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ABSTRACT

Turba Y. V. Crack resistance of dispersedly reinforced concrete. —
Quialifying scientific work on the rights of the manuscript.

Thesis for the candidate degree of engineering science (Doctor of
Philosophy) in specialty 05.23.05 - Building Materials and Products (19 —
Architecture and construction). - Lviv Polytechnic National University, Ministry
of Education and Science of Ukraine, Lviv, 2021.

The dissertation is devoted to increasing the crack resistance of cement
concrete by composite polydisperse reinforcement with polypropylene fibres of
"polyreinf"* and "microreinf" type to improve their strength properties and
strength and energy characteristics of crack resistance. The efficiency of
dispersed reinforcement of concrete for transport purposes is established.

The introduction substantiates the relevance of the dissertation, formulates
the purpose and objectives of the study. The main provisions obtained by the
author, which have scientific novelty and practical value, are given.

The first section provides a critical review of the literature related to the
technological features of concrete reinforced with fibres of different types and
types, their impact on physical and mechanical properties, crack resistance and
durability, and identifies the theoretical background.

The second section presents the characteristics of the source materials and
describes the main research methods used in work. The force and energy
characteristics of crack resistance of dispersed reinforced concrete were
determined using a complete stress-strain diagram during the mechanical tests of
concrete prisms. The samples were tested according to the scheme of three-point
bending on a 200 ts hydraulic machine. Control samples were loaded until
destruction.

The third section is devoted to the study of the influence of dispersed
reinforcement by different types of fibres with determining the physical and

mechanical properties and crack resistance characteristics of concrete. At the first
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stage, the effect of different fibres on the strength and energy characteristics of
crack resistance was studied. The next stage was to optimize the composition of
concrete using a three-level three-factor experimental plan and to establish the
optimal content of polypropylene fibres such as "polyreinf" and "microreinf".

The fourth section presents the results of experimental and statistical
modelling of strength properties and crack resistance characteristics of concretes
with composite disperse reinforcement with polypropylene fibres such as
"polyreinf* and "microreinf”. Physico-mechanical, functional properties,
shrinkage deformations of concretes of optimal composition with composite
disperse reinforcement in comparison with non-reinforced concrete were
investigated.

The fifth section presents the experimental and industrial implementation
results of the developed concretes dispersed and reinforced with polypropylene
fibres such as "polyreinf" and "microreinf" for transport purposes.

As a result, the dissertation solved a scientific problem with practical
significance, namely the development of dispersed reinforced concrete for
transport purposes with increased construction and operational properties and
crack resistance characteristics. Based on the results of theoretical and
experimental studies, general conclusions are formulated.

Keywords: disperse-reinforced concrete, polypropylene fiber type
"polyreinf* and "microreinf”, complete state diagram, crack resistance

characteristics, technological factors.
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BCTYII

AkTyanbHicTh Temu. CydacHHMI AOCBiA OYIIBHHIITBA Ta EKCILIyaTalii
aBTOMOOUTLHUX JOPIT MIATBEPIKYE, IO Kpallll TMOKa3HUKH HaJIRHOCTI 1
JIOBTOBIYHOCTI MAalOTh JKOPCTKI J0poxHI ofsaru. [Ipore, memeHTHUit O€TOH Yy
mporieci WOoro yKJIaJaHHs Ta eKCIUTyaTallii MO)e HaKOMUJIyBaTH OaraTo Je(eKTiB,
SK1 3HAYHO 3MEHIIYIOTh MOTO MPOEKTHY MIIHICTh. OAHIEIO 3 TOJIOBHUX MPUYMH
HEA00OpY MIIHOCTI MOXe OyTH TPIIMHOYTBOPEHHS, SKE BUHHUKAE, KOJIU
HABAHTAXKEHHA TEPEBUIIYIOTh MIIHICT, OeToHYy. HampyxeHHs, sKI BUHUKAIOTh
Ipu 1IbOMY B O€TOHI, MOXXYTh IOSICHIOBATHCS JII€I0 30BHINIHIX CHJI (TOCTIiiHI
HAaBAHTA)KEHHA BIJ pyXy TpaHCHOPTy; 3OUIBIIEHHS BaHTaXOIMiAMOMHOCTI
aBTOMOOWIIB; TMoOraHe oOMupaHHS OETOHHOTO TMOKPUTTS Ha OCHOBY), TaK 1
BHYTPIIIHIX CHJI, $KI OOyMOBJIEHI (I3UKO-XIMIYHUMHM MPOLIECAMH, IO
B110YBaIOTHCS Mij] 4ac TBEPAIHHS OCTOHY.

Kpurepiéi HamiiHOCTI 1 JOBTOBIYHOCTI OETOHY JOPOKHBOTO TMOKPUTTS
BU3HAYAETHCS 3JATHICTIO €JIEMEHTIB CTPYKTYpU MEPEPO3NOJIATA Ta TaCUTH
JIOKaJbHI HANpPYKEHHS B HECTIMKMX TPINIMHAX B TEPiOJ] PAaHHBOTO TBEPJIHHS 1
excrutyaramii. ToMy B TEXHOJIOTII OPOXHBOTO OETOHY 1 MEXaHILl YNpaBIIIHHA
HOro CTPYKTYPOYTBOPEHHSIM 3’SIBIIIETHCA HOBUW HANpPsIMOK, 3aCHOBAHUM Ha
raJlIbMyBaHHI TIPOILIECIB PyWHYBaHHS — MIABUIICHHS TPIIMHOCTIMKOCTI, 11O
JOCATAETHCSI  PO3POOKOI0 Ta BIPOBAKEHHSIM OJHOTO 13 TMEPCIEKTHBHUX
KOHCTPYKIIIHHUX MarepialiiB, a camMe JUCIEePCHO-aPMOBAHOTO OCTOHY, SIKUU
JT03BOJISIE  KOMIICHCYBATH TOJIOBHI HEMOJIIKK TPAIUIIHHOTO OETOHY - HH3bKY
MILIHICTh NPU PO3TATYBAaHHI Ta KPUXKICTh (HU3bKY TPIILIMHOCTIAKICTB).

[Ipu oMy apmyBaHHS OJHUM BHAOM (HiOPOBOTO BOJIOKHA HE 3aBXKIU
NPU3BOAUTL A0 MIABUIIEHHS (PI3UKO-MEXaHIUHUX, TEXHIKO-CKCILTyaTallliiHIX
XapaKTEPUCTUK OETOHIB, a 1HKOJM HaBITh A0 iX 3HUKEHHS, L0 MOSICHIOETHCS
“pobororo”  ¢iOpu Ha pI3HUX eTamax ekciutyatarii Oerony. KowmmiekcHe
JIMCTIEPCHE apMyBaHHS PI3HMMHU BUJAMH Ta TUMaMu (GiOpu JacTh 3MOTY 3adisTH
yBECh TMIOTEHIlIa]l BBEICHUX BOJOKOH, SIK€ JO TEMEPINIHhOTO Yacy BHBUYCHE

HEOCTATHLO.
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3B's130K po0OTH 3 HAYKOBMMM NPOrpamMamMH, IVIaHAMH i Temamu. Tema
JTUCEepTaIii € CKJIAJOBOI YaCTUHOK HAYKOBO-JOCHITHOT poOoTH Kadeapu
aBTOMOOITRHUX JOpir Ta MocTiB HamoHanpHOro yHiBepcutetry «JIbBiBChbKa
MOJIITEXHIKa» 1 BUKOHyBajach B Mexax TeMu «Po3pobiieHHs e(eKTHBHHUX
TEXHOJIOT1H 1 MaTepiajiB Jjis OyIIBHUIITBA Ta PEMOHTY JOPOXKHIX OJSTIB» (HOMEp
nepxpeectparii 0114U001233).

MeTta po60oTH Ta 3aBJAaHHA J0CTiI:KeHHsA. PO3po0IeHHs IeMEHTOOSTOHIB
3 MABUIIEHUMH XapaKTEPUCTUKAMH MIIHOCTI Ta TPIIIUHOCTIMKOCTI  IIISXOM
KOMITO3HITITHOTO TUCIIEPCHOTO apMYyBaHHSI.

JUIs JOCATHEHHS TOCTAaBJIEHOI METH B poOOTI HEOOXIJHO BHUPILIUTH
HACTYTIHI 3aBJIaHHSA:

- IPOBECTH  KPUTHYHHA  aHAT3  TEOPETUYHUX  YSABJICHb  Ta
CKCIIEPUMEHTAJIbHUX  JIAaHUX  WIOJ0  I1IBUIICHHS (b13UKO-MeXaHIYHUX
XapaKTEPUCTUK Ta TMOKA3HUKIB  TPIIIMHOCTIMKOCTI  IIEMEHTHOTO  OETOHY
JTUCTIEPCHUM apMYBaHHSIM;

- BCTAHOBUTHU HaMOUIbII ePeKkTuBHUIM BUJ Ta TUl (HiOPOBOro BOJIOKHA
JUIsL TUCIIEPCHOTO apMyBaHHSI IIEMEHTHUX OETOHIB Ta iX BIUIMB Ha (PI3UKO-
MEXaHIYH1 XapaKTePUCTUKU Ta MapaMeTPH TPIIIMHOCTINKOCTI;

- pO3poOUTH Ta ONTUMIZYBaTH 3a KPUTEPISIMH  MIITHOCTI  Ta
TPIIIUHOCTIMKOCTI CKJIa JUCIIEPCHO-apPMOBAHUX TMOJIMPOIiIEHOBOK (HiOporo
Ty “mosiapM” Ta “MikpoapMm’ IIEMEHTHHUX OCTOHIB, BHU3HAUUTU iX (Pi3UKO-
MEXaHI4YH1 BJIaCTUBOCTI Ta XapaKTEPUCTUKU TPIILIMHOCTIMKOCTI;

- pO3pOOUTH Ta ONTUMI3YBaTH 3a KPUTEPISIMH  MIIIHOCTI  Ta
TPIIIMHOCTIMKOCTI CKJIAau IIEMEHTHHX OCTOHIB 13 KOMIO3HUIIIMHUM JUCTICPCHUM
apMyBaHHSM TOJINpPONUIEeHOBUMH (iOdpamu Tuny “nomiapm” Ta “Mikpoapm”,
BU3HAYUTH  iX  (I3UKO-MEXaHIYHI  BJIACTHBOCTI  Ta  XapaKTEPUCTHKHU
TPIITUHOCTINKOCTI;

- JOCJIIIUTH €KCIUTyaTalllifH1 BJACTUBOCTI pO3pO0JICHUX OCTOHIB,;

- IPOBECTH  JIOCHIITHO-TIPOMHKCIIOBE  BIPOBADKCHHS  PO3POOJICHUX

LHEMEHTHUX  OETOHIB 13  KOMIIO3ULIMHMM  JAWCHEPCHUM  apMYBaHHSIM
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noJimnponiieHoBuMu  ¢GidpamMu THIMy “momiapM” Ta “MikpoapM” Ta TPOBECTH
TEXHIKO-€KOHOMIYHE OOTPYHTYBaHHS iX €()EKTUBHOCTI.

O0'exkT pocaimxeHHsi — (i3MKO-MEXaHIUHI BJIACTMBOCTI, CHJIOBI Ta
CHepreTUYHl  XapaKTePUCTHKH  TPIIIUHOCTIMKOCTI  JUCIEPCHO-APMOBAHHUX
LIEMEHTHUX OETOHIB.

IIpeaMer mocaiIzKeHHA — TUCIIEPCHO-apMOBaHI OCTOHM 3 MiJABUIICHUMHU
XapaKTePUCTUKAMHU TPIIIMHOCTIMKOCTI, 3aBISKA KOMIIO3HUIIIHOMY IHCIIEPCHOMY
apMyBaHHIO TIOJIIPOIUJICHOBUMH (Dibpamu TUIY “TiojiiapM” Ta “Mikpoapm’.

Metoau pocaimkeHHsi. ExcriepuMmeHTanbHI pe3yibTaTd OTpUMaHi 13
BUKOPUCTAHHSAM  CYYaCHMX  METOAIB  (PI3UKO-MEXaHIYHUX  BUIPOOYBaHb,
CJIEKTPOHHOT MIKPOCKOIT 3 MIKPO30OHJIOBUM aHalli3oM. BusHaueHHs (i3uyHUX,
(b13MKO-MEXaHIYHUX Ta OyAiBEIbHO-EKCIUTyaTallliHUX BJIACTUBOCTEN MarepiajiB i
BUPOOIB 31HCHIOBAIM 3T1IHO 3 YAHHOIO HOPMATUBHO-TEXHIYHOIO JOKYMEHTAIIIEIO
Ta 3araJbHONPUUHATAMHA MeToAuKaMu. ONTUMI3AIIII0 CKIIAiB OETOHIB MPOBEIACHO
13 3aCTOCYBaHHSM EKCIIEPUMEHTAIBHO-CTATUCTUYHUX METOMAIB TUIaHyBaHHS
€KCIIEPUMEHTY.

HaykoBa HOBU3HA O/Iep:KaHUX pe3yJabTaTiB:

- TEOpPETHMYHO OOrPYHTOBAHO Ta EKCIEPUMEHTAIBHO MIATBEPIKEHO
MO>KJIMBICTh OJIEpKaHHS OCTOHIB TPAHCIOPTHOTO MPHU3HAYEHHS 3 IMIJIBUILECHOIO
TPIIMHOCTIMKICTIO ~ HUISIXOM  KOMIIO3MI[IHHOTO  JMCHEPCHOTO  apMyBaHHS
MOJTIMPOTIIEHOBOO (hiOPOIO PI3HOTO THUITY;

- BIEpIIEe BCTAHOBJICHO €(EKTHUBHICTh KOMIUIEKCHOTO TIOE€AHAHHS B
ONTUMAJIbBHOMY CHIBBIIHOIIEHHI MOJIMPONUIEHOBOI G10pu Tummy “mojiapm” Ta
“Mikpoapm” ISl TIOJIAMCIEPCHOTO apMyBaHHS OE€TOHY Ha MIKpPO- Ta MakKpOpiBHI
Ui 3a0e3meueHHs] MiABUINEHUX CHJIOBHX Ta CHEPreTMYHUX XapaKTePUCTHK
TPIITUHOCTINKOCTI;

- BCTaHOBJICHA BH3HAYaJbHA POJb KOMIO3UI[IIHOIO IUCIEPCHOTO
apMyBaHHS Ta TEXHOJOTTYHUX (HaKTOpIB Ha €(EKTUBHICTH “poOOTH” OETOHY Ha
pi3HHX eTanax nedopMyBaHHS Ta pyHHYBaHHS;

- BUSIBJIIEHO e(eKT “MicTKa”, ikuil popMyeThcsi (HiOPOBUM BOJIOKHOM 1
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CTHOBUIBHIOE PO3BUTOK MAaKpOTPIIIMHUA B JOKPUTHYHINA cTajii AedopMyBaHHS Ta
YUHUTH  Omip  AeparMeHTamii B  3aKpUTUYHIA  cTafli  pylHyBaHHS
MO AUCIIEPCHOAPMOBAHUX OCTOHIB;

- OTpUMAHO KOMIUIEKC EKCIEPUMEHTAIbHO-CTATUCTUYHUX MOJeIei
CWIOBHX Ta EHEPreTUYHUX XapaKTePUCTUK TPIIIMHOCTIMKOCTI JHUCIIEPCHO-
apMOBaHUX OETOHIB MOJIMPONiJICHOBUMH (PiOpamu TUMiB “mosapm’ 1 “Mikpoapm”
Ta IX KOMJICKCHOTO MO€THAHHSI.

I[IpakTH4YHe 3HAYEHHS OJIePKAHUX Pe3y.IbTATIB

- po3pobneHO OETOHM 3 KOMIIO3UIIHHUM AHCIIEPCHUM apMyBaHHSIM
NOJIIMPONUIEHOBUMH (i0pamMu TUMy “moniapm’ Ta “MiKpoapM™, 3 MiJABUILICHUMHU
MOKa3HUKaMU JIOBTOBIYHOCTI (Mapka 3a Mopo3ocTidikicTio He wmeHiie F200),
TPIIMHOCTIMKOCTI (3arajbHi MUTOMI €()EKTUBHI BUTPATH €HEPrii Ha CTaTHUYHE
pyitnyBanas Gp=760 J[x/M°, KpHTHUHIH KOC(IL[i€HT IHTCHCHBHOCT] HAIPY’KEHb
Ki=0,86 MHaXMUZ) Ta MIIHOCTI Ha po3Tsr mpu 3ruHi (fim=11,40 MIIa);

- MPOBEJECHO  JOCIIIHO-TIPOMUCIOBY  ampoOaiio  po3poOJeHux
MOJTi IMCTIepCHOApMyBaHuX OeToHiB Ha BupoOHuuiit 6azi 1 “3AXIA-BETOH-
BYJ]”. 3nailicHeHO BUPOOHUUTBO JOCIIIHOI MapTii OETOHy Ha OCHOBI
nopmirananementy 11 II/A-III-500 Ta BUTOTOBIEHO IIEMEHTHO-O0ETOHHE TTOKPUTTS
MapKIHTy TpHU CKIAACHKUX MpuMilieHHsX y c. MypoBane (JIsBiBchka OTI).
PesynpTaTi BUMpOOYBaHb MiATBEPAMIIA JTOCATHEHHS ITiIBHINICHUX XapaKTEPUCTHK
MIITHOCTI, TPIIIMHOCTIMKOCTI Ta IOBTOBIYHOCTI.

- pe3ydbTaTH  JOUCEpPTalliHOI  poOOTH  BHUKOPUCTOBYIOTHCA B
HaBYaJbHOMY Mporieci HanioHanbHOro yHiBepcUTETY «JIbBIBCbKA MOMITEXHIKA» Y
BHUKJIaJaHHI quciuiunid “HaykoBi gociimkeHHs B OyIIBHUIITBI JUIs MaricTpiB 3a
CHEI1aTbHICTIO
192 ByniBHUIITBO Ta IMBUIHHA THXXECHEPIS.

Oco0uctuii BHecok 3100yBaya MoJjsirac B aHalli3l JITEpaTypHUX IKEpE,
MPOBEJICHHI EKCIEPUMEHTAIBHUX JOCHIIKEHb, OOpPOOJICHHI Ta 1HTepHpeTarii
OJIep KaHUX JaHUX.

ITocTanoBka 3aBJaHHA, IJIaHYBaHHSA Inporpamu )IOCJ'Ii)I)KCHB,
13



bOopMyTIOBaHHS OCHOBHUX IIOJIOKEHb Ta BHCHOBKIB 3JIHCHIOBANIOCA Tij

KepiBHHIITBOM HAayKOBOTO KepiBHHKA — J.T.H., mpod. (Comomkoro C.1 )

Pe3ynbpraTi HayKOBHX JOCIIHKEHB, IPEACTaBICHI B AUCEPTAIliiHIN poOOTi,
OTpUMaH1 aBTOpOM ocoOucto. B poborax, ski omyOJiKOBaHI Yy CHIBaBTOPCTBRI,
aBTOpPY HanexuTb: [l] — [JOCHIKEHHS BIUIMBY MJHCIIEPCHOTO apMyBaHHS
MOMINpPOIIEeHOBOK  (iOporo Tumy “MikpoapMm” Ha IIEMEHTHUM OeToH Ta
MOJKJIMBICTh MOTO0 BUKOPHUCTAHHS B SIKOCTI MOKPUTTS aBTOMOOUTHHUX JA0PIr; [2, 9]
— JIOCIIJ)KEHHsI BIUTUBY JUCIIEPCHOTO apMYBaHHS MOJIIMPOIIIECHOBOKO (HiOporo
TUMY “TojiapM” Ha XapaKTEPUCTUKH OCTOHIB 3 Baplalli€l0 TEXHOJIOTIYHUX
YUHHUKIB, @ came BUTpaTu (i0OpH, BIJHOLIECHHS JOBXWUHU (PIOPOBOr0O BOJIOKHA /10
MaKCHMAJIBHOTO J1aMeTpy KPYITHOTO 3aloBHIOBaua, KoedillieHTa PO3CYBY 3epeH
KpYy[HOTO 3amoBHIOBaua; [3] — [OCHIJDKEHHS BIUIUBY KOMIIO3HUIIHHOTO
JUCIIEPCHOTO apMyBaHHS MOJIMPOINiIEHOBUMH (iOpamu Tuiy “MikpoapMm™ 1
“nomiapM” Ha (I3MKO-MEXaHIYHUX BJIACTHUBOCTEM 1 CHUJIOBI Ta EHEPreTHUYHI
XapaKTePUCTHKHU TpilmuHOCcTiKocTi OetoHiB. [4, 5, 6, 10, 11] — mocmimkeHHS
BIUTMBY JHUCIEPCHOTO apMyBaHHS MOJIMPOMIICHOBOWO (GiOporo TUIy “Mikpoapm’
Ha XapaKTEPUCTHKU OETOHIB 3 Baplalli€l0 TEXHOJIOTIYHMX YWUHHUKIB, TaKUX SIK
BUTpata (piOpu, BIAHOLIEHHS OBXUHU (PIOPOBOrO BOJOKHA /10 MAKCUMAJIbHOTO
JlaMeTpy KpPYIIHOTO 3aloBHIOBaYa, KOE(DIIIEHT PO3CYBY 3€peH KPYITHOTO
3aMoBHIOBaYa; [7, 8] - MOCHIKEHHS BIUIMBY JHMCIEPCHOTO apMyBaHHS PI3SHUMU
BUJaMU Ta TunamMu (iOp Ha (I3MKO-MEXaHI4HI BIACTHBOCTI Ta XapaKTEPUCTHUKU
TPIITUHOCTINKOCTI OCTOHIB.

OO0cHr i crpykrypa aucepraunii. J[ucepTailis CkiiaiaeTbCs 3 BCTYIY, I’ SITH
pO3ALTIB, 3arajbHUX BHUCHOBKIB, CIUCKY BHKOPHCTaHMX Jokepen 13 118
HalilMeHyBaHb Ta 2 fonatkiB. PoOoTa BukiageHa Ha 143 cTopiHkax, y TOMY YHCIHI
125 cTOpIHKM OCHOBHOTO TEKCTy, 28 Tabmwili, 38 pUCyHKIB, 12 CTOPIHOK CHHCKY

BUKOPHUCTAHUX JKEPEN Ta 6 CTOPIHOK J0JaTKIB.
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PO3JLT 1
CTAH MIMTAHHSA TA TEOPETUYHI TEPEJIYMOBHM JOCJIPKEHHSA

1.1. OcobsmBocCTi 3acTocyBaHHs (PiOp pi3HUX BHIIB 1JI51 JUCIIEPCHOTO

apMyBaHHs 0€TOHIB

OpHuM 3 TEPCNEeKTUBHUX KOHCTPYKUIMHUX MaTepiajiB, KU J1a€ 3MOTY
KOMIIEHCYBATH I'OJIOBHI Ta HEJOJIIKKM OETOHY — HU3bKY MIIHICTh IPH PO3TATYBaHHI
Ta KPUXKICTh, € JUCHEPCHO-apMoOBaHi O0eToHU. DIOPOOETOH XapaKTEPUYETHCS B
KUJIbKa pa3iB BUIIOK MILHICTIO IPHU PO3TATYBaHHI Ha 3pi3, YAAPHOK MIIHICTIO,
TPIIMHOCTIMKICTIO 1  B’A3KICTIO, MOPO3OCTIMKICTIO,  BOJIOHEMPOHUKHICTIO,
MOXKEKOCTIMKICTIO. 3a MOKa3HUKOM poOOTH pyHHYBaHHS (PiOpoOeToH Moxe B 15-
20 pa3iB mnepeBepuryBath OeToH. Taki O€TOHM SBISAIOTH COOOK OJMH 13
PI3HOMAHITHUX BHJIIB IIUPOKOTO KJIACy KOMMO3UIIHHUX (KOMIIO3UTHUX)
MaTepiaiiB, sIKI B Hall 4ac BCE OUIBII HIMPOKO 3aCTOCOBYIOTHCSA B PI3HHMX Tally3aX
MIPOMHUCIIOBOCTI.

3aifikaBlieHHS JHUCIIEPCHO-apMOBAaHMMH OeToHamu 1  (hiObporieMmeHTOM
30CEpEeIKeHEe B HOro NEpPCHeKTMBHOMY 3aCTOCYBaHHI B TaKUX KOHCTPYKIISX:
JIOPO’KHI Ta aepOJIPOMHI TMOKPHUTTS, OUIBII CTIMKI JO TMHAMIYHMX HAaBaHTaXXEHb 1
CTUPaAHHS;, MiJIOTH MTPOMUCIIOBUX 11€X1B; BIMOBIIAJIbHI, 1110 MIJa0THCS KaBiTallii,
YaCTUHU BOJOCTOKIB TIAPOTEXHIYHUX CHOpPYZA; OOJIMIIOBAJIbHI  €JIE€MEHTH
MIPOMUCIIOBUX Ta JKUTIOBUX OYIiBENb;, 3al1300€TOHHI TPyOW Ta CTOBIM JIIHIM
eJIeKTporepeaay; KOMOIHOBAHI Ta 1HILI KOHCTPYKIIII.

JUjis OKpaIeHHs BIACTUBOCTEN IIEMEHTHUX OETOHIB JI0 iX CKJIaJqy BBOSTH
SK BOJIOKHHMCTI HaIIOBHIOBAY1 Pi13H1 BOJIOKHA: CTAJICB1, MOJIIMEPHI, MOJTITPOILICHOBI,

comoJiiMepHi, 0a3ajabTOBI, CKIIsHI, ByrJieneBi Ta inmi (tadm. 1.1 [1]), [2-11].
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Taomug 1.1

I'any3i 3acTocyBaHHS Pi3HMX BHIB BOJIOKOH

Twuno BookHa

["any3pb 3acTocyBaHHs

1

2

Cxio

OOmmmroBanHg  CTiH, 30ipHI TaHemi, TOHKI
OCTOHHI TMOKPUTTS JaxiB, cyxa IITyKaTypka s

O0eToHHUX OJIOKIB, KaHAJI3alliliHI TPYOH

Craip

JlopoxHi MOKPUTTS, MOCTOBI HACTHJIH,
HI3ApIoBaTi OCTOHHI €JIEMEHTH IIOKPUTTS, 3JITHO-
MOCaJI04YH1 CMYTH aepoJIpoMiB, OOJUIIOBAHHS TYHEIIIB,
OCTOHHI TpyOHW, BOTHETPUBKI Marepiaju, €MHOCTI
BHUCOKOIO THCKY, BHUOYXOCTIHKI CIOpPYAH, OCHOBH
BEpPCTaTIB, KOHCTPYKLIi KOpaOEIpHOro  KOpmyca,

MOPTOBI CIIOPYIU

[TominpomnineH, HEMIOH

[lonepenubo Hampykeni mnami, (QyHIaMEHTHI
najgi, JOpOXHIA PEMOHTHHMA Marepiai, IUIaBydl
€JIeMEHTH Ui TPOXOJiB 1 TMpUYaliB y TOpTax,

OOJIMIIFOBAJIbHI TIaHEJNi, MPUBAHTAXI JUIS MIABIIHUX

TpyO

BornerpuBki ¥ 130NAIiMHI  MaTepiaiu,

OOJIMIIFOBaHHS CTIH, JIUCTH, TO(poOBaHI 1 TJAIKI

Azbect
MOKpIBENBbHI ~ JINCTH,  IOJOTHO, TPyOW, IUIUTH,
KaHaJ3aIiiHl Tpyou
OpuHapHi 1 TOJABIMHI BUTHYTI MeMOpaHHI
Byrnenesi CTPYKTYpH, HACTHJIM OyIiBEIbHUX JICiB, TodpoBaHi
€JIEMEHTH MEePEKPUTTIB, KOPITYCH YOBHIB
[MTomamizn AHaJIOT1YHO BYTJICIIEBUM BOJIOKHAM

CrroasiHi TyCcKu

YacTtkoBo 3amimamTh az0ecT y OeTOHHUX

TpyOax, IEMEHTHUX HACTUJIaX; PEMOHTHI MaTepiaiu
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[Tponosxenus Tabmwmi 1.1

1 2

PocnunHi BostokHa:
KOKOCOBOT NaJIbMU, JlemeBi MOKpiBeIbHI MaTepiaik 1 OOJIUIFOBAIbHI
cu3alna JKyTy, akBapa, | IMaHell

CJIOHOBO1 TpaBH

3a 3HaueHHSM MOAYJS MPY>KHOCTI BOJIOKHA MOJUISIOTH Ha JBa Tumnu [12,
13]: HU3bKO MOAYJIBHI (HEHUJIOHOBI, TOJIIETHIICHORBI, TOJIMPOIJIEHOBI, MoJiedipHi)
13 BEJIMKUM BIJHOCHHM BHJOBXKEHHSIM IIpU PO3PHUBAHHI 1 BUCOKO MOJYJIbHI
(cknsHi, Byrienesi). [lepmn 3acTocoBYlOTH Ui JOCATHEHHS BUIIOI yJIapHOI
B’SI3KOCTI OETOHY, APYT1 — JUIsl MIABUIIEHHS MIIHOCTI MIPU PO3TATY, >KOPCTKOCTI 1
MiABUIICHHS OTIOPY AMHAMIYHUM HaBaHTaKCHHSIM.

[IpakTuyHO yCl BUIUM CHUHTETHYHHUX BOJIOKOH (KampoOHOBi, HEHJIOHOBI,
NOJIMPONUIEHOB] Ta 1HIN) XapaKTepU3YIOThCS XIMIYHOK CTIMKICTIO A0 il
JYXHOTO CEpelloBUIAa MOPTJIAHIALEMEHTIB. JlucnepcHe apMyBaHHS 31HCHIOIOTH
BOJIOKHaMU-(h10pamMu, PIBHOMIPHO PO3MOAUICHUMH B 00’€Mi OETOHHOI MAaTpHIIL.
BuOip mTyyHux BOJIOKOH-(10Op AOCUTH IIMPOKHUM: BiJl HaA3BUYAMHO Ne(DILUTHHX,
HAIPUKJIA 13 BYIJIEII0, 00py, camndipy, Boibppamy, Y TOPIBHIHO JOCTYITHUX IS
3aCTOCYBaHHS B MacoBOMY OYIIBHHUIITBI — CTajJeBUX, 0a3aJbTOBUX, CKIISIHUX,
NoJIMEpHUX. B fgKOCTI  apMylrouMx €JleMEeHTIB JJid OETOHIB  MOXKYTh
BUKOPHCTOBYBATUCH TaKOX TMPHUPOJIHI BOJIOKHA TaKl SIK: ACPEBUHHI (ILIETFOII03H1),
0amMOyKOBi, CHU3aJIeBl, JHKYTOBI, TPOCTUHOBI Ta 1H., ajleé BOHU B KOHCTPYKLIHHOMY
BIJIHOIICHH] MOCTYNAIOThCS IITYYHUM BOJIOKHAM.

B sikocTi BUXITHMX apMyHOYUX MaTepiaiiB st OETOHY BUKOPUCTOBYIOTHCS
MeTajeBl, MIHEpaJibHI Ta OpraHiuHi BOJIOKHA y BHIJISJl KOPOTKHUX BIAPI3KIB
BOJIOKOH-(DiOp, 110 OTpUMa M MIMPOKUA CHEKTP 3aCTOCYBaHHS Ta BIJHOCHY
TICTIECBU3HY.

Po3BUTOK TEOPIi AUCHIEPCHOTO apMyBaHHSA O€TOHHUX MaTepiaiiB OB’ I3aHUM

B 3HA4yHIM Mipi 3 pO3B’SA3KOM 3aJad B o00JacTi MOJEIIOBAHHSA CTPYKTYpH
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JTUCTIEPCHO-apPMOBAHUX CHCTEM (KOMIIO3UTIB), TPHUBEACHHS XAOTUYHOTO 1
JUCKPETHOTO apMyBaHHS J0 EKBIBAJICHTHOTO HAMPSMIIEHOTO 3 BpaxyBaHHSIM
HaIpy>KEeHO-1e(QOPMATUBHOIO CTaHy €JIEMEHTIB, BU3HAYCHHS €(DEeKTUBHUX 3HAYCHD
00’emHOTO BMICTy (hiOpoBOi apmaTypu, 1o 3abe3rnedye BUKIIOUEHHS KPUXKOTO
pYHHYBaHHS KOHCTPYKIIM 1 MIJABUIIEHHS OINOPY IOIIUPEHHS TPINUH B OETOHI,
BUSIBJICHHSI 3J]aTHOCTI apMOBAaHOTO MaTepialxy A0 CHPUUHATTS MEXaHIYHHX Ta
1HIIINX BU/IB BIUINBIB.

[Ipuniun 1oOYAOBM KOMIO3UTIB MPOCTHM, SKUW JEXKUTb B OCHOBI
oprasizamii CTPyKTypu OaraThOX MPUPOJHUX MartepianiB. Hampuxman, nmerkuid i
MIIHUA 0aMOYK SIBISIETHCSA XapaKTEPHUM KOMIO3ULIMHUM MaTeplajioM, B SIKOMY
M’sIKa TEJTI0JI03HA CKJIa/I0Ba 3MIIIHEHA BUTSATHYTUMHU B HUTKY KpUCTajJaMU OKCHUIY
KpeMmHito. JlucnepcHe poO3MOAITICHHS KPUCTaliB B MaTpHUIll, IX 3YCIUICHHS 1
OpI€HTaIllE B KOMIIO3UTI 3a0€3MeuyloTh HE TUIBKM BHCOKY MIIHICTh, ayne U
TPIIMHOCTIMKICTh KOMITO3UTY. TpIlIMHU, K1 MOTJIA O PO3BUHYTHCH B HbOMY I
HABAHTAKCHHSM 3aBIISKH MIIIHOMY 3B’SI3Ky MK KpHUCTaliamH, OJOKYIOTHCS, TPH
[[bOMY 3HAYHO 3HIDKYETHCS “BIAUYTTS Marepiaiy J0 30BHIIIHIX BILTUBIB. PasoM 3
UM, MaTepiaji, MOAIOHUN KICTKOBIM TKaHWHI, HE MIT O OyTH €(PEeKTHUBHOIO
apMaTyporo s 0eTOHY, TaK SIK MOJYJb MPYKHOCTI KicTKOBO1 TkanuHu (21000
MIla) nmpakTUYHO HE MEPEBUIIYE MOJYJIA MPYKHOCTI 3BUYaitHoro 6erony. [Ipote
BIJIHOIICHHS MDK MOJYJISIMU KICTOK 1 OIOJOTIYHMX TKaHUH (JJi1 SIKMX KOCTI
SBJISIOTHCS APMYIOUMM MaTepiajioM) 3MIHIOIOThCSA B Mexkax 35-100, To6To 3HayHO
NEPEBUULYIOTh Tl K BIJHOIICHHS M) MOAYJISIMU OETOHY 1 apMaTypHoi ctaii. Tomy
JUJIS OTPUMAaHHS OUTBII MIITHUX KOMITO3UIIIN HE0OX1IHO BUKOHATH HU3KY BUMOT';

— BOJIOKHA MOTPIOHO PIBHOMIPHO PO3MOIIISATH MO BCbOMY 00’€My MaTpHIIi,
aJyie BOHM HE TTOBHHHI O€3MMOCePEeTHhO JOTUKATHUCS OJTHE JI0 OJHOTO;

— MaTpullsd MOBUHHA OYTH XIMIYHO 1HEPTHOIO O BITHOIIECHHIO JI0 J1i BOJIOKOH;

— BOJIOKHA TIOBMHHI MaTW OUIBIII BUCOKHM, TTOPIBHSHO 3 MaTPUIICIO, MOTYJIb
IPYKHOCTI;

— OaxxaHo, 00 MaTpUIlL Maja J0CTaTHbO BUCOKY MIIHICTh IIPH 3CYBI;
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— CIIJ TParHyTH 0 OPIEHTOBAHOTO PO3MOJLTY BOJIOKOH B MaTpuili (OETOHI,
pO3UKHI).

Meronamu AUCHEPCHOTO apMyBaHHS TependadyeHi MOMXIMBOCTI OTPUMAHHS
HaIpsMIJICHOT 1 JIOBUIbHOI (BLIBHOI) Opi€HTaIlii BOJOKOH B 00'emi OeTony. Tyt
pO3TIsiAanach TUIBKH JOBUIbHA OpIEHTAIllS KOPOTKUMHU BOJIOKHAMH, a came -
CTHUCHYTO-/IOBUIbHA (X04a O JBa T€OMETPHUYHI IMapaMeTpH €JIEMEHTIB KOHCTPYKIIii
oOMeXeHl B po3Mipax, M0 CTHCKAae CBOOOMY AOBUIRHOI Opi€HTaLIl apMyHOUHX
BOJIOKOH B 00'eMi OeTOHY: JiJIsl OalKH - 1€ BUCOTA 1 IIUPHUHA; A KyOiB - 1€ 1Ie i
JIOBXKHHA).

Ha MOXJIHMBICT pPIBHOMIPHOIO pPO3IMOJALTY BOJIOKOH B OETOHHIM CyMillIl
BIUIMBA€E HU3Ka (paKTOPIB, K1 3ajieKaTh B 3HAYHIN Mipi Bijl BIHOIICHHS JOBXUHHU
BOJIOKOH JI0 iX JllaMeTpa, 00'eéMHOro BMICTY, pO3Mipy YacTOK 3allOBHIOBaya 1 HOro
KUIBKOCTI, & TAKO CIOCO01B MEPEMIITyBaHHS.

Ornan ekCnepuMEeHTAIbHUX JaHUX TOKa3ye, 10 BBEJACHHS CHUHTETHYHHX
BOJIOKOH B OCETOH 3a3BMYail HE MNPU3BOJUTH JIO SIKOrO-HEOYIb  IMOMITHOIO
MIJBUINCHHS MIITHOCTI MaTrepiajly Ha PO3TAT, 3TMH UM CTHUCK IPH il CTaTUYHUX
HABAHTAXKEHb, TaK SIK OETOH HE B CTaHI MepeJaTH CTATUYHI 3yCHIUIS Ha BOJIOKHA,
Kl XapaKTepU3YIOThCS HUKYHUMH, MOPIBHAHO 3 OETOHOM, 3HAYEHHSAMH MOIYJIS
npYy>KHOCTI. TOMYy 3aCTOCYBaHHS CHHTETUYHUX BOJIOKOH JIOIJIBHE 3aJIEKHO BiJ
YMOB poOOTH KOHCTPYKI1{ B MPOILIEC] IX BUTOTOBJICHHS, MOHTaXy Ta €KCILTyaTallli.

CHUHTETHYHI BOJOKHA ICTOTHO WiABUUIYIOTh OMip OETOHY yJIapHUM
HaBaHTakeHHAM. [Ipy IMBUIKIN MOJa4yi HaBaHTAKEHHS CHEPris, MOTpiOHA s
pYWHYBaHHS apMOBAHOTO OCTOHY, MICJIsl BUHUKHCHHS B HHOMY TPIIIMH, IMOBHHHA
BUTpAYaTHCS HAa BHUPUBAHHS BOJOKOH 3 OeroHHoi Marpuii. Komu wac mii
HaBaHTAXXEHHS HAJ3BUYANHO MaJuii, HEOOXI1JTHO 32 KOPOTKHUI MPOMI>KOK TTPOBECTHU
OibITy poOOTY, OO 3a0€3MeUnTH BUPUBAHHS OLIBIIOT MAacH BEJIbMH TOHKHX 1
IUIACTUYHUX BOJIOKOH 3 00'eMy OetoHy. Tomy omip O€TOHY, apMOBaHOIO
CUHTETUYHUMH BOJIOKHAMH, YIaPHUM HABAHTAKEHHSM € IOCTATHHO BUCOKHM.

3rimHo 3 pesyibTaTamMu ekcrnepumenty, nposeneHoro B CIIIA, aexinmpka

rpyn OETOHHUX €JIEMEHTIB, apMOBAaHUX 3BHYANHOIO CTEPKHEBOIO apMarTyporo, 1
19



TUX, IO MICTATHh JOJATKOBY apMarypy, B TOMY YHWCJi 13 CHHTETUYHHX BOJIOKOH,
ctaneBux (iOp 1 a30ecTOBUX BOJIOKOH, OyJM BCTAHOBJIEHI B EMILIEHTP BHOYXY.
OOcTe)KeHHsSI IUX EJIIEMEHTIB IMicisg BHOYXYy IOKa3ajad, 10 BCl BUIW BOJIOKOH
3a0e3neumii neBHUM edekr. OnHak HailOUTbIIa e(eKTUBHICTh Oyna AOCATHYTa
MPU 3aCTOCYBaHHI cTajlieBuX (i1Op Ta HEWJIOHOBUX HUTOK. XapaKTEpHO, IO
HalMEHII TOIIKO/KEHHSI Maji eJIEeMEHTH, apMOBaH1 HEIJIOHOBMMHU BOJIOKHAMHU.
BukopucTaHHsS BOJIOKOH  JO3BOJIJIO ICTOTHO IMABHINWTH OIIp OCETOHY
PO3JIpOOJICHHIO TIPY BHOYXY 1 3MEHIIUTU IIBUJKICTh PO3JIBOTY IIMATKIB OCTOHY.
beToHHI eeMeHTH, K1 BKIIOYAIA TUTBKU CTEPKHEBY apMaTypy, Ipu BUOYXy Oyiu
MOBHICTIO 3HUIIEHI, TOAlI SIK TakKi * €JIEMEHTH, SKI BKJIIOYaId BOJOKHUCTY
apMartypy, IpH THUX K€ yMOBaX, 30eperiiu BIAHOCHY (opMy, po3Mipu 1 MOriau O
OyTH OBHICTIO BIJIHOBJIEHI IIPH PEMOHTI.

CUHTETHYHI BOJIOKHA XapaKTepU3YIOThCS HU3BKOIO 3MOYYBAHICTIO, a
BIJIMOBITHO 1 HU3BKOIO aTe31€10 JI0 IIEMEHTHOTO KaMeHI0. 3a0e3neueHHs CyMICHO1
poOOTH BOJIOKOH 3 OETOHOM MOXE OYTH MAOCATHYTO TUIBKA 3a PAaXyHOK iX
MEXaHIYHOTO 3aaHKepyBaHHS. 3 1Ii€i TOYKKM 30py, HAMOUIBIIUN 1HTEpeC
IPEACTABIIAIOTh BOJIOKHA, SIKI MalOTh KOHCTPYKIIIO Yy BUIVIAIL CHIpadl 4u
neperuieTeHoro Jukryra. E(QexkTHBHICTH BOJOKOH THM BHINA, YUM OUIbIIa iX
BinHOCHA joBxkuHa (1/d). Halikpamii pe3ynbratu JOCSITHYTI HAa O€TOHAX 3 BMICTOM
cuHTeTnyHuX BoJiokoH 0,15-0,25 % 3a macoro (0,4-0,65% mno o0'emy) mnpu
nosxuH1 10-100 MMm.

BaxnuBuii YMHHHK 3pOCTaHHS ILIH HAa CTaleBY MPOAYKIII0 HA MI>KHAPOIHUX
PUHKAX € 3HAaYHE 3pOCTaHHs croxuBaHHA cTam B [Haii Ta Kurai. ¥V psal Bunaakis
BUKOpUCTaHHA (iOpU [103BOJISIE 3MEHIIUTH MOTpeOy B apmarypi. Baromum
apryMEHTOM 3aCTOCYBAaHHs IHUCIEPCHOI apMaTyph € IpOCTOTa 1I BUKOPUCTAHHSA
[14].

HaiiGinpmr  po3noBcioxeHuM BuaoM (iOpH, sKa 3aCTOCOBYETHCS B
OyJIIBHUIITBI, € CTaJIeBa. AJie BOHA Ma€ PsJl HEAOJIKIB, OB’ I3aHUX 3 TEXHOJIOTIEI0
OpPUrOTyBaHHS OETOHHMX cyMimei. [[ns oxepxkaHHsS SKICHOI OETOHHOI cywili,

HEOOXIJTHO PIBHOMIPHO PO3MOJIJIUTH BOJOKHA MO BChOMYy 00’emy Oertony. Ilpu
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BBeJICHH1 cTaneBoi (iOpu ii BOJOKHA MOXKYTh 30MBATHCS B TPYJIKH, YTBOPIOIOYHU
npu 1poMy 'cTaseBi ixKaku", SKI TOTIM Yy TMPOIEC] MepeMilllyBaHHS Manxe
HEMOXKJIUBO PO3POOUTH Ta 3a0€3MEUUTH OJTHOPIIHICTh CYMIIIII.

[lepmri cnpobu apmyBaHHS OETOHY CTaJeBUMH BOJIOKHAMH 3JIHCHHB
dbpanny3 XKan Jlyi Jlam6o. ¥ 1855 p. BiH BUTOTOBUB YOBEH 3aBJOBXKKH 3,5 M 3
[IEMEHTHOTO PO3YMHY, apMOBAHOTO JEKUIbKOMA IapaMH CTaJIeBOi TKAHOI CITKH.
[lepuri po6OTH, IO CTOCYIOTHCS OTPUMAaHHS TUCIEPCHO-ApPMOBAHHX OETOHIB 13
3aCTOCYBaHHSM CTaJIeBUX BOJIOKOH, MOB’s3y10Th 3 iM’siM B. Il. Hekpacosa, sxuit
me B 1907 p. mpoBiB KOMIUIEKC poOIT 1 OmMcaB pe3ydbTaTH BUIPOOYBaHb
OCTOHHUX MaTepiaiiB, PEryaspHO ¥ XaOTHUYHO JUCIEPCHO-apPMOBAHUX BiApi3KaMu
JIpoTy Manux jaiametpis. [li3Hilie ctamu 3acTocoByBaTH CKI0GIOPOOETOH, B AKOMY
PIBHOMIPHO pO3MOJIJIEHI B 00’€Mi CKIAHI BOJOKHA, 3'€HaHI I1IEMEHTHUM
po3unHOM. JlucriepcHO-apMOBaHHUN OE€TOH B MOCTOOY/IyBaHHI 3aCTOCOBYBABCS B
bepaincekomy mapky (1988) mist peKOHCTPYKINT MIMIOX1AHOTO JABOIPOTOHOBOTO
MOCTa Ta B OJHOMY 3 AMNOHCBHKUX Troyib-kiny0iB (1992) - nmns cnopynkeHHs
BaHToBOoro Mocta. Y Jloc-Anmxkeneci 1 Canra-Monimi (CILIA), B pamkax
pOrpamMu MIABUIIEHHS CEHCMOCTIMKOCTI MOCTOBUX KOHCTpYKUIH (1993), 3Haiinuio
3aCTOCYBaHHS 3aXHMCHE OOJIMIIOBAHHS KOJIOH 3 BUKOpUCTaHHIM (hiOpoderony [15].

VY 3apyOiKHMI TMpaKTUIll JJII BUTOTOBJIEHHS CKIO(GIOPOOETOHY MIMPOKO
BUKOPUCTOBYETHCS JTYTOCTIMKE CKIOBOJOKHO Mapku “Llem-®Din”, mo po3podieHe i
BUNTyCKAaeTbcst vy BenukoOpuranii. Jlocmimpkends  (Gidpu B HANPSIMKY
YIOCKOHAJICHHSI CKJIOBOJIOKHA TIPU3BEIM 0 CTBOPEHHS BOJIOKOH 3 MiJBUIICHOIO
JYTOCTIMKICTIO, 110 30UIBIIYIOTh IOBFOBIYHICTh, MILIHICTh 1 B’SI3KICTh pyHHYBaHHS
ckioibpodeTony [16]. Anme 3HaUYHMM HEIOJIKOM CKiIsiHOT (iOpm € ii BHCOKa
BapTICTb.

[Tpu mmpokoMy 3acToCyBaHHI O€TOHY OCOOJMBOI YBaru 3aciIyroBYIOTb
KOMITO3HUITIIHI Matepiaiau, B SKUX POJIb MAaTPUIll BUKOHYE IIEMEHTHUN KaMiHb Ha
OCHOBI TMOPTJIAHJLEMEHTY, a [Jsi MIKpoapMyBaHHS — 0a3aJibTOBI BOJIOKHA.
Buxopucranns 6a3anbToBoi (hiOpM J03BOJISIE 3HAYHOIO MIPOI0 KOMIIEHCYBATU

TOJIOBHI HEIOJIIKM OETOHY — HH3bKY MIIHICTh MHPU PO3TIATY 1 KPUXKICTh
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pyhnyBanHs. Ilpu  3actocyBanHi  6a3anbToBOi  (IOpM  MIABHILYETHCS
MOPO3OCTIWKICTh, TEIJIOCTIMKICTh, CTIHKICTh O CTHUPAHHS, BOJOTOCTIHKICTh
Matepiaiy, 3HIKYIOThCS AedopMaltii 3¢i1aHHs, 3HAYHO 3POCTA€E TPIITUHOCTIUKICTD,
ylapHa B'S3KICTh, mieNeKkTpuuHicTh Ta iH. [17, 18]. IlepcnexkTtuBHUM I
apMyBaHHsI OCTOHIB € BHUKOPHCTaHHs 0a3anbToBOI (hiOpH, BpaxoBYIOUH Te, IIO
MOKJIa I 6a3aibTy 3HAXOAAThCA B OararboXx KpaiHax CBITY, B TOMY YMCII 3HAYHI —
B YKpaiHi.

Pi3ke 301IbIIIEHHS I[IH Ha TPaJUIIIIHY CTaJeBy apMaTypy Ha MDKHApPOIHUX
pUHKaX BHUKJIMKAE HEOOXITHICTh TOIIYyKy pilleHb, sKi oOMexyBaid O
BUKOpUCTaHHA cTaii. P10pa Moke €(PEeKTUBHO 3aMIHATH apMyBaHHS CTPUKHEBOI
apMaTypd B IUIUTHUX KOHCTPYKIIAX TMPOMHUCIOBUX TMIJUIOT, MOKPUTTIX
aBTOMOOUTBHUX JOPIT 1 3THHAHUX €JIEMEHTaX.

bazanproBa (iOpa cnpusie YCyHEHHIO HEraTHBHOIO BIUIMBY KOHLEHTpaLlli
HAlpyXeHb B MICISIX CTPYKTYPHHMX JE(PEKTIB LIEMEHTHOTO KaMEHIO, MiJBUIILYE
MILIHICTh, 30UIbLIy€E Ae(OPMATUBHICTH Ta JOBIOBIYHICTH OETOHY. Y peE3ynbTari
IPOBEJCHUX TEOPETUYHUX 1 EKCHEPUMEHTAIbHUX JIOCHIHKEHb JOBEIEHO, IO
BaroMMil TEXHIKO-€KOHOMIYHUWA €(EeKT ITUCHEPCHOTO0 AapMyBaHHS JIOCATAETHCS
BUKOPHCTaHHSAM 0a3abTOBOTO BOJIOKHA [19].

BaxxnuBoio yMOBOIO BHUKOpPUCTaHHA 0a3anbToBOi (iOpW st apMyBaHHS
OETOHIB € ii XIMIYHA CTIHKICTh Y JyXHOMY cepefoBuill Oerony. I[IpoBeneni
nocnimxenHs: [20] moka3yroTh, 110 TpU JOTPUMAHHI MEBHUX YMOB 0a3ajibTOBY
(G10py MOKHA BUKOPUCTOBYBATH JIJIsl apMyBaHHs OETOHY.

Y poGoti [21] HaBemeHHI pe3yNbTaTH TOCHIIHKCHHS BIUIMBY JIOBXXKUHH
0azanbToBO1 (iOpu giamerpoMm 16 MM (moBxuHO0O 12, 24, 50 MM) Ta KUTBKOCTI
¢b16pu (1, 2, 3 mac.% Big cyxoi cymillll) Ha MIIHICTh MPHU 3TUHI IPIOHO3EPHUCTOTO
6azanpToidpodbeTony (bDB). 3po6ieH0 BUCHOBOK, 10 apMyBaHHS 0a3a1bTOBOIO
Gi10poro  TOBXUHOIO 0 12 MM HE 3MIHIOE KPUXKHM XapakTep pYyWHYBaHHS
OETOHHUX MPU3M Ha 3THH 1 pu BMIcTI Pidpu 1-2 % npu3BOAUTH 10 MIABUIICHHS
MIITHOCTI Ha po3TAr mpu 3ruHi O0etony kiacy B20 (C 16/20) B 1,2 pasu. Ilpu

apmyBanHi 6etony B20 (C 16/20) 6a3anbroBoro (idporo goBxuHOI 24 1 50 MM 32
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BMicTy (i0pu 1-3 % cnoctepiraerscst OB TUIACTUYHUM XapakTep pyHHYBaHHS 1
MIIHICTh OETOHY Ha PO3TAT MpH 3rHHi 3pocTae B 1,8 - 2,2 pasu.

bazanbTOBI BOJIOKHA € TEpPCIEKTHBHUM apMyBaJbHUM MaTrepiajioM, Ha
OCHOBI SIKOTO MOXE OyTH CTBOpeHHU (hiOpOOETOH NJIsi PEMOHTY 3aXHCHOTO IIapy
MPOTOHOBUX Oy710B. BUpOoOHHUIITBO 0a3a1bTOBHUX BOJIOKOH 301JIBIIYETHCS, TOMY IIIO
CHUPOBUHOIO CIIy’)KaThb TIPChbKI TOPOJH, a (OPMyBaHHS 3HIMCHIOETHCS IMOIIOHO
CKJISSHUM BOJIOKHaM (DUIBEPHUM CIOCOOOM Yy PI3HOMAHITHOMY aCOPTHMEHTI:
IITaneabHe BOJIOKHO, HUTKHU, POBIHTH Ta iHINE. XIMIYHUN CKJIaJ 3aJeXKHO BiJI
POJIOBHIIIA 3MIHFOETHCS He3HAYHO [22].

VYkpaiHa Mae y CBOEMY PO3MOPSIKEHHI HEOOMEXKEHI PECYpCH TIPChKHUX
MopiJI, TaKuX AK OazanbT, radpo, aiada3, MopQipUT Ta iHII, IO MPEICTABIAIOTH
I[IHHICTh HE TIIBKU SK OOJMIIOBAJIbHI Marepiajiv, aje 1 K OJHOKOMIIOHEHTHa
CUpPOBMHA JIJIi  BUPOOHMIITBA  0a3aJbTOBUX  BOJOKOH 3  YHIKQJIbHUMHU
BiactuBocTsMu [10].

ba3anbTOB1 BOJIOKHA HETOKCHYHI, XapaKTEPHU3YIOThCS BHUCOKUMH (Di3UKO-
MEXaHIYHUMHU XapaKTepUCTUKAMH, MIJABUIICHOI TOPIBHSIHHO 31 CKJISHUMU
BOJIOKHAMHU  CTIAKICTIO JI0 KHCJIOT 1 JIyIiB, HU3BKUM  KOE(ILIEHTOM
TEIJIONPOBITHOCTI, OUIBII BHCOKOI TeMIlepaTyporo 3actocyBanHs [24]. L
BJIACTUBOCTI 0a3aJIbTOBUX BOJIOKOH 1 OOYMOBIIOIOTH CTBOPEHHS HOBUX
BUCOKOE(DEKTUBHUX OyAiBEIbHUX MAaTeplaiiB Il BJIALITYBAaHHA IPOTOHOBUX
OyJ10B MOCTIB.

3apyOibkHa  MpakTUKa  apMyBaHHA  OeToHy  (iOpor0  IIMPOKO
BukopucTtoByeTbes 3 70-80-x pokiB XX cr. ChorogHi €Bpocor03 BBOIUTH €IHHY
CUCTEMY CTaHJIaPTIB, sika po3pobisieThes cnemiabhuM komitetom CEN. i Hopmu
PO3MOBCIOJIKYIOThCSI TakoX Ha (iOpoOeTOHH, a JesKi KpaiHu BXKE€ MAarOTh
CTaHJapTH Ha II€ KOMIIO3UT Ta HOTo 3acTOCyBaHHsA. [3 3aKOPIAOHHOTO JIOCBITY
CIiJl BIJ3HAYUTH BUKOPUCTAaHHS (HIOPOOETOHIB y JOPOXKHBOMY 1 TYHEIHBHOMY
OyIIBHMULITBI, TpPH 3BEACHHI MOPChKUX miaTdopM 1 naamO, a TakoX MpH

BIAIITYBaHHI  MIJUIOT  MPOMHCIOBUX  Oy/iBenb. BBaxkaeTbcs  IOIIIBHUM
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3aCTOCYBaHHA HOTO 1 B KOHCTPYKIISIX KapKacHUX OyaiBelb, OCOOJMBO MpU
CEHUCMIYHUX BIUIUBAX.

VY Pocii airoTh OyaiBenabHI HOpMH [25], skl mependadaroTh 1 JOMYCKalOTh
3aCTOCYBaHHS, TIPOEKTYBaHHS Ta METOIM BHUTOTOBJICHHS (hiOpOOECTOHHHUX
KOHCTPYKIIIH Ha OCHOBI BaXXKOTO, JApiOHO3EpHUCTOTO OETOHIB. Y HHMX HOpMax
MPEACTaBIICHI aAPXITEKTYpPHO-KOHCTPYKTUBHI (OpMHU, THUNH KOHCTPYKTHBHHX
€JIEMEHTIB Ta HOMEHKJIaTypa (piOpoOeTOHHUX KOHCTPYKIIiH 1 BUPOOIB.

Bumorn 10 O€TOHIB, SIKI BUKOPHUCTOBYIOTHCSI B  TPAHCIOPTHOMY
OyIIBHUIITBI, BIAPI3HAIOTHCSA BiJ BUMOT 110 OCTOHIB IS TMPOMHUCIOBOTO Ta
UBUIBHOTO OYIIBHUIITBA. Tak, 0 JOPOXXKHUX OETOHIB CTaBISATHCS MiJABUIIEHI
BUMOTH  IOJO MIIHOCTI Ha PO3TAr MpPU  3TUHI, TPIIIMHOCTINKOCTI,
MOPO30CTIMKOCTI, BOJOHEMPOHUKHOCTI, CTUPAHHOCTI TOIIO. OTpHUMaHHSA TaKHX
XapaKTEPUCTUK 3a0€3MeUyEThCS 3a JOIIOMOT0I0 MiKpoapMyBaHHsI 0eToHY (iOporo.

B Vkpaini Takox NOpoBeAeHO MOCHIPKEHHS BIUIMBY MOJINPOIJIEHOBOI
¢bi16pu Ha BiIacTHBOCTI OeTOHY [26], B pe3yabTaTi SKUX BCTAaHOBJICHO, 110 BBEACHHS
JIO CKJIaJly OETOHY MOJIMPOILJICHOBOTO BOJIOKHA 301IBIITY€E HOTO MIIIHICTh HA CTHCK
10 20%, Ha 3ruH — A0 25%, moYaTKOBUI MOAYJb MPYXKHOCTI (piOpoOETOHY npu
oMy Ha 15% HWKYMA, HDK y 3BUYaHOTO OETOHY.

Hani nocnimkensb [27] cBig4aTh Npo 30UIbIMIEHHS TPIIIAHOCTIMKOCTI TaKUX
OETOHIB, IO JTy>KE€ BaXKJIMBO Il €IEMEHTIB JIOPOXKHIX Ta a€POJAPOMHUX MOKPUTTIB.

Y poGotri [28] BCTaHOBJICHO TIO3UTUBHUM BIUIMB  apMYBaJIbHOTO
MOJIIMPOMNIJIEHOBOIO BOJIOKHA Ha MIIHICTh, KOPCTKICTb 1 TPIIIUHOCTIMKICTD
npiOHO3epHUCTOTO OeToHy. PyliHIBHE HaBaHTa)XEHHS Ta MIIHICTh MPH 3TUHI
30uTkIIIHCS Ha 6 1 14% BignoBigHO. Bukopucranus ¢iOpu B 0eTOHI 32 yMOBU
3a0€3MeUYeHHs]  SIKICHOTO  MEepeMIlIyBaHHS 1, BIJANOBIJHO, PIBHOMIPHOTO
PO3MOMUICHHS, J03BOJISIE BUKIIOYUTH TPOILIEC apMyBaHHS OCHOBH IS IiJIJIOT
(CTSKKHM) METAJIEBOIO CITKOTO.

Jnst  epexkTHBHOrO 3aCTOCYBaHHSI JUCIEPCHO-apMOBAaHUX OETOHIB B

TPAaHCIIOPTHOMY OYJIIBHHUIITBI HEOOXITHO BU3HAYMTH, SKHH ONTUMAIHHUN BMICT
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HOJIPOIIeHOBOI (hi0pH MOBUHEH OyTH BBEJICHUN y OETOH AJIs MMOKPAILEHHS HOTOo
XapaKTePUCTHK.

HeoOxigHO AOCHiIUTH CHeliaibHI BJIACTMBOCTI OETOHIB, JHCIIEPCHO-
apMOBaHUX TMOJINPONIJICHOBUMHU BOJOKHAMHM, IO JO3BOJUTH BUKOPUCTOBYBATH
HOro Il BlAIITYBaHHS KOHCTPYKIIIM MOCTIB, TOKPHUTTIB aBTOMOOUIBHUX JIOPIT 1
aepoapomiB. ToMmy akTyaJlbHUM 3aBJaHHSM € JIOCHIUKCHHS XapaKTEPUCTHK
OCTOHIB, apMOBaHUX TMOJINPOMUICHOBUMH  GiOpaMu, A MOAAJIBIIOTO

BUKOPHUCTAHHS B TPAHCTIOPTHOMY Oy 1IBHUIITBI.
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1.2. Komno3uuiiiHe 1ucnepcHe apMyBaHHA SIK CNOCi0 MOKpaleHHs (Pi3uKo-

MEeXaHIYHMX BJIACTHBOCTEN Ta XapaKTePUCTUK TPIIMHOCTIKOCTI 0eTOHIB

CtyniHb MO3WTHUBHUX 3MIH BJIACTHMBOCTEH OETOHY MpPH MOr0 JUCHEPCHOMY
apMyBaHHI 1 XapaKTEPUCTUK KOHCTPYKIIM Ha HOTO OCHOBI, TOJIOBHUM YHHOM,
BU3HAYAETHCSI  BUAOM 1  BIACTUBOCTSAMHU  BHKOPHUCTOBYBAHHX  BOJIOKOH,
CIIBBITHOIIICHHSM 1 CTYIIEHEM B3aeMOJli MiX HHMMH. TICHMM B3a€MO3B'S30K
apMyBaJIbHMX BOJIOKOH 3 OETOHHOIO MAaTpHIICI0 3a0€3MeYy€eThCsl BEITMUYUHOIO
MOBEPXHI PO3/LIY, SIKa, B CBOIO YEpry, 3aJIEKUTh BiJl CTYIEHS HACUYEHHS OETOHY
BOJIOKHAMH, iX TC€OMETPUYHUX XapaKTePUCTUK 1 IMOBEepXHEeBOoi eHeprii [29]. 3
TEOPETHUYHUX TIEPEIyMOB, MOXKHA TMPHUIYCTUTH, IO HAWOUIBIIIOTO TO3UTHBHOTO
edeKTy B IUIaHI TOJIMIIEHHS CTPYKTYpH 1 BiIacTHUBOCTEH (HiOpoOETOHIB MOKHA
JOCSITTU B pe3yJbTaTi KOMIO3UIIWHOTO JUCHEPCHOTO apMyBaHHS TpHU
ONTUMAJIbBHOMY MO€JHAHHI JBOX 1 Oliblie BUAIB (iOp pi3HOro CKIady, 3 PI3HUMHU
po3MipaMH, MIIHICTIO 1 MPYKHO-TUIACTUYHUMHU XapaKTepUCTUKaMu. MeToro
KOMITO3UIIITHOTO apMyBaHHS € CTBOPEHHS TaKoro Mmarepiany, KUl 30epirarouu
MO3UTHBHI OCOOJMBOCTI, BHKJIIOYaB OM HEAOJIKH, II0 MAIOTh MICIle y BapiaHTI
MOHOapMyBaHHs. [lepeBaraMu KOMMO3HWIIIKHOTO  JTUCIEPCHOTO  apMyBaHHS
(momapmyBaHHS) MOXYTh OyTH:

- 3a0e3neueHHs OUTBIIOT OJTHOPITHOCTI CTPYKTYpH (PiOpoOETOHY, IO B CBOIO
Yepry CTBOPUTH MEPEAYMOBH JJIsl TOCATHEHHS OUIBIINX 3HAYE€Hb MIIHOCTI, HIXK Y
BUITaJIKy MOHOAPMYBaHHSI;

- YHHKHEHHA a00 CYyTTEBOTO 3MEHIIEHHS po3mapyBaHHs (PiOpoOEeTOHHOT
CyMIllll B MPOLEC] 1i IPUTOTYBaHHS, TPAHCIIOPTYBAHHS Ta YKJIAJaHHS;

- IUIECTIPSMOBAaHE  PETYJIIOBAHHS  KOMIUIEKCY  (Di3UKO-MEXaHIIHUX
BJIACTUBOCTEN (h1OpOOETOHY B O1IBIIT MIMPOKUX MEXKaX, HIXK MPU MOHOAPMYBaHHI;

- MOXJIMBICTh MOKPAIICHHS OKAa3HUKIB JTOBIOBIYHOCTI Ta €KCIUTyaTaliiHUX

XapakTepUCTHK (HiOpoOETOHY.
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[IpoBenenmit miTepaTypHU OIS TIOKA3ye, MO MUTAHHS BUKOPUCTAHHS
KOMIO3UIIITHOTO JAMCIEPCHOTO AapMyBaHHS JJs TOKPAIIEHHS BJIACTUBOCTEH
¢b16pobeToHHNX cymimie Ta (GpiOpoOETOHIB BUBYANIOCA HEAOCTaTHHO. OKpemi
JOCTIKEHHSI IPOBECHI 32 IUM HAMpPSAMKOM J03BOJISIIOTH 3pOOUTH BUCHOBOK IPO
NEPCIICKTUBHICTh BUKOPHUCTaHHS MoJtigucepcHoro apmysanns [30-32]. V pobori
[31] mokazaHa MOXIIMBICTH KOMITO3UI[IHHOTO JHUCIIEPCHOIO apMyBaHHSA 3
BUKOPHUCTAHHSAM CTaJeBOi Ta moJimporijgeHoBoi (iOpu. Bigznavaerbcs, mo mnpu
ONTUMAJILHOMY X CHIBBIJHOIICHH] 1 BMICTI CTa€ MOXKJIMBUM JOCSATHEHHS OLIBIIOT
OJTHOPITHOCTI KOMIO3UTY, 3MEHIICHHS BIAKPUTOI MOPHUCTOCTI, 3MEHIIYETHCS
TaKOK MMOBIPHICTh KOMKYBaHHS BOJIOKOH IpH IMEpeMIITyBaHHI cywmimii. Mojeinb
0araTOpiBHEBOTO  JMCIIEPCHOTO  apMyBaHHS  CaMOYIIUIBHIOBAHOTO  OETOHY
npeacraBieHa B po6oti [33]. Ctpykrypa Takoro ¢idpoOeToHy (hopMyeThCs Ha
JIBOX PIBHAX: Ha MAaKpOpiBHI — 0a3aJbTOBUM BOJIOKHOM, Ha MIKpPOpIBHI — 3a
paxyHOK YTBOPEHHS BOJIOKHUCTO-TOJTYACTUX CcyOMiKpoapMyBaJIbHUX
HOBOYTBOPEHb KPHUCTAJIOTIIPATIB, SKI MIABUUIYIOTh ONIp PYWHYBAaHHIO MPHU
peanizaiii siBuIa "caMoMikpoapMyBaHHs".

Ha nymxy T'omanneBa B.A. [32], mpuHIMI TOJIAMCIIEPCHOTO apMyBaHHS
IPDYHTYEThCS Ha TOMY, IO 3acTOCOBaHa Juisi 1boro (idpa 3 pi3HUMHU
r€OMETPUYHUMU TapamMeTpamu, 3abesnedye (HopMyBaHHS MPOCTOPOBUX KOMIPOK
Ha PI3HUX PIBHIX CTPYKTYpH O€TOHY. BUIbIl KpynHI KOMIpPKH HaKJIaJarOThCA Ha
OuIbII APIOHI, TOAI SIK PO3MIPU CTPYKTYPHHX KOMIPOK KOKHOTO PIBHS 3aJI€XKaTh
BIJI MapaMeTpiB apMyBaHHs. TakuM YMHOM, BOJIOKHA 3 MEHUIUM JiaMETPOM Oy1yTh
nepeOyBaTl B CTUCHEHHUX yMOBax OUIbII KPYNMHUX KOMIPOK, a (iOpa OuibmIoro
JiaMeTpa pO3TallloBaHa B MAaTPUIll MIKpPOAQpPMOBAHOTO KOMIIO3UTY. Y IIbOMY
BUIAJIKY MIKPOBOJIOKHAa MEPEIKOKAIOTh PO3BUTKY MIKpOAE(PEKTIB Ha CTafll
YTBOPEHHSI TpIIIMH, TepeOyBalouu B KOHTAKTHIA 30HI BOJIOKOH O1lIBIIIOTO
TiaMeTpy, 1 3HHXKYIOTh KOHIICHTPAII HAMpyXeHb, THM CaMUM CHPHSIOYU iX
nepepo3noAuly Ha Outbliuii 00'em OeroHy. B gaHomy BapiaHTi BigOyBaeThbCs
30UJIBIIEHHS MIITHOCTI 3YeIJICHHSI BOJIOKOH OUIBIIOrO JiaMeTpa 3 MaTPHUIICIO, 1110 B

MIJICYMKY 1 JIO3BOJISIE IOMOTTUCS TMiABUIIIEHHS MIITHOCTI KOMITO3UTY.
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Opnak, mopsim 3 TakKUM  3arajibHO-TEOPETUYHUM  MIIXOIOM  JIO
CTPYKTYpPOYTBOpeHHS (hiOpoOeTOHY, SKWUU TPYHTYETHCS HAa KIACHYHHX 3aKOHAX
KOMIO3UIIMHUX  MaTepiajiB, TMOTPIOHO TaKOXX  BpPaxXOBYBaTH  BaXJIUBY
CTPYKTYPOYTBOPIOIOUY POJIb OETOHHOT MATpHIli, a TAaKOX 3HAYCHHS KOHTAKTHOI
30HM Ha Mexi po3ainy ¢a3 "BOJOKHO-MaTpullsl', cTaH sSKOi OaraTo B YOMY
BHU3HAYAE HAWBAXIMBINI XapaKTEPUCTHKH UCIEPCHO-apMOBAaHUX OCTOHIB.
Konnenmist  1O.B. [lyxapenka [29] monsirace B TOMy, IO Ha KOXHOMY
CTPYKTYpHOMY PiBHI (106poOeTOHY MOXHA BUIIIUTH AB1 (pa3u, sKi B3a€MOMAIIOTH
MK COOOI0 MO TOBEPXHI PO3AUTy dYepe3 30HY KOHTAaKTy Ha BCIX CTalifx
CTPYKTYPOYTBOPEHHSI 1 MOJAIbIIOI POOOTH MaTepiany:

- nucriepcHa (aza, 10 MPeACTaBIsiE CYKYIHICTh BIApPi3KiB (iOp 3amaHoro
posmipy;

- TUCTIEPCIHE CePeIOBUIIIC - MATPHIIS, B SIKIM BIIOYBalOThHCS 3HAYHI 3MIHH B
npoiieci popMyBaHHS CTPYKTYPH 1 BIACTUBOCTEH KOMIIO3UTY.

TepMoauHaMIYHO CTPYKTYpa AUCIIEPCHOAPMOBAHOIO OETOHY (POPMYETHCS 32
paxyHOK TparHeHHs (a3 110 pIBHOBAru NUIAXOM 3HWKEHHS X BHYTPIIIHBOL
MOBEPXHEBOI eHeprii. TakuM YWHOM, THUTaHHS KOMITO3HUIIIHHOTO HUCIIEPCHOTO

apMmyBaHHS (10poOeTOHIB HAOyBae 0COOIUBOT aKTYaIbHOCTI.
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1.3. TpimuHocTiliKicTh 0€TOHIB TPAHCTIOPTHOTO NPU3HAYEHHS

Mexanika pyiHyBaHHS sIK Hayka Oyrna 3amodarkoBana A. ['pipditcom B
opuriHaibHux mnpargix [34, 35]. A. I'pipdirc Ha OCHOBI TEpIIOro 3aKOHY
TEPMOJMHAMIKHU 3alpOINOHYBaB 1 PO3BUHYB €HEPIeTUYHHUM KpPUTEpI pyHHYBaHHS
MmatepianiB. OCHOBHMII BUCHOBOK HOT0 poOOTH — PO3BUTOK TPIIIMHU MPHU3BOAUTH
710 TIEPETBOPEHHS MPY’KHOI €HEPrii Tla B HOT0 MOBEPXHEBY €HEPIIIO 3a PaxyHOK
YTBOPEHHSI HOBUX MOBEPXOHb. BiH cPpOpMyIIOBaB MPHUHIINIL, BIATOBITHO A0 SIKOTO
TpIIIMHA MOYMHAE MOMIMPIOBATUCS 32 YMOBH, IO IMIBUAKICTh BUBUIBHEHHS €HEPIil
PYXKHOT AeopMaliii Jocsirae MPUPOCTY MOBEPXHEBOT €HEPTii Tija.

Y HaykoBux pobOortax [36-48] dakTuHO Oyno BHUpimIEHO MpPOOIEMy
HaIpy>KEHO-1€(OPMOBAHOIO CTaHy NMPY>KHUX T 13 TPIIMHOIO. I3 ypaxyBaHHSIM
OCTaHHIX JOCSATHEHb MEXaHIKM pYyHHYBaHHS Mmpodiemy Hamnpy>KEeHO-
ne(opMOBaHOTO CTaHy TUI 13 TPIIIMHAMM Ta XapakTepy NOBEAIHKHA MO
HaIpy>KeHb B OKOJII 1X BEPIIUH JI€TaIbHO BUCBITJIEHO B 4-X TOMAax JOBIAHUKOBOI'O
nocionuka [49].

A. Neville Boepmie 3acrocyBaB Teopito A. I'pidditca mo Oerony [50],
HAroJIONIYIOYH Ha 1l yMOBHOMY BIIHOIIEHHI 10 0€TOHY, MIIHICTD SKOTO OLIBIIO0
MIpPOIO BU3HAYAETHCSI TPAaHUYHOIO nedopmanieto, HiX HanpyxkeHHsm. J. Glucklich
BIIEpIIIE MOYaB BUBYATH PYHHYBaHHS OETOHY IMPHU CTHCKY 3 TMO3WIN MEXaHIKH
pyrnyBanHs [51, 52]. Bin npumnyckas, o picT TpillMHA B OETOHI MOYHMHAETHCS 3
NOPOKHUH Ta IHIIUX JAePEeKTIB CTPyKTypu. llommpeHHs TpillMH MOCTIHHO
NPU3YIIUHAETHCS, JAOKU HE Oyne MOCSATHYTO JOOCTaTHbO BUCOKUX HAIpY>KEHb,
HEOOXITHUX [ HEOOMEKEHOTO iX 3pDOCTaHHS.

OpnuM 3 mepmux B’A3KICTh PyWHYBaHHS OETOHY MNpH 3TUHI OalloK 13
IITYYHO CTBOPCHOIO TPIIIMHOKW Yy po3TArHyTii 3o0Hi mociiauB H. Kaplan [53].
JlocnmikeHHSAMH BCTaHOBJICHO, MO0 B’S3KICTh pYWHYBaHHS TMPaKTUYHO HE
3QJICKHUTH BIJI CXEMH 3aBaHTa)KEHHS OAJIKH 1 BIAHOCHOI JOBKHHHU TPIIIMHU MPH il

3MiHI B Mexax 1/6...1/2. 30inblieHHs po3MIpiB 3pa3ka CHPUUYUHSIIO 30LIBIICHHS
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B’SI3KOCTI pyhHyBaHHS Oetony. [Ipouec pyiliHyBaHHS OETOHY HE OOMEXKYETHCS
MOLIMPEHHAM OJHIET TPIIIMHU — y 30H1 BUCOKUX HANpY>KEHb YTBOPIOEThCS Oarato
TpilMH. BH3HAYEHHIO XapaKTEPHUCTHUK TPIIIMHOCTIHKOCTI IIEMEHTHUX IacT 1
PO3UMHIB 3 TO3MIII MEXaHIKH pyHHYBaHHS NMPUCBAYCHI AochikeHHs J. Brown
[54]. D. Naus miaATBepIuB HE3AIEKHICTh B’SI3KOCTI PyHHYBaHHS BiJ BITHOCHOI
JIOBKMHM  TPIIIUHA 1 BCTAaHOBUB  3aJIGKHICTh  IIHOTO  TMOKa3HHKAa  BIJ
BOJIOIIEMEHTHOTO BiIHOIIEHHS i BMICTY JPiOHOTO 1 KPYITHOTO 3alOBHIOBaUiB [55].
3po0JieHO BUCHOBOK, IO 32 OJIHAKOBOI MIITHOCTI Ha CTUCK B’SI3KICTh PYWHYBaHHS
3MEHIIY€ETHCS B PSIy: BaXKKUNA OCTOH > LIEMEHTHO-IIIIAHUN PO3YUH > IIEMEHTHA
nacta [56]. E. Evans nidmoB BHCHOBKY, IO BiK OETOHY 1 BOJOLIEMEHTHE
BIJIHOIIICHHS HE3HAYHO BIUIMBAIOTh HA B’SI3KICTh PYWHYBAaHHS, a MPOCOYCHHS
OeToHy moJiiMmepoM 30uIblye 1ed mnokazHuk [57]. K. Kitigava niaTBepauB
HE3aJICKHICTh B’SI3KOCT1 PYWHYBaHHS BiJl BITHOCHOI JOBXHHH TPIIIMHU 1 pO3MIPIB
3pa3ka 1 HarojlOCHB, L0 BEJIMYMHY PYHHIBHOTO 3yCHJUIS NIl OETOHHOI Oanku
MO>KHA BH3HAYUTH 3a IMOKa3HUKOM B’s3KOCTI pyiHyBaHHs [58]. J. Lott 1 C. Kesler
[59] BuKOpHcTanu MOJENb HECKIHYEHHOrO Tila 3 IIEMCHTHOTO KaMCHIO 3
TpIIMHAMU 1 JWCKaMH, IO IMITYIOTh 3allOBHIOBadY. EKCnepuMeEHTalIbHO
BCTaHOBJICHO, 110 Ha BEJIMYHY B’A3KOCTI pyHHYBaHHS OE€TOHY MMO3UTUBHO BILTMBAE
3amoBHIOBaY. Y po6oTi [60] F. McClintock Ta J. Walsh sax kputepiit pyitHyBaHHS
BUKOPHUCTAU TMPHUIYIICHHS, [0 pYHHYBaHHS HACTa€, KOJIM MaKCHMallbHa
KOHIIGHTpAIlisl HAIMpYXXEHb pPO3TATY OuIs AePEeKTIB eMNTUYHOI (GOopMU CcATae
IPaHULl MILHOCTI OETOHY Ha OChOBHMM po3TAr. Ilpm 1HbOMY HE BpaxoBYeThCA
MPOIIEC CTIKOTO PO3TalyKeHHs TPIlllH, 110 Nepelye pyHHYBaHHIO TIPU CTUCKY, a
TaKOXX HANpYXEHWH CTaH, M0 BUHUKAE HA KIHIX HHUX TpimuH. Y poOOoTI
Bomobolakis E. [61] Oymo mokazaHo, IO YTBOPEHHS PO3TalyKCHHUX TPIIIUH
HEOOOB’SI3KOBO CIPUYHMHIE MUTTEBE PyHHYBaHHS yci€l cucteMu. CrocTepexeHHs
MOKa3aJId, 10 B3a€EMOJIisl TPIIMH HE BUKJIMKAE 3HAYHUX 3MIH y MPOIIECI 3pOCTaHHS
OKPEMHX TPIIIHH.

Jlo oaniei 3 mepmux cnpod eKCIEepUMEHTaIbHOIO BU3HAUYEHHS BEIMYUHU

KpUTUYHOTO KoedimieHTa iHTeHcuBHOCTI Hampyxkenb (KKIH) y marepiani tumy
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O0eToHy HaleXuTh poboTa [62], B sIKMil aBTOPU BUIPOOOBYBAIH 3Pa30K y BUTJISAIL
MWTiHApa (IUCKa) 3 NIUIMHOK BiJ TOPUS MO IEHTPY, M0 3aBAHTAKYETHCS
IEHTPOOIKHUMHU CUJIaMH 1HEPIlii a00 CHUIaMU CTUCKAHHSA B TUTONIMHI IIUTAHH.

['pyHTOBHI JOCHIIKEHHS XapaKTEPUCTUK TPIIMIMHOCTIMKOCTI OETOHIB 3
MO3UIIIA MEXaHIKM pyHHYBaHHs 3anoyaTkoBaHi y JIeHiHrpajacekoMy (Tenep CaHKT-
[TerepOyp3bkomy) iHcTUTYTI BHUUI iM. Beneneena. JlocmiykeHHs] MPOBOIUIUCH
3a TAKMUMH HAMpSIMKaMH: PO3POOJICHHS Mojieliel pyWHYBaHHS OCTOHY, BU3HAYCHHS
BEJIMYMHU B’SI3KOCTI pyHHYBaHHS, 3aCTOCYBAaHHS MOJOKEHb MEXaHIKU PYWHYBaHHSI
70 PO3PaxyHKy OETOHHUX (MEPeBaXHO TiIPOTEXHIUHUX) CIOPY, PO3PAXYHOK
KOHCTPYKIIH Ha TPIILIMHOCTINKICTb.

Tak, mocmimkeHHsmu [63-65] BcTaHOBICHO, IO IOKA3HHUK B’ SI3KOCTI
pYWHYBaHHS € KOHCTaHTOIO OETOHY HpH BUIPOOYBaHHI 3pa3KiB 3 BiIHOUIEHHSIM
KPUTUYHOI JIOBKUHU TPIIIUHU JIO PO3MIPY KPYITHOTO 3allOBHIOBaya, OUIBIIIOTO 3a
2, B IHIIOMY IHTEpBaJll I[LOTO BIAHOIIEHHS TOJIO)KCHHS HE MiJATBEPIKYETHCS.
Takox BCTaHOBJICHO, 110 BEJIMYHMHA B’A3KOCTI PYWHYBaHHS 3aJIEKUTh BlJI CXEMHU
BUNPOOYBaHb 1 TeMIepaTypu OETOHHOTO 3pa3ka. JlociiTKeHHSMU BCTaHOBJICHO,
IO JIOBKWHA 30HU MepeAPYHHYBAHHS, SIKa YTBOPIOETLCS Y BEPIIMHI TPIIIHHHM, IS
BaXKUX OeToHIB Moxe csratd 50—-100 mm 1 Oumbine, s ApiOHO3EPHUCTOTO
OeTOoHY 1 IIEMEHTHOTO KaMEHIO 115l BEJIMYMHA 3HAYHO MEHIIIA.

A.Il. Tlak 1 JL.II. Tpame3HIKOB €KCHEPUMEHTAIIBHO MEPEBIPUIN TIMOTE3Y
y3araJlbHEeHOT0 HOPMAJIbHOTO BIAPHUBY 1 MIWIIJIM BUCHOBKY, IO IIs TIMNOTE3a
CIpaBeAJIMBa 332 YMOBH, IO JOBKHWHA TPIIIMHU OUIbLIE HIXK yJABIYi, MEPEBUILYE
MaKCUMaJlbHy KPYITHICTh 3allOBHIOBAaYa, a KyT HAXWIy TPIIUHU HE TICPEBUIILYE
IICBHOTO 3HAYEHHS, SKE 3aJIC)KUTh BiJ ii JOBKUHU [66].

10.B. 3aninesum [67, 68] na 0a3i xkonmenmii ['piddirca—Ipsina i
chOopMyITLOBAHOT 1€PAPXIYHOT CXEMHU CTPYKTYypU OCTOHY, SIKa BPAXOBY€ XapaKTEPHI
HEOJHOPIAHOCTI 1 NeeKTH, 3aKIaCHO MIABAIMHU TEopii AedopMaliiii 1 MIITHOCTI
O0eToHy 3 ypaxyBaHHSM (I3MYHOI CYTHOCTI MPOLECIB TPIIIUHOYTBOPEHHS 1
pyliHyBaHHs. [3 3ajdydeHHsM amapary Teopii TOB3Yy4OCTI 3ampONOHOBAHO

pO3B’sA3aHHs 3aJadyl MOpoO JOBrOTpUBay MIiIHICTE OeToHy. IlpononyeTrbes
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BU3HAYaTH MapaMeTpu TPIIIMHOCTIMKOCTI OETOHY Ha OCHOBI aHaJi3y MOBHICTIO
pPIBHOB@)XXHUX JiarpaM JAeQOpMYyBaHHsS 3pa3KiB 13 CTBOPEHOIO TPIIIHHOIO.
BusiBieHO MOXIHMBICTh BU3HAYEHHS OCHOBHUX IIapaMeTpiB TPIIIMHOCTIMKOCTI
(cwyI0oBUX, C€HEpPreTHYHHX, nedopmariiHux) Ha CTadll CTIMKOTO 3pPOCTaHHS
TPIIIMHY 32 CHAJHOIO BITKOIO Jiarpamu JeopmyBaHHs. 3p00JIEHO BUCHOBOK, 1110
Ha CTajil CTIMKOTO 3pOCTaHHS TPIIIMHM 1i PO3KPHUTTS BiAOYBA€THCS MPOMOPIIHHO
MIPOTUHY 1 HE 3aJIeKUTh Bix 1i JoBkuHU. OTXKE, JOBXKUHA TPIIUHU Ta MBUIKICTH 11
PO3BUTKY OJHO3HAYHO IMOB’513aH1 3 TPOTUHOM.

1O.B. 3aiinieBum i3 cmiBpoOiTHuKamu [69, 70] po3pobiieHO MaTeMaTUIHHIMA
amapar s MOJENIOBAaHHSA TMPOILECIB  TPIIMHOYTBOPEHHS 1 pYWHYBaHHS
KOMITO3UIIIHUX MaTepiaiiB 13 pi3HUMU BUXITHUMHU CTpyKTypamu. BcTaHoBieHO,
110 YyTJIMBICTh Marepiaiay 10 PO3BUTKY TPILIMH 3aJ€XKUTh BIJl KOTO CTPYKTYpPHOI
HEOAHOpIMHOCTI. Tak, IIEMEHTHHH KaMiHb 1 JApiOHO3EpPHUCTUH OETOH, IO
XapaKTEPU3yIThCS OJHOPIAHOIO CTPYKTYPOIO, 3HAYHO UYTJIMBIII IO TPIIIUH, HIXK
BaXKK1 OeTOHU. 3p00JIeHO BUCHOBOK MpO HasiBHICTH TicHOI kopensuii mixxk KKIH 1
IPAaHUIICIO MIIIHOCTI Ha PO3TATr (HA PO3TAT MpH 3ruHi). BecTaHoBIeHa 3aIeXHICTD
XapaKTEPUCTUK MEXAHIKM PYHHYBaHHS BIJ MaKpOCTPYKTYypHU OETOHY J1a€ MiACTaBU
U1 mMadopy ckiaxy OCTOHY 13 3aJaHUMHM MEXaHIYHMMH BIIACTMBOCTSAMH. J[iis
IpiOHO3epHUCTUX OETOHIB MPOIOHYEThCS cucTeMa HopMmyBaHHs 3HaueHb KKIH 3a
3HAYEHHAMM KyOWMKOBOi MIIIHOCTI, MIITHOCTI Ha pO3TAr ab0 3a MapKOK LEMEHTY
[71] .

VY po6otax B.M. EnToBa i B.1. fIrycta noBeneHa MOXIJIMBICTh 3aCTOCYBAHHS
MOJIOKEHb MEXaHIKM PYHHYBaHHS 10 O€TOHIB. [72, 73]. AHami3yr0un 3aJIe)KHICTh
KKIH (K1C) Bim ctpykTypu O€TOHY, BHM3HA4a€MO, IO 3 TMIIBUIIEHHAM il
onHopigHocTi 3HaueHHs K1C manaroTh [74, 75]. Takuii BUCHOBOK poOUTHCS Ha
OCHOBI MOpiBHSAHHA 3Ha4YeHb K1C 11 meMEHTHOro KaMeHIo, JPiOHO3EPHHCTOTrO
OoeroHy 1 Baxkkoro Oetony [74]. B.I. fryctom pociiikeHO AOBXKHUHY 30HU
HenpyxHuX nedopmariiit y BepruHi Tpinuau [74]. Bona ctanoButh 90—120 MM 1

3aJeXUTh BiJ O6araThox (DakToOpiB, a caMe: CKJIaay 1 MIIHOCTI OE€TOHY, BETUYMHU
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3allOBHIOBaYa TOIIO. ABTOp 3ampomnoHyBaB 3aiexHicTh 3HadeHHs KKIH Big
pPO3MIpy KpYITHOTO 3alIOBHIOBAYa 1 TpaHUIll MIITHOCTI OETOHY Ha OChOBUI PO3TT.

[TonoxeHHs1 MeXaHIKu PyWHYBAaHHS JUIsl IEMEHTHUX CUCTEM 3acTtocyBaB B.I.
[eBuenko [76, 77], po3poOMBIIM OpHUTiHAJIBHY YCTAaHOBKY, fKa Jaja 3MOTY
bikcyBaTH crHajgHy BITKYy Jmiarpamu jAedhopMyBaHHs OETOHY IiJi 4Yac 3TUHY.
ABTOPOM 3alpONOHOBAHO €HEPTETUYHHM MIJX1/1 10 OLIHKHU B A3KOCTI pyHHYBaHHS
[EMEHTHOTO KaMEHIO 1 OETOHY Ha OCHOBI aHaNi3y MOBHICTIO PIBHOBAXHUX Jiarpam
ix gedopmyBaHHsa. Hagami Ha YCTaHOBIN JOCIHIPKEHO BIUIUB ITUKJIIYHOTO
3aMep3aHHsl — BinTaBaHHS [78] 1 BomoHacuueHHs [79] OeTOHIB Ha MOKA3HHUKHU iX
TPIIIUHOCTIUKOCTI Ta MIIIHOCTI.

B.A. Ilepdinos [80, 81] npononye oIiHIOBATH TPIIMHOCTIHKICTH OCTOHY 32
BEJIMYMHOIO  KPUTUYHOI  TPIIIMHU, OCKUIBKM  PO3KPUTTS 1  MOAAJIBIIUN
HEKOHTPOJILOBAHUW pICT TPIUHU BiAOYBAIOTHCS B MOMEHT JOCSTHEHHS
TPIILIMHOK MOCTIHHOTO I KOXKHOI'O MaTepiady KPpUTHYHOTO po3Mipy. ABTOpPOM
3alpoIOHOBaHA HOBA METOIMKA BUMIPIOBAHHS KPUTUYHOI JOBKWHU MaricTpaiabHOT
TPIIIMHYU, $Ka KOPECIOHAYETbCS 31 CTaHAApPTHOIO MeToaukor. Kpim Toro,
HAroJIOUIyeTbCSl HA POJi KPYHMHOTO 3aroBHIOBaYa B O€TOHI, SIKUH TallbMye€e
pYWHYBaHHsI, ajie 301IbIIY€E KPUTUIHY JOBKUHY MaKPOTPIIIIHHHI.

B.M. UyG6pikoB [82] Ha 0CHOBI POBEACHUX TOCTIIKEHB JIMIIIOB BUCHOBKY,
0 KPUTHUYHA TYCTHHA €Heprii pyWHyBaHHS IEMEHTHOTO KaMEHIO, MIIaHOTO
0€eTOHY 1 KpPYITHO3EPHUCTOTO OETOHY Y BIJHOCHO IIMPOKOMY J1iara30Hi TIIMOWHH
TPIIMHU TPU TPUTOYKOBOMY 3THHI € TOCTIMHOIO XapaKTepUCTUKOK. ['ycTuHa
€Heprii pyMHYBaHHS TPAKTYeTbCA SAK BIJHOIICHHS pOOOTH pPYHHYBaHHS [0
MPUPOCTY MOBEPXHI TPIIIMHU. ABTOPOM 3aIPOTIOHOBAHO 3aJICKHOCTI IS OIIHKH
KpUTEPIiB TPIIUHOCTIMKOCTI OaJIOK PI3HOI BUCOTH 1 BIUIMBY MAacIITaOHOTO
yuHHKKA [83].

Y poGoti [84] omucaHoO METOAMKY Ta YCTaHOBKY Ui JOCIIIKEHHS
TPIIMHOCTIMKOCTI OETOHIB 3a CyMICHOI il Halpy>KeHb PO3TATY 1 Kpy4yeHHs. 3a
JIOTIOMOTOI0  PO3pOOJIEHOT METOJUKM MOXKHA EKCIIEPUMEHTAJIbHO JOCHIKYBATH

3aKOHOMIPHOCTI MOLIMPEHHS TPIILIMH Y OETOHHUX 1 3a11300€TOHHUX 3pa3Kax.
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.M. JlyukoM BCTAHOBIEHO KpHUTEpiii PO3BHTKY TPIlMHH, PO3POGICHO
METOJMKY PO3PaxyHKY IMapaMeTpiB TPIMIUHOCTIMKOCTI 3 YpaXyBaHHIM 3UYCIICHHS
OCTOHY 3 apMaTyporo, IOB3y4OCTI Ta YycCaaku OETOHYy B 3ali300€TOHHUX
KOHCTpYKUiAX [85]. PosrmsiHyTo MeTroa BU3HAYCHHS KPUTUYHOI TIMOWHU 30HU
nepepyHHyBaHHS Ta BCTAHOBJICHO 3aJICKHOCTI IS OIIHKH TPIIIMHOCTIHKOCTI Y
IIEPETHHI 3 TPIIIMHAMH 3a HasBHOCTI poOouoi apmatypu [86, 87].

Y poGoti [88] 3a mOmOMOro TOBHICTIO PIBHOB&XXHOI JiarpaMu
nepopmyBanns (ITPJIJI) mocnimxkeHo pyWHyBaHHS OCTOHY HpH Jii Ha HBOTO
cynb(haTHO-XJIOpUAHUX po3unHiB. Beranosneno, mo [TPJIJ] 6eTony HaitTouHime
B1JI00paKaroTh BIUIMB (DI3UKO-MEXAHIYHHMX JECTPYKTUBHHUX MPOLECIB y OETOHAX
BiJl arpeCHUBHUX PO3YMHIB Ha Xapakrep AeQOopMyBaHHSA 1 pyHHYBaHHS OCTOHY.
PexoMeH1I0BaHO 3aCTOCOBYBATH 1[I0 METOJWKY Yy BHUIIQJKaX, KOJU HEOOXIJTHO
BpaxOBYBAaTH CKJQJHI Tpolecd JedopmMyBaHHS, HAKOIUYEHHS 1 PO3BUTKY
MaKpOIMOIIKO/KEHb Y CTPYKTYp1 MaTepiaiy, TPUBAJIICTh IPOLIECY pyHHYBaHHS.

3.4. bmixapcbkuid OCHIIMB Ha 3ali300€TOHHUX Oankax BIUIMB BUAY Ta
MIIIHOCTI OETOHY Ha MapaMeTpH iX MIITHOCTI, 1ehOpPMATUBHOCTI, TPIITUHOCTIMKOCTI
Ta IHTEHCUBHICTh MOIIUPEHHS KOPO31i 32 0JJHOYACHOT /i1 arpeCUBHOIO CEPEIOBUIIA
Ta HaBaHTaxxkeHHs [89, 90].

Po3pobieHo MeTon TpaHWMYHMX CTaHIB OCETOHHMX 1 3a1i300€TOHHHX
KOHCTPYKIIN 13 3aCTOCYBAHHSIM KPHUTEpIiB MEXaHIKM PYWHYBaHHs, IO J1a€ 3MOTY
BU3HAYUTH KPUTHYHI JTOBXXKUHU TPIIIUH B OETOHI 1 TPaHUYHI HABAaHTAXCHHS B
eJIeMEeHTaX KOHCTPYKUINA. 3a UM MiIX0J0M MOXHA MPOTrHO3yBaTU IPAHUYHI CTAHU
KOHCTPYKIIIH MiJl Yac CKJIaJIHOTO HABaHTAXKCHHSA 3 ypaxyBaHHSAM HasBHUX a00 THX,
10 3’ SIBJISIIOTHCS B MPOIEC] eKCIUTyaTallli TpiluH, 1e(eKTiB, MOIIKOIKEHb, IO J1a€
MOJKJIMBICTh BU3HAYUTH (aKTHUYHI KoeDillieHTH 3anacy KoHCTpykiii [91, 92].

[.M. XKyKkoBCbKMM Ha OCHOBI CTaTHCTHUYHOI OOpPOOKH pe3yJbTaTiB HU3KU
JOCTIKEHb B3a€MO3B’SI3Ky MDK B’SI3KICTIO PYWHYBaHHS 1 MIIHICTIO OETOHY Ha
PO3TSAT HE3aJIEKHO Bl BUAY OETOHY BCTAHOBJIEHO MPSMO MPOIOPIIIHY 3aJI€KHICTb
MDK 1uMu mapamerpamu. KoedimieHT kopemnsiii s BaKKOro 0€TOHY CTaHOBHTH

0,6 [93]. ABTop HarosoIlye, 1Mo 3a OJHAKOBOI MII[HOCTI Ha PO3TAT B’SI3KICTh
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pyHHYBaHHS PO3UMHY MEHIIA 32 B’A3KICTh pyiHyBaHHs OeToHy. Lle TBepmxeHHs
CIPaBEJIUBE 1 JIJIS JIETKOTO, 1 JJIS BAYKKOTO OETOHIB.

TpimMHOCTIHKICT TUCTIEPCHO-apMOBaHUX OETOHIB. JlucniepcHe apMyBaHHS
BHCOKOMOJYJbHUMH BOJIOKHAMH: CTaJeBUMH, a30€CTOBUMH, BYIJICIEBUMH,
CKJISHUMH 30UIBIIYE TPINMHOCTIHKICTE OeToHy [94-100]. 3a pesynbraTtamu [101]
npu BBeAeHHI ctaneBux ¢iop 0,25x25,4 mm (dxl) y ximpkocTti 2,3 % 3a 06'emoMm
HABAHTA)KEHHS B MOMEHT YTBOPEHHS MEPIIOi TPIIIMHU MMOJBOIOETHCS TOPIBHIHO 31
3pa3kamMu 3 HeapMmoBaHoro OeroHy. IIpm BwmicTi BosokoH 4 % 3a 00'emoM
HABaHTAKEHHA 3pocTae mpuOIM3HO B 3 pasu, 3a qanuMm [102] B 2,5 pazu. B [103,
104] TtakoXx BiA3HAYAETHCS 30UIBIICHHS MIITHOCTI B MOMCHT YTBOPCHHS TPIIIUHU
MOPIBHAHO 3 KOHTpOJbHUMH 3pa3kamMu Ha 35-80 % B mipy 301IbLICHHS BMICTY
b16pu Big 1,25 % nmo 2,5 % 3a o6'emoM. He MeHII mMOkKa3oBUMHU € pe3yibTaTH
nociimkenb CraBposa I'.H. [105], 3 skux BUIUIMBAE, MO TPIIIMHOCTIMKICTH TIPH
CTaTUYHOMY HaBaHTaxeHHI B 1,5-1,8 pasu mnepeBHIllye TpaHUIIO MIIHOCTI
HeapMOBaHOTO OeToHy, a 3rimHo manux [puroppeBa B.I. [106] B 1,8 pa3m.
HeoOxigHO BIA3HAYMTH, L0 TPIIIMHOCTIMKICTH (1OPOOETOHY ICTOTHO 3aJEKHUTh
BiJl PIBHA JIMCIIEPCHOTO apMyBaHHS, OOYMOBJICHOTO BEJIMYMUHOIO JllaMeTpa
BUKOpUCTOBYBaHUX G10p. Tak, y Bumaaxky apMmyBaHHs O€TOHY cTajieBUMU (hiOpamMu
0,3x25 MM mpu apmyBanni 0,02 % 3a o6'emom [107] MOMEHT MiX MOYaTKOM
HABAHTAKEHHA Ta TOSIBOIO TPIIIMHU 30UIbIIyeThCd B 1,25 pa3u MOpIBHAHO 3
OCTOHOM, apMOBaHUM BOJOKHaMu 1,25x120 Mm. VY 3B'a3ky 13 1uMm, s
KOHCTPYKIIIH, O SIKUX CTaBJIATHCSA MIABUIIEHI BUMOTH IIOJIO TPIIIMHOCTIAKOCTI,
pEKOMEHy€eThCsl 3acTocoByBaTH (GiOpoBy apmarypy aiamerpom 0,2-0,5 mm. [lo
AHAJIOTIYHOTO BUCHOBKY MIPUXOJsTh aBTOpu podotn Kypobartosa JI.I'. [108].

[TosicHIOIOYM MEXaHI3M 3HA4YHOI'O IMIJIBUILIEHHS TPIIMHOCTIMKOCTI TpH
3MeHIIeHHi aiamerpa ¢iop, ['omannes B.A. [109] BcTaHoBuB, 1110 11€ BiI0YBaETHCS
3a paXyHOK i1CTOTHOTO 3HIDKEHHS HalpyXeHb Y BOJIOKHAX B MOMEHT BUHUKHEHHS
TPIIMHU B OETOHI y 3B'SI3KY 31 30UIBLIECHHSAM iX KUIBKOCTI Ha OJAMHULIO ILIOIII
pO3paxyHKOBOro mepepidy. BucoOkoMomyiabHI BOJIOKHa Majoro JiaMerpy

BIUIMBAIOTh HA MOYATKOBY IIMPUHY po3KputTa TpimmH. Tak, Ilyxapenko 1O.B.
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BctanoBuB [100], mo mus GetoHy, apmoBaHoro ¢ibpamm miametpom 0,3 Mm,
TPIIIMHU B MOMEHT iX YTBOPEHHSI HOCHUJIM XapaKTep MICIEBUX PO3PHUBIB LIUPUHOIO
1,5-3 MKM Ta JOBXHHOIO 1-3 MKM. ¥V BUNAJKY K BUKOPUCTaHHS (iOp AiaMeTpoM

0,9 MM BiZipa3y yTBOPIOBAINCS TPIITUHU MUPUHOIO 7—10 MKM.
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1.4 TeopeTnuHi nepeayMOBH Ta HAYKOBA rinore3a A0CJIiKeHHS

AHamni3 miTepaTypHUX JDKEpell, NpPOBEICHUN BHILE JO3BOJISIE 3POOUTH
BHCHOBKH, [0 HE3BAXAIOUM HA TMEBHI YCIIXH, JIOCATHYTI B PO3BUTKY TEXHOJOTIT
JUCTIEPCHO-apMOBAHUX OETOHIB, MOBHICTIO BUPIIIEHOIO II0 MPOOJIeMy BBaXaTH HE
MO’KHa, a €KCIEPUMEHTAIbHUM JOCBIJ B JaHiil 001acTi 3ajlMIlae HE PO3KPUTUM
UM psi/i TMTaHb, 30KpeMa MUTaHHS TPIIIMHOCTIHKOCTI.

Uucnenni cyyacHi nociimpkenus BiTun3HsHux (LI Tamensxk, B.1. I'om, B.M.
Bupogoii, JL.U. JIBopkin, T.B. Koampuyk, I1.B. Kpusenko, A.M. ITnyrin, P.®.
PynoBa, M.A. CaHullbKUH, C.W. Cononxuit, X.C. Co6onb, C.M. Tonmauos, O.B.
Anpnpiituyk, O.1O. Jlopomenko) Ta 3apy0ixuux BueHux (KO.M. baxxenos, Z. Xu, F.
Qiang, P.C. Aitcin, M.A. Caldarone P.K. Mehta, A. Neville, M. Pigeon, J. Stark) B
obacti TexHOJIOTiM OeToHIB Ta (PiIOpPOOETOHIB CBigYaTh, 11O OCOOJMBOI yBaru
notpebye  mUTaHHSA  3a0€3MEeUeHHS  HEeOOXIMHMX  OyAiBEeIbHO-TEXHIYHHUX
BJIACTUBOTEH Ta JOBroBiYHOCTI. (OCHOBHUM KpHUTEpPIEM Ha CBOTOAHI MpHU
BUTOTOBJICHHI OCTOHIB € MIIHICTh. [IpoTe y Mexkax OHOTO Kiacy MIIHOCTI Ha
CTUCK OETOHU XapaKTEepPU3YIOThCS PIZHOIO TPIINIMHOCTIMKICTIO, 10 OOYMOBIIIOE
IMUPOKWKM  Jlalla30H 3HAYCHb CHUJIOBHMX Ta CHEPreTUYHUX XapaKTEPHUCTHK
TPIIMHOCTIUNKOCTI. TOMY TPIIIMHOCTIHKICTh € Ba)XTMBUM TOKa3HUKOM OETOHIB,
OCKUIbKM TIpOIleC IX pyWHYBaHHS BIJOYBA€ThCS I JII€F0 30BHIIIHIX BIUIMBIB
IIUIIXOM YTBOPEHHS Ta TIOMUPEHHS B MOTO CTPYKTYpi TPIIIWH, IO Ma€ BEIUKE
3HAYEHHA B 0€TOHAX JOPOKHIX Ta a8POJIPOMHHX MTOKPHUTH.

AHaJli3 NpoOBEACHUX IOCIIKEHb J1aB 3MOT'Y BUCYHYTH HAyKOBY TiNOTE3y
PO MOXJIMBICTh IMJBUINCHHS MIIIHICHUX BIJIACTUBOCTEH 1 CHJIOBHX Ta
CHEPreTUYHUX  XaPAKTEPUCTHK  TPIMIMHOCTIHKOCTI  OETOHIB 32  PaxyHOK
MOJIIIUCTIEPCHOTO apMyBaHHSI MOJIMPONUICEHOBUMH (Gi10OpaMu PI3HUX THITB 3
MOKPaIICHUMH OY1BETbHO-TEXHIYHUMHU BIIACTUBOCTSIMHU.

JUist TOCSATHEHHST METH JucepTaliiiHoi poOOTHM Ta BHpPILMIEHHS 3aBJAHb
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pPO3POOICHO CTPYKTYPHOJIOTIYHY CXEeMY JOCHIKeHb. biOK-cxema TOCiKeHb

(puc. 1.1) BKIOYAaEe eTamy TPOBEACHHS JOCHIKEHb, SKI HAMpsSIMIICHI Ha

BU3HAUYCHHs HAMPSMKIB KEPyBaHHS MOKa3HUKAMH MIITHOCTI Ta TPIIIMHOCTIMKOCTI

JUCIIEPCHO-PMOBAHUX OETOHIB.

pi3Hl BUOH

Ta THIH $ibp >

(ipiper THITY
“momapm’

JOCHIATFHHA BILTHEY THCTIEPCHOI'O APMYBAHHA
BEETOHIE PI3HHMH BHJAMH @1EPH HA MIITHICTb TA
XAPARTEPHCTHEH TPINMHHOCTIHKOCTI

f-:m.-:u]:-e: fctfm: :KH:-.

|

ot Kposoymy

Qpipee THITY
“mimpoapn’’

OITTHMIZAIIA CKIIANIB BETOHIE, APMOBAHIY
[NOJITPOIIJIEHOEOH) £ IEPOR) THITY “TIOJIIAPM” 3A
KPHTEPIAMH MIIHOCTI TA TPIIMHHOCTIHKOCTI

G, Gy, Ky

fcm.cu]:-e: fctfm: }{ﬂ:-,

3

lyftce Kposormy

BILTHE ITOIITIPOIIIITEHOBOT DIEPH THITY “MIKPOAPM®
HA MIIHICTDE I TPIIHHOCTIHKICTE AHCITEPCHO-
APMOBAHHY BEETOHIE TA OITTHMIZAIA PO3POBJIEHHY

CEIIAMIB

G, O, K

f-:m.-:u]:-e: fctfm: j{’(1:-

=

k'

Qpifpee THITY

“migpoapi Ta |
“momapn’

PO3POEBKA, OITTHMIZALILA CKIAJIB TA JOCILZKEHHA
BIIACTHBOCTEH EBETOHIB 3 KOMITO3HILIIFHHHM
JHUCTIEPCHHM APMYBAHHAM ITOMNITPOIILIEHOBHMH
GIEPAMH THITY “TIONIAPM” TA “MIKPOAPM”

G, Gy, B

fcm.cube: fr_'tf'm: Xﬂj,
G, G K,

e

|

AOCHTIAHO-TIPOMHCIIOBA ATIPOEBAITI A PE3YTILTATIE

Pucynok 1.1 — biaok-cxeMa qociipkeHb

ALl Wiy ATy
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BucHoBkmu 10 po3aiay 1

1. [lemenTHuii OeToH, AKUH € HAWNOMMPEHIMUM OyIiBEIbHUM
MaTepiaioM, XapaKTEePU3YeThCS PSIOM CYTTEBHX HEAONIKIB y OymiBHMLTBI. Jlo
TaKuX HEJIOJIKIB, B TIEPIIy YEPTy, BIIHOCUTHCS HEBHCOKA MIIHICTh Ha PO3TAT, 110
y 7-9 pa3iB HIK4Ya MIIIHOCTI HAa CTHUCK, HU3bKa TPIMUHOCTIHKICTh. lleMeHTHuI
OCTOH B IPOIIEC] BUTOTOBJICHHS HAKOMUUY€E Ay>Ke 0arato Ae(eKTiB, KITbKICTh SKUX
3aJICKUTh BIJl YUIUIBHEHHS, SKOCTI TMEpEMIIIyBaHHSI KOMIIOHEHTIB Ta YMOB
TBepAHEHHA. Lli AedexT 3HaUYHO 3MEHIIYIOTh MPOEKTHY MILHICTH OETOHY 1
MOXXYTb OyTH YCyHEH1 MpHU JAUCIEPCHOMY apMyBaHHI O€TOHY Pi3HUMHU BHUJIAaMU Ta
TUnaMu (pidpoOBUX BOJIOKOH.

2. EdexkTuBHicT BUKOpUCTaHHS  (PIOpPOOETOHIB 3pOCTae TMpH  iX
KOMITO3UIIITHOMY apMyBaHHI. Taki KOMIIO3MINIMHI MaTrepianu, 30epirarouu
MO3UTUBHI 0COOIMUBOCTI (P1OPOOETOHIB, BUKIIIOUAIOTh HEJOMIKH, 0 MAKOTh MICLE
IpU MOHOAPMYBaHHI.

3. 3a pe3yJbTaTaMM JIITEPAaTypHOrO OISy BCTAHOBJIEHA €(EKTHBHICThH
3aCTOCYBaHHA PI3HUX BUIIB Ta THMIB (10p ISl IUCTIEPCHOTO apMyBaHHs OETOHIB,
30KpeMa i B TPaHCIIOPTHOMY OYIiBHMITBI. IX IpUCyTHiCTH 3abe3neuye 3pocTaHHs

MILIHOCT1 O€TOHY, MiABUIIEHHS XapaKTEPUCTUK TPILIUHOCTIMKOCTI.
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PO3/ILI 2
XAPAKTEPUCTUKA MATEPIAJIIB TA METO/IU JOCJIUIKEHD

2.1. Buxigni matepianau

B naniii poGoTi ayis mpUTroTyBaHHS OCTOHHOI cyMimnl sl (popMyBaHHS
($16poOeTOHHNX 3pa3KiB BUKOPUCTAIM MOPTIAHALIEMEHT 3aralbHO-OyAiBEIbHOTO
npusHaueHHs 3 pgoOaBkoro mnwuraky [ II/A-III-500 BupobHuuTBa “‘BonuHb-
Hement” o¢imi ITIpAT “Ilikeprodpd Llement VYkpaina”. llemeHnT Biamosimae
BumoraMm JICTY b B.2.7-46:2010 (tabm. 2.1, 2.2).

Tabmunsg 2.1

XiMiKO-MiHepPAJOTiYHMI CKJIa] MOPTIAHALEMEHTHOI0 KIIHKepPy

Buicr okeris, mac. % MiHepanoriyaui ckian,

mac. %
5 ™ ™ '»T' g
O'E ON ON ON % % Om 8 = (.DN mm <oo I?(L
S 7o) = © O S | & |§&E| O @) @) ~
O < LL T g @)

1,25 22,04 | 4,85 |3,59|6510|1,44|0,49| 0,49 |19,0|59,0|6,76 10,91

C3S=3Ca0x8Si10,; C,S=2Ca0xSi0,; C3A=3Ca0xAl,03;
C,AF=4Ca0OxAl,03xFe,03
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Tadomurs 2.2

®di3zuko-mexaHiuHi Bracrusocti nopraanauementy I II/A-11-500

['pannus
2 5 . Tepminu MIITHOCTI1 IIpH
o > —~ .
= s o | & | o TYXKaBIHHA, XB | CTHCKY, MIla
- = A~ ° :
U)E < o T | gepes, A0
noya- | Ki- 2 28
TOK | HeIb
2,0- 90...1|300... | 23,0... | 50,0...
L1 q00 [039111812951 750 | 360 | 325 | 535

SAx  gpiOHMII  3amoBHIOBAY ~ NpU  NPUTOTYBaHHI  (p1OpOOETOHIB
BUKOPUCTOBYBAIM MICOK SIcHMHENbKOTO Kap’epy JIbBIBCHKOI 001acTi 3 MOAyJIeM
kpynHocti 1,29 (Tabn. 2.3) 3 [gomaBaHHAM MICKYy 13 BIJACIBIB JpOOJIEHHS
BuBepkeHux ripcekux nopin (IIBAITI) dpakmiin 1,25 — 5,0 mm KieciBcbkoro
Kap’epy HepynHux komanuH ““TexnoOyn” PiBHeHChbKkOi o007acTi 3 METOMO
30UTbIIEHHS! MOAYJISl KPYITHOCTI APIOHOTO 3alOBHIOBAaYA. SIK KpyIHUI 3all0BHIOBAY
BUKOPUCTOBYBAIM T'paHITHUM 1miebiHb Ppakiii 5,0 — 30,0 MM TOrO XK Kap’epy, 110
i BiJIciB. XapaKTEPHUCTUKH 3alIOBHIOBAYIB HaBEICHO B Ta0m. 2.3 — 2.5.

Tabmus 2.3
TexHiYHI XapaKTePUCTUKH MICKY

BiamosigHo 1o
Iloka3zHukn HopMaTUBHUX | DakTU4HI
BHMOT
IcTHHHA TycTHHA, KI/M 2000-2800 2660
HacurHa ryctuna, Kr/m° He MeHie 1100 1450
Mopyib KpyIHOCTI Bix 1,5 mo 3,25 1,51
Bwmict 3epeH po3mipom Big 5,0 mMm 1o 10 mm, % 3a )
peH p p Ao, o > 70 He Ourbiie 10 0,7
Macoo
Bwmict 3epen posmipom Ouabmre 10,0 mMm, % 3a )
peH p p ’ > 70 He OuabiIe 0,5 0
Macoo
Bwmict 3epeH, 1110 npoxoaats kKpi3b cuto Ne 016, © )
PEH, THO HPOXOIATE Kp % | 4e Ginpime 15 14,3
3a MacoIlo
BMmicT mMI0BUIHMX Ta TNIMHUCTUX YaCTUHOK )
) 5 He OuIble 3 1,6
po3mipom Meniie 0,05 mm, % 3a Macoro
Bwmict opraHigHEX JOMIIIOK HU3LKAHN HU3LKAHN
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Taomuig 2.4

TexHiuHi XapaKTepUCTUKHU BiICIBiB Ip00JIeHHSI BUBEPKEHUX IPCHKUX MOPi

BignoBigHo 110
[ToxazHuku HOpMaTUBHUX | DakTHYHI
BUMOT
2D - -
[ToBHI 3ayMIITKM HA D no 10 0,5
cHuTax, mac. % d 90-100 98,7
0.5d 0-10 0,8
Moyns KpymHOCTI Bix 1,5 o 4,0 3,9
. . . 5
Bwmicr 3epen po3mipom Big 5,0 MM 10 10 mm, % 3a He Gumme 15 0.5
Macolo
. . . 5
Bwmict 3epen posmipom 6inbie 10,0 mm, % 3a He Gummme 5 0
Macolo
: . o 0
Bwmicr 3epen, mo npoxoasats kpi3b cuto Ne 016, % He Gubie 25 0
32 Macoko
BwmicT numoBUIHUX Ta TIMHUCTUX YaCTUHOK :
. He OlIbIIe 2 0,9
po3mipom menme 0,05 mm, % 3a Mmacoro
HacurHa rycTaHa, Kr/m> He MeHie 1100 1510
Mapxka 3a MIIHICTIO He amxue 600 1000

Tadomurs 2.5
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TexHiYHI XapaKTePUCTUKHU HIeOEHIO

BiamosigHo 1o dakTnuHi
[Toxa3Hukn HOpMAaTHUBHUX BUMOr | @pakiis Big | Opakiris Bifg
JICTY b.B.2.7-75-98 | 5 10 10 mm | 10 1o 30 MM
[ToBHi D 90-100 96,8 94,6
3AJIAIIKU 0.5(d+D) 30-80 65,7 43,4
Ha CUTax, D Ho 10 - -
Mac. % 1.25D o 0,5 - -
Bwmict 3epeH miacTuHUATOL To 35 12.2 137

Ta roavacToi popmu, mac. %

He amxue 800 s

Mapka 3a MIITHICTIO OeToHYy KJacy 3a 1200 1200
mirHicTo C25/30
Bwmicr 3epen cinabkux nopia, | o 10 anst 6etony 0.2 03
mac. % KJ1acy 3a mirHicTio B30 ’ ’
BMicT nunoBuaHuX Ta
TIMHACTUX YaCTUHOK, Mac. o 1,0 0,9 0,8
%

IcTuHHA TyCcTHHA, r/em” - 2,70 2,70
CepenHs TyCTHHA, KI/M® 2000-2800 2500 2580
HacumHa rycTHHa, KI/M° - 1366 1396

Bony BukopuctoByBanu 3Buuaiiny BogomnpoBiaHy 3rigHo 3 ACTY b B.2.7-
273:2011.

JUist  MOCATHEHHS TPOEKTHOI MapKH 3a JIETKOYKIAJAJIbHICTIO OETOHHOI
CyMillll BUKOPUCTOBYBaJIM IiacTu(dikarop s ToBapHoro Oerony Liquol BV 18

dipmu “BASF” B kinbkocTi 0,7 mac.% Bix BUTpaTH neMeHTy (Tadi. 2.6).

Tabmuus 2.6
XapakrepucTtuka miacrtudikaropa Liquol BV 18
Cdepa BukopucTaHHs 1 Butpara y % no
OcHoBa .
0COOJIMBOCTI 3aCTOCYBaHHS MacH IIEMEHTY
st BuUpoOHUIITBa OETOHY,
Mg-Ligninsulfonat | 3amizo0eToHHHX BHPOOIB Ta 0,1-09
Hanpy>XKeHUX OETOHIB
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Sk apmyroul BOJIOKHA 3aCTOCOBYBAJIM TMOJIMPOIIJICHOBI, METAaJeBy Ta
0azanbToBl PiOpu (puc. 2.1). XapakTepuCTUKH BUKOPHCTaHUX B poOOTI (Pildp
HaBejeHl B Tab. 2.6. KpamuMm MIKpOCHUHTETHYHUM BOJIOKHOM 1Jisg (hiOpoOeToHY
MOKPUTTIB JOPIT Ta aepoIpOMiB, TPOMHUCIOBUX MiJIJIOT € MOJinponiieHoBa ¢iodpa,
0 € aJbTePHATUBOIO CTaJleBUM BoJiokHaM. [lominponineHoBl ¢iOpu THIly
“mikpoapm” (puc. 2.1, a) Ta “nomapm” (puc. 2.1, 6) obpaHo 3a pe3yiabTaTaMu
nonepeHiX BUIMPOOyBaHb (PiOpoOETOHIB HAa TPIIMHOCTIMKICTh, apMOBAHHUX

pisHuME Bugamu (iGpOBUX BOIOKOH. IXHi XapaKTepuUCTHKM HaBeseHi B Tabm. 2.7,

2.8.

Pucynok 2.1 — 3aransuuii Burisia Giop:
a — Fibermesh 150; 6 — Enduro HPP45; B — Ruredil X Fiber 54;
r — Fibermesh 300-e3; 1 — Meranesa; e — 0a3aIbTOB1
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Tabmuus 2.7

XapakrepucTuka pisHUX TUIIB QiOp

HaiimenyBaHHs
¢16pu (noBxuHa PiOpM)

®di3uK0-MeXaHIYH1 BIACTUBOCTI BUXITHOI CHPOBHUHU

1u1st hiop
<

1
(D] Q—tbé\ < - o c—
= >~ < T A4 = a =
S pEE | Ee | ZEE5 |0 Eic| E8 s

Sl EE|EEE|E SE| REE
< .Slo B J HQ < T :(O g%
RBREE | AF 5.52§§2§>\2
< = o
T S F = > = = =

Fibermesh 150* (12 mm)

an
&)
Enduro HPP45** (45 vw) =
2. 149 | 0,96 | 2586 2890 120
Ruredil X Fiber 54** (54 mm) E
)
Fibermesh 300-e3* (19 mm) =
¥a]
MeraneBa** (52 mm) g 1500 | 7,74 | 1779 1420 200
&)

bazanbroBa™ (24 Mm)

bazansToBa* (50 MM)

B
& E| 1500 | 2,65 | 4100 | 6240 | 120

<]

* GiOpu Ty “momapm”, ** Gidbpu Tumy “mikpoapm”

Tabmums 2.8
XapakTepUCTHKH MOJINPoniieHoBux Giop Tumy “nmoaiapm” ta “mikpoapm”
: 3Ha4YeHHS
BrnactusicTh P - "
Tun “nomapm Tun “mixkpoapm
Hosxuna gidpu, MM 45 12
. [IpssmoxkyTHa prrna
dopwma niepepizy (1.0x0.,5 n) (mamerpom
7 18...20 MxMm)
Tun/dopma Makpo/MoHOHHTKM | Mikpo/MOHOd11aMEHTHA
3
I'yctuna, r/'cm 0,91 0,91
TeMnepaTy[())a 164 162
m1aBjeHHs, °C
Tenmeparypa >550 593
3anmMaHHs, °C
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2.2. Meroau 10CTiKeHb

XapaKkTepUCTUKH TPIIIMHOCTIMKOCTI OETOHY BU3HAYAIH TIPU 3PIBHOBAXKEHHUX
MEXaHIYHUX BUMPOOYBAHHAX 13 3aIHCOM IMOBHOI JiarpamMu CTaHy «HAaBaHTAKCHHS-
nporun» (F-V). BunpoOyBaHHsl 3pa3kiB MPOBOAMINA 32 CXEMOI TPUTOYKOBOTO
3runy Ha 200-TOHHOMY Ti/IpaBiIiuHOMY Mpeci. 3arajdbHU BUTIISA BUIIPOOYBAIBHOT
YCTaHOBKHU 300pa’keHo Ha puc. 2.2.

3a 3piBHOBaXEHUX BUNPOOYBaHb KOHTPOJIbHI 3pa3Kd HaBaHTaXXyBalld
HENEPEPBHO JI0 1X MOALTY Ha YaCTHHHM 3 (hIKCaIli€l0 MOBHOT AiarpaMu CTaHy O€TOHY
F-V.

Jlns BumpoOyBaHb BHKOPUCTOBYBaiM 3pazku po3mipom 0,1x0,1x0,4 m i3
o4yaTkoBUM HajpizoM Bucotoro 0,04 m i mmpunoro 0,002 m (puc. 2.3), sxwii

CTBOpIOBaN Ha ¢pezepHOMY BepcTaTi. KoxHa cepist ckiamanacs 3 4-X 3pas3kiB.

Pucynok 2.2 — 3aranpHuil BUTJIsA BUIPOOYBaIbHOI yCTaHOBKU
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MoyaTkoBUiA HAAPI3 - *1 A-A

iHILiaTOp TPILUMHM

Pucynok 2.3 — Cxema BUIpoOyBaHb 3pa3Ka-IpU3MHU Ha 3TUH 13 1HII1HOBAaHOIO
TPIIMHOIO HOPMAJIBHOT'O BIJPHUBY:
a — JIOBKHMHA MI0YaTKOBOTO Hapi3y, M; D, L, Lo — po3mipu 3paska, M;

F — HaBaHTa)keHHA Ha 3pa3ok, KH

3aranpbHU BUTIIS]] €KCIIEPUMEHTANIBHOI IOBHOI JllarpaMu CTaHy OETOHY MICTs
oOpoOJICHHS JaHWUX BUNPOOYBaHb TMpeacTaBieHo Ha puc. 2.4. Ha cramii
JOKanbHOTO NedopMyBaHHS MHPOBOAMIM 3—5 KOPOTKOYACHUX  PO3BAHTAKEHD
3pa3ka JJig BU3HAYEHHS HANpPSIMKIB  JIIHIA pO3BAaHTaXXEHHS 1 pO3PaXyHKY MOBHUX
MUTOMUX TPYXKHIX €HEproBUTpaT Ha CTaTHuHE AedOpMyBaHHS 3pa3ka 0 MOILTY
Ha YaCTHHH 1 BIAMIOBIHOTO KPUTUYHOTO KOE(iIli€EHTA IHTEHCUBHOCTI HAMIPY>KEHb.

OTpuMaHny MOBHY JliarpaMy CTaHy JIJIsl pO3paxyHKy CUJIOBHX Ta €HEPTeTUYHHUX
XapaKTEPUCTHK TPIIUHOCTIMKOCTI TpaHCHOPMYBAIM y PO3PAXyHKOBI Jiarpamu
IUIIXOM  3TIACHEHHS JOJAaTKOBUX PO3PaxXyHKIB 1 MOOYyIOB  3TiTHO 3

pexomenattismu JICTY b B.2.7-227:2009 [110] (puc. 2.5, 2.6).
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Pucynok 2.4 — IloBHa giarpama ctany OCTOHY

Puc. 2.5. TIJIC 6eTony 3a 3piBHOBa)XKEHHX BUMPOOYBaHHIX 0e3 (pikcarii JiHii

PO3BaHTAXEHHS
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Puc. 2.6. ITIJIC 6eToHy 3a 3piBHOBaXEHUX BUIMPOOYBAHHSX 3 (iKCAIlIE€IO JTiHIN

PO3BaHTAXEHHS

BunpoOyBaHHs 3pa3kiB-IPU3M 32 CXEMOI TPHUTOYKOBOTO 3THUHY 13
HILIHOBAHOIO TPIIIUHOIO HOPMAJILHOTO BIJIPUBY IPYHTYETHCS HAa MOJIEJl OCTOHY 3
¢ixTuBHOO TpimuHOW0 [111]. B 11ifi Moemni npunycKaeThes, MO MiCHs JOCATHEHHS
30BHIIIHBOIO HAMPYTOI0 3HAYEHHS, 110 BIJIMOBIA€ TPAHUIIl MIIIHOCTI OCTOHY MpHU
3TMHI,  YTBOPIOETbCA  30Ha  JIOKadi3oBaHoi  Jedopmanmii  —  oOiactb
nepepyiHyBaHHs, B SKId HAmpyrd 3MEHIIYEThCS 31 3POCTaHHSIM MTPOTUHY. 3a
HAsIBHOCTI CIEI1aJIbHOTO O0JIaJIHAHHSI OTPUMYIOTh MOBHY Jilarpamy CTaHy O€TOHY
(ITIC) y xoopauHaTax «HaBaHTaKEHHS - TPOTUH» (puc. 2.7), KOHPITypaIllis sKoi €
BKJIMBOIO XapaKTEPUCTUKOIO OTIOPY PYWHYBAHHIO OCTOHY.

3pIBHOBa)XEHI MEXaHI4HI BUIPOOYBaHHS Ha CTaAll JOKalbHOI Jedopmarii
OCTOHHOTO 3pa3Ka XapaKTepU3YIOThCS  aJCKBATHICTIO 3MIHM 30BHIIIHIX CHJI
BHYTPIIIHIM 3yCWUISIM Yy MaTepiaii 3 BIANOBIAHUM CTAaTUYHUM PO3BUTKOM
MaKpOTPIIIUHHA 1 IaI0Th 3MOTYy OTPUMATHU CHAJHY BITKY JllarpaMH CTaHy Yy BUTJISAII

KBaIpaTHOT TimepOoIu.
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1l

HaBaHTBaXeHHS

A

[lepeminieHus

Puc. 2.7. TloBua giarpama ctany (I1/IC) 6eTony mpu 3ruHi

BaxxnmBoro mepeBaror0 METOAMKH 3pPIBHOBRXEHHX BUIIPOOYBaHb € Te, IO
Bu3HaueHi 3a [IJIC eneprernuyHi Ta CHJIOBI TMOKA3HUKH PYHHYBaHHS OCTOHY
1HBapiaHTHI J0 YMOB BHIpPOOYBaHb Ta OO €KTHBHO B1100pa)kaloTh (Pi3nyH1
MPOIECH PYHHYBaHHS 32 MEXaHIYHUX HaBAHTAXCHb.

I[Tin yac BUnpoOyBaHHS KOHTPOJIBHHUX 3pa3KiB Ha 3TMH NPOLEC pyHHYBaHHS
3YMOBIIIOETBCS  PO3BUTKOM TPIIMIMHM HOPMAaJbHOTO BIAPUBY, IO JO3BOJISE
po3paxyBaTu (HhaKTUYHY TUIOITY MOBEPXHI PYHHYBaHHS.

Ilin wac amamzy IIJIC HalgominpHIIE 3aCTOCOBYBATH KOHIICIIIIIO
HEIIHIMHOT MEXaHIKM pPYHWHYBaHHS, fKa Ja€ 3MOTy pa3oM 13 TpagulliiHUMU
MEXaHIYHUMHU  XapaKTePUCTHUKAMU  BU3HAUUTH  KOMIUIEKC  CHJIOBUX  Ta
EHEpPreTUYHUX XapaTepucTUK pyHHyBaHHA OeToHy. [loOynmoBa Tta anamiz IIJIC
JIO3BOJISIE peali3yBaTH EHEPreTUYHMM MIAX1A JJIS OIIHKH TPIIIMHOCTIAKOCTI
o6etony. Otpumane 3a [1/IC 3HaueHHs 1HTErpagbHOI HEPrii pyHHYBaHHS BKJIIOYAE
TEPMOJIMHAMIYHY BEJIMYMHY TOBEPXHEBOI €HEprii B YMOBAX 1/1€aJbHO KPUXKOTO
BIJIpUBY Ta AMCHUMAINIO €HEPrii 3a paxyHOK HE3BOPOTHUX aedopmarliiii Ha GpOHTI
TPILIMHM MiJ Yac 1i IPOCYBaHHS.

Anamiz [IJIC no3Bosise nudepeHIiroBaTd TMOBHY poOOTYy pyMHYBaHHS Ha

OKpEeMI1 YacTKH, 1110 BiMOBIJAIOTH PI3HUM CTaaisiM AedopMyBaHHs 0eToHy. Okpemi
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JUISTHKY JlarpaMH CTaHy B KOOPJMHATAX «HABAHTAXKEHHS - MPOTUH» BIANOBIIAl0ThH
SKICHO Pi3HUM eTanam JedopMyBaHHS:

— [MIOYaTKOBa JIHIMHA OUISHKA HA BUCXIAHIA BITI BIAIIOBIIAa€ cTamil
npyxkHOTO nedopmyBaHHs Oetony (puc. 2.7, nminsaka 0-1);

— HeJIlHIMHA JUISTHKA Ha BUCXIAHIN BITII, IO TEpeAye TOYIll 3jamy,
BIJINIOBITa€ 30HI YTBOPEHHS MIKpOTpiluH (puc. 2.7, ninsaka 1-2);

— cmajHa BiITKa J0 TOYKH 3 MIHIMAIBHUMHU pagiycoM TinepOonn
BIJIIIOBIIa€ CTIIKOMY ITPOCYBaHHI MaKpOTPIUHU (puc. 2.7, minsHka 2-3);

— ClajJHa JAUISHKA 3a TOYKOI0 3 — CTajis HECTIHKOTO pO3BUTKY
MakpoTpinwau (puc. 2.7, nirsHaka 3-4).

3a 3HAUEHHAM IUIOLII OKPEMHMX YaCTUH JiarpaMd MOXKHA pO3paxyBaTH
3HAUYEHHA pOOOTH, IO BHUTPAYAETHCS HA: MPYKHE 1 JIOKaJbHE Je(opMyBaHHS,
MIKPOTPIIIMHOYTBOPEHHSI, HAa PO3BUTOK MAariCTpajibHOI TPIIIMHU 1 HE3BOPOTHIX
nedopmariiii. Kpim 1poro, JA0BXKHHA MakpOTPIIIMHU Ta MIBHIKICTH 11 PO3BUTKY
OJIHO3HAYHO MOB’s3aH1 31 3HAYEHHSM MPOTMHY 1 MOXKYTh OyTH 11€HTH(IKOBaHI 3a
CIaJIHOI0 BITKOIO Aiarpamu. Ha cnagHiit BITII larpaMu CTaHy PO3KPUTTSI TPIITUHU
BIIOYBA€ETHCS JIIHIMHO MPONOPLIMHO MPOTUHY HE3aJeKHO BiA 11 JIOBXKHHHU.
[Toka3HUK CIIIBBIAHOIIIEHHS MK IUIOMIAMH 1] CIIQIHOI Ta BUCXIJTHOK BITKAMH
JlarpaMy Ha3UBA€ETHCA XapPAKTEPUCTUUHOIO JTOBKUHOIO Ta BU3HAYAE CTYIIHB OMOPY
pYWHYBaHHIO OETOHY B 3aKpUTUYHIN CTafll.

Otxe, BceOiunuii anami3 [1JIC nae 3mory o0’ ekTUBHO BitoOpa3uTH (hizuyHi
MPOLIECH HAKOITMYEHHS PYHHYBaHb B CTPYKTYp1 OETOHY SIK 3a MEXAHIYHMX, TaK 1 3a
KJIIMATUYHUX, KOPO31MHUX Ta 1HIIMX BIUIMBIB.

Takum 4HOM, BU3HAYEHHS TTOBHOT pOOOTH pyiiHYBaHHS OE€TOHY Ha MiACTaBl
[IJC 3 MeTor NOAAJBIIOTO BBEJAEHHS B PO3PaXyHOK KOHCTPYKIIIA HalyBae
aKTyaJIbHOCTI JJISI CIIOPY/, IO €KCIUTYaTyIOThCS 3a Aii TUHAMIYHUX, CEUCMIYHUX 1
[UKIIIYHAX HaBaHTAXKEHb, a TAKOXX 3a PI3HOMAHITHUX AarpeCUBHUX BIUIMBIB
MOTOAHO-KJIIMATUYHUX, KOPO3iMHUX Ta 1HmMX (aktopiB. Lle moscHoeThCS THUM,
mo OETOH Ha CHaiHid BITI AlarpaMud Horo neopMyBaHHS MpAIIOE BXKE 3a

IPAHUIIEIO MIITHOCTI, TOOTO JOBrOBIYHICTh O€TOHY 1 OE€TOHHOI CIOPYIU 3arajioM
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BHU3HAYAETHCSI OMOPOM JIOKAJTbHOMY J1e()OpPMYBaHHIO, IO CYHPOBOIKYETHCS
PO3BUTKOM MAaricTpaibHOi TpiliMHU. [IOBHOIO MIpOIO II€ CTOCYETHCS TOPOXKHIX
[IEMEHTOOETOHHUX MOKPUTTIB 1 OCHOB.

BunpoOyBanus minHOCTI OeToHIB Ha cTHcK mposogwmm 3rigHo 3 JICTY b
B.2.7-214:2009 [112].

CrTifikiCTh 10 LMKJIIB 3aMOpPOXYBaHHs-BIITaBaHHS BH3HAYaJIach 3T1IHO 3
JACTY b B.2.7-47-96 [113].

Hedopmarii ycaaku 6eToHiB BuzHavayum 3rigHo 3 JICTY b B.2.7-216:2009
[114] Ha cnermiasibHOMY CTEHIII 13 BHUMIPIOBaHHSIM aOCOJIOTHUX jaedopmariiii 3a
JIOTIOMOTO0 €TaJIOHHOTO KOMIIapaTopa.

XiMiuHI cKiaau nociiKyBanu pentreHocnekTpomerpom SEM FEI Quanta
250 3 obnmagHaHHAM i MikpodoTtorpadii EDS.

BusHaueHHs1 cepeiHbOi T'yCTUHU Ta MOKAa3HUKU BOJOIOTJIMHAHHS OETOHIB
Bu3Havanu Bianosigno g0 ACTY b B.2.7-170:2008 [115].

JlerkoBKkJaganbHICTh O€TOHHUX cyMimed Bu3Hauanu 3rigHo 3 JCTY b
B.2.7-114-2002 [116].

Crupanictb gociimpkysanu 3rigHo 3 JJCTY b EN 1097-1:2015 [117].
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BucHoBku 10 po3ainy 2

1. Jlis mpoBeACHHS €KCIEPUMEHTAIbHUX JTOCIIIKEHb B JUCEPTALIiHIN
po6oTi Bukopuctani nopriaanamemedT I1I] II/A-III-500 BupoGHuiTBa “BoONMHB-
Hement” ¢imi TIpAT “Hixkepropd Ilement VYkpaina”, KBapIOBUH IICOK
Scunenpkoro kap’epy JIbBiBCbKOI 001acTi 3 MoysieM KpymnHocTi 1,29, rpaHiTHMI
BiAciB ¢pakmi 1,25 — 5,0 mm Ta rpaniTHHM meOinp ¢pakmii 5,0 — 30,0 MM
KieciBcrkoro kap’epy “TexnoOyn” PiBHEHCHKOT 001aCTI.

2. Hna  nnactudikamii  OeTOHHOI  CcyMilll  BUKOPHUCTOBYBAIU
wiactudikatop Ha Mg-Ligninsulfonat ocuosi Liquol BV 18.

3. Jns  gucnepcHOro  apMyBaHHA —~— OETOHIB — BUKOPHCTOBYBAJHU
nosinpomniaeHoBi ¢iopu Fibermesh 150, Enduro HPP45, Ruredil X Fiber 54,
Fibermesh 300-e3, 0a3zambToBi mOBXkHHOIO 24 MM Ta 50 MM Ta MeTajcBYy THUIIIB
“nosiapM” Ta “mikpoapm’.

4, CunoBi Ta  CHEPreTUYHI  XapaKTePUCTUKU  TPIIIMHOCTIMKOCTI
JUCIIEPCHO-apMOBAaHUX OETOHIB BHU3HAUadM  IPU PIBHOBAXKHUX MEXaHIYHHX
BUNPOOYBAHHIX MPU3M 13 3alKMCOM TOBHOI JllarpaMHM CTaHy <«HABaHTAKCHHS-
nporun» (F-V). BunpoOyBaHHs 3pa3kiB MpOBOAMIIA 32 CXEMOIO TPUTOYKOBOTO
3runy Ha 200-TOHHOMY TipaBiiyHOMY npeci. KOHTposibHI 3pa3Ku HaBaHTAKyBaJIu
HEMEepepBHO 70 iX MOAUTYy Ha 4acTuHU. s BuUnpoOyBaHb BHKOPHUCTOBYBAJIHU
3pazku po3mipom 0,1x0,1x0,4 M 13 mouatkoBuM HazapizoM Bucotor 0,04 M 1
mupuHoo 0,002 m.

5. d1i3uK0-MeXaHI4HI, OyIiBeNbHO-TEXHIYHI ~ Ta  eKCIUIyaTalliliHi
XapakTepUCTUKU  PO3pOOJIEHUX OETOHIB BH3HAyYadd 3riAHO 3 AIIOYUMH
CTaHJIapTaMHU Ta 3arajJbHONPUHHATHMH MeToAuKaMHu. ONTUMIZaIlli0 CKJIaIiB
PO3pOOICHNX BUCOKOMIITHMX OETOHIB TPAHCIIOPTHOTO MPU3HAYCHHS 32 KPUTEPISIMU
MIIIHOCT1 TIPOBOAMIIM 3a JOTIOMOTOI0 METOIB €KCIEPUMEHTATbHO-CTATUCTUYHOTO

MOJICITIOBAHHS 3 BUKOPHUCTAHHSIM JTUCOIIATUBHO-KPOKOBOTO METO/IY ONTHMI3allii.
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6. Jledopmartii ycagku 6€TOHIB BU3HAYAIM Ha CICIIAIIBHOMY CTEH/I 13
BUMIPIOBAaHHAM  a0COMIOTHUX  Jedopmaiiidi  3a  JOMOMOTOI  €TaJOHHOTO
KOMITapaTopa.

7. XiMiuH1 CKJIagu AOoCHiKyBanu peHtrenocnektpomerpom SEM FEI

Quanta 250 3 obnagnanusaM 115 MmikpodoTtorpadii EDS.
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PO3JILT 3
JTOCJUKEHHSA BIUIUBY JUCITEPCHOTO APMYBAHHS BETOHIB
HA BJIACTUBOCTI BETOHIB TA XAPAKTEPUCTUKH
TPIIIMHOCTINKOCTI

3.1. BnuuB aucnepcHOro apMyBaHHs 0eTOHIB pi3HMMuU Buaamu ¢iopu Ha

MILHICTh Ta XapaKTePUCTUKHU TPIIIMHOCTIMKOCTI

JUIst TOCHIJIKEHHS TMOKa3HUKIB TPIIIUHOCTIMKOCTI BUKOPUCTAHO OETOHH
HOMIHaJIbHOTO ckaany (Bci cepii) II:IL:II= =1:2,23:3,19, B/11=0,44 npu BuTpaTti
nopTiaHaueMenTy 350 kr/m°. Jlis JMCIIEPCHOTO apMyBaHHS BHUKOPHCTOBYBAIM
pizHi Buau (¢i0Opu. [lpuiiHATO HACTYNHI YMOBHI MO3HAYE€HHSM cepiii OeTOHIB
(Butpara (ibpu, kr/M° GerTonHoi cymimi): 6/ — 6e3 apmyBanms, 6asosa; I11 -
Fibermesh 150 (0,9), I12 - Enduro HPP45 (5,0), I13 - Ruredil X Fiber 54 (1,0), 114
- Fibermesh 300-e3 (0,9); Bl — OasampToBa, momxmua 24 mm (1,0), B2 —
6azanpToBa, naoBxkuHa S50 mm (1,0); M — wmeraneBa (20,0). Mapka 3a
JICTKOBKJIAANBHICTIO cymiri — S1.

[IpoBeneHO MOCHIKEHHS AUCTIEPCHO-apMOBAaHUX OETOHIB. 3a OJEP’KaHUMHU
pesynbratamu mnoOyaoBadi moBHI pgiarpamu crany (IIJIC) neapmoBaHoro Ta
JUCTIEpPCHO-apMOBaHUX OETOHIB, sIKi HaBeneH1 Ha puc. 3.1-3.4.

Amnaniz orpumanux I1JIC mucnepcHo-apmoBanux OetoHiB (puc. 3.1-3.2)
CBIIYUTH MPO MO3UTUBHUU BIUIMB JUCIEPCHOTO apMyBaHHs OeToHiB cepii II1 Ta
[12, sk Ha AOKPUTHUYHIN cTali (OPMYBaHHS MaKpPOTPILUIMHH, TaK 1 HA 3aKPUTHYHIMI
— CHPUUHATTA OETOHOM KPUTUYHOIO HABAHTAXKEHHS Ta PYyHHYBaHHS 10 TMOALTY
JOCIIHKYBAaHUX 3pa3KiB HA YaCTHUHH.

Crocrepiraerbest  30DKHICTH  KOH(pirypamii Bucxigaux Bitok [IJIC
HEAPMOBAHOTO Ta apMOBAaHMX OETOHIB Maike 30iraroThCsi. BUHSATOK CTaHOBHTH
0eToH apMoBaHUN MeTaneBoro (i0poro (KyT HaXWIy BUCXIJHOI BITKM MEHIIUH Ha

10°). Cmamgni BiTKM niarpam OeToHiB 0a3zoBoi cepii Ta cepid I3, 114 1 B2
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HaknanawTbes, cepid II1, 12 1 M mapanenbHi 3 OUIBLIO TMOBHOTOIO
3aKpUTUYHIN cTafii, cepii bl — mpoxoauTs HIKYe 6a30Boi cepii.
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Pucynok 3.1 — IIJIC HeapmMOBaHOTo Ta AMCIEPCHO-aPMOBAHUX OETOHIB
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Pucynoxk 3.3 — [1/IC HeapmMoBaHOTO Ta AUCIIEPCHO-aPMOBAaHUX 0a3aJIbTOBUMHU

¢b16pamu OeToHIB
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Pucynok 3.4 — I1JIC HeapMOBaHOTO Ta TUCIIEPCHO-APMOBAHOTO METAJIEBOIO

¢b16poro OeToHIB
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['pannuni nedopmariii, 3a AKkuX BiIOyBaeThCs AedparMeHTais 3pas3kiB He
nepeBuIyioTh 84010 M Ta prGIH3HO PiBHI Mk cOGOIO.

MinnicHi Ta 1eopMaTUBHI XapaKTepUCTUKU OETOHIB HaBeieHl B TabI. 3.1

Tadomus 3.1
Di3UK0-MeXaHIiYHI XapaKTEePUCTUKH JOCJIIKYyBAHUX 0eTOHIB
[To3HaueHHs MinHicTh Ha KpuTepiii KpuxkocrTi,
cepii CTHCK, fem.cune, MI1a Xip=G+E,/ Rtb2*103
6/d 69,0 124
I11 65,8 107
[12 68,2 144
I13 63,3 169
14 66,7 127
M 64,8 95
b1 60,5 166
b2 58,6 120

3rigHo 3 ganuMu  Tabn. 3.1, 32 MOKAa3HUKAMHM  MIITHOCTI HAa CTUCK BCi
JMCTIEPCHO-apMOBaH1 OETOHM TOCTYMAaIOThCsl HeapMoBaHOMY Oetony. [Ipore i
3Ha4YeHHS1 ONMM3BKI — 3 BiAXWJEHHSIM 10 8,3 %, 3a BUKIIOYEHHSM apMOBaHUX
6a3anbToBOO (iOporo OetoHiB (15 %). Sk Bimomo, 301UIbIICHHS TPAHMII MIITHOCTI
NP CTUCKY TPsIMO Tporopiiiie BMicTy ¢i6pu i mocsirae 140-150 % npu 2-3 %
apMyBaHHI1 3a 00’emoM. Bwmict (iOpu B pociiakyBaHUX O€TOHAX 3HAXOJWUJIACh Ha
MIHIMAJIBHO JIOITYCTUMOMY PiBHI1 3T1THO peKOMeHaaIli# (hipM-BUPOOHUKIB, 3aBISKU
bOMY OTPUMAaHO MPOTHO30BAHO HM)KUY MIIHICTh Ha CTUCK (PIOPOOETOHIB.

MIimHICTh Ha CTHCK HE € OCHOBHOKIO XapaKTEPHCTUKOI (HiOpoOeToHy.
3MII[HEHHS, TOJOBHUM YHHOM, JOCSTA€THCS 3a PAXyHOK 3OUIBIICHHS TpPaHUIll
MIIIHOCT1 Ha PO3TAT NpH 3TUHI. SIK BUAHO 3 pe3yJbTaTiB JOCTIIKEHb, BUIIUMU
3HAYEHHSAMH MIITHOCTI Ha PO3TAT TpH 3ruHl (puc. 3.5) XapakTepu3ylThCs JBa
Buau ¢idpodeToniB — cepii [11 (na 1,5 %) ta 112 (va 7,2 %). Heznaune 3pocTanHs
MminHOCTI cepii OeroHiB II1 ta T2 Ta ripmn pe3ynbTaTH 1HIIMX MOSICHIOETHCS

MiHIMQJIbHUM BMICTOM BUKOPHUCTAHO1 b16pu 1 HEONTUMAJIbHUM
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TPaHyJIOMETPUYHUM CKJIAJIOM CyMIIlIl 3alOBHIOBAYIB 3a KPUTEPIEM AHMCIIEPCHOTO
apMyBaHHS (ONITUMAIBHUMU 3 1€ TOUKH 30py € IpiOHO3EpHHUCTI OETOHU, TOMY IO
¢bi16pa apmye I[EMEHTHO-MIIIAHY MAaTPUII0, KPYMHI 3€pHa 3alOBHIOBAYiB

MIEPEITKOKAIOTH IbOMY ITPOIICCOBI).

v
4

firn. MIla
O = P D P m O ] 00D

6/6 N1 M2 N3 N4 6L B2 M
Cepia

Pucynox 3.5 —MiIHIiCTh Ha pO3TAT TIPH 3THUHI

HaiiGinpm KpuXKui xapakTep pyWHYBaHHS 3a KpPUTEPIEM KPUXKOCTI
nokaszanu 6etonu cepii [13 (B 1,4 pa3u nopiBHsHO 3 6a30Bo10), b1 (B 1,3 pasu) Ta
12 (B 1,2 pa3u). B 6eronax cepiit [14 Ta b2 xapaktep pyiiHyBaHHS OJIM3BbKHIA 10
OeToHiB 0a30BoOi cepii. Pesynbpratn mocmikeHb cBimyaTh 1mo 6eronu cepiit 11 Ta
M Oinpmn cTidiki g0 AedparMeHTaiii 3pa3kiB TpH  JOCATHEHHI KPUTHYHHUX
HaBaHTAKCHb.

CuioBi Ta €eHEpreTUYH1 XapaKTEPUCTUKU TPIIIMHOCTIMKOCTI JOCIIIKYBaHUX

OeToHIB HaBeeHl B Ta0. 3.2.
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Tadomurs 3.2

Cui10Bi Ta eHepreTHYHI XapaKTEePUCTUKHU TPIIHMHOCTIMKOCTI JOCTIAKYBAHUX

0eTOHiIB
HOSHa‘I.eHHH \]/_\3112’ ;_A(;‘_’é Z\I./:)/!’z G;, , Gr, , Ji, ) K., .
cepii oy Hu oy Jhx/m® | Jx/m” | Tx/m® | MIdar
0/d 20,91 | 58,27 | 220,11 | 131,97 | 463,97 | 83,87 1,02
I11 56,33 | 55,79 | 283,47 | 186,86 | 565,43 | 140,81 | 1,05
I12 33,71 | 39,25 | 235,07 | 121,6 | 457,19 | 89,21 0,86
I13 24,53 | 50,56 | 209,55 | 125,15 | 433,51 | 83,42 0,64
114 33,89 | 51,87 | 251,54 | 142,94 | 505,68 | 100,12 | 1,02
M 35,35 | 79,80 | 217,91 | 191,92 | 496,18 | 126,05 | 0,44
b1 26,63 | 35,28 | 202,31 | 103,19 | 395,99 | 74,07 0,97
b2 55,90 | 51,03 | 222,75 | 178,22 | 456,29 | 136,10 | 0,98

bes3zanepeuny mnepeBary mae O0eToH cepii M mpu poOOTI B TOKPUTHYHIM

ctaaii neopmyBaHHS, EHEPrOBUTPATH AKOrO Ha mpyxkHe aedopmyBanHd (W) B

1,4 pa3u nepeBuIlye MokazHUK 0eToHY cepii 0/d.

beronu cepiit I11, [12 Ta [I3 matoTe mepeBary B 3aKpUTHYHOI

cramii

I[e(l)OpMYBaHHHI S3HAQYCHHA 3arajJbHUX CHCPrOBUTPAT Ha JIOKAJbHC CTAaTHYHC

nedopmyBanHs B 30H1 wmarictpaibHoi TpimmHu (W) y 1,3; 1,1 Ta 1,1 pasu

NepeBUIly€e MOKa3HUK OeTOoHy 0a30BOi cepii NpU apMyBaHHI BIANOBIIHUMHU

b16pamu.

B’s3kicth pyiinyBanns (K, puc. 3.6) 3poctae B mocnigoBHocti: [13, M, 6/,

B1, T12, [14, B2, T11.

60
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6/ N1 N2 M3 N4 Bl 52 M

Cepia
Pucynok 3.6 — Cratuunnii KpUTHIHUN KOSPIIIEHT IHTEHCUBHOCT1 HAIIPY>KEHb

Kputnuni xoeditientu iHTeHCHUBHOCTI HampyxkeHb (K.) B 6eToHax 6a3oBoi
ta cepiit I11, [14, b1 Ta b2 mMano Biapi3HAIOTHCS OJHE B1J OAHOrO (pi3HULS 10 5%),
B cepisx [I12, I13 ta M 3Hauno wmenmi (14-56 %). lle miaTBepmKyeThCs
nigsumenumu Ha 48 (I11) ta 21% (I12) (puc. 3.6) 3HAYEHHAMH CTATUYHOIO
KPUTUYHOTO KOE(QILI€HTa 1HTEHCUBHOCTI HampyxXeHb 1 Ha 2 Ta 8% BIANOBIIHO
(puc. 3.5) MIITHOCTSAMH Ha PO3TAT NIPU 3THHI.

Y 3B’S3ky 3 1OMM, A8 TOJAJbIIUX JOCHIPKEHb BUKOPUCTOBYBAIU
noninpomiseHosi Gpiopu Enduro HPP45 (tun “nomiapm™) ta Fibermesh 150 (Tum

“Mmikpoapm’).
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3.2. Onrumizauauis ckjajgiB 6eToOHIB, apMOBAHUX MOJIiNponiieHoBoOIO Gidporo

THILY “moJiapM” 3a KPUTEPiAMM MIIHOCTI Ta TPIIMHOCTIKOCTI

JUist  BCTAaHOBJIEHHS ~ ONTHUMAJIbHOTO  CKJIaAy OETOHYy Ta  BMICTY
HOJIMponiaeHoBoi  Gibpu  Tumy  “momiapM”  BUKOPHUCTOBYBalM  METOJ
€KCIIEPUMEHTAIbHO-CTATUCTUYHOTO MOJIETTIOBAHHS 13 3aCTOCYBaHHSIM
TPHOXPIBHEBOTO TPU(DAKTOPHOTO IUJIaHy eKcnepumeHTy (l-onmTumManbHOTO, SK
HallyacTilie BUKOPUCTOBYBAaHOTO B MPAKTHUINl JOCIIIHKEHb TEXHOJOTI JTOPOXKHIX
oeroHiB). Sk TexHonoriyHi (dakTopu BIUIMBY O0OpaHi: X; — BHTpara
nosinpornizeHosoi ¢hibpu Tummy “momiapm” - 7+3 kr Ha 1 M° GeToHHOT Cymimmi; X, —
BIIHOILICHHS JOBXUHU (PiOpU 10 MAaKCUMAIIBHOTO pO3MIPYy KPYITHOTO 3allOBHIOBaYa
— 2,25%0,75; X3 — koedillleHT PO3CYHEHHS 3€peH KpPYIHOTO 3aloBHIOBaua
(1,4+0,3).

Cxianu nociKyBaHUX cepiii OETOHIB HaBeAeHO B Ta0. 3.3.
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Tadomus 3.3

Cxyaau 0eTOHIB INCIIEPCHO-APMOBAHMX MOJINPONiJIEHOBOIO (Pi0Oporo THITY

“nosiapm”
Butpata MatepianiB Ha 1 M° GeTOHHOT CyMimi, Kr
& Hpi6Huii dpakiiii KpymHOTo
Cepii | & § Hpﬂi- 3allOBHIOBAaY 3all0OBHIOBAYa, MM
6eromis | 2 % Z. | mpomineHoBa
B a | B | ¢ibpamuny | picox | TIBATTI

£ | “momapM” | gy 0- | p. 1,25- | 5-15 | 5-20 | 5-30

= 1,25Mm | 5,0 MM
1 549 323 1060 - -
2 10 367 215 1335 - -
3 518 305 - - 1124
4 335 196 - - 1405
5 549 323 1335 - -
6 4 367 215 1060 - -
7 518 305 - - 1124
8 o 335 196 - - 1405
o8 5|31 435 | 255 | - | 1247 | -
10 4
11 10 549 323 1060 - -
12 437 256 - - 1249
13 517 303 - 1123 -
14 7 333 195 - 1403 -
15
16 435 255 - 1247 -
17

3a OTpUMaHUMU pPe3yJIbTaTaMH JOCHIDKCHb JUCIIEPCHO-aPMOBAHUX OCTOHIB
noOymosani [1JIC (puc. 3.7), aHam3 SKHX BKa3ye, 10 HAWBMIII XapaKTCPHUCTUKH
TPIIMHOCTIMKOCTI (MUTOMUMM €HEProBUTpaTaMu Ha CTaTUYHE PYWHYBaHHS 10
MOMEHTY TIOYaTKy pYyXy MariCTpajibHOi TPIIMIMHN, MUTOMUMH €()EKTUBHUMU
CHEpProBUTpaTaMHM Ha CTaTUYHE PYWHYBAaHHS, CTaTUYHUM  KPUTHYHUM
Koe(DII[IEHTOM 1HTEHCUBHOCTI HalpyKeHb) Mae cepia 4 (0eToH, apMoOBaHUM

noxinporinesoBoro  Gibporo THIy “momiapm™ 3 BuTparoro ¢i6pu 10 kr/M> B
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MO€HAHH] 3 MiHIMAJIbHUMH BITHOLIECHHSIMH JOBXUHU (PiOpU 1O MaKCHMaIbHOTO

po3Mipy KpymHOro 3amoBHIOBada 0,4 (BiAmoBimae meOeHI0 3 MaKCUMalbHUM

po3mipom 3epHa 30 MM) Ta KOE]IIIEHTOM PO3CYBY 3€pE€H KPYITHOTO 3all0OBHIOBayYa

1,1.
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Pucynox 3.7 — [1JIC 6eToHiB, TuCTIEpCHO-apMOBAHUX TOMIMPOMiIIEHOBOIO (iOpOr0

TUmy “nomiapm”

Sx BunHO 3 puc. 3.8, 6eToH cepii 4, apmoBanuii Gpioporo Tumy “nosmiapm’ (10

Kr/M°), 3 HAMBHINOK MiIHICTIO Ha po3Tsr mpH 3ruHi 10,95 MIla, mepesurye

HaitHmKay MitHICTD (fym=7,93 MIla) Getony cepii 2 Ha 38%.
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Pucynox 3.8 — MinHIiCTh Ha poO3TAT TpH 3TUHI OETOHIB, AUCTIEPCHO-APMOBAHUX

MOJIIPOMICHOBOIO (i0poro TuMy “nomiapm”

MaxkcuMmanbHi mUTOMi €(eKTHBHI EHEPrOBUTPATH HAa CTaTUYHE PYHHYBaHHS
(Gy) Ta HaWBUIMK CTATUYHMNA KPUTHYHHHA KOS(IIIEHT IHTEHCUBHOCTI HAIPY>KCHb

(Kj) Takoxx BianoBizarTh OeToHaM cepiit 4 (puc. 3.9).
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HII KPpHTHYHHIT KO<C

[THTOMI eHEPTOBHTPATH, J3K/M?

CTaTHu

Pucynok 3.9 — XapakTepucTuku TpIIIMHOCTIMKOCTI OETOHIB, TUCTIEPCHO-
apMOBaHUX MOJIMPOMiIEHOBOIO (i6poro TUMy “nosiapm”

i pe3yabTaTH y3roJKyIOThCs 3 OJEPKAHOIO MIIHICTIO Ha PO3TST IPU 3TUHI.
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B Toit ke wac, mUTOMI EHEPrOBUTPATH HA CTAaTHYHE PYHHYBaHHSA 0
MOMEHTY TMOYaTKy pyxy MarictpanbHoi TpimuHu (Gij) Tpu  JUCHEPCHOMY
apMyBaHHI TOJIIPOIJIEHOBOIO (PiOporo Tumy “rosiapm’™ Bl B cepisax 15, 16, 17,
0 3YMOBJICHO OCOOJMBOCTSMH CKJIaay OETOHY, a came OUThIIUM KOe(DIIiEHTOM
PO3CYBY 3€peH KpyImHOTO 3anoBHIOBada (a=1,4) mopiBHsHO 3 cepiero 4 (a=1,1), mo
MPU3BOJIUTH J0 3pOCTaHHS BMICTY PO3YHMHOBOI YaCTUHHU B CKJIaJi OETOHHOI CyMiIIIi
1 TOKpaIIeHHs 11 JIerKOyKIaAalbHOCT1, poOIsTun OETOHHY CyMII OLIBII MPUAATHOIO

JIJISL TEXHOJIOT11 TPAaHCIOPTHOTO OY/IIBHUIITBA.

ToMmy nanms momanmpIIMX JOCHIIKEHb BHKOPUCTOBYBAJIM CKJaJ OETOHY 3
TEXHOJIOTTYHUMH (PaKTOpaMH BIUIMBY Ha CEPEAHBOMY PiBHI: MI€01Hb 3 HAMOUTHLIUM
po3mipoM 3epHa 20 MM Ta KOe(iliEHTOM PO3CYBY 3€pEH KPYIHOIO 3allOBHIOBAYa

1,4.

Tabmuus 3.4
XapakTepuCTUKHN MIITHOCTi Ta TPIIHHOCTIHKOCTI 0€TOHIB, apMOBaHUX

NOJINPoNniyIeHOBOIO (idporo Tumny “noJriapm”

Cepii fem.cupes fetfm, Gi, 217. Gr, Kic,
6eT(FHiB MIIa MIla I[)K/M2 Wi, 107 Hom I[)K/M2 MIla-m*?
1 52,8 9,47 150,95 347,78 699,90 0,76
2 36,5 7,93 170,44 265,07 600,03 0,59
3 57,9 10,93 | 225,48 380,17 804,86 0,90
4 57,8 10,95 | 178,17 469,78 890,15 1,01
5 49,7 9,47 176,18 236,29 542,78 0,74
6 38,7 10,04 | 174,42 326,12 656,88 0,90
7 46,2 8,96 162,03 305,71 618,43 0,79
8 52,9 10,80 | 179,10 370,73 746,51 0,92
9 39,6 9,60 164,76 328,17 678,29 0,77
10 40,0 8,44 159,84 238,32 513,18 0,71
11 40,8 8,20 142,72 263,30 552,52 0,66
12 40,6 8,96 213,86 282,46 624,71 0,76
13 32,2 9,41 164,14 285,35 591,69 0,80
14 43,8 8,73 151,24 285,21 599,41 0,69
15 48,5 9,43 271,74 266,16 634,56 0,77
16 o511 9,94 280,89 282,05 653,22 0,88
17 50,4 9,71 295,41 280,21 620,32 0,81
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SIx BUIHO 3 pe3yNbTaTiB JOCTIKEHb, BUTpaTa (i0pu Ta KoedilieHT pO3CyBY
IPAKTUYHO HE BIUIMBAIOTH HA XapaKTEPUCTUKH MIIHOCTI (iOpoOeTOHY Ha BIAMIHY
B1JI pO3Mipy KpymHOTo 3anoBHIOBava (puc. 3.10). MakcuMalibH1 MIIHICTh Ha CTUCK
(57,9 MIla — cepis 3) Ta Ha po3tsar npwu 3ruHi (10,95 MIla — cepis 4) HocATaIOTHCS
IIpY BUKOPHUCTaHHI 11e0eHt0 po3mipoM 30 MM. 31 3MEHILIEHHSIM PO3Mipy 1IeOeH!0 3
30 mo 15 MM cmoctepiraeTbes cmaa MInHOCTL: T e — HA 59%; fom — HA 38%
(cepist 2). Cuming BimHAYMTH, MO MIIHICTP Ha PO3TAT NPU 3THUHI BHU3HAYAIACS
po3paxyHkoBuM MetofoM 3a I[IJIC mo 3HaYeHHSIX OpAUMHATH TOYKH 3Jamy
(popmyma B.2 [110]) npu piBHOBOKHUX MEXAHIYHMX BHUIPOOYBAHHIX 3a
TPUTOYKOBHUM 3THHOM.

[lutomMi eHeproBUTpaTaMu Ha CTaTUYHE JA€POPMYBaHHS JIO MOMEHTY
oyaTky pyxy warictpanbHoi Tpimmuan (Gj) XapakTepu3yloTh ¢(EKTHBHICTD
poboTu OETOHYy B JMOKPUTHYHIN crajii. 3ajiekHiCTh MoKa3HuKa Gj BiJ BUTpaTH
¢16pu Ta KoedimieHTa po3cyBy Mae mnapabomiunuit Burisan (puc. 3.11, a).
ExctpemyM (229 JI/M?) CrOCTepiraeThest KON BILTHBAIOUi (GAKTOPH 3HAXOAATHCS
Ha cepenHboMy piBHI. Cnaj BiOyBaeTbCs IMPH MaKCUMaIbHUX 1 MiHIMaJIbHHUX
3HaueHb Qp Ta K,.,. BETOHH, MakpoCTpyKTypa SKHX CKJIAJA€TbCs 3 KPYIHUX
3armoBHIOBa4iB po3mipoM 30 1 20 MM, mpalforTh Kpamie 10 MOMEHTY 3pYIICHHS

MaKpOTPIIIUHU Ha BIIMIHY BiJl ApiOHO3EPHUCTUX OETOHIB.
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Pucynox 3.10 — 3aexxHicTh JOCHTIKYBAHUX MIITHICHUX XapaKTEPUCTUK
JUCTIEPCHO-apMOBAHUX OETOHIB MOJIMPOMiICHOBOIO (iOpOI0 TUIY “moiapm’ Bif
00paHMX TEXHOJIOTIYHUX (DAKTOPIB:

a — MIIHICTh Ha CTUCK e cupe, MITa; 6 — MiIIHICTD Ha pO3TST TpH 3ruHi Ty, MIla
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Pucynok 3.11 — 3aexHicTh JOCIIKYBAaHUX EHEPIETUUHUX XapaKTEPUCTUK
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TPIIMHOCTIMKOCTI IUCTIEPCHO-APMOBAHUX OETOHIB MOJIIMPOILIEHOBOIO (hi0Opor0

TUMY “TostiapMm’ BiJl 00OpaHWX TEXHOJOTIYHUX (aKTOPIB:

a — MMUTOM1 €EHEProBUTPATH Ha JIOKAJbHE CTaTUYHE J1e(POpMYyBaHHS O MOMEHTY

MOYaTKy pyXy MarictpansHoi Tpimman Gi, JIk/M%; 6 — MHTOMi eHEproBUTPATH HA

. . . 2
JOKallbHEe CTaThuYHe nehopMyBaHHS B 30HI MaricTpanbHOi Tpinau Gy, x/m
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Pucynok 3.12 — 3anexxHicTh MUTOMHUX €()EKTUBHUX €HEPTOBUTPAT HA CTATHYHE
o 2 .
pyiinyBaHHs Gy, J/M” 10CIIKYyBaHUX €HEPTETUYHUX XapaKTEPUCTUK
TPIIIMHOCTINKOCTI IUCIIEPCHO-APMOBAHUX OETOHIB MOJIMPOIIJIEHOBOIO (Hi0POIO

TUIY “nojiiapM” BiJl 0OpaHUX TEXHOJOTTYHUX (PAKTOPIB

[luToMuUMI1 €HEProBUTpPAaTH Ha JIOKAJbHE CTAaTUYHE Ie(POpMyBaHHS B 30HI
MarictpasibHoi TpimmHU (puc. 3.11, 06) BU3HA4aOTh €(EKTUBHICTH ‘‘poOOTU
O0eToHy” B 3akpuTHuHIM ctanii nedpopmyBanus. EdexkT nucnepcHoro apmyBaHHS
MPOSIBIIETHCS KOTH BMicT (iOpn mepesmitye 7 Kr/M° i gocsrae Makcumymy 519
Jx/M® mpu 10 kr/m° Geronnoi cymimi. 3amexuicts G Bim po3mipy KpymHOro
3arOBHIOBaYa Ma€ MPAKTUYHO JIHIWHUMA XapakTep — BinOyBaeThecs majainHs G, Ha
29% mpu 3MEHIIIeHHI po3Mipy KpymHOTo 3amoBHioBada Big 30 mo 15 mMm. Brums
Koe(diIieHTa po3CyBy 3€peH KPYITHOTO 3allOBHIOBaYa HE3HAYHUH.

3aranbHa “po0oTa” OETOHY XapaKTEpHU3YEThCS MUTOMUMH €()EKTUBHUMHU
CHEpProBUTpaTaMH Ha CTaTU4He pyiHyBaHHS (puc. 3.12), ski 3pocTalTh i3
30UTBIIIEHHSIM PO3MIpy KPYIMHOTO 3aloBHIOBada Ta BHUTpatu (ibpu. 3pocTaHHs
Koe(dillieHTa PO3CYBY 3€pE€H KPYIMHOrO 3aloBHIOBaYa MPU3BOJIUTH 10 MaJiHHS
noka3Huka Gg.

Otxe, 0eTOH, apMOBaHMM MOJIMPONUICHOBOW (iOporo TUMy “momiapm’, 3

BuTparoro Gibpu 10 kr/M° B OEIHAHHI 3 MiHIMATBHIME BiJHOIICHHAMH TOBKHHH
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¢$10pu 10 MaKCHMManbHOTO PO3Mipy KpymHOoro 3amoBHioBada 0,4 (BigmoBimae
me0eHI0 3 MakCUMalbHUM po3MipoM 3epHa 30 MM) Ta Koe(illiEHTOM PO3CYBY
3epeH KPYITHOTO 3amoBHIOBada 1,1 XapakTepu3yeTbcsl HAWBHIUMHU MIITHOCTSIMHU Ha
cTucK  fomewpe=57,8 MlIla, Ha po3rsar mnpm 3ruHi 7 =10,95 Mlla Ta
XapaKTePUCTUKAMU TPIMIUHOCTIMKOCTI: Gi=178,17I[>i</M2, W|=469,78'10'2 H'wm,
Gr=890,15] /M.
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3.3. BnimB noainponisieHoBoi piopu Tuny “mikpoapm” Ha MilHiCTb i
TPIIUHOCTIHKICTH IUCIEPCHO-APMOBAHUX 0€TOHIB Ta onTUMIi3ananis

PO3po0JIeHUX CKJIAIIB

JlochipkeHHsT BIUIMBY MOMiNpomnineHoBoi ¢iOpu Tumy ‘“mikpoapm™ Ha
MIIHICTh 1 TPIMIMHOCTINKICTh JMCIEPCHO-apMOBAHUX OETOHIB Ta OINTHUMI3AIIiIO
pPO3pOOICHUX CKJIAMIB TPOBOAMIM 3 BHUKOPHUCTAHHAM TAaKUX TEXHOJIOTIYHHX
daxTopiB: X; — BUTpaTa MojinporniieHoBoi ¢idpu tumy “mikpoapm’ - 1,35+0,45 kr
Ha 1 M GETOHHOI cymini; X, — BIAHOIICHHS JOBXUHU (PiOpH 0 MaKCUMaIbHOTO
po3Mipy KpymnHoro 3amoBHioBada — 0,6+0,2; X3 — koedillieHT pO3CYHEHHS 3€peH
KpymnHoro 3anoBHioBaua (1,4+0,3).

Ckutagy ToCIiKyBaHUX cepiii 0eTOHIB HaBeAeHO B Ta0. 3.5.
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Tadomus 3.5

Cxyagu 0eTOHIB, 1M CIIECHO-APMOBAHHUX NOJIINPOMiIeHOBO Gidporo THIy

“mikpoapm”
Butpata MatepianiB Ha 1 M° GeTOHHOT CyMmimi, Kr
HpioHuUi ®dpakiiii KpymHOTo
o 3aIlOBHIOBAY 3aloBHIOBAaYa, MM
S
Cepii | & | | '§ [osminporii §
beroni | 2 | T | & |  CHOBa = =
S| m| E | diopa Trmy w | 2SS
b:( % [T 29 g (@\] — l’?
= | MIKpoapM™ | o | =, | 5-15 | 5-20 | 5-30
= =S| 8a
.| B
S
18 549 | 323 | 1060 - -
19 18 367 | 215 | 1335 - -
20 ’ 518 | 305 - - 1124
21 335 | 196 - - 1405
22 549 | 323 | 1335 - -
23 0.9 367 | 215 | 1060 - -
24 ’ 518 | 305 - - 1124
25 ol <!lw 335 | 196 - - 1405
26 0 | w0 | X 1,8
7 ™ | | 09 435 | 255 - 1247 -
28 1,8 549 | 323 | 1060 - -
29 437 | 256 - - 1249
30 517 | 303 - 1123 -
31 1.35 333 | 195 - 1403 -
32
33 435 | 255 - 1247 -
34

I[TIC OeToHIB, AMCIEPCHO-APMOBAHUX TOJIMPOIIIEHOBOIO (iOporo Tumy

“Mikpoapm’ HaBesieH1 Ha puc. 3.13.
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Pucynok 3.13 — [1/IC GeToHiB, THUCIIEPCHO-apMOBAHUX MOIIPOIIJICHOBOIO (hiOpOtO
TUTY “MiKpoapm”

Pesynbratu peanizaiii ekciepuMeHTy HaBezieHi B Ta0. 3.6.

Taomurg 3.6
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XapaKTepuCTUKH MIIHOCTI Ta TPIIIMHOCTINKOCTI 0€TOHIB, apMOBaHUX

noJiinpomniieHoBor ¢idopor Tumy “mikpoapm”

Dad fi\k/-[wﬁ;-’ furm MITa | Gy, Tx/v? | Gy, T | G, T
18 5.0 003 | 15518 | 47814 | 59858
19 4.1 755 | 110,78 | 406,39 | 49513
20 50.4 860 | 13931 | 40178 | 501.42
21 64.2 087 | 21742 | 55899 | 678.69
22 59.0 899 | 16727 | 44292 | 54853
23 477 028 | 18733 | 44625 | 56028
24 65.6 896 | 16895 | 42035 | 546.66
25 62.3 701 | 151,37 | 37128 | 486.81
26 62.7 1015 | 217.70 | 53920 | 666,00
27 48.8 841 | 126,62 | 44412 | 53125
28 64.8 1019 | 15991 | 507.22 | 617.84
29 64.7 043 | 17850 | 50444 | 618.17
30 63.1 1102 | 16410 | 48399 | 61537
31 64.4 068 | 162,77 | 46989 | 59573
32 67.8 11,40 | 24882 | 60758 | 760.88
33 62.3 1114 | 16560 | 51712 | 638,68
34 63.1 1023 | 14353 | 49759 | 616.90

Ha puc. 3.14-3.17 mpencraBieHi 3aJIeKHOCTI AOCTIIHKYBaHHX MIITHICHUX
XapaKTEPUCTHK, CUJIOBUX Ta CHEPreTUYHMX XapaKTEPUCTHUK TPIIIUHOCTIHKOCTI
(G10po0eTOHIB BiA 3MIHM OJHOTO 3 TPhOX TEXHOJOrIYHUX (aktopiB (1HUI ABa

3HAXO/STHCS HA CEPETHHOMY PIBHI).
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Pucynok 3.14 — 3ane)xHicTh MIIIHOCTi Ha CTUCK OETOHIB, IUCIIEPCHO-apPMOBaHUX
MOJTIMPOMIEHOBOIO (hiOporo TUITY “MiKpoapM’ BiJl OOpaHUX TEXHOJOTTYHUX
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Pucynox 3.15 — 3anexxHicTh MIITHICTh Ha PO3TST MPH 3rUHI OETOHIB, TUCTIEPCHO-
apMOBAHUX TMOJIIPOIICHOBOIO (hiOporo TUMy “MikpoapM’ Bil 0OpaHUX

TEXHOJIOTTYHUX (PaKTOpiB
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Pucynox 3.16 — 3aexxHicTh MUTOMUX €HEPTrOBUTPAT HA JIOKAJIbHE CTAaTHYHE
naedopMyBaHHS 10 MOMEHTY MTOYATKy pyXy MaricTpajibHOI TPIIIMHA OETOHIB,
JUCIIEPCHO-apMOBAHUX MOJIINPOIIIIEHOBOIO (h10por0 TUIY “MiKpoapM” Bijl

OoOpaHuX TEXHOJIOTIYHUX (PaKTOPiB
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Bapiiopanus YIHHIKIR

0
Pucynok 3.17 — 3anexHOCTI TOCHIKYBAHUX €HEPIreTUUHUX XapaKTEPUCTHK
TPIIMHOCTIMKOCTI IUCTIEPCHO-APMOBAHUX OETOHIB MOJIMPOIIIIEHOBOIO (Hi0POIO
TUIY “MiKpoapM’ BiJ OOpaHUX TEXHOJOTTYHUX (PAKTOPIB:
a — IUTOMI EHEPrOBUTPATH HA JIOKAJIbHE CTaTUYHE J1e()OpMyBaHHS B 30H1
MaricTpajbHOI TPIIIUHH; O — MUTOMI €(EKTUBHI €EHEPrOBUTPATH HA CTATUYHE

pPYHHYBaHHSA

3HauHMI BIUIMB Ha MIIHICHI XapaKTEPUCTUKHU AOCTIIHKYBAaHUX OETOHIB
Bijlirpac BuTpata (GiOpu Ta BIIHOIICHHS MOBXKUHU (PiOpU 0 MaKCUMAIBHOT
BEJIMYMHU KPYIHOTO 3anoBHioBava (puc. 3.14, 3.15). Ilpu BmicTi ¢iOpu B OeToHax
1,3 — 1,4 xr/m° (cepemHiii piBeHb) JOCATAIOTHCS MAKCHMAITbHI 3HAYCHHS MII[HOCTI
HAa CTUCK Ta Ha po3Tsar mpu 3ruHi — 64,2 MIla 1 10,68 Mlla BiamosinHO;
3017IbIIEHHST Ta 3MEHIIEHHS BHUTPAaTH AapMyIOYHX BOJOKOH TMPHU3BOAHUTH [0
3HMKEHHS MIITHOCTI. 3pOCTaHHs BITHOIICHHS JOBXUHH (hiOpH 10 JlaMeTpa 3epeH
KkpynHoro 3anoBHroBaya Bij 1/d=0,4 no 1/d=0,8 npu3BoauTh 10 3HUKEHHS MIIHOCTI
Ha ctuck Ha 14 %. MIiuHICTh Ha pO3TAT MPHU 3TUHI JIOCSATAE TAKOX CBOTO
MaKCUMyMy Ha cepenHboMy piBHi BapitoBauus 1/d=0,6 (20 mm) Ta Butpati idpu
1,35 xr/m® GeToHHOI cyminii. 3pocTaHHs Koe(dillieHTa PO3CYBY 3€peH KPYIMHOTO

3alOBHIOBAYa MPU3BOJIUTH JO HE3HAYHOI'O IMiJIBUIICHHS TOKAa3HUKIB MIIIHOCTI
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¢$16pob6eToHiB.

[TuToMHMi €HEProBUTPATH HA CTAaTUYHE PYWHYBAaHHS JO MOMEHTY IMOYATKY
pyxy MarictpanbHoi Tpinpau (puc. 3.16) OIiHIOITE ¢pEeKTUBHICT “poOOTH”
O0eToHy B JMOKpUTHYHIN cTanii. CTpuMyBaHHS YTBOPEHHS Ta PO3MOBCIOJKCHHS
TPIIMH Ha JaHOMY eTall JOCSATA€ThbCS 3a BITHOIICHHS JOBXKUHU (iOpu 10
MaKCHMAaJIbHOI KPYMHOCTI BUKoOpucTaHoro 1ebenro Ha piBai 04 — 0,6
(MiHiManbHUK Ta cepenHid piBeHb — 30 — 20 MM), Ta pi3KO MaAae MOCITAOYU
3HavueHHs 0,8 (110 BIAMOBIA€ pO3MIPY 3€peH KPYIMHOTO 3amoBHIOBaya 15 mMm). B
3aKpUTHYHIM  cTamii  “poboTa”  OETOHY  XapaKTepU3yeTbCcd  MUTOMUMHU
€HEproBUTpaTaMu Ha JIOKaJbHE CTaTU4YHE Je(pOopMyBaHHS B 30HI MariCTpajJbHOI
Tpimuuu (puc. 17, a), 3HaUYeHHSA SKOI MaKCHMMallbHE 3a BIJIHOIICHHI JOBKHHU
¢GiOpu 10 MaKCHMAaJIBHOTO po3Mipy KpymHOro 3amoBHioBada 0,6 (mebinp 3
MaKCUMAaJIbHOIO KpymHHicTIoO ¢pakmii 20 mMMm) Ta KoedillieHTa PO3CYBY 3€peH
KPYIIHOTO 3armoBHIOBada 0=1,4 i cranoButs 531 J[k/M°. 3GLIBIICHHS KiTBKOCT
$i6pr 3 0,9 10 1,6 Kr/M° MPU3BOAMUTH A0 3POCTAHHS [IMTOMHX CHEPIOBUTPAT HA
CTaTU4HE pylHyBaHHs Ha 21%. 3araibHa XapakTepUCTHKA TPIIIUHOCTIHKOCTI, 110
XapaKTePH3yeThCs MHTOMAMHU eHeproputpatamu (G=537 Jx/M°, puc. 17, 6) Ha
JIOKaJbHE CTaTu4HEe AehOpMYyBaHHS B 30HI MarictpaiabHOi TpimuHu (puc. 14, B),
MaKcHManbHa pu BUTpati Gibpu 1,6 kr/M° Ta cepeHix 3HAYCHHIX | /dmax=0,6 1
o=1,4.

MakcumanbHl ~ TUTOMI ~ €HEProBUTpPATH  HAa  JIOKaJbHE  CTaTUYHE
neGopMyBaHHS 10 MOMEHTY TOYaTKy pyXy MarictpanbHoi Tpimuau (Gf), muromi
e(eKTUBHI EHEProOBUTpAaTH Ha cTaThmuHe pyhHyBanHsS (Gy) Ta HaWBHIIUN
CTAaTUYHUM KPUTHYHUN KOEPIIIEHT 1HTEHCUBHOCTI HampykeHb (Kj) BIAMOBIIAIOTH
oerony cepii 32 (puc. 3.18). MakcuMaabHI MUTOMI CHEPrOBUTPATH HA CTATHYHE
pyHHYBaHHS 1O MOMEHTY TIOYaTKy pyxy marictpaibHoi Tpimuuau (Gi)
BIJIMOBIJIAlOTh TakoXX OeroHy cepii 32. LI pe3ynbraté y3romKyIOTHCS 3

OJIeP>KaHOI0 MIIHICTIO HA PO3TSAT MPH 3TUHI.
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Pucynok 3.18 — XapakTepucTUKH TPIIIMHOCTIMKOCTI O€TOHIB, IUCIIEPCHO-

Takum uYnHOM, O€TOH, apMOBAHHMM TOJIMPOIIEHOBOIO (iOPOI0 THUITY
o - s . 3 .. . .
MikpoapM”, 3 BuTparoro ¢idpu 1,35 kr/mM” B moeIHAHHI1 31 CEpEIHIM BITHOMICHHAM
JTOBKUHA (iOpU 10 MaKCUMaJIbHOTO pO3Mipy KpymHOro 3amoBHioBada 0,6
(BimmoBigae meOCHIO 3 MAKCUMAIBHUM Po3MipoM 3epHa 20 MM) Ta KoedilieHTOM
pO3CYBY 3€pE€H KpPYNHOTO 3amoBHIOBaua 1,4 XapakTepuU3yeTbCd HAWBUIIUMU

MIITHOCTSAMH Ha CTHUCK femcune=67,8 MIla, Ha po3Tsar mnpu 3ruHi fum=11,4 Mlla ta

apMOBAaHHX MOJIIPOIIIEHOBOIO (p10por0 TUIY “MIKpoapMm’

XapaKTEPUCTHKAMU TpinuHOCTIHKOCTI (Gi=248,82 I[)K/MZ, G,=607.58 I[>I</M2,

G=248,82 Jix/m°/

AHami3 OTpUMaHUX PE3yJbTATIB JOCIIKEHb CBIIYMTH MPO HEOOXITHICTH

onTHUMi3alii BMICTY HOJINPONUIEHOBUX (PiOp Tumy “momapm” 1 “mikpoapm’ B

OeToHax I 3a0e3NeYeHHsT HAMBUIITUX TTOKA3HUKIB MIITHOCTI Ta TPIIIUHOCTIMKOCTI.
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BucHoBkmu 10 po3aiay 3

1. ApmyBannsa nomninpornigeHoBoto (idporo Fibermesh, Enduro HPP45 ta
0a3a71bTOBOIO JIOBXKMHOIO 50 MM CHpuUsie 3pOCTaHHIO CTaTUYHMX KPUTUYHUX
Koe(illieHTIB 1HTEHCUBHOCTI HampyxeHb Ha 48, 21 Tta 25 % BiamoBigHO, IO
JI03BOJIsSIE BUTPUMYBATH OLIbINl KpuUTHYHI HaBaHTaxeHHs (Ha 50-1600 H) no
MOMEHTY 3pYIICHHS MaKpOTPIIUHU Ta MiJIBUITY€E €(heKTUBHICT “pOOOTH” OETOHY
B 3aKpUTHUHIA cTajii pylHyBaHHS. ApMOBaHI MeTayneBol (iOpoio OeToHU
JEMOHCTPYIOTH Kpamy “po0oTy” Ha cTajii pO3MOBCIOKEHHS MariCTpaabHOI
tpimunu ().

2. 3a pe3ynbraTamMu JOCIHIHKEHb MOIIPOIiIeHoBi (iOpoBi BosokHa Enduro
HPP45 (tun “nomiapm™) Ta Fibermesh 150 (tum “mikpoapm™) 3a0e3nedyroTh
HaHBUII MOKa3HUKU MIITHOCTI (fem cune=57,8 Ta 67,8 MIla, fy=10,95 ta 11,4 MIla
BIJMOBITHO) Ta TpimuHocTikocTi (G=178,17 Ta 248,82 I[)K/MZ, G~=890,15 Ta
760,88 ,Z[;K/Mz, Ki=1,01 ta 1,04 MIa-mY2 BIJIIIOBIIHO).

3. HaitGinpmmii epexT AucriepcHOTo apMyBaHHS MOJIPOIICHOBOIO (HhiOporo
Ty  “TiomiapM”  CHOCTEpITAa€EThCS B 3aKPUTHYHIA  CcTaAll  pyHHYBaHHS:
HEapMOBaHUN OETOH 13 C(OPMOBAHOIO MAKPOTPIIIMHOK YMHHUTH CIIA0KHUA OMIip
pPYWHYBAaHHIO 1 caM€ Ha LIbOMY €Tall BKJIIOYAOThCA B “po00TY” (p1OpOBI BOJIOKHA
JHCIIEPCHO-aPMOBAHOT0 0eToHY. MakcHMaibHui iX BMicT B KimbkocTi 10 kr/m®
MIJBUILYE MUTOMI €HEProBUTPATH Ha JIOKAJIbHE CTaTU4YHE Ne(POpMyBaHHS B 30HI
MaricTpajibHOI TpiluHU Ha 51%.

4. 3arasibHa TPINMHOCTIMKICTE (HIOpOOETOHY, MO0 XapaKTEePU3YETHCS
NUTOMUMHU €(DEeKTUBHIUMH €HEPTOBUTpPATaMU Ha CTaTHYHE PYWHYBaHHS, 3pOCTaE 3
migBHIeHHAM BMicTy Gi6pu Tumy “momiapm” 3 7 1o 10 kr/m® Ha 44%.

5. Ha noxputnuHniil crazaii nedpopmyBaHHs OeTOHY (0 MOYATKy 3pYyLIECHHS
MaKpOTpIIIMHA)  MaKCHUMallbHa  €(EeKTUBHICTb  JUCIEPCHOTO  apMyBaHHS
MOJTIMPONIICHOBOIO (PiOpor0 TUITy “MiKpoapMm’ MOCATAETHCS 32 MAKCUMAaJIbHOTO

Bmicty di6pu — 1,8 kr/m® 3 BEKOpHCTaHHSM Iebenio posmipoM 15 Mm ta a=1,7,
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IO MIATBEPIKYETHCA 3POCTAHHSIM TNHTOMUX CHEPrOBUTpAT Ha CTaTUYHE
nedhopmyBanHs Ha 33%.

6. B 3akputnuniii cranii negopMmyBaHHs (I 4ac pO3BUTKY MAKPOTPIIIIUHM)
HallKpallle YMHSATH OMip MOUIMPEHHIO MAKPOTPIIIUHU OETOHM 3 MaKCHUMAaJbHUM
apmyBanmsiM (1,8 kr/m®), kpymHicTio 3epeH wieber:o 30 MM Ta 0=1,25 — 3pocTaHHs
NUTOMUX E€HEProBUTpaT Ha JIOKaJbHE CTaTU4HE JepopMyBaHHS B 30HI
MaricTpaiabHOl TPIIUHU gocsrae 29%.

7. MaxkcumanbHUl E€HEPreTUYHUW TMOTEHIa]l TPIMMHOCTIMKOCTI, IO
YHCENIbHO XapaKTePU3ye€TbCsd MNHUTOMUMHU €(PEKTUBHUMHU EHEPrOBUTpAaTaMU Ha
CTATHYHE PyHHYBAHHS, OCSTA€ThCS B OeToHax 3 BUTpatoro $idpu 1,6 kr/m’
MaKCUMaJIbHUM pOo3MipoM I1ieOeHto — 20 MM 1 koedilieHToM po3cyBy — 1,4.

8. B pesynpraTi onTuMizaiii 3a KpHUTEpISIMH MIIHOCTI Ha 3THUH 1
XapaKTEPUCTUK TPIIMIMHOCTIMKOCTI BCTAHOBJIEHO OOJACTh ONTHUMAJIbHUX 3HAYCHBb
JOCITIJIKYBAaHUX TEXHOJIOTTYHUX (akTopiB: BUTpaTa ¢ibpu Tumy “momiapm™ 7-10
kr/m°, Tamy “mikpoapm” 1,4-1,6 Kr/M> GETOHHOI CyMilll; MAKCHMANbHHHA PO3MIp
miebenro 20 MM 1 KoedillieHT PO3CYBY 3€peH KpymHoro 3amoBHIoBaua 1,4. Ile
CBIIYUTH MPO HEOOXIJAHICTh ONTHUMI3alli BMICTY (1OpH B TUCIEPCHO-APMOBAHHUX

OeToHax.
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PO3/11 4
PO3POBKA I OITUMIBAIIIA CKJIAIIB BETOHIB 3
HOJIIUCIIEPCHUM APMYBAHHSM TA JTOCJIIIKEHHSA 1X
BJIACTUBOCTEM

4.1. Po3poOka i onTuMi3anisi CKJIaaiB 0€TOHIB 3 3 KOMIO3ULIHHUM
AMMIIEPCHUM APMYBAHHAM MOJinponijieHoBuMu pidopamu Tuny “noJiapm” ta

“mikpoapm”

[IpoBeneHi AOCIKEHHS TTOKa3aIl HEOOX1THICTh KOMIUIEKCHOTO TTO€THAHHS
Ta ONTHUMI3alii BMICTYy B OETOHI MOJINpPOIUIeHOBOI ¢iOpu Tumy ‘“nomiapm” Ta

“Mikpoapm’.

@akTtopy Ta IHTEpBAJIM BApIIOBaHHA NpPH  IUIAHYBAHHI TPUPIBHEBOIO

JTBOX(AaKTOPHOT'O EKCIIEPUMEHTY HaBeieH1 B Ta0ui 4.1.

Tabmus 4.1
DaKTOpHU TA iHTEPBAJIU BapilOBaHHS
DAKTODH 3Hauennst GaKTopa, Kr/M° 6eTOHHOT
No p cyminri
¢dakropa | Harypansuuii | KomoBanwmii HIPKHIH cepenHH/I Bep XHIA 1HTEepBaJ
piBeHb | pIBEHb | PIBEHb )
BUTJISIT BUTJISI 17 «” «i1» | BapirOBaHHA
Butpara ¢10pu
1 THITY X3 8,0 10,0 12,0 2,0
“nosiapm”
Butpara ¢i6pu
2 TUITY X 0,7 1,05 1,4 0,35
“Mikpoapm”

Martpuis miaHy eKCHEepUMEHTY BKJIIOYa€e TOYKHM TutaHy N, KOKHa 3 SIKUX
ONMKCYy€ 3HAYCHHsS BUOpaHux (axTopiB. s miuaHy APyroro MoOpsiAKy KOKHHMA

(bakTop HEOOXiHO MIaHyBaTH HE MEHIIC HIXK Ha TPhOX PIBHIX: BepxHbOMY (+1),
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cepenaboMy (0) ta HmwKHBROMY (-1). IS KOXKHOI Takoi TOYKH HEOOXIiITHO
peari3oByBaTH €KCIIEPUMEHT IS 3HAXO/DKCHHS 3HAYEHHS BHUXITHOTO TapaMmerpa
(mochimKyBaHOI BIIACTUBOCTI OCTOHY).

[InaHu eKCrepuMEHTIB APYTOro MOPSIKY CKIATAI0ThCS 3 TOUOK sapa MIaHy
N1, aHynmpoBux Ng Ta “3iprkoBux” To4ok N,. Touky miaHy MOKHA reOMETPUYHO
IHTEepIpPETyBaTU SK TOYKY Yy MPOCTOpPl BUOpaHUX (aKTOPIB 3 BIAMOBIIHUMH
KoopAuHaTaMu. TOAl TOUKH spa TUIaHy, K MPaBUIIO, OMUCYIOTh TPAHUI 00J1acTi
Bapiarlii (hakTopiB.

“3ipKOBi” TOYKH pO3TAIOBYIOTHCS BCEpEOWHI IIi€i 00yacTi Ha JeAKid
HE3MIHHIN BijicTadi o (iHTepBasn Bapiaiii). HynboBI TOYKM ONHCYIOTH CEpEIHE
3Haue€HHA BHUOpaHUX (AaKTOpIB 1 BUKOPUCTOBYIOTHCA JUISI  BHU3HAYEHHS
EKCIIEPUMEHTAJIbHUX TMOXMOOK TiJ 4Yac CTAaTHCTHYHOI OOpOOKM pe3yJbTaTiB
CKCIIEPUMEHTY.

Y mpakTuill JOCHIKeHh TEXHOJOTI OETOHIB 4YacTO BHKOPHUCTOBYIOTh
poTtatabenbHl 1UaHu, TulaHu bokca-benkina Ta 1HIN MIaHW. Y MPaKTHUIl
JIOCIIIJIKEHb ~ TEXHOJIOTIT JOpPOKHIX O€TOHIB HaWyacTillle BUKOPUCTOBYIOTH
TPUPIBHEBUH IJ1aH, OJU3BKUI 32 BIIACTUBOCTAMH 110 J[-0nTUMaIbHOTO.

Martpuisi mniaHyBaHHS TPUPIBHEBOTO JABOX(AKTOPHOTO EKCIIEPUMEHTY

HaBeneHa B Ta0. 4.2.

Tabmuus 4.2
MaTtpuusi IVIaHyBaHHSI TPUPIBHEBOr0 ABOX(AKTOPHOI0 EKCIIEPUMEHTY
Marpuug mianyBaHHs
Konosarmit Harypansuuii BUTIIsg
Toukn BUTJISA
miany N Butpata ¢ibpn, Kr/M°  GETOHHOI
X, X, cymini
TUIy “nojiapm” | TUIy ‘“Mikpoapm”
1 2 3 4 5 6
1 +1 +1 12 1,4
N 2 +1 -1 12 0,7
Y3 ] +1 8 1,4
4 -1 -1 8 0,7
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[TpomoBxenus Tadbmmii 4.2

1 2 3 4 &) 6
S +1 0 12 1,05
N 6 -1 0 8 1,05
“1 7 0 +1 10 14
8 0 -1 10 0,7
No| 9 0 0 10 1,05

Jlnsg  3amo0iraHHd CHUCTEMaTHYHUM TOMWJIKAM 1 Ui PIBHOMIPHOTO
pPO3MOJUIEHHST a00 YCYHEHHs HEKEpOBaHMX BIUIMBIB Ha BeCh EKCIEPUMEHT
(KONMTMBaHHS BOJIOTOCTI Ta TEMIIEPATypu TMOBITPS, HE3HAYHI 3MIHM 3E€PHOBOTO
CKJaay) BUIMPOOYBaHHS BHKOHAIM HE 3a MOPSAKOM, BKa3aHUM y MaTpHlli, a y
BUIIAJKOBIM MOCIII0BHOCTI.

B pe3ynabTaTi CTAaTUCTUYHOI OOpPOOKM EKCIIEpUMEHTAJbHUX pe3yJIbTaTiB
OTpUMaHI PIBHAHHS perpecii 2-To MOpSIKY, sIKi OB’ A3YIOTh KPUTEPii ONTUMI3ZAIIIT
3 00paHUMH TEXHOJIOTTYHUMH (PaKTOpaMH BIUIUBY.

KoedimienTn piBHSHB perpecii ajs TPUPIBHEBOTO ABO(PAKTOPHOIO ILIAHY
pO3paxoByOTh 3a opmynamu (2.5 — 2.8, [118]).

Sk kputepii onTumizalii oopanu:

Y{— MiIHICTh Ha CTUCK, To cupe, MITa;

Y, — MIIHICTB Ha PO3TAT 1pH 3ruHi, fym, Mlla;

Y3 — eHeproBuUTpaTH Ha MIKPOIUIACTHUYHE 1 TpykHE AedopmyBaHHsS Wi,
H-m 107

Y, — CEHeproBUTpAaTH HA JIOKaJbHE CTaTU4YHE Je(opMyBaHHS B 30HI
marictpanbHoi Tpinman W), H-m- 107

Y5 — muTOoM1 eHeproBUTpaTH Ha cTaTuyHe JeOpPMYBaHHS JO MOMEHTY PyXY
marictpanboi Tpinman Gi, JHK/M’;

Y — muToMi e)eKTHBHI €HEPrOBUTPATH Ha cTaTudHe pyitHyBanus Gy, JK/M;

Y — CTaTUYHUM KPUTHYHUNA KOEQILIEHT I1HTEHCUBHOCTI HaIpy>KEHb
(B’s13KiCTh pyiiHyBaHHs) K, MIIa-m"%,

PesynbraTu peanizaiiii TpUpiBHEBOTO JBOX(AKTOPHOTO IJIaHy 300paKeHi Ha

puc. 4.1 ta HaBeseHi B Ta0i. 4.3 Ta 4.4.
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Pucynok 4.1 — I1/IC 6eToHIB, HEapMOBaHUX Ta 3 KOMIO3UIIITHUM TUCTIEPCHUM

apMyBaHHSM TOJINPONUICHOBUMH (PiOpaMu TUIly “mosiiapM” 1 “Mmikpoapm’™

[ToOymoBani miarpamMu CTaHy IOCHIIXyBaHUX OcToHIB (puc. 4.1) marTh
MOXJIMBICTh SKICHO OIIIHMTH BIUTMB KOMOIHAIli TOJIIpoIriieHoBuX (Giop aBOX
pPI3HUX THUMIB Ha JOCHIJKYBaHHI XapaKTepUCTUKH OeTOoHIB. [{ns MOpiBHAHHA
BITUBY JIUCIIEPCHOTO apMYBaHHS HA XapaKTEPUCTUKHU OCTOHIB JTOCHIIKEHO TaKOXK
HEapMOBaHUI OETOH.

[Toemnanns nBox BuAIB (iOp HaA OOCHIPKYBAaHUX PIBHSIX TOKa3ajio ix
eheKTUBHICTh Ta  JO3BOJWJIO  TOKPAIUTH  MIIHICHI Ta  €HEpPreTU4Hi

XapaKTePUCTUKU TPIIIUHOCTIMKOCTI OETOHIB.
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Tadomuis 4.3

@Di3uK0-MeXaHIYHI XapaKTepucTUKN 0eTOHIB, HeAPDMOBAHMX Ta 3

KOMIO3UIITHAM JIUCTIEPCHIM APMYBaHHAM MoJIinponiieHoBumMu gidopamu

THIY “noJiapm” i “mikpoapm”

MIiHICTh HA CTUCK CratnyHuit
f MlIla MitHICT Moy PO3paxyHKOBUI
Ne cm.cube.s V%22 IPY>KHOCTI Kpurepiii
y BiIli, 110 Ha pO3TAT ) MO/JTyJIb )
TOYKH — pu 31“Ii13H1 HpysKHOCT] KpHXKfL)lCTl
faty 3 7 28 | fusm, MIla Eqp107, oetony Ey, K 107, m
MllIa
MlIIa

1 348 | 46,8 | 67,1 10,44 97 3774 241

2 355 | 51,1 | 67,0 10,15 106 4354 302

3 279 | 49,1 | 655 11,21 129 3573 207

4 30,7 | 479 | 65,1 10,08 117 3954 245

5 314 | 50,1 | 61,5 9,43 107 3232 244

6 34,3 | 46,8 | 69,5 11,40 115 3577 209

7 315 | 45,7 | 52,1 10,42 129 3959 254

8 30,0 | 47,3 | 62,1 9,87 90 3456 253

9 315 | 485 | 62,4 11,12 143 3835 225

basosa | 26,8 | 454 | 51,1 6,79 71,39 2927 208

Taomurg 4.4

Cuii0Bi Ta eHepreTU4HI XapaKTePUCTHKH TPIlIUHOCTINKOCTI 0€TOHIB,
HEapMOBAHHUX Ta 3 KOMIIO3UIIITHMM IMCIIEPCHUM APMYBAHHAM

noJiinponivieHoBuMu ¢gidopamu Tumy “noJiapm” i “mikpoapm”

4 ~ 3 <
2> E E é § ~ o g
S < = 2 1% |2 5|2 x| =| s
3) = = = = || R| Bl g = <
sl =l E x|z |78 X T A E|E
Ele 2t 2 9dde 7|y

g g = ‘1

| 2| 2| 2
1 2 3 4 5 6 7 8 9 10 | 11 12
1 128 | 89,6 | 102,3 | 329,2 |171 549|698 123 | 97 0,80 | 0,68
2 26,60 | 73,28 | 99,88 354,88 | 166 | 591 | 714|146 | 106 | 0,85 | 0,80
3 22,511108,88 | 131,39 (328,11 | 219 | 547 | 728 | 118 | 129 | 0,88 | 0,65
4 29,82 | 79,69 | 109,51 (298,93 |183 498 | 631|142 |117|0,85|0,75
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[Iponorxenus tadnuii 4.4

1 2 3 4 6 | 7 8 |9 |10 11 | 12
5 21,05 | 85,25 | 106,30 | 318,19 | 177 | 530|672 | 70 | 107|0,76 | 0,48
6 11,93 | 112,47 | 124,40 | 343,25 | 207 | 572 | 760 | 144 | 115 | 0,86 | 0,72
7 34,32 | 85,04 | 119,36 | 332,74 | 199 | 555 | 696 | 192 | 129 | 0,89 | 0,87
8 9,76 | 87,39 | 97,15 | 341,33 162 | 569 | 715|182 | 90 | 0,75 0,79
9 35,10 | 99,91 | 135,00 | 336,35 | 225 | 561 | 727 | 150 | 143 | 0,93 | 0,76
baszora | 18,22 | 48,76 | 66,98 | 147,26 | 112245327 | 35 | 71 |0,57|0,32
Koedimientu piBHsAHb perpecii HaBeeH1 B Tabmuii 4.5.
Tabmuus 4.5
KoediuienTu piBHAHBb perpecii
OyHKIT Koedimientu perpecii
BIITYK
VA by b, | bu | bz | by
A 59,74 -0,75 -1,58 7,08 -1,71 | -0,08
Y, 10,66 -0,45 0,33 -0,02 -0,29 | -0,21
Y3 125,15 | -9,47 7,75 -4,87 | -11,97 | -4,87
Yy 337,96 5,33 -0,85 -8,05 -1,73 | -13,72
Ys 208,44 | -158 13,0 -8,17 | -19,67 | -7,75
Yo 727,718 | -5,83 10,3 -12,17 | -22,67 | -28,25
[ToGymoBa moBepxoHb BiaAryky (puc. 4.2-4.3) 3nilicHIOBanach 3

BUKOPUCTAHHSAM aJTOPUTMY TaOysii (yHKIIN Ha 3aaHiil ABOBUMIPHINA CITII

(hakTOpHUX 3HAYEHD.
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m11,5-12
mil-11,5
@10,5-11
o10-10,5
m9,5-10
mog,5

@Z20-225
mi05-320
mi50-205
O175-190
ml60-175

Pucynok 4.2 — IToBepxHi BIATYKY XapaKTEPUCTHK OETOHIB 3 KOMIIO3ULIIMHUM
JIUCTIEPCHUM apMyBaHHSIM MOJINPONIIEHOBUMH (pibpamu Tuily ‘“‘miosiapm’ Ta
“MiKpoapm’’:

a — MIIIHICTb Ha PO3TAT MPHU 3TUHI; O — MUTOMI EHEPrOBUTPATH HAa CTATHUHE

pYHHYBaHHS 10 MOMEHTY MOYaTKy PyXy MaricTpaibHOI TPIILIMHU



m730-750
|710-730
ma90-710

Oa70-650
Wi 50-670

mi,38-0,9
mi,%6-0 2%
m0,24-0 26
o0,82.0,84
m0,3-052

Pucynox 4.3 — IloBepxHi BIITyKy XapaKTEPUCTUK OCTOHIB 3 KOMITO3UIIITHUM
JTUCIIEPCHUM apMYBaHHSIM MOJIIPONiICHOBUMHU PiOpamu TUIy “mojiapm’ Ta
“Mmikpoapm’:

B — MUTOMI1 €)EKTUBHI EHEPrOBUTPATH HAa CTATUUYHE PyHHYBaHHS,

I — CTATUYHUUN KPUTUYHUN KOE(]IIIEHT IHTCHCUBHOCTI HAIIPYKEHb
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AHani3 moBepxoHb BiATYKIB (puc. 4.2-4.3) nae 3MOTy BH3HAYUTH O0O0JACTI
ONTUMAJIbHUX 3HAYEHb TEXHOJOTIYHUX (HAKTOPIB BIUIMBY, SKI 3a0€3MEeUyrOTh
MaKCHMAaJIbHI TOKa3HUKH KpUTEpiiB onTuMizailii. EkcTpeMymMu HOCIIKyBaHUX
XapaKTePUCTHK ONTUMAJIBHOTO CKJIaay OETOHY - MILHICTh Ha PO3TAT IPU 3THHI
(11,4 MIla), nuTOMi €HEPrOBUTPATH HA CTATHYHE PYWHYBAaHHSA 1O MOMEHTY

. . . 2 . .

noyatky pyxy wMaricrpanbHoi Tpimman (207 Jx/M°),  nutomi edekTHuBHI
) 2 ) )

CHeproBUTpaTH Ha cTaTHUuHe pyhHyBaHHS (760 J[>k/M°) Ta cTaTUUHUN KPUTHUHUN

-1/2
), JOCSTaloThCs IpHU

koe(dirieHT 1HTeHCUBHOCTI HampyxeHb (0,86 MIlla
KOMIUIGKCHOMY TIO€JIHAHHI TOJINPOIiIeHOBUX (iOp TUIy “momiapm’”  Ta
“Mikpoapm” B KimpkocTi 8 Ta 1,05 kr/m® BimoBinHo. 3HAYEHHS MIIIHOCT] Ha PO3TAT
IIPY 3TUH1, TUTOM1 EHEPTOBUTPATH HA CTATUYHE PYHHYBAHHS 10 MOMEHTY MOYaTKY
pyXy MaricTpajbHOI TPIIIMHH, NUTOMI €(QEKTUBHI €HEPrOBUTPATH HAa CTaTHYHE
pyWHYBaHHS Ta CTaTUYHUN KPUTHUYHUN KOE(IIIEHT 1HTEHCHMBHOCTI Hampy>KEeHb
MEPEBUIIYIOTh BIAMOBIAHI MOKA3HUKH JIJII HEAPMOBAHOIO OETOHY BIATOBIAHO Ha
68; 85; 132 ta 51%.

KoeditieHT epeKTHBHOCTI TuciepcHOro apMmyBaHHs (puc. 4.4) ycix OETOHIB,
apMOBAaHMX MOJINPOMIJIEHOBUMH (piOpamu Tuiy “nosiiapm’™ Ta “MiKpoapm’ BUILUN
MOpiBHSHO 3 HeapMoBaHUM. KoedimieHT eeKkTUBHOCTI AUCTIEPCHOTO apMyBaHHS

PO3pOOJIECHOTO ONITUMAJIBHOTO CKJIaly OETOHY 3 KOMIO3UIIIHHUM MO AUCIEPCHUM

apMyBaHHSM OUIBIINN, HIXX HEapMOBaHOro 0eToHy Ha 32%.

0,21 -

0,18 -

40,15 - ]
=

| .

[&]
0,09 -

ﬁo,os 1
(A
0,03 -

0’00 T T T T T T T T T 1
Cepia
Pucynok 4.4 — KoediiieHT e)eKTUBHOCTI KOMIIO3ULIHHOTO AUCTIEPCHOTO

apMyBaHHsI O€TOHIB TOJITIPOMiICHOBUMH (piOpamu TUTy “momiapm’ Ta “Mikpoapm’™
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4.2 lepopmauii ycagku

Hedopmartlii ycaaku 3aiiMaiOTh BaXJIMBE MICIE CEpell BIACTUBOCTEN OETOHY
1 BINTUBAIOTH HA SIKICTh 1 JOBTOBIYHICTh KOHCTPYKIIIHA Ta CIIOPYI.

Hledbopmariii ycaaku OETOHY BH3HAYaIM Ha 3pa3Kax-Mpu3Max Po3MipoM
0,1x0,1x0,51 m 3 TounicTio BumiptoBanb 0,01MM KOMITapaTopoMm IIBEHIIAPCHKOT
bipmu “Amsler”, skuii Mae B KOMIUICKTI €TaloOH 3 iHBAapy I YypaxXyBaHHS
TeMrepaTypHux jaedopmariii. MeTanaeBi aHKepHU 3aMOHOJIIYYBAJIMCh B 3pa30K ITij
yac ¢opmyBaHHs. BumiproBanus nedopmaiiiii BUKOHYBaJUM y TOPU30HTAIBHOMY
NoJIOKEHH1. B mporeci 1ociiKeHb 0JHOYaCcHO MPOBOJUIIN 3aMipy TEMIIEPATypH,
BIJIHOCHOI BOJIOTOCTI TOBITpS B Jabopatopii, macu 1 nedopmariii 3paskis,
nedopmMailiii TeMrepaTypHOro €TajJoHy.

Hedopmariii ycaaku TUCIIEPCHO-ApMOBAHUX OETOHIB HAaBEACHO Ha puc. 4.5.
Pesynbrati mochimkeHb CBimuaTh, Mo cradumizamis  gaedopmarlii  ycaaku
po3pobneHoro  OeToHy 3  KOMMO3UUIMHMM  JUCIEPCHUM  apMyBaHHSM
MOJIIPONIEHOBUMH (hiOpamMu TUIY “TioiapM’ Ta “MikpoapM” Bi0yBa€eTbCs dyepes
22 mobm, B TOW 4ac sIK JJI1 HEapMOBAaHOTO OeToHy — uepe3 32 mo0wu, a BiTHOCHI

nedopmarlii 3MEHITYyIOTbCS Ha 26%.

—6/¢ ——poszpobaeHmii BeToH
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Pucynox 4.5 — Jlepopmartii 3cimanasi HeapMOBaHOTO Ta PO3POOJICHOTO OETOHY 3
KOMIO3UI[IHHUM JUCIIEPCHUM apMyBaHHSM MOMINPONIJICHOBUMU (10pamMu TUITY
“momiapm’ Ta “‘mikpoapm”

92

40



4.3. MikpocTpyKTypa AUCNEPCHO-AaPMOBAHOI0 OETOHY

BuByeHHsT KIHETMKM TIpOLIECIB TiAparanii 1 TBEPIHEHHS, TEHE3UCY
MIKPOCTPYKTYPH LIEMEHTHOIO KaMEHIO 3 JUCIEPCHHUM apMyBaHHSIM Ma€ BEJUKE
3HAYEHHS Ui HAyKOBOTO IPOTHO3YBAaHHS BJIACTUBOCTEH Ta JOBTOBIYHOCTI
b16poOeToHIB.

MeTon eneKTpOHHOI MIKpOCKOMii Ja€e ysBJICHHS Tpo (GOpMyBaHHS
CTPYKTypH LIEMEHTHOTO KaMEHI0, B TOMY UYHCIi 1 JUCHEPCHO-apMOBAHOTO
NOJINpoNniIeHOBUMH  (pibpamMu Tumy “mosapm” Ta “Mikpoapm’™, Ta JI03BOJISE
rIIMOIIIe BUBUMTH MPOIIECH, IO BiIOYBAIOTHCA MTPH TBEPAHEHHI OETOHY .

SAx BuaHo 3 puc. 4.6, MIKpPOCTPYKTypa poO3poOIeHOro OeToHy
XapaKTEPU3Y€EThCSI PI3HOMAHITHICTIO KPUCTAMYHUX (OpM 1 B 0araTh0X MICIISIX
CIIOCTEPITaeThCS BENMUKA KUTBKICTh APIOHUX TOYACTHX KPUCTANIB T1IPOCUIIIKATIB

KaJIBIIIO.

o = el
1

mag HV | HFW  vacMode —, YT
12 000 x 10.00 kV 24.9 pm High vacuum p

Pucynox 4.6 —MikpocTpyKTypa 3 YUCICHHUMH JPIOHUMU TOTIACTUMH
KpUCTaJIaMU T1APOCUIIIKATIB KaJIBIII0 IIEMEHTHOT MAaTPHIll 3 KOMITO3UIIHHUM
JUCIIEPCHUM apMyBaHHSIM MOJIINPONUIeHOBUMH (i0paMu THUIY “mojiapm’ Ta

“MiKpoapM”, TipaToBaHoi 28 110 B HOPMAJIBHUX YMOBaxX
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D:\Microscopeldr Franus\Transgraniczny IINP1 Oksana.spe
Label:

kV:10.0  Tilt:0.0 Take-off:36.3 Det TypeSDD Apclie 10 Res:127 Amp.T:64

FS5:631 Lsec:23 18-Dec-2013 09:01:23

Fe Fe

1.00 2.00 .00 4.00 5.00 6.00 7.00 2.00 8.00 kel

Pucynox 4.7 — CriekTp peHTT€HIBChKOT'O BUIIPOMIHIOBAaHHS IIEMEHTHOT MaTpHili (3
KPUCTAJIaMU T1IPOCUITIKATIB KaJbIlil0) 3 KOMIO3HUIIIMHUM JUCTIEPCHUM
apMyBaHHSM TOJINPOMIICHOBUMH (PiOpaMu TUITY “mojiiapMm’™ Ta “Mikpoapm’,

rigpaToBaHoi 28 110 B HOpMAJIbHUX YMOBaX

B neskux MicusX 4iTKO MPOCTEPIraroThCs JOBI1 BHJIOBXKEHI KpucTanmu AF-
dasu — rigpocynbdoanominaty Kambiio (puc. 4.8, 4.9). 30ibIIeHAS] MIITHOCTI
KaMEHIO B1JIOYBAETHCS 32 PaXyHOK MOTO YIIUIBHEHHS MPU TBEPAHEHHI 1 PO3BUTKY

KPUCTATI3AMIMHUX KOHTAKTIB MK YTBOPEHUMHU TiIpaTHUMU (ha3aMHu.

| mag HV
16 000 x 10.00 kV 1

Pucynok 4.8 — MikpocTpyKTypa 3 KpUcCTaJIaMH T1IpOCyJib(aaatoMiHATy KaJIbIIIIO
AF-ha3u neMeHTHOT MaTpHIll 3 KOMIO3ULIMHUM JUCTIEPCHUM apMyBaHHSIM
noJinporniyieHoBuMu (pidpamu Tumy “nosiiapm’ Ta “mikpoapm’, TiapaToBaHOi 28

1106 B HOPMaJIbHUX YMOBax
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D:\Microscope\dr Franus\Transgraniczny\P6_004.spc
Label:

kV:10.0 Tilt:0.0 Take-off:35.8 Det TypeSDD Apollo 10 Res:127 Amp.T:6.4
FS: 465 Lsec : 50 21-Nov-2013 12:07:31

[+

o}

Ca

Si ca

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 keV

Pucynok 4.9 — CiekTp peHTTeHiBCbKOI0 BUIIPOMIHIOBAHHS LIEMEHTHOT MaTpUIl
(kpuctanamu rigpocyibdaaitoMiHaTy Kaibiiro AF-ha3n) 3 KOMIO3HUIIHHAM
JUCIIEPCHUM apMyBaHHSIM MOJIIPONUIEHOBUMH (piOpamu Tuny “nomiapm’ Ta

“MiKpoapM”’, TiIpaToBaHoi 28 10 B HOPMAJIBLHUX YMOBAX

AHaJi3 MIKpPOCTPYKTYPH TMOJIUCIEPCHOr0 OETOHY TaKOX CBIIYWThH, IO
BUKOPHUCTAHHS MOJINPONiJIEHOBUX (i0p 103BOJIE OTpUMaTH eekT “MmicTka” (puc.
410, 4.11), sKu¥ CHIOBUTBHIOE PO3BUTOK MAKpPOTPIIIMHU B JOKPUTUYHINA CTaii
nedopMyBaHHS Ta YHHUTH Omip JedparMeHrtaiii B 3aKpUTUYHINA cTafil
pyWHYBaHHS MOJIAUCIEPCHOAPMOBAHUX OETOHIB, 10 3a0e3leuye BHCOKI
MOKa3HUKM MIIIHOCTI HAa PO3TAT MpPH 3TMHI T4 XapaKTEPUCTUKU TPIIIMHOCTIMKOCTI
po3pobneHux OeroHiB. ToMy AECTpYKTHBHI TMpOILIECH MPOTIKAIOTH B 3HAYHO
MEHIIIM Mipi 1 OETOH XapaKTepU3yeEThCs OUIbII CTAOLIBHUMHU EKCILTyaTalliHUMU

BJIaCTHUBOCTSIMM.
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mag o HV HFW vacMode - - * mag HV HFW vacMode — 1 mm =
80 x 10.00 kV'3.73 mm High vacuum 160 x 110.00 kV|1.86 mm High vacuum p1

Pucynox 4.10 — 3aranbHuii BUTJIsi] MOJIPOINUICHOBUX (hiOpPOBUX BOJIOKOH THITY

“momiapM” B CKJIaJli IIEMEHTHOT MaTPUII MO AUCTIEPCHO-apMOBAaHUX OETOHIB

N . R - R : 5 ! . . ﬁ , -
mag o HV HFW | vacMode ——FF—— p—— [T HV HFW vacMode —A U ¥ L1
400 x_10.00 kV 746 pym High vacuum 6 000 x 10.00 kV|49.7 um High vacuum P7

Pucynok 4.11 — 3aranbHuii BUrJIsA MOJIIPONUIEHOBUX (p1OPOBUX BOJIOKOH TUITY

“MiKpoapM” B CKJIa/ll HEMEHTHOI MaTpPHULII MOJIIUCIEPCHO-APMOBAHUX OETOHIB
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4.4 ®izuko-MexaHiuHi Ta OyaiBeJbHO-TEXHIYHI BJaCTUBOCTI 0eTOHIB

MOXJHMBICTh IMIMPOKOTO BUKOPUCTAHHS PO3pOOJICHUX OCTOHIB B TEXHOJOTI]
JIOPOKHBOTO ~ OYJIBHUIITBA 3HAYHOIO  MIPOIO  BHM3HAYa€ThbCsl  OYJiBEIBHO-
TEXHIYHUMHU Ta EKCIUIyaTallliHUMU BJIACTUBOCTSAMH. ToMy He3amepeyHui
NPaKTUYHUN 1HTEpeC NpEeACTaBisie iX BUBYEHHS B TOJIAMCIIECHO-ApMOBAHHUX
OeToHax.

ByniBenbHO-TEXHIYHI BJIACTUBOCTI HEapMOBaHOTO OeToHy Ta O€ToHy 3
KOMITO3UIITHUM TONIAUCIEPCHUM apMyBaHHSM MOJINPONiIEHOBUMH (piOpamu

TUIy “moxiapm’ 1 “MikpoapM” HaBeJleH1 B Ta01. 4.6.
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Tadomuis 4.6

ByaiBe/ibHO-TeXHIYHI BJACTHBOCTI HEAPMOBAHOI0 0ETOHY Ta 0ETOHY 3

KOMIO3MIiMHUM MOJIiAUCIIEPCHUM APMYBAHHAM MOJINPONiJIeHOBUMU

¢piopamu Tuny “noJiapm” Ta “mikpoapm”

3HaueHHS NOKa3HUKA JIIs1 6GTOHy

OaunuIi "
) 3 KOMITO3UI[IHHUM
[TokazHuk BUMIPIO- .
HEAapMOBAaHOTO | TMOJIIUCIIEPCHUM
BaHHS
apMyBaHHSIM
MinHicTh Ha CTUCK, T
. ) cm MlIIa 51,1 62,4
y Bimi 28 116
MIlHICTh HA PO3TAT IPH 3THHI
HHICTD Ha POSTAL TIPH ST, MIla 6,79 11,40
fetfm, y BiLll 28 110
BogonornuaanHs 3a Macoro, Wm ) 2,1 2,3
3HKEHHS MIITHOCTI Mmicisg 400
IIUKJTIB 3aMOPOKYBaHHS — % 12.3 9,8
BigTaBaHHsI, Af
cm 5
CrtupaHicTh r/cM 0,27 0,22
[TuToMi €HEpTOBUTpPATH HA TIOYATOK 2
CTaTHYHOTO pyHHyBaHHs, G, Jox/m 112 207
3aranbHi IUTOMI €()EeKTUBHI
E€HEPTrOBUTPATH HA CTATHYHE Tix /M2 327 760
pynnyBsanms, G_
— » 72
B’s3kicTh pyiiHyBaHHS, Ki MIIa M 0,57 0,86

3 Tabn. 4.6 BuAHO, IO MINHICTh HAa CTUCK Ta Ha PO3TAT TPH 3TUHI

po3po0JIeHOr0 OETOHY IIePEBHINY€E BIJAMOBIAHI 3HAYCHHS I HEApPMOBAHOIO

oeToHy Ha 22 Ta 68 %.

BononornuHanHs 3a Macor CYTTE€BO HE BIJIpi3HsSE€ThCcs. B Toil ke dac,

3HMKEHHA MINHOCTI micas 400 UKIIiB 3aMOpPOXYBaHHSI — BIJITABAaHHSI CTaHOBUTH

JUIT apMOBAaHOTO Ta HeapMmoBaHoro OetoHiB 9,8 Ta 12,3% BiANOBIAHO, IO

3yMOBIIEHO €(eKTUBHOIO pP000TOIO (PIOPOBHUX BOJOKOH MPU TOSBI BHYTPIINTHIX

Hanpy)XeHb B OETOHI BHACHIIOK 3aMep3aHHs piakoi (asu. Cnocrepiraerbes

3MEHIIeHHsI CTUpaHoCTI Ha 19% mnpu momiaucrepcHOMY apMyBaHHI Ta CyTTEBE

3pOCTaHHS EHEPTeTUYHUX XaPAKTEPUCTUK TPIMIUHOCTIHNKOCTI.
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BucHoBku 10 posainy 4

1. JlucnepcHe apmyBaHHS O€TOHY 3 KOMIO3UIIHHUM JIUCIIEPCHUM
apMyBaHHSM ToOJinponiieHoBuMu ¢idpamu “nomiapm’™ Ta “Mmikpoapm’ 301IbIIy€e
MOKA3HUKHU MIITHOCTI Ha cTHCK Ha 20-31 % Ta MIITHOCTI Ha pO3TAT Mpu 3ruHi Ha 39-
68 %.

2. Kommo3uuiliHe aucriepcHe apMyBaHHS CIPHYMHSE 3HAYHE 3O0UTBIICHHS
oropy OeTOHY IIpU PyHHYBaHHI BIATOBIHO O EHEPTETUYHUX KPUTEPIiB MEXaHIKH
pyVHYBaHHS.

3. Merogamu MaTeMaTUYHOTO TUIAHYBAHHS €KCIIEPUMEHTY BCTAaHOBIICHO, IIIO
B PO3pOOJICHHX JIHUCIIEPCHO-apMOBAHMX OETOHAX MAaKCHUMalbHI 3HA4Y€HHS
MIIHOCTE  Ta  XapaKTEepPUCTUK  TPIIMHOCTIMOCTI  JOCATAIOTHCS  TPHU
MOJIIIUCTIEPCHOMY apMyBaHHI TMOJINPONUICHOBUMHU (iOpamMu TuIy “mojiiapm” B
Kimpkocti 8 kr/m® GeroHHOI cymimi Ta THmy “mikpoapm” — 1,05 kr/m’. 3HaueHHs
MILIHOCTI Ha PO3TAT MPH 3THHI, TUTOMI €HEPrOBUTPATH HA CTaTUYHE PyHHYBaHHS
0 MOMEHTY I[IOYaTKy pyXy MariCTpajJibHOI TPINIMHU,  TUTOMI e(dEeKTUBHI
€HEpProBUTPaTH HA CTaTUYHE PYHMHYBaHHS Ta CTATUYHUM KPUTHYHUNA KOE(DILIEHT
IHTGHCUBHOCTI ~ Halpy>XeHb  NEPEBUIIYIOTh  BIATMOBIAHI ~ TOKa3HUKH IS
HeapMoBaHOTro O0€TOHY BIAMOBIAHO Ha 68, 85, 132 ta 51%.

5. Crabumizaiii  3cigjaHHi po3pO0JICHOTO OETOHY 3 KOMIIO3UIIHHUM
JTUCTIEPCHUM apMyBaHHSM MOJinponuieHoBuMu (ibpamu Tumy “nomapm’ Ta
“Mmikpoapm’ BIIOYBa€eThbCs yepes 22 100u, B TOM Yac sk JjIsl HEapMOBAHOTO OETOHY
—ygepe3 32 10o6wu, a BiHOCHI AedopMmaliii 3MeHITyroThest Ha 26%.

6. JlocaiKeHIMH OyiBEIbHO-TEXHIYHUX Ta eKCIUTyaTalliHIX
BJIACTUBOCTEH MOKAa3aHO, LI0 PO3POOJICHUI MONIIUCIIEPCHO-APMOBAHUM OETOH
MOPIBHSHO 3 HEaApMOBAaHUM XapakTepu3yeThcsi Ha 22 Ta 68 % BUIIUMHU
MOKa3HUKAaMH MIITHOCTI Ha CTUCK Ta Ha PO3TAT MPHU 3TUHI BiANOBIIHO. SHUKCHHS
MinHoCTi micas 400 IUKIIB 3aMOPOXYBaHHS — BiATaBaHHS CTAHOBUTH ISt
apMOBaHOTO Ta HeapMmoBaHoro OetoHiB 9,8 Ta 12,3% BinmoBigHo. CTHUpaHICTh

3MEHIIyeTbest Ha 19% Ta CyTTEBO  MOKPAILIYIOTHCS XapaKTEPUCTUKHU
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TpimuHOCTIHKOCTI. Lle cBimuuTh Mpo €(eKTUBHICTH MOJITUCTIEPCHOTO apMYyBaHHS
OeToHIB mominpomiiieHoBUMH (piOpamu Tumy “momiapMm”’ Ta “Mikpoapm’ Ta

MOXJIMBICTb 1X IIUPOKOTO0 BUKOPHUCTAHH B JJOPOKHLOMY OY/IIBHHUIITBI.
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PO3JILI 5

JOCJITHO-IPOMUCJIOBE BITPOBA/UKEHHS PE3YJILTATIB
JTOCJIITKEHD

5.1 ExoHOMiYHA e()eKTUBHICTH BJIAIITYBAHHA MOKPHUTTH i3 32CTOCYBaHHAM

AMCIIEPCHO-APMOBAHUX 0ETOHIB

OCHOBHUIM €KOHOMIYHMH e€QeKT BiJ BIPOBAKEHHSA JHUCIEPCHO-
apMOBaHMX OETOHIB MpH OYAIBHUITBI KOPCTKOTO JOPOKHBOTO MOKPUTTS Oyje
3a0e3neyeHnil 3a pPaxXyHOK 3MEHIIEHHS TOBIIMHM IUTUTH 3 pPO3pOOJIEHOTrO
JUCIIEPCHO-aPMOBAHOTO O€TOHY TMOPIBHAHO 3 TPAAMIIIAHUM, 1, BIJIMOBIIHO
3HW)KEHHSI BUTPAT HA MaTepiaiu, BUPOOHUITBO OETOHHOI CyMmilll, i1 JOCTAaBKYy Ta
ykiaagaHHa. CyTh BU3HAUYEHHS €KOHOMIYHOTO €(eKTy MoJsrae y 3HaXOJKEHHI
MiHIMaJbHOI TOBIIMHU IUIUTH 3 PO3POOJIECHOr0 JUCIEPCHO-apMOBAHOIO0 OETOHY,
AKYy MOXHa CKOHCTPYIOBAaTH 13 3a0€3MeYeHHSIM HEOOXIJHUX KOe]ilieHTIB
MIITHOCTI.

3rizno I'BH B.2.3-37641918-557:2016 “ABTOMOOiINBHI  JTOPOTH.
Hopoxuiit oxmsr sxopcTtkuid. [IpoekTyBaHHS”, IIEMEHTOOETOHHE JIOPOKHE
MOKPUTTS PO3PAXOBYETHCS 3 YpaxyBaHHSM TIPYHTOBO-KIIMATHYHHX YMOB,
OUYIKYBaHOI IHTEHCHUBHOCTI PyXy JAO PEKOHCTPYKIi, CKJagy TpPaHCIOPTHOIO
noToky. Po3paxyHOK NpOBOIUTHCS IO TPAaHUYHUX CTaHAX, SKI BHU3HAYAIOTH
BTpaTH HECy4yoi 3JaTHOCTi, BHUXOASYM 3 PO3PAXYHKOBHUX CXeM 1
BUKOPUCTOBYIOUM HOPMOBAHI pPO3PaxyHKOBI XapaKTEPUCTUKH. Po3paxyHOK
MPOBOJUTHCS 32 JIOTIOMOTOIO OI[IHKM XapaKTePHUCTUK 3a31aJIeT1Ib PO3POOIECHOTO
MakKeTy JTOPOKHBOTO MOKPHUTTS:

- CTIMKICTh HE3B'I3HUX MaTepialiB B Iapax OCHOBU 1 3EMIISTHOTO

MOJIOTHA Ha 3CYB 1 HAKONMYEHHS YCTYIIB B MONEPEYHUX ILIBaX IIapy OETOHY;
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- MII[HICTh BEPXHIX LIAPiB JOPOKHBOTO MOKPUTTS;

- 3aTHICTh IPEHAXHOTO 1Iapy 6a30BOro Iapy BUIATUTH BOJIOTY;

- CTIUKICTh JOPOXXHBOTO OJSATY 10 BIUIMBY Jii 3aMOpPOXKYyBaHHS-
BlJTaBaHHI.

Kopctki TOpoXkKHI MOKPUTTS OOUYMCIIIOIOTHCS Ha OCHOBI HaJiHHOCTI.
Honyctumuit  (HeoOXiguuit) koedimienT HamidHocTi (K,), sAKuil Bu3Hauae
MiHIMalbHE 3HadYeHHs Koedimienta winHocTi (K, ), SKUil JOpOXKHIN omsT
MOBMHEH MaTHU JO0 KIHI[L TEPMIHY CIYXOM MIK KaliTalbHUM PEMOHTOM,
HOPMAJTI3YETHCS B 3aJI€KHOCTI BiJl KATEropii 10pory .

BxiaH1 naHi ayig po3paxyHKy NOKPUTTS BKIIOYAOTh:

- MapamMeTpu JAOPOru (Karteropis, MHUPUHA TOPOKHBOTO MOJOTHA, TEPMIH
CIIy’KOH TOPOKHBOTO MOKPUTTHA);

- TmapaMeTpu  TPAHCIOPTHOTO  HaBaHTaXeHHS  (po3paxyHKOBa
IHTEHCUBHICTh, PO3PaXyHKOBE HAaBAHTAXKEHHS);

- KJIIIMAaTUYHUI PETIOH;

- mapaMeTpu 3€MJSHOIO II0JIOTHA Ta YMOBU Horo poOoTu (Tum
MICII€BOCTI 3a 3BOJIOKEHHSM, THUIIU FPYHTIB, PIBEHb MIJ36MHUX BOJ).

IIpore I'BH He BpaxoBye Hanmpy»X eHHsI, 110 BUHUKAIOTh Ha Kparo IUIUTH,
a TaKOXX HAMpPY>KEHHS KOPOOJEHHS, SIKi 3pOCTaIOTh 13 3HIKEHHSAM TOBIIUHU,
TOMY JOIIPHO TPOBOJUTH TAaKOX PO3PAXYHOK aJbTEPHATUBHUM METOJIOM,
30Kpema MeToaoM Becrepraapna.

3arasibHl  TMOJIOKEHHS  PO3PAXyHKY  MOKPUTTS  3TIJHO  METONY
Becrepraapna :

1. TpancnopTHI HAaBaHTAXXEHHS

[TapameTp peaxiiii OCHOBH:

k — Ezast
z w2a(l—ugr2)

ne, Ezast — €KBIBAIGHTHUM MOy NPYKHOCTI ocHOBU, MIIa
® — KOe]IieHT HATIMHOCTI

a — pajaiyc BiIOUTKY KoJjieca
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Wgr — kKoedinieHT Ilyaccona s rpyHry, pg =0,3

Paniyc BiTHOCHOI >KOPCTKOCTI MJIUTH

- 33
[ — 4 Eb - h3
- J'lEL’l —udk,

:
ne, Ep 1 u - Mmogyns nipykHOCTI Ta KoedimieHT Ilyaccona s 6eTony;

Wo - koedimierT [lyaccona mist matepiany mia /0 IIUTORO;

OCKINTbKM  JIOpPOKHSI TUIMTa Mae (pIKCOBAaHI TapaMeTpu JOBXKUHU 1
HIUPUHU, TO Xapakrep ab0 IHTEHCHUBHICTh MAaKCHMAJIbHOTO HaBaHTaXEHHS,
BUKJIMKaHI TPHUKIAJAHHAM PO3PAXyHKOBOTO TPAHCIOPTHOTO HABAHTAXKCHHS,
3ajeXaTh BiJ PpO3TallyBaHHS HAaBaHTAXKECHHS Ha I[IOBEPXHI JIOPOKHBOTO
HNOKPUTTS. ICHYIOTh TpHW THIIOBI MICLSI PO3TalllyBaHHS: BHYTPIIIHE, Kpail 1 KyT,
Je ICHYIOTh pi3HI ymMoBH Oe3nepepBHOcTi miauT. L[l Micusg Ha3uBarOThCA
MO3UIIAMU KPUTUYHOTO HAaBAHTAKEHHS.

Konu BHyTpimiHA TOYKa 3aBaHTaXYETHhCS, TIUIBKM HEBEIHMKA ILIONIA
NOKPUTTS HE TIAJAEThCS 3TUHAIBHOMY MOMEHTY. Becrtepraapn nae

CIIBBIIHOLIECHHS JIJIs1 €KBIBAJIGHTHOTO pajilyca ONOPHOI AUISHKY B PIBHSHHI

b_{VL&”+H—OHmh ifa <1.724 h

a otherwise

7I¢ @ - paaiyc po3Mo/Iiay HaBaHTaXXCHHs Kojieca, M 1 h - ToBIMHA mKMTH,

Hanpy»xeHHs, BIANOBIIHO B CEPEIMHI, HA KPAIO 1 HA KYTI MJIUTH:

e &(H )[log El’
' h’ ! kb*

_ 54, *:4{—) z]

0.529P ER’
o, = e ———(1+0. 54,u)(log7—0 71)
g

_ 3P
h’

- (%4)0.15 _(aﬁ)o.o

ne h - TopmuHa nuTH, cM, P - HaBaHTaxxeHHs kojeca, MH, a - paaiyc

NPUKJIaJaHHd HaBaHTAXEHHS KoJieca, M, 1 - pajaiyc BiIHOCHOT )OPCTKOCTI, M; b
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- paaiyc AUISHKH OTOPY, M

KoedimienT 3a6e3neueHns

N =R/ on

2. TemmepaTypHi HaPy>KEHHS

Ha xparo mummtu

[Tocepenuni mauTH

_ B AT Co+u Gy

2

) 2

Jle o7 KoedillieHT TemIoBoro posmupenns 6erony, 1,2 * 10°, C1, C2 —

nupekIiiai koedimienTu (3 Homorpamu Pucynok 5.2.1), Lx 1 Ly - goBxuHa 1

HMIMpUHA TUTATH, | - pagiyc BITHOCHOT )KOPCTKOCTI.

<
oy <
< 10 i) S
< {00 = =00 3
L2090 il 3
N o 08 3
3050 ; 1050 <
2 &#g_ — a‘;g £
< 03 5
£ 020 , &153 =
ﬁ gf{j% 12r/ + S - it aof -J
| sessessSe SRS

L Wartosc stosunku Lx/l orazly/L

Pucynoxk 5.1 - Iupexuiiini koedilieHTH TEMIIEPATYPHUX HAPYKEHb

3. 3arayibHi1 HaPY>KEHHS

Ocartk=CRpucH+OTEMP &
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ne, 0=0,5..0,6

ORucH — TpaHCTIOPTHI HaBaHTaxeHHs, MIIa

OTEMP — TEMIIEpaATypHI HaBaHTaxkeHHs, MIIa

Jlommyctumi 3aranpHi HanpyxeHHs, MIla

Opop=

R

29

n

R,y — MinHICTH OeTOHY Ha po3Tar npu 3rusi, MIla

n=1,4..1,8 — xoedimieHT 3a0e3NeUCHHS

Po3paxyHok
TpaIMIIMHUN JOpOXKHIA IeMeHToO0eToH Ryy,=6,79 MIla;

apMyBaHHSM — po3poOsienuit 6etoH, Ry,=11,4 MI1a.

IIPOBEIECHO

JJIs1

TaKHUX

OETOHIB:

HEapMOBAHUUA —

3 KOMIIO3UI[IHUM

Pesynbratu po3paxyHky OeTOHHOI MIUTH mokputTs 3rigHo ['BH Tta

MetosioM Becrepraapna HaseneHi B Tadi. 5.1.

Tao6muus 5.1

Pe3yabTaT po3paxyHKy 0€TOHHOI INIMTH NOKPUTTH

Cranpapr I'bH Meton Becrepraapna
3 KoMII0- 3 KOMIIO-
Bun 6etony sulliiaum | HeapmoB | 3uIliitHUM L
HeapmoBan N BigmiTkn
Ta TOBIIMHA N apMyBaHH aHUM, apMyBaHH
nit, h=25cMm
TUTUTH SIM, h=25cm SIM,
h=18cmMm h=18cm
TpancnopTHi 0,70 1,32 BuyTpimHii
HaBaHTaXKEHH 3,46 5,62 1,13 2,09 Kpait
s, MIla 1,59 3,45 Kyt
Temneparypu 2,04 3,16 [To3noBxHI
! 3,10 2,17
HaBaHTAXCHH 2,18 3,38 [Tortepeunmii
s, MIla
PO3p2§(§HKOB Tl MeTozy
.. 2,77 3,12 3,33 6,11 Becrtepraapaa —
Koe(iieHT .
.Y . pO3paxyH-KOBi
HaTMHOCTL Ta JOMYCTHUMI
HeoOxinmnii HaBaHTaynceHH;[
KoedirieHT 1,39 1,39 2,35 3,98 ’
o . MIIa
HaIIAHOCTI
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Jlns ~ BU3HAYEHHS  €KOHOMIYHOTO  e(eKTy Big  BHUKOPUCTAHHS
pO3pO0JIEHOTO JUCIEPCHO-aPMOBAHOTO OETOHY, OyJIO pPO3paxOBaHO BapTICTbH
cymiri (Tadi. 5.2).

ExoHoMiuHMi e(eKT po3paxoBaHO SK PI3HULIO MIX BapTICTIO
BJIAIITYBAHHS 1000m? MOKPUTTS TOBIIMHOIO 18 cM po3pobieHoro 6eToHy Ta 25
CM TpaauiiiHoro OeToHy.3a gomnomoror mnporpamu ABK-5. Po3paxopanuii
eKOHOMiuHHT e(eKT Bi BIpoBaKeHHs TexHOIOril mpu OymiBHHITBI 1000 M°

ckianae 12 Tuc. rpH.

Tabmums 5.2
BapricTts 1m° Geronnoi cymimii
Nor.m. Marepian Butpara [ina Enepropecypcu
[HemenT Yac
1 350 xr 910 rpu
ITL1 1I/A-11I-500 IepeMINTyBaHHS
2 Bona 154 n 2,31 rpH KOMITOHEHTIB
3 [Ticok 690 kr 314 rpu O0eToHHOT
4 [1e6inb 1247 xr 574 rpH cymim 20 XB.
[Tnactudikarop 184 rpu JonaTtkoBuii
5 _ 2,45 xr
Liquol BV 18 (75,1 TpH/KT) Jac Ha
dibpa 116,55 rpu nepeMilTyBaHHs
6 1,05 xr _
TUIy “MiKpoapm” (111 rpu/kr) KOMIIOHEHTIB 3
¢b16poro 5xB.
[ToTyxHicTh
®i6pa 1232,30 rpa
7 . 8 kr JIBUT'yHa
TUIy “nosiapm’” (154,03 rpn/kr) .
OETOHOMIIITAIKT
3kBT
) 3333,16 rpH 57 rpu
)y 3392,16 rpu
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Kanbkynsiuis BaptocTti 1000 M NOKpUTTS TOBLUMHO 250 MM i3 TpaAMULIINHOT LIeMEeHTOBETOHHOT CyMilui

Taomunsg 5.3

B TOMY YuCHi:
MoTo4yHa 3aroTi-
Ne |, Haii OauHnua Kbk LiHa 3a . Tpac- BerbHO-
n/n np pecypcy anmeHyBaHHS BUMIpY iNbKICTb OVHULLO, BianyckHa nopTHa P O6r’py|-!TyBaHH;|
DH. LiHa, rpH. | CKnagoBa, BUTATY, LiHM
IPH.
IPH.
BCbOTO, IPH. | BCbOTO, MPH. | BCbOr0, IPH. | BCbOrO, IPH.
[ 1] 2 | 3 4 5 | 67 | 89 | 1011 | 1213 | 14
|. ButpaTtu Tpyaa
1 1 ButpaTtn Tpyaa pobiTHMKIB-OyaiBenbHUKIB noa-rof 67,38 54,27
2 CepepaHin po3psag pooiT, L0 BUKOHYHOTBCS po3psa 29
poBiTHMKaMKn-6yaiBenbHUKaMu
3 BuTtpaTtn Tpyaoa pobiTHUKIB, 3alHATUX nog-ron, 56,74 23,46
KepyBaHHAM Ta 06CnyroByBaHHsIM MaLUWH
4 CepepaHin po3psg NaHku pobiTHUKIB, po3psa 4.8
3aiHATUX KEPYBaHHAM Ta 0OCIyroByBaHHSAM
MaLLVH
5 Butpatu Tpyaa pobiTHuKiB, 3apobiTHa nnata
SIKMX BPaxOBYETbCS B CKNafi:
5.1 3aranbHOBUPOBHMYMX BUTPAT noa-ron, 16,38 95,86
Pasom kowtopucHa TpyaOMICTKICTb nog-ron, 140,5
po3psag 29

CepepgHin po3psig pooit
|
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ITponorxenns Tabdmuii 5.3

M3

2 3 4 6/7 8/9 10/11 12/13 14
ll. BygiBenbHi MaWWHW | MeXaHi3MKU
6/CH201-12 ABTOMOOINi 60PTOBI, BAHTAXKOMNIANOMHICTb 5 T MaLl-rof, 4,52 106,14
479,75
7|CH206-340 EkckaBaTOpy O4HOKOBLUOBI AM3ErbHI Ha MaLl-rof, 5,06 221,25
NHEBMOKONICHOMY X0y, MICTKICTb koBLua 0,65 1119,53
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ITponorxenus Tabmuii 5.3

| 1] 2 | 3 4 5 6/7 89 | 1011 | 1213 | 14 |
8|CH212-1303 |HapisyBayi N0340BXHIX Ta NONEpPeYHUX LBIB Y MaLu-rog, 7,1 389,2
OeTOoHi, Lo 3aTyxaBiB 2763,32
9|CH212-1306 |MaLumHM Ans HaHeCEeHHs MaLu-rog, 2,63 163,79
NNiBKOYTBOpPIOBArbHMX MaTepianis 430,77
10|CH212-1601 |MawuHM nonmBanbHO-MUHI, MicTKicTb 6000 n MaLl-rog, 7,34 238,64
1751,62
11|CH212-2143 |BbeToHOYyKNaganbHUK, NMPOAYKTMBHICTL 80 malw-rog, 5,06 372,78
m3/rog 1886,27
12|C331-38-2 MepeBe3eHHs 6ETOHY, PO3dNHY T 600 134,21
cnewuTpaHCcnopTom Ha BigcTaHb 30 kKM 80526,00
Pasom no po3sainy Il rpH. 88957,26
B TOMY YUCHi EHEepProHocii:
BeH3nH Kr 81,258
[unsenbHe nanueo Kr 149,548
MacTtuneHi matepianu Kr 13,011
lpgpaenivyHa pignHa Kr 2,125
IV. BygiBenbHi MaTepianu, BUpOOMU i
KOHCTPYKLLil
13{C111-1580 MniBkoyTBOpPIOBarnbHi MaTepianu ans T 0,41 6765,36 6420,99 211,72 132,65|30 km.
AopoXHix pobiT MM-100A 2773,80 2632,61 86,81 54,38
14|+C1424-11603 |CyMiwwi 6eTOHHi roToBi Babkki, knac 6eToHy M3 265,2 1900 1900 - -
B35 [M450], kpynHicTb 3anoBHoBa4a binbLue 503880,00/ 503880,00 - -
20 no 40 mm
Pa3som no po3aainy IV rpH. 510645,36| 510645,36 86,81 54,38
MipcymMkoBi BUTpaT eHeproHociis
Ansa ycix MawuH
MacTtunbHi matepianu Kr 13,011
lgpaenivyHa piguHa Kr 2,125
BeHauH n 109,808
[n3enbHe nanneo n 175,939
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Taomurg 5.4

Kanbkynsuisa Baptocti 1000 m KB NOKpUTTSA TOBLUMHOK 250 MM i3 TpaguLUinHOI LeMeHTOOeTOHHOI CyMilli

N O6rpyHTy-
n BaHHs HarimeHyBaHHs1 po0iT | BUTpaT OD'MH.ML";' K.'nb' BapricTi oaumu, 3aranbHa BapTiCTb, MPH. E.""Tp"’?T” TpyAa
/ (wndpp BUMIpY KiCTb rPH. poOGiTHMKIB, Ntoa.-roA.
n  Hopmwu)
ekcnnya- . ekcrnnya- o
3apobit- He 3anHATUX
Bcboro Tauji Bcboro . Tauii
HOI nnaTm obcnyroByBaHaM
MaLLVH MaLUnH
MaLUVH
B TOMY B TOMY
. : : TUX, WO
3apobiT- | umcni 3a- yncni 3a-
. o o o6cnyroByoTb
HOI MnaTh | pobiTHOI POBITHOI
MaLUUHK
nnaTtm nnaTm
Ha oOWHY-
BCbOrO
Lo
1 2 3 4 5 6 7 8 9 10 11 12
1/C331-38-2  |[MepeBe3eHHsA BETOHY, PpO34MHY T 600 134,21 134,21 80526 - 80526 - -
cneuTpaHcnopToM Ha BigctaHb 30 Km - - - - -
2|EH27-30-1 |YrnawmysaHHs1 UeMeHMHObemoHHO20 1000 m2 1/518908.,48| 8524,66|518908.48 3657 8525 67,38 67,38
MIOKpUMIMSs1 MOBLUHO0 26 CM 3656,71| 1345,29 1345 57,3479 57,35
b6emoroyknadanbHUKOM rpu WUPUHI
yKknadaHHs1 6 m
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[Iponossxenns Tabmaumi 5.4

111

2 3 4 5 6 7 8 9 10 11 12
3|EH27-30-5 |YnawTyBaHHS LEMEHTHOBETOHHOIO NOKPUTTSH 1000 m2 -2 46,70 46,70 -93 - -93 - -
TOBLLUMHOK 26 cM O6eTOHOYKNaaanbHUKOM, Npu - 6,99 -14 0,3048 -0,61
3MiHi TOBLUMHK Ha KoxHi 0,5 cm gogasaTtn abo
BUKoYaTh o Hopwm 27-30-1 — 27-30-4
Pasom npsmi BUTpaTh No KoLTOpUCy 519001 3657 88958 67,38
1331 56,74
Pasom byaiBenbHi poboTu, rpH. 519001
B TOMY Yu1CHi:
BapTiCTb MaTepianis, BUPObIB Ta KOHCTPYKLIN, rPH. 510654
BCbOro 3apobiTHa nnara, rpH. 4988
3aranbHOBUPOBHMYI BUTPATH, MPH. 3460
TPYOOMICTKICTb B 3araribHOBUPOBHMYMX BUTpaTax, nog.rod. 16,38
3apobiTHa nnaTa B 3arafibHOBUPOBOHUYNX BUTpaTax, rpH. 1570
Bcboro byaiBensHi po6oTh, rpH. 594572
Bcboro no kowropucy 594572
KowTopucHa TpyaomicTKicTb, ntoa.roA. 140,5
KowTopucHa 3apo6iTHa nnarta, rpH. 6558




[Tponorxenus Taduili 5.4

Pa3om no rnaBax 1-12: 594572

OCTY b .1.1- KowutopucHuin npndytok (1) 537
1:2013 n.5.8.16

OCTY b O.1.1- KowwTh Ha NoKpUTTS aaMiHICTPaTUBHMX BUTpaT OyaiBenbHUX opraxisauin (AB) 214
1:2013 n.5.8.16

Pasom (rn.1-12+MN+AB+P +1) 595323

Pasowm: 595323

MNopaTok Ha popaHy BapTicTb 199065

Bcboro no asegeHoMy KOLUTOPUCHOMY PO3paxyHKY 714388
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Taomurg 5.5

Kanbkynsuisa Baptocti 1000 M KB NOKpUTTSA TOBLUMHOK 180 MM i3 LLeMeHTO6eTOHHOI CyMilli 3 NOKpaLleHMMN BNaCTUBOCTAMM

B TOMY Yu1CHi:
MoToyHa 3arori-
Ne . OauHuusa L LiHa 3a . TPaHc- BEINbHO-
LWndpp pecypcy HanmeHyBaHHSA . KinbkicTb BignyckHa nopTHa . | OBrpyHTYBaHHS
n/n BUMIpY oauHULIO, . CKNapaChbki i
UiHa, rpH. | cknapgosa, LiHM
IPH. BUTpaTH,
IPH.
IPH.
BCbOT0, MPH. | BCbOr0, MPH. | BCbOro, IPH. | BCbOro, IpH.
[ 1] 2 | 3 4 5 | 67 8/9 1011 | 1213 ] 14
|. Butpatu Tpyaa
1 1 ButpaTtn Tpyaa pobiTHMKIB-OyaiBenbHNKIB noa-rof 67,38 54,27
2 CepefHin po3psa pobiT, Lo BUKOHYHOTLCS po3psa 29
poGiTHMKaMU-6yaiBenbH1KaMu
3 ButpaTtn Tpyaa pobiTHUMKIB, 3alHATUX nog-ron, 50,64 23,53
KepyBaHHSAM Ta 06CnyroByBaHHsAM MaLUVH
4 CepepnHin po3psig NaHkn pobiTHUKIB, po3psa 47
3aNHATUX KEPYBAHHAM Ta 06CNyroByBaHHAM
MaLLWH
5 Butpatu Tpyaa pobiTHukiB, 3apobiTHa nnarta
SIKUX BPAxXOBYETbLCS B CKNagi:
51 3aranbHOBUPOBHNYNX BUTPAT noa-ron, 15,57 95,90
Pa3om kowTopucHa TPYAOMICTKICTb nog-rog, 133,59
CepepnHin po3psig pobit po3psa 29
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»

~

CH201-12

CH206-340

Il. ByaiBenbHi MallMHU i MexaHisMU

ABTOMOOINi 60PTOBI, BAHTAXKOMNIANOMHICTb 5 T

EkckaBaTOpy OQHOKOBLUOBI AM3eSbHI Ha
NMHEBMOKONICHOMY X0y, MICTKICTb koBLua 0,65

m3

Mall-rof

Mall-rof

4,52

5,06

N7
o
F
H
o als

:

1119,53

[Iponossxenns Tadbmauii 5.5
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[Iponossxenns Tadbmauii 5.5

(1] 2 | 3 4 5 6/7 89 | 1011 | 12113 | 14
8|CH212-1303 |HapisyBadi N0300BXHIX Ta MONEPEYHNX LUBIB Y maltwl-rog, 4,7 389,2
GeToHi, LWo 3aTyxaBiB 1829,24
9|CH212-1306 |MawwuHW Ans HaHeCeHHs MaLl-rof, 2,63 163,79
NNiBKOYTBOpPIOBArbHMX MaTepianis 430,77
10|CH212-1601 |MawwnHn nonuBanbHO-MUIAHI, MicTkicTb 6000 N MalLl-rof, 7,34 238,64
1751,62
11|CH212-2143 |BbeToHoyKknaganbHWK, NPOAYKTUBHICTL 80 MalLl-rof, 5,06 372,78
m3/roq 1886,27
12|C331-38-2 MepeBe3eHHs 6ETOHY, PO3UNHY T 360 134,21
cneuTpaHcnopToM Ha BiacTaHb 30 kKM 48315,60
Pa3om no po3giny i rPH. 55812,78
B TOMY YUCIli eHeproHocii:

BeHaunH Kr 81,258

[unsenbHe nanueo Kr 143,668

MacTtunbHi matepianu Kr 12,675

lgpasnivyHa pignHa Kr 2,125
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13

14

C111-1580

+C1424-11607

IV. BygiBenbHi MaTepianu, BUpoowu i

KOHCTPVKLLil

MniBkoyTBOpPIOBanbHi MaTepianu ans
OOpOoXHiX pobiT NMM-100A

CymiLwi 6eToHHi roToBI BaXKi, kKnac 6eToHy
B45 [M600], kpynHicTb 3anoBHoBaYa OinbLue
20 po 40 mm

Pasom no po3zginy IV
MiacymkoBi BUTpaTn eHeproHociiB
Ansa ycix MawuH
MacTtunbHi matepianu
lgpaenivyHa pignHa
BeHauH
[nsenbHe nanvneo

m3

rpH.

Kr
Kr

0,41

153

12,675
2,125
109,808
169,021

[Iponossxenns Tadbmauii 5.5

6765,36 6420,99 211,72

2773,80 2632,61 86,81

3392,16 3392,16 -
519000,48| 519000,48 -
525765,84| 525765,84 86,81

150
22950,00

23004,38

30 Km.
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Tadmuis 5.6

Kanbkynsauisa Baptocti 1000 M KB NOKpUTTSA TOBLUMHOK 180 MM i3 AuCnepCcHO-apMOBaHOro LLeMeHTOOETOHY

Baprictb ogmHuuj,

BaranbHa BapTiCTb, PH.

Butpatu Tpyna

rPH. pOGITHWKIB, NtOA.-rOA.
ekcnnya- ekcnnya- HE 3aIMHSTHX
O6rpyHTY- _ Bcboro Tauji Tauji 06CIyroByBaHsM
Ne BaHHSA . o OauHuus Kinb- MaLlWH MaLluuH
HanmeHnyBaHHs pobiT i BuTpaT . X . MaLUVH
n/n (wndpp BUMIpY KiCTb 3apo0iT-
Bcboro .. TUX, WO
HopMW) B TOMY HOi NnaTn | B TOMY
. : : 0bcnyroByoThb
3apobiT- | uucni 3a- yncni 3a- MALLIVHY
HOi nnatu | pobiTHOI poOiTHOI
Ha OOVHY-
nnartu nnartu BCbOro
Lo
1 2 3 4 5 6 7 8 9 10 11 12
1|C331-38-2  |[lepeBe3eHHs BETOHY, PO34MHY T 360 134,21 134,21 48316 - 48316 - -
cneuTpaHcnopToM Ha BigctaHb 30 Km - - - - -
2|EH27-30-1 |YnawmyegaHHs1 UeMeHMHO6emoHHO20 1000 m2 1|/820757,54| 8524,66|820757,54 3657 8525 67,38 67,38
MOKpUMMSs MO8UWUHOK 26 cm 3656,71 1345,29 1345| 57,3479 57,35
6emoHoyknadanbHUKOM fpU WUPUHI
yKnadaHHs1 6 M
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[Tponossxenus Tabmuri 5.6

118

2 3 4 5 6 7 8 9 10 11 12
3|EH27-30-5 |YnawmysaHHs yueMeHmMHo6emoHHO20 1000 m2 -20| 9488,53 46,70, -208748 - -1027 - -
MOKpUMMSs Mo8UW\UHOK 26 cm - 6,99 -154 0,3048 -6,71
b6emoroyknadanbHUKOM, rpu 3MiHi MoswuHU
Ha KoxHi 0,5 cm do0asamu abo sukiroyamu
8o Hopm 27-30-1 — 27-30-4
Pasom npsmi BuTpaTti No Kowtopucy 612010 3657 55814 67,38
1191 50,64
Pasom 6ygiBenbHi poboTu, rpH. 612010
B TOMY YuCri:
BapTiCTb MaTepianis, BUPO6IB Ta KOHCTPYKLIN, IPH. 525766
BCbOro 3apobiTHa nnara, rpH. 4848
3aranbHOBMPOOHMYI BUTpPATW, MPH. 3314
TPYOOMICTKICTb B 3aranibHOBUPOOHNYNX BUTpaTax, ntoa.roA. 15,57
3apobiTHa nnaTa B 3arafnbHOBUPOOHNYNX BUTpaTaXx, rpH. 1492
Bcboro byaiBensHi po6oTu, rpH. 605462
Bcboro no kowropucy 605462
KowTopucHa TpyaomicTKicTb, ntoa.roA. 133,59
KowTopucHa 3apob6iTHa nnarta, rpH. 6340




[Tponossxenns Tabmuri 5.6

OCTY b A.1.1-
1:2013 n.5.8.16

OCTY b A.1.1-
1:2013 n.5.8.16

Pasom no rmaBax 1-12:

KowutopucHuin npndytok (M)

KoLt Ha NOKpUTTS agMiHICTpaTUBHUX BUTpaT byaiBenbHMX opraHisadin (AB)

Pasom (rn.1-12+MN+AB+P +1)
Pa3owm:
NMopaTtok Ha poaaHy BapTicTb
Bcboro no 3BeeHOMy KOLUTOPUCHOMY PO3paxyHKy

605462

510

203

606176
606176
120379
726555
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5.2 IIpomucJioBa anpodaniss BUCOKOMIIITHUX 0€TOHIB ISl JOPOKHIX NOKPHUTH

Y TpaBui 2021 poxy mnpoBeAeHO BUNPOOYBAaHHS JOCHIAHOI MapTii
OCTOHHOI cyMilI Ta OETOHY 3 KOMIIO3UILINHUM JUCIIEPCHUM apMYBaHHSM IS
BJIAIITYBAHHS TOKPUTTS MapKIHTYy MpPH CKIAJCHKUX MPUMILMIEHHSIX Yy C.
Mypogane JIsBiBchkoi OTT'. 3aranpauii 06csT BKiIageHoro 6eTony ckias 502,2
M,

VY BupoOHUITBI BUKOpucTOBYBanu noptianauemedt [ I[I/A-11-500P-H
[IpAT «IBaHO-®PpaHKIBCHKIIEMEHT», MICOK fcuHenbkoro kap’epy JIbBIBCHKOI
obnacti 3 JoJaBaHHSM MICKY 3 BiJICIBIB MOJAPIOHEHHS TIPCHKUX MOpPia Ppakiiit
1,25 — 5,0 MM Ta rpaHiTHHH meOiHb cyMmimn ¢pakmii 5,0-10,0 mm Ta 10,0-20,0
MM a TaKO MOJINPONiIeHOB] PiOpu Tumy “nojiapm’ Ta “mikpoapm’.

PesynbpTat BUunpoOyBanb OETOHHOI CyMillll Ta OETOHY HaBeJIeHI B TaOJI.

Ta0Omus 5.7

BuiacTuBocTi 0eTOHHOI cyminni Ta 0eTOHY

MiLHICTh HA PO3TAT

Cepenns ryctuna | XKopctkicts, | mpu 3runi, Mlla, y Bimi, | Bomomoriannanas

cymimri, Kr/m3 C nio 3a Macoto, %
7 28
2420 4 6,2 9,5 2,3
3acToCyBaHHsA OeTOHIB 3 NOJIIAUCTIEPCHUM apMyBaHHSM

NOJINpoNiieHoBUMHU (Gi0paMu Pi3HUX THUINIB JAJO 3MOTY 3MEHIIUTH TOBIIUHY
MOKPUTTS Ha 3 c¢M 0€3 3MIHM BiJICTaH1 MiX JAcdopMalliiHUMU IIBaAMU 3aBJISIKU
3HWKEHHIO jAedopMaiiii 3ciganHs OeToHy. TakoX BHUPINIEHO TEXHOJOTIYHI
3aBJAaHHS 3a0e3MedYeHHs HEeOOXIAHUX  eKCIUTyaTaliHUX  XapaKTEePUCTHK:
oJIep>KaHHS BHCOKOI paHHBOI MIIHOCTI Ha cTuck (fcm.cube3=34,3 MIla) nus

MPUIIBHUAIMICHHS BIAKPUTTS PyXy IO BIIAIITOBAHOMY MOKPUTTIO, Ta MPOEKTHOI
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MIIHOCTI Ha po3tar npu 3rudHi (fctfm28=9,5 MIla). 3aranbauil 0o0csr
BKJIa7ieHOr0 0eToHy ckias 502,2 M>. AKT BIPOBAKCHHS HaBeaeHu y Jlogartky

b.
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BucHoBku 10 po3ainy 5

1. TlopiBHAIBHHI pO3pPaXyHOK BHUTpPAT HA BJAIITYBAHHS TOKPHUTTS
MapKIHTY JUISL  TPaauIliHHOTO Ta PO3pOO0JEeHOro OETOHIB CBIAYUTH, IO
BUKOPUCTaHHSI OETOHY 3 KJIaCOM MIITHOCTI Ha 3TUH By 8,4 mae 3Mory 3HU3UTH
TOBLIMHY KOHCTPYKIi 3 25 mo0 18 cm i3 3a0e3medeHHsSM pO3paxyHKOBHUX
koedimieHTiB HaaiiHoCcTl. [luToMHMit ekOHOMIYHUM e(eKT BiJ 3HUKCHHS
BapTOCTi MaTepianiB i BHKOHAaHHA pobiT ckimagae 12 Tuc.rpH. Ha 1000M>
JOPOKHBOTO TMTOKPHUTTS.

2. IlpoBeaeHo MmpoMHCIOBY anpoOarito po3poOJieHMX OETOHIB MpH
BJIAIITYBaHHI I[IEMEHTOOETOHHOTO MOKPUTTS MapKIHTy MpPH  CKIAJACBKHUX
npuMilieHHsax y c. MypoBane JIbBiBcbkoi OTI'. PesynbraTtu BuNpoOyBaHb
MNIITBEPANIN JIOCSITHEHHS BHUCOKOi paHHboi (fctb=6,2 MIla) Ta mnpoekTHOT
MIIIHOCTI Ha po3Tiar npu 3ruHi (fctb28=9,5 MIIa). 3actocyBaHHs OETOHIB 3
MOJIUCIIEPCHUM apMYBaHHSM MOJIMPONIJICHOBUMU PiOpaMu pi3HUX THUIIIB JaJI0

S3MOI'y SMCHIIMTHU TOBIHIWHY IMOKPUTTA HaA 3 cMm.
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3AT'AJIBHI BUCHOBKHA

Y pe3ynbTaTi BHUKOHAHHA JAHUCEPTAILIfHOI pPOOOTH BHUPIMIEHO HAYKOBO-
NPUKIAAHY 3a7a4y pO3pOoOJIeHHS TUCIEPCHO-apMOBAHUX OETOHIB TPAHCIOPTHOTO
MPU3HAYEHHS 3 MABUIICHAME OYiBEIbHO-CKCILTyaTalliIiHUMU BJIACTUBOCTSIMU Ta
XapaKTEepUCTUKAaMU  TPIMIMHOCTIMKOCTI.  3a  pe3yjibTaTaMu  IPOBEICHUX
TEOPETUYHUX Ta EKCIEPUMEHTAIBHUX JOCIIKEHb CHOPMYIHOBAHO HACTYITHE:

1. BcranoBneHa  MOXIMBICTH — OJEpP)KaHHS — JTUCIIEPCHO-aPMOBAHHX
OCTOHIB TPAHCIIOPTHOTO TMPHU3HAYCHHS 3 TMOKpalleHUMH (h13UKO-MEXaHIYHUMU
BJIACTUBOCTSIMA Ta  CHJOBUMH 1  CHEPreTUYHUMH  XapaKTEPUCTUKAMHU
TPIIUHOCTIAKOCTI. [loka3aHO MOUUIBHICTE KOMIIO3UIIAHOTO TOJIIUCIIEPCHOTO
apMyBaHHS OCTOHIB ModinporniaeHoBuMU  ¢GiOpamu  TUmy “nojiapm™  Ta
“MiKkpoapm’.

2. [IpoBeneHO OIIHKY BIUIMBY JUCHEPCHOTO AapMyBaHHS PpI3HUMHU
BUJlaMd Ta TUnaMu (iOpOBUX BOJOKOH Ha (PI3MKO-MEXaHIUHI BJIACTUBOCTI Ta
XapaKTePUCTUKU TPIIIUHOCTIMKOCTI OeToHIB. BcTaHOBIEHO, 110 HAWOUIBII
e(eKTUBHUMH JUCIIEPCHUMH BOJIOKHAMHU € motinporniieHoBi ¢piopu Enduro HPP45
(tum “nomiapm”) Ta Fibermesh 150 (tun “mikpoapm™), siKi 103BOJISIOTH i IBHITATH
Mmaibke 10 10 ta 50% BiAMOBIAHO MIIHICTH HA PO3TAT MPU 3THHI Ta CTaTUYHUN
KPUTUYHUHN KOC(IIIEHT IHTEHCUBHOCTI HAIIPYKEHb.

3. Po3po0neHo onTuMalibHI CKJIaaud JUCIEPCHO-apMOBaHUX OETOHIB
nosinporineHoBuMu  Gibpamu tmy “momiapm™: 11=350 xr/m°, I1,=335 kr/m’,
I1,=196 kr/m°, 111 (bp. 5-30 mm) =1405 kr/m®, B/11=0,44, Butpara di6pu 10 kr/m?;
Ta “mikpoapm”: 11=350 kr/m®, 11,=435 wr/m’, 11,=255 kr/m°, 111 (dp. 5-20 Mm)
=1247 xr/m°’, B/I1=0,44, Butpata ¢i6pu 1,35 xr/m°’. [IpH LbOMY OCATAIOTHCS
HaMBHUILI MIHOCTI Ha po3TAr npu 3ruui 10,95 1 11,40 Mlla ta cTaTU4H1 KpUTHYHI
koe(dimieHTH 1HTeHCHMBHOCTI HampyxkeHb 1,01 1 1,04 BiAMOBIAHO [ THMY

“momapm” Ta “mikpoapm’.
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4, MeTogoM MaTeMaTHYHOrO TIJIAaHYBAHHS EKCHEPUMEHTY MPOBEACHO
ONTUMI3AII0 BMICTY ToJinpomniaeHoBux (piop tumy “nomiapm” (X;=8; 10; 12
kr/mM’) Ta “mikpoapm” (Xp=0,7; 1,05; 1,4 xr/m®). Ilpu Bmicti ¢ibpu THIy
“momiapm” (8 xr/m°) Ta THy “mikpoapm” (1,05 kr/M’) mocsraroThCs HaHBHINA
MIIHICT, Ha po3Tar mpu 3ruHi 11,40 MIla (nmepeBuiye BiAMOBIAHUN MOKa3HUK
HEapMOBAHOro OEeTOHYy Ha 68%), M0 Mae BEJNMKE 3HAYEHHS MpPU MPOCKTYBaHHI
AKOPCTKUX TIOPOKHIX OJISTIB.

5. AHal3 CTPYKTypH pO3pO0JICHOr0 OETOHY CBIIYUTH, IO BHCOKI
MOKA3HUKM MIIHOCTI Ha PO3TSAT MpPU 3TMHI Ta XapaKTEPUCTUKHU TPIIIMHOCTIMKOCTI
JOCATAIOTHCA B HACHIJIOK €(eKTy “MicTKa”, AKUi (hopmMyeTbes piOpOBHM BOJIOKHOM
IIPU TIOJTITUCTIEPCHOMY apMYyBaHHI OETOHY 1 CIIOBUIBHIOE PO3BUTOK MaKpOTPIIIUHU
B JOKPUTHYHIN cTajli JaedopMyBaHHS Ta YHMHHTH OIIp JAepparMeHTanii B
3aKPUTHYHIN cTaJli pyHHYBaHHS MOJIAUCIIEPCHOAPMOBAHUX OCTOHIB.

6. ITokazano, 10 MIOJTiTUCTIEpCHE apMyBaHHS OceTOHY
MOJINPOINIJICHOBUMU BOJOKHAMHM TPU3BOAUTH JO I1HTEHCHUBHIIIOI cTaOumi3amil
nedopmariiii 3cimanns (Ha 12 716) ta iX 3MmeHmieHHs Ha 26% TOPIBHSHO 3
HEapPMOBAaHUM OETOHOM.

7. HocmimkeHo  OymiBeIbHO-TEXHIYHI  BJIACTUBOCTI  OCTOHIB 3
KOMITO3UINIMHUM JUCTIEPCHUM apMyBaHHSM TOJIIPOINUICHOBUMU (pibpaMu TUITy
“nomiapm” Ta “MmikpoapM”. BCTaHOBIIEHO, 110 MILHICTh Ha CTUCK CTaHOBUTH 62,4
MlIIa, mMinHICTS Ha po3TAT Npu 3ruHl — 62,4 MIla, BogonoriMHaHHS 3a Macor —

2,3%, 3HmkeHHs MinHoCTl micast 400 UMKIIIB 3aMOpPOXKYBaHHSI — BiATaBaHHS —

9,8%, ctupanicts - 0,22 F/CMZ.

8. Ha BupoOHuuit 06a3i Il “3AXIJI-BETOH-BY/[” mnpoBeneHo
JOCTITHO-TIPOMHUCIIOBY  ampoOarfito  po3poOJIeHUX  MOJIIUCIIEPCHOAPMOBAHUX
OCTOHIB TpPU BUTOTOBJIEHI I[EMEHTHO-OETOHHOTO TOKPUTTS TAapKIHTY TIpH
CKIAAChKUX TpumilieHHsx y ¢. MypoBane (JIbBiBcbka OTI'). EdexkTuBHICTH B
BIIPOBA/DKCHHS PO3POOJCHUX TMMOJIAUCIIEPCHOAPMOBAHNX OETOHIB, A€ 3MOTY
3HM3UTHU TOBIIMHY KOHCTPYKIN 3 25 10 18 cM 13 3a0e3nedeHHsIM pO3paxyHKOBUX

KoediiieHTiB HaaiiHOCTI. [luToMUil eKOHOMIUHMM e(EeKT BiJ 3HUKEHHS BapTOCTI
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e . 2
MaTepiaiiB 1 BUKOHaHHSA poOIT ckiaaae 12 tuc. rpH Ha 1000 M° 1OpOKHBOTO

IIOKPUTTS.

125



CIIMCOK BUKOPUCTAHUX IKEPEJI

1. JiBopkin JI. 1. OcroBu 6etorosnasctea / JI. M. JIpopkin, O. JI. JIBopKiH.
— K.: OcHoBa, 2007. — 616 c.

2. Jlaukesuu, B. B. ba3zanpToBBIC BOJIOKHA, MaTepuaabl W u3Aeaus /
B.B. Jlankesuu, A.JI. CmupuoB, O.0. CemenoB // B c6. ba3aabToBOIOKHHUCTEHIE
Martepuaibl. — M.: MadopmkonBepcus, 2001. — ¢. 268-278.

3. Hxwurupuc [[. JI. OcHOBBI TPOHW3BOACTBA 0a3aJbTOBBIX BOJOKOH H
u3aenuit / Jxxurupuc, J1.J1., Maxoa M.®. — M.: Temnosnepreruk, 2002. — 412 c.

4.  Kypaecekuit  O. JI.  JlocmipKeHHS — TUIMT,  IJICHJICHHX
cranediopodoetonom / O. M. XKypascekuii, 1. O. [{uOGynbHuk // byniBenbH1
koHcTpykIli. — 2001, — Ne54. — ¢. 268-270.

5. KanmpikoBa HO. A. ITlomuMepHble KOMIMO3HUIIMOHHBIE MaTepHalibl Ha
OCHOBE BOJIOKOH pa3inyHON xumuyeckod npuponsl / FO. A. KaneikoBa, A. H.
JICOHTHEB,

O. I'. Bacunbesa, C. E. Apremenko // CtpouTenbHble MaTepualibl, 000py10BaHUE,
texHosorun XXI Beka. — 2002. — Ne6 — c. 10-11.

6. JleckoB C. I1. MuHU-3aBOJIBI SISl IPOU3BOJICTBA 0A3aJILTOBOTO BOJIOKHA
/ C.I1. JleckoB // Ctpoutensubie Matepuanbl. — 2001. — Ned. — ¢. 25-26.

7. Mopryn B. H. AxtyanbHOCTh TPUMEHEHUSI KOMIIO3UTHOM CTEPIKHEBOM
apmatypsl B ¢pubponenodetone / B. H. Mopryn, A. B Buchan, JI. B. Mopryn //
BectHuk JlerectaHCKOro TroCyZapCTBEHHOTO TEXHUYECKOTO YHUBEPCHTETA.
Texaunueckue Hayku. — 2015. — Ne4 (39). — c. 87-93.

8. Ilamenko A. A. ApmupoBaHWe OCTOHA CTEKIISSHHBIMUA CTEPKHIMH
/ A. A. Tlammenxko, B. I1. Cepbun, B. B. I'myxoBckuii // CTpoutenbHbie MaTeprabl
U KOHCTpYyKIuu. — 1986. — Ne4. — c. 32-33.

9. Tananosa K. B. Cranie¢u6poOeToH KOHCTPYKIIMU Ha €r0 OCHOBE [ TekcT]

/ K. B. Tamanoa, H. M. Muxees. — Cn6.: ®I'bOY BIIO III'VIIC, 2014. — 276 c.

126



10. ®ubpoberon. OcoOeHHOCTH U TMEPCHNEKTUBBI NPUMEHEHHUS B
cTpouTenbHbIX KOHCTPYKIUAX / CTpol [PODUns. — 2003. — Ne2. — ¢. 67-69.

11. ®unumonoBa H.B. CreknopubpodeToH — MaTepual, KOTOPBI HYXEH
BceM! / CrpoutenbHble MaTepuaibl, o0opyaoBanue, TexHomorun XXI Beka. —
1999. — Ne3-4. — c¢. 55-59.

12. PabunoBuu @®. H. beToHsl, gucrepcHo - apMUPOBAHHBIC BOJIOKHAMHU.
0630p BHUNOCM — M., 1976.—-73 c.

13. PabunoBnu @. H. JlucmepcHo apmupoBaHHBIE O€TOHBL. — M.:
Crpoitnznat, 1989. — 176 c.

14. Surface treated polypropylene (PP) fibres for reinforced concrete /A.M.
Lypez-Buendha,, M. D. Romero-Sanchez, V. Climent, C. Guillem // Cement and
Concrete Research.— 2013. — Ne 54. — p. 29-35.

15. bazanos C.M. VYiyuieHnue kauecTBa O€TOHa Ha OCHOBE HCIIOIb30BaHMUS
cMmenaHHbix BUA0B BosiokoH /C. M. bazanoB, M.B. TopomnoBa //[EnekrponHuit

pecypc]. — Pexxum moctymy: http://www.ibeton.ru. (nara 3Bepuenns: 17.02.2018).

16. ®ubpoberoH. OCOOEHHOCTH U TEPCIEKTUBHI TPUMEHEHHUS B
cTpouTenbHBIX KOHCTPYKIHUAX / CTpol [PODUns. — 2003. — Ne2. — ¢. 67-69.

17. Ghanbari A. Prediction of the plastic viscosity of self-compacting steel
fibre reinforced concrete / Ghanbari A., Karihaloo B. L. // Cement and Concrete
Research. — 2009. — Ne 39. — p. 1209-1216.

18. Szwabowski J. Technologia betonu samozageszczalnego / J.
Szwabowski, J. Golaszewski. — Krakow Stowarzyszenie Producentov Cementu,
2010. - 160 p.

19. benstuncekuit A. O. IlepcnexkTtuBu 3acToCyBaHHS 0a3albTOBOTO
BOJIOKHa-(10pu npu OyTIBHUITBI i peadutiTalii JOPir 1 3MITHIX CMYT aepOApPOMIB /
A. O. benstuncekuii, K. B. Kparomkina J[. f. [Nriaeitmsini // JlopoxHs ramy3nb
VYkpaian — Ne6 — 2014p. — c. 28-32.

20. I'ou B. 1. BusiyroByBanHs 6a3aibTOBOrO BOJIOKHA PI3HUX MOJUDiKaIii

/ B. 1. Ton, II. II. Tlanmbuuk, C. II. [lnepa, O. FO. Pe3nik // PecypcoekonomHi1

127


http://www.ibeton.ru/

MaTepiaiu, KOHCTPYKLii, OyAiBil Ta cnopyau. 30ipHUK HAyKOBHX Mpalb. — PiBHe.
2010, — Bum. 2010. —c. 17-22.

21. Kmumor 1O. A. 3akiioueHwe 1O pe3yibTaTaM IPOYHOCTH Ha
pacTsbkeHue Tpu  u3ruOe OeToHa, apmupoBaHOro OaszanmpTOoBOW  (PuOpOH
npousBojactBa TOB "TexnoOazanbunuBect" / FO. A. Kmumos, P. A. Iluckyn //
HayuHo-npousBojictBeHHOE npeanpusarue "byakonctpykuus”, Kues, 2007. — 13 c.

22. Jleckom C. I1. Munam-3aBOABI 7151 TPOU3BOICTBA 0A3aILTOBOTO BOJIOKHA
/ C. IL. JleckoB // Ctpoutenbhubie MaTepuansl. — 2001. — Ned. — c. 25-26.

23. KamgpikoBa 1O. A. IlonmmMepHble KOMIO3WIIMOHHBIE MaTepUajibl Ha
OCHOBE BOJIOKOH pa3inyHON xumuyeckod npuponsl / FO. A. KaneikoBa, A. H.
JleoHTneB, O. T'. Bacunbesa, C. E. Apremenko // CTpoutenbHble MaTepHUabl,
obopynoBanue, Texnonoruu XXI Bexa. — 2002, — Ne6 — c. 10-11.

24. @®ubpodberoH. OcOOCHHOCTH U TEPCIEKTUBBI TNPUMEHEHHUS B
cTpouTeabHbIX KOHCTPYKIUSAX / CTpor[IPODUIb. — 2003. — No2. — ¢. 67-69.

25. BCH 56-97. IlpoektnpoBanrne W OCHOBHBIC TOJIOKCHHUS TEXHOJOTHN
MIPOM3BOJICTBA buOpoOETOHHBIX KOHCTPYKIIUI // JACHTY HUAIL]
"CTPOUTEJIbCTBO". — M., 1997. - 172 c.

26. 3akiroueHue O pe3yJbTaTaX CpPaBHUTEIBHBIX HCHBITAHUNA OOpas3IoB
TspKesoro 6erona u pudbpobdeToHa, rie B kKauecTBe (PruOphI NCIOIB30BaHbl BOJOKHA
apMupyromme noaunponuiaeHoBsie npousBojactBa OO0 "IUud". — JloHeuk:
Honeukwuit [IpomctpoitHUUnpoekt, 2004. — 14 c.

27. EkcmepTHHMiA  BHCHOBOK TIPO  MOJXJIMBICTP ~ BHKOPHCTaHHS
nomnponineHoBoi ¢i16pu BupooHunTBa TOB «CIIELIHAB» y nopoxHboMy
oynieaunrei. — K.: lep>xxnopH/I, 2007. — 22 c.

28. Otuer o Hay4dHO-HCCieAOBaTelnbckol pabore «IIpoBenenue
CPaBHUTEJBHBIX MCIBITAHUNA TI0 OTPESICHUIO BIUSHUS BOJIOKHA apMHUPYIOIIETO
nonunpormieHoporo — BAIIL (pubpsr), TY V 32781078.002-2004, Ha cBoiicTBa
OCHOBaHUS [JI1 TIOJIOB M3  MEJIKO3EPHUCTOrO OC€TOHA  (CTSDKKH)». —

Huenponerposck: OAO "IHUUCII", 2006. — 16 c.

128



29. Ilyxapenko FO.B. Hayunbsle u mpaktuyeckue OCHOBBI (POPMHUPOBAHUS
CTPYKTYPBI U CBOMCTB (priOp0oOETOHOB: AMcC. AOKT. TexH. HayK / [Tyxapenko FOpwii
Bnagumuposuu. CIIGI'ACY. — CII6, 2005. — 315 c.

30. K Bompocy mnpuMeHEHUs HECKOJbKUX BHIOB (HUOp s AMCTIEPCHO
apmupoBanHbix 6etoHoB / [KioeB CB., Jlecouk P.B., KitoeB A.B., bonnapenko
J.0.]. BectHuk  benropoickoro - rocyJapCTBEHHOTO  TEXHOJIOTMYECKOIO
yauBepcuteta uM. B.I'. llyxosa. — Ne 94, — 2012. — C. 81-83.

31. Ilyxapenko HO.B. TlommmucnepcHoe apMHUpOBaHUE CTPOMUTENBbHBIX
KoMIio3utoB — ¢uodpodberonoB / HO.B. Ilyxapenko, WN.Y. AybGakupoma //
Texnomoruu 6etonoB. 2011, Nel-2. — C. 28-29.

32. Tomanues B.A. CpolictBa W OCOOCHHOCTH MOJUAPMHUPOBAHHBIX
(¢bubpoOeToHOB: uc. KaHI. TexH. HayK / B. A. ['omanues. — JI., 1990. — 214 c.

33. Bucoxominui CaMOYIITHHIOBAIBHI OeTOHH Ha OCHOBI
JUCTIEPCHOAPMOBAHUX IeMeHTyrounx cucteMm / [Canunpkuii M. A., Mapymiak V.
., KipakeBuu I. I., Creuniun M. C.]. ByniBenbHi matepianu 1 Bupoou, 2015. — Ne
1.-C.6-9.

34.Griffith. A.A. The phenomenon of rupture and flow in solids // Phil
Trans. Roy. Soc. Ser. A. —1920. — P.128-154.

35. Griffith A. A. The theory of rupture // In: Poc.1 Congr. Appl. Mech.
Depft, 1924 — P.55-63.

36. Westergaard H.M. Bearing pressures and cracks // 1. Appl. Mech. —
193. - V. 6, No 2. — P. A49-A53.

37. Sack R.A. Extension of Griffith theory of rupture of three dimension //
Proc. Phys. Soc. —1946. — V.58. — P.729-756.

38. Sneddon I. N. The distribution of stress in the neighborhood of a crack
in an elastic solid // Proc.Roy. Soc. Ser. A. —1946. — V.1987. — P.229-260/

39. Williams M.L. On the stress distribution at the base a stationary crack //
Journ. Appl. Mech. —1957. —v.24, Ne 1. —P. 109-114.

40. Mopo3oB H.P. MaremaTtuueckue BONPOChl MEXAHUKU TPEHIUH. — M.:

Hayka, 1984. — 256 c.
129



41. MycxemumBuin H.M. HekoTopsle OCHOBHBIE 33/1a4l MaTEMaTUYECKOM
Teopun ynpyroctu. — M.: Hayka, 1966. — 707 c.

42. Ilanacrok B.B. MexaHnka KBa3uxpymnkoro pa3pymieHus MaTepualioB. —
K.: Hayk. nymka, 1990. — 545 c.

43. [Tanactok B.B. IIpenenbHoe paBHOBECUE XPYIKUX TEJ C TPECIIMHAMU. —
K.: HaykoBa nymka, 1968. — 545 c.

44. Tlapron B.3., Mopo3zoB E.H. MexaHuka ynpyromiacTU4ecKoro
paspymenus. — M.: Hayka, 1985. — 240 c.

45 JleonoB H.A. Mexanuka nedopmanuu u pazpyumenus. — Opynse: UibH,
1981. — 236 c.

46. YepemanoB I'.Il. Mexanuka xpynkoro paspymenus. — M.: Hayka,
1974. — 640 c.

47. bepemnuukuid JLI'., [lanactok B.B., Cramyx H.I'. B3aumopeiictBue
JMHENHBIX BKIIOUEHUN U TpeluH B neopmupyemom tene. — K.: HaykoBa mymka,
1983. — 288 c.

48. Cramyk H.I'. 3agaun MexaHUKU YIPYTUX TN C TPEIIMHONOAOOHBIMU
nedexramu. — K.: HaykoBa nmymka, 1993. — 360 c.

49. Mexanuka paspylieHus U nmpoyHocTh maTepuanoB / Crpas. [locoOue.
ITox pen. B.B. Ilanacroka. — B 4-x Tomax. — K.: HaykoBa nymxka, 1988-1990. —
T.1. OcHoBbl Mexanuku paspymeHus. — 499 c. — T.2. Koadduuuents
WHTCHCUBHOCTM HANpSHKEHUM B Telax cC TpemmHamu. — 620 c. — T.3.
XapakTEepUCTUKN KPATKOBPEMEHHOW TPEUIMHOCTOMKOCTH MaTE€pPUAIOB U METOJIbI
ux HaOmoaeHus. — 436 c¢. — T.4. YcranocTs ¥ NUKINYECKAs] TPEHUMHOCTOMKOCTD
KOHCTPYKIIMOHHBIX MaTepuasios. — 680 c.

50. Neville A.M. // Civ. Eng. (London). — 1959. 54. — P. 1153-1156.

51. Glucklich J. Fracture of plain concrete // J. of Eng. Mech..,
ASCE,1963, EM 6. — P.923-948.

52. Glucklich J . The effect of microcracking on time-depend deformations
and the long term strength of concrete // Int. Congress on the Structure of Concrete

/ London, 1965. — P. 278-289.
130



53. Kaplan H.F. Crack propagation and the fracture of concrete/ ACI
Jornal, V.58. — 1961. — Ne 5.

54. Brown J.H. Measuring of the fracture toughness of cement paste and
mortar // Mag. Of Concrete Res., vol.24. —1972. — # 81. — P. 185-196.

55. Naus D.J., Lott J. L. Fracture toughness of Portland cement concretes //
ACI Jornal, v. 66. — 19609.

56. Naus D.J., Batson J.B., Lott J. L. of Concrete // Fracture Mechanics of
Ceramics, vol. 2. — 1974.

57. Evans E.G. and others. The Fracture Mechanics of Mortars // Cement
and Concrete Research, 6. —1976. — Ne 4.

58. Kitigava K. Suyama V. Fracture mechanics study on the size effectfor
the strength of cracked concrete materials. Proc. 19-th Conference Mater.
Research. Kyoto. — 1970.

59. Lott J., Kesler C. Crack propagation in plain concrete — SR 90,
Highway Research Board, 1966. — P. 118.

60. McClintock F.A., Walsh J.B. Friction on Griffith crack in rock under
pressure. — Proc. 4-th U.S. National Cong. Of Appl. Mech., 1962, v.11. — P.1015-
1021.

61. Bomobolakis E. G. Photoelastic stress analysis of crack propagation
within a compressive stress field // PhD. Thesis:Massachusetts Ins.of Tech., Feb.
1963. — P. 34-39.

62. Spema C.A., Kpectun I'.C. Onpenenenre MOy CUETUICHHUS XPYTIKUX
MaTepuaJioB MyTEM HCIBITAHUN JUCKOB C TPEIIMHOW Ha cxkatue // dDizuko-xiMiuHa
MexaHika marepianiB. — 1966. — Nel. — C.10-14.

63. ITak A.Il. u gp. 3aBUCMMOCTh KPUTHYECKOTO 3HAYEHUS KOA(DUIIMEHTA
WHTEHCUBHOCTH HANPsHKEHUN OeToHa OT niuHbl Tpemunsl // U3Bectus BHUUT . —
T.136, 1980.

64. ITak A.Il. u ap. BiusiHue BUaa HANPSIXKEHHOTO COCTOSTHUSI HA 3HAYCHUE

XapaKTEPUCTHK TpemuHocTorkocT O0eroHa // M3sectust BHUUI. — T.147, 1981.

131



65. Ilak A.Il, TpanesnukoB JLII. SkoeneBa 3O.H. WccinenoBanue
XapaKTePUCTHK TPEIIMHOCTOMKOCTH OETOHA MPH OCEBOM PACTSLKEHHUU U H3rude
obpas1oB ¢ Haapesamu // U3sectuss BHUUI'. — T.163, 1983. — C. 29-37.

66. Ilak A.Il, TpanesnukoB JLII. DkcnepuMeHTanpHas NPOBEpKA
TUINO0TE3bl 0000IIEHHOT0 HOpMabHOTO pa3phiBa // DXMM. — 1979. — Ne 3.

67. 3aiiie F0.B. MonenupoBanue nedopManuii U MPOYHOCTH OeToHa
METOJIJaMU MeXaHUKHU pa3pymienus. — M.: Ctpoiinznar, 1982. — 196 c.

68. 3aitnieB 10.B. HoBoe B cTpoutensHoil Hayke. — M.: 3nanue, 1986. — 64

69. 3annes 10.B., Caxu .M., IlupanoB K.A. Mexanuka paspyuieHHs
OETOHOB Pa3IMYHON MaKpOCTPYKTYyphl. — M.: MT'OY, 2002. — 225 c.

70. 3aimeB 10.B, Kpacnosckuit P.O., Kosnep K.JI, Taxep
A.TpeumHOCTOMKOCTh OETOHOB € pPa3IMYHOM CTENEHbIO HEOAHOPOJHOCTH
cTpykTypu // beton u xenezoberon. —1989. — Ne 11. — C. 10-12.

71. 3aunes [0.B,. Kazaukuit M.b., llaaBa ['.®. K nHOopmMupoBanuto
sHaueHuit Klc nmsa menkozepHucThix 6eToHOB / betoH u xene3obeton. — 1984, —
Ne 6. - C. 23-24.

72. EntoB B.M., fAryct B.U. DOkcnepuMeHTalbHOE HCCIEIOBAHUE
3aKOHOMEPHOCTEH KBa3UCTATUYECKOTO pa3BUTHs TpeuH B Oetone // M3. AH
CCCP. - MTT, 1975. — Ne 4. — C.93-103.

73. Aryct B.M1 O rpanunax objacTv MPUMEHEHUS JTMHECHHON MEXaHUKH
paspymieHus Kk 6etony // beton u xene300eTon. — 1982. — Ne 6.

74. Sryct B.M. ComnpoTuBieHHE pa3BUTHUIO TPEUIMHbI B OETOHHBIX
KOHCTPYKLHUSAX C YYETOM MHUKPOCTPYKTYpbl Marepuana: ABToped. AHC... KaHI.
TexH. HayK. — M..MHHUUTO, 1982. — 24 c.

75. Kosnep K.JI. IIporHo3upoBaHue pa3BuTHs CHIOBBIX TPEIIUH B
HECYIIUX CTEHOBBIX KOHCTPYKIMSX KPYMHOIMAHENBHBIX 37aHuil: ABTOped. nuc...

KaHa. TexH.. Hayk. — M.:.MUCH, 1985. - 21 c.

132



76. llleBuenko B.M. IIpumeHeHne METOJOB MEXaHUKH pa3pyLUEHUs IS
OLIEHKH TPEUIMHOCTOMKOCTH U JOJATOBEYHOCTH OeToHOB. — Bonrorpan: BonrlCH,
1988.

77. 1lleBuenko B.M. DOnHepretndeckuii MOAXOJ K OIEHKE BSI3KOCTH
pa3pylIeHHs IEMEHTHOTO KamMHs U OetoHa //  beToH u xkene300eToH. — 1985. — Ne
1. - C.35-36.

78. I'yzeeB E.A., CeiinanoB JI.A., llleBuenko B.W. Ananus paspymeHus
O0eToHa MO MOJIHOCTHIO PAaBHOBECHBIM auarpammam nedopmupoBanus // betoH u
xkere300eron. — 1985, — Ne 10, — C. 10-11.

79. I'yzeeB E.A., llleBuenko B.U., Cennanos JI.A. McciienoBanne CUIoOBbIX
Y SHEPTeTHUYECKUX MapaMeTPOB pa3pylIeHUs OETOHA MO MOJHOCTbIO PAaBHOBECHBIM
nuarpamMmmaMm  ero  aedopmupoBanust // U3B-1 BY3oB. CrpouTensctBo u
apxutekrypa. — 1986. — Ne 8. — C.1-5.

80. Ilepdunor B.A. Poct tpemmn B 6etoHe. — Bonrorpan: Bon['ACA. —
2002.— 82 c.

81. Ilepdpunos B.A. Omnpenenenrie KpUTHUECKON JJIMHBI MarucTpaibHON
TpemuHbl B 6eToHe // CtpoutenbcTBo U apxutektypa. — 2004, — Ne 11. — C. 108—
111.

82. UybOpukoB B.M. K wmetomuke omnpeaeneHusi IUIOTHOCTH EHEPTrUu
pa3pyiieHus 0eToHOB. // PU3NKO-XUMUYECKash MeXxaHuka martepuaioB. — T.21. —
1985. — Ne4. — C. 113-115.

83. UyOpukoB B.M. OcoOeHHOCTM  ompelereHusi KpUTEpPUEB
TPEIIMHOCTOMKOCTH B MEXAHHMKE paspylleHus OeToHOB // DU3MKO-XUMHUYECKas
MexaHuka marepuanion. — T.23. — 1987. — C. 120-121.

84. Upanuukuii AJI., Jlyuko W.M. Meroguka onpeaeneHus
TPEIMIMHOCTOMKOCTH O€TOHA TMPU CIOKHOM HANpPSHKEHHOM cocTtosiHnu // beToH u
xene300eToH. — 1986. — Ne 10. — C. 24-25.

85. Jlyuko WM.M., Cymum I'.T., Kup’su B.I. Mexanika pyiHyBaHHS
MOCTOBUX KOHCTPYKIIii Ta METOAM MTPOTHO3YBAHHS 1X 3aJMIIKOBOI JOBTOBIYHOCTI /

HAH Vxpaian ¢is.-mex. in-T im. I'.B. Kapnenka / 3a pex. .U, JIyuka. — JIbBiB:
133



Kamensp, / MexaHnika pyiiHyBaHHSI Ta MIIIHICTb MaTepiaiiB: JIOBIIHUK. TOCIOHUK.
T.6.—2004. — 885 c.

86. JIyuxo M.J1. 3acTocyBaHHS METOJiB MEXaHIKM PyHHYBaHHS IS OLHKH
MIIIHOCTI Ta TPINUHOCTIMKOCTI 3a1i300€TOHHUX KOHCTpYyKIiK // bBymniBenbHi
KoHCTpykii: 30. Hayk. mpais. — K: HIIIBK., 2005. — Bun. 62. — C.180—-188.

87. Jyuxo M.M., Uy6pixos B.M., Jlazap B.®. MiugicTs, TpilMHOCTIAKICTD
1 TOBrOBIYHICTh OCTOHHUX 1 3aJ1i300€TOHHUX KOHCTPYKIIIA Ha 3acajgaX MEXaHIKH
pyinyBanns / HAH VYkpainu, ¢iz.-mex. iH-T iM. I'.B. Kapnenka, JIsBiB, Kamensip.
—1999. - 348 c.

88. Trmitiok A.A., CaBunkuii H.B., Becemosckuit [I.P., Ilupagos K.A.
Hcnonp3oBaHne METOJOB M NPUHUUIOB MEXAaHUKU  pas3pylleHHs s
WCCJICTIOBAaHMSI CBOMCTB OETOHOB, MOABEPKEHHBIX BO3/ICHCTBUIO arpeCCUBHBIX CPET
// BynmiBenbH1 KoHCTpyKIli: 36. Hayk. mpame. — K: HJIIBK., 2005. — Bum. 62. —
C.343-350.

89. bnixapcekuii 3.5. HanpykeHo-nepopmoBaHuil cTaH 3a1i300€TOHHUX
KOHCTPYKLIN B arpeCUBHOMY CEpEIOBHILI NPH 11 HaBaHTaXeHHA: ABTOped. AucC...
n-pa. texs. Hayk: 05.23.01/ K.: KHYBA, 2005. - 37 c.

90. bmixapcekuii 3.4., Cramyk M.I'., Mamuk O.M. Teoperuuni Ta
EKCIIEPUMEHTAJIbHI TOCHIIKEHHS KOPO31MHUX pyHHYBaHb 3a/11300€TOHHUX OAJIOK B
arpecuBHOMy cepenoBuill // BicHuk Opecbkoi akaa. 0-Ba Ta apx.-pu. — Opeca:
OIA BA, 2003. — Ne10. — C.22-29.

91. borman C.IO., XaBkun A.K. Meron MeXaHMKH pa3pylICHUS IpU
aHaJIM3€ COCTOSIHUSI TPEIIMH >KENe300€TOHHMX KOHCTPYKUbIA // ByniBenbHi
KoHCTpyKIii: 30. Hayk. npars. — K: HJ{IBK., 2005. — Bum. 62. — C.77-80.

92. bornan C.IO. Bu3zHaueHHs I'paHUYHUX CTAHIB €JIEMEHTIB OETOHHUX 1
3aJ11300€TOHHUX KOHCTPYKIIIM METOJIaMU MEXaHIKU pyWHyBaHHS: ABTOped. mucC...
KaH[.. TexH. Hayk. — K: Haykoswuii cBiT, 2002. — 19 c.

93. XKykosckuii [.H. O koppensiunm Mexay BA3KOCTBIO pPa3pylICHUs

O0eToHa M ero MPOYHOCTHIO Ha pacTsikeHue // beton u xene300eToH B YKkpauHe. —

2006. — Ne 6. — C.17-23.
134



94. betoH, apMupoBaHHBIN BONOKHaMU // CTPOUTENBCTBO U apXUTEKTypa:
ped. wadopm. (IIMHUC). — M., 1975. — Bem.22. — C. 13-14. — Cep.7.
(CtpoutenbHble MaTepyabl U U3IETUs).

95. Ilyxapenko IHO.B. Bricoxonpounslii cranepudbpodberon / HO.B.
[Tyxapenko, B.IO. T'ony6eB // [IpoMbIlIIIEeHHOE U TPaXKJaHCKOE CTPOUTEIBCTBO. —
2007. — No9. — C. 4041

96. Ilyxapenko FHO.B. Hayunsle u mpakTuyeckue OCHOBBI (POPMHUPOBAHUS
CTPYKTYpPBI U CBOMCTB (prOpOOETOHOB: AMC. JOKT. TexH. HayK / [Tyxapenko FOpuii
Bnagumuposuu. CIIGI'ACY. — CII6, 2005. — 315 c.

97. BnusHrE HEKOTOPHIX XapaKTEPUCTHK OTPE3KOB CTATBHOW MPOBOJIOKU
Ha CBOMCTBa OE€TOHA, apMHUPOBAHHOTO ATHUMH OTpe3kaMu. CTpOUTENbCTBO U
apxutekrypa: ped. uapopm. (LIMHUC). — M., 1974. — Bem.17. — C 6-8.

98. TomyGer B.}O. O wmertomax ompezeneHuss BSI3KOCTH pa3pyLICHUsS
BbIcOKOTIpoyHOro Oetona / B.FO. TomyGe // [Hoknaasl 65-if Hay4dHOU
KoH(epeHIuu TnpodeccopoB, TMpenoaaBaTenel, HAyYHBIX PYKOBOJUTEIEH,
WHXKEHEpoB U acnupanToB yHuBepcuteta. Y.I. — CII6: CII6BIACY, 2008. — C.
205-207.

99. Ilyxapenko HO.B. O Bsskoctu paspymenus (uopodberona / HO.B.
[Tyxapenko, B.FO. Tony6eB // Bectauk rpaxmanckux uxxkeHepo. — 2008. —
Ne3(16). — C. 80-83.

100. ITyxapenxo FO.B. IlpoexktupoBanue coctaBa U UCCIEIOBAaHUE CBONCTB
BbICOKOINpOYHOro craneguopoderona / HO.B. Ilyxapenko, N.Y. AyOakupona,
B.IO. Tomy6es // 1II Tperbss MexayHapoaHasi BbICTaBKa-KOH(MepeHUUs
"IMommynsipaoe 6etonoeaeHue 2009": — ¢6. goki., 2009. — C. 74-79.

101. PaGunoBnu @.H. [lucmepcHo apmupoBanubsie Oetonsl / @.H.
PabunoBuy. — M.: Ctpoituzaat, 1989. — 174 c.

102. CgBoiicTBa BOJOKOH U 0O€TOHA, apMHUPOBAHHOTO BOJIOKHAMH.
CrpoutenbctBo U apxurektypa: ped. uapopm. (HMHUC). — M. — 1974, — Boin. 14.

—C. 12-15. — Cep.7. (CtpoutenbHble U3AEINS U KOHCTPYKIIHH).

135



103. PactsxumMocTh W Hadajgo oO0Opa3oBaHUS TPEIIMH B OETOHE,
apMUPOBAHHOM OTPE3KaMU CTaIbHON MPOBOJIOKH. CTPOUTENBCTBO U APXUTEKTYpa:
ped. uadopm. (HUHUC). — M. —1975. — Boin.9. — C. 9-12.

104. PomanoB B.II. K Bompocy o0 mpenene TpemUHOCTOWKOCTH
¢budpobetona Ha pactsbkenue / B.I1. PomanoB // MccnenoBanue HOBBIX THIIOB
MPOCTPAHCTBEHHBIXKOHCTPYKIMA TPaXAAHCKUX 3JIaHUW U coopyxkeHuil. — JI.,
1977. - C. 96-105.

105. CraBpoB [I'.H. CocrossHue © NEpCHEKTUBbI MPUMEHEHUS
ctaiepuOpobeToHa B KOHCTPYKIHUAX,  IOJBEPKEHHBIX  JUHAMUYECKHM
BoznericteusiM / I'.H. CraBpo, B.Il. Pomanos, WN.JI. 3axapoB // Ilpumenenue
cranepudpodbeTona B crpoutenbcTBe. — JI., 1985. — C. 55-58.

106. TI'puropre B.M. HampsixeHHO-IeQOPMUPOBAHHOE COCTOSIHUE
cTaneuOpoKene300eTOHHBIX ~ M3rM0aeMbIX  AJIEMEHTOB IMPU  HMITYJIBCHOM
BO3JIeHiCTBUM: aBTOped. AMC. ... KaHA. TexH. Hayk / B.W. I'puropnes. JleHunrp.
WHXXEHeEp.-cTpouT. uH-T. — JI., 1987. — 24 c.

107. Kypbaros JIL.I. OO0 »sddexTuBHOCTH OETOHOB, APMUPOBAHHBIX
ctanbHbIMUA PpuOpamu / JL.I'. Kypoaros, ®.H. PabunoBuu // beToH u xene300eToH.
—1980. — Ne3. — C. 6-8.

108. KypbaroB JI.I. TpeumHOCTOMKOCT W PACKPHITUE TPEIIUH B
u3rubaemeix crainepudpodeTonnsix 3nementax / JLI'. Kypboaros, B.H. Ilonos //
[IpocTpaHCTBEHHbIE KOHCTPYKIIMU B TPAXKIAHCKOM cTpoutenbeTrBe. — JI., 1982, —
C. 33-42.

109. T'onanmeB B.A. CgoiictBa M OCOOCHHOCTH TMOJIMAPMHUPOBAHHBIX
¢bubpobeToHOB: nuc. KaH. TexH. Hayk / B. A. 'omannes. — JI., 1990. — 214 c.

110. JACTY b B.2.7-227:2009 beroun. MeToagu  BH3HAYCHHS
XapaKTEPUCTUKN TPINTUHOCTIHKOCTI (B S3KOCTI pPyHHYBaHHS) TMPU CTAaTUYHOMY
HABaHTA)KCHHI.

111. Conomkmii C.M. TpiumHocTiiikicts GeToHiB Ha MOmM]IKOBAHMX

nemeHTax: Monorpadis. — JI.: Bugasaunrso HY “JIIT”. 2008. — c. 144.

136



112. ACTY b B.2.7-214:2009 bynisensni Martepianu. beronu. Metonu
BU3HAYEHHS MIITHOCTI 32 KOHTPOJIBHUMU 3pa3KaMH.

113. ICTY b B.2.7-214:2009 byniBensHi Marepianu. betonn. Metoau
BU3HAYCHHS MIITHOCTI 32 KOHTPOJLHUMH 3pazkamu/

114. ICTY b B.2.7-216:2009 byniBensHi Marepianu. betonn. Metoau
BU3HAUYCHHs JieopmMaliiii ycajaku Ta MoB3y4dOCTi.

115. ICTY b B.2.7-170:2008 byniBenbHi matepianu. beronn. Metoau
BU3HAYECHHS CEPEIHbOI TYCTHHHU, BOJOIOCTi, BOJOMOTJIMHAHHS, MOPHUCTOCTI 1
BOJIOHETIPOHUKHOCTI.

116. ACTY b B.2.7-114-2002 Cymimii 6etonHi. Mertoau BUIIPOOyBaHb
(T'OCT 10181-2000).

117. ACTY b EN 1097-1:2015 Metoaun BunpoOyBaHb MEXaHIYHHMX 1
GIBUYHUX  XapaKTEepUCTHK 3amoBHIOBauiB. YactuHa 1. Busznadenns omnopy
crupanocTi (micro-Deval) (EN 1097-1:2011, IDT).

118. Conomkxuii C.JM. MaremariuHe MOJEIIOBAHHA Ta ONTHMIi3allis
Oy/IBEIbHUX KOMIIO3HUTIB / C.JM. Comnoukwii, L. Ilenemxo, P.M. Pycun, B.B.

Opuenko. JI.: Bugagaumrso HY “JIIT”. — 2006. — C. 92.

137



JIOJATKU

138



JHonatoxk A

CMACOK OMYBJIKOBAHUX MPAIIb 3A TEMOIO JIMCEPTALIT

Ilyonikauii y naykoeux nepioouuHux 6UOAHHAX IHWUX Oepircas ma
6UOAHHAX YKpainu, AKi 6K1I04EHO 00 MIXCHAPOOHUX HAYKOMEMPUUHUX 0a3:

1.  JocmimkeHHsT TPINTUHOCTIMKOCTI Ba)KKUX OCTOHIB Ta MiHOOETOHIB,
apMOBAaHMX IONIIPOILIEHOBOO (ibporo s nopokuboro OymiBauuTea / C. M.
Conoaxkuii, B. O. Karaunos, 1. b. I'opnikosceka, FO. B. Typ6a // Eastern-European
Journal of Enterprise Technologies = CxigHO-E€BpONCHCHKHIA KYPHAT TMEPEIOBUX
texHosorii. 2015. Ne 4/5 (76). P. 40-46. (Scopus).

2. Turba Y., Solodkyy S. Crack resistance of concretes reinforced with
polypropylene fiber. Lecture Notes in Civil Engineering. 2020. Vol. 100 :
Proceedings of 2nd International scientific conference on EcoComfort and Current
issues of civil engineering EcoComfort 2020, Lviv; Ukraine, 16-18 September
2020. P. 474-481. (Scopus).

3.  Turba Y., Solodkyy S., Markiv T. Strength and fracture toughness of
cement concrete, dispersedly reinforced by combination of polypropylene fibers of
two types. Lecture Notes in Civil Engineering. 2020. Vol. 47 : Proceedings of CEE
2019. Advances in resource-saving technologies and materials in civil and
environmental engineering. P. 488494,

Cmammi y naykoeux ¢paxosux euoannax Ykpainu:

4. Comomxuii C. 1., Typ6aO.B. EKcnepuMeHTaIbHO-CTATHCTHYHE
MOJICTIIOBAHHSI ~ TPINUHOCTIMKOCTI OETOHIB, apMOBaHUX MOJIMPOIiJICHOBOIO
¢16poro. HaykoBi HOTaTKM : MIDKBY3IBCbKMM 30IpHMK (32 ranay3siMd 3HaHb
“Texuiuni Hayku”). 2014. Bun. 46. C. 512-515.

5. Comoxkuit C. 1., Typ6alO.B. EkcnepuMeHTaIbHO-CTATHCTUYHE

MOJICJIIOBaHHSI ~ TPIIIMHOCTIMKOCTI O€TOHIB, apMOBaHUX MOJIMPOMIICHOBOIO

139



¢i6poro. Yactuna II. Bicuuk Hamionanesnoro yHiBepcutety '"JIbBiBChbKa
nomitexnika". Cepis: Teopis 1 mpaktuka OyniBaunTea. 2015. Ne 823. C. 298-302.

6. Cononkuii C. ﬁ., Typ6a FO. B. IligBuieHHs TPITUHOCTIMKOCTI
JTUCIIEPCHO apMOBAHMX TOJIMPOMNUICHOBOIO (HiOpor0 OETOHIB TEXHOJIOTIYHUMU
yuHHUKaMu. BicHuk Opechkoi JiepaBHOI akajieMii OyIBHHUIITBA Ta apXiTEKTYpH.
2017. Bun.66. C. 99-105.

Hayko6i npaui, w0 niomeepoxcyiomv anpobauyiro mamepiaiie
oucepmauii:

7.  EdexTuBHICTH JVCIIEPCHOTO apMyBaHHS 3a KpUTepieM
TpimuHoCTiiikocTi 6eTony. / ¥0.B. Typ6a, C.M. Conoakwuii // Te3n momosineit
LXVIII  naykoBoi  koH(pepeHmlii mnpodecopchbKo-BUKIAIABKOTO  CKIIATY,
acmipaHTiB, CTYJEHTIB Ta CIIBPOOITHUKIB  BIIOKPEMJIEHUX CTPYKTYPHHUX
nigpo3auis yHiBepeutery. Kuis: HTY, 2012. C. 181-182.

8.  Crack resistance of concrete, reinforced with fiber of different types. /
Solodkyy S., Turba Y. // 18-th Internationale Baustofftagung. IBAUSIL. Weimar,
2012. P 2.12. - S. 2-0561- 2-0567.

9. TpimmHOCTIMKICTh OETOHIB ApMOBAaHUX IMOMIMPOIiJIEHOBOIO (hidporo. /
Cononkuit C.J1., Typ6a FO.B. // Matepianu MixHapoaHOi HayKOBO-TEXHIYHOI
koHpepenIii “CydyacHi TeXHOJIOTIi OyIBHUIITBA Ta €KCILIyaTallli aBTOMOOITEHHUX
nopir”. Xapkis, 14-15 muctomama 2013.  C. 198-202.

10. Improvement of the fracture crack resistance of the dispersion-
reinforced concrete / Solodkyy S., Turba Y // 19. linternationale Baustofftagung.
IBAUSIL. Weimar, 2015. Band 2. P.2-1075-2-1082.

11. Crack resistance increase of dispersive reinforced road concrete /
Solodkyy S., Turba Y // XV International Scientific Conference “Current issues of
civil and environmental engineering and architecture”. Rzeszow, 2015. P. 80-81.

12. BrumB aucnepcHOro apMyBaHHS MOJINPOIiJIEHOBUMHU (iOpamMu Ha
NIJBUILIEHHS TPIIMHOCTINKOCTI nopoxHix OetoniB/ FO.B. Typba, T.M. ®ux //

MopepHizalisi Ta CydyacH1 TEXHOJIOT1T TPAaHCHOPTHOTO OyAiBHUITBA : MaTepianu 11

140



BceykpaiHchkoi HayKOBO-TIPAaKTUYHOI OHJIaH-KOH(pepeHiii, 23 nucromana 2017
p., JIsBiB. 2017. C. 68-74.

Bioomocmi npo anpobauito pezyiomamie oucepmauii-

I wmixnHapomHa HayKOBO-TexHIYHA KoH(epeHiis ‘HaykoBo-mpukianHi

aCIeKTH aBTOMOOLIBHOT 1 TPAHCIIOPTHO-I0POXKHBOT rairy3eit” (CBitssb, 2014);

XV International Scientific Conference “Current Issues Of Civil And
Environmental Engineering And Architecture”. — Rzeszow-Lviv-Kosice (Kemys,
ITonpmia, 2015).

141



Honatoxk b







