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NNabopatopHas paboTta NelO
MpoBepka TeopeM 0 B3aMHOCTU paboT U nepemMeLl,eHunii

Llenb paboTbl: 3KCNepUMeHTa/lbHOe NOATBEPXAEHNE TEOPEM O B3aVIMHO-
CTV paboT 1 NepemeLLeHWIA.

10.1. O6bwume cBegeHUs

PaccMOTpuM LWapHUPHO onépTtyto 6anky (puc. 10.1), Bbigennum asa ce-
yeHMsi 6ankn 1 1 2, OTCTOALME Ha paccTosHMAX a u D oT onop. Mpunoxmum
cuny Py B ceuenunn 1. Mpu 3TOM 6asika NPOrHETCA, ceveHne 1 nonyuut nepe-
MelleHne Aqp, a ceueHne 2 - nepemelleHmne Ap1. 3aTem NPUNOXUM B CeUeHUM
2 cuny P, Torga ceyeHve 2 nonyunT AononHUTENbHOE nepemelteHne Ay, a
ceueHuve 1 - 4.

Mexxay cunamn P n Py v BbisbiBaembiMn nmn nepemeteruam Ao n Ayq
ceyeHWn 1 v 2 6asIKM CYLECTBYET 3aBUCUMOCTb, KOTopas (hopMy/MpyeTcs
Teopemoli 0 B3aMMHOCTK paboT:

pa6ota cunbl P Ha nepemelyennn, soizsaHHom cunoii P» , pasHa pa6o-

Te cunbl P, Ha nepemelyerHnn, BoisBaHHOM cuoit Py

Pl de12 = P2 Dd21 . (101)

YacTHbIM C/lydaem TeopeMbl 0 B3aumHocTu pa6oT (npu P1= P,) asnset-
CA Teopema 0 B3aMMHOCTU MepemMeLLeHNIA:

nepemeLlleHre ceyeHns 1, BbI3BAHHOE CWUJION, MPUIOXKEHHON B CEUYEHUM

2, PaBHO NEPEMELLEHNIO CEYEHUS 2, BbI3BAHHOMY TaKOI XXe CUoi, npu-
NIOXKEHHOI B ceyeHun 1:

A, =4,. (10.2)
P1 P>
1 2
gS\\\\_?All Mot -
‘ \\\\Zl? ————— - /// 7777,
a . _ b _
> I A -
Puc. 10.1

10.2. OnucaHue ucnbiTaTesibHOW YCTaHOBKM

[Onsa npoBefeHusa paboTbl UCMOMb3YETCA WCMbITaTeNlbHaA YCTaHOBKa,
npeacrtasfieHHas Ha puc. 10.2.
3
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Puc. 10.2

YcTaHOBKa COCTOMT M3 uccregyemoin 6anku |, ocHoBaHMS 2, NOABUXHOWA
3 1 HenoaBWXXHOM 4 onop, ABYX MHAMKATOPHbLIX CTOEK 5 1 ABYX MMpPeBbIX Noj-
BecoB 6. ba/ka M3roToB/eHa u3 cTasibHoli nonockl (E = 2[10° MMa) npsamo-
Yro/IbHOro nonepeyHoro ceyeHus (wWunpuvHa B = 40 mm, BbicoTa H = 7 MM) ©
yCTaHOB/IEHa Ha LapHUPHLIX onopax, AnnHa nponéta | = 1 m.

Harpy>xeHne 6asiku OCyLlecTBNAETCA C MOMOLWbI TMPEBbIX MOABECOB
(macca kaxxgoro nogseca M = 0,5 kr=5 H) n Habopa rpysos 7. Harpyska npu-
KnagblBaeTcs coCpefoTOYEeHHO B CeYeHUAX 1 1 2, OTCTOAWMX Ha PacCTOAHMAX
a=0,2mub=03wmo0T onop 6anKn. B 3TVX e CEUEHUSIX ONpeaenstTcsa
npornésl 6ankn. M3amepeHne npornboB OCYLLECTBNAETCA NPW NOMOWM ABYX
NHONKATOPOB YacoBoro tmna 8 c¢ ueHol genexHns 0,01 mm.

10.3. Nopagok nposefeHUs padoThl

10.3.1. YcTaHOBUTbL MpPU3Mbl 418 TMPEBbLIX NOABECOB B ceYeHuax 1 un 2
6askn Ha pacctosHuax & = 0,2 mm 1 b = 0,3 mm oT onop (oTmeTkn 20 1 70
Ha LWKane 6ankn).

10.3.2. YcTaHOBUTb GONbLUNE CTPESIKNM 060MX MHAMKaTopoB Ha “0” u 3a-
nucatb nokasaHua T1 u To B cooTBeTCTBYOWMX rpadax Tabnuusl 10.4.1 npu
HY/1eBOM Harpyske.

10.3.3. YcTaHOBUTbL TMPeBOi NoABec B ceveHun 1 1 HarpysuTb 6asky B
3TOM ceyeHun Harpyskoin P; = 25 H (c yuétom Beca rupesoro nogseca) (puc.
10.3, a). 3anucatb nokasaHua T, nHAMKaTopa B cedeHun 2. Pas3rpysutb Gas-
Ky, CHATb rMpeBor nogsec.

10.3.4. YcTaHOBUTbL TMPEBOM NOABEC B CEYEHUN 2 N Harpy3nTb 6anky B
3TOM ceyeHumn Harpyskoii P, = 35 H (c yuétom Beca rupesoro nogseca) (pwc.
10.3, 6). 3anucaTb nokasaHus 1 uHAMKaTopa B ceuyeHun 1. Pasrpysutb Gas-
Ky, CHATb rMpeBor nogsec.
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10.3.5. MoeTtopuTtb onbIT (Nn.10.3.2 - 10.3.4) ewé aBaxapl, 3anucbiBas
COOTBETCTBYHOLLMNE AaHHble B Tabn. 10.4.1.

10.3.6. Onpenenntb Npornbbl 6ankn B ceyeHuax 1 v 2, BbIYUCNASA pas-
HOCTM NOKa3aHWin UHANKATOPOB A1 KaXKAO0r0 Harpy>XeHus:

AT]_ =A12’ ATZ =A21_

10.3.7. Bblunciutb paboty cunbl P; Ha nepemewerun Ajp cevenns 1,
Bbl3BaHHOM cunoi Po:

Ay =Py,
n pa6oTy cunbl P, Ha nepemelernn o1 ceuenns 2, BbizsaHHoM cunoii Py
Ay =Py iy,

Pe3ynbTaTthbl 3anucatb B Tabn. 10.4.1.

10.3.8. MNpoBepuTb crpasen/MBOCTL TEOPEMbI O B3aMMHOCTK paboT, T.e.
BbIMo/siHeHNe paBeHcTBa (10.1). Bbluncintb pacxoxaeHue:

S = u [100%
A '
Pe3ynbTaTthbl BblMMCAEHWNA 3anncaTb B Tabn. 10.4.1.
10.3.9. NMosTopUTL onbIT (Nn. 10.3.2 - 10.3.5), npuknaabiBasd B CeYEHU-
AX 1 1 2 6anku pasHble Harpysku P; = P, = 25 H 1 3anucbiBas cooTBeTCT-
BYylOLIME MOKa3aHusa B Tabn. 10.4.2.



10.3.10. OnpegennTb NPornésl 6asikKn B ceveHnax 1 n 2, BbIYUCNASA pas-
HOCTW MOKa3aHWn MHANKATOPOB A/151 KaXKA0ro Harpy>KeHus:

ATl =A12’ ATZ =A21_

Pe3ynbTathbl 3anucatb B Tabn. 10.4.2.
10.3.11. lMNpoBepuTb cnpaBeA/IMBOCTb TeOpPeMbl O B3aMMHOCTW MNepeme-

LLEHWIA, T.e. BbIMONHeHNe paBeHcTBa (10.2). BbluMCANTb pacxoXxaeHue:

S = Ay —An [100%
4P
Pe3ynbTaTthl BblMMCAEHNA 3anncaTb B Tabn. 10.4.2.
10.3.12. OchopMuTb OTYET MO Npunaraemoii goopme.

10.4. O6pa3sel, oTHETA

MpoBepKa TEOPEM O B3aMMHOCTU Pa6oT U NepemMeLleHunii

10.4.1. Lenb paboTbl.
10.4.2. Cxembl Harpy>xeHnus 6anku (puc. 10.3).
10.4.3. Pe3ynbTaTbl UCMbITAHUIA.

Tabnuua 10.4.1

CeyeHne 1 CeyeHne 2 PaboTta Pabota | Pacxox-
feHve
Pi, | OTCUET | nporn6 | P, | oTcYéT | nporn6 |A; = Py [hj5|Ay =Py Uyl 0,%
Tl! AT1:A12’, TZ, AT2:A21, HM Hm
H fen. M H aen. M
0 0
25 35
0 0
25 35
0 0
25 35

Tabnuua 10.4.2

CeueHne 1 CeueHue 2 Pacxoxk-
[eHune
P, H OTCYUET nporné P,, H OTCYET nporné 0, %

T4, pen. AT, M T,, fen. ATy M

0 0

25 25

0 0

25 25

0 0

25 25




10.4.4. BbiBOARI:

[MpumeyaHune. B BbIBOgaX OTMETUTL, B YEM 3aK/1HOHAETCA IKCNepMeHTa/IbHas
NnpoBepKa TEOPEM O B3aMMHOCTU paboT U NepemMeLLeHNA.

PaboTy npuHAn
) " 20 T.

10.5. KOHTpO/IbHbIE BONPOCHI

1. B 4éM CMbIC/1 TEOPEM O B3aMMHOCTW PaboT 1 NepeMeLLEeHNin?

2. B 4ém nx otnnumne?

3. B Kakux cedeHuax 6asnkm M Kakmm ob6pa3omMm onpenensarorcs nepeme-
LeHna?

4. B 4éM 3aKno4vaeTcsa sKcrnepumeHTasibHas NpoBepKa cnpasenMBOCTU
TEeopeM 0 B3aMMHOCTM pPaboT 1 NepemeLleHnin?

JabopatopHaa pab6oTta Ne 11

MccnepoBaHme NOTEPU YCTOUUYMBOCTU NPAMOSIMHENHOIO CTEPXKHSA

Llenb paboTbl: 3KCNepUMeHTaslbHOe onpeaeneHne KpUTUYecKol Cunbl 1
CPaBHEHMWE C TEOPETMUYECKUM 3HAYEHMEM.

11.1. O6wume cBepeHUs

Ecnn npsiIMONMHENHbIA CTEPXEHb CXUMaTb LIEHTPasIbHO MPUNOXEHHOW
cunoit P, To ¢ Bo3pactaHnem 3Toii Cubl CTEPXKEHb BHaYas1e TOMIbKO YKOpauu-
BaeTCH, COXpaHsis CBOK MPSIMOMIMHENHYO hopMy, a 3aTeM HacTynaeT siB/ieHne
noTepu yCTOMUYMBOCTU - CTEPXKEHb U3OTHETCS.

HanmeHbLUy0 LEeHTPaNbHO NPUIOXEHHYHD CXXUMAOLLY Cuiy, KoTopas
BbIBOAUT CTEPXEHb U3 COCTOSIHUSA NPSAMONHENHOIO YCTONUYNBOIO paBHOBECKS,
Ha3bIBaKOT KPUTUYECKOW CUOMN.

[na onpefgeneHns KPUTUYECKOW CU/bl CXATOro CTepXXHA HeobxoAmmo
3HaTb BE/IMUYNHY €ro rmbKocTu:

s
Lsin

min
roe | - pnvna ctepxkHs; 44 - KOSPUMUMEHT NPUBEAEHUS [IVHbI, 3aBU-
cAwmi oT crocoba 3aKpensieHnst KOHLOB cTepxHs; 4 | - npusepénHas gnn-

Ha CTEPXKHA;  Imin - HAMMEHLLIUI PagUYC MHEPLMW NOMEPEYHOro CeYeHMs
CTEPXKHSI.

(11.1)



B 3aBMCMMOCTW OT BE/IMUNHbBI TMOKOCTU CTEPXKHA KPUTUYECKYIO CUMY BbIYNC-
NAT NO pas3nnyHbIM opmynam. MNpeagenbHoe 3HaYeHe TMOKOCT paBHO:

E
App = | — | (11.2)
roe  E - mopynb ynpyroctv nepsoro poga;  Onp - Npesen nponopLyoHaib-
HOCTW.

[ns ctaneii npegenbHas rTM6KOCTb ﬂnp =(40 +100).

Ecnm rmbKocTb CTEpPIXKHS A > ﬂnp, TO KPUTUYECKYHO CUY ONPeaenstoT
no copmyne diinepa:
2
_ 7" Ednin

P =_

rae  Jmin - HAUMEHbLLINIA OCEBOI MOMEHT VHEPLMK CEUEHUS CTEPXKHS.
Mpu 3HAYEHUSIX TMOKOCTY A </1np noTepsi yCTONYMBOCTM NPOUCXO-

ANT NPY HaMpPsHKEHUSIX, NPEBOCXOASALMX Npeaen NpornopLMoHasbHOCTH. B
3TUX C/yYasX KPUTUYECKOE HaMnpshKeHne onpeaensitoT no aMnumpuyeckoii dop-

Myne fcuHckoro: Oy, = a —bA. Torga Kputuyeckas cunia no dpopmyre
ACMHCKOro UMeeT BUA.:

P, =0, F=(a-bR)F, (11.4)

roe  a, b - koaddmumenTsl, 3aBUCALME OT cBONCTB MaTepuana; F - nno-
Waab NoNepeyHoro cevyeHns CTePXKHS.

P

Vw

Puc. 11.1



11.2. OnucaHne yCcTaHOBKMN

OnpegeneHne KpUTUYECKOW CU/bl NPOU3BOANTCH AN CTEPXKHS, HUXKHWI
KOHeL, KOTOpOro 3alemséH, a BepxHUii cBob6oaeH oT 3akpensieHuns (puc. 11.1).

YctaHoBKa (puc. 11.2) coCTOUT U3 CTas/IbHOrO CTEPXKHA 1 € XXECTKO npu-
KPeNNEHHOM K HEMY MATON 2, onuparowencs Ha cTaHuHy 3, Nnpu NoMOLLM BUH-
TOB 4, cnyxawmx ans XECTKOro 3akpenneHns CTEPXKHA B NATe.

[Ona nepefaun Harpysku Ha CTEpXEHb C/Y>XUT KOPOMbICNO 6 C ABYyMSA

TAramMm 5, K KOTOPbIM C MOMOLLbK NMOMNepeYnHbl 7 NojABeELLeHa rpy3oBasi nmo-

waaKa 8 Ans yCTaHOBKU r1pb.
BepxHuii KOHeL, CTEPXKHSI NOJ, AENCTBMEM Harpy3ku MOXKET OTK/IOHATbCS,

yB/ieKas 3a CO60i KOPOMBIC/IO C TAraMy 1 rpy30BOWA MJI0LLAAKON.
Pa3mepsbl obpasua B annmmeTpaé( yKa3aHbl Ha puc. 11.2.

A
-1
1 A
s
s
5 § S
o Y
o
l__l Q 11,5 mm
| | N
2
3 4 Y
I Ih
111 TIT
9 - 7
8
%
Puc. 11.2

11.3. NMopagok npoeefeHns padoThbl

11.3.1. BbluMCINTL FreoOMeTpPUYECKME XapaKTEPUCTUKN CEYEHUSA CTEPXKHS;
pe3ynbTaTthl 3anucaTb B Tabn. 11.4.1.



11.3.2. Bbl4MCANTb BEIMYNHY TMOKOCTU CTEPXKHS.

11.3.3. Paccumtatb KPpUTUYECKYHO CUy.

11.3.4. AnA aKcrnepuMeHTasIbHOro onpefeneHns KpUTUYeCcKom Cusbl Ha
rpy30Byto nnowaaky 8 yknagsiBatb rupy 40 MOMEHTA NOTEPU YCTONUNBOCTH.
BennunHy KpuTMYeCKoi Cubl ONpeaesiTb Kak CyMMy Beca rmpb, Y/10)KEHHbIX
Ha rpy30Byt0 Nowanky, u Beca yCTpoicTBa 41 nepefayn Harpy3ku Ha cTep-
YKeHb, Macca KOToporo paesHa 6,5 kr (65 H).

11.3.5. Onpepnenntb pacxoXaeHne Mexxay TeopeTUYecKnUM N 3KCnepu-
MEHTa/IbHbIM 3HAYEHUAMU KPUTUYECKOW CUSbI:

P& —Po

—_Kp Kp 0

= or o0k, (11.4)
Kp

11.3.6. OchopmMuTb OTUET NO npunaraemon opme.

o

11.4. O6pa3sel, oTHETA
MccnepgoBaHme NoTepu yCTOMUMBOCTU NPAMO/IMHENHONO CTEPXKHS

11.4.1. Lenb paboTbl.
11.4.2. Cxema Harpy»eHus ctepxxHs (puc. 11.1).
11.4.3. ®u3nYeckme 1 reoMeTpruyeckmne xapakTepuCcTUKN CTEPXKHA.

Tabnmuya 11.4.1

Neo XapaKTepUCTUKa CTEPXKHA 3HayeHusa BEMYUH

1 | MaTepuan CT.5

2 | Mogynb ynpyroctn E, MMNa

3 | Ammnal, m

4 | Nnowagps nonepeyHoro ceyennst F=b [B, m?

3
_ _HB A
5 | min MOMeHT NHepLUn ceyeHunsa Jmin —?, M
6 _ T ‘Jmin
min pagnyc nHepuumn cevyeHus 'min — —F , M
_ M
7 | Tn6KoCTb cTepxHa 4 — -
Imin

10




11.4.4. TeopeTuyeckoe onpeaeneHne KpUTNUYecKom Cusbl:

pT — 7°EJ min _
© () o
11.4.5. Pe3ynbTaTtbl 3KCNEPUMEHTA/ILHOIO OornpeaeneHnst KpUTUYECKOn CUsbl:
P® =65+ = (H).
Kp

3
MpumeyaHre. Mpu 3HAYEHNUSIX Harpy3Ku P « CTEPXEHb mocne nckpue-

NEHNs1 He BO3BpPALLAETCA B MCXOAHOE MOMOXKEHME, T.e. NPAMONNHERHasA opma
paBHOBECKSI CTEPXKHA nepecTaeT ObiTb YCTOMYMBOIA.

11.4.6. CpaBHEHME TEOPETUUYECKMX U IKCNEPUMEHTANIbHBLIX PE3Y/bTaTOB.
Tabnuua 11.4.2

BennuumHa KpI/ITI/I‘-IeCKOI‘/JI CUJbI

PacxoxaeHune
PT p3 0
TeopeTnyeckas K’ H | 3kcnepumeHTanbHas "’ H 0,%

11.4.7. BbiBOAbI:

MNpumeyaHue. B BbiIBOgaxX OTMETUTL CrefytoLlee:

KaK aKCcnepmmMeHTasibHO onpeaenuTb KPUTUYECKYIO CUny;

Kak onpeaennTb TEOPETMUYECKOE 3HAUYEHNE KPUTUYECKOM CUNbl;

KakoBbl pe3y/bTaTbl CPAaBHEHMS 3HAYEHWUI KPUTMYECKOW CWAbl, onpeje-
NEHHbIX TEOPETUYECKM U IKCNEPUMEHTASILHO.

PaboTy nNpuHAn
) " 20 T.

11.5. KOHTpO/IbHbIE BOMNPOCHI

1. B 4ém 3aKknyaeTcs SAB/IEHNE NOoTePN YCTOMUMBOCTM CXATOIM0 CTEPXKHSA?

2. YTo HasbiBaeTCcA KPUTUYECKO CUI0IN?

3. Uemy paBHa rmoKOCTb CTEPXKHA?

4. na Kakux CTepXXHen npumeHnMa opmyna diinepa npu onpegeneHnn Kpu-
TUYECKOM CUSbl, KaKOW BU[ OHA UMeeT?

5. NS Kaknx CTePXXHEN npuMeHuma hopmyna ACMHCKOro, Kakoi Bug, oHa nme-
eT?

6. Kak BnusoT »écTkocTb EJ nonepeuHoro ceuenns n gnvHa crepxHs Ha Be-
JINYMHY KPUTUYECKOW CUIbI?

11




