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[TacmopT KOMILIEKTa KOHTPOJIbHO-OIIEHOUYHBIX CPECTB.

Pe3ynbTaThl 0OCBOCHUS yUeOHON TUCHMILUIMHBI, MOISKAIINE TIPOBEPKE.
Or1ieHKa OCBOEHUS Y4eOHOMN JUCIUTIIINHBIL:

DOpMBI U METOIbl OLICHUBAHMUSI.

KomudukaTop olleHOYHBIX CPENICTB.

3amaHus IS OLICHKH OCBOCHUS JUCIIAIIIIAHEL.



1.ITacnopT KOMILIEKTA KOHTPOJIbHO-OLIEHOYHBIX CPeICTB

B pesympratre ocBoenust yueOHOW mucruruimHbl OI1.03 Texnudeckas MexaHUKa
oOyuaromumiicss AojbkeH oOnanate npeaycmoTpeHHbeiMu DI'OC mno cnenuanbHOCTH
23.02.08 CTpouTenbCTBO KEJIE3HBIX JOpOr, MyThb M TyTeBoe Xo03siicTBO (bazoBas
noaroropka CIIO) creayomuMu 3HAHUSMU, YMEHUSIMH, KOTOpbIE (POPMUPYIOT
npodeccroHanbHble  KOMIETEHIMHW, W  OOIMMMH  KOMIETEHIUSMHU, a  TaKkKe
JUYHOCTHBIMU PE3yJIbTaTaMH OCBAUBACMBIMH B paMKaX IMPOTPAMMbI BOCTIUTAHHUSI:

V1 - npou3BOAUTH pacyeThl HA CPE3 U CMATUE, KPYUEHHUE, U3THUO.

B pesynbpTaTe ocBoeHUSs y4eOHOW AUCITUIUTMHBI O0YJArOIITHIICS JOHKCH 3HAThD!
31 - OCHOBBI TEOPETUUECKON MEXAHUKH, CTATUKU, KHHEMATUKU U TUHAMUKY;
32 - 31€MEHTbhl KOHCTPYKIIUH;

33 - geranu MEXaHW3MOB U MAIIIHH.

®dopmoii aTTecTaluu 1Mo yueOHON JTUCHUILIMHE SBIISETCS 3a4€T ¢ OLEHKOIA.



2.Pe3yabTaThl 0OCBOCHHS YUeOHON AN CUMIIIMHBI, MO/AJIeKAlUe POBepKe.

2.1. B pesynpraTe aTTecTalli M0 Y4€OHOW NUCIUIUIMHE OCYIIECTBISIETCS KOMIUICKCHAS

IpoBepKa CIEAYIONIMX yYMEHUW M 3HAHUM, a TakkKe JUHAMUKa (POPMUPOBAHUS
o01ux, MpohecCUOHANBHBIX U KOMIIETCHIIMM, JTUYHOCTHBIX PE3YyJbTAaTOB B paMKax

IIporpaMMsbl BOCIIMTAHHA.

Kox OK
ll}IK ’ YMmerb 3HaTh Buiagers HaBBIKAMH
pacrio3HaBarth 3aJaqy
1/uny mpo0semMy B .
aKTyaJIbHBIN
npodecCHOHATHLHOM .
npodeccuoHaIbHbIN U
W/WIIN COLMAJIbHOM o
COLIMAJIbHBIN KOHTEKCT, B
KOHTEKCTE,
KOTOPOM IPUXOAUTCS
aHaJIM3UPOBaTh U
N paboTaTh U KUTh
BBIJICNIAT €€ COCTAaBHBIC
4acTU
OTIPENIeNIATh ATAIIBI
CTPYKTYpa IUIaHa JyIs
peleHus 3aauu,
peleHus 3aaad,
COCTABIIATH TJIAaH
o QJITOPUTMBI BBITIOJTHEHUS
JeicTBUS, pealn30BbIBATh
. pabort B
COCTaBJICHHBIH TIJIaH, .
npodeccuOHaAIBHON U
OIpeNeNsTh
CMEXHBIX 00J1acTsAX
HE00XO0IUMBIE PECYPCHI
OK 01. OCHOBHbBIE€ UCTOYHUKHU -
BBISIBIISITh ¥ 9P (EKTUBHO | WHPOPMAIIUU U PECYPCHI
UCKaTh UH(pOpMaIIHIO, JUIs PeLIeHUs 3a7a4d 1/ Uiu
HEOOXOIUMYIO IS npo0isieM B
pelLeHus 3a1a4u /Wi npodeccuoHaIbHOM
POOJIEMBI W/WITK COTTUATBHOM
KOHTEKCTE
BJIAJICTh aKTyaJbHBIMH
MeTO/Ibl paboTHI B
METo/1aMu paboTHI B .
. npodeccuoHaNbHOM U
poeCCHOHAIBHON U
CMEXHBIX chepax
CMEXHBIX cepax
OILICHUBATh PE3yJIbTAT U
MOPSIIOK OLIEHKU
HOCJECTBHSI CBOMX
. . pe3yabTaTOB PeICHHS
JeicTBUI .
3a/1a4 npodeccruoHambHOM
(caMOCTOATENBHO UITH C
JeSITebHOCTH
MIOMOIIbIO HACTABHHKA)
OTIpeNeNATh 3a0a4uu JUIs HOMEHKJIaTypa
novcka UH(popmauu, MH(OPMaLMOHHBIX
IUTAHUPOBATh MPOIECC HCTOYHUKOB,
TIOWCKa, BHIOMPATh IPUMEHSIEMBIX B
OK 02 HE00XO0/IMMbIEe UICTOUHUKHU | IPOPECCHOHATILHON
’ uHpOpMaIun JeSITETTHHOCTH
BBIIEIATh HanOoIee
IPUEMBI
3HAYMMOE B TIEPEYHE CTOVKTVDIDOBANIS
uHpopManuy, PYKTYpHP
uHpopMauu
CTPYKTYPHUPOBATh




HOJTy9aeMyIo
UH(OpMALHIO,
oopMIIATE pe3ynbTaThI
MIOUCKA

OLICHUBATH [IPAKTUYECKYIO
3HAYMMOCTb PE3YJIbTATOB
IIOUCKA

dbopmat opopmieHuUs
pe3yJIbTaTOB MOMCKA
nHpopmauu

HNPUMEHSATH CPEACTBA
UH(POPMALIMOHHBIX
TEXHOJIOTUH JUISl peIICHHS
npodecCHOHATBHBIX 3a1a4

COBPEMEHHBIE CPENICTBA U
yCTpOMCTBA
uHpOpMaTH3aLNH,
MOPSAIOK X IPUMEHEHUS
u

HCIIOJb30BaTh
COBPEMEHHOE
POrpaMMHOE
o0ecrieueHue B
podhecCHOHATILHOM
eI TENLHOCTH

IIPOrPaMMHOE
o0ecIrieueHue B
podhecCHOHATLHOM
JACATCIIbHOCTHU, B TOM
quciie U(pPOBbIC
CpeICcTBa

UCIIOJIB30BaTh Pa3IMYHBIC
U(POBBIE CPEACTBA JISI
peuieHHs
npohecCHOHATIBHBIX 3aau

IIK 2.2.

OTpeensiTh 00bEMBI
3eMJISIHBIX paloT,
MOTPEeOHOCTH
CTPOMTENHCTBA B
MaTepuanax AJisg BEpXHEro
CTPOCHUS TYTH, MaIlINHAX,
MeXaHu3Max, paboueit
CUJI€ U1 IIPOU3BOJICTBA
BCEX BUJIOB MYTEBBIX
pabot

Ha3HAYEHHUE U YCTPOMCTBO
MAIIMH U CPEJICTB MaJIOi
MeXaHHU3aIuu

pa3paboTKu
TEXHOJIOTUIECKIX
MPOIIECCOB TEKYIIErO
COJICPIKaHUSI, PEMOHTHBIX
U CTPOUTEINILHBIX padoT

OTpeaensTh 00bEMBI
3eMJISIHBIX paloT,
noTpeOHOCTH
CTPOWTENHCTBA B
MaTepHaiax Jjs BEpXHEro
CTPOCHUS TTYTH, MaIlINHAX,
MeXaHu3Max, pabouei
CHUIE JIJIs IPOM3BOICTBA
BCEX BUJIOB IYTEBBIX
pabot

OpraHu3aIio ’
TEXHOJIOTHIO paboT 1o
TEXHUYECKOMY
00CITy’)KUBaHUIO ITYTH,
TEXHOJIOTUIECKHE
IpoIecChl PEMOHTA,
CTPOHTENBCTBA
PEKOHCTPYKIHMH TYTH

OCHOBBI JKCILTyaTaluH,
METOABI TEXHUYECKOM
IUArHOCTUKA U
o0ecrieueHns HaJeKHOCTH
paboThI
KEJIE3HOTOPOKHOTO MYyTH

JIP 10 3abotgmumiics 0 3alluTe OKPYXaIoIIe cpeabl, COOCTBEHHOM U UyXOM

0€301acHOCTH, B TOM YHUCJIe HU(POBOI.




JIP 13 T'oroBHOCTH 00ydYaromierocsi COOTBETCTBOBATh OXHUAAHUAM PabOTOMATENCH:
OTBETCTBEHHBIN COTPYAHUK, TUCUUITTMHUPOBAHHBINA, TPYIOIIOOMBBIN, HAllEJICHHBIA Ha
JOCTH)KEHUE TOCTaBIEHHBIX 3a1ad, A((PEKTUBHO B3aUMOJCUCTBYIOIIMM C YJ€eHAMHU
KOMAaH/Ibl, COTPYIHUYAIOIINNI C IPYTUMU JIOJIbMH, IPOECKTHO MBICIISIIIHIA.

JIP 27 TlposBismoomuii CrHOCOOHOCTH K HEMPEPHIBHOMY pPa3BUTHIO B 00JIaCTH
npodeccoHaIbHBIX KOMIIETEHIIMM U MEKIUCIUTUIMHAPHBIX 3HAHUH.

JIP 30 OcyiecTBIsIOMMA MOUCK U UCHOJIb30BaHHE MH(OpMANUK, HEOOXOAUMON s
3¢ ()EKTUBHOTO BBIMOTHEHUS PA3IUYHBIX 3a7a4, TPOo(heCCHOHATBPHOTO U JTMYHOCTHOTO
pa3BUTHS.



3. OueHka ocBOeHHS Y4eOHOH ANUCUMIIMHBI:

3.1. ®opmbl U METOJBI KOHTPOJISL.

[IpeameTOoM OLIEHKM CIy>)KaT yMeHus M 3HaHus, npeaycmorpeHHele PI'OC mo

mucuumiauHe OI1.03TexHuueckass MEXaHUKa, HapaBJIeHHbIE HA (POPMUPOBAHUE OOIIUX
U NpOPECCHOHANBHBIX KOMIIETEHIUH, a TaK)K€ JIMYHOCTHBIX DPE3YyJbTaTOB B paMKax
IPOrpaMMBbl BOCIIUTAHHUS.
KoHTposib ¥ oneHka pe3yjabTaTOB OCBOEHUS YUEOHOW NHUCHUUILIMHBI OCYLIECTBISETCS
npernojaBaTesieM B MpoIlecce MPOBEACHUS MPAKTHUYECKUX U JTAOOPATOPHBIX 3aHATHUH,
KOHTPOJIbHBIX PaboT, a TakXe BBIMOJHEHUS OO0YYaIOUUMHUCITECTOBBIX U JIOMAIIHUX
3aganuil. [IpoMeXKyTOUYHBIN KOHTPOJb MPOBOIUTCS B (OpPME KOHTPOJBHBIX paboOT U
UTOrOBOI'O OIpOCAa: BBINOJHEHBI M 3aYTEHBl BCE JIAOOpPATOPHBIE M MPAKTHUYECKHE
paboThI; BBHIIIOJIHEHBI HA MOJOKUTEIBbHYIO OIIEHKY KOHTPOJIbHBIE paboThl. MTOroBbIit
KOHTpOJIb B popMe 3auera ¢ OoleHKON. CTyJAeHT AOIMYILEH 10 3a4eTa, €CIH BbIIOIHEHbI
Y 324TEHBI JJAOOPATOPHBIE U MPAKTUYECKUE PaOOTHI



KoHTpo.1b 1 0leHKa 0CBOeHUsI Y4eOHOH JUCHUIIMHBI 110 TeMaM (pa3aesam)

(I)OpMBI U METOAbI KOHTPOJISA

Texymmii KOHTPOJIb

Py0e:xHblIii KOHTPOJIb

IIpomeskyTOoUHasI aTTecTANMS

Jaevent V1 DopMbI IIpoBepsiembie OKLIIK, DopMbl IIpoBepsiemble dopma IIpoBepsiembie OKLIIK,
KOHTPOJIA Y, 3,JIP KOHTPOJISA OKLIIK, ¥V, 3,JIP KOHTPOJIA Y, 3,J1P
Pa3zpnen 1. OcHOBBI 3 ¥1,31,32,33, OK 1, OK 2,
TeopeTHYeCKOM JP10, JIP13, JIP27, JIP30
MeXaHUKH
Tema 1.1. CraTuka. YO, T 31,0K 1, OK 2, JIP10, KP Ne 1 31, OK 1, OK 2, JIP10,
OcCHOBHBIE TOHATHSA JIP13, JIP27, JIP30 JIP13, JIP27, JIP30
H AKCHOMBI CTATHKH
Tema 1.2. Ilnockasn YO, IIPNe 1, | 31, 0K 1, OK 2, JIP10,
cucTeMa CuJl. TTPNe2, JP13, JIP27, JIP30
ITPNe3, ITPNe4
T, KPNel
Tema 1.3. CraTtuka CP 31, OK 1, OK 2, JIP10,
COOPYKEHHIA. JIP13, JIP27, JIP30
Tema 1.4. Cp 310K 1, OK 2, JIP10, JIP13,
IIpocTrpancTBeHHAst JIP27, JIP30
CHCTEMA CHJI.
Tema 1.5. YO, IIPNe5, T | 31, OK 1, OK 2, JIP10,
Kunemaruka. JIP13, JIP27, JIP30
Tema 1.6. YO, IIPNe6, T | 31, OK 1, OK 2, JIP10,
Junamuka. JIP13, JIP27, JIP30
Pasnmen 2. a3 ¥1,31,32,33, OK 1, OK 2,
ConporuBienue JP10, JIP13, JIP27, JIP30
MAaTepHaJIoB.
Tema 2.1. YO, T ¥1,32, OK 1, OK 2, JIP10,
ConporuBjenue JP13, JIP27, JIP30
MaTepHuajoB,
OCHOBHBIE
MOJ10KEHHSI.
Tema 2.2. YO,JIPNe 1, T | V1,32, OK 2, OK 4, OK 5,

Pacrsikenue n
cKaTue.

OK 6, OK 8, IIK 2.1, JIP10,
JIP13, JIP27, JIP30




Tema 2.3. Cpe3 u

YO, JIPN2, T,

Y1, 32, OK 1, OK 2, JIP10,

cMsTHE. CP JIP13, JIP27, JIP30
Tema 2.4. CaBur u YO, JIPNe3, T
KpYYeHue.
Tema 2.5. U3ruo. YO, JIPNe4, T | ¥1,32,0K 1, OK 2, JIP10,
JIP13, JIP27, JIP30
Pasnen 3. leraaun 3 ¥1,31,32,33, OK 1, OK 2,
MeXaHH3MOB H JIP10, JIP13, JIP27, JIP30
MAIIMH.
Tema 3.1. OcHOBHEBIE YO, T, CP 33, 0K 1, OK 2, JIP10,
MOHSITHS U JP13, JIP27, JIP30
onpeeaeHus.
CoeauHeHHus
nerajied MalIuH.
Tema 3.2. YO, JIPNe 5, | 33, 0K 1, OK 2, JIP10,
MexaHHYECKHE JPNe 6, T, CP | JIP13, JIP27, JIP30

nepegayu. Jleranu u
c0OpoYHbIe eIMHUIBI
nepenavy.




Koangukarop oueHOYHBIX CPeCTB

OYHKIUOHAIBHBIN

MPU3HAK

OLICHOYHOI'O
cpeAcTBa (TUIT KOHTPOJILHOTO 3aaHusl)

Koa ouenounoro cpencraa

Y CTHBIN OITpocC YO
[Tpaktruueckas pabora Ne n ITP Noe n
TectupoBaHue T
Kontponbnas pabora Ne n KP Non
3amaHus A5 CaMOCTOSITENTbHOM PaboThI CP

- pedepar;

- TOKJIas;

- cooOl11IeHHE;

- OCCE.

PasHoypoBHEBbIE 3a/1auun u 3ananus | P33
(pacuétHble, rpaduyecKue)

Pabouas terpans PT
IIpoekr IT
JlemoBas urpa AN
Keric-3amaua K3
3auét 3
JHubdepennmpoBaHHbIii 3a4€T 3
DK3aMeH C)




3aI[aHI/IH AJIF OI€EHKHU OCBOCHHUA NTUCHUIIJINHBI

KoMiuiekT 3a1anuu
JJISI KOHTPOJIbHOU padoTnl Nel
M0 AMCHUIJINHE

OIl. 03. Texnuueckana mexanuka
OCHOBHOU NMpodeccCHOHAIBHOU 00PA30BaATE/ILHON MPOrPaAMMBbI
no cuneuuaabHocTu 23.02.08 Cmpoumenscmeo scene3nvix oopoe,
nymo U nymeeoe X03aiucmeo
(ba3oBasi moaAroToBKa cpeaHero npogeccCuHOHAILHOI0
o0pa3oBaHuA)



Konrpoabnas padora Nel nmo teme «Ilnockasi cucrema cui».

Bapuanr 1.

1. Onpenenuts peakiuu onop 6anku AB.

F=40xu
M=35kH*m g=10xxH/™m
—
v v v v Ly I
A & L B
777 ¥
Imdm

2. OnpenenuTh peakiiuu )KEeCTKON 3a/ICNIKH.

F=50xH M=40 kH*m
g =20 kH/m —

Yy V V vV V A

MANARNANAN
€

1M 1M 3M

A
A\ 4
A
\4

3. Onpenenuts ycunus B crepxHsiax AB u CB.

A A
A
60
A
B 7
A
F=1/

AN NANANAN



KonTtpoJsbnas padora Nel o teme «Iliockasi cucrema cuiny.

Bapuanr 2.
1. Onpenenuth peakuuu onop 6anku AB.

F=30xH M=40xH*m
g =20 xkH/m —

ys B

oz
SN -«—

3 M1l M2 M

A

4
v

2. OnpenenuTh peakify KeCTKOHN 3a/IeTKH.

F=10xH M= 60 xkH*m
q= 10)/<‘I/M

ANAANAN

A
A 4
A
A 4

3. Onpenenuts ycunus B crepxHsiax AC u BC.

60




KontpoabHas padora Nel nmo teme «Ilinockasi cucrema cui».

Bapuanr 3.

1. Onpenenuts peakiuu onop 6anku AB.

F=10 xH M=30 kH*m

g =20 xH/m >
AZS ty i B
A7 - Zd

1 M3 Ml M

\ 4
A
v

2. OnpenenuTh peakiiuu )KEeCTKON 3a/ICNKU.

F=20xH M= 40 kH*m
gq= 20/1/({/M

VVYVVVVVYYVYYVYYVY

ANANAN

3Mm 2M

A

A 4

3. Onpenenuts ycunus B crepxHsiax AC u BC.

A

45

45

NAAU NN N NNV

1000 [




KontpoabHas padora Nel nmo teme «Ilinockasi cucrema cui».

Bapuanr 4.

1. Onpenenuts peakiuu onop 6anku AB.

F=15xH
g=10xxH/m

A
1 M2 M2 M

M= 25kH*m
<—
A Ty
A > <

2. OnpenenuTh peakiiuu )KEeCTKON 3a/ICNKU.

Fi=20kH M=40 xH*m

—

F=16 xH

1M

NNANANN

A 4

A

A
\ 4
A

3. Onpenenuts ycunus B crepxHsiax AC u BC.

60

F1:3,5 kH

C\
A4

BN F=2,5kH



KontpoabHas padora Nel nmo teme «Ilinockasi cucrema cui».

Bapuanr 5.
1. Onpenenuts peakiuu onop 6anku AB.

M= 23 kH*m F= 14xH
g=12 kH_

AMTTIITIITTV B

Ve

|, 77

1 M4 M2 M

A
A

2. OnpenenuTh peakiiuu )KEeCTKON 3a/ICNKU.

Fi1=20xH F=16 kH M= 40 kH*m

—
e
3 |~
na -

—
’ 2 M J 3M | 2M R

3. Onpenenuts ycunus B crepxHsiax AC u BC.

Fi=7 xH

30

F=9 xH




Kpurepuu onenkmu:

—  «5» (OTJIIMYHO) - €CIIU CTYACHT B MIOJIHOM O00BEME BBITTOJIHUII BCE 3a/I1aHMsI, TPOSIBUB
CaMOCTOSTENIbHOCTh ¥ 3HaHUS MEKIIPEAMETHOTO XapakTepa.

—  «4» (XOpoII0) - ecid CTYASHT BBIMOIHWI /5 % 3amaHuii, ¥ B HUX COAEPIKATCS
HEJOYeThl WU OfHa He rpybas ommuOKa; MpH OTBETE Ha MOCTaBICHHBIC BOMPOCHI MMEI
HE3HAYUTEIbHBIC 3aMEYaHMs U MOMPABKU CO CTOPOHBI MPENOaaBaTeNs.

—  «3» (YIOBIETBOPUTEIILHO) - €CIIM CTYJICHT BBITIOJIHWII 3a/laHus 0osiee yeM Ha 50 % u
paboTa coAep UT HEJOUETHI WIIH JIBE-TPU HErpyOble OIIMOKH WM JIBE TPyObIe OIHOKH;
—  «2» (HEeyJOBJIETBOPUTENHHO) - €CIIM CTYJICHT BBIMOJHUI padoTy MeHee yeM Ha 50
% unu paboTta cofepKUT 0oJiee IBYX IpyObIX OMIMOOK WIIM HE MPUCTYIUI K BBIMOTHEHUIO
paboTHI.



IIpakTHyeckas padora Ne 1
Tema: OnpenesieHne paBHOAEHCTBYIOLIEH IVIOCKON CUCTEMbI CXOASIIIIMXCH CHJL.
eab padorsl: HayuuThest onpeaeasiTb pABHOACHCTBYIOILYIO IJIOCKOH
CHCTEMbICXOIAIIMXCH CHJT

PacueTnnie dhopmynbl
Pasnodeticmsyrowas cucmembvl cua

Fy=[FE +F%; Fg,= ;ka; Fyy = ngy,

roe Fyy, Fyy — Opoeknun paBHOAEHCTBYIOLIEN Ha OCH KOOPIHHAT;
Fizy Fiy — IPOEKIIMM BEKTOPOB-CHJI CHCTEMBI Ha OCH KOODIOVHAT.

rIe oy, — yron pasnomeiicTByioiueit ¢ ockio Oz.
Ycaoeue pagrogecug

n
EFkx':O;
0
S Fiyy = 0.
0

Ecmu nnockas cucteMa CXOOSIINAXCS CUIT HAXOOUTCS B PABHOBECHUM, MHO-
FOYTOJILHUK CUJI IIOJDKEH OBITH 3aMKHYT.

IIpumep 1. OnpenesieHne paBHONEMCTBYIOLLEH CUCTEMbI CHJI

Onpenennth PaBHONEMCTBYIOLIYIO IIJIOCKONH CHCTEMBI CXOHSILMXCS
CUJT aHAJIMTHYECKHM U reomerpuyeckuM crmocobamn (puc. I11.1). Haro:
F1 = 1OKH; F2 = 15KH; F3 = 12KH; F4 = 8KH; F5 - SKH;

a1 = 30°%; as = 60°; az = 120°%;, ag = 180°; a5z = 300°.
Pewenue

1. OnpenenuTs pPaBHONEHCTBYIOIIYIO AHAJUTUYECKUM CIOCOGOM
(puc. I11.1a).

( Flz=10-cos 30°=8,66 xH;
Fy,=15-c0860°=7,5xH; i '

< F3m=“12'COSGOO=-—6KH; \ FZ‘”_ZFkxa

Fy.=—-8xH,; Fx;=6,16 xH.

| F5;=8-cos60°=4xH; j




( F1y=10-cos 60° =5 xH; )
Foy=15-cos 30° =12,99xH;
—19. o_ - Fry=3_ Fiy;
¢ giy:(lf cos30°=10,4xH; Fiy—21,49 xH.
y =Y

F5y=—8-c0s30°=—6,9xH; )

\

Fy=\/F}, +F%,; Fr= \/6,162 + 21,49% = 22,36 xH;

Xz 6a16
——— = — == 0,2755; = 740-
FE COS 3y 22,36 . 18550
2. OnpeneJme paBHO,HefICTByK)IIIYIO rpadonqecxnm CII0cOb0M.

COS ayy =

F,

6)

Puc. 111.1

C nomoisio TpancrnopTupa B Mmacmrabe 2MMm = 1 kH crpoum mmoro-
yroneruk cun {puc. I11.16). Usmepenuem onpenmenseM MONyJib PaBHO-
flekcTRYIONIEN CUITE M YTOJI HAKJIOHA ee K ocn Ox.

PesyneTaTh pacyeToB He OOJXKHHEI OTIAMYATHCL Gonee yeM Ha 5 %:

FE“““FE’P-mo%gs%. ‘
FEau



PacuyeTHO-rpadpuueckas pabora 1

Onpedeaenue pasnodeticmsyroujeli NaocKotl cucmembl Cro-
OHUUTCH CUA GHAAUTNUNECKUM U 2E0MEMPUNECKUM cnocobamu

3ananue. Ucnonniys cxemy puc. I[Il.la, onpenenures paBHONEN-
CTBYIOILLYIO CUCTEMBI CUJI.

Bapuaunr

[Mapamerp
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F, xH 12 8 20 3 6
F5, xH 8 12
Fs3, xH 6 2 10 | 12 | 15
F4, xH 4 10 [ 15 | 15
Fs, xH 10 6 10 9 18
oy, rpan | 30 0 0 15 0
az, rpan | 45 | 45 160 |45 | 15
a3, rpan 0 7 | 75 60 | 4
ag, rpax | 60 | 30 150 {120 |150
as, rpaag | 300 {270 |210 270 |300

[y ]
[=>]
p—
o

[

[Ipu 3amuTe pabOThl OTBETUTH HA BOIPOCHI TECTOBOIO 3a/1aHHUS.



Bomapochst OTerETB:HI K o x
1. OnpenenurTk NPoEeKUIMN paBHOOEeHCTBY OIS Ha Ry = 4,99xH 1
ock Ox npu F = 10xkH; F> = 20xH; F3 = 30xH.
R, = 7,89xH 2
y F2
45"
R R. = —3,18xH 3
o 30
30° x
F3 R; = 6,55 xH 4
2. OnpenenuTs BEINMYUNHY PaABHONEHCTBYIOLUEH CHJIbLI 23,66 kH 1
IO ee U3BECTHRIM npoekumsam: £, = 15 xH;
R, = 8,66 kH. 17,32 xH 2
9,50 xH 3
8,50 xH 4
3. Kak HanpasJleH BEKTOP pPaBHOOEMCTBYIOLLIE Y r
CHCTEeMEI CHJI, ECJZIM M3BECTHO, 4T0o Ry = —4 xkH; i 1
R, = 12xH?
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4. I'py3 HaxoouTCsi B paBHOBECUM. 1
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5. 'py3 F HaxonuTcsa B paBHOBECHN. ST Fxe = R3 — Ry cos 30° =0
0
YkazarTh, Kakasd cucreMa ypaBHEHUIA 1
”
PaBHOBECHUsI IJIsl TOYKM B BepHa. > Fky = R2 — Ry cos 60° =0
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Jlurepartypa.
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METOIMYECKHI LIEHTP MO0 00pa30BaHUIO HA KEJIE3HOAOPOKHOM TpaHcropTey, 2014 r.
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[TpakTuueckas padora Ne 2
Tema: OnpenesieHne peakuuii IMAPHUPHO-CTEPKHEBOH CUCTEMBI.
Heab padorbi: HayuuThest onpeaeasiTb peakiui NIAPHUPHO-CTEPKHEBOH CUCTEMBI

IIpumep BbINOJIHEHUSA:

['py3n nonBemieHHI Ha CTEPXHAX M KAHATAX U HAXOMATCA B PaBHO-
Becun. Onpenenurh peaxuuu crepxHeir AB u CB (puc. I11.2).

A ¥y
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g R
-~ Rl O 2
p < x
g 301 45°
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F>=20kH
b,
% Puc. IT1.2 )
Pewenue

1. Onpenensem BeposTHble Hamnpabienus peakuuit (puc. I11.2a).
Muricnenno ybupaem crepxens A B, npn atom ctepxens C' B onyckaercs,
CIIENOBATENILHO, TOYKa B OTOONBHraeTcs OT CTEHHI: Ha3HaueHUEe CTEePXKHA
AB — Tanyrtb TOuKy B Kk cTeRe.

Ecnu y6pate crepxens CB, Touka B onycTuTcs, CleNOBATENBHO,
crepxens C'B nonnepxuBaeT TOUKy B CHM3y — peakunus HanpaBi€eHa
BBEpX.

2. OcsoboxnaeM Touky B ot cBs3u (puc. I11.26).

3. Bribepem manpasneHue oceil koopauHaT, ock Ox coBmauaer C
peakuuenn R;.

4. 3anuiueM ypaBHEHNsA PaBHOBeCHS TOYKU B:

mn
Y Frz = —R; + Ry c0s60° + F3 cos45° = 0;
0

n
Y Fiy = Rz c0s30° — F| — F5cos45° = 0.
0



5. I3 BTOpOro ypaBHeHNs MOJIYYaeM:

F, 4+ F;cos 45° 10+20-0,7
= . R2 =

R cos30° ~ 0,866

= 27,87 xH.

W3 nepBoro ypaBHeHUS NOJIYYaEM:
R1 = Rycos60° + Frcos45°; R; = 28,07xH.

Brion: crepxenr AB pacramyTt cuimoit 28,07 xH, crepxenr CB
cxatT cuiont 27,87 xH.

IIpuMmedganue Ecmm npu pelieHNN peakuns CBA3M OKaxXeTCs
OTPUIATEBHOM, 3HAYNT, BEKTOP CUJIEI HAIIPABJIEH B IIPOTHUBOIOJIOXKHYIO
CTOpPOHY.

B nannOM ciiy4yae peakunuy HaIlpaBlleHbl BEPHO.

3apanme.
OnpenenuTs CUilbl, HArpy>Karolye CTEPKHA KPOHIITEeWHA. KpOHIITENH yiepKuBaeT B

paBHOBecuH rpy3bl F1 1 F2 uimm rpy3 F1 1 pacTsaHyTyro nIpyKuHy, CHIa yIpyrocTy
KoTopo# F,. Becom yacteld KOHCTPYKIMU, a TAKXKE TPEHUEM Ha OJIOKE MpeHeOpeyb.

No F1 F> No F1 F>
BapHaHTa BAapUaHTa
xkH xkH

1 15 5 6 11 5
2 5 9 7 3 7
3 11 7 8 15 3
4 13 7 9 3 9
5 7 3 10 3 9







Bonpocsl OrTBeTnl |[Kon

1. OnpenenuTs NpoeKUuK paBHONENCTBYIOLIER Ha R: =4,99xH 1
ocek Oz npu F1 = 10kH; F; = 20kH; F3 = 30xH.

R: =7,89xH 2

R, =-3,18xH 3

R; = 6,55kH 4

2. OnpenenuTh BeIMYMHY PaBHOAEHUCTBYIOLLEH CHIILI 23,66 kH 1
10 ee U3BeCTHRIM npoekumuam: R, = 15kH;
R, = 8,66 xH. 17,32xH 2
9,50xH 3
8,50 xH 4
3. Kak Hanpag/ieH BeKTOp paBHONENCTBYIOLIER YI R
CHCTEMBI CHJI, €C/IM M3BECTHO, uTOo Ry = —4 kH; 1
R, = 12kH? VY
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IIpakTnyeckas padora Ne 3
Tema: OnpenesieHne peakuuid B 0opax 0aJ04YHbIX CUCTEM.
Hean padorei: HayunThes onpenesiTh peakuuu onop 0aJ04HbIX CHCTEM.

OcHoBHBIE GOPMYJIBI ¥ NPEAINOCLIJIKM pacdeTa

Budw onop 6asox u uz peaxyuu (puc. 112.1)

% F
a
@ ! ¢) m=Fa
M
a) 6)

Puc. I12.2

I'rasnbiti sexmop

Yeaosud pasnosecusd
n

n n
1. Y Fiz=0; > Fiy=0; zojm(Fk)A=0.
0 0
n
Iposepxa: » , m(Fy)p = 0.
n 0 n n
2. Y Fiz =0 %:m(Fk)A =0; %m(Fk)B = 0.
0

n
Iposepka: Y, Fr, = 0.
0



PacueTHo-rpadpuueckan pabora 1

Onpedeaenue peaxyuti 6 onopar 6aL0UHBLL cucmem nod
deticnsuem cocpedomouerHbiT Cul U Nap Cut

3ananme 1. OnpenenuTh BeINYUHBl peakInil B OIIOpE 3allieMJIEH-
Hoi1 6anku. [IpoBecTr IpoBepky NMpaBUIILHOCTH PeEILEHHU.
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ITapamerp

Fi,xH |10 |12 |14 |16 |18 | 20 {22 |24 | 26 |28
F,,xH |44 |48 (7,8 |84 (12 [12,8 [17 |18 |22,8 |24
m,xHM |14 |13 [12 {11 |10 | 9 8 | 7 6 5

a, M 0,2 /0,2 /0,3 |0,3 |0,4 |04 |0,5|0,5 0,6 |06




3anaune 2. OnpenennTh BeMNYMHBI peaklUWil B IIAPHUPHEIX OIO-
pax 6anku. [IpoBecTn npoBepKy NpaBUJILHOCTH DEIICHM.

m
F g q Fr X
A 60° B | 4 45° B
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a a 2a 5 e 2a a a
1 |
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m
g & q =
A 600 B A \ B
i o A 30°
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Bapuant
ITapameTp
112345167819 ]10
F,xH |10 |20 |30 |40 |50 |60 |70 |80 [90 |100
g, kH/Mm | 2 |2 |2 |2 (2 |4 |4 |4 (4] 4
m,kH-M |15 |25 |35 [45 |55 |45 |35 |25 |15 | &
a, M 0,4 |04 |04 |0,4 |04 |06 |0,6 |0,6 |0,6 |0,6

HpH 3aimTe paﬁo'r OTBETUTH HA BOIIPOCHI KapPT C TeCTOBEIMH 3aJaHUAMM.



Bonpocsr

OrTBeTH

Kon

1. HaiiTu rnaBHEIN BEKTOP CHCTEMBI CWJI, €CIIN: 5xH 1
F 1= 2 KH,
Fy = 3xH, 11xH 2
F3 = 5kH, .
Fy = F5 = 8xH; 12xH 3
auameTp xoneca 0,8 M.
VF, 16 kH 4
2. HajinnrTe riaBHbLIL MOMEHT CHCTEMBI. 49,14 xH-Mm 1
HenTp npuBenenns Haxonurcs B Touke C.
52,32xH-Mm 2
15xH
(] 8 H -
sl 4, o . I KH | 54,14xH-u 3
c GV B
10xH 64,14xH-M 4
3. [IpusonuTcs ypaBHeHHe PABHOBECUs MJisS oHpene- F3 cos 60° 1
neHua peaknuu B onope A. Onpenenure, Kkaxoro
Yy/leHa YpaBHEHUsS He XBaTaer: F, cos 30° 2
Rya -8+ F,-6-m+F3:14+-.-=0.
— 3 o
A m B ARyB F55in 60 3
Ry, 60° Fs
. PELBY:
AR N
e Fy —~F,-2sin60° | 4
3m Im 2mM 2M




IIpononxenne
Bonpocn OreetTn |Kon
4. HaiiTn riiaBHBIA BEKTOpP CUCTEMbI CHII. 2xH 1
Y 120 ¢H Y. 4xH 2
= = m= KHM  g=2xH/M
F=10kH g=4xHM " ¢¢¢¢f1¢¢‘|,
1o¥ 3 3 e 6 xH 3
5m e 3m
’ 8 kH 4
5. OnpenenuTe anrebpandyecKyo CyMMY MOMEHTOB TxH-Mm 1
OTHOCHUTE/ILHO TOYKHN B.
25xH-M 2
y
g=4xH/M =50 xH-w\ B =20kH
yA o
\ o 60° 42 3kH-M 3
A B
F=10xH
# .
ImMm 1,5m ZM 68,3xH-M 4
I'l
Jlureparypa.
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IIpakTHyeckas padora Ne 4
Tema: OnpeaesieHne MOJI0KEHUSI HEHTPA THAKECTH COCTABHBIX CEYCHUM.
Heab padorel: HayuuThest onpeaesiTh MOJI0KEHHEe EHTPA TIKECTH CJI0KHBIX
reomerpuyeckux ¢uryp.

OcHoBHBIE DOPMYJIBI M PEATIOCHIIKM pacyeTa

Ienmpor mascecmu npocmetiwur cevenut (puc. I13.1)

¥,

h 7 A 7 2 ¢
03 b
a) 6) 6
Puc. IT13.1

I'eomempuueckue zapaxmepucmuxy CTAHOADTHEIX MPOKATHEIX
npoduiiest B Ipunoxenun 2.

Memodu pacuema:

1) MeTon cuMMeTpuH;

2) MeTon pa3feNnieHus Ha IPOCTHIE YACTH;

3) MeTON OTPUIATELHEIX TIOMIAIEH.

Koopdunampl yenmpoe masicecmu cAOHCHBIT U COCTNABHLIE CEweHuT:

> Ak ZOZ Aryr
— 0 — T ———
rc = A ) Yc A 3

roe Ay — mIowanu acTell CeueHus; Ty; yr — KoopaumHaThl LT wacreit

n
cedeHnusi; A — cyMmapHas IIIoLaIb cedenns, A = Y Ay.
0
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Bapuant
ITapametp

1 2 3 | 4 5 6 7| 8 9 |10
B, MM |100 |110 [120 |130 |140 [150 |[160 |170 |180 [190
b, MM 60 | 70 {80 |90 |100 |110 |120 {130 |140 |150
H,vMm |80 |90 [100 {110 |120 |130 |140 150 |160 |170
h, MM 50 | 60 {70 [80 |90 |100 |110 120 [130 |140
R,mMa |20 |25 |25 [30 |30 |40 {40 |50 |50 |60
3anauue 2. OnpenennTh KOOPANMHATHI IIEHTPA TAXKECTH COCTABHO-
ro ceuenus. CedeHMs COCTOAT U3 JIMCTOB C TOINEPEUYHHEIMM pasMepaMU

a X § u npokaTHex npoduneir no OCT 8239-89, I'OCT 8240-89 n

I'OCT 8509-86. ¥Yronok BEIGMpaeTCs HAWMEHBIIIEH TOIIIUHEL.
PasMmeps! crannapTaeix npoduseit B [Ipunoxenun 1.
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Bapuant
[TapameTp

1 2 3 4 5 6 7 8 9 |10

Ne mBennepa | 18 [18a | 20 |20a | 22 [22a | 24 |24a | 27 | 30
Ne nyTaBpa | 18 [18a | 20 |20a | 22 |22a | 24 |24a | 27 | 30
Ne yronka 8 8 9 9 |10 |10 {11 |11 |125 | 14
a, MM 180 |200 [200 |220 |220 |240 {240 [260 | 270 {300

§, MM ) ) 5] 5) ) ) 6 6 6 6

IIpu 3ammTe paGoT OTBETUTH Ha BOIPOCHI TECTOBOI'O 33JaHUI.

Tema 1.6. CraTuka.
ILlenTp TaxxecTH Tela

Bonpocwu OrTBeTH Kon
E Gka:k z kak
1. BeibpaTe bopMysl s pacdeTa ro = SEm— Yo = S 1
paTe dopmy. p S G» Y S Ch
KOOPAMHAT LIEHTPA TAXKECTH Tella,
COCTABJICHHOIO U3 OOBLEeMHLIX YacTeil. Tc = 2 bk JYe = 2 Liyn 2
2. b P
Y Axxk 3 Axyk
Tc ; 3
> Ax > Ak
Vi
zo = )y kmk’ > Vi 4
S Vi S Vi
2. BuIYdCcauTh CTATHYECKUH MOMEHT 9.10% MM 1
JIAHHOI MIIOCcKOM GUIyphl OTHOCUTENBHO
ocu Orz. 27 - 10% mn3 2
@ o 36 - 10° mm? 3
o
60
3 I 42 - 103 mM® 4




ITpomomxeune

Bonpocsn OTBeTH Kon
3. OnpenennTh KOOPAMHATEI LIEHTPA TH- xTc = 15MM, yo = 30MMm 1
)kecTu GUryphl 2 oTHocuTeNnbHO oceil Ox
1 Oy; a = 80 MM; b = 90 MM; ¢ = 30 MM; ¢ = —40MM, yc = 35 MM 2
d=f =20MMm.
Yy

zc = 20 MM, yc = S50MM 3

-
-

) /
Q c X To = —25MM, yo = 30MM 4
2/

4. OnpenenuTh KOOPOUHATY Yc HEHTPa TH- 64 MM 1
xkecTH ¢urypst 1 (yronok 70x70x 5) orHo-
cnrenbsHo ocn Oz (durypa 2 — mBesuiep 83 MM 2
Ne 20). y
1 95 MM 3
+
TSI ITITIIISIIIN) 2
—
E 163,5 MM 4
[9] X
5. BeluncinTh KOOPOUMHATY Yc LEHTPa 19 MM 1
TSXKECTU COCTABHOTO CEYEHHUH.
¥ 21 MM 2
210
N
A
\ o 17 MM 3
10 \ o
N :
0 20 50 x 25 MM 4
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1. AM. JIykbsinoB, M.A. JlykbsinoB. Texunueckas Mmexanuka. ®I'BOY «YuebHo-
METOANYECKUI LIEHTP 10 0OPa30BaHUIO HA KEJIE3HOJOPOKHOM TpaHcnopTey, 2014 r.

IIpakTueckasi padora Ne 5 (uacrtsp 1).
Tema: Onpenesenne napaMeTpoB NMOCTYNATEILHOI0 IBUKEHUS TeJia.

Hean padoTbi: HayunThcsl pacCYUTHIBATH NAPpaMeTPhI MOCTYNATEIbLHOT01BUKEHHS
TeJa.

PacueTHbie $opMyJibl OJ1d OoNpeneleHUs
napaMeTpPOB MOCTYIIATEIBHOI'O ABMXKEHUA TeJIa

Bce Touku Tena IBMXKXYTCA OOANMHAKOBO.

3akoH paBHOMEpHOro asuwxenus: S = Sp + vt.

attz

2
3neck Sy — NyThb, NPONAEHHELIN OO HAYaJla OTCYETa, M;
vo — HadYaJIbHAad CKOPOCTH IBHXEHMs, M/C;

a; — TIOCTOSHHOE KAaCATeNbHOE YCKOpeHue, M/ c?
Ckopocts: v = §'; v = vo + at.

Yckoperne: a; = v'.

3akoH HepaBHOMepHoro asmxenus: S = f(t3).

KunemaTtuyeckne rpaduky NOCTYNaTENBHOIO IOBMXEHUA MPENCTa-
BJieHs! Ha puc. 114.1.

3akoH paBHOTMEpeMeHHOro nsuxkeHna: S = Sp + vot +

S v S va
at’
S =35 +v‘,t+~2L
S=§ +ot a, = const _—"
D= Uyt ast
v = const
S, So
(%)
0O tC O t,C
a) 6)
Puc. 114.1

PexomeHaanmm 1Uisi pelieHUsl PaC4eTHO — rpau4ecKkoi padoThI

1. IloncraBuB 3amanubie ko3ddUINEHTH B oblllee ypaBHEHUE OBHU-
JKEHMs, OIPENeINTh BUL JABUXKEHHUS.

2. Onpenenute ypaBHEHHE CKOPOCTH M yCKOPEHU I'py3a.



3ananmne 2. JIsmxenue rpysa A 3amaso ypaBHeHuEeM
y = at? + bt +c, roe [y] = M, [t] = c. OnpenenuTs CKOPOCTD M YCKOPEHME
rpy3a B MOMEHTHI BpeMeHH {1 U i3, & TaKKe CKOPOCThb U YCKOPEHME TOUKHU
B Ha o6one Gapabana neGenxu (puc. [14.4).

= BapuaHT
/ ><_ [IapameTp

"‘r’Am 1{213|4|5|6|7]|8]9]10
B\ a,m/c2 |2 |0 |3 ]0 |3 |3 ]|]2]0]|4]0
Y Thmfc |03 |4 |2]0] 4|03 ]a]2
Al v c, M 3|4 |05 2|04 |2]0]3
l” rn 10,2004 |06 |08 [0,5]04 |03 0,208 ]0,6
t1, ¢ 1 [2 (121212 ]1]2
Puc. I14.4 ts, C 3 (434 3}4 (3 ]a]3]4




IIpakTHyeckas padora Ne 5 (wacth 2)
Tema: Onpenesnenne napaMeTpoB BPALIATEIbHOI0 IBHKCHUS TeJla.
Heanb padorsi: HayuuThest paccuuThIBaTh NapaMeTpbl BpaliaTeJIbHOI0
JABUKEHUS TeJia.

PacueTHnle popMyJILI AN onpeneieHus apaMeTpoB
BpAallaTEJIbHOIO ABUMXEHUA

Touxn Temna OBMAKYTCA IO OKPYXHOCTAM BOKPYT HENOXBUXKHON OCH
(ocm BpaleHns).

3akOH paBHOMEDHOIO BPAILLRTENLHOIO ABUXKEHUS: ¢ = g + wi.

3aKOH PaBHONEPEMEHHOIO BPAIATEILHOIO [IBUKEHUS:
et?

5

3akOH HEPABHOMEPHOIO BPAILATENLHOrO NBIKEHU: @ = f(t3).

3peck ¢ — yrod nmoBopoTa Tena 3a BpeMs t, pamn;

W — YTJIOBas CKOPOCTh, pam/c;

0 — YTOJI NIOBOPOTa, Ha KOTOPHIA pa3sBEpHYJIOCH TEJI0 N0 HaJasa
OTCYeTA,;

wp — HavaJlbHai yIJIOBas CKOPOCTh;

£ — yrioBOE ycKopenue, pan/c?;

YrioBas cKopocTh: w = ¢'; w = wy + &t;

Yrnosoe yckopenue: € = w'.

Kunemarnueckne rpadmki BpalllaTeNbHOrO IBMKEHNS IPEJICTABIIE-
HHI Ha puc. [14.2.

Y = o + wot +

¢,0,8 (P,(D,B
et?
O = Py + el +——2—-
W =0y + £t
W= const
Do £ = const
o ? o t
a) 6)
Puc. I14.2

Yucno o6opoToB BpaiueHus Tena: z = @/ (2x).
YrnoBas 4acToTa BpauleHus: n, o6/MuH.

2mn ™

“=7%60 ~ 30°



® [TapamMeTprl OBHXKEHMS TOYKM Bpallaio-

<1 merocs Tena (puc. 114.3):
K MA\ v — JmMHeHHasd CKOpOCTh TOYKM A:
v = wr, M/c;
ar a; — KacaTeJIbHOe YCKOpPEeHHe TOUkK A:
a; = er, M/c?;
a, — HOPMaJIbHOE yCKOpeHHe TOYku A:

Puc I14.3 an = w?r, m/c?.

PexoMennmanmum nJjia pemeHns 3amad
pacyeTHo-rpadhundeckon paboTnl

3ananue 1

1. OnpenenuTh BUIO OBMXKEHNS Ha KaXXIIOM y4YacTKe IO IIPUBENCHHO-
MY KMHEMaTU4YeCKOMY r'paduKy.

2. 3anucaTh 3aKOHEI JIBMXKEHMSA HIKMBA HA Ka)XXIoM ydacTke. [la-
paMeTphl OBMKEHHs B KOHIE KaXXJOIo Y4JacTKa SABJIAIOTCI HAYAIbHBIMH
rnapaMeTpaMi IBMXKEHUs Ha KaXXIOM IOCIIEoyIOUIEM.

3. OnpenennTs NOMHEIA YIOJI IOBOPOTA IIKWBA 33 BpEMSA BPAalllEHUS.
Wcnons3osaTs GopMyily muis nepexona OT YIVIOBOM YaCTOTH! BpallleHUsA
K YIJIOBOMY YCKOPEHMIO.

4. OnpenenuTs NOIHOE YUCIIO 0OOPOTOB IKUBA, UCTIONB3Y S hOpMyITy

¥
S on

5. Iloctpours rpadmkm YIVIOBHIX IepeMelLleHWA UM YIJIOBBIX
YCKOpEHHI.

6. OnpenenuTh HOpMaJIbHOE M KacaTeJbHOE YCKODEHMsS TOYKK Ha
obone IIKKMBa B YKa3aHHLIE MOMEHTH! BPEMEHM.

z



Pacuerno-rpadpuueckas pabora

3anaune 1. YacToTa BpallleHNs INKUBa OUAMETPOM d MEHSIeTCs CO-
ri1acHo rpaguky. OnpenenuTh NOTHOE YNCIO 00OPOTOB IIIKMBA 33 BpeMs
IBHXXEHUS U CPEIHIOI0 YIVIOBYIO CKOPOCTBh 3a 3TO Xe BpeMi. IlocTpouTts

rpaduK yriIOBBIX IIepEMELLEeHNI N YIJIOBRIX yCKopeHwiil mkusa. Omnpene-
JINTh YCKOPEHM TOo4WeK oboma Kojieca B MOMEHTHI BpeMeHM i) u ta.

n, 0‘3/:'““ n, o?/:um n, Dﬁcﬂm‘
1000 1000 1000
800 800} 800
600 600} 600
400 400 400
200 200 200
N S T TR < L S T N 4 0% 6 & 10 .2
a) 6) 6)
n, ol/mMun n, ob/Mnu n, 06/mMun
A A A
1000 1000 1000
800 800 800
600 600 600
400 400 400
200 200} 200
07 43) 6 8 10 % LA -40)8 g 10,0 % 2 4e)6 T
Bapunant
ITapameTp
213 516171189 |10
Hwamerp mkusa, M {0,2 (0,3 |04 |0,6 |0,5 0,8 |0,2 0,6 |]0,5 |0,8
t1, ¢ 2 |1 |2 1|2 {12 ]11}]2]1
ta, C 8 19 |8 19 |8 (6|9 |8 (9|6

[Ipu 3amure paboThl OTBETUTH HA BOMPOCHI TECTOBOTO 3aIaHMUS



Bonpocu OTBeTH Kon
1. Ilo 3anaHHOMY 3aKOHY BpallleHNS Bajia PasHoMmepHOe 1
p =0, 25t3 + 4t ompenenuTL BUM NBYIKEHUS
(¢ — B panmanax; t — B CEKyHJIaX). PaBrOyCcKopeHHOE 2
Paprosamennentoe 3
Ilepemennoe 4
2. 3akoH BpalllaTeJLHOI'o IBHXKEHMs KoJleca 6c 1
=4t — 0, 25t2. OnpenenuTsb BpeMs IO IOJIHOMX
OCTaHOBKH. 8c 2
10c 3
12¢ 4
3. Onpenenuthk Yucio oGOPOTOB IO MOITHONR ocTa- 0 1
HOBKHU KoJieca. I[BHXKeHMe OIUCaHO B Bompoce 2.
1,25 o6opoToB 2
2,55 oboporos 3
3,65 oSopoToB 4
4. Koneco BpalaeTcs ¢ yrioBoil CKOPOCTHIO 71,7m/ c? 1
52 pan/c. Panuyc xoneca 45 mm. Onpenenurs
IIOJIHOE yCKOpeHue To4eK Ha obone xoseca. 101,6 m/c? 2
121,7m/c? 3
173,7m/c? 4
5. HacToTa BpallleHus BaJjla MEHAETCS COrJIACHO 2530 pan 1
rpaduxy. OnpenenuTs [OIHOE YKUCIO 060pOTOB
3a BpeMs OBUXKEHUs. 3854 2
n, o6/mMHn 402,9 3
420 t——
|
] 2420 pan 4
0 i
5 60 he
Jlurepartypa.

1. Texunueckas mexanuka: yueonuk / JI. H. I'ynumoga, 0. A. Enudanues, 3. 4. XKusaro,
A. B. Makapos; non pemakiueii J. . XXusaro. — Canxkr-IletepOypr: Jlans, 2023. — 324
c. — ISBN 978-5-507-45644-4. — TexcT: »neKkTpoHHBIN // JlaHb: 3IEKTPOHHO-
oubaroreunas cucrema. — https://reader.lanbook.com/book/277055#19

2. Texunueckas mexanuka.yaeOnuk / Cepoun E.Il. — Mocksa : KaoPyc, 2023. — 399 c.
— (CTIO). :https://book.ru/book/931903

JlonoiHUTEIbHbIE HCTOYHUKMU:
1. AM. JIykbsinoB, M.A. JIykpsHoB. Texuuueckas mexanuka. ®I'bOY «YuebHo-
METOJUYECKHUH IIEHTP 10 00pPa30BaHUIO Ha JKEJIE3HOAOPOKHOM TpaHcropTe», 2014 T.


https://book.ru/book/931903

IIpakTnyeckas padora Ne 6
Tema: Onpenenenue NOTPeOHOH MOIITHOCTH 3JIEKTPOABUIATEJIS.
Hean paborhi: HayunThesl pacCYUTHIBATH MOIHOCTD € Y4€TOM
NoTepb HA TPEHUE U CUJI MHEePIHM.

PacueTnnie ¢popmynnl

Mowmnocmod npu nocmynamesdvrom d6UMNCEHUY
P = Fvcosa,

rne F' — nocrosunas cuna, H; v — ckopocTs aBmxenus, M/c; a — yroun
MEXy HaIllpaBJIEHUSIMU CHJIbl U IIepeMeLleHN.

Mowmocmb npu epaujenuu
P=Muw,
rne M — ppamarommit Moment, H-M; w — yrioBas ckopocTs, pan/c.
Koadpuyuenm noaeanozo deticmeug
PI'IOH

KIIO =
P. 3aTp

’

rae Phon — Mosne3Hast MOIIHOCTS, BT; Paarp — 3aTpayeHHasd MOIIHOCTE, Br.
Cuaa unepyuu
F“H = “ma,

rIe a — yckopeHue TOuku, M/c?; m — Mmacca, KT.

OcHnoenble Ypasrenud OURAMUKY

ITocTrynarensHoe nBrxenue TBepuoro Tena: F' = ma.

BpammarensHoe nemxkenune Tsepnoro tena: M, = Je,
roe M, — cyMMapHHII MOMEHT BHELIHMUX CUJI OTHOCUTEIHLHO OCH Bpalrie-
aust, H-M; J — MOMEHT MHepLMM OTHOCHTEJIBLHO OCH BDAILEHHUS, KI'-M?;
£ — YIJIOBOE ycKopeHue, pan/c?.

PexoOMeHIalluu MO BEIIOJHEHNIO 3aJaHUs.

1. Ucnonesya npunuun Hanambepa, onpeneiuTh HATAXKEHNE KAHATa
KaOuHEL I Ta Ha KaxmoM yuacTke nsrxenus (Jlexmua 14, npumep 3).

2. OnpepennTh MaKCHMMAaJbLHOE HATIXKEHHUE KaHATA.

3. I[To MaxCUMAJILHOMY HATSXKEHMIO KaHATa ONPENeINTh MAKCIMaJIb-
HYIO NOTPe6HYIO0 MOIIHOCTE 11 MOAbeMa rpys3a.

4. Tlo samanmmoit Besmmumue KIIIT mexaHusma onpeneimTb MaKCH-
MaJIbHYIO MOIHOCTB OBUTaTeJId.



PacueTHo-rpadmueckas pa6ora

3ananue 1. CkopocTs KabMHEL MudTa MACCOR 1 M3MEHIETCS CO-
rnacHo rpagukaM. OnpenesauTh BENMUYMHY HATIXKEHUS KaHATa, Ha KO-
TOPOM TonBeled JudT, NpU noabkeMe K onyckanuu. [lo MaxcumanbHOI
BEJIMUMHE HATAXKEHUA KaHaTa ONpene/NTh IOTPeCHYIO0 MOIIHOCTD 3JI€K-
TPOABUTATEIIA,

U M/ D paM/c VA M/C
5 5 5
4 \ 4 4
3 3 3
2 2 2
| 1 1
0 > 0 > 0 >
2 4 6 8 10 1% 2 4 6 8 10,4 2 4 6 8 10 ,%
a) 6) | 8) ’
v’\u/c -I}AM/c v’\u/c
5 st 5
4 4 4
3 3 3
2 2 2
1 1 1
0 > 0 > 0 >
2 4 6 8 10 1 2 4 6 8 10 1 2 4 6 8 10 Lo
2 ) o
BapuanT
[TapameTp

1 2 3 4 5 6 7 8 9 | 10
Macca m, xr |500 | 700 750 | 800 [600 | 800 |600 | 450 [900 | 850
KIII mexanuama| 0,8 10,75 | 0,8 |0,75 | 0,8 [0,75 {0,8 (0,75 | 0,8 |0,75

IIpu 3ammuTe padoThl OTBETUTH HA BONPOCHI TECTOBOI'0 3a1aHUS.



Temrr 1.14 n 1.15. IInamaMmuka. Pa6oTa ¥ MOILHOCTE.
O6ume TeopeMbl AUHAMUKN

Bonpocwm OreeTtn [Kon
1. Jlebenxoit nonanMaloT rpy3 Maccoit 300 kr 0,079 1
co ckopoctsio 0,5 M/c. MowmocTs aBuraTens
2 kBt. Onpenenurs obumit KIII mexanuima. 0,935 2
0,625 3
0,736 4
2. OnpenenuThs BENMYUHY TOPMO3HOM CYIIL, 5,2 H 1
ecqu 3a 4 C €ro CKOpoCTh yiasia ¢ 12 m/c
no 4 m/c. Cuna Tsxectn — 104 H. 159 H 2
10,6 H 3
212 H 4
3. YeMy paBHa pafoTa CuJI, IPUIIOXEHHEIX K 11,25 xITx 1
NPAMOJIMHEIHO OBMXKYUIEMYCS TeJly, €CJIN €ro
CKOPOCTB yBeMumiIachk ¢ 15 M/c¢ mo 25 m/c. 20 xIlx 2
Macca Tena 1000 kr.
75 xllx 3
112,5 xITx 4
4. CnnomHzoi OMHOPONHEIN UAMHAD Maccoit m | Tonbko ot r 1
BpallaeTca OTHOCUTEIBHO CBOEH IIPONOJILHOK
ocu. OT yero 3aBUCHUT 3HAUEHUE Ormur 2
MOMEHTAa MHEPUUM HUIHHApa?
Orlum 3
Orl,mur 4
5. Ilon mevicTBHMEM BpaIAIOIIErO0 MOMEHTA, 23,8 kxr - M2 1
M = 200 H - M xoneco Bpamaercs paBHOYCKO-
PEHHO U3 COCTOAHUSA IIOKOS 1 3a 4 C ero CKo- 48 xr - M2 2
pocthb mocturia 320 06/MuH.
OnpenenuTe MOMEHT MHEPUMM KOJIeca. 96 kr - M2 3
108 xr - m? 4

1. Texunueckas mexanuka: yueonuk / JI. H. I'ynumoBa, FO. A. Enudannes, 2. 4. XKusaro,
A. B. Makapos; o penakuueit 3. 5. XKuparo. — Cankt-IlerepOypr: Jlans, 2023. — 324
c. — ISBN 978-5-507-45644-4. — Tekct: »eKTpOHHBIN // JlaHb: 3JIEKTPOHHO-
oubroreunas cuctema. — https://reader.lanbook.com/book/277055#19

2. Texunueckas mexanuka.ydeonnk / Cepoun E.IT. — Mocksa : KaoPyc, 2023. — 399 c.
— (CTIO). :https://book.ru/book/931903

I[OHO.JIHI/ITe.]'leI)le HCTOYHHUKH:


https://book.ru/book/931903

1. AM. JIykbsinoB, M.A. JlykbsinoB. Texunueckas mexanuka. ®I'bOY «YuebHo-
METOJIMYECKUH LIEHTP 10 00pa30BaHUIO Ha KEJIE3HOJOPOKHOM TpaHcnopTe», 2014 .

JlabopaTopHnasi padora Nel

Tema: «Onpenenenue Monyisa ynpyrocta u kosgduuuenta [lyaccona»
Heap padoThl. DKCIEpUMEHTAIBHOE OlpeereHne Moays ynpyroctuEn koagunuenTta
ITyaccona pu cpaBHEHHE UX ¢ TAOJUYHBIMHU 3HAUECHUSMHU.
OoopynoBanme: CTeH T yHUBEPCAIbHBIN TAOOPATOPHBIN MO COMPOTUBICHUIO MaTEpUaAIOB
CM — 2: 1 — onopHBIE CTOWKH, 2 — KOPITYC, 3 — MOA3YH, 4 — MTypBaJ, 5 — Kopmyc, 6 —
MTUQTHI,
[ — BUIKH, 8 — CTEpPKEHb, 9 — MHAUKATOP AehOopMaIluu MPOPE3HON MPY>KUHBI,
10 — Ten3zopesuctopsl, 11 — pazpem A NoAKIIOYEHHS u3Meputens nedopmanuu (puc. 2),
MUKPOKAJIBKYJISTOPBI.

Teopernyeckue MoJ0KeHU.

Monyne ynpyroctu (E) xapakrepu3syer xKecTKOCTh MaTepuaa, T.e. ClIoCOOHOCTh
COTIPOTHUBIIATHCSA AePOpMAaINH, ONPEAEIIAETCS OTHOLIEHHEM HOPMAJIBHOTO HAIPSKEHUS
OK COOTBETCTBYIOIIEMY OTHOCUTEILHOMY YJIMHEHUIO € MPU PACTSKEHUU TPSIMOTO
CTEpPXHS U BbIpaXkaeTcst (GOpMyJIOii:

E=ox/ex (1) wmE=F/(A*ex)=(k1*n)/(A*€x) (2)

I'ne F — ycunue, pactarusaroiiee crep:xenb, H

€X - IPOJI0JIbHAS Tepopmarius,

A — oAk MOMePeyHOro CEUCHUs CTEPIKHS, MM2,

OX - HOpMaJIbHOE Hanpsykenue, H/Mm?2,

k1l — ko3¢ puLHEeHT TPONOPIIMOHATLHOCTH TOKa3aHUI HHINKATOPA, OTPasKAIOIINI
(aKTUYECKYIO KECTKOCTh NpYykuHbI, K1=4,95 H/MKM,

N— nokazaHue UHANKaTopa aedopMaliii NpoOpe3HOUN MPYKUHbI, MKM.

Koaddunmentom ITyaccona HazpiBaeTCs aOCOMOTHOE 3HAYEHUE OTHOIICHUS TTOTIEPEYHOM
nedopMalvu K TpOJ0JIbHON IPH OJHOOCHOM HANpPsHKEHHOM COCTOSIHUM:

n=| €/&x|(3)
rae: €z- nmomnepeyHas aegopmaiusi, €X - NpoAoJbHas Aehopmanus
Iopsinok BbINMOJIHEHUS PA0OTHI.
1) CoGepuTte HallaaKy COTIACHO PHUC.2 U MPOU3BEIUTE MPEIBAPUTEIHHOE HArPYKEHUE
CTEpKHS JUIsl yCTpaHEHUs 3a30poB B mapHupax Harpyskoit 0,5 kH. CHuMuTe nokaszanus ¢

tabno U3mepurens Jedopmanmu st KaXA0TO TEH30PE3UCTOPA M 3aHECUTE UX B
Ta0IuUILy:

F, xH 1 2 3 4
TEH30PE3UCTOP | TEH30PE3UCTOP | TEH30PE3UCTOP | TEH30PE3UCTOP




X YA X
0,5 X11= Z21= Z31= X41=
1,5 X12= Z22= Z32= X42=
2,9 X13= Z23= Z33= X43=
3,5 X14= Z24= Z34= X44=

2) Harpyxaiite obpasen nmocienoBarensuo cwioit 1,5 kH, 2,5 xH , 3,5 xH,
KOHTPOJIMPYS 3HAUEHHUE CHUJIbI 10 MOKa3aHUAM MHAUKATOpa IeopManuu Npope3Hon
IIpY>KUHBI HAa cTOMKe. Ha kaxxnom ypoBHe cuiibl cHuMaite nokazanus M/ muis kaxaoro
TEH30pE3UCTOpA.

3) IloacuuTaiite cpeaHIO0 pasHocTh mokazanuii Tabno U (AnX, ANZ) aus crynenu
narpysku AF= 1 kH. ITo popmynam:

Anx1=((X12 - X11) + (X13 - X12) + (X14 - X13))/3
Anx2=((X42 — X41) + (X43 — X42) + (X44 — X43)) / 3

Anx = (Anx1 + Anx2) /2

Anz1=((Z22 — Z21) + (223 — Z22) + (224 — Z23)) / 3
Anz2=((Z32 — Z31) + (233 — Z32) + (Z34 - Z33)) / 3

Anz = (Anzl + Anz2) /2

4) OnpenenuTe MpUpAIICHUE MPOI0JIEHON 1 noniepeuHoi neopmanvu Agx , A€z
COOTBETCTBYIOIINE TpupainieHuto cuibl F=1kH mo ¢popmymnam:
Aex = Kgx * nx, Agz = Kgz * nz,

4)

rae Kg- nena enqunuiibl quckpetHoctd U1 (Kgx = 0,00042 mm, Kgz = 0,0000731 mMm)
5) Beluucnure npoaoabHYI0 U NONEPEUHYI0 AeopManuio no Gopmysam:
ex=Aex/1, €z=Agz/q, (5)

rne £= 150 MM — quymHA pabodeli 9acTH CTEPIKHS;
a =30 MM — IIHMpUHA CTEPKHS (ITONEPEUHBII pa3mep).

6) Beruucnure moayns ynpyroctu o popmyse (2). (F=3,5 kH, A=75mm? - miomaas
MONEPEYHOT0 CEYEHUS CTEPIKHS )
7) Boeraucnure ko3 duruent [lyaccona o dhopmysne (3).
8) CpaBHHTE pe3ynbTaThl C TAOJIUYHBIMY TaHHBIMU. ClieaiiTe BBIBOJ O pe3yibTaTax
AKCIIEPUMEHTA.
[Ipumeuanue 1. Pe3ynbTaThl BBIYMCICHUHN HOKHBI OBITH B MPEAEIax :
n1s Matepuana ctanb 45: E=(1,9...2,1) * 10° MIla, p=0,25...0,3

KoHTpoJ/IbHBIE BONIPOCHI:



1.Yro xapakTepusyeT KO3QPUIMEHT nonepedHon aegopmanuu (kodhuiueHT
ITyaccona)?

2.Chopmynupyiite 3akoH ['yka npu pacTsHKEHUHU U CHKATUH?

3.Uto xapakTepu3yeT MOyJb yIpyroctu Marepuania? KakoBa eMHuIIa U3MEPEHHUS
MOJYJISl YIIPYTOCTH?

4.3anumute GopMyIIbl 1S ONpeesieHrs] a0COTIOTHOTO M OTHOCUTENBHOTO YUTMHEHHUH
opyca?

5.Uto xapaktepusyeT npousBencHue A*E?

6.Kak onpenensiercss abCOMOTHOE yATMHEHUE CTYIIEHYaTOro Opyca, Harpy>KeHHOT0
HECKOJIbKUMH cuUjiamMu?

Jlurepartypa.
1. Texanueckas mexanuka: yaeOnuk / JI. H. I'ynumoBa, FO. A. Enudannes, 3. . XKXusaro,
A. B. Maxkapos; o penakuueit J. f. XKusaro. — Cankr-IletepOypr: Jlans, 2023. — 324
c. — ISBN 978-5-507-45644-4. — TexcT: »nekTpoHHbIN // JlaHb: 3IEKTPOHHO-
oubaroreunas cucrtema. — https://reader.lanbook.com/book/277055#19
2. Texunueckas mexanuka.yueOnuk / Cepoun E.I1. — Mocksa : KauoPyc, 2023. — 399 c.
— (CITO). :https://book.ru/book/931903

JlonoiHMTEe IbHbIC HCTOYHUKH:
1. AM. JlykbsinoB, M.A. JIykpsaHoB. Texunueckas mexanuka. ®I'bOY «YuebHo-
METOJANYECKHUI LIEHTP MO 00pPa30BaHUIO HA KEJIE3HOAOPOKHOM TpaHcnopTey, 2014 r.

JlabopaTopHasi padora Ne2

Tema: «IIpoBeaeHue ucnpITaHUM 00pa3iia Ha Cpe3»

Hesapb padoThl. DKCIEPUMEHTAIIEHOE ONPEACICHUE MAKCUMAIIbHOW CUJIbI, IOCTUTHYTOU B
MOMEHT cpe3a cTepkHsA. OnpeneneHne KacaTeIbHOIO HANPSHKEHUS.

Oo6opynoBanme: CTeH ] yHUBEPCATbHBIN JIA0OPATOPHBIN MO COMPOTUBIICHUIO MATEPHUATIOB
CM - 2: 1 — onopHas cToiiKka, 2 — KopIyc, 3 — kopiyc, 4 — oOpasert asisi HCIIBITaHui, 5 —
BBICOKOTBEP/IbIE BTYJIKH, 6 — BUIKH, 7/ — TIOJI3YH, 8 — OCh IPOPEZHOM NMPYKUHBI, 9 —
wtudT, 10 — mrypsan, 11 — uaukaTop negopmManuu Npope3Hon MpyKuHsbI (puc. 3),
MHKPOKAJIBbKYJISTOPHI.

Teopernveckue MoJI0KeHU.

Cpe3oM HasbIBaeTCs pa3pylIeHUE MaTepuana CTePKHS MO/ ICHCTBUEM CHII,
MEePIEHANKYISPHBIX MPOIOIBLHON OCU CTEpKHA (Tonepeunbix cui). [Ipu aToM B ceuenuun
cpe3a CTEep KHsI BOSHUKAIOT KacaTeJIbHbIC HATPSYKEHUS, BEJIMYMHA KOTOPBIX OIMPEeIIIeTCs
o ¢opmyie:

tcp.= F /S(1)
F=Kkl1*n(2)

TJIe TCP.- KacaTelbHOE HANIPSDKEHUE TIPH Cpe3e.

F — monepeyHas cuiia, qEHCTBYIOIIAs HA CTEPIKEHb.
S — mnoniaae ceveHust, BOCIPUHUMAIONIAS ATy CHITY.
k1 — sxectkocTh npyxunbl (K1= 4950 H/mm).


https://book.ru/book/931903

Iopsinok BbINOTHEHUS] PA0OTHI.
1) CobGepute HaJIaIKy COTIACHO pHC. 3.
J1J1s1 BEIIOTTHEHMS paOOThI MCITONIB3YHTE MIITMHAPUISCKUI CTep KeHb (00paserr) s

UCIIBITAaHUN Ha cpe3 (1mo3. 4 puc. 2).

2) Harpyskaiite CTepeHb MOMEPEUHOM CHUIION TTOCTENIEHHO JI0 TeX MOp, TIOKa He
MIPOU30MIET CPe3 CTePIKHAL.

3) 3adukcupyiiTe mokaszaHuss WHAUKATOpa nedopMaliu IPOPE3HOM MPYKUHBI B
MOMEHT cpe3a —.

4) Onpenenute cuity cpesa o popmyie (2).

5) Ompenenure KacareabHOE HanpspkeHue mo dhopmyse (1), roe

S = (nd*/4)*i; (i — xoymyecTBO IUIOMIACH Cpe3a).

KoHTpobHbIE BONPOCHI:
1.Kakue BHyTpeHHHUE CHIIOBBIE (DaKTOPBI BOSHUKAIOT MPHU CABUTE M CMSITHH?
2.ChopmynupyiiTe 3aKOH MTAPHOCTH KacaTeIbHBIX HAMIPSKECHUH.
3.Kak o0o3HavaeTcs Aedopmariusi Ipu CIBUTE?
4.3anummuTe 3akoH ['yka npu ciBure.
5.3anummuTe yciaoBue MPOYHOCTHU MPHU CABUTE U CMATUH?
6.UeM oTiIM4aeTcsl pacyeT Ha IPOYHOCTH MPU CABUIe€ OJHOCPE3HOM 3aKJIENKHU OT
JIBYXCpE3HOM?
7.3anummmuTe GopMyITy JUIsl pacyeTa Ha MPOYHOCTh CBAPHOTO COCTMHECHHUS?

Jlutrepartypa.

1. Texunueckas mexanuka: yueonuk / JI. H. I'ymumoBa, FO. A. Enudannes, 3. 4. XKusaro,
A. B. Makapog; ox pegaknueii 3. f. dKuaro. — Cankr-IlerepOypr: Jlans, 2023. — 324
c. — ISBN 978-5-507-45644-4. — TexcT: »neKkTpoHHBIN // JlaHb: 3IEKTPOHHO-
oubmuoTeunas cucrema. — https://reader.lanbook.com/book/277055#19
2. Texunueckas Mexanuka.yueonuk / Cepoun E.IT. — Mocksa : KnoPyc, 2023. — 399 c.
— (CTIO). :https://book.ru/book/931903

JlonoiHUTE IbHbIE HCTOYHUKU:
1. AM. JIykbsinoB, M.A. JIykpsaHoB. Texuuueckas mexanuka. PI'bOY «YuedbHo-
METOJUYECKHUH IIEHTP 10 00Pa30BaHUIO HA JKEJIE3HOAOPOKHOM TpaHcropTe», 2014 1.

JlaGoparopHasi pabora Ne3

Tema: «DKCrIEpUMEHTAIIBHOE OTIPESICHNE MOYJIS CIIBUTAY

Ieanb paboThbI— SKCIIEPUMEHTAIBHOE OTPEISIICHNE MOYJISI CABUTA (MOIYJIS YIPYTOCTH
BTOPOTO POJIa) IIPH YHCTOM CIABHUTE.

O6opynoBanme: CTeH ] yHUBEPCATBHBIN JIAOOPATOPHBIN IO COMMPOTUBIICHUIO MAaTEPHUATIOB
CM - 2: 1,2 — oniopHBbI€ CTOMKH, 3 — KOpMYC, 4 — CTyNeHYaThId Baji, 5 — 0oit, 6 —
PYKOSITKA, 7 — KPOHIUTEHHBI, 8 — MHIUKATOpHAs TOJOBKA, 9 — pbiuar, 10 — noammnuuk, 11
— ynop, 12 — BunT, 13 — nonsecka, 14 — rupu (puc. 6).

Teoperuuyeckue cBeIeHUS.
B npenenax ynpyrux aedopmaiuii yroa 3akpydrBaHus (P CBA3aH ¢ KPYTAITUM MOMEHTOM
MKk cienyrommni 3aBUCUMOCTBIO:
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¢ = (Mx*0)/ (G* Jp) 1)

rae { — qymHa crepxHs, JP- MOJISIpHBIN MOMEHT uHepiuu, G — MOAYJIb YIIPYTrOCTH
BTOPOTO pojia (MOAYJIb CIIBUTA).
Otcrona

G = (Mx*t)/ (¢ * Jp) (@)

Ha npakTuke Monyiab CABHUra ONpEACIISIOT 110 IPUPALLCHUIO B3aUMHOTO yIila II0BOPOTA
A na yyactke crepxHs JyuHON {, OT mpupaiieHnss MOMEHTa KPYUYeHUs1, KOTOPOE

paBHO:
AMxk = AF*a (3)

3neck AF - cTyneHb yBeIMYEHHS CHITBI HATPY3KH, a — JIMHA 1ieya peryara (a =300 mm).
Takum obpazom

G = (AF*a*()/ (A@ *Jp)  (4)

IHopsigok BbINOJIHEHHS PadOThI.
1) Cobepute HanaaAKy COrjacHO pUC.6.
2) HarpyxaliTe nojBsec Ha pblyare nocljieaoBareyibHo rupsm 1,2,3,4 kr.
3) CaHumaiiTe Ha KaXJ0M YpOBHE IMOKa3aHUsI MHIUKATOpA yriioMmepa. JlaHHble 3aHecuTe B
TalbIuIy:

No Bec rupm, kr. [Tokazanus
/T VHIUKATOPa, MM.
1 1 nl=
2 2 n2 =
3 3 n3 =
4 4 n4 =

4) IloncunTaiiTe CpeIHIO Pa3HOCTh MOKA3aHUW UHINKATOPa YIIIOMEpa,
cooTBeTCTBYyMOIIee npuparieHuto cuiasl AF= 10 H o popmyie:

A =An/h (5)

An =((n2-nl)+ (n3-n2)+ (nd—-n3))/3
rae An - cpenHsist pa3HOCTh IOKAa3aHUK WHIUKATOpA YriioMepa, COOTBETCTBYOIIAS
npupameHuio cuibl AF =10 H,
h— nnuHa BbUTETa KPOHINTEHHA HHIUKATOPHOM rooBKH (100 MM).
5) Beraucnure no dhopmyse (4) moaynb capura G v cpaBHUTE ¢ TAOJIMYHBIMU JTAHHBIMU.
Jlist pacyeTa ucnoap3yiTe cienyronme aanssie: a =300 mm, £ = 100 mwm.
Jiist mpoBenieHust pabOThI UCTIONB3YHTE CTEPKEHb MAJIOTO TMAMETPa, KOJIBIIEBOTO
CEUYCHMS, BBITIOJHEHHBIN 13 cTanu. [nsg kotoporo: du=20 mMm, dB=16 Mm.

Jp = n/32*(du* — dB?)



IIpumeuanue. Moayne casura G, Moy4eHHbIN B pe3ybTaTe SKCIIEPUMEHTA, T0JKEH
owITE B peaenax G = (0,78...0,82)*10° MI1a.

KoHTpoJibHBbIE BONPOCHI:
1. Kak Ha3bIBaeTCs HAPSKEHHOE COCTOSIHUE, BOSHUKAIOLIEE NPU KPYUEHUH KPYTIIOro
opyca?
2. Yemy paBeH MOJyJIb YIPYTOCTH MaTepHalla Ipy KPyUYEHUU JIJIs CTAIU?
3. Kakas cBsi3p MeX/y YIJIOM CIIBUra U YIJIOM 3aKpyYUBaHUs?
4. Kak pacnpenensercs KacaTeJIbHOE HapsDKEHUE Npu KpydyeHun? Yemy paBHO
HaIpsHKEHUE B LEHTPE KPYIJIOrO MONEPEYHOTO CEUEHUS ?
5. 3anummrte Gopmyty A pacueTa HaNpsHKEHHs B TI000M TOUKE MOMEPEYHOr0 CEUCHHUS.
6. 3anuiuTe GopMyiy Ui pacuera HOJAIPHOrO MOMEHTA UHEPLIUU ISl Kpyra.
7. B ueM 3akiroyaeTcsi pacyer Ha IPOYHOCTh NPU KPyYEHHUH?
8. B ueM 3akiro4aeTcs pacyeT Ha JKEeCTKOCTh IPU KPyUYEHHUH?

Jlureparypa:
1. Texunueckas mexanuka: yueOnuk / JI. H. I'ynumosa, 10. A. Enudanues, 2. . XKusaro,
A. B. Makapos; non peaaxuueit 2. . XKusaro. — Canxr-IletepOypr: Jlans, 2023. — 324
c. — ISBN 978-5-507-45644-4. — TexcT: »neKTpoHHBIN // JlaHb: 3IEKTPOHHO-
oubmuoTeunas cucrema. — https://reader.lanbook.com/book/277055#19
2. Texunueckass Mexanuka.yueonuk / Cepoun E.IT. — Mocksa : KanoPyc, 2023. — 399 c.
— (CIIO). :https://book.ru/book/931903

JlonoTHATEe IbHbIE HCTOYHUKH:
1. AM. JIykpsinoB, M.A. JIykpsHoB. Texanueckas mexanuka. ®I'bOY «YuebHo-
METOJAMYECKHUH IIEHTP M0 00pa30BaHUIO HA KEJIE3HOJOPOKHOM TpaHcopTey, 2014 .

JlabopaTopHasi padora Ned

Tema: «IIpoBepka 3akoHa pacnpeneneHus HOpMaIbHbIX HAMPSHKEHUUN B MTONEPEYHOM
CEYEHHUH MPAMOro Opyca mpHu NpsMOM U3THOe»

Hean padorsl. [IpoBepka 3akona ['yka mpu u3rubde; npoBepka JMHEHHOTO 3aKOHA
pacrnpeneneHrss HOpMaJIbHBIX HAMPSHKEHUN B MOMEPEYHOM CEUSHUH OANKK MPHU TPSIMOM
usruoe.

Oo6opynoBanme: CTeH ] yHUBEPCATBHBIN JIA0OPATOPHBIN MO COMTPOTUBIICHUIO MAaTEPUATIOB
CM — 2: 1 — BUHTOBOE Harpy:xaroliiee yCTpoicTBO, 2 — IByTaBpoBas Oayka, 3 — onopsl, 4
— DJIEMEHT YIpyruH, 5 — uaaukaTop aedopmanuu, 6 — mTypBaj, 7 — TEH30PE3UCTOPHI, § —
paszbeM IS MOJKIIIOUeHUs u3meputens aedopmaruu (puc. 4). MUKpOKaIbKyISITOPHI.

Teopernyeckue MoJ0KeHU.

JI1st mpoBeIeHUS UCTIBITAHUHM UCTIONB3YIOT OaJIKy, Y KOTOPOM MONEepEeUyHOe CeYeHUE
uMmeet popmy aByTaBpa. Eciu Hayaio KoopuHAT IOMECTUTh B LICHTPE TSKECTU CEUCHHS,
T0o ocu OX u OV, Kak ocl CUMMETpPUHU, OYyT IIIaBHBIMU [IEHTPATLHBIMU OCSIMHU.
[IpononbHas ock 6anku — OZ. [Ipu aeiicTBuM Ha OaNKy cuil, epneHIUKYIsIpHbIX ocu OZu
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nexammux B miockoctr Y OZ, KOTOPYIO MPUHATO HA3bIBATh IIABHOM IJIOCKOCTHIO, Oalika
OyneT n3rudaThCs B ATOU MJIOCKOCTH. Takoi M3ru0 HA3bIBAIOT IIOCKMM M3TnOOoM. Ecnu B
TIOTIEPEYHOM CeUeHUH OaKy BO3HUKAET TOJIBKO M3THOAIONMii MOMEHT MX (TionepeuHas
cumina Qy = 0) — cpeanwmii yuacTok OaaKu, TO TAKOW M3rHO HA3bIBAIOT IMONEPEYHBIM
(kpaliHue y4acTKu OaJIku — puc. 4).

[Tpu yncTOM U3rNde B MOMEPEYHOM CEUCHUU OATKA BO3HUKAIOT TOJIBKO HOpMaJIbHBIC
HanpsDKeHUs 6Z. B mo000ii ToUke MonepeyHoro CeYeHHsI OHU MOTYT OBITh OIpeIeICHBI IO
dhopmyie:

6z = (Mx/Ix)*y (1)

Mx = (F*a)/2=(k2*n*a)/2 (la)

rie Mx — n3rubaromuii MOMEHT B pacCMaTPUBAEMOM CEUCHHH,
JX — MOMEHT MHEPIIMU MONIEPEYHOTO CEYEHUsI OTHOCUTEIBHO HEUTpaabHOM ocu OX,
Y — PaCCTOSIHUE OT HEUTPAIIBHON OCHU JO TOUYKH CEUEHUS, B KOTOPOU BBIUYHUCIISIFOT
HaIpsKEHHUE.
k2 — k03 punHeHT MPOMOPIIMOHATBHOCTH TIOKa3aHUH MHIUKATOPA, OTPasKAIOIIHIA
JCHCTBUTEIIbHYIO XKECTKOCTh YIPYroro 3jeMenTa, K2= 2,849 H/mkm,
N — mokazaHue UHAUKaTopa AehopMaliK YIPYroro JIeMEeHTa, MKM.
a= 200 MM. — pacCTOSIHHE OT OTOPBI OAJIKHU J0 OMOPHI YIIPYTOro 3JIEMEHTA,
[Tpu BeIBOZIE hOpMyIIBI (1) MPUHATHI THUIIOTE3HL:

a) IJIOCKUX CEYEHMI

0) 0 HE HaJaBJIMBAHHUH ITPOIOJIBHBIX BOJIOKOH (oY = 0).

[Ipeanonaraercs, yTo MaTepuain 0Ky MMPU U3rMoe clieayeT 3akony ['yka.

N3 dhopmynsl (1) BUAHO, 4TO HOPMAJIBHBIE HAMPSKEHUS 110 BHICOTE CEUEHUS OaKu
W3MEHSIOTCA 110 JINHEMHOMY 3aKOHY.

JI71s1 SKCTIepUMEHTAIBLHON MTPOBEPKU JIMHEMHOTO 3aKOHA U3MEHEHUSI HOPMaJIbHbBIX
HaIpsHKEHUH 10 BICOTE OAlIKM B 30HE YMCTOTO M3ruda B MSITH TOUKAX CEUCHUS HAKJICCHBI
AT TEH30PE3UCTOPOB (PUC. 4), C MOMOIIIBIO KOTOPHIX OMPEACISIOT epopMaluu €Z Ha
Pa3HBIX PACCTOSHUSAX OT OCH Z, a 3aT€M HaXOJIAT HOPMAaJIbHbIE HATIPSKCHHUS:

oz = E*gz(2)

['neE= 71 I'lla — Moaynb yIpyrocTu MaTepuaia 0aikwu,
€Z - OTHOCUTEIIbHAA MPOI0JIbHAS AeopMaliisl pacCCMaTPUBAEMOT0 BOJIOKHA.

IMopsinok BbINOJIHEHHsI PA0OTHI.

1) CoGepuTte HaagKy coriacHo puc. 4.

2)HarpysuTte 6anky npeaBaputenbHoi cunon F= 0,5 kH.

3)CHuMUTE TTOKa3aHMsI BCEX TEH30PE3UCTOPOB, HAKIICCHHBIX B 30HE YHCTOTO U3TH0a 1
3aHecHuTe ux B TaOyuiry Nel. 3HaueHUEe CUITbI KOHTPOJIIUPYUTE 110 UHANKATOPY
nedopmanmu (U]J]) ynpyroro snemenra.

4) Harpyxaiite 6anky nociemoBarensHo cwioi 1,5 kH u 2,5 kH. Ha kaxno#t ctynenu
HarpyxeHusi cHumainte nokazanusi ]I u 3anocure ux B Tabsmiry Nel.



Taomuma Nel.

F, 1 2 3 4 STeH30pe3ucTo
K | TEH30pe3UCTO | TEH30PEe3UCTO | TEH30PE3NCTO | TEH30PE3UCTO p
H p p p p
V4 V4 Z V4 Z
05|Z211= Z21= Z31= Z41= Z51=
15(Z12= Z22= Z32= Z 42= Z52=
25|Z213= Z23= Z33= Z 43= Z53=

5) CHumuTe HarpysKy.
6) OmnpenenuTte CPeAHIO pa3HOCTh oka3anuid ]I ANims kakaoro TeH30pe3UCTOpa
st crynenu Harpy3ku AF= 1 kH no dopmynam:

Anl = ((Z12 - Z11) + (Z13 - Z12)) / 2
An2 = ((Z22 — 721) + (223 - Z22)) 2
An3 = ((Z32 - Z31) + (233 - Z32)) / 2 (3)
An4 = ((Z42 — Z41) + (Z43 — Z42)) | 2
ANS = ((Z52 — Z51) + (Z53 — Z52)) / 2

7) Onpeaennute OTHOCUTENbHYIO Ae(OpMAaIUIO IS KaKI0r0 TEH30PE3UCTOpa 10
dhopmyie:
ezi = Kg *Ani(4)
rae Kg = 0,011 mm.— 1rieHa enuHUIb JuckpetHoct /1.

8) Brruncnure HOpMalbHOE HAMPSDKEHUE IS TOUEK YUCTOro u3ruba mo dpopmyie (2).
9) Brrunciute MakCMMaIbHbIE TEOPETHUECKHUE 3HAUCHUS PACTATUBAIOIIETO 1
CKUMAFOIIETO HAMPSHKEHUH B 30HE YUCTOTO M3ruoa:

omax = =Mx / Wx(5)
rae Wx=2776 mm3 - 0ceBOil MOMEHT COIPOTUBIIEHUS.

10) ITocTpoiiTe 3mI0py TEOPETUYECKHUX HAMPSKEHUI B CEYEHUH 30HBI YUCTOTO U3rHoa.
OTMeThTE HA HEW TOYKAMH 3HAYEHHUSI DKCIIEPUMEHTAIBHBIX HANPSHKEHUN B TOUKE
HAKJICUKU TE€H30PE3UCTOPOB.

11) CpaBHUTE TEOPETUUECKHE U SKCIEPUMEHTAJIbHBIE 3HAYECHUS HANPSKEHUN U
CIENaNTe 3aKI0UYEHNE O CIIPABENINBOCTH 3aKOHA PACTIPEIEIICHNAS] HOPMAJIBHBIX
HANPSDKEHUH 10 MONEPEYHOMY CEUEHHIO U3rM0aeMOro CTEPIKHS.

KoHTpoJibHBIE BOIIPOCHI:
1.Kaky*o mi10CKOCTh Ha3bIBAOT CHIIOBOI?
2.Kakoii n3ru6 Ha3pBalT nNpsaMbiM? UTO Takoe KOCOM U3ruod?
3.Kakue cunoBbie (pakTOpbl BOZHUKAIOT B CEYCHUH OAJIKH MPU YUCTOM U3rude?
4.11o kakoMy MpaBUITy OMPEAEIIAETCS YMCIOBOE 3HAUCHHUE U 3HAK M3rMOaroero MoMeHTa?
5.Kakue HampsikeHUs: BOZHUKAIOT MTPU U3ruoe?
6.Kakoii ¢popmysolt onpenensieTcsi HalpsHKEHUE MPU U3ruode B JIF000H TOUKE MOMEepeyHOTO
ceueHus?




7.Hanummre ¢hopMyIibl 175 ONpeieseHIs] MOMEHTa HHEPIIMH U MOMEHTA COMPOTHBIICHUS
JUTSl IPSIMOYTOJIbHUKA, JJI1 CTaHJAPTHBIX CEUEHUI?

Jluteparypa.
1. Texunueckas mexanuka: yueOnuk / JI. H. I'ynumosa, 10. A. Enudanues, 2. . XKusaro,
A. B. Makapos; non peaakuueit 9. A. XKuparo. — Cankr-IletepOypr: Jlans, 2023. — 324
c. — ISBN 978-5-507-45644-4. — TekcT: 2JIEKTpOHHBIN // JlaHb: 3JIEKTPOHHO-
oubmuoTeunas cucrema. — https://reader.lanbook.com/book/277055#19
2. Texumueckast mexanuka.yueOHuk / Cepoun E.Il. — Mocksa : KuoPyc, 2023. — 399 c.
— (CIIO). :https://book.ru/book/931903

JlonoJiHUTEIbHbIE HCTOYHUKN:
1. AM. JIykbsinoB, M.A. JIykpsHoB. Texuuueckas mexanuka. ®I'bOY «YuebHo-
METOIMYECKHI LIEHTP M0 00pa30BaHUIO HA KEJIE3HOAOPOKHOM TpaHcropTey, 2014 .

JlabopaTopHasi padora Ne5

Tema: «MccnenoBanue BIUSHUS pekUMOB padoThl npuBoja Ha KII/[ nununapruyeckoro
pEaYKTOpa»

eab padoThl: DKCIEPUMEHTAIBHO UCCIIEI0BATh 3aKOHOMEPHOCTh N3MEHEHMUS

koaddurmenta noneznoro aercteus (KII1J[) penykropa npu pazHbIX pexxumax padoThbl

MPUBO/JIA.

Oo6opynoBanme: JlaboparopHas ycraHoBka «MccnegoBanue nepenad B 3aMKHYTOM

KOHTYpE»:

1 — anekTpoaBurarens; 2, 4, 6, 8, 10 — TOpCHOHHBIC BaJIbI; 3 — UEPBIYHBIA PEYKTOD;

5 — KOHUYECKUN PEAYKTOP; / — MUIMHAPUYECKUN TBYXCTYIIEHYATHIM COOCHBINA PEAYKTOD;

9 — pemennas nepenayva; 11 — Harpy»karoiiee ycTpoicTBo; 12 — mumra (puc. 1).

B pe3ynbTaTe BbINOJHEHUS pabOThI CTYAEHT

00JIJHCEH 3HAMb !

- OCHOBHBIE COCTAaBJISIOIINE MOTEPh MOLIHOCTH B PEIYKTOPE, UX 3aBUCUMOCTb OT
nepeaaBaeMoil Harpy3KkH U YacTOT BpallIEHUs BaJIOB;

- YCTPOMCTBA TA0OPATOPHON YCTAHOBKHU M METOJAUKY ITPOBEIACHUS UCCIICIOBAHUMN;
O0JIHCEH YMemb.

- SKCIIEPUMEHTAIBHO ONPENEIATh U TEOPETUUECKH PACCUUTHIBATH BPAAIOIINE MOMEHTHI
Ha Bajax peaykropa u rno Hum onpenenars KIIJ1 Ha pa3nuuHbIX pexruMax HarpyKEHUs;

- 000CHOBAaHHO BBIOMPATH PEKUMBI IKCILTyaTaIlMN PEeIyKTOpa, 00€CTIeUnBaIOIIHE
MHUHUMAaJbHbBIE TOTEPH, KaK B IPUBOJE, TAK U B PEIYKTOPE.

Teopernyeckue MoJI0KeHU.
AHanu3 noTepb MOLIHOCTH B PETYKTOPE.
1. Koappunument noneznoro aevictus (KII) peaykropa ecTh OTHOIIEHHE MOJIE3HON
MOIIIHOCTH K 3aTPAaYEHHOM:

N=P2/P1=(T2*®2)/(T1*H1)=(T2*n2)/(T1*n1)=T2/(T1* i),

rae P1, P2 — moimHOCTH Ha BeayleM (3aTpadyeHHasi) U Ha BeIOMOM (I10JI€3HAas1) Bajlax
penykropa, Br;
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T1, T2 - Bpamaronue MOMEHTHI Ha BEIYIIEM U BEIOMOM Bajiax peaykropa, H * wm;

®1, ®2 — yrIoBbIE CKOPOCTH BpAIICHUS BEAYIIETO U BEIOMOTO BAJIOB PEAYKTOpaA, Pajl/c;
N1, N2 — 94acTOTHI BpallleHUs BEIYIIETO U BEJIOMOT0 BajJOB peayKTOpa, 00/MUH

| — mepeaaToYHOE OTHOIIICHUE UCCIEAYEMOT0 PeayKTOpa.

2. B cBOM0 ouepenib MOITHOCTh MTOTEPD B PEAYKTOPE, BT:
Py =P1-P2=P1*(1 —n) = Pl*y,
rae Y — Ko3pUIUEHT OTHOCUTEIBHBIX MTOTEPH B PELYKTOPE,

y=1-n=y3+wyn+ynm+ yB;

Y3 - KO3 PUIIMEHT OTHOCUTENBHBIX IOTEPH B 3allCTICHUY;

Y - KO3 (PUIIMEHT OTHOCUTENBHBIX OTEPh B MOAIIUITHUKAX;

YIIM - KO3(PPUIUEHT OTHOCUTENBHBIX TOTEPD HA MEPEMEIINBAHNE MACIIa;

VB - KO3(Q(UIUEHT OTHOCUTENBHBIX TOTEPh HA MPUBOJ BEHTUJISATOPA Y PELYKTOPOB C
VCKYCCTBEHHBIM BO3YIIHBIM OXJIAKICHUEM.

[ToTepu B 3allENIIEHUN ABJISIIOTCS CIEICTBUEM UYPE3BBIUANHO CIOKHOTO JJIS
MCCJIEIOBAHMS MPOIECCa B3aMMOJICUCTBHS KOHTAKTUPYIOIINX MTOBEPXHOCTEH 3yOheB. B
00111eM clTydae CUJIbI TPEHUS MEXIY 3yObsIMU 3aBUCST OT IIEPOXOBATOCTH UX pabodmnX
MMOBEPXHOCTEH, peKUMa U BHUJIa CMa3KH, COOTHOIICHUSI CKOPOCTEHM KaueHUS U CKOIbKEHUS
B KOHTAKT€ W BEJIMYHUHBI IEpeIaBacMOM MOJIE3HON HArPy3KH.

J{ns 3y0uaThIX nepeay, Hape3aHHbIX 0€3 MOIU(PUKAIIMY 3alCTUICHUS, BEIMUNHY
ko3 dulreHTa TOTEPh B 3aLIETUICHUU MOKHO MPUOJIMKEHHO OMPEACIIUTh C
HCIIOJIb30BaHUEM 3aBUCUMOCTH

W3=23%*f*(1/z1 £ 1/22),

rae f — KodpPUIUEeHT TPeHUs CKOJIbKEHUS B KOHTAKTE COMPSIKEHHBIX 3YObEB;
z1,22 — yncna 3yObeB MIECTEPHU U KoJieca.
B gopmyiie 3HaK «+» - UIsl BHEIIHETO 3alleTIIICHUs, 3HAK «-» - JUIsl BHYTPEHHETO
3aIleTUICHHUS.

dopMyIia MOKa3bIBAET, YTO MOTEPH CHIIBHO YBEJIMUMUBACTCS C YMEHBIIIEHUEM YUCE
3y0beB, 0COOCHHO YHuCa 3yOheB IIECTEPHH.

B pexume moy>KHIKOCTHON CMa3KH CHJIBI TPCHUS YBEIIMUHUBAIOTCS TIPH
YMEHBIIICHUHY BA3KOCTH Macja ¥ CKOPOCTH B 3alleryieHuu. [Ipr BBICOKHX CKOPOCTSX 32
CYET IMOBBITIICHUS HECYIIEH CITOCOOHOCTH MACIISTHOTO KJIMHA MEKTy 3yObSIMH BCTYITAIOT B
CHITY 3aBUCUMOCTH, XapaKTEePHBIC JJISl THIAPOIMHAMHYECKOTO PEKUMa CMa3KH.

Ilomepu na mpenue 6 3ayenyienuy 0OIYHO PUHUMAIOT MPOMOPIIMOHATBLHBIMU
MOJIC3HOM HAarpy3Ke W OTHOCAT K TaK Ha3bIBAEMBIM HArpy309HBIM ITOTEPSIM.

Basnbl coBpeMeHHBIX peyKTOPOB OOBIYHO YCTAHABIMBAIOT HA MOAIMIUITHUKAX
KaueHUs, JUTsl KOTOPBIX XapaKTePHBI MaJIble nomepu Ha mpeHue:

ym = 0,005...0,010.

Ilomepu na nepemewiuganue macia pacTyT ¢ yBEIUUCHUEM OKPYKHOU CKOPOCTH,
BSI3KOCTH Macja, IMPUHBI 3y0UaThIX KOJIEC U TIIyOMHBI UX TIOTPYXKEHUS B MACIISHYIO
BaHHY.



Koagpguyuenm omnocumenvrvix nomepv Ha npueoo 6eHMUNIAMOPAYB
CYILIECTBEHHO 3aBUCHUT OT YaCTOThI BPAIICHUS BAJIOB.

Pa3nienbHOE n3MepeHre COCTaBISIONUX MOTEPh MOIIHOCTH CBSI3aHO € OOJIBIITUMU
TpyAHOCTSAMU. [103TOMY OOBIYHO OMBITHBIM MMYTEM OMPENEISAIOT CYMMapHBIE MOTEPH
MOIIIHOCTH, KOTOphIe XapakrepusytoT oomuii KI1J[ peaykropa.

Cpennue 3nauenust KI1J] 3y0uarsix nepenay Ha MOAIIMITHUKAX KaYEHUS TIPU
HOMMHAJIBLHOW Harpy3Ke M KUJIKOM cMa3ke HaxoAsaTcs B npenenax n = 0,97...0,98,

JUIs1 OTKPBITHIX TIepeiad ¢ rmacTuuHor cmazkond n = 0,95... 0,96.

[Tpu nepenaye Henonauoit mourHocTH KII/I 3HaYMTENBHO HUXKE BCIESACTBUE BIUSHUS

MIOCTOSIHHBIX TIOTEPb, T.€. IOTEPh, HE 3aBUCAIINX OT NEPeAaBaeMOM MOIIIHOCTH.

Iopsaok BeINOTHEHUsI padOThI.
IHocienoBaTeIbHOCTH BBINOJIHEHHS JJA00PATOPHO padOThI B AHAJIOTOBOM peKUMe C
3JIeMEHTAMM aBTOMATH3MPOBAHHOM CHCTeMbl HAYYHBIX HcciaenoBanuii (ACHH)

JlabopaTopHyt0 pabOTy BBINOIHSIOT C IPUMEHEHUEM KOMITBIOTEPA B INAJIOTOBOM
pexxume. Kaxaplii atan paboTsl 0popMIIeH Ha JUCIUIEE B BUJE SKPAHHOM 3aCTaBKHU.
[lepexon k ouepeHOMY FTay pabOTHl BO3MOKEH TOJBKO MOCJE BBIIIOJHEHUS
peKoMeH1alui 1 TpeOOBaHUM, MPUBEICHHBIX Ha 3acTaBke. HeoOX0IMMBIH MyHKT B
npejenax 0JJHOM 3aCTaBKU BbIOMPAIOT YCTAHOBKOM IOJIOCHI, BBIJIEJICHHOMN JAPYTUM I[BETOM,
Ha HY’>KHYIO CTPOKY C ITOMOILIBIO KJIAaBHUIII IIEPEMEILEHUS KYpCOpa — CIMPENKa 6HU3,
cmpenka 86epx, KIIaBUIU — 6600. /{1151 monydeHnus 6osiee moaHON U NOApOOHON
MH(}OpMaUKU IPH BBIIOJIHEHUH 3Talla ClaeAyeT HaXaTh GQyHKIHOHAIBHYIO KiaBuiry F1—
nOMOWb.

[To OKOHYaHMHU HKCTIEPUMEHTAILHON YacTh pabOThl HA TUCILIEH BBIBOIATCS
pe3ynbTaThl FKcniepuMenTa — rpaduku. [lepssiii rpaduk - «3aBucumoctu KIIJ] penykropa
OT Harpy3Ku Ha BeIOMOM Baiy» oToOpaxaet 3aBucumocTh KIIJ[ penykropa oT MomeHTa
Ha BEIOMOM BaJly (3KeNTasi KprBasi) U 3aBUCMMOCTh YaCTOThI BPAILEHUs BEIYIIEro Baja OT
MOMEHTa Ha BE€JJOMOM Bally (3eyieHast kpuBasi). Bropoi rpaduk - «3aBucuMocTu
MOIIIHOCTEH OT MOMEHTa Ha BEJJOMOM Baily» OTOOpa)kaeT 3aBUCUMOCTb MOIIIHOCTH Ha
BEyIIEM Baly OT MOMEHTAa Ha BE€JIOMOM BaJly (eJITasi KpuBasi) M 3aBUCUMOCTb MOIIIHOCTH
Ha BEJIOMOM BaJly OT MOMEHTa Ha BEJOMOM BaJly (3€JIeHast KpUBas).

OTt4er o 1a060paTopHOil padoTEq0/IZKEH COIEPKATh!
Kunematuueckyro cxemy «JlabopatopHoii ycTaHOBKWY, ONMCAaHKE Y3J0B «JlabopaTtopHoi
YCTAHOBKM», KPATKUE TEOPETUUECKNE CBEACHUS O TOTEPSIX MOIIHOCTH B PEIYKTOpE, a
takoke rpapukn «3aucumoct KII/I penykropa oT Harpy3ku Ha BEIOMOM Bajily» U
«3aBUCUMOCTH MOIIIHOCTEW OT MOMEHTA HAa BEAOMOM BaJy».

KoHTpoJbHBIE BONIPOCHI:
[IpuBenute dhopmysbl, M0 KOTOPEIM MOXHO onpeaenuts KIIJ[ peaykropa.
Ha3zoBuTte 0CHOBHBIE IPUYMHBI TOTEPU MOIIHOCTH B PETYKTOPE.
Kaxk u3zmensiercs KIII penykTopa ¢ yBeIUUYEHHUEM YHCIIA €70 CTYNEHEN?
Kak Oynet usmensarscsa KI1J] penykropa npu ymeHnblieHud Harpy3ku T27?
Uemy paBno 3nauenue KIIJ[ penxykropa npu Harpy3ku T2 = 0? [Touemy?

bbb E
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JlaGopaTopnas padota Ne6
Tema: «MccnenoBanve BIUSIHUS peKUMOB padboThl nprBoja Ha KI1/] uepBsiunoro
pEayKTOpay.
e padoThl: DKCIEPUMEHTAIILHO UCCIIEI0BATh 3aKOHOMEPHOCTh U3MEHEHUS
koa¢¢unmenta nonesHoro aeiicteus (KIIJ) pexykTopa npu pa3HbIX pexkuMax paboThI
MPUBO/IA.
Oo6opynoBanme: JlaboparopHas ycraHoBka «/ccnegoBanue nepenad B 3aMKHYTOM
KOHTYpE»:
1 — anekTpoaBurarens; 2, 4, 6, 8, 10 — TOpCHOHHBIE BaJIBI; 3 — YEPBIYHBIA PEYKTOD;
5 — KOHUYECKUN PEAYKTOP; 7 — MUIMHAPUYECKUN TBYXCTYIIEHYATHIM COOCHBINA PEAYKTOD;
9 — pemennas nepenaya; 11 — Harpy»karoiiee ycTpoicTBo; 12 — munra (puc. 1).

B pe3ynbTaTe BbINOJHEHUS padOThI CTYAEHT

00/19#CeH 3HAMb !

- OCHOBHBIE COCTaBJIIOIINE MOTEPh MOLIHOCTH B PEIYKTOPE, UX 3aBUCUMOCTb OT
nepeaaBaeMoil Harpy3KkH U YaCTOT BpPAaLlEHUs BAJIOB

- YCTPOMCTBO 1a00OPATOPHOM YCTAHOBKU U METOJIUKY MPOBEACHUS UCCIETOBAHUM;
00./12/CeH YyMemby.

- SKCIIEPUMEHTAIBHO ONPENEHATh U TEOPETUUECKH PACCUUTHIBATH BPAI[AIOIINE MOMEHTHI
Ha Bajax peaykropa u 1o Hum onpenenars KIIJ1 Ha pa3nuuHbIX pexruMax HarpyKEHUs;

- 000CHOBAaHHO BBIOMPATH PEXKUMBI IKCILTyaTaIlMH PEeIyKTOpa, 00€CTIeUnBAIOIIHE
MHUHHUMAaJbHbBIE TOTEPH, KaK B IPUBOJE, TaK U B PEIYKTOPE.

Teopernveckue MoJ0KeHU.
AHanu3 NOTEpPh MOIIHOCTH B PEIYKTOPE.
1. Koaddumument nonesznoro neiictBus (KIII) penykropa ecth OTHOIIIEHUE MTOJE3HON
MOIIIHOCTH K 3aTPauy€HHOM:

N=P2/P1=(T2*®2)/(T1*H1)=(T2*Nn2)/(T1*n1)=T2/(T1* i ),

rae P1, P2 — moiHOCTH Ha BeayleM (3aTpadyeHHas) U Ha BeIoMOM (TT0JIe3Has1) Bajgax
penykropa, Br;

T1, T2 - Bpamaronue MOMEHTHI Ha BEIYIIEM U BEIOMOM Bajiax peaykropa, H * wm;

®1, ®2 — yrioBbIE CKOPOCTH BpAIICHUS BEAYIIETO U BEIOMOTO BAJIOB PEAYKTOpa, Paji/c;

N1, N2 — yacTOTHI BpalICHUs BEAYIIETO U BEIOMOTO BaJIOB PEAyKTOpa, 00/MHUH

| — mepeIaTOYHOE OTHOIICHHE MCCIIEIyeMOT0 PEayKTOopa.
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2. B cBot0 ouepep MOIMHOCTE IOTEPH B peAyKTope, BT:
Py =P1-P2=P1*(1 —n) =Pl*y,

['ne ¢ — ko3P PpuIMEeHT OTHOCUTEIBHBIX TOTEPh B PEAYKTOPE,
y=1-n=y3+wyn+ynm+ yB;
Y3 - KO3 (DUIIMEHT OTHOCUTENIBHBIX MOTEPh B 3alICTUICHUU;
Y - K03 OUIIMEHT OTHOCUTENIbHBIX MOTEPh B MOAIIUITHUKAX;
YIIM - KO3(QPUIMEHT OTHOCUTEIBHBIX OTEPh HA NIEPEMENIMBAHUE MACIa;
YB - KO3(PPUIIMEHT OTHOCUTEIBHBIX MTOTEPh HA MIPUBOJI BEHTIIISITOPA Y PEAYKTOPOB C
MCKYCCTBEHHBIM BO3/yIIHBIM OXJIAXKICHUEM.

[loTepu B 3aLieNIIEHNN ABIISIOTCS CIEACTBUEM UYPE3BBIYANHO CIIOKHOTO JJIS
MCCJICIOBAHMSI TIPOIECCA B3aMMOICHCTBHSI KOHTAKTUPYIOIIMX MTOBEPXHOCTEH 3yOheB. B
oO0IIIeM cTy4yae CHJIbI TPEHHSI MEXKAY 3yObsIMU 3aBUCAT OT IIEPOXOBATOCTH X PabOUUX
IIOBEPXHOCTEH, peKUMa U BUJA CMa3KH, COOTHOILIEHUSI CKOPOCTEW Ka4eHMs U CKOJIbKECHHUS
B KOHTaKTE U BEJIMUYMHBI IEPEIaBaEMON NIOJIE3HOW HArpy3KU

B uepBsuyHOI nepeade MOTEPU B 3aLEIIIEHUU COCTABIIIIOT OCHOBHYIO YacTh IIOTEPh
MOIIHOCTH B CBSI3U C HAJIMUUEM OTHOCUTENILHOTO CKOJIBKEHHSI BUTKOB UEPBSIKa IO 3yObsiM
YEpBSYHOTO KOJIECa.

B pexume nory>kMIKOCTHON CMa3Ky CUJIBI TPEHHSI YBEJIMUUBAIOTCS IPU
YMEHBILIEHUH BA3KOCTH Macjaa U CKOPOCTH 3aleTuieHuu. 1Ipy BBICOKHX CKOPOCTSX 3a CUET
MOBBIIICHHS HECYIIEH CIIOCOOHOCTH MACIITHOTO KJIMHA MEXKY 3yObSMH BCTYIAIOT B CHILY
3aBUCHUMOCTH, XapaKTEPHBIE I THAPOINHAMUYECKOTO PEKNMA CMA3KHU.

[ToTepu Ha TpeHUE B 3aLETUIEHUU OOBIYHO PUHUMAIOT MTPONOPIUOHAIBHBIMU
MOJIE3HOM HArpy3Ke M OTHOCAT K TaK HA3bIBAEMbIM HAarpy304HBIM [TOTEPSIM.

Basbl COBpeMEHHBIX pEYKTOPOB OOBIYHO YCTAHABIMBAIOT HA MOAIIUITHUKAX
KaueHHUs, JUIsl KOTOPBIX XapaKTePHbI MaJible TOTEPU HA TPEHHE:

yu = 0,005...0,010.

[ToTepu Ha nmepemMenIMBaHuE Macia pacTyT C YBEIMYEHUEM OKPYKHOM CKOPOCTH,
BA3KOCTH Macja, IIMPUHbI 3y0UaThIX KOJIEC U ITyOUHBI UX TOTPYKEHHS B MACIISHYIO
BaHHY.

KoaddunueHT oTHOCHTENBHBIX TOTEPh HA MPUBOJ BEHTUJISITOPAYB CYIIECTBEHHO
3aBUCUT OT YaCTOTHI BPAILLIEHHS BAJIOB.

Pa3znenbHOE n3MepeHne COCTaBISIOIUX MOTEPh MOIIHOCTH CBSI3aHO € OOJBITUMU
TPYAHOCTAMU. [103TOMY OOBIYHO OMBITHBIM MYTEM ONPEAEIAIOT CYMMApHbIE TOTEPU
MOIIIHOCTH, KOTOpbIe Xapakrepusytor oomuid KII1J[ pegykropa.

Cpennue 3nauennsa KI1/[ yepBauHbBIX nepenay ¢ )KUAKOW CMa3KOM MPH pa3HbIX
YHCIIaxX 3aX0/I0B YEPBSKA MPEACTaBICHBI B Ta0M. 1.

Tabauua 1.
KII/] yepBSiYHBIX Nepeaay ¢ sKUIKOH CMA3KOMH.
Z1 1 2 4
i 32....63 16.....32 8....16
n 0,65....0,80 0,75....0,85 0,80....0,90

[Tpu nepenave HenoaHou momHOCTH KII/[ 3HAUNTENBHO HUMXKE BCIEACTBUE BIUSHUS
MOCTOSIHHBIX TTOTEPH, T.€. IOTEPH, HE 3ABUCALLIMX OT NIEPEAABAEMON MOIIIHOCTH.



Iopsaok BeINOTHEHUs1 padOThI.
IHocsenoBaTEIbHOCTH BBINOJIHEHHS JIA00PAaTOPHOH padoThl B IMAJI0TOBOM pPeKUME €
3JIEMEHTAMH ABTOMATH3MPOBAHHOM CUCTEMbI HAYYHBbIX ucciaenosannii (ACHHN)

JlabopaTopHyto pabOTy BBHINOJIHSIOT C IPUMEHEHUEM KOMITBIOTEPA B IMAJIOTOBOM
pexume. Kaxapiii atan paboTsl 0hopMIIEH Ha JAKCILIEE B BUJIE SKPAHHOM 3aCTaBKHU.
[lepexon k ouepesHOMY ATany padOThl BO3MOXKEH TOJIBKO MOCJIE BBITTOJIHEHHUS
peKoMeHanui u TpeOoBaHUM, TPUBEACHHBIX Ha 3acTaBke. HeoOX0IMMBbIN MyHKT B
npenenax OJHOM 3aCTaBKHU BBIOMPAIOT YCTAHOBKOM MOJIOCHI, BBIICIEHHOMN IPYTUM LIBETOM,
Ha HY>KHYIO CTPOKY C TIOMOIIBIO KJIIABUII IEPEMELLIEHUS KypCOpa — CMmpenKa 6HU3,
cmpenka 86epx, KIIaBUIHU — 6600. [|1st moydenus 6oJee moaHON U MoApOOHOM
uH($OpPMaIlMU TIPY BBITIOJHEHUH dTara cleayeT HaKaTh GyHKIIMOHAIbHYIO KiaBuiry F1—
noMowb.

[To oKOHYaHWHU SKCIIEPUMEHTAIBHOW YaCcTU pa0OThl HA TUCILIIEH BBIBOASTCS
pe3ynbTaThl SKcriepuMenTa — rpaduku. [lepsorit rpaduk - «3aBucumoctu KI1JI peaykropa
OT Harpy3Ku Ha BeIOMOM Baiy» oToOpaxaet 3aBucumocTs KIIJ[ penykropa oT MomeHTa
Ha BEJJOMOM Bally (3KeJTasi KpuBasi) M 3aBUCUMOCTb YaCTOThI BpaIlleHUS BEYILETO Bajia OT
MOMEHTa Ha BE€JIOMOM Bally (3eneHast KpuBasi). Bropoii rpaduk - «3aBucumoctu
MOIIIHOCTEW OT MOMEHTA Ha BEJJOMOM Bally» OTOOpa)kaeT 3aBUCUMOCTb MOIIIHOCTH Ha
BEJlyIlIEM BaJly OT MOMEHTAa Ha BEIOMOM Bally (3K€JTasi KpHUBasi) U 3aBUCUMOCTb MOIIIHOCTH
Ha BEJOMOM BaJly OT MOMEHTa Ha BEIOMOM Bajly (3eJeHasi KpuBasi).

OTt4er mo 1a00paToOpHOIl padoTE0/IZKEH COAEPKATh!
KunemaTtuueckyro cxemy «JIaboparopHoil yCTaHOBKW», ONMCAHKE Y3JI0B «JlaboparopHoit
YCTaHOBKM», KPATKHE TEOPETUUECKNE CBEACHUS O OTEPSIX MOIIHOCTU B PEAYKTOPE, a
takoke rpapukn «3aBucumoct KII/I penykropa oT Harpy3ku Ha BEIOMOM Bally» U
«3aBHUCUMOCTH MOITHOCTEW OT MOMEHTA Ha BEIOMOM BAJIy».

KonTpoabHbIE BONIPOCHI:
1. HazoBuTe 001acTh NpUMEHEHHMS UEPBAYHBIX Mepeaay.
2. Kakue paznuyaroT BUIbl YEPBSIKOB?
3. YKa)xuTe OCHOBHBIE T€OMETPUUYECKHE ITAPAMETPhI YEPBIYHOU Iepeadn?
4. KakoBbI JOCTOMHCTBA U HEAOCTATKHU YEPBAYHBIX Iepeaad?
5. KakoBbI MaTepuasbl ¥ BUJIbI TEPMOOOPAOOTKH JIJIs AETANIeH YEPBAYHBIX TIepeiay?
6. U3 xakux cooOpakeHHil BRIOUPAIOT YMCIIO BUTKOB UepBsKa?
7. N3 xakux cooOpakeHHi OrpaHUYUBAIOT YHCIIO 3yObeB YepBsiUHOTO Kojeca? KakoBo Mu-
HUMaJIbHOE YHCIIO 3yObeB Kojeca?
8. Kakne cuiibl JENCTBYIOT Ha YEPBSK U YEPBIYHOE KOJIECO, KAK OHU HAIIPABJIEHBI B KAK
BBIYMCIISIFOT UX 3HAUCHHUS?
9. KakoBbl OCHOBHBIE BUbI PAa3pyLIEHNN YEPBAYHOU ITepeaayn’?
10. Kak Beruucisitot KIT/L uepBsaunoil nepenaun? HazoBrure ocCHOBHbIE (DAKTOPHI, BIUSIO-
mue Ha KIT/I.
11.YT0 BBI3BIBAET HArpeB YEPBAUHOU Iepeaayun’?
12.ITouemy KIIJ[ uepBsiaHOI nepeaun MeHbIIe, 4em y 3yodaToii? CriocoOsI ero
MOBBIIIEHUSA?

Jlureparypa.
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TecTOBBIC 3aaHUSA

[Ipu TpoBemeHMM TECTHPOBAHUSA  HCIOJB3YETCS COOPHHMK TECTOBBIX  3aJlaHUN
«TexHrnueckass MEXaHWKa», NPEJHA3HAYCHHBIM JUIIKOHTPOJS 3HAHUW 10 pasjaenam
«Teopernueckas mexannka» U « COMPOTUBIICHUE MATEPUATIOBY.

[To oOCHOBHBIM TemMaM JUCHMUIUIMH TMPEAJIaraercss MO IIATh BapUAHTOB 3aJaHUM,
obopmiIeHHBIX BBUJE TaOnuil. Kaxaeplii BapuaHT COJEPKHUT TISATh BOMPOCOB (Kak
TEOPETUYECKUX, TaK U PACUYCTHBIX), PACIOJIOKEHHBIXIIO MEpPe BO3PACTaHUS CIOKHOCTU
3a7aHusl, M Ka)XXJOMy BOIIPOCY COOTBETCTBYIOT YETBIPEOTBETA, OAWUH U3 KOTOPBIX-
npaBUIbHBIA. CIIMCKH MPAaBUIBLHBIX OTBETOB IIPUBEICHBIB KOHIIE COOPHUKAB BU/IE TAOIHII.
[TockoNbKy TpU H3YYEHUH Kypca TEXHUYECKOM MEXaHMKH HaWOOJIBIIYI0 TPYAHOCTh
peACcTaBisieTpellieHue 3a/1a4, OOJBITUHCTBO 3aJaHUN C(POPMYJIMPOBAHO UMEHHO B BHUJIE
3a/1a4, IpUYEM HauOOJICECIIOKHbBIE U3 HUX pa3jiejeHbl Ha HECKOJIBKO JIOTHYECKUX ATaIloB,
He TpeOyIOIUX [Jisl PEIICHUs CIOXKHBIXpacyeToB. Takoil MmoAXoj K Mmojade Marepuana
MO3BOJISIET IPUBHUTH YYAIIMMCSI HABBIKM CAMOCTOSITEIbHOTOAHAIIN3A 3a/1a4 U AKTUBU3UPYET
MbllieHne. @opMa BOMPOCOB JAET BO3MOKHOCTH IPHUMEHSTh TECTOBBIE 3aJaHUsl HE
TOJBKO JJISI KOHTPOJISl 3HAHUIB ayIUTOPUHU, HO OYyJET MOJE3HA U I CaMOCTOSTEIbHOU
MMOJITOTOBKH, & TAKKE PEKOMEHIYETCICTYACHTAM-3a0YHUKAM.

OpueHTUPOBOYHOE BpeMsi, HEOOXOIUMOE JIJIsl BBITIOJIHEHUS 3aJJaHUI TI0 OJTHOMY BapUaHTy
-30-35 MuHYT. B OCHOBY OIICHKH pPE3yJbTaTOB pPadOTHl, MCXOJS W3 NATHOAILHON
CHUCTEMBI, JIEKATCIIEAYIOIME TPUHIIUIIBI:

* 32 OTBET Ha BOIPOC, HE TPEOYIOIIUI PACUETOB ..................... 0,5 6amos;

* 32 BBITIOJTHEHHUE 3aJaHUs, TPEOYIOIIETo OJHON MaTeMaTHYECKOM oneparuy .... 1 6ar;

* 32 BBINOJHEHHUE 3aJlaHUs], TPEOYIOIIEro HECKOJbKHXMaTeMaTHYecKuX orepanuii ..1,5
OaJuia.

PaboTaMoskeT BBIIOIHSIETCS TMCEMEHHO.
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TEXHUYECKAA MEXAHWKA. TEOPETUMECKAA MEXAHUKA

KUHEMATHKA
HUHEMATHKA TONKH Temw11.7; 1.8 Bapuanr1
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BUCBMEPKM, COFAAcHO YpasHenyo S = f1t). apn YBCTHHMUTCA B 2 pasa 1
| Kax M3MEHMTCA @, B MOMEHT NCPCXO/IA C BEPXHEH _
| OKPYAKNOCTH ha nnHoI0?
| n=1u Ay YMENLILUKHTCA B 2 pada 2
7 —]
N Qg YHERHUNTCA B 4 pasa 3
|
=M @ YMEHLIINTCA B 4 pasa 4
2. TowKa 383OKCTCA COMNIACHO YPABHCHHK
|
S=2+00% Pasnomepuoe ! 1
OnpeaeanTy BUT ABHKCHITR TONKN.
PasHoyckopeHHOe l 2
PasnozaMennerxoe 3
Hepaanomepxoe 4
L
' 3. Touka ﬁmummu no ayre AB Cornacho ypasnenno g =01 MC;a =514 M /c’ \
S=0t" +0,3. 3
Onpenenuts HAUANHHYIO CKOPOCTD M TIORHOE YCKOPeHHe 5
uepes 2 ¢ ABKOKERN, ecnu paguyc ayrx 0,45 M. Vo =3 M/Cia =12 Mfc” 2
Vg =0,3M/Cja =514 M/c? 3
vy =0,3 M/Cia =5 M/c? 4
4. [Mo rpaditky CKOpOCTEH TONKY ONPEACTNTD MYTD,
NPORSENNNG 50 BPEMA LBHKENNA, s=7M 1
2, M/C
30 $=125 M 2
15 s=175 M 3
0 10 te s=225M 4
5. Teno, AEMranch PABHOYCKOPEHHO K3 cocToARKA noxor 10 ¢,
s=200M |
nocrurio cxopocti 50 M/c.
Onperennty NyTL, NPORICIHNI TENOM 32 3TO BPEMA.
s=250M 2
sm285 M | 3
s=315M 4




TEXHWYECHAA MEXAHWHA. TEOPETHYECKAR MEXAHUKA
AHHAMHKA

Hensende MaTepHanHOM TOUKW, MeTog KHHETOCTATHIH Tema1.13 Bapuaut 1
i - Bonpocem | ~ Ommerw | Koa
Il. B iy MaTepranibibiMg TOMKLM my =L Er Wy =8 ET a =£# ] l
| NpuRDHeds QHNAKORLE CHILL L |
' CpaRHWTE BEMIHIHE] FCKOPEHII, © KOTOPRMEE GyayT
i MEHTATLLA 3TH TOUKH. ! g, =, 2
| 2
| - — —_ B
1: a =2a, 3 i‘
: | a, =4a, 4 ]
2, CROGOIHAN MATEPHATEHAN TOSKL, MACCA KOTOPOA panii FelfH 1
| BT, AEERCTCA DPAMOIHECAHO COTTACHO VEABHCHH =
I
I 5=258,
! F=H 2
CHpenenuTh ReACTRYIONIYE HA HEe CHITY, |
| F=40H 3 |
FmBlH 4
3. Touka M pEnReTcs KpHBOnEHENHO 1 HEPIBHOMEPHD, - I
| Brifipark QOpMyny A0 pactieTa HopMaTEHON
f COCTARMAHIGER CH/BL HHEPIN.
W HILT 2
; I Fia ] uz 3
f;\ | :
| - T — o e - -——
| :
r:lz,,||||:r:r]'a.-l:l.lzl,-"r']I 4
r...._.._.__,..._._. S ———————————— e B S T A - —— o — 8 S—— |
{4, Onpeagnnrs cnny narasensa Tpoca Gapadannof nedemku,
| mepesenalinera BECpX TPy Maconlt 100 Br ¢ yeROpPEHHEM 400 H 1
I oa=d it
|
i e 081 H 2 |
] |
Ao e —
£ { 1381 H 3
ﬂ @ I
1621 H 4
5, Uesmy pamin cHIn ARTenna arroMofung Ha MooT np
cROpeCTH U =20 m/c, KOraa o HaXoWTCA Ha cepeamkc 3725 kH ! i
MOCTIL, ECAH BeC arTomMabnir (- =35 wH, 2 pafuyc KpHEHIHE ; T —=
mocTa r =800 m? ! |
-F 1522 xH 2 J
| -]
i 35 kH 3
36,75 xH 4




TEXHWYECKAR MEXAHKKA. CONPOTHBAEHHE MATEFMANOB

OCHOBHLIE NDNDMEHWA, METOA CEYEHMA, HANDAMEHHA Tema 2.1 BapHauT 2
P e — —
| Bompasck Crruemia Ko, |
L. Mpanod Gpye Barpysed cHaoh F
Ky : r e Heanaivrenkiym 1
KLy 1o e UpMALTIH) IOTFTH GPYE, SCTH TOeTE CRATE !
s rpvasn Qropya OpyYol JOCCTIHOBLIACL S0 HEXOTHADG
7
COCTONHHA. Tl deckym 2
- ;
T ok
/’ 5 — = = Yoprerve 3
/-. _______ = 7 |
] i . i
Choricromnyie | 4
20 B RakOm COYURe MErepHiL COATHETCL CLHOPO0HRLMT 1 : 1
A CROTCTHD MATRPGLTY 118 SIHTRT UT PlaMepi. i
. MaTepuan 3amamHeeT kech Oiveen, ) |
B, PUAHED- METIHHTECK e ZROA AN MTEDHIN I KNI 5 2
0 BLCK HAMPERSKH Y. |
£ TeMNCpaTYPa MATEPHATE S0 AR B BoEs ol nese, i I 3
! I <
)
I S e - - — . -
I
3 ¥CIRpoBMTL BHE HATPYECHHA B CoacHEH T-1. ’
i. ) WA BT bpye cwaz 1
3l ! i bpye pacrauy 2
18H 230 : 22H 47  0H ' T I R
ey —— i 2 | ; Lrpye cripyuen 5
[DH
} X
r ,I' E'I:"'l.l:_. h:'-I,II'H‘I.'r' 4
A, Ha Gpve peforayinr somesred Dap e nonuckesr Wy,
OITPneTeeTh RETANUHY RHYTE TECD C2 1000 QT aul - :
focemeHny I-1,
My=18kH M M;=5gH M SAuH M 2
¥ | o R
- — iy =7
! :\1 T f— :
) ] - 1 1 e s I e g, 105kl - - 3
1
“""j\ N Sl =
A 1 i S
My =42EH M f=105kH M M. =40xH- .
| ¥ M : B 165 %H - 3 4
oo e . . _ =
= Kakne BHYTpeHHNE CHA0ELR d&am‘cnpm RhISEIRARYT
- T
DOSITH RO R E HOPMATIELNY HANPAMCHHA B CCHCEHN M i
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s 3
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INEPEYEHDb
BONPOCOB K 3a4eTy

mo qucuumiange OIl.03Texunyeckas MEXaHHUKA.

K pazneny «Craruka».

1.OcHoBHBIE TTOHATHS U onpeneneHust « CTaTUKW.

2.Axcuombl «CTaTUKIY.

3.CB43U M UX peakUHUu.

4.I'eoMeTpUUYECKUN METOJ] CIIOKECHUS CHII.

5.IIpoekuu cuipl 1 BEKTOPHOM CYMMBI CHJI Ha OCb.

6.AHAIUTUYECKUI METOJ ONIPEACIICHNS 3HAUCHHS U HAPaBJICHUS PaBHOEHCTBYIOLIEH
IJIOCKOM CHCTEMBI CXOISAIIMXCS CUJL. Y CJIOBUE PABHOBECHS.

7.11apa cun. DxBUBaIEHTHOCTH nap. CIOKEHHE U paBHOBECHE AP CHJI HA INIOCKOCTH.
8.MOMEHT CHJIBI OTHOCUTEJIBHO TOYKH U OCH.

9.1TpuBeaeHuE CUIIBI K JAHHOM TOUKE.

10.IIpuBeaeHME MIIOCKON CUCTEMBI CHJI K IAHHOM TOYKE.

11.YpaBHeHus paBHOBECHS IIJIOCKOM CUCTEMBI ITIPOU3BOJIBHO PACIIOJIOKEHHBIX CHIL.
12.0mnopHble yCTpOHCTBA OATIOYHBIX CUCTEM.

13.1leHTp TAKECTH MPOCTHIX FreoMeTpuUecKux Guryp. LIeHTp TskecTn craHAapTHBIX
MIPOKATHBIX TPOPUIIEH.

K pazgeny «ConporuBjieHue MaTepuajioBy.

1.ITonsitue o nedopmaiuu B yrpyrom tesne. (OcHoBHbIE TepMUHBI « COMPOTUBIICHUS
MaTepHuasoBy).
2.OCHOBHBIE JOMYUIEHUS O CBOMCTBaX MAaTEPUAJIOB U O XapakTepe AehOopMalIiH.
3.Meton ceuenunii. Buapl HarpyXeHUu.
4. HanpsikeHusl.
S.1IponosbHbIE CUIIBI IPU HAIIPSKEHUU U CokaTUU. [locTpoeHne 3mop NpoI0abHBIX CHUJL.
6.HanpskeHns B C€UEHUAX IIPHU PACTSIKEHUU U COKATHH.
7.3akon ['yka. [IpononsHas gedopmarims.
8.Ilonepeunas nedopmarus. Koapdunuent [lyaccona.
9.PacueTbl Ha NPOYHOCTD MPU PACTSHKEHUH U CKATUU.
10.ITonsTHE O Cpe3e U CMATHH.
11.Yucteiit cnsur. 3akoH I'yka npu casure.
12.KpyueHune. Dntopbl KpyTAILIAX MOMEHTOB.
13.Hampsixenue u neopManuu npu KpyueHuu.
14.PacueTsl Ha MPOYHOCTH IPU KPYUECHUH.
15.PacueTsl Ha )KECTKOCTh MPU KPYUEHUHU.
16.13ru6. OCHOBHBIE MOHSTHA.
17.Ilonepeunble cuibl U U3rHOAIOIINE MOMEHTHI B CEUEHUSX OaJIKH.
18.ITocTpoeHue AIIOp MOMEPEYHBIX CHIT M H3THOAIOINX MOMEHTOB.
19.HopmanbHbie HanpsHKEHUS TpU U3THOE.
20.PacueTsl Ha MPOYHOCTH TIPH U3THOE.



21. JIuneliHple U YIIIOBbIE IEpEMEIIECHUS TpU n3rude. PacueTsl Ha )KECTKOCTb.
22 IlonsiTue 0 cnOKHOM J1e(hOPMUPOBAHHOM COCTOSTHUU TENa.

23.IloHATHE O TEOPUSIX TPOYHOCTH.

24 Pacyer Bajia pyu COBMECTHOM JIEHCTBUU U3r10a U KpyUeHMUsI.

25.Y CTOMYHUBOCTD CHKATHIX CTEPIKHEM.

26.ConpOoTUBIICHUE YCTAJIOCTH. Y CTAJIOCTHOE PAa3pyLICHUE.

277 .1Ipo4HOCTB IpY TMHAMHUYECKUX Harpy3Kax.

K pazneny « KuHeMaTuka.

1.OcHoBHbIe nTOHATHS «KHHEMaTUKN.

2.YpaBHEHHUS ABUKECHUS TOUKHU.

3.CKOpOCTb TOYKH.

4.Y cKopeHue TOUYKH.

5.Bujpl 1BUKEHUS TOYKHA B 3aBUCUMOCTU OT YCKOPEHUSI.

6.1locTynarenbHOE IBUKEHUE TENA.

7.BpaiarenbHoe IBUKEHUE Tea.

8.CBs3b MEK/ly JIMHENHBIMU U YTJIOBBIMU MapaMeTpaMu TOYEK BPAILIAOIIETOCS TEA.
9.Kunemaruueckue rpaguku.

10.MrHOBEHHBIH LIEHTP CKOpOCcTel. AOCOIIOTHAS CKOPOCTb.

K paszpeny «lunamukar».

1.OcHOBHBIE MOHATHS U AKCUOMBI «JI[MHAMUKI.

2.Cuna uHepuuu. MeToJ1 KHHETOCTaTHKH.

3.PaboTa 1 MOIIHOCTh CHJIBI IPH MOCTYNATEIbHOM JBUKEHUU.
4.PaboTa 1 MOIIHOCTh IPY BPAILATEIbHOM JIBH)KCHHH.

5. Tpenue ckonbxenus. KoappuuueHnTt TpeHnst CKoIbKeHus.
6.Tpenue xauenus. KordpumueHT Tpenns kaueHus.
7.Mexannyeckuii KOd()PHUITUEHT MOJIE3HOTO JEHCTBUA.
8.IloTeHlMabHAS 1 KUHETUYECKAs! SHEPTHSL.

9.3aK0H U3MEHEHUS KOJIMYECTBA ABUKEHUS.

10.3ak0OH U3MEHEHUSI KHHETUYECKOU SHEPTUU.

11.YpaBHeHue quHaMUKHU 7151 BPAIIATEIbHOTO IBUKEHUS TBEPJIOTO TEIa.

K pasneny «/leranu MalmiMH ¥ MeXaHU3IMbI».

1. Knaccudukarust MaivH.

2.0OcHoBHbIE TPEOOBAHUSI K MAILIMHAM U JCTAISIM.

3.HepazbemHbIC COSTUHEHUS. 3aKICTIOYHBIC U CBAPHBIC COCTUHEHUS JeTajeH.

4. KneeBbie coequuenusi. CoeqMHEHUs TAaKOM, 3alIpecCOBKOM U 3a()OPMOBKOM.

5.Pe3nboBrIe coenunenus. Knaccudukanms pesno.

6.Haznauenue u knaccudukams nepeaad BpamaTreIbHOTO ABHKCHUS.

7.KuHemaTu4yeckue U CUIOBbIE COOTHOIIEHUS B IEPEIATOUYHBIX MEXaHU3MAaX.

8. ®pukimonHsie niepeaaun. MIx Ha3HaueHne u ocooeHHocTH. KnaemaTtnueckue
COOTHOILICHHS.

9.Ilpunnumn paboTsl, K1accupuKkaims, 0COOEHHOCTH U 00JaCTh TPUMEHEHHS 3y0UaThIX
nepenay.



10.I'eomeTpust H3BOJIBBEHTHOTO 3yOuaToro 3anemmieHus. OnpenaeneHne OCHOBHBIX
apaMeTpoB.

11.Kpatkue cBeieHHs] O METOAAX U3TOTOBIICHUSI 3y0OUaThIX KOJIEC.

12.Bunbl pa3pyuieHus: 3yobeB 3y0UaThix KOJIEC.

13.Konunueckue 3y0uatsie nepegaud. OCHOBHbBIE T€OMETPUUECKHUE COOTHOIICHHUS.

14.Ienubie nepenayn. OCOOEHHOCTH U 001aCTh MPUMEHEHHUS.

15.Pemennnie nepenaun. OcCoOOEHHOCTH U 001aCTh MPUMEHEHHS.

16.Yeppsiunas nepegada. OcodeHHOCTU U 00JIaCTh TPUMEHEHUSI.

17.Ha3zHaueHne, KOHCTPYKIMS U MaTEpHUabl OCEN U BAJIOB.

18.1LImoHOYHbIE U MUTULEBBIE COETUHEHHUS.

19.IToAmMITHUKY CKOJBKEHHSI, TIOAIUITHAKN KadeHns. OCOOCHHOCTH yCTPOMCTBRA.
ObnacTh NpUMEHEHUs!.

20.Haznauyenue u knaccudukanus MyPr.

21.Pegyxropsl. KoHCTpyKIUS.

22 .MexaHu3Mbl BO3BPATHO-TIOCTYMATEIBHOTO U KOJIE0ATEIBHOTO ABIKEHUH.

23.MexaHu3Mbl PEPHIBUCTOTO U OJHOCTOPOHHETO ABUKEHHSI.

IlepedyeHnnb JuTepaTypsl AJI51 NOATOTOBKH K 3a4€Ty

OcHoBHas JauTeparypa:
1. Texunueckas mexanuka: yueOnuk / JI. H. 'ynumosa, 0. A. Enudanues, 3. 5. XKusaro,
A. B. Makapog; ox pegaknueit 3. f. dKuaro. — Cankr-IlerepOypr: Jlans, 2023. — 324
c. — ISBN 978-5-507-45644-4. — TexcT: »neKkTpoHHBIN // JlaHb: 3IEKTPOHHO-
oubmuoTeunas cucrema. — https://reader.lanbook.com/book/277055#19
2. Texunueckas Mexanuka.yueOHuk / Cepoun E.I1. — Mocksa : KanoPyc, 2023. — 399 c.
— (CIIO). :https://book.ru/book/931903

JlonoTHATEe IbHbIE HCTOYHUKH:
1. AM. JIykpsinoB, M. A. JIykpsHoB. Texanueckas mexanuka. ®I'bOY «YuebHo-
METOJUYECKHUH IIEHTP M0 00Pa30BaHUIO Ha JKEJIE3HOAOPOKHOM TpaHcropTe», 2014 T.


https://book.ru/book/931903

Kpurepuu ounenku:

«5» (OTJIMYHO) - CTYJIEHT 3HAET HE TOJIbKO MIPUHLIUIIBI Y4€OHOW TUCIUILIMHBL, HO U UX
YAaCTHBIE MPUMEHEHHSI, MOKET CAMOCTOSITENIbHO 100BIBATh 3HAHUS IO yueOHOU
TUCIUILTAHE, UMEET HEOOXOANMbIE PAKTUUECKUE YMEHUS U HAaBBIKH.

«4» (XOpoI10) - CTYyICHT 3HAET MPUHIUIIBI YUeOHOU UCIMILTUHBI, HO UX PUMEHEHHUS
HE BCE; MOXKET CAMOCTOSTENbHO JOOBIBATh 3HAHUS, NIOJIB3YSCh JINTEPATYPOM; UMEET
pa3BUThIE IPAKTUUYECKUE YMEHUS, HO HEOOS3aTEIbHO HABBIKH.

«3» (YI[OBJIGTBOpI/ITCJII)HO) - CTYACHT 3HACT TOJIbKO OCHOBHBIC ITPUHIIUIIBI, MOKCT
CaMOCTOATCIIBHO I[O6I>IBaTI> 3HaHMusA, 4aCTHYIHO C(bOpMHpOBaHBI YMCHUA U HABBIKHU.

«2» (HeyJOBJIETBOPUTENBHHO) - CTYJICHT HE 3HAET MIPUHIUIIOB Y4ECOHON JUCIUTUINHBL
YaCTUYHO C(HOPMHUPOBAHBI YMEHHUS U HABBIKH, €CJIM CTY/ICHT MOKa3aJl MOJHOE HE3HAHUE
BOIPOCA, OTKA3aJICsl OTBEYATh WU HE MPUCTYNUI K BHIIOJTHEHUIO 3aIaHUM.



3anaHud I CaMOCTOSITEIbHOM PadoThI

HaumeHoBaHue pa3/iesioB U TeM

Buabl caMmocTosiTeIbHOI PadoThI 00y4aIOIIUXCH

1

2

Tema 1.3. Cratuka coopy:xkenuii. OCHOBHbIE
cBeneHus. MccnenoBanue reoMeTpuaeckon
HEH3MCHSEMOCTH IJIOCKUX CTCPKHEBBIX CHCTEM.

Texunueckas Mexannka.y4eOnuk / Cepoun E.IT. — Mocksa : KunoPyc,
2023. — 399 ¢. — (CIIO). :https://book.ru/book/931903
Pazgen 3. 'naBa 17. KOHCHIEKT

CraTH4YecKH OIpPCACIUMBIC U CTATUYCCKHU
HCONPEACIMMBIC TTIIIOCKUE CUCTCMBI. Meton
BBIPE3aHUA Y3JI0B, METOJX CKBO3HBIX CCUCHMH.

Texuuueckas Mexanuka.yueOnuk / Cepoun E.IT. — Mocksa : KunoPyc,
2023. — 399 ¢. — (CTIO). :https://book.ru/book/931903
Paznen 3. koHcneKT

Tema 1.4. IlpocTpancTBeHHas cCTeMAa
cuiITapannenenunen cuin. PaBHoneicTByomas
MIPOCTPAHCTBEHHOMN CXOIALIEICS CUCTEMBI CUIL.
VYcnoBus U ypaBHEHUS! paBHOBECUS

Texumueckas mexannka: yaeOnuk / JI. H. I'ynmmosa, 0. A. Enudanres,
3. S XKusaro, A. B. Makapos; mon pegakuueii 3. 5. JKusaro. — CaHKT-
IMerepOypr: Jlanb, 2023. — 324 c. — ISBN 978-5-507-45644-4. —
TexcT: anekTpoHHbII // JIaHB: IIEKTPOHHO-ONOIMOTeYHAs CHCTEMa. —
https://reader.lanbook.com/book/277055#19

Paznen 1. 'maBa 5, koHCHEKT

MOMEHT CUJIbl OTHOCUTENIBHO OCH. Y paBHEHUS
PaBHOBECHS IPOCTPAHCTBEHHOW CHCTEMBI
MIPOU3BOJIBHO PACIIONOKEHHBIX CHJL.

Texuuueckas mexanuka: yueonuk / JI. H. T'ynmumona, 10. A. Enudasnries,
9. 5. Kusaro, A. B. Makapos; o peaakiueii D. 5. XKusaro. — CaHkT-
[etepOypr: Jlanp, 2023. — 324 ¢. — ISBN 978-5-507-45644-4. —
Texcr: anekTpoHHbIit // JlaHb: 2IeKTPOHHO-O0MONINOTeYHAs cCCTEMa. —
https://reader.lanbook.com/book/277055#19

Paznen 1. I'maBa 5, kKoHCIIEKT

Tema 2.3. Cpe3 u cmsaTue.Cpe3, OCHOBHbIE
pacdeTHbIE MPEIOCHUIKH, PACICTHBIC (POPMYIIEL.
Cwmsrtue. PacdeTsl Ha cpe3 U CMSTHE, COCTUHEHUM
6onramu, MTAGTAMH, 3aKICTTKAMHU.

Texunueckas mexannka: yaeOnuk / JI. H. I'ymumosa, 10. A. Enudanres,
9. 4. Kusaro, A. B. Makapos; nox peaakuueit 2. 5. dKusaro. — CaHkT-
[etepOypr: Jlanp, 2023. — 324 c. — ISBN 978-5-507-45644-4. —
TekcT: aneKTpoHHbII // JIaHb: IIEKTPOHHO-ONOIHOTeYHAs CHCTeMa. —
https://reader.lanbook.com/book/277055#19

Paznen 4. I'naBa 4 KOHCIIEKT

Tema 3.1. OcHOBHBIE IOHATHUS U ONpeaeIeHus.
CoennHenus aerajieil MalluH.

Ha3nauenue coeaMHEHUN AeTaneil MalluH.
HepasbemHble U pa3beMHbIE
coeMHeHNs.3aKNENOYHbIe U CBApHBIE
coenuHenus. KieeBble, pe3b00BbIE COCMHEHUSI.
KoHTposb KadecTBa TEKYIIETro coJep)KaHus IIyTH,
PEMOHTHBIX M CTPOUTEJILHBIX paloT.

Texuuueckas mexanuka: yueonuk / JI. H. I'ynumoga, H0. A. Enudanries,
9. 5. Kusaro, A. B. Makapos; noa peaakiueii D. 5. dKusaro. — CaHkT-
[etepOypr: Jlanp, 2023. — 324 ¢. — ISBN 978-5-507-45644-4. —
Texcr: anekTpoHHbI // JlaHb: 2JIeKTPOHHO-O0MONINOTeYHAs cCCTEMa. —
https://reader.lanbook.com/book/277055#19

Paznen 5. 'maBa 1 xoHCIIEKT

Tema 3.2. Mexannuyeckue nepeaaun. leraau u
cO0OpoYHbIe eIMHUIBI epeaay.

OpuKIUOHHBIE TTepenadd. JJocTtonHcTBa U
HEIOCTaTKH, 00JacTh MpuUMeHeHus. Pacder.

Texunueckas mexannka: yaeOHuk / JI. H. T'ymumoga, 10. A. Enudanres,
9. 4. Kusaro, A. B. Makapos; noxa peaakuueit 2. 5. XKusaro. — CaHkr-
[erepOypr: Jlanp, 2023. — 324 c. — ISBN 978-5-507-45644-4. —
TekcT: ameKTpoHHbII // JIaHb: IIEKTPOHHO-ONOIHOTeYHAs CHCTEMa. —
https://reader.lanbook.com/book/277055#19

Pasnen 6. 'maBa 1 KoHCIIEKT

Yepasiunsle niepenaud. OCHOBHBIE TapaMeTPBhI
nepeaady, 0071acTh MPUMEHEHUS, TOCTOMHCTBA U
HEIOCTaTKH.

Texuuueckas mexanuka: yueonuk / JI. H. T'yaumona, 10. A. Enudanies,
2. 5. Kusaro, A. B. Makapos; noa peaaxiueii O. 5. dKusaro. — CaHkT-
IetepOypr: Jlans, 2023. — 324 ¢. — ISBN 978-5-507-45644-4. —
Texcr: anekTpoHHbIi // JlaHb: 2JIeKTPOHHO-0MONINOTeYHAs CHCTEMa. —
https://reader.lanbook.com/book/277055#19

Pazgen 6. ['maBa 4, KOHCIIEKT,

Pemennsiec u LCIHBIC Nepeaavun. OCHOBHEIE
napaMeTpbl nepeaay, 0011aCTh MMpUMEHCHUA,
JOCTOMHCTBA U HEAOCTATKMU.

Texuuueckas mexanuka: yaeOnuk / JI. H. T'ymumona, 10. A. Enudanres,
9. 4. XKusaro, A. B. Makapos; nox peaaxuueit 3. f. )Kusaro. — CaHkt-
[MerepOypr: Jlanb, 2023. — 324 c. — ISBN 978-5-507-45644-4. —
Texcrt: anekTpoHHbI // JlaHb: 3JIeKTPOHHO-0MONINOTEYHAs cCCTEMA. —
https://reader.lanbook.com/book/277055#19

Pasnen 6. ['maBa 6 KOHCIIEKT,

Bane u 0OCH, UX HA3HAYCHUEC U KOHCTPYKI[US.

Texunueckas mexannka: yueOnuk / JI. H. I'ynumosa, 0. A. Enudanres,
9. 5. Kusaro, A. B. Makapos; noa pexakmueit O. S. dKusaro. — CaHKT-
IetepOypr: Jlans, 2023. — 324 ¢. — ISBN 978-5-507-45644-4. —
TexcT: anekTpoHHbII // JIaHB: /IEKTPOHHO-OMOIOTeYHAs CHCTEMa. —
https://reader.lanbook.com/book/277055#19

Paznen 7. 'maBa 1, koHCHekT,



https://book.ru/book/931903
https://book.ru/book/931903

Omnops! CKONBXEHUs U KaueHus1. MyQThI.

Texanueckas Mmexanuka: yaeonuk / JI. H. T'ynumosa, 10. A. Enudannes,
9. 5. Kusaro, A. B. Makapos; oz pexakmueit O. S. dKusaro. — CaHKT-
[MerepOypr: Jlanb, 2023. — 324 c. — ISBN 978-5-507-45644-4. —
TekcT: 25IeKTpOoHHEIH // JIaHb: 2JIeKTPOHHO-ONOIMOTeUHAs CUCTEMA. —
https://reader.lanbook.com/book/277055#19

Pazgen 7. I'masa 2,3,4, KOHCIIEKT,

Pe[[yKTOpLI. HpOCTHe Tpy30II0AbEMHBIC MAIlIUHBI.

Texumueckas mexannka: yaeOnuk / JI. H. I'ymumosa, 10. A. Enudanres,
9. 5. Kusaro, A. B. Makapos; noa peaakuueit D. 5. XKusaro. — CaHkT-
[etepOypr: Jlanp, 2023. — 324 ¢. — ISBN 978-5-507-45644-4. —
Texcr: anekTpoHHbI // JlaHb: 2JIeKTPOHHO-O0MONINOTeYHAs cCHCTEMa. —
https://reader.lanbook.com/book/277055#19

Paznen 6. I'naBa 5,KkoHCHIEKT,




