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NNabopatopHas paboTa Ne5
VcnbiTaHe Ha KpyyeHue o6pasuoB U3 CTa/ln U YyryHa

Llenb pa6oTbl: OnpeaeneHne MexaHWYeCcKMX XapakTepucTWUK niacTuu-
HbIX U XPYNKUX MaTepManoB Npu KpyuyeHuu.

5.1. O6wme cBegeHnn

Mpn KPYyYEHUN B MOMNEPEUHbIX CEYEHUSX CTEPXKHS BO3HUKAET KPYTSLLWIA

mMomeHT My, 006ycnoBneHHbIn [eicTBMEM KacaTesibHbIX HanpsbkeHuin T
(puc.5.1, a), koTopble onpeaenstoT No opmye:

T= %‘4 p
P (5.1)
g =x@®
rae P 32 . MONSAPHbLI MOMEHT MHepuun ceyennst; O - anamertp ce-

YEeHUs CTePXHA; [ - paccTosHWe OT LEeHTpa TAXEeCTU CeyeHus [0 TOYKW, B
KOTOPOW paccumnTbiBAETCA HanpsKeHue.

Jnopa KacaTeslbHbIX HanpsHKeHWA B MNOMEPeYHOM CEeYEeHUW KPYyrioro
CTEePXXHA MokasaHa Ha puc. 5.1, 6.

MaKcuMasibHble KacaTeflbHble Harnps>XeHWs BO3HWKalT Ha KOHType ce-

YeHus Npu P =pmax :E:

_ M
max V\A : (5.2)
34ecb
W, = Jo :723
Prax 16 6.3

MONSIPHBIA MOMEHT COMPOTUB/IEHUS CEUEHUS.

KacaTefbHble HanpsKeHWs1 paBHbl HY/KO Ha FNaBHbIX NollaaKax, pac-
MONOYXEHHbIX NOfA YrnoM 45° K ocu CTEePXKHS. Ha rnaBHbIX MNoLaKax BO3HMU-
KaloT rNaBHble HaNpPsKeHWs, Mo BefIMUMHe paBHble KacaTesbHbIM (puc.5.2):

A=Ca™6 G =Cnii- — 4 &= 0

B 3aBucMMOCTM OT MaTepuana obpasua paspylleHve NpoucxXoauT B pe-
3y/bTare [AencTBua M60 KacaTeslbHbIX, /IM60 HOpPMasibHbIX HanpsXXeHWUA.
CtanbHO o6pasey, cpe3aeTcA B MOMepevyHoM cevyeHuu, rae AencTBYHOT Kaca-

TenbHble HanpsbkeHuss T. UyryH, cnabo CONpPOTMBASIOLWMIACA PaCTSHKEHWHo,



paspyluaeTcs B pe3y/sibTaTe OTpbiBa MO BUHTOBOI MOBEPXHOCTW, HAK/TOHEHHO
nof yrnom 45° K ocu CTepXKHS, e AeNcTBYOT rnaBHble HanpshkeHus 0.

a) 0)

T

N
W

(

=

W. (5.4)
P
roe l\/Imax - MaKCUMaJIbHbIN prTFlLLI,VIVI MOMEHT Npwn MCnblTaHNN, COOTBETCT-

BYIOLLMIA pa3pyLLeHmMto obpasua.
Mpeaen TeKyyecT MaTepuasia Npu KPyvYeHUn paBeH:

: (5.5)
rae MT - KPYTALWMIA MOMEHT, COOTBETCTBYHOLLMIA MIOWAKe TEKYUECTH Ha
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anarpaMme KpyyeHust naacTMyHoro matepuana. Ecnn niowagka TeKyyecTy
OTCYTCTBYET W/ BblpaXXeHa HESABHO, TO ONPeAensitoT YC/OBHbIM npeaen Teky-
YecTMu.

Mepoii nNNacTUYHOCTU MaTepuana npu Kpy4yeHun ABMsSeTcs BennynHa
OTHOCUTENbHOTO yrna 3aKpy4nBaHuUsl CeUeHusl 0 paspyLUeHns o6pasLa:

o -8B

B |

roe ng— abCo/MIOTHbIV Yron 3aKpy4mBaHUsl ceueHust o paspyLleHns obpasua.

(5.6)

5.2. 3KcnepyMeHTas/IbHOE MccnefoBaHne KpyyeHus obpasLoB
C KPYI/bIM MonepeyHbIM CeYeHneM

NcnbiTaHne Ha Kpy4veHue cornacHo NOCT 3565-71 npoBogMTCA Ha UCMbI-
TaTenbHoi MawuHe KM-50 ¢ mexaHM4ecknum TUNOM npuBogda, CNoco6HON pas-
BUTb Harpyxatowmii momeHT Ao 50 k'm (500 Hwm).

CTaHOapTHble 06pasubl LWIMHAPUYECKOW (hOpMbl UMEKT pasMepbl:
avametp d=10 mm, pacuetHyio gauHy =100 mm. Jla6opaTopHble 06pasupbl

MOryT UMeTb Apyrue pasmepbl. Popma obpasua npeacrasneHa Ha puc.5.3 (oH
MMEEeT ro/I0OBKWN C KBaAPaTHbIM CEYEHUEM).

Puc.5.3

B pe3ynbTaTe NPoOBeAeHMs UCMbITAHWIA NOMyYaloT Anarpammy Kpy4deHus
— rpadmk B KoopauHaTax: KpyTawmii momeHT My - yron 3akpyumsaHus o6pas-

ua @ . na ee nonyyeHus CNYUT AuarpaMMHbIii annapart UCTbITaTesIbHOM
MaLUnHbl. MacwTtabbl gnarpammbl: no ocu momeHtoB My=0,333 k'm/mMmM=3,33
Hm/MM, no ocu yrnos 3akpyunsauus He= 0,4 rpag/mm. MpumepHsle gnarpam-
Mbl KPyYeHUS ANs CTann 1 YyryHa npmeefeHbl Ha puc.5.4.

BenuuunHbl KPYTALWMX MOMEHTOB MB n M1, coorBetctBylOWME Npe-
[leny npoYHOCTU U npeaeny TeKyyecTu, onpeaenstoTcsa Mo LwkKane cuionsme-
PUTENbHOrO YCTPOMCTBA WUCMbITATENbHOW MalluuHbl. YT/bl 3aKpyunmBaHus [0

paspyLueHnsi 06pasuos @ g UKCMPYIOTCS Ha LKase Yr/0B 3aKpyUBaHUs.

HaigeHHble Be/MUYMHBbI KPYTAWMX MOMEHTOB MO3BOMAKT OMNpeaenunTb
npegenbl NPOYHOCTU M TeKy4vecTn MaTepuanos rno gopmynam (5.4) n (5.5).



YYryH
[ cranb

Ma Mt Me

ol
Puc.5.4
5.3. MNMopsaoK BbINO/IHEHNSA PaboThl

5.3.1. M3mMepuTb pacueTHyto annHy |, anameTpsl o6pasyos d, BblumcAnTb Mo-

NApPHbIE MOMEHTbI COMPOTUBNEHNA CEeUYEHN Wp. Pe3ynbTaThl 3aHECTU B Tab-

nndy 5.1 otyeta (cm. n. 5.4).
5.3.2. YcTaHOBUTbL 06pasel, B 3axBaTbl UCMbITATE/IbHOM MalUVHbI, BKIHOUYNTbL €e
N [OBECTU 06pasel, A0 paspylleHus. [pu aToMm 3admKCcMpoBaTb BE/IMYNHY MO-

meHTa M ; | cooTBeTcTBYylOLErO NMOWAAKe TeKyyecTn (AN CTabHOrO 06pas-

La), BEAMUMHY MakcumanbHoro momenta Mg npu paspyweHnm o6pasuos u

BE/INYNHY MaKCUMaUIbHOTO yr/a 3aKpydnBaHUUA ¢ B , a TakKXKe noaydyntb gmna-

rpammy KpyyeHus. Pesynbtartbl 3aHeCcT B Tabnnuy 5.2.
5.3.3. 3apucoBaTb XapaKkTep paspyLieHns o6pasLoB.

5.3.4. Boluncnutb no copmynam (5.4), (5.5), (5.6) npegen tekydectn Tt (ans

cTaslbHOro o6pasua), npegen npoYyHoctTn (g M OTHOCUTENbHbLIV YrO 3aKpyuu-

BaHMA GB. Pe3ynbtathbl 3aHecTn B Tabnmuy 5.3.

5.3.5. TocTpouTb Anarpammbl KPyHeHUS CTasIbHOro M YyryHHOro o6pasuos.
5.3.6.0hopMUTbL OTYET NO Npunaraemon opme.

5.4. O6bpaseL, oTyeTa
McnbiTaHne Ha KpyyeHue o6pasLoB 13 CTain U YyryHa

5.4.1. Llenb paboThbi:

5.4.2. VicnbiTatensHasa ycTaHOBKa: ucnbitatensHaa mawnHa VK-50.

5.4.3. dopma, pasmepbl N reoMeTpuyeckme XapakTepucTUKM cedeHnin obpas-
yos (puc.5.3).



Tabnuua 5.1

MoMeHT conpo-
Martepwnan obpas- OnawveTp PacyeTHasa o/iMHa | TUBNEHUSA cede-
Ha d | i W (em®)
(Mm) (Mm)
Ctasib
yUyryH
5.4.4. Pe3ynbTaTbl UCNbITAHWIA.
Tabnnua 5.2
Harpy>xeHusa u
ethopmauum M . MB 0, XapHa;;e§6E§E);Lue_
Matepuan (Hw) (Hm) (rpag)
obpasua
Ctasib
yyryH
5.4.5. BbluncneHus:
_72'3_ T :L/IT: T MB _9Q
W, = = T W BT\ 0, =75
16 P P I

5.4.6. XapakTepuUCTUKN NPOYHOCTN N NIACTUYHOCTN MaTepnaioB

Tabnuua 5.3

MexaHunyeckue
apaKkTepuCcTUKK

MaTtepunan obpasua

[Mpepnen Tekyye-

cu U1 (MMa)

[Mpenen npoyHo-

ctm T (MnNa)

HUNA
Os(rpap/cm)

Ctanb

yyryH

Ouarpammbl KpyyeHus

(Hwm)

¢ (rpag)

OTHOCUTENbHbLIN
yron 3akpy4uBa-




5.4.7. BbiBOApbI

PaboTy npuHAnN
" ) 20 T.

[MpumeyaHue: B BbIBOAAX HEOOXOAMMO OTMETUTb CNEAYHOLLEe:

Kakme HanpshkKeHusi NPUBOAST K pa3pyLleHnto 06pasLoB U3 CTain U vy-
ryHa npu KpyyeHuu;

Kakue MexaHuyeckune XapakTepucTVMKM U AN Kakoro matepuana onpe-
AeneHbl B npoLecce UCMbITaHWiA;

YTO ABNSIETCS XapaKTEPUCTUKONM MNacTUYHOCTU MaTepuana npu Kpyde-

HUW.
5.5. KOHTpO/IbHbIE BOMPOCHI

1. Kakne BHyTpeHHMEe cu/ioBble pakTopbl U HanpsXXeHUs BO3HUKAKT B More-
PEYHbIX CEeYEHUAX CTEPXKHA NPU KPyYEeHUN?

2. B Kakmx ToYkax cevyeHunss BO3HUKaKT MaKCUMasibHble HanpsXXeHus?

3. Kak onpegensiorca npegen npoyvyHOCTU U Npefen Teky4yectu marepuana
npu KpyyeHnmn?

4. YemM 0O6BACHUTbL Pas/iMyHbIl XapakTep paspyLlleHns CTaslbHOro 1 YyryHHoro
06pa3yoB?

JabopatopHaa paboTta Ne6

ViccnepoBaHme xapaKTepuUcTUK UUANHAPUYECKUX CnpPasibHbIX NPY-
>KMH MNpUn cxKaTtum

Lilenb paboTbl: IKCnepuMeHTa/lbHOEe onpefeneHne ocagkm U XECTKOCTU — Xa-
PaKTEPUCTUK LUNIUHOPUYECKUX MPYXXUH N CpaBHEHWE UX C TeOpPeTUYECKUMU
3HaYeHnAMN.

6.1. O6bume cBegeHUs

MpYy>X1HbI ABNAOTCA OAHUM M3 Hambonee pacnpoCcTpaHeHHbIX YNpyrux
3/IEMEHTOB COBPEMEHHbIX MeXaHW3MOB W MalunH. Hanbonbliee npuvMeHeHune
NONyYUNN UUIVHAPUYECKME CnnpasibHble NMPYXXWHbI, paboTarowue Ha pacTs-
XXeHne n cxkatune. LUmunuHapuyeckasa cnnpasibHaa npy>XnMHa MOXKeT paccmaTpu-
BaTbCA KaK MPOCTPaHCTBEHHO W30rHyTbIA 6pyc, oceBas SIMHUSA KOTOPOro, B
npocTeiem cnyyae, NpeactasnseT cobo BUHTOBYHO NIMHUIO. ®PopMa OCEBOWA
JIMHUN NPYXXUHbI onpegenseTca avametTpom Butka D, uncnom BUTKOB N 1 Wa-
FOM MNPY>XWHbl S, KOTOPbIA 3aBUCUT OT yrna nogbema O (puc. 6.1). Ynpyrue
CBOMCTBaA MNPYXXWHbI 3aBUCAT OT napameTpoB D, n, hopmbl 1 pasmepoB ceue-



HUS BUTKA. OObIMHO MPYXXMHbI M3roTaBNMBaOTCA (HaBMBAOTCS) M3 KPYI/ol
CTa/IbHOI MPOBO/IOKM C MOMEPeYHbIM ceveHrem amameTpom d.

Puc.6.1

Mpy fecTBMM Ha NPYXXUHY LLeHTpasIbHO MPUIOXKEHHON Harpy3ku npouc-
XOUT MepeMeLLEeHre eé KOHLOB — ocagka NpyxuHbl A. Ocafika Mpy>KuHbl on-
penenseTrcs no qoopmyrne:

8PD°n
A=—""
Gd*
roe P — BHewHsa cuna; D — cpeaHuii anameTp npyxuHbl; d — guameTp npo-
BOIOKN MPYXWHbI; N — YAC/I0 BUTKOB MNPYXWUHbl; G — Mogynb yNpyroctn npu
caBure matepuana npy>XxuHsoi.

NMomMMMO OCafKN XapaKTePUCTUKON NPY>XWUHbI ABNSETCA €€ >XECTKOCTb.
YKEcTKoCcTb NpyXXnHbl C — 3TO BenmumHa cunbl P, npy KOTOPOIA ocagka npy>Xu-
Hbl paBHa eAnHuUe AnnHbl (Hanpumep, 1 cm). C yuyétom dhopmysbl (6.1) XECT-
KOCTb NPYXXWHbI paBHa:

, (6.1)

_P_ Gd*
A 8D°n’

C (6.2)

Mexxay ocagkoii A n cunoii P cywecTtsyeT nuHeliHas 3aBUCUMOCTb. [Mo-
3TOMY XKECTKOCTb NPY>XXWHbI C ABNSeTCA NOCTOSIHHOW 1 onpegenseTcsa no op-
myne:

“op (6.3)

roe AP - Harpyska, COOTBETCTBYHOLLASA CTYMEHN Harpy>XXeHus; ﬁcp - cpefHee

3HaueHue 0cafKun NPY>XKUHbI Ha CTYNeHb Harpy>eHusl.
[nsi aKCnepyMeHTaNIbHOTO ONpPeAEeNeHNst XECTKOCTU HeobXxo4MmMo Nosy-

UNTb 3aBUCUMOCTb OCaaKu A ot cunel P.
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P

Pnc.6.2 Pnc.6.3

6.2. OnncaHme ncnblTaTelbHON YCTaHOBKMN

[na npoBefeHna nabopaTtopHoOM paboTbl UCMOb3YETCA MCMblTaTe/IbHas
yCTaHOBKa, CXema KOTOPO npueefeHa Ha puc.6.3.

YcTaHOBKa COCTOUT U3 MUCCNeQyeMOn MpPYXXuHbl 1, UMAVHAPUYECKOW Ha-
npaBAsoLLENA CTOMKN 2, OCHOBaHMS 3 M NOABMXHOIO Harpy»awuwlero dnaHua
4. Vccnepgyemble MPY>XWHbI M3rOTOB/IEHbI U3 CTa/lbHOM MPOBOIOKM KPYr/10ro
nornepeyHoro ceyeHuns. Mogynb ynpyroctm nNpu capure matepuasna npoBoOsIOKK
G =8M0°kr/cm® =810*MMa. Harpy>eHune Mpy>XWHbl OCYLLECTBNSIETCA uvepe3
(bnaHel, 4 ¢ nomMoLbo Habopa rpy3oB 5. VI3MepeHne ocagku NPY>XXUHbI MPOU3-
BOAUTCA C MOMOLLLIO WTAHreHUnpKyna 6. MNMonyyaemas npyM 3TOM TOYHOCTb M3-
mepeHuii 0,1 mm.

6.3. MopsAoK BbINONHEHUA PaboThI.

6.3.1. Ana AByx uccregyembixX NPYy>XUH Heob6X0oA4MMO: U3MEPUTb reoMeTpuye-
CKMe rnapameTpbl - HapyXHblii anameTp npy>XuHol Dy; BHYTPEHHWA guameTp
npy>kuHbl Dg; AvameTp NpoBOMOKM NPYXWHbI d; BbIYUCIUTL CPeaHWIA anaMeTp
npy>XnHbl:D=1/2-(Dy + Dg); nocuntaTtb YMCNO BUTKOB MPY>KMHbI N.

Pe3ynbTaTbl N3MepeHuii 3aHecTn B Tabnvuy 6.1.

6.3.2. YCTaHOBUTb NPYXXWHY Ha UCNbITaTeNbHYK YCTaHOBKY. HaZeTb NoABuXK-
HbI onaHey,. Harpysky Ha Mpy>XuHy OT Beca pniaHua npuHATL 3a Hynesyto. C
MOMOLLbIO LUTAHIEHUMPKYA N3MEPUTL paccTossHMe A OT OCHOBaHUS [0 HUK-
Hel rpaHuubl Harpyxatoulero gpnaHua (puc. 6.3.).

6.3.3. BblbpaTb Harpysky P, cCOOTBETCTBYHOLYIO CTYNEHW Harpy>XeHus: ONs
npy>uH 6onbworo gnametpa P = (0,5...1,5) kr = (5...15) H, onsa npy>uH ma-
noro gnametpa P = (2...3) kr = (20...30) H.
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6.3.4. MNMocnepoBaTenbHO Harpyxas npyxuHy Harpyskon P, 2P, 3P, naveputb
pacctosiHme A (puc.6.3), COOTBETCTBYOLLEE KadkAOM Harpyske. PesynbTathbl
N3MepeHnii 3aHecTn B Tabn. 6.2 (NepBoe Harpy>keHue).

6.3.5. Pasrpy3ntb npyXuHy. MNoBTOPUTb OMbIT. Pe3ynbTaTbl N3MEPEHNn 3aHe-
CTK B Tabn. 6.2 (BTOPOE Harpy>XeHue).

6.3.6. [N181 KabKJOro Harpy»keHusi onpeaennTb pas3HocTb oTcuéTtoB AA - ocagky
NPY>X1HbI, COOTBETCTBYIOLLYIO CTYMNEHN HarpyXeHus. BbluncnnTb cpefHee 3Ha-
YyeHne 0CafKu MPY>XXUHbl AJ19 KaXKAOro Harpy>XeHus u pesynbTaTbl 3aHeCTU B
Tabn. 6.2. Mo pesynbTatam ABYX Harpy>eHuii onpeaennTb CpegHee 3HauyeHune
ocafKu MPYXXWHbl, NpUXxogsLieecs Ha CTyrneHb HarpyXeHus. Pesynbtar 3aHe-
CTu B Tabn. 6.2 n tabn. 6.4.

6.3.7. MyHKTbl 6.3.2 - 6.3.6 npogenatb AN BTOPON NPYXWHbI. Pe3ynbTaTbl
N3MEPEHNI 3aHECTN COOTBETCTBEHHO B Tabn. 6.3 1 Tabn. 6.4.

6.3.8. Mo qopmynam (6.1) n (6.2) onpefennutb TeOpPeTUYECKMEe 3HayeHUus
0CaflKu M >XECTKOCTU AN 06enx MPY>XUH MPU Harpyskax, paBHbIX CTYMNEHSM
Harpy>eHnsa akcrnepumMeHTa. Pe3ynbTaTbl 3aHeCTV B Tab/1. 6.4.

6.3.9. Mo dopmyne (6.3) BbIUUC/IUTL IKCNEPUMEHTA/IbHbIE 3HAYEHUSA XKECTKO-
ctn C ansa o6enx Npy>XuH. PesynbTaTtbl 3aHECTM B Tabn. 6.4.

6.3.10. OnpefennTb pacxoXXAeHue MeXay TEeOpPeTUYEeCKUMU U IKCMepUMEH-
T&/TbHbIMW 3HAYEHUAMM OCaKM U XECTKOCTU 06enx NPYXMH B MpoLeHTax rno
thopmynam:

A=A C.. -C
5/1 :Mmog%; 5C :M[ﬂoo%_

‘Teop Teop
Pe3ynbTaTtbl 3aHecTn B Tabn. 6.4.
6.3.11. o 3KcrnepuMeHTa/IbHbIM AaHHbIM MEPBOro Harpy>XeHuss gns obenx
NPY>XMH NOCTPOUTb rpaddnKn 3aBUCUMOCTIN OCafKn A OT cusbl P.
6.3.12. OhopMnTb OTCHET MO Npunaraemoii goopme 6.4.

6.4. Obpasel oT4yeTa.

iccnepoBaHne xapakTepUCTUK LNINHAPUYECKMX MPY>KUH NPU CXKaTUK
6.4.1. Llenb paboThbi:
6.4.2. Cxema ycTaHOBKM (punc.6.3).
6.4.3. Pe3ynbTaTbl UCNbITAHWIA N pacyeToB.

Tabnmua 6.1
MNapameTpbl nccnepyemMbix NpPyxmumH
Ne HanmeHoBaHMe napaMeTpoB Mpy>XnHa Mpy>XnHa
Nol No2

MaTtepuan NpPoBOJIOKN

Hapy>xHbli guameTp npy>XuHbl Dy (Mm)
BHyTpeHHUI auameTp npy>XuHbl Dg (Mm)
CpegHuii gnameTp npyXuHbl D (Mm)
OvameTp npososiokn d (Mm)

Yncno BUTKOB N

OO0 WIN|F
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Tabnnuya 6.2

Pe3ynbTaTbl U3MEpPeHUiA 0cagkn npy>xnHbl Nel

NnepBoe Harpy>eHue BTOPOE Harpy>eHue
No Harpyska oTcyeT pa3HoCTb oTcyeT pa3HOCTb
OTCYETOB OTCYEeTOB
P (kr, H) A (Mm) AA (Mm) A (Mm) AA (Mw)
0
1
2
3
CpegHee 3HaueHue ocagku | 4, =AA = A, =DA, =
ONS KaXKA0ro HarpyXeHus
CpegHee 3HayeHMe ocajku 4= A t+A,
Ha CTYMNeHb Harpy>eHus i 2
Tabnuua 6.3
Pe3ynbTaTbl U3MEPEHUIA 0cafKn Npy>XnHbl No2
NnepBOe Harpy>XeHue BTOPOE Harpy>eHue
No Harpy3ka oTcyeT pasHoOCTb oTcyeT pa3HoCTb
0TCYETOB OTCYEeTOB
P (kr, H) A (mm) AA (Mm) A (mm) AA (Mm)
0
1
2
3
CpeaHee 3HaueHue ocagku | 4, =AA = A, =0A, =
[ONS KaXKA0ro HarpyXeHus
CpefHee 3HauyeHMe ocajku 4= +4,
Ha CTYMNeHb Harpy>eHus ° 2

6.4.4. OnpefgeneHne TeOPETUYECKUX 3HAYEHUI OCafKM U XKECTKOCTU MPY>XXUH
Nol n Ne2 (dopmynbl (6.1) n (6.2)).
6.4.5. OnpegeneHne aKCNepPUMEHTa/IbHOIO 3HaYEHUS XECTKOCTM NpPyXuH Nel

n Ne2 (dpopmyna (6.3)).

6.4.6. CpaBHEHME 3KCMEepUMEHTasIbHbIX Y TEOPETUYECKMX 3HAYEHWUIA
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Tabnuua 6.4

XapakTe- Mpy>xnHa Nel MNpy>XnHa Ne2

PUCTUKN Teop. 3ken. | Pacxoxp. | Teop. 3Ken. | Pacxoxp,.
NPY>XWHbI B% B%0

Ocagka npy-
XUHbI A
Ha CTyneHb
Harpy>keHus

(cm)

YKécTtkocTb C
(kr/cm, H/cwm)

6.4.7. Fpaukn 3aBMCMMOCTM ocaaku A oT cunbl P

Mpy>XnHa Nel Mpy>xXnHa Ne2
A Pxr(H)
P,kr(H) :
Acm A,cm
6.4.8. BbiBOAbl

PaboTy npuHan
) " 200_ .

[pumeyaHue: B BbIBOAAX HEOOXOAMMO OTMETUTbL CNneaytoLlee:

Kak 3aBMCUT ocadka NPY>XUHbl OT BHELLHEN HArpy3Ku;

KaKne OCHOBHbIE XapaKTEPUCTUKM NPY>XXUHbI OnpeaesneHbl B paboTe;

KaKOBbl PacX0oXXAeHUs1 Mexay 3KCnepuMeHTaslbHbIMU 1 TEOPETUUYECKMMN
3HAYEHUSAMM OCaAKM N XKECTKOCTU MPYXXMH U YEM 3TU PACXOXAEHUS MOXHO
0OBACHUTD.

6.5. KOHTpO/IbHLIE BONPOCHI

1.Kakve BHYTpeHHME CUNOoBble (PAKTOPbl BO3HWKAIOT B MOMEPEYHbIX CeUYEHUSIX
BUTBIX LUINHAPUYECKUX NPY>XUH pPacTsHKeHUs (CKaTusa) npu nx Harpy>xeHmm?
2.KakoBbl OCHOBHbIe NapaMeTpbl LUNNHAPUYECKUX CNUPaSIbHBIX NPY>XXUH?
3.Kakoi BHYTpPeHHUI CUMOBOW (haKTop SABNASETCA onpefensaoowmM npu nccne-
[l0BaHUN [e)OPMUPOBAHHOIO M HaMNPSXXeHHOro COCTOAHUA LUINHAPUYECKMX
CNMpasibHbIX NPYXXMH, paboTalowmx Ha pacTsxeHne (cxkaTtume)?

4.Kak 3aBUCAT ocajKa W XXeCTKOCTb NPYXXWH OT ee KOHCTPYKTUBHbLIX pasMepoB
N Yyrpyrux CBOMCTB MaTepuana nNpy>XuHbl?
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NNabopatopHas paboTta Ne7

OnpegeneHve nepemMeLlleHnin 6asiky nNpu NJ10CKOM n3rnoe

Llenb paboTbl: aKCnepuMeHTaslbHOE onpeAeneHmne IMHeRHbIX U YINoBbIX nepe-
MELLEHNI ABYXOMNOPHOM 6anKu N CpaBHEHUE UX C TEOPETUYECKUMM 3HAYEHUS-
MU, NOJSTyYEHHbIMU C UCNOo/b30BaHeM 3BM.

7.1. O6buwme cBeeHUA

Mpwn gencteum Ha 6asKy BHELWHUX CUA B MJIOCKOCTM OAHOWM M3 r/1aBHbIX
LEeHTpasIbHbIX OCell MHepLMM CeYeHUs OCb Oasikn UCKPUBNSETCA B TOM >Ke
NIOCKOCTU. Takoi M3rmd HasblBalOT MJIOCKAM WU3rM60M. VICKPMBNEHHYKO OCb
6a/1K1 Ha3bIBaKOT M30MHYTOM OCb UNKN YNPYrOW SIMHUEIA.

Mpy n3rnée UmMeroT MecTo ABa BuAa nepemMeLLeHnini NoNepeyHoro ceveHus
6asikKn: NMUHenHoe — nporné «Y» 1 yrnoBoe — yros nosopota «G» (puc. 7.1).
TeopeTnyeckn nepemeLLeHna ceveHnin 6asku onpeaenstoT MeTogoM UHTerpu-
poBaHUA NPUGMKEHHOro AnddepeHUnasibHOro ypaBHEHUS YIPYrom NUHUK,
MeTOZO0M HayaslbHbIX MapameTpoB, MeTogoM Mopa, cnocobom BepelyarmHa.

VA, I

Z o
[ o Y

\

AAA\ AN
y
N

Puc. 7.1

B pgaHHOI paboTe HeobxoAMMO onpefesnTb NMPornébl U yribl NOBOpOTA
CEeYEeHWNN OBYXOMOPHOM 6asiku C KOHCO/bIO MpY pasfIMYHOM MPUIOXKEHUU CO-
CPefOTOYEHHOW Harpy3ku— Ha KOHCO/IM U B NPONETe.

PacuéTHas cxema 6asiku npegctaBsieHa Ha puc. 7.2. Npornbsl onpeaens-
lOTCA B TOYKE A C KOOpPAMHATON Z, Ha KOHCONW M B TOUYKe C C KOOpAMHATO
Zc B NPONETe, yrnbl NOBOPOTA OMNpeaensTca B Toukax B n E Ha onopax 6an-
KW.

y 1 3
P P A
(‘?A . @,B "C E > Z
:ZAV
. b | k ._b@ 2 —(?) 4
Zc ] N
; a P I ] P
Puc. 7.2
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JTo6oii 13 TeopeTUYeCcKnX MeTOL0B AaéT ONs onpefeneHns nepemvelle-
HWIN 3afjaHHbIX CeYeHNin 6anikn cnegytowme hopmysibl:

1. Cuna P pgeiictByeT Ha KoHconm (O<b<a)
P

_ _hY _ _ 2 _ _ .
= gy lla-bP -3 a-2la bJal;
YC:P@—MV;
16EJ,
_Pla-b).
% =35, (7.1)
__P(a-b)
£ 6EJ,
2. Cnna P penictByeT B nponéte (a<b<a+l)
Pa 3 2 .
=56 l(a-b)* +3(@-b)1 +2(a-b)?];
O P 3 2
—4la-Db)” +3(a—Db) npu b<Zc
iy by +sla-o)] :
c=0 P
D—4(a—b)3+12(a—b)2I+9(a—b)|2+I3] npu b= Zc
FM8EJ,
P .].
%= [(a-b)* +3(a-b)1 +2(a-b)?]; (7.2)
P v (e
0e = oy la o) -]

rae: b —pacctosiHme OT Hayasa KOOpAMHAT [0 TOUYKW MPUIOXKEHUSI cunbl P, Mo-
KeT NpuHMMaTh Nto6oe 3HaveHne B nNpegenax 0<sh<a+l;

E - Moaynb yNpyroctn matepuana 6asnku;

Jy,— OCEeBOI MOMEHT UHEPLMM NOMNePeUYHOro ceveHmst Gasku.

7.2. OnucaHne UcnbITaTe/IbHON YCTaHOBKM

Ona npoBegeHna paboTbl MCMONb3YeTCA WUCMbITaTeNlbHasa YCTaHOBKA,
npeacTaB/ieHHas Ha puc. 7.3.

YcTaHOBKa COCTOUT U3 Uccneayemon 6ankm 1, oCHoBaHus 2, NOABUXXHOM
3 1 HENnoABWXHON 4 onop, ABYX MHAMKATOPHbLIX CTOEK 5, rmpeBoro nogseca 6,
Habopa rpysos 7, UHANKATOPOB YacoBOro Tuna 8.

Nccnepyemasa 6asika U3rotoBneHa M3 ctasibHoM nosocbl (Mogy/b ynpyro-
cTv E=2[10° MIMa) npsMOYrosbHOr0 MOMEPEeYHOro ceyeHust (LMprHa B=40mm,
BblcOTa H=7MM) M ycTaHOB/NieHa Ha WapHUPHbLIX onopax. [nnHa nponérta
I=700mm, gnvHa koHconm a=300MM. 3TU napameTpbl MOXHO U3MEHATbL B Mpe-
fenax rnosiHou gnHel 6anku (I+a = 1000mm).

Harpy>xeHne 6ankm cocpefoTOYEHHOW CU/ON OCyLWecTBASETCA C MOMO-
b0 TMPEeBOro nojaseca M Habopa rpy3os. VI3meHeHe TOUKM NPUIOXKEHUSA Ha-
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rPY3KM OCYLLLECTBNSAETCA MepemeLleHneM rMpeBoro noaeeca no 6anke. Onpe-
[leNeHne paccTossHuin b oT neBoro KoHua 6anku (Hayana KoopauHaTt) A0 TOYKU
NPUNOXEHNST HArPy3KM NPon3BOANTCA NO LWKane, HAHECEHHOW Ha NOBEPXHOCTU
Gasnku.

MepemelleHns 6ankm MOXHO onpeaensiTb AN CryvyaeB NPUNOXEHNS Ha-
rPy3KM Ha paccTosiHMAX OT Hadana koopauHat b= 0, 100, 200mMM (Ha KOHCONN)
n b =400, 500, 600, 700, 800, 900mm (B nNponéte) — ato otmeTkn 0, 10, 20,
40, 50, 60, 70, 80, 90 Ha 6anke. BO3MOXHbI 1 Apyrue 3Ha4YeHUs paccTossHUiA b
B npegenax 4J/MHbl 6asku.

Puc.7.3

lMpn npoBefeHUN 3KCNEPUMEHTa KO/IMYECTBO TOUEK MPUNOXEHUSA Harpys-
KW MOXET ObITb YMEHbLLUEHO WU MOXET He coBnajaTtb C KOIMYECTBOM TaKuUX TO-
4yek Nnpu TeopeTUYECcKoM onpeaeneHnn nepemMeLLeHmni.

I3mMepeHne NpornéoB 1 yrnoB NOBOPOTa OMOPHbLIX CEYEHUn Gasikn npo-
N3BOAMTCA C MOMOLLLIO MHAMKATOPOB 4YacoBOro Tuna C LEHOW AeneHus
0,01mm.

Mporubbl N3MepATCA HENOCPeACTBEHHO MO MOKa3aHUAM MHAMKATOPOB.
Yrnel NOBOPOTa Ha onopax U3MepAaArTCca Npu noMoLn ctepxXxHa BK, nepneHan-
KY/IAPHOr0 OCU 6asiKu U XECTKO CoeAMHEHHOro ¢ onopamu (puc. 7.2. n 7.4.).
Mpy NOBOPOTE CEYEHUSA Ha HEKOTOPbLI Yron 6, Ha TakoW XXe yros NOBepHETCS
cTepxeHb  (puc. 7.4.). WHAuKaTOp, YCTAHOBMEHHbLIA Ha pPacCTOSIHUU
BK=L=150MM OT ocun 6anku, NokasbiBaeT Npu 3TOM JIMHENHOE NepeMeLLeHne

KK,=AT=L-tgé.

[edopmaymm 6ankm manbl, NO3TOMY tgé ~ &1 yribl NOBOPOTOB MOXHO
onpeaenATb No oopmye:
AT
6=—.
L
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Puc. 7.4

7.3. MNMopsagok nposefeHns paboThbl

7.3.1. YCTaHOBUTbL NPU3MYy C FTMPEBbIM MOABECOM Ha paccTosHUM b oT Hadana
KoopanHaT (OT NeBOro KoHua 6ankn).
7.3.2. YCcTaHOBUTb 00/blUME CTPENIKM BCEX MHAMKATOPOB Ha «0» K 3anucartb
nokasaHust To B COOTBETCTBYIOLWEN rpace tabnmubl 7.1. NHankaTopbl Nel u
Ne3 cnyat ansa onpegeneHns npornoos, a Ne2 n Ned — ans onpeaeneHus
Yr/710B MNOBOPOTOB CEYEHNIN GanKu.
7.3.3. Harpysutb 6anky cunoii P = 20H, yctaHaBnnBas rpy3bl Ha nojasec.
7.3.4. 3anucatb nokasaHusa MHANKaTopoB B Tabn. 7.1.
7.3.5. Pa3rpy3uTtb 6asiky.
7.3.6. MNpuknagbiBas Harpy3Ky Ha KOHCO/IM N B NPONETE NPU pasHbIX 3HaYEHU-
Aax b, noBTOpUTL ONbITHI MO N. 7.3.2. — 7.3.5. [InA cOoKpaweHna BPeMEHN Ha
npoBsefeHne 3KCNepuMeHTa KOJIMYECTBO TOUEK MPUIOXEHUSA Harpy3kKm MOXeT
ObITb MeHblue gecAatn (Torga B Tabn. 7.1. Moryt ObiTb 3amnosiHEHbl He Bce
CTPOKN).
7.3.7. Bbluncnutb pasHOCTU MOKa3aHWii MHAMKATopoB AT v onpeaenvtb Npo-
rM6bl U Yr/bl MOBOPOTA CEeYEeHU Bankum

YA: AT]_’ Yc: ATg}

ngATZ = AT,
L L
Pe3ynbTaTbl BbIYNCNEHWIA 3anncaTb B Tabn. 7.2.

CpaBHUTb 3HAYEHUs NepemeLleHuit CeYeHWn Gasikm Mpu N3MEeHEHUU TOUKM
NPUIOXeHUs Harpysku. Tabn. 7.2. gomkHa cofepyaTb CTOJIbKO CTPOK, CKOJIb-
KO 6bl/10 3anosiHeHO B Tab/. 7.1. Npu NpoBeAeHUN 3KCrepUMeHTa.
7.3.8. OnpenennTb TeopeTUYeckne 3HayYeHus NPornbos M yrnos NosBopoTa B
paccmatpmBaeMbix cedeHnax no popmynam (7.1) un (7.2) ¢ nomowpbo IBM (cm.
n.7.4).Pe3ynbTaTthbl BbIYNCAEHWIA 3anncaTb B Tabn. 7.2.
7.3.9. CpaBHUTb 3KCNEepUMeHTa/IbHble N TeOPeTUYECKNE 3HAUYEHNA Nnepemelle-
HWIN ceyeHnin 6anku, BbIYUC/IMB PacXoXaeHUs

Y, -Y
T 2{100%, 5, =

T

0, -0,

T

S, = [100%,

roe Yr, 6r — TeopeTmyeckme 3Ha4yeHUs nepemMeLLeHnin ceveHu;
Y3, 65— 3KCneprIMeHTasIbHble 3HAYEeHUSA NnepemeLleHuin.
Pe3ynbTaTbl BbIUMCNEHNIA 3aHECTN B Tabn. 7.2.
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7.3.10. MocTpouTb rpadkn 3aBUCUMOCTU NEPEMELLEHNI OT MOMOXKEHUSA TOUEK
NPUNOXEHNS Harpy3ku (QOopmMbl YNPYron IMHUKU G6asikn ANns pasHbiX 3HaveHui
paccTosiHuii b;). CpaBHMTL € rpadnkammn, noslyyeHHbIMM Ha SBM.

7.3.11. OchopmnTb OTUET MO Npunaraemoii hopme (cm. N.7.5.).

7.4. OnpepgeneHne TeOPeTUYECKMX 3HAYEHUI NepeMeLLeHNIA C UCMOosb-
30BaHvem 3BM

Mo dpopmynam (7.1.) n (7.2.) pa3paboTaHa nporpaMmMa pacyéta nepeme-
LLEeHN B pas/iN4YHbIX ceveHuax 6ankm Ha MK B 3aBMCMMOCTM OT MOJIOXKEHUS U
BE/IMUYMHbI Harpy3Kn npu pasinyHbIX 3Ha4YeHUsIX napameTpoB a, | B npegenax
NONHOM anuHbl 6ankun a+l =1000MmMm.

Mporpamma no3BonseT NoAyuUnTb NPOrnbbl B OOLIX TOUKax 6Ganku BHE
Oonop 1 yrnbl NOBOPOTOB Ha oropax. Obuee 4Yncno TOYEK MPUIOXKEHUS Ha-
rpy3km - 10. Mo ntoram pacyéta nporpamMmva BbiAaeT B BUAe Tabnuupbl 3Ha4e-
HUA nepemeLleHnin (Npornbos B Toukax A 1 C 1 yrnoB noBopoTta B ToOUKax B u
E) ona gecaTtu cnyyaes Harpy>eHusi 6anku.

Kpome aToro nporpamma gns AecATn c/iydaeB Harpy>XeHust CTPOUT He-
npepbiBHbIE rpadunkn 3aBucMMocTn nepemeleHnin (Ya, Yc, 1 6g, ) oT Benu-
YMHbI M PacnoIOKEHUA AENCTBYIOWMX Harpy3ok ansa scex 10 BapuaHTOB Ha-
rpy>KeHus.

Mporpamma paboTaeT B onepaumoHHol cucteme «Windows».

Pe3ynbTaTbl pacyeToB U rpauky MOXXHO BbIBECTM Ha ne4vartb.

MopaAoK MCMO/b30BaHUSI NPOrpaMmMbl pacyéTa nepemMeLLeHuii.

7.4.1. Bkmountb K B ceTb.

7.4.2. Ha paboyem cTO/Ie MOHUTOpA Moc/efoBaTe/lbHO OTKPbITh nanky «Mowu
[OKYyMeHTbI», «Mechanics», «Sopromat», «lab 07».

7.4.3. B nanke «lab 07» oTKpbITb (haitn «lab 07.exe». Ha akpaHe nosBnsercs
OKHO C Ha3BaHmeM paboTbl «OnpeaeneHne nepemeLweHnin Nnpu nsrnée». Pas-
BEPHYTb OKHO. B OKHe npefcTaBneHbl YeTblpe BKIaAKM oA paboTbl ¢ Mpo-
rpamMmoin, pacyétHas cxema 6asikm u Tabnumua gna 3anoHEHNA UCXOAHbIX AaH-
HbIX. [1py 3TOM aKTUBMpOBaHa BKNajka «/cxoaHble faHHbIe».

7.4.4. MocnepgoBaTeNnbHO 3ano/IHATL BCE CTPOKWU TabnuLbl COrnacHo NPUHATOWN
cxeme HarpyxeHus, Hanpumep: a=300mm, 1=700mm, P=10H, Z,=0, Zc=650Mmm,
b,=0, b,=100MMm, b3=200Mm, b,=400MM, bs=500MM, bg=600MM, b,=650MMm,
bg=700MM, by=800MM, b;o=900mMM. MNpn 3TOM NapameTpbl a, |, Zpn Zc W HeEKo-
TOpble 3HayeHUs Db; [OO/KHbI coBnagartb C MapaMmeTpamu nNpu nNpoBefeHuu
JKCMepuMeHTa.

7.4.5. OTKpbITb BKNagky «lpadmky v Tabnuubl». B 3TOM OKHe MOSABIAKTCA
LBETHble rpaukm — PopMbl YNpyro AMHUN NPU 3aaHHON Harpy3ke B 3aBU-
CUMOCTM OT KOOpAMHAT Touvek npunioxeHnsa b; (i =1,2,...,10). 31 rpacdmkn Ha-
rMAAHO MOKa3biBalOT 3aBUCMMOCTL NMPOrnboB 6anky OT U3MEHEHUs TOYeK npu-
NOXKEHUSA Harpys3Ku.
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Hwxke rpacukoB npefctaBnieHa Tabnuua TeopeTnyeckux 3HadeHuii Npornbos
Ya U Yc B MUZIMMETPAX N YINOB NOBOpOTa Og N O B paguaHax npu 3ajaH-
HbIX 3HAYEHUAX KOOpAMHAT b;

7.4.6. /13 Tabnuubl nepemMelLeHnii BblIbpaTb Te 3HaUYeHUsl, KOTOpble COOTBETCT-
BYIOT CXeMe, MPUHATON Npu NpoBeAeHUN 3KCNneprMeHTa. 3anmncaTb 3TK 3Haye-
HuA B Tabn. 7.2.

7.4.7. Pacnevarartb rpadouku Ha npuHTepe.

7.4.8. OTKpbITb BKNagKy «3aBMCUMOCTb Y OT b». B 3TOM OKHe npefcTas/ieHbl
LBETHbIE rparKn 3aBUCUMOCTU NMPOrnooB Y, (Ha KoHue KoHcon) n Y (noce-
peanHe Nponérta) oT KoopamHart b;,

7.4.9. OTKpbITb BKMAAKY «3aBUCMMOCTb © OT b». B 3TOM OKHe npejcTaB/ieHbl
rpamkun 3aBUCUMOCTM YINI0B NMOBOPOTA Ha onopax ©gu O OT KOOpAMHAT b;.
7.4.10. 3aKpbITb OKHO (halina 1 npegplayLumx nanok 1 BbIKIHOUNTL KOMMNbHOTEP.

7.5. Obpasel OoTUéTA
NabopatopHas paboTta Ne7
OnpegeneHne nepemeLLeHnin 6ankmn nNpu nNaockoM n3rnbe

7.5.1. Llenb paboThbl:
7.5.2. Cxema Harpy»eHus 6anku (puc. 7.2)
7.5.3. Pe3ynbTaTtbl UCMNbITAHWIA N PacyETOB.

Tabnuua 7.1

[MonoxkeHne Homepa 1 nokasaHuUa MHANKATOPOB B MM

HarpysKu 1 2 3

4
Ne | by, | To| T |AT | To | T |AT | To | T |AT | To | T | AT
nn | wm

[EEN

0

100

200

400

500

600

650

700

O©| 0| N O] 0| B WO DN

800

=
o

900
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7.5.4. CpaBHEHME 3KCMEPUMEHTA/TbHbIX N TEOPETUYECKMX 3HAUEHNI

nepemeLLeHwniA.

Tabnnuya 7.2

Mono-

XeHne
Harpys-
Kn

Y A, MM

eB! paa.

Yc, MM

eE! paa.

b., mm

aKcn. | Teop

pacx,
%

3KCI.

Teop

pacx,
%

3KCI.

Teop

pacx,
%

3KcCI.

pacx,

TEeop %

0

100

200

400

500

600

650

700

800

900

7.5.5. ®opma ynpyroi nMHuM 6anku

Y, T N

7.5.6. BblBOAbI:

PaboTy npuHAn

«

»

Z, MM

200

[pumeyaHue: B BbIBOAAX HEO6XOAMMO OTMETUTb:

a) KaK U3MeHATCA NepemMeLLeHmns ceveHnii 6ankm npu 3MeHeHnn To4ek
NPUNOXXEHUS HarpysKu;
6) KakoBbl PacCXOXAEHMA PaCYETHbIX W 3KCMepUMEHTasIbHbIX 3HAYeHWUN
nepemMeLLeHuni.

7.6.KOHTpO/IbHbIE BOMNPOCHI

1.4T10 Ha3bIBaeTCA YNPYyrom NnMHuein 6ankm?
2.Kakune nepemMeLleHuns noayyarT cedeHns 6ankm npu naockom nsrnbe?

3.Kakne cyLlecTBYHOT TeopeTuveckne MeTodpl ANns onpeneneHusi npornbos u
yr/10B NOBOPOTOB CEYEHNI BGasikn?
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4.Kak 3KcrneprMeHTaslbHO ONpeaensoTcs NepemMeLLeHNs ceueHnin 6ankmn?
5.Kak M3MeHsoTCcA nepemelleHns KOHCO/IbHOIM YacTu Ganku npu U3MeHeHun
TOYKM MPUNOXKEHNS HArpy3Kn?

6.Kak M3MeHAOTCA nepemMelleHnss B Nponéte Ganku Mnpu U3MEHEHUN TOYKM
NPUNOXEHUST Harpy3Kn?

JNabopatopHaa pab6oTta Ne 8

iccnepoBaHme HoPMarTbHbIX HAMPSKEHMIA NPY U3rnée 6ankm
paBHOIO COMPOTUB/IEHUS.

Llenb pa6oTbl: SKCNepuMeHTasIbHO UCC/eloBaTb XapakTep pacnpesene-
HMUS HOPMaslbHbIX HaNpPsKeHWi No AfvHe G6anku npu Naockom usrnée; cpas-
HeHWe NoJYUYEHHbIX Pe3y/IbTaTOB C TEOPETUUECKUMM 3HAUEHUSIMUA.

8.1. Obwwme cBeaeHUs

N3rmby nopasepraeTcs KOHCOMbHasA Ganka paBHOro COMNPOTMBAEHUS, MO-
rnepeyHoe ceyeHne KOTOPOM — MPSAMOYrOSIbHUK C M3MEHSOLWENCA Mo [/IMHe
6anku wpuHoii b(z) (puc. 8.1).

Basika paBHOro cornpoTuBAeHUs U3rnby — aTo 6aska, y KOTOpPOi BO BCEX
nonepeYHbIX CEeYEHUsIX Hambosbllee HOopMasibHOE HanpshKeHWe OAMHAKOBO.
Takme Gankn NPUMEHAIOTCS A48 9KOHOMUM MaTepuana, MMbo 4s yBennmyeHus
r’MOKOCTM.

Hanbonbluee HOpMasibHOE Hanpsh>KeHNe B MPOU3BO/IbLHOM cevyeHun A-A c
KoopAnHaTton Z onpeaensietcsa no opmyne:

M,(2)
o(z)=—2+% (8.1)
rae M, (z) — usrnbatowmii MOMEHT ceueHnst A-A:
M,(z)=PLt ; (8.2)

W,(z) — oceBoli MOMEHT COMPOTMB/IEHNSI MOMNEPEYHOIO CEYEHUSI OTHOCU-
TenbHO ocu X:

Wx(z):b— ; (8.3)

b(z) _ WAPVHA CEeYEHUA; N3MEHSETCA MO A/IMHE Gasikym MO JIMHEAHOMY
3aKOHY U CBSi3aHa C KOOPAWHATON ceyeHnss Z 3aBUCUMOCTbHO:

b
b(z):I—Ez ; (8.9)
h(z) — BbicOTa ceveHns, NOCTOAHHAs NO BCEW A/INHE OasIK.

MoacTtaBus BbipaxkeHns (8.2), (8.3), (8.4) B (8.1), nonyuum copmyny ans
onpefenieHns HOPMaslbHOrO Hanps>XeHUa nccnegyemon 6asiky paBHOro cornpo-
TUBNEHUSA:
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o=PEL

b th? (8.5)
N3 dpopmynbl (8.5) cneagyeTt, YTO HanboNbLLME HOPMasibHblE HaMpPsXXeHUs

B CEYEHMSAX GasKn paBHOro CONPOTUB/IEHNST OANHAKOBbLI (HE 3aBUCAT OT KOOp-
[AVHaTbl CeYEHNST) N CBSA3aHbl C HAarpy3Kon P NMHENHOWN 3aBUCUMOCTbIO.

b
- MAL]
Yy -
== ¥l =
t=f-——y-1- -— SAl
e V- VIII =

BENNNNNANNNNN

' VI ¥ir viIT
Zamopa M(Z) 1ia P

vy
i
i

b ]

Puc. 8.1

8.2. OnucaHme sKCnepuMeHTas/IbHOWN YCTaHOBKM.

[ONna n3mepeHnsi HOPMasibHbIX HaNpPsHXKEHUA B CeYeHUsX Gasikm paBHOrO
COMPOTUB/IEHNSA WCMONbL3YEeTCA METO[ 3/IeKTPUYECKOro TEeH30MEeTPUpPOBaHUA.
Ha uccnegyemyto 6anky B pasHblX CEYEHUAX HaKneeHbl 8 TeH30pe3nCTOpPOB;
CXema MxX pacnonioXXeHus nokasaHa Ha puc. 8.1. Yetbipe 13 Hux (I-1V) perunct-
pUpYOT gecopMaumn pacTsXXeHUss B BEPXHUX BOJSIOKHAX Oanku, 4veTtbipe apy-
rux (V-VIII) — pedpopmauunm cxatnsa B HUKHUX BONTOKHAX.

Kaxkablii 13 TeH30MeTPOB C MOMOLbIO nepek/todaTens SAL MOXeT ObiTb
BK/IIOYEH B COCTaB W3MEPUTESIbHOW MOSTYMOCTOBON CXeMbl. BTOpbIM naeyom
nosiymocTta SIBASieTCA MarasvH conpoTuBneHuii. ConpoTMBEHME MarasuHa
Ry =200,8 OM cooTBeTCTBYeT MacrnopTHOMY COMPOTUB/IEHUIO PEFUCTPUPY!IO-
LLINX TEH30PE3NCTOPOB.

N3mepuTenbHbIi NOAYMOCT NOAKNKYEH K pasbemy NepBoro KaHana umg-
poBOro msmeputensa pedgopmaumm mMapkn WAL-1. N3meputens gedopmaumm
paboTaeT Mo MNPUHUMNY aBTOMATMYECKON O6anaHCMPOBKM W3MEPUTESIbHOIO
mocTa. PakT 6anaHCUPOBKN PErNCTPUPYETCH 3aXKUraHnem LMQpPoBbIX NHONKA-
TOPHbIX Namn. Lmdgposas wkana npnéopa otrpagymposaHa B EO/Ll — eanHuuax
OTHOCUTENbHON Aechopmauun. LieHa aeneHusa (eguHuubl) UMGPOBOro UHAMKA-
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Topa — 10 EQ/. MpagynpoBKa LMpoBOro nHaAnKaTopa npveegeHa K 4yBCTBU-
TeNbHOCTU TeH3ope3uncTopos K.
MNokaszaHns UMPPOBOro nHankKaTopa Lo (80) n nocne (8p) Harpy>eHuns

6anky Harpyskoii P no3BonstoT BbIUUC/IUTL BENNUYUHY MPUPALLEHUS] OTHOCK-
TeslbHOl Jedopmalmm B UCCieayeMOM CEeUYEHWMN:

Ne =¢€p-€& (8.6)

[NnA TeH30pe3nCTopoB C NPOU3BOJIbHLIM KO3((PULMEHTOM TEH304YYBCTBU-
TenbHocTN K oTHOCUTENbHasA fecopmaumnsa paBHa:

_2 _ 2l
Eu =" [A¢g (ECL), wm & — .
K KO0

3mepnB OTHOCUTENBLHYIO ,D,e(*)OpMaLI,I/IIO, onpegendeMm HOpMa/ibHblE Ha-
npsXkeHnsa no 3akoHy lyka:

=Ac 10, (8.7)

O'(Z):EB‘. (8.8)

Mpu nNpoBeAeHUn W3MepeHuli MPUHSATb: KO3MMULMEHT TeH304yBCTBU-
TeNbHOCTM UCMOMb3yeMbIX TeH3omeTpos K=2,1; Mogynb ynpyroctu matepuana
6ankn E=2-10° MMa.

Torga nonyunm chopMmysbl 408 OnpefeneHns 3HauYeHWi i OTHOCUTESNbHOM
fedopmaLn 1 HOPMaSIbHOTO HAaMPSHXKEHNS B BUAE:

5u=o,95mg (Eon), wwm & =0,95[10° [Ag; (8.9)

0 =0,19-Ag (Mna) =1,9-Ag (kr/emd). (8.10)
8.3. MNMopsaoK BbINONMHEHUS paboThl

8.3.1. BKIUUTb YCTAHOBKY B CeTb U HaxKaTb KHOMKY «[MATAHWE». BonbTmeTp
AL, nomkeH nokasbiBaTh 12 B.

8.3.2. Pyukamu marasmHa conpoTMBAeHNn ycTtaHoBUTb Ry = 200,8 Owm.

8.3.3. YTonntb KHOMKY nepsoro kaHana WAL. OcTasibHble KHOMKU KaHa10B
[O/DKHbI ObITb OTXKATh!.

8.3.4. C nomoulbto nepeknyvaTens Tpebyembli TEH30PEe3UCTOP BK/IKOUUTL B
N3MepPUTESIbHbIA NOSYMOCT.

8.3.5. KpaTkoBpeMeHHbIM HaxkaTnem KHOMKn «[1YCK» npoBecTn n3MepeHue.

3anucaTtb nokasaHusi UugpoBoro Ta6no €p AN Kaxaoro TeHomeTpa B Tab-
nnuy 8.1.

[N nonyyeHus cTtabu/ibHbIX pe3ysibTaToB Mnepes WU3MepeHUsIMU PeKo-
MeHOyeTCcs NPoM3BEeCTU HECKO/bKO 3anyckoB VALl n BpalleHnii nepeknoyaTte-
NS KaHa0B BNpaBo-B/IEBO B npejenax xoaa.

8.3.6. MNoBTOPUTL N3MepeHusa gecopmaunini npu Harpyskax P =5 kr n P =10 kr
[ANS KaXKAoro TeH3omMeTpa. Pe3ynbTarhl 3anucaTb B Tabs. 8.1.
8.3.7. Pa3rpy3unTtb 6asKy. BbIKNHOUYMUTL YCTAHOBKY.
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8.3.8. Mo dopmyne (8.6) BblUMCANTL N 3anucaTb B Tabs. 8.1 pa3HOCTM OTcYe-
ToB /A€ - npupateHns aecopmaLmii nog AeiicTBMEM HArpy3oK.

8.3.9. Mo dopmyne (8.10) aAnst BCEX CEYEHMI W HArpy30K BbIUMCIUTbL N 3amnu-
caTb B Tab/. 8.2 aKCnepuMeHTa/lbHble 3HAUYEHUNSI HOPMa/TbHbIX HaNPSXKEHWA.
8.3.10. Mo chopmyne (8.5) onpenennutb TeopeTUHeckmne 3HaHUA HOPMasibHbIX
HanpsbkeHnn npyn P=5 kr n P=10 kr. 3anucaTb B Tabn. 8.2.

8.3.11. AnA KaxKAoW CTyMeHW Harpy>XeHus BbISIBUTb CeYeHMe C HaumborbLuei
NOrpeLHOCTbLIO OnpeaeneHns HOPMasibHOro HanpshkeHus. HanpshkeHune nopg-
YepPKHYTb. [MOrpewHoCcTb BbIYNCINTL NO hopmyne:

max
_|Preop ‘ aken

0,

max —

[100%

O reop

n Bnucatb B Tabn. 8.2.
8.3.12. MocTponTb rpadnkn pacnpeneneHnss TeopeTUHecKoro n aKcrnepumMmeH-
Ta/IbHOr0 3HAYEHUN HOPMa/IbHbLIX HaMps>KEHWn No AMHe 6aikM paBHOrMo Co-
NPOTUB/IEHNA U3TNOY.

8.5. Obpasel oTyeTa
NabopartopHas paboTta Ne8

iccnefoBaHne HOpMasibHbIX HANPsKEHWA Npu n3rnée 6anku
PaBHOro CONPOTUB/EHNS

8.5.1. Llenib paboThl:
8.5.2. UcnbiTaTenbHas yctaHoska (puc.8.1).
8.5.3. Pe3ynbTatbl M3MEPEHNUI 1 BblYUCNIEHWI aechopmaumnii  Tabnuua 8.1

OTtHocuTenbHas gecopmaums (EOL)
No P=0 kr P=5kr =50H P=10kr =100H
TeH3. pasHoCTb pasHoCTb
OTCYET OTCYET OTCYETOB OTCYET OTCYETOB
o €p Ae €p Ae
I
1
Il
v
V
VI
VII
VIHI
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8.5.4.0npeaeneHne TeOPETMYECKMX W IKCMEPUMEHTA/IbHbIX 3HAYeHWUli Hop-
MasTbHbIX HANPSYKEHWIA:

6 I
O-Teop =P 2
b
Oakeri = 0,19-A&; (MNa) = 1,9 A&; (kr/em?).
Tabnuua 8.2
HopmasibHble HanpsxeHusa, MlMa
Teope- 6max,
Harpysku, | tyye- 3KCNepUMeHTasIbHbIE %
H CKue
o Or | 9y | 9 | 9w | Oy | Oyy | Ovy | 9vin
50
100
8.5.5 Npathnkn HopMasbHbIX Hanps>XeHU
O,MMa | ; | 5 ;
| i i IV
Y \Y] VI TV
Ne TeHs.
8.5.6 BbiBOAbI:
PaboTy npuHAn
& » 20 r.

[pumeyaHue: B BbIBOAAX HEOOXOAMMO OTMETUTb:

KaK pacnpeenstTcs HopMasibHble HaMnpshKeHWs Mo A/MHe 6anku paBHOro co-
NPOTMBNEHUS U3FNGY;

KaK 3aBUCAT HOpMasibHble HaNPsKeHWs! OT BE/IMYMHbI HArpy3Kku P;

KakoBa MaKCUMasibHas MOrpPeLHOCTb MeXay TeopeTUYeCcKUMU U 3KCrepumeH-
Ta/lbHbIMU 3HAYEHMSIMI HOPMa/IbHbIX HaMPSYKEHWIA.
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8.6. KOHTpO/IbHbIE BOMPOCHI

1. YT1o HasbiBaeTCs 6a/IKO paBHOro CONpPoTUBEHNS N3TMbY?

2. ['pe ncnonb3yrTea 6anky paBHOro CONPOTUBIEHMA U NOYEMY?

3. KakoB 3aKoH pacripegenieHnsi MakCMMasibHbIX HOPMaslbHbIX Harnps»XeHWin no
ANnHe 6ankn?

4. UTo 1 B Kakux eguHuuax pernctpupyet npnoéop NALL-1 ?

5. Kakoi npuvHuun peannsoBaH B paboTe npuéop NAL-1 ?
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