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TekcT JeKkuil
1. Ilpeamer i 3aBIaHHS ONIOPY MaTepiaJliB.

Omip MeTamiB € OJHUM 3 PO3JILIIB MEXaHIKH peajbHOro TBEPAOrO Tijla, 31aTHOTO
nehopMyBaTHCS TiJ BIUIMBOM TNPHUKIAJACHUX O HBOTO 30BHINIHIX  CHII
(HaBaHTaXXEHB ).

Ha BigmiHy Bii TEOpETHYHOI MEXaHIKH, B SKI{ Tila BBaXKalOTbCS aOCOJIOTHO
TBEPJMMH, B OTIOP1 MaTepiajiiB OCHOBHA yBara MpuILIS€TbCS BUBUYCHHIO Jiepopmariiit
peaJbHUX TII.

[IpakThka moOKa3zye, MO BCl YaCTUHU KOHCTPYKIIA MiJ Ji€l0 HaBaHTa)KCHb
nehopMyIOThCsi, TOOTO 3MIHIOIOTH CBOIO (hOpPMY 1 PO3MIpH, a B JICSIKUX BHIaJKaXxX
B1/I0YyBA€THCSl PYHHYBaHHS KOHCTPYKIIIi.

Omnip MarepiajiB — 11e HayKka, sika BUBYA€ 1HXKEHEPHI METOJM PO3PAaXyHKIB HA
MIIHICTb, KOPCTKICTh Ta CTIHKICTh €IEMEHTIB MaIlIUH Ta CIIOPYI. .

MinHICTIO HAa3UBA€ThCS 37aTHICTH MaTepiaiiB KOHCTPYKIM 1 iX €JIEMEHTIB
YUHUTHU OIIP 30BHIIIHIM CHUJIaM, HE PYHHYIOUUCH.

Po3paxyHku Ha MILHICTh JAIOTh MOXJIMBICTh BU3HAUUTH (POPMY 1 PO3MIpH
JeTaneu, sKI BUTPUMAIOTh 3a/JaHE€ HABAaHTAXXEHHS IpU HaWMEHIIIA BUTPATI
Marepiais.

[Tin sKOpCTKICTIO PO3YMIE€THCS 3/IaTHICTHh TiJIa a00 KOHCTPYKIli YMHUTH OIIp
YTBOPEHHIO JIepOopMalliii.

VY Oaratbox BHMaJKax BEMHYHMHY aedopmalliid, He3BaKaroud Ha iX MalliCTh,
MPUXOIUTHCS OOMEXYBAaTH, TOMY IO B CYNPOTUBHOMY BHUIIQJKy HOpPMaJbHA
eKCIUTyaTarlisi KOHCTPYKIIT MOXKE CTaTh HEMOXJIMBOW. Hampukian, npu MexaHiuyHINA
o0poO11i eTani Ha CTAaHKY BHACHIIOK Aedopmarlii caMoi JeTalli 1 eIEMEHTIB CTaHKa
MO3K€e BIIOYTHUCS 3HIKEHHSI TOYHOCTI 0OPOOKH, 1110 HE TIPUITYCTUMO.

Po3paxyHku Ha >KOpPCTKICTb TapaHTyIOTh, M0 3MiHM (OpMH 1 pPO3MIpIB
KOHCTPYKIIH 1 iX €JIEMEHTIB HE MEePEBUILATH JOMYCTUMHUX HOPM.

[Tix cTilikicTIO pO3yMi€TbCA 3AATHICTh KOHCTPYKIII YMHUTH OMIp CUiaM, SIKi
MIparHyTh BUBECTH ii 13 TOYATKOBOTO CTaHy PIBHOBAIH.

MoxHa ckazaTu, W10 piBHOBara e€JeMeHTa CTiiKa, SKI0 Majaiid 3MiHi
HaBaHTAXXEHHsI BIJINOBiIa€ Maya 3MiHa Aedopmallii 1, HaBIMaKy, piIBHOBara HECTINKa,
AKII0O OOMEXEHH TMPUPICT HABAHTAXEHHS BHUKJINKAE HEOOMEXKEHUN MPUPICT
nedopmarrii.

Po3paxyHku Ha CTIHKICTH 3amoOiraroTh pamToOBiii BTpaTi CTIMKOCTI 1
CKPHUBJICHHIO JIOBIUX 200 TOHKHX JETaJICH.

Ha mpaktuii B OUIBIIOCTI  BUIMANKIB TPUXOAUTHCS MaTH CHOpaBy 3
KOHCTPYKITISIMA CKJIATHOT (OpMHU, OKpeMi €JNeMEHTH SKHUX MOHa 3BECTH [0
HACTYITHUX HAWMPOCTININX TUIIIB:



1. Bpyc — Tino, y skoro aBa po3Mipu
Maii B TMOpiBHSAHHI 3 TperiMm (puc.l,a). B
a MOOJMHOKOMY BHIIAJKy Opyc MOXe Matu
MOCTIMHY IJIONIy TOMEPEYHOro mepepizy 1
‘ NpsIMOJIiHINHY Bick. bpyc 3 mnpsMomniHiiHOIO
6 BICCIO YacTO HA3WBAIOTH cTepkHEM. Bich Opyca
— e JiHifA, fKa 3‘€qHy€ LEHTPH Barum Moro
nonepeyHux mnepepisi. [lnocka dirypa, sika mae
CBIM IIEHTp Baru Ha ocCl 1 MEPHEHAUKYISIPHA JI0
Hel, HAa3UBAETHCA H0ro nomnepeYHuM
nepepizom.
8 2. IInactuaka — TULIO, OOMEXEHE
JIBOMA IUIOCKMMM TOBEPXHSIMH, BIJICTaHb MIXK
AKMMHU MaJia y TMOPIBHAHHI 3 IHIIMMH PO3MipamMu
(puc.1,6).
3. O0ojloHKa — TUIO, OOMEXKEHE
JIBOMa KPUBOJIIHIMHUMU MOBEPXHSAMH, BiJICTaHb
MDK SKHUMH Majla y TMOpIBHSHHI 3 1HIIUMH
Puc. 1. po3mipamu (puc.l,B).
4, MacuB — TiIO, y SIKOTO BCl TpH

v’

PO3MIpH OJTHOTO TTOPSIKY.

B omopi marepianiB TEOpPETHMYHO 1 EKCIIEPUMEHTAIBHO BHBYAETHCS JIis
HABAHTAKECHHS TEPEBAKHO HAa TPOCTI €JIEMEHTH, B TEpIIy 4Yepry Ha CTEp)KHI Ta
MPOCTI CTEPIKHEBI CUCTEMHU.

2. 30BHilIHI cCHJIM (HABAHTAKEHHS).

Cunu, Mo Ai0Th Ha TBEPAE TLIO0, MOAUISIIOTHCA HA 30BHIIIHI Ta BHYTPilLHi.
30BHIIIHIMHY cUJIAMU 1A JAHOTO T1J1a € CHJIN, BUKJIMKAHI JI€I0 1HIIUX T11. 30BHINIHI
CUJIM, PO3MOJIJIEHI 0 BChOMY 00’eMy Tula abo MO MOro 4acTHHI, Ha3UBAIOTHCS

00’¢eMHUMHU. 30BHINIHI CWJIM, SIKI TPUKIAIEHI /10 TMOBEPXHI Tija, HA3WBAIOTHCS
MOBEPXHEBUMHM.
Cucremy 30BHINIHIX CWI, TPHUKIAJACHUX A0 Tijga, OylAeMO Ha3MBaTH WMOTO
HaBaHTaKeHHAM. HaBaHTa)keHHS Tia MOke OyTH CTATUYHUM a00 TUHAMIYHHM.
CTaTU4YHUM HA3WBAETHCSA TAKE HABAHTAKEHHS, MPU SKOMY HEMAa€ MPUCKOPEHb
TiJa Y4 MOro 4YacTUH ab0 MNPUCKOPEHHS HACTUIBKM Malli, [0 HUMH MOYHa
3HEXTYyBaTU. Take HaBaHTAXEHHS Ma€ MICLE NpPH MOCTYNOBOMY 1 MOBILIBHOMY
30UIBIICHH] TPUKJIAJIEHOT IO T1JIa CWJIM BiJ HYJIS 10 HOTO KiHIIEBOT'O 3HAYEHHS.
JIMHAMIYHMM Ha3WBAEThCS HABAHTAKCHHS, NPH SKOMY BHHUKAIOTH 3HAYHI
MIPUCKOPEHHS 1 3B’s13aH1 3 HUMH CHJIM 1HEPIIii, 1K1 He0OXiaHO OpaTH 0 yBaru.
[ToBepxHEeBe HaBaHTAKEHHS, JIIFOYE HA HE BEJIMKIN IUIOII, YMOBHO 3aMIHIOETHCS
30CEPEKECHOI0 CHJIOK, TMPHUKIAJACHOK B IEHTPl Bard Ili€l TUIOMMHU 1 PIBHIN 3a
BEJIMYMHOIO piBHOAIOUIM. Hampuknan, THCK Kojleca JIOKOMOTHBA Ha PEUKy



300paKYETBCSA Y BUTIISAAI 30CEPEHKEHOI CHIIM, MPUKIAAEHOT B IIEHTPl IUIONII
KOHTAaKTy KoJieca 3 peiikoro. Ilo3nauenns 3ocepemxenoi cunu F - H (HbIOTOH),
xH =10° H (KIJIOHBIOTOH).

HaBantaxkeHHsI, IpUKIIaJeHE HA 3HAYHIN TUIONT, HA3UBAETHCS PO3MOAITIEHUM.
Miporo Takoro HaBaHTAKEHHS € WOTO IHTEHCHUBHICTh, TOOTO TPAHMIIS BITHOIICHHS
PIBHOMIIOUOT, sIKA TPUXOJUTHCS Ha MyK€ Maly IUIONIMHY, 0 BEJIUYUHH i€l
TJIONIMHY, KOJIM BOHA TIparHe J0 HyJs. SIKIIO IHTeHCUBHICTh y BCIX TOYKAX TJIOMIWHA
HABAaHTAXXEHHS OJIHAKOBA, TO TaKe HABAHTAXKEHHS HOCHUTh Ha3By PiBHOMipHO
PO3MOiJIEHOTO.

Skmo K IHTEHCHUBHICTh pi3Ha, TO BOHA HA3UBAETHCS HEPIBHOMIPHO
po3noxijieHorw.  I[lo3Hauvaerncs q—Haz% ,  (ITackamp), MHaleGHazl% 2

(meramackans). [TpukiaaaoM po3noaiIIEHOr0 HABaHTAXKEHHSI € CHIT Ha J1axy OyJIMHKY,
BJIaCHA Bara IUIAT MEPEKPUTTA 1 T.M. B TWX BHIMMamkax, KOJW IJIONIA PO3MOIIICHOTO
HABAHTAKCHHS YSABJISE€ COOOI0 BUTATHYTHH NMPSIMOKYTHHK, & 1HTEHCHBHICTH B3JIOBXK
KOPOTKOi CTOPOHH b TMOCTiifHA 1 3MIHIOETBCS TIJIBKH IO JIOBTi CTOpPOHI, TaKe
HaBaHTAXXEHHS YMOBHO 3aMIiHIOIOTh TIOTOHHHUM PO3MOJUICHMM HaBaHTaXEHHIM
IHTEHCUBHICTIO q= prHa-MZ% .

Ha xoHCTpykiii MOXyTh JIATH MOMEHTHI HaBaHTXEHHS: Y BUIJISIIL
PO3MOIEHUX MOMEHTIB MO TOBEPXHI ( [7a-m ), PO3MOJIJIEHUX TMOTOHHUX MOMEHTIB
(17a-m/x) 0O 30CEPEIHKEHUX MOMEHTIB ( H - n ).

3a TpUBAICTIO /i1 30BHIIIHI HABAHTAXKEHHS AUISATHCS HA MOCTINHI 1 TUMYACOBI.
IocTiiiHMM Ha3MBAETHCS HABAHTAXKEHHS, SIKE JII€ BIPOJOBXK BCHOIO TEPMIHY pOOOTH
KOHCTPYKIIIi, HAMPUKJIaJ, ii BjJjacHa Bara. THM4YacOBUM HA3WMBAETHCS HABAHTAKCHHS,
aKe Jl€ OOMEXKEHMI 4ac, MIC/ YOoTOo 3HMKA€, HANPUKIIAJ, Bara CHITY Ha JaxX, THCK
BITpY 1 T.1.

30BHIIIHI HABAaHTAXCHHS JUIATHCS HAa HEPYXOMi, 110 HE 3MIHIOIOTH CBOTO
MOJIOKEHHS, PYXOMIi, SIK1 32 HEBEJIMKUH MTPOMDKOK 4acy 3MIHIOIOTH CBOE TIOJIOKECHHS,
30epiraroyu HampsIMOK J1ii, HAPUKJIIAJ, TUCK JIOKOMOTHUBA, [0 PYyXa€ThCs, HA MICT.

Crnig mam‘siTaTH, 10 B YKMCJIO 30BHIINIHIX CHJI, SIKI IPUHAMAIOTHCS 10 yBard mpu
pO3paxyHKax KOHCTPYKIIii, BXOJATh HE TIJIbKUA aKTUBHI CHJIH, aji€ 1 peakinii 3B sI3KiB 1
cwIH iHepIii (MMpu HasIBHOCTI 3HAYHUX MPUCKOPEHB ).

3. Buau nedopmamiii.

3 MpaKkTUKXA BIIOMO, LI0 B MPOLECI EKCIUTyaTaiii eJIeMEHTH KOHCTPYKIIIi
3a3HAIOTh HACTYITHI OCHOBHI JedopMaliii:

1) postar (puc. 2,a); o aegopMalliro 3a3Har0Th, HAIIPHUKIIA/, KaHATH, TPOCH,
JIAHIIIOTH;

2) cruck (puc. 2,0); Ha CTHCK MPaIOOTh, HAMPHKIAI, KOJOHH, MLErIsHA
KJaJKa, HIXKKY CTUIBIIIB;

3) 3cyB (puc. 2,B); nedopmalliro 3CyBy 3a3HAIOTh 3aKJICIIKH, OOJTH, IITIOHKH,
IIBY 3BApPHUX 3‘€/IHAHB;



4) xpydyeHHs (puc. 2,r); Ha KPYYCHHS TMpPAIOIOTh BalH, SKi TEpeaaroTh
NOTY>XHICTh IIPH 00EpTaHHI;

5) 3ruH (puc. 2,11); Ha 3TUH MPAIOIOTh O0AJIKH, OCl, 3yOIli 3y0YacTHX KOJIC Ta
1HIIT €JIEMEHTH KOHCTPYKITIH.

Yacto HaBaHTOXCHHS BUKIWMKAIOTH OJHOYACHO JBI W OUIBIIE OCHOBHUX
nedopwmartiii. Taki BUMTaKy HA3UBAIOThH CKJIATHAM OITIOPOM.

Jledopmariii Tita MOXKYTh OyTH MPY>KHAMH a00 3aJTUIIKOBUMU (TUTACTUYHUMHU).
Ilpy:kHol0 Ha3uBaeThCcs Taka nedopmaliis, sika 3HUKAE TICIAsS NPUIIMHEHHS il
HABAHTAXKCHHSA;, 3AJIMIIKOBOI0 200 NMJIACTHYHOI0 HA3WBAETHCS Ta YaCTKOBA MOBHOL
nedopmMalrii, sika 3aTUIIAETHCS MICHS IPUITUHEHHS /111 HaBaHTaKEHHS.

[IpyxHicTh Tisia, TOOTO HOro 37aTHICTH MOHOBIIOBATU MICIs MPUMUHEHHS J1i
HaBaHTa)XCHHS I0YaTKOBY (GopMy 1 00‘€M, € OJIHIEI0 3 OCHOBHHMX BIIACTHUBOCTEH
TBEPJUX T, IKa BUKOPUCTOBYETHCS IIPU MPOCKTYBAHHI €JIEMEHTIB MAILIMH 1 CIOPY/I.

[lopsin 3 mnpyxHuUMH AedopmalisiMd B TUIAX MOXKYTh BHUHHUKATH TaKOX
riacTuyHi aegopmanii. [lpu HopManbHIN eKcruryaTanli iH)KEHEpPHUX KOHCTPYKIIN He
MOXHA JOMYCKaTH BUHUKHEHHS IUIACTUYHUX Jedopmalliii, mpu SKUX pPO3MIpH 1
dbopMU €NeMEHTIB KOHCTPYKIII HEOOEpHEHO 3MIHIOIOThCS. Bu3HaueHHS YMOB
BUHHUKHEHHSI 1 3pOCTAaHHS IUIACTUYHUX Jedopmalliii Mae BEJIMKE 3HAYEHHSA s
3HAXOJ[KCHHSI BEJTMYMH THX HABAHTAXKEHb, SKI MOXYTh O€3MEeYHO TNepeaBaTUCh Ha
KOHCTPYKITIIO.

a) . 6)
Fi—F S S T F

Puc. 2.

Bignomenns aOCOJIOTHOTO IIOJOBXXEHHS JIHIMHOIO €JeMeHTa 0 MOTro
IIOYATKOBOI [JOBXXUHH HA3UBA€THCA BiIJHOCHHM IOJOB:KEHHAM 1 I103HAYAETHCS
OYKBOIO € :

£ = A(ds)/ds



JledbopmMaliist 3CyBy XapaKTepU3y€eThCsl KYTOM 3CYBY 7 , 11O SIBJII€ COOOI0 3MiHY
KyTa MDK JBOMa B3a€MHO TEPICHIUKYIAPHUMHU JHIHHUMHU €IeMEHTaMH, SKi
BUXOJISATh 3 OJIHIET TOUKH.

4, Baytpimxi cuiiu. Metoa nepepisis.

BuyTpimuHiMi culaMu  Ha3MBAIOTHCS CWJIM  B3a€EMOJIT MDK YacCTHHKAMHU
tBepaoro Tina. Cmig 3ayBakuTd, 1m0 y OyAb-SKOMY TBEpAOMY TUII MIX HOro
OKPEeMHUMHU YaCTUHKAMHU 3aBXKIU [II0OThb CHJIM B3a€EMHOTO TPUTATHEHHS, SIKI
3YMOBJIIOIOTh ICHYBaHHS TBEpPJOTO TiJIa 3 WOTO HE3MIHHUMU (Y HE HABAaHTAKCHOMY
CTaHl 1 0pH NeBHIA Temneparypi) ¢opmoro 1 po3mipamu. Bhacmigok mii
MPUKJIAJACHOTO HABAHTAKEHHSI Yy TUIl BUHUKAIOTh JOJATKOBI BHYTPIIIHI CHJIHU, SIKI
3ayieXxaTh BiJ (pOpMU TiNa 1 XapaKTepy HaBaHTAXEHHsS. Y Hayll PO OIIp MaTepialiB
IIKABJIATHCS camMe€ LUMHU JOJAATKOBHUMHU BHYTPIIIHIMU CHUJIaMH, BUKIMKAHUMU J1€10
30BHIIIHIX CHUJI.

Orxe, mi BHYTPIIIHIM cwiaMu OylneMO pO3yMITH Ti JOAATKOBI CHJIH
B3a€MOJIIi MK YaCTMHKAMHM MaTepiany, sSKi BUHUKAIOTh BIJ Jii Ha TUIO 30BHIIIHIX
cwi. Jns iX BU3HAYEHHS KOPUCTYIOTHCS METOJOM TMEpepi3iB, 3TITHO 3 SKUM
KOHCTPYKIIisi (200 €IeMEHT) YMOBHO PO3CIKAETHCS TIONIMHOIO, TTEPIECHANKYIISIPHOIO
1o oci enementa, Ha 1Bl yactunu | 1 Il (puc. 3,a). B 000x mux dactuHax y BCiX
TOYKaX TMepepily BUHUKAIOTh BHYTPIIIHI CHJIM B3a€EMO/II, sIKI Ha MiJCTaBl TPETHOTO
3aKkoHy HbIOTOHA piBHI 1 MPOTHIICKHI 32 HAMPAMKOM (puc. 3,0). OTxe, KOKHA OKpema
gactrHa | 1 |l Tima 3HAXomuThCs ImMia Ai€l0 3aJaHMX 30BHIMHIX cui F, 1 cui, sxi
3aMIHIOIOTH JII0 JIPyroi, BIAKUHYTOI YAaCTUHM Tija, MPUKIAIEHUX 10 IUIOIMIUHU
MPOBEJICHOI0 Tiepepidy. AJie Temep CUiM B3aemojii juisi koxkHoi yactunu | 1 1l
MepeIiii B KaTeropito 30BHIIMIHIX CUJI, IKI MOXHa 3a Teopemoto Ilyanco mpusectu
710 OJHI€T CHJIM — TOJIOBHOTO BEKTOpA R 1 70 OJHI€] mapu — roJJOBHOTO MOMEHTY M

(puc. 3,B).

a) ) 8) 2)
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Puc. 3. M:

BuOpaBimm npsSMOKyTHY CHCTEMY KOOPAMWHAT OXYZ JJs 3aJMIICHOI YacTHHH,
pO3KiIazeMo R1 M 3a BIAMOBIAHUMHU OCsMU. OAEpKUMO IIICTh CKJIAJOBUX: TPU CHJIH
N, Qx, Q 1TpPH MOMEHTH M, ,My,M, (puc. 3,1).



Cum N, Q¢, Q 1 MOMEHTH My,My,M, , IO BHUHHUKAIOTH Yy IONEPECUYHOMY

nepepisi Tijia, HA3UBAIOTh BHYTPIlIHIMHU cHJI0BUMH (pakTOpamMu (260 3yCHIJISIMH)
y IIbOMY TIEpepi3i.

Tax sk Ti70 O YMOBHOTO PO3CIKaHHS 3HAXOJIMIIOCS M JTI€I0 3a7aHO0i CUCTEMH
CHUJ y piBHOBa3i, TO 1 Micis mojaiay Moro Ha dactuHu | 1 |l xokHa 3 HMX TakoX
MOBUHHA OYTH Yy pIBHOBa3i, aje BXE MiJ JI€0 TUX CHJI, IO MPUKIaACHI
0e3rnocepeIHbO J0 1€l YaCTHHH.

Jlns 3anmumenoi yactuHu (y HaloMy BUMAJKY 1ie yacTtuHa 1) Tima cknamaeThbes
IIICTh YMOB PIBHOBAaru CTaTUKH:

2X=0,ZMy =0;

2Y =0;ZMy =0;

YZ=0;ZM, =0;

3 AKUX 1 BA3HAYAIOThCSI BHYTPIIIHI CUIIOBI (PaKTOPH.

Meton mepepi3iB J1a€ 3MOry 3HAWTH JIMIIE CyMapHi XapaKTepUCTUKH
BHYTPIIIHIX CHJ, MPOTE HE JI03BOJISIE BCTAHOBUTU 3aKOH PO3MOAULY IUX CHII
EepPEPI30M.

Yepes Te, 1110 METO1 TIEPEPI3IB € OCHOBHUM METOJIOM OMOPY MaTepialiB, e pa3
YITKO C(HOPMYITFOEMO HOTO 3MICT 1 BKQXKEMO MOCTIAOBHICTh YCIX M‘STH €TalllB, 3 IKUX
BIH CKJIQJAa€ThC:

1)  po3cikaeMo TiJIO IUIONIMHOIO B TOMY Mepepi3i, B SAKOMY HAacC I[IKaBISThH
BHYTPIIIIHI CUJTH;

2)  BIAKMIAEMO OJHY 3 YacTHWH TiNa (JOLIIBHIIIE Ty, A0 SKOI MPHUKIAICHO
MEHIIIE€ 30BHIILIHIX CHJ);

3)  3aMIHIOEMO JIi0 BIIKUHYTOI YACTHHH Ha 3AJIMIICHY BHYTPILIHIMHA CHUJIaMU;

4)  CKJIagaeMO PiBHSAHHS PIBHOBArW 3aJIMIICHOT YaCTHHHU;

5)  po3B‘s3yeMoO Il PIBHAHHSA 1 3HAXOAUMO CKJIAJ0BI TOJOBHOTO BEKTOpa i
TOJIOBHOTO MOMEHTY BHYTPIIIHIX CHJI, 110 A1FOTh Y PO3IJIIyBAaHOMY MEepepisi.

[licTh BHYTPIlIHIX CHJIOBUX (DAKTOPIB, BUHUKAIOUMX Y MOMNEPEYHOMY Iepepisi
TiJla B CAaMOMY 3arajbHOMY BUIAJKY, HOCATh TaKi Ha3BU:

N - MO3J0B:KHSI (HOPMaJIbHA) CWUJIA; Q, 1 Q, - MOMEpPeYHi CWiu; M, -
KPYTHHIi MOMEHT, SIKUI TTO3HAYaTHMEMO T =M, (TOrsion(anri.) - Kpy4eHHs); My 1
M, - 3rHHAJIbHi MOMEHTH.

[Ipu pizHux negopmauisx y MOMEPEYHUX Nepepizax eleMeHTa KOHCTPYKIIi
BUHUKAIOTh P13HI BHYTPILIHI CUIIOBI (pakTopu. PO3riasiHeMo NOOAMHOK] BUTIAIKH:

1. 'V mepepi3i BUHUKAE TUIBKM MO3JOBXKHS cujia N . Y IIbOMY BHUMNAAKy Mae
Miciie gedopmariisi po3TAry (SKmo cuia N CHOpsMOBaHa BiA Tmepepizy) abo
nedopmMaitisi CTUCKY (SKIO cviia N CIIpsIMOBaHa J10 Tiepepizy).

2. YV mepepi3i BUHUKAE TUIbKU TMOMNEpEYHa cujia Q. Y IbOMY BHMAAKy Mae
Mictie aedopmariisi 3CyBy.

3. Y mepepi3i BUHHUKA€E TIIbKA KPYTHUW MOMEHT T=M,. Y HbOMY BUIAIKY
Mae Miciie aedopmarliis KpyuyeHHs.

4. Y mepepidi BUHHKA€E TIJIbKH 3rHHAIBHHA MOMEHT M (M, abo m, ). Y
IIbOMY BHITQJIKy Ma€ Micie aedopmallis Tak 3BaHOTO YHUCTOTO 3THHY (PO3PI3HSIOTH
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IIe MONEPEeYHUIl 3rUH, KOJH, KPIM 3THHAIBHOTO MOMEHTY, Y MONEpEeYyHOMY Mepepisi
Opyca He TOPIBHIOE HYJIEBI OJTHA 3 TIOTIEPEYHUX CHJI).

5. IIOHATTS NMPO HANIPY KEHHS.

Mu 3HaeMo, 110 B TMOMEPEYHUX IMEpepi3ax CTEP)KHS TIIOTh HE 30CEpeKeHi
BHYTpIIIHI cWuid N, Q, T 1 T.JA., a Oe3nepepBHO PO3MOJIIJICHI CHIIM, IHTEHCUBHICTD

SKUX MOXKE€ OYTH PI3HOIO B PI3HMX TOUYKaxX Iepepidy 1 B pi3HMX HampsMkax. Jlis
OIIIHKHM 1HTEHCUBHOCTI PO3IO/ALUTY BHYTPIIIHIX CHJI IO TIEpEpi3y 3alpOBaKYIOTh MIpy
iX, Tak OM MOBUTH, “TYCTHUHY’, IO 3BEThCSI HAMPY>KECHHSM.

Ockunbku, gk OyJ0 CKa3aHo, 3yCWJUISI Ha €JIEMEHTapHId IUIOLIMHI MOXHa
BBa)XKaTH PO3IMOJIJIEHUMH PIBHOMIPHO, TO, MOJUIMBIIM BEJIUYMHH dN , dQy 1 dQ, Ha
IJIONTY dA, OJIEP’KUMO BEJIMYMHU TMO3/IOBXKHIX 1 TMOMEPEUHUX CHUJI, K1 MPUXOIATHCS
Ha OJIMHUIIIO TUIOIII:

azg—’:‘; TX:d;?AX , z'Y:dCSA\Y .
7,dA y [{i BeAMYMHM HA3UBAIOTHCS HAIPY>KEHHIMHU
y JaHii Toulll K TPOBEAEHOIo Iepepizy Opyca,
’XdA(_ X NpUYOMY o - HOPMallbHE HANpPYXEHHS, r -
odA A dA JOTUYHE HANpYKEHHsA. IX  BUMIpDIOIOTH B
X 0 ONUHUIX Hampykenus - Ilackamsax ( Ia ):
Ula le/ w2,

7 TakuMm YMHOM, HANPYKEHHSM Ha3UBAETHCS
BHYTPIIIHS CHUJIA, BiJHECEHA JI0 OJIMHUIII TIJIOMII Y

JIaH1{ TOYLll PO3IJIIyBAHOTO MIEpeEPi3y.
[HOM1 KpiM HOPMAIBHUX & 1 JOTUYHUX 7y ,

Puc. 4.

7, HAMPY>KEHb PO3TIISAIYIOTh 1 TOBHI HAMIPYKEHHS
p=dR/dA,
TOOTO BENMYMHY TOBHOTO 3yCHJUIS, SKE MPUXOAUTHCA HA OJWHUINIO TIIOII.

OueBHHO, 11O
p=rJol+1i 41l .

OTxe, Bl 30BHINIHIX CHJI 3a JOTIOMOTOIO METOY Mepepi3iB JO0 BHYTPINIHIX
cuioBuX (akToOpiB, BiJ HUX Ha 0a3l IHTETPAIILHUX PIBHSHB 1 IOAATKOBUX TIMOTE3 J10
Halpy>KeHb — TaKWi B 3arajbHUX pUCax IUTAH PIMIEHHS OCHOBHOI 3a7a4l OMopy
MarepiaigiB Mpo BU3HAYCHHS HANPYXXEHb, BUHUKAIOUUX Y TOMEPEUHUX TMepepizax
Opyca npu pi3HHUX BHUJIaX MOTO0 HABAaHTAKCHHSI.

6. 'imoTe3m Hayku nmpo omip MatepiaJis.
PeanpHi wMmarepianu, 3 SAKUX BHUIOTOBJSIIOTH €JIEMEHTH  KOHCTPYKLIH,

PEACTaBISAIOTh CO0OI0 JOCUTh CKJIQJHI 1 HEOJHOPIAHI TBEPAl TUIa 3 PI3HUMH
BJACTUBOCTSAMHU. BpaxyBaTh BCIO Pi3HOMaHITHICTH ITUX BJIACTUBOCTEH y)Ke BaKKO,
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TOMY B OINOpl MarepiajliiB BHUKOPHUCTOBYIOTb HE BCl XapaKTEPUCTUKH TBEPIUX
MaTepiaiiB, a TIIbKM 3arajbHl NpU3HAKM, NpUTaMaHHI BCiM TutaM. [pyrumu
CIIOBaMH, B OIOpI MaTepiajliB BUBYAETHCS MOBEIIHKA KOHCTPYKIIIN 3 171€ali30BaHOTO
MaTepiaiy, Skuii 30epirae royoBH1 (H13UKO — MEXaHIYH1 XapaKTEePUCTUKU.

BuBueHHsI OCHOB Omopy MaTepialiiB y JaHOMY Kypci 0a3yeTbcsi Ha HaHOUIbII
OPOCTUX y MaTEeMaTHYHOMY BITHOIIEHHI TiMoTe3 1 0OMEeXeHb, AKi 3 JIOCTATHHOIO
TOYHICTIO JJISl MPAKTUYHUX I[UJIEH OMUCYIOTh MOBEAIHKY PEabHUX KOHCTPYKIIN. Y
TUX BUNAJKaX, KOJIM MPUHHATI NPUITYIIEHHS 1 OOMEXEHHs NPUBOASTH 10 HEBIPHUX
pe3yabTariB, Oy1yTh 3p00JIeH] ClielianbHl YTOUYHECHHS.

1. IlpunmymieHHs: Tpo HenepepBHY (CyLUIbHY) OyA0BY MaTepianty. 3riJHO 3 UM
NPUIYIICHHAM MPUIMA€EThCs, 10 YBECh 00°€M elleMeHTa KOHCTPYKIII 3allOBHEHUN
pedoBrHOIO 0€3 Oynb-KMX IYCTOT, TOOTO HE BpPAXOBYETbCs [IHCHA AHUCKpETHA
aTOMICTHYHA CTPYKTypa matepiaiiB. Lle mpumyiieHHs: A03BOJIS€ BUIIIUTH 3 JIt00O1
YaCTUHU TIJa HECKIHYEHHO MAajuil €JeMEHT 1, NPUIMCABUIM HOMY BIJIACTUBOCTI
Marepialy BCbOIO TUIA, KOPHUCTYBATHCS MpPHU JOCIIDKEHHI HAlpyKEHO —
neOpMOBAaHOTO CTaHYy MaTEMaTHYHUMU METOJaMHU aHalli3y HECKIHYEHHO MalluX
BEJIMYMH.

2. I'imoTte3a mpo HEeHaNpyKeHUI CTaH Tina. 3T1IHO 3 UM y MaTepiaji eJeMeHTa
0 MOro HABAHTAXKEHHS HEMA€ HISAKUX HamnpyXeHb, TOOTO MiMcHI (TIOYATKOBI)
HANpy>KCHHs, XapakTep 1 BeJMYMHA SKUX 3aJICKUTh Bl NPUYMH BUHUKHEHHS,
IpUMMaIOThCSI PIBHUMU HYJIIO.

3. Ilpunymenas nmpo OAHOPIAHICT, MaTepialiB. 3TiAHO 3 UM MPHUMYIIECHHIM
Marepial y BCIX TouYkax Jo0oro o0‘eMy wmae oOJHaKoBl (i3HMKO-MEXaHIuHI
BJIACTUBOCTI.

4. TlpunymeHdss mpo 130TPONMHICT, MaTepiany. 3TiAHO 3 UM MPHUIMYIIEHHAM
Matepian y Jro0ii Toulll 1 3a BciMa HanmpsIMKaMHu, POBEJCHUMH Yepe3 110 TOUKY, Ma€
OJIHAKOBI1 (P13MKO-MEXaHIUHI XapaKTEPUCTHKHU.

5. I'inote3a mpo iAeanbHy NPYXKHICTh Marepiany. 3TiIHO 3 L€ TIOTE3010
BBAXKAETHCS, LI0 Marepiajl BOJIOAIE BIIACTHUBICTIO MOBHICTIO TMOHOBJIIOBATH MICIA
MPUTIMHEHHS 11 HABaHTAXXEHHS MOYaTKOBY (POPMY 1 PO3MIPH.

6. I'imoTe3a mpo JiHIAHY 3aleXKHICTh MIXK HAIIPY>KEHHSIM 1 AeopMalii€to. 3rigHo
3 I[I€I0 TIMOTE3010 TMPY)XHE TUIO HAAUISIETHCS HAWUMPOCTIIIOW, TOOTO JIHIAHOIO
3aJICKHICTIO MK HANIPYKEHHSAMH 1 eopMallisiMi y TaHIi TOYIIl, SKa HOCUTh Ha3BY
3aKoHy ['yka.

7. IlpunyiieHHs mMpo MaNiCTh MEPEMIMIeHb Yy TOPIBHSIHHI 3 T€OMETPUYHUMU
poO3MipaMu €JIEeMEHTIB KOHCprKui'l' 3riiHO 3 UM MPUIYUICHHSIM He BPaXOBYIOTbCSA
3MIHM T€OMETPUYHHUX PO3MIPIB €JIEMEHTIB 1 MICLIE3HAXOIKEHHS HaBaHTaXXEHb BiJ
3TUHY, PO3TATY, CTHCKY 1 3CYyBY micisl IPUKIAAaHHs 10 HUX 30BHIMIHIX cuil. Takum
YMHOM, peakKiii 1 BHYTPIIIHI CHJIOBI (PAKTOPU BU3HAUAIOTHCS 10 3a/laHii, MOYaTKOBIN
reoMeTpii, 0 3HAYHO CIPOIIYE PO3PAaXYHKH, TaK K BCl PIBHSHHS MarOTh JIHIAHUN
BUTJIALL.

8. IlpuHIUIT HE3aJIeKHOCTI All CHJI a00 MPUHLUI CyNepno3ullii. 3riIHO 3 UM
MOXHa CKa3aTH, 1110 pe3yJbTaT i CHCTEMHU CHJI Ha TIJI0 JOPIBHIOE CyMI PE3yJIbTaTIB
OKpPEMO B34TO1 KOKHOI CHJIM I[i€1 CUCTEMH CUJI. [HIIMMU clloBaMH, B OIIOp1 MaTepiajiB
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MOKHa BH3HAYaTH peakilli, BHYTPIlIHI CHUJIOBI (haKTOpH, HAMpPYKEeHHS 1 nedopmartii
OKpPEMO BiJl KOKHOI JiI0Y0i Ha TLIO 30BHINIHBOT CHJIM 1 PE3yNbTaTH ajreOpaidHo
CKJIaCTH, 100 ofepKaTh cyMapHui edekT All Ha TIJI0 JAHOI CUCTEMH CHIIL.

9. T'inote3a muockux mepepisiB (rimore3a bepHysi): momepeuHi mnepepizu
eJIeMEHTa, TIOCK] 1 MEPIeHANKYIIAPHI JO WOTO OCi 10 MPUKIIAICHHS 30BHINIHIX CHII,
OyAyTh TJIOCKUMU 1 MEPHEHAUKYISIPHUMH 10 OC1 1 MICTs MPUKIAJAaHHA 0 €JIeMEHTa
HABaHTa)XCHH.

10. I'imote3a Cen-Benana: B 1OCTaTHLO BIIJAJIEHUX TOYKAX €JIEMEHTA Bl MICIIS
IPUKJIaJIaHHs. HaBaHTA)XEHHsI BHYTPIIIHI CHUJIOBI (PaKTOPH Iy’KE€ MaJlo 3ajekXaTh Bl
Crioco0y MpUKIIaJaHHs [IHOTO HAaBAaHTAKCHHH.



