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HaBeneni  pesyJbTaTH  JOCHiIIKEHb  JEeCTPYKTHBHHX  XapaKTepPUCTHK
JApiOHO3ePHHCTOr0 Ta KPYNMHO3EPHHCTOro OETOHIB 3a MaJOUUKJIOBHX
HABaHTAa)KEHb cepeAHbOro i Bucokoro piBHiB. IloOynoBani aiarpamm
006’eMHOro aepopMyBaHHsI 0€TOHIB, 103BOJISAIOTH NPOCTEKUTH 32 TeHACHLIE0
negopmyBaHHSI MaTepiany i3 3pOCTAHHAM KiIbKOCTi LIMKJIiB HABAHTAXKEeHHSI.

IIpuBeneHnl pe3yJbTaTbl HCCACAOBAHMI JeCTPYKTHUBHBIX XapaKTePUCTHK
MEJIKO3ePHHCTOr0 M KPYNHO3EPHHCTOr0O 0€TOHOB NpPH MaJOLUKJIOBBIX
HATPY’KEHUSIX CPeJHEero M BbICOKOro ypoBHei. IlocTpoeHHble nHarpamMmbl
o0beMHOro JgedpopmMupoBaHusi 0OETOHOB, TMO3BOJSAIOT MPOCJAEAUTb 32
TeHAeHUUeH AedopMHpPOBaHHA MaTepHaJa MPH YBEJIUYECHHMH LHKJIOB
TIPUJIOKEHUS HATPY3KH.

The upper level of low cycle load affects the work of concrete for low cycle
loads. Built diagrams of volumetric deformation allow us to clearly trace the
tendency of concrete deformation with increasing number of loading cycles.
Thus, for low-cycle compressive loads of the average level, there is
consolidation of concrete with subsequent stabilization of volumetric relative
deformations, and repeated loads of high levels lead to a gradual from the
cycle to the cycle of dissolution of the structure of the material and, as a result
of the development of trunk microcracks separation, its destruction occurs.
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That is, there is a level of low-cycle load, in which the excess of dissipation and
destruction of concrete takes place, and when the loads are lower than this
level, there is a seal of the material and stabilization of deformations. Such a
level is considered a level of low-cycle fatigue (fitness) of the material.

Kro4oBi ciioBa:

Bberon, HampykeHo-neopmoBannii  ctaH,  gedopmanii,  MaJOUMKIIOBI
HaBaHTAKEHHS

BetoH, HanpspkeHHO-1e(pOPMUPOBAHHOE COCTOSIHNE, MAJIOLMKIIOBBIE HATPY>KEHNS
Concrete, stress-deformed state, deformation, low cycle load

Betyn. [lix yac nil 3pocTaio4oro CTUCKaloyoro HaBaHTaXEHHS BifOyBaeThcs
3MiHa 00’ eMy 3paska [1]. CrouaTtky BinOyBaeThcsl yILiIbHEHHSI OETOHY, HOT0 00’ €M
3MEHLIYETHCS, MOTIM MPOXOAUTH MPOLIEC PO3YILiIBHEHHS MaTepialy, PO3BHTOK
MIKpOTpIlllMH, SKi 00’ €IHYIOUUCHh YTBOPIOIOTh MaKpOTPILIMHH, IO MPHU3BOIUTH 10
pyliHyBaHHS NpH 301IbIIEHHI 00’ €My 3pa3Ka.

Merta. 3wmina o00’emHuMX gedopmariii  00yMOBiIE€Ha IEeCTPYKTUBHUMHM
MpouecaMy, IO TMPOXOAATh B OETOHI, a TaKOX XapaKTepHU3yeTbCs T'PAaHWYHUMHU
piBHAMHM BMHWKHEHHS | pPO3BUTKY MIKpO- Ta MakpoTpimuH. BimHocHy 00’emHY
gedopmallito 6eTOHY £, 32 KOPOTKOYACHOI'O LIEHTPaIbHOTO CTUCKY BU3HAYAIOTh 32
(hopmyoro:

£,=& — 2 &, (1)
ne: &, &, — BigHocHI no3noexkHi Ta nonepeuHi aedopmaii.

OcHoBHa 4YactuHa. CratncTidHa 00poOKa MOCHIAHMX NaHWX, OTPUMAaHUX
[2,3,4,5] cBimguTh TIPO TE, IO 3AIEKHICTh «HATIPYKEHHS - CIYHAN MOIYITb TIPYKHO-
miacTHaHOCT» (9 — Ep) TpH CTHCKaHHI GETOHHHX TPH3M, 3aBAHTAKECHHX 3
MOCTIHHOIO HIBMAKICTIO 3pOCTAaHHSA HANpy)Ke€Hb, MOYKHA TPUHHATH JIHIHHOO 10O
MOMEHTY pyHHyBaHHS OETOHHOTO 3pa3ka MpHW HeJiHIlHINA TinmepOonidHOro BUmy
3ANEKHOCTI «F — &»!

| Ey —Er Ey,—En o
E:E:E bR g — ] -=2—R 2
: o = E(1- 2R @
E. E E Eo
2= Ag=l-vg=1-g=F 3)
b =a £h

ne: Az, vy — rpaHnuHi 3Ha4HHA ( Mpu ¢ = Rp) Koe(ilieHTIB MIACTMYHOCTI i
NpYKHOCTi; &, — TpPYXHi BifHOCHI nedopmauii; z,; — BigHOCHI Aedopmamii
IIBUIKOHATIKAKOYOT MOB3YUOCTi; 5 — MOBHI BinHocHi nedopmalii 6etony. Ilicis

nigcraHoBku (3) B (2), BpaXxoByrouy, 110 7 = _i , 3AJIeXKHICTH (2) HaOyBa€e TaKOTO
BUTIIAY:
E = == Ey(l - Agn) @)

Marepianu, ckman ApiOHO3EPHUCTOTO Ta KPYIMHO3EPHUCTOTO OETOHIB ISt
BUTOTOBJICHHS 3paBKiB TpusmMm, a TaKOX METOIHUKA i pe3yyibTaTnn
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eKCTepHMEHTATbHUX JOCTiKeHb MaJIOLMKIOBUMHU CTUCKAOUUMHU
HaBaHTa)KeHHSIMU HaBeleHi B [6].

B pesynbraTi MaTeMaTH4HOI 00pOOKH IOCTIAHMX AAHUX BUNPOOYBaHHA MpPU3M
3 npionozepHuctoro (JI36) Ta prnHo3epHHCToro (K3b-2) o6eroni 3a [7],

OTpHUMaHi JiHilHi piBHAHHAperpecii E,; — 1, E, By

Ey = == Ep(1- Aign) )
Ezl-.- T .- Ebr:*(l ‘Arvﬁ:‘n) (6)

ITicns mincranosku (5) i (6) B (1) 0TpHMa€M0:
L _9 Ryn %

Eyp (1-Amnd  Eper(l-derrn)

3HaueHHs BEPXHBOTO, HWKHBOTO i KPUTHYHOTO DIBHIB YTBOPEHHS i PO3BHTKY
MO3I0BKHIX MIKpO- i MaKpOTPIllMH BiIpHBY BU3HAYAIHA MaTEMaTHYHOIO 0OPOOKOIO
3ajexHocri (1) [7], B pe3ynbTaTi oTprMaHi HACTYIHI aHATITUYHI 3aJIe)KHOCTI:

. L.:-r W z-";‘lﬁ Eper — %l.-'lz’-"’strREhl 8)
AerR VMR Eber — MR Y 2A0REw
pior o P 20 ©)
T Aerm JEper— Aig /2By
M, = ——ow —2Ehl (10)

AerR Eper —2Ain Epy
TYT: A, Eyp dppq, Eppp— KOCILEHTH TIACTHYHOCTI | MOYATKOBI MOy MPYKHOCTI
BiJIMOBITHO MO3/IOBXKHIX i TOMEPEYHUX AeopMaLLiii.

I[lpn HaBaHTaKEHHAX, WO HE MEPEBUUIYIOTH T e - TIPOXOIUTb HEPIBHOMIPHO-
MPUCKOpPEHE YIIiIbHEHHS OETOHY 3a PaxyHOK pO3BI/ITKy TUTACTUYHUX JedopMartii
LIEMEHTHOTO KaMeHIO, Jliarpama &, — 1] TOBEPHHEHA OMYKIIICTIO [0 OCi 1 i NpK r]]"“
BOHA 3MiHIOE 3HaK KPMBM3HM 10 oci &.. IIpu 1pomy 00’eMHe neopMyBaHHs 3a
PaxyHOK yTBOPEHHs IMO3IOBXKHIX MiKpOTpilMH nepexoumb B HepiBHOMipHO-
yroBinbHeHe. B mianasoni wanpyxkens 7" < 1 < 7 nnactiuni nedopmarii
LHEMEHTHOI ~peINiTKH MepeBUILYIOTh z[eq)opMaun, 06yMOBJ‘IeH1 PO3BUTKOM
MO3JOBXKHIX MIKpOTPILIWH, MpPU LIOMY BifOYyBa€TbCA YMOBUIBHEHE YLIITbHEHHS
CTPYKTYpH i 3MeHIIeHHs 00’emy Oetony. [Ipn mr:f Iiarpama £, — 1) 3MiHIOE CBIit
HamMpsAMOK 3a PaxyHOK PO3BUTKY MO3MOBXHIX MIKPOTPILMH, TOOTO NEPEXOIUTh 3
HepiBHOMipHO-YIOBIJIbHEHOTO YILIIbHEHHS i 3MEHLIEHHS 00’ €My B HEPiBHOMipHO-
MPUCKOpEHe po3yu1inLHeHH;1 OetoHy i 30inbweHHs ioro 06’emy. I[lpu piBHI

HamnpyXeHb 'r,l BlZ[6yBa€TI:CH MaKCHUMallbHe YLIiNbHEeHHs OeTOHY &, =&, ... [Ipu

Hampy>KeHHsIX B MeXax ?;lm =7 = ?;lw nedopmanii  TO3TOBKHBOTO

MIKpPOTPIIIMHOYTBOPEHHSI ~ TEPEeBUILYIOTh  JiHIfHI  miacTwdHi  Aedopmarii
LIEMEHTHOI CKJIaZI0BOI, MpPUIBbOMY BinOyBaeThcsi 30iMbmeHHS 00’eMy V 1o
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nogatkoBoro V. MIKpoTpillMHN HaKIagalThCS OIJHA HA OJOHY i YTBOPIOIOTh
MaricTpanbHi MaKpOTPILMHN BiXpUBY. 32 IPAHUYHOrO PiBHS 7] 00’ €MHI BIIHOCHI

nedopmallii gopiBHIOIOTE Hymo &, = 0, 11eil piBeHb NPUIAHATO BBa)KaTH AKICHOIO
MEXXEI0 JIECTPYKTHBHOTO TPOLIECY B PO3BUTKY HAIpPYKEHO-Ie(OPMOBAHOTO CTaHy
6erony [10].

[MigcraBuBiuy Bignosinui 3Hauenns Eyy, Az, Epon Apoa, oTpumani 3 gocmiaHo-
KOpeJALIMHUX piBHAHb perpecii sl OKPEMOro i-TOro LMKIY MaJOLMKIOBOTO
HaBaHTa)KeHHS B 3aJieXkHicTh (1), BU3Ha4eHo 00’ eMHy nedopmaltito 6eToHy &, Ha i-
TOMY LIMKJTi HABAaHTA)KEHHS.

XapakTepHi Jiarpamu 00’eMHOro pedopmyBaHHA (&, — 1) ApiOHO- Ta
KpYMHO3EPHUCTOr0 OETOHIB 32 MaJIOLMKIOBOIO LEHTPAJIBHOTO CTHCKY 3i 3MiHOHO
KiJTBKOCTI IIMKJIIB TIPUKJIaaHHA HABaHTAXXCHHS n_ HaBeIeHI HAa pHUCYHKY 1a,0. 3

giarpam  00’emHoro nedopMmyBaHHA £, NOOYIOBaHMX 3a MAaJIOUUKIOBHX
CTHCKAIOUMX HaBaHTaXeHb BUCOKMX piBHIB ( = 0,78...0,86) BuaHO, moO mpu

30iIbIIEHHI KUTBKOCTI LUKJIIB HaBaHTAXEHHS n_ . BifOyBaeTbCs TOCTYINOBE Bij

OUKJIa 10 OUKJIy 3MEHIICHHS 3HaueHb 00 €MHOro YOIUTbHeHHS. Tak, s
npioHozepuucroro 6etony (/I3B) (puc.la) 3HaYeHHS MaKCHMMaJbHOTO 00 €MHOTO
VIITbHEHHS, SKe Ha 1-My UK HaBaHTAXCHHSA CKJIAlO 50,0)(10"5 , mp: mii
MaJIOIMKIIOBIX HAaBaHTaXXe€Hb 3HM3WIOCH i HA 2-My Ta 3-My IWKIaX CKJIajo
BIZTOBiIHO 28,6)(10"5 i 23,7)(10"5 , Ha 5-My UK 3MEHITWIOCH JI0 12,58)(10'5 ,aHa
7-My IWKJTI CTAaHOBWIIO 4,56)(10"5 . B mexax 3 10-Tro mo 35-if nUKIN HaBaHTa)KeHb
BM3HaueHi 00’ eMHI BiiHOCHI nedopmauii 6eToHy HaOynu Bi’eMHHUX 3HaU€Hb, SKi 3i
3pOCTaHHSIM KiTbKOCTI LHUKJIIB MaJHd TEHIOCHIIIO 10 3MEHIIeHHS. Bim’emHi
3HA4YEHHs BEJIMYMH 00’ €MHOro 1e)OpMyBaHHS £, CBilUaTh NPO HACTAHHSA NPOLIECIB
PO3YILUIBHEHHS ~ CTPYKTYpH OETOHY, fKi CYNpPOBOIKYIOTbCA HE3BOPOTHIM
30inbLIeHHAM 06’ €My OeToHy V BiTHOCHO MOYaTKOBOI iHoro BennuuHu V.

OueBHIHO B LBOMY Iiana3oHi LWKIIB HAaBaHTAaXXEHb, BHACHIIOK PO3BHUTKY
MO3J0BXKHIX MaricTpalbHUX MIKPOTpPILIMH BiOpWBY, BigOyBaeTbCcSd HE3BOPOTHIMN
mporiec pyiHyBaHHS OCTOHY.

3Ha4YeHHs MAaKCUMAaJbHOTO O00’€MHOTrO YUIIJIBHEHHS Eppo.. BU3HAUEHE JUIS
KpymnHo3epunctoro Getony (K3B2) (puc.16) Ha 1-my mukmi, ckmano 41,12x107,
npy 301IbLICHH] KiTbKOCTI LUKIIIB MPUKIIaJaHHs HaBaHTa)KeHHS BinOyBa€eThCs HOro
3HWKeHHA. Tak, Ha 2-My i 5-My LMKJIaxX MOBTOPHOIO HAaBaHTaXK€HHSA 3HAYEHHS
€, max3MEHILIWITUCH i CKJIAJIH BiMOBiTHO 23,28x107° 1 19,81x10”, a wi % 3HaueHHs,
BusHaveHi 111 10-ro, 20-ro i 30-ro UMKIiB HaBaHTa)KEHHS CTAHOBIIM BiIITOBIIHO
14,45x107, 7,66x107 i 5,16x10”.
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[MounHaroum 3 40-ro 1MKITYy 10 pyliHyBaHHs OeToHy (89 LMKI) 00’eMHI BimHOCHI
nedopmallii 6eTOHY &, BU3HAU€Hi Ha LMX LMKIAX, MalOTh Bil €MHi 3HAaueHHS,
3MEHIIYFOUNCh 3i 3POCTAHHSAM KiTBKOCTI HUKIIB TPUKIAJaHHA HAaBaHTaKCHHS,
MPOXOANTH MPOLEC HE3BOPOTHHOTO PO3YILIIEHEHHS | pyiHyBaHHS OETOHY.

Jnst  BcTaHOBNEHHS Oinbll MOBHOI KapTHHM 00’€MHOTO nedopMyBaHHS
kpynHozepHucroro Oerony (K3b2) Oynm rmpoBeneHi eKClepUMEHTaJIbHI
JOCIIIKEHHS] 0ETOHHUX MPU3M Ha BIUIMB MaJIOLMKIOBUX HaBAaHTaKEHb CEPETHbOTO
piBHs, skuii npuiiManu pishum 7, = 0,6. AHali3 OTPUMaHHMX B pe3yJbTari
BUIIPOOYBaHb AiarpaM 06 eMHoro aedopmyBaHHs 6eToHy (puc.l,B.) BKa3ye Ha Te,

IO 3HAYEHHS &y, HA TEPIIMX S5-TM LMKJIAX 3pOCTalOTh, 10 CBiIUUTH MpO
yiineHeHHsT Matepiamy. Tak, 3HaueHHS MaKCHUMaJIbHOTO 00’€MHOTO YIIiJTbHEHHS,
BHU3HAYCHI HA 1-My, 2-My i 5-My IMKJIaX CKJIaJiK BiATIOBiTHO 46,5x107; 53,22x107°
i 51,25x10°, mpu HacTymHOMY 3GiNbIIEHHi KiIbKOCTi LMKJIiB NpUKIAJaHHS
HaBaHTaxeHHd 3 10-ro mo 40-uil UMKIM nopAn 3 JESIKUM 3MEHIIEHHAM

MaKCHMAJIEHOTO 00’ €MHOTO YINITEHEHHS &y, CIIOCTEPIra€ThCSA HOTO CTAOLTIZaALISA

(2, =37,04..41,58x10).

BucHoBku. J[locnmikeHHs Hampy)keHO-Ie(OpMOBAHOrO CTaHy 3pas3kiB 3
OpiOHO- Ta KpPYIHO3EPHUCTOro OETOHY BWSIBWIM HACTYNHI  OCOOJMBOCTI.
BepxHiii piBeHb MaJOLIUKIOBOTO HABAHTAXKCHHS BIUIMBAE Ha PoOOTYy OETOHYy 3a
MaJIOLMKIIOBUX HaBaHTaxeHb. [1oOymoBaHi miarpamu 00’eMHOTO meOpMyBaHHS
JIO3BOJITFOTh  YiTKO TIPOCTEKWUTH 3a TeHIAeHLi€o nedopmyBaHHs OeToHy 3i
3pOCTaHHSIM  KINBKOCTI  LIMKIIB  TPUKJIagaHHS  HaBaHTaxeHHA. Tak, 3a
MaJIOLMKIIOBUX CTHCKAIOUMX HAaBAaHTaKEHb CEPEIHbOTO  PIiBHA, BiAOYyBaeThCS
YIITbHEHS O€TOHY 3 HACTYITHOIO CTa0iTizamiero 00’ eMHIX BiTHOCHUX AedopMariiit,
a TIOBTOPHI HABAaHTA)XEHHSI BUCOKHX PiBHIB MPU3BOIATH 10 TOCTYIIOBOTO Bifl LIMKITY
IO LHUKJIA PO3YIIUTBHEHHS CTPYKTypH MaTepiaqy i, BHACIiZOK pPO3BUTKY
MaricTpajJbHUX MIKPOTpILIMH BiIpWBY, BifOyBaeTbhcs #oro pyiHyBaHHA. ToO0TO,
ICHye Takuii piBeHb MAaIOLMKIOBOTO HABAaHTAXKEHHS, NMPH TEPEBUILEHHI SKOTO
MPOXOANTH PO3YILUTEHEHHS | pyliHYBaHHS OETOHY, a MPW HABAaHTAKEHHSIX MEHIINX
3a ueit piBeHb, BinOyBaeThCs yIIUIBHEHHS MaTepiaiy i crabimizauis nedopmariii.
Takuit piBeHb BBaXXalOTh PiBHEM MaJIONUKIOBOT BTOMJICHOCTI (IIPHCTOCOBAHOCT)
Martepiay [8,9].

1.bepr O.fl. ®uznueckue OCHOBBI TEOPUM MPOYHOCTH OETOHA M Kene300eToHa. —M.:
T'occrpoitmzaar, 1961. -96¢.

2. babwu E.M., Makapenko JLII. DxcrnepumeHTalIbHOE WMCCIEAOBAHUE MOy
YIPYrocT OETOHHBIX 00pa3LOB MPU PA3IUYHON MHTEHCHBHOCTH CXKMMAIOMIMX HArpy3ox//
Uzgectus By30B. CTpouTensCTBO U apxuTekTypa. 1967. Ne3. —C. 20-27.

3. Maxapenxo JLIIL., ®enxo I'.A. Ilpaktuueakuii cnoco0 onpeneneHust MOyl yIpyro-
TUTACTHIECKUX XapaKTepUCTUK OeToHa mpu cxatuu // WzBectus By30B. CTPOUTENBCTBO H
apxutektypa. — 1970. -Ne10. —C.141-147.

4. Maxkapenko JLII. Onenka nepopmanuit 6eTOHOB ¢ yUeTOM HEITUHEHHOM noa3ydecTH //
beron u xene300eron. — 1985. -Ne2. —-C.25-26.

163



5. Makapenko JLII. PexoMmeHnanuu 1o 3KCHEPUMEHTAIBHO-CTATUCTUYEUKON OLICHKE
MPOYHOCTHBIX,  A€()OPMATUBHEIX  XapaKTEPHUCTHK OETOHOB TPH  KPATKOBPEMEHHOM
Harpy>xxeHud. —Posno: OOII BL] O6nmammnadopma, 1987. -17c.

6. ITarayk FO.M. ExcriepuMeHTaNbHI JOCITIKEHHS MPY>KHO-TUIACTHYHNX BIACTUBOCTEH
KPYITHO3EPHUCTOT0 OETOHY 3a MAJOLMKIOBHX HABAaHTaXEHb BHUCOKHUX piBHIB //
PecypcoexonoMHi Marepiany, KOHCTpyKuii, OyaiBmi Ta cnopyan: 36. Hayk. crarTeit (BuI
23). —Pisne, 2012. -C.372-377.

7. Maxkapenko JLII. PasButme m yriayOneHue CymIeCTBYIOIIMX IPEACTABICHUN O
nedopManusx, JIECTPYKIIMA W TIPOYHOCTH OeToHa mpu cxaruu // W3BecTus BYy30B.
CtpoutenscTBo U apxuTekTypa. — 1988, -Ne2. —C.1-6.

8. babuu E.M., Kpycs 10.A., Tlanuyk IO.H. BnusHue MamonuKIOBBIX CTaTHYECKUX
Harpy>keHuii Ha TPOYHOCTH TsDKenoro OeToHa // COBEpPIICHCTBOBAHWE CTPOHUTEIBHBIX
MaTepuaIoB, TEXHOJOTMH M METONOB pacdeTa KOHCTPYKIMH B HOBBIX JKOHOMHYECKHUX
YCIIOBHMSIX: T€3. JOKJI. MEXIyHapoa. HaydH.-pakTid. Kond. —Cywmsr, 1994, —C.168-171.

9. I'OCT 23207-78. ConporuBieHue ycranoctu. OCHOBHBIE TEPMUHBI, ONPEACICHUS U
oboznauenus. —M.: UznarenscTBo cTanmapTos, 1978. -48 c.

10. T'omy6 A.B. OcoOeHHOCTH TPOYHOCTHBIX M Je()OPMATUBHBIX CBOWCTB OETOHA CO
mmakoM TOC u mx yder mpu pacdeTe xeae300eTOHHBIX KOHCTPYKImi: ABToped. muc. ...
KaHJ. TeXH. HayK. -MuHck, 1990. — 22 c.

1. Berh O.Ia. Fyzycheskye osnovsl teoryy prochnosty betona y zhelezobetona. —M.:
Hosstroiyzdat, 1961. -96s.

2. Babych E.M., Makarenko L.P. Dksperymentalnoe yssledovanye modulia upruhosty
betonneikh obraztsov pry razlychnoi yntensyvnosty szhymaiushchykh nahruzok// Yzvestyia
vuzov. Stroytelstvo y arkhytektura. 1967. Ne3. —-S. 20-27.

3. Makarenko L.P., Fenko H.A. Praktycheakyi sposob opredelenyia modulia upruho-
plastycheskykh kharakterystyk betona pry szhatyy // Yzvestyia vuzov. Stroytelstvo y
arkhytektura. — 1970. -Ne10. —S.141-147.

4. Makarenko L.P. Otsenka deformatsyi betonov s uchetom nelyneinoi polzuchesty //
Beton y zhelezobeton. — 1985. -Ne2. —S.25-26.

5. Makarenko L.P. Rekomendatsyy po sksperymentalno-statystychechkoi otsenke
prochnostneikh, deformatyvneikh  kharakterystyk betonov pry kratkovremennom
nahruzhenyy. —-Rovno: OOP VTs Oblmashynforma, 1987. -17s.

6. Panchuk Yu.M. Eksperymentalni doslidzhennia pruzhno-plastychnykh vlastyvostei
krupnozernystoho betonu za malotsyklovykh navantazhen vysokykh rivniv //
Resursoekonomni materialy, konstruktsii, budivli ta sporudy: Zb. nauk. stattei (vyp 23). —
Rivne, 2012. -S.372-377.

7. Makarenko L.P. Razvytye y uhlublenye sushchestvuiushchykh predstavlenyi o
deformatsyiakh, destruktsyy y prochnosty betona pry szhatyy // Yzvestyia vuzov.
Stroytelstvo y arkhytektura. — 1988. -Ne2. —S.1-6.

8. Babych E.M., Krus Yu.A., Panchuk Yu.N. Vlyianye malotsykloveikh statycheskykh
nahruzhenyi na prochnost tiazheloho betona // Sovershenstvovanye stroytelnsikh
materyalov, tekhnolohyi y metodov rascheta konstruktsyi v noveikh skonomycheskykh
uslovyiakh: tez. dokl. mezhdunarod. nauchn.-praktych. Konf. —Sumsi, 1994. -S.168-171.

9. HOST 23207-78. Soprotyvlenye ustalosty. Osnovnele termynsi, opredelenyia y
oboznachenyia. —-M.: Yzdatelstvo standartov, 1978. -48 s.

10. Holub A.V. Osobennosty prochnostnsikh y deformatyvneikh svoistv betona so
shlakom TOS y ykh uchet pry raschete zhelezobetonnsikh konstruktsyi: Avtoref. dys. ...
kand. tekhn. nauk. -Mynsk, 1990. — 22 s.

164



