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1 Beeoenue
BaxxHyto yacTh TeopeTHuecKOW W TPO(PECCHOHATBHONW MPAKTUYECKOH TOATOTOBKH

00y4aroIMXCsl COCTABIISIFOT MIPAKTUYECKHE U JTAOOPATOPHBIE 3aHSTHS.

CoctaB M colepXkaHME IMPAKTUYECKUX U JIAOOpATOPHBIX 3aHATHH HalpaBleHbl Ha
peanuzanuio  DenepanrbHOro IroCyJapCTBEHHOIO 00pa30BaTENbHOIO CTAaHJApTa CPEAHEro
po(hecCHOHATLHOTO 00pa30BaHUsI.

Benymeld nuaakTHUECKOW IIENbI0 TMPAKTHUECKUX 3aHATHH sBiseTcs (opMupoBaHue
npoeCCUOHATIBHBIX MPAKTUUYECKUX YMEHHH (YMEHMU BBINOJHSATH OIpEJe/ICHHBIC IeHCTBUS,
orepainnu, HeoOXO0AUMBIE B MOCIEAYIOMIEM B MPO(EeCCHOHAIBHOW ACATEIbHOCTH) WIH y4eOHBIX
NPAaKTUYECKUX YMEHUH (YMEHHMH pemarh 3a/avd.), HEOOXOIMMBIX B TMOCIEAYIOMIEH y4eOHOM
NEeSITETbHOCTH.

Benymelt nuaakTuueckol 1enbro Ja00paTOPHBIX 3aHATUN SIBISETCS HKCIEPUMEHTAIbHOE
HNOATBEPXKJIEHUE U TPOBEpPKAa CYLIECTBEHHBIX TEOPETHUECKUX IIOJO0XKEHUH (3aKOHOB,
3aBUCUMOCTEH ).

B coorBerctBuM ¢ pabouell mporpamMMmoil yueOHOW aucHUIUIMHBL «TexHuueckas
MeXaHUKa» MPEAyCMOTPEHO MPOBEJCHNE MPAKTUICCKUX W/WIIH JTa00OPATOPHBIX 3aHITHH.

B pesynbrare ux BBITOTHEHUS, O0YYAIONIHICS JOIKEH:

ymembs:

V1.1.02. npou3BOAMTH pacueThl MEXaHWYECKHX TMepelad W MPOCTEHIIMX COOPOYHBIX
€JIMHUII,
VY 2.1.07. onpeaensaTh HANPSHKCHUS B KOHCTPYKIIMOHHBIX 3JICMEHTAX

Conepkanue MPaKTHYECKUX pabOT OPUEHTHPOBAHO HAa MOATOTOBKY OOYUYAIOMIMXCS K
OCBOEHHIO TPO(PECCHOHATIEHOTO MO/l IPOrpaMMBbl MTOATOTOBKH CIIELHUATNCTOB CPETHETO
3BEHA I10 CIEIUAIILHOCTH U OBJIA/ICHUIO HPOpecCUOHanbHbIMU KOMIEMEHWUAMU:

1K 1.1. OcymiecTBIsITh aHAJIN3 UMEIOIINXCS PEIICHUH 111 BBIOOpa MPOrpaMMHOI0 00ecrieueHust
JUIL CO3aHHUs U TECTUPOBAHHUS MOJCIIHA DIIEMEHTOB CHUCTEM aBTOMATU3AllMM Ha OCHOBE
TEXHUYECKOTO 3a1aHUs

[1K 1.2. Pa3pabareiBaTh BUPTYaIbHYIO MOJIENb 3JIEMEHTOB CHUCTEM aBTOMATHU3allMU HAa OCHOBE
BBIOPAaHHOTO MPOTrPAMMHOI0 OOECIIEUEHHUSI U TEXHUUYECKOTO 3a/IaHus

[1IK 1.3. [IpoBoauTh BUpPTyaJlbHOE TECTHPOBAHHE pPa3pabOTAaHHOW MOJENN 3JIEMEHTOB CHCTEM
aBTOMAaTHU3ALMH JUTsl OUEHKU (QYHKIIMOHAJIbHOCTH KOMIIOHEHTOB

[IK 1.4. ®opmupoBaTh MakeT TEXHUYECKOW JOKYMEHTAllMM Ha pa3paOOTaHHYI MO/IEIh
AJIEMEHTOB CHCTEM aBTOMAaTU3aLlUH

[1IK 2.1. OcymecTBasATh BbIOOp 00OpYJOBAaHUS W 3JEMEHTHOH 0a3bl CUCTEM aBTOMATH3aLUU B
COOTBETCTBUHM C 3aJaHHMEeM U TpeOoBaHMEM pPa3pabOTaHHOM TEXHUYECKOH JOKyMEHTAalluu Ha
MOJIEJIb 3JIEMEHTOB CUCTEM aBTOMATU3ALUU

I1K 2.2. OcymecTBIsTh MOHTaX U HaJaJIKy MOJEIH 3JIEMEHTOB CUCTEM aBTOMATU3allMA HA OCHOBE
pa3paboTaHHON TEXHUYECKOW JJOKYMEHTAI[U!

IIK 2.3. IIpoBOauTh HCHBITAHUS MOJEIN 3JIEMEHTOB CHCTEM aBTOMATH3allMd B PEAIBbHBIX
YCIIOBUSIX C LEIbI0 MOATBEPKACHHS paOOTOCTIOCOOHOCTH U BO3MOKHOM ONTUMH3AIIUN

[IK 3.3. PazpabarhiBaThb HMHCTPYKLIHH W TEXHOJOTMYECKUE KapThl BBIIIOJHEHUS paboT uid
NOJYMHEHHOTO IepcoHaja MO0 MOHTAXy, HAJIAJKEe M TEXHHYECKOMY OOCIYXHBAaHHMIO CUCTEM H
CPEICTB aBTOMAaTU3aLUH

I[IK 3.5. KonrtponupoBarh KadecTBO pabOT IO MOHTaxy, HajaJke U TEXHHUYECKOMY
00CITy’)KUBaHUIO CUCTEM U CPEJCTB aBTOMATH3AIMH, BHIIOJHAEMBIX MOJYNHEHHBIM EPCOHAIOM U



co0JII0/IEHIE HOPM OXpaHbI TpyZa U Oepe’KIMBOTO MPOU3BOJICTB
[IK 4.1. KoHTponmpoBaTh TeKymue mapaMeTpbl W (akTUYECKHe TOKazaTeld padOThl CHUCTEM
aBTOMATHU3AIMM B COOTBETCTBUM C TPEOOBAaHUSIMHU HOPMATHUBHO-TEXHUUYECKON JOKYMEHTALMH IS
BBISIBJICHUSI BO3MOXHBIX OTKJIOHEHUN
IIK 4.2. OcyiiecTBiasiTh IUArHOCTUKY MPUYUH BO3MOXKHBIX HEHUCIIPABHOCTEH M OTKA30B CHUCTEM
JUIsl BBIOOpa METOJIOB U CIIOCOOOB UX YCTPaHEHUS
A Taxxe QOpMUPOBAHUIO 0OUIUX KOMNEMEHYULIL:
OK 1. Bsibupath criocoOsl perieHus 3a1a4d mpodecCHOHATBLHON NeATeTbHOCTH, TPUMEHUTEIIEHO
K pa3JIMYHbIM KOHTEKCTaM.
OK 2. OcymiecTBiasaTh TMOWCK, aHAIW3 W WHTEpPHpeTanuio WH(pOpManuu, HEOOXOIUMOW s
BBITMIOJTHEHUS 3a/1a4 MPOPECCUOHATBHON ACSITETbHOCTH. .
OK 3. IlmanupoBaTb M pealn30BbIBATH COOCTBEHHOE MPOPECCHOHATBHOE U JHYHOCTHOE
pa3BUTHE
OK 9 Hcnonp30BaTh HHPOPMAITUOHHBIE TEXHOJIOTHH B IPOPECCHOHATIBHON eI TETFHOCTH.
Breimmonnenne 00ydarommxcs MPAaKTHYECKHX paboOT 1O  y4eOHOH JIUCHUILTHHE
«TexHuueckas MEXaHUKa» HAIPABJIEHO HA:

- 00001eHe, CcUCTeMaTU3aluio, YIrIIyOJeHHWe, 3aKperuieHHe, pa3BUTHE W
JETAIM3alNI0 TOJyYEHHBIX TEOPETUUECKUX 3HAHUM MO KOHKPETHBIM TeMaM y4eOHOM
JUCIUTLIINHBI,

- dopMUpOBaHHE YMEHUN MPUMEHITh TIOJTYYCHHbIE 3HAHUS Ha TMPAKTUKE,
peann3alnio eIMHCTBA MHTEIUIEKTYaIbHON U MPAaKTUYECKOM 1eATeTbHOCTH;

- ¢dopMUpOBaHUE U pa3BUTHE YMEHMUIi: HAOIIOAAaTh, CPABHUBATh, COIIOCTABIIATD,
aHAIN3UPOBATh, JEJNaTh BBIBOAbI M  OOOOIIEHUS, CaMOCTOSTENIbHO  BECTH
UCCIICIOBAaHMS, TIOJH30BATHCS PA3NIMYHBIMU NpUEMaMH HU3MEpeHHui, o(opMIsITh
pe3yabTaThl B BUE TaOIuIl, cXeM, rpaduKoB;

- BBIpAaOOTKY NP PEIICHUH MOCTaBJIEHHBIX 3a/1a4 NMPOPECCHOHAIBHO 3HAYUMBbIX
KAauecTB, TaKWX KaK CaMOCTOSITEIbHOCTb, OTBETCTBEHHOCTh, TOYHOCTH, TBOpYECKAas
WHUIIATHBA.

[IpakTueckre 3aHATHS TPOBOASATCS IIOCIE COOTBETCTBYIOLIEH TEMBbI, KOTOpas
o0ecrieunBaeT HAJMYKE 3HAHHM, HEOOXOIUMBIX JIJISI €€ BBIMOTHEHHUS.



2 METOJHYECKHUE YKA3AHUA

Tema 1.1 OcHOBHEIE NOHATHA U AKCHOMBI cTaTUKH. I110cKas cucTeMa CXOASIINXCH CHJI

Ilpakmuueckasa paooma Ne 1
Pacuer peakumii onop JJi51 JIOCKOM CHCTEMbI CXOASIIIMXCH CHJT

ean:

-3HaTh c10co0 Pa3JIoKEHUs CUIIBI HA COCTABIIAIOLIME,

-M3y4nTh ciocOOBI CIIOKEHUSI CUIL, JIMHUH JICUCTBUS KOTOPBIX CXOJATCS B OJJHOM TOUKE,

-3HaTh F€OMETPUUECKUI U aHATUTUUYECKUI CIIOCOOBI ONpeeeHus
PaBHOJEUCTBYIOIIECH CUIIBIA YMETh UMH II0JIb30BATHCA.

Bobinosinus padory, Bl Oyaere:
ymemp:
V1.1.02. npou3BOAUTH pacyeTbl MEXaHUYECKHUX Ieperad U MPOCTEHIIUX COOPOYHBIX
€MHMLL;

MarepuajibHoe o0ecrieyeHue:
KoHcnekT snekiuii, ”HCTPYKIUS MO BBIMOIHEHHUIO paOO0Thl, UHTEPHET-PECYPCHI, TUHEHKA,
KapaHJiall, JaCTHUK.

3ananne:
BpInoaHuTh pacyer paBHOACHCTBYOLIEH CUCTEMBI CHII

Kp ATKHE TEOPETUIECCKUEC CBCICHUA

IIpumep 1. I'py3 (pucyHok 1) mojBemieH Ha CTEPKHAX U KaHAaTaX U HAXOJUTCS B PAaBHOBECHUHU.
N300pa3uth cucreMy cuil, AEUCTBYIOLIMX Ha IIapHUP
Pemenue

1. Peakuuu crep:kHell HampaBieHbl BJOJb CTEp)KHEH, peakuuu THOKUX CBs3el
HalpaBJIeHbl BJIOJb HUTEH B CTOPOHY HATsKEHUs (PUCYHOK 1, a).

2. [ns omnpeneneHuss TOYHOTO HANpPABIECHUS YCHIMH B CTEPXKHIX MBICIECHHO
yOupaeM 1ociieZ[oBaTeNIbHO CTepKHU | 1 2. AHaIM3UpyeM BO3MOKHBIE MIEPEMELICHUs TOUKHU A.
HemnoasuxHbIi1 070K ¢ IEUCTBYIOIIMMH Ha HETO CUJIAMH HE pacCMaTpUBAacM.

3. Yo6upaem crepxxkeHb 1, Touka A TIOOAHUMAETCS W OTXOJUT OT CTEHBI,
CJIEZIOBATENILHO, PEAKIIUs CTEPKHS | HampaBiieHa K CTEHE.

4. Yo6upaem crepkeHb 2, Touka A TOJHUMAETCS W TPUOIMIDKAeTCs K CTEHe,
CIIeJTOBATEIILHO, PEAKITUS CTEPXKHS 2 HalpaBlieHa OT CTCHBI BHU3.

S. Kanar TsHeT Bpaso.

6. OcBoboxmaeMcs OT cBsi3eil (puUCcyHOK 1, 0).



HenoaswxHui
610K

a) Cuibl, neiicTByIOLIME HA [WApHUP A.
0) Cucrema CXOIAIIUXCS CHIL.
Pucynok 1 — I'py3, moaBeIIEHHbII Ha CTEP/KHAX U KaHATax
IIpumep 2. lap noaBelIeH Ha HUTU U ONUPAETCs HA CTEHY (PUCYHOK 2, a). OnpeaenuThb
pPEaKLMU HUTH U IJ1aJKOH OMOPHI (CTEHKH).

Pewenue
1. Peakiuust HUTH — BJIOJIb HUTH K TOUKE B BBEpX (PUCYHOK 2, 0).
2. Peakuus rimankoi onopsl (CTEHKH) — IO HOPMaJIM OT IIOBEPXHOCTH OIOPHI.

a) map Ha HUTH,
0) peakiuu
Pucynok 2 - Onpenenenue peakiiuyu HUTH U TJIaJKOM ONOpBI

IMopsiaok BbINOJIHEHUS PA0OTHI:
1 PaccMOTpeTh TEOPETUUECKUE TTOJTOKEHUS
2 V3y4nTh METOJUKY pacueTa paBHOACHCTBYIOLIEH CUCTEMBI CHII
3 BeINoaHUTE pacueT paBHOACHCTBYIOIIEH CUCTEMBI CHJIT
4 ChenaTh BBIBOL
5 OTBETUTH HAa KOHTPOJIbHBIE BOPOCHI

®opma npeacTaBiaeHus pe3ybTaTa:

3amuTa NpakTUYecKoil paboTsl

Kpurepun ouenkmn:

Onenka 3 — ojHa peaklysl pacCYUTaHa BEPHO.

Ornenka 4 — Bce peakiiuy MOCYUTAHBI BEPHO.

Onenka 5 — 3anura paboThl (COCTaBUTh YPaBHEHHE MOMEHTOB OTHOCHTENBHO TOUKHU C).



Tema 1.2 Ilapa cuJ1 1 MOMEHT CHJIbI OTHOCHTEIbHO TOYKH

Ilpakmuueckasa paboma Ne 2
MoMeHT CHJIBI OTHOCHTEIbHO TOYKH

Ilesb: B pe3ynbTare BHITOTHEHUS paOOTHl CTYJCHT JOJDKEH UMETh MPEICTaBICHHE O
BUJAaX ONOp OAaJOYHBIX CHUCTEM M BO3HMKAIOIIMX B HHUX pEAKUUAX. 3HATH (OPMBI
YPaBHEHUN PAaBHOBECHS IUIOCKOW CUCTEMBI IIPOU3BOJIBHO PACIIOJIOKEHHBIX CHII YMETh MX
HCIIONB30BaTh Ul OIPEACIICHUs] HEU3BECTHBIX PEAaKLUH B ONOpax. YMEThb BBIIOJHATH
IIPOBEPKY IIPABUIILHOCTH PELLCHUS.

BobinosinuB padory, Bel Oyaere:
ymembs:

V1.1.02. npou3BOAMTH pacueThl MEXaHWYECKHX TMepeaad W MPOCTEHIIMX COOPOYHBIX
SIIUHUIL;

MatepuanbHoe o0ecnieyeHue:
KoHcnekT siekiuii, ”HCTPYKIUS 10 BBIIOJHEHHUIO padO0Thl, UHTEPHET-PECYPCHI, TUHENKA,
KapaHJall, JaCTUK.

3ananue:
1. Kaxue cuinbl u3 cucreMsl cui (pucyHok 1) oOpa3yroT napsi?
F1:F2 = F4; F3 = FG; F5 = 0,9F6.
F,
a
A
a
F,
Pucynox 1 — K Bonpocy 1
2. Onpeaenure MOMEHT H300pakeHHON Ha pucyHKe 2 mapsl cuir. \F\ = \F'\ = 5kH.




Pucynok 2 — K Bonpocy 2

3. Kakwue u3 n300pakeHHbIX nap (PUCYHOK 3) SKBUBAJICHTHBI, €CIIH
Fi.= F2=8xH; F3=6,4kH;a;=2wMm; a,=2,5M?

Pucynox 3 — K Bompocy 3
KpaTkue TeopeTudeckue cBe1eHusi

Cuna, He npoxozsiias dYepe3 TOYKY KpEIUIEHHs Tela, BbI3bIBACT BpAallCHHUE Tela
OTHOCHUTEJIBHO TOYKH, I03TOMY JEHCTBUE TAKOW CHJIBI Ha TEJIO OLEHUBACTCSI MOMEHTOM.

MOMEHT CHJIBl OTHOCHUTENBHO TOYKHM YHUCIEHHO PaBEH IPOU3BEACHUIO MOJIYJS CHIIbI Ha
paccTosiHue OT TOYKHU 1O JIUHUMN JEHUCTBUS CHJIBL.

[MeprieHAMKYNAp, OMYIIEHHBIH W3 TOYKU HA JIMHUIO JEHCTBUS CHIBI (PUCYHOK 4),
Ha3bIBAETCS INIEYOM CHJIBI.

Pucynok 4 — MOMEHT CUJIbl OTHOCHTEIBHO TOYYKH

O603navyenue MomeHta Mo(F) umu mo(F);

Mo(F) = Fa.

Enunanna nusmepenus [mo(F)] = Hxwm.

MoOMEHT cuuTaeTCsi NOJ0KUTENIbHBIM, €CJIH CHJIa Pa3BOPAYMBAET TEJO M0 YaCOBOU
CTpEJIKE.

[Ipumeuanue. B pa3HpIx yaeOHBIX TOCOOMSIX 3HAK MOMEHTA Ha3HAYAETCSI 110~

paszHoOMY.

MoMeHT CuIIbl OTHOCHTEIIHHO TOUKH PAaBEH HYITIO, €CIIH JIMHUS IEHCTBUS CUIIBI IPOXOIUT
yepe3 TOUKY, T. K. B 3TOM CIIy4ae pacCTOSIHUE OT TOYKHU JJO CHIIbI PABHO HYIIIO.



Mpumep 1. Jlana napa cun |Fi| = |F'y| = 42 xH; redo 2 M. 3aMeHATH 3aIaHHYIO Iapy
CHUT DKBUBAJICHTHOH mapoii ¢ riedoMm 0,7 M (PUCYHOK 5).

PucyHok 5 — DKBUBaNIEHTHBIE MTapbl CUII
Pewmenne
[Tapbl cui1 SKBUBAJIEHTHBI, €CJIM MOMEHTBI 3TUX I1ap YHUCIEHHO PABHBI:
my = Flay; my =422 = 84kH-M; mg = Foag; my = ma.
84
Orkyaa Fy = o7 = 120xH.

]
IIpumep 2. [lana cuctema nap cuil (pucyHok 2). Onpeaenutb MOMEHT Pe3yIbTUPYIOLIEH

Maphl.

[Tapsl cuit SKBUBAJICHTHBI, €CJTM MOMEHTBI 3TUX Map YUCJICHHO PaBHBI:

[Tpumep 2. Jlana cuctema map cuit (pucyHok 6). OnpeneauTs MOMEHT pe3yJIbTUPYIoIeH
napsbl.

Pucynok 6 — K npumepy 2

Pemenue
MoMeHT pe3ynbTUPYIOIIEH Maphl paBeH anredpandeckoil cyMMe MOMEHTOB Tap
CUCTEMBI:

n
My = ka.
0

[ToacTaBuB yuCIEHHBIE 3HAYEHUS, TIOTYUHM:
m; =10+ 0,2 =2xHwm;
my=-12+0,3=-3,6 xkHwm;
mz3=6¢+12=72 kHwm;

My =2+ (-3,6)+7,2=5,6 xkHwm.

3HaK CBUAETEILCTBYET O TOM, YTO MOMEHT BBI3bIBAET BPAIIEHHE 10 YACOBOU CTPEIIKE.
BennunHy cuiiel 1 muieya onpeneanTb He y1aeTcsl.

[Tpumeuanue. YToObl ypaBHOBECUTH TAHHYIO CHCTEMY Hap, HEOOXOMMO MPUIIOKUTh
napy CHJI, paBHYIO 110 MOJYJIIO U B 0OpaTHYIO CTOpOHY. Takyro mapy CHJ Ha3bIBalOT

10



YPaBHOBELIMBAIOLLEH.

IHopsinok BbINOJHEHHUS PA0OTHI:

1 3aKOHCTIEKTUPOBATH TEOPETUYECKUE MTOTOKEHUS
2 BbINOTHUTH NUCHbMEHHO 3aaHHUS.

3 Cuenarts BBIBOJ

®opma npeacTaBieHus pe3yabTaTa:

3ammra MpakTU4ecKon paboThI

Kpurepum oueHku:

OueHka 3 — BBIIOJIHEHBI [BA 33/1aHHSI.

OueHka 4 — BBINOJIHEHBI BCE 33/IaHHUSI.

Ouenka 5 — 3amuTa paboThl (COCTaBUTh YPAaBHEHHE MOMEHTOB OTHOCUTENIBHO LIEHTPa
BpAIICHUS KPUBOIIIUIIA).
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Tema 1.3. Iliockasi cucTeMa MPOU3BOJILHO PACHOJIO0KEHHBIX CHJI

Ilpakmuueckoe 3anamue Ne 3
Onpenesienne peakuui B 2X ONOPHOM 0aJike.

Iesab: uMeTh NpeAcTaBiIeHUE O BUJAX ONOP OaJOYHBIX CHUCTEM M BO3HMKAIOIIUX B
HUX peakuusx. 3HaTb (OpPMbl ypaBHEHUN pPaBHOBECHs IUIOCKOW CHUCTEMbI HMPOU3BOJIBHO
PAacCIIONIOKEHHBIX CUJT M YMETh MX HCIIOJIB30BATh JJISl ONPENEICHUs] Peakuid Uit Oaiku ¢
LIapHUPHBIMU OIIOPAMHU
Boinosinus padory, Bel Oyaere:
ymembo:
V1.1.02. mpou3BOIUTH pacyeThl MEXaHWYECKHX Nepeaady M MPOCTEHIINX COOPOYHBIX
CIAVHMLL;
MarepuajibHoe o0ecrieyeHue:
KoHcnekT nekuuii, THCTpYKLUS 110 BBIIOJIHEHUIO paOOThl, HHTEPHET-PECYPCHI, TUHEHKA,
KapaHJall, JaCTHK
3ananne:
Onpenenuth BeNMYMHBI peakuuWid B IIapHUpax JByXxomopHoi Oanku. IIposectu
IIPOBEPKY PEIICHHUS.
Kparkue Teoperuyeckue cBeleHus:

IIpumep. JIByxomopHas Oanka ¢ MIapHUPHBIMH omopamu A W B HarpyxeHa
COCpeIOTOUEHHOM cuiioil F, pacmpeneneHHoN Harpy3Koil ¢ MHTEHCHUBHOCTBIO ( M Mapoil Cuil ¢
MOMEHTOM m (pUcyHOK 1). OnpenenuTts peakiuu omnop.

YR, m = 100 kH-m

ARA)' m=100kH:m

6)

Im 3Im

& G =12 xH
JAVATA
<

a) C pacrpeieIeHHON Harpy3Kou;
0) c 3aMeHOI pacmpeeleHHON Harpy3Ky Ha COCPEI0TOUEHHYIO

Pucynox 1 - Peakiiuu onop B 1ByXOMOpHOU Oake
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Pemrenue

1. JleBas omopa (Touka A) — TOJABWIKHBIN IMApHUP, 37I€Ch PEAKIUs HaIpaBJICHA
MepPHEHANKYIISIPHO ONOpHOH moBepxHocTH. [IpaBas omopa (Touka B) — HEnmoaABMXKHBIN MIapHUD,
3/1eCh HAHOCHUM [IBE€ COCTAaBISIIOLIUE PEaKIHMH BAOJNb ocell koopauHat. Ock Ox coBMeIlIaeM ¢
MPOJOIBHOM OChIO OATKH.

2. llockoiibKy Ha CXeMe€ BO3HHMKHYT JIBE HEU3BECTHBbIC BEPTUKAIbHBIE pEAKIIUH,
UCIIOJIb30BaTh MEPBYIO (HOPMY YpaBHEHHI PaBHOBECHS HEIEeCO00pa3Ho.

3. 3ameHsieM pacrpeiesIeHHYI0 Harpy3Ky COCpeI0TOUEHHOM:

G=gql; G=2x6=12 kH.

CocpenoToueHHYI0 CUITy TOMEIIAaeM B CepelliHEe IMpoJieTa, Jajiee 3ajada peuiaercs C
COCpeIOTOUEHHBIMU cuiamiu (puc. 1, 0).

4. HanocuM BO3MOXHbBIE PEAKIMH B OMOpax (HaIpaBlIeHUE MPOU3BOJIHHOE).

5. Jlns peuienus BbIOMpaeM ypaBHEHUE paBHOBECHUS B BUJIE

n

> mia =0; |

9 I[Ipoeepxa:
p— - n

2 mkp = 0; 3> Fiy =0.

n 0

Z Fkx = 0

0

6. CocraBisem
L s i ypaBHEHHS
Z;,mkA=G°3+m—R3y-10+F-12-sm45 = 0. oveiroR
Rpy-10=G-3+m+ F - 12 -sin 45°; OTHOCHUTEIILHO

TOYCK KPCIIJICHHA:

346

1—0 = 34,6 kH.

Rpy-10=12-3+100+25-12-0,7; Rp, =

Peaknnsa HanpaBieHa BEpHO.
n
Ymgp=Ryy-10-G-7T+m+ F-2-sin45° = 0.
0

Ray-10=G-7T—m — F -2 -5in45°;

o1
Rpy-10=12-7-100-50-0,7; Rpy = T —5,1kH.

Peaknysa orpunarensHas, Cl€OBAaTENbHO, Ray HY)KHO HAalpaBUTh H IPOTHBOIOJIOKHYIO
CTOPOHY.
7. Ucnionb3ys ypaBHEHUE MPOEKIUHN, TOTYYUM:

n
Y Fiz = Rpz + Fcos45° =0; Rp; = —Fcosd45°; Rp, = —17,5xH;
0

Rex — ropusoHTtangbHas peakuus B onope B.

Peaknust oTpunarenbHa, ClE€JOBAaTENbHO, HAa CXE€ME€ €€ HampasleHHe Oyner
MPOTUBOIMOJIOKHO BHIOPaHHOMY.

8. Ilposepka npasunvrocmu pewenus. J{jis 3TOro UCTIONB3yeM YeTBEPTOE ypaBHEHHE
paBHOBECHS
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—Rpy ~ G+ Rpy — Fcos45° = 0.
[TopcraBuM moJlydeHHbIE 3HAYCHHS peakuuid. Eciam yciaoBuEe BBINOJHEHO, pEUIEHUE
BEPHO:
-5,1-12+34,6-25-0,7=0.
IHopsinok BbINOJIHEHHUS PA0OTHI:

1 PaccMOTpeTh TEOpETUYECKUE MOTOKEHUS

2 V3y4nTh METOIMKY pacueTa OMOPHBIX Peakluii 0anok
3 BrimosHUTE pacueT

4 CnenaTth BBEIBOJ

5 OTBeTUTH Ha KOHTPOJIbHBIE BOIPOCHI

®opma npeacTaBjIeHHs pe3yJbTaTa: 3aliTa IPAKTUIECKOH PabOTHI
Kpurtepuu ouenku:
Onenka 3 — 1Be peakuy pacCUUTaHbl BEPHO.

Onenka 4 — Bce peakliiy OCYUTaHbl BEPHO.
Orenka 5 — 3amuTa paboThI (COCTABUTh YPAaBHECHHE MOMEHTOB OTHOCHUTEIILHO TOUKU B).
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Tema 1.3. Iliockasi cucTeMa MPOU3BOJILHO PACHOJIO0KEHHBIX CHJI

Ilpakmuueckoe 3anamue Ne 4
OnpenesieHne peakuni B KeCTKOM 3a/1esKe.

Iesab: uMeTh NpeAcTaBiIeHUE O BUJAX ONOP OaJOYHBIX CHUCTEM M BO3HMKAIOIIUX B
HUX peakuusx. 3HaTb (OpPMbl ypaBHEHUN pPaBHOBECHs IUIOCKOW CHUCTEMbI HMPOU3BOJIBHO
PAacCIIONIOKEHHBIX CUJT M YMETh MX HCIIOJIB30BATh JJISl ONPENEICHUs] Peakuid Uit Oaiku ¢
KECTKOM 3aJI€IIKON.
Beinosinus padory, Bel Oyaere:
ymembp:
V1.1.02. mpou3BOIUTH pacyeThl MEXaHWYECKHX Nepeaady M MPOCTEHIINX COOPOYHBIX
e/IMHUL;
MarepuajibHoe o0ecrieyeHue:
KoHcnekT nekuuii, THCTpYKLUS 110 BBIIOJIHEHUIO paOOThl, HHTEPHET-PECYPCHI, TUHEHKA,
KapaHJalll, JaCTUK
3aganue:
OnpenenuTh peakuyu KOHCOJIBHOW 0allku, M300pakeHHOW Ha pUCYHKE 1.
Kparkue TeopeTnyeckue cBeeHuUs :

IIpumep 1. OgaoonopHas (3aiemieHHas) 6ajaka Harpy>KeHa COCPEO0TOUYEHHBIMU CUJIAMH U
napoi cui (pucyHok 1). OnpenenuTs peakiuu 3aeNKH.

y
R, 30 kH m= 100 xH-m 20xH
\ 60° >
«N\ :
A 3M SM
’1

R‘, ‘_ 2 M B )
M,

-

PI/ICYHOK 1 — banka c 3allICMJICHHBIM KOHIIOM

Pewenue

1. B 3agenke MOXeT BOSHHUKHYTb PEaKIus, NpeAcTaBisieMas AByM: cocTaBisommmu (Ray,
Rax), m peaktuBHbIi MOMEHT Ma. HanHocum Ha cxemy Oanku BO3MOXKHBIC
HaIlpaBJIECHUS PEaKIIU.

3ameuanue. Ecnu HanpaBieHus BBIOpaHbI HEBEPHO, MPU pacueTax MOJIyYUM OTpPHUILIATEIbHbIE
3HA4YCHUS peakuui. B 9ToM cirydae peakiuy Ha CXeMe CIEAYET HAllPaBUTh B IIPOTUBOIIOJIOKHYIO
CTOPOHY, HE IOBTOPSIS pacyeTa.

B cuity Mainoit BBICOTBI CUMTAIOT, YTO BCE TOUKU OAJTKK HAXOASATCS Ha OJHOM MPsMOil; Bce TpU
HEU3BECTHBIE PEaKuy MPUII0KEHBI B 0JIHOM Touke. /|y pemienus yno0HO UCTIOIb30BaTh
CUCTEMY ypaBHEHUI paBHOBecus B miepBoi popme. Kaxkioe ypaBHeHHe OyieT cofepx aTb OAHY
HEU3BECTHYIO.

2. Hcnonp3yem cucteMy ypaBHEHHUI:
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n n n
; Zsz=0; ZFky=0; ka,‘:O.
" 0 0 0
Y Fiz = —Raz + 30 - c0s 60° + 20 - cos 90° = 0.
0

Raz = 30 - cos 60° + 20 - cos 90° = 15xH.

n
> Fiy = Ray — 30 - cos 30° — 20 - cos 0° = 0.

0
Ry =30-0,866 + 201 = 45,98 xH.

n
> mpa=—Mz+30-3-sin60°+100 +20- 10 = 0.
0
Ma = 377,94 xH .

3HaKM NOJIYYEHHbIX peakuuil (+), cie0BaTeIbHO, HAIIPABIICHUS PeaKuil BBIOPaHbI BEPHO.
3. Jlns mpoBepKM NPaBUIBHOCTU PEIICHHS COCTABISEM YPaBHEHHE MOMEHTOB OTHOCHTEIIBHO
TOYKHU B.

Y “mup =—Ma+ Ray-10—30-7-5in60° + 100 = 0.
IToxncrasnsieM 3HaueHUs IIOJIYUCHHBIX peaKHHfII
—377,94 + 45,98 - 10 — 210 - 0,866 + 100 = 0;
~559,8 + 559,8 = 0.

Pemienue BBIMOIHEHO BEPHO.
Iopsiaok BbINOJIHEHUS PA0OTHI:

1 PaccMoTpeTh TeopeTHuecKre MOI0KEeHHUs

2 V3y4nTh METOAMKY pacueTa OMOPHBIX PEaKIuii KOHCOJIbHBIX 0aIok
3 BeImonHUTh pacyer

4 ChenaTth BBIBO

5 OTBeTUTH Ha KOHTPOJIBHBIC BOTIPOCHI

®opma npeacTaBaeHus pe3yJbTaTa: 3allUTa MPAKTUYECKON pabOThI
Kpurepun onenkn:
Onenka 3 — 1Be peakuy pacCUUTaHbl BEPHO.

OI_ICHKEI 4 —Bce PCaKuu MOCYHUTAHbI BEPHO.
OI_ICHKEI 5 — 3amuTa pa6OTBI (COCTaBI/ITL YpaBHECHUEC MOMCHTOB OTHOCUTCIIBHO TOYKHU B)
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Tema 1.4 LlenTp TsI3KECTH

Ilpakmuueckan paboma Ne 5
OnpenesieHne HEeHTPA TAKECTH (PUTYPHI

Heasb: B pe3ynbraTe BBINOJIHEHUS pPaOOTHI CTYAEHT JOJDKEH 3HAaTh METOJIBI
OTIpeJIeJICHUs IICHTPa TSDKECTU Telda M (OpMyInbl A ONpEeAeTICHUs TOJIOKEHHUS LEHTpa
TSODKECTH IUIOCKHX (puryp. YMeTh ONpeAessaTh MOJO0KEHHE LEHTpPa TSHKECTH MPOCTHIX U
COCTaBHBIX (HUTyp U PUryp.

Boinosinus padory, Bel Oyaere:

ymembs:

VY 2.1.07. onpenensTs HAPSHKEHUS! B KOHCTPYKIIMOHHBIX AJIEMEHTAX ;

MaTtepuajbHoe o0ecniedeHue:

KoHcnekT Jieknuii, ”HCTPYKITUS TI0 BBITIOJTHEHHUIO pa00ThI, HHTEPHET-PECYPCHI, THHEHKA,
KapaHJaul, JaCTUK

3aganue:

1 [ToBTOPUTH TEOPETHUYCCKUI MaTepHa

2 W3yuuTh METOJMKY OIPEICIICHUS LEHTPA TSHKECTH MPOCTHIX M COCTaBHBIX (QUTYD H
uryp

3 BBINOJHUTE pacyer

KpaTkue TeopeTHuecKkue cBeIeHUs
[TonoxeHus HEHTPOB TSHKECTH MPOCTHIX TEOMETPUUECKUX (PUTYP MOTYT OBITh PaCCUUTAHBI 110
U3BeCTHBIM opmynam (puc. 1: @) — Kpyr; 6) — KBaJpaT, IPSIMOYTOJIBHHUK; 8) — TPEYTOJIbHHUK;
&) — TOIYKPYT).

R
h
LT
m b2
E b2 3
b
a) 6)
h ki3 y, /— X
T [ Jur
bi3
b Vo= ‘;—R;t—
8) 2)

Pucynok 1 — [TonoxeHus neHTpa TsKeCcTu NPOCThIX Uryp:
a — Kpyr; 0 —IpSIMOYTOJIbHUK; B — TPEYTOJIHUK; T- MOJYKPYT
Ilpumeuanue. L{eHTp TSHKECTH CUMMETPUYHON (DUTYPBI HAXOAUTCS HA OCH CUMMETPUH.
LleHTp TsXKECTH CTEP>KHS HAXOAUTCS Ha cepeHe BhICOTHI. [Ipu perennn 3a1a4 UCTIONb3yIOTCS
CJIEAYIOIINE METO/BI:

1. METOJ CHMMETPUHU: LIEHTP TSHKECTH CUMMETPHUYHBIX (UTYp HAXOTUTCS Ha OCH
CUMMETpPUH;
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2. MCTO/ Pa3sACICHUA: CIIOKHBIC CCUCHUS Pa3aCIACM Ha HCCKOJIBKO IMPOCTBIX qaCTeﬁ,

MOJIO’KEHUE LIEHTPOB TSHKECTU KOTOPBIX JIETKO ONPEECIHTD;
3. METOJI OTPULIATEIbHBIX IUIOHIA/IeN: MOJOCTU (OTBEPCTHUSI) pacCMaTPUBAIOTCS KaK

YacTh CEUCHHSI C OTPHUIIATEIILHON TUIOIIAIBIO.
[Ipumepbl pewienus 3adau

IIpumep 1. Onpenenuts Nog0KEHUE IIEHTPA TSHKECTU GUTYPBI, IPEACTaBICHHOM Ha pUC. 2.

Pewenue
PazbuBaem urypy Ha Tpu 4acTu:

Y 20 c™m 3
|

NS \ 1 — NpAMOYTOJLHUK,
\Q NN& \ Ay =10-20 = 200cm?;
o
N

N
RC?\“ 2 — TPeyroJibHMK,

NN A =1/2-10-15 = 75¢cm?;

2 35 cM F 3 — xpyr, A3 = 7R%;
A3 =3,14-3% = 28,3cu’.

10 cm

7

Pucynok 2 — CocraBHOE ceueHMe

IT cdurypw 1: z; = 10 cM; y; = 5 oM.
UT dburypm 2: 29 =2041/3-15=25cm; y2 =1/3-10 = 3,3 oM.
T dburyps 3: z3 =10 cM; y3 = 5 oM;
200-10+75-25-28,3-10 o g

200 + 75 — 28,3 ' ’

AHanornuHo onpenensiercs yc = 4,5 cm.

Ic =

IIpumep 2. HaiiTu nonoxxeHue LEHTpa TSHKECTH CUMMETPUUHON cTep kHeBoM hepmbr ADBE
(puc. 3), pazamepsl KoTopoii TakoBbl: AB = 6M, DE=3MuEF =1 M.

4

Pucynok 3 — CrepxHeBas pepma
Pewenue

Tak kak Qepma cumMMeTpUuHasi, TO €€ LUEHTP TKECTH JIEKUT Ha ocu cummerpun DF. Ilpu
BbIOpaHHOM (puc. 116) cucteme KOOpAMHATHBIX OCel abclucca HeHTpa TKECTU (HepMBbl

.:'c=.4F==—':‘_l_£=3 M,

HewusBecTHOH, ciie0oBaTeNbHO, SIBISETCS JMIIL OpJMHATA Y LEHTpa TshKecTH ¢epMsbl. [l ee
ornpeneneHus: pazouBaeM ¢epMy Ha OTIENbHbIC YacTH (CTep)KHH). JJJTHMHBI UX ONpeaessoTcs U3

18



COOTBCTCTBYIOIIHUX TPCYTIOJIbHUKOB.

N3 AAEF nmeem

AE=BE =V AP FE =V 3 F 1 = 36y, |
N3 4ADF nmeem
AD=V AP -(DEFEFf =V 7 {P= =5m.1

Hacrn Hauna ‘. o’l;m ¥y neETpa
depum | wactm, W ™ :s’e:":':”‘
[ 3,16 0,6
1 3,16 0,5
I 5 2
VI 3 2,5
v 5 2

LIeHTp TsXKECTH Ka)JI0r0 CTEPXKHSI JIEKUT B €ro
cepeiMHe, KOOPJMHATHI ATUX LIEHTPOB JIETKO
omnpenenstoTcs u3 yeprexa (puc. 116).
HalieHHbIE MJIMHBI U OpAMHATEI LICHTPOB TAKECTH
OTJENIbHBIX YacTel pepMbl 3aHOCUM B TaOJIUIy U
o Gopmyre

2, 1 2l
fo=Tghtr Vo= =

ompezesnseM OpAUHATY ) ¢ IEHTPA TSKECTH JaHHOU MIIOCKON (epMBI.

i Z{&- s.né.o.sst'ls.xe.o.si_*_si%:s.z.sis-z iy

CnenoBarenbHo, 1eHTp TsbkecTu C Beelt dhepmbl JiexuT Ha ocu DF cummetpuu dhepmbl Ha
paccrostauu 1,59 m ot Toukm F.

Iopsiaok BbINOJIHEHUS PA0OTHI:
1 PaccmoTtpeTs TeopeTUuuecKre MOJI0KEHHS

2 V3y4uTh METOJUKY OMPEIETCHUS LIEHTPA TSHKECTH COCTABHOTO CECUCHUS

3 BeimoaHuUTh pacuer

4 ChenaTh BBIBOL
5 OTBETUTH HAa KOHTPOJIbHBIE BOPOCHI

®opma npeacTaBiaeHus pe3yJbTaTa: 3aluTa MPAKTUYECKON paboThI

Kpurepun ouenku:

Omnenka 3 — BEpHO OIpe/IeNIeHbl KOOPIMHATHI IEHTPA TSHKECTH OTACITBHBIX (uryp.

Orenka 4 — BepHO paccuMTaHbl KOOPIUHATHI OOIIETO IEHTPA TAKECTH.
Orenka 5 — 3ammra paboThl (OMpeIeTuTh KOOPANHATHI yKa3aHHOM MpernojaBaTesieM Ha
CXEMETOUKH).
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Ilpakmuueckas paboma Ne 6
OnpenesieHne HEHTPA TAKECTH (PUTYPHI, COCTABJIEHHOM M3 MPOKATHBIX NpoduJieit

Ieab: B pe3ynbraTe BbINOJIHEHUS pPAOOThI CTYNEHT JOJDKEH 3HaTb METOJIbI
OTIpeJIeJICHUs IICHTPa TSDKECTH Telda M (OpMyINbl A ONpEAETICHUs TOJIOKEHHUS LEHTpa
TSDKECTH TUIOCKUX (QHUTyp. YMETh ONpeleNsTh MOJOKEHHE IEHTPA TSHKECTU CIOXKHBIX
reoMeTpruecKuX (Gpuryp u Guryp, COCTaBICHHBIX U3 CTAHJAPTHOTO IPOQHIIS.

Beinosinus padory, Bel Oyaere:

ymemb:

VY 2.1.07. onpenensTs HAPSHKEHUSI B KOHCTPYKIIMOHHBIX 3JIEMEHTAX;

MarepuasibHoe o0ecrieyeHue:
KoHcnekT sekiuii, ”HCTPYKIUS MO BBIMOIHEHUIO paOO0Thl, UHTEPHET-PECYPCHI, TUHEHKA,
KapaHJall, JaCTHK

3ananmne:

1 [loBTOPUTH TEOPETUUECKUI MaTEpUal

2 V3y4nTh METOJIMKY ONpPEAEICHHS LEHTPa TAKECTU MPOKATHBIX IpoQuieit
3 BbInonHuTh pacuer

Kpartkue TeopeTnueckue cBegeHus:
IIpumep 1. Onpenenuts KOOPAUHATHI IEHTPA TSHKECTH COCTaBHOTO ceueHus. CedeHne COCTOUT
U3 JIUCTA U IPOKATHBIX IPOUIIeH.

C
.
Llseancp Ne 10
N C
E SN -
Asyrasp Ne 16
Zo /1 Jlmct 5% 100
» 3 x

Pucynok 1 — CoctaBHOE ceueHue U3 JHCTa U MPOKATHBIX Mpoduieit

Ilpumeuanue. Yacto paMbpl CBapUBAIOT U3 Pa3HBIX Ipoduiield, co3maBas HEOOXOIUMYIO
KOHCTpYKIIMIO. TakuM 00pa3oM, yMEHBIIAeTCs pacxo] MeTala W 00pa3yercss KOHCTPYKITHS
BBICOKOM IIPOYHOCTH.

Jnst  cTaHmapTHBIX ~ TPOKaTHBIX  mpoduieil  COOCTBEHHBIE  T€OMETPHUYECKHE
XapaKTEePUCTUKH U3BeCTHBI. OHM MPUBOJAATCS B COOTBETCTBYIOLIMX CTaHAAPTAX.

Pemienue
1. O603Ha4nM (GUTYpBI HOMEPAMHU M BBIHILIEM U3 TaOIUI HEOOXOAMMbIE JaHHbIE:
1) — mBemtep Ne 10 (TOCT 8240-89); Beicota h = 100 MMm; mupuHa moaku b = 46 mwm;
mnomans ceaenus 41 = 10,9 CMZ;
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2) — meytaBp Ne 16 (TOCT 8239-89); Beicota 160 MM; mmprHa moyaku 81 MM; IIIOIIAIb
ceuenus A, — 20,2 CMZ;
3) — mucr 5x100; Tommuua 5 mm; mmpunaa 100 MMm; tutomans cedenus Az =0,5x 10=15
oM’
2. KoopauHatel LEHTPOB TSHKECTH KaXAOW QUTYPhl MOXKHO OIPEACIHUTHh II0
YEPTEKY.
CocraBHOE C€YECHUE CUMMETPUYHO, TTO3TOMY IIEHTP TSHKECTH HaXOAUTCS Ha OCH
CUMMETPHUHU U KoopauHarta xc¢ = 0.
Mlpesinep 1: y1=a+ho+ 20541 =05+16+ 1,44 = 17,54 cm.
Jpyrasp 2: yr=a+ -h—2 ya = 0,5+ 16/2 = 8,5cm.

2 T
Jner 31 yz3 =a/2 =0,25¢cm.
3. OHpeZ[CJ'ICHI/IC LOEHTPA TAXKECTH COCTABHOI'O CCUCHMS:
A+ Asya + Asys
AL+ A+ Az '

10,9-17,54 + 20,2 - 8,5+ 5-0,25
10,9 + 20,2+ 5

ye = = 10cMm.

Iopsiaok BbINOJIHEHUS PA0OTHI:

1 PaccmoTtpeTs TeOpeTUuuecKue MOJT0KEHHS

2 V3y4uTh METOAMKY OTIPEICIICHUS IEHTPA TSHKECTH MPOKATHBIX MPOoQHIei
3 BeimoaHuTh pacuer

4 CphenaTh BBIBOJ

5 OTBETUTH HAa KOHTPOJIbHBIE BOIPOCHI

®opma npeacTaBieHus pe3yJbTaTa: 3aluTa MPAKTUYECKON paboThI

Kpurepun ouenku:

Omnenka 3 — BEpHO OIpe/esieHbl KOOPIUHATHI IEHTPA TSHKECTH OTACTBHBIX MPOQHIIEH.
Onenka 4 — BepHO pacCUMTaHbl KOOPAMHATHI OOIIETo LIEHTPA TSHKECTH.

Orenka 5 — 3ammra paboThl (OMpeneTuTh KOOPIUHATH YKa3aHHOM MpernojaBaTesieM Ha
CXEMETOYKH).
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Tema 2.2 IIpocTeiimme 1BUKeHNs TBepa0ro tesaa. Ciio:xkHoe ABHKeHHE TBEPAOro TeJia

Ilpakmuueckasa paboma Ne 7
Pemenne 3ana4 no pasneny « Kunematuka»

Heab pabGorsi: OmnpeneneHue MapaMeTPOB JBHUKEHUS TOUKHM IO 33JaHHOMY 3aKOHY
JBIDKEHUS M TOCTPOSHHE KHHEMATUYECKUX TPa(UKOB ABIKEHHUS.
Beinosinus padory, Bel Oyaere:
ymemb:
V1.1.02. mpou3BOIUTH pacdeThl MEXaHWYECKHX Nepefad M MNPOCTEHIINX COOPOUYHBIX
€UHUL,
MarepuajibHoe o0ecrieyeHue:
KoHcnekT siekiuii, ”HCTPYKIUS O BBIMOJHEHHUIO pabO0Thl, UHTEPHET-PECYPCHI, TUHEHKA,
KapaHJaul, JaCTHK
3aganue. Touka IBMKETCS MPSIMOJIMHEHHO COTIIaCHO ypaBHeHuto S = 20t — 5t (sem, t B
¢). Iloctpouts rpaduku pacCcTOSHUM, CKOPOCTH W YCKOPEHHUS Il MEPBBIX 4 C JABUKCHUSI.
Ornpenenutsb myTh, TPOUIEHHBIN TOYKOM 32 4 C, U ONUCATh JBUYKEHUE TOUKH.

KpaTkue TeopeTuyecKkue cBeleHUsI:
PacueTrHble (hopMyJIbI 1151 ONIPe/ie/IeHUsI TAPpaAMeTPOB JABUKEeHHS TeJia.
Bce Touku Tena qBUKYTCSA OJIMHAKOBO. 3aKOH PaBHOMEPHOTO JIBHXKEHUSI:

S = Sy + vt.

3aKOH paBHOIEPEMEHHOTO JIBUKECHMUSL:
att2
2

3nech SO — myTh, IPOWICHHBIN 10 HaYaja OTCUYeTa, M;

S = Sp + vot +

Vo — HayallbHas CKOPOCTh JBHKEHUS, M/C;

2
a; — TMOCTOSIHHOE KacaTeJIbHOe YCKOpEHHe, M/C
CxopocThb:

v=.9"; v =1vg+ at.
Yckopenue:

a = v,

3akoH HCPaBHOMCPHOT'O ABUKCHUA:
— 3
S = f(#%).

Kunemarnueckuii rpaduk paBHOMEPHOTO MOCTYNATEIbHOIO JABMXKEHHS MPEICTaBIEH Ha
pucyHke 1.

s, 9
§=f (0 —
“l v =const
(8] F

Pucynok 1 — PaBHOMepHOE MOCTYIaTeIbHOE IBUKEHUE
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IIpumep 1. Ilo 3amanHOMYy TpaduKy CKOPOCTH HAaWTHU IyTh, MPOUJCHHBIA 3a BpeMs
JBHKEHUS (PHCYHOK 2).

o, M/C
8
1 2 3
0 5 15 19 ¢
Pucynok 2 — I'padux ckopocTu
Pewenue
1. I[To rpaduky cieayer paccMOTpeTh TpU y4acTka ABHKeHMA. IlepBblii ydacTok —

Ppa3roH U3 COCTOSIHUS ITOKOS (paBHOYCKOpeHHOC I[BI/DKGHI/IC).

VYpaBHeHHE CKOPOCTH V; = Vy + aqty; vg = 0.
v 8
Yckopenue a; = t—l; a; =;=16wm/c.
1
Bropoii yuactok — paBHOMepHOe aBMkeHHe: V = 8 m/c; az = 0.
Tperuit yuacTOk — TOPMOKEHHE JJO OCTAHOBKH (PaBHO3aME/JICHHOE JIBUYKECHUE).

YpaBHEHHE CKOPOCTH V3 = Vg3 + aztz; vz = 0.

VYckopenue az = Vtﬁ; a, = —% = -2 M/c.
3
2. [TyTb, mpoiieHHBIH 32 BpeMsl IBUKEHHUS, Oy/IET paBeH:
. at®
nepBbi# ydacTok: S; = Sp + vot + —2-; So=0; vp=0;
t2 1.6- r2
S = %'—; S =— 20 = 20M/c;

BTOPON yuacTrok: Sp = vy =8-10=80m/c;
2

t
Tpernft yyacrok: S3 = Spa + vgats + ‘%‘3; Soz = 51 + Sa;

vos =8 M/c; az= -2 M/Cz.
[lyTe 3a BpeMsi ABHIKEHHSA

-2-42

Sy =83=100+8-4 + =116 M.

Mpumep 2. Teno, MMeBIIee HAYATHHYIO CKOPOCTh 36 KM/4, mponuto 50 M 10 OCTaHOBKH.

Cumnras ABIKEHHE PAaBHO3aMEJICHHBIM, OIIPEIEIIUTh BPEMSI TOPMOXKECHUSI.
Pewenue

1. 3anuceiBaeM ypaBHEHUE CKOPOCTH ISl paBHO3aMEUIEHHOTO JIBFKEHHUS:

v=v,+at=0.

OmnpenensieM HadaJIbHYIO CKOPOCTh B M/c: V, = 36%1000/3600 = 10 m/c.

Beipazum yckopeHue (3aMeiieHue) U3 YpaBHEHHUS] CKOPOCTH: a = - Vo/t

2. 3anuchiBaeM ypaBHEHHE TIyTH: S = Vot/2 + at?/2. TlocIie TOCTAHOBKH HOJY4YUM: S
= Vot/2

3. OrnpenernsieM BpeMs 10 TTOJTHOW OCTAaHOBKHU (BPEMsI TOPMOKEHUS ):

t=2S/g = 2x50/10=10 c.
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Iopsiaok BbINOJIHEHUS PA0OTHI:

1 PaccMOTpeTh TEOPETUUECKUE MOJIOKEHHUS.

2 V3y4nTh METOJIMKY OTIPENEICHHUS IEHTPA TSKECTH POKATHBIX TPOdHIIeH.
3 BBINIOTHUTB pacyer.

4 CnenaTth BBEIBOI.

®opMma npeacTaBIeHUs pe3yJbTaTa: 3alUTa MPAKTUYECKON pabOThI
Kputepun onenku:

Onenka 3 — BepHO Onpe/iesieHa CKOPOCTb.

Onenka 4 — BepHO onpeiesieHbl CKOPOCTh U YCKOPEHHUS.

Onenka 5 — 3amuTa paboThl (ONpenenTh KOOPAMHATHI YKAa3aHHOM IperojaBaTeseM Ha
CXEME TOUKH).
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Tema 4.2 PacTsiskeHHeE U CoKATHE

Ilpakmuueckas paboma Ne 8
PacyeTr Ha IPOYHOCTH NIPH PACTSAKEHUHU U CKATHHU

Henab: B pe3ynpTaTe BBIIOJHEHUS pPAOOTHI CTYAEHT JODKEH 3HATh IIpaBHIIa
IIOCTPOEHHUSI SMIOP IPOJOJBHBIX CUJI U HOPMAJIBHBIX HANPSIKEHUN B MONEPEYHOM CEUEHUU
Opyca, yMeTb C IOMOIIbIO METOJa CEYCHHWH CTPOHMTH OSIIOPHI TMPOJOIBHBIX CHUJ H
HOPMAaJIBHBIX HAIIPSKCHUM.

Beinosinus padory, Bel Oyaere:

ymemp:
VY 2.1.07. onpenensats HAPSHKEHUS] B KOHCTPYKIIMOHHBIX AJIEMEHTAX.

MarepuanbHoe o0ecnieyeHune:
KoHcnexT nexiuit, ”HCTPYKIIUS 110 BBIMOJIHEHUIO pab0ThI, HHTEPHET-PECYPCHI, INHENKA,
KapaHjall, JJACTHK

3ananmue:
PaccunTarh KOHCTPYKIIMIO HA IPOYHOCTD.
KpaTkue TeopeTuueckue cBeIeHuUs:

Heo0xoaumble popmyJibl.
HopmanbHoe HanpsikeHne

N
= X’
riae N — npojonbHas cuiia; 4 — TUIOIIA b TIOTIePSYHOTO CCUSHUSI.
VnnuHenue (ykopoueHue) opyca

o

Nl ol
Al=— nm Al=—
AE E’
E — mopayne ynpyrocti; | — HavanbHas [UIMHA CTEPIKHSL.
Jonyckaemoe HanpsKeHUe
On
[ 0.] s pea

?
[s]
[s] — momyckaemsilii 3amac MPOYHOCTH.
VYcnoBue NpOYHOCTH MPU PACTSHKEHUU U CHKATHM:

a=%<[o].

IIpumepbl pacueToB Ha NPOYHOCTH H )KECTKOCTh
IIpumep 1. I'py3 3akperieH Ha CTEP)KHAX U HAXOAMTCSA B paBHOBecuHu (pUCYHOK 1). Matepuan
CTepXkHEN — cTainp, gonyckaemoe HanpspkeHnue 160 MIla. Bec rpysa 100 kH. [{nuna crepkHei:
nepBoro — 2 M, Broporo — IM. Onpenennuts pa3mepsl MONEPEYHOIO CEUYEHUS U YIJIMHEHHE
crepxHeil. PopMa NONEepevyHOro CEUeHUs1 — KpYT.
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a)

A) ¢ peakuueii cBs3u; 0) 6€3 peakiuid CBsI3n
Pucynok 1 —I'py3 Ha cTepxHe

Pewenue

Onpenenuth Harpy3Ky Ha CTEpKHH. PaccMOTpuM paBHOBecHME TOUYKH B, ompenenum
peakuuu cTep)kHer. [lo msaTol akcmome CTAaTUCTUKH (3aKOHY JCHCTBUS M TPOTHUBOJEHCTBHUS)
peakiusi CTEp)KHS YHCIEHHO paBHA HAarpy3ke Ha CTepkeHb. HaHocuMm peakiuu CBs3eH,
neiicTByromux B Touke B. OcBoOoOXkaaeM TOUKy B oT cBszeil (pucyHok 1, a). BeiObupaem cuctemy
KOOpJAMHAT TakK, YTOObI OJfHA M3 OCEH KOOpIMHAT COBIAJIa C HEM3BECTHOM CHIIOW (pUCYHOK 1,
0).CocTtaBuM cucTeMy ypaBHEHHI paBHOBECHS JJisi TOUKHU B:

Y Fy=—=Rac0s60° + R; = 0;
> Fy=Rycos30°— F =0.

Pemaem CUCTEMY ypaBHeHI/Iﬁ " onpecaciisieM pCakKInnu CTCp)KHCﬁ.

Ry = E Ry = al—g—g—ﬁ- = 115, 5kxH.

= c0s30°°

R; = Rpco860°; R; =115,5-0,5 = 57,4xH.

Hanpasnenue peakuuii BeiOpaHo BepHo. O0a crepkHs cxatbl. Harpysku Ha crepknu: Fi =
57,4xH; F, = 115, 5 xH. Onpenensem noTpebHyIO MIONIAAb MOMEPEYHOTO CEUEHUS CTEPKHEN U3
YCJIOBUW MPOYHOCTH. Y CJIOBUE MPOYHOCTH HA CKATHE:

o= N/A < [o],

N

Otkyna

Crepxenb 1 (N1 = Fy):
57,4103
A > —
. 160

= 358, 75 MmM>.

Hns xpyra
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A=7R? R=\/§; Rlz‘/ﬂé=10,68mm; d1=21,3 mm.

3,14
Crepxens 2 (N = Fy):

115,5 - 10° 722
Ay 2> —’m-o— — 722MM2; Ry > m = 15, 2 MM;
da = 30,4 MMm.
[Tonydyennsie quaMeTphl okpyrisiem: d; = 25 mm, dz = 32 mm.
3. OnpenernsieM yAJIMHEHUE CTEPKHEH
Al = iv_i
~ AE
Ykopouenue crepxkus 1:
2 . oKz
Ay = “le; Ay = %ﬁ = 490 Mm?;
57,4-10%-2.103
Al = 5 105,490 = 1,17 mMm.
YkopoueHHe CTepKHS 2:
3,14 - 322 9 115,5-10% -1-10?
— Al o I . = = 72 .
A, 1 804 mm*; Alp 5105 -804 0,72 MM

IMopsi1oK BHINOJHEHUS PA0GOTHI:

1 PaccMOTpeTh TEOpETHYECKHIE MTOTOKEHHS

2 V3y4nTh METOIMKY pacueTa Ha MPOYHOCTH MPH PACTSHKCHUU U CKATHU
3 BeinosiHuTh pacuet (1o BapuaHTaMm)

4 ChenaTh BBIBOL

®opma npeacTaBaeHus pe3yJbTaTa: 3aluTa MPAaKTUYECKON paboThI
Kpurepun onenkn:

Onenka 3 — BEpHO OIpe/ieTIeHbl PEAKIK B OIOpax.

Onenka 4 — BEpHO Ollpe/iesIeHbl Harpy3Ky Ha CTEPIKHHU.

OrneHka 5 — ycTHas 3aniuTa paboThl 10 KOHCIIEKTY.
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Tema 4.2 PacTsiskeHHeE U CoKATHE

Ilpakmuueckasn paboma Ne9.
IHocTpoenne >mwop

Henab: B pe3ynpTaTe BBIIOJHEHUS pPAOOTHI CTYAEHT JODKEH 3HATh IIpaBHIIa
IIOCTPOEHHUS BIIOP IPOJOJIBHBIX CHJI U HOPMAJIbHBIX HAIPSKEHUN B IIOINEPEYHOM CEUYCHUH

Opyca, yMeTb C IOMOIIbIO METOJa CEYCHHH CTPOWUTH OSMIIOPHI MPOJOJIBHBIX CHUJ H
HOPMAaJIBHBIX HAIIPSKCHUM.

Beinosinus padory, Bel Oyaere:
ymemb:

VY 2.1.07. onpenensats HAPSHKEHUS] B KOHCTPYKIIMOHHBIX AJIEMEHTAX.
MarepuasibHoe o0ecrieyeHue:

Koncmiext J'IeKI.IPIfI, HHCTPYKIUSA 110 BBITOJHCHUIO pa60T]i>I, HHTCPHET-PECYPCHI, J'II/IHCI‘/’IKa,

KapaH/all, JaCTUK

3ananue
ITocTpOUTH 3MIOPHI IPOJOJIBHBIX CHII K HOPMAJIBHBIX HAIIPSIKCHUM.
KpaTkue TeopeTuyeckue cBeIeHus:

IIpumep 1. [TocTpouts 3MIOPHI IPOAOIBHBIX CHII U HOPMAJIBHBIX HAMPSHKEHUN.

Py ) Ps3 F1 F, a b C
kH MM MM M

18 52 5 120 310 0,1 0,25 0,5

=P, = 18 kH.

=P, +P; =18 + 5 = 23kH.

=P, +P;—P, =18 +5—52 = —29 kH.

= ’;—11 = % =150 MITa.

= ’;—22 = —3123_01(:)0_6 =74 MITa.

= Ns_ 2900 _ g4 MITa,

F,  310-10—

OMNIopkl MPOJIOJIBHBIX CUJI U HOPMAJIbHBIX HANPSKEHUH IMOKa3aHbl HA PUCYHKE 1.
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Iopsiaok BbINOJIHEHUS PA0OTHI:

1 PaccmoTpeTh TeOpeTHUeCKHE MOJT0KCHHS

2 VI3y4uTh METOJUKY MTOCTPOEHHUS MIOP MPOAOIBHBIX CUJI U HOPMAJIbHBIX HAMPSKEHUN
3 BBIMOTHUTE pacyeT U MOCTPOUTH SMIOPHI (TI0 BapHaHTaM)

4 ChenaTh BBIBOL

®opma npeacTaBIeHUs pe3yJbTaTAa: 3aIUTA MPAKTHYECKON pabOTHI
Kpurepuu oneHku:
OmeHka 3 — BepHO Onpe/ieNieHbl 3HAYSHUS TIPOJOIBHBIX CHII M HOPMAJIbHBIX HAaNPSHKEHUIH;

OHCHK& 4 — BCEPHO ITOCTPOCHDI SITIOPLI MPOAOJIBHBIX CUJI U HOPMAJIbHBIX HaHpﬂ)KeHHﬁ;
OI_ICHKa 5-— YCTHad 3aliuTa pa60TbI IO KOHCIICKTY.
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Tema 4.2 PacTsiskeHHeE U CoKATHE

Ilpakmuueckasa paooma Nel().
Onpenesienue nepeMenieHnsi CBO0O0HOT0 Kpasi Opyca

Heab: B pe3ynbTaTe BBINOJHEHUS pPAa0OTHl CTYACHT JODKEH 3HATh IIpaBHIIa
MIOCTPOCHHUSI DIIOP MPOAOIBHBIX CHJI, HOPMAIBHBIX HANPSDKEHUH B MOTEPEYHOM CEUCHUU
Opyca, yMeTb C IOMOIIbIO METOJa CEYCHHH CTPOHUTH OSHIIOPHI MPOJOJBHBIX CHUJ H
HOPMAJTbHBIX HAMPSKEHUH U OTPEIEIIATh IEpEeMEIIeHIEe CBOOOTHOTO Kpast Opyca.

Beinosinus padory, Bel Oyaere:

ymemb:

VY 2.1.07. onpenensaTs HAPSHKEHUS B KOHCTPYKIIMOHHBIX AJIEMEHTAX.

MarepuajibHoe o0ecrieyeHue:

KoHcnekT nekuuii, HHCTPYKIHS 110 BBIIOJHEHUIO pabO0Thl, UHTEPHET-PECYPChI, JIMHEHKA,

KapaHJall, JaCTHK
3ananne
ITocTpOonTh 3MIOPBI IPOJOJIBHBIX CHJI U HOPMAJIBHBIX HAIIPSKCHUI.
Kpartkue Teopernyeckue cBeeHHUs:
IIpumep 1. IlocTponTs 310PBI NPOAOJIBHBIX CHJI 1 HOPMAJIBHBIX HAIIPSKCHUH.

Py ) Ps3 F1 F, a b C
kH MM MM M
18 52 5 120 310 0,1 0,25 0,5

N1:P1:18KH.
N, =P, + P; = 18 + 5 = 23xH.

Ny 18000

=—-21=—— =150 MIla.

91 = & T 120106 50 a
N 23000

0, = =2 = ——— =74 MIla.
F 310106
N —29000

o3 == =-94 MIla.

F,  310-10-6

_ 1 (Nily | Notlp | N3l _ 1 —_1 . 100 - - 10° -
Al = E( Lty )_ = (01ly + 031y + 0313) = 7= (150 - 10° - 0,5 + 74 - 10

0,25 — —94-10°-0,1) = 4,21-10"*m.
bpyc ynnuauncs Ha 0,421 mwm.

ONIOpsI MPOJOIABHBIX CHJI M HOPMAJIbHBIX HAIIPSHKEHUN ITOKAa3aHbl HA PUCYHKE 1.
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Iopsiaok BbINOJIHEHUS PA0OTHI:

1 PaccmoTpeTh TeOpeTHUeCKHE MOJT0KCHHS

2 V3yunTh METOAMKY OTpEEIICHUs NTepeMeleHIi cBOOOTHOTO Kpast Opyca
3 BeimonHuTh pacyer (1o BapuaHTam)

4 ChenaTh BBIBOL

®opma npeacTaBIeHUs pe3yJbTaTAa: 3aIUTA MPAKTHYECKON pabOTHI
Kpurepuu oneHku:
Omenka 3 — BEpHO IMOCTPOCHBI AMIOPHI TIPOJIOTBHBIX CHII M HOPMAJIbHBIX HANPSIKESHUH;

Ouenka 4 — BepHO ONpeAEIeHOo NepeMeleHre cBOOOIHOTO Kpast Opyca;
Omenka 5 — ycTHas 3anura paboThl IO KOHCIIEKTY.
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Tema 4.4 Kpyuenue

Ilpakmuueckasa paooma Ne 11
PacuéT Ha NPOYHOCTDH U KECTKOCTH NPU KPYyYeHUH

Heanb: B pe3ynbTaTe BBINOJHEHUS padOTHl CTYJAEHT JOJDKEH 3HAaTh MpaBHIIa
MOCTPOCHHUS AIIOP  KPYTAIMIMX MOMEHTOB M KAacaTeJIbHBIX HANMPSXKEHUNU B MOMEPEYHOM
CEUYeHHUH Opyca, yMETh C MOMOIIbIO METOa CEUEHUM CTPOUTH SMIOPHI KPYTSIINX MOMEHTOB
Y KacaTeJIbHbIX HaIpPsDKEHUH, BBIMOIHATh PACUEThI HA MPOYHOCTD U HKECTKOCTD.

Boinosinus padory, Bel Oyaere:
ymembs:
VY 2.1.07. onpenenars HAPSHKEHUS! B KOHCTPYKIUOHHBIX JIEMEHTAX.

MarepuanbHoe o0ecnieyeHune:
KoHcnexT nexiuit, ”HCTPYKIHS 10 BBIIOJTHEHUIO Pab0Thl, HHTEPHET-PECYPCHI, INHENKA,
KapaHjall, JJACTHK

3ananmue:
PaccunTarh KOHCTPYKIIMIO HA IPOYHOCTH U KECTKOCTb.

Kparkue Teopernyeckue cBe1eHUsI:

IIpumep. CranbHoil Ban nuamerpoM 40 MM nepenaer MomHocTh 15kBT npu yriosoi
ckopoctu 80 pan/c (pucyHok 1); mpoBepUTh MPOYHOCTh M KECTKOCTh Baja, €CIIH JIOMyCKaeMoe
HanpspkeHue kpydenus 20 MIla. Monynes ynpyroctu npu ciasure 0,8 10° MITa. JomyckaeMbIit
yroa 3akpyuuBaHus [@o] = 0,6 rpam/™m. IlocTpouth »mIOpy KacaTenbHBIX HANPsHKEHUN U
OTIpe/IeIUTh 3HAaUE€HUE KacaTebHOIO HANpsKEHUs B TOUKE, yAJIEHHOW Ha 5 MM OT OCH BaJia.

L ond

m? m

Ts

<—T max= 14,56 MIla

a)
a) CTaJIbHOM BaJ; 0) AIMI0pa KacaTeNbHBIX HAMPSIKSHUH

Pucynok 1 — Cxema Bana
Pemenue

OHpe,Z[CJ'ISICM Bpamalomm”{ MOMCHT Ha BaJly:

Map=§; M39=E‘8%«£=187,5H‘M-

[IpoBepka mpounoctH Bana. M3 ycnoBusi paBHOBECHS
my + mp = 0; m; = ma = M.

YcnoBue IpoYHOCTH:

i o

Tx w s [TK])
P
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IJI€ TK — PACUETHOE HAIIPSDKEHUE B CEYEHUU; MK — KpyTALIUIA MOMEHT B ceueHuu; Wp
— MOMEHT COIPOTUBJICHHUS; [TK] — IOIYCKaeMO€ HANPSKCHUE KPYYEHUSI.

L1098
3= 0810 ma
Wy = 0,2d}’ =0,2 - 40° = 12800 x>,

HpOIIHOCTB oOecrneueHa. MakcumanbHOE KacaTelIbHOE HaIpsPKCHUE B CCUCHUU

14,65 MIla < 20 MI1a.
IIpoBepka KECTKOCTH. Y CIIOBUE KECTKOCTH:

M,
= —_— g ’
=67 [ol

IZI€ (o — OTHOCHUTEIBHBIN YIOJ 3aKpY4YUBaHHUs; JV — IOJISAPHBIA MOMEHT UHEPLUH IIPU
KpyueHuu; [@0] — ngomyckaemblil yroi 3aKpy4ruBaHHUs.

nd?
= — = 0,1d%.
Jp 32 0,

Jp = 0,1 -40* = 256 - 10® mm®.
. 1875-10°
~0,8-105-256- 103
Yron 3aKpYUUBAHUA YyHIaCTKa
20 = 9-107 pag/mm = 9-10% pan/m.
[wo] = 0,6 rpaa/m = 0,01 pag/y > 0,009 pan/m.

JKectrocTh 00OecneueHa.

Yo =9-107° paa/mm.

6. [TocTpoum smtopy KacaTeNbHBIX HANPSKEHUH B MONEPEYHOM ceueHUH (pUcyHok 1, 0).
Onpenenum HalpsHKEHHUE B TOUKE, YJAIEHHON Ha 5 MM OT OCH BaJla.
Tmax = 14,65 MITa.

20 _ 1465 14655
5 1 ' 2T T 20
KOHTpOJIbHI)Ie BOl'[pOC])I U 3aJaHUsA

= 3,66 MITa.

1. Omnpenenure KpyTSIIUA MOMEHT B C€U€HUU 2-2 (PUCYHOK 2).

meI8HM mw2dHm m=|I6HM

o W W *
u_wI ¢ 1

1

2 )

2

\"jﬂ ’
Pucynok 2 — Cxema Bana

2. B kakoM mopsjake palnMoHaNIbHEE PACHOJOXKUTh IIKUBBI, YTOOBI TOITYYHTH
MUHHUMAJIbHYIO Harpy3Ky Ha Baji? VMcnosb30BaTh cXeMy PUCYHOK 2.

3. Kak m3MeHuTCS HampspKeHHe B CEUEHHUH, €CNIM JIUaMeTp Bajlla YMEHBUIUTHh B J1Ba
paza?
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4. [TpoBeneHsl pacueTsl Baja Ha MPOYHOCTH M KeCTKOCTh. [TomydeHo: auameTp Baa
M3 pacuera Ha MPOYHOCTH 65 MM, AMaMeTp Baja M3 pacyera Ha kecTkocThb 70 mm. Kakum
IOJKEH OBITH Bajr?
5. Kak u3meHuTCs yron 3akpy4ynuBaHus Bajia, €CJIHU KPYTSIIUA MOMEHT YBEJIUYUTH B 4
pasa, a AMaMeTp YMEHBIINUTH B 2 pa3a?
6. Hanummure ycnoBust pOYHOCTH U KECTKOCTU IIPU KPYUEHUH.
ITopsinok BbINOJIHEHHS PadOTHI:
1 PaccMoTpeTs TEOpeTHUUECKHE TTOJIOKEHNUS.
2 V3yunTh METOAMKY pacueTa Ha IPOYHOCTD IIPU PACTSKEHUU U CIKATUU.
3 OTBeTUTH Ha KOHTPOJIbHBIE BOMPOCHI.
4 CnenaTh BBIBOI.
dopma npeacTaBlieHUs pe3yJbTaTa: 3al[UTa NPaKTUIeCKo padoThl
Kpurepum ouenku:
Onenka 3 — BEpHO OIpe/IeTIeHbl PEAKIMK B OIIOpax.
Onenka 4 — BEpHO OIpeieIeHbl Harpy3Ku Ha CTEP>KHU.
Onenka 5 — ycTHas 3amuTa paboThl IO KOHCIIEKTY.
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Tema 4.4 Kpy4yenne

Jlabopamopuasa paboma Nel.
HcnbiTanue 00pa3ioB MATEPHAJIOB HA PACTAKEHUE U CKATHE

He.m:: MOJIYUYCHHUC OUuarpaMMbl PACTAKCHHUA CTAJIBHOI'O 06pa3ua JJIs1 BBIYMCIICHUA
MCXAaHUYCCKHUX XapaKTCPUCTUK MaTCpuHajia. HonyquHe AuarpaMMbl CXKaTuA IJId pa3HbIX
MaTCpraJIOB JIA BBIYUCIICHHUA MCXAHNYCCKUX XAPAKTCPUCTHUK MAaTCPHUAJIOB.

BobinosinuB padory, Bel Oyaere:
ymembs:
VY 2.1.07. onpeaensaTs HANPSHKEHUS! B KOHCTPYKIIMOHHBIX AJIEMEHTAX;

MarepuanbHoe obecrieyeHue:

HcnplTaTenbHbl CTEHJ BHUPTYaJbHOM J1aOopaTOpHOW paboOThl MPUOIMKEHHBIN K
peansHOM  ycraHoBke «PazpeiBHass Mammna ['CM-50», WcneitatenbHblii — CTEH
BUPTYyaJIbHOU J1abopaTOpHOM pabOThl MpUOMMKEHHBI K peanbHOU ycTtaHoBke «lIpecc
rugapaBiaryeckuit [11'-100», KOHCIEKT JIEKIWMA, TUHEWKA, KapaHalll, JJACTUK

3ananue:

1 moctpouth AuarpaMmy pacTsKEHHsI MaTepHana

2 TIOCTPOWTH JUATPAMMY CHKATHUS CTAIIA U IPCBECHHBI

Kp ATKHUE TECOPETUICCKUEC CBCICHUA:

HcneiTanus Ha PaCTAXKCHUC TTO3BOJIAIOT IMMOJTYUYUTh JOCTATOYHO IMOJIHYRO I/IH(i)OpMaLII/II-O 0
MEXaHHYECKUX CBOMCTBAaX MaTrepuaia. I[J'IH 9TOI0 MPUMCHAIOT CIICHUAJIBHBIC MUJIIMHAPUYCCKUC
NN ITJIOCKHEC O6pa3LILI. Ha PUCYHKEC 1. npeaACTaBJICHA CXCMa HUIMHAPHUYCCKOTO 06pa3ua Ha
Pa3JIMYHBIX CTAOUAX PACTAKCHUS.

Obpaszeu,
Obpazew no pacTAHYTHIN 1o
MCABITaHWIA MaKCHMATTEHO Obpazeu nocne
Harpysku paspeisa
I T i
| |
dp
= A b |
= 4
| &

— -1 -

Pucynok 1 - Cxema HumMHAPUIECKOTO 00pa3iia Ha pa3IUuHbIX CTAAUAX PACTKCHHS

lp, do—HauanpHBIC pacueTHBIC IJIMHA U TUaAMETp o0pasiia,
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|, , d,—pacuerHble uIMHA U qUamMeTp oOpasLa B 001aCTH paBHOMEPHOU nedopmanui;
|, ,— KOHeuHast pacyeTHas [UIMHA; O,— MHHUMAIBHBIH AUAMETp B MECTE pa3phiBa.

Cormacao I'OCT 1497-84, reoMmerpuyeckue mapameTpbl oOpa3lloB Ha pPacTsHKCHHE
JIOJDKHBI OTBEYATH CIIETYIOLUIMM COOTHOIICHHSIM:

= 2'82\/F0 KOPOTKHE
—5,65\/E0 00pasmpl

JJINHHBIC
ly =1113\/Eo 00pa3sisl
e,
Fo — HavanmpHas 1mIoas MONEPEYHOTO CEYCHUS pacueTHON YacT oOpasiia.

Jlns muumaHApHYecKuX o0pasioB kpamuocmo oopazua (lo /dy ) = 2,5; 5; 10. HaubGonee
pactpoCTpaHEHHBIM SIBIIIETCS 00pa3el] ¢ KpaTHOCTHIO 5.

[Tepen wcmbiTanreM oOpa3er] 3aKpeIuISIOT B BEPTUKAIHLHOM TIOJOKEHHH B 3axBaTax
pa3phIBHON MAIUHBI HJIKM THAPABINYECKOIO MMpecca.

[To pesynbraTam HUCHBITAHUS CTPOUTCS OUAarpaMMma pacTsSHKCHUs, Ha KOTOPOH MO OCH
OpJMHAT OTKJIAQJBIBACTCS YCWIIME pacTsDkeHUe (Krc), a 1Mo OocH abcuucc — aOCONIIOTHOE
yIUTHHEHUE 00pa3iia B MM.

OOBIYHO UCTIBITATEIBHBIC MAIUHBl CHA0XKAIOTCS CIEIHATBbHBIMU PETUCTPUPYIOIIUMHU
npuOopaMy, aBTOMATHYECKH 3allMCHIBAIOIIMX JUarpaMMmMy B KOOpAWHATaX Harpyska-
nedopMarius.

Ha pucynke 2 mpejcraBieHbl BO3MOKHBIC BapHaHTBHI BHUJOB JHArpaMM PacTSKCHUS B
3aBUCHUMOCTH OT COCTaBa U CTPYKTYPBI UCIIBITYEMOTO MaTepHara.

Ha nmuarpamMe pacTspkeHUs TIACTUYHOTO MeTaiia (puc.3) MOKHO BBIICITUTH HECKOJIBKO
XapaKTEPHBIX YYaCTKOB.

IMoka3arenu ynpyrocTu u NpoOYHOCTH

Ha ydactke OA 3aBUCUMOCTH MEXy Harpy3koil P v yIJIMHEHHEM BBIpaXKaeTcsl MPSMOU
nuaued. Takas 3aBUCHMOCTh MEXIy YJIMHEHHEM oOpa3lla W TPUIOKEHHONW Harpy3Kou
Ha3bIBACTCS 3aKOHOM ITPOIOPIIMOHAIBHOCTH (3akOoHOM ['yKa):

oc=E-0,
rae
o — ycnoBHoe Hanpspbkenue, MIla;
E — Monyne HopmanibHOM ynpyroctu, MI1a;
0 — OTHOCHTENbHOE Y/UTHHEHUE, Yo

HawuGonpiiee HanpspkeHHE, KOTOPOE MOXET BbLAEpKaTh oOpasenl 0e3 OTKIOHEHHS OT
3aKOHA TPOMOPIUOHATIBHOCTH, HA3bIBACTCS MPEOeioM RPOROPUUOHABHOCHU W OTIPEICIACTCS
o popmye:

9IS
o,, —upenen ynpyroctu Mlla;

ny

P,,—narpyska B Touke 4, H;
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F,— HayanbHas MIOMAAb IONIEPEYHOrO CEYEHUs 00pas3La, MM .

[Ipu panpHeiimeM HarpyxeHuM oOpasna HaOdrogaeTcsi OTKIOHEHHE OT 3aKOHa
IIPONOPLUOHAIILHOCTH: HA AMAarpaMMe MOSIBIISIETCS KPUBOJIMHEWHBIN Y4aCTOK.

P P

P

o
a Al

a0 Al
7 N 8 v
Pucynok 2 - JluarpamMma pacTsiKeHUs:
a — 171 OOJIBIIMHCTBA METAIIJIOB (JIETUPOBAHHBIE CTAIH, ME/b, OPOH3a) B IUIACTUYHOM
COCTOSTHUU C MOCTETIEHHBIM MEPEX00M U3 YIIPYToil B MIACTUYECKYIO0 00JaCTh (OTPHIB);
0 — 715 MSITKOM YTJIEpOAKMCTOM CTaH, OTOKKEHHbIE MAPTAHIIOBUCTHIE U AIFOMHUHHUEBBIE OPOH3BI
(oOpa3oBaHue MIEHKH);

B — JUISL XPYIIKUX MaTepUAJIOB TUIIA 3aKAJICHHOW CTalld, CEpOro YyryHa, CTekia, OeToHa (cpe3)

P
Vri,mx D
P, Cc C* K
P, ¥
Poy f

/ /

/ AL
0

OcTtaTouHOS YIITHHCHHC

Ynpyroe
“YIIHHEHHE
IlomHoe yamuHEHHE

Pucynok 3 - XapaktepHble y4aCTKM M TOUKH Ha AUarpaMMe pacTsSKEHUs

Jlo Touku B, nedopmanuu SIBISIOTCS YHNPYTUMH (MCU€3al0T IMOCJE CHATHUS HArpy3KH).
VYcinoBHOE HampsbKEHHE, COOTBETCTBYIOIIEE TIOSBJICHUIO TEPBBIX IMPU3HAKOB IIACTHYECKON

nedopmaruu (0CTAIOIICHCS TIOCTIe CHATHS Harpy3K1) HA3bIBACTCS HPeOeioM YRPyzoCHmu.

o,, —mnpenen ynpyrocta MIla;

P, —narpyska B Touke B, H;

F,— HauanmbpHAs TUTOIAbh TOTIEPEYHOTO CEYSHNUS 00pasIa, MM .
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Touku 4 u B nexar o0bIYHO OJIM3KO JIPYT OT ApPYra, MO3TOMY Ha MPAKTUKE JJIS CTAIN
0,~0,,. Toukoii C Ha TMarpaMmMe OTMEUEHO HAa4YaJio TOPU3OHTATIBHON TUIOIIAAKH (TUTOIIAIKH
TEKY4YEeCTH ), KOTOpasi COOTBETCTBYET YNIMHEHHIO 00pa3iia 0€3 3aMETHOTO YBEIIMUEHHUS Harpy3KH.

HaunmMeHsbIiee HanpspkeHUe, MpH KOTOPOM 0e3 3aMETHOTO YBEIIMYCHHS HArPY3KH MPOA0IDKACTCS
nedopmanus HCIBITYeMOro 00pasiia Ha3bIBACTCS YuU3UUecKUM npedeiom meKyuecmu:

P, — Harpy3ska B Touke C, H;

TekyuecTb XapakTepHas TOJbKO UISI MaJOYIJIEPOJUCTOM OTOXKEHHOW CTAIA U
HEKOTOPBIX Mapok jartyHu (puc. 2, 0). Bbicokoyrimepoauctbie cTanu U Opyrue MeTajlibl He
MMEIOT IJIOIAKH TEKYYECTH, JUIsl HUX ONpPEAEIAeTCA YCIOBHBIN MPENeN TEKYUeCTH. YcnoeHnvlil

npeden meKydecmu — HANPSOKCHWE TIPH KOTOPOM pacTATMBAaeMbI  oOpaszerl moJydaer
OCTaTO4YHOE y/uIMHeHue, paBHOe 0,2% OT HaYaJIbHOW JIIMHBI:
o = P 0,2
0,2 —
FO

Oy, — YCIIOBHBIA npenen Tekydyectu, MlIla;

P, , — Harpyska, COOTBETCTBYIOIIAS OCTATOYHOMY YAJMHEHHIO
AIO,Z = 0,002|o

Touka /[ moka3piBaeT HauOOJBIIYI0 HArPY3Ky, KOTOPYIO MOKET BBIAEpKaTh 00paser O6e3
paspylieHus. YCIOBHOE HaIlpsDKeHHE, OTBedarollee Haubobllel Harpyske, MpealecTByomen
pa3pylIeHnIo 00pasiia, Ha3bIBACTCS HPEOe1OM HPOYHOCHIU RPU PACMANHCEHUU .

P

max

F,

O »— NIpeJIell MPOYHOCTHU (BPEMEHHOE COPOTUBIIEHHUE Pa3pbIBy), MIla;

Op =

P, —Harpyska, npeAlmecTByromas paspymennro, H.

Xpynkue MaTepuaisl IPU Harpy3Ke paspyLIaroTcs.

B mnmactuunbIX Marepuanax MpU JOCTHKEHHH STOW HArpy3kud oOpa3yeTcsi CHUIIbHOE
MECTHOE CyXeHue, oOpasyercs «iieiika». PaBHomepHas miactuueckas nedopmarius rnepexoanuT
B MECTHYIO, COCPEIOTOYEHHYIO B IIIEHKE.

B Touke K mpoucxomaur paspymieHue oOpasua. Hampsokenue, omnpenensiemoe
OTHOILEHUEM HArpy3ku P,q; B MOMEHT pa3pbiBa K ILIOIIAAU IONEPEYHOro ceueHus obpasiia B
MecTe pa3pbiBa Ha3bIBAETCS HCTUHHBIM COMPOTUBIICHUEM Pa3phIBY S:

P

S _ 7 pas

FK

P,,,— Harpyska, B MOMEHT paspbisa o0pasua, H;

2
FR — [JIom@anab MmoncepeYHOro CCYCHUA 06pasua MocCJIC pa3pbiBa, MM

IMoka3aTenu MJIACTUYHOCTH
KpoMe npoyYHOCTHBIX XapaKTEpUCTHK MPHU HCIBITAHUM Ha PACTSIKEHHE ONPENEISIOT
MOKAa3aTeNH MJIACTUYHOCTU: OTHOCUTENILHOE YATUHEHUE U OTHOCUTENBHOE CY)KeHHe 00pasiia.
OmnocumensHoe yonuHenue nocie paspuiéa 6, (%) — HaubosbIIee YUTMHEHHE, 10
KOTOpOTo 00pasen 1eopMUpyeTCs MOocie pa3pyuieHus.
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S =¥~100%=%‘100%

0 0

lo u |, — HavanpHAs ¥ KOHEUYHas JUTMHA 00pa3ia, MM;

Al e — aOCONMIOTHOE yTTMHEHHE 00pasia, onpeaessieMoe H3MepeHueM 00pasiia mocje pa3phisa,

MM.

OTtHomeHue YMCHBUICHUA IIOMAAN ITOIICPEYHOIr0 CCUCHUA 06pa3ua B MCCTC pa3phbiBa K

HaYaJbHOW IUIOIIAAN HOIMEPEYHOrO CEYCHHs HA3bIBACTCS OTHOCHTEJIbHBIM Cy)KEHHEM IOcJie
pa3psiBa y,(%).

F,—F
w=——%.100%

0

2.
Fo — HauanpHas MJI011a1b TONIEPEYHOTO CEYeHUs oOpasiia MM,

2
F,— KOHe4Has TUI0IaAb MOTIEPEYHOro ceueHus o0pas3mna Mm*.

o g s wWwhE

Xoa padoTsl
O3HaKOMUTCS CO CTaHAAPTHBIMU O0pa3aMi METaJNIOB Ha pacTsHKEHUE.
V3MepuTh MITaHTCHIUPKYJIEM HadalbHbIH quameTp oopasua do.
Omnpenenuts MI0LIA1b MOMEPEYHOT0 ceueHus oOpasia.
Onpenenuts pacueTHyIO JUTHHY o0pasia.
Hanectu Ha oGpaserr pacyeTHyro uHy obpasia lo.
BceraButh u 3akpenuth oOpasell B 3axBaTax THApaBIUdeckoro mpecca. Ilpoussectn
paspymenue oOpasma, 3adUKCHPOBAB 10 MAaHOMETPY MaKCHMAJIbHOE JaBIICHHE Ha
HOpPUIEHb THAPABIMYECKOr0 Mpecca Prax. mpecca- » Kkre/em’.
W3meputh auamMeTp MOPIIHS THUAPABIMYECKOTO Mpecca M PacCUUTaTh CUly Pray.,
MIPUJIOKEHHYIO K UCTIBITHIBAEMOMY 00pasIly:

Prmax.= Prmax. npecca )

Irac S— IJI0IIaib IMOPHIHSA TUAPABIMYICCKOTO ITpECCa.

8.
9.

10.
11.

12.

Pe3ynbrarel ucnbITaHui 0GOPMUTE B BUE MPOTOKOJIA UCTIBITAHUSI.

PaccunTtaTh npeaes NpoYHOCTH 00pa3ua.

OrnpenenuTh AMHY 00pasia 1mocie paspbiBa |y, CI0)XKHUB BMeCTe pa3opBaHHBIC YaCTH U
HU3MCEPHUB IITAHTCHIUPKYJIEM PACCTOSAHUEC MEKAY MCTKaAMU.

BbIuncINTH OTHOCHTENILHOE YAJINHEHHE 00pa3ua.

W3meputh aumameTp oOpasiia B MecTe paspeiBa O, 1O [IBYM B3aUMHO
NEepPIEeHUKYISIPHBIM HAINpaBJIeHUSIM (IUIOTHO CJIOXHB 00€ 4YacTH pPa30pBaHHOTO
oOpasna). [lo cpemnemy apudmeTHyeckoMy IBYX 3HAYEHUH BBIYHCIHTH IUIOIIA/Ib
oOpa3ua nocie paspseisa F,.

PaccunTaTs 0OTHOCHTEIbHOE CYy)KeHHE 00pa3ua 1mocie pa3pbiBa.

Tabnuya
[Tporokoit ucneiTanus oOpasia Ha pacTsHKCHUE
N3mepsieMbie 3HaUCHUS Paccunrannbie 3HaYEHUS
Ho ITocne
o ) Pmax.
HACIIBITAaHUH HCTIBITAaHUH P Fo, F., Oy, v, 0,
max
npeced MM MM MIla (%) (%)
lo, MM | do,Mm | I, MM | di, MM

®opma npeacTaBIeHUs pe3yJbTaTa: 3alUTa MPAKTUYECKON pabOTHI
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Kpurepun onenkn:
OneHka 3 — BEpHO MOCTPOECHA AUarpaMMa pacTsKeHUS.
OnieHka 4 — BEpHO ONpeAesICHbl XapaKTEPUCTUKN MaTepUaia.
Onenka 5 — ycTHas 3amuTa paboThl IO KOHCIIEKTY.
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Tema 4.5. U3ruo

Ilpakmuueckasn paboma Nel2.
JNIOPbI NONEPEeYHbIX CHJI U U3THOAKIINX MOMEHTOB

Ilesb: MMeTh NpeACTaBICHUE O BUJAX M3rMba U BHYTPEHHUX CHIIOBBIX (aKTOpax B
CeueHHH Tpu u3rude. 3HATH METOJBl ONpPEICNCHHs] BHYTPEHHUX CHIJIOBBIX (DAaKTOpOB U
YMETb MMM IOJb30BaThCs. 3HATh OCHOBHBIE IpaBUja U MOPAAOK IIOCTPOEHUS SIIOP

MOTIEPEYHBIX CHJI M U3THOAIONUX MOMEHTOB. YMETh CTPOWTH DIIOPHI MOMEPEUHBIX CHUT U
U3ru0ArOIIUX MOMEHTOB.

BbinosinuB padory, Bl Oyaere:
ymembs:

VY 2.1.07. onpenensats HAPSHKEHUS! B KOHCTPYKIIMOHHBIX JIEMEHTAX.

MaTepnaﬂbnoe obecneyeHnue:

KoHcnekT eknuii, HHCTPYKIIHS 110 BBIIOJHEHUIO pa00ThI, MHTEPHET-PECYPCHI, JIMHEHKA,
KapaHjall, JJACTHK

3aganme:
[To MeTony cedyeHuii MOCTPOUTH SIIOPHI U3THOAIOIIMX MOMEHTOB M MOMEPEUYHON CHUJIBL.
Onpenenutsb OacHOE CEYEHUE.

Kp ATKHE TECOPETUIECCKUEC CBCICHUA:

IIpumep. Ha n1Byx onopHyto 6ajiky A€MCTBYIOT COCPEAOTOUEHHBIE CUIIBI 1 MOMEHTBI
(pucyHnok 1). [TocTpouTs 3MIOPBI NONEPEUHBIX CUIT U U3TUOAIOIINX MOMEHTOB.

4 m =80 kH - M F2= 70 kH
R4 Rs
A
C B A D|*
x 6m Fi1=35xH 4wm i o X .
70 xH
F
Smopa
36 kH |1kH 4
' Onopa
My
-) ]
\\ 136 kH - ™ 140 kH '™
N216 xH-M
I yu. 2 y4. 3 yy.
i€ ) ‘| = 4 :

Pucynok 1 — Dmiopsl monepevHbIX CHIT M U3THOAIOIIMX MOMEHTOB 2-X ONOPHON OaKu
Jnist ByX OINOpHOW OalKy IMOCTPOEHHE SMI0Op HAYMHAIOT C OMpeAeTCHHs OMOPHBIX
peakumii Oanku. JIis WX ONpenesieHUs] HUCMIONb3yeM CHCTEMYy YpaBHEHUH paBHOBECHS,
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COCTaBJISIEM [1Ba YPaBHEHHsS MOMEHTOB OTHOCHUTEJIBHO WLIAPHUPHBIX OIOp. 3aTéM IMPOBOJIUM
IIPOBEPKY NPABUIBHOCTU PELICHUS 110 YPaBHEHUIO

n
ZFky :0
0

Pewienue

Onpenenenue peakuii B oopax.

VYpaBHEHHS paBHOBECHS:

Sma=0; -F,-6+m—Rp-10+ F;-12=0);
—35-64+80 - Rg-104+70-12 = 0;
g - 10 = =210 + 80 + 840,
Rp="7T1xH.
Smp=0;Ra-104+F-44m+Fp-2=0,
Ra-10+80+35-4+70-2=0;
Ra-10 = —80 — 140 — 140 = —360;
Ity = —-36kH.

Peakuust B onope HampasieHa B 00paTHYIO CTOPOHY.

IIposepxka: Z 2 y=0;

~Ra+ P+ Rp—-F =10, =36+354+71=70=0.

Peakuuu onpeneneHsl BEpHO.

JUis ynpolieHusl pacyeToB NMPH MOCTPOSHUM SIIOP IMOMEPEUHBIX CHJI M HU3THOAIOIINX
MOMEHTOB MOYKHO IIPOBECTHU PacyeT 110 XapakmepHviM moukam 0e3 COCTaBIEHUS ypaBHEHUI.

Jljis 3TOTO MCIONB3YIOT M3BECTHBIE CBA3M MEXKIY MONEPEYHOW CHIIOW M M3TMOAIOIINUM
MOMEHTOM U NpaBujia MOCTPOEHHUS JITIOP.

Yuacmox 1 (ot Touku 4 1o Touku C).

B Touke A npunoxena peakuus Ra, HanpasneHHas BHU3. [lonepeuHas cuiia Ha ydacTke
nocrosama; @1 = fla = —36kH.

MoMeHT B Touke 4 paBeH HYIIIO.

Touka C (cneBa). [Ipunoxena BHemHss cuina F1 = 35kH, HanmpaBiieHHast BBEpX, — 3/1€Ch
BO3HUKHET CKauyoK BBepx Ha BenuuunHy 35 kH. MomeHT B Touke C (cieBa) MOXET OBITh
paccuuTaH 10 U3BECTHOM 3aBUCUMOCTHU

M@ = —Rs - 6; ME"*** = —36 -6 = —216xH - m.

Yuacmox 2 (ot Touku C cripaBa 10 TOYKH B).

[Tonepeunast cuna B Touke C (crpaBa) paBHa Qc™™ = —Ra+ Fy;

Qe = —36+35 = —1xH.

B touke C npunokeHa BHewHss napa cui ¢ MoMeHToM 80kH-M, cienoBarensHO, 37€Ch
MPOSIBIISIETCS] CKAYOK Ha BEIMUUHY MPUIIOKEHHOI'O MOMEHTA!

MEIPARe _ pfeaesa | . NEUPARE _ 916 + 80 = 136 kH M.

) Q . anpa.na
HOHepeqHaﬂ CHJIa Ha BTOPOM YYAaCTKE IMOCTOSIHHA:" 2= %¢ g

MowmeHT B Touke B omnpenensercs mo 3apucumoct M, = -Ra* 10+ F; * 4 + m; M, = -36
* 10+ 354+ 80 =-140kH-Mm.

CnpaBa U CJIeBa OT TOYKH B MOMEHT UMEET OJMHAKOBBIC 3HAUCHU .
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Yuacmox 3 (ot Touku B (cripaBa) 1o Touku D).

B touke B npwiioxeHa BHenHsA cuiia Rg. 31ech mosBIisieTcs: ckavyok Ha BenudyuHy 71 kH,

Qe=—1+71=70xH.

Jlanpiiie o y4acTKy morepeyHasl cuiia He u3meHsercsa. MomeHTt B Touke D paBeH Hy:ro,
T. K. 3/1€Ch HE NMPUJIOKEHa BHeMHs mapa cui: Mp = 0.

PaccMoTpenue momepedHbIX CHJI U H3THOAIONIMX MOMEHTOB MOXHO OBUIO MPOBECTH
CJIeBa HaIpaBO WJIU CIIpaBa HaJEBO.

[To mosy4eHHBIM 3HAYEHUSIM CHJI © MOMEHTOB CTPOMM 3MIOPHI (SIIOPHI MO/ CXEMOH Balia,

pPUCYHOK 1).
Iopsinok BbINOJIHEHHUSI PA0OTHI:
ITo anropuT™y BBIIOJIHUTH PELICHHUE.
®opma npeacTaBiaeHus pe3yJbTaTa: 3alUTa MPAKTHYECKONH pabOTHI
Kpurtepuu ouenku:
OnenHka 3 — BEpHO OIpe/IeIeHbl TIONEPEUHbIE CUIIbl YYACTKOB.

OI_IGHKa 4 — BCPHO OIMPCACICHBI MOMCHTLI M3ru0o0B.
OI_IGHKa 5-— YCTHad 3aliuTa pa6OTLI I10 KOHCIICKTY.
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Ilpakmuueckoe 3anamue Ne 13
Pacuer Ha npoyHOCTH NPU U3ruode.

Heab: uMeTh mpencTaBieHUe O BUJaX M3ru0a U BHYTPEHHUX CHIIOBBIX (DaKTOpax B
CeUeHUHU Npu u3rude. 3HaTh METOJbI ONpeAesieHUS BHYTPEHHHX CHIJIOBBIX (DaKTOPOB U
YMETh MMM II0JIb30BaThCA. 3HATh OCHOBHBIE IpaBUja U MOPSAOK IOCTPOEHUS SIIIOP
MONEPEYHBIX CHJI U U3rMOAoIUX MOMEHTOB. YMETh CTPOUTH BIIOPHI MOMNEPEUHBIX CHUI U
M3rUOAOIINX MOMEHTOB.

Beinosinus padory, Bel Oyaere:

ymemb:

VY 2.1.07. onpenensats HAPSHKEHUS! B KOHCTPYKIMOHHBIX JIEMEHTAX.

MarepuasibHoe o0ecrieyeHue:

KoHcnekT nekuuii, HHCTPYKIMS 10 BBIIOJHEHUIO pabO0Thl, UHTEPHET-PECYpPChI, JIMHEHKA,
KapaHJaml, JaCTUK

3aganue:

[To meromy cedyeHMIl MHOCTPOUTH SHIOPHl H3TMOAIOIIMX MOMEHTOB U IONEPEYHOU CHUJIBL
Onpenenuts onacHoe ceueHue. [IpoBepuTh OanKy Ha MPOYHOCTD.

Kparkue TeopeTrnyeckue cBe1eHUsI:

BeoMblii BaJT IIMIHHIPUYECKOTO peaykTopa (pUCyHOK 1)
Marepuan Ct.45 HOpManu3oBaHHas

T,=158 Hwm.

og =590 MIla; ¥, =0,2; Ko =1,75; Kt =1,5; ¥, =0,1; ¢, =0,8; ¢, =0,7;
o 4= 0’4306 = 254 MIla;
7,=0580_; = 147 MIIa.
N3rubaromye MOMEHTHI
Mx3 = Mx4 = _Rx3|2= -53 H.
-6 Hwm; Mys = Ryslo=

CymMapHbIi H3ru0aronii MOMEHT

M, =\/M2xmax +MPymx = 69 Hwm;
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o’ _ bt,(d ~t,)°

e = = 16557 Mm’;
16 2d
3 2
SV R (G ST
Hnemmo 32 2d
T, =Ty = T—Z = 4,78 MIla.
ZVVKHemma
Um = O,
M
Gv —_u _ 9,1 MIla.
w

KoaddurmenT 3anaca mpoyHOCTH IO HOPMAaJTHHBIM HAIPSHKEHUSM

n = =
" K. 12,7.
o, +t¥,0
&

lex

O

Koad¢uimenT 3anaca mpoyHOCTH 1O KacaTeIbHBIM HAIIPSKEHUSM

_ Ta _
n, = k137
iTv + Veln
&

T

PesynpTHpyromuii k03¢ GUIMEHT 3anaca IPOYHOCTH

n_n
Nn=—=2"_= 93>[n]=16.

2 2
\nZ+n’
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Pucynok 1 - Begomslii Bant penykropa

Ilopsinok BbINOJHEHHS padOTHI:

1 PaccMoTpeTh TeOpeTHUECKHE MOJI0KEHUS

2 U3y4nTh METOIMKY pacueTa Ha MPOYHOCTh MPHU U3ruode
3 BbInmonHuTh pacuet

dopma npeacTraBjIeHUs pe3yabTara:
3aluTa NPaKTUYeCKol paboThl

Kputepuu onenkmu:

Orenka 3 — BEpHO ompenesieHbl MOMEHTBI U3THOOB. .

Orenka 4 — BepHO omnpe/ieNieHbl K03 PUIMEeHTHI 3araca MPOYHOCTH.
Ornenka 5 — ycTHas 3aIUTa pabOTHI MO KOHCTIEKTY.
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Ilpakmuueckoe 3anamue Ne 14
OmnpenesieHue onacHoro cedyeHus o6aaxku. OnpeneieHue paiMOHAJbHBIX CeYeHU 0aIKn

Ilesb: 3HaTh OCHOBHBIE ITPaBWJIa U MOPSJIOK MOCTPOEHUS SMIOP MOMNEPEUHBIX CHI U
M3ru0aronMX MOMEHTOB. YMETh ONpeAessATh ONAcHOEe cedyeHue Oanku M BbIOMpaTh
palnMoHaIbHOE CEUCHHUE.

Boinosinus padory, Bel Oyaere:

ymembo:

VY 2.1.07. onpenenars HaupsHKEHUs: B KOHCTPYKIMOHHBIX JIEMEHTaX.

MarepunanbHoe obecrieyeHue:

KoHcnekT siekuuii, THCTpYKLUS 110 BBIIOJIHEHUIO paO0Thl, HHTEPHET-PECYPCHI, TUHEHKA,
KapaHJalll, JJACTUK

3aganue:

ITo MeTony cedyeHuit MOCTPOUTH SMIOPHI U3rMOAOIIUX MOMEHTOB. OIpenenuTh OMacHOe
ceuenue. [logoOpaTh parioHaIEHOE CEUSHHE.

Kp ATKHUE TECOPETUIECCKUEC CBCICHUA:

OnpenenuM panMoOHANBHBIE CEUEHUS MpPU U3rude, JUisi 3TOr0 CPaBHUM MOMEHTHI
COTPOTUBIICHUS IPOCTEHUIIINX CEUCHHIA.
OceBoif MOMEHT WHEPLHH MPsIMOYroyibHUKa (puc. 1, BeIBOI GhopMyIibl B JeKiuu 25) pa-
BEH
bh?

&=

\

Pucynok 1 - [IpsamoyroiasHuK

OceBoil MOMEHT COITPOTUBIICHMSI IPSMOYTOJIbHUKA
_ T _ bk
= h/2T 6
CpaBHUM COIPOTHUBIICHUE U3THOY IBYX MPSIMOYTOJIbHBIX CCUCHUH (pHuc. 2).

N

AN
LMY
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Pucynox 2 — CpaBHeHHE CONPOTUBIICHUS N3TUOY IBYX MPSIMOYTOJBHBIX CEUCHUN

Bapuant Ha puc. 2, 6 o61amaet 60JbIIMM CONPOTHUBIICHUEM U3THOY MPH MPOYHUX PABHBIX
YCIOBUSIX.
OceBoii MOMEHT UHepIMH Kpyra (puc. 3) paBeH
ot
\72 — a‘
OceBoil MOMEHT CONPOTUBIICHUS Kpyra
W = nd®
= "37

Pucynok 3 - Kpyr

Bce HeoOxoauMmble pacueTHbIE JaHHbIE (TJIOMAAH, MOMEHTBI HHEPLIUU U COIIPOTUBIICHMUS)
CTaHJAPTHBIX CEYEHUH NMPUBOJATCS B TaOIMIIAX CTAaHAAPTOB.

Jlnis MaTepualioB, OJMHAKOBO pPAa0OTAIOIIMX Ha PACTSDKEHHE M C)KaThe, BBIOMpAIOT
CeYeHHsI, CHMMETPHYHBIE OTHOCUTEIBFHO OCH, BOKPYT KOTOPO# coBepiiaetcst uarud (puc. 4).

Ilpumep

CpaBHHM MOMEHTBI COTIPOTUBIICHHUS JIBYX CEUEHUN OJMHAKOBOM IIJIOMIAIU: ABYTaBpa
(puc. 4, r) u kpyra (puc. 4, a).
2 9 4
HBytaBp Ne 10 umeet miomanp 12 cm®, oceBoit MOMeHT uHepiuu 198cm”, MOMEHT
COIIPOTUBIICHUS 39,7cm’.

Kpyr Toi1 e mionaan uMeeT 1uaMeTp 1= \/4A/m = deM, ocepoit MOMeHT WHEepUUu Jy =
25,120M4, MOMEHT conpoTuBieHus Wy = 6,2CM3.
Wy, 397

ConpoTuBieHnue u3rudy y ABYTaBpOBOW OalikM B IIECTh pa3 BbINIE, YeM Yy Oalku
KPYTJIOTO CEYEHUSI.

W3 sTOro npumepa MOKHO CZeNaTh BHIBOJ: CEYCHUS MPSIMOYTOJIbHbIE, KBAIPATHBIE,
KpYTJible 1 pOMOOBUIHBIE HEpallMOHAIBHBI (puC. 4 a, 0).
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Pucynok 4 - Ilpodunu

Jns marepuanoB, 0OJaNaloMMX pa3sHOW MPOYHOCTHIO MPHU PACTSDKEHUH U COKATHU
(Xpynkue MaTepuaibl 00JamaroT 3HAYUTEIBHO OOJNBIIEH MPOYHOCTBIO HAa C)KaTHe, YeM Ha
pacTsKeHue), BBIOUPaloT aCHMMETPUYHbBIE CEYEHUS TaBp, PENIbC U Ip.

ITopsinok BbINoOJIHEHUs padoOThI:

1 PaccMoTpeTh TeOpEeTUYECKHUE MTOJIOKEHHS.

2 V3yunTh METOAMKY pacueTa palliOHAIIbHOTO CEUEHUs OAJIKU.
3 BbIIIOJIHUTE pacyer.

®dopma npeacraBjeHus pe3yabTara:
3aIuTa MPaKTUYecKoi paboThl

Kputepun onenkn:

OneHka 3 — BepHO oIpe/ieleHbl MOMEHTHI U3ruba U CONPOTHUBIICHHS, BEPHO ONPEAEICHO
OTIaCHOE CeueHHe OalKu.

Orenka 4 — BepHO 1OI00paHO paIrMOHAIBHOE CEYEHUE OATTKH.

OneHka 5 — ycTHasl 3aI1UTa paboThI 10 KOHCIIEKTY.
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Tema 5.1 OcHoBHbBIE 0J10:KeHUs1. OOIIME CBeleHNsI 0 Tepeaavax.
@puKINOHHBIE NIepeJaYd U BApUATOPHI
Ilpakmuueckan paboma Ne 15
PacuyeT 0OCHOBHBIX KHHEMATHYECKHUX COOTHOIIEHUI B MPUBOIAX

esb: UMeTh MpencTaBleHHE O MPHUBOAAX YCTPOMCTB. 3HATH METOJBI ONpPEACICHUS
KMHEMaTHYEeCKHX COOTHOILIECHHUH B IPUBOAAX M YMETh UMH T0JIH30BATHCSA. Y METh BHIOUPATh
AJIEKTPOABHUraTelNb 1O TPeOyeMOi MOIITHOCTH.
Beinosinus padory, Bel Oyaere:
ymembs:
¥1..1.02. nmpou3BOIUTH pacdeThl MEXaHWYECKHUX Tepenad W MPOCTEHIINX COOPOYHBIX
CAMHHII .
MarepuanbHoe obecrnevyeHue:
KoHcmekT nekuuii, ”HCTPYKIHUS 110 BBIITOJIHEHUIO pab0Thl, MHTEPHET-PECYPCHI, TMHEWKA,
KapaHJaIll, JJACTUK
3aganue:
BEIMOTHATE KHHEMAaTHYECKUE PACUETHI TI0 BapUaHTAM.
KpaTkue TeopeTuyeckue cBeleHus:
IIpumep. B npuBone ¢ uennoi nepenaueit (pucynok 1) P=7.9 xH; V=1,5 m/c:
1 BbIOpath 351€KTpOIBUTATEND.
2 BBINOTHATH KWHEMATUYECKHE PACUETHI.

1 — ObICTPOXOAHBIN BaJ; 2 — THXOXOAHBIN Bajl; 3 — BeIyIas 3B€3/104Ka;
4 — Begomasi 3Be3/109Ka
Pucynok 1 — [IpuBoj ¢ nenHoi nepenaden
Pemenne.
O6mwmit KI1/] mpuBoaa:
N=Ny " Non * Mo = 0,98-0,92-0,99° = 0,875.
rne 7, — KITJ1 3akpbIToi umnHapudeckoit nepenayw, 7, = 0,98;
Non — KI1J] OTKpBITOM TIeTHOM TIepeayn, #,, = 0,92;
N — KI1J1 o;tHOM TIaphl TIOIIMITHUKOB KadeHus 7, = 0,99.
TpebyeMast MOIIIHOCTb IEKTPOABUTATEIS:
Ny = =5 = 2222 =135 kBr.
YrnoBas ckopocTh OapabaHa:

e = 2V 215 —6 pan/c
6= D, o5 P
YacroTa BpauieHus:
300w 306
ng = — = — =57,3 06/mMuH.
s 3,14

ITo TpeOyemoii MomHOCTH BbIOMpaeM annekTpoasurarens 4A160M6/970:
NaB=15 kBT; Nyp= 970 06/mMuH.
[Iepenarounoe oTHOIIEHUE:
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T _ 970

ng 57,3
Hameuaem yacTHbIC IepeaTOUYHbIC OTHOIICHHUS:

penykropa u,=4.

LENHOHU nepenaqn Uye,=U/up= 16,9/4=4,23.

YacToTsl BpalleHus ¥ YTIIIOBbIE CKOPOCTH BAJIOB peyKTOpa u OapabaHa:

N1=Ny = 970 06/MuH.
wng;  3,14-970

u= =16,9.

W =—= =101,6 06/mMuH.
30 30
970
n, = =22 =242,5 06/MuH.
Up 4
101,6
Wy = 21 = 2 =25 4 06/MuH.
Up 4
Bpataromuii MOMEHT Ha Bally IIECTEPHU PEYKTOpA:
N 15000
Ty == =——=147,7 Hw.
wi 1016

Bpamaromuii MOMEHT Ha Baly KoJjieca:

T, =Tu,m, =147,7-4-0875= ¢ o

T, =Ty w, n=147,7-4-0,875 = 516,7 Hu.

PGSYJ'IBTaTbI KHMHCMATUYCCKHX PaCuYCTOB CBCACHLI B Taon.1.

Tabmuua 1. Pe3ynapTaTel KHHEMAaTHYECKHX PACUYETOB

Bax peykropa Bpamaromuii YacroTa BpaleHus, VYrnosas clxopocn),
MomeHT, Hm 00/MuH c
BbreicTpoxoaHbIit 1477 970 101,6
TuxoxogHbIH 516,7 2425 254

ITopsinok BbINOJIHEHHA PadOTHI:
1 PaccMoTpeTh TEOpETHUYECKNE TIOJIOKEHUS.

2 N3yunTh METOAMKY pacueTa KHHEMaTHUYECKUX COOTHOLIEHUH B IPUBOJIAX.
3 BbINOTHUTE pacyer.
4 ChenaTh BBIBO/IL.

®dopma npeacTaBiieHHs pe3yJbTaTa: 3aliTa MPAKTUICCKOW PaboThI

Kpurepun onenkn:

OueHka 3 — BEpHO OIpeieNIeHbl CKOPOCTH;

Onenka 4 — BepHO OIpeJiesIeHbl KPYTSIINE MOMEHTHI;
Onenka 5 — ycTHasl 3aIIUTa paboThI 10 KOHCIIEKTY.
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Tema 5.2 3y0uarbie nepenaun O01mue cBeieHUsI 0 pelyKTOpax

Ilpakmuueckas paboma Ne 16
CocraB/ieHHe KHHEMATHYeCKHX cXeM MPHBO/IOB

Iesab: uMeTh NpeAcTaBiIeHUE O MPUBOAAX YCTPOMCTB. 3HATh METOJbl COCTABICHUS
KMHEMaTHYECKHX CXEM MPHBOJOB U YMETh UMM I10JIb30BaThCS. Y METh BBIOUPATh PELYKTOP
JUISL IPUBOJIA.

Beinosinus padory, Bel Oyaere:

ymemp:

V1.1.02. npou3BOAUTH pacyeThl MEXAaHWYECKHX Mepefady W MPOCTEUIIMX COOPOYHBIX
€AMHMILL;

MarepuasibHoe o0ecrieyeHue:

KoHncnekT nekuuii, HHCTPYKIMS 110 BBIIOJHEHUIO pabOThl, UHTEPHET-PECYPChI, JIMHEWKA,
KapaH/alll, JaCTHK

3aganue:

CocTtaBuTh KMHEMaTH4YeCKHE CXeMbI IPHBO/I0B:
1. c uMIUMHAPUYECKUM PEIYKTOPOM U PEMEHHOI nepenayeii;
2. C KOHHYECKHUM PEIYKTOPOM M IIETTHOW Nepeaadei;
3. C YepBAYHBIM PEAYKTOPOM U LIECTTHOW Mepeaadei.

Kparkue Teopernyeckue cBe1eHUsI:

Ha pucynke 1 npeacrasiieH npuBOJ C LIEMTHOM ITepeayeH.

2

M= x = A4
1 - -—
1 — GbIcTpOXOIHBIN Ball; 2 — TUXOXO/AHBIN Bail; 3 — Benylas 3B€3/104Ka;
3 — BeZjoMas 3Be3/J04Ka
Pucynok 1 — IIpuBoj ¢ nenHoi nepenaueit

Haubonee pactipocTpaneHbI CXeMBI PETYKTOPOB, H300pakKeHBI HA PUCYHKE 2.

| [/ _
[ S

T

LWIAHAPUYECKUAN KOHHYECKUU YEPBAYHBIN

Pucynok 1 — Kunematnueckue cxeMbl peIyKTOPOB
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Iopsiaok BbINOIHEHUs PA0OTHI:

1 PaccMOTpeTh TEOPETUUECKUE TTOJTOKEHUS .

2 VI3y4nTh METOIUKY MTOCTPOCHUSI KHHEMATHYECKUX CXEM TPHUBOJIOB.
3 BLIIIOTHUTE 3aJaHUE.

4 CnenaTh BBIBOI.

®opma npeacTaBIeHUs pe3yJbTaTa: 3alUTa MIPAKTUYECKON pabOTHI
Kpurepun onenkmn:
OreHka 3 — BEpHO COCTaBJIEHA OJJHA CXEMa;

OHGHKa 4 — BEPHO COCTABJICHBI IBC CXCMBbI;
OHGHKa 5- BEPHO COCTABJICHBI BCE€ CXEMBI 1 YCTHO 3alllUIIICHA pa60Ta 1O KOHCIICKTY.
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Tema 5.2 3y0uarbie nepenaun Oo1ue cBeleHUs 0 peIyKTOpPax.

Jlabopamopuas paboma Ne 2.
N3ydyeHue KOHCTPYKIUI Pa3jIMYHbIX THIIOB PEAYKTOPOB

eab: nMeTh MPEICTABICHHE O PA3JIMYHBIX TUIAX PEAYKTOPOB. 3HATh METOJIbI
COCTABJICHUS] KHHEMAaTHYECKHX CXEM pPEIyKTOpPOB. YMETh BBIOMpPATh PEIyKTOp s
MPUBO/A.
Beinosinus padory, Bel Oyaere:
ymembp:
V1.1.02. npou3BOAUTh pacyeThl MEXaHWYECKHUX Ieperad W MPOCTEHIINX COOPOYHBIX
€IMHUIL
MarepuajibHoe o0ecrieyeHue:
KoHcnekT siekuuii, THCTpYKLUS 110 BBIIOJIHEHUIO paOOThl, HHTEPHET-PECYPCHI, TUHEHKA,
KapaHJalll, JJACTUK
3aganue:
CocTaBUTh KMHEMAaTHYECKYI0 CXEMy MPEIOKEHHOTO pPEeIyKTopa M OIHCaTh €ro
Ha3HAYeHHNE U KOHCTPYKIHIO.
Kparkue TeopeTnyeckue cBeeHUs :
1. HazHauyeHune pe1yKTOpOB
TpaguumoHHass cxema IJABHOTO MPHUBOJA IMPOKATHOTO CTaHA BKIIOYACT PEIYKTOP,

KOTOpBI o0ecreuyrBaeT HEOOXOAMMOE IEPEAATOUYHOE YHUCIO MEXAY d3JEKTPOJBUTATEIeM U
paboueil kinerbto. Bo MHOrumx ciydasix, Korja IEpeAaTOdyHOE YHCIO PEIyKTOpa MEHbIIIE
YeThIpeX M MOIIHOCTh MPHUBOJA HEBEIUKA, PEIyKTOpP OOBEAMHSIOT C IIECTEPEHHON KIIEThIO B
onHoM Kopmyce. Kak mpaBuio, Takue KOMOMHHPOBaHHBIE IIECTEPEHHbBIE KIETU-PEIYKTOPHI
W3TOTOBJISIOT JUIsI MHOTOBAJIKOBBIX CTAHOB. PEAyKTOp NPUMEHSIOT NPU YacTOTE BpallleHUs
pabouux BankoB MeHee 250 o6/muH. IIpm Gosbiiem uucie 0OOPOTOB BBIFOJAHEW MPUBOI C
TUXOXOJHBIM 3JIEKTpOJIBUraTesneM 0e3 peayKTopa. Y KpYHHBIX 4acTO PEBEPCHPYEMBIX CTaHOB
(HampuMmep, y TOJICTOJIUCTOBBIX) PEAYKTOPbl HE MPHUMEHSIIOTCS, MOCKOJIbKY THXOXOIHBII
AIIEKTPOJIBUraTellb JIETYe PEBEPCUPYETCS.

Penykrop - MexaHu3M, [pelHa3HAYEHHBIW [ [epelayd  BpaIIeHHUs  OT
AIIEKTPOJBUraTeNs K MCIOJHUTEIBHBIM MEXAaHHW3MaM JUISl YMEHBIIEHUS YIJIOBOM CKOPOCTH U
YBEJIMUEHUS KPYTALIETO MOMEHTA.

2. Tunsl peAyKTOPOB

Tun penykropa ompenensoT MO BUAY 3yOuaThIX Iepeqad M Juis 0O0O3HAYCHMS
OPUMEHSIOT MPOITUCHBIE OYKBBI:

1] — yununopuueckue;

K — konuueckue;

Y —uepssaunvie,

K] — xonuuecxo — yununopuyeckue u m.o.
[To uncny cryneneit peayKTopsl ObIBAIOT:
0OHOCmynenuamuole,;

ogyxcmyneHnuamuwle,

mpexcmyneHuamoie

3. KunemaTnyeckue cxeMbl peIyKTOPOB

Haubonee pacnpocTpaHeHHbIE CXEMBI PETYKTOPOB, H300paXke€Hbl HA pUCYHKE 1.

Ha puc. l,a wu3o0pakeH OHOCTYNEHYATBIM MHJIMHIPUYECKUN penykTop. Takue
PEIYKTOPbl  BBIMYCKAlOT C MPSAMO3YObIMHM, KOCO3yObBIMH M IIIEBPOHHBIMH  KOJECaMHU.
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JIByxcTyneH4arble peAyKTOphl BHIIOJIHSIOT 10 pa3BepHyToH (puc.1,0) u coocHoit cxemam (puc.
1,8). CoocHble penyKTOpbl YIOOHBI, €CIM HYXKHO IMOJIYYUTh OJHY JIMHUIO BAaJIOB COCAMHSIEMBIX
MEXaHU3MOB, UMEIOT MaJjible rabapUTHBIE pa3Mephl MO UIMHE, B HUX JIOCTUTAeTCs OAMHAKOBOE
CMa3bIBaHUE KOJIEC W3 BaHHBI, IPU 3TOM YBEIMYMBAIOTCS TabapUTHBIE pa3Mephbl BAOIb Ocei
BasoB. lllupokue peaykTopel obOo3HauaroTcsi Oykpoit LI, y3kme - V¥V, coocubie - C.Jusa
yIAy4IIEHUs! YCIOBUH pabOThl THXOXOJHON CTYNEHU HCIOJB3YIOT PEAYKTOPBI C pa3BOCHHON
OBICTpOXOMHON CTyneHblo (puc. 1,r), peayKTopsl ¢ pPa3IBOCHHOW CTYNEHBIO 0003HAYAIOTCA
oyksoit I11.

TpexcryneHuarble peiyKTOpbI BBIIOJHAIOT IO pa3BepHyTOH (puc. 1,1) u paznBoeHHOU
(puc. 1,e) cxemam.

Ecnu xomMnoHoBka MalivHbl TpeOyeT B3aUMHOM MEPIEHIUKYISIPHOCTH OCE BXOJHOTO U
BBIXOJHOT'O BaJIOB, IPUMEHSIOT KOHUYeckue (puc. 1,5) mim KOHMYeCKO-IMINHIpUYecKue (puc.
1,3) penyKTopsI.

Bonpmne mepenaTovHble OTHOIICHHUS, IUIAaBHOCTh, OECIIYMHOCTb M BO3MOKHOCTH
CaMOTOPMOKEHUST 00ECIICUMBAIOT YEPBAYHBIE PEIYKTOPHI (PUCYHOK 2). BbICOKOE TIepenaToyHoe
OTHOLIEHHE IPU HU3KOM YPOBHE LIyMa UMEIOT JBYXCTYIEHYATble YEpPBSUHbIE U UYEPBAYHO-

gj:%l“:Lb /A
==

LUJIUHAPAYECKHUE PELYKTOPHI.

0

Pucynok 1 - Haubonee pacnpocTpaHeHHbIE CXeMbl 3y0UaThIX peAYKTOPOB: a —
OJTHOCTYTICHYATHIN; 0 — JBYXCTYIEHYATBIM PA3BEPHYTHIN; B — JMBYXCTYIEHUYATHIN COOCHBIH; T
— JIBYXCTYIIEHUYATBIN C pa3BOCHHOU CTYIIEHBIO; I — TPEXCTYICHYAThIN Pa3BEPHYTHIN; € —
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TPEXCTYIIEHYAThIN ¢ Pa3IBOCHHON IIPOMEKYTOUYHOM CTYIIEHBIO;
K — KOHUYECKUH; 3 — KOHUYECKO-IIMJIMHAPUYECKUIA

et

=%

&

Pucynok 2 - Cxembl 4epBsIUHBIX PEAYKTOPOB: @ — OJHOCTYIIEHYATHIH; O — JBYXCTYIEHYATBHIH;
B — YEPBAYHO-LIWIMHIPUYECKUN

UYepBsauHble PEYKTOPHI BBITYCKAIOT C HUKHUM (puc. 3,a), BepXHUM (puc.3,0), 00KOBbIM
(puc.3,B) WM BEpTUKAIBHBIM (PHC.3,I') paCIOIOKEHUEM YEPBSIKA.

“) 6)¢,_.¢5
g

@) T 4 3)
G x  (
o
5=

Pucynok 3 - CxeMbl YEpBSIUHBIX PELYKTOPOB:
a — HWKHUHN 4epBsIK; O — BepXHUI YepBsIK;
B — OOKOBOH YepBSK; I — BEPTUKAIbHBIN YEPBIIK;

OCHOBHBIE HEJIOCTaTKH 4YEpBSIYHBIX peaykTopoB — Huskuid KIIJ[ m manbeii pecypc
paboTHI.

4. KoHCTPYKIHS PeIyKTOPOB
B TexHuke mpuUMEHSIOTCS OAHO - (MPH YacToTe BpauleHus padoumx BaimkoB 200...250
00/mMuH), nByx- (40...50 06/MMH) u oueHb penko TpexcryneHdarsle (10...15 006/mMuH)

penykTopel. M3 NBYXCTyNeHUYaThIX LWIMHAPUYECKUX PEAYKTOPOB IPUMEHSIOT PEIYKTOPHI,
BBIMTOJIHEHHBIE 110 Pa3BOCHHON cxeMe (PUCYHOK 4).
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Pucynok 4 - PenykTop IByXcTyneHuUaThli HUIMHAPHYECKHii: 1, 7 — 3yOuaTsie koneca; 2, 6 —
IeCTEpHH; 3, 4 — TUXOXOHBIN M OBICTPOXOIHBIN BaJIbI;
5 — xopnyc; 8 — monmymydTa; 9 — MOAIIHUITHUK

IMopsiok BbINOJIHEHUS PA0OOTHI:
1 PaccmoTtpeTs TeopeTryecKue Moa0KEeHHUs .
2 V3y4nTh KHHEMAaTUYECKHE CXEMBI PEIYKTOPOB U UX KOHCTPYKLHIO.
3 CocTaBUTh KUHEMAaTHYECKYIO CXEMY MPEMIOKEHHOTO PEIYKTOPA.
4 CphenaThb BEIBOJIL.

®dopma nmpeacTaBJieHHs] pe3yJIbTaTa: 3alUTa MPAKTUICCKON pabOThI

Kpurepuu onenkmn:

Onenka 3 — BEpHO OIMcaHa 4acTh JE€TaJIed PeLyKTOpa;
OneHka 4 — BepHO OIMUCaHbI BCE ACTAIN PEIYKTOPA;
Onenka 5 — paboTa ycTHO 3alHIleHa [0 KOHCIIEKTY.
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Tema 5.3 BaJbl 1 ocu. Onnopsl BaJIOB U Ocei

Ilpakmuueckaa paboma NelT.
PacueT BaJIOB Ha IPOYHOCTD M JKECTKOCTH

Iear padoThl: NOJYYUTHh MPAKTUYECKHE HABBIKM ONPEAETICHHUS THUMA MOJIIMITHUKA
Ka4eHUs1, U3y4CHUs] KOHCTPYKIIUH, MAaPKHPOBKH.

Beinosinus padory, Bel Oyaere:

ymemp:

V¥ 2.1.07. onpenenars HanpsHKEHUS B KOHCTPYKIMOHHBIX 3JIEMEHTaxX

MarepuanbHoe obecrnieyeHue:

KoHcnekT siekuuii, MHCTPYKLUS 110 BBIIOJIHEHUIO pab0Thl, MHTEPHET-PECYPCHI, TUHEHKA,
KapaHJalll, JJACTUK

3aganue:

PaccuuTarh THXOXOIHBIN BaJl peAyKTOpa Ha IPOYHOCTh U KECTKOCTH (II0 BapUaHTaM)

Kparkue TeopeTrnyeckue cBeeHuUs :

Pacuer BasioB mpoBOAMTCS B JBa 3Tama: MPOEKTUPOBOYHBIM TOJIBKO IOJ JEHCTBHEM
KPYTSIIEro MOMEHTA U TIPOBEPOYHBII pacueT ¢ y4eTOM KPYTAIIETO U N3THOAI0NIero MOMEHTOB.

1. Ilpoexmuposounsiti (MpeaBapUTEIHLHBINA) pacueT Bajia MPOBOJAAT O GpopMyJie

M

213 =%

\ 0,2[ X ]
rae M, — xpyrtsammii MomeHt, M,= T, T — Bpaiaromuii MOMEHT Ha Bajly; 0 — auamerp Baia;
[T«] — momyckaemoe HanpspkeHue pu KpydeHud, [T,] = 20...30 MITa.

[TonydyeHHOe 3HaueHUE IUAMETpa Bajia OKPYIUIAIOT J0 Oymkaiiiiero OOJbIIero pasmepa.
®opMy U pa3Mmepsl Bajla YTOYHSIOT TMPU ACKU3HOW MPOpadOTKE Bajia TOCIE OMpeneeHUs
pa3mepoB KoJiec, MyPT U MOJIITUITHUKOB, 110 KOTOPBIM ONPEIEIISIIOT JUIMHY IIeeK U 1amnd Baa.

Ilpogepounwviti pacyeT CHPOEKTUPOBAHHOIO Bajga MPOBOASAT IO CONPOTUBIICHUIO
YCTaJOCTH U HA JKECTKOCTb.

[IpenBapuTenbHO OMpEAENsOT BCE KOHCTPYKTHBHBIE JJIEMEHTHI Bajia, 00pabdOTKy u
KaueCTBO IOBEPXHOCTH OTIEIbHBIX Y4acTKOB. (CoOCTaBIsSIeTCS pacyeTHas CXemMa Baja u
HaHOCSTCS JEHUCTBYIOLIUE HATPY3KH.

2. IlposepouHvlll yMmoyHeHHbIlL paciem HA CONpOmusieHue YCmaiocmy 3akiaodaeTcs B
OTIPENIETICHUN PACUYCTHBIX KOI(DPHUIIMEHTOB 3amaca TPOYHOCTH B OMACHBIX CEUCHUSX,
BBISIBIICHHBIX 110 SMIOPAM MOMEHTOB C yYE€TOM KOHIIEHTPAIIUX HAIIPSIKEHUH.

AMIUTATY/Ia IUKJIa ©3MEHEHHS HaNpsHKeHU n3rubda Basa

Ga=cmu=W*'

rae M, — u3ru0aromumii MOMEHT;
aMIUTATYJIa OTHYJIEBOTO LIMKJIA U3MEHEHUS HANPSHKEHUH KpyYeHUs

v, = o M, -
2 "o,
rie W, W, — MOMEHT CONmpOTHBIEHHs W30y M KpY4eHHIO cedyeHHil Baia
COOTBETCTBEHHO.

3amac IMPOYHOCTH BaJia:
10 HOPpMAJIbHBIM HANPSAXKCHUAM
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I10 KaCaTCJIbHBIM HalIPsSXXCHUAM

T
S:is—yy
K xnta
I/ 0.1 — TPEeIeNl BBIHOCIUBOCTH IMPH pacdere Ha M3rub; 7., — Mpeaen BBIHOCIMBOCTH TPU
pacuere Ha Kpyuenue; K,p, K;p — o0muii k03pPUIHeHT KOHICHTpAIMN HAMPSHKCHUNA TIpU

n3rude u KPpY4Y€HHH COOTBETCTBECHHO!

K, 1 1
Ko=)

v

K, 1 .
Con (xR

v

rie K, K, — Ko3h(dUIMEHThI CHWKCHHS IIpe/eia BBIHOCIMBOCTH 3a CYET MECTHBIX
KOHI[CHTPATOPOB — TalTeJIel, BBITOYCK, TIOMEPEUYHBIX OTBEPCTUH, IIMMOHOYHBIX TA30B
(@pdexTuBHBI KO3(PGUIIMEHT KOHLEHTpanuu HanpsbkeHul); Kqg — koddduimeHnt BausHUSA
aOCcomoTHBIX pa3zMepoB; Kg — koaddumueHnt BausHus o0paboTku moBepxHocTH; K, —
KOA(P(GUIIMEHT YOPOYHEHHS TOBEPXHOCTH; 3HAYEHUS MEPEUMCICHHBIX KO3 PUIMEHTOB
MIPUBENICHBI B CIICLIUATBHOMN JIUTEpATypE.

Pacuernblit ko3 dummenT 3anaca BEIHOCIUBOCTH B CCUSHUU IPU COBMECTHOM JICHCTBUH
u3ruba u KpyyeHus

SoS:

yS: + 82

MuHMMaBHO JIOMyCTUMOE 3HaYeHue ko3¢ duimenTa 3anaca npouHoctu 1,6...2,5.

S =

3. Ynpowennwiii nposepounvlii pacuem na ycmanocms NPOBOJAAT B NPEANOIOKEHUH, YTO
HOpMaJlbHbIE HaNpspKeHUs (M3ruba) M KacaTesIbHbIE HamnpsKeHUs (KpY4deHMs]) MEHSIOTCS I10
CUMMETPUYHOMY IHUKIY. OJHOBpEMEHHOE JEeHCTBUE KPYTAILIEro M H3rMOaroniero MOMEHTOB
paccUMTHIBAETCS 110 TUIIOTE3€ HAaMOOJIBIINX KacaTelbHBIX HAMPSKEHUN

a2 L a2
MBKB *V'M" +MK ’
Trac Mn — CYMMapHBIﬁ I/I3I"I/I6aIOH_II/II\/’I MOMCHT, I'COMETPHUUCCKAA CyMMa I/I3FI/I63.IOH_[I/IX MOMCHTOB
B BepTI/IKaJIBHOﬁ n FOpH3OHTaHLHOI>’I IIITOCKOCTAX:

M,=J(M!)? +(M").

VYcnoBue CONpOTUBIEHUS YCTAIOCTH

IKH
Gy = <lo_, 1,
*0,1d? ,
TI€ Osg — OKBUBAJICHTHBIE HAIPSHKEHUS B CeUYeHUU; M, — DKBUBAJICHTHBII MOMEHT B
ceuennn; 0 — auameTp Bajla B CeYeHUH; [0.;,] — IOMyckaeMoe HampspKeHHe W3ruda mpu

CUMMETPUYIHOM IMKJIE N3MEHECHUSI HAPSKCHUM.

B OonbIIMHCTBE ClIy4aeB OTPaHUYUBAIOTCS YIPOIICHHBIM MPOBEPOYHBIM pacdeToMm. B
CHEIHUANbHBIX CIy4asX HCIOJB3YIOT KOJEHYaThie (HEmpsiMble) BaJbl M Bajbl C U3MEHSEMOI
dopmoit reomeTpuueckoil ocu (ruOkue). Mcmonp3yrOT CIUIOIIHBIE U TOJbie (C OCEBBIM
OTBEPCTHEM) BaJbl.
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Iopsiaok BbINOIHEHUs PA0OTHI:

1 PaccMOTpeTh TEOPETUUECKUE TTOJTOKEHUS .

2 V3yunTh METOAMKY pacueTa TUXOXOJHOTO alla peIyKTopa Ha MPOYHOCTh U KECTKOCTb.
3 BoInonHUTE pacyer.

4 CnenaTh BBIBOI.

®opMma npeacTaBIeHUs pe3yJbTaTa: 3alUTa MPAKTUYECKON pabOThI
Kpurepun onenkmn:
OreHka 3 — BepHO BBINOJIHEH pacyeT Ha )KECTKOCTb;

Onenka 4 — BepHO BBITIOJIHEHBI PAacueThl Ha )KECTKOCTh M MPOYHOCTb;
Onenka 5 — paboTa yCTHO 3alllMIIeHA [0 KOHCIIEKTY.
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