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BBenenue

Metoauyeckre pPEeKOMEHAAIMU MO BBIMOJHEHUIO MPAKTUUYECKUX 3aHATHI
coctaBieHbl B cootBercTBUM ¢  DenmepanbHbIM  rocyIapCTBEHHBIM
oOpa3oBaTebHBIM  CTaHJAAPTOM, pabouuM  y4yeOHBIM  IIJIJaHOM, paboueit
MPOrpaMMON U KaJIeHITapHO-TEMAaTUYECKUM IJIaHOM yueOHOoM mucuuruinasl OI1.03
«Texnnueckas MexaHuka» 1o crnennanbHoct  15.02.08  «TexHonorus
MAaIlIMHOCTPOCHHUs», (0a30Bast MOJATOTOBKA).

HpaKTI/I‘ICCKI/Ie 3aHATHUA OTHOCATCA K OCHOBHBIM BHJIaM y‘le6HBIX 3aHITHH U
COCTABJAIOT BAXKHYTO 4aCTh HpaKTI/I‘IeCKOﬁ IIOATOTOBKH 6YI[YH_[I/IX CIICHHUAJINCTOB.

B pesynbTare ycBoeHus: yueOHON AUCHMIUIUHBI O0YyYarOIIMICS 10KEH
3HamMb:

— OCHOBBI TEXHMUYECKON MEXaHUKH;

—  BUJbI MEXAaHU3MOB, UX KHHEMATHYECKNE U TMHAMUYECKUE XapaKTEPUCTUKH;

— METOAMKY pacyeTra 3JEMEHTOB KOHCTPYKIIMH Ha MPOYHOCTh, KECTKOCTh U
YCTOMYMBOCTH MPU Pa3TUYHBIX BUJAX Jedopmaiuy;

— OCHOBBI PAacueTOB MEXaHWYECKHX TMepenad M NPOCTEHIIMX COOPOYHBIX
€MHHULl OOLIETO Ha3HAYEHUSI.
ymemb:

— IPOU3BOJUTH PACUEThl MEXAaHUUECKHUX Iepenad U MPOCTeUIINX cOOpOYHBIX
CAUHUL;

— UYUTaTh KHHEMATHYECKHUE CXEMBI;

— OIPCACIIATh HAIIPSAKCHUA B KOHCTPYKIIMOHHBIX 3JICMCHTAX.

B nporecce ocBoeHUS TUCIUTUINHBI Y CTYACHTOB JOKHBI CPOPMUPOBATHCS
ob6mue kommnerenun (OK):

OK 1. IloHuMarh CymIHOCTh M COLHMAJIbHYIO 3HAYUMOCTH CBOEW Oymyieit
npodeccun, MposBIATH K HEW yCTOWYUBBIN UHTEpEC.

OK 2. Opranu3oBsiBaTh COOCTBEHHYIO ACSITEIBHOCTH, BHIOMPATH THUIIOBHIE
METO/Ibl M CMOCOOBI BBIMOJHEHUS TPO(ECCHOHANBHBIX 3a]a4, OIEHWBATh HX
3 GEKTHBHOCTH U KA4€CTBO.

OK 3. IIpyHuMaTh peleHus B CTAHAAPTHBIX U HECTAHIAPTHBIX CUTYALUSIX U
HECTHU 32 HUX OTBETCTBEHHOCTb.

OK 4. OcymiecTBasTh MOUCK W UCTIOIB30BaHUE WH(MOPMAITH, HEOOX0IUMOMN
11t () (PEKTUBHOTO BBIMOTHEHUS MPOGECCHOHATBHBIX 3a7a4, TPO(HEeCCHOHATHLHOTO
Y JUYHOCTHOTO PA3BUTHSI.

OK 5. Mcnonb3oBaTh HHGOPMALMOHHO-KOMMYHUKAIIMOHHBIE TEXHOJOTUH B
poeCCUOHANILHON JIEATEIbHOCTH.



OK 6. PaboraTte B KOJJIEKTHMBE W KoMaHzae, 3(PQPEKTUBHO OOIIAThCS C
KOJUIETaMU, PYKOBOJCTBOM, IOTPEOUTEISAMH.

OK 7. bpatp Ha ce0s OTBETCTBEHHOCTh 3a palOOTy UYJICHOB KOMAaH/bI
(MOYMHEHHBIX), 3@ PE3YyJIbTAT BHINOJHEHUS 3aaHHM.

OK 8. CamocrosiTenbHO ONpenenarTh 3aaadyd MNpodhecCHOHATBHOTO MU
JUYHOCTHOTO PAa3BUTHUSA, 3aHUMATHCS CaMOOOPa30BaHUEM, OCO3HAHHO IJIAHUPOBATh
MOBBILLIEHNE KBATU(PUKALIIH.

OK 9. OpueHTHpOBAaTHCA B YCIOBUSIX YacCTOW CMEHBI TEXHOJIOTUH B
npodeccuoHaIbHOU 1eATETbHOCTH.

CrnemuaiucT 1O TEXHOJOTMH MAIIMHOCTPOCHHS JOJDKEH 00J1aiaTh
npodeccuonanbubiMu  komneteHuusiMu  (I1K), cooTBeTcTByIOIUM OCHOBHBIM
BUJIaM TPO(HECCUOHAIBHOU JIEITEIIbHOCTH.

IIK 1.1. Wcnonb3oBaTh KOHCTPYKTOPCKYIO JOKYMEHTAIMIO TPHU Pa3padOTKe
TE€XHOJOTUYECKUX MPOILIECCOB U3TOTOBJICHUS JIETAJICH.

I1IK 1.2. BeiGupaTh METO] IOJIY4EHHUS 3aTOTOBOK M CXEMbI NX 0a3UpOBaHUSI.

IIK 1.3. CocrtaBisTh MapmipyThl M3TOTOBJICHHUS JCTajeii M MPOSKTHUPOBATH
TE€XHOJIOTUYECKHE OTEPALIHH.

[1IK 1.4. Pa3pabaThiBaTh U BHEIPATH YIPABISIONINE MPOTpaMMbl 00pabOTKU
JeTajaeH.

I[IK 1.5. Hcnonb3oBaTb CHUCTEMBI ABTOMATHYECKOIO IPOECKTUPOBAHUS
TEXHOJOTHYECKUX MPOIECCOB 00pabOTKH JieTaeil.

I[IK 2.1. [TIlmaHupoBaTh M OPraHW30BBIBATH PA0OOTy CTPYKTYPHOTO
NOApa3ACICHUS.

IIK 2.2. PykoBoauTh paboTOM CTPYKTYPHOTO TOIpa3IcICHUS.

IIK 2.3. AmnHamu3upoBaTh TIPOIECC M  PE3YIbTAaThl  JIEATEIBHOCTHU
MOJpa3ICIICHU.

I[IK 3.1. OOecneunBaTh peanu3alMUl0 TEXHOJOTMYECKOro IMpoIecca Io
M3TOTOBJICHUIO JETAJICH.

I[IK 3.2. IIpou3BoauTh KOHTPOJb COOTBETCTBHSI KadecTBa JeTajiei
TpeOOBaHUAM TEXHUYECKON JOKYMEHTAIINH.

['maBHBIMM 3a7jauaMM U3y4eHUS Kypca «TexHHuecKas MEXaHUKay SIBISETCS
M3y4YeHUE OCHOBHBIX 3aKOHOB M TEOPEM MEXaHHUKH, a TAK)KE Pa3BUTHE Y CTY/ICHTOB
YMEHHS TIPUMEHATh X K PEIICHUIO pakTHYecKux 3aaad. CieayeT UMeTh B BUY,
YTO JJIS TOHUMAHHUS TEOPEM U BBIBOJIOB TEXHHUYECKON MEXaHUKU HEOOXOIUMBI
CBCJICHHS M3 MaTeMaTHUKH, (U3MKH, BBICIICH MaTEeMaTHKH (aHAJIWTHYSCKas
reometpusi, auddepeHmanibHOe U UHTErpaibHOe HcuuciaeHue). Hemocratounsie
3HAHUS ITUX JUCHMUIUITMH MOTYT IIPUBECTH K CJI0KHOCTSAM IIPU M3yYCHUU MEXaHUKHU
Y TPYAHOCTSM IIPU PEIICHUH TPAKTUUECKUX 3a1a4.



Benymeil aumakTUUeCKOW IENbl0 MPEAJIaraéMbIX MPAKTHUUYECKUX 3aHSATHI
ABJIAETCS 3aKPEIUICHHE TEOPETUYECKUX 3HAHUN MO AUCHUIUIMHE U TPUBUTHE
MPaKTUYECKUX  YMEHUH, CHOCOOCTBYIOUIMX  (OPMHUPOBAHHIO  OOMMX U
npo(ecCUOHaNbHBIX  KOMIIETEHIIHUH, HEOOXOJUMBIX B HOCIEAYyIOUIer
po(decCUOHaNbHOMN eI TeIbHOCTH BBITYCKHUKA.

B coorBercTtBMM ¢ Beaylled JOUIAKTUYECKOM LEJIBIO COAEPKAHUEM

MPAKTUYECKUX 3aHATUN SBISAIOTCS: PELIEHUWE NPAKTUYECKUX 3a7ad, aHaJn3
IIOJIyYEHHOT'O PEUIEHUsl, CPABHEHUSI METOJOB PELICHHUs, ONPEACICHUE T'PAHUL UX
npuMeHeHusi, pabora ¢ VIHTepHeT-pecypcamMu, COCTaBIEHHE MPOCTEUIINX
nporpamm ¢ ucnodp3oBanueM IIK, npoBeneHre npocTeUInX UCCIEA0BATEIBCKUX
pa6ort. [Ipuuem, nabopaTopHbie padOThl U MPAKTUYECKHUE 3aHATUS PEATU3YIOTCS B
(dopMe IPaKTUYECKON MOATOTOBKU M MPEAYCMATPUBAIOT YYacTHE 00yYaroluXcs B
BBIMIOJTHEHUU  OTJEJBHBIX  AJIEMEHTOB  palOT, CBS3aHHBIX C  Oynyuei
npodeccuoHaIbHON 1eITeNbHOCTBIO.
3aja4y BBINOJHEHUS IPAKTUYECKUX 3aHATHIL:

- 00oO0menue, cucTeMaTH3alus, YIIIyOJIeHHe, 3aKperyieHue TMOJyYEHHBIX
TEOPETHUECKUX 3HAHWM 110 KOHKPETHBIM TeMaM JTUCIUTUINHBL,

- (opMmHupoBaHHE YMEHHH MPUMEHATHh IMOJy4YEHHbIE 3HAHUS Ha MPAKTHUKE,
peanu3anuio eJUHCTBA HHTEIEKTYalbHON U MPaKTHUYECKOU JIeITeTbHOCTH,

- pa3BUTHE UWHTEIUIEKTYaJbHbIX yMEHUH Yy OyIylIUX CHEIHAIHUCTOB:
AHATMUTUYECKUX, TPOCKTUPOBOYHBIX, KOHCTPYKTHUBHBIX U JP.;

- COBEPIIICHCTBOBAHUE YMEHHUH W HABBIKOB CAMOCTOSITEIHFHOM pabOThl C HAYyYHOM,
CIIPABOYHOM, METOAWYECKOW JuTepatypoH, HHTepHET-pecypcamMu U JIpyrou
uHdopManmei, HE0OX0IUMOM TUIst TTOBBIIICHUS 3 PEeKTUBHOCTH
npodecCHoHaIbHON JEeATeIbHOCTH, MPO(ECCHOHANIBHOTO CaMoO0pa3oBaHUs U
CaMOpa3BUTHSL;

- (opMHpoOBaHKE TBOPUYECKOTO IMOAXOAA K COCTaBICHHIO aJITOPUTMOB pEIICHUS
MaTeMaTHYEeCKUX 3aJ1a4;

- opMHpOBaHKE y CTYJACHTOB HaBBIKOB HCCIICIOBATEILCKOM JICATEIIHHOCTH;

- BBIpa0OTKAa TPH PEIICHWH TMIOCTAaBICHHBIX 3aJad TakuX MPodhecCHOHATHHO
3HAQYMMBIX  KAyecTB, KaK  CaMOCTOATEIbHOCTb,  KOMMYHHUKAOEIbHOCTD,
MOOWMIIBHOCTh, KOHKYPEHTOCTIOCOOHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUYECKAS
VHHUIMATHUBA.

B meroamyeckux pekOMEHAAUHUsSX MPEACTABICHBI 5 TEM MPAKTUYECKUX
3aHSTUN, KOTOPBIE BKIIIOYAIOT ILIEJIM, CPEACTBA O0YUYEHHUS, COAECPKAHUE, AITOPUTM
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BBIIIOJIHEHUS, METOAMYECKHE YKa3aHUsA K UX BBIIOJHEHNUIO, KOHTPOJBHBIE
BONIPOCHI, CIIMCOK PEKOMEHAYEMOH JUTEpPaTypbl, KPUTEPUH OLIEHUBAHUS PaOOTHI
CTyIEHTOB HA IMPAKTUYECKUX 3aHATHUAX, KOHTPOJIb M OLEHKa pe3yJbTaTOB
BBIITOJIHEHUS PAKTUYECKUX 3aHATHN MO TUCLUIUIMHE.

[Ipennaraemple IpaKTUYECKUE 3aHATHUS HOCAT PENPONYKTUBHBIN, YACTUYHO-
IIOMCKOBBIM M IIOMCKOBBIA Xapakrep. dopmamy oOpraHusalnvu CTYACHTOB Ha
MPAKTUYECKUX 3aHATUAX SABISAIOTCS: (PPOHTANIbHAS, TPYIIIOBAsk U MHIUBUIYaJIbHAS.

HpI/I CaMOCTOSITCIILHOU MOATOTOBKEC CTYACHTOB K IHNPAKTHUYCCKUM 3aHATUSAM
mpeaycMaTpmuBacTCs N3YUCHUC peKOMﬁHﬂyeMOﬁ JINTCPATYPHI.

B X0Ac MPAKTUYICCKUX 3aHITUMN CTYACHTBI B TCTPAAAX [JId BbIIIOJHCHUA
MPAKTUYICCKUX pa60T 3aIMUCBIBAOT 3adaHUs, PCIIAOT NPCHAIIONKCHHBIC 3adaHUA H
IMPOBOAAT aHAJIN3 UX PCIICHUA.

O6H_II/Ie MCTOANYCCKUC YKA3aHUS IO BBIIMIOJTHCHUIO IPAKTHYCCKUX 3aHITUH

[Tpu caMocTOsATENBHOM MOATOTOBKE K MPAKTUYECKUM 3aHSATUIM HEOOXO0IUMO
COCTaBUTH TUTaH PabOTHI, MOBTOPUTH JIEKITMOHHBIN MaTepual, Mpyu HEOOXOAUMOCTH
1noJ100patTh JOMOIHUTENbHYIO TUTEPATYPY

JI71st IpakTUUECKUX 3aHATUH CTYACHTY HE0OXOIMMO 3aBECTHU TETPa/lb, IJI¢ HA
NEPBOM CTpaHUIIE YKa3bIBAIOTCS (amMuiivsg, WHUIMANBl CTYyACHTa, Ha3BaHHE
U3y4aeMol JUCHUIUIMHBI, BapHaHT, Ha BTOPOM yKa3bIBaeTCAd IEPEUYCHb
BBIMOJHSAEMBIX 3a1aHuil. OQOpMIISTh BBIMOJIHEHHBIEC 3a/IaHUs CIIEyeT aKKypaTHO,
HE HapylIasi JIOTUKHU PEIIeHUs 3a1aHusl.

B xonme mpakThueckux 3aHSATHH CTYIEHTHI B TETPAaiX AJiS BBHINOTHEHUS
NPAKTUYECKUX padOT 3amMCHIBAIOT 3aJaHUs, BBIMOJIHSIIOT UX B COOTBETCTBUU C
HEJSIMU, TIPEAJIOKCHHBIMA QJITOPUTMOM M KPUTEPHUSIMHU, 3aHOCST JaHHBIE O
BBITIOJTHEHUH, PE3yJIbTaThl BHITIOJHEHHON pa0OThl M HUX aHAIW3. 3aTEM BCE 3TO
NIEPEHOCUTCS Ha JIUCTHI CTaHAApTHOTO (hopmara A4.

OueHKM 3a BBINOJHEHHE MPAKTHYECKUX 3aHATHI BBICTABISIIOTCS 10
MATHOAIUTEHON CUCTEME M YYHTHIBAIOTCS KaK MOKA3aTEeIH TEKYIIEH yCIIeBaeMOCTH
CTYJIEHTOB.

Kpurepun onienuBanus paboThl 00yJaronuxcsi Ha MPAKTHYECKOM 3aHATUU

1. OrneHka «OTIMYHO» CTABUTCS, €CJIM O0YUYaIOITUHACS:
- CAMOCTOSTEJIbHO ¥ MTPABWJILHO BBITIOJHUII BCE 3aJaHMUS;
- MPaBUJIBHO, C 00OCHOBAHUEM CJIeJIall BBIBOBI MO BBITIOJIHEHHOU paboTe;
- MPABUJIBHO M JI0KA3aTEJIbHO OTBETUJI HA BCE KOHTPOJBbHBIE BOMIPOCHI.
2. Or1eHKa «XOPOII0Y» CTABUTCSA B TOM CIIydae, eClIu:
- MPAaBUJIBHO BBITIOJTHUI BCE 3a/IaHUS,
- cJieNan BBIBOBI TIO BHITTOJTHEHHOM paboTe;



- IPaBWJIBHO OTBETUJI Ha BCE KOHTPOJIbHBIE BOIIPOCHL.
3. OleHKa «yAOBIETBOPUTEIBHOY» CTABUTCS, €CIU O0yUYarOIIUNACS:

- IPABWJIBHO BBINOJHUJ 3aIaHUE, BO3MOKHO KPOME OJHOTO;

- clieJall MOBEPXHOCTHBIE BHIBOJIBI 110 BHITIOJIHEHHOHN paloTe;

- OTBETHUJI HE HA BCE KOHTPOJIbHBIE BOIIPOCHI.
4. OreHKa «HEeyTOBIETBOPUTEIBLHOY» CTABUTCS, €CJIM 00y4arOIIHiCs:

- HENPABUJIBHO BBINIOJIHUII 3aJaHNS;

- HE CJ/IeJIaJl WM CIeajl HENPaBUIbHBIE BBIBOBI IO paboTe;

- HE OTBETHJI HA KOHTPOJIbHBIE BOIIPOCHI.

TpeGoBaHus K pe3ysibTaTaM BBITIOJIHEHUS MPAKTUYECKUX 3aHATUM 11O TUCIUILIMHE
OI1.03 «Texauueckas MEXaHUKaA»

B mporiecce moAroToBKU U BBIMOJHEHHS MPAKTUUYECKUX 3aHITUH, 00ydaromuecs
JOJ>KHBI OBJIAAETh CICAYIONMMH YMEHUSIMU:
- BBIMOJIHATH PacueTbl HAa MPOYHOCTh, MKECTKOCTb, YCTOWUYHMBOCTH 3JIEMEHTOB
KOHCTPYKLIHNH;
- OMNpeNeNsATh AHATUTHYCCKUM CITOCOOOM YCHIIMSI B CTEPKHSIX, ONMIOPHBIE PEaKIINU
OaJoK;
- CTPOUTH AIIOPHI HOPMATBHBIX HANPSDKEHUH, M3rH0ar0IMX MOMEHTOB U JIp.;
3HAHUSMU:
- 3aKOHbl MEXaHUKUA JeQOopMUPYEeMOro TBEPAOro Tela, BHUIBI JedopMaiui,
OCHOBHBIE PacueThl;
- OIIpE/ICJICHUE HAIPABJICHUS PEAaKLU, CBA3H;
- OIIPEICJICHUE MOMEHTA CUJIbI OTHOCUTEILHO TOYKH, €TO CBOMCTBA;
- TUIIBI HATPY30K U BUJBI OMOP 0aNoK;
- MOMEHTBI HHEPIIUM MTPOCTHIX CEYEHUH SJIEMEHTOB U JIP.

[lepeyeHb MPAKTUYECKUX 3aHITUN

Tab6aua 1
Kommuect
Ne 3ans Tema BO 4acOB
TUS
1 AHQJIUTUYECKOE YCIOBUE PABHOBECUS INIOCKOM CHCTEMBI 8
CXOJISAIIUXCS CHUII
2 OrnpeneneHue peakiuu onop 0ajs0yHON CUCTEMBbI 8
3 Pactsokenue m cxxatue: pacdersl Opyca Ha MPOYHOCTH U 8
HKECTKOCTh
4 Kpyuenue: pacu€rsl Ha TPOUYHOCTH U KECTKOCTh 2
) N3rub: pacuérel HA MPOYHOCTH. BRIOOP parimoHanbHBIX 4
CEYEHUN




6 KunemaTnueckue u CUI0BbIE COOTHONIEHHS B Epeaadax 4

7 Pacuet koco3yOoii nepenauu 6

8 Pacuert peMenHoil nepenauu 2

9 Pacuer nennoii nepenauu 2
10 Ornpenenenue KOOpAUHAT IIEHTPA TAKECTU TIIOCKOM

TIJIACTUHBI 6

Bcero 50

a)

b)

Odopmienue oTuéTa cTyieHTa U TpeOOBaHUA K 0(OPMIIEHHUIO OTYETA

[Tocne BBIMOHEHUS IPAKTHYECKOTO 3aHATHUS CTYJACHT COCTABIISICT OTYET,
koTopslil opopmitsiercst B cootBercTBUM ¢ ['OCT 2.105-95 «O0uue
TpeOOBaHMS K TEKCTOBBIM JIOKYMEHTaM», Ha JIUCTaX CTaHIapTHOTO ¢popmaTa A4
(297x210) ¢ OCHOBHOM HAIMUCHIO C COOIIOIEHUEM TTpaBuiI opdorpaduu;
[epBblii ¥ MOCTETYIOMINN JTUCTH HIMEIOT PaMKy U OCHOBHYIO TIOJIITUCH
corsacHo ['OCT 2.104-68 puc.1, 2;

OTueTr nuIercs YepHWIAMM WM NAcTOM YEpHOro WJIM CHUHEro IBera. TekcT
JOJDKEH OBbITh HamMCcaH YETKUM, IMOHATHBIM NOA4YEepKOM. CXeMbl, 3CKHU3BI,
TaOJIUIIb! BBIMOJIHIIOTCS KapaHIalloM ¢ TOMOIIbIO YePTEKHBIX HHCTPYMEHTOB;
Paspermiaercss AByXCTOPOHHEE 3alI0JIHEHUE JINCTOB OTYETA;

Kaxxapiii oT4ET 0003HAYAETCS CIEAYIOMIMM 00pa3oM (CM. CXeMy HIKE);

Ecniu mpaxktuueckux 3aHATUM Ooznee 3-X, TO BCe OTYETHI, MOJIMUCAHHBIC
npernoiaBaTeieM, XpaHarcs y cryieHra. [Ipu 3aBepuieHun u3ydeHus yueOHOU

JTUCIUTUTHHBI OTYETHI CKJIAIBIBAIOTCS IO MOPSAKY B OpPOIIIOPYIOTCS;

IHKTY XX XX XX XXX 3II

mudp MPaKTHIECKOTO 3aHATHUS

HoMmep npaktuueckoro 3ansaTtus (001,002,.)

—>»  HOMEp BapuaHTa

e HOMEDP TUCIUIUIMHBI TT0 ydeOHOMY Tutany-03




— e

mudp yueOHon aucuuruinasl TM

mudp yueOHOTo 3aBeICHHUS

k) JKypHas 0003HauaeTcs Tak ke, Kak U OTYET, TOJIBKO B IMOCIEIHEH TPYIIe
mndp 3anuceiBaetcs «000»;

n) Pucynok 1

OcHOBHast MOANHKCH JIJIS1 TEKCTOBBIX JJOKYMEHTOB (TIEPBbIi U 3arJIaBHBIN)

85
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Yo

OcHOBHasi OAMKCH JJISI TEKCTOBBIX JIOKYMEHTOB (TTOCIIEAYIOIIHE JIUCTHI). Puc.2

. /85 s
r""' = - -
+ \ Litpd ¥
RIS ot
P Vol A/ grr Yoadts Mom o
Rd ZAMEE] 75 172 | (72}
Pucynok 2

g) TekcT noOmKEH OBITh HANUCAaH YETKHM, IOHSTHBIM TouepkoM. CXeMsl,
ACKU3BI, TAOJHIIBI BBHITIONHAIOTCS KapaHIAIIOM C TIOMOIMIBI0 YEePTEHKHBIX
WHCTPYMEHTOB;

h) B TekcTe He MOMKHO OBITh COKpANICHWH 32 WUCKIIOYCHHWEM COKpAIICHHUH,
yctanoBiaeHHBIX ['OCT 2.316-68;

1) 3HaueHWE CUMBOJIOB W YHCIOBBIX KOI(D(PHUIIMEHTOB, BXOAAIIHUX B (HOPMYITLY,
JOJDKHO OBITh TOSICHEHO HEMOCPEeACTBEHHO moja ¢opmynoi. [losicHeHue
TOM IIOCJIEAOBATCIbHOCTH, B Kakou

KaxXJgoro cCuMBOJda Ha€TCiad B
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npousBoautcs B Qopmyne. IlepBas cTpoka pacmMppoOBKH AODKHA
HAYMHATBCS CO CIIOB «TAe» 0€3 IBOETOUMS MOCIE HETO.

J) Tlpu ucrons30BaHUH JUTEPATYPHBIX, CIPABOYHBIX MATEPHAIOB HEOOXOIHMO
JIeNaTh CChUIKY C yKa3aHHMEM CTpaHull, HoMepoB, Tabiuu. Hampumep: [2,
c.13] wmm [2, Tabn. 15], rae uudpa 2- HOMep IUTEpaTypbl B IMEpPEUHE
VICIIOJIb30BAHHOM JIUTEPATypPhl, IPUBOJIUMOM B KOHLIE OTYETA

p) OT4eThl TO MNPAKTHYSCKHUM 3aHATHSAM CKJIAJBIBAIOT MO TOPSIKY |
OpoUTIOPYIOT

q) .Jlo pesynbraTam Kaxmoil pa®oTel mpoBoauTcs AuDQEepeHIUPOBAHHBIN
3a4eT;

) TuTyabHBII TUCT OQOPMIISIETCS B COOTBETCTBUU C MPHIIOKEHHEM No

S) HeBbInoaHEeHHE KaKOTO-JIMOO U3 MPUBEACHHBIX BhIIE TPEOOBAHUIT SBIISIETCS
OCHOBAaHHEM JIJIsl TOTO, 4TOOBI paboTa He OblIa 3a4TEHa;

t) Ilpu HEOpEI)KHOM BBIMOJIHEHUH PUCYHKOB (HAIIpUMEp, YCPHUIAMH OT PYKH)
WIK OTCYTCTBUU HEOOXOJAMMBIX MOSICHEHUH K peIlIeHuIo 3a7a4 pabota Oyaer
BO3BpalieHa 6e3 pacCMOTPEHHUS;

u) B tom cnydae, xoria 3amaHusl BBITIOJHEHBI CTYJICHTOM HE IO CBOEMY
BapUaHTy WIM HECaMOCTOSITEIbHO W HEI0OpOCOBECTHO, €My Oyner
IPEeUI0KEHO MHINBUYaJIbHOE 3a/laHue.

CxeMma otueTra

a) Homep npakTrueckoro 3ansatus (yka3slBaeTcs B mTamiie, cM. hopmy 2);

b) HamMenoBaHHe MPaKTUYECKOTO 3aHITHS,

¢) Lens 3ansTus;

d) MarepuanabpHOE U TOKYMEHTAIbHOE 00€CIICUCHHE;

e) 3amanus (YCIOBHUE 3a/1a4M U CXeMa, Ha KOTOPOW HEOOXOIUMO MOKa3aTh BCE
3aJJaHHbIC U UCKOMBIE CHJIbI, BHIOPAHHBIC OCH KOOPJUHAT);

f) Pemenus npeioKeHHBIX 3aJJaHUH JTOJDKHBI OBITh CHA0KEHBI KPATKHMH
MOSICHEHUSIMU, ¥ BCE BBIYHCIICHUS MTPOBEACHBI 1O KOHIIA,;
B nporiecce perenus 3aa4 He00X0JUMO MEPBOHAYAIBHO COCTABUTH
dbopMyIbl ¢ OYKBEHHBIMHU 3HAYEHUSIMU, a TIOTOM U C YUCJIOBBIMU
3HAYCHUAMH, Bce BETUYHHBI JOJIKHBI MTOACTABISITHCS U BEIYUCTSTHCS 10
TpeThel 3HavaIen nudpel, 9TO BMOJHE 00ECTIEUNBAET HEOOXOUMYIO
TOYHOCTh TEXHHYECKUX PACUETOB;

g) I[IpoBeneHue anamm3a MPOBEACHHBIX PACUCTOB

h) BbeIBOABI 1 3aKIHOYCHUS

11



[IpaxTrueckoe 3anarue No |

Tema: AHaNUTHYECKOE YCIOBHE PABHOBECHUS INIOCKON CUCTEMBI CXOSALIMXCS CUIT

Henb: Ob6ecnieunTh 3aKpEIUICHUE MOTYUYEHHBIX TEOPETUUECKUX 3HAHUN U
IIPUBUTHE YMEHUN B OIIPEACICHUN PABHOAECHUCTBYIOLIEH CXOMSIIUXCS CHII
AHAIMNTUYECKUM METOJIOM

[IpopomxurensHOCTh — 8 Yaca
1. MarepuanbHOe U TOKYMEHTaJIbHOE O0ecreyeHue:

1.1 UnauBuayanbHOE 3a/1aHUE;

1.2 Meroanueckue peKOMEHAAIMNH K IPAKTUIECKOMY 3aHITHIO;

1.3 MUKpOKaIbKYISATOPHI;

1.4 Bbpanuc B.M. «YeTsipex3HauHble MaTeMaTHuecKue Tadauibn, M., 1968

1.5 Jluctel crangaptaoro gpopmara A4 (297*210) nnst TEKCTOBOTO JOKYMEHTA
no 'OCT 2.105 - 95

2 JIutepatypa

[1],c.28...34

3 OOGuIre 1 TeOpETUUECKUE TOJI0KEHUS TI0 TEME MPAKTUYECKOTO 3aHSITHS

BennuuHa npoekuuu cuiibl Ha OCh paBHA IMPOU3BEACHUIO MOJYJISI 3TOM CHJIBI
Ha KOCUHYC yIJIa MEX/y HallPABICHUEM CHUJIBI U TIOJIOKUTEIIbHBIM
HaIlpaBJIEHUEM OCH.

Fx=F *cosa
Onpenenum BEJIMYMHBI U 3HAKU MPOEKINI MPEACTaBICHHBIX HA PUCYHKE CUJI
( B oOmem Bume, puc. 1).
[Ipoeknuu cun Ha ochb X:
1) Cuna FinmapasutenbHa OCH M HAllpaBJICHA B CTOPOHY TOJI0KUTEIIBHOTO
orcuera ocu, T. €. o. = 0, a cos 0 = 1. [TosTomy

FlX:Fl*COSO:Fl

2) Cuna F , nepnesaukymnspHa ocu X, T. €. yrox o = 90 °, rorga cos 90°= 0 u
Fox=F2+c0s90=0

12



3) Cuna F3 00pa3yer ¢ MoJIOKUTEIbHBIM HAIPABICHUEM OCH YTOJ (L, KOTOPBIi
/2 <o <m. CnegoBaTeNIbHO,
Fax=F3+c0osa=Fz~cos(m—P)=-F3z=~cosp

ra T1
call

I/ITaK, IMPOCKI U F 3x OTpuLaTeibHa, €CJIN OTCUCT IJIMHBI IIPOCKIIUU OT
TOYKH Ha4dalJla BEKTOPaA K €ro KOHIY, IMMPOTHUBOIIOJIOKCH ITOJIOKUTCIIBHOMY
HaIIpaBJICHUIO OCH.

4) Cuna F400pa3syer ¢ noj0KUTeNb5HbIM HapaBieHeM ocH yroi o < 90°
(OCTpBIii YToJ1) ¥ HAIIpaBJICHUE €€ COBIAIAET C MOJ0KUTEIbHBIM
HaIPaBJICHUEM OCH, TOTa

Fa=Fs*cCoSa

[Ipoekuuu cun Ha ochb Y
e [lpoexuus cunbl Fiy=0, T. k. cuna F, nepnenaukynspHa ocu Y,

e Cuna F ; napaiensHa ocu Y U HanpaBiieHa B CTOPOHY
IPOTUBOMOJIOKHYIO TIOJIOKUTEITBHOMY OTCYETY OCcH, T. €. oo =0, a c0S 0 =
[Mostomy Foy=-F5;

e Tlpoeknus cunbl F 3 Oyaer Takke OTpulaTeNibHA, T. K. HAIIPaBJICHUE €€ HE
COBIIAJIAET C MOJIOKUTEIbHBIM HAMPABICHUEM OCU Y U COCTaBUT
Fax=- Fg*SinB
e Tlpoeknus cuibl F4
Fau=Fs* sin a

13



CrpoenupoBaB CWIbl Ha OCU KOOPAUHAT, MOJIYYUM U MPOEKIINU
PaBHOJEUCTBYIOIIEH CUJIBI:
e [Ipoexyus pasnooeticmgyroujeti CUCeMbl CXOOAUWUXCS CUTL HA KAHCOVIO U3
oceli KOOpOUHam pasHa aneedopaudecKol Cymme npoekyull CoOCmagsaouux
CUl HA MY Jice OCb:.
Ry=X Fx;
Ry=2Fy
e  Mooyab pasnooelicmeyouel Cucmembvl CX00AWUXCSL CUT PABEH KOPHIO
K8AOPAMHOMY U3 CYMMbL K8AOPAMO8 ee NPOeKyull Ha 08e 63AUMHO
NnepneHOUKyIApHbLE OCU!
R=VRZ+RZum R=V (T F)2+(ZF)?
e Hanpasnenue pasnooeiicmeayouell onpeodensiemcs ¢ NOMOubIo max
HA3b18AEMbIX HANPABIAIOWUX KOCUHYCOB.

coS ox = Rx. /R
cos oy=Ry/R

[Ipyyem, KocHHYC yria, o00pa3yeMoro BEKTOPOM pPaBHOJEHCTBYIOLIEH C
MOJIOKUTEIbHBIM ~ HAIPaBJIICHUEM  OCH, PaBEH  OTHOIIECHUIO  MPOEKIUU
PaBHOJICUCTBYIOIIEH HAa ATY OCh K MOIYJIFO CAMOM PAaBHOAECUCTBYIOILIEH

W3 BbImIE MMPUBCACHHBIX BI)Ipa}KCHI/Iﬁ HCIIOCPCIACTBCHHO BBLITCKACT YCJIIOBUC
PaBHOBCCH:A IUIOCKOM CHUCTEMBI CXOaAIIuXCsa CUJI B AHAJIMTUYECKOMU (1)OpM€.

Vcnosue pasrnosecus niockoii cucmembl CX00AUUXCS CUTL:
J171st paBHOBECHS TUTIOCKOM CUCTEMBI CXOIAIIUXCS CHUJT HEOOXOIMMO U IOCTaTOYHO,
YTOOBI anreOpandecKkrue CyMMBI IPOCKIIMN BCEX CHII CUCTEMBI Ha KaXIYyI0 U3 ABYX
oceil KOOpAMHAT ObUTA PaBHBI HYJIIO, T. €..

XF=0;ZFy, =0, umu
Rx=0;uRy=0

3ananue Ne 1
Onpenenute BEIUYUHY U HAIIPaBJIECHUE PABHOICHCTBYIOLIEH ITIOCKONW CUCTEMBI
CXOASIINXCS CHJI aHATUTHYECKUM CIIOCOOOM
Tabmuia Ne 1

BapHUaHThbI

1 E 3 4 5 6 7 8 9 | 10
Fi,5]5 8 10 20 10 12 9 11 18 4
kH
F2, |12 10 14 10 12 5 5 15 10 20
12H
Fs, |10 5 6 9 8 10 12 5 15 7
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10xH
Fa , 11 14 7 4 15 20 10 9 6 15
11xH
F
2 F1
A
0
R 45
g
60 ° X
F4

1)

2)

3)

4)

3amanue No2.

Meronnueckne yka3zaHus K perieHuro 3aadu Ne2
IlocneoosamenvrHocms pewieHus 3a0ayu.

OCBOOOJIUTH MIAPHUP OT CBSA3EH U M300pa3HUTh JACHCTBYIOIIKNE HA HETO
aAKTUBHBIC CHJIBI M pEaKIIMM OTOPOIICHHBIX cBs3eil. [IpudeM peakiuu
CTepKHEH CIIeyeT HAallPaBUTh OT IIAPHUPA, T. K. IPUHITO CUUTATH

IMPCAITOJIOKKUTCIIBHO CTCPIKHU PACTAHYTBIMU,

BBIOpAaTh CHCTEMY KOOPJMHAT, COBMECTHMB €€ Hayajo C TOYKOH
nepeceueHus cui. [IpyyeM BEIOMpaeM OCh Tak, YTOOBI oHa U3 ocell (och X
WIH OCh Y) COBIIaJaJIa ¢ HanpaBICHUEM KaKOH-IM0O HEU3BECTHOM CHJIBI.

COCTAaBUTDb YPABHCHUS PABHOBCCH:A, HUCIIOJIB3Ys YCIIOBHA PABHOBCCHA
CHCTCMBbI CXOAAMMNXCA CUJI Ha ITINIOCKOCTH..

XF=0;2Fy. =0,
MIPOBEPUTH MPABUIILHOCTD MOJTYUYCHHBIX PE3YyIbTAaTOB 10 YPaBHCHUIO,
KOTOPO€E HE UCTOJIb30BAJIOCh MTPU PEIICHUH 3aa4yu. /[ 3TOro HyKHO
IIPOBECTH HOBYIO OCH KOOPJAWHAT, HAIIpUMEDP X! 1 3aH0BO cOCTAaBHTH

YpaBHEHUE PABHOBECHS, HAIPUMED,
TR=0
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IIpumep peieHus 3axauu
[Ipumep 1. Onpenenuts peakuny CTEPKHEN, YIEPHKUBAKOIIUX TPY3bI
F1=70 xH u F2 = 100 kH (puc. 1,a). Maccoii ctep>xHeit mpeHeOpeyb.

&) 8)
[
R\ /\’2 =R2um7 y
H
Y A Ry
N0 _
IB i i
F
Puc. |
Pemnenmne:

1. PaccmaTpuBaem paBHOBecue mapHupa B (pucynok 1, a).

2. OcBobOXKIaeM mapHup B oT cBsi3eil U n300pakaeM JEHCTBYIONINE HA HETO
aKTUBHBIC CHJIBI U PEaKIIUU CBA3eH (pUCyHOK 1, 0).

3. Beibupaem crcteMy KOOpIUHAT, COBMECTHB OCh y T10 HAIPABICHUIO C peaKiuei
R2 (pucynok 1, 6) u cocTaBisieM ypaBHEHUsI paBHOBECHS JIJISi CUCTEMBI CHJI,
JNEVCTBYIOIINX Ha MIAPHUP B:

> Fix = -R1.c0s 45° + F». cos 30° =0 (1)
> Fiy= R1-sin45° + Ry + F»-sin30° - F1=0 (2)
4. OnpenensieM peakuuu ctepxkHerd R1 u Ry, pemas ypaBuenus (1), (2).

N3 ypaBuenus (1)

F2-cos30° 100-0,866
Rq.= = =122 kH
cos 45° 0,707

[loacranss HaliieHHOE 3HaUYeHHe R1 B ypaBHeHUeE (2), onyyaeMm
R2=F1 - F2sin 30° - Ry -sin 45° =70 - 100 0,5 - 122 0,707 = -66,6 kH

3HaK MHUHYC TMepel 3HaueHWeM R, yka3plBaeT Ha TO, YTO IE€PBOHAYAJIBHO
BBIOpaHHOE HANpAaBJICHUE PEAKIIMU HEBEPHOE - CIEAYEeT HAlpaBUTh peakiuio R, B
MPOTUBOMOJIOKHYIO CTOPOHY, T. €. K mapHupy B (Ha pucynke 1,0 uctunHoe
HaNpaBJICHUE peakuuu R MTOKA3aHO HITPUXOBBIM BEKTOPOM).
5. [TlpoBepsieM mpaBWIBHOCTh MOJYYEHHBIX pPE3yJbTaTOB, BbIOpaB HOBOE
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pacrionoxkenne oceid koopauHaT X u Y (puc. 1,B). OTHOCUTENBHO 3TUX OCEH
COCTaBJIsIEM YPaBHECHHUS PAaBHOBECHS:
YFix1=-R, cos45°+ F, cos15°- F; cos45°=0 (3)

Y Fiyj'= R;- F; cos45°-R, cos45°- F, cos75°=0 (4)

N3 ypaBHeHnus (3) Haxoaum

F;-cos15°—F;-cos45° 100-0.965-70- 0.707
R,== L = = 66,6 kH
Ccos 45° 0.707

[ToacraBnss HaliieHHOE 3HaUeHE R, B ypaBHeHUU (4), moryyaeM

= F,- cos45°+R,- cos45°+ F,- cos 75°=70 - 0,707 + 66,6 - 0,707 + 100
1

*0,258 =122 xkH

3HaueHus peakuuii R u R, , moiydeHHble pu penieHuu ypaBuenui (1) u (2),
COBIIAJAIOT M0 BEJIMYMHE W HAIIPABICHUIO CO 3HAYCHUSIMU, HAlJICHHBIMU W3
ypaBHeHui (3) u (4), cinepoBaTenbHO, 3a7a4a perieHa npaBuiabHo. CienoBaTeabHoO,
PEaKLUK CBA3EU HAlJICHBbI, BEPHO.

Bapuant Nel
Onpenenuts ycwinss B ctepxHsiXx AC u AB, Bo3HuMKaromue OT cuibl F,
PWIOKEHHOMU K Y311y A, aHAUIUTHUYECKUM METOJIOM

Jlano: F =45 kH.

90°

F
Bapuant No2

Onpenenuts ycuiuss B cTepxHsiXx AC u AB, Bo3HHMKaromue OT cujibl F,
leMHOH(eHHOﬁ K Y3]Iy A, aHAJINTHYECKUM U TpadUueCKUM METOAaMHU

B F Jlano: F =70 xH.
60° 90°
30, A
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BapuanTt Ne 3

Onpenenuts ycunus B cTepxkHsix AC u AB, Bo3HuKawmme oT cuibl F,
MPUIIOKEHHOU K y31y A, AHATUTHYECKUM METOJIOM
Jlano: F =40 xH.

A C

/17

90°

BapuanTt Ne 4
Onpenenuth ycunus B cTepxkHsix AC u AB, Bo3HuKawmme oT cwibl F,

PHJIOKCHHOU K Y31y A, AQHAJTUTUYCCKUM METO0M
Jlano: F =60 xH.

A C

ST

90°

Bapuant Ne 5
Onpenenuts ycwiuss B cTepxHsiX AC u AB, Bo3HHMKaromue OT cujibl F,

MPUJIOKEHHOM K Y371y A, aHATUTUYECKUM U METOJOM

Jlano: F =55 kH.

90°

Bapuant Ne 6
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Onpenenuts ycunus B ctepxkHsix AC u AB, Bo3HuKawmme oT cuibl F,

MIPHIIOKCHHOM K Y311y A, AHATUTHYECKAM METOIOM
Jlano: F =95 xH.
A
B 20° 90°
F
45°
C

BapuanTt Ne 7
Onpenenuth ycunus B cTepxkHsix AC u AB, Bo3HuKawmme oT cuibl F,

HpPIJ'IO)KGHHOfI K Y311y A, AHAJIUTHYCCKHUM MCTOAOM

F Jlano: F=35kH.
B
30°
23° A
80°
C

Bapuant Ne 8
Onpenenuts ycwinss B ctepxHsiXx AC u AB, Bo3HHMKaromue OT cujibl F,

MIPUIIOKEHHOU K y3I1y A, AHATUTUYECKUM METOA0M
Jlano: F =25 xH.

v

B 90° 40° C

Bapuant Ne 9
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Onpenenuts ycunus B ctepxkHsix AC u AB, Bo3HuKawmme oT cuibl F,

MIPHIIOKCHHOM K Y31y A, AQHAJINTHYECKUM METOJIOM
Jlano: F=25xH.
F
A 90°

Bapuant Ne 10
Onpenenuth ycunus B cTepxkHsix AC u AB, Bo3HuKawmme oT cuibl F,

HpPIJ'IO)KGHHOfI K Y311y A, AHAJIUTHYCCKHUM MCTOAOM

F Jano: F=35kH.
B
30°
23° A
80°
C 3amanue Ne 3

[Ipumep pemenus 3agadn

Onpenenuts ycunus, Bo3HUKaromue B crepxkHsax AB u BC nannoii crep:xHeBoOH
cuctemsl, eciu F1 = 15 kH, F2 =25 xH, @ = 30°, @%2= 40°, &= = 60°.

NN AV
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Meronuyeckne ykazaHus K pereHuro 3aaadn Ne3

Ilocrneoosamenvrnocme peuterus 3a0a4u.

1) AHamuTHYeCKOe peliecHHE.

1.1.PaccmaTpuBaem paBHOBecuHe y3ia B;

1.2.01OpackiBaeM CBsI3M, 3aMEHSISI UX YCUIIUSMH B CTEPXKHAX. BrinmomHsem
CXEMY CHJI, CUNTasl BCE CTEP>KHU PACTSIHYTHIMHU, T.€. HAIIPABJICHHBIMH BAOJIb
CTEP>KHS OT y3I1a;

1.3.IIpoBO UM OCH KOOPAMHAT TaK, YTOOBI OJIHA U3 OCEH MpoIIIa Yepes3
OJIHO M3 HEU3BECTHBIX ycuinid. OnpeneseM yribl MEXAY CUJIAMU U OCAMMU.

1.4. CocTaBuM ypaBHEHUSI paBHOBECHS

ZXI- = 0;:N, + N;-Cos30° + F,-Cos7o0°- F,-Cos50° = 0

ZYI- = 0;-N,; Cos60°-F,-Cos20°-F,-Cos40® =0

1.5. Pemaem ypaBHEHHE U HAXOAUM YCHIIUS B CTEPIKHSX.

e 113 BTOpOrO ypaBHEHUS:

CtepxeHb CKarT:
N,= -F;-Cos20°-F,-Cos40°= —25-0,940 —15- 0,766 _ —69.98 kH
Cosboe 0,5
U3 nepBoro ypaBHeHuUs:
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CrepkeHb pacTsAHYT.
N, = -N.Cos30°-F,-Cos70° + F,-Cosho® = 69,98 — 25-0,866 + 15- 0,643 ==
=57,98 xH.

1.5.1IpoBepuTh NPaBUIBHOCTh MOJIYYEHHBIX PE3YJIBTATOB MO YPAaBHEHUIO,
KOTOpPOE HE UCMOJIb30BAJIOCh IPH PEIICHUH 3a1a4yu. Jis 3TOro Hy»,HO

IIPOBECTH HOBYIO OCh KOOPIMHAT, HATpUMep X' M 3aHOBO COCTABUTH
yYpaBHEHHE PaBHOBECHS, HAIIPUMED,

TRI=0

3amanue Ne3
OnpenenuTh peakiuu CTePKHEH, ynepKuBaromux rpy3sl F1 u F2 Maccoit
cTepkHedl mpeHeOopeub. CxeMy CBOero BapuaHTa CM. Ha puc. YucioBbie

JaHHBIC CBOCTO BapHUaHTa B34ATb U3 Taba. 2

Tabmuma Ne 2 k 3aganuio 3

Ne Bapuant | F1 (P1), Fa2 (P2), Ne Bapuant F1 (P1), F1 (P1)
CXEMBEI xkH kH CXEMBEI kH xkH
01 0,4 0,5 21 0,8 0,6
1,11 02 0,3 08 6, 16 22 1,0 1,2
03 0,6 0,4 23 0,7 0,9
04 0,2 0,5 24 0,5 1,0
05 0,5 0,8 25 0,4 0,2
2,12 06 0,8 0,4 7.17 26 0,9 0,5
07 0,4 0,2 27 0,8 0,3
08 1,2 0,8 28 1,2 0,8
09 0,8 1,0 29 0,5 0,7
3,13 10 0,9 0,6 8, 18 30 0,3 0,8
11 0,3 0,8 31 0,8 0,3
12 0,2 0,4 32 1,0 0,6
13 0,5 0,2 33 1,3 1,2
4,14 14 0,9 0,8 9,19 34 1,2 1,2
15 0,6 1,0 35 2,2 1,0
16 1,0 0,9 36 0,7 1,0
17 0,5 0,9 37 0,9 1,2
5,15 18 0,3 0,4 10, 20 38 1,6 0,9
19 0,4 0,4 39 0,8 15
20 0,4 0,8 40 1,2 2,5
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14.

19.

4.TlopsiaoK BRITIOTHEHUST PaOOTHI

4.1 O3HaKOMHUTKCS C 3aJaHUSIMU,

4.2 V3yunTh 00IIHE U TEOPETHUECCKUE TIOJOKEHHSI TI0 TEME MTPAKTUIECKOTO
3aHATHUA,;

4.3 PemnTh 3aJ1a4u CBOETO BapUAHTA;

4.4 Tloka3ath pe3yJIbTaThl PACYETOB MPENOJABATEIIO

5. Bonpocs! m1iist caMONIpOBEPKHU
5.1. Kakue cuibl Ha3bIBAIOTCA CXOOSIIIUMUCS?

5.2. Yrto Ha3bIBaeTCs MpoeKuuen cuiibl Ha ock? Kak onpenensercs ee
BenuuuHa U 3Hak? Korna npoekius paBHa HyI0?

5.3. ChopmynupyliTe aHATUTHICCKUE YCTOBUS PABHOBECHUS CXOSMIITUXCS
CHIL.

5.4 CKONBbKO YpaBHEHHI MOXXHO COCTaBHUTH ISl YPABHOBEIIEHHONW CHCTEMBI
CXOJISIIIUXCS CUII U KaKue?
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5.5 KakoBa 3aBHCMMOCTb MEKJy BEIWYMHOM PABHOJCHCTBYIOLIEH IBYX
CXOIAIINXCS CWI U BEJIMYUHOW YIJIa MEXAY UX JIMHUAMU ACHUCTBUS?

5.6 Kak wnampaBnena cwia F, eciu H3BECTHB €€ NPOEKIMH Ha OCH
MIPSAAMOYTOJIBHOM CHCTEMBI KOOPAUHAT:
a)F=0;Fy=F06)F=-FF=0;B)F=Fy; 1) Fk=-F,

5.7. Kak onpenenuTtb, KaKOW CTEPKEHb PACTSHYT WX CKaT?

6. JlomalHee 3ajgaHue

6.1 HOI[FOTOBI/ITB OTBCTHI HA KOHTPOJIbHBIC BOIIPOCHI

6.2 OdbopMHTH OTHET;
6.3 3yunuth pekOMeHIyeMyI0 JIUTepaTypy.

7. CIucoK uTepaTypbl

1. Makcuna, E. JI. Texanueckas MexaHuka : yueOHoe nocobue mis CI1O
/ E. JI. Makcuna. — Capatos : Hayunas kaura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TekcT : 2JIEKTPOHHBIN // DNEKTPOHHO-OMOIMOTEYHAs CHCTEMA
IPR BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.html

2. Kopomnes, I1. B. Texanueckas Mexanuka : yuaeoHoe mocooue mis CI10
/ T1. B. KopomeB. — Caparos : [IpodoOpa3zoBanue, Aii [lu Ap Meaua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TeKcT : 371€KTPOHHBII
// OnextponHo-6mbMMoTeuHas cuctema IPR BOOKS : [caiit]. — URL.:
https://www.iprbookshop.ru/88496.html
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[Ipaxtrueckoe 3ansatue No 2
Tema: Onpenenenue peakuuu onop 0aJT0YHON CUCTEMBI

Henb: ObecnieunTh 3aKpeIICHUE TOJIYUYEHHBIX TEOPETUUECKUX 3HAHUM U
MIPUBUTHE YMEHUH B ONPEACICHUU PEAKIINU OTIOp OATOUYHON CUCTEMBI

[IponomxuTensHOCTh — 8 "aca
1. MarepuaibHOE U IOKYMEHTAJIbHOE 00eCIICUCHHE:

1.1 UnauBuayanbHOE 3a/1aHUE;

1.2 Meroanueckue peKOMEHIAIMH K TPAKTUYECKOMY 3aHATHIO;

1.3 MUKpOKaIbKYIATOPHI;

1.4 Jluctel crangaptaoro gopmara A4 (297*210) nnst TEKCTOBOTO JOKYMEHTA
no 'OCT 2.105 - 95

2 Jluteparypa

[1],c.59...64

3. OGI_HI/IG N TCOPCTUYCCKUC ITOJIOKCHU 110 TCMC IIPAKTHYICCKOT'O 3aHATHUA

JIBe paBHBIE W TMAapaUICNIbHBIE CHUJIbl, HAIMPABICHHBIE B IPOTUBOIOIOXKHBIC
CTOPOHBI M HE JIEXKAIIWE HA OJHOW MPSIMOW, HA3BIBAIOTCA Mapou cui. JlercTBue
napbl CHJI Ha TBEPAOE TEJIO COCTOUT B TOM, YTO OHA CTPEMHUTCS BpallaTh 3TO TEJIO.
CnocoOHOCTh Maphl CHJI MPOU3BOJUTH BpaIllEeHUE OMPENesieTCs MOMEHTOM Maphl,
pPaBHBIM TPOM3BEJCHUIO CWJIbl HAa KpaTdaillliee paccTossHUE (B3SITOE MO
NEPICHIUKYISPY K CHJIaM) MEXAY JUHUSIMHU AercTBus cuil. O003HAYMM MOMEHT
napel M, a kparuaiiliiee paccTOSHUE MEXIy CUJaMd a, TOTJa aOCOJIIOTHOE
3HAYEHHE MOMEHTA!

M = Fa = Fa.
Mowment napel B CU uzmepsiercst B HptoroHomMeTpax (H*M) nnu B enununax,
KpaTHBIX HbIOTOHOMETPY: KH*M, MH*M u T.11.

[IpaBuio 3HaKOB:

Momenm napol cun 6yneM cuuTaTh Momenm napwot cun OyJaeM CUUTATh,
NOJIOMHCUMENbHBIM, €CITU TIapa OTPHULIATENBHBIM, €CJIM Mapa CTPEMUTCS
CTPEMUTCS MOBEPHYThH TEIIO 1O BpalaTh TEJIO MPOTUB XOJa YaCOBOU
HAanpasieHuIo Xo0a 4acoou CmpeaKu CTpPEJIKU
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HpI/IHHToe IMpaBUJIO 3HAKOB JII MOMCHTOB IIap YCJIOBHO

Pucynok 1

MoMeHT CHJI OTHOCHUTEJIBLHO TOYKH U OCH
a) o) 8)

| o/
lr'@s‘—’éf

Pucynox 2

MOMEHT CHJIbI OTHOCHUTEIBHO TOYKH OIIPCACIIACTCA IIPOHU3BCIACHUCM MOOYJIA
CUJIbl HAa JUIMHY INCPICHAUKYJIAPHA, OIIYIICHHOI'O M3 TOYKH HAa JIMHUIO I[GI\/JICTBI/IH
CHJIBI.

Mowment cuibl F orHOCHTEIRHO O OoIIpCACIIACTCA IMPOU3BCACHUCM CHUJIBI HA ITIJIICYO

M,(F)=F a

N3mepsaroT MOMEHTHI cuil B HblOTOHOMeTpax (H*M) mnm B COOTBETCTBYIOIIMX
KPAaTHBIX U JOJIbHBIX €MHUIIAX, KAK U MOMEHTHI IIap.

Tlocneoosamenvrnocmo peuernus 3a0ayu.

1) u300pa3uTh OaJKy BMECTE C HArpy3KaMHu;

2) BBIOpATH PACIIONIOKEHIE KOOPAMHATHBIX OCEH, COBMECTHB OCh X C OAJIKOM, a OCh
y HamnpaBUB MEPHEHIUKYIISIPHO OCH X.

3) Npou3BeCTH HEOOXOUMbIE MPEOOPA30BAHMS 33/IaHHBIX AKTUBHBIX CHII: CHILY,

HAaKJIOHCHHYIO K OCH OanKu moa yriiomMm o, 3aMCHHUTDb JIBYMS B3aMMMHO
NCPHNCHANKYJIAPHBIMHA COCTABJIAIOIIMMU, d PaBHOMCPHO paCIIpPCACIICHHYIO
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Harpy3Ky - €€ paBHOJECUCTBYIOLIEH, IPWIOKEHHON B CEPEAUHE yYacTKa
pacupeneneHus Harpy3Ku

4) ocBOOOIUTH OAJIKY OT OIOp, 3aMEHUB UX JIEHCTBHE PEAKLUSIMU OIOD, ,
HaIpaBIECHHBIMU BJIOJb BEIOPAHHBIX OCEi KOOPIMHAT.

5) cocTaBUTh YpaBHEHHUS PAaBHOBECHS CTATUKH JIJIsl TPOU3BOJIBHOM TIIOCKOM
CUCTEMBI CUJI TAKUM 00pa30M U B TaKOW MOCJIEI0BATEILHOCTH, YTOOBI PEIIEHUEM
KQKJI0T0 U3 3TUX YPaBHEHUH OBLIO ONpe/ieSIeHue OJTHON U3 HEU3BECTHBIX pEeaKIui
o1op.

6 ) IpOBEpPUTH NPABUIHHOCTD HalIEHHBIX OMIOPHBIX PEAKLIUii 10 YPaBHEHHUIO,
KOTOpO€E He ObLIO MCIIOJIB30BAHO AJIs PELLICHUS 3aauu.

ITpumep 1
OnpenenuTs peakuuu onop o6anku (puc. 3,a).

y =
L p IM=70+rH =T
x 4 B Y31,
a) % a=370° | _4
g - Ik P A
Lo . o
yA Ml
A Fx |8 e ———
J) - 7 P %
R ¥ M g<a ~
Ay ~ RD_y
0) A x |8 a ad 0
RA
< s | -
Puc. 2
PucyHnok 3

Pemenue
1. M306pa3um Oanky ¢ AeHCTBYIOIIMMHI Ha He€ Harpy3kamu (puc. 3,a).

2. N300paxkaemM ocu KOOPJIMHAT X U ).

3. Cuny F 3amensiem ee cocrapisiomumu Fy, = F cosa u F, = F sina.
Ipu F = 20xH: F,=20 sin 30° = 10xH; F, = 20 cos 30°= 17,3 xH.

PaBHopelicTByromas q-CD paBHOMEpPHO pacnpeaeeHHOM Harpy3Ky, MPUIOKEHHAs
B TOYKE MEepPECEeUCHUsI AuaroHainel npsMoyroyibuuka (puc. 3,0), mepeHOCUTCS 1o

JIMHHUH CBOETO JIUCTBUSA B cepenuny ydactka CD, B Touky K (Q = g*I),
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rane | =CD).Q=12=2«kH.
4. OcBoOox1aeM OajKy OT ONOp, 3aMEHUB UX ONMOPHBIMU PEAKLUAMH (PUCYHOK 3,

B).
5. CocraBisieM ypaBHEHHUsSI PABHOBECHSI CTATUKH U OTIPE/ICIIIEM HEH3BECTHBIC
pEaKIMU OTIop.

a) 13 ypaBHEHH CyMMbl MOMEHTOB BCEX JE€HCTBYIOLIUX HA OajIKy CHI,
COCTAaBJICHHOI'O OTHOCUTEIBHO OJHOU U3 TOYEK OIOP, Cpa3y OMPEAEIIIeM ONHY U3
HEU3BECTHBIX BEPTUKAJIBHBIX PEAKIINI:

Smy=F, AB + M + Q AK —Rpy AD = 0

Roy= (F, AB+ M + QAK)/AD = (101 +10 +2 3) / 4 = 6,5 kH;
OmnpenensieM Ipyryio BEPTUKAIBHYIO PEAKIUIO:

S mp=R,, AD - F, BD + M —Q KD =0
Ra, = (F,BD-M+QKD)/4=(103-10+22/2)/4=55kH;

OnpenensieM rOPpU30OHTAIBHYIO PEAKIIMIO:

2X;i =Ry, -F,=0;R, =F =Fcosa=200,866=17,3 kH

6 IIpoBepsieM NpaBUIBHOCTh HAWJIEHHBIX PE3YJIHTATOB:

XY; :RAy -F-Q+ RDy=5,5—1O -2+6,5=12-12=0

VYcnosue paBHoBecHs XY= 0 BBINOJIHAETCS, CJIEIOBATEIBHO, PEAKIIMH OIIOP
HaWJEHbI BEPHO.

ITpumep 2.

Onpenenuts peakunu Zy, Y4 u My B xKecTkou 3aaenke (puc. 4).
IIpu P =5KH-M,q = 2 KH/M.

pj ik

B . Y ¥ Y ¥ ¥
Y 0,75:1_
Q
#E L5m ,

Pucynox 4

Pemenue.
1. PaccmarpuBaem paBHOBecue Oanku AB.
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2. PaBHOMEpHO pacIpeesIeHHYI0 Harpy3Ky 3aMEHsIeM COCPEIOTOUEHHOM,
MPUIIOKEHHOM MocpenHe yyactka, Q = q-a = 2+ 1.5 = 3 kH.

3. KoopnuHatHyo OCh Z pacronaraeM BJI0JIb OCH OaJIKH, a OCh Y -
NEPHEHIUKYJISIPHO €H.

4. B 3amemiieHHH MOTYT BOSHUKHYTh JBE ONOPHbBIE peakuuu Z, u Yy (BAOIb
Y NEPIEHIUKYISIPHO OCU OAJIKK) U peaKTUBHBIA MOMEHT My . B naHHOM ciyyae
peakuus Z, = 0, Tak Kak Ha 0ajaKe HET HU TOPU3OHTAJIbHBIX, HU HAKJIIOHHBIX CHUII.

5. CocrapnsieM ypaBHEHUS! PAaBHOBECHS JJIsI POU3BOIBHO PACIOIOKEHHBIX

CHIL.
ZZ:ZAZO,
ZY=—P—Q+YA=O,

ZMA(Pi) — M. +0Q-125—M+P-3=0,
(mpeamnoJiaracM, 4To peaKTHBHBI MOMEHT HaIlpaBJICH MPOTUB YaCOBOU
CTPEJIKH).
W3 BTOpOTO YpaBHEHUS:
Yy=P+Q=5+3=8kH.
W3 TpeThero ypaBHEHHUS:
Mp=-Q-125+M—-P-3=-3-1,25+4—-5-3 =-14,75 KkH.

3HaK MUHYC ITOKa3bIBaeT, YTO PEAKTUBHBI MOMEHT HAIIPaBJICH HE TIPOTHB
JaCOBOU CTPEIIKH, & B IPOTHBOIIOJIOKHYIO CTOPOHY. MeHsieM HanpaBienne My Ha
gepTexe (CM. puc. 4).

CocraBiisieM ypaBHEHUE JIJISl TIPOBEPKH PEIICHHUS.

zMB(Pi):—M—Q-1,75+YA-3—MR:4—3-1,75+8-3—14,75=0.

Ycnosue paBHoBecus Y, Mg (P;) = 0 BBIOJHSIECTCS, CIICA0BATEIbHO, PEAKIIUH OTIOP
HANJCHBI BEPHO.

3amanue Ne 1

J7ist 3aaHHOM IBYX OMOPHOM OANIKK OMpeneNuTh peakiuu onop. McxomaHbie
JTAaHHBIC B3STh U3 Ta0J. U pHUC. 5

Tabmuna 1
Ne cxembl Ne Bapuanra F1 F2 m
kH kH kHwm
1 20 10 12
1 2 12 8 20
3 10 20 15
4 16 8 25
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3ananue Ne 2

Jist cTanbHOM Oanku, dKECTKO 3alEMICHHOM OJHUM KOHIIOM M Harpy>Ke€HHOM, Kak
MoKa3aHo Ha pucyHke (cxembl 1 — 10), onpenenuTs peakuuu B 3ajieike (puc. 6),
Tab. 2

Tabnuma Ne 2

Ne Ne
CXCMBbI BapI/IaHTa

Ne Ne
CXCMBI BapI/IaHTa

L
e
L
=
<

=

an
Lz
2

=

am

kH/M kH/m kHwMm

[EEN

1 6

= =
Bo~NBrwvujowooon »-

[EEN
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10
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o
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Cxewmsl Kk 3a1aue: (puc.6)
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3amanne Ne 3

J71s1 3a1aHHOM IBYX OTMIOPHOM OalKu ONMPEeAeUTh peakiuu onop. Mcxoaubie
JTaHHBIE B3STh U3 TabJ. 3 u puc. 7

Tabmwmma Ne 3
No No F, g, M, No No F, g, M,
cxeMbl | BapuanTta | KH kH/m kHMm | cxemsbl | Bapuanta | kH kH/™m kHwm
1 1 1 1 1 5 2 10
1 2 2 1 4 6 2 6 1 16
3 3 2 2 3 8 1 8
4 4 2 6 4 5 2 12
1 2 1 6 1 3 1 5
2 2 3 2 8 7 2 5 1 2
3 6 2 3 3 2 1 6
4 5 1 6 4 4 2 10
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1 2 6 5 1 2 10 8
2 4 5 3 8 2 3 8 10
3 7 2 4 3 4 5 12
4 6 2 10 4 5 2 16
1 2 5 7 1 2 10 8
2 1 8 9 9 2 5 4 7
3 3 6 10 3 3 2 9
4 4 9 14 4 5 3 10
1 2 6 10 1 2 3 5
2 4 3 12 10 2 3 2 6
3 8 1 20 3 4 1 10
4 6 3 15 4 1 5 8

4.TTopsiioK BBITIOJIHEHUST PaOOTHI

4.1 O3HaKOMUTECS C 3aJaHUSIMH;

4.2 VI3yuuTth 00IIHE U TEOPETUUECKHUE TIOJIOKEHHUS 110 TEME MPAKTUIECKOTO
3QHATHS;

4.3 PemnTh 3a1a4yu CBOETO BapUaHTA;

4.4 TToka3aTh pe3yiabTaThl paCU€TOB MPEIO/IABATEIIO

5. Bonpocsl ajist caMONpoOBEPKHU

5.1. Uto Ha3wIiBaeTcs mapoi cuiu?

5.2 Yro onpenenseT 3G dEKT AeHCTBUS Tapbl CUJT?

5.3 Mmeet nu napa cuil paBHOJACUCTBYIONIYIO?

5.4 Kak MOXHO ONpeeIuTh MOMEHT Mapbl CUII?

5.5 Kak onpezensieTcsi MOMEHT CUJIbI OTHOCUTENIBHO TOUKHU?
5.6. Kak onpezensieTcs mie4do CUiIbI?

5.7. Korjga MOMEHT CUJIbl OTHOCUTEIBHO TOYKHU PaBEH HYJIIO?
5.8. Kakoe mpaBuio 3HaKa MOMEHTa CUJIbI OTHOCUTEJILHO TOUYKU?
5.9. Kakwue paznuyaror onopsl 6anok?

5.10. Kakue Harpy3ku MOTYT OBITh MPUJIOKEHBI K Oanke?

6.JlomarrHee 3agaHue

6.1 IlonroTOBUTH OTBETHI HA KOHTPOJIBHBIC BOTIPOCHI

6.2 ObopMHTH OTUET;
6.3 3yunTh pEKOMEHIYEMYIO JINTEPATYPY.

7. CIuCOK IuTepaTypbl

7.1. Apkyma A.W. ,®pomoB M.U. Texunyeckas mexannka — M. -,1983
7.2 2.Cadonora I'.I',, AptioxoBckas T.IO., EpmakoB J[.A. Texuuueckas
Mexannka: Yueonuk. — M.:MH®PA — M, 2015.
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[IpakTueckoe 3anstue Ne 3

Tema: PacTsikeHue U ckatue: pacyeTsl Opyca Ha MPOYHOCTh U KECTKOCTh

Lenp: OGecneunTh 3aKperieHHe MOMTYYeHHBIX TEOPETHUECKUX 3HAHUH U
MPUBHUTHE YMEHHI B TOCTPOCHUE AMIOP MPOIOJBHBIX CHJI, HOPMATbHBIX
HaIpsHKEHUH U mepeMeleHnii CBOOOJHOro KoHIa Opyca

IIpopomxurenpHOCTh — 8 Yaca

1.MatepuasibHOE U JOKYMEHTaJIbHOE 00eCIeyeHHeE:

1.1 nauBuyanbHOE 3a/1aHUE;

1.2 Meroauueckue peKOMEHIAlMK K MPAKTHYECKOMY 3aHSITHIO;
1.3MUKpOKaNBbKYJIATOPHI;

1.4TOCT 6636 -69 «OcHOBHBIC HOPMBI B3aUMO3aMEHSIEMOCTH.
HopMmasibHble muHElHBIE pa3MepBI»;

I'OCT 8509-93 «¥Yronku cTanbHbIE TOpAYECKATAHBIE PABHOIIOJIOYHBIE.
CoprtameHT»

1.5 JIuctel cranmaptHoro ¢popmara A4 (297*210) nast TEKCTOBOTO
nokymenTa o 'OCT 2.105 - 95

2 JIutepatypa

[1],c.219...245

3. O6mIme 1 TeOPETUUECKHUE TOTOKEHUS IO TEME MPAKTHUECKOTO 3aHATHUS

[Ipu pabGote Opyca Ha pacTsSKEHHE U CXKATHE B €ro MOMEPEYHBIX CEYCHHSIX
BO3HHUKaeT npoaoisbHas cuna N. [IpogonbHas cuna B MPOU3BOJIBHOM MONEPEYHOM
CeUeHHH Opyca YHCIEHHO paBHAa anreOpanvyeckol cymMMe MPOEKIM Ha ero
MPOJIOJIBHYIO OCh BCEX BHEUIHUX CUJI, IEUCTBYIOIIMX HA OTCEYEHHYIO YacCTh.

Jlyist pacyeTa Ha MPOYHOCTHh W OMpPENENEHUs TTePEeMEICHI HEOOX0AMMO 3HATh
3aKOH U3MEHEHUS NPOJOJIbHBIX CUJI TIO €T0 JJINHE.

Ilpasuno 3nakoe: npu PacTsHKEHUM TPOJOJIbHAS CHUJIA TOJOXKUTEIbHA, TMPH
CKaTUU — OTPHIATEIbHA.

VYc10BHE MPOYHOCTH TIPH PACTKCHUU U CHKATHH UMECT BHU]I
N
== < [o], [1a

rae 6, N — COOTBETCTBEHHO HOpPMaJlbHOE HAaNpsiKEHUE W MPOJOJbHAs Cujia B
OMacHOM CEYEHUHU (T.€. B CEYEHUH, II€ BOZHUKAIOT HAaMOOJIbIlIee HAMPSKEHUE);
A — miomaap MONepeyHoOro CEYeHUs;
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[c] — nomyckaemoe HampsbkeHue.

Hcxonst u3 ycinoBUs MPOYHOCTH, MOYKHO pelliaTh TPU BUIA 3a/1a4;
1) mpoBepka NpOYHOCTH;

2) monoop ceuenuss A> N/ [c];

3) ompenencuue gomyckaemoit Harpysku [N] < [c]*A.

Ilocneoosamenvhocmo pewrenus 3a0auu Ne 1:

1.

Pa30buth Opyc Ha y4acTKH, HAYMHasi OT CBOOOJHOTO KOHIIA.
['panuIiaMu y4acTKOB SIBISIFOTCSI CEYCHHSI, B KOTOPBIX MPHJIOKECHBI BHEII-
HUE CWJIBL, a JUId HANpsHKCHUHA TakKe W MeCTa HM3MEHEHHs pPa3MepoB
TIOTIEPEYHOTO CEUCHHUSI.
Omnpenenuts mo Meroxy ceuenuit (PO3Y) npomonpHyI0 CHITYy ISl KaXI0TO
ydactka (opauHathl 3mopbl N) U MOCTPOUTH SMMIOPY MPOAOTabHBIX chil N.
[IpoBens mapamensHo ocu Opyca 0a30BYH (HYJIEBYIO) JIMHUIO SITIOPHI,
OTJIOXKHUTH TEPIICHANKYISIPHO €l B MIPOMU3BOJILHOM MaciiTade MojydyaecMbIe
3Ha4YeHHsI OpauHAT. Uepe3 KOHIIBI OpJMHAT MPOBECTH JUHHH, MPOCTaBUTH
3HAKW U 3aIITPUXOBATH MIOPY JIMHUSIMH, TAPAJUICITLHBIMUA OPIMHATAM.
JUist  TOCTpOEHUsT JHIOphl  HOPMAIbHBIX HAMNPSKEHUNW — OmpenessieM
HAIPSDKEHUs B TIOTIEPEYHBIX CEYEHUSX KaXKI0ro U3 y4acTKoB. B mpepenax
KaXKJIOTO YYacTKa HAIPSKEHUS! TOCTOSHHBI, T. €. SMI0pa Ha JAHHOM Y4acTKe
U300pakaeTcs MpsIMOii, mapasieaTsHOM ocu Opyca
[lepememienrie cBOOOMHOTO KOHIIAa Opyca ompefenseM Kak CyMMy
yITUHEHUN (YKOpOYEHHI) y4acTKOB Opyca, BBIYHMCIEHHBIX MO (opmyse
I'yka

AL=(06*0)/E,m

rae E — monyns ynipyroctu, Ila

[Ipumep

Jlist maHHOTO cTyneH4aroro oOpyca (puc. 1, a) moCTpouTh S0Py MPOAOIBHBIX CHII,
SIIOPY HOPMAIbHBIX HANPSDKEHUH U ONPEACIUTh MepeMelieHue CBOOOTHOTO
KOHIIA, €CIIU

E =2:10° MIla = 2-10** Ila;

F,;= 30 kH=30x103 H; F,=38 xH = 38-103 H; F;=42 xH = 42-10° H;

A;=1,9 cm? =1,9-10* m?, A=3,1 cm?= 3,1x10% m?.

Pemeunwue:

1. Pa36uBaem Opyc Ha y4acTKH, Kak [MOKa3aHO Ha puc. 1, a.;
2. Ompenensiem opauHaThl mopsl N Ha ydacTkax Opyca:
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Ny = F,= 30 xH;

Ny = F;= 30 H;

Ny = F;- F, = - 8 xH;
Ny=F;- F, - F5= - 50 kH.

CrtpouM s1opy mpoaoibHbIX cuil (puc. 1,0).

Q) A
tZ - A,
A 5 5 5
e
7
A v v Vi /
A g2m | G4m [Qim] G5m | G3m
: 30707,
] &
d) Hxl's!l“ 3 NH
CL 810
i 50-10°
- 758 |G, Mila
g il
6) H TITETIIL
=i 25,8
T 75
Pucynox 1

3. Bbruucisiem opauHATHI SMIOPHI HOPMATBHBIX HATIPSDKCHUI:

Ny _ 30 - 10° 158 - 105 Ma = 158 MII
A, 19104 4= v

O =

Ny 30-10°

oy = =2 = —=96.8-10°Ila = 96.8 MIla;
A, 3.1-10

Ny = 8-103

Oy = — =—25.8-10°la = —25.8 MIla;
A, 3.1-10

. 103
op = L= 220 - _163.10°la = —163 MIla;
A, 3.1-10

CTtpouM 3Mr0py HOPMATBHBIX HaNpsoKeHuH (puc. 1, B).
4. OmnpenensieM mepeMenieHne cBOOOAHOTO KOHIA Opyca (HaYWMHATH HYXKHO C
MeCTa 3a/ICIKH €T0):
A=Al + Al + Al + Al + Aly;
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Al =Y = 0spmi ALy = (6 *0) /E =0 m
E-A;

N”'l” _ 30103510_1

Al = = =3.94-10"* M = 0,394 Mum;
WEEa, T2 10m 19-10-8 oo 10T M= 0394
NIII - lIII 30 - 103 - 01
Al = = = 0.484 - 10™* M = 0,0484 mu;
L £ A, > 1011.31.10-¢ 0.48 07*m = 0,0484 mum;
NIV .lIV 8- 103 -4 - 10_1 —4
Aly = — E A -~ 2.100.31 10 —0.516-107* M = —0.0516 mm;
- A, . .31 -
NV 'lV 50 103 02 —4
Al, = — = —1.61-107* M = —0.161 mpM;

E-4, 2-101-31-107%
[TonHoe nepemenienre cBOOOIHOTO KOHIIA Opyca COCTaBHIIO:

A =0.394 + 0.0484 — 0.0516 — 0.161 = 0.23 Mm;
OtBet: bpyc ynnunsiercs Ha 0,23 MM.
3amanue Nel

JIByXcTyneH4aThlii CTaNbHOU OpYC, AJIMHBI CTYIIEHENH KOTOPOTo yKa3aHbl Ha
puc.(cxemsr 1- 10),Harpyxen cuiamu F1, F, Fs.

[TocTpouTs MIOPHI MPOIOIBHBIX CHII U HOPMAJIBHBIX HAMIPSHKEHUN 10 IITUHE
opyca. Onpenenuts nepemenienue Al cB0OOOTHOTO KOHIIa Opyca, TPUHSB

E =2*10°MIla. Yncnossle 3Hauenus Fi, Fo, Fs., a Taxke mioman TOIEePEUHBIX
cedeHuil cryneHen A1 u Az 11 CBOET0 BapuaHTa B3sTh U3 Tao. 1.

Taobmmma Ne 1

Ne cxembr Neo F1, F2, Fs, Az, Ao,
BapuaHTa kH kH kH cm? cMm?

1 30 10 5 1,8 2,6

1 2 16 15 10 1,1 1,8
3 17 13 8 1,0 2,1

4 14 16 11 0,9 1,8

1 20 8 14 1,2 1,8

2 2 15 5 13 1,0 1,2
3 18 10 15 1,2 1,8

4 11 6 12 0,8 1,2

1 16 25 18 1,2 1,8

3 2 8 13 15 0,6 1,2
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3 15 24 29 1,3 2,9
4 9 14 16 0,8 14
1 26 9 10 1,9 1,6
4 2 16 6 2 1,0 0,7
3 24 10 8 2,0 1,7
4 16 7 6 11 0,9
1 14 16 10 2,1 1,9
5 2 17 19 13 2,4 2,1
3 20 18 12 2,5 2,2
4 13 17 9 2,0 1,7
1 28 22 12 2,8 2,6
6 2 19 14 4 2,4 2,1
3 26 20 10 2,6 2,2
4 20 15 6 1,9 1,7
1 17 13 6 11 1,5
7 2 20 17 10 1,3 1,9
3 14 10 6 11 1,3
4 19 15 Il 1,0 1,6
1 10 12 13 0,9 0,7
8 2 17 19 20 1,6 1,4
3 9 11 12 1,0 0,8
4 20 22 24 2,1 1,9
1 40 55 24 2,8 3,4
9 2 31 46 20 1,9 2,5
3 25 41 18 1,6 2,1
4 28 53 22 2,6 3,2
1 29 2 54 1,9 1,4
10 2 19 2 34 1,3 0,9
3 30 4 56 2,0 1,5
4 18 3 37 1,5 1,3
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3ananue Ne 2

PaccmartpuBasi crep>KHEBbIE CUCTEMBI, pa0OTAIOIINE HA PACTKEHUE U CHKATHE,
4acTO BO3ZHMKAET HEOOXOIMMOCTh BBIMOJHUTH TPOECKTHBIM pacyeT, a TaKKe
OLICHUTh MPOYHOCTh BEIOPAHHOTO CTAHAAPTHOIO CeYeHUs CTepKHA. CTepKHU
UMEIOT OJIMHAKOBBIE MONEPEYHbIE CEUCHUSI.

IlocnedoeamenvrHocms pewenus 3adauu Ne 2:

1. OmnpenenuTh peakiuu CTEP>KHEH, WUCIONb3Yysl YpaBHEHUS PABHOBECHS IS
IUIOCKOM CHUCTEMBI CXOJSLIMXCA CWJI M TIPOBEPUTH IPABUIBHOCTH
HaWJEHHBIX peakiuil.(cM. npakTuueckoe 3anstre Ne 1, mpumep 1);

2. Jlns Hanbosee Harpy>KeHHOTO CTEPKHSI, UCTIOIb3Ys YCIOBUE MTPOYHOCTH

Al
ONPEJCHUTh IUIONIAlb IONEPEYHOTO CEUEHHUsS CTEPXKHS, I0JI00paTh II0
copramenty (COCT 8509—93) moaxoxsimuii HOMEp TpOPUIST U HAUTH
CTaHJapTHOE 3HAYCHUE TUTOIIAINA ITOTICPEUYHOTO CEUCHUS CTCPIKHS;

3. Omnpenenuth MPOIEHT TEpe- WM HEJAOTPY3KH HamOojiee HarpyXKCHHOTO

CTEPIKHS, UCITOJIB3YsI YCIOBUE IPOYHOCTH

op<[o],
NPY IPUHATHIX CTAaHAAPTHBIX pa3Mepax IUIOIaIN MOTIEPEIHOTO CECUSHUSI.

[Tpumep 2

JIs1 JaHHOM CUCTEMBI JBYX CTEPKHEW OJUHAKOBOTO MTOMEPEYHOr0 CEYEHUS,
HarpyxeHHbIx cunamu F1 =70 kH u F2 = 100 kH (puc. 11, a),

onpeneNnuTh: 1) TpedyemMyro mIomaab MOMepPeUyHbIX CEUeHUN CTEP>KHEH, COCTOS -
IIMX U3 JBYX PAaBHOOOKHUX YTrOJKOB, U 0100path o 'OCTy (cMm. npusnoxxenue )
COOTBETCTBYIOIIUU MPO(UIIb YTOIKA;

2) onpenenuTh IPOIEHT NIepe- WK HEAOTPY3KH HanboJiee HarpyKEHHOT'O CTePIKHS
MIpU IPUHATHIX CTAaHAAPTHBIX pa3Mepax ceueHus, npuHsaB o = 140 Mlla.

{1} 6J 8}

Pucynox 3
Peakuuu crepxHe yxe ObUH ONpeeieHbl Ha TpakTuyeckoM 3auatuu Ne 1. Ux
BennunHbBI coctaBuin: R1= 122 kH; Rz = 66,6 xH (1m0 moayio).
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Pemenue
1) OmpenensieM TpeOyeMyo TUIOIIAb TOTIEPEYHOTO CEYCHUS ISl HanboJee
HArpy>KEHHOTO CTEPKHSA:

N 122103
Npax= N1= 122 xH; — A4= [T‘l] = 10 = 872 mm? = 8,72 cm?

ITInomans paBHOOOKOTO yroiaka noaoupaem no 3Hadenuio A,= 8,72 /2 = 4,36 cm?

Hcnonb3ys npunoxenue, HazHayaeM npoduib Ne6,3 (63x63x4), mioiaaso
[A]=4,96cM2. Takum 06paszoM, Tpebyemas IIOmaAb MOIEPEYHOr0 CEUEH s
cTepskHel OyneT paBHa: 2[A] =2%4,96 = 9,92 cm?.

PaGouee HaIIPSAKCHUC B ITOINICPCUYHOM CCUHCHUU HauOoJiee Harpy>KCHHOT'O CTCPIKHA:

_ Ny _ 122-103

o= = = 123 H/mm? = 123 mlIla
2[A] 2-4.96-102

2) IlpoBepsieM MPOYHOCTH HANOOJIEe HATPYKEHHOTO CTEPIKHSI:

ol — o 10006 = X0 =122 b0 — 1290
[0] ° T T 140 0T e

Henorpy3ka cocrasinser 12.9 %.

3amaua Ne 2

ITo ncxonubiM nanHbIM 3agauu Ne 3 (cM. npakTuyeckoe 3anatue Nel)
onpenenuTh: 1) TpedyemMyro miIoNaab MOnepeyHbIX CEUeHU CTEPIKHEH, COCTOsI-
IIMX U3 JBYX PAaBHOOOKHUX YrOJKOB, U o00path o 'OCTy (cMm. npusnoxenue )
COOTBETCTBYIOIIUH MTPO(HIIb YTOIKa;

2) onpenenuTh IPOIEHT NIepe- WK HEAOTPY3KH HauboJiee Harpy >KeHHOTO CTePIKHS

MIpU IPUHATHIX CTAaHAAPTHBIX pa3Mepax ceueHus, npuHss o = 140 Mlla.

4.1Topsa1OK BBIIOJIHEHUS! PAOOTHI

4.1 O3HaKOMUTBCS C 3aJaHUSIMU;

4.2 V3yunTth 00IIHE U TCOPETUUCCKHE TTIOJIOKEHHUS 110 TEME MPAKTHICCKOTO

3aHATHS;
4.3 Pemntsb 3a/1a4i CBOETO BapUAHTA;
4.4 1Toka3aTh pe3ynbTaThl paCU€TOB MIPEIOIABATEIIO
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5. Borpocsl 11 caMOnpOBEPKU
5.1. Kakoli BUJ HarpyxeHusi Opyca Ha3bIBa€TCs PacTSHKEHUEM U KaKOW —
cKaTueM?

5.2 Yro Takoe 3MmI0opbl NPOJOJIBHBIX CHJI U HOPMAJIBHBIX HampsbkeHun? 1 ne
OHM CTPOATCS?

5.3 Kak 3anuceiBaeTcs 1 Kak GpopmynupyeTcs 3akoH ['yka npu pacTskeHuu
(cxatum)?

5.4 Kakoll Bua MMeeT quarpaMma pacTshKeHHsI 00pas3ia MalloyriaepoaucTOn
cranu?

5.5 B ueMm pasHMia MeEXAy YCIOBHOM M WCTUHHOW JavarpamMMamu
pacTsKeHHsl maTtepuana?

5.6. UeMm oTnuyaetcs 1uarpaMma pacTsiKeHUs TIIACTUYHOM CTalH OT

JUarpaMMBbl PACTSIKEHUS XPYIIKON cTanu?

5.7. Yto Ha3bIBaeTCA JONMyCKAaeMbIM HamNpsikeHueM matepuana? KakoBo ero
3HaueHue I MpoYHOoCcTH MaTepuana? Kak oHo BeIOMpaercs st
IUIACTUYHBIX U XPYTKUX MaTEPUaIoB?

5.8. [louemy nonyckaemMoe HanpsiKEHUE JOJKHO ObITh HUKE IIpejiena
IIPOIIOPLIMOHATIBHOCTH JAHHOTO MaTepuaa?

5.9 Uro Ha3zpiBaeTcs KO (HULIMEHTOM 3amnaca MpOYHOCTH?

6. Jlomarniaee 3agaHue

6.1 [ToArOoTOBUTH OTBETHI HA KOHTPOJIBHBIE BOPOCHI

6.2 ObopMHTD OTUET;
6.3 MBy4uTh peKOMEHIYEMYIO JIUTEPATYPY.

7. CUCOK uTepaTypbl

3. Makcuna, E. JI. Texanueckas MmexaHuka : yueoHoe mocooue mis CI1O

/ E. JI. Makcuna. — Capatos : Hayunas kaura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TekcT : 2NMeKTPOHHBIN // DAEKTPOHHO-OMOINOTEUHAS CHCTEMA
IPR BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.htmi

4, Kopoues, I1. B. Texuuueckas mexanuka : yueOHoe nocooue ais CI1O

/ I1. B. Kopones. — Caparos : [Ipodo6pazoBanue, At [lu Ap Menua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TeKcT : 31E€KTPOHHBII
/I DnexTpoHHO-O0MOIMOoTeuHas cuctema IPR BOOKS : [caiiT]. — URL:
https://www.iprbookshop.ru/88496.html

46


http://www.iprbookshop.ru/87082.html
https://www.iprbookshop.ru/88496.html

[TpakTrueckoe 3anarue Ne 4

Tema: KpyueHue: pacu€Tbl Ha MPOYHOCTh U KECTKOCTh

Henb: Ob6ecneunTh 3aKpEeIICHUE MOTYUYEHHBIX TEOPETUUECKUX 3HAHUN U
MPUBUTUE YMEHHUM B MOCTPOCHUH SIIOP KPYTALIMX MOMEHTOB IO JJIMHE BaJja,
OIIpENIENICHUH TUaMeTpa Bajia KPyIJjoro U KOJbLEBOIO CEYEHHsI U3 YCIOBHUS
MPOYHOCTH U KECTKOCTU U 3P (HEKTUBHOCTH BHIOPAHHOTO CEUYECHHUS MPU IPOUUX
PaBHBIX YCIOBHSIX.

[IpononxuTenbHOCTh — 2 Hyaca
1.MarepuasibHOE U JOKYMEHTaJIbHOE O0ECIICYEHNUE:

1.1 UunuBuayanbHOE 3a7aHUE;

1.2 MeToaudeckrue peKOMEHAAIMH K TPAKTHICCKOMY 3aHATHIO;

1.3 MUKpOKaNbKYJISATOPHI;

1.4TOCT 6636 -69 «OcHOBHBIE HOPMBI B3aUMO03aMEHSIEMOCTH.
HopmanbHble TMHEWHBIE pa3Meph»;

1.5 JIuctel cranmaptHoro ¢popmata A4 (297*210) nst TEKCTOBOTO
nokymenTa o 'OCT 2.105 - 95

2 JIutepatypa

[1],¢.250...262

3. O6mIme 1 TeOPETUUECKHUE TOTOKEHUS IO TEME MPAKTHUECKOTO 3aHATHUS

Kpyuyennem Ha3bpIBalOT TaKoW BHJI Harpy>keHws Opyca, NMPH KOTOPOM B €ro
MONIEPEYHBIX CEYCHUSX BO3HUKACT TOJBKO OJIMH BHYTPEHHHH CHIIOBOM (pakTop —
KPYTAIIUNA MOMEHT.

KpyTsmuii MOMEHT B MPOH3BOJIHFHOM IIONEPEYHOM CEYCHHUU Opyca paBeH
anreOpanyeckol CyMMe BHEIIHMX MOMEHTOB, JICHCTBYIOIIUX Ha OTCEYCHHYIO
4acTh: (MMEETCA B BUAY, YTO IJIOCKOCTH JICMCTBHUS BCEX BHEIIHUX CKPYUYHBAIOIINX
MOMEHTOB, MEPHEHIUKYJISIPHBI TPOI0JILHON OcH Opyca).

bynem cunutath KpyTAIIMi MOMEHT MOJIOKUTEIbHBIM, €CIIN I HAOII01aTes,
CMOTPSIIIETO HAa MPOBEJACHHOE CEYCHHE, OH MPEJACTABISICTCS HAIPaBICHHBIM I10
yacoBoi cTpenke. COOTBETCTBYIOIIMM BHEITHWMM MOMEHT HAaIlpaBJIEH MPOTHUB

4acoBOM cTpeniku (puc. 1).
B nanHo# paboTe HEOOXOAUMO BBITIOJIHUTH

M ‘ HpOGKTHBIfI pacder Bajia KPyriioro Mjim
@* KOJBbLECBOI'O IIONICPECYHOTO CCUYCHUA U3 yCJIOBHﬁ
z 2

® ©

47



MPOYHOCTHU U U3 YCIOBUM KECTKOCTU. M3 NBYX MOMYYEHHBIX 3HAYEHU N
JMaMETPOB CIeAyeT BhIOpaTh HauOOJIbIIIee 3HAUCHUE.

Ilocreoosamenvrnocme peuterus 3a0a4u:;

1. OnpenenuTsb BHEMIHUE CKPYUYMBAIOIIME MOMEHTHI IO (hopmyJie

M = P/w, Hm
rae P — momHocTs,
( — YIJI0Basi CKOPOCTh;
2. Onpenenuth ypaBHOBEIIMBAIONIUNA  MOMEHT, HCIOJIb3YysSd YpaBHEHUE
paBHOBECUS
>M; =0,

TaK KaKk TpH pPaBHOMEPHOM BpaIllEHWHU Bajla ajredpauveckas cymma
NPWIOXKEHHBIX K HEMY BHELIHUX CKPYUYMBAIOIIMX (BpAILlalOIINX) MOMEHTOB
paBHA HYJIIO;

[Tone3ysice meromgom cedeHuit (merogom PO3Y),
KPYTAIIUX MOMEHTOB T10 JJIMHE BaJjla;

MOCTPOUTH  BIIOPY

JInst yyacTka Baja, B KOTOPOM BO3HHMKAET HAHMOOJBINUM KPYTSIUA MOMEHT,
OIPEETUTh THAMETpP Bajia KPYIJIOTO MM KOJBIIEBOTO CCUCHUS M3 YCIIOBHS
MPOYHOCTH M JKECTKOCTH. JIJISI KOJIBIIEBOTO CEUYCHHS Baja IMPHHSITH
COOTHOIIIEHHE AuaMeTpoB C = dy/d, d, — BHyTpeHHuil auameTp Koubua; d

— HAPYKHBIM THAMETP KOJIbIIA.

H3 ycrosun npouHocrTu:

H3 ycaosun secrkocru:

Mzmax Mzmax
W,> — , Ip = ——— ,
= {xd Gleo]
rane M, nax — HaHGONbUIHA KPYTH- rane [, — DoJasipHbBIH MOMEHT HHep-
ILHH MOMEHT; UHH CEeYeHHSA,;
W, — noasipHbeli MOMEHT COMNpO- G — MoAy/b YNpPYFroOCTH MPH CABHIE;
THBJIEHUS] KPYUEHHIO; l9o] — nonyckaembii yros 3aKpyuH-
[tx] — monyckaemoe KacaTtenbHOe BaHHA CeUHeHHS
Hanps»xeHve
Ceuernue s8anra — Kpye
W nd? s v nd?*
A - 4 32

Heo6xoaumMbl#i MO NMPOYHOCTH
AxHaMeTrp BaJia

Heo6x0auMBIFi MO XKECTKOCTH AHa-
MeTp BaJja:

d e 3 16M2"|8X d — 4 32MZ max
V. "nft.] nGlgo)
Ceuenue sana — KoAbYO
nd? 3 nd* a
Wp___—lfi_(‘—C)' Ip-— TQ—(I'—C).

Heo6xoauMblii MO NMPOUYHOCTH Ha-
PY>XHBIH AHaMeTp KoAbuUa

d é‘ ’ lﬁM"nﬁ‘
o H[IK](I ")

Heo6X0aHMBIH MO »XECTKOCTH Ha-
PYXXHLIH AHaMeTp KoJiblia

LN 32Mo
o nGleo)(1 —c*)
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ITpumep Ne 1

I[JIH CTAJIbHOI'0 BajJa MOCTOAHHOI'O 11O AJIMHC CCUCHUA Tpe6yeTc;1:

1) onpenenuts 3HaueHUs MOMEHTOB M, U M3, COOTBETCTBYIOIIME MEPEIABAEMbBIM

L

&) |50

2500

[T e, e

MOITHOCTSAM P, n P3 , a TakKe ypaBHOBEIINBAIOIINIMA
MOMEHT M;;
2) MOCTPOUTH AMIOPY KPYTAIIMX MOMEHTOB,;
3) ompenaenuTh TpeOyeMblii AuamMeTp Bajla U3
pacyeToB Ha MPOYHOCTb U KECTKOCTh, Mojaras o
BapUaHTy (a) MOMEpPEeYHOE CEUEHHE Bajla — KPYT;
no BapuaHTy (0) — TMOMepeuyHoe CeYeHUEe Bajla —
KOJIBIIO, UMEIOIIIEEe COOTHOIICHUE IUaMETPOB
c=dy/d=0,8.

[Mpunste; 1] = 30 MIla; [@q] == 0,02 pag/m =

0,02-1073 pag/mm; P,= = 52 xBrt; P;= 50 xBrT;

o =20 pan/c;'

OxkoHuatenbHOE 3HaUeHue quaMmerpa npuHsTh o 'OCT 6636 -69.

Penrenue

1. OHpGIIGJUIGM BHCHIHNUC CKPYYHNBAIOIINC MOMCHTEI:

P2_52-103_2600H
0 20 M
_P3_50-103_2500H
~ w20 M

2. OnpenensieM ypaBHOBEITUBAIONIUNA MOMEHT M,
YM; =0;M; — M, — M3 =0; M{ = My + M; = 5100 H - m.
3. OnpenensieM KpyTSIIUA MOMEHT TI0 Y4acTKaM Baia:
M, = M; = 5100 H - m;

My, = My

— M, = 5100 — 2600 = 2500 H - m.

Ctpoum 3m0py KpyTSimux MmomeHToB M, (puc. 2, 6).
4. OmpenensieM TUaMeTp Bajia U3 YCIOBUI MPOUYHOCTH U HKECTKOCTH:

M, max = 5100 H - m. (puc. 2, 6)

a) Ceuenue sara — kpye

H3 ycaosua npounocru:

H3 ycaosua amecrxocru:

3 16 M nax 4 32Mzmax
7 T nGlh]
VIG .5 100- 10° \/ 32-5 100-10°
= = 95,2 MM . — =
3,14-30 3,14.8-10*.0,02- 10~ 49
= 75,5 MM™m.
[Tpunumaem d = 95 mm. [Tpunumaem d = 76 mm,




TpeOyemblii [uaMeTp MOTYUUIICS OOJbIIE U3 pacyeTa Ha MPOUYHOCTh, TOITOMY
€ro MPUHUMAEM KaK OKOHUYATeNbHBINA d = 95 MM.

6) Ceuenue sara — KoAbYO

H3 ycrosusa npounocTu:

3 16M ; max

aft jl—cz

3 16-5 100-10°

= = |13 MMm.

3,14-30(1 —0,8%)

" Tpunumaem d = 114 mm

H3 ycaosusn axecrkocru:

4= o [ 32M,max
HG[(po](l —~ C

.{ 5100-10°
3,14-8-10*.0,02-10~%1—

= 86,5 Mm.

[Tpuiumaem d = 86 mm.

0,8

Tpe6yeMLIe AUAMCTPbI OKOHYATCIIBHO ITPUHHUMACM M3 PpACUCTOB HA IIPOYHOCTD!: d=

114 mm; dy=0,8d = 0,8 - 114 =91,2 mm. [Ipunumaem d, =

JIi1st CTajIbHOTO MOCTOSTHHOTO TIONepevYHoro ceueHus (puc. 3, cxemsr 1 -10):

3amanue Ne 1

1) ompeneauTh 3HaAYCHUS MOMEHTOB M1, M2, M3, My:;

2) TOCTPOUTH JMIOPY KPYTAIIMX MOMEHTOB,;

3) ompeaenuTh IHaMETP Bajla U3 pacyeTa Ha IPOYHOCTH M KECTKOCTD, IoJaras
10 BapHaHTY (a) MorepeyHoe ceYeHue Baja — KpyT;
no BapuaHTy (0) — TIIONepeyHoe CeYeHHEe Bajla — KOJBIIO, HMMEIOIIEE

COOTHOIIIEHHE TuameTpoB C = dy/d = 0,7.

[IpunsaTh [T,] =
G = 8*10* MIla.

92 MM.

30 MIla; [@o] == 0,02 pag/m = 0,02-10"2 pan/mm;

JlanHbie cBOEro BapwaHTa B3siTh M3 Tabn. 1. OkoHYATENbHO 3HAYCHHE TUaMeTpa

npusaTh 1o ['OCT 6636 -69.

Taobmmma Ne 1

Ne cxempbl No BapuanTa Py, Ps, Py,
kBT kBT

1 35 20 15

1 2 150 100 50
3 40 25 20

4 110 60 30

1 130 90 40

2 2 100 65 25
3 90 45 20

4 120 30 30

1 15 10 35
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3 2 75 80 25 40
3 55 65 25 20
4 45 50 35 23
1 60 40 20 20
4 2 150 100 75 55
3 95 70 45 35
4 110 85 50 30
1 100 18 50 20
5 2 50 15 25 18
3 40 120 20 20
4 100 80 65 25
1 60 150 80 55
6 2 45 100 60 30
3 50 110 75 30
4 20 85 35 20
1 18 35 40 10
7 2 16 30 45 12
3 20 35 100 25
4 60 90 120 45
1 20 50 30 10
8 2 40 115 55 16
3 65 140 80 35
4 18 40 25 8
1 52 100 60 32
9 2 30 80 45 15
3 35 95 50 18
4 50 120 65 20
1 80 95 75 25
10 2 75 120 90 30
3 42 60 55 18
4 35 75 40 20

CxeMbl Kk 3a1aye: (puc.3, cM. HIXKE)

4.1Topan0OK BBIIOJHEHUS! PAOOTHI

4.1 O3HaKOMUTBCS C 3aJaHUEM;

4.2 3yanTh 00IIHE U TCOPETUICCKHUE MOJIOKEHUS 10 TEME TIPAKTUICCKOTO
3aHATHS;

4.3 Pemnts 3a/1a4y CBOETO BapUaAHTA;

4.4 1Toka3aTh pe3yabTaTbl paCU€TOB MIPEIOIABATEIIO




w U
T %
-

7
% Y
77 v
My M My M
8
% /4
Vi 7
My M, My M,
9

10

Pucynox 3
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5. Borpocsl i1t caMONpoOBEpKU

5.1. Kaxkoit cinyuait Harpy>keHusi Opyca Kpyrioro nonepeuHoro CEUeHus
Ha3bIBAETCS KPyYEHUEM?

5.2 Kakue OCHOBHBIE JONYyLIEHHsS MPHUHATHI IPU H3YYEHHH TEOPUU
KPY4EHHS KPYIJIOrO MOMEPEYHOIO CEUCHUS ?

5.3 Yro Takoe KpYyTAIIMA MOMEHT W Y€MY OH PaBEH B NPOU3BOJIBHOM
CEYEeHHMH BKpyuuBaeMoro opyca?

5.4 Kak ctpouTcs 3mropa KpyTAIIUX MOMEHTOB?

5.5 lns uero cTpouTcs 3Mopa KpyTAUIMX MOMEHTOB?

6. Jlomarnaee 3agaHue

6.1 HOIIFOTOBI/ITL OTBCTHI HA KOHTPOJIbHBIC BOITPOCHI

6.2 ObopMHUTD OTUET;
6.2 3y4nuTh pEKOMEHAYEMYIO JIUTEPATYPY.

7. CIMCOK JIUTepaTyphl

7.1 Maxkcuna, E. JI. Texanueckas MexaHuka : yueoHoe rmocooue mist CI1O
/ E. JI. Makcuna. — CaparoB : Hayunas kaura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TekcT : PICKTPOHHBIN // DIEKTPOHHO-OMOIMOTEUHAsT CHCTEMa
IPR BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/87082.html

7.2 Kopones, I1. B. Texandeckast Mmexanuka : yaebHoe mmocooue mist CI1O
/ T1. B. Kopone. — Caparos : IIpodo6pazoBanue, Ait I[Tu Ap Meaua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TekcT : 2JIeKTPOHHBIN
/" DnekrpoHHO-OmMOIMoTeuHass cucrema IPR BOOKS : [cait]. — URL:
https://www.iprbookshop.ru/88496.html
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[IpakTueckoe 3ansatue Ne 5

Tema: M3ru6: pacuérel Ha MPOYHOCTH. BBIOOP pallMOHaNBHBIX CEYEHUMN

Henb: ObecnieunTh 3aKperiCHUE TOJIYUYEHHBIX TEOPETUUECKUX 3HAHUM U
MIPUBUTHE YMEHUH B MMOCTPOCHUU AIOP MOMEPEUHBIX CUJT U U3THOAIOITUX
MOMEHTOB T10 XapaKTePHBIM TOYKaM , B BEIOOpE palmOHaIbHBIX CEUCHUM

[IpononmxurenbHOCTh — 4 Haca
1.MatepuasibHOE U JOKYMEHTaJIbHOE 00eCIeyeHHeE:

1.1 uauBuayanbHOE 3a7aHUE;

1.2Meroanveckue peKOMEeHAAIMN K MPAKTUYECKOMY 3aHSATHIO;

1.3 MUKpOKaIbKYISATOPHI;

1.4 TOCT 6636 -69 «OcHOBHBIE HOPMBI B3anMo3aMeHsIeMOocTH. HopmanbHbIe
JIMHEVHBIE pa3MephI»;

1.5T'OCT 8239 — 89 «/IByTaBpsI cTaJIbHBIE TOpsiueKaTanbie. COpTaMeHT»

1.6T’OCT 8240 — 97 «IlIBennepsl cTanbHbIe TOpsiuekaTanbie. COpTaMeHT»

1.7 JIuctel cranmaptHoro gpopmara A4 (297*210) nyst TEKCTOBOTO JOKYMEHTA
no 'OCT 2.105 - 95

2 JIutepatypa

[1],c.278...303

3. O6miue 1 TeOPETUUECKUE TOTOKEHUS IO TEME MPAKTHUECKOTO 3aHATHUS

N3rub — 3710 Takoi BUJ HArpyXeHHs Opyca, IpU KOTOPOM B €ro
MOTIEPEYHBIX CEYCHUSIX BOSHUKAIOT M3THOAIOIINEe MOMEHTHI. B OONBITMHCTBE
CJIy4aeB OJTHOBPEMEHHO C M3THOAIOIMMH MOMEHTAMH BO3HUKAIOT U MONIEPEUHBIE
CWJIBL, TO TAKOW M3TH0O HA3bIBAIOT MONEPEUHbIM. Eciiu nonepeyHbie CUIIbl HE
BO3HHUKAIOT, TO U3rM0 HA3bIBAIOT YUCTHIM.

e U3srubaromuii MOMEHT M, B TPOU3BOJIBHOM MONIEPEUHOM CECUCHHUH
Opyca 4HUCIEHHO PAaBEH aNreOpandecKoil CyMMe MOMEHTOB BHEIITHUX
CHUJI, JEUCTBYIOIIKNX HA OTCEYEHHYIO YaCTh, OTHOCUTEIBHO LIEHTPA
TSOKECTH cedeHus: M, = Y M.
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e JlonmepeuHas cuia B IpOU3BOILHOM MONEPEYHOM CEUEHUU Opyca
YUCJICHHO paBHA alreOpanyecKkoil CyMMe BHEIIHUX CHJI,
JNEeNUCTBYIOIINX Ha OTCEUCHHYIO YacTh: Q = ) F.

e [IprueM Bce BHEIIHUE CUIIBI U MOMEHTBI JEUCTBYIOT B IJIaBHOM
IPOJIOIBHOM TJIOCKOCTHU Opyca U PacIoyiOKEHbI MEPIEeHIUKYISIPHO
POJI0JILHOM ocH Opyca.

» Ilpasuno 3unaxos 051 nNOnepeuHoli Culbl: CUIIaM, TTIOBOPAYNBAIOITIM
OTCEYECHHYIO YacTh OaJIKM OTHOCHUTEIBHO PacCMaTPUBAEMOTO CEUYCHUS IO
X0y 4acOBOH CTPEINIKH, MPUIMHICHIBAETCS 3HAK ILTIOC (pHC. 1, a), a cuawm,
MIOBOPAYMBAIONIUM OTCEYCHHYIO YacTh OAJIKF OTHOCUTEIHHO
paccMaTpuBaeMoOro Ce4eHHs MPOTUB X0J1a YaCOBOU CTPEJIKH,
pUNUCKIBaeTCs 3HaK MUHYycC (puc. 1, 0).

» Ilpasuno 3uaxos 015 u32udAOWUX MOMEHMOS8: BHEIITHAM MOMEHTOM,
M3rH0aoNM MBICJICHHO 3aKPEIUICHHYIO B PACCMaTPHBAEMOM CEUYCHUHU
OTCEYCHHYIO 9acTh Opyca BBITYKIOCTHIO BHU3, IPUITUCHIBACTCS 3HAK ILITIOC
(puc. 1, a), a MOMeHTaM, U3TUOAIOIINM, OTCEYCHHYIO YacTh Opyca
BBIMYKJIOCTHIO BBEPX, — 3HaK MUHYC (puc. 1,6).

Mexay usrubaroiuM MOMEHTOM M., OTIEPEUHON CUIION @y, ¥

MHTEHCUBHOCTBIO pacipeieIeHHON Harpy3Kku (| CyIIecTBYIOT TudpepeHiranibHbie
3aBUCUMOCTH:

dM,  dQ,

dz= dz=q

Ha ocnoBe Metoma ceuenuit wu  guddepeHIMaTIbHBIX — 3aBHCUMOCTEH
YCTaaBIMBAETC B3aUMOCBA3L OHIOp Myu QyMexay coO0OH W C BHEIIHEH

Hany3KOﬁ, IIO3TOMY AOCTATOYHO BBIYHCIHNTL OPAMHATHI JIIIOP AJIA XAaPAaKTCPHBIX
CCUYCHUM U COCIUMHHNTD UX JIMHUAMU.

XapakTepHbIMH SIBIISTIOTCS CEUCHHUS OalKu, TJI€ MPHIOKEHBI COCPEIOTOYCHHBIC
CWIbl W MOMEHTHl (BKJIIOYas OIOpPHBIE CEYEHHUsA), a TaKKE CEUCHMUS,
OTPaHUYMBAIOIIHUE YYACTKH C PABHOMEPHO PACIPENECICHHON HAIPY3KOM.

9 -0
b M M
' 1
| g ( M )
5) LY \j—/
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IIpusedem nexomopwvie npaguia NOCMpPoOeHUsL INIop.
» {1 oniopbl NONEPeynbIiX CUll:

1. Ha y4acTke, Harpy>K€HHOM paBHOMEPHO pacCIpeIeICcHHON Harpy3Kou, 3Iopa
n300pakaercs NpsIMOM, HAKJIOHEHHOM K OCU OaJKu.

2. Ha  ydactke, cBOOOJHOM OT paclnpelesieHHOW Harpysku, OSImopa
n300paxaercs NpsMou, mapayyieIbHON OCH OaNKu.

3. B ceuenun Oanku, rae nNpuiokeHa COCPEeOTOYEHHAs mapa CUJl, IornepeyHas
CUJia HE U3MEHSET 3HAUCHUSI.

4. B ceueHnu, rae MpuiIOKEHA COCPEAOTOUYEHHAs CUJIA, 3HAUEHUE MONEPEUYHOU
CWJIBI MEHSIETCS CKauKOOOpa3HO Ha 3HAUYEHHE, PaBHOE MPUIIOKEHHOMN CHUIIe.

5. B KkoHIleBoM cedyeHuH Oajkyd TMONEpeYHas Ccuja YHUCJIEHHO paBHA
COCPEJJOTOYCHHOW cuiie (aKTUBHOM WM PEAKTHUBHOM), MPUIIOKEHHOW B 3TOM
CEUYECHUMU.

6. Eciii B KOHIIEBOM ceueHuU OalKi He MPUII0KEHA COCPEOTOUEHHAs! CHIIa, TO
NOTEPEYHAs CUjla B ’TOM CEYEHUU PaBHA HYIIO.

» J{ns sniopsl uzeubarouux MOMeHmos:

1. Ha yyacTke, Harpy>keHHOM PaBHOMEPHO paclpe/ielIeHHON Harpy3Kow, smopa
MOMEHTOB H300pakaeTcsl KBaJpaTHYHOW Tmapabosiol. BreimykiiocTs mapaboJisl
HaIlpaBJIEHA HaBCTPE4y HArpyske.

2.Ha y4actke, cB0OOJTHOM OT paBHOMEPHO pacIpeieIeHHON Harpy3Ku, 3Iopa
MOMEHTOB H300pakaeTcs MPSAMOK JTMHUEH.

3.B ceuennu 6anku, riae NpUIoKeHa COCPEeTOTOUCHHAs Mapa CUJl, U3THOArOITNi
MOMEHT MEHSETCS CKauyKoOoOpa3HO Ha 3HAUCHHE, PAaBHOE MOMEHTY IPHIOKCHHOM
I1apsbl.

4, srubaroniuii MOMEHT B KOHIICBOM CEUCHHH OAJIKU paBeH HYJIIO, €CIIH B HEM
HE [IPUI0KEHA COCPENOTOUECHHAA I1apa CUJI.

5.Ecnu ke B KOHIIEBOM CEUCHHMH MPWIOKEHA aKTUBHASI WM peaKTHUBHAs mapa
CHJI, TO U3THOAIONTNI MOMEHT B CCUCHUH PAaBEH MOMEHTY MPUJI0KECHHOM Haphl
6. Ha yuacrtke, rae monepedHas cuja paBHA HYIIIO, OaJIKa UCIIBITHIBACT YHCTHIN
M3rH0, W JIIOpa M3TrHOAIONINX MOMEHTOB HM300pa)kaeTcsl MpsIMOM, HapayuieIbHON
ocHu OaJIKH.

7.  M3sruGaromuiit MOMEHT NMPUHUMACT SKCTPEMaJIbHOE 3HAYCHUE B CEUCHHH, TJIC
SIIOpa NOMEPEUYHBIX CUII IIPOXOIUT YEPE3 HYJIb, MEHASA 3HAKU C « + » HA « - » HIIH C
« - » Ha «+»,

B paccmatpuBaeMoil 3amade TpeOyeTcsi MOCTPOUTH SIIOPbI MONEPEUYHBIX CUI U
M3TU0AIONMX MOMEHTOB, a TaKKe MOM00paTh pa3Mepbl MOMEPEYHOTO CEUCHUS
0aJyiku, BBITTOJIHEHHOM U3 MPOKATHOTO PO uiIsi — AByTaBpa.

VYcnoBue npoyHOCTH A 0AJOK C CEUYEHUSMH, CUMMETPUYHBIMU OTHOCUTEIBHO
HEUTPAIBLHON OCH, UMEET BU:

56



rae W, — oceBoil MOMEHT CONTPOTUBIIEHUS CEUCHMUS.
Jns monbopa cedenust Oanku (IIPOEKTHOTO pacyeTa) W3 YCIOBUS IPOYHOCTH
OIIPENENAI0T HE0OX0IMMOE 3HAUEHHUE OCEBOTO MOMEHTA CONPOTHBIICHUS:

W, =

Mx max

o]
[lo HaiineHHOMY MOMEHTY cONpOTHBIeHUs W,, moaOMpaOT COOTBETCTBYIOLIEE
CEUEHUE 110 COPTAMEHTY (CM. IIpUjIokeHue 1).

JIist 3aKperyieHHOW OAHUM KOHIOM OalKd CTPOUTH BIIOPHI 11eJIeco00pa3Ho Cco
cBOOOHOTO KOHIIa (4TOOBI N30€kKaTh OMpPEACIICHHS OTIOPHBIX PEAKINI B 3a/I€NIKE).

v' TlocnenoBaTeabHOCTh PEIIECHNS 3aJaUu:

1.banky pa3enuTh Ha Y4aCTKH 10 XapaKTePHBIM CCUCHUSIM.

2.0mnpenenuTs BUJ OIMIOPHl  TOMEPEYHBIX CHJI Ha KaXJAOM YydacTKe
3aBUCUMOCTH OT BHEIIHEW HArpy3Kd, BBIUMCIUTH IIOMEPEUYHBIC CHIIbI
XapaKTEPHBIX CEUCHUSIX U TTOCTPOUTH AIIOPY MOMEPEUHBIX CHJL.

3.0mnpenenuTs BUJ SIIOPHl M3rHOAIONIMX MOMEHTOB Ha Ka)XXJIOM YYacTKe
3aBUCUMOCTH OT BHEIIHEH Harpy3k, BBIYUCIUTH H3THOAIONINE MOMEHTHI
XapaKTEePHBIX CEUCHUAX U TIOCTPOUTD AIIOPY U3THOAIOITUX MOMEHTOB.

4. ]Ins nanHoW Oanku, MMEIOIIEH MO BCEW JIMHE TMOCTOSHHOE IOTIEPEYHOC
CEUCHME, BBINOJHUTH MPOCKTHBIA pacuer, T. €. ompenaenutb W, B omacHOM
CEUYCHUH, T/Ie M3rN0AOIMNI MOMEHT UMEeT HauOoJIbIIIee IO MOTYITIO 3HAUCHHE.

w w

w® W

ITpumep 1.
JIJis 3a1TaHHOM KOHCOJILHOM OaJKH (IToTNiepevHoe ceueHrne-IByTaBp, [a]= 160 MIla)
TIOCTPOUTS JMIOPBI @y ¥ M, 1 TO100PaTh CEYEHUE IO COPTAMEHTY.

Pemenue
1. lenum Oanky Ha y4acTKHU MO XapaKTepHbIM ceueHusim 4, B, C (puc. 2, a).
2. OnpenensieM 3Ha4Y€HNs TTIONEPEYHOM CHIIBI (), B XapPAKTEPHBIX CEYEHUAX U
CcTpouM 31opy (puc. 2, 6):
Qy =—F, = —1kH
Qyy =—F, = —1xH
Qi =-F+ FF=-F,+-F=-1+2=1xH
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3. OnpenenseM 3HaYEHUS M3ruOArOIero MoMeHTa Mx B XapaKTepHBIX
CEUYEHUSX U CTPOUM 3MIopy (puc. 3, a):

MA=0

Mg’=F, * AB=1*3 =3 KHM;
Mg®=F, * AB+M =1*3+ 12 = 15 kH-V;
Mgp= Fo * AC+M-F, *BC=1*5+12-2*2=13 KkHV;
4 Vicxoas u3 smtopsl M, (puc. 3, B)
M, max = 15 kH-Mm =15 * 10° H-mm;

My max _ 15- 10°

We = [o] 160

= 93700 mm3 = 93,7 cM®

B cootBerctBun ¢ I'OCT 8239—89 BeiOuMpaem naytaBp Ne 16 (cm.

noxenue 1).
[Tpumep 2.

npu-

Jlns 3amaHHOM JIBYX OINOpHOM Oanmku (puc. 4, a) OompelneiuTh PEakidu Orop,
IOCTPOMTH OJIMIOPHI TMOMEPEUYHBIX CHJI, M3THOAIOIUX MOMEHTOB M OIPEICIIHTh
pa3mepsl nonepeunoro ceuenus (h, b, d.) B popme mpsmoyronpHHKa WK Kpyra,

npuHsB 171 npsimoyroisHuka h/b — 1,5. Cuurats [o]= 160 MI1a.

e [locinenoBareapbHOCTh pELICHUS 3a/auyd Ta K€, YTO U B MPEIbIAyIIeH
3anaye. OTIMYMe JUIIb B TOM, YTO JAHHYIO 3aJja4y HAUMHAIOT peniaTh C
OTIpEeJIeICHUs] peakiuii omnop Oajdkhd W TPOBEPKH MPABHIBHOCTH

HaMIeHHBIX PEeaKIHIA.
y
a) H=16xH \Rs=10kH  pF2=T0KH Ro226H § 120Kt s
“ [~ M,=10kH M '; )
0 B C 77 ﬁ -
-~ ‘%f“”‘ o Ty Ty T
U LS LR
0 = 4 -
Rop
# 22\ L
? TS a— ”“JHH@H”HHH 4y xH
18 8
20
2} I l i M.r.KHM
90 712
122
PI/ICYHOK4
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Pemenue.

1. OHpeI{eJISIeM OIIOPHBIC PCAKIIMU U IIPOBEPSACM UX HalJIcHHbIC 3HAYCHUS
ZMD:()?ZMD :'M1+F2 *CD+M2 +RB *BD'Fl*OD:O;

My —F,*CD—M, + F;xOD 20-30-6—10+18-15

Ry = — — = 10 «H;
ZMBZO;ZMB:_F1’0B+M2_F2'BC_RD_M]_:O
—F,-OB+ M, —F, gc— —18-54+10—-30-4—-20

RD= 1 2 2 -BC M1= — _272kH

BD 10

Tak xak peakiusi Rp moayduiachk O 3HAKOM MHHYC, TO H3MEHSIEM €€
NepBOHAYaIbHOE HANpaBICHUE Ha MPOTHBOIIOJIIOKHOE. VICTHHHOE HampaBlieHHUE
peakuuu Rp—sBHu3 (puc. 4, 0).

IIposepka:

>Yy=—F+RgtF,—Rp=-18+10+30-22=0.

VYcnoBue cratuku )Y;= (0 BBINOJIHSAETCS, CJEIOBATEIbHO, PEAKIUU OIOP
OTIpeJIeNIeHbI, BEPHO.
[Ipu mocTpoeHnu MIOP UCTIOIB3yEeM TOJIBKO UCTUHHBIE HAPABIICHUS PEaKIIHii

Or10p.
2. Henum Oanky Ha y4acTKu 1o xapaktepHbsiMm ceuenusim O, B, C, D
(puc. 4, 6).
3. OmnpenensieM B XapaKTEPHBIX CECUCHUSIX 3HAUCHUS TIONIEPSUHOM CHITBI

@y ¥ CTPOUM SITIOPY CIICBa HANpaBo (puc. 4, 8):
o =-F;=- 18 kH;
5= -F;=- 18 xH;
Qrcl)p: - F1+ Rg = - 18+10= - 8 xH;
cP=-F;+ Rg =-18+10= - 8 xH;
Q' =-F;+ Rg+F, =-18+10 + 30 = 22 xH;
P=-F;+Rg+F, =22 kH

4, Beraucisiem B XapakTepHBIX CEYCHUSX 3HAUEHUS N3THOAIOIIETO
MOMEHTA U CTPOUM 310py (puc. 4, 2):

Mg=-F;- AB=-18 - 5=-90kH w™m;
Zes=_F, * OC+ Rg*BC =-18 * 9 + 10 * 4= - 122 kH"m;
Mgp =-F, *OC+Rg -* BC+M,=-18* 9+10*4 + 10=- 112 xkH"Mm;
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Mp**=-F;-* OD + Rg-* BD + M, + F,-* CD = -18 * 15+ 10 * 10 + 10 + 30-6 =
20 xH-m.

5. Boruucinsiem pasmepsl cedeHus JaHHOW OanKu U3 yCIOBUN TPOYHOCTH
Ha U3ruo MO JBYM BapHaHTaM: a) CEYEHUE — MPSMOYTOJIbHUK C 33JIaHHBIM
COOTHOIIIEHHUEM CTOPOH (puc. 4, e);

6. 0) ceuenne — Kpyr (puc. 4, 0). Beruucnenue pazmepon
MPSIMOYT'OJILHOTO CEYEHHUSI:

. 6
W, = Memax _ 122107 _ 4765 106 my?
[6] 160

2
Ucnionwiysa popmyny W, = ﬂ U yuuThIBas, uro h = 1,56, Haxoaum

b= 3/6W" 3/60762 10° _ 1023/2.06 = 127 mu
2.25 2.25

Ucnonb3ys popmyny W, = ——, HaX0auM AUAMETP KPYTIOTrO CEUCHUS

_o[3amy _s[32-0762-10°
- Tr 314 - S7O MM

3amaHue

[To uCXOIHBIM JaHHBIM 33JJaHUN IPAKTUYIECKOTO 3aHATHS Ne 2:

a) IOCTPOMTD AIIOPHI MOTMEPEUHBIX CHJI, U3THOAIOIIMX MOMEHTOB;

0) ompemeauth pasmepsl momepeunoro ceuenws (h, b, d.) B dopme
IpSIMOYTOJIbHUKA WM KpyTa, IPUHAB I npsmoyronbauka h/b — 1,5

B) II0100paTh CeUEHUE 10 COPTAMEHTY (J1Ba IIBEJIEpA U JIBYTaBp);

Cuwurats [o]= 160 Mlla;

I) U3 pACCUYWTAHHBIX BapuaHTOB (OPM TMOMEPEYHOro CeuYeHHWs BHIOpATh

ONTUMAJIbHBIN BapUaHT U 00OCHOBATH €TO.
4.1TopanoK BBIIOJIHEHUS! PAOOTHI
4.1 O3HaKOMUTBCS C 3aJaHUSIMU;
4.2 V3yanTh 00IIHE U TCOPETUUCCKHE TIOJIOKEHHUS 110 TEME MPAKTHICCKOTO
3aHATHS;
4.3. Pemnthb 3a/1a4u CBOEr0 BapyaHTa;

4.4. IToka3aTh pe3yabTaTbl PACYETOB MPENOAABATENIO

5. Bonpocsl 1iisi cCaMONIpOBEPKHU
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5.1. KakoBbl IpaBuiia 3HAaKOB U3rMOAOIIMX MOMEHTOB U MONEPEUHOMN CUIIbI?

5.2. Jlnst 4ero CTPOSITCA SMIOPHl M3THOAONIUX MOMEHTOB M MOMEPEUHBIX
cun?

5.3. TloueMy MOXXHO HE OIpEAENATh OMNOpPHBIE peakuuu 1isd Oajkwu,
3aIleMJIEHHOM TOJIBKO OJTHMM KOHIIOM, IPHU MOCTPOEHUHU 3MIOP MONEPEUHbIX
CWJI U U3TUOAIOIIUX MOMEHTOB?

5.4. Kak HailTu Ha 3MIOpE MOMEPEUYHbIX CHJI CEYEHHUE, B KOTOPOM BEJIMYMHA
U3rudaroniero MOMeHTa UMeeT Hauboblliee 3HaUeHue?

5.5. o kako#t Gopmysie onpeaesieTcss HOpMaJibHOE HAMPSKEHUE B CCUCHUU
IpHU YUCTOM H3rude?

5.7. Yto Takoe 0CeBOM MOMEHT CONPOTUBIICHHS U KAKOBA €r0 pa3MepHOCTh?

6. Jlomarnaee 3agaHue

6.1 HOIIFOTOBI/ITL OTBCTHI HA KOHTPOJIbHBIC BOIIPOCHI

6.2 OdopMHUTD OTUET;
6.3 V3yuuTh peKOMEHIYEMYIO JTUTEPATYDPY.

7. CucoK uTepaTypbl

7.1  Makcuna, E. JI. Texundeckas MexaHuka : ydeOHOe IOcoOHWe s
CIIO / E. JI. Makcuna. — CapatoB : Hayunas kumra, 2019. — 159 ¢c. — ISBN
978-5-9758-1899-7. — TekcT : 2JIEKTPOHHBIA // DIEKTPOHHO-OMOIHMOTCUHAS
cuctema IPR BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.htmi

7.2  Kopones, I1. B. Texunueckas mexanuka : yaeonoe mocoodue mis CI1O
/ T1. B. KoponeB. — Caparos : [IpocdoOpazoBanue, Aii [Im Ap Menua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TekcT : 2JIeKTPOHHBIN
/" DnekrpoHHO-OMOIMoTeuHass cucrema IPR BOOKS : [cait]. — URL:
https://www.iprbookshop.ru/88496.html
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[IpakTueckoe 3ansatue Ne 6

Tema: KunemaTuueckne M CUJIOBBIC COOTHOIIICHHUS B nepeaadax

Henb: ObecnieunTh 3aKperiCHUE TOJIYUYEHHBIX TEOPETUUECKUX 3HAHUM U
MIPUBUTUE YMCHHH B ONIPEACIICHIH KHHEMATHICCKUX M CHJIOBBIX COOTHOIICHUH B
nepeaavax

[IpopomxurensHOCTh — 4 Yaca
1.MarepuanbHoe U JOKYMEHTaJIbHOE OOecIiedeHue:

1.1 uauBuyanbHOE 3a/1aHUE;

1.2 Meroanueckue peKOMEHIAlMK K MPAKTUYECKOMY 3aHSTHIO;

1.3 MUKpOKaJIbKYJISTOPHI;

1.4 TOCT 19523 — 81 «OnexTpoaBUraTe i ACHHXPOHHBIE CEpUH 4 A,
3aKpbIThIE 00yBaeMbie

1.5 JIuctel cranpapTaoro ¢popmara A4 (297*210) nist TEKCTOBOrO JOKyMEHTa

no 'OCT 2.105 - 95

2 JIutepatypa

[1],c.4...8

3. O6mme 1 TeOPETUUECKHUE TOTOKEHUS TT0 TEME MPAKTHUECKOTO 3aHATHUS

JlaHHOE MpaKTUYECKOE 3aHATHE MPOBOJAUTCS MO pazfeny «Jlerann maimmn,
3aBepiarouM B yueOHol nuctuiuinHe « Texanuueckas Mmexanuka». OHO SBISIETCS
0a30BBIM ISl BBHITIOJHEHUS TOCIEAYIOMUX padoT, IMelb KOTOPBIX pa3padoTaTth
KOHCTPYKITMIO OJTHOCTYIIEHYATOTO 3y04aTOro peayKTopa U JOMOJIHUTEIEHO THOKHE
nepegayu (peMEHHYIO U LEMHYI0). 3a/laya HOCUT CKBO3HOW XapakTep.

[lepBrbIif ATan MPOSKTUPOBAHUS - AHAIW3 KUHEMATHUYECKOW CXEMBI U BBIOOD
aneKTpoaBuUraTens. PaccMoTpuM OJIHY W3 THUIOBBIX CXEM MPUBOAA K JICHTOYHOMY
KOHBEWepy: OT JJEKTPOJBHUTATENsl BpAIlCHHWE TepemaeTcs Baimy Oapabana depes
pEMEHHYIO TiepeAady, 3yO4aThlil OJHOCTYNEHYATHIA PEAYKTOP ¢ IENHYIO
nepenayvy.

s onpenenenust TpeOyeMoOi MOITHOCTH 3JIEKTPOABUTATENS B 3a1aHUU
yka3bIBatoTcs Bpamatouuii MoMeHT (Tp, H*M) Ha Bany Gapabana u yriosas
CKOpOCTH (®p, pajy/c)aToro Bana wiu xe cuna 1aru F (H) u ckopocts v (M/c)
JICHTHI.

Nckomyro montHocTs P (BT) anekrpoaBuratens onpeaeistoT U3 BeIpaxKeHUs

P=T,*w, /n=F*v/n,
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rae 1 — ko3 unuent nonesnoro aercteus (K1) npuBona, paBHbIN
npousBeaeHUIo yacTHBIX KII/] mepenad, BXOAAIMX B KHHEMATHICCKYIO CXEMY:

n=m*n2*nz..*Mm
3nauenus KIIJ[ nepenad oTaenbHbIX TUIIOB PUBEAEHBI B Ta0M. 1.

Tabmuna 1 — 3nauenus KIIJI mexannyeckux nepenay

[lepenaua KIIJ],

3y0uaTas B 3aKpbITOM Kopryce (PeayKkTop):

-IIMHPUYECKUMH KOJIeCaMuU 0,97 — 0,98

-KOHMYECKUMHU KOJIECAMHU 0,96 — 0,97
3y0uarast OTKpbITast 0,95 -0,96
YepBsiuHas B 3aKPHITOM KOPITYCE MPH YKCIIC BUTKOB (3aX0/I0B)
yepBsKa:

Z1=1 0.70-0.75

Z1=2 0.80-0.85

Z1=4 0.85-0.95
I{enrHas 3akpeITas 0,95-0,97
I{errHas oTKpbITast 0,90 -0,95
Pemennas:

MJIOCKUM PEMHEM 0,96 — 0,98

KJIMHOBBIMU PEMHSIMH 0,95 -0,97

[Ipumeuanue. [loTepu Ha TpeHUE B ONIOPAX KAXIOTO Baja yUUTHIBAETCS MHOXKHUTEIIEM
no = 0,99 — 0,995

MOIHOCTh AJEKTPOABUTATENSA, MOAOUPAEMOTO MJisi MPOCKTHPYEMOro TMPUBO/A,
J0JDKHA OBITH HE HIDKE, KoTopas onpeaeneHa o ¢gopmyne (1). M3 cymecTByromux
TUIIOB IBUTATEIEH BBIOMpAIOT MPEUMYILIECTBEHHO ACUHXPOHHbIE
ANIEKTpOABUTATEM Tpexda3sHoro Toka eaumHor cepum 4A. Ilpu cranmapTHOI
yactore Toka f = 50 ¢ u umcne map momocoB p = 1...6 CHHXpPOHHAs YacTOTa
BpamieHus: Ne npuHuMaeM paBHod 1500 o6/muu. [lpm BO3pacTaHuu HaArpy3Ku
YacTOTa BpallleHUs Bajla yMEHBIIAETCS BCIEACTBUE CKOJIBKEHUS S. ONMPEAEIIEMOr0
o ¢popmyiie

n=nc+(1-5)
TexHuueckue TaHHbIE ACMHXPOHHBIX 3JIEKTPOJIBUTaTeNIel enHoN cepun 4A B
3aKpBITOM 00lyBaeMOM HCIIOJTHCHHH MTPUBEACHBI B Ta0Ouax mpuioxenus (I18).
[Ipu pemenun 3amgady OOBIYHO YKAa3bIBAIOT YacTOTy BpameHus N, (06/MHH)
paboyero mpUBOJHOTO Bama WM ke nuamerp D (M) OapabGana koHBelepa u

CKOPOCTH L (M/C) JIGHTHI; TI0 3TUM JaHHBIM HaXOJISIT
60v

P D
onpecaACIAOT 061uee NNePpEAaATOYHOEC YUCIIO BCCI'O IIPHUBOJa

U= Nyom / Np
1 HaMEYaroT OPUEHTUPOBOYHO 3HAUYCHHS YACTHBIX MEPEAATOYHBIX OTHOIICHUM
nepenay, BXOASIINX B IPUBOJ, TaK, YTOOBI IPOU3BEICHHUE UX OBIIO PAaBHO OOIIEMY
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nepeaaTOYHOMY YMCITY BCEro MPHUBOAA!
U™ u2*...*ux=u.
Tabnuua 2 - CpenHue 3HaUSHHsI IEPEIATOUYHbIX uncel (U) i nepeaay:

3y6uaTeix 2-6
YepBsSUHBIX 8 -80
LemHpIx 3-6
PemeHHbIX 2-4

Jlanee paccuuThIBalOTCS Bpaimiaromue MoMeHThl (T) Ha KaXkaoMm Bally, YIJIOBbIE

CKOPOCTH U YacCTOThI BpaIIEHUs KaxXJA0ro Bajia 1o ¢hopmysiaM, B3sITHIM U3 BTOPOTO

pasziesia TeXHUYECKOM MEXaHUKU — COMTPOTUBIICHUS MaTEPHAIIOB.
Ilocnedosamenvrocmsb peutenus 3a0a4u.:

1. [TogoOpaTh aCUHXPOHHBIHN JIEKTPOJIBUTATENH cepun 4A;

2.0npenenutsb o01ee nepeaTouHOe YUCIO BCEro MPUBOJIA;

3.0npenenuTh nepenaToyHbIe YUciIa Kaxa0u nepeaaun;

4. Paccumntath Bpamaroniue MoMeHThl (T) Ha kaxaom Baiy;

5.0npenenuTh yrioBele CKOPOCTH M YaCTOTHI BPAIIEHUS KaX0ro Baja;

6.Pe3ynbTaThl pacueToB CBECTH B TAOJIHILY;

7.CnenaTth BBIBOJIEL.

[Ipumep

[IpoBecTr KMHEMAaTHYECKUN pacueT MPHUBOJIa, TOKA3aHHOTO Ha PUCYHKE 1.
Hcxonuble TaHHBIE:
-nuameTp O0apabana D= 400 mwm;
-tsiroBasi cuna F,= 4,1*-103 H;
_ M
-CKOpoCTh JieHTHl v = 0,8 — .
C

Tpebyercs:

a) moao0paTh aCHHXPOHHBIN 3JICKTPOJABUraTE b TPeX(a3HOro TOKa;
0) omnpeaenuTh o0IIee Mmepe1aTovIHOe YHUCIIO;

B) OIPEJCIIMTh YaCTHBIC TICPEIaTOUYHbIC YHCIIa KaXKI0H TIepeayu;

I') paccunTath Bpamaronme MoMeHTsl (T) Ha KaxxaoMm Baiy;

1) OTIPEIETUTh YIJIOBbIE CKOPOCTU M YaCTOTHI BPAILICHUS KaXKJIOI'0 BaJa;
€) pe3ybTaThl PACU€TOB CBECTU B TAONHILY.

CrenaTtb BBEIBOEL.

Pemenue
1. ITpuanmaewm 3nauenust KI1J] mo Tabm. 1.:
peMeHHOM nepenayn (¢ KIMHOBUAHBIM peMHeM) 1; =0,97;
3y6uaToii mapsl peaykTopa (Kojeca IUJINHAPUIECKHE Koco3yobie) n,= 0,98;
IEMHOM mepenayn (OTKpbITOM) N3 = 0.95;
KO3(pPULIMEHT, YUYUTHIBAIOIINI TOTEPU HA TPEHHE B OMOPAX TPEX BAJIOB (TpH
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napsl nomunEuKoB) n3= 0,99%,

B

Qﬂ
T
A

¥)
= Ea e |

P

Pucynok 1 — Kunematuueckas cxema MpuBoja JEHTOYHOTO KOHBeiepa

2. 3nauenue KIIJI Bcero npuBoaa:
n=n; N, ‘Nz -n3=0.97*0,98 *0,95 *0,99% = 0,88.
3. TpeOyeMast MOIITHOCTB AJIEKTpoABHraTes mo ¢popmyie (1.).

Tpxwp _ Fxv _ 4,1x 103-x0,8
p=PP T A P - 3,73-%103 Br
n, n, 0.88
4. YacTora BpamieHus Baia 6apabaHa:
60+v 60-0,8
= = = 38,2 06/MuH

P" m«p  3.14-400- 1073
5. ITo nanubiM Tabu. 111 moaxoaut snekrpoasurarens mapku: 100L4, P = 4 kBr;

n.= 1500 o6/mun; s= 4,7 %;
[IprHMMaem 31eKTpOABUTATENb MOIITHOCTHIO 4 KBT, CHHXpOHHAs yacToTa
Bpamierus n.= 1500 o6/mMun
Onekrpoasurarenb 4A100L4Y3 mo 'OCT 19523-81,
rae 4 — nops;AKOBBIM HOMEDP CEpUH;
A — poJ1 1BUTATENST — ACHHXPOHHBIM;
100 — BBICOTa OCH BpaIlCHUS, MM;
L — ycTaHOBOUHBIN pa3Mep MO JJIUHE CTAHUHBL;

66



4 — 9HCII0 MOJTIOCOB;
V3 — nBurarens npeaHa3HaueH JJIsl SKCIUTyaTalliy B 30HE YMEPEHHOT0 KiiuMaTa

6.HOMI/IHaJIBHa€ qacToTa BpaHICHI/IH BaJla JaHHOI'O ABUT'aTCJIA 6YI[CT
COOTBCTCTBCHHO:
Nyon =N (1-8)=1500 * (1-4.7 / 100)=1430 06/mumH

7. IlepegaToyHoe 4KCIO BCETO MPUBOJA!
_ TMyom _ 1430

U—W_%7=37.42538
8. Pa3zbuBaem oO1iiee nepe1aTouHoe YHCIO MPUBOJA U TPUHUMAEM:
a) peMEHHOU nepeaaun Uy = 2;
0) 3yOuaroit epenayu Uy, = 4

u 38

Uy p = - =" 4.75=4.8.

Toraa, U,=2*4*48=38,4

HamedeHHbIe mepemaTodHble YUCia B JajbHEWIIEM OyAyT YTOUHATHCS (Tpu
pacuere 3TUX mepeaay).
9.0mpenenyM OTKIOHEHUS OT PACUETHOTO MEePEIaTOYHOTO YMCIIa TPUBOIA

(Up—u)/u,*100 = (38,4 — 38) / 38,4 *100 = - 1,04% < - 3%,

T. €. pacYeTHOE MePeAaTOYHOE YUCIIO HE MPEBBIIIAET AOMYCTUMOM MOTPEITHOCTH B
pacuerax.
10.Paccuntaem Bpamjaronige MOMEHTBI M VIJIOBbIE CKOPOCTH Ha Bajax IO

dbopmynam

B) IIEMTHOM TIepeaadu

p.103
T = , H*Mm,
w1
[Tpuuem
w =", pan/c
Ban 1
— T Muom . _Py.10% o
W1= pan/c; T==—H*m;
TACN = Nyoy = 1430 06/MuH,;
_3,14-1430_1497~150 y _4-10% _
Wy =—— ——=149,7~ pan/c T, = o 26,7H-M
Ban 2
wy= ;D * paj/c; T5= Ty up o *Npan, H*M
p.n
Wz 215072775 pan/e T,= 26,7%2* 0,97 = 51,8 H'm
Ban 3
w3= = paj/c; T3=To* Uy p*nen™ NG, H*m
— * /% * 2— Hnge
ws = 75/ 4 =18.8 pan/c:; T5=51,8*4*0,98*0,99°= 199 H*Mm;

Ban 4
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W4=Weapasana, PAVC;
NG _ 3.14-38,2
30 30

Wy == = 4 pan/c;

Ty=T3* uu.n*nu.n * 1o, H*m

T4=199*4,8*0,98* 0,99 = 929,7 H*m

11.0mpenenum 4acTOThl BpallleHUs KaXKJ0To Bajia, 00/MUH

Ban 1 N1 = Nyou = 1430,

Ban 2 n2=m/u,,=1430/2 = 715;
Ban 3 Na =N fu, * =715 /4 =179;
Ban 4 Na = Noap = 38,2;

12 Pe3ynbpTaThl pacyeToB 3aHECEM B Ta0JIHUIly 3

Ne Bpamarommi Yrnosas Yacrora BpaieHus
Baja MOMEHT CKOPOCTh Baja
T, , n,
H'm pan/c 00/MUH
I 26,7 150,0 1430,0
2 51,8 75,0 715,0
3 199,0 18.8 179,0
4 929,7 4,0 38,2
Brison:

® [0 HCXOJHBIM JaHHBIM B pe3yJdbTaTe pacyeToB ObUT Moa00paH
3JIEKTPOJABUTATENb
4A100L4Y3 TOCT 19523-81,

ACUHXPOHHBIN

Tpexga3Horo
MOITHOCTBIO 4KkBT;

TOKa

gactotoi Bpamenus 1500 06/muH u ckonbxenuem 4,7 %.
e DBbUIM omnpesielieHbl IIepeIaTOYHbIe YhCIIa mepeaad (cM. tadir.4)

Tabanma 4
[IpenaTrounoe HauMenoBanue nepenau
YHCJIO, peMEHHAs 3yOuaras LIeTTHAs
u (penykrtop)
2 4 4,8

® pacCYUTaHbl BpalllalOIIMe MOMEHTHI Ha KaXJI0M Bajly, YIJI0BbIE CKOPOCTH U
YaCTOTHI BpalieHus ux (cMm. Ta61.3)

[Tony4yeHHbIe pe3yNbTaThl SABISAIOTCS UCXOIHBIMHU JTAHHBIMU JIJIs1 BBITIOJTHEHUS

CIEYIOMINUX MPAKTUYECKUX 3aHITUH, TOITOMY BCE PAcueThl HY>KHO BBITIOTHSTH

Oonee BHHMMATCJIBbHO, IIOTOYHEC.

MOJENH
C CHHXPOHHOU




3amanue
[IpoBecTr KHHEMATHUYECKUN pacyeT MPUBOJIA, TOKa3aHHOIO HAa PUCYHKE 1.

HcxonHble JaHHBIC:
-nuametp Oapabana D mm;
-TsiroBag cuia F, H;

M
-CKOPOCTb JICHTHI U — .
C

Tpebyercs:

a) mogo0paTh aCHHXPOHHBIN AJICKTPOIBUTATENh TPEX(PA3HOTO TOKA;
0) omnpeenuTh o011ee Mepe1aTOuYHOe YUCIIO;

B) OIPEACIIUTh YACTHBIC MEPEIATOYHBIC YHCIIa KKIO0H MepeIaim;

I') paccunTath Bpamaroe MoMeHThl (T) Ha Kaxxa0M Baiy;
1) OTIPEJICTUTh YIJIOBbIE CKOPOCTH M YaCTOTHI BPAIICHUS KaXKJIOT0 BaJa;
€) pe3yJIbTaThl PACYETOB CBECTH B TAOJIHILY.
CrenaTth BEIBOJEIL.
Uucnossie 3nauenus D , F, , v 1is cBoero BapuanTa B3sTh U3 Ta0JI. 5

Tabmuna 5
Ne F, v, D,
BapuaHTa kH m/c MM
1 2,0 0,7 300
2 2,4 0,9 280
3 2,5 1,2 280
4 1,4 1,5 270
5 1,2 1,3 380
6 1,6 0,7 380
7 4,0 1,1 310
8 1,9 1,4 420
9 2,0 1,0 300
10 1,3 1,0 300
11 2,6 0,8 350
12 1,9 0,9 400
13 2,7 1,0 360
14 3,0 0,9 430
15 1,5 1,3 290

3amaHus BBITIONHSIOT B MAJION TpyNIe U3 ABYX YEIOBEK.
4.1Tops1OK BBIIOJIHEHUS! PAOOTHI

4.1 O3HaKOMUTHCS C 3aJaHUSIMU;

4.2 N3yunTth OOIIKME U TEOPETUUECKUE MOJIOKECHUS 110 TeME MTPAKTHIECKOTO
3aHATHS;

4.3 Pemntsb 3a/1a4i CBOETO BapUAHTA;



4.4 TToka3aTh pe3yabTaThl pACUETOB MPEIOIABATEIIO

5. Borpocs! miist caMONpoOBEpKU

5.1. KakumMu [AaHHBIMH HY)XHO pacroyiaratb, 4YToObl MOA00pPATH
3JIEKTPOJIBUTATEND?

5.2 Yto takoe KII/I? Kak ero paccuntsiBator? MoxeT OH ObITh paBHBIM WA
00JIbIIIe €IUHULIBI U TIOYEMY?

5.3 Yrto Takoe nepeaaToyHoe Ynucio?

5.4 KakoBa cBA3p MEXIy BpallalOU[MMH MOMEHTAaMU Ha BEIYyIIEM H
BEJIOMOM BaJiax?

6. Jlomanaee 3agaHue

6.1 HOIIFOTOBI/ITL OTBCTHI HA KOHTPOJIbHBIC BOITPOCHI

6.2 ObopMHUTD OTUET;
6.3 V3yuuTh peKOMEHyeMYIO JTUTEPATYPY.

7. CIMCOK JIUTepaTyphl

7.1 Makcuna, E. JI. Texanueckas MexaHuka : yueoHoe rmocooue mist CI1O
/ E. JI. Makcuna. — CaparoB : Hayunas kaura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TekcT : PICKTPOHHBIN // DIEKTPOHHO-OMOIMOTEUHAsT CHCTEMa
IPR BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/87082.html

7.2 Kopones, I1. B. Texandeckass Mmexanuka : yaebHoe mmocooue mist CI1O
/ 1. B. KoponeB. — CaparoB : [IpodoOpazoBanue, Aii [Im Ap Menua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TekcT : DIEKTPOHHBIN
/" OnextpoHHO-OMOMUoTeunas cucrema IPR BOOKS : [caiit] — URL:
https://www.iprbookshop.ru/88496.html
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[IpakTueckoe 3ansatue Ne 7

Tema: PacueT nuimHapuueckoil koco3y0oil nepenauu

Henb: ObecnieunTh 3aKpEIUICHUE MOTYUYEHHBIX TEOPETUYECKUX 3HAHUN U
MPUBUTUE YMEHUM B pacueTe 3y0uaToro OAHOCTYIEHYATOr0 peayKTopa

[IpopomxureabHOCT — 6 Yaca
1.MarepuanbHoe U JOKyMEHTaJIbHOE OOecrieueHue:

1.1 UnauBuayanbHOE 3a1aHNUE;

1.2 Meroaudeckue peKOMEHAIUU K TPAKTUUECKOMY 3aHSATHIO;

1.3 MUKpOKaJIbKYJISTOPHI;

1.4 TOCTpr:

-T'OCT 9563 — 60 «OcHOBHBIC HOPMBI B3auMo3ameHsemMocTH. Komeca

3y04aTeie. Moynmy;

-T'OCT 2185 - 66 «Ilepenauun 3y6uaThie nuauHAprudeckie. OCHOBHBIC

napameTphy;

- T'OCT 21354 — 87 «Ilepenauu 3y04aThie MIIMHAPUIECKUE IBOJTLBEHTHBIC

BHEITHETO 3a1ierieHus. Pacuer Ha MpOYHOCTDY;

1.5 JIuctel cranmaptHoro ¢popmara A4 (297*210) nst TEKCTOBOTO
nokymenTa o 'OCT 2.105 - 95

2 JIutepatypa

[1], c. 172...181
[2], c. 27...47

3. O0mue 1 TeOPETUIECKUE TIOJOKEHUS 110 TEME MTPAKTUIECKOTO 3aHATHS

Ilens pacuera — ompenereHUE OCHOBHBIX TE€OMETPHUECKHX pa3MepoB
nepeaadn, 0o0CeCIeYMBAOIIMX €€ PadoTOCIOCOOHOCTh, MPH ATOM HEOOXOIUMO
CTPEMHTHCSI K TOJYYCHUI0O MUHUMAIBHBIX Ta0apuTOB, MAacChl W CTOUMOCTH
nepeaayu.

Hcxomubie maHHbBIE AT pacyeTa:

a) Bpallarouuyii MOMEHT Ha Bajy mectepHu T,

0) IUKIIOTpaMMa BpalaloNuX MOMEHTOB UM HAUMEHOBAaHUE THIIOBOTO

peKrMa HarpyKeHHUS,;

B) TpeOyemblii pecypc Ln;

I') epeIaToyHOe YKUCIIO U;
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1) CXeMa MEXaHHW3Ma, YTOUHSIOIas pacroioKeHNe KOJIeC OTHOCUTEIBHO
OTI0P.
IlocneoosamenvHocms pacuema.
JIutepatypa: (1), c.176 — 180, npumep 14,1)

A. IIpoeKTHPOBOYHBIH pacyer:

1. I3 npaktuyeckoro 3aHsaTust Ne6 B3sTh BpallatolIMii MOMEHT Ha Bajly IIECTEPHU
T1, yacToTy BpallleHus N1, MEPEIATOYHOE YUCIO PEAYKTOPA Us .

2. BoiOpatb mamepuan wecmepnu u Koneca, npuyeM i 3aKPbITHIX KOCO3YObIX
WIMHJPUYECKUX TMepead PEeKOMEHJIYeTCs TBEpAOCTh MaTepuaja IIeCTepHU
Ha3HayaTh, BO3MOXHO, OoJyblIed, I Yero MIECTEPHIO  IOJBEPraioT
NOBEPXHOCTHOM 3aKalike, 1IEMEHTAIlMH; MPUMEHEHHE BBICOKOTBEPJOH IIECTEpHU
MOBBIIIAET KOHTAKTHYIO MPOYHOCTH KOCO3yOOH mepeaauu.

OrnpenenstoT CpeHI0I0 TBEPIOCTh MOBEPXHOCTH U CEpIIIeBUHBI 3yObeB KoJec ((1),
Tabn.12.1, ¢. 140). PekoMeHayeTcs npeaycMOTpeTh pa3HOCTh B TBEPAOCTU 3yObeB
HIeCTEPHU U Kozeca B npenenax HB1 = HB + (50...80).

Bribupaem cnoco6 TONydeHHs 3aroTOBOK  KOJEC, NpeleNbHbIE pa3Mepbl
3arotoBk# (D u S) B MM

3.Haiitu opuenmupoeounoe 3nauenue mexcoceéozo paccmosanusa aly, MM 10
dopmyne ((1),popmyna 13.17, c. 164)

BeIuucnsioT OKpy)XHYHO CKOPOCTh 3yOuaThix Kojec v, m/c mo ¢opmyrne 13.18
((1),c. 164).

4.0npenenuTs 0onyckaemvle KOHMAKMHble HANPAXCEHUA OTICTHHO IS
Marepuaja IecTepHu U MaTepuaia koieca (1), c. 151...154, dopmynsr 12.1, 12.2,
12.10,12.11,12.12 u Tabn. 12.7,c. 151; 12.8, c. 152).
[Ipu 5TOM JOJKHO BBITIOJIHATHCS YCIOBHE:

[0]y = 045([0ly, + [0],) <[oln,,,. = [0l

5. Onpenenutb donyckaemuie nanpaxcenusn uzeuoa ((1), c. 151...154)
dbopmyneli12.1, c. 145; Taoi.: 12.2, c. 146; 1a61.12.10, c. 153;
-12.14,12.13 c. 153;

6.Koagppuuuenmaot nazpyzxu (cm. (1), c.,146...150,

TaGnurer: DopMyIIbL:
-11.2,¢c. 133; 12.5, ¢.149; 12.6, c. 150; -12.6, ¢.148; 12.7, c. 150; 12.9,c. 150;
-12.3,¢.148; 12.4, c. 148. -12.5,c. 147; 12.4,c. 146; 12.8, c. 150.

[.Mescocesoe paccmosanue ((1), popmyna 13.12,c.160) yrounsiem u npuHuUMaeM
okoHuateapHo 1o 'OCT;

8.1 Iupuna eenua koneca u wecmepnu (cMm. § 13.4, c. 160).
72




[lony4yeHHbIE 3HAUEHUS OKPYTIISAIOT 10 OJMKANIIMX LHEIbIX 3HAYEHUH B MM.

9.Hopmanwsnotit mooyns 3yoves (1):

- MUHUMaJbHOE 3HaueHue (popmyna 13.16, c.163);

- MakcuManibHoe 3HaueHue (popmyna 13.19, c.165);

[Ipuaumaem no cranpapty u3 nepsoro psaa ((1), radna.11.1, c. 127).

10.Yzo0n naxnona 3yoves u uucno 3yoves Konec:

a) mpeaBapuTesbHO — nodopmynel4.9, c. 176, npu 3TOM JT0IKHO OBITH BBITIOTHEHO
yCJIOBHE: Bmin = 8°

0) cymmapHoe yucio 3yoneB — 1o ¢popmynel4.10, c. 176;

B) (hakTUYECKUI yroy HakJioHa 3yObeB - o popmynel4.11, c. 176;

T') 4ncio 3yObeB mectepHu Z; U kojieca Z; - o popmynel3.21, c. 166.

11. @akmuueckoe nepedamounoe yucio (3aTeM PaCCUNTHIBACTCS JIOIMMYCKAaeMOe
OTKJIOHEHHE 10 +4%)

12.0cnosnvie 2eomempuueckue pazmepul nepeoavu.

-JIeTITeNIbHBIC TUaMETPhI IIECTEPHU U Kojeca —popmyma 14.1, c. 173;
- TMaMeTphl BEPIINH IIeCTepHH U Koieca — popmyna 14.2, c. 173;

- TUaMEeTphl BITIAJIVH IIECTEPHH U Kosieca — ¢popmyna 14.3, c. 173;
MexoceBoe paccrosinue - popmynal4d.4, c. 173;

13.Cunwt 6 3auennenuu.

-OKpy>kHas cwia - popmymna 13.6, c. 156;

- paguanbsHas cwia - popmyna 14.6, c. 175;
- oceBas cuna - popmyna 14.7, c. 175.

b. IIpoBepouHblii pacueT

14. Ilposepounstii pacuem Ha KOHMAKMHYIO RPOUHOCHLb
- popmyma 13.13, ¢.160;

15. IlIpoeepounwiit pacuem na npounocmo npu uscubve- popmyna 13.14, c. 162:
a) SKBUBAJICHTHOE YKCI0 3yObeB — hopmyna 14.5, c.174;

0) Tabm. 13.1, c.162- -Haxoaum k03P UTTUEHTHI:

- (hopmBbI 3y0a 1 KOHIIEHTPAIMH HAMPSHKEHUN MTPU KO3PHUIIUEHTE CMETIEHUS
X=0;

B) YUMTHIBAIONINI HAKIIOH 3y0a — popmyna 14.8, c. 176.

[Tpu 3TOM TOJKHO BBIMOJHATHCSA YCIOBHUE: YB > 0,7

T) U1 KOco3yObix kojec kodddunment Y, = 0.65;

1) pacue€THOE HaINpsHKEHUE U3rnda B OCHOBAHUU HOXKKH 3y0a:
- koJieca - popmymna 13.14, c. 162;
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-mectepHu - popmyna 13.15, ¢. 163;
BriBog.

16. IIpuzoonocms 3a20moeok wiecmephnu u koaeca (cm. puc 12.1,¢c. 139 u
c.163...171)

Brison.

17. Pe3ynbTathbl pacyeToB 3aHOCUM B TaOI1. 1

Tabnuua 1- ['eomeTpuyeckue napameTpbl HUIMHAPUIECKON KOCO3y0ol nepenayn

[Tapamerp, Pacuetnbie popmysbl Pesynbrar

0003HaYcHHUE
1.HopmanbHbIil MOAYIIb,
m, MM I'OCT
2.MuHuManpHOe Kn: Kg: Ti(w+1)
3HAYCHUE MOLYIS, Mmin, | min = b, - ay[o]r
MM
3.MakcumanbpHOe 2aw
3HAYEHUE MOAYIISA, Mmax, Mmax = 17(u+1)
MM
4 JlenuTenbHbIN TUaMeTp
mectepHu,diMm m*z1/ cosP
5.JlenuTenbHBINA TUaMETP
KoJieca, m*z,/ cosp

d2, MM
6./luamerp BepIuH
3yObeB miecTepHH, Ja1,MM di+2m
7. lnameTp BepiuH
3yObeB Koueca, Ua2, MM do+ 2m
8. lnamerp BraguH
3yObeB miectepHH, i d1-2,5m
9. Jluamerp BIaiuH
3yObeB Kosteca, dp MM d>-2,5m
10. [IIar HOpMaIBHBIH, P,
MM m*w
11. Okpy>kHasi TOJNIIMHA
3yObeB,St,,MM T*m/2
12. BricoTa 3y0a, 2,25* m
h, MM

13 BricoTa rojioBKu
3y0a, ha, MM m
14. BricoTa HOXKKH 3y0a,
hs, MM 1,25* m
15. PamuanbHslii 3a30p,
C, MM hs, -h,=0,25*m
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16. CymmapHOe 9rciio Zy =17, + 17,
3yObeB, Zy _ 2aw - cosPBpin
B m

17. Yucno 3y0beB Ly

Zl = > Zmin
HICCTePHH, Z1 u+1
18. Yucno 3yobeB
Koueca, 72 L, =1y — 14

19. MexoceBoe
paccTosTHHUE, aw,MM,

I'OCT 2185 - 66

a, = K,(u+1)3

2
lIJba CUu ok [G]H

KH' T1

20. MexoceBoe
paccTosiHue, aw, MM
(yrounennoe)

aw=12% = dy (U + 1)/2

21. VYron HakigoHa
3yObeB, Bmin,o

~ (4m
Bmin = arcsin (—) > 8°
b,

22. ®aKTUYECKHH Yo
HaKJIOHa 3y0ObeB, B,°

B = arccos(0.5 - Zy,
JIOJDKHO BBITIOJTHATHCS

YCIOBHE:
8°< B < 20°

23. lllupuna BeHa
KoJieca, b2, MM

b, = W, ay

24. lllupuna BeHIIa
nectepHu, b1, MM

b; = by + 3 MM

25. Koadpdpumment
CMEIIEeHHsI, X

26. @aktuyeckoe I
IEPEAATOYHOE YUCIO, Ug Up = Z_1
[Tpumep. Paccunrtath 3aKphITYI0 KOCO3yOyIO TIepenady (peaykTop).

Hcxonnble JaHHBIE B3SITHI U3 MPAKTUYECKOTO 3aHATHS Neb (1ist 2-To Bania)
—  Bpamarouuii MOMeHT Ha Bany mectepau Ty = 51,8 H - m;

06

— 4acToTa BpalmeHus n, = 715—;

— IepeJaTovyHOe YHUCIIO pelyKTopa U= 4 (OpUeHTHPOBOYHO)

MHH'

—  3a7aHHBIA pecypc nepeaaun (cpok ee ciayxob1) L, = 12 - 103 4 (npuMepHO TpH roja npu

JIByXCMEHHOM paborte);

— mepenaya HepeBepcuBHas (paboTa 3yObeB OJHOI CTOPOHOI);

—  Harpyska Onm3Kasi K MOCTOSIHHOM;

—  PpacCIlOJIOKCHHEC 3y6‘-IaTBIX KOJICC OTHOCUTCIILHO OIIOP — CUMMCTPHUYHOC.

75



Pemenue:

A) IlpoekTHpPOBOYHBIN pacyeT

1. Mamepu mMepHU U K a.
XKenast monyunTh HEOOJIBIINE pa3MEPBl PEYKTOPA, BIOMpPaeM Jisl N3TOTOBJIEHUSI 3yOUaThIX

kostec cranb Mapk 40X (cm. Tabm.12.1, c. 140) c TepMm0o0OpabOTKOIA:
e 1715l mecTepHHU — ynyunienue nmokoku (Hi =269 302 HB) u 3akanka 3yoa TBY no
TBEPAOCTH Ha moBepxHOcTH 3yobeB H1 =45 50 HRC npu muameTpe 3arotoBku
D <125 mm.
e A KoJieca— ynyunieHue nokoBku (H2 =269 302 HB) B mpeanonoxeHuu, 4To 4To
HauOOJIbIIIAs TOJIIMHA CEUYEHHUS 3ar0TOBKU KoJieca § < 80 MM.
Haxomum: Hicp = 0,5(45 + 50) = 47,5 HRC; Haocp= 0,5(269 + 302) = 285,5 HB.
Crioco6 nosryueHus 3ar0TOBOK KOJIEC — MOKOBKA.
2. H HaxoauM 1o Gopmye 13.17, c.
164 npu K=8, T.x. H1>45 HRC , a H, < 350 HB, Torna

3(T1 3/51,8

aw=R(u+1) =8(4+ 1)+ |===9392 MM/

u
OxkpyxHas CKOpocTh 3y04aToro koieca (popmyna 13.18, ¢.164)

2:3,14:93,92+715
v==—"F——"—"-—=141mM/c.
60000 (4+1)

3. onyckaemvie Konwmaxmupie nanpaxicenus (c.161):

a) o 1a6:m.12.8, ¢. 152 unTepIoiMpoBaHrEeM HAXOUM 0a30BOE YUCIIO IIMKJIOB HAIIPSDKCHUH,
COOTBETCTBYIOIIEE MEPEIOMY KPUBOH yCTAIOCTH (TIPEIETy BHIHOCIHBOCTH):

— s mecrepun: Nyg = 66,2 - 106, 1.e.( 106 - 68 — (68‘50 : 0,5) -105) = 66,2 - 105;

5

— s koneca Nyg, = 22.5-10°.

0) YKCJI0 IMKIJIOB HArpYKEHUs 3yOhEB MIECTEPHU 3a BCE BpeMst paboTel ipu n, = 1 (.12.2,
c.145)

— mecrepun: Ny; = 60-715-1-12-10% = 515-10°

— xomeca: Ny, = 515-10°/4=129-10°
DKBUBAJICHTHOE YHUCJIO ITUKIIOB HAarpyxeHus 3yobeB (dopmyne 12.1, ¢.145), 3HaueHue
ko3 durmenta Wy — mo tadur.12.2, c. 146. p, =1,000, T.K. peskuM HarpyxeHus (M0 YCIOBHIO)
ONMM3KUH K IOCTOSIHHOMY,
—  TO ¥ s wecTephu -Nyg, = 515+ 10°;

— KoJeca = Nyg, = 129-10°
B) T.K. Nyg, > Nyg,; 515-10° > 51,8 10°;
Nyg, > Nyg,: 129-10° > 16,2 - 10°, To mo ycrmosuio ¢.12.11, ¢.152, npunumaem
KO3(PHUITUEHTHI JT0JITOBEYHOCTH:
Zy, =1luzy, =1
o B mpeanonoxenun napamerpa mepoxXoBaTOCTH CONPSKEHHBIX TOBEPXHOCTEH 3yOheB
R, = 0,63 ...1,25 MkM npuHuMaeM K03(PpPUIIMEHT, yIUTHIBAIOIINN BIUSHHIE
IIEPOXOBATOCTH Zp, = Zp, = 1
o Ilo Tabm. 12.9., ¢.152 npunumaeM 3HaueHue KO3(PUIMEHTA, YYUTHIBAIOIIETO BIMSHHUE
OKpYXHOU ckopocT Z,, = 1, T.X. v - 10 5 M/c, a TBepaocTh > 45 HRC.
o Kosddunuent 3anaca npounoctu uis mecTepHu (3akanka TBY)
[S1y, = 1,2 ; nna 3y6uaroro xoneca (ynyumenne) [S]y, = 1,1 (em. § 12.5)
r) [To popmymnam Tabn.12.7, c. 148 onpenensiem npeaensl KOHTAKTHON BBIHOCIMBOCTH:

!
AT LICCTCPHI O H li{n=17Hcp+200=17-47,5+200=1007,5 ﬁ

!
AL KONIeCa —0 H li£n=2*H2Cp+70=2*285,5+70= 641 ﬁ
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1) TOTyCKaeMble KOHTAaKTHBIE HanpspkeHust o ¢popmyne (12.10, ¢.151)

— IS HIECTEPHU [o]y, = aﬂ,li{m.ZN1 Zp, [5];
1 H
[O']H1 = 1007,5 -1-1- 1,2 = 840 W
— 4 Koueca [o]g, =641 % 1% 1% ﬁ = 583 ﬁ

JlommyckaemMble KOHTAKTHBIC HANIPSDKCHUS TS pacueTa MIIMHIPUYSCKON Tiepeadn ¢
HEeNpsIMbIMU 3yObsiMu (popmyna 12.12, ¢.153) B cBsA3U C HAKJIOHHBIM PACIIOJIOKEHUEM JTMHUI
KOHTAKTa, JI0IyCKaEMO€ HanpsuKeHHe [0 |y ONpenensror ¢ y4eToM JONyCKaeMbIX HAIPSKEHUH

mecrepru [o]y, n komneca [o]y,
[o]y = 0,45 ([oly, + [0]y,) = [0ln,,,,

TIpU BBITIOTHEHNH YCIIOBHS ISl MTMHApHYeckuX nepenad [o]y < 1,25[o]y .

[6]y = 0,45([aly, + [0]4,) = 0,45(840 + 583) = 640 ﬁ > [oly,,,. = 0]y, = 583 MIla

Tpu s1om yenosne: [oly,, < [o]y < 1,25[0]y,,, —640—— < 1,25 * 583 = 729 —
coOmroaaercs.

4./lonyckaemote nanpaxcenus useuoa (cm. § 12.5)

a) 0a30BO€ YMCIIO IIUKJIOB HANPSKEHUH, COOTBETCTBYIOIIEE MPEAETy BHIHOCIMBOCTH 3yObeB
npu m3rube, Np, = 4 - 10° (c.154)

0) SKBHBaJICHTHOE YHCJIO IMKJIOB HAarpyKeHus 3yObeB HaxoauM 1o dopmyre (12.1, ¢.145)
Np, = up - Ng,

riae g — (o Tabm.12.2, ¢.146) — ko3hGHUIMEHT SKBUBAICHTHOCTH: Uy = 1, T.K. pSIKUM
Harpy>KeHusi MOCTOSIHHBIM, T. €. «0» (CM. yclioBUE 3a1aun).

— s ecTepHu qr, = 9 (3akaika 3yobes TBY)

— Ui KoJieca gp, = 6 (yaydlIeHHE),

TOoT/Ia U, = 1,000; Ur, = 1

— st mecrepud Npg, = 1-515-10° = 515-10°

— s komeca Npg, = 1-129-10° = 129-10°

B) T.K. Npg,> Np¢,, T.€. 515+ 106> 4-10%wu Ngg,> Ngg,, T.€.129 - 10°> 4 - 108, 10

ko3 durmeHTs 10AroBeyHOCTH Yy = 1; Yy = 1,

o mnpuR,=0,63..1,25MKkM; Zp; = 1; Zp, = 1.

o Y, - xo3pduument, yauToIBaloIuil AByCTOPOHHEE MMPUIIOKEHHUE HATPY3KH.

T. x. mo ycioBuio paboTa Kojec HepeBepcuBHas, To Yy = 1.

o Y- xo3ddunrent, yauThIBaOMUi croco0 MoIydeHus 3ar0TOBKH KOJIEC:

quis okoBku Y; = 1 (c. 154)

o Ko3pouuuent 3anaca npoynoctu [S]p = 1,7 (em. § 12.5).

r) [To Tabmn. 12.10, c.153 onpexaensiem npeenbl BBIHOCIUBOCTH 3yObeB IPU U3THOE:

H
—  JI71A LIEeCTePHHU, Ipeanoaras, 4yto m < 3MM, OFim = 580 —
MM

— s koneca o, = 1,75 Hye, =285,5-1,75 = 500%
1) ToTycKaeMble HampshKkeHus u3ruba mo popmyne (12.13 ¢.153)

(0] =05 Yy Ye:V, —oe
F Flim N ‘R 1A [S]FH
1
—  JUIA IECTEPHH [0]F1_580'1'1'1'5_341W
—  JuId Kojeca [a]FZ=500-1-1-1-1—17=294$

5. Koagpgpuyuenmeot nazpysxu (cm. § 12.4).)
a) o tabn. 11.2, c.133, opueHTHpYSICh Ha Iepeaayn 0OLIEr0 MAIIMHOCTPOSHH S, Ha3HAYaeM
8 10 cTeneHb TOYHOCTHU Nepenaun. 3atem no 1adi. 12.5, ¢.149 u 12.6, c.150 untepnonupys,
noJryqaeM (OepeM 1o KoJiecy)
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Ky, = 1,03; Ky , = 1,03; npuv=1,41 m/c (c.149, Ta61.12.5)
K, =1,03; Kg, = 1,06; (1a6:1.126, c.150).
OxonuarensHo puaEMaeM Ky, = 1,03; Kg, = 1.06;

0) npuHUMaeM KO3 (UIMEHThI LIMPUHBI BEHLIA U1 CHMMETPUYHO PaclojI0kKEHHOIO
oTHOcHUTeNbHO omop koseca Wy, = 0,315 (c.160); [To popmyse (12.6, c. 148)
Y4 =05¥,(u+1)=05%0.315(4+ 1) =0.788
o K°p - KoopuuuenT HepaBHOMEPHOCTH PACTIPENENEHNUS HATPY3KU B HAYAJIbHBIN IEPHO/T
paborte (Tabmn. 12.3, ¢.148) Gepem mo Koiecy ¢ MeHbIIEeH TBEpAOCTHIO); Kyg = 1,07

(2222 0,188) = 1,07).

o K, - xoapduument, yaursiBaronuii npupaboTKy 3yObeB HaxouM 1o Tabdmn.12.4, c.148
JUTS 3y0UaToro KoJieca (kak MeHee TBeporo): ky, = 0.45, .k v =1.41 m/c; HB,cp = 285,5
Torna 3nauenue Kyg — nocie npupabotku 3yones (popmyna 12.7, c. 148);

(paccuurtan myrem uHreprnoamposanus: K°yg = 1,04 +

Ky = 1+ (K°yp — 1) Ky = 1+(1.07-1) 0.45 = 1.03

o Kgg — K09 puuuenT HepaBHOMEPHOCTH PACTIPENENIEHUS HATPY3KH O JTHHE
KOHTAKTHBIX JUHUHN HaxoauM 1o ¢opmyrie (12.9, c. 150)

Kpg = 0.18 + 0.82 K°y = 0,18 + 0,82%1,03 = 1.025

B) IS TIPUHSATONH TBEPJOCTH IMoOBepxHOCTel 3yObeB mectepan H,= 45...50 HRC u
koseca H,= 269...302 HB mo dopmyne (12.5, c. 147) maxoaum 3HaueHUs KOIP(HUIIMEHTOB
pachpeielieHusl Harpy3Kd MeXy 3yObsMH JUIsl Ha3HAUCHHOW 8-1 CTENEeHH TOYHOCTH Mepeavu:
(151 KOCO3YOBIX TIEpeay)

Khe = 1+ C(ng — 5) npu yenosun 1 < Ky, < 1,6,
rne C=0.25, 1.x. H; > 350 HB, a H, <350 HB ,
Torma Ky =1 +0.25(8 - 5)= 1,75, - 410 He COOTBETCTBYET yciIoBHIO, T.C. Ky, > 1.6,

Ilpunumaem Ky = 1.6 ; K = Ky = 1.6.

I') HaX0IuM 3HaucHue K03 duuneHToB Harpy3ku mo Gopmynam (12.4, c. 146) u (12.8, c.
150) mpu Kp=1 (c. 146)

Ky = Ka - Kyp Ky - Ky, ,=11.031.031.6=1.7
Kg = Ka - Kgg - Kg, - Kg, =1-1.025 - 1.06 - 1.6 = 1.74.
6. Mescocesoe paccmosanue. I1o popmyne (13.13, c. 160) yrounsiem MeKOCEBOE pPacCTOSHUE

ay =K,(u+1)° LTlZ,
Wpp-us[o]?

rae K, = 410 — nng koco3yOsIx niepeaay

3, 167518 3 _
[Mpuaumaem |mo 'OCT 2185 — 66, 2-ii psin layw=112 mm, umu ((2), ¢.36).

7. IHlupuna éenya Koneca u wiecmepnu:
b, = ¥, - a,=0.315-112 = 35,2 mm, npuaHMaeM b, = 35 MM
b; = by, +3 MM =35+ 3 =38 mMmm.
8. Hopmanwhutit MoOdyns 3y0vee
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MunumManbHoe 3HaueHue (popmyna (13.16), ¢.163)
K- Kp Ty (u+1)
Mmin = = awlole
rae Ky, = 2.8+ 103- s koco3yobix nepenad, (c. 163)
2.8-103-1.74- 51.8(4 + 1)

Mhmin = 35112 - 294 = 1,09 M
Maxkcumanbaoe 3aadenue (popmyna (13.19),c. 165)
2aw 2112
Mpax = = 2.64 MM

17(u+1) 174+ 1)
ITo cranmapty TOCT 9563 — 60 (cm.(1), Tabm. 11.1, ¢. 127) , unu ((2), ¢.36) npuHrMaem u3
IIepBOro psga m = 2MM.

9. Y201 naknona 3yoves konec:

a) MpeIBapUTEIILHO OTIpeIesieM MUHIUMAaJIBHBIN yroJl HaKiIoHa 3yOseB (popmyia (14.9), ¢.176)

~ /4m
Bmin = arcsin (—) > 8°
b,
. (42 .
Bmin = arcsin (?) = arcsin0.228571 = 13,212°

YcnoBue B, = 8° BbINOJHEHO

0) cymmapnoe urcio 3yoseB (popmyna (14.10), c. 176)

2aw - coSBmin
o =7y +7, = ———— 20
M 1 2 m
[TonydeHHOE 3HAUCHHE OKPYIJIAIOT B HAMMEHBIIIYIO CTOPOHY JI0 II€JI0r0 YHCIIa.

7 2112 -cos13,212° 2 - 112 -0.973 109
2~ 2 - 2 B
[Ipunumaem  Zy =109
B) (akTHUECKHUIl yroy HakiIoHa 3yobeB (popmyna (14.11), ¢.176). PekoMenayeMble 3HAYCHHUS
yTII0B HakJIoHa 3y6a: 8°< B < 20°:
B =arccos(0.5 - Zy 32)

B = arccos(0,5 * 109 x 1%) =13,291°

I') 4KCJI0 3yObeB MIECTEPHH Z, M Koyeca Z, (popmyina (13.21), c. 166)
z
Zy= 2> Tnmin; Zp =2y~ 1y,
_ 109

7, = ol 21,8, npuHuMaem Z; = 22; Pexomennyercs 6path Z = 18...35;
Z, =109 — 22 = 87.

10. ®axkmuueckoe nepedamounoe Yucio

_L_87_ .
Y= 7 T 7

JUyist nanpHENUIMX pacyeToB MPUHIUMAEM U = Uy, = 3.95, uto MeHblIIIe 3aqaHHoro Ha (- 1,27%)
(momyckaercst oTkiIoHeHue 10 +4%), 1. e. (3,95-4)/3,95*%100 = - 1,27%

11. Ocnosnble ceomempuueckue pazmepol nepeoayu.

o JlenuTesnbHbIC TMAaMETpBI IIeCTepHH U Koleca (popmyna (14.1), c. 173)
mz, 2.22 44

d; = = = = 45.221 mm;

1™ cosp~ cos13,291° 0973
mz,  2.87

d,=—= —= 178,828 Mmm.

cosf 0,973
o JlmameTpsl BepiuH mectepHH U Koieca (popmyna (14.2),c.173)
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da,=dy +2m = 45221+ 22 = 49.221 mm;
da,=d; +2m = 178,828 + 2 - 2 = 182,828 mm.
o JluameTpsl BIaJuH IecTepHH U KoJieca (hopmyina (14.3), ¢. 173)
de,=d; —2,5m = 45,221 - 2.5 - 2 = 40,221 mm,
dg,=d, —2,5m = 178,828 — 2.5 - 2 = 173,828 mm.
o MexoceBoe paccrosiaue (popmyna (14.4), c. 173)
_dy+d; 45221+ 178,828
2 2

Ay = 112,025 mMm.

12. Cunvl ¢ 3amemnenuu.
o Oxkpyxknas cuia (hopmyna (13.6), ¢.156)
B 103 -Ty(u+1) 103-51.8(3.95+1)

= = 2289 H
ay 112

t

o Pammanphas cuna (Gopmysna (14.6), ¢.175)
F.-tga® 2289- tg20° 2289 0.364
cosf3 0.973 0.973

o Ocesas cuna (popmyna (14.7), ¢.175)
F, = F;-tgB = 2289 -tg 13.291° = 2289 - 0.236 = 540 H

b. IIpoBepouHblii pacyer

13. Ilposepounstii pacuem na konmaxmmuyio npounocms (hopmyina (13.13), ¢.160)

Zs ’KH'Tl(u¢+1)3
= — <
GH aw bZ.uq) — [G]H'

rae Zs Uil Koco3yOwix nepenau Z,= 8400,

Torma o, = 2% / L7SL8GISH® = 75 +/77,255 = 659 n/imm? < 640 —= [o],,
112 35-3,95 MM

uT0 GoJIbLIE HomyckaeMoro[a]y = 640 H/MM? na 3% (momyckaercs neperpyska a0 5%,

(meperpyska = %- 100 = 3,0% < 5%)
e CIie/I0BaTENBHO:

6

1) konmaxmmuas npournocms 3y6a obecneuu8aemcsi.
2) paccuumarnHvle napamempul nepeoayu NPUHUMAaeM 3a OKOHYAmebHble.

14. Iposepounviit pacuem na npounocms npu uzeuode (hopmyna (13.14), c. 162)
KF * Ft
' YFS ’ YFﬁYS S [G]F

b-m
a) SKBHUBAJICHTHOE YKCII0 3y0obeB (popmysa (14.5), c. 174)

OfF =

Y cos3B
7y 22 _ N
- LLIECTEPHHU Zy, = os3p — cost132oT 23,88 = 24
yA 87
- KoJieca Ly, = —2 = = 94,45 ~ 94
2 cos3pB co0s313,291

0) mo ta6x. 13.1 (c. 162) npuHUMaeM KOIPPUIUEHTHI GOPMYITBI 3y0a M KOHIICHTPALHH
HarnpspKeHui pu kodddurmente cmemenns x=0:
- MECTePHH YF51: 3,94; (13,94-4,08) /5*4 =+4,08 = 3,94;

359-380 . 14 = 3.59, urax, Y, = 3,59.

-KoJjeca YFS2 =3.60 +
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B) Yg — KO3 DUIUEHT, yIUTHIBAIOMINI HAKIOH 3y0a (popmyrna (14.8), c.176)

SO
100

Yg = 1 —— npu ycnosuu Yg = 0,7
13,291°

Yp=1- 100

=0.87 = 0.7, T. €. ycIOBHE BBITIOJIHEHO

Yg =0.7.
r) Koaddunument Yy, yunteiBaromuii nepexpeiTie 3y0ObeB B KOco3yOoi nmepenaue, Y, = 0.65.
(cMm. § 14.4)

1) pacdeTHBIC HAIPSHKCHUS M3rn0a B OCHOBAaHUH HOXKKH 3y0a:

o xouseca (popmyna (13.14), c.162)

Kr - Ft 1.74-2289
op, =S ft oy LygYg =
F2 7 p,m Fs; 'B'S 35.2

+3,59 % 0.87 % 0.65 = 116 — < [o]p, = 294 —

o mecrepHu (dhopmyna (13.15), ¢.163)

[o]F, _ [o]k, )
Yes,  Yrg,

) [olF, " YFg,  (116%3,94)
OTCIOJIA; Op, = — = =
FSZ )

H H
127 oz < [of]; = 341 oz

o [Ipounocms 3y0be6 Ha uzeub obecneuusaemcs.
BriBox:

H3 nposepounozo pacuema ciedyem, Ymo 01 paccuumsléaemoll napvl 3y04amaulx KoJiec
OCHOGHbBIM Kpumepuem padomocnocooHocmu A61:1emcsa cCOnpomusieHue yCmaaiocmu no
KOHMAKMHbBIM ,a HEe NO U3ZUOHBIM HANPAIHCEHUAM.

15. ITpuzoonocme 3azomoeox wecmepnu u Koneca (cm. puc. 12.1, ¢.139 u § 13.6. ¢/ 167)
- lnameTp 3aroTOBKH MIECTEPHU
Dyor = dy, + 6 MM = 49,2214+ 6 = 55,221 MM <D = 125 MM
- J1y1s KOHCTPYKIIUH KOJieca C BBIEMKaMU TOJIIIMHA CEYCHHUS 3arOTOBKH
Sear =05 b, =04-35=14MM wu S,,, = 8 m = 8- 2.= 16 mm, 4to MeHbIe S = 80 MM.
BeiBon: Ycnoeus npuzoonocmu 3a20moeok Kosec 6blnoJIHAIOMCA.
16. Pe3ynomamul céedem ¢ maonauyy.

Tabnuua - 'eomerprueckue napaMeTpbl HUIMHIPUIECKOHN Koco3y0oil nepenaun

[Tapamerp, PacuerHbie hopmyIibl Pesynprar
0003Ha4eHue
1.HopmainbHbIii
MOJyJb, M, I'OCT_ 9563 - 60 2
MM
2. MuHMMaIbHOE
3HAYEHUE MOIYIIs, 1,09
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Mmin, m . Kmn - Kg- Tl(u + 1)
MM o b, - ay[0]k
3.MakcumainbHOE
2aw

3HAYEHUE MOYIIs,

Mmax, MM Mmax = 17(u+ 1) 2,64

4. JlenuTenbHbIN

JMaMeTp IIECTEPHHU, m*z1/ cosP 45.221
dimMm

5. JlenutenbHbIN

JMaMeTp KoJieca, m*z2/ cosp 178,828
do MM

6.lnameTp BepIINH

3yObeB IIECTEPHH, di+2m 49.221

da1 MM

7. lnameTtp BepLIUH

3y0beB KoJIeca, do+ 2m 182,828

daomm

8. lmameTp BaiuH

3yObeB IIECTEPHH, di-2,5m 40,221

di1, MM

9. lmameTp BaauH

3yObeB Kouteca, O, d>-2,5m 173,828

MM

10.11ar

HOPMAaJIBHBIN, P, MM m*n 6,28

11. OxpyxHas

TOJIIIMHA T*m/2 3,14

3yObeB,St,MM

12. BricoTa 3y0a, 2,25* m 45
h, MM

13 BricoTa roioBKu

3y0a, hy, MM m 2

14BpIcoTa HOXKKH

3y0a, ht, MM 1,25* m 25

15. PagunansHeiin

3a30p, €, MM hs, -h,=0,25*m 0,5

16. Cymmapnoe 2aw - coSBmin

YUCITO 3yObeB, Zy Ly =11+ 1, = m 109

17. Yucno 3yObeB Ly

IIECTEPHH, Z1 Zy = u+1 > Lmin 22

18. Yucno 3yoneB

KoJjeca, Z2 1, =17y -1, 87
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19. MexoceBoe Ku- T
paccrosHue, awMyM, | a,, = K,(u+1)? H 1 112
2
Wy, rux*|o
TOCT 2185 - 66 ba *ux lol,,
20. MexoceBoe
paccTosHHUE, awMM ay = 3142 — g (u+1)/2 112,025
(yrounenHnoe) 2 '
21.Vron HaKIIOHA _ . (4m > go
3y6beB, Prmin,° Bmin = arcsin (b_2> = 13,212
22. @aKkTU4ecKuit B = arccos(0.5 - Zy,
YTOJI HaKJIOHa JTIOJKHO BBITIOJTHATHCSA YCIIOBHUE: 13,291
3y0bes, B,° 8°< B < 20°
23.11lupuna BeHIa
KoJeca, bz, Mm b, = W, ay 35
24. IllupuHa BeHIA b; = by, + 3 MM 38
mecTepau, b1, Mm
25. Koapdpumment
CMEIEHUS, X - 0
26. ®akTuueckoe 1
HepeIaTouHoe Up = Z_1 3,95
YHCITO0, Ug
3amanue

PaccuuTaTh 3aKkpbITYyI0 KOCO3yOYyto nepeaauy (peaykrop). Mcxonubie naHHbIC
B3SITh M3 IPAKTUYECKOTO 3aHsATHs Ne6 /st 2-ro Bana (cMm 1abm. 3 u 4):

— Bpallarolni MOMEHT Ha Bajly mectepau T4, H - M (B Ta611.3
3TO OyzAeT BeauunHa T5);

06
- 9acToTa BpamieHus n; — (B Ta011.3 310 OyeT Benu4nHa N 2);
MHWH

- NepeIaTOYHOe YHCIIO PeayKTOpa U
(OpUEHTHUPOBOYHO), B TA0JI. 43TO Us 1;
— 3aJlaHHBIN pecypc nepeaadn (Cpok ee ciyxonl) L, = 12 -
103 4 (mpuMepHO TpH roja TP ABYXCMEHHOM padoTe);
— nepeaavya HepeBepcuBHas (paboTa 3yObeB OJTHON CTOPOHOK );
— Harpy3ka OJu3Kasi K IOCTOSTHHOMM;
Pacrionoxenue 3y04aThIx KoJIeC OTHOCUTEIHHO OMOP — CHMMETPUIHOE
PesynbTaTer pacueToB cBecTH B Tabmuiry. Caemnatb BEIBOIBI.

4.1TopsOK BBITIOJIHEHUS] PaOOTHI
4.1 O3HaKOMUTKCS C 3aJaHUSIMU;
4.2 N3yunTh 0OIIKME U TEOPETUUECKUE MOJIOKECHUS 110 TEME MTPAKTHIECKOTO
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3aHATHS;
4.3 Pemntsb 3a/1a4l CBOETO BapUAHTA;
4.4 TToka3aTh pe3yabTaThl pACUETOB MPEIOIABATEIIO

5.Bormpocsl [i1st caMonpoBepKu

5.1.KakoBbl mpeumyliecTBa KOCO3YObIX UMIMHAPUYECKUX TMepeaad 1o
CPaBHEHHIO C MIPSIMO3yObIMU ?

5.2.Kak BnusieT Ha paboTy KOco3yOoi nepenayr M3MEHEHHUE yria HakJIoHa
3yObeB? PekoMeHnyemble 3HaueHHs 3TUX yrioB. [loyemy orpaHmymBaioT
MaKCHMaJIbHOE 3HaYEHUE yria HakjiIoHa 3y0a?

5.3.Kakue mMoaynu 3auenieHust pa3inyaroT s KOCO3YObIX KOJIEC U KaKOBa
3aBUCUMOCTb MeX 1y HUMU ? Kakoil MOJysib CTaHIapTU30BaH ?

5.4 .VI3MeHeHne, KakuMX TIapaMeTpoB 3yOuaThIX KOJIEC BIUSET Ha UX
KOHTaKTHYIO MPOYHOCTH?

5.5.Ilouemy 3y0uaToe KOJIECO MOXKET OBITh BBIMOJHEHO M3 MEHEE MPOYHOTO
Marepuana, 4em IIECTEPHS ?

5.6.B yem cymniHocTh pacyeTa 3yObeB Ha KOHTAKTHYIO IPOYHOCTH ?

6. Jlomarnaee 3agaHue

6.1 HOIIFOTOBI/ITB OTBCTHI HA KOHTPOJIBHBIC BOIIPOCHI

6.2 OpopMUTH OTHUET;
6.3 MBy4uTh peKOMEHAYEMYIO JIUTEPATYPY.

7. CIUCOK IuTepaTypbl

7.1 Makcuna, E. JI. Texanueckas MexaHuka : yueoHoe rmocooue mist CIT1O
/ E. JI. Makcuna. — CaparoB : Hayunas kamra, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — Tekcr : PMEKTPOHHBIN // DIEKTPOHHO-OMOIMOTEYHAs CHCTEMa
IPR BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.html

7.2  Kopones, I1. B. Texundeckas mexanuka : yaeonoe mocooue mis CI1O
/ T1. B. KoponeB. — CapatoB : IIpodo6pazoBanue, Aii [Tu Ap Meaua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TekcT : 2IEKTPOHHBIN
/" DnexktpoHHO-OmONMMoTeyHas cucrema IPR BOOKS : [cait]. — URL:
https://www.iprbookshop.ru/88496.html
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[IpakTueckoe 3ansatue Ne 8
Tema: PacueT peMeHHOM ITlepeiaun

Henb: ObecnieunTh 3aKpEIICHUE MOTYUYEHHBIX TEOPETUUECKUX 3HAHUN U
MPUBUTUE YMEHUI B pacyeTe NapaMeTpoB PEMEHHOM nepeiaun 3youaToro
OJIHOCTYTIEHYaTOT0 PelyKTOpa

[IpogomxkuTenbHOCTh — 2 Yaca
1.MarepuanbHO€ U TOKyMEHTaJIbHOE 00ecTieueHHe:

1.1 UnauBuayanbHOE 3a1aHNUE;

1.2 MeTtonnyeckue peKoMEHJaluu K MPaKTUYECKOMY 3aHSATHIO;

1.3 MUKpOKaJIbKYJISTOPHI;

1.4 TOCThr:

-TOCT 1284.1. — 89 «PeMHM NpUBOJAHBIE KIMHOBBIE HOPMAJIBHBIX CEUCHHIA.

OcHOBHBIE pa3Mepbl U METOIbI KOHTPOJISI;

-TOCT 1284.2. — 89 «PeMHM pUBOIHBIE KIMHOBBIE HOPMAJIBHBIX CEYEHUH.

TexHu4YecKne yCIoBUs»;

-T'OCT 1284.3 — 80 «PeMHM IpHBOJIHBIE KJIIMHOBBIE HOPMAJIbHBIX CEUCHUH.

Pacuer nepenau u nepegaBaeMoil MOITHOCTHY;

- T'OCT 20889 — 88 «I1IkuBBI /1711 TPUBOAHBIX KIIMHOBBIX pEMHEU

HOpMaJbHBIX cedeHui. O0II1e TEXHUYECKUE YCTOBUS»

1.5 Jluctel ctangaptHoro ¢popmarta A4 (297*210) niis TEKCTOBOTO
nokymenTa rmo 'OCT 2.105 - 95

2 JIutepatypa

[1], c. 172...181
[2], c. 27...47

3. O06mIme 1 TEOPETHUECKHE TOJT0KEHUS M0 TEME TMPAKTHIECKOTO 3aHATHS
PemenHble mnepenaud TPUMEHSIOT B OCHOBHOM Ui MEpelayd JABUKEHUS OT
AIEKTPOABUTATEINS, KOTJIa MEXOCEBOE PACCTOSIHUE JOJKHO OBITh TOCTATOYHO
OOJBIINM, a IEPEATOYHOE YHUCIIO U MOXKET OBITh HE CTPOTO TTOCTOSTHHBIM.
MouiHocTh, nepenaBaemMas peMeHHOW nepenadeit, oobiuHO 10 50 kBT1. CkopocTh
pemus v = 5...50 M/c. B coderanum ¢ ApyruMu THIAMU TIEpenad PEeMEHHYIO
nepeavyy NpUMEHSIOT Ha ObICTPOXOIHBIX CTYNEHSX MpUBOJa. B MammHocTpoeHn
MPEUMYIIECTBEHHO MPUMEHSIOT Mepe/ladyd KIMHOBBIM peMHeM. KIIMHOBbIE peMHU
MMEIOT TpamnenueBUAHOE MornepeyHoe cedeHue. OHU paboTaloT Ha UIKUBAX C
KaHaBKaMU COOTBETCTBYIOIIETO peMHI0 mnpoduiis. KiMHOBbIE peMHU M KaHABKU
IIKMBOB KOHTAKTUPYIOT TOJBKO MO OOKOBBIM (pab04YMM) MOBEPXHOCTSIM PEMHEN U
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OOKOBBIM TpaHSIM KaHABOK IIKMBOB. B mepegade 4acTo MPUMEHSIOT HECKOJBKO

peMHel (KOMIUIEKT).

JUis  TpOeKTUpOBaHUs KIMHOPEMEHHOW Tepeqayn HEOoOXOAUMBI HCXOJIHBIC

JaHHBIC: pacueTHasl MepeaaBaeMasi MOIIHOCTh, YCJIOBHUS JKCIUTyaTallid, 4acToTa

BpaIlleHUs BEAYIIETO IIKUBA, IEPEIaTOYHOE YNCIIO, CKOJIBKCHHE PEMHS.
Ilocneoosamenvrocms npogedenus pacuema:

1.Ilpunste ceuenue pemus no puc. 7.3 ((1), c.134);

2.0mnpeaenuTh JuaMeTp Beaymero mkuea mo hopmyie ((7.25), ¢.130);

3.0npenenutb 1uamMeTp Begomoro mkusa mo ¢popmyie ((7.3), c.120);

4.PacueTHble IMaMeTphl IKUBOB ckoppekTuposath 1o 'OCT 17383 -73;

5.YTO4YHUTH MepejaTOuHOE YUCTIO (MIOTPEUIHOCTh HE JTOJKHA MpeBbIaTh 3%);

6.Bb10path BeICOTY ceueHust peMHs o 1adia. 7.3 (c.120);

7.Paccunrtath MexkoceBoe paccrosinue o dpopmyiie ((7.26), ¢.130);

8.0mnpenenuTh pacyeTHYIO JUIMHY peMHs 1o hopmyne ((7.7), c. 121);

9. Pacuernyto nnuny peMus ckoppektupoBaTs o 'OCT 1284.1 - 80

10.YTOYHHUTH 3HAYCHUE MEKOCEBOT'O PACCTOSHUS C YIETOM CTaHIAPTHOM JITTHHBI

pemus o popmyiie ((7.27), c. 130);

11.0npenenuts yroa o6xBata Beayiiero mkusa mo dpopmyne ((7.28), c. 130);

12.Haiitu koaddurments o 1ab61.7.9, (c. 135), tabdn. 7.10 (c. 136), no popmyie

((7.29), c.135);

13.Paccuntats unciio pemHei B nepeaade mo Gopmyne ((7.29), c.135);

14.0OnpenenuTh HaTSHKEHUE BETBU KIIMHOBOTO peMHs 1o popmye ((7.30), c.136);

15.Paccuntars naBnenue Ha Baibl 1o popmyse ((7.31), c.136);

16.Haiitu mmpuny mkuBoB (cM. Tada. 7.12, ¢. 138).

[Ipumep: PaccuutaTh mepemady ¢ ruOKOM CBA3bI0 (KIMHOPEMEHHYIO),
MOMEIIEHHYIO Tepe]l peAYKTOPOM (3aKPBITOM KOCO3yOOol repenayeii).

Hcxonubie naHHBIE B3SATHI U3 MMPAKTUUECKOTO 3aHATHS Neb 1Jisl BeIyIero
(MeHblIIeTO) MIKKBa (Baa 1-i):

o mnepeaaBaemMasi MOITHOCTh P = 4 kBrT;
BpaIlAlONIMid MOMEHT Ha Baity T; = 26,7 Hum;

6
gacToTta BpameHus n, = 1430,0 ﬁ;

yIJI0Bask CKOPOCTh M1 (wy)= 150 pan/c;

nepeaaTovyHoe Yuciao U = 2 (OpUEHTUPOBOYHO);
PELYKTOp HEPEBEPCUBHBIN;
pexuM paboTbl OTHOCMEHHBIN;

O BaJIbl yCTAHOBJICHBI HA TOJAIIUITHUKAX KAUCHUS;
Pe3ynbTaThl pacueToB cBecTd B Tabauily. Crenath BHIBOJIBI

o o0 o0 o O ©O

Pentenue:
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1. Ilpunumaem ceuenue K1un068020 pemusa no monozpamme Ha puc.7.3 (c. 134) B 3aBucumocTu
OT YacTOThI BPAIllEHHUs MEHBIIETO (BEAYIIEr0) IKUBA 14 U IIepeiaBaeMoil MOITHOCTH P
IMpUHUMACM CCYCHHUEC KIIMHOBOI'O PECMHA A.

2. /luamemp menvuezo (6edywezo) wikusa o gopmysne ((7.25), c.130)

dy ~ (3..4)3T, = (3..4)326,7-103 = (3..4) - 2,988 - 10 ~ 90 ... 120 MM

Cornacho Ta611.7.8 (c. 132) npuanMaeM st pemueid ceuenus «A» d; =90 mm
(T'OCT 17383-73)
3. luamemp oonvwezo (6edomozo) wmkuea o dopmyie ((7.3), ¢.120)
dy =uxd;(1- ),
rae (€) — OTHOCUTENLHOE CKOJIBKEHHE peMHs. [[J1s Tiepeay ¢ peryaIupyeMbIM HaTsSOKEHUEM
pemus - € = 0,01, Torma dy=-2%x90%(1-0.01) =178,2 Mmm
[Mpuaumaem d, = 180 MM ( TOCT 17383-73, wiu (1),c. 120)
4. Ymounsaem nepedamounoe ommuowenue
. d, 180
PT T d,(1—¢) 90(1—0,01)

u = 2,02

ITpu 3TOM yrioBasi CKOpOCTb BTOPOTO Bajia OyzaeT

Pacxosxnenne ¢ TeM, 9To OBUIO MOY4eHO N0 IEPBOHAYAIEHOMY PacyeTy:
w2 = 75 pan/c (cm. Taba.3 mpakTUUecKoro 3aHATUs Ne 6)

75;%'3 100 = 0,93% < + 3%,

rae (+ 3%) - nomyckaemasi BETMYMHA PACXOKICHHS
CredosamenvHo, OKOHUAMeNbHO NpuHUMaem ouamempol wikueos: d; = 90 mM; d, = 180 Mm

6. Mescocesoe paccmosnue a, crenyer NpuHAThH B uHTEpBale ((cM. popmyny (7.26), c. 130)
dmin = 055(d1 + dz) + TO

Amax = d1 + dy
rae T, — BeicoTa ceueHus peMHs (BbICOTa ceueHus pemMHs 1o 1ab6n.7.7, c. 131). T, = 8 MM
amin = 0.55(90 + 180) + 8 = 156,5 mM;
Amax = 90 + 180 = 270 MM
[IpunuMaem npeaBapuTenbHO ONIU3Koe 3HaueHue d, = 280 MM

7. Pacuemnasn onuna pemna no hopmyne ((7.7), c. 121, 6e3 yueta npomnycka Ha COeTUHEHUE
KOHIIOB)

d, — d;)?
L=2ap+0.5n(all+al2)+M
4ap
L=2-280+05 314(90+180)+(180_90)2—560+4239+ 0% _ 991
- S 4-280 2T 1120 00 MM

brmxaiimee 3navenue mo cranaapty [OCT 1284.1-80 (wam cm. tabn.7.7, c¢. 131)—L=1000 mm

8. Ymounennoe 3nauenue mejncoceeo2o paccmoanus a, ¢ yieToM CTaHJapTHON JJIMHBI PEMHS
L (cMm. dopmyny (7.27), c. 130)
a,=0.25[(L —w)+,/(L —w)%—2y],
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rae L - mmna pemns, B3stas mo OCT 1284.1-80— L=1000 mm

w —0.5m(d; +d,) =0.5-3.14 (90 + 180) = 423,9 Mmm;
y=(d, —d;)? = (180 — 90)* = 8100;
ap = 0.25[1000 — 423,9) + V(1000 — 423,9)2 — 2 - 8100] = 284 MM
[Tpu MoHTaXE TIepeaayn He0OXOAMMO 00ECIICYNTh BOSMOYKHOCT YMEHBIIIEHUSI MEKOCEBOTO
paccrostams Ha 0,01 * L=0.01 * 1000 = 10 MM amst oGnieryeHust HaJIeBaHUsSI pEMHEW Ha IIKUBBI U
BO3MOKHOCTh yBennuuBath ero Ha 0,025 * L=0.025-1000=25 MM 7151 yBeTU4eHUS HATSHKCHHS
pPEMHEH.

9. Yzon ooxeama menvuiezo wikusa no hopmyse ((7.28), ¢. 130)
dz - d1 180 - 90

= 180°— 57 ——— = 162°
a, 284

10.Kosppuyuenm pexncuma pabomeol, yuumuléaroujuii ycioeus IKCHayamayuu nepeoadu, 1o
ta0:1.7.10 (c. 136):
- JUTA TIPUBO/IA K JICHTOYHOMY KOHBEHepy Mpu OJJHOCMEHHOH padoTte

C, =10
11. Koagpgpuuuenm, yuumorearouguit enrusanue oaunvt pemus, no 'OCT 1284.3 — 80, wnm mo
1a651.7.9 (c. 135):
- U peMHs ceueHust «A» nipu mHe L= 1000 Mmm

¢, =0,90
12.Kosppuyuenm, yuumuiearoujuii enuanue yena ooxeama (CM. IOSICHEHHS K
bopmyne(7.29),c.135)
mpu o; = 162°,— C, ~ 0.955,

noJjiy4aeM HUHTEPIIOJINPOBAHUEM:

o, = 180°—57

(252 22+ 0.95)=0,955;

13. Koaghdpuyuenm, yuumotearouquit uucio pemueit 6 nepeoaue (CM. IOICHEHUS K
dhopmyne(7.29),c.135): mpearnonaras, 4To 4MCIO peMHEH B repeaade Oyner oT 2 10 3, mpumMeM
ko3 duruent - C; = 0.95

14. Yucno pemneii 6 nepedaue no popmyie(7.29),c. 135)
P-C

- P0~cL~ci~cZ !
rae Py- MomHOCTh, IepeaBacMasi OJJHUM KIMHOBBIM peMHeM, KBT (cm. Taba. 7.8, ¢. 132...134);
Jlnst pemus ceuenust «A» npu umrHe 1700 MM, padote Ha mkuBe d; = 180 MM u U >3 u
4acTOTE BPAll€HHMs MEHBIIErO MKKUBA Ny, = 1430 06/MuH MomuocTs Po = 1,20 kBt
(mpuMenuan Metox uHTepnoiupoBanus: (1,21 - (1,21 — 1,05)/250*20) = 1,20), TOCT1284.3-96,
c. 15. Ho y mac L= 1000 MM < 1700 MM, mosTOoMy BBOAUM KO3 duimeHt Cy, Torga

- 4 -1.0 a1
~1,20-0,90-0.955 -0.95

[Tpunumaem Z = 4.

15. Hamaxycenue éemeu knunoeozo pemns no popmyne(7.30),c. 136

__ 850 P-Cp- €L,

Fy, = + 0v?,
Z-v- Cy

rae ckopoctb— v = 0.5w 5 - d; = 0.5+ 150 -% =6,75Mm/c

. H-C2
0- k03P PUITMEHT, YIUTHIBAIOIINIA BIUSHUE IIEHTPOOSIKHBIX CHJI. [ > ] ;
M

s pemus ceuenust A koadpdunuent 0 = 0,1 (cm. nosicuenus k popmyne (7.30). c. 136)
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Tornma

850 -4 1090

0=

4 -6,75 - 0,955

16. /lasnenue na eanwvt no popmyne(7.31), c. 136

+0,1-6,752 =123 H

% /162
Fy = 2F, 2 -sin = = 2-123-4-5111(7) — 984 +0,988 = 972 H
17. Hlupuna wkueos B, (cm Ta6:1.7,12 (c. 138))

Bu=(Z-1)e+2f,

rae Z — 4iciio peMHeH B niepenaye; y Hac Z = 4,

€ — pacCTOsHME MEKAY OCSIMHU KaHABOK,

f — paccTosiHEe MEX/Ty OChIO KpaiiHell KaHaBKU M OJIVKAMIIIUM TOPLIOM KUBA.

OmnpenensrorTcs B 3aBUCHMOCTH OT BBIOPAHHOTO CEYEHUs peMHs. B HaieM cirydae st peMHs
ceueHnst A —e = 15,0 mm, a = 10,0 mm (cm. TOCT 20889 -90, c. 6 , wim Ta6:1.7,12 (c. 138)

18.

Bu = (4 — 1)*15,0 + 2%10,0 = 65 mm.

Pe3ynomamot pacuemog ceedem 6 maoa.

Tabnuia — OcHOBHBIE MapaMeTphbl KIMHOPEMEHHOM nepeaayn

[Tapamerp, Pacuetnsie hopmyibl Pesynprar
0003HaYeHHE
1. Ceuenue A
KIIMHOBOTO PEMHS
2. lnamMeTp MEHBIIIETO d; ~(3.. z})i/T1 90
(BemyIero) mkuBa, o

dq,
MM

I'OCT 17383-73

3. lnametp GobItiero
(BeoMOro) mIKuBa,

dy=uxd,(1— ¢)

180
o

d,, I'OCT 17383-73
MM
4.YTouHEeHHOE . d;
nepeaaToyHoe Upn = d;(1—¢) 2,02
OTHOIIEHHME, Uy,
5. MexoceBoe amin = 0.55(d; + dy) + T, 156,5
paccrosiHue,
a,, MM, B HHTEpBaJie Amax = dq +dy 270

(d, — dy)? 1000
7.Jlnvna pemns, L, L =2a, +0.5m(d; +dp) + 4a, o

MM

I'OCT 1284.1-80

8.YTouHeHHOE

MEXK0CEBOE a,=0.25[(L —w) ++/(L —w)Z—2y] 284

PaCCTOSAHUC, MM

9. Yron 06 . d, —d

MeH:J)JHel?o )1?132:123. oy = 180° — 57 ——— 162°
) ap
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Cp 1,0
10.KoMnoHeHTHI K C, 0,90
dbopmyne (7.29): Cqy 0.955
C, 0.95
11. Yucno pemueii B 7 _ P-C,
nepenaue, Z " PyCp-CyCy 4
12. HaTspxenre BeTBU Fy = 850P CpCr 6v2,
KJIIMHOBOTO peMHs, Fj, Zv Ca 123
H
13.Cura, Fy = 2F, -7 - sin
JIEMCTBYIOIIAsA Ha BaJl, 2 972
Fg, H
14. lllupyHa MKWBOB, Bu=(Z-1)e+2f 65
B, MM
Pemens ceuenus A ¢ pacueTHOM IuHOM L =
1000 MM, c KOpAHOM TKAHBIO B HECYIIEM CJIO€E:
*YcnoBHoe
o0o03HaueHMe Pemenv A -1000 TT'OCT 1284.1 -80

KJINHOBBIX PEMHEN

[IIkuB u1s1 IPUBOIHBIX KIIMHOBBIX pEMHEN THNA 1, ¢ ceueHneM
A, ¢ 4eThIpbMs KaHaBKaMH, paCUe€THBIM JTUAMETPOM

d; = 90 MM ¢ UIMJIMHAPUYECKUM NOCAL0UYHBIM OTBEPCTUEM
do = 25 MM, u3 uyryna mapku CH 20, mo 'OCT 1412 — 85:
**YcnoBHoe
0003Ha4YeHNE IIKUBOB Hlkue 1 A 4.90.25.CH 20 I'OCT 20889- 88

Bb1600: TI0 MICXOTHBIM JIaHHBIM IPOU3BEICH pacueT Mmepeadn ¢ THOKOW CBSI3bIO
(KTHHOPEMEHHOM ), TOMEIICHHO! Mepe] peIyKTOPOM (3aKPBITOM KOCO3y0o# mepenadeii).

3amanue

PaccuuTaTh nepenauy ¢ ruOKoil CBsA3bI0 (KIMHOPEMEHHYIO), TIOMEIICHHYIO Tepe/]
PEIYKTOPOM (3aKPBITOM KOCO3yOOi miepeaadeii).
Hcxonnble TaHHbBIE B3ATh U3 MPAKTUUECKOT0 3aHATHS Ne6 171l BeAylero
(menbliero) mkusa (Ban 1-i):

O nepenaBaemas MOIIHOCTb P = 4 kBT (MOIITHOCTh IPUHSATOTO
ANEKTPOABUTATENS);
N3 taGnuiist 3 B3SITH:
BpaIlalONIMid MOMEHT Ha Baity T; = 26,7 Hum;

6
gacToTta BpameHus n, = 1430,0 ﬁ;

yII0Bas CKOPOCTh 01 ()= 150 pan/c;
nepenaToyHoe Yuciio U = 2 (OpHeHTUPOBOYHO), (cM. Tabm. 4);
PELYKTOp HEPEBEPCUBHBIN;
PEXHUM pabOThl OTHOCMEHHBIH;
O BaJbl YCTAHOBJICHBI HA TIOJIITUITHUKAX KaUCHHUS,
PesynbraTe pacueToB cBecTH B Tabmuiry. Caenatb BEIBOIBI.

o o0 o o O ©
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4.1TopsiOK BBITIOJIHEHUST PaOOTHI

4.1 O3HaKOMUTKCS C 3aJaHUSIMU,

4.2 VI3yuuTth 00IIHE U TEOPETUUECKUE TOJIOKEHHUS 110 TEME MPAKTUIECKOTO
3aHATHS,

4.3 Pemutsb 3a/1a4v CBOETO BaApUAHTA;

4.4 TToka3aTh pe3yiabTaThl pACUETOB MPEIOIABATEIIO

5.Bonpocsl 11t caMOnpOBEPKH

5.1.Ilouemy nepenaToyHOE YUCIO PEMEHHON MEPENadyn HEMOCTOSHHO?

5.2.B yeMm pa3HuIla MEXIYy YIPYTMM CKOJIbKEHHEM U OYKCOBAaHMEM pEMHS ?
5.3.KakoBbl JOCTOMHCTBA M HEIOCTATKU MEpeAadyd KIMHOBBIM PEMHEM IO
CpPaBHEHMIO C Tiepeaueii MIOCKUM peMHEM ?

5.4 . KakoBa KOHCTPYKIHMSA KJIMHOBOro pemHsA? [louemy B KIIMHOBOM peMHE
KOpJl pa3MeIaloT B 30HE HEUTPAIBHOTO CIOs?

5.5.Kakoif OCHOBHOW TMapameTp ONpPENeNsOT TPHU pacdyeTre PEeMEHHOM
nepeiayu KIMHOBBIM, MOJTUKIMHOBBIM PEMHEM?

5.6.ITouemy orpaHMYMBAIOT YUCIIO PEMHEN B KOMIUIEKTE?

5.7. TloueMy npu NPOEKTUPOBAHUU PEMEHHBIX Mepeaau cieqyeT H30eraThb
MUHUMAaJIbHBIX THaMETPOB IIKUBOB?

6. Jlomarnaee 3agaHue

6.1 [ToAroTOBUTH OTBETHI HA KOHTPOJIBHBIE BOPOCHI

6.2 ObopMHTD OTUET;
6.3 MBy4uTh peKOMEHIYEMYIO JIUTEPATYPY.

7. CUCOK IUTepaTypbl

7.1 Makcuna, E. JI. Texundeckass MexaHuka : yueoHoe rmocooue mist CITO
/ E. JI. Makcuna. — CaparoB : Hayunas kamra, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TekcT : MEKTPOHHBIN // DIEKTPOHHO-OMONMMOTEYHAsT CHCTEMa
IPR BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.htmi

7.2  Kopones, I1. B. Texanueckast mexanuka : yaeonoe mocodbue nis CI1O
/ 11. B. KoponeB. — CapatoB : IIpodoOpaszoBanue, Aii I[Tu Ap Meaua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TekcT : 2IEKTPOHHBIN
/I DnexkTpoHHO-OMOMMoTeuHass cucrema I[PR BOOKS : [caiit]. — URL:
https://www.iprbookshop.ru/88496.html
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[IpakTueckoe 3ansatue Ne 9
Tema: Pacuer nenHou nepenayu

Henb: Ob6ecnieunTh 3aKpeIUICHUE MOTYYEHHBIX TEOPETUUECKUX 3HAHUHN U
[IPUBUTHE YMEHUHU B pacyeTe MapamMeTpoB LICTHOU Iepeadn i IPUBOAa K
JICHTOYHOMY KOHBeHepy

[IponomxuTenbHOCTh — 2 Hyaca
1.MarepuasnbHOE U JOKYMEHTaJIBHOE 00ECIIEUEHNUE:

1.1 UnauBuayanbHOE 3a1aHNUE;

1.2 MeTtonnyeckue peKOMEHJaluu K MPaKTUYECKOMY 3aHATHIO;

1.3 MUKpOKaJIbKYJISTOPHI;

1.4 TOCTsr:

- T'OCT 13568 — 97 «llenu npuBOIHBIC POJIMKOBBIE U BTYJIOUYHbIE. O01THE

TEXHUYECKHUE YCIOBUS»;

1.5 Jluctel cranpaptHoro gopmara A4 (297*210) nist TEKCTOBOTO
nokymenTta o 'OCT 2.105 - 95

2 Jlutepatypa

[1], c. 172...181
[2], c. 27...47

3. O6mIme 1 TeOPETUUECKHUE TOTOKEHUS TT0 TEME MPAKTHUECKOTO 3aHATHUS
B npuBogax ¢ ObICTPOXOIHBIMU JBUTATENSIMU IIEMTHYIO TIepeiavy, KaK MPaBuio,
yCTaHABIIMBAIOT nocie peaykropa (cM. puc. 1,113 Ne6). Pekomenaanuu mno
KOHCTPYUPOBAHUIO IIEMHBIX MEPEIay:
1.Bedomyro 6emeb 1IN peKomMeHOyemcs pacnonazams 6Hu3y BO 30exKaHue
MO/IXBATHIBAHUS €€ 3BEHBEB 3yObSIMH BEAYIIEH 3BE30UKH.
2.JIns obecrieueHurs JOCTATOYHOTO CAMOHATSKEHUS 1SN HE CIENYeT JIeTaTh yroil
© HaKJIOHA JIMHUU IEHTPOB 3Be3104eK K ropu3oHTy 6onee 60°. Ilpu © > 60° na
8€00MYI0 6emB8b B MECTaX HAMOOJIBIIIETO MPOBUCAHUS 1IETIH YCTAaHABINBAIOT
OMMSAINACHYIO 36€300UKY.

JluaMeTp OTTSKHOM 3BE3JI0YKH BBITIOJHSIOT OOJIBIIIE THAMETPa MEHBIISH
3BE3/I0YKHU Mepe/laun, OHa JOJIKHA BXOJAUTH B 3alLICIUICHUE HE MEHEE YEM C TpeMs
3BEHbSMHU LIEIH.
4.TTocKONBKY TIETh B MONIEPEYHOM CEYCHHUH HE 001a/1aeT THOKOCTHIO, 8AIbl YEeNnHOU
nepeoaqu NOJKHbBI ObITh napaielbHbiMU, a 3B€3JJ0YKH YCTAHOBJIEHBI B OJTHOM
MJIOCKOCTH.
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S.IIpuMeHeHune TpeX- U YETBIPEXPAAHBIX LIETIEN HEXKETATEIbHO, TAK KAK OHU
JIOPOTH U TPeOYIOT MOBBIIIEHHOW TOUHOCTH U3TOTOBJICHUS 3BE3/I0YEK U MOHTaXKa
MepeIayn.
[Ipumep: Paccumrars HenHyro nepenavy Jjs MpUuBoaa K JICHTOUHOMY
KOHBEMepy, MOMEIIEHHYIO T0CIIe PETYKTOPOM (3aKphITON KOCO3Yy00it
nepenadeit). YueOnuk (1).
Ncxonnbie naHHbIe B3ATHI U3 MpaKkTUUecKoro 3aHsaTus Ne6 (Banwl 3 u 4) aiis
BEAYIIEH 3BE3/I0UKHU:
BpalIaionui MoMeHT Ha Baiy (3-beM), T3=T; = 199 Hum;
06 |
;

yacToTa BpalieHus ny = nq = 179,0
MHWH

yrioBasi CKOpocTh @3 = 1 = 18,8 pan/c;

nepeaaTouHoOe YUCIOo IEeMmHON nepenauu Uy, = 4,8 (OpUEHTUPOBOYHO);
PEAYKTOP HEPEBEPCUBHBIN;

YTOJI HAKJIOHA JIMHUM LEHTPOB 3BE3/109€K K TOPU30HTY v = 45°,

Pexxum paboThl OTHOCMEHHBIN; BaJIbl YCTAHOBJIEHBI HA MOAIIUITHUKAX
kaueHus. HaTsokeHue nenu peryiupyoT NpUKUMHBIM POJIUKOM.
PesynbraThl pacueToB cBecTH B Tabnuily. Caenatb BHIBOABI

0O O O O O O

Pemenne:

1. B npuBoax o61iero Ha3HaYeHU LIETIHbIE epeayl MPUMEHSIOT B OCHOBHOM JUIsl TOHUKEHUS
4acTOTHI BpallleHus MPUBOIHOTO Basia. Hanbosiee pacpocTpaHeHsl [Tl 3TOH LeJIu IpUBOIHbIE
ponukoBeie 1ienH. [loaToMYy: ébtouUpaem npugoonyio poaukoeyo 00Hopaouyto yens (cm. 1. VI,
Tabin. 7.15, c.147).

2. Hucno 3yoves (cm. c. 148):

BENYIIECH 3BE30UKH Z; =31-2 Uy, > 11,

Z;=31-2%x48==31-96=214=22,>7, =13
-BEJIOMOM 3BE370YKH Z, =7y Upeyy = 22-4.8=105,6 <120
JlaHHO€E OrpaHUYEHHE BBI3BAHO TEM, YTO TP YHUCIIC 3yObeB OOJIbIIIEH (BEIOMOI) 3BE30UKH
ooiiee 120 BO3MOKHO COCKaKHBAaHUE [ENN.
[Ipunumaem Z; = 22 u Z, = 106.
Torna dakruueckoe

Z, 106
uun 22—2524.82
1
Orknonenne = 2282 .100~-042% < (1...2)% ,arto momycTuMO

4.8
3. Pacuemmnwtit ko3pgpuyuenm nazpysku (cm. ri. VI, Tadmn. 7.38, ¢.149 u nosicHeHus K Heit).

KBZKD'Ka'KH'Kp°KCM°Knl

rae K, - koaddunmeHT, yanThIBaIOMUI yCIOBUS MOHTaKa M DKCIUTYaTallly IIETTHON Mepeaadm;

Kp =1 - nuramMugeckuii koapHUIMeHT npu COKOWHOHN Harpyske (mepeiada K JISHTOUHOMY
KOHBeilepy );

K, = 1 - yuuThIBaeT BIUSHHE MEXOCEBOTO pacctosHus (npu ay < (30...60)t - K, -= 1);

Ky = 1 - yuuThIBaeT BAMSHKE yrila HAKIOHA JJMHUM [IEHTPOB, €CITH STOT YTOJl HE MPEBHIIIACT
60°; B manHom npumepe y = 45° o ycnoswuio.

K, — yuuthiBaeT cnoco6 peryrMpoBaHus HATSKEHUS LIETIH;

K, = 1,25 npu nepruon4eckoM peryaupoBaHUU HATSKEHUS 1IETIH,
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Ky~ IPUHUMAIOT B 3aBUCUMOCTH OT CIIOCO0a CMa3KH IIETIH;
K = 1- npu HenpepbIBHOM cMa3ke
K, - yauThIBae€T MpOJOIHKUTEIBHOCTh PA0OTHI B CYTKH, IPH OAHOCMEHHOHU padore K, = 1.
Torma

K,=1-1-1-125-1-1=1.25

4. Illaz yenu — o popmye (7.38) . VI
JUyist OTpeieNieH st Iara [ery Hajlo 3HaTh J0MycKaeMoe JaBlieHue [p] B mapuupax nemnu. B
tabnuie 7.18 (c. 150) nonyckaemoe nasjienue [p] 3aqano B 3aBUCMMOCTH OT 9aCTOThI BPAILCHUS
Beylel 3e3104ku M 1mara t. [losromy mis pacuera o opmyste (7.38), ¢. 149 senmunnoii [p]
CIIEyEeT 3a]1aBaThCsl OPUEHTUPOBOUYHO. Benyiias 3Be3/j04uka UMEET YaCTOTYy BpaIllCHUS

06
n; = 179,0 — (cm. ycnmosue 3amaun). CpeqHee 3HAUCHHUE JOITYCKAEMOTO JIABIICHUS TIPH N
MHWH

20006/Mun [p] = 23 MITa.
[Iar oxHopsaHO# nenu (M = 1), Torma:

t >28% |———
Zl[p]m

I'ne T, - Bpamaromuii MOMEHT Ha Bally MEHbILIEH 3Be31049KU , H-MM

Z,- yucio 3y0beB TOM e 3BE3/I0UKH

[p] — momyckaemoe naBieHue, MPUXOISIICECS HA SIUHUILY TIPOCKIIUU OTIOPHON MMOBEPXHOCTH
mapaupa, MIla

M — 9ucio psiaoB menu ; m =1

K,- k03 puiment, yauThIBaronii yCIOBUS MOHTa)Xa U SKCITyaTally LIETTHOM nepeaayu,

K, = 1.25. Torna
t=28% 3/M= 2.8-7.892 ~22.1 MM
22-23-1

[Tox6upaem mo nantabn.7.15 (c. 147) uens NPUBOAHYIO POJUKOBYIO OJTHOPSIHYIO —
[1P-25,4 — 60,0 mo 'OCT 13568-97,

uMeroIyro = 25.4 mm, paspymaromiyro Harpy3ky Q = 60.0 kH, maccy ogHOro MeTpa mnenu
g=26 % 1 IIPOEKIIMIO OMOPHOM NOBEPXHOCTH apHupa A,, = 179,7 Mm?

5. Cpeonssn ckopocms yenu (c. 149)
_Zytemy  22-254-179
~60- 103 60- 103

v =1.67 M/c

6. Okpyscnan cuna
T, w; 199-18.8
Ft frmy frm
o v 1.67
7. IIposepsem yenv no 086ym nokazamenam:
a) no wacmome epawienusn - no tabdn. 7.17, c. 149
nomyckaeMmas Juis 1enu ¢ marom t = 25,4 mm wactora Bpamenus [N1] = 800 06/muH,

ycioBue —N < [N1] BBIMOJIHEHO;

= 2240 H

0) no oasnenuro 6 wiapuupax:

Jlasnenue ¢ wmapnupe nipoepsieM 1o hopmyne (7.39), c.150 ( npumeuanue k Tabn.: Ecnu Z, #

7, T0 TabnMuHbIe 3HaYeHus [P] ymHOKar0T Ha Kooddurment K, = 1+ 0.01(Z, — 17)).

Fe *Ky 2240-1.25
A, 1797

P = = 15.58 MIla

VYrounsem no tabia. 7.18 (c. 150) nonmyckaemoe naBieHue
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st nanHo# nenu nipu 179,0 MO—; 3Hauenue [p] = 23 MIla (npu n =mo 200 06/mun u t = 25.4
MM.), a C y4eTOM IpUMeyanus K Tadi. 7.18

[p] = [p] (1+0.01(Z; — 17)),
[p] =23 (1 + 0.01(22-17)) = 24,15 MIla
Ycnosue p < [p]', m.e. 23< 24,15 BbINOJIHEHO.

8. Onpeoensiem uucno 36enves yenu o popmyine (7.36), c. 148
AZ
L, = 2a; + 0.5Zy + o

rIe
dy
A== 50 (cM. ¢.148)
Zy=7Z1+Z,=22+106=128
A=Z%=? 106222 _ 434
21 2-3.14
Tozoa

2

5'0 =100+ 64 + 3.58 = 167.58

L,=2-50+0.5-128 +

OxkpyrasieM 10 4eTHOro uucna 168

12. Ymounsnem mesxncoceeoe paccmosnnue yennoit nepedauu mo dpopmysne (7.37), c. 149

a, =025t [L, — 0.5Zy + \/(Lt — 0.5+ Zy)? — 8A?]

a, = 0,25-254[168 — 0,5 - 128 + /(168 — 0,5 - 128)2 — 8 - 13,38%] =

6,35 [104 + \/1042 — 8- 13,382%] = 6,35 (104 + 96,87) = 1276 MM

Z[J'IH CBO6OI[HOFO IMPOBUCAHUA LCIIH MPEAYyCMATPpHUBAEM BO3MOXKHOCTE YMCHBIICHUA MEXOCEBOT'O

paccrostaus Ha 0,4% , T.¢. Ha 1276 0,4 /100 = 5 MM

13. Onpeoensem ouamempol denumenvHvIX OKPYHCHOCHL L 36€3004€K
(cm. dopmyiy (7.34), c. 148)

d = t
9= 7180’
sm—Z
d, = 254 _ 254 =178.5 179
AT 180 T 0.1423 oMM E L/TMM
1n—22

d, = 254 254 = 857,2 857
o T T80 0.0296 4NN T O

sin 3+~
106
14. Onpeodensem ouamempol HAPYHCHBIX OKPYHCHOCH EHL 36€3004€K

(cM. dpopmymy (7.35), c. 148)
D, = t(K, + 0,7) — 0,31 - d;,

rae K, = ctg ﬂ

d;- ,Z[I/IaMeTp posuka nenu (¢ m. Tabm. 7.15,¢c. 122); d; = 15.88 mm

180
D61=2,.4(ctg—+07>—031 15,88 = 25,4-(6,955+0,7) — 4,923 = 189,5 mm

22
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0
+ O,7> —0,31-15,88 = 25,4-(33,733+0,7) — 4,923 = 869,7 MM

Dez = 25,4 (Ctgm

15. Cunwi, deiicmeyroujue na yens:
- OkpyxkHast = Fy = 2240 H— onpenenena Bbiie (CM. IIyHKT 6)

- OT LIEHTPOOEIKHBIX CHII —FE, = qu?,
rie (=26 % (cM. myHKT 4);
v = 1,67 m/c (cm. myHkT 5); Toraa
F, =2,6-1,672=7.25H

- ot mpoBucanns Fr = 9,81+ K¢-q- a, =9,81-1,5-2,6- 1217060:1\4

=49 H,

rae K¢ — koaddunmenT, yauTbIBaoIINil pacroaoKeHUEe e ; MPU yriie HakJIoHa nepeaayu (1o
45%— K¢ = 1,5 (cM.c. 151).

16. Pacuemmnasn nazpysxka na 6anvl
Fo =F¢, +2Fp=2240+ 2-49 = 2332 H.

17.I1Iposepsem korgppuyuenm 3anaca npounocmu nenu no hopmyine (7.40), c. 151

s=Q/(F¢ -Kn+F,+Fr),
rae Q - paspymatomas Harpyska, H. Q = 60.0 kH = 60,0 10° H (cm. iysKT 4);
Kn - nmramugeckuii kodpdurment. Kp= 1 (cm. myHKT 3)

$=60,010°/ (2240 1 + 7.25 + 49) = 60,0 10%/ 2296 =26,1>[s] =7,3T.e.

9TO OOJIBIIIE, YeM HOPMATUBHBIN K03(duImeHT 3anaca npoynoctu [s| =7,3;
(cm. Tabm. 7.19, c.151)

CnenoBatenbHoO, ycrosue —S 2> S| gvinoanero.

18. Pazmepul gedyuyeit 36e3004Ku ONIPENICTISAIOT MOCIE TPEABAPUTEIBLHOIO pacyeTa BajJoB
penaykTopa (B JTaHHOM mpuMepe 3To OyzneT BenoMblil Bai 3, cM. puc. 1 B I13 Ne6, rae Haxoaurcs
3ybuaroe kojieco). Tz = 199 HM. YuutsiBas BiusiHUE U3ru0a Bajga OT HATSHKEHUS ST,
npuauMaeM [t],= 20 MIla. /luameTp BHIXOAHOTO KOHIIA BaJia

3[16 -T 3[16-199-103-
O3 = = =37,0 MM.
T[T]k 3,14-20

ITo 'OCT 6636 -69 npunumaem quametp Bana dBz= 40 M.
Teneps cMoOkeM ONpeAeTUTh pa3Mephl BEIyIIEH 3BE310UKU:

O CTyNHLA 3BE3/10YKU r=1,6 ds3 =1,6 40 = 64 MM™;

ler =(1,2...1,6) ds = (1,2...1,6) 40 =48...64 mm;

npuHuMaeM le: = 63 mm mo F'OCT 6636 -69

o TomuuHa gucka 3Be3109KU 0,93 Byy,
riae Bgy, -paccTosiHue MEX Ty TUIaCTUHKAMH BHYTPEHHETO 3BeHa (cM. Tabim. 7.15, c.147).
Bsx = 15,88 MM, Torma TommuHaa aucka 38e3gouku = 0,93 15,88 =14,8 = 16 mm 'OCT 6636 -69.

AHaJOTUYHO ONPEAEIISIOT pa3Mepbl BEIOMOM 3BE30UYKH.

19.Pe3ynemamul pacuemos céedem ¢ maoauuy

Tabnuua — OcHOBHBIE MapaMeTpbl KIMHOPEMEHHOI nepesadu
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[Tapamerp, Pacuernbie popmyisl Pesynprar
0003HaueHHE
1.I'maBHEIN djIEMEHT MIPUBOIHAS
LIETHOMN nepeaadyn 1(S01)
2.Tun npuBogHOU POJIMKOBAs
(0051 OJTHOPSITHAS
3. Uucno 3yobeB Z;=31-2 Uy, >11 22
BEyIICH 3BE3/I0YKH,
Zy
4. Yucrno 3y0beB
BEJIOMOM 3BE30YKH, Zy =71 Upyeny <120 106
Z;
5.dakTHuecKoe Z,
nepeaaToyHoe Uyn = 7, 4.82
9UCIIO, Uyy
6. PacueTHsIit Ky =Kp - Ky - Ky - Kp - Koy - Ky 1,25
K03 duIueHT
Harpysku, K,
25,4
3| Ty - K,

7.1lar ey, t, MM t >28+« o

1[p]m T'OCT

13568-97
8.Cpennsis CKOPOCTh _Zptmy
ey, U=%0- 103 1.67
U,M/C
9. OxpyxHas cuna, T, wy 2240
F, ,H Fe, =
ty v

10. TaBnenue B p Fy, * K,
mapuupe, P, MIla T A, 15.58
11. Yucno 3BeHbEB 42
e, Ly Li = 2a; + 0.5Zs + 3t 168
12. MexoceBoe
PaccTosHuE, d;;, MM a, =025t (L, — 0.5Zs, + /(L — 0.5+ Z5)? — 8A?) 1276
13. lnametp
JeIUTENbHOM d = t
OKPY>KHOCTH BeAyIlen g sin 180’ 179
3BE3/I0UKH, dj , MM Z
14. Tlnametp
JEUTETBHON d = t
OKPYKHOCTH BEIOMOMU 9 sin 180’ 857
3BE3/10UKH, dj,, MM Z
15. luametp
Hapy>KHOU
OKPY)KHOCTH BeJyIIEH D. =t(K,+0,7)—0,31-d, 189,5

3Be3/104KH, D, MM
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16. Iuametp
Hapy>KHOU

OKPY>KHOCTH BEJIOMOM D, =t(K,+0,7)—0,31-d, 869,7

3BE€3/104KH, Do, MM

17. Cubl,

JIEMCTBYIOLIME HA

nens, H:

- OkpyxHas , Fy |

- OT LEHTPOOESIKHBIX cM. 1. 9 2240

cun, F,; E, = qv? 7.25

- OT TIPOBUCAHUS

Fe=981- Kf-q- a4 49

18.PacueTrHas

Harpy3ka Ha Babl, Fy, Fo =F +2F¢ 2332

H

19. Koappurment

3amaca MpoOYHOCTH s=Q/(F, ‘Kp+F,+F;) 26,1

TeMH, S

20 Ycnosue s = [s] 26,1>7,3

MIPOYHOCTH BBITIOJTHEHO

21. Pa3mepsl Benymei

3BE3/I0YKH, MM:

- CTYIHUIIA 3BE3J0YKH, der=1,6 da3 64

dCT;

-JUTMHA CTYIHIBI, lor, ler =(1,2...1,6) ds 63 T'OCT
6636 -69

- TOJIIIMHA JUCKA 16 MM I'OCT

3BE3/I0YKH, 0,93 Bsx 6636 -69

22. YcioBHOE
0003HaYeHue e

[lens npuBOAHASE POJIMKOBAs OJHOPSAIHAS HOPMAJILHOM cepuu
mara 25,4 MM ¢ pazpymatromieit cunoi 60 kH:

MPUBOJTHOMN

POJIMKOBO#M I1P-25,4 — 60,0 mo 'OCT 13568-97

OJTHOPSTHO M

23. YcnoBHOE CoeanHUTETHHOE 3BEHO IPUBOJHON POJIMKOBOM IETIH
0003HaYCHHE HOPMaJIbHOU cepuH 1mara 25,4 MM ¢ pa3pymaromieit cunon 60 kH:
COEIMHUTEIILHOTO

3B€HA MPUBOAHOU 3Beno C - I[1P-25,4 — 60,0 mo 'OCT 13568-97
POIMKOBOM

OJHOPSIAHOM LENHU

24. YcioBHOE
0003HaYCHHE
MEePEXOTHOTO 3BEHA
MIPUBOJIHOM
POJMKOBOM
OJHOPSIAHOM LENH

3Benoll - I[1P-25,4 — 60,0 mo I'OCT 13568-97




BriBon:
10 UCXOIHBIM JIaHHBIM MTPOU3BEJICH pacueT LEMHOU Mepeaadn il IPUBO/IA K JICHTOYHOMY
KOHBeliepy, TOMEIIEHHO! Toclie peAyKTopa (3aKphITOi KOCO3yOOol nepenadn).

3aanue

Paccuurats 1ienuyto nepenavy ajis NpUBoJia K JEHTOUHOMY KOHBEHEpY,
MOMEIIEHHYIO MOcIe PeAyKTOpa (3aKphITON Koco3yOoit nepenaun). YueOnuk (1).
NcxonHbie TaHHbBIC B3ATHI U3 IPaKTUUECKOTO 3aHsATUs Ne6 (Ban 3) 115 BemyIiei

3BE3/I0YKH:
O Bpamawiuil MoMeHT Ha Bany (3-sem), T3=T; =  Hum;
06
O YacToTa BpallleHHsI N3 = Ny = —;
MHWH
O yIJjoBas CKOPOCTb ®3 = ®1 =  paj/c;
O TepelaTovyHOe YUCIO IeNMHOM nepeAadu U,y =  (OpUEHTUPOBOYHO);
O PEenyKTOp HepeBEPCUBHBIN;
O yrol HAaKJIOHA IMHHUY IIEHTPOB 3BE€304YeK K ropu3oHTy y = 38°,

Pexxum paboThl OTHOCMEHHBIN; BaJIbl YCTAHOBJICHBI HA MOAMIUITHUKAX KAaUSHHUS.
Hatsxenue nenu peryampyroT NPUKUMHBIM POJTHUKOM.
PesynbpTaThl pacueToB cBecTH B Tabnuiy. Caenatb BHIBOBI

4.TTopsioK BBITIOJIHEHUS PaOOTHI

4.1 O3HaKOMHUTKCS C 3aJaHUSIMU,

4.2 VI3yuuTh 00IIHE U TEOPETUUECKHE TIOJIOKEHHUS 110 TEME MPAKTUIECKOTO
3aHITH,

4.3 Pemuthb 3a/1auv CBOETO BapUAHTA;

4.4 TTokazaTh pe3yiabTaThl paCU€TOB MPEIO/IaBATEIIO

S.Bomnpocsl 1Jisi caMmOIpOBEPKHU

5.1.KakoBbl TOCTOMHCTBA ILIEMHBIX MEpeaayd M0 CPAaBHEHHUIO C PEMEHHBIMHU ?
I'ne npuMeHsIOT 1IenHbIe epeaadn?

5.2. KakoBa KOHCTPYKITUS POJIMKOBOM IETIN ?

5.3.IloueMy TIpU BBICOKHX CKOPOCTSIX PEKOMEHIYETCS MPUMEHSTH IEMH C
MaJIbIM IIarom?

5.4.Yem BbI3BaHA HEPABHOMEPHOCTb JIBUKEHHUS MPUBOJHBIX LEned U
MIOYEMY OHA BO3PACTAeT C yBEIIMUCHUEM I1ara?

5.5.Yem 00ycClOBJIEHBI OTPAaHUYEHUS MUHUMAJIBHOTO YKCIIA 3yObEB Maylon
3BE3/I0YKH ¥ MAKCUMAJIHLHOTO YHCIIa 3yOheB OONBIINON 3BE30UKH?

5.6.Uto sABNSETCS OCHOBHBIM KpPUTEPHEM pPabOTOCIIOCOOHOCTH IIETTHBIX
nepenay? Kak mpoBoanTCsS mMpoBEpKa LEMHU M0 3TOMY KPUTEPUIO?

5.7.Yem BbI3BaHA HEOOXOAUMOCTh B NMPUMEHEHUU HATSHKHBIX YCTPOWUCTB B
nenHeIX nepeaay? KakoBsl criocoObl HATSXKEHUS 1SN ?

6. JlomaliHee 3ajaHue
99



6.1 [ToArOoTOBUTH OTBETHI HA KOHTPOJIbHBIE BOPOCHI
6.2 OpopMHTD OTUET;
6.3 3yuuTh peKOMEHAYEMYIO JTUTEPATYPY.

7. CHIUCOK JINTEPATypPhI

7.1 Makcuna, E. JI. Texundeckas mexanuka : yueoHoe nocobue g1 CITIO
/ E. JI. Makcuna. — CaparoB : Hayunas kuaura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — Tekct : AMEKTPOHHBIN // DIEKTPOHHO-OMOJIMOTEYHAsT CUCTEMa
IPR BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/87082.html
7.2 Kopones, I1. B. Texuuueckas mexanuka : yueonoe nmocoodue s CI1O
/ T1. B. KoponeB. — Caparos : [IpodoOpazoBanue, Ait [Im Ap Menua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TekcT : 2JIeKTPOHHBIN
/" DnextpoHHO-OMOMuoTeunas cucrema IPR BOOKS : [caiit] — URL:
https://www.iprbookshop.ru/88496.html
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Jlabopartopnas padota Ne 1
Tema: Onpenenenre KOOPAUHAT IIEHTPA TSKECTH IUIOCKOH TUIACTHHBI

HCJIBZ 3aKPCIIUTh TCOPECTUUCCKUC 3HAHUA 110 OIIPCACIICHUIO KOOpJAHWHAT LECHTpPA
TSKECTH CIIOXKHBIX CEUCHUM

[IponomxuTenbHOCTh — 6 yaca
1.0060opynoBanue

1.1 nabop nnactus;
1.2 moacTaBka A1 MMOABCIIMBAHUS;
1.3 nuHelika

2. TexHuka 0€30I1aCHOCTH

2.1 Ipwu BeIMoOIHEHUU T1a00PATOPHOU PabOTHI HEOOXOUMO COOIOATh
TUCIHILTNHY U TIOPSIOK;

2.2 BeIONHATE paboTy TOJIBKO HA CHEUUATBHO OTBEIEHHOM MECTE;

2.3 He nomyckaTh nepeMeIieHnii OT OJHOr0 MecTa K IPYyromy;

2.4 Paboyee MecTO HEOOXOMMO COEPIKAThH B MOPSIKE;

2.5 Tocne BBIOTHEHHUS TabopaTopHOi paboThl pabodee MecTo HEOOXOAUMO
CHIaTh MPETIOIaBaTEINIO.

Jlutepatypa

[1],c.88...102

3. O01mue 1 TeopeTHIeCKHe MOJI0KEHUS 10 TeME TabopaTOPHON pabOThI

[lenTpOoM TSA)KECTHU HA3BIBACTCSA PABHOAECHUCTBYIOIIASI CUJI TSXKECTH BCEX OTAECIBHBIX
yacTull Tesia. Mo1ysib 3TOM CHIIbI HA3bIBAETCS BECOM Teja. Ecim oqHOpoaHOE TEO
MMEET JIB€ OCU CUMMETPHUHU, TO LIEHTP TAKECTHU JICKUT HA IEPECEUECHUN ITUX OCEH.
Ecin ogHOpOAHOE TEJIO UMEET OHY OCh CHMMETPHUH, TO LIEHTP TAKECTH JICKUT HA
ATOM OCH.
JI1s mpoCcTeHIMX Te EHTP TSHKECTH OnpeAeseTcs mo GpopMynam:

e [IpsaMoyronbHUK
[lenTp TsHKECTH MPSIMOYTOJIbHUKA HAXOJIUTCS HA MEPECEUEHUM €r0 JUaroHaIeu.
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e TpeyronbHUK
LleHTp Ts7KECTH TPEYrOJbHUKA HAXOAUTCS HA IEPECEUEHUH €TI0 MEIMaH, Ha
PACCTOSSHAM OJHOM TPETU MEAUAHBI OT TOYKH IIEPECEUCHNS] MEIUAHbI C
COOTBETCTBYIOILIEW CTOPOHOM TPEYTOJIbHUKA.

e Kpyrosoil ceKTop B BUJE MOJyKpyTa

[leHTp TsXKECTH TONYKpYyra JIEKUT HA OCHU CUMMETPUU U HAXOJUTCSA Ha
paccrosinun 0,424 R ot nieHTpa (CM. TaOIUIIbI HUXKE).

R | N o~ —
\\ : /1 \\\\\\ ’,.~/”//'
T f— ;,;5" l l I
LT hy2 g | NG
v Wl
‘ /2 I
S—’~_> b R
'a) 6)
h h/3 . 1"_
.4 1 J ‘ B
E /) / 3 ! /) ‘ ) 4/\)
g Ye = 3

Pucynok 1- LIeHTpBI TSKECTH TPOCTEHIIINUX TEJl

KoopauHaTel ieHTpa TAKECTH CI0KHOW MIACTUHBI, COCTOAIIEH U3 MPOCTHIX
gacTel, onpeaenseTcs mo Gopmysiam:

_ XXcili _ XYcili
¢ YA ¢ TA;

TJI€ Xcl: Yc1 — KOOPAMHATHI IIEHTPOB TSHKECTH MPOCTHIX (HUTYD;
Aj — TIonIaab MPoCThIX PUTYp

Ilpumep .

OnpenenuTs KOOPAWMHATHI IEHTPA THKECTH TUIOCKOW GUTYPBI €  KPYTIIbIM
OTBEpCTUEM, H300paKeHHOM Ha puc.2. Pazmepri(MM)yKa3aHbl Ha YEPTEKE.
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Pewrenue.

PazbuBaem ¢urypy Ha TpW dYacTu: nABa OpsiMoyroibHuka 1 u // u Kpyrioe
orBepctue 111. BeiuuciasieM KOOpAMHATBHI LIEHTPOB TSAXKECTH W IUIOIIAIUA ITUX
4acTen:

x1= 350 mm; y; — 300 mm; A, =600 * 700 = 420 000 mm?,
x,= 500 mm; y, =850 mm;  A,=400 * 500 = 200000 mm?;
3= 350 MM; y;=380mm; 3= == 3202 = — 804 - 10% Mm?

3HaK MHUHYC 03HA4YacCT, YTO A3 - IJIomaab OTBECPCTHUA.

Brrumcisiem KoopAMHATHI IEHTPA TSHKECTU BCE (PUTYPHI:

oz AxatAgxatasxs (4200 - 350 + 2000 - 500 — 804 - 350)10% 407 amt
0 Ajia,+As (4200 + 2000 — 804)102 :

_ Ay1+A,y,+A3y; (4200 - 300 + 2000 - 850 — 804 - 380)102

= = 492 MM.
Yo Ajia,+tAs (4200 + 2000 — 804)102

[Tpumep 2
OnpenenuTs KOOPAUHATHI IEHTPA TSKECTH TUIOCKON (UTYPHI.
Oopasey evinoiHeHus
3amaua No 2
PazbuBaem ¢urypy Ha:

1) IlpsimoyroseHUK ¢ pazmepamu: h =8 cm, b =7 cm.
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2) Tpeyrombauk: h=4cm, b=2 cm.

3) Monykpyr ¢ paauycoM R = 2,5 cm.

YA
X1
R=25
Xc=4,083 C G
0 C
i Y3
Y1
~
C
X
V3 >
3 4
X2
X3
A cm? Xxcm | yecm A-x Ay a b A-a A-b
8I:7| 56 3,5 4 196 224 -0,583 -0,45 -32,648 -25,2
X
>~
Ax2 4 5,66 | 0,66 | 22,64 2,64 1,577 -3,79 6,308 -15,16
X
/A
Roas 9,812 8,06 5,5 79,08 (53,966 3,977 1,05 39,022 10,3

KoopnuHate! nieHTpa TSKECTH BCel (HUTYpHI

LA A X A X, 196-22,64+79,08 _ 25244

c = =4,083 cM.
A-A+A 56-4+9,812 61,812

A-yi—A -y, +A-y,  224-264+53966 275,326

Ye = =

= =4,45¢cMm.
A-A+A 56 -4+9.812 61812

AHanuTHYEeCKas MpOBEPKa:
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Ilo ocu x:

A-a —-A -a,+A-a,=0; - 32,648 — 6,308 + 39,022 =0 0,06 =0
He coctbikoBKa mpousonuia 3a C4eT OKPYIVICHUMN.

ITo ocu y:
A b —A, b, + A by =0 -25,2+15,16 + 10,3 =0; 0,26 =0

He cocTpikoBKa MpOM30ILIa 32 CYET OKPYTIICHU

OTtBerT:

Koopaunate! nentpa tsokectH miockoi ¢purypst C (4,083; 4,45)

rac

4. TlopsaoK BBIMOJHEHUS PaOOTHhI

4.1 UzmepseM HEOOXOAMMBIE pa3Mephl MIIACTUHBI, IO JAHHBIM pa3Mepam
BbIUEPUMBAEM TUIACTHHY;

4.2Pa3buBaem (¢urypy Ha MpPOCTbIE COCTaBHBIE YACTH, BBIUUCISEM
IUIOIIAN YacTei, TUIomaab Bce (Urypbl U KOOPJAWHATHI LIEHTPOB
TSYKECTEN COCTABHBIX YACTEH.

4.3 BpruncisieM KOOpAWHAThI HEHTPa TSKECTU (PUTypHI 110 popMysiaMm :

_ XXciAi y, = XYcidi
¢ YA ¢ YA;

4.40mnpenensieM MOJIOKECHHUE [IEHTPa TSHKECTH SKCIIEPUMEHTATBHO U BBIYUC -
JsieM morpenrHocTy. st aToro nmoaBemmBaeM GUTYpy Ha IITATHBE,
dbuKcupyeM KapaHaanioM Ha (pUrype JIMHUIO MPOXOXKIASHUS 1Mo purype
HUTH OTBeca. [IpojenbiBaeM To ke, N3MEHHUB TOUYKY T0J[Beca (QUTYPHI;

4.5Touka nepecedeHus 2-* TUHUIN JAET MOJO0KEHUE IIEHTPA TSHKECTH
burypsl.

4.6 OmpezernseM MOrpenrHOCTb

xc—xT Ye—ye
6x = xZ 100% 6y = y—CT100%

X¢, Yo - DKCIEPUMEHTAJIBHOE 3HAYCHUE KOOPIUHAT UEHTPA TSKECTH
X¢', Ye' - TEOPETHUYECKOE 3HAYEHHUE KOOPAUHAT LEHTPA TKECTH

4.7 Pe3ynbTaThl 3aHOCUM B TaOJUILY:
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[ [momaam [ [momann [lorper-
KoopHHHaTH COCTI;,IB}J‘;[BIX 13(:6171Hl 8 KOOpHHHaTH HOCfb
LIEHTPOB T}I)Kvecm oo drrypi CHTPA TOKECTH ,
COCTaBHBIX YaCTEH, buryps! %
9 2 xC: yC
MM MM MM MM.
Teope- [Oxecme- | 6, | 6,
TUYECKUE|PUMEH-
A
Vi | X2 | Yo |Xc| Y3 | AL | Ay | As TaJIbHBIC
o =
=S =

4. Bompocsl JIJisi CAMOKOHTPOJIS

4.10T4ero 3aBUCHUT TOJIOKEHHE IIEHTPA TSKECTH?

4.2YTo Ha3bIBaETCSI CTATUYCCKUM MOMEHTOM CEUCHHUSI?

4.3Yemy paBeH CTaTHUECKHII MOMEHT OTHOCUTEIIBHO OCH CUMMETPUU CEUCHHUS ?
4.4Kax onpenenauTs MOJI0KEeHNUEe EHTPa TSHKECTH CUMMETPUYHOTO CEUeHUs?
4.5Yto Takoe Bec Tena? Kak HampaBiieHa cUlla TSKECTH?

4.6 Kak HaliTH KOOPAMHATHI LICHTPA TSHKECTH CIIOKHOTO CEUCHMUS?

6. JlomarrHee 3aaHue

6.1 OdbopMuTh OTUET;
6.2 3yunTh peKOMEHAYEMYIO JIUTEPATYPY.

7. CHIUCOK JIUTEepaTypbl

7.1 Makcuna, E. JI. Texanyeckas MexaHuka : yueoHoe nocodue mis CITO
/ E. JI. Makcuna. — CaparoB : Hayuynas kuura, 2019. — 159 c. — ISBN 978-5-
9758-1899-7. — TekcT : MEKTPOHHBIN // DIEKTPOHHO-OMONMMOTEYHAsT CHCTEMa
IPR BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.htmi

7.2  Kopones, I1. B. Texaunueckast mexanuka : yaeonoe mocodbue nms CI1O
/ T1. B. Kopones. — Capatos : IIpodoOpaszoBanue, Aii [Tu Ap Meaua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TekcT : 2IEKTPOHHBIH
/" DnexkTpoHHO-OMOIMoTeuHass cucrema I[PR BOOKS : [caiit]. — URL:
https://www.iprbookshop.ru/88496.htmi
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[Ipunoxenus
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[Tpunoxenue 111

MuHuCTEpPCTBO HAYKH U BbICHIET0 00pazoBaHus PO
®I'BOY BO «bpsHCKHli rocyaapCcTBEHHbIN TexHUUeckuid yHuBepcute (BI'TY)
[Nomrexumueckuit komwtemk ([IK BI'TY)

Kypnan

MPaKTUYECKUX U JIaOOpaTOPHBIX paboT
1o yueOHo# aucturnHe « TexHudeckas MexaHuKa
CneunanbHocTh 15.02.08 «TeXHOIOTHS MAITUHOCTPOESHUSI»

I'pynna 0—21-1™m-
18
CryneHnr (1.0.Pamunus)
[Ipenonasarens (1.0.Damunus)
JlaTa OnecHka

20
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[Tpunoxxenue 112

I'OCT 6636 — 69 «OcHOBHBIE HOpMBI B3auMo3ameHsieMocT. HopMmanbHble JINHEHHbIE pa3MeEpPbI»
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YroJiku crajibHbIe ropsiuekatanbie papuonoJiounbie. Coprament ('OCT 8509 — 93)

IIpuaoxenne 113

A 4 5 Y
° e +
Z b — mmpuHa nosKy; J — MOMEHT UHEpIIUY;
%
o\l R X { — ToXIIMHA MTOJIKH; | — paanyc UHEPIHH,
©f
JL% P24 ""{N R . Z .
P Ay — panuyc BHYTPEHHETO 3aKpYyTIICHUS; 0 — PaCCTOSIHUE OT IIEHTpPa TSHKECTH;
€ I — paanyc 3aKpyrJIeHUs MOJIOK; JI0 HAPY>KHOU T'PaHM TOJIKH;
Jxy — HEHTPOOEKHBIT MOMEHT HHEPITHH
CrnpaBOoYHbIE BEJIMUMHBI JUIs1 OCEH Macca
MM IInomane
Howmep romnepey- X=X Xo — Xo Yo—Yo Im
HOTO :
J I J . Zo, 0JIKa,
yroJika CEUCHM, e | Wy i 0 0 -yO Wyo, | iyomin, | Jxy, cm* ° 7
b R r 9 ! ! ! max, max, min, CcM
M em* | em® cM I oM K
cm? cM om?
3 1,13 0,40 0,28 059 | 063 | 0,75 | 0,17 0,20 | 0,39 0,23 0,60 0,89
2 20 3,5 1,2
4 1,46 0,50 0,37 058 | 0,78 | 0,73 | 0,22 0,24 | 0,38 0,28 0,64 1,15
2,5 25 3 3,5 1,2 1,43 0,81 0,46 0,75 | 1,29 09 | 0,34 | 0,33 | 0,49 0,47 0,73 1,12
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1,86 103 | 059 (074 162 | 093 | 0,44 | 041 | 048 | 0,59 | 0,76 1,46
2,27 122 | 0,72 (073|191 | 092 | 053 | 0,47 | 0,48 | 0,59 | 0,80 1,78
2,8 28 40 | 1.3 1,62 1,16 | 058 | 085 1,84 | 107 | 048 | 042 | 05 | 0,68 | 0,80 1,27
1,74 1,45 | 067 (091 230 | 115 | 060 | 053 | 059 | 0,85 | 0,85 1,36
3 30 40 | 1.3 2,27 184 | 087 |09 | 292 | 113 | 0,77 | 0,61 | 0,58 1,08 | 0,89 1,78
2,78 220 | 106 | 089 | 347 | 1,12 | 094 | 0,71 | 0,58 1,27 | 0,93 2,18
1,86 1,77 | 077 [ 097 | 280 | 1,23 | 0,74 | 0,59 | 0,63 1,03 | 0,89 1,46
3,2 32 45 | 15
2,43 226 | 100 [ 096 | 358 | 1,21 | 0,94 | 0,71 | 0,62 1,32 | 0,94 1,91
2,04 235 | 093 | 107 | 372 | 1,35 | 0,97 | 0,71 | 0,69 1,37 | 0,97 1,60
3,5 35 45 | 15 2,67 301 | 121 | 106 | 4,76 | 1,33 | 1,25 | 0,88 | 0,68 1,75 1,01 2,10
3,28 361 | 1,47 | 105 571 | 1,32 | 152 | 1,02 | 0,68 2,10 1,05 2,58
2,35 355 | 122 | 123 | 563 | 155 | 1,47 | 0,95 | 0,79 2,08 1,09 1,85
3,08 458 | 160 (122 | 7,26 | 1,53 | 190 | 1,19 | 0,78 2,68 1,13 2,42
4 40 50 | 1,7
3,79 553 | 19 | 121 875 | 152 | 230 | 1,39 | 0,78 3,22 1,17 2,98
4,48 6,41 | 230 | 1,20 | 10,23 | 150 | 2,70 | 1,58 | 0,78 3,72 1,21 3,52
2,65 513 | 156 | 139 8§13 | 1,75 | 2,12 | 1,24 | 0,89 3,00 1,21 2,08
4,5 45 50 | 1,7
3,48 6,63 | 2,04 | 1381052 | 1,74 | 2,74 | 1,54 | 0,89 3,89 1,26 2,73
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4,29 803 | 251 | 137 12,74 | 1,72 | 3,33 | 1,81 | 0,88 | 4,71 1,30 3,37
5,08 93 | 29 | 136 |1480 | 1,71 | 3,90 | 2,06 | 0,88 5,45 1,34 3,99
IIpoaxonxenue npuiioxenus I13
CnpaBouHbI€ BEIUYHHBI 1JI1 OCEN Macca
MM IInomans
Homep nornepey- X=X Xo — Xo Yo—Yo Im
HOTO
J . J . 0JIKa,
yroJjka ceyeHus, \]X WX X0 1x0 max, _yO WyO, ly0 min, ny, CM4 ZO, CM T
b R r CM2 ’4 é iX; cM max, min, KT
oM oM . | oM . | oM | cm
cM cM
2,96 711 | 194 | 155 | 11,27 | 1,95 | 2,95 | 1,57 | 1,00 4,16 1,33 2,32
3,89 921 | 254 | 154 | 1463 | 194 | 380 | 1,95 | 0,99 5,42 1,38 3,05
4,80 11,20 | 3,13 | 1,53 | 17,77 | 1,92 | 4,63 | 2,30 | 0,98 6,57 1,42 3,77
5 50 55 1,8
5,69 13,07 | 3,69 | 1,52 | 20,72 | 191 | 543 | 2,63 | 0,98 7,65 1,46 4,47
6,56 14,84 | 4,23 | 150 | 23,47 | 1,89 | 6,21 | 2,93 | 0,97 8,63 1,50 5,15
7,41 16,51 | 4,76 | 1,49 | 26,03 | 1,87 | 6,98 | 3,22 | 0,97 9,52 1,53 5,82
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4 4,38 13,10 | 3,21 | 1,73 | 20,79 | 2,18 | 541 | 2,52 | 1,11 7,69 1,52 3,44
5,6 56 6,0 2,0
5 5,41 1597 | 396 | 1,72 | 2536 | 2,16 | 659 | 2,97 | 1,10 9,41 1,57 4,25
4 4,72 16,21 | 3,70 | 1,85 | 25,69 | 2,33 | 6,72 | 2,93 | 1,19 9,48 1,62 3,71
5 5,83 19,79 | 456 | 184 | 3140 | 2,32 | 818 | 3,49 | 1,18 | 1161 | 1,66 4,58
6 60 6 7,0 2,3 6,92 23,21 | 540 | 1,83 [ 3681 | 231 | 9,60 | 3,99 | 1,18 | 13,60 | 1,70 5,43
8 9,04 29,55 | 7,00 | 1,81 | 46,77 | 2,27 | 12,34 | 490 | 1,17 | 17,22 | 1,78 7,10
10 11,08 3532 | 8,52 | 1,79 | 55,64 | 2,24 | 15,00 | 570 | 1,16 | 20,32 | 1,85 8,70
4 4,96 18,86 | 4,09 | 195 | 2990 | 245 | 7,81 | 3,26 | 1,25 | 11,00 | 1,69 3,90
6,3 63 5 7,0 2,3 6,13 23,10 | 5,05 | 1,94 | 36,80 | 2,44 | 952 | 387 | 1,25 | 13,70 | 1,74 4,81
6 7,28 27,06 | 598 | 193 | 4291 | 243 | 11,18 | 444 | 1,24 | 1590 | 1,78 5,72
4,5 6,20 29,04 | 567 | 2,16 | 46,03 | 2,72 | 12,04 | 453 | 1,39 | 17,00 | 1,88 4,87
5 6,86 31,94 | 6,27 | 2,16 | 50,67 | 2,72 | 13,22 | 492 | 1,39 | 18,70 | 1,90 5,38
6 8,15 3758 | 7,43 | 2,15 | 59,64 | 2,71 | 1552 | 566 | 1,38 | 22,10 | 1,94 6,39
7 70 8,0 2,7
7 9,42 4298 | 8,57 | 2,14 | 68,19 | 2,69 | 17,77 | 6,31 | 1,37 | 2520 | 1,99 7,39
8 10,67 48,16 | 9,68 | 2,12 | 76,35 | 2,68 | 19,97 | 6,99 | 1,37 | 28,20 | 2,02 8,37
10 13,11 57,90 | 11,82 | 2,10 | 91,52 | 2,64 | 24,27 | 8,17 | 1,36 | 33,60 | 2,10 10,29
7,5 75 5 9,0 3,0 7,39 3953 | 7,21 | 2,31 | 62,65 | 291 | 16,41 | 574 | 1,49 | 23,10 | 2,02 5,80
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6 8,78 46,57 | 8,57 230 | 73,87 | 2,90 | 19,28 | 6,62 | 1,48 27,30 2,06 6,89

7 10,15 53,34 | 9,89 2,29 | 8461 | 2,89 | 22,07 | 7,43 | 1,47 31,20 2,10 7,96

8 11,50 59,84 | 11,18 | 2,28 | 94,89 | 2,87 | 24,80 | 8,16 | 1,47 35,00 2,15 9,02

9 12,38 66,10 | 12,43 | 2,27 10;'7 2,86 | 27,48 8,911 146 38,60 2,18 10,07

55 8,63 52,68 | 9,03 2,47 | 83,56 | 3,11 | 21,80 | 7,20 | 1,59 30,90 2,17 6,78

6 9,38 56,97 | 9,80 2,47 190,40 | 3,11 | 2354 | 7,60 | 1,58 33,40 2,19 7,36

7 10,85 65,31 | 11,32 | 2,45 10:'6 3,09 | 26,97 8,551 1,58 38,30 2,23 8,51

8 80 | g | 90| 30 | 1530 | 73361280 | 244 115’3 308 | 3032 | 2| 17 | 4300 | 227 | 965
10 15,14 88,58 | 15,67 | 2,42 14:?'3 3,04 | 36,85 119’0 1,56 56,70 2,35 1188

12 17,90 105'7 18,42 | 2,40 1672'2 3,01 | 43,21 122’6 1,55 59,50 2,42 14,05

IIpoaoskenune npusioxkenus 113

Howmep MM Tlnomans CnpaBouHbI€ BEIUYUHBI I OCEN Macca
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yroJjka romnepey- X—X Xo — Xo Yo — Yo I m
HOTO
CEUECHMS, ] W Jo 1x0 max, \]-yO Wyo, | iyomin, | Jxy, cM* | Zo, cM YPOJe,
b t R r CM2 x,4 Xé ix, cM max, min, «r
cM cM 4 cM . | o cM
cM cM
6 10,61 82,10 | 12,49 | 2,78 | 130,0 | 3,50 | 33,97 | 9,88 | 1,79 | 48,10 | 2,43 8,33
0
7 12,28 94,30 | 14,45 | 2,77 | 149,6 | 3,49 | 38,94 | 11,1 | 1,78 | 5540 | 2,47 9,64
7 5
3 13,93 106,1 | 16,36 | 2,76 | 168,4 | 3,48 | 43,80 | 12,3 | 1,77 | 62,30 | 2,51 10,93
1 2 4
9 90 10,0 | 3,3
9 15,60 118,0 | 18,29 | 2,75 | 186,0 | 3,46 | 48,60 | 13,4 | 1,77 | 68,00 | 2,55 12,20
0 0 8
10 17,17 128,6 | 20,07 | 2,74 | 203,9 | 3,45 | 53,27 | 145 | 1,76 | 7530 | 2,59 13,48
0 3 4
12 20,33 1496 | 23,85 | 2,71 | 2358 | 3,41 | 62,40 | 16,5 | 1,75 | 86,20 | 2,67 15,96
7 8 3
6.5 12,82 122,1 | 16,69 | 3,09 | 1934 | 3,89 | 50,73 | 13,3 | 199 | 71,40 | 2,68 10,06
’ 0 6 8
10 100 7 1%’0 4,0 13,75 130,5 | 17,90 | 3,08 | 207,0 | 3,88 | 54,16 | 141 | 198 | 76,40 | 2,71 10,79
9 1 3
8 15,60 147,1 | 20,30 | 3,07 | 233,4 | 3,87 | 6092 | 156 | 198 | 86,30 | 2,75 12,25
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9 6 6

10 19,24 178,9 | 24,97 | 3,05 | 2838 | 3,84 | 74,08 | 185 | 1,96 | 110,00 | 2,83 15,10
5 3 1

12 22,80 208,9 | 29,47 | 3,03 | 3309 | 3,81 |86,84 | 21,1 | 1,95 | 122,00 | 2,91 17,90
0 5 0

1 26,28 237,1 | 33,83 | 3,00 | 3749 | 3,78 | 99,32 | 23,4 | 1,94 | 138,00 | 2,99 20,63
5 8 9

15 27,99 250,6 | 3595 | 2,99 | 3958 | 3,76 | 1054 | 24,6 | 1,94 | 145,00 | 3,03 21,97
8 7 8 2

16 29,68 263,8 | 38,04 | 2,98 | 416,0 | 3,74 | 1116 | 25,7 | 1,94 | 152,00 | 3,06 23,30
2 4 1 9

7 15,15 175,6 | 21,83 | 3,40 | 2785 | 4,29 | 72,68 | 17,3 | 2,19 | 106,00 | 2,96 11,89
1 4 6

11 110 12,0 | 4,0

3 17,20 198,1 | 24,77 | 3,39 | 3145 | 4,28 | 81,83 | 19,2 | 2,18 | 116,00 | 3,00 13,50
7 1 9

3 18,80 259,7 | 29,68 | 3,72 | 412,4 | 4,68 | 107,0 | 23,2 | 2,39 | 153,00 | 3,25 14,76
5 5 4 9

12 120 | 10 | 120! 40 23,24 317,1 | 36,59 | 3,69 | 503,7 | 4,66 | 130,5 | 27,7 | 2,37 | 187,00 | 3,33 18,24
6 9 4 2

12 27,60 371,8 | 43,30 | 3,67 | 590,2 | 4,62 | 153,3 | 31,7 | 2,36 | 218,00 | 3,41 21,67
0 8 3 9
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15 33,99 4489 | 52,96 | 3,63 | 711,3 | 4,57 | 186,4 | 37,3 | 2,34 | 262,00 | 3,53 26,68

0 2 8 5
3 19,69 294,3 | 32,20 | 3,87 | 466,7 | 4,87 | 121,9 | 25,6 | 2,49 | 172,00 | 3,36 15,46

6 6 6 7
9 22.0 327,4 36.00 | 3.86 520,0 4,86 1358 | 28,2 | 2,48 192,00 3,40 17,30

8 0 8 6
10 24,33 3529’8 39,74 | 3,85 57:’0 4,84 1498’5 3?5’4 247 211,00 345 19.10

12,5 125 140 | 4,6

12 28 89 422,2 4706 | 3.82 670,0 4,82 174,4 | 34,9 | 2,46 248,00 3,53 22,68

3 2 3 4
14 3337 481,7 5417 | 3.80 763,9 478 1996 | 39,1 | 2,45 282,00 3,61 26,20

6 0 2 0
16 3777 538,5 6109 | 378 852,8 4,75 224,2 | 43,1 | 2,44 315,00 3,68 29,65

6 4 9 0
9 2472 465,7 4555 | 4,34 739,4 5.47 192,0 | 359 | 2,79 274,00 3,78 19,41

2 2 3 2
14 140 | 10 | 140 | 4,6 217,33 51:'2 50,32 | 4,33 81;'6 5,46 212'9 395’0 218 301,00 3,82 2145
12 3249 602,4 5066 | 431 956,9 5,43 248,0 | 449 | 2,76 354,00 3,90 25,50

9 8 1 7

1008,5

15 150 | 10 | 14,0 | 4,6 29,33 |634,76 | 58,07 | 4,65 5 5,86 (260,97 |45,34| 2,98 | 374,00 | 4,07 23,02

118



1187 2,32 | 2,97 4,1 27
12 34,89 747,48 | 68,90 | 4,63 E:S 8 5,83 |[307,09 52,3 9 440,00 15 39
1442 1 2 4,27 2
15 43,08 908,38 | 84,66 | 4,59 0 5 579 (374,17 61,96 95 534,00 ’ 33,8
1 1 70,91 2 4 40,11
18 51,09 0?30’0 99,86 | 4,56 6820’9 574 (439,24 0.9 93 621,00 38 0
Oxonyanue npuioxenus I13
CrnpaBoYHBIE BEJIMUMHBI IS OCEH Macca
MM IInomane
Howmep romnepey- X=X Xo — Xo Yo—Yo Im
HOT'O
J . J . 0JIKa,
yroJyka ceuenus, I lw, o max, _yO Wyo, | iyomin, | Jxy, eM*? | Zo, M 7
b t R r CM2 !4 é iX, CM max, min, KT
™ ™ 4 cM 4 e’ cM
cM cM
10 31,43 774,24 66,19 | 4,96 [1229,10 6,25 |319,38|52,52| 3,19 | 455,00 | 4,30 24,67
16 160 | 11 | 16,0 | 5,3 34,42 844,21 | 72,44 | 4,95 |1340,66| 6,24 |347,77|56,53| 3,18 | 496,00 | 4,35 27,02
12 37,39 912,89 | 78,62 | 4,94 |1450,00 6,23 |375,78|60,53| 3,17 | 537,00 | 4,39 29,35
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14 43,57 |1046,47| 90,77 | 4,92 |1662,13| 6,20 |430,81|68,15| 3,16 | 615,00 | 4,47 33,97
16 49,07 |1175,19/ 102,64 | 4,89 |(1865,73| 6,17 |484,64|75,92| 3,14 | 690,00 | 4,55 38,52
18 54,79 |1290,24| 114,24 | 4,87 |2061,03] 6,13 |537,46|82,08| 3,13 | 771,00 | 4,63 43,01
20 60,40 |1418,85| 125,60 4,85 |2248,26| 6,10 |589,43|90,02| 3,12 | 830,00 | 4,70 47,44
11 38,80 |12016,4| 92,47 | 5,60 |1933,10, 7,06 |499,78|72,86| 3,59 | 716,00 | 4,85 30,47
4
12 42,19 |1316,62| 100,41 | 5,59 (2092,78| 7,04 |540,45|78,15| 3,58 | 776,00 | 4,89 33,12
18 180 15 1601 53 52,18 |1607,36| 123,74 | 5,55 |2554,99 7,00 |659,73|93,11| 3,56 | 948,00 | 5,01 40,96
18 61,99 |1884,07|146,36| 5,51 |2992,69 6,95 |775,44|106,88 3,54 |1108,00| 5,13 48,66
20 68,43 |2061,11) 161,07 | 5,49 |3271,31] 6,91 |850,92|115,71] 3,53 |1210,00| 5,20 53,72
12 47,10 |1822,78| 124,61 | 6,22 (2896,16| 7,84 |749,40(98,68| 3,99 |1073,00| 5,37 36,97
13 50,85 |1960,77|134,44| 6,21 |3116,18 7,83 |805,35105,07 3,98 |1156,00| 5,42 39,92
14 54,6 2097,00| 144,17| 6,20 (3333,00, 7,81 |861,00(111,50; 3,97 |1236,00| 5,46 42,80
16 61,98 |2362,57| 163,37 | 6,17 |3755,39] 7,78 |969,74|123,77 3,96 |1393,00| 5,54 48,65
20 200 180 | 6,0
18 69,30 |2620,64| 182,22 | 6,15 |4164,54| 7,75 |1076,74/135,48 3,94 |1544,00| 5,62 54,40
20 76,54 |2871,47 200,73 | 6,12 |4560,42| 7,72 |1181,92/146,62 3,93 |1689,00| 5,70 60,08
24 90,78 |3350,66| 236,77 | 6,08 |5313,59| 7,65 [1387,73[167,74] 3,91 |1963,00| 5,85 71,26
25 94,29 |3466,21| 245,59 | 6,06 |5494,04| 7,63 [1438,38172,68 3,91 |2028,00| 5,89 74,02
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30 111,54 |4019,60| 288,57 | 6,00 |6351,05 7,55 |1698,16(193,06 3,89 |2332,00| 6,07 87,56
14 60,38 |2814,36| 175,18 | 6,83 |4470,15 8,60 |1158,56/138,62] 4,38 |1655,00| 5,91 47,40
22 220 210 7,0
16 68,58 [3175,44]198,71| 6,80 |5045,37| 8,58 |1305,52/153,34, 4,36 |1862,00| 6,02 53,83
16 78,40 |4717,10) 258,43 | 7,76 |7492,10, 9,78 |1942,09203,45 4,98 |2775,00| 6,75 61,55
18 87,72 |5247,24/288,82| 7,73 |8336,69 9,75 |2157,78/223,39 4,96 |3089,00| 6,83 68,86
20 96,96 |5764,87| 318,76 | 7,71 |9159,73] 9,72 |2370,01)242,52] 4,94 |3395,00| 6,91 76,11
22 106,12 |6270,32| 348,26 | 7,69 [9961,60, 9,69 [2579,041260,52 4,93 |3691,00| 7,00 83,31
25 250 240 | 8,0
25 119,71 |7006,39 391,72| 7,65 111225'5 9,64 2887,26287’14 491 4119,00 ni 93,97
1224 11 4 7,2 104
28 133,12 |7716,86| 434,86 | 7,61 43'8 9,59 3189,893 98 490 4527,00 23 04,50
30 141,96 |8176,51|462,11| 7,59 129:4'6 9,56 3388,98327’82 489 4788,00 78l 11144
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y Y
L&r/
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B — mmpuna 6onpueit moyku;

b — mmpuHa MEHBIIEH MOJIKY;

t — ToNIIMHA MOJIKH;

J

— MOMCHT MHCPILIUU;

— painyc UHEPIINH;

X0, Yo — pacCTOsIHME OT LIEHTPA TSKECTH;

R — panuyc BHYTpEHHETO 3aKpYIJICHUS;

JI0 HApYKHBIX TPAHEN TMOJIOK;

I — paguyc 3aKpyIJIeHHs TOJIOK; Jxy — LEHTPOOEKHBII MOMEHT HHEPIINU
[Tnoma CripaBouHbIe BEIMYMHBI 7151 OCE
Macca
Home MM Ab < x — Y Vron
P nomnepe y-y HAKITO M
YHOT'O : J
. \]U ly XO! yO, ok Ha OCH
. W, Wi ’ ,
YTZHK 8| b |t R ; cequ;/I JX,4 WXé ix, Jy, ys |y i wl o lem | ou o tga yronika
a1, CM cM cM M| oA e | oem .| em® KT
cM cM
25/16/25 |16 |3 |35 |12 | 1,16 0,70 | 0,43 |0,78 [0,22 0,19 |0,44 | 0,13 | 0,16 (0,34 |0,42| 0,86 | 0,22 | 0,392 0,91
3/2 |30 |20 |3 1,43 1,27 | 0,62 |094 |0,45|0,30 0,56 | 0,26 | 0,25 {0,43 |0,51| 1,00 | 0,43 | 0,427 1,12
4 1,86 161 | 0,82 | 0,56 |0,56 0,39 |0,55 | 0,34 | 0,32 {0,43|0,54| 1,04 | 0,54 | 0,421 1,46
3,2[2 132 |20 |3 1,49 152 | 0,72 | 1,01 |0,46|0,30 |0,55 | 0,28 | 0,25 |{0,43 |0,49| 1,08 | 0,47 | 0,382 1,17
4 1,94 193 | 0,93 |1,00 |0,57|0,39 0,54 |0,35 | 0,33 {0,43|0,53| 1,12 | 0,59 | 0,374 1,52
4/25 |40 | 25 | 3 |40 (13| 1,89 306 | 1,14 | 1,27 {093 0,49 |0,70| 0,5 |0,41 (0,54 (0,59 1,32 | 0,96 | 0,385 1,48
4 2,47 393 | 149 |1,26 [1,18 |0,63 0,69 | 0,71 | 0,52 (0,54 [0,63| 1,37 | 1,22 | 0,381 1,94
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3,03 4,73 | 1,82 |125|1,41 0,77 10,68 | 0,86 |0,64 |053|0,66| 1,41 |1,44 | 0,374 2,38
4/3 |40 | 30 2,67 418 | 154 |1,25 (201091 087|109 0,75 0,64 |0,78| 1,28 | 1,68 | 0,544 2,09
3,28 504 | 188 |124 2,41 111|086 133 091 |0,64(082| 1,32 |2,00 | 0,539 2,57
4,5/2,8| 45 | 28 50 17| 214 441 | 1,45 |143 (132061 0,79 |0,79 |0,52 |0,61 |0,64| 1,47 | 1,38 | 0,382 1,68
2,80 568 | 1,90 |1,42 |1,69 0,80 |0,78 1,02 | 0,67 |0,60(068| 1,51 |1,77 | 0,379 2,20
5/3,2 | 50 | 32 5518 | 242 6,18 | 1,82 |1,60 (199081091 1,18 |0,68 [0,70 |0,72| 1,60 | 2,01 | 0,403 1,90
3,17 798 | 2,38 | 159 (2,56 |1,05|0,9 | 152 |088 [0,69 0,76 1,65 |2,59 | 0,401 2,49
5,6/3,6| 56 | 36 60 (20| 358 |1137 | 3,01 |1,78 |3,70 1,34 |102|2,19 |1,13 (0,78 |0,84| 1,82 |3,74 | 0,406 2,81
441 |1382 | 3,70 |1,77 (4,48 |1,65|1,01| 265 |137 0,78|0,88| 1,87 |4,50 | 0,404 3,46
6,3/4,0| 63 | 50 70123 404 |16,33 | 3,83 |2,01 |516 |1,67|1,13| 3,07 |1,41 (0,87 0,91| 2,03 |5,25 | 0,397 3,17
498 1991 | 4,72 |2,00 |6,26 |2,05|1,12| 3,73 |1,72 {0,86 |0,95| 2,08 | 6,41 | 0,396 3,91
590 | 2331 | 558 199 (7,29 (2,42 1,11 | 4,36 | 2,02 |0,86 |0,99| 2,12 |7,44 | 0,393 4,63
7,68 |2960 | 7,22 |19 9,15 3,12 |1,09 | 5,58 | 2,60 |0,85 |1,07| 2,20 |9,27 | 0,386 6,03
5,56 | 23,41 | 5,20 | 2,05 (12,08(3,23 | 1,47 | 6,41 | 2,68 |1,07 |1,26| 2,00 |9,77 | 0,576 4,36
6,60 | 27,46 | 6,16 | 2,04 |1412/3,82 |1,46 | 7,52 | 3,15 |1,07 |1,30| 2,04 |11,46| 0,575 5,18
6,5/5 | 65 | 50 6,0 | 2,0
762 |31,32 | 7,08 | 2,03 |16,05/4,38 | 1,45 | 8,60 | 3,59 |1,06 |1,34| 2,08 (12,94| 0,571 5,98
8,62 |3500 | 7,99 |202 (18,88(4,93 |1,44 | 9,65 | 4,02 |1,06 |1,37| 2,12 |13,61| 0,570 6,77
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[Tnomra CrpaBouHbI€ BEIUYUHBI JJI OCEH Macc

Howme MM Ab Yron |,

p nomnepe X=X y-y u-u KI;II?)'H o
YHOI'O _ _ - Xo, Yo, Jxy, a

M M em* | em® | em | em* | eM® | oM g |

7145 |70 | 45| 5 |75 25 559 | 27,76 | 588 | 2,23 | 9,05 | 262|127 | 534 |220| 0,98 | 1,05 |228| 9,12 | 0,406 | 4,39

755|755 | 5 (80|2 | 611 | 3481 | 6,81 | 2,39 | 12,47 |3,25|1,43| 7,24 | 2,73 | 1,09 | 1,17 | 2,39 | 12,00 | 0,436 | 4,79

6 ! 725 | 40,92 | 8,08 | 2,38 |14,60|3,85|142| 848 | 3,21 | 1,08 | 1,21 | 2,44 | 14,10 | 0,435 | 5,69

7 8,37 | 46,77 | 931 | 2,36 | 16,61 | 4,43 |141| 9,69 | 3,69 | 1,08 | 1,25 | 2,48 | 16,18 | 0,435 | 6,57

8 9,47 | 52,38 | 10,52 | 2,35 | 18,52 | 4,88 | 1,40 | 10,87 | 4,14 | 1,07 | 1,29 | 2,52 | 17,80 | 0,430 | 7,43

85 |80 |50 ]| 5 6,36 | 41,64 | 7,71 | 256 | 12,68 | 2,28 | 1,41 | 7,57 | 2,75 | 1,09 | 1,13 | 2,60 | 13,20 | 0,387 | 4,99

6 755 | 48,98 | 9,15 | 255 |14,85| 3,88 |1,40| 888 | 3,24 | 1,08 | 1,17 | 2,65 | 15,50 | 0,386 | 5,92

8/6 |80 |60| 6 8,15 | 52,06 | 9,42 | 2,53 | 25,18 | 5,58 | 1,76 | 13,61 | 4,66 | 1,29 | 1,49 | 2,47 | 20,98 | 0,547 | 6,39

7 9,42 | 59,61 | 10,87 | 2,52 | 28,74 | 6,43 | 1,75 | 1558 | 5,34 | 1,29 | 1,53 | 2,52 | 24,01 | 0,546 | 7,39

8 10,67 | 66,88 | 12,38 | 2,50 | 32,15 | 7,26 | 1,74 | 17,49 | 5,99 | 1,28 | 1,57 | 2,56 | 26,83 | 0,544 | 8,37

9/56 | 90 | 56 | 55|90 3, | 7,86 | 6528 | 10,74 | 2,88 | 19,67 | 453 | 1,58 | 11,77 | 3,81 | 1,22 | 1,26 | 2,92 | 20,54 | 0,384 | 6,17

6 ° 8,54 | 70,58 | 11,66 | 2,88 | 21,22 | 4,91 | 158 | 12,70 | 4,12 | 1,22 | 1,28 | 2,95 | 22,23 | 0,384 | 6,70

8 11,18 | 90,87 | 1524 | 2,85 | 27,08 | 6,39 | 1,56 | 16,29 | 5,32 | 1,21 | 1,36 | 3,04 | 28,33 | 0,380 | 8,77

10/6, | 10 | 63 | 6 | 10, | 3, | 9,58 | 98,29 | 1452 | 3,20 | 30,58 | 6,27 | 1,79 | 18,20 | 5,27 | 1,38 | 1,42 | 3,23 | 31,50 | 0,393 | 7,53
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3 [0 71037 11,09 [112,86 16,78 | 319 [ 34,99 | 7,23 [1,78 20,83 [ 6,06 | 1,37 | 1,46 | 3,28 36,10 | 0,392 | 8,70
8 12,57 | 126,96 | 19,01 | 3,18 [ 39,21 8,17 [1,77 [ 23,38 | 6,82 | 1,36 | 1,50 | 3,32 [ 40,50 | 0,391 | 9,87
10 15,47 | 153,83 | 2332 | 3,15 [ 47,18 9,99 | 1,75 [ 28,34 831 | 1,35 | 1,58 | 3,40 | 48,60 | 0,387 | 12,14
10/6, | 10 [ 65 | 7 11,23 | 114,05 16,87 | 3,19 | 38,32 | 7,70 | 1,85 | 22,77 | 6,43 | 1,41 | 1,52 | 3,24 [ 38,00 | 0,415 | 8,81
5 [0
8 12,73 | 13831 19,11 | 3,18 | 42,96 | 8,70 | 1,84 | 2524 | 7,26 | 1,41 | 1,56 | 3,28 | 42,64 | 0,414 | 9,99
10 15,67 | 155,52 | 23,45 | 3,15 [ 51,68 | 10,6 [ 1,82 [ 30,60 | 8,83 | 1,40 | 1,64 | 3,37 | 51,18 | 0,410 | 12,30
4
17 [11 70|65 11,45 | 142,42 | 19,11 | 3,53 | 4561 8,42 [ 2,00 | 26,64 | 7,05 | 1,53 | 1,58 | 3,55 | 46,80 | 0,402 | 8,98
0
8 1393 | 171,54 | 2322 | 351 54,64 10,2 (1,98 [ 32,31 850 | 1,52 | 1,64 | 3,61 | 55,90 | 0,400 | 10,93
0
125/ [12 (80| 7 |11, |3, | 14,06 | 226,53 | 26,67 | 4,01 | 73,73 | 11,8 2,29 | 43,40 | 9,96 | 1,76 | 1,80 | 4,01 | 74,70 | 0,407 | 11,04
8 |5 0|7 9
8 15,98 | 255,62 | 30,27 | 4,00 [ 80,95 | 13,4 | 2,28 [ 48,82 11,2 | 1,75 | 1,84 | 4,04 | 84,10 | 0,406 | 12,54
7 5
10 19,70 | 311,61 | 37,27 | 3,98 [ 100,4 | 16,5 [ 2,26 [ 59,33 | 13,7 | 1,74 | 1,92 [ 4,14 | 102,0 | 0,404 | 15,47
7 ] 2 4 0
12 23,36 | 364,79 | 44,07 | 3,95 | 116,8 | 19,4 | 2,24 [ 69,47 | 16,1 | 1,72 | 2,00 | 4,22 | 118,0 | 0,400 | 18,34
4 | 6 1 0
14/9 |14 [ 90| 8 |12, | 4, | 1800 | 363,68 | 3825 | 4,49 | 119,7 | 17,1 [2,58 | 70,27 | 14,3 | 1,98 | 2,03 | 4,49 | 121,0 | 0,411 | 14,13
0 010 9 | 9 9 0
10 22,24 | 444,45 47,19 | 4,47 [ 1455|211 256 | 8551 | 17,5 | 1,96 | 2,12 | 4,58 | 147,0 | 0,409 | 17,46
4 | 4 8 0
16/10 | 16 | 10 | 9 |13,] 4, | 22,87 | 605,97 | 56,04 | 515 | 186,0 | 239 | 2,85 | 110,4 | 20,0 | 2,20 | 2,24 [ 5,19 | 194,0 | 0,391 | 17,96
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00 0|3 3 6 0 1 0
10 25,28 | 666,59 | 61,91 | 513 | 204,0| 26,4 | 2,84 | 121,1 | 22,0 | 2,19 | 2,28 | 5,23 | 213,0 | 0,390 | 19,85
9 2 6 2 0
12 30,04 | 784,22 | 73,42 | 511 | 238,7| 31,2 (2,82 | 142,1| 259 | 2,18 | 2,36 | 5,32 | 249,0 | 0,388 | 23,58
5 3 4 3 0
14 34,72 | 897,19 | 84,65 | 5,08 | 2716 | 358 | 2,80 | 162,4 | 29,7 | 2,16 | 2,43 | 5,40 | 282,0 | 0,385 | 27,26
0 9 9 5 0
18/11 | 18 | 11 | 10 | 14, | 4, | 28,33 | 952,28 | 78,59 | 5,80 | 276,3 | 32,2 | 3,12 | 165,4 | 26,9 | 2,42 | 2,44 | 5,88 | 295,0 | 0,376 | 22,24
00 0|7 7 7 4 6 0
12 33,69 |11225| 93,33 | 5,77 | 324,0| 38,2 | 3,10 | 194,2 | 31,8 | 2,40 | 2,52 | 5,97 | 348,0 | 0,374 | 26,45
6 9 0 8 3 0
20/12, | 20 | 12 | 11 34,87 |1449,0 | 107,31 | 6,45 | 446,3 | 45,9 | 3,58 | 263,8 | 38,2 | 2,75 | 2,79 | 6,50 | 465,0 | 0,392 | 27,37
5 0] 5 2 6 8 4 7 0
12 37,89 [1568,1 | 116,51 | 6,43 | 481,9 | 49,8 | 3,57 | 285,0 | 41,4 | 2,74 | 2,83 | 6,54 | 503,0 | 0,392 | 29,74
9 3 5 4 5 0
14 43,87 |1800,8 | 134,64 | 6,41 | 550,7 | 57,4 | 3,54 | 326,5 | 47,5 | 2,73 | 2,91 | 6,62 | 575,0 | 0,390 | 34,43
3 7 3 4 7 0
16 49,77 |2026,0 | 152,41 | 6,38 | 616,6 | 64,8 | 3,52 | 366,9 | 53,5 | 2,72 | 2,99 | 6,71 | 643,0 | 0,388 | 39,07
8 6 3 9 6 0

Oxonuanue npuioxenus 114
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Ipunoxenue IIS

Craab ropsuyexkaranas. llIsennepsl. Coprament (I'OCT 8240 — 97). IlIBensiepbl ¢ yKJIOHOM BHYTPEHHHX I'PaHeil M0JIOK

ZolY
-49-10‘
24 _ . — .
5/ éilg o h —BeICcOTA; J — MOMEHT UHEpIIUH;
/]
o x / Y b — mmpunHa mosku; W — MOMEHT COTpOTHBIICHNS;
V]
: & S — TOJIIMHA CTCHKU; | — pagnyc HHEPIIUH;
N
/
b t — TosMHA NOJIKY; S — craTnyeckuii MOMEHT TTOJTyCEUCHHUS;
Yy
R — paanyc BHYTpEHHETO 3aKpyTJICHNUS, Zop — paccTosiHUE OT OCH Y — Y 710 HApy»KHOH
I — paguyc 3aKpyriaeHus MOJIKHU; IpaHU CTEHKU
ITmoman CnpaBoyHas BeJIMYMHA JUIs OCei
Howmep MM b Mace
cedeHus 1 X=X y=y 7
IIBEILIE alM, 0, M
' KTl Wy, . Wy, .
pa h b S t R r Jx, om* X ix, cM | Sx,em® | Jy, em? y Iy, CM
G cm® cm®
5 50 32 | 44 | 70 | 6,0 | 25 6,16 4,84 22,8 9,1 1,92 5,59 5,61 2,75 0,954 1,16
6,5 65 36 | 44 | 72 | 6,0 | 25 7,51 5,90 48,6 15,0 2,54 9,00 8,70 3,68 1,080 1,24
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8 80 | 40 | 45 | 74 | 65 | 25 8,98 7,05 89,4 22,4 3,16 | 13,30 12,80 4,75 1,190 1,31
10 100 | 46 | 45 | 76 | 7,0 | 3,0 10,90 8,59 174,0 34,8 3,99 | 20,40 20,40 6,46 1,370 1,44
12 120 | 52 | 48 | 78 | 75 | 3,0 13,30 | 10,40 | 304,0 50,6 4,78 | 29,60 31,20 8,52 1,530 1,54
14 140 | 58 | 49 | 81 | 80 | 3,0 15,60 | 12,30 | 4910 70,2 5,60 | 40,80 45,40 | 11,00 | 1,700 1,67
14a 140 | 62 | 49 | 87 | 80 | 3,0 17,00 | 13,30 | 545,0 77,8 5,66 | 45,10 57,50 | 13,30 | 1,840 1,87
16 160 | 64 | 50 | 84 | 85 | 35 18,10 | 14,20 | 7470 93,4 6,42 | 54,10 63,30 | 13,80 | 1,870 1,80
16a 160 | 68 | 50 | 9,0 | 85 | 35 19,50 | 15,30 | 823,0 103,0 | 6,49 | 59,40 78,80 | 16,40 | 2,010 2,00
18 180 | 70 | 51 | 87 | 90 | 35 20,70 | 16,30 | 1090,0 | 121,0 | 7,24 | 69,80 86,00 | 17,00 | 2,040 1,94
18a 180 | 74 | 51 | 93 | 90 | 35 22,20 | 17,40 | 1190,0 | 132,0 | 7,32 | 76,10 | 105,00 | 20,00 | 2,180 2,13
20 200 | 76 | 52 | 90 | 95 | 40 23,40 | 18,40 | 1520,0 | 152,0 | 8,07 | 87,80 | 113,00 | 20,50 | 2,300 2,07
20a 200 | 80 | 52 | 97 |95 | 40 2520 |19,80| 1670,0 | 167,0 | 8,15 | 95,90 | 139,00 | 24,20 | 2,350 2,28
22 220 | 82 | 54 | 95 |10,0| 40 26,70 | 21,00 | 2110,0 | 192,0 | 8,89 | 110,00 | 151,00 | 25,10 | 2,370 2,21
22a 220 | 87 | 54 |10,2|10,0| 40 28,80 | 22,60 | 2330,0 | 212,0 | 8,99 | 121,00 | 187,00 | 30,00 | 2,550 2,46
24 240 | 90 | 56 | 10,0 |10,5| 40 | 30,60 | 24,00 | 2900,0 | 242,0 | 9,73 | 139,00 | 208,00 | 31,60 | 2,600 2,42
24a 240 | 95 | 56 |10,7|10,5| 40 | 3290 | 25,80 | 3180,0 | 2650 | 9,84 | 151,00 | 254,00 | 37,20 | 2,780 2,67
27 270 | 95 | 6,0 | 10,5110 45 35,20 | 27,70 | 4160,0 | 308,0 | 10,90 | 178,00 | 262,00 | 37,30 | 2,730 2,47
30 300 | 100 | 6,5 | 11,0 | 12,0 | 50 | 40,50 | 31,80 | 5810,0 | 387,0 | 12,00 | 224,00 | 327,00 | 43,60 | 2,840 2,52
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33 330 | 105 | 7,0 | 11,7 | 13,0 | 5,0 46,50 | 36,50 | 7980,0 | 484,0 | 13,10 | 281,00 | 410,00 | 51,80 | 2,970 2,59
36 360 | 110 | 7,5 | 12,6 | 140 | 6,0 53,40 | 41,90 | 10820,0 | 601,0 | 14,20 | 350,00 | 513,00 | 61,70 | 3,100 2,68
40 400 | 115 | 8,0 | 135| 15,0| 6,0 61,50 | 48,30 | 15220,0 | 761,0 | 15,70 | 444,00 | 642,00 | 73,40 | 3,230 2,75
y IIpuioxenune I16
V/)aﬁ/o/#' Cranb ropsiuexkaranas. bajaxku apyrasposbie. Coprament (I'OCT 8239 — 89)
M.
< X x
1 hs‘
- . h — BeIcoTa Ganku; I — paguyc 3aKpyrJICHHS TTOJIKH;
//
bl b — mmpuHa nosKy; J — MOMEHT WHEpIIHH;
y % i
S — TOJIIMHA CTCHKH, W — MOMEHT COTIPOTHBIICHHUS;
t — cpemHss TOJIIMHA ITOJIKH; S — cTaTW4ecKuit MOMEHT TOJTyCEUYCHHUS,
R — paguyc BHYTPEHHETO 3aKPYTJICHUS; | — paguyc HHEPIIUU
IImo CrnpaBoYHbIE BEJIMUMHBI JIs1 OCEH
MM niagab
Howmep ceyen | Macca 1 X=X y-y
Oanku us, M, KI' W ]
h b S t R r Jx, om* Xé ix, cM | Sy, cM® y’4 Wy, em® | iy, cm
cM? CcM cM
10 100 55 45 | 72 | 7,0 2,5 12,0 9,46 198 39,7 4,06 23,0 17,9 6,49 1,22
12 120 64 48 | 7,3 | 75 3,0 14,7 11,50 350 58,4 4,88 33,7 27,9 8,72 1,38
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14 140 73 49 | 75 | 80 3,0 17,4 13,70 572 81,7 5,73 46,8 41,9 11,50 1,55
16 160 81 50 | 7,8 | 85 3,5 20,2 15,90 873 ]109,0 | 6,57 62,3 58,6 14,50 1,70
18 180 90 51 (81|90 3,5 23,4 18,40 1290 | 143,0 | 7,42 81,4 82,6 18,40 1,88
18a 180 100 51 (83|90 3,5 25,4 19,90 1430 | 159,0 | 7,51 89,8 1140 | 22,80 2,12
20 200 100 52 | 84 | 95 4,0 26,8 21,00 1840 | 184,0 | 8,28 104,0 | 115,0 | 23,10 2,07
20a 200 110 52 | 86 | 95 4,0 28,9 22,70 2030 | 203,0 | 8,37 114,0 | 155,0 | 28,20 2,32
22 220 110 54 | 87 |10,0 4,0 30,6 24,00 2550 | 232,0 | 9,13 131,0 | 157,0 | 28,60 2,27
22a 220 120 54 | 89 | 10,0 4,0 32,8 25,80 2790 | 254,0 | 9,22 143,0 | 206,0 | 34,30 2,50
24 240 115 56 | 95 | 10,5 4,0 34,8 27,30 3460 | 289,0 | 9,97 163,0 | 198,0 | 34,50 2,37
24a 240 125 56 | 98 |10,5 4,0 37,5 29,40 3800 | 317,0 | 10,10 178,0 | 260,0 | 41,60 2,63
27 270 125 6,0 | 98 | 11,0 4,5 40,2 31,50 5010 | 371,0 | 11,20 210,0 | 260,0 | 41,50 2,54
27a 270 135 6,0 | 10,2 | 11,0 4,5 43,2 33,90 5500 | 407,0 | 11,30 229,0 | 337,0 | 50,00 2,80
30 300 135 6,5 | 10,2 | 12,0 5,0 46,5 | 36,50 7080 | 472,0 | 12,30 268,0 | 337,0 | 49,90 2,69
30a 300 145 6,5 | 10,7 | 12,0 5,0 49,9 39,20 7780 | 518,0 | 12,50 292,0 | 436,0 | 60,10 2,95
33 330 140 70 11,2 | 13,0 5,0 53,8 | 42,20 9840 | 597,0 | 13,50 339,0 | 419,0 | 59,90 2,79
36 360 145 7,5 12,3 1 14,0 6,0 61,9 | 48,60 | 13380 | 743,0 | 14,70 423,0 |516,0 | 71,10 2,89
40 400 155 8,3 | 13,0 | 15,0 6,0 72,6 | 57,00 |19062 | 953,0 | 16,20 545,0 | 667,0 | 86,10 3,03
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45 450 160 9,0 [14,2|16,0 7,0 84,7 66,50 | 27696 |1231,0| 18,10 708,0 | 808,0 | 101,00 3,09
50 500 170 10,0 | 15,2 | 17,0 7,0 100,0 | 78,50 | 39727 |1589,0| 19,90 919,0 |1043,0| 123,00 3,23
55 550 180 11,0 | 16,5 | 18,0 7,0 118,0 | 92,60 |55962 | 20,35 | 21,80 | 1181,0 |1356,0| 151,00 3,39
60 600 190 12,0 | 17,8 | 20,0 8,0 138,0 | 108,00 | 76806 [2560,0| 23,60 | 1491,0 |1725,0| 182,00 3,54
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Ipunoxenunell8

DJIeKTPOABUTaTE]H ACHHXPOHHBIE cepuu 4A, 3aKkpbIThie 061yBaemble (1o FTOCT 19523-81)

CuHXxpoHHan uHacroTa-BpaneHua, ob/Mmun

Moui- 3000 1500 1000 750
HOCTS, -
xBT Tuno- | s, } Tnl Tuno- 5, T Tuno- s. | Tl Tuno- s, | Tnl
pasmep | 75| 7 | pasmep | 25 | T pasmep | 5| | paamep | 2517
0,55 63B2 (8.5 71A4 | 7,3 71B6 10 80B8 {9
0,75 71A2 |59 71B4 | 7,5 80A6 8.4 90LAB |8,4
1,1 7182 16,3 80A4 | 5.4 80B6 8,0 0oL B8 |[7,01.,6
1,5 80A2 (4,2 soB4 | 5.8 S0L6 (6.4 100L8 7,0
2.2 80B2 |4,312,0f 9014 | 5.1 ]| 2,0 100L6 |5,1}2,01 112MASB 16,0
3,0 90L2 4,3 100S4 4.4 112MAG6 4,7 112M8 5,811,8
4.0 10082 {3,3 100L4 4,7 112MB6 (5,1 132S8 4,1
5,5 100L2 {3.,4 112M4 | 3,7 13252 (3.3 132M8  }4,1
7,5 112M2 2.5 13284 { 3,0 132M6 3,2 16088 2,5{1.,4
11,0 132M2 [2,3)1,6] 132M4 | 2.8 16056 2,7 160M8 12,5
15 160S2 [2,1 160S4 | 2.3 160M6 2.6 1soM8 {2,5
18,5 160M2 |21 160M4 | 2,2 180M6  |2,7 200M8 (2,3
22 180S2 |2.0 180S4 | 2,0 200M6 |{2.8 200L8 |2,7
30 180M2 |1,9{1,4] 180M4 | 1,9 | 1,4 200L6 |2,1 225M8 }1,8]1,2
37 200M2 |1.,9 200M4 | 1,7 225M6 11,8 250S8 1,5
45 20012 |1,8 200LA | 1,6 250S6 1,4}1,2] 250m8 1,4
ss 225M2 1.8 225M4 | 1.4 250M6 }1,3 280S8 2,2
75 250s2 {1,4 25084 [ 1.2} ., 280S6 2.0 280M8 2.2
90 250M2 [1,4!12] 2s0ma | 1,3 % 280M6 12,0 31588 |2.0}1,0
110 280S2 {2.0 280S4 | 2.3 31586 |2.,0 315M8 {2,0

[Ipumeuvanus: 1. Ipumep ycIoBHOro 0003HAYCHHS IIICKTPOIBUTATENSI MOITHOCTHIO
11 kBT, cuaxponHas yactota Bpamenus 1500 o6/MuH.

Dnexkmpoosueamenv 44132M4Y3

2. 3HaueHUs CUMBOJIOB B YCIOBHBIX 00O3HAuCHUsX: HU(pa 4 yKa3bIBACT MOPSAKOBBIMA
HOMep cepuu, OykBa A — poJl JABHUraTenss — acHHXpOHHBIA. Cneayromue 3a OykBoil A
yucna (AByX- UM TPEX3HAUYHbIE) COOTBETCTBYIOT BBICOTE OCH BpallleHus, MM; OykBbI L, S u
M oTHOCATCSA K YCTAaHOBOYHBIM pa3Mepam o JJIMHE CTaHUHBI, OYKBbl A 1 B — ycioBHBIE
0003HaYCHHS JUTMHBI cepAcuHuKa ctatopa. Lludpsl 2, 4, 6 1 8§ 03HAYAIOT YKCIIO MOJIOCOB.
[Tocnennue nBa 3HaKa Y3 MOKa3bIBAIOT, YTO JABUraTENb MPEAHA3HAUCH I SKCILTyaTalluu B
30HE YMEPEHHOTO KJIMMaTa.

T,
3. B rpage s ykazaHo ckonwmxenue, %; B rpade T—" JTaHbl 3HAUYEHUS] OTHOIIEHUS BEJINYUH
H

IIYCKOBOTO U HOMHWHAJILHOT'O Bpaljaronnux MOMCHTOB.

4. I'abapuTHbBIE M YCTAaHOBOYHBIE pa3Mephl ABHUraresei cepuu 4A nansl B Tadm. I12.
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Cnmcok peKOMEH1yeMOM JTUTEPATypPhl
OCHOBHBIE UCTOYHHKH:

1. Makcuna, E. JI. Texanueckas MexaHuka : yueOHoe nocodue pisa CI1O
/ E. JI. Makcuna. — Capatos : Hayunas kaura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TeKcT : 2JIEKTPOHHBIN // DIEKTPOHHO-O0MOIMOTEUHAs CUCTEMA
IPR BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/87082.html

2. Kopones, I1. B. Texuuueckas MexaHuka : yuebHoe nmocooue st CI10
/ T1. B. KoponeB. — Caparos : [IpocdhoOpazoBanue, Aii [1lu Ap Menua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TekcT : 31€KTPOHHBIH
// OnexrponHo-6nbnuoTeyHas cuctema [IPR BOOKS : [caiit]. — URL:
https://www.iprbookshop.ru/88496.html

JlonosiHuTEABHAS JIUTEPATypa

1. KanentreB, B. A. Texnuueckas mMexaHuka : yueOHOe mocoOue ist
CIIO / B. A. KanentseB. — CapatoB : IIpodoOpaszoanue, 2020. — 110 ¢. —
ISBN 978-5-4488-0904-0. — TekcT : 3JIeKTpOHHBIH // DNeKTpOHHO-O0MOIHOTe yHAs
cuctema IPR BOOKS : [caiiT]. — URL.: https://www.iprbookshop.ru/98670.html

2. Apkyma A.U.,®ponoB M.UM. Texuuueckass MexaHnka — M. -
,1989,2008 (30m1T)

3. NBanoB M.H. [leranu mamun, M.: FOpaiit, 2016, - 408 c. (3 3k3)

4, Kykmua A.T'. Jleranu mammuH: y4e6. jis cpen. npod. odpazoBaH., M.:
Beicui. mik., 2005, 2008, - 396 c. (11 3k3);

5. KypcoBoe mnpoekTupoBaHue naeraneil MamuH: y4yed. mocobwe s
cpen. npod. 06pazos., M.: Anwsiae, 2005, 2016, - 416 c. (38 3k3).
6. MurttomoB  E.A. Teoperudeckas MeXaHWKa :y4eOHHK JJISI CTY/I.

yapexaeHuil Beicil. npod. obpazoanus /| E.A Muttomos, C.A. bepectoB a-2-¢
u3n. nepepad. -M.: Uzmarensckuii. Llentp «Axamemus», 2011, - 317 c.(1 mr.)

1. Cadonosa I'.I',, AptroxoBckass T.FO., EpmakoB [I.A. Texnuueckas
MexaHuka: YueOHuk. — M.:MHO®PA — M, 2015.(16 mT.)

8. Texaudeckas MexaHuka: yue0. s cpea. mpod. oopasosan. / C.H..
EBtymenko np., - P//1.: ®enukc, 2013, - 348 c. (1 mT.)

Q. XpynnueBa T.B. [leranu MammH. TUOBBIE pacyeTbl HA TPOYHOCTH:
yae0. mocobue st cpen. mpod. odpazos. , M.: opym: UHOPA-M, 2015, - 223 c.
(2 3Kx3);

Humepnem-pecypchwi:

1. EnuHoe okHO goctyma k mHpOpMamuoHHBIM pecypcam http://window.edu.ru/.
2. Hayunas AIIEKTPOHHAS oubmmoreka http://www.elibrary.ru/.
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3. ®enepanbHoe xpaHwiuile «ExavnHas xomtekmus nudpoBbIX 00pa30BaTEIbHBIX
pecypcoBy» http://school-collection.edu.ru/.
4. denepanbHbIN HNutepueT-niopran «Poccurickoe oOpazoBaHUE»
http://www.edu.ru/.
5. Dnextponnas 6udnuorexa FOPAUT https:/biblio-online.ru

1. HopmatuBHas n1urepaTypa U UCTOUYHUKH:

1.1 ®I'OC cpennero mnpodeccHoHaTLHOrO O00pa3oBaHUsl MO CHEUATBHOCTH

15.02.08 «TexHONOrMsI MAIIUHOCTPOCHUM» (yTBepkaeH NpukazoM MUHHCTEPCTBA

oOpazoBanus u Hayku PO ot 18 anpenst 2014 r. N 350, 3apeructpuposan B Muntocre Poccun
22 uronst 2014 v._ Ne 33204)

2. Pabouas nporpamma yueOnor aucuuruinabl OI1.03 TexHuyeckas MexaHUKa 1O
cnenuanbHoctn  CIIO  15.02.08 «TexHomoruss mamuHOCTpoeHus» (Oa3oBas
MOATOTOBKA).
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KOHTpOJIB M OLICHKA PC3YyJIbTAaTOB BBIITOJIHCHUSA IMTPAKTUICCKHUX 3aHITUN

Pe3ynpTaThl 00yueHus

(OCBOEHHBIE YMEHHSI, YCBOCHHBIEC 3HAHUS)

®opMBbI U METOBI KOHTPOJISL U OLICHKU PE3yJIbTaTOB 00YUEeHUS

YMeHus

- BBIMOJHATH PACUEThl HAa MPOYHOCTb, KECTKOCTb, YCTOWYMBOCTH 3JIEMEHTOB
COOPYKECHUN;

- ONpeleNsiTh AHAIUTHUYECKUM CHOCOOOM YCWIIMS OINOpHBbIE peakuuud Oanok-
ONpEENATh YCUIIUS B CTEPKHAX (hepM;

- CTPOUTH BIIOPHI HOPMATbHBIX HAPSDKEHUH, M3rH0aroIX MOMEHTOB U JIp.;

HaGmonenue v aHanu3 BHIMOTHEHHUS IPAKTUYECKUX paboT

TectupoBanue.

AHanu3 BBITIOJIHEHUSI CAMOCTOSATEIIBHONU PaOOTHI.

HaGmonenue u aHanu3 BBITIOJTHEHUS MUChMEHHBIX 38/ IaHUH.

YcTHBIN Onpoc.

3HaHUA:

- 3aKOHbl MEXaHUKU JeQOpMUPYEMOro TBEPAOro Tela, BHUIBI Jedopmariuii,
OCHOBHBIE PACUETBHI;

- OIIpEEIEHUE HAIIPABIICHUSI PEAKLIUM, CBS3H;

- OIIpEETIEHUE MOMEHTA CHJIbI OTHOCUTEJIBHO TOYKH, €70 CBOMCTBA;

- TUTTBI Harpy30K U BUBI O1I0p 0anok, Gpepm, pam;

- HampspbKeHus W AedopMalii, BOSHUKAIOIIME B CTPOUTEIBHBIX dJEMEHTaX MpHU
paboTe moJ1 Harpy3Koi;

- MOMEHTBI HHEPIIHUM MTPOCTHIX CEYEHUH SJIEMEHTOB U JIP.
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