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AKT corjtacoBaHust
METOJUYECKUX PEKOMEH I 110 BHITIOTHEHHUIO JIA0OPaTOPHBIX
1 TIPAKTUYECKUX PAOOT MO TUCIUTUINHE « TeXHUYecKass MeXaHUKa»
JUIs1 CTyAeHTOB criennasibHOCTH 22.02.03JIuTelinoe mpou3BOJICTBO YEPHBIX U
[[BETHBIX METAILJIOB, pa3padotannbix npenogasateneM [ BIIOY HOYpI'TK
Mymaxunaon I'.H.

ITpencraBieHHbIE METOAMUYECKHUE PEKOMEHIALMN COCTABJIECHBI B COOTBETCTBUU C
nporpaMMoi yueOHOM HCHUIUIMHBI, pa3pa0OTaHHOW Ha OCHOBAHWU TPEOOBAaHUI K
pe3ysbTaTaM OCBOEHHMSI MpOrpamMmbl y4eOHOM JIHUCUUIUIMHBI, KOTOpas. SBISETCS
4acThl0 IMPOTPaMMbl MTOATOTOBKH CIIELUAIMCTOB CPEIHErO 3BEHA B COOTBETCTBUU C
®I'OC mno cneuuanpHocTn  CIIO 22.02.03 JluTeitHoe MPOU3BOACTBO YEPHBIX U
LBETHBIX METAJIJIOB.

PaccmarpuBaembie METOIMYECKHE pEKOMEHJau 1 MpeayCMaTpUBAIOT
BBITIOJTHEHHE 3-X J1a00paTOPHBIX(69acOB) U 7-MH MpaKkTHIECKUX padoT (144acoB).

TemaTuka 1a00OpaTOPHO-IPAKTUYECKUX pabOT OXBATHIBAET BCE  pa3JIEibl
TUCLUIUIMHBL, oOecrieunBaeT (OPMUPOBAHUE YMEHUW, 3HAHUU MO AMCLUILUIMHE, a
TaKXe DJIEMEHTOB KOMIIETEHIIMM BBINYCKHHKA, omnpeaensemble @I'OC mo maHHOM
cnenuanbHocTh. Copepxanue 1a00paTOPHBIX U MPAKTUYECKUX paboOT oOecreurnBaeT
BBIIIOJIHEHHE 3a/IaHUI BTOPOT'O YPOBHS YCBOCHHUS.

Meroauueckue  pEeKOMEHJALMKA  COOTBETCTBYIOT  YPOBHKO  NOJATOTOBKH
BBIIIYCKHHMKA CpeHEro MpodeccuoHaabHOro odpazoBanus, onpeaensieMpie @PI'OC u
MOTYT OBITh PEKOMEHJO0BAHBI JUIsl UCIIOJIb30BaHUsI B 00pa30BaTEIIbHOM IIpoOLiecce IO
cneruainbHocTn 22.02.03 JluTeitHoe Mpou3BOICTBO YEPHBIX U IIBETHBIX METAJIJIOB TIO
nporpamme 6a30BOTO YPOBHS MOATOTOBKH.

Beaymmii cnenupanuct Kky3HeuHo-nmureitHoro aususznona «O00 UT3 YPAJITPAK»
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IHosicuuTenLHAA 3aNUCKA

Meroanueckiue peKOMEH/IAIMH 10 BBIIOJHEHHUIO JJAOOPATOPHBIX U MPAKTHYECKUX
paboT no aucuuinHe « TexHndyeckas MEXaHUKa» IpeIHa3HAYeHbl IS CTYJEHTOB
cneruansHoctu 22.02.03 JIuteiiHoe Mpor3BOICTBO YEPHBIX U I[BETHBIX METAJIIIOB
6a30BOr0 ypOBHSI.

JlaGopaTopHble U IpPAaKTHUYECKHUE PaOOTHI ABJISIOTCS BaXKHBIM JIEMEHTOM
JUCUUIUIMHBL. B pe3ynbTaTe BhINOIHEHUS 1a00PATOPHBIX U MPAKTUYECKUX pabOT
CTYJEHTBI CUCTEMATU3UPYIOT U 3aKPEIUIAIOT TEOPETUUECKUIM MaTepua, popMUPYIOT
AJIEMEHTHI O0LIMX U MPO(ECCUOHATBFHBIX KOMIIETEHIIUN OYAYIINX CIEIIHATINCTOB.

[Iporpammoii yueOHOW JUCHUIUIMHBI TPEAYCMOTPEHO BBIITOJIHEHHE TPEX
1abopaTopHBIX (64acOB) U CEMU MPaKTUYECKUX padoT (144acoB), HanpaBICHHBIX HA
(dbopmupoBaHue:

3J1eMEHTOB CJIeIYIOIIUX KOMIIeTeHIIUIA:

OK 1. [Jonumarp CyIIHOCTb W COLMAJIbHYIO 3HAYUMOCTb CBOEH Oynyuiei
npodeccuu, NposIBIATh K HEW YCTOMUMBBIA HHTEPEC.

OK 3. [IpyauMath pelieHuss B CTAHJAPTHBIX U HECTAHJAPTHBIX CUTYyalUsiX U
HECTH 33 HUX OTBETCTBEHHOCTb.

OK 4. OcyuiecTBasiTh MOMCK M HCIOJb30BaHUE WH(pOpPMAIMU, HEOOXOAUMOM
it 9 PEKTUBHOTO BBIMOIHEHUS TPO(ECCUOHATBHBIX 3a/1a4, MPOo(heCCUOHATBLHOTO U
JUYHOCTHOTO Pa3BUTHS.

OK 5. Ucnonb3oBath HMHPOPMAIMOHHO-KOMMYHUKAIMOHHBIE TEXHOJOTMH B
poheCCUOHATIBHON JIEATEIIbHOCTH.

OK 6. PaGotate B KOJUIEKTMBE U KOMaHAe, OJ(PQPEKTUBHO OOMIATHCS
C KOJIJIETaMH, pyKOBOJICTBOM, ITOTPEOUTENIMHU.

OK 9. OpueHtupoBaThCsi B  YCIOBUSX  YacTOM  CMEHBI  TEXHOJOTHUM
B IPO(heCCHOHATIBHOM e TEIBHOCTH.

OK 10. McnonHsaTh BOMHCKYIO OO0SI3aHHOCTb, B TOM 4HCIIE€ C IPUMEHEHUEM

MOJYYeHHBIX TPO(ECCHOHANBHBIX 3HAHUH (7151 FOHOIIIEH ).

IIK 1.2. AHanu3upoBaTh CBOWMCTBA U CTPYKTYpbl METAJJIOB M  CILJIABOB
4



JUTSL U3TOTOBJIEHUS] OTIIUBOK.

ITIK 2.3. Ocy1iecTBIATh KOHTPOJIb 32 TEXHOJOTHEH 00pabOTKH OTIUBOK (B TOM
YHCIIE C UCTIOIb30BAHUEM MUKPOMPOIIECCOPHON TEXHUKH).

ITIK 2.4. Ocy1miecTBIATh KOHTPOJIb 3a PaO0TON MTPUOOPOB M 0OOOPYIOBAHMS.
JINYHOCTHBIX PE3YIBTATOB:

JIP-4. TlposiBasitomuii W JEMOHCTPUPYIOUIMH  YBaOXKEHHE K  JIIOJIAM
,OCO3HAIOMIMKA IIEHHOCTh COOCTBEHHOTO TPYJa, CTpEeMAIIUACS K (OPMUPOBAHUIO B
CETEeBOM CpeJie IMYHOCTHOTO M MPO(PECCHOHANBHOTO KOHCTPYKTUBHOTO «IIU(POBOTO
cienay.

JIP-7.  Oco3Haomuii  TPUOPUTETHYIO IIEHHOCTh JIMYHOCTH  YEJIOBEKa,
YBa)KAIOMUNA COOCTBEHHYIO M UYXKYIO YHHUKAJIBHOCTh B PA3IMYHBIX CUTYalHSIX BO
BCcex opMax U BHUJAX JEATEIbHOCTH.

YMEHMH:

- IPOU3BOIUTH PACUETHl MEXaHUYECKUX TMepeiad U MPOCTEHIINX COOPOUHBIX
SAVHUIL;
-YUTaTh KHHEMATHYECKNE CXEMBI;
-ONPEJIEISITh HAPSXKEHUS! B KOHCTPYKIIMOHHBIX JIEMEHTAX;
0000111eHHEe, CHCTEMATH3AIUI0, YIJIy0JIeHHe U 3aKpellieHue 3HAHUI:
-OCHOBBI TEXHUYECKOW MEXaHHKHU;
-BUJIbl MEXAaHU3MOB, UX KHHEMAaTUYECKHE U TUHAMUYECKUE XapaKTEPUCTHKY;
-METO/MKY pacuera dJIEMEHTOB KOHCTPYKIIUNA HA TIPOYHOCTb, JKECTKOCTh U
YCTOMUYMBOCTD MPH PA3IMYHBIX BUJIAX AePopMalnu;
-OCHOBBI PACYETOB MEXaHMUECKUX Mepead U MPOCTeNIINX cOOPOUHBIX €AMHHUIL
00111eTO Ha3HAYEHHUS

Bce nabGoparopHble W mpakTUYeCKHWE paboThl, MPHUBEACHHbIE B JaHHOM
ocoOuu, cofepKatr: TeMy, 1ielib, OCHALIEHUE, NepeyeHb YMEHUMN, 3HaHUH, KPATKUM
TEOPETUIECKUI MaTepuai, X0/ BBIOJHEHUsT paboThl, GopMy oTUeTa, KOHTPOJIBLHEIC
BONPOCHI (C 1EJIbI0 BBISIBICHUS U yCTpaHEHUs] HEOYETOB B OCBOCHUU MaTepuana). B
MPaKTUYECKNX paboTax MNpPHUBENCHbI BapUaHTHl WHAUBUAYAJIbHBIX 3amaHuil. s

MOJIyYCHUS JIOTIOJIHUTEITFHON HH(POPMAIMKA IO BOMPOCAM Y4YEOHOU JUCITUTIIMHBI
5



NPUBEACH CIUCOK PEKOMEHIYEMOM JIUTEpaTyPHI.

OTtueTsl

CTYACHTOB IIO

1a00paTOpHBIM U

NPaKTUYECKUM  paboTam

BBITIOJHSIOTCS Ha JHUcTax Gopmata A4 B COOTBETCTBUU C (DOpMaMH, IPUBEICHHBIMU

B MCTOOAMYCCKUX YKa3aHHUAX, TPITan:HBIﬁ JIUCT O(l)OpMJISIGTCiI B COOTBCTCTBHHU C

IMPHUIIOKCHUAMMU.

IlepeyeHb 1a00PATOPHBIX M MPAKTUYECKUX PadOT

Ne . . Ko
Tema npakTuyeckoi paboThl Tema mabopatopHoOi pabOTHI
n/m qac.
[Ipaktuueckas pabora Nel
«OmnpeneneHue BEITUYUHBI U HATI-
1 | paBieHUs paBHOJAEHUCTBYIOIIEH 2
IUIOCKOU CUCTEMBI CXOSIINXCS
CUII»
[Ipaktuueckas padora No2
2 <<OnpeﬂeneHI/£e peaKunii onop 5
JIBYX OTIOPHOM M KECTKO 3aIlIeM-
JICHHOU 0aJI0K»
JlabopaTtopHas pabota Nel
3 «OnpeneneHne UEHTPa TAKECTH 2
TJI0CKOM (PUTYpBHI»
JlaGopatopHas pabota Ne2
4 «VMcnpITaHnEe CTATN Ha PaCTsHKe- 2
HUEY
[Ipaktuueckas padora Ne3
«ITocTpoenue 3m10p TPOIOIBHBIX
S5 | cuJ1 1 HOpMAJIBHBIX HAMPSHKEHUH. 2
OnpeneneHre abCOMFOTHOTO
yIJIMHEHUS Opycay»
JlabopaTtopHas pabota Ne3
6 «McnpITanue craabHOTO 00pasia 2
Ha KPYYCHUE)
[Ipaktuueckas pabora N4
7 «Pacuet O6pyca kpyrioro norme- 9
PEYHOTO CEUEHUS Ha TPOYHOCTH U
KECTKOCTh TP KPYUCHUIY
8 [TpakTtuueckas padora No5 5

«Pacuer Ha MPOYHOCTH OAJIOK,




HU3TrOTOBJICHHBIX U3 IINIACTUYHBIX
MATCPHUATIOB»

[Ipaktrueckas padora Ne6
«BBI00p A1EKTpOABUTATETIS.
KunemaTtnueckuii 1 CHI0BOM
pacyer MPUBOJIa»

[Ipaktuueckas padota No7
«Pacuer reomeTpuiecKkux
pa3MepoB 3y0UaThIX KOJIEC MO UX
3amepam»
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IIpakTuyeckas padora Nel
Onpenesnenue BeJUYUHBbI M HATIPABJICHUSI
PABHOACHCTBYIOIIEH IJIOCKOM CUCTEMBbI CXOASIIIMXCH CHJL.
Heab:. OcBoeHME METOJIOB pacyeTa PaBHOJECUCTBYIOUIEH CHJIbI IUIOCKOM CUCTEMBI
CXOAALIUXCS CUJL.
YMeHus: onpeaensiTh HANPSHKEHUST B KOHCTPYKIITMOHHBIX 3JIEMEHTaX (ONpeaeisiTh
MPOEKIIMU CUJIBI Ha OCh)
3HAHHUA: OCHOBBI TEXHUYECKOW MeXaHUKH ((POPMYJIbI IJI ONIPEACICHUS MPOSKITUU
CHUJIBI Ha OCh)
Teopernuecknit MaTepuas

Cucrema cuj, JUHUAM JEUCTBUSL KOTOPBIX JEXKAT B OJIHOW IUIOCKOCTH H
MEPECEKAIOTCS B OJHOM TOYKE, HA3BIBAECTCS TJIOCKOW CHUCTEMOW CXOISAIIMXCS CHIL.
3agauy omnpeaeiaeHUus] PaBHOJACUCTBYIONIEH TJIOCKOW CHCTEMbI CXOMSIIUXCA CHII
MOYHO peIlIaTh ABYMs ClIoco0amMu: rpadyuueCKuM U aHATUTHYECKUM.

[Ipu epaguueckom MeTone ¢ MOMONIBIO JIMHEWKH, TPEYTOJIbHUKA, ITUPKYJIS U
TPAHCIIOPTUPA CTPOAT MHOIOYTOJBHHUK CHJI. J[JI4 CHCTeMBI CHJI  BEKTOP
PaBHOAEHCTBYIOIIECH CUJIbI MOKHO OINPEIEINUTh, HOCTPOUB CHIIOBOM MHOTOYTOJIbHUK,
KOTOPBIN MOTYYaeTCs MyTeM JT00aBICHUS KaXKI0TO TOCISAYIOIIET0 BEKTOpa K KOHITY
npensiaymero. Ilpu 3Tom BEKTOp paBHOAECUCTBYIOLIEH CHJIBI UMEET HadyaJlo B HA4aJIe
MEPBOM CUJIbI M KOHEIl - B KOHIIE Mocieane cuiibl. [locmenoBaTelbHOCTh CIIOKEHUS

BCKTOPOB CHJI HC BJIUACT Ha OKOHYaTeJIbHbIN pe3yJibTar. MO,[[y.]'H)




PaBHOJCHCTBYIONIEH CHJIBI OINpEAeNAeTCS HW3MEPEHUEM 3aMBIKAIOIIEH CTOPOHBI

IMOCTPOCHHOT'O MHOT'OYI'OJIbHUKA C YUCTOM BLI6paHHOFO Macmitada IMIOCTPOCHHUA.

[TomuMo rpaduueckoro MeroAa paBHOJAEHCTBYIOLIYIO CHUITY HAXOIAT
aHanumuyeckum METoJIoM (METOIOM MpoeKIHii). B ocHOBe JaHHOTO METO/1a JIEKUT
ONpENIEIICHNE MPOECKIMN BEKTOPOB CUJI Ha ocH X, Y.

Benuuuna npoexyuu cunvl Ha ocb onpeodensemcs npouzgeoeHuem Mooyis CUbl
HA KOCUHYC OCMPO20 Y2la MeHCOy 86eKMOPOM CULbL U COOMBEMCMBYIOWel 0CbIO!

Fx = F-cosa, Fy=F-cosf
IIE O- OCTPBIN YIOJ MEX1y BEKTOPOM cuiibl F 1 ocbro X,
B — ocTphIii yroa Mexay BeKTopoM ciiibl F u ocbio Y,

Yenosnoe npasuno 3naxog: Mpoekys MOJNOKNATENbHA, €CJIM HAIIPABIEHUE BEKTOPA
CHUJIBI COBIAJAET C MOJIOKUTEIbHBIM HAIPABIEHUEM OCH; IIPOCKLINS OTPULATEIIbHA,
€CJIM HaIIPaBJICHUE BEKTOPA CHJIbI IPOTHUBOIIOJIOKHO MOJIOKUTETBHOMY
HAIMpPaBJICHUIO OCH.
IIpu 3TOM CcreayeT BBIAEIUTD CIEAYIOIINUE YACTHBIE CIIydau:

1. ecnin cuita mapanmienbHa OCH, TO €€ MPOEKIUSA Ha 3Ty OCh PABHA BEJINYNHE

BEKTOpA CUJIBL;

2. ecny cWIa MEPIIEHANKYIISIPHA OCH, TO €€ MPOEKIMS Ha ATy OCh paBHA HYJIIO,

TaK, Halpumep:

3 Fix= F1; Fox=0; Fsx=-F3
Fiv=Fsv=0; Fy=-F




OnpenenuB NPOEKIMU CUJI, 00pa3yIOIUX CHCTEMY, Ha OCU MPSIMOYTOIbHOM
CUCTEMBbl  KOOpJIMHAT, MOXXHO  HaWTU  BEIWYMHY UM  HalpaBliCHUE

PaBHOAEHCTBYIOIIECH CUJIBL:

F, =.F2 + F°
IJIE )’ Fix - CYMMa IPOEKIHil BCEX CHII Ha OCh X,

> Fiy - CyMMa IIpoeKIMii Bcex Cuil Ha och Y.

Hanpagiienue BekTopa paBHOAEHUCTBYIONIECH CUJIBIL:
a=arcsin) F, /F;.
3ajaHne K NpaKTH4ecKoi padore.
J171s1 3aTaHHOM CUCTEMBI CXOJISAIIMUXCS CUIT ONIPEACIIUTh BEIMYMHY U HAIllPaBJICHUE
PaBHOACHCTBYIONICH CHIIBI Tpa®UUECKUM U aHATIMTUYECKUM METOoJaMu. Pe3ynbTaTsl
MIPOaHaIN3UPOBATH

BapuaHTbl 3a1aHuil K TpakTUYECKOU padoTe
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Xo/ BbINOJHEHHSI Pa00ThI

1 I'paguueckuti memood (METOA CUIIOBOTO MHOTOYTOJIbHUKA)
1.1 BeibpaThs MaciTad mocTpoeHuUs.
1.2 TTocTpouTh aJIs 3aJaHHON CUCTEMBI CHJI CHJIOBOM MHOTOYTOJIbHHK.

1.3.3mepuTh ANWHY BEKTOpa pABHOJICHUCTBYIONIEH W B COOTBETCTBHH C

BBIOPaHHBIM MacIITa0OM BBIYUCIUTD €€ MOJTYJIb.
2. Ananumuyueckui memoo

2.1. BpiOpate mnosioxxeHue cuctembl KoopauHat XOY U BBIUEPTUTH B ITOU

CHCTCMC 34JIaHHYIO CUCTCMY  CXOIAIINXCA CHII, IIOMCCTHB TOYKY

MMPHUIIOKCHHUA CUJI B HAYAJIC KOOpJAWHAT.

2.2.0npenenuTh MPOSKINI0 PAaBHOACHCTBYIOIICH CHIIBI HA OCh X;

D Fix = Fyy + Fpy + Fay + Fyy + Foy

12




2.3. OnpenenuTh MPOESKIMIO PAaBHOISHCTBYIOIIEH CUJTBI HA OCh Y

D Fiy=Fy +Fpy +Fy +Fpy + Fyy
2.4. OnpenenuTh BEIMYUHY BEKTOpA PABHOICUCTBYIOIIECH CHUJIIBI:
Fz :\/ZFDZ( +ZF|\2(

2.5. OnpenenuTs HAPABJICHUE BEKTOPA PAaBHOACHCTBYIOIICH CHIIBI:

a =arcsin ) F, /F;
3.0npenenuTh MOTPEIIHOCTh rPadhUIecKOro MeTo1a

ann _ F ep
a

AF, = = .100%

b
4.0TBeTUTH HA KOHTPOJIBHBIC BOITPOCHI.

5.ChopmynupoBath BHIBOJ IO padoTe.

KoHTposibHbIE BOIIPOCHI:

1.M300pa3utre CUIOBOKM MHOIOYTOJIBHUK [JJIi YPaBHOBELIEHHOM

CXOOAIICHCS CUCTEMBI 4-x cui.

2.Hanuiure hopmymsl 7151 OnpeiesieHus] MPOEKIUU CUITBI Ha OCh.

3. [Ipu xaxoM yCIIOBHMM TIPOEKIIMS CUIIBI Ha OCh Oy/IeT paBHA HYIIO?

IJIOCKOU

4. ChopmynupyiTe yCIOBHOE NIPABUIIO 3HAKOB MPOEKIIMH CHIIBI Ha OCh.

5. HazoBute anroput™M ompeaesieHus: IpOeKIUU PaBHOJACHCTBYIOIIEH CHJIbI Ha

oCH Hp}IMOYFOHBHOﬁ CUCTCMBI KOOpAWHAT aHAJIUTUICCKUM MCTOJOM.

OT4eT MO BBHINOJHEHHE MPAKTUYECKO PA0OTHI

[Ipaktuueckas padora Nel

OrnpeneneHue BeIMYMHbBI U HAMPABJICHUS] PAaBHOJAEHUCTBYIONIEH MIIOCKON CUCTEMBI

CXOOAIMXCsA CHUJII

Iens:
3aganue:

13



Cxema cucTeMbl CXOOAIIIMNXCA CHUJII

1.7 paguueckuii memoo.
1.1  MacmTab mocTpoeHHs CUIOBOTO MHOTOYTOJIbHUKA

L= e MM

1.2 CuiioBoii MHOTOYTOJIBHUK

1.3 Pe3ynbrar rpadgudeckoro MeTosa:

MonyJib BEKTOpa PAaBHOACUCTBYIOIIECH CHUJIBI

2  AHaIUTHYECKUU METO]I

2.1 Pacyet npoekuuii cuia Ha ocu X U Y

ITIpoekius Ha och X IIpoexkuus Ha och Y

Cn

| dopMy

1a pacuer dbopmyna pacuer

F1

F2

F3

Fa

Fs

2.2. Onpenenenue MPOSKIIMHA PaBHOJCHCTBYIOMIEH Ha 0Ch X

2.3. OnpeneneHne NpoeKIMKy paBHOJACHCTBYOIIEH HA OCh Y

2.4. OnpeneneHue MOITYJISI BEKTOPA PaBHOACHCTBYFOIICH CHITBI

2.5. OnpeneneHue HaNpaBICHHUS] BEKTOPA PABHOACHCTBYIOIIEH CUITBI
3.AHaIM3 MOJTyYE€HHBIX PE3YJIbTATOB.

4. OTBETHI Ha KOHTPOJIBHBIE BOIIPOCHI

5. BeiBog o padorte:



IIpakTnuyeckas padbora No2
OmnpenesieHue peakiuii onop ABYX ONOPHOI U KeCTKO 3aleMJIeHHOH 0aJIOK.

He.]'lb: OBJIaACHHUC MGTO,ZII/IKOI>'I BBIYHMCIICHHUA peaKquI 0aJT0YHBIX OIIOD.

YMeHus: - onpenessaTh HAPSKEHUS B KOHCTPYKIMOHHBIX 3JIEMEHTAX (COCTABIIATH
YpaBHEHUSI PaBHOBECUS ISl INTOCKOM POU3BOJIBHON CUCTEMBI CHJT);

-IIPOU3BOJUTH PACUETHI NPOCTEHIINX COOPOUHBIX €IUHHULL (OIIPENEIATh
peaKkiiu B Oropax)
3HAHMSA: OCHOBbI TEXHUYECKON MEXaHUKHU (BUJbI YpaBHEHUS paBHOBeCUS, (HOPMYIIbI

JUISL OPENICSICHUS] MOMEHTA CUJIbI OTHOCUTENIBHO TOYKU U MPOEKIIUU CUJIBI Ha OCh)
Teopernueckunit MaTepuaJl.
banka- neranb, BBIMOJHEHHAs B BHUJE NMPSMOJIMHEMHOrO Opyca ¢ OJHOM omopoi
(kecTkast 3ajenka, puC.1B) WIM JABYMS IIAPHUPHBIMU OINOPAMH. IIAPHUPHO

NOJIBM>KHOU (puc.10), 1 mapHUPHO HEMOABUKHOM (pucla).

Ra ‘
MR/ MR - peakTHBHBIIi MOMeHT
A - Rax S 5
; Rex /
/] C \ > X(2?
/]
Pucynoxk la. [llapaupHO-HENOABMKHASA /

ornopa
Pucynok 1B. JKectkas 3anmenka

A

777 777

Pucynox16. lllapaupHo- mogBuxHas omopa
BHremnue cuiiel (Harpys3ku), 1eHCTBYOIINE Ha 0anKy (puc.2):
a) F- cocpenorouennas cuia, nmpuioxennas B (1) D (puc. 2);

0) M- cocpenoToueHHBI MOMEHT mapbl cui B (-) C (puc.2) ;

15



A

777

Pucynok 2. Harpy3ska, aeiictBytomass Ha 0anky

B 3agadax, npeo’KeHHbIX B IaHHON PAaKTUYECKON paboTe, Ha OalKy IEUCTBYET
IUIOCKasl IPOU3BOJIBHO PACIONIOKEHHAs! cucTeMa CUIT (AKTUBHBIX U PEaKTUBHBIX). Jl7st
ONpeNEeHUs PEaKIUi OMOp HEOOXOJUMO COCTABUTh YPABHEHHS PABHOBECHS.

Tpu popmbl ypaBHEHU paBHOBECHS

2 Fu=0 2 Ma(Fk):() 2 Ma(F ):0
1 popma Y, Fiy=0 2 hpopma Y, MB(F_k):O 3 popma ), MB(F_k)=O
Y Ma(Fe)=0 Y Fi=0 Y Mc (F)=0

Jlnst pemienust 3a1a4 B MpakTUYECKOM paboTe pekoMeHayeTcs 2 popma.
JIist cocTaBneHus: ypaBHEHUH paBHOBECUSI HEOOXOAMMO 3HATh YACTHBIE CIIy4au U

YCJIIOBHOC IIPAaBUJIO 3HAKOB ITPOCKIIMU CUJIbI HA OCH KOOPJAUHAT:

YacTHble ci1ydau ONpeeIeHIs MPOSKIINH:
a)ecmu F Il ocu x, 1o Fx=F
0) ecu Flocux, To Fx=0 E |—F'|
X ——1

Pucynok 3.YHacTHble ciayyan NpoeKIUu
CHUJIBI Ha OCb.

16



HpaBI/IJIO 3HAKOB:
-IIPOCKI U +, €CIIN HaIIpaBJICHUC CUJIbI COBIIAACT C IMOJOKUTCIbHBIM HAIIPABJICHUCM

OCH; IIPOCKIHA -, CCJIN HAIIPABJICHHUC CUJIbI KU OCH IIPOTUBOIIOJIOKHEI.

MOMEHT CUJIbI OTHOCUTEIBHO TOYKHU PpaBCH IIPON3BCACHNIO BCIIMYMNHBI CUJIBI Ha

IJIeYO: Ma(F) = F - /AK/,
rae AK — nieuo cunvt — kpartyaiiiiee pacctostHue oT () A 10 JTUHUM JESHCTBHUS CHIIBI.

[TpaBui0 3HAKOB MOMEHTA CHJIBI OTHOCUTEIHHO TOYKH: MOMEHT CUJIBI +, €CIIN
F crpemMuTCs TOBEPHYTH TEJO 10 YaCOBOM CTPENIKE, MOMEHT CHJIbI - €CJIH IIPOTUB
YaCOBOM CTPEIKU BOKPYT TOUKH A.
Yactaeii cinyyait: Mk (F) = 0, eciin
JVHUS IEHCTBUS CHIIbI IPOXOAUT Yepes

TouKy K.

Pucynok 4. BpamarensHoe aeiicTBre

cuiibl F BOKpyT Touku A.
PaccMOTpUM HECKOIBKO IPUMEPOB.
Ilpumep Nel.

OnpenenuTh ONOPHBIE PEAKIIUU ABYX ONOPHON

Y
M
1T F q
300 \4 A 4 A
d L;
-, M=8KH*Mm
3m rle 2,5 R F=12kH
g=6kH/m
1,25 1,25
_@ < >t >
41Yse
RXa =
< A K > X
IR YA Fq
OaJiku M

17



1. 3amensieM paBHOMEpPHO-pACIIPEIEICHHYIO0 HarPYy3Ky COCPEIOTOYCHHOM CUIIOM
Fq.
Fq=q-1=6-2.5=15(xH)
2. PackiazpiBaeM HaKJIOHHYIO cuily F Ha JiBe cocTaBisionye:
Fx=F-c0s30°=12-0.86=10,32(xH)
Fy=F-c0s60°=12-0,5=6(xH)

3. IlpoBoauM ocu KOOpAHMHAT.
4. O0o3Ha4yaeM XapakTEepHbIE TOUKH.
5. 3ameHsieM CBsI3U X PEAKIUSAMMU.
6. CoctaBuM ypaBHEHHE paBHOBECHSI.
> Fu=-Ra+Fx=0
dMa=M+F, -AC—Rya-AB + Fy-AD =0
>Mg=M+ Rya AB-F,-CB+ Fy-BD =0
7. BBIYHCITUTH OMOPHBIE PEAKIUU.
Rxa=Fx=10,32xH

RYs= M+F.AC+FAD=  8+6-3+15:6,25= 23 95kH

AB S
RY A= ’ Fy_CB_M_Fq.BD: 62—8—151,25: ‘2,95kH
AB 5

[TomydyeHHast peakiys UMEeT 3HaK -, CJISAyeT CMCHHUTh HAMPaBJICHUE OTIOPHOM
peakIuy Ha MPOTHBOIIOJIOKHOE.
8. IlpoBepka: moka3ath, uto ) Fiy = 0
> Fix= Rya- Fy + Ryg - Fq = -2,95-6+23,95-15 = 23,95 -23,95=0
BriBox: pemienue BepHO.
OtBet: Rxa=10.32xH
Rya=2.95xH
Ryg =23.95kH

Ilpumep Ne2

OnpenenuTs OMOPHBIE PEAKIINH JKECTKO 3aIeMIICHHON OaKH.
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' M=10kH*m
l F=8kH
y y q=5kH/M

o Im | 2m
1M 1M
Rxa 4 Rva F Fq >
A 4 A4 > X
MR A B D

Tpebyercs onpenenutsb: Rxa Rya Mg

1. 3ameHsieM paBHOMEPHO — pacIpeielICHHYIO Harpy3Ky cuiioit Fq
Fq=q-1=5-2=10 (xH)

2. HakioHHas cuiia OTCyTCTBYET.

3. IlpuBs3piBaeM 0Ky K OCSIM KOOpUHAT.

4. Ob6o3Ha4YaeM XapakTEepHbIE TOUKH.

5. 3amensieM cBs3M peakuusiMu cBsizel Rya Rya Mg

6. CocraBisieM ypaBHEHHE PaBHOBECHS.

> Fix= Rxa=0

> Fy= Ra—F-Fg=0

Y>Ma=Mr+FAB + Fq-AC—-M=0

7. BwruucisieM onmopHbIE pEaKIIHH.

Rxa=0

Rya = F+ Fq= 8+10=18kH

Mg = F-AB+F,AC-M=8-2+104-10 = 46 kH

8. IIpoBepka: nmokazatb, uto Y Mg =0

XMg=-Mr+Rya-AB+Fq-BC-M=-46+18-2 +10 -2 -10= 56 - 56=0

BriBoa: pemienne BepHO

OtBeT: Rxa =0
RYA = 18xH
Mg = 46 xHMm

3ajaHne K IpaKTH4ecKoii padorte

OnpenenuTs peakiuy CBsI3ei OAIOYHBIX CUCTEM



BapuanTsl 3aaHui K TpakTHUECKO# padboTe

No
Bapu- | Ne cxeMbl Fi1 kH F, kH Fs kH M1, kHm M, kHMm
aHTa
1 1 6 12 4 4 6
2 2 8 -6 2 5 8
3 3 10 -8 8 6 12
4 4 -12 15 10 8 -10
5 5 20 50 15 10 23
6 6 5 -19 20 25 13
7 7 -8 -20 32 16 5
8 8 -14 23 6 50 -8
9 9 25 28 -8 42 25
10 10 30 -17 -10 18 32
11 1 -32 16 16 10 -16
12 2 16 -5 30 5 25
13 3 4 -42 28 25 2
14 4 -3 30 -8 8 3
15 5 -7 20 -5 16 -7
16 6 9 -19 14 32 4
17 7 19 -4 6 4 26
18 8 28 -16 10 8 -14
19 9 -30 5 8 10 16
20 10 -20 10 -4 6 22
21 1 7 -26 2 4 34
22 2 8 -20 12 25 -22
23 3 40 -35 20 18 8
24 4 -24 20 -3 14 5
25 5 -18 25 -10 12 16
26 6 25 -15 10 4 -10
27 7 19 -20 25 18 14
28 8 -32 30 -18 10 3
29 9 28 -25 5 9 -8
30 10 -15 10 16 4 6

[IpuMeyaHue: 3HaK «- » yKa3blBaeT HA HEOOXOMMOCTh U3MEHEHHS HAIPABJICHHUS

Harpy3k Ha IPOTUBOMOJIOAKHOE

Ta6numa 2. CxemMbl HarpyKeHuUs
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Xo/ BbINOJTHEHUsI padOThI.
N300pa3uth 6anky ¢ 3aJaHHBIMU Harpy3KaMHu.
Br16paTh ocu KOOpAMHAT X U 'y, COBMECTHB OChb X C OaJIKOH, a OCh Y
NEPIICHIUKYISIPHO OCH X.
OcB0o0OIUTH OaNIKy OT OMOP U 3aMEHUTh UX PEAKIUSIMU CBSI3EH.
CocTaBUTh ypaBHEHHsI paBHOBECHE CTATUKHU JJI TPOU3BOJIBHON CHCTEMBI CHIT
TaK, 94TOOBI B KaXJI0M M3 ypaBHEHUH ObLIa 0JIHA HEM3BECTHAS PEAKIIHS CBSI3H.
[IpoBepuTh MpaBUIBLHOCTH ONPEAETIECHUS PEAKIUA OTIOP YPaBHEHUSIMU
paBHOBECHSI, KOTOPBIE HE UCTIOIB30BAIHCH JUISI PEIICHHUS 3aJaUH.

OTtBeTUTH Ha KOHTPOJIBHBIC BOITPOCHI.
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. ChopmynupoBaTh BBIBO/I 11O padoTe.
KoHTpoJibHBIE BONPOCHI

1. Ha3BaTh cBsi3M, YKa3aHHBIC HA PUCYHKE.

. Ilokazartsp PCAKINHU B YKA3aHHBIX CBA3AX.

w N

CKONBbKO ypaBHEHUN PABHOBECHUS MOKHO COCTaBUTb, JJISI TIIIOCKOU
IIPOU3BOJIBHON CUCTEMBI CUIT?

Kak onpenennts NpoeKnio CUIIbI HA OCh?

Kak onpenennte MOMEHT CHIIBI OTHOCUTENBHO TOYKH?

4

5

6. Cuna napamienbHa OCH, YEMY paBHA €€ MPOEKLHs Ha 3Ty OCh?

7. Cuna nepneHAUKYJSIpHA OCH, YeMY paBHA €€ MPOEKIIUs Ha 3Ty OCh?
8

B kakom ClIy4ac MOMCHT CHJIbI OTHOCHUTCIIbHO TOYKH PABCH HYJIIO7

OT14eT O BHINOJHEHUIO IPAKTHYECKOH padoThI Ne2

[Ipaktruueckas pabora No2

OrnpeneneHue peakiuii onop AByX OMOPHOM U KECTKO 3allleMJICHHOUN OaJloK.

Llens:
1.3amaua Nel
1.1.Cxema HarpyxeHus
1.2. Pacuetnas cxema
1.3. YpaBHEeHUS paBHOBECUS
1.4 TIpoBepka mpaBUIILHOCTU PEIICHUS
1.5. OtBerT k 3anaue.
2. 3agaga Ne2
2.1.Cxema HarpyxeHus
2.2. PacueTHas cxema
2.3. YpaBHEHUS paBHOBECHSI

2.4 IIpoBepka NpaBUIBLHOCTH PELICHUS

23



2.5. OTBeT K 3a1aue
3.0TBETHI Ha KOHTPOJILHBIE BOMPOCHI.

4. BeiBoj 1o padorte.

24



Jlaboparopnas padora Nel .
OmnpenesieHHe HEHTPA THKECTH COCTABHBIX INIOCKHX (Puryp.
Heab: sKCHepUMEHTAJIbBHOE NOATBEpKIACHUE (OPMYyJ Uil ONpeAesICHUs
KOOPJMHAT LIEHTPA TSKECTH MJIOCKOW COCTAaBHON (UTYPBHI.
O0opynoBanme: 1abopaTopHasi yCTaHOBKA, 00pa3iibl, MEPUTEIbHBIN NHCTPYMEHT.

Ymenusa: npon3BOIUTE pacyeThl MIPHU MPOBEPKE HA MMPOYHOCTH MEXAHMUECKUX CUCTEM
(ompenensaTh MONOKEHHE IEHTPA TSKECTH COCTaBHBIX (PUTYD)
3nanusa. OCHOBHBIE TOHSTHS CTaTUKU (QOpMyINbl JUIsl ONpeNeieHUs KOOpIWHAT
IIEHTpPA TSHKECTHU IIIOCKUX PUTYD)

Teopernuecknit MaTepuaJl.

Cuia TsKeCcTH - CHIIa, C KOTOPOM TENO, HAXOIAIEECs Y TOBEPXHOCTH 3E€MIIH,
IOPUTIATUBAECTCS K HEW. LIEHTp TSHKECTH — TOUKA, HEU3MEHHO CBSI3aHHASI C 3TUM TEJIOM,
4yepe3 KOTOPYH) NPOXOIUT JIMHMSI JEUCTBUS CWIBl TSDKECTH JAHHOTO Tella, IpH
JH00OM IOJIOKEHUH TeJla B IPOCTPAHCTBE.

LleHTp TsKECTH — 3TO HEMaTepHaJbHAs TOYKA TEJa, K KOTOPON IMPHUIIOKEHBI
cuibl TsKeCTH Tena. OH MOXET JieXaTh B TOYKE, IJIe HET MaTepualbHBIX YACTHIL,
MpUHAAJIEKAIINX JAHHOMY TENy.

B ocHoBe memooda nodsewuganus NEXKUT CIEAyIOLIEe YTBEPKIACHHUE: eciu

Quaypy nocredosamenbHO NO08ecUmMsb 3a 2 MOUKU, OMMeEUAsi NOJIONHCEHUEe HUMU C
omeecom Ha @ueype KapaHoauiom, mo nepeceyeHue 08YX OMBECHbIX JUHUL U
onpeoenum noiodceHue Yyermpa maxicecmu Queypul.

HpI/I OMMpCACICHHUUN IIOJIOKCHHA LICHTpaA TAXKCCTH aHAIUMUHYECKUM MemoooMm

HCXOJAT M3 TOTO, YTO JIOOYI0O COCTaBHYIO IJIOCKYIO (DUTYypy MOXKHO pa3OuTh Ha
NpoCcTeIme TeoMeTpuueckue (Urypel, TMONOXKEHHE IIEHTpa TSHKECTH KOTOPBIX
MOYKHO OTIPEJIEIUTh CIEAYIOMUM 00pa3oM:
1. mpAMOyTOoJIbHUK, MapajiesorpaMmm, poMO, KBaapatT (LEHTP TAKECTH HaXOJUTCs
Ha NIEPECEUCHUN TUaroHasen)

't

L A=a-h
O a
I,

\ \

/

AN

NN

2. Kpyr (ueHTp TSYKECTU HAXOJUTCS B TEOMETPUYECKOM LIEHTPE)
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/ A=r -d%/4

3. monmykpyr (UEHTP TSKECTH HAXOAUTCS HA OCH CHMMETPUU HA PACCTOSTHUU
Y:=0,424R oT muameTpabHOW JINHUM)

A=nR%/2= nd%/8

2. . TPSAMOYTOJBHBIA TPEYTOABHUK (IIEHTP TSKECTH HAXOIUTCS
paccrossHuM 1/3 ot kaxknoro karera)

|

A=bh/2

Xo/1 BbINOJTHEHUsI padoThI.

1. Memoo noogewuganus.

1.1 TloxBecuts Gurypy 3a yrojok.

1.2 3aduxcupoBaTh Ha PUTYpE C MOMOIIBIO KapaHaIia U JUHEHKH
MOJIO’KEHNE HUTH OTBECA.

1.3 Tloasecuts urypy 3a Ipyroil yroyiok ¥ MOBTOPUTH MYHKT 1.2.

1.4 OO603HAYUTH MOJIOKEHUE LIEHTPA TSHKECTH (QUTYPHI.

1.5 W3MepuTh KOOPAMHATHI LICHTPA TAKECTH PUTYPBI OTHOCUTEIIHHO
BBIOpAHHOW CUCTEMBbI KOOPAMHAT.

2. AHanumuyecKku memoo:.

Ha

2.1 Pa3burth Gurypy Ha mpOoCTEUIIINE TEOMETPUIECKHUE; TTOKA3aTh MOJOKCHHE

LEHTPa TSHKECTU KaKAON (UTypbl; BEIOpaTh monoxeHue oceit X u Y.

2.2  OnpenenuTth MIOMATN TPOCTEHITUX PUTYP.
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2.3 Ompenenutb KOOPAUHATHI [IEHTPA TXKECTU MOITYYEHHBIX (HUTYP

OTHOCHUTEJILHO BBIOPAHHOM CHCTEMBI KOOPJAUHAT.
2.4  OmpeaenuTs KOOPAUHATY X, EHTPA TAKECTH BCer (DUTYPBHI:
XCZZAiXi /ZAi
2.5 OmpenenuTs KOOPAUHATY Y IEHTPA TSHKECTHU BCel (DUTYPHI:

YC = ZAi yi/ ZAi

2.6. Ykazarh MOJOKEHUE LIEHTPa TSHKECTH BCEl (UTYPBI HA ICKU3E.

3. OnpeaenuTh MOrPeIrHOCTh METO 1A TTOABEIITHBAHUS

X aH _ XCDI’I

3.1 AXx, =2c *100% =

OH

C

Y aH —Y on
32 AY,=-S ¢ *]00%=
YC()H

4. OTBeTUTH HA KOHTPOJIBHBIC BOIIPOCHI.

5. ChopmynupoBath BBIBOJ IO padoTe.

KonTpoJsbHbIe BONPOCHI

1. ChopmynupoBaTh NOHATUE KIEHTP TAKECTHU MIIOCKON QUTYPBI».

2. OmnpenenuTe NOJ0KEHUE IIEHTPA TSHKECTH NPOCTEUIINX T€OMETPUUECKUX

¢buryp:
-IPSIMOYTOJIbHHKA;
~Kpyra,
-TIOJTYKpYTa;

-IIPAMOYTOJIBHOT'O TPEYT'OJIbHUKA.

3. Kak n3meHnsaTcs KoopauHaAThI IEHTPA TSHKECTH TII0OCKOH QUTYPHI Xc, Ve

€CJIM YBEIIMYUTh BBICOTY (PUTYPHI TIPHU 33TAaHHOM TTOJIOKEHUN CHCTEMBI

KOOpAWHAT?
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OT4€T MO BHINOJHEHHUIO JIA00OPATOPHOM PadOTHI
JlaGoparopnas padota Nel

OHpC,ZIeJICHI/IG HCHTpAa TAKCCTH COCTABHBIX IINIOCKHUX (1)I/Il“yp

Llenp

O6opynoBaHue:
[. Meton noaBenIMBaHUs

1.1 Dcku3 mIockoi PUrypsl ¢ yKa3aHHUEM pa3MEPOB

1.2 Pe3ynpTaThl METO/A IOJBEIINBAHUS.

xX.m o= MM

Vo= MM
2. AHaTUTHYECKUI METO/I.
2.1 Pa30buBKa cocTaBHOM (UTYpHI HA TPOCTEUIITHE:

2.2 TInomaau mpocTermmx Guryp:

_ 2
A= MM?,
— 2
A= MM,
— 2
As= MM,

2.3 KoopauHaThl IEHTpa TSHKECTH MPOCTEHINX (PUTYpP OTHOCUTEIILHO BHIOPAHHOM

CUCTCMBbI KOOpAWHAT:

Xei= Y=
X = Yeo=
Xc3= Yes=

2.4 Koopaunata X . IIEHTpa TSKECTH BCeH QUTYPHI
2.5 Koopaunara Y. ueHTpa TSKECTH Bcell Guryp
3. [lorpemHoCcTh METO/Ia TIOIBEIIIUBAHUS

4. OTBETHI Ha KOHTPOJILHBIE BOIPOCHI

5.Be1BOS IO padorTe.



JlaGopaTopHasi pabGora Ne2
HcnbiTaHue CTATIH HA PACTAKEHUE
Hean: dbopmupoBaHne yYMEHHI TIO OIPEACIICHUIO OCHOBHBIX XapaKTEPUCTUK

IMPOYHOCTHU U INIACTHYHOCTH MaTCpHajia SKCIICPUMCHTAJIbHBIM ITYTCM

Oo6opynoBanme: yHuBepcaibHas MamnHa YM - 5, mpucnocoOiieHue sl YCTaHOBKH
oOpaslia, MTaHTeHIMPKYJIIb, 00pa3ell.

Ymenua: onpenenste HampsiKEeHUS B KOHCTPYKIIMOHHBIX JJIEMEHTax (OINpeeHue
XapaKTePUCTUK MPOYHOCTH U IUJJACTUYHOCTHM MaTepuajioB Ha J1aboOpaTOpHOM

000py10BaHUN)

3nanua. METOOUKA pacyeTa AJIEMEHTOB KOHCTPYKIHMI Ha MPOYHOCTH ((husmueckas

CYITHOCTB U Q)OpMYJIBI AJIA OIIPCACIICHUS XapaKTCPUCTHUK ITPOYHOCTHU MaTepI/IaJIa)

Teopernueckuii MaTepua.

UcnpiTanue Ha pacTspkeHUe SIBISIETCS HauboJsiee paclpOCTPaHEHHBIM BHUIOM
UCIIBITAHUS MaTEPHAJIOB, T.K. 0COOCHHO SPKO BBISBJISIOTCS XapaKTEPUCTUKHU
MPOYHOCTH U MJIACTUYHOCTH MaTEpHUANOB.

Pe3ynbTaThl HcnibITaHUS 00pa3iia Ha PaCcTSHKEHUE MOYKHO MPEICTaBUTh JUArPaAMMOH,
BBIpaKaIOIIEeH 3aBUCUMOCTb a0COTFOTHOTO YIUTMHEHUS Al OT Harpy3ku F.

[TomyyeHHass aumarpaMma pacTSDKEHUS 3aBUCUT OT CBOWMCTB Marepuana, OT
(dbopMBI, pa3MEPOB HCHBITYEMOro o0pasiia, a Tak)Ke OT YCIIOBHHM €ro HarpyKeHus,
MOATOMY 4TOO OXapakTepu30BaTh HEMOCPEACTBEHHO MaTepuai, 3Ty Auarpammy

INepecTpanBarOT B KOOpAWHATAX O, €.

AT
l:; C , - *

| - |
2 3
't.f] | / i LL\‘ ngi

S 'R 1

Ha nuarpamMmmMe 0TMEUYarOT XapakTEpHbIE TOUKHU:
TOUYKa A — rpaHUla yIPYTUX U OCTaTOYHBIX JAepopMaIiuii;

yuacTok BC- yyacTok TeKy4ecTH, COOTBETCTBYIOIIUMN MOSBICHUIO OOJIBIINUX

OCTaTOYHBIX AePopMallii MpakTUUeCKH 0e3 yBeIMUEHHUs BHEIIIHEH HArPy3KU;
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To4Ka /| — COOTBETCTBYET MaKCUMaJIbHOM HAarpy3ke 1 MOMEHTY HaJayia

o0pa3oBaHUsI MICHKH;

Touka E — COOTBETCTBYET MOMEHTY pa3pbiBa 00pasiia Mo MeCTy 00pa3oBaHUs

HICUKH.

Janee 3amepsitoT opauHaTel Touek A, B, /[, u E B MunnumeTpax u, yMHOXkas Ha
MaciuTad Mo ocu Harpy3KH, NOJy4aroT yuciaoBble 3HaueHUs Fuy , F1, Fmax 1 Fpas

[Io mony4yeHHBIM TMIpU UCHBITAHUM JAHHBIM BBIYUCISIIOT MeXaHuyecKue

xapakmepucmuku npodHocmu MaTcpraia:

F
- TIpeieIl MPOTOPIIMOHATIEHOCTH Oy = A” ;
0
Fm
- IpeJieN TeKy49eCTH c, = Z;
Fmax
- BpEMCHHOE COIIPOTUBJICHUE Pa3pblBy o, = A ;
Fpa3
" MCTHHHOE HANPDKEHHE PAsPyWICHAS o, =— =
1

rae Ao — HauanabHas IIOMAAb CEYeHHs 00pa3Ia, MM?

A1\ - IIoma e MornepevYHoro ceueHus 00pasua B MECTe pa3phiBa, MM
[ToMuMO XapakTEpUCTHK MPOYHOCTH BBIYUCISIIOT TaKXE MexaHuueckue
Xapaxmepucmuky naacmudHoCmu

0, =10
- OMHOCUmMENbHOEe OCMAMOYHOe YOIUHEHUe & = % -100%
1

rac Lo — HayambHas pacdyeTHaA JJIMHA 06p3.3].[8., MM

{1- nMHA pacueTHOM YacTu 0Opasia 1mocjie pa3pbiBa, MM

A, — A
-omuocumenvHoe ocmamoutnoe cysicenue ¥ =—2—=>.100%
0

Dopma u pazmepwvl 0opasya
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O6pasupbl quametrpoM 20 MM Ha3bIBAIOT HOPMANbHbIMU, @ OOPA3IIbI C
MEHBIIUM (MHOTJAa OOJIBIIUM) JUAMETPOM WJIM HEKPYTJIOro MOMNEepeYyHOTo
CEUCHHUS NPONOPYUOHATLHBIMU.

Pacuernas qyHa 1o Ha 0Opasiie OTMEUYAETCsT PUCKAMHU.

O6pasub mpu lp =10d yci1oBHO Ha3BIBAIOT Onunnbimu, a TIpH lo = 5d —

KOpOmMKUMU.
Mawuna ons ucnvimanus.

Jnst paOoThl MCMONB3YETCsl YHUBEpCaibHas MalimHa Tuna YM — 5. MamuHa
UMEET BEPXHMU W HWXKHUN 3axBaThl. HWKHUN 3axBaT NepeMellaeTcs BIOJIb
HaIPaBJISIOMIMX KOJOH BPYYHYIO C MOMOIIBIO PYKOATKH WJIM 3JEKTPOJBUraTEIEM,
KOTOpBIM 4epe3 KOpPOOKYy CKOPOCTEW BpalllaeT TaiKy, MpU 3TOM BUHT NEpEMEIIaeT
HIKHUU 3aXBar.

3aKperuieHHbI B MalllMHE 00pa3el] COSAUHSAET BEPXHUA M HYDKHHUM 3aXBaThl,
[O3TOMY TIEpEMEIIEHNE HIKHEro 3axBara IIOBJEYeT 3a Cco00I0 IepeMeleHHe
BepxHero 3axsara. llocmeqHuil cBsi3aH uyepe3 phIYAKHYIO CHCTEMY C MAasiTHUKOM,
KOTOPBIN OYJET OTKJIOHATHCS OT BEPTUKAIBHOTO MOJOKEHHSL.

Cuna, pactaruBarorias ooOpasell, onpeaesieTcs] yriioM OTKIOHEHHUS! MasTHUKA OT
BEPTUKAJILHOTO TOJIOKEHUs. OTKIOHEHHE MAasTHHKA NEpelaeTcsl Ha MEXaHU3M,
IIEpEMELIAIOIININ CTPEIIKY KPYTOBOM IIKaJIbl HAIPY30K.

HauOonbimas Harpyska o0Opasiia 3aBUCUT OT Beca Ipy30B, YCTAHOBIICHHBIX Ha
HIDKHEM KOHIle MasTHUKA. OTcueT BeJIMYMHBI HArpy3Kd BeAyT IO IIKaje,
COOTBETCTBYIOIIEH I'Py3y HA MAsITHUKE:

- npu Tpy3e A — mkana A — npeaenbHas Harpy3ka 10000 H

- ipu rpy3e A + B mkana B — npenenshas varpyska 20000 H

- ipu rpy3e A + B + b — mikana B — npexnenbHas Harpy3ka 50000 H

Jlns BeIUEpUMBAHUS AMArpaMMbl MalllMHA CHAa0)KE€HA MUIIYIIUM YCTPONCTBOM
(xapanpgarr) u 6apabaHom, Ha KOTOPBIA HAMATHIBAETCS MIJITMIMETPOBast Oymara.
N3menenue mmHbl 00pasiia BeluepUMBaAETCs Ha Auarpamme no ocu Al B macmirabe
10:1. Macmrab quarpaMmbl IO OCH Harpy3oK 3aBUCHUT OT I'Py30B Ha MasiTHUKE U

MOYET OBIThH:
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npurpyze A 1 mm: S0 H
npurpy3e A+B1lwmm: 100 H
npu rpyze A+b+ B 1 mm: 250 H

SHCKTPOI[BI/II‘aTeJII) BKIIFOYACTCA IIpH  IIOMOIIH KHOIIOYHOM CTaHIINU,

YCTAHOBJICHHOW Ha JIEBOW KOJIOHHE MAIIUHBI.

XOI[ BBIITOJIHCHUA paﬁoTLI.

1. O3HaKOMUTBCS C YCTPOMCTBOM MAILIHBI.

2. U3meputhb quameTp oOpasiia ¥ OTMETUTh Ha 00pasile pucKamMu JJIUHY

lo =5d.

3. 3akpenuTh 00pasel] B MPUCIIOCOOICHHE.

3. [IpoBepuTh paboTy 3aMKMCHIBAIOIIECTO annapara, 1 4ero ciaeayeT
MIPOBEPHYTH OapabaH B XOJOCTYIO U MOJTYYUTh HYJICBYIO JIMHUIO.

4. BKIIIOUUTD 3JEKTPOJIBUTATETh M HAOIIOIaTh 32 MPOIIECCOM PACTSKEHUS

obpa3ria.

5. Tlocne paszpyuieHust o0pasiia BEIKIIOUUTH 3JIEKTPOJIBUTATENh U U3BJICUb U3
peBepcopa o6e yactu ooOpasiia.

6. 3amepuTh paccTosIHUE MEXIY puckamu {1, TuaMeTp oopasiia B MecTe
pa3pbiBa d1, CIIOKHB BMeCTe 00€ YacTH pa3pyIICHHOro oOpasiia.

7. Custh ¢ 6apabana Oymary ¢ quarpaMMoi pacTsbDKeHHs o0pasiia, TpOBECTH
Ha TOJIYYCHHOU JuarpaMMe KOOPAMHATHBIC OCH M OTMETHUTDH XapaKTEPHBIC TOUKH.

8. Boruncnuth BenmnuuHy Harpy3ok Fny , Fr, Fmax , Fpas.

10. Ompenenutb MEXaHUYECKUE XaPAKTEPUCTUKN TPOYHOCTH U
TUTACTHYHOCTH JTAHHOTO MaTepuaa.

11. OtBeTUTHh HA KOHTPOJBHBIE BOIPOCHI.

12. CdopmynupoBath BBIBOJ IO paboTe

KoHTpoJIbHBIE BONIPOCHI:

1. Ilenb MEXaHMYECKUX UCIBITAHUNA MAaTEPUATIOB?
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2. Kaxkue o popme u pazmepam 00pasiibl HCTIOIB3YIOTCS ISl HCTIBITAHUM Ha

pacTshkeHue?
3.Marepuan «redeT». UTo 310 03Ha4yaeT? [ e Ha nuarpamme u300pakaeTcs
IUIOIIA/IKA TEKy4eCcTh?
4. Korna oOpazyercs mieiika oopasia? Kakoe 3ToMy COOTBETCTBYET HaNpsiKeHUE?
5. Kakoe nHanpspbxkenue Oyner caMbiM 00ap1uM 10 BeninuuHe? [louemy?
6. Kak onpenenuts kKakoi U3 MaTepuaioB MpoyHee? IMIacTUUHee?

OT14eT N0 BHINOJHEHUIO JIA00OPATOPHOM PadOTHI

JlabopatopHas paborta Ne2

HcnelTanue craau Ha PACTAKCHHC.

Lens:
O6opynoBaHue:
DCKuU3 U pa3Mepsl 00pasiia:
JI0 UCTIBITAHUS MOCJIC pa3pyIICHUS
= ]
T O N MRS v — l T 1
| | | | | "] " T
L ] LA ~LJ T le t7 ~
!!\:: ) a -
0= MM; d,= MM;
Lo = MM; L, = MM;
2
d,? 7d
Ay=""2-= MM?; 4, =—21= MM?;
4 4
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JlnarpaMma pacTsiKeHus

(c ykazaHueM XapaKTEpHBIX TOYEK U OpJUHAT HArpy30K)

Fa |
MacmTab quarpaMmsl IO OCH Harpy30K B 1 MM ... H

1.Brraucienne Harpy3ok

Frog =......... MM ® ... .. Hmm=......... H
Fr=...... MM ° H/MMm = H
Fmax=.co..... MM ° H/mm = H
Fpasp = «--.... Mwm e . H/Mm = H

2. Brruncnenne MeXaHU4eCKIX XapaKTePUCTHK:

2.1. Ilpounocru:

2.1.1 npenena mponOpLUUOHATIEHOCTH

2.1.2. mpenena TeKy4ecTH

2.1.3. BpeMEHHOTO CONPOTUBIICHUS Pa3PyIICHUS

2.1.4 MCTHHHOTO HAMNPSHKEHUS pa3pyIICHUs
2.2. IlnacTuyHOCTH:

2.2.1.0THOCHUTEIBHOTO OCTATOYHOTO Y/IJTHHEHUS

2.2.2.0THOCHUTEJIBHOTO OCTATOYHOTO CY>KEHUS
3. OTBeTHI HA KOHTPOJIbHBIE BOIPOCHI.

4.BwiBoj IO pabore.
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IIpakTHueckas padboraNe3.
IlocTpoenne 3M0p NPOAOIBHBIX CHJI H HOPMAJIbHBIX HATIPSKEHU .
Omnpenenenue adCOMIOTHOIO yIJINHEeHNs Opyca.

Hean: ocBoeHHME METOAMKH IMOCTPOCHHUS SIIOP MPOAOIBHBIX CHUI U HOPMAJIbHBIX
HaMpPsHKEHUH U orpeiesieHrs adCOI0THOTO YIUIMHEHHs Opyca.

Ymenua: omnpenenarp HampsHKEHUS B KOHCTPYKIIMOHHBIX JJIEMEHTaX (CTPOUTH
SMIOPHI MPOJIONBHBIX CHJI M HOPMAIBHBIX HAMPSHKEHUN; OMPENEaTh IOJI0KCHHE
HanOoJIee OMacHOTO y4acTKa)

3Hanua. - METOIMKA pacyeTa JJIEMEHTOB KOHCTPYKLMH Ha IPOYHOCTH (IpaBHIIa
MOCTPOEHUSI M KOHTPOJS MPABUIBHOCTH SMIOP MPOAOIBHBIX CHJI U HOPMAaJbHBIX
HaIpsHKEHUH )

Teopernueckuii MaTepual.

Bremrane cwitbl, BBI3BIBAIOIINAE PACTSHKEHUE (CKATHE), TPHIIOKEHBI BIOJH
npooasHol ocu Z. Ilpu pabore Opyca Ha pacTskeHUe (CKaThe) B €ro MonepeyHoOM
CEUEHUU BO3HUKAET mpojosibHas cuiia N. [Ipodonvuas cuna 6 nob6om nonepeunom
CeYeHUU YUCTEeHHO PABHA aNeedpaudeckou cymme npoeKyull Ha e2o npoooJibHYI0 OCb
BCeX NPUNOHCEHHBIX K OCMABUENUCS YACMU BHEULHUX CUL.

N :zFi Z oCcT.A.
IIpasuno 3naxoe 0ns N: Ipu pacTsHKEHUU MPOAOJIbHAS CUJIa TIOJIOKUTEIbHAS, PU
CKaTHUU — OTPUIIATEIbHAS.
IAniopa npodoivHuix cun — rpaduk pacrpeaeaeHus MPOa0IbHBIX CUII BIOJIb JJIUHbI
Opyca.
IIpasuna nocmpoernust 3nopol npodovHsix cui IN:
1.IIpoBoauTcst 6a3zoBast (HyseBas) JTMHUS SIIOPHI TapAJICIBHO MPOAOIBLHON OCH
Opyca.
2. ba3oBas nWHMS SMIOpHl pa30MBaeTCs Ha ydYacTKH. [ paHWIIAMH Y4acCTKOB
SIBJISIFOTCSI TOUKH MPUIIOKEHUS BHEIITHUX HATPY30K.
3. YyacTku HyMEpYIOTCS om c60600HO20 KOHIIA.
4. OnpenensieTcss BEJIMYMHA TIPOJIOJIBHON CHJIBI Ha KaXJIOM YYacTKe C
HCIIOJIb30BaHUEM METO/Ia CCUCHMIA.
5. [lepnienaukynsipHo 0a30BOM JIMHUM  OTKJIAJBIBAIOTCS  MOJyYCHHBIC

S3HAUYCHUA HTPOHAOJBHBIX CHJI B IIPOMU3BOJIbBHOM Maciirtaoe. ‘—Iepe3 KOHIIBI
35



OpJIWHAT MPOBOJATCA MPSMbIE€ JIMHUU, MPOCTABIISIIOTCS 3HAKU M BBINOJHAETCS
HMITPUXOBKA MEPIEHANKYIISIPHO 0a30BOI JIMHUU.

NHTEHCUBHOCTL pacnpeneneHus NPOAOJBHOM CHJIbI MO MONEPEYHOMY

N
CEUYCHUIO XAPAKTEPU3YIOT HOPMATbHbIE HANPANCEHUA. O = ~

(A — muIomaap MONEPEYHOTO CEUCHUS).

Oniopa HOpMAIbHLIX HAnPAXCeHuli- TpaQUK pacrpeeIeHUs] HOpMaIbHBIX
HanpsDKEHUH 1o AnHe Opyca.

IIpasuna nocmpoenus sn10pvl HOPMATLHBIX HANPAXHCEHUL D0
1.I'paHUIIBI Y4ACTKOB AITIOPHI OMPEACIISIOTCS TOUKAMH TIPUIIOKCHHS BHEIITHUX CHJI
TOYKaAMU U3MEHEHHS MONEPEYHOr0 CEUCHUS.
2. OnpenenstoTcs 3HaYCHUS HAPsDKCHUH Ha KaXKIOM U3 MOJTYYEHHBIX YIaCTKOB.
3. 3HaK AMIOPHI HATIPSHKEHUN COOTBETCTBYET 3HAKY DIMIOPHI MTPOJIOJIBHBIX CHIL

HN3meHeHue JJIMHBI 6pyca Ha OTACJIBbHLIX Y4aCTKax OIpPCACIISICTCS 110

dbopmye:

rae £ —Moaysib NpOJOJIbHON YIIPYTOCTH, XapaKTEPU3YIOIINN KECTKOCTh MaTepralia
IIPU PACTSKEHUH.
VY nmuHeHue Bcero Opyca onpeenseTcs: anredopandyecko CcyMMon yITMHEHU N

OTACJIBHBIX YYAaCTKOB.

AE: z AEl
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Ipumep: [TocTPOUTE SMIOPHI MPOIAOIBHBIX CHII U HOPMAJIbHBIX HAMPSIKEHUIH,
OnpenenuTs yIIMHEHHE CBOOOIHOTO KoHIa, ecii E = 2-10° n\ Mm?
1 .Onpenenennie BeIMYMHBI TPOAOIBHBIX CHJI
¥ Ha Kax oM ydactke, Ny = O
_lv . N.=30kH;
TS 19 N =30 -38 = -8(K):
] N, = 30-38-42=-50(KH)
]| 2.IToctpoenne DN 10 HANICHHBIM 3HAYCHHSIM
TIPOJIONIGHBIX AL
2 3.0npeeneHne BeIMINHbI

HaHpH)KeHI/Iﬁ Ha KaXX/I0M Y4aCTKC

YIaH S 0

| = —_— =
| RTINS
3
g o, = 30 102 = 1501/ mm?
2-10
3
TTITETTTT] v o, =—30 13 =100n / yn®
MRIEIRERT P ONV{KH, 3-10
00 M T“;‘ T — . 3
Zo IOl ‘l W6 A Oy = 8 1(2) = 26,71l mm’
LBy @ " 3-10
‘ P
05 = leo =-1671/ M’
3-10
4 .Iloctpoenue DG
5.0npenenenue yIMHEHU OTAECIbHBIX YYaCTKOB
3 3
ar, =203 10 ar, =005 30 o575,
2.10 2-10
3 _ .04-10°
A, =1000L10°_ 405, Aty =200 60530
2.10 2-10
— . . 3
arg="2009210 _ 4165,
2-10

6.Y mmnenue opyca: A1= 0,375 + 0,050,053 - 0,167 = 0,16(mm)
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Xo/ BbIOJIHEHUSI padoThlI.
1.IlocTpouTh 3MIOPY MPOIOTABHBIX CHUIIL:
1.1 pa36uTh 6a30BYIO JIMHHIO MIOPHI HA YYACTKH C MOCIEAYIOMEH UX
HyMepalue oT CBOOOHOTO KOHIIA,

1.2.onpenenuts BEIMUNHY MPOIOJIBHOMN CUITBI HA KaXI0M yYacTKe;

1.3.0TNI0XKUTh NOTyYEHHBIE 3HAYECHUS] OPAUHAT U COSAUHUTD UX MPSMBIMH
JUHUSMU, TTapaJJieIbHO 0a30BOM JIMHHH;

2.1TocTponTs 3MI0PY HOPMAIIBHBIX HAIIPSKEHUM :

2.1.pa30uTh 6a30BYIO JMHUIO SMIOPHI HA YYACTKU € TOCIEAYIOUIEH X
HyMepaiueil oT cBOOOIHOTO KOHIIA;

2.2. oTIpeIeNIUTh BEJIMUMHY HOPMAJbHBIX HAMPSHKEHUN HAa KKIOM y4acTKe;

2.3. OTJIOKUTH NOJyYEHHBIE 3HAYEHUS OPAUHAT U COCUHUTD UX MPSMBIMU
JUHUSAMH, NTapajiieIbHO 0a30BOM JTMHUU.

3. Onpenenuth 3HaUYEHUS a0COIOTHOTO Y/UIMHEHHUS Ha KaXKIOM yJacTKe.

4. OnpenenuTh BEIMYUHY aOCONIOTHOTO YJIMHEHUS BCEero Opyca.

5.0TBETUTH HAa KOHTPOJIbHBIE BOITPOCHI.

6. CdopMynupoBaTh BBEIBOJ 1O paboTe

KoHTpoJsbHBIE BOIIPOCHI.

1. HazoBute BHyTpeHHue cuiioBbie Gaktopsl (B.C.D.), Bo3HUKarOMIME B TOTIEPEIYHOM

ceYeHUH Opyca Mpu PaCTSHKEHUH?

2. Kak ompenensercst BeIMUMHA MTPOJIOJIBHON CHJTBI B TIONIEPEYHOM CEUCHUH ?

3. Kak omnpezensiercst BeTMUrHAa HOPMAIBHBIX HAMPSHKEHUH B JTFOOOM TIOTIEPEYHOM

CEYCHUU?
4. Kaxoil muHUEeH n300paXkaroTCs AMIOPBI MPOIOIBHBIX CHUJI K HOPMATBHBIX

HaANPsHKEHU?

5. B Kakux cedeHMsIX 3Iopa MPOI0JIbHBIX CHII U 3II0pa HOPMAJIbHBIX HAIPSKEHUN

CKa4K000Opa3HO U3MEHSIOT CBOE 3HAUCHHE?
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OT4eT Mo BHINMOJHEHNIO MPAKTUYECKOH PadOThI
[Ipaktrueckas padota Ne3
[TocTpoeHue >miop MPOAOTBHBIX CHJI U HOPMAJIbHBIX HANIPSIKEHUM.
Omnpenenenre abCOMOTHOTO yAJIMHEHUs Opyca.
Lens:
3aganue: [TocTpouTs AMIOPHI MPOAOTBHBIX CHJI U HOPMAJIbHBIX HANIPSIAKECHUIMA
onpenenuTh abCOMIOTHOE YUTMHEHHE Opyca.
1.Cxema HarpyKeHus:
2.0mpeeneHne Npoa0iabHBIX CHJI Ha KKJIOM Y4aCTKE U MIOCTPOCHUE SIIOPHI

IMPOOOJIBHBIX CHJI.

b

3.0mpenencHre HOPMATBHBIX HAMPSHKECHUH HAa KXKIOM y4acTKe U TIOCTPOCHHUE

AIIOPbl HOPMAJIbHBIX HAMPSHKEHUH.
4.0OnpeneneHue yaJIMHEHUN OT/ACIBHBIX YYaCTKOB Opyca.
5.0npeaeneHue yaJInuHEHUs BCEro Opyca.

6.Be1BO IO padoTe.
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JlaGopaTopHasi pabora Ne3.
HcnbiTanue cTaJBHOr0 00pa3ua Ha KPy4eHHe.

Heab: popmMupoBanne yMEHUN MO OMPEAECICHNUI0 MOAYJISI TONEPEYHON YIPYTOCTH
CTaJIM SKCIEPUMEHTAIBHBIM ITyTEM.
OO0opynoBanme: yCTaHOBKA JJI UCIIBITAHUS HA KpydeHUe, 00pasel], HHIUKAaTOPbI,
ITaHT €HLIUPKYJIb.
Ymenua: onpenensats Hanps>KEHUS! B KOHCTPYKIMOHHBIX 2JIEMEHTaX (OIPEeiTh
KECTKOCTh MaTepuaja Ha Ja0opaTopHOM 000Dy I0BAHUH )
3Hanua: METOIMKA PACUE€TOB 3JIEMEHTOB KOHCTPYKIIMI Ha )KECTKOCTh (CYLIHOCTb

MOJYJISl TOTIEPEYHOM YyIIPYTrOCTH MaTepuana)

Teopernuecknit MaTepuaJl.
Monyib nonepeyHon ynpyrocTi — XapakTEPUCTUKA )KECTKOCTH MAaTeEpHAIIa
P CABUTE, T. €. CIIOCOOHOCTh CONPOTUBIIATHCA yHpyrum aedopmanusam. [pu

KPpYUCHHUH BO3HUKACT HAIIPAKCHHOC COCTOAHHC, HA3bIBACMOC «UYHUCTBIN CABHI.

[TosToMy i onipesienieHus BEIMUUHBI MOTYJISI IOTIEPEUYHON YIPYTOCTH HEOOXO0IUMO

OTIBITHBIM TYTEM ONPENETUTh AeOpMaIINIO, BOSHUKAIOIIYIO MPU KPYUCHHH, a
MIMEHHO YTOJI 3aKpPYYHUBAHUS (o MEXKITY ABYMs ceueHUs MU A U b Ha onpeaeneHHom
nmHe Lo, @ 3aTeM pacCYUTaTh BETMUUHY MOIYJIS TONepeyHon ynpyroctu G.
Ta6nuunoe 3Hauenue aus ctanu G =0,8-10° v/MM2.

J171s1 BBITIOJTHEHUS Ta00paTOPHOI pabOThI UCIIOJIB3YETCS CIEAyIOIas cxema

YCTaHOBKH:
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Ha noacraBke 7 yctaHOBIEHBI CTOMKY 2 U 3 17151 KperuieHus: oopasna 1. B
cToiKe 2 00pasel] 3aKperyieH HEMOABHXKHO, a Uepe3 CTONKY 3 MPOXOAUT CBOOOIHO.
Ha mpaBom cB0O01HOM KOHIIE 00pa3iia HEMOABM)KHO YKPETUICH Harpy304YHbIN phldar
5 u Tapenka 6. Mexay cToiikaMu Ha 00pasiie YKpeIIeHbI 1B PhIUaKa MO/
uHIUKaToOpsl 4. C MOMONIBIO TUPH §, TOMENIAEMbIX Ha TapelKy, CO3JaeTCI MOMEHT,
3aKpy4dHBaromuii oopaser] 6. CTyneHb MOMEHTA

AM=AF-{3, tne AF- cTtynens Harpy3ku (BeC TUPH).
[Ipu 3akpyuriBaHuM 00pasiia KOHIIbI PhIYaXKKOB MO0l UHIUKATOPHI

NEPEMEILIAIOTCS BBEPX HA BEIMYHMHY, PABHYIO IOKAa3aHUIO HHAUKATOPA. YTOI
MOBOPOTA PHIYAXKKOB COOTBETCTBYET YIUIY IOBOPOTA COOTBETCTBYIOIINX CEUECHUM

obpaznia A u b. B cuny manoctu nedopmarnimii:

AAcp
9@, = @, = T,Paa
0

P

12

9o, ~ @, = , pao

VYron 3akpyuuBanus o0pasia Ha aiHe Lo Mexay cedeHusiMu A u b:
A =Qa—@5, paj.
Moaynb nonepeyHoi ynpyrocTu MOXeT ObITh Oonpe/eseH no GopmyJe:

AM -4, H
G=——"+,—
Ap-J, mm

rac Jp — HOJ'IS[pHBIfI MOMCHT MHCPIHH ITOIICPCHYHOI'O CCUCHUA!

7-d* .
" M

J

X011 BBITIOTHEHUS PA0OTHI.
1. O3HaKOMUTBCS C YCTPONUCTBOM YCTaHOBKHU.
2. TlpowusBectn 3aMep MCXOAHBIX JaHHBIX: d, Lo, L1, L2, L3
3. Hate npeaBapurenbhyto Harpy3ky AF=10H 1 ycTaHOBUTH MHAMKATOPHI HA
HOJTb.
4. C nomMolplo TUph MOBTOPUTH HArpyxeHue oopasua crynensmu AF=10n

TPUXKABI U 3aITMCATh COOTBCTCTBYIOIKE ITIOKA3aHNA HHAWKATOPOB Aub.
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5. 3aBepuIuB HarpyXeHHUE , pa3rpy3uTh oOpaszell, yOeIuTbCs YTO MOKa3aHus
UHMKATOPOB BEPHYJIHCH K HYJIEBBIM OTMETKaM (3TO YKa3bIBaeT Ha TO, YTO
Harpy>KeHHe TPOU3BOAMIIOCH B 30HE YIIPYruX JedopManuii).

6. Omnpenenuts yroi 3akpyduBanus A Ha anmuHe Lo

7. BwauciauTh BEIMUUHY MOIYJIS TIoniepedHoi ynpyrocta G.

8. OmnpenenuTh MOTPEIIHOCTh OTIBITA.

9.0TBeTUTH HA KOHTPOJIBHBIE BOPOCHI.

10.CdhopmynupoBath BEIBOJ O padoTe.

KoHTposbHBIE BONIPOCHI.
1.Kakue cBoiicTBa MaTepuasa XxapakTepru3yeT MOAYJIb MOMEPEUYHON YIPYTrOCTH?
2.CpaBHUTE BEIMYMHY yTJa 3aKpy4YUBaHUA B ceueHUsAX A u b.
3.Kak u3MeHuTCs 3HaUeHHE yria 3aKpy4UMBaHUsA, €CIM JuaMeTp Opyca yBEJIHYUTH
BIIBOE?

4 HazoBure (u3MYECKUil CMBICT W EIUHUIBI M3MEPEHHUs IMOJISIPHOTO MOMEHTa

HUHEPITUH.
OT14eT MO BHINOJHEHHUIO JIA00PATOPHOH PaldOTHI.
JlabopaTtopHas pabota Ne3
HcnpiTanne cTanpHOro 00pasia Ha KpydeHHe.
Llens:
O6opynoBanue:

1.Cxema yCTaHOBKH:

2. Ucxonuble TaHHBIE:

d= ;L= ; b= ;b S Y ;

YUCJIO CTYIICHEN HAarpyKEeHUs n= |

BEJIMYMHA CTYIIEHU HarpyxeHus AF=
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3. Tabnuna. Pe3ynbTaThl OmbITA.

[Ipupamenue
Crynenn [Tokazanus
Harpys Crynenn [IOKa3aHUW Ha
Ne n/m Harpys- WUHIUKATOPOB
Ka MOMEHTAa CTYNEHb HArpyKECHUS
KU
AMm | bMm | AAMm ABb,MM
1 0 0
2 AA= Abq =
3 AA= Aby=
4 AA3= AE3=
4.CpenHee npupanieHuid MoKa3aHuil UHIUKATOPOB:
A4 = A4, + A4, + A4, _
v7) 3
Ab, + Ab, + Ab.
AB,, = 1 32 3 _

5.¥Yrael noBopoTta ceuenuii A u b:

Pa=
¢5 -
6.YToJ 3akpyurBaHus Ha JiuHe Lo !
Ap =
7. IlonstpHBIE MOMEHT MHEPIIMU MTOTIEPEUHOTO CeYeHUs oOpasiia:
Jp =
8.Moaynb monepeyHou yrnpyrocTu:
G=

9.IlorpemHoCTh OmbITA:
AG = %.100% =

mab

10. OTBETHI HA KOHTPOJBHBIE BOITPOCHI

11. BeiBox 1o padore.
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IIpakTnuyeckas padora Ned
Pacuer Opyca KpyrJjioro nonepeyHoro ce4eHusi Ha MPOYHOCTh M KECTKOCThH NMPH
KPY4YCHUH.
Ilens: OcBOEHUE METOJIUKU PACUETOB HA MPOUYHOCTh U JKECTKOCTb MPU KPYUEHUH.
Ymenusa: onpenensite HanpsHKEHUST B KOHCTPYKIIMOHHBIX 3JIEMEHTaX (CTPOUTH SIIOPY
KPYTSALIMX MOMEHTOB, BBITIOJHATH IPOBEPOYHBIN pacueT Ha MPOYHOCTh MPH
KPYYEHHH ))
3HanuA: METOANKA pacyeTa 3JIEMEHTOB KOHCTPYKIIMH HA IPOYHOCTh NIPU KPYYEHUU
(ycnoBue IpOYHOCTH MPHU KPYUEHUH, CITIOCOOBI 0OeCTIeYeHHS] TPOYHOCTH)
Teopernueckuii MaTepua.

KpyueHnem Ha3bIBaeTCs TakoOW BHUJ HArpyK€HHUs, MpPU KOTOPOM B
MONEPEYHOM CEUYECHUU DJIEMEHTA KOHCTPYKIIMU BO3HUKAET TOJILKO OJIMH BHYTPEHHUM
CUJIOBOM (haKTOp — KPYyTALUH MOMEHT M ;.

Benuuuna kpytsiiero MOMEHTa B JIFOOOM TOTNEPEYHOM CEUCHUU
omnpeenseTcs: aaredpandyecko CyMMoi CKpyYrBaIOIIMX MOMEHTOB, IPUIIOKEHHBIX K
ocTaBIIeCs 4acTh. M ; = Y M j oera (1). [lpu ompeneneHun xpyTsiero MOMeHTa B
J000M TIOTIEPEYHOM CEUEHUHU UCTIONb3YETCS] METOJI CEUEHUIA.

CkpyuHBaIOIMM MOMEHT CYHUTAETCS TIOJIOXXUTEIbHBIM, €CIH OH
CTPEMUTCSI TIOBEPHYTh OCTABIIYIOCS YacTh IO YAaCOBOW CTPEJIKE MPHU B3MVISLAE CO
CTOPOHBI PACCMATPUBAEMOTO CEUCHHSI.

Dmiopa  KpyTsamux MomeHToB (OMz) — rpaduk pacmpeneieHus
KPYTSIIMX MOMEHTOB TI0 JIJTMHE Opyca.

IIpasuna nocmpoenus IMz:

-IIPOBOJIUTCS OCh SMIOPBI NapAIIEIBLHO OCH Z,;

-0Ch JMIOPHI pa30MBAECTCsA HA Y4YaCTKU MEPICHAUKYISpaMU, OMYIICHHBIMU W3
TOYEK MPHUIIOKEHUS CKPYUUBAIOIIUX MOMEHTOB Ha OCh;

-Y4aCTKU HyMEPYIOTCH,

-OIMpeACIACTCA Ha KaXKJAOM YUACTKEC BCIIMYHMHA KPYTAIIECTO MOMCHTA

(o ¢. 1);
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-CTPOUTCA 9Mz B BUJIC IPAMBIX HI/IHPIﬁ, napaJui€jibHbIX OCH C OpAVHATaMHU B

COOTBCTCTBHH C OIIPCACIICHHBIMHU PAHCC 3HAUYCHUAMU KPYTAIIUX MOMCHTOB

IIpumep nocmpoenus IM,
M;z= Zm i ocr.u
Mz, =0;
Mz, =-200HM;

Mzz = -200 — 400 = - 600 uMm;
Mgz4 =-200-400 +600=0

CYIHHOCTB IIPOBCPOYHOI'O paCUCTa Ha IIPOYHOCTSH IIPHU KPYUCHHUHN
3aKJII0YacTCA B OIPCACIICHUN MaKCUMAJIbHBIX HaHpﬂ)KCHI/Iﬁ B HanOoJjee OITaCHOM
CCUCHNHN U B CPABHCHHUHU HUX C BEJIMYUHOM AOITYCKAaCMbIX HaHpH)KGHHﬁ, T. €.

IMPOBCPUTH BBIIIOJHCHUC YCIOBUA ITPOYHOCTHU HA KPYUCHHC.

r = Mina [ ]
KPmax = L*xp
W

p
rie Mzyax — HaMOOJBIIMI KPYTAIMKA MOMEHT , Hm
[txp] - mOmyckaemoe KacaTenbHOE HanpshKeHUs Kpydenus, H/mm?
Wp — mOJISpHBIA MOMEHT CONPOTHBIICHHS MOIIEPEYHOTO CEYEHHs, MM>
Wp = 0,1 d® — 151 KpyTrJIOro NONEpeYHOro CEYEHH!S;

Wp = 0,1d3 (1-0%) — 114 xonpLEBOTO ceyeHus

d
e a=-- KO3 PULIMEHT KoJIbLIa
0

CYI]_IHOCTB IMPOBCPOYHOI'0 pacyCTa 3JICMCHTA KOHCTPYKIIUN Ha
JKCCTKOCTD IMPH KPYUCHHHU 3aKIIOYACTCA B OINMPCACICHUN MAKCUMAJIbL-HOT'O
OTHOCHTCIIBHOI'O YyTI'JIa 3aKpYUYUBAHUA U B CPABHCHUU CT'O BEJIM-YHUHBI C

AOITYCKACMbIM 3HAUYCHHUCM, T.C. IPOBCPACTCA BBIIIOJIHCHHUC YCIIOBHA

YKECTKOCTH: Domax = % <[p.],

p
rae G — Moaynb MonepeyHon ynpyrocTuly- MoNsSpHbIA MOMEHT HHEPLIUU

IOTIEPEYHOIr0 CEUCHMS:
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a =

-mis kpyra lp = 0,1d% Mm%

-JU1s1 KpyroBoro kosibna lp = 0,1d*(1-0*), rae a- ko3 PUIUEHT KOIbIA

do
d

3ananue Kk npakTudecKou padore Ned

HpOBepHTB IMPOYHOCTD U KECTKOCTDb CTAJIBHOI'O BaJia IJIXI CXCMbI HAI'PYKCHU I,

COOTBETCTBYIOIIEH BapuaHTy. [Ipoananu3npoBaThs NOJIy4EHHBIE PE3YIbTATHI.

BapwuanTsl 3aaH1ii K TpakTHUECKO# pabdoTe.

S| o Pasmepsl Mougocte, kBT é I[OH}(])(;MCNI = E

c% % o Honepequro 2 % KacaTCJIbHO >; [;\E

=S| &E = 20 e SHE==

§ §§ CCUCHUA, MM ?. P ; O“ HaIIpsAKCHU § ﬁ g

2|23 , & P ) P3 % ° e [t«], §§ EE
5 55 2x
> 1\ MMm2 <28 &

1 d=20 1 [ 35 [20] 15 | 20

2| d=25 2 | 150 [100] 50 | 45

3 § d=30 3 |40 [25] 20 | 25

4 d=35 4 |110]60] 30 | 35

5 d=40 5 40115] 25 | 30 25 0,016

6 d=45;dy=40| 6 [130[90| 40 | 45

7| g [d=55;di=48] 7 |100[65[ 25 | 35

8 | £ |d=64;d=56| 8 | 90 45| 20 | 20

9| 2 [d=75:d=65| 9 |120[30] 30 | 20

10 d=70:do=60| 10 | 80 [55] 35 | 25

11 D=48 1 [110]50][ 40 | 20

12 d=58 2 | 90 [65] 25 | 30

13 d=65 3 |65 [35] 20| 25

14 d=38 4 | 140 [110] 60 | 45

15| g d=45 5 [ 12080 40 | 35

6| & d=56 6 | 15 | 10| 35 | 16 20 0.02

17 d=34 7 | 75 [80] 25 | 40

18 d=52 8 | 65 [55] 25 | 20

19 d=65 9 | 45 [50| 35 | 23

20 d=48 10 | 80 |65] 45 | 30

21 —| D=45d=38 | 1 | 50 [40| 30 | 28

22} & £/ D=68d=60 | 2 | 70 [60] 40 | 25 30 0.022

23 | d=75;d=68 | 3 | 55 |40| 18 | 32
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24 d=85;d=78 | 4 65 | 55| 35 35
25 d=56;d=50 | 5 40 [ 30| 30 16
26 d=86;d=76 | 6 | 100 |18 | 50 20
27 d=80;d=75 | 7 90 | 25| 40 20
28 d=90;d=84 | 8 65 |160| 80 30
29 d=65;d=54 | 9 42 | 75| 50 15
30 d=64;d=58 | 10 | 35 | 75| 40 20
Tabnuma 2. CxeMbl HarpyKeHUs.
ST L E | SCTTE
M, M M, M M My M, M,
L SR £
w [T 1 [ Te | 2 [ [z
S R
My M, M, My Mq My M
? A 7
w1 ] lz | e T 1 [«
R | ®l T [am
M, M, My My My M, My My
3 8
JE .
M, M, M, M Ms M, My M,
Yy 9
o SO I e L
M, M M My M,
‘.S 10
1. O
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P.10°

m=

riae P — momHoCTh, KBT
® — YIJI0Bask CKOPOCTh, ¢
2. OnpenenanTb ypaBHOBEUINBAIOUINI MOMEHT U3 YCIOBUS PAaBHOBECHS:
Z M iz ocr. u. =0
3. Mcnonb3ys METO CeUeHU MOCTPOUTD SMIOPY KPYTALIUX MOMEHTOB DM,
4. Jlns HanboJiee omacHOTO y4acTKa Bajia (CM. S0Py KPYTSIIUX MOMEHTOB)
ONPENEIUTh MAaKCUMAJIbHBIE HANPSKEHUS KDYUEHUS B ITOIIEPEYHOM CEUECHHH.
5.IlonyyeHHOE 3HaYeHUE HANIPSHKEHUS CPABHUTH C JIOIYCKAEMbIM HaNPsHKEHUEM
U CJIeJIaTh BBIBOJ O IPOYHOCTH.
6.IIpoBepUTH BBIIIOJIHEHUS YCIOBHE KECTKOCTU U C/I€NIaTh BBIBOJ 00 0OecrieueHUH
AKECTKOCTH.
7. B cilydan HEBBIIIOJIHEHUS OJTHOTO U3 YCIOBUM MPEIIOKUTH BO3MOKHBIE BAPUAHTHI
UX BBIOJIHEHUS.
8. OTBETUTH Ha KOHTPOJIbHBIE BOITPOCHI.
9. ChopmynupoBath BHIBOJ IO padoTe.
KoHTpoJsibHBIE BOIPOCHI.
1. Kakue BHENTHUE HATPy3KH CIIOCOOHBI BBI3BATh KPyUEHUE?
2. Ha3zoBute BHyTpeHHHI CHUIIOBOM (haKTOp, BOZHHMKAIOIIMN Tpu KpyueHuu. Kak
OMpeIENseTCs €ro BeJIM4YMHA U 3HaK B JTIOOOM MONEPEYHOM CeUeHUn?
3. Kak npoBepuTh NpaBUIBHOCTb MOCTPOCHHUSI SMIOPHI KPYTSIIUX MOMEHTOB?
4. CylIHOCTh MPOBEPOYHBIX PACYETOB HA MPOYHOCTH U IKECTKOCTh MpHU
Kpy4eHUun?
5. HazoBuTe TE€OMETpUYECKHME XapaKTEPUCTUKH KECTKOCTH U MPOYHOCTU

NONEPEYHOr0 CEYEHUS NPU KPYUEHHUH.
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OTyer N0 BHINMOJHEHUIO MPAKTHYECKOM PAOOTHI.
[Ipaktuueckas padota No4.
Pacuet O6pyca Kpyriioro momnepevyHoro ce4eHus: Ha MPOYHOCTh M KECTKOCTh MPHU
Kpy4YeHUU
Lens:
Ucxonnbie nanHbIe
CxeMa HarpyXeHus
1. Onpenenenre BEIMUYUHBI CKPYUHUBAIOIINX
MOMEHTOB.
2. OnpesiesieHNe BEJIMYMHBI YPaBHOBEITUBAIOIIETO MOMEHTA.
3.ITocTpoeHwme S0Pl KPYTAIMIUX MOMEHTOB M OIIPEACIICHUE TTOJIOKEHUS
HauOoJIee OMaCHOTO CEYEHUSI.
4.0OnpeneneHue BeIMUYUHbBI MAKCUMAJIBHBIX HAIMPSHKEHUN KPYUeHHUS.
5.BriBoz1 00 0O€ecieueHnH MPOYHOCTH.
6. [IpoBepka )keCcTKOCTH HauboJIee ONACHOTO CEUCHHUS.
7. BeiBog 00 00ecIieYeHNH )KECTKOCTH.
8. OTBeTHl HA KOHTPOJILHBIE BOTIPOCHI.

9. BeiBog no pabore.

49



IIpakTuyeckasi pabora NeS.

Pacyer Ha Ipo4YHOCTH 010K, H3rOTOBJICHHBIX U3 IJIACTHYHBIX MATEPHAJIOB
Leab: ocBOEHNE METOIMKH MMPOYHOCTHBIX PACYETOB HA IPOYHOCTH MPHU U3rHOE

Ymenusn:- OIIPCACIIATE HAIIPAKCHHUSA B KOHCTPYKHOHUOHHBIX 3JICMCHTAX (CTpOHTB

AIIOPBI U3THOAOIIMX MOMEHTOB, POBOAUTH IPOBEPOUHBIE PACUETHI IIPU U3THOE)

3nanua. MeETOIMKA pacyeTa 3JIEMEHTOB KOHCTPYKUMHA Ha MPOYHOCTH (MpaBHIia
HOCTPOEHUSI U KOHTPOJb 3II0p M3rMOAIOMIKUX MOMEHTOB, YCJIOBHS MPOYHOCTH INPHU

n3ruode)
Teopernuecknit MaTepuaJl.

H32u6 — 310 Tako! BUJ HarpyXeHUs Opyca, Ipu KOTOPOM B €0 MOMEPEUHBIX
CEYEHMSIX BOZHUKAIOT U3rMOaronIre MOMEHTHI. 13rud, npu KOTopoM B MONEPEUHBIX
CEUEHHUAX KPOME U3rHOar0IX MOMEHTOB BOZHUKAIOT U MONEPEYHbIE CUIIBI,
Ha3bIBAETCS NONEPEUHbIM; €CIH MONEPEYHbIE CUJIbI HE BOBHUKAIOT, TO U3THO

Ha3bIBACTCA YUCHIbIM.

Benuuuna nonepeunoti cunvl B 11000M MOMIEPEYHOM CEYECHUU OTIPEIEISIETCS
anreOpanyeckol CyMMOU BHEITHUX CUJI, TPUJIOKEHHBIX K OCTABIICHCS YaCcTH:

Q=3 Fiocru.
llpasuno 3mnakoe nonepeunvix Cul. €CIU BHELIHSSA CUJIA CTPEMUTCS MOBOPAYMBATH
OCTaBIIYIOCS 4aCTh BOKPYT pacCMAaTPUBAEMOIO CEUYEHHUs MO YaCOBOW CTPEJIKE, TO €
MIPUNKUCHIBAETCS 3HAK IUIIOC, €CIIU MPOTUB YaCOBOW CTPEJIKU — 3HAK MUHYC.
Hzeubarowuii Mmomerm B IPOU3BOJIILHOM TTOTIEPEYHOM CEUCHUH YUCIICHHO PaBEH
anreObpanyecko CcyMmMe MOMEHTOB BHEITHUX CHUJI, MPUJIOKEHHBIX K OCTABILICHUCS
YaCTH OTHOCUTEIIBHO PaCCMaTPUBAEMOTI0 CEUCHUS:

M = Z M ceq(FiOCT. q.)

Ilpasuno 3naxos uzeubarowux momenmos. (P MBICICHHOM 3aKpCIUICHUU B
paccMaTpUBa€MOM CEUEHHH), M3TMOAIOIEMY MOMEHTY IPUIMCHIBAETCS 3HAK ILIIOC,
€CJIM BHEIIHSISl HAarpy3ka W3ru0aeT OCTaBIIYIOCS YacTh BBIMYKJIOCTHIO BHU3, €CIH

BBIITYKJIOCTBIO BBE€PX — TO 3HAK MHUHYC.
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IIpasuna nocmpoenus 3nop nonepeyrvix Cul:

1. Ha yyacTke, Harpy>k€HHOM paBHOMEPHO pacipeieIEHHON Harpy3Kou, amopa
n3o0paxkaercst psiMOil JIMHUEH, HAKIIOHEHHOU K OCH OaJIKH.

2. Ha yyacTke, cBOOOJIHOM OT JE€HCTBUS PABHOMEPHO pacIipeieleHHON Harpy3Ku,
AMIOpa- mpsiMast INHUS, MapaieibHas OCH.

3. Tlomepeunas cuia ckadkooOpa3HO U3MEHSET CBOE 3HAUCHHE B CCUCHUM, B
KOTOPOM IPHUJIOKEHA COCPEAOTOUCHHAS CHUJIa, BETUYMHA CKayKa paBHA BEJTUYMHE
MIPUIIOKEHHOUN CHUIIBL.

4. B KOHIICBOM CEUEHHUU TMOTNIEPEUHas CUjia paBHa HYJIIO, €CJIM HE MPUJIOKEHA

COCPCOOTOUYCHHAA CHUJIa (aKTHBHaSI NI peaKTI/IBHaH).

IIpasuna nocmpoenus snop uz2ubaroOWuUx MOMeHMOo8:

1. Ha yuyacTtke, Harpy>K€HHOM paBHOMEPHO PacpeIeI€HHON Harpy3Koi, aMtopa
M300pakaeTcs KBaApaTHUHON napadoioi, oOpalieHHONW HaBCTpeUy Harpys3Ke.
2. Ha y4actke, CBOOOTHOM OT JCHCTBUS paBHOMEPHO pacIpeieICHHON Harpy3KH,
3MI0pa — HAKJIIOHHAS [IPsIMasl.
3.M3rubaromuii MOMEHT CKAauKOoOOpa3HO HM3MEHSIET CBOE 3HAUCHUE B CEUCHHH, B
KOTOPOM IIPUJIOKEH COCPEIOTOYEHHBIM MOMEHT, BEJIMYMHA CKAYKa pPaBHA BEIMYMHE
IIPUJIOKEHHOT'O MOMEHTA
4.B KOHLIEBOM CEUEHHWU H3THOAIOIIMA MOMEHT pPaBEH HYJIO, €CIM HE MPUIIOKEH
BHEIIIHUM COCPEIOTOYEHHBIM MOMEHT. ECIIM Ke B KOHLIEBOM CEYEHUH IPUIIOKEHA
napa Cui, TO U3ru0aroluii MOMEHT paBeH MOMEHTY IIPUIIOKEHHOM Maphbl.
5.Ha yyacTke neicTBus paBHOMEPHO PaCIIpEIeICHHON Harpy3Ky B TOUKE, € JIII0pa

MOTIEPEYHBIX CUJI IJIABHO MEPEXOAUT Yepe3 HOJlb, Ha IMIOPE N3THOAIOIINX

BO3HHUKAET SKCTPEMYM.

Ycnosue npoivHocmu OJ151 NIACMUYHBIX OANIOK

O = 2% < [o]

X

OceBoif MOMEHT COIIPOTHUBJICHUSA JIA pa3IMYHbIX CEUYCHUM:
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-7 Kpyra W, =0,1d?
-1 kpyrosoro konsia Wy = 0,1-d3(I-0%)

ot

-] IPSIMOYTOJIBHMKA W, 5

[Ipumep pacuera
[TpoBepuTh MPOYHOCTH OANKH JJIS IBYX BAPHAHTOB MTOMIEPEYHOTO CEUCHUS: KpyTa
U IpssMoyroJibHuKa, eciu: [6] = 160 mIla, d = 100 mm, h =200mm,

b =140 mm.

g "?JM R e e W

8
M~ 10KH M 7 ,
> K S
sm N7 6M ’ z
J 4
F R [
d ! *’ ¢\2 M, M,
1] g 4 0{
Ry
2 2

HHEIHIE P

H”QH]“ JAERRRERANDN] P

18

2,
P Tty Dot s My kH M

nz
122

1.0mnpenenrM ONOPHBIE PEAKIUHU U OCYLIECTBIISIEM IPOBEPKY HAWIEHHBIX 3HAYCHHIA:
IMn=0; -F1-OH +RyBI +M; +F,-CJ]— M7 =0 (1)
Pemras ypasaenue (1) monyunm Rg = 10KH .
YMp=0; -F1-OB-Ry BA—-FyBC+ M,—M;=0(2)
W3 ypaBuenus (2) Ry =-22xkH
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T.k. peakuus Rp mosy4uiiach co 3HaKOM MUHYC, TO HU3MEHSIEM €€
NepBOHAYAILHOE HAMPABICHUE HA MTPOTUBOIOI0XKHOE. VICTUHHOE HallpaBieHUE

peakuuu R; — BHHU3.
ITposepka: ) Fiy=-F1+Rg+ F, —R;=-18 +10 + 30 — 22 = 0.

VYpaBHeHHEe paBHOBECHUS CTaTUKH » Fiy = 0 BBINOJHSAETCS, CIEI0BATEIBHO
PEeaKIMK OTOp OMPEIeICHBI BEpHO. [Ipr MOCTpOSHNH S0P UCTIOIB3YEeM TOJIBKO
WMCTHUHHBIC HATIPABJICHUS PEAKIIHHA OTIOP.

2. Bwimenum Ha 6anke xapakrepHblie Touku: O, B, C, JI.
3. OrmpenensieM B XapakTepHBIX TOUKAaX 3HAYCHU MornepeyHol cuiibl Qy U

CTPOUM DJIIIOPY MONEPEUHBIX CUJI ClIeBa HAIpaBo: Q=3 Figcru.

Qyo = -F1 = -18KH:
QYBcneBa — _18kH’ QYBCHPaBa = -18+10= -8(KH),
Qyc™e™ = -18+10= -8 (xH); Qyc™** = -18+10 + 30 = 22 (xH);

Qvp™@=-18 + 10 + 30 = 22(xkH); Qvp™* = -18 +10+30-22=0
4.0mpenensieM B XapaKTEPHBIX TOYKaX 3HAUCHUS M3THOAOIIEr0 MOMEHTa My,

M CTPOUM JITIOPY M3rHOAOIIMX MOMEHTOB CJICBa HAITPABO:

M,, = 0; M;; =- 180B=-18'5 = -90KHuMm;

M, "= -F1- OC +RB-BC + M,=-18-9+ 10-4 + 10 = - 112( xH m);

My = -F;- OC+ Rg'BC = -18-9+ 10-4=-122(xH m)

My = -F;- O +Rg-BA+M,+F,- CI=-18-15 + 10-10 +10 + 30-6 =

=20( xkHm)
M, P2 = -Fy - OJ1 + Rg ‘B+Ma+F;, -CJI — M; =-18-15+10-10+10 + +30-6-

20=0

5. [IpoBepka mpoyHOCTH HaKOOJIEE OMACHOTO MOTIEPEYHOTO CEUCHHSI U3 YCIOBUS

M
NPOYHOCTH Ha M3THO: o,y = V\I;AAX <[o]
X



5.1.ceuenue — npsamoyeonvHuK
OnpenenuM 0CEBO MOMEHT COMTPOTUBIICHUS MPSMOYTOJIBHOTO TTOMIEPEYHOTO
b-h? 140.2007
-

ceueHus: W, = = 93333iMM3) Y TIPOBEPUM MTPOYHOCTD '

6
oo = Muax (122107450 o < 0] = 160miTa
W, 933333

[IpoYHOCTE HPSMOYTOJBHOTO CEYEHHs 0OecreueHa

5.2. ceuenue — kpye:
Hcnonszys popmyny Wy = 0,1d3 =0,1-1003=100000 (Mmm®) nposepum
IPOYHOCTH KPYTJIOro MONEPEYHOTO CEUEHHUS

6
Crpx = My _ 122'5}0 =1220(mlla) > [o]|=160mI1a
W, 10

[IpoYHOCTH KpPYTJIOTrO MOMEPEYHOro CeUeHUsl He o0eceyueHa.
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3ajanue K NpaKkTH4ecKoii padore:

HpOBCpHTB IMPOYHOCTDH IIOIICPCUYHOT'O CCUCHUA Oanku. B CJIy4ac HC BBIIIOJIHC-

HHA YCIIOBUA IPOYHOCTH IPCAJIOKNUTH BOSMOKHBIC BAPpUAHTBI oOecreyeHus IMPOYHO-

CTH.

BapuanTsl 3aaH1i K TpakTUYECKO# padoTe.

No | Ne Bremnss Jlommyckaemoe
Bap | CXeMBI | HAarpy3Ka Honepeuroe HaIpsHKCHHE,
F., kH FoxH | M,kHwm cetehme [G],H/MM2
1 1 20 10 13
2 2 14 5 8
3 3 5 20 4
4 4 10 15 2 Kpyr
5 5 20 1 2
5 5 3 > 10 d=80 mm 120
7 7 5 2 6
8 8 1 2,5 2
9 9 2 4 1
10 10 6,5 4 2
11 1 12 8 20
12 2 14 5 8
13 3 12 20 30
14 4 1 6 8 KpyTroBOe
15 5 15 2 3 KOJIBLIO 160
16 6 5 4 8 d=60 mm
17 7 8 1 4 do = 45 Mm
18 8 4 3 10
19 9 5 8 10
20 10 15 4 2
21 1 12 20 40
22 2 10 8 12
23 3 4 18 3
24 4 15 12 6 IPSIMOYTOJIbHUK
25 5 3 5 8 h= 80 MM 150
26 6 4 7 1 b =40 MM
27 7 8 4 12
28 8 20 8 2
29 9 4 2.5 6
30 10 12 3 10

55




p—e e

CxeMbl HarpyxeHwusl.
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Xo/ BbINOJHEHHSI pa00ThI.

1.CBsI31 3aMEHHUTH PEAKIUSIMU CBA3EH.

2.0HpeI[eJ'II/ITB PCaKINHU CBHSGﬁ, COCTaBUB YpPaBHCHHA PABHOBCCUA JIA IJIOCKOM

HpOHBBOHBHOfI CHUCTCMBI CHUIJI.

3.BBINOAHUTE NPOBEPKY NPABUIBHOCTH ONPEAEIEHHBIX PEAKLINM.

4.0npenenuTh BUJ SMIOPHI MONEPEUHBIX CUJT HA KaXJAOM Y4aCTKE B 3aBUCUMOCTH

OT BHEIIHEHW HArpy3Ku, BEIYUCIUTH BEIMYMHY MTONEPEUHBIX CUJI B XapaKTEPHBIX

TOYKaX U NOCTPOUTDH IIMIOPY NOINCPCHHBIX CHIJI.

5.0npenenuts BU AMIOPHI U3THOAIOIIMX MOMEHTOB Ha KaXK/I0M Y4acTKe B
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3aBUCUMOCTH OT BHEUIHEH HArpy3KH, BBIYMCIHUTH BEJIMUYMHY U3TrMOAOIINX

MOMEHTOB B  XapaKTepHbIX TOUYKaX M IMOCTPOUTH DMIOPY U3TUOAIOIIUX
MOMEHTOB.

6.0mnpenenuB NoJ0KeHHe HanoJiee ONaCHOTO ceueHHUsI (I10 AMIOPe U3rHOAIOIINX
MOMEHTOB) BBIIIOJIHUTH MPOBEPOUHBIN pacueT MONEPEYHOTO CEUCHHUS.

7. IIpoaHaIn3upOBATH MOTYUYEHHBIN pe3ysbTaT.

8. OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.

9.ChopmynupoBath BbIBOJ IO MPAKTUYECKON paboTe.

KoHnTposibHbIE BOPOCHI:

1 .Kakue BHyTpeHHUE CUJIOBBIE (PAKTOPHI BOZHUKAIOT B MOMEPEYHOM CEYEHHUH MPH
MOTIEPEYHOM U3ruoe?

2. HazoBute ¢opMynbl a7 ONpeAeNeHUs TOMEPeYHON CHIIBI U W3THOAIOIIETO
MOMEHTA B JIF0OOM TONIEPEYHOM CEUEHUU

3. B KakuX XapaKTEpHBIX CEUCHUSX BOZHUKAIOT CKaUYKU Ha 3MIOPE MONEPEYHBIX CHII?
Ha 3II0pe U3rudarommux MOMEHTOB

4.Kak onpenenuTh BEIWYUHY IMONEPEYHON CHUJIBI U M3THOAIOIIET0 MOMEHTa U B
KOHIICBOM CEYCHHU?

5.B dem 3akitouaeTcsi CylmHOCTh MTPOBEPOYHOTO pacyeTa Ha MPOYHOCTD MPU U3ruode?

OT4eT Mo BHINMOJHEHUIO MPAKTUYECKOU PadOTHhI.
[Ipaktruueckas padota NoS.
Pacder Ha mpoYHOCTH OaIOK, M3TOTOBJICHHBIX U3 TJIACTUYHBIX MAaTEPHAIIOB
Lens:
CxeMa HarpyXeHus:

Hcxonurie nanHbIe:

1 .OnpeneneHue peakiyii CBSI3eu.

2.IIpoBepka NMpaBUILHOCTH OMPEACICHHBIX PEAKIIUMN.
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3.0mnpenenenrie BEIMYMHBI OMEPEYHBIX CHII B XapaKTEPHBIX TOUKaX U
MOCTPOEHUE AMIOPHI MONEPEUHBIX CUJT.

4.0OnpeneneHue BEIUYNHBI U3THOAIOMIUX MOMEHTOB B XapaKTEPHBIX TOUKAX
U TIOCTPOEHUE AIMIOPHI U3TMOAIOIUX MOMEHTOB.

5.0mnpenenenue nojaoKeHus HauboJiee ONacCHOTO CEUCHHUS.

6.BrImonHeHne npoBEepOYHOTO pacueTa OaiKy.

7. AHanu3 NoJy4EeHHOTO pe3ybTaTa.

8.0TBeTHl Ha KOHTPOJBHBIE BOMPOCHI.

9 .BriBo 1O MpakTHUECKOH padorTe.
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IIpakTuyeckasi pabora Ne6.
Bb10op di1ekTpoaBuraresisi. KunemMaruyeckuid M CMJI0BOI pacyeT NPpUBOAA.

IIeJIL: OcBoenune MCTOJUKHU KHHEMATUYCCKOIO MW CHJIOBOro pacdcra
MHOT'OCTYIICHYATOI' O IIpUBOJIA.

Ymenua: npousBoauTh,  pacdyeThl ~ MEXaHMYECKUX  mepefad  (ompenensiTh
KMHEMAaTUUYE€CKUEe U CHJIOBBbIE XApaKTEPUCTUKA MEXAaHUYECKHX Iepenady |
MHOTOCTYIIEHYATOr0 IPUBO/IA);

-YUTaTh KUHEMATUYECKHE CXEMbI (OMpenessTh BHUAbl MEXaHUYECKHX Iepe/ad Ha
KMHEMaTHYECKOM cXxeMe IIPUBO/IA)

3Hanus. - BUBI MCXaHHN3MOB, 1%0,¢ KHMHCMAaTHYCCKHUC U JANHAaMHUYCCKHC
XApaKTCPUCTHUKU (YCJ'IOBHOC 0003HaYCHNE MEXaHUYECKHUX nepcaad Ha CXeMaX);

-OCHOBBl PACUETOB MEXaHMYECKHX mepenad ((hopmynsl omnpeaeneHus
MEePEAATOYHBIX OTHOIICHHM, YacCTOThl BPAlIEHUsI YIJIOBBIX CKOPOCTEH, MOIIHOCTU H
BpalaOLMX MOMEHTOB)

Teopernyecknii MaTepual
BoJBIIMHCTBO COBPEMEHHBIX MAIMH CO3JAIOTCS IO CXEME:

[ JEBHraTene . [Mepenana !_|_ L
I _ | I

., TPHEG]

Mexanuueckas nepegaya — MEXaHU3M, CIIyXKalllUui JUIs [epeayu SHEpruu Ha

HenonuurensHelii
-
QPN MATIHE

paccrosiure. DyHKIMU Tepefadyu: COTJaCOBAHME CKOPOCTEM MCIOJHUTEIbHBIX
OpraHOB CO CKOPOCTBbIO JBUTATEJNsl; PETyJIMPOBAHUE M PEBEPCUPOBAHUE CKOPOCTU
UCTIOJIHUTETIFLHOTO ~ MEXaHW3Ma, TpeoO0pa3oBaHWE  BpallaTebHOTO  JBUIKEHUS
JBUTATENIE B TMOCTYyNATeNbHOE JIBM)KEHHUE WCIOJHUTEIBHOTO OpraHa MalllWHBI,
IPUBEJICHUE B JIBU)KEHUE HECKOJIBKUX UCIOIHUTEIbHBIX MEXaHU3MOB OJTHOBPEMEHHO
OT OJTHOTO JIBUTATEJIsI.

B kaxnoil mepenave paznuyaroT BeAyLIEe 3BEHO (Mepefarollee IBHKEHHE) U
BeloMoe (MPUBOJMMOE B JABWXKEHHE OT Beayuiero). llepemaua, cocrosimas u3
HECKOJIBKUX TIap BEIYIIETrO U BEIOMOI0 3BEHbEB, HA3bIBAETCS MHOTOCTYTICHYATOM.
Mexannueckas rnepeaaya UMeeT psiJl KHHEMAaTHUYECKUX U CUJIOBBIX XapaKTEPUCTUK
K xuHemMaTH4ecKknuM XapakTepucTUKaM MEXaHUYECKOU mepeaadyn OTHOCATCS:

YIJI0Bas CKOPOCTh W, €1 94acToTa BpameHus N , MuH-1;
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OKpYXHasi CKOpocTh V, M/C, TepeaaToyHOe OTHOIIEeHUE U .
[lepenatouHoe oTHOIIEHHE — O€3pa3MepHasi BETMUMHA, MTOKAa3bIBAIOIEE BO
CKOJIBKO pa3 nepeaya u3MEeHSIET CKOPOCTh BpaIleHUS
[lepenaua, moHmxkaromias ckopocts (1 >1), Ha3bIBaeTCs peaykTopoMm. Jis
MHOT'OCTYTIEHYaTO! Ieperadn
U =uz-Uz-... Un
rae Ui,..., Uy— IepeaaTOuHble OTHOLIEHUS OTJAEIbHBIX CTYIICHEN.
K cunoBbIM XapakTepuCTUKaM OTHOCSTCS:
- MoIITHOCTE P, BT P=M-®
- Bpamaroumin MoMeHT M, H- M M=P/ o
-KOA()PUIIMEHT MOJE3HOTO ACUCTBUSI MHOTOCTYIIEHUATON TIepeauun
n=mni1 MNz.....Mn
rae M, ..., Mn - KIIJI kaxxaoi kuHeMaTuueckoil mapsl (3y0uaToil, peMeHHOM,

LIEMTHOM) a TaK)Ke IPYruX 3BEHbEB MPUBOJA (MOJUIUITHUKOB,) U T. 1.

3ajaHue K IPaKTHYECKOH padore:
JUIS 3aIaHHOTO IIPUBOJA. - HA3BaTh YJIEMEHTHI KWNHEMAaTUYECKOU CXEMBI;
- BBIOpATh 3JIEKTPOJABUTATENb;
- BBIIIOJIHUTh KWNHEMATUYECKUI U CUJIOBOM pacyeT NMpUBO/a.

BapuaHnTsl 3aanuii K mpakTudeckon padore.

YacroTa BpameHus
MomHoCcTh Ha
BBIXOJIHOT'O BaJjia Knnemarnueckas cxema
Neri/m | BBIXOAE MpUBOJA,
MIPHBO/Ia NBBIX, MpUBOAa
PBrIx , KBT
MHUH-1

1 4,6 130
2 3,2 118
3 1,8 80
4 3,4 140
5 2,5 100
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6 4,5 95
! 2,5 60

8 1,7 120

9 2,3 130

10 33 30

11 4,6 120

12 33 100

13 4,5 100

14 1,8 90 ﬁ‘: ]n
15 25 35

16 1,7 112 o

17 3,2 160 E
18 4,5 110 .
19 4.4 150 Y
20 5,2 130

21 4,3 40

22 3,4 50

23 4,5 30

24 6 30

25 3,5 50

26 2,5 100

21 4,6 80 _ I
238 1,8 140 s ____ =
29 34 120 2 —

30 2,5 80

Xo/ BbINOJIHEHHSI pa00ThI

1. BwiOpaTh 25I€KTPOABUTATEND.

1.1. Onpenenuts KIIJI npuBona
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n=n; -, 1, (1)
TI€ Mu, Np, MNs, — KII/] COOTBETCTBEHHO LIENHBIX, PEMEHHBIX, 3yOUaThIX, Nepenad,
nap HOAMIUITHUKOB /Tabm.1/

Tabnunal. 3nauenus KII/] mexannueckux nepenad

Tun nepenauu 3akpbITast OtkpsiTas

3yOuaTasi:

[JIAHIPAYECKast 0,96..0,97 0,93...0,95

KOHHYECKAs 0,95...0,97 0,92...0,94
UYepBsuHas npy epeIaTOYHOM YHCIIE 1.

cBble 30 0,70..0,75

» 14 no 30 0,80...0,85

» 8 » 14 0,85...0,95
Hemnas 0,95...0,97 0,90...0,93
Pemennas:

IUIOCKHM PEMHEM 0,96...0,98

KJIMHOBBIMH (TTOJIMKJIMHOBBIM) PEMHSIMU 0,95...0,97

[Ipumeuanus: 1. OpuentupoBounsie 3HadeHus: KI1J[ 3akpbIThIX niepead B MaciIsiHON BaHHE
MIPUBE/ICHBI JIJIs1 KOJIEC, BBIMOJHEHHBIX MO 8-U CTEMEHU TOYHOCTH, a JIJIsi OTKPBITBIX — MO 9-if;
nipu Oosiee TouHOM BbinoiaHeHn: kojec KITJ[ mosxeT Ob1Th noBbIIIeH Ha 1...1,5%; npu MeHbIeH
TOYHOCTH COOTBETCTBEHHO IMOHUKEH.

2. Jns yepBsauHOM nepenauun npeapapurenbHoe 3Hadenrne K111 npuaumaroT 1,=0,75...0,85.
[Tocne yctanoBIeHUs1 OCHOBHBIX NapameTpoB nepeaaun 3HadeHue KI1/I cnenyer yrounuts (cMm.
4.3, m. 10).

3. [lorepu B MOIIIMITHAKAX HA TPESHHUE OICHUBAIOTCS CIICAYIOINUM KO3 UITUESHTAMU: JIUIS OJTHOU
Mapbl NOAIIMITHUKOB CKOJIbKEHUS TPUHUMAIOTCS MNec=0,98...0,99.

4. [lotepu B mydpre npuHUMaroTCs Nu=0,98

a,b,C,e- KoJIMYeCcTBO COOTBETCTBEHHO IIEHHBIX, PEMEHHBIX, 3y04aThIX, repeaad,
nap MOAIIMITHUKOB.

Ipumeuanue: coctanstontue hopmysbl (1) onpenenstoTcs: B 3aBUCUMOCTU OT KUHE-
MAaTUYECKOM CXEMBI PUBOJA.

1.2.0npenenuth TpeOyeMyr0 MOITHOCTD JBUTATENS, KBT

P@blx
Pmp o6 = T

rA€ Pg.x —33JJaHHAs! MOIIIHOCTh HA BBIXOJIE MPUBO/A.

1.3.0npenenuTh BO3MOXKHOE TIEpeIaTOYHOS OTHOIIICHUE TpuBoAa  /Tadir.2/
Ugos= UsUp-Uyy,
I7Ie U, - IEPeIaTOYHOe OTHOIIIEHUE 3y0UaTol nepenayu;
Up — IepenaToyHOe OTHOLIEHUE PEMEHHOM IiepeiayH ;
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U; —IIepeaaTo4yHOC OTHOIICHUE HCHHOﬁ nepeaadun
HpuMeanue: COCTAaBJIAIOMIHNC Q)OpMYHBI OIIPCACIIAIOTCA B 3aBUCUMOCTHU OT
KHUHEMATUYECKOM CXEMBI IIpruBOAA.

Ta6Jmua 2. PCKOMCHI[yeMI)IG SHAYCHUA IICPCHATOYHBIX YHCCII

3akpeIThIe 3yOUaThie iepeaaun (PeayKTOphl) OHOCTYIICHYATHIC TUIHHAPUIECKHUE U
konuueckue (FOCT 2185— 66):

1-# psn - 2,0; 2.5; 3,15 4,0; 5,0; 6,3;

2-1 psan-2,24; 2,8, 3,55; 45; 56; 7,1
3Hauenud 1-ro paaa CJaeayeT NpeArnoYnuTaTb 3HAYCHUAM 2-10 psaaa.

3aKpbIThle YEPBAUHBIE IIEpeadM (PELYKTOPbI) OHOCTYIIEHYATHIE JUIsl UEPBSIKA C YUCIOM
BUTKOB I,=1; 2; 4 (TOCT 2144-75):

1-i psan-10; 12,5; 16; 20; 25; 31,5;

2-i pan-11,2; 14, 18; 22,4 28,; 35,5.
3HaueHus 1-ro psijia cienyer npearnouynTaTh 3HaYeHUIM 2-T0 psa.

OTkpbITHIE 3yOUaThle nepegauu: 3...7.

Ilennsie nepemaun: 2...4

Pemennsie nepenaun(sce tumsl): 2...4

1.4.0npenenuTh BO3MOXKHYIO YaCTOTY BpAIlICHUsI Bajia IBUTATENs
Neosu= Nesix * Usosu
1.5. BwiOpaTh CTaHAAPTHBIN 2JIEKTPOIBUTATEIH /Tabn.3 /
Ilpumeuanue: Tlpu BbIOOpe nBUraTeiasi HEOOXOAUMO CIIEIOBATH
PEKOMECHIAITHSIM .

- Pye > Pupos (momyctumas neperpyska ao 5%)

- YacTOTy BpallleHUs JBUTATENsl HEOOXOIWMO MPUHUMATh TaKUM 0Opas3om,
yTOOBl TIEpPEaTOUYHBIC OTHOIIEHHUS IMepelad MPUBOJA OKa3alnCh Haubosee
panmoHaNbHBIMU. [Ipy >TOM HEOOXOAMMO Yy4YecTb, IBUTATENH C OOJIBIION
4acToTOi Bpamenus (cuHXpoHHOM 3000 MuH?) uMerOT Hu3KMI paboumii
pecypc, a JBHraTens ¢ 9actoroi 750 Mun! BechbMa MeTaioeMkHn 1103ToMy HMX
6e3 0co00¥1 HEOOXOTUMOCTH MPUMEHSITH HE PEKOMEHTyeTCS;

- HEOOXOIMMO BBIOpaTh CIICNYIOIIME XapaKTEPUCTUKU JBUTATEIIS:

- Pog, xkBm

-Nye munt

63



Tabnuua 3. JIBuraTesn aCHHXpPOHHBIE KOPOTKO3aMKHYThIE Tpex(azHbie cepun 4A oOLIENPOMBIIIUIEHHOTO TPUMEHEHUS;

3aKpBIThIC, 001yBacMbIE. :

CUHXpOHHAs YaCcTOTa BpAIICHUSA, 00/MUH
3000 1500 1000 750
- s ] z
= < = = c
s
R 2 2 g =
325 5 5 g 5
ES e = = gz =
5 Twun nBurarens 5 = Twun nBurarens 5 = Tun gBurarens = = Tun nBurarens 5 =
s =€ =g £'8 =g
3 5 g 5
E jes} st jost
=~ = =
E = S =
o ) o
= T = a
0,25 4AAMS56B2Y3 2760 4AAMG63A4Y3 1370 4AAM63B6Y3 890 4AM71B8Y3 680
0,37 4AAMG63A2Y3 2740 4AAM63B4Y3 1365 4AM71A6Y3 910 4AMSB0A8Y3 675
0,55 4AAM63B2Y3 2710 4AM71A4Y3 1390 4AM71B6Y3 900 4AMB0OB8Y3 700
0,75 4AMT1A2Y3 2840 4AM71B4Y3 1390 4AMB0OA6Y3 915 4AM90bASY3 700
1,1 4AM71B2Y3 2810 4AMS0A4Y3 1420 4AM80B6Y3 920 4AM90bB8Y3 700
15 4AMEB0A2Y3 2850 4AM8B0B4Y3 1415 4AMI90b6Y3 935 4AM100b8Y3 700
2,2 4AM80B2Y3 2850 4AMO90b4VY3 1425 4AM100b6Y3 950 4AM112MAS8Y3 700
3,0 4AM90b2Y3 2840 4AM100S4y3 1435 4AM112MA6Y3 955 4AM112MB8Y3 700
40 4AM100S2y3 2880 4AM100b4Y3 1430 4AM112MB6Y3 950 4AM132S8y3 720
55 4AMI'00b2Y3 2880 4AM112M4Y3 1445 4AM132S6y3 965 4AM132M8VY3 720
7,5 4AM112M2VY3 2900 4AM13254VY3 1455 4AM132M6Y3 870 4AM160S8y3 730




2.BBITIOTHUTS KWHEMATUYECKUN pacyeT MpUBoa
2.1. Onpenenuts NepeaTOuYHOE OTHOILLICHUE TTPHUBOIA

n()@
n

6blX

U=

2.2. TlpowsBectu pa30MBKY MEPeIaTOYHOTO OTHOILIEHUS MO CTYIEHSIM

2.2.1. Ha3HauuTh IepeaaTouHoe OTHOMEHUE 3y0uarol nepeaaun (Us;) B

cootsercTBuM ¢ ['OCT 2185-66 /Tabn.2/
2.2.2. PaccunTath nepeaaToyHOE OTHOLIEHUE OTKPBITON Nepeiayu (pPEMEHHOW Uin
I[ETTHOM )
Ugn=U/Usn  uau Upg=U/Usy
2.3. Onpenenurs  4acTOTy  BpamleHHMs  BaloB  OpUBOAa N ,MuH® ¢

y4€TOM KHUHEMATHYECKOM CXEMbl W 3HAYECHHM MEpeJaTOYHbIX OTHOILICHHI
MEXaHMUYECKHUX TIepeaayd MPUBoa.
2.4. OnpenenuTs yIioBble CKOPOCTH BAJIOB IIPUBOAA, C -
o =7n/30
3. BBINIOJIHUTE CUITIOBOM pacyeT MPUBOIA
3.1. OmpenenuTh MOUIHOCTh Ha BaJlax MPUBO/A (C yUETOM BEIUYUHBI Py U IOTEPH
MOITHOCTH B T€X AJIEMEHTax MPUBOA, KOTOPhIEC PACIIOIOKEHBI Ha MTyTH TIepea-
YU MOIIHOCTH OT JIBUTATEJIs 10 PACCMaTPUBAEMOTO BaJia).
P=P,,. m, kBm
3.2 OnpenenuTh BETUYHHY BpaIaroliX MOMEHTOB Ha BajlaX MPUBO/IA,
M = P-10%/w, um
4.OTBETUTH HA KOHTPOJIbHBIC BOMIPOCHI.

5. ChopmynupoBath BIBOJ MO paboTe.

KoHTpoJsbHbIE BONIPOCHI.
1.IlepeuncanTh KHHEMATUYECKUE XaPaAKTEPUCTUKA MEXaHMUECKOH MepeIayH.
3.HazoBute (usmveckuii CMBICT MEPENIATOYHOTO OTHOMICHUSI M (OPMYJIIBI JIJISl €ro
OTIpe/ieNieHUs] Yepe3 KMHEMATHUECKUe W TeOMETPUYECKHE MapaMeTphl BEAyIEro u

BCIOMOI'O 3JICMCHTOB.
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4 Kak OIIpCACIIACTCA ICPCAATOYHOC OTHOILICHUE MHOI'OCTYIICHYATOI'O HpI/IBOI[a?

5.BI>I6epI/IT€ COOTHOICHUE MCKIAY TICOMCTPHUUYCCKUMH, KHHCMATHYCCKHMHU H

CUJIOBBIMH MapaMeTpaMy BEIYIIEr0 U BEAOMOIO 3JIEMEHTaMH 3y0UaToro peyKropa:

a) u>1 0)zl >2z2 B) wl >w2 1) Pl>P2 nag)Ml> M2

u<il z1<22 wl < w2 P1< P2 M1l< M2
6.1lepeuriciute CUIIOBBIE XapaKTEPUCTUKA MEXAHUYECKOM TIepeaadH.
7/.HazoButre ¢usnueckuit cmeicn KIIJI wu dopmyny ero omnpeneneHus

MCXaHHUYCCKOI'O IIpuBOAA.

OT4eT MO BHINOJHEHUIO MPAKTHYECKON PadoThI

[Ipaktrueckas padora Ne6.

BBI60p QJICKTPOABUIATCIIA. KunemaTtuueckuii u CUI0BOM pacucT IIpuBOaAA.

Llens:

1. Kunematuueckas cxema NpuBoOJaA.

2 cxonnaele qa"uble: Py = , kBT
nBHX = ’MHH-l

3. BeiOop anexTpoaBHUraTens.
3.1.0npenenenne KIIJI npuBona

3.2.0npenenenue TpeOyeMoit MOIITHOCTH JABUTATESA
3.3.0npeneneHre BO3MOKHOIO NEPEAATOYHOIO OTHOIICHUS MPUBOA
3.4.0npeneneHre BO3MOXKHOM 4aCTOTHI BPAILIEHHs Bajla JBUTATENs
3.5.Bbi00p cTaHgapTHOTO JICKTPOABUTATENS

4. KunemaTuueckuil pacuer npuBoja.
4.1.@akTrUyecKoe NepelaTOuHOE OTHOIIICHUE MPUBOAA

4.2. Pa30uBKa nepeaaToyHOro OTHOIICHHUS IO CTYIICHSIM
4.3.YacroTa BpalleHus BaJIOB MPUBOAA, MUH-1
4.4.YrnoBas CKOpOCTh BaJIOB NpHBOAA, c-1

5. CuoBoii pacuer npuBo/a.

JJIA
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5.1. MomHocTh Ha Bajiax nmpuBoja, KBt
5.2.Bparmmaronuii MOMEHT Ha Bajiax MPHBOJIA, HM
6. OTBeTHI HAa KOHTPOJIHHBIE BOIIPOCHI.
/. BeiBos1 110 pabore.

Pexomenayemasi jaureparypa:

eiin6mut A.E. KypcoBoe npoekTrpoBaHue neranei Mamms: Y4eb. mocoodue. -

N3x. 2-e, mepepad. u nom. - Kanuuunrpan: SAatap. ckas, 2013. -454c¢.: ui., 4ept. —

b. 1.
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IIpakTHuyeckas padbora Ne7.

Pacuer reomeTpuyeckux pa3MepoB 3y0UaThbIX KoJiec 10 UX 3aMepam

Hean: popMupoBaHre yMEHHUH 3aMepa U pacueTa TeOMETPUICCKUX Pa3MEPOB,
OTIpEJICIICHNS] KOHTPOIMPYEMBIX ITapaMETPOB M BBITOTHEHHS ICKH3a 3y04aToro
KoJeca.

OcHamenue: 3y0OuaThie KoJeca, IITAHTCHIIUPKYJIH.

Ymenua: npou3zBoauTh pacyeThl MEXaHMYECKUX Tepeaay (ONpeensTh
reOMETPUYECKUE pa3Mephl 3y0UaThIX KOJIEC)

3Hnanusa. OCHOBBI PACUETOB MEXaHUYECKUX Niepeaad (hopMybl onpeneneHus
r€OMETPUYECKUX Pa3MEPOB 3y0UaThIX KOJIEC)

Teopernvyeckuii MaTepua.
3y0uatsie KoJeca SBIAIOTCS dJIEMEHTaAMU CaMOU pacpOCTpaHEHHON MexXa-
HUYECKOM mepeaueii- 3y0uaTol ¢ 3BOJIBBEHTHBIM pabouum npoduiiem 3yoa.
K oCHOBHBIM reoMeTprUeCKUMU TapaMeTPaMH SBOJILBEHTHOTO 3y04aToro
3alleTIJICHUS] OTHOCATCS:
-MOOY/b 3ayenienus M- BeIMYUHA, TPONOPIHOHATIBHAS IIary 3alerIeHus P mo

ACIIUTCIIBHOMY HUJINHIAPY: m= B, BCIIMYKMHA MOAYJIA COIJIaCyCTCA CO
T

CTaHJapPTOM; 3yOuaThie KoJieca, HaXOSIIMEeCs B 3alleTIICHUH, UMEIOT OJJTUHAKOBBIN
MOJyJIb;

-Oenumenvuviil ouamemp d — TUAMETp NENUTEIBHOW OKPYKHOCTH, YCIIOBHO
JIeNAIIasl BEICOTY 3y0a Ha TOJIOBKY U HOXKKY:

d=m-z,

r7ie Z — YUCIo 3yObeB 3y0UaToro KoJieca;

-ouamemp OKpyscHOCmu 8bicmynos U, - quaMeTp OKpyKHOCTH, TIPOXOISIIEH Mo
BEpIIMHAM 3yObeB:

da=m-z +2m
-Oumemp okpyacnocmu enaout di—1uaMeTp OKPYKHOCTH, MPOXOJIAIICH 10
OCHOBAHMIO 3yObEB:
di = mz-25m;

-bicoma 207106Ku 3y06a Na- BeIcOTa 3y0a, OrpaHUYCHHAS] OKPY>KHOCTBIO BBICTYIIOB H

JIEJINTEIIbBHON OKPYKHOCTBIO:
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ha=m;
-eblcoma HodicKu 3y6a hg - BIcOTa 3y0a, OrpaHUYCHHAsI OKPY)KHOCTBIO BIIaIUH U
JIEIIATENIbHON OKPYKHOCTBIO:
hs=1,25m$
-gbicoma 3y0a h CKIIaJbIBA€TCs U3 BHICOTHI TOJIOBKHU M BBICOTHI HOXKKH 3y0a:

h=2,25m

3amaHue K NpakTH4YeCKO# padore :

-3aMEpPUTh pa3MepbI 3y0UaToro Kojieca: JUaMeTp BbICTYIIOB, LIUPUHY;

-[1I0ACYHUTATh YUCJIO 3}76BQB;

-paccuuTaTh TEOMETPUUECKUE U KOHTPOIUPYEMBIE TapaMeTphl 3y0UaToro Kojieca;

-BBIMIOJIHUTH ICKU3 3y0UaTOro Kojeca ¢ MPOCTAaHOBKOW OCHOBHBIX Pa3MEpOB.

Xoa BbINOJHEHHUS MPAKTHYECKOIl padoThI

1.IloacumTaTh yncao 3yObeB 3y0UaToro KoJeca.
2. 3aMepHTh MITAaHTCHIIUPKYJIEM Pa3MEpHI:
-IMaMeTp BBICTYIOB da
-IIUPUHY 3y0UYaToro BeHIa b

3.Pe3ynbrarhl u3MepeHuii 3aHeCTH B Tabmuiry 1

Tabnuual. Pe3ynbrarsl uaMepeHuit

Z

da, mm

b, Mmm

4.Paccuntath reOMETPUUECKHE pa3MepPhbl 3y0UaToro Kojeca:
4.1 Moy 3anerieHdss M (OKpYTJIUTh JI0 CTAHJAPTHOTO 3HAYCHHUS);
4.2 nenutenbHbIN auametp d;

4.3 nuameTp BeICTynoB da;
4.4 nuametp Bragud df
4.5 BBICOTY TOJIOBKH 3y0a ha

4.6 BBICOTY HOXKH 3y0a hf

60



4.7 BwicoTy 3y0a h
5.Pe3ysIpTaThl pacueToB 3aHECTH B TaOIHILY 2.

Tabmuma 2. PacdeTHbie pa3mepsl 3y04aToro Kojeca, MM

m d da df ha hf h

6.Paccuntars KOHTpONIHMpPYEMBIE TapaMeTphl 3y0UaToro Koseca:
5.1.4ucno 3yObeB Ha AJIMHE OOIIeH HOpMaJH
n=0.11z+ 0.6 ( OKpyrJIUThH IO LIEIOrO YUCIIA )
5.2.15MHy o0uIel HopManu
W=m[1.476 (2n-1) + 0.0139z ] ( ¢ Tounoctsto 10 0.01)
5.3.BeJIMUMHY MTOCTOSTHHOM XOP/IbI 3y0a
Sc =1,386m ( oxpyrmuts 10 0.01 )
5.4. BBICOTY 10 TOCTOSTHHOM XOPIbI
he = 0.7476m ( oxpyrmuts 10 0.01 )
6. BBIMOJHUTH 3CKU3 3y04aTOro Kojieca, MPOCTAaBUTh Pa3Mephl U 3alI0JIHUTD
Ta0IMITy HA ACKU3E 3y0UaToro Kojieca.

7.0OTBETUTH HA TEOPETUUECKUE BOIIPOCHI.

8.Craenatb BBIBOJ] O TIOTPEITHOCTU U3MEPEHHIM

da acy - dausw
A=—" " 100%
da

pacy

8.CdhopmynupoBath BBIBOJ IO padoTe.

KoHTpoJsbHBIE BONIPOCHI.

1.Kakoit mapameTp omnpenemnsieT BEIUIMHY BCEX TEOMETPUIECKUX pa3MepoB 3yOyda-

TOTO KoJieca?

2.11pu KakoM OCHOBHOM YCJIOBHHU JIBa 3yO4aThIX KOJe€ca MOTYT ObITh BBE/ICHBI B

3alernjieHue?

3.CpaBHUTE BBICOTY F'OJIOBKM U HOXKKH 3y0a.



4 .3anumurte GopMyIIbl IS ONIpeIeTIeHHs] JEMUTEILHOTO JUaMeTpa, TMaMeTpoB

BBICTYIIOB U BIIAAWH MUJIMHAPHUICCKOT'O HpHMOBY6OFO KoJIcCa.

OT4éT 10 BBINOJHEHUIO IPAKTHYECKOH padoThI
[IpakTuueckas padora No7
PacueT reoMeTpruuecKkux pa3mMepoB 3y0UaThIX KOJIEC 10 UX 3aMEPaM.
Llens:

Ocnanienue:
1.Pe3ynbpTaThl U3MEpPEHUI

Tabnumal. Pe3ynbTaThl H3MEpEHHI

Z da, Mmm b, MM

2.Pacuer reoMeTpruUYeCKUX pa3mMepoOB
2.1. Moy b 3anenieHus
2.2. NenuTeNbHBIA TUAMETP
2.3.1uamMeTp BHICTYIIOB
2.4. nuaMeTp BHaJIUH
2.5. BBICOTA T'OJIOBKH 3y0a
2.6. BBICOTA HOXKH 3y0a
2.7.BBIcOTa 3y0a

3. Pesynbrate! Beruncaenuii ( Tab. 2)

Tabnuna 2. Pacdetnsie pazmepsl 3y04aToro Kojieca, MM

m d da df ha hf h

4.BbIBOJ O MOTPEIIHOCTH U3MEPEHUI
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5. Pacuer KOHTpOIMpPYyEMBIX TApaMETPOB
6.9cku3 3y0uaToro Koseca.
7. OTBETHI HA KOHTPOJIBbHBIE BOIIPOCHL.

8. BreiBoj mo padote

Pexomenayemasi jiurepartypa:

eitn6mut A.E. KypcoBoe npoekTupoBaHue fetanei MammH: Y4eb. mocooue. -

N3zn. 2-e, mepepad. u nom. - Kanuauarpaxa: Aurtap. ckasz, 2013. -454c.: un., yept. —

b. o.
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Kpurepuu onieHuBaHM s BHINIOJIHEHHSI JIA0OPATOPHBIX M MPAKTHYECKUX PaldoT.

Ne i/mm Kpurepun onenuBanus Ouenka

BrimonnHeHre paboThl B TTIOJITHOM COOTBETCTBHH C
1 METOANYECKUMHU PEKOMEHIAIMAMHU 0€3 MOMOIIN 5 (OTIMYHO)

npernoaaBaTeiid

BrimonHeHne paboThI B TTOJIHOM COOTBETCTBUU C
METOUIECCKIMH PEKOMEHIAIUSIMHU C HECYIIIECT-
2 4 (xopor1o)
BEHHBIMHU OIMMOKaMU, HCTIPABIICHHBIMU CaMOC-

TOATCJIBHO

BelnonHenue paboTbl B OCHOBHOM B COOTBETC-
TBHH C METOAMYECKUMU PEKOMEHAAIUSAMU C 3
HECYIIIECTBEHHBIMU OIIMOKAaMU, UCTIPABJICH- (YZIOBJIIETBOPUTEIHHO)

HBIMH C IIOMOIIBIO IPEIIOAaBaTCIIA

PEKOMEHAYEMAS JIMTEPATYPA

[Ipy mMOArOTOBKE ¥ BBIMOJHEHUH TMPAKTHUYECKUX PAOOT HEOOXOIUMO
MOJIB30BAThCA ~ TCOPETUYCCKUM  MaTEpHalioM, TMPEACTABICHHBIM B  JIAHHBIX
METOJMYECKUX PEKOMEHJAIuUsAX (B pa3pe3e KakIOoW NPaKTUYECKON paboThl.) H

I'OCTamu Ha netanu, y3/bl U COEIUHEHUS.
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[Tpunoxxenue 2

MunuctepcTBo 00pazoBanus U Hayku YenssOMHCKOM 001acTH
FOCYHapCTBeHHOC 6IOH>K6THOC HpO(bCCCI/IOHaIII)HOG 06p330BaTGJ'II)HOG YUpCKACHUC
«HOxkHO0-YpajabCKHil rOCyIapCTBEHHbIH TEXHUYECKUHN KOJLIEIAD)

OTYET

10 BBIMOJIHEHUIO Ja00PaTOPHBIX U MPAKTUYECKUX pabOT

1o yueOHOM qucuuiuinHe TexHuuecKkas MeXaHHUKa

BBIITOJIHNUII

rpymnmna

POBEPUIL

Yensonnck, 20
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[Ipunoxenue 3
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