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MEXAHIYHI BTACTUBOCTI BETOHIB ITPH iX CKJIAJTHOMY HABAHTAKEHHI

CKIaOHI HABAHMAIICEHH, N0 SAKUMU PO3YMIIOMb CYKYNHI S6UWA, WO SUHUKAIOMb NI0 YAC 3IMKHEHHI Mil, uo
pyxaromucs, 0ysce 4acmo 3yCmpiuarmspCs 6 IHICeHepHill npakmuyi nio yac OyoieHuymsea ma excniyamayii, K oKpe-
MUX KOHCMPYKYiU, mak i yinux cnopyo. IIpu ybomy CKIAOHI HABAHMANCEHHSA MOJCYMb OYMU 8DAXO8AHI NPU NPOEKm)-
8AHHI, HANPUKIAO KOHCMPYKYII YyHOAMEHMI8 KOBANbCLKUX MONIOMIE i MUCKY BAIbYbOBUX NPeCi8, 020108KU 3AOUBHUX
AL MOWo, A MAKOIC MOACYMb OYMU NO8 A3aHI 3 BUNAOKOBICIIO, HANPUKILAOD, BUNAOKOBE 3IMKHEHHs AK020-He0)0b mina
(mpancnopmy, 1600y , KAMIHHS MA iH.) 3 eleMeHmam. KOHCMpPYKyit abo cnopyo.

OO0HouacHo 3i CKIAOHO OI€N0 (3aNIAHOBAHOI A0 BUNAOKOBOI0) Mamepiai KOHCMPYKYIl CNPUMAE HABAHMANCEHHS,
106 ’a3aHi 31 IMIHOI0 MEMNEPamypPHO-60JI02ICHUX YMOG eKcnyamayii. baeamopazoei 3aMopodCcy8anHs ma po3MOPONCY 6aAHHS,
HACUYEHHsL 80102010, eKCIILYAmais npu NiO8UeHUX MeMnepantypax npuzeo0sins 00 3MIHU CIPYKIYPU Mamepiay ma UKi-
Karomu 3veHuleHHs mepMiny excniayamayii. CymapHa O0is iMnYIbCHO20, MEXHO2EHHO20 Md eKONIOSTUHO20 BNIUEI8 MOXdCe NpiL-
38ecmiL 00 nepeouacHo20 PyiHy8aHHs KOHCMPYKYill. IMOSIpHICIb Yb02O TPYHMYEMbCA HA BCMAHOBIIEHOM) ABUWY, WO 8 YMOBAX
CKIAOHOL Oii Mamepian pytuHyemvcsi 3a OUbll HUZbKUX HANPYHCEHb Y NOPIGHSIHHI 31 CIAMUYHUMUY HABAHMAICCHHIMU.

Ha oymxy b6acamvox axisyis, bemon € epybocemepoceHum mMamepiaiom 3 noAiCmpyKmypHorw 6y006oiw. O6 ek-
MUGHUMU CIPYKMYPHUMU NAPAMEmpPamu maxkux mMamepianie ciio 68axcamu MexHOIO02IYHI MPIyUuHU ma 3a1UKo8i
Oeghopmayii, wjo BUHUKAIOMb Y NEPIO0 OMPUMAHHI CAMO20 MAMePIaLy ma 1o2o oopMieHHs Y KOHCIPYKMUeHi ¢popmu
npu nodanvuiomy meepointi. OCHO8HOI NPUHUHONO PYUHYBAHHA MAmMepianie nio 0i€lo CKIAOH020 Md eKOL02IUHO20 6RIUBY
€ He3860pOmHe 3POCMANHA MEXHONO02IUHUX MPiWUH 00 MPiWuH PYUHYBAHHA abo MazicmpanbHux. Y ceolo uepey, Kinemuxa
mparcgopmayii MexHONOSIMHUX MPIWUH 8 eKCHIYAMAayitHi 3 IX noOaIbWUM PO3GUMKOM 3HAYHOIO MIPOIO 3ALeNCUMb
6I0 Xapaxkmepy po3nooiny no4yamrkogux Hedockonanocmeu. OCmanui 8UBHAYAIOMBCS NOYAMKOBUM CKAAOOM Md Mmex-
HONOSTYHUMUY YMOBAMU OMPUMAHHS Mamepiany ma eupodie 3 Hbo2o. Takum YuHOM, 8UAGNIEHHS MEXAHI3MIE YIMEOPEHHs
MEeXHONIO2IYHUX MPIWUH 3 MemOo pe2yito8aHHs XapaKmepy ix po3noodiny HA PISHUX CIPYKMYPHUX DIBHAX 018 Niosu-
wenHs cmillkocmi 6emoHi6 8 yMo8ax CKIAOH020 HABAHMANCEHHS NPU BNIUBI HABKONUUHBO20 CePe008ULd € CBOEUACHUM
ma axmyanbHum 3a80anusam. Ocobaugo cuio nioKpeciumu 3HAUeHHs: O0CAIONHCEHb BNIUBY CKAAOHUX HABAHINAICEHbL HA
PVUHYBAHHS KOHCMPYKYITE Ma cnopyo 3 0271510y HA 3HAYHI KAMAacmpopu, cCnputuHeHi 3emiempycami, uOyxXamu mexnono-
2IYHO20 Ma MEXHIUHO20 0ONAOHAHHS MOWO.

YV 36’s13xy 3 yum eupiwenns npobremu niosuwjents cmitikocmi Oemonié 6i0 CKAAOHUX HABAHMAICEHb 3 YPAXYBAH-
HAM HECNPUAMIUBO20 BNIUBY HABKOTUUIHBO20 Cepedosud € BUNPABOAHUM Md NPAKMUYHO HEOOXIOHUM.

Kniouosi cnosa: mexaniuni enacmusocmi, 6emoH, cKiaoHe HA8AHMANCeHHA, HeliHiliHe cepedosuuye, MOOeb.
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MECHANICAL PROPERTIES OF CONCRETE UNDER THEIR COMPLEX LOAD

Complex loads, understood as cumulative phenomena arising from the collision of moving bodies, are very often
encountered in engineering practice during construction and operation of both individual structures and entire buildings.
In this case, complex loads can be taken into account in the design, for example, the design of foundations of forging
hammers and pressure of roll presses, heads of driven piles, etc., and can also be associated with chance, for example, the
accidental collision of some body (transport, ice, stones, etc.) with elements of structures or buildings.

Simultaneously with the complex action (planned or accidental), the material of the structure perceives loads
associated with changes in temperature and humidity conditions of operation. Repeated freezing and thawing, moisture
saturation, operation at elevated temperatures lead to changes in material structure and cause reduction of service
life. The combined effect of impulse, anthropogenic and environmental influences can lead to premature destruction of
structures. The probability of this is based on the established phenomenon that under conditions of complex action the
material fails at lower stresses compared to static loads.

According to many experts, concrete is aroughly heterogeneous material with apolystructural structure. The objective
structural parameters of such materials should be considered as technological cracks and residual deformations, which
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occur during the period of obtaining the material itself and its formation into structural forms during subsequent curing.
The main cause of materials destruction under the action of complex and environmental impact is irreversible growth of
technological cracks to fracture cracks or backbone cracks. In turn, the kinetics of transformation of technological cracks
into operational cracks with their subsequent development depends to a large extent on the nature of the distribution of
initial imperfections. The latter are determined by the initial composition and technological conditions of obtaining the
material and products from it. Thus, revealing the mechanisms of formation of technological cracks in order to regulate the
nature of their distribution at different structural levels to improve the durability of concrete under conditions of complex
loading under the influence of the environment is a timely and relevant task. Especially it is necessary to emphasize the
importance of studies of the influence of complex loads on the destruction of structures and facilities, taking into account
significant disasters caused by earthquakes, explosions of technological and technical equipment, etc.

In this connection, the solution of the problem of increasing the resistance of concrete against complex loads, taking
into account the unfavorable effects of the environment, is justified and practically necessary.

Key words: mechanical properties, concrete, complex load, nonlinear environment, model.

ITocTanoBka nmpoodsieMu

MexaHiuHi XapaKTepUCTUKHU BJIACTHBOCTEH OymiBEIbHUX MaTepialiB, sIKi BIUIMBAIOTh Ha iX
HanpyXeHO-1e(OPMOBAHHI CTaH, 1[0 BUHUKAE Bij i 30BHIIIHIX HABAHTa)KEHb € OCHOBHUMHU T1apa-
MeTpaMH piBHSHb CTaHy. BoHM 3a3BHuail BU3HAYalOTHCS EKCIIEPUMEHTAIBHUMU JOCIHIIKEHHIMH
MaKpOCKOIIYHOI MOBEAIHKH MaTepiaiiB, TOOTO (PeHOMEHOJIOTIYHO. PiBHSHHS cTaHy pa3oM 3 KiHeMa-
TUYHUMHY 1 JUHAMIYHUMU CIIBBIJHOIICHHSMH CTBOPIOIOTH IMIOBHY CUCTEMY PiBHSIHbB, HEOOXITHY ISt
BUPIIIEHHS MPUKIATHUX 33/1a4. B 3B’s3Ky 3 1M MoOyoBa HaWO1IbII TOBHUX HOBHX 1 OOTPYHTY-
BaHHS CYy4aCHUX MOJEJEH s PI3HUX CEepPeJOBUII, 10 Ae(POPMYIOThCS 3aJICKHUTh BiJl HAKOIUYCHHS
PO HUX EKCTIEPUMEHTAIBHUX JaHWX. Ha mijcTaBi eKcriepuMeHTaIbHUX JTaHUX PO3TIISIAE€ThCS B3a-
€MO3B’ 130K OCHOBHMX MEXaHIYHHMX TapaMeTpiB OymiBEIbHUX MaTepialliB, IKi BUHUKAIOTh B YMOBaX
CKJIaTHOTO HaBaHTA)KEHHsI CIIOPY]I, 1110 €KCIUTyaTyIOThCS.

B nonanemiomy OyzieMo BUKOPUCTOBYBATH 1HBAPIaHTH TEH30pa HAPYKEHb 1 TEH30pa AepopMartiii.

IaBapianTu TeH30pa HanpyxkeHs [1, ¢. 58—60].
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AHAaJI3 OCTaHHIX J0CTIIKEHb Ta MyOJiKamii

Beron € cknagaum 6aratodazHuM 1 HEMHIHUM CepeJOBUIIIEM, BIACTUBOCTI SIKOTO 3aJI€KaTh BiJl
6ararb0X BHYTPILIHIX 1 30BHIIIHIX (pakTopiB. [Ipu moOynoBi Moaeneit He0OXiTHO BpaxoByBaTu 0CO0-
JUBOCTI X MEXaHIYHHUX BIACTUBOCTEH, /IO SIKUX BIIHOCUTHCS TPIIIUHYBATICTh, HEOAHOPIIHICTh, aHi-
30TpOIIisl, yCaIKa, IIACTUYHICTD 1 B’SI3KICTh. )i BU3HAYSHHSI BIIACTUBOCTEH OETOHY OyJI0 BHKOHAHO
10 PI3HUM METOMKaM 0araro ekcriepuMeHTiB [2; 3; 4; 5]. Ane ekcriepuMeHTH, 00poOIIeHI 3 BUKOPHC-
TaHHSAM Teopii KIHIEBUX AedopMaliiii aBTopaM HEB1AOMI, TOMY 0COOIUBOCTI JehopMyBaHHs OCTOHIB
P CKJIAJHOMY HAIPYKEHOMY CTaH1 OyyTh PO3IISHYTI TUIBKU MPU MaIUX JAedopmartisx.

Meta pocJaiaKeHHs
MeToro nocaigKeHHs € BUBUEHHS OcoOnMBOCTeH AedopMyBaHHS OETOHIB MpPHU CKIATHOMY
Hamnpy>KEHOMY CTaHi.

Buxkiaa ocHOBHOI0 MaTepiaJry J0CTiI:KeHHS

OCHOBHOIO OCOONUBICTIO OCTOHIB € HEJiHIIHA 3aJeXHICTh AeopMaliiii Bij HarpyXKeHOTO
CTaHy. AJjle MpUYMHA BUHUKHEHHS HEJTIHIMHOCTI MOB’s3aHa, B OCHOBHOMY, 3 TPIIMHOYTBOPEHHSIM.
Posrisiemo 11e siBrte O1IbII JeTaTbHO 3 O3HIIN JPYToi IPyIH IPAHUYHOTO CTaHy Ha ITiJICTaBl pooiT
[4;6;7,c. 160].

CrpykTypy 6eTOHY (hopMy€ BEIMKHUI 3aIIOBHIOBAY, PO3YMHA YACTUHA 1 ITyCTOTH, SIKI BAHUKAIOTh
TiCIIs BUMIAPOBYBaHHsI BOAM. B mporieci TBepiHHsA O€TOHY MK 3allOBHIOBaYEM 1 IIEMEHTHUM Kame-
HEM, Y MO0 I[EMEHTHOMY KaMEHIO BHHHMKAIOTh TE€XHOJIOT1YHI TPIIIMHM, SIKI BU3UBAIOTH BHYTPIIIHI
HarpyxeHHs [8, ¢. 64; 9; 10; 11].

[Ipu ocboBOMY HaBaHTAXXKEHHI LIMITIHAPUIHOTO 3pa3Ka, IKUH BUTOTOBIIEHO 13 OETOHY JI0 I€SKOTO
PIBHS HANPYXKEHb 3a3HAYEHOTO 4epes f° y HbOMY HE CIOCTEPIraeThest MOsIBA HOBUX MIKPOTPIILKH.
[Ipu uboMy BiJTHOLIEHHS MOMNepeyHUX AedopMaliil 10 MPOJAOBKHUX, sKe (IKCYeTbCs KOe(IiEHTOM
V He 301IbIIY€ETHCS, TOOTO 3A1MCHIOETHCS 3MEHILIEHHSI 00°€My. 3 pOCTOM HaBaHTAXKEHHS MOCTYIIOBO
MIPUCKOPIOETHCS PO3BUTOK MIKPOTPIIIKH, MonepeyHi aedopmaliii MOYMHAIOTh POCTH MIBHIIE TPO-
JIOBXKHUX, TOOTO 3MEHIIEHHSI 00’ €My 3aTpUMY€EThCS, a MOTIM MOYMHAIOTH 3pocTaTd. PiBeHb Hampy-
KEHb, SKOMY BilNOBilac MiHIManbHKI 00°eM 3paska 3a3Ha4eHo Ak f ', . Bennuuna ¥, xapakrepusye
TPaHUIIIO TIOPYIICHHS CIUIOIIHOCTI OETOHY 32 PaxXyHOK IOSIBM B HhOMY MIKpOpyHHYBaHb. B iHTEepBai
MIK TPAaHHISIMU fc"ki fC ‘. B 0eTOHI BUHHKAIOTH IUIACTHYHI JedopMariii.

OcrarkoBi gedopmaltii y O€TOHi, 0 BUHUKAIOTH NPH HANPYXKEHHAX Bumle rpanumi fV,
CYIIPOBOJKYIOThCSl CIIOYATKy HE3BOPOTHMMH IIPOLIECAMM MIKPOPYHHYBAHHS, IOTIM ME€PEPOCTAIOThH
Yy MaKpOCKOITIYHI PYWHYBaHHsI 3 MOPYIIEHHSM CILTONIHOCTI y 6eToHi. Tomy ocrarkoBi aedopmariii,
K1 3’SBJISAKOTHCS TIPU HANPYKEHHSX BUILE PiBHA f Y, HA3MBAIOTh IIACTUYHUMH J€(POPMALIAMH 1Py~
TOT0 POy YH MCEBO MIIACTUYHUMHU Ae(POpMaIisiMHU.

B [6] mokazano, mo rpanuii pieHiB Hanpyxenns f° 1 Y, sanexars Big 6aratbox (hakTopis:
BiJI CIIIBBITHOIIIEHHS W/C, BiJl CKJIaly 3alIOBHIOBAYEM, BiJl IEMEHTHO-MIIIAHOTO CIiBBiTHOIIECHHS, BT
34YETUIEHHS IIEMEHTHOTO KaMEHIO 13 3anoBHioBadeM. Ha pucynky 1 naseneni sanexnocti £°, 1 £, Bin
ckiamy 6erony [6].

ExcnepuMeHTa bHI JaHi CBigYaTh, IO MiABUIICHHS CKJIAy KPYITHOTO 3allOBHIOBAYa 3HIDKYE
3Ha4eHHs piBHiB HanpyxeHb f° 11" . Takoxk BCTaHOBIEHO, IO 11 KPYIHO3EPHUCTHX TSHKKUX OETO-
HiB rpanuii £ ° 1 fY, MiABUILYIOTHC 31 30UIBIIEHHAM NPU3MEHHOT MILTHOCTI.

Heonnopinna cTpykrypa 6€TOHY crpusi€ BAHUKHEHHIO TPIIIMH 1 3HUXKY€E HOTO 371aTHICTh ONOpPY
30BHINIHIM BIUTHBaM. [Ipu BceOIYHOMY CTUCKY TiIPOCTATHYHUN TUCK HE TUIBKU 3aTPUMYE TOSIBY Tpi-
IIMH, aJie 1 CIIPUAE IX 3aKPUTTIO.

V GeToHi J10 TpaHuIIl HarpykeHoro crany f°, nepopmaitii BBaxaroTbes ynpyrumu. [pu nogas-
IIOMY aKTUBHOMY HAaBaHTa)XKEHH1 BOHM CKJIAJAI0Th JIMILIE YaCTUHY 3arajibHuX Jaedopmaniid. [IpyxHi
BJIACTUBOCTI OETOHY SIK 130TPOITHOTO CEPEIOBHIIA XapaKTEPU3Y€ETHCS MOYATKOBUM MOJYJIEM TPYXK-
Hocrti E_ 1 koedimientom [lyacona v .
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Puc. 1. 3navenns f° i, npu pisHomy ckiuani 6erony

Monynb npy>KHOCTI, BU3HAYEHUH TIPU PO3TATY, HAOIMKAETHCS 110 3HAYEHHIO 10 MOJYJIIO MPYXK-
HOCTI BU3HAYEHOMY IPH CTUCKY. BiH 3Ha4HO 301JIBIIYETHCS HA TIOYATKY BUTOTOBJICHHS 1 HE 3aJI€KHUTh
B1J1 po3MipiB 3pa3kiB. Hail0impIuii BIUIMB HA HHOTO MAIOTh YMOBU HOTO TBEP/IIHHS 1 Jii M1IBUIIIEHUX
Ta MOHKEHUX TeMIIEpaTyp.

Ipy ManoLMKIOBHX [OBTOPHUX BILTHBAX, KO HANPY)KCHHS HE MEPEBHIIY€e BENMUIHHH f , sika
€ METOI0 MOSIBU MIKPOTPIIIMH, TOYaTKOBUI MOJYJIb MPY’KHOCTI HE 3MIHIOEThCS. Bennunna momyns
MPY’KHOCTI 3HAUHUM YHMHOM 3aJICKUTh BiJl MIHOCTI OeToHY. BrumiB 1ux 1 iHmux (akropiB Ha 3Ha-
YEeHHs1 MOAYJIS IPYKHOCTI HaJlaHi 1 y3araiabHeHi B [6].

3B’S130K MK MTOB3I0BXKHIMHU 1 MONEPEUHUMH JieopMallisiMU Y CYyLIJIbHUX CEpPeIOBHUINAaX BU3HA-
yaeTbesa uepes koedimient Ilyacona. [lpu npyxxuaux aedopmariisx ans OeTOHY BiH IpuiiMae moyart-
KoBe 3HaueHHs piBHUM v =0,15...0,2. [Ipn po3Tary 3i 301IbIIEHHAM PiBHS HANPYKEHb BiH 3MEHIITY-
eTbes. [lpu cTrcky BiH 30U1bLIY€eTHCS 10 0,5 a 1HOAI MEPEBUILYE IO BEJIUYUHY, 10 JJI CYLUIbHUX
CepeIOBUILl TEOPETUYHO HEMOXKJIIUBE. [[pakTHYHO 1€ BUKJIMKAHO THM, 1110 IIPU IHTEHCUBHOMY HaBaH-
Ta)XKeHHI1 3pa3KiB OETOHY BUHHMKAE MPOLIEC TPIIIMHOYTBOPEHHS 1 MOPYUICHHS CIUIOMIHOCTI. DaKTHYHO
00’eM 3pa3Ka 30UTbIIY€ETHCS HE 32 PaxXyHOK 30UIbIIEHHS 00’ €My Horo marepiaiy, a 3a paXyHOK yTBO-
peHux myctoT. ToMy npoliec MikpopyiiHyBaHb B O€TOHI XapaKTepHU3yEThCs 3MIHOIO psAY TapaMeTpiB,
OIHMUM 3 SIKHX € KoedimieHT morepeuynoi nedopmanii v. Koedimient v crouarky 3i 301UIbLIICHHAM
HaBaHTAKEHHA OyB MOCTIHHUM, IOTIM 3 piBHs Hanpyxenb 0,6 £, Bin mouyas 3pocraru. Lle o’ s13an0
31 IMBUAKKAM PO3BUTKOM TPIIIKH 1 3 IHTCHCUBHUM 301JIBIICHHSM 00’ €MY.

Haii6inbin BUBYEHUM JUIs OETOHY € Tpoliec Horo pyiiHyBaHHS MpHU CTHCKY. [licns qocarHeHHs
mexi £, sxa Biinosinae v=0,5, Bi10yBa€ThCA iINTEHCUMBHE YTBOPEHHS MOB3I0BKHIX TPILIKH, CEPETHE
3HA4YEHHsI MILIHOCTI Ha PO3TAT B MONEPEYHOMY HANPAMKY 301IbIIYEThCs 10 f | 1 3MIHCHIOETHCS Y-
HYBaHHS BiJl [TOJIOJIAHHS CIIPOTUBY BiJPHUBY.
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B [4] no3HaueHo, 1110 y MeXaHi3Mi pyiHyBaHHs OETOHY MOYKHA BUIUIMTH JBA TUITH PYyHHYBaHHS:
BiIpuBHUI 1 3cyBHUI. [Ipy CKITagHOMY HAINPYKEHOMY CTaHI MEXaHi3MH pyHHYBaHHS OETOHY MalOTh
3MIIIAHUH B1IPUBHO-3CYBHUH XapakTep. Y TBOPEHHs 1 PO3BUTOK MaricTpajibHUX TPILIUH PyHHYBAaHHS
MOXXYTb BKJIFOYATH 1 00’ €JHYBaTH PI3HOMaHITHI JIOKAJIbHI TPIIIMHY BiPHUBY 1 3CYBY.

MakpockoriyHa KapTHHA pyHHYBaHHs OCTOHY BiJ BIPUBY 1 3CyBY 3HAXOIUTh EKCIIEPUMEH-
TaJbHE MiTBEPHKCHHS, aJie IIe IPECTaBICHHS PO MEXaHi3M pPyHHYBaHHS HE € OCTaTOYHO BCTAHOB-
neHuM. DEeHOMEHOJIOTIYHI Teopii MIITHOCTI IS BHIMAJIKIB CKJIAJIHOTO HANpy>KEHOTO CTaHy MOBUHHI
3aJI0BOJIbHUTH OCHOBHHMM TIOJIOKCHHSIM MEXaHIKH, 3aJJOBOJIBHITH IPAKTUYHUM BHMOTaM 1 TOJIOBHE,
iX pe3yJbTaTd MMOBUHHI 33I0BUTHLHO ITOTO/KYBATUCS 3 CKCIICPUMEHTATBHIUMHE JTAHUMHU.

BucHosku
beToH BITHOCHUTBHCS 10 KBa3IKPUXKUX MarepiajiiB 1 3aiMae MPOMIKHE TTOJIOKEHHSI MK TUIaCTHY-

HUMHU Ta KPUXKUMHU TPEICTABHUKAMU. ToMy TpH MOro CKJIaIHOMY HAIpy>KEHOMY CTaHi HaBPS YU MOX-
JIMBE pyHHYBaHHS TUIHKU Bl HOPMAJIbHUX HAIPYXKEHb (BIIPUB) 1 TUTBKH Bifl JOTHYHUX (3CyB). OUeBHIHO,
MOYMHAIOYH 3 SIKOTOCh PIBHS JOTHYHI HANPYXXEHHS 3A1MCHIOIOTh PO3PUXJICHHSI OETOHY 31 30UIbIIEHHIM
1ioro 00’eMy, a pO3MOBCIOHKEHHS TPIIIMH 3MIHCHIOETHCS i €10 HOPMAITbHUX HAIPY>KEeHb.

[TigmigeHi 0coOMMBOCTI JAO3BOJISIOTH BBaXKATH, IO AePOPMYBAaHHS OCTOHY SIK OJHOPIAHOTO,
1 CIIOYATKYy, 130TPOIHOTO CepefoBHINa Oyae HAHOIBII TTOBHO BPAXOBYBAaTUCS TEOPIEIO MIACTUYHOL
Teuii 1 3MilIHEHHSAM. BoHa 03BosIsi€ yepe3 (pyHKIII0 HAaBaHTAKEHHS BPaxyBaTH BIUIMB Ha HaIpyKe-
HO-/1e()OpPMOBaHuii CTaH GETOHY NpH CKJIaJHOMY HaBaHTaXeHH1 Tphox iHBapianTie O , O 1 ¥, HeoO-
X1THICTh SIKHMX TiATBEPIKYETHCS eKCTIEPUMEHTAIBHUMU JTAHHUMH.

Hedopmartiiini Teopii mar0Th 3aA0BUTBHI PE3YJbTATH TIIBKH MPH MIPOCTOMY HaBaHTAXXCHHI, YU
IIPU OKPEMOMY BUIAJIKY CKJIAJIHOTO HABAHTAKEHHS, KOJIM HE BUHUKA€E IOBOPOTY TOJIOBHUX OCEH TEH-
30pa Harpy>KeHb.
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