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BBenenue

Meroauueckue — yKa3aHHsl ~ COCTaBJ€Hbl € IEJbl0  OOJIeryeHus
CaMOCTOSITENILHOM PaOOTHI CTYCHTOB IMPH BHIIOJHEHUH PacuyeTHO-TpauuecKoro
3amaHus Ha Temy: «OnpeneneHue NEepeMENICHU B CTaTUYECKH ONPENEIIMMbBIX
pamax» no aucuuIuimHe «CTpouTenpHas MEXaHUKAY.

[lon peiicTBeM BHEUIHEH Harpy3Ku H APYyrux (QaxTopoB (M3MEHEHHE
TEMIIEpaTyphbl, CMEUIEHUSI OINOp, HETOYHOCTH H3TOTOBJICHUS KOHCTPYKIIUA)
coopykeHus nepopmupyroTcsi. Bce mnm mouytu Bce ero cedyeHus: (TOYKHU, Y3JIbI)
3aHMMAlOT HOBBIE TNOJIOkKEHUS. OmnpenerneHue H3MEHEHUs MOJIOKEHUS JII000H
TOUYKH (CEYEHHsI) HEOOXOAUMO HE TOJBKO Il OLEHKU KECTKOCTU COOPYKEHUH, HO
Y JUISl pacdeTa CTAaTUYECKHA HEONIPEAETUMBIX CUCTEM.

JIuHEenHbIe U YIJIOBBIE NEPEMEIICHUs CEYEHHM B pamMax MOKHO HAaXOJUTh
pa3NuYHBIMHU CIIOcOO0aMH. B MeTOAMYECKMX yKa3aHUSAX PACCMATPHUBAETCS CaMBIi
PacIpOCTPAHEHHBIA U MPOCTOW METOM, KOTOPBIM 3aKIIOYACTCS B HUCIOJIb30BAHUU
yHUBEpcaibHOU (popmyibl — nHTErpana Makcsemia — Mopa.

[Tpu pa3paboTke METOANYESCKUX YKa3aHUN MCIIOJIb30BAIMCh MaTepraisl [4].

1. TpeGoBaHus K BbINOJHEHUIO 32IaHUS

1. WcxonHble TaHHBIE K BBITIOJHEHUIO 3aJ]aHUsl TPUHUMAIOTCS TI0 YKa3aHUIO
npenojaBaresis, ucxods u3 puc.l u taomn. 1...4.

2. PaboThI BBIMOJTHAIOTCS (BapUAHTHI):

2.1 BapuanT 1: Ha cTaHIapTHBIX JHCTaX mucyeit Oymaru (popmara A4) Ha
OJIHOW CTOPOHE JIMCTa (Apyras OCTAeTCs YUCTOU ISl BO3MOXHBIX HCIIPABJICHUH)
WM B TETpaaH; Ha OOJIOKKE JOJKHBI OBITh YKa3aHbI: (haMHUIIUs, UMsI M1 OTUYECTBO
cTyneHTa (MOJHOCTHI0), Ha3BaHue (akynabTeTa, mudp rpymnmnbl. 3aJaHue CIeayeT
BBITIOJIHATh YepHUJIaMU (HE KPACHBIMHU) YETKUM TMOYEPKOM C TOJISIMU: ClieBa —

20 MM, cipaBa — 10 MM. PUCYHKH BBITOTHSIOTCS KapaHIAIIOM WA YEPHHUIIAMU.



2.2 Bapumant 2: pacnedatka ¢aitiia Word c¢ ucmonb30BaHUEM CpEICTB
rpaduxu [1K Ha Gyma>kHOM HOCHTEIE.

3. Pabora nomkHa copepxaThb TEMY 3aJlaHUs, TEXHUYECKOE 3aJaHHE C
YUCJIOBBIMU JIaHHBIMH, PAacCUYETHYIO CXEMY B MacliTabe C YHMCIIOBBIM YKa3aHUEM
BEJIMYMH, HEOOXOAUMBIX JUIsl pacyera.

4. PemeHune MOMKHO CONPOBOXKAATHCA KPATKUMHM, O€3 COKpAIleHHs CIIOB,
OOBSICHEHHSIMH U YepTeXaMH, Ha KOTOPBIX BCE BXOMSIINE B PAcUeT BEITUYHUHBI
JIOJKHBI OBITh MOKA3aHbl B YHCIIAX.

5. Ilpu BeuKcneHusX B (pOpMyJibl MOACTABISIOTCA 3HAYEHUS BXOIAIIUX B
HUX napameTpoB B cucteMe CH, a 3aTeM NMpUBOAATCS OKOHYATENIbHBIE PE3YIbTaTh
C YKa3aHHUEM €MHULl U3MEPEHNS HaliICHHBIX BEJINYUH.

6. Pacder BBINOMHATH C ABYMsI 3HAYAIIMMU I PaMHU MTOCIIE 3aIATOM.

7. DOmopbl U Apyroil rpaguueckuil MaTepuan JOJIKHBI BBINOJHSITHCS B
coorBercTBUM ¢ TpeboBanusimu ECK]l (ennHON cHCTEMBI KOHCTPYKTOPCKOM
noKyMeHTaruu). Ha Bcex smiopax HEOOXOIMMO YKa3blBaTh MacIITal, 3HAKU U
YHCJIOBbIE 3HAYCHUS] XapaKTEPHbIX OpAMHAT. OMIOPbl M3rHOAIOUIMX MOMEHTOB
CTPOSITCA Ha PACTSIHYTOM BOJIOKHE.

8. Ilocne mpoBepku mpenogaBaTesieM pacuyeTHOTO 3a/1aHus CTYIEHT JOJDKEH

HCIIPaBUTb B HCM BCC OTMCUCHHLIC OIITNOKHU.

2. Texnu4yeckoe 3a/1aHue
B PII3 TpeOyercs ompenenuTh MEepeMENIEHUE CEYEHUH B CTATHYECKH
OIPEICIIMMON pame:
— OT IEVCTBHUs BHELIHEN HArPY3KH;
— OT TEMIIEPATypPHOTO BO3/ICUCTBUS;

— OT CMCIICHMA OIIOP.

2.1 OnpenesieHne nepeMeieHUi OT JeiiCTBUSI BHEIIHEH HATPY3KHU



2.1.1 Cxemy paMbl IPUHATH COTJIACHO pHUC. 1.
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2.1.2 Uckomoe nepemMenieHne npuHsTh 1o Tadi. 1

Tabauna 1

Ne

MCKOMDE UBPEME]_LIBHHE

jagadH

1 erHZOHTEJ‘IbHOE HepEMB].LleHHB JIEBOT O y:ma paMLI
2 YT0I MOBOPOTA MPABOTO Y3714 PaMbl
3 BBFITHKE.."II:HDE! nepememeHHe TOYKH l'lpH.T[D)KeHHH CHIBI P
4 BzaumHEIi yTon NOBOPOTA CeMeHHH, IPUMEIKAKIIHX K [MAPHHPY PHTeId PaMbl

2.1.3 Tlpu ompenencHUM TMepeMEIICHUMN, >XECTKOCTHBIE XapaKTEePUCTHUKU

OPUHATH 10 Tad. 2.

Tabmnuma 2



Ne JXecTtkocTHBIE MapaMeTphl N3rubuele xecTkOCTH
3a1a4u E B Mlla . B e’ Jlepas croiika | IlpaBas croiika | Purens
: 2-10° MIla 8230 cm” 3EI EI 4El,
2 2-10° MITa 6590 cm” 2,5EI EI. 3,5El,
3 2-10° Mlla 9120 em” 3,5EI, El 4,5EI
4 2-10° MIla 7640 om* LSEI, EI 2,5E1,
2.1.4 Pa3zmepsl paM 1 3HAYCHUS Harpy30K MpUBEACHBI B Ta0JI. 3.
Tabnuna 3
No Harpy3ku Pa3zMepsl paM B M
3a1a4H PexH | gBxH/m 1 I I3 h; hs hs
1 14,2 18 2 3 7 1 2 1
2 16,3 21 4 6 4 1 2 2
3 17.8 28 5 8 3 2 4 -
4 19,5 24 9 3 6 2 3 2

CMEIIEHUS OTOpP MPUHATH 10 TabJI. 4.

2.2 OnpenenieHne NepeMENIEHUN OT TEMIIEPATYPHOTO BO3ICUCTBUS

2.2.1 Ilapamerpsl

TEMIIEPATYPHOTO BO3IACUCTBUSA UM  XapPaKTEPUCTUKHU

Tabnuua 4
No TemnepaTtypHoe Bo3aelicTBHE Ocanka omop
3a7a4H l, t, t, Omnopa Hamnpasnenune | Benmunna
1 -16 +28 -9 neBas BHH3 14 cMm
2 +10 +32 -15 seas | oooPotTO 10 03 pan
4ACOBOH CTPENKE
3 -21 -2 -10 npaeas BIIPaBo 8 cM
4 +20 +41 +14 npaeas BBEPX 12 cMm

3. Oranbl BeinoJiHenus PII3

3.1 O0padoTKa NCXOAHBIX JAHHBIX

1. M300paskeHne pacueTHOM CXEMBbI PaMBl.

2. 3amanue mapamMeTpOB BHEIIHUX BO3JICHCTBUM.



3. 3aganue mapaMeTpoB GU3MUECKIX CBOWCTB MaTepralia pambl.

3.2 KunemaTuuyeCcKHid aHaJIN3
1. IToacuer ymncna creneHeil CBOOOIbI.
2. AHaM3 TEOMETPUIECKON CTPYKTYPHI.
3. BeIBOA 0 KHHEMAaTHYECKUX U CTATHUYECKHUX CBOMCTBAX PACUCTHOM CXEMBI

paMBl.

3.3 AHasIMTH4YeCKOe ONpee/icHUe BHYTPEHHUX YCHJIMH
OT HENOABM/KHON HATPY3KH
1. U3o0pakeHne pacyeTHOM CXEeMbI paMbl C HEMOJIBH>KHON HArpy3Kou
2. Beruncnenue OnopHbBIX peakIui U MPOBEPKA UX MPABUIBHOCTH.
3. Ilomy4deHne i KaXJa0ro y4acTKa paMbl aHAUTUTUYECKUX BBIPAXKECHUH IS
BHyTpeHHuX ycuuidi M, Q , N 1 BbIUncIeHHe UX XapaKTEPHBIX 3HAYCHUH.
4. TToctpoenue smop M, Q , N.

5. M3o0pakeHue y3710B U CTEP>KHEW paMbl U MIPOBEPKA UX PABHOBECHUS.

3.4 Onpenesienne nepeMenieHus 1Jisi BLIOPAHHOTO CeYeHUs
OT HENMOJABHKHOW HATPY3KH

1. O6pazoBaHue MEPBOrO BCIOMOTaTEILHOTO €IMHUYHOTO COCTOSIHUS.

2. Bpluncnenue eAMHUYHBIX OMOPHBIX pEaKUUid U TPOBEPKA UX
MIPaBUIILHOCTH.

3. [TocTpoeHre eTMHUYIHBIX IMIOP BHYTPEHHUX YCHIIHM.

5. Onmnpenenenue nepeMelIeHUs OT Harpy3ku ©0e3 yuera BIMSHHS
MOTICPEYHBIX U TTPOJIOJIBHBIX CHIL.

3.5 Onpenesienue nepeMenieHus AJisi BLIOPAHHOTO CeUeHMsI
0T TEMIIEPATYPHOTI'0 BO3/1elCTBUA
1. M3o0paxxeHne pacyeTHOW CXEMbl paMbl C 3aJaHHBIMH TapaMeTpaMu

TEMIIEPATYPHOI'O BO3/ICUCTBUS.



2. BpruncieHne s KaKJIOTO ydacTKa pambl YAEIbHOTO TEMIIEPATYPHOTO
nepenaaa At' u u3MeHeHHs TeMrepaTypsl Ha ocu At,,.
3. IToctpoenue smrop At' u At,,.

4. OnpeneneHue TEMIIEPATYPHOTO MEPEMEILICHMUS.

3.6 Onpenesienne nepeMenieHUs 1Jisi BHIOPAHHOTO CeYEeHU s
0T KHHEMATHYECKOIr0 BO31elCTBUS

1. M300paxkeHue pacyeTHOM CXEMbl pamMbl C 3aJaHHBIMU TapamMeTpamu
KMHEMAaTU4ECKOTO BO3/ICUCTBUSI.

2. O6pazoBaHKe BTOPOro BCIIOMOTaTEIbHOTO IMHUYHOTO COCTOSIHUS.

3. DBbluncieHue €IWHUYHBIX OINOPHBIX PEAaKIUid U MpPOBEpKa UX
MPAaBUJIBHOCTH.

4. OnpeneneHue NepeMeIeHUs] OT KHHEMAaTHYECKOTO BO3AECHCTBHS.

5. N3o0OpaxkeHne paMbl B CMEILIEHHOM IOJI0KEHUU C BBIJICJICHUEM Ha CXeME

HAWJICHHOTO NIEPEMEILICHUS.

4. TeopeTuveckasi 4acThb
4.1 O0mue cBeieHHsI 0 MepeMelleHusAX

4.1.1 Tlonsitue neopManuu KOHCTPYKIUH

KoHCTpyKmn npu NpwJIOKEHWH K HUM BHEIIHHUX BO3JECUCTBUN W3MEHSIOT
cBolo (GopMmy U pasmepbl. OTH H3MEHEHHs Ha3bIBalOTC JedopManueit
KOHCTpYKIuu. JlepopManus CONMpoBOXKIAETCS NEPEXOAOM KOHCTPYKLHMH W3
HAYaJIbHOTO HENe(OPMUPOBAHHOTO COCTOSIHMSI B HEKOTOpPOE Ae(POPMUPOBAHHOE
COCTOSIHHUE.

B 3aBucuMocTH OT CIOCOOHOCTH KOHCTPYKIMM COXPaHATh Jedopmanuio
pa3nuuaroT YIpyrue M yrpyromiactTuueckue aeopmainuu. B mepBoM ciyudae
KOHCTPYKLUSL IIOCJIE€ CHSTHS BHEIIHUX BO3JIEHCTBHHM IOJHOCTBIO BOCCTAHOBUT
CBOIO (OopMy U pa3Mepbl M BO3BPATUTCA B HayalbHOE HEAEPOPMUPOBAHHOE
cocrosiHre. Bo BTOpoM ciryyae mpoOMCXOJUT YaCTUYHOE BOCCTAHOBIECHHE (POPMBI U

pa3MepoB KOHCTPYKIIUH.



B 3aBucumocTH oT u3MeHeHus nedopmannii KOHCTPYKIIMH BO BPEMEHU IpU
ITIOCTOSTHHBIX BHEIIHMX BO3JCHUCTBUAX PA3JIMYAIOT IIOCTOSIHHBIE U IIEPEMEHHBIE BO

BpeMeHU AehopMallnH.

412 KoanyecTBeHHbIe  XaPaKTePUCTHKH  JAeOPMUPOBAHHOIO
COCTOSIHUSI KOHCTPYKIHNH

W3menenus GopMbl U pa3MEpPOB CTEPKHEBOW KOHCTPYKIIMH CKJIAJIbIBAIOTCS
u3 aepopManuii OTIAENBHBIX cTepkHE. B cBoio ouepenp uaMeHeHus ¢Gopmbl U
pa3MepoB OTAEIBHOIO CTEP)KHS CKIAIBIBAIOTCA M3 JAePopMaluil 3JIEMEHTapHBIX
00BEMOB CIUIOIIHOW CpEIbl, MOJEIUPYIOIIEH KOHCTPYKIIMOHHBIA MaTepual.
[TosTroMy [UIsi KOJMYECTBEHHOIO OMNMCAaHUA Je(OPMHUPOBAHHOIO COCTOSHUS
KOHCTPYKIMU MCHOJB3YIOTCS JIBE€ PA3HOBHIHOCTH BEIMYMH - AU depeHIuanbHbIe
Y UHTETPaIbHbIE XapaKTEPUCTUKH.

HuddepeHunanpuple  XapaKTEpPUCTUKU  OMKMCHIBAIOT  MPOUCIIEIIINE
u3MeHeHus: (OpMbl U Pa3MEPOB KOHCTPYKLHMH B OKPECTHOCTH €€ MPOU3BOJIBHOMN
TOYKU. MU SBIIAIOTCS OTHOCUTEIBHBIEC YUCIOBBIE BEJIMUYUHBI € U Y .

C moMouipr0 BEJIMYMHBI € OINKCHIBAETCS U3MEHEHHE JIMHEHWHBIX pa3MEPOB
AJIEMEHTAPHOIO MApPAJIICIICIUIIEIa; OHA HA3bIBACTCS OTHOCUTEIIBHOM JIMHEHHOU
nedopmarmeit. [Ipyras BeauuMHA Y UCIHOJB3YeTCS [JISi OMHUCAHMUS W3MEHEHUS
GbopMBl DJIEMEHTAPHOTO MapajulieNieNuIie/la 3a CUeT CABUTA €ro TpaHeil. oHa
Ha3bIBAETCS CIIBUTOBOM Jieopmaliueit uiau yriom CABUTA.

NHTerpanpHble XapakTEpUCTUKW OMHUCHIBAIOT MPOUCIHIEAIINE H3MEHEHUS
dbopMbl U pa3MepOB KOHCTPYKLMH B 1eIOM. IMU ABISIFOTCS JIMHEHHOE U YIIIOBOE
nepemenieHus. PaccMoTpuM B HeAe(pOPMHUPOBAHHOM COCTOSIHUM HEKOTOPOU

KOHCTPYKIIMU JBE TOUKU A U B U COEAUHAIONINN UX OTPE30K MpsIMOK (puc. 2, a).
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Puc.2
[Ipu nedopMupoBaHUN KOHCTPYKITUU OT JEHUCTBHSI, HANPUMEP, HATPYy3KH
AT TOYKH 3alIMyT HOBBIE TMOJOXEHUS A1 U B;. JIuHelHble nepeMenieHus 3TUX
TOYEK XAPAKTEPU3YIOTCS JJIMHAMHU OTPE3KOB NPSMBIX AA; U BB;, COEIUHSAIOMINX
MOJIOKEHUSI TOYEK B HeAe(HOPMUPOBAHHOM U J1e(POPMUPOBAHHOM COCTOSIHUSIX
KOHCTpYKIuu (puc. 2, 6). YrioBoe nepeMelieHre XapaKTepu3yeTcs BeIUYHMHOU

yrila TOBOpOTa ¢ OTpe3Kka mpsMod AB mnpu mnepexone KOHCTPYKLUUU U3

Hese(opMUPOBAHHOTO B 1e()OPMUPOBAHHOE COCTOsIHUE (pHC. 2, 0).

4.1.3 CymecTBYIOIIHME MOIAXOAbI K ONPeieIeHII0 NepeMeneHuii

YMeHue onpenensaTh nepeMereH|s: He00X0AUMO ISl OLICHKU MPUTOAHOCTH
KOHCTPYKIIMM K HOPMAJIBHOM JKCIUTyaTaluu. Takas NPUrOAHOCTh KOHCTPYKLMU
XapakTepusyercsi ee owcecmkocmvio. [IoHITHEM, TTPOTUBONOJIOKHBIM KECTKOCTH
KOHCTPYKLUUH, SBISIETCS  nooamausocmy  KOHCTpyKIUH.  ClieoBaTenbHo,
NOJATIMBOCTh  XapaKTEPU3yeT  CHOCOOHOCTh  KOHCTPYKLUMU  JIOMYCKaTh
BO3HUKHOBEHHUE B HEM MEPEMEIIICHUM.

JKecTKOCTh KOHCTPYKIIMM 3aBHUCHUT OT IIPUMEHSIEMOTO KOHCTPYKIMOHHOTO
MaTepuana, MECTKOCTH KOHCTPYKTUBHBIX 3JIEMEHTOB M CIOCOOOB COEIUHEHUS
ATUX DJIEMEHTOB MEXITY COOOM.

BinsiHue KOHCTPYKIMOHHOIO MaTepuajla Ha JKECTKOCTh KOHCTPYKLHWHU
onuchiBaeTcs IByMsa moayisiMu - E u G. Moaynb ynpyroctu E XapakTepusyer
CHOCOOHOCTh MaTepHuajia CONPOTUBIIATHCS BO3HUKHOBEHHUIO YHPYTUX JIHMHEWHBIX

nedopmariuii, a MOAyJb caBura G — yrioBeIX AehOpMaIIHid.
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Kecmkocmb KOHCMPYKMUBHO20 d7leMeHma 3aBUCUT OT KECTKOCTU €ro
MONEPEYHOT0 CEYEHUS U JIJTMHBI DJIEMEHTA.

Hecmxocmov nonepeunoco ceveHusi OMUCHIBACTCS TPEMS BEIUYNHAMU:

— U3ruOHOM )kecTkocThio El, rrie | - MOMEHT nHepIMY NONepeyHOro CeYeHMs
OTHOCHUTEJIBHO OCH, NEPIICHIUKYJISIPHON IJIOCKOCTH U3Tu0a;

— IIPOJIOJIBLHOM KECTKOCThIO EA, T11e 4 - TIJ10111a/1h MOTIEPEYHOTO CEUCHHS;

— CIBUT'OBOM JKECTKOCTBIO GA.

Hecmxocmv KOHCMPYKMUBHO20 d71eMeHma XapaKTepU3yeTcsi OTHOUICHUEM
JKECTKOCTH TIOMIEPEYHOr0 CEYEeHUsT K JIJIMHE DJJEMEHTa U Ha3bIBaeTcH,
COOTBETCTBEHHO, €T0 NO2OHHOL HCECMKOCMbIO NPU U32ube, pAcCmAa*CeHUU-CHCAMUU
U cosuze.

B 3aBucMMOCTH OT *ECTKOCTH KOHCTPYKIIMM BO3MOKHBI J[Ba TMOJXO0Ja K
OTIPEACICHUIO NTEPEMEIICHUIA.

OnuH moaxoj CBSI3aH C ONPENCIICHHEM MajblX TNEpeMENIEHUd, U OH
CIIPaBEIIJIUB ISl AKECTKUX KOHCTPYKIMU. Takue KOHCTPYKIIMU OOBIYHO OTHOCATCS
K JIMHEHHO AehopMUpyeMbIM cuctemMaM. CorjacHO 3TOMY IOJAXOY ONMPEICIISTIOTCS
MepeMEILCHHs], KOTOPhIE MaJIbI TI0 CPABHEHUIO C pa3MepaMy CaMO KOHCTPYKIIUH.

Btopoii moaxom mo3BoiseT onpeneisaTh OOJbIIue IEepEeMEIICHUs, U OH
CIIpaBeIJIUB ISl THOKMX KOHCTPYKIMH. Takne KOHCTPYKIIMH OOBIYHO OTHOCATCS K
r€OMETPUYECKA  HEJIMHEHHbIM  cuctemaMm. CorjacHo  3TOMY  MOJXOIY
ONPEACISAIOTCS MEPEMEICHUs, KOTOPbIe HE Majbl MO CPABHEHUIO C pa3Mepamu
CaMOM KOHCTPYKIIUH.

B nmanpHelmeM paccMaTpuBarOTCA Mallble NEPEMEIICHUs, BO3HHUKAIOIIUE
npu  ynopyroi  gedopManuei  CTEPKHEBBIX  KOHCTPYKIIMM  OT  BHEIIHUX

BO3/JICICTBUI — HATPY3KHU, U3MEHEHUHN TEMIIEPATYPHI U OCAIKH OIIOP.

4.2 CBsi3b MEXKI1Y BHEHTHUMH CHJIAMH

U NepeMelleHUsIMM B JIMHEHHO 1e()OpMHUPYyeMbIX CHCTEMAaX
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PaccMoTpuM MpOW3BOJBHYIO JIMHEWHO ACPOPMHUPYEMYIO CTEPKHEBYIO
KOHCTPYKITHIO, KOTOPYIO YCIOBHO M300pa3uM B Bujie nmpocToi Oanku. [TycTs k Hel

MPWIOKEHBI N COCPENOTOUYCHHBIX cull (puc. 3, a).

o |z 1‘0 |2

5 PS8 |- R |
: A
A[ é,
Puc. 3.

Ot peiicTBUS 3aJaHHBIX CHJI KOHCTPYKLMS JaeopMmupyercd, U IO
HAIIPABJICHUIO KaXKAOM W3 HUX BO3HUKHYT JIMHEMHBIE IEPEMEILECHHUS TOYEK HX

IIPUITOKCHHAA.

4.2.1 TloaHble, YaCTHYHDbIE U eIUHUYHbIE TIEpPeMelleHn sl

JIuHeiHbIE TIepEeMENICHUS, MPOUCXOIAIINE B KOHCTPYKUMH OT JACHCTBUS
BCEX CHJ OJHOBPEMEHHO, OyJeM Ha3bIBaTh MNOJHbLIMU NepeMeueHUIMU W
ob6o3nauvath Aj, (i =1, ..., n) (puc. 3, 6). MHaekc | yka3piBaeT HOMEp HaIpaBIICHUS,
110 KOTOPOMY BO3HUKAET MEPEMEILICHUE.

IIpu pazaensHOM mpunoxkenuu cun Pj (j = 1, ..., N) mo paccMaTpuBaeMbIM
HaIpaBJICHUSIM B KOHCTPYKIIUU Takke OyayT BO3HUKATh JIMHEHHBIC MEPEMEIICHUS
Ny (i = 1,..,n) (puc. 4), sABIAIONIMECS YAacTSIMU COOTBETCTBYIOIIMX MOJHBIX
nepeMenieHuit A j,. IlepBolii HHACKC | B 0003HAYECHUN YACTUYHBIX MEPEMEIICHUN
YKa3bIBa€T HOMEpP HANpaBJEHHUS, MO KOTOPOMY IMEpPEMEIICHUE MPOUCXOJUT, a
BTOPOW HHJIEKC | - HOMEp HamNpaBiCHHS, [0 KOTOPOMY JEHCTBYET CHJIa,

BBI3bIBAIOIIasA 3TO MEPEMCIICHUC.
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YactnuHoe  mepeMelnieHne  BuAa  Aj  Ha3BIBAETCA  COOCMBEHHbIM
nepemeujeHuem, 1 OHO BO3HUKAET OT CWIbl Pj, 10O ee HampaBlieHuto. Yacmuyrnoe

nepemewenue Buna Ajj (i # j ) Ha3bIBaCTCSA NOOOUHBIM NepeMeweHueM.

Aun A K
Puc. 4

Eciii X KOHCTPYKIIMU TI0 HAIPaBJICHUIO HOMEP | TPUJIOKHUTH Oe3pa3sMEepHYIO CHITY

P;j=1, TOo BO3HMKaOmME B KOHCTPYKLUHM NEPEMELICHHS II0 YKA3aHHBIM BBIILE

HarpaBJICHUAM HAa3bIBAIOT eounuynvimy. Taxkne IMEpEMCIICHUA 0003HaYaroTCs

d; (puc. 5), M MX MHAEKCHI YKA3bIBAIOT T€ K€ HAIPABJICHHUS, YTO M /IS YaCTUYHBIX

MepEMEIICHU I Aij- Envnvnunbie  nepeMenieHus, Kak W YaCTHUYHBIC,

NOJIPA3JIETSAIOTCS HA COOCTBEHHBIE U TOOOYHBIE.

Puc. 5

4.2.2 XapakrepucTuku 1eGOpPMaTHUBHOCTH JIMHEHHO JAedopMHUPYyeMBbIX

CHCTEM
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[TostHOE W 4YacTWYHOE TMEPEMEICHUs KOHCTPYKIIMH 110 HEKOTOPOMY
HaHpaBHeHI/HO i, COorJjiaCHO HpI/IHHI/IHy HE3aBUCHUMOCTHU HeﬁCTBHH CHJI, CBA3AaHbI
CiacayrommuM COOTHOIICHUCM:

n
Aj = D Ajj 1)
i-1

B cBOo oduepenp MPOM3BONBHOE YAaCTHYHOC MEPEMENICHHE Ajj CBSI3aHO

JIMHEWHON 3aBUCUMOCTBIO C COOTBCTCTBYIOIIUM CMY CIAWMHHUYHBIM IICPCMCIICHHUCM

S

ij -
Ajj = 5 Pj (2)

[ToncraBnsist (2) B (1), moaydrmM COOTHOIIEHHWE, CBS3bIBAIOIIEE TIOJIHOE
nepeMenieHre KOHCTPYKIUU € JSHCTBYIONUMU CUIaMHU

n
Ai = 2.3ijP; (3)
i=1

CootHouienue (3), coracHO KOTOpOMY IOJIHOE NEpEMELICHUE Aj, SBIISETCS
nuHeHHOW QyHKIMel neficTByromux cui P (j = 1, ..., n) Ha3bIBaeTcss 0000IIEHHBIM
3akoHOM ['yka v 3akoHOM ['yKa 11 KOHCTPYKITHH.

Bxogsmme B (2) u (3) eIMHUYHBIE TEPEMEIEHUS UIPAIOT POJIb
K02((PUITMEHTOB TTPOMTOPITMOHATIEHOCTH MEXKIy CHJIAMH W TiepeMerieHus M. OHu
MO3BOJISIOT KOJUYECTBEHHO OIICGHUBATh CIOCOOHOCTh KOHCTPYKIIMH TOTyYaTh
MEepeMENIeHUs] 10 ONpPENeICHHOMY HAIpaBJIEHUIO U TOATOMY Ha3bIBAIOTCS

KO3 uyuenmamu nooamiueocmu.

4.3 PaGoTa BHEIIHMX CHJI JINHEIHO 1e()OpMHUPYEMOi KOHCTPYKIMHU
OCHOBHBIM BUJOM BHELIHErO BO3JCUCTBHS, BBI3bIBAIOIIETO Jedopmanuio
CTEpKHEBOW KOHCTPYKIUH, fABIsieTCs Harpy3ka. [Ipu nedopmanuu KOHCTPYKIMH

BHEILIHME CWJIbl cOBeplIatoT padoTy. byneM momarate JedcTBYyIOLIyI0 Ha
15



KOHCTPYKILUIO HAarpy3Ky cmamuueckoti. HarpyxeHue CuuTaeTcs cmamuyecKum,
€CIIi TEePEMEIIECHUSI KOHCTPYKIIMH MPOUCXOASIT OYEHb MEJIEHHO. DTO TMO3BOJSET
HE YYUTBHIBATh CWJIbl HMHEPIMH MAacC KOHCTPYKIMH, BO3HUKAIOUIME MpU €€
ne(hOpMUPOBAHUU.

[Ipu omnpenenenun paboThl BHEIMIHUX CHJI PA3UYalOT OelcmeumensvHyo 1
603ModicHy0  pabotry. OrmpejeneHne ACUCTBUTEIBHOW W BO3MOXKHOM pabOThI
NOSICHUM Ha mpuMepe AedopManui MpPOCTOil OanKku OT NEHCTBUS MpOCTeHieit
Harpy3ku - COCpEIOTOYEHHOW cuibl (puc. 6, a), a 3areM 0000IIMM Ha ciydyau

MIPOM3BOJILHON HArpy3KH.

4.3.1 leiicTBUTE/IbHASA PA0OT BHELIHHUX CHJI
JleficTBUTENbHOM paboOTOM CcOCpenoTOYEHHOW cuiibl P siBisieTcss pabora,

KOTOPYIO OHa COBEpIIIacT Ha COOCTBEHHOM IepeMelieHuu A (puc. 6, 0).

a)

)

Puc. 6

B mporecce BbInoNHEHUST paOOThI CUMTAETCS, YTO CHUJIa M TEpPEeMEIICHUE
MJIABHO M3MEHSIOTCS OT HYJISI 10 HEKOTOPBIX KOHEUHBIX 3HAUEHUN Py U A,

[TockombKy KOHCTPYKIIMSI CUYUTAETCS JIMHEWHO NePOpPMUPYEMON CHCTEMOH,
TO 3aBUCHUMOCTb MEPEMEIICHUN OT HAIPY3KU UMEET BU/T

A=aF, @)

rae Kodh UIMEHT TPOMOPIIMOHATFHOCTH § pPaBHSAETCS COOCTBEHHOMY
eauHuyHOMYy TmiepemenieHuto cuibl P =1. CootHomenue (7) omnuchiBaeTCs
JMHENHBIM rpauKoOM, MOKa3aHHbIM Ha puc. 7, a. [lo ocu abcuuce sToro rpaduka
OTKJIAJIBIBAIOTCSI 3HAYEHUSI COOCTBEHHOTO TEPEMENICHHsS A, a MO0 OCU OpJWHAT -

3HA4YEeHUA CUJIEI P.
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a) p &) P

Puc. 7

Ecnu mepememienre A TOMYyYMT HEKOTOpOe mpupaimieHue dA, To cuia P
BEITIOJTHAT Ha HEM DJIEMEHTAPHYIO JCHCTBUTEILHYIO PaboTy
dA = PdA.
Torga Best geiicTBUTENBHAST paboTa, coBepliaeMasi CHIION P, ornpeaensercs
o ¢hopmyiie
A
A= | PdA.
0 (8)
u, ¢ yuetoM (7), paBHsAETCA
i o 2
A=8 [ PdP==§ Py
0 2
0 9)
N3 dopmynel (9) BUAHO, YTO JACHCTBUTENBbHAS paboTa COCPEAOTOYCHHOU
CHJTBI BCET/IA SIBJISICTCS TIOJIOKUTEIIHHON BETMIHHOM.

[IpumMensiss cooTHOIEHUE JJIi KOHEYHBIX 3HadYeHud P, Ay W moacTaBiss

ero B (9), mpuBeaem GopMyIty Uil BBIYUCICHUS ACHCTBUTEIBHOM PaOOTHI K BUY

] ]

Bripaxxenue (10) nazpiBaeTcs popmynoi Knaneiipona u u3 Hee clielyeT, 4To
neiicTBuTeNnbHas paboTa paBHIETCS IUIOIAIN 3aIITPUXOBAHHOTO TPEYTOJbHUKA HA
rpaduxe puc. 7, 0.

Ilpu Oeticmeuu Ha KOHCMPYKYUIO CUCHEMbI COCPEOOMOUEHHbIX CUT
oeticmeumenvhas paboma 6HeWHUX CUl PABHAEMCs NOJYCYMME HPOU3EEOeHUl
KadicOOU CUbl HA nepemewjeHue no ee HanpaeieHuio, 8bl36AHHOe OeliCmEUuem 6Cex

cujl, u onpeoessiemcs no popmyie
17



o S (11)

4.3.2 Bo3mo:xHasi pad0Ta BHEIIHUX CHJI

Bo3MoxHoi#1 paboToii siBiiseTcsi paboTa, KOTOPYIO COCpe0TOYEHHas cuiia P
COBEpIIAET Ha TMEPEeMEIIECHUU, BbI3BAaHHBIM KakOW-IMOO HHOW TPUYMHOM,
HaIpuMep, 0CaJKoM JieBoit onopsl (puc. 8). B mpoiiecce BeIMoaHEHUST pabOThI CUIIa

P cunraetcs HGH3MCHHOI>1, a MEPEMCIICHUC IUIABHO HM3MCHACTCA OT HYJIA OO0

!/
HEKOTOPOT0 KOHEYHOTO 3HaUeHus Ay .

Puc. 8

I'padpriuecku Takoil mpolecc ONKMChHIBAETCS MPSAMOM JIMHUEH, TOKa3aHHOM Ha
puc. 9, a.

a) p o) P
Py

A’ A AL
Puc. 9

Torna Bo3MokHast paboTa COCPETOTOUCHHOM CUITBI P paBHSETCS
A'=PAY. (12)
N3 popmynsr (12) criemyer, 4To BO3MOKHasi paboTa paBHSETCS TUIOIIAIN
3alITPUXOBAHHOTO TpsiMOyrojibHUKa (puc. 9, 0). Ota pabora MOXKET OBITh Kak
MOJIOKHUTEIIBHON, TaK U OTPUIIATENIbHON. 3HaK 1utroc B (12) OyaeT B ciydae, eciu
HaIpaBJICHUE JICUCTBUSA CUJIBI COBMNAJaeT C HamlpaBjeHUEM IepeMelicHus. B

MPOTUBHOM citydae B hopmyiie (12) 6epercs 3HaAK «MUHYCY.
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[Tpu neiicTBUM HA KOHCTPYKITMIO CHCTEMBI COCPeI0TOYCHHBIX cril (puc. 10)
BO3MOXKHAasi pa00oTa BHEIIHUX CHUJ PaBHACTCS  ajlreOpamveckol cymme
MIPOM3BEICHUH Ka)XI0H CHIIBI Ha TIEPEMEIEHUS TI0 WX HAIPaBJICHUIO, BHI3BAHHBIC

APYTUMH IPUYUHAMHE, U OTIPEIEISIETCS 110 popMmyIte
n
A= PA"
ZhA (13)

&_"l

Puc. 10

4.3.3 O0001meHHasA cuJia 1 00001EHHOE NepeMelIeHue

B o6miem citydae, mpu CTaTHYECKOM HArpy>KCHHUH CTEPKHEBON KOHCTPYKITHH
Ha Hee JCHCTBYET HEKOTOpasi COBOKYMHOCTh COCPEIOTOYECHHBIX CHJI, MOMEHTOB U
pacmpeieieHHbIX Harpy3oK. Eciii cocTaBmisioniie 3TOM COBOKYITHOCTH HAarpy3oK
U3MCHSIOTCS TPOMOPIHUOHAIBHO OJHOMY TMapaMeTpy P, TO OHa Ha3bIBAETCS
0000wennoll cunoil, a mapaMeTp P — 3HaAYCHUEM 0000U{€HHOIL CUTTbL.

[Tonsatuio 00OOIIEHHONW CHJIBI COOTBETCTBYET TIOHSITUE 0000UEHHO20
nepemeuwienun. Ilog 00OOIIEHHBIM MEpEMENICHUEM MMOHUMAIOT HEKOTOPYIO
T€OMETPUYECKYIO BEJIMYMHY, CBSI3aHHYIO C Je(hOPMHPOBAHHBIM COCTOSTHUEM
KOHCTPYKIIMHU, TMPOU3BEJAECHWE KOTOpPOW Ha mapameTp OOOOIIEHHONW CHIIbI
MO3BOJISICT BBIYHCIIUTH JEUCTBUTEIBHYIO WJIHW BO3MOXHYIO paboOTy 3aJlaHHOMN
COBOKYMHOCTH Harpy30K Mo OJHOWICHHbIM (hopmynam Buaa (13).

JUist  WoTrocTpany - MOHATHM — 00OOIEHHOW CUIbl U 000OIIEHHOTO
MEepEeMENICHUST PACCMOTPUM TPOCTyr0 Oanky (puc. 11), HarpyXeHHYHO Tpems
COCPEOTOYCHHBIMH  CHJIAMH, KOTOPBbIE  HM3MCHSIOTCS  IPOIOPIIMOHAIBEHO

napamerpy P:
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OT  peiicTBUS  OCaAKd  JIeBOM  omopsl  Oanka  JIOMOJHUTENBHO
nedopmupoBanack; B mpouecce nepopmaruu cunsl Py, P, P3, HE W3MEHSUIUCH.
Hcnone3yst dopmyny (13), 3amuiineM BEIHYHMHY BO3MOXKHOH pabOThI, KOTOPYIO
COBEpIIAT CUJIbI, ICUCTBYIOIINE HA OaNKy

A’ = PA, +3PA, - 0,5PA%. (14)

Brinocs mapametp P 3a ckoOku, nmpuBeneM (14) k Buay

A'=PA,
rae A= AL +385-0,54, _ 000011IeHHOE TepeMelIEHUE paccMaTpUBaAEMOM

00061enHow cuisl (Puc. 11).

Puc. 11

Takum oOpa3om, 000OIICHHBIM MEPEMEIICHUEM SBISETCS TeoMeTpuyecKas
BEJIMYMHA, TIPOM3BEACHUE KOTOPOH Ha mapaMeTp OOOOIIECHHOW CHIIBI ITO3BOJISCT
OTIPENICIIUTh BO3MOXKHYIO Pa0OTy 3TON 0000IIEHHON CHJIBI.

HexoTopbie Buabl  OOOOIICHHBIX CHJI M COOTBETCTBYIOIIUX UM

00O0OIIECHHBIX MTepeMeIIeHNH pUBEIeHBI Ha puc. 12.

! P P o Mf

el - L]

A3y L 8 "’:E; L
a4 ; 8 AI

551 S
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[IycTh K KOHCTPYKIIMM B JBYX TOYKaX, JIEKAUMX HA TOPU30HTAJIbHOU
OpsIMOM,  NPWIOKEHBl  JIBE€  OJMHAKOBbIE  TOPU3OHTaJbHBIE  CHJIBI P
IPOTHUBOIIOJIOKHOTO HampasiieHus: (puc. 12, a). Torga B3auMHOE CMELIEHUE I10

TOPHU30HTAJIN TOYCK IIPHIIOKCHUA OTHUX CHII A*ZAA+AB ABIIACTCAA 0606HICHHI>IM

nepeMenieHreM 3Toi 0000IIEHHON CUITBI.

[lycTh K KOHCTPYKIMHM B JABYX TOYKaX, JEXKalIMX HA TOPU3OHTAIBHOU
NpsIMOM,  TPUJIOKEHBI  JBE€  OJWHAKOBBIE  BEpPTUKAJIbHbIE  CWIbl P
MIPOTUBOIIOJIOKHOTO HarpaBiieHusi (puc. 12, 0). Torga B3auMHOE CMEIEHUE T10

BCPTUKAIM TOYEK MPUIOKEHHS ITUX CHI A =A,+A, SBISIETCS 00OOIICHHBIM

nepeMenIeHeM 3TON 0000IIIEHHON CUIIBI.
[IycTh K KOHCTPYKLIIMU B HEKOTOPOM CEUECHUU TPHUIIOKEH MOMEHT M (puc.

12, B). Torma yroa mMOBOpPOTa 3TOTO CEUCHHS A =g, SBISETCS 00OOIIEHHBIM

IIEpEMEIEHUEM 3TON 0000IIEHHON CHIIBL.
IlycTh K KOHCTPpYKIIMM B JBYX CEUYCHHUAX NPWJIOKEHBI JBa OIUHAKOBBIX
MoOMeHTa M NpOTUBOMNOJIOKHOTO HampasieHus (puc. 12, r). Toraa B3auMHBINA yro

IIOBOPOTA ITHX CEUYEHHH A =@, + @, ABISIETCS 000OIIEHHBIM IIEPEMEIICHUEM JTOM

00O0OIIEHHOMN CHJIBI.
4.4 Pa0oTra BHYTPpEHHHMX CHJI JIMHEIHO
nepopmMupyeMoOl KOHCTPYKIUU
[Ipu nedopmManu cTep>KHEBOM KOHCTPYKLMH HApPALY C BHEIIHUMHU CHIIAMH
COBEPILIAIOT padOTy U BHYTPEHHHUE CUJIbl. TaK KaKk BHYTPEHHHE CHJIBI OKa3bIBAIOT
COIPOTHBIIEHUE NeopMalid KOHCTPYKLUU MIPU €€ 3arpy’KeHUuH, To padoTa 3TUX
CWJI JUIsl TMHEWHO JedOopMHUpPYEeMbIX CHCTEM BCerjaa OoTpuliarelibHa. BHyTpeHHUE
CWIbl TaK €, KaK ¥ BHEUIHUE CHJIbI, MOTYT COBEpIIATh JCHCTBUTEIBHYIO H

BO3MOXXHYIO paboTy.
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4.5 AHaanTn4yeckas (popMa onpeeseHus nepeMenieHni
B IVIOCKHMX CTEPKHEBbIX KOHCTPYKIUAX
OT NPOM3BOJILHBIX BHELIHUX BO3eiCTBUI

B ocHoBe anamutuyeckoil (QOpMBI OMpeAeNeHUs TMepeMEIICHU B
ne(pOpMUPYEMBIX CHUCTEMAX JIEKUT MPUHLUI GOZMOMNCHHIX HepeMeujeHull.
Coenacrno smomy npunyuny, eciu oOegopmupyemas cucmema HAXOOUMCs 6
pasHogecuu, mo cymma pabom ecex O0eucmeyowux Cuil, 6KIYaAs U 6HYMpPeHHUE
CUIbl, HA BO3MOJCHLIX NepPeMEeuwjeHUsIx CUcmemvl Om NOJ0INCEHUS PABHOBECUSs
PaGHAEmCA HYTIIO.

Bosmooxcnvimu  nepemewenusmu  1eopMuUpyeMON CUCTEMBI Ha3bIBAIOTCS
BOOOpakaeMble OECKOHEYHO MaJjble MEPEMELIEHUs, KOTOpbIE JOIMYyCKAITCs
HaJIO)KCHHBIMU ~ CBSI3SIMM  CHUCTEMBL. TaK Kak pacCMaTpuBAacMbI€ IUIOCKHE
CTEpKHEBbIE KOHCTPYKIIMH SIBIISIOTCA JIMHEHHO AePOPMUPYEMBIMUA CUCTEMaMH, TO
JUIsL
HUX, BBHUJAY JIMHEMHOM 3aBUCHMOCTH MEXAY IEPEMENICHUSIMU W BHEIIHUMU
BO3/JICHCTBUSIMHM, BO3MOXXHBIMU TI€PEMEILECHUSMU SIBJISIIOTCS  JIIOObIE  Masble

KOHCYHBIC IIEPEMCIICHNU A, KOTOPBIC MOT'YT BOSHHUKATL B KOHCTPYKIHH.

4.6 Hexoropslie TeopeMbl 0 NiepeMeleHUusIX
B JIMHEWHO Ae()OPMUPYEMbIX KOHCTPYKUUAX
[lepemenieHus, BO3HUKAIOMIME B TMHEHHO AeDOPMHUPYEMBIX KOHCTPYKLIMSIX,
YAOBIETBOPSIIOT PsIIy TEOPEM, OTPAKAIOMIMX CYIIECTBEHHbIE OCOOEHHOCTU
nedopMUpPOBaHUS TaKUX KOHCTPYKIMi. OCHOBOMoOJIaraoliee 3HaueHue CpeIu HuX
MMeEEeT TeopeMa O B3aMMHOCTH pabOT M BBITEKAIOUIEE U3 HEE CJIEICTBHE - TEOpEMa
O B3aUMHOCTH IT€PEMELIEHUM.
JUIsi BBIACHEHHS CYTH MW JI0KAa3aTENbCTBA O3THUX TEOPEM PACCMOTPHUM
NPOU3BOJIBHYIO  JIMHEMHO  J1eOpMUPYEMYIO  CTEPKHEBYIO  KOHCTPYKIIMIO,
Harpy>XeHHYI0 JIByMsi 000OmeHHbIMU cuiamu P; u Py, Takyro KOHCTPYKITUIO

YCIOBHO M300pa3uM B Buje Tmpoctor Oanku (puc. 13, a). Iloxg neiictBuem
22



OPUJIOKEHHBIX CHJI KOHCTPYKIHUS JnedhopMHUpYyeTCs, M B HEH BO3HHKAIOT

COOTBETCTBYIOIIME 3TUM CUJIaM TOJIHBIEC iepeMenieHus A, u A, (puc. 13, 0).

a) IE l}’:

reY 5.

6)

Puc. 13

4.6.1 Teopema 0 B3auMHOCTH padoT

[Ipu HarpyX€HUH KOHCTPYKUIHUHM BO3MOXHBI JIBE IMOCJIEA0BATEILHOCTH
CTaTUYECKOTO MPUIIOKEHHUS CHUII.

B oagHoMm cnyuae cHavasia mpuKJaabIBaeTcs cuia Pj, a 3aTeM mpoucXOAuT
JOTPYKEHHE KOHCTPYKIUU CUIION Py : B X0J/i€ NOrpyKeHus cuia P He uamensiercs.

B npyrom ciiyyae cHauana npukiajbiBaeTcs cuia Py, a 3aT€M MPOUCXOAUT
JIOTPYKEHHE KOHCTPYKIIUU CHiIon P;: B Xoe norpyxeHus cuia Py He U3MEHSETCs.
OnpenenuM BeIMYUHY paOOTHI, MPOU3BOJAMMON BHEIIHUMHU CHJIAMH B MpPOIECCE
nehopMUPOBaHUSI KOHCTPYKIIUU TSI 00EUX CXEM HarpyKeHHSI.

B mnepBom ciydae ot gnedctBus cuibl  Pj, BO3HHMKAaeT COOCTBEHHOE

IepEMELICHUE Ay (puc. 14, a), 1 Ha ATOM MEPEMEIICHUH CuUJa COBEPIIAET

1
JCWCTBUTENBHYIO PabOTy > RA;i -
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o)

Puc. 14

[Ipu nononHUTENHOM Ae(OPMHUPOBAHUN KOHCTPYKIUHU CUJION Py BO3HUKAET

coOcTBeHHOe Tepememenne A, U cooTBeTCTByIomee cuiae P; mo6odroe
MepeMeIICHUE Aik (puc. 14, 6). Ha »sTux mnepeMmemnieHusxX CHIIBI COBEpIIAT,

1
COOTBETCTBEHHO, JICHCTBUTENLHYIO pad0Ty — B Ayl ¥ BO3MOXKHYIO padoty BA;. .
Yo p y 5 kk Yo p Y RAjk

Torna monHasi paboTa, COBEpIIEHHAs CUJIaMHU TPU MEPBOUA CXEME HarpyKeHus,

OIMCBHIBAETCS BBIPAKECHUEM
1, |
2 2

Bo BTOopoMm ciiydae cHauana mpwioxum cuiny Py [lpu nedopmupoBanuu

KOHCTPYKIMH BO3HUKHET coOcTBeHHoe mnepememenue A, (puc. 15, a), Ha

. 1
KOTOPOM CHJIa COBEPIINT ACHCTBUTEIBHYIO PA0OTy 5 PcAkk-

@)
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Puc. 15

IIpn norpyXKeHWHM KOHCTPYKLUHH CWJIOW Py JTONOJHUTEIBHO BO3HUKHYT

COOCTBEHHOEC MMCPCMCIICHUC Akk 1 1moOOYHOE MEPCMCIICHUC Aki . Ha »Tux

NEPCMCIICHUAX CHJIBI COBCPIIAT, COOTBCTCTBCHHO, I[GﬁCTBPITGJH)HYI'O pa60Ty

1
EP'A“ U BO3MOXHYI padoTy B Ayj. Torna monnas paboTra BHEHNIHMX CHJI IIpU

BTOpOﬁ CXCMC HAI'py>XCHHUA OIIMCBIBACTCA BBIPAKCHHUCM

Ay = lﬁﬂﬂ- + % FA; + By

B cBsa3u ¢ Tem, 4YTro paccMmaTpuBaeTcs JUHEHHO JedopMmupyemas
KOHCTPYKIIUS, TO €€ KOHEYHOE JAe(hOpPMUPOBAHHOE OUEpPTAHUE U, CIIEIOBATEIIBHO,
NOTEHIMAIbHAS JHEprusi nedopmaliii HE 3aBUCSAT OT CXEMbl HarpyXeHUs
KOHCTpyKIMu. I[loaToMy B 000MX ciydasX Ha HaKOIUJICHWE MOTEHIMAIbHOU
sHEepruu AedopMalii KOHCTPYKIIMH 3aTpadyeHa OJIMHAKoBasi pab0oTa BHEITHUX CHUJI.

A=A,
Orcrona crnenyer
PA = Py, (15)

[Tonyuennoe cootHomieHue (15) oTpaxaeT CyTh TEOPEMbI O B3aMMHOCTH
pabot, KoTopas GOopMyIHpYyETCs CIEAYIOmUM o0pa3oMm: Bosmooxcnas paboma
BHEWHUX CUN 1-M020 COCMOSAHUSL KOHCIMPYKYUU HA NepeMeueHUsX, Gbl36aAHHbIX
BHEWHUMU cunamu k-moeo cocmosiHus, pasHaemcs 603MOHNCHOU pabome GHeuHUX
cun k-moeo cocmosiHusi KOHCMPYKYUU HA NepeMeuyeHUsx, Gbl36AHHbIX GHEUIHUMU

cunamu 1-mozo cocmosiHus.

4.6.2 TeopeMa 0 B3aUMHOCTH NepeMelleHn i
ITockonpky paccMaTpuBaeTCsl JIMHEWHO Aepopmupyemas KOHCTPYKLUS, TO
noOouHble MepeMenieHus A,. U A, Bxoasmue B (15), onuceBaroTCS
CIICAYIOIIMMHU JTMHEHHBIMU COOTHOLICHUSIMU:
Ay = Fi0is Ay = By (16)

[ToxcraBum cootHomenwus (16) B (15):
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H}iaﬁ‘:fﬁﬂﬁh

HOCJIe COKPAIICHUS TOTYYUM
Sy =8y, (17)
N3 cootHomeHust (4.57), OTpa)KkaroIIEro CyTh TEOPEMBI O B3aUMHOCTH
nepeMeIeH, CIeayeT, YTO n0OOYHble eOUHUYHbBIE NepeMeuyeHUss KOHCMPYKYUU C
PA3IUUHbLIM  NOPAOKOM  PACNONONCEHUS OOUHAKOBBIX UHOEKCO8 PAGHbl MeHCOY

coboll.

4.7 OnpeneJieHue nepeMeieHn

B IINIOCKHX CTEPKHEBLIX CUCTEMaAX

4.7.1 Metoa onpeae/ieHUs nmepeMenieHui

[Ton peiicTBueM BHEUIHEW Harpy3ku W Apyrux (QakTopoB (M3MEHEHHE
TEMIIEpaTypbl, CMELIEHUS OIOp, HETOYHOCTH M3TOTOBJICHUS KOHCTPYKLIHA)
coopyxeHus nedopmupyrorcs. Bece wim moutu Bce ero cedyeHus (TOUKH, Y3JIbl)
3aHMMAalOT HOBBIE NOJIOKEHUS. VI3MeHeHHue MmonokeHus J00i TOYKU (CeueHus)
Ha3bIBAETCS MEPEMELIEHUEM. Y MEHUE ONPEENATh NepeMenieHrs] He0OX0IUMO He
TOJBKO JUIsI OLIEHKM J>KECTKOCTH COOPYXKEHHHM, HO M Ui pacuera CTaTUYECKU
HEOIPEAECIUMBIX CHCTEM.

JluHenHbIe U YIIIOBBIE NEPEMEIICHUS] CEYCHUM B paMax MOKHO HaXOIUTh
Pa3TUYHBIMH CTIOCOOAMH.

OmMH M3 OCHOBHBIX, CaMbld PACHPOCTPAHECHHBI W MPOCTOM METOJ,
3aKJIIOYAETCsl B MCIOJIb30BAaHUM YHUBEPCATbHOU (popmynsl uHTErpasia Makcsesuia
- Mopa, no3BOJSIONIEN ONPENEIUTh Majble IEPEMEILICHNS] CEYEHN OT HArpy3KH,
cMenIeHus onop (y3710B) KOHCTPYKIIMH U OT TEMIEPATYPHOrO BO3/IECHCTBUSI.

Ilpu onpedenenuu nepemewieHuil HYJNCHO paccmampueamsv 064
COCMOAHUA CMEPIHCHEGOIl CUCMEMbl: nepeoe - OelicmeumenbHoe cOCmoAHUe,

3aeucauiee om 6Heuilnezco eo30eﬁcmeu;l, u eémopoe e6cnomozameiibHoe
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(¢puxkmuenoe) noo oeilicmeuem eOUHUYHOU CUIBL UTU MOMEHMA, HPUTIOHCEHHBIX
N0 HANPAGIEHUI0 UCKOMO20 nepemMeuieHusl.

/Jlna onpedenenun 63auMHO20 CMeuieHUA MOYEK WU NOGOPOMA CedeHull
60 6CHOMO2AMENbHOM coCmoanuu Heo0x00umMo NPUIOIHCUMD
NPOMUBONOSIONCHO HANPAGIEHHbIE eOUHUYHbIE CUNbL WU MOMEHMbL NO

HANRPAGIeHUIO UCKOMO20 nepemeuiernu.

4.7.2 ®opmyaa Mopa 1iisi onpeeeHUs epeMellleHnH 0T HATPY3KHU
PaccmotpuMm Ba cocTossHUS yHpyrol cucteMbl. OTHO U3 HUX — cocTtosHue f,
B KOTOPOM JCHCTBYET 3ajJaHHas Harpy3ka (puc. 16, a), Apyroe - COCTOSHHC |

(puc. 16, 6), B KOTOPOM II0 HAIpPaBJICHHIO HEKOTOPOTO MEpEeMENIeHUs A; OT

3a/IaHHOM Harpy3KH MpUJIOKeHa cuia P =1. M3 TeopeMbl 0 B3aMMHOCTH paboT H

1
NPUHIKANA BO3MOXKHBIX TepeMelleHuit, nomy4yaroT Gopmyny Mopa s

OIpEENICHHS IEPEMEILICHUN OT Harpy3KHu:

jww s e fu 00.ds J..-ﬂ,-ds
GA EA (18).

JIJ1s1 BBIYUCIICHUS:

1) onpenenstor BHyTpeHuue ycuaus M, Q, N oT 3a1aHHO# HArpy3KH;

2) 10 HampaBJICHUIO MCKOMOTO MEPEMEIIECHUS MPHUKIAJbIBAIOT SIUHUIHYIO
00001IeHHY0 cry P =1;

3) HaxoaaT BHyTpeHHHE yCHiaust M,Q,N — OT eTMHHYHOMN CHIIBI;

4) MOACTaBIAIOT BBIPAXKCHHUS YCHIMH B ¢dopMyily Mopa W BBIYHCIISIOT
nepeMeIeHue.

[Ipu pacuere Oanok W paM BIMSHUEM TIOMEPEYHBIX W MPOJIOTHHBIX

nedopMmanuii Ha epemerieHrst OObIYHO MpeHeOperaroT.

4.7.3 TexHuka onpejaejeHus nepeMenieHuil B 13rudaeMbIX CHCTEMAax
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Boiuncnenne uHTerpasioB B mnpaBoi vactu (18) B psae ciaydyaeB MOMKHO

3aMEHUTH TepeMHOokeHueM smop M u M, mo npasuny Bepemarubna wimm 1mo
dbopmyne CumriicoHa.

IIpasuno Bepewaeuna 3akitodaercs B TOM, YTO UHTETpaji OT MPOU3BEICHUS
IByX (pyHKUMN, OIHA W3 KOTOPHIX Jto0as, a apyras JIMHEWHA, paseH niowaol,
02PAHUYEHHOL NPOU3BOJILHOU (DYHKYUEl, VMHONCEHHOU HA OpOUHAmMY JUHEUHOU

@yHKYUU, 83MOT NOO YyeHmpom msiicecmu dmoul naouiaou (puc. 16):

A:MFﬁ:myC_
EIl El
q
IRENEERERENEN
2 12
l
LT L
a L1 T b on. Mg
e
LT e
Yo g d
Puc. 16

Jl1st puryp, y KOTOPBIX CIIOKHO HAWTH TUIOIIAIb U IIEHTP TSKECTH, MOKHO

MPUMEHUTH pa3BepHYTYIO (hopmyiy Bepemnaruna:

MM I
A=—fE—= Eac'+2hd+ad+hﬁiq—|c*+d| .
El 6ET 4

B atoii popmyne B ckoOkax MepBbIC JIBa CIaraeMbIX MPEJICTABISIOT cOO0M

YABOEHHBIE MPOU3BECHNS COOTBETCTBYIOIIMX OPAMHAT TpauKOB APYT HA Jpyra -

JIEBOM OpAMHATHI 311. M Ha JieByro opauHary s1n. M u npaBoit opauHatel o, Mg

Ha npaByro opauHary o1 M . Crenyromuie aBa ciaraeMbix — MPOM3BEIECHHS
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OpAMHAT KpECT-Ha-KpecT, T.€. JIEBOM OpAMHATBl TI'PYy30BOM 3IIOPHI Ha MPABYIO
OpAMHATY, B3ATYI0 U3 €AUHUYHOM, U HaoOopoT. [IpousBenenus opauHar Oepyrcs
CO 3HAaKOM IUIIOC, €CIIA MEPEMHOYKAEMbI€ OPJUHATHI JIEKAT MO OAHY CTOPOHY OT
ocu. Ecnm ke OHM JeXaT MO pa3Hble CTOPOHBI OT OCH, MPUYEM COBEPIIECHHO
HEBAXKHO, KaKasi U3 HUX CBEpXY, a Kakasi CHU3Y, POU3Be/IeHUE OEepeTcsi CO 3HAKOM
MHUHYC.

Jlanee B 31Ol (hopmysie ciaeayeT ciaraemoe, 3aBUCSIee OT MHTEHCUBHOCTH
pacnpenenieHHol Harpy3ku (. [lepea HUM 3HAK BHIOMpAETCs CIEIYIONIMM 00pa3oM:
OpAMHATHI @ U D Ha rpy30BOH SIIOPE MBICICHHO COCIUHUM IPSMOW JIMHUEH (Ha
puc. 16 sta nuMHHMA TOKa3aHa NYHKTUpoM). Eciam kpuBoiuHeilHas 100aBKa
pacnosiokKeHa OT CHPAMIIAIOLICH JIMHUM C TOW K€ CTOPOHBI, YTO W CEPEAMHHOE
3HAQYCHUE Ha EIUHUYHOU SMIope OT cBoel ocu (00a cBepxy WM 00a CHU3Y),
Oepertcs 3HaK uttoc. Eciu »e oHu jexaT 1o pa3Hble CTOPOHBI — 3HaK MUHYC.

[IpaBuno BepemarnHa ygoOHO MpU MEPEMHOXKEHUHM HPSIMOYTOJBHBIX U
TPEYTOJIbHBIX JITIOP.

Dopmyny Cumncona MOXKHO HUCHOJIb30BaTh, €CIU OJHA U3 (PYHKUMUH MOJ
WHTETpaJOM HE CJIOKHEE KBaJpaTHON mapaloibl, a Jpyras JduHeWHa. Tocoa
UHmMezpan pageH cymMme npou3ee0eHull 1eablx OpoOUHam miop, NPAagvlx OpoOUHAmM U
YuemeepeHHo20 Npou3eeoeHuUsi CpeoHUX, VYMHOJICEHHOU HaA ONIUHY Y4acmKd U

nooenénnou Ha 6 (wecmy):

MM 1
A=—f—=—(ac+4eg+bd).
El 6E1

®opmyna CuUMICOHa MPUMEHSIETCS ISl MEPEMHOXKEHHUST OoJee CIIOKHBIX
SMIOP, TUIA TPANICIIMK Ha TPAMNEIHIO.

3nech B ckoOKax IMepBOE M MOCJEAHEE claraemble MPEACTABISIIOT COO0M
MPOU3BEACHUS COOTBETCTBYIOIIMX TPAHUYHBIX OpJUHAT  TEPEMHOKAEMBIX
rpadukoB (cM. puc.16). Bropoe crmaraemoe — 3TO y4eTBEpEHHOE MPOU3BEIICHUE
CpPEIHUX OpAUHAT.

PesynpTaT OynmeT MONOKWUTEIBHBIM, €CIIM LEHTP TSIKECTH KPUBOJIWHEHHOU

SMIOPHI U OPIMHATA YC B MPSIMOJIMHEINHOM 3MIOPE PACIIONIOKEHBI IO OJHY CTOPOHY
29



OT ocu crepkHs. Eciau ke OHM paclojioKeHbl MO pPa3HbIE CTOPOHBI OT OCH,
IIPOU3BEIEHUE OEPETCs CO 3HAKOM MHUHYC.

[Tnomanyu HEKOTOPBIX MPOCTEHIIMX (UIyp, a TaKKe KOOPAMHATHI HX
LEHTPOB TSHKECTH MPUBEIEHBI Ha puc. 17.

Onpenensss  NEpPEMEIIECHUs], CIEAYET IOMHUTB O TOM, 4YTO
NEPEMHOKEHHUE TPY30BOM M €JUHUYHON 3MIOp OyJIeT NMpeacTaBisTh cOOOU
CYMMY ITPOM3BEIEHUI COOTBETCTBYIOIIMX APYT IPYTy YYaCTKOB.

Ecin mnpu NEepeMHOKEHUU DBIIOp Mbl MOIYYHMM OTPULIATENIbHBIHN
pe3yJbTaT, 3T0 OyIeT 03HadaTh, YTO MCKOMOE IIEPEMEILEHUE HAIIPABJICHO B

IIPOTUBOIOJIOKHYIO CTOPOHY, YEM MPUIIOKEHHOE EAUHUYHOE BO3/ICUCTBHE.
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a [T 14 3
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Puc. 17

5. OnpenesieHne nepeMenieHNid 0T BHEIIHUX BO3/IeCTBUIA

5.1 OnpenesieHne JMHEHHOTO MepeMelleHUs

3aJJaHHOT0 CeYEeHHUsI paMbl OT NPHUJIOKEHHON HATPY3KH

[lpumep. Jas pambl, Toka3aHHOW Ha puc.l18, Ttpebyercs ompenenuTh

BEPTUKAIBHOE

nepeMeIneHne

mapHupa

C ot

MPUJIOKEHHON  Harpy3KH.

JKecTkocTHBIE mapameTpsl paMbl HMEIOT 3Ha4YeHus - E

1,=7080cM".

2 « 10° MIla u
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(.j' - 1 {] :'.E_.'rm

;

4E1 C  4E]

ZEI_ EI fi=Awm

A -dﬁ-@ ‘&3_‘“

0.5]=4m 0.5/ =4m

Puc. 18

1. Onpenensem onopHelie peakuuu (puc.19)

g= 10 }’.H;’Ir.(

;

ey
an

o 0Sl=4w  OSl=dw

Puc. 19

Jns  onpeneneHuss BEPTUKAIBHBIX COCTABIISIOIIMX OIOPHBIX PEaKUUN

COCTaBUM JIAA paMbl CYMMbI MOMCHTOB CHJI OTHOCHTCJIBHO JIEBOM

Y [PaBoOM
[ 1 1
S M, =0; -VB;+%-11=0; Vi =gl =10xH
oTIOp.

Jns onpeneneHuss TOPU3OHTAIBHBIX COCTABISIOIIUX OINOPHBIX PEaKIUN

COCTaBUM CYMMbl MOMCHTOB CHJI OTHOCUTCIIbHO TOYKHU C pIRIb: | JIEBOM 4acTH paMbIl
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a4, Iﬂ | LA[ 1@'[2
S ME =0; —H h+V,05-L.—1=0; H, =054 —-—L_—10xH

Y JUIsl IPAaBOM 4acCTH PaMbl

Vsl

S ME =0, Hyh=Vy050=0; Hy=05L-=10xH.

I[JISI IMPOBCPKHU IIPABHUIIBHOCTHU H&I?I,IICHHLIX COCTAaBJAIOIIUX  OIIOPHBIX

pEeaKui COCTAaBUM JUUI paMbl CyMMY ITPOEKIIMM CUJI HA OCH:

S y=0 VA—%!+VB =30-40+10=0

>x=0; H,—-Hz=10-10=0.

Jns paccMarpuBaeMoi paMbl MOXHO BbIIEIUTh 4 yuactka - AM, MC, CN,
NB. IlynktupHoii suHueld Ha puc. 20 0003HAYaAIOTCAd «OTMEYECHHBIE» BOJIOKHA
KQ)KJIOTO YYacCTKa paMbl.

[IpumenuM Metop cedyeHHwil Ha ydacTke AM W OTOPOCUM HUKHIOKO YacTh

pamsl (puc. 20).

M ————0 ———— N

o

I
Az

A

0.5 =4m i 0.5 =4m

| Ea

T

Puc. 20

HepeMeHHaﬂ X, onpcaciiromas IOJIOKCHUC CCUCHUA Ha YYACTKC, MOKCT

U3MEHATHCS B cleaytomeM uateppaie: 0 < x < 4 m.
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[TpuBOas BHELIHUE CHIIBI OTOPOILIEHHONW YacTH y4yacTKa K LEHTPY TSKECTH
NONEPEYHOT0 CEYEHUSI OCTABLICICS YACTH, MOJYYUM CIIECIYIOUIUME aHATUTHYECKUE
BBIPAKEHUS [ BHYTPEHHHUX YCUJIMN y4acTKa:

M =-H ;x=-10x;
Q=-H,=-10;
N=—VA =—30.

[Tpumenum metox ceueHuil Ha yyactke MC 1 0TOPOCUM JIEBYIO YaCTh paMbl
(puc. 21). [lepemenHas x, onpeaeisIomas MOJIOKEHUE CEUEHHS Ha YYACTKE, MOKET
M3MEHSATHCS B clienyroneM nareppaie: 0 < x < 4 m.

[TpuBOas BHELIHUE CUIIBI OTOPOLIEHHOM YacTH y4acTKa K LIEHTPY TAXKECTH
MOMNEPEYHOT0 CEYEHUSI OCTaBLICIHCS YACTH, MOJYYUM CIIECIYIOUIUE aHATUTHYECKUE

BBIPKEHMUS JIJI BHYTPEHHHUX YCHIIMM y4acTKa:

2
M=—HAk+V_4x—%=—4{}+30x—Sx2;

O=V,—gx=30-10x;

q:]OHHfM
T T

M — 00— N
J[;F C

|
I h= 4u
|
| ;
Y I H,
Faty
0.5] = 4m 0.5] = 4m

Puc. 21
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[Tpumenum Meron ceueHuid Ha yyactke CN ¥ 0OTOpOCHM MPaBYIO YacTh PaMbl
(puc. 22). [lepemenHas x, ONpeaesSIOmas MOJOKEHUE CEUEHHS Ha YYACTKE, MOKET

HU3MCHATHCA B CIICAYIOIICM MHTCPBAJIC: 0<x<4m.

wT

fil
p—

ih
oy

|

A

0.5/ = 4m | 0.5]=4m %

™

Puc. 22

[IpuBoAs BHELIHME CHJIBI OTOPOIIEHHOW YAaCTH Y4YacTKa K LIEHTPY TAXKECTH
MIONEPEYHOI0 CEYEHUSI OCTaBLICICS YacTH, MOJYYUM CIIEIYIOLIME aHAJTUTUYECKUE
BBIPQKEHHUS 111 BHYTPEHHUX YCHIIMM y4yacTKa:

M = —th + VBI= —40’+ le;
Q = _VB = —10;
N = _HB = —10

[Ipumenum meton cedeHuil Ha ydactke Ng ¥ OTOpOCMM HWXHIOIO YacTh

pamsl (puc. 23). [lepeMenHas x, onpeaesonas nojaoKeHNe CEUeHHsI Ha YYacTKe,

MOKET U3MEHATHCS B ClIeayroIeM uaTepBaiie: 0 < x < 4 m.
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HB

——

& N

0.5/ =4m I 0.5]1=4u

=1 Eal Pl

Puc. 23
IIpuBoas BHEIIHME CUIIBI OTOPOILIEHHOM YacTH ydacTKa K LIEHTPY TSKECTH
IONIEPEYHOIr0 CEYEHUS OCTABUICHCS YACTH, MOIYYHUM CIECAYIOIUE aHATUTUYECKHE
BBIPA)KCHUS 711 BHYTPEHHHUX YCUIMN y4acTKa:
M =—-H gzx=-10x;
O=Hy=10;
N =-Vz =-10.
ONnIopbl BHYTPEHHUX YCHJIMH PaMbl, IIOCTPOCHHBIE COIVIACHO IOJYYECHHBIM
aHAJIUTUYECKUM BblpaskeHUAM st M, Q u N Ha Kax10M ydyacTke, IPUBEJECHbI Ha

puc. 24.

4 m

[ 4w
40 40 0
. NN .
N L O NLLO [ ] o ] o 1 L
10 - =
o] @ o ©
. M (g xkHum) 10 9 Qe xH) 10 30 o N(exH)

Puc. 24
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3nfopa I/I3FH6aIOHII/IX MOMCHTOB I[CI\/'ICTBI/ITGJ'H)HOFO COCTOAHHUA HMMCECT BUA,

MOKa3aHHbIN Ha puc. 25, a

E3 T T3 g=101u

a) C T 6) =

: \ /(( :
2 2

. M (e xHw) an. B, (e M)

Puc. 25
BcmnomorartenbHOE €IUHHUYHOE COCTOSHHE, COOTBETCTBYIOIIEE HCKOMOMY
IEPEMEIIEHUIO, U €AMHUYHAS JIF0pa U3rMOAIONIMX MOMEHTOB IOKa3aHbl Ha PHLC.
25, 6.
Jliis ompeneiieHns BEPTUKAIBHOTO IepeMenieHus mapHupa C mepeMHOKUM

no mpaBuily BepemaruHa smoopbl M3THOAONIUX MOMEHTOB JEHCTBUTEIBHOTO U

BCIIOMOTaTEJIbHOTO COCTOSIHUM 3aJaHHOU paMbl

3
Al:i.l.4g.4.%.2+L. 1.40.4.1.2_M.l.2 .,.1.4{}.4.1.2 +
2EI 2 3 4ET (|2 2 12 2 2 2
L-1-40-4-2-2=186’?.
EI 2 3 El

YucnoBoe 3HAUCHUE UCKOMOT'O MNCPCMCIICHU A

1867 186,7

A - 8 -8
El 2-10°-7080-10

=0,013m.
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5.2 OnpeneJsieHue nepeMerieHUst
OT TEMIIEPATYPHOI0 BO3AeHCTBUSA

Ilox TemmeparypHbIM BO3JCHCTBHEM IIOHUMAETCS BIMSHUE W3MEHEHUS
TEMIIEPATYPbl CTEPKHEW KOHCTPYKIMH 110 OTHOLIEHHWIO K HA4YaJlbHOW, T.€.
MMEBIIIEH MECTO IIPU BO3BEACHUM COOPYXKEHUs. TeMIiepaTypHOE BO3JEHCTBHE B
COOPYKEHHUAX IMPUBOAAT K NEPEMEIICHUsAM, HE BBbI3bIBas BHYTPEHHUX YCWINN B
CTaTUYECKU omnpeAenuMblx cucremax. CTepKHM B TaKMX KOHCTPYKIMSAX
YIIUHSIOTCA (YKOpauMBarOTCs) M HCKpUBIAIOTCA. BenenactBue 3Toro cedeHwus
AJIEMEHTOB  COOPYXKEHHA  MOCTYNaTeNbHO  MepeMelarorcs  (JIMHEWHbIe
NEepPEMEIICHHS) U TOBOPAUNUBAIOTCS (YIJIOBBIE TEPEMEIICHMUS).

TemnepaTypHOoe BO3JEHCTBHE HA CTEPKHU KOHCTPYKIMH  OOBIYHO
XapakTepu3yeTcsl  JBYMS  HE3aBUCHMBIMM  BEJIIMYMHAMHU -  BHYTPEHHEU
TeMIeparypon t, 1 Hapy»KHOU TemMneparypoi t, ¥ 3aBUCUMOMN OT HUX BEJIMYMHOU -
TeMriepaTypoil Ha ocu t,. BHyTpeHHell TemmeparTypoill Bcerma cumraercs Ooliee
BBICOKAs TEMITEpaTypa

t, >t

[losTOMy BHYTpEHHsIs TeMIepaTypa HE BCEra COBIALACT C TEMIIEPATYPOU
BHYTPH KOHTYpa KOHCTPYKIIMH.

Hanpumep, ecnu temnepatypa BHyTpH KOHTypa pamsbl paBHsercs -25°C, a
cHapyxHu - +15°C, To B aToM ciyyae t, =+15°C, at,=-25 °C.

BrIpa3uMm npupaiieHue temnepaTypsl B IPOU3BOJIBHON TOYKE KOHCTPYKLIHUH
Atuepe3 t,u t,.

IIoCKOJIBKY TEMIIEpATYPHBIE N3MEHEHUS B KOHCTPYKIUHU IIPOUCXOAAT C TOTO
MOMEHTa, KaK 3aBEepIIeH MOHTaX KOHCTPYKIMH, TO BEIUYMHY At Oyaem
ONPENEIATh M0 OTHOLICHUIO K TEMIIEPATYPE 3aBEPIICHUS MOHTaXXa KOHCTPYKIIUH.

Taxkast TemIIepaTypa Ha3bIBaeTCSs TEMIIEPATYPOH 3aMBIKAHNS t,

BYI[CM CUUTaTb, 4TO HM3MCHCHHC TCMIICPATYPLI IO BBICOTC ITOIICPCUYHOTO

CCUHCHUA HCKOTOPOI'O CTCPKHSA KOHCTPYKIHH IMPOUCXOIUT I10 J'II/IHCI\/JIHOMy 3dKOHY

(puc. 26, a).
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CuuraeM, 4TO C€YEHUE OTHECEHO K IVIABHBIM LIEHTPAJIbHBIM OCSIM MHEPLUU.
[Ipupamenuns TEMIIEPATYPBI B Tpex XapaKTEePHBIX TOYKaX
paccMaTpuBaeMOr0 CEYEHHUs CBS3aHbl C TEMIIEPATYPOU 3aMBIKAHMS CIIELYIOLIUMU
COOTHOILICHUSMU:
At,=t,—t,; At, =t —t,. At, =t,—t,,
a rpaduk, ONMMCHIBAIOIIMN M3MEHEHHE BEIMYMHBI At 110 BBICOTE IONEPEUHOTrO

cedeHwus, uMeeT Buj Tpareuuu (puc. 26, 0). CKOpocTh U3MEHEHUS MpPUpAIICHUS

TEMIIEPATYPBHI 10 BBICOTE MONEPEYHOTO CEYEHMSI OIpeensIeTcs o GpopmyIe
_ At —At,
h

Ecnun HCHTP TAKCCTH CCUCHHA HAXOOUTCA Ha IMOJOBHHC BBICOTBI CTCPIKHA,

At'

TO TIEPEMENICHUS OT TEeMIIEPATyPHOTO BO3JCHCTBUS BBIYHUCIAIOTCS MO (popmyiie
Makcgemna — Mopa:
Ay =2a M, oy +2a- Ao,
rae @ Kod(pPuUIMEeHT TeMIepaTypHOro paciiupeHus: MaTepraia;
@, — TUIOIAb SMIOPHI MPOJOIBHBIX CHJI HA YYaCTKE CTEpPXKHS B
CIMHUYHOM COCTOSIHUHM CHCTEMBI;
o, — TUIOUIaJb SMIOPHl M3THOAIOUIMX MOMEHTOB Ha YYacTKe
CTEP>KHS B €IMHUYHOM COCTOSTHUU CHUCTEMBI.
3HaK CyMMBI B JTOW (QopMylie pacnpoCTpaHsSeTCS Ha BCE CTEP)KHH,
MIOJIBEPTHYTHIC TEIJIOBOMY BO3/ICHCTBHIO.
3HaKyU cliaraeMbIX OMPENeNsioTCs cleayronmm oopasom: t, u N Gepyres co

CBOMMH 3HAaKaMH, HPOHU3BCIACHUEC At’-a)M MIOJIOKUTEIBHO, €CJIM HM3TMOaroIui

39



MOMEHT OT €IMHUYHOW HATrpy3KH PACTATHBAET HA ydacTKe Opyca T€ K€ BOJOKHA,
KOTOPBIE YIUTMHSIOTCS OT TEMIIEPATYPHOTO BO3JACHCTBHUS, COOTBETCTBYIOMIETO At .
[Tpumep. Jlns pambl, MOKa3aHHON Ha pHUC. 27, ONPEICIUTh BEPTHUKAIBHOE
nepemernierre mapaupa C OT TeMIepaTypHOTO BO3JIECUCTBHS CO CICIYIOITUMHU
napamerpamu: t, =+17°C, a t, = -10 °C, t, =0°C. KoadduiueHt nuHEHHOTO
pacIIMpeHusl MaTepraia paMbl o =1,18-107. [lonepedHoe cedeHUE BCeX IEMEHTOB

pamsl - 1ByTaBp Ne 30.

Q

Er C El

0.5/ =4m 0.5/ =4m

Puc. 27
[TockonbKy mapamMeTpbl TEMIIEPATYPHOTO BO3ACHCTBUSA JJIs1 BCEX DJIEMEHTOB
paMbl OJMHAKOBBI, TO IIPHUPAIICHUA TCMIICPATYP MJII HUX IIPUHHUMAIOT CJIICOYIOIIHNC
3HAUYCHUA.
At, =t,—t,=-10°C,
At, =t —t,=+17"C.
C yd4eToM paBEHCTBAa BBICOT MOMEPEUYHBIX CEYEHUH M HX CHUMMETPHH,

YACIBHBIN TEMIIEPATYPHBIN Iepenan At' u IpUpalieHue TeMIepaTypsl Ha OCU At

AJIs1 BCEX paMHBIX 3JICMCHTOB IIPUHHUMAIOT CIICAYIOINNEC 3HAUYCHHA:
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A= At = AL =17—(—10)=90,JC/M’
h 0,3
AL =Arg;mH =17+(_10)=3,5°C.

BcnomorarensHO€ COCTOSIHHE XapaKTCPU3YCTCA ISIIIOpaMHu Ml u N1

(puc. 28).

2M2
2 ST TTO] 1]

—
P
L

L)
p—
=~
I
|

N1

[ T IOf |

N EEEECE

£
b

)
ol

Puc. 28

JUia onpezeseHuss UICKOMOIO IEPEMELICHHsI IEPEMHOXKHUM 3Ha4Y€HUE At,CO

3HAYCHUSIMHU TUIOIIaAeH »mop Mi, U 3HaueHueM At co 3HaueHusMH 3iop Nj.
A, = a(—%-2-4-90-4—3,5-4-1.5-4J — —1,524-10°.

501041

Ay =a-1,524-10° ==1,18-107 -1,524-10° =-0,018 M.

5.3 OnpenesieHne nepeMeieHU 0T OCAAKHU OMOP
dopMmyna myig  ompenereHus TMepeMeleHud OT ocaaku omnop (KUiu
HETOYHOCTH M3TOTOBJICHHUS) B CTEP)KHEBBIX CHUCTEMaxX BBIBOJUTCS Ha OCHOBaHUU
MPUHITMIIA BO3MOXHBIX TEpeMeNieHnil. 3amucaB padoTy CWJI «EIUHHUYHOTO»
COCTOSIHUSI Ha MEPEMEIIICHUSAX 3aJJTAaHHOTO COCTOSIHUS, TTOJTy4aeM
Ac=-2R; ¢ (19)
B aroit popmyre: A -HCKOMOE IIEpEMEIIECHUE KaKOM-IMO0 TOUKH (CEeUeHUs)

B 3aJaHHOM HampapjieHuu i, R, peakuus B J-H cBsf3u, KOTOpas BO3HMKAeT OT

JEUCTBUS EOUHUYHOM HArpy3kH, IPUJIOKEHHOM B HAIPABICHUM MCKOMOIO
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nepeMeIleHns; C, -33JaHHOe CMelleHue j-H cBsasu (omopsl). UYeM BHI3BAHO 3TO
CMEIICHUE HE UMEET 3HAUCHMUSI.
IIpoussenenne  R;-C,IONOXKUTENBHO, €CIM  pEakUMd R,M  3aJaHHOE

CMCHICHUC OIIOPbI CJ- COBITAJAalOT I10 HAIIPABJICHUIO.

[Ipumep. Jns pambl, mokazaHHON Ha puC. 29, ONpeneauTh BEpTUKAIBHOE
nepemenieHre mapHupa C OT rOpU30HTAIBHOIO CMEIIEHHS ONMOpbl A BJIEBO Ha

BEJIMYMHY 15cM.

8]

h=4u

015w 0.5/=4u  0.5]/=4u

A - 1

Puc. 29
JelicTBuTensHOE cocTosiHME pambl (puc. 30, a), Tie CMEIeHus! Omop MOTYT
MPOUCXOJNTHh IO YETBIPEM HAIPaBJICHUSAM, XapaKTEPHU3YEeTCS CIECIYIONAMU
3HAYCHUSMHU:
cit=15cem,¢,=0,¢c3=0,¢c,=0.
BcnomorarensHoe cocrosaue pambl  (puc. 30, 0) xapakTepusyeTcs
CIMHUYHBIMU OTIOPHBIMH PEAKIIUSIMU

R,=-0,5R,,=0,5R,=0,5R, =0,5,
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2 4
1 3 Rz1 T Ri1 Rz=1 TRM

Puc. 30

Torz[a YHUCJIOBOC 3HAYCHUC NCKOMOTI'O IICPEMCIIICHUSA PABHACTCS

4

Ac=-XR;-¢, =—(~0,5)-0,15=0,075m
j=1

6. Boinostnenue pacuyeros Ha [IK

PacueTrsl BBINOIHAIOTCS B COOTBETCTBUN C MHCTPYKLIMEN, TPEACTABICHHON B

5, 6].
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