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The creep of aging concret under steady and growing loads

B pabore NpUBOAATCA DEaYALTATEL MO MCCACADBAHMIO NOASYHECTH AMTOHATIEM3O-
GeTolia B Bospacte 18 AeT NP NOCTOAHHEIX M CTYTIEHYATO-BO3PACTAIOUIMX BO BpeMeriy
HANpPAKEHHX, a Takke oBpaTHOR NoA3yMeCTH.

INoKazano, 4To AT ONMMCAHHA NPOLECCA MOAZYHECTH craporo GeToHa Ueaccoof-
Pa3HO NpPHMEHATH TEOPHIO HACABACTEEHHOCTH.

JKCNepHMEHTaABHEIE HCCABAOBaHUS PEOACTHYECKMX CBOHCTE CTapeix
OETOHOB, ¥ KOTOPHX (hH3HKO-XHMHYECKHE Ipollecchl, CBA3aHHEIE ¢ 0Opa3oBa-
HHEM LEeMEeHTHOI0 KaMHA, MOMKHO CYHTaTh MOAHOCTEIO SABEDIIEHHBIMH,
HEMHOTOMHCAGHHE [1-3 W Ap.]. MexAy TeM, 3TH HCCAGAOBAHIA BAMCHL! AASL
OUEeHKH HflﬂDR}KEHHO-AGQJDPMGHIIOI{I{OTO COCTOAHHA 3KCTJ..|\}"3TH PYEMEIX KOHCT-
PYKLMH.

Mayuennio noasywectH GeTOHOB NpH NOCTOAHHBIX M MEePEMEHHEIX BO
BPEMEHH HArpy3KaX, ONHCAHHIO KPHBBIX NOA3YMECTH, @ TaKXKE OINPEACACHHIO
3ABHCHMOCTH HanpaXeHHa-AeOpMaliMH TIOA3YYECTH NOCBALULEHO MHOTO pabor.
ConocraBAreHHe JKe 3KCNePHMEHTAABHEIX KPHMBRIX [IOA3YYeCTH IIpH mnepe-
MEHHOM HANpPAMEHHH C KPHBBIMH, MNOCTPOEBHHEIMH O YPaBHEHHAM TOH HAH
HHOH TEOPHH TIOA3YMECTH Ha OCHOBAHMM AQHHHIX O MOA3YYECTH [IPH HOCTOAH-
HEIX HANpPAMEHHAX, HEeMHOIMOYHCAGHHEL, OAHGKO, YKa3aHHOE CONOCTABABHHE
HEOBGXOAKMO AASl IDOBEPKH NPHMEHHMOCTH TEOPHH MOAIYHECTH TIPH ONHCAHHH
NpoLIecca noA3yuecTH MaTepuana [4;5],

M3BectHo, uTO AOMylleHHEe 0 AMHEeHHOH 3JaBHCHMOCTH MENAY HanpsKe-
HHAMH ¥ AediOpPMallMAMM MOASYMECTH, NOAOKEHHOe B OCHOBY AMHERHBIX
TEOpHH noasydecTH Getoa [6;7], cnpaBepauso auume AQ HEKOTODOro ypoBHS
HanpsaxeHun [8-10]. Mexoas ua Toro, uro YKa3daHHLIH YPOBEHE HaNpaMeHuit B
GOABLIOH Mepe 3aBHCHT OT Bo3pacra DeToHa K MOMEHTY Harpyenus [9,10],
NPEACTABAAETCH uEAECODﬁpa3IiHM H3YYEHHE 3TOoro BONpOCa AAd  BEChMA
cTaporo GeroHa.
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B HacTosuieit paGoTe NPHBOAATCH PE3YALTATh! IKCIEPHMEHTAABHBIX HECAE-
ACBAHMIT NIOASYMECTH Aerkoro GeroHa B Bospacte 18 AeT NpH NOCTOAHHEIX H
CTYTeHUaTO-BO3PACTAIOMMUX BO BPEMEHH HANPIKEHMAX, a raxke o0paTHOR
MoA3yHecTH. AHAAM3MpYeTCds BONpoc o NPHMEHHMOCTH TEOPHH CTApeHHH,
YTPOUYHEHHA W HACAGACTBEHHOCTH AN ONMCAaHHA NPOLEecca NOA3YHEeCTH
GeroHa.

MecaepoBaHHA [IPOBOAHAMCE HA BMOPHPOBAHHOM ACTKOM DETOHE COCTaBa B
sacce 1:1,43:2,50, B/L1=0,86, L|=294 Kr/m’, A NPUrOTOBAEHUA OEeToHa
HPMMEHSIAMCE Necok (Yo = 1117 kr/n’), webens [y, =834 kr/n’) ¢ pakiuen 5-
20 MM M3 AMTOMAHOM IeM3bl, B3ATOH M3 Kapeepa Mxpabep (Pecnybauka
ApmMeHua] H MNOPTASHALIEMEHT H3 ApapaTcroro HeMeHTHO-IH{EpHOID 3aB0OAd,
aktupHOCTRIO 50 MTIla. KpaTKoBpeMeHHEIM M AAMTEABHBIM HCOBITAHHAM
NOABEPTAAMCE UHAHHAPHYECKHE 0Bpasubl AMaMeTpoaM 5,5 cM, BLICOTOH 22 CM,
PHIOYpEHHBIE W3 HAPYAHOIO CAOA (ray6unoi B-10 cm 0T GOKOBOH TNOBEPX-
HocTH) GOABLIOTO IMAMHAPA B BO3pacre 5,5 aer. CoepeHHa 00 M3rOTOBABHMH M
xpareHu GOABIIHX LHAHHAPOB C AHaMeTpoM 57 €M M BHICOTOH 25 cM; A0
BLIOYPEHHA H3 HHUX ONBITHBIX 0Gpaslos, NPHBEAEHE! B paoTe [11]. CaeayeT
OTMETHTL, YTO MOCAE BEIOYPEHMA MAABIE LMAHHADEl B TEHEHHE 12,5 aer
HAXOAMAHCH B AaGOPaTOPHOM MOMELIEHHI NpH CpeAHEH TemIepatype 20+6°C
W OTHOCHTEABHON BAaXHOCTH 79+5%, rae B AAABHETIEM TNPOBOAMAHCH
IKCIEePUMEHTEL Ha TIOA3YHeCTh.

KparkoBpeMeHHBIe HCIBITaHUs OMEITHLLX 0bpa3ioe i 00paloTKa NOAYHEH:
HbIX PE3YABTATOB TMPOBOAMAHCH COFAACHO METOAHKE, HaAoMeHHOH B pabore
[12]. AAHTeABHEIE HCTIbITAHMA 0DPAsLOB Ha CHATHE, KAk MpH NOCTOAHHBIX, TaK
W NP CTYMeHYaTO-BO3PACTAIOUIHX HAMPIAKEHIAX, NPOBOAHAHCE HA MPYHHUH-
HBIX CHAOBLIX YCTRHOBKAX, CKOHCTPYHMPOBAHHBIX H HATOTOBAGHHEIX B MHCTH-
Tyre Mexanuky, CTyneHYaroe MNOBRIUEHHE Harpyaku [POM3BOAHAOCH HE€pes
xaxame 14 cytok. Cmycrsa 128 cyr., ste 0Gpasugl DORIAH PasrpyKeHsl W B
teuexne 200 cyT. BeAMch HabAroAeHHA 3a aedhopMalHaMK 0GPATHON  [OA3Y-
yecTi. [1OBTOPHOCTE DNBEITOB B KaXKAOM CAyHAe BhiAG NPHHATA TPEXKPATHOM.

PeayAbTaTH KPATKOBPEMEHHBIX HCHBTAHUA NPEACTABAEHHE B TabA. 1.

Tabauua 1
Recion | TOMABIEERS \onyn, peopyiaiun EXIONITO) 3
fieca\mon Rp(Mﬂa} S Eoardcne 18 Aer NpH OTHOCHTEABLHBIX
O B;:!PBL'FB ig [Hanpmxenuax (0/Ry)
Ry (MIa) AeT 0 0,25 0,5 0,75
[ 25,9 19.3 122 112 102 92 |

KaK OTMeYaAoCh BhILUE, BEAHYHHA OTHOCHTEABHOTO HANPKEHHHA o/R, npu
KOTOPOM ~MMEET MeCcTo AMHeHHad CBASE MEXAY HanpsPKEHUAMH  H
AethopMaLuAMK TIOA3YHECTH, CYIECTBEHHO 3aBHCHT OT po3pacTa GeroHa T K
MOMEHTY Harpyxenus. Tak, sKCHepHMEHTaMH, NOCTABAEHHEIMH Ha TAMEAOM
Gerone B Boapacte 7; 14; 29; 95 1 185 aHei GhIAO YCTAHOBAGHO, YTO 3HAYEHHE
yKadaHHOH BeAMMHHEL o/R pas Ts? AHER COCTaBAAET 0,75, a B OCTAABHRIX
cayuasx - 0,6 [10].

Ha ocHOBaHHH Pe3yAbTAaTOB NPAMBIX 3KCNEPHMEHTAABHBIX MCCABAOBAHMNH,
NPeACTABAEHHEIX B Aesoit uacru dmr, 1 HAaCTOALEH paboThl, MOMHO 33KAIOHHTE,
WTO aHadeHie OTHOCHTEABHOIO Hanpsxerus O/R, npu KOTOPOM HMEET MECTO
AMHEHHAS CBA3H MEXKAY HANPAMKEHHAMH H AedopMalMAMi NOA3YHECTH, B
cAydae crapeix DETOHOB CAGAYET NPHHATH paBHLIM 0,45-0,5.
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3aBecTHO, YTO AAS AlNPOKCHMAlM# IKCIEPHMEHTIALHEIX KPHMBBIX Ep-O,
HauaAbHBIE YHaCTKM KOTOPBIX OAM3KH K AMHEAHON 3aBMCHMOCTH, 4acTo
NPHMEHAIT QYHKIHIO BHAR

en=ao+ fio’ (1)
rAe @, i, n - ONLITHEE NaPaMeTpel.

AASL annpoOKCHMALH 3IKCTEPHMEHTAABHLIX AGHHBIX, TIPEACTABAEHHLIX B
Aepoil uactd (hHr.l HacToAleH pafoTel B 3aBHCHMOCTH (1) EmecTO
ABCOAIOTHOIO 3HAYEHWs HANPSKEHUA O, HCHOAR3OBAAOCH ero OTHOCHTEeALHOE
auwauenue of/Ry 210 ueaecoobpa3Ho.  AA YETPaHEHHA NpPOTHEOPEUHH,
CYUECTBYIOUHX B PA3MEPHOCTSX OTIBITHAIX napaMeTpos a u fi.

B npaBoi 4actu pur.l CIAOUIHEIMK AHHHAMH NPEACTABACHBL IKCIEPHMEH:
raAbHble KpHBRIE [OA3YHMECTH, NOAYMEHHEIE TpH PasAMUHBIN  3HAYEHHAX
HOCTOSHHOTO HaNpsUKeHWs O, B CpaBHEHWH C MOCTPOEHHBIMI  KPHBRIMY,
COTAACHO ANNPOKCHMALHK

n
elt) = G'.E-'--i—B £ [1—0,5(3'“’ +e""')] (2)
RLI Ril

OKA3AHHBIMH LITPHXOBHIMH AMHUAME, ONHTHEIE [apaMeTphl annpoKcHMatuH
(2) NPHHATEL CABAYHOULHMH: a=1572, p=42,42, n=454, 1,=042 l/cyr,
v.=0,02 1/cyT.

Kak MOMKHO 3aKAIOHHTE U3 ur. ], annpoKcHMaliii (2) BroAHE npHeMAeMa
AA OMHCaHUA AehopMalHi MOASYHECTH craporo DeToHa.

B npasoii uactd (pur.l CHAOLIHEIMH AMHHAMM [OKa3aHbl 3KCHEPHMEH-
TAALHEIE KPMBBIE MOA3YHECTH, NOAYMEHHRIE NpH CTYTEHYATO-BO3PACTAIOLHX BO
BpEMEHN HalPSKEHHAX., [IpeACTaBAEHbl TAKAE KpPHBEIE NOA3YHECTH,” NOCT-
POEHHEIE COTAACHO TEOPHAM CTapeHitd, YIpO4HEHHsA ¥ HACACACTBEHHOCTH H3
OCHOBAHHH KPHMBEIX, HOAYHEHHBIX IIPH NOCTOAHHBIX HaTIPAAKEHUIAX,

CONOCTABACHUE 3KCIEPHMEHTAALHBIX KPHBBRIX HOA3YHECTH IpH  CTyNeH-
4ATO-BOAPACTAIOWINX HANPAKEHHAX C KPHBBIMH, NOCTPOEHHEIMH [0 YKa3dH-
{bIM BBILIE TEOPHAM, NOKA3LIBAET, YTO KPHBLIE TEOPHH cTapeHus BCErAa pac-
[OAATAIOTCA BRILE OKCHEDHMEHTAABHLIX KPHBLIX (thur.1). Kpuseie TeopHH
yIpouHeHMst M HACAGACTBEHHOCTH BHACTH AD  YPOBHA OTHOCHTEABHOTO
nanpsokeHns  o/Ry=0,6 TPAKTHYECKH OAMHAKOBO  YAOBAETBOPHTEABHO
ONHCHLIBAIOT Pe3yAbTaThl 3KCNEepPHMEHTOB. [pu o/R,>0,6 kpusas TEOpHH YII-
POYHEHHMS MPOXOAMT HIUKEe SKCIEePHMEHTAABHOH KPHBOH, & KpHBai TEOPHH
HACABACTBEHHOCTH 33HHMAET MPOMEKYTOUHOE MOAOHKEHHE,

Ma chur.l ONEBHAHO, UTO B LEAOM, AAS OMMCAHHA [POLECCa MOA3YHECTH
craporo GetoHa, 1eAeco00pasHo NpHMeHATE TEOPHI0 HACAGACTEEHHOCTH [7]).

DKcnepHMEHTAABHBIE CBEASHMA of obpaTHMBIX AehopMaUAX, HMEBLIIX
MECTO NpH HaCTHYHON HAH [OAHOM pasrpy3ke 0eToHa, HEODXOAHMBL  AAA
PaBHABHON OLEHKH pPeaAbHOro COCTOAHMA koucTpyRigi. [Ipi pasrpyake
GeroHa, HAarpy)KeHHOro B paHHEM BO3PACTe, ynp}TD'AEQJOpMH]}OBaHHNﬁ
3aNOAHNTEAb, MIHOBEHHO BOCCTaHABAMBASICEH, CTpeMMTCS B AJABHEMIIEM
[IOAHOCTBIO PHOGPECTH CBOIO NMEpPBOHAYAABHYIO chopary [4:8:12 1 Ap.]. Dromy
HpEenATCTBYeT 3aTBEPAEBUIMA BO BPEMEHH LeMEHTHELT KaMeHb, HCILITRIBAI0:
WMA B MecTax KOHTaKkTa C 3alOAHHTEACHM pacTArHBaiolIHe HANpAAEeHH,
KOTOpLIE H ABAAIOTCH NpUYHHON 0BPaTHMOCTH aechopmanni, OYEBHAHO, HTO B
cAyuae GETOHa, HArpYKEHHOro B CTapoM poapacTe, T.e. KOrpa obpa3oBaHiHe
[eMEHTHOTD KaMHA MOKHO CHHTATL 3aBepuIeHHEM, 00PATHMOCTE aethopmani
[I0CAE Pa3rpy3KH MOeT OBITh CYIeCTBEHHOM.
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M3 1abA.2, rae npuBejeHsbl Aannbie o MIHOBEHHBIX AGDOPMALUAX, MOMKHO
JAKAIONHTE, 8TO BEAWMMHBl VKA3aHHBIX XapakTepUCTHK, HNOAYHEHHBEIX TIpH
HATPYKEHIN ONBITHRIX 06Pa3LOB NOCTONHHON HAIPY3KOH, BIAOTL AQ 3HaYEHMHs
/R =06 1 npu mux pa3arpyske uepes 128 cyr. NpaKTHYECKH HE oTAMMAROTCH
APYr or apyra. Tlpu o/R;>06 BeAMMHHEI MrHOBeHHBIX Aethopmargiii,
MOAYHEHHEIE NDH pasrpy3Ke obpaslos, OKa3arHCh HECKDABKO MEHBLIIUMH, Hem
UpH MX Harpysxenun. B cayuae ke oGpaaios, HAIPYMEHHBIX CTYNEHYaTo-
BO3PACTAIOIHMY HANPKEHHAMH BIAOTE AD O/ R, =08, umeer mecro obparhoe
ABAEHHE,

Tabanua 2
Bup aeiter- BeAMuHHEL MIHOBeHHEIX Aedropmanui (e, x10°%)
BYIOLLETO IPH MOCTOAHHLIX 3HAYEHUAX /R
YEHARS 0,2 0,4 05 [ 06 0.7 08 |
Harpyxenue 29,1 59,8 739 | 90,1 16,5 | 1404
Paarpyska 290 | S68 | 702" | 879 | 1050 | 129,1 |

11PH CTYIEHYATO-BOIPACTAIONHK IHAYCHHX /R

0.2 [0,2-04]0,4—0.5]0,5-0,6]0,6-+0,7 0.7-0,8] Hroro
Harpymxenye 27,8 258 150 150 15.0 L5 iz |
Pasrpyaka 3 3 : : = i B

Mporaosnposanne oBparimuix ACOPMALINI HOASYNECTH NOCAE HOAHORO
CHATHA  HANDAMEHHH B CPABHEHHM © IKCNEPUMEHTAALHEIMH  AGHHEIMIL
HO3BOASET ONTHMAABHO BeIDpATH COOTBETCTBYIOILYIO TEOPHIO AAS ONHCAHNS
npouecea noasyvecry Getona,

Qbpariian noAsysecrs xapa KTEPHIYETCA pelOpPMHPOBAHIEM MATEPHaAa RO
BDEMEHH * [1alIPARACHHY, TIPOTHBONOADHHOM ACHCTBYIOLEMY HalpsxeHuo ay,
fOCAE EI'0  “ATHH B MOMEHT BpeMeHH U (dwr, 2),

Yerosue maanums  obparhoi

£ o HOA3YMECTH AAH MPOrpaMMel HaMe-
HEHNH HallpAXeHHs
a, O<t<y,
o(t)=1" npn (3]
0 L>1

HMEET CABAYIOLIEE MaleMarTHyec-
Koe npeacrasaenne [13]:

Ec(0(t),1) - Ec(0y,t) < 0,0 > fy (4)
Qur, 2 Coraacho HACABACTBEHHOIT
TEOPHH  TOABYMECTH AAS  BHULEY-

TMOMAHYTON NPOrpaMMel (3) uMeer mecTo

E('(U'f)_ Er"(Um“n) - F(olllr) _F(Gur" ""[I}'_'P‘(UH!III =2 U [‘SI
UTO - npeaonpeaesser  obparHyio NOASYMCCTL,  MOCKOALKY ycAOBHe  (4)
cobaoaaeTca [13].

Mpy ucnoAsaosannn Teopiy HACACACTBEHHOCTH B NPUMEHEHUH K
ANNPoKCHMalHK (2) GyAeM HMeTh

o of) (ofr)) i) )
= (a2 gl RO} o sf, oot o
e.(t) _!I'a R, +B R, ; [y,e +Y,e }ft (6)
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Aerko BHAETH, 4TO NpH ! < [; BRIpAReHHE (6) coBnapaer C BhlpaXKeHHEM
(2], a npH

caeay1oLlyo opMYAY AAR o6paTHON MOAIYYECTH, COTAACHO HACABACTBEHHOH
TEOPHH!

t > [, M3 BHIDAKEHHA (6), mocAe HEKOTOPEIX BRIKAGAOK, MOAYHAEM

(o]
v il PRI
‘RLl Rl—l

o 0serni 4 et )masle gt grale  on )

Ha ¢ur.3 CHAOWHEIMH AHHHAMH MpeACTaBAEHEl JKCTIEpHMEHTAABHbIE
xpHBsie OBPATHOM MOAIYMECTH, a IUTPHXOREIMH AMHHAMH — AHAAOTHHMHEIE
KpHBBLIE, NMPOrHO3HPYEeMEIe TEOpMEil HACAGACTBEHHOCTH COTAACHO amMpOKCH:
Maunu (7). OTMeTHM, 4TO IKCNepHMEHTAABHEIE 3HAYEHHA ofpaTHMeix Aedop-
Mauuil NOA3IYMEcTH 0Opa3loB, HATPYZKEHHBIX NOCTOAHHBEIM OTHOCHTEABHBIM
nanpsxenrem o/R;=0,8 1 00pasios, HArPyFKEHHEL CTYNeH4aTO-BO3PAcTaio-
[L{HMH HaNpAKEeHHAMH BIAOTE AC o/Ry;=0,8 npakTHYecKH He OTAHMAIOTCA APYT
OT APYT2 H, NO3TOMY Ha ¢ur.3 OHM NPEeACTABACHEI eauHOM xpusoR. M3 dmr.3
MOJKHO 3aKAIONHTB, YTO TEOPHIO HACAGACTBEHHOCTH MOKHO CYHTATh NpHEeM-
ABMOH AAR OMHCAHMA ODOpPATHMEIX AehOpMALHH MOA3YHEeCTH BeToHOoB, Harpy-
SKEeHHBIX B CTapoM BO3pacTe BIAOTE AO 3HAUEHHA a/R,=0,5.

Eon({ "ru)'
(7)

32 x10* e e

|

28 B
|
|

7Y [ B Sl
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Pug. J. OKCnepHMeHTaABHEE H TEOpeTHYeCKHe KpHBLIe ob6paTHOH

OA3Y4ecTH, IOCTPOSHHEIE COTAACHO aNIPOKCHMALHH (7).

73

X



AWUTEPATYPA

Troxell G.E,, Raphael J.M., Davis R.E. Long-time creep and shrinkage losts
of plane and reinforced concrete // Proc. Amer. Soc. Test, Mater. 1958
(1959), 58, p.1101-1120.

2. Kapaneran K.C., Kapaneran K.A. Mecaeposanine uamenenus NPOYHOCTH,
MOAYAS AehOpMaluy H CTeNeHH aHH30TPONHHE BeckMa CTaporo GeToHa npu
CoRATHH BCAGACTBUME BOAOHACHILEHHA H BhICKIXauus, // Map. AH Apm.CCP,
Mexanura, 1981, 1.34, Ned, c.29-51,

3. Kapaneran K.A. Bauauue Bpichixanus Ha MOASYMECTE H aHH30TPOMNHIo
BecbMa craporo OetoHa, —C6.: Mexanunka AethopMHpYeMEIX  Tea u
KOHETpyRun#, M3 AH Apm.CCP, 1984, c,197-202.

4. BacuaseB [1.M. Hexoropeie BONPOCKI NAACTHYECKUX AehopMaumni Getoua,
//Was. BHHUWT, 1953, 1.49, c.83-113.

5. PaGortnor 10.H. ToAsyuects aremenTOR KOHCTpYKUMA. —M.: Hayka, 1966,
752 ¢c.

6. Maauuun IT.H. Ochoer PACYETOR Ha noasyvecrs, —M.: Mawusaar, 1948,
323.c:

7. Apytionsn H.X, Teopus ynpyroro HaNpAAKeHHOTO COCTOAHMS BeToHa ¢
YUeToM noasyuectH. // [IMM, 1949, 7.XIII, No6, ¢.28-39.

8. Yauukua MM, Moasyuects Getona, —Kues: Focrexnsaar Ykpaunel, 1948,
495 c,

9. Bacuases [LH. Cpasp MEHAY HANPAMEHHAMH H AepOpMalMAMH B GeToHe
TP CORATHH € yueTOM BAMSHMS Bpemenw. // Mas. BHUMI, 1951, T.45,
£.78-92,

10. Kapanersn K.C. Bauanue CTapeHHa BeroHa Ha 3aBHCHMOCTE MEHAY
HAUPAMKEHHAMH U AehOPMalMAMY NoA3ydecTw, // Mas. AH Apm.CCP, cep.
tbua-mar.H,, 1959, 1.12, Ned, c.57-88,

1. Kapaneran K.C, Kapanetsn KA. Heeneposanue  neopHopopnocTs
NPOUHOCTH, MOAYAS AehOPMALMH M TIOA3YMECTH GETOHHOTO 3AEMerTa. i
Mas. AH Apm.CCP, Mexanuka, 1983, 1.36, Ne2, ¢.37-53.

12. Kapanersn K.C. Bauanue 4HHIOTPOMMH HAa NOA3YYECTH GeToHa apH
C/RATHH M DACTSAMEHHH B 3aBHCHMOCTH OF MacuiTabHOro thaxropa. //
Map.AH Apm.CCP, cep, dua, -mar. 1., 1964, T.17, Ned, ¢.71-90.

13, Cumonan AM. O HEKOTOPBIX BONPOCAX OAHOOCHOH HOASYHECTH METAAAOB,
// Mas.AH Apm.CCP, Mexanuxa, 1980, 1.33, No2, ¢.3-16.

Mucturyr Mexanuku Iocrynuaa B peaakumio

HAH Apmenun 15.09.1998

74




	mexanika N4-035
	mexanika N4-035-1
	mexanika N4-036
	mexanika N4-036-1
	mexanika N4-037
	mexanika N4-037-1
	mexanika N4-038

