MepeiiTn Ha cTpaHuLy C NOJIHOM BepCcuen»

YK 539.6
bbK 30.121
D42

Wznanve nocTyrmHo B 9IEKTPOHHOM BUJIE TIO afipecy
https://bmstu.press/catalog/item/7206/

®eonocnes, B. .

D42 ComnpoTuBIeHUE MaTepUaJIOB . YUCOHUK IJsI BYy30B /
B. . ®PeonocreB. — 18-e usn. — Mocksa : Uznarensctso MI'TY
M. H.D. baymana, 2021. — 542, [2] c. : no.

ISBN 978-5-7038-5671-0

KHura cooTBeTCTBYeT TpaIMIIMOHHON MporpaMme TEXHUYECKUX BY30B.
WznaratoTes ciaenyonye pa3ueibl Kypca COTPOTUBICHMS] MaTepUaJioB: pac-
TSDKEHUE, KpydeHHe, U3TU0, CTaTUUECKN HEOIpeNeIMMble CUCTEMBbI, TEOPUST
HaAMpPSIXKEHHOTO COCTOSIHUSI, TEOPUSI MPOYHOCTH, TOJCTOCTEHHbBIC TPYObI
¥ TOHKOCTEHHBIE 000JIOUKH, IIPOYHOCTH TIPH IMIEPEMEHHBIX HAMIPSKEHUSIX, pac-
YEThI IIPU TIACTUYECKUX Ae(hOPMAITUSIX, YCTOMIYMBOCTh M METOJIBI UCTTBITAHUIA.
ITo cpaBHEHMIO C TPEeIbIIYIIMMU U3IaHUSIMU OHA COKpallleHa 3a CYeT pasze-
JIOB, KOTOpBIC Ha JICKLIMSIX OOBIYHO HE YMTAIOTCS, U JOMOJTHEHA HEKOTOPBIMU
3JIEMEHTAPHBIMU CBEJICHUSIMU 110 KOMITO3UTHBIM MaTepHaiaM.

JI7s1 cTyAeHTOB TEXHUYECKMX BY30B. MOXET ObITh IOJIE3HA aclMpaHTaM
Y TIPETIOIaBaTelIsIM, a TakKe CITeIMaTUCTaM, IesITeIbHOCTh KOTOPBIX CBSI3aHa
C BOIIPOCAMU MPOYHOCTH, JKECTKOCTH, YCTOMYMBOCTH M HaIEXKHOCTH DJIEMEH-
TOB KOHCTPYKLIMIA, MAllIMH 1 TPUOOPOB.

YK 539.6
bbK 30.121

© MITY um. H.B. Baymana, 2021
© Odopmienue. M3matebcTBO
ISBN 978-5-7038-5671-0 MITY um. H. 3. baymana, 2021

MepeiiTh Ha CTpaHuLLy C NOHOW Bepcuein»


https://rucont.ru/efd/808456
https://rucont.ru/efd/808456

MepeiiTn Ha cTpaHuLy C NOJIHOM BepCcuen»

OrnaBAEHME

OT UBIATCIIS . « o o o e e e e e
OO0 ABTOPE .t ittt et e e e e
IIpenncaoBue K OEBITOMY U3MAHMIO . . . v oo v ee e eee e eene e

OCHOBHBIE OOO03HAUCHHUST .+ v v vvv e eeteee e eee e eeeeeeens

BBEOCHME . . ..ot
B1. 3agauu 1 MeToabl CONMPOTUBIEHUSI MATEPUAIOB . . . ... ... ...
B2. PeanbHBIi1 OOBEKT M PACUCTHAS CXEMA . . . o v vve e e e e
B3. Cuibl BHEIIHUE Y BHYTPEHHUE . . o o v o ovee e e eee e eae e
B4. HampsmKeHUST . ... oottt e e e e e
B5. IlepemelneHUS U J€OPMALIAM . . o . v oo e eee e e e eene e
B6. 3akon Iyka ¥ npvMHUUI HE3aBUCUMOCTH AEHCTBUSI CUIT . . . ..
B7. OO611e nmpuHLMITBI pacyeTa 3JIeMEHTOB KOHCTPYKLIUH . . . . . .

TJIABA 1. PacTsKeHHe M CHRATHE. . . . . ..o vvveeeeeeeeannnn
1.1. BHyTpeHHUEe CUJIbl U HaNpsIKeHUsI, BO3HUKAIOII1E

B MMOIICPEYHBIX CEYCHUAX CTCP2KHA TIPU PACTAKCHUN N CKaTUM . .

. YonuHeHus crepkHI M3akoH [yka. ........... ... .......
. [loreHuManbHasA SHEPTUS AEHOPMALIMHI . .. oo vveeeenn.
. CTatnyecku ompenearvMble U CTaTUYECKH HEoIpeaeuMble

CHCTEMDBI .« o\ vttt et e e e e ettt ettt
1.5. HanpsixxeHHOe U 1e(pOPMUPOBAHHOE COCTOSIHUS
TPU PACTSDKEHUM M COKATUM .« v oveeee e eee e e eeeaeann
WcnbiTaHue MaTepralioB Ha pacTsSKEHUE U CKATUE . . ... .. ..
JUarpaMMa PACTSIKEHUS « o o v v v et e e e e e eeeeeennns
MexaHu3M 00pa30BaHUs ACDOPMALIMMI . . . oo oo ve e e e
OCHOBHBIE MEXaHMYECKHME XapaKTepUCTUKU MaTepuana . .. ..
10. ITnacTUYHOCTh U XPYIIKOCTb. IBEPIOCTD . . .o oo eee et
11. BiausgHue temniepatypbl U (hakTopa BpeMeHU

Ha MeXaHWYeCKMe XapaKTepUCTUKU MaTepuaia . ..........

1.12. KOaPUIIMEHT 3aMaCa. . ... oot oot e et e e e

TJIABA 2. KpydeHHe . ... ....... ... ...,

2.1. YUCTBIN CABUT U €70 OCOOCHHOCTHU . . v o v oveeeeeeeenan e
2.2. KpyuyeHue CTep>KHSI ¢ KPYTJIbIM TMOIMEePEeUYHbIM CEYECHUEM . . . .
2.3. KpyyeHue cTepKHsI ¢ HEKPYIJIbIM MOMEPEUYHBbIM CEYSHUEM. . .
2.4. KpaTkue cBeeHMSI O TUIEHOYHOM (MeMOpaHHOI) aHAJIOTUM. . .
2.5. KpyyeHre TOHKOCTEHHOI'O CTEPXKHS . . oo oot v eeeann ..

—_— —
R NOS I S

6.
7.
8.
9.

1
1
1
1
1
1

MepeiiTh Ha CTpaHuLLy C NOMHOW Bepcuein»


https://rucont.ru/efd/808456
https://rucont.ru/efd/808456

MepeiiTn Ha cTpaHuLy C NOJIHOM BepCcuen»

540 Ocznaesnenue

ITTABA 3. TeomeTpruecKkne XapakTepUCTHKH MONEPEYHbIX
CEUEHMIA CTEPIKHS. . . . o v ot e v et ettt eeennnnns

3.1. CTaTMYeCKe MOMEHTBI CEUCHMST .« . v oo v v ee e eee e eae s
3.2. MOMEHTBI MHEPLIUM CEUCHUS .« o o v vt ve e e ee e eeeeeaenns
3.3. InaBHBIE OCH U TJIaBHBIE MOMEHTBI MHEPUMH . . . . ... ... . ...

TTABA 4. MI3THO . . . . ..o e

4.1. BHyTpeHHUE cUJIOBbIe (paKTOPhI, BOSHUKAIOIIIWE

B TOMNEPEUYHbIX CEYEHMSIX CTEPKHS TTPU U3TU0E .. ..........
4.2. HanpsixkeHust TIPU YUCTOM M3THUOC . . ..o vt v e e e
4.3. HanpsixkeHus MpU MOTIEPEYHOM M3THOC. . . ..o v e e ...
4.4. KacarenbHble HaIPsDKEHUS TIPU MOIIEPEYHOM M3rude

TOHKOCTEHHBIX CTEPXKHEM . . ..t vi i e
4.5 HeHTP MBTHOA. . .. oottt et e e e e e e
4.6. IuddepeHuranibHOe ypaBHEHNE YIIPYTOi TUHUN OAJIKU.

IlepeMeIEeHUS IPU MBTHOC. . . . o oot et e e e eeae e
4.7. banaka Ha yIIPYTOM OCHOBAHMU . . . . oo e eee e eeae s
4.8. KOCOM MBTHO. . . ..ottt e e ettt e
4.9. BHelleHTpeHHOE PACTSKEHUE MCKATHEC . . o oo v oo ee e en .
4.10. 3ru6 6pyca OOJBLION KPUBUBHDB . . o v oo vve e eee e e

TJTABA 5. Ilepemelnienusi B cTep:KHEBO# cucTeMe
NP MPOU3BOJIBHON HATPY3KE . . . . .. ........ovunnnn.

5.1. IloTeHUMaNbHAsE SHEPTUST CTEPKHS B OOIIIEM ciTydae
HATPYIKCHUST © o o v ot e e e et ee e e e et e e e et e e eeeas
. Teopema KacTimmaHo .......... ... ...t
CUuaTerpam Mopa. ...
.Coocob BepemaruHa. .. ............ ...
. OmpeneneHne nepeMeleHNii 1 HalPsDKEHU B BUTHIX
TIPYKMHAX © o v v et et e e e et e et e e et e et e e eeea
5.6. TeopeMa B3aMMHOCTH PAOOT . . . .. oot oo e e e e

L L
WA W N

I'TTABA 6. PackpbiTHe CTaTHYECKOIi HEONPeAeJHMOCTH
CTEPIKHEBBIX CHCTEM METOIOM CHJL . . . .. .. ..o,

6.1. CBs3m, HaKJIagbIBaeMble Ha crucTeMy. CTerieHb CTaTHIeCKOU
13 (ST0) 1 0Te31 (53] 0701 (01 ¥ / AP
6.2. Be1OOp OCHOBHOI CUCTEMBI. METOI CHIT .. ..o oot
6.3. KaHoHnyecKkre ypaBHEHUS METOMA CUIT . v oo vvee e

6.4. Mcnonb3oBaHue CBOMCTB CUMMETPUM IIPU PACKPBITHHI

CTATUYECKON HEOTIPEACTUMOCTH . « « v v v v veveee e aeeananns
5. TlnockornpocTpaHCTBEHHbIE M TTPOCTPAHCTBEHHbBIE CUCTEMBI . .
.6. OrnpenesieHue MepeMeIieHUIA B CTATUYECKU HEOIIPEIeTMMBbIX
CHUCTEMAX « + v e e e et e e e et e et ettt e
6.7. O METONE TTEPEMEIIICHMM . . . oo oot vt e e e e e e e e

MepeiiTh Ha CTpaHuLLy C NOHOW Bepcuein»


https://rucont.ru/efd/808456
https://rucont.ru/efd/808456

MepeiiTn Ha cTpaHuLy C NOJIHOM BepCcuen»

Oenasnenue 541
T'JTABA 7. OcHoBBI TeOpHH HANPSKEHHOTO U Je(hopMHUPOBAHHOTO
COCTOSTHUMA . . . . o oottt ettt et e e e eena 274
7.1. HanpsK€HHOE COCTOSTHUE B TOUKE. .« o oo v vv e ee e eeeee e n 274
7.2. OnpeneneHue HaNpsKEHU B IPOU3BOJIbHO
OPUEHTUPOBAHHOM THIOIHAIKE . . o v e vvet e eee e e 277
7.3. [l1aBHbIE OCU Y TJIABHBIC HAMPSDKEHUS . . . oo v eee e e e 280
7.4. KpyroBas auarpaMma HanpsKEHHOTO COCTOSIHUS . . ... .. ... 287
7.5. O630p pa3IMYHBIX TUIIOB HAMPSIKEHHBIX COCTOSIHUM. . . . . . .. 293
7.6. J1e(bOPMUPOBAHHOE COCTOSTHUEC. . . o v o v o eveeeeeee e eeen s 298
7.7. O00011eHHBII 3aKOH [yKa 1 MoTeHUraabHas SHEPTUsl
nedopMay B 00IIEeM CiIydae HaIlpsSKeHHOTO COCTOSTHMS . . . 302
7.8, AHMBOTPOIIMSI . . . o\ v oottt e e e e et et e e 308
TJTABA 8. Kputepun miacTUYHOCTH M pa3pyllieHus. . . ... ........ 316
8.1. OCHOBHBIC TTOJIOXKEHMST . . . oo v eveeeee et e eeeeeaeenn 316
8.2. [unoTe3bl MOSIBJICHUS TIACTUYECKUX AedopMamyii . . ... .. .. 321
8.3. Teopust Mopa 1 €€ IPUMEHEHHUE . . .. oo oo v e eeeann s 324
8.4. O XpyIIKOM pa3pyIIEHUM U BI3BKOCTH. . . . .o vveeeeeann 336
8.5. O HOBBIX MATCPHAMAX. .« « « v v eeee e et et e e e e 34]
TJTABA 9. ToHKOCTeHHbIE U TOJCTOCTEHHbIE COCYDBI. . . . . .. ... ... 347
9.1. OCHOBHbIE OCOOEHHOCTU OOOJIOUEK .« o v oo vve e eeeeaenn 347
9.2. OnpeneneHne HaNPsDKEHU B CHMMETPUYHBIX 000/I09Kax
M0 OE3MOMEHTHOM TCOPUMU . . . oo v e et e e e e 348
9.3. OcHOBHbIE ypaBHEHUSI IJIs1 TOJCTOCTEHHOM TPYOBI. . . . . ... .. 357
9.4. OnpeneneHue nepeMeIeHU U HampsKeHU I
B TOJICTOCTEHHOM LMJIMHAPE . « o v oot ee e e e e eeean e 361
9.5. OnpeneneHue HaNpsKEHW B COCTaBHBIX TPYOaXxX. . ......... 367
ITTABA 10. IIpuHuunbl pacyeTa 3J1eMEHTOB KOHCTPYKIIMIA,
padoTamIuX 3a npeaejiaMi YOPYrocTH. . .. .......... 372
10.1. OTaMuuTebHbIe OCOOEHHOCTHU pacueTa U cxemaTu3alius
JAATPAMMBI PACTSIIKEHUS. « o o v oo e oot ee e e e eee e 372
10.2. HampstkeHusT U epeMellieHrs] B TPOCTEHIINX CTeP>KHEBBIX
cucTeMax MpY HaJIMYMU IUIaCTUYEeCKUX AedopMaluii . . . . . . 376
10.3. YrpyrormiacTu4ecKuil M3TUO CTEPKHS . . o v v oo v e e e .. 383
10.4. KpydeHne CTepKHSI KPYTIJIOTrO IOIIePEYHOro CeYeHUs
MpU HaJIWYWHU TUIACTUYECKUX HepopMalvid. . . . ........... 391
10.5. OcHOBBI pacyeTa Mo MpeaeJbHbIM HArpy3KaM. . ... ........ 395
10.6. Havaja TeOpUW TUTACTUYHOCTH . « . o oo oo e e e e e ee 400

MepeiiTh Ha CTpaHuLLy C NOMHOW Bepcuein»


https://rucont.ru/efd/808456
https://rucont.ru/efd/808456

MepeiiTn Ha cTpaHuLy C NOJIHOM BepCcuen»

542 Ocznaesnenue

I'TTABA 11. IIpoYHOCTHh NpPH NUKJINYECKH U3MEHSIOIUXCS

HATPSKEHMIX . . . oo vve e et e e e e e e e eeeeennns 409

11.1. TloHsiITHE OO YCTATOCTA MATEPUAIOB . o v v v v v e ee e e e e 409
11.2. OcHOBHBIE XapaKTepUCTUKU LIMKJIA U IIPeaea

BBIHOCTTABOCTH &+« & v v et e eet e et e e e e et e e eeeeee e 413
11.3. BausiHMe KOHILIEHTpallMM HaIpsSIKEHU Ha MPOYHOCTh

IPU UUKIIMYECKOM HATPYXKEHUU . .o vv v ee e eeneens 420
11.4. MacimaOHBIA 3PMEKT ... oo vt 426
11.5. BausiHue KayecTBa 0OpabOTKM MOBEPXHOCTH . . . v oo v ot .. 431
11.6. KoadpuineHT 3amaca npu MUKIMIECKOM Harpy>KeHUHN

M €T0 OIPCHCTICHHUE . . o\ v vv e eee e e e e ee e e eeeeee e 433

I'JTABA 12. YcroiiuuBoCTh paBHOBecHS Je(opMHPYEeMBIX cHCTEM . . . 440

12.1. TIOHSITHE OO YCTOMUMBOCTH . .« « o v e vee e e et e eee e ee e 440
12.2. OnpeneneHre KPUTUUECKUX HATPY3OK . . o oo v v e e e enn .. 442
12.3. 3ama49a DMIICPA . . o . oot e et et e 447
12.4. 3aBUCUMOCTb KPUTUUECKOM CUJIbI OT YCJIOBUIA

3AKPETIJICHUST CTEPIKHST . . oo v vt e e e et e e e e 450
12.5. YcToitunBOCTD MJIOCKOI (DOPMBI M3rM0A . ... ..o ve e an ... 457
12.6. YcToi4MBOCTE KOJIEI ¥ TPYO MIPU HATPY>KEHUU

WX BHEIITHUM JABITEHUEM. . . . v v v vt 459
12.7. DHepreTUUecKuii MeTo onpeaeaeHrus: KpUTUIECKUX

HATPYBO0K .« o v ottt e e e e e e e e e 463
12.8. MeTom HA9aTbHBIX TTAPAMETPOB . . . o o v v e et e eeeens 468
12.9. O npeaenax npuMeHUMOCTU (OPMYJIbL Ditaepa ... ..... ... 474
12.10. ITpoaoabHO-TTONEPEYHBIA U3TUO . . ..o ovt e 478
ITTABA 13. JInHaMU4YeCKOe HATPYKEHHE. . . . . .. .. ... ........... 482
13.1. O cTaTu4ecKOM 1 AUHAMHUYECKOM HArpy:KeHMSIX ... ....... 482
13.2. YOAPHAST HATPY3KA . . o oot e ee e e et e e eee e 484
I'JTIABA 14. MeTtoabl 3KCepUMEHTAJIBHOTO UCCJIeI0BAHUS

JiehopMHPOBAHHOTO ¥ HANPS2KEHHOTO COCTOSHUMA. . . . . . 491

14.1. UcribiTaHre MaTepUaaoB U KOHCTPYKIMM . . . ... .o ov ... 491
14.2. OnpeneneHue aedopMalnii Ipyu MOMOIIY MeXaHUYeCKNX

TEH3OMETPOB . « & vt et ettt et e et e e et e 493
14.3. IlpuMeHeHNEe JATYNKOB COMMPOTUBIEHMS . . . . . oo ev ... 499
14.4. OnTuyeckuit MeTO OIpeaeeHUsT HallPSKeHU

MPY MOMOILIM MPO3PAYHBIX MOJETEH .+ .o oo ee e eae . 504
14.5. MeTOI MYAPOBBIX TIOTOC . .« v v v eeveeeeeee e e eee et 509
14.6. PeHTTeHOBCKMIT MeTOM OTIpeIeIcHNS HATIPSDKeHWMA . . . . .. .. 514
14.7. MeTom MaKOBBIX ITOKPBITUM. . . .o oo ot ve e e eeee e 521
IMpunoxenue. CopTaMeHT MPOKATHOM CTAMM. . . ..o ovv v en. ... 523

MepeiiTh Ha CTpaHuLLy C NOHOW Bepcuein»


https://rucont.ru/efd/808456
https://rucont.ru/efd/808456

