MunucrepcTBo 00pa3oBanus u Hayku Poccuiickoii @enepanun
denepanbHOE rocy1apCTBEHHOE OI0KETHOE 00Pa30BaTENbHOE YUPEXKICHUE
BBICIIET0 00pa30BaHUs
«MarHuToropckuii rocyAapCTBEHHbIN TexHrueckuid yauepcurer um. .. HocoBay

MHoronpopuIbHBIA KOJIIEIK

14/ STBEPKIAIO.
55 (> meilupol iy
L\ HCA. MaxXHOBCKHIA))

u 0Ly mapra 20185/

METOAUYECKUE YKA3AHMUSA 11O BBIIIOJTHEHUTIO
IMPAKTUYECKHUX U JIABOPATOPHBIX PABOT

10 y4eOHOH JUCHHILJINHE
OI1.02 Texuuuyeckass MEXaHUKA

AJISA CTYACHTOB ClIENUAJTBHOCTH

22.02.01 MeTauiyprusi 4epHbIX MeTAJLJIOB
0a30BOM MOATOTOBKH

Maruutoropck, 2018



OJOBPEHO Meroauueckoit komuccueinr MnK
[IpeaMeTHO-LIUKIIOBOM KOMUCCHEH [Iporokon Ned4 ot 01.03.2018 1.
MerTamryprus YepHbIX METAJLIOB

IIpencenatens: 1.B. Pemerosa

IIpoTtokon Ne6 ot 21.02.2018 1.

CocraBuTeb.
npenoaasaresib PI'bOY BO «MI'TVY um. I''.Hocosa» MuK Banepust BsiuecnaBoBna Pagomckas

MeTtoauyeckue ykazaHus IO BBINOJIHEHUIO MPAKTUYECKUX U J1a0OpaTOPHBIX paboT pa3paboTaHbl Ha
OCHOBE paboueil mporpaMmbl y4eOHON AUCHUTUIMHBI «TeXHUYecKas MEXaHUKa.
ConepkaHre MPaKTHUECKUX M J1a0OpaTOpHBIX PAabOT OPHEHTHPOBAHO Ha TIOJTOTOBKY OOYYaroOIIMXCS K
OCBOEHHIO MPO(eCCHOHATTBHOTO(BIX) MOAYJIsI(eil) MpOrpaMMbl MOATOTOBKU CHEHAIMCTOB CPEIHEro 3BEHa IO
cnemanbHocTy  22.02.01 Metanmnyprusi 4YepHbIX METaUIOB 0a30BOM TMOATOTOBKM U OBJIAJICHHIO
npohecCHOHATTBHBIMUA KOMITETEHIHSMH.



COJAEP)KAHUE
1 Beenenue

2 Meroauueckue yka3aHus

[IpakTuyeckas padora 1
[IpakTrueckas padora 2
[IpakTuyeckas padora 3
[IpakTrueckas padota 4
[IpakTuyeckas padora 5
[IpakTrueckas padora 6
[IpakTuyeckas pabora 7
[IpakTrueckas padota 8
[IpakTuyeckas padora 9
[IpakTrueckas padora 10
[TpakTuyeckas padora 11
[TpakTrueckas padora 12
[IpakTnueckas padora 13
[IpakTrueckas padora 14
JlaboparopHas padota 1
JlaGopaTopHas pabota 2



1 BBEJAEHUE

Baxxnyto gacTh TeopeTHYECKON M MPOPECCHOHATBHOW MPAKTUYECKONW TMOATOTOBKH OOYJarOITUXCS
COCTABJISIOT IPAKTUUECKUE U JTa0OPATOPHBIE 3AHATHUS.

CoctaB U cojaepkaHHME IMPAKTUYECKUX U JIa0OpaTOPHBIX 3aHSATUIl HamNpaBiCHbl HA peaTn3alUio
denepanbHOTO TOCYIAapCTBEHHOIO 00pa30BaTENLHOTO CTaHAApPTa CPEAHEro MpPOQecCHOHATBHOTO
o0Opa3oBaHus.

Benymieii  aupakTH4ecKOM — IeNbI0  MPAKTHMYECKHX — 3aHATHH  sBisieTcs  (opMupoBaHue
npoeccnoHaNbHBIX MPAKTUYECKUX YMEHUN (YMEHHUI BBINOJIHATH OIpe/eieHHbIE NEHCTBUS, ONepalum,
HEOOXO/JMMBIE B TOCIEAYIOUEM B MPO(ECCHOHAIBLHOW NEATENbHOCTH) MM YYeOHBIX NPAKTUYECKUX
yMEHHH (yMEHHMI pemiath 3aladdl 10 MaTeMmaTuke, (pusuke, ¥ Jp.), HECOOXOJUMBIX B IOCIEAYIOIICH
y4eOHO IesTeTbHOCTH.

Benymeit aumakTuueckoil 1enbi0  J1a0OpAaTOPHBIX 3aHATUN  SABISETCS HKCIEPUMEHTAIBLHOE
IIOATBEP>K/ICHUE U IPOBEPKA CYILIECTBEHHBIX TEOPETUUECKUX T0JI0KEHUH (3aKOHOB, 3aBUCHMOCTEMN ).

B cootBercTtBUM ¢ paboueil mporpamMmol ydeOHON AMCHMIUIMHBI «TeXHHYecKas MEXaHHKa»
IIPEYCMOTPEHO IPOBEJECHHUE NPAKTUUECKUX U JTa0OPATOPHBIX 3aHATHI.

B pe3ynbrarte X BBINOTHEHHSI, 00Y4aIOIIUNACS JOKEH:

ymemp:

- IPOU3BOJIUTH PACUETHI MEXAHUYECKUX MEPeIay U MPOCTEUIINX COOPOYHBIX €IUHUIIL;

- YUTAThb KHHEMATUYECKNUE CXEMBI;

- OIIPEACIIATh HAPSKEHUS] B KOHCTPYKIIMOHHBIX 3JIEMEHTAX.

ConepxaHne MPaKTUYECKUX U JIJAOOPaTOPHBIX 3aHSATHI OPUEHTHPOBAHO HA TIOATOTOBKY O0yJarOIUXCs K
OCBOGHHIO TPOPECCHOHATLHOIO MOAYJS MpPOrpaMMbl TOATOTOBKH CIIEHUATMCTOB CPEAHEro 3BEHA II0
CIELMAILHOCTY U OBJIAJICHUIO HPOPECCUOHATbHBIMU KOMNEMEHUUAMU:

[IK 1.1. OcymiecTBiATh TEXHOJOTMYECKUE ONEPALIUH IO IIPOU3BOICTBY YEPHBIX METAJLIOB.

1K 1.2. Micnonb30BaTh CUCTEMBI aBTOMATHUECKOTO YIPABJICHUS TEXHOJIOTMYECKUM IPOLIECCOM.

I[IK 1.3. DOkcmiyatupoBaTh TEXHOJOTMUECKOE M MOABEMHO-TPAHCIIOPTHOE  00OpYHAOBaHUE,
o0ecrneunBarollee MpoLEeCC IPOU3BOJICTBA YEPHBIX METAILIOB.

1K 1.4. AHam3upoBaTh Ka4eCTBO CHIPbSI U TOTOBOM IPOITYKIIMH.

1K 2.1. IlnanupoBaTh ¥ OPraHN30BbIBaTh COOCTBEHHYIO JAEATEIbHOCTD, pa0OTy MOApa3/IeNeHuUs], CMEHBI,
y4acTKa, OpUra/ibl, KOJUIEKTHBA UCTIONHUTENCH.

[1K 3.1. IIpunnmath ydactre B pa3paOOTKE HOBBIX TEXHOJOTUI U TEXHOJIIOTMYECKUX ITPOLIECCOB.

1K 3.2. YyacTtBoBaTh B 00€CIIEYEHUH U OLIEHKE SKOHOMUYECKON 3(PPEKTUBHOCTH.

A Takxe pOpMUPOBAHUIO 0OU4UX KOMNEMEHUYUIL:

OK 1. TToHnMath CyIHOCTb U COLMANIBHYIO 3HAUMMOCTb CBOEH OyayIel mpodeccuu, mposiBiaTh K Hel
YCTOWYMBBII HHTEPEC.

OK 2. OpraHu3oBbIBaTh COOCTBEHHYIO JI€SITENIBHOCTh, BBIOMpATh THIIOBBIE METOABI M CIIOCOOBI
BBINOJTHEHHUS PO()ECCUOHATBHBIX 3a/1a4, OLIEHUBATh X Y(PEKTUBHOCTh U KAUECTBO.

OK 3. IlpunuMarh pemieHHss B CTaHOAPTHBIX M HECTAHAAPTHBIX CUTYalMsIX M HECTH 3a HHX
OTBETCTBEHHOCTb.

OK 4. OcyuecTBiaaTh MOMCK W HCNOb30BaHKME HH(opManmu, HeoOXoauMoil st 3(h(EeKTUBHOTO
BBITIOJTHEHUS TPOPECCUOHAITBHBIX 3a/1a4, TPOGECCHOHATBHOTO U IMYHOCTHOTO Pa3BUTHSL.

OK 5. Hcnomp3oBath MH(OPMAIMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJIOTUM B MPO(ecCHOHATBHON
JEeATETbHOCTH.

OK 6. Paborare B KOJUIEKTHBE M KOoMaHze, 3(PHeKTUBHO oOLIaThbCs C KOJIEraMu, PYKOBOJCTBOM,
MOTPEOUTEIISIMH.

OK 8. CamocTosATENHHO OMPEACTATH 33/1a4i MPOGECCHOHATBHOTO U TIMYHOCTHOTO Pa3BUTHS, 3aHIMATHCS
caM000pa3zoBaHKEM, OCO3HAHHO [UIAHUPOBATH MOBBIILIEHUE KBATU(PUKALUH.

Brinonnenue o0yyaromuxcst MpakKTUYECKUX W/WIM JIAOOPaTOPHBIX padoT Mo y4eOHOH TUCIMITIIMHE
«TexHuueckas MEXaHHKay HaIMPaBJIEHO HA:

- 000OwWenue, cucmemamuzayuro, y2uyoieHue, 3aKpeniienue, pazeumue u 0emanu3ayuro noay4YeHHbIX
meopemuyecKux 3HaHUull N0 KOHKPEeMHbIM memMam y4eOHot OUCYUNTUHDBL,

- Qpopmuposanue ymeHull NPUMEHAMb NOJYYEHHble 3HAHUA HA NPAKMuUKe, peanu3ayuio eOuHcmea
UHMENeKMY ANbHOU U NPAKMUYECKOU 0eamenbHOCmu,



- hopmuposanue u pazeumue ymeHul: HAOIOOAMb, CPABHUBAMb, CONOCMABIAMb, AHAIUIUPOBAND,
oenamov 6bl800bL U 000OWEHUs, CAMOCMOSIMEIbHO BeCMU UCCIE008AHUS, NOIb308AMbCS PA3NUYHBIMU
npuemamu usmepeHul, 0)opMIsms pe3yibmamol 8 gude maoauy, cxem, 2papuros;

- paszeumue UHMELIeKMYAIbHbIX YMeHUll Yy  OVOyWux CReyuanrucmos:; AaHaiumu4eckux,
NPOEKMUPOBOUHBIX, KOHCIPYKMUBHBIX U OP.;

[pakTryeckne W J1abOpPAaTOpHBIC 3aHATHS IPOBOJITCS ITOCIE COOTBETCTBYIOIICH TEMbI, KOTOpas
o0ecreunBacT HAJIMYKME 3HAHUHM, HEOOXOIUMBIX JIJIS €€ BHITOJIHCHMS.



2METOINYECKHUE YKA3AHUA
Tema 1.2. IL10ckast cucTeMa CXOAAMIMXCHA CHJI

IIpakTnyeckas padora Ne 1
OnpezneneHue peakluii CBSI3U CUCTEMBI CXOAIINUXCS CUIT

IleJib: 3HATh TEOMETPUYUECKUIN U aHATUTHYECKUIN CITIOCOOBI ONIPEACIICHUsI PABHOICHCTBYIOMICH CHJIBI
U YMETh UMM TOJIb30BAThCS; 3HATh YCIIOBUSI PABHOBECHUS IJIOCKON CHUCTEMBI CXOJSIIUXCS CUJI; YMETh
3aMuchIBaTh YPaBHEHHsI PABHOBECHS U UCIIOJIb30BATh UX JIJISl ONPEIETICHUS] HEU3BECTHBIX CHUJI CUCTEMBI.

Bbinosinus padory, Bel Oyaere:

YMETB:
- IPOM3BO/IUTH PACUEThl MEXaHMUECKUX Nepeaay U MPOCTEHIINX COOPOUHBIX €AHHULI.

MarepuajibHoe o0ecnieyeHue:
KoncnekT nekumii, JIMHENKa, KapaHJall, TPAaHCIIOPTUDP, JIACTHK.

3ananmue:
I'py3 monBemnieH Ha CTEP)KHSAX W KaHATaXx M HAXOIUTCS B PABHOBECHH, OIPEICIIUTH YCHIIUS B
CTEPXKHSAX IpaUIECKH U aHATUTUIECKH.

IMopsiiok BBINOJTHEHHS PA0OTHI:

1 TTocTpoHTh pacYETHYIO CXEMY

2 Pemmmth TpadguuecKkuM crocodom.
3 PemmnTh aHAIUTHYECKHUM CIIOCOOOM

Xox pabdoThI:

1.BeraepTuTh YCIOBHE 3a/1a4U M COCTaBUTH PACUETHYIO CXEMY.

VYka3aTh HEM3BECTHBIC PEAKIMH OMOP U M3BECTHBIC CHITBI HA PUCYHKE (CM. a)

BrruepunBaem pacueTHyto cxemy (cM. 0)

2.IMpu pemernn rpad)uuecKuM CIIOCOOOM CTPOUM CHIIOBOM TPEYrOJbHHUK HAYMHAS C HEM3BECTHBIX
cui (cM. B)

45 kH
a 7
HewusBecTHbIC peakiMM CTEP)KHEH MOXKHO OMNpPEAETUTh W3 COOTHOIIEHUS B MPAMOYTOJbHOM
TPEYrOJIbHUKE:
T
sin 3097
R, = R, +sin60°%; R, = 90 + 0.866 = 78 xH

Ty = 45kH; R, = R, = 90 xH

3.Pemienue 3a1a4n aHATUTHYECKUM CIIOCOOOM.
Bri6upaem cucremy koopaunat. Ock X npoBectu yepes peaxiuio R1.
Cuctema ypaBHEHUI paBHOBECHS:
Cymma npoekiuii Ha och X:
R, —R;+cos30% =0; R, = R; #cos30°



T3
cos60°

45
Ry = = 90xH; Ry = 90 « 0.866 = 78xH

Tg _Rz *CDS&GD = ﬂ; Rg =

dopma npeacTaBiaeHus pe3yJabTara:

Jlano: Pemienue:

T3=45 xH

Haiitu:

R1-?

R2-?

Kputepuu ounenkmu:

Onenka 3 — ouH U3 CIOCOOOB PaCCUUTAH BEPHO.

Onenka 4 — o6a crioco0a MOCYUTAHBI BEPHO, Pa3HUIA MEXKTy IMOTYyYCHHBIMU 3HAYCHUSIMU HE OoJiee
5%.

Onenka 5 — 3ammTa paboThI( YCTHBIN OMPOC MO KOHCIICKTY).



Tema 1.4. Ilitockas cucTeMa NPOMU3BOJILHO PACIOJIOKEHHBIX CHJI

IIpakTuyeckasi padora Ne 2
OnpejienieHre peakiiiii Oop B 2X OLIOPHOI Dayike

Iesb: nMeTh MpeACTaBICHUE O BHJIAX OMOP OAJTOYHBIX CHCTEM M BOZHHKAIOIIUX B HUX PEAKIUSX.
3Hath (OPMBI YpaBHEHUI paBHOBECHS IUIOCKOM CHCTEMbI IPOU3BOJIBHO PACIIONOKEHHBIX CHII U YMETh MX
MCTIOJIB30BATH JJISl ONPEICTICHHUS PEaKMi Ay1si OAJIKH ¢ IMIaPHUPHBIMH OTIOPAMHU.

Bbinosinus padory, Bel Oyaere:

YMETB:
- IPOM3BOIUTH PACUEThl MEXaHMUECKUX Nepeaay U MPOCTEHIINX COOPOUHBIX EIUHHII.

MarepuajibHoe o0ecnieyeHue:
Koncnekr nekumii, JIMHENKA, KapaHJall, JIACTHK.

3ananmue:

Onpenenuth BENTWYMHBI PEAKIM B IIApHUpPaxX ABYX omopHoil Oanku. IlpoBeputh mpaBUIBHOCTH
pelieHusl.

Ilopsinok BbINOJHEHHS PadOTHI:

1. yka3aTp Ha cXeMe peakLUu OIop.

2. COCTaBUTh YypPaBHEHHE DPABHOBECHS - CyMMa BCEX CHJI OTHOCHUTEIBHO OCH X, YpPaBHEHUS
paBHOBECHSI — CyMMa MOMEHTOB BCEX CHJI OTHOCUTEIIBHO TOYKH.

3. BBIPA3UTh U3 MOITYYEHHBIX YPAaBHEHUN HEM3BECTHBIE PEAKIIUU OIIOP.

4. mpoBecTH IPOBEPKY PELICHUS.

Xonx padoTsI:

1. I/I306pa>KaeM Ha CXEMC HCU3BCCTHBIC PCAKIIUU OIIOP.

Ryc > el M RV /L— 7 L

i S € R
(1 [2

2. COCTE[BJ'IHCM YpaBHCHHA PaBHOBCCHA MOMCHTOB OTHOCUTCIIBHO TOYKH
B =Mj = F1-4-M+Ryc-2= 0,
C Mc = -Rys-2-M+F1-6= 0
U CyMMY HpOCKI_[I/Iﬁ Ha OChb X
YFx= Rx-F2=0

3. BBIpaXaeM HEM3BECTHBIC U3 MOJYYCHHBIX YPaBHEHUH
—F1-4+M

Rye=——"



_ Fle—M

- ’
&

Rys
Rx = F2.

Ecnu B pe3ynbrare peakius Onopsl MOJIy4aeTcsi OTPULATEIBLHON TO HA CXEME HYKHO HAPaBUTh 3TY
PEaKIHIO B MPOTUBOMOJIOKHYIO CTOPOHY. Tor/a B OTBET 3aMUIIEM MOJIOKHUTEIIBHOE 3HAUCHHE.

(I)opMa NnpeacraBjJacHusd pedyjabTara:

Jlano: Pemenmne:

F1=2 H M

F2=4 H Ryc - S T Rva F1
F3=7H — ~

M= 8 H'm Rx 4 /CZ
LI=2m Z7 12

L2=4 m

Haiitu: Oraer:
Rys =?
Rx=7?

Ryc =7

Kputepun onenkmn:

Onenka 3 — Peakuuu onop ykas3aHbl Ha CXe€M€ NIPaBUIIbHO, OJJHA U3 PEAKLIUI BEPHO TOCYMTAHA.
Onenka 4 — Peakiuu onop yka3aHbl Ha CX€M€ [TPaBUIIBHO, JIB€ PEAKIIUHU ONOPHI IOCYUTAHBI BEPHO.
Onenka 5 — Peakiiuu onop yka3zaHbl Ha CXeM€ BEPHO, BCE TPU OCYUTAHbI IIPABUIIBLHO.

JloTOJIHNTEIbHASL OLIEHKA 32 3A1IUTY Pa0OThI YCTHO MO CIIMCKY BOIIPOCOB:
1. IIporoBopuTh Ha3BaHUS ONOP U300PAKEHHBIX HA CXEME.
2. OOBACHUTH MMOYEMY B KXKJIOW U3 HUX BOSHUKAIOT MMEHHO TaKHeE PEaKIIHU.

3. CocTaBHTh YpaBHEHUEC MOMCHTOB  OTHOCHUTCIIBHO HpOHBBOJ’ILHOﬁ TOYKH BLI6paHHOfI
npenoaaBaTejICM.



Tema 1.4. I1l10ckasi cucTEMA NPOM3BOJLHO PACIOJ0KEHHBIX CHJI

IIpakTnyeckas padora Ne 3
OnpenelieHue peakiiui Oop B JKECTKOU 3aJICTIKE

Iesan: B pe3ynbraTe BBIIOJHEHHUS paOOTHI CTYIEHT JOJDKEH HUMETh MPEICTaBIEHUE O BUAAX OINOP
0aJOYHBIX CHCTEM M BO3HHMKAIOIIMX B HHUX peakUusaX. 3HaTh (OpMbI YpaBHEHUIH pPaBHOBECHS IJIOCKOM
CUCTEMBI IIPOU3BOJIBHO PACIIONOKEHHBIX CHJI YMETh MX HMCIOJIb30BaTh IS OIPENEICHUS HEU3BECTHBIX
peakuuil B ornopax. ¥ MeThb BBIIIOIHATh IPOBEPKY ITPABUILHOCTH PEILICHUS.

Boinosinus padory, Bel Oyaere:

YMETb:
- IPOU3BOJIUTH PACUETHI MEXAHUUYECKUX ME€PENAY U MPOCTEUIINX COOPOUYHBIX €IUHULI.

MarepunanbHoe obecrnieyeHue:
KoncnexT nekunit, yaeOHUKH, HHTEPHET-PECYpPCHI, IMHEHKa, KapaHIalll, JIACTHK.

3aganue:;
Onpenenuth BEIUYMHBI pEaKUMi B 3aJ€JKe OJHOONOpHON Oanku. IlpoBeputh NpaBUIBHOCTH
pelieHusl.

ITopsinok BbINoOJIHEHUs padoOThI:

1. yka3aTb Ha cXxeMe peakluu OIop.

2. COCTaBUTh YypaBHEHHE DPABHOBECHS - CyMMa BCEX CHJI OTHOCUTEIBHO OCH X, ypaBHEHUS
paBHOBECHS — CyMMa MOMEHTOB BCEX CHJI OTHOCUTEIIBHO TOUKH.

3. BBIPa3UTh U3 MOJYYEHHBIX YPABHEHUN HEN3BECTHBIEC PEAKLIUU OIOP.

4. mpoBecTU IPOBEPKY PEIICHUS.

Xoa paGoTsI:
1.1300paxkaeM Ha cxeMe HEU3BECTHBIE PEAKIIMH OTI0P.

ol e, 74

= 2
R rn
Mr A

B/ 7| B G
TR

g il —

A

2.CocraisieM ypaBHEHUS PAaBHOBECHSI MOMEHTOB OTHOCHUTEIIBHO TOYKH
B XMg = F1-4-M+Ry-6-Mg = 0
C XMc = -Mg-M-F1-2+F2:6 =0

U CyMMY MPOEKIIUK Ha OCh X
YFx=Rx-F2=0

3. BelpaskaeM HeM3BECTHBIE U3 TIOTYYEHHBIX YpaBHEHHHA
_Mp+M-F1-4
Ry=—""F""",



Mg = -M-F1-2+F2-6,

Rx=F3.

4 IlpoBepka:

>Fy=F1-F2+Ry =0

Oteet: Mg= H*m; Rx= H; Ry= H.

Ecnu B pe3ynpTaTe peakuys Cuiibl IOJIy4aeTcsl OTPULIATENbHOM TO HA CXEME HYKHO HAaIIPaBUTh 3Ty
peaxkuuIo B IPOTUBOIOJIOKHYIO CTOPOHY. Toraa B OTBET 3alUIIEM 10JIOKUTEIBHOE 3HAYCHHE.

®opma npeacTaBiaeHusi pe3yJabTara:

Hano: Pemenne:

L1=2,m

L2=8, M o 1 M = /C Z

F1=2,H

= 7

F2:18, H Mr /1: !j Fj
F3=16,H = /C7

M=6, H'-m

A

HaiiTu: —— T —

M R — ?
OTBeT:

Rx=7?

Kputepun onenkn:

Onenka 3 — Peakuuu onop ykas3aHbl Ha CXe€M€ NIPaBUIIbHO, OJJHA U3 PEAKLIUI BEPHO [TOCYMTAHA.
Onenka 4 — Peakiuu onop yka3aHbl Ha CXEM€ [IPaBUWIBHO, JIBE€ PEAKIIUHU ONOPBI IOCUUTAHBI BEPHO.
Onenka 5 — Peakiiuu onop yka3zaHbl Ha CXeM€ BEPHO, BCE TPU OCYUTAHbI IPABUIILHO.

JlonotHUTeILHAS OLIeHKA 32 3a1IUTY Pa00oThl YCTHO 1O CIIMCKY BONPOCOB:
1.IIporoBopuTh Ha3BaHUs OMOPHI H300PAKEHHOM Ha CXEME.
2.00BSCHUTH MOYEMY B ONOPE BOZHUKAIOT MMEHHO TaKHe peaKkiuu.
3.CocTaBUTh ypaBHEHHE MOMEHTOB OTHOCHUTEIBHO IPOU3BOJBHON TOYKM BBIOpaHHOM
MpernojaBaTesieM.
4.Kakue ypaBHEeHUs paBHOBECHs OBIBAIOT.



Tema 1.5. IleHTp TsIzKEeCTH

IIpakTnyeckas padora Ne 4
OmpenelneHie IEHTPAa THKECTH IIOCKOH (DUTYpBI, COCTABJIEHHOW W3 CTaHAAPTHBIX Ipoduiei

IIpoKara

Lennb: B pe3ynbrare BBINOJIHEHUS padOThI CTYJEHT JOJDKEH 3HAaTh METOJ/bl ONPEICIICHUs LIEHTpa
TSKECTU Tena U (OpMyJbl A ONpPENENICHHs IMOJIOKEHHs LIEHTpa TSDKECTH IUIOCKUX (Guryp. YMeThb
OTIPEJIENIATH TOJI0KEHUE LIEHTPA TSKECTH CIOKHBIX TE€OMETPUUYECKUX QUTYp U (UTyp, COCTABICHHBIX U3
CTaHJApTHBIX PO UIIEH.

BbinosinuB padory, Bel Oyaere:

YMETB:
- IPOM3BOIUTH PACUEThl MEXaHUUECKUX Nepeaay U MPOCTEHIINX COOPOUHBIX €AHHULI.

MarepuajibHoe o0ecnieyeHue:
Koncnekr nekuuii, yaeOHUKHN, UHTEPHET-PECYPCHI, INHEHKa, KapaHJalll, JJACTHK.

3ananmue:
OnpeenuTh MOJIOKEHHUE IIEHTPA TSHKECTH CEUCHHs, COCTABJICHHOIO U3 CTAaHAAPTHBIX MPOQHUIICH.

IMopsinok BbINoJIHEHUs PAdOTHI:

1. yka3arh rabapuTHBIE pa3Mepa COCTaBHBIX QUTYD.

2. ONpeNeNnuTh OTHOCHUTEIHHO BBIOPAHHOW CHUCTEMBbI KOOPAWHAT IOJIOKEHHS IEHTPA TKECTU
Kax10i Qyrypsl.

3. OIpEeNeNIUTh IUIOMIAb KaXKI0W (DUTYPHI.

4. 3arOTHUTPH MOJTYYCHHBIC 3HAYCHNUS B TAONHUILY.

5. onmpenenuTh HEHTP TSHKECTH COCTAaBHOTO CCUCHHUS.

6. OTMETHTB Ha ceMe MOJIOKEHHE [IEHTPA THKECTH.

Xoa paGoTsI:
1.1300paxaeM Ha cxeme rabapuTHbIE pa3Mepbl KaX0H GUTYpHI.
PazmMepsl Mos1ochl yKazaHbl B CJIOBUHU 33J1aui, pa3Mephl CTaHIapTHBIX Npoduiei 6epem 1o Homepy

npodust u3 Tabmuiel TOCT b u h.
ITpoBepsieM eTMHMIIBI H3MEPEHUS, OHU JIOJIKHBI BCE OBITH OJJHHAKOBBIMH.

2. OnpezensieM MOJIOKEHUSI LIEHTPA TAXKECTU KXo (PUTYpHI.
L{eHTp TSKECTH MOJIOCHI JIEKUT TAKXKE KaK U Y IPSAMOYTOJIbHUKA HA IEPECEUEHUH €r0 JUaroHaJeu.

LlenTps! TsDKECTH Mpod et AByTaBpa, HIBeiiepa U yroika ykazansl B Tabmuue OCT.

c3




3.0mpenensieM miomagy GUryp.
[Tioma e moockl HaxoquM 1o Gopmysie A = b X h, mByTaBp, MBE/UIEP U YTOJOK HAXOIUM B TaOJIHUIIE

I'OCT.

4.3amonHuTh TaOJIUIly CBOMMHU 3HAYEHUSIMH.

Qurypa | Purypa | Gurypa | durypa
1 2 3 4
ITnomane, A
Koopaunara,
X
Koopaunara,
y

5.M3 Ta6J'II/II_IBI IoACTaBJIIEM 3HAYCHUA B q)OpMy.Hy AJI1 OIIPCACIICHUA O6IJ_[CFO LHCHTpPAa TAKCCTU

A X R A X AR X T A XK
A+ A, + A; T A

Xc

_A1XF1+AEXF2+AHKFH+A4XF4
A +A, + A+ A,

¥

6. OTMCTI/ITB IICHTp TAXKECTU COCTABHOTO CCUCHUA HA pI/ICYHKe 110 paC'-II/ITaHHBIM 3HAYCHUAM.
OtBet: Xc= ; Yc=

®opma nmpeacTaBJieHus pe3yJbTarTa:

Hano: Pemienue:

ITpodwis aByTaBpa Ne
12

[Tpodwik mBemIEpa
Ne 16

128x10

CeueHue mM0JI0CHI : ’

[Tpoduns yronka
paBHOOOKOTO No5 Ortser:

Haitu:

Xc=?

Ve =9




Kpurtepun onenkmn:

Ornenka 3 —Tabnuna 3anoaHeHa BEPHO, SIWHULIBI H3MEPEHUs OAMHAKOBEI 60siee ueM 50%.
Onenka 4 — Tabnu1ia 3amoHEHO BEPHO, BCE €MHUIIBI U3MEPEHUST OJJUHAKOBBI.

Ornenka 5 — OOmuiA EHTP TSHKECTH MOCYUTAH U YKa3aH Ha CXeMe BEPHO.

Jlono/tHUTEeIbHASA OLIEHKA 32 3a1UTY Pa00ThI YCTHO IO CIIMCKY BOIIPOCOB:
1.IIporoBopuTh Ha3BaHUS CTAaHAAPTHHIX MPOQHIIEH MpoKara.
2.IIporoBopuTh e HaXoIATCs LIEHTPBI TSKECTH Y IPOCTHIX PUTYD.
3.Hanmcatp ypaBHEHUS Ul HAXO0KJICHHSI KOOPAMHAT OOIIETO LEHTPA TSKECTH.



Tema 2.2 Ilpocreiiline IBHKEHUS TBEPAOIo TeJia

IIpakTnyeckas padora Ne 5
Pemenne 3a1a4 Ha MOCTYNATENbHOE M BPALIATEIIEHOE JIBMKECHHS

Lesn: UMeTh peCTaBICHUE O MOCTYMATSILHOM U BPAIIaTEIbHOM JIBUKCHUSX TBEPJIOTO TEa U X
napamerpax. 3HATh CIOCOOBI 3aJaHus JBWKCHHS. 3HATh O0OO3HAUCHUsS, CJAMHUIBI H3MEPCHUS,
B3aMMOCBSI3b KHHEMATHYECKHUX MapaMeTPOB JABIKEHHSI. ¥ METh ONPEIENIATh KHHEMATHYECKHE ITapaMeTphl

JBWKECHUS.
Beinosinus padory, Bel Oyaere:
YMETb:

- IPOU3BOJIUTH PACUETHI MEXAHUYECKUX NE€PENAY U MIPOCTEUIINX COOPOUYHBIX €IUHULI.

MarepunanbHoe obecrnieyeHue:
KoncnexT nekunii, yaeOHUKH, HHTEPHET-PECYpPChI, IMHEHKa, KapaHIalll, JIACTHK.

3aganue:

OrnpenenuTh BUJ IBUKEHUS Ha KKJOM Y4YacTKe, 3alucaTh 3aKOH JBMIKEHUS Ha KKIOM Y4YacTKe.
OnpenenuTth MOMHBINA yrojl MOBOPOTA 32 BpeMsl ABMXKEHUS W IMOJHOE YHCIO OOOpPOTOB IIKKBA 3a 3TO
BpeMs. OnpenenuTh yrioByK CKOPOCTh, HOPMaJIbHOE YCKOPEHUE M KacaTelIbHOE B yKa3aHHbIE MOMEHTHI

BpCMCHHU.

ITopsinok BeINOJIHEHHS PadOTHI:
1. mo rpaduKy onpenenuTs BUI ABMKEHHS Ha KQXKIOM y4acTKe

2.,[[.]'[5[ KaXJI0ro y4dacTka OIIpCACIINTb YIJIOBOC YCKOPCHHUC, IMOJIHOC YHUCIIO 060pOTOB, YIJIOBYIO

CKOPOCTb.

Xoa paGoThI:

1.ITo 3aganHOMY rpauKy ciIeayeT pacCMOTPETh 3 yyacTKa JBH)KEHUSI.

[epBEIif y9acTOK — pa3roH U3 COCTOSHHSI MTOKOS (PaBHOYCKOPEHHOE JIBUKCHHUE).

VYpaBHeHHEe JBUXKEHUS 3a/1aHHO 10 (hopmyIie

¢ = otop*t+(e*t)/2

2.B nannom ciydae go=0, o =0

Clie0BaTelbHO ¢ = (£%t9)/2

Otkyna € = (29)/ t?

Teno u3 cocrostuust nokos cruenano 1000 060poToB 3a 2 ceKyHIbI, OAUH 000pOT paBeH 29 paauaH.
CanenoBarensHo ¢ = 20009 paguan.

Torna MoxxeM onpenenuTh 3HAaYeHHE YTIIOBOTO YCKopeHus € = (2*2000*9)/ t? =3140 pan/cz.
[TonHOE YKCIO 00OPOTOB HA MIEPBOM y4yacTKe paBHO z = @/2* = 2000*9/2*9 = 1000 060opoTOB.
VYrioBast ckopocTh paBHa ® = (2*4*n)/60 = 2*9*1000/60 = 104,7 pan/c.

B oTBeTe yka3biBaeM 3HaY€HHUs Ha BCEX TPEX Y4aCTKaxX U MOJIHBIM yrojl MOBOPOTA U YUCIO OOPOTOB.



®opma npeacTaBiaeHus pe3yJabTara:

JaHo: Pemenue:

I'padux nBrKEeHUS

Haiitu:

Ortser:

Kpurepun oneHku:
3 — BCC TpH y4aCTKa IMPAaBUJIbHO 3aJIaHbl YPAaBHCHUSA IBUKCHUA U IMIOCUKUTAH YI'OJI ITIOBOPOTA.
4 — s KaXA0Tro y4yacTKa BEPHO PACCUUTAHBI YTIIOBasi CKOPOCTh, YTIIOBOE YCKOPEHHUE U YHCIIO 0O0OPOTOB.
5 — ompeesieH MOTHBIN YroJI MOBOPOTA U TOJTHOE YUCIO 000POTOB IIKHUBA.

I[OHOJ'[HI/ITCJILHQH OILICHKA 3a 3allUTy paGOTbI YCTHO 110 CITUCKY BOIIPOCOB:
1. 3akoHBI NMOCTYHATCIIbHOT'O ABHUKCHUSA TOYKU AJII PABHOMEPHOI'O JABUKCHUA
2. 3aKoHBI BpamaTCJIbHOIr0 ABMIKCHUSA TOYKH AJI PaBHOIICPEMCHHOI'O JABUKCHU.
3. 3aKkoHBI MOCTYNATCJIIbHOTO ABUKCHUA TOYKU PABHOIICPEMCHHOI'O ABUIKCHU.
3aKOHEBI BpamaTCJIbHOIO ABUKCHUS TOYKH PABHOMCPHOTI'O ABHUIKCHUA.



Tema 3.2 Pab6oTa u MomHOCTb. O01IME TEOPpEeMBbI AUHAMUKH

IIpakTnyeckas padora Ne 6
Pemenue 3amau Ha onpeeneHue padoThl M MOITHOCTH

Iennb: 3HaTH aKCMOMBI JUHAMMKU U MAaTEMaTUYECKOE BBIPA)KECHHE OCHOBHOI'O 3aKOHA JMHAMUKH.
Wmetsb npeacTaBieHue 0 TPEHUU U CUJIe TPEHUS, Crjle HHEPIUH. 3HATh ()OPMYIIBI ISl ONPEACTICHHUS CUITbI
TPEHHUs U CUJIbI MHEPIMU. 3HaTh (GOPMYJIbI Ul ONpeAeaeHns padoThl U MOLUIHOCTH MPH MOCTYHATEIbHOM
n BpawmaresnbHoM aBkeHusax. KIIJ[. YMmers paccunThiBath pabOTy M MOIIHOCTh C YYETOM IOTEPH Ha
TPEHUE U CUJI HHEPLIMH.

Bbinosinus padory, Bel Oyaere:

YMETB:
- IPOM3BO/IUTH PACUEThl MEXaHMUECKUX Nepeaay U MPOCTEHIINX COOPOUHBIX €AHHULI.

MarepuajibHoe o0ecnieyeHue:
Koncnekr nekuuii, yaeOHUKHM, UHTEPHET-PECYPCHI, INHEHKa, KapaH/Jalll, TACTHK.

3agaHue: onpeaeTuTh TOTPEOHYIO MOIITHOCTD AJICKTPOIBUTATEIIS JTH(TA.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTLI:

1. mo I‘pa(bI/IKy OIPCACIINTG BUJ ABUKCHHA HaA KAXIOM YYACTKE, OIPCACIIUTL CUIIY HATSIKCHUA
KaHarta.

2.paC‘lI/ITaTB HCO6XOI[I/IMYIO MOIIHOCTBH ABHUI'aTCJIA

Xox pabdoThI:
1.3anan rpaguk m3MeHeHus: ckopoctu iudra mpu noaseme. Macca nudrta 2800 kr. Omnpenenutsb

HaTsKCHUEC KaHaTa.
PaCCMOTpI/IM Y4acCTOK 1- noaABEM C YCKOPCHHUEM.

Q

VYpaBHeHue paBHOBecHs kKaOuHbl udTa: XFX = T1-G-Fun = 0

I'ne G = mg, Fun = ma,

T — HaTsKeHHEe KaHaTa,

G - cuiia TSKECTH,

FuH - cuia uHEpLUK, pacTATHBAIOIIAST KaHAT.

Jliig onpesienieHust ycKOpeHHs Ha ydacTke 1 yurem, 4to

Tak 11st KaXA0r0 y4acTKa pacCUMTaTh HATSHKEHHE KaHaTa

2.0npenenuTh OOIIMI MyTh MPONACHHBIA JHUPTOM 32 BCE BpeMs ABWKEHUSA. [ 9TOrO paccumThiBaeM
MyTh MPOUEHHBIA TUPTOM Ha KAXKJIOM YUaCTKE, YUUTHIBASI XapaKTep ABUKCHHUS.

s

a
51:SD+VD*I.'+

Jlanmee MO>KHO OIIPEJENIUTh CKOPOCTh MOJbeMa Ipy3a, IpU 3TOM B (popMyiy IMOJCTaBlIsieM BeCh MYyTh
PO IECHHBIN THU(TOM.



ITonesnas momuocte P =G *V = 28000*5 =140000 Bt

(I)opMa NpeacraBjJacHusd pedyJjabTara:

Hano: Pemenne:

I'paduk nBrKEHUS

Haiitu:
T1-? ‘
T2-?

T3-?

P-?

Ortser:

Kpurepuu onenku:
3 — BCE TpH y4acTKa NPaBWIILHO TIOCUMTAHBI CHJIBI HATSDKCHUS KaHAaTa.
4 — ISt KOKAO0TO Y4acTKa BEPHO PACCUUTAH MYyTh MPOUICHHBIH T ()TOM.
5 — ompezeneHa MOITHOCTD JIBUTATEIS.

JlonoTHUTeIbHAS OLICHKA 32 3aIIUTY PA00ThI YCTHO IO CIIMCKY BONPOCOB:
1.3aK0HBI TPEHUS CKOJILKEHUS
2.MeTos KUHETOCTaTHUKH.
3.PabpTa npu npsIMONMHEHHOM 1 BpamaTeIbHOM JIBHKCHHU.
4. MOITHOCTB MPH MOCTYNATEIBHOM U BpalaTeIbHOM JIBUKEHUU




Tema 4.2 PacTsizkeHHe U cxKaTHE
IIpakTnyeckas padora Ne 7
Pac4€r Ha IPOYHOCTH NPU PACTSKEHUU U CHKATHUM.

Lesab: B pe3ynbraTe BBHINOJHEHHUS PAaOOTHI CTYAEHT JOJDKEH 3HATh IMPAaBHJIA MOCTPOCHHS DITIOP
IIPOOJIBHBIX CUJI M HOPMAJIbHBIX HAIIPSKEHHUH B MONIEPEYHOM CeueHUH Opyca, yMeTh C IOMOILBIO METOia
CEYECHMU CTPOUTH SMIOPHI IPOAOIBHBIX CUJI U HOPMAJIbHBIX HAIIPSKEHUN.

Beinosnus padory, Bel Oyaere:

YMETb:
- OIPEACIIATh HAMPSKEHUS] B KOHCTPYKIIMOHHBIX 3JIEMEHTAX.

MarepunanbHoe obecrnieyeHue:
KoncnexT nekunit, yaeOHUKH, HHTEPHET-PECYpPCHI, IMHEHKa, KapaHIalll, JIACTHK.

3ananue:
1.ITocTpouTh O METOY CEYEHUM AMIOPY MPOJAOTBHBIX CHJL.
2.PaccunTarh BEIMYUHBI HOPMAJIBHBIX HANPSHKEHUU U IOCTPOUTD SITIOPY..

Ilopsinok BbINOJIHEHHS PadOTHI:

1. nenum Opyc Ha y4yacTKU IO METOAY CEYEHHH M PacCUUTHIBAEM IPOJIOJIbHYIO CHIIy Ha KaXKIOM
y4acTKe.

2. OonpeacisicM BCJIMYHUHBI HOPMaJIbHBIX HaHpH)KeHI/If/'I MO0 CCUYCHUAM C YYCTOM HU3MCHCHUA IJI0IIAaN
IIOIICPECYHOr0 CCUCHUS.

3. CTpPOUM 3IIIOPHI.

Xoa pa6oTsI:

1. nenum Opyc Ha y4acTKHM IO METOJY CEUEHUH M pacCUMTHIBAEM IPOAOJIBHYIO CHIIy Ha KaXKIOM
y4dacTKe.

— ~ i
- F1 ' o - F2
o *——— < E&:' Q | S
! F3 !
i
N F2
1)yuactok
|
| F2
& o K ° >

2) y4acTok



F1 ' I F2

- = o
;-11 ° > S (;\: iy >
' !
!
3) ydactok ¥e
ITo METOAY CEYCHHI OIIPENIEIIUTD MPOJIOJIBHYIO
N, (H) Ha xaxxqom y4yacTke.
N1=F2=10«H

N2 =F2-F3=10-5=5kH
N3 = F2-F3+F1 = 10-5+30 = 35 kH

_ D'=x 2 .
ITo dbopmyite A=—r, (Mm°) WJIH A= Rxn,
HAWTH IUIOIIAh KAXKIOTO KPYTJIOTO CEUSHUSI.
p* 3.14x3e?
Al =2 =220 —1017,36 Mm?
a 4
o* 314 x20"
A2 =T = 20T 314 v
4 a
o2 3.14 % 30°
A3 = ’”: = f: =706,5 MM°

cuiLy

(Mv?)

2. onpeacisieM BCIMYHMHBI HOPMAJIbHBIX HaHpﬂ)KeHI/Iﬁ MO0 CCUCHUSAM C YYCTOM HU3MCHCHUSA IJIOIIAAN

IOMNEPECUHOTI0 CCUCHUA.

HCXOI[?I N3 IMOJTYYCHHBIX 3HAYCHHUH HaxXOJuM HOPMAJIbHOC HAIIPAOKCHHUEC Ha KaXIOM YYaCTKE

_ _N(EH) 2
T = sy (H/mv” win MTa).
_ N1 _ 1ox10® )
al=uT 1017,36 9,8 MIla, (H/MMm")
]
g2 = Nz _ Bxi100 15,9 MITa, (H/MMZ)
Az 314
t3
a3 = N3 = 35x107 =495 MHa, (H/MMZ)
A3 706.5

3.Ctpoum smtopsl N 1 6.

35

Nk T

495

59

98

a, MMa




®opma mpeacTaBJieHus pe3yJbTarTa:

Hano: Pemenne:
F1=30xkH =
‘ i A
F2 =10 kH | F1 ’ Q*T' F2
= e = <—eo oy e
| s s
F3=5kH |
LS |
D3 =30 Mm | F3 | '
D2 =20 mm 35
D1 =36 mm
Haiitu: moctpouth i
SIIOPBI. 5
N, K I
495
59
98
g, MIa
OtBer:

Kpurtepun onenku:
Ouenka 3 — [lo MmeTony ceueHuii MpaBUIIbHO OTIPEAEIICHA MPOAOJIbHAS CUJIa Ha KAXKIOM.
Onenka 4 — Ilo MeToay ceueHull MpaBUIIbHO OIpEJEeHa MPOAOJbHAS CHUJla Ha KaXKJIOM Y4acTKe U

I/I3o6pa>1<eHa OIropa. HpaBI/IJ'ILHO MMOCYXTAHBI IJIOIIAIN CEUCHUH.

Omnenka 5 — Ilo MeTony cedeHHil MPaBUILHO OIpPEAesieHa POI0JIbHAS CHUJIa Ha KaKJIOM y4acTKe U

I/I306pa)KeHa SIIrOpa. HpaBI/IJ'IBHO IMOCYXTAHBI IIJIOIIAAN CEUCHHUH. HpaBI/IJIBHO MOCUUTAHBI HAIIPAKCHU A HaA
KaXXJI0M Y4YaCTKE U €CTh J1110pa.

JlonoJIHUTEe/IbHASA OLIEHKA 32 3alIIUTY Pa00ThI YCTHO MO CIUCKY BONPOCOB:
1.ITporoBopuTh €AMHUILIBI U3MEPEHUS 3HAUCHUN CUJI, HAPSDKEHUH U IIT0IaIeH.
2.0npenenuTs T/I€ HanOOJIEe ONTACHOE ceueHue opyca.
3.IIporoBoputh GopMymy i HAXOKACHUS HAMIPSHKSHUS
4.Kakue BHyTpEHHUE CUJIOBBIE (DAKTOPHI BOZHUKAIOT MPHU PACTSHKEHUH B CKATHU.
5.1IpaBuio 3HaKOB JJIs1 POJOJIBHOMN CUIIBL.



Tema 4.2. PacTshkeHUE U CoKATHE

IIpakTnyeckas padora Ne 8
OnpeaeneHune paunoHanbHbIX ceyeHuii bpyca

I_[e.m,: B PC3YyJIbTATC BBLIIIOJHCHUA paGOTBI CTYACHT OOJDKCH 3HATH IIpaBUWJIa IMMOCTPOCHUA SIIIOP

MIPOJIOJILHBIX CHJI 1 HOPMAJIbHBIX HAIPSKEHUN B MOMEPEYHOM CEUEHUU Opyca, YMETh C IOMOIIBI0 METO/1a
CEUEHUHN CTPOUTDH SMIOPHI MPOAOJIBHBIX CHUJI U HOPMAJIbHBIX HanpskeHuil. [IpoBoauTh KOHCTpyHpOBaHUE
Opyca ¢ yu4eToM IMOJIyYeHHBIX 3HAYCHUH U3 YCIOBUS IPOYHOCTH.

BbinosinuB padory, Bel Oyaere:

YMETB:
- OIIPEACIIATh HANPSIKEHHUS B KOHCTPYKLIMOHHBIX 3JIEMEHTAX.

MarepuajibHoe o0ecnieyeHue:
Koncnekr nekuuii, yaeOHUKHM, UHTEPHET-PECYPCHI, INHEHKa, KapaH Jalll, JACTHK.

3ananue:

1.ITocTpouTh 1O METOAY CEUEHUH MIOPY MPOIOIBHBIX CHJL.
2.PaccunTaTh BEIMYMHBI HOPMAJIBHBIX HAMPSDKEHUM U IIOCTPOUTD SITIOPY.
3.IIpoBecTu pacyer Ha MPOYHOCTb.

4 VI3mMeHHuTh pa3mMepsl ceueHui Ha Oosiee palluoHaIbHBIE.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTLI:
1. JACIINM 6pyC Ha y4aCTKH II0 METOLY CeUYCHUH U pacCuUUuTbIBACM IMPOAOJBHYHO CHUIIY Ha KaKIAOM

yUacTKe.

2. opeaciisieM BCIMYHMHBI HOPMAJIbHBIX HaHpH)KeHI/Iﬁ MO0 CCUCHUSAM C YYCTOM HU3MCHCHUSA IJIOIIAAN

IOMNEPECUHOI0 CCUCHUA.

3. CTpOUM 3MIOPHI.
4.IloncraBnseM B GOpMYyITy IPOYHOCTH TTOJYYCHHBIC 3HAUCHHS KaCaTEIbHBIX HAMPSKECHUM.
5.I1o ycnoBHIO IPOYHOCTH MEHSIEM Pa3MEPhl CEYECHHM.

Xoa pa0doThI:

1. nenum Opyc Ha y4acTKH IO METOJY CEUEHUH M pacCUMTHIBAEM IPOAOIBHYIO CHIIy Ha KaXKIOM

y4acTKe.

_j‘ . | ‘
F1 . “ F2

_ *——— < %‘ ' ) -

! F3 | !

i
N F2
1)yuactok
|
—~d F2
< o = Y >

2) y4acTok



F1 | A F2

S = O
sy ® - . ° %, 1y, >
' !
F3 !
3) ydactok
ITo METOAY CEYCHHI OIIPENIEIIUTD MPOJIOJIBHYIO

N, (H) Ha xaxxqom y4yacTke.
N1=F2=10«H
N2 =F2-F3 =10-5=5kH
N3 = F2-F3+F1 = 10-5+30 = 35 kH

_ D'=x

ITo popmyie A=—rm, (M) UK A= R*xm

HaWTHU IJIOMIA/b KaXKIOTO KPYTJIOro CEUECHHUS.

Al =22 = 2225 = 1017,36 mu?
A2 = D — 31420 =314 MMZ
4 4
I I
A3 =2 = 22 = 706,5 mv’

cuiLy

(Mv?)

2. onpeacisieM BCIMYHMHBI HOPMAJIbHBIX HaHpﬂ)KeHI/Iﬁ MO0 CCUCHUSAM C YYCTOM HU3MCHCHUSA IJIOIIAAN

IOMNEPECUHOTI0 CCUCHUA.

HCXOI[?I N3 IOJYYCHHBIX 3HAYCHUH HaxXOJIUuM HOPMAJIbHOC HAIIPMAOKCHHUEC Ha KaXIOM YYaCTKE

g = @, (H/mm? wim MITa).
Alrma™)
_ M 10x10° _ )
ol = A1 1017,36 9,8 MIla, (H/MMm")
]
g2 = Nz _ Bxi100 15,9 MITa, (H/MMZ)
Az 314
t3
a3 = E — 3510 — 49’5 MHa’ (H/MMZ)

A3 T06.5

Crpoum smtopsl N 1 G.

35

Nk T

495

59

98

a, MMa




3. IIpoBepsieM 10 yCIIOBHUIO MMPOYHOCTH G = [G] pa3sMepbl CCUCHHUIA.

o1 < [o]; 9,8 < 40, MIla
o2 < [o]; 15,9 < 40,MIla
o3 = [o]; 49,5 > 40,MIla

BoiBoa: 1.13 yciioBust mpoOYHOCTH BUIHO, YTO HA 3-€M y4acTKe

HOPMAaJIbHOC HAIIPSAXKCHHUE IIPCBBIIIACT AOIMYCKACMOC. 3HauuT HYKHO
HU3MCHUTH IUIOIIaAb IMOIIEPEYHOro CCUCHUA NI YMCHBIINUTb CUITY F1.

HaubGonee npocTeiM OyneT U3MEHUTSH TIJIOMIAIH CEYCHHUS.

N3 _ 3sw10®

4. Yr1ounennas A3 = —

— 2
o = T =875, MM

2. Tak ke Hy>)KHO U3MEHUTH TUIOIIA/I CEUCHUH Ha 1-0M 1
2-0M y4JacTkax. 37eCh HE pallHOHAJILHO MCIOJIB30BaH MaTeprall.

N1 10x10%
YTounennas Al = — = = 250, Mmm°
[=] 20
N2 sx10®
YTounenHnas AZ = ol - s 125, MM

OTtBer: Yrounennunie D3 =33,4 MM, D2 =12,6 MM, D1 = 17,8 MMm.

CbopMa NnpeacraBjJacHus pedyJjibTara:

JaHo: Pemenue:
F1=30xH I
F . F1 1|
2=10kH |
B > | <8 ¥
F3=5«kH |
S |
D3 =30 Mm | F3 | '
D2 =20 MM 35
D1 =36 mm
) )
[c] =40 H/mm 5
N RRNRRRN
Haiitu:
palnoHabHbIC 495
CEUYeHHUs.
59
98
a, Mla
OtBer:

F2

Kpurepum ouenku:




Onenka 3 — Ilo MeToay ceueHuil MpaBUIIBHO OIpEEIeHa IPOAObHAs CUjla HAa KaKJIOM Y4acTKe U
MIOCTPOEHA AIIOpAa.

Onenka 4 — Ilo meTony ceueHuil NpaBUIbHO OIPENEIeHa IPOAOIbHAS CUjla HA KaXKJIOM y4acTKe U
n3o0paxena smopa. [IpaBuibHO mocuuTaHsl Miomanu cedeHuid. [IpaBuibHO MOCUMTaHBI HAMIPSHKEHUS Ha
Ka)KJIOM y4acTK€ U €CTb 3III0pa.

Onenka 5 — Ilo metoay ceueHull nMpaBUILHO OINpe/eeHa MPOJOIbHAs CHUJla Ha KaXK/IOM Y4acTKe U
n3obpakeHa smropa. [IpaBHiIbHO MOCYUTAHBI IJIOMIAN cedeHu. [IpaBuiIbHO MOCUYUTAHBI HAPSKEHUS Ha
KOKJIOM ydacTKe M ecThb smiopa. [IpoBeneHa mpoBepka MPOYHOCTM M 3aMEHEHBI pa3Mepa Ha Oosee
paloHaJIbHbIE.

JlonoJiHUTe/IbHAA OLIEHKA 32 3alIUTY Pa00ThI YCTHO MO CIIUCKY BONPOCOB:
1.ITporoBOpuTh €IMHUIIEI U3MEPEHUS 3HAYECHUM CHJI, HAPSKEHUNA U TUIOIIAEH.
2.0npenenuTh e HanboJIee OMmacHoe ceueHune oOpyca.
3.IIporoBoputh Gopmyiy i HAXOKACHUS HAMIPSHKEHUS
4.Kakve BHyTpEHHHE CUIIOBBIE ()aKTOPHI BOSHUKAIOT IIPU PACTSHKEHUU U COKATHH.
5.1IpaBusio 3HaKOB ISl TPOJAOJIBHOM CHUJIBI.
6.ITouemy 1Mo yCIIOBHUIO IPOYHOCTH MEHSUIM UIMEHHO ILIOIIA (b TONEPEUHOI0 CEYCHUS a HEe

Harpysky?



Tema 4.3 Kpyuenue
IIpakTnyeckas padora Ne 9
Pacuer Basia Ha MPOYHOCTH M KECTKOCTD.

Leab: B pe3ynbraTe BBHINOJHEHHUS PAaOOTHI CTYACHT JOJDKEH 3HATh IMPaBHJIA MOCTPOSHHS SITIOP
KpPYTAIIUX MOMEHTOB U KacaTeJIbHbIX HANpsHKEHHI B MOMEPEYHOM CEUEHUU Opyca, YMETh C MOMOUIBIO
METOJIa CEYEHUN CTPOUTH JBMIOPbl KPYTSAIIMX MOMEHTOB M KacaTelIbHbIX HampsbkeHuid. IIpoBoauts
KOHCTpYHpOBaHUe Opyca ¢ y4eTOM MOJyUYEHHBIX 3HAYCHUH U3 YCIIOBUS IPOYHOCTH.

BbinosinuB padory, Bel Oyaere:

YMETB:
- OIIPEACIIATh HANPSIKEHHUS B KOHCTPYKLIMOHHBIX 3JIEMEHTAX.

MarepuajibHoe o0ecnieyeHue:
Koncnekr nekuuii, yaeOHUKHN, UHTEPHET-PECYPCHI, INHEHKa, KapaHJalll, JJACTHK.

3aganue:
1.0npenenutsb Mo METOAY CEUCHUN KPYTAIINE MOMEHTHI.
2.11oCTpouTH 3MIOPHI.

IMopsinok BbINoOJIHEHUS PadOTHI:

1. menum Opyc Ha y4acTKM MO METOJMY CEYEHHH M PAacCUMTHIBAEM KPYTAILIMH MOMEHT Ha Ka)KIOM
y4JacTKe.

2. onpe/iensaeM BeJTMYHHBI KacaTelbHBIX HAPSHKEHHUH.

3.CTPOUM 3MIOPHI.

Xoa padoThI:

Pemenne:

M s M3

/ M2
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1.Pa36utp 6anKy Ha Y4acTKH.
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[To MeToy ceyeHut onpenenuTh KPYTSIIIHA MOMEHT
Mxp, (kH*M) Ha Ka)XI0M y4JacTke.
Mxkpl =-M3 =-5 kH*m
Mxkp2 =-M3+M2 = -5+10 = 5 kH*m
Mkxkp3 = -M3+M2-M1 = -5+10-30 = -25 xkH*m
2.I1o ycioBHIO IPOYHOCTH ONpEAEIIeM KacaTeJIbHbIC HANPSDKCHNS M CPABHUBAEM C

JIOTTYCKAEMBIM.
Mz
= —2 <[]
Wp
3.Ctpoum smopsl Mkp # T.
dopma npeacTaBJieHus pe3yabTaTa:
Jano: Pemenue:
M1 =30 kH*m M s &y
M2 = 10 kH*n / i “a i '
/
M3 = 5 kH*um i s ! .
S | S
[r] =140 |
H/mm? ! A\ ! N\ \
\, — = \-.,,]
Haiitu: =
MOCTPOUTH
STTOPBI Otser:

Kpurepum ouenku:

Onenka 3 — [lo MeTony cedeHM MPaBUIBHO ONpPEAEIEHBl KPYTALIMM MOMEHT M HAlpsUKEHUE Ha
y4yacTkax 1 u 2.

Onenka 4 — [1o meTony ceueHuil MpaBUILHO OIPENEIEHBI KPYTAIME MOMEHTHI Ha KaXK/I0M y4acTKe
Y HaIlpsKEHUS.



Onenka 5 — [1o MeTony ceueHuil NpaBUIBLHO ONPEAEIIEHBI KPYTAIME MOMEHTHI Ha KaXK/I0M y4acTKe

1 HanpspkeHus. [IpaBUIbHO MOCTPOEHBI AMIOPHI.

JlonoTHUTEeIbHASA OLIEHKA 32 3aIUTY Pa00ThI YCTHO IO CIIMCKY BONPOCOB:
1.IIporoBopuTh €1MHUIBI U3MEPEHUS 3HAUEHU MOMEHTOB, HANPSYKEHUH U IIJIOLIAAEH.

2.IIporoBoputh GopMyITy ISl HAXOXKICHUS HAPSHKECHUS
4.Kakue BHyTpeHHHUE CUIIOBbIE (DaKTOPBI BO3HUKAIOT NP KPYYCHHH.

5.ITpaBuiio 3HAKOB AJIsi KPYTALIETO MOMEHTA.



Tema 4.3 Kpyuenue
IIpakTuyeckas padora Ne 10
OmnpeneneHne paloHaIbHBIX CEYCHHIA BaJla

Hesab: B pe3ynbraTe BBHINOJHEHHUS PaOOTHI CTYACHT NOJDKEH 3HATH IMPaBHJIA TOCTPOCHUS SIIOP
KpPYTAIIUX MOMEHTOB U KacaTeJIbHbIX HANpsHKEHHI B MOMEPEYHOM CEUEHUU Opyca, YMETh C MOMOUIBIO
METOJIa CEYEHUN CTPOUTH JBMIOPbl KPYTSAIIMX MOMEHTOB M KacaTelIbHbIX HampsbkeHuid. IIpoBoauts
KOHCTpYHpOBaHUe Opyca ¢ y4eTOM MOJyUYEeHHBIX 3HAYCHUI U3 YCIIOBUS IPOYHOCTH.

BbinosinuB padory, Bel Oyaere:

YMETB:
- OIIPEACIIATh HANPSIKEHHUS B KOHCTPYKLIMOHHBIX 3JIEMEHTAX.

MarepuajibHoe o0ecnieyeHue:
Koncnekr nekuuii, yaeOHUKHN, UHTEPHET-PECYPCHI, INHEHKa, KapaHJalll, JJACTHK.

3ananmue:
1.0mpenenuTs Mo METOAY CEYEHUN KPYTALIAE MOMEHTHI.
2.1To ycnoBHIO MPOYHOCTH PACCUUTATh Pa3MePhl KAKOU CTYIICHU.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTLI:

1. genum Opyc Ha y4acTKH 10 METOJy CEYEHHUH M PACCUUTHIBAEM KPYTALIMA MOMEHT Ha KaXKJIOM
yUacTKe.

2. onpejieNsieM BEJIMYUHBI MOJSIPHBIE MOMEHTBI CONTPOTUBIIEHHS 10 CEUEHUSM C YY€TOM U3MEHEHUS
TIJIOIAIU TTOTIEPEYHOTO CEUCHHS.
3.BBIpaXkaeM JAMaMeTpa CTYIEHEN.

Xonx padoTsI:

Pemienue:

/‘/'/ S l
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1.Pa36uTh 6anky Ha y4acTKH.
N7
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1)yuactok
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ITo MeTony ceueHuit onpenenuTh KpyTAILUi MOMEHT
Mxp, (kH*M) Ha Ka)XI0M y4JacTke.
Mxkpl =-M3 =-5 kH*m
Mxkp2 =-M3+M2 = -5+10 = 5 kH*m
Mkxkp3 = -M3+M2-M1 = -5+10-30 = -25 xkH*m
2.ITo ycnoBHIO IPOYHOCTHU OIpeJIeIIsieM MOJSIPHbIE MOMEHTHI CONPOTUBIICHUS CTYIICHEH Basa.
Mep

T= Wp < [1]

Wpl = “‘[’T“]" = % = 35714,28, Mm®
Wp2 = %" = 5;1; = 35714,28, mv®
Wp3 = “'[’T';" = -::;mf- = 1785714, mm®

3.13 ¢popmyIbl BeIpaskaeM TuaMeTphl Baja.
Wp =02 X D? um®

s [Wpl _ = (35714,28

D1 = f 0.2 [ 02 = 56 MM
oz oy 02
[ [
5 (Wp2 = (35714.28_
D2 = || eah ' - =56 MM
Vo2 oy 02
| |
s [Wp E (1785714
D3 = T8 = = [IEET12 g6

_'ql 0.2 ‘bql 0.2
I/I306pa3HTL Ha CXEME 6pyC C paCUCTHbIMU JHAMCTPaMHU.

OtBet: YTounennnie D3 =96 mm, D2 = 56 mm, D1 = 56 mm.

®opma nmpeacTasJieHus pe3yJbTarTa:

HaHno: Pemenue:
M1 =30 kH*m
M2 =10 kH*m

M3 =5 xkH*m




[T] = 140 M7 =) /"/f“

H/mm? M2

= SIS
Haitu: ' ‘ \ !
panuoHaJILHBIE X - ' '3
CeYeHwsl. )
OrTBer:

Kpurepun onenkmn:
Onenka 3 — [1o MeToy cedeHni IPaBUIIbHO ONPEENICHbl KPYTAIINE MOMEHThI Ha Ka)KJJOM y4acTKe

1 IOCTPOCHA 3I1I0pa.
OI_IeHKa 4 —Tlo METOAY ceuyeHH I MpaBHUJILHO OIIPCACIICHBI KPYTAIIUC MOMCHTHI Ha KaKIOM YYACTKC

Y MOCTpoeHa amopa. [IpaBiiibHO orpeneseHbl NOJISIPHbIE MOMEHTBI CONPOTHUBIIEHUS.
Ouenka 5 — [1o MeToay cedyeHUi MPaBUIIBHO ONPENENIECHbI KPYTSIIME MOMEHTBI Ha KaXJI0M Y4acTKe
U TOoCTpoeHa 3mropa. [IpaBuUibHO oOmnpeneneHsl MOJSPHBIE MOMEHTBHI CONpPOTHBIEHUs. [IpaBHIIBHO

CKOHCTPYHpOBaH Opyc.

JlonoTHUTeIbHAS OLICHKA 32 3aIIUTY Pa00ThI YCTHO IO CIIMCKY BONPOCOB:
1.IIporoBopuTh €1MHUILBI U3MEPEHUS 3HAUEHU MOMEHTOB, HANPSYKEHUH U MIJIOLIAIEH.
2.IIporoBoputh GopmMyiy Ui HaXOXKJICHUS HANPSHKEHUs
4.Kakue BHyTpeHHHE CUIIOBbIE (DaKTOPHI BO3HUKAIOT MPH KPYYEHUH.
5.ITpaBuiio 3HaKOB AJIs KPYTALIETO MOMEHTA.



Tema 4.4. U3ru6

IIpakTnueckas padora Ne 11

IToctpoenue rn0p Q u Musr

ILesb: uMeTh MpeacTaBIeHHE O BUAAX M3TMOAa U BHYTPEHHUX CHJIOBBIX (DaKTOpax B CEYEHUHU IPHU
n3rude. 3HaTh METO/Ibl ONPE/IEICHNS] BHYTPEHHUX CUJIOBBIX ()aKTOPOB M YMETh UMM I10JIb30BaThCsl. 3HATH
OCHOBHBIC TPABWJIA U MOPSAIOK IMOCTPOCHUS SIIOP MOMEPEUHBIX CHJI U M3TUOAIONINX MOMEHTOB. YMETh
CTPOUTB 3MIOPBI NONEPEYHBIX CHJI M U3TUOAIOLIMX MOMEHTOB.

BbinosinuB padory, Bel Oyaere:

YMETB:
- OIIPEACIIATh HANPSKEHUS B KOHCTPYKLIMOHHBIX DJIEMEHTAX.

MarepuajibHoe o0ecnieyeHue:
Koncnekr nekuuii, yaeOHUKHN, UHTEPHET-PECYPCHI, INHEHKa, KapaHJalll, JJACTHK.

3aganue:

1.Hautu peakuuu orop.

2.0npenenuTh 1Mo METOLy CEUCHUM MOMEPEYHYIO CHITY.
3.0mpenenuTs Mo METOY CEUeHUN U3THOAIOIINNA MOMEHT.
4. IlocTpouTh 3MIOPHIL.

Ilopsinok BbINOJIHEHHS PadOThI:

1. HaxoUM peakuuu orop.

2. IPOBOJIMIM MIPOBEPKY pEaKIuii Omop.

3. nenuM Opyc Ha y4acTKU IO METOJNY CEYCHHMH M pacCUUTHIBAEM MONEPEUYHYH CHILY Ha KaXJIOM
y4acTKe.

4 nenum Opyc Ha y4acCTKH IO METOJly CEYEHMH M pacCUMTHIBAEM M3rMOArOIMii MOMEHT Ha KaKJOM
y4acTKe..

5.cTpouM 3MI0phl U3rHOAOIIUX MOMEHTOB U MONEPEYHBIX CHIL.

Xoa pa0doThI:

Pemenne:

N
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1.0OnpenensiemM peakiuu ornop, COCTaBIssl ypaBHEHUSI PABHOBECHSI.
JFx= —Rx=10



Rx =10

IM=(F1Xx1)—M— (Rbx4)=0

M-—-F1 5-30
4 - 4

J2Fy=Ra—Rb—F1=10

Ra=F1+Rb=30+6.25=36.25kH

Rb =

= —6,25 kH

2. [IpoBepka:
AFy=3625-625-30=0

3-4.Paz0uth Opyc HA YYaCTKH.

-
/ ‘ 5 7 :/,.r

L7 [Z

—— —

Ilo MeTony ceueHuit ONpeneanTh MONEPEUHYIO CUITY
Q, (kH) Ha xaxmoM yJacTke.
Ql=Ra=36,25kH
Q2 = Ra-F1 = 36,25-30 = 6,25 kH
Q3 =Ra-F1 = 36,25-30 = 6,25 kH
[To MeToy cedeHwuii onpeaeIuTh N3THOAFOIIHI MOMEHT
Musr, (kH*m).

Ml=Raxz z—=+1m



M1=3625X0=10
M1 =36,25 % 1= 36,25 kH*™m

M2=Rax(1+z)—FlxXz z—2m
M2=3625%(1+0)—30 % 0=36,25xkH*Mm
M2=3625x%(14+2)—30 ® 2 =48,75 xH*™m

M3=Rax(3+z)—F1x(2+z)—M,z— 1m
M3=3625x%x(34+0)—30x(2+0)—55=-625, kH*m
M3=3625%(3+1)—30x(2+1)—55=50, kH*m

5.Ctpoum smropbl Q 1 Musr.

625

825
ad kH
4875
36 &?P /
o
A /4'
Muzz kH™M L ‘
=

-85

OtBer: OmacHBIM CYHTAIOTCS cedcHHe 1 3J1eCh MAaKCHMAaJIbHBIM CKA4€K CHJIbI nonepequﬁ Q n
nepexona OT CCUCHUA 2 K ceueHuIo 3 3J1€Ch MAaKCUMAJIbHOC 3HAYCHNUEC MOMCHTA.

(I)opMa NnpeacraBjJacHusd pedyjabTara:

Hano: Pemrenue:

F1=30xH

M =55 kH*m /C7

Haiiti: omacunle A ;
ceueHus

>

[1 [Z [J
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OtBet: OnacHBIM CUNTAIOTCS cedeHue 1 31CCh MaKCHMAaJILHBIN CKadeK CUJIBI
r[onepequﬁ Q H IIepexo] OT CCUCHUA 2 K cedyeHu1o 3 3J€Ch MaKCUMAJIBbHOC

3HaAYCHHUEC MOMCHTA.

Kpurepun oneHku:
Ornenka 3 — Ilo MeTony ceueHuii MpaBUIILHO OINPEACIICHBI TIOMEPEYHBIE CUITBI Ha KAXJIOM Y4acTKe.

Onenka 4 — [lo merony ceueHUi MPaBUIIBHO OIIPEIEIICHBI NTONIEPEYHBIE CHIIBI HA Ka)KJIOM y4acTKe
[IpaBuiibHO ompeneneHbl N3rndarIIe MOMEHTHI.
Onenka 5 — Ilo meTony ceueHuil MpaBUIIBHO OIPEEIICHBI IONIEPEYHBIE CHIIBI HA Ka)KIOM y4acTKe
[IpaBuibHO onpeneneHsl n3rudaromye MoMeHThl. [locTpoeHs! 00e 3MmopsI.
JlonoTHUTEeIbHAS OLICHKA 32 3aIIUTY PA00ThI YCTHO IO CIIUCKY BONPOCOB:
1.IIpaBri1o 3HAKOB AJIs MONIEPEYHOM CHUIIBI.
2.IIpaBuiio 3HaKOB JJIs1 U3TUOAIOIIETO MOMEHTA.

4.Kakue BHyTpEHHHE CUJIOBbIE (PaKTOPbI BOSHUKAIOT IIPU U3THOE.
5.Kakme wcnonp3oBamy ypaBHEHHsS PABHOBECHS, IPOTOBOPUTh HX IIOJIHOE HAa3BaHMUE.



Tema 5.1. OcHOBHBIE NIOJIOKEHU. 3yOUaThie Hepeaadyu

IIpakTuyeckas padora Ne 12

PacueT 0CHOBHEBIX TCOMCTPHUYCCKHX XAPAKTCPUCTUK 3V6‘-IaTBIX nepcaay.

Heab: UMeTh MPEICTABICHUE O METO/AaX 3yOOHape3aHus U TPeOOBaHUAX K MPOPMIO 3yObeB, 00
OCHOBHOH TeOpeMe 3allelJICHHUs, O SBOJHBCHTHOM 3alleIUICHUH 3YObeB, IIare 3aleIuICHHs, MoayJie 3y0a
Kosieca. 3HaTh XapaKTEPUCTHUKU 3BOJBBEHTHOT'O 3alleIUICHUsI 3yObeB, (OpMYJbl i T€OMETPHUUECKOTO
pacucTa NIUIMHAPHICCKUX KOJICC 1 YMCTh UMU ITOJIb30BATHCA.

Boinosnus padory, Bel Oyaere:

YMETh:
- MPOU3BOJIUTH PACUETHI MEXAHUYECKUX MEPEIay U MPOCTEUIITNX COOPOUHBIX STUHUIL;

MarepunanbHoe obecrnieyeHue:
KoncnexT nekuuit, yaeOHUKH, HHTEPHET-PECYpPCHI, IMHEHKa, HIUPKYJIb, KapaHAalll, JIACTUK.

3aganme:
1.PacuntaTh reoMeTpruUecKre apaMeTpsl 3y0UaToi HMIMHAPUIECKOH Iepeaayn.
2.CxeMaTH4yHO 3apUCOBATh FEOMETPHIO IBYX KOJIEC B 3aLCTUICHUU.

ITopsinok BeINOJIHEHHS PadOTHI:

1.Ilo BBIZaHHOMY 3yOuaTOMy KOJECy H3MEpHUB BBICOTY 3y0a ONpeneinuTh MOAYJIb 3yOuaToit
neperayu.

2.0npenenuTh NepeaaTouHoe OTHOILICHUE.

3.0mnpenenuTs MEKLIEHTPOBOE PACCTOSHUE.

4.PacuuTaTh reOMETPUUECKHE NTapaMETPhl 3y0UaTol IWINHAPUYECKON epenayn.

5.CxeMaTHU4HO 3apUCOBATh TEOMETPUIO JBYX KOJIEC B 3aLICIIICHUM.

Xoa padoThI:

Pemenne:

1.C koneca 3aMepHUTh BBICOTY 3y0a M MOCYUTATH YUCIIO 3yObEB.
Monyns nepenauu onpenensercs no Gpopmyie

m =h/2.25
BbIOMpaeM Omrkaiiiee Kk moixydeHHoMy 3HaueHHo 1o psay ['OCT

Z1=
2.0HpCIleJ'II/ITL MepeaAaTOYHOC OTHOIIICHUC.

U=22/71
BBIOMpaeM Onmxkaiiiiee K mosrydeHHoMY 3HaueHuro 1o psay ['OCT

3. OnpenensieM MEXIEHTPOBOE PACCTOSHUE.

do =0,5m(Z1+72)
BBIOMpaeM Onmxaiiiiee K mosrydeHHoMYy 3HadueHuro 1o psaxy ['OCT

4. OnpenensieM reoMeTpUYECKUE TAPAMETPBI IIEpEAAUH.



Jlnamerp aenutesbHON oKkpyxkHocTH: d = MZ

JlnaMeTp OKpY>KHOCTH BBICTYIOB: da = d+2ha = m(z+2)
Huamerp okpyxuoctu Bragun: df = d-2hf = m(z-2.5)
BricoTa rosoBku 3yda:ha =m

Beicora Hoxxku 3y6a: hf = 1.25m

5.CxeMaTu4Ho U300pa3uTh MOIYUYCHHBIE PE3yIbTATHI.

Puc. 18.1. TeoMeTpuss UHIHHIPUUECKOH nepenauun: /1 — noawc 3aueniendus; 4,4, —
JTWHUSA 3aUeriaeHns; 8|S, — AnMHa aKTUBHOW IMHUKM 3alEnIeHust; oL — VIoJ 3auernie-
HUS; @, — MEKOCEBOE PACCTOsIHME: d), ¢y — IHAMCTPLI ACTNTCILHLIX OKPVAKHOCTEI; A,,.
hy — BBICOTA TOTOBKU M HOKKH 3y0a COOTBCTCTBECHHO; dyy, dyy — ONAMETPBI OKPYXKHO-

CTCi BIIAOMH; ;). d,; — IMAMETPEI OKPYKHOCTEN BBICTYOB

al

(I)opMa NpeacraBjJacHusd pedyjabTara:

dano: Pemenue:

Z2=10

HajiTu: OtBet:

m=7?

Z1="

u=-

am =?

d="?

da="?

df =2

ha=? Puc. 18.1. TeoMeTpusi UHIMHIPUUECKOH NMepenauun: /1 — noatc 3aueniendus; 4,4, —
JTHHHA 3aUeTUIeHNsT; §|S; — LTMHA aKTUBHON JIMHMKM 3alenieHns; o — Vo 3alernie-

hf = HUSI, a,, — MEXKOCEBOE PACCTOsIHUE! &, d; — AMAMCTPBI ACTNTCILHLIX OKPVKHOCTEH; A,

hp — BLICOTA FOJOBKM M HOXKH 3y0a COOTBETCTBEHHO; dyy, dpy; — INAMETPBI OKPYXKHO-
cTelt BNAOMH; d,). d,; — OMAMETPLI OKPYXKHOCTE T BBICTYIOB

Kpurepuu onenku:




Onenka 3 — Kosieco niny mecTepHs IOCUNTaHbl BEPHO.
Ouenka 4 — Koseco u mecTepHs MOCYUTaHbl BEPHO.
Onenka 5 — Koseco u nmectepHs MOCYUTAHBI BEPHO M HAa CXEME BUJTHO BCE Pa3MEPBI.

JlonoJiHUTe/IbHAA OLIEHKA 32 3alIIUTY Pa00ThI YCTHO O CIIUCKY BONPOCOB:
1.ConocTaBisTh Ha3BaHUE TUAMETPOB CO CXEMOM.
2.ConocTOoBIIATH BHICOTY TOJIOBKU M HOXKKH 3y0a.
4 15151 uero HeKOoTopble 3HaYeHus yrouHsoT o ['OCT?



TEMA 5.2 Ilepenaya BunT-raiika. Yepssiunas nepegadya Ooume cBeeHus 0 peIyKTopax.

IIpakTuyeckas padora Ne 13

PacueT reoMeTpuYeCKUX IIapaMETPOB YEPBIYHOM IIEPEIAYUM.

Heas: 3HaTh npuHOUI paboThl, ocobeHHocTH pabouero mporecca, KIIJ] 1 npuunHbl BeIXoaa U3
CTPOSI YEPBAYHBIX Iepeaad. 3HaTh T€OMETPUYECKUE U CHUIIOBBIC COOTHOIICHUS B YEPBSIYHBIX IEpeiavax,
3HaTh (HOPMYJBI JUII TEOMETPUYECKOTO M CHUJIOBOTO pacyera YepBAYHBIX Iepenay H yMeTb HUMH
H0JIb30BaThCA.

Beinosinus padory, Bl Oyaere:

YMETh:
- POU3BOJIUTH PACUYEThl MEXaHUYECKUX Tepe/iad U MPOCTEHIINX COOPOYHBIX EAMHUIL;

MarepunanbHoe obecrnieyeHue:
KoncnexT nekuuit, yaeOHUKH, HHTEPHET-PECYpPCHI, IMHEHKa, KapaHIall, IIUPKYJIb, JIACTUK.

3aganme:
Paccunrare reomerpryeckue nmapaMeTpel YEPBAYHOHN IEPENAUN.

IMopsanok BbINOTHEHHSI PA0OTHI:

1.ITomoOpathk cooTHOMLICHHE 3yObEB YEPBIKA M YSPBIYHOTO KOJIECa.
2.ITonbupaem MOAYIIh IIEpEAAYH.

3.0npezensieM reOMETPUIECKAE COOTHOIICHHS.

4.YTouHseM MEXIEHTPOBOE PACCTOSIHUE.

Xoa pa6oTsI:
1.Wcxonst U3 UMEIOIUXCSl PeKOMEHIAIMi MOoJ0MPAIOT HEOOXOANMOE COOTHOLICHUE YHCEN 3yObeB
4yepBsiKa U KoJjeca.

U=122/z1; 22 =30+80; z1 = 1,;2;3;4.
2. 1o BeIOpaHHBIM BenmmunHaM Z1 722 monOupaem:

~moysb epenaun w3 cootromenns M = (1.5+1.7)aw/z2

-4UCII0 MOJYJIEH B AEIUTENbHON OKPYKHOCTH uepBsika u3 cooTHomenus ( MIN = 0.212*z2
[Tomy4yeHHbIE COOTHOIIEHUS! YTOYHSIEM IO CTaHAApTy
3.0mnpenensieM reoMeTpudecKie mapamMeTpol epeaayu:

JlenuTenpHbBIN THaMeTp YepBsiKa dl= agm

JlnameTp AenuTenbHOl okpyskHocTH Koneca 02 = Mz2

JlnameTp BIaauH 3y0beB uepBsuHOro koseca B cpennem ceuennn 0f2 = d2-2.4m
JlnameTp BepiivH 3yObeB B CpEeTHEM CEUCHUU da2 = d2+2m

HauOonpmmii auameTp 4epBsiuHOTO KoJieca dam = da2+6m/ (Zl+2)

4 ITocne onpeeneHus MapaMeTpOB YepBsKa U KoJieca yTOYHUTH MOJTyYeHHOe 3HaYeHue a()

Mexuenrposoe paccrosame a® = 0.5(d1+d2)

[Tonyuyennoe 3nauenue okpyrisgem no psay 'OCT 40, 50, 63, 80, 100, 125, 140, 160, 180, 200,
250, 280, 315, 355, 400, 450, 500.

Ecam monydyeHHOe 3HaYeHHME HE COOTBETCTBYET 3aJIaHHOMY pacdeT HYXKHO MOBTOPUTH, U3MEHUB
BEJTMYHUHY MOJYJIS HIH (.

dopma npeacraBjieHusi pe3yabTara:



Jlano:
Uu=125

am =63

Pemenune:

HaiTn:
m=7?

Z1=7

d(lM?

_da

E——

OTtBer:

Kpurtepun ounenku:

Ouenka 3 — Koseco uiu 4epBsiKk OCUMTaHbI BEPHO.

Onenka 4 — Koseco 1 4epBsK IOCUUTAHbI BEPHO.

Ornenka 5 — Koneco u 4epBsSK MOCYMTAHbI BEPHO M HA CXEME BHJIHO BCE Pa3MeEphI.

JlonoTHUTeIbHAS OLICHKA 32 3aIIUTY PA00ThI YCTHO IO CIIMCKY BONPOCOB:
1.ConocTaBisiTh HA3BaHUE TUAMETPOB CO CXEMOM.
2./Inst uero HeKoTOpbIe 3HaYeHUs! yTouHsA0T 1o 'OCT?




TEMA 5.2 Ilepenaya BunT-raiika. Yepssiunas nepegadya Ooume cBeeHus 0 peIyKTopax.

IIpakTuuyeckas padora Ne 14

CocraBicHHC KUHCMAaTHUCCKUX CXEM IOPpHUBOJAOB.

HeJ'IL: HMCTh NPCACTABJICHUC O TUIIOpA3MEpax, UCIOJHCHHU U KOMIIOHOBKAaxX pPCAYKTOPOB. 3HaTh
Ha3HA4YC€HHUE, OCHOBHBIC MMApaMETPhI, JOCTOMHCTBA U HEAOCTATKU PEAYKTOPOB OCHOBHBIX TUIIOB.

Boinoinus padorty, Bel Oynere:

YMETb:
- YATATh KUHEMATUYECKUE CXEMBI;

MarepunanbHoe obecrnieyeHue:
KoncnexT nekunii, yaeOHUKH, HHTEPHET-PECYpPCHI, IMHEHKa, KapaHall, IIUPKYJIb, JIACTUK.

3aganue:
Paccmotpers  KOHCTpyKLMIO peaykropa. M300pa3uTh KHHEMATHUYECKYIO CXEMY PpEeIyKTopa.
[Tosicauth paboTy penyKkTopa

ITopsinok BeINOJIHEHHS PadOTHI:

1.IlpoBecTn aHaIM3 peIyKTOpa N300pAKEHHOTO HA YEPTEIKE.

2.11oCTpOUTh KHUHEMATHYECKYIO CXEMY.

3.0npenenuTs CKOPOCTh U BPAIIAIOIIUI MOMEHT TUXOXOJHOIO Bajla peAyKTopa.

Xox paborsi:
1. IIpoBecTu aHanu3 peayKTopa H300pakeHHOI0 Ha YepTexKe.
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2. [locTpouTh KHHEMATUYECKYIO CXEMY:
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Pue. 25.2. Yeprgunbie PEOYKTODLI;
~ OAHOCTYNEHIATHIN C BEPXHUM PacTIONOKCH MeM

HCPBSKA] § — ABYXCTYTNEHYATHLIH

3. OnpenenuTh CKOPOCTh M BPAIAIONINI MOMEHT TUXOXO/HOTO Bajla PeyKTOpa:
Omnpenensiem KIIJI nepegaun. Kosdounumentsl mnosne3Horo nedcTBUA Iepeady MOJYYEHbI
HKCIEPUMEHTAIBHO U BEIOMparoTcs 1o cripaBoyHuKy 0,7+0,75.

MOINTHOCTE

P2 = P1*n;

Bpamaromuii MOMEHT

T2 =P2/w2

®opma nmpeacTaBieHus pe3yJbTara:

)];aHO: Pemienne:
P1=2,5«Bt 5 T
02 = 80 pae :I.L 1]}
=T~ 1X7)
o=
Haiitu: ' jt g 5
P2=7? i
OTBeT:
T2="?

Kpurtepun onenkmn:

Orenka 3 — BepHo cocTaBieHa KHHEMaTHYECKasi cCXema.

Onenka 4 — [TocynTaHbl BEpHO CKOPOCTh U MOMEHT.

Orenka 5 — CBOOOTHO OPUEHTHUPYETCSI B COTIOCTABIICHUN KHHEMATHYECKON CXEMBbI U YepTexkKa.



JlonoTHUTeIbHAS OLIEHKA 32 3aIIUTY Pa00ThI YCTHO IO CIIMCKY BONPOCOB:
1.Kunematnueckoe n3o0paxeHre NOAMUIHUKA YKa3aTh Ha CXEME.
2.KunemaTtnueckoe nu300pakeHHE Bajla yKa3aTh Ha CXEMe.
3.IlosiHOE Ha3BaHWE YKAa3aHHOTO PEIYKTOpa



Tema 4.2 PacTszKeHUE U CoKATHE

JlaGoparopHasi padora Ne 1
HcnbiTanue HA pacTskeHUe 00pa3na U3 IVIACTHYHOM CTAJIM B BUPTYaJbHOM MPOCTPAHCTBE
Columbus-2005.

Hesb: momyyeHue nuarpaMMbl PacTSHDKEHUS CTAIBHOTO oOpaslia Juls BBIYMCICHHMS MEXaHMYECKUX
XapaKTEpUCTHK MaTepHuaa.

Beinosinus padory, Bel Oyaere:

YMETh:
- OIPEACIIATh HAMPSKEHUSI B KOHCTPYKIIMOHHBIX 3JIEMEHTAX.

MarepunanbHoe obecrnieyeHue:
HcnpiTaTenbHBIA  CTEHA BUPTYaJIbHOH jabopaTopHOl pabOThl MNPHUOIMKEHHBIM K peaTbHOU
ycraHoBKke «Pa3ppiBHasg MammHa I'CM-50», KOHCIEKT JIEKIUi, TMHENKa, KapaHJalll, JIACTHUK.

3ananmue:
1 nocTpouTh AMArpaMMy PaCTsHKEHUS] MaTepUaa.

ITopsinok BeINOJHEHHS PadOTHI:
1 [TpoBecTu 3KCIEPUMEHT Ha pa3pbIBHON MallIUHE.

2.IlepeBecTH TONYYCHHYIO JMarpaMMy B KOOPIWHATHBIC OCH HANpSHKCHUE - OTHOCHTEIbHAs
nedopmarus.

Xoa paGoThI:

1.IIpoBoast AKCIIEpUMEHT CHUMATh 3HaueHus ycuius P kH u abcomotHoro yamunenus: Al mst 12
XapaKTEepPHBIX TOYEK.

2.Ilepesectu ycunue P u3 kH B H (kumo 103).(CM. CTONOUK 4)

3.ITocunrats oTHOCUTENBHYIO Aedopmariuio € = Al/ly (cm. cTonbuk 5)

4.Ilocuurtate HanpspkeHue o(Mlla) = P(H)/A(MMZ), rae A — miomaabr cedyeHus: oopasiia, HaXoAuM
1o opmyite A = nd?/4. (cM. cTonGuK 6)

5.Hadeptuth nuarpamMmy pacTsDK€HHS MO pe3yiabTaTaM BBIYMCICHUI B KOOPIMHATHBIX OCSX
HaIpsDKEHUE - OTHOCUTEIbHAs e opMalusl.

6.0npeaenuTs Moayab yipyroctu marepuaina E(MIIa) = o/e.(cMm. cronbuk 7)

1 2 3 4 5 6 7

Nel P, kH Al,m P,H € o, MIla E, MlIa

b

457*10°(mm) | 19966,7(H) | 19966,7(H)
20(mm) 314(mm?) 0,00022

1 19,9667 4,157e-006 | 19966,7

7. YepTuM quarpaMmy.

®opma npeacTaBiaeHus pe3yJabTara:
12 Touek aMarpaMMbl TepeBeleHbl B KOOPAMHATHBIE OCH HAaIpsDKEHHE — OTHOCHTEJIbHAs
nedopmarnus ¥ mocTpoeHa JuarpaMma.




Kpurepun oneHku:

3 — 4eTBEPTHIi U NATHIN CTOIOUK MMOCUUTAHBI BEPHO.

4 — Bcst TabUIIa TOCUUTAHA BEPHO.

5 — IumarpaMma nocTpoeHa BepHa Ha OCHOBAHUU PacUeTOB.

Cnncok BONPOCOB:

1.Yto Takoe npenen ynpyroctu?
2.1lpenen nponopuMOHaIBLHOCTH?
3.1Ipenen texkyuyectu?

4.Ilpenen npoynoctu?



Tema 4.2 PacTszKeHUE U CoKATHE

JlaGoparopHasi padora Ne 2
HcnbiTanue Ha cxkaTHe 00PA3IOB U3 IMJIACTUYHON CTAJH M XPYNKOIi [peBeCHHBI B
BUpPTYabHOM npocTpancTBe Columbus-2005.

Heﬂb: IMOJIYUYCHHUEC JUuarpaMMBbl CKaTUs OJId pa3sHBIX MAaTCpHAIOB IJIs1 BBIYHMCIICHHSA MEXAaHHUYCCKUX
XAPaAKTCPUCTHUK MATCPHUAJIOB.

Beinosinus padory, Bel Oyaere:

YMETh:
- OIIPEACIIATh HAMPSHKEHUSI B KOHCTPYKIIMOHHBIX 3JIEMEHTAX.

MarepunanbHoe obecrnieyeHue:
HcnpiTaTenbHBIA  CTEHA BUPTYaJIbHOH jabopaTopHOl pabOThl MNPHUOIMKEHHBIM K peaTbHOU
ycranoBke «lIpecc runpasmuueckuii [11'-100», KOHCTIEKT JIEKIUH, JIMHEHKA, KapaH/alll, JaCTHK.

3ananmue:
1 noCTpOUTH AMArpaMMy CHKATHUS CTAIH U IPCBECHHBI.

ITopsinok BbINOJIHEHUs padoOThI:

1 [TpoBecTu 3KCIEPUMEHTHI Ha THIPABIMYECKOM IIPECCe ISl IBYX Pa3HbIX MaTepUasoB.

2.IlepeBecTH NOJY4YEHHBIE IUarpaMMbl B KOOPAMHATHBIE OCH HANpsHKEHHWE - OTHOCHTEJIbHAs
nedopmarus.

Xoa paGoThI:

1.IIpoBoast AKCIIEpUMEHT CHUMATh 3HaueHus ycuius P kH u abcomorHoro ymmunenus Al mmst 12
XapaKTEepPHBIX TOYEK.

2.Ilepesectu ycunue P u3 kH B H (kumo 103).(CM. CTONOUK 4)

3.ITocunrats oTHOCUTENBHYIO Aedopmaruio € = Al/ly (cm. cTonbuk 5)

4.Ilocuurtate HanpspkeHue o(Mlla) = P(H)/A(MMZ), rae A — miomaapr cedyeHus: oopasiia, HaXoquM
1o opmyite A = nd?/4. (cM. cTonGuK 6)

5.HaueptuTh nuarpamMmy c>xaTHs [0 pe3ybTaTaM BBIYMCICHUN B KOOPJUHATHBIX OCSX HANpPsKEHHE
- OTHOCHUTENbHAs iehopMariusl.

6.0npeaenuTs Moayab yipyroctu marepuaina E(MIIa) = o/e.(cMm. cronbuk 7)

1 2 3 4 5 6 7

Nel P, kH Al,m P,H € o, MIla E, MlIa

b

457*10°(mm) | 19966,7(H) | 19966,7(H)
20(mm) 314(mm?) 0,00022

1 19,9667 4,157e-006 | 19966,7

7. YepTM auarpaMmsl JUIs IBYX SKCIIEPUMEHTOB.

®opma npeacraBiaeHus pe3yJbTara:
O06e nuarpamMMbl IOCTPOEHBI BEPHO JIJISI IBYX 00pa3IoB.




Kpurtepun onenkmn:

3 — o/1Ha U3 IBYX TaOJIMIl HOCYUTAHA BEPHO.
4 — Bce pacdeTsl IPOBEICHBI BEPHO.
5 — quarpaMMsl 1715 IBYX 00pas3IioB HA OCHOBAaHUH PAcYeTOB BBIYEPUEHBI BEPHO.

Cnncok BONPOCOB:

1.Yem oTIMYarOTCS MIACTUYHBIE U XPYIKUE MaTepUabl?
2.1lpenen ynpyrocTu npu cxaTuu?

3.1Ipenen nponopuyuoOHaIbHOCTH MPU CHKATUU?
4.Ilpenen TeKy4eCTH MPU CKATUU?

5.IIpenen npoYHOCTH MIPU CHKATUU?



