OO0mmue ykazanus 0 BBINOJHEHNI0 pac4éTHO-Tpadguyecknx pador

Iepen HayalOM BBIMOJTHEHUS PAaCYCTHO-TpAdUICCKON pabOTHl HEOOXOTUMO
OCBOWTH TEOPETHUYECKUI MaTepHall 1o TeMe pas/iena.

PacuérHo-rpaduueckrie pabOTHI BRITOTHSIOTCS OTICIBHO KaXkaas, Ha JTUCTaX
¢dopmata A4. Ha TUTYTBHOM JIHCTE HEOOXOMMO yKa3aTh HA3BAHUE JAUCIUILIHHEI,
(dakympTeTa, HOMEp Kypca, haMWIHI0 U HHUIIMATBI KypcaHTa, ero mudp (Homep
CTYJICHYECKOTO OWJIeTa W 3aYeTHOW KHIDKKU) U BBHIOMPAEMBIA B COOTBETCTBHH C
HUM HOMeEp BapuaHTa. TekcT u (OpMyJBI CIeAyeT HAaOMpaTh Ha KOMITHIOTEPE B
Word mpudtom Times New Roman, 14, uarepBan B Tekcte 1,5, n3oOpakeHue
PUCYHKOB ¥ cxeM BBINOIHUTE B ACAD, BO BCTpOSHHOM IpahyUuecKOM pelakTope
MS Word.

Jus cmaum paboT Ha MPOBEPKY B KOMIIBIOTEPHOHM Cpeae B CHCTEMeE
JMUCTAHITMOHHOTO OOy4YeHHs CJeIyeT MOArOTOBUTH (Qaitn B dopmare pdf,
orckaHupoBaB Juctel PI'P, BeIMONHEHHBIE Ha OyMa)KHOM HOCHTENE, pa3Mep
¢atina 1o 0,5 MB, pazpenrenne 200 — 300 dpi.

BreiOop BapmaHTa pacyéTHOW CXEMBI B pacu€THO-TpadUvecKux padoTax
PI'P —1, PI'P -2 u PT'P- 5 npousBomutcs o nmocienHei nmudpe mmdpa, B3ATOMH U3
COOTBETCTBYIONIMX TaOmui. UWCIOBBIC IMaHHBIC IS KaXJIOW pabOTHl TaKKe
BBIOMPAIOTCSA W3 TaOJUI] B COOTBETCTBHM C TpeanocienHed muppoi mmdpa.
Pacu€rno-rpadmueckne pabotsl umeror 100 BapmantoB (10 pazmuuHBIX
pacuéTHeIX cxeM u 10 KOMOWHAIWI YUCIICHHBIX 3HAYCHUHN JUISI KOXKIOH U3 HUX),
PT'P-3 u PI'P—4 umeroT nsTh BapUaHTOB CXEM, HOMEP CXEMBbI OINpPENENeTcs M0

n .
bopmyme: Ne= 3 +1, rae n — mocienHss mugpa 3a4ETHON KHUKKH.

Heszauténnass pacuérHo-rpaduueckas paboTa MOMIEKHT IOBTOPHOMY
BBHINOJHEHWI0. Bce 3auTeHHbIE pPabOTHI C BHECEHHBIMH JOMOJIHEHUSMH U
WCIIPABJICHUSIMA B COOTBETCTBHU C 3aMEUaHHMSIMH DPELEH3EHTa MOJDKHBI OBITh
IpeqbsBIEHbl IPENoJaBaTeNt0 I coOeceloBaHUSA, B pE3yIbTaTe KOTOPOIO
pelraercs BOIPOC O 3a4eTe U JIOMycKe K 3k3ameHy. KypcaHThl ¢ He3auTEHHBIMU
pacuérHo-rpadrueckuMu paboTaMu K SK3aMeHy (3a4€Ty) He JIOIMYCKaroTCs.

Jnst cTyneHTOB OYHOM (OpMBI 00yueHHs pacu€THO-rpaduyecKre padoTHI
BBINOJHSIOTCS B COOTBETCTBUH C IIPHHSATOMN B HACTOSIIEM M3JaHUHM HyMepalueH, s
CTYJCHTOB 3a04HON (hopMBI O00Yy4eHHs IIepBbIE YEThIpEe pacuéTHO-rpadryecKie
paboTHI SBIAIOTCS TEPBOM KOHTPOJIBHOW pabOTOH, J1Be pacdETHO-rpaduueckue
paboTbl IO CIOXHOMY COIPOTHBICHHIO — BTOPOH, IBE IIOCIEAHHE PacuETHO-
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rpadudeckre paboThI — TPEThEH.

ITpu odopmiennn pacu€rHo-rpaduueckux pabOT ClIEAYeT OCTABIATH OIS
JUIs 3aMevYaHni penieH3eHTa. Pacu€rHo-rpaduueckue paboThl, BHIIONTHEHHBIE O3
coOJIo/IeHNs] YKa3aHHBIX TpeOOBaHWH, HE peleH3UpYIoTCs. PelneHue kaxmoin
3aJa4d HEOOXOAMMO Ha4yMHATh C HOBOM CTPAHMIIBI, HE3aBUCHMO OT HAJINYUS
OCTaBILETOCS CBOOOJHOIO MecTa Ha NpenblAylleidl cTpaHuie. 3ammch YCIOBHH
pacuérHo-rpaduaeckux pabotT obOs3arenbHa. Bee yepTexxu u cxeMbl HeOOXOIUMO
BBINOJHATh B yA000YMTAEMOM MacluTade ¢ 00s3aTeNbHBIM YKa3aHHEM BCEX
WCIIONIb30BAHHBIX B paboTe OyKBEHHBIX 0003HAYEHHWH M MX YWCIICHHBIX 3HAYCHH,
B3STHIX M3 pAaHHoro Bapuanta (npwi. 1 w 2). Ilpm 3amucn ypaBHEHWH,
COCTaBJISIEMBIX I10 PACUETHOW CXeMe, OHa JOJDKHA OBITh pactoioXKeHa pAIoM Ha
crpanunie. Ilocne BbIOOpa BapuaHTa JOIDKHA OBITH BBIYEpUYEHA CBOS CXeMa C
YHCIIOBBIMHU TIapaMeTpaMH B IIPUHATOM Maciirade.

Pemenne kaxaoi 3a1aum cieayer compoBOXIaTh KPATKUMU MOSICHEHUSMH C
yKa3aHWeM METOJla PpEIIeHHUs, HCIIOJIb30BAaHHBIX TEOPETHYECKUX ITOJIOKEHUMH,
¢dopMyn winm ypaBHeHWH. [IpoMeXyTOuHBIE M OKOHYATENBHBIE PE3YNIbTATHI
MoACYETOB  HEOOXOAMMO  OKPYIJIATH,  TPH  BBIYUCIEHHHM  3HAYEHHH
TPUTOHOMETPUYECKHX (YHKIMI B MAHTHCCE CIIEAYET yAep)KUBaTh HE MEHEE TPex
3HaYamux [udp. 3HAUEHHS BCEX OIPEAEIIEMBIX BEIMYMH JIOJDKHBI HMETh
pa3MepHOCTH.

[Ipu cocTaBineHNH pacyeTHBIX CXEM IUIOCKHX CHCTEM CIEAYET HCIOJIb30BATh
CJIE/IYIOIIME CHCTEMBI YCIIOBHBIX 0003HAYEHHIA:

Cxema HazBanue
OCHOBAHHE OIOPHI, CBI3aHHOE C
ZZZ;A HEMOABMKHOM CHCTEMOMU
KOOpJIMHAT

MIPOCTON MIAPHUP, COEAUHSIOIIUN
JIBa TUCKa (CTEpIKHS)

HMUWJIMHAPpUYCCKasA IapHUPHO-
MOABUIKHAs oropa

HMUIMHAPHUYCCKAs NIapHUPHO-
HCMOJBUKHAA Ooropa
7

HﬂeaﬂBHBIﬁ TOAUIUITHUK CKOJIBXKCHHS
WJIA Ka4C€HUA Ha Bally

HI/IHI/IHL[pI/I‘lCCKI/Iﬁ HIapHUp Ha BalTy C
MOMCHTOM COITPOTHUBJICHHUS TOBOPOTY




Mp

KPYTAIUii (BHEIITHUH WK
CKPYYHBAIONINH) MOMEHT,
JIEUCTBYIOUINH B TJIOCKOCTH,
= MIePIEeHANKYISPHOH INIOCKOCTH
yeptexka. 3Hak "+" ob03HAUAET
JIEWCTBHE CHIIBI TTapHI, HATIPABICHHOH K|
JepTexy, 3HaK " — oT uepTexa

PeakTBHBIE MOMEHTHI, NPOTHBOJACHCTBYIOIINE TOBOPOTY, MOTYT OBITH
00YCIIOBJIEHBI PA3JIUYHBIMM MEXaHWYECKHMMHU NPHYMHAMH: TPEHHEM B OIOpax,
CHJIaMHM COIIPOTHBJICHUS pabovero opraHa MalluHbL, UX KOMOWHALIUH U Jp.

B orimume ot TeopeTHyecKkoil MEXaHUKH, TJI€ paCCMaTPUBAIOTCS aOCOIIOTHO
XKECTKHE TeNla M BO3MOXKEH IePEHOC JICHCTBUS CHIIBI BIIOJIb JIMHUH €€ NeHCTBUS, B
CONPOTUBIICHUM MAaTepHajOB MEHATh TOYKY MPWIOKEHHS CHIIBI HENb3f,
MIOCKOJIBKY 9TO M3MEHHT HaNpsHKEHHO-Ie(OPMHUPOBAHHOE COCTOSIHHE DIIEMEHTa.
[TosToMy, mpu ykazaHHM CHJI HEOOXOJMMO yKa3aTh He TOJBKO JIMHUHM JEHCTBUSA,
HalpaBJIeHHE U MOJYJIb CHJI, HO el ¥ TOYKH MX MpWIOKeHus. B ciaydasx, ecnu
TOYKA MTPHUIOKEHHS CHIIBI YUTACTCS OJJHO3HAYHO (TOpELl, CeUeHHEe CTEPXKHS U T.1.)
W BUIHO K 4YeMy OHa MPWIOKEHA, TO BEKTOpP CHIIBI M300pa)kaercs OOBIYHOMN
CTPEJIKOH, TOUKA MPUIIOXKEHHUS OyJIET Ta, YTO KacaeTcsl TIOBEPXHOCTH Tela:

—— CHJIa ICHCTBYET HAa U3BECTHYIO
TOYKY (TOPEIl CTEPXKHS, CEUEHHE
L TeNa)

B ciyuae, eciu MONOXKEHHE CUIIBI OMpEEIsIeTCs HESICHO, HANpHUMep, Ha
¢oHe Tema, 00a KOHIIA BEKTOpa CBOOOMHBI, TO TOUYKY MPIJIOKCHHS CICIYeT
YKa3bIBaTh 0c000, KaK MOKa3aHO HA CXeMe:

CHUJIa ICHICTBYET Ha HENIPUBSA3aHHYIO K

—1
,.4_{:‘], TeNy TOUKY

[Ipy BBIMONHEHWH BCEX pacYETHO-TpaUUIeCKUX padOT HCIOIB3YeTCS
(GyHIAMEHTANBHBIA TMPUHIUI MEXaHUKA — TMPUHIUI OCBOOOXKIACMOCTH OT
cBsizell (akcuoMma). B cOOTBETCTBUY ¢ TaHHBIM MPHHIIAIIOM HEJb3s YKa3bIBaTh HA
PAcUETHOM CXEMe W CBS3HM, W WX PEaKIUU OMHOBpeMEHHO. JInbo cBs3m, aubOO
peakuuu. OnHakKo, WHOTHAA, JJIs OMNpeAeNeHUs IUied CUJl TNpPU BBIUUCICHUU
MOMEHTOB, JIMHUU JEUCTBUS PaBHOACHCTBYIOIIMX W B JAPYTUX Cilydasx, JUis
HATJISTHOCTH COCTABJICHWS YpPaBHEHUHM yJOOHO YyKa3biBaTh HAa CXEME JUHHUH
JIEHCTBUSI PAaBHOACUCTBYIOIIMX HArpy30K, PEeakiuil, HE yaayiss camu cBsizu. B
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TaKUX CIydasx JIOIYCKAeTCs YKa3bIBaTh CHIIBI, HM300pakas WX MTyHKTUPHOH
JIMHHE:

U300paXKCHUE PEAKITHU CBSI3H
MTYHKTHPOM

n300pakeHNe PaBHOJEHCTBYIOIIECH
0 MTYHKTHPOM

B cootBeTcTBUM ¢ METOJOM CEUEHHMM NEHCTBHE OJHOM YacTH dJEMEHTa Ha
JIPYTYIO (CMEXHYI0) 3aMEHsIeTCsl yCusaMu. Ha BhIpe3aHHOM Y4acTh JOJKHBI ObITH
MOKa3aHbl MECTa CEUEHUM, YCUJIUSl MPUKIAJBIBAIOTCS B TOYKAX, IJ€ CEUCHUS
MIPOBENICHBI, Oe3 IepeHoca CHII:

N NN, n300pa’keHne yCHInii, eHCTBYIONHX B
CCUCHMAX

[Ipu 3TOM Ha YepTEeKE ANEMEHTHI CXEMBI JTOJDKHBI H300paxaThCsl JTHHUSIMU
pa3JIMYHOM TOJIIMHBI U HE CIUBATHCS: TOMUIMHA oceBol uHuu — 0,13 MM, MecTo
ceuenus — 0,3 mm, Bektopa — 0,5 MM, ctepxHs 1,0 MM.



Cnsur. Kpyuyenne.

Cnur — Bua HAC, npu KoTOpOM YacTHIBl MaTepHaia, PacloIOKEHHbIE
B CMEXHBIX MapalJeNbHBIX IUIOCKOCTAX, MOJA JCHCTBUEM HampsKEeHU
CMEIAIOTCA APYT OTHOCUTEIBHO APYyra, OCTaBasCh B 3THX INIOCKOCTSX (puc. 1):

Puc. 1. Cxema B3aIMHOTO CMEIICHUA YaCTUIl MaT€pualia rpu CABUTE

Marepuan CTepXHEH KpYIJIOro IONEPEeYHOro CEYEHHs, IepearoiIinx
KpYyTALIMH MOMEHT OT JBUTaTeNsl Ha padouuii opraH MamuHB (BaJoB),
paboTaer B YCIOBHSX YHCTOTO CIABHIA.

IIpyn omeHKe TNPOYHOCTHM M3OTPOITHOIO MaTepuasa B  OJJIEMEHTe,
paboraromieM Ha CIBHT, BOOOIIE TOBOPS, HET MPUHIMINAILHON Pa3HUIIBI, KaK
HaIpaBJIeHbl HANPSDKEHUS T, ACHCTBYIONINE B IUIOMIAAKE (HA PUCYHKE — BIEBO
WIN BIpaBO), IIOCKOJBKY TIPOYHOCTh OJAWHAKOBA JUIS JIIOOBIX  JBYX
MIPOTUBOIOIOKHBIX HarpaBieHUH. J{JIst 2eMeHTOB, paboTalomuX B YCIOBUSIX
CJIOKHOTO HANpsDKEHHOTO COCTOSIHUSI, KOT/a TPHMEHSIIOTCS T€ WM HHBIE
THIIOTE3bl MPOYHOCTH, BEIMYMHA KAacaTENbHBIX HANpsHKEHUH BXOAWUT B
(dopMynBl B KBajJpaTe W B ATOM Cilydae 3HAK HANPSHDKEHUH TakKe POJIM HE
urpaer. OnHAaKO, OT HANpaBJICHUs JACHCTBYIOIIMX HAIPSHKEHUH 3aBHCHUT
HalpaBJIeHWE TIepPEeMEUICHUH, 3HaTh KOTOpOE HEOOXOAWMO II0 YCIOBHSIM
KECTKOCTH WJIM TEXHOJIOTMYECKUM TpeOoBaHMIM 3a1aud. Hanpumep, B padore
BAJIOB, WIM JpPYTUX CTepXKHEH, paboraromux Ha KpydeHue, TpedyeTrcs He



TOJIBKO OIEHUBATh €ro MOPOYHOCTh MPH JCHCTBUU HArpy30K, HO M 3HATh
HaTpaBJICHUE CMENIeHUH (puc. 2).

Puc. 2. Cxema onpeienieHus 3a30pa IMpu MOBOPOTE

HO3TOMy aJs8 TOro, YTOOBI OJHO3HAYHO OMNpeAc/IsATb HaIPaBJICHUA
KpyTdauux MOMCHTOB, I[efICTByIOHIPIX B TMOHNCPCUYHBIX CCUCHUAX, CICAYCT
JOTOBOPUTHCA 00 YCTaHOBJICHUU OZ[HOO6pa3HOFO npaBuJia 3HAKOB.

3naku ycwinii U AepopManmii Ipu Kpy4eHUH BaJIOB.

BekTop-MOMEHT, Kak MaTeMaTHueCKHi 00BEKT, B OTIINUUE, HAIPUMED, OT
CHJIBI WJIM CKOPOCTH, SIBIISIETCSl TICEBJOBEKTOPOM (AaKCHAJIbHBIM BEKTOPOM) M
3HaK €ro 3aBUCHUT OT BHIOOpA CHCTEMBI KOOpJHMHAT. JTOT (pakT BHOCHUT NpH
pelieHny 3ajad compomara pa3sHOUTeHWs B y4eOHOH JUTepaType IpH
OIIpeJIeJIeHUH 3HAaKOB MOMEHTOB M yIJIOB TMoBopora. llostomy namum
JIOTIONIHUTENBHOE Pa3bsCHEHHE O 3HAKaxX KpPYyTSAIIUX MOMEHTOB M YIJIOB
MOBOPOTA CEYEHWH W YCTaHOBUM NPABUIIO, KOTOPOro OyIeM IMpUAEPKUBATHCS
B JIAaHHOM Kypce.

B nmaHHOM Kypce ucCHonb3yercd NpaBWIO BHEIIHEH HOpMalW, NpU
KOTOpOM HampaBlieHHe MEWCTBUS YCWINMH, HampspkeHud u Jedopmanmii
MIPUBSI3BIBAETCS HE K OCSIM MPOU3BOJIBHO HA3HAYEHHOW CHCTEMBI KOOPAMHAT, a
K caMOMY cedeHuIo. J[efiCTBYIOIYE B CEUEHUHU Bajla CABUTAIOIINE HAMIPSKEHUS

T 3aMEHSAIOTCS BEKTOpoM M

M

Xp * a 1o €ro HalpaBJICHUIO OMNPCACIACTCA 3HAK

Kp*

IlonmoxxuTeIbHBIM 6y/:[eM CUUTATb BCKTOP KPYTALICTO MOMCHTA M Xp nim

yIJia IOBOPOTa (@ B TOM CIIydae, KOT/ia €ro HalpaBieHue COBIAAET C BHEIIHEH
HOPMAJIBIO K CEYEHHIO.

Kak npunHsTO B MexaHHWKe, B OOIIEM CiIydae, HCIOIB3YeTCs MpaBas
nekaproBa cucrtema koopmauHat (ITJICK). B3aumHoe pacmonokenue ocei
MPaBOI CHUCTEMBI ONpEACSISTCS MPAaBHIOM: MPU B3DIAAC C KOHIA OCH Z Ha
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IUIOCKOCTh Ocell X 1 ¥ mOBOpOT 0 COBMEILEHH 110 KpaTyaiieMmy nyTu ocu X
C OCbI0 Y IpPOMCXOMUT NMPOTUB 4YacOBOU cTpenku. HarmsamHo WuIocTpupyer
pacrionoxeHrne oceil MpUéM C UCTIOIH30BaHUEM KHCTH JIEBOW PYKH, B KOTOPOM
HalpaBJIeHUe MajbLEB YKa3bIBaeT HAIPaBIEHHUE Oceil: OOoNbINON maner — och
X, cpennuii — Y, ykazatenbHslid — Z (puc. 3).

Z

P

)

RN

Puc. 3. [IpuBsizka oceli mpaBoii IeKapTOBOI CHCTEMBI KOOPIUHAT K JIEBOI pykKe

Taxum oOpa3oM, eciu Ipu B3MIAAE HA CEUCHHE C KOHIA HOpMAalH
KpYTALIMHA MOMEHT ITOBOPAYMBAEeT €ro IPOTHB YaCOBOH CTpPENKH, TO
HalpaBJieHUe NPUHAMAETCS TOJOKHUTENBbHBIM, 0003HAYaeTCsl 3HAKOM «+» U
Ha000pOT, IPU IOBOPOTE 110 YACOBOU CTPEIIKE — 3HAKOM «—». 3aMETUM, YTO IO
TpeTbeMy 3akoHy HploToHa (puc.4) B CMEKHOM CEYEHHH (BTOPOM) YCHIIHS
HAaIpaBJIeHbl B IPOTHBOMOJIOKHYIO CTOPOHY, HO M BHEIIHSS HOPMaJlb K 3TOMY
CEYEHHIO (BTOPOMY) MMEET MPOTHUBOIIOIOKHOE HAIPaBJIEHHE OT CMEXHOTO
(mepBoro), MOATOMY 3HAaKM KPYTAIMX MOMEHTOB M; u M, Oynyr
OJTMHAKOBBIMH.



IINIOCKOCTD
TIOTICPEYHOI'0 CEUCHU

BEKTOP-MOMEHTBI
u M-

)
S,

e

BHCIITHHUC HOpMAaJIA
CMEXKHBIX CCUCHHUHA

Puc. 4. [IpaBuio 3HaKOB JUIS KPYTSIIMX MOMEHTOB

Takoe e NpaBWIO CIeIyeT MPUMEHSTh W JUIS YIJIOB 3aKPYYUBAHUS .
Ecnn mpum B3rsie Ha cedeHHE CO CTOPOHBI BHEIIHEW HOpPMall TOBOPOT
CEeYeHHUs! BUJIEH NPOTHB YaCOBOW CTPENIKH, TO Yrojl 3aKpy4MBAHUSI CUUTAETCS
MOJIOKUTEIBHBIM ~ (3HAaK Ha DOIIOpEe «+»), 10 YacoBOW CTpenke —
OTPHUILATENEHBIM (3HAK HA JIIOPE «—»).

[pu pemeHny cTalOHapHBIX 33/1a4 O KPYYEHNH BAJIOB, KOT/a BCE TOUKU
BaJjia MOCTOSHHO IEePEMEIAaroTCs], 32 HauaJlo OTCUETOB (HYJIEBOTO yIIia) MOXET
ObITH BEIOpaHO Jt000e ceuenue. s ynoOCcTBa YTeHHs pe3yIbTaToB CIEIyeT B
Ka4yecTBe HYJIEBOI'O YIJla NPUHATH OHO U3 KpaiHMX cedeHui Bana. B cimydae
pelIeHusl CTaTHYECKOW 3a/7aud O KPYYEHHH HEMOJBIKHO 3aKperIEHHOTO

CTCpKHA B  KA4Y€CTBC  Hadalla OTC‘IéTa, €CTCCTBCHHO, TMPUHUMACTCA
HCIIOABMXKHOEC CCUCHUC.

OTMmeTuM, YTO NPUHATOE MPABWIO 3HAKOB C MPHUBSI3KOM K BHEIIHEH
HOpMaJIl CEYEHUs] — pe3yNbTaT JOIOBOPEHHOCTU M HCIIOIB30BaHUE IPYroro
npaBwia He wuckmodaercs. OnHako, asi oOJNerdeHus: B3aUMOITOHUMAHUS
MEXIY YYaCTHUKaMH OOCYXKAEHHS 3aJaudl CIEAYeT NMPUAEPKUBATHCS OIHOTO,
BBIIIEO3HAYEHHOr0 IpaBmia. Kpome Toro, npuMeHeHue J0OOro IpaBHUia
IpearnonaraeT OJHO3HAYHOTO U BEPHOrO 3HaHUA O JCHCTBUTEIBHOM
HaNpaBJICHUU YCUINH U IepeMelleHuit.



PacuéTtHo-rpadpnueckas padora Ne2
«PacuéT Basia nop AeiicTBeM KPyTAIIUX MOMEHTOB)

1. Mcxonauble naHHBIE

Jis  Bama CIJIOIIHOTO TIONEPEYHOTrO CEYEHHs KpYyriiod (OpMEL,
MTOCTOSIHHOT'O TIO JUIMHE, MPHUBEAEHHOTO Ha cxeMe (puc. 5), Bpamaromierocs
PAaBHOMEPHO C YacTOTOH 7, 00/MUH, ONPENEIUTE JUAMETP, UCTIONB3YS YCIOBUS
MPOYHOCTH M KECTKOCTH B KadyecTBE IMPOCKTHOro pacyera. Jlomyckaemoe
HanpsDKCHUE M MOonyab casura marepuana (CT. 3), COOTBETCTBEHHO, PUHSTH
PaBHBIMU Ty, = 80 Mma wu G:O,S'l()5 Mna. MakcuManbHO JOMYyCTUMOE
3HAYCHWE OTHOCUTEIBHOTO  yIVIa  3aKPYYUBAHHUS  INPUHITH  PaBHBIM
Ouam = 1 Tpagy/m.

2. TlocnenoBaTeNbHOCTD PELIEHUS 3a0auu

* IPOBOANTCS aHAIN3 3aJaHHON PACUETHOM CXEMBI U BBIOMpAETCs Criocod
pelIeHns 3a1a4y 10 ONPEIETICHUIO HEU3BECTHBIX BHEIITHUX CHJ;

* 10 3aJlaHHOM MOIIHOCTH U YacTOTE BPAIIEHUs Bajla, BBIUUCIAIOTCA
CKPY4MBAIOIE MOMEHTHI;

* U3 YpaBHEHMS DABEHCTBA HYIIO CYMMBI CKPYYHMBAIOIIUX MOMEHTOB,

ﬂeﬁCTByfomHX Ha BaJl, HAXOAWUTCs 3HAYCHUC MOMCHTaA Teo , HepeaaBacMoro Ha

pabounii opraH MaIlHHbI;

* B BBIOPaHHOM Maciitabe CTPOUTCS SMI0pa KPYTSIIIUX MOMEHTOB 7};

* U3 YCIIOBHUSI TIPOYHOCTH HAXOMUTCSI TUAMETP Baja U Ha3HAYACTCS I10
tabmuue [Tpunoxenns

* B BBIOPaHHOM Maciitabe CTPOUTCS SMI0Pa YIJIOB 3aKPyYHBAHUS,

* HA OCHOBE 3aKOHA COXPAHCHUS] MEXaHHMYECKON 3HEPTUH OIICHHBACTCS

MIPABIILHOCTh HAXOXKICHUS UCKOMBIX BEIMYHH.
3. AHanu3 pacy€THON CXEMBI.

[TockonbKy BHEIIHHMX CHJI, JEHCTBYIOIIMX BJIONb OCH Bajla HET, TO HX
JIeWCTBME W3  aHalW3a HCKIoyaeM. Bax  3akpemiéH K - omopam
IWIMHAPHYECKUMH IApHUPaMHM, TO3BOJISIONIMMH ITIOBOPAaYMBAThCS Baly Kak
abcoroTHO  TBEPAOMY  TEIy  OTHOCHTENIBHO  IIPOAOJNBHOH OCH H
3aNpelaloiMMKE €ro CMEIIeHHe MO BCeM IpPYrHM HampaBieHusM. [lostomy
MOXHO 3aKJIIOYHTh, YTO TOJIOKEHWE TOYEK Baja MOXET OBITh OMUCAaHO C
MOMOIIIBI0 OHOTO TE€OMETPHYECKOro IlapaMerpa — yria IoBopoTa ¢,
Clle/IoBaTeNIbHO, CHCTEMa 00J1alaeT O/IHOM CTeneHbo cBoOoabl. Ha ocHoBaHMM



MIPUHITUITIA OCBOOOXKIAEMOCTH OT CBSI3€H MBICIICHHO OTOpachIBacM IIAPHUPHI U
3aMEHsieM WX JEUCTBYIOUIMMM peakuusMu. JIMHUM JAeicTBUS peakuui
MEepPECEeKAOT OCh Bajla, MOMEHTHI KOTOPHIX OTHOCHUTENIBHO MPOAOIBHON OCH
paBHbl Hymo. Torna, yduTsiBasi, 4TO BaJl IO YCJIOBUIO BpalIaeTCsi ¢ HYJIEBBIM
YIJIOBBIM yckopeHueM € =(, Ha OCHOBAaHUHU CIEJICTBUSI 3aKOHA COXPAHEHHUS
KUHETUYECKOTO MOMEHTa MOXKHO 3alucaTh YpaBHEHHE paBEHCTBA HYJIIO
BHELIHUX MOMEHTOB, U3 KOTOPOTr'O OMPEAETUM HEU3BECTHBIA CKpPYUYHBAIOUIUIA

MOMCHT Teo , IEpE€IaBa€MoOro Ha pa60l11/1f/'1 OpraH MallluHbI.

[l yuéra HanpaBiIeHHs MOMEHTOB B OOIIEM ciIydae HEOOXOIMMO BBECTH
CHUCTEMY KOOpJWHAT, U BHOCHUTh WX 3HAUCHHS B YPaBHCHUEC B COOTBETCTBHU C
OpHUCHTAITMCH TPOJONBHON OCH Baja W TOJOXKUTCIHHBIM HAIMpPABICHUCM
COBMEIIIEHHOM ¢ Hell onHoM u3 ocelt BBeneHHou cucremsl [ICK/, kak ykazano
BhIe. OHAKO, B 3aJJAHHOW CXEME BCE CKPYUYHBAIOIINE MOMEHTHI ICHCTBYIOT B
MapaJuUIeTbHBIX IUIOCKOCTAX W MOXHO OOOWTHCh 0€3 BBEICHHUS CHUCTEMEI
KOOpJIMHAT, NPUHSB MPOU3BOJILHO JI000€ HANpaBJIeHHE 3a ONOKUTENbHOoe. 13
peIllcHusI YpaBHEHUS COCTOSHUS (PaBHOBECHS WM PABEHCTBA HYIIO CYMMEI
MOMEHTOB) OTHOCHTEIFHO HEH3BECTHOTO MOMEHTA OIPEICIIUTCS HATIPaBICHUE
€ro JICUCTBUSL: TIPU MOJIOKUTEITHHOM 3HAYCHUW HATPABJICHUE OYIET COBIAIATh
C TEM, YTO NPUHATO HM3HAYAIHHO IOJIOKUTEIBHBEIM U B TPOTHUBOIOIIOKHYIO
CTOpOHY B IPOTHBHOM CITy4ae.

4. OnpeneneHre CKpyYUBaIOIIUX MOMEHTOB, IPUIOKEHHBIX K BaJly.

BeruncrisieM yriioByro CKOpOCTh BpaIlCHUs BaJia B repriax:
nn _ 7-800

©=— =838c!.
30 30

Hcxoast U3 3aJlaHHON MOIIHOCTH ABHrateiieil P; aOCONIOTHBIE 3HAYEHHS
MOMEHTOB, JICHCTBYIOIIMX HA BaJl B YKa3aHHBIX HAa CXEME TOYKaX IO JJTUHE
BaJa, ONpeIeNsOTCs Mo BhopMmyIe:

(1
3amaHHble 3HaueHus MouHocTer: P; =6 kBr; P, =5 kBt; P; =2 kBr,
TOT/1a a0COIOTHBIC 3HAYCHUS CKPYYHBAIOIIUX MOMEHTOB PaBHBI:
_6-10°

. =71,6 Hwm;
' 838
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. 3
T, = >-10 =59,7 Hm;
2 838

_2:10°

Y = =239 Hwm;
P 838

VYka3piBaeM 3HAU€HHsI CKPYYHMBAIOIINX MOMEHTOB Ha PAacu€THOW cXeme,
cocTaBleHHON ¢ yuérom wucxomHoro 3HaueHust /=40 cm. I[lpunuMaem 3a

MOJIOKUTEIILHOE HamNpaBlIeHUE EHCTBUE MOMEHTA Teo , TOrJa 3HAYCHUS Tel u

Te3 BOUAYT B YPABHCHUEC CO 3HAKOM «—», a MOMCHT Te2 CO 3HAKOM «+».

CoctaBnsieM ypaBHEHUE pABEHCTBA HYIIO CYMMBI
MOMEHTOB, H PEIIIAeM €ro OTHOCHTEIBHO T, :

3
2.7, =0;
0

T, ~T, +T, —T, =0;

CKPYUHBAIOIINX

T, =T, -T, +T, =71,6-59,7+23,9 =358 H'm.
0 1 2 3
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Puc. 5. PacuérHas cxema Bama. OmIOpel KPYTAIINX MOMEHTOB M YIVIOB

3aKpyIYUBaHUsL
5. Beruucnenue KpyTsImux MOMEHTOB.

Kpyrsmuye MOMEHTBI ONpenenstoTcs METOAOM CEYEHHUH, Uil 4ero Bal
pa3buBaercst Ha Y4acTKH («a», «b», «c»), TpaHUIAMH KOTOPBIX SIBISIFOTCS
TOYKH, B KOTOPBIX PHJIOKEHBI CKPYYUBAOIEe MOMEHTHI (puc. 5). Ha kaxmom
y4acTKe 3aKOH W3MEHEHHs KPYTAIIEro MOMEHTa OCTa€Tcsl MOCTOSHHBIM. C
Y4€TOM MpaBUIa BHEITHEW HOPMAaJIU OIPEAENIeM PYTSIIIE MOMEHTHI:

— Y4acTOK «a»:
I,=T, =7L6H ™;

— Y4aCTOK «by:
I,=T, -T, =71,6—-59,7=119H-m;

— Y4aCTOK «C»:
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T,=T, -T, -T, =71,6-59,7-358=-239H-u.

c e e,

BeiOpaB macmita® M300paskeHusl, CTPOUM 3ITIOPY BHYTPEHHHUX KPYTSIIHX
MOMEHTOB. B TOYKax mpUIOKEHHS COCPEJIOTOYEHHBIX CKPYYHBAIOLINX
MOMEHTOB  3ITIOpa  BHYTPEHHEro  KpYTAIIEro  MOMEHTa  MEHseTcs
CKauKoOOpa3HO, TPU O3TOM CKAuyoK IO MOAYIIO YHCIEHHO paBeH
TIPUIIOKEHHOMY BHELTHEMY KPYTSIIEMY MOMEHTY.

6. OnpenesieHre JUamMeTpa Baja U3 yCIoBUs 00eCeUeH s IIPOYHOCTH.

Breruucnsem 3naueHue JnaMeTpa BaJla Ha OCHOBE YCJIOBHS IPOYHOCTH!

W ZTmax W :Tmax202d3.
p > Wp > >
Tadm Tadm
d=316TM; Tax = TLOH-M;
T ydm
16-71
d236—7’6621,66~1072M.
n-80-10

7. Onpenenenue nepeMereHui.

VYrael moBopora cedeHHi Bana (YIUIBl 3aKpy4MBaHHS) IS Y4acTKOB
CTEPIKHS U JUIsl BCETO BaJla BEIYHUCISIOTCS IO OpMyaM:

o T
T
Gy @)
gy
= s 3
Px iZ:I:GJp 3)

rae Jp — HOJ'IHpHI:Iﬁ MOMCHT HMHEPHUU CCUCHHA BaJia, G—MOZ[yJ'H) cABura

Marepualia Baja npuHUMaercs 1o 3aganuo; G =0,8- 10° MITa=8-10'" Ia ;

4
J =T _01a* =7455-10 .
Y

I[J'IH OIpCACTICHUA YIJIOB 3aKpydMBAHUA B Ka4€CTBC Haydaja oTcuéra

NpUHUMAEM CCUCHUC, TAC NPUIOKECH Cpr‘lI/IBaIOHII/Iﬁ MOMCECHT Tel , a Yroia

MOBOPOTA 3TOTI0 CEYCHU IMPUHUMACM PABHBIM HYJIIO.
Torz[a Ha KOHIIC MEPBOro y4acTKa «a» yrojl 3aKpyinuBaHHs COCTABUT:
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~ 71,6-0,4
8-10'°.7,455.107°

Ha KOHIIC BTOPOI'0 y4acTKa «by:

=0,0480pan ;

a

11,9-12

— 0,0480 +
P 8-101°.7.455.107°

=0,0719pan ;

Ha KOHIIC T‘peTBeFO y'laCTKa «C».
-23,9-0,4
8-10'°.7,455.107°

BriOpaB mMacmitad u300paskeHus, CTPOUM 3IIOPY YTIIOB 3aKpyduBaHUs (puC. 5).

¢, =0,0719+ =0,0559pan .

7. HpOBepKa MPaBUJIbHOCTU BBITIOJIHCHHBIX paC‘-IéTOB.

HpeHereraﬂ NOTEPAMU SHEPIruu Ha MPCOJOJICHUEC BHYTPECHHETO TPCHUA B
Marepuajc, Ha HU3MCHCHUC TCEMIICPATYPbl W MArHUTHBIX CBOICTB TCa, B
COOTBETCTBUHM C 3aKOHOM COXPAHEHUS MEXaHMYECKOM SHEPruM NpHU YNpyrou
I[e(l)OpMaHI/II/I CTCP’KHA MOXHO 3anucatb PaBCHCTBO MOJIHOM TNOTEeHIUATbHON
OHEPIrun Z[e(l)OpMaHI/II/I CTCPIKHA CyMMapHOﬁ pa60Te BHCHIHUX CTAaTUYCCKU
MPUIIOKCHHBIX K CTCPIKHIO CUJI:

W=u (4)

rac U — nonHasg NOoTCHUHAJIbHAA SHECPTUA Z[e(l)OpMaI_[I/II/I CTCPIKHS:
n 2
U= Z 7; Zi
<267,
B ; ®)

W — cymmapHass paboTra CKpYYMBAIOIIMX MOMEHTOB, CTaTHYECKH
MPUJIOKCHHBIX K CTEPXKHIO, HA COOTBETCTBYIOIIUX YIJIOBBIX MEPEMEIICHUAX
TOYCK TIPUWIOKEHHUS ITUX MOMEHTOB 7,;, BBIYHCICHHBIX OT COBMECTHOIO
JIEACTBUS BCEX BHEINTHUX MOMCHTOB.

Ha ocnoBanum treopemsl Knaneiipona:

n
1
W =2 T (©6)
i=l1

Bennuuna HOTeHHPIaJ'IBHOfI OHEPIrun:
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Uy Lo Tl Bl T _
S2G6J, 2G6-J, 2G-J, 2G-J,

1
©2.8-10.7,455.107°

[(71,6)20,4 +(11,971,2+ (- 23,9)20,4] =2,05]T%.

Bo wu30exanne omuOOK TNpH BBIYUCICHUH PAOOTHI CKPYYHBAIOLINX
MOMEHTOB CJIe/lyeT o0paTtuTh 0ocoboe BHMMaHHME Ha 3HAKH. 3HAK BEJUYUHEI
paboThl MPUHUMAETCS HE IO SMIOpE YCWINH, a B COOTBETCTBHU C PacyETHON
CXEMOH, Ha KOTOpOW W300pakeHbl CKpYy4MBaIOIIME MOMEHTHL. Pabora
CKPYUYHUBAIOIIMX MOMEHTOB, Ha MEPEMENICHUSIX @ OyIeT MOJIOKUTEIBHOM, eCciIH
HaIpaBJIeHUus] MOMEHTa M, 1 yriia IIOBOPOTa (; COBIAJAIOT U OTPUIATEIbHON —
B NIPOTHBHOM CITy4Yae:

W= % [71,6-0+ 59,7 - (+0,0480) + 35,8(+ 0,0719) — 23,9(+ 0,0559)] = 2,05 [

3aKOH COXpaHEHHS MEXaHUYECKOM DHEPTrUW  BBIMONHSIETCS, BBIYUCICHUS
BBITIOJTHEHBI TIPABUIIBHO, Bal pabOTaeT B 30HE YNPYTrHuX JehopMariui.

8. Onpejenenne AuaMeTpa Basia U3 TpeOOBAHHUS KECTKOCTH.

3HayeHWe OTHOCHUTEIBHBIX  YIJIOB  3aKPYYUBAHUS HA  ydacTKax
omnpenensiercs mo Gopmyse:

0, =—1—. ™)

C yuéroM mepeBojJia pajWaH B Tpaaychl U Ucmonbs3ys (7.91), momyuaem
OTHOCHTEIIEHBIC YTITBI 3aKPYUYUBAHUS

0, = T, _ 1701,6.180 ——692 rpan :
GJ, 810%.7,41-107°x M
0, = Ty, _ 1101,9.180 —= 1’15r‘paz[ :
GJ, 810°.741-107°n M
T 11,9 - 180°
0, =< - : — 1504,
GJ, 8-10".741-10°x M
rpaj rpaj
0, = 6,92 y >0, =1==

XKectkocTh HemocTaToYHA, HEOOXOAMMO YBEIUYUTH JHAMETp Bama. Ban
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Tpe6yeMoro AnaMeTpa OOJIKECH HUMCTh HOJ'IHpHHﬁ MOMCHT HWHEpIHH CCUYCHUA

S B
Jy ‘s =692 pasa Gombire J,. Tak Kak NOJNAPHBIH MOMEHT WHEPIHMHU
adm

KPYIJIOro CeueHHsl 3aBUCUT OT JAMaMeTpa B YETBEPTOW CTEMEHH, TO TpeOyeMblit
JTMaMETP COCTABIISIET:

d" > d4692 =1,65-107-1,62 =2,6810 2 m = 26,8 ImMm

Mo tabmuue IlpunmoxkeHuss nNpUHMMAeM JTUaMeTp Bama 28 MM —
OmKaiIMii B GONIBIIYIO CTOPOHY IO COPTAMEHTY.
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BapuaHTbI pac4éTHBIX cXeM
JJISl BBITIOJTHEHHA pac4éTHo-rpadudeckoii padorsr Ne2

Beibop BapuaHTa pacu€rHoil cxeMbl pacu€THO-Tpaduueckoil padoTsr No2
BEITIOJTHSACTCS B COOTBETCTBUHY C JaHHBIMU Ta0ui (Taomn. 1) u (Tadm. 2).

Tabm. 1

Pacuérnrie

JaHHBIC Hn(bpa IHI/I(bpa

0 1 2 3 4 5 6 7 8 9

n, 06/mun | 600 | 360 | 720 | 900 | 500 | 1200 | 500 | 1000 | 800 | 450

PoxBr | 2 | 2] 2333 |4]3]4]s

P,, xBr 4 3 5 2 4 5 3 2 4

P, xBr 1 3 2 3 4 2 5 6 1 2

[, cm 32 12514540 | 50| 30 | 20 | 30 | 20 | 40

Texunveckne ycaoBus. J[ns Baja CIUIOIIHOTO ITONEPEYHOrO CEUEHHS
Kpyrioi (opmbl, Bpamiaromierocs PpaBHOMEPHO C 4YacTOTOd #  00/MuH,
OIpeIeINTh TpeOyeMblil TruaMeTp. JlommyckaeMoe HanpshKeHHe MpU KpyYeHUH U
MoIynb caBura Matepuana (cranb Cr.3), COOTBETCTBEHHO, NMPHUHSITH PABHBIMU:

5
Taam = 80 1 G=0,8-10 MIIa.

Jns Bemmonnenust PI'P mpexacraBneHsl 1Ba BapuaHTa PAacUETHBIX CXEM:
NEepBBII — JUId Bajla, YCTAaHOBIEHHOIO B HJCAJbHbIE IIApHUPHI, HE
MPENATCTBYIOIIME MOBOPOTY M BTOPOM — AN Bana, B KPEIUIEHUM KOTOPOIO
MPUCYTCTBYET MIAPHUP C CONPOTUBIIEHHEM BpalleHuto. [1o ycnosuro 3amaun Ban
BpalaeTcs ¢ IOCTOSIHHON YIJIOBOM CKOPOCTBIO. B mepBoM ciydae paBHOMEpHOE

BpallleHHe Bajna O00eCHevMBacTCsl [JCHCTBUEM KpyTsulero Momenra T, ,

repeaBaeMoro Ha pabouuii opran MalIvHbI, BO BTOPOM Ciydae — JIeHCTBHEM Ha
HEro peakTHBHOIO0 MOMEHTa My, BOSHUKAIOIIETO B IIIAPHUPE C COMPOTHBIICHUEM
Bpamenuro. [l ompexeneHus 3HAYEHWS OTHUX HEM3BECTHBIX BHEIIHHX
MOMEHTOB HCIOJIB3YeTCsl CJEJACTBUE 3aKOHA COXpaHEHUs KUHETHYECKOTo
MOMEHTa MEXaHWYEeCKOW CHCTEMBI, COIJaCHO KOTOpPOMY, paBHOMEpHOE
BpallleHHe C IOCTOSHHOM YIJIOBOM CKOPOCTBIO ITPOMCXOIWT TPH pPaBEHCTBE
HYJIO TJIABHOTO MOMEHTa BHEHIHHMX cWi. [loaToMy B 00OMX BapHaHTax CXeM

BHEIIIHUE MOMEHTEHI 7 ¢, WM My (peakTUBHBII MOMEHT TEPEXOIUT B CITHCOK

BHEIIHUX CWJI TOCJC 3aMEHBI CBSI3U PEAKIUsIMH) OYIYyT PaBHBI IO MOIYJIIO
PE3YABTUPYIOLIEMY CKpYUYHBAIOIIEMY MOMEHTY oT JIBUTATENEH,
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MPOTHUBOIOJIO)KHO MM HAIIPABJICHBI U OMNPCACTIAIOTCA U3 YpaBHCHHSA PABCHCTBA
HYJII0 BCEX BHCHIHUX MOMCHTOB OTHOCUTECJILHO OCH BaJia.

Cnez[yeT HUMCETb B BUAY, YTO, XOTd IO BHCIOIHEMY BUAY 3TO YPABHCHUC U
COBINAAACT IO 3aIlIUCU C YPABHCHHUEM PABHOBECHUA JJId HCIIOABUKHOI'O TEJIa, HO
HC SABJISICTCA TAKOBBIM, TaK KaK BaJl HC HAaXOJAWUTCA B ITOKOC, a BpallacTCAd. B
JaHHOM CjIydac [Jid BpallaTeJIbHOTO JABWKCHHA TIPOCJICKUBACTCA SABHAA
aHajJioruss ¢ TICpBbIM 3aKOHOM HrroToHa: Bpalll€HUE TeCjla TMPOUCXOAUT C
HEU3MEHHOU yFJIOBOﬁ CKOPOCTBIO ITPU HEM3MCHHOM MOMCHTC BHCIIIHUX CHUJIL.

B pacuérno—rpaduueckoii pabote TpeOyeTcss W3 yCIOBUN MPOYHOCTH U
JKECTKOCTU ISl 3aJ[aHHOM pacyéTHON CXEMbI M MaTepHaia Ha3HAYUTh CEUCHUE
Baja, M300pa3sWTh OSMIOPHl YCHIUA W TEPEMEIICHUN, BBIMOIHUTH MPOBEPKY
BBIUMCIIEHHI TI0 OalaHCy MOTEHIMATIbHOU SHEPTUU U PAOOThI BHEITHUX CHJL.
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Tabm. 2
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IIpunaoxenne

Momenmol conpomuenenusn u N10WAOb CeUeHUA CHILOULHBIX KPY2IbIX 6AJ106
Tadanna

D,mm W,,I,CM3 WK,CM3 F, ,CM2 D,mm W,,I,CM3 WK,CM3 F, ,CM2
20 0,785 1,571 3,14 75 41,4 82,8 44,2
21 0,909 1,818 3,46 78 46,6 93,2 47,8
22 1,045 2,090 3,80 80 50,3 100,5 50,3
23 1,194 2,39 4,15 82 54,1 108,3 52,8
24 1,357 2,71 4,52 85 60,3 120,6 56,7
25 1,534 3,07 4,91 88 66,9 133,8 60,8
26 1,726 3,45 5,31 90 71,6 143,1 63,6
28 2,16 4,31 6,16 92 76,5 152,9 66,5
30 2,65 5,30 7,07 95 84,2 168,3 70,9
32 3,22 6,43 8,04 98 92,4 184,8 75,4
34 3,86 7,72 9,08 100 98,2 196,4 78,5
35 4,21 8,42 9,62 105 113,7 227 86,6
36 4,58 9,16 10,2 110 130,7 261 95,0
37 4,97 9,95 10,8 115 149,3 299 104
38 5,39 10,77 11,3 120 169,6 339 113
40 6,28 12,57 12,6 125 191,7 383 123

42 7,27 14,55 13,9 130 216 431 133
44 8,36 16,73 15,2 135 242 483 143
45 8,95 17,89 15,9 140 269 539 154
46 9,56 19,11 16,6 145 299 599 165
47 10,19 20,4 17,3 150 331 663 177
48 10,86 21,7 18,1 155 366 731 189
50 12,27 24,5 19,6 160 402 804 201
52 13,80 27,6 21,2 165 441 882 214
55 16,33 32,7 23,8 170 482 965 227

58 19,16 38,8 26,4 175 526 1053 241
60 21,2 42,4 28,3 180 573 1145 254
62 23,4 46,8 30,2 185 622 1243 269
65 27,0 53,9 33,2 190 673 1347 284
68 30,9 61,7 36,3 195 728 1156 298
70 33,7 67,3 38,5 200 785 1571 1314
72 36,6 73,3 40,7
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