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i. BBEAEHHE

MsHuorue crpouTesbHble MarepHabl—O0eTOH, ApeBeCHHa, MJia-
CTHKH, YIVICPOJHCTASA CTaJb H JAPYrHe o6/afaioT cBOiicTBOM NOJ3Y-
LECTH, T. € CNOcOGHOCTLIO AeOoPMHPOBATLCA BO BpPeMEHH NPy MO-
CTOSIHHBIX HampsickeHHsX. 3TO OBOMCTBO MPHBOMHT K TOMY, UTO B
npouecce JJHTeNbHbIX BO3AEHCTBHIl TIPOMCXOAAT H3MeHeHHs Ha-
NpSIKEeHHbIX U 1epOPMHPOBAHHBIX COCTOSTHHA CTPOHTEJNbHBIX KOH-
crpykuuii. IlepeMelieHus, BBI3BaHHbIe BHEIIHHMH HarpysKaMH,
YBeJHYUBAIOTCS; YCHJHSA, SBJASIOUIHECS CJAEACTBHEM  BbIHYKIe-
HbIX Jedopmanuil (M3MeHeHHe TeMIepaTyphl, ycaaka, HepaBHO-
MepHasi ocamKa ONOP, NpeIBapuTeJbHOEe HanpsiXKeHHe), 3ary-
XaloT. B KOHCTPYKUMAX, BBUIOJHEHHBIX ¢ NpHMeHEHHeM MaTepHa-
J0B, 00JaJaI0MKX Pa3JAUuUHbEIMU JedOPMATHBHBIMK CBOACTBaMH,
B YACTHOCTM B KOHCTPYKUHMSIX Kese306eTOHHBIX, Halua0gaercs
nepepacnpejeJeHHe YCHIHM.

Y HeKOTOpBIX CTPOMTENbHBIX MaTEepHAJOB BO BPeMEHH IIpO-
HCXOIUT H3MeHeHHe (DU3NMKO-MeXaHMYecKHX CBOACTB, HasbiBaeMoe
Jlaliee cTapeHHeM. B GeroHe crapeHue siBiIsieTCs CJeICTBHEM TBEp-
JNeHHSl LeMEeHTHOrO0 KaMHS M NpPOSBJSeTcs B BHIE YBeJIHUEHHS
NPOYHOCTH H yMeHbllleHHs aedopMaTHBHOCTH. B ppeBecuHe cra-
peHHe MOMKeT YCJOBHO PACCMATPHBATHCA KaK CJI@ICTBHE BBICHI-
XaHHA H T. A.

PacueToM KOHCTPYKUMH B YWIOBHSX AJHTENbHBIX BO3eHCTBHI
3aHHMaencsd pa’fes MeXaHMKH, HOCSILHHA Ha3BaHHe TEOPHH IIOJ-
3yyecTH. TeopHs TOMI3YUECTH CTPOUTEJIbHBIX MaTepHaJOB H KOH-
CTPYKLHA CO37aHa, B OCHOBHOM, TPYIAMH COBETCKHX YUEHBIX B
TeueHHe NOCASAHUX TPHIAUATH JeT *. HHTeHCHBHOCTH pa3BUTUS
3TOll TEQpHH, HEOGXOAMMOCTb OCBOEHHS CIELHAJbHOTO MaTeMa-
THYECKOrO aniapara, a TakXe IOUTH NOJHOE OTCYTCTBHe YueOHBIX
nocoOHii CO371al0T 3HAYMUTEJNbHble TPYJIHOCTH NPH ee H3YMeHHH.
CrneypuaneHass JHTepaTypa, NOCBALIEHHAA TEOPHH HOJ3YYeCTH

* CM o630pHble ctatbH B cGopHuke «Mexannka B CCCP 3a 50 Jaer»,
M, 1972, 10. H. Pa6orHos. «Teopus novisygecrs», H X. Apyrionan «[loumy-
YeCTb CTapeiolluX MaTepHaJoB, N0J3yyecTb GeTOHa».
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CTPOHTENIBHBIX MaTepHaJlOB H KOH‘C’DP'YMIIHI’I, KaK IipaBHJO, MaJo-
AOCTYIIHA, TAK KakK IJd €€ H3YUYCHHS HeOGXOIHMO BpeMda, He
COH3MEpHMOE C HMEKIIHMCA ¥ CTYNeHTa.

Hacrosimue Merognueckue YKa3aHHd nNpeJHasHaYeHbl A
NOMOLIH CTYJeHTaM B H3YYeHHH 3VIeMEHTOB TEOPDHH NOJ3YUCCTH
H COJAEepXKaT CCLIJIKH HAa HCTOYHHKH, B KOTOPBIX IIOle06H0 OoCBe-
HIAIOTCA T€ HJIH HHbl€ BOIIDOCHI.

2. CBEOEHHS1 Ob OCOBEHHOCTAX NE®OPMHPOBAHHUA
CTPOHTEJIbHBIX MATEPHAJIOB MPH NJHUTEJIbHOM
JENCTBUHU HATPY3KH

Ilpu nmeficTBHH NOCTOSHHON BO BPEeMEHH Harpy3KM NOJHble
aedopManuy  €* TaKHX CTPOHTENBLHBIX MaTepHaloB KakK GerToH,
JPEBECHHA, BHICOKOYIVIODOIHCTAA CTajlb H JAPYrHe COCTOSIT H3
YOPYTHX, POSBJINIOMIHXCA B MOMEHT 3arpyckeHHsi (ynpyro-MrHo-
BeHHble JeopmaluuH) — e, K AedopMauuil pasBHBAIOUHXCH BO
BPeMEHH W Ha3blBaeMbiXx JedOpMaLUHSIMH MOJ3yyecTH —,. B
obuieM cayyae, NpH HAJHYHH CTapeHMs MaTepHasa, BeJHUHHA
YIpYyro-MrHOBeHHbIX RepopMauuii cBs3aHa ¢ coctosHHeM (BO3-
pacToOM) MaTepHala K MOMEHTY 3anpysKeHHs T; BeJHUHHA medop-
Mallull TOVIIYYeCTH 3aBHCHT KaK OT T, TaK H OT IPOMOJNKHTENb-
HOCTH JeficTBHs Harpy3ku [ — T (puc. 1)

5*(t):sy(1)+5n(t’t)‘ (4.1)
' p
B _i_ _'Eu({,T) 6= _‘;— = Const,
£
S(T) : {x P
% t T
Pue. 1,

Hauano orcuera BpeMeHH COBMeIaeTCsi C MOMEHTOM OKOHYa-
HMSl H3TOTOBJIEHHSl MaTepHaJ/a, TOYHee C MOMEHTOM, HauHHas C KO-
TOPOTO MarepHa] CTaHOBUTCH TBepAblM tesoM. OueBHRHO, uTO
t> 1, T. e. BO3paCcT MaTepHa/Ja B MOMEHT Ha6/JIOJeHHs Bceraa
Gosbille HJAH paBeH BO3PacTy MaTepHajla B MOMEHT HDHJIOXKEHHS
HarpyskH.
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Tlpn skcnepHMeHTANbHOM ONpeleieHHH BEIMUHHE NOJ3YUeCTH
HeoOXOIUMO YMHTHIBATL HaJdHuyHe COOCTBeHHRIX gaedopMaiHi,
CBSI3aHHbIX C H3MEHEHHSIMH TEMIePanyp M BRaKHOCTH (ycanaka).
TTosToMy NO/I3y4ecTb CTPOHTENBHBIX MAaTEPHAJIOB OTIpPEJeJsioT
KaK pasHoCTb MekAy AehOopMauHsMH 3arpyKeHHHX H He3arpy-
KeHHBIX 00pa310B-6,TH3HEIL0B.

XapakTep passuTHA AedOpPMauMil MOUSYYeCTH 3aBHCHT OT
YPOBHSl HanpsiKeHH#l o, TOYHee, OT OTHOLIEHHS MEXAY O M npe-
Le/IOM AJHTENbHON NPOYHOCTH (AJIHTENIbHONO COMPOTHBJICHHS) —
R,. TpenenoM AJIHTENLHOH NPOYHOCTH Ha3blBaeTcss BeJHYHHA
HanpseKeHHN, NP KOTOPOil paspyllieHHe MaTepHaja NMROHCXOMHT
nocJe HEOTPaHHYEHHOTO GOJIBILIONO NMepHOna BpeMeHH NeHCTBHA.
Ecnn 0<R, — nedopManun no/3yuecTH MOCTENEHHO 3aTYXAlOT,
1pu o >R, — pa3sBHTHe He3aTy-

XawIIuX AedopMaLuil nosasyye- .
CTH 3aKaHUMBAeTCH DPa3pylUeHH- &w G>Ryn,
em (puc. 2). Onsa Gerona, 3a-

FPYKEHHOTrO  CXKHMamouel Ha- GeR
rpysKxoil B Bo3pacre 1,;=28 cy- b
ToK, R; ~0,8 R;p; Ansi  ApeBe-

CHHH HODMAJIbHOM  BJIaXKHOCTH,

CKATOH HJHM PACTAHYTOH BAOJb 4.1
BOJIOKOH, R, ~0,5 R. U3 cka- Tt e

3aHHOrO OYEBHAHO, UTO CTPOH- Puc.2.
TeJIbHBle KOHCTPYKHHH ROJIKHBI
TIPOEKTHPOBATLCA TaK, WYTOGH
JAJIHTENIbHO AefCTBYIOlHe HANpSAMXEHHS O He NpeBHIIANH MNpefe-
Ja JJIHTeJIbHOMN NPOYHOCTH R ,.

3aBHCHMOCTH MEMIY HAMPSXKEHHSAMH M YIDYro-MIHOBEHHBI-
MH AedopMalHsiMH, KaK IPaBHJIO, JHHEAHH; MEXY HampsioKe-
HUAMH H AedopManHIMH noJ3yyecTH, B obuieM cJayvae, HeJaH-
Hefnbl. vl wavocTpaliHy 3TOTO Ha pHC. 3 HIOOGpadKeHbl THIAY-
Hble KpHBble AedopManuil noasyyectd 6eTOHa, COOTBETCTBYIOLIHE
Pa3NHYHLIM YPOBHAM CHUMAIOWKX HaNpAKeHu, a TakKe Xpu-
Basl, NPECTABAAION s 3aBHCHMOCTh MEXIY YDOBHSIMM Hamps-
KeHus: o/R u pedopMauMiMH [O/3V4eCTH, Pa3BHBaBIUHMHCS
3a BpeMa f — 7.

Crenenb HeJHHEHHOCTH AedOpMauui NOJ3yYyeCTH CYLeCTBEH-
HO 3aBHCHT KaK OT YPOBHSl HaNpPsKeHHH, TaK H OT HX XapakKrepa.
Hanpnmep, ana aepopmauuy OGeToHa BJAHSHHE HEJIHHeAHOCTH
CUHTaeTCs HEe3HAUHTEbHBIM, €CJH BeJHUMHA CKHMAIOIHX Hamnps-
Kenuit ne npesocxomut 0,5 Ryp, 2 BeJHuMHAa PAacTSTHBAKOUIAX
nanpsxernit o<0,8 R,. [lnsa nedopmaunn nos3yvectH Ape-

$



BECHHB! IIPH CXKATHH MJM DacTSKEHHH BLOJb BOJNIOKOH JIHHeHHAas
3aBHCHMOCTb XapaKTepHa BO BceM juanasoHe s<R,.

bty
I 6=0,7R

/ l sgo'sk

I
| =038

[
)/ —| G=04R

6=03R
G ’0.2R
16=0,1R

-

07 06 05 0% 03 02 o1 O Yy t-t
Puc 3.

IMpu cHATHH AJAUTENbHO AefcTBYIOUlEl HArpyskH o6pasell, Bbl-
NOJHEeHHbl U3 YNPYTOrO MaTepHasta, CTPEMHTCS BOCCTAHOBHTH
CBOM NepPBOHaYasdbHbEle pasMephbl. IIpR HaJIWYMH NOJA3YUECTH Ta-
KOH npollecc BOCCTAaHOBJVIEHHS OOYCJIOBJEH KaK MTHOBEHHBIMH
nebopManusMu E'y (t2), Tak H medopMauUSIMH, pPa3BHBAIOLIH-
MHCSI BO BDEMEHH H Ha3blBaeMbIMH JedopMalHIMH NocjaeleHcT-
sus  &,(t — 1) (puc. 4). HedopMmallvn nocaefeilCTBHA 4acTo
TPaKTVIOTCd Kak JAeopmaiuu, obpaTHble nehopMauuaM noasy-
yecty. [losToMy npu HadHuuu ynpyroro moclelnefiCTBHs TOBO-
pAT, 4To AepopMalluH NOJ3yHecTH OOJafaloT O0BPaTHMOCTHIO.

‘;vldr

£ -, Gt
&y (1)
; ety
1
1
1 | AT
1 L v ] o —
T 3 t T
' * ' Pue. 5.

Puc. 4,

IMpu nedopmupoBannu crapeioiiero Gerona JedpopMmalud IOJ-
3yvecTd Gospille AedopMauuit ynpyroro nocaefefictus. HubiMu
croBaMH, nedhopMally NOVIAYWeCTH crapetoulero OetoHa ofpa-
THMBI Y2CTHYHO.

C ynpyram nocaereiictBueM cBsi3aHo M Takoe ssJaeHue. Ilpea-
CTaBHM, YTO B MOMEHT BDP&MeHH T C G6ETOHHOIO 3JeMeHTa CHATA
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CXYMAIOWaa HATPy3Ka, NefiCTBOBABIAS ¢ MOMEHTa Ti, H Cpasy
e TOCJe TIPOSIBJIEHUS YMPYTHX AedopMalyuil HaJoKeHbl CBH3H,
NpensTCTBYOWMe  faJbHEAIIeMy BOCCTAHOBJIEHHIO Da3MEpoB.
OnbiT NOKa3biBaeT, 4TO B TaKOM 3/eMEHTe C TEUEHHEM BPeMeHn
GymyT pa3BuUBaThHCA CHHMAIOUME HAMPSIKeHHS. IDTOT MpOIecT
fIPHHATO HA3bIBaTh NPOLECCOM BOCCTAHOBAGHHS HAaNpPAXKEHHH

(puc. 5).
Ecayu npuravarnveckuii o6pasen Tela, o0JaRaloLIero MoJ3y-
yecTblo, [OABEPrHYTb BHIHYXK-

G*(ﬂ HOeHHbIM JedOpMauHAM CXKATHA
(pacTsixkeHus, u3aru6a, CABHra)

e M B JajbHeidlleM COXPaHAThH
. 3TH AedopManHH, TO BO3HHK-

G () IIHe HanpsiKeHHss C TeueHHeM

BpeMeHH OyAyT yMEeHbUIAThCS
A &7 (puc. 6). 3aryxanme Hampsixe-
p t HHil B YCJIOBHSIX BbIHYMAEHHBIX
he. 6. nedopMauuii Ha3blBaeTCs pesak-
cauues.
PesyabTaThl SKCIePHMEHTANbHbIX HCCI8LOBAHUM, B YaCTHOCTH
BHUTOAHEHHBIX 115 GeToHa, MOKa3HBAIOT, YTO NpPH HeHCTBHH OT-
HOCHTENbHO HEBHLICOKHX HaNpsKeHHil, I0C/Ie10BaTelbHO BBOAH-

JLG“’
. Gx,)
g -
! ) RHA
: foy T Ty T, i
i SRR
l L
1, r s+
Gy 1 ¢ A
T, 1; s —

MBbIX B MOMEHTHl BPeMEHH Tj, To, T3, .., BEJIHYHHA NOVIHOH Jexpop-
Mauu, chopMHpOBaBUIefics K MOMEHTY {, MOXKeT BHITh NMPHOIH-
J)KeHHO BbIYHMCJIEHA Kak cymMa JedropMalpii OT KaXIOH CTYNSHH
Hanpskeruit (puc. 7).



e*(f)=e*(t,7,) +e*(¢,7) Fe*(6Ty) +.o0 4.2)

3apucuMocTh (4.2), NOKa3bIiBaloUlas BO3MOMKHOCTb BBIYHCJIE-
Husf AedopMalliH NONBYYECTH TIPH CTYINEHYATO-H3IMeHSIoWHXCS
HaNpsiXKeHHAX KaK CyMMbl Jedopmauuii, BBI3BaHHBIX Hampsxke-
HUAMH, NOCTOSIHHBIMH BO BPE€MEHH, HOCHT Ha3BaHHMe MPHHIHNA
HasoxXeHHs. EcTecTBeHHO, 4TO 3TOT NMPUHIKN CrpaBelJiuB B 06Ja-
CTH JHHeAHOH 34BHCHMOCTH MeKAY HampsXKeHHAIMH H AedopMa-
UHAMH HOISYMEeCTH *.

3. BABUCUMOCTH ME)XY HANPJA)KEHHAMH
H JE¢OPMAILUSAAMHU IMHENHOHA TEOPHH
NMOJI3YYECTH. PABHOBUAHOCTH TEOPHA

NOJIBYUYECTH

Jlunefinaf TeopHust DOVI3yMECTH OCHOBaHA HA MPEIOJIOKEHHH
O HAIHIHH JHHEHHOH 3aBHCHMOCTH MeXKLy HampAKeHUAMH H
TMOJNHBIMHE AebopMatuamMy (yNpyro-MriHoBeHHbIME AedOopMallusiMH
1 pedopMatiusIMH TIOJISYYECTH).

Cunraercs, 4To 0ObEKTOM H3YMEHHS STBJAAETCHA TesO, YAOBJIET-
Bopsiomee paGouynM FHIOTE3aM TEOPHH YNPYDNOCTH (CIVIOIUHOCTD,
OIHOPOLHOCTb, H30TPONHOCTb, MaJOCTb AepopMaluit) H obia-
Japinee, IOMHMO YIIPYTHX CBOMCTB, ellle H NMOJ3yyecTblo. THHHY-
Hble KPHBbIe MOJIHBIX OTHOCHTeJbHBLIX JAedopmanuii H3yuaemoro
TeJla, BHI3BAHHBIX MOCTOSHHBIMHM HarpysKaMH, [PHIOMEHHBIMH B
BO3DPACTE Ty, Ty, ..., T [OKa3aHb Ha puc. 8a. KpoMe Toro, BBO-
ASTCH CIeIYIOIHEe THIOTe3bl H NpPEAMOCHIIKH:

1. Cunraercsi cnpaBefJMBLIM NDUHIHI HAJOXECHHS;

2. Cynraercsi, 4YTO XapaKTepHCTHKH AedOPMATHBHOCTH Mate-
pHaJia He 3aBHCAT OT BeJHYHWH BHIHYXKJIEHHBIX Aedopmanuii.

Tlonsast oTHocHTeNbHAsA AedopMallus NPH CXKATHH HIH pPacTs-
JKEHHH B MOMEHT [, BHI3BaHHAsl e/MHUYHBIM HampsKeHHeM, JeH-
CTBYIOLIUM C MOMEHTa BPSMEHH T, ONpeIeNfencss 3aBUCHMOCTHIO

3(t,%) = g+ C(859), (4.3)

* Cm. monorpadun: H. X. Apymonsu. Hexorophle 8onpochl TeOpHH Nov-
3yyectn, M., 1952; C. B. Anekcangposckuii, Pacuer GeTOHHBIX ¥ Kewe306eTOH-
HBIX KOHCTPYKUMH Ha HGMeHeHHe TeMIlepaTypH ¢ ydetoM nouaydectd, M, 1973;
B. M. Boupapesko. Hexorophie Bompoch HenuHeHHON TeOPHH »Kese306eTOHa.
Xappkos, 1968; H. 1. INanapun. Hekoropbie sompoacH pacyeTa apMHPOBAHHO-
ro H HeapMHpOBaHHOro GeToHa ¢ yueToM nosisydects, J1., 1957; U. E  Tlpoko-
nosuy, BuusiHe AVIMTeVIBHBIX TMPOILECCCB Ha HalpspKeHHoe H JdedopMHPCBaHHCE
cocTosnus coopyxeuni, M, 1963; A. P. Pxauuunn, Teopus mousywecrd, M.,
1968.
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rie 1/E (1) — ynpyro-urioseHHas aedopmanus, C (4, t)—
Mepa MoJI3YYeCTH.

J8d
Os(g) ot
') h
L 1Y)
6=1
L I—
e T
6 C——
6 [ R t
Te T, Ty Te c e

4LS(¥.T)

l
f
ST

i
T, Ttdr = %
Puc. 8.

Kak 6bmio yxke cka3zaHo [oM. (4.3)], B Teopuu noasyuecTH
TmpHMeHseTcs NMOHATHEe MOMIYJs Ynpyro-MPHOBeRHBIX KedopMaumH,
T. €. MOIYJf, KOTOPBIH ompedenasieT nedopMaluy, NTPOUCXONFALLIHE
MTHOBEHHO H fBJAIOIIHECS TOJbKO YNPYruMH. B cBsi3H c aTUM
BO3HHKAeT QOCTAaTOWHO CJAOKHasi 3ajada BRyIeJNeHUsI TAKHX Ie-
¢opmaunil, Tak Kak JAMarpaMMma HanpsxKeHHs-LedopMauHuH,
TOCTPOSHHAas Ha OCHOBAaHHM QOBIUHBIX MAINHHHBIX HCNBITaHBH,
Oopsi3aHa €o BpeMeHeM IIpOBeleHHs ONEITA, T. €. BKIIOYAET HEKOo-

9




TOPYI0 yacTh noj3yyecTH. Hanbosiee KOCTOBEPHO BEJHUHHY MOXY-
JISL YIIPYro-MIHOBEHHBIX JeopMauuii MOXKHO NOVIYYHTb JHHaMH-
geckuM MeTomoM. Ho mpu TakoMm nomxofe HeoGXomuMo obpaillaTh
oco6oe BHHManHe Ha BHISIBJEHHE H yueT AedopManuii mnoasyue-
CTH, TIPOSBJSIIOIIMXCS CPady 2Ke IOCJAe TIPWIOKEHHS HaTpPYy3KH
(cxopompoxosias yacTb RedopManuil MOJ3yuecTH).

Hlupoko mpuMeHsercs JpYyroe npemcTaBleHHe HNOMHOH OT-
HOCHTENIBHON JedopMaldy, a HMEHHO

Bte) = gl 1+e)], (44)
rae ¢ (4, 1) — XapakvepHCTHKa NOJI3Y4eCTH, paBHas
oltr) =2 _CED _p()C(t,r). (45)

ey(t,7) TYE ()

Besnnuuna ¢ (¢, v) npu t=co Ha3biBaeTcs mpelesbHOH Xapak-
TEPHCTHKOH Nojsyuectd @(t)=¢@ (o, 1).

W3 ckasaHHOro oyeBWAHBI ONpEAeNEHHS MOHATHE Mepbl
TMOVI3YyYeCTH M XapaKTepUCTHKH NovidyyecTH. Mepoft noasyuecTtH
C (¢, t) HasbiBaeTcA BeIMYHHA AedopMaltyd MOA3YMECTH K MO-
MeHTY !, BuI3BaHHAf eAWHHYHBLIM HAMPAXKOHHEM, NEHCTBYIOWIHM
MOMeHTa 7. XapaKTepUCTHKOM MOJI3ydecTd HashblBaeTCs OTHOILe-
HiHe Mepbhi MION3YYECTH K COOTBETCTBYIOWMM  YIPYIO-MIHOBEHHBIM
AepopManHaM.

IMosHas AedopMauus B MOMEHT f, BbL3BaHHas NCCTOSHHBIM BO
BpeMeHH HanpskeHueM o (v;), AefiCTBYIOLIMM C MOMeEHTa Ty,
onpejensiercss npou3seaeHuemM (puc. 86)

e*(¢£)=0(1,)8(¢,x,). (4.6)

Ecnu ke BeqMuHMHA HanpsiKeHUs, NPHIOKEHHOTO B MOMEHT
71, B JlaJibHefillleM M3MEeHSeTCA, TO B CHJY NPHHIUNA HaJOXEHHS,
noaHas Aedopmauus Moxer GbITb HalleHa Kak cymMMa Jaedop-
Mallui, BHIBBAHHBIX NOCTOSHHOH H NepeMeHHOM YacTIMH Hamps-
>KeHuii (puc. 86)

() = o= )o(4,5) 4 | L5 (¢ 2 e, (4.7)

HHTerpupoBaHne 310ro BLIPaXKEHHs 110 YACTSIM H  BLINOJAHEHHS
371eMeHTaPHBIX NpeolpasoBaHuil NO3BOJISIET NOTYYHTh

t
e*(t) = Eﬁ% —fa() 23y (4.8)
1
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B sToMm BHIpa)KeHHH NepBOe cjaraeMoe NpeiCcTaBjasieT YNPYro-
MIHOBEeHHYIO AedopManHio, T. e. JedopManuio B MOMEHT f, Bbia-
BaHHYIO0 HanpsiXKeHHeM ¢ (£), YCJIOBHO NMPHJAOXKEHHHIM B 3TOT XKe
MOMEHT; BTCPO€ Y4HTHIBAeT AedopMallyy NOI3YYeCTH H BJAHAHHE
crapenus. Tax Kak B uHTepBaJte T,<t<! Bcenga CHpaBeIHBO
paBeHCTBO

2D <o, (4.9)

TO NpPH HaNUYHH MOJI3YMECTH NoiHas nedopManus eceryia Godblie
VIPYIro-MMHOBEHH Of:

HepasencrBo (4.9) siBasieTcsi CJIefICTBHEM yMeHbIIEHHS BeJH-
YHHBl MOJIHOM OTHOCHTeJNBHOH nedopvannu 6 (7, T) npuH mpuOan-
XeHun T K [ (oM. puc. 8).

3uagok *, crosuuii B popmynax (4.6), (4.7), (4.8) npu e(f)
H npu o(t), y(¢) u T. 1. B popMyaax, 3anHCaHHBIX HHIKe, IMOKa-
3BIBaeT, UTO JlaHHAS COCTABJSIONIAs HampsKeHHO-IedopMupo-
BAHHOTO COCTOSIHHS ONMpPEXENSETCS C YUEeTOM NOVI3YHMECTH.

IIpn oGo3HauyeHHsiX HOPMAaJbHHLIX HanpsxeHHi B (4.6), (4.7)
B (4.8) 3HauKH He NPOCTaBJEHBI, TaK Kak NPH BhBoJe (opmyn
HampsKeHHs] CYMTaJHCh 3alaHHBIMH. B Gomee obmem cayuae,
TipH pelieHHH 3ajay N0 PasbiCKaHHIO HampsixeHuH B Texe, obaa-
JaIOWEM TIOVI3YMEeCTbIo, letopMauuy onpefeasioncss 1o TeM XKe
dopmynam (4.6), (4.7), (4.8) c npensapurenbHoll 3aMeHO# G (t)
Ha o*(t) (cm. 9-it naparpad). [To ananoruu ¢ (4.8) 3anuceiBaer-
csi GopMysa mis dedopMaUHy CABUTA

t
or 1
() =28 G(t) fu(ﬂt)&[m+m(t,c)]dt, (4.10)
nie G(f) —yonyap cApura, o(f, T) —Mepa NOJA3y4eCcTH UPH

CcIaBHTE.
HOC‘K-OJIHK'y B rylmpyxroﬁ CTaauy CIIpaBelJIWBa 3aBHCHMOCTb

E()
O=gr ooy (4.11)
TO, aHaJIOTHYHO, THPH NOJIYMECTH cyme\cmye'r paiB’e‘H‘C'ﬂBO
o(t, ) =2G(t, ©) {1 +va(t, 1)], (4.12)

npuyem v, (1) —ko3dduuHeHT nonepeunulx Aedopmanuii B ynpy-
rofl craany, vo(t, T) — To XKe mpH noasyyecTy.

B cuny (4.11) u (4.12)
11



1 21 + v(=
o + ot 9= ac 1+t =

=21y + Cltn) + BDHn(80)C(ED)] =203t +8(E0)], (413)
rae 6)(f, t) — nosHas oTHocHTeNbHAs nonepeuHas AedopMalis

Byt e)=pa-Hal ().
B cootBerctBuu ¢ (4.13) saBucumocte (4.10) MOXHO mnepe-
nucaTh HHave:

. 14v(6)] <(¢ ) t, 4 o,
p ()=l N0 _ f()at R 4 BN} (4.14)

3aBUCHMOCTb MeXWy HanpsKeHHAMH H dedopMalUsiMH Mo-
KeT 6bITh 3ammcaHa # B dopMe, orinualomelica ot (4.8).

of¢
(1) 75% — j P-L(t)d, (4.1)

nne L(f, ) — «HacaeacrBenHas q)ymumumﬂ» — OQYHKHA BITHAHUSA
NPeRIIECTBYIOUIHX YAPYrux fedopMausd Ha nosiHylo Jedopma-
uuio. Uz conocrasaenns (4.8) u (4.15) c yuerom (4.3) oueBHAHO
HaJlgyHe 33BHCUMOCTH
1 0E(z) oC(t 7)
L(tvt)‘—' E(‘t)— o- + E( ) b (4'16)
®Oyuxkuun gas onucanus G(¢, <), L(t, t) u E(t) BoiOupawTcs
Ha OCHOBaHHH 0GPaGOTKH OMBLITHBIX JaHHBIX. BripackeHnue, HaHbo-
Jee WHPOKO NpHMeHsiomeecs MM Mepbl NOJA3YYeCTH CTapelonie-
ro Tesa, HMeeT BHI

C(t,‘:))ze(‘c)f(t—‘t), (4:17)
fit—r)=1—e-1¢=, (4.18)

nie

8(1)=Cy+575; 1an B(x)=CotAcT. (4.19)

B q;opmy.ne (4.17) ¢yuxuns 6(t) onpakaer Tpouecc crape-
HHSA; BTOPOit COMHOXHTENb — DPa3BUTHe AeopMauuil NoI3yyecTH
B 3aABHCHMOCTH OT NPONOIKHTEIHHOCTH JefCTBHA HArpysKH.
Gymkunn 8(7), f({—1) u C(f, 1) obaanalor caeiyOUHMHE CBOH-
cTBaMHU

12



t—>c0, 8(t)>C,
t-%,  f(t—1)=0, C(t7)~0,
t>co, f(t—x)=>1, C({,2)~>8(x). (4.20)

KoapipuuneHts, Bxosiue B popmyant (4.17), 4.18) u (4.19),
noA0HpaoTcs U3 YCJAOBHA Hawiyulliero onWcalusi ceMmeficTBa
IKCIEPHMEHTAVIBHEIX KDWBBIX [OJ3YMECTH ¢ MOMOLIbIO 3aBHCH-
MocTd (4.17).

®opmyna (4.17) ocHoBaHa Ha TaK Ha3biBaeMoM «adduHHOM»
A0N06GHH KPHBBHIX NoJA3ydecTH (cM. pac. 8a), T. e. Ha HaJHYHH
NpAMOA NPONOPUHOHAJBLHOCTH MEXAY BCEMH COOTBETCTBYIOUIHMH
OpAHHATAMH APH OJUHAKOBBIX !—T PA3IHYHLIX KPHBBIX. YCTaHOB-
JieHo, yto aas OeToHa BoipaxKeHue (4.17) MoxeT HpUMEHATbBCA B
cayyagx, Koraa t;>20cyTok, T.e. ADH DacCMOTPEHHH BAHSHHSA
BO3JeHCTBHI, APHKJIabiBaeMbIX NoC/e 3aBepuleHHs HauboJsee HH-
TEHCHBHOrO NepHOJAa CTaPeHHS, B YaCTHOCTH, NPH BO3AeHCTBHAX,
XapaKTepHHIX JJIsl 3KCIUYaTallHOHHOM CTafuH.

O6pa6oTKka MHOTOYHCAGHHBIX SKCHEPHMEHTAVIBHHIX JIaHHBIX
METOI OM MaTeMaTHYeOKOH CTaTHCTHKH MO3BOVIHAA COCTAaBUTD pe-
KCOMEHJAUUH A0 PacueTHOMY OHpefeseHHI0 BeIHUIHH KaK MOJHBIX
OYHOCHTeNILHEIX AeopMalui moj3ydecTH 6eTpHa {PH CXKATHH,
Tak #H KoaGupruueHtos yi, v, Co u A*. B nacriocTH, npegaocxesa
dopMyna

C(t,x)=C(<o, 28)(0,50-+0,70e—C-0127)[ 1 —e—0 006¢—D)],

nae C(oo,28) — mnpenensHas Mepa INCJI3yHECTH, ONPefeIieMan
Ha OCHOBAaHMH MMEIOINHXCS peKOMeHJaulHi C y4eTOM BJHSAHHA
GBOHICTB H COOTHOILUIGHHH KCXOJHBEX MaTepHaVICB, YCJACBHHl H3ro-
TOBJIEHHS H FKOCIVIYAaTallHH 3JeMeHTOB OETOHHBIX U Keje300eTeH-
HBEIX KOHCTpyKUH#. B yacnHocTH, Aas cObuHOro TaXKenoro 6eTo-
Ha Mapku 300, nmpuHATOro B KayecTBe 3TaJCHHORO (CpefHero)
G6erona (cM. npuioxenue 1)

C(0,28)=6-10-% cm?/kr, ¢(o0,28)=6-10-6.3,15.105=1,89.

D1 GOpMYJLl TO3BOJAIOT MOCTPOMTh KPHBHE, [OCTATOYHO
XOpOILO COOTBETCTBYIOLHE 3KCMEPHMEHTAJbHHM IPH BLINOJIHE-
HHUH CJIeAYIOUIHX YCJOBHIi:

* Vaunuxui HW.H. Onpenenenne Beanuud pedopMauufi nonsydecTs
u ycaaku Geromos Kuwes, 1963; lpoxonosuy H. E, 3acrasa M. M.
O pacueTHOM oNpejesNeHHH NpefesbHBIX MJIHTEIbHBIX AeopMalUil THKeaoro
GercHa. bercu # xenescGercw, Ne 5, 1972
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a — paoCMaTpHBaencsl AOCTATOYHO GOVIbIIHH NMepHOd BpeMeHH
JLeECTBHA HanpysoK;

6 — BeqndHHA, ofpaTHas THPABAHYEOKOMY pafiHycy fome-
POUHOTO CEeUeHHs INMeMeHTa, paBHa WM MeHbiue 0,20.

B cayuyasx paccMompenusi Hauada Ipouecca (HOPMHPOBAHHA
HampsixkeHH o-ex) OpMHUPOBAHHOrO CCCTOAHHA B GETCHHBIX H XKe-
J1e306eTOHHbIX 3JieMeHTax nmpu 7)< 20 CYTOK, T. €. OIPDH PeLieHHH
3a0ay TeXHOJIOTHYECKOro MaHa (TepMCHaMpsiKeHHOoe COCTCSHHe
GEeTOHHBIX MacCHBOB TIPH SKIOTEPMHYESCKOM pasoppeBe, BUIHSHHE
TepMo06pabOTKH Ha HampAXKeHHOe (COCTORHHE XKese306eTOHHBIX
uanequil 1 T. A.) npuMmeHeHHe dopmyanl (4.17) MO¥XKeT NpHBECTH
K 3aMeTHbIM nompelnHocTaM. CBsfi3aHo 3TO ¢ OTCYTCTBHeM  ad-
dbuuHOro NMoXO6GHS KDHBLIX MOJ3yMecTH OGeToHa, 3arpysKeHHOro
8 paHHeM mospacrte. Beipaxenua ans amnpoxcnmauun C (4, )
npu 11<<20 cyTOK M 0cOGEHHOCTH pelleHHs TEeXHOJIOTHYeCKHX 3a-
Jay OMHcaHbl B TPHHajuaToM naparpacde MeTomuueckHx ykasa-
uui.

Teopus nos3ydectH, OCHOBaHHAsi Ha (DH3HUECKHX BABHCHMO-
crax tuna (4,17), (4.18) u (4.19), HOCHT Ha3BaHHEe HaCASICTBEH-
Ho#t Teopuu crapennss (HTC), wuau TeopHu ympyro-movisyyero
TeNa. DTa TeopHs, ZIOCTAaTOYHO TIOIHO YMHTHIBAE€T OCHOBHbIE sBJIE-
HHSA, NPOHCXOASHIHE TPH IVIHTeAbHOM JedOopMHPCBAHHAH CTapelo-
IIWX CTPOHTE/IbHBIX MaTepHasCB: IHOJ3YUeCTb H CTapeHHe, ympy-
roe mocjaefeficTBHe, BOOCTAHOBJCHHE HaMpSXKeHUWH, penaKcalliio
(taGa. 1).

Tlonubie pedopMauuu Tes, He 06J1aNalOMKX CTADSHHEM, H Tel
B JOCTaTOYHO CTAPOM BO3PacTe ONHCHIBAET TaK Has3hHBaeMast
tTeopus ynpyroii  HacjeactBeHHoctH  (TYH)*, sasasiomascs
yacTabM cnydaem HTC. B 3rtoft Teopun BeanuuHa medopMmanui
NOVISYMECTH siBJsieTesl (YyHKUUed TOJbKO TIPOMOJKHTENBHOCTH
JeHcTBHs Harpysku f[—t, a MOAYJIb YIPYro-AMPHCBeHHbIX aedop-
MalHil He 3aBHCHT OT T, T. €. E (1) =FE=const.

3(t,t)=d(t—v)= +C(t—r); BYD_LED (49

OcHOBHast 3aBHCHMOCTb HamnpsixeHHs-gedopManuu (4.8) npu-
HUMaeT BHI

‘
a(t oC(t—1)
s*(t)=LE~) —js(t)—d:— dx, (4.22)
t
1. . e*(1) apaserca yHKuHER caHON nepeMeHHOH [—t.
* CM.MoHorpaguio A. P. PXaHHUbBIHaA, YNOMHHaBWYiOCS HA CTp 8.
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Buipakenue 115 Mepb noisyuectd B TYH sanucuBaercs Tak:

Clt—2)=C, ft—r),
B YaCTHOCTH
Clt—r)=Cf 1—e=10=], (4.23)

OueBHIHO, 4TO B 3TOM BbipaxKeHHH Co sigjisieTcss NpeesabHoO#
BEIMUHHOA Mepbl MOJ3ydecTH, a NpefeJbHasd XapaKTepPHCTHKA
THOVISYYeCTH ONpefessieTcss Kak mpowaBefenne ¢=CoE.

BceaencrBHe paccMOTpeHHsI HeCTapelolllero MaTepHaJa H IIpH-
HATHA NpHHUHUNA HanaoxeHua TYH moctyaupyer nonnyio o6patu-
MocTb Aedopmanuil monsysectH. B tabauie 1 nokasan xapakrep
KPHBLIX AedopMallhfi MOI3YHECTH H YIPYroro nccjaeaeicTsus,
NOCTPOeHHBIX HA ocHoBe TYH, ncia Tpex BapnaHTCB H3MeHeHHs
Harpy3kn Bo BpeMmenH. Ilpu o<CR, Teopus ynpyroil Hacaeact-
BEHHOCTH JOCTaTOMHO XOPOIIO OMHChIBAET OJN3YUeCTh JPeBeCHHBI,
HaXOmAIeHcs B YCJACBHAX MCCTCSHHBIX BJA2XHOCTH H TeMIepamy-
pol. CaencearensHo, TYH MoKeT HCNONIB30BATHCS U ILPH pacye-
TaX MEeMEHTOB JAePeBAHHBIX KCHCTDPYKLKHA.

Jra TeOpPHS MOXKeT MPUMEHATHLCH H JVISA NMPHOJHKEHHOro pac-
yeTa KOHCTPYKUHHA, BHIMOIHGHHBIX H3 He CAHUTKOM HHTOHCHBHO
CTapelolux MaTepHa/tcs. B 3ToM cayuyae BiusHHe BO3pacTa
MaTrepHana K MOMEHTY 3arpyKeHHs T, Ha JdedopMaTHBHBIE Xa-
PAKTEPHCTHKH MOXKeT ObITh YUTEHO MyTeM NPHHATHA

E=E(t1); Co=6(t1). (4.24)

B cBoe Bpems, crelHasibHO MJIsSt pacyeTa GeTOHHBIX H dKese3o-
GeTOHHBIX COOPYXKeHHH, ObIa co3laHa TeopHs MOA3Y4ecTH, Has-
paHHasa TeopHefi crapenusi (TC)*. Dra teopusi ccHOBaHa Ha TH-
noTese O «MapajieyibHOCTH» KPHBBLIX Moji3ydecTd (oM. TaGa. 1).
Bripaxenne asis Mepbl NOI3yMeCTH B COOTBETCTBHH € <«Tapal-
JIeJIBHOCTBIO» KPHBHIX 3amHcbiBaeTcss Tak (1;=0)

Clt, ) =559 =), (4.25)

rae ¢(¢) n @(t) — XapaKTePHUCTHKH IIOIZYMECTH.
BceaemcnBHe THIIOTE3bl O «MapaJieIbBHOCTH» 3T4 TEOPHA MOCTYJH-
pyer:

a — HeonpaHUYeHHOe yMeHbINeHWe NOVI3YuecTH 10 Mepe yBe-
JIMYeHHsl BO3PAcTa K MOMEHTY IDHJIOMXKEHHS Hanpy3KH, T. €. @0
Mepe ¢Tapenus npu T >0, C(&1)—>0;

6 — noVIHYI0 HeoOPAaTHMOCTb NehOpMalHH NOI3YYeCTH.

* Cwm. monorpadpuw H H Vauukoro. Teopus u pacyer xeie3oGe-
TOHHLIX CTePXKHEBEIX KOHCTPYKHHH ¢ yueTOM AJHTeJbHHX npoueccos. K. 1967.

16



C yueToM CKa3aHHOro, OOHOBHas (HU3MYECKas 3aBHCHMOCTb
TC, npuMeHHnTenbHO K opme (4.7), 3anuchiBaeTcs Tak:
¢
0 da(z 1 [E(©
()= [1+9(1)] +{%‘{’x G B Fe)—e(m)]dw.  (4.26)
TlpocrefiunMu BoipaxKeHusMu 118 @(f) 1 ¢(t) ABAAIOTOA

e(t)=¢[l—e ]} o(t)=¢[1—eT"]. (4.27)

OmnuM n3 goctonncte TC sBAsiercs BO3MOXKHOCTb, B psje
c1yuaes, NOJIyYeHHs] PacdeTHLIX GopMyJ, colepiKalliux Hemocpen-
cmBeHHO @(f) Ge3 mpemBapHTeNbHOrO (PUKCHPOBAHHSA BbIpaXKeHHs
nm;é aHaVIUTHMeCKOTO  OnucaHHs 3Toft  dyHkuuu (oM. Tala. 2
m 2).

HempywHo 3aMeTuTb, 4TO OCHCBHbIE (DH3HUECKHE 3ABHCHMOCTH
kak TYH, tak u TC sBasIOTCS HATTHBIMH ICAydastMH Govlee 06-
wef 3asucwvocty HTC. Hampumep, ecnn B (4.19) mnosoxkuTh
A=0, To dopmyna (4.17) mpesparurca B (4.23); eciu Co=0, TO
sropast dopmyaa (4.19) u dopmyna (4.17) opu y,=vy NpHBOIAT K
soipakennio (4.25), coorTBeTCIBYIOWEMY CJAYyualo MpeHcTaBIeHHs
XapaKTePACTHKH moa3yyectd B Buge (4.27).

4. BbIPA)KEHHE 3ABUCHUMOCTH MEXXIY
AE®POPMALLUSAAMH U HATIPSHKEH HSIMH
C NOMOLIbIO PE3OJIbBEHThHI

3aBUCHMOCTD MEXAY AedOopMaLUUIMU U HANPSIKEHHSAMH B JIH-
HeHHOH TEOPHH OOLINHO 3aNMHCHIBAETCA TaK:

{
o*(t)=E()[e*(t) + [e*(9)R(t, 1)dr.) (4.28)

®dyukuus R (¢, t), croAuwlas NMOA 3HAKOM HHTerpajia M ONHCHI-
Baloulas aedopMaTHBHEIE CBOHCTBa Tesla, MOXeT ObITh MOCTPOeHa
nyteM 06paGOTKH JAHHBIX, NMOJYUSHHBIX HDH OMBITHOM H3YUeHHH
npouecca penakcauuu*. Ecau, cudTas u3BeCTHOM (YHKIHIO
€*(t), paccmartpuBaTth 3aBucwMocTh (4.8) Kak HHTerpaJbHCe
ypaBHeHHe OTHOCHTE/NbHO Hen3BeCTHOH GyHkuum o*(t), To (4.28)
sBJIsieTCsl penieHdeM 3Toro ypasHeHus. CjeoBaTesIbHO, peLIeHHe
vipasHennus (4.8) B popve (4.28) nosBosnsieT pasbickaTh QYHKIHIO
R(t, 7). OueBnano, uto Bun (pvHKLUHH R({, T) cBSI3aH ¢ Xapakre-

* Cum. kumny C B. AleXCaHAPOBCKOrO, YNOMAHYTYIO HA CIp. 8.
2-3718 17



pom 3asucHMocTell, NPUHATHX Ans annpokchMauuu 6(¢, ©), E(7)
H Haobopotr. B cuay Bcero ckasanHoro R(#, T) Ha3blBalOT pe-

30/1bBEHTOM ;mpaEIi)o ¢ HHTerpaJbHoro ypasHenus (4.8) Ilo-

CTPOHM PE3VIBBEHTY wm HecTapelollero MartepHaaa. B artoM
¢ayuae B coomBeTcmBuH ¢ (4.28)

t
o*(t)=E[e*() + [e*(x)R(t—)dx]. (4.29)
B cuay b
E(7)=E=Const (4.30)
H (4.23) noayuuMm BuIpaXeHHe AJA AApa
CE Dy Cpem100-), (4.31)

Ilpu srom saBucuMoctb (4.22) MoxeT GbiTb npeacraBieHa B
BHAE TAKOrO WHTENPAJLHOrO YPaBHEHH:

t
o*(8)4 ve)o* (e di=Eex(t), ¢=EC,.  (4.32)

OueBuaHO, YTO pewleHHe ypaBHeHHs (4.32) mno3poJjsier Mo-
CTPOHTb pe3oJibBeHTy anpa (4.31).

IMponuddepenunposas no ¢ sesywo u npasylo. yacth (4.32),
NpHISM K TAKOMY HHTErpajbHOMY ypaBHeHHIO (TOUKaMH 10Ka3a-
Hbl IPOH3BOJHEIE MO ().

o*(t)+1ea*(B)— xchj *(t)e-«“—ﬂdr- Ee*(t).  (4.33)

Crnoxus HHTenpajbHoe ypaBHehue (4.32), npemBapHTENbHO
YMHOXeHHOe Ha +y, € HHTenpajbHbLIM ypaBHenneM (4.33), mouwy-
yuM nudupepeHHasbHOe YpaBHeHHe NepBOA CTENEHH C TOCTOAH-
HBEIMH KO3 dHILHEHTA MU

o*()+ret()=E[e* (et ()], r=1(14¢)  (434)
3’!‘0 ypaBHeHne A0JI2KHO peuiaTbCAa MNMPH HAYaJIbHBIX YCJIOBHAX
6%(11) =Ee* (u), (4.35)

caenyomux H3 (4.32), ecau npuusath {=t;. B coomBemcTBHH
TPaBHJIOM, U3BEETHBIM M3 Kypca BbiCHIeN MaTeMaTHKH, PElleHHe
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AP H PE30JABBEHT ta 2

HeKoropue BbIDAKEHHs, anMEHﬂﬁMHE ANA ONHCAHUA mep IIOJIS)"ICC'I‘H,
% p’}:‘o- Mepa nonsyuects Anpo Pesonbsenta
2
"—\\__N
L|TYH | Cfl—e Tt~ —peTi=) e, ray(l4g)
0 —lelh—o(v)],
2| TC A(t)—A(z) a‘f,(‘)s BE
¥ WO)=AE, 9(x)=A()E

d 1 .48 Y LG d ]
{Et E(-:j+ “&%)“— - E_(t}{ % +E (T)O(T)—E;[E(t)Q(r)e’l( N x
—e V=) ¢

‘. ; XS e—"(z)E(z)dz},

—'r@(z)e"T("‘T)}E(r)

3 | HTC B(x)[1—e—1(t=]
E(z)+const

‘l(")"—"'{S[l'i—e(t)E(z)] dr

t

—E {0 -518(x) "N x | o=}

do(t) Y1)}
{—-ar[l-—-e M=)}

4 | HTC 9(‘:) [1_8—1(1-—1)]

E(t)=E=const . J
—_ —1tdny3 E

18(t)e )} l 7(t) .—_-75‘[1 + E0(z))d<

Mpumevanus: 1. Mps sammon suipackesnis TC spmmsmo 7 —0.
2. Buson (hopMwt K pesonbsentt HTC (n. 3 w 4) manGonee TMoZpobHO wuaioXer B
xanre M. M. Manykama. Kpymense ven ¢ yuerom nousywects, Epesan, 1973,
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Anddeperunanpioro ypasHeHus (4.34), mpn HauadbHBIX  yCUI0-
BuAX (4.35), MOKHO 3anHcaTh TakK

t T
- (rdz rdt

)=e (#(x) FES @+ @len i) (436)

HnrerpupoBanne no yactsM CJ1araeMoro B MOAMHTETPaJbHOM

BbipakeHud, cogepxauiero &£*(f), NPUBOIXHT K 3aBHCHMOCTH
t t
Sa‘(r)e—'(""l)dt =g~ [e*(f)e~ T —e*(x, )e"-'r——rj‘c('c)e"d':] .

7 "1

ToacranoBka B (4.36) 3toro BbpaXKeHus, NOCAe BbHIONHEHHA
3JIEMEHTapHBIX BbIKIaACK, MPHBOANT K depMyne

t

o¥(t)=E[e*(t)— [e*(cyrge—ru—dx], (4.37)

Conocrasnenue npasbix yacted (4.29) n (4.37) 1aer BO3-
MOJKHOCTb 3allucaTh BbHIpaKeHHe IJas pe3oabBenThl siapa (4.31)

R(t—)y=—1ge~"¢"=". (4.38)

AHagornyHO MOKHO NMOTYMHTb Pe30ibBeHThl Gojlee CJAOMHBIX saep
TYH, a takxke sutep TC u HTC. STn BblpaxeHusi 1jas1 HEKOTOPHIX
YaCTHLIX CJAyyaeB mpHBedeHbl B TaGauue 2.

5. HANPSI)KEHHOE U AE®OPMHPOBAHHOE
COCTOSAHHY OJHOPOAHOI'O H30TPOMHOTO
CTEP)XHS B ¥CJIOBUSX JIMHEAHOW MNOJI3YYECTH

XapakTtep BAMAHUSA JHHEHHOA NOVIBYYeCTH Ha HampsizKeHHOe
H Ae(OopMHPOBaHHOE COCTOSTHUSI ONHOPOIHBIX H H30TPONHBIX dJe-
MEHTOB pasiuueH B CAydasiXx JeACTBHS BHOIIHWX CHI W HaJIHUudA
BHIHY2KUIeHHbIX JedopMaunii (H3MeHeHHe TeMnepaTyphl, ycajka,
HepaBHOMepHasi ocafka omop M T. fA.). PaHee paceMorpuM Jefi-
CTBHE BHEIUHEeH CHIIBL

Tlycte x crepxuio, uacGpaxenHomy Ha puc. 9a U obaaznalo-
LIeMYy KaK YNpYTHMH CBOACTBAMH, TaK M NOJ3YMECTbO, B MOMEHT
T) TIPHJIOBKEHH MepeMeHHble BO BPeMeHH CXKHMalomue cuabl P(f).
Ipu pemenun ¢ tTounoctbio Ao npunuuna Cen-BeHana HopMavib-
Hble HampsKeHWs B CTepXKHe ONpPEResIOTCA H3 YCJHCBHA paBHO-
BECHSl H AJIsl JIIOGOro MoMeHTa BpeMeHH [ > T, paBHH

s*(f)=P(H)/F. (4.39)
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Ecsiu 6l K 3TOMY JKe CTepXKHIO B MOMEHT BpeMeHu f§ Oban
NpWIoKeHb cuiibl P(f), TO B CTepPXHE MPHOBSHHO BOBHUKIH Obf

HanpsKeHUs
o(t)y=P(t)/F. (4.40)
Sty HanpsKenus (a TakiKe CO- lP({)

OTBeTCTBYIOUIHE NedhopMalHU H
nepeMelleH st) NPHHATO Hasbl- mp—— r

BaTb YNPYro-MTHOBEHHBIMH HJIH
HanpsiXKeHHAMH  (Aedopmanus-

MH H TiepeMelleHHsiMH) yNpyro- I ¢ l]]]]Iﬂ t

MTHOBEHHON 3ajxauyu. M3 cono-
crassenlia (4.39) u (4.40) cue- x
JAyeT PaBeHCTBO T

o* (t) =0 (t). (4.41) T p (f) ’;;;’

Takum o6pasom, nos3yuectb LTOU *
He BJIHSET Ha HanNpsiKeHHOe Co- =6 OGWiEH

CTOSIHHE, BBLI3BAHHOE BHCIIHHMH aQ s
CHJIaMH. PMC.S.
ITockoabKy reomeTpHYECKHE
3aBHCHMOCTH, T. €. 3aBUCHMOCTH MexXay AedopMalusMu H mepe-
MelleHHsIMH, He CBS3aHBl C He(OpMAaTHBHBIMH CBOACTBaMH Teja,
TO clpaBeasHBa ¢opmyaa
o _0U”

=="gx ¢

U3 KOTOPOH, MPHMEHHTEJIBHO K DaccMaTpUBAEMOMY Clyualo, cie-
ayer
U*(t)= [ (). (4.42)

Ecnu B a1y Qopmyay moncTaBATb sHaueHHe e*.(f) coryacHo
(4.8), To nocae mpocTeHIHX TpeciHpa3oBaHUA NOIYHHM

t
U )=U(t)—[U(x) B2 g, (4.43)

rae U(t) — ympyro-MrHoBeHHbE NepeMelieHHs.
Ias crepxkHs, n3odpaxenHoro Ha puc. 9a,

U t)=2"

PR (4.44)

2}



Tpu P(t)=P=Const
dbopMyan (4.44) u (4.43), ¢ yuetom (4.4), TPHBOIMAT K 3aBHCH-

MocTH
Ur@)=U@)[1+elt )] (4.45)

rae U(t)) — ympyroe nepeMelueHsne B MOMGHT NDHJCIKEHUsS Ha-
rpy3kH, (=1, ¢(f, T;) — XapaKTepHcTHKa moazyyecTH (4.5).

Hanee Gynem H3yuaTh HampsXKeHHOE COCTOSHHE MPH BBIHYK-
IeHHbIX fedopMailiax. Peub maeT o cTepXHe ¢ aGCONIOTHO KecCT-
KHMH CBSI3fMH, NDENATCTBYIOIMHMH H3MEHEHHIO ero [AJIHHHI
(puc. 96). BuiyxaeHHsle AedopMauuH €(f) TAKOro CTepXKHs,
HamnpHMep, H3MeHeHHe TeMnepaTypbnl Ha BeaHuuHy V(f)[eo(t)=
=aV(t), rae ¢ — KOIQHUHEHT JHHEAHOrO TEeMIEepaTypHOro
pacIUHpeHHS ], NPUBEAYT K BO3HUKHOBEHHIO HATNpsIKeHHR o* ().
DTH HanpsiKeHusi BHI3OBYT JedopManuH, onpejenseMbie CO-
raacko (4.8) dopmyvion

t
o*(¢t o(¢
“O)=Fg— [0 PG d. 4a6)

TTockoNBKY Ha CTepXKeHb MOJOMKEHH! CBS3H, MpPENATCTBYIOLIHe
MPONOVILHEIM NepeMelleHusiM, TO cyMMapHas JebopMalus LOJK-
Ha YVWIOB/JETBOPATb YICVIOBHIO

e*(f) — eg(t) =0, (4.47)

KOTOpO€ IIPHBOAHT K yipaBHEHHIO

o* (1) —E(8) [ o* () 2= E(t)e (1), (4.48)

T

N03BOJIAIOIIEMY pa3bicKaTh o* (7).

Kak yxe ynmomunaznocb (ctp. 17), ypaBHeHHe, B KOTODOM He-
U3BECTHOE, B JAHHOM ciyyae o*(f), pacno/oxeHO NOA 3HAKOM
HHTerpasa, HashBaeTcsd HHTeNpPaJbHBIM; ©CJH JieBasl 4acTb TaKo-
T'0 'YypPaBHEHHS COCTOHT M3 CYMMbI HeH3BECTHOro M HHTerpaJja, TO
3TO HHTerpajibHOEe ypaBHeHHe BTOPOTO POJa; TEOPHS HHTErpajib-
HBIX YpaBHeHHIl, Y KOTOpbIX £>7,, pa3paGorana Boabreppa. Cie-
JoBaTesbHO, (4.48) siBAseTCA HHTErpajbHbIM ypaBHeHHeM Boub-
Teppa BTOPOTO pcyia.
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B cuay ananoruun ypasHeHusi (4.48) u 3samucumoctn (4.8),
ero peilleHHe CTPOHTCHA ¢ momombio Qopmyds (4.28)
t

o*(&)=E(#) [eo(t)+ [ea(IR(E, )] (4.49)
Hs (4.48) mpu Ty=t mMoxHO noa-ysqx;-lrb pellieHHe YIpyro-MDPHOBEH-
HOH 3alauu
o(t) =E(t)eo(t) (4.50)
H 3amucath
t
o*(t)—E(t) [o* (2D —q(s). (4.51)

Tz
TaxuM o06pa3oM, HalIpAKeHHsl, BHI3BaHHHE BLIHYXISHHLIMH Je-
dbopMalHIMH B cTepxHe, 00Ja/aloleM NoJa3yYecTblo, CBA3aHH ¢
VIIPYNO-MIHOBEHHEIMH HanpaKeHHAMH NOCPeLCTBOM HHTENpaJbHO-
To ypabHenus (4.51).

IMpu craunoHapHHIX BHIHYMIEHHBX No(OopMannax

o(t) =eo(vVE(?). (4.52)
Yenosue
£>1, 29 <o, (4.53)

B CHJY MOHOTOHHOCTH H3MeHEeHHs E(t), NO3BOJAET MOJYYUTb H3
(4.51) HepaBeHcTBO
o*(2) <o(t) . (4.54)

9T0 HepaBeHCTBO MOKA3BIBAET, 4YTO HaMpsikKeHHdA, BLIBBaHHHE
CTAaUHOHAPHHIMH BHHYXKAESHHHIMH gehopMalHAMH B CTepXKHe,
JKECTKO 3aKPeIVIEHHOM NO KOHIIAaM, BCeria MeHblle YIDYTO-MPHO-
BeHHEIX HampsixkeHui. Takoe yMenbllleHHe HanpsKeHHA U HasbBa-
€eTCA pesaKcanHedn.

6. MJIOCKASl 3AAYA JIMHEAHOR
TEOPHH MOJI3YYECTH

C yuyerom JsHHeiiHOCTH AeOpMHpPOBaHHS MaTepHana, a Tak-
ke dopmya (4.8) u (4.10) npu paccMOTpeHHH INIOCKOH 3amauu
JIMHEAHOA TEOPHH MOJ3YYeCTH NPHMEHHTEJbHO K OGOGLIeHHOMY
IJIOCKOMY HampPSAXeHHOMY COCTOSHHIO NPHHHMAIOTCH TaKHe (bHBH-
YecKHe 3aBHCHMOCTH:

f
* A{t) — (B3, *(t) 28(¢,1) |9 (t, )
e* ()= T vy U _..j‘[q*x(-:) o -—a*y( v ]d‘t +ex0(2)
7

E(t)
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t
a*y(£)mv, (£)o™ (¢t 65t) 0%,
(£ = 2O (o (20D 2an () 20 Dt et

E(t)
Tl
(149, (6)Jry*(£)
T*xy"'Q{ E(t) 3' jxy(T)o a(t T)+8 tt)]dt} *' (4’55)
rae:  £,(4), yo(t) —BBIHYXK/JeHHBle aedopmanuu (3TH he-

(opMaunyu B oblileM caydae SBJISIOTCS (QYHKUHSMH TIeoMeTpHye-
CKHX KOOPIAHHAT X H § ¥ BPEMeHH t).

IMTockonpky reoMeTpudeiCKHe YICJIOBHS COBMECTHOCTH Jaedop-
Malufl ¥ ycJOBHS DaBHOBeCHS He OBS3aHbl ¢ JedOopMaTHBHBIMH
CBOHCTBAMH Tesa, MOXHO IOJbBOBAThOS COOTBETCTBYIOUIHMH 3a-
BUCHMOCTAMH TEOPHH VIPYTOCTH.

Bynmem mosaraTth, uTO HampsKeHHOE COCTOSHHE BLI3BAHO Aeii-
CTBHEM BHELIHHX CWJI, TIPHJIOPKeHHBIX K KOHTYPY, HIH BBIHYK/EeH-
HeIMH Aedopmanusmu. Ilogerasus (4.55) B ypaBHeHHe coBMeCT-
HOCTH JfedopMalui

a?e » 2¢ ¥ (f 2 ]
.:; :(t) 0% y* ( )= Pxy (t)’ (4.56)
y oxt 0x0y

nocje BBegeHHa QyHKuu#t Hampsxkenmh [o* (f) =¢*(x, y, £)]
0%p*(¢ 02*(¢ 02p%(¢
o) =220 ou) =220 o ()=-3T0 s

H BHUIOVIHEHHS TIpeoGpa3oBaHui, COBEPIISHHO aHaJOTHUHBIX
NpecOpa3oBaHuAM IpH BHIBOJE GHTapMOHHYEOKOTO YpaBHEHHS
IJIOCKON 3a1auy TeOPHH YMPYNOCTH, APHISM K TakKOMy HHTenpo-
JH(pdepenasbHOMY ypa!BHGHHlO.

viver(6)— Ett)fv vie* (5

o, 0% y(f) . 0%yt
v 2—57'_1—.0—)'_‘3’ Q(t) 6xo()_l‘_ Eyo()

oy® ox3 °

D ge—E(t2t),  (4.58)

ITpu Hanps:KeHHOM COCTOSIHHH, BHI3BAHHOM H3MeHEHHEM TeM-
nepaTyphl, paBHOMEDHBIM MO TOJUIMHE AHCKA H PaBHBIM v(X, Y,

’ () =a8(2), &, (t)=ab(t),

* B zasucumocTax (4.55), a Takke B 3aBHCHMOCTSIX H ypaBHEHuSX, OT-
HOCSILIHXCA K OGOGIIeHHOMY IJIOCKOMY HANPAXKEHHOMY COCTOSIHHIO M HamHCaH-
HBIX Javiee, HaNPseKeHHs H LedopMalu IJA COKPalIOHHs NOKasaHBl Kax
$ymxunn BpeMenH f; GakTHYECKH OHH 3aBHCAT H OT TreOMETPHUECKHX KOOPAH-
Hat X W Y.
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¢rynkuns Q(f) npuHUMaeT BUA
Q(t)=ay2d(¢),

rie o — KoaupuilHeHT JHHERHOro TeMIePaTypPHOro pacliHpeHHs.
B cayuae usyueHHs BAHAHHS YCaJOMHBIX AedopMalHH

Q(t) =V, (2).

Ecau HanpsiKeHHOe COCTOAHHE BbI3BAHO TOJMBKO BHeIUHHMH
KOHTYDHBIMH CHJIaMH, TO &,(f) =0, &, (f)=0, Q(#)=0 =u
ypaptenne (4.58) npuunmaet BuR

t
* & o‘ t,
Vvl (t)—E(i)fvﬁvz?‘ (f)%f—’dt=0- (4.59)

7L

Omxocurenibio GyHKIHE V2V20* (f) 3T0 omHOpOIHGEe HHTenpasb-
Hoe ypapHenHe Bosbreppa Broporo poza. B coomercmBylomem
pasjiesie MaTeMaTHYeCKOTO aHa/au3a J0Ka3aHo, YTO TakHe Yypas-
HEHNsI He MMEIOT peliCHHH, OTIHYHBIX OT TOXAECTBEHHOro HYJIIO,
T. €.

vivie*(¢)=0. (4.60)

ST0 ypaBHeHHe NOJHOCTbIO COBIIAfdaeT C COOTBETCTBYIOIHM
ypaBHeHHeM Teopuu ympyroctH. CielcBaTeNbHo, ¢YHKUUS Ha-
npsxeHHA B paccmanpuBaeMoM cayuae ¢F (f) u OyHKuMs Hamps-
JKeHHH ynpyro-MrHoBeHHOH 3ajaud ¢(f) MOJKHbl YIOBJIETBOPATb
OMHOMY M TOMY e AudipepenunasibHomy ypasHennio (4.60). Ho
QYHKUHS HampsKeHWH 3aBHCHT elle H OT YCJAOBHA Ha KOHTYpe,
3anHCLIBaeMbIX B BHAE HEKOTOPHIX JONOJHHUTENbLHBIX YPaBHeHHH.
HMigeHTHYHOCTD TAKHX XOMOVIHHTEJALHBIX YPaBHEHHWA NpPH PeIleHHH
3a1auu C y4eTOM MOJ3YMeCTH U pelleHHH VIPYro-MDHOBeHHOR
3aayH CBHJAETEJNLCTBYET 06 OTCYTCTBUH 3aABHCHMOCTH YCJIOBHH Ha
KOHType OT nosisydyectd. IToaToMy mJs HHMCKa ¢ YCHOBHSIMH Ha
KCHType, He 3aBUCSUIAMH OT IMOJ3YMECTH, NIPH IVIOCKOM 0600IILeH-
HOM HampsPKeHHOM COCTOSTHHH, BbI3BAHHOM BHOIIHUMH CHJIAMH,
CTipaBeIJIMBLL PaBEHCTBA

o* (t)=0,(f), oF(B)=0o,(t), %,(t)=r,(0).  (4.61)

Ycl0BHSL HAa KOHType He 3aBHCAT OT MNOJ3YYeCTH B CJeAYIOUIHX
cayyasx:

1) Korna oHM 3afaHbBl B HaMPsKEHHRNX, T. €. KOrAa CHM 3afH-
CHIBAIOTCA KaK ypaBHEHHs PaBHOBECHS 3JeMEHTapHOH Tpexrpad-
HOH ILPH3MBI
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X(#)=a,*(¢)sina-tr,,*(¢)cosa, Y(t)-c*y(t)cosa-}-'c*xy(t)si(nae:z)
COBEpUIEHHO aHaJJJOrHYHbl€ COOTBETCTBYIOLWIHM YCJAOBHAM YNPyTo-
MINHOBeHHOA 3ajauy (o — Yrovi Hak/OHA KacaTelbHOH K KOHTYpY
10 OTHOIIEHHIO K OcH ¥; X U Y — NpOEKUMH BHelHef HAarpysku
Ha KOOPNIHHAaTHbIE OCH).

2) etvii Ha KOHTYD Ha/JOXKeHbl aGCONIOTHO JKOCTKHE CBfi3H,
T. €. eciH

*(6)=0, V*,(8)=0 (4.63)
¥ BLINOVIHSIETCS YCJAOBHE
v, *(¢,7) =v,(¢)=v=const, (4.64)
npuBogsilee K paseHctsy [cMm. (4.13)]
Bty = £R)ClER) = 3(E,9). (4.65)

YrBepxKiaeHne o He3aBHCHMOCTH YyciacBuil (4.63) ot moasyye-
CTH Jl0Ka3biBaeTcsi cjaenyiomiuMm o6pasom. [lpuHsSB BO BHHMaHHe
ypapHenus Kotuu

et (=280 o () =""210, (4.66)

a Takke (4.55) u (4.65), samuchiBaem q)op.wynbx 4nsi  ompepnesne-
HUA TlepeMellleHHlt C yNeTOM NO0JI3Y4ecTH

Up*(9=gg) [2*(8) —v0,* (O] dx—

- “lcxk*(t)—voyk*(t)]dxaiéii)df+exo"(‘)v (4.67)
T

Vat () =g ) Loy () —vo* ()1 dy —
- 5 [o4*()=vo.* (<) 1y 25 D+, ).
Unaexc «k» yxaabm;ae'r, YTO peub WIAET O 3HAUEHHWAX Ha KOHType.
B paccMatpuBaeMoM cilyuae, npu €% () =0; ) k (t)=0,

3TH GOPMYJIbl NOBBOVISIIOT NpencTasHTb verosus (4.63) B Buae
TAKOW CHCTEeMBb! YpaBHEHHH:
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¢
S[ka*(t) _w}'k*(t)]dx_E(t)SS[°*xk(‘)‘: vsyk*(t)]dx‘”‘()‘t")

1

dw=0

(4 68)
[ ot ()=t €)1y —E(D)] {00 =" ]y PDgemp,

HeTpynHo 3aveTHTb, YTO OTHOCUTEVIbHO (YHKUHHA

(o) —vo,* (B)]dx,  [lo,*(B)—vou*(®)]dy

STH YPaBHEHHSI fBJASIOTCS ONHOPOJHBIMH HHTETPaJbHHIMH ypaB-
nHeHusiMu BoabTeppa Il poma. A Kak yXe ykashiBaJochb, TaKHe
ypaBHeHUs He HMEIOT pelleHHH, OTIHYHBIX OT TOMXKAECTBEHHOro
HyJio0. [TosToMy yci0BHA Ha KOHTYpe, 3aMHCaHHBIE C Y4eTOM
nonsyyect (4.68), NpPHHEMAIOT BUJ

(o () —vo, 1)1dx=0, [[o,e*(t)—vo,s*()]ldy=0.  (4.69)

3T YCAOBHA IOVIHOCTBIO COBMAfaloOT € YCAOBHAMM YNpPYyro-
MrHOBeHHOH 3a/ady, caenyowuvMy us (4.68) npu 1,=°L.

IOas onpeneneHns nepeMelleHHH TOUeK Tena, BHIGBAHHBIX
BHEUIHUMH CHJIAMH, IPDH KOHTYPHBIX YCJOBHAX, HE 3aBHCALLHX OT
OVI3yYeCTH, MOXHO IOJYYHTb (OPMYJH, aHanOTHYHHeE (4.43)

U*(¢)=U(t)— jU( QE@) 24Dy,

1

Ve(t)=V(t)— [ V@) B 2l (470)

71

rae U(f) u V(f) — nepeMelueHHs] ynpyro-MrHOBEHHOH 3ajaud
V() =) [o:(0)-—vay (D)) dx,
V(=555 [o(8) ~vo.(t)]dy. (471)
[Mpyu nefictBuE KOHTYPHBIX CHJ, NOCTOSHHBIX BO BpeVeHH,

U(t) =§’x("1)""°y("l)dx, V(t)-j‘ ( ) —va( ')dy (472)

EXt) E(t)
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H coraacHo (4.70)
U*()=U(x)[1+E(x)C(¢,xy)], V)=V ()[I4+E(n)C (tt:)l

B cuny (4.4) n (4.5), nocnemHue 3aBHCHMOCTH MOMKHO BbIpa-
3HTb Yepes XapaKTePHCTHKY MOJN3YMECTH

Ux@)=U()[1+et=)], VX(O=VEI1+e(tm)], (4.74)

rae U(t)) u V(7)) —nepeMellleHHs] B MOMEHT MPHJIOXKEHHS Ha-
NPY3KH, T. €. YIPYrue nepeMelleHus.

Tpu BEIMONHEHHH TIPaKTHYECKHX PacyeToB, T € INIPH NpoBEp-
KaX 3JIeMeHTOB COOPYXeHWH 10 BTOPOMY MP&IeJbHOMY COCTOS-
HHIO, TPOEKTHPOBILIHKA HHTEpECYeT MaKCHMANbHOE NepeMellleHue,
pa3BUBaBlleecs B TeyeHHe BCEro NMepPHOMA Ipouecca, T. €. TpH
t=co. B coorBetcteuu c (4.74)

U*(o)=Um)[1+9(c0,5)],  VH(eo)=V(,)[14¢(,5)].

IMockoabky AuHefiHass TEOPHS MOVI3YHECTH OCHOBaHA HAa MPHH-
1MNe Ha/lOXEHHs, TO TepeMelieHHsl OT CYMMbl KPaTKOBPEMEHHO H
AJUTENbHO LEACTBYIOMMX HAPPY30K MOTYT NONCUMTHIBATBHCA IO
dopmynam

U*(0)=Uy(7)+U* (), V*(e0)=Vy(x))+V,* (),

rae Uyry) v Vy(x,)—nepeMeutenusi OT KpaTKOBpEMEHHbIX Ha-
rpysok, V,*(co) u U *(oo) — mepeMeliesnst OT AJHTEJNBHHIX Ha-
TPYSOK.

Janee nepexofuM K H3yMEHHIO HanpsKeHHO-IedopMUPOBaH-
HOTO COCTOSHUWSI IHMOKa, BHI3BAHHOTO BRIHYIKIEHHBIMH IHedopma-
WHSMH.

TIpu HanpsiKeHHOM COCTOSIHHH, BbI3BAHHOM TOJIbKO BBIHYX-
IeHHbIMH Je(opMallhstyu, T €. B ciydae e,0(T)#0, ey(T) 0,
(YHKUHA HanpsoKeHH ynpyro-MrHoBeHHo# 3ajzauu  (t,=f), co-
1yacHo (4.58), pasbickmBaerncs u3 AudipepennuanbHoro ypapHe-

HHA
Vivie(t)=E(£)(£). (4.75)

Hexniouns Q(f) ¢ nomombio ((4.75) u3 (4 58), nonyuwm ypas-
HeHHe

Vv *(t)—E(t)Sv’v’ '@ g —prgrg(s),  (4.76)

¢ps3pBalomee (FyHKIHIO Hampmxeuuﬁ, BHIUKCISEMYIO C Y4eTOM
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nonnbix nepopManut, o*(f) ¢ ¢yHkuued HappsKeHHH yUpyro-
MDPHOBEHHOA 3amadu ¢(f).
U3 (4.76) caenyer nmerpanbuoe ypaBHeHHe

*(t)—E(t)fcp*(r)‘”" Vdr=g(t)+o(),  (477)

nie @(f) — HensBecTHAN q)yH\Klmﬂ, YAOBNETBOPSIONLAs ONHOPOA-
HoMY AnddepeHiHaJbHOMY YPaBHEHHIO

V2V2g(¢) =0. (4.78)

BosvoxuocTb mepexoga ot (4.76) kK (4.77) cTaHOBHTCH ouye-
BHAHOM, eciH K (4.77) npumenutb omnepartop V2V2 Ho uH-
TerpajbHoe ypasHenue (4.77), Ge3s @(f), He CONEPHKHT IPOH3y
BOVIBHBIX GyHKIHA, HEOOXCIUMbBIX /i yyeTa Ha KOHTYpe CHelH-
$ukH BAWSHHA NoAyuecTH; (ynkuus q(f) nosBoIseT BBECTH B
pellieHHe 3Ty OnelnpUKy.

TIpu ycaoBusx Ha KOHTYype, He 3aBHCAIHX OT MNOJ3YYecTH,
byHKuHs @(f) MONHOCTHIO OMHCHIBaeT COCTOSHHe KoHTypa. Cae-
JACBaTeJbHO, yHKLUUA @(f) AOVIXKHA Ha KOHType NPHHHMATb HY-
JAeBoe 3Hayenue. B cuay exasamsoro u onHoponHoctu (4.78)

@(t) =0 (4.79)

TlosTomy npu yc/oBHSIX Ha KOHTYpe, He 3aBHCAIIHX OT MOJ3Y-
yecTH, GYHKUUS HampsiokeHu# ¢*(f) cBs3aHa ¢ OGYHKUHEH Ha-
NPSIKeHUH Ypyro-MnHOBEHHOH 3anauu @(f) ¢ NCMOIUBIO HHTe-
rPajbHOrO YpaBHEHUS

*(r)—~£(t)$ o (1) 2D geg(c). (4.80)

Hanpsasenns o.* (). o,* (£), ©*,,(f) onpenensiorca yepes @* (f)
no ¢opvyvam (4.57).

M3 cxasanHOro ciemyer, 4To B JHOKe C YCJAOBHSMH Ha KOH-
Type, He 3aBHOAIHMH OT NOJN3Y4eCTH, MPH OOOBGIIEHHOM IJIOCKOM
COCTOSIHHH, BbI3BAHHOM BLIHYKISHHBLIMH NeihOpMatiHsSMH, Hampe-
)Kemm onpegieisieMble ¢ YYETOM Non3yuecTs,—o,*(¢)[o, ‘(t) o*y(£),

(t)] COBfI3aHbl ¢ HAOPSKEHHIMH YMPYro-MNHOBEHHOH 3aMaul
a,(t)[ax(t), 6,(£),74y(t)] ¢ moOMOMIBIO HHTErpPaILHOrO ypaBHEHHS

{
o ()= E() fot ()2 des (1), (4.81)
T
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MMonesno 3aMeTuth, 4T6 3TO YpaBHEHHE COBEPIISHHO aHAJIOTHNHO
ypaBHeHHI0 (4.51), onucHBalOEMY HampMKeHHOe COCTOAHHE
CTEP2KHS MPH HaJWYHY BHIHYUKAHHBIX AedopMamu#.

Heo6xozumMo paccMoTpeTb, B KaKHX cJyyasX, NPH HaJHYHH
BBHLHYKASHHBIX JepopManul, YCHOBHS Ha KOHTYpe He 3aBHCAT OT
{10J13y4eCTH.

YeaoBusi Ha KOHTYpe He 3aBHCAT OT NOJ3yNMeCTH H HNpH  Ha-
TIpSAXKEHHOM COCTOSIHMH, BBI3BAHHOM BBIHYXIGHHBIMH Jeipopma-
LWHAMH, eC/IH OHH npeacTasjieHs! B Buie (4.62) unu (4.63). dro
ynBepxueHne ana (4.62) oueBumHo; aaa (4.63), T. e. ans cayuas

() #0, 5y (8)+0, (4.82)

TpebyeT CGOCHOBAHHS,

[Mpupasuss Kk HyJaaM npasble yactH (4.67) u BHpasuB ¢ no-
MOILbIO MOJYUYEHHBIX yYpaBHeHHH, NPH T;={, BHIHYXIEHHBIE Je-
dopManny Yepe3 HAMPSIKEHUS YMpPYTO<MPHOBeHHON 3aylauH, Mpex-
CTaBHM YC/I0BHS Ha KoHType (4.63) B Bume

§lom(t)—va,*(0)1dx—E(&){ [[o14*(2) —va,4* (%)) dx B e —

= (o) —va,u(t)]dx,

’ (4.83)
§lo,* () 0,7 (O1dy—E(t) [ Loy*(2) = ()] dy LD te—

1

= {lop®)—vau(®)]dy.
Kasxmoe #3 3Tux ypaBHeHHH OTHOCHTENbHO QYHKUHH

‘S.[‘,xk*(t)_"ayk*(t)]dxt S[Gyk*(t)—ycxk*(t)]dy

ABVIAETON HECHOPOAHBIM HHTErpaJbHBIM YpasHenHeM Boabreppa
sToporo poaa. CTPyKTypa 3THX ypaBHeHHi TaKOBa, YTO €CJH Ha-
npsakenusa o.* (£) u o,* (f) ymosaemsopsior ypasHeHHIO (4.81),
TO oHH ymcsaersopsiioT H (4.83). ITookonvky B (4.81) Bes  uH-
dopmauns 06 ycI0BHAX Ha KOHTYPE CONEPXHTCS B pelleHHH
YIpYro-MPHOBEHHOA 3amadu  o,(f), TO MOXKHO CYHMTaTbh, HTO H B
JaHHOM VIy4Yae MOJ3YyuecTb He OKa3blBaeT BJHSHHS HAa YCJIOBHSA
Ha KOHTYpe.

Ecan BoHyxnenHble AedopMaliy JHHeHHB MO reoMeTpHUYe-
CKHM KOOprHHataM X H ¢, To Q(f) =0 n ¢yHKUHs HaTPsIKeHHH
onpegenserca u3 JAuddepedunanvHoro ypasHeHus (4.60). B-
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3TOM CJyyae OTCYTCTBHe CBf3eil HAa KOHType MOXeT GBITb 3amu-
caHO, KaK OTCYTCTBHE KOHTYDHBIX YCHJIHH, T. e. B cu1y (4.62) u
(4.57) B BuZe YpaBHeHHH
0%*(t) 0%p*(t) *0’9*(0_0
dy? " oxdv T Toxay — -

[Tockonbky ypapreHHe (4.60) M KOHTYpHBle YCIOBHS ONHO-
PONHEI, TO GYHKIHS HampsKeHHHE ¢*(f) TOXIECTBeHHO paBHA
HYJI0; CJIe0BATEAbHO, PABHBl HYJIO H HampsKeHHs.

Kax 6uujio BbISIBJIEHO paHee, B CJyuae HaJlH4YHS Ha KOHType
JKECTKHUX CBSI3eH JOJI2KHbl BLUMOVIHATBCA YCJCBHSA, INPELCTaBJESH-
Hble 8 Bate ypaBHenudt (4.83). Ipu e, (£) #0, €%, (¢)#0 Hanps-
JKeHHs YMpyro-MNHOBEHHOH 3ajaus o (t) n 3,.(f), Bxomsauue
B MpaBble YaCTH 3THX ypaBHeHHH OTAHYHBI OT HyJIf H B CHJIY
(4.67) (T1=t) MoryT GHITH OmpeeNeHb H3 TaKHX 3aBHCHMOCTef

[lok(t) —voyu(®)]dx+E@)e,g(t) =0,
[ loyalt) v, (£)] dy+ E(e)e,o®(8) =0,

M3 storo caenyer, uTo ypaBHeHHs (4.83) HeoaHOpOOHH H
$ynkuua HanpsikeHudt @(f)*, a TakMmKe COOTBETCTBYIOMIYe Hamps-
XXeHus, — OMIHYHBI oT Hyas. Y nmookonbky ypaBHenus (4.83)
yOBJIETBOPSIIOTCS, €CJH YAOBJETBOpslOTCA ypaBHeHHs (4.81), To
BJAHSIHHE TOJI3YYEeCTH Ha HampsikKeHHOe COCTOsIHHE He HMeeT HHKa-
Kux ocoGeHHOCTe#. DTOT pe3yJabTaT MOKA3HIBaeT, YTO B JHCKaX,
0612 aloIHX MOVI3YYeCTHIO, KAK H B YIPYTBX LHCKaX, BHIHYKJIEH-
Hble nedopMannH, JHHEAHO H3MeHSIOIHecs 0 FeOMeTPHUYEeCKHM
KOODJHHATaM X H Y, BLI3LIBAIOT HaMpSIKeHHOE COCTOSHHE TOJIBKO
TIpH HaJIWUHH CBfided, MpPensATCTBYIONIHX OBOOOLAHOMY HepopMHpO-
BaHmio. Ecian 3TH cBA3H aGCOVIIOTHO JKECTKH, 3TC BJAHAHHE HONSY-
YeCTH YHMUTHIBA€TCS C IIOMOIIBIO MHTENpaJbHONO ypaBHEHHS
(481). Unange o6CTOHT Aevio B CJay4asix, KONMa Ha KOHTYD HJIH
ero MacTb HavloXKeHbl MOJaTIHBbe OBA3H. YCJIOBHS HAa KOHTYpe,
3anucaHHble ¢ nMoMolbio (4.67), nonyyaroT iONOJTHATENbHBIE CJaa-
raeMble, YYHTHIBAIOLIHE XaPaKTePHCTHKU AedOPMATHBHOCTH CBS-
sefl. HnMu ciioBaMu, ypaBHeHHS, ONMCLIBAIOUIME YCJIOBHR Ha
KOHType, OTJIHYAIOTCH OT YpaBHeHHS CCOCTOSHHA H IOJSYMECTb
OKashHIBaeT JOMOVIHHTEIbHOE BJIHsSHHE uepe3 YCJIOBHS Ha KOHTYpe.
AT0 06CTOATENBCTBO MPHXOIHTOS YUHTHIBATL NPH (PEIeHHAX Pas-
JHYHOrO poja KCHTAKTHBIX 3ajau, HampHMep, 8a1a4 O HalpsoKeH-
HO-Ae(OPMHPOBAHHOM ICOCTOSTHHH MacCHBHOINO OeTONHOTO O/IOKa,
JeXKallero Ha OCHOBAHHH H3 CKavlbl WIH paHee yJoiKeHHOro Ge-
TOHa.

%M(8)

sin « o

cos a=0, cosa
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7. OBLIMUA CAYYAHA HANPA)XEHHOTIO
H JE®OPMHPOBAHHOTIO COCTOSAHHUSA
OJLHOPOAHOIO TEJIA. CHCTEMbI, COCTABJIEHHBIE
H3 OJHOPOIAHBIX 3JIEMEHTOB

PesyabraThl BHIKJIANOK, NPHMEDHO AHAJOTHYHBIX JPUBEEH-
HbIM B OpeIburylleM napanpade, MO3BONHIU YCTAHOBHThL JJIS H30-
TPONHOrO H OHOPOZHOrO TeJa POHIBOVIBHON (hopMbl ofmue
TIOJIOZKEHHS O BJHSIHHUHM JHHeHHOH moJ3yuecTH. STH NOJOMKEHHS
OTHOCATCS K CJy4alo, KOTIa CIpaBelHBBl pPaBeHCTBA

vo* (¢, 1) =vi(t) =v=const (4.64)

¥ YCJIOBHSl Ha TOBEPXHOCTH Teja He 3aBHCAT OT 0J3YdecTH
(teopemu H. X. ApyTionsina*).

1. BEcan HampsiXKeHHOE COCTOSIHHE TeJa BbI3BAHO BHELIHUMH
CHJIaMH, TO CHCTEMa HanpsKeHHH C yYEeTOM NOVI3YMeCTH H H3IMe-
HEHHS BO BPEMeHH MOAYJS YNPYro-MDHCBEOHHBIX ;neq)orp.wauui»’l
a, *(t) H T,, * (1) TOXIECTBEHHO cosnanae'r c cncreMou Hal‘lpH-
MEeHH#l YIPyro-MrHOBeHHO! 3afauu o, (£), ... vz (£), T.

o* (£)=0.(¢). ... t*y,(t)=':yz(t). (4.84)

2. Ecnn HanpsixKeHHOe COCTCsIHME B Tesie BhI3BaHO $aKTopaMi,
CBSI3aHHBIMH C BBIHYXJIeHHbBIMH JepopMaluaMu, KaKk HamlpHMep,
TEMIIEPATYPHLIMH BO3JeHCTBHAMH, HeDABHOMEDHBIMH  OCaflKa-
MU ONOp, YCaAKo# M T. A., TO HaNpsKeHus B 3ToM Tede o, *(f),

Ty.*(f) c yueroM MOJ3y4eCTH M H3MEHEHHS BO BpEMEHH
MOILYJISl YIIPYTO-MPHCBEHHBIX JedopMalini, cBA3aHbl C COOTBETCT-
BYIOIHMH HaOpPSXKEHHAMH yNPYro-MPHCBEUIHOA 3agaun o, (f),.
T,; ({) TaKHMH HHTErpaJbHbLIMH YDABHEHHSIMH:

0.*(8)—E(t) 0,4 () 2D gr=s (t)

....... (4.85)

Ty (f)— E(t)S & ()2 Vs (0),

UccnenoBanre BelHYMH NOTPELIHOCTEN, BO3MOMKHBIX B CHJY
(4.64) npu BBHIIOMHEHHH PaCUeTOB CTPOHTENBHBIX KOHCTPYKUHH, B

’; Cm. moHorpaguio H. X. ApyTioasHa, YIOMHHAIOIIYIOCs)y  Ha
crp 8.
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YaCTHOCTH GETOHHBIX KOHCTPYKUHHA, NOKa3aJo, Y4TO COOTBETCTBYIO-
HiHe PacXOXMAEeHHA NPH BO3NEHCTBHAX IKCMIYaTaUHOHHOrO Yypos-
rsi He mpesbinaior 5%.

OueBujHO, yTO ycaoBue (4.64) BooGuie OTmajaeT BO Bcex
cayqasaX, kona Kod(xpHUHeHT NmonepeyHoro pacillipeHHs He yua-
cTBYeT B (OPMHPOBaHUH HAMPSAKEHHOTO COCTOSHHS. DTO HMeeT
MeCcTO NPH 0606LIEHHOM INJIOCKOM HAMPSKEHHOM COCTOSIHHH, €CJH
YCJI0BHA Ha KOHTYpe 3aJaHbl B HanpsKEOHWsAX (oM. NPEIBXYilH
naparpad), B 0060K0MKAX HEKOTCGPBIX THIIOB H CTEPXHEBHIX CH-
CTEMaXx € JKeCTKHMH CIOPHBIMH CBSI3SMH.

IMonoxenua 1 u 2, ohopMynuposantble BhiLle, CNPaBeAJIHBH
He TOJBKO JJIA OTJEJNbHBIX TeJ, HO ¥ AAS cHCTeM, 06pa3cBaHHbIX
U3 Tes, 00/1agaIoOLIHX OAHHA-
KOBBIMH  XapaKTepHCTHKaMH

AepOpPMaTHBHOCTH M CBA3aH-

gin Py HBIX MeXHy cOGOfl KeCTKUMH
cBassimu. Takue cucTeMHl Ha-
:hj 3bIBAIOTCS  CHCTEMAaMH,  Co-

7 CTaBJIEHHbIMH M3 OJHOPOAHBIX

yln 9JeMeHTOB. B OJHOPOAHBIX H

H30TPONHLIX TeJax H CHCTe-

MaX, COCTaBJEHHBIX M3 OJHO-

POXHBIX 3JIEMEHTOB, TIPH JIAH-

1 TEJbHOM AEACTBHH BHELIHHX

CHJI JINHEHHAasi MOJ3YyuecTb He

BJIHSIET Ha HanpsKeHHOe Co-

P 0 CTOsIHHE, HO BLI3LIBAET Hapac-

we. 10, TanrHe nepeMeltenuii.IIpn Bui-

HYXJIeHHBIX nepopmanusx

TN0JI3yueCTbh TPHBOAHT K H3MEHEHHUIO BCEX Haﬂpﬂ)KeHHﬁ H BHYT-
PEHHUX YCHJHH 1O OJHOMY H TOMY K€ 3aKOHY.

IMepepacmpenenennss BHYTPEHHUX VCWIKWH BO BpPeMeHH H B
TOM H B APYroM ciyyae Her. Bce cxasamHoe o BAHAHHH TOJ3Y-
YecTH Ha HampsIKeHHOe H NedopMUPOBaHHOE COCTOSHHS H3OTPOM-
HHIX M OHOPOZHBIX TeJl M CHCTEM, COCTABJISHHHIX M3 OJHOPOIHBIX
3JIEMEHTOB, YLOOGHO NPOHJIIIOCTPHPOBATbL C TIOMOLIbIO CXeMaTHUe-
CKOH MOUIEJH ¢ OIHOH CBA3BIO, 06aanaloled YynpyTuMHy cBoHACcTBa-
Mu u nousyyectblo (puc. 10). Ilpu JmeficTBHY BHEIHHX CHJI UIOVI-
3yd4ecTb cBASH | BJHSET TOVIKO Ha mepevemeHns. IIpn Haawann
BLIHYXKJICHHBIX AeopMaluil B cBs3u | 3aTyxaHue HanpsiKeHHH

WM YCHIMH B HeH ONHCHIBAeTCS HHTErpajbHbHIM YpaBHEHHEM
pujga (4.85).
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W3 Bcero cka3zakHOro B 3TOM napanpaide NPHMEHHTENbHO K
pacyeTy CTEPXKHEBBIX CTATHYECKH HEOMpeleduMbIX cucTeM (6an-
KY, paMbl, ADKH) MOXHO CI€JaThb CJeLYIOLUiHe BbIBOALI:

1. TlockonbKy BHyTpeHHHe ycwius M*(f), Q*(t), N*({) ss-
JAIOTCS BeIHUHHAMH HHTENPAJIBHBIMH OTHOCHTEVIBHO HAMPSIXKEHHI,
TO:

a — IpH JeACTBHY BHELIHWX CHJI

M*(f) =M (f) (4.86)

6 — npH HaVIMYHH BBIHYKIEHHbIX AedopMauni
M*(t)— E(t)SM*( Y 2D m(s), (4.87)

rnae M(f) — narubalolie MOMEHTH YIPYro-MRHOBEHHOH 3amady.
Takue ke 3aBucuMOCTH onpaBennusbl Jias Q*(f) u N*(f).

2. Tlpy neiicTBHH BHEWHHX cuJ, Bcaeuctsue (4.86), nepeme-
L{eHHs B YCIOBHAX IJIHTEIBHONO AefCTBUS Hanpy3KH Ofpenes-
IOTCA Yepe3 YCHJIHA YMPYro-MrHCBeHHON 3ajauyy, <COBepIIeHHO
TaK Xe, KaK B MATOM naparpaipe ompelesasiiuch mepeMelleHUs
cXKaToro cTepikus. IloatoMy Jaw0iGoe mepeMelieHue CTepKHeBOH
CHCTEMBI, B YacTHOCTH uporu6 f*(f) npu Harpyake, HCCTOAHHOM
BO BpEeMeHH, MOXKeT BBIUUCHATHCA C NOMOIBI  HOPMYJIH

[cv. (4.45)]
[* @) =f(x)ll +o(¢, V)],
rae f(v;) — ynpyrufi nporu6 B MOMEHT {=1,.

8. NTPUMEPDBI ONNPENEJEHHS NEPEMEINIEAHA

Mpumep 1. Onpegenuts nporubsl f, ¥ f, JepeBs HHOH Gaxa-
KH NePeKPHITHS NPH KPaTKOBPEMEHHOM H IUIHTE]bHOM AefICTBUH
PaBHOMEPHO pacmpejeNeHHOd Harpy3ku ¢.

Haunbie aas pacyeta. Pacuernuiit nposer [,=6,0 w1, nome-
peuHoe ceueHHe Ganku A Xb=26X 18 cM, xapakTepHCTHKH ApeBe-
cuHnl E=1,6-105, ¢=1, ¢g=360 xr/m.

Sql  5:3,6-6'-1004.12
fe=mim= Rt 0%

.fq=fk(l+?)=fk(1+1)=2fk=2.85 CM.

=1,43 cM.
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Mpumep 2. Onpenenants mnoaubiii (t==co) nporw6 Keneso-
6eTOHHOH NpeBapHTENbHO HaMpsSKeHHOH GaJKH MepBO#l KaTero-
PHH TPEILHHOCTOMKOCTH, HMelollel MonepeuHoe CeveHue COTVIACHO
puc. 1la, nsrotoBieHHO# ¢ HaTakKenueM Ha Oeton *. IlpexBapu-
TeJIbHOE OOXKaTHe IPOH3BOAUTCA NOCAE IOCTHXKEHHS GeTOHOM
TPOEKTHOH MapouHON IPOMHOCTH B Bo3dpacte T1=28 cyTok. Bavuika
IUAPHHDHO OMNepTa M0 KOHLAM H HMeeT pacyeTHHA npoJer
lp =41,2 M; pa3Mepsl NONEPEYHOro CeYeHHs] M TeOMeTPHYEeCKHe
XapaKTepHCTHKH, HeoOOXOAWMBle IvIsi pacuera, TOKa3aHBI Ha
puc. 11. CoOcTBenHnili Bec OGankn ¢. =20 T/M; NOCTOSTHHAs
JKCMyaTallHOHHAss Hanpyska ¢, =0,96 t/M mpujoxKeHa wpH
15=90 cyTok. Beron mapkn 400, E=3,5-10°% kr/cm2, C(28, o )=
=50.10-¢ em2/xr, C(90, o0)=3,75-10-5 cm2/kr. ApMaTypa—Hu3
14 nyykoB BLICOKOMPOUHON XOJIONHOTSTHYTOH NpPOBOJOKH OOLieH
miromanpio F, =66 cM?, HampsokeHHs B apMartype  Oy=
=9029" xr/cm2.

Ecau He yUHTHIBATbD OCHOCHTENIBLHO HEGOJBIIONO BJIUSHHS ap-
Manypbl Ha XKeCTKOCTb GaIKH, a TakiKe NOTepb NPemBapPHTEIbHO-
ro HampsiPKeHHd, JpoHCXOomsAllero nocjie obxathsa ©6eToHa, TO
nporw6 GaJjiku MOXKeT OBITb BLIYHCISH, HCXOAS M3 paCueTHCH
CXeMBl, NOKa3aHHOi Ha puc. 11**. Cuna, o6xkumaoomas 6aJky,
N, npujioiKeHa . Ha ypoBHe LEHTPa TAKECTH apMarypbl H paBHA

N,==F,0,=66X9029=594 1.

MoMeHT OT 3THX CHJI, OTHOCHTE&VIbDHO I{€HTpa THXKECTH HeToH-
HOINO CeUYEHHA
M, =N,ys=594X1=594.m.

CHayana onpese/sieM BepTHKaJbHble NepeMellleHHsl cpegHero
ceyeHHsl GaJjiKH, CO3JAlOLIHECH NPH NPHJIOXKEHHH Harpysku H Ie-
peraue YOHWIHE mpemBapHTENIbHOTO 06KaTHS Ha GETOH.

TIporu6 ot coGcTBeHHONO Beca 6alKH

__ 5gJt _ 5.20.41,24.108
fe= i Er=ma 35 1o 47,1106 H52 oM.

ITporn6 oT NMOCTOSHHOH 3IKCMIyaTallMOHHOM HarpysKH
_ Sgalt _ 5-96-41,2.108
fo= mip1=mt35 10471 10— 217 M.

* Tunosofi mpoext cepum 3—503—12, mus. Ne 384/31, suin. 2, I'TIM
Coioazopnpoekr M., 1968.

** PenleHHe 3aflaun C YUeTOM BJIHSHHS NepepacmperesieHHsl YCHAHA MexXay
apMarTypoit u GeromoM cM. B Kuure H. E. IlpokomoBHua,  ynOMHHaB-
mefics Ha crpanuue 8.
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BHIrn6 OT CuJ IpeiBaPHTEIbHOTO HANPSKeRHS

__ Mgt 594.105-41,2*-10*
o= SET —8.3,5.105.471.108 = /65 M.

A ‘1(‘ ‘\=2\0, “l"s 15.
Ba=180, 8,.% 60,

3u=18, Q.*25.
Fu 8ce Paimerni

AAWNM 8 e,
.:;'&t: - _=at T1=47,410% ot
l N!

$
FIRRRRRPRPRRYNY 3
T1333 L33 S S 3 ISLET EadTPiidivedy FEI7I3

Puec. 1.

IMepeMelllelust NPH AJIHMTEAbHBIX BOAEHCTBHAX BBIUHCASIOTCH

no gopmyJe, coaepxauieii BeJHYMHY XapaKTeDPHCTHKH MNOJ3yue-
cta @(2, ©).

B pacomaTpuBaeMoM cJayuae NnpH (= o
9(0,28)=FC(0,28)=3,50-10°-5,00- 10—6=1,75,
¢(0,90)=EC(,90)=3,50-10%-3,75-10~%=1,31.

IoatoMy ¢ yuetoM Bo3pacta 6eTOHa K MOMEHTY INpHJIOXKe-
HUS AJHTENbHbIX BO3A€HCTBHI
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Fre=frcl1+9(00,28)] =4,52[ 14+1,75] =12,4 cm,
fn3=fu9[1+?(0°,90)]=2,17[1+],31]=5,01 CM,
f‘5=fxall+?(w,28)]=7,65X2,75=2] CM.

C yuetoM HanpasJeHHWH COCTABJAIOLMX NepeMeLIeHU A noaHbIf
nporuo

Fo=FoctFoo—Fo=12,445,01—21,0=—3,59 cm.

3TOT pe3yJbTaT NOKa3biBaeT, UYTO OT COOCTBEHHOro Beca, I0-
CTOSSHHOH 3JKCIJIyaTallHOHHON Harpy3KH H OHJ TIpelBapHTELHOrO
HampsioKeHHsT Cpefifee ceueHHe GaJKH MePEMECTHTCH BBepX, T. €.
6anka noviydut BbirnG. [Ipu anannse noJaydeHHOro BbIBOJA HYXK-
HO HMeTDb B BHAY, YTO 6asiKa BXOUHT B MPOVIETHOE CTPOEHHE MOCTa
110l aBTOMOOHJBHYIO ROPOTY ¥ paboTaeT elle Ha 3HaYHTEJNbHblE
BpeMeHHble Harpy3KH.

9. ONPENEJIEHUE HANIPSH)KEHHUHA H YCHJIUA,
BbI3BAHHBIX BbIHY)KIAEHHbBIMH N E®OPMALLHAMM,
H3MEHAIOIWUMHCA BO BPEMEHH MO PA3JIHYHBIM

3AKOHAM. KO3®®HIUHEHTDI 3ATYXAHHA
HANPSA)KEHHA

Ecau nanpsizkeHHOE COCTOSIHHE OIHOPOZHOTO M H30TPOMHOTO
Tes1a BbLI3BAHO BLIHYXKUEHHBIMH J1edOpMaluMIMH, a YCI0BHE Ha
KOHTYpe He 3aBHCAT OT IIOJ3Y4eCTH, TO pelleHHe YUpPYrQ-MTHO-
BeHHOH 3allayd BCeryla MoXKeT ObiTb ITPEICTABJEHO B BHIE TaKHX
NpOU3BeSHHHA

or(x,9,2,)=E(t) T (%,9,2,8)...5,,(%,y,2,0)=E(¢) T‘,,(x,y;z,(il);88

HanpnMep, TepMOHaNpsXKeHHOE COCTOSHHE NIHHHOH TNOJOCH
IIpH MpPHpaeHuH TeMIneparyp, NOCTOSHHOM BAWIB OCH X, liepe-
MeHHOM 1o ocu y (pHc. 12), onHchiBaercs Tax:

Gv(y,t)=E(t)a[nl(t)+2”2(t)y—9(y’b)]) °y=03 Txy=0:
n,=F()j2h,  n,=3S(t)/ah*, (4.89)

npuueM F(f) n S(f) — njomanb ® CTaTHYeCKHH MOMEHT OT-
HOCHTeNbHO OCH X 3MIOPbl H3MeHeHHs TeMmeparyp sa paccMart-
puBaeMblii npoMexyToK BpeMenn. ConocraBaenue (4.88) c (4.50)
110Ka3biBaeT, uTo B OGIIEM pCIUCHHH 33a4aYH TEOPHH INOJ3YYecCTH
Ty(t), .. Ty, () urpalot Ty Xe pouib, 4TO €(f) B 3amaue o
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CXKATOM uaH pacTauyToM crepxkie. CiefoBaTe/ibHO, pelieHHe,
CKaxeM, MePBOro HHTerpaJjbHoro ypasHeHus (4.85) MoxHo 3a-
nycaTb TaK:

t
ox*(£) = E()| To(0)+§ T OR(£,5)dx). (4.90)

Bripaxenus s onpeiefienus BHYTPEHHHX YCHAHH Nympyro-
MDHOBEHHOH 3afaud B CTePXKHeBOH CHCTeMe, COCTaBJeHHOH H3
CAHOPOIHBIX IEMEHTOB, TO2KE HMEIOT BHM

MOY=EQ)T(t], QUO=E)To(t), N@)=E[)Tn(?). (4.91)
A Y

= X

z s}

Pue.12,

IMosToMy peieHue uHTerpaabHoro ypasHeHms (4.87) yno6Ho
npeACTaBAATh TaK:

MH(t)=E(O)[ Tu(®)+§ Tu(x)R(E,7)dx]. (4.92)

CaenoBaTeqbHO, B paccMaTPHBAaeMOM CJayyae BJAHSHHE JIH-
HeAHOH NOVI3YMEeCTH Ha HaNPsKeHHble COCTOSHHS CXKATOTO HJIH
PACTSIHYTOrO CTEPHKHSA, CTATHYGCKH HEONPENENHMBIX CTEPKHEBBIX
CHCTEM H TPEXMeDHOTO Tela NPOHU3BONBHOA GOPME!, TIPH YCIOBHH
(4.64), — coBepuienHo OoAHMHaKOBo. PasyMmeercs, 5T0 cliefiyer H3
TIOJIHOH MAEHTHYHOCTH HHTErpajbHbIX ypasHeHHi (4.51), (4.85) u
(4.87). C mpaxkTHueCKO# TOMKH 3PEHHSI BaXKHeHAMHM sBjsieTcs
cayyall CTallHOHapPHBIX BHIHYXKIEeHHHIX AehopMaluil

Tx(’t’y 2,t)= Tx(xry’z’Tl)"' T)'z(x?yvzvt)= Tyz(xryazrtl)- (4.93)
Coraacio  (4.90)

o MO=EOT w14 | R(t,%,)dv]. (4.94)
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B coorBerctBHH ¢ ompedeneHdeM (4.88), npoussemenue,
cTOsilllee Tepesd KBaJPaTHBIMH OKOOGKaMH, SiBJAseTCS pPelleHHeM
yNPYro-MrHoBeHHOA 3aJayH; CYMM2, CTOSAs B KBagpaDTHbIX
cKoOKax, CBA3aHHas yepe3 Pe30JIbBEHTY C XapaKTePHCTHKaMH Je-
dopMaTHBHOCTH MaTepHasa (cM. Taba. 2), HasuiBaeTos Kodd-
GHUHEHTHOM 3aTyXaHHsi HanpsikeHHH M o6o3HayaeTca Kax
H(i, ‘l.']).

dopmyay (4.94) MoxKHO nepenHcathb Tak:

o* () =0 (OH(E,n), ox(t)=E(H)T (), Hum—1+SR<t ) d.

(4.95)
CoaepmeHHo AHAJIOTHYHO:

M*(t)=M()H(t,), M(O=E(t)T.(s,). (4.96)

ITosToMy Bce CKazaHHOe Najiee B 3TOM napanpace O BJUSHHH
NOJI3yMEeCTH Ha HanpsXKeHHd CNPaBeAJHBO M JJIs YCHIHE.
Ecan matepnan He oGnanaer cBOHCTBOM CTapeHHs, TO

o*y(ty=oH(t—x,), o=ET(x,), H(t—r,)=1+{R(¢—x)dr.

(4.97)
[MpunsaB pesosabBerTy B dopMe (4.38), mouyunm
4
H(t—v)=1—19{ 274,
i
YTO MocJe RPOCTHIX NpeoGpa3oBaHufl npuBaneT K GopMmysae
_ _ ‘+?e—r(1——11)
Ht—v)= =775 (4.98)
npuyeM
H(0)=1, H(oo)——]_HP (4.99)

Bropoe u3 3THX paBeHCTB, coBMecTHO B (4.97), nossosser
3anucarhb:

ET(z,
()= =ET(x),  Ei=rr

rike £, — monyabp gebopmauuii (MOLYJIb NovHbIX Aedopmauu,

JIUTeNbHHA MOAYAb), OmpeieisieMuii yepes nojnuie aedopma-
ILHH.
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Tabanua

opmyast AAN BHIYHCAEHHS KOapduuuenTos satyxannus H(t, 1)) E(t)=E=Const

\5 Teo- Mepa Kostpduuuent OGosHauennst B hopMyaax anas

pe pust TONBYYSCTH 3aTyXaHHs Ko3(pHuHeHTa 3aTyXaHus

~1(t=) 14qe~"(—™0)
1| TYH Co[l—e™7 ] —_ 9=ECy, r=(1+9%)
1+9
2| TC A(t)—A(z) oo o(t)=EA(t)
Co+Ae™]

HTC (Cot+ )X

X[1—e~ 1=

H(e)+EeF(t—=)X
XK(t—y)

H(oo)=l—tli:—:__—:F(0)

it (e
—Ty )= | — ———
¢ ) I4-c+1,/y +
2211

+ (1+c+n/1)(l+c+2h/7)+'"

Kty e—{r(t—t;)(l—tl)—a%l—[l—e_1‘(t—1‘)]}
—_)=
¢=EC,,

a=FAe~ 1", r=y(l+4c)



14 4

Tabaunua 4
Ta6anua XosphHUHEHTOB 3aTyXaHus HanpsKeHRA FI(c0,%;) ANR GETOHHBIX SAeMeHTOB

#(c0,28)
0,5 1 1,5 | 1,89 2 2,5 3 3,5 4 4,5 5
Ti—CYTKH
1 2 3 | 4 5 6 7 8 ] ol n | 12

28 0629 0420 0294 0228 0213 0,159 0122 0094 0075 0,060 0,049
45 0,659 0460 0336 0270 0254 0198 0,158 0,129 0,107 0090 0,077
65 0687 0500 038 0313 0298 0240 0198 0166 0,142 0,122 0,107
%0 0715 0540 0,424 0359 0,343 0,285 0241 0207 0,180 0,159 0,142
120 0,740 0,578 0466 0,402 038 0,328 0283 0248 0,220 0,097 0,178
135 0,750 0,591 0,482 0,419 0,404 0,345 0,300 0,265 0236 0212 0,193
180 0771 0622 0518 0457 0442 0,384 0339 0303 0273 0249 0,228
230 0,784 0642 0542 0482 0468 0,411 0,366 0329 0299 0274 0,253
300 0,793 0656 0,558 0,500 0,486 0,430 0385 0,349 0318 0,293 0271
400 0,798 0,663 0567 0,510 0496 0,440 0,395 0,359 0,328 0,303 0,281
1500 0,800 0666 057 0514 0500 0,444 0400 0364 0333 0,308 0,286
2000 0,800 0666 0571 0514 0500 0,444 0400 0,364 0333 0,308 0,286

Npumeuanns. 1 Ilpn noavsoBaHHR 3Tof TaGauued HEOOGXONHMO TIOMHHTD, yro xoodpduunent F(oo, t;)
BHUKCJIEGHH B 3aBHCHMOCTH OT BeaHuuH @(oo, 28), npu BBeAedHH CTAUHOHADHHIX BHIHYXKJIEH-
HHX pnedopmanmhi npx Bospacrax Geroma T;~28, 45, 65, .. oyTOK.
2, q:(ooi )28)=l,89 COOTBETCTBYET StavionpoMmy (cpellHeMy) Gerony (eM. ctp. 13 n Ilpmnooke-
uue 1).



CnenoBaTeNbHO, HaNpsKeHUs € YUETOM MOJ3YYECTH B Tede,
He O6najalollleM CTapeHHeM M HaxOIsALLeMOs B YCJIOBHAX CTa-
IHOHaPHBIX BHIHYMK/EHHBIX AeOpMallyil, mpH [= o MOXKHO Bbl-
YUCJAUTH N0 GOpPMYyJNaM ympyro-MrHOBeHHOM 3afayd (TpeJBapH-
TeJIbHOM 3aMeHolt E wa

B ra6anue 3 samucaHbl GOpMYJBl 1S BHMHCAEHHA KoobidH-
IHeHTOB 3aTyXanust M (f, t), COOTBeTCTBYIONHE HEKOTOPHIM H3
BhIpadKeHHH, MPHMEHSEMbIX VIS ONACAHHA MepHl IIOVISY4eCTH.

Kak suaHo u3 Talauubl, GopMyJL, NOJy4eHHble Ha OCHOBe
TYH u TC, mocrartouHo mpocthl, Ha ocHoBe HTC—3HaunteabHo
caoxHee. Jlasi objeryeHHst BHINOJHEHHS NPaKTHUECKHX pacyeTos
B Tabjuue 4 NpHBeJeHbl BeJHYHHbl KO3(DQHIHEHTOB 3aTyXaHHSA
HanpsixKeHHH B GEeTOHHBIX JEMeHTaX, BhIUHCJIEHHbe o dopmyJe,
uwMelomet B Tabauie 3 nopankosuiii HoMep 3. Ilpu cocraBaenun
Tabnuun 4 nmpuHEMaaock T, =28 cyrok, E(t)=E(28)=E=
=Const, a TakeKe B COOTBETCTBHH ¢ GOPMYJOH, NpHBEeHHOA Ha
crp. 13, y,=0,012 lcyrkn, y=0,006 1l/cytkn, Co¢=0,50
C( o, 28) cm?fur, A=0,70 C(oo, 28) cM?/kr, ueMy COOTBETCTBO-
BaJo

¢=0,50¢(,28), a=0,50¢(,28).

PaccmoTpuM cayuait BbIHYXKAEGHHBIX AedopMalnit, pa3BHBaio-
LIUXCA IO 3aKOHY

T (x.y,2,t)=T(x,y,2)[l —e~?¢—D]=T [1—e-ft—]. (4.100)
Ecau peiath 3agauy Ha ooHoBe TYH n npuHaTh pe3onbBeH-
Ty no (4.38), o ¢ noMombio (4.90) monyunm
t
o *(F) = ETi{l — e=#t==) — '{cpS[1—8‘5("‘1)]8"(’—")}d’t.
i1
D70 BHIpaXKeHHe MOXHO MepeNHCcaTh B BHJE, aHAJOTHYHOM
nepsoit popmyne (4.95)
o*(t)y=o(t)Hs(t,x,), (4.101)
rae o(t) — pemienwe ynpyro-mruiosenHodt 3amaun. Corsacho

(4.88) n (4.100)

Hy(tw)=1 - =y j [1—e-ftz=mn]e=rit=rigx,

ox(ty=ETy[1—e-bt=0],
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Buiancnenne uHTerpaia MPHBOAUT K bopMmyae

% [t—eTru—m e‘ﬂ(‘—fl)__e—r(l—rl)}
Hy(tz)=1 - 1—e—5(’*"’{ I+ I+e—B/1 ’

(4.102)

Cocrosinne, YCTaHOBHBILE€ECA [10CJe-OKOHYAHHA Npolecca noJ-
3y4YeCTH, Korja t= oo, XapaKTepH3yeTCs TaKHMH BeJHYHHAMH

1
== o0 )=,
6:(0)=ET., Hjy() Te
PaBenctBo 3T0ro Kosdounuenta u Kospounuenta H (o),
onpejenseMoro corsacHo (4.99), cBf3aHO C OTCYTCTBHEM CTa-
peHHs, T. e. C He3aBHCHMOCTbIO BJAHSHUSA TNOJN3YUeCTH OT BPEeMEHH
MPHJIOKEHHST BO3JeHCTBHH.

( e
2T — s T
1 +
! ! : A Tauﬂ
1
//:l ; ! ; E A Tyt
/i : : 1 Tt
/ T R A Txlt)
R S 4,1
T W N T T, .
El. Ez E% g'x
Pue.13.

Pelrenye 3amaun npu mepeMeHHBIX BBIHYXK/IEHHEIX AedopMma-
uuax c¢ nomoipio HTC rpeGyer BechMa NPOMOBNKHX BBIKJIAMOK.
[Tpn BbUICIHEHHH NPAKTHYECKHWX PacyeTOB, HA OCHOBAHMM IPHH-
HMMa HaJOXKeHHsl, MOCHOTOHHO BO3pacTalolllie WJIH MOHOTOHHO
3aTyxaloliie BBIHYX/eHHble AedcpMatiny, a CJaef0BaTeNbHO, H
byukuuan  T.(x, y, 2z, £), MOXKHO 3aMeHHTb cymMMoH Jedopma-
LH#, KaK 3TO MOoKa3aHo Ha puc. 13.

Kaxmpass u3 coctasiasiomux gedopMallHil COCTOHT M3 HecTa-
LHOHAPHOTO YUaCTKa OTHOCHTENLHO MAaJIOH TIPOTHKEHHOCTH H CTa-
LIHOHADHOTO YyyacTKa. HampsikeHusi MOXKHO NPHOIMKEHHO BbI-
YHCISATh, KaK CYMMY HampsXKeHHH OT CTallHOHapHBIX Aedopma-
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uui. Pakraveckoe GOpMUPOBAHHE HANPSLKeHHA B MPOMENKYTKAX
BPeMeHH To — Ty, Tt — T, . .. Ti—1—T; YYUTHIBaeTCHd ¢ MO-
MOIBIO KOIDPHIHEHTOB 3aTyXaHHS B NPEANOJONKEHHH, YTO CTa-
UHOHapHble BHIHYXAeHHbe Aedopmauun AT, (1), AT, (12), ...,
AT, (r;) wnaunnatlorcs B MOMeHTH E1==0,5(to+71), E2=0,5(t:+
+19), .., =06 (tic1+7)). 310 03HayaeT, YTO KPHBOJUHEN-
HbiH 33KOH H3MEHEeHHS! BLHIHYXKIeHHHX JedopMauuii 3aMeHsieTcs
CTYNeHYaThiM, KaK TMoKa3aHo Ha puc. 13.
C y4eTOM BCETO CKa3aHHOTO

o* (£)=Bo(e ) H(t,b) +Ba( ) H(tE) +. A+Ba(x)H(LE), (4:103)
nae
Ao(t) =AT(x))E, Ao(t,)=ATy(x,)E...., Ao(t)=AT(c,)E. (4.104)

IMpu pacuere GeTOHHBIX 3JeMEHTOB, ecan T1>28 CyTok H
t= co, senwumHnl H(co, §) MOryT mnDpHHUMATHCH COMVIACHO
Taba.-4. [lo npuBeneHHbHM B HacrosilleM maparpade dopmyaam
MOXHO PacCUHTHIBATb He TOJbKO GETOHHBIE, HO H KeJje306eToH-
Hble 3JMeMeHTHl M KOHCTPYKUHH, HMelolHe CObiuHbBle ko3dbamneH-
THl apMHPOBaHHA H paboraiomue 6e3 TpemnH. CBH3aHO 3TO C
T€M, YTO IIPH OTOBOPEHHEIX YCJOBHAX PaIHIHE B aPMUPOBAHHH
OTHEIbHBIX 30H MPHBOXHT K OTHOCHTENBHO HE3HAUHTEJNBHOH Heol-
HOPOINHOCTH, B CHJIy 4ero ¥ CKashIBaeTCs NPHMEHHMOH TeOpHs
pacyera CHCTeM, COCTaBJEGHHBIX H3 ORHODOIHBIX 3JE€MEHTCB.

10. MPUMEPBI PACYETOB CTEP)KHEBBIX
CTATHYECKH HEONPEJEJNHUMBIX CHCTEM
HA BbIHY)XJ EHHbBIE JE®OPMALLUH

Mpumep 3. Onpeneants uHarubaiomue MoMeHTH M*(f) B Xe-
nea300eTOHHOA paMe, H3oOpaxkeHHOH Ha puc. 14a, BHI3BaHHBIE H3-
MeHEeHHeM TeMIepaTyphl pHre/isi; H3MeHeHHe TEMOepaTypsl mo
BHICOTE CEUeHHs pHreJisi JuHehHoe. PaMa BbinosHeHa H3 0eTOHa
mapxky 500, E=3,8-10° kr/cM2, ¢ (,0)=¢=1,08; pasMepn
nomepeyHbx cedeHwi: pureas 1,7X0,6 M, cTodiku % + l) 0,6 m;
MOMEHTH HHepUHH: ceveHnit /,=0,245 m4, /. =0,282-10—*(x+}
+12,1)3 M, r=40145 t/4ac

Pacyer BRIMOTHATDL A0S CAeLYIOWHX BapHaHTCB:

a — nocJie BeCbMa AJIHTEIbHOTO CPOKa JKCINAYaTallHH TeM-
nepartypa HHXHefl TpaHH pHTessi pe3xo nosbiuaencs Ha 30°C;

6 — TeMnepatypa HHXHell rpanH pHreas uepe3 28 cyToK noc-
Je YKIamKkH GeToHa pesko mopbimiaercs Ha 30°C;
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B — B JONONHEHHE K KaXUIOMy W3 YCAOBHA I. T. «a» H «O6»,
nocJe BechMa JUIHTENBHONO CpCOKa JKOVIYyaTallHH NPOHCXOLHT
peskoe NOHMKeHHe TemmepaTtyphl Ha 30°C;

r — nocjie BecbMa JJIHTEJNbHOH JKCMJAYyaTallHH TeMIeparypa
HHXHell TpaHM pHresiss paBHoOMepHo Ha mponsxennn 100 CyTOK
yeennynBaerca Ha 30°C

het 7 124 121
--LD L D‘—i( - e +

! h:=2°

3

!

L heelo

12,1 —-—l

M,

(1,25 —3

. ———

IR
t

¥

:u‘l‘

el T

™
)3 lzn } S .32 3
Pue.id

Ilpx Bbimo/HEeHHH pacYETOB JOMYCKAeTCSl YYHTHIBATb Pe3koe
H3MEHeHHe TeMmepaTypbl KaK MNHOBeHHOE W CYHTATH, UTO nocjae
BecbMa JJIHTEJIbHOTO CPOKAa 3KCIJyaTaumu crapeHude OeToHa
NPaKTHYGCKH 3aBEpIUEHO.

[Mpexnconaraercs, uto pama paGoraeT 0e3 TpelUHH; BJHsSHHE
apMartyphl Ha AedopMauHHd paMbl He YYHTHIBAETCH.

BHyDpeHHune ycuins A BapHAHTCB M3MEHeHHS TeMilepaTyphl
«a», «6» U «B» MOLCYHTHLIBAIOTCS € MOMOLUbLIO POPMYJbl, cjeldye-
moit u3 (4.96) mpu E(v) =E=Const, T(r) =T=Const.

M*(t)y=MH(¢, ©)

B stoit popmyne uepes M obo3zHaueHa BeaHuHHA H3rHOaloOLLero
MOMEHTa, BO3HHKAIOLIero B paMe B MOMEHT M3MEHEHHsl TeMIepa-
TYpbt {=1T;, T. €. pelllelHe YNpYno-MrHOBEHHOH 3alauH.

Pewenne ynpyro-mriosenHo# 3agaun. OcHOBHas cucreMa Me-
Toja CuJ mokazaHa na puc. 146. Popmyna s oOnpefeeHHUs
JIHIIHEr0 HeH3BEeCTHOIo

Xy=—B8,,[8y,
rne

M 3 n a‘t}r
on=3("0gx, 8,,=2{Nddx +3[ M5 dx,
npudeM M; u N; — usrubaicuiie MOMEHTb H HOpPMavIbHbIE CHJIbI
B OCHOBHOII CHCTEMe OT CHJAbl z1=1, a—K03ddHULHEHT JHHEHHOrO
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TeMNepaTypHOro pacuiupeHHs, O — CpefiHee 10 BHICOTE CEYEHHs
CTepXKHS H3MeHeHHe TeMneparyphl, O — pa3HOCTb H3MeHEHHs
TeMnepaTyphl Ha HHXKHeH ¥ BePXHEH rpDaHsX puress.

Has paccMarTpuBaeMoil paMbl aniopa HIrHGalOMIUX MOMEHTOB
M, u3obpaxena Hd puc. 14B; HOpMaJbHas CHJIa B pHreje N =1,
B crofike N,=0; a=10-5, 8=15°C, 8!=30°C.

C yueToM BCENO CKa3aHHOTO MOXKHO 3aMHCaThb

12,1 2,1
30-12,1’+2 M.’dx 30-12,1* , 2. 104 xdx

8 ET, El. = 0285E T¢; 2BIE, GFIZIp=

12,1
1o 24,2 12,1*
FLLT854H7.000| In(x+12,) + o — 5 (x=+12.1);“ =

(1.785+0, 483)=2 263-104/E 1/u,
Byg=—1-10-5.15.30—12,11C 3230~ _6,82.10-2 u,

6,82-10~2
2’263' 10‘

Aniopa WIrHOGAOIKHX MOMEHTOB B YNPYrofi 3ajaye CTPOUTCA
o dopmyde
M=X1M1

BennunHa narubalolllero MoMeHTa B puresie
M=11,55(—12,1)=—139,7 t™.

Pacyersl Ha AaMTeRbHble Bo3deficTBHa. Bapuanr «a». Ilo-
CKOJIBKY K MOMEHTY HSMEHEHHSI TeMiepaTypbl MOMHO CYHMTaTh,
yTo GEeTOH CTaphblif, TO comnviacHo (4. 99) lp=0(o0,)]

H(oo)=—1 =0,481

x,=E =3,04-10-°E=11,55 1.

1-|—cp 1+108
M*(c0)=MH(c0)=—139,7-0,481 = —67,8 TM.

Bapuant «6». B nanHOM cayuae H3MeHeHHe TeMIlepaTyphl
MpPOUCXOHT B Bo3pacTe GeToHa T)=28 cyToK H HEOOXOIHMO yuH-
THIBaTh cTapeHne Geroma. CoenaeM 3T0 ¢ nomoiubio TabauuH 3,
nawouiei BeauunHbl H (oo, 28) B 3aBHCHMOCTH OT @(oo, 28).
Ecan cuutath, yTO crapeHHe GeTOHAa TNPOHCXOAHT B COOTBETCT-
BUH C ¢opmyJof, 3anucanyoil Ha cTp. 13, TO

@0, 28)=2¢=2-1,08=2,16,
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ITo uaTepnonsuns Haxopuv H (oo, 28)=0,196
M*(0) =—139,7-0,196=—278 T™.

BapuaHT «B>». YMeHbllleHHe TeMnepaTypbl HHXHed rpaHu pH-
reisl BbI3bIBaeT BHYTPEHHHE YCHJIHMS TNPOTHBOTOJOXKHOINO 3HaKa
(no cpaBHEHHIO C IOJYYeHHBIMH DaHee), CJeNOBATENbHO, B MO-
MEHT TOHHXEHUS TeMNepaTyphl B PHreJie BOSHHKHET H3rHOalouiHi

moMeHT M=139,7 ™™. CymMapHble HaruGaioune MOMEHTbl TPH
3TOM OKaKyTCs PaBHLIMH NpH pas3onpeBe TI0 BapHaHTaM

«ay — M*=—67,8+4139,7=71,9 ™,
«O» — M*=—2784139,7=111,9 T™m.
[Tocsie 3amyxanus ycuauil, BOSHUKIIHX NPH OXJIaXKIASHHH
«a» M* (o) =—678-1678=0
«06» M* (o0 ) =—278+67,8=40,0 ™

CreoBaTteibHO, IPH BapHaHTe «6» nociie OXJaXKISHHA H 110JI-
HOPO MPOSIBJEHHS BVIMSIHHS IOJ3YYeCTH B paMe OCTaeTCsl H3TH-
6aroinii MOMeHT. BhI3BaHO 3TO TeM, WYTO 3aTyXaHHe YCHJHA,
BO3HHKIUHX TNPH pa3onpeBe, TPOHCXOLHT B cTapeloiieM OeToHe, a
BO3HHKIUHX NPH OXJaXAeHHH — B GeToHe CTapoM.

Bapuaut «r». PacueT BHINO/HSIEM NPUMEHUTEJbHO K dopMyJie
(4.103).

M*(t)=:§]:AM,H(t, &),

rie XK — KOJHYECTBO YICJOBHBIX MTHOBEHHBIX H3MEHEHHH TeMIle-
parypul. Ecau mosarath, uto X=4 (oM. puc. 13.), 10 AM, =
=—139,7-0,25=—34,95 ™ u pacyerHas ¢opMyJa NpPHHHMAaeT
BHYI,

1=k
M*(t) =——34,95)IZH(1,E,), k=<4.
-1

3aBHCHMOCTb JUISI ToacueTa Ko3(MHUHEHTOB 3aTyXaHHUs, CO-
raacuo (4.98), (4.104) u puc. 15a

1-4+1,08¢—08L1—))
H(t, El)=_r___l+e1_m___ez_’
pHYEM
§,=12,5, 37,5, 62,5, 87,5 cyTok;
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HHBIMH CJ0OBaMH, HAualo OTCYETA BPEMEHH ! JIDHHHMAETCs He B
MOMEHT Hauaja MOBHHLIEHHS TOMIEpPaTyphl, a cMellaercs Ha
12,5 cyrox (puc. 13 .).

Mrm
ko —
12 \\
2
84— —
36 =
{
28 -
t1
35 625 87,5 125 31,5 cyrun oo
Puc.15
PesyabraThl pacuera npeacrabisieHbl B tTabGauue 5.

Ta6auuma S

Beauuutbt uHaruGaloumux MOMCHTOB B paMe NpH BapHaHTe
H3MeHEHHS TeMneparypnl «r» (t1;=0)

f cymKu 37,5 62,5 87,5 112,5 137,5

H(#) 0,727 0,598 0,536 0,503 0,493
543‘95}1 ™ 25,95 20,90 18,73 17,56 17,22
M*(t) ™ —25,95 —45,85 —65,58 —83,14 —74,41

CoorBercrByomas kpuBasi (1) M Takxke KpHBas, IOCTPOEHHas
B NPEANOJO0KEHHH MDNHOBEHHOTO M3MEHEHH: TeMmepaTtypol (2),
moKasaubl Ha puc. 15 . M3 3THX NaHHBIX OTYETJIHBO BHIHO, YTO
IKCTPeMaJsibHbIA H3rubatomuit MoMeHT, GOpPMUPYIOMUACH TIpU
MEIJICHHOM H3MEHEHHH TeMIepaTyphl M*(112,5 83,14 ™, B cuay
nposiBIeHHs AeopMaluil mos3yyecTH GeroHa nHo abCO/MOTHOM
BeJHYHHE 3HAUYMTENPHO MeHbllle U3rHOalolero MOMEHTa, BO3HH-
Kalollero  npH MIPHOBEHHOM H3MEHEeHHH  TeMIlepaTypHl
M=—139,7 ™.

® * *

Juas cosnanus NpPeACTABISHHS O 3HAUMMOCTM H3THOAIOWMX
MOMEHTOB NPH PACCMOTPEHHBIX BapDHAHTAX TeMIePATYPHEIX pe-
JXHMOB JJIsl PHreJisl paMbl MOJACYHTaHA, Ge3 yyera BJAMSIHHSA Npef-
B2PHTEJILHOIO 002KaTHd, BeJIHUWHA MOMEHTa TPEIHHOOGpa30Ba-
HUA

M= WR=3201,75.177,5=89,6 v,
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TIpu yuere BAMAHUS NPERABAPHTEJNBHONO OGKATHS MOMEHT
TPEIUHOO0Pa30BaHHs €CTECTBEHHO YBeIHUHTCA.

Mpumep 4. Boiuncaure nsrwbamomue MOMEHTHl, BbI3BaHHBIE
OCaiKON cpelHell onopsl B Hepa3pe3Hod JBYXMpPOJeTHOH JKeJse30-
GeToHHO OaJsiKe, SBUISIONLEHCS NPOJIETHBIM CTPOEHHEOM MOCTA.
ITonepeunoe ceuenne Ganku M300paxkeHo Ha puc. 16a, pacuerHas
cxeMa — Ha puc. 166. Dasika BHINIOJIHEHa ¢ TPHMeHeHHeM OeTOoHa
mapku 400. Ocagka HauWHaeTCcs NPHMEPHO Yepe3 TIom [oOCHe
OKOHYaHHU5l GeTOHHpPOBaHUA, T. €. TONA, KONLa OeTOH MOXKeT CYH-
TaThcs crapbiM. PaspuTHe ocamku BO BpeMeHH, B COOTBETCTBHH
C NaHHbIMH HabJI0JeHUud, NpeiCTaB/JAEHO 3aBHCHMOCTLIO

Yo(t) =10(1—e=-003t ey, y,(0)=10 oM, §=0,013 1/cyTkH.

IIpu 3anucH 3TOro BIPa)KEHHA HauaJO OTGHeTa BPEMEHH COB-

MeUIEHO ¢ MOMEHTOM Hauaja ocafku [t=0, y,==0].

b CHMmMeRT.
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XapaxrepucTHKY JeopmaTuBHoctd G6etona E=3,5-10° kr/jem?,
@( ©,0) =p=1,4, y=0,006; xapaxrepHCTHKH NONEPEIHOro ce-
yenns 6ankn I, =151 M4 F=529 M? coGCTBEHHbIN BeC OXHOTO
NOroHHONO Merpa ¢=45,29-2,4=127 r.

Mpemnonaraercs, uro 6anka paGoraer 6e3 TPELIUH; BAUSHHE
apMaTypsl Ha gedopManuy 6asKH He YUHTHIBAeTCs.

Usrubaomye MoMeHTH IIOJACYUMTHIBAIOTCS ¢ HoMolubio «op-

MyvIbi
M*(t)=M(E)Hy(t, =),
coorBeTcTBYIolel (4.101).
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Pewenue ynpyro-mraosentod 3anauu

Hns paccmMatpuBaeMoro cyuas ypaBHeHne TPeX MOMEHTOR
uMeet BUA (puc. 166)

2M2|(f) (1.1+12) = —65[62(”

8,6 =—3at) (1-+4) = — ya(t)52.

3Ely(t)_335-10°.151.0,1
My(t)= y’() ma

My(o0) =878,7 ™.

Ha puc. 168 noxasaHa smiopa uarnGalomux MoMentToB M(f),
Ha pHC. 17 — H3MeHeHHe 3THX MOMEHTOB BO BpeMeHH (Kpumas 1).

— =001 (] =878,2[1—e—0013 f Ty

Pewenne ¢ YYeTOM BJIHSHHSA NOJ3YYECTH

INpy 3alaHHBIX XapaKTePHCTHKAX A&(OPMAaTHBHOCTH IGeToHa
=y (1+9)=0,0144;8/y=2,166; 1+@=2,4; 1+¢—p/y=023
dopmyaa (4.102) nprunMaer BHA

14 100144t —0013 ¢__,~0,01
Hy(8)=1 100 rl 24 - 0,234
Ta6auna 6

Beanunant My(2), Hp(f) ® Mz‘(t) noayuewnue
nPR pacyere HepaspesHo#i Ganxu

JE—
Mo*(t) ™ M*(t) ™
t cyrkn  |[Ma(f) ™| Hp(f) €=(0.)01T3 M(m) ™. Bm o0
1 ) 3 | 4 5 6
0 0 878,19
23 110,55 0,911 100,76 Sgﬂﬁg
40 0,842 300,27 7
60 475,98 0,795 233,?2 69?,07
568,19 0,723 X f
138 639,32 0,676 432,44 878,20 594,00
120 69377 0,635 440,75 557,91
140 735,92 0,606 441,3 X
160 768,42 0,572 439,89 st
180 793,62 0,545 432,13 A
812,94 0,523 425,09 o0
00 878,20 0,417 365, 94
Houepa
KpPHBHIX 0 _ 3
Ha PHC 1 -



Beawunub Hp (1) aura pasamunmx # npusenensl B Tabuuue 6.
B 3roil ke Tabanue noxasarbnl Mp*(f), mogounTaHHble 1O «dop-
myJae (4.101) ¢ npeaBapuresnbHoii 3aMeHol 0* () U o(f) Ha
M*(t) uw M(£). Ana HarasagHOTO YSICHEHHS XapaKTepa H3MeHEHHs
Mz (t) u Mp*(t) Bo BpeMeHH Ha puc. 17 MOCTPOEHHB COOTBETCTBYIO-
pine kpusble 1 u 2. Tam ke TokazaHo ywmeHbenue Mo* (f) Bo
BpeMeHH IJisl Clydasi MDHOBEHHOI'O TIDOSBJSHHS OCaAKH OTOpH 2
(kpuBast 3) [p—>oo, dopvyas (4.96) u (4.98)]. Kak sugHo u3
pesyabTaToB pacuera npu B=0,013, uro coomBencTBYET NpOsABJIeE-
uuio 959% noauoh ccamku B Teuenne 230 aHed, MaKcHMaJbHas
BeJIMYMHA M3rH6aiollero MOMEHTa Haj BTOPOIl ONopoil cocTaBisier
M>*(140)=441,3 1™, npotus My()=878,2 M. D10 YyMeHh-
IIeHHe BLI3BAHO HaJWUHMEM NOA3yuecTH  GeroHa. Dmopa H3rualo-
wux McveHToB M*(140) nusobGparkena Ha puc. 16r.

Mr.m
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gL 4] o=
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Lo~ 2 _
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200 | g
»’ 4 A -y
Ao ] 4
hO 8D 120 160 200 240 280 T e
Puc 17

Jna cyXaeHHs O 3HaYHMOCTH BO3HHKIIEr0o MOMEHTA Ha pHc. 16e
npuBefieHa 3miopa H3ru6alolHX MOMEHTOB OT COGCTBEHHOrO
Beca 6anxu Mg u cymmapHas amiopa Mg+ M*(140). Kax sunHo
H3 3THX JaHHBIX, TPH ocamKe omopsl 2 Ha 10 oM cyMMapHHEIA Mo-
MeHT My yMeHbmuaencsi Ha 448 ™™, T. e. Ha 15,5%, mpovieTHbIA—
yBeauuutcs Ha 1980—1730=150 v, T. e. Ha 14,6%. D10 cooT-
BETCTBYET MOMEHTY BPEMEHH MaKCUMaJIbHOro PasBHTHA HarubGaro-
IMX MOMEHTOB, BbI3BaHHBIX ocagkofi omopbl. Ilocie oxkoHUaHUs
npouecca nojasyyectd GeToHa ONOPHLIN MOMeHT Mo* yMeHbLIHTCH
npo 365,9 T™. BosHukalomue TpH MPHOBEHHOH OCaJKe OMOPHI

= oo ) uarubatommit MmomeHT Mz(0)=878,2 ™™ ToXKe ymagmer K0
My*( ) =365,9 ™ (xpuBas 3 Ha puc. 17). Ecin ke ocanka
Onophl GYWeT NPOHCXOAHTL CO CKOPOCTIO, PaBHOH CKOPOCTH MOJ-
ayuectn GeroHa (B=vy), To Bo BpeMenn Mo*(f) MoHOTCHHO yBe-
JIHYUBaETCS U BPH { - oo crpeMuTest K My* (o0 ) =365,9 ™™ (kpH-
Basi 4 Ha puc. 17).

IlpuBenentble JaHHble NOKA3bIBAIOT, YTO B paccMaTpHBaeMbIX
VCJAOBHAX BeMMYHHA MaKCHMAaJbHOTO H3rubalollierc MOMeHTa 3a-
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BUCHT OT CROPOCTH Pa3BHTHS OCAKH OMOPLI, YTO OCTECTBEHHO
CBfI3aHO ¢ pasBHTHeM AedopMaumii nmosmsydectd. Ocaaka ONope! ¢
BBICOKOW CKOPOCTBIO MPHBOAHT K BOSHUKHOBEHHIO GOJIbIIETO H3TH-
GaloLiero MOMeHTa, 4eM ocaika ¢ MeHbIIeH CKOpOCTbHIO.

11. BJIUAHHUE NOJ3YYECTU HA YCTOMUHUBOCTDH
C)XATOI'O CTEP)XHS. KPUTEPHH NOTEPH
YCTONYHBOCTH B YCJOBHUAX NOJIBYYECTH.
PACYET MO JE®OPMHUPOBAHHOH CXEME

Ilpn n3yueHun ycrofiywBoCTH (GOpPMbI  YNPYDHX CTEPXKHeH H
CTEepIKHEBBIX CHCTEM pas/H4YaloT: a — MOTeplo YCTOHUMBOCTH 1-ro
pona, CBSI3aHHYIO C BO3MOXKHOCTBIO CYIIECTBOBAHHS ABYX GHopM
paBHOBECHS —YCTORMHBOR H HeyCcTOHUYHBOM; 0 — MOTepI0 yCTOM-
YHBOCTH 2-TO POAa, CBA3aHHYI0 C BO3MOXHOCTHIO HEOrpaHHYeH-
HOrO Pa3BHUTHA MNepeMellleHHH CTepXKHS HJH CHCTeMBbl, o6jaajalo-
el HayaJIbHEIMH HECOBEepPILEHCTBAMH.

[MockonbKy novisyuecTb yBeanuuBaeT jgepopMauuH, a cjaedo-
BAaTEJbHO H NEpeMelleHHs, O ecTECTBeHHO NPH H3YYeHHH YCTOH-
YHBOCTH CTEPIKHEH, BLINOVIHEHHBIX M3 MaTePHaJOB, 06/1ajialomHuX
fIVI3y4EeCcThIO, PAOCMATPHBATh NOTEPIO YCTOHUHBOCTH BTOPOTO PO-
Ia. Y npsMOJHHERHOMO CTEPXKHS TaKas IoTeps YCTORYHBOCTH
MOXKET HMETb MeCTO TOVIBKO MDH HAJWYHH HAYaJbHBIX HeCCBep-
meHet8 GopMbl (HayaslbHasi MOTHOb) HJIH COCTOSHHSI (BHEIEHT-
PeHHOe NpPHJIOXKEeHHe CXHMawllueHd CHAbl, OTKJOHEeHHe OT nps-
MOJIHHeAHOH (OpPMBI  BCJAENCTBHE HAJMWYWS JCMOJHHTENBHOrO
BHeIIHero BO3AEHCTBHA).

Byaem paccManpHBaTh ONHOPOLHBIA M H3OTPONHHINA CTEPXKeHb
¢ HauaJbHOH fOTHOBIO Yo(2). CrepiKedb BBHIMONIHEH H3 MaTepHa-
Ja, objajaloulero JHHeHHOH MOJI3yuecTblo, H HMeeT MOepeyHoe
ceyeHHe, CHMMETPHYHOE OTHOCHTEJNbHO OJHOI M3 TNaBHBLIX LEHT-
PaJibHBIX OCel.

BHemunye cuioBble BO3feHCTBHA 32JaHBl B BHJAe CKHMaloUleH
cunbl P<<P, . Tlox P,, KaK OGLIYHO, NOHHMAETC KPHTHYECKas
cuJia AJs ynpyroro CTep:KHs, T. e. CHJja, cnocobHas BeI3BaTh NO-
TEpIO YCTOHYHBOCTH Cpasdy XKe NOcJde CKOHYaHHS Tipowlecca ee
¢opMHpOBaHHs (NOCJeJHee CBSI3aHO C PAaCCMOTPEHHEM CTaTHYe-
CKH mpuiaoeHHOH cuabl). Maru6 crepxms, a ciaenoBaTeNbHO H
foTeps YCTOMYABOCTH, MOXKET MPOHCXOMHTb B maocKoctH ZUY,
NOoTeps YCTORUHBOCTH M3 3TOH NVIOCKOCTH HCKaAloueHa (puc. 18a).

O BAHAHHH NOA3YYeCTH HA YCTOMYMBOCTH CXKATOTO CTEPXKHA CM. KHHTY
A P.Pxaununuunua (crp 8).
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Ilpu sanucH ypaBHeHHS YCTCHYMBOCTH, B JaHHOM cJayuyae
VpaBHeHHs MeIVIEHHOIO JBHXKEHHsi, NpHMeM BO BHHMaHHe, uTO
JHHeHHas TION3YyYecTb He BJAMSET HH Ha 3aBHCHMOCTb MEXKIY
nedopManHavMH KpaHHHX BOJICKOH M KDHBHSHOM, HH Ha 3aBHCH-
MOCTH MEXJy HanpsKeHHSIMH W BHOIUHHMH Harpy3kaMHu (cM. no-
JaokeHus, chopMyaumpoBaHubie B 1. 7). B cuay storo B ycaoBusx
N0A3ydeCTH CIpaBeaJusbl 3aBucuMocTn (puc. 186)

1 — s*,(z,t)—s*g(z,t)_ azy*(zv t) - a’)’n(z)

*(Z,t)_ h - o0zt 0z% ° (4105)
M , L M¥(z,
WEO=F T ate H=F — =1y (4106)
M*(t,{)
»
eza&)ds

Puec. 18 2

Jas BeiBoyia ypaBHeHHsi K 3asucuMocTtaM  (4.105) u (4.106)
Heo6XOIHMO 1C6aBHTb (GOPMYJIY, CBA3BIBAIOWLYI0 HaNpsiKEeHHs C
AedopvanusiMy, —

t
¥ (f 05(t,x
s*(t)=;((t)) — (o () 2y, (4.46)

%1

Hckniouns gedopmainy us (4.105) ¢ noMoubio nceaemneir ¢op-
MYVIBI, TIOJYdHM

t
1 * —ay%(2,T ” o5(t,
%z, 1) = F w t:g(;;’ (2.7) - \ [01*(2,‘{)—-02 (z:t)] o;t T)dt}

(4.107)
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u ¢ yyetoM (4.106)

t
1 1TM*(z, t) 35(¢,7)
Fen=T Ew . M @0k (4108)
A1

3aMenns JeBylo uactb (4.108), cornacho (4.105), npuaeMm K
TaKOMY nmerpo-nmdﬂbepeﬂuuanwowy V'p aBHeHHIO

02y(2,4 1 (M*z, ¢ 05(2,; 0%y,(2]
20 L[5G0 —hee, 2| -2 w9

TIpy HONOVIB30BAHMH 3TOr0 YpaBHeHHs HeOOXOXUMO HMeTb B
BHIY OCOGEHHOCTH MpaBHJa 3HAKOB KPHBH3HB M H3rHGAIOWHUX
MOMEHTOB; JJ% NEepBHIX 3TO MPABHJIOC CBA3aHO C BHIGOPOM Ha-
ApaBJeHHs KOODAWHATHLIX OCeH, JJIf BTOPHX — He cBsizaHo. Ha
pHc. 186, ucnoab3opanHoM npH BeiBoAe (4.108), xpuBH3HA OTpH-
yaTeabHa, HATHOAIOMIHE MOMEHTH NojoXureibHule. CieloBaTen-
HO, NpPH PAaCCMOTPEHHH 3aladH O JeACTBHU CXKHMAIOUIeA CHIILI
P, nocTosiHHO! BO BpeMEHH, HYXXHO TIPHHATD

M*(z, t)y=—Py*(z, t). (4.110)
Toraa w3 (4:109) cienyer ypaBHeHue
t
0ly*(z,t) P ry*(2,t) 08(¢t,1) 0%y (2)
=+ T —{y*(z 92N as= T4, (a1

T
N0o3BOJsIONIEe PA3LICKATh BeJHMHHY NporuGa B NPOHIBNVIbHBIH
MOMEHT BpEMeHH.
Ecau paccMatpuBaTb CTepxKeHb, LIADHHPHO OREPTHIH MO KOH-
1aM, H NPeANoJIOXKHKTD, YTO HayasibHas AOru6b OMHCHIBAETCS 33BH-
CHMCCTbIO

Vo(2)=f, sin2, (4.112)
TO €CTeCTBEHHO HCKAaTb peuieHue B Q)opme
y*(2,t)=f*(t) sin%. (4.113)

ITocJe HecA0KHEIX npeopasoBanuit u3 (4.111) MOXHO BBILENHTD
TaKoe HHTErpaubHOe ypapHetie BouabTeppa BTOpOro poma

- lfﬁ?,,gf*( ) 2 de=110) (4.114)

rae
Yt)=P,(t)/P, P,=mE@)I|B, f(t)=f[1—P/P(t)]. (4.115)
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Ouesuano, utro P, ({) u f(f) ABAAOTCA, COOTBETCTBEHHO, KPHTH-
yecKof (3#JiepoBOfi) CHJIOA H aMIUINTYO0# nporu6a ynpyro-MrHo-
BGHHOH 3aJau, T. €. 3a0ayH, PelleHHOH B MPEOANOJNOMKEHHH, YTO
Harpy3ka IMpUJOXeHa B MOMEHT f, I/Ii KOTODOro Ompefeasercs
nepeMelleHHe.

Ecan cxumalowas cuia P, kak 370 c6blyHO GbiBaeT, MpUKJA-
AblBAaeTCsl TOJIbBKO TOTVlA, KCTida MOXKHO CYHTATb BEJIHUHHY MOAY-
Js YIpyro-MrHoBeHHbX nedopvaunfi He 3aBucsllefi oT Bo3pacTta

MaTepHana
E (1) =E(t)) =E=Const, (4.116)
TO ypaBHeHnne (4.114) ynpoinaercs

t
E act,
FHO—Z 1 D=, (4.117)
npHyeM b
PP, P=wElll, f=ps.  (4118)

ITpu pewennn ypasHenua (4.117) yMecTHO mcuodb3oBaTh Ta-
Kylo asaaoruio. B caysae (4.116) ypasnenne (4.51) npu
o(t)=0(t;)=Const npuHHMaeT BUA

t
o* () — Ef a*(:) 2 g = (4.119)
*1

QOuesumHo, uTo ypaBreHue (4.117), nocrpoeHHoe OTHOCHTENb-
Ho f*(¢), ornnuaercs ot ypasHeHus (4.119), samucaHHoro OTHO-
CHTEJbHO 6*(f), ToNbKO MHOXHUTesaeM 1/(1—E), crosmum npu E.

Tlpn crepbxie, BHIIOVIHEHHOM H3 HeCTapelolllero MaTepHaJa,
pemenue (4.119), B cuay (4.97) n (4.98), sanuchiBaeTcs Tak:

14-peelt—=0
149

Ecau yuectb, uto B TYH ¢=ECy u r=v(149¢), T0 oT™MeueH-
Has aHaJOTHsA NO3BOJsET 3aNHCaTb pellleHHe ypasHeHusn (4.117)
VIS CTEPXKHSA, BHIMIOVIHGHHOrO H3 HecTapelollero MaTepHaJa

132 ()

1§
f*(t)=f T+/(1—%)

ITocsre HecoKHBIX peo6pa3oBakuil 31a GopMysia NPUBOAUTCS
K BHAY

o(t)=s (4.120)
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wrnn [l 4 pemTE— e alE—z) ¢-n}
Ho=r =T X (4.121)

CKOpOCTb Da3BHTHS NepeMellesHi

f*(t)=61_ﬂ e—tlE—(1+a)lt=1y) ) 5—1,

Ouepu/iHO, 4TO IS MOMEHTA TNPHJIOKEHHs Harpysku {=7, Hus
(4.121} caenyer
f*(e) =F.

®opmyna (4.121) nokasbiBaeT, YTO NPH AJNUTEJLHOM AeACTBUP
Harpy8KH MPOTHO CTePXHs, BHIIOJIHEHHONO M3 YNMPYroro Marte-
puasia, 06J1afalolWero NWI3y4ecTbl0 H HMEIOWero HayaJbHYIo
norubb, — ysequunBaercs. MIHBIMH caoBamu, nporu® Takoro
CTEPKHSA NPH [WIHTEJIBHOM JSHCTBHH HArpy3KH OKJIaJbIBA€TCS M3
ympyroro nmporufa, ofpagyiollerocs B MOMEHT NPHIOXKeHHS
HaPPy3KH, W JOMOJHHTENbHCTO TporuGa, pa3pHBAIOILErCC BO
BpeMenn. Ha xapaxrep HapacTaHHsi BO BpeMeHH aMILIHTYIbl
mporuGa f*(f) cyuwecTBeHHOe BAUSHHE OKa3blBAET 3HAK PasHOCTH
E—(1+¢), cBasanHblf ¢ othoweHueMm wMmempuy P, u P(l+y),
Passutie nporu6GoB BO BpeMeHH JIPH

E>1+9, (1+9)P<P, (4.122)
HMeeT 3aTyxalomuil xapakrep. Ecau
t<l+og, (I+)P>P, (4.123)

TO mpu ¢ — 7+ o0, f*(f)—>oo, T. €. Beinyuna nporu6a Heorpanu-
YeHHO BO3pacTaer.
B cayuae
t=1+9, P,=(l+¢)P (4.124)

¢opmyaa (4.121) npUBOAMT K HeONpeJeJeHHOCTH, pacKpbiB KOTO-
pyio. Hafigem

fFHty=flidat—)] LO— (4.125)

Takuu obpa3oy, npu BhoaHeHHH ycaosusa (4.124), nedop-
MUPCBaHHe CTEPMKHS NPOUCXOJHT C MOCTOSHHON CKOPOCTHIO, T. €.
uMeeT YCTaHOBUBLIHACA Xapakrep. Pa3surtue nepememenusi 8o
BpeMenH B cayuasx (4. 122) (4.123) u (4.124) npeacrasieno Ha
pucyske 19.

Hpu HEOrpaHH4eHHO BO3PacTaiolleM BpeMeHH AeHCTBHS CXKH-
Maloie#t cuabl, coriacHo (4.125),
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F*(t)> oo, S*(¢)~const. (4.126)

W3 ckasaHHOTO fICHO, 4TO CHJa, COOTBETCTBYIOMIAsl YCJIOBHIO
(4.124), sBasieTcs HaWMeHbHIeH H3 CHJ, BHI3bIBAIOIUX GeCKoHey-
HOe HapacTtaHHe nporu6a. Yciaosue (4.126) MOXeT CJHYXKHTb KpH-
TEpHeM Jisl cIpeneseHus NOHATHS KPHTHYEeCKOA cuibl Pg,.

A Tt prp*
=i+t pep*
$51+¢  p<p*

t.v

St
>

Pue. 19,

Ha storo xpurepus ciaesyer Takoe ONpefesieHHE TOHATHS
KPHUTHYECKOH CHJBI AV CTeDXKHS, BHIIOJHEHHOrO H3 MaTepHaJa,
of/anaiolero JHHeAHCH NMOJN3YYecTbiO: MOZ KPHTHYECKOH npH
JJHTeNbHOM JAeHCTBHM HArpy3KH NOHHMaeTcs MHUHHMAJbHasl CH-
Jla, BBI3BIBAIONIAsl HEOTPAHUYEHHOE pa3BHTHe Nporuba *,

[Ipu TaxkoM onpemesieHHH KPHTHUEOKOH CHIB P,, paBeHCTBO
(4.124) cayxuT AN BHIYHCJIEGHHA ee BEJHYUHBI, 2 HMEHHO

Py
Pﬂ-’l=1—.‘__{9'
C yueroM Bropofi popmynnr (4.118)
2Epql E
P}m"—"—‘ ztl_;m' ’ Eﬂ.___m

* B arcit hopMyaHpopsKe, KaK H paHee, BHPaKOHHE «HEONPAHHUEHHCE Pad-
PHTHE NPOTHO6a» HYXXHO NOHHMaTbh KaK YCIOBHOE, NOCKOJBKY HPH IOCTPOEHHH
TeOpHH HCNOAL30OBAHO BbIpavKeHHe AJAS KpHBH3HB (4.105), npurommoe misg
MaJablX aedopvaitukii, 607ee npaBHIbHO Obl10 Gbl TOBOPHTb O TEHAEHLUHH K
HeorpaHHYEHHOMY Pa3BHTHIO nporuba.
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Hs yxke ckazanHOro SCHO, YTO BeJHYHHA KPHTHUECKOH CHJIb
NpH IJHTeNIbHOM [JefACTBHH HanpySKH, NMOXCYHTAHHAA COIVIACHO
¢opmyJie, pHBeleHHON Ha NpPEABIAYIUeH CTPaHHLE, CAYKHT TOJb-
KO BEPXHeH OUEHKOH Hecyllel CNOCOGHOCTH CTEPIKHS, BbEIOIHEH-
#OFO H3 JuHeHHONepopMuUpyeMoro MaTepHana H o6jagalolero
HayanbHOH noruwbbio. ITockovibKY HauajibHble HeCOBepPLISHCTBA
IIPaKTHYECKH HeH30eXHbl, TO CTePXKeHb, HArpy:KeHHBIH CXKHMalo-
medt cuiot P<P,,, Oyler pa3pyllaToCsi BCAEICTBHE HCYEpMaHHs
HecylleHl CNOCOGHOCTH MarepHasia, eciy B mpouecce JedhopMHpO-
BaHHA NepeMelleHHs, a CJAeLoBaTeAbHO H H3THOAIOHIHEe MOMEHTH,
JIOCTHTHYT ONpejlesleHHbIX BesqnunH. Takum o6pasom, mjs  mpo-
BePKH HecylleH cnocoGHOCTH CTEPXKHS HeclOXOJHM pacuetT o
nepopMHpOBaHHOR cXeMe, BHINOMHAGMbM ¢ YYeTeM BJHAHHA Ha-
Ya/NbHbIX HeCOBEPIHIGHCTB H JAJIHTENbHOI'O JEeHCTBHSI HarpysKH Ha
BeJHUHHY aMmauTydbnt nporuwba [ *(oo) u usrubatowero MoMeHTa

B CpeJaHEeM CEUOHHH
M*(f) =P f*(c).

TMookoabKy Takue pacyeThl MPeANPAHAMAIOTCH JAJS BHABJE-
HHA BeJNHYHHB CHAbl P<P,,, paspymalomefi cTepxeHb, TO TeM
caMbiM npenoviaraercs, uTo JedOopMHDOBAHHE TPOHCXONHT B
30He, cooTBeTcTBYloutelt (4.122) (ua puc. 19 3Ta 30Ha 3amTpH-
xoBaHa). Jas 3Toft 30HH, B cHay (4.121), cnpaBeanuBa 3aBHCH-
MOCTb

fr(oo) =forl
§—(1+ey

U3 KOTOPOH cnenyer dopmyaa

COBepHIeHHO aHajnoruuHas Tpertbeii popmyne (4.118), orHocs-
mefica K pelleHHIO YNPyro# 3ajnau.

12. PACYET C)KATON CTOAKH
no LAE®OPMHPOBAHHOH CXEME

Npumep 5. Onpenennts nNyTeM pacuera mo AedOPMHPOBaHHON
cXeMe HeCYUIYIO CMOCOGHOCTb JEpeBSIHHOA IIapHAPHO omnepToil
CTOMKH, CXaToH JJIHTeAbHO AeficTBylome# cumofi P. ITomepeunoe
cevenne crofikn 15X 10 cM, avinna [=500 oM; B HanmpasieHsn
BBEICOTB! TIONEPETHOr0 CeYeHHsl WMeeTcs HauajJeHas NOTHOb ¢ aM-
nautyaoll [/600=5/6 cM; ROMOIHHTeNbHBIE CBSSH NPENSITCTBYIOT
H3rHOY B IJIOCKOCTH HauMeHblued xecTkacTH. CTOfiKa BRINOJIHe-
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Ha H3 COCHBI, HMelOllleH TaKHe (DH3HKO-MOXaHHUECKHE XapaKTepH-
ctuka: Ry, =400 wr/em?, R, =130 krfom?, R, =100 kr/cm?
(AIHTeNbHOE COMPOTHBIEHHE NpH CxXKaTHH) , Eyp=1,6-10% Kr/cm?,
E;s =0,8-105 xrfcm2. Cuuraeresd, uTo Hecyllas <CHocobHOCTb
CTOAKH COOTBETCTBYET AJHTeJNbHO AeficTBYylomed cuae P, npu
KOTOPOH MaKCHMaJbHble HanpsKeHHs B MONEPeyHOM CeueHHH
paBubl R . B coomBercTBuu ¢ 3TUM yC/IOBHEM H H3BECTHOH (op-
MyJIOf BHeLleHTPEHHOTO CXKaTHf, BeJHYHHa P pasblckHBaercs u3
TaKOH 3aBHCHMOCTH:

P 6f%(oc0

A1+ 5 =Re
Hcexaouns f*(o0) u3 3TOM 3aBHCHMOCTH ¢ MOMOLIBIO 3aBHCHMO-
ctu f* (o) =f/1 — P/P,, mnoayunm dopmMyay.

=8 _ )/ & _FRa
1=5-) 3 P’

_P __®En/ _ &5 f_‘g
’7——)3;'» PM“‘ a0 a—1+ Pu +6h

IMomeraBus B 3TH GoOpMYAbl 3aJaHHble BEJUYHHBI, TOCAeL0BAa-
TeNAbHO Ha#aeM

F=15.10=150 cv?, [=1310_981.10° cut,
P,= 9,84.2,815-010(:3-0,80-105=8840Kr’ a=1 +|_5_g8%0 +66-.—51§=3,03,

1=0,740, P=0,740-8840=6540 «r.

Heficteyiomue CHull [T—B.4—71 pexoMeHAYIOT pa3biCKHBATh
cuny P mo ¢opMy.naM, NOVIyueHHbIM TIDH PacCMOTPeHHH SIBJEHHS
norepH yCTORMHBOCTH NepPBOro poaa

P==0,80¢R., ¢=3%, l=f-

Heo6xoaumo mMeTb B BHAY, YTO B AaHHOM clydae yepe3 @
o003HayeHa He XapaKTePHCTHKA TOJA3Y4ecTH, KaK 3TO NPUHATO B
TeKCTe Hacrosuero nocobus, a KosgduuueHT yMeHbIIEHHS Ha-
DpsAXKeHHA B CXKAaTOM CTep)KHe, HCXOASi H3 Tpe6oBaHMs  YCTOM-
YHBOCTH.

Hns nanuoro cayuast ath ¢popMyan gaor P=3540 kr. 3uayun-
TeJIbHCE CTJH4YHE 3TCH BEJHYHHbl OT BeJHUHHBI, MONYYEHHCH INpH
pacyere no Xe@opPMHPOBAaHHOH cXeMe, CBA3aHO ¢ NOMYVUIGHHEM O
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nocrosHcTBe oTHoweHHs E/R, ucmonb3oBaHHOM NpH BEIBOAE $Op-
Myas aaa @. Ecau NpuHATL TAKYI0 TOUKY 3PEHHS H yuecTb, YTO
BenuypHa R, BbluHCAeHa Kak 0,25 Ry, TO 7pH BBHIMONHEHHH
pacuera no AeopMHPOBAHHOM cXxeMe C/IGAYeT HCXOXHTb H3 BeAH-
aunnl E,, =0,25, E;p==0,4-10%. B sToM cayuae norygum Pg=
4420 xr, n=0,885, P=3910 xr.

13. YYET BJHUAHHUSA NOJISYYECTH U CTAPEHHUS
B CI1YYAAX PAHHEIro eOPMHPOBAHHSA
HANPS)KEHUA B BETOHE

Kak yxke onMeuasoch B 1. 3, npH pellleHWH 3ama¥4 TeXHOJIOTH-
YyecKOro nJaHa (K30TEPMUYEOKHH pa3orpeB H NoCyeAylolee OX-
JNax1eHne GETOHHBIX MaCCHBOB, TepMOHANpSKEeHHOE <COCTOsIHHE
KeJ1e3006eTOHHBIX 3JIeMeHTOB B IIpollecce TenJoBoH o06paboTKH H
T. I.), T. €. B CAyYasx, Konia Hayano GopMUPOBAHHS HanpsKeHHH
B OeToHe COBMajaeT ¢ HayaJoM TBepueHHA LeMEHTHOro KaMH4,
npumeHeHte Gopmynabl (4.17) MOXKeT NPHBECTH K 3aMETHHM {10-
PPEIIHOCTAM H NPHXOLHTCS ITOJIL30BATHCA G0Jiee COCKHBIMH 3aBH-
cumoctavu. HanGoslee npopaGoTanHol H 0GOCHOBaHHONR IS ONH-
CaHHsA MepHl NOJI3y4eCTH WHTEHCHBHO CTapeloinero 6etoHa fABIAeT-
cst popmyna*

C(tx)=¢(z) —F(t)(e7"—Az)—A(z)e=t=0),  (4.127)

¢(x)=a,+b,e=t Fciemt, A(r)=a,+be~ e,
F(t)=Y(t)[ev*—A,, T(t)=9(x)—A(x). (4.128)

Bxopsiuye B 374 $GOpMYJibl NOCTOSIHHBIE KosiipuliuenTh v, @,
&1, E2 M1, M2, A2, @y, Gy, by, b2, €1 ¥ C2, MOMOGHPAIOTCA M3 YCJOBHS
Hanbojlee MNOUIHOrO OMHMCaHHA ceMefcTBa IKOMEPHMEHTAAbHBIX
KPHBBIX NOJN3YMECTH.

IIpn peurenuu nocraBjeHHOR 3alayd BechbMa CYdICCTBEHHO
BJIHSIHHE CTapeHHs Ha BEJIHMMHY MOAYJA YNPYyro-MnHOBeHHBIX Ae-
¢dbopMauufl, yYHTHIBaEMOE C MOMOUIbIO ONHOA U3 popmya

E(x)=E(1—Be—=), E(x)=E(1—Be~u = Be=oz),  (4.129)

B cayuae ucmosb3oBaHHs BhipaxeHnuit (4.127)—(4.129) mno-
cTpoeHHe pelieHus ypaBHeHH# (4.85) B aHasormueckoit ¢opme
BecbMa rpomo3iko. bosee pauncHanbHO NpEMeHeHHe YHCJIEHHOPO
pellesss, NO3BOJSAIOMEro pas3bickaTb BEJHYHHBl TeMIepaTypHBIX

rge

*CM knury C B AneKCaHAPOBCKOTO, YHOMEHYTYIO #a c1p.8
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HaTpPAKEHHHA C YUETOM MOJA3YUECTH U CTapeHHus B TIPOH3BOJIbHbIE,
Hayiepe] BLIGpaHHble, MOMEHTH BPeMEHH M CBOJAMAILEro pacdeT K
onepaunsaM JHHeAHOH ajre0pbl, yCNelIHO PeaNH3yeMbiM € NMOMO-
weio DBM.

Jns 060CHOBaHUS METOJMKH YHCIEHHOro pelleHust yA0GHO
npeNCTaBHTh pacCMaTpuBaeMoOe HHTEMPaAbHOE yDaBHeHHe B Ofie-
patopHoll ¢opme. B MaTeMaTHueckoM aHasiMse, Hapsaay ¢ Aug-
(depeHIHaNbHEIMYE onepaTopaMy (oneparop Jlammacca M T. 4.),
NPUMEHSIOTCA ‘M HHTenpaJbHble onepaTophl. JIeBYIO yacTb, HampH-
Mep, NepBOro H3 ypaBHeHHi (4.85) yCJIOBHO MOXKHO 3amucats
TaK:

[1-Et) Eeﬁgiﬂdt]o*.
71

BripaxeHHe, cToslliee B KBaAPaTHBIX CKOGKax, HOCHT HasBa-
HHe WHTerpavibHoro onepatopa Boabsreppa. Kak n nuddepeHun-
aJIbHBbIl OMepaTop, HHTerpaJjbHbIl onepatop npeo6pasyer (QyHK-
1HIO, B NAaHHOM cjaydyae o*, B HOBYIO byHKun0. B coxpamenHom
BHIe onepaTop BosbTeppa sanuchiBaercst Tak

¢t
1—E(t) {2490 —1-EK.
1
C yueroM cKasaHHoro, Jio6oe u3 ypabhenuii (4.85) B onepa-
TOPHOH (opMe HMeeT BHA
(1 —EK)t*=0 (4.130)

PaccmotpuM 3anauy noctpoeHusi BeKTopa (yHKIHH, cTosiued
B JIeBO# 4aCTH ypaBHeHHs, novarasi, 470 6% M3BECTHO BO BCeM
paccMaTpHBaEMOM NMPOMEXKYTKE BpeMeHH

(1—EK)a,*

(1—EK )—)* (1B
—_— T ==

(1—EK)a,*

DneMeHTAMH 3TOr0 BEKTOPAa ABJSIOTCA BEJHYHHH COOTBETCT-
BytOleH QYHKUHH npu T1=1ty, I}, ..., [,

Jlnsi MOMeHTOB BpeMeHu £y, lo, ..., {, OyaeM nocaeloBaTesbHO
3anuCHIBAaTh 3HAYEHHST MHTEDPaJbHLIX uYacTel, BXOAAUWIHX B
(4.130), B BHZE CyMM, npeicTaBiseMblX B COKPAUIEHHOM BHe
TaK:
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a’ltlntg
=1+
A
In 1 5
=4t
o n—1

Iocnie TOACTAaHOBKH B 3TH CyMMbl MOAHHTETPaJbHLIX BhIpaxe-
HUH, HHTEEPHPOBAHHS MO YacTAM M NpHMeHeHHd OGOGIIeHHOH
TeopeMbl O CPefiHeM MOJIYUUM:

ty
E(t,) [o*(x) Do (1) — E(8) (0% b1 01)+

1

+[o*(t) —o*(x) 13(¢,.0)21: (4.131)

E(toS o* (1) 24 g o (8,) — E(1)(e* (5 fart) +

% (8) — 0% (ep) I3 (£ 801 % (£) = o* ()3 (£.0) 12}

............................

tll
E(t,) § o* ()2 Do = o¥(t,) — E(,)(o* (2,)8 (L) +

+[a*(8) — o (x) [8(¢n,8) 2+ [o* (8) —o* (4,) [3(£,.8) 2+
.t [G’U )""G*(l"—l)la(tn’z) ,,_1}

’ °
Yepes B(t,,,E),';_l 0603HayeHa BeJIHUMHA IOJHOH OTHOCH-

TeabHoH JeOpMalHH, CPeJHsisi B CMbICJE YAOBJAETBODEHHS pa-
BEHCTBA

tr
§ 4208t )ds = [3% ()~ =" (fa- x)]o(t,.,. b (4132)
th—y
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3asucuvocty (4.131) NO3BOARIOT BHIYHCAHTL TEMEHTH BEK-
———ad

Topa (1 — EK)8* no caenyrouium ¢opMynaM, BKAOYAIOLHM 3Ha-
yeHHe o* npu t=1:

(1—EK) ¢* (11)=0(t1)
(1—EK)a*(t;)=E(#,)[8(2,,71)—3(¢1,8)8 Jo* (=) + E(,)8(¢,%)% a*(¢y).
(1=EK)o*(t,)==E(t;)[8(ts,7,)8(2,,5)": ]c*('cl)+

+E(t3)[3(2,,8) —8(22.8) 2] 0™(¢1)+ E(£,)8(£2,8) 0% (£),
(1= EK)o*(t,)=E(,)[8( ") —8(¢n,8) 2] —0*(x) )+

+E(ta) [3(t08)t=3(EnB)s1%: (1) +

+E(t,)[3(25,8) [ —8(£,,8) 2] 5% (L) + ..+ E()3(E,,8)05 _ 0™ (£,)

St1H GopMyJbl COKPALIEHHO MOXKHO Nepenucarb Tak:
(1—EK)o*(zi) = 0" (11)
(1 — EK)o*(t;) = Ao0* (11) +A110% (L)) (4.133)
(I — EK)o* (t3) =A200™ (11) + Az10% (£1) +A220™ (22)
(1—EK)s*(t,)= Anoa*(tl)+Anld*(ll)+An2°*(t2)+ ABpns*t(n),
rne
B=E(t)[8(£,m) 0280, i=1,2, .., n

t i=1,%, wn, k=1,2, .., -1
By=E() [ 3G, Tt =L B

Ap=E@REEE_,, i=k, i=1,2, .., n

HHnekc i nokaswBaer BO3pacT MaTepHana, COOTBETCTBYIO-
Wyt 1aHHOMY 3JeMeHTY BEKTOpa; MHAEKC K—cCBs3aH ¢ BO3PacTOM
MaTepHa/la B MOMEHT NDHIONKEHHs HarpyaKH 1IpH NOCTPOCHHH
kpusoit 8(¢,E).

Yunrtoias (4.8), a Takke TO, 4TO B NPaBHIX yacTAX KaxAOf
crpokd (4.133) nMeercs obwui MHoxuTenp E(f;), MoxHo 3a-
MeTHTb, 4To A, H A, npeIcraBisiorT yBeanueHnuie B E(¢;)
pa3 JedopMalHH, Ha KOTOpble CJIGAVET YMHOXHTb HanpsiKeHHs
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o* (1), o*(t1), 0*(f2), ..., 0*(£;) , uTOGBI B CyMMe MOJYYHTb NOJI-
usie fedopmaunu e*(f,), toxe ysennwuenusie B E(f;) pas. U3

-
(4.133) omueramBo BuAHO, uTo BekT0p (1—EK) 0,*MoxKer OBHITDH
BHIYHCJIEH, KaK NPOH3BeJeHHe TPEYroJbHOA MaTpPHUBLI Ha BEKTOP

(1 — EK)o*= Abo¥, (4.135)
npuueM
1 a*(%1)
by Ay - a*(¢y)
Ad=H A, A, A, o* =1l o*(4,) (4.136)
Ano Anl Anz An.n o*(tn)

DJIeMeHTHl 3TOA MaTPHUB NOACUHTHIBAIOTCS 1o (4.134).

IMpencrasaenne (4.135) nosBousier cBecTH pelleHHe HHTe-
rpaabHoro ypasHenusi (4.130), a ciaenoBaTesbHo JIOGOFO H3
ypabHenu#i (4.85), K pelleHHIO TaKOro MaTpHYHOrO ypaBHEHHS

ABo* =3, (4.137)
rie 3JeMeHThl BEKTOpa ¢ SBASIOTCH pellieHHAMH  ynpyro-
MrHOBeHHOH 3afauu o (11), o(fy), .., ¢ (£,). Ha (4.137) cae-
JyeT, 9TO

o= hB-13, (4.138)

TakuM 06pa3oM, onpenesedne C YUETOM BJAHSHHA NOJI3Y4eCTH
H CTapeHHs HanpsiKeHu#i oFf B Hamepex 3afaHHBle MOMEHTHI
BpeMeHH i, fi, .., [p CBOAMTCS K IIOCTPOEHHIO MaTPHUH A$,

BEKTOpa O, oépameﬂmo 3TO# MaTpHIbI H BBIYHCJACHHIO BEKTOpa
-

s* no ¢opmyre (4.138).

3aMeTuM, 4TO MaTpHyHOe ypaBHeHHe (4.137) moayuyeHo BmOJ-
He cTporo 6e3 BBeleHHS KaKuX-Ju60 NONOJHHTENIbHBIX HomylHie-
Hui. Tlpy BHIMONHEHNWHM NPAKTHYECKHX DaCcCYeTOB 3apaHee HeH3-

tk
BeCcTHbl BeunHb  &(¢,,8),,_,, cpenHHe B CMbICIE YNOBJIETBO:

penust paseHcmBa (4.132), u NPHXONMTCH NPHHUMATb NPHGIHIKEH-
Hble 3HaueHHsl 3THX BeJIMYMH, HanmpuMep:

tk—r*’tk)

(Lt = 3t bk (4.139)
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dopmyay (4.138) MoxHO MPHMEHATb KaK AN HENMOCPEmCTBEH-
HOTO pacuyeTa BeKTOpa HANPsIXKeHHA C yueToM NOJ3Y4ecTH, Tak
W I1f BBHIMHCJAEHHS BEKTOpa KO3((HIHeHTOB 3aTyXaHMs HampH-
s)keHH#. B coomBerctBuu ¢ (4.138) HampsixKeHus ¢ yyeroM IOJI3Y-
YeCTH B MOMEHT BpeMeHH £, ONpeleNdIOTcs B BHIE CYMMBI.

o*(tn)="09(%1) + Mn10(41) + - +Mn0(E,),  (4140)
B KOTOPOH  7ags  Mats s Mun—3Y1EMEHTH N-H CTPCKH MaTpH-
ubl Aet, o(1y) o(t), - 6(£,) —aneMeHTH BOKTOpa pelUeHHH

yNpyro-MruoseHHoft 3ajlauu o, paBHbIe
o(x)=E(x)T(xy), o(t,)=E(t,)T(t)) ... st )=E(t,)T(£,). (4 141)
IMpu BhwHcaeHun xoA(pHUHEHTOB 3aTyXaHHs HanNpsizKeHHH,

nanpumep H(f; t)), paccManpHBAIOTCS CTAallHOHapHble BHIHY K-
JeHHble fedopMaliny, T e. cayyad, kenaa

T(u)=T(t)=T(t)=. . . .. —T{(¢,) =Const (4.142)
Cc«mam{o BCEro CKas3aHHCro, HallpuMep,
E(t) E(tn)
H(t Tl) - a('r ) ”’lm + n"lE(t:) + '-:+ nnnE(.:‘); (4-143)

n n3 (4.138) caemyer dopyyna

H=A3- EJE,. (4.144)
SDaeMeHTaMH BeKTOpa I; seaalotes 1, H(f, v), H(f, 1), ...,
H(t,,), sextopa E/Eo— 1, E(t)/E (v, ... E(t,)/E(%1).

14. PACYET HATNPSA)KEHHHA, BbI3BAHHLIX
BbIHY)KAEHHBIMH NEGOPMAIHSAMH B HHTEHCHUBHO
CTAPEIOILEM BETOHHOM TEJIE

Npumep 6. Onpesenenre KOIDPHIHMEHTOB 3aTyXaHHA Hamps-
KeHUA B WHTEHCHBHO CTapeloiieM O6TOHHOM Tejle, BHI3BAHHBIX
CTallHOHAPHbIMH TOIJIOBBEMH ITOTOKAMM, HAUMHAIOIHUMH AeHCT-
soBaTh nipn  7,=3,5, 7,10, 5,14, 21, 28, 44 u 60 cyrok; HanpsKe-
HHSL ONPEREIAIOTCH B 3TH XK€ MOMEHTH BPEMEHH.

XapaKkTepUCTHKH AepopMamHBHOCTH GeTOHa, B COOTBETCTBHH
c (4427) u (4.129)*

* XapaKTepHCTHKH TOJYYeHB TNPH  HCTILITAHHAX TNapPOH3OAHPOBAaHHBIX
KPYDHLIX 06pa3loB H3 THAPOTEXHHYECKOro GeTOHa peajbHOro cocrasa. Cw.
crariio E. A. Koranwa u JI. I CoanoBbersa s c6. «[lomsyvects H
ycapka Gerona», M., 1969.
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o(z)=(1,25-6,60e—0213* -4,83¢~0:01%) . 10~ 6- cm? kr,

A(z)= (0,64 5,82¢~0.2467{-1,458¢-0%957) . 10~6 cm2/kr,

A,=0,85, 1=0,01 '/cyTkn, a=5 !/cyTkH,

E(t) =4,25(1—0,258~0.9630,627-01%7) . 10—6 kr/cM?,
koa(duuHenT monepeuHot NedopMaunn v==1",

Mo dopmynam (4.134) u (4.3) NOXCWATHBAIOTCH JEMEHTH
MampHIB AS, HMeOlLell B NaHHOM cJaydae NOPsUIOK 8X8

0604 2,161
0,669 0,770
As= || 0:698 0,789

0716 0,791
0719 0782
0723 0,770
0731 0769

O6patuas maTpuua Ag—!

1
—0,279 0,461
—0,235 —0,184

1
1
| 672
— 1
575.‘" 1,765
1

1,931
0,455
0,437
0,419
0,396
0,384

0,518

AG—1 = || —0,206 —0,155 —0,131
- || —0,170 —0,121 —0,094 —0,193 0,564

—0,152 —0,104 —0,077 —0,104 —0,107 0,578

—0,133 —0,086 —0,057 —0,067 —0,0589 —0,125 0,557

—0,126 —0,079 —0,050 —0,053 —0,040 —0,077 —0,138 0,585

0,446 1,773

0,408 0328 1,731

0457 0262 0,390 1,796
0332 0227 0320 0,424 1,708

0,554

—— -

Huxe nokasau Bektop E/Eg, a Takxke Bertop [, BHIYHCAEH-
Herf no Gopmyae (4.144).

1

0,356
— |l 03
M=\ oo
0.264
0250
0245

v

-

BennuuHbl 37€eMeHTOB BeKTopa H OTYeT/IHBO NOKa3biBAIOT, YTO
B CJOyYyae HayaJa NPOSABJIEHHS BHIHYXKIeHHbIX @medopMauuii B
HHTEHCHBHO cTapeioleM Oerore (npu ©1=3,5 €yTkaM) BeckMa
CylleCTBeHHOE 3aTyXaHHe PeJIaKCalMH HampPSDKEHHH TIPOHCXOMMT
Ha TIPOTSUKeHHH NepBhIX TPeX C MOJJOBHHOM ©yTOK (T. e. oT 3,5 1o
7 oyrok). 310 oB3aH0 ¢ GOVIHINEH KOPOCTbIO pasBHTHS  Aedop-
Manui TOI3YYecTH MPH PaHHEM 3arpykeHHH GeToHa.
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Mpunoxenue
PEKOMEHJALHH

110 Pacu4eTHOMY ONpefie/leHHI0 XapaKTEPUCTHK
pedopMaTHBHOCTH TAXKeJbIX GETOHOB

1. PexoMesyialidy COCTaBJIEHBl Ha OCHORE CTaTHCTHUECKOH
06paboTKH IKQNEPHMEHTaMbHbIX JaHHbIX, ONYyOIHKOBAHHbIX B €O-
BeTCKO# H 3apybexKHON chnelmanbHofi JHTepaType. Pexomennma-
MM TIO3BOJSHOT BBIUKCJSTH NpENe/bHble BEeJHUHHBI Mep foJ3Y-
yectd Getonos C(o0),  BeawuHHBI MOAYJS YITPYNO-MTHOBEHHBIX
nedopmannit E{t), a Takke BBHINOJHATb aHAJIHTHYECKHe OIH-
caHHs ceMeiicTBA KPHBBIX MOJ3YYeCTH, T €. CTPCHTh QYHKIHH
C(t, 7).

2. BenynHbl IPENENBHBIX Mep MOJA3y4eCcTH GETOHCB NOMCHHUTH-
BaloTed qo popmyse

C(m)=03(m, 28) K11 Kz, sosy Kll' (1.'1)
rae C,(oe, 28) — mpesenbHas Mepa TNOVI3YYEeCTH 3TaJOHHOID
(opemnero) 6eroHa; Kj, Ko, ..., Kij — koadipuineHTs, y4HTHIBAIO-
lue OoTMHYHe AedOPMATHBHOCTH AaHHOTO GeTCHA OT 3TaJCHHOLG,
ABJAIOIeeCs CAeACTBHEM BIHAHHS pata ¢akTopes. ITH GakTOpbI
NOApAasJe/AOTCS HAa TPH IPYNNbl, CBsi3aHHbBIE C: CBOACTBAMH H
COOTHOUWIEHHAMH HCXOJHBLIX MarepuanoB (rpynna 1), ycaoBHAMH
NpUIOTOBJEHHS M XpaHeHus GeToHa J0 3anpyXeHHs (mpymnma
IT), ycnoBHAMH AJTHTENbHBIX WCTIBITAHUHA, — YCIOBHAMH 3KCINIya-
tauuu (rpynna III). Ilepeuenb dakropoB, BXOZAILHX B KaXKIYIO
rpymnmy, ob6o3HaueHHS M BeawynHbl Koddpuuuentros K B 3aBHCH-
MOCTH OT YpPOBHeH OTIeNbHbIX (PAKTOPOB, NpHBeleHb! B TaGauile
1.1. Koadipuunentst K=1 oruoosites XK ypoBHSM (HakTtopos, co-
OTBETCTBYIOINUX 3TaNoHHoMY Gerony. IlpenesbHas Mepa mouasy-
yecTH 3TanoHHoro GeroHa npuuumaercs pasHofi  C, (oo, 28) =
=6-10-5 cm?/x4r.

Ipu onpenenednyn Bennyud C(o) no ¢opmyae (1.1), ¢ He-
noyb3oBaHHeM Ko(GHUHEHTOB TabGAHUbl 1, BOBMOXHOE pacceH-
BaHHE DPe3yJbTaTOB XaPaKTepHIYeTCsl CPORHEKBALPATHYHBIM OT-
KJyoHeHHeM, pasubiv 0,15.

3. Hna GeTOHHBIX MPU3IMATHYECKHX OGPa3UCB, HMEIOUHX pa3-
MepHl NIONEpeyHbIX CeYeHHi, npu Kotopeix r—1<02 cm—!, u 3a-
rpyXaeMbIX B BO3pacre T;>28 CcyTOK, ceMeACTBO KPHBBIX HOJ-
3y4eCTH MOXeT ObIThb OIHCAaHO C MOMOUIBIO AHOPMYJIBI

C(t, 1)=C(o0, 28) O(7) f(t—1), (1,2)
* PexoMenJaliHd CCCTaBJeHH aBTopoM cosMectHo ¢ M. M. 3acrasofi.
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8 Kotopoli C{o, 28) onmpenensercsa cornacio (1.1), mpu 1,=28
CYTOK, T. €. pH Ks=1,

8(7)=0,5+0,7¢-001%,  f({—1)=1—e~ 0006~ (13)

Bropas saBucuMocTb (I,3) IpHEMJEMO ONHCHIBaeT pa3BHTHE
NOI3YYecTH NpH OOMblOA NPOMCVIKHTENbHOCTH JASHCTBHS Ha-
rpysku ! — . B caymasx { —v<300 cytok Gosee TOWHHeE pe-
3yAbTaTH MOXHO TOAYYHTb NPH HONOVIL3OBaHHH GOpMYa

f(t—x)=1—0,85¢-0.06(¢ %),
f(t—1)=1~0,28¢=0.0018¢~2)_(), 5] 0.010(+~ %) (1.4)

[Tpu 3anucu ¢opmya (1.4) caenano ponyueHHe O MNHCBEH-
HOM NpOABJEHHH YacTH ObICTpPOHATeKaloLleR NOJ3YMECTH, B CHAY
yero f(0) #0.

4. Bansnue Bo3pacra 6eTOHAa T HA BEJHYHHY MOLYJS YMpPYro-
MRHOBeHHBIX Redopmaumii Ei(t) mpH ©1>7 cyTkaM MOXKeT YHH-
THIBATbCA C NOMOILIbIO (HOPMYJIbI

E(z)==3,84.105(1—0,372¢-%%) gr/cm?, (1.5)
NOCTPoeHHOH MpHMeHHTeAbHO K GeToHy Mapkm 300[E (28) =3,15-
- 105 kricm?].

5. B enyyae HeoBXONHMOCTH, XapakTepucTHKH AedopMalui
novi3ygecTH HeTOHa MOXKHO ONPEASIHTb C HOMOMIbIO GOPMYIH

o(t, ©)=C(t, t) E(v), (1.6)
rxe C(t, 1) u E(v) — conracio (1.2) u (1.5).
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Tab6annall
Beanynnbi KOPPEKTHPYIOMUX KO3 dHIUHEHTOB N8 ONpenencHHs Mepbl NOJ3YYeCTH TAXeAnX 6eToHoB

Ne rpyn- | paxmopi, oSoanaesnsa HanMenoBanus uau ypossH (akTopoB H BEJHYWHB KOPPEKTH-
oH dak- Koa(bHIHEHTOB pylowinx koxhdruHenTon
TOPOB
uwIako- nopT- | nyuuodaa- |cyaba-
I Bun uewenra nopt-  [mako- | aumn | venh | yoenah. |TMEO- |7ppy
JaHale- |TEPMHY- |pemeHT |ueMedT | KMl SEMHCTBIM
MeHT HbI
K, 1,2 1,16 1 0,9 0,88 0,76 0,7 —
Mapka nemenra 200 300 400 500 600 700 800 900
K. 1,42 1,13 1 0,96 0,92 0,89 0,87 0,87
BesIH- .
TMopoaa KpynHoro necuaHnk E?f,,-. ne. | 6a3OIBT | npaHuT nza;:(cr KBapu - -
sanosmurens Ks CcOoK -
2,2 1,1 1 1 0,89 0,91 —
Bogo-ueMeHTHOE 0,2 0,3 0,4 0,5 0,6 0,7 0.8
otHomenne B/ K, 0,23 0,43 0,7 1 1,4 1,92 2,55
ConeprkaHne LEMeHTHO- 10 15 20 25 30 35 40 45
roTecta 8 % Ks 0,5 0,85 1 l 1,25 1,5 1,7 1,95 2,15
11 Bmk YIIOTHEHHA BuGpnpobannem Bpyunyio
6 ] ,
?mn Te}xénosoﬁ o6pa- Ec'recmaﬂﬂoel TBEPACHHUE l Iponapusanne ABToknasHas oOGpaGotka
orkn K,




oL

Ta6anuna 1.1 (mponomxeHue)-

11 |Bospacr Gerona npn 1| 2| 3|s5| 7|10 20/ 2 |40 60| |is0| 30
3arpyXeHHH T - B
cy'm,gx 26118114 1131,25| 1,2|1,15|1,09 1 0,86(0,77/0,70 | 0.61| 0,55
Ks — - = |1,2]|1,15] 1,1 | 1,06 1,02 1 0,8510,77/10,701061] 0,55
Rzs 200 300 400 500 600 700 800 1000
Ko \ 1,11 1 0,92 0,86 0,85 0,85 0,85 0,85
1 Bg;amﬂoc'rb cpennl 40 50 60 70 80 90 100 BONA
B o
10 1L19 1,15 1,11 1 0,86 0,7 0,54 0,48
XapakTepucr, pasmepos
NONEepPEeYHOro CedeHHs 0 01 0,2 0,3 0,4 0,5 0,6 0,7
obpa3ua r em~!
Ku 08 | o8 | 1 | 115 |24 | 13 | 136 | 141
4 ’ 0,82 0,93 1 1,02 1,03 1,03 1,03 1,03

Npumeyanus: 1.

2. 11

YposHH $hakTOopoB, COOTBETCTBYIOLIHE 3TAJIOHHOMY GETOHY, XapaKTEPH3YIOTCH BEJIMUMHAMH  KOp-
peTHpylOWMX Koodduunentos K=1.

ompaBKa Ha MapKy O6eToHa HOCHT OTHOCHTE/bHBIN XapaKTep, T. K. IPH aHauiuse BAHAHHA
Rz Ha C(oo, T) BeAMYHHB! MepH NOA3YYECTH NPHBOAMJIHCH X OAHHAKOBHIM Pr, B/Ll n mapxe
LieMeHTa.

. B uncaxTese 3amucaHBl BEIHYHHL Ks 1 Ky as1a GeToHOB eCTeCTBEHHOTO TBEpHEHHUS, B 3HAMEHA-

Tene — nJs 6eTOHOB Tef10BOH 0GPaGOTKH.

. a5 H30aMpoBaHHEIX H MACCHBHBIX KOHCTPYKUHMHA, a TakiKe AIJs GeTOHOB TEINIOBOR o06paGOTKH

=1

. r oM—! — Besnunna, 0GpaTHas THAPABAMYECKOMY DajHyCy TIONEPEYHOTO  ceueHns obpasua (B

CaHTHMETpax).
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