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BBenenne

MeTtoauyeckue PEKOMEHJAIMU IO BBIMIOJHEHUIO MPAKTUYECKUX 3aHSITUI
COCTAaBJICHBI B COOTBETCTBHH c denepaibHBIM roCyJ1apCTBEHHBIM
o0pa3oBaTeIbHBIM CTAHIAPTOM, PA0OYUM YUEOHBIM IUTAHOM, paboydel mporpaMMon
U KaICHJAPHO-TEMAaTHYECKUM  IuIaHOM  yueOHoW  aucuumummabl  OI1.03
«Texuuueckast MexaHuka» 1o croermaibHoctd  15.02.08  «Texuomorus
MAaIIMHOCTPOCHHS», (0a30Bast MOATOTOBKA).

HpaKTI/I‘ICCKI/IC 3aHATHUA OTHOCATCA K OCHOBHBIM BHIaM y‘l€6HBIX 3aHITUU U
COCTABJAIOT BAXKHYIO 4aCThb HpaKTI/I‘{CCKOﬁ IIOATOTOBKH 6y,Z[y1HI/IX CIICOMAJIMCTOB.

B pe3ynbraTte ycBOCHUS yICOHOM MUCIUIUIMHBI O0yJIarONTANCs TOKEH
3Hamb:

— OCHOBBI TEXHUYECKON MEXaHUKH;

—  BHJIbI MEXAaHU3MOB, UX KUHEMATUYECKUE U JUHAMUYECKHE XapaKTEPUCTUKH;

— METOJUKY pacyeTa 3JEMEHTOB KOHCTPYKIMK HAa MPOYHOCTH, KECTKOCTh W
YCTOMYMBOCTD MPHU Pa3IMYHbIX BUAAX Aepopmaliuu;

— OCHOBBI PAcYeTOB MEXAaHMYECKUX TMepeaad U MNPOCTEUINX COOPOYHBIX
SAMHUIL 00IIIeT0 Ha3HAYCHUSI.
ymenv:

— TPOU3BOJUTH PAaCUEThl MEXAHUYECKUX Mepeaad U MPOCTEHIINX COOPOUYHBIX
CJIUHUII;

— YUTaTh KUHEMATUYECKUE CXEMBI;

— ONpCACIIATH HAIPSKCHUS B KOHCTPYKIIMOHHBIX 3JICMCHTAX.

B nporniecce ocBoeHUs TUCHUIUTAHBI Y CTYJIEHTOB JIOJKHBI C(HOPMHUPOBATHCS
obmue komnereHuuu (OK):

OK 1. [TonumMare CymiHOCTh M COLMAIBHYIO 3HAYMMOCTH CBOEH Oymymien
npodeccun, MposBIATH K HEW YCTOMUMBBIA HHTEPEC.

OK 2. Opranu3oBbiBaTh COOCTBEHHYIO AESITEIBHOCTb, BHIOUpATh THUIIOBBIC
METOJbl U CIOCOOBI BBHITIOJHEHHS] MPO(ecCHOHANBHBIX 3a7ad, OLEHUBATh HX
3¢ PEKTUBHOCTH U KAa4ECTBO.

OK 3. IIpyHuMath peueHus B CTaHAAPTHBIX U HECTAHAAPTHBIX CUTYaLUAX U
HECTH 32 HUX OTBETCTBEHHOCTb.

OK 4. OcymiecTBasTh MOUCK M UCTIOJIb30BaHUE WH(MOpPMAIUU, HEOOX0IUMON
1t 9 (PEKTUBHOTO BHITIOIHEHUS TPO(PECCHOHANBHBIX 3a]1a4, MPOPECCHOHATIEHOTO
Y JINYHOCTHOTO Pa3BUTHSL.

OK 5. Hcnosb3oBaTh UH(OPMAIIMOHHO-KOMMYHUKAIIMOHHBIE TEXHOJIOTUU B
npo¢eCCUOHATILHON JIEATEIbHOCTH.



OK 6. Paborath B KOJJIEKTHBE M KOMaHJe, 3(P(GEKTHBHO OOLIATHCS C
KOJUJIETaMU, PyKOBOJCTBOM, IOTPEOUTEIIAMH.

OK 7. bparp Ha ce0d OTBETCTBEHHOCTh 3a palOTy UIEHOB KOMAaHJbI
(MOAYMHEHHBIX ), 32 PE3YJIbTAT BBIOJIHEHUS 3aJaHUI.

OK 8. CaMmocTosTenbHO OIpEeAesaTh 3aJayd NPOPECCHOHANBHOIO U
JMYHOCTHOTO PAa3BUTHS, 3aHUMAThCSI caM000pa30BaHUEM, OCO3HAHHO TUIaHUPOBATH
HOBBIIICHHE KBAIU(DUKAIIHH.

OK 9. OpueHTHpOBaThCS B YCIOBUAX YacCTOW CMEHBI TEXHOJOTHH B
po(eCcCHOHATILHOM eI TEIbHOCTH.

CrnenuanucT 1O TEXHOJOTMM MAIIMHOCTPOEHHUs JOJKeH 00yanath
npodeccuonansubiMu - KomneTeHimsMu  (I1K), cooTBeTcTByrOMMM OCHOBHBIM
BUJaM MpOo(ecCHOHATBHOMN NeATEIbHOCTH.

[IK 1.1. Mcnonb30BaTh KOHCTPYKTOPCKYIO JOKYMEHTAIMIO HpPH pa3padOTKe
TEXHOJIOTUYECKHUX MPOLECCOB U3TOTOBJICHUS JETAIEH.

[1IK 1.2. BeiOupaTs METOJ OJIY4YEHHS 3aTOTOBOK U CXEMBI UX Oa3UpPOBaHUS.

IIK 1.3. CocraBiATh MapuUIpyThl M3TOTOBJICHHS ACTAIEN M INPOEKTHUPOBATH
TEXHOJIOTUYECKUE OTEPALINH.

[1IK 1.4. Pa3paGaTeiBaTh ¥ BHEAPATH YMHPABIAIONIME MPOTpaMMbl 00pabOTKU
JeTaneu.

I[IK 1.5. Hcnonp3oBaTh CHUCTEMBI ABTOMATHYECKOTO MPOECKTUPOBAHMS
TEXHOJIOTUYECKUX MPOIECCOB 00pabOTKHU JeTajeH.

I[IK 2.1. [IlmaHnupoBaTh ¥ OpPraHU30BBIBATH PabOTy CTPYKTYpPHOTO
NOAPA3IAECICHUSL.

[1K 2.2. PykoBoauTh paboTO# CTPYKTYpHOTO MOAPA3ACICHUS.

[IK 2.3. Amnanu3upoBarb TMpoOLUECC U  PE3YJbTaThl  JESITEIbHOCTH
NOAPA3ACICHUSL.

I[IK 3.1. OOecneunBarh peaau3alio TEXHOJOTMYECKOrO Mpolecca Mo
W3TOTOBJIEHUIO IETAJIEH.

I[IK 3.2. IIpou3BOAUTH KOHTPOJb COOTBETCTBHMS KadecTBa JETalei
TpeOOBAHUSIM TEXHUYECKON JOKYMEHTALIUH.

['maBHBIMM 3aauaMu U3ydeHUs Kypca « TeXHHUecKass MEXaHUKa» SBISETCS
M3y4YE€HUE OCHOBHBIX 3aKOHOB M TEOPEM MEXAHUKH, & TAK)KE PA3BUTHE Y CTYJICHTOB
YMEHUS MIPUMEHATh UX K PEIICHUIO MpakTU4YecKux 3aaad. Cienyer UMeTh B BULY,
YTO JUIsl TIOHMMaHUS TEOPEM M BBIBOJIOB TEXHUYECKOM MEXaHMKHW HEO0OXOIUMBbI
CBEJICHUS M3 MaTeMaTUKd, (GU3HWKH, BBICIICH MaTeMaTUKU (aHATUTHYECKas
reoMmeTpusi, AuddepeHmaibHoe U UHTErpaibHoe ucunciaenue). HempocraTounsie
3HAHUS ITUX JUCLMUIUIMH MOTYT IIPUBECTU K CI0KHOCTAM IIPU U3YYEHUU MEXAHUKH
Y TPYAHOCTSM IIPU PELICHUH ITPAKTUYECKUX 3a1a4.



Benymen nuaakTU4ecKoW LENbI0 NpeaIaraéMbIX MNPAKTUYECKUX 3aHATUN
ABJISICTCS 3aKPEIUICHUE TEOPETUUYECKUX 3HAHWW 10 JUCLUIUIMHE U I[PUBUTHE
MPAKTUYECKUX  YMEHHH, CHOCOOCTBYIOMUX  (OpMUPOBaHHIO  OOMMX U
npodeccruoHambHBIX KOMITIETCHIIUM, HEOOXOMUMBIX B MOCIIEYOIIEH
npo¢eCCUOHANILHON JIEATEIbHOCTH BBIITY CKHHUKA.

B coorBeTcTBMM € BeAylleW [MIAKTUYECKOW LENbI COAEpKaHUEM

MPAaKTUYECKUX 3aHITUN SBIAIOTCA: PEUICHUWE NPAaKTHYECKUX 3ajay, aHalu3
MOJIYYEHHOT'O0 PEUICHUs, CPAaBHEHUSI METOAOB PEIICHHUS, ONpPEIEICHUE TPaHUI] UX
npuMeHeHusi, pabota ¢ VHTepHeT-pecypcaMu, COCTABJICHHE MPOCTEHIIMX
nporpamm ¢ ucnonbs3oBanneM 1K, nmpoBeaeHrne npoCTEeNINX UCCIEN0BATEIbCKUX
pab6ort. [Ipuuem, nabopatopHbie pabOThI U MPAKTUUECKUE 3AHATUS PEATUZYIOTCS B
dbopme MpaKTUYECKON MOATOTOBKH M MPEyCMaTPUBAIOT yUacTHE 00yUYaroIIuXxcs B
BBITIOJTHEHUU  OTJEIBHBIX  JJIEMEHTOB  paboOT, CBSA3aHHBIX C  Oyayinen
npoeccHoHaNbHOM 1eITeNTbHOCTHIO.
3ajauu BBINOJHEHHS IPAKTUUECKUX 3aHITU:

- O606H1€HI/I€, CUCTCMaTHU3alusi, erIY6JI€HI/I€, 3aKpPCINICHUC  IIOJYYCHHBIX
TCOPECTUUCCKUX 3HAHUM 1O KOHKPETHBIM TEMaM OUCHUIIIIWHEI,

- (opmupoBaHHe yMEHUW TNPUMEHSTh TMOJYyYEHHbIE 3HAHUS Ha TMPAKTHKE,
peanu3aluio eIMHCTBA NHTEIIEKTYaIbHOU U MPAKTUYECKON JIeATeIbHOCTH;

- Pa3BUTHC HHTCJUICKTYAJIbHBIX yMeHI/Iﬁ y 6Y}]YHII/IX CIICIINAJINCTOB.
AHAIIMTUYCCKUX, ITPOCKTUPOBOYHBIX, KOHCTPYKTHUBHBIX U JP.,

- COBEPIIICHCTBOBAHUE YMEHUN M HABBIKOB CAaMOCTOSITEILHON pabOThl ¢ HAYYHOH,
CIIPAaBOYHOM, METOJWYECKOM JIUTEpaTypou, HHTepHeT-pecypcaMu U JApyrou
uHdopmarmei, HE0OX0IMMOM TUISt MOBBIIECHUS b HeKTUBHOCTH
npo(ecCHOHANBHON ESITENbHOCTH, NPO(ECCHOHATBLHOTO CamMo00pa3oBaHUsI U
CaMOpPa3BUTHSL;

- (opMHpOBaHHE TBOPYECKOTO ITOAXOJa K COCTABIICHUIO aJTOPUTMOB PEIICHHUS
MaTEMaTUYECKUX 3a7ay;

- q)OpMI/IpOBaHI/IC Y CTYACHTOB HABBIKOB HCCHC}IOB&TGHBCKOﬁ ACATCIIBHOCTH,

- BBIpa0OTKa MPU PEIICHHH IIOCTABJICHHBIX 3a7ad TaKuX IPoQeCcCHOHAIBHO
3HAYMMBIX KaueCTB, KaK CAaMOCTOSATEIIbHOCTh, KOMMYHHKa0€IbHOCTh, MOOMIIBHOCTb,
KOHKYPEHTOCTIOCOOHOCTh, OTBETCTBEHHOCTh, TOYHOCTH, TBOPUYECKAsT MHUIIMATHBA.

B MCTOANYCCKUX PCKOMCHIAAIUAX IPCACTABIICHBI 5 TeM MMPAKTUICCKUX
SaHSITI/Iﬁ, KOTOPLIC BKIIFOYAKOT LCJIH, CPCACTBA 06y‘ICHI/IH, COACPIKAaHUC, AJITOPUTM
BBIIIOJTHCHUA, MCTOANYCCKHUC YKA3aHHUS K UX BBIIIOJIHCHHUIO, KOHTPOJIbHBIC BOIIPOCHI,
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CIIMCOK PEKOMEHIyeMOM JINTepaTyphbl, KPUTEPUH OIICHUBAHUS PabOTHl CTYACHTOB
Ha MPAKTUYECKUX 3aHATHSAX, KOHTPOJb M OLEHKA pPE3yJbTAaTOB BBINOJHEHUS
MPAKTUYECKUX 3aHATUH 10 JUCLUIUINHE.

[Ipennaraemple NPaKTUYECKUE 3aHATUSA HOCAT PENPONYKTUBHBIN, YACTUYHO-
IIOMCKOBBIM M TIOMCKOBBIM xapakrep. PopmaMu OpraHu3anvu CTyJEHTOB Ha
MPAKTUYECKUX 3aHATHUSIX SBIAIOTCS: (PPOHTANIbHASL, TPYIIIIOBAs U MHIUBUTyaJIbHASL.

IIpn caMoOCTOSATENBEHON NMOATOTOBKE CTYJIEHTOB K IPAKTUYECKUM 3aHATUAM
IIPEAYCMATPUBAETCS U3YUYEHNE PEKOMEHAYEMOM JINTEPATYPHI.

B xone IMPAaKTHYCCKUX 3aHITUU CTYACHTBEI B TCTpAaAdX MOJId BBIITOJIHCHUA
MMPAaKTHYCCKUX pa60T 3allUCBIBAIOT 3aJaHUs, PCIIAIOT IIPCAJIOKCHHBIC 3adaHUA U
IIPOBOJAT aHAJIU3 UX PCUICHUS.

O6IHI/I€ MCTOAUYCCKHUC YKAa3aHUA 110 BBIIIOJTHCHUIO ITIPAKTHUYCCKUX 3aHATUN

[Ipu camocTOATENHHOM MOATOTOBKE K MTPAKTUYECKUM 3aHSATUSIM HEOOXOIMMO
COCTaBUThH TUTaH pabOTHI, TOBTOPUTH JICKITMOHHBIA MaTepua, MPU HEOOXOTUMOCTH
0100paTh TOTIOIHUTEIBHYIO JIUTEPATYPY

JI71st mpakTUUECKUX 3aHATUN CTYJEHTY HEOOXO0UMO 3aBECTU TETPa/lb, TAC Ha
MEepBOM CTpaHUIE YKa3bIBalOTCS (amMuiusi, HWHULMAIBI CTYJEHTa, Ha3BaHUE
M3ydyaeMoWl JIMCUMIUIMHBI, BapuaHT, Ha BTOPOM YyKa3bIBaeTCs IMepeyYeHb
BBITIOJTHSIEMBIX 3a7aHuii. OPOpMIISITH BBITIOJIHEHHBIC 3aJjaHUs CIEAyeT aKKypaTHO,
HE HapyIIas JOTUKHU PEIICHUS 3a/IaHuUsl.

B xone mpakTH4ecKMX 3aHATHN CTYAEHThl B TETpaAsX AJisl BBIIOJIHEHUS
MPAKTUYECKUX PAOOT 3aMUCHIBAIOT 33J]aHUSI, BBIMOJHAIOT UX B COOTBETCTBUU C
HEISIMH, TPEUIOKEHHBIMU alTOPUTMOM U KPUTEPUSIMHU, 3aHOCAT JaHHBIE O
BBITIOJTHEHUHU, PE3YJIbTaThl BBIMOJHEHHOM pa0OThl M UX aHAINU3. 3aTeM BCE 3TO
MEPEHOCUTCS Ha JIUCTHI CTaHAapTHOTO popmaTta A4.

OLeHKkM 32 BBIIOJIHEHHE TMPAKTHYECKUX 3aHATUN BBICTABISIIOTCA IO
NATUOAINIBHOM CUCTEME M YUUTBIBAIOTCS KaK MOKAa3aTeau TEKYIIEeW yCIeBaeMOCTH
CTYyJICHTOB.

Kpurepuu ouenrBanust paboThl 00y4arOMUXCsl HA TPAKTUYECKOM 3aHATHH

1. OreHKa «OTJIMYHOY» CTABUTCS, €CIIU 00yUaIOIIHICS:
- CAMOCTOATEIBHO U MTPABUJIIBHO BBIMIOJHWII BCE 3a/IaHUS;
- MPaBUJILHO, C 00OCHOBAHHMEM CJIEJIal BBIBOJIBI IO BHITIOJIHEHHOM paboTe;
- IPaBWJIBHO U JOKA3aTEJIbHO OTBETHUII HA BCE KOHTPOJIbHBIE BOIIPOCHI.
2. OIeHKa «XOPOIIIOY» CTAaBUTCSA B TOM CIIy4ae, €CIIu:
- IPaBWJIbHO BBITIOJIHWJI BCE 3a/1aHUS;
- cJieJiall BBIBO/IbI 10 BBIMIOJIHEHHOM paboTe;
- IPaBWJIbHO OTBETUJI HA BCE KOHTPOJIbHBIC BOIIPOCHI.



3. OreHka «yJ0BIETBOPUTEIBHOY» CTABUTCS, €CIIM 00yYaIOIIUICS:
- IPABUJILHO BBINIOJIHWII 3aJjaHUE, BO3MOKHO KPOME OJIHOTIO;
- cJlesall MOBEPXHOCTHBIE BBIBOJIBI O BBIITOJIHEHHON padoTe;
- OTBETWJI HE HA BCE KOHTPOJIbHBIE BOIIPOCHI.
4. OueHKa «HEeyJOBJIETBOPUTEIBHO» CTABUTCS, €CIIN 00YyUArOIIUNCS:
- HEIIPABUJILHO BBIIIOJIHWII 3aJjaHNS;
- HE C/IeJIal WM CeNajl HelpaBUibHbIE BBIBOIBI IO paboTe;
- HE OTBETUJI HA KOHTPOJIBHBIE BONPOCHI.

TpeboBaHus K pe3ysibTaTaM BBITIOTHEHUS MPAKTUYECKUX 3aHATHI MO TUCIUIUIMHE
OI1.03 «Texauueckas MEXaHUKA)

B mporecce mOAroTOBKM M BBIMOJTHEHUS MPAKTUYECKUX 3aHATUN, 0Oydaroniuecs
JOJKHBI OBJAJETh CICAYIOIUMHA YMEHUSAMH:
- BBINOJHATH PacyeTbl HAa IPOYHOCTh, JKECTKOCTh, YCTOWYHMBOCTH 3JIEMEHTOB
KOHCTPYKLIWH;
- OMpeAeNATh AHAIUTUYECKUM CIOCOOOM YCHUIIUSL B CTEP)KHSAX, OMIOPHBIE pEaKIuu
OaJIOK;
- CTPOUTBH MIOPbl HOPMAJIbHBIX HaNPSKEHUH, U3rH0aroIMX MOMEHTOB U JIp.;
3HAHUSAMMU:
- 3aKOHBl MEXaHHKH JePOpMHUPYEMOro TBEPJAOro Teja, BUABI JehopMaiui,
OCHOBHBIE PACYETBHI;
- OIIpEICIICHNE HAIIPABIICHUS PEAKIIUM, CBA3H;
- OIIPEJIECIICHNE MOMEHTA CWJIBI OTHOCUTEIBHO TOYKH, €T0 CBOWCTBA;
- TUIIBI HATPY30K U BUJIbI ONOP 0aNoK;
- MOMEHTBI HHEPIIUI IPOCTBIX CEYEHUN IJIEMEHTOB U JIp.

[lepeueHb MPaKTUYECKUX 3aHATHN

Tabmuna 1
Komnuect
No 3ans Tema BO 4acOB
TUS
1 AHQINTUYECKOE YCIOBUE PABHOBECHS TIIIOCKON CUCTEMBI 8
CXOJSTITUXCSI CHIT
2 Onpenenenue peakuy onop 6aI0YHON CUCTEMBI 8
3 Pactsokenue u cxxatue: pacdersl Opyca Ha MPOYHOCTH U 8
HKECTKOCTh
4 Kpydenne: pacd€Tsl Ha MPOYHOCTH M JKECTKOCTh 2
3) N3ru6: pacuérsl Ha MPOYHOCTH. BBIOOp panroHanbHBIX 4
CEYCHUU
6 KuHeMaTnueckue v Cua0Bble COOTHOIICHUS B IEpeadax 4
7 Pacuer koco3yboli nepenauu 6




8 Pacuer peMeHHOI nepenayu 2

9 Pacder nenHoi nepepaun 2
10 Omnpenenenne KOOPAMHAT UEHTPA TSHKECTU MIIOCKOM

TIJIACTHHBI 6

Bcero 50

a)

b)

d)

f)

OdopmiieHne 0T4€Ta CTyICHTA U TPEOOBAHUS K OPOPMIICHUIO OTYETA

[Tocrne BBITIOTHEHHS PAKTUYECKOTO 3aHATUS CTYJACHT COCTABIISET OTUET,
koTopbiit opopmisiercs B coorBeTcTBUM ¢ 'OCT 2.105-95 «O0uue
TpeOOBaHUSI K TEKCTOBBIM JIOKYMEHTaM», Ha JIUCTaX cTaHgapTHoro ¢popmara A4
(297x210) ¢ 0OCHOBHOM HAAMKUCKIO C COOJIOICHUEM TIpaBUil opdorpadumu;
ITepBblii ¥ TTOCIIEAYIOUINI JIUCTHI UMEIOT PAMKY U OCHOBHYIO ITOJIITUCH

corinacHo 'OCT 2.104-68 puc.1, 2;

OTder nmuIIeTCs YEepHWIAMHM WA MACTOW YEPHOrO WMJIM CHUHEro mBeTa. TekcT
JIOJDKEH OBITh HAaNMCaH YETKUM, MOHSATHBIM MNOAYEepKOM. CXEMbl, 3CKH3HI,
TaOJIMIIBI BBITIOJHSAIOTCS KapaHIaIlIoM ¢ TTIOMOIIBIO YePTEKHBIX HHCTPYMEHTOB;
Pa3permaercst AByXCTOPOHHEE 3all0JHEHHUE JIMCTOB OTYETA;

Kaxnpiit 0oT4ET 0003HaUAETCS CASAYIONUM 00pa3oM (CM. CXeMy HUXKE);

Ecnu mnpaktuueckux 3aHsTUH Oojiee 3-X, TO BCE OTYETHI, MOAMHCAHHBIC
npernojaBareneM, Xpanarcs y cryjaeHrta. [Ipu 3aBepiieHun u3ydyeHus ydeOHOU

JTUCITUTUTMHBI OTYETHI CKIIAABIBAIOTCS TIO TIOPSIKY M OpOIIIOPYIOTCS;

MKTY XX XX XX XXX 3

QP MPaKTHUECKOTO 3aHATUS

HoMep npaktuueckoro 3ansatus (001,002,.)

—>»  HOMep BapHuaHTa

—> HOMEp AUCIUILIMHBI TT0 yueOHOMY Tu1aHy-03

> mudp yueonon aucrurumasl TM




mudp yueOHOTo 3aBeIeHUs

k) JKypHan o003Ha4aeTcs Tak e, Kak ¥ OTUET, TOIBKO B ITOCIICIHEH rpyIIne

mudp

3amuceiBaeTca «000y;

n) Pucynoxk 1

OcHOBHasi TOANUCH ISl TEKCTOBBIX JOKYMEHTOB (II€PBbIN U 3aryIaBHBIN)

/85

I

-

15

L Vsl 5 Forgrr iz25).

—

A 777 VPurtiwd st

sls

1
EETRENE=R

v,

3

’

—

ZAZE 7O

Puc. 1.

e ¢

R

50

J

OcHOBHAas OANKCH JJIs1 TEKCTOBBIX TOKYMEHTOB (MOCIEAYIOIINE JUCTHI). Prc.2

/85 —
r." - - ‘——,
™ 22
Q= =1
¥ Vol A/ cbrcgrs \oeais Mom o
| 7yo] 23 75 |77 | {2}
Pucynoxk 2

9)

h)

Texcr nomkeH OBITh HAMMCaH YETKUM, TOHSTHBIM TMo4YepKoM. CXemsl,
ACKU3BI, TAOJUIIBI BBHITIONHSAIOTCS KapaHAAIIOM C TOMOIIBI0 YEPTEKHBIX
VHCTPYMEHTOB;

B Tekcte He MOMKHO OBITH COKpAIEHWH 3a MCKIIOYEHUEM COKpAIICHUM,
ycranoBieHHbIx ['OCT 2.316-68;

3HaYeHUE CUMBOJIOB M YHUCJIOBBIX KO3(P(MUIIMEHTOB, BXOIAIIUX B opMydy,
JIOJDKHO OBITh TOSCHEHO HEMOCPEACTBEHHO moj ¢opmyiol. IlosicHenue
CMMBOJIa JlaeTCi B TOM IOCJIEI0BATEIHLHOCTH, KaKo

KaxxXJ101o B

npousBoautcst B Qopmyne. IlepBas cTpoka pacmmudpoBKH JOJKHA

HA4YMWMHATBCA CO CJIIOB «TAC» 0e3 ABOCTOYHMA ITOCJIC HETO.
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J) Tlpu ucnosib30BaHUU JIMTEPATYPHBIX, CIPABOYHBIX MAaTEPHAIOB HEOOXOAMMO
JIeJIaTh CCHUIKY C YKa3aHUEM CTPaHHMII, HOMepoB, Tabmui. Hanpumep: [2, ¢.13]
wim [2, Tabn. 15], rome umdpa 2- HOMEp JUTEpATyphl B TEPEUHE
MCIIOJIb30BAHHOM JIUTEPaTypPhl, IPUBOAUMOMN B KOHIIE OTYETA

p) OT4eTbl 1O MPAKTHYECKUM 3aHATHSIM CKJIAJIBIBAIOT IO TMOPSIKY |
OpOITIOPYIOT

q) .Ilo pesympraTam Kaxmoil pabOThI MPOBOIUTCS aU(PEpEeHITUNPOBAHHBIN
3a4€T;

r) TuTynbHBIN TUCT OPOPMIIIETCS B COOTBETCTBHHU C MPUIIOKEHUEM Ne

S) HeBbimomHeHHe KaKOro-1u00 U3 MPUBEACHHBIX BhIIIE TPEOOBAHU SBISICTCS
OCHOBAaHMEM JIJIsl TOTO, YTOOBI paboTa He ObliIa 3aUTEHA;

t) IIpu HeOpe)KHOM BBITIOJHEHUU PUCYHKOB (HAIIpUMEp, YCPHHIAMH OT PYKH)
WM OTCYTCTBUU HEOOXOUMBIX MOSICHEHUI K PEIIeHUI0 3a1a4 padoTa Oyer
BO3BpallleHa 6€3 pacCMOTPEHHUS;

u) B Tom cnywae, xorjga 3amaHus BBIIIOJHEHBI CTYJIEHTOM HE IO CBOEMY
BApUAHTY WM HECAMOCTOATEIIbBHO U HEIOOPOCOBECTHO, €My OyAeT
MPEASI0KEHO UHANBUIYAJIbHOE 3aJJaHuE.

Cxema otueTa

a) Homep npaktudeckoro 3ausaTus (YKa3bIBaeTCs B HITamie, cM. popmy 2);

b) HammeHoBaHHME MPAKTHYECKOTO 3aHSTHS;

c) Llens 3ausTus;

d) MarepuanbHOoe ¥ JOKYMEHTAIbHOE 00CCIICUCHNE;

e) 3amanus (yCIOBHE 33aJaull U CXeMa, Ha KOTOPOW He00X0IMMO TI0Ka3aTh BCE
3aj[aHHBIC ¥ UCKOMBIC CHJIbI, BHIOPAHHBIC OCH KOOPIUHAT);

f) Peruenus npeaioKeHHBIX 3aJaHH JOJDKHBI ObITH CHA0KEHBI KPATKUMH
MOSICHEHHUSIMU, U BCE BBIUMCIICHUS TPOBEEHBI 10 KOHIIA;
B nporecce pemenus 3agad HEOOX0AMMO IMEPBOHAYATIBHO COCTABUTh
¢dbopMyIbl ¢ OYKBEHHBIMU 3HAYEHUSMH, & TIOTOM U C YHCIIOBBIMU
3HaYCHUsIMU; Bce BETMUMHBI IOJKHBI TTOJICTABIISITHCS U BBIYUCISATHCS 10
TpeThel 3Havarlel udpel, 4TO BNOJHE 00ECIeYnBaeT HEOOXOUMYIO
TOYHOCTh TEXHUYECKUX PACUETOB;

g) IIpoBencHue aHaIM3a IPOBEACHHBIX PACUETOB

h) BwiBojbI 1 3aKITIOUYCHHUS

[IpakTrueckoe 3ansarue No |

Tema: AHaTUTHYECKOE YCIOBHE PABHOBECHSI MIIOCKOM CUCTEMBI CXOASIIIUXCS CUIT

11



Henb: ObecnieunTh 3aKperieHNe NOAYyUYEHHbBIX TEOPETUUECKUX 3HAHUHN U
IIPUBUTHE YMEHUN B ONIPEAECICHUN PAaBHOAECUCTBYIOLIEH CXOMAILMXCA CHJI
AHAJIUTUYECKUM METOA0M

ITponomxkuTenbHOCTh — 8 Yaca
1. MarepuaibHOE U TOKYMEHTAIILHOE O0eCIIeUeHHE:

1.1 UnnuBuayanbHOE 3a/1aHKE;

1.2 Meroandeckue peKOMEHIAlUK K MPAKTUIECKOMY 3aHITHIO;

1.3 MUuKpOKaJIbKYISATOPHI;

1.4 bpanuc B.M. «YeTsipex3HauHble MaTeMaTHIeCKue TabIuIb», M., 1968

1.5 Jlucter cranmapTHOro opmara A4 (297*210) nnst TEKCTOBOTO JOKYMEHTA
no ['OCT 2.105 - 95

2 Jluteparypa

[1],c.28...34

3 OO0umMe ¥ TEOPETUUECKUE TIOJIOKEHHS IO TEME MPAKTUYECKOTO 3aHATHUS

BennunHa npoekuuu Cuiibl Ha OCh paBHA NMPOU3BEACHUIO MOYJISL 3TOM CHJIBI
Ha KOCHHYC yIJa MEXIy HAIIPaBJICHUEM CUJIbI U MOJIOKUTEITbHBIM
HaNpaBJICHUEM OCH.

Fx=F *cos a

Onpenenum BEIMYMHBI U 3HAKU MPOEKIUHN IPEACTABIEHHBIX HA PUCYHKE CUJI
( B oOmem Buae, puc. 1).
IIpoekunu cun Ha och X:

1) Cuna FinmapamienbHa OCH M HalpaBjIeHa B CTOPOHY IMOJIOKUTEIBHOTO
orcuera ocu, T. €. . = (0, a cos 0 = 1. [ToaTomy
Fix =F1+cos0=F1

2) Cuna F ;2 mepneHauKy/IspHa OCH X, T. €. yroi o = 90 %, torga cos 90°= 0 u
Fax=F2+c0s90=0

3) Cwuuta F3 00pa3yer ¢ MoJIOKUTEIILHBIM HAIPABICHUEM OCH YTOJI 0., KOTOPBIH
7/2 <o <m. CnegoBaTeabHO,
Fax=F3~cosa=F3xcos(m—P)=-F3z~cosp
12



ra 11
Tl

I/ITaK, IMPOCKIUA F 3x OTPHULATCIIbHA, CCJIM OTCUCT AJIMHBI ITPOCKIUN OT
TOYKHM Ha4alla BCKTOpa K €ro KOHIY, IPOTHUBOIIOJIOKCH ITOJIOKUTCIbHOMY
HaIpaBJICHHUIO OCH.

4) Cuna F400pasyer ¢ MoJ0KUTeN5HBIM HallpaBlIeHueM ocH yroa o < 90°
(OCTpBIii YTOJI) U HAMIPABJICHUE €€ COBMAIAET C MOJIOKHUTEIBHBIM
HaIpaBJIeHUEM OCH, TOTa

Fa=Fs*cosa

[Ipoexiuu cui Ha ochb Y.
o [lpoeknuus cunbl Fiy= 0, 1. k. cuna F1 nepnenanKynsipHa ocu Y

e Cuna F 2 mapaymensHa ocu Y U HampaBjieHA B CTOPOHY
MPOTHUBOIIOJIOKHYIO TTOJIOKUTEIIBHOMY OTCUETYy OcH, T. €. o0 =0, a cos 0 =
[Tostomy F 2y =-F2;

e [lIpoekrus cumsl F 3 Oyaer Takke oTpuliatesibHa, T. K. HalpaBJIeHUE ee He
COBITQ/IACT C MOJOKUTEIbHBIM HAMPABIECHUEM OCH Y U COCTABUT
Fax=-F3«sinf
o IIpoekmus cuibl F4
Fa=Fs*sina

CropoenupoBaB CUJIbI HA OCU KOOPAWHAT, MTOJIYYUM U MPOCKIUH
PAaBHOJIEUCTBYIOIIEN CUJIBI:

13



o [Ipoexyus pasnoodeticmayoweli CUCmemMbl CXOOAUSUXCS CUTL HA KAHCOVIO U3
ocell KOOpOUHaAm pasHa aieedpauyeckol Cymme npoeKyuti CocCmasisatouux
CUJl HA nty oice ocCb.

Rx=2 Fx;
Ry=X Fy.

o  Mooynv pasrooeticmeyroujeli cucmemvl CXO0AWUXCS CUL PABEH KOPHIO
K8AOPAMHOMY U3 CYMMblL KBAOPAMO8 ee NPoeKyUull Ha 08¢ 83aUMHO
NepneHOUKYIApHbLE OCU.

R=vVRZ+ R2mwm R=" (T Fx)? +(Z Fy)?

e Hanpasnenue pagnooelcmsyrowell onpeoensiemcs ¢ NOMOWbI0 Max

HA3bl6AEMBIX HANPpABIANUWUX KOCUHYCO8.!

cos ox =Ry, /R
cos oy =Ry /R

[Ipuuem, KocuHyC yria, o00pa3yeMoro BEKTOPOM pPaBHOJEHUCTBYIOIIEH C
MOJIOKUTENIbHBIM ~ HANpPaBJICHUEM  OCH, PaBEH  OTHOLICHUIO  MPOEKIUU
PaBHOAEUCTBYIOIIEH HA 3Ty OCh K MOJYJIIO CAMOM PaBHOJIEUCTBYIOILIEH

N3 BbllllE OPUBEACHHBIX BBIPAKEHUN HEMOCPEICTBEHHO BBITEKAET YCIIOBUE
PaBHOBECHS IUIOCKOM CHCTEMBI CXOISAIINXCS CHJI B aHAIUTHIECKOH hopme.

Ycnosue pasnosecus nnockoi cucmemol cXo00AUWUXCSL CUNL:
JInst paBHOBECHS TUIOCKOM CUCTEMBI CXOISIIIMXCSI CHUJT HEOOXOAUMO U I0OCTaTOYHO,
4TOOBI aNreOpanyecKkue CyMMbI TPOCKIIUM BCEX CHJI CUCTEMBI Ha KXKIYIO U3 ABYX
oceil KOOpAMHAT ObUIM PaBHBI HYJIIO, T. €..

YXF=0;ZFy.=0, mm
RXZO;I/IRyZO

3ananue Ne 1
Onpenenure BEIMUYUHY U HAIIPABJICHUE PABHOJAEHCTBYIOLIEH TIIOCKOW CUCTEMBI
CXOISIINXCS CHJT aHATUTHYECKUM CIIOCOOOM
Tabmuna Ne 1

BapHaHThI

1 | 2 3 4 5 6 7 8 |9 | 10
F1,5 5 8 10 20 10 12 9 11 18 4
kH
Fa, |12 10 14 10 12 5 5 15 10 20
12 H
Fs, |10 5 6 9 8 10 12 5 15 7
10xH

14



Fa, 11 14 7 4 15 20 10 9 6 15
11xH
=
2 F1
A
0
F 45
e
60 ° X
F,
3amanue Ne2.

1)

2)

3)

4)

Meroauyeckue yka3aHus K peleHuro 3aaadn Ne2
Ilocneoosamenvnocme pewieHus 3a0a4u.

OCBOOOJHTH MIAPHUP OT CBS3EH M M300pa3UTh JEHCTBYIONINE HA HETO
aKTUBHBIC CHJIBI U PEAKIIMK OTOPOIICHHBIX CBsizel. [Ipudem peakinm
CTEpKHEH CJIeAyeT HAMPaBUTh OT MAPHUPA, T. K. IPUHITO CYUTATh

MIPEANOJIOKUTEIBHO CTEPKHU PACTAHYTHIMU;

BBIOpATh CUCTEMY KOOPJIMHAT, COBMECTHB €€ Ha4ajlo C TOYKOH IepeceucHHUs
cui. I[Ipuuem BEIOMpaeM OCh Tak, 4TOOBI OJHA M3 oceH (och X MM OCh Y)
COBIaJiajia ¢ HaIPaBJIEHHEM KaKOW-JIMOO HEU3BECTHON CHIIBI.

COCTaBUTh YPABHEHHS PABHOBECHS, UCIIOJb3YS YCIOBUS PABHOBECHS
CHUCTEMBI CXOSIIMXCS CUJI Ha TJIOCKOCTH:

XF=0;ZFy.=0,
IIPOBEPUTH ITPABUIILHOCTH MOJIYUYEHHBIX PE3YJIbTAaTOB IO YPABHEHUIO,
KOTOPOE HE UCIOJIB30BaJIOCh IPU PELICHUH 3a1a4yu. /{15 3TOro Hy»KHO
IPOBECTU HOBYIO OCh KOOPIMHAT, HAIpUMEP X' M 3aHOBO COCTABHTh

YpPaBHEHHE PaBHOBECHS, HAIIPUMED,
TRI=0

15



[Ipumep pemenus 3agadu
[Ipumep 1. OnpenenuTs peakuuu CTEPKHEH, yAep>KUBAIOIIUX IPY3bl
F1=70 xkH u F> =100 kH (puc. 1,a). Maccoii ctepxHel mpeHeOpeysb.

&) 8)
[
R R =R2urm y Rz X
A
- Ry £
b5 J0* 45° J0°
B X o]
F f
Puc. |
Pemenmne:

1. PaccmaTpuBaem paBHoBecue mapHupa B (pucyHok 1, a).

2. OcBoOOX1aeM mapHUp B OT cBs3ed U n300pakaeM JEHCTBYIOLIUE HA HETO
AKTHBHBIC CUJIBI M PEAKIMU CBsi3el (PUCYHOK 1, 0).

3. Bribupaem cuctemy KOOpAMHAT, COBMECTUB OCh Yy 110 HAMIPABJICHUIO C peaKIue
R2 (pucynok 1, 6) u cocraBisieM ypaBHEHUsI PABHOBECHSI JIJISi CUCTEMBI CHJI,
JICUCTBYIOIIMX Ha IApHUp B:

> Fix =-Ri.cos 45° + F2. cos 30°=0 (1)

> Fiy = R1-sin45° + Rz + F2'sin30° - F1=0 2

4. OnpenensieM peakuuu ctepxxHedt R u Ry, pemas ypaBuenus (1), (2).

U3 ypaBuenus (1)
F2 - cos 30° _ 100 - 0,866
Ri= = =122 xH
COs 45° 0,707

[ToncraBnss HaiiieHHOE 3HaUeHUE R1 B ypaBHeHHeE (2), mojrydaeM
R2=F1- F2sin 30° - Ry -sin 45°=70- 100 0,5 - 122 0,707 = -66,6 xH

3HaK MUHYC Miepe]l 3HaueHHeM Rz yka3bIBaeT Ha TO, YTO EPBOHAYAILHO BHIOPAHHOE

HalpaBJI€HUE pEaKIMM HEBEPHOE - CIEAyeT HanpaBuTh peakuuro Rz B
IPOTUBOMOJIOXKHYIO CTOPOHY, T. €. K mapHupy B (ma pucynke 1,6 uctuHHOE
HaIlpaBJICHHE peakun Rz IIOKA3aHO LITPUXOBBIM BEKTOPOM).

5. TlpoBepsieM mNpaBUIBHOCTH TOJYYEHHBIX pE3ylbTaTOB, BBHIOPAB HOBOE

16



pacnoioxxenue oceil koopauHaT X u Y (puc. 1,B8). OTHOCUTENBHO 3THUX OCEH

COCTaBJISIEM YPaBHEHHUS PaBHOBECHS:
Y Fix1=-R, cos45°+ F, cos15°- F; cos45°=0 3)

> Fiy'= Ry~ F; cos45° - R, cos45° - F, cos 75°= 0 (4)

N3 ypaBHeHus (3) Haxoaum

F;-c0s15°—F;-cos45° 100-0.965-70- 0.707
R,=2 L = = 66,6 kH
cos 45° 0.707

[ToncraBnsas HaiiieHHOE 3HaUYeHUE R, B ypaBHeHUH (4), oTyyaeM

R. ™ Fi- cos45°+ R,  cos45°+ F,- cos75°=70- 0,707 + 66,6 - 0,707 + 100
1

*0,258 =122 xH

3HaveHus peakuii Ry u R, , monydeHHsle npu perieHun ypasaenu (1) u (2),
COBIIAJAIOT MO BEJIMYMHE U HAIIPABICHUIO CO 3HAYCHUSIMU, HAJICHHBIMH W3
ypaBHenuil (3) u (4), ciegoBaTenbHO, 3aJa4a pelieHa npaBuibHo. Ciie10BaTeNbHo,
peakiuu CBsI3€M HaWICHbI, BEPHO.

BapuanTt Nel
Onpenenuts ycunusa B crepxkHsix AC u AB, Bo3Hukawmme ot cuibl F,
MPUJIOKEHHOM K Y371y A, aHATUTUYECKUM METOA0M

Jlano: F =45 xH.

90°

F
Bapuant Ne2

Onpenenuts ycwiusi B ctepxkHiax AC u AB, Bo3HuKaromwue oOT cujbl F,
npllxmoxceHHoﬁ K y3]Iy A, aHaJITNTUYECKUM U TpaduueCKUM METOaMU

B F Jlano: F =170 xH.

60° 90°
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Bapuant Ne 3

Onpenenuts ycwiusi B ctepxkHiax AC u AB, Bo3HuKaromwue OT cujbl F,
IIPUIIOKEHHOU K y3I1y A, AHAIUTUYECCKUM METOIOM
Jlano: F =40 xH.

A C

/17

90°

BapuanTt Ne 4
Onpenenuts ycunus B crepxkHsix AC u AB, Bo3Hukawmme ot cuibl F,

TIPYIIOKCHHOM K Y3y A, AHAJINTUYCCKUM METOJIOM
Jlano: F =60 xH.

A C

ST

90°

Bapuant Ne 5
Onpenenuts ycunus B ctepxkHsix AC u AB, BosHukawmme ot cuibl F,

IIPUJIOKEHHOM K Y371y A, aHAIUTUYECKUM U METOJ0M

Jlano: F =55 xH.

90°

Bapuant Ne 6
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Onpenenuts ycunus B crepxkusix AC u AB, Bo3Hukawmme ot cuibl F,

MPYIOKEHHOM K Y3y A, AHATMTHYECCKUM METOJIOM
Jlano: F =95 kH.
A
B 20° 90°
F
45°
C
Bapuant Ne 7

Onpenenuts ycunus B ctepxkHsix AC u AB, Bos3Hukawmme ot cuibl F,
IIPUJIOKEHHOU K Y371y A, aHAIUTUYECKUM METOAOM

F Jlano: F=35kxH.
B
30°
23° A
80°
C

Bapuant Ne 8
Onpenenuts ycunus B ctepxkHsix AC u AB, BoszHukawume ot cuibsl F,

MIPYIIOKCHHOM K Y3y A, AHAJINTUYECKUM METOJIOM
Jlano: F =25 xH.

v

B 90° 40° C

Bapuant Ne 9
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Onpenenuts ycunus B crepxkusix AC u AB, Bo3Hukawmme ot cuibl F,

MIPYIOKEHHOM K Y3y A, AHAJINTUYCCKUM METOJIOM
Jlano: F=25xH.
F
A 90°

Bapuant Ne 10
Onpenenuts ycunus B ctepxkHsix AC u AB, Bos3Hukawmme ot cuibl F,

IIPUJIOKEHHOU K Y371y A, aHATUTUYECKUM METOJA0M

F Jlano: F=35kxH.
B
30°
23° A
80°
C 3amanue Ne 3

[Ipumep pemenus 3a1aun

Onpenenuts ycunusi, Bo3HuKaronme B crepxHiax AB u BC ganHoil ctepxkHeBOM
cucremsl, ecmu Fy = 15 kH, F2 =25 kH, % =30°, %2=40°, @ = 60°.

NN AV
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MeTtoandeckue yka3zaHus K perieHuro 3agadu Ne3

Ilocreoosamenvrocms PeuLerusl 3a0ayu.

1) AHamuTHYeCcKOe pelicHuE.

1.1.PaccmaTpuBaem paBHOBecue y3ia B;
1.2.0TOpaceiBaeM CBsI31, 3aMEHSISI X YCWIMSIMU B CTEPKHAX. BeImonHsem

CXEMY CHJI, CYATAs] BCE CTEPKHU PACTAHYTHIMU, T.€. HAIIPABJICHHBIMU BJ10JIb
CTEPIKHSA OT Y3JIa;

1.3.ITpoBouM OCH KOOpAMHAT TaK, YTOOBI OJIHA U3 OCEH MpOoIILIa Yepes3
OJIHO U3 HEU3BECTHBIX YCHINN. OnpenesieM yribl MEXAY CHIIaMHU U OCSIMU.

ty
/
/
/
/
~—___ |
\\\ / _
= 5o ~.B N
1 /
- X
4['" // nﬂ \\\*
L 4o
g
70°
= N
//F:v

1.4. CocTtaBuUM ypaBHEHHUS paBHOBECHUS

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

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

1.5. Pentaem ypaBHEHUE U HAXOAUM YCHIIHS B CTEPKHSX.

e 13 BTOpOrO ypaBHeHUs:

CtepkeHb CKarT:
N,= -F;-Cos20°-F,-Cos40°= —25- 0,940 —15- 0,766 _ —69.98 kH
Cosb6oe 0,5
W3 nepBoro ypaBHEeHuUS:
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CrepxeHb pacTsaHyT.
N, =-N,Cos30°-F,-Cos70° + F, - Cosho®* = 69,98 — 25-0,866 + 15- 0,643 ==
=57,98 xH.

1.5.I1IpoBepuTh NPaBUIBHOCTH MOJIYYEHHBIX PE3YJITATOB MO YPABHEHUIO,
KOTOpPOE HE MCMOJIB30BAJIOCH IPH pEUICHUU 3a1a4u. /{151 3Toro Hy )KHO

IIPOBECTU HOBYIO OCh KOOPIHMHAT, HapUMep X' M 3aHOBO COCTABHTh
ypaBHEHHE paBHOBECHUSI, HAIIPUMED,

TFE=0

3amganme Ne3
OnpenenuTs peakiuu CTeP)KHEH, yaepKuBawImmx rpy3sl F1 u F2. Maccoii
cTepkHel mpeHeOpeub. CxeMy CBOEro BapuaHTa CM. Ha puc. UHCIIOBBIC

JaHHBIC CBOCTO BApHUAHTA B3ATh U3 Tab. 2

Taomuna Ne 2 k 3aganuio 3

Ne Bapuanr | F1 (P1), Fa2 (P2), Ne Bapuanr F1 (Pa), F1 (P1)
CXEMBbI xkH xkH CXEMbI 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.

15.

20.

TN TN N SN

4.TlopsimoK BBITIOJTHEHUS PaOOTHI

4.1 O3HaKOMUTKCS C 3aJaHUSIMU;

4.2 V3yuuTh 001IHE ¥ TEOPETUICCKUE TIOJIOKESHUS TI0 TEME MTPAKTUIECKOTO
3aHATHS;

4.3 Pemnth 3a1a4M CBOETO BapUAHTA;
4.4 TToka3ath pe3yJabTaThl PACUETOB MPEMOIABATEIIIO

5. Borpock! aj1st camonpoBepKU
5.1. Kakue cuibl Ha3bIBAIOTCS CXOISIIIAMUCS?

5.2. Yrto Ha3bIBaeTCA MpOEKIMeH cuiibl Ha och? Kak onpenensercs ee
BeJMurHa U 3HaK? Korjaa npoekius paBHa HyJt0?

5.3. ChopmynupyiiTe aHATUTUUECKUE YCIOBHS PABHOBECHS CXOISIIUXCS
CHII.

5.4 CKOJIBKO ypaBHEHUN MOKHO COCTaBHUTh JIJIl YPABHOBEIIEHHONW CUCTEMBI
CXOIAIINXCSA CUII U KaKue?
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5.5 KakoBa 3aBUCHMOCTb MEXIy BEJIMYMHOW PABHOJACHUCTBYIOIIEH JBYX
CXOJIAIINUXCA CUII U BEJIMYUHOW yIJia MEXAY UX JTUHUAMU JACUCTBUS?

5.6 Kak nHampaBineHa cwia F, ecin H3BECTHBI €€ NPOEKIUMU HA OCH
IIPSAMOYTOJIBHON CHCTEMBI KOOPJNHAT:

a)Fx=0;Fy=F;0)F«=-F, Fy=0;B)Fx=Fy;; T) Fx=-Fy.

5.7. Kak onpeaenuTb, KaKOM CTEPKEHb PAaCTAHYT WIM CKaT?

6. Jlomanraee 3agaHue

6.1 IToAroTOBUTH OTBETHI HA KOHTPOJIBHBIC BOIIPOCHI

6.2 OdbopMuTH OTHET;
6.3 U3y4nTh peKOMEHIyEMYIO JTUTEPATYPY.

7. CIUCOK JINTEpaTypPhI

1. MakcuHna, E. JI. Texuuueckas Mexanuka : yaeoHoe nmocodue qis CI10
/ E. JI. Makcuna. — Caparos : Hayunas xuura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TekcT : eKTPOHHBIH // DAEKTPOHHO-OMOIMOTEYHAS cCCTEMa
IPR BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/87082.html

2. Kopoumnes, I1. B. Texunueckas MmexaHnuka : yaebnoe rnmocooue g CI1O
/ 1. B. Kopones. — Caparos : [IpodobpaszoBanue, Aii [Tu Ap Meaua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TeKCT : 3IEKTPOHHBII
/] DnexTpoHHO-0MOIMoTeuHas cucrema IPR BOOKS : [caiit]. — URL.:
https://www.iprbookshop.ru/88496.html
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[IpakTueckoe 3anstue No 2
Tema: Onpenenenue peakuyuy onop 0aJI0YHOM CUCTEMbI

enb: ObecnieunTh 3aKperieHNe MOTYyUYEHHBIX TEOPETUUECKUX 3HAHUH U
MPUBUTHE YMEHHUI B ONPECICHUH PEAKIINH OMOpP 0aT0YHON CHCTEMBI

[TponomxurensHOCTH — 8 Haca
1. MarepuanbHO€ ¥ JOKYMEHTAJIbHOE 00ecIieueHHe:

1.1 UnauBuayanbHOE 3a/1aHKE;

1.2 Meroandeckue peKOMEHIAINH K TIPAKTUIECKOMY 3aHSITHIO;

1.3 MUKpOKAJIbKYIATOPHI;

1.4 JTuctel crangaptHoro gpopmara A4 (297*210) nns TEKCTOBOTO JOKYMEHTA
o ['OCT 2.105 - 95

2 Jluteparypa

[1],c.59...64

3. O0uiMe 1 TEOPETUUECKUE TOJ0KEHHSI IO TEME MPAKTUYECKOTO 3aHITHS

/IBe paBHBIE W mNapaJUlCIbHBIE CHJIBI, HAIPABICHHBIE B NPOTHUBOIOJIOKHBIE
CTOPOHBI U HE JIe)KAaIllMe Ha OJHOM NpsAMOW, HA3bIBAIOTCS NMapoi cuil. [lenicTBue
napsl CUJI Ha TBEPAOE TEJIO COCTOUT B TOM, YTO OHA CTPEMHUTCA BPAILATh 3TO TEIIO.
CriocoOHOCTB Mapsl CUJI MPOU3BOJUTH BpAIEHUE OMPEIEISIETCS MOMEHTOM Maphl,
PaBHBIM TIPOM3BEACHUIO CWJIBI Ha KpaTdaiilllee paccTosiHue (B3sTOE 1O
NEPHEHAUKYJIAPY K CHIIaM) MEXAY JUHUAMU AeUcTBUS cril. OO03HAYMM MOMEHT
napsl M, a KpaTdaiilllee pacCTOSHHE MEXAy CWIaMU a, TOorja a0COJIITHOE
3HAYCHUE MOMEHTA:

M = Fa = Fa.
MowmenT maper B CU u3mepsiercst B HptoroHomeTpax (H*M) nnu B equHMIax,
KpaTHbIX HbloTOHOMETpPY: KH*M, MH*M u T.x1.

IIpaBuio 3HaKoB:

Momenm napul cun 6ynem cuuTaTh Momenm napul cun 6ynem CUuTaTh,
NOJI0JICUMENbHBIM, €CIIH T1apa OTPHULATENILHBIM, €CIIA apa CTPEMUTCS
CTPEMMUTCS IIOBEPHYTH TEJIO 1O BpalllaTh TEJIO0 IMPOTUB XOJa YACOBOU
HanpasieHuio Xxo0a 4acogoli cmpeaku | CTPeIKd
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HpI/IHHTOG IMpaBrUJIO 3HAKOB JJIs1 MOMCHTOB IIap YCJIOBHO

Pucynok 1

MoMEHT CHJI OTHOCHUTEJIbHO TOYKH U OCH

)

PucyHnok 2

MOMEHT CHuJIbl OTHOCUTEIILHO TOUKHU OoNpCACIIACTCA NIPOU3BCACHUCM MOAYJISA CHJIIbI
Ha JJIMHY NCPICHANKYJIAPHA, OITYIICHHOTO U3 TOYKU HA JIMHUIO I[efICTBPIH CHIJIBI.

Mowment cunsl F orHocuTensao O onpeaACIACTCA IIPOU3BCACHHUCM CHJIbI Ha IIJICYO

M,(F)=F a

W3mepsroT MOMEHTHI Cciil B HblOTOHOMeTpax (H*M) mnm B COOTBETCTBYIOIIUX
KpPaTHBIX U JOJIbHBIX €IMHUIIAX, KAK 1 MOMEHTHI Hap.

Ilocreoosamenvruocms peuternus 3a0a4u:

1) u300pa3uTh OATKY BMECTE C HATPy3KAMHU;

2) BBIOpaTh PaCIOIOKEHUE KOOPAUHATHBIX OCEH, COBMECTUB OCh X C OaJIKOM, a OCh
V HarpaBUB MEPIEHIUKYIISIPHO OCH X.

3) nmpousBecT HEOOXOAUMbIE TPeOOpPa30BaHUA 3aJAHHBIX AKTUBHBIX CHJI: CUJTY,
HAKJIOHEHHYIO K OCH OaJIKM MOJ YIJIOM 0, 3aMEHUTh JBYMS B3aUMHO
NEPHEHINKYJISIPHBIMHA COCTABJISIIOIINMH, @ PABHOMEPHO PACIPEICICHHYIO
Harpy3Ky - €€ paBHOAECHCTBYIOIIEH, NPUIOKEHHON B CEPEIMHE yUacTKa
pacrpeneneHus Harpy3Ku
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4) ocB0OOIUTH OAJIKy OT OIOpP, 3aMEHUB UX JCHCTBHUE PEAKIIUSIMU OTIOP, ,
HAIPaBJICHHBIMH BJIOJIh BEIOPAHHBIX OCEH KOOpAMHAT.

5) cocTaBUTh YpaBHEHMS pABHOBECHS CTATHKU JJI IPOU3BOJIBHOM INTIOCKON
CUCTEMBI CUJI TAKUM 00pa30M U B TaKOM MOCIEI0BATEIbHOCTH, YTOOBI PEeIIEHUEM
KaXKJIOT0 U3 ATUX YpaBHEHUH OBLIO ONpe/iesieHne OJTHOM U3 HEU3BECTHBIX peakluid
Orop.

6 ) IPOBEPUTH MPABUILHOCTh HAMIEHHBIX OMOPHBIX PEAKIINI M0 YPaBHEHHUIO,
KOTOpO€E He ObLIO UCIOJIB30BAHO JIJISl PEIICHUS 3a/1a4H.

[Tpumep 1
Omnpenenuts peakiuu onop 6anku (puc. 3,a).

y =
L IM=70rH ——
F ‘ )
x A B EET P
=30° | 2]
a) /% @ =30 B 7
- | 1M pr T
yA ~
-
J) C
RAy b
ﬁ) A ‘F; 8 C
Rax
¥ Fy
Puc. 2
Pucynoxk 3

Pemenue
1. U3006pa3um Ganky ¢ nedcTBYIOMMMU Ha He€ Harpy3kamu (puc. 3,a).

2. N3o0pakaem ocu KOOPAUHAT X U ).

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

PaBHoaeiicTByromas q-CD paBHOMEPHO pacnpeAesieHHON Harpy3Ku, MPUJI0KEHHAas
B TOYKE MEPECEUCHHSI TUaroHaien mpsiMoyroiabHuKa (puc. 3,0), mepeHOCUTCs 1o
JIMHUY CBOETO JIEHCTBUS B cepenuny ydactka CD, B Touky K (Q = g*I),

rae |l =CD). Q=12 =2«kH.

4. OcBoOox1aeM OajKy OT ONOp, 3aMEHHUB UX OMOPHBIMH peaKUsAMU (PUCYHOK 3,
B).
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5. CocTaBnsieM ypaBHEHUSI pABHOBECHSI CTATUKU U ONIPECIISIEM HEU3BECTHbBIC
peaKuuu omnop.

a) U3 ypaBHeHMsI CyMMbI MOMEHTOB BCEX JICHCTBYIOIIUX HA OaJKy CHUII,
COCTaBJIEHHOI'O OTHOCUTEJIBHO OJIHOM M3 TOYEK OIOop, cpa3y ONpeaeisieM OJIHY U3
HEM3BECTHBIX BEPTUKAIBHBIX PEAKIIHIA:

ZmA:FyAB +M+QAK—RDyAD:O

Roy= (F, AB+ M+ QAK)/AD =(101+10+23) /4 = 6,5 xH;
OmnpenenseM Ipyryo BEPTUKATbHYIO PEAKIHUIO:

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

OmnpenensieM rOPU30HTAIBHYIO PEAKIUIO:

2X; =Ry -F,=0;Ry =F =Fcosa=200,866=17,3 xH
6 [IpoBepsieM NpaBUIBLHOCTD HAalIEHHBIX PE3YIbTaTOB:

XY, :RAy—Fy—Q +RDy:5,5—lO-2+6,5: 12-12=0

VYcnoBue paBHoBecus XY= (0 BBINOJIHAETCS, CIEI0BATEIBHO, PEAKIIMHU OTIOP
HAJEHbI BEPHO.
[Tpumep 2.
Onpenenuts peakuuu Z,, Y4 1 My B xecTKoM 3aaenke (puc. 4).
[lpu P =5KH"M,q = 2 KH/M.

y=) ik ;
| = "
- % Y ¥ wlv \ 2R
Irm 075
<_! Yo
g | L5m
Pucynox 4

Pemenue.

1. PaccmarpuBaeMm paBHOBecue Oanku AB.

2. PaBHOMEpHO pacnpe/elIeHHYI0 Harpy3Ky 3aMeHsIeM COCPEI0TOYEHHOM,
MIPUJIOKEHHOM mocpeinHe yyactka, Q = q-a = 2-1.5 = 3 kH.

3. KoopauHatHyI0 OCh Z pacmoyiaraeM BI0JIb OCH OaJIKH, a OCh Y -
NEPHEHAUKYJISIPHO €.
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4. B 3aiemiieHUu MOTYT BO3HUKHYTh JIB€ OIIOPHbIE PEaKiuu Z, U Y, (BIOIb
U TIEPIICHANKYJISIPHO OCH OaJIKH) U peaKTUBHBIA MOMEHT My . B manHOM ciryuae
peakuus Z, = 0, Tak Kak Ha OaJIke HET HU TOPU30HTAIBHBIX, HU HAKIOHHBIX CHJL.

5. CocraBnsieM ypaBHEHUS! PABHOBECHUS JJI IPOU3BOJIBHO PACIIOJIONKEHHBIX

CHII.
zZ=ZA=0,
ZY=—P—Q+YA=O,

ZMA(Pi):MR+Q-1,25—M+P-3=0.
(mpeamnonaraeM, 4TO PEaKTUBHBIM MOMEHT HaIlpaBJIEH IPOTUB YaCOBOM
CTPEJIKH).
W3 BTOpOrO ypaBHEHUSA:
Y=P+Q =5+3 =8kH.
W3 TpeThero ypaBHEHUS:
Mr=-Q-125+M—-P-3=-3-125+4—-5-3 =—-14,75 kn.

3HaK MUHYC TIOKa3bIBaET, YTO PEAKTUBHBI MOMEHT HAMPABIICH HE TTPOTHUB
YaCOBOM CTPEJNIKH, a B TIPOTUBOIOJIOKHYIO CTOPOHY. MeHsieM HampaBieHue My Ha
gyeprexe (cM. puc. 4).

CocraBnsieM ypaBHEHHUE JIJIsl TPOBEPKU PEIICHUS.

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

VYcnoue paBHoBecust ), Mg (P;) = 0 BBITOJIHSIETCS, CIIEA0BATEIBHO, PEAKIIUH OTIOP
HaliJICHbI BEPHO.

3amanue Ne 1

J171st 3a1aHHOM IBYX OMOPHOM OaJIKU ONPENeuTh peakiuu onop. Mcxonuoie
JIaHHbIE B3SITh U3 TA0J. U puUcC. 5

Ta6muma 1
No cxembr Ne BapuanTa F1 F2 m
kH kH kHwm

1 20 10 12

1 2 12 8 20

3 10 20 15

4 16 8 25

1 2 6 10

2 2 14 5 8

3 20 14 10

4 5 12 6

1 5 20 4
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3amanue Ne 2

JIns cTanpHOM 0Ky, KECTKO 3aIeMJICHHON OJTHUM KOHIIOM U Harpy>KeHHOM, KaKk
MoKa3aHo Ha pucyHke (cxeMbl 1 — 10), onpeaenuTs peakuuu B 3ajieke (puc. 6),

TabI. 2
Tabmuma Ne 2
Ne Ne F, a, M, No Ne F, g, M,
cxemsbl | BapuaHta | kH kH/m kHm | cxewmsl | BapuanTta | kH kH/mM | xHwm
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 &) 1 6 4 4 2 10
1 2 6 5 1 2 10 8
3 2 4 5 3 8 2 3 8 10
3 7 2 4 3 4 5 12
4 6 2 10 4 B 2 16
1 2 5 7 1 2 10 8
4 2 1 8 9 9 2 5) 4 7
3 3 6 10 3 3 2 9
4 4 9 14 4 B 3 10
1 2 6 10 1 2 3 5
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

Cxewmnl Kk 3anaue: (puc.6)
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3amanue Ne 3

Jlns1 3a1aHHOM IBYX OTIOPHOM OajIKM ONpeeuTh peakiuu onop. cxoaHbie
JIaHHBIE B3STh U3 Ta0. 3 U puc. 7

Tabmuua Ne 3
No No F, a, M, No Ne F, q, M,
cxemsbl | BapuaHta | kH kH/M | xHm | cxempl | Bapuanta | kH kH/M | xHwm
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




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

4.1TopsimoK BBINOJHEHUS PaOOTHI

4.1 O3HaKOMUTBCS C 3aJaHUSIMU;

4.2 N3yunTh 001IUE U TEOPETUYECKHUE TTOJIOKEHUSI IO TEME MPAKTUYECKOTO
3QHATHS;

4.3 PemmTh 3a/1a4uu CBOETO BapHaHTA,

4.4 TlokasaTh pe3ybTaThl paCUETOB MPEIIOIaBATEITIO

5. Bompocs! aJisi caMONIpOBEPKH

5.1. Yto Ha3bIiBaeTCs mapoi cui’?

5.2 Yto onpeaenser 3¢ PexT aercTBUS napbl cui?

5.3 Umeer 1 mapa cui paBHOJICUCTBYIOUTYIO?

5.4 Kak MOXHO ONpeNenTh MOMEHT NIapbl CHII?

5.5 Kak onpezaensieTcsi MOMEHT CHJIbI OTHOCUTEIIBHO TOUKH?
5.6. Kak onpenaensiercs miedo CUiIbI?

5.7. Korjja MOMEHT CHJIBI OTHOCUTENBHO TOUYKH PABEH HYJIIO?
5.8. Kakoe mpaBuio 3HaKa MOMEHTA CHJIbI OTHOCUTEIHLHO TOUKH?
5.9. Kakue paznuuaroT onopsl 6anok?

5.10. Kakue Harpy3ku MOryT ObITh IPUIIOKEHBI K Oanke?

6.JlomamrHee 3amaHue

6.1 [IoArOTOBUTH OTBETHI HA KOHTPOJIBHBIE BOTIPOCHI

6.2 OdpopMHUTD OTYET;
6.3 3yuuTh peKOMEHAYEMYIO JIUTEPATYPY.

7. CIMCOK JIUTEepaTyphbl

7.1. Apxyma A.U. ,®ponoB M.U. Texuuueckas mexanunka — M. -,1983
7.2 2.Cadonora I'.I',, AptioxoBckas T.IO., Epmako JI[.A. Texnuueckas
MexaHuka: Yueonuk. — M.:MH®PA — M, 2015.
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[IpakTnueckoe 3ansatue Ne 3

Tema: Pactsokenue u cxaTue: pacueTsl Opyca Ha MPOYHOCTD U )KECTKOCTh

Henb: ObecnieunTh 3aKpeIieHNe NOAYyUYEHHBIX TEOPETHUECKUX 3HAHUI U
NPUBUTHE YMEHHI B TOCTPOCHUE S0P MPOJIOJIBHBIX CHJI, HOPMATbHBIX
HanpsHDKEHUH U epeMeleHnii CBOOOIHOTO KOHIa Opyca

ITponomxkuTenbHOCTH — 8 "aca

1.MarepuanbHOE ¥ TOKYMEHTaIbHOE 00ECIICUCHHE:

1.1 MuauBuayanbHOE 3a/1aHUE;

1.2 MeTtoauveckne peKOMEHIANN K TPAKTHIECKOMY 3aHSITHIO;
1.3MuKpOKaIbKyIATOPHI;

1.4TOCT 6636 -69 «OcHOBHBIC HOPMBI B3aUMO3aMEHSIEMOCTH.
HopwmarnbHblie TMHEWHBIE pa3MephDy;

I'OCT 8509-93 «Yronku cranbHble TOPSYEKaTaHbIE PABHOIIOJIOYHBIE.
CopraMeHT»

1.5 JIuctel cranmaptHoro ¢popmara A4 (297%210) 1151 TEKCTOBOTO
nokymenta rmo 'OCT 2.105 - 95

2 JIutepatypa

[1],c.219...245

3. O0mme u TeOPETUIECKUE TIOJIOKEHHSI TI0 TEME TPAKTUIECKOTO 3aHITHS

[Ipu pabote Opyca Ha pacTsSKEHHE M CXKATHUE B €ro MOMNEPEUHBIX CEUCHHSIX
BO3HUKaeT npojosibHas cuia N. [IpogosbHas cuia B MPOU3BOJIBHOM MOMEPEUYHOM
CeUeHMH Opyca YHCICHHO paBHa anreOpandeckodl CyMMe MpOEKIMHA Ha €ro
MPOAOJIBHYIO OCh BCEX BHEIIHHUX CHJI, IEMCTBYIOIIMX HA OTCEYEHHYIO YacCTh.

Jlyist pacueta Ha MPOYHOCTh U OTPEJICICHUS TIepEMEIICHU HE0OX0AMMO 3HATh
3aKOH U3MEHEHMUS MPOJOJIBHBIX CUJI IO €ro JJIMHE.

Hpaeu.fw 3HAaKoe: TIpU PACTSKCHUW IIPOAOJIbHAA CHJIAa IMOJOXHUTCIbHA, ITPH
CJKaTHU — OTpULaTCJIbHaA.

YcoBHE MPOYHOCTH TIPH PACTSHKEHUN U CKATHH UMEET BUJ
N
c=- < |[o], Ila

rae 6, N — COOTBETCTBEHHO HOPMaJIBHOE HANPSKEHHWE W MPOJOJIbHAs CHJIA B
OIIACHOM C€YEHUH (T.€. B CEYEHUH, IJI€ BOZHUKAIOT HAauOOJbIIEe HANPSIKEHUE);
A — muiomaib NONEePEeYHOro CEUEHNUS;
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[c] — momyckaemoe HanpsikeHHE.

Hcxonas u3 yciaoBHs MPOYHOCTH, MOYKHO PEIIaTh TPH BHJA 3a7a4;
1) mpoBepka NpOYHOCTH;

2) moxoop ceuenust A > N/ [o];

3) onpenencuue pomyckaemoit Harpysku [N] < [c]*A.

Ilocneoosamenvnocms pewrenus 3a0avu Ne 1 :

1. Pa30burts Opyc Ha y4acTKu, HAUMHAsI OT CBOOOJHOTO KOHIIA.

I'paHnIIaMK y4acTKOB SIBJISIOTCS CEUEHUS, B KOTOPBIX TPUIIOKEHBI BHEIIIHUE
CHWJIBL, & JIJISl HAIIPSKEHU U TaK)Ke M MECTa U3MEHEHUS pa3MEPOB IOMEPEUHOTO
CEUEHHUS.

2. Onpenenuts 1Mo mMeroxy cedenuit (PO3Y) mpomonapHy0 CHITy I KaKI0To
yuacTtka (opauHaThl 3m0psl N) U MOCTPOUTH SMIOPY MPOoaoibHBIX cuil N.
IIpoBens mapajmienbHO ocu Opyca 0a30ByH0 (HYJIEBYIO) JIMHHUIO SIIOPHI,
OTJIOKUTh MEPIEHANKYIISIPHO €l B MPOU3BOJILHOM MacluTade MmoyrydaeMble
3HauYeHUs OopJuHaT. Yepe3 KOHIIbI OpJUHAT MPOBECTH JIMHUU, MPOCTABUTH
3HAKU U 3alITPUXOBATh SMIOPY JIMHUAMH, MApaNIeTbHBIMU OpAUHATAM.

3. Jns mnoctpoeHus 3mopbl  HOPMAJbHBIX — HAIMpSOKEHUH  ONpezeliseM
HAIpPsDKEHUS B MTONEPEYHBIX CEUEHUAX KaXKJIOTO M3 y4acTKOB. B mpenenax
Ka)KJIOT0 YYacCTKa HaIpsKEHUs MOCTOSIHHBL, T. €. SMI0pa Ha JaHHOM y4acTKe
u300paxkaercs MpsMoOi, mapasuiesibHON ocu Opyca

4. Tlepemeiienue CBOOOJHOrO KOHIIAa Opyca ompenenseM Kak CyMMy
YIJIUHEHUH (YKOpOUEHHUH) y4acTKOB Opyca, BBIUYMCIEHHBIX IO (opmyJsie
I'yka

AL=(0 *0)/E,m
rae E — monyins ynpyrocru, I1a

[Tpumep

Jlns naHHOTO CTyneH4aroro opyca (puc. 1, a) TOCTPOUTH SMIOPY MPOAOTBHBIX CHUII,
AMIOPY HOPMATTLHBIX HANPSDKCHHUH U OIIPEICITUTh MepeMeIieHne CBOOOTHOTO KOHIIA,
cClIn

E=2-10° MIla=2-10"" 1a;

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

A;=1,9 cM? = 1,9-10* m?, Ax=3,1 cm?= 3,1x10* M2

Pemenmne:

1. Pa3buBaem Opyc Ha y4acTKH, KaK IOKa3aHo Ha puc. 1, a.;
2. Omnpenensiem opauHaThl smtopsl N Ha yuacTkax Opyca:
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NH: F1: 30 KH,
NHI = F1: 30 KH,

NIV =F1' FZ = - SKH;
NV= Fl- F2 = F3= = 50 KH

CtpouM 31opy NpoAodbHbIX cuil (puc. 1,0).

a)
b A, p
A A 5 A
e
7
A v v Vi /
A g2m | G4m [Qim] G5m | G3m
: 30707,
] &
d) Hxl's!l“ 3 N H
CL 810
i 50-10°
- 758 |G, Mila
g
ﬁ) H TITETTI L
=i 25,8
T 75
Pucynok 1

3. Bwruucisiem opauHATHI SMIOPEI HOPMATBHBIX HATIPSHKCHUI:

_ Ny _ 30 10° _ 158 - 106 Ta = 158 MII
0= AT 19 10% 4= &
N 30- 103
Om = A_121= 3.1'10_4296.8-106 [la = 96.8 MIla;
= Nv_ 8100 _ 958.106[a = —25.8 MIla;
Ow = A,  31-107% . a= ' @
. 103
oy = = 3010 __163.106Ma = —163 MIla;

A, 3.1-10*

CTpouM 31I0py HOpMaJIbHBIX HampshKeHUH (puc. 1, B).

4. OmpenensieM mepeMenieHne cBOOOTHOTO KOHIA Opyca (Ha4MHATH HYXKHO C

MCCTa 3aJ1CJIKH1 GFO):

A= Al[ + Al][[ + Aln + AlIV + Alv,
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Al; =—=0;umu Al1=(0 *{)/E=0m
I
_N"'l"_ 30103510_1

_ 104 v — _
Ay =5t = oo e g0 = 3947107 M= 0394 uw;
NIII - lIII 30 - 103 " 01
Aly = = = 0.484-10"*m = 0,0484 Mum;
=g A, C2-10m31-107F 004 107 =0,0484
Al Ny by 810741070 _ o 1074 = —0.0516 an;
v E-4,  2-101-31-10-% M T IO ML
Ny - Iy 50 - 103 - 0.2 B
Aly = — - —1.61-10~* M = —0.161 mMm;

E-A, 2-101-31-10%
[TonHoe nmepemernieHrne cBOOOIHOTO KOHIIa Opyca COCTaBUIIO:

A =0.394 + 0.0484 — 0.0516 — 0.161 = 0.23 MmM;
OtBet: bpyc ynnunsiercs Ha 0,23 mwm.
3ananue Nel

JIByXcTyneH4aThlid CTajabHOM OpycC, JUIMHBI CTYNIEHEN KOTOPOro yKa3aHbl Ha
puc.(cxemsl 1- 10),Harpyxen cunamu F1, F2, Fa.

[TocTpouTh 3MIOPBI MPOJOIABHBIX CHUJI U HOPMAJIBHBIX HANPSKEHUM 110 JJINHE
opyca. Onpenenuts nepemenienre AL cBOOOTHOTO KOHIIA Opyca, MPUHSB

E =2*10°MIla. Yucnossle 3Hauenus Fi1, F2, Fs., a Taoke muiomaan MTOMEPEYHBIX
ceueHMi cryneHer A1 v Az JUIsl CBOETO BapHaHTa B3ATh U3 Ta0M. 1.

Tab6mauma Ne 1

Ne cxembl Ne F1, Fo, Fs, Az, A2,
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 1,1 1,5
7 2 20 17 10 1,3 1,9
3 14 10 6 1,1 1,3
4 19 15 7 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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3amanme Ne 2

PaccmarpuBas cTepKHEBbIE CUCTEMBI, paOOTAIOIME HA PACTSHKEHHUE U CKATHE,
4acTO BO3HUKAET HEOOXOAMMOCTD BBIIIOJIHUTH POEKTHBIN PacyeT, a TAKXKE
OLIEHUTh MPOYHOCTH BHIOPAHHOTO CTAHJAPTHOTO CeUeHUs CTepkHs. CTepKHH
MMEIOT OJIMHAKOBBIE MTOIIEPEYHBIE CEUECHUS.

Ilocneoosamenvrocms pewenus 3a0auu No 2:

1. OnpenenuTh peaklMu CTEP)KHEHM, WCIOIB3YsSl YpPaBHEHHS pPaBHOBECUS IS
TIJIOCKOM CUCTEMBI CXOAIIMXCS CUJT M TPOBEPUTH MPABUIBHOCTh HAICHHBIX
peakuuii.(cM. mpaktuyeckoe 3anarue Ne 1, mpumep 1);

2. Jlnsa Hanbosee Harpy>KEHHOTO CTEPKHS, UCIIONIB3Ys YCIOBUE IMTPOYHOCTH

N
[A] Z T
[o]

ONPEACTUTh IUIOMAAh TOMEPEYHOTO CEUEHHUS] CTEPXKHS, IMOA00paTh IO
copramenty ('OCT 8509—93) noaxoasimuii HoMep Hpoduiiss U HAWTU
CTaHJIapPTHOE 3HAUCHUE TUIONIA/Id MOTIEPEYHOTO CEUEHUS CTEPIKHS;
3. Ompenenuth MPOLEHT TMepe- WM HEeNOTpy3KW Hambosee HarpyKeHHOTO
CTEpKHSI, UCIIOJIb3YS YCIOBUE MPOYHOCTH
op<|[o],
IIPU MIPUHSTHIX CTAaHAAPTHBIX pa3Mepax IO MOTIEPEYHOTO CEUCHNUS.

[Tpumep 2

JInst TaHHOM CHUCTEMBI ABYX CTEPHKHEW OJIMHAKOBOTO MONEPEYHOTO CEUEHUS,
Harpy>keHHbIx cuiamu F1 =70 kH u F2 = 100 kH (puc. 11, a),

onpenenuThb: 1) TpedyeMyro TIoIIa/lb MOMEPEYHbIX CEUCHUH CTEPKHEHN, COCTOSI-
IIMX U3 JIBYX paBHOOOKHUX YToJIKOB, U oaoopats no 'OCTy (cM. mpuinoxkeHue )
COOTBETCTBYIOIIHMMN MPOPUIH YTONIKa;

2) onpenenuTh IPOLEHT Nepe- UK HEAOTPY3KH HanboJiee Harpy >KEHHOTO CTEPKHS
MIPU IPUHATHIX CTAaHAAPTHBIX pa3Mepax ceueHus, nmpunss o = 140 MIIa.

) 6J 8}

Pucynoxk 3
Peakiiuu crepkHe yke ObUIH OTpeieIeHbI Ha MpakThudeckoM 3ansaTuu Ne 1. Mx
BenuurHbl coctaBuwin: Ri= 122 kH; R, = 66,6 xH (1o moayo).

44



Pemenne
1) OmpenensieM TpeOyeMyo TUIOMIA/b IONIEPEYHOTO CEYCHUS ISl HanboJee
Harpy>K€HHOT'O CTEPKHSI:

N 122-103
Nmax: le 122 KH, - A1: ﬁ = T =872 MM2 = 8,72 CMZ

ITn0mans paBHOOOKOTO yrojika Hoa0upaeM 1o 3HadeHnio A;= 8,72 /2 = 4,36 cm?,

Hcnonb3ys npunoxkenne, HazHadaeM npoduiab Ne6,3 (63x63x4), miomaasio
[A]=4,96cM2. Takum 06pa3oM, TpeGyeMmas IIOMaIb MOIEPEIHOrO CEUEHUs
cTepskHel OyneT paBHa: 2[A] =2%4,96 = 9,92 cm?.

Pabouee HampskeHUE B IONEPEYHOM CEUEHUH Hau0oJIee HarpyKEHHOTO CTEPKHSA:

Ny _ 122-103

o=—-= =123 H/mMM? = 123 mlla
2[A] 2-4.96-102

2) IlpoBepsieM MPOYHOCTh HANOOJIEE HATPYKECHHOTO CTEPIKHS:

191~ 9 15006 = 20712210005 = 12,0 %
[o] °T T 140 T em
Henorpyska cocrasmusier 12.9 %.
3agaya No 2

[To ucxonupiM nanHbIM 3a7a4u Ne 3 (cM. mpakTuueckoe 3anstue Nel)
onpenenuThb: 1) TpedyeMyro TIoIIa/lb MOMEPEYHbIX CEUCHUHN CTEPKHEHN, COCTOSI-
IIUX U3 JBYX pPaBHOOOKHUX YroyikoB, U moao0path 1o ['(OCTy (cM. mpuioxeHue )
COOTBETCTBYIOIIUN MTPOQPHIIb YTOJIKA;

2) onpenenuTh IPOLEHT Nepe- UK HEJAOTPY3KH HanboJiee Harpy»KEHHOTO CTEPKHS

IIpU IPUHATHIX CTaHAAPTHBIX pa3Mepax ceueHus, npunss o = 140 MlITa.

4.ITopsimOK BBITIOTHEHUSI PAOOTHI

4.1 O3HaKOMHTHCH C 3aJaHUSIMU,

4.2 N3yunTh 00IIHE B TEOPETUUSCKHUE TTOJIOKESHHS TI0 TEME TIPAKTHIECKOTO

3aHATHUSA,
4.3 PemmTs 3a/1a4n CBOETO BApUAHTA,
4.4 Tloka3aTs pe3ynbTaThl paCu€TOB IPEIIOJABATEIIO
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5. Bompocs! aJisi caMONIpOBEPKH
5.1. Kakoii BuJ Harpy»keHusi Opyca Ha3bIBaeTCs PacTsHKEHUEM U KaKOW —
cxaTueM?

5.2 Yro Takoe 3M0pbl IPOJOIBHBIX CHJI U HOPMAJIBHBIX HanpsbkeHui? ['ne
OHM CTPOATCS?

5.3 Kak 3anuceiBaercs ¥ Kak GopMyIupyeTcsl 3aKoH ['yka mpu pacTsHKeHUH
(cxatun)?

5.4 Kakoit BuJ UMeeT AuarpaMma pacTsDKeHHUs o0pasiia MajJoyriepoIucTon
cranu?

5.5 B 4eM pa3HuIa Mex 1y YCIOBHOW M UICTUHHOM JUarpaMMaMu PaCTsIKECHUS
Marepuana?

5.6. Yem oTnuyaercs quarpaMmma pacTsDKEHUS IIACTUYHOM CTald OT

JMarpaMMBbl PACTSDKCHHS XPYITKOHM cTan?

5.7. Yto Ha3bIBaeTCs JOMYyCKAaEMbIM HaNpsiKeHUEM mMaTepuaia? KakoBo ero
3HauYeHHE JIJIS MpoYHOCTH MaTepuana? Kak oHO BeIOUpaeTcst st
TUTACTUYIHBIX U XPYIKAX MaTepPHaIOB?

5.8. Tlouemy nomyckaeMoe HanpsHKEHHE TOJDKHO OBITh HUXKE TIpesena
MPOTOPIIMOHATLHOCTH IAHHOTO MaTepuana?

5.9 Uto Ha3zwiBaeTcs KOAGGUIIMEHTOM 3armaca MPOYHOCTH?

6. JlomanrHee 3agaHue

6.1 [ToAroTOBUTH OTBETHI HA KOHTPOJIBHBIE BOTIPOCHI

6.2 OdpopMHUTD OTYET;
6.3 3yuuTh peKOMEHAYEMYIO JIUTEPATYPY.

7. CIUCOK JIUTEpaTyphbl

3. Makcuna, E. JI. Texandeckas Mmexanuka : yaeonoe nocooue nist CI1O

/ E. JI. Makcuna. — Caparos : Hayunas kuura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TekcT : JIeKTPOHHBIH // DIEKTPOHHO-OMOINOTEYHAS CHCTEMa
IPR BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.html

4, Kopones, I1. B. Texunueckas Mexanuka : yueobnoe nocooue aist CI1O

/ I1. B. KoposneB. — Caparos : [IpodoOpazoBanue, Aii [Tu Ap Meaua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TeKcCT : 2JICKTPOHHBIH
// DnextponHo-o6ubauoreunas cucrema [IPR BOOKS : [caiit]. — URL.:
https://www.iprbookshop.ru/88496.html
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[IpakTuueckoe 3ansitue Ne 4

Tema: Kpyuenue: pacy€Tsl Ha IPOYHOCTH U KECTKOCTh

[enb: OGecnednThb 3aKpeIyIeHUE MOJIyYeHHBIX TEOPETUUECKUX 3HAHUH U
IPUBUTUE YMEHHUI B IOCTPOCHUH 3ITIOP KPYTALIMX MOMEHTOB 110 JIJIMHE BaJja,
OIIPEJEJICHUH INaMeTpa Bajia KPYIjioro U KOJbLEBOTO CEUYEHUS U3 YCIOBUS
IPOYHOCTH U KECTKOCTU U 3P(HEKTUBHOCTH BRIOPAHHOTO CEUECHHSI IPU MTPOUUX
pPaBHBIX YCIOBHUSIX.

[IpotoKUTETEHOCTH — 2 Yaca
1.MatepuanbHOE U TOKYMEHTAILHOE 00eCIeUeHHE:

1.11nauBuayansHOE 3aJaHUE;

1.2Metonnyeckue peKOMEHIANN K TPAKTUIECKOMY 3aHSITHIO;

1.3 MUKpOKaNbKYJISATOPHI;

1.4TOCT 6636 -69 «OcHOBHBIE HOPMBI B3aMO3aMEHSIEMOCTH.
HopwmarnbHblie TUHEHBIE pa3Meph»;

1.5 Jluctel cranmaptHOTO hopmata A4 (297*210) nis TEKCTOBOTO
nokymenTa mo 'OCT 2.105 - 95

2 Jluteparypa

[1],¢.250...262

3. O0mme 1 TeOPETUIECKUE TIOJIOKEHHSI TI0 TEME TPAKTUIECKOTO 3aHITHS

Kpyuenuem Ha3bpIBalOT Takoll BHUJ HarpykeHusi Opyca, Mpu KOTOPOM B €ro
MONEPEYHBIX CEYEHUSIX BO3HUKACT TOJBKO OJMH BHYTPEHHHUM CHIIOBOU (pakTop —
KpYTSAILIUNA MOMEHT.

KpyTtsmuii MOMEHT B MHpOU3BOJILHOM IMONEPEYHOM CceueHun Opyca paBeH
anredpanyecKkoi CyMMe BHEIITHUX MOMEHTOB, JIEUCTBYIOIINX Ha OTCEYECHHYIO YacTh:
(umeeTcs B BHUJY, UYTO IUIOCKOCTH JCHCTBHUSI BCEX BHEIIHUX CKPYUYMBAIOIIUX
MOMEHTOB, MEPICHANKYISIPHBI MPOOJILHOM ocu Opyca).

bynem cuutath KpyTAIIUA MOMEHT TIOJIOKHUTEIIBHBIM, €CITH JIJIs1 HAOMroaaTeNs,
CMOTPSILIEr0 Ha MPOBEICHHOE CEYEHHE, OH IPEACTABIIAECTCS HAMPABIECHHBIM IO

yacoBou cTpenke. COOTBETCTBYIOIIUM BHEIITHUMN
MOMEHT HAaMpaBjI€H MNPOTUB YACOBOW CTPEIKU

M %
% (puc. 1).
@ M B nmanHO# paboTe HEOOXOIUMO BBITTOIHUTD

* z MPOEKTHBIN pacyeT Bajia KPyIjloro Win
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KOJIBIIEBOTO TIOTICPEYHOTO CEYCHHSI M3 YCIOBUN MTPOYHOCTH M U3 YCIOBUHN
KECTKOCTH. V3 ABYX MOJYYCHHBIX 3HAUCHUN JUAMETPOB CIIEAYET BHIOPATH
HauOoJIbIIIEE 3HAUCHUE.

Ilocneoosamenvrocme peulerus 3a0ayu:

1. OnpenenuTs BHEIIHUE CKPYUHUBAIOIINE MOMEHTHI IO opmyIie
M =P/w, Hm
rae P — momnocTs,
® — YTJIOBasi CKOPOCTH;

2. Omnpenenuth ypaBHOBEHIMBAIOIIUKM  MOMEHT, UCIOJIb3ysl  YpaBHEHHE

PaBHOBECHSI
>M; =0,

TaKk KaK IPd pAaBHOMEPHOM BpallleHMHM Baja aireOpanyeckas CyMMma
IPWIOKEHHBIX K HEMY BHEIIHUX CKPYUYMBAIOMIMX (BpAIIArOIINX) MOMEHTOB

paBHa HYJIIO;

3. IMomw3ysice Meromom cedeHuit (meromom PO3Y), mocTtpouts »3miopy

KpyTsanuX MOMCHTOB I10 JIJIMHC BaJia,

4, JIJ'ISI yY4daCTKa Bajld, B KOTOPpOM BO3HHKACT HauOOJIBIITHAI KPYTHIIII/Iﬁ MOMCHT,
ONPCACINTD AUAMCTP BaJla KPYTJIOTO HJIN KOJIBIICBOT'O CCUCHHA U3 YCIIOBUA

IPOYHOCTH M JKECTKOCTU. JIJsT KOJBIIEBOTO CEUYCHHS Baja MPHHATH
COOTHOIIIEHHE auaMeTpoB C = dy/d, d, — BHyTpeHHHI ITuameTp KoJbia; d

— Hapy>XHbIA THAMETP KOJIbIIA.
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H3 ycrosusn npouHocTu:

H3 ycarosun swecrkocru:

Mzmax Mzmax
W,>=> ——— , lp = —— ,

7= TR = Giedl
rane M, nax — HaHGONbUIKHN KPYTS- rne [, — noasipHbli MOMEHT HHep-
IHH MOMEHT; UHH CEeYeHHSA,;
W, — nosasipHbIi MOMEHT COMNpoO- G — MOAyAb YNPYyroCTH NPH CIABMre;
THBJI€EHUS KPYUEHHIO; |9o] — nonyckaemMbi yros 3aKpy4dH-
[t«] — monyckaemoe KkacaTenbHOe BaHHA CeUHeHHs
Hanps»KeHve

Cevernue saaa — Kpye
W nd? / nd?*
P16 g 82

Heo6xoauMbl#i O NPOYHOCTH
AHaMeTrp BaJa

Heo6xo0auMbIft MO XKECTKOCTH AHa-
MeTp BaJaa:

d 3 lGMzmax d 4 32MZ max
-V 7| T nGlyo)
Ceuenue sanra — KoabyO

nd? 4 nd* .4
Wp——ﬁ-(l—-c). lp—— —E—(I—C)_

Heo6x0oaHMBIH MO NMPOUYHOCTH Ha-
PY>XHBIH AHamMeTp Koabiua

d——— lGMlmﬁl
TV el —cY)

[Tpumep Ne 1

Heo6X0aHMBIH MO »ECTKOCTH Ha-
PY>KHBLIH AHaMeTp KoJiblia

2 32Mzmax

4= "V Gl — )

JIj1 cTalbHOTO Baja MOCTOSIHHOTO 110 JAJIMHE CEYEHUs TpeOyeTcs:
1) onpenenuts 3HaYeHUS MOMEHTOB M, U M3, COOTBETCTBYIOIIME ME€PEAABAEMbIM

MOIIHOCTSM P, 1 P3 , a Takke ypaBHOBEIIMBAOIINN

2) MOCTPOUTH AMIOPY KPYTALIUX MOMEHTOB;

MOMEHT M;;
M M3
a) My
i P " w
: I _
&) |10

2500

LI e, e

KOJIBII0, UMEFOIIIEe COOTHOIICHNE THaMETPOB
Cc=dy/d=0,8.

3) ompenenuTh TpeOyeMbIil JauaMeTp Bajla U3
pacyeToB Ha MPOYHOCTh U KECTKOCTh, MoJiaras Io
BapUaHTY (a) MOMEPEYHOE CEUCHHE Baja — KPYT; 10
Bapuanty (0) — momepeyHoe Cce4YeHue Bajla —

[Mpunsate; [t,] = 30 MIla; [@] == 0,02 pag/m =
0,02-1073 pan/mm; P,= = 52 kBr; P;= 50 kBr;

o =20 pax/c;'

OxkoHuartenbHOE 3HaUeHue quamerpa npuHath o 'OCT 6636 -69.

Penienue

1. OnpenensieM BHEIIHUE CKPYYUBAIOIINE MOMEHTHI:
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P, 52-103

=222 7 _9600H- M
M= 20 M
M—P3—50'103—2500H -
35w 20 w

2. OnpenensieM ypaBHOBEIINBAIOIINI MOMEHT M :
YM; =0;M; — M, — M3 =0; M{ =M, + M3 =5100H - m.
3. OnpenensieM KpyTSIIHA MOMEHT IO Y4acTKaM BaJia:
M, = M; = 5100 H - m;
My, =M, — M, =5100 — 2600 = 2500 H - m.

Crtpoum 3m0py KpyTsSmux MoMeHToB M, (puc. 2, 0).
4. OmnpenensieM AMaMETp Bajla U3 YCIOBHM MPOYHOCTHU U )KECTKOCTH:

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

a) Ceuenue sara — kpye

H3 ycaosua npounocru: H3 ycaosua aecrxocru:
J_ 8] Mama s | B0y,
7 T nGlho]
__\/165!00 10° _ or o v _\/ 82-5100-10°
3,14-30 ’ 3,14-8-10%.0,02-107°
, = 75,5 MMm.
[Tpunumaem d = 95 mm. [Tpunumaem d = 76 mm,

TpeOyembrii tuaMeTp moayduscs OOJbINEe U3 pacyeTa Ha MPOYHOCTh, TIOITOMY
ero MPUHUMAEM KaK OKOHYATEIbHBIN d = 95 MMm.

6) Ce4enue sara — KOAbYO

H3 ycaosus npodnocru: H3 ycarosun xecrkocru:
3 16M , max 4= o [ 32M,max

nv(l—c') n(?lwo](l—-C)
3 16-5 100-10° 5 100- 10°

= 113 MMm. = o=
3,14.30(1 —0,8% 3,14-8-10%.0,02-10~%(1—0,8%)
= 86,5 Mm.
" puunmaen d = 114 mm [Mpunumaem d = 86 mm.

TpeOyemble THaMeTpbl OKOHYATEILHO MPUHUMACM M3 PacYeTOB HA MIPOYHOCTE: d =
114 mm; dy=0,8d = 0,8 - 114 =91,2 mm. [Ipunumaem dy = 92 mm.

3amanue Ne 1
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JlJ1st cTaabHOTO TOCTOSIHHOTO TIOTIepeyHoro ceueHus (puc. 3, cxemsl 1 -10):
1) ompeneauTh 3HaAUYCHUS MOMEHTOB M1, M2, Mas, Ma:;
2) TIOCTPOUTH IMIOPY KPYTSIIUX MOMEHTOB;

3) OIpCACIUTb AMaMCTP BaJjia U3 pacdCTa Ha MPOYHOCTh M JKCCTKOCTDb, I10JIaras

110 BapHAHTY (@) MONEepPEeYHOe CEUCHHE BaJla — KPYT;

no BapuaHty (0) — TONEpeyHOE CeyYeHue Bajga — KOJIbLIO, HMEIoLIee

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

[punars [1,] = 30 MIla; [@,] == 0,02 pag/m = 0,02-103 pan/mm;

G = 8*10* MIla.
JlanHble cBOEro BapuaHTa B3ATh M3 TaOu. 1. OKOHYATENbHO 3HAYEHUE IHAMETpa

npunath mo 'OCT 6636 -69.

Tab6auma Ne 1

No cxeMBbl No BapuaHnTa P, P3, Pa, ,
kBT kBT ¢t

1 35 20 15 20

1 2 150 100 50 45
3 40 25 20 25

4 110 60 30 35

1 130 90 40 45

2 2 100 65 25 35
3 90 45 20 20

4 120 30 30 20

1 15 10 35 16

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
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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

Cxewmsl Kk 3a7a4e: (puc.3, CM. HUXKE)

4.TlopsimoK BBIIOJHEHUS PAOOTHI

4.1 O3HaKOMUTLCS C 3aJaHUEM;

4.2 3yuuTh 00LIME U TEOPETUUECKUE TIOJIOKEHUS IO TEME MPAKTUYECKOTO

3aHATHUS,

4.3 Pemntsb 3a1a4y CBOEro BapUAHTA;
4.4 11oka3ath pe3yJabTaThl PACUETOB MPEMOIABATEIIIO
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5. Bonpocsl 1151 caMONpOBEPKHU

5.1. Kako#i cinyyait Harpy>keHust Opyca KpyIJioro monepevyHoro Ce4eHus
Ha3bIBaCTCA KPyUYCHHEM ?

5.2 Kakne OCHOBHBIE TONYIIEHUS IPUHATHI IPU U3YUYEHUN TEOPUU KPYyUECHUS
KpYyIJIOTO MOIIEPEYHOIO CEUYEHHUS?

5.3 Yto Takoe KpyTAILIMKA MOMEHT U YEMY OH PAaBEH B IPOU3BOJIBHOM CEYEHUH
BKpy4HBaeMoro opyca?

5.4 Kak cTpouTcs 31opa KpyTIIIUX MOMEHTOB?

5.5 JIns 4yero cTpouTCs 3MI0pa KPYTAIIUX MOMEHTOB?

6. JlomarrHee 3ajgaHue

6.1 [ToAroTOBUTH OTBETHI HA KOHTPOJIBHBIE BOTIPOCHI

6.2 OpopMUTH OTYET;
6.2 N3y4nTh peKOMEHIYEMYIO JTUTEPATYPY.

7. CIUCOK JTUTEpaTyphbl

7.1 MakcuHna, E. JI. Texunueckas mexanuka : yueoHoe nocooue mis CI1O
/ E. JI. Makcuna. — CapatoB : Hayuynas xuura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TexkcT : a1eKTpOHHBIN // DNeKTpoHHO-0nOMMoTeyHas cucrema [PR
BOOKS : [caiir]. — URL.: http://www.iprbookshop.ru/87082.htmi

7.2  Kopounes, I1. B. Texanueckas Mmexanuka : yueoHoe mocooue mis CI10
/ I1. B. KoponeB. — Capatos : [IpododpazoBanue, Aii [Ilu Ap Meaua, 2020. — 111
c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TexkcT : 30eKTPOHHBIN //
OnekTpoHHO-OuMOnMnoreunass cucrema I[PR BOOKS : [caiir]. — URL:
https://www.iprbookshop.ru/88496.html

54


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

[IpakTrnueckoe 3ansarue Ne 5

Tema: U3ru6: pacuérel Ha MPOYHOCTH. BBHIOOP panoHaIbHBIX CEYCHUI

[enb: ObecnieunTh 3aKpeIIeHUE MOTYUYCHHBIX TEOPETUUECKUX 3HAHUHN U
MPUBUTHE YMEHUHN B MMOCTPOCHUU AITIOP MOMEPEUHBIX CUII U U3THOAIOIITUX
MOMEHTOB I10 XapaKTePHBIM TOYKaM , B BEIOOpE pallioOHaIbHBIX CEUCHUIM

IIponomxuTenbHOCTH — 4 Haca
1.MarepuanbHOe U JOKYMEHTAIbHOE 00eCIeUeHHE:

1.1 nauBuayanbHOE 3aaHUE;

1.2Metoauueckue peKOMEHAAIMHN K TPAKTUYECKOMY 3aHSATHUIO;

1.3 MuKpOKaJIbKYISATOPHI;

1.4 TOCT 6636 -69 «OcHoBHBIE HOPMBI B3auMo3aMmeHsieMocTd. HopmanbHbie
JIMHENHBIE Pa3MEPhI»;

1.5T'OCT 8239 — 89 «/IByTaBpsl CTaNbHbIE FrOpsiueKaTanbie. COpTaMeHT»

1.6T'OCT 8240 — 97 «IlIBenneps! crampHbIe TOpsiUekaTanbie. COpTaMeHT»

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

2 Jluteparypa

[1],c.278...303

3. O6IIII/IC H TCOPCTUYCCKHUC IMOJTOKCHUA 110 TCMC ITPAKTUICCKOI'O 3aHATHA

N3rud — 310 Takoil BU HArpy>KeHHs Opyca, Ipu KOTOPOM B €I0
MOTIEPEYHBIX CEYEHUSX BO3HUKAIOT U3rHOAI0Ne MOMEHTHI. B G0NbIIMHCTBE
CJIy4aeB OJIHOBPEMEHHO C U3THOAIOIMMH MOMEHTAMH BOSHUKAIOT U MOTMEPEUHbIC
CHWJIBI, TO TAKOW M3TM0 HA3bIBAIOT MONIEPEUYHBIM. ECiin monepeyHbie CHITBI He
BO3HUKAIOT, TO U3rU0 HA3bIBAIOT YUCTHIM.

e Uzrubaromuii MOMEHT M,, B IpPOM3BOJIHHOM MOTIEPEYHOM CEUCHUHN
Opyca YUCJIEHHO paBeH ajaredpanueckoil CcyMMe MOMEHTOB BHEITHUX
CWJI, ICUCTBYIONINX HA OTCEYCHHYIO YacTh, OTHOCUTEIILHO IIEHTpa
TSOKECTH cedenus: M, = Y M.
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e Jlonmepeunas cuia B IpOU3BOJILHOM MOMIEPEYHOM CEUEHUU Opyca
YHUCJIEHHO paBHA ajNreOpanvyeckoil CyMMe BHEIIIHUX CHIL,
JNEUCTBYIONIUX Ha OTCEUCHHYIO YacTh: Q =) F.

e [Ipuyem Bce BHEUIHUE CUIIBI U MOMEHTBI JIEHCTBYIOT B IJIABHOM
IPOJIOJIBHOM TIOCKOCTH Opyca U pacoIoKeHbI MePIeHIUKYIISPHO
IPOJI0JIBHOM ocH Opyca.

» Ilpasuno 3naxos 011 nonepeynoll CUlbl: CUIIaM, TOBOPAYUBAIOIIUM
OTCEUEHHYIO 9acTh OAJTKH OTHOCUTEIIEHO PACCMATPUBAEMOTO CEUCHHUS 110
X0J1y YaCOBOM CTPEJIKH, MIPUIIUCHIBACTCS 3HAK IUTIOC (puC. 1, a), a cuiam,
MTOBOPAYUBAOIINM OTCEYCHHYIO YaCTh OAJIKW OTHOCHTEIHHO
paccMaTpuBaEMOro CEYEHHS IPOTUB X0J1a YACOBOM CTPEJIKH,
MPUIIMCHIBAaeTCs 3HaK MUHYC (puc. 1, 0).

» Ilpasuno 3HaxKos 0 u3eUOArWUX MOMEHMO8: BHSITHUM MOMEHTOM,
M3TUOAIONTUM MBICIICHHO 3aKPETUICHHYIO B pACCMaTPUBAEMOM CEUCHHH
OTCEUEHHYIO 9acTh Opyca BBITYKIOCTHIO BHU3, IPHUITHCHIBACTCS 3HAK TITIOC
(puc. 1, a), a MOMEeHTaM, U3TUOAIOIITUM, OTCEUCHHYIO YacTb Opyca
BBINYKJIOCTBIO BBEPX, — 3HaK MUHYC (puc. 1,6).

Mexny nsrubaromum MOMEHTOM M., ONIEPEUHOM CUIION @, 1

WHTEHCUBHOCTBIO PaCIpeieNIeHHON HArpy3KH (] CyImecTBYIOT nuddepeHnraibHpie
3aBUCUMOCTH:

aM, dQ,

dz dz 1

Ha ocHoBe wMeroma ceweHut u guddepeHIUaTbHbIX  3aBUCUMOCTEH
YCTaaBJIMBAETCA B3aUMOCBA3b S0P My 1 ), MeK 1y COOOM 1 ¢ BHELIHEN HArPy3KOH,
IIO3TOMY JOCTAaTOYHO BBIYMCIUTH OPJMHATHI DIIOP Ul XapaKTEPHBIX CEYEHUU U
COCAUHUTH UX JIMHUSIMU.

XapakTepHbIMU SIBIISIIOTCSL CEUEHUsI OAJIKHU, TJI€ MPUIOKEHBI COCPEIOTOUCHHBIC
CWJIBI W MOMEHTHl (BKJIIOYash OMNOPHBIE CEYEHUs), a TaKKe CEUCHHS,
OrpaHUYMBAIOIINE YYACTKH C PABHOMEPHO PACIIPE/IETIEHHON Harpy3Koi.

9 -0
P H M M
' 1
| g ( M )
5) LY \j—/
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IIpusedem nekomopwvie npasuia NOCMpOEHUsL Nop.
= {15 3ni0pbl NONEPeyHbIX CUL:

1. Ha y4dacTke, Harpy>kK€HHOM PaBHOMEPHO PACIIPEIECIEHHON HAarpy3KOu, JII0pa
n300paxkaeTcs MpsIMON, HAKJIOHEHHOM K OCH OaJIKu.

2. Ha yyacTtke, cBOOOTHOM OT pacupeneseHHON Harpy3KHu, SIopa n300pakaercs
PsIMOI, MapajuieIbHON OcH OalKu.

3. B ceuenun Oanku, rje NpuioKeHa COCPEIOTOUEHHAs Mapa CHJI, onepeyHas
CuJia HE U3MEHSET 3HAUCHUS.

4. B cedyenuu, rae mpuioKeHa COCPEAOTOYEHHAs CUJIA, 3HAYEHUE MONEPEUYHOU
CHJIBI MEHSIETCS CKAaYKOOOPA3HO HA 3HAUECHHE, PAaBHOE MPUII0KEHHOU CHUJIE.

5. B koHIIEBOM cedyeHMM Oalku TIONEpeYHas CHjla YHUCJIEHHO paBHa
COCPEJOTOYEHHOW cuiie (AaKTUBHOM WJIM PEAaKTHBHOM), MPUJIOKEHHOH B 3TOM
CCUCHUMU.

6. ECIM B KOHLIEBOM CEUYEHHMH OaJIKU HE MPHIIOKEHA COCPEIOTOYEHHAs CUila, TO
IonepevHasi Cuja B 3TOM CEYEHUHN PaBHA HYJIIO.

=  Jlna snopul u3eudaruwux MOMeHmos:

1. Ha yyactke, Harpy»K€HHOM PaBHOMEPHO pacIipe/ieIeHHON Harpy3KoH, smopa
MOMEHTOB HM300pa)kaeTcs KBaJpaTuuHOW mnapabosioi. BeimykinocTh mnapabosibl
HaIlpaBJIeHa HABCTPEUYy HarpysKe.

2.Ha yyacTke, CBOOOJTHOM OT PaBHOMEPHO pacIpeie]ICHHON Harpy3kH, dMopa
MOMEHTOB M300pakaeTcst MPSMOM JTUHUEH.

3.B cedenun Ganku, rae NpuiloKeHa COCPEOTOUCHHAS Tlapa CUJl, U3THOArOITUi
MOMEHT MEHSETCSl CKaYKOoOOpa3HO Ha 3HaYeHUE, paBHOE MOMEHTY MPHJIOKEHHOU
naphl.

4. N3rubaroniuii MOMEHT B KOHIICBOM CEUYCHHUU OAJIKU paBeH HYJIIO, €CIIM B HEM
HE TIPUJIOKEHA COCPEIOTOUYCHHAs TTapa CHJl.

5.Ecnu ke B KOHIIEBOM CEUEHHUM MPUJIOKEHA aKTHBHASI WM PEaKTHBHAs Tapa
CHUJI, TO U3THOAIONTUI MOMEHT B CEYCHUU PAaBEH MOMEHTY MPUJIOKEHHOM TaphbI
6. Ha yuacrtke, r11e nonepeyHas cujia paBHa HYJII0, OajKa HUCIBITHIBAET YUCTHIN
n3ru0, W SIopa U3rHOAIONIUX MOMEHTOB M300pa)kaeTcs MpsMOH, mapajuiebHON
ocH OaJKu.

7.  W3rubarouuii MOMEHT MPUHUMAET IKCTPEMAIbHOE 3HAYEHUE B CCUCHUH, TJIC
AITIOPA MOTMEPEYHBIX CHJI POXOJIUT Yepe3 HyJIb, MCHSISI 3HAKU C « 1 » Ha « - » WU C
« - » Ha «t».

B paccmarpuBaemoii 3amade TpeOyeTcsi TOCTPOUTH SIIOPHI MOMEPEYHBIX CHII U
U3ru0aroIMX MOMEHTOB, a TaKXKe MO0J00paTh pa3Mepbl IMOMEPEYHOIO CEUECHHS
OaJIK¥, BHITIOJTHEHHOW M3 MPOKATHOTO MPO(MISi — IBYTaBpa.

VYcnoBue mpoyHOCTH JJisl 0alOK C CEYEHUSIMU, CUMMETPUYHBIMU OTHOCHUTEIIBHO
HEUTPAIBHOM OCU, UMEET BUJ:
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rae W, — oceBold MOMEHT CONPOTHUBJICHHS CEYCHMUS.
Jns monbopa ceueHus Oanku (IIPOGKTHOTO pacyeTa) U3 YCIOBHUS IPOYHOCTH
OTIPENICTAIOT HE0OX0IMMOE 3HAYCHHE OCEBOT'O MOMEHTA COMPOTHUBIICHUS:

W, >

Mx max

o]
[lo HaliieHHOMY MOMEHTY comnpoTuBieHus W,, moaOuparoT COOTBETCTBYIOIIEE
CEUYEHUE 0 COPTAMEHTY (CM. MpuiioxkeHue 1).

JIns 3aKperieHHON OJHUM KOHIIOM Oallku CTPOMTH JIIOPHI IeIeco00pa3Ho Co
CBOOOIHOTO KOHIIA (UTOOBI N30€KaTh ONPEICTICHUS ONMOPHBIX PEAKIUi B 3a/I€NIKE).

v' TlocnenoBaTenbHOCTh PELIEHUS 3a0a4u:

1.banky pa3neauTh Ha YY4aCTKH MO0 XapaKTEPHBIM CCUCHUSIM.

2.0npenenuTh BUJI SMIOPHI TONEPEYHBIX CHIT Ha KaXK/IOM YYaCTKE B 3aBUCUMOCTHU
OT BHEIIHEW Harpy3KH, BBIYMCIUTH MONEPEUHbIC CUJIbI B XapaKTEPHBIX CEYECHUSIX U
MIOCTPOUTH SMIOPY MOMEPEUHBIX CHIL.

3.0npenenuTs BUJ SIIOPHl U3rHOAIONIMX MOMEHTOB Ha KaXXJIOM y4YacTKE B
3aBUCUMOCTH OT BHEIIHEH Harpy3Kd, BBIYUCIUTh HW3TrHOAIOINIME MOMEHTHI B
XapaKTEePHBIX CEUCHUSAX U TTOCTPOUTH SIMIOPY U3rHOAIOIIUX MOMEHTOB.

4.]Ins naHHOM Oajgku, UMEIOIIEH MO BCEH JJIMHE IOCTOSHHOE IOTEPEYHOE
CECUCHUE, BBIIOJIHUTH MTPOCKTHBIN pacyeT, T. €. ONpeaeauTh W, B OlTacCHOM CEYEHHH,
I/I¢ M3rH0aroIMi MOMEHT UMEET HAauOOJIbIIee 110 MOIYJIIO 3HAUCHHE.

[Tpumep 1.
Jist 3aaHHOM KOHCOMBHOM Oanku (monepedyHoe ceueHune-1ByTaBp, [a]= 160 MIla)
TIOCTPOUT JMOPBI (@, U M, 1 TOK0OPATh CEYEHHE IO COPTAMEHTY.

Pemenue
1. denum Oanky Ha y4acTKHU IO XapaKkTepHbIM ceueHusim 4, B, C (puc. 2, a).
2. OnpenensieM 3Ha4YEHUs TIOTIEPEYHON CHITBI (), B XapPAKTEPHBIX CEUCHUAX U

CTpouM 3mtopy (puc. 2, 6):
Qy" =—F,= —1xH
Qyy = —F, = —1xH
£ZB=_F+ F1=_F2+_F1=_1+2=1KH
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3. OnpenenseM 3Ha4eHMS U3rMOAr0IIEro MOMEHTa Mx B XapaKTepHBIX
CEUYEHUSIX U CTPOUM 3Mtopy (puc. 3, a):

MA=0

Mg’=F,-*AB =1*3 =3 KHM;
Mg®=F2-*AB+ M =1*3 + 12 = 15 KkH"™;
MP=F;*AC+M-F, *BC=1*5+12-2* 2= 13 KHM;
4 Vicxons u3 smtopel M, (puc. 3, B)
My max = 15 kH-Mm =15 * 10° H-mwm;

My max __ 15- 10°
[o] 160

W, = = 93700 MmM3 = 93,7 cM®
B cootBerctBuu ¢ 'OCT 8239—89 BeiOupaem apytaBp Ne 16 (cM. IpuIokeHUE
1).
[Ipumep 2.
Jns 3agaHHOM NBYX omopHOM Oanku (puc. 4, a) OmnpeaeiauTh Peakiu OImop,
INOCTPOUTH BMIOPHl MOMEPEYHbIX CHJ, HU3THOAIONIMX MOMEHTOB U OIPEACITUThH
pa3mepsl nonepeunoro ceuenus (h, b, d.) B popme mpsimoyronpHuUKa WM Kpyra,
npuHsB s npsmoyroyibauka h/b — 1,5. Cuurars [o]= 160 MI1a.
e [locnenoBaTenbHOCTh pELICHMS 3a/Jayd Ta ke, YTO W B IpeablaylIen
3amaye. OTauyue Jullb B TOM, YTO JAaHHYIO 3a7a4y HAUWHAIOT peniaTh C
ONpENENeHHUs] peakiuil omnop Oalku U TMPOBEPKU MPABUIBHOCTU

HalJICHHBIX pEaKIuid.
a) |F=16xH \Ro=10xH A B=30kH  RmZH Y M=20kkn 14
“ [~ M,=70kH M /4: z
.0 ] 3 74 gﬁ 2%
o 2 % l‘fM s 6M - i (7) o zx
d) uF’ 1\/?” _szMz M,
0 8 c D
Rop
22\ 22
5 1 TR 4,
TSN I
18
2
2 I l A M kHM
90 112
122
Pucynok 4
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Pemenwue.

1. OHpe,ﬂeHHeM OIIOPHBIC PCAKIUHU U IIPOBECPACM UX HaﬁﬂeHHBIe 3HAUYCHUA:
ZMD:O;ZMD :‘M1+F2*CD+M2+RB*BD'F1*OD=0;

M,—F,*CD—M, + F,*OD 20—30-6—10+18-15

BD 10
ZMBZO; ZMBZ_Fl'OB‘l"MZ_Fz'BC_ RD_M1=0

—F, OB+ M, —Fy.pcems —18-5+ 10 —30 -4 — 20

R, = = = —22kH

BD 10

Tak kak peakuus RD MMoJyuunjiaCb CO 3HaKOM MHUHYC, TO UIBMCHACM CC

IICPBOHAYAJIBLHOC HAIIPABJICHHUC HaA IIPOTHUBOIIOJOKHOC. HctunHoe HaIIpaBJICHUC

peakumu Rp—sHu3 (puc. 4, 0).
IIposepka:
dYg=—F+RgtFo—Rp=-18+10+30-22=0.

VYcnoBue cratuku .Y;= ( BBINOTHSETCS, CJIEIOBATENIbHO, PEAKIUH OIOpP

OIPEJICIICHBI, BEPHO.

IIpu nmocTpoeHnu 3M0p UCIIOIB3YEM TOJIBKO UCTHHHBIC HANIPABIICHUS PEAKLIMI

oTIop.

2. Jenum G6anky Ha y4acTKu 1o xapaktepHbiM ceuenusim O, B, C, D
(puc. 4, 6).

3. OmnpezensieM B XapaKTEPHBIX CEUCHUSIX 3HAUCHUS MMOTEPEUHON CUITBI

@y ¥ CTPOMM BIIIOPY CIIEBA HANPaBO (puc. 4, 6).
o =-F;=- 18 kH;
“B: -F;=- 18 xH;
Qo =- F1+ Rg = - 18+10= - 8 xH;
cP=-F+ Rg =-18+10=- 8 xH;
Q' =-Fy+ Re+F, =-18+10 + 30 = 22 kH;
HeB_ - F1+ RB+ FZ - 22 KH

4, Brraucisiem B XapaKTepHBIX CEYEHUSX 3HAYCHUS N3THOAIOIIETr0o
MOMEHTA U CTPOUM 3MI0py (puc. 4, 2):

Mg=-F;- AB=-18 - 5=-90kH m;
Mf®=- F; * OC+ Rg*BC =-18* 9 + 10 * 4=- 122 kH-Mm;
McP =-F; *OC+Rg -* BC + M,=-18* 9+ 10* 4+ 10=- 112 kH'm;
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Mp*=-F;-*OD + Rg-* BD + M, + F,-* CD =-18 * 15+ 10 * 10 + 10 + 30-6 =
20 xH-m.

d. Beraucisiem pasmepsl ce4eHus JaHHOW OaJIKU U3 YCJIOBUM MMPOYHOCTH
Ha U3ruo 1Mo JBYM BapHaHTaM: a) CEUCHUE — MPSMOYTOIHHUK C 33JIaHHBIM
COOTHOIIIEHUEM CTOPOH (puc. 4, €);

6. 0) ceuenne — Kkpyr (puc. 4, 0). Berunucnenue pazmepon
MPSIMOYTOJILHOTO CEUCHMUSI:

_ Mymax _ 122-10°
W, = =

= 0.762 - 10° mm3
[o] 160

2
Ucnonwsys dopmyny W, = ﬂ U yuuThiBas, uto h = 1,56, Haxoaum

b= 3/6””‘ 3/60762 10° _ 102%/2.06 = 127 mu
2.25 2.25

Ucnonp3ys dopmyny W, = , HAXOJIUM JUaMETP KPYIJIOrO CEUYCHUS

_*[32ws _+[32-0762-105
- 314 - 7O MM

3amanue

ITo UCXOHBIM TAaHHBIM 3aJJaHUMN TPAKTUYECKOTO 3aHsITus No 2:

a) MOCTPOUTD SMIOPHI MOMEPEUHBIX CHJI, U3THOAIOIINX MOMEHTOB;

0) onpeneauTh pa3mepsl monepeuHoro ceuenus (h, b, d.) B popme npsmoyroapHUKa
WIN KpyTa, IpUHSB s npsimoyrosibauka h/b — 1,5

B) I0J100paTh CEYEHUE MO COPTAMEHTY (/1Ba IIBEJJIEPA U JIBYTaBp);

Cuurats [0]= 160 MIla;

) W3 pPAacCUMTAHHBIX BapuaHTOB (HOPM TOMEPEYHOro CEYEHHs BbIOpPATH
ONTUMAJTBHBIN BapUaHT U 0OOCHOBATH €TO.

4.ITopsimOK BBITIOTHEHUSI PAOOTHI

4.1 O3HaKOMHTHCH C 3aJaHUSIMU,

4.2 VI3yunTh o01IME U TEOPETUUECKUE MOJIOKEHHUS [0 TEME TPAKTHUECKOT0
3aHATHUSA,

4.3. PemnTh 3a/1aun CBOETO BapUaHTa;

4.4. Iloka3ats pe3ynbTaThl paCYETOB MPEIOJABATEIIO

5. Bonpocs! a1t camonpoBEpKH
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5.1. KakoBbl paBuiia 3HaKOB U3rHOAIOIINX MOMEHTOB U MOTIEPEYHOMN CHIIBI?

5.2. JInst yero cTposATCs 3MIOPbI U3rMOAOIIMX MOMEHTOB U ITONIEPEUHBIX CUII?
5.3. Ilouemy MOXXHO HE ONpPEAENATh OINOPHBIE pPEAKUUU s OalKH,
3aIEMJIEHHOM TOJIBKO OJIHMM KOHLIOM, IPY MOCTPOECHHUH S0P MOMEPEUHBIX
CWJI U U3rH0aroIX MOMEHTOB?

5.4. Kak HaiiTU Ha >MI0pE MOMEPEYHBIX CUJI CEUYEHUE, B KOTOPOM BEIUYMHA
U3ruOaroero MOMEHTa UMeeT HauboJblIee 3HaYeHUe?

5.5. 1o kakoi gopmyJie onpeaesieTcss HOpMaJIbHOE HANPsHKEHNUE B CEYECHUU
IpU YUCTOM U3rude?

5.7. Yro Takoe oceBOi MOMEHT CONPOTUBIICHUS U KAaKOBA €r0 pa3MEPHOCThH?

6. JlomalHee 3ajgaHue

6.1 IloAroTOBUTH OTBETHI HA KOHTPOJIBHBIC BOIIPOCHI

6.2 ObopMHUTDH OTYET;
6.3 N3yunuTh peKOMEHyEMYIO TUTEPATYPY.

7. CIUCOK IUTEepaTyphbl

7.1  Makcuna, E. JI. Texundeckas MmexaHuka : yueoHoe rmocooue s CI1O
/ E. JI. Makcuna. — CapatoB : Hayunas xuura, 2019. — 159 c. — ISBN 978-5-
9758-1899-7. — TekcT : 31eKTpOoHHbIN // DnekTpoHHO-0nbInoTeyHas cucrema [PR
BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.html

7.2 Kopones, I1. B. Texunueckast mexanuka : yueoHoe nocodue mis CITO
/ T1. B. KoponeB. — Caparos : [Ipodobpazoanue, Aii [Tu Ap Meaua, 2020. — 111
c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TexkcT : 3MeKTPOHHBIN //
DOnekTpoHHO-OMONMMoreunas cucrema IPR  BOOKS : [cair]. — URL:
https://www.iprbookshop.ru/88496.html
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[IpakTuueckoe 3ansitue Ne 6

Tema: KunemaTruueckue v CUIIOBBIE COOTHOIIIEHHUS B MEpeiadax

[enb: ObecnieunTh 3aKpeIyIeHrE MOTYUYCHHBIX TEOPETUUECKUX 3HAHUU U
MPUBUTHE YMEHUH B OIpEJICIICHUN KHUHEMAaTUUECKUX U CUJIOBBIX COOTHOIIICHUH B
nepenaydax

IIponomxuTenbHOCTL — 4 Hyaca
1.MarepuanbHOe U JOKYMEHTAIbHOE 00eCIeUeHHE:

1.1 UnauBuayansHOE 3a/1aHUE;

1.2 MeToaudeckie peKOMEHIANN K TPAKTHIECKOMY 3aHSITHIO;

1.3 MUuKpOKaJIbKYJISTOPHI;

1.4 TOCT 19523 — 81 «3OnexTpoaBUraTean ACHHXPOHHBIEC CepUH 4A,
3aKpBIThIE 00 TyBacMbIe

1.5 JIuctel crangaptHoro gpopmara A4 (297*210) st TEKCTOBOrO JOKyMEHTa

no ['OCT 2.105 - 95

2 Jlutepatypa

[1], c.4...8

3. O0uye ¥ TEOPETUUECKUE TOJI0KEHHSI 0 TEME MPAKTUYECKOTO 3aHITHUS

JlaHHO€ MPaKTUYECKOE 3aHATHE MPOBOJUTCA M0 paszjeny «Jletann Mammny,
3aBepIIAIOIINM B yueOHOU nucruiuinie « Texnudyeckas Mexanuka». OHO sSBIsSETCS
0a30BBIM JJI BBINOJHEHUS MOCIEAYIOIIMX padoT, Lelib KOTOPBIX pa3padoTaTh
KOHCTPYKIMIO OHOCTYIEHYATOr0 3y0UaToro peykTopa u AOMOIHUTEIBHO THOKUE
nepenayu (peMEHHYIO U LIETIHY0). 3a/laya HOCUT CKBO3HOM XapakTep.

[lepBbIil 5Tan NpOEKTUPOBAHUSA - aHAJIU3 KHHEMATUYECKON CXEMbI U BBIOOD
ANIEKTpoaBUTraTeNsl. PaccMOTpUM OAHY M3 THUIOBBIX CXEM IPHUBOJA K JICHTOYHOMY
KOHBEWepy: OT 3JEKTpOJABUTATeNsl BpallleHHe Mepeaaercs Baly OapabaHa yepes
PEMEHHYI0 Iiepeauy, 3y0uaThlil OTHOCTYIIEHYAThII PEAYKTOp U LIEMTHYIO Nepeaayy.

Jnist onpeaeneHust TpedyeMoil MOLTHOCTH 3JIEKTPOJBUTATENS B 3aJJaHUU
yKa3bIBaroTcs Bparmiatonuit MomeHT (Tp, H*M) Ha Bamy Gapabana u yrioBas
CKOpPOCTH (®p, pajs/c)aToro Basa uiu e cuina Tsru F (H) u ckopocts v (M/c)
JICHTBI.

Hckomyro moutHocTh P (BT) anexktpoaBuraresns onpeaensitor U3 BbIpaKeHUs

P=T,*op/n=F*v/n,
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riae 1 — ko3 durnment nonesnoro nevicteus (KII) mpuBoaa, paBHbIN
npou3BeieHnIo yacTHeIX KII/[ mepenad, BXoAAIMNX B KHHEMATHYECKYIO CXEMY:

n=n*n2*n3...* Mu
3nauenus KII/] nepenay oTaenbHbIX TUIOB NPUBEACHBI B TA0I. 1.

Ta6nuna 1 — 3nauenus KII/] mexanuueckux nepeaay

[Tepenaua KII/

3y0Ouarasi B 3aKpbITOM KopIryce (PeayKTop):

-IATHHAPUICCKUME KOJIeCaMU 0,97 — 0,98

-KOHMYECKHMH KOJIECAMU 0,96 - 0,97
3yOuaTasi OTKpbITas 0,95 -0,96
UepBsiuHas B 3aKpbITOM KOPITyCE IPU YHUCIIE BUTKOB (3aX0/10B)
YyepBsIKa:

Z1=1 0.70-0.75

Z1=2 0.80-0.85

Z1=4 0.85-0.95
IlerHas 3aKkphITast 0,95 -0,97
[lentHast OTKpHITAS 0,90 - 0,95
Pemennas:

TUIOCKHM PEMHEM 0,96 — 0,98

KJIMHOBBIMU PEMHSIMU 0,95 -0,97

[Mpumedanue. [ToTepu Ha TpeHUE B OMOPAX KAXKJIOTO BaJIa YUUTHIBACTCS MHOKHTEIIEM

no = 0,99 — 0,995

Mo1HOCTh 37IeKTpOoJBUTATENSA, MOAOUPAEMOro AJi MPOEKTUPYEMOro IPHUBOJA,
JOJHKHA OBITH HE HUXE, KOTopas onpenenena rno ¢popmye (1). U3 cymectByromux
THUIIOB JBUTATENIEeH BBIOMPAIOT PEUMYILECTBEHHO ACUHXPOHHBIE
aNeKTpoaBuraTenn TpexdasHoro Toka emmHou cepun 4A. Ilpm cranmgapTHOU
yacrore Toka f = 50 ¢! u umcne map momrocos p = 1...6 CMHXpOHHAs 4acToTa
BpamieHuss Nc npuHumaeM paBHod 1500 oO/muH. Ilpu BO3pacTaHuM HarpyskKu
YacTOTa BPAIEHUs Bajla yMEHBLIAETCS BCIEACTBUE CKOJIBKEHUS S. OMPEAETIIEMOro
o ¢popmyiie

n=nc«(1l-5s)
TexHuueckue NaHHbIE aCHHXPOHHBIX 3JIEKTPOJIBUraTesneil enuHon cepun 4A B
3aKpBITOM 00]IyBaéMOM UCIIOJTHCHUH MPUBEICHBI B Ta0uax npuioxxenus (I18).
[Tpu permennu 3aaa4 0OBIYHO YKA3BIBAIOT YACTOTY BpaleHus N, (06/MuH) padboyero
MIPUBOJIHOTO Bayia Wiu ke quamerp D (M) 6apabana koHBeHepa U CKOPOCTh L (M/C)

JICHTBI, I1O 3TUM HJAaHHBIM HaXOIsAT
60v

ny —E,
OIpEeETAIOT o0lIIee Mepe1aTOuHOE YUCIIO BCEro IPUBOA
U= Nuom / Np
¥ HAMEYaIOT OPUEHTHUPOBOYHO 3HAUEHUS YACTHBIX MEPETaTOYHBIX OTHOILIEHUMN
nepenaay, BXOIAIINX B IPUBOJ, TaK, YTOOBI MPOU3BEIEHUE X OBLIO PaBHO O0IIEMY

65



nepeIaTOYHOMY YHCIIY BCEro nNpruBOa.
Ui*u-2*...*ux =u.
Tabnuna 2 - CpeiHue 3HaUCHUS TEPEIATOUYHbIX uncel (U) it epeaay:

3y0uaThix 2-6
YepBsIHBIX 8-80
IenHpIX 3-6
PemeHHBIX 2-4

Janee paccuuthiBatoTcsi Bpamjatouge MoMeHThl (T) Ha Kaxxaom Baily, YrioBbie

CKOPOCTH M 4acTOThI BPAILLEHUS! KaKJ0ro Baja 1o (GopMyJiaM, B3IThIM U3 BTOPOTO

paszjesia TeXHUYECKON MEXaHUKU — COIPOTUBIICHNUS MAaTEPUAJIOB.
IlocnedosamenvHocms pewleHus 3a0ayu.:

1. ITonoOpaTh aCHHXPOHHBIN JIEKTPOABUTATENb CepUU 4A;

2.0npeaenutsb oll1ee NepeaaTouHOe YUCII0 BCETO MPUBO/IA;

3.0mnpenenutsb nepegaTouHble Ynciaa Kaxaou nepeaayu;

4.Paccuntats Bpamatomue MomMeHThI (T) Ha Kaxa0M Bainy;

5.0mnpenenuTsb yriioBble CKOPOCTH U YaCTOTHI BpAIlIEHUsT KaXKI0TO BaJja,

6.Pe3ynbTaThl pacueToB CBECTH B TaONIHILY;

7.Cnenatb BBIBOJIBI.

[Tpumep

[TpoBecTn KHHEMATUYECKHIA pacyeT MPUBOJA, MOKa3aHHOTO Ha pUCYHKE 1.
HcxonHble TaHHBIC:
-nuameTp 6apadana D= 400 mwm;
-tsiroBast cuina Fr,= 4,1*%-103 H;
M
-CKOpOCTh JIeHTHI 0 = 0,8 =

TpeOyercs:

a) mogo0paTh aCHHXPOHHBIH JICKTPOJIBUTATETh TPeX(Ha3HOTO TOKa;
0) ornpeaenuTh o0I1ee MepeIaTOYHOE YUCIIO;

B) ONIPE/ICIINTh YaCTHBIC MEPEIaTOYHBIC YHCIIa KAXKI0W TIepeIadun;

I') pacCUMTaTh Bpamaromue MoMeHThI (T) Ha KakI0M Baiy;

1) OTIPEJICTTUTh YIJIOBBIE CKOPOCTH U YACTOTHI BpaIllCHUS KaXKI0T0 BaJja;
€) pe3yJIbTaThl PACYETOB CBECTH B TAOJIHILY.

CrenaTh BBIBOJEL.

Pemenue
1. Ilpunumaem 3nauenus KIIJ[ mo taou. 1.:
peMeHHOH nepeaauu (C KIMHOBUAHBIM peMHeM) N;=0,97;
3y0O4aroii mapsl peJiykTopa (KoJieca [UJIMHpHUYeCKHe Koco3y6blie) n,= 0,98;
HenHoi nepenayu (0TkpbiTon) nz= 0.95;
K03(PUIIMEHT, YUYUTHIBAIOUINI OTEPU HA TPEHUE B ONOPAX TPEX BaJIOB (TpU
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napbl OAMMIHUKOB) N3 = 0,995,

B

Qﬂ
T
A

¥)
= Ea e |

P

Pucynok 1 — Kunemaruueckas cxema npuBOJia JICHTOYHOTO KOHBEHEpa

2. 3nauenue KI1J[ Bcero mpuBona:
n=n;-Nn; ‘Nz -n3=0.97*0,98 *0,95 * 0,99 = 0,88.
3. Tpebyemast MOIIHOCTH dJICKTpOABUTaTEs 1Mo hopmyire (1.).

Tpxwp _ Fxv _ 4,1%-103-%0,8
p=_PX®P T L P =373-%103 Br
n, n, 0.88
4. YacTora BpanieHus Baja O0apabaHa:
60+v 60-0,8
= = = 38,2 06/MuH

P m«D ~ 3.14-400-1073
5. [lo nannbM Tabu. [11 nogxonut anektpoasuratens mapku: 100L4, P = 4 kBr;
n.= 1500 06/mun; s= 4,7 %;
[TpyHUMAaEM PJIEKTPOIBUTATETh MOIITHOCTHIO 4 KBT, CHHXpOHHAs 4acToTa
Bpamierus n.= 1500 o6/mMun
Onexrpoasurarenb 4A100L4Y3 nmo T'OCT 19523-81,
rae 4 — NopsIKOBbII HOMEP CEPUH;
A — pon nBuUrartens — aCHHXPOHHBIN;
100 — BBICOTa OCH BpalIeHUs, MM;
L — ycTaHOBOUYHBIH pa3Mep MO JUIMHE CTAHUHEI;
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4 — 9KCII0 TOJIIOCOB;
V3 — gBurarens npeHa3HaueH Il OKCIUTyaTalldi B 30HE YMEPEHHOI0 KJIMMaTa

6.HOMI/IH3J'IBH3_€ qacToTa BpalllCHUA Baja JaHHOT'O ABUTATCIIA 6YI[€T
COOTBCTCTBCHHO:
Non=1c(1-5)=1500 * (1-4.7 / 100)=1430 06/mun

7. IlepenatoyHoe 4KCIIO BCETO MPUBO/IA:
_ TMyom _ 1430

U—n—p_%T:37.4338
8. Pa3buBaem oO1iee nepeaTouHoe YUCIIO IPUBOJIA U IPUHUMAEM:
a) peMEHHOU nepeaaun Upy = 2
0) 3yOuaroit nepenayu Uy, = 4

u 38

np = T =5 " 4.75~=4.38.

torma, Up,=2*4*48=38,4

HaMeuennbie mepenaTouHble 4YHCla B JajbHEHIIEM OyIyT YTOUHSTHCS (Tpu
pacuere ATUX nepeaay).
9.0mnpenenum OTKIOHEHUS! OT PACYETHOIO MePeaTOYHOTO YKCiia TPUBOIA

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

T. €. paC4CTHOC IICPCAATOYHOC YHUCJIO HC ITPCBLIIACT I[OHYCTI/IMOﬁ IMOTPCIIHOCTHU B

B) IICTTHOM Iepeiaun u

pacuerax.
10.PaccunTtaem Bpalmiaroire MOMEHTHI U YTJIOBBIE CKOPOCTH Ha Bajiax mo ¢hopmyJiam
pP.103
= , H*Mm,
w1
[Ipuuem
@ = Tmom oc
T T30 P
Ban 1
:T['nHOM . _P;.103 O
w1 2o pan/c; T,= o H*wm;
Taen = Nyoy = 1430 06/MuH;
_ 3,14-1430 _ _410° '
Wy =—— = 149,7 = 150 pan/c Ty = —-=267Hwm
Ban 2
wy= ;"1 pan/c; To= Ty *up n *np.n, H*M
p.I
W =150/2=75 pan e T,= 26,7%2* 0,97 = 51,8 H-m

Bax 3

w2

w3= paﬂ/c; T5= T,* u3ln*rl‘3.n* ruz), H*M;

Uzn

— * N * * 2— .
w5 =75/ 4 =18.8 paz/c: T5=51,8*4*0,98*0,99°= 199 H*wm;

Ban 4
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_ . — T % *
W4=Weapabana, pan/c; Ty=T; Upn Nun * Nos H*m

_ _ 7mn6 _ 3.14-38,2
Wy == =

= 4 pa/c:
30 30 pave; Ta=199%4 8%0,98* 0,99 = 929 7 H*m

11.0mpeaenum 4acTOTHI BpallleHHs KaXKI0To Bayia, 00/MUH

Ban 1 N1 = Nuom = 1430;

Bax 2 n2=ni/u,, =1430/2 = 715
Bax 3 Ns=n2fu,* =715 /4 = 179;
Ban4 N4 = Neap = 38,2;

12 Pe3ynbTaThl pacueToB 3aHECEM B TaOIHUIly 3

No Bpamarommi VrioBas YactoTa BpalieHus
Baja MOMEHT CKOpPOCTh 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
BriBox:

® [0 HCXOJHBIM JaHHBIM B pe3yJbTaTe pacyeToB ObIT MOoA0OpaH
ACMHXPOHHBIN JIEKTPOABUTATEN TpexhazHoro Toka moaemu 4A100L4Y 3
['OCT 19523-81, momHOCTBIO 4KBT; ¢ CHHXpOHHOM 4aCcTOTOM BpalllEHUS
1500 06/MuH u ckoabxkenueM 4,7 %.

e BbUH onpeieNeHbI TepelaTOYHbIe Ynciia nepeaay (cM. tadi.4)

Tabnmna 4
[Tpemarounoe HanmMenoBanwme nepegaq
YHCIIO, peMEéHHas 3yOuaTas 1ernHas
u (penykrop)
2 4 4,8

® paccuMTaHbl BpAIAIOIINE MOMEHTHI Ha KaXKJIOM Bally, yTJIOBbIE CKOPOCTH U
YacTOTHI BpallleHus ux (cM. Tab.3)
[TonyueHHbI€ PE3yAbTATHI SABJISIIOTCS UCXOHBIMU JJAHHBIMU JIJIS1 BHITTOTHEHUS
CJIETyIOUIUX MPAKTHUECKUX 3aHATUH, TO3TOMY BCE PACUEThl HYKHO BBITIOJIHSTH
0oJiee BHUMATEIBHO, IOTOYHEE.
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3amanue
[IpoBecT KHHEMATHYECKUM pacueT MPHUBO/Ia, TOKa3aHHOTO Ha pUCYHKE 1.

HcxonHble naHHbIe:
-nuametp O6apabana D mm;
-taroBast cuna F, H;

M
-CKOpPOCTDb JICHTBI U — .
o

TpeOyercs:

a) MoJI00paTh aCHHXPOHHBIN JIEKTPOABUTATENb TpeX(ha3HOTO TOKA;
0) onpenenuTh odIIee nepeaTOuHOe YHUCIIO;

B) OINPEJIEIUTh YaCTHBIEC MEepeJaTOUHbIC YHCiia KaXKI0M repeaun;

I') paccuuTaTrh Bpalmarone MoMeHTHI (T) Ha KaKJI0M Bally;
1) OTIPEJICTIUTh YIJIOBBIE CKOPOCTH U YACTOTHI BpPAIlICHUS KaXKI0T0 BaJja;
€) pe3yJIbTaThl PACYETOB CBECTH B TAOIHILY.
CrenaTth BBIBOJEL.
Uucnossie 3Hauenus D , F; , v 17151 cBOero BapuanTa B34Th U3 Ta01. 5

Tadmuna 5

No Fr, 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 15 270
5 1,2 1,3 380
6 1,6 0,7 380
7 4,0 11 310
8 19 14 420
9 2,0 1,0 300
10 1,3 1,0 300
11 2,6 0,8 350
12 19 0,9 400
13 2,7 1,0 360
14 3,0 0,9 430
15 15 1,3 290

3a7aHus BBITIOJHSIOT B MAJIOM TPYyMIIE U3 JBYX YEIOBEK.
4.TlopsimoK BBITIOTHEHUS PaOOTHI

4.1 O3HaKOMHUTHCS C 3aJaHUSIMU;

4.2 VI3yunTh OOIIHE U TEOPETHUECKHE MOJIOKEHHUS M0 TEME IPAKTHUECKOTO
3aHATHUSA;

4.3 PemmTsh 3a/1a4n CBOETO BAPUAHTA,
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4.4 TlokazaTh pe3yJibTaThl paCUETOB MPEIOIABATEIIO

5. Bonpocs! 1uist caMonpoBEpKH

5.1. KakumMu JaHHBIMM HYXHO pacroyiaraTb, 4YToObl MOAOOPATH
AIEKTPOJIBUTATEN?

5.2 Yto takoe KII1? Kak ero paccuntbiBator? MoXeT OH ObITh PAaBHBIM WJIH
0O0JIbIIIE €IUHULIBI U TIOYEMY ?

5.3 YUto Takoe neperaToyHoe Yuciio?

5.4 KakoBa CBsI3b MEX/1y BpaIllalOIlMMU MOMEHTaMU Ha BEAYIIEM U BEIOMOM
Bajyax?

6. JlomarrHee 3ajgaHue

6.1 IToaroToBUTH OTBETHI HA KOHTPOJIbHBIE BOIPOCHI

6.2 OpopMUTH OTUET;
6.3 N3yuuTh peKOMEHAYEMYIO JIUTEPATYPY.

7. CIUCOK JIUTEpaTyphbl

7.1 Makcuna, E. JI. Texuuueckast Mmexanuka : yaeoHnoe nocooue mius CI10
/ E. JI. Makcuna. — CapatoB : Hayuynas xuura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TexkcT : a1eKTpOHHBIN // DNeKTpoHHO-0MOmMoTeyHas cuctema [PR
BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.htmi

7.2 Kopounes, I1. B. Texanueckas Mmexanuka : yueoHoe mocooue mist CI10
/ I1. B. Kopones. — Capatos : [IpodobpazoBanue, Aii [Tu Ap Meaua, 2020. — 111
c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TeKcT : 2JIEKTPOHHBIN //
OnekTpoHHO-OmOnMuoreunass cucrema I[PR BOOKS : [cair]. — URL:
https://www.iprbookshop.ru/88496.html
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[IpakTrueckoe 3ansarue Ne 7

Tema: PacueT munmHapuiecKkoi Koco3yOou nepeaadu

[enb: OGecnednThb 3aKpeIyIeHHE MOJIYYeHHBIX TEOPETHUECKUX 3HAHUH U
IPUBUTUE YMEHUI B pacyeTe 3y04aToro 0OJJHOCTYIEHYATOro peayKTopa

[IpoomxkuTensHOCTH — 6 Yaca
1.MarepuanbHOe U JOKYMEHTAIbHOE 0OecreueHue:

1.1 UunuBuayanbHOE 3a1aHUE;

1.2 Meroauyeckue peKOMEHIAlNK K TPAKTHYECKOMY 3aHSITHIO;

1.3 MukpoKaJlbKyJIsSTOPBL;

1.4 TOCThsr:

-'OCT 9563 — 60 «OcHoBHBIE HOpMBI B3auMo3aMmeHsiemocTu. Koneca

3yOuareie. Moy,
- T'OCT 2185 - 66 «Ilepenauu 3y6uatsie nuauHapudeckue. OCHOBHBIC

rapameTpbl»;

- 'OCT 21354 — 87 «Ilepenaun 3y0uaTbie IUIMHAPUIECKIE SBOIHBEHTHbBIE

BHEILIHET O 3alleruieHus. Pacuer Ha IpOYHOCTHY;

1.5 JIuctsl cranmaptHoro gpopmara A4 (297*210) njast TEKCTOBOTO
nokymenTa o 'OCT 2.105 - 95

2 Jluteparypa

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

3. OO011re U TEOPETUUYECKHUE TIOJIOKEHHUS 110 TEME MPAKTUYECKOT0 3aHITHUS

Ilens pacdera — ompeneIeHHE OCHOBHBIX TE€OMETPUYECKUX pPa3MEpOB
nepegayv, oOECIeYMBAIOIIMX €€ PadoTOCHOCOOHOCTh, MPU ITOM HEOOXOIUMO
CTPEMHTHCS K TIOJYYCHUIO MHUHUMAJIbHBIX Ta0apuTOB, MacChl M CTOMMOCTH
nepenayn.

WcxoHble naHHbIE I pacyera:

a) BpalllaloIMi MOMEHT Ha Bajly mectepHu Ti;

0) HMKJIOrpaMMa BpPAIAIOIIUX MOMEHTOB WJIM HAMMEHOBAHUE TUIIOBOTO

peXrMa Harpy KeHus;

B) TpeOyemblii pecypc Ln;

') IepeJaTouyHOe YUCIo U,
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1) cXxeMa MeXaHU3Ma, yTOUHSIOIIAst PACIIOJIOKEHUE KOJIEC OTHOCUTEIILHO
or110D.
IlocneoosamenvHocms pacuema.
Jlutepatypa: (1), c.176 — 180, npumep 14,1)

A. IIpoeKTHPOBOYHBIH pacyer:

1. Y3 mpaktuyeckoro 3aHATHs Ne6 B3sTh Bpalllaloliii MOMEHT Ha Bally IECTEPHU
T1, gacToTy BpameHus N1, MEPEAATOTHOE YUCIO PEILYKTOPa Us .

2. BeiOpaTb mamepuan wiecmepnu u Koneca, IpuyeM JUIs 3aKPBITBIX KOCO3YOBIX
IWIMHAPUYECKUX TIepefady PEKOMEHAYETCS TBEpAOCTh MaTepuaja IIEeCTEpPHU
Ha3Ha4aTh, BO3MOXKHO, OOJbIIEH, JJIs UEro MIECTEPHIO IOIBEPTatoT IOBEPXHOCTHON
3aKaJike, IIEMEHTAllM{; IPUMEHEHHE BBICOKOTBEPJIOM IIECTEPHU TOBBIIIAET
KOHTAKTHYIO POYHOCTh KOCO3y00il mepenayu.

OnpenensitoT CpeHIO TBEPIOCTh TOBEPXHOCTH U CepIlIeBUHBI 3yOheB koiec ((1),
tabn.12.1, c. 140). PekoMeH1yeTcsl mpeyCMOTPETh pa3HOCTh B TBEPAOCTU 3yObEB
niecTepHu u kozieca B npenenax HB1 = HB2 + (50...80).

BriOupaeM crioco0 mosry4eHus 3aroTOBOK  KoJjiec, IpeAeibHbIC pa3Mephl 3arOTOBKH
(DuS)BwMm

3.Haiitu opuenmuposounoe 3nauenue medxicocesozo paccmosanus a‘y, MM 110
dbopmyie ((1),popmyna 13.17, c. 164)

BBIYHCIISIIOT OKPYKHYIO CKOPOCTh 3y0OUaThiX KoJjec v, M/c o ¢popmyre 13.18 ((1),c.
164).

4.0npenenuTsb 0onycKkaemvle KOHMAaKmHuovle HANPAMHCEHUsA OTIECIBLHO JJIs
MaTepuaa mectepau u Mmarepuaia koneca (1), c. 151...154, popmynsr 12.1, 12.2,
12.10,12.11,12.12 m Tabn. 12.7,c. 151; 12.8, c. 152).
[Ipu 5TOM AOJKHO BHITIOJIHATHCS YCIOBHUE:

[o]ly = 0,45([0]1-11 + [U]Hz) < [U]Hmm = [U]Hz

5. Onpenenutb donyckaemoie nanpaxcenusn uszeuoa ((1), c. 151...154)
(bOpMyJ'IBIZlZ.l, c. 145; Tab6n.. 12.2, c. 146; ta6n.12.10, c. 153;
-12.14, 12.13 c. 153;

6.Koagppuyuenmot nazpysxu (cMm. (1), c.,146...150,

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

7.Mescocesoe paccmosanue ((1), bopmyna 13.12,¢.160) yrounsieM u npuHIMaEM
okoHnuateabpHo 1o 'OCT;

8.IHTupuna eenua koneca u wecmepuu (cm. § 13.4, c. 160).
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[Tonmy4yeHHbIC 3HAUCHUS OKPYTIISIOT 10 OJMMKANIINX 1ETbIX 3HAUYCHUN B MM.

9.Hopmanwhotit moodys 3yoves (1):

- MUHUMaNbHOE 3HadeHue (popmyna 13.16, c.163);

- MakcumanbHoe 3Hauenue (popmyna 13.19, ¢.165);

[TpuaumaeM no crannapTy u3 nepsoro psaa ((1), raémn.11.1, c. 127).

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

a) mpeaBapuTeNbHO — nmodopmyel4.9, c. 176, mpu 3TOM JTOJIKHO OBITh BBITIOJIHEHO
YCIIOBUE: Bmin = 8°

0) cyMMapHoe uucio 3yoneB — 1o ¢popmyinel4.10, c. 176;

B) (hakTHUECKUI yroj HakJIoHa 3yObeB - o popmynel4.11, c. 176;

T') yncio 3yObeB mecTepHu Z1 u koneca Z; - o ¢popmynel3.21, c. 166.

11. @axmuueckoe nepedoamounoe yucno (3aTeM pacCUUTHIBACTCS IOMTYCKAEMOE
OTKJIOHEHHUE N0 +4%)

12.0cnosnvie 2eomempuueckue pazmepul nepeoauu.

-ICJIUTEIIbHBIC TUaMeTPbl IIECTEPHU U KoJieca —popmymna 14.1, c. 173;
- IMaMeTphl BEpUIUH IIeCTepHU U Koieca — popmyna 14.2, c. 173;

- IUaMeTphl BIAJAUH IIECTEPHU U Kojeca — ¢popmyna 14.3, c. 173;
MexoceBoe paccrosinue - popmynal4.4, c. 173;

13.Cunwl 6 3auennenuu.

-OKpyXHas cuia - popmyna 13.6, c. 156;

- paguanbHas cuia - popmyna 14.6, c. 175;
- oceBas cuna - popmyna 14.7, c. 175.

b. IIpoBepounsblii pacyer

14. IIposepounsiit pacuem nHa KOHMAKMHYI0 RPOYHOCHIb
- popmymna 13.13, ¢.160;

15. Ilposepounwiit pacuem na npounocms npu uscuode- popmyna 13.14, c. 162:
a) SKBUBAJICHTHOE YnCJI0 3yObeB — opmyna 14.5, ¢.174;

0) Tabu. 13.1, ¢.162- -Haxoaum KO3 PIUITUEHTHI:

- (opMmbI 3y0a U KOHIIEHTpAIIMU HANPSDKEHUH Mpy KO PUITMEHTE CMETIeHUS
X=0;

B) YUMTHIBAIOIINN HAKIIOH 3y0a — hopmyna 14.8, c. 176.

[Ipy 5TOM AOJKHO BBIIOJIHATHCS YCIOBUE: Yg =07

T) 151 Koco3yObrx kosec kodhdumuent Y, = 0.65;

1) pacyeTHOE HaIpsHKEHUE U3rnba B OCHOBAHUH HOXKKH 3y0a:
- koJsieca - popmyna 13.14, c. 162;
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-mectepHu - popmyna 13.15, c. 163;
BriBog.

16. Ilpuzoonocme 3a2omoeox wiecmephu u koeca (cm. puc 12.1, ¢. 139 u
c.163...171)

BriBos.

17. Pe3ynbTathl pacyeToB 3aHOCUM B Ta0II. 1

Tabnuua 1- ['eomerpruueckue napaMmeTpsl HUIUHAPUUECKON KOCO3yOOi repeaadu

[TapameTp, Pacuernsie popmyIsl Pesynbrar

o0003HaYCHHUE
1.HopmanbHBbIil MOAYIb,
m, MM I'oCT
2.MuHUMaIbHOE mo Kn: Kg- Ti(u+1)
3HAYECHUE MOIYJISI, Mmin, min b, - ay[o]g
MM
3.MakcumManbHOE _ Zaw
3HAYEHHE MOIYJISL, Mmax, Mmax = 17(u+1)
MM
4 JlenuTeabHBIN TUaMeTp
necTepHu,diMm m*z1/ cosf
5.JlenuTenbpHBIN TUAMETP
KoJjeca, m*z2/ cosp

d2, MM
6.{uametp BepIivH
3yObeB mecTepHH, a1, MM di+2m
7. [lnameTp BepLINH
3y0ObeB Kojieca, Jaz, MM d2+ 2m
8. [luameTp BnagauH
3yObeB mecrepuu, dr di-2,5m
9. luametp BagauH
3y0ObeB Kojieca, dr ,MM d2-2,5m
10. lar HOpMaTBHBIH, P,
MM m*n
11. Okpy>xHas TOIIIMHA
3y0ObeB,St,, MM T *m/2
12. Bricora 3y0a, 2,25* m
h, Mm

13 BricoTa ronoBku
3y0a, ha, MM m
14. Bricota HOXKH 3y0a,
ht, Mm 1,25* m
15. Pagunanbnelit 3a30p,
C, MM ht, - ha=10,25*m
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16. CymmapHO€e 4ucio Ly =7, + 17,

3yObeB, Zy _ 2aw - cosBpin
B m

17. Yucno 3y0neB Iy 7

IICCTCPHHU, Z1 17 u+1 > ZLmin

18. Yucno 3yOneB

KoJieca, Z2 Ly =1y — 74

19. MexoceBoe
PacCTOSHUE, aw MM, ay =Ky(u+1)°

['OCT 2185 - 66

20. MesxoceBoe

PacCTOSHUE, aw,MM aw =292 = g (4 + 1)12
(yrounenHoe) 2

21. Yron HakjIoOHA

3y6beB, Pmin,°

4m
Bmin = arcsin (—) > 8°
b,

22. ®akTUYeCKU yroin B =arccos (0.5 - Zy,
HaKJIOHa 3y0ObeB, B1O JIOJDKHO BBIIOJIHATHCS
yCIIOBHE:
8°< B < 20°
23. llupuHa BeHIa
Koneca, b2, Mm b, = W, - ay
24. lllupuHa BeHIA b; = b, + 3 MM

niectepHu, b1, Mm
25. Koo dumment
CMEIIEHNs, X -

26. dakTHueckoe I

TepeIaTogHoe YUCIO0, Ugp Yo A
[Tpumep. Paccumrtarh 3aKkphITYI0 KOCO3yOyI0 Tiepenaqy (peayKTop).

HcxonHble TaHHBIC B3SATHI U3 TPAKTUYECKOTO 3aHATHS Ne6 (my1st 2-T0 Basia)

—  BpaIarouIuii MOMEHT Ha Bamy mectepuu T; = 51,8 H - m;

06 .
— yYacToTa BpameHus ny, = 715—;
MHH

—  MepeJaToOvYHOE YHCIIO PeayKTopa U= 4 (OpUCHTUPOBOYHO)

—  3ajgaHHBI pecypc nepenadn (cpok ee ciayxon1) L, = 12 - 103 4 (mpumepHo Tpu Toza pu
JIBYXCMEHHOU paboTe);

— mepenada HepeBepcuBHas (pabora 3yObeB OHOW CTOPOHONN);

—  Harpy3ka Onm3Kasi K OCTOSTHHOM;

—  PpacCIoOJIOKCHUC 3)/6anle KOJICC OTHOCUTCIIBHO OIIOp — CUMMCTPHUYHOC.
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Pemienne:

A) IIpoekTHPOBOYHBIN pacuyer

1. Mamepuan wecmepnu u Koneca.
Kenast morydnTh HEOOIBITME pa3MeEPhl PEAYKTOPA, BEIOUpAEM sl H3TOTOBIICHHUS 3y0UaThIX

kosec ctanb Mapku 40X (cm. Tabn.12.1, c. 140) ¢ TepmoodpabOTKOii:
e s miecTepHu — ynyurienne mokoku (Hi1 =269 302 HB) u 3akanka 3y6a TBY no
TBepocTH Ha noBepxHoctu 3yObeB H1 =45 50 HRC npu nuamerpe 3aroroBku
D <125 mm.
e IS KoJieca— ynydmeHnue nokoBku (H2 =269 302 HB) B mpeamnonoxxeHuu, 4To 4To
HauOOoJIbIAs TOJIIMHA CEYCHUS 3ar0TOBKH Kojieca S < 80 Mm.
Haxoaum: Hicp = 0,5(45 + 50) = 47,5 HRC; Hacp = 0,5(269 + 302) = 285,5 HB.
Crioco0 momy4yeHust 3ar0TOBOK KOJIEC — TOKOBKA.
2. OpueHmupoeouUHoe 3HAYCHUE MENHCOCE8020. PACCMoaAnUA HaxoauM 110 ¢dopmyiie 13.17, c.
164 ipu K=8, T.x. H 1> 45 HRC , a H> < 350 HB, Torna

aw=R(u+1)

=84+ 1)« |52 =93.92 mu/
Oxpy>KHasi CKOpOCTh 3y0uaroro koneca (gpopmyna 13.18, c.164)

2-3,14-93,92%715
=—————=141m/c.
60000(4+1)

3. Aonycxkaembvle konmaxkmuple nanpaxcenus (c.161):
a) mo 1a6m.12.8, ¢. 152 uaTepnonupoBaHneM HaXOAUM 0a30BOE YUCIIO IIUKJIOB HATIPSKEHUH,
COOTBETCTBYIOIIEE MEPEIIOMY KPUBOH yCTAIOCTH (TIpeIeTy BEBIHOCIUBOCTH):

— i mecrepin: Nyg = 66,2+ 10°, 1.e.(10°- 68 — (Z=2-0,5) - 10°) = 66,2 - 105;

5

— s xoneca Nyg, = 22.5-10°.

0) YKCIIO IMKIIOB HArpYyKEHHs 3yObeB LIIECTEPHU 3a Bce BpeMst paboThl pu n, = 1 (¢§.12.2,
c.145)

— mecrepuu: Ny; = 60-715-1-12-103 = 515-10°

— xomeca: Ny, = 515-10°/4=129-10°
DKBUBAJICHTHOE YMCJIO ITUKIIOB HArpykeHwust 3yoneB (popmyne 12.1, c.145), 3HaueHue
KoaduimenTa ts — no 1adn.12.2, c. 146. ps =1,000, T.K. pexxum HarpyxeHus (10 YCIOBHIO)
OJIN3KUI K IOCTOSTHHOMY,
— TO U 11 mecTepHu -Nyg, = 515 - 10°;

— xoseca = Nyg, = 129-10°
B) T.K. Nyg, > Nyg,; 515+ 10 > 51,8 - 10°;
Nyg, > Nyg,; 129 - 10° > 16,2 - 10°, To no ycnosuio ¢.12.11, ¢.152, npuanmaem
KOA(PUITUEHTHI JTOJTOBEYHOCTH:
Zy,=1nZy, =1
o B mpeanonoxeHnn napameTpa MepoOXOBATOCTH COMPSKEHHBIX TOBEPXHOCTEH 3yObeB
R, = 0,63 ...1,25 MkM npuHuMaeM K03 GUIIMEHT, yUUTHIBAIOIINI BIUSHUE
IEPOXOBATOCTH Zp, = Zp, = 1
o Ilo tabn. 12.9., c.152 npunumaem 3HaueHNE K0d(D(PHUIIMEHTA, YIUTHIBAIOLIETO BIUSIHIE
OKpY>KHOH ckopoctu Z;,, = 1, T.XK. v - 10 5 M/c, a TBepaocTs > 45 HRC.
o Koabdunuent 3anaca mpounoctu 1yist mectepHu (3akanka TBY)
[S1y, = 1,2 ; nna 3y6uatoro xoneca (ymyqmenue) [S]y, = 1,1 (cm. § 12.5)
r) [To popmynam Ta61.12.7, c. 148 onpenensieM npeessl KOHTAKTHOW BEIHOCIIUBOCTH:

4
- S MECTCPHU .
Al cerep d H ll{n=17HCp+200=17'47,5+200=1007,5 —M]:IZ

!
AIBL KONIECa —0 H lim=2+H2cp+70=2+285,5+70= 641— >
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) TOTyCKaeMble KOHTaKTHBIE HanpsikeHwus mo ¢popmyie (12.10, c.151)

—  JUIA IIECTEPHU [o]y, = oy li{n.ZNl Zg, " [5]:1
[o]y. = 1007,5-1-1 ! = 840 A
9lH;, = ’ 1,2 MM?
— s KoJieca [0]y, =641+ 1x1x 1—11 = 583 %

JlomyckaeMble KOHTAKTHBIE HATIPSOKEHUS IS pacueTa [MIMHAPUYECKON IepeIadn ¢
HenpsMbIMU 3yObsimMu (popmyia 12.12, ¢.153) B cBS3U C HAKIIOHHBIM PACIIOJIOKEHUEM JIMHUHN
KOHTAKTa, JI0IyCKaeMOE HalpPsHKEHUE [0 | ONpEeNesIoT ¢ y4eTOM AOIYCKAEMbIX HAIPSKEHUI

uectepuu [o]y, 1 koneca [o]y,
[0l = 0,45 ([o]y, + [0]w,) = [0]n,,,,
IPH BBIOJIHEHUH YCIOBHS JUTS IIMJIMHAPUYECKHX niepenad [y < 1,25[0]Hmm:

[6]y = 0,45([0]y, + [0]y,) = 0,45(840 + 583) = 640 % > [oly,,,. = [o]y, = 583 MIla

I[TIpu >TOM ycnosue: [o] < [o]y < 1,25[0’]Hmin—>640%< 1,25 * 583 = 729 ﬁ

Hmin
coOroaercs.

4./lonyckaemvie nanpancenusn uzzuoa (cMm. § 12.5)

a) 6a30BO€ YUCIIO IIUKJIOB HAIPSKEHUH, COOTBETCTBYIOLIEE MPEETy BBIHOCIUBOCTH 3yObeB
npu usrube, Ni, = 4 - 10° (c.154)

0) SKBHBAJICHTHOE YMCJIO IUKIJIOB HATPYKeHUsI 3yObeB HaxoauM 1o popmyie (12.1, c.145)
Np, = up - Ng,

rae g — (o 1abm.12.2, ¢.146) — ko3 PHUIHUEHT SJKBUBAJICHTHOCTH: Ur = 1, T.K. PSIKUM
Harpy>KeHUsl IOCTOSTHHBIN, T. €. «0» (CM. yclioBuUe 3a7a4n).

— A ectepHu qp, = 9 (3akanka 3yones TBY)

— Ui KoJleca qp, = 6 (yayduieHue),

TOT/A Up, = 1,000; Up, = 1

—  nust mectepuu Npg, = 1-515- 10® = 515-10°

— gt koneca Npg, = 1+129-10° = 129 -10°

B) T.K. Npg > Npg,,T.€e. 515 10>4-10%u Ngg,> Ngg,, T.€.129 - 106> 4-10°, To

K03 GULUEHTHI OATOBEYHOCTH Yy = 1; Yy, = 1;

o mpuR, =0,63..1,25MkM,; Zp = 1; Zp, = 1.

o Y, - koo duient, yuuTeIBarONi IBYCTOPOHHEE MPUIIOKEHHE HATPY3KH.

T. x. mo ycnoButo paboTa Kojiec HepeBepcuBHasi, To Y, = 1.

o Yy -xo3ddunment, yauThIBaromuii cnocod mnosyyeHus 3aroTOBKU KOJIec:

Juist mokoBku Y, = 1 (c. 154)

o ko3addunuenr 3amaca npounoctH [S]y = 1,7 (cm. § 12.5).

r) [To Tabm. 12.10, ¢.153 onpenensieM mpeesbl BBIHOCIUBOCTH 3yObeB MPH U3THOE:

H
—  JUIs LIECTEepHHU, Ipeamnonaras, yto m < 3MM, OFjim = 580 —
MM

~ s Koneca O,,,,, = 1,75 Hyq, = 2855 1,75 = 500 —
JT) ToIycKaeMble HampskeHus u3ruda mo gopmyse (12.13 ¢.153)

Yz
[O’] =0 Yv-Ye Y, ——
F Flim N R1 A [S]F )
— IS MIeCTepHH [U]F1=580-1-1-1-L—7=341W
1 H
— JJIA KOJIECa [U]FZ=5001115=294W

5. Kosgppuyuenmut nacpysku (cm. § 12.4).)
a) mo tadn. 11.2, ¢.133, opueHTHpYSCH Ha Mepeaayu 00IIero MAaTMHOCTPOSHUS, Ha3HAUYaeM
8 10 cTeneHp TOUHOCTH Tepenadn. 3atem rmo tadi. 12.5, ¢.149 u 12.6, c.150 unTepnonupys,
nonydaeM (Oepem 1o KoJecy)
78



Ky,, = 1,03; Ky, = 1,03; npuv=1,41 m/c (c.149, 1a61.12.5)
Kr,, = 1,03; Ky, = 1,06; (Ta61.126, c.150).
OxkonuatenpHO npuHUMaeM Ky = 1,03; Krv = 1.06;

0) npuHUMaeM K03 UITMEHTHI IMIMPUHBI BEHIIA TSI CAMMETPHUYHO PACTION0KEHHOTO
oTtHOcUTeNIbHO omop koseca Wy, = 0,315 (c.160); ITo dhopmyne (12.6, c. 148)
Y., =05%,(u+1)=05%0315(4+ 1) =0.788
o K°p - K09 puurenT HepaBHOMEPHOCTH PACIIPE/IENICHUS. HATPY3KH B HAYAIIbHBIA IIEPUOL
paborsr (Tabun. 12.3, ¢.148) Gepem no Kosecy ¢ MeHblIeH TBEPAOCTIO); Koyg = 1,07

L. 0,188) = 1,07).
o K, - ko3 Punment, yuntsiBaromuii npupadoTKy 3yObeB HaxoauMm 1o tabdin.12.4, c.148

JU1s 3y04UaToro kKojeca (kak MeHee TBepnoro): k,, = 0.45, r.xk v = 1.41 m/c; HB,cp = 285,5
Torna 3nauenue Kyg — nocie npupaborku 3yones (hopmyia 12.7, c. 148);

(paccuuran myrem unTepnonuposanus: K°yg = 1,04 + (

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

o Kgg — k09 punuenT HepaBHOMEPHOCTH PACTIPEENECHUS. HATPY3KH 10 JJTHHE
KOHTAKTHBIX JIMHUH HaxoauM 1o gopmyre (12.9, c. 150)

Krg = 0.18 + 0.82 K°y = 0,18 + 0,82*1,03 = 1.025

B) JUISI IPUHATON TBEPAOCTH NoBepXHOCTeH 3yObeB mecrtepun Hy=45...50 HRC u koneca
H,= 269...302 HB mno d¢opmyne (12.5, c. 147) naxomum 3Ha4yeHHS KOd(DPHUIIUESHTOB
pacrpeneseHnsi Harpy3Kd MEXAy 3yObsIMH Ui HA3HAYCHHOW 8-1 CTENEeHH TOYHOCTH TepeIadn:
(7151 KOCO3yOBIX Mepeaay)
Ko = 1 + C(ng, — 5) npu yenosuu 1 < Ky < 1,6,
rne C=0.25,1.x. H; > 350 HB,a H, <350 HB,
Torna Ky =1 +0.25(8 - 5)= 1,75, - 4T0 He COOTBETCTBYET ycloBHIO, T.c. Ky, > 1.6,

[lpunnmaem Ky = 1.6 ; K = Ky = 1.6.

') HAXOIUM 3HaueHHe KOdPPHUIMEeHTOB HArpy3ku mo Gopmynam (12.4, c. 146) u (12.8, c.
150) mpu Kp=1 (c. 146)

Ky = Ky - Kyg - Ky - Ky =11.031.0316=17
KF == KA . KFB . KFU . KFZ == 1 . 1025 . 106 . 16 S 174

6. Mescocesoe paccmosanue. I1o hopmyne (13.13, c. 160) yTouHsieM MEKOCEBOE PACCTOSHUE

a,, = Ky(u+ 1)3 &,
Wha-ux[o]?

rae K, = 410 — nns koco3yObIx niepenay

3, 1.67-51.8 3 _
[Mpuanmaem |mo F'OCT 2185 — 66, 2-i psin law=112 mm, wu ((2), ¢.36).

7.Ilupuna éenya Koreca u wiecmepHu.
b, = Wpa+ aw=0.315-112 =35,2 MM, npuHuMaem b, = 35 MM
b; = b, +3 MM =35+ 3 = 38 Mmm.

8. Hopmanwhulit mooys 3y0ves
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MunumasbHoe 3HaueHue (popmyna (13.16), ¢.163)
K Kp Ty (u+1)
Hmin = = awlole
rae K, = 2.8+ 103- qns koco3y6sIx nepenau, (c. 163)
2.8-103-1.74- 51.8(4 + 1)

= = 1,09
Mmin 35112 - 294 MM

MakcumanbsHoe 3HaueHue (popmymna (13.19),c. 165)

Zaw  2-112
17(u+1) 17(4+1)
Mo cranmapty T'OCT 9563 — 60 (cm.(1), Tabm. 11.1, ¢. 127) , unu ((2), ¢.36) npuHEMaeM u3
NIEPBOTO psijia m = 2Mm.

mmax -

= 2.64 MM

9. Yeon naxnona 3yoves konec:

a) MPEeIBaPUTEIILHO OMpeIesieM MUHIMAIbHBIN yTrol HakIoHa 3yOobeB (hopmyia (14.9), ¢.176)

4m
Bmin = arcsin (—) > 8°
b,
4-2

Bmin = arcsin (E) = arcsin 0.228571 = 13,212°

YcnoBue Bi, = 8° BbINOJIHEHO
0) cymmapHoe uucio 3yoseB (popmyia (14.10), c. 176)
2aw -+ coSBmnin

Iy =171 7, =
» 1t 4 m

[TomrydeHHOE 3HAYEHUE OKPYTIISIOT B HAMMEHBIIIYIO CTOPOHY JIO IIEJIOTO YKCIIa.
7o — 2112 -cos13,212° 2 - 112 -0.973 109
%= 2 B 2 -
[Ipunumaem  Zy =109

B) (hakTHueckuii yroy HakioHa 3yObeB (popmyina (14.11), c.176). PekoMeHryembie 3HAYCHUS
yII0B HakiIoHa 3y6a: 8°< B < 20

B =arccos (0.5 Zy %)
B = arccos(0,5 * 109 x —) = 13,291°
I') 4MCII0 3yObeB IIeCTepHU Z; ¥ Koneca Z, (dhopmyna (13.21), c. 166)
Zy= 2> Ly Ly =TIy — Iy
7, = i—ii = 21,8, npunumaeM Z, = 22; Pexomennyercs Opatp Z = 18...35;
Z, =109 — 22 = 87.

10. ®akmuueckoe nepedamounoe 4ucuo

_ L _ 87
Y= 7 T 27

JIsl JaJbHEUIINX pacueToB MpHHUMAeM U = Uy = 3.95, uto MeHbIe 3aganHoro Ha (- 1,27%
p p 0
(momyckaercs otkiaonenue 10 +4%), 1. e. (3,95-4)/3,95*100 = - 1,27%

11. Ocnosenwie zeomempuueckue pazmepul nepeoauu.
o JlenwrtesnbHbBIE UAMETPHI MICCTEPHH U Kojieca (popmyima (14.1), c. 173)
mz, 2.22
= = = 45.221 mwm;
cosf3 €0s13,291° 0.973
d, = 22 = 2% _ 178828 mm.
cosf3 0,973
o JluameTpsl BepIIuH mecTepHH U Koeca (popmyna (14.2),c.173)

d1=
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dy,=d; +2m = 45,221+ 2 - 2 = 49.221 my;
dy,=d; +2m = 178,828 + 2 - 2 = 182,828 mm.
o JlmameTpsl BraauH mecTepHu u koineca (popmyana (14.3), c. 173)
dg,=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 paccrostaue (hopmyina (14.4), c. 173)
_dy+d; 45221+ 178,828
2 2

Ay = 112,025 Mmm.

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

= 2289 H
t Ay 112

o Pammanenas cuna (popmyna (14.6), ¢.175)
. Fe-tga® 2289 tg20°  2289-0.364
L=

= —= = H
cosf3 0.973 0.973 856

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

b. IIpoBepounblii pacyer

13. IIposepounsiit pacuem na konmaxmuyro npounocms (hopmymna (13.13), ¢.160)

ZO' KH~T1(u¢+1)3
= — ’— <
GH aw bZ'ucl) — [G]H’

rie Zs Ui Koco3yOosIx nepenad Zs= 8400,

Torma o, =200 [LZSLOGISHD} _ 7o, /77985 = 659 nmm? < 640 - [o],,
112 35-3,95 MM

4T0 GoblIe gomyckaemoro[o]y = 640 H/mMM? Ha 3% (momyckaercs neperpyska 1o 5%,

640—659
—2>.100 = 3,0% < 5%)

e (CienoBaTenbHO:

(meperpy3ka =

1) konmaxmmuas npounocms 3y6a obecneuusaemcsi.
2) paccuumarnnvie napamempuvl nepeoayu NPUHUMAEM 30 OKOHYAMeNbHble.

14. IIposepounwtit pacuem na npounocms npu uzeuoe (hopmyna (13.14), c. 162)
KF * F
= Yrg - YegYe < [o]r

b-m
a) SKBHBAJIEHTHOE YKCI0 3yObeB (popmyina (14.5), c. 174)

Ofp =

L, =——==
Y cos3B
7 22
- IECTEPHU Zy, = 053~ 013 2or 23,88 = 24
Z 87
- KoJIeca Z,, = —=—= = 94,45 ~ 94
2 cos3p3 c0s313,291

6) mo tabm. 13.1 (c. 162) npunumaem ko3P PUITHSHTHI POPMYJIIBI 3y0a U KOHIICHTPAIHH
HanpsHKEHUH npu Kodddunrente cMemenus x=0:
- wecTepHu Ypg = 3,94; (3,94-4,08) /5*4 =+4,08 = 3,94;

222200 14 = 3.59, wrax, Y, = 3,59.

-KoJyieca YFSZ= 3.60 +
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B) Yg — ko2 duument, yauthiBaromuii Haknon 3y6a (hopmyna (14.8), c.176)

o

_{_B
Yg =1-

~og TIPH YCTIOBUH Yg = 0,7

13,291°
100

Yg =1— =0.87 = 0.7, T. e. ycIIOBHE BBIITOJIHEHO
Yg = 0.7.
r) Koaddunmenr Yy, yuuTsiBaronuii nepekpoiTue 3yoObeB B Koco3y0oi nepenaue, Yy = 0.65.

(cM. § 14.4)
,I[) PACUCTHBIC HAITPSXKCHUA 1/131"1/163 B OCHOBAHUU HOXKHN 3y6a:

o kojeca (hopmymna (13.14), c.162)

_ 1.74-2289
T 35.2

H

+3,59 * 0.87 % 0.65 = 116 — < [o]5, = 294

MM2
o mectepuu (popmyna (13.15), ¢.163)

Yr

S1

[o]F, - YFg (116+3,94) H H

. — 1 _ ’ — —

OTCIOJIA: O, = Yrg = e - 127 — < [or]; = 341 —
2

o [Ipounocms 3y0ves Ha us2ub obecneyusaemcs.
BoiBoa:

U3 nposepounozo pacuema ciedyem, ymo 014 paccuumuléaemoli napuvl 3y04amulx KoJiec
OCHOGHbBIM Kpumepuem padomocnocooHoCmu A611emcsa COnPOmueieHue yCmaiocmu no
KOHMAKMHBIM ,a He N0 U32UOHBIM HANPAINCEHUAM.

15. ITpuzoonocmo 3azomoeok wecmepnu u Koueca (cm. puc. 12.1, ¢.139 u § 13.6. ¢/ 167)
- lmaMeTp 3arOTOBKH IIECTEPHU
Dyor = dy, + 6 MM = 49,221 4+ 6 = 55,221 Mm <D = 125 MM
- JI71s1 KOHCTPYKITUH KOJIeca C BRIEMKaMH TOJIIIMHA CEYCHHUS 3aTOTOBKH
Ssar =05 b, =04-35=14mMMm i S,,, = 8 m = 8 - 2.= 16 MM, uto MeHbIe S = 80 MM.
BobiBoA: Ycnosua npuzoonocmu 3a20mo6oK Koiec 6binOIHAIONCA.
16. Pe3ynvmamot ceéedem ¢ maoauyy.

Tabnuua - ['eomeTprueckue napaMeTpbl HIWIMHIPUIECKON KOCO3yOol Tiepeaayun

[Tapamerp, Pacuetnbie popmyIibl Pesynprar
o0o3HaueHHE
1.HopmanbHbIi
MOJIyJb, M, I'OCT__ 9563 - 60 2
MM
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2.MunumansHoe
3HAYCHHUE MOTYJIA,
Mmin,

MM

Kn* Kg: Ti(u+1)

Moy =
mn b, - ay[o]r

1,09

3.MakcumaipHOE
3HaYeHUE MO,
Mmax,MM

_ 2aw
Mmax = 7700+ 1)

2,64

4 JlenuTenbHbIN
JTUAMETp IIeCTECPHH,
di,MMm

m*z1/ cosf3

45.221

5. lenutenbHbBIN
JIMaMeTp KoJeca,
d2, MM

m*z2/ cosp

178,828

6.lnameTp BepIINH
3yObeB LIECTEPHHU,
daz,MM

di+2m

49.221

7. [lnameTp BepIIUH
3y0ObeB KoJeca,
dazmMm

d2+ 2m

182,828

8. lnametp BaguH
3yObeB LIECTEPHU,
dr, Mm

di1-2,5m

40,221

9. lnametp BHaguH
3y0ObeB Koeca, d,
MM

d2-2,5m

173,828

10.IIar

HOPMAJIBHBIU, P, MM

m*n

6,28

11. OxpyxHast
TOJII[HUHA
3y0ObeB,St,,MM

T*m/2

3,14

12. Bricora 3y0a,
h, Mm

2,25*m

45

13 BricoTa rojoBKU
3y0a, ha, MM

m

14BricoTa HOXKKHU
3y0a, h, MM

1,25* m

2,5

15. PaguanbsHeli
3a30p, ¢, MM

hf, - ha: 0,25 *m

0,5

16. CymmapHoe
YUCII0 3yObeB, Zy

Iy =7,+7Z, =
> 1 2 m

2aw - coSPmin

109

17. Yucno 3y0ObeB
IIeCTepHH, Z1

22

18. Yucno 3yOneB
KoJeca, 22

87
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19. MexoceBoe Ku- T
paccrosiHue, awMM, | a,, = K,(u + 1)3 Sl » 112
. *
TOCT 2185 - 66 Foarux o],
20. MexoceBoe
paccTosIHUE, aw,MM ay = 14z _ du (U + 1)/2 112,025
(yrounenHoe) 2
21.Yron HaKIoOHA _(4m o
3y6beB, Pmin,’ Brmin = arcsin (E) =8 13,212
22. ®axTHuecKuit B = arccos (0.5 Zy,
yroJ HakJIOHa JIOJDKHO BBINIOTHATHCS YCIIOBUE:! 13,291
3yGbes, B,° 8°< B < 20°
23.1lInprHa BeHIIa
Koueca, b2, Mm b, = Wy, ay 35
24. lllupuHa BeHIA b; = b, +3 MM 38
1iectepHu, b1, Mm
25. Koappumment
CMCIICHMS, X - 0
26. dakTHueckoe I
epeaaTouHoe Up = A 3,95
9KCIT0, Ug
3aaHue

PaccumnTaTh 3aKphITYI0 KOCO3yOyt0 mepenaady (peaykrop). MicxomHbie 1aHHbBIE
B3STh U3 MTPAKTUYECKOTO 3aHATHS Ne6 yist 2-To Bajna (cMm 1abi. 3 u 4):

— BpaIarnuii MOMEHT Ha Bay mectepuu T, H - M (B T26:1.3
9TO OyAeT BenmuuuHa T>2);

006
— yacToTa BpalieHus n; — (B Ta0:1.3 310 OyaeT BeJuunHa N 2);
MWH

— nepeaaTovHoe YHCIo peaykropa U
(OpUEHTUPOBOYHO), B TA0JI. 43TO Us.n;
— 3aJIaHHBIN pecypc nepenadu (Cpok ee ciryxosn1) Ly, = 12 -
103 4 (mpuMEpHO TPH rojia IPH ABYXCMEHHOM paboTe);
— nepenayda HepeBepcuBHas (paboTa 3yObeB OJTHOM CTOPOHON);
— Harpy3ka OJiM3Kasi K OCTOSTHHOM;
Pacnonosxenue 3y04aThIX KOJIEC OTHOCUTEIHHO OTOP — CAMMETPHUYHOE
Pe3ynbratel pacueToB cBecTH B Tabnuiy. CaenaTh BbIBOJBI.

4.ITopsimOK BBITIOTHEHUST PAOOTHI
4.1 O3HaKOMHUTHCH C 3aJaHUSIMU,
4.2 VI3y4uuTh 00IIHE B TEOPETUYSCKHUE TTOJIOKESHHS TI0 TEME TIPAKTHYECKOTO
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3aHSTHS;
4.3 PemnTh 3a/1a4d CBOETO BApUAHTA;
4.4 Tloka3aTs pe3ynbTaThl paCU€TOB MPETOIABATENIO

5.Bompocsl 1151 camonpoBepKu

5.1.KakoBbl MpeuMyIIecTBa KOCO3YOBbIX UMWIMHAPUYECKUX TMepeaad 1o
CPaBHEHHIO C IPSIMO3yObIMU?

5.2 Kak Bnusier Ha paboTy Koco3yOoi mepemaadun M3MEHEHHE yrila HaKJIOHa
3yObeB? PexomeHnayemble 3HaueHUs ATUX yrioB. IloueMy orpaHudmuBaroT
MaKCHMaJIbHOE 3HaUCHHUE yTiia HaKJIoHa 3y0a?

5.3.Kakue mMomynu 3amemieHus: pa3andaroT A1 KOCO3yObIX KOJIeC U KaKoBa
3aBUCUMOCTh MKy HUMU? Kakoil MOyNib cTaHIapTH30BaH?

5.4 V3MeHeHne, KakuxX TapaMeTpoB 3yOuaThIX KOJEC BIUAET Ha UX
KOHTAKTHYIO MIPOYHOCTH?

5.5.I1louemy 3yOUaToe KOJIECO MOKET ObITh BHIMOJHEHO U3 MEHEE IIPOUYHOIO
Marepuasa, 4eM IIECTEPHS ?

5.6.B uem cymrHOCTb pacyeTa 3yObeB Ha KOHTAKTHYIO POYHOCTh ?

6. Jlomanraee 3agaHue

6.1 [ToaroToBUTH OTBETHI HA KOHTPOJBLHBIE BOTIPOCHI

6.2 OpopMHuTH OTHUET;
6.3 3yunTh peKOMEHIyEMYIO JIUTEPATYPY.

7. CIUCOK JIUTEpaTyphbl

7.1 Makcuna, E. JI. Texunueckas mexanuka : yueoHnoe nocooue mis CIT1O
/ E. JI. Makcuna. — CapatoB : Hayuynas xuura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TekcT : a1eKTpOHHBIN // DnekTpoHHO-0nbInoTeyHas cucrema [PR
BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.html

7.2 Kopones, I1. B. Texanueckas mexanuka : yaeoHoe nocodbue s CITO
/ T1. B. Kopone. — Capatos : [Ipodobpazoanue, Aii [Tu Ap Meaua, 2020. — 111
c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TexkcT : 3MeKTPOHHBIN //
OnekTpoHHO-O0nOMnoTeunas cuctema I[PR BOOKS : [cair]. — URL:
https://www.iprbookshop.ru/88496.html
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ITpakTuueckoe 3ansTue No 8
Tema: PacueT pemeHHOM nIepenauun

Henb: ObecnieunTh 3aKpeIieHNe NOTYyUYEHHbBIX TEOPETHUECKUX 3HAHUHI U
IPUBUTUE YMEHUI B pacueTe mapamMeTpoB PeMEHHOM nepeauu 3youaTroro
OJJHOCTYIIEHUATOr0 peAyKTOpa

[Ipo1oKUTENEHOCTH — 2 Yaca
1.MarepuanbHOe U JOKyMEHTaIbHOE OOecrieueHue:

1.1 UnauBuayanbHOE 3aJ]aHUE;

1.2 Meroauyeckue peKOMEHIAlNK K TPAKTHYECKOMY 3aHSITHIO;

1.3 MUKpPOKaJIBbKYIATOPHI;

1.4 TOCTsr:

-TOCT 1284.1. — 89 «PemMHM npuBOAHBIE KITMHOBBIE HOPMAJIBHBIX CEYECHUM.

OcHOBHBIE pa3Mepbl U METOIBI KOHTPOJISY;

-TOCT 1284.2. — 89 «PeMHM NpUBOAHBIE KITMHOBBIE HOPMAJIbHBIX CEUYEHHUI.

TexHUYECKHUE yCIOBUDY;

-T'OCT 1284.3 — 80 «PemMHuM npuBOAHBIE KIMHOBBIE HOPMAJIbHBIX CEUCHUM.

Pacuer nepenau u nepegaBaeMoil MOIIHOCTHY;

- T'OCT 20889 — 88 «IlIkuBBI AJ1s1 TPUBOIHBIX KIMHOBBIX PEMHEMN

HOpMaJIbHBIX cedeHUH. OOIIMe TEXHUYECKUE YCIOBUSDY

1.5 JIuctel ctanmgaptHoro ¢popmara A4 (297*210) asis TEKCTOBOTO
nokymenTa mo ['OCT 2.105 - 95

2 JIutepatypa

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

3. O01ue U TeOPETUYECKHUE TIOJIOKEHUS TI0 TEME MPAKTUYECKOTO 3aHATHUS
PemeHHble mepegaym NPUMEHSIOT B OCHOBHOM ISl MEpeJayd JBHXKEHUSI OT
AIIEKTPOJBUTATEINSI, KOTJIa MEXOCEBOE PACCTOSIHUE JOJKHO OBITH JIOCTATOYHO
OOJBIINM, a TIepeAaTOYHOE YHUCIIO U MOXKET OBITh HE CTPOTO MOCTOSTHHBIM.
MormHoOCTh, TIepeaaBaeMas peMeHHOU mnepenayeit, 00bryHo 10 50 kBT. CropocTth
pemus v = 5...50 M/c. B coyetanum c ApyruMH TUMAMH TIepead PEMEHHYIO
nepeavyy NpUMEHSIOT Ha OBICTPOXOAHBIX CTYIEHSX MpUBoaa. B MammHocTpoeHuu
MPEUMYIIECTBEHHO MPUMEHSIOT Mepe/laud KIMHOBBIM peMHeM. KiinHoBbIE peMHU
UMEIOT TpaneuueBUIHOE MolepeyHoe cedyeHre. OHM padoTarT Ha LIKUBAaX C
KaHaBKaMU COOTBETCTBYIOIIETO peMHI0 mnpoduis. KiIMHOBbIE peMHU M KaHABKHU
IIKMBOB KOHTAKTUPYIOT TOJIBKO MO OOKOBBIM (pabo4yuM) MOBEPXHOCTSIM pEMHEN U
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OOKOBBIM TpaHsSM KaHAaBOK IIKMBOB. B mepemade 4acTo MPUMEHSIOT HECKOJIBKO

pEMHEN (KOMILIEKT).

J1y1st MpOEKTUPOBaHUS KJIMHOPEMEHHOM Tepeiadil HE0OXO0 UMbl HCXO/THBIC TAHHBIC:

pacyeTHas nepejiaBaeMasi MOILHOCTb, YCJIOBUS SKCIUTyaTalliy, 4acTOTa BpalleHUs

BEIYILETO IKUBA, IEPEIaTOYHOE YHUCIIO, CKOJIbKEHUE PEMHS.
llocnedosamenvnocms npogedenus paciema:

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

2.0npenenuTh JuaMeTp Beaymero mkusa mo popmyte ((7.25), ¢.130);

3.0npenenuth 1uaMeTp BeAoMoro mkuBa mo gopmyie ((7.3), ¢.120);

4.PacueTHble AMaMETpPbI MKUBOB ckoppekTupoBath o [OCT 17383 -73;

5.YTouHUTH NEepejaTOuHOE YHUCIIO (MIOTPEUTHOCTh HE I0JKHA MPEBLIIaTh 3%);

6.Br1Opath BeICOTY ceueHus pemHs 1o Taour. 7.3 (¢.120);

7.Paccunrarh MexoceBoe paccrostaue 1o Gopmyie ((7.26), ¢.130);

8.0mpenenuth pacueTHYIO JUTMHY peMHs 1o ¢opmyde ((7.7), c. 121);

9. Pacuernyro anuny pemas ckoppektupoBath o I'OCT 1284.1 - 80

10.YTOYHUTH 3HAaUEHNE MEKOCEBOTO PACCTOSIHUSA C YUETOM CTAaHAAPTHOW JIJIMHBI

pemust o gpopmyne ((7.27), ¢. 130);

11.0npenenuts yros ooxpata Beayuiero mkusa o gopmyse ((7.28), c. 130);

12.Haittu koaddurments o ta6i1.7.9, (c. 135), Tadn. 7.10 (c. 136), no popmye

((7.29), c.135);

13.Paccuntath uncio peMHei B nepeaaue mo popmyse ((7.29), c.135);

14.0npenenuTh HATSHKEHUE BETBU KIMHOBOTO peMHs 1o ¢opmysie ((7.30), ¢.136);

15.PaccuntaTh naBienue Ha Baibl o hopmyie ((7.31), c.136);

16.Haiitu mupuny mkuBoB (cM. Tabm. 7.12, c. 138).

[Mpumep: PaccuutaTh mepemady ¢ THOKOU CBS3BIO (KIIMHOPEMEHHYIO),
MOMEIIEHHYIO MEpel PEAYKTOPOM (3aKphITON KOC0O3y0ol nepeaayeii).

Wcxonnbie TaHHBIC B3ATHI U3 MPAKTUUECKOTO 3aHATUs No6 1)1l BEeyIIero
(Menblero) mkusa (Bain 1-i):
o mnepeaaBaemas MOIIHOCTh P = 4 kBr;

BpAILIAIOIINI MOMEHT Ha Baity T, = 26,7 Hw;

6
yactoTa BpamieHus n, = 1430,0 ﬁ;

yTJI0Basi CKOPOCTh ®1 (Mxs)= 150 pan/c;

nepeIaToyHoe Yucio U = 2 (OpUEeHTUPOBOYHO);
PEAYKTOP HEPEBEPCHBHBIIA,
pexuM pabOThI OHOCMEHHBIN;

O BaJIbl YCTAHOBJICHBI HA TIOIITUITHUKAX KAUYCHUS;
PesynbraTel pacueToB cBecTH B Tabnuily. Caenarb BBIBOIBI

O O O O O

Penrenue:
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1. Ilpunumaem ceuenue KIuH08020 pemusa no monozpamme Ha puc.7.3 (c. 134) B 3aBuCUMOCTH
OT YaCTOTHI BPAIICHUS MEHBIIIETO (BEIyIEro) MKHBA N U MepeiaBaeMoi MoIHOCTH P
MPUHUMAEM CEYCHHE KIIMHOBOTO PEeMHS A.

2. luamemp menvuezo (6edyuiezo) uwikuea no popmyse ((7.25), ¢.130)

dy~ (3..4)3T, = (3..4)Y26,7-103 = (3...4) - 2,988 - 10 ~ 90 ... 120 MM

CornacHo Ta6:1.7.8 (c. 132) npuaumaeM i pemueii cedenns «A» d; =90 MM
(TOCT 17383-73)
3. Iuamemp bonvwmezo (6edomozo) wmkuea o hopmyie ((7.3), ¢.120)
d, =uxd(1- ¢),
rie (&) — OTHOCHUTENBHOE CKOJIbKEHHE peMHsL. [ iepead ¢ peryIupyeMbIM HATSHKEHHEM
pemns - € = 0,01, Toraa d,=-2%90%(1-0.01) =178,2 MM
[Mpunumaem d, = 180 mm ( 'OCT 17383-73, wiu (1),c. 120)
4. Ymounsem nepedamounoe omuowenue
, d, 180
P d(1—€) 90(1-0,01)

u 2,02

[1pu 3TOM yrioBasi CKOpOCTh BTOPOI0 Bajia Oy/er
W 150 pan

1 Lne _ —
Wy, = u;m = m = 74’3?
Pacxoxnenue ¢ Tem, 4To OBIIO MOIyYeHO 10 IEPBOHAYATIBHOMY pacyeTy:
w2 =75 pan/c (cM. Tabn.3 mpakTHUecKoro 3aHaTus Ne 6)
o72.100 = 0,93% < +3%,
rae (£ 3%) - nonyckaemasi BeTMUMHA PACXOXKICHUS

CredosamenvHo, OKOHUAMENLHO NPpUHUMaeM ouamempul wkueos. d; = 90 mM; d, = 180 MM

6. Meastcocesoe paccmosnue a, cnenyet NpUHATH B uHTEpBaIe ((cM. popmyiy (7.26), c. 130)
dmin = 055(d1 + dz) + TO

Amax = dy +d3
rae Ty — BeIcOTa ceueHus peMHs (BbIcoTa ceueHus peMHs 1o tadin.7.7, c. 131). Ty = 8 Mmm
amin = 0.55(90 + 180) + 8 = 156,5 mMM;
amax = 90 + 180 = 270 MM
[IpuHMMaeM NpeaBapuUTENBLHO OIU3KOE 3HAUCHHE A, = 280 MM

7. Pacuemnas onuna pemnus no dpopmyie ((7.7), c. 121, 6e3 yuera npomycka Ha COSTUHCHHE
KOHIIOB)

d, — d;)?
L:Zap+0.57r(d1+d2)+M
4ap
L=2-280+05 314(90+180)+(180_90)2—560+4239+ o0° = 991
- S 4-280 2 120 MM

Brnmxkaitmiee 3nauenue o cranmapty [OCT 1284.1-80 (unum cm. 1a61.7.7, ¢. 131)—L=1000 mm

8. Ymounennoe 3nauenue mesxcoceeozo paccmoanui ap C YUCTOM CTaH,HapTHOﬁ JOJIWHBI pEMHA
L (cMm. popmyiny (7.27), c. 130)
a,=0.25[(L —w)+(L —w)%-2y],
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rae L - niouna pemus, B3stas mo [OCT 1284.1-80— L=1000 mm

w—0.5m(d; +d;) =0.5-3.14 (90 + 180) = 423,9 mm;
y=(d, —d;)? = (180 — 90)% = 8100 ;
a, = 0.25[1000 — 423,9) + \/(1000 —423,9)2 —2-8100] = 284 Mmm
[Tpu MoOHTaXKE TIepeIaYr HeOOXO0IMMO 00ECIICYUTh BO3MOYKHOCTD YMECHBIIICHUS MEKOCEBOTO
paccrosinus Ha 0,01 * L=0.01 * 1000 = 10 mm a5 oOneryeHus HaJeBaHUsI peMHEH Ha IIKUBBI U
BO3MOXKHOCTh yBenuuuBath ero Ha 0,025 * L=0.025-1000=25 MM a5 yBeIUYEHUs] HATSXKEHUS
pEeMHEiA.

9. Yzeon o6xeama menvuiezo wikusa no gpopmye ((7.28), c. 130)
d, —d,; 180 — 90

= 180° — 57 ———— = 162°
a, 284

10.Kosppuuuenm pesrcuma padbomot, yuumaulearoujuii ycioeusn IKCRayamayuu nepeoadu, no
ta0:1.7.10 (c. 136):
- JUTs IPUBOJIA K JICHTOYHOMY KOHBeWepy Mpu 0JJHOCMEHHOU paboTe

C, =10
11. Koagpdpuyuenm, yuumuiearowuii eausanue onunst pemus, no 'OCT 1284.3 — 80, wiu no
1a011.7.9 (c. 135):
- 151 peMHs ceueHus «A» nipu aiauae L= 1000 mm

C, =090
12.Kosppuyuenm, yuumuiearowuii enuanue yena oo6xeama (CM. OSCHEHHS K
dopmyie(7.29),c.135)
mpu a; = 162°,— C, ~ 0.955,

noJjsiydyaeM HHTepHOHHpOBaHHeM:(

o; = 180° — 57

1,0-0.95

.20 4 0.95): 0,955

13. Koaghdpuyuenm, yuumoirearouquii uucno pemueii 8 nepedaue (CM. OSICHEHUS K
dopmyne(7.29),c.135): npenmonaras, 4To YMCIO peMHEH B repeaave OyaeT oT 2 10 3, mpuMeM
k03 Punuent - Cz = 0.95

14. Yucno pemneii 6 nepedaue no popmyne(7.29),c. 135)

__ PG

" PoCLCaCz’
rae Py- MomHOCTh, IepeiaBaeMasi OTHUM KIMHOBBIM peMHeM, KBT (cm. Tabm. 7.8, c. 132...134);
Jnst pemust ceuenns «Ay» npu jymmae 1700 MM, pabote Ha mkuBe d; = 180 MM u U >3 1
YacTOTE BPALEHHUS MEHBIIETO MKUBA Ny = 1430 06/MUH MomuoCTh Po = 1,20 kBT
(mpumenmM Meto uHTepnonupoBanus: (1,21 - (1,21 — 1,05)/250*%20) = 1,20), TOCT1284.3-96,
c. 15. Ho y mac L= 1000 MM < 1700 MM, moaToMy BBOuM Koddduruent C;, Toraa

4 -1.0

2=120-090-0955 -0.95

=41

[Tpunumaem Z = 4.

15. Hamsasicenue eemeu Kiuno6020 pemus no popmyne(7.30),c. 136

850 P- Cp* Cp,
Zv-Cy
rae ckopocTb— V= 0.5wy; - dg = 0.5+ 150 - % =6,75M/c

F0: + 9172,

. H-C?
0- ko PuIMEHT, YUNTHIBAIOIINN BIUSHAE IEHTPOOEIKHBIX CHIL. [ > ] ;
M

Jns pemus ceuenust A koapdunueHt 0 = 0,1 (cMm. noscuenus k popmyne (7.30). c. 136)
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Torna
_850 -4 -1 -090

F, = +0,1-6,752=123H
™ 4 .6,75 - 0,955

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

o /162
FB=2F0-Z-sm7=2-123-4-sm(7)=984*0,988=972H

17. Hllupuna wixusos B, (cm 1a6m1.7,12 (c. 138))
Bu=(Z-1)e+?2f,
rae Z — 9ucio peMHeil B nepenaue; y Hac Z = 4,
€ — paccTOsTHUE MEXKIY OCSIMH KaHAaBOK;

f — paccTosiHre MekIy OChIO KpaliHeH KaHaBKH U OJIMKAUIIAM TOPIIOM KHBA.

OmnpenensoTcs B 3aBUCHMOCTH OT BBIOPAHHOTO CEUCHHUS pEMHSL. B HaIeM ciiydae Uit peMHsI
ceuenust A —e=15,0 mm, a f=10,0 mm (cm. TOCT 20889 -90, ¢. 6 , wu ta61.7,12 (c. 138)

Bu=(4-1)*15,0 +2*10,0 = 65 mm.
18. Pe3ynvmamul pacuemos ceedem ¢ mao.u.

Tabnuua — OCHOBHBIE TapaMeTpbl KIIMHOPEMEHHOM nepenadn

MM

ITapamerp, PacuerHbie popmybl Pesyinbrar
0003HaUYeHHE

1. Ceuenue A
KIIMHOBOT'O PEMHSI
2. JlnameTp MEHBIIIETO d, = (3.. 4)% 90
(Benyl1iero) MKUBA, 1o
dq, ['OCT 17383-73
MM
3. JluameTp OOIIBIIETO dy=uxd(1— ¢) 180
(BeoMoro) mIKuBa, o
d,, I'OCT 17383-73
MM
4.YTOuHEHHOE ;L d,
nepeaaToyHoe Upn = d,(1—¢) 2,02
OTHOMICHHE, Uy,
5. MexoceBoe amin = 0.55(d; + dy) + T, 156,5
paccTosiHue,
ap, MM, B UHTepBaJe Amax = d; +d, 270

d, —d;)? 1000
7.Inuna pemns, L, L= Zap +0.57m(dy +dp) + % 1o

I'OCT 1284.1-80

&.YTouHneHHoE

MEKOCEeBOE ap,=0.25[(L —w)++/(L —w)Z—2y] 284
PacCTOSIHUE, MM

9. Yron obxBata o o d; —d;

MEHBIIETO IIKHBA, ®, = 180° — 57 a, 162°
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Cp 1,0
10.KoMmoHeHTEI K C, 0,90
dopmye (7.29): C, 0.955
Cy 0.95
11. Yucno peMHeii B 7 = P-C,
nepenave, Z - P,-C-C,-Cy 4
12. HaTspxeHne BeTBU Fy = 850P Gy Gy 6v2,
KJIMHOBOTO peMHs, F, 20 Ca 123
H
13.Cuna, Fy = 2Fy - Z - sin—*
JICUCTBYIOIAs HA Ball, 2 972
Fz, H
14. lllupuHa MIKUBOB, Bu=(Z-1)e+2f 65

B, MM

*YcnoBHOE
0003HaueHune
KJIMHOBBIX pEMHEH

Pemenb cedyenust A ¢ pacueTHOM IIMHOM L =

1000 MM, c KOPpAHOU TKAHbIO B HECYILIIEM CJIO€:

Pemenv A -1000 T I'OCT 1284.1 -80

**YCI0BHOE
0003HaUYEHNE IIKUBOB

[IIxuB 1151 TPUBOAHBIX KJIMHOBBIX peMHEN THUMA 1, ¢ cCeUeHUEM
A, ¢ 4eThIppMS KaHABKaMU, PACUETHBIM JIMAMETPOM
d; = 90 MM C HUJIMHAPUYECKHUM MMOCAJ0YHBbIM OTBEPCTUEM

do = 25 MM, u3 uyryna mapku CY 20, mo 'OCT 1412 — 85:

Ulxue 1 4 4.90.25.CY 20 I'OCT 20889- 88

Paccuurars nepenady ¢ ruOKOM CBsI3bIO (KIIMHOPEMEHHYIO), TIOMEIICHHYIO TIepe/]

Bv1600: 110 UCXOTHBIM JAHHBIM MTPOU3BENICH PACUET Mepeaauu C THOKOM CBSI3BIO
(KJTMHOPEMEHHOH ), TOMEIIIEHHOU TIepe]l PeTyKTOPOM (3aKpBITON KOCO3y0oii repenadeii).

3aganue

PEAYKTOPOM (3aKpBITOM KOCO3yOol nepeaaueit).
HcxoHble 1aHHbIE B3STh U3 MTPAKTUYECKOTO 3aHATHS Neb 11t BeAyIero
(MeHbIIer0) IIKKUBA (BaJ 1-i1):

©)

O o0 o o O O

O

nepenaBaemasi MOIHOCT P = 4 kBT (MomHocTh NpUHATOTO

AIEKTPOABUTATENS);
W3 tabmune 3 B34Th:
Bpalllaroinii MOMEHT Ha Baity T, = 26,7 Hw,

6
yacTtoTa BpamieHus n, = 1430,0 t;

yTI0Bast CKOPOCTh W1 (M4e)= 150 pan/c;

nepeaTouHoe Ynucio U = 2 (OpUEeHTUPOBOYHO), (CM. TadI. 4);

PELYKTOpP HEPEBEPCUBHBIN;

pPEXHUM pabOThl OTHOCMEHHBI;

BaJIbl YCTAHOBJIEHBI HA MOJAIIMITHUKAX Ka4EeHHUS;
Pe3ynbpraTel pacueToB cBecTH B Tabauy. Caenarb BbIBOBI.
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4.T1opsiioK BBIOJIHEHUS pabOThI

4.1 O3HaKOMHUTHCS C 3aJaHUSIMU;

4.2 N3yuuTh 001IME U TEOPETUUECKUE MTOJIOKEHUS IO TEME MPAKTUYECKOIO
3aHATHUSA,

4.3 PemmTsh 3a/1a4n CBOETO BAPUAHTA;

4.4 TToka3ath pe3yJabTaThl PACUETOB MPETOIABATEIIIO

S.Bonpoce! 11t caMoInpoBEpKHU

5.1.Ilouemy nepenaToyHOE YUCIO PEMEHHON NEpejaul HEOCTOSHHO?

5.2.B 1eMm pasHHIa MKy YIPYTUM CKOJIBKEHHEM U OYKCOBaAaHUEM PEMHS?
5.3.KakoBbl JOCTOMHCTBA U HEJOCTATKU MEpeJayd KIMHOBBIM PEMHEM I10
CPaBHEHUIO ¢ Iiepeavei MIOCKUM PEMHEM?

5.4.KakoBa KOHCTPYKIHMS KIMHOBOTO pemHs? [louemy B KIMHOBOM peMHE
KOpJ pa3MEIIaloT B 30HE HEUTPAIBHOTO CJIOA?

5.5.Kakoii OCHOBHOW MapameTp ONPENEIS0T MPH pacueTe PEMEHHOU
nepeaavyy KIMHOBBIM, TIOJTUKIMHOBBIM pEMHEM ?

5.6.IlouemMy orpaHUYMBAIOT YUCJIO PEMHEH B KOMIUIEKTE?

5.7. Tlouemy npu TPOEKTUPOBAHMM PEMEHHBIX MEpeaau cieayeT u3derarb
MUHUMAaJIbHBIX TUAMETPOB ILIKMUBOB?

6. Jlomarrnee 3ajgaHue

6.1 [loAroTOBUTH OTBETHI HA KOHTPOJIBHBIE BOTIPOCHI

6.2 OdpopMHUTD OTYET;
6.3 3yuuTh peKOMEHAYEMYIO JIUTEPATYPY.

7. CIUCOK JTUTEpaTyphbl

7.1 MakcuHna, E. JI. Texunueckas mexanuka : yueoHoe nocooue mis CIT1O
/ E. JI. Makcuna. — CapatoB : Hayuynas xuura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TexkcT : a1eKTpOHHBIN // DNeKTpoHHO-0nOMoTeyHas cucrema [PR
BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.htmi

7.2 Kopounes, I1. B. Texanueckas MmexaHuka : yueoHoe nmocooue ms CI10
/ I1. B. KoponeB. — Capatos : [IpododpazoBanue, Aii [Ilu Ap Meaua, 2020. — 111
c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — Tekct : 37IeKTPOHHBIN //
OnekTpoHHO-OmOnMMoreunass cucrema I[PR BOOKS : [cair]. — URL:
https://www.iprbookshop.ru/88496.html
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[IpakTrueckoe 3ansitue Ne 9
Tema: PacueT nennou nepenauun

Henb: ObecnieunTh 3aKpeIieHUE NOTYyUYEHHBIX TEOPETHUECKUX 3HAHUH U
NPUBUTUE YMEHUH B pacueTe napaMeTpoB LEMHOM nepeiayu s MpuBoaa K
JICHTOYHOMY KOHBeENepy

IIpopomxuTenbHOCTD — 2 yaca
1.MarepuasibHOE U TOKYMEHTaJIbHOE 00eCIIeYeHNUE:

1.1 UnauBuayanbHOE 3aJ]aHUE;

1.2 Meroauyeckue peKOMEHIAlNK K TPAKTHYECKOMY 3aHSITHIO;

1.3 MUKpPOKaJIBbKYIATOPHI;

1.4 TOCTsr:

- 'OCT 13568 — 97 «llenu npuBOAHBIE POIMKOBBIE U BTyJIOUHbIE. O0IIHe

TEXHUYECKUE YCIIOBUSDY;

1.5 JTuctel crannaptHoro popmara A4 (297*210) nnst TEKCTOBOTO
nokymenta o 'OCT 2.105 - 95

2 JIutepatypa

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

3. O0mme u TeOPETUIECKUE TIOOKEHHSI TI0 TEME TPAKTUIECKOTO 3aHITHS
B npuBoaax ¢ ObICTpOXOAHBIMU JABUTATEISIMU LIEMHYIO NIepeaavy, Kak MpaBuilo,
YCTaHaBJIMBAIOT Mociie peaykropa (cm. puc. 1,113 Ne6). Pexomennanuu no
KOHCTPYUPOBAHUIO IIEMTHBIX TIEpeaay:
1.Bedomyro 6emawb 1I€NIN peKOMeHOYemcs pacnoiazams 6HU3)y BO N30eKaHNe
MOAXBAThIBAHUSI €€ 3BEHLEB 3yObsIMU BEAYILCH 3BE€30UKH.
2.JIns obecrieueHus 10CTaTOYHOTO CAMOHATSDKEHUS LIETIH HE CJIeAyeT JeIaTh yTroj
O HaKJIOHA TUHUU IIEHTPOB 3BE3/I0YEK K TOPU3OHTY OoJiee 60°. ITpu © > 60° Ha
68€00MY10 6em8b B MECTaxX HAaMOOJBIIIETO IPOBUCAHMS IIETIH YCTAaHABIIUBAIOT
OMMANCHYIO 36€300UK).

JluaMeTp OTTSKHOM 3BE3/I0YKH BBITIOJHSIOT OOJIBIIIE THaMETpa MEHBIIEH
3BE3/I0YKH TEpe/layu, OHA JOJIKHA BXOJIUTh B 3aIlCTUICHUE HE MEHEE YEM C TpeMs
3BEHBSIMU LIEIH.
4.1TockoabKY LIeTh B MIONEPEYHOM CEUEHUU HE 00J1a/1aeT TMOKOCTbhIO, 8a/lbl YeNnHOU
nepedayu OJDKHBI OBITh nApa/iielbHblMU, & 3BE3J0YKH YCTAHOBJICHBI B OJTHOM
MJIOCKOCTH.
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S.IIpuMeHneHune Tpex- U YEeTBIPEXPSAIHBIX LETEH HEXKENATENBHO, TAK KaK OHU
JIOPOTH U TPEOYIOT MOBHIIIICHHOW TOYHOCTH U3TOTOBJICHUS 3BE€3I0YEK U MOHTaXa
MepeIayun.
[Ipumep: PaccuuTtaTh nenHyro nepeaady st IpUBoAa K ICHTOYHOMY
KOHBeHepy, MOMEIIEHHYIO MTOCJIE PETYKTOPOM (3aKpBITOM KOCO3yOOoH
nepenayeit). Yueonuk (1).
Wcxonnbie TaHHBIC B3ATHI U3 MPAKTUYECKOro 3aHATus Ne6 (Basel 3 u 4) nis
BEAYIIEH 3BE30UKH:
Bpalnaromui MoMeHT Ha Bany (3-bem), Ts=T; = 199 Hum;

06
yacToTa BpalieHusi n; = ny; = 179,0 m;

yTJI0Basi CKOPOCTh M3 = 1 = 18,8 pan/c;

nepeaToOuHOe YUCTIO 1enHOoM nepeaadu Uy = 4,8 (OpUEeHTUPOBOYHO);
PEOYKTOP HEPEBEPCUBHBIN;

YToJI HAKJIOHA JIMHUM LIEHTPOB 3BE304€K K TOPU30HTY v = 450,

PexxuM paboThl OJHOCMEHHBII; BaJIbl YCTAHOBJIEHBI HA MOIIMITHUKAX
KaueHus. HaTsbkeHue uenu peryiupyoT NPHKUMHBIM POJIUKOM.
PesynbraTel pacyeToB cBecTH B Tabnuily. Caenarb BHIBOIBI

O O O O O

Penrenue:

1. B mpuBosax o01iero Ha3HauYCHUSI [IETTHBIC TTepeaavy MPUMEHSIOT B OCHOBHOM JIJIsl TOHVDKCHUS
YacTOTHI BpallleHUsl PUBOJHOTO Bajia. Hanbomnee pacrpocTpaHeHsl s 3TOH 1eTTU MPUBOIHbBIE
ponukoBsie 1ienn. [loaToMy: ébl6upaem npueoomnyio poaukosyo 00Hopaouyto yens (cM. T VI,
tabn. 7.15, c.147).

2. Qucno 3yoves (cMm. c. 148):

BEIYIICH 3BE310YKH Z; =31—2 Uyn > 11,

Z;=31-2%x48==31-9.6=214=22;,>7, . =13
-BEIOMOI 3BE37J0YKU Zy =17y Uyen, = 22-4.8=1056 <120
JlaHHOE OrpaHUYEHHE BBI3BAHO TEM, YTO MPH YHCIIE 3yOheB OOJbIIeH (BEIOMO) 3BE3J0UKH
6osee 120 BO3MOXKHO COCKaKUBaHUE LIEITH.
[Ipunumaem Z; = 22 u Z, = 106.
Toraa daxTrueckoe

L _106_,
Y =7 =0 T F
Otknonenne = 222,100 ~ —0.42 % < (1 ...2)% ,4T0 JOMYCTHMO

4.8
3. Pacuemnbotit ko3ppuuuenm nazpysku (cm. vi. VI, Tabm. 7.38, ¢.149 u nosicHeHUs K HEM).

K:-):KD'Ka'KH'Kp'KCM'Kn!

rae K, - xoagduimenT, yuuThIBarONINA YCIOBUS MOHTa)Xa M SKCILTyaTalliy [IEMHON Nepe1aun;

Kp =1 - nuramugeckuii KO3 UITUEHT MPU CIIOKOWHOW Harpy3ke (mepenada K JISHTOUHOMY
KOHBeHepy );

K, = 1 - yuutsIBaeT BiaussHEE MEKOCEBOT0 pacctostaus (ipu ag < (30...60)t —» K, -= 1);

Ky = 1 - yuuTbIBaeT BIMSHUE yTiia HAKIIOHA TUHUM [IEHTPOB, €CJIM ATOT YroJl HE MPEBHIIIAeT
60% B mannoM mpumepe ¥ = 45° o ycnosuio.

K, — y4uThIBaeT cnocod perynMpoBaHus HATSHKEHHUS LETIH,

Kp = 1,25 npu nepruoanyeckoM peryIMpOBaHUN HATSKEHHS LETIH,
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K- IpUHUMAIOT B 3aBUCUMOCTH OT crioco0a cMa3KH 1LIeTIH,;
K¢u = 1- npu HenpepbIBHOM cMa3ke
K, - yUUTBIBaeT MpOIOIHKUTENBHOCTh PA0OTHI B CYTKH, IPH OAHOCMEHHOM padore K, = 1.
Torna

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

4. Illaz yenu — no dpopmyne (7.38) ro. VI
JI7ist oTipeiesieHust mara ety Hal0 3HaTh JOIycKaeMoe JAaBjieHue [p] B mapHupax menu. B
tabmuie 7.18 (c. 150) nomyckaemoe naBieHue [p] 3a4aHO B 3aBUCHMOCTH OT YaCTOTBI BPAIICHUSI
BeAyLIei 3Be3004Ky U mara t. [Tosromy mst pacuera mo popmyite (7.38), c. 149 Benuuunoii [p]
CJIeJlyeT 3a/1aBaThCsl OPUEHTUPOBOUHO. Benyias 3Be3/10uka UMEET YacTOTy BpaleHUs

06
n, = 179,0 — (cm. ycroBue 3aaun). CpeqHee 3HaYCHUE AOITYCKAEMOTO JIABJICHHSI TIPH N
MHH

20006/muH [p] = 23 MIla.
[ar oxHopsaHO# memu (M = 1), Torma:

t =28+

I'ne T; - Bpamaronuii MOMEHT Ha Bajly MEHbIIIEH 3Be3/104kH , H:- MM

Z4- uucio 3yObeB TOMU ke 3BE30UKH

[p] — nonyckaemoe naBieHue, IPUXOASIICECS HA CAUHHILY TPOCKIIMU OMOPHOMN MOBEPXHOCTH
mapHupa, MIla

M — 4KcIo psajioB tenu ; m =1

K,- koapurmenT, yunThIBaroOmui yCIOBHS MOHTaXKa U HKCILTyaTaIluu IIEITHOM Mepeayn,

K, = 1.25. Torna
t=28* 3/M= 2.8 7,892 ~22.1 Mm
22-23-1

[Ton6upaem no mnutadn.7.15 (c. 147) nens NpUBOAHYIO POTUKOBYIO OJTHOPSAHYIO —>
I1P-25,4 — 60,0 mo I'OCT 13568-97,

umeromnyo t= 25.4 mm, paszpymaromiyto Harpysky Q = 60.0 kH, maccy ogHoro metpa nenu
q=256 % ¥ IPOEKIIMIO OTIOPHON MOBEPXHOCTH maphupa Ay, = 179,7 mm?

5. Cpeonas ckopocms yenu (c. 149)
Zy-t-my  22-254-179

~60- 105 60- 103

v =1.67 M/c

6. Oxpysrcnasn cuna
P Thw;  199-188
BhTw 167
7. IIposepsaem yenv no 06ym noxazamenam:

a) no uacmome epawienus - 1o taoin. 7.17, c. 149
JoIycKaeMast Jijis 1ernu ¢ marom t = 25,4 MM yacrora Bpamienus [N1] = 800 06/muH,
ycaoBue —N < [N1] BBIOIHEHO;

= 2240H

0) no oaenenulo 6 WAPHUPAX:

Jlasnenue ¢ wmapnupe niposepsieM 1o dopmyse (7.39), ¢.150 ( mpumeuanue x Tabmn.: Ecou Z; #

7, T0 TabnuuHbIe 3HaYeHUs [P] yMHOKaroT Ha Kodddurment K, = 1 + 0.01(Z; — 17)).

F, *K, 2240-1.25
A, 1797

pP= = 15.58 MIla

Yrounsiem no Tab:a. 7.18 (c. 150) nomyckaemoe naBieHue
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Jns mansoi nenu npu 179,0 Mo—lil 3nadyenue [p] = 23 MIla (mpu n =m0 200 06/Muu u t = 25.4

MM.), @ C Y4ETOM MpHUMedaHus 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 BbINOJJHEHO.

8. Onpeoensnem uucno 36enves yenu no popmyie (7.36), c. 148
AZ
Lt - Zat + O.SZZ +a_t y

rIe
dy
== 50 (cM. c.148)
Zy =71+Z, =22+106 =128
A= %t 106-22 1338
21 2-3.14
Tocoa

2

=100 + 64 + 3.58 = 167.58

L,=2-50+05-128 +

OkpyrJsieMm 10 4eTHOro uncia 168

12. Ymounsnem mesxncocesoe paccmosnnue yennoii nepeoauu no popmyse (7.37), c. 149

a, = 0,25t [L, — 0.5Z5 + \/(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

I[JIH CBO6OIIHOFO IMpOBUCAHUSA OCTIH NPCAYyCMATPHUBACM BO3MOKHOCTh YMCHBIUICHU A MCXKOCEBOT'O

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

13. Onpeoensem ouamemput denumenbHbIX OKPYIHCHOCHEIL 36€3004€EK
(cMm. popmyiy (7.34), c. 148)

t
%= sin@;
Z
25,4 25,4

dy, = 180 = 01423 - 1785 MM = 179 MM

Slnﬁ

254 254 _

dy, = Sin@ = 0.029€ — 857,2 MM = 857 MM

106

14. Onpeoensaem ouamempol HAPYHCHBIX OKPYHCHOCHIEI 36€3004 €K
(cM. popmyiy (7.35), c. 148)
D. =t(K, +0,7) — 0,31 - d,,
180,
—
d;- mnametp posnuka renu (¢ M. Tabm. 7.15,¢c. 122); d; = 15.88 mm

rae K, = ctg

180
De, =2, 4 (Ctgﬁ + 0,7) —-0,31-15,88 =254 -(6,955+0,7) — 4,923 = 189,5 mm
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180
D, = 25,4 (Ctgm + 0,7) —0,31-15,88 = 25,4 (33,733 + 0,7) — 4,923 = 869,7 MuM

15. Cunwl, oeiicmeyrouiue na uyeno:
- OKpyxHas — F = 2240 H — onpezenena Bbiie (cM. yHKT 6)
- OT LEHTPOOEKHBIX CUII —FE, = qv?,
rne (=26 % (cMm. myHKT 4);
v =1,67 m/c (cMm. myHKT 5); Torma
F,=26-1,672=725H
1276 MM
- ot npoBucanus Fr = 9,81 K¢-q- a,=9,81-1,5-2,6- oo = 49 H,
riae K¢ — Koo puuueHT, yunThIBaIOIMNA PACIONOKEHHUE LENH; IPU yTJIe HAKJIOHA nepeaayuu (1o
45%— K¢ = 1,5 (cM.c. 151).

16. Pacuemnasn nazpyska na éanol
Fo =F¢, +2Fp=2240+ 2-49=2332 H.

17.Ilposepsaem koagppuyuenm 3anaca npounocmu uenu o popmyie (7.40), c. 151

s=Q/(Fy -Kn+F,+F),
rae Q - paspymaronias Harpyska, H. Q = 60.0 kH = 60,0 10 H (cM. nyHKT 4);
Kz - muramuyeckuii koapduuuent. Kig= 1 (cm. myHKT 3)

$=160,010%/(2240 1+ 7.25 +49) = 60,0 103/ 2296 =26,1>[s] =7,3T.e.

3TO OOJIBINIE, YeM HOPMATUBHEIN Kod(uimeHT 3amnaca npoynoctu [s| =7,3;
(cm. Tabm. 7.19, c.151)

CrnenoBaTenbHO, yciosue —S = S| vinoaneHo.

18. Pazmepuit 6edyuyeit 36e3004Ku ONIPENIEITAIOT MTOCIE TPEABAPUTEIIHEHOTO pacyeTa BajJoB
peaykropa (B JaHHOM MpuMepe 3To OyeT BeaoMblii Ban 3, cM. puc. 1 B [13 Ne6, rae nHaxonurcst
3y6uatoe kojeco). Tz =199 Hm. YuuteiBas BiussHre H3ruda Bajia OT HATSHKSHUS TIETTH,
npuauMaeM [t], =20 MIla. /lnameTp BBIXOTHOTO KOHIIAa Basa

3/16-T 3[16-199-103-
ds3 = = = 37,0 mM.
[t]« 3,14-20

[To 'OCT 6636 -69 npunnMaem quamerp Baia ds = 40 M.
Teneps cMOKEM ONPEIETUTH pa3Mephl BEAYIIeH 3BE3I0UKH:

O CTyIHIIA 3BE3/I0UKH der=1,6 ds3 = 1,6 40 = 64 MM;

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

npuHuMaeM ler = 63 mm o 'OCT 6636 -69

o TommuHa aucKa 3Be3409Ku 0,93 Bey,
rzie Ben, -paccTosiHMe MEXTy TUITACTUHKaMH BHYTPEHHETo 3BeHa (cM. Tabm. 7.15, c.147).
Bsx = 15,88 MM, Torma ToamuHa aucka 3Be3gouku = 0,93 15,88 =14,8 = 16 mm 'OCT 6636 -69.

AHaJOrMYHO OIPENEISAIOT pa3Mephl BEIOMON 3BE30UYKH.

19.Pe3ynomameul pacuemos ceedem ¢ maonuuy

Ta6mmia — OCHOBHBIE TapaMeTPhl KIMHOPEMEHHOU TTepeaaun
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[Tapamerp, PacuerHbie popmyIbl Pesyinbrar
o0o3HayeHue
1.I' naBHEIN 31eMeEHT MPUBOIHAS
LIEMTHOH mepeavn 1EeTTh
2.Tun npuBogHON pOJIMKOBAas
1enu OJTHOPSIIHAS
3. YHucio 3yoneB Z;=31-2Uygn>11 22
BeJyLIEH 3BE3/10UKH,
4
4. Yucno 3yOneB
BEJIOMOM 3BE3/104KH, Zy, =71 Upyep, <120 106
Z;
5.PakTruyeckoe L
epeaaTouHoe Uuyn 7, 4.82
4UCIIO, Upy
6. PacueTHplii Ky =Kp - Ky - Ky - Kp - Koy - Ky 1,25
koadurmeHt
Harpysky, K,
5 25,4
7.IMlar uenu, t, MM t > 2.8+ 15 o
1[p]m I'OCT
13568-97
8.CpenHsisi CKOPOCTh Zyttmy
LIETIH, v= 60 - 103 1.67
U,M/C
9. OKpy>KHas CcHIIa, Ty wq 2240
F, H Fe, = =
if
10. JlaBnenue B b Fy, * K,
mapHupe, P, MIla A 15.58
11. Yuco 3BeHbEB L, = 2a, + 0.5Zy + a?
nernd, L; at 168
12. MexoceBoe
paccTosHue, d;, MM a, =025t (L, — 0.5Zy + /(L — 0.5 - Zy)? — 8A?) 1276
13. lnameTtp
JIeTUTEeTbHOM d = t
OKPYKHOCTH BEIyIIIEH g sin 180’ 179
3BE3JI0UKH, d , MM A
14. JTuametp
JIeIATETHHOMH d = t
OKPY’KHOCTH BEIOMOi 9 sin 180’ 857
3BE3JI0YKH, d,, MM Z
15. TnameTtp
HapyKHOU
OKPY’KHOCTH BEIyIIEH D, =t(K,+0,7)—0,31-d, 189,5

3Be3/109KH, D, MM
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16. Inametp
HapyXHOH

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

3BE310YKH, De2 MM

17. Cunnl,

JIEACTBYIOILME HA

nens, H:

- OKpY>KHasd , Ftu;

- OT LEHTPOOEKHBIX CM. II. 92 2240

cul, F; F, = qv 7.25

- OT MPOBUCAHHUS

FF=981-Kf-q- ay 49

18.PacueTnas

Harpyska Ha BaJbl, Fs, Fe = FtLl + 2F¢ 2332

H

19. Koappument

3araca MpoOYHOCTH s=Q/(F, ‘Knp+F,+F¢) 26,1

LIETH, S

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

MIPOYHOCTH BBIIIOJIHEHO

21. Pa3zmepsl Beaymic

3BE3I0YKHU, MM:

- CTYIIMIIA 3BE3/I0YKH, der=1,6 ds3 64

dcT;

-JUTMHA CTYIHIIBI, lcr; ler =(1,2...1,6) ds 63 T'OCT
6636 -69

- TOJIIIWHA JUCKA 16 mm I'OCT

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

22. YcioBHOE
0003HaueHue 1enu

Llenbp mpuBOHAS POIUKOBASI OJHOPSAIHASI HOPMAIBHOU cepun
miara 25,4 MM ¢ paszpymarouieii cunoit 60 kH:

MIPUBOAHOU

POJIMKOBOM ITP-25,4 — 60,0 mo T'OCT 13568-97

OJTHOPSIAHOM

23. YcinoBHOE CoenMHUTEIBHOE 3BEHO IPUBOJHON POIMKOBON LIENU
o003HaUeHUE HOPMAaJIBHOM cepuu 1mara 25,4 mm ¢ paspymatomei cuion 60 kH:
COEIMHUTEIBHOTO

3BEHA NMPUBOTHOMN 3Beno C - [1P-25,4 — 60,0 mo 'OCT 13568-97
POJIMKOBOM

OJIHOPSITHOM 1IN

24. YcaoBHOE
0003HaUYCHHE
MEePEXO0IHOTO 3BEHA
MPUBOTHOM
POJIMKOBOM
OJIHOPSITHOM 1IN

3senoll - ITP-25,4 — 60,0 mo I'OCT 13568-97
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BriBon:
10 KCXOHBIM JaHHBIM IIPOM3BENIECH PACcUYET LIENHOM Nepeaadu A IPUBOJA K JICHTOYHOMY
KOHBelepy, MOMEIEHHOH Mociie peayKTopa (3aKphITOi KOco3y0oi nepenadn).

3amanue

Paccuurars 1ienHyto nepenavy A NpUBoJia K JICHTOUHOMY KOHBEHepYy,
MOMEIIEHHYIO MOCIIe PEAYKTOpa (3aKphITON KOoco3yOoi nepeaaun). YueOnuk (1).
VcxomHble TaHHbBIE B3SITHI U3 MPAKTHYECKOTO 3aHATH Ne6 (Ban 3) mist Beaymiei

3BE3JI0YKHU:
Bpamarmuii MoMeHT Ha Bainy (3-bem), T3s=T; = Hum;
06
O YaCTOTa BPAIICHHA Nz = Ny =  —
O YIJoBasi CKOPOCTh M3 = M1 =  PaJ/c;
O TMepeJaTOYHOE YUCIO IENHOM nepeaadu Uyy =  (OPUEHTHPOBOYHO);
O PEOYKTOP HEPEBEPCUBHBIN;
O Yol HAKJIOHA IMHKY LIEHTPOB 3BE€309€K K ropu30oHTy y = 38°,

Pexxum paboThl OTHOCMEHHBIN; Bajbl YCTAHOBJICHBI HA MOIITUITHUKAX KaUYEHUS.
HarsxeHne uenu peryadpyroT TPUKUMHBIM POJTUKOM.
Pe3ynbTaThl pacueToB cBecTu B Tabauily. CraenaTh BHIBOJIBI

4.1TopsimoK BBINOJHEHUS PaOOThI

4.1 O3HaKOMUTBCS C 3aJaHUSIMU;

4.2 VI3yuunTh 0011IME U TEOPETUUECKUE TTOJIOKEHUSI TIO TEME MPAKTUUECKOTO
3aHSTHUS;

4.3 Pemnth 3a1a4M CBOETO BapUAHTA;

4.4 TToka3ath pe3yJbTaThl PACUETOB MPETOIABATEIIIO

5.Bompocsl asist caMONpOBEPKH

5.1.KakoBbl JTOCTOMHCTBA ILIETHBIX TMEpeaad M0 CPABHEHUIO C PEMEHHBIMU?
['te mpuMEHSIOT IeTHbBIC TIepeaaun?

5.2. KakoBa KOHCTPYKIIHS POJIMKOBOM T1ETN?

5.3.IloueMy TIpu BBICOKHX CKOPOCTSX PEKOMEHIYETCS MPUMEHSTH IETH C
MaJIbIM I1arom?

5.4.Yem BrI3BaHA HEPABHOMEPHOCTH JIBFKCHHUSI TPUBOIHBIX [IETICH U TIOYEMY
OHa BO3pACTaeT C YBEIIMUYCHUEM I1ara?

5.5.Yem 0O0ycCOBIEHBI OrpaHUYEHUS MUHUMAJIBHOTO 4YHCJIa 3yOhEB MaJloH
3BE3JI0YKH ¥ MAKCUMAJILHOTO YHCIIa 3yObeB OOJIBIION 3BE310UKN?

5.6.UTt0 sBISETCS OCHOBHBIM KpPUTEpPUEM PAOOTOCIIOCOOHOCTH IIETHBIX
nepenay? Kak npoBoauTcs mpoBepKa LENH 10 3TOMY KPUTEPHIO?

5.7.Yem BbI3BaHA HEOOXOJUMOCTH B MPUMEHEHHHM HATSKHBIX YCTPOWCTB B
HeHbBIX nepeaad? KakoBbl criocoObl HATSYKEHUS TSN ?

6. JlomalHee 3agaHue
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6.1 [loAroTOBUTH OTBETHI HA KOHTPOJIBHBIE BOTIPOCHI
6.2 OQopMHUTH OTHET;
6.3 N3y4nTh peKOMEHIYEMYIO JIUTEPATYDPY.

7. CIUCOK JIUTEpaTyphbl

7.1 Makcuna, E. JI. Texandeckas mexanuka : yaebnoe nmocooue jis CI10
/ E. JI. Makcuna. — CapatoB : Hayuynas xuura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TexkcT : a1eKTpOHHBIN // DNeKTpoHHO-0nOIMoTeyHas cucrema [PR
BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.htmi
7.2 Kopounes, I1. B. Texanueckas mexaHuka : yueoHoe nmocooue mis CI10
/ T1. B. Kopones. — Caparos : [IpocdobpazoBanue, Aii [ITu Ap Menua, 2020. — 111
c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TexkcT : 3OeKTPOHHBIN //
OnekTpoHHO-OmOnnoreunass cucrema I[PR BOOKS : [cair]. — URL:
https://www.iprbookshop.ru/88496.html
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Jlabopatopnas pabota Ne 1
Tewma: Onpenenenre KOOPAUHAT IIEHTPA TSHKECTH TUIOCKOH TUIACTHHBI

HCHLI 3aKpPCIINTh TCOPCTHUICCKUC 3HAHUA T10 OIIPCACIICHUIO KOOPAHWHAT LICHTPA
TSKECTHU CJIOXKHBIX CEUCHUM

[IpopomxuTensHOCTh — 6 yaca
1.O0opynoBanue

1.1 nabop miiactus;
1.2 moacTaBKa A5 ITOABCIIMBAHUS;
1.3 nuHelika

2. TexHuka 0€30MaCHOCTH

2.1 IIpu BeIMOIHEHUU 1a00PATOPHOM PabOTHI HEOOXOIUMO COOIIOATh
TUCITUTUTHHY U TTOPSIJIOK;

2.2 BbITIONHATH pabOTy TOJBKO Ha CHENUAIBLHO OTBEICHHOM MECTE;

2.3 He pgomyckarb nepeMenieHuii OT OJJHOTO MECTa K APYrOMY;

2.4 Pabodee MecTo HEOOXOIUMO COICPIKATh B TIOPSIJIKE;

2.5 Ilocne BbINIOTHEHUS JTa0OpaTOPHOU paboThl pabouee MECTO HEOOXOAUMO
C/IaTh MpEeToaaBaTelio.

Jlurepatypa

[1],c.88...102

3. O0mue 1 TeOpEeTUIECKUE TOJI0KEHHS 110 TeMe TabOPaTOPHOI pabOTHI

L{eHTpOM TS’KECTH HA3bIBAETCS PABHOAECHCTBYIOIIAS CUJI TSIKECTU BCEX OTIAEIBHBIX
yacTul] Tes1a. Moxynb 3TOM CHIIBI HAa3bIBA€TCA BECOM Tena. Eciu 0THOpoaHOE TEIo
MMEET JIBE OCH CUMMETPHUH, TO LIEHTP TSHKECTH JIEKUT HA IEPECEUEHUN ITUX OCEM.
Ecnu oIHOPOAHOE TEJIO UMEET OAHY OCb CHUMMETPHUH, TO LIEHTP TIKECTH JIEKUT Ha
JTOU OCH.
Jljis pOCTEHIINX TeN IEHTP TSHKECTH OIpeaesieTcs mo GopMyiaM:

e [IpsmoyronsHUK
LleHTp Ts’KECTH MPAMOYTOJIbHUKA HAXOUTCS HA MIEPECEUEHUH €TI0 TUaroHauie.
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e TpeyronpHuK
[leHTp TsKECTH TPEYTrOJIbHUKA HAXOJUTCS HA IEPECEUEHUH €ro Me/IhaH, Ha
pPacCcTOSIHUM OJJHOM TPETU MEAUAHbI OT TOUKU NEPECEUEHUS] MEITUAHBI C
COOTBETCTBYIOILIEH CTOPOHOI TPEYroJIbHUKA.

e Kpyrosoii cekTop B BUIE NOJIyKpyra

[leHTp TSXKECTH TOJNYKpyra JEKHUT Ha OCH CHUMMETPUU U HAXOJUTCA Ha
paccrosinun 0,424 R ot neHTpa (cM. TaOIUIIBI HUXKE).

N o X -
R "

—_— S -~

N\ SN /’/
/] . ~

hp2 = N

<o
Vil =
'a) |

h h/3 YV,

I N '"‘ 

13 o 4 | 4R

p 4

\ 4
W
a1

8) 2)

Pucynoxk 1- LleHTpsI TsKeCTH NPOCTEUIINX TET

KoopauHaTe! 1ieHTpa TSKECTH CI0KHOM TUIACTUHBI, COCTOSIIEH U3 POCTHIX
yacTe, onpenaensercs no popmyiam:

_ XX

X _ YYcidi
¢ YA;

Ve TA;

7€ Xcl; Ye1 — KOOPAUHATHI LIEHTPOB TSKECTH MPOCTHIX PUTYD;
Aij— ruionaab NpocThiX GUryp

Ilpumep .

OmnpenenuTs KOOPAMHATHI IIEHTpA TXKECTH IUIOCKOM (QUIypbl € KpPYIJIBIM
OTBEpCTHEM, N300pakeHHOU Ha puc.2. Pa3mepbi(MM)yKa3aHbl Ha YepTExKe.
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Pemrenue.
PazbuBaem Qurypy Ha Tpu 4yacTu: ABa NpSIMOYToJbHUKA 1 1 // 1 KpyTJioe OTBepcTHe
111. BeiuucisieM KOOpAMHATHI IIEHTPOB TSHKECTH U TIIOIAM STUX YacTei:

x1= 350 Mm; y1 — 300 Mm; A, =600 * 700 = 420 000 Mmm?,
X, = 500 mMM; y, =850 mm;  A,=400 * 500 = 200000 mm?;
X3= 350 Mm; y3=380Mm;  Ay= - 3202 = — 804 - 10° mm?

3HaK MUHYC O3HA4aeT, uTo Az - TUIOIIaAb OTBEPCTHSL.

Borancisiem KoopAMHATHI IEHTPA TSHKECTH BCEl (PUTYPHI:

_ Ayxq+A;x5+A3x5 _ (4200 - 350 + 2000 - 500 — 804 - 350)102
0= = =407 mm.
Arya,+A3 (4200 + 2000 — 804)102

_ A1y1+A,y,+Asys _ (4200 -300 + 2000 - 850 — 804 - 380)102
1)1 272 373 ( ) _492 MM.

07 Aypa,+4s (4200 + 2000 — 804)102

[Tpumep 2
OnpeaenuTh KOOPAUHATHI IICHTPA TAKECTH TIIOCKON (PUTYPHI.
Oopaszey evinoinenus
3agaua Ne 2
PazbuBaem ¢urypy Ha:

1) TpsimoyronsHUK ¢ pazmepamu: h=8 cm, b =7 cm.
2) Tpeyrompauk: h=4cm, b=2 cm.
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3) Ioaykpyr ¢ paguycom R = 2,5 cm.

YA
X1
R=25
Xc= 4,083 C Cs
e C
! Y3
Y1
~
C
X
\Z} >
3 4
X2
X3
A cm? Xcm | yem A-x Ay a b A-a A-b
8 x 7 56 3,5 4 196 224 -0,583 -0,45 -32,648 -25,2
X
(I
Ax2 4 5,66 | 0,66 | 22,64 2,64 1,577 -3,79 6,308 -15,16
X
/AR

P 9,812 8,06 5,5 79,08 |[53,966 3,977 1,05 39,022 10,3

KoopnuHate! nieHTpa TSKECTH Beel (GUrypol

A X —A, X+ A X, 196-22,64+79,08 252,44

= =4,083¢cM.
A-A+A 56-4+9,812 61,812

Xc

g _AVimA Yt Ay, 224-264453966 275326
¢ A - A, +A, 56— 4+9812 61812

=4.45¢cMm.

AHanuTHh4YecKasi IpoBepKa:
ITo ocwm x:
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A-a -A-a,+A -a,=0, - 32,648 — 6,308 + 39,022 =0 0,06 =0

He cocThikoBKa Ipou3onuia 3a CYET OKPYTJICHUH.

I1o ocu y:

A-b —A-b+A b =0; - 25,2 + 15,16 + 10,3 = 0; 0,26 =0

He cocThikoBKa Mpou3olia 3a CHeT OKPYTJICHH

OrtBerT:

Koopaunate! nieHTpa TsokectH miockoi durypsr C (4,083; 4,45)

Tac

4. Tlopsinok BBITOJHEHUS PabOTHI

4.1 N3mepsieMm HEOOXOIMMBIE pa3MepPhl MIACTUHBI, IO IaHHBIM pazMepam
BbIYEPUYMBAEM ILJIACTUHY;

4.2Paz0uBaeM (urypy Ha TIPOCTBIC COCTAaBHBIC YAaCTH, BBIUYHUCIISIEM
IUIOMIAAN YacTel, TUIomaas Bced (PUrypbl U KOOpPJMHATHI IIEHTPOB
TSPKECTEU COCTaBHBIX YacCTEM.

4.3 BeruucisieM KOOpIUHATHI IIEHTPA TAKECTH GUTYPHI 110 HOpMyTIaMm :

X = XXciAi y, = YYcili
¢ YAj ¢ YAj

4.4 OnpenensieM MOJOKEHHUE IIEHTPA TSHKECTH YKCIIEPUMEHTAIBLHO 1 BBIUHC -
JISieM MOTPEIIHOCTH. [[71s1 3TOT0 nojABemBaeM (Urypy Ha IITaTHUBE,
(bukcHpyeM KapaHAalioM Ha (pUrype JMHUIO TPOXO0XKIECHUA 10 purype
HUTU oTBeca. [IpoaensiBaeM TO ke, U3BMEHUB TOUKY TojABeca (PUryphi;

4.5Touka nepeceueHus 2-* TMHUMN AAET MOJOKEHUE EHTPA TSHKECTU
burypsi.

4.6 OnpenensieM MOTPEIIHOCTb
T T
Xc—X -
8, = Z75100% 8, =22100%
X
[ Cc
Xe, Ye - IKCIICPUMEHTAIBHOE 3HAYCHHE KOOPANHAT IIEHTPA TSHKECTH ;

Xc', Ye' = TEOPETUYECKOE 3HAUCHUE KOOPAUHAT LIEHTPA TAKECTH

4.7 Pe3ynbTaThl 3aHOCUM B TaOIUILY:
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[Inomanu [11omane [lorpem-
Koopaunatet man man KoopiHaThI p
- luacTeit duryper  [UEHTPA TAKECTH
COCTaBHBIX YacTeM, %
(burypsl
xC: yC
MM MM? MM? MM.
Teope- [Okcme- | 8y | 6,
THYECKHEC | PHMCH-
X X Al | A, | A A
Y1 | X2 | Y2 |Xc| V3 | 41 | A2 | A3 AL HEIE
o &=
[IIEN| ST

4. Bomnpocsl 111 CAMOKOHTPOJIS

4.1 OTyero 3aBUCHUT MOJOKEHUE LIEHTPA TSHKECTH?

4.2YT10 Ha3BIBACTCSA CTATUYECCKUM MOMEHTOM CEUYCHWS ?

4.3Yemy paBeH CTaTUYECKUH MOMEHT OTHOCUTEIHHO OCU CUMMETPHUH CEUCHHUSI?
4.4Kak onpeeauTh MOJI0KEHHUE IIEHTPa TAKECTH CUMMETPUIHOTO CeYEHUs?
4.5UYTto takoe Bec Tena? Kak HanpasieHa cuia TsSxecTu?

4.6 Kak HaiiTH KOOPAMHATHI IIEHTPA TSHKECTH CIOKHOTO CCUCHUS ?

6. Jlomanrnee 3ajgaHue

6.1 OpopMurs oryer;
6.2 3yunTh pEKOMEHIyEMYIO JIUTEPATYPY.

7. CIUCOK JIUTEpaTyphl

7.1 Makcuna, E. JI. Texunueckas mexanuka : yueoHoe nocoowue mis CIT1O
/ E. JI. Makcuna. — CapatoB : Hayuynas xuura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TekcT : a1eKTpOHHBIN // DneKkTpoHHO-0nOIMoTeyHas cucrema [PR
BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.htmi

7.2  Kopones, I1. B. Texauueckas mexanuka : yueoHoe ocodbue mis CITO
/T1. B. Kopones. — Caparos : [IpodobpazoBanue, Aii [Ilu Ap Menua, 2020. — 111
c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TexkcT : 3IeKTPOHHBIN //

DOnekTpoHHO-OnOMnoTeunas cuctema IPR BOOKS : [caitr]. — URL:
https://www.iprbookshop.ru/88496.htmi
ITpunoxenus
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ITpunoxxenne I11

MUHHCTEPCTBO HAYKU U BBICIIETO 0Opa3oBaHus PO
OI'bOY BO «bpsiHCKui rocyaapcTBeHHbIN TexHnueckuid yausepeure (BI'TY)
[Nomurexumueckuit koywiepk (ITK BI'TY)

Kypnan

IPAKTUYECKUX U JTAOOPATOPHBIX padboT
1o yueOHoI quciuminHe « TexHuueckas MexaHuKay
CnenmansHocTh 15.02.08 «TexHOIOrNs MAIIMHOCTPOEHUSD

I'pynna 0—21-1™-
18
Crynent (1.0.Damumnus)
[IpenonaBarens (1.0.®amunus)
Jlara OneHka

20
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ITpunoxxenune I12

I'OCT 6636 — 69 «OcHOBHBIE HOPMBI B3auMo3aMeHsieMocTH. HopMmabHbIE IMHENHBIE Pa3MeEPbI»
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Yroyiku cTajibHbIe TopsidekaTanblie paHonoJiouHbie. Coprament (FOCT 8509 — 93) Hpuiaoxenne 113

14
L% 4 A
4 b — mmpuHa nonkwu; J — MOMeHT uHepIMH;
S
©x R X t — ToJIIMHA MOJIKHY; | — paxuyc MHEepUUH;
7
77~ R ) 7 .
P A, — paauyc BHYTPEHHEr O 3aKpyTJICHUS; 0 — PacCTOSTHHE OT IIEHTPA TSKECTH;
& ' — paauyc 3aKpyriaeHus MOJOK; 710 Hapy>KHOU TPaHU MOJIKH;
Jxy — IeHTpOOEKHBII MOMEHT HHEPIIUU
CnpaBoYHbI€ BEJIMYHHBI I OCEN Macca
MM IInomane
Homep rnonepey- X=X X0 — Xo Yo — Yo IRy
HOTO i
J I J . Zo, TOJKa,
yTOJIKa ceuenus, I Wy iy X0 X0 yo Wyo, | iyomin, | Jxy, cm® ° Y
b t R r CM2 14 é ' max, max, min, cM -
cM” | cM cM , . ol oM
cM cM cM
3 1,13 0,40 | 028 | 059 ]| 063 | 0,75 | 0,27 | 0,20 | 0,39 0,23 0,60 0,89
2 20 3,5 1,2

4 1,46 050 | 037 | 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 1,43 081 | 046 | 075|129 | 095 | 0,34 | 0,33 | 0,49 0,47 0,73 1,12
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1,86 103 | 059 |0,74| 162 | 093 | 0,44 | 0,41 | 048 0,59 0,76 1,46
2,27 122 | 0,72 | 0,73 191 | 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 | 1,07 | 048 | 0,42 | 0,55 0,68 0,80 1,27
1,74 1,45 | 067 | 091 230 | 1,15 | 0,60 | 0,53 | 0,59 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 | 112 | 094 | 0,71 | 0,58 1,27 0,93 2,18
1,86 177 | 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 |09 | 358 | 121 | 0,94 | 0,71 | 0,62 1,32 0,94 1,91
2,04 23 | 093 | 107 | 372 | 135 | 097 | 0,71 | 0,69 1,37 0,97 1,60
3,5 35 45 | 15 2,67 301 | 121 | 106 | 476 | 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 | 1,55 | 1,47 | 095 | 0,79 2,08 1,09 1,85
3,08 458 | 160 | 122 | 726 | 153 | 190 | 1,19 | 0,78 2,68 1,13 2,42
4 40 50 | 1,7
3,79 553 | 195 | 121 | 875 | 152 | 230 | 1,39 | 0,78 3,22 1,17 2,98
4,48 641 | 2,30 | 120 | 10,13 | 150 | 2,70 | 1,58 | 0,78 3,72 1,21 3,52
2,65 513 | 156 | 139 | 813 | 1,75 | 2,12 | 1,24 | 0,89 3,00 1,21 2,08
4,5 45 50 | 1,7
3,48 6,63 | 204 | 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;/4 | 172 | 333 | 1,81 | 0,88 4,71 1,30 3,37
5,08 935 | 295 | 136 | 1480 | 1,71 | 3,90 | 2,06 | 0,88 5,45 1,34 3,99
IIpoxonxenne npuioxenuns I13
CnpaBoyHbI€ BEIMYHHBI 1)1 OCEN Macca
MM IInomane
Homep nonepey- X=X X0 — Xo yo— Yo IRy
HOTO
J . J . TOJIKa,
yroJika ceuenus, I Wy ik max, -yO Wyo, | iyomin, | Jxy, cM* | Zo, cm Y
b R r ord? '4 3' ix, cM max, min, «r
oM oM A | oM . | eM® | em
cM cM
2,96 711 | 194 | 155 | 11,27 | 1,95 | 295 | 157 | 1,00 4,16 1,33 2,32
3,89 921 | 254 | 154 | 1463 | 194 | 3,80 | 195| 0,99 5,42 1,38 3,05
5 50 5,5 1,8 4,80 11,20 | 3,13 | 1,53 | 17,77 | 192 | 463 | 2,30 | 0,98 6,57 1,42 3,77
5,69 13,07 | 3,69 | 1,52 | 20,72 | 191 | 543 | 2,63 | 0,98 7,65 1,46 4,47
6,56 1484 | 423 | 1,50 | 23,47 | 189 | 6,21 | 293 | 0,97 8,63 1,50 5,15
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8 7,41 16,51 | 4,76 | 1,49 | 26,03 | 1,87 | 6,98 | 3,22 | 0,97 9,52 1,53 5,82
4 4,38 13,10 | 3,21 | 1,73 | 20,79 | 2,18 | 541 | 252 | 111 7,69 1,52 3,44
5,6 56 6,0 2,0
5 5,41 1597 | 396 | 1,72 | 2536 | 2,16 | 6,59 | 2,97 | 1,10 9,41 1,57 4,25
4 4,72 16,21 | 3,70 | 1,85 | 2569 | 2,33 | 6,72 | 2,93 | 1,19 9,48 1,62 3,71
5 5,83 19,79 | 456 | 1,84 | 3140 | 2,32 | 818 | 3,49 | 1,18 | 1161 | 1,66 4,58
6 60 6 7,0 2,3 6,92 2321 | 540 | 183 | 3681 | 231 | 960 | 3,99 | 1,18 | 13,60 | 1,70 5,43
8 9,04 2955 | 7,00 | 1,81 | 46,77 | 2,27 | 12,34 | 490 | 1,17 | 17,22 | 1,78 7,10
10 11,08 3532 | 852 | 1,79 | 55,64 | 2,24 | 15,00 | 5,70 | 1,16 | 20,32 | 1,85 8,70
4 4,96 18,86 | 409 | 195 [ 2990 | 245 | 781 | 3,26 | 125 | 11,00 | 1,69 3,90
6,3 63 5 7,0 2,3 6,13 23,10 | 505 | 194 | 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 37,58 | 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 | 857 | 2,14 | 68,19 | 269 | 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 | 699 | 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
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5 739 | 3953 721 | 231 | 6265 291 | 1641 | 574 | 1.49 | 2310 | 202 | 580
6 878 | 4657 | 857 | 230 | 73.87 | 2.90 | 1928 | 662 | 148 | 2730 | 2.06 | 6.89
75 17 |eol 30 1015 | 5334 | 989 | 229 | 8461 | 2,89 | 2207 | 7.43 | 1.47 | 3120 | 210 | 7.96
8 1150 | 5984 | 11,18 | 228 | 9489 | 2.87 | 2480 | 816 | 1.47 | 3500 | 215 | 902
9 1238 | 6610 | 1243 | 227 10;’7 286 | 2748 | 29| 146 | ogq0 | 218 | 1007
55 863 | 5268 | 903 | 247 | 8356 | 3.11 | 21.80 | 7.10 | 159 | 3090 | 217 | 6.78
6 938 | 5697 | 9.80 | 247 | 9040 | 3.11 | 2354 | 760 | 158 | 3340 | 219 | 7.36
7 1085 | 6531 | 11,32 | 245 1063'6 300 | 2607 | 82| 198 | 5859 | 223 | 851
8 80 | g | 90 | 30 1230 | 7336 | 12,80 | 2,44 115'3 308 | 3032 | 0| 17 | 4300 | 227 | 96O
10 1514 | 8858 | 15,67 | 2.42 14?'3 3.04 | 36,85 12’0 156 | gg70 | 235 | 1188
12 17.90 105’7 1842 | 2.40 1672'2 301 | 4321 122’6 195 | gggp | 2%2 | 1405

Iponoskenne nmpusoxkenus 113
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CrnpaBoYHbIE BETUYUHBI JJIs1 OCEH Macca
MM ITnomane
Homep nomnepey- X=X X0 — Xo Yo —Yo 1M
HOTO
yrojixka CEUEHH, Jy Wi Jo 10 max, J.yo Wyo, | iyomin, | Jxy, M | Zo, cm yroika,
b t R r CMZ !4 3’ iX, cM max, min, KT
™M ™M 4 cM 4 cm® 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 | 1445 | 2,77 | 1496 | 3,49 | 38,94 | 11,1 | 1,78 55,40 2,47 9,64
7 5
8 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 75,30 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 | 1,99 71,40 2,68 10,06
’ 120 0 6 8
10 100 01 4,0
7 13,75 130,5 | 17,90 | 3,08 | 207,0 | 3,88 | 54,16 | 14,1 | 1,98 76,40 2,71 10,79
9 1 3
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3 15,60 147,1 | 20,30 | 3,07 | 233,4 | 3,87 | 60,92 | 156 | 1,98 | 86,30 | 2,75 12,25
9 6 6

10 19,24 1789 | 2497 | 3,05 | 2838 | 3,84 | 74,08 | 185 | 1,96 | 110,00 | 2,83 15,10
5 3 1

12 22,80 2089 | 29,47 | 3,03 | 3309 | 3,81 | 86,84 | 21,1 | 1,95 | 122,00 | 2,91 17,90
0 5 0

14 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

11 110 120 | 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 | 4124 | 4,68 | 107,0 | 23,2 | 2,39 | 153,00 | 3,25 14,76
5 5 4 9

12 120 120 | 4,0

10 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
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o 27,60 | 371,8 | 43,30 | 3.67 | 500,2 | 462 | 1533 | 3,7 | 2,36 | 218,00 | 3.41 | 21,67
0 8 3 | 9
o 33,99 | 4489 | 52,96 | 3.63 | 7113 | 457 | 1864 | 37,3 | 2,34 | 262,00 | 353 | 26,68
0 2 g8 | 5
. 10,60 | 2943 | 32,20 | 3,87 | 466,7 | 487 | 12,9 | 25,6 | 2,49 | 172,00 | 3.36 | 1546
6 6 6 | 7
. 220 | 324 | 5600 | 386 | 5290 | 4gs | 1398 | 282 248 | o0 T340 | 1730
8 0 g8 | 6
10 24,33 352’8 39,74 | 3,85 57:,0 4,84 1498’5 3%'4 241 1 91100 | 340 | 1910
125 | 125 140 | 46
o 2689 | 22| 4106 | aga | 6700 | gy | 1744 | 348 | 246 |, 7353 | 2268
3 2 3 | 4
" 3 | L7 | 5017 | ago | 7539 | 47 | 1996 300 245 | o0 361 | 2620
6 0 2 | o
o 777 1585 | 5100 | ars | B2 | g5 | 2202|431 244 | 0 17368 | 2065
6 4 9 | o
. 212 46;,7 PR 733,4 a7 19;,0 35;,9 279 | 7400 | 378 | 1941
14 | 140 140 | 46
10 27,33 515’2 50,32 | 4,33 81;”6 5,46 212’9 32'0 278 | 301,00 | 382 | 214
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12 049 | 6924 [ soge | ag1 | 9969 | 5ag [ 2480 (449 276 [ o [ 390 | 2550
9 8 1 7
1008,5
10 29,33 |634,76| 58,07 | 4,65 5 5,86 |260,97 (45,34 | 2,98 | 374,00 | 4,07 23,02
12 389 (747486890 | 463 | 20| 583 [a0700 °2%) 237 | agg | 10| 21
15 150 140 | 4,6
15 4308 |908,38 | 84,66 | 459 14‘(1)2,6 579 |374.17 61,96 | 2,95 534,00 4,27 33,82
18 51,09 106;0,0 99.86 | 4,56 1620,9 5.74 439,24 70,91| 2,93 621.00 4,38 40,11
Oxonuanue npuioxenus I13
CrnpaBOoYHbIE BEJIUYMHBI JJIs1 OCEH Macca
MM ITmomans
Homep normeped- X — X X0 — Xo Yo — Yo Im
HOTO
yroJjka CEUEeHHS, Jy Wy Jxo Ix0 max, vo Wyo, | iyomin, | Jxy, om? Zo, cM | yrojika,
b t R r M2 ’4 é ix, CM y
cM cM max, cM min, CM3 cM KT
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4

CM CM
10 31,43 774,24 | 66,19 | 496 [1229,10] 6,25 |319,38|52,52| 3,19 | 455,00 | 4,30 24,67
11 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
16 160 | 14 | 16,0 | 5,3 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 |1175,191 102,64 | 4,89 |(1865,73| 6,17 |484,64|7592| 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
A
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
20 200 | 13 | 18,0 | 6,0 50,85 [1960,77/134,44| 6,21 |3116,18 7,83 |805,35|105,07] 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
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16 61,98 [2362,57|163,37| 6,17 [3755,39] 7,78 [969,74[123,77| 3,96 [1393,00| 554 | 48,65
18 69,30 [2620,64]182,22| 6,15 |4164,54| 7,75 |1076,74{135,48 3,94 |1544,00| 562 | 54,40
20 76,54 |2871,47|200,73| 6,12 [4560,42] 7,72 [1181,92(146,62] 3,93 [1689,00| 570 | 60,08
24 90,78 [3350,66|236,77 | 6,08 |5313,59 7,65 [1387,73[167,74] 3,91 [1963,00| 585 | 71,26
25 94,29 [3466,21| 24559 | 6,06 |5494,04] 7,63 [1438,38[172,68) 3,91 [2028,00| 589 | 74,02
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| 591 | 47,40

22 220 21,0 | 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 [277500| 6,75 | 61,55
18 87,72 |5247,24/288,82| 7,73 [8336,69] 9,75 [2157,78223,39 4,96 [3089,00| 6,83 | 68,86
20 96,96 |5764,87|318,76 | 7,71 |9159,73| 9,72 [2370,01242,52] 4,94 [339500| 6,91 | 76,11
22 106,12 [6270,32/ 348,26 | 7,69 [9961,60 9,69 [2579,04[260,52 4,93 [3691,00| 7,00 | 83,31

% 250 25 240 80 119,71 |7006,39/391,72| 7,65 111225’5 064 |2887.26°5 4 4O | 4q9900] TIL | 9B
28 133,12 |7716,86| 434,86 | 7,61 12223’8 059 318989 1% 490 | 45o700| 723 | 1040
30 141,96 |8176,51462,11| 7,59 12924’6 056 [3388.98°2 %4 489 | 47gg00| 73T | 11144
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IIpuniaoxenne 114
t e
u\ vd d YroJku crajbHble ropsivekatanbie HepaBHonoounbie. Coprament ('OCT 8510 — 86)
«q
X X
0 5’ S B — mupuna 6osb1e noyaku; J — MOMEHT UHEPLINH;
y 32)\“ R b — mupuHa MeHbIICH TTOJIKY; [ — paanyc UHEPLUH;
t — ToNIMHA MTOJIKY; X0, Yo — paccTOsTHUE OT LIEHTpa TSKECTH;
R — panuyc BHYTpEHHET0 3aKpyTICHUS; 710 HapyXHBIX TPaHEN IOJIOK;
' — paguyc 3aKpyTieHus MOJOK; Jxy — LeHTpOOEeKHbII MOMEHT UHEPLIUU
IInoma CnpaBoYHBIE BETUYMHBI JJIs1 OCEN
Macca
Howme MM Ib v
X —X y—-y u—u ron
P nornepe HAKITO M
YHOTO : Jx
: Ju lu | Xo, | Yo, " | na ocn
0JIK ; Jy, | Wy, ly, Wy, ’ 0JIKa,
yraﬂ B b t R r CC‘HCH;/I JX,4 WXé Ix, y y Y min, - min, CM CM CM4 tga yrol
o M M- oM M em* | eM® | em . | o KT
cM cM
25/16/25 |16 | 3 |35 |12 116 0,70 | 043 |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 (0,5 | 0,26 | 0,25 |0,43 |0,51| 1,00 | 0,43 | 0,427 1,12
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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
3,212 |32 | 20 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
1,94 193 | 0,93 |100 (0,57 (039|054 0,35 |033 (043 053| 1,12 |0,59 | 0,374 1,52
4/2,5 | 40 | 25 40113 | 1,89 306 | 1,14 |1,27 {093 (0,49 |0,70 | 0,56 | 0,41 |0,54 |0,59| 1,32 | 0,96 | 0,385 1,48
2,47 393 | 149 |126 1,18 |0,63|069 0,71 | 0,52 |0,54 [0,63| 1,37 |1,22 | 0,381 1,94
3,03 473 | 182 |125|141|0,77 0,68 | 0,86 |0,64 0,53 |0,66| 1,41 |1,44 0,374 2,38
4/3 |40 | 30 2,67 418 | 154 |125 (201|091 |087| 109 [0,75 0,64 0,78 | 1,28 | 1,68 | 0,544 2,09
3,28 504 | 188 |124 (241111086 | 133 091 (0,64 0,82 | 1,32 |2,00 | 0,539 2,57
4,5/2,8| 45 | 28 50 |17 | 214 441 | 145 |143 132|061 |0,79|0,79 |0,52 |0,61|0,64| 1,47 |1,38 | 0,382 1,68
2,80 568 | 1,90 |142 169 0,80 |0,78 1,02 | 0,67 |0,60 (0,68| 1,51 |1,77 | 0,379 2,20
5/3,2 | 50 | 32 55 (18| 242 6,18 | 1,82 |1,60 (199 081|091 1,18 |0,68 {0,70 |0,72| 1,60 |2,01 | 0,403 1,90
3,17 798 | 2,38 | 159 [2,56 105|090 |152 | 0,88 |0,69 0,76| 1,65 |2,59 | 0,401 2,49
5,6/3,6| 56 | 36 60 20| 358 |11,37 | 3,01 |1,78 |3,70 (1,34 1,02 | 219 |1,13 |0,78 |0,84| 1,82 | 3,74 | 0,406 2,81
441 1382 | 3,70 | 1,77 |448 |165 1,01 | 265 | 137 0,78 |0,88| 1,87 | 4,50 | 0,404 3,46
6,3/4,01 63 | 50 70123 | 404 |1633 | 3,83 | 201 |516 |1,67 1,13 | 3,07 |1,41 087 |091| 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 (729|242 111|436 |202 086099 2,12 | 7,44 | 0,393 4,63
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768 |2960 | 7,22 {196 9,15 3,12 |1,09 | 5,58 | 2,60 0,85 |1,07| 2,20 |9,27 | 0,386 6,03

556 |2341 | 520 |205 |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 |14,12|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 |203 |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 | 799 |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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[Tnoma CripaBo4HbIE€ BETMUYUHBI TS OCEH Vron Macc

Home MM Ab . a
p noncpe X vy ‘o b | o | 1
ygﬂ B | b |t R | r C:ﬁfﬁ? Jx, em® Wxé ix, o | Wy |y | Jumin, | Wa, | umin, zz(l(i/} Zifi - ocan, yTOJIKa
M Ml em* | em® | em | em* | oM | oM tga -

7145 | 70 | 45| 5 |75 25 559 | 27,76 | 588 | 2,23 | 9,05 | 2,62 | 1,27 | 534 | 220 | 0,98 | 1,05 | 2,28 | 9,12 | 0,406 | 4,39
75/5 |75 |5 | 5 802 | 611 | 3481 | 681 | 239 |1247 325|143 | 7,24 | 2,73 | 1,09 | 1,17 | 2,39 | 12,00 | 0,436 | 4,79
6 ! 725 | 40,92 | 8,08 | 2,38 | 1460|385 |1,42| 8,48 3,21 | 1,08 | 1,21 | 2,44 | 14,10 | 0,435 | 5,69

7 837 | 46,77 | 931 | 2,36 | 16,61 | 4,43 | 1,41 | 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 | 4164 | 7,71 | 2,56 | 12,68 | 2,28 | 1,41 | 7,57 | 2,75 | 1,09 | 1,13 | 2,60 | 13,20 | 0,387 | 4,99
6 755 | 4898 | 9,15 | 255 | 1485|388 |1,40| 8,88 |3,224| 1,08 | 1,17 | 2,65 | 15,50 | 0,386 | 5,92

8/6 |80 |60| 6 815 | 52,06 | 9,42 | 2,53 | 25,18 | 558 | 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 | 599 | 1,28 | 1,57 | 2,56 | 26,83 | 0,544 | 8,37

9/56 | 90 | 56 | 55|90 |3, | 786 | 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 ° 854 | 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 | 15,24 | 2,85 | 27,08 | 6,39 | 1,56 | 16,29 | 5,32 | 1,21 | 1,36 | 3,04 | 28,33 | 0,380 | 8,77
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10/6, [10 [ 63 ] 6 [10,] 3, | 9,58 | 9829 | 1452 [ 320 30,58 6,27 [1,79 1820527 | 1,38 | 1,42 [ 3,23 [31,50 | 0,393 | 7,53
P 7 % 11,09 | 112,86 | 16,78 | 3,19 | 3499 | 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 | 2338 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 3832 7,70 | 1,85 | 22,77 | 6,43 | 1,41 | 1,52 | 3,24 | 38,00 | 0,415 | 8,81
> | ° 8 12,73 [ 138,31 | 19,11 | 3,18 | 4296 | 8,70 | 1,84 | 2524 | 7,26 | 1,41 | 156 | 3,28 | 42,64 | 0,414 | 9,99
10 15,67 | 155,52 | 23,45 | 3,15 | 51,68 1(31,6 1,82 (30,60 | 8,83 | 1,40 | 1,64 | 3,37 [ 51,18 | 0,410 | 12,30
1/7 |11 [ 70| 65 11,45 | 142,42 | 19,11 | 353 | 4561 | 8,42 | 2,00 | 26,64 | 7,05 | 1,53 | 1,58 | 3,55 | 46,80 | 0,402 | 8,98
° 8 1393 | 171,54 | 23,22 | 3551 | 54,64 1%,2 1,98 3231|850 | 1,52 | 1,64 | 3,61 |5590 | 0,400 | 10,93
125/ (1280 | 7 |11, 3, | 1406 | 22653 | 26,67 | 401 | 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 1598 | 255,62 | 30,27 | 4,00 | 80,95 13;,4 2,28 | 48,82 1%,2 1,75 | 1,84 | 4,04 [ 84,10 | 0,406 | 12,54
10 19,70 | 311,61 | 37,27 | 398 [ 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 2336 | 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, | 18,00 | 363,68 | 38,25 | 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 | 4,47 142,5 21,1 2,56 | 85,51 12,5 1,96 | 2,12 [ 4,58 14g,o 0,409 | 17,46
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16/10 | 16 | 10 | 9 | 13, | 4, | 22,87 | 60597 | 56,04 | 5,15 | 186,0 | 23,9 | 2,85 | 110,4 | 20,0 | 2,20 | 2,24 | 5,19 | 194,0 | 0,391 | 17,96
0|0 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 |1421 | 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 | 508 | 271,6 | 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
0|0 0|7 7 7 4 6 0
12 33,69 |1122,5| 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, 1 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 | 4819 | 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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IHpunoxenne I1S

Craab ropsiuexaranas. llIseanepsl. Coprament (I'OCT 8240 — 97). IlIBessiepbl ¢ YKJIOHOM BHYTPEHHHX I'PaHell MOJI0K

Yy
2
4 TosX h — BeICOTA; J — MOMEHT MHepLuH;
“
4 | 2
< x [ Y b — mmpuHa nosku; W — MOMEHT CONPOTUBIICHHUS;
]
5 .
2 & S — TOJIIMHA CTEHKY; | — paanyc MHEpINY,
%
b t — TONIMHA MOJIKK; S — cTaTHyecKuii MOMEHT MOJTYCEYEHHS;
Yy
R — paauyc BHYTPEHHETO 3aKPYIJIEHUS; Zo — pacCTOSTHHE OT OCH Y — Y /10 HApYKHOM
I — paguyc 3aKpyIJIeHHs TIOJIKY, IpaHy CTEHKH
[Tnomazn CrpaBouHas BeIMYMHA IS OCEH
Howmep MM b Macc
X=X Y-y
CEYEHUs
— alwm, Zo, cM
’ KI Wy, . Wy, .
pa h b s t R r Jx, em® X3 ix, cM | Sx, eM® | Jy, em® y3 iy, cM
cM? cM CcM
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
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6,5 65 | 36 | 44 | 7,2 | 6,0 | 25 7,91 5,90 48,6 15,0 2,54 9,00 8,70 3,68 1,080 1,24
8 80 | 40 | 45 | 74 | 65 | 25 8,98 7,05 89,4 224 | 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 1740 348 | 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 1560 | 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 | 3,5 18,10 | 14,20 | 747,0 93,4 6,42 | 54,10 63,30 | 13,80 | 1,870 1,80
16a 160 | 68 | 50 | 90 | 85 | 3,5 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 | 3,5 20,70 | 16,30 | 1090,0 | 1210 | 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 25,20 |19,80 | 1670,0 | 167,0 | 8,15 | 9590 | 139,00 | 24,20 | 2,350 2,28
22 220 | 82 | 54 | 95 | 10,0 | 4,0 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 |105| 4,0 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 | 4,0 32,90 | 25,80 | 3180,0 | 2650 | 9,84 | 151,00 | 254,00 | 37,20 | 2,780 2,67
27 270 | 95 | 6,0 | 105|110 45 3520 | 27,70 | 4160,0 | 308,0 | 10,90 | 178,00 | 262,00 | 37,30 | 2,730 2,47
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30 300 | 100 | 6,5 | 11,0 | 12,0 | 5,0 40,50 | 31,80 | 5810,0 | 387,0 | 12,00 | 224,00 | 327,00 | 43,60 | 2,840 2,52
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 | 13,5150 6,0 61,50 | 48,30 | 15220,0 | 761,0 | 15,70 | 444,00 | 642,00 | 73,40 | 3,230 2,75
y IIpuniaoxenne 116
{ / Craab ropsiuexatanas. banku nsyraBpossie. Coprament ('OCT 8239 — 89)
.S
< H X
1 hs‘
' 4 h — BeicoTa Oanku; I — pamuyc 3aKpyTJICHUS MTOJIKH;
/I
biw b — mmpuHa monku; J — MOMEHT MHepIHH;
y L |
S — TOJIUHA CTCHKH; W — MOMEHT CONpOTUBIICHHUS;
t — cpeaHss TOJILMHA MTOJIKH; S — cTatndyeckuii MOMEHT MOJTyCEUEHHUS;
R — panuyc BHYTpeHHEro 3aKpyIieHHs; | — paauyc MHEepLUH
IIno CripaBouHbIE€ BETMUMHBI JJIs1 OCEH
oMep ceyen | Macca 1 X—X y-y
Oanku usl, M, KT" W ]
h b s t R r Jx, cm* Xé ix, cM | Sx, cMm® y'4 Wy, eM® | iy, cm
cM2 cM CM
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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 | 73 | 15 3,0 14,7 11,50 350 58,4 | 4,88 33,7 27,9 8,72 1,38
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 | 1430 | 7,42 81,4 82,6 18,40 1,88
18a 180 100 51 1|83 |90 3,5 25,4 19,90 1430 | 1590 | 7,51 89,8 114,0 | 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 | 8,7 |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 | 105 4,0 34,8 27,30 3460 | 289,0 | 9,97 163,0 | 198,0 | 34,50 2,37
24a 240 125 56 | 98 | 105 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
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36 360 145 7,5 12,3 | 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 5450 | 667,0 | 86,10 3,03
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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Ipunoxenuell8

DJIeKTPOABUTATE]H ACHHXPOHHDBIE cepun 4A, 3aKpbIThie 06ayBaemble (mo TOCT 19523-81)

CuHXxpoHHan uHacroTa-BpaneHua, ob/Mmun

Mour- 3000 1500 1000 750
HOCTS, -
xBT Tuno- | s, } Tnl Tuno- 5, T Tuno- s. | Tl Tuno- s, | Tnl
pasmep | 75| 7, | pasmep “% T pasamcp | % T,| Pasmep | 2517
0,55 63B2 {8,5 71A4 | 7,3 71B6 10 80B8 {9
0,75 71A2 |5.9 71B4 | 7,5 80A6 |84 90LAB 8,4
1,1 7182 16,3 80A4 5.4 80B6 8,0 90LB8 }7,011,6
1,5 8O0A2 (4,2 soB4 | 5.8 90L6 (6,4 100L8 17,0
2.2 80B2 |4,3]2,0f 9014 | 5,1} 2,0 100L6 |5,112,0f 112MAS 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
s,S 100L2 }3.4 112M4 | 3,7 13282 3.3 132M8 4,1
7.5 112M2 |2,5 13254 { 3,0 132M6 3,2 16058 12,5{1.4
11,0 132M2 |2,3}1,6] 132M4 | 2,8 160S6 2,7 160M38 12,5
15 160s2 12,1 16084 { 2,3 160M6 |2.6 1SOM8 |2,5
18,5 | 160M2 [2,1 160M4 | 2,2 180M6 |2,7 200M8 [2,3
22 180s2 |20 180S4 | 2,0 200Mé6 |2,8 200L8 |2,7
30 180M2 {1,9/1,4| 180M4 | 1,9 | 1,4 200L6 [2,] 225M8 }1,81,2
37 200M2 1,9 200M4 | 1,7 225M6 1,8 2s50s8 |1,s
a5 20012 |1,8 200LA | 1,6 25086 [1,4{1,2] 250M8 |{1.4
ss 225M2 {1,8 225M4 { 1,4 250M6 1,3 280s8 |2,2
75 25052 [1,4] 1 25084 |12}, 28056 }2,0 280M8 2,2
S0 250M2 [1,4! *“| 2s0M4 | 1,3 . 280M6 {2,0 31588 |2.0}1,0
110 280S2 {2,0 280S4 | 2,3 31586 {2,0 315M8 (2,0

[Ipumeuanusd: 1. Ilpumep ycioBHOro 0003HauU€HHS FIEKTPOIBUTATEIIST MOLUTHOCTHIO
11 kBT, cunxponHas yactoTa BpameHus 1500 o6/MuH.

Inexmpoosueameny 44132M4Y3

2. 3HaYCHUS CUMBOJIOB B YCIIOBHBIX 0003HAUYCHHUSX: ITU(pa 4 yKa3bIBaeT MOPSIKOBBII HOMEP
cepuu, OykBa A — poJ1 IBUTATENs — aCUHXpOHHBIN. Criefyromniue 3a OykBoi A yucina (IByx-
WM TPEX3HAYHBIC) COOTBETCTBYIOT BBICOTE OCH BpaleHus, MM; OYkBboI L, S 1 M oTHOCSATCS
K YCTAaHOBOYHBIM pa3Mepam IO JJIMHE CTaHWHBI, OYKBBI A 1 B — ycioBHBIE 0003HAUYCHHS
JUTMHBI cepAedHnKa ctaTopa. [ludpsr 2, 4, 6 1 8 o3HavarOT yncio nonrocoB. [locneaaue aBa
3HaKa Y3 TMOKa3bIBalOT, YTO [JBUraTedb MpPEJHA3HAUYEH M1 OHKCIUTyaTallud B 30HE
YMEPEHHOTO KJIMMara.

T
3. B rpade s ykazano cxonbxenue, %; B rpade T—n JTaHbl 3HAYEHUSI OTHOIICHUS BEITMYUH
H

ITYCKOBOT'O U HOMHWHAJIbHOI'O BpalllarOIUX MOMCHTOB.

4. 'abapuTHbIE U YyCTAaHOBOUYHBIE pa3Mephl ABUrartesei cepuu 4A nansl B Tadm. I12.
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Cnucok peKOMEH1yeMOW JTUTEPaTyphl
OCHOBHBIE UCTOYHUKH:

1. Makcuna, E. JI. Texunueckas mexanuka : yueonoe nocooue ais CI1O
/ E. JI. Makcuna. — Caparos : Hayunas xuura, 2019. — 159 ¢. — ISBN 978-5-
9758-1899-7. — TekcT : IeKTPOHHBIH // DAEKTPOHHO-OMOIMOTEYHAS cCCTEMa
IPR BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/87082.html

2. Kopones, I1. B. Texunueckas mexanuka : yueoHoe nocooue aist CI1IO
/ I1. B. Kopones. — Caparos : [IpodoOpaszoBanue, Aii [Tu Ap Meaua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TeKcT : 371€KTPOHHBIN
// DnextponHo-6mbmuoreunas cucrema [IPR BOOKS : [caiit]. — URL.:
https://www.iprbookshop.ru/88496.html

JlonoiHUTEIbHAS JIUTEepaTypa

1. KanentreB, B. A. Texnuyeckas MeXaHHKa : ydeOHOE IOCOOHE s
CITIO / B. A. KanentbeB. — Capartos : [IpodobpazoBanne, 2020. — 110 ¢c. — ISBN
978-5-4488-0904-0. — TekcT : ANEKTPOHHBINH // DIEKTPOHHO-OMONMHOTEYHAsS

cucrema IPR BOOKS : [caiiT]. — URL.: https://www.iprbookshop.ru/98670.html

2. Apkyma A.W.,®ponos M.U. Texunueckas mexanuka — M. -,1989,2008
(30mr)

3. NBanoB M.H. letanu mamus, M.: FOpaiit, 2016, - 408 c. (3 3k3)

4. Kykmua A.I'. Jeranu mammH: yueb. 11 cpen. npod. odpa3zoBad., M.:
Beicmi. mk., 2005, 2008, - 396 c. (11 3k3);

o. KypcoBoe mpoekTupoBanue aeTaneit MammvH: yae0. mocooue st Cpe/.
npod. oOpazos., M.: Anbsinc, 2005, 2016, - 416 c. (38 3k3).

6. MutromoB E.A. Teoperudeckas MexXaHUKa (y4eOHUK IS CTY/I.
yupexaeHui Boicul. npod. oopazosanus / E.A Muttomos, C.A. bepectos a-2-e u3.
nepepad. -M.: U3parenbckuii. Lentp «Axkanemusi»,2011, - 317 c.(1 mr.)

7. Cadonona I'.T',, Aprtioxosckass T.FO., EpmakoB [I.A. Texuuueckas
MexaHuka: YueOnuk. — M.:MH®PA — M, 2015.(16 mT.)

8. Texanueckass Mexanuka: yde0. ais cpea. npod. obpasosan. / C.U..
EBtymenko np., - P//1.: ®enukc, 2013, - 348 c. (1 mrT.)

Q. XpyHnuuesa T.B. [leranu MmamuH. TUnosble pacueTsl HA IPOYHOCTD:
y4eb. mocobue st cpen. mpod. obpazos. , M.: ®opym: UHDOPA-M, 2015, - 223 c.
(2 3K3);

Humepnem-pecypcoi:

1. EnnHoe okHO goctyma k mHpOpMamMoHHBIM pecypcam http://window.edu.ru/.
2. Hayunas AJICKTPOHHAS oubnmoTeka http://www.elibrary.ru/.
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3. ®enepanvHoe xpanunuiie «EguHas xomrekmus 1mudpoBeX 00pa30BaTEIbHBIX
pecypcoB» http://school-collection.edu.ru/.
4. DenepanbHbIN HNurepHer-noprain «Poccuiickoe oOpa3oBaHUE»
http://www.edu.ru/.
5. DnextponHas 6ubnnorexka FOPAWT https:/biblio-online.ru

1. HopmartuBHas 1urepaTypa U UCTOUHUKHU:

1.1 ®I'OC cpennero npodeccuoHaIBLHOTO 00pa3oBaHUsl MO CHEUATBHOCTH

15.02.08 «TexHOJOTHS MAIIMHOCTPOCHU» (yTBepkaeH TpukazoM MuHHMCTEpCTBa
oOpa3zoBanus u Hayku PO ot 18 anpenst 2014 r. Ne 350, 3apeructpupoBad B Muntocte Poccun
22 urong 2014 r._ Ne 33204)

2. Pabouas nporpamma ydeOnon mucuumuinabl OI1.03 Texauwdeckas MexaHUKa 10
cnermanbHocT  CIIO  15.02.08 «Texnonoruss mammHOCTpoeHus» (0Oa3oBas
MOJITOTOBKA).
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KOHTpOJ'IB M OLOCHKA PC3YJIbTATOB BBIIIOJHCHUA ITPAKTUICCKUX 3aHSATUN

PesynpTaTel 00yueHus

(OCBOCHHBIE YMEHUSI, YyCBOCHHBIC 3HAHUS )

DopMbI U METOJIbI KOHTPOJISI ¥ OLIEHKU PE3YJIbTaTOB O0yUYCHUS

Ymenus

- BBINOJHATH PacyeThl HAa MPOYHOCTh, >KECTKOCTh, YCTOWYHMBOCTH DJIEMEHTOB
COOPYKECHUMU;

- ONpEeNeNsATh AHAJUTHUYECKUM CIOCOOOM YCUJIUS OTOPHBIE pEaKIuu OajoK-
OTIPEJICIISITh YCUITUS B CTEPXKHSIX (pepM;

- CTPOUTH AIIOPHI HOPMATBHBIX HANPSKEHUN, U3THOA0IUX MOMEHTOB U Jp.;

HaGnronenue u ananu3 BRIMOIHEHUS TPAKTUYECKUX pabOT

TectupoBaHue.

AHanu3 BBITIOJHEHHS CAMOCTOSTEILHON paOOTHI.

HabGmronenue u ananm3 BHIMOTHEHUS! TUCHMEHHBIX 3aTaHHH.

YcTHBIN onpoc.

3HaHUS:

- 3aKOHbl MEXaHUKH JePOpMUPYEMOro TBEPAOro Tella, BHUIABI Jedopmaliuii,
OCHOBHBIE PACUETHI;

- OIIPE/ICIICHUE HAMPABIICHUS PEAKIIU, CBA3U;

- OIpEJEIEHNE MOMEHTA CHJIbI OTHOCUTEIBHO TOYKH, €T0 CBOWCTBA;

- TUTIBI HATPY30K W BUJIBI OTTOP 0asok, Gpepm, pam;

- HampsokeHusT U AedOpMaIiK, BOSHUKAIOIINE B CTPOUTEIBHBIX 3JIEMEHTaX MPH
paboTe 1o Harpy3Koii;

- MOMEHTBI MHEPIIMH MPOCTHIX CEUCHUI PJIEMEHTOB U JIp.
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