmomy erami 6ys0 BU3HAYEHO IIOKA3HU-
KM iH/IeKCYy TIPUBEJIeHOTo yAapHoro mymy. Ilpu
I[bOMY HEOOXiJTHO 3a3HAYMTH, IO HAWMEHIITIM
1HZIEKCOM 3BYKOI30JI41111 BiJl yJIapHUX IIIyMiB
XapaKTepU3y€eThCs CUCTEMa IMIJIOTH HA OCHOBI
MaTepiany «Akydiexcs, Tpu IbOMY YKJIaJaHHS
MaTepiasy B /[Ba IIapH, a TaKOX TOBIIMHA Ile-
MEHTHO-MINAHOI CTAKKU He BIUIMBAEC HA 1HIEKC
HaBeJIeHOTO yIapHOTO 1yMy. PesysbraTut 06po6-
KU pe3yJIbTaTiB BUMIPIOBaHHS, a caMe 1H/IeKC Ha-
BEJIEHOTO yapHOTO TIyMY, MOKa3aHo B TabJr. 1.

Ha mactymHoMy etari BuOpaHi Kpurepii mo-
PiBHSIHHS BUOpPaHWX IHHOBAIll METO/IB 3BYKO-
13011111 MIZKIIOBEPXOBUX TepeKpuTTiB. [IpoBe-
leHa dKicHa 1 KiJbKiCHA OIlIHKA TeXHOJIOTTYHUX
asmsrepHaTuB (Tabur. 1).

Kpurepii Bubopy MaioTh GaraTopiBHEBUIL T1ijI-
Xij, sIkuii epebayae BUPIMICHHsT YUCTCHHNX 3a-
BJIaHb: TEXHIYHUX, TEXHOJIOTIYHUX, eKCILTyaTalli-
IHUX, eKOHOMIUHUX 1 eKxoJioriyHux. HactynHum
eTarioM y MeTOJUIll aHa/li3y € OTPUMaHH4 aHa-
JITHYHOI 3aJIe’KHOCTI, 10 BifoOpakae CTyIiHb
BILJIMBY BAaroMOCTI KPUTEPIiB Ha palliOHATbHUN
BUOIp TEXHOJIONYHOrO pimeHHs |3, ¢. 64].

[lopiBHsiHHST BUOpPAHUX TEXHOJOTIA TMpH-
CTPOI0 3BYKOi30JI4Ilii TIepeKpPUTTIB 1O HaBe-
JICHUX KPUTEPIdX 31MCHIOETbCS 3a JIOTIOMO-
roio jiarpam. HaTypanbHi 3HaueHHS KpUTepiiB
(tabs. 1) mepeBomsithest B Gasm Big 1 1o 5, ne
TipIIMM 1 KpamuM 3HaYeHHSIM HMPUCBOEHI Gaiu
11 5 Bignosigno. Pemra 6amiB migpaxosani 3a
JIOTIOMOTOI0 1HTepIoJisAIii. TexHomorii, KpuTepii
Ta NPUCBOEHI IM Oasu 1pejcraBieHi B Tab1. 2.

TaGmuus 1. fkicHa i KiJbKiCHA OIiHKA TeXHOJIOIMTYHUX aJIbTePHATUB

N e - A
Koncrp.-TexH. cxema I-3M po pO(;{sygilz(:[:ep. Marepiary yIlapH(gg rymy,
1. Tum 1 148 4,0 Camo3zaryxarounit 30
2. Tun 2 195 4,5 CamosaTyXarnuii 59
3. Tun 3 135 3,8 CamosaTyXarnuii 60
4. Tun 4 152 4,0 CamosaTyXariuii 33
3. Tum 5 156 4,0 Camozaryxarounii 54
6. Tum 6 161 4,0 Camo3zaryxarounit 34
7. Tun 7 189 4,7 Camoszaryxatounit o4
8. Tum 8 159 3,8 Camo3zaryxardnit 57
9. Tum 9 202 4,7 HT 39
10. Tun 10 232 4,7 HT 37
Ta6muus 2. TexHosorii, KpuTepii Ta IPUCBOEHI M Gasu
e Kpurepiii oninin prgz%?;fic“ Kll;lgejgg))i(llgl]::ilﬂ Toprouicts nppgg;g:oro
Koncrp.-TexH. cxema J-3M po 1;3:31’;)’;;‘313- MaTepiaixy yllapHOlIF](; mymy,
1. Tum 1 4,8 4,5 4 5
2. Tum 2 3,6 4 4 4
3. Tun 3 5 5 4 3,9
4. Tum 4 4,6 4,5 4 4,7
d. Tum 5 4,4 4,5 4 4,6
6. Tun 6 4,0 4,5 4 4,6
7. Tumn 7 338 3,8 4 4,6
8. Tun 8 4,2 5 4 4,2
9. Tun 9 3,5 38 4 4
10. Tun 10 3,3 38 ] 4,2
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Puc. 13. [liarpama orpumanux Oasis

Yei orpuMani 6anm TOKa3yeMO Y BUTJISI
miarpam (puc. 13).

BucHoBku. 3amiz06eTOHHA TIJIMTA TOBIIMHOIO
180 MM 6e3 TOKPUTTS Ma€ iHJEKC IPHBEIEHOrO
piBHs yrapHoro tymy 6/msbko Lwn=80 1D, mo-
PIBHSUIbHMIA aHAJII3 OpraHi3aliiiHO-TeXHOJIOMTYHNX
pillieHb BJAMTYBAaHHS KOHCTPYKTHBHO-TEXHOJIO-
TYHKUX CXeM 3BYKOI30JIALIl IMITIOTH, a TaKOX 32
BUOPAaHUMU KPUTEPIAMU Ta BIALOBIAHO 10 Gasb-
HOI IIKAJIM JJ03BOJIAJIO BUOPATH HAWOLIBIN partio-

HATbHWI 1 eeKTUBHUI BapiaHT <«IIABA0Y0i»
MJUVIOTH — Ha OCHOBI MaTepianiB <«AKyduexcs
i «Izonkan Fine» (mosicTuponbeToH i3 3a110BHIOBA-
yeM «Ilomitepm Fine») — Tum 1, ingexc HaBeneHo-
TO PiBHSI yAAPHOTO MIyMy cTanoBuTh Lwn=50 1b.

BramTyBanHd KOHCTPYKTMBHO-TEXHOJIOTIY-
HOI cxeMW 3ByKoizosstii migymorn Tum 1 103-
BOJISIE 3HU3UTH PiBEHb MOYATKOBOTO (3asi300e-
TOHHA TIUTa 0e3 TOKPUTTS) YAAPHOTO IIyMy
B npuminiensi #va 37,5%.
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RATIONAL CHOICE OF CONSTRUCTION AND TECHNOLOGICAL SCHEME
OF SOUND INSULATION OF THE FLOOR IN A MONOLITHIC REINFORCED CONCRETE
MULTI-STOREY RESIDENTIAL BUILDING

Abstract. One of the main disadvantages of monolithic reinforced concrete high-rise buildings —
noise. Penetrating into the apartment, it causes irritation, sleep disturbance or focused work. It is
no secret that high-quality sound insulation plays an important role in our lives and is necessary
for our comfort.

This article is devoted to solving an important issue of sound insulation of floors in monolithic
reinforced concrete multi-storey residential buildings, namely from impact noise. The article
considers the structural and technological schemes of floor sound insulation of ten types, using
different materials and their combinations to achieve regulatory requirements for sound insulation
from impact noise.

When choosing the most rational design and technological scheme used the results of comparative
analysis of organizational and technological indicators in the installation of sound insulation
of the floor, as well as indicators of reduced impact noise, obtained as a result of field tests.
Field tests were conducted in the houses under construction. The technology of execution of each
type of a floor, and in the future and comfort of inhabitants of the apartment will depend on
the chosen constructive-technological scheme. Comparison of constructive-technological schemes
in the future will allow to investigate and develop the modern and highly effective constructive-
technological scheme of a design of sound insulation of a floor.

The result of field tests and comparative analysis of organizational and technological solutions
of structural and technological schemes of sound insulation of the floor, as well as the selected
criteria and according to the scale, allowed to choose the most rational and effective version
of the “floating” floor- based on “Akuflex” and “Izolkap Fine” (polystyrene concrete with
filler “Polyterm Fine”) — Type 1, the index of the induced level of impact noise is Lwn = 50 dB.
The device of the constructive-technological scheme of sound insulation of a floor Type 1 allows to
reduce the level of initial (reinforced concrete plate without covering) shock noise indoors by 37,5%.
Key words: sound insulation, impact noise, “floating” floor, multilayer system.
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AHAJII3 PE3YJIBTATIB IHCTPYMEHTAJIbHOI'O MOHITOPUHI'Y BY AIBJII,
IIPUJIELJIOL 10 AUJIAHKU BYAIBHUIITBA TYHEJIB METPOIIOJIITEHY,

B IIEP1O/I BUROHAHHA HIATOTOBYUX POBIT

Anomayis. Y cmammi poszisinymo pesyimamy pospaxyrKy eniugy Oyoisnuymea myneiis mempo-
noximeny Ha omouyiouy 3a0ydosy ma pesyivmamu inenepHo-2e00e3uunoz0 Morimopunzy Oyoieni
6 30Hi 6nausy. Incmpymenmainvhuti Morimopue Gydiseiy y somi 6naugy Oyodieruymea myneiis Mempo-
nozimeny 0036015€ 610CIiOK0BY6aMIL NOSIGY MA OUHAMIKY PO3EUMKY Dehopmayjitnux npouecie Gydiei,
MOPIGHIONOU OMPUMAH] 3HAUEHHS. NAPAMEMPIS, W0 GIICMENYIOMDCS, 3 POIPAXYHKOGUMIL MA HOPMA-
MUBHUMU SHAUCHHSIMU 3G0N5. HEOONYUEHHS. SHUNCEHHS. eKcnayamayiinoi npudammocmi oydieni. 3a
Pe3YIbMamamic. PO3PAxyHKy enausy, ons oyoieni, wo 00CIONCYEMbCS, GUSHAUEHO 3HaueHHs dodam-
Koeux Oepopmauiii pyndamenmy, siki € epanuunumu, moomo ONUSBKUMIU 00 HOPMAMUBHUX 3HAUEHD
dodamrosux depopmayiii ocrosu. Haeederno pesyivmamu 6UKoHanHs. incenepro-2e00e3uunozo Momi-
mopuzy na emant nideomosuux pobim wodo 6yoieni, Oas SKOL POsPAXYHKOEL 3HaUeHHS. J00AMKOBUX
degpopmauiii 61usvki do HopmamusHux. 3apikcosano nosey pisHOMipHUX ocidany octosu 6ydieni 0o
NOUAMKY BUKOHAHHSL OYOIBeHHO-MOHMANCHUX POOIM 3 NPOKIAOAHHS myHem o Mempononimeny. Busna-
YeHO, WO NOSIBA HENPOZHO0BAHUX OCIOAHL 00 NOUAMKY BUKOHAHHS OCHOBHUX OYOI6ELHO-MOHIMANCHUX
pobim abo na emani nideomosuux pobim na OinsHyl OydieHuwmea 30amma cnPoBOKYsaMU Nepesu-
WeHHS. HOPMAMUBHUX 3HAUEHb J00AMKOBUX OCIOaHb 0CHOBU, U0, Y CB010 uepzy, npu3sede 00 30LblLeH-
nsi_cobisapmocmi ma mpydosumpam nio uac peariayii saxodi wodo Hedonyuients. nouKo0HceHHs.
Oydieni ma swuxcens i excnayamayiinoi npudammocmi. Ilpoananizoeano umosiphi Gaxmopu, sii
CNPOBOKYBATU PO3BUMOK Dehopmaniil ons Oydiei, wo 0oCHONCYembes, i SKi He f U BpAxX06ani nio
Yac BUKOHAHHS PO3PAXYHKY BNIUBY HOB020 OYOIGHUWMBA HA OMOUYI0UY 3a6y806y Busnaueno nass-
Hicmb cunepeemuun020 eghexmy niocunenns OeQopmauiil, BUKTUKAHUX BIIUBOM HOB020 OydisHuymea,
depopmauisimu npupoorbozo xapaxmepy, amina sKux € ournamiunoro. CKiaoeno anzopumm BUKOHaHHs!
IHOICeHePHO-2€00€3UUH020 MOHIMOpUH2Y OYdiseinb, 1S IKUX POIPAXYHKOBI 3HAUEHHA 000amKoeux Oe-
opmauiti 6u3vKi 00 HOPMAMUBHUX, W0 03601AE BUSHAUUMU 6IACHT OciOanHs Oyoieni 6 30Hi 6NIUGY
H06020 OYOIBHULMBA MA BPAXYBAMI OMPUMAHT 3HAUEHHS | OUHAMIKY 3MIHU 0CIOaHb N0 YaAC GUKOHAHHI
NOOAILULUX POPAXYHKIE BNIUY.

Kniouogi cnoea: mcenepno-zeode3urnuii MoHimopunez, po3paxyHox 6Nuey Ha omouyiony
3abyoosy, depopmauii, epanuuni 3navenns 000amMKoBUX 0Ci0aAHD.
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ITocranoska npo6aemu. HecBocuacHo BUSB-
JieHi mporiecu gedopmariiii OyaiBIi MPU3BOAATH
110 BUHUKHEHHS JleeKTiB KOHCTPYKIIIN Ta 3HU-
JKEHHSI eKCILIyaTalliiHOl NMPUAATHOCTI HasiBHOI
OyIiBJIi, 110 301/IBIIYE TPYAOBUTPATH K EKCILTY-
aramiiuux (11 HasgBHOI OyAiB/i) Ta OymaiBesb-
HUX (HOBe OYIIBHUIITBO), TaK i iH)KeHEpPHO-Te-
o1e3MYHNX PoOIT (BUKOHAHHS MOHITOPHHIY).
BaxxnmBoio € TmpaBuJbHA Ta CBOEYACHA OIliHKA
crany Oy/iBeJb YIIiIbHEHOI MPUIIerIoi 3a0ymo-
BH, 1[0 JI03BOJISIE PO3POOUTH KOMIIEHCAIIIH] 3a-
XOIIW TIO/I0 HEJIOMYIIEHHST PO3BUTKY TOHATHOP-
MOBUX JiepopMaIliii Ta MOIKOMKEHH ST Oy IiBJIi.

[HCTpyMeHTabHUIT  MOHITOPUHT Ha  eTari
eKcIuTyaTarfii OyaiBai Ta iH;KeHepHO-Teoe31y-
Hi CIIOCTEPEKEHHST B TEPIOf MiArOTOBYMX POOIT
Ha JISHI OYAiBHUIITBA JO3BOJISIOTH BUSABUTH
(baKTopI/I BILJINBY HA PO3BUTOK nedopmartiit Oy-
iBeJIb TIPUJIErIol 3a0yI0BU 10 MOYATKy BHKO-
HaHHsI OCHOBHUX OY/IiBeTbHO-MOHTasKHUX POOIT,
O MOKe OyTH BPaXOBaHO MHPHU TTOAAJBIIOMY
BUKOHAHHI po3paxyHKiB. Lle 0c00JIMBO BasKINBO
1JIst OyiBeITb, [T IKUX PO3PAaXyHKOBI 3HAYEH-
HS 0JAaTKOBUX AedopMaliiii 6Ju3bKi 10 HopMa-
TUBHUX, OCKUJIbKM TOTEHIIHHO iICHYE PU3UK Tie-
peBUIIeHHS HOPMATUBHUX 3HAUYEHD JI0JIaTKOBUX
nedopmaltiii yepes He BpaxyBaHHS (PaKToOpiB,
[0 CIIPUYMHIOBAIN BiacHi gedopmariii OymaiBi
10 TIoYaTKy poOiT Ha AiMsHIN OyAiBHUIITBA.

Meta po6oTu. BusHaueHHsT MOKIMBUX (haK-
TOPiB BIUIMBY Ha PO3BUTOK jedopmartiii Oymaisi
B IEPioJl MiArOTOBYMX POOIT Ha MiJsHIN Oy/1iB-
HUIITBA Ha II/ICTaBl aHAJi3y pe3yJbTaTiB po3pa-
XYHKY BILIMBY OYy/IiBHUIITBA TYHEJIB METPOIIO-
JiTeHy Ha OTOUYyIOYy 3a0y/M0BYy Ta Pe3yJIbTaTiB
IH;KEHEePHO-Te0Je3MIHOr0 MOHITOPHUHTY ISt OY-
JIiBJI, PO3PaXyHKOBI 3HAYEHHs JOJIATKOBUX [le-
dopMmartiil 1Kol 6IM3bKi 10 HOPMATUBHUX.

Bukiag ocHoBHOro Marepiamy. Y 3B’S3Ky
3 OYIIBHUIITBOM [AiISHKK JIHII METPOIOJITEHY
y M. KueBi B ymMoBax HasgBHOI IIibHOI 3a0y-
TOBU JKUTJIOBUX MACHBIB Ba)KJIMBOIO € OIliHKA
BILJIUBY MPUPOIHUX, TEXHOTEHHUX, AaHTPOIIOTEH-
HUX Ta iHIUX (DAKTOPIB HA TPHJIETIY 3a0yI0BY
B II€PiOJ] MPOKJIAJAHHS TYHEJIB METPOIOJITEeHY.
YMOBH yIIiJibHEHOI 3a0yI0BU CTBOPIOIOTH MOXK-
JIUBOCTI JI7TsT PO3BUTKY HETAaTUBHUX BILTMBIB Ha
OyaiBIIIO, MOB'I3aHKX 13 TOPYHIEHHSIM CTPYKTY-
pu Ta nepemilleHb I'PYHTY B aKTHBHIil 30HI OC-
HOB Ta 3MIHOIO CTAJUX TiIPOTEOJIOTIYHUX YMOB
Ha TepuTopii 3a0yn0Bu. CBO€UacHe BUSIBJICHHS
nedeKTiB, CTYIEeHIO BIIUBY HeraTUBHUX (haKTo-
piB, TMomepe/yKeHHsI Ta HaJlaHHS PeKOMeHJallii
10/10 HEOOXITHOCTI Ta TePMiHiB YCYHEHHS Hera-

TUBHUX ITPOIIECIB € BAKJIMBUM He JIUIIIE il Jac
BUKOHAHHS OyAiBeIbHUX POOIT, a i B epioz 1mij-
TOTOBKH OY/IiBHUIITBA, OCKIJIBKU € TOMOMIZKHUM
KPUTEPIEM OIlIHKU TIPABUJIBHOCTI TPUHHATHX
MIPOEKTHUX Ta YIPABJIIHCHKUX PIllleHb.

[ pociiizkeHHS BUKOPUCTOBYIOTBCSI pe-
3yJIBTATH PO3PAxXyHKY BIUIMBY OyIiBHHUITBA
TYHEJIIB METPOIIOJITEHY Ta Pe3yJbTaTh Treoje-
3WUYHOTO iIHCTPYMEHTATIBHOTO MOHITOPUHTY JKUT-
JIOBOTO JIEB’SITUIIOBEPXOBOTO OYAWHKY, 3 IIi/-
BAJIOM Ta TEXHIYHMM TIOBEPXOM, Ha BiJICTaHl
0M3bKO 3 METpiB BiJl SKOTO Oy/e TPOXOTUTH
MaiOyTHIiiT TyHeb JIiHii METPOTIOJTITEHY.

Bynismo, mo gocmimkyerbes,  3BeleHO
y 1987 pori. Y mmani OyAMHOK TIPSIMOKYT-
HOI KoHdiryparlii 3 raGapuTHUMU PO3MipaMu
12.6 x 43.0 M. BynuHOK TerIsaHu 3 HEeCyYuMu
MO3/I0BKHIMM Ta rtorepedHnMu ctinamu. Oynpja-
MEeHT OYAMHKY CTPIYKOBUH, BUKOHAHWI 3 OJIOKIB
OBC 1o 36ipHiit 3a1i300€TOHHIN TIATI MIXPHU-
Hoo 1.6 M. IlyuTu mepekputTTs KpyIJomycToT-
Hi 36ipHi 3amizoberonni. 3rigno 3 JCTY-H b
B.1.2-18:2016 TexHiunHuUit cTaH KOHCTPYKIIiil Oy-
MBJII HA MOMEHT BUKOHAHHI OOCTEKEHb Bi/IO-
BiZlaB KaTeropii «2» — 3aJJ0BIJIbHUI.

Y nmporpamMHO-po3paxyHKOBOMY KOMILJIEKCI
«PLAXIS 2D» BuKoHaHO PO3PaxyHOK CHCTEMU
«KOTJIOBaH — TPYHT — OTOYyioYa 3a0ymoBa» IO
IT rpyni rpaHUYHUX CTaHIB METOJOM KIHI[€BUX
esleMeHTiB. P03paxyHOK BHMKOHYBAaBCS 3T1JHO
3 pumoramu J[bH B.2.1-10-2018, okpemmmu 110-
JIOKEHHAMU YMHHUX HOPMATUBHUX JTOKYMEHTIB
Ta T0JI0KEHb Teopil MeXaHiK1 IPYHTIB.

Y pospaxyHkosBiit Mmozeni (pucyHok 1) Bpa-
XOBYBaJHCS Taki (hakTopu:

— ¢akTUyHe po3TallyBaHHS TPYHTIB OCHOBHU
32 JIaHUMU 1H>KEHEPHO-TeOJIOTIYHUX BUIIYKY-
BaHb;

— TeOMeTpUYHE PO3TAlTyBaHHS (PYHIAMEHTIB
HasgBHOI 9-TU IOBEPXOBOI OYAiBI;

— TeoMeTpUYHe PO3TAlllyBaHHSI KOHCTPYKILIi
OTOPO/IKEHHST KOTJIOBAHY TYHEJIB METPOIOJITEHY
Ta BANITYBAHHS TPOTU(DIIBTPAIliiHOI Aiadparmu;

— THMYacoBe HaBaHTaKEHHS Ha OOPTY KOT-
JIOBaHy;

— ypaxyBaHHS BCiX TOCTIMHMX i TUMYACOBUX
XapaKTePUCTUYHUX HAaBAaHTa)KeHb Ha eTalli eKc-
miyaTarii HasBHOI OyAiBIIi;

— CTafIifiHICTh BUKOHAHHS POOIT.

BukoHaHo po3paxyHOK, B SIKOMY OTpHUMa-
Hi 3HaueHHs JAedopMalliii TPyHTOBOTO MacCHUBY,
(byHmIaMeHTiB HasiBHOTO OYIMHKY Ta KOHCTPYK-
I[Iii OTOPO/IKEHHS KOTJIOBAHY TYHEJIIB JIiHII Me-
TponoJiiTeHny (PUCyHOK 2).
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3TiIHO 3 TPOBEIEHNMHU PO3PAXyHKAMU BILIN-
BY II0ZIaTKOBI edopMartii GpyHaameHTy OyIiBii,
10 TOCT/KYETHCSI, TPU BJIAIMITYBaHHI KOTJIOBA-
HY TYHEJIB JIiHil METPOMOJIITeHy He MepeBUIILy-
10Th 14.MM, 10 MeHIIIe IOMYCTUMOTO 3HAUYCHHS
Bignosizno xo JIBH B.2.1-10:2018 Ttabuauisa
b.1., srigHo 3 sKoo rpanwdHi Aedopmariii oc-
HOBU 6araToroBepXoBUX Oe3KapKaCHUX Oy/iH-
KiB 13 HECy4YuMHU CTiHAMU 3 IeIJISTHOI KJaJKu
6e3 apMyBaHHsI, TEXHIYHOTO CTaHy «2», a came
IPaHMYHI MaKCHUMaJbHI /0AQTKOBI OCIIaHHS —
CTAHOBJIATH 15 MM, BiflHOCHA PI3HHUIS OCiaHb —
crtanosuth 0.0010.

Jlo moyaTKy BMKOHAaHHs OVAiBEJbHUX PO-
OIT i3 TPOKJIAJAHHS TYHENIO METPOIOJITEHY

BUKOHAHO 26 IMKJIB iHXEHEPHO-TEOe3NIHUX
crocrepeskenb 3a gedopMmaiisMu OyaiBii, IO
JIOCTKYEThCsL. Y 1IOKOJIBHIIT yacTuHi Oymisii
BCTaHOBJIEHO 8 ehopMallitHuX MapoK, METOZIOM
reoMeTpuyHOro HisesmoBaHHd Il kmacy Bu3Ha-
YeHO MO3HAYKU JeopMaIiitHuX MapoK Ta 3Ha-
YeHHsI 1X 3MIHU MiX [HUKJAMU CIIOCTEPE:KEHb.
3a mepion crocrepeskennb JumeHb 2020 poky —
TpaBeHb 2021 poKy BCTaHOBJIEHO HASIBHICTH PiB-
HOMipHOTO ocimantst Oymisai (pucyrok 3). Ce-
pelHe 3HAUeHHsI OCiaHHS CTaHOBUTDH -4.0 MM,
BifocHa pisuuis ocizans cranoButs 0.00005,
10 He TePEBUIIYE HOPMATUBHE 3HAYEHHSI.
TakuM YHOM, HAABHICTD OCiZIaHb JI0 TOYATKY
BUKOHAHHS POOIT 3 OYAiBHUIITBA TYHEJIIB METPO-

0o

Puc. 1. Po3paxyHnkoBa MoJIeNb TIepepi3y

% %

50 )

-

Puc. 2. Pesysbratit po3paxyHKy: a — elniopa 3aralbHux JedopMaliiil miJomBy CTPi4KOBOIO
dbynpamenty Gyaisii (I1 rpyma rp. craniB) — MakcuMasbHi gedopmartii 14,0 Mm
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nositeny (4.0 MM), TpaHUYHE 3HAUYEHHS PO3pa-
XYHKOBUX JIOIATKOBUX JedpopMaltiii hyHmaMeH-
Ty OyiBJII B IePioj BJIAIITYBAHHS TYHEJIIB JIiHil
metpornoniteny (14.0 Mm), a TakoX MOKJIUBA
HasiBHICTh HEMPOTHO30BaHMX MailOyTHIX Tex-
HOJIOTIYHUX flehopMalliii MOTEHIIIIHO MOXKYTb
CTIPOBOKYBATH  MEPEBUINEHHS HOPMATHBHOTO
3HAYEHHS JOJaTKOBHMX OCiflaHb /s OYIiBJI, 1110
JOCJIKYETBCSI.

AHasizyioun laHi po3paxyHKYy BILIUBY HOBO-
ro OyAiBHMIITBA Ta JaHi iH;KEHEPHO-TEOJe3MY-
HUX CIOCTEPEKeHb, MOKHA 3POOUTH BHCHOBOK
PO TaKe:

=

1)po3paxyHKaMu TATBEPKEHO HASBHICTD
BILIMBY OY/IiBHUIITBA TYHEJIiB METPOIOJITEHY Ha
HasiBHY 3a0y/I0BY. SIK TIPaBUIIO, TTi/l Yac BUKOHAH-
HS1 PO3PaXyHKIB BUXiZIHUMU JIAHUMH, 110 XapaK-
TepPU3YIOTb TIPUPOJIHI (PaKTOPHU BILIUBY, € CTATHY-
Hi (He3MiHHi) [JaHi, HAIPUKJIA/, BOJIOTICTh, PiBEHb
3a/IgTaHHs IPYHTOBUX BOJ Ta iH. BogHovac 3amm-
MAIOThCS HEBPAXOBAHWMU TIPUPOIHI (haKTOpH,
IO HOCSATD AWHAMIYHUN XapaKTep, — TeMIepaTy-
pa, cepe/IHbOMICSUHA KIbKICTb OTa/IiB;

2)B mporieci OyAiBHUITBA METOJAMU iHIKe-
HEPHO-T€O/Ie3UYHUX CIIOCTEPEKEHb BCTAHOBJIE-
HO CyKymHi gedopmarii OyxiBii, 1o 3ajexaTh

(H.zmml. LTeT ]

Hoxep aedopsianiiivi sapsa
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e 1020
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i 2071
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CxemaTHuHe 200pakeHEA MICIE ECTAHORNEHHA AedpopManifiHux Mapok Gyaiani, mo AochiKyEThCH

Tynear Ainil MeTponOaiTEHY

Puc. 3. Tpadik ocimanust geopmariiiHux MapoK OYIiBIi, IO AOCTiZKYEThCST
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K BiJl BJaCHMX ocigaHb OYIiBJI Tl BIIMBOM
IIPUPOIHNX YMHHUKIB, TaK i 32 PaXyHOK BILJIUBY
HOBOTO OY/IiBHUIITBA Ha HasiBHY OyiBJo (1104a-
TOK MiJITOTOBYMX POOIT Ha JiJISHIT ).

Y pesyabrari MaeMo cuHepreTuuHuil epext —
micuieH s aedopMariiil Big BIUIUBY Oy/IiBHUII-
TBa fepopMaIlisiMu, BUKITMKAHUMU TIPUPOTHUME
YUHHUKaMU. Taky CYKyIHICTb BILIMBY BaXKKO
nepe0aynTh i/l YaC BUKOHAHHS PO3PaxyHKIB,
TOMY Pe3yJIbTaTh PO3PaxyHKiB [IOIIJIBHO KOpe-
T'yBaTU Ha OCHOBI T€OJIE3UYHUX IHCTPYMEHTAJIb-
HUX CIIOCTepeKeHb 3 YpaxXyBaHHAM YMHHUKIB K
IIPUPOIHBOTO, TAK i TEXHOTEHHOTO XapaKTepy.

YpaxoByioun IPyHTOBI YMOBU JIUISIHKU 3TIJTHO
IHKEeHEPHO-TeOIONYHNX BUIIYKYyBaHb, a caMme Pi-
BeHb 3aJIATaHHsI IPYHTOBUX Bo/, — 11.6 M Bij BiMiT-
KU TIOBEPXHI 3eMJI1, CYITICOK Ta Mill[aHi BOJlOHacHYe-
Hi TPYHTH, MOKHA JIOITYCTUTH HASIBHICTH CE30HHUX
KOJIMBaHb OCiJIaHb OY/iBJI, SIKi CIIPOBOKYBAJIU HOSI-
By Jiehopmaltii 10 oYaTKy OyIiBHUIITBA.

AKTHMBHA IMHaMiKa ocifaHb BizOyJacs mpo-
TaroM BepecHd-rpyaHd 2020 poky (pucyHKu
4, 5), 10 TOTEHIIIITHO MOKe OYTH IMOB’sI3aHO i3
CE30HHOI0 3MIHOIO TIJPOJIOTIYHUX YMOB JILJISIH-
K. BukopuctoByoun JaHi BiXujieHb An Bij
HOPMM MiCSIYHOI KiJbKicTi omnaaiB N (3rigHO
nauux IlenTpaabHoi reodisnunoi obcepBaTopii
iMm. b. CpesHeBcbkoro), 3acTOCOBYEMO (haKTOP

HagBHOCTI TOHAJHOPMOBOI KLJIBKOCTI omnaiiB F
(tabmui 1, 2).

8
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e Mickymsa KUTBRICTE ONAiE, MM

An =N -k,
ne N — HopMa MiC44YHOI KiJTbKOCTI OTIaJIiB, MM,;
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[Tpu An < 0 hakTop HAIBHOCTI TIOHATHOPMOBOI
KisibKOCTi onafiB F = 0, ipu An > () dakrop Ha-
SIBHOCTI TIOHATHOPMOBOI KiJIBKOCTI omafiB F = 1.

[l BU3HAYeHHS BIUIMBY 3MIHUM MiCSAYHOI
KIJIBKOCT1 OTIQ/IiB Ha 3MiHY OCiJJaHb 3aCTOCOBY-
eMo (akTop HasBHOCTI mpupocty ocizanusg O,
1110 PO3PaXOBYETHCS SIK:

Ao = 0n+1 - On’
Jle 0, — 3HAaYEeHHs OCiJJaHHs 3a MiCAIb CIIOCTEPE-
JKEHHSI, MM;
0,,, — BHAYCHHS OCIJJaHHA 32 HACTYIMHUI MiCSIlb
CTIOCTEPEKEHHSI, MM.

[Tpu Ao < 0 hakTOp HASTBHOCTI TPUPOCTY OCi-
manusg O = 0, mpu Ao > 0 dhakTop HAIBHOCTI
npupocty ocifanug O = 1.

byayemo rpadik 3anesxxHocTi dhakTopy HasiB-
HOCTI TIPUPOCTY OCifiaHHsI Ta (haKTOPY HasIBHO-
CTi KUJIBKOCTI OMaJiB, IO TEPEBUILYIOTb HOPMY
(pucynok 6). BiamoBizHo, akTHBHA AMHAMIiKa OCi-
JlaHb MOjke OyTH TIOB’si3aHa 31 3MIHOI0 MiCSYHOI
KIJIBKOCTI OIIa/iB Ta BOJOHACUYEHHSIM IMIIMAHUX
I'PYHTIB, SIKi BIIMBAIOTh Ha CTIHKICTh (PyHIaMeH-
Ty Oyzismi. IIpoBemeHi OCTiKEHHS IMiATBEp-
JUKYIOTh 1[0 TilOTe3y, aje HeIO0CTaTHii obcsr
CIIOCTEPEKEHb B MiKCE30HHI mepiofn morpedye
iX TPO/IOBKEHHS JIJIT BU3HAYEHHST MaTeMaTHYHOI
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Puc. 4. I'padix 3miHN cepefHbOTO 3HAYEHHS OCiIaHHS AehOopMaIliiiHIX MapoK
Ta MICSIYHOI KIJIDKOCTI OIIa/IiB
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3aJIe’KHOCTI 3MIHE OCiaHb OyiBJI Bifl CE30HHUX
MeTeOPOJIOTTYHUX Ta IiJIPOre0sIOTIYHIX YMOB.
JlolaTKOBUM YMHHUKOM 3[IJaTHUM CIIPOBOKY-
BaTH OCifiaHHst Oy/IiBJIi B JaHOMY BUIAJIKy MOXKe
OyTH TOYAaTOK BUKOHAHHS INATOTOBYMX POOIT
Ha JiISHIN OYAiBHUIITBA, a caMe: IepeHeCeHHs
KOMYHiKalliil, mepeMilieHHsI Ba)KKUX MeXaH13MiB
i oGaxHanHs, BiOparii pyxy tpancmopry. Bix-
MOBI/IHO, /IJII BU3HAUEHHS BIJIMBY TEXHOTEHHUX

daxTopis Ha nporecu gedopmarii OyaiBa He-
00XiIHO BUKOHYBaTH KOPETYBaHHS TPUBAJIOCTI
IUKJIY 1HXXEeHepHO-TeOAe3UYHUX CIIOCTepesKeHb
y 11epiojl aKTUBHOTO BMKOHAHHS IMiJAITOTOBYMX
po0iT, a Takox GakaHO MaTH JaHi IHCTPYMEH-
TaJTbHOTO MOHITOPUHTY Oy/IiBJIi Ha erari eKc-
mryaraitii (710 MoYyaTKy BUKOHAHHS MiATOTOBYMX
pO0IT) ISt IPOTHO3YBAHHST MOKJIMBOTO PO3BUT-
Ky nedopmariiii.

Ta6muus 1. TTopiBHAHHS 3MiHK OCifaHb OY/IBJII Ta BiIXUJIEHD BiJl HOPMHU MiCSYHOI KiJIBKOCTI OIaiB

Micats TMunews |Cepnens | Bepecens| Hortens | Tuctonan | Upyaen | Chuess | Tiotuii | bepezens | Keirens | TpascHs
2020 2020 2020 2020 2020 B 2020 | 2021 | 2021 2021 2021 2021
Ocizanas, s ] 0 -1 -2 -3 -3 -3 -4 =4
BinxancHua
MicaaHOT kimerocTi | -4l -38 -16 66 21 -4 26 23 23 3 9
OnadiB Bl HOPMH

Ta6muus 2. TlopiBHsHHS (haKTOPY HASBHOCTI HPUPOCTY OCifaHHs OYAiBIi Ta (haKTOPY HAsSABHOCTI

KIJIBKOCTI ONa/iB, 10 MEPEBUIITYIOTh HOPMY

Mics Jlunens | Cepniens | Bepecens | Aorrens | JInctonan | pyiens | Cinens | Jloruii | bepeiens | Kemmens | TpaseHs
et 2020 2020 2020 2020 2020 2020 2021 | 2021 2021 2021 2021

akTop HABHOCT]

op Haoet 0 0 1 1 1 o | o | 1 0 0 0
UpHpocTy octane, O
kTP HAARHOCT]
EVILEOCT] 0, o 1] 0 1] 1 1] 0 1 1 0 1 1
nepeRMiyRLa Hopyy, F

-

S

Jenens 2020 Cepnens 2020 Bepecens 2020 Horrens 2020 JInetonag 2020 Tpynens 2020 Ci=ens 2021

B CepeHA MICRYHA TEMIICPATYPa moBiTps, °C

144
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45
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=o=QOciganns, MM

Puc. 5. Ipadik 3miHE cepefHBOTO 3HAYEHHS OCifaHHs AedopMaIiitHIX MapoK
Ta CepeHbOI MiCSUHOI TeMIIEpPATypH MOBITPS
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Jamens  Cepnems  Bepecens  Hootens  Jlncroman pyaess Cigens Jorufi  Bepeseur  Kpiteus  Tpaseus

2020 2020 2020 2020 2020 2020

2021 2021 2021 2021 2021

—— (DAKTOP HASBHOCTI MPHPOCTY ocimanns, O
== (DAKTOP HANBHOCTI KUTBKOCT] ONATIE, MO NePeRnyBata Hopay, F

Pric. 6. Tpadik samexHocTi (hakTOpiB HAIBHOCTI MPUPOCTY OCiTaHb OyiBi
Ta HAsBHOCTI TTOHAJHOPMOBOI KiJIBKOCTI OMasiB

Bimcouarnist iicxesepio-reofenroro Monitopiary B nepiox miarotonwmin
pobiT Ha 06’ erTi GymiBHmIMITBA

Pospofika nporpaMH iH:xXCHEPHO - TE0JI¢3HIHOTO MOHITOPHHTY 06’ €KTa
cnocTepesketh

Beranormenns gedopmaniiing Mapox B noxomsiii wactini Gyaism

/ Burximd gami \

Tonorpadiunuii IIaH JLIAHKH po3TalTyBaHHA
06 exTa Gy/liBHHIITRA

( IIpoexTna fokymenrauis 06’exta OyAiBnnITRA )

Craopeniist onopHol BHcoTIof Mepeki

BHEKOHAHHSA MOTATKOROTO IAKIY iHACHEPHO-TEOIE3HTHOTO MORITOPHHATY
Aedopmaiii

BHkoHAHHA NOTOYMHHX WHKTIE iH I IC3HTHOTO MOHITOPHHIY
nedopmanii

F 3

[HAeHepHO-Te0NOTIMHI T iHACHEPHO-T¢ONe3HTHI
BHIIYKYBaHHA

( PesvinTaTh pospaxyHKy BILTHBY 00’ ckTa

\ GyliBHMLTBA Ha oTOUYIOUY 3a0y/10BY /

v

Pozpaxynok 2nagens ocigans 6yieni B nepioji BHKOHAHHS NiATOTORYHX

pobir

v

Ananis 3uagens ocifans GyAisai B nepio BHKOHAIIS /

niAroToRIHX pobiT Ta NPHIHATTA pilicHE Moo

BHEK( 1HKEHEPHO-TE0Ie3HHOTO MOHITOPHHIY B

medopmaniit Gynienai B 30Hi BIUKHBY HoBOTO GY/AIBHHITEL

YHAKHCHHA MOXITHBOTO PO3BHTKY TIOHATHOPMOBHX
B NepioJl BAKOHAHHA OyzliBebHHX pobiT /

nepion Gyaisensuux pobit na ob’exni

Puic. 7. Anroputy iHKeHepPHO-Te0Ie3NYHOT0 MOHITOPHHTY OyIiBIIi,
110 3HAXOJUTHCS B 30HI BILIMBY HOBOTO OY/[iBHUITBA

3adikcoBaHa HasgBHICTh OCiZaHHS OyAiBII,
IPUJIErJIOl 0 JiISHKK OyAiBHUI[TBA TYHEJIB
METPOIIOJITEHY, CBIIYUTH IIPO HEOOXIHICTh BH-
KOHAHHS 1H)KeHEPHO-Te0/1e3NUHOT0 MOHITOPUH-
Iy OpUIeraux OyaiBesib, I AKUX PO3PaxyHKO-

18

Bi 3HaueHHs JOJATKOBUX JedopMariiiil OJM3bKi
710 HOPMATUBHUX He TIJBKU Ha eTalll 3BeJeHHS
CIIOPY/IX, a 1 HA eTalll BUKOHAHHS TITOTOBUYMX
pobit (pucyHok 7). JlJsi 3araJbHOTO aHAJi3y
po3BUTKY Aedopmaitiii Oy/iB/ai B 30HI BIUIUBY
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HOBOTO OYAiBHUIITBA Ba)K/IMBOIO € HASIBHICTH BH-
KOHABYOI JIOKyMeHTallii (haKTUIHOTO TOJIOKEH-
HsI KOHCTPYKIIH Ta JaHUX I1HCTPYMEHTAJIbHOTO
MOHITOPUHTY OYAiBJII B mepiof il eKcIuryaTartii.
OrpuMaHi 3HaYeHHsI OCiJaHHS MaiOTh OyTH
BPaxOBaHi B TOAATBIINX PO3PAXYHKAX BILIUBY
OyIiBHUIITBA TYHEJIB METPOTIOJITEHY Ha OTOYY-
1ouy 3a0yxoBy. I1ix yac 3minu guHAMiKK gedop-
MaIlifHUX TIPOIIeCiB Ta MOSIBU HEPiBHOMIPHOCTI
OCilaHb YacToTa BUKOHAHHS 1H;KeHepPHO-reojie-
3UYHOTO MOHITOpPUHTY Ma€ OyTu 30ijbIneHa.
s BusHavenns (axkTopiB BIMBY Ha Aedop-
MalliiiHi MpOIleCH Ha eTami MiAroTOBYNX POOIT
1H)KEHEePHO-TeO/Ie3NYHI  BUMIPIOBAaHHS  MalOThb
OyTu yB'si3aHi i3 3araibHUM TPadikoM BUKOHAH-
HSI TATOTOBYMX POOIT Ha ALISHIN OyAiBHUIITBA.
3HaueHHsI ocizaHHs OyAiB/Ii B mepioJ BUKO-
HaHHS MAroTOBYMX poOiT, X aHami3 Ta BU3Ha-
YeHHS JUHAMIKM PO3BUTKY AedOpMaIliitHux
IIPOIIECIB 13 MPUB’SA3KOIO /10 €TalliB MiATOTOBYMX
poGIT Ha OyAiBEILHOMY MalJaHUNKY € BasKJIM-
BUM IapaMeTpoM, 110 BIUIMBAE Ha NPUNHATTS
pillleHb CTOCOBHO BMKOHAHHSI 3amoOiKHUX 3a-
XO/IIB IOJI0 HEJIOTIYIIEHHS PO3BUTKY MOHAJHOP-
MOBUX JIOIATKOBUX AedopMariiii Ta 3aBUaCHOTO
3IIHCHEHHST 3aXO0/IiB MO0 3a0e3TeYeHHsT ITiIBH-
IeHHST KOHCTPYKTUBHOI JKOPCTKOCTI OY/TiBJIi.
BucHoBku. /15 mpaBUsIbHOI 1 CBOEYACHOI
OI[IHKK cTaHy OyaiBesb, MPHUJIELINX [0 JIis-
HOK Oy/iBHUIITBA TYHEJiB JiHii METPOMOJiTe-
Hy B yYMOBax VIIiJIbHEHOI 3a0yM0BH, TOYHOTO
MIPOTHO3Y MOKJIMBOTO PO3BUTKY JedopMaltiii,
a TaKoX PO3pOOKM e(heKTHBHUX KOMIIEHCa-
IIHUX 3aXO/iB IMIOA0 HeNONyIeHHs aedeKTiB
Ta TONIKOIKEHb OY/IiBJI BaXK/IMBOIO € HASIBHICTh
MaHUX MO0 1HCTPYMEHTAJIBLHOTO TeOoe3UYHO-
r0 KOHTPOJIO OyAiBeTbHO-MOHTAKHUX —POOIT
Ha eraimi 3BeleHHs Oy/iBJi, 1[0 BigoOpaxeHa
y BUKOHABYill JJIOKyMeHTallil Ta JaHUX iHKeHep-

HO-T€0/IE3NYHOTO MOHITOPHHTY OyiBIi Ha eTari
eKcILTyaTaitii.

[lomo GyxiBesb y 30HI BIUIUBY HOBOTO OY/IiB-
HUIITBA, /71 IKUX PO3PaxXyHKOBI 3HAUEHHS 10/1aT-
KOBUX JiehopMartiii 6;1M3bKi 10 HOPMaTUBHUX, TO
BAKJMBUM € 3[IIICHEHHSI 1HXXeHEepHO-Teo/1e31Y-
HOTO MOHITOPHMHTY Ha €Tarli IATOTOBYMX POOIT
JIISIHKY OYiBHUIITBA, 1[0 J03BOJIUTH BUSHAYUTH
HasIBHICTb C€30HHMX KOJIMBaHb OCiIaHb Ta MOSBU
OCi/laHb, CITPOBOKOBAHUX T€XHOT€HHUM BILJIMBOM
MOYATKy BUKOHAHHS THATOTOBYMX POOIT.

Jns OymiBi, MO JOCHIIKYETHhCS, aKTHBHA
MUHaMiKa ocifiaib y BepecHi-Tpyani 2020 poky,
0 TI0YaTKy BUKOHAHHS OyAiBeJbHUX POOIT Ha
00’ekti OymiBHUIITBA, MOXKe OyTH BUKJIMKAHA
3MIHOIO T1/IPOJIOTTYHUX YMOB [IIJITHKY BHACIIOK
MOHA/IHOPMOBO1 KILJIBKOCT1 OIaJ[iB Ta CE30HHOIO
3MIHOIO TeMIlepaTypHoOro pexumy. /lis Bu3Ha-
YeHHS 3aJEKHOCTI JIMHAMIKKM OCifaHb OymiBi
BiJl 3MiHU KJIIMAaTUYHUX XapaKTePUCTUK JITISTHKI
HeoOXifHi maHi JIOBrOTPUBAINX iHKEHEPHO-Te-
OJIE3NYHUX CIocTepeskeHb OyiBmi. 3acdikcoBa-
Ha KOpeJIdIlis MOHaJIHOPMOBOI KLJIBKOCTI OTIa/IiB
Ta IPUPOCTY OCiZaHb Yepe3 0OMeKeHY KiJTbKiCTh
IUKJIB 1HXXEHEPHO-TE0e3MYHOTO0 MOHITOPUHTY
€ HEeJOCTaTHLOIO JIJId BU3HAYEHHSI CUCTEMHUX
3B'SI3KiB CE€30HHOI 3MiHM OCiflaHb OyiBJI 1 MO-
Tpeby€E MPOOBKEHHST CIIOCTEPEKEHD.

BianosinHo, 32 HAsIBHOCTI MonepeHixX JaHuX
IiJ Yac BUKOHAHHS INATOTOBYMX PoOIT Ha JIi-
JISTHIII 3Be/IeHHSI TYHeJiB MEeTPOIOJITeHy 3MiHa
JIMHAMIKU ocifaib OyxiBii Moxke OyTH IIpoaHa-
Ji30BaHa B MOBHOMY 00CsI3i Ta BM3Ha4YeHi HOBI
(bakTOpM BILIKBY, 1[0 TPOBOKYIOTH Aedopmallii
OynmiBai. OTprMaHi pe3yJbTaTH MOXKYTb OyTH
BpaxoBaHi i/l 4YaCc BUKOHAHHSI PO3PAXYHKY
BILUIMBY OYAiBHUIITBA TYHEJIB METPOIOJITEHY
Ha 0TOYyI04y 3a0yZ0BY Ta BUSHAYEHHS TPaHKUY-
HUX 3HaYeHb J0JATKOBUX JiepopMalliil.
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ANALYSIS OF THE RESULTS OF INSTRUMENTAL MONITORING OF THE BUILDING
ADJACENT TO THE CONSTRUCTION SITE OF THE SUBWAY TUNNELS DURING
THE PREPARATORY WORKS

Abstract. The article considers the results of calculating the impact of the construction of subway tunnels on
the surrounding buildings and the results of engineering and geodetic monitoring of the building in the area
of influence. Instrumental monitoring of buildings in the area of influence of construction of subway
tunnels allows to trace occurrence and dynamics of development of deformation processes of the building,
comparing the received values of the tracked parameters with settlement and standard values for
prevention of decrease in operational suitability of the building. According to the results of the calculation
of the impact, for the building under study, the values 0// additional deformations of the foundation are
determined, which are limit and close to the normative values of additional deformations of the foundation.
The results of engineering and geodetic monitoring at the stage of preparatory works for the building,
for which the calculated values of additional deformations are close to the normative, are given.
The appearance of uniform subsidence of the building foundation before the beginning of construction
and installation works on the construction of the subway tunnel was recordef It is determined that
the appearance of unpredictable subsidence before the start of major construction and installation works
or at the stage of preparatory work on the construction site, can cause exceeding the normative values
of additional subsidence Obf the foundation, which in turn will increase costs and labor costs, and reducing
its serviceability. The probable factors that provoked the development of deformations for the building
under study and which were not taken into account when performing the calculation of the impact of new
construction on the surrounding buildings are analyzed. The presence of a synergetic effect of strengthening
of deformations caused by the influence of new construction, deformations of natural character, the change
of which is dynamic, is determined. An algorithm for engineering and geodetic monitoring of buildings fgor
which the calculated values of additional deformations are close to the norm, which allows to determine
the own subsidence of the building in the area of new construction and take into account the obtained
values and dynamics of subsidence changes in further calculations of impact.

Key words: engineering and geodetic monitoring, calculation of impact on surrounding

buildings, deformations, limit values of additional subsidence.
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3aBiyBauKa BiIIy 0OCTEKEHHS, KOMILIEKCHOI IarHOCTUKY Ta €KCIEPUMEHTATBHOTO MPOEKTY-
BaHHs Oy/IiBeJb i ciopy,
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KwuiBcbkuil HamioHa bW yHiBepcuTeT OyIiBHUIITBA i apxiTekTypH, M. KuiB;
imxenep 1 xateropii,

JII «HaykoBo-gocaigauii iHcTUTYT OyAiBebHOTO BUPOOHUIITBA», M. KitiB

AHAJII3 EOEKTUBHOCTI BIIPOBA/IKEHHSA YHIOIKOBAHUX CUCTEM
MOHITOPUHTY BYJIIBEJIb HA ETAIIAX BY/IIBHUIITBA TA EKCILJTYATAITI

Anomauis. Y npoueci excniyamauii 6ydisens 6nposadicerus CUCmem iHCMpPYMeHmaIbHozo MOoHi-
MOPUH2Y OCMAHHIM YACOM SHAUHO NOWUPIOEMBCS. YNPOBAONCeHHs YUX cucmem cmaio Heooxiomi-
CIMI0 8 YMOBAX CIPIMKOZ0 POGUIMKY BUKOPUCTIANHS THPOPMAUTIHUX cucmeM Y OyOieenvtill 2any3i
Yipainu. [Jocumo susuenum € numanis 6nposaoiceris makux cucmem Sx na emani 6yoienuymeda,
max i na emani excnayamauii 6yoieni. Ilooanvuum Kkpoxom 01 B00CKOHAICHHS OP2AHI3AYIT 6UKO-
HAHHS MEXHOLOZIUHUX PilueHb THCMPYMEeHMAIbH020 MOHImopunzy 6 Oyoienuymei ma nioeuuenis
11020 MEXHIKO-eKOHOMIUHOT CKIA00B0L, €, 30KPeMa, BUCHEHHS OP2AHIBAUTIIHO-EXHOL02IUHUX NPOYe-
Cl8 3 YPaXYBaAnHAM NOEOHAHHS MA IHMeZPAUTT CUCTIEM MOHIMOPUHZY NPOMAZOM ICUMMEBOZ0 UUKLY
oydisenv na emanax 6ydienuymea ma excnayamayii 6yoieni abo oxkpemoi KOHCmMpPyKuyi.
Bukxonanns ma enposadxcenns came oouici cucmemu mowimopunzy, sxa Oyoe 6UKOPUCIOBYSa-
mucy i nid uac 6ydisnuymea, i nio uac excnayamayii 6yoieni, € documv aKmyarvHUM 3 Ypaxy-
BaAHHAM 6NPOBadKcens Oyodisenvnux ingopmauiiinux mexnonoziii (BIM) 3 memoro modenrosanis
HCUMMEBO20 UUKIY OYdisenb ma npozro3yeanus ix Qisuunozo snocy. Yuigikayis eupobie cynpo-
BOO0NCYEMBCSL BUABLEHHAM ONMUMATOLHUX KOHCIPYKMOPCHKO-MEXHOIO0ZIMHUX Diuiers ma munisa-
UIEI0 WAXOM KOMOIHYBaHHS (NOCOHANHAM) HATIOLILUL BOAIUX KOHCIPYKMOPCHKO-TNEXHOLO2IUHUX
piwens. Ilepcnexmusnum ¢ po3pooiens, piuens i3 ynpoeaorcents. CUCeM MOHIMOPUHZY HA emani
pexoncmpyxuyii 6yoieni 3a60aKU GUKOHAHHIO NEGHUX MEXHOLOZIMHUX NPOUECIB, MONCIUBUX TuLLe
ni0 uac UKOHAHHs ONePayill, NO8A3AHUX i3 6MPYUAHHS 8 OCHOBHI, HECYUl eleMeHmi Ma KOH-
cmpyxuii. Pexoncmpykuyito ma 6ci pisHosuou pemonmuux pooim euUKOHYIOmy Gaxmuuno na ema-
ni excnayamauii. Yuipixauis eupo6is cynposooNyemocs BUABIEHHAM ONMUMATLHUX KOHCPYK-
MOPCOKO-MEXHONIOZIMHUX DileHb Ma MUNi3auiclo waisxom Kombinyeanns (noeonannsm) Haioinbi
80ANUX KOHCMPYKMOPCHKO-MEXHON02IMHUX pltuenv. [Tumanus inmezpauii cucmem MOHIMopunzy
MEXHOLOZIUHUX NPOUECI6 Ha emani OyJisHUUMEa 6 CUCMEeMU MOHIMOPUH2Y HA emani excnayamaiii
nompebye 0emanviozo 6UGUEHHS.

Knmouosi cnoea: cucmema monimopuney, opeanizayiiino-mexHono02iumni npouecu, Heummeeui
uuxa oyoisenn, 6yodisenvni ingpopmauiiini mexnonoaii.
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ITocranoBka npooaemu. ITuranHs iHTerparii
CUCTEM MOHITOPUHTY TEeXHOJIOTTYHUX TIPOIleCiB
mig 4yac OyiBHUIITBA B CHCTEMH MOHITOPHH-
Iy TiJl 4ac eKcIulyaTallil 3aJUIIa€ThCsl BIJIKPU-
tuM. Ha Hamry nymKy, BUBYEHHS Ta BUPillleH-
HS JIaHOTO 3aB/laHHS CIPUSTUME ITiIBUIIEHHIO
eeKTUBHOCTI BUKOHAHHS OYAiBEJIbHUX IPOIe-
CiB Ta Ti/JBUIIIEHHI0O €KOHOMIUYHUX IMOKA3HUKIB
BapTocTi OymiBHMITBA. Ha maHwii yac m0CUTH
BUBYEHI METOZM Ta CIIOCOOM BUKOPUCTAHHS J1a-
HUX CHCTEeM MOpisHO. Bigkputoo mpobiemoino
3aJIMIIAETBCS IHTErpallisl CUCTEMU MiX c000IO.
Bapro 3ayBaxuTu, 1110 HayKOBO-TEXHiUHi 3aco-
OM MaloTh JOCTATHIN TEXHIUHWIlI amapaT Ta iH-
bopmariiitHo-TexHiuHi pillleHHs /715 BUKOHAHHS
IIOCTABJIEHOI 3aJ1a4i.

Anaii3 ocraHHIX xociaimkeHnb. JliarHoctuxa
OymiBeslb Ha Pi3HWX eTalax JKUTTEBOTO MUKy
(OyzmiBHMIITBA, — eKCILIyaTallii, —pPeKOHCTPYKILI,
3HATTS 3 eKCILIyaTallii) I0CUTh BUBYEHA. Y TeX-
HIYHINA JIiTepaTypl AOKJAJHO OIUCAHO BIIPOBA-
JUKEHHST JTaHuX cucteM. HaykoBo-TexHiuHi Gasu
MIOCTIHO MOHOBJIIOIOTHCS Ta JIOTIOBHIOIOTHCA HO-
BUMU TEXHIYHUMU PILICHHSAMU Ta MTPONO3UIISIMU
3 peasizartisiMmu cricteM MoniTopunry. Haitbibt
BIZITPaIlbOBAHUMU 3 METO/I0JIOTIYHOI TOYKU 30PY
€ CUCTEeMM MOHITOPUHTY caMe Ha eTalli eKCILTy-
ataiii. MeTtoau iHTerpaiiii cucreM MiX Pi3HUMU
eTarmamMy JKUTTEBOTO UKy OyAiBe/Ib He PO3IIOB-
CIO/KEH1 B TIPAKTHUI[ HAYKOBO-TEXHIYHOTO CYIIPO-
BoMy 3abesrieyeHHst iX TexHiYHOro crany. Ilpu-
YMHOI0 TAKOTO CTaHy peyeil € Pi3HI BJIACHUKU
OyziBii Ha eramax OyAiBHUIITBA Ta e€KCILTyaTarlii,
eKOHOMIYHI iHTepecH SIKUX He 30iraloThCsl Ta ya-
CTO € TIPOTHIECKHUMU. SIKII0 Oy/iiBeTbHa OpraHi-
3allist parHe 3MEHITUTH Oy/IiBeJIbHI BUTPATH, TO
BIACHUK Oy/iB/I Ha erari eKcIiryaTarii Tparte
IIPOJIOBKUTH eTall eKCIlIyaTailii.

Mera po6Goru. Anaji3 HailOinbil eheKTHB-
HHUX CHOCcO0IB iHTerparfii cucreM MOHITOPUHTY
i yac OyAiBHHMITBA B CHCTEMH MOHITOPUHTY
TO/IAJTIBINOI eKcIuIyaraitii OyaiBesb. PosrisiHy T
AKTYQJIbHICTh Ta TEXHIKO-€KOHOMIUHY JOIiJIb-
HICTh BUKOPUCTAHHS JIAaHUX CUCTEM y TIPAKTHUIl
BUKOHaHHs OyziBespHux mporieciB. Cucrema-
TU3YBaTU aKTyaJbHY iH(MOpPMAIl0 MOETHAHHS
TeXHIYHUX PillleHb BIIPOBA/KEHHA JAHUX CHUC-
TEM. PO3FJIHHyTI/I opraHi3auif/’1Ho -TeXHOJIOTIUHI
leleHHH peamsauu TIPOTPECUBHUX METO/IiB MO-
JiepHi3allii HasgsBHUX CUCTEM MOHITOpI/IHFy Oymi-
BeJIbHUX TIPOIIECIB JIJI BIPOBAKEHHS 1X Y MO-
HITOPUHT eKCILTyaTyio4uol Oy/iBJIi.

Buknan ocHoBHoro Martepiamy. OcHOB-
HOI0 METOI0 CHCTEM MOHITOPHHTY Oy/IiBesb
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€ CBOEYACHE BUSBJEHHS TEXHIYHMX 3MiH Oy/IiB-
JIi YU KOHCTPYKIIii, 30KpeMa JIJIsl 1X TTOAJIbIIOTO
KOHTpOJ0. [[711 Kpamoro po3yMiHHS aJrOPUT-
MiB TMO€EHAHHS 3a3HAYEHUX CUCTEM Ha PI3HUX
erarmax KOHTPOJIO TEXHIYHOTO cTaHy OyaiBii
iX HEOOXiZHO PO3IMUTH, BU3HAYUTH HEOOXiqHi
TeXHIYHI 3acO0M Ta MapaMeTpl MOHITOPHUHTY,
METOM Ta CIIOCOOM ONTUMAIBHOIO BUKOPUCTAH-
HSI IPUIHATUX CUCTEM, TEXHIYHY MOSKJIUBICTD 1X
peasizailil Ta HOJAAJbIIOTO BUKOpHUCTaHHA. Ha
Tab/1. 1 IPUBEIEHO eTalu KUTTEBOTO UKy Oy-
MBI, OCHOBHI IapaMeTpy KOHTPOJIO (MOHITO-
PUHTY) /11 KOKHOTO 3 €TalliB Ta TUIOBI MpH-
Jamu, SKi, SK TPaBUJIO, BUKOPUCTOBYIOTH IS
peecTpailii BKa3aHUX MapaMeTpiB.

Caip 3ayBasKuTH, 1110 BUKOPUCTAHHS JESTKUX
TEXHIYHIX 3ac00iB Ha Pi3HUX eTarax Oy[iBHUIITBA
€ a00 HEMOXJIMBUM, 200 €KOHOMIYHO HEIOIIb-
HIM, TOMY B IIEpIIY Yepry HeoOXiIHO BH3HAUM-
TH HafOLIBIIT yHl(blKOBaHl TMapamMeTpy KOHTPOJTIO
JUIST PI3HUX eTalliB Ta METY 1X peasrisartii.

Y zarajbHOMy — TEXHIYHOMY  PO3yMiH-
Hi «yHiikamig» (Bif JaT. unus — OJUH, JaT.
facio — pobimo; 00’€HAHHS) TOSCHIOETHCS STK
HaUToOmmMpeHimmil i eeKTUBHUN METO/ CTaH-
JmapTusaliii, sAKWii nepexdava€c  IPUBEICHHS
00’€KTIB 710 OAHOTUITHOCTI HAa OCHOBI BCTAHOB-
JIEHHST pPallioHaJIbHOTO 4YucJia iX pidHOBUmiB [1].
VYuidikaiis cnpusie pO3BUTKOBI clieltiaisartii
BUPOOHUIITBA, KOMILIEKCHOI MeXaHisallii Ta aB-
TOMaTU3aIlil.

Vuidikamig noagrac y BuOOpi OITHMAJb-
HOI KisbKOCTi 200 B paiioHaJbHOMY CKOPOYEH-
HI 4YKcJa TUIIB, BU/IB, IapaMeTpiB 1 po3MipiB
00’€KTiB OJHAKOBOrO 4M OJU3BKOTO (hYHKITiii-
HOTO IpU3HAYeHHs. YHi(ikalis cupsaMoBaHa Ha
3MEHIIEHHS YMC/Ia PIBHOBUAIB 00 €KTIB IIISIXOM
KOMOiIHYBaHHS JIBOX 1 OiJIbIe X XapaKTePUCTHK.
O6’exramu yHiikarii MoKy T OyTH pi3Hi BHPO-
Ou: MaTepiajiu, JeTaji, By3Jd, CXeMHU, IPUIAJIH,
IPUCTPOI, arperatu, MaluHu.

Yuidikarrist BUpoGiB CYIMPOBOKYETHCS BHU-
SIBJIEHHSIM ONTUMATbHUX KOHCTPYKTOPCHKO-TeX-
HOJIOTIYHUX pillleHb Ta THUMI3AIE MLISXOM
KoMOiHyBaHHS (MOEIHAHHAM) HaiiOLIbII B/a-
JIUX KOHCTPYKTOPCHKO-TEXHOJIOTTYHUX PillleHb.

Tepmin «yHiikoBaHI cucTeMu MOHITOPUH-
Ty» JIJIS HAIIOTO BUMAJAKY TPOTOHYEMO (hOpMy-
JIOBATH SIK TIOEAHAHHS CUCTEM MOHITOPHUHIY OY-
HiBJIl Ha eTamax OyAiBHUITBA Ta €KCILIyarallii,
OCKIJTbKU HAHOIIBIT TPYAOMICTKUMHU Ta €KOHO-
MIYHO 3aTPaTHUMH 6y/:[yTb eTanu 6y,Z[1BHI/II_[TBa
Ta eKCILTyaTartii 6ymBJ11 i caMe I eTamu pos-
TJISAI0Thes B aHiil ctarti. Ha wamy mymky,
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3 TOYKM 30PYy 3aCTOCYBAHHS MOHITOPUHTY eTall
perenepaiiii OyAiBJIi € MEHII aKTyaJIbHIM.

3rigno 3 «/ICTY-H b B.1.2-18:2016», a came
nyakroMm 8.4.1., Mownitopunr o6’ekta B HOp-
MaJIbHUX YMOBaX €KCILIyaTallil MpoBOJSATH [IJIs1
BUSBJIEHHS HeOe3lMeYHnX 3MiH Halpy/KeHO-
neOopMOBAHOTO CTaHy HECYYMX KOHCTPYKITIH
Ta/ab0 IPYHTIB OCHOB, AKi IOTPEOYIOTh JeTallb-
HOTO 00CTeKEeHHsI JJIsi OOIPYHTOBAHOI OIIHKH
TEXHIYHOro craHy OyziBesb. [lyist eTamy exc-
IJIyarailii MosKHa BUIIJIUTU OCHOBHI IapaMeTpu
MOHITOPUHTY OyiBII, TaKi sIK: MIl[HICTH OETOHY,
KpeH OyaiBJii, BOJOrICTh (DYHIAMEHTIB, peaKIlis
3bK Ha BIMB HaBaHTa)KeHHS. YPaXOBYIOUH, IO
IIi/1 Yac BUKOHAHHS POOIT 3i 3BeIeHHs Oy IiBeIb-
HUX KOHCTPYKITiil TaKoXK HeOOXiTHUI Tepioamny-
HUII KOHTPOJIb TEXHIYOTO CTAHy BUTOTOBJIEHUX
KOHCTPYKIIN, MOXHAQ BUALINTU OCHOBHI Iapa-
METPH: MIIIHICTD 3a/1i30-0€ TOHHUX KOHCTPYKITiif,
BU3HAUYEHHS Peakilii HeCylIuX KOHCTPYKIINA Ha
3aJ[aHNX iHTepBajiaX 30iMbIIEHHST HaBaHTaKEeH-
H$, PEECTPALIII0 3MIH BOJIOTOCTI TPYHTIB TOIIO.

Jlo texuiunmx 3aco0iB, AKI MOKJIUBO BUKO-
puctoByBaTi Ta yHiiKyBaTH /7 PI3HUX e€Ta-
I1iB MOHITOPUHTY Oy/IiBJI, MOXKHA BiJIHECTH TaKi,
SK: IHKJIIHOMETPH, IaTYUKU BOJIOTOCTI, TaTYUKU
TeMmIeparypu, TeHzomaTuyuku Tomo. Cruparo-
YHCh HA TIOJIOKEHHS [ 5], MOXKHA BUALIATH HEOO-
XiJTHy €TalHiCTh TPOEKTYBaHHS YHi(piKOBaHUX
CUCTEM MOHITOPHUHTY, a caMe:

1)po3pobJieHHsT TIPOEKTY CHUCTEMH MOHITO-
puHTY BinoBizHo 10 T3;

2)po3pO0IEHHST CUCTEMU CIIOCTEPEKEHD LTSI
nepeBipKkM B HATypi CTYIEHIO BIJIUBY HOBOTO
OyIiBHUIITBA HA HasIBHI OYAiBJIL i CIIOpPYAN;

3)TecTyBaHHSI Ta BHUMPOOYBAHHSI CHUCTEMU
MoniTopunry. CKJasaHHs BiATOBIAHUX aKTiB
Ta JIOKYMEHTIB BUITPOOYBAHHS;

4)MOHTaK CHCTEME MOHITOPHHTY Ha 00’€KTi;

5)3ilficHeHHsT MOHITOPUHTY B ITpoIieci Oy iiB-
HUI[TBA Ta eKCILIyaTalil MpoTsaroM cTabiisariii-
HOTO TIepiogy abo GilbITOTO TEPMiHY, BCTAaHOB-
JIEHOTO TeXHIYHUM 3aBJIaHHAM;

6)00pobKa Ta orepaTUBHUIT aHaI3 pe3yJIbTa-
TIB MOHITODUHTY B PEXUMI PeajbHOTO Yacy;

7)oTpaIfioBaHHsl Pe3yJIbTaTiB CIOCTepekeHb
Ta MiJICOTOBKA BiJ[IIOBIIHUX BUCHOBKIB;

8)omiHKa BIJIMBY HOBOI OY[iBJIi i BUKOHAHHS
poOiT i3 Ti 3BeIcHHST Ha HasiBHI OyIiBI 1 criopy .

s yHiikoBaHMX cHUCTeM MOHITOPUHTY
OyziBIi B aBTOMaTH30BAHOMY DEKMMi POOOTH
MO3KJIMBE BUKOPUCTAHHS TIJIbKU HEPYyHUHIBHUX
MeTOoAiB BUMipioBaHHs. Tumosa OJOK-cxema
CHCTEMHU MOHITOPUHTY MaTUMe OJIHAKOBUI BU-
T [JIs1 PIBHUX eTalliB MOHITOPUHTY 1 TIpe/-
cTaBJjieHa Ha puc. 1.

[TepcrieKTHBHIM, Ha Hally IyMKY, € PO3pob-
Ka pillleHb 13 BIPOBA/KEHHS CHUCTEM MOHITO-
PUHTY Ha eTari PeKOHCTPYKIii Oy/iBJI 3aBISKH
BUKOHAHHIO TE€BHUX TEXHOJIOTIYHUX TIPOIIECIB,
MOSKJIUBUX JIMIIIE T1iJ] YaC BUKOHAHHS Olepariiii,
NOB’S13aHUX 13 BTPy4YaHHAM B OCHOBHi, HecCydi
eJleMeHTH Ta KOHCTPYKIMii. Bizomo, 1o pekoH-
CTPYKIIIO Ta BCi Pi3HOBUIM PEMOHTHHUX POOIT
BUKOHYIOTh (DAaKTMYHO Ha eTami eKCILTyaTallil.
ITig yac BUKOHAHHS PEMOHTHHX PoOIT Ha eTa-
i eKCITyaTallii iHCTpyMeHTa/IbHI BUMIPIOBaHHS
€ IXHBOIO YaCTUHOIO 1 BUKOHYIOTHCSI TIapasielib-
HO 3 eKCILIyarariiero 6e3 BiJiceleHHsT MEITKaHI[iB
a00 MOCJIIOBHO 3 €KCILIyaTalli€lo 3 BificeeHHIM

Ta6mmus 1. ITapamerpu KOHTPOJIO OYAIBJII HAa PI3HKUX eTanax KUTTEBOTO KLY

Eran

ITapaMeTpu KOHTpOJIIO

Texuiuni 3ac00HM KOHTPOJIIO Ta JiarHOCTHKU

TexHOJIOTTYHI TTOKa3HUKN
Oy/iBEJIBHUX TIPOIIECIB

1. ByziBHUTITBO

[aKMiHOMETPH, TATINKU TTOTIEPETHOTO TUCKY
Ha GOpMHU, TATIYUKH TEMIIEPATYPH, JaTIYNKU
BOJIOTOCTI, aKCeJIEPOMETPH, OIITUYHI JJATYNKN
BUMIPIOBaHHS TEOMETPUYHUX TTAPAMETPIB
KOHCTPYKIIii Ta 06’€KTY 3arajiom.

2. Excnyarartis TexHiyHi MOKA3HUKU CTaHy

CHUCTEM

KOHCTPYKIIiH Ta iHXeHepHUX

[HKIIHOMETPH, JaTYNKK BiOpaILii, JaTInKK
BOJIOTOCTI, IATYMKHU TeMIIepaTypy, BATPATOMIpH,
JIATYUKY PIBHS Mi3eMHUX BOJ i T.JI.

3. Pexoncrpyxkiiist TexHiuHi MOKA3HUKNA CTAHY
aBapiiHUX KOHCTPYKIN 4K

iH)KeHepHI/IX CHUCTEM

Buxnanene sumnie B myHKTax Ne 11 Ne 2.

4. Perenepaiiist abo
JKBimalist OyiBi CUTYaIIii T1i]] 9ac

JIKBigamii / TeXHiYHOi

[TporHo3yBaHHS : aBapiliHUX

MOJKJIMBOCTI pereHepartii Oy1iBJii

[HKIiHOMETPH, JATYMKN BOJIOTOCTI, TIPUCTPOI
BU3HAYEHHsI MIITHOCTI OETOHY /TeTJISTHOI
KJIQJIKU, JATYUKKM KOPO3ii MeTaleBuX
KOHCTPVKIIii.
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MmetkaHI(iB. [Ipu ibomy Hacrae nepioj coitiasib-
HOTO JIMCKOM(DOPTY sl MEIIKAHIIB 3 HeoOXij-
HICTIO KOMIIeHcallii MaTepiaabHoi aG0 MOPAJIbHOI
IIIKOIH, 1110 301JIBIITY€E TPYAOMICTKICTD i BapTiCTh
PEMOHTHUX POBIT y I[iIOMY i IHCTPyMEHTaIb-
HUX BUMIipIOBaHb 30KpeMa [3]. Bizomo Takox,
10 Ha eTami eKcIIyaTaii BaXKIUBUM (HaKTOPOM
BIIMBY Ha TEXHIYHWUI CTaH HasBHOI 3a0yM0BH
€ BIJIUB HOBOTO OyiBHUITBA [4]. HasBHiCTH Ta-
KOTO BILTUBY € He3anepeyHuM ¢akrom. [ligTpu-
MaHHsI eKCILTyaTalliiiHIX BIaCTUBOCTEH i 3a0e3-
nedeHHs1 OesaBapiiiHoi excriryaraiii Oy/IiBesb
y 30HI BILUIMBY HOBOTO OY/IiBHHIITBA € aKTyaJIb-
HUM TEXHIKO-eKOHOMIYHWM 3aBIaHHSIM, IO T0-
Tpebye AocToBipHOI iH(dOpMallii, oTpuMaHoi iH-
CTPYMEHTAJbHUMK METOJIaMH, [IJIsi CBOEYACHOTO
BUSIBJICHHS TPAaHUYHUX JiehopMalliii KOHCTPYK-
il Ta Tonepe/’KeHHsI YTBOPEHHS TOIIKO/ZKEeHb
OyniBenbHUX 06'ekTiB. Metolo 3abe3mmedeHHs
eKCILTyaTal[iiHOl MPUAATHOCTI Ta Ge3NeKU IIpu-
Jiersimx 00’eKTiB € 30epeskeHHs] TPUBAJIOrO Ipa-
Ie3/IaTHOTO CTaHy OTOYYIOUUX OyiBeIb, sIKe J10-
CSATAETHCST TPOTHO3YBAHHIM PO3BUTKY TIPOIIECIB
X TOIIKO/UKEHHSI Ta CBOEYACHOIO peasi3alli€io
KOMIIEHCAI[IHHUX 3aXO/[iB, 10 3HAYHOIO MIipOI0
BU3HAYAETHCS SKICTIO BUKOHAHHS BUMIipIO-
BaJbHUX POGIT. Y poborti [4] mposeneHo aHasi3
BILUIMBY BHMIpIOBAJbHUX POOIT Ha eKCILTyaTa-
iHY TPUIATHICTh HasBHUX OyaiBenb. Bix 06-
CATY Ta TepioAnYHOCTI OTpuMaHHs iHbopmaitii
3a pesyJbraTaMu I1HCTPYMEHTAJIbHUX BUMIpPIO-
BaHb 3aJIEKUTh OTEPATUBHICTH 1 aJleKBaTHICTh
NPUNHATTS PillleHb MO0 HEeNOMyIIeHHsT 3HU-
JKEeHHsI eKCIUTyaTalliiHIX XapaKTepPUCTHK 00’€K-
TiB OyiBHUIITBA, TOMY IXHill 3MiCT BILUIMBA€E Ha
TPUBAJICTD €KCILTyaTallii 06’€KTiB.

TakuMm YMHOM, BUKOPUCTAHHSI CUCTEM MOHITO-
PUHTY B OYIiBHUIITBI Ta €KCIUIyaTallii B HEpITy
yepry IIOBUHHO BUPIIIyBaTH 3324y i3 3arnobiraH-

IHpopmaLiiiHa cHCTeMa MOHITOPHHIY

[ETP—- BE N ssIsssRRE IR ISR REEE

Hs PyHHAIl TaKuX OyAiBeJIb, CBOCYACHOTO BHSIB-
JIEHHS BIIXWUJIEHD BiJl 3alIPOEKTOBAHOI TEXHOJIOT1i
OyziBesbHUX TIpotieciB. [[JIs TIarHOCTUKH TeXHid-
HOTO cTaHy Oy/IiBesib Ta BUSIBJIEHHST HETATHBHOTO
BILTUBY Ha HUX MHOXUHM (DaKTOPIB CJIiJl CUCTe-
MaTHU3yBaTh (DAaKTOPH TAaKOTO BILIMBY Ha OyiBIIi
[5]. Ko moBroTpuBai 3arpo3u MOKYTh OyTH
BYACHO TepebadeHi i CBOEYacHo Mmomepe/keHi 3a
PaxyHOK HOPMATHUBHMX 3aXOJiB 3 eKCILTyarallii,
TO MUTTEBI HerepenbadyBaHi 3arposu (Ha3BH-
YaifHi cUTyallil) MOXYTh MaTh KaTacTpodivHi
HACJIIKW. 3arpo3d 3a TMPUHIIAIIOM ITBUAKOCTI
iX TOSIBU: JIOBIOTPUBAJI 3arpo3u (MOCTYNOBUIA
PO3BUTOK JlePeKTiB Ta TONIKO/KEeHb ITiJ BILIH-
BOM BiJIOMHX ITPOTHO30BAaHUX 3arPO3, HAITPUKJIA/L,
(bisnyHe cTapiHHS); MUTTEBI 3aTPO3U 3 TOMITHU-
MU TposiBaMu (IBUJKUN PO3BUTOK Ha/3BUYAii-
HOI cUTyallil micsst peasizaliii 3arposu); MUTTE-
Bi 3arpo3u Ge3 MOMITHUX TPOSIBIB (HEOMITHIIA,
NPUXOBAaHWII PO3BUTOK HA/3BUYAIHOI CcUTYallii
micsst peasizantii 3arpo3u). MakTopu BILIMBY Ha
OyziBITIO: B TIEPioJl eKCILTyaTallii JOBroTepMiHOBa
(ToB3yya), BUKJIWKAHA, SIK MPABUJIO, CTAPiHHSAM
MaTepiaiB, 3HUKEHHSIM MIITHOCTI. BUSBJISETHCS
i Yac MepiOAMYHUX Ta IIAHOBUX OOCTEKEHb,
JIMHAMIKA PO3BUTKY IILOTO TUITY MONIKOKEHD Oa-
raToakTOpHa, TIPOTHO3YBAHHS JIOCUTH CKJIQJTHE.
[lo npyroro tutmy (axTopiB BiIHOCATHCS 3arpo-
3H, 1[0 BUKJIMKAHI PAlITOBUMU MOMITHUMHU TIPO-
dBaMu, 1leil BUJI YUHHUKIB He ITIPOTHO30BAHUM,
MoOe OyTH TOTepeUKEeHII CBOEYACHUM peary-
BaHHAM Ha BUHMKHeHHS HeOesneku. Taki dak-
TOPHU JIOCUTHh HeOe3MeuHi, OCKIJIBKM BiIHOCSTHCS
710 MUTTEBUX, ajie MAIOTh TIOMITHI TIPOSIBY 1 IXHIM
MOKJIMBUI BIJINB BU3HAYAETHCS 3a Pe3yJibraTa-
My obcreskeHb. [0 TPeThoro, HailOiIbII Hebes-
MEeYHOTO TUITY (DAKTOPIB BITHOCATHCS 3arpo3u,
MO0 BUKJWKAHI PANTOBUMU HETOMITHUMM ITPO-
sIBAMH, KOJIM JZKEPEo HeOe3IeKN € BUTIaJIKOBUM

Peakuia/30BHIWHIH BNNWE

Perynweaxxa
TEXHIMHMX NapameTpie

A
V y OuiHKa GakTMYHOro
] CIOCTEPEKEHHA [——0m
i CTaHy
§ OuiHKa
Mportos cTany NPOrHO30BaHOro CTaHy

s
s

Puc. 1. brok-cxema cucteMyu MOHITOPUHTY
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i KOHKpeTHO He Bu3Hadewe. Ile Moske OyTH miaTO-
TJIEHHS BHACJI/IOK aBapiii KaHAJT3aliiHIX MepeK,
3MiHAQ PiBHsI IPYHTOBUX BOJ ab0 3MiHa Hecydoi
3[IaTHOCTI I'PYHTIB BHACJI/IOK BIUIUBY VIIiJIbHEHOI
3a0y/10BH, BiGpallii BiJi TPaHCIIOPTY TOIIIO.

Jns yuidikarii cucreMn MOHITOPUHTY, TOO-
TO MOEHAHHS CHCTEM MOHITOPHHTY OyiB/Ii Ha
erarax Oy/iBHHUIITBA Ta eKCILIyaTallii, HeoOXi-
HO BUKOHATH B y3araJbHEHOMY BUTJISII TIOPiB-
HSIHHSI CKJIa/y TTapaMeTpiB KOHTPOJIIO OY/IiB/I Ha
PI3HUX eTarax KUTTEBOTO MUKJIY. Y Tabi. 2 Ha-
BEJICHO Pe3yJIbTaTH TaKOTO y3araJbHEHOTO I10-
PIBHSIHHS, TITO JIA€ YSIBY MPO HATIPSIMKHU Ta BUAN
pOOIT 3 IHCTPYMEHTAIBHOIO MOHITOPUHTY.

Bianosigno 10 tabm. 2 noswiii 4, 5 Ta 6, T0O-
TO KOHTPOJIb KPeHiB OyIiBJi, mpocizanHst OyIiB,
KOHTPOJIb 30BHIMNIHIX TPUPO/JHIX Ta TEXHOTEHHUX
(baKToplB BILINBY HEOOXiZHO BUKOHYBATH SIK Ha
erani Oy/IiBHUITBA, TaK i Ha eTami eKCILIyaTalil.
TakuM YHHOM, CHCTEMH MOHITOPHMHTY Juisi 3a6e3-
nedeHHsT KOHTPOJIIO 1UX TIapaMeTpiB MOKJIMBI /10
yHiiKariii 7715t etartiB OyAiBHUITBA i €KCILTyaTaIfi.

Came Gepyun 710 yBary Bci pakTOpU HEraTHB-
HOTO BILIMBY Ha OYAiB/IIO 1 YacoBi Mexi Ha ix
BUSIBJICHHSI 1 IarHOCTHUKY, MOJKJIMBO PO3POOUTH
npanesfaTi Ta HeOOXi[HI IPUHIMIN Ta METO-
IM JUIsST po3pOOKHM Ta CTBOPEHHs YHi(iKoBaHUX
CHCTEM MOHITOPHHTY TEXHIYHOTO CTaHy OyiBii
Ta TEXHOJIOTIYHUX IIPOIIeCiB IIiJ[ Yyac 3Be/leHHS
OyiBIIi Ta BCHOTO €Tary eKCILTyaTarlii.

Bucnosku. HeoOxigHuM eTanom st BIOCKO-
HaJIeHHsI OpraHi3allii BAKOHAHHS TeXHOJIOTTYHUX
pillleHb BIPOBAJ)KEHHSI MOHITOPUHTY TIPOTITOM
KUTTEBOTO IUKJIY Ta IIIBUIIEHHI E€KOHOMIU-
HO-TEXHIYHOI CKJaJI0BOl YaCTUHU €, 30KpeMa,
BUBYEHHS MPUHIUITY TIOEHAHHS Ta 1HTerpartii
CHCTEM MOHITOPMHTY Ha JIBOX eTarax >KUTTEBO-
TO IMKJIY, TOOTO Ha eranax Oy/IiBHHI[TBA Ta eKC-
TJTyaTartii.

[caytoTh TexHiuHi Ta iHbOpPMAIliiiHO-TEXHO-
JIOTIYHI PillleHHd /JIS BUKOHAHHS TOCTaBJIEHOI
sagaui. HailGinpin edexTuBHOWO € iHTerparis
CHCTEM MOHITOPUHTY i dvac Oy/iBHUIITBA,
B CHCTEeMU MOHITOPUHTY TO/IAJIbINOI eKCITyaTa-
i OyxiBesb, yHiiKaIlis BKe HAsIBHUX CHCTEM
MOHITOPUHTY Oy/IiBEJIbHIX IIPOIIECiB, BIIPOBa-
JUKEHHSI CHCTeM MOHITOPUHTY Ha eTall pereHe-
paLlil/pexoncTpyKuii Oy iBJIi.

Kontpons kpenis Oyaisii, npocixatus oy-
JIiBJI, KOHTPOJIb 30BHINIHIX TPUPOJHIX Ta TeX-
HOTeHHUX (DaKTOPIB BILIMBY HEOOXiTHO BUKOHY-
BaTW sIK Ha erami OyAiBHMITBA, TakK i Ha erari
excrryarailii. TakuM 4MHOM, CUCTEMU MOHITO-
pUHTY I 3a0e3eYeH s KOHTPOJIO IHX Mapa-
METPiB MOKJIMBI 10 yHidikarii aus eramis Oy-
JIBHUIITBA 1 €KCILTyaTalfii.

YnpoBamkenns: yHiiKOBaHUX CHCTEM MOHi-
TOPUHTY 3 BUKOPUCTAHHIM HOBHUX METOIB (iK-
cafii Ta mepepoOKH JaHUX € aKTYaJbHUM [THTaH-
HSM Ta I0Tpebye MOJAIbIIOr0 BUBYEHHSI,

Ta6muus 2. TTopiBHSAHHS y3araJbHEHOTO CKJIaLy TTapaMeTpiB KOHTPOJIO Oy/IiBIi

Ha piSHI/IX €Tallax JXUTTEBOI'O MUK

Etan :xurreBoro UKy

Ne
= ByniBauntBO Exkcnuyaranis
g { [TapameTpu TeXHOJOTIYHUX TIPOTIECIB | —
o B 1poiteci OyliBHUIITBA
o . .
= 9 BukonaBui 3HiMaHHS BUKOHAHUX —
'g KOHCTPYKITIH
> . .
= 5 3 BxizHuii KOHTPOJIb MaTepiasiB —
2 = Ta KOHCTPYKIIii
= g 4 | Kpenu Oyuisii B mporieci Gyaisauirsa | Kpenn Oyiisiii B mpolieci ekcrryaTartii
% Eﬁ 5 I[Ipociganus OymiBi IIpociganus GyaiB/i B IIpoIleci eKCILIyaTaii
é £ B TIpoTieci OyiBHUITBA
é 2 KoHTpoJsb 30BHINTHIX TIPIPOITHIX KoHTpoJIb 30BHINTHIX TTPUPOIHIX Ta TEXHOTEHHIX
. 6 |Ta TexHoreHHux (HakTOPiB BILIUBY (hbakTOpiB BIUIMBY B IIpolieci eKCIyaTaltii
% B 11potieci OyiBHUITBA
i 7 | KonTposas gedopmartiii, mo 3’ IBJASIOTHCS
= B TIpoIleci eKcIIyaTaitii
g |~ KonTtposb dhyHKITIOHYBaHHS BHYTPIIITHIX

iHKeHepHUX MepeX B Mpolieci eKkcIyaraitii

25



HOBI TEXHOJIOTII B BY AIBHUIITBI No 39 2021

Jlimepamypa
1. Vuidikarmis (texnika). Bikinemis. URL : https://uk.wikipedia.org/Yuidikamis_(Texwika).
2. ICTY-H b B.1.2-18:2016 HacranoBa moao o6cTeskeHHsT Oy/IiBeb i CIOPY/ [UIsl BU3HAYEHHsI Ta OI[IHKH X
texuiuroro crany. URL : https://dbn.co.ua/load /normativy/dstu/obstezhennja_budivel i sporud/5-1-0-1768.
3. Yyxkanosa H.II. ¥nockonaneHnHs opranisaiiiiHo-TeXHOJOTIYHUX PillleHb MOHITOPUHTY TEXHIYHOTO CTaHY CTapoi
3a0y10B1 : ic. KaH. TexH. Hayk : 05.23.08. Xapkis, 2020.
4. MypacboBa O.B. YnockonaseHHsi opranisainiiiHO-TeXHOJIOTIYHUX PillleHb 1HCTPYMEHTAJILHOTO MOHITOPUHTY
VITiTbHEHOT 3a0y/I0BH, TIPUJIETJIOl 10 HOBOTO OyAiBHUITBA : uc. Kau. TexH. Hayk : 05.23.08. Xapkis, 2020.
5. Hemuunos 10.1., Kennzepa A.B., Byraesckuii [.H. /lunamudeckast macmopTusamusi COOpy:KeHuil KaKk cOCTaB-
Hast yacth Cuulla. ByniBembri korcTpykiil : 36. Hayk. mpais. Kuis: HIBK, 2004. Bum.60. C. 193-198.
6. Kmimernko B.3. BumpoGyBaHHst KOHCTPYKIIiil, 0OCTexKeHHST Ta MOHITOPUHT OyziBess i copya. Konmgop, 2008.
C. 119-128.
7. Xaskin O.K., Kamox 10.1,, Map’enkos M.I, Tyxoseskuit B.IL., ITpuemcoknii B.J[. Mositoputr OyziBesbHIX
KOHCTPYKITi# 1 3acTocyBanHs HOBUX Aep:xaBHux HopM JIBH B.1.1-12:2006 «byznisHuITBO B celicMiuHMX paiioHax
Yipaiuws. bydieeavni xoncmpyxyii: 36. nayx. npayp. Kuis : HIBK, 2008. Bum. 69. C. 26—44.
8. Ipuroposcokuii I1.€., Yykanosa H.I1., MypacsoBa O.B. «Anauni3 (akTopis, 1110 BIJIMBAIOTh HA TEPMiH JKUTTS
Oynmisi B mporieci excruryaraitii> Web of Scholar, 2018. C. 7.

References
1. Unifikatsiia (tekhnika). Vikipediia. URL: https://uk.wikipedia.org/Unifikatsiia_(tekhnika),
2. DSTU-N B V.1.2-18:2016 Nastanova shchodo obstezhennia budivel i sporud dlia vyznachennia ta otsinky yikh
tekhnichnoho stanu. URL: https://dbn.co.ua/load /normativy/dstu/obstezhennja_budivel i sporud/5-1-0-1768
3. Chukanova N.P. Udoskonalennia orhanizatsiino-tekhnolohichnykh rishen monitorynhu tekhnichnoho stanu
staroi zabudovy: dys. kand. tekhn. nauk: 05.23.08 Kharkiv: 2020
4. Murasova O.V. Udoskonalennia orhanizatsiino-tekhnolohichnykh rishen instrumentalnoho monitorynhu
ushchilnenoi zabudovy, prylehloi do novoho budivnytstva: dys. kand. tekhn. nauk: 05.23.08 Kharkiv: 2020
5. Nemchynov Yu.I., Kendzera A.V,, Buhaevskyi H.N. Dinamicheskaia pasportizatsyia sooruzhenii kak sostavnaia
chast SniPa. // Budivelni konstruktsii: Zb. nauk. prats. K.: NDIBK, 2004. Vyp.60. S.193-198.
6. Klimenko V.Z. Vyprobuvannia konstruktsii, obstezhennia ta monitorynh budivel i sporud. Kondor 2008.
S. 119-128.
7. Khavkin O.K., Kaliukh Yu.I., Marienkov M.H., Hlukhovskyi V.P, Pryiemskyi V.D. Monitorynh budivelnykh
konstruktsii i zastosuvannia novykh derzhavnykh norm DBN V.1.1-12:2006 <«Budivnytstvo v seismichnykh
raionakh Ukrainy». // Budivelni konstruktsii: Zb. nauk. prats. K.: NDIBK, 2008. Vyp.69. S. 26-44.
8. PIe. Hryhorovskyi, N.P. Chukanova, O.V. Murasova «Analiz faktoriv, shcho vplyvaiut na termin zhyttia budivli
v protsesi ekspluatatsii>» Web of Scholar, 2018. S. 7.

ANALYSIS OF THE EFFICIENCY OF IMPLEMENTATION OF UNIFIED BUILDING
MONITORING SYSTEMS AT THE STAGES OF CONSTRUCTION AND OPERATION

Abstract. During the operation of buildings, the introduction of instrumental monitoring
systems has recently become significantly more widespread. The introduction of these systems
has become a necessity in the context of the rapid development of the use of information
systems in the construction industry of Ukraine. The issue of implementing such systems both
at the construction stage and at the operation stage of the building is well studied. A further step
to improve the organization of technological solutions of instrumental monitoring in construction,
and increase its technical and economic component, is to study organizational and technological
processes, taking into account the combination and integration of monitoring systems during the life
cycle of buildings during construction and operation of a building or structure. Implementation
and implementation of exactly one monitoring system, which will be used during construction
and operation of the building is quite relevant given the introduction of construction information
technology (BIM) to model the life cycle of buildings and predict their physical deterioration.
Unification of products is accompanied by the identification of optimal design and technological
solutions and typification by combining (combining) the most successful design and technological
solutions. It is promising to develop solutions for the implementation of monitoring systems
at the stage of reconstruction of the building, due to the implementation of certain technological
processes possible only during operations related to intervention in the main, load-bearing elements
and structures. Reconstruction and all kinds of repair work are performed, in fact, at the stage
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of operation. Unification of products is accompanied by the identification of optimal design
and technological solutions and typification by combining (combining) the most successful design
and technological solutions. The issue of integration of technological systems monitoring systems
at the construction stage into the monitoring systems at the operation stage requires detailed study.
Key words: monitoring system, organizational and technological processes, life cycle
of buildings, construction information technologies.
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INFLUENCE OF HUMAN FACTOR TO THE HYDROLOGICAL CONDITIONS

OF AREA AT THE EXAMPLE OF ZAPORIZHZHIA REGION

Abstract. Ensuring the necessary operational reliability of buildings and structures when flooding
the urban area with groundwater and man-made waters requires further development of methods
of assessment of the architectural and construction system, which interacts with environmentally
harmful natural and man-made environment. The purpose of the article is the analysis of urban,
geotechnical and geo-ecological features of the engineering infrastructure of the territory,
classification of negative flooding factors that impair the conditions of operation of urban
development objects; classification and selection of measures aimed at improving the operational
reliability of the foundations and foundations, buildings and structures of the city under
the influence of negative factors of flooding. As a result of the widespread rise of groundwater,
moved to the upper thickness of the loessy loam and this significantly increased their mineralization,
because of this groundwater ceased to be used as potable and as a result of their aggressiveness
towards building materials, began to contribute to the corrosion process. Problems of protecting
urban buildings from negative consequences of flooding by groundwater and man-made water
affect many aspects of engineering activity and represent and this is typical for modern urbanized
territories. For the successful implementation of large-scale measures to protect the city’s engineering
infrastructure from flooding and to develop engineering measures aimed at ensuring the operational
reliability of buildings and structures, it is necessary to develop a fully functional municipal urban
information system.

Key words: hydrogeological conditions, groundwater, culverts facilities, building, city
information system.

Problem statement. The common problem aimed at improving the urban environment

ofexploitationofurbanareasistheimplementation  through the suspension of the impact of adverse
of environmental — rehabilitation measures natural and man-made factors. One of such
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negative and long-lasting factors is the flooding
of urban areas with groundwater of natural
and man-made character for most modern urban
areas. During the last 50 years, the flooding
of the territory and related problems became
a great problem for Ukraine.

Ensuring the necessary operational reliability
of buildings and structures when flooding
the urban area with groundwater and man-
made waters requires further development
of methods of assessment of the architectural
and construction system, which interacts with
environmentally harmful natural and man-made
environment.

Analysis of recent research and publications.
Currently in Ukraine researchers such as
I. Sanina, N. Lyuta, A. Lushchyk, V. Shestopalov,
V. Lialko, V. Hudzenko and others are engaged
in the problems of exploitation of urbanized
territories, in the search for rehabilitation
measures to stop the effects of adverse natural
and technogenic factors. These solutions are
reflected in the scientific and technical [4; 5; 6]
and regulatory literature [1; 2; 3]. However,
the issues of flooding wurban areas with
groundwater are not adequately addressed.

The purpose of the article. The purpose
of the article is to analyze the urban, geotechnical
and geo-ecological features of the engineering
infrastructure of the territory; classification
of negative flooding factors that impair
the conditions of operation of urban development
objects; classification and selection of measures
aimed at improving the operational reliability
of the foundations and foundations, buildings
and structures of the city under the influence
of negative factors of flooding.

Presenting main material. In general,
the area of natural and man-made flooding
is about 7 million hectares or about 12%
of the country territory. During the period
of extreme precipitations or floods, they increase
more than twice so the territory about 16 million
hectares it is about 27% of Ukraine territory.

No one region of Ukraine can suffer because
of flooding and other negative processes.

In Ukraine more than 2000 villages, 540 cities,
100 thousand hectares of agricultural area
can suffer.

For Zaporizhzhia region flooding is a great
problem. We can see in on statistic by this
region. About 119 settlements are constantly
flooded in this region, but during the periods
of extreme precipitation and floods its number

increases, for example 248 settlements suffered
because of it.

Zaporizhzhia region is located in the south-
eastern part of Ukraine. The area of the region
is 27.5 thousand km. Mostly is a steppe plain,
this area has many rivers, gullies with a slight
slope to the north-west. To the south, the marks
are getting lower to zero close to Azov Sea.

The area is located in central and southern
steppe zones of Ukraine, almost all its surface
grown the remains of virgin steppe vegetation
survived just along the slops of the ravines
and gullies. There are a few forests and shrubs.

The highest elevation is the central part
of a region, which coincides the Pryazov
crystalline massif (absolute mark 200—220 m).

The region consists of four hydrogeological
districts:

— South-eastern line Dnepr massif;

— North-eastern part of Black Sea watershed
(Small Artesian watershed);

— Western part of the Azov crystalline massif;

— North-eastern part of Black Sea cavity
(artesian basin). Frozen lands are common in all
four hydrogeological areas with predominance
in the latter two.

The geological structure of Pryazov massif
mostly consists of Quaternary and Precambrian
rocks (south-eastern part) by the way a lot
of crystalline rocks are going up to the surface
(river valleys, gullies). That is why there are
2 dominated aquifers in this area:

— Aquifer horizon of cracked zones
of crystalline rocks, which is the source
of centralized water supply;

— Quaternary aquifer, which has separation
distribution.

Thequaternaryaquifertimedinthe watersheds
to the Eolian-deluvia and diluvia loam, the sand.
The capacity of the aquifer is 0.5-5 m, less than
15-20 m.

The flow of ground water to the surface
observed in the upper and lower slopes to
the beams.

In the region of the Black Sea lowlands
(the southern part and the western half of the re-
gion), sedimentary deposits of the Credaceous,
Paleogene, Neogene and Quaternary age (sands,
clay, limestone, sandstones, loams) on the Pre-
cambrian rocks developed with a variable capac-
ity of 100-1000 m.

Such aquifers developed in the area:
Cretaceous, Buchach, Torton, Cimmerian,
Sarmatian, Pontic and Kulyalnskyi. Above
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of them the aquifer of the Qaternary deposits.
Water-bearing rocks of groundwater are eolian-
deluvial, deluvial. The capacity of the aquifer is
usually 10-15 m.

In the area of the Dnieper crystalline massif
(northern part of the region) along with the wide
development of crystalline rocks, Paleogene
(sub-area), Neogene and Qaternary deposits
are involved. The capacity of sediment deposits
from several meters to 100—110 m.

The aquifer horizons of cracked zones
of crystalline rocks, Sarmatian and Pontic
deposits are developed.

Cretaceous Paleogene, Neogeneand Qaternary
sediments represent the Konska-Yalinska basin
(mostly  Guliyaipolsky, Pologivsky, partly
Orichivsky and Kyibishevsky districts) with
capacity of 40-400 m. The main aquifers are
the Buchach, Poltava and Sarmatian deposits.
Qaternary aquifer timed, to the loaves
of the Eolian-deluvial, delluvial and alluvial
genesis. The groundwater Quaternary deposits
of all four hydrogeological regions have free
surface. Water-bearing loamy differences have
a weak water-absorption; the debits of sources
are predominantly hundreds and tenths of 1/sec
(0.3-0.05 1/s). The nutrition of the quaternary
aquifer is mainly due to atmosphere falling,
theaquifer regime depends on season fluctuations.
Chemically the water mostly mineralized. People
use ground water for household purposes, less
for drinking by capturing their mine pits.

Almost  the whole territory except
the northern part refers to the arid zones.
Winter is short, not snowy, spring is shot
and semi-dry, summer is long, very warm dry,
and autumn is average duration and semi-dry. In
dry years, the evaporation rate is twice higher
then fate of falling. Rainfall characterized by not
stability marks, which leads to drying of the soil
and drought.

Analysis of climatic indicators shows that
the existing of flooding directly depends on
the precipitation and air temperature. Therefore,
the biggest flooding was in 1985, 1997, and 2004,
when annual average rainfall was twice higher
the norm and the average of annual temperature
was the lowest. There are three types of flooded
lands:

1. Flat-knotted river floodplain.

2. Sloping slops of watersheds and beams
with small saucers, salt marshes and waterlogged
areas on weakly moderately salted bleak earth,
soils-weakly middle saline, weakly drained
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3. Flat leman-sea plane with steppe area on
infertile saline and saline soil.

The territory of rivers is about 10 km
and consists of nearly 60 rivers. Nearly half
of them situated in the Territory of Dnipro
River, and the other part at the territory of Azov.

The transverse line of the basins runs along
the Azov crystalline massif with marks on
the surface of 200-300 m. The rivers of the Dnieper
basin lie along the plain, the have a calm flow.

The slopes of the valleys are mostly flat,
symmetrical, composed of a forest complex, which
causes in some places a surface soil wash often
ata considerable depth. The floodplain of rivers is
usually two-sided, wide and at the time of spring
can be flooded. The rivers of the Azov basin in
some part have steeper and asymmetric high
slops and separated small ravines. The processes
of simultaneous erosion and accumulation are
observed everywhere in the valleys of the Azov
and Dnipro basin.

The analysis of the natural conditions
of the region for a long period shows that raising
the level of groundwater both in the country
as a whole and in Zaporizhzhia began since
the late 50s. The main reasons of large-scale
groundwater rise are:

1. Overbuilding by the whole territory
of Dnipro river.

2. Large scale plowing of land and water
retention in agriculture.

Some reasons associated with the main
reasons:

— wrong exploitation of the built reservoirs
and pounds;

— building of irrigation canals without filter
measures;

— lack of sewage in the countryside
and at the territory cities and villages where
private constrictions is located,;

— violation of planning and building norms
for settlements;

— bad conditions of drainage cuvettes for
roads and railways.

As we can see, the main reason of flooding
is human activity. By the end of the 90
of the last century, the rise in groundwater level
on agricultural lands was stabilized it depends
of falling during the year. In settlements,
the processes of deterioration of hydro-geological
conditions continue to evolve exclusively due to
the luck of landscaping.

Falling which were in autumn-spring
periods 1997-1998 and 20042005 years led to
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flooding of the territory and caused damages to
the national economy of Zaporizhzhia region.

Luck savage in settlements, in the presents
of centralized water supply is one of the reason
of a lot of flooding. In the most settlements,
where drainage built, usually it not exploited
and has bad technical conditions.

Now in the region we have 753 ponds
and reservoirs, with a total capacity of about
162 million m?® Most of pounds are very small
and they were made without projects and do not
have drainage facilities. As a result, the girder-
river territory reduced its drainage impact,
because of it the groundwater level rises.

There are a several aquifers developed in this
area: Cretaceous, Buchach, Torton, Cimmerian,
Sarmatian, Pontic and Kylualnytsky. The aquifer
horizon of the Quaternary deposits is above.
Water-bearing rocks of groundwater are Eolian-
deluvial, deluvial, in the floodplain of rivers
and gullies — alluvial and alluvial-deluvial, on
the sea terraces — leman-sea loam, sandy loam,
less sand. The capacity of the aquifer is usually
10 4 15 m.

In the area of the Dnieper crystalline massif
(northern part of the region) along with the wide
development of crystalline rocks, Paleogene
(sub-area), Neogene and Quaternary deposits
are involved. The capacity of sediment deposits
from several meters to 100 a 110 m.

The aquifer horizons of cracked zones
of crystalline rocks, Sarmatian and Pontic
deposits are developed. In quaternary sediments,
groundwater confineding mainly to the Eolian-
deluvial, deluvial and alluvial loamy loam, sandy
loam, and lesser sands.

Under the influence of the above factors,
the flooding of the land and settlements is
practically observed in Melitopol (such as
Molochna, Yushenly, Kuroshani), Tokmatskyi
(such as Tokmachka, Molochnaya, Utliukskyi,
Chingul, Kurochani) and Orichivskyy (Konka,
Zerebets, Tersa) districts.

The backwater of existing ponds, siltation
of small rivers in the lower reaches of the Sea
of Azov and its estuaries, the most common
in Berduansk, Yakimivka, Pryazovskyi areas.
These are places for building of deaf dams on
the rivers, gullies and drainage channels.

Dams and hydrotechnical structures, ponds,
reservoirs are need for repair. All reservoirs
and structures are operated in violation
of the norms of current and major repairs. To
date, the period of major repairs of most hydraulic

structures exceeded the permissible several times,
which threatens their destruction and flooding
of the territories of settlements and arable lands
located in the lower reservoirs. It is established
that the areas with close groundwater level
(2 m and below) are 85.3 thousand hectares,
including: 15333h  hectares - settlements
(248 pieces), 70000 hectares — agricultural
lands, including irrigated lands 1306 hectares.

In all mentioned areas, groundwater refers to
the first from the surface of the aquifer, which
has atmospheric power, as well infiltration
power from underground communications
and hydraulic structures (canals, collectors, etc.)

Based on the requirements of existing
documents [1] flooded are considered:

— agricultural land with a constant
groundwater level at a depth less than 1.5 m;

— localities with occurrence of groundwater
level at a depth of less than 2,0 m.

The aquifer of the surface does not have
aconstant level. Its level depends on the intensity
of falling, temperature regime during the year
seasons, so level of the first aquifer changes
since 1-1,5 to 3—4 m.

There are three categories on the total
number of flooded settlements.

The first category includes settlements
that require urgent centralized investments in
the next 3—4 years. In these settlements, with
the coincidence of advertise climatic conditions,
there may be catastrophic consequences. There
are nearly 15 such settlements in the district.

The second category includes settlements
requiring planed centralized investments to
prevent the rise of groundwater level. There are
28 of such settlements.

The third category are settlements what
flooding not regular, and prevention measures
solving locally. There are 205 settlements in
the region.

Zaporizhzhia is the region center, located on
the left and right sides of Dnipro River. From
the northern side is Dnipro reservoir, from
the south side Khakovska reservoir.

The hydrography of Zaporizhzhia territory
represented by the river Dnipro, small rivers
Mokra Moskovka, Sukha Moskovka, many
streams and beams. The length of small rivers
within the city is 26.0 km, beams, streams —
11.5 km, beams — 22.3 km.

The length of the river Dnipro within
the city is 24.2 km. The general falling
of the river is about 11 cm per 1 km.

31



HOBI TEXHOJIOTII B BY AIBHUIITBI No 39 2021

In Zaporizhzhia, the channel regulated by
Dnipro and Kakhovka reservoirs, that is why
changing of water level depends of the filling
and emptying of reservoirs. Marking the water
level in the upper by the Dnipro reservoir —
47.9 m. Mokra Moskovka River is the left
tributary of Dnipro River. Watershed area
457 km?, the length of the river is 62 km,
within the city — 11 km.

Zaporizhzhia is an industrial city with
a developed industry. Residential development
is a streamlined multistores buildings equipped
with all utilities: water, gas, utility and storm
sewer. There are also one-store building,
which are manly located along the banks
of the rivers. They were built long time ago
without engineering projects. Many of these
structures flooded by groundwater. Generally,
1011.5 hectares with 1608 buildings, including
74 many-stores buildings are flooded.

The main reasons for flooding are:

— floodplains of rivers, no security zones, as
a result the channels are blackened, littered,
overgrown with a reed and do not allow storm
and flood and water;

— built car roads blocked the way of outflow
of surface and groundwater in the Dnipro River
and other watercourses and downgrades;

— the entrance of private houses, as a rule,
are executed from a mound without converting
structures, which led to the formation of closed
platforms without outflow;

— the culverts under the highways are lack
sometimes;

— in areas of partial construction there are
no storm, economic and fecal wastewater, so
all surface water and discharges of economic
and fecal wastewater fall into the cesspools
and go to replenish groundwater;

— leaks of water from old, long-established
water areas.

The rise of groundwater level led to:

— the sanitary situation in the city gets
worse, threat of epidemic among the people
(malaria, cholera), because drains can appear
at the surface;

— destruction of buildings, communications
in resident sectors of the city will make worse
the social conditions for living;

— the neglected warehouses of poisonous
chemicals and cattle-breeders that fall into
the flood zone are of particular danger.

As a result of the widespread rise
of groundwater, moved to the upper thickness
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of the loessy loam and this significantly
increased their mineralization, because of this
groundwater ceased to be used as potable and as
a result of their aggressiveness towards building
materials, began to contribute to the corrosion
process.

Problems of protecting urban buildings
from negative consequences of flooding by
groundwater and man-made water affect many
aspects of engineering activity and represent
and this is typical for modern urbanized
territories.

The process of flooding and its influence to
the building constructions of the city we can
represent like this:

1. Primary factors of flooding (PFF) is
the process of flooding, which occurs as the level
of groundwater and their rising to the surface.

2. Secondary factors of flooding (SFF) — these
are the consequences of the influence of primary
factors to the soil massif and underground part
of buildings. Secondary factors are changes in
physical and mechanical properties of soils,
changes in physical and mechanical building
characteristics, wrong exploitation of buildings
and its parts.

3. The third factor of flooding (TFF)
is the effect of PFF and SFF in the form
of deformation and other mistakes in exploitation
of buildings and constructions, which in some
cases may be dilapidated.

Depending of the type of buildings
and structures these factors can lead in
different  way. Aggressive  groundwater
and subsidence of soil bases are significant to
flooding factors.

Conclusions. For successfully protection
of the engineering infrastructure from
the flooding and to developing engineer
measures for protecting buildings and structures,
its necessary to develop municipal information
system (MIS).

MIS includes: information field, built on
topo-geodesic basis and includes the main
infrastructure objects: buildings, structures, city
system, etc. All major databases should integrate
into a single cartographic material.

It’s possible, step by step, creation of MIS
through the integration the efforts of municipal
services, project making organizations and its
specialists, universities, etc. Successful creation
of a managed system in Zaporizhzhia requires
additional research and development to create
a database and the MIS project itself.
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BIL/INB JIIOJACBKOTIO ®AKTOPA HA FII[POI‘EOJ[OI‘I‘IHI/II'/JI CTAH TEPUTOPII1
HA TTPURJIAZI 3AIIOPI3bKOI OBJIACTI

Anomauia. 3abesneuenns neobxionoi excniyamauiiinoi nadiinocmi 6ydisenv i cnopyd y pasi
niomoniens Micokoi mepumopii rpyHmosuMI ma MexHo2eHHUMU 600amu nompedye nooaibulo-
20 PO36UMKY Memodie OuinKu apximexmypno-6ydiservnoi cucmemu, SKa 63a4eM00IE 3 eKOI0ZIUHO
WKiOnusUM npupoaHuM 1 MEXHOZEHHUM HABKOJIUIUHIM cepe&oeumeM Memorw cmammi € ananis
MICOKUX, 2e0MEXHIUHUX MA 2e0€K0N02IUHUX 0COOIUBOCMElL IHIICEHEPHOT IHpacmpykmypu. mepu-
mopii; Knacuixayis Heeamusnux paxmopie niOmMonaeHHs, wWo Nozipuyms yMosu excniyama-
uii 00’ckmie micmobyoyeanns; xiacupikayis ma eudip 3axodis, CNPAMOBAHUX HA NIOBULEHHS
excnayamayiiinoi nadiinocmi ochos ma (pyndamenmis, o6ydisenv ma cnopyd micma nio enaiueoM
HeeamueHux axmopie niomonnenns. Y pesyiomami wupoxomacumaonozo niouomy rpyHmosux
600, nepemiwenux 00 6epxHbOi MOBUUHIL TCCUCTIUX CY2IUHKIG, CYMMEBO 30UILWUIAC 1X Mile-
panizauis, uepes w0 nio3eMui 600U NePecmMan 6UKOPUCMOBYBAMUCS SK NUMHI 1 BHACTIOOK ix
AZPecUsHOCE CMOCoBHO OYdiBevHUX MAMEPIaNis nouaml cnpusmu npoyecam xoposii. Ipobremu
saxucmy micokux 6yoieein 610 HezaMUHUX HACIOKIE 3AMONIeHHs NIOEMHUMU MA PYKOMBOPHIL-
MU 800amu 8nau6aIomy Ha 6azamo acnexmie injcenepHoi JiaibHoOCMi, | Ue Xapakmepno ons cy-
yacnux ypbanizosanux mepumopiil. /lns ycniwnozo 30iichens nogHoMacumadHux 3axodie wodo
saxucmy 00’exmie inacenepnoi inpacmpykmypu micma 6id niomonienns ma 3 Memorw po3pooxu
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THIICEHEPHUX 3aX00i6, CNPAMOBAHUX HA 3a0e3neuenis excniyamayiinoi naditimocmi 6yodisens i cno-
Y0, HeobXi0Ho Po3POOASIMU NOBHOPYHKUIOHATLHY MYHIUUNATLLHY MICLKY THOOPMaiiny cucmemy.
Kntouogi crosa: ziopozeonoeiuni ymosu, niozemui 600u, 600onponyckui cnopyou, oyoiens,
Micvka ingopmayilina cucmema.
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BUKOPUCTAHHA BIAXO/AIB BUPOBHHUITB Y bY IIBHUIITBI

Anomauisn. Posensinymi npobiemu Haxonuuenns ma 6niuey Ha HAGKOLUUHE NPUpodne cepe-
dosuie npomuciosux (mexnozennux) 6i0xo00ie 6upoOHUYME Ma 301CHEHO AHANI3 MONCIUCUX
WLSIXI6 BUKOPUCTAHHS BMOPUHHUX NPOOYKMI8 NPOMUCIOB8020 BUPOOHUUMBA Ha 00 ckmax Oydi-
BENLHUX OP2AHI3AULL.

Ipoananizosana doyinvricms ymunisauii npomuciosux 6i0xodie ma 6i0x0die inuux supooHULMS
Ons ompumanns, na ix ocnosi oydisevnux mamepianis i 6upodie; nadano Kiacupixauio npomuc-
N08uUX 8i0x00i8; 30iticHeno po3poOKy mexnonozii ymurizayii Oydiseavux 8idxodis.

Hozodxwcyemocs: 3 mum, wo esomoyilini npouecu y chepi Oydiseavrux mexnoaozii, enposadicen-
M THHOBAUIIHUX MAMEPIANI8 CPUSIOMb NPUUHSIMIO CMIIUGUX T HeopOUHAPHUX piuens y Oyoi-
seaviomy supobruymsi. Ileped Gyodisenvnoio zanyssio cmoimy 3a60anis — 3a0060JbHAMU BUCOK]
BUMOZU HUHIWHDO20 cnodcusaud. OOHAaK po3eumox OydieHUmMBa cynpoBOOHCYEMbCSL NIOBUUEHHIM
He2amueH020 6NIUBY HA HABKOLUULHE NPUPOOHE Cepedosulle.

Cnid eidsnauumu, wo, 01 mozo w00 Haiazooumu npoyec nepepodxu 6i0xo0ie, Heobxioni do-
cmamui neecmuyii i 3minu y saxonodasuii 6asi. Oonax nadani peairvno euimu na OGiibuL
HU3bKY 8aPMICMb MAMePLanie, MOICIUBA eKOHOMIS NPUPOOHUX PeCYPCI8 | 3HUNCEHHS CMYNeHs.
3a6pyonenns 006KiLILA.

ITiomeepoaceno, wo 6 ymoeax cbozo0enHs NoKu He supiuena npobiema ymurisauii 6i0xodie, axi
BUMAZAIOMb 30LIbULEHHS PO3MIPIE MepUMOpIll, W0 8I0800MbCs N0 NONI20HU MA CMIMME3BANUULA
ma 3naxo0smocs 6 6e3nocepedniii OAUILKOCME 6i0 HUMI0BUX 3a0Y008 HACCIEHUX NYHKMIG, NU-
mans QOMPUMAHHS eKOL02IUHOT be3nexu Cmosmy 20cmpo. A 3 YpaxyeanHsm mozo, wo cmpamezis
nepepobxu sioxodie drs nomped ydisnuymea noxu nepedysae na cmadii Po3pooOK, 6ANCIUGT 6CT
3YCUTLLSL 8 MAKOMY HANPSMI.

Posznsnyma nosa mexnonozis 6yoisnuymsa 6yodiseav ma cnopyo, wo 0036015€ OLIbUL WUPOKO
BUCTOBUMU 6 APXTMEKMYPHOMY OU3ATHT CKAAOHT (OpMUL, CKOPOMUMU WEUOKICIY 36edenns 0yoi-
6eib, NOJNWUMU X AKICMb, POOOMU3YBAMU MEXHOL0ZIUHI NPoyecu, 30epesmi 00BKILSL i 3MeH-
wumu sumpamu mamepianie. Xoua suUKopucmanus 6MOPUHHUX Mamepianie ¢ Oinvu dewesum
1 3aMUWac NOPIBHAHO HEGeIUKULL 00'eM CMIMmMSL 1 11020 HEOOXIOHO MPAHCROPMYBAM, 6U200a 6CE
H Mmaxu ouesuona.

Kniouosi caoea: ananis, 6ioxoou eupoonuuymea, Oyoienuymeo, Oyodisenvii mamepianu,
mexHo02ii.

IlocranoBka mpoGaemu. Ilig yac eKOHO-
MiYHOI KPHM3W MiANPUEMCTBA Oy/Ib-IKUX TIa-
JIy3ell TparHyTh 3HU3UTH COOIBAPTICTH CBOEI
npoaykiii. Ile 3ymoBJiieHe Hacammepe] 3HU-
JKEHHSIM TOMUTY 1 301/bIIEHHSAM YaCTKU CIIO-
’KMBAHHS TPOAYKII OiIbII HU3bKOI I[IHOBOI
kateropii. OcobJMBO TO3HAYMIACS KPH3a
Ha eKOHOMIIl TiAmpreMcTB OyaiBesbHOI Ta-
aysi. [Taginng monuty Ha HepyXoMicTb i, 4K
HACJIIOK, 3HUKEHHST 00csTiB (hiHaHCYBaHHS
rajibMy€ TeMmnu OyIiBHUIITBA aXk 10 3aMOpPO-
JKyBaHHS 6araTbox HeZ0OYAI0BAHUX KUTIOBUX
i HesKUTIOBUX 00’ €EKTIB.

OmuH 3 MeTO/IiB 3HIKEHHsS MoTpedu OyiB-
HUIITBA B KOIITAaX — BUKOPUCTAHHS PI3HUX IPO-
MUCJIOBUX BIJXO/iB, 3aly4eHnX abo BJIaCHUX
BiAX0/iB Yy BUPOOHUIITBO OYAiBEIbHIX MaTepia-
JIiB abo i yac Cnopy/sKeHHsl, HallpUKIa, (hyH-
JaMeHTiB OyiBe/sb i JeSKUX IHIIMX KOHCTPYK-
TUBHUX €JIEMEHTIB.

Caig HaroslocuT Ha TOMY, 1O 3HAYHA Ya-
CTMHA TPOMUCJIOBUX BIJIXOMIB 32 CBOIM MiHepa-
JIOTIYHHMM 1 XIMIYHUM CKJIQJIOM He IOCTYIIA€Th-
csl CHPOBWHI, sika J00YBA€ThCST 3 HAIp 3EMJII.
barato BigxoxiB € He3aMIHHUMU CKJIAQJOBUMU
CUPOBUHHUMHU KOMIIOHEHTaMU B OTPUMaHHI
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OyIiBeJIbHUX MaTepiajliB BHCOKOI skocTi. Kpim
TOTO, BUKOPUCTAHHS BIJIXO/IB PI3HUX TaJy3eit
HaPOJIHOTO TOCIIOJAPCTBA JJIst OTPUMAHHsT Oyii-
BEJBHUX MarepiagiB Ta OymiBesbHOI MPOAYKILil
CIIpUsIE BUPINIEHHIO MpoOIeMu  3a0pyIHEHHS
IIPUPOTHOTO HABKOJUIIHBOTO CEPENOBUIIA, a
TakoX (110 € Ay’Ke BaKJIUBUM aCIIeKTOM) J103-
BOJISIE BUBLJIBHUTU BeJIMYE3HI IO KOPUCHOI
3eMJI1, K1 3aiHATI il IIUMHU BiIXOIaMU.

MacoBe Hakomu4yeHHsI BifIXO/iB BUPOOHUIITB
i CrmoKMBaHHS CBIZYUTH TIPO BiACYTHICTH abo
HEe/IOCKOHAJICTh TEXHOJIOTIYHUX TIPOIleCiB Iepe-
poOKHM, HU3bKE 1 HepalioHaJbHe BHUKOPHCTAHHS
BIZIXO/IIB SIK BTOPMHHUX MaTepiaJbHUX PecypciB
i BU3Haua€ HEOOXiJHICTh BUPIIIEHHS €KOJIOriy-
Hux mpobiem. IIpobGiemMa BUKOPUCTAHHS BiIXo-
MB — Ile €KOJIOTiYHe 3aBJaHHA PEerioHaJbHOTO
Macintaby, a BUPOOHUIITBO Oy/IiBeJbHUX Mare-
piajiiB Ta MPOMYKIL1 3 TPOMUCJIOBUX BIIXO/IB —
OJIVIH 3 HAOLIbII TIePCIIEKTUBHUX METO/IB il BU-
pimeHHs. /[y KoMmIIeKcy HasBHUX TEXHOJIOTiH
3 TIepepoOKH Ta BUKOPUCTAHHS BiIXO/IB Y Pi3HUX
chepax eKOHOMIKM, SKi He MaloTh BHYTPIITHIX
TeXHOJIOTIYHUX 3B’43KiB MiX c00010, HeoOXiaHa
inopmariiina 6aza JaHWX HasBHUX 1 HOBOY-
TBOPEHUX BIIXO/iB, IO J03BOJUTH BCTAaHOBUTU
BapTICTh BTOPUHHOI CUPOBUHMU, BUMOIU JI0 30e-
piraHHs Ta epepoOKH BiXOIIB ISt JIOTPUMAHHS
OINITUMAJILHOTO TIPUPOIOKOPUCTYBAHHSI.

Ananiz ocranHix gocaimkenb. Dymnga-
MEHTAJIbHI TEOPeTUYHI TIOJOXKEHHS 1 TIpaK-
TUYHI PEKOMeHJAIlil eKOJOriYHO pallioHalb-
HOTO IIOBOJKEHHS 3 BIJXOZaMU BHPOOHMI[TBA
chopmynboBani B mpangx: M.I.  AromikoBa,
C.A. Axpamenko, A.B. Jlonropesa, b.B. Bo6osuy,
I0.A. Ispaenn, K.H. Tpyb6ennkoro, IT.A. TrHato-
Ba, H.M. Kauypuna, E.I. 3axapoa, A.Il. Kyp-
koBcbkoro, b.H. Jlackopina, H.B. MenbHukoBa,
H.M. MoiceeBa, JI.H. Ilonosa, O.H. Pycaka,
H.I. Bonoaina, E.M. Coxkososa, H.H. Cemeno-
Ba, A.@. Cimankina, H.H. Yamnurina, I1.I. Bo-
skenoBa, I0.M. Baxenosa i 6araTbox iHIIHUX.

Cryninp po3poOku mpobaeMu. AHami3 Mo-
Ka3aB, 10 HAYKOBUX TyOJIiKaIliil 3 MUTaHb BHU-
pobHuITBa OyAiBEJIbHUX MarepiajiB Ha OCHOBI
Bi/[XO/liB TIPOMMCIOBUX Ta iHIIMX BUPOOHUIITB
He JIOCUTb, M0 YHEMOKJIUBIIOE 00 €KTUBHO
OLIIHUTHU eKCILIyaTalliiHy HaJAliHICTh Yy Yacl
Ta €KOHOMIYHY e(DeKTUBHICTH iX BUTOTOBJIEHHSI.
Kpim Toro, HastBHi TexHOJIOTiT IepepoOKH BiX0-
JIiB BUMaraioTh BUBYEHHS (Di3UKO- MeXaHIYHUX
BJIACTUBOCTEN TIPOAYKTIB MEepPepoOKH 3 METOI0
MOJAJIBIIIOTO 1X BUKOPUCTAHHS B KOMITO3UITII-
HUX OyIiBeJbHUX MaTepiajiax Ta BUPOOax.
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Meto0o poGOTH € aHami3 BJIACTHBOCTEI,
CKJIQZly 1 TEXHOJOrii BiJIXOJiB HpOMI/ICJIOBOCTl
JUIT BUPOOHUIITBA Ha iX OCHOBi OyiBeJbHUX
MaTepialiB Ta KOHCTPYKIIM, BIPOBA/KEHHS
OyIiBeJIbHIX TEXHOJIOTIIL.

Pesyabratu qocuiakens. Bigxonamu € 6y ib-
SIKI PeYOBUHU, MaTepiain 1 IpeJMeTH, 1110 YTBO-
PUJIMCS B Tpolieci BUPOOHUIITBA aD0 CIIOKIBAH-
HsI, @ TaKOXK ToBapu (IIPOAYKILiA), SIKi MOBHICTIO
ab0 4aCTKOBO BTPATHJIM CBOI CITOKMBYI BJIACTH-
BOCTI 1 He NMPUAATHI /7S MOJAJIbIIOTO BUKOPU-
CTaHH4 32 MICIIEM 1X YTBOPEHHS YU BUSABJICHHA.
3 MOXJIMBUX BapiaHTiB TOBO/KEHHS 3 BiX0/1a-
MU BapTO BU/IIJIUTH I[IJTKOM 3aKOHHI 1 TPaBUJIbHI
3 €KOHOMIYHOI, €KOJIOTIYHOI Ta COI[aJIbHOI TO-
4ok 30py [1].

[Tepenik BifX0MiB, MO BUKOPUCTOBYIOTHCS
dK BTOPMHHA BUXi/IHA CUPOBMHA, HaTelep J0-
cuth mupokuid. [yt GymiBesbHOT Tamysi Iie:
y BUPOOHUITBI Oy/iBETbHUX MaTepiasiB — Bijl-
XOZW TEIJIOBUX €JEKTPOCTAHIIN 1 MeTasyprii;
IesIKi IPUPOAHI pecypeH, siki Bike OyJm 3ajist-
Hi Yy BUPOOHWIITBI/TIPOMHUCIOBOCTI Ta MOXKYTh
OyTH BUKOPYCTaHI JIJIs BATOTOBJICHHS IEMEHTY,
KepaMiKy, BallHa, CKja, 6eTony i T. 1. (Biaxo-
I BUKOPUCTOBYIOTBCS Y BEJUKOTOHHAKHUX
maciTabax). 11106 3pobutu Bigxomu mpuaat-
HUMU JIJIST TIOAAJIBIIIOTO BUKOPUCTAHHS, iX He-
0OXiJIHO MiArOTYBaTH, afalTyBaTH IIiJ Biamo-
BizHi moTpebu [2].

[Tlo6 HasaroguTH nporec nepepoOKu, To-
TpiOHI BesIMKi 1HBECTHIIIT i HOBOBBEJIEHHS y 3a-
KOHOZIaBYi akTh Ta TexHojorii. Crpobu Makcu-
MaJIbHOTO BUKOPUCTAHHS MPUPOHUX PECYPCiB,
AKI He MIJAKPIIJIeH] JOCTaTHIM 3HAHHAM MOKJIH-
BOCTEH IPUPO.H, — 3MATHOCTI /10 BiITBOPEHHS
pecypc1B 1 caMOperyJIOBaHHSA — BEJyTb JI0 Cep-
HO3HUX €KOJIOTIYHUX HACJi/IKIB, 1103adK 3 yCi-
€l MiHepaJbHOI CHPOBHMHH, IO BHA00YBAETHCS
y CBITI SIK CYCHIJIbHUI TIPOAYKT, BUKOPUCTOBY-
10TbesT 2%, pemta 98% y 3MiHEHOMY CTaHi BUKH-
JA€ETHCS Y BUTJISAI BIZIXO/IB 1 HE 3aCTOCOBYETBCS
y BUpPOOHUITBI [3; 4].

B VYkpaini 3a ocTaHHE JECATUJITTS 3POCIH
HeraTVBHI HaBaHTAXXEHHS 1HAYCTPiaJbHOTO BU-
POOHUIITBA Ha IPUPOJIHI pecypen: Bl,[[6yBa€Tb-
cst 3a0py/MHEHHST 3eMeTbHUX YTiAb i BPOKAIO
IPOMUCJIOBUMU BUKUJAMU B aTMoccbepy Ile
0CcO0JIMBO XapaKTEPHO IS iHAYCTPialbHO po3-
BUHEHWX 1 BOJHOYAC 3eMJIEPOOCHKUX PETiOHIB
Ykpainu, 3okpema Cymcbkoi obacti. Ikignusi
PEYOBUHU 3 MPOMUCTOBUMU BUKHUIAMU OJIHOTO
MiIITPUEMCTBA HABITh Y KOHIIEHTPAIISIX, MEHIIINX
32 TPAHWUYHO JIOTYCTUMI, 3'€THYIOUNCH 3 BUKH-
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JlaMU 1HIIOTO TAMPUEMCTBA, MOKYTh TOKCUYHO
BILUIMBATH Ha POCJMHU i TBapyH, 3a0pyAHIOBATI
3eMeJIbHI 1 BOJIHI pecypcH, siKi € pecypcamu, 3a-
mistHUMK y BUPOOHUITBI (Tabmuis 1).

Ha nmoToynuii MOMEHT PO3TJISAETHCS MOX-
JIUBICTb TIOAQJIBIIIOTO BUKOPUCTAHHS BIAXO/IIB
i MOOIYHMX TIPOAYKTIB BUPOOHMIITBA /IS 3HMU-
JKEHHSI aHTPOIIOTEHHOTO TIpeca Ha JOBKIJIS
Ta 3eMeJIbHI PecypcH.

By1iBHUIITBO € OCHOBHOIO rajly33i0 BUPOOHU-
ITBA, Jie MOKJINBE BUKOPUCTAHHS BIIXO/iB Oi/ib-
HIOCTI 1HIMUX Fajy3edl IPOMUCIOBOCTI, IPUYOMY
y BEJMKUX 00CsTaX, 3 MOBHUM BUKOPHCTAHHIM
BTOPUHHOI CHPOBUHU 3a PAaxyYHOK CTBOPEHHS
0e3BiIXOIHNX TEXHOJOTIYHUX IPOIECIB, sKi 3a-
6e31euyIoTh 0XOPOHY noBkimst. Tak, mepepobka
MaKyJaTypu i YOPHUX MeTaliB — HpI/I6yTKOBa
HaJIaro/KeHa Taays3b BUPOOHUIITBA, ITHPOKO 3a-
CTOCOBYETHCS OYiBEIbHUMI KOMITAHISIMI.

Takox Habupae 06epTiB BUKOPUCTAHHS Cy-
YaCHUX JIPOOMIIBHO-COPTYBAJIBHUX YCTaHOBOK
GesrocepeIHbO Ha Oy/IiBeTbHOMY MaiaHUKKY.
3a JI0NOMOToI0 IMX YCTAaHOBOK MOJKHA Iepe-
pobuTH 3a71i300eTOHHI eemMeHTH Oy/IiBesb, Oe-
TOHHI BUPOOHU, acasbTHI MOKPUTTS, MErIy Bif
po36upaHHsl OyaiBeJb Y BTOPUHHY CHPOBHUHY.
[Tepepobaenuii 1miebinb i acdaabroBa KPIXTa
MOJKYTh 3aCTOCOBYBATHCSI Y OYIIBHUIITBI JIOPIT,
yJamTyBaHHi (yHAAMEHTIB, ApeHaxiB, OJa-
royctpoto teputopiil. biii mersiu B ocHOBHOMY
BUKOPUCTOBYIOTh /ISt OYAIBHIIITBA THMYACOBUX
i1 I3HUX JIOPIT.

Ase He TLIBKM BUIEBKa3aHl BIIXOAU BUKO-
pucToByIOThCsl B OymiBHuUITBI. HastBHI mpomuc-
JIOBI TEXHOJIOTI1 JI03BOJISIIOTH OTPUMATU HOBI
BTOPUHHI MaTepiajy 3 IHIINX eJeMEHTIB JeMOH-
Taxy: 3 IEPEB’THUX BUPOOIB BUTOTOBJISIOTH Pi3-
HOTO POJLY MEPEropoAKM, BUPOOU MOKPiBETbHIX
Matepianis (ekopybepoiin); mnepepobieHe CKIo
BUKOPUCTOBYETHCS /IS BUTOTOBJIEHHS PIiZIKOTO

Ta6muus 1. Buau BizxoxiB y pisHux cepax

CKJIQ; TPYHT BiJi PUTTS KOTJIOBaHIB Mix (yHaa-
MEHTH  BWKOPUCTOBYIOTH [III TPHUTOTYBAHHS
I'PYHTOBUX CyMillIeHi.

Ckuaguinie TijgaoTbes mepepoOii Bixxo-
1 mmactuka i rymu. OiHaK 3aB/SIKM HOBITHIM
TEXHOJIOTISIM TIEPEPOOKH  IUX BIIXOMIB TaKOXK
MOKHA OTPMMATH BTOPCHPOBHHY. IloxpiGHeHi
BUPOOU 3 TYMU 3aCTOCOBYIOTb JIJII BUPOOHUI[TBA
130JIAIMHUX MaTepiaiB, MiJIOTOBUX MTOKPUT-
TiB, 3BYKOI30JIAIINHUX MaTepiajiB, JPeHAKHUX
MaTiB. Bupobu i3 mmacTuky apoOJsThes, TJIaB-
JIATHCS 1 TIEPEMITITYIOThCS, TOTOBY Macy OXOJIOJI-
KytoTb. I[iATOTOBIEHUIT TAaKUM YMHOM arjiome-
paT MOBTOPHO MOAPIGHIOIOTH i BUKOPUCTOBYIOTH
JI7ISE BATOTOBJIEHHS TIOJIIMEPITIIAaHOI MacH.

[Iporec nepepobKu BifXoxAiB 1ependavae 1i-
JINN KOMILJIEKC IMOTEHI[INHUX BIJIMBIB Ha JIOI-
CbKe 3J0pOB’s i Oe3leKy, a TaKoK Ha HaBKO-
JIMIIHE cepefoBuine. Taki mii moBuHHI OyTH
pO3/ilJieHI Ha TPU KaTeropii, BiAMOBIAHO [0
TPbOX OCHOBHUX THIIIB OTlepalliii:

— 00cIyroByBaHHs i 30epiraHHst BiIXO/IiB y X
BUPOOHMKA;

— 306ip 1 TpaHCIOPTYBaHHS;

— copTyBaHHsI, TiepepobKa i JikBimaris [1].

Heo0xigHo MaTy Ha yBasi, 10 PUBKUKH, TI0B’SI-
3aHi 31 3/l0pOB’IM 1 6€31EKO0I0 JTI0/eli, BUHUKAIOTh
HacaMIIepe/] y TOMY MicITi, Jie BiIXoau BUpoOisi-
I0ThCsI, TOOTO Ha BUPOOHUYOMY TIiAIMIPUEMCTBI
abo y croxuBaya. Crucrema mepepoOKu TBEPANX
Bi/[XOJIiB TIOBMHHA Ga3yBaTHCS Ha TEXHIYHKX JI0-
CJTi/KeHHSIX, BKJIIOYAIOUM TaKi MPOIeTypu:

— JIOCJIJIKEHHS Ta OL[IHKY CKJIa/ly 1 KiJIbKOCTI
Bi/IXO/I1B;

— JIOCITiIZKEHHST TeXHOJIOTIH 300py BiIXO/iB;

— JIOCJIJIZKEHHS CII0c06iB 00poOKHM 1 JTiKBija-
il BiIXO/iB;

— JIOCJIKEeHHS, IIOB’sI3aHI 3 TEXHOJIOTIEIO
OXOPOHM MPUPOIHOTO CepepoBHIIa Bij 3a0py-
HEHHS;

Cdepa maTepiaibHOr0 BUPOOHHUIITBA Cdepa cno:kuBaHHS

HpOMI/ICJIOBiCTb JIIOACbKE JKXUTJIO Cinbcobke TOCIIO/IaPCTBO JIIOJACbKE JXUTJIO

PanioakTuBHi Bigxoam IVIMOBI Ta3u MinepaJi. no6puBa IVIMOBI Ta3u

mo0OyTOBi CcTiuHi
BOJU

biommau, otpyTo-ximikary,

moOyTOBI CTiYHI BOAU
MeCTUIINN 00yToBi ¢ 04

[TpomucioBi cTiyHi BoAK

TBepi TpoMuUCIOBI

BiXOI TBepi 10Oy TOBI BigX0MM

MemiopaHTu IpyHTY

TBEp/i 1100y TOBI

Bigxomu Ex3orenni ximiumi

PEYOBHHU, 110
BUKOPUCTaHi B OOYTI

[TpomucoBi BUKUAU B
aTMocdepy

Crivni Boau 1 TBepi BiIXON
TBAPUHHUX KOMIIJIEKCIB

*ckaadeno asmopom na ocnosi [1; 4]
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— JIOCJIJUKeHHS CTaHIApTiB, MOB’SI3aHUX
3 npodeciiiHuM 310pOB’sIM 1 GE3TEK0I0;

— aHaji3 TeXHIYHOl 3/iMCHEeHHOCTI
poOKu Bigxoxis [5].

Jlskepesa BiIXoAiB MOXKYTh OyTH OIKCaHi Ha
OCHOBI Pi3HOMaHITHUX (PYHKITIH Cy4acHOTO Cy-
crisiberBa (Tabir. 2).

Harenep BHMKOpHCTaHHS TPOMUCTIOBUX Bijl-
XofiB st moTped OyaiBesbHOT IHAYCTPIl cTaHo-
BuTh Menmre 20% mopiunoro obesry ix yTBO-
pennsa. Hampukmian, y dopHiil Mmeramypril s
BUTOTOBJIEHHS Oy/IiBEJIbHUX MarepiaiiB PisHOTO
NPU3HAYEHHSI BUKOPHUCTOBYETLCS HeE3HAYyHA 4Ya-
CTHHA PO3IJIABJEHUX NLJIAKIB, a BeJIMKA YaCTUHA
BiJIBAJIbHUX IIJIaKiB HE 3HAMIIIA 3aCTOCYBaHHI.
bBararopiuni pocmi/pkeHHsT 1 MeTOM yTUJIi3allil
BIZIXO/IIB Y MeTaJyprii B OCHOBHOMY IIOB’si3aHi
3 OTpUMaHHAM OyAiBeJbHIX MaTepiagiB Ha OC-
HOBi JIOMEHHWX TLIaKiB. Bigxomu BUpOOHHYMX
KOMILJIEKCIB MeTaTyPriiHUX MiJANPUEMCTB € JIKe-
pelaMu eKOJIOTIYHOTO HeOIaronoyddsi B peri-
OHax: TeKTap IIJIAKOBUX BIJBAJIB 3[aTHUI 3aB-
JlaBaTU WIKOAM CYCIAHIM 3eMJISIM Yy pajilyci, gK
MiHiMyM, 5 TektapiB. BogHouac Bigxoau migmpu-
€MCTB YOPHOI MeTaJypril, Taki K IPaHyJIbOBaHi

nepe-

Ta6Guus 2. [xxepena BigxoziB

KHCJI BarpaHKOBI 1IIJIAKH, MOKYTb TIOBHICTIO BH-
KOPUCTOBYBATHCS B OyIiBHUITBI. Jlj1s1 puKaLy:
kucai nutaku Cymcebkoro 3aBomy «lIleHTpostiTs
3aCTOCOBYBAJIKCST Y BUPOOHUIITBI TIETJIM TJIUHS-
HOI 3BMYAlHOI, 2 B MOJIOTOMY BUTJISI[II — IILJIAKO-
ayskHOro 6erony mapok 100 ... 400.

[TigmpreMcTBaMu TipHUYO-TO0OYBHOI i TipHU-
YO-XIMIYHOI Tajy3eil MOPiYHO BUI0OYBAIOTHCS
COTHI TOHH MiHEPaJIbHOI CUDOBUHM, B SIKill TIpU-
MaTHI 711 BEPOOHUIITBA Oy IMaTepiasiiB MOMmyTHI
MiHepaIi CTaHOBJISATH ychoro 6/m3bko 10% rip-
cbkoi Macu. Barato mopig MoXyTh OyTH 3acTO-
COBaHI SJK HAIOBHIOBAUl Ta JJOMINIKU Y BUTOTOB-
JIeHHI GeTOHy, 3aJ1i300€TOHY, HErJIH, TTOPUCTUX
3aI0BHIOBAYIB.

lipHudyom06yBHA  ITPOMUCIOBICTh  TIPU3BO-
IUTHh 10 MOPYUICHHS 3€MHOI IOBEPXHi, BUOYT-
TS 3eMeJlb i3 CLIBCHKOIOCIOAAPCHKOr0 000POTY
i 3abpyauenns Bizxomamu. Ha exuromy y Cym-
CbKill obusacti kap’epi 3 BUAOOYTKY KBapIUTO-
Boro 1e6nio 3a 110 pokiB iforo excruryaraiii
YTBOPUJIMCS BeJIMUE3HI BifiBaiu MOOIYHOTO TIPO-
IYKTY, Tak 3BaHOTO <«Inebepitys. Lleil mpomyKT,
0 MIiCTUTh KBapIOBHWI TMCOK i moapiOHeHuMit
KBapIuTOBHUil mebinb dpakii 3 ... 10 MM y Kijb-

Buz nignapHoCTI

Omnuc Binxonis

[TpomucoBicTb

3QJIUTIKU TPOYKITT
Gpak TPOAYKILi

[yproBa Toprisig

Gpak TPOAYKITi

Pospibna Toprisist

opratiuHi Biaxoau (Bi mepepoOKU IPOAYKTIB XapuyBaHHs )

Tapa
Gpak TPOAYKILii

XapyoBi BiAXOIHN

CroxuBaui

YIaKOBKa PO3APiOHIX ToBapiB (Marip, CKJI0, MeTaJI, MIACTUK TOIIO)
BiIX0/1 Bifl 1iepepoOKu ki (OpraHivHi Bixoan)
Hebeaneuri Bigxoau (XiMikatu, Macja)
BeJMKorabapuTHi Bizxoau (crapi Mebui ToIo)

Tapa

CaJIOBI Bixoau

byniBHuIITBO Ta 3HECEHHS

GETOH, 11erJ1a, 3aJ1i30, IPYHT TOIIO

JisiapHicTd iHdpacTpyKTYypH

11K, 30J1a 1 TOIKOBKH Ta3 y BUPOOJIEHH] eHeprii

MapKoBi BiIX0OU
BIJIXO/IU TTiCJIg YMCTKU BYJIUIIH

BIiJIXOIM CTIYHUX BOJL
JIIKapHSHI BiIX0a1

ITepepobka BigxoxiB

IMPOAYKTHU OUYUIIEHHA IIJIaKy, 30JIM Ta TOIIKOBOTO ra3dy

Opax TIijT 9ac COPTYBaHHS

y pasi CITaJIIOBaHHA

*cxaadeno asmopom na ocnosi [4; 5]
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KocTi 10 15%, He BUKOPUCTOBYETHCS B OYIiBHHU-
I[TBI Yepe3 3HAYHUIN BMICT Ti[POCTIOANCTOI Kao-
JiHITOBOI T/MHK. 3amacu T1iepebiTy y BiBaax
3HAYHI 1 WOro MOKHA YCIINIHO BUKOPUCTOBY-
BATH sIK 3allOBHIOBAY y MITAKOTYKHUX OETOHAX
[4]. BupoOHUITBO Takux OGETOHIB YCIINIHO 31-
JICHIOEThCST B OyAiBebHUX opraHizamisx [ry-
xoBa, [Iytusng, Konorona, Kposesiis.

[lixmpuemMcTBa TENMIOEHEPTETUKN € OJHUMU
3 OCHOBHUX 3a0pyIHIOBAYiB HABKOJHUIIHHOTO
cepenosuia. bamspko 32% 3emenb YKpainu 3a-
opynneni sukugamu TEC [2].

3apyOiKHUIT Ta BITYM3HAHUI JOCBiJ 3acBii-
4ye, 10 HAWGLIBIIT MEPCIEeKTUBHUM € BHKO-
PUCTaHHSI 30JIM 1 MAJUBHUX IIJIAKIB SIK 3al0B-
HIOBauiB y BHUTIOTOBJIEHHI OETOHIB i II€eMEHTIB
Ta NOPUCTHUX 3aIIOBHIOBAYIB.

Y CIIIA 301 TEC BBozisiThCST B OETOHHY CY-
minr 10 5—10% 3aMicTh 1eMeHTy i Iie 306iJIbInye
IIJIBHICTB 1 cysibgarocTiiikicTs 6etony. B Ykpa-
iHI 1 3a KOPJIOHOM 30JIM, IIJIAaKW Ta 30JI011ja-
KOBI cyMilmi BiJ cmamoBaHHS Oyporo i xam'si-
HOTO BYTLJISL, aHTPALUTY 1 TOPIOYMX CJIAHIIIB
BUKOPHCTOBYIOTHCSI B OCHOBHOMY SIK J00OaBKH
0 GeTOHIB Ta y BMPOOHUIITBI TMOPUCTHX 3a-
noBHIOBauiB. Hanpukmazx, B AHruii 3071 BUKO-
PUCTOBYIOTBCS K JOMIIIIKH JIJIs1 YaCTKOBOI 3aMi-
HI [IEMEHTY 1 MCKy B KOHCTPYKIIHHUX OeToHaxX
B €HepreTHYHoMY Oy/IiBHUIITBI, B YKpaiHi — SK
HAIMIOBHIOBAY Yy TIOKPIBEJIbHUX 1 TiAPOI30JIAIINA-
HUX MaTepiaJiax.

Haii6inbir  e(heKTUBHOIO —Tajly3310  3acTo-
CyBaHHSI IIJIAKIB 1 30J1 € JOPOKHE OYyiBHUII-
TBO, /e iX BUKOPUCTOBYIOTb JJIsI MiJICTUIAI0UNX
1 HUJKHIX 1IapiB OCHOBM, YAaCTKOBOI 3aMiHU B’SI-
Ky4nx st crabisisariii rpyHTiB, SIK MiHepasb-
HUI TIOPOTIOK B acabrobeToHax i K 100aBKH
B JIOPOKHIX IIeMEHTHUX OETOHAX.

3a pesyJbTaTaMyd TEOPETUYHUX JAOCJiKEHb
HaMU PO3POOJIeHA MPUHIIMIIOBA TEXHOJIOTIYHA
cxeMa BUPOOHUIITBA a30€CTOI[EMEHTHOTO BSIKY-
4oro i OyiBeIbHUX MaTepiasiBs, sika MOKe OyTH
BUKODHCTaHa Ha IMAMPUEMCTBAX a3becTorle-
MEHTHOI HPOMHUCJIOBOCTI K JIOMOMiXKHE BUPOO-
HUIITBO.

Texnosoriuna cxema 1ependOavac:

1. TpancnopryBanusi Matepianis: 3o1ma TEC,
cKJ1001i, BaITHsHI BiIX01HU, KBAPIIOBUI MiCOK /10-
CTABJISAIOTHCA 3aJII3HUYHUM 1 aBTOTPAHCIIOPTOM.

2. 36epiranHs MaTepiasiB: yci MaTepiaam Mo-
KyTh 30epiraTicsl Ha BiAKPUTHX MailjlaHYMKax
il HaBiCaM.

3. IlixrroTOBKa KOMITIOHEHTIB: Tepe]] 103yBaH-
HSIM yCl KOMIIOHEHTH HONEPeHbO IIPOCIBAIOTHCS

i B pasi HeoOXigHOCTI ApoOAAThCS. 3a HeOOXi-
HOCTI MaTepiaju MPOCYIIYIOThCSI.

4. Jlo3yBaHHS BCiX KOMIIOHEHTIB 3/1IiICHIOETh-
CsI 32 MAcoIo i 3a 06CSITOM.

5. BurotoieHHst B'SLKY4OTO  371iHCHIOETHCS
y CTYIMIHYACTOMY MJIMHI YAApHO BiOUBHOI .

6. B'sukyumii KOMIOHEHT i JApiOHUIT 3armoB-
HIOBaY 31 CKJIAJiB MOJAEThCs Y BUTPATHI OYHKe-
pa, ZI03YETbCS 10 Maci.

7. IlpuroTyBanHgd  cyMilli  3/iICHIOETHCS
y CTPUKHEBOMY 3MilllyBayi, e BiOyBa€ThCs ro-
MOT€eHI3allisl Macu.

8. opmyBanHs BUPOOIB BiAOYBa€ThCS Ha
mpecax MeTOZOM HaIliBCyXOro MpecyBaHHS, a
TaK caMO TPaHYJISIIEI0 i BUTOTOBIEHHSIM Oe-
TOHIB.

9. Cupetb BUPOOIB 3aBaHTaKYETHCST Ha BArO-
HETKH 1 HaJXOJNUTh Ha TEILIOBOJIOTY 0OPOOKY.

10. TotoBi BipoOK HAIXOAATH Ha cKaz [1; 5; 6].

ITix yac mepepoOKH BiAXOAiB XiMiuHOI Ta TIe-
pepoOHOI Tay3eil MPOMKCIOBOCTI OTPUMYIOThH
JTOMITIKH J17Ist GETOHIB, 32 IOIMTOMOTOIO SIKMX PETY-
JIOIOTH Pi3H1 BJACTUBOCTI CyMilIel: 3MEHIICHHS
BUTPAT I[EMEHTY; 30iIbIIeHHS MIIIHOCTI OETOHY;
TOJITIIIEHHsT  BJIACTUBOCTEN OETOHHOI CcyMmiTi;
peryJoBaHHsI MPOIlecy TBEPAIHHS, TEIJIOBUI-
JIEHHS; CKOPOYEHHS TPUBAJOCTI TEIJIOBOJIOTOI
00pOOKM; MiZABUIIEHHS MOPO3OCTIKOCTI, BOJO-
HEMPOHUKHOCTI, CTIHKOCTI B PI3HUX arpeCUBHUX
cepeoBUIIaX.

BennyesnuM BHYTPITHBOTOCIIONAPCHKUM Pe-
3epBOM OY/IIBHHUIITBA € BiAXOAU IEPEBOOOPOO-
HOTO BUPOOHUIITBA Ta JIicO3aroTiBesb. KyckoBi
BiXOAM Big epeBOOOPOOKH, JiCO3aroTiBeb,
CTPY:KKa, TUPCA, KOPa, a TaKOX JedKl BiIXOU
BUPOOHUIITBA JICOXIMIYHOI MTPOMHCIOBOCTI —
npeKkpacHa CUPOBUHA JIJISE BUTOTOBJIEHHS Pi3HUX
KOHCTPYKTHBHO-TEILIOI30JISIIIHNX 1 03100110-
BaJIbHUX Oy/IiBEJIbHUX MaTepiasiB i BUpoOiB st
CTiH, TIEPEKPUTTIB, MiJJIOTH, TTOKPIBJIi, a TaKOXK
JUIST CTaHZAPTHOTO JOMOOYAyBaHHS. 3a CBOIMU
SIKOCTSIMM 1 BapTICTIO BUTOTOBJIEHHS TIPOAYKIIiS
3 JIEPEBHUX BIiJIXO/lIB HE TIOCTYIAETHCS MUPOKO
3aCTOCOBYBaHMM Harerep y OyIiBHHIITBI Mare-
piasam i Bupobam i3 3a/i306€TOHY, HATypaJIbHOI
JIepeBUHU, TJacTMAC TOIIO, a 3a JAeSSKUMU TeX-
HIKO-€KOHOMIYHUMMU TIOKa3HUKAMU HaBITh Iepe-
Bepirye ix [6].

Harenep cepiiodHy 3aHENOKOEHICTb BUKJIU-
KaloTh IPOTpecyioul BIXOAU TPAHCIOPTHUX
3aco6iB (BT3), 30kpema, aBTOMOOIIbHI IITHH,
SKi reorpadiuyHO JIeIIeHTPaJIi30BaHi i € MicIIeBOIO
TEeXHOTEHHOI0 CUPOBUHOIO TIPAKTUYHO B YCiX pe-
rioHax YKpaiHu.
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3 Bimomux crocob6iB yTumizaiii Haiibigbr
MacIiTaGHIM € BUKOPUCTAHHS B JIESIKMX KpaiHax
aBTOMOOIJIBHUX IIMH SK KOMIIOHEHTa IajiiBa
1eMeHTHOI npomuciaoBocti. OgHak 1eit crocid
ICTOTHO TOTIPIIYE €KOJIOTIYHUI CTaH PerioHy 3a
pPaxyHOK 3HAUYHOTO BU/IJIEHHS T/l Yac CHAJIo-
BaHHS CIPYaHOTO aHTifipuay. AHami3 HasBHUX
METO/iB IepepoOKK CBIAYMUTH IIPO Te, IO Haii-
Oibin eDeKTUBHUM i MEHII eHeproBUTPATHUM
€ MexaHiyHa TepepoOKa IHMH, M0 3abe3Ieuye
PO3JIiIbHE OTPUMAHHS KOMIIOHEHTIB Iepepob-
KM, TAaKMX SIK TYyMOBA KPUXTa, METAJIOKOP/, TeK-
CTUJIb Ta MOJAJbIIE KOMILIEKCHE 3aCTOCYBaHHS
ix y OyaiBesbHiii raﬂy3i [4]

BI/IKOpI/ICTaHHH BIZIXOZIiB Y BI/Ip06HI/IHTB1 6y-
NiBEJBHUX MarepiaiiB Moxe OyTH i HeBHTif-
HUM, HANPUKJIAJA, Yy BUIAJKaX: SKIIO BapTiCTb
BIZIXO/IB 3 YpaXyBaHHSM JJOCTaBKM IEPEBUIIYE
3arajibHy BapTiCTh OCHOBHOTO MaTepiasy 3 TpaH-
CTIOPTHUMHU BUTPATAMHU.

EBosortist y cepi OyaiBebHUX TEXHOJOTIH,
BUPOOHUIITBO HOBUX MartepiajiB CTUMYJIOE Oy-
NiBENbHUKIB 1 MPOEKTYBANbHUKIB OyTH OiJIbIII
pi3HOGIYHUMM, TMPUIIMATH CMLUIMBI Ta HEOP/IH-

HapHi pimeHHd. by/iBenbHa ramy3b nparte Biji-
MOBIZIATH BUCOKUM BUMOTAM HUHINIHBOTO CIIO-
JKUBaya.

Bueni, 3axmigBmu TexHosioriio  3D-apyky
i BliockoHaseHy (popMyJy 11eMeHTY, HaBYMJINCS
IPYKYBaTH SIK HEBEJINKI KOHCTPYKIIiI OyaiBesib-
HIX OJIOKIB, TaK i KOHCTPYKINI A/1st OyIiBHUIITBA.

HoBa TexHoJiorist 3abe3nedye MoBHY CBOOO-
Jly TBOPYOCTi Y MPOEKTYBaHHi OyauHKiB. YacTo
11T BUPOOHUIITBA «OETOHY» 3aCTOCOBYIOTH OY-
MiBeJbHI Ta MPOMUCJOBI BIIXOAM, a IS MTOCH-
JIEHHsSI KOHCTPYKIIi — CKJIOBOJIOKHO, 0a3asbT,
BOJIOKHA KOHOIEJb. TakoK BUKOPUCTOBYIOTHCS
pisHi mobasku. [yist OyaiBHUIITBA OYANHKIB TTPO-
MOHYETHCSI BUKOPUCTOBYBATU TJIMHUCTUN PO3-
YUH — CyMilll TJIMHU 1 HaTypaJbHUX BOJIOKOH;
CYMIII BOJOCTIMKOTO TJUHUCTOTO B'SXKYy4OTO
3 TOAPIOHEHNMH BiZIXOZaMK IOJIMEpPIB, KapTo-
HY, CKJIa Ta Tarepy.

3D-apyK 103BOJISIE OTPUMATH YHIKaJIbHI Oe-
TOHHI (popMu 6Ge3 omamyOKu, ICTOTHO CKOPO-
TUBILYU [IPYU I[bOMY BUTPATHU KUBOI TIpalli Ta yac
3Madi 00’€KTa, 10 € 3HAYHOIO TEPEBAroio0 3acTo-
CYBaHHS TaKOl TexHoJorii [6].

| PecypcozabeznedeHHs Ha BCIX cTajligX OyAiBeIEHOr0 BHPOOHHIITBA |

v

Knacudikaimia pecypciB 6yIiBHHIITBA

|

Haykoei po3poOKH Moo
pecypco3zabesnedeHHsa

T

Pozpobka nporpamMu pecypcozabesnedeHocTi OyIIBHHIITEBA

- .

Teopernune VYV IockoHaneHHA
OOIPYHTYBAaHHS CHCTEMH METOJHYHHX OCHOB
pecypco3abesnedeHHs pecypco3abe3nedyeHHsA

3apyOLKHHIT JIOCBiL B

HasBHI pecypcu
pecypco3abe3neueHHi

OyaiBenbHOI ramysi

.

DopMyBaHHA MeXaHIZMY
pecypcozabe3nedeHHsA

CyTHICTB | Pecypcuuii morenmian ExoHOMiuHa
—| pecypco3abesnedeHHSs CKJIaJIoBa:
— IHBeCTYBaHHA,
—] IIpHUHITHITH EdeKTHBHICTH UiHOYTBOpPEHHA
pecypcosabesnedeHHsA — pecypcosabe3nedeHHs
ITpaBoBa CKIazioBa:
- IMOJaTKH
I BaKOHOMlpHOC'TI Eq}eKTIIBHlCTB ] IUIaHyBaH},[ﬂ,
pecypcosabesnedeHHs | pecypcoszbepexenHa TapHbiKaris

A

Oprasizaliifina

—ll- ITpoekTyBaHHS iIHHOBAIIIITHOI CHCTEMH pecypco3abesnedeHHs | CKJIaJloBa: IIpaBoBe
= 3a0e3neueHHA
| Exonoro-coniaJlsHO-eKOHOMIYHHI aHai3 JOCATHYTHX pe3yIsTaTiB |
~

BnpoBa/3KeHHs IporpaMH pecypcosabesnedenHs Oy/1iBHHIITBa
(y T.4. 32 paXyHOK BHKOPHCTAaHHA Bi/IX0/1iB BHPOOHHIITE)

Puc. 1. Po3poOka mporpamu pecypcosabesiedeHocTi Oy1iBHUITBA
*D03po0IEHO ABMOPOM
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BukopucranHs B OyAiBHUITBI BiZXO/IiB BJIac-
HUX Ta IHIINX BHUPOOHWIITB, BIIPOBA/KCHHSI
IHHOBAIIIHUX TEXHOJIOTIN CIIpIMOBaHe Ha JI0-
CSITHEHHSI 1[eHTPAJbHOTO 3aBIaHHs OyiBeJbHOI
ranysi — pecypcosabesredeHts, eQeKTHBHICTh
SIKOTO 3aJIe5KUTh TIEPIT 32 BCE BiJl BUMOT, 1[0 BU-
CYBAIOTBCS JI0 caMuX pecypciB. Mu BBaskaeMo
3a MOJKJIBE BH3HAYMTH PECypCco3abe3reueHHsI
Oy/iBEJIBHOTO MANPUEMCTBA K KOMILIEKCHUI
TIPOIIEC, CIPSIMOBAHIIA Ha 3aI0BOJIEHHST TIOTPeOH
OyamiBesbHOI Ooprasisaliii y BCiX BHUmaxX HeoOXij-
HUX PECyPCiB y I0CTaTHHOMY Ji7Ist Oe3nepebiiiHo-
ro BUPOOHMIITBA 00OCSI31 [T TOCATHEHHST CTpa-
TETIYHOI METH PO3BUTKY opranizariii (puc. 1).

[IpoaHasTi3yBaBIIK CUTYaI[il0 Cy4acHOTO Oy-
JIBHUIITBA, MU MPUUTILIN 10 AYMKH, 110 AeiluT
pecypciB BUHHKAE He TUIBKH 3 TPUYMH He30a-
JIAHCOBAHOCTI IOTIUTY 1 IPOINO3UIIil, HEJOCKOHA-
JIOCTI B HAJAroj;KeHH1 TOCIO/APCHKUX 3B’S3KiB,
ajie i B HepO3yMHIil mostiTuIl cy6’'exTa pecypco-
3abe3MeyeH s 3 BUKOPUCTaHHSI BTOPMHHOI CH-
poBuHE (BiZXOiB BUPOOHUIITB), (GOPMYBAHHS
3araciB MaTepiaJibHUX PeCyPCiB, 1X ONepaTUBHO-
IO BUKOPUCTaHHSI.

ByniuuiTBo, Ha BiIMIHY BiJ| IHITUX TaTy3el,
Ma€ HeBHKi Habip BigMiHHOCTEl, 0COOIMBO B Ya-
CTHHI TIOCTAYaHHSI PeCypPCiB, 110 TIOB’I3aHO 3 TIeB-
oM 00’ektoM. Kpim Toro, 6araTo mepepbadeHnx
MTPOEKTOM PECYPCiB MOKYTh BUKOPUCTOBYBATHUCS

TIJIBKM B MipPy HAJIXO/KEHHS, a He CKJIA[yBaTUCS
y Burasii 3amacis. 1le HeoOXifHO BpaxoByBaTH,
3aJIy4aiovu BiIX0Au BUPOOHUITB [6].

BuicHoBKkH. Y Oy/IiBHUIITBI MUTAHHS BUKOPHU-
CTaHHsI BiZixoiiB mepebyBae came Ha yaci. Bizxoan
IPOMUC/IOBHX BUPOOHUIITB HATEIIED BUBYAIOTHCS
JIOKAJIbHO, 3 KOHKPETHUM 1X COKUBaHHSM. 11po-
6J1eMy K JIOIIBHO BUPIIIYBATH KOMILJIEKCHO, Ma-
FOYM Ha MEeTi CTBOPEHHsI Oe3BiIXOIHMX TEXHOJIO-
riif, 10 3a6e3MevyioTh 0XOPOHY HABKOIHUIITHBOTO
cepeloBuIla. bynIBHUIITBO € MPOBIJHOIO TaJly3-
310 /1711 BUPILIEHHS 11bOTO 3aB/aHHSI.

SAx mokasye anasi3, BUKOPUCTAHHS BiJIXO/IB
31€01TBIIOr0 JI03BOJISIE ICTOTHO 3HU3WTH CODi-
BapTicTh OyiBeNbHOI MPOAYKILi, 30inbuUTH
abo 36eperTu JOKPU30BHil piBeHb IPUOYTKY Oy-
MiBEIbHOTO MMAIPUEMCTBA 1 3HU3UTH TIOTpeDy
B IPOIIOBUX KOIITaX Ha TPHAOAHHSA CHPOBUHU
1 Marepiais.

Bupimennss Ykpainoto 3aBJaHb 3 KOMILJIEK-
CHOTO BUKOPWCTAaHHS BiIXO/IB TTPOMHUCJIOBOCTI
y BUPOOHUIITBI HAMMOBHIOBAYIB i JOMIIIOK € TI0-
TY;KHUM pe3epBoM iHTeHcudikarii OyaiBHUI[TBA
y CLIBbCBKIN MiCIEBOCTI, OAATKOBUM JIZKEPEJIOM
3abe3nevyeH st foro OyIiBebHIMHI MaTepiaaMu
1 KOHCTPYKIIISIMU, YTUJIi3allil MacOBUX BiIXO/IiB
1 OXOPOHM JIOBKIJIJISA. 3 IIEI0 METOI aBTOPOM
po3pobJieHa JIIsT BIPOBA/KEHHST TIpOTpaMa pe-
cypcoszabesredeHoCTi Oy IiBHIIITBA.
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USE OF PRODUCTION WASTE IN CONSTRUCTION

Abstract. The problems of accumulation and impact on the environment of industrial (technogenic)
industrial wastes are considered and the analysis of possible ways of using secondary products
of industrial production at the objects of construction organizations is carried out.

The expediency of utilization of industrial wastes and wastes of other productions for reception on
their basis of building materials and products is analyzed; the classification of industrial waste is
provided; the technology of construction waste utilization was developed.

We agree that the evolutionary processes in the field of construction technologies, the introduction
of innovative materials contribute to the adoption of bold and extraordinary decisions in
the construction industry. The construction industry faces the task of meeting the high demands
of today’s consumers. However, the development of construction is accompanied by an increase in
the negative impact on the environment.

It should be noted that in order to establish the waste recycling process, sufficient investment
and changes in the legal framework are needed. However, in the future it is possible to achieve
a lower cost of materials, possible savings of natural resources and reduce pollution.

It is confirmed that in today’s conditions the problem of waste disposal, which requires increasing
the size of areas allocated for landfills and landlfills and are in close proximity to residential buildings
of settlements, the issue of environmental safety is acute. And given that the strategy of waste
recycling for construction is still under development, all efforts in this direction are important.

A new technology of construction of buildings and structures is considered, which allows to express
more widely in architectural design complex forms, reduce the speed of construction of buildings,
improve their quality, robotize technological processes, save the environment and reduce material
costs. Although the use of secondary materials is cheaper and leaves a relatively small amount
of waste and needs to be transported, the benefits are still obvious.

Key words: analysis, production wastes, construction, building materials, technologies.
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Botinos M.A.
KaH/I/IaT apXiTeKTypH, JIOIIEHT, 3aBiyBayu Kadeapu OCHOB apXiTeKTYPHOTO MMPOEKTYBAHHS,
XapKiBChbKUIl HAIlIOHAJIIBHUI YHIBEpCUTET MichbKoro rocrojapeTsa imeni O.M. Bekerosa, M. XapkiB

Yyoaposa /1.C.
acmipanTka kadenpu apxitekTypu OyAiBesb i CIIOPYA Ta AM3aiHy apXiTeKTYPHOTO CEPeLOBUIIA,
XapKiBChbKUI HAIIOHAJIBHUN YHIBEPCUTET MichbKOTO rocriogapceTBa iMeni O.M. Bekerosa, M. XapkiB

THHOBAIIIITHI TEXHOJIOTTI TK 3ACIB TYMAHI3AIIT BY/IIBHUIITBA TAPKIHTIB

Anomauia. Y cmammi posensoacmscs npobiema neodxionocmi mooepnisauii ma 6npoeaorcenis
IHHOBAUIIIHUX MeXHON0ZIll Y Npoekmyeants napkinzie. Hasedeno npukiaou womupbox xowyen-
mie ucoxomexnonoziunux napkosok: CityLift Parking, Robotic Parking Systems, Automated Valet
Parking, Stan. IIpoananizosaro nepesazu ma HedoriKu KOICHOL 3 NAPKYBATLHUX cucmem. Y npoyeci
ypoanizauii npobrema ehexmusnozo UKOPUCTIANHS NPOCMOPY IHMEHCUBHOT HUMI060i 3a0ydosu
i hopmyeanus napinzie 6 ii ymoeax cmae sk HIKOAU aKmyarvrow. Y nepiod nocmindycmpiaio-
H020 PO3BUMKY MicbKkozo cepedosuwa y cepeduni XX cm. y 36’a3Ky 3 momaivhoio asmomobinisa-
UIEI0 BUHUKAE HEOOXIOHICMb CMBOPEHHS CYUACHUX THHOBAUTIIHUX, eKO0JI0ZIUHO Oe3Neunux napkinzis,
AKuUMU namenep Hawi micma npaxmuuno e ochaueni. Ocobauso 20cmpo cmoimo numanHs npo
NAPKYBATLHUL NPOCMID | HCUMT0BUX PATIOHAX, 8 AKUX ICHYE NPOOIEMA XAOMUUHOZO0 NAPKYBAHHS
uepes Henpasuibiy OPaHi3auiln NAPKYEAILHUX 30H, WO NPU3B00UMb 00 36YNCCHHS WUPUHIL NPO-
DICOAHCOT wacmun; 3HUNCEHHS. NPONYCKHOT CIPOMONCHOCTE BYIUUHO-00PONCHOT Mepedrci; yYcKkaao-
Henmus npoisdy cneymexnixu (CMIMmeB03i6, NONCEHCHUX Mawu, asmomodinie weuokoi donomozu
6 ymosax nandemii ma in.). bydienuymeo 106020 JcUMIA Y BEIUKUX MicMAax s611€ c000t0 6 Oc-
HOBHOMY BUCOKONOBEPXOBY THMeHCUBHY 3aby008y K eapianm naubitvw euzionuti 0ns 3a0y0oe-
HUKIB, SIKI CBOEI0 UeP20i0 MPUOLLIOMb MAL0 Yeazu opzanisauii napkinzie. Ha nomounuii momenm
asmomo0ini 30epizaiomocs y camux HegionoIOHUX MICUAX: Ha MPOMYAPAX, 2a30HAX | HABIMb HA
Oumsuux maiidanuuxax. Cmuxiine napKyeanis 6 JICUMIOBUX 30HAX MICM NPU3BOOUMb 00 Pi3kozo
SHUNCCHIHS, CAHIMAPHO-2i2IEHIUHUX NOKASHUKIE MiCbK020 cepedosuuya i 00 HezamusHozo 6niusy Ha
300p06’s 20po0sn. Ilosiea éenuxoi KitbKOCMI HeOP2ani308aHUX NAPKOBOK HA MEPUMOPISX HCUMILO-
60i 3a6ydosu npuseodumnv 0o dezpadauii i pyiHauii 1AHOWUADMHUX KOMNOHEHMIE MICbK020 cepedo-
BUWA, MEPUMOPI AKUX <3AXONTIOEMbCSL> MICUIMU 30epizantsi agmomobinie. 3 0ens0y Ha me, wo,
He36axcarouu Ha wopiune 30LIbWeHHS YUCIa asmoMoOLLis, Hawa Kpaina we cymmego sidcmac 6i0
PDO3BUHEHUX KPATH 30 UUM NOKASHUKOM, Yice HASAGHULL Dieerb asmoMoOLIisauii nepemsopioe 080pu
HCUMN0601 3a0Y006U MICT HA HEOP2AMI306aHI ABMOCMOSIHKY, WO 2060DUMD NPO HEGUPIUECHICTNL
Ub020 NUMAHHS K Y MEOPEMUUHOMY, MAK 1 Y NPAKMUUHOMY NILAHI.

Kniouoei cosa: napxine, nosi mexnonoeii, innosauiiine oyoienuumeo, eymanizauis, CityLift
Parking, Robotic Parking Systems, Automated Valet Parking, Stan.

IlocranoBka mpoOseMu. ABTOMOOGITI3aIlis
i PO3BUTOK JOPOKHBOI 1H(MPACTPYKTYPH MPO-
TAroM ycboro XX CTOJITTS BUCTYNAJIU KpPUTe-
piEM MOjiepHi3allil Ta eKOHOMIUHOTO IPOrpecy.
CrpiMKe 3poCTaHHSI KiJIBKOCTI aBTOMOOLIIB Ha
noyaTky XX CTOJITTS CIOHYKAJIO /10 CTBOPEHHS
CepeIOBUIITHOrO 00’€KTa 3 TIEBHIM 00’€MHO-ITPO-
CTOPOBUM PillIeHHIM HOTO apXiTeKTYPHOTO ce-
peloBHIa Ui KOM(POPTHOTO 0GCAYrOBYBaHHSI
HaCeJIeHHd, 1110 BOJIOAIE aBTOMOOLIAMU. Taku-
ME 00’€KTaMU TPaHCIIOPTHO-MIIIOXiAHOI iH(pa-

CTPYKTYpH JJisi 30epiraHHsl aBTOTPAHCIIOPTHUX
3ac00iB CTajM TAPKIHTM — INA3eMHI, Ha3eMHi
1 HamiBmigzemHi [1, c. 34].

I[lepmmii GaratopiBHeBWiA TApKiHr OyB Bij-
kputuil y nentpi Jlongona B TpasHi 1901 poky.
Bin BB c000I0 CeMUITOBEPXOBY OYAiBIIO Ha
100 mammHO-Micitb. ABTOMOOLTI Ha HOTPIOHMIA
MOBEPX JIOCTABJISLIMCS 32 JIOTIOMOTOIO €JIEKTPOJTI-
¢dra, a MOTIM yXKe CBOIM XO/IOM 3aiiMasiil BiJIbHE
micite. [lapkiHr BusiBUBCSI 3aTpe0yBaHMM, TOMY
cJizioM 3a HUM Oyui TIoOy/IoBaHi 1me iBi OyaiBi
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Ha 200 i 230 manmHO-Mictib. [lepmra migzemna map-
KoBKa 3'siBusiacss B Bapcenoni B 1910 poui B Oy-
JIMHKY, BUKOHAHOMY 3a ITpoeKTOM AHTOHIO [ayi.

Hareniep 3arajbHa ymcesbHICTh JIETKOBUX aB-
TOMOOILJTIB Ma€ TEHEHIIII0 0 3HAYHOTO 3POCTaH-
st [lounnaioun 3 1950 poky KiibKiCTh MaririH
y CBITi cTaja TOABOIOBATHCS MPHUOJIN3HO KOKHI
TecaTh POKIB. 3a MaHUMM JIOCJiKEHHS KOMIIa-
Hii Wards Auto, B 1970 pori Ha riateti Hamivy-
Basiocst 250 mutH mammh, y 1986 porti cBiToBmit
aBTomapk ckiazascs 3 500 MJIH OIMHUID TEXHi-
ki, B 2009 pori — 3 980 M, a B 2010 pomi —
3 1,015 mupa. 3a mporrosamu Navigant Research
yke 10 2035 pPOKy CBITOBHII aBTOIApPK OCSTHE
2 MJIpJT OIVHHUITb. 3i 301TBIITEHHSIM TEMITY 3POCTaH-
HsI YKCJIa IHAMBIyaTbHUX TPAHCIIOPTHHUX 3ac00iB
yce GiIbIIl aKTyaabHOIO € mpobieMa HeoOXiIHOCTI
MOJIEpHI3allil Ta BIPOBA/KEHHS HOBUX TEXHOJIO-
Till y TIPOEKTYBAHHS MapKiHTiB [2, ¢. 120—-121].

AHaJl3 OCTaHHIX IOCJHIIZKeHb. Y HAyKOBUX
TOCTIPKEHHSX TIPUIIISIETbCS HEOCTaTHS yBara
Takiit mpobaemaTuiii. Posrisaorses Jmiie il ok-
pemi acniektu [4, ¢. 4-5; 5, c. 109].

Mera poGOTH — PO3IJISIHYTH OCTAHHI TEH/IEH-
I[ii BUKOPUCTAHHS THHOBAIIMHUX TEXHOJOTIHN T
yac 3Be/ICHHS TApKIHTIB PI3HOTO THITY, a TaKOXK
BUOKDEMUTH HAWTONIMPEHIIT CBITOBI TPUtOMU
OymiBHUITBA 00'EKTIB TAKOTO POJLY /LISl BU3HAUYEH-
HS TeM TIOJIJIBIITNX HAYKOBUX JIOCHIKEHb Y 1IbO-
My HaIpsMi.

3aBIaHHS IOCITIKEHHST:

1. Buznaunty TeHzieHITii BUKOPUCTAHHS iHHO-
BaIlifiHIX TEXHOJIOTii1 OYiBHUIITBA APKiHTIB.

2. BusHaunTH HAWTONIMPEHIIT MTPUIIOMU 3Be-
JieHHs Ta Oy/IiBHUIITBA MAPKIHTiB Ha TIPUKJIA/I 3a-
KOPJIOHHOTO JIOCBITY.

Pesyabratun pociimkens. DaxiBii mouanu
PO3POOJIATH Pi3HI TEXHOJIOTI, SIKi 3MOKYTh BUPi-
IIUTY Bi/Ipa3y /1Ba 3aBIaHHS — CKOPOTHUTH TLIOILY
i/l TAPKOBKY 1 30LIBIIUTH YKCJI0 MAIIIHHO-MICIIb.
[3] Vxe HuHi icHye, 9K MiHIMYM, 4 KOHIIENITH BU-
COKOTEXHOJIOTTYHUX TIAPKOBOK, $KI ITIOYMHAIOThH
BIIPOBA/IKYBATUCS B JKUTTS Pi3HUX KpaiH [6]:

— CityLift Parking;

— Robotic Parking Systems;

— Automated Valet Parking;

— Stan.

CityLift Parking — OGaraToroBepxoBa aBTOMa-
TU30BaHa MApPKOBKA. Y TUX MICIIX, Jie Ha 3eMJil
MIPOCTO HE BUCTAYa€ MICI, HAMOMTUMAJbHIIINUM
pillleHHsIM Oy/ie BIIPOBa/UKEHHS TTAPKOBKU Y BH-
szl GararomoBepxoBoi Oyaismi. HuHi 3a Takoio
KOHIIeIIieio 3a0yaoBye tuiomnti Kommaniss CityLift
Parking. KibKicTh TOBEpPXiB 3a/I€KUTh Bijl TTapa-
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MeTpiB TIPOEKTY B OKpeMoMy BHIaJKy. Harpu-
Kiaaz, mapkoBka The Hive, sika posramroByeThest
B OxJieHzi, 3aiiMae 1uIonLy, sika 3Hazobuacs O
JIUIST CTOSIHKH 7 aBTOMOOIJIIB, ajie 32 paxyHOK TOTO,
II0 BOHA Ma€ KUIbKa MOBEPXiB, HA HI MOXYTb
BIJIbHO BMiCTUTHCS Bifipady 39 aBTo.

Cucrema TapkyBaHHS TIPAIlOE B aBTOMATHY-
HOMY PEKMMi — BOJiHl 3araHsic MaiiiHy B OOKC,
3iiicHioe ormiary i ize. Ilmatdopma BiZiBO3UTDH
aBTo B JT, MiAHIMAE TPAHCIOPTHUI 3acib Ha
HOTPiOHMIA TTOBEPX 1 BiIBO3UTH Ha MapKyBaJbHE
miciie. TTomiOHI MapKiHTH, 3a JOMOMOTIOI0 SIKHX
MOKHA €KOHOMUTH TEPUTOPIIO, HUHI CTAIOTh T10-
nyssipaivu y CIITA. Kommanist moGyyBaia Bixe
27 nomibuux cropyn y micrax Can-DpaHinucko
ta Oxsenzi (puc. 1).

BuxopuctanHsi ~ aBTOMATU30BaHUX  TapKy-
BAJIbHUX CHCTEM Y pa3i IPOEKTYBAHHS NAPKiHIIB
TIO3BOJIIE CKOPOTHUTH TIJIONTY T/l TIAPKOBKY, TTPH
IIbOMY 30LIBIIUTH TIOTEHIIIHY KiTbKICTh MaIiy-
HO-MIiCIIb.

3aJIeKHO Bi THITY OOJaHAHHS TaKi CHCTEMH
MOKYTh €KOHOMHTH /10 87% TUIONI BiJl CTaHAAPT-
HOI MapKoBKW. IIporec OTpUMaHHsS aBTOMOOLIIS
y [IBOPIBHEBill MNapKyBaJbHIN cUCTeMi 3aiiMae
BCbOTO 23 ceKyHmH, TpupiBHeBi — 40 cexyHI.
Y pasi 3poctaHHsI TOBEPXOBOCTI MAPKIHTy €KOHO-
MUTBCST OiJIbIIE TIPOCTOPY, ajie PH IIbOMY He3Had-
HO 30LIBIIYETHCS 1 YaC OTPUMAHHS aBTOMOOLIISL.
Sk TpaBUIIO, BOHO He TIEPEBUIIYE /IBOX XBIJINH.

Robotic Parking Systems. 1lle omun edex-
TUBHUI BapiaHT — BEpPTHKaIbHAa POOOT-TIAPKOBKA
KapyCelbHOTO THUITY, SIKy PO3POOJSE KOMITAHis
Robotic Parking Systems. Marmuina 3aikmKae
B OOKC, 3 SIKOTO IOTIM PYXa€ThCs B KOHBEEPHHIA
ocepelloK, a 3ailHATa CeKilid y Iieil yac ije Ha
THIITY HO3HUILIO.

[os10BHA BIIMIHHICTD BiJI IHIITUX MAPKIHTIB MOJI-
ra€ B PyXJMBOCTi. ABTOMOOIJI TIOCTIITHO TiepecyBa-
I0TBCS 32 ITPUHIUIIOM KapyceJi — 3BLIbHAIOTh MiC-
1e VIS IHIINX aBTO 200 BUIK/DKAIOTH /10 BJACHUKA.

Y poboTH30BaHOMY TapKiHTy KOKHI B'i3Hi/
BUi3HI BopoTa (TepMiHAIN) MOXYTb O0OCIyTO-
ByBatu 40 aBromoOiniB 3a oxHy roxuuy. Yac,
IPOTSTOM $IKOTO BiIBiyBaY MOJKe TPHUITApPKY-
BaTH MAIllMHy B TepMiHaJi, CTaHOBUTH 45 ce-
KYH/l — 1le MXKHapoAHUi cTaHaapT. bepyuun no
yBard Cyd4acHi BUMOTH 10 OETOHHUX MaHLyCHUX
MAPKIHTIB, TaKi K CUCTeMU HaBirailii, cuctreMu
KOHTPOJIIO JIOCTYITY Ta CHCTEMU OE3MeKH, MOJK-
Ha 3pOOKTH BHCHOBOK, 110 BapTicTh Oy/iBHUII-
TBa aBTOMATU30BAaHOTO Tapa’ka CTAaHOBUTH ia-
mazon Ha 500 MapKyBaJbHUX MiCI[b MEHIIIE, Hi)X
y TOPIBHSIHOTO Tapaka 3 OETOHHWM MaHIyCOM.



HOBI TEXHOJIOTII B BY IIBHUIITBI No 39 2021

Ty

'/
==

-
Z i
=

B
SN
AMIES, W

]

o p— pr—
d =

HE
JAF
'

Puc. 2. TIpukmax po60TH30BaHOI CHCTEMHU MAPKYBAHHS

PoGoTr30BaHi MapKyBajbHi CHCTEMH BHKO-
PUCTOBYIOTb Yy cepeanboMy Ha 90% MeHIe
3eMeJIbHOI TIJIONII JIJIsT TaKol K KiJbKOCTI Tap-
KyBaJbHUX MICI[b TIOPiBHSHO 31 3BUYAHUMU
HmapKiHraMu 3 OETOHHHUM ITaHAyCOM. 3a3BHYail
OeTOHHI MaHAyCH PO3paxOBaHi MaKCUMyM Ha
6 abo 7 piBHIB, poOOTH30BaHA CHCTEMA MapPKY-
BaHHsI MOsKe jocsirat 15 i 6isbie piBHiB. Buxo-
JISTYM 3 1[HOTO, POOOTH30BaHA CHCTEMA TAPKyBaH-
HS MOKe 3a0esneunty B 6 pasiB Oijblie Micii
NI TIAPKYBAaHHS HA Tiil JKe ILIOIIl TOPIBHAHO
3 OETOHHMM ITaHAYCHUM MapKiHroMm. Takox me-
peBaroio pobOTH30BAHUX MAPKIHTIB € IIBUAKICT

3BeJleHHsT OyaiBi: yac, HeoOXigHWH st moby-
JIOBH POOOTU30BAHOI CHCTEMU TAPKYBAHHS ITi[T
KJIIOY, 3aJ7IeXKUTh Bifl PO3MIPYy TIPOEKTY, OJHAK,
SK TpaBUJIO, oro MokHa BukoHatu Big 10 10
14 micaris.

Kommanist B 2018 porti mobyyBaia mapkoBKy
B Kysetiti Ha 2314 mictp, siky 3anecan B Kuury
pexopis I'nuecca. Po6otusoBana cucrema map-
KyBaHHs OiJIbIII €KOHOMIYHA, eKoJIoriyHa i 6e3-
mevHa, HiXK OyAb-KUN 1HIINE MiCBKHI crocio
napkoBku (puc. 2).

Automated  Valet
3aCHOBaHa Ha

Cucrema
IHTEJIeKTyaIbHO1

Parking.
B3aEMO/Ii1
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iHpacTpyktypn i TpaHCHOpPTHHX 3ac00iB.
IIpoexTt, Haj sikuMm 1paiiooTs Mercedes-Benz
i Bosch, mokasye mpuHmum po60oTH HTapKOBKH
MaiibyTHhOro. Takuii KOHIIENT M036aBUTh BOJIisI
BiJl IOIIIYKY BLIBHOTO MicIg 1 mapkoBku. Bce,
10 HeoOXifHO Oyie 3poOUTH — MPHUiXaTh B 30HY
BHCAJKHU, BUATH 3 aBTO i HATUCHYTHU B MOOLIBHO-
My fpo7aTKy Ha KHonky “Park” (puc. 3).

[Ticig mporo iHTENEKTyaIbHA CUCTEMA TTAPKY-
BaHHS 1 aBTOMIJIOT MAIIMHK 3'€/IHYIOTHCS 1 aBTO-
MOOiIb caMoCTiiiHO Toize Ha BiibHe Micie. Ko-
puzop pyxy OyayBaTuMe cama MapKOBKa, B SIKY
BMOHTYIOTb THUCAYl AaTyukiB. [loBepratucs 1o
BJIACHWMKa MallliHa Tex OyJie cama.

[IpoexT mouasnu crBopioBatu e B 2015 porii,
npotectyBasiu B 2017. 3apa3 cucrema Mae
O(biuiﬁHI/H‘/’I no3Bijg. Kpim Toro, ii BcTtaHoBHU-
JIU i aKTUBHO €KCILIyaTyloThb Y rapa>K1 My3eI0
Mercedes-Benz — 1e mepiia B CBiTi MOBHICTIO
aBTOMaTM30BaHa MapKoOBKa (3 4 PpiBHEM aBTO-
HOMHOCTI).

[TepeBaroro 0e3MiIOTHOI TTAPKOBKU € Te, IO
mapkoBKa 6Ge3 Bojist 3abesredye Oinmbir edek-
THUBHE BUKOPUCTAHHS HASBHUX MiCIb [T TIap-
KyBaHHS — Ha Tiii e TLJIOIIlI PO3TAIllOBYETHCS Ha
20% Oinpine TpaHCIOPTHHUX 3aco6iB (odiriiiHa
indopwmartiisi Bosch—Mercedes-Benz). Ilos’siza-
HO I[e 3 THUM, [0 MAIlUHK TapKyIOThCsT OibIin
HILJIBHO 1 32 BCiMa ITPaBUJIAMU.

MinycoM Takol apKyBaJbHOI CUCTEMHU € Te,
110 Yepes ceHcopHi TeXHo.Horﬁ 10 BUKOPHCTO-

Aulomalted

Yale! P;--‘m,/ "
-. [ ——

HSIM, a caMe HasBHICTIO (DYHKII aBTOMIIOTY
Ta aBTOTIAPKOBKH.

Stan. Kownrenr sjisie co600 poboTa-TmapKy-
BaJIbHUKA, KU BiZIBO3UTH MAIMHY Ha MapKy-
BaJIbHE MicIIe.

Huti Takux po6oTiB BUPOOJISIE T ITTPUEMCTBO
Stanley Robotics. Stan € aBTOHOMHUM TIPECTPO-
€M, SIKUI 32 JIOTIOMOTOIO CITeIliaTbHOI TIaTdOop-
mu ikcye Koseca aBTOMOOIS, MmifHIMae Horo
i mapkye BaseToM. Baserna mapkoBka mepenba-
Ya€ PO3MIIIEHHST aBTOMOOLTIB MaCasKMPChKUMHE
JIBeprMa OJMH /0 OAHOTO SIK MOKHA OJIMKYe
Gopramu. OTsKe, 3aIUIMIAETHCS TOCTYI 70 BO-
NiHChbKUX JIBepel, a Ha OJHIl 1 Till ke CTOSHII
MOJKHA BMIiCTUTHU OiJibiie Manmii. Tomy 3amicTh
170 cranpapTaux Micip 3’aBasieTbes 270 Micib
JUISL BaJIETHOI TTAPKOBKM: HEOOXIAHOCTI 3ajIuia-
TH BijbHe Miciie 3 OOKiB aBTO HEMae€, TOMy iX
MOKHA CTaBUTH MPAKTUYHO BIPUTYJI. Takox
IepeBaroio € Te, Mo KJIIEHTY He ToTpibHO Opa-
TH y4yacTb Y TIpOIleci TMAPKyBaHHST aBTOMODOIIS,
BiH 3aBO3WUTh aBTO B GOKC i TPOBOJIUTH OILIA-
Ty B TepMiHaJI, MCJsT [[OTO MPUIKIKAE POOOT
1 BifBo3uTH 1i Ha BijbHe Miciie. HioancoMm BUKO-
PUCTAHHA TaKOl CUCTEMU € Te, 10 /IS 11 KOPeK-
THOI poOOTH Hacamiiepesl HeoOXiIHO 030y THCs
Oy/ib-sIKMX TPILIMH i HePiBHOCTEN Ha TOPOKHBO-
MY TIOKPUTTI, a TaKOK YCYHYTU TIePEeIIKON, SIKi
MOJKYTb 3aBakaTu poOoTi pobdoTa (puc. 4).

Bucnosku. Po3pobku y cepi mapkinry pos-
BUBAIOTHCS 3 KOKHUM POKOM. VIMOBipHO, Bike
yepes JIeKibKa POKiB OiIBIIICTh KpaiH 3MOXKYTh
YVHUKHYTH IPO0JIEM Y 3aBaHTasKEHOCT] TEPUTOPIIA.

Puc. 3. [Ipuknas iHTEIEKTYQIBHOI CUCTEMY TTAPKYBaHHS
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Puc. 4. TIpukaj poboTu BaJeTHOI TaPKOBKH

DopmyBaHHs KOMGBOPTHUX 1 OE3MEYHUX YMOB
ICHYBaHHS JIIOJJMHU B XKUTJOBOMY CepelloBUIIl
€ OIHMM 3 MPIOPUTETHUX HANPSAMIB MicTOOY-
NyBaHHH, TOMY Iepell apXiTeKTOpaMu I0CTaJIOo
3aBlaHHST BUPIMUTH TPobaeMu (OpPMyBaHHS
NapKiHTIB B YMOBAaX HasBHOI iHTEHCHUBHOI KUT-
JI0BOi 3a0y/I0BM Ta PO3POOKH HOBHMX apXiTek-
TYPHO-TIJIAHYBAJbHUX PillleHb KUTJIOBUX KOMII-
JIEKCIB 3 TIapKiHTaMH, 110 JJal0Th 3MOTY 3BOAUTU
JKUTIOBI OyAiBII Ha 3aTiCHEHUX TEPUTOPIsAX
3 JIOCTaTHBOIO KIJBKICTIO TTAaPKyBaJIbHUX MICIIb.

TakMm ymHOM, aHaJi3 MApKIHTIB B yMOBax
iHTEeHCHBHOI JKHMTJIOBOI 3a0yA0BU Yy BEJIUKUX
i HAFIOLIBIIMX MiCTaX JO3BOJIUB BUSBUTH OCHOB-
Hi TeH/leH1Ii1 iX (hopMyBaHHS:

— KIJIBKICTh aBTOTPAHCIIOPTY HE JI03BOJISIE
pO3MiIyBaTH aBTOMOOII Ha IPUIETIiil TepuTo-
pii Ta BYJHISX, 1[0 BEAYTh 10 OYAUHKY;

— Opramisaifisi apxXiTeKTYpHOTO Cepe/l0BU-
a Mici[b TapKyBaHHS aBTOMOOLIIB ITOBHHHA
CTBOPUTH MOKJIMBICTh 3abe3MeYeHHs] HacesleH-
HS MTAPKiHTaMU 3 JOTPUMAHHSIM SIK HEOOXiTHUX

MlCTO6yI[1BHI/IX I CaHiTapHO-TITIEHIYHUX YMOB,
TaK i eKOJIOTIYHOTO 1 TICUXOIOTIYHOTO KOMDOPTY
AKTUBHOTO 1 ITAaCMBHOTO KOPHMCTYBAaHHSI TaKOIo
poay o0’ekramu;

— BHOKPEMJICHHS pi3HuX npuiioMis (popmy-
BaHHS NAPKyBAJIbHOI 30HH JUIsI TPUBAIOTO 30e-
piraHHs i THMYacOBe TTapPKyBaHHsT aBTOMOOIIB;

— HasBHICTb BHUCOKOTEXHOJIOTIYHUX KOH-
CTPYKTUBHHUX pillleHb NApPKiHTIB B yMOBaX KUT-
JIOBOI 3a0y10BH;

— 3abe3meyeHHsT HeOOXIHOI KiJbKOCTI map-
KYBaJIbHUX MICI[b 32 PAXYHOK BUKOPUCTAHHS 1H-
HOBAI[IMHUX TE€XHOJIOTIH MapKyBaHHS;

— HeoOXigHicTh (hOpPMYyBaHHS HOBHX 00’€M-
HO-IIJIAaHYBAJIbHUX PillleHb MapKiHTiB;

— JIOCJI/KeHHSI HOBUX TeXHIYHUX PO3PO-
GJ1eHb y rasysi POEKTYBaHHsI CHCTEM 30epiraH-
HSl aBTOTPAHCIIOPTY.

Y XXI cr. Heobxigno crBoputu OiibIT TY-
MaHHYy OpraHi3allilo MMapKiHTiB B YMOBaX 1HTEH-
CUBHOI KUTJIOBOI 3a0y/I0BM 3 BUKOPHCTAHHSIM
edexTHBHUX MicTOOYMIBHUX 3ac00iB i HOBUX
TEXHOJIOT1H.
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INNOVATIVE TECHNOLOGIES
AS A MEANS OF HUMANIZATION OF PARKING CONSTRUCTION

Abstract. The article considers the problem of the need to modernize and introduce innovative
technologies in the design of parking lots. Examples of four concepts of high-tech parking are
given: CityLift Parking, Robotic Parking Systems, Automated Valet Parking, Stan. The advantages
and disadvantages of each of the parking systems are analyzed. In the process of urbanization,
the problem of efficient use of space for intensive housing and the formation of parking lots
in its conditions becomes more relevant than ever. In the period of post-industrial development
of the urban environment in the middle of the twentieth century. Due to total motorization, there
is a need to create modern innovative, environmentally friendly parking lots, which our cities are
currently practically not equipped with. Particularly acute is the issue of parking space in residential
areas where there is a problem of chaotic parking due to improper organization of parking areas,
which leads to a narrowing of the width of the carriageway; reducing the capacity of t%e road
network; complicating the passage of special equipment (garbage trucks, fire trucks, ambulances
in a pandemic, etc.). Construction of new housing in larger cities is mainly high-rise intensive
construction, as the most profitable option for developers, who in turn pay lttle attention to
the organization of parking lots. At present, cars are stored in the most inappropriate places: on
sidewalks, lawns and even on playgrounds. Spontaneous parking in residential areas of cities
leads to a sharp decrease in sanitary and hygienic indicators of the urban environment and to
a negative impact on the health of citizens. The emergence of a large number of unorganized
parking lots in residential areas leads to the degradation and destruction of landscape components
of the urban environment, the territory of which is “captured” by car storage spaces. Given that,
despite the annual increase in the number of cars, our country still lags far behind more developed
countries in this regard, the existing level of motorization turns urban housing into unorganized
parking lots, which indicates the unresolved issue as in theoretical and pmctica?terms.

Key words: parking, new technologies, innovative construction, humanization, CityLift
Parking, Robotic Parking Systems, Automated Valet Parking, Stan.
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Jlonbacbka HallioHaJbHa aKajeMist OyiBHUITBA i apXiTeKTypH,

M. Kpamaropcebk, /loHerpka 061acTh

YCTATRYBAHHA 1A TPAHCIIOPTYBAHHA BETOHY
I YAC 3BEAEHHA BUCOTHUX CIIOPY L

Anomauisn. Ilideuwenns npooykmueHocmi i SHUNCEHHS, eHEPZOEMHOCTIL YCMAMKYBAHHSL, WO MPAH-
cnopmye bemon nio uac OYOiBHUUMEA BUCOMHUX CNOPYO € AKMYATLHUM 3ABOAHHSM.

Bemon moxce nodasamucs 0o micus yxiadanns: 6 6a00sx 6awumosum abo cmpiioeum Kpamom,
Y MpuioMHux OYHKepax wWaxmuum niOUOMHUKOM, Y KOBWAX NPUCTABHUM NIOUOMHUKOM, N0
mpy6onposodax 6emoHoHACOCOM.

ITi0 uac mpancnopmyeanns 6emony 6 6ad0sx, NPUILOMHUX OYHKEPAX, KOBULAX MAEMO SHUNCCHY
NPOOYKMUBHICTL MPAHCNOPMYBAHHSL, WO NOG A3AHA 3 UUKIIUHOIO POOOMOI0 YCIMAMKYBAHHSL.

Y pasi 6esnepepsrnozo mpancnopmyeanis 6emony 6emoHoOHACOCAMU MAEMO JOCUMb BEIUKY eHep-
20EMHICIIL T JHCOPCMKI 6UMO2UL 00 KOMNOHEHMIS CyMiuLi, 0OMexceny sucomy nodaui.

Y pobomi sanpononosane sucoxonpodyxmusne, enepeosbepicaioue i nadiiine ycmamyeanms nooa-
ui Gemony, CKAAOHUKAMU SKO20 € MOOCPHI308aHUI OauMOBUIL Kpa i 6emonopo3noditbua cmpiia.
Ha 6awmi m00epHi308an020 Kpana 6CMaH0IeH0 KOBULOBULL ee6amop 3 NPUUMAILHUM | PO3GAH-
maxcysanvrum Oyrrepom. Poseanmancysanviuii Oyrxkep nos’ssanuii 3 6emoroponodinpuoio cmpi-
1010 0€mOHON00ABATLHUMU MPYOAMIL.

3acmocysanns Mo0epriz06an0z0 6ammosozo Kpama, 001a0HaAH020 KOGUOBUM enesamopom 3 Oe-
MOHOPO3NOOLILYOI0 CMPLNO0, 00360aUMb; 3abe3neuumu Oesnepepsiy noodauy Gemony Ha 3HA¥HY
BUCOMY,; BUMPAUAMU eHEPZII0 YCIMAMKYBAHHA MILbKU HA NIOUOM CYMIULL; MPAHCROPMYEAMU CUNKI
mamepianu i 6emonu pisnux mapox; nodasamu 6emon y 6yodv-saxy mouxy Oydisenviozo maidan-
yuKa; CUNAMU 6IACHOT 8azu bemony 3abe3neuumu mpancnopmyeanis cymiwi no 6emononodasais-
Hux mpyoax.

Kniouosi cnosa: 0Oyoienuymeo eucommux cnopyo, nodaua Gemony, Oesnepepene
mpancnopmyeanns, modepnizoeanuii Oawmosui Kpan, OGemonoposznodivua cmpina,

Koewoeuli  eneeamop, nidsuuena

npooyxmueHicmo,

JHUJIICeHa euepzoemuicmb,

bemononooasanvii mpyou, bemonu pisHux Mapox.

ITocranoBka npo6;emu. BricoTre OymiBHuII-
TBO — Il¢ 3aKOHOMIDHUMI pe3yJbraT PO3BUTKY
CY4YaCHOTO MeTaroJIicy, 1o TOB sI3aHUii 3 BUTI/I-
HICTIO BKJIQJIEHHS KOIITIB 32 YMOBH ITPaBUJIb-
HOTO JleBeJIOTIMEeHTY TpoekTy. [lepmii xmapo-
YOCH 3BOJUJIMCS HA OCHOBI CTaJIeBOTO KapKacy.
[Mouynnatoun 3 60-X poKiB 3'sIBUIUCS KOMOIHO-
BaHi craje3asizobeToHHi Kapkacu. B ocras-
HE JIECATUIITT MOHOJITHUI 3a/i300€TOH CTaB
JNOMIHYIOYMM  KOHCTPYKTUBHUM  MaTepiajJloM
xMapouociB B €pori, IliBgenno-Cxinniit Asii
ta Ilepcuacpkomy 3anusi [1, c. 6], Tomy mizBu-
HIEHHSI POJYKTUBHOCTI 1 3HMKEHHSI €HePrOEM-
HOCTI yCTaTKyBaHHs, 1[0 TPAHCIIOPTYE GETOH i
yac 3Be/leHHs1 BUCOTHUX CIIOPY/l, € aKTyaJbHUM
3aBJlaHHSIM.

AHaJli3 OCTaHHIX JOCJI/’KeHb 1 myOJKaIrii.
ITij1 yac 3BeieHHsT BUCOTHUX CIIOPY /] GETOH MOJKe
MMO/IABAaTHUCS /IO MICISl YKJIaJQHHS: y OajIsix
6amToBUM ab0 CTPLIOBUM KPAHOM; y TIPUITOM-
HUX OyHKepax MIaXTHUM IiIIHOMHUKOM, Y KOB-
max MpUCTaBHUM TigiioMmHKoM (puc. 1), 1o
TpyboIpoBoaax GeroHOHAacocoM (puc. 2) i3 3a-
crocyBaHHAM abo 6e3 Geronoxobora [2; 3, ¢. 5].

B oxpemux Bumamkax 3acTOCYBaHHS JI€KiTh-
KOX TPAHCIIOPTHUX NPUCTPOIB, OAWH 3 SKUX
TPAHCIIOPTYE OETOHHY CyMilll Ha pobouy BH-
COTY, a 1HIII Ha I[iii BUCOTI PO3HOCATH y MicC-
IS YKJIQJAQHHS, [03BOJISE TABUIUTH TPOIYK-
TUBHICTb TPaHCIIOPTYBaHHS OeToHY. Bimommuii
JIOCBIJI 3aCTOCYBaHHSI JIEKIIBKOX OETOHOHACO-
CiB I Tofavi GETOHY 10 MicCIld yKJIaJaHHs
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HaBeneHnii 'y pobGori dipmu «Ilytnmaiictep»
[3, c. 5] (puc. 2).

Mix TUM Bizomo, 1110 GETOHOHACOC € JJOCUTD
eHEPrOEMHUM YCTAaTKyBaHHSIM, a 10 GETOHY, 110
TPAHCIIOPTYETHCST HETOHOHACOCOM, BUCYBAIOTHCSI
Taki BUMOTH [4]:

— JUIsT BUPOOHUIITBA CYMIIlli TIOBUHEH 3aCTO-
COBYBAaTHCsI I[eMEHT 3 JobaBKaMu-TIacTi(ika-
TOpaMU;

— Haiikpallle CHiBBiZIHOLIEHHSI BOJM /10 lie-
merty — 0,5-0,65 i TyT morpiGHO Bimurykatu
Gasamc, 3a SKOTO BiH He MOBHHEH OYTH CHUJIBHO

PiAKUI, 103adK BTPaya€ MIIHICTh, 1 HE CHUJIBHO
CYXWH, M03asIK BTPAyYa€E MIACTUIHICTD;

— kJac pyxauBocti He Mmenme [12, TI3, ane
Gaskano 14 i 115, Tomy 110 HeoOXinHa ocaxy Ko-
Hyca GeTOHY /it GETOHOHACOCA 3 TipaBIiuHIM
npuBozioM cTaHoBUTh 40—120 MM, a 115 Mexa-
HiyHoro mpuBoxy — 70-140 mm. Mana pyxmm-
BiCTh po3unHy ab0 CHIIbHE HOTO Po3IapyBaHHsI
3/aTHE TPUBECTH /0 MHOKUHHUX 3aKyMOPOK TI0
BCiil JIOBKIMHI GETOHOBOJLY;

— Ha JIETKICTh MepeKauyBaHHs BILINBAE BeJIU-
uynHa (pakifii HamoBHoBava. Jliamerp mebeHio

-
1
f ﬁ

4| 9%e

% e .

Puc. 1. Cxema nozaui 6eToHHOI CyMilii 3a 0MOMOTO0I0 6aIToBoro (a)
i crpimoBoro kpatis (6), maxTHux (B) i HpucTaBHUX (T) MiAHOMHUKIB
1 — 6ados 3 bemonnoro cymiwmio, 2 — onanyoka, 3 — po3MNCKIL,
4 — 6emonosana mpyba, 5 — waxmuuii niOHoMHUK, 6 — npuUMaILHULL OYHKeD,
7 — asmobemono6o3, 8 — nidiomno-nepecmagha onaryoxa, 9 — nidiiomua z0106xa,
10 — sisok, 11 — bemonosane nepexpumms, 12 — cmieunuii NIOUOMHUK,
13 — Koew 3 b6emonno10 cymituL0
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He ToBWHEH mnepeBuiyBatu 30% Bimx BHyTpill-
HBOTO JiamMeTpa GETOHOBO/IA, a PO3MIp IPaBilo —
40%. TakyM 4uHOM, Y pasi CTaHAAPTHOTO Jiame-
Tpa TpyOu GeroHoBoMa 125 MM 11ebiHb TTOBUHEH
OyTtu He GibimuM 3a 37 MM, a rpasiit — 40 mu;

— TIepeKadyBaHHS KepaM3uToOeToHy He Oa-
’KaHo (OLIBLIICT BIACHUKIB GETOHOHACOCIB He
GepyTbest TpokadyBaTh KepamautoGeron). ITif
TUCKOM y TPAaHCIIOPTHOMY TPyOOIpOBOzi Biaby-
BAETHCS <«BJIABJIEHHS» BOJW B TIOPU KEPaM3UTY,
B Pe3yJIbTaTi CYMIIl CTPIMKO TYCTIE 1 «BCTa€»
B TPyOOTIPOBO/II;

— 0eToH, 10 BUKOPHCTOBYETHCS, MOBUHEH
Biamosimatn Bumoram ['OCTy. Axmo momom-
Ka OETOHOHACOCY BUKJIMKAHA IepeKavyBaHHSIM
HEBIAMOBIIHOT CyMillli, TO KOMITaHisi-BUPOOHUK
3HIMA€ TEXHIKY 3 rapaHTil.

Y poborti [1, c¢. 6] BKasyeTbes, 10 s 3a-
OesleueHHs] BUKOHAHHA POOIT Ha BHCOTI 10
130—140 M BUKOPHCTOBYIOTH MPUCTABHI HaInTo-
Bi KpaHH, SIKi IIPUKPIILIIOIOTHCS /10 KOHCTPYKILIi
OymiBJi. Y pasi GiIbII0I BUCOTH ONTHMAIBHICTD
BUKOPUCTAHHSI MPUCTAaBHOTO OAIITOBOTO KpaHa
BUYEPIIYETHCS, TOMY JIJIsl 3BEJICHHSI CIIOPY/ BU-
cotoio Gimbire 130 M BUKOPUCTOBYIOTH CaMOTIiJI-
fiomHi kpauu [1, c. 6; 5, c. 5].

AHaJti3 HaBeJIeHUX JOCTIIKeHb 1 mybrikariii
MOKa3aB, 110:

Puc. 2. 3actocyBanHs cTamioHapHUX
OeTOHOHACOCIB Y KOMILIEKTi 3 GETOHOHACOCAMM
OETOHOPOBIOAIIBYMX CTPIJI

— T/l Yac 3BeJICHHS BUCOTHUX CHOPY/ [I0-
IIJIBHO BHKOPUCTOBYBATH CaMOIIiIiOMHI Oari-
TOBI KpaHU;

— 3aCTOCYBAHHS [IEKIJIbKOX TPaHCIIOPTHUX
IPHUCTPOIB, OUH 3 SKUX TPAHCIIOPTYE OETOH Ha
pobouy BHCOTY, a iHIImi Ha Tili BHCOTI #0ro pos-
HOCATH Y MiCIS YKJIQJJaHHS, J03BOJISIE T1i/[BUIIIN-
TH POAYKTUBHICTH OY/IiBEJBHUX POOIT;

— 110 GETOHY, 10 TPAHCIIOPTYEThCS GETOHO-
HACOCOM, BUCYBAIOThCS KOPCTKI BUMOTH;

— GETOHOHACOC € EHEPTOEMHKM 1 He 3aBIK/IH
HA/IIIHUM TPAHCIIOPTHUM YCTAaTKYBaHHSIM.

MeTta po0OOTH — 3alPOMIOHYBATH BHCOKOIIPO-
NIYKTUBHE, eHeprosOepiraoue i HajiiiHe ycTaT-
KYBaHHS JIJI1 TPAHCIIOPTYBaHHs OETOHY TIijl yac
3Be/IeHHST BUCOTHUX CHOPY/IL.

Buknan ocHoBHoro martepiamy. /[l moja-
4i GETOHY /10 MICISI YKJIQIaHHS TPOIOHYETHCS
3aCTOCYBATH KpaH 3 GETOHOPOZIOIIIBYON0 CTPi-
JI010, 00JTaIHAHII KOBIOBUM €JIEBATOPOM, TIPH-
AMaJbHUM 1 DPO3BaHTaKyBaJIbHUM OYHKEPOM
(puc. 3) [6, c. 3].

Kpan 3 06eTOHOPO3MOINBUOID  CTPLIOIO
CKJIAAa€ThCsT  Oe3mocepesiibo 3. TPHUCTABHO-
ro 6amToBOTO KpaHa 1, KOBIIOBOTO eJieBaTtopa
2, PO3BaHTaKHOTO OYHKEPHOTO MPUCTPOIO 3,
IPUIMAIbHOTO OYHKEPHOTrO MpUCTporo 4, Gero-
HOTIOJaBaIbHUX TPyO 5, OGETOHOPO3HABAIBHOI

fl
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JO000000004
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Puc. 3. Kpat 3 6eTOHOPO3IOAIIBYOI0 CTPIJIOI0
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crpism 6, BiGpoxoboTa 7, Kommpecopa 8. 3arpy-
3ka OETOHY B PO3BaHTaKyBaJbHUN OYHKEPHHUIT
NPUCTPIi 3  BHUKOHYETbCS 3  aBTOOETOHO-
3minryBava 9 (puc. 3).

Jlo ckyiamy KOBIIOBOTO eJjieBaTopa 2 BXO-
auth: npuBoguuidi 10 1 HatskHuit Gapaban 11,
HATSDKHUN TIpUCTpiit 12, jaHIior 3 KOBIIaMU
13 (puc. 3).

Kpan 3 6eTOHOPO3HOALIBLYOI0 CTPiIO0 Ipa-
ITIOE TAKVM YUHOM.

I[Tepex moyaTkoM pobOTH GETOHOPO3IIOIiIbYA
cTpisia 6 BCTAaHOBJIOETHCS B TEXHOJIOTTYHO 3pYY-
HOMY MicCIli i 0 Hei MOHTYIOThCSI GETOHOIIO/IA-
BaJbHI TpyOm 5. Bibpoxobor 7 migBoasATh 10
MicIst yKJIaaku GetonHol cymimri. ITicas Bkiio-
YeHHs KOBIIIOBOTO eJieBaTopa 2 y NpUiMaabHUN
OyHKepHUI TIPUCTPiii 4 3 aBTOOETOHO3MIIITyBaYya
9 nmomaetsea Oeron. Kosmamu 13 Geron mopa-
ETHCSI B BEPXHIO TOUKY ejieBatopa 2, /e BUBaH-
TaXKYETHCSI B PO3BAHTAKYBAJIbHUN OyHKEPHHUIT
npucTpiii 3. 3 OYHKEpPHOTro MPHUCTPOI 3 Iif
CBOEIO Baroio GETOH 1Mo Tpybax 5 MOMAETHCS [0
MiCIIsI yCTaHOBKH BiOpoxobota 7. SKio cuin
ornopy pyxy GertoHy 1o Tpybax 5 He T03BOJISA-
10Th GETOHY TIPOWTH MOBHUIT MIJISIX 1O TPybax 5,
TO JIOZIATKOBO BKJIIOYAETHCS KOMIPECOp 8, KMt
CTBOPIOE THUCK Yy KaMepi PO3BaHTaKyBaJTbHOTO
OYHKepHOTO TPHUCTPOIO 3.

s ysromkeHocTi Aill ycixX orepaTopis, 110
GepyTh yUacTh B YIIPaBJIiHHI KpaHa 3 6ETOHOPO3-
IO/i/IbYOI0 CTPLJIOIO, HPOIeC Mojadi OEeTOHHOI
cyminri Moske 6yt GesnepepBHUIL.

OueBuziHO, TIO 3aCTOCYBAaHHS KOBIIOBOTO
esieBaTopa (puc. 5) JI03BOJIUTH BUTPAYATH €HEP-
rifo TIIBKM Ha migiioM GeToHHOI cyminr (pobo-
Ya TiJIKa eJeBaTopa BPiBHOBAXKYE X0J0CTY). Pyx
6eToHy 1O OGEeTOHOIOZABAJIbHUX TPyOax MOXK-
JUBWI TIiJ Ji€I0 CUJ BJAcHOI Baru. MokiuBe
TPAHCIIOPTYBAHHSI PI3HUX MapOK OETOHY.

ITix yac mNPOEKTyBaHHS 3alPOIIOHOBAHOTO
KOHCTPYKTHBHOTO pillleHHsI, KpiM BHOOpPY 06-
JIATHAHHS 1 BUSIBJIEHHS HOTO ONTUMAJIbHUX I1a-
paMeTpiB, HeOOXiZHO MPOBECTH KOHCTPYKTOP-
CbKO-TEOPETUYHI JIOCIIKEHHS, 10 CTOCYIOThCS
PO3PaxyHKY MII[HOCTI METaJIOKOHCTPYKIIii Oarii-
TOBOTO KpaHa.

Y pasi BUKOHAHHS PO3PAaXyHKY Ha MillHICTh
CJIiJl BpaXyBaTH Macy MeTaJOKOHCTPYKIIii Kpa-
Ha, KOBIIIOBOI'O eJ1eBaTOPa, PO3BAHTAKYBaJIbHOTO
OYHKEPHOTO TIPHUCTPOIO 3 GETOHOMOAABATHHIUMI
TpyOaMu, a TaKokK Koedil[ieHTa JMHAMIYHOCTI
KoBIIOBoro eJsiesaropa. Ilig yac momaui cruc-
HEHOTO TMOBITPsI B PO3BaHTaKyBaJbHUIT OYHKEp
BiJl BHHOCHOTO TPYOOIIPOBOAY Macy KOMIIpecopa
MOKHA He BPaxOBYBaTH.

BucHoBku. Y pasi 3acTocyBaHHS 3alIPOIIOHO-
BAHOI KOHCTPYKIIil 6aIToBOro Kpana 3 6eTOHO-
PO3IIOLIBUOI0 CTPiIOI0, OOJIAIHAHOIO KOBIIO-
BUM €JIeBaTOPOM:

— eHeprist Oyjie BUTPayaTHCh TiJIbKU Ha M-
fioMm GETOHHOI cyMiImi i CuTy TepTst B MeXaHi3-
Max. BanTtakHa rizika eseBaTopa BPIBHOBaXY€
MOPOXKHIO, TOMY €HEprif Ha MiAoOM TATOBO-
Hecydoro oprany (Ha pobouy BHCOTY) JOPiBHIOE
HYJIIO;

— MOXJIMBHIT PyX OeToHy 110 GeTOHOMOA-
BaJIbHUX TPyOax /[ €0 CUIM BJIACHOI Barm;

— MOKJIMBE TPAHCHOPTYBaHHS CUIIKUX Mare-
piastiB i 6eTOHY Pi3HUX MapOK;

— MOJKJIMBE Oe3nepepBHE TPAHCIOPTYBAHHS
GeTOHy Ha JIOCHTH BEJHMKY BHCOTY 3 BHCOKOIO
NPOAYKTUBHICTIO. Bucora TpaHCTIOPTYBaHHS
0OMEKYEThCSI TTOTYKHICTIO JABUTYHA i MII[HICTIO
TATOBOTO JIAHIIOTa eJieBaTopa, MIIHICTIO MeTa-
JIOKOHCTPYKIIii KpaHa.

Henonikom GamroBoro KpaHa 3 G€TOHOPO3-
HO/IIIBYOI0 CTPLJIOI € JIOCUTbh BHCOKA METaJo-
€MHICTb 3aIIPOIIOHOBAHOI KOHCTPYKILii.
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EQUIPMENT FOR TRANSPORTATION OF CONCRETE DURING ESTABLISHMENT
OF HEIGHTWEAR STRUCTURES

Abstract. Increasing productivity and reducing the energy consumption of concrete transport
equipment during the construction of high-rise buildings is an urgent task.

Concrete can be delivered to the place of laying: in buckets by a tower or jib crane; in receiving
hoppers with a mine hoist, in buckets with an attached hoist, through pipelines with a concrete pump.
When transporting concrete in buckets, receiving hoppers, buckets, we have a reduced transportation
performance due to the cyclic operation of the equipment.

With the continuous transportation of concrete by concrete pumps, we have a sufficiently high energy
consumption and strict requirements for the components of the mixture, a limited delivery height.
The paper proposes a high-performance, energy-saving and reliable equipment for concrete feeding,
the components of which are a modernized tower crane and a concrete distribution boom. A bucket
elevator with a receiving and unloading hopper is installed on the tower of the modernized crane.
The unloading hopper is connected to the concrete distribution boom with concrete pipes.

The use of a modernized tower crane equipped with a bucket elevator with a concrete distribution
boom will allow: to ensure continuous supply of concrete to a considerable height; waste equipment
energy only for raising the mixture; transport bulk materials and concrete of various brands;
supply concrete to any point on the construction site; by means of own weight of concrete to ensure
the transportation of the mixture through concrete pipes.

Key words: construction of high-rise structures, concrete supply, continuous transportation,
modernized tower crane, concrete distribution boom, bucket elevator, increased productivity,
reduced energy consumption, concrete feeding pipes, concrete of various grades.
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JOCJIIKEHHS MIITHICHUX I JE®@OPMATUBHUX BJIACTUBOCTEM
KEPAM3UTOBETOHY HA HEMEHTHO-30JIbHOMY B’ KYUYOMY

Anomauis. Bupiwenns 6azamvox 3asdans cyuacrozo 6ydisnuymea i 00HOUACHO eKOIOZIMHUX, De-
CYPCO30epizaouux i eKOHOMIUHUX NPOOIEM MONCIUGE 34 PAXYHOK 3ACMOCYBAHHL MICUCBUX NOPUC-
MUX 3aN06HI08AYIE T 0AZAMOKOMNOHEHIMHUX 8 SHCYUUX Ol 6U20MOBIEeHHS JezKux bemonie. Biacha
MACA HeCYuux KOHCMPYKuii 3 Jeexux 6emonie do 1,5 pasa menwia, nise anaroziunux KoHCmpyxuii
3 saxckux bemonis.

Y pobomi i3 sacmocyeanmsam Mamemamuro-Cmamucmuunoz0 Memooy nianyeanis excnepumen-
my po3podReHi Pauionatbti CKIA0U KOHCMPYKYILHO20 KepamM3umobemony na uemenmo-3016HoMy
6 srcyuomy miynicmro 15,2...26,2 Mlla i cepednvoro winvnicmio 1400...1700 xz/m’.

Ompumani ma npoananrizosani PieHsHHs pezpecii, SKi PeKOMeHOYEMbCS. GUKOPUCTOBYBaAMU OIS
BUSHAUCHHS MIUHOCTI, WETBHOCTI 1l MOOYILS NPYICHOCTT KePAMIUMOOEMONY HA UEMEHMHO-301b-
HOMY 8 SIHCYUOMY.

Ananis piensnv pezpecii nokasas, wo eumpama KapooHamuozo Nicky i GUMpama Kepamsumy
SHAUHO BNIUBAIOMD HA WLILHICIb Kepam3umobemonnoi cymiwi i winvnicmy Oemony, sumpama
30qu-eunocy eniusac menue. Ha kyouxosy miynicmo kepamsumobemony na xapooHammomy nicky
HATOUILWUTL 6NIUE MAE GUMPAMA yeMenmy, 301 U Kepamaumy. Miynicmy xepamaumobemony
JIHIIHO MPONOPYIHG GUMPAMT UeMenmy i 307U, aie 30LIbUeHHs GUMPAmy uemenmy niosuuye
Miypicmy 6emony y pasi cmucky 00 negHoi Meici.

Busnaueno, wo cepedus sumpama 6cix cKiadnuxie 6emouy 0ae MONCIUBICMb 00epicanis Mil-
nocmi 6id 14,5 do 20,5 MIla. Y pasi s6invwenns Po3uLNH020 CKAOHUKA MiyHICTID 36iflbwyembm
Bunpo6yeam 3pasKu Nicis. Menio6or02icHoi 06pooKu i HOPMALVH020 meepoinHs Mawmy npupicm
anocmz Y cepeaubomy na 20%. 3 nidsuwennsim sumpamu “srcyuoeo 6i0 320 do 500 xe/w cno-
cmepizaemvcs npupicm miyrocmi 0o 23%. Ilpusmosa miynicmo 3pocmae y pasi 30iivuenis 6u-
mpamu 6’sicyuozo i 6iky bemony, a 0ns azpezammo-cmpyKmypHozo Gaxmopa 6nius Ha npusmosy
MIYHICMb 360POMHUL.

Mooy npyacrnocmi niosuwyemvcs y pasi 30Livlenns eumpami 6'sicyuozo, a 0is azpezam-
HO-CMPYKMYPHO20 axmopa dis Ha HbOZO 360POMHA.



HOBI TEXHOJIOTII B BY IIBHUIITBI No 39 2021

3a pesyavmamamu 0ocrioncens KyouKoeoi Miynocmi 0 3asHauumu, wWo y pasi 3aMinu Yacmyu
uemenmy na 20—35% 301010 MiyHicmb Kepamumobemony Ha KapooHamHoMy Nicky U uemeHm-

HO-30]IbHOMY 8 SANCYUOMY He 3MEHUYEMBCS.
Kniouosi cnoea: xepamsumobemon, uemenmuo-3onvHe 6’sicyue,

npyjcHocmi, ckaao.

Beryn. OctannivMun POKaMU yBara 30Cepejke-
Ha Ha po3poOii it 3aCTocyBaHH1 KOHCprKHH/I 3 BU-
KOPUCTAHHSIM HOBMX MaTep1amB i KOMITIOHEHTIB,
[0 MAIOTh MOJIIIIEeH] TeTJIOi30AIIINHI Ta eKc-
IJTyaTalliiHi BJACTUBOCTI. Y Pa3i pailioHaJIbHOTO
IPOEKTYBAHHS KOHCTPYKTUBHUX CHUCTEM, OYInH-
KiB CJIi/l ypaXOBYBaTH, 10 BJIaCHA Maca HEeCYYnX
KOHCTPYKIIIH 3 JIErKuX OETOHIB 3aBISKM iX HU3b-
Kiil miJbHOCTI 710 1,5 pa3a MeHIIa, HiXK aHaIorid-
HUX KOHCTPYKI[H 3 BAsKKUX OETOHIB.

[IpobGiema BUKOPHMCTAHHS JIETKUX OETOHIB
€ aKTYaJbHIUM 3aBJaHHSIM, OCKIJIbKH TIepebadae
BUPIiIeHHs 6araTboX 3aBJaHb Cy4acHOro Oy/IiB-
HUI[TBA i OJHOYACHO €KOJIOTIYHUX, pecypcosbe-
pirafoumx ta eKOHOMIYHKUX MPOOJIEM 3a PaXyHOK
3aCTOCYBaHHSI MiCIIEBUX MOPUCTUX 3aMOBHIOBA-
4iB i 6araTOKOMIOHEHTHUX B'suKyunx [1].

Marepiamu it Mmetoau nociuimkeHns. Mare-
piayii, BUKOPUCTAHI JIJI BUTOTOBJIEHHS 3Pa3KiB,
MaJIi TaKi XapaKTePUCTUKU:

— KepaM3UTOBWMii rpasiii J...10 MM, Hedpakiti-
OHOBaHUI KyJuWHIOPIBCHKOTO iHIYCTPiaibHOTO
KoHIlepHy «IHTO-CTpoii», MapKku 3a HACHUITHOIO
misibHicTIO M 600, YMOBHOTO MIIIHICTIO B TIUJTiH-
api, piBain 2,8...3,0 Mlla;

— micok KapOoHatHuil BingeBchKkoro kap'epy;

— nemenT M 400 Kpuopisbkoro 3aBomy —
JACTY b B.2.7-112-2002;

— 3oma-suHocy Jlagmxunebkoi TEC — TOCT
25818-91;

— cynepmiactudikarop C-3 — TY-2481-001-
51831493-00.

Jlnsa 1o6opy paiioHaabHOrO CKJIALy KepaMm-
3UTOOETOHY Ha KapOOHATHOMY IICKY W I[eMEHT-
HOMY B'SDKy4OMY 3 JIOJIaBaHHSIM 30JIM-BUHOCY

Miynicmo, Mo0Y.b

BUKOPUCTOBYBABCS METOJI MaTeMaTUYHOTO TIIa-
HYBaHHS €KCIIePpUMeHTy [2].

Y pobori 3acTocoBaHMl HOBHMI (HaKTOP-
HUIl eKCIepUMEHT BIANOBITHO /10 MeTOAUKU
[3]. Jlns peanizariii npuitHATHIT OJM3BKUN 110
Jl-onrTuMaIbHOTO TpI/IpiBHeBI/II‘/’I ILTAH THITY B,
L[ocmz[xyBam daxkTopu Ta piBHI iX BapHOBaHHﬂ
HaBejeHi B Tab1. 1.

Jlns 106opy ONTHMAaNbHUX CKIAIIB OETOHY
Oy/Ja OTpYMaHa MOJENb <«CKJaJ-BJaCTUBICTb>
y BUIJISAML TIOJiHOMA JPYroMy CTYIeHs, 110
BUPa)Ka€ 3aJIe)KHOCTI BIUIMBY JIOCJIIKYBaHUX
(bakTOpiB Ha BJIACTUBOCTI GETOHY:

¥=h +be +Zb“x1 +Zb” X,

i#j

(1

Pe3syabsratn pochimkenns. Ckiaaau 103yBa-
Jmcs 3a Baroio [4]. 3HaueHHT BUTPATH TIEMEHTY
1 BOIU TpUIIMaJIUCS 3 YpaXyBaHHSIM PEKOMEH-
nariii [1], arperaTHo-CTpyKTypHUiA (hakTOp Mpu-
iugaruit y mexxax 0,4 <r = M/(M+K) < 0,7 Biz-
MOBITHO /10 peKoMeHatii [1].

PosmapyBantst 6eTOHHOI cyMilmi B Iporieci
TPOBE/ICHHS EKCIIEPUMEHTY He CIOCTePiranocs.
Ile mosicHIOETLCS THM, IO 6yJII/I OTPHMaHi TBep-
Il i Majopyxomi CyMII_LII a B'SI3KOCTi IIeMEHT-
HO-30JIbHOTO TECTY i PO3UMHY OYJIO0 JOCUThH JIJIsST
3amobiraHHs PO3MIapyBaHHI.

ITicast 06pOOKK eKCIIepUMEHTATbHUX JTaHKX
JUIS KepaM3UTOOETOHY Ha KapOOHATHOMY IICKY
i IIEMEHTHO-30JIbHOMY B'sZKY4oMy OyJId OTpH-
Mani taxki EC- mozeni:

In(p,)= 7,440+0,034x,+0,012x *+0,004x x,-

0,004x,x,+0, 015X -0, O15X

-0,005x,x, +0 091x, +O 052x,; (2)
Ta6mug 1. PisHi BapitoBaHHS (haKkTOpiB
DaxkTopu PiBni BapiloBanHs | InTepBas BapiloBaHHs
Harypanbuuii Bug KomoBanuit Buj -1 0 +1 AX
Burpara niementy I, kr/m? . 250 | 300 | 350 +50
Burpata 3omu-Bunocy 3, Kr/m? X, 90 | 120 | 150 +30
Burpara micky II, kr/m? X, 270 | 360 | 450 +£90
Butpata kepamsury K, kr/m? X, 550 | 700 | 850 £150
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In(f,, )= 2,878+0,169x,+0,067x *-
0,045x x,+0,054x,x,+0,064x,-0,072x,?
+0,055x,-0,066x % (3)

In(p,,)= 7,363+0,034x,+0,011x,+0,004x x,-
0,003x,x,+0,015x,-0,015x,2
-0,005x,x,+0,097x,+0,054x,; (4)

In(f,y)= 3,036+0,190x,-0,049x*
0,054x,x,+0,052x,x,+0,088x,+0,059x,. (5)

Pisustnas perpecii (2...5) mobGymoBani 3 Bu-
kopuctanusaM tunooi Bepcii COMPEX-99, 1o
peayidye  TOCTIIOBHUI  perpeciiiHuii  aHa-
Ji3 3 TeHepYIYOI MOMUJIKOI €KCIEePUMEHTY
s{T}=0,028 mpu a=0,022.

EC-mozeni miibHOCTI # MiI[HOCTI GETOHY
€ a/IeKBaTHUMU [JIS1 TPUMHATOTO PIBHS JOBIp-
4ol imosipHocti, Tomy mo F < F. Orxe, wi
PIBHSIHHS JIOI/IbHI JIJIST TIPOEKTYBAHHS CKJIAJIiB
3 KepaM3nTOOETOHY Ha KapOOHATHOMY IICKY
Il 11leMEHTHO-30JIbHOMY B’SIKYYOMY MIIHICTIO
15,2...26,2 MIla it minpnictio 1400...1700 xr/m>.

Anani3 piBHSAHD (2...4) 110 3HaKax i BeJIMYNHI
KoedirienTiB y miniitHNX akropax i ix mo0yT-
Kax JI03BOJISIE CYIUTH PO HAMPSIMOK PETYJII0-
BaHHS i1 MOPIBHAJIBHOTO CTYTIEHS KOKHOTO (pak-
Topa. Taxk, dakropu X, (BUTpaTa KapOOHATHOTO
MicKy) i X, (BUTpaTa KepaM3UTy) 3HAUHO BILIU-
BAIOTh Ha TIJIBHICTH KePaM3UTOOETOHHOT CyMili
il minpHicTh Gerony. HaiiMeHIme Ha IiIBHICTH
BILIMBA€ BUTPaATa X, (30JIM-BHHOCY ).

Y piBusinaax (3) i (5) KyOGUKOBOI MilHOCTI
KepaM3UTOOETOHY Ha KapOOHATHOMY TICKY Haii-
0iTbIIi 3HAUEHHS MAIOTh X, (BUTpaTa IEMEHTY),
X, (BuTpara 30/m) i X, (BUTpaTa KepaM3uTY).
Hesnaunmictp xoedinicHra X, (BUTpaTa IicKy)
CBITYUTDH TIPO Te, MO BIJIUB I[OTO (haKTOpa Ha
MIITHICTh KEPaM3UTOOETOHY HE3HAUHHIA.

Barpans wum, Kr '

[pacdiuna iHTEpIIpETAIlisi OTPUMAHWX PIBHIHD
y 3aJIeKHOCTI MILJTBHOCTI cyMmiri i 6eToHy, a Ta-
KO MIIIHOCTI ICJIsi TEIIoBOJIOTiCHOI 00pOOKH
il HOPMAJIBHOTO TBEPAIHHS KepPaM3UTOOETOHY
BiZl GaKTOPIB X,, X,, X, Y pasi piKCOBAHOTO X, 10-
KasaHa Ha Jiiarpamax y Bur/szi kyba (puc. 1-4).

AHami3 OTpUMaHMX 3aleKHOCTEH 03BOJINB
YCTAaHOBUTH TPAaHWYHI 3HaueHHs (haKTOPIB, IO
BapifooThest (113 = 340-500 xr/m?; r = 0,4-0,6)
1 IPU3HAYUTH CKJIAIU KOHCTPYKIIHOTO Kepam-
sutoberony kaacis C8/10-C16,20.

3 miarpam Ha puc. 1 (a, 6, B) BUAHO, 110 32 Mi-
HIMaJIbHOI, CepPeHbOI 1 MAaKCUMaJIbHOI BUTPATU
I[EMEHTY 1CTOTHUIA BILIUB HA HIJIBHICTH CyMillli
BUSIBJISIIOTh BUTpaTa Kepamsuty — 27% i Kap-
bonarroro micky — 48%. Ili0 3akoHOMIpHICTB
MOJKHA MOMITUTH I Ha Jiarpamax IiIbHOCTI Oe-
Tony (puc. 2 a, 0, B).

MiIHicTh KepaM3UTOGETOHY JIHIIHO MPOIo-
pIiiiiHa BUTPATi 1EMEHTY i 3011, ajie 30i/IblIeH-
HsI BUTPATH IIEMEHTY Mi/[BUILY€E MilHiCTh GeTo-
HY Y pasi CTUCKY /IO TIeBHOI MeXi.

Ha miarpamax y Bursiai kyba (puc. 3) mo-
Ka3aHi i301M0BepXHi MII[HOCTI KepaM3uTOOETOHY
micIst TemioBosioricHol 06po6ku. Coiz 3a3Haym-
TH, IO CepelHsl BUTpaTa BCIX CKJIAJHUKIB Oe-
TOHY /A€ MOKJIMBICTb OJIepKaHHs MIiI[HOCTI Bijl
14,5 no 20,5 MIla. ¥ pasi 30iJablIIeHHST PO3YMH-
HOTO CKJIQMHUKA MIIIHICTh 30iIbIIYETHCS.

BurmpoOyBati 3pa3ku mic/ist TEMIOBOJIOTICHOT
06pOOKHM i HOPMAJTBHOTO TBEP/IiHHSI MAIOTh TIPHU-
pict MmirHOCTi y cepennbomy 20%. Ha puc. 4 mo-
Ka3aHWil BIUIKB (haKTOPIB CKJIAy Ha KyOMKOBY
MIIHICTD KepaM3UTOOETOHY, BUITPOOYBAHOTO Ha
28-y 100y. 3 MiBHUIIEHHSM BUTPATH BSIKYYOTO
Biz 320 10 500 Kr/mM® crocTepira€ThCst MPUpPICT
MirHOCTI 110 23%.

B

PaTE Al KM
[

art

Puc. 1. BB daktopiB ckiaxy Ha IiIbHICTS cyMimi (a, 6, B) y pasi Butparu nementy 250, 300, 350 xr/m?
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=
t

=]
F ol
WU, KT

Byrpama 00w, griv’

Birpara
=8

5y,

Puc. 3. BruuB daktopiB ckiany Ha KyOMKOBY MIIIHICTb TIiC/Is TEMIOBOJIOTICHOI 06pobKH (a, 0, B)
y pasi Butpatu mementy Bignosiano 250, 300, 350 kr/m?

1)

Birpara s, ks’
= L

Puc. 4. B dakTopiB ckiagy Ha KyOMKOBY MillHicTb y Billi 6etoHy 28 1i6 (a, 0, B)
y pasi Butpatu nementy sianosiano 250, 300, 350 kr/m?

3a MaKCUMaJbHUX BUTPAT IICKY, KEPAM3UTY
il 30J11 MITIHICTh Maii:ke ofHakoBa (puc. 4). Pict
MIITHOCTI MOMITHUIT y pasi 30iMbIIeHHST BUTPAT
IIEMEHTHO-30JIbHOTO  B'SDKYYOTO 1 Kepam3uTy,
YOro He MOKHA CKa3aTH IIPO MiCOK.

3a pe3ysbraTaMn eKCIIepUMEHTAJTBHIX JIOCITi/KEHb
BJIACTHBOCTEN JIOCIKYBAHOTO OeTOHY 3 957% HajtiiiHi-
cTio orpuMana 3araibia EC-Moziestb Tpr3MoBoi Mill-
HocTi st BiKy L, 28, 115 71i6, sika 3a kpurepiem Di-
1epa a/ieKBaTHa i Hece iHOPMAITiiHY TliHHICTb:

o7
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In(f, )= 2,92+0,27x -0,09x >+

+0,06x x,-0,14x,+0,16x,-0,08x.5  (6)

ArperaTHo-CTpyETYpHEil
dhaxTop r
[

Puic. 5. Bruu dakTopiB ckiaay
Ha [IPU3MOBY MIIIHICTh KEPAM3UTOOETOHY
Ha 1[eMeHTHO-30JIbHOMY B'SKYYOMY

3 jiarpaMu MOKHA MOMITUTH, IO HTPU3MO-
Ba MIIIHICTh 3pOCTa€ y pasi 30iJblIIeHHST BUTPa-
TH B'sDKYYOTO W BiJTIOBIZIHO BiKy G€TOHY, a st
arperaTHO-CTPYKTYpHOro (akTopa [iisi Ha Tpu3-
MOBY MIIHICTh 3BOPOTHA.

15, 17 Na

Arperavho-cTpyKTypHm
axTop r
e
I

20
o™ ¥
Puc. 6. Brums dakTopiB ckiay Ha MOYJIb TPYKHOCTI
KepaM3NTOOETOHY Ha IleMEHTHO-30JIbHOMY B'SKYYOMY

Ha migcraBi ganux exkcrepuMeHTaJbHUX JI0-
CJTKEHb BJIACTHBOCTEH KepaM3UTOOETOHY Ha

IIeMEHTHO-30JTbHOMY B'sKydomy 3 95% Haziii-
HicTIO oTpuMaHa 3arajabHa EC-mozesnb moyaTko-
BOTO MOJIyJIsI TIPY;KHOCTI GETOHY JIst BIiKYy IIIL,
28, 115 ni6, sixa 3a kpurepiem Dimmepa ajexksar-
Ha U Hece iH(bOpPMAIiHY IIHHICTb, 03BOJISIE
OIIHUTH BIUIMB BHOpPaHUX (haKTOPIiB HA MOJIYJIb
IPY/KHOCTI GETOHY:
In(E )= 2,58+0,14x-0,11x *+

0,07x,x,-0,05x,+0,11x,-0,03x.% (7

3 miarpaMy MOKHA TIOMITUTH Take: MOJIYJIb
IPY/KHOCTI THABUINLYEThCSA Y pasi 30iTbIIeHHS
BUTPATU B'SKYUOTO, a JIJI arPeraTHO-CTPYKTYP-
HOTO (hakTOpa /i HA HHOTO 3BOPOTHA, IO CIIO-
cTepiraetbcsl B Mojiesi (7) 10 BeJauunHi Koedi-
IIIEHTIB 1 1O i30MOBEPXHSIX (puc. 6).

BucHoBku. Y pasi 1000py CKIaay KOHCTPYK-
IIHHOTO KepaM3uTOOETOHY Ha IEMEHTHO-30/Ib-
HOMY B'SDKYYOMY 3aCTOCOBAHUI eKCIeprMeH-
TaJIbHO-PO3PAXyHKOBHII METOJl, KU BKJIIOYAE
NOCJTTHY TIepeBipKy I MPU3HAYeHHS CKJIAJIIB J10-
CJIIKYBaHOTO OETOHY Y pasi 3aaHuX (haKkTopiB.

[3 3acrocyBaHHSIM MaTeMaTHUKO-CTaTUCTHY-
HOTO METOJY TLIAaHYBaHHS €KCIIEPUMEHTY PO3-
pobJIeHi parfioHaIbHi CKJIaN KOHCTPYKIIHHOTO
KepaM3UTOOETOHY Ha IEMEHTHO-30JIbHOMY B'SI-
Kyuomy MitnicTio 15,2...26,2 MIla i cepennboio
miabHicTio 1400...1700 xr/™3.

Orpumani 11 mpoaHasi3oBaHi PIBHSHHS pe-
rpecii (2)...(7), aKi peKOMeHy€TbCSI BAKOPUCTO-
BYBaTU [IJII BU3HAUEHHS MIIHOCTI, H[IJIbHOCTI
Il MOZLYJIsI IPYKHOCTI KepaM3UTOOETOHY Ha Iie-
MEHTHO-30JIbHOMY B’SKYYOMY.

3a pesyJbraTaMu JOCJIJKEHHST KyOUKOBOI
MIITHOCTI CJIi/l 3a3HAYUTH, 10 Yy pasi 3aMiHU
vyacTku 1eMeHTy Ha 20-35% 3071010 MIiIHICTD
KepaM3uTOOETOHY Ha KapOOHATHOMY ITCKY I 1ie-
MEHTHO-30JIbHOMY B'SKY4OMY HE 3MEHIITYETBCS.

KepamauTobeTon Ha KapOOHATHOMY IICKY
i 1[eMEeHTHO-30JIbHOMY B'SKYy4OMY € e(eKTHB-
HUM MICI[eBUM MaTepiajioM, TPUAATHUM [IJIst
BUKOPHUCTAHHS B TIONIEPEHBO HATIPYKEHUX KOH-
CTPYKITSIX JKUTJIOBUX i CYCIIJIbHUX OyIMHKIB.
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RESEARCH OF DURABILITY AND DEFORMATION PROPERTIES
OF KERAMZITE CONCRETE ON CEMENTE-ASH ASTRINGENT

Abstract. The decision of modern building tasks and at the same time ecological, resource-saving
and economic problems is possible through the application of local porous fillers and multicomponent
astringent for making of concrete. Deadweight of load carrying structures from lightweight concretes
to 1.5 times less than analogical constructions from heavy concretes.

In this work, using the mathematical and statistical method of planning the experiment, rational
compositions of structural expanded clay concrete based on a cement-ash astringent with a strength
of 15.2 ... 26.2 MPa and an average density of 1400 ... 1700 kg/m* have been developed.
Regression equations have been obtained and analyzed, which are recommended to be used to determine
the strength, density and modulus of elasticity of expanded clay concrete on a cement-ash astringent.
The analysis of the regression equations showed that the consumption of carbonate sand
and the consumption of expanded clay significantly affect the density of the expanded clay concrete
mixture and the density of concrete, the consumption of fly ash has a lesser effect. The cubic
strength of expanded clay concrete on carbonate sand is most influenced by the consumption
of cement, ash and expanded clay. The strength of expanded clay concrete is linearly proportional
to the consumption of cement and ash, but an increase in the consumption of cement increases
the strength of concrete in compression to a certain limit.

It has been determined that the average consumption of all concrete constituents makes it possible to
obtain strength from 14.5 to 20.5 MPa. With an increase in the solution component, the strength increases.
The tested samples after heat and moisture treatment and normal hardening have an increase in
strength by an average of 20%. With an increase in the consumption of the astringent from 320 to
500 kg/m’, an increase in strength is observed up to 23%. The prismatic strength increases with
an increase in the consumption of the astringent and the age of concrete, and for the aggregate-
structural factor, the effect on the prismatic strength is the opposite. The tested standards after
warm-humidity treatment and normal hardening have an increase of durability on the average
on 20%. With the increase of expense astringent from 320 to 500 kg/m’ there is an increase
of durability to 23%. Prism durability increases at the increase of expense of astringent and age
of concrete, and for an aggregate-structural factor, operating on prism durability is reverse.

The modulus of elasticity increases with increasing consumption of the astringent, and for
the aggregate-structural factor, the effect on it is the opposite.

According to the results of the study of cubic strength, it should be noted that when replacing
the proportion of cement by 20-35% ash, the strength of expanded clay concrete on carbonate
sand and cement-ash astringent does not decrease.

Key words: ceramsit concrete, cement-ash astringent, durability, modulus of elasticity,
structures.
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KpuBopisbkuii HalioHa bHIH yHiBepcuTeT, M. Kpuswuii Pir, /[HimponeTpoBcbka 001acTh

BILJINB MIIIEJ, HAIIOBHEHUX PEAKIIMHUMU IIOPOIIKAMU,
HA MIIIHICTb BETOHY

Anomauis. Pemonm, sionosienns ma pexoncmpyxuyis nasenux oydiseivnux 00’exmis, sionosien-
sl eKCNIYAMAUTIHUX QYHKULI SKUX MONCTUGE TUULe HA Ne6HT KOPOMKL nepioou uacy, 30Kkpema, nio-
3emui nepexodu, mpomyapu, 6y0ieii 6 aeponopmax ma 3aN3HUYsX, 2iopomexniuni cnopyou, euma-
2a10Mb BUKOPUCTAHHA ehekmusHux weudxomsepdirouux mamepianie. Busnaueno, wo axmusnumu
KOMNOHEHMAMU CYUAcH020 Oemony € AKMueHi MiHepaibii HANOBHIOBAUI, MAKI K MIKDOKDEMHE3EM,
MeMaxaonin, 301U abo KOMnouuii 3 Hux, a maxodxc cynepniacmupixamopu. Onmumanvhe noeo-
HAHHS UUX 000a60K-MO0UDIKamopis 00360146 KOHMPOTLIOBAMU PEOTOZIUHI BLACTUBOCT OEMOHHUX
cymiwerl i Moauc])ixyeamu CIPYKMYPY UCMEHMHO20 KAMEHIO MAKUM YUHOM, W00 3a0esnevumu
BLACMUBOCTT OeMONY, SKI BUSHAUAIOMb BUCOKY excnﬂyamamuuy naoiinicmoy xoncmpyxyii. Oonax
3asnaueni 000a6KU MaOMb NesHi HeAONIKU, AKI 3A8ANCAIOMD IX WUPOKOMY uxopucmaniio. /lo
MaxKux nHedoriKie Mikpokpemuesemy ciio gionecmu me, wo 6in € 6i0x0dom eupodHUUMEa, a omice,
He mae cmabirvrocmi eracmusocmeil. Hedorixom memaxaoniny € iozo éucoka sapmicmn uepes 0o-
CUMb 6eUKT GUmpamu enepeii na tiozo npuzomyeanus. Memoro 0oCHONCeHHS € UIHAUCHHS BNIUBY
PEaKyiliHux NopouLKis, 3acmoco8yeaHux 00HOUACHO 3 KOLOIOHUMIU NOBEPXHEBO-AKMUBHUMU PeUO-
BUHAMIL, HA MiyHicmb OpibHO3epHUCMOz0 Oemony ma weudkicmy 1020 ymeopenis. Bcmanosieno,
wo miynicmy na cmuck 6emony 6 pesyivmami ziopamauii oucnepcnoi cucmemu <Ilopmaanoue-
MeHm — KoJoIOHa N0BEePXHeB0-AKMUBHA PEUOBUHA — PeAKUIUHUI NOPOULOK> Y PA3I BUKOPUCTIAHHSL
SK Peakyitinozo NopowKy PO3MeLeH020 piukosozo nicky 6 kirvkocmi 15 ... 18% 6id macu ducnepcroi
pasu cucmemu, 20 ... 30% somu TEC, 10-30% monxoi ppaxyii 6idxodie s6azauens 3anisnoi pyou
ma epanyiv06an0z0 JOMeHH020 WIAKY BULA MILHOCT OeMOHY, OMPUMAH020 HA OCHOBT 36UUALIH0Z0
nopmaanduemenmy 6e3 000a60K. HATBUW0I0 WEUOKICMIO DOPMYEANHL MIYHOCE Ma §i KIHUEBOW
BEIUUUHOT0 60100IE OEMOH, W0 MICMUMb DOMEHHUI ZPAHYILOBAHULL WLIAK SK PeaKYilHUL NOPOULOK.
Kniouosi cnosa: Gemon, miunicmo, nosepxneso-axmusHa pewoeuHa, MiKpokpemHesem,
nicox, domeHHull 2panyrbo8anull Waax, 6i0xXo0u 30azauenns 3aniznux pyo, 30Ja.

ITocranoBka mnpobaemu. OGOB’I3KOBUMU
KOMIIOHEHTAaMU  CYYaCHOTO (DYHKIIIOHAJIBHOTO
OeTOoHy € aKTHBHI APiOHOAMCIIEPCHI MiHepasib-
HI HaNoOBHIOBaYl (HANpUKIAA, MIKPOKpPeMHe-
3eM, MeTaKaoJiH, 30/ ab0 KOMIIO3MILI 3 HUX)
Ta BUCOKOe(EeKTUBHI cymnepriacTudikatopu.
OnrtumanbHa KOMOIHAIIA 1MX J100aBOK-MOIU-
(bikaTopiB 703BOJISIE KOHTPOIIOBATH PEOJIOTIUHI
BJIACTUBOCTI OETOHHUX CyMilneil Ta Moandiky-
BaTH CTPYKTYPY IIEMEHTHOTO KaMeHIO Ha MiKpO-
piBHi, MO0 3a0e3MEYNTH BJIACTUBOCTI OETOHY,
SIKI FapaHTyIOTb BUCOKY eKCILIyaTalliiiny Haiil-
HICTh KOHCTPYKITii.

InTencuBHi cmocobu OyAiBHUIITBA BUMara-
OTh BITPOBA/KEHHST CYyYaCHUX TEXHOJIOTIH, sKi O
3a0e31eunIn 3BeeHHST MOHOJIITHUX KOHCTPYK-
Iiif 32 KOPOTKUH 4Yac, 30iabInIn 060poT Ola-
nyOKu, 30iabImIn eeKTUBHICTD OyIiBelTbHIX
po61T y Pi3HUX TeMIlepaTypHUX YMOBaX 3aTBep-
JIHHS, CKOPOTUJIK BI/IpO6HI/I‘{I/II/I UK. 3 OrJd-
1y Ha 0COOJMBOCTI MOHOJITHUX KOHCTPYKIIIH,
KOJIM TBEP/iHHS OeTOHY BiAOyBaeThcst Ge3 BU-
KOpHCTaHHS ab0 3 OOMEKEHHMHU TEILIOBUMMI
edekTaMu, /71 BUCOKOTIBUKICHUX TEXHOJOTIN
000B’SI3KOBUM € BBEIEHHS IIBUIKOTBEPIIIOYNX
B'SUKYYMX PEYOBHH 3 MOJKJIUBICTIO OTPHMaHHSI
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BHCOKOMIITHOTO OeTOHY 3a oauH-aBa jHI. Kpim
TOTO, CydacHe OYiBHUIITBO BUMATA€ BUPIIICHHSI
HU3KH iHKEHEePHUX MPOOJIeM [IIsT T ATPUMAHHS
edeKTUBHOCTI Ta (PYHKI[IOHATBHOCTI HasSBHUX
OyaiBesb, CIOPY, AOPOKHBOI iH(pPACTPyKTy-
pu, 1o moB’s3aHe 3i 30LAbLHIEHHAM (DI3UYHOTO
3HOCY OCHOBHUX (hoHZIB. ToMy € HeoOXigHiCTh
y po3po0ili BUCOKOeHEKTUBHUX TTBUAKOTBEP/Ii-
104nX Oy/iBeJbHUX KOMIIO3UTIB JIJISI TOTO, 1100
3a0e31euYnT BBEIEHHST O0'€KTIB B €KCILIyarta-
I[II0 32 KOPOTKWII NMPOMIKOK 4Yacy Ta HaAliHy
1X eKCILUIyaTallilo MPOTATOM >KUTTEBOTO IIMKJLY.
PeMoHT, BifiHOBJIEHHS Ta PEKOHCTPYKI[iS HasB-
HUX OyaiBeJbHUX O0'€KTIB, BiJHOBJEHHS €KC-
nJIyaTaliiHnx GyHKIINR SAKUX MOXKJIUBE JInIle
Ha TIeBHI KOPOTKIi Tepiogu vacy (MiJ3eMHi Tie-
pexozu, TpoTyapu, OYAiBIi B aepomoprax Ta 3a-
JI3HUIAX, TIPOTEXHIUHI CIIOPYAN), BUMAraoTh
BUKOPUCTAHHSA e(QeKTUBHUX MIBUIKOTBEPIiIO-
YUX Marepiasis.

AHani3 ocraHHiX gochigkenb. Otpuma-
Hi BJIaCTUBOCTI OETOHY — pe3yJbraT CKJIaIHUX
KOJIOIZIHO-XIMIUHUX Ta (PI3MYHUX TPOIIECB, 110
BIIMBAIOTh Ha (DA30BUIl CKJIaJ, MOPUCTICTDH
i MitHiCcTh IIeMeHTHOTO KameHIo [1-5]. [las mo-
nndikoBaHoro 6eTOHY XapaKTepHi BUCOKA i Ha-
JIBUCOKA MIIIHICTh, HU3bKA MTPOHUKHICTD 1 €K30-
TEPMIUHICTD, MiJBUIIEHA KOPO3iliHa CTIHKICTD
i JIOBrOBiUHICTB, TIOMiTIIEH] AedopMalliiiii xa-
paKkTepuCcTUKU. BaskamBo 3a3HaYNTH, IO T1i BJIa-
CTUBOCTI JIOCATAIOTHCS 32 JIOTMIOMOTOI0 BUCOKOI
PYXJIUBOCTI Ta CyMilllei, 10 caMOYIIJIbHIOIOTh-
csl, 13 3HMKEHUMU BUTpaTaMu IieMeHTy [6-8].
Harenep BUKOPUCTOBYIOTbCSI Taki Halmomrmpe-
Himr  06aBKU-MOAU(IKATOPH, K MIKPOKpeM-
He3eM Ta MeTakaomin [9-11]. Oxnak 3a3Haveni
100aBKM MalOTh IIEBHI HEOMIKY, K] 3aBaKAIOTh
iX IMUPOKOMY BUKOpHCTaHHIO. /[0 Takux Hemo-
JIKIB MiKpOKpPeMHe3eMy CJIiJi BiJHECTU Te, 110
BiH € BiZIXOJIOM BHPOOHWIITBA, a OT/KE, HE M€
crabispHocTi BiactuBocteil. Hemomikom mera-
Ka0JIIHy € HOr0 BMCOKa BapTICTb 4yepe3 JOCUTh
BEJIMKI BUTPATU €Heprii Ha oro NpuroTyBaHHS.

Ha nigcraBi BUKJIaieHOTO, @ TAaKOK pe3yJibra-
TiB IOCJI/I>KEHb Y Tay3i MIlleJITPHOTO KaTasi3y
peakIfiii cuHTe3y TiPOCUIiKaTIB Kajblliio [12]
OyJia BM3HaueHA MeTa JOCJiKeHb, Pe3yJIbraTh
SIKUX TPEICTaBJeH] y il poOOTi.

Mera nocimiKeHHS — BU3HAYEHHS BILIUBY
peaxiliifHuX MOPOIIKIB, 0 3aCTOCOBYIOTHCS OJI-
HOYACHO 3 KOJIOIIHOI0 ITOBEPXHEBO-aKTUBHOIO
peuoBunoo (ITAP), Ha MminHicTh apiGHO3EpHU-
cToro GETOHy Ta MIBUAKICTH HOTO (bopMyBaHHﬂ
BiamosigHo 10 MeTH 3aBIAHHAMM JOCJiJKEH-
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HS € BU3HAUEHHS 3aJI€)KHOCTI MIiIHOCTI GETOHY
BiJI KIJIBKOCTI PeakIliiHO-3/IaTHOTO TIOPOIIKY SIK
y mpucytHocti komoinaux ITAP, tak i Ge3 Hux;
BU3HaueHHs1 BIJIMBY KosoigHol ITAP Ha edek-
THBHICTh PEaKI[iTHOr0 MOPOIIKY IOA0 306i/b-
IIEHHS MII[HOCTi GETOHY.

O0’ekTH Ta MeTOAU NOCTiIKeHHd. /(1 BU-
poOHUIITBa 6ETOHY BUKOPUCTOBYBAJIM TTOPTJIAH-
aiement M400 BAT «Xaiigennbepr Ilement
Kpuswuii Pir> (Ykpaina). dx api6Huii 3amoBHio-
BaY BUKOPUCTOBYBAJIM BIIXOAU 30arayeHHs 3a-
JisHux pyx HoBOKpUBOPI3bKOTO ripHIYO-36ara-
gyBasbHOTO KomIuiekcy [TAT «Apcemop Mittan
Kpusnii Pir», 1110 MaloTh MaKCUMaJbHUI PO3MIp
yactuHok 0,63 MM. Sk KOJI01ZIHY TOBEpXHEBO-aK-
TuBHy peuoBuHy (MIIAP) 3actocoByBanu oe-
ar Harpiio (Simagchem Corp., Kurait). Ik peak-
IIAHO-3/IaTHI TIOPOILIKY BUKOPUCTOBYBAJIU 3071y
susanenns TEC, I[p16H03€pHI/ICTy (bpaKmIo BiJIl-
XO[IiB 36araquaHH;1 3aJTI3HOI PyIM i MeJsieHi 710
nutoMoi moBepxui (300£25) M?/Kr joMeHHUIT
IPaHyJIbOBAHUN HIJIAK Ta PIYKOBUII MiCOK.

Moaudikamis HanomoaudikaTopa MPOBOAM-
JIacst TUIIXOM H0r0 0OPOOKH BOJHUM PO3UMHOM
MIIAP, sikuit maB konnenrpaiiio MITAP 0,1%.

KommonenTr GeTOHHOI CcyMilmi  03yBajn
y HeOOXiTHUX KiJTbKOCTSIX, 3TiZIHO 3 TIJIAHOM €KC-
MEPUMEHTY, TepeMilyioun JTabopaTOpHUM 3Mi-
ryBayeM MpoTsAroM 2 XBUJIUH. OTpuMaHy cyMiI
MIiCTUJIM Y MeTaseBi (popMu, 1O MAIOTh PO3MIp
ctoponu 16x4x4 cMm. YIiJibHEHHS CYyMINT 371iii-
cHIOBa/M BiOpariitnuM yuiiabHioBadeM. Chop-
MOBaHi TaKUM YHHOM 3pa3ku OETOHY TBEepJiN
nporsarom 28 1i6 3a BOJIOTOCTI HABKOJIMIIHBOTO
cepenosuma (70+10)% i TemmepaTypu HaBKO-
JUIIHBOTO cepenoBumia (293 = 2) K.

Pe3syabrati qociiaKeHb

MinHicth Ha CcTHCK OETOHY B pe3yJIbrari
riparaiiii aucnepcHoi cuctemu <«Iloptianmie-
MeHT — MITAP — peaxitiiiiuii mopoioks y pasi
BUKOPUCTAHHS 4K PeaKIIHO-3/[aTHOTO TI0PO-
HIKY PO3MEJIEHOTO PIYKOBOTIO MICKY B KIJIbKOCTI
15 ... 18% Bix macu pucrepcHoi dasu cucTeMu
(puc. 1), 20 ... 30% 3osu TEC (puc. 2) i 10-30%
TOHKOI (hpakifil BiXOAiB 30araueHHs 3aJIi3HOI
pyau (puc. 3) Ta TpaHyJbOBAaHOTO JOMEHHOTO
ntaky (puc. 4) BuUia MirfHOCTi OeTOHY, OTpUMa-
HOTO Ha OCHOBI 3BMYAHOTO HOPTJIAHAIIEMEHTY
6e3 M06ABOK.

TakyM YMHOM, HAsIBHICTb Y AMCIEPCHIN CHC-
Temi kosoigHoi ITAP 3abesneuye migBuiieHy
MIIHICTh HA CTHCK OTPUMAHOTO OETOHY.

[IBuzakicTs HabOPY MIIIHOCTI y pasi CTHUCKY
GEeTOHY, 1[0 OTPUMaHa B PE3YJIbTaTi 3aTBEPAiHHS
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Puic. 1. BB BMiCTy MeJIEHOTO MTCKY Ha MIIHICTD Y Pasi CTHCKY GETOHY, OTPUMAHOTO
Ha ocHOBI sucrepcHoi cuctemu «Ilopriananement — MITAP — peaxitiiinuit Toponioxs
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Puc. 2. Bruus 301 TEC Ha MitHiCTh Y pasi cTHCKY GETOHY, OTPUMAHOTO Ha OCHOBI
nuctniepcHoi cuctemu «Iloprmanmement — MITAP — peakiiinuii moporoks
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Puc. 3. BB BMicTy BifXoAiB 30araueHHs 3a/1i3HOT Py/M Ha MIIHICTh
y pasi ctucky GeToHY, OTPUMAHOTO Ha OCHOBI IUCTIEPCHOT CUCTEMU
«[Toprnananement — MITAP — peakuiitauii moporoks
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Puc. 4. B Bmicty MITAP Ha MitHicTb y pasi cTHCKY G€TOHY, OTPUMAHOTO
Ha ocHOBI suctiepcHoi cuctemu «Iloprnanaiiement — MITAP — peaxuiitauii mopomoks
(DHA - nomenHuii TpaHyJIbOBaHUH TIJIAK )
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Puc. 5. [lopiBHSAHHS epeKTUBHOCTI PEAKTMBHUX MOPOIIKIB
(River sand — piukosuii micok, Ash TPP — 3oma sunecennss TEC, BBZP — sBigxomgu
36arauenHs 3amisHoi pyau, DHA — nomeHHWIT rpaHyIbOBaHUI IIIAK)

mucriepcHol  cuctemu  «Iloprnanmnement —
MIIAP — peakmiiinuii TTOPOMIOK», 3aJ€KUTh Bifl
3aCTOCOBYBAHOTO peakIfiitHoro noporiky. HaiiBu-
1010 MIBUIKICTIO HAabOpy MilHOCTI Ta il KiHile-
BOIO BEJIMYMHOIO € OETOH, 10 MiCTUTD TOMEHHUIT
IPaHyJIbOBAHUH 1IIJIAK SIK peaKIiitHuii MOPOIIOK.

Taxkum yunoM, He TinbkK ckiaagauii MPAR,
aje 1 peakIiiHWiA TOPOIIOK 3abe3neuye 30i/b-
IIEHHS IIBUAKOCTI MiITHOCTI GETOHY.

AHasti3 pe3ysbraTiB MPOBEIEHUX OCTIKEHbD
II0Ka3aB HAsBHICTb ONTUMAJIBLHOTO BMICTY B JI0-
CJIJIKYBaHIl cUCTeMi peakIliiiHOTO MOPOIIKY, Be-
JIMYMHA SIKOTO 3aJIeKUTh BiJI BUIY OCTaHHBOTO.
[TopiBHAIBHUI aHAMI3 BIIMBY 3a3HAYEHUX THUIIIB
PEaKI[HAX MOPOIIKIB, 10 BUKOPUCTOBYIOTHCS
J7TS1 3MiHK MITTHOCTi OETOHY, OTPUMAHOTO HA OCHOBI
JIOCTTIKYBAHOI crcTeMu (pUC. 5), TOKa3aB., M0 BH-
KOPHUCTAHHS SK PEeaKI[iiiHOro MOPOIIKY MeJeHOTo
IPaHyJIbOBAHOTO IIUIAKY 3abe3redye HalOL b
eeKT MiABUINEHHST MIlTHOCTI OETOHY MOPiBHSIHO
3 IHIIUMU PEaKIiHO-3/[aTHUMHU MOPOIITKAMU.

Busnauennsi edeKTUBHOCTI 3acTOCYBaHHS
MOBEPXHEBO-aKTUBHOI PEYOBUHU 3aJIEKHO BiJl
BUJIy PEAKI[IHHOTO TOPOIIKY I0Ka3aso, 1o ii
HafOiIbII  paIfioOHAJIbBHO ~ 3aCTOCOBYBATH  OfI-
HOYACHO 13 JIOMEHHUM TIpaHYJbOBAaHUM IILJa-
KOM. Y Takomy pasi BifOyBa€TbCs HalOiMbIIIil
mpupict mirHOCTI (puc. 6).

BucnoBku. /[locaijzkenns ta iX pesyJsbratu
MOKa3ajy, IO BWKOPUCTAHHS KOJOIAHOI IT0-
BEPXHEBO-aKTHBHOI PEYOBWHHM MPHU3BOAUTDH [0
MiABUINEHHST eDEeKTUBHOCTI BUKOPUCTAHHS Mi-
HepaJbHUX TIOPOIIKiB, 30KpeMa, Y pasi BiJIXO/iB
3baraueHHs 3a/i3HUX Py Ta JTOMEHHOTO TPaHy-
JIbOBAHOTO TIJIAKY B JAPiOHO3EPHUCTOMY OETOH.
HaitedexTuBHITMM peakiiiiHO-3/[aTHAM TTOPO-
MIKOM, SKWil JIOIIJIbBHO BUKOPUCTOBYBAaTH O]I-
HovyacHO 3 MIIAP, € nomeHHuii rpanyIbOBaHUMN
nuiak. [le o3nauae, mo Bukopucranus MITAP
€ Oibi eeKTUBHIM It MoAn(iKallii GeToHy
Ha OCHOBI IJTAKOTIOPT/IAH/IIEMEHTY, HixK 17151 Oe-
TOHY B MOPTJIAH/IIEMEHTI.
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Puc. 6. EpextuBHicTb 3aCTOCYBAHHS TIOBEPXHEBO-AaKTUBHOI PEYOBUHU
3aJI€KHO BiJl BUJLY PEAKIIHOTO MOPOIIKY
(River sand — piuxoeuii nicox, Ash TPP — 3ona eunecenns TEC, BBZP - 6idxodu 36azauenns
sanisnoi pyou, DHA-28 — emicm domentozo epanyivosanozo unaxy 28%,
DHA-65 — emicm domentozo epanyivosanozo unaxy 65%)
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INFLUENCE OF MYCELES FILLED WITH REACTIVE POWDER
FOR CONCRETE STRENGTH

Abstract. Repair, restoration and reconstruction of existing construction sites, the restoration
of operational functions of which is possible only for certain short periods of time, including
underpasses, sidewalks, buildings in airports and railways, hydraulic structures, requires the use
of effective fast-setting materials. It is determined that the active components of modern
concrete are active mineral fillers, such as microsilica, metakaolin, ash, or compositions
thereof, as well as superplasticizers. The optimal combination of these additives-modifiers
allows you to control the rheological properties of concrete mixtures and modify the structure
of cement stone so as to ensure the properties of concrete, which determine the high operational
reliability of structures. However, these additives have certain disadvantages that prevent
their widespread use. Such disadvantages of microsilica include the fact that it is a waste
product and, therefore, has no stability properties. The disadvantage of metakaolin is its high
cost due to the relatively high energy consumption for its preparation. The aim of the study
is to determine the effect of reaction powders used simultaneously with colloidal surfactants
on the strength of fine-grained concrete and the rate of its formation. It is established that
the compressive strength of concrete as a result of hydration of the dispersed system “Portland
cement — colloidal surfactant — reaction powder”, when used as a reaction powder of ground
river sand in the amount of 15 ... 18% by weight of the dispersed phase of the system,
20....30% of TPP ash, 10-30% of the fine fraction of waste iron ore beneficiation and granular
blast furnace slag above the strength of concrete obtained on the basis of ordinary Portland
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cement without additives. Concrete containing blast furnace granulated slag as a reaction
powder has the highest rate of strength formation and its final value.

Key words: concrete, strength, surfactant, microsilica, sand, blast furnace granulated slag,
iron ore beneficiation waste, ash.

Shyshkina 0.0.

Ph.D., Associate Professor, Associate Professor at the Department of Technology
of Building Products, Materials and Structures,

Kryvyi Rih National University, Kryvyi Rih, Dnipropetrovsk region

Shyshkin O.0.

Doctor of Technical Sciences, Professor, Head of the Department of Technology
of Building Products, Materials and Structures,

Kryvyi Rih National University, Kryvyi Rih, Dnipropetrovsk region

68



SMICT

Ba6iii I.M., Kaibuens €.10.

PAIIIOHAJII)HI/Iﬁ BUBIP KOHCTPYKTUBHO-TEXHOJIOTTYHOI CXEMU
SBYKOIBOJIHHIf HIJI0TU Y MOHOJIITHUX 3/b

BATATOIIOBEPXOBUX JKUTIOBUX BYAMHEKAX ... 3

Ipuroposcokuii I1.€., Kpomxka 10.B., bacancekuit B.O., Ocagua I.B., JIsipko B.B.
AHAJII3 PE3YJBTATIB IHCTPYMEHTAJIbHOT'O MOHITOPUHI'Y BY/IIBJII,
MPUWIELJIOL 10 AUISHKU BY{IBHUIITBA TYHEJIB METPOIIOJIITEHY,

Ipuroposcekuii I1.€., Uykanosa H.II., MypacboBa O.B., Hapixuuii B.B.
AHAJII3 EOEKTUBHOCTI BIIPOBA/IGKEHHA YHIOIKOBAHUX CUCTEM
MOHITOPHHI'Y BYJIBEJIb HA ETAIIAX BYJIBHUIITBA TA EKCILIVATAIIIL.................... 21

Bobrakov A.A., Shcherbyna L.V., Donenko I.V., Ishchenko O.L.
INFLUENCE OF HUMAN FACTOR TO THE HYDROLOGICAL CONDITIONS
OF AREA AT THE EXAMPLE OF ZAPORIZHZHIA REGION. ..ot 28

Borinceka J.0.
BUKOPHCTAHHA BIAXO/JAIB BUPOBHUITB Y BYAIBHUIITBIL. ... 35

Borinos M.A., Yy6aposa /I.C.
THHOBAIIIIHI TEXHOJIOTT SIK 3ACIB TYMAHI3AIII BYIIBHUIITBA IMAPKIHTIB........... 43

TaBpiokos O.B.
YCTATKYBAHHA JIAA TPAHCIIOPTYBAHHSA BETOHY
I YAC 3BEJAEHHSA BUCOTHHX CIIOPY L ... 49

Kpasuenko C.A., ITocrepuak 0.0., 3inyenko C.B., Araesa O.A., Croneuy I.A.
JOCJIIKEHHSA MIITHICHUX I IE®OPMATHUBHUX BJACTUBOCTEM
KEPAM3UTOBETOHY HA HEMEHTHO-30OJIbBHOMY B’ SAKYUOMY........coooiiiiiiiiiiiiee 94

Mumkina 0.0., Iumkin 0.0.
BILIUB MILEJ, HATOBHEHUX PEAKIIMTHUMMU ITOPOIIKAMU,
HA MITTHICTD BETOHY ... 61



CONTENTS

Babii I.N., Kalchenia Ye.Yu.

RATIONAL CHOICE OF CONSTRUCTION AND TECHNOLOGICAL SCHEME

OF SOUND INSULATION OF THE FLOOR IN A MONOLITHIC REINFORCED

CONCRETE MULTI-STOREY RESIDENTIAL BUILDING..........oooooiii e, 3

Hrihorovskyi P.Ye., Kroshka Yu.V., Basansky V.0., Osadcha 1.V., Lyalko V.V.

ANALYSIS OF THE RESULTS OF INSTRUMENTAL MONITORING OF THE BUILDING
ADJACENT TO THE CONSTRUCTION SITE OF THE SUBWAY TUNNELS DURING

THE PREPARATORY WO RKS ... e 12

Hrihorovskyi P.Ye., Chukanova N.P., Murasova O.V., Narizhnyi V.V.
ANALYSIS OF THE EFFICIENCY OF IMPLEMENTATION OF UNIFIED BUILDING
MONITORING SYSTEMS AT THE STAGES OF CONSTRUCTION AND OPERATION............... 21

Bobrakov A.A., Shcherbyna L.V., Donenko 1.V., Ishchenko O.L.
INFLUENCE OF HUMAN FACTOR TO THE HYDROLOGICAL CONDITIONS

OF AREA AT THE EXAMPLE OF ZAPORIZHZHIA REGION.......................... 28
Boginska L.O.
USE OF PRODUCTION WASTE IN CONSTRUCTION.............ooiiiieeeeee 35

Votinov M.A., Chubarova D.S.
INNOVATIVE TECHNOLOGIES AS A MEANS OF HUMANIZATION
OF PARKING CONSTRUCGTION. ... ..o e 43

Gavryukov O.V.
EQUIPMENT FOR TRANSPORTATION OF CONCRETE DURING ESTABLISHMENT
OF HEIGHTWEAR STRUCTURES ... e 49

Kravchenko S.A., Posternak A.A., Zinchenko S.V., Ahaieva O.A., Stolevich I.A.
RESEARCH OF DURABILITY AND DEFORMATION PROPERTIES
OF KERAMZITE CONCRETE ON CEMENTE-ASH ASTRINGENT. ... 94

Shyshkina O.0., Shyshkin O.0.
INFLUENCE OF MYCELES FILLED WITH REACTIVE POWDER
FOR CONCRETE STRENGTH....... ... 61



PernameHTH KOHTPONK AKOCTi BUKOHAHHA OyAiBeNnbHUX poobiT

. PernameHT koHTponio sikocti POBIT 3 YNALWTYBAHHA ®YHOAMEHTIB

. PernamenT koHTponto sikocti YITALWUTYBAHHA BYPOHABUBHUX NATb

. PernameHT kontponto sikocti MPU 3BEAEHHI MOHONITHUX BETOHHUX |
3ANI30BETOHHUX KOHCTPYKLIA

PernamenT koHTponto sikocti MPU MOHTAXI 3BIPHUX BETOHHUX | 3ANI3BOBETOHHUX
KOHCTPYKLIA

. PernamenT koHTponio skocti YITALUTYBAHHA KAM'AHUX KOHCTPYKLIA

. PernameHT koHTponto skocti MOHTAXY METANEBUX KOHCTPYKL|IA

. Pernament koxTponto sikocti BAKOHAHHA 3BAPHOBANBbHUX POBIT NPU MOHTAXI

BYAIBENbHUX KOHCTPYKLUIN .

8. PernamenT KoHTpoOnio skocTi YIIALUTYBAHHA HENPOXIOHUX KOMYHIKALIMHWUX KAHATIB

9. PernameHT koHTponio skocTi YITALUTYBAHHA KOHCTPYKLUIW ®ACAOHOI TENNOI3ONALUIT

10. PernameHT KoHTpOnto sikocTi YIALUTYBAHHA NOKPIBEIb

11. PernameHT koHTponto sikocTi ONOPAQXKYBAJIBHUX POBIT

12. PernamenT koHTponio sikocti YNALWTYBAHHA nianor

13. PernameHT koHTponio sikocTi POBIT 3 YNALUTYBAHHSA BIKOH | ABEPEN

14. PernameHT koHTponto sakocti MOHTAXY BHYTPIWHIX CAHITAPHO-TEXHIMHUX CUCTEM

15. PernameHT koHTponio akocti BAKOHAHHA ENEKTPOMOHTAXHUX POBIT

16. PernameHT koHTponio sikocti POBIT 13 BMAFTOYCTPOIO TEPUTOPII

N

~ O,

PEMMAMEHT PEMAMEHT
PEIMAMEHT KOHTPONIO SIKOCTI POBIT PEMAMEHT KOHTPOO FKOCTI
KOH 2o

KQHTPGIIO AKOCT! POBIT 3 YAUTYBAHHS! SYHIAMEHTIS - KoHCTRYIA
3 YDAWTYBAHHA BIKOH | IBEPER ENEXTPOMOHTANRHIX POSIT SACAIHCT TENNOONRALT

PEIMAMEHT
KOHTPOITIO AKDCTI FOBIT
13 BNATGYCTROID TEFMTORI

PEMAMEHT
PEMMAMEHT
PEMAMEHT D SPROCT} MOHTA EHT VIAUTYBAH#R HENPCXITHIAX

ALLITYEAH BHYTPILIHIX A
ORI TARL o ‘CAHITAPHO- TEXHISHIK CHCTEM il bl KOMYHIKALIAHIE KAHANID

PEMAMEHT

KOHTPOIIO FIKOCT] ¥IANTYBAHHA
ISONALIAHAX TIOKPUTTIE
TATIOKPIBENS

{

PEMMAMEHT PEMMAMEHT
PEMAMEHT HOHTPONKO AKOCTI BHKOHAHHA PEMAMEHT KOHTRONKD AKOCTI PEIMAMEHT
KOHTROMNIG AKCCTI OMOPADIYBANHIX POBIT HOHTPONI) FKOCTI MOHTAKY YMAIITYBANHA MO ot A
YALITYBAHHA MOHOMHTHIX METANESIX KOHCTPYKUIA
BANMIOEETOHHAX KOHCTPYKLIA KAMAHIAX KOHCTPYELIA




HOBI TEXHO.JIOTII B BYIIBHUIITBI

Hayxoso-mexniunuu scypran

Bumyck Ne 39

Higmucasno o apyky 28.07.2021 p. @opmar 64x90/8. O6.L.-Buz. apk. 3,97, ym.-apyk. apk. 8,37.
[Manip odcernmit. [udposuit apyk. Hakman 200 mpumipaukis. 3amosaerns Ne 0721,/222.

HappyxoBano: Bunasumumii im «lebBetnkas
(Csinourso cy6'exra Bugastuyoi cipasu JK Ne 4392 iz 20.08.2018 p.)
65101, Yxpaima, m. Ozeca, By.r. Iurmesi, 6/1
Ter. +38 (048) 709 38 69, +38 (095) 934 48 28, +38 (097) 723 06 08
E-mail: mailbox@helvetica.ua



