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WCIBITAHUE CTEPKHS HA ITIPOJOJIBHBIN N3I'B
1. Heas padoTsl

O3HakoMJICHHUE CTYACHTOB, H3Yy4Yaromux O6H1Hﬁ KypC COIIPOTHBJICHHUA
MarcpualioB, € BOIIPOCAMH OKCIICPUMCHTAIBHOI'O HM3Y4YCHHA IIpOoHCcCCa IIOTCPH
YCTOfIQHBOCTH CT€p)KH€I>i IIpH OCCBOM C’KAaTHH U OIIBITHOTO OIIPCACIICHNA BCJIMYHNHBI

Hacrosimmas yueOHO-uccnegoBaTeabckas JlaboparopHas padoTa CTaBUT CBOEH

3ajauei:

1. M3yuuTh mnpouecc NoTepyu YCTOMYMBOCTU CTEPKHEU INPHU OCEBOM
CKaTHUMU.

2. Jloka3aTp, 4TO TEOPETUYECKOE ONPEACICHUE BEIIMYUHBI KPUTHUECKON

cwiibl 0 popMysie Diniepa AaeT pe3ybTaThl, COBMAAONINE C ACHCTBUTEIbHBIMU
BEJIMYMHAMU KPUTHUYECKOM CHJIbI, MOJTYYEHHBIMH B pe3ylbTaTe MNPOBEICHUS
HKCIIEPUMEHTA.

2. HanMeHoBaHUe YCTAHOBKHU /1JIfl IPOBEJAECHUS ONbITA

OnbeIT NpoU3BOAUTCA Ha CIHEIUAIbHOM YCTAHOBKE, HAa3bIBa€MOW «YCTaHOBKA
JUTSI UICTIBITAHUSI HA TIPOJIOJIbHBINA U3TUO CTEPKHSD.
3. Oopazen
OGpa3zen; mpeacTaBiseT co00M TMOKUN CTanbHOM CTepKeHb aauHOM 150 cm,
NPSAMOYTOJIBHOTO MONEPEYHOT0 CeUeHHs pazMepaMu 6 X 0,6 cm, WU3TOTOBIECHHBIN U3
crasii Mapku 3 (Ct.3). @opma u pazmepbl TONEPEUHOTO CEUCHUS TTPUBECHBI Ha
puc. 1

no 1-1

150 0,6 cm
CM
1 1 “— 6cm _J

| 6cm

Puc. 1.



4. OcHOBHBIE TCOPETHYECCKHUE TTOJTOKCHUSA

[Torepst Hecymield CHOCOOHOCTH IIEHTPAIbHO-CKATOIO CTEPXKHS MOXKET
IIPOU30UTH HE TOJIBKO M3-34 pa3pyLICHUs CTEPKHA, HO U IIOTOMY, YTO CTEPXKEHD I10]]
BIMSIHUEM BHEIIHUX CHJI HE MOXKET YCTOWYMBO COXPaHUTH Ty GopMy, KOTOpas eMy
ObLJ1a 1aHa MPU U3TOTOBJIEHUH, WIIH, KaK TOBOPSIT, MOTEPSIET YCTOMYUBOCTbD.

[loaToMy i HagexkHOM pabOThl KOHCTPYKLUMHM HEIOCTATOYHO, YTOOBI €€
AJIEMEHTBl YIOBJIETBOPSIIA YCJIOBHIO MPOYHOCTH, HEOOXOJUMO TaK»Ke, YTOOBI BCE
CKaTbIE DJIEMEHTBI Y OBJIETBOPSAIN U YCIOBUIO YCTOMYUBOCTH, TO €CTh IPH IEUCTBUU
Harpy30K MOIJIK HMETh TOJbKO OJHY (OpMy YCTOHYMBOIO paBHOBECHUS,
COOTBETCTBYIOLIYIO XapaKTepy UX OCHOBHOMW jAe(opMariu moJ AeHCTBUEM BHEIIHUX
CHIL

Hanpumep, npu oceBoM CKaTUU CTEPKHS UMesa Obl MECTO TOJIBKO AepopMarus
IPOJOJIBHOIO YKOpoueHHus Oe3 m3ruba. OmbIT MOKA3bIBA€T, YTO MPHU LEHTPAIbHOM
C)KaTUM CYIIECTBYET Takas BEIMYMHA CUJIbI, IIPU KOTOPOM, IMOMHMO YKOPOUECHHS
CTEpXHS, BO3HUKAET BO3MOXKHOCTb WCKPHUBJICHHS (BBIIYYHMBAaHUE) CTEpPXKHSI B
IJIOCKOCTM HAaMMEHbIIEH KECTKOCTU. Takoe COCTOSHHE OTAEIBHOIO CTEP)KHS WIH
KOHCTPYKIIMM B LEJIOM, NP KOTOPOM BO3MOXKHO IOSIBJIEHHME HECKOJIBKUX (opM
YCTOMYMBOIO pPaBHOBECHS, HA3bIBAacTCs O€3pa3IMYHbIM PAaBHOBECHUEM, a BHELIHSA
cuia (Harpyska), COOTBETCTBYIOLIas Oe3pa3MuHOMY pPaBHOBECHIO, Ha3bIBAETCS
KPUTHYECKOM.

Ilepexon K KpUTUYECKOMY 3HAYEHUIO CUIIBI P, IpoucxoauT BHe3anHo. Ilorepro
YCTOMYUBOCTH MPSIMOJIMHEHHON (OPMBI CXATOrO CTEP>KHA MHOTJA Ha3bIBAIOT
«IPOAOIBHBIM M3rMOOM», TaK KaK MCKpHUBIIEHUE (M3rH0) CTEp:KHA BO3HHMKAET MOJ
JEHUCTBUEM IPOAOIBHBIX CUJI, & Ul MPOBEPKU HA YCTOMYMBOCTH COXPAHUIICS TEPMUH
«IIPOBEPKA Ha MPOJIOJIbHBIN U3rU0».

DTOT TEPMHH YCIIOBEH, TaK KaK 3/1€Ch peub UAET HE O MPOBEPKE HA MU3ruo, a o
IPOBEPKE HA YCTOWYUBOCTD MPSIMOIMHENHON (POPMBI CTEPIKHS.

@opMmyna s ONpeNeeHnus KPUTUYECKON CUibl P, BIIEPBBIE TEOPETHYECKU
nony4yeHa akaaemukoM IlerepOyprckoii Akamemun Hayk Jleonapaom DiinepoMm B
1744 rony B cnenyromeM BUIe
PKp: mE lzmin

%o
3nech

E — Moaynb ynpyroctu npu pactsikeHuu (Moayib FOHra);

Jmin — MUHUMaJIbHBIE MOMEHT MHEPLIMH MOMEPEUHOT0 CEUECHMUS;

lo — mpuBeeHHAS WM pacueTHas JJTUHA CTePIKHS.

[IpuBeneHHas 1uHA CTEPKHS paBHA
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bo=p £,
e
{ — 3amaHHas JUIMHA CTEPIKHS;
1 — KO(p(UIMEHT NpPHMBENEHNUs [JIMHBI, 3aBUCAIIMI OT crocoba 3aKperIeHus
KOHIIOB CTEPIKHS.
Jlns Hambonee pPacIpOCTPAHEHHBIX CIy4aeB 3aKpEIJIEHUs KOHIIOB CTepKHENl

KO3 (PULIMEHT 4 MPUHUMAET CIeayolIKe 3HaueHus (puc. 2)

F lF F

p=2 n=0,5 pn=0,7

Puc. 2
dopmynna Dinepa Ja€T MPaBUIbHBIC 3HAYCHUS KPUTHUYECKOM CHJIBI TOJBKO B
npezenax MponopLUUOHATbHOCTH, TO €CTh, KOIJla KpUTUUECKoe HampsikeHue (O,,) He
MPEBBILIAET MPEAEa MPONOPLUOHATBHOCTH
()Kp S 61111.,

rae

O — IpeIes MponopIHOHAILHOCTA MaTepHaia CTePKHS.

DTO yCIOBHME MOXHO TPEJCTABUTHh B CICAYIONIEM BHUIE, Oojee ymoOHOM st
MPAKTUUYECKUX PACUETOB

A2 Ay

I'ne

A — THOKOCTB CTEP)KHS B INIOCKOCTH HAMMEHBIIIEH JKECTKOCTU CTEPXKHS;

Anp — TIpEJEIIbHAA THOKOCTD, 3aBUCAIIAs OT MaTEPHaa.

['ubKkoCTh cTepKHS BhIUUCISIETCS 110 (hopMyJie

I
ﬂ' = .u_ )
Imin
a TpeiesibHasi THOKOCTh
E

o

i

A =x

npenx

B stux dopmymax



Imin — MHHUMAJIbHBIIA PAIUYC ITOTIEPEYHOTO CEUCHUS CTEPKHS, PAaBHBIN

i _ ‘]min
min_\/ A :

Taxum 00pa3oM, BeNIMYMHA KPUTHUYECKOH cuibl Py, 3aBHCUT HE TOJIBKO OT
pa3MepoB CTEPKHS M €r0 MaTeprala, HO U OT YCIIOBUH 3aKpEIVICHUs €r0 Ha OIopax.
B Hamem 3kcriepuMeHTe KOHIIBI CTEP>KHSI ONEPThI IIAPHUPHO, MTOTOMY = 1.

Ecmu A < Ayp, TO KpUTHYECKAsl crjia BRIYUCIISIETCS 0 (hopMmyiie SICHHCKOTO

Po=(a-BA)A,

np»

rie
a, B — MOCTOSTHHBIC BEJIMUMHBI, Ha3biBaeMbIe K03 duimenramu SIcuHCKOrO,
3aBHCAT OT MaTeprajia CTeP)KHS M ONPEICIITIOTCS SKCIIEPUMEHTAIBHO.
[Tocne ompenencHUs KPUTHYECKONW CHIIBI, KPUTHUECKOES HAMPSHKEHUE MOKHO
BBIYHCIIUTH 110 GOpMYyIie
Op-Pip / A.

5. Ilopsinoxk npoBenenusi padoThbl

Ilocne TIIAaTEeIbHOrO W3MEPEHMs UIMHBI U IIONEPEYHOrO0 CEYECHUS CTEPIKHA,
CTEPKEHb YCTAHABJIMBACTCA B BEPTUKAJIBHOM IIOJIO)KEHUU B CIELHMAIBHBIX Ia3ax,
KOTOpPbIE UMUTUPYIOT LIIAPHUPHOE ONUPAHUE KOHIIOB CTEPHKHS.

HarpyxeHne crepHsA OCYIIECTBIISIETCS 4Yepe3 pelyar Broporo poxa. Ilmeum
poryara umeror otHomeHuss 1:5 u 1:10, yTo mMO3BOMSIET 3HAUUTEIHHO YMEHBIIMTH
Harpy3Ky, TpeOyIOIIYIOCs AJIsi CO3JIaHusl HYKHOU CokKMMarolen cuibl. Bec IiuMHHOTO
rieya psryara (¢ moaJI0HOM) YPaBHOBEIIMBAETCS TPOTUBOBECOM.

Cxema yCTaHOBKH JJISl UCIIBITAHUS CTEPXKHS Ha IPOAOJIbHBIN N3rub nokasaHa Ha
puc. 3.

IIpu mpoBeaeHUM OMNbITa HA MOAJOH MOCTENIEHHO 0€3 TOIYKOB YKJIAJ(bIBAIOTCS
TMpU, KOTOpBIE Yepe3 pblyar CO3JAKOT OCEBYHO HArpys3Ky crepxkHs. s kaxaoro
JTara HAarpyKeHUs CTEP)KEHb BBIBOAMTCA U3 NPSIMOIMHEWHON (hOpMBI paBHOBECHUS
(TO ecTb MCKpHBISIETCS) MYTEM YCWIMSA, HANpPaBIEHHOTO NEPHEHIUKYISAPHO OCH
CTEPKHs, CO3aBAEMOI'0 PYKOU OJHOTO U3 CTYAECHTOB, BBIIIOJIHSAIOIINUX OIIBIT.

[Ipu »TOM B Havase ombITa UCKPUBJIEHHAs (OopMa CTEPXKHS CaMOCTOSITENILHO
COXpaHATHCS HE MOXKET, W IIOCIIEe YAAJICHUS IOINOJHUTEIBHOIO YCWIHS CTEPKEHb
BO3BpaIaeTcs K MepBOHAYAILHON TIPSIMOJIMHENHOMN dopMme.

DTO sIBJIEHUE CBUJIETEIBCTBYET O TOM, YTO MPAMOJUHENHAs opMa paBHOBECUS
CTEpXKHSL SABJISETCA YCTOMYMBOM, a JCUCTBYIOIIAs HAarpy3ka HE JOCTHUIJIA CBOETrO

KPUTHUYCCKOI'O 3HAYCHUA.



Puc. 3

[TocTeneHHBIM YBEIMYEHHEM HAarpy3Kd JIOCTUIAEM TaKoro €€ 3HAYEHUs, IpH
KOTOPOM CTEP)KEeHb, OyIy4dW BBIBEACH W3 MPSMOJMHEHHONW (OpMBI paBHOBECHSI,
COXPaHUT CBOIO HCKpPHUBJICHHYIO (opMy Tmocie yaajneHus JOMOJHUTEIbHON
nornepeyHor Harpys3ku. ClieoBaTenbHO, CTEPXKEHb NEPEeUAET B  COCTOSIHUE
0e3pa3IMYHOro paBHOBECHS, & HAUMEHbIIIasi Ha0II01aeMast PH 3TOM Harpyska OyaeT
SIBJISITECA KPUTUYECKOU CHJION.

DKCIEPUMEHT MPOBOJUTCS JIBAXKIbIL:

— 1-fi onmBIT MPOBOAUTCS JJISI CTEPXKHS IPU COOTHOIICHWHU IUied phryara 1:5,
pPacCTOSIHUM MEXIy ornopamu (KoHLaMmu ctepxkHsa) € = 150 cm n pacu€rHoil JyivHe
crepxxus €y = 150 cm, Tak kak pu = 1.

[Ipu sToM ombiTe HAOIOJAETCS MCKPUBICHUE CTEPXHS MO OIHOW IMOJYBOJIHE
CUHYCOUJIBL.

— 2-fi ONBIT MPOBOAMUTCS MPU HAIUYUU TPOMEKYTOUHOW OMOPHI B CEPEAMHE
JUIMHBl CTEP>KHA TpU CcooTHomeHuu Tuied poryara 1:10. Pacuernas nnmHa
UCIBITBIBAEMOI'0 CTEPKHS IpU 3TOM OyzeT paBHa £y = 75 cm.

[lonydyeHHass mpu BTOPOM ONBITE KPUTHYECKAas CHUJIA SIBISIETCS HE TOJIBKO
KPUTUYECKON CHJIOW ISl pacu€THOM JJIMHBI IIAPHUPHO OIMEPTOrO CTEPKHS, PABHOU
75 cm, HO BMECTE C TEM SBIIAETCS BTOPOM KPUTHYECKOW CHJION JJIsi IIAPHUPHO
ONEPTOro CTEPKHA JIUHOK 150cm.



CooTBeTCTByIOIAs BTOPOM KPUTHUECKOW CHie (popMa MCKPUBIICHHS CTEPIKHS
10 JIByM TMOJIyBOJHAM CHHYCOHUJbI MOXET OBbITh HaOdrojaeMa OJjarojapsi HaJU4HUIo
IIPOMEKYTOYHOU OIOPHI.
BenuuuHbl KpUTHUECKUX CHJI B OOOUX OIBITaX MOJYYarOTCs MyTEM YMHOKEHUS
BEJIMYMHBI IPy3a Ha pbluare Ha COOTBETCTBYOIIEe OTHOIIeHUe ero mied (5 mm 10).
6. O0padoTka KypHaIa HCNIBITAHUS

1. 3anuceiBaeTcsl HaMMEHOBAaHHWE YCTAHOBKH, Ha KOTOPOM MPOBOAUIOCH
UCIIBITAHUE CTEPXKHS.

2. 3apuCOBBIBAETCS CXeMa yCTaHOBKH.

3. 3anuchIBacTCS XapaKTEPUCTUKA UCTIBITHIBAEMOIO CTEPXKHS: MaTepHal, AJIuHa,
dbopMa 1 pazmMepsl MONEPEYHOTO CEUEHHUS.

4. Bpraucsercs mioma b MonepeyHoro cedeHus (4) UCTbITHIBAEMOTO CTEPIKHS.

5. Onpenensiercss HauMEHbIIUHA MOMEHT WHepHUH (Jyin) HCHBITHIBAGMOTO
CTCPIKHSI.

6. Onpenensiercss HauMeHbIIUH paauyc WHEPHUH (imin) HCIBITHIBAEMOTO
CTCPIKHSI.

7. OnpenensieTcss HAUMEHbIAst KeCTKOCTh (E+Jyin) HCIIBITBIBAEMOTO CTEPIKHSI.

Haumenbimii MOMEHT UHEPIUH (Jmin) MCIBITBIBAEMOTO CTEPIKHS BBIYUCIISACTCS
1o cooTBeTcTBYIOMEH (hopmyne, a E 6epérca uz tabmun g cramd Ct. 3, 00BIYHO
npuanmaercs E = 2,1-10% ko/em® (2,1-10°MITa), a 3aTeM BBIYHCISIETCS KECTKOCTB
HCIIBITHIBAEMOTO cTepKHsT Ednin (MHM?).

8. IlpoBepsiercss npuMeHUMOCTb GoOpMyNibl Dijepa sl JAHHOTO CiIydas.
®opmyna Jilsiepa, Kak U3BECTHO U3 TEOPUH, IPUMEHUMA TOJIBKO, €CITN

A2 Ay,
rae
I E
A= E, a }u“peﬂ =7 O.—ml
Ecnn nocie Berumciienus BenuyuHa A Oyzer Oonbme A,, (mia cramm Cr. 3
npuaumaerca A, = 100), To TeopeTHyeckas BeNMYMHA KPUTHYECKOW CHJIBI
BbIUKCISIETCA 110 popMynie Ditnepa
Plcp — n'zE]Zmin
%

Bennuuna xpurudeckoit cuibl P, onpenensercs i IBYX CIy4aeB: IIpU
CBOOOJTHOM JIJTMHE UCIBIThIBaeMoro crepxkHs £, = 150 cm u mpu cBOOOIHOM IIIMHE
UCIIBITBIBAEMOTrO cTepxHs £y = 75 cm.



9. CpaBHUBAIOTCS 3HAYCHHSI TEOPETUUECKUX KPUTHUCCKUX CHJI C HAWJICHHBIMU
3Ha4YeHUusAMU P, U3 ombITa.

10. 3anuChIBatOTCS B KYPHAJI BEIMYWHBI KPUTHICCKUX CHJI, a TAKXKE Pa3HOCTH
MEXIy TEOPETUYECKUMHU U ONBITHBIMHU 3HAYCHUSIMU KPUTHUECKUX CUJT B TIPOLICHTAX.

11. BeruucnsitoTcss KpUTUYECKHE HANPsKEHUsS! (OMBITHOE M TEOPETUYECKOE) T10

dbopmyre
Op- Py / A (MIla).

12. CpaBHUBAKOTCS 3HAYEHUSI TEOPETHUYECKUX KPUTUUYECKUX HANPSIKEHUUA C
HaWJICHHBIMHU 3HAYEHUAMU O, U3 ONBITA.

KoHTposbHbIE BONPOCHI

1. B uém 3akioyaeTcs SBJIEHUE TOTEPU YCTOMYMBOCTH CHKATOI'O CTEPIKHS?

2. Yto Ha3bIBa€TCSd KPUTUUECKOWU CHIION U KPUTHYECKUM HAIPSIKEHUEM?

3. Uto Ha3bIBaeTCs THOKOCTHIO CTEPKHS?

4. Kak BiusitoT kE€cTkocTh EJ u nyuHa ctepxHs £ Ha BEIMUYMHY KPUTHUYECKOM
CUJIBI?

5. Kakoe mpakTHueckoe 3HAUYE€HUE HUMEET OINpEAETICHUE KPUTUYECKOM CHIIbI
CKaTBIX CTEPKHEN?

5. Uro mpexacraBisier coOoii k03P (UUHUEHT NPUBEAEHUS IJIUHBI U YEMY OH
paBEH NPHU Pa3IMUYHBIX YCIOBUAX 3aKPEIUICHUS KOHIIOB CXKAThIX CTEPIKHEN?

6. Kak ycranaBnuBaeTcst mpeziesl IpUMEHUMOCTH GopMyJbl Diinepa?

7. Ecnu cxarblii crepKeHb OMIMOOYHO paccuuTaH 1o Qopmyne Diinepa B
obmactu €€ NPUMEHMMOCTH, OMAacHa JM 3Ta OIIMOKAa WIM OHAa NPUBEHAET K
nepepacxojly MaTepralia Ha U3rOTOBJIEHUE CTEPKHSA?

8. Bo ckoibKO pa3 M3MEHUTCS BEIMUYMHA KPUTHUECKOW CUJIBI CTEPKHSI, €CITU TIPU
€ro UCIBITAHUH 3aMEHUTH HIAPHUPHBIE ONIOPBI Ha OMOPHI C )KECTKUM 3alleMJICHUEM?

9. Uem OOBSICHUTH HECOBMA/IEHNE TEOPETUUECKUX PE3YIIHTATOB C OMBITHBIMU?



OTYET
10 J1abopaTopHoi padore

WCIBITAHUE CTEPXKHS HA TIPOJOJIBHBIN U3I'B

JaTta npoBeaeHus: padOThI

®.1N.0. crynenra

['pymma
1. HaumeHOBaHME MaIIIUHBI;

2. XapaKTepUCTHKA UCTIBITYEMOT0 CTEPXKHS:
— MaTepual

— IJIAHA

— (hopMa U pazMepsl MONEPEUHOT0 CEUCHHUS:

e [lnomaas nomnepeunoro ceueHus (A) M”;
e Hawmmenpimii MOMEHT uHEpHHH cedeHUS (Jmin) M*:
e Haumensimii paguyc uaepuud (imin) M;
e Haumensimas xectkocThb (E Jpin) MHwm?

3. IIpoBepka mpuMernMocTr (hopmyel Ditepa:
['ubKOCTh CTEpKHS B IJIIOCKOCTU HAMMEHBIIIEH )KECTKOCTH :
a) mpu cBoboHOM nnHe € = 1,5 m

0) npu cBoOoaHOM mmHE £ = 0,75 M

4. BenuyuHbl KPUTHYSCKONW CHJIBI M KPHUTHYCCKOT'O HAIPSDHKCHHS, BBHIYUCICHHBIC I10
dbopmynam Diinepa:
a) mpu cBoOoHOM myuHe £ = 1,5 m

0) npu cBoboaHOM nuHE £ = 0,75 m

5. BennunHa KpUTHYECKOTO HAMPSHKEHUS, BBIYMCIICHHAS 110 OTBITHBIM JTAHHBIM
a) mpu cBoOoHOM nHe € = 1,5 m

0) npu cBoOoaHOM Ayune € = 0,75 m
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6. XKypnan ucnsiTaHuit

Ne | HammeHnoBanue ycjioBuii onbiTa | Pasmep OnbIT
n/n U onpeaeasieMbIX BeJINYUH HOCThH Ne 1 No 2
1 | Cnocod 3akpenjieHusi KOHIIOB -
CTEPKHHA
2 | dakTHyecKas JJINHA CTEPHKHSA M
3 | PacueTHasi IiIMHA CTEPKHSA M
4 | BeauuuHa rpy3a Ha pbluare kH
5 | CooTHoleHHE IJIeY pblyara -
6 | BeiluuuHAa KPUTHUYECKOW CHIIBI, xkH
MOJIyYeHHAs U3 ONbITA
7/ | Teoperuueckasn BEeJIMYUHA kH
KPUTHYECKON CHJIBI
8 | Pazauna MEXKTY ITHMH %
KPUTHYECKUMH CHJIAMH
9 | Bernuuna kpurnvyeckoro | Milla
HANIPSKEHUS, TNOJyYeHHasi M3
onbITa
10 | Teoperuueckas pejnunHa | Mlla
KPUTHYECKOr 0 HANIPSI2KEHUSI
11 | Pazuuna MeXKTY ITUMHU %
KPUTHYECKUMH HANPSAKEHUAMHU
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Ipuiaoxenue

Obpasey ogpopmnenus
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