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JAE®OPMALUA BAJIKHU ITPU KOCOM U3I'MBE
1. eab padorsl

O3HAaKOMJIEHHE CTYJIEHTOB, M3YyYalOIMX OOLIMNA Kypc CONpPOTHUBICHHUS
MaTEepUaloB, C BOIPOCAMHU 3KCIEPUMEHTAIILHOTO OmNpeaesneHus aedopmanuii 6amku
IPU KOCOM U3TH0eE.

Hacrosiimast yueObHo—uccnenoBarenbckas jabopatopHas paboTa CTaBUT CBOEH
3ajgadeil.

1. JlokazaTh Ha OMBITE, YTO TIOCKOCTH JAedopMaliuii Ipu KOCOM H3ruoe
HE COBIMAJIA€T C IUIOCKOCTHIO IEUCTBHS BHELIHUX CHUJI (CHUJIOBOM IMIIOCKOCTHIO).

2. JlokazaTb, YTO TEOPETUUYECKOE OIpeieJICHIE BEIMYUHBI edopManuii U
MOJIOKEHUST TUIOCKOCTH JedopManuii Mpu KOCOM H3ruOe Ha OCHOBE MPHUHIUMA
HE3aBHUCHUMOCTH  JEHCTBHA  CWJI  JAeT  pe3yJbTaThl, COBHNAJAIOUIUE  C
JNENCTBUTENbHBIMU IeopMarusiMu 0ajaoK Mpyu KOCOM M3ruoe.

2. OnucaHue UCNBITATEJbHOH YCTAHOBKH

Jnst  mpoBeneHuss JabopaTopHoOM paboThl ucnonb3yercss «lIpubop s

ornpenenenus nedopmaruii 6amku mpu kocom u3rudex (puc. 1).

D

8 /1

—
Puc. 1. Cxema ycmanosku 0ns onpeodeyieHus oegpopmauuii 06a1Ku npu Kocom uzzuoe

YcTaHoBka MOKET OBITh HCIONB30BaHA Kak JJisi MPOBEICHUS IKCIIEPUMEHTOB
CTYACHTaMHU, TaK M JJs1 JEMOHCTpPAllMU MpPErnoAaBaTeNsiMU Ha Y4eOHBIX 3aHSITHSIX
SIBIICHUSL KOCOT'O U3ruoa.

JleBblii KOHEI] HCIBITHIBAEMOW altoMUHUEBOM Oanku (1) npmuHOM 83cm
IPSMOYTOJILHOTO TIONEPEUYHOr0 CEYEHUs MOMEIIAETCS B CHEIHAIbHBIE TPEXMEPHBIE
3axBarbl (2) ¢ 3aKUMHBIMM BHHTaMH. ClieOBaTENbHO, JEBBIM KOHEL Oanku
3aKpeIuIeH TakuM o0pa3oM, YTO HE MOXET HMETh HH MOCTYNaTeJIbHOTO
nepeMenieHnsi, Hu BpalieHus. J[aHHBI THI OMOPHI MOXKET BOCIPHUHHUMATH CHIIBI,

I[GI‘/IICTBYIOHII/IC B JIIOOOM HaIIPpaBJICHHUH, a4 TAKIKC MOMCHTEI.
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Jlpyroil KOHEIl HCIBITHIBAEMOW Oanku — cBoOOAHBIA. B 1ieHTpe cBOOOAHOTO
KOHIIa Oalku ykpemieHo ocTpué (3). DTo ocTpué ynupaercs B ILEJUTYJIOUIHBIN
9KpaH (4) ¢ HAHECEHHON Ha HEM NPSIMOYTOJbHOW CETKOM JEeNEeHUI C IIaromM 4epes
2MM. DTOT 3KpaH IPUKPEIUVIEH K CTOMKE B BEPTUKAJIHLHOM MoOJIoKeHHU. Harpyska
OCYILLECTBIISIETCSI NMPUIOKEHHEM COCpeJoTOYeHHoro rpy3za m = 1,0 kr,
MOBEIINBAEMOr0 K CBOOOJHOMY KOHIy Ha ocu Oanku (5). Ilepememienue
orpezesnsieTcs Ha ToM ke KoHue Oanku. Illkana (6) mpubopa rpagyrpoBaHa B
rpagycax, IleHa HauMEHBIIETO JeeHusl paBHa 5 rpaaycam. OTcyer yria moBopoTa
CTep)KHsI ocymiecTBisieTcs: 1mo ykazatenro (7). IIoBOpOT cTep>kHS TpPOU3BOIUTCS
BaJIMKOM (8).

[To cpaBuenuro c¢ npedopmaruert wuccaeayemMon Oankw, aedopMaiius
UCTIBITATEIbHOM yCTAaHOBKM TPHU IMPOBEIECHUU HKCIIEPHUMEHTa MPEHEOPEKUTEITHHO
Masa.

[lomyueHHbIE AKCHEPUMEHTAIbHBIE JTaHHBIE MOTYT OBITH MPOAHATIM3UPOBAHBI
KaK C IMOMOUIbIO I'pa)MKOB, TAK 1 MATEMAaTUYECKHU.

CryneHTsl y4aTcsi IUIAHUPOBATh, BBINOJNHATH W OIEHUBATh PE3YNIbTATHI
u3Mepennid. [1o pesynbpTaraM sKCIEpUMEHTAIbHBIX JAaHHBIX Y HUX MOSBIsIETCS 0a3a
TaHHBIX Ui JalbHEHIIero OOCYXIEHUS MPUYHH, MPUBOMSAIINX K Pa3pylICHUIO
oOpasIia.

VYcraHoBka o0Omazaer OONBIIMMU BO3MOXHOCTSMH, HAaIpaBIEHHBIMU Ha
pa3BUTHE TICUXOMOTOPUKHU y CTYAEHTOB NpPH MPOBEIECHUU IKCIEPUMEHTOB. Y HUX
IpU 13TOM pa3BUBAETCS YYBCTBO YBEPEHHOCTH IMpH pPaboTe ¢ H3MEPHUTEIHHBIM
000pyJI0BaHHUEM.

3. UcnbIThIBaeMblii 00pasen

Jlis HaOmo1eHus SIBJICHUSI KOCOTO M3rH0a B3SIT CTEP>KEHb MPSIMOYTOJIbHOTO
MOTIEPEYHOro ceueHus AmHoi L = 83 ¢M, ¢ 0HUM 3alleMIIEHHBIM U APYTUM
cBOOOJHBIM KOHLIOM. Matepuail cTepkKHs — amoMuHMi. [lonepeunoe ceuenue
crepskHs mupuHON b = 1 eM u BeicoToit h = 2 em (puc. 2).

e z

N e

h ____.'_-:' ___________________________ -
; < "
HE -
< L >

Puc. 2. Icku3z ucnvimoieaemozo oopasua
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HcneiTeiBaemblii  oOpaszernr Oanmku  mepes;  NPOBEIACHUEM  AKCIIEPUMEHTA
YCTaHABJIUBACTCS B UCIIBITATEIbHYIO YCTAHOBKY.

4. OCHOBHBIE TeOpeTUYECKHUE MOJ0KEHHUS

N3rubom HaszweiBaeTcs Takod Bui Achopmaiiuu Opyca (CTEp)KHS), IPH KOTOPOM
BHEIIIHUE HArpy3Ku JEHCTBYIOT NEPIEHAUKYISPHO K €70 TEOMETPUUECKOM OCH.

XapakTepHbIM TPU3HAKOM H3THOA SBIAETCA M3MEHEHHE KPUBU3HBI Opyca, B
YaCTHOCTH, NpHU HU3rube Opyca ¢ NPSIMOJMHEHHON OCBhIO, TOCIEIHAS MOJIy4aeT
KPUBOJIMHEWHOE OYEpPTAHUE.

[Ipsimoit Opyc (cTepkeHb), padoTaroluii Ha U3ru0, HA3bIBAIOT OAIKOM.

CedeHusi, KOTOpbBIE pACIONOKEHb B IUIOCKOCTSIX, MEPHEHIUKYISIPHBIX K
TEOMETPUYECKONM OCH Oallku, Ha3bIBAIOTCS MONEPEUYHBIMU CEUYEHUAMHU. Pazmepsl
MOTIEPEYHOT0 CEUEHUs 0aTKU 3HAYUTEITLHO MEHBIIIE €€ IJTUHBI.

Ecnu B monepeuHom ceyeHun Oaiky BO3HUKAET TOJbKO M3rMOAOIINIl MOMEHT —
9TO YUCTHIN U3ruo.

W3ru6 Ha3pIBalOT TNOMEPEYHBIM, €CIM B IMOMNEPEYHBIX CEUEHUSX Oanku
BO3HHUKAIOT n3ruodaromue MoMeHTH (M) 1 orrepeunsie cuibl (Q).

Ecnu Bce BHellIHME HArpy3KH JIeXKaT B OJTHOW MJIOCKOCTH, HA3bIBAEMOU CHUJIOBOM,
Y 3Ta MJIOCKOCTh MPOXOJUT Yepe3 OAHY U3 TJIaBHBIX IIEHTPaIbHBIX OCEH MOMEePEeYHOro
ceuenust (Y unm Z), Takod Buja jedopManud OaJKU HA3bIBAIOT IUIOCKUM MPSIMBIM
U3TUOOM.

KockiM wm3rnOom HaspIBaeTCsl TakoW W3rd0 OajJkd BHCIIHUMM CHJIAMH,
NEePHEHIUKYIIPHBIMUA K €€ TeOMETPUYECKOM OCH, KOrja IUIOCKOCTh JEUCTBUS ITUX
cul (CUjIoBasi TIIOCKOCTh) HE COBIAAAET HU C OJTHOM U3 TJIABHBIX LIEHTPAJILHBIX OCei
TIOTIEPEYHOT0 ceucHus (Y Wi Z).

B mnacrosmeit maboparopHoit paboTe HCCIEMyeTCsl KECTKO 3alleMJIeHHas
(KoHCOJIbHAsT) OaJTKka, HAXOJISINAsCS B COCTOSTHUU KOCOro u3ruoa (puc. 3).

[Ipn mM3ydeHUM pacTsHKEHUS W CHKATHS MPSMBIX CTEp)KHEH OBUIO yCTaHOBJIEHO,
YTO UX COMPOTHUBIIEHHE MPOMOPIHMOHATBLHO TOJIBKO TUIOMIAAM MOMEPEYHOI0 CEUEHUSI.

[Ipu oguHaKOBOM TUTOLIAAN CEUEHUS U OJTHOM U TOM K€ MaTepHualie CTEP>KHS €ro
COIPOTUBJICHUE PACTSHKEHUIO WM CXKAaTHUIO HE 3aBUCUT OT (DOPMBI M PACIIONOKEHUS
CEUYEHUSI OTHOCUTEIBHO TJIABHBIX IIEHTPAJLHBIX OCEU M OKa3bIBACTCSI OJIMHAKOBBIM.

[Ipu uccnenoBaHuu OoJee CIOXKHBIX BUIIOB JAedopmaliuyd, B TOM YHCIE H
n3ruba, COMPOTUBIICHUE DJIEMEHTAa KOHCTPYKIIMM BHEIIHUM HArpy3KaM 3aBHUCUT HE
TOJILKO OT BEJIMYWHBI IUIOMIAU TIONEPEYHOr0 CEYEHHUs, HO U OT (OPMBI ITOTO
CEUECHUSI.

dopma TMOMEPEYHOro ceyeHusi Oanku YYUTHIBAETCS BO BCEX PACUETHBIX
dbopmyiax B BUJI€ OCEBBIX MOMEHTOB HHEPIIMU OTHOCUTEJIHHO TJIaBHBIX IIEHTPAJIbHBIX



P la=30°
P

Puc. 3. Pacuemmnas cxema ucnoimovléaemoii 0a1Ku

oceil (rjaBHbIE MOMEHTBI UHEPIIMH ).

[lon nelicTBueM BHEIIHMX Harpy3ok Oanka nedopmupyercs U €€ OCh
uckpupisiercs. [Inockas kpuBasi, GopMy KOTOpOH MPUHUMAET OCh OAJIKHU MPHU U3TUOE,
HA3bIBACTCS UZ0CHYMOU OCbIO UIU YNPY2OU JTUHUE.

[Tpu nedopmaruu Gk MEHTPHI TSHKECTH €€ TOTEPEYHBIX CEUCHUHN TOTydaroT
JUHEWHbIC TEPEMEIICHUS, a CaMH CEUYCHHUS IOBOPAUYMBAIOTCS BOKPYI CBOHUX
HEUTpaNbHBIX ocei. JlomyleHne o MajloCTH MEePEeMEIEHUs MO3BOJISIET CYUTATh, YTO
HAlpaBJIEHUs]  JIMHEWMHBIX  IEPEMELICHUM  NEPHNECHAMKYJSIPHBI  MPOAOJIbHOMN
(reoMeTpuueckoii) ocu HeaedopMupyemMoro opyca.

[lepememnienue LEHTpa TSAKECTH CeUYeHUS o HaIpaBJICHUIO,
NEPNEeHAUKYIIPHOMY T€OMETPUUYECKOM OCU Oalku, Ha3bIBACTCA HpocubOOM 6anKu B
JAHHOM CeYeHUuu M oOo3Hauaercs OykBo W. HaumbGonbmmii mporu® Ha3bIBaeTCs
cmpenotl npoeuba n 0bo3HavaeTcst OykBoii f.

Ilpu nnockom useube uzoenymas ocb OAIKU 6ce20d JexiCum 6 NI0CKOCMU
oelicmaust BHeUHUX HA2PY30K (CUL08AsL NIOCKOCHIb).

Yron @, Ha KOTOpBIA KaXJ0€ CEYEHHE IMOBOPAYMBAETCS IO OTHOLUEHUIO K
CBOEMY IIEPBOHAYAILHOMY MOJI0KEHUIO, HA3BIBAETCS Y210M NOBOPOMA CEYEHUS.

Takum oOpazom, mpu wu3ruOe OallKM TOYKH €€ TeoMeTpHYecKor ocu (X)
MOJTy4aroT JMHCHHBIC TMEpPeMEIISHUsT WU MPOoruObl (W), a IOMEepeUHbIC CEUYCHHS
IIOBOPAYMBAIOTCS OTHOCUTEIILHO CBOMX HEUTPaIbHBIX ocel () Ha yroi ¢ (puc. 4).

[TporuOs1 (W) u yriibl MOBOPOTA () YACTO HA3BIBAIOT JUHEUHbIMU U Vel08bIMU
nepemewjeHusMu.

IMpaBuaa 3HakoB. I[Iporu6 (W) cuMTaeTCs TOJOKUTEIBHBIM, €CIH OH

MIPOHMCXOJIUT BBEPX — B CTOPOHY MOJIOKUTEIHLHOW OCH OpJIMHAT Z. YTOI IOBOPOTA ()
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Puc. 4. /lecpopmayua 6anku npu niockom uzzuoe

CUMTAETCS] TIOJIOKHUTEIBHBIM, €CIIM TOMEPEUYHOEe CEYEHHE MOBOPAYMBACTCS TIPOTHUB
X0/Ia 4aCOBOM CTPEJIKH, €CIIM OCh a0CLKCC X HallpaBjieHa CJIeBa HAIMpPaBo.

Ha puc. 4 w (X) <0, a @(x) > 0.

[IporuOb1 Oamok H3MEpSAIOTCS B CAHTUMETPaX WIM MWUIMMETpax, a YIJIbl
MOBOPOTA — B rpajlycax UM padaHax.

3/1ech U Jlajee Hayajlo OTCYeTa JJIsi KOOPJAUHAT X, Y U Z BBIOUpAETCS Ha JIEBOM
KOHIIE OaJIKH.

Teopust mepopmaru 6anok, m3ydaemasi B Kypce COIMPOTHBIICHHS MaTEPHAIIOB,
OCHOBBIBAETCS Ha CICAYIOLIUX MPEANOJIOKEHUIX (TUIOTE3aX):

1. Marepuain 6ayku noguuHsiercs: 3akony ['yka (o = E - €), T.e. Hanps>KeHUs B
OanKe He BBIXOAAT 3a Mpees IPOnoPIMOHaTHFHOCTH.

2. Pa3Mepsl MOMEPEUHbIX CEYEHU OaIKU HEBEIMKHU MO CPABHEHUIO C €€ IJTUHOM.

3. IIporu6s1 6anku (W) MaJibl IO CpaBHEHUIO € ee JUIMHOM L /paccrosinuem
MEXy OropamMu Oayku/, T.e. OTHOIIICHHE HanbobIIero nmporuda f x amuHe nponera

L Ganmku ycraHaBIMBAETCS B CIACAYIONINX TpeIeaax

fo1 1
L 100 " 1000 (1)

rae

L— nnwHa mposteta Ganmku (111 KOHCONEeH mposieT L paBeH yIBOEHHOMY BBUIETY
KOHCOJIH).

4. YTIIBI TIOBOPOTA MOMEPEUHbIX CEUCHHIT (@) HE MPEeBHIMA0T 1’

| (Pmax| <1=0,0175 pax.

VYTl TOBOPOTA MOMEPEUHBIX CEUYECHUN () MOKHO MPUHUMATh PaBHBIMU MEPBOI

IPOM3BOAHOM OT poruba W. M3BecTHO, 4TO
W (x) = tg ¢(x),

II03TOMY, B CBSI3U C MaJIOCThIO eopmaninii 0aaok, MOXKHO CUUTATh, YTO 1g @ = @, TO
€CThb MOYKHO 3aIliCcaTh

w(X) = tg 9(X) = p(X). (2)



s pacuera 0anoK Ha >KECTKOCTh (OMpEIENICHHs IMEePEeMEIEHUN B IJIOCKUX
CTEPKHEBBIX CHCTEMax) B KYPCE COIMPOTHUBIICHUS MAaTEPHUAJIOB OOBIYHO TPUMEHSIOT
METOJI HadaIbHBIX MapaMeTpoB U Meton Mopa (uHTerpan Mopa) ¢ UCIoiib30BaHHEM
npaBwia Bepemaruna (mpaBuiia «IepeMHOKEHUSD» ITIOP).

Meron HadambHBIX MapaMETPOB YIOOHO MPUMEHATh B TOM Cclydae, Korjaa
HEOOXOJIMMO OIPEACIUTh MEPEMEIICHNS] B HECKOJIBKUX CeYeHUSAX Oanku. OCHOBHBIM
HEJ0OCTaTKOM 3TOTO METO/a SIBJISIETCS TO, YTO €r0 MOXKHO NMPUMEHSATHh TOJBKO IS
pacueta Oayok.

Meron Mopa, B omMuYMe OT METOJa HAYaJIbHBIX TapaMeTPOB, SBISCTCS
YHHUBEpCAIbHBIM. Ero MOXHO MPUMEHATH ISl ONPENeNICHUsl MepeMEeNIeHU THO0hIX
00BEKTOB — OANIOK, TUIOCKUX U MTPOCTPAHCTBEHHBIX paM, apoK U Jp.

Teopernyeckue 3HaYEHUS HAUOONBIIUX TMPOTUOOB IS KECTKO 3aIleMJICHHON
(KOHCOJIbHOM) 0anku, n300pakeHHOM Ha puc. 5, B mimockocTax XZ u XY oT BHeNIHeH
CHJIBI, COBIMAJAIONICH C TJIaBHBIMH OCSAMH Z W Y COOTBETCTBEHHO, MOTYT OBITh
OIpeIeIeHBI IO CEAYIOMUM (popmyaam

_ ¢ _P L3
Wiax = T, = 3EI ; (3)
y
P, L3
—f — 1Y
Vmax - fy - 3EIZ,

re

Whax B Vinax— MaKCUMaJIBHBIM TIPOTUO KOHCOJIBHOM OAJIKK BOJIb TJIaBHBIX OCEH Z

NZ

P «——ph—>

Puc. 5. /lepopmayun 6anku npu niaockom uzzuoe

U Y B pe3yinbTaTe MPUIOKEHUS BHEUTHEW HArpy3KH. COBMAJAIONICH C TIaBHBIMU
OCSIMH Z M1 Y COOTBETCTBEHHO;

L — pacueTHas ayvHa Gankwy;

P, = P u Py = P — BHemHAd Harpy3ka, NpHKIaJgblBacMas K Oalke
,COBIIQ/IA0IIAs1 C TJIABHBIMU OCSIMU Z U Y COOTBETCTBEHHO.

Bennuunsi Ely, u El,, xapakrepusyromiie cOnpoTUBISIEMOCTb OAIKH U3MEHEHHIO
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ee MepBOHAYAIBbHON (POPMBI, HA3BIBAIOTCS HCECMKOCMbIO OAIKU TIPU U3THOE.

IIpu kocom useube uzoeHymas ocb OAIKU He JIeHCUm 6 NI0CKOCMU Oelucmeus
BHEWHUX CUNl (CUNOBAS NIOCKOCMb) U OMKIOHAEMCS OM HOCIAEOHel 8 CIMOPOHY
NJIOCKOCMU C HAUMEHbUEL HCeCMKOCMbIO.

Ecin 0003HauuTh yros HakjIOHAa TIJIOCKOCTA JCHCTBUS CHII  (CHIJIOBOM
TUIOCKOCTH) K BEPTUKAJILHOM TJIABHOW OCH Z TIOTIEPEYHOr0 CeYEHUs OalKu depes d,
a yroJl HaKJIOHa IUIOCKOCTU Aedopmaiuii (IMHUK MpOrudoB) K TOM e ocu uepes
(puc. 6), To BennuuHa yria f§ onpeaensercs mo GopmyJie

I
— Yy
tg B - E tg a, (4)
rIe
ly — HanGonbIINii IITABHBIA MOMEHT UHEPLIMHU MIONEPEUHOT0 CeYeH s OalKy;

|, — HauMEeHbBIINIA TTIABHBI MOMEHT MHEPIIUH MONEPEYHOr0 CEUCHUS OaNKH.

1

o/ Cunosas

1

! njaiockocmos

/ Ilnockocmo
! Ooegpopmayu

Puc. 6. Pacnonooscenue cunogoi niockocmu u niiockocmu oegopmayuil
npu Kocom uzzube 0anKu

Kocoit m3ru®6 He MokeT HaOMOMaTbcs B Oankax, MMEIOIIMX IONEPEYHOe
cedeHue, a1 kotopsix |y = I, (kpyrioe, kBagpaTHOE U T.I1.), TaK KaK JJIsT TAKUX
ceueHuit popmyna (4) mpuHUMAET BU/T

tgB =tga,
TO €CTb,
B=a.

CrnenoBaTenbHO, ¥ maxkux OANOK U302HYMAs OCb 6Ce20d NeHCUMm 8 NIOCKOCU
Oeticmeust BHeWHUX HASPY30K (8 CUN0BOU NIOCKOCHU).

Onpenenenue HanpsKeHU U aedopMaluii Ipu KOCOM M3THO€ MPOU3BOIUTCS
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HA OCHOBE NPUHYUNA HE3AB8UCUMOCIU OeliCMBUs CUl TIyTEM 3aMEHbI KOCOTo h3ruda
ABYMSI TUIOCKUMU M3THOaMU, JEHUCTBYIOIIMMH B ABYX B3aUMHO TMEPIEHINKYIISIPHBIX
MJIOCKOCTSIX.

Jedopmaruss ocu Oanku B 3TOM ciydae, NMpH KOcoM wu3rube (puc. 7),
OMpe/IeNICTCS KaK TeOMETpHUEecKasi CyMMa BepTHKaIbHOU fi 1 ropu3oHTambHOI T
COCTaBIISIIONIMX €€ MOJIHOM AeopMalinii B IIaBHBIX IJIOCKOCTAX MO Gopmylie

f:\/flz +f2, (5)

rae

f — monHBI mporud paccMaTpuBaeMOro ce4eHus Oaiiku, paboraromiell Ha
KOCOHU n3ruo;

f, — BepTUKaNbHBIN MPOrud OanKu OT BEPTUKAIbHON COCTABIISAIOIIEH BHEUTHEH
CHJIBI;

f, — ropusoHTanBHBI MPOrMO OajlKM OT TOPH3OHTAJIBHOW COCTABISIOIICH
BHEIIHEW CUJIBI.

\ Z

f>
Pl
oo !'fl

Puc. 7. /lepopmayusn Konconvnoui 6aiKu npu Kocom uzzuoe

5. IMopsigok mpoBexeHUsT UCTTBITAHUT
Jlnst sxecTko 3amieMiIeHHONW (KOHCOJBLHOM) OajKky, pacdyeTHas cxema KOTOpOM
MOKa3aHa HAa PUC. 8, OMBITHBIM W TEOPETUYECKUM IIyTEM OMNpPENesieM BEIUYHUHY
nporuba (f) cBo6oIHOrO KOHIIA.
Hcxoonvle dannvie:

HcnbIThIBaeTCS JKECTKO 3alleMJICHHasl (KOHCOJIbHAsA) Oalika MpsIMOYTOJIbHOTO
HonepeyHoro ceueHus (puc. 8), u3roToBieHHas U3 amroMuHus (Al).

HopmaruBHas mmpuHa TONEpeyHOro cedeHus 3toi Oamkum b = 10 mm, a
HOpPMAaTWBHAs BBICOTA MONEPEYHOTO ceueHus paBHa h = 20 MM,

HopmatuBHas nnmHa ucnbeiThiBaeMoro odpasma L, = 830 mm. Bremmnss
Harpy3ka BemmumHo M = 1,0 kr, cinemoarensHo, P = 1,0 x 9,81 = 9,81 H,
NPUKJIAJBIBAETCS Ha T€OMETPUYECKOM OCH K CBOOOAHOMY KOHIy HCHBITHIBAEMOM
OanKu.

11



P la=30°
P

Puc. 8. Pacuemnasn cxema KOHCOJIbHOIL OAIKU NPU KOCOM U32UDe

Memoouka nD08€0€HM}Z dKcnepumernma.

Uccnenosanue nedopmainviii KOHCOIBHOM OaiKyd MPOU3ZBOAMUTCS B CIEAYIOIIEH
MOCJIEI0BATENbHOCTH:

1. YcranaBnmuBaem Oanky B aepkarenb. PacuerHas nnmHa Oalkyd MPU ATOM
cocraBisieT L = 830 mm.

2. M3mepsieM ¢akTHYeCKUe pa3Mephl IMornepeyHoro cedeHus oanku (b u h) u
3aHOCHUM MX B )KypHaJl ucnbiTaHuii Ne 1.

3. OrmpenensieM BeIMYMHBI >KECTKOCTEH WCIBITHIBAEMONW Ok B TJIABHBIX
MJIOCKOCTSAX UHEPLMH U3 ONbIMA HA NAOCKUL U3UO.

Ha ocHoBanuu ¢opmy: (3), moiaydaeM BBIPaXKCHUS JJIs BBIYUCICHHUS 3HAYCHUN
YKECTKOCTEH MCIBIThIBAEMOM OaIKU B TJIABHBIX MJIOCKOCTSAX MHEPIIUU

- JIceCcmKoCcmob OAIKU OMHOCUMENbHO 2/IAHOU OCU Y.

_ Pl
Ely =2 (6)
- Jrcecmrocms OAIKU OMHOCUMENLHO 2NIABHOU OCU Z:
g1, = 2 7
z— 3f2 ) ( )
rae
EL, n EI, — secTkoCcTH Oanku npu M3rube OTHOCUTENBHO TIIABHBIX OCEH Y W Z
COOTBETCTBEHHO;

P, = P u P, = P — BHemmHsAs Harpyska, NpuUKJIaJblBacMas K Oalke,
COBITAJIAIOMIAS C TJIABHBIMU OCSMH Z ¥ Y COOTBETCTBEHHO;
L — pacueTHas ayvHa Ganku;

f; u f, — MakcumanbHBIN IPOrKMG KOHCOIBEHOM OAIIKK BIOJIL OCEH KOOPAUHAT Z U
Y B pe3yJIbTaTe NPUIIOKEHHUS BHEIIHEH HATPy3KH.

12



3.1. JKecmkocmb 6anku OomuocumenbHo 21aeHOU ocu Y-
— JIJI1 DTOrO UCIbIThIBaeMasi Oajika YCTaHABJIMBACTCS TaKUM 00pa3oM, UTOOBI
TJIaBHAs OCh Z €€ MOMePEYHOr0 CeUeHUs, Obllla BEPTHKAILHOU (pHC. 9);

N

«—— ph—>

Puc. 9. Ilonoscenue nonepeunozo ceyenusn 6anKu npu onpeoeneHuu

ee JececmKoOCmu OMHOCUMEIbHO 2J1A6HOTL OCU y

— OTMEYaeM Ha dKpaHe TOUYKY MMEePECCUCHHsI MMPOIOJDKCHUS JTMHUN OCTPHUS OATTKH
C 9KpaHOM;

— OCTOPOXKHO HarpykaeM Oanky Harpy3koid m = 1,0 kr (P, = 9,81 H);

- OTMEYaeM Ha dKpaHe HOBYIO TOUKY MEpPECeUEHUs MPOIODKEHUS TMHUU OCTPUS
OaJIKK C SKPaHOM;

— 3aMepsieM PacCTOSHHE OT MEPBOM TOUKH JO BTOPOM — 3TO OyAeT BEJIUYMHA
nporuba f; cBoOomHOro KOHIA Oalkk OT cuibl P, (IMOABCIICHHOrO rpy3a) B
I0CKOCTH XZ, ¥ 3aHOCUM TOJIYYCHHOE 3HAUYCHHE B )KYPHAJ MCIbITaHUH (Tad. 1);

— IPY3 CHHMAeTCsl M HCIIBIThIBacMasi Oaska moBopaunsaercst Ha 180 ;

- OTMEYaeM Ha dKpaHe TOUKY MepecedeHus: MPOJOHKEHUS JIMHUHM OCTPHUs OAJTKH
C DKPaHOM;

— OCTOPOXKHO HarpykaeM Oayiky Harpy3koit m = 1,0 kr (P, = 9,81 H);

— OTMEYaeM Ha SKpaHe HOBYIO TOUKY MEepPECEUEHHUs MPOIOJKEHU S JIMHUMA OCTPUS
OaJIKU C PKPaHOM;

— 3aMepsieM pacCTOSHHE OT MEPBOM TOUKHU JO BTOPOM — 3TO OyAeT BeJIUYMHA
nporuba f; cBoOomHOro KOHIA Oalkk OT CcWiIbl P, (IMOABEIICHHOTO TIpy3a) B
TIOCKOCTH XZ, ¥ 3aHOCUM TIOJIYYCHHOE 3HAUYCHHE B )KYPHAJ HCITBITAaHUH (Tadu. 1);

— BBIYHUCIIIEM CPEIHIOK apU(PMETHICCKYIO BEIMUUHY M3 dTHUX JBYX MOKA3aHHM
poruooB cBOOOAHOrO KOHI[A OAJIKK OT CHIIbI P, (MMOABEIIEHHOTO TPy3a) B IJIOCKOCTH
XZ. TlonyueHHoe 3HaUYCHUE 3aHOCHM B XKYPHAJ UCIIbITaHu (Tab:. 1);

— 1o ¢opmyre (6) BbIUUCIAEM 3HAYEHHE XKECTKOCTH UCHBbIThIBaeMoi Oanku El,

OTHOCUTEBHO IJ1aBHOUM OCH Y
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P,L3
3f;
ITomyuennoe 3nauenue El, 3aHocum B sxypHan ucnbitanuii (tabm. 1).

El, =

3.2. ZKecmkxocmo 6anxku omHoCUmenIbHo 2IaéHou ocu Z.
— JJI1 DTOrO HUCIIBIThIBaeMasl Oajka yCTaHABJIMBACTCS TaKUM 0Opa3oM, YTOOBI
rJIaBHAs OCh €€ MOMEPEYHOro ceucHus Y, Obula BepTukanbHoit (puc. 10);

& N
< >

y

Puc. 10. ITonoscenue nonepeunozo ceuenus 6anKu npu onpeoeeHuu

ee HCeCMKOCmU OMHOCUM EJIbHO 2TIA8HOTL OCU Z

— OTMEYaeM Ha dKpaHe TOUYKY MEePECEUCHHs MPOIOJDKEHUS IMHUM OCTpUs OaJIKu
C DKPaHOM;

— OCTOPOXKHO Harpyxaem 6anky Harpyskoir m = 1,0 kr (P, = 9,81 H);

- OTMEYaeM Ha dKpaHe HOBYIO TOUKY MTEPECCUCHHS MTPOODKECHUS TMHUN OCTPUS
OaJIKK C SKPaHOM;

— 3aMepsieM PacCTOSHHE OT MEPBOM TOUKH JO BTOPOH — 3TO OyAeT BEJIUYMHA
nporuba f, cBoOomHOro koHma Oanku oT cuiabl Py (moxBemieHHOro Ipysa) B
wiockocTd XY, U 3aHOCUM TOJIyY€HHOE 3HAYEHHUE B JKypHaI UCTIbITaHUui (Tabm. 1);

— IPY3 CHEMAeTCsl M HCIIBIThIBacMasi Oaska moBopaunsaercs Ha 180 ;

— OTMEYaeM Ha dKpaHe TOUYKY MEePECCUCHHsI MPOIOJDKCHUS JTMHUM OCTPHUS OAJTKH
C 9KPaHOM;

— OCTOPOXKHO Harpysxkaem 6anky Harpyskoi m = 1,0 kr (P, = 9,81 H);

— OTMEYaeM Ha dKpaHe HOBYIO TOUKY MEePECEUEHUS MTPOJOIKEHUS TIUHUN OCTPUS
OaJIKK C 3KpPaHOM;

— 3aMepsieM pacCTOSHHE OT MEPBOM TOUKHU JO BTOPOM — 3TO OyAeT BeJIUYHHA
nporuba f, cBoOomHoro konma Oamku oT cuiabsl Py (HOxBEemIEHHOro rpysa) B
wiockoctd XY, U 3aHOCHM TOJTydEHHOE 3HAYCHHE B )KYpHAI UCTIbITaHHH (Tab. 1);

— BBIUHCISCM CpPEIHIO apudMeTHYecKylo BenuuuHy f, W3 3TUX JByX
IIOKa3aHWH ITPOTHOOB CBOOOIHOrO KOHIIA OanKu OT cuibl Py (mogsenieHHoro rpysa) B
wiockoctr XY. [TomydeHHOE 3HaYEHUE 3aHOCUM B XKypHaJl UCTIbITaHui (Tab:. 1);

— 110 dopmyne (/) BBIYUCSIEM 3HAUEHUE KECTKOCTH MCTBbIThIBaeMon Oanku El,

OTHOCHUTEJILHO TJIaBHOM OocU Z
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3
PyL
3f,
[Tonyuennoe 3nauenue El, 3aHocHM B K ypHan ucnbitanuii (Tadm. 1).

El, =

4. OmpenensieM OMNBITHBIM IYTeM BEJIHYMHY MOJHOTO Tporuda  foum.
CBOOOJTHOT'0 KOHI[A OAJIKK MPU KOCOM H3THOE.

Jlns 2TOro WCHbIThIBaGMasi Oajka YCTAHABJIMBAETCS TAaKUM OOpa3oM, UYTOOBI
rJIaBHAs OCh Z €€ TIONEPEYHOr0 CEUCHHs, COCTABIISIA C BEPTUKAIBIO HEKOTOPBIN yroJl
o, Harpumep, o= 30"

— HUCIIBITHIBAEMYIO OaJIKy CHauaja yCTaHaBIMBAaEM TaKUM 0Opa3oM, YTOOBI yroj
0. = 30" oTKJIa/BIBAJICA B JICBYFO CTOPOHY OT HYJIS IIKAJIBI IIPHOODA;

— OTMEYaeM Ha 3KpaHe TOUYKY MEePECEUCHHs MPOJIOJDKEHUS IMHUM OCTpUs OaJIKu
C 9KPaHOM;

— OCTOPOXKHO HarpykaeM Oanky Harpyskor m=1,0 kr (P = 9,81 H);

— OTMEYaeM Ha dKpaHe HOBYIO TOUKY MEPECEUEHUS MTPOJOIKEHUS TUHUN OCTPHS
OaJIKK C 3KpPaHOM;

— 10 3THM OTCYETaM oOIpenesieM BepTHKanbHyto f; m ropusoHTanbayio f,
COCTABJISIOIIME TOJHOTO Mporuda fou,. CBOOOMHOrO KOHIA OAJKM MPU KOCOM
u3rube. [TomydeHHbIe 3HAUCHKS 3aHOCHM B XKYPHAI UCIBITaHUH (Ta0I. 2);

— OIBIT MO ONPEACICHUIO BeIMUYMH cocTaBisitonux f; u f, momHoro mporn6a
fonums, CBOOOJTHOIO KOHIIA OaJKW MPH KOCOM H3ruOe IMOBTOpsieM emie 3 pasa, a
MMEHHO, 3aTeM yroin o = 30  OTKJIaJbIBacM B IPAaBYIO CTOPOHY OT HYJIS LIKAJIbI
npubopa, TOTOM Oanka mnoBopaunBaercsis Ha 180  u omate yron o = 30
YCTaHABJIMBACTCS ABAXK/IBI (B JICBYIO M TIPABYIO CTOPOHY OT HYJIA IIKAJIBI TpuOopa).

[MonyueHHbIC 3HAUCHHSI 3aHOCUM B XKYPHAII UCTIBITAaHUH (TabI. 2);

— BBIYUCISIEM CPEIHIOI apu(dMETHUECKYI0 BEIMYMHY W3 OTHUX YETBIPEX
3HaueHui coctapisiomux f; u f, monmnoro mporu6a fo,m CBOOOIHOrO KOHIIA OaJIKK
npu KocoM wu3rude ot cwibl P (moasemenHoro rpysa). IlosydeHHoe 3HaueHHE
3aHOCHM B JKypHaJ UCIbITaHuH (Ta0. 2);

— BBIYHCIISIEM BEJIMYMHY TOJIHOTO Mporuda (mepememmeHust) oy m CBOOOTHOTO
KOHIIa Oanku MpU KOCOM H3rube OoT cuiibl P Kak AuaroHalib MPSIMOYTOJbHUKA,
CTOPOHAMHU KOTOPOTO SBJISIOTCS 3TH coctaBisromue f; u f, mporuba (puc. 11), mo

dopmyae (5)
fonum. =4 f12 + f22

[MTonyuennoe 3Ha4eHUE Ty 32AHOCHM B KypHA UCIIBITAHUH (TA0IMI. 2);
— ompeessieM MOoJI0KEeHUE TII0CKOCTH Aedopmaniuid. J{Jis 3Toro BeucCisieM
BEeIUYMHY yIAa Bonpms. (pUC. 11) o popmyne

BOHBITH. =o+t Y
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Cunoesas
NJIOCKOCMb

/ Ilnockocmo
oegpopmayuu

------ ' Bon

fOl’lblmH.

a=30°

Puc. 11. Botuucnenue éenuuunvt nonnozo npozuoa f,,uuumn.
C60000H020 KOHUA OANKU U NOJIOHCEHUA NIOCKOCIU 0eopmauuil B onymn.

riue
0 — YroJl HaKJIOHA TJIOCKOCTH JIEUCTBUSL CUJ (CHJIOBOM IUIOCKOCTH) K TJIaBHOM
OCH Z MOIEPEYHOT0 CEUCHUS OaJIKU;

y = arc tg % — YroJl MEXIy AUaroHaJbl0 MPSAMOYTrOJIbHHUKA, CTOPOHAMU
1

KOTOpOro sBIIst0TCs coctaBirttomue Ty u f, mporn6ba, v BepTUKaIbHON COCTABIISIOIICH
nporuda (puc. 11), Tak Kak

f2
t ==,
gy f

[Tony4ueHHOE 3HAYCHHE f,pmy. 3AHOCUM B JKypHAII UCTIBITAHUH (TA0I. 2).
5. OnpenenseM TeopeTHYeCKyr0 BeIMUuHYy frep TMOIHOrO mporuba
CBOOOJTHOT'O KOHIIA OaIKu Mpu KocoM u3ruoe (puc. 12).

Z

P _______ PZ

Puc. 12. Kocoii uzeuo oanxku
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Jlns sroro cHavasa mo ¢opmysaMm (3) ompenensieM TEOPETHUYECKUE 3HAYCHUS
BEPTUKAIBHOW cocTtaBisromel f; u ropusonTanmpHON coctapmstoniein f, momHoro
nporuoa f,eqp, CBOOOTHOr0 KOHIIA OAIKH MPH KOCOM M3rude OT BHENIHEH cuibl P:

— BBIUKCISIEM TEOPETUYECKYI0 BEIUYMHY BEPTUKAIBHOW COCTaBJISIONICH

nporuoa f;
£ = P, L3
17 361,
y
— BBIUUCIISIEM TEOPETUYECKYIO BEJIMYMHY TOPU30HTAIIBHOM COCTABIAIOIIEN
nporuba f,
P, L3
f2 = .
3El,

B stux ¢popmymnax

f, u f, — BeprukanbHas ¥ rOpU3OHTANIEHAS COCTABIIAIONINE MAKCUMAIIBHOTO
npornba KOHCOJIbHOM Oajku B pe3yiIbTaTe MPUJIOKEHUS BHEITHEN HAarpy3Ky;

P, = P-cosa u Py, = P-sina — cocrasnsfiomye BHEIIHEW Harpysku P,
OpUKIAAbIBAEMOM K Oanke, COBNAJalollMe C TJABHBIMU OCAMH Z U Y
COOTBETCTBEHHO;

0. — YroJl HAaKJIOHAa IUIOCKOCTH JEHCTBHSL CHJI (CHJIOBOM IUIOCKOCTH) K
BEPTUKAJIBHOW II1aBHOM OCH Z MONEPEYHOI0 CEUEHHUS OAKH;

L — pacueTHas ayvHa Oanku;

Ely u EI, - 5eCTKOCTH HCIIBITHIBAEMON OAJIKK, ONPE/IETIEHHbIE PAHEE.

[Monyuennsie 3nauenus f; U f, 3amocum B xkypHan ucneiranuii (tabmn. 3);

— BBIYMCIISIEM BEIMYMHY MOJHOrO mporuba (mepemerueHusi) fieo, cBOOOAHOrO
KOHIIa OajJKu TMpU KOCOM H3rHbe OT cuiibl P Kak AuaroHajib MPsSMOYTOJbHUKA,
CTOPOHAMHU KOTOPOTO SIBIIAIOTCS 3TH coctaBisttonue f; u f, mporuda (puc. 13) mo

dbopmye (5)
fTeop. =4/ f12 + f22

[Momyuennoe 3HaueHue fio, 3aHOCUM B JKypHaI HcHbITaHUil (TA0M. 3);

— OTIPEIENIIEM TEOPETUUYECKOE MONIOKEHUE TUIOCKOCTH Aedopmariuii. Jlis aToro
BBIYMCIIIEM BEIMYHMHY YIIIA Breqp. (pHUC. 13) MO hopmye
|
— Y
tg BTeop. - I_

Z

“tga,

rae

0. — YroJl HAaKJIOHAa IUIOCKOCTH JEHCTBUSL CHJI (CHJIOBOM IUIOCKOCTH) K
BEPTHUKAIbHOW I1aBHOW OCH Z MONEPEYHOT0 CEUEeHUSI OAKH;

l, — HanOoJIBIINI TTaBHBIA MOMEHT MHEPLUH MTONIEPEYHOTO CCUEHH OATIKH;

|, — HauMeHbIIMI TTaBHBIA MOMEHT MHEPIIMHU MOMEPEYHOr0 CeYEHUs OalKu.
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o . }'fl
meop.

Puc. 13.Boiuucnenue éenuuunsl nonnoz2o npocuda fyeop.

600001020 KOHUA OANKU U NONOHCEHUA NIOCKOCIU 0epopmayuil By eop.

Yucnennsle 3HaueHus I, n |, monepeynoro ceyeHnus Oanku ompenenseM IO

dopmynam
L = bh3 _ hb3
ANETY T
Homy4yennsie 3Ha49eHus ly, I, 1 Breop 3aHOCHM B 3KypHAN UCTIBITaHKUH (Tabm. 3).
6. CpaBHUBaeM BEJMYMHBI TIOJHBIX TIEPEMEIICHUN KOHIIA CTEePXKHS,
ONPEICIEHHBIX ONBITHBIM MYTeM fopymy ¥ TeOpeTHUECKHM IyTeM fieop., @ Taxoke
HOJIy4EHHBIC 3HAYEHUA PBomprrn. ¥ Preop. TMOJOKEHHMA IUIOCKOCTH AedopMaryii
ucnbeIThiBaeMor Oanku. llomHble mepeMelieHuss KOHIA CTEPXHS, JODKHBI OBITh
paBHBI, MapalieIbHbl U HAPABJICHBI B OJIHY CTOPOHY.
7. OmnpenenseM MOTPEIIHOCTh MEXKIY OMBITHBIM fopu e M TEOPETHUCCKUM
freop. 3HAUCHUSIMU TIPOTUOA UCTIBITHIBAEMOM Oanku. [l 3TOro MoJIy4eHHOE OMBITHBIM
myTeM 3HadyeHWe TMporunda CpaBHUBAEM C COOTBETCTBYIOIIUM TEOPETHUYECKUM

SHAYCHUCM, PACXOKACHUC MCKIY HUMHU HC NOJKHO IIPCBLIIATH 5 %, T.C.
__ |fonbiTH.—fTeEoD.

€= 100% < 5%.

fonbITH.

[TomyyeHHOE 3HaYEHHUE € 3aHOCUM B JKYPHAJ UCIIBITAaHHH (Ta0II. 3).

8. OmnpenenseM MOTPENIHOCTh MEXIY ONBITHBIM 3HAYCHUEM Ponum. M1
TEOPETUYECKMM  3HAUEHUEM  Prep.  MONOKEHHMA  IUIOCKOCTH  JedopManuid
UCTIBITBIBAEMOM OaTKu

¢ = |BonblTH. - BTeop.l 100% < 5%.

BonbITH.

Y TIOJIyYCHHOE 3HAYCHHE € 3aHOCUM B )KYpPHAJI UCIIBITAaHUH (Ta0I. 3).
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6. KOHTp OJIBHBIEC BOIIPOCHI

1. Kakoa 1ienb 1abopatopHoi paboThI?

2. Kakoii Bua nedopmaiiiu Ha3bIBa€TCsl YUCTHIM U3THOOM?

3. Kakoit Bua nedopmarinu Ha3bIBaeTCA MIIOCKUM MOMEPEYHBIM U3rHOOM?

4, Kakve BHYTpeHHHE CHJIOBBIC (DAKTOpPHI BO3HHUKAIOT IMPH IJIOCKOM IPSMOM
u3ruoe?

5. Kakas miaockocTh Ha3bIBaeTCsl CUIOBOM ?

6. Kakue mepemernieHus moaydaroT MOMEPEUHbIE CeYCHHs 0alOK MPH MIIOCKOM
npsiMOM U3ruode 0anok?

7. 1lpaBuiio 3HAKOB MPH ONPEEICHUHN ITUX MEPEMEIICHUM.

8. JlomymieHus, Ha OCHOBAaHUM KOTOPBIX TMOJYyYEHO MPHUOJIMKEHHOE
nudepeHnanbHOe ypaBHEHUE U30THYTOM OcH OalKu.

9. Kakas mI0CKOCTh Ha3bIBAETCS TUIOCKOCTBIO JehopMariwii?

10. Kak pacrmosokeHbl CHIOBas IJIOCKOCTh M IUIOCKOCTh JAedopmanuii mpu
MJIOCKOM M3rude?

11. Kakyro BeIM4YMHY Ha3bIBAIOT KECTKOCTHIO MOMEPEYHOT0 CeYeHUs! 0Ky npu
n3rude?

12. Yro Ha3pIBaETCS MPOJIETOM OAITKH?

13. Yto Ha3pIBaeTCs CTpemoi mporubda?

14. Kak Ha3bpIBaeTCsl CBUCAIOIIAs YacTh OajKu, pacrojio’KeHHas clieBa (CIipaBa)
OT KpaitHel onopsbI?

15. Kakne wmeTompl pacuera Oallok Ha IKECTKOCTh H3Yy4aloT B  Kypce
COMPOTHUBIICHUS] MATEPUATIOB?

16. Kakoii Bun nedopMannil Ha3bIBa€TCsl KOCKIM U3rHOOM?

17. Kaxoii mpyHIIHI MOJI0XKEH B OCHOBY pacyera 6ajioK Ha KOCOM U3ruo?

18. Couerannem Kakux BUIOB U3rH0a SBISETCS KOCOU M3rH0?

19. Moxer nu Oaynka Kpyrjioro MOMEPEYHOrO0 CEUEHHUS HCHBITHIBATH KOCOMN
U3ruo?

20. ITo kako#t popmyse onmpeaensieTcs BEJIMYMHA MOJHOTO Iporuda Oaiku mnpu
KOCOM u3ruoe?

21.Tlo kaxoil Qopmyine ompeaensercs IMOJI0XKEHUE MIOCKOCTH aedopmaruit
(JluHUU IPOTrUOOB) MPU KOCOM M3rude Oanku?

22. Kak pacroysioKeHbl CHUJIOBasi IUIOCKOCTh U IUIOCKOCTh Jedopmaruii mpu

KOCOM H3ruode 0ajku?
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7. OCHOBHBIE NnpaBuJjIa TEXHUKHU 0e30MacHOCTH

1. Henb3s gomyckath K UCHBITATEILHON YCTAHOBKE JIMII, HE 0O3HAKOMMBIIIHMXCS
C €€ YCTPOMCTBOM.

2. 3ampemniaeTcsi yCTaHaBIWMBAaTh oOpa3ell U MPUBOAUTH B  JIEHCTBUE
UCTIBITATENILHYIO YCTAHOBKY 0€3 pa3pelieHus MpenoiaBaTes.

3. JlaGopatopHyio pabOTy HYKHO BBHINIOJHSATH B COOTBETCTBUU C BBIIIE
IIPUBEACHHON UHCTPYKLIUEH.

4, HarpyxeHue HMCHBITBIBAEMOro oOpasiia MPOBOAWTH AKKYpPaTHO, MPH 3TOM
HENb3s TMPEBHIIIaTh MAKCUMAJIBHYIO JOMYCKAeMYIO0 Harpy3Ky Ha Oayky. I'py3s
He Opocarth.

5. Ilpu mnepepbiBax B paboTe UCIHBITaTeNbHAsl YCTAaHOBKA HE JOJDKHA
HaXOAUTHCS B HArPY>KEHHOM COCTOSIHUH.

6. Bo Bpems ucnbITaHus 3allpeliaeTcsi TporaTtb 00pasel] pyKaMH.

7. Heo0xoamMo HaXOAWTHCS OT MCTBITATEILHOW YCTAaHOBKM HA PACCTOSHUU HE
menee 0,5M.

8. 3ampemaeTcs MOIXOIUTH K JIAOOPATOPHBIM YCTAHOBKAM, HE CBS3aHHBIM C

BBITIOJIHCHUEM JTAaHHOU pa0OTHI.
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Ipunoxenne 1
|O6paszeyl

OTYET
o abopaTopHoit padbote No

«lepopmanust 0a7IKH NpH KOCOM U3ruode»

Jarta npoBeaeHus padOThHI

l.HaumenoBanue wucnpiTarenbHoM MamuHbl — «[lpubop nans onpeneneHus
nedopManmii 6aTKu MPU KOCOM H3THOEe».
2.9CKU3 UCTIBITHIBAEMOT0 00pasiia

T : / y
S - >
h i - X
5 T Y R
= -
< L >
3.PacuerHasg cxemMa UCHbITHIBAEMOM OaJIK1
Z
y
L
-3 = X
e —_—
f
A 4
P a=30°
P
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KypHai ucnbITanui
1.XapakTepucTrKa UCIIBITHIBAEMON OaTKH:
e MaTepuall UCTIBIThIBaeMoi Oaku - amromuani (Al);
® MOMYJIb YIIPYTOCTH MEPBOr0 PoOjia UCIBITEIBaeMOM Oayku E = 0,700-10°H/Mm?;
e pacuerHas jyHa /miposet/ ucnbiTbiBaeMoi 0anku L = 830 mm;
e pacueTHas BbICOTA MOIMEPEUYHOro CeYSHHS UCIbIThiBaeMol O0amku h = 20,0 mMm;

® pacycTHas IIMPHHA MOMEPEYHOI0 CeUeHMsI HCTbIThiBaeMoi Oamku b = 10,0 mm.

Z

2.Buemnss Harpyska P = 9,81 H.
3.00paboTKa TaHHBIX UCITBITAHUMN:
Ixcnepumenm Ne 1 - onvimnoe onpeoenenue GelUHUHbI HceCMKOCMU OANKU

OMHOCUMEILHO 2NABHOU OCU Y-

— BBIYUCIISIEM CPEIHIO apu(PMETHYeCKyr0 BEIUYMHY U3 JBYX IOKa3aHUM
nporu0oB cBOOOAHOrO KoHIla 6anku ot cuiibl P, = P =9,81 H (noaBemnieHHOTo rpy3a)
B IUIOCKOCTH XZ
R
===
Y TIOJTyYCHHOE 3HAYCHHUE 3aHOCHM B JKYpHaJ HCIIbITaHui (Tabi. 1);

fi

—BBIUMCIIIEM 3HAYEHHME KECTKOCTH HCIbIThIBacMoi Oanku Ely oTHOCHTEnbHO
IJIaBHOM OCH Y
P,L3
3f;
¥ nony4deHHoe 3HaueHue Ely 3aHocum B xkypHan ucnelitanuii (tabm. 1).

El, =

Ixcnepumenm_Ne 2 — onvlmuoe onpedeﬂeﬁue BEIUYUHBL dHCecmKoCmU OaIKU

OMHOCUMENbHO 2JIA6HOU OCU Z.

— BBIUHCSIEM CPEIHIOK apu(METHUECKYI0 BEIMYWHY U3 JABYX IOKa3aHHMA
porudoB cBOOOAHOr0 KoHIa 0anku ot cuisl Py = P = 9,81H (moxsemenHoro rpysa)
B tockoctu XY

1 2
_ G5
f,= =—==
2
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¥ TIOJIy4€HHOE 3HAUYCHUE 3aHOCHM B )KYpHAJ HCIbITaHUH (Tabm. 1);
—BBIYUCIIIEM 3HAUYEHHE JKECTKOCTH HCHBITBEIBaeMor Oanku El, oTHOcuTennHO
TJIAaBHOU OCH Z
P, L3
El,=—=—=
3f2

U nojay4deHHoe 3HaueHue El, 3aHocum B sxypHai ucnbitanuii (Tadm. 1).

Ixcnepumenm Ne 3 — onvimHoe onpeodenenue BelUUUHbL NOTHO20 Npocuda
fonsumn, C60000HO20 KOHYaA 6arKu nNpu KOCOM u3zeube U NOJONHCeHUs NIOCKOCU
aedjopMauulZ BOHLITH.:

— BBIYUCIISIEM CPEITHIO apu(METUUYECKYIO0 BEIMYMHY U3 UYEThIPEX MOKA3aHHM
BEPTUKAIBHOM cocrapJisitomei f; monmnoro nporu6a foy,m. CBOOOIHOrO KOHIIA OaJIKK
MIPU KOCOM H3THOE

£ = f11+f12+f13+f14_
1= 2 -

H ITIOJIYYCHHOC CPCAHCC 3HAUYCHHUC f, 3aHoCcHM B JKypHaI HCIIBITAaHHH (Ta0II. 2 ,
1

— BBIUHCISIEM CPEIHIO apU(PMETHUYECKYI0 BEIMYMHY U3 YEThIpEX MOKa3aHUMN
rOpU30HTANBHON coctaBisitonield f, momnoro mporu6a fopmm CBOOOMTHOTO KOHIIA
OaJIKK MpU KOCOM U3ruoe
_ frAfE+fR+ s _
= x =
¥ TOJIy4E€HHOE Cpe/iHee 3HaueHue T, 3aHocuM B sKypHaI ucnbiTanui (Tadi. 2);

f;

— BBIYMCIISIEM BEJIMYMHY MOJIHOTO Mporuda (mepemermeHust) fouym CBOOOTHOTrO
KOHIIa Oanku mnpu Kocom wm3rube or cuwiael P = 9,81H xak auaroHanb
PSIMOYTOJILHUKA, CTOPOHAMH KOTOPOTO SIBJISTFOTCSI cocTansstrontue f; u f, mporuda

fOlIbl'ﬂ-l. = V f12 + f2 =
U TIOJYYCHHOE 3HAYCHHE Ty 3AHOCHM B XKYPHAJ UCIIBITAHUH (TA0I. 2);
— BBIYHCIIIEM BEJIMYUHY yTJja Yy

f
—arctg =2 =
Y gf1

— BBIYHCIISIEM BEITUIUHY YT o,
BOHLITH. =o+ ’Ya
U TIOJYYCHHOE 3HAYCHUE Poyry. 3AHOCHM B )KYPHAJ MCIBITAHHH (Ta0II. 2).

Ikcnepumenm _Ne 4 — meopemuueckoe onpedeiieHue GeIUYUHbl NOJHO20

npo2u6a e,y c60600H020 KOHYa banku npu Kocom uszubde u NON0XHCeHUs NAOCKOCMU
aeQbOPMCWWZ BTeop.:
— BBIYMCIIAEM YHCIECHHbIE 3HaYeHUs poekuuii P, u Py BHeIHEN Harpys3ku
P =9,81 H na riaBHbIC OCU Z U Y
P,=P-cosa=
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Py=P-sina =
— BBIYUCIIIEM TEOPCTHUYECKYIO BCIMYMHY BEPTHKAIBbHON cocTaBisromei f;
nonHoro mporuda f,,p CcBOOOZHOrO KOHIA Oalku IpU KOCOM U3rHOe 110
HaIlpaBJICHUIO TJIaBHON OCH Z
_ P,L?
3EI,

1

¥ ToIyueHHoe 3Hauenne f; 3aHocuM B xkypHan ucnbiranuii (tabn. 3);

— BBIUHCISIEM TEOPETHYECCKYI0 BEIMYMHY TOPH3OHTaJbHOW cocTaBisttomieii f,
nonHoro nporu6a fre, CcBoOOAHOrO KoHIA Oalku IpU KOCOM H3rHOE 110
HAIPABJIEHUIO TJIABHOW OCH Y
_ByL?

3El,
¥ TIoiydeHHoe 3HaueHue f, 3aHoCHM B JKypHaJ HCIbITaHui (Tabdm. 3);

2

— BBIYUCIIEM TCOPETUYCCKYIO BEJMYHMHY ITOJHOTO Iporuda (TepeMericHus)
freop. CBOOOIHOTO KOHIIA OaNKH IpU KocoM u3rude ot cuibl P = 9,81H kak n1uaroHaisb
IPSIMOYTOJIbHUKA, CTOPOHAMHU KOTOPOTo sBJIIOTCS coctapisttomue T, u f, mporuda

H HOITy4eHHOe 3HaueHue f,e,p 3aHOCUM B xKypHan ucnsiTanuii (tabm. 3);
— BBIYUCIISIEM YHUCJCHHBIC 3HAUYEHUS TIJIABHBIX MOMEHTOB HWHEPIUU
nonepevHoro ceyenus Oanku ly u |,
YT 1o T
_ hb3
==
¥ nony4deHHble 3HaueHus |y u |, 3aHocuM B xKypHan ucnbitanuii (Tadmn. 3);

z

— BBIYUCIIEM TEOPETUYECKYIO BEIMYHMHY YIUIA Preop. TMOJOKEHHS IITIOCKOCTH
nedhopMaInii HCTIHITEIBAEMON OaTKu

I
tg BTeop. = i tga =

BTeop. =
¥ TIOJTY4EHHOE 3HAYEHUS Breop, 34HOCUM B XKYPHAI MCIIBITaHUH (Ta0. 3).

— CpaBHMBAaEM BEJIMYMHBI TIOJIHBIX TMEPEMEUIEHUN  KOHIA  CTEpXKHS,
ONPE/ICNICHHBIX ONBITHBIM IyTeM foum M TeOpeTuueckuMm myTeM frop., a Taxke
IIONYYEHHBIE 3HAYCHUA Ponprrn. U Preop. TONOKEHHSA IUIOCKOCTH JAedopManuil
HCIIBITBIBAEMOM OAJIKH,

— ONpEAENAEM IMOTPEHIHOCTh MEXIY OMBITHBIM fopym B TeOpeTHUECKHM fie0p
3HaYEHUSAMH MPOrnda UCIBITHIBAEMON OaIKU
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fonbrTH.— fTeop.
€= -100% =
| fonbITH. |

Y TIOJTyYCHHOE 3HAYCHHE € 3aHOCUM B XKYpPHAJI UCIBITaHuH (Tab. 3).

— ONIpeaensieM IOTPEIIHOCTh MEXKAY ONBITHBIM 3HAYCHHEM Popm. U
TCOPETUYECKMM  3HAYEHUEM  Preop.  TONOKEHUS  IUIOCKOCTH  JieopManuii
UCIIBITHIBAEMOM OaJIKH

_ BonbiTH. — BTeop.
g=|E Breo: | . 1009 =

BonbITH.

U TIOJIyYCHHOE 3HAUYCHHE € 3aHOCUM B XKypHAJT UCIIbITaHUH (Ta0. 3).

Tabmuma 1
OnbITHOE OMNpeieeHne BeJTHIUHbI dKECTKOCTEH 0aJIKu
B IVIABHBIX IJIOCKOCTSIX MHEPIHHU
Beanyuna Beaunyuna
Beanuuna nporudos nporuda nporuoda
10 HAMPABJICHUIO TJIABHBIX OCei Z 1 Y f, mo f, mo

HallpaBJICHUIO | HATIPABJCHHUIO

oCcH Z, B MM oCH Y, B MM

OnbiT Nel

OnbIT Ne2

Cpennee apudmeTndecKoe 3HAYCHUE

nporudoB

Kecrkoctn 0anku El, oTHOCHTEIEHO

. 2
rJjaaBHoi ocu Y, B Hum

KectkocTh 6aaku EIl, oTHOCHTEILHO

IJIAaBHOH OCH Z, B Hmm?®
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TaOmuia 2
OnbITHOE ONIpeaeieHne BeJIMYMHBI MOJTHOT0 poruda o, .
CBOOOHOI0 KOHIIA 0AJIKU NIPH KOCOM M3rude M MOJ0KEeHHS MJIOCKOCTH
aedopManuii HCHBITHIBAEM O 0AIKH B opmm.

BeanunHa cocTaBJIAIONINX Beanuunna Beanunna
noTHoOr o mporuda o, . BEPTHUKAJILHOMU rOPHU30HTAJIbHOU

CBOOOHOI0 KOHIIA 0aJIKU MpU | cocTaBjasiiomeii f; | cocraBasomeii f,

KOCOM HM3ruoe 10 HANPABJIEHUIO 10 HANIPABJIEHHUIO
OCH Z, B MM ocu Y, B MM
OnbiT Nel
OnbIT Ne2
OmnbIT Ne3
OnbiT N4

Cpennee apupmeTnueckKoe
3HAYeHHe COCTABJISIIOIINX

MOJIHOT 0 Mporuda

Beanuuna mosiHoro nporuta
fonprn CBOOOTHOI 0 KOHIIA 0AJIKH
Npu KOCOM U3rude, mory4eHHasi

ONIBITHBIM NMIYTEM, B MM

YucjieHHOE 3HAYEHUE yIJIa v,

B Ipaj.

YuciieHHOE 3HAYEHHE yria

Bonurr. B TPA.
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Tabmuna 3

Teopernueckoe onpeaeenne BeJJUIUHbI MOJHOr0 NMPOruda fw,p,
CBOOOHOI0 KOHIIA 0AJIKU NIPH KOCOM M3rude M MOJ0KEeHHS MJIOCKOCTH
negopManuii HCHBLITHIBAEMOH 0AJIKH B.cop.

Teopernyeckasi BeJIMUNHA

BePTHKAJIBbHOI cocTaBJisiiomei f;
10 HATIPABJIEHUIO OCH Z TOJIHOT 0
nporuoa f..,, cBo60aHOro KoHIa
0aJIK¥ NIpU KOCOM H3rude, B MM

Teopernueckasi BeJIMUMHA
TOPU3OHTAJIBHOM COCTABJIAIONICH
f, mo nanpaBienuro ocu y
no/IHOro nporuda f..,.
CBO0OXHOI0 KOHLIa 0aJIKU NPH
KOCOM M3rude, B MM

TeopeTuueckasi BeJIMUMHA
no/IHoro nporuda f.,.
CBOOOTHOI 0 KOHIIA DAJIKHU TPH
KOCOM U3rude, B MM

.\
Yuciennoe 3navenue Iy, B cm

Yucaennoe 3Hauenue l,, B em?

YucjieHHoe 3HAYEHHE YIJIA Breop,
B Irpaj.

IHorpemHocrs
MeXK1Y ONBITHBIM U
TeopeTHYeCKUM 3HAYEeHUSIMHU
nporuda (foum 1 freop.)
HCOBITHIBaeMOR 0ajku, B %

HorpemHnocrs
MEKAY ONBITHBIM H
TeOpeTHYeCKUM 3HAYCHUSIMH
MOJI0KEHHS INIOCKOCTH
)Ie(l)OpMaIII/Iﬁ (Bonblm. U BTeop.)
HCNbIThbIBaeMOM 0ajku, B %
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Ipuiaoxenue 2
|O6paszeu opopmnenusn
mMumyivHo20 aucma aabopamopnoiu pabomot/

MHUHUCTEPCTBO HAYKH Y BHICHIEI'O OBPA3OBAHUSI
POCCHUHUCKOW ®EJIEPAIINA

DenepajbHOEe TOCYIAPCTBEHHOE OKOKETHOE
o0pa3oBaTesibHOE y4peKIeHue BbIcIIero 00pa3oBaHusi
«TOHCKOM T'OCYJAPCTBEHHBIN TEXHUYECKU YHUBEPCUTET»

Kageapa «ConporusBieHne MaTepuaJioB»

JIABOPATOPHAS PABOTA
110 CONPOTHUBJICHUIO MATEPUAJIOB
HA TemMy
«lepopmanust 6aJKH IPU KOCOM HU3rHde»

BbINOTHU CTYIEHT IPYNIbI

(@.1.0.)

Ipunsan

(®.1.0.)

PocToB-Ha-/lony
2018 ron
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