Jlexknusa 9. Pe3p00BbIe coefMHeHU
1. Coenqunenns neraJjeii MaluH

JleTanm B MalMHE TEM WM MHBIM CIIOCOOOM CBSI3aHBI JIPYT C APYTOM. DTH
CBSI3 MOTYT OBITh IMOJBHXHBIMH, JOMYCKAIONUMUA OTHOCHUTEIHHOE IBIIKECHUE JIC-
Tajei, WM HEMOABKHBIMU. [lo1 cCOeTMHEHUSIMU B MAaIlTMHOCTPOSCHUU TTIOHUMAIOT
HETIOJIBIKHBIC CBSI3U, B TO BpeMs KakK MOIBW)KHBIC HA3BIBAIOT KHHEMATHYCCKUMU
napaMu. B kadecTBe HCKIIFOUEHHUS K COSAMHEHUSM OTHOCST TaKXe HEKOTOPBIC KH-
HEMaTHYECKHe Tapbl, O0OJaJarolue TOJBMKHOCTBIO BIOJb OIPEACICHHBIX
HaIpaBlICHUH, IBIKEHUE TT0 KOTOPHIM HE OKa3bIBaeT BIUSHUS Ha BHITIOJTHEHHE OC-
HOBHOM paboueit pyHKIIUH.

Buabl coequnennii. CoetuHeHUs IEAT HA pazbeMuble U Hepa3zbeMHble.

Pa3pemHBIC COCTMHEHMS TMO3BOJISIOT Pa3beAUHATH JETad 0€3 WX TOBpe-
X)aeHus. K aToMy THITY OTHOCST pe3bbosble, uinonounvie, ummyesvle (3youamole),
KIeMMOBble, KIUHO8bIe, wmugmosble, npo@uibHble COSAMHEHNUS.

K HepazbeMHBIM COSAMHEHUSM OTHOCST 3aKA1eN0YHble, C8APHBLE, NPECCOBble
(coeounenusi c namsieom), nasinvle, Kieegble.

['maBHBIM KpHTEpHEM pabOTOCIIOCOOHOCTH COCITMHECHUN SIBISICTCS WX IMPOY-
HOCTh, KOTOpasi HE JIOJDKHA YCTyHaTh MPOYHOCTH COCIUHAEMBIX AcTaliel. PasHo-
NPOYHOCMb — OCHOBHOM IOKa3aTellb, OMPEACISIONINA CTeNeHb PAllMOHATBLHOCTH
KOHCTPYKIIUU COCIUHEHHUS.

[ToMuMO paBHOIIPOYHOCTH, OT COCUHEHUN TPEOYIOT MPOCTOTHI U TEXHOJIO-
TUYHOCTU B MPOU3BOJICTBE, a TAKXKE MPOCTHIX (HOPM, HE MCKAXKAIOIIUX OOIINX 00-
BOJIOB M37ICIIHSL.

2. Pe3n00BbBIE COCTMHECHUA.
Pe3zvbosble coedunenus pecTaBisaiOT co00il Hanbosee pacnpoCTPaHEHHbIN
BUJ] Pa3bEMHBIX COSAMHEHHI B MAIIMHOCTpOeHHH. OCHOBHBIMU KPENE)KHBIMU J1e-

TaJISIMM, WUCIOJIB3YEMBbIMU B COCIMHEHUSX ATOTO BHJA, SBJISIIOTCS OOJITHI, BUHTHI,
IIMHUJIBKY U TalKH.

< 1K H
S A XA ;

Bormim BuHm LWinunbka Bonm-wnunbka

|
|
|
1
|
I

Otnuune 60dTa OT BUHTA 3aKJIIOYAETCS B TOM, YTO BHUHT 3aKPYy4YHBAIOT
HEMOCPEICTBEHHO B JI€Tallb, B TO BPEeMsI KaKk Ha OONT HAKPY4YMBAIOT railky. @opMel



rOJIOBOK OOJTOB M BHHTOB MOTYT OBITh CaMBIMU Pa3HOOOPa3HBIMU: IIECTUTPAH-
HBIMH, TIOJTYKPYTJIBIMHU CO MIJTUIEM TIOJT OTBEPTKY, C OOYIITKOM (PBIM-00JIT) | JIp.

[Inunbka He uMeeT roJIoBKU. OJHUM KOHIIOM OHAa BBUHYUBAETCS B JICTaJlb,
a Ha Ipyrou ee KOHEIl HABUHYMBAIOT TaliKy. B ciy4yae HaBUHYMBaHUS Taek ¢ 000uX
KOHIIOB IIMUJIbKY HA3bIBAIOT OOJT-IIMUIBLKONU. B psife ciydaeB moj railky uiu ro-
JIOBKY BUHTA CTaBAT a0y, Ha3HAYEHUE KOTOPOU 3aKJII0YaeTcsl B Mpe0TBpallle-
HUU CMSITUSL JeTajieil, uX 3alluTe OT LapanuH, B MEPEKPHITUUA OOJIBIIOrO 3a30pa
OTBEPCTHUS, MPEAYNPEKIECHUU CAMOOTBUHUMBAHUS TalKU TIpU BUOpanusax (maida
['poBepa) u ap.

Haubounee npeanoyTuTeIbHBIM U IPOCTHIM SIBJISIETCSE 00JITOBOE COCIMHEHHUE,
MIOCKOJIbKY OHO HE TpeOyeT Hape3Ku pe3bObl B OTBEPCTHUSX JETanei, a moBpexie-
HUE pe3b0bl 00JITa WM FalKU HE CO3/1a€T TaKUX MPOOJIeM, KaK MOBPEXKICHUE Pe3b-
Obl JeTany KOHCTPYKIMHU. BUHTBHI WM IIMUIBKA CTaBST B CIydasx, KOI/Ia HEBO3-
MOXHO OO€CIEeUUTh YJIOOHBIM OCTYyN K rallKe WJIM TOJIIMHA JAeTajed CIUIIKOM
BEJIMKA.

Pe3b00BbIE COeNMHEHUS IO CPABHEHUIO C COCIMHEHUSMU JIPYTUX BUIOB 00-
JAJIAt0T PAJIOM MPEUMYIIECTB U HEOCTATKOB.

K nocromHcTBaM pe3bOOBBIX COEAUHEHUM OTHOCST:

- BBICOKYIO HAJIE)KHOCTh COCIMHEHUS;

- TEXHOJIOTUYHOCTh U3TOTOBJIEHUS U IPOCTOTY MOHTAXA;

- OTHOCHUTEIILHO MaJible TabapuThl U BEC KPETICKHBIX JIeTaleH;

- PEryJIMPOBAHUE CTENECHHU 3aTSKKH COCTUHEHUS;

- pPa3bEMHOCTb.

Henocrarkamu pe3pOOBBIX COSTUHEHUM SIBISIOTCS:

- YCIJIO)KHEHUE KOHCTPYKIIMU COEIMHSIEMBIX JETalIe 3a CUET CBEPJICHUS OT-
BEpPCTUH, HEOOXOAMMOCTH Hajdu4Ms (PJIaHIIEeB, TOJATOTOBKH OIMOPHBIX MOBEPXHO-
CTeH U JOCTyMa K HUM, 00eCIIeueHUs CTOIOPEHUS U JIp.;

- CaMOpa3BUHYMBAHUE COCIUHEHUS BCIIEJCTBUE ACHCTBUS BUOpainui, yaa-
POB, OTHOCUTEJIbHBIX JABWKCHUW AECTAJCHd M3-32 HEJIOCTATOYHOW 3aTSKKW WU B
cilyyasx, Korja AeTaiu o0pa3yroT KUHEMATHYECKYIO Tapy.

Cnoco0bI M3roTOBJICHUS U MATEPHAJIbI KPelexKHbIX AeTajieil. OCHOBHBI-
MU CIIOCOOaMU U3TOTOBJICHUS PE3b0 SIBISIIOTCS Hapeska U Hakamika. Pexe npume-
HSIOT JINThE (M3 TIACTMACC, CTEKJIA U JIp.) U BbIJIaBJIMBaHUE (HA TOHKOCTEHHBIX U3-
JETUsIX ).

Hapesky nmpou3BoasaT Ha TOKapHO-BUHTOPE3HBIX U PEe3b00(PE3EPHBIX CTaH-
Kax, UHOT/Ia BpyuHyt0. [I[puMeHsseMblii HTHCTPYMEHT — pe3Ilbl, TPEOCHKHU, pe3h0o-
BbIE TOJIOBKH, ()pe3bl, a IPU PYUHOM HAPE3Ke — IUIAINTKYA U METYHKHU.

Hakatka npezactaBisier coboii 6osiee MPOU3BOIUTENBHBIA CIIOCO0, 3aKITO-
YAIOMUNCA B TUIACTUYECKOM BBIJIABIIMBAHUH PE3bOOBBIX KaHABOK. [Ipm HakaTke
MPOUCXOJUT YIIPOUHEHUE MaTepHaia, MO3TOMY HaKaTaHHBIC JETAIM 0OeCleunBa-
10T OOJIBIITYIO TPOYHOCTh COCIMHEHUIO.

Kaaccesl npounocTn. KpenexHslie 1eTany moapasaessioT Ha KIacchl IPOYHOCTH, B 3aBU-
CHMOCTH OT MapoOK CTaJieil, MPUMEHSIEMBIX TPH MX Npon3BojacTBe. COOTBETCTBYIOIIAS KIACCH-
¢dukamys npuBeaeHa B TabIHILIe:
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Kaaccnl MPOYHOCTH KPEHMEKHBIX JeTrajeld u3 YI€epoauCThIX U JIETHPOBAHHBIX cTajien

Mapka Kitacc mpounoctu Mapxka Kiacc nmpounocTH
cTainu ooJita raiku cTajau OoJra ramiku
Ct3; 10 3.6 4 35; 45; 40T 6.6 8
20 4.6 5 35X; 38XA; 45T 8.8 10
) 40I'2; 40X;
30; 35 5.6 6 30XTCA: 16XCH 10.9 12

udper, obo3HAYarOmMUE KiIacc MPOYHOCTH, HECYT CIEAYIOUIYI0 HH()OPMAIMOHHYIO
Harpy3ky: nepsas nudpa, ymHoxkennas Ha 100, ompezenser MUHUMaJIbHOE 3HAUEHUE Tpenesa
MPOYHOCTH MaTrepuajia JeTayiv; BTopas nudpa, MepeMHOKEHHAS C TIEPBOM M JOMOTHUTEIHHO
yMHOKeHHas Ha 10, ompenensieT MUHUMAIIBHYIO BEIMUUHY Tpenaesa Tekydectd. Tak, eciau 0onT
u3 cranu 20 uMeer Kiracc MpoYHOCTH 4.6, 3HAYCHHS YKAa3aHHBIX BBIIIE XapaKkTepucTuk: oy = 400
Mlla; o = 240 MIla. Kak BugHO U3 TabmuUIlBl, ralika UMeeT 0oJiee BBICOKUI KiIacc MPOYHOCTH
1o cpaBHeHuo ¢ 6ontoM. [Ipenen npoyHocTn MaTepuana ralku, UMEOIel KJ1acc MPOYHOCTH 5,
cocraBut o = 500 MIla. Bropas mudpa ximacca MpOYHOCTH TaKH OTCYTCTBYET, IOCKOIBKY
mpeJien TeKy4ecT! ee MaTepuana He CTOJIb CYIIeCTBEH.

3. Knaccndukanus pe3nd

B 3aBucumocTy OT Ha3HayeHHsI B MAIIMHOCTPOCHHM MCIONb3YIOT Pe3bObI
pa3HbIx BUJOB. [lo popme moBepxHOCTH AeTanell pa3nuyaroT YuluHOpu4eckyio u
KOHuYeckyto pe3b0y. IlocneaHsst HaXOAUT OrpaHUYEHHOE MPUMEHEHHUE B MJIOTHBIX
TrepMETUYHBIX COEAMHEHUSX TPYO, apMaTypbl TPyOOIIPOBOIOB, MPOOOK, MACIICHOK.

Pasnmuuaror kpenedsicnvie, kpenesicno-yniomusiowue N X0006vle PE3BOBI.
Kpenexnass pe3pba mnpumeHsiercs B OONBIIMHCTBE COEAMHEHUI JeTaneu
MamuH. KpenexHo-ymioTHAomas UMeeT JOMOTHUTENbHYI0 (QYHKLIHUIO IO repme-
TU3allMM  COEAMHEHMs, a XOJOBas CIYXUT [JIs T[epeAadyd JBMXKCHHS
B BUHTOBBIX MEXaHHU3MaX.

/\/\/\/\/\ mpeyaonbHasi
/_\_/_\_/_\_/_\_/ mpaneueudansHas
NI\ yropven
/\_/\_/\_/\_/\_ wypynHasi

rnpsmMoyeoribHas




[To dopme mpoduiiss pe3bObl AETAT HA mpey2o/ibHble, mpaneyeudaivhbie,
NPAMOY20JIbHble, YHOPHble, Wypynusie, Kpyeavie U Jp. B KauecTBe KpemexHOH B
MAIIMHOCTPOSHUH UCTOIB3YIOT, TJIaBHBIM 00pa3oM, pe3r0y TPeyroibHOro mpodu-
7s1. Takyke HAXOAUT MPUMEHEHUE KpyTJaasi U IIypyIHas KpenexxHas pe3boa. Pe3nObl
IPSIMOYTOJIBHOTO, TpamnelnenjalbHOr0 U YIOPHOTO Mpoduieii — X0I0BbIe, OHU Xa-
paktepusytorcs 6onee Beicokum KIIJ[ npu nepenaue qBuKeHMUS.

Pe3nba MOXET OBITH 0OHO3aX00HOU WM MHO203aX00HOU. B coenmHeHnIX
UCIOJIB3YIOT HUCKIIOYMTEIBHO OJHO33aXOJHYH pe3bOy. MHoroszaxoaHas pesb0a
IPUMEHSETCS B BUHTOBBIX MEXaHU3Max, /1€ 03BOJISIET YMEHBIINTD N1€PEAATOUHOE
otHouieHue u nosblcuTh KIIJl MexaHu3ma, a Takke CocOOCTBYET MPEOA0ICHUIO
CaMOTOPMOXKEHUS U CO3JAHMUIO YCJIOBHUU Juid 0OpaTHOM nepenauyu ABMXKEHUS: OT
MOCTYTIATENIbHO JBMKYIIEHCS TallKi — BPAIIAIOIIEMYCsl BUHTY.

[lo HampaBiIeHWIO BUHTOBOW JIMHUHM DPA3NUYAIOT Npasylo U Jiegyio Pe3noy.
JleBasi pe3b0a HCIONB3YETCS C IIENBbI0 MPEIOTBPAIICHHUS] CaMOpPAa3BHHUMBAHUS B
JIOCTaTOYHO PEIKHUX CIydasx: OCh JICBOW MEAalu BEIIOCHIEA, Taiika Ha TOYHIIE,
3aKpeIUISIoNIasi JeBbId TOYMIBHBIN Kpyr (MIPH BpalleHWHd Ha orepaTopa), u T. II.
Taxxe BCTpedaroTCss MEXaHU3MBbI M IPUCTIOCOOJICHUSI C COUETAaHUEM IMPaBOM U Jie-
BOM pe3b0bl: BAHTOBOM MPECC WM TAJIPEIl, N300paKEHHbIA HA PUCYHKE HUXKE.
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Pesbba nesgas Pe3sbba npasasi

OCHOBHOI KpereKHOU pe3b00il SBIETCS Mempuueckas pe3bda, uMeronas
TpeyrojabHbl npoduib. [IpuMeHseMas B HEKOTOPBIX CTpaHaxX OwiMmosas pe3nda
HEYKJIOHHO TEpSeT CBOM TMO3WIMU M TOCTETICHHO BBITECHSETCS METPUYECKOM.
Metpuueckasi pe3r0a MOXKET ObIThb KpynHou W menxou. Ilpumepsl 0003HaUEHUS
KpynHoi pe3pObl — M8, M12, M24, rne OykBa M o3Havaer «MeTpuyecKas,
a mudpa yka3pIBacT BHEITHUI HOMUHAIBHBIN TUaMeTpP Pe3bObl B MUILITUMETPAX.
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KpymnHas u Menkasi pe3p0a py OJMHAKOBOM BHEIITHEM jauametpe d



Menkas pe3b0a A1 KaKA0ro HOMMHAJIBHOTO JUAMETpa UMEET HECKOJIBbKO
TUTIOPA3MEPOB, OTIUYAIOIIUXCS IAroM pPe3bObl, BEIWYHMHY KOTOPOTO OIMOJIHU-
TEJIBHO YKa3bIBAIOT Mociie 3Haka x. Hanpumep, M24x2; M24x1,5; M24x1. Men-
Kasg pe3b0a oOpa3yer Oosiee MEIKYH0 BUHTOBYIO KaHaBKY Ha MOBEPXHOCTU Kpe-
IIEKHOW JI€TalIM U B MEHBUICH CTENIEHH yMEHbUIAECT €€ NpoYHOCThb. C qpyrou cro-
POHBI, MeJKas pe3bba Oosiee YyBCTBUTEIbHA K OLIMOKAM M3rOTOBJICHUS, OHA Tpe-
OyeT 0ojiee TOYHOTIO MCIOJHEHUS U aKKypaTHOIO MOHTa)Xka, YTO B OOJIbLIOW cTe-
IIEHU OIPaHUYMBAET €€ IPUMEHEHUE.

4. I'eomeTpryecKue napamMmerTpbl pe3b0Obl
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['maBHBIM TapaMeTPOM, OTNIPEACTSIONIUM OCTaTbHBIC pa3Mephl Pe3bObl, SBIIS-
eTCs e¢ HapyKHBIN, I OCHOBHOM, TMaMeTp, 0003HaYaeMblii OykBo# d.

[Tpon3BoHBIMU TTApaMETPAMH OT BHEUTHETO AuaMeTpa d sBIIsSOTCS:

di; — BHyTpeHHUI1 Tuamerp;

d2 — cpenHuit TMaMeTp, ONMPENENSIONIUN HEKYIO CPEIHIO TTOBEPXHOCTh, Ha
KOTOPOI TOJIIIMHA BBICTYNA W IIUPHUHA BIAaIUHBI BUHTOBOW KaHABKU OJWHAKOBBHI.
CpenHuii auaMeTp HE SBISETCS CpPEAHUM apU(pMETHUYECKHMM BHYTPEHHETO W
HApy>KHOT'O IMaMeTpoB. {15 Kakoro KOHKPETHOTO BUIA pe3bObl OH ONpeernser-
Cs1 JEUCTBYIOIIUM CTaHIAPTOM;

P — mar pe3p0bl, WM pacCTOSHUE MEXAY COCETHUMHU BUTKAMU, U3MEPEHHOE
B OCEBOM HaIIPaBJICHUY;

P1 — xon pe3bObl, paBHBIA MOCTYNATEILHOMY MEPEMEILIEHUI0 00ITa OTHOCHU-
TENBHO Taiiku 32 oJIH 000poT. 11 0 HO3aX0aHOM pe3bObl P1 = P, 11 N-3axo1Hoi
P; =nP (cM. pucyHOK);

o — yroa mpodwisa. s MeTpudeckod pe3nObl ero 3HaueHHe COCTaBIISICT
60°, nys nroitMOBOM U TpyOHOM — 55°;

\ — yroi moabemMa pe3bObl, HHaue, yroji MoabeMa pa3BepTKU BUHTOBOH JU-
HUM 10 cpenHeMy nuameTpy. Ha pucynke BHU3Y n300pakeHa pa3BepTKa BUHTOBOM
JVHHUM IO BBICOTE OJHOTO BUTKA. OHA MpencTaBisieT cOO0M MPSIMOYTOJIbHBIN Tpe-
YTOJIBHUK C KaTeTamu p1 U 10y, OUeBHIIHO, YTO YTOJI \y OIpeensercss GopMyIoi
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Bce nepeuncnennsie, a Takke HEKOTOPBIE APyTHE MapaMeTphbl pe3bObl CTaH-
JApTU30BaHbl U MPUBOAATCA B TaONMIIaX COOTBETCTBYIOIIMX CTaHAApTOB. B cie-
nyromel Tabauie JaHsl pa3Mepbl Hanbolee ynoTpeOUTeIbHBIX HOMUHAIOB KPYTI-
HOU METPpUYECKON PE3bOBI.

Tpenue B pe3nde

OmnpenenyiM CHJIBI TPEHUs, MPEOAOIeBaeMble OOJITOM TpPU BBUHYHMBAHUHM €TO B TaiiKy.
Urto6bl n30exaTh UHTETPUPOBAHUS PACTPECIEHHON 10 BUTKAM pe3bObl HAarpy3KH, BOCIOIB3Y-
eMCsl TOYEYHOM MOJIETIbI0 KOHTAKTa, KOI/la peaklus railku MpuiIokeHa K HEKOTOPOH TOUKe Ha
PACCTOSIHUU CPETHETO paanyca pe3nObl 2 = d2/2 0T 0CeBOI JIMHUH.

Ecnu npeneOpedb cpaBHUTENHFHO HEOOIBIINM ITOABEMOM pe3b0bl, HOpMAJIbHAST COCTABIIS-
fomas N peakuuu raiiku OyAeT JiexaTh B IIJIOCKOCTH PUCYHKA M COCTaBISATh YTOM /2 C OCEBBIM
HarpasieHueM. Ee BennunHa 3aBUCHUT OT O0CeBOro ycuius F B 6oire M HaXOAMTCS U3 YCIOBUS
€ro paBHOBECHUSI OTHOCUTENILHO BEPTUKAIBLHOW OCH:

F
N=——.
cos(a./ 2)
I[pyraﬂ COCTaBJIAOIIad peaKuu — CUJia TPCHUA
fF
F,=fN=—n—+
cos(a/ 2)

HarpaBJCHA NCPICHANUKYJIAPHO IMIOCKOCTU pUCYHKA.

Ecnum BBecTM B paccMOTpeHHE TaK Ha3bIBa€MbIH NpH-
BEJICHHBIN KOAPGUIUEHT TPEHHUsI, ONPeeNIIeMblil popMyJIoif

II - !
P cos(a/2)
CUJIC TPCHUA MOXKHO IIPUAATH 6OHCC HpOCTOﬁ HpI/IBBI‘-IHLII\/'I BHU/I.

F,=f F.

(1)

Pacuer mo ¢popmyne (1) maer cnenyromue 3HaUYEeHUS TIPUBE-
JIeHHOTO KO3 (dULIMeHTa TPEHUS:



3HavYeHHs NPUBeJCHHOr0 KO3 puuneHTa TpeHus

Yron ykinona padoyeit [IpuBeneHubIi
Bun pe3p0Osl

OBEPXHOCTH K02 GHUIUCHT TPEHUSI
Mertpuueckast kpeniexHas | ou/2 = 30° fup=1,15f
TpaneneunanbHas a/2=15° fup=1,04f
YnopHast 3° fup=f
[TpsimoyronmpHast 0° fop="

CpaBHeHHE TaHHBIX TAOJMIIBI TTO3BOJISIET ClI€TaTh BBIBOJ O TOM, YTO KpPETEKHas pe3boa,
Onarogaps TpeyroibHOMy Ipoduito, 001aaaer 0osiee BHICOKUMU MMOKa3aTeIsIMU TPEHUS B CpaB-
HEHUM C XOJIOBBIMH pPe3b0aMH, YTO B MCHBINCH CTCTICHH CIIOCOOCTBYET CaMOpPa3BHHYHBAHHIO
coenuHeHuil. C Ipyroil CTOPOHBI, CPAaBHUTEIBHO Mallo€ TPEHHE B XOJOBBIX pe3b0ax MOBBIMIACT
KII/] BUHTOBBIX MEXAHU3MOB.

Teopust BHHTOBOM NapbI

TGOPI/ISI BHUHTOBOI napbel yCTaHAaBJIMBACT OCHOBHBLIC CHUJIOBBIC 3aBUCUMOCTH, UMCIOLIUC
MECTO B pe3B6OBHX COCIUHCHHUAX ,Z[eTaJIeﬁ MalllMH, a TaK’K€C B BUHTOBBIX MCXaHHU3Max.

Paccmotpum cumbl, IeHCTByIOIIME Ha ralky mpu 3aTskke coeauHeHus. Co CTOPOHBI
racyHOro KJI04Ya Ha Hee JEHCTBYET MOMEHT 3aBUHUYMBAHUA Tsa5. ITOMY MOMEHTY CO CTOPOHBI
JIeTalnu MPOTUBOJAEHCTBYET MOMEHT 11 CWIJI TPEHHUS Ha ONOPHOM TOpLE Tallkh, a CO CTOPOHBI
BUHTAa — MOMEHT 7} CHJI CONIPOTHBIIEHUS B pe3bOe. Kpome MOMEHTHOI Harpys3Kku Ha raiiky aem-
CTBYIOT JIB€ CHJIbI BEPTUKAJIILHOTO HAIpaBJIEHUs: oceBasi cuia Fy, paBHas Npoj0IbHOMY YCUIIHIO
B BUHTE, U HOpMaJibHas peakiivs N co CTOPOHBI OIIOPHOM MOBEPXHOCTH JETAIIH.

YpaBHEHHE MOMEHTOB OTHOCUTEIIBHO OCH BUHTA JIA€T:



Ta=T+T,.

Haitnem kaxaplii 13 MOMEHTOB CYMMBbI B ITPABOM YaCTH 3TOTO PAaBEHCTBA. JJIEMEHTAPHbBIC
CHWJIBI TPEHUS Ha OTIOPHOM TOPIIE TAKHU PaCIIPeIeTICHBI IO KOJIBIIEBON 00JIACTH, UMEIOIIEH Cpe/I-
auii guametp Dep = (D1t dow)/2, rme D1 u dos — rabapuTHBIH AHAMETP 3TOTO KOJbIIA M JHa-
METp OTBEpPCTHUS B JIETaIU, COOTBETCTBEHHO.

MoOMEHT CuJI TpEHHUS Ha OITIOPHOM TOPIIE TaliKu

T,=F_-05D, =05fND,,

rae f — koaddurpenT Tperns Mex Iy raikoi u netanpio. [10ckoIbKy HOpMaIbHAsS PEaKIHs paB-
Ha OCEBOMY YCHJIMIO B BUHTE,

T,=05fF,D,,.

Heckonbko ciiokHee onpeaeauT MOMEHT CHJI CONTPOTHBIICHUS B pe3bde. st aToro Oy-
JIEM paccMaTpUBaTh HABUHYMBAHUE TaiiKu HA BUHT C IOMOIIbIO O0Jiee MPOCTOM MOJIEIH JABIKE-
HUS: TIOEEMOM TI0JI3YHA 110 HAKIIOHHOM TUIOCKOCTH C YTJIOM IOABEMa Pe3bObI .

YcnoBueM paBHOMEPHOTO MOJbEMa MOJ3yHA SBIISETCS OTKIOHEHHE MOJHOW cuiibl R, ¢
KOTOpOM MOJI3yH JEUCTBYET Ha HAKJIIOHHYIO IUIOCKOCTh, OT HOPMaJIM Ha PUBEJIEHHBIN YIroJ Tpe-
HUS @' B CTOPOHY ABMXKEHUS. 3]1€Ch

¢ =arctg .

Kax BUJHO U3 PUCYHKA, OKPY’KHas1 U OCEBasA COCTABJIAIOIINC MOJIHOM CHIIBI IIpHu 9TOM 6y,Z[y'T CBi-
3aHbl COOTHOIICHHUEM

F=F t9(¢'+v).

n

MoOMEHT CONPOTHBIICHHUS B Pe3b0€ paBeH MPOM3BEICHUIO OKPYKHOW CHJIBI Ha CPETHHI
paanyc pe3bOsbr:

!/
T, =05Fd, =05Fd, tg(¢ + ).
BosBpamasich k uCX01HOM GopMmyJsie, HAX0IUM UCKOMbBI MOMEHT 3aBUHYMBAHUS:

T3aB = O’5de2 [(Dcp/dZ) f + tg((P' + W)]

AHaJIOTMYHBIM CIIOCOOOM BBIBOOUTCA ®0pMyna JJIA MOMCHTAa OTBHHYHMBaHUsI — MOMCHTA,
KOTOpBIﬁ pa6oq1/1171 MMPUKIAABIBACT K TACYHOMY KJIFOUY ITPpH OTBUHYMBAHWUU T alKu:

To = 05F,d, [(D,,/d,) f +19(¢" - )]



3HaK «KMHUHYC» Tiepes y 00yCIIOBJIEH TeM, YTO IIPU OTBUHYMBAHUU MOJ3YH BBEJCHHOW BBIIIE MO-
JIEJIA COBEpPUIAET HE IIOJBEM, a CITYCK.

JIBe mocnennue GOpMyJIbl SIBISIFOTCS OCHOBHBIMH (pOpMYJIaMU TEOPUU BHUHTOBOI Haphbl.
WX mupoko MpUMEHSIOT AJISl pacueTa 3aTsDKKH Pe3bOOBBIX COSIMHEHHH M NPU MCCIEIOBAHUHU
JBUKEHHSI BAHTOBBIX MEXaHU3MOB.

CaMoTopMoOKeHHe B BUHTOBOI mape. [Ipu oTCyTCTBHM B pe3b00BOM COCTMHEHHUH CIIe-
UANBHBIX (UKCUPYIOIIUX MPUCIOCOOTICHUH €IUHCTBEHHBIM (DaKTOPOM, MPEIOXPaHSIIOUIUM
BUHTOBYIO Mapy OT CaMOpa3BUHYMBAHUS, ABISIOTCS CHIIbI TpeHus. [lon camoTopmoskeHuem Oy-
JIEM MOHUMATh CIOCOOHOCTH Maphl 3a CUET BHYMPEHHUX CUII TPEHUs B pe3bOe MPOTHBOCTOSTH
CaMOIIPOU3BOJILHOMY pa3BUHUYMBAHUIO. BHelIHee TpeHHe Ha OIIOPHOM TOPILE FaliKU, PABHO KaK U
npyrue QuKcupyrounme coeAuHenue (GpakTopsl, B pacueT He Oepyrcs. [l BbIBO/A yCIIOBUS ca-
MOTOPMOKEHHSI TOJO0XKUM KOAPPHUUIUEHT TpeHus: f paBHBIM HyJIO, TEM CaMbIM HCKJIIOYUB U3
PacCMOTpPEHHSI MOMEHT TPEHUS HAa OIMIOPHOM Tople raiiku. Tenepb BbIpaK€HUE JI1 MOMEHTA OT-
BUHYMBAHUS NPUMET BUJ:

TOTB = O’5de2 tg((P’ - \V)

Camopa3BUHYMBAaHUE COEIMHEHMS 03HAYAET, YTO raiika Crons3aer cama, 0€3 MpHIOKEHHs
pabouyuM yCHUJIMH K raeuHOMY KJIIOYY, T. €. IIPU HYJIEBOM 3HaueHUM 7ors. IIpupaBHuBas nocnen-
HUU HYJIIO, I0JIy4aeM IPEEIIbHOE YCIOBHE

4 4
tg(e'—y)=0 - ¢ =y.
[[anee BO3MOXHBI ABa BapI/IaHTa. HYCTB HpI/IBe,Z[CHHHﬁ erJ’I TpeHI/I}I

'
B pe3b6e MCHBIUIC yTJia IMoAbeMa: (p < \II . B satom CJIydac CUJI TPpCHUA OKa3bIBACTCs HEAOCTA-

TOYHO ISl TPEAOTBPAILIEHHUS CIIOJI3aHUS TAMKHA U MPOUCXOJUT CAMOPA3BUHYMBAHUE COCTMHEHUS.
!/
Bo Bropom Bapmante (P >\ . lud Takoro COOTHOIIEHUS YIJIOB MOMEHT OTBMHYMBAHHSA B

bopmyse OyneT MOJI0KHUTENbHBIM, CIeI0BaTENbHO, MBI OyZeM HaOoJaTh CaMOTOPMOXKEHHUE B
pe3b0e. s oTKpyurBaHUs ke raiiku Oyner HeoOXouM raeyHbli Kinrod. TakuM oOpazom, ycio-
BHE€ CAaMOTOPMO>KEHHsI B BUHTOBOM I1ape UMEET BUJ:

!
¢ >Vv.
Crnenyer 3aMeTHUTh, UTO JJISl KPEMEXHbIX Pe3b0 3HAUEHUS NMPHUBEIEHHOTO YIJia TPEHHS
Jexat B mpenenax ¢’ = 6 ... 16°, a cpeaHee 3HaueHUe yria noabema coctasiser y = 3°. Ha oc-
HOBAHUU YCJOBUS CaMOTOPMOXKEHHUSI MOYKHO CJENaTh BBIBOJI: 6Ce KpenedicHvie pe3vbObl camo-

mopmo3zawue. VI 1pyroil BBIBOJ: MEJIKHE Pe3bObl 0 CPABHEHUIO C KPYMHBIMHM 00Ja/1at0T 00JIb-
1ei COCOOHOCTHIO K CAMOTOPMOYKEHHIO, TTOCKOJIBbKY YIroj MOAbEMa Y HUX MEHBIIE.

5. Pacuer pe3b00BBIX cOeIMHEHUH HA IPOYHOCTH

Pacuer He3aTsiHyTOro coenumHeHusi. [lycTh crepkeHb OonTa Harpy>keH
BHEIITHEW pacCTATHBAIONIEH CUJIONW W paboTaeT TOJMbKO Ha pacmsadxceHue. Paszpyiie-
HUEe 00JITa B 3TOM Cllydae MPEACTaBiIsieT cOO0M pa3phlB HA OCIA0JICHHOM PEe3b00it

o 2 9
yJacTKe HIKe raifku mo cedenuto mwiomansio 7d, /4, roe di — BHyTpeHHuit ana-
METp pe3bObL. Y CI0BHE TPOYHOCTH 110 HANPSHKEHUAM PACTSKEHHS TPUHAMAET BUJI

c,=—=%<[o,],
P nd? p



r7ie Op 1 [Op] — pacueTHOE U JOMTYyCKAEMOE HOPMATBHBIE HATIPSHKEHUS.
[lo naHHOMY YCIOBUIO ONPENEISIOT BHYTPEHHUN AUAMETP:

Hanee mo 'OCT noadbuparoT HeOOXOIUMBIM HOMHHAN PE3bObI.

T3aB A F3aT
[]. ~__|

% !

3aB

F3 ar

YF

Pacuer 3aTsaHyTOro coenmueHusi. Paccmorpum ciiydaii, koraa 60JIT UCTIBI-
TBIBACT pacmsdicenue U KpyueHue, OOyCIOBIEHHBbIE 3aTsKKoOW coenuuenus. [lo-
CIEAYIOWIas JIOIOJHUTENIbHAA Harpy3ka Ha CO€QUMHEHHE OTcyTcTByeT. Ha Terno
0oJTa IEHCTBYIOT MOMEHT 3aBUHUMBAHMSA 135 U OCeBOe ycuame Fy, Taxke Hasbl-
BAa€MO€ CHJIOHN 3aTsDKKH, MMOCKOJIbKY UMEHHO C TaKOM CHUJION OONT CKUMAET COeIu-
Hs€MbIE JIeTaIH. PacueT BeyT 0 3KBUBAIIEHTHBIM HAIPSKEHUAM SHEPTreTUUYECKOU

TEOPHUH [IPOUHOCTH:
v [ 2 2
Coa =1/Op + 31,

rae Op — HOPMaJbHbIE HANPSUKEHHS B MONEPEYHOM CEYeHHH 0oiiTa, 00yCIOBIIEH-
HBIE TPOJOJILHBIM YCUIUEM Fsar, a T — KacaTenbHble HAIIPSHKEHUS B TOM JKE Ce-
YEHHUH, BBI3BAHHBIE MOMEHTOM 1 345.

Kak mokasbIBaloT pacyeThbl, B OCHOBY KOTOPBIX IIOJI0KEHA OCHOBHAs (pOpMY-
J1a TEOPUM BUHTOBOM Naphl, 3HaUEHHE MHOKHUTENS K JUIs MeTpHUeCKHX KpenexKHbIX
pe3nb B cpeaneM cocrapisieT 1,3. OpueHTUPYSCH Ha 3TH PE3yJIbTaThl, IS IPOCTO-
ThI TIOJIATAIOT G o = 1,3 G p.

B cBere ckazaHHOTO YCJIOBHUC MIPOYHOCTH 3aTAHYTOI0 COCAMHCHMA, HC IMOMA-
BCPIKCHHOTO I[OHOJIHHTGJ'IBHOﬁ Harpyske, 3alluCbIBarOT B BUJIC:
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4F,

2
T4,

G,, =13 <[oc,]

[TonGop kpemnexHoW pe3bObl MPOU3BOIAT 10 BHYTPEHHEMY JHAMETPY, OTpeeisie-
MoMy dhopMmyJIon

Pacyer coeguHeHuil mpu caBUramwlied Harpyske. PaccMorpuMm ciydai,
KOI'/Ia Ha COEIMHEHUE NEeUCTBYyeT Harpy3ka Q, clBUraroias JeTaid B IUIOCKOCTH
WX KOHTaKTa. 37eCh BO3MOXKHBI JIBa BapuaHTa IMOCTAaHOBKU OOJTOB: C 3a30pOM
u 0e3 3a30pa. PaccMOTpUM KaXXIbli U3 HUX OTIEIBHO.

Q W 2 o Vs
NI'I NI'I

[TocTanoBka Goiita ¢ 3a30pom (cieBa) u 6€3 3a30pa (crpana)

IlocTranoBka ¢ 3a30pom. D10 HanboJEe MPOCTOM BapUaHT COCNUHEHMUS, HE
TpeOYIONMUK BBICOKOM TOYHOCTH Pa3METKH M CBEPJIOBKH. [[1s KOMIIEHCAIluu He-
COBMNAJICHHS IIEHTPOB OTBEPCTUHN WX JNMAMETP yBEIUYHMBAIOT. TakuMm oOpa3om mo-
SBJIIETCS 330D, HAIMYME KOTOPOTO BBI3BIBAET JIO(PT, METaIM MOTYyYatOT BO3MOXK-
HOCTb OIPAHUYEHHOTO JBUKEHUS, KOTOPOE MPH 3HAKOTIEPEMEHHBIX JUHAMUYECKUX
Harpy3kax crnocoOCTBYET MPOrPECCUPYIOIIEMY CMSITHIO OTBEPCTH AeTaneil u Tena
oonTa.

Kpurepuem paboTocnocoOHOCTH SBISIETCSI OTCYTCTBUE OTHOCHUTEIBLHOTO
JBIDKCHUS ICTAJICH, YTO JOCTUTACTCS 3aTSHKKON COCIMHEHUS 10 CTENEeHU, IIPU KO-
TOPOM CHJIa TPEHUSI MEXKY JIeTAJIIMU TIPEBLICUT HArpy3ky Q:

FTp>Q.

Brenenuem koadduimenta 3amaca nmo casury aetaier K moiryuyeHHoe HepaBeH-
CTBO MOXHO 3aIlicaTh B BUJIC PABCHCTBA:

F_=KQ.

P

3unauenus kos¢p¢unuenTa 3amnaca no casury getanei K = 1,3 ... 1,5 npu nocrosiu-
Hoii Harpy3ke 1 K = 1,8 ... 2,0 — mpu nepeMeHHOil.
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[To 3aKOHY TpeHHUs CUJIa TPEHUS MPOTIOPIIHOHATBHA CUJIC TABICHUS MEXIY
neramavu: F o = fF, . TpeGyemas ocesas cuna 3atsukku Gonta

F =KQ/f.

Honyquﬂoe BBIPAKCHUC ITOACTABJIAOT B YCIIOBHUC ITPOYHOCTHU 3aTAHYTOI'O COCION-
HCHMHA:

4F 4KQ
o.. =13—2<]Jo - o..=13—-<Jo.].
3KB T[dlz [ p] 3KB T[fdlz [ p]

ITocTanoBka 0e3 3a3opa. [loctaHoBKka 00JITOB 6€3 3a30pa TPeOYET BHICOKOM
TOYHOCTH CBEPJIOBKH, KAIMOPOBKH M COBIAJCHUS IICHTPOB OTBEPCTHH, MCKIIIOYA-
I01lIel Hanmuuue JiIoTa U B3aMMHOTO cMelleHus aetanei. Takoe coennHeHue pac-
CMATPUBAIOT KaK He3aTsHyToe. BHemnsas Harpyska Q, B ommume oT npeasiaymie-
ro cliy4asi, IepeiaeTcs HEMOCPECTBEHHO Ha OOJIT U MOKET BBI3BATh €r0 Cpe3 WM
cmsiThe. PacyeT BeAyT Mo yCIOBUSIM:

| NN

cp M

[oc]-

Kak sicHo u3 pucyHKa cpe3 0oiTa MPOUCXOAUT IO TONEPEYHOMY CEYCHHIO
HOMHHAIIBHOTO quameTpa pe3sonl d. [lnomans cpesa A, = 7 d?/4. Venosue npou-
HOCTH 0OJITa Ha Ccpes:

4Q

c T 42
nd?

Pacyer Ha cMsTHE TPOU3BOAAT KaK JOIOJIHUTEIBHBINA TPOBEPOUYHBINA pacyeT
MpY MAJIOW TOJIIMHE COCAMHSAEMBIX JeTanei. llmomans cMITUS ONpEnestoT mno

T <[z.]

HauboJIee TOHKON JeTaly, TOIMUHY KOTOPOH 0003Ha4uM O min, MK 1o aauHe N
HamOoJiee cMUHAeMOi yactu Oosra. JlJis mPOCTOTHI paccMaTpUBAIOT YCIOBHYIO
SIMIOPY PACHPENCIICHUS HAMPSHKEHUW CMSATHS MO MOJIOBUHE NWJIMHAPUYECKON MO-
BEPXHOCTH KOHTAKTa 00JITa C JIeTalbl0. 3aKOH pacnpeiesieHusl MPUHUMAIOT TOCTO-
SHHBIM. B 3TOM citydae, kak ObIJIO TTIOKA3aHO BBIIIE TIPU PACUeTe XOJ0BOU PE3bObI

Ha CMITHC, HArpyKCHHUC HOPMAJIbHBIM HaBJICHHUCM O¢cy 11O HHJ’IHHI[pPI‘IGCKOﬁ I10-
BCPXHOCTH B PaBHOBCCHOM IIJIAHEC 3KBHUBAJICHTHO HAI'PY>XCHHUIO OTHUM KCE JTaBJICHU-
CM II0 IIPOCKIHHN I_II/IJII/IH,HpI/I‘-IGCKOﬁ IMMOBCPXHOCTU Ha IIJIOCKOCTb, ICPICHANUKYJIAP-

Hyto cuie Q. Ilpu srom miomans cmstus A, =dd,;, mm A, =dh. Ycnosue

IMPOYHOCTH HAa CMATUC IIPUHHUMACT BU:

__Q .
GCM _dﬁmin _[GCM]’

r7ie Ocy U [Oom] — pacueTHoe U oMycKaeMoe HANPSKEHUs CMATHS.

[TocTaHOBKa 6€3 3a30pa, XOTA M SABISETCS JAOPOTOCTOSIIEH, 0OecreunBaeT
CYIIECTBEHHO OOJBIIYIO MPOYHOCTh COSAMHEHMS U TI03BOJISIET YMEHBIINTh HOMH-
HaIBHBII AHaMeTp 60ITOB GoJee YeM B Ba pasa.
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