I[TPUKIIAJHAA MEXAHHUKA

(OmOpPHBIN KOHCIEKT JICKIIHH)




YACTD 1. TEOPUA MEXAHU3MOB U MAIIIUH, OCHO-
Bbl KOHCTPYUPOBAHUA MAIIINH

1. OCHOBHBIE HIOHATHUA U ONPEJAEJEHUSA

MexaHMKa - HAYKA 0 MeXAHUYECKOM OBUINCEHUU U 83AUMOOEUCEUU MAMEPUATILHBIX
meil.

OOBIYHO TOJ] MEXAHUKOW MOHUMAIOT TaK HA3bIBAEMYIO KJIACCHYECKYI0 MEXAaHHKY, B
OCHOBY KOTOPOM IOJOKEHBI 3aKoHbl HproToHa. Kitaccnueckas MeXaHHMKa HMCCIEAYET
JIBUKEHHE MAKPOCKOIUYECKUX TEJI CO CKOPOCTSIMH, MAJbIMU MO CPABHEHUIO CO CKOPO-
CTBIO CBeTa. /IBmKeHure Tel (4acTUIl) CO CKOPOCTSIMH, OMM3KIUMH K CKOPOCTH CBETa, U3Y-
4aeTcsl B TEOPUU OTHOCUTEIIBHOCTH, & JBHX)KEHUE MUKPOUYACTHIL - B KBAHTOBOW MEXaHHKE.

B 3aBuCcHMOCTH OT XapakTepa UCCIEAYEMOM CUCTEMBI PA3JINYalOT MEXAHUKY MATEPHU-
aJbHOM TOYKH, CUCTEMBI TOUYEK, CUCTEMBbI IEPEMEHHOM Macchl, a0COIIOTHO TBEPJOTO Te-
J1a, CIUIOLIHOW CPEeNbl U JIp.

B konne XVIII Beka BciencTBue OypHOTro pa3BUTHS IPOMBIIUICHHOCTH U HEOOXOH-
MOCTH PEILICHUS HEOTJIO0XHBIX MPAKTUYECKUX 3a4ad MPOU3O0IUIO pa3lelieHue Kilaccuye-
CKOM MEXaHHMKH Ha TEOPETUUYECKYIO U IIPUKIATHYIO.

Teopernyeckas MexaHHWKa M3ydaeT 0OIMe 3aKOHOMEPHOCTH (PU3NYECKUX SIBIICHUH, a
IIPEIMETOM UCCIICIOBAHUS ITPUKIAJHON MEXAHUKU SIBJISFOTCS 3aKOHBI IBUKCHHS U B3aU-
MOJICHICTBUE peabHBIX TEXHUYECKUX OO0BEKTOB. [IpuKiiamHas MexaHHKa Kak CaMOCTOS-
TEJIbHAsA JUCIUIUIMHA TOJIyYUJia Pa3BUTHE MPU PEIICHUH MPEXKIAE BCETO MPAKTUUECKUX
3a/1a4.

Hctopus pazBuTus NPUKIATHON MEXAHUKH - 3TO UCTOPUS MOCIEA0BATEIILHOTO PENIe-
HUS PAKTUYECKUX 3a7a4 B PA3TUYHBIX 00JIaCTSIX 3HAHUM.

MexaHnka - ogHa U3 OIPEBHEUIIMX HayK. UenoBEK MOJIb30BAJICA MPOCTEUIINMHU OpY-
JIASIMA TPyAa C He3anaMsATHbIX BpeMmeH. [locTeneHHo 3Th opyaus COBEPIIEHCTBOBAIHCK.
C ux moMoIIbIO €11Ie 0 H. 3. ObUIM MOCTpOeHBl B Erunte u ctpanax apeBHero Bocroka
IPaHAMO3HbIE NTUPAMUbI, KAMECHHBIE 3/1aHUS U UPPUTALUOHHBIE COOPYKEHUS, HEKOTO-
pbI€ U3 HUX COXPAHWINCH OO HAWMX AHEW. J[0 cuX mop yauBIIsIET OTPOMHOE MCKYCCTBO
JPEBHUX CTPOUTEIICH PACCUUTHIBATH IPOYHOCTH CBOMX COOPYKECHUM.

N3 yncna nepBbIX TOWEAINAX A0 HAC HAYYHBIX COUYMHEHUH CIIEAYET OTMETUTH TPYAbI
dbunocoda npesueit ['perun Apuctorens (384-322 r. r. 10

H. 2.), KOTOPBI M Ha3BaJI MEXaHMKON 00JacTh 3HAHWUU O JIBIKCHUH MaTepHaTbHBIX
Tell. B paccyxaeHusx ApUCTOTENs] ¢ COBPEMEHHBIX MO3UIMKA MHOIO HAMBHOTO W HEIO-
cienoBaTenbHOT0. HO HEKOTOPBIE M3 €r0 BhICKAa3bIBAHUM OBLIN MPAaBUILHBIMHU, B YACTHO-
CTH - Jorajka o0 yCJIOBUM paBHOBECHSs pblyara. HayuHyro OCHOBY paBHOBECHsI phluara u
MPUHIIMIIOB CTATUKH TBEPJOTO Teja pa3padboran reHuanbHbld Apxumen (287-212 r. r. 1o
H. 2.). OH NepBBI NPUMEHUT MaTEMAaTUUECKUNH METOJ UCCIIEA0BaHUs MPOOJIEM MEXaHH-
KH.

Onoxa Bo3poxneHus 3HaMEHyeTCsl HOBBIM PACIIBETOM MEXAHUKH KaK HAYyKH.

OpHuM U3 TeX, KTO MCCIIEIOBA JIBIIKCHHE OPOIIEHHBIX U CBOOOJHO MAJAIONIUX Te,
ObIT TEHHAIbHBIA WTAJIBSIHCKHM YYEHBIM, XYJO0XXKHUK, WHKeHep Jleonapmo-na-Buaun
(1452-1519). OH 3aHMMAJICS TaKKe KCIIEPUMEHTAIBHBIM OIpPEIeIeHHEM TPOYHOCTH Ka-
HATOB M CTEPKHEU.



OrpoMHbIe TOCTHKEHHUSI B 00JIaCTU MEXaHUKU CBSI3aHbI C UMEHEM JIPYroro UTalbsiH-
ckoro renus ['anunee [Namunes (1564-1642). Nanuiieit ycTaHOBUII 3aKOH MHEPITMOHHOCTH
MPSIMOJIMHEWHOTO W PABHOMEPHOTO ABWMIKEHHSI TEJl HPU OTCYTCTBUM JEHUCTBUS KAKUX-
a1M00 BHEIIHUX CUJI, cPOpMYyIHpOBaAT 3aKOHBI MaJCHUS Tell, TOCTPOUJ MPABUILHYIO KO-
JNYECTBEHHYIO TEOPHIO IBUKEHUS TSHKENBIX TEJ BJI0JIb HAKIIOHHOW ITIOCKOCTH U TEOPUIO
JBIKEHUS Tena, OpOIIeHHOro moj yriioM K ropu3oHTy. C umeHem [anuiies cBs3aHO
HayaJlo pa3BUTUS HAayKu O NpoyHocTH. B mepBoil nmonoBuHe XVII B. oH onmyOiukoBan
Tpyn «becenpl 1 MareMaTHyeckue JOKa3aTesbCTBA JBYX HOBBIX OTpAacCiel HayKuW», /e
coJiep>KaTcs IEPBbIE CBEJICHUS O pacueTe OaloK.

K cepenune XVII Beka Mexanumka chOpMHpOBaIach B CaMOCTOSITCIIBHYIO HAyKYy.
OrpoMHYI0 poJIb B 3TOM ChITPAJIM TPYABI TOJUIaHICKOTO yueHoro [roitrenca (1629-1695)
U BenuKoro anriumiickoro yuyeHoro WM. Hetotona (1642-1726), HeioToH reanansHo 0000-
IIWJT UACH CBOWX TPEANIeCTBeHHUKOB - ['anmunes, Kemiepa, [lekapra, ['tolirenca u cdop-
MYJIMPOBaJ OCHOBOIIOJIATAOMINE 3aKOHBI MEXAHUKHU U 3aKOH BCEMUPHOTO TATOTEHUS.

Pemas 3amaun mexanuku, HeloToH pa3zpaboTran MaTeMaTHUECKUN ammapar, cojepka-
1 OCHOBBI TP EepeHITNATBHOTO U UHTETPAIIBHOTO UCYUCIICHH.

MeTtoapl MaTeMaTUYECKOTO aHAJIN3a CUCTEMATUYECKU MCIOJIb30BAll MPHU PEIICHUU 3a-
nay mexanuku JI. Ditnep (1707-1783), xoTopbIit OONBIIYI0 YacTh CBOEM TBOPUYECKOM
JKU3HU TIpoBel B Poccuu, craBieit i1t Hero BTopoi poauHou (poauics Diiep B LlBei-
napuu). Mcnons3ys aHaIuTUUECKUNA METOJ, DHjep pa3zpadboTall TEOpUI0 HECBOOOIHOTO
JBUKEHUS TOUYKH, CO3[aJI TEOPHUIO JBUKEHUS TEJA, 1aJl TOUHbIE PACUETHI ABUKEHUS TeEIl 8
pa3NUYHBIX CpeJax W MHOroe Jpyroe. B conpoTuBieHHH MarepualioB 10 CHUX HOp HC-
NoJIb3YIOT (hopMyiy Diiniepa NpyU peluIeHUH 3a]1ad Ha YyCTOMYUBOCTh CHKATBIX CTEPIKHEM.
AHanMTUYECKUN METOJ PElICHUs 33/7a4 MEXAaHUKHU JIOCTUT OIpPEAEIICHHOIO COBEPIICH-
CTBa B «AHAIMTHYECKON MeXaHuke» (paniry3ckoro yueHnoro K. Jlarpanxka

(1736-1813). Bonpinyro posib B pa3BUTUU MEXaHWKH B Poccuu ChIrpayiv TpyIbl reHU-
anpbHOTO ydeHoro 3HImkiIoneaucra M. B. JlomonocoBa (1711-1765). On niepBoiii cop-
MyIupoBai (GyHAaMEHTAIbHBIA 3aKOH MPUPOJIBI - 3aKOH COXPAHEHHUs BEIIECTBA, UMEIO-
M TPUHIMITHAIBHOE 3HAYEHWE W IS MEXaHUKH; Jdayl OJM3KYI0 K COBPEMEHHOM Tpak-
TOBKY TOHSITUSI CUJIBI; CO3/1aJT IITKOJTY HAYYHOW W MPUKIAAHONW ONTUKH, U300pEN TOpU30H-
TOCKOII, MOPCKOM XpOHOMETP € YETHIPHMS 3aBOJIHBIMU MPYKUHAMU; 3aHUMAJICA HCCIIEI0-
BaHUSIMH TOBBIIIIEHUSI YYBCTBUTEIILHOCTH MPUOOPOB MyTEM YMEHBIIICHUs] TPEHUS B OTIO-
pax. M. B. JIoMOHOCOB CTpacTHO OTCTaMBaJl HEOOXOAMMOCTh TECHOWU CBSI3U TEOPHUH C
npaktukor. biarogaps JIomonocoBy m Ounepy Poccuiickas Akaaemus crana KpynHEN-
[ITUM MHUPOBBIM LIECHTPOM HayKH.

XIX BeK MOKHO 0XapaKTepU30BaATh MOSBJICHUEM OOJBIIOTO YHCIIA PA3IMYHBIX JIBUTA-
TeJeil, CTAHKOB, MAapPOBBIX MAILWH W MAapOBO30B, a TAK)Ke OYpPHBIM Pa3BUTHEM KEJIE3HO-
JIOPOKHOTO TPAHCHOPTA, YTO B CBOIO OYEPE]b, BBI3BAJIO HEOOXOAUMOCTh TOCTPOHKHA MO-
CTOB U Jpyrux coopyxeHuil. [loaromy ocHOBOMOJararonMMu ctajid padoThl BbIJAOIIe-
rocsi pycckoro mexanuka M. C. Octporpazackoro (1801-1856) u kpynmHOro y4eHOro Mo-
croctpoutens JI. WM. IKypasckoro (1821-1891); «oTma» pycckoil aBUAIMU
H.E.KyxogBckoro (1847-1921), aBTopa M3BECTHOTO B CBOE BpeMs yueOHUKA MO0 TEOPETH-
yeckoit mexanuke; M. B. Memepckoro (1859-1935), 3anmoxuBiiero 0OCHOBbl MEXaHHKHU
T€J NEPEMEHHOW MACCHI, €r0 3aJa4YHUK MO0 TEOPETUYECKON MEXaHHUKE NEPEU3NACTCS U B
Hamu aHu. [Iponomxkarenem uaeit XKykosckoro cran akageMuk C. A. Yamneirun (1869-



1942), pa3zpaboTraBiinii, B 4aCTHOCTH, OPUTHHAIBHYIO TEOPUIO PELIETYATOro (pa3pe3Ho-
ro) Kpblila, HalIeIIIyI0 cefyac MUPOKOE MPUMEHEHHE B pacueTax TypOOMaIIuH.

B XX B. U. I'. byonosn (1872-1919) u A. H. KpsuioB (1863-1945) coznanu pyHna-
MEHTAJIbHBIC TPY/bI [0 CTPOUTEIbHON MexaHuke kopadisa. b. I'. Tanepkun (1871-1945)
3aHUMAJICS pacyeTaMU IUIACTUH U 000JI0YEK.

B cBsI3U ¢ MHTEHCUBHBIM Pa3BUTHEM MAIIMHHOTO MPOMBIIIUIEHHOTO MTPOU3BOICTBA U3
MEXaHUKH BBIICIIMIINCH CAMOCTOSATEIbHBIC HAYYHBIC JUCIUIUINHBI - TEOPUS MEXaHU3MOB
U MallliH, COMTPOTUBJICHHE MaTEePHAIOB, KOHCTPYMPOBAHUE U pacyeT JeTajiei MalllvH.

Y4eHbIM-MEeXaHUKaM TPUHAICKUT YECTh PEIICHHS TaKUX MPoOJIeM, KaK 3aImyCK mep-
BOTO MCKYCCTBEHHOTO CIyTHUKA 3emuid, ¢otorpadupoBanue oOpaTHOi cTOpoHbI JIyHBI,
NepBBIC TIOJIETH YEJIOBEKa B KOCMHUUYECKOE MPOCTPAHCTBO M BHICAJIKA JIIOJEH Ha MOBEPX-
HOCTb JIyHbl. OcO00 clielyeT OTMETUTh 3aMeUaTelIbHOIO0 PYCCKOI0 YUYEHOT0 U U300peTa-
tens K. O. Iuonkosckoro (1857-1935), 3ano0kuBIIEr0 OCHOBBI TEOPHUH PEAKTHBHOIO
JIBIDKEHUSA U KOCMUYECKHUX TMMOJeTOB. MeuTa Jito/iel 0 MOKOPEHUH KOCMOca CTajla peaib-
HOCTBIO B PE3yJIbTaTe JIEATEIbHOCTH BBIJAIOIIEIOCsS COBETCKOTO ydeHoro akajaemuka C.
I1. Koposiea

(1906-1966) - reHepaibHOTO KOHCTPYKTOpa KOCMHUECKUX KopaOiyiel «BocTtox» u
«Bocxon». IlepBbIM 4elIOBEKOM, OCYHIECTBUBIIMM IOJET B KocMoc 12 ampens 1961 r.
obu1 FO. A. Tarapun (1934-1968). B Hamu qHU 1MOJETHl B KOCMUYECKOE MPOCTPAHCTBO
COBEPIIIAIOTCS PETYISIPHO.

JIoCTIKEeHUSI OTEUECTBEHHBIX YUEHBIX B 00JIACTH MEXaHHUKH JIAal0T BO3MOKHOCTH pe-
aTh CJIOKHBIE MMPAKTUYECKHUE TIPOOIEMBI B TEXHUKE M CITIOCOOCTBYIOT Pa3BUTHIO APYTHX
byHTaMEHTATBHBIX HAYK.

Mexannueckoe IBHKEHUE - NPOUCX0Osee C meyeHUeM 8peMeHy UsSMeHeHUe 83aUM-
HO20 NOJIOHCEHUSI MAMEPUATILHBIX Mel 8 NPOCMPAHCEe.

YacTHBIM ClTydaeM MEXaHMYECKOTO JBKEHHS Tella SBIISETCS COCTOSHUE OTHOCUTEIb-
HOTO TOKOS, T. €. OTCYTCTBHE IEpPEMEIICHUs PacCMAaTPUBAEMOrO Tela OTHOCUTEIIBHO
JPYroro, MPUHSTOTO 3a HA4YaJIo OTcYeTa. AOCOIIOTHO HEMOJBUXKHBIX TEJl B MPUPOJIC HE
CYIIIECTBYET; BCSKUW TMOKOW - ATO JIMIIb OTHOCUTEIbHAS HEMOJABWKHOCTh. CocmosiHue
NOKOS, UTU UHEPYUOHHO20 OBUIICEHUS, HA3bI8AIOM PAGHOGecUeM meld.

K uHep1moHHOMY ABUKEHUIO TeJla OTHOCST: PAaBHOMEPHOE MPSMOIMHEIHOE TOCTyIa-
TeJIbHOE JBW)XCHHE, pABHOMEPHOE BpaIlleHHEe BOKPYT HETOBUKHOW OCH M OOUIUI CiTy-
Yyail - paBHOMEPHOE BUHTOBOEC JIBIDKCHHE (CIOKHOE JBWKCHHE, MPHU KOTOPOM IIEHTp TSi-
KECTH Tella IBUKETCS MIPSIMOJIMHEHHO U PaBHOMEPHO, a BCE TEJI0 paBHOMEPHO BpallaeT-
Cs1 BOKPYT OCH, TIPOXOIAIICH uepe3 ero MEeHTP THKECTH).

Texnuka (ot rped. techne - HMCKycCTBO, MAacTEpPCTBO, YMEHHE) - COBOKYHHOCHIb
cpeocme ueno8eyeckoll 0esimenrbHOCmuU, CO30AHHbIX OJisL OCYUIeCmENeHUsl NPOYECcco8 NPo-
U3600CMEA U 0OCTYIHCUBAHUSA HENPOUZEO0OCEEHHIX nompebHocmeli obuecmea,

PaznmnuaroT TEXHUKY MPOW3BOJICTBEHHYIO (MAIIMHBI, MEXaHU3MbI, HHCTPYMCHTHI, all-
napatypa yrpaBJieHHS MallMHAMH W TEXHOJOTHYECKUMHU TPOIECCAMU, MPOU3BOJICTBCH-
HBIC 3JITaHUS W COOPY)KEHHUS, CPEJCTBA TPAHCIOPTA, CBSI3U U T. JI.) U HEMPOU3BOJICTBCH-
HYI0 (OBITOBAA,

KOMMYHaJIbHas, [l HAYYHBIX MCCIICIOBAaHUM, 00pa30BaHus, KyJbTypbl, BOCHHAS, ME-
JTUIIMHCKAs], CTIOPTUBHAS U JP.).
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CoBpeMeHHasd TEXHHMKA XapaKTEpU3yEeTCd YCKOPEHHEM TEMIIOB €€ MOJECpHU3alluH,
CTaHJapTu3alued U yHUUKAIUEeH, IUPOKUM HCIOJb30BAHUEM CPEJICTB aBTOMATHKH,
Tesremexanuku, OBM u ap.

['maBHBIMU, JOMUHHUPYIOIIUMHU TOHATUSIMH TEXHUKHU SIBJISIIOTCSA CJIOBA «MAIIMHA» W
«MeXaHu3M».

CnoBo MaIrmHa IPOUCXOIUT OT JJATHHCKOTO cJIoBa machira, 4To B epeBOjie Ha pycC-
CKHMI 03HAYaeT «COOpY>KeHHe». Eclii ero nmpou3HecTH BCIyX MO-PYCCKHU - MaxuHa, - TO
MOXHO MPEICTaBUTh pa3Mep JIPEBHUX MallvH. BriepBble *e€ 3TO CIOBO BCTpEYaETCs y
ApxuMella U 3BYYUT Ha TPEUYECKOM SI3BIKE KaK «MEXaHe», OTKyJla U MPOU30IILIO CIOBO
«MEXaHUKa.

Ecnau BaymaThesl B BBIIENPUBEICHHOE OMPEACICHUE MAIIUHBI, TO MOJIY4aeTcs, 4To
ATOT TEPMHUH HHOTJAa MPUMEHSETCS HE MO Ha3HaueHuto. Hampumep, B 3JIEKTPOHHO-
BBIYUCIUTEIBHBIX MAallIMHAX MOKET COBEPIICHHO OTCYTCTBOBATH MEXAHUYECKOE JIBUXKE-
Hue. [lo 3Toi e mpuuruHe BPS JIM IPABOMEPHO AIEKTPUUECKHUE TPaHC(HOPMATOPhI OTHO-
CUTh K AJICKTPUYECKUM MalllnHaM. M3BeCTHbIE HAM MallMHBI HE TOJBKO 3aMEHSIOT WU
obJieryaroT TpyJ 4eJOBeKa, HO M MHOTOKPATHO IOBBIIIAIOT €r0 MPOU3BOJIUTEIIBHOCTD.
KommbroTep cuntaer HEBOOOpa3UMO OBICTpEE UYEIIOBEKA; aBTOMOOWIIb, UMEsl OOJIBIIYIO
I'PY30MOTEMHOCTh, W JIBUXKETCS CO 3HAUUTEIBLHO OOJIbIIEeH CKOPOCThIO. MHOIO TakuX
MaIllMH, KOTOPHIE BBIMOJHSIIOT ONepaliii, KOTOpPhIE YEIOBEK C/IeNIaTh BOOOIIE HE B COCTO-
aHuU. [103TOMYy K ONpPEAeICHUIO CII0OBAa «MAaIlIMHA» HEOOXOAMMO MOAXOAUTH C YYE€TOM
ATHUX 3aMEYaHHU.

[To Mepe pa3BUTHS TEXHUKHU COJAEpKaHUE TEPMUHA «MalllMHA» U3MEHWIOCh. [l co-
BPEMEHHBIX MAIIIMH JIaJIUM CJICIYIOIIEE ONpeIeICHUE.

Mammna - ycmpoiicmeo, 8binoaHAWee MexanuiecKue 08uUxdceHus 0 npeoobpazosa-
HUsL DHep2UL, Mamepualos U UHGopmMayuu ¢ yeuvio 3amensvl uiu 001ec4eHus huuiecko-
20 U YMCMBEHH020 MPYyOd Yen08eKda.

B sTom ompeneneHun moj mMaTepuaiaMy MOHMMAIOTCS oOpabaThiBaeMbIe MPEIMETHI,
nepeMeIaeMbie Ipy3bl U IPyTrUe 00bEKTHI TPYyAa.

Pa3BuTHe COBpEeMEHHON HAayKH W TEXHUKH HEPA3PHIBHO CBSI3aHO C CO3/IAaHMEM HOBBIX
MAIIIMH, TOBBIIIAOIIUX MPOU3BOIUTEIHLHOCTD U

obJieryaromux TPy JIFOACH, a Takke 00SCIeUYNBAIONIUX CPEACTBA MCCIICIOBAHUS 3a-
KOHOB MIPUPO/IbI M )KU3HU YEJIOBEKA.

[lenbto co3maHus MAIIMHBI SBJISETCS YBEJIWUYEHUE MPOU3ZBOAMUTEIHLHOCTH M OOJerde-
HUST (U3UYECKOTO TpyJa YeJOBeKa MyTeM 3aMEHbI YeJIOBEKa MalluHOW. B HEKOTOphIX
ClIydyasx MallliHa MOXKET 3aMEHSTh YeJIOBEKa HE TOJIBKO B €ro (Ppu3n4ecKkoM, HO U B yM-
CTBEHHOM TpyJie. Tak, Hanpumep, CYETHO-PEIIAONINE MAIITMHBI 3aMEHSIOT YeJIOBeKa WU
MOMOTAlOT €My B MPOBEJIEHUHU HEOOXOAMMBIX MaTEMAaTHUYECKUX omeparuii, nHpopmariu-
OHHBIC MAaIIMHBI 00pabaTHIBAIOT OOJIBIIIOE KOJIMYECTBO 3aJI0KEHHBIX B HUX UYEJIOBEKOM
CBEJICHHU U at0T eMy Tpebyemyro nHdopmaruio u T. 1. Co31aHHBIC Y€TOBEKOM MaITUHbI
MOTYT YIPaBIATh MPOU3BOACTBEHHBIMU U IPYTHUMU MPOLIECCAMU IO OMPEICIICHHBIM, 3a-
paHee COCTABJICHHBIM MPOTpaMMaM U B HEKOTOPBIX CIydasx aBTOMATHYECKU OOECTequ-
BaTh NPOLIECCHI C ONTUMAIILHBIMU PE3YyJIbTaTaMHU.

Hakonen, MaliiHbl MOTYT B HEKOTOPBIX CIIy4asiX 3aMEHSITh OTJAEIbHbBIE OPraHbl YEeJ0-
BEKa, TaKWe, HAaIPUMEP, KaK KOHEYHOCTU (MEXaHU3Mbl MAHUITYJISITOPOB, MIPOTE3bI), CEP/I-
1€ (MCKYCCTBEHHOE CEepIE) U T. .



TakuMm 00pa3om, MOHATHEM MAaIllMHBl OXBAaTHIBAETCS OOJBILIOE YHUCIO CAMBIX Pa3IUy-
HBIX OOBEKTOB, MPUMEHSIEMbBIX YEJIOBEKOM JJIsi CBOMX TPYIOBBIX U (PU3HMOJIOTUYECKUX
byHKIUH.

C TOUYKM 3pEeHHUsI BBIIOJIHAEMbIX (PYHKIMNA MAaIIUHBI MOKHO Pa3AeiiuTh Ha CIEIYIOIINe
Kjacchl [2]:

a) SHEPreTUYECKHE,

0) pabouue,

B) HH(POPMAIIMOHHBIE,

') KHOEpHETUYECKHE.

Ouepeemuueckol MauiuHol Ha3bIBa€TCA MalllMHA, IpeIHa3HAaueHHas i peoOpazo-
BaHMS JTFOOOTO BHJIa SHEPTHH B MEXaHUYECKYIO (M Ha000poT). B mepBoM cirydae ona HO-
CUT Ha3BaHHUE Mawiunbl-08Ucames, BO BTOPOM CIIy4ae — MAluHbl-2eHepamopa.

[TpumepamMu SHEPreTHUECKUX MAIIHH SIBISIIOTCS AJIEKTPUUYECKUE JBUTATEIH, JIBUTa-
TeJIb BHYTPEHHETO CrOpaHusi, TYpOUHBI U T. 1.

Paboueri mawunoii Ha3pIBaeTCA MalllMHa, IpeJHA3HAYCHHAs 71 IPeo0pa30BaHus Ma-
TepuanoB. Paboure MallMHbl MOAPA3AESAIOTCS Ha TPAHCIIOPTHBIE M TEXHOJIOTMYECKUE
MaII1HBI.

Tpancnopmuou mawunol Ha3bIBa€TCsS MAIIMHA, B KOTOPOH MpeoOpa3oBaHUe MaTEpH-
ajla COCTOUT TOJIBKO B U3MEHEHUH MOJIO’KEHUS OCHOBHOTO MEPEMEIIAEMOT0 OOBEKTA.

K TpaHCHOpPTHBIM MalimHaM OTHOCSITCSI JIOKOMOTHBBI, aBTOMOOWIIN, TPAKTOPHI, JTH (-
TBI, TPAHCIIOPTEPHI, ICKAIATOPHI U AP.

Texnonocuueckou mawiunou Ha3bIBa€TCA padboyas MalllMHa, B KOTOPOW mpeoOpa3oBa-
HUE MaTepuaja COCTOUT B M3MEHEHHWHU (POPMBI, CBOWCTBA M COCTOSHUS MaTepHalia WU
oOpabaTbiBaeMOro 00OheKTa.

Krnacc TexHonormyeckux MammH pazHooOpaszeH. K HUM mpuHaaiexaT CTaHKH, TEK-
CTHJIbHBIC MAIMHBI, MAaIIUHBI, MCIOJb3yEeMbIE B CEJIBCKOM XO3SHCTBE, moiurpaduye-
CKUe, MUILEBbIE U MHOTUE JAPYTUE MAIIUHBI.

Hughopmayuonnou mawunori Ha3pIBaeTCS MalIMHA JJIs1 IOJTyYEHUsI U IPeoOpa3oBaHus
uHpopManmu. MHbopManmoHHble MalllMHBI  TOJPA3ACNSAIOTCS HAa  KOHTPOJIBHO-
YIPaBJISIOUUE U MATEMAaTHYECKIE MAILIUHBI.

Koumponvno-ynpasnaoweti mawunoti Ha3bIBa€TCsl MallliHA, KOTOpas IMpeoOpasyer
NOJIy4aeMyI0 KOHTPOJbHO-U3MEPUTENbHYI0 HHPOPMAIUIO C LIENBI0 YIIPABICHUS dHEpre-
TUYECKON WM pabouyell MalluHaAMU.

B cBs3M ¢ MOBBIIIIEHHEM MPOU3BOIUTEIBHOCTH MAIIMH U CKOPOCTEH JIBMKCHHS OT-
JICNBHBIX WX YacTel, a TakKe B CBSI3U C TPEOOBAHUSAMHU K BBICOKOMY KaueCTBY M3ACTUI
YeJIOBEK CTaJl MCTBITHIBATh CYIIECTBEHHBIC 3aTPYAHCHUS B YIIPABICHUN MallTMHAMH, KOH-
TPOJI€ TEXHOJIOTHYECKUX MPOIIECCOB, BBHITIOIHAEMBIX MAIIHHAMH, U3MEPEHUHU OTACITHHBIX
napaMeTpoB BBITYCKAEMOU MPOAYKIIMU | T. 1. B mpexHux, 6ojiee MPUMHUTUBHBIX, MAIIlH-
HaX peakiys 4eJoBeKa Obla JOCTATOYHOU ISl TOTO, YTOOBI U3MEHUTH PEXKHUM JIBIKECHUS
U paboThl MAIlIMHBI, €CJIM 3TU PEXKHUMBI U padoTa OTKIOHSITUCH OT HOpMaJbHBIX. Temneps,
KOIJla MPOJODKUTEIBHOCTh MHOTHUX Pa0OYMX IMPOLIECCOB M3MEPSIETCs] BEChbMa MallbIMU
JIOJIIMU BPEMEHH, KOTJa MHOTHE MPOIIECCHI SIBISIOTCS HEMPEPHIBHBIMU, (PU3UOJIOTHUS Ue-
JIOBEKa JIMMUTUPYET €ro HEMOCPEICTBEHHYIO PEaKklMi0 Ha OTKIOHEHHE pabodero mpo-
necca oT HopMmaibHOro. IloaToMy dYenoBeK CTajn co3JaBaTh HCKYCCTBEHHBIE CpPENICTBA
yIpaBieHUs, KOHTPOJIA U u3MepeHus. TakuMu cpecTBaMu, XOpOIIO U3BECTHBIMU B TE€X-



HUKE, SBJISIOTCS PA3IMYHBIE PETYIATOPBI U CUCTEMBlI aBTOMATHYECKOTO PETYJIMPOBAHUS
pabouMx MpoLeccoB, NPUOOPBI KOHTPOJIS U U3MEPEHUS TapaMeTPOB 3THUX IPOLIECCOB U T.
1. B HEKOTOPBIX ciIydasx cTajio LesIecoo0pa3HbIM

CO3JAaHME CIICHUAJIBHBIX MAIWH JUIS YIPABICHUS MPOLECCAaMU U MX KOHTpois. Tak,
HaIlpUMeEp, JJI1 aBTOMAaTU3AlMKA KOHTPOJIL pa3MEpPOB IOPIIHEBBIX KOJEL, MajbleB, MIa-
PUKOB I LIAPUKOMOAIIUITHUKOB U MHOTHX JPYTUX OOBEKTOB CTAJIU CO3/1aBaThCs KOH-
TPOJBHO-U3MEPUTENbHBIE MAIIUHBI, KOTOPBIE MPOU3BOAAT HE TOJIBKO 0OMep JeTanei, HO
U UX COPTHUPOBKY IO pa3MepaM M JPYTUM IOKa3aTessiM. B coBpeMEHHbIE aBTOMaTH4Ye-
CKH€ JIMHUM BCTPAUBAIOTCS PA3JIMYHbIE KOHTPOJIbHO-U3MEPUTENIbHBIE MAIIMHBI U PUOO-
pBI, KOTOpPBIE HE TOJBKO KOHTPOJIUPYIOT IPOLECC, HO U YIPABISIOT UM, CUHTHAJIU3UPYS U
aBTOMATUYECKU KOPPEKTUPYS pabOTy aBTOMAaTUUECKUX JTUHUM U CUCTEM.

Mamemamuueckoil mawunol Ha3bIBA€TCSl MalIMHA, KOTOpas npeodpa3yeT uHpopma-
LU0, MOJIYYaeMYyI0 B BHJIE Pa3IUYHBIX MaTEMaTUYECKUX OOpa3oB, 3aJlaHHBIX B (opMme
OTJIEIBHBIX YHUCEJI NN AIITOPUTMOB.

[IInpokoe pa3BUTHE KaK JJI YIIPABICHUS U KOHTPOJIS HAJ ITPOLIECCAMM, TaK M JUIS 3a-
MEHBI YMCTBEHHOI'O TPYJa Y€JIOBEKA MOIYYHIN Jo2udeckue mauiunsl. K 3TUM MallnHaMm
OTHOCATCS CUETHO-PEIIAOIINE MAINHBI, MAIIMHbI, MOJACIUPYIOLIUE Pa3INYHbIE ITPOLIEC-
Cbl, TH()OPMALIMOHHBIE MAILIMHBI U JP.

Kubepnemuueckoii mawunot Ha3pIBa€TCsl MAllIMHA, 3aMEHAIOIAs WM UMUTHUPYIOILAs
pa3nuyHble MEXaHUYECKHE, (PU3HOJOTUYECKUE WM OHOJOTMYECKHUE MPOLECCHI, MPUCY-
M€ YEJIOBEKY M JKUBOW MPHUPOE, U 00JIaJaromas IeMEHTAMU HCKYCCTBEHHOTO UHTEN-
JIEKTa.

[Ipumepamu TaKuX MallIMH SBISIOTCA: a) MAIIMHBI, ONIO3HAIOIIME TOT UM UHOU 00pa3,
Harpumep OyKBBI, U, CJIE€I0BATEIBHO, CIIOCOOHBIE KaK Obl UWTaTh; 0) MAaIMHBI, BOCHPO-
U3BOJIAILME YEJIOBEUECKYIO peyb MO 33JaHHBIM aKyCTHYECKHUM CIIEKTpaMm; B) MalIUHbI,
BBITIOJIHSAIOIINE Pa3IMYHbIE IBUKEHUS N0 YCTHOW KOMaH/E YeJIOBEeKa; I') MAalIuHbI, 3aMe-
HSIOIME OTJEIbHBIE OpraHbl YeJ0BEKa (Cepaue, MOYKH, KOHEYHOCTH U T. JI.) B YCIOBHAX
MEUITMHCKON, OTICPAIIMOHHOMN MJIM OMOJOTUYECKON MCCIIEI0BATENbCKOM MPAKTUKU UITU B
Cllydasix, CBSI3aHHBIX C OPraHWYECKUMH HapyIICHHUSIMU HOPMAaJbHOW (PU3UOJIOTUHU Yello-
BEKa.

B nocnennue roapl craiu co3gaBaThCsl KMOEPHETHMUYECKHUE MAILWHBI, BBIMOIHSIOMINE
TpeOyeMble MEXaHUYECKUE JBUKEHUS C MOMOILBIO COOTBETCTBYIOLUX CHUCTEM YIIpaBiie-
HUS, B KOTOPBIX UCOJB3YI0TCSI DBM, OMOTOKH, crielalibHbIE YIIPABIIAIONIME PUBOIBI U
T. . DTO — aBTOONEPATOPHI,

pOOOTHI, MAHUMYJISITOPHI, IIAraloIIKe, MOM3AI0IUe U APYrue MauHbl. OTINYUTENb-
HOM UX OCOOEHHOCTBIO SABJISIETCSI TO, YTO pabOYre OpraHbl STUX MAIIWH BBITOJIHSIOT Me-
XaHUYECKUE JIBMXKCHMSI, CBOMCTBEHHbBIE OpraHaM 4eJloBeKa WIIM >KMBOTHBIX. Hampumep,
pOOOT MMeEEeT Kak Obl «PYKY», BBITOJHSIIOUIYIO 33JaHHbIE TEXHOJOTMYECKUE Olepaluu.
[Tararomias MaiivHa UMEET «HOTU» U B KaKOH-TO Mepe MMUTHUPYET JIBHXKEHHSI, CBOM-
CTBEHHBIE JKMBOTHBIM WJIH HaceKoMbIM. llos3aromiye MammHbI CBOMMH 3JIEMEHTaMU
HAIlOMUHAIOT TYCEHHILYy WJU 3MeI0 U T. A. Ho riaBHbIM B KHOEpHETHYECKUX MAaIIUHAX
ABJIETCS] UX «OUYBCTBIIEHHUEY, T. €. OCHALIEHUE ITUX MAIIWH HCKYCCTBEHHBIM OCSI3aHUEM
C TIOMOIIBIO COOTBETCTBYIOIIMX JATUYUKOB, HCKYCCTBEHHBIM 3PEHUEM C ITOMOIIBIO TEJe-
BU3HOHHBIX YCTPOUCTB U T. 1. C MOMOIIBIO CIIEHUATbHBIX YIPABISIOMIMX MAIIUH po0Oo-
ThI, MAHUITYJISITOPBI, IATAIONIME U JAPYTUe MAIIMHBI OCHAIIAIOTCS KaK Obl «MCKYCCTBEH-



HBIM MHTEJUIEKTOMY, T. €. TI0 3aJIOKEHHOM B CUCTEMY YIIPABIICHUS IPOIPAMME MOTYT BbI-
MOJHATH TEXHOJIOTUMYECKHUE ONEPAllUi TOTO WJIM JIPYTroro BUAA B 3aBUCUMOCTH OT CUTya-
1[MU, HallpuUMep, Ipu cOOpKe KaKUX-TUOO0 y3JI0B BHIOMpaTh TpeOyeMble JeTallu, pa3indas
ux no gopme, 1BETY, FTEOMETPUUECKUM TapaMeTpam M T. [I., IepeMelaTbcs Mo pa3inuy-
HBIM MMOBEPXHOCTSAM, 00X0/1 MPEMATCTBUSA HA CBOEM ITyTH WUJIM MepeliaruBas yepe3 Hux,
UT. 1.

MaiuHa, B KOTOpOi Bce mpeoOpa3oBaHUs SHEPTUU, MATEPUATIOB U MH(POPMAIIH BbI-
NOJIHAIOTCA 0€3 HEMOCPEICTBEHHOIO0 YYacTUsl YEJOBEKA, HAa3bIBACTCA MAUUUHOU-
asemomamom. lIpuMeHeHre MalllnH-aBTOMAaTOB, OJJTHAKO, MPEANO0JIaracT NpUCyTCTBUE Ye-
JoBeKka (omepaTtopa), HabJIIOMAOIIET0 32 UX pabOTONW M M3MEHSIOIIETO B HEOOXOIUMBIX
cllydasix mporpammy JIeicTBUs. MalInHbI-aBTOMAThI, COEIMHEHHbIE MEXAY cOo00#l aBTO-
MAaTUYECKUMH TPAHCIOPTHBIMU YCTPOMCTBAMHU W TpPEAHA3HAYEHHBIE [JIS1 BBIIOJHEHUS
OTPEAETEHHOTO TEXHOJIOTMYECKOTO Tpolecca, 0o0pas3yloT asmomMamuyeckyro JUHUIO.
MainHa, 0COGEHHO MalllMHA-aBTOMAT, MPU IPABHJIBHOM €€ HCIOJIb30BaHUU 00JIeryaeT
TPy 4EJIOBEKa, yBEINUUBACT MPOU3BOAUTEIBLHOCTD TPY/a, OOECIIEUnBAET BHICOKOE Kaue-
CTBO BBIIIOJIHEHUS paboyero nporecca.

B o6miem citydyae MalmHONM Ha3bIBalOT CUCTEMY, BKJIIOUAIOILYIO B ce0sl ABUrareinb M,
nepenaronuii Mmexanusm [IM u padounii opran PO (puc. 1.1).

M

Puc. 1.1. CTpykTypHas cxeMa MallluHbI

Mexanu3m. OrmnpejerieHre TepMUHA «MEXaHU3M» HEOJIHOKPATHO MEHSJIOCH MO Mepe
TOTO, KaK MOSBIISUTUCh KAaY€CTBEHHO HOBBIE MEXaHU3MBI. Ellle cpaBHUTENHHO HEIABHO
CUMTAJI, YTO MEXaHU3M MOXET COCTOSTH TOJILKO M3 TBEpAbIX Tesl. COBpEeMEHHOE Ompe-
JIeJICHUE ATOr0 TEPMHUHA MPEIyCMATPUBAET, YTO B COCTaB MEXaHHW3Ma MOTYT BXOIUTH
TaKXKe KUJKHUE U Ta3000pa3HbIe Tela.

Mexanuzmom Ha3bl8a10M UCKYCCMBEHHO CO30AHHYIO CUCEM) meil, NPeOHA3ZHAUEeHHYIO
0J151 NPeooPA308aAHUL MEXAHUUECKO20 OBUNCEHUSI OOHO20 UNU HECKOJIbKUX MeJl 8 O8UICe-
Hue opyeux men [2].

Ecnmu B coctaB MexaHnW3Ma KpoMe TBEPHABIX TE BXOMISIT KHUAKWE WA Ta3000pa3HbIC
TeJa WIN AJIEKTPUYECKUE, MATHUTHBIC W IPYyTHUE YCTPOMCTBA, TO TaKMe MEXaHW3M Ha3bl-
BalOT COOTBETCTBEHHO THIPABINYCCKAMH, THEBMATHUYCCKUMU WITH DJICKTPUICCKIMH.

W3 ompeneneHnss MexaHW3Ma CIEIYeT, YTO HENb3s Ha3bIBaTh MEXAHH3MOM YCTPOW-
CTBO, B KOTOPOM HET NpeoOpa3oBaHUs MEXaHHMYECKOro IBWXKeHus. Hampumep, poTtop
AJIEKTPOJIBUTATENS W TOIIUITHUKY, B KOTOPBIX OH BpaIiaeTcs, He 00pa3yloT MEeXaHU3Ma,
TaK Kak B 3TOM CJIy4ae B3aWMOJCHCTBHE MAarHUTHOTO TOJIS U MPOBOJAHUKA C TOKOM JIaeT
TpebyeMoe IBMKEHHE 0e3 KaKOro-TmOOo MPOMEKYTOUYHOTO MpeoOpa3oBaHUs MeXaHUYe-
CKOTO JIBIDKCHHS. MeXaHu3M B dJIEKTPOJIBUTATENIE MOSBIIIETCS TOJBKO TOTAa, KOT/Ia Tpe-
OyeTcss yMEHBIIIUTH YIJIOBYIO CKOPOCTH BBIXOJHOTO Bajia TI0 CPABHEHHUIO C YTIIOBOM CKO-
POCTBIO POTOpa (AIEKTPOABUTATETH CO BCTPOSHHBIM PEIYKTOPOM).

MexaHu3MBI BXOJSIT B COCTAaB MHOTHX MAIIMH, TaK KaK BBITOJTHCHUE MEXaHUYCCKUX
JBIDKCHUH JJI TIPpeoOpa3oBaHus SJHEPTUU, MaTepruaioB U HHGOpMaIUd TpeOyeT 0OBIYHO
npeoOpa3oBaHus JIBWKCHHS, TOJydaeMoro oT asuratens. OQHaKo HENb3s OTOXKISCTB-
JATh TIOHATUS «MalluHA» M «MEXaHW3M». Bo-MepBBIX, KpOME MEXaHH3MOB B MaIlIMHE
BCETla UMEIOTCS JOTOJTHUTENbHBIE YCTPONCTBA, CBSI3aHHBIE C YIIPABICHUEM



MexaHu3MaMH (TyCK, OJIOKUPOBKA, KOHTPOJIb U T. 1.). OCOOEHHO pa3BUTHI ITHU
YCTPOMCTBA B MAalllMHAX-aBTOMATaX, IJI€ OHM OOpa3ylT CHUCTEMY aBTOMAaTUYECKOIO
ynpasienus. Bo-BTOpbIX, €CTh MalllMHBI, B KOTOPHIX HET MexaHu3MoB. Hanpumep, B no-
CJIEIHAE TO/bl MOSBWINCH TEXHOJOTMYECKUE MAIWHBI, B KOTOPBIX KaXKIbIM HCIOJHU-
TEJIbHBIM OpraH MPUBOAMUTCS B JBH)KEHHUE OT WHIWBUIYAIBHOTO JJIEKTPOABUTATENS WU
TUAPOIBUTATEIIA.

HecMoTpst Ha yKa3aHHYIO TEHACHIMIO K COKPAILIEHUIO YUCIa MEXaHU3MOB B MallIUHE,
BCE )K€ OHHM COCTaBIIIIOT BAXXHEHIIYIO, XOTS M HE €IWHCTBEHHYIO YacTh OOJIIIMHCTBA
MaiuH. KpoMe Toro, MexaHu3Mbl IPUMEHSIOTCS B MPUOOpax, amnmaparax v JIpyrux TeX-
HOJIOTMYECKUX YCTPONCTBAX.

[Ipocreiimme MexaHU3MbI (pbIYaKHBIC, 3yOUaThie W JAp.) ObUTM W3BECTHHI C JTaBHUX
BPEMEH; IMOCTENEHHO IIEJI TPOLIECC UX MCCIEA0BAaHUs, COBEPIICHCTBOBAHUS U BHEIPEHUS
B IIPAKTHUKY C HEJIbIO OOJIETYUTH TPYH Y€IOBEKa, MOBBICUTH POU3BOAUTEIHLHOCTD TPYAA.

Tak, U3BECTHO, YTO BBIJAIOIINIICS IESITENb KYJIbTYPhl S1I0OXH BO3pOXKIECHUS U YUEHBIN
Jleonapno na Buwum (1452-1519) paspaboran mpoeKThl KOHCTPYKIIMA MEXaHU3MOB
TKAIIKUX CTaHKOB, NEYATHBIX U JIEpPEBOOOpa0ATHIBAIONIMX MAIIMH, UM CJieJaHa TOIbITKA
OTIPEJICIUTh IKCIEPUMEHTAIBHBIM MyTeM KoddhduimreHt tpeHus. MranbsHckuil Bpay u
matematuk [l. Kapnan (1501-1576) uzydan nBuKeHHE MEXaHU3MOB YacOB U MEJIHHHII.
®panny3ckue ydensie I, Amonton (1663-1705) u L. Kynon (1736-1806) nepBbiMu
NPEMTOKUIN (POPMYJIBI JIJIS1 ONPEAEIICHHS CUIIbI TPEHHSI IOKOS U CKOJIbKEHUS.

B 1724 r. no ununuatuse Iletpa I B Poccuu Obuta ocHoBaHa Akajnemusi HayK, Aes-
TEJIbHOCTh KOTOPOM ObLIa MOCBAIIEHA PEHICHUIO TPAKTUYECKUX 3a]a4 MO MOCTPOUKE CO-
OpY>KEHHMI U MallluH, Pa3BUTHIO OTEUYECTBEHHOI'O KOPaOJIECTPOCHHUSI, apTUILIEPUHU U JPY-
TOM TEXHHKH.

3HAYUTENBHBIN BKJIAJ B pa3zBUTHE MeXaHU3MOB M MamvH B XVIII cronetun BHecan
BEJIMKHE pyccKHe yueHble U u3obperarenu M. B. Jlomonocos, . U. [lomsynos, U. I1.
Kynubus.

M. B. JlomoHOCOB pa3paboTai KOHCTPYKIIMUA MAIIWH ISl TPOU3BOJICTBA CTEKIIA U UC-
IBITAHUN MAaTEPUATIOB.

W3BecTHBIM pycckuii Mexanuk u uzooperatens . U. [Tomsynos (1728-1766) BnepBbie
pa3paboTai MpOeKT MeXaHW3Ma JIBYXIIWJIMHIPOBOTO MapOBOTO ABUTATENS (OCYIIECTBUTH
KOTOPBIN €My, K COKaJIEHHUIO, HE YAAJI0Ch), CKOHCTPYHUPOBaJI aBTOMAaTUUECKUN PETYIISATOP
MATAHUS KOTJa BOJIOW, YCTPOMCTBO ISl TOJAUYn

BOJBI U Mapa u Apyrue mexanusmel. Beinarommiics mexanuk U. M. Kynuoun (1735-
1818) co3gan 3HaMeHUTHIE Yachl B hopMe siila, MPeCTaBIISIIONIAE COOOM CIOKHEUITNI
0 TEM BpeMEHaM MEXaHW3M aBTOMAaTUYECKOIO JEUCTBUS, pa3paboTaln MEXaHu3M MpoTe-
3a, «BOJIOXO0/Ia», «CAMOKATKW» - MpooOpasza Oy IyIIuX aBTOMOOMIICH.

Brinaromuiics marematuk u mexanuk JI. Dinep (1707-1783), mBelinaper mo mpouc-
XOXKJICHUIO, TPUALATH JIET KW U padortan B Poccuu, npodeccop, a 3arem aeicTBUTEINb-
HbIi wieH [leTtepOyprckoit Akajgemun Hayk, aBTop 850 HAyYHBIX TPYAOB, PEIIUI Psij 3a-
Ja4 10 KWHEeMaTHKe U JUHAMUKE TBEPJIOTO TeJia, UCCIIeI0Ba KOJIeOaH!s M YCTONYHBOCTh
YOPYTUX TEJ, 3aHUMAJICA ¥ BOIIPOCAMU MPAKTUYECKOW MEXaHUKH, UCCIEA0Bal, B YaCTHO-
CTH, pa3iuyHble Mpoduiu 3yObeB 3yO0UaThIX KOJIEC U MPHUIIENT K BBIBOAY O TOM, YTO
HanOoJIee MEePCIEKTUBHBINA TPO(HIIH - IBOJIHBEHTHBIM.



MamrHocTpoeHre, Kak OTpacib NPOMBIIIJIEHHOCTH, HAayajo CKJIAJbIBATHCS €IIE B
XVIII B., a B XIX B. 0HO cTaio OBICTPO pa3BUBaThCs, ocod0eHHo B AHrnuu u CIIIA.

B Poccuu nepBbie MalIMHOCTpOUTENbHBIE 3aBOAbI MOssBUIUCh B X VIII B.; B 1861 1. ux
OBLIO YK€ cBhIlIe ¢Ta, a B 1900 r. - mpumepHo 1417.

B cBs3u ¢ pa3BuTHEM MaNIMHOCTPOCHHS MOSBUIACH MOTPEOHOCTHh B pa3paboTKe 00-
IIMX HAYYHBIX METOJIOB HCCIIEIOBAHUS U IPOCKTUPOBAHUS MEXAHU3MOB, BXOASIIUX B CO-
CTaB MallliH. TU METOJIbI CIIOCOOCTBOBANIM CO3AaHHUIO HanOoJiee COBEPIICHHBIX /ISl CBO-
€ro BPEMEHH MAIIWH, BBIMOJHAIOMINX HAWIYy4lIUM 0Opa3oM OIpEeNICHHbIE TPeOyeMble
¢bynkun. Tak, 3HaMEHUTHIA PYCCKHUI MaTeMaTUK M MeXaHuK, akajemuk I1. JI. UeOblmien
(1821-1894) omybnukoBan 15 paboT MO CTPYKType M CHHTE3y PHIYAKHBIX MEXaHH3MOB,
IIPY 3TOM Ha OCHOBE pa3pabOTaHHBIX METOAOB OH M300pen u noctpoui cebiie 40 pas-
JIMYHBIX HOBBIX MEXaHU3MOB, OCYLIECTBIISIOINX 3aJaHHYIO TPAEKTOPHIO, OCTAHOB HEKO-
TOPBIX 3BEHBEB NPH ABWIKECHUU NIPYTUX U T. 1., CTPYKTypHasi GopMyia IIOCKHUX MeXa-
HU3MOB Ha3bIBaeTCs ceityac popmysoi YeOrbiiena.

Hemeuxuit yuensiii @. I'pacrod (1826-1893) nan marematuyeckyro (GOpMyITUPOBKY
YCIIOBUSI TIPOBOPAUYMBAEMOCTH 3BEHA IUIOCKOTO PHIYQKHOIO MEXaHU3Ma, KOTOpOe HEeoO-
XOJIUMO TIpH ero cuHTe3e. Aurnuiickue marematuku J[.CunbsBectp (1814-1897) u C. Po-
oepre (1827-1913) pazpaboTaiiu TEOPHUIO PHIYAKHBIX MEXAaHU3MOB JIJISl TTPpeoOpa3oBaHuUs
KpuBbIX (mantorpados), C. Pobepre 3aHMMAaICS ¥ U3yUYEHUEM IIATYHHBIX KPUBBIX.

N. A. Beimnerpaackuit (1831-1895), u3BecTHBIN KaK OJIMH U3 OCHOBOIOJIOKHUKOB
TEOPUH ABTOMATHYECKOTO PETYJIMPOBAHUS, CKOHCTPYUPOBAI PAJl MAIIUH U MEXaHU3MOB
(aBTOMaTUUYECKUH TMpecc, MOIbEMHBIC MAIIWHBI, PETYJSATOP Hacoca) U, Oyaydu mpodec-
copoM IlerepOyprckoro TEXHOJOTMYECKOIO0 MHCTUTYTA, CO3/1ajl HAYYHYIO IIKOJIy KOH-
CTPYUPOBAHUS MaIIIUH.

Metoasl cuHTe3a 3yO0UaThlX MEXaHU3MOB, ITUPOKO MPUMEHSIEMBIX B Pa3UYHBIX Ma-
HIMHAX, OTJIMYAIOTCS ONPEEICHHON CII0KHOCThIO. MHOTHE ydeHble paboTaiu B 3TOM 00-
nactu. Opanmysckuit reomerp T. OnuBbe (1793-1858) obocHOBanm METOJ CHHTE3a CO-
MPSKEHHBIX MOBEPXHOCTEN B TUVIOCKUX U MPOCTPAHCTBEHHBIX 3aLEIICHUSIX TOCPEICTBOM
JBH>KEHUSI BCIOMOTaTEIbHON MOBEPXHOCTH.

Anrnuiickuii yuensiid P. Bummuc (1800-1875) nokazan oCHOBHYIO TEOpEMY IIIIOCKOTO
3alleTUICHUS U TIPEIOKIII aHATUTHYECKUN METOJI MCCIIEAOBAHMS TMJIAaHETapHBIX 3yOda-
ThIX MexaHu3MmoB. Hemenkuii mammuaoBen ®. Pemno (1829-1905) paspabdoran rpadude-
CKUI METOJ| CUHTE3a COMPSKEHHBIX MPOQUIIEH, U3BECTHBIN B HACTOALLIEE BPEMS KaK «Me-
TOJ HOpMasieiD». Peno Takxke sIBII€TCS aBTOPOM paboOT MO CTPYKType (CTPOEHHUIO) U KU-
HeMaTuke MexaHu3MoB. Pycckuii yuensiit X. W. I'oxman (1851-1916) ogHum 13 nepBbIx
onyOJUKOBaI padOTy MO AaHATUTHYECKON TEOPUH 3alICTICHHUS.

3HAYMTEIBHBIN BKJIAJ B IMHAMUKY MallMH BHeC cBouMHu Tpyaamu H. E. JKykoBckuii.
OH ObLT HE TOJBKO OCHOBOIIOJIOKHUKOM COBPEMEHHON a’pOoAMHAMHUKHU, HO M aBTOPOM
LEJO0ro psiia pabOT MO TEOPETUUYECKON M MPUKIATHON MEXaHUKE, TEOPUH MEXaHU3MOB,
paboT MO MCCIIEIOBAHUIO PaCpeIeTICHUSI HArPY3KU MEXITY BUTKAMH PE3bObI, aBTOP TEO-
PEMBI 0 3)KeCTKOM pbiuare («pbryar JKyKoBCKOTO»).

B. JI. Kupnnuer (1845-1913) - aBTop rpaduuecKux METOI0B KMHEMATHKH U CTATHKH
MEXaHHU3MOB.

Pa3BuTHio MexaHuKH MaimnH criocodctBoBamu paboter H. I1. Tletposa (1836-1920),
3QJI0KUBILIETO OCHOBBI TUJIpoAMHaMuueckoil Teopun cmasku, B. I1. 'opsiukuna (1868-
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1935), koTOpHIil pazpaboTan TEOPETUUECKUE OCHOBBI pacyeTa U MOCTPOEHHUS CEIbCKOXO-
3SIMICTBEHHBIX MAIIMH, BCSA CJIOXHOCTh pacueTa KOTOPBIX 3aKJII0UaeTCsl B TOM, YTO UX HC-
MOJIHUTENbHBIE MEXaHU3MBI JIOJKHBI BOCIIPOU3BOIUTh JBUKEHUS PYKH YEJIOBEKA.

Pycckuit yuensiti JI. B. Accyp (1878-1920) oTkpsul 00IIy:0 3aKOHOMEPHOCTH B
CTPYKTYpE€ MHOTO3BEHHBIX TUIOCKMX MEXaHU3MOB, IPUMEHAEMYIO U ceilyac Mpu uX aHa-
mu3e u cuHte3e. OH ke pa3paboTall METOJT «OCOOBIX TOYEK» I KHHEMAaTHYEeCKOro aHa-
JU3a CIOXKHBIX PhUaKHBIX MexaHu3MoB. A. I1. MansimeB (1879-1962) npeanoxun teo-
pPUIO CTPYKTYPHOTO aHAIM3a M CHUHTE3a MPUMEHUTEIHHO K CIIOKHBIM IUIOCKAM W TIPO-
CTPaHCTBEHHBIM MEXaHHU3MaM.

Cy1miecTBEeHHBIN BKJIa] B CTAHOBIICHWE MEXaHUKH MAITNH KaK IEThHOW TEOPUHU Mallln-
HocTpoenus BHec M.U.Aprobonesckuii (1905-1977). OnH saBiseTcs OpraHu3aTtopoM CO-
BETCKOM IITKOJIBI TEOPUU MEXaHU3MOB M MAIllMH; UM HAIMCaHbl MHOTOYUCIICHHBIC TPYIbI
0 CTPYKType, KHHEMATHUKE U CUHTE3y MEXaHW3MOB, TMHAMUKE MAIIMH U TCOPHH MAIllUH-
aBTOMATOB, a TAK)K€ YUCOHUKH, TIOJyUYUBIIIHE BCEOOIIee MpU3HAHUE.

MexaHu3Mbl, BXOJSIIUE B COCTaB MAIIMHBI, BECbMa pa3HOOOpa3Hbl. C TOUKH 3pEHHUS
X (DYHKIIMOHAILHOTO Ha3HAYEHUs MEXAHU3Mbl OOBIYHO JEJSATCS Ha CIEAYIOIUE BUbI
[2]:

- MEXaHU3MBI JIBUTATENEH U MpeoOpa3oBaTeei;

- IepeJaTOYHbIE MEXaHU3MBI,

- HCTIOJTHUTEIHbHBIC MEXaHU3MBI;

- MEXaHU3MBI YIIPABJICHHSI, KOHTPOJISI U PETYITHPOBAHMSI,

- MEXaHW3MBbI TI0/1aYd, TPAHCIIOPTUPOBKHU, MMUTAHUS M COPTUPOBKUA 00pabaThIBaEMBIX
Cpea 1 00BEKTOB;

- MEXaHU3Mbl aBTOMATHYECKOTO CYETa, B3BEIIMBAHUSA M YIAKOBKH TOTOBOW MPOTYK-
1107078

Mexanuzmvl 0sueameneti OCYIIECTBISIOT MPeoOpa30OBaHKUE Pa3IUYHBIX BHIOB, dHEP-
TMU B MEXaHWYeCKy pabotry. Mexanuszmovl npeobpazoeameneil (ecenepamopos) OCYy-
HISCTBIISIOT MPeoOpa3oBaHNe MEXaHUUECKOW padoThl B Jpyrue Buabl sHepruu. K mexa-
HU3MaM JIBUTATEJIEH OTHOCATCS MEXaHM3MBbI JABUTATENIed BHYTPEHHETO CrOpaHus, Mapo-
BBIX MaIlMH, JJIEKTpoABurarened, Typoun u ap. K mexanmzmam npeoOpazoBaTeneit oT-
HOCSITCSI MEXaHU3MbI HACOCOB, KOMIIPECCOPOB, THAPOTIPUBOJIOB U JP.

llepeoamounvie mexanuzmul (npuod) UMEIOT CBOEH 3a7adeii epenavy JIBUKEHUS OT
JBUTATENSI K TEXHOJOTWYCCKON MAIMHE WJIM WCIIOJTHUTEIBHBIM MEXaHWu3MaM. Tak Kak
BaJl JBUTATENS] OOBIYHO MMeEeT 0OJiee BBICOKYIO YacTOTYy BPAIICHHS, YeM OCHOBHOMW Ball
TEXHOJIOTHYECKOW MAallTuHBI, 3a1a9eh MepeaaTOYHbIX MEXaHU3MOB SIBJISETCS YMCHBIIICHHUEC
JacCTOTHI BpPAIICHHS Bajla JBUTATENS 0 YPOBHS YacTOTHI BPAIICHHS] OCHOBHOTO Bajia TeX-
HOJIOTUYECKON MAIIUHBI.

Hcnonnumenvuvimu mexanuzmamuy Ha3bIBAIOTCS T€ MEXaHW3MBI, KOTOPBIE HEIOCPE/-
CTBEHHO BO3JICHCTBYIOT Ha oOpabaThlBacMyl0 Cpeay WM oOBeKT. B mX 3amady BXOAWUT
U3MEHEHHE (POPMBI, COCTOSHUS, TIOJOKEHUS U CBONCTB 00pabaThIBaeMbIX CpEIbl WU
oObekTa. K UCTIOTHUTENBHBIM MEXaHU3MaM, HalpUMep, OTHOCITCS MEXaHU3MbI TIPECCOB,
nedopmupyromux o0padbaTeiBaeMblii 00HEKT, MEXaHU3MBI TPOXOTOB B DHEPrO3E€PHOOUH-
CTUTEJIbHBIX MaIlTUHAX, PA3ACISIONINX CPEy, COCTOSIIYIO U3 3€pHA U COJIOMBI, MEXaHMU3-
MBI METaUT000pabaThIBAIOIIMX CTAHKOB, W3MEHSIONIME (OPMY 3arOTOBKH CHSATHEM
CTPYKKH J0 TOU
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(GopMbl, KoTOpass TpeOyeTcsl MO TEXHOJIOTMUYECKUM YCIIOBUSM, MEXAaHU3Mbl IIPOKATa
CJINTKOB B OJIFOMHMHIax U T. [I.

Mexanuzmamu ynpaenenus, KORmMpOIsa U pe2yiupoeanus Ha3pIBalOTCA PA3JIMYHbIC Me-
XaHU3MBI U YCTPOMCTBA JUIsl KOHTPOJIA pa3MepoB 00padaThiBaeMbIX OOBEKTOB, HAIIPUMED
MEXaHWYECKUE IMYIIbI, Cleayromue 3a (Gpe3oil, o0padaTeiBaomIell KPUBOJIMHEWHYIO I10-
BEPXHOCTb, U CUTHAJIM3UPYIOIINE 00 OTKJIOHEHNHU (ppe3bl OT 3aJaHHOM IporpaMMsel 00pa-
OOTKH; pEryJIATOPbI, PEArupyOIIMe Ha OTKJIOHEHUE YIJIOBOW CKOPOCTH IJIaBHOTO Baja
MAIllMHbl U YCTAaHABIMBAIOIIME HOPMAJIBHYIO 33/IaHHYI0 YTJIOBYIO CKOPOCTBH JTOrO Baja;
MEXaHHU3M, PETYIUPYIOLUIUN ITOCTOSTHCTBO PACCTOSHUS MEXAY BAJIKAMU IPOKATHOTO CTa-
Ha U T. A. K 3ThM e MeXaHu3MaM OTHOCSTCSA U U3MEPUTENIbHBIE MEXaHU3MBI 110 KOHTPO-
JIXO0 pa3sMepOB, NABJIEHUS, YPOBHEN KUIAKOCTEU U T. 1.

K mexanuzmam nooavu, mpancnopmuposku, numanus u copmuposku oOpabdaTbIBae-
MBIX Cpell U 00BbEKTOB OTHOCSATCS MEXaHU3Mbl BUHTOBBIX THEKOB, CKPEOKOBBIX M KOBIIIE-
BBIX JJIEBATOPOB ISl TPAHCIIOPTUPOBKU U NOJAYU CBIITYYUX MATEPUAIIOB, MEXAHU3MBI 3a-
IPy30UYHBIX OYHKEpOB JJIsi IITYYHBIX 3arOTOBOK, MEXaHU3MBI [10/1a4d MPYTKOBOTO MaTe-
praia B BBICAJOYHBIX aBTOMATAX, MEXaHU3MbI COPTUPOBKHU I'OTOBOM MPOLYKLIHHU 110 pas3-
MepaMm, BeCcy U KOH(UTYpaluu U T. [I.

Mexanuzmbl asmomamuyuecko2o cuema, 636eUlUBAHUS U YNAKOBKU 20MOBOL NPOOYK-
Yuy MPUMEHSIOTCS BO MHOI'MX MallMHAaX, B OCHOBHOM BBIITYCKAIOIIMX MAacCOBYIO IITYY-
HYyI0 Tpoaykuuo. Heo0XoauMo MMETh B BHY, UTO TaKUE€ MEXAHU3MbI, KAK MEXaHU3MBbI
CUEeTa, B3BEIIMBAHMS U YIIAKOBKH FOTOBOM MPOIYKIUU, MOTYT OBITh U UCIIOTHUTEIbHBIMU
MEXaHU3MaMHM, €CJIA OHU BXOJAT B CIELHHAJIBHBIC MAIIMHBI, IPEAHA3HAYAEMBIE IS OTHX
omnepanui.

Tak, HanpuMep, B MalIMHAX JJIs pac(hacoOBKHU Yasi MEXaHU3Mbl B3BEILIMBAHMS U yIa-
KOBKH SBJISIFOTCSI UCITOJTHUTEIBHBIMUA MEXaHU3MaMH. B MPOMBIIUIEHHOCTH, H3TOTOBIISIO-
1€l MIapUKOMOAIIUITHUKN, UMEIOTCS CIIeMaIbHble MAIMHbI JJI1 YIAKOBKU COOpaHHBIX
LIaPUKOIIOIIMIIHUKOB, B KOTOPBIX MEXaHU3MBbI YIIAKOBKHU SBJISIOTCS UCIOJHUTEIbHBIMU
MEXaHU3MaMH, U T. [I.

Hecmotps Ha pa3Huily B GyHKIIMOHAJIbHOM Ha3HAUEHUHU MEXAHU3MOB OTJEIbHbBIX BU-
JI0B, B UX CTPOCHUHU, KHHEMATHKE U TMHAMUKE MHOTO OOILETO.

Hanpumep, MexaHu3M MOPIIHEBOIO ABUTATENA, MEXAHU3M KPUBOILIMIIHOTO IIpecca U
MEXaHHU3M IPUBOJA HOKA KOCHIIKM UMEIOT B CBOEH OCHOBE OJIMH U TOT K€ KPUBOLIUITHO-
MOJI3YHHBI MEXaHM3M. MeXaHu3M NpPUBOAA pe3lla CTPOTAIBHOIO CTaHKAa U MEXaHU3M
POTOPHOTO HACOCa UMEIOT B CBOEH OCHOBE OJIMH M TOT K€ KYJHCHBIM MeXxaHu3M. Mexa-
HU3M PEAYKTOpPA, NEPEAAIOIIETO ABUKEHNAE OT JBUTATEINSI CAMOJIETA K €70 BUHTY, U MEXa-
HU3M U depeniraia aBTOMOOIIE UMEIOT B CBOEH OCHOBE 3y04aThlii MEXaHU3M U T. 1.

[To3TOMYy MOXHO K MCCJIEIOBAHUIO MEXAaHU3MOB C Pa3IMYHBIMU (DYHKIMOHATBHBIMU
HA3HAYCHUSIMU TPUMEHSTH OOIKME METOJbl, 0a3UpPYIOIIMEecs Ha OCHOBHBIX MPHUHIIMIIAX
COBPEMEHHOW MeXaHuKH. B MexaHuke oObIYHO paccMaTpUBAIOTCSl CTaTUKA, KWHEMAaTHKa
U JMHAMMKa KaK abCOIIOTHO TBEPABIX, TaK U ynpyrux tein. [Ipu uccnenoBanny Mamux u
MEXaHHU3MOB, KaK IPaBUJIO, Mbl MOYKEM CUUTATh KECTKHE Teja, 00pa3yolne MEXaHU3M,
abCOJIIOTHO TBEPJbIMHU, TAK KaK MEepEeMEIICHUs, BO3HUKAIOIIUE OT YIPYTrux aedopmariuii
T€JI, MaJIbl IO OTHOLICHUIO K IIEPEMEILCHUSAM CaMUX TEJ U UX To4eK. Eciam mbl paccMar-
pUBAEM MEXaHU3MBbI KaK YCTPOMCTBA, B COCTAaB KOTOPBIX BXOJAT TOJILKO TBEPBIE TENA, TO
JUISl UCCIIEIOBAHUS KUHEMATUKA U JIUHAMUKHA MEXaHW3MOB MOKHO IOJIB30BAaThCSI METO-
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JlaMU, U3JaraeMbIMU B T€OpeTUUYeCcKoil MexaHnuke. Eciu ke Tpedyercst u3yuynuTh KUHEMa-
TUKY U TUHAMUKY MEXaHU3MOB C YYETOM YNPYrOCTH 3BEHBEB, TO ISl ITOTO, KPOME Me-
TOJOB TEOPETUUYECKON MEXAHUKH, Mbl JOJKHBI €1I€ MPUMEHSITh METO/IbI, U3JIaracMbI€ B
COMPOTHUBJICHUU MAaTE€pUaIOB, TEOPUU YIPYTrOCTH U Teopuu kosiebanuit. Ecnu B cocTtaB
MEXaHU3Ma BXOJST KUIKHUE WJIM ra3000pa3Hbie Teaa, TO HEOOXOIUMO MPUBIIEKATh K HC-
CJIEIOBAaHUIO KNHEMATUKHU U TMHAMUKH MEXaHU3MOB TMAPOMEXAHHUKY U aDPOMEXAHHKY.
[TonpoGHBIE CBECHUS U3 HCTOPUU PA3BUTHUS TEXHUKHU MIPEICTaBICHBI B 1. 11.

10cHoBHOE Ha3HAUCHME - [IOIHAS MM YACTUYHAS 3aMCHA MIPOU3BOJICTBEHHBIX (DYHKIIMI YeoBeKa C I1e-
JbI0 OOJIETYEHUS TPY/AA U MOBBIIICHUS €r0 MPOU3BOIUTENBHOCTH. Hepenko TepMUH «TeXHUKa MpUMe-
HSIOT TAaKKe /ISl COBOKYITHON XapaKTEPUCTUKUA HABBIKOB M IIPUEMOB, UCIOJIb3YEMBIX B KaKOM-JTHOO Jie-
JIe UM UCKYCCTBE (HampuMep, TEXHUKA UTPbl HA MY3bIKaJIbHOM UHCTPYMEHTE U T. 11.).

2. CTPYKTYPA MEXAHU3MOB

Bce MexaHM3Mbl HE3aBUCUMO OT OCOOEHHOCTEN MX KOHCTPYKTHUBHOTO M (DYHKLHO-
HAJIBHOTO Ha3HAYEHMs MUMEIOT OOLLYIO CHPYKmMYPHYIO OCHOGY, Ul NANbHEUIIEr0 U3yde-
HUS KOTOPOM PACCMOTPUM CJEIYIOLIME TOHITHUS U ONPEACIICHHUS.

2.1. 36eno mexanuzma

Teepovie mena, uz Komopwvlx 0opasyemcs Mexanusm, Hasvigaom 3eeHviamu. 1lpu r3Tom
MMEIOTCA B BUY Kak a0COJIOTHO TBEPbIC, TaK U AedopMUpyeMbie U THOKHUE Tena. XKu-
KOCTH U ra3bl B TCOPUU MEXaHW3MOB 3BEHbSIMU HE cuuTaroTes [1].

AOCOIOTHO TBEPAOE TEJIO - 3TO TaKOe TEJO, y KOTOPOrO PACCTOSHUE MEXIY JABYMS
J0OBIMU TOYKAaMHU HE M3MEHSETCS NpH JICMCTBUM HAa HEro JApyrux Teil. MHaue MOXKHO
CKa3aTh, UTO a0COIIOTHO TBEPJIOE TEJIO HE MU3MEHSET CBOIO (hOPMY M pa3Mephl MPH JIFO-
OBIX B3aUMOJCHUCTBHSIX.

AOCOIOTHO TBEPJABIX T B IMIPUPOJIC HE CYIIESCTBYET, BCE pPeajbHbIC Teaa CIIOCOOHBI
Mo-pazHoOMY J1Ie(OpMHPOBATHLCS MO ASHCTBHEM MPHIIOKEHHBIX K HUM CHII. Takum oOpa-
30M, MMOHATHE a0COJIFOTHO TBEPAOTO TeJIa SIBISETCS YCIOBHBIM, WU A0OCTPAKTHBIM.

Ecnu npeneOpedsb He TOJIBKO BETWYMHOMN nedopManuu Tena, HO U €ro pa3Mepamu U
dbopmoii, TorIa TEJNO MOXKHO paccMaTpUBaTh KaKk MAaTepHAIbHYIO TOYKY, B KOTOPOU CO-
CpelI0TOYEeHa BCs Macca.

Teno Ha3bIBaeTCsl CBOOOIHBIM, €CJIM HUKAKUE JAPYTUe Tejla He MPEMSITCTBYIOT €ro Ie-
pEMEILICHHIO B JTIOOOM HAMpaBJI€HUH, B IPOTUBHOM CITydae TEJIO Ha3bIBAE€TCS HECBOOOI-
HBIM WK CBsi3aHHBIM. [IprMep cBOOOIHOTO Teja - BO3AYIIHBIHN 11ap B mosiete. boabimH-
CTBO OKPYKAIOITUX HAC TEJ SBISETCS HECBOOOIHBIMU Tenamu [9].

3BeHO - MO0 OJ[HA JIeTajb, MO0 COBOKYITHOCTh HECKOJIBKUX JETANCH, COCTMHEHHBIX
B OJIHY KHHEMAaTUYECKN HEU3MEHSIEMYIO CUCTEMY, TO €CTh 3B€HO MOKET COCTOSITh U3 He-
CKOJIBKHX COEIWHEHHBIX HEMOABUKHO APYT C APYTOM HacTeu - aeranei. Hanmpumep, ma-
TYH JABUTAaTEIsl BHYTPEHHErO CrOpaHUsl COCTOUT JIMIb W3 Tejla IIaTyHa, MIATYHHOU
KPBIIITKH, BKJIABIIICH, IIMTAJICK, a0 1 rack.

Jlemanvto Hazviearom wacmes MEXAHUIMA UIU MAWUHDBL, U32OMOBISIEMYI0 Oe3 npuMeHe-
HUsL COOPOUHBIX Onepayull.

3BEHbS pa3IMYAOT 0 KOHCTPYKTUBHBIM MPU3HAKaM (KOJICHUAThIN Ball, 3y0UaTroe Ko-
Jieco, IaTyH, MOpIIeHb U T. 1.) U 0 XapakTepy ux ABWKeHus. Hampumep, 3BeHO, Bpa-
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IAfOIIeecs Ha MOJTHBIA 000pOT BOKPYT HEMOJBUIKHON OCH, Ha3bIBAIOT KPUBOWUNOM, TIPU
HETIOJTHOM 000pOTE - KOPOMBICIOM, 3BEHO, COBEPIIAIOIICE TIOCTYMAaTeIbHOE IBIKECHHUE, -
NOA3VHOM U T. II.

HenonsmwkHOE 3BeHO MeXaHU3Ma JIJISl KPATKOCTH HA3BbIBAIOT CHMOUKOLU, TIOHATHE HETIO-
JIBUKHOCTHU CTOWKH JIJIS MEXaHU3MOB TPAHCIIOPTHBIX MAIIMH, B YaCTHOCTH, JICTaTEIbHBIX
anrmapaToB, - YCJIOBHOE, IIOCKOJIBKY B 3TOM CTydae cama CTOMKa JIBHKETCSI.

B 3aBHCHMOCTH OT Ha3HAYCHUS 3BEHBS MEXaHWU3Ma MOJPA3CISIIOT HA BXOIHBIC, BBI-
XOJTHBIE ¥l COCTUHUTEIIBHBIC.

Bxooneim Ha3pIBAIOT 3B€HO, KOTOPOMY COOOIIAETCs MpeodpasyeMoe ABMKEHUE. Bul-
XOOHbIM - 3BEHO, COBEpIIAIOIIEe ABM)KCHUE, ISl BHIMOJIHEHHUS] KOTOPOrO MpeaHa3HAuYeH
MEXaHU3M.

OOBIYHO B MEXaHU3ME UMEETCS OJMH BXOJl U OJWH BBIXOJ. BX0a monydaet nBrKeHHE
OT JBUTATEISA, a BBIXOJ COSOUHSETCS C pabOYMM OpPraHOM MAIIMHBI WM YyKa3aTeJaeM
npubdopa. Ho MOTyT ObITh MEXaHU3MBI C HECKOJIBKUMH BXOJaMH U BBIXOJIAMH.

B nuHamuike MeXaHU3MOB MPUMEHSIOT TEPMHUHBI «BEAYIIEE» U «BEIOMOE» 3BEHDS.
Beoywee - 3BeHO, KOTOPOMY COOOIIAIOT MOJIOKUTEIBHYIO pabOTy, 86e0oMoe - 3BEHO, KO-
TOPOMY COOOIIAIOT OTPUIIATENIbHYI0 pabOTy NMPHUIIOKEHHbIE K HUM BHEIIHUE cuiibl. Ha
BEJyIllee 3BEHO CHJIbI JIEUCTBYIOT 1O HAIPaBJICHUIO CKOPOCTH, HA BEJAOMOE - MPOTHUB
HaIpaBJIECHUS! CKOPOCTH.

OmHO M TO K€ BBIXOJHOE 3BEHO HA OTACIBHBIX YYaCTKaxX IBMKEHHUS MOXKET OBITH TO
BEJIOMBIM, TO BEAYITUM. AHAJOTMYHO BXOJHOE 3BEHO, KOTOPOE IO MPHU3HAKY JACHCTBUS
CHJT OOBIYHO SIBJISICTCS BEAYIITUM, Ha HEKOTOPBIX YYaCTKaX IBIKCHHSI MOXKET OBITH BEIO-
MbIM. Hammpumep, amekTpoaBuTaTesib, COSIMHEHHBIN C BXOAHBIM 3BEHOM, MOXKET B 3aBH-
CUMOCTH OT COOTHOIIEHHUS CHWJ, JCHCTBYIONIMX Ha 3BCHBS MEXaHHM3Ma, paboTaTh KaK B
JBUTATEIIHHOM, TaK M B TEHEPATOPHOM PEIKUME.

OcTtanpHbIC TTOJABMKHBIC 3BEHBSI HA3BIBAIOTCS COCTUHUTEIBHBIMHM HJIU TIPOMEXYTOY-
HBIMHU.

2.2. Kunemamuueckue napol

3BEHbS COCAMHSIOTCA MEXKy 000 MoABMKHO. B 00111eM citydae 3BeHO MOXKET 00pa-
30BBIBATH MOJABUKHBIC COSIMHEHUS C HECKOJIBKUMHU 3BEHBSIMH, HO JIJIs1 y100CTBA U3yYe-
HUSI KHHEMAaTUYECKUX CBOMCTB ATUX COCIMHEHUIN MIPUHATO PACCMaTPUBATh COCIMHEHUS
JIBYX COTIPUKACAIOLIUXCS 3BEHBEB. [1006UdCHOE cOeOuHeHue 08YX CONPUKACAIOWUXCS
36eHbes Ha3vleaemcs Kunemamuyeckou napou. KunemaTuueckyro napy MOKHO Onpejie-
JIUTh TaKXke KaK COETMHEHUE JBYX COMPHUKACAIOIINXCS 3BEHBEB, JOIMYCKAIOIIEE UX OTHO-
CUTEJIbHOE JBUKEHUE.

CnoBo «I1apay NPUMEHEHO TOTOMY, YTO COSUHSIOTCS MEXy COOO0I0 JBa 3BEHA, a
CJIOBO «KMHEMATHUYECKasH» - IOTOMY, YTO COEAMHEHUE MOJIBU)KHOE, TOCKOJIbKY CJI0Ba
«KUHEMATUYECKUID U «ITOABUKHBII 03HaYaET OJTHO U TO XKeE.

PaccunrtaeM, CKOIBKO MPOCTEHIINX MEPEMEIICHUI MOKET CAENATh AP, HU C YEM He
cBs3aHHBIN (puC. 2.1). Bo-niepBbIX, LICHTP Macc Iapa MOKET JBUTAThCS MPSIMOJIUHENHO
BJIaJTh JIFOOOW M3 TPeX KOOPAMHATHBIX oceil. OH MOXKET IBUTAThCS U MEKIY OCSIMH, HO
B€Jlb CUCTEMY KOOPJMHAT PACMOJIaraloT MPOU3BOJIBHO, U HUUYTO HE MEIIAET HAIIPaBUTh
0010 M3 KOOPAMHATHBIX OCEH 0 KacaTeIbHOM K TPACKTOPUHU JBMIKEHUS IIEHTPa Macc
mapa. Bo-BToOphIX, 1map MakeT BpaIaThCsi BOKPYT JHO00M U3 TpeX KOOPAUHATHBIX OCEH.
Takxum oOpazom, 1r060€ Teno (a MbI B3SUTH LIap MOTOMY, YTO TaK y100HEe) MOXKET UMETh
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AZ IECTh HE3aBUCHMBIX BO3MOXKHBIX IepeMelneHnid. Kaxxnoe He-
3aBHCUMOE BO3MOXKHOE IIEpEMELICHUE TEJIa Ha3bIBAIOT CTEIE-
HbI0 cB0OOABI. [lonHOE uncno creneHeil cBOOO bl paBHO Iie-
CTH.

Paccmotpum HanOosiee pacripocTpaHeHHbIE KHHEMAaTHYe-
ckHe napsel. Eciau 0JHO 3B€HO OTHOCUTEIBHO JPYrOro MOKET
MIPOBOPAYMBATHCSA, TO KHHEMAaTUYECKYIO [Tapy Ha3bIBAIOT Bpa-
maTeapHoM niny mapHupoM. K cioBy, Bce cycTaBbl HalIero
CKeJieTa- 3TO apHUpsI (puc. 2.2., a).

Puc. 2.1

Ecnu e 01HO 3B€HO ABUIKETCSI OTHOCUTENIBHO JPYTOro 3B€HA TOJIBKO MOCTYNATEIbHO,
TO TaKyl0 KHHEMATUYECKYIO NIapy HA3bIBAIOT MOCTYNATEIbHON WU TOJI3yHOM
(puc.2.2.,e). CoequHeHNe MOPIIHS C LIUIUHAPOM JBUTATENSl BHYTPEHHETO CTOPAHUS - 3TO
TUMUYHBIA IPUMED MOJI3YHA.

[[TapHUp ¥ MOJ3YH - 3TO NPOCTENIINE KUHEMATUUECKUE TIaphI.

Cogokynnocms nogepxuocmeul, TUHUL U MOYEK 36€HA, BXOOAUIUX 8 CONPUKOCHOBEHUE
(Konmaxm) ¢ Opy2um 36eHOM NApbl, HA3LIBAIOM deMeHmoM napwl. [{is Toro 4ToObI 3i1e-
MEHTBhI Mapbl HAXOAWINCH B OCTOSSHHOM COIPUKOCHOBEHHUH, NTapa JI0JKHA ObITh 3aMKHY-
Ta TEOMETPUUYECKUM (32 CUET KOHCTPYKTHUBHOM (POPMBI 3BEHBEB) MIIM CUIIOBBIM (CHJION
TSKECTH, IPYKUHOM, CUIION TaBJIEHUS KUJKOCTH WM ra3a U T. I1.) CIIOCOOOM.

KunemaTuueckue napsl BO MHOTOM OINPEAENSIIOT pad0TOCIIOCOOHOCTh U HAJIEAKHOCTh
MAIlIMHBI, TOCKOJIBKY Yepe3 HUX NEPEIa0TCs YCWIUSA OT OJHOIO 3B€HA K Apyromy. B ku-
HEMATHUYECKUX Iapax BCIEACTBHE OTHOCUTEIBHOTO IBUKEHUS BO3HUKAET TPEHUE. Die-
MEHTBI IIapbl HAXOAATCS B HANPSKEHHOM COCTOSIHMM U B IpoLecce n3HamuBanus. [1o-
ATOMY IIPaBUJILHBIN BHIOOP BHJIa KHHEMATHUECKOM Maphl, €€ TEOMETPUUIECKON (HOPMBI,
pa3MepoB, KOHCTPYKIIMOHHBIX U CMAa30YHBIX MaTEpUAJIOB UMEET OOJIBIIOE 3HAUYCHUE TIPH
MPOEKTUPOBAHUYU MAlIUH U MEXaHU3MOB.

Husmue u Boicmue napbl. KuneMatnueckue napel pa3anyaroT €Ilie U [0 XapakTepy
CONPUKOCHOBEHMS 3BEHBEB: NIapy HA3BIBAOT HU3IIEH, €CIIM DJIEMEHTHI 3BEHBEB COITPUKA-
CarOTCs TOJIBKO N0 MOBEPXHOCTH, U BBICIIEH, €CII TOJBKO IO JIMHUSAM WX B TOUKax. [Ipu
ATOM JIMHEMHBINA WA TOYECYHBIA KOHTAKT IOHUMAETCS KaK MEPBOHAYAIbHBIN - TP CO-
MPUKOCHOBEHUU 3BEHBbEB 0€3 YCUIINA, - a TI0J1 HAarpy3KOi 3BE€HbsI, 00pa3yIoIIHNe BHICIITYIO
napy, OyAyT CONpUKACAThCS IO HEKOTOPOH (PaKTUUECKON MOBEPXHOCTH, HA3bIBAEMOI
MATHOM KOHTAKTa.
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r A) e)
Puc. 2.2. IIpumepsl BBICIIMX M HU3LMIUX KUHEMATUYECKUX Map: a - HU3IIas (BpanaTelib-
Has); O - BbIcIIas (I1ap-TJIOCKOCTh); B - BbIUIAs (LIMJIMHAP-TIIIOCKOCTD); T - HU3IIAs
(chepuueckas); A - Hu3as (MUJIMHIPUYECKas); € - HU3Iasl (MOCTynaTeabHast).

[Ipumepsl BHICIINX U HU3IIUX KHHEMATUYECKUX Tap MpeCTaBIECHbI Ha puUC. 2.2.

OmHO U3 MPEUMYIIECTB HUBIINX KHHEMAaTUYECKHUX TIap 10 CPABHEHUIO C BBHICIITUMU -
BO3MOXXHOCTh Tiepeiauu OOJIBIITUX CHJI, MOCKOJIBKY KOHTAKTHAsl IOBEPXHOCTh COMPHUKa-
CaIOIIMXCS 3B€HhEB HU3IIEH Mapbl MOKET ObITh BeCbMa 3HauuTeIbHa. [I[puMeHenue
BBICIIIMX Tap MO3BOJISICT YMEHBIIUTh TPEHUE B MAIIMHAX (KJIACCUYECKUM MPUMED - IIAPH-
KOIIOJIIIUITHUK) ¥ TIOJIy4aTh HY>KHBIE, CaMble pa3HOOOpa3HbIE 3aKOHBI IBXKEHUS BHIXO/I-
HOT'O 3B€Ha MEXaHU3Ma MyTeM MPUAAHUS OTIPEACIICHHOU POpMbI 3BEHbSIM, 00pa3yIOIIUM
BBICIIIYIO Tapy.

Kunemaruueckue napol KjiacCU(pUUIUPYIOT 110 yucity H cmeneneii c60600bl B OTHOCH-
TEJILHOM JIBXKEHHUH 3BEHbEB (ITOBUKHOCTD MAPHI) U 110 YUCTY S ycrosuti cesazu (OrpaHu-
YEeHUI1), HaKJIaIbIBAEMBbIX MTapOil Ha BMXKEHUE OJTHOTO 3B€HA OTHOCUTEIHHO JIPYTOTo.
[Ipu 3TOM TIpeAnoiaraeTcs, 4To BCE CBSI3H - TEOMETPUUYECKUE, HATArarouue OrpaHnYeHUS
TOJIbKO Ha KOOPJMHATHI TOUEK 3B€HA, BXOJIAIIECTO B KHHEMATUYECKYIO Mapy, B €r0 OTHO-
CUTEJIbHOM JIBUYKEHUHU.

Tak kak mis cBoOoHOTO Tea B mpocTpadncTBe H = 6 (cm. puc. 2.1.), To uyncio cTemne-
Hel cBOOO/IbI (MOIBUKHOCTH) OJHOTO M3 3BEHBEB, 00PA3yIOIIUX KUHEMATUUECKYIO Mapy,
OTHOCHUTEJILHO JIPYTOro 3B€Ha MOXKHO OIPEAeIuTh 1o hopmyJie

H=6-8§ (2.1)

Knacc kmnemarudeckoii mapsol. 13 popmyinsl (2.1) cnenyet, uro mpu S =0, H=6, T.
€. MPOUCXOUT pa3MbIKaHUE KUHEMAaTHUeCKOU mapsl, a mpu S = 6, H = 0 - 3BeHbs TepstoT
OTHOCHUTEJIbHYIO TTOABMKHOCTh. CJIeI0BaTEIbHO, YUCIIO CBSI3EH, HallaraeMbIX KUHEMAaTH-
YEeCKOU Mmapou, MoxkeT ObITh OT 1 10 5, T. . S=1,2,3,4 unu 5.

Cornacno knaccudukaruu akagemuka M. M. AptoboneBckoro [2], KWHeMaTU4eCcKue
naphl JSJSIT Ha ATh KitaccoB (Tadu. 2.1.). Kimace maper onpeaensercst auciom S.

Pasnuuaior oononoodsuscusie napei (V kiacca, H=1, S = 5), dsyx-noosuorcnvie (IV
knacca, H = 2, S = 4), mpexnoosuorcnvie (111 kmacca, H = 3, S = 3), uemwipexnodsusicnvie
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(IT xkmacca, H = 4, S = 2) u namunoo-suxcuvie (I xknacca, H = 5,S= 1). B tabmuue 2.1 na-
HbI IPUMEPHI KHHEMATHYECKUX Tap ¢ UX YCIOBHBIMHU 0003HaueHusmu [10].
Taoa. 2.1. Knaccupuxkanuss KHHeMATHYECKHUX AP

Krresariuec- | Liap- Usnwnp- Crhepraecras UstniHapersecan MocTrynatentsHan
K3A NApa W e8| nNotKocTs RNOCKOCTE

il
- > >
- i g - V"‘“‘?“ Bpuumum_c;}

Z /Z
MnockocTHan Chepweeckan © Nans
uem o
al
\ y/ - Buwrosan
% |4 B e
"_7 -@_
Yucno creneHed
enoboas 5/1 4f2 3/3 2/4 1/5
KNACE NP

Hawnbonee pactipocTpaHEHHBIMU SIBIISIIOTCSI 0OHONOOBUICHbLE TIAPBI, KOTOPBIE MPE/I-
CTaBJICHBI B TPEX BapuaHTax. B mocTymnarenbHOM mape OTHOCUTEILHOE ABUKEHHE €€ 3Be-
HbEB MPSIMOJIMHEHHO-TIOCTYNAaTEIbHOE, BO BpalllaTeIbHOM Nape - BpallaTeJbHOE, B BUH-
TOBOW - BUHTOBOE.

Jl8yxnooeusicHvle KHHEMAaTUUECKHUE Taphbl PE/ICTABIICHBI B IBYX BapUaHTaX: IIUJIMH-
JIpudeckas mapa u cpepuueckas mapa ¢ nanbiieM. HezaBucruMbIM BO3MOKHBIM TIEpeMe-
HICHUSIM B JIBYXIIOJIBUYKHOM chepruecKoii mape COOTBETCTBYIOT IOBOPOT BOKPYT OCU
Najbla U MOBOPOT OTHOCUTENIBHO OCH, IEPIIEHINKYJIIPHOM INTIOCKOCTH KOJIBLIEBOTO Ia3a
U TIPOXOJIAIIEH Yepe3 HEeHTp chephl.

Tpexnooeetocnvle KHHEMATUYECKHE TTAPhI TAKKE MPEICTABIEHBI B IBYX BapHaHTaX:
chepuueckas napa (1apoBoii MIAPHUP) U TUIOCKOCTHAS Mapa. Yemvipex- U namwio08udic-
Hble TIapbl IPEACTABICHbl BApUAHTAMU: «IUJIUHJP - TNIOCKOCThY U «IIap - NIOCKOCThY, B
o0111eM cllydae 4e-ThIPEXIOABUKHAS Mapa MoaydaeTcs TPy JIMHEHHOM KacaHUU JBYX MO-
BEPXHOCTEH, a MATUIIOIBUKHAS - TTPU TOUCUHOM.

Kpowme uncna creneneit cBO00bl B OTHOCUTEILHOM JIBHXKCHUU 3BEHBEB B TAOIHIIE
YKa3aHO TaK)Ke YHCIIO CBSI3€H B MPEANOI0KEHUH, YTO BCE CBS3U - TEOMETPUUECKUE, T. €.
HaJararT OrPAaHUYEHHUS TOJIHKO Ha MOJI0KEeHUS (KOOPIMHATHI) TOYEK 3BeHheB. CyMMa
YuCJia CTeTeHel CBOOOIbI M UMciia CBsA3EH BCera paBHa 6, T. €. YACTy CTEIEeHEH CBOOOIbI
TBEPJIOTO TeJa, BUKYIIErOCs B TPOCTPAHCTBE.

K Hu3muM napam npuHaiexar: NocTynarelibHas, BpaluaTeabHas, BAHTOBAs, [IMJINH-
npudeckasi, chepudeckasi U TNIOCKOCTHAS.

JI1s1 penieHust BOpoca, K KaKOMy KJIacCy OTHOCUTCS Ta WJIM UHAsI KWHEMaTU4YecKast
napa, cieayer nocrymnarb Tak. OJHO U3 3BEHbEB, BXOSIINX B KHHEMATUYECKYIO Tapy,
MPEJACTaBUTh HEMOABUKHBIM. CBSA3aTh C HUM CUCTEMY KOOpaAUHAT OXYZ U, OPUECHTUPYSICh
10 HEeH, MPOCIIeIUTh, KAKUe ABUKEHUS IPYyTOro 3BeHa mapbl HEBO3MOXHBI U3 IIECTH
JBI>KCHUH, KOTOPOE OHO UMEJIO Obl BO3MOXKHOCThH COBEPIINTH, HE BXOs B napy. Uucio
ATUX HEBO3MOXKHBIX JABWKCHHM (KaK paBHOE YMCITy CBSI3€l B Mape) MpeCTaBUT COO0I0
HOMEp KJ1acca Mmaphl.

[TocnenoBaTenbHOCTDH OMpeeIeHuUs Kilacca KHHEMATUYECKOW mapbl paCCMOTPUM Ha
npumepe. Ha puc. 2.3. nzo0paxkeHa Husimas (mocTynaTesibHas ) KHHEMaTH4IecKas rnapa.
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DIEeMEHTOM KMHEMAaTUYECKOU Maphl SABJISIETCS] IOBEPXHOCTb, 10 KOTOPOIl 3BEHO 2 0XBa-
ThIBaeT 3BeHO 1. Heo6xoaumo ornpeaenuTts Kiiacc KHHEMaTUYECKOM naphbl.
Cnenaem 3BeHo 1 HenonBuwxkHBIM. [IpoBeneM yepe3 1ieHTp O NpSIMOYTOIbHYIO CUCTE-

My kKoopAauHaT Ox)yz, CBA3aHHYIO cO 3BeHOM 1. 3BeHO
&l

7

y/

Puc. 2.3. IloctynarenbHas KWHEMaTHYECKas M1apa

P

2 HEe MOXKET MepeMeaThes B1oyib oceit Ox u Oz U He MOXKET BPAIlaThCs BOKPYT ATUX K€
oceil u ocu Oy. CrienoBaTeNbHO, 3Ty KHHEMAaTUYECKYIO Mapy HAJl0 OTHECTHU K HSATOMY
KJ1accy (HEBO3MOXKHBI TISITh U3 IECTU ABUKEHUM) [3].

2.3. Kunemamuueckue yenu

Cucmemy 36eHbes, C8A3AHHBIX MeHCOY cOOOU KUHEMAMU4eCcKUMU napamu, Ha3oleaom
KUHEeMamuyecKol yenbio.

Ecnu 3BeHbs COBEpIIAIOT ABMKEHHE B OJHOW IMJIOCKOCTU WM B MapaljIeNIbHbIX II0C-
KOCTAX, KHUHEMaTh4yecKas 1enb OyAeT n10CKOU, B IPOTUBHOM CIIy4ae - NPOCMpPAHCMEeH-
HOU.

Kunemartndeckas 1emnp, KakJ10€ 3B€HO KOTOPOil BXOIUT He Ooyiee ueM B 1BE KHHEMa-
TUYECKHE TIaphl, Ha3bIBACTCsI MPOCTOH (puc. 2.4., 6, 8);

A 2 B

6) 8)

Puc. 2.4. Kunematnueckue 1enu. a - 3aMKHYTasi KHHEMaTHYecKas LIeTb; O - pa30MKHYyTast
KMHEMaTH4ecKasl Lelb; B - MIAPHUPHBIA YETHIPEXIBEHHBI MEXaHU3M (3aMKHyTasi KHMHe-
MaTHUYECKasl LIeTh)

€CJIM 3BEHBS BXOJAT O0Jiee YeM B JIB€ KHHEMATHYECKHUE Maphl, TO 1EMb HA3BIBAIOT CIIOXK-
Hol (puc. 2.4., a, 38eHo 2) [10].

Omxkpeimoti Ha3bIBAIOT KMHEMATHYECKYIO IIeTh, B KOTOPOW €CTh 3BEHO, BXOJSIICE
TOJIBKO B OJIHY KUHEMATHYECKYIO napy (puc. 2.4, 6, 3BeHbs 1 u 4), U 3amMKHYmMO1, B KOTO-
poii Takoro 3BeHa HeT (puc. 2.4, a, ). 3BeHo 2 (puc. 2.4, s) Ha3BIBAIOT OA3UCHBIM.

2.4. Cxemol mexanu3mos

Tak ke, Kak MpU perieHun OOIBITMHCTBA MH)KEHEPHBIX 3a/1a4, MIPU UCCIETOBAHUN
MEXaHU3MOB U300pakeHHe 00bEKTa UCCIIEIOBAHUS YIIPOIIAOT (CXeMaTU3UPYIOT)
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HACTOJIBKO, YTO OHO CTAaHOBUTCS YCJIOBHBIM. Hanbosiee HarsiHoe NpeicTaBiIeHUE O
CTPYKTYpE MEXaHHU3Ma JA€T €r0 CMPYKMYPHAs cxemd, IO KOTOPOU MOHUMAaIOT u300pa-
YKEHUE BCEW COBOKYITHOCTH COCTABIISIOIIUX 3JIEMEHTOB, OMPENESomux GyHKIUA MeXa-
Hu3Ma (puc. 2.5, a). JIns BINOJHEHUS KHHEMATHYECKUX CXEM MTPUMEHSIOT YCIOBHbBIE
rpaduyeckue nzoopaxenus (cM. Tadauity 2.1), ycraHoBieHHbIe EnrHOM cucTeMOM KOH-
ctpykropckoit fokymentanuu (ECKJI). Cxemy ueptar 6e3 Macitadba, 0ObIYHO B BUJE
pa3BepTKHU Ha IJIOCKOCTh, PEXKE - B aKCOHOMETPHUU. 3BEHbs 0003HAYAIOT apaOCKUMU U ]-
pamu, KHHEMAaTUYECKUE Maphl - OOIBIIMMU OYKBaMH JTATHHCKOTO ajdaBUTa, CTOMKY -
HITPUXOBKOH (puc. 2.5, 0).

N300pa3uM KHHEMAaTUYECKYIO CXEMY JIBUTATelsl BHYTPEHHEr0 CrOPaHuUs, yIPOIEHHAs
KOHCTPYKIIMSL KOTOPOr'o ITOKa3aHa Ha puc. 2.5, a, BeIymum 3B€HOM B 3TOM CJIy4dae siBJIs-
eTCsl IOPILEHbB 2, ABMKEHNE KOTOPOMY COOOIIAeT BHEIIHSS CUJIa - CHJIA JIaBJICHUS Ta3a.
[Topiiens coBepiaeT BO3BPATHO-TIOCTYMATEIbHOE JBMKEHHE OTHOCUTEIBHO CTEHOK He-
MOJBW)KHOTO IIUJIMHApPA 1, a BegoMoe 3BeHO (Bajl 5 ¢ KpUBOIIUIIOM 4) - BpalllaTeIbHOe
IBUKEHHE. MexXly BeyIIUM U BEJOMBIM 3BEHbSIMU HAXOAUTCS IPOMEKYTOUHOE 3BEHO -
maTyH 3, COBEPIIAOIINI CIOKHOE ABUKEHUE [4].

C KMHEMaTHYEeCKON TOYKU 3pEHUS KOHKPETHBIA KOHCTPYKTUBHBIHN 3JIEMEHT - TOPIIECHb
- MO’XKHO 00OOIIEHHO Ha3BaTh MOJ3YHOM. BMecTe co cTeHKaMu HMIIMHIPA, SBISIOIIMU-
Csl HAITPABJISIIOUTUMHU, TIOJI3YH 00pa3yeT MoCTynaTeIbHyI0 KHHEMATHYECKYIO Mapy, KOTO-
pasi yCIOBHO U300pakaeTcst

TaK, KaK IIoKa3aHo Ha puc. 2.5, 6. Ban ¢ kpuBOIIMIIOM, COBEpIIAIOIIME BpalllaTeIbHbIC
JIBUKCHHSI OTHOCHUTEIBHO HETIOJIBUKHOMN OMOPHI, 00pa3yIoT BpalaTeabHyl0 KHHEMaTHYe-
CKYI0 mapy A, cXeMaThuueckoe N300pakeHrue KOTOPO MOKa3aHo Ha puc. 2.4, 6. aTyH -
3TO CTEPKEHB, OJMH KOHEI[ KOTOPOTro MIapHUPHO CBsA3aH ¢ nopinHeM (napa C), a npyroi

gyepes napy B ¢ kpuBomunoM (puc. 2.5, 2).
-

N % Y

w1

AsnsanmRaaRa s
T i T,

Puc. 2.5. Dramnbl noCTpOCHUSI KHHEMATUYECKOW CXEMBbI IBUTATEISI BHYTPEHHETO CTOPaHUs

OObeMHNUB OTAENbHbIE H300paKEHUSI KHHEMATUUECKHX Tap U 3BEHbEB B €JMHOE 11e-
JI0€, TTOJTyYrM KHHEMAaTHUECKYI0 CXeMy MeXaHu3Ma JBuratens (puc. 2.5, 0), B KOTOpOM
TpH 3BEHA (ITOJI3YH, IIaTYH U KPUBOILIUII) SIBJSIOTCS MOJBUKHBIMHU M OJTHO - HETIOABUXK-
HBbIM, 00pa30BaHHBIM CTEHKaMU IWJIMH/IPA U HEMOIBMXKHOM OMOPOi Basa (SBIISSICh caMo-
CTOSITEJIbHBIMU KOHCTPYKTHUBHBIMU 3JIEMEHTAMH MEXaHW3Ma, OHU €IUHbI B KHHEMaTH4e-
CKOM OoTHOlEeHUH). KuneMaTnyeckux nap B 3TOM MEXaHU3MeE YEThIPE - TPU BpallaTelib-
Heie (4, B, C) u omna nocrynarenbHas (D).
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JIn1 KUHEMATUYECKOr0 UCCIIEI0BAHUS MEXAaHU3MA IPUMEHSIOT KUHEMATHYECKYIO
CXEMY.

Kunemarudeckasi cucrema - epaguueckoe uzoopaxcenue Mexanusma nocpeocmeom
VCN0BHbIX 0003HAYUEHULL 36€HbEE U KUHEMAMUYEeCKUX nap ¢ yKasanuem pamepos, Heooxo-
OUMBIX OJI51 KUHEMAamu4ecKko2o aHatu3a Mexanusmd.

KunemaTtuueckasi cxema BBIMOJTHSAETCS B MacIITade (1.

L M
HhiETes =, 2.2)
loe MM

rae Lpc - nmuna 3BeHa BC Mexanu3ma, BhIpaKeHHasi B METPax,

|s¢ - nmuaa 3BeHa BC Mexann3Ma Ha KHHEMAaTHYECKOW CXeMe B MHJUTUMETPaXx.

Ha puc. 2.5 nmokazausl xoncmpykmusHas (a) i Kunemamuueckas (6) CXeMbl MEXaHU3-
Ma HIapHUPHOTO YEeThIPEX3BEHHUKA. 13 cXeMbl (0) HarJIsIAHO BUJTHO, YTO 3BEHbS 2,3.4
MOJIBM)KHBI OTHOCUTEIILHO CTOMKH 1.

DNeMEeHTHI BBICIIUX Map Ha KHHEMAaTHYECKUX CXEMaX OYEPUMBAIOTCS KPUBBIMU, KOTO-
PBIMH OHH XapaKTepHU3ylTcs B HaType (mapa B Ha puc. 2.6, a).

A A,

a) 6)
Puc. 2.6. CxemaTudeckoe n300pakeHue 3youaToi nepeayu: a) cxeMma BbluyepueHa Ha
TUTOCKOCTH, MapaJlIeIbHOM IBHYKEHUIO TOYEK 3B€HhEB MEXaHN3Ma, 0) cXxeMa BhIYepUeHa
Ha TIOCKOCTH, IEPIICHANKYISIPHON TUIOCKOCTH BpaIleHHs 3BE€HbEB MEXaHU3Ma.

3. MEXAHU3MBI 1 UX KJTACCUDOUKAILIUA

N3 onpenenennii KHHEMAaTUYECKOU LIETTHM U MEXAHU3MA CIIEAYET, YTO OHU ITPEICTAB-
JSIIOT COOO0M COBOKYIMHOCTh 3BE€HBEB U KHHEMaTH4eCKuX map. [loaTomy npu coOtoieHnu
ONPEAECICHHBIX YCIOBUM KUHEMATHUYECKAs 1IENb MOKET CTaTh MEXaHU3MOM. AHAJIU3 T10-
Ka3bIBAET, UTO 3BEHbsI KHHEMATHUYECKOH 1T 001a1at0T ONPEACIICHHOCTBIO JIBHYKEHUS
TOJIBKO TIPU HAJUYUHU HETMOJBIXKHOTO 3BeHa (CTOoMKM). Takum oOpazom, Haruuue Heno-
O0BUIICHO20 38€HA ABNAEMCS 003aMeNbHbIM VCI08UEM CYWeCmB808anus mexanuzma. Bee
MEXAHU3MBI Pa3JIeNISIOT HAa ABE TPYNIbI: MEXAHU3MBI C BHICIIMMU KHHEMAaTUYECKUMU T1a-
paMy ¥ MEXaHU3MBI ¢ HU3IIMMH KHHEMaTHIecKuMHM rmapamu. K Hanbosee pacnpocrpa-
HEHHBIM BUJaM MEXaHU3MOB C BBICIIUMH ITaApaMU OTHOCATCS 3yOuaThie, KyJauyKOBHIE,
(GPUKITMOHHBIC M MaJIbTUHCKHUE MEXaHU3MBbI, a TAK)KE MEXaHU3MbI C THOKUMH CBSI3SIMH.
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Mexanuzm, 36eHbs KOMOPO20 COEOUHEHbL ¢ NOMOUWBIO HUSULUX KUHEMAMUYeCKUx nap,
HA3bI8AIOM CMEPIHCHEBLIM UTU PbIYAINCHBIM.

CreneHb NOABMKHOCTH MexaHn3Ma. CBOMCTBA MEXaHU3MOB BO MHOTOM OIpeIesi-
I0TCSI BUJIOM U PACTOJI0KEHUEM MOJBUYKHBIX COSTMHEHHUI 3BE€HbEB - KWHEMAaTUYECKHUX
nap. Ecnu BXo/iHOE 3BEHO 0/IHO, T. €. Tpeo0pa3yeTcs ABUKEHUE OJTHOTO ABUTATENIS, TO
MEXaHU3M 00J1aJIaeT OJIHOM CTENEeHbI0 CBO0OIbI. VcToNb3ytoT U 6oJiee CI0KHbIE MeXa-
HU3MBI, KOTOPHIE TIPUBOJIATCS B IBI)KCHHE HECKOJIBKUMU JIBUTATEIISIMH.

Yucno W nesagucumvix 08udicenuli, KOmMopwle HYHCHO 3a0amb 6XOOHbIM 36E€HbAM Me-
Xauuzma, umoovl ce e20 OCMAbHbIE 36€Hbsl 08ULAIUCH OMHOCUMENILHO CMOUKU 8NOIHE
onpeoenento, Ha3vl8arom YUCIOM cmeneneu c60000bl UlU CIMENeHblo C80000bl MeXAHU3-
ma.

JIJ1 I0CKUX MEXaHU3MOB CTENEHb CBOOOIBI MOXKET OBITH OINpeeNieHa UCXO IS U3
CIIEAYIONINX COOOpaXKeHnd. MeXaHu3M COCTOUT U3 K 3B€HBbEB, OJTHO U3 KOTOPBIX - CTOM-
ka. Kak u3BecTHO, K - 1 = N MOABMKHBIX 3BEHBEB, OYAy4YH HE CBSI3aHHBIMH (710 COCAMHE-
HUS B KHHEMAaTHUYCCKHUE Mmaphl) uMeiu Obl kaxaoe mo Tpu (W= 3) ctenenu cBo6os1. Ho
BCE 3BEHbS MEXaHU3Ma COCMHEHBI MEXy co00ii B mapbl V u [V ki1accoB, KOTOpbie
HaJararT OrPAHUYCHUS Ha OTHOCUTEIIbHBIC IBM)KCHUS 3TUX 3BEHBEB. 3aMETUM, UTO B
IJIOCKOM MEXaHN3ME BCE CTENEHU

cB00OIbI KHHEMaTHyeckux nap Boie [V kiacca (I, 11, I11) He moryT ObIThH peanu3oBa-
HBI (cM. Tabu. 2.1).

Ecnu 0603HaYUTh: Ps - UMCTI0 KHHEMATUYECKUX Nap V Kilacca, KaxkJas U3 KOTOPBIX
HAKJIaJbIBAET B IUIOCKOCTH IO JIBE CBSI3H, P4 - uriciio nap IV kiacca, KOTopble HaKIaabl-
BaIOT OJIHY CBSI3b, TO OCTaBILIEECS YUCIIO CTENEHEN CBOOO bl MEXaHU3Ma T0JICUUTHIBAETCS
o ¢hopmyiie

W=3k-1)~2ps-p,=3n~-2p;~p, (3.1)

CrpykTypHas Gopmyna Mmexanusma (3.1) BrepBblie Obuta npeioxena akan. 1. JI. Ye-
obieBbIM B 1869r. Ilo3aHee ananoruynas 3aBucuMocTs nosydeHa npod. I1.0.ComoBbiM
(1887) m A.Il.ManbiuessiM (1923) u 1151 TpOCTPAaHCTBEHHBIX KUHEMATUUECKUX LIETIeH
oO11ero Buja:

5
W=6(k-1)-5p,~4p,~3p,~2p,— p, =6(k=1)-Y Sps, (3.2)
5=1

rie K - 94rcio 3BeHbeB MexaHu3Ma (BKITIOYasi CTOMKY); S - YMCIIO YCIIOBUIl CBS3H,
HaJlaraeMbIX KHHEMAaTHYECKOH Mapoil Ha OTHOCUTENIbHOE IBUKEHHE 3BEHBEB (OHO COOT-
BETCTBYET KJIACCy Maphl); Ps - YUCJIO Map AaHHOro Kiacca (S=1, 2, ..., 5; cM. Tabm. 2.1).

k=n-1 (3.3)

[Tpumenenne GopMyIIbI 7S OTIpEeIeTICHHS CTeTIEHH CBOOOIBI INTIOCKOTO MEXaHU3Ma
paccMOTpPUM Ha MPUMEPE IIAPHUPHOTO YEThIpeX3BeH-HUKa (puc. 2.5, 0). OH COCTOUT U3
TIOJIBM)KHBIX 3BeHbeB 2, 3, 4 (N = 3) u croiiku 1 (K =n + 1 = 4). 3BeHbs COCTMHEHBI KU~
Hematndeckumu napamu 4, B, C u D (ps ~ 4). Beiciive napbl B MEXaHU3ME OTCYTCTBYIOT
(ps = 0). Crenenb cB00O b1 3TOrO0 Mexanuzma W= 3-3 -2-4 -0 = 1,

DTO0 03HayaeT, YTo AJIsl JAHHOTO MEXaHHW3Ma HYKHO 337aTh TOJIbKO OJTHO JIBUKEHHE,
YTOOBI APYTHE €r0 3BEHbsI IBUTAIMCH BIIOJIHE ONpEeIEHHBIM 00pa3oM, T. €. 3TOT MeXa-
HU3M JOJDKEH UMETh TOJIBKO OJHO BXOJHOE 3BeHO. B HalieM nmpumepe 3T0 Moia3yH 2.
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Yucino creneHeit cBOOO bl MEXaHMU3Ma MOXKET OBITh JTHOOBIM LIEJIBIM YHCIIOM (B OTJIU-
4Ke OT CTENEHU CBOOOIbI TBEPIOTO Tella, KOTOpas HE MOXKET ObITh OoJbie mectu). Cpe-
JI CYIIECTBYIOIINX MEXaHU3MOB

HauOOJbIIEE YUCIIO CTETIEHEW CBOOOAbI UMEIOT MeXaHU3Mbl poOoTOB: Wmax = 8... 10.

IlaccuBHbBIE CBSI3H M «JIMIITHME» CTeNeHUu cBO00aAbI. Eciiu ipu pacuetax no ¢popmy-
nam (3.1) unu (3.2) nomyyeHo W < 0, To 3T0 03HAYaeT, YTO JIaHHASI CUCTEMA COEMHEH-
HBIX 3BEHBEB JKECTKAas, T. €. IBUTAThCS OTHOCUTENBHO CTOMKHN HE MoxkeT. Ho ecnu npu
nosryueHHOM W < 0 cuctema (MEXaHU3M) BCE K€ JBUKETCS, TO 3TO CBUIETEIBCTBYET O
HaJIMYUU B HEW MaCCUBHBIX CBSI3€M, KOTOPhIE HE OTPAHUYUBAIOT JIBUKEHUS BEOMBIX 3BE-
HbEB. X BBOJST B COCTaB ME€XaHU3Ma JJIsl OBBIIICHUS €r0 )KECTKOCTU UJIN YCTPAHEHUS
HEOMPEACICHHOCTHU ABUKEHUS 3B€HEB B HEKOTOPHIX MOJIOKECHUSX.

Kpome Hannuusi naCCUBHBIX CBSI3€M, HY’KHO YUYUTHIBATh, UYTO HE BCE BO3MOXKHBIE OT-
HOCHUTEJIbHBIC JBUKCHUS 3BEHBEB BIUSIOT HA OCHOBHOE JIBUYKEHUE BBIXOHOTO 3BEHA.
DTy HECYIIECTBEHHYIO CTEIIEHb CBOOO/IbI HA3BIBAIOT «JIUIIHEH». PaccMoTpuM JiBa mpu-
Mepa [3].

Ha puc. 3.1 u 3.2 noka3ansl IBa MEXaHU3Ma, KOTOPbIE HAJI0 OTHECTH K IJIOCKUM, TaK
KaK Ha JBM)KCHHS UX 3BEHBEB HAJIOKEHBI IO TPU OOIIUX YCIOBHS CBSI3U: 3BEHBSI HE MOTYT
MepEMEIATHCS OCTYNAaTENbHO BAOJIb ocu Ox U BpamaTthes BOkpyr oceit Oy u Oz. Cre-
JIOBATEJIbHO, 002 3TH MEXaHU3Ma MPUHAJICKAT K TPETHEMY CEMEICTRY.

B mexanusme Ha puc. 3.1 1iMHbI 3BeHbEB (PACCTOSTHUSA MEXY OCSIMU IIAPHUPOB) TIO-
no0OpaHsbl Tak, 4To u3Mensemas ¢purypa ABCD

z

y
Puc. 3.2. [Inockuii KyJauykoBbIM MEXAHU3M
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Bcera oynet mapamienorpammoM (lag = lep, Isc = lap). Beneactue Toro, uro lar = lgp u
ler = lap, 3B€HO 5 HE CTECHSET NBUKCHHS OCTAIBHBIX 3BeHbEB. [103TOMY OHO JIOJIKHO
OBITh OTHECEHO K IMMACCUBHOM CBSI3U U HE YUUTHIBATHCS MPH MOJICUETE YHCIIA MTOJABUKHBIX
3BeHbEB U. [Ipu 0TOpOIIIEHHOM 3BE€HE 5 CTENEeHb MOJABMKHOCTH MEXaHU3Ma 10 popmyrie
(3.1) paBHa

DTO 03HAYAET, YTO JJI MPUIAHUS ONIPEIEIICHHOCTH JIBUKEHUS 3BEHbSIM MEXaHU3Ma
JIOCTAaTOYHO 33/1aTh JIBU’KEHHE OJHOMY 3BEHY.

Ecnu 651 He ObuTa 0TOpOIIIEHA TACCUBHAS CBS3b (3BEHO 5 U KUHEMATUYECKHE Maphl
nATOTO Kiacca F u £), To pu moicyeTe CTETNeHH MOABKHOCTH ObLT ObI TIOJTyYeH HEeBep-
HBII pe3yNbTaT, TAaK KaK B 3TOM ClIydae CTeneHb noABmxHocTH W Oblia OB paBHa

W=3n-2p,=3-3-2-4=1.

T. €. BMECTO MEXaHU3Ma JO0JKHA Obl OBITh JKeCTKasi HeU3MEHsieMas CUCTEMa, SIBIISTIO-
masicst hepMoil.

Ha puc. 3.2 npeacrasieH MIOCKUNA KyJa4KOBBI MEXaHU3M, Y KOTOPOI'O Ha KOHIIE
TOJIKATENS 3 UMEETCsl KPYTJIbII POJIMK 2, TIOBOPAYNBAOLINICSA BOKPYT CBOEH ocH. Ecnu
POJIHK 5KECTKO CBSI3aTh C TOJIKATEJIEM, TO OT 3TOr'0 3aKOH JABUKEHUS TOJIKATEIIS, OYEBU-
HO, He u3MeHuTcs. Kpyribiii posiank, cB0OO0HO MOBOPAYMBAIOLIUICS BOKPYT CBOEH OCH,
BHOCHUT B MEXaHU3M JIUULHIOIO CIeNneHb C80000bl, U TIPH MOJACUETE CTETIEHN OJIBUKHOCTH
MEXaHU3Ma 3TO BPAILATEIbHOE IB)KCHHUE IPUHUMATHCSI BO BHUMAHUE HE NODKHO. Cun-
Tas, YTO POJIUK KECTKO CBA3AH C TOJKATEIEM, IOJICUUTAEM CTENEHb MOJIBUKHOCTH MeXa-
Hu3Ma 1o gpopmye (3.1):

W=3n-2p,=3-4-2-6=0,

®dopMalibHBIH K€ TOJCUET MPUBEII Obl HAC K TAKOMY pe3yJbTaTy:

W=3n-2p,-p,=3-2-2-2-1=1,

B coBpeMeHHOM MalIMHOCTPOEHUH OCOOEHHO IIUPOKOE MPUMEHEHHE MOITYYHIH
IJIOCKAE MEXAHU3MBI, 3B€HbSI KOTOPBIX BXOAAT B mapel IV u V knaccoB. OCHOBHON
NPUHIMO UX 00pa3oBaHus ObLT BIiepBbie chopmynupoBaH B 1914r. pycckum ydeHsiM JI.
B. Accypom u Brnocnenctsuu pa3sut U. . AptoboneBckum [2].

Cornacno uaesm JI. B. Accypa, 10001 MexaHu3M 00pa3zyercs Mocie10BaTeIbHbIM
MPUCOECIUHEHUEM K HAUalIbHOMY Mexanu3my (BEIylleMy 3BeHY, COeIMHEHHOMY CO CTOM-
KOM BpaIiaTeIbHON WM MOCTYNaTeIbHON MapaMu) CTPYKTYPHOU Tpyniibl (TpyIibl Accy-

pa).
3.1. Hauanonoie mexanuszmol

HavanpHbie MexaHU3MBI OBIBAIOT ABYX BHUJIOB: BpallaTEIbHBIA U TOCTYIATEIbHBIM.
Onu oTHOCsATCS K MexaHu3MaM | kiacca (puc. 3.3.). CTeneHpb NOABUKHOCTU TAKUX MEXa-
HU3MOB paBHA €IMHUIIE:

W=3n-2p,—p,=3-1-2.1-0=1.
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Puc. 3.3. BHI[BI HavaJIbHbBIX MC€XAaHNU3MOB B IIJIOCKOM MEXAaHHU3ME: a - Bpa[uaTCJIBHI)II\/JI, 0 -
HOCTYH&TCHBHBIﬁ

3.2. I'pynnot Accypa

I'pynnotii Accypa naszvieaemcs KUHEMAMUYECKAs Yensb ¢ HY1e6ol CIMenenbo No0BUIC-
HOCIMU OMHOCUMEILHO MeX 36eHbes, C KOMOPbIMU 6X005M 8 KUHEMAmu4ecKue napvl ce0-
O0O0HbIE dNleMeHMbl ee 36eHbes, U He PAcnadarowasics Ha boiee npocmole yenu, 001a0a-
rouue makice Hyiesol CmeneHvio NOOBUNICHOCMIL.

CrnenoBaTenbHO, CTENEHB NOJIBHXKHOCTHU Tpynibl Accypa Oyaer

rzie N.- 9UCIo 3BEHBEB B TPYIIIIE, ps,- YUCIO KHHEMATHUECKUX map V Kiacca.

N3 ycnosus (3.4) mostydum, 4Tops, paBHO

W=3n.-2p,,=0, (3.4)

Tax xak yMCII0 KHHEMATHYECKUX Map V Kiacca Psy ¥ YUCIIO 3B€HBEB N, JOIKHBI OBITH
ICJIBIMUA YHCIAMH, TO, CJICIOBATEIBHO, YUCIIO 3BEHbEB B rpymie Accypa (N,) - Bceraa
YETHOE YHCJI0, a YMCI0 KHHEMATHYSCKUX Tap V Kiacca (ps.) KpaTHO TPEM.

CornacHo cootHomienuio (3.5) B rpymnmnax Accypa MOTYT ObITh CIEAYIOIINUE YUCIa
3BEHbEB U KMHEMATUYECKUX map V Kiacca:

3n
P = Tr (3.5)
['pynmsl Accypa nojpas/ieNsioTcs Ha KIacchl B 3aBUCHMOCTH OT MX CTPOEHHS.
nr|2]4]6 (3.6)
pPsr | 3 | 6 ‘ 9

[Tepssriii cronber Tabmuils! (3.6) OTHOCUTCA K TpynaM Accypa émopoeo Kiacca ciie-
JTYIOIIUX TIATH 6udos (puc. 3. 4) [3]:

ATATN

Puc. 3.4. I'pynnbel Acypa BTOpPOTO KJ1acca pa3jIM4yHbIX BUJIOB: a - IEPBOTO, O - BTOPOTO, B -
TPETHETO, T - YETBEPTOTO, J - MATOTO

B rpynmax Accypa paznu4aroT KWHEMaTHIeCKHE Maphbl HymperHue (KHNHeMaTHndecKast
napa C) u enewnue (kunemaruueckue napsl B u D Ha puc. 3.4). Yucno enewnux xune-
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MaAmu4eckux nap uiu, mouxee, ux d1emMeHmos, KOmopvimu cpynna npucoeouHsemcs K
OpyeUM 36EHbAM MEXAHUIMA (Hanpumep, K 8e0yuemMy 36eHy U CIotiKe), Ha3bl8am no-
psokom epynnul. Bee TpyIibl BTOPOTo Kiiacca SBISIOTCS TPyIIIaMu BTOPOTO MOPSIIKA.
Btopoii cronben Tabmuibl (3.6) mo3BosiseT 00pa3oBaTh TPU BapraHTa KUHEMaTHY -
CKHX LIeTIeH, (hopMaTbHO YIOBIETBOPSIONINX YCaoBHUIO (3.5) (puc. 3.5).
Kunemartndeckas 11e1b, TOKa3aHHas Ha puC. 3.5, 51, HE SABIIACTCS TPYIIO: OHA pacra-
JaeTcs Ha JiBe Tpynibl Accypa eémopoeo knacca BCD u EFG.

a) 6) B)
Puc. 3.5. Tpu BapranTa KHHEMaTUYECKUX LIENIEH: a - IBE TPYIIbI Acypa BTOPOTo KJiacca,
0 - rpymnma TpeThero Kiacca, B - TpyIa 4eTBepToro Kiacca

Kunemaruueckas 1ens, mokasanHas Ha puc. 3.5, 6, oOpazyer rpynny Accypa TpeTbe-
ro Kjacca mpemve2o nopsiika. B atoii rpynne kunematuyeckue napsl B, C, D OynyT
BHEIIIHUMU, a nIapsl £, F, O - BHyTPEHHUMH.

Kunemaruueckas nens, n3o0pakeHHas Ha puc. 3.5, 8, Ha3pIBaeTCs rpynmnoit Accypa
uemeepmo2o Kiacca BTOporo nopsjaka. B atoit rpynne kunematuueckue napsl B u C 0y-
nyT BHenmHUMH, a apel D E, F, G - BHyTpeHHNMU.

Knacc epynnwt Accypa evluie 6mopo2co onpeodensiemcs Yuciom HympeHHUX KUHema-
MUYecKux nap, 00pasyrouux maxk Ha3vl8aemulil UCXOOHbLU KOHMYP.

['pynmer Accypa Tpetbero u 0oJiee BHICOKMX KJIACCOB MO BHUJIaM HE Pa3IM4aroTCsl.

Takum 006pa3om, MOKHO cieaTh CJICTYIOIINE BIBOIBI:

1. JTxo00#1 phIYa>kHBIN MEXaHU3M COCTOUT M3 HaYaJIbHOTO MEXaHU3Ma U TIPUCOCIU-
HEHHBIX K HEMY rpynn Accypa.

2. I'pynna Accypa - 3To KHHEMaThdeckas 1emb, He 00J1aaolias CTENeHsIMU CBOOOIbI
U HE pacnajaroiascs Ha 00yiee NpocThle NOJ00HbIE LETH.

3. Knacc rpynmel Accypa XapakTepu3yeTcs KOJIMYeCTBOM KMHEMAaTUYECKUX Map B 3a-
MKHYTOM KOHTYpE€, BXOJAILIEM B COCTaB I'PYIIIbI, a €€ MOPSAI0K ONpeesieTcss Koarude-
CTBOM BHEIIHUX KHHEMATUYECKUX Map, KOTOPHIMU OHA MPUCOCAUHSIETCS K OCHOBHOMY
MexaHu3My (cm. Taou. 3.1) [10].

Tabnuya 3.1

Knaccudukauus rpynn Accypa
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Koutyp

ssall BV IV VAN | D
Knacc KoHTYpa 1 2 3 4
N I 0 N A il I
Knacc rpynmnel - 2 3 4
Nopaaok rpynns — 2 3 4

4. CTPYKTYPHBI AHAJIN3 MEXAHU3MA

CTpyKTypHBIM aHAIN3 MEXaHU3Ma COCTOUT B OIPEICIICHUH €T0 KJIACCA U BBIMOJIHICT-
CSl B CIIEYIOLIEH ITOCIEN0BATEIbHOCTH:

1. BeruepunBaeTcsi CTPyKTypHasi CX€Ma MEXaHU3Ma.

2. OnpenensieTcsi CTeneHb NoJBIKHOCTU Mexanu3Ma W. 3BeHbs, 00pa3yrolue mnac-
CUBHBIE CBSI3U U BHOCSIIINUE JTUIITHUE CTETIEHU CBOOOIbI

npu nojcuere W, He yuutsiBarotcs. [Ipu Hanuuum ¢ mexanusme nap IV kiacca ctpo-
UTCS 3aMEHSIOIINN MEXAHU3M.

3. BriOupaetcs HauanbHbIi Mexanu3M (eciiu W= 1) uiu HadaJibHbIE MEXaHU3MBbI
(W=>1).

4. IIpousBoautcs oTAeneHue rpymm Accypa.

5. 3anuceiBaeTCs CTPYKTypHasi popMyia MEXaHU3Ma U YKa3bIBAETCS €ro Kiacc.

Knacc mexanusma coomeemcmeyem nausvlcuiemy Kiaccy epynnol Accypa, Komopas
éxooum 6 e2o cocmas. Cienyer UMEeTh B BUJy, YTO U3MEHEHHUEM BEIYIIETr0 3B€Ha MOYKHO
MO0 MOBBICUTH, JIMOO MOHU3UTH KJIacC MexaHu3Ma. [loaToMy mpu Bcex Mpournx paBHBIX
YCIIOBUSIX KIACC MEXAHU3MA 3a8UCUM U Om 8blOopa eedyujeco 36eHa. KuHeMaTuueckuil u
CUJIOBOW aHAIM3bl MEXAHU3MA YCIIOKHSIOTCS C MOBBIILIEHUEM KJIacCa MEXaHU3Ma, CIEN0-
BaTeIbHO, BCET/Ia HAZI0 CTPEMUTHLCS BHIOMPATH BEAyIllee 3BEHO TaK, YTOOBI KJIacC MeXa-
HHA3Ma OKa3aJCs HAMHU3LIMM U3 BCEX BO3MOXKHBIX JJIs1 JAHHOU KHUHEMATUYECKON CXEMBbI
MEXaHU3Ma.

PaccMoTprM BBITIOJTHEHUE CTPYKTYPHOI'O aHAJIM3a HA IPUMEPE MEXAHU3MA KOHXOU0-

rpada (puc. 4.1).
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Puc. 4.1. Mexaan3m kouxougorpada: a - Beayiiee 3B€HO MepBoe, O - BEIyIIee 3BEHO
YETBEPTOE

Pemenue. 1. Onpenensiercs cTeneHb MOABUAKHOCTH MeXaHu3Ma 1o popmyse YeObl-

meBa. Tak kak K =6, n =5, ps =7, ps = 0, TO, ClleA0BaTEILHO,
W=3n-2ps=3*5-2*7=1

2. Tak kak W = 1, TO B TaKOM M€XaHH3Me€ JIOJHKHO OBITh OJIHO Beayllee 3B€HO (0IUH
HavyaJbHbIA MexaHu3M). PaccMoTpuM 2 BapuaHTa aHaIU3a:

a - Beaymiee 38eHo 1 (puc. 4.1, a);

0 - Beaymiee 3BeHO 4 (puc. 4.1, 0).

3. Brimenum HavallbHbIE MEXaHU3MBbI (BpalllaTeIbHbIE) U PA3JI0KUM OCTaBIIYIOCS KH-
HEMaTUYECKYIO Lienb Ha rpymibl Accypa. [lo nmepBoMy BapuaHTy (Begyiuee 38eHO 1) oT
MEXaHHU3Ma MOYKHO OTJICJIUTh TOJbKO KHHEMAaTHYECKYIO 1I€Ib, COCTOSIITYIO U3 3BEHBEB 2,
3,4 u 5. Orta nens npeacTaBisieT coooii rpynmy Accypa TpeThero Kiacca TPEThero mo-
psiZKa, TaKk Kak B HEW TpU BHYTPEHHUE KHUHEMAaTHUECKHUE Maphl (BpaiareiabHbie napsl D,
C v noctynatenbHas £) v Tpu BHelIHUE (BpamatenbHbie napel B,G u F). I1o BTopomy
BapuaHTy (puc. 4.1, 6) oT MexaHu3Ma MOCJIeA0BATEIBLHO OTICISIOTCS IPYIIbI Accypa
BTOPOTO KJIacca, COCTOsIIME U3 3BeHbeB 1 1 2,3 u 5.

4. ®opMyna CTpOCHHS MEXaHMU3Ma 3aUIIETCS TaK:

ITpu BenywmeM 3Bene 1 11y — Ill2345. Mexanusm TpeTbero Kiacca.

IIpu BenyweM 3BeHe 4 Ig) — Iz s) — Il 2,1). Mexanusm BTOporo kiacca.

B aroii popmyne pumckue mudpsr I, 11, 11T 0603Ha4ar0T COOTBETCTBEHHO HAaYaIbHBIN
MexaHu3M | kimacca u npucoenunsemele cTpykTypHsie rpymnmnsl [I u 11 kiraccoB. Maaekcsl
MpU pUMCKUX IU(pax yKa3blBalOT, KAKUE 3BEHbsI 00pa30Baiu HaYaIbHbIN MEXaHU3M U
MIPUCOEANHSIEMBIC TPYIIIIHI.

5. CTPYKTYPHBII CUHTE3 MEXAHW3MOB

CmpyKkmypHbIM CUHME30M MeXaHUu3Ma Ha3vleaemcs NpoeKmuposanue CmpyKmypHou
cxemol mexanuzma. CTpyKTYpHBIN CUHTE3 - 3TO Ipoliecc, 00paTHBIN aHaIK3y, TPU KOTO-
POM CTPYKTYpHBIE€ CXEMbI MEXaHU3MOB 00Pa3yIOTCSl MPUCOECIMHEHUEM K HAYalIbHOMY
MexaHusMmy rpynn Accypa. [Ipu o6pazoBanun MexaHU3MOB Ipyniibl AcCypa MOXKHO CO-
€IVHATh KaK MapajulesibHO, TaK U MOCIEA0BATENBHO. [[pUHIIUIT CHHTE3a TOKAXKEM HA
npuMepe 00pa30BaHUs MIIOCKOTO MIECTU3BEHHOTO IAPHUPHOTO MexaHu3ma (puc. 5.1).
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Puc. 5.1. CTpyKTypHBI CUHTE3 IAPHUPHOTO IIECTU3BCHHUKA

B MexaHu3Me ¢ 0IHOM CTEIEHbIO CBOOOIBI ITOJIOKEHHUS BCEX 3BEHBEB ONPEICIIAIOTCS
3a[aHUEeM OJTHOM 000OIIEHHON KOOPAMHATHI HJIH, YTO TO JK€ CaMOe, IMTOJIOKCHUEM OTHOTO
HayabHOTO 3BeHa. Ha puc. 5.1, 6 moka3aHo HavabHOE 3BE€HO 1, KOTOPOE BXOIHUT BO
BpAIIATEIbHYIO TIAPY CO CTOMKOM 6. Uncio crenenei cBo60 61 W 3TOro 3B€Ha OTHOCH-
TEJILHO CTOWKH paBHO 1. MexaHu3M B 11eJIOM Toxke JoinkeH uMeTb W= 1. [ToaToMy MbI
MOYKEM MPHUCOSAUHATH (HACIAaWBaTh) TOJBKO TaKWE KHHEMATHYECKUE IICTTH, KOTOPBIC OT-
HOCHTEIILHO 3JIEMEHTOB ¢¢ BHenHux nap umerotr W=0 (2 - 3,4 - 5) [7].

KoHTposabHBIE BONPOCHI

Kaxkoe Teno Ha3zbiBaeTCsi aOCOJIFOTHO TBEPABIM?

B yem oTiimune ¢cBoOOIHOTO 1 HECBOOOIHOTO Tena?

Kakoe gBmkeHne Ha3bIBACTCS MEXaHUYCCKUM?

JlaiiTe onpeaeneHne NOHATHN «TEXHUKAY», «MAIIMHAY, «KMEXAHU3M», «3BEHO», KKUHE-
MaTh4YecKas mapa.

Kakue 3BeHbs1 Ha3bIBAIOT BEAYIIUMH U BEIOMBIMU?

B yem oTnmune BXOJHOTO U BBIXOJHOT'O 3BEHBLEB?

Yto Ha3bIBACTCA ACTAIbIO?

Ha xakue kiaacchl ASIATCS MAIIUHBI?

. ITo kakum npu3HaKaM KJIaCCUDUITUPYIOT KHHEMAaTHYECKUE TTaphl?

10 B 1yem oTimuue BhICIICH U HU3IIEH KUHEMATUYECKUX Hap?

11.Kakue ObIBalOT KHHEMATHYCCKHC ICTIH ?

12.Kak ycmoBHO 0003HA4YaIOT Ha CXeMaX 3BEHbs] 1 KHHEMATUYECKUE TTaphl?

13.Kak BeIUncCIIsIeTCS MaciITad KWHEMATHYECKOM CXEMBI?

14.KakoBbI yCIOBUS 3aMEHbI BHICITUX KUHEMATUYECKUX map?

15.Kakoif MexaHu3M Ha3bIBAIOT 3aMEHSIIOIIIUM

16.Kak onpenenuTs CTENeHb MOABIKHOCTH IIOCKOTO MEXaHu3ma?

17.Yr1o Ha3biBaeTcs rpynmnoit Accypa?

18.Kaxk omnpenenuTs Kiiacc U MOPSI0K rpymnmbl Accypa?

19.KakoBsI BUIBI HAYAILHBIX MEXaHU3MOB?

20.K kaxoMmy Kjaccy OTHOCSIT Ha4aJIbHbIE MEXaHU3MBbI?

21.0T1 yero 3aBHCHUT KJIaCC MEXaHU3Ma?

22.Kax 3anuceiBaeTCs CTPYKTypHasi popMyIia MexaHu3ma?

23.KakoBa 1ocieoBaTeabHOCTb CTPYKTYPHOTO aHanu3a’?

24.YT10 Ha3bIBACTCS CTPYKTYPHBIM CHHTE30M MeXaHu3Ma?

25. C Kako¥ 1IebI0 B COCTaB MEXaHW3Ma BBOJISIT NACCUBHEIE CBA3U?

W

©oo~No O
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6. OCHOBbBI CTATUKH

6.1. Ocnoenole onpedenenusn u 3a0a4u CMamuKu

J17i1 MOHMMAaHUA CYIIHOCTH JIF0O0T0 MEXaHU3Ma WJIM MAIlIMHbI PEIIAIOIINUM SIBIISETCS
TO, B KAKOM OHH HAaXOJIATCS COCTOSTHUH. DTUX COCTOSIHHI MOXKET OBITh JIBAa: CTATUYECKOE
Y JMHAMHUYECKOE. DTO J1Ba KOPEHHBIX ITOHATHUS B TEXHUKE, HEYETKOE YCBOCHHUE KOTOPBIX
HEPEIKO HE JaeT BO3MOXHOCTH IOHATH BECh IPUHLINII JE€HCTBHS MAILIVH.

Cmamuyeckoe cocmosanue MallMHbl UIMEET MECTO IPU HEITOABUKHOCTH COCTAaBHBIX €€
4acTe OTHOCUTENBHO APYT Apyra. B TakoM COCTOSIHUM, WIIN, KaK TOBOPSIT, «B CTaTUKEY,
MalllMHa CYLECTBYET, HO Oe3aeiicTByeT. CTaTHKa (OT rpeuecKoro ciosa statos - cTos-
M) U3yyaem ycio6us pagHOBeCcUs MEXAHUYECKUX CUCmeM noo oelicmeuem cui. ITo ca-
MBI IPEBHUN pa3[ie]d MEXaHUKHU C TOYKU 3PEHHUS €€ HCTOPUUECKOr0 pa3BUTHS, T. K. CTa-
THKa 00CITY1BaJla IPEXK/IE BCETO CTPOUTENIbHYIO TEXHUKY, KOTOpast CTajla pa3BUBATbCS
OYEHb PAHO.

ITox paBHOBECHEM MBI IOHMMAEM ITIOKOW WJIM PABHOMEPHOE U NMPAMOJIMHENHOE IBU-
JKEHHUE TeJIa OTHOCUTEIBHO YCIOBHO HEMOABMKHOM CUCTEMBI OTCYETA. Takol CUCTEMOU
OTCUETA MPU U3YYCHUU MEXAHUKHU ITPUMEHSIOT 3EMITIO.

OcHoBHBbIE 3212491 CTAaTHKH. TakuXx 3a1a4 ABe: 1) onpeneneHue ycaoBUid paBHOBE-
CHsl TBEpJIOTO TeJa MO JEHCTBUEM Pa3IMUHbIX CUCTEM CUJI; 2) MpeoOpa3oBaHUE CUCTEM
CHUJI, IEUCTBYIOLUX HA TBEPIOE

TE€JI0, B CUCTEMBI UM DKBHUBAJICHTHBIC, B YACTHOCTH, IPUBEICHNUE TaHHOU CUCTEMBI CUII
K OoJiee MpoCTOH, OKa3bIBAOIIEH TO e BO3JIEHCTBUE HA IBUKEHHUE TeJa, YTO U UCXOIHAs
CUCTEMA CUIL.

6.2. Cucmema cun. Knaccuguxayus cun

OnHUM 13 OCHOBHBIX MOHSITUN MEXaHUKU SIBJISIETCS cUjia. MBI )KMBEM B MaTE€pUailb-
HOM MHUpPE U HaC OKPYX AT MaTepualbHbIE Tela, KOTOPhIE HAXOSTCS BO B3aUMO/IEH-
CTBUHM JIPYT C JPYroM. DTO B3aUMHOE BIUSHUE MPOSBIISICTCS B BUIE CHI. MOXHO CKa3aTh,
4TO CHJIA - 910 Mepa MexaHuiecko2o ezaumooeticmaus men [8, 9, 11, 12].

Cuia XapakTepu3yeTcsl TpeMs dJIEMEHTaMu: 1) YUCI0BBIM 3HAYCHHEM (MoOJTysieM); 2)
HaIpaBJICHUEM JBWKEHUS; 3) TOUKOU NMpUiIokeHus. Takum oOpa3om, cuia - erudura
eéekmopHas. YucioBoe 3HaUeHUE CUJIbl Ha3bIBACTCS MOOYiem 6ekmopa cuvl. Hanpaene-
Hue Cubl €CTh HAIIpaBJICHUE TOTO JIBIKEHHUS, KOTOPOE MOJIydrsia Obl MTOKOSIIASCS CBO-
00Has MaTepuabHas TOYKA MO/ IEUCTBUEM 3TON Cuilbl. [Ipsimast muHMS, IO KOTOpOH
HaIpaBJICH BEKTOP CUJIbI, HA3bIBACTCS JIUHUEU OelCEUSs. CUJIbL.

Puc. 6.1. I'padnueckoe n300pakeHUE CHIIBI

BekTop cuibl n300pakaroT B BUJI€ OTPE3Ka MPSMON CO CTPEIKON Ha KoHIle. J{mrnHa
ATOrO OTpe3Ka B MacIITade XapakTepU3yeT MOJYJIb CUJIbI, a CTPEJIKA - €€ HallpaBJICHUE.
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Hayano BekTOpa COBMENIEHO ¢ TOUKOM MPpUIoKeHus cuibl (puc. 6.1). O603Ha4arOT BEK-
TOp oJiHOM OykBoOM, Hanpumep, F unu F. —=Monynb cuinbsl 0003HadaroT Toi sxe OykBoit F.
Bo3M0kHO HCTI0JIB30BaHKE U IPYTHX OYKB JIaTHHCKOTrO andasuta (P, O, R, Nu 1.1.).

Kax u3BectHO 13 ¢pusuku, Mexaynapoanas cuctema eaunuil (C1) B kauecTBe eau-
HUILIBI cuiIbl yeTaHaBiauBaeT Hetoton (H). Horomon ecms cuna, cooowarowas meny mac-
coti 1 ke yckopenue 1 m/c? 6 nanpasnenuu oeticmeus cuivl. MaciTa® CUIIbI HOKa3bIBAET,
CKOJIBKO €IMHUI] MOAYJISI CUJIBI COJIEPKUTCS B €AMHUIIE JUTUHBI €€ BekTopa. Enunuiia
Maciitaba cwibl ug = H/mm.

Ha mo0oe Teno 00bIYHO 1eHCTBYIOT HECKONBKO ciil. HanmpuMep, Ha aBTOMOOMIIb, CTO-
AIIUA Ha 1I0cCce, NEUCTBYIOT CIAEAYIONINE CUIIbI: CUla MPUTSHKEHUS 3€MJIU; CHUJIa MPOTHU-
BOJICHCTBUS (peakiivsi) TpyHTa; CUJia JaBJICHUS BETPa; IEHTPOOEKHAsI CHUJIa, BOSHUKAIO-
11ast u3-3a COBMECTHOTO BpaIeHus: aBToMmoOmist ¢ 3emuteid. Eciu aBToMOOMIb CTOUT Ha
YKJIOHE, TO BO3HUKAET U CHUJIA TPEHHUS.

Cogokynnocms cui, 0OHOBPEMEHHO 0eUCMBYIOWUX Ha meslo, Ha3bIBAIOT CUCIEMOL
cur.

PaznuuaroT ypasHoseuwiennvie n HeypasHoseuleHHble CUCTEMBI CHIL

VpasHnosewiennoti Hazvlearom maxyo cucmemy Cujl, KOmopas He Hapyuiaem pasHoge-
cusi mena. B ypaBHOBEIIEHHOM cHCTEME CUJIbI B3aUMHO YPaBHOBEIIUBAIOTCS, TTIO3TOMY HX
PaBHOJICHCTBYIOIIAs paBHA HYJIIO.

HeypaBHoBenienHas cuctema cuii, Oy 1y4d MpUiIoKeHa K a0COIIOTHO TBEPAOMY TENy,
3aCTaBISIET €ro ABUraThcsa. HaxoxneHne paBHOIEUCTBYIONIEH HEYPAaBHOBEIEHHOM CH-
CTEMBI CUJI HA3bIBAIOT CI0XMCEHUeM cull, a 00paTHOE IEUCTBUE -pasnodceHuem. CHIIbI,
BXOJISIIIIME B COCTaB CUCTEMBI, HA3bIBAIOT COCTABJISIIOLIUMU CUJIAMHU.

Ecnu nuHum neficTBust BCEX CUJT CUCTEMBI JIEKAT B PA3HBIX MJIOCKOCTAX, TO CUCTEMY
Ha3bIBAIOT npocmpancmeennou. Eciy e TMHUM TeUCTBUS BCEX CHII CUCTEMBI PacIoio-
YKEHBI B OJTHOM MJIOCKOCTH, TO CUCTEMY HA3bIBAIOT NIOCKOU.

B o6miem ciiydae nuHUM AEUCTBUS CUJI POCTPAHCTBEHHOM MITU TIIIOCKOM CHCTEMBbI
pacroJiaratoTcs Mpou3BOJIbHO. B 4acTHBIX cyyasx JMHUM IEUCTBHS CHJI MOTYT TIepece-
KaThCs B OJTHOM TOUYKE MO0 OBITH MapauieTbHBIMU APYT ApYTy. B aTOM citydae paznu-
YAIOT CUCMEMbl CXOOAWUXCA CUTL U CUCEMbL NAPATNETbHBIX CUIL.

Ecnu B pesynpTaTe HEMOCpeICTBEHHOTO0 KOHTAKTA TeJl TPOUCXOIUT UX JeopMalius -
MOYHO TOBOPUTb O Cramu4eckom NJEUCTBUU CUII.

[Tpu nuHaMUYEeCKOM JEUCTBUU CUJI TEJIO CTPEMUTCS U3MEHUTH CBOKO CKOPOCTh. CHIIHI,
CTpEMSIIIMECS BbI3BATH MEPEMELIECHUE TeJIa, YBEIMUUTh €r0 CKOPOCTh, HA3BIBAIOT AKMUB-
HulMu (CUIIBI TSKECTH, TABJICHUS, BETPA, MYCKYJIbHAsI CHJIa YesloBeKa U T. 1.). CHilbl,
MPENSTCTBYIOUIUE NIEPEMEILICHUIO Tella, TOPMO3SIINE €r0, HA3bIBAIOT peakmusubimu (CU-
JIbl TPEHUSI MEXAY KOJeCaMu aBTOMOOUJISL U IOPOTOH, CUITbI CONTPOTUBIICHUS BO3AyXa
MIpU JABWKEHUM caMoJieTa | JIp.).

[lepenaya Bo3€MCTBUS OJTHOTO TEJa HA IPYTrO€ MOXKET MPOUCXOUTh B OHOM TOUKE,
BJI0JIb HEKOTOPOUW JTMHUU, TI0 HEKOTOPOH TUIOMIAIH JINOO 1Mo BceMy o0beMy. Cuilbl, Ipu-
JIO’)KEHHbIE K a0COJIIOTHO TBEPAOMY TEIY B OJIHOM TOUKE, Ha3bIBAIOT COCPEOOmMOYeHHbIMU,
a CWJIBI, ICUCTBYIONINE BJIOJIb JIMHUY (JaBJICHHUE MIJIMH]IPA HA TUTUTY ), IO TIOBEPXHOCTH
1100 10 00BEMY, HA3bIBAIOM PACNPeOeeHHbIMU.

PaccMoTpum HEKOTOpBIE MPOCTEHIIIHE MPUMEPHI PACTTPENEIICHHBIX CHJI, JIEKAIINX B
oHo# mockocTH [10].
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[Tnockas cuctema pacnpe/ieIeHHbIX CUJI XapaKTEPU3YETCs €€ UHMEHCUBHOCbIO (¢, T.
€. BHAUYCHHUCM CHIJIbI, HpPIXOI[SIH.I@ﬁCSI Ha eI[I/IHI/H_Iy JJINHBI HaI‘p}I)KCHHOFO OTp@SKa. I/ISMC-
psAETCS UHTEHCUBHOCTH B HBIOTOHAX, JICJICHHBIX Ha MeTphl (H/M).

a - a =C
) N ]
v D
(TTTTTI T a ’lT ofl
A
B A a3 B A I 5 B
$C 3
a) 6) Q 8)

Puc. 6.2. PactipenieieHHbIE CUIIBI

Paznuyarot cienyromue BUAbI paclpeaeIeHHbIX CUIL:

1. Cuiibl, paBHOMEPHO pacnpeaeeHHbIe BI0Jb 0TPe3Ka NpsIMoii

(puc. 6.2, a). Jly1st Takoi CUCTEMBI CUJI UHTEHCUBHOCTD (| UMEET MOCTOSIHHOE 3Have-
Hue. [Ipu cratnueckux pacderax 3Ty CUCTEMY CHJI MOXKHO 3aMEHUTh PAaBHOJAEHUCTBYIO-
et Q— .

[To monmymto

Q=aq. (6.1)

[Tpunoxxena cuna Q— B cepenarHe oTpe3ka AB.

2. Cuabl, pacnpeaejieHHbIE BJ0JIb 0TPe3Ka NPSIMOi 10 JIMHEHOMY 3aKOHY (puc.
6.2, 0). llpumepoM Takol Harpy3Kd MOTYT CITY>KUTh CUJIbI JIaBJICHUS BOJIbI HA IJIOTHHY,
UMEIOIINe HauOoJIbIllee 3HAUCHUE Y JIHA U TAJJAI0IIKe 10 HYJIS Y TOBEPXHOCTH BOAbI. J{ist
ATUX CUJI HHTEHCUBHOCTH (| SIBJSIETCS BEIMYMHON NEPEMEHHOM, paCTyILIEH OT HYJIS A0

MaKCUMAJIbHOTO 3HaYeHHUs (n. PaBHOEHCTBYIOIAsA Q— TAaKUX CHJI ONIPEAEIISIETCS
AHAJIOTUYHO PABHOJICHCTBYIOLIEH CUII TSKECTH, AEUCTBYIOIINX HA OJHOPOIHYIO Tpe-
yTOJbHYIO IIIAacTUHY ABC. Tak Kak BeC OJHOPOJHOM IIJIACTUHBI IPOTIOPLIMOHAJIEH €€
IJIOIIA/IH, TO IO MOJIYJIIO

Q=0,5aq,,. (6.2)

[Tpunoxxena cuna Q— Ha pacctosiHuu a/3 ot croponsl BC Tpeyronsuuka ABC.

3. Cuubl, pacnpeesieHHbIC B10JIb OTPe3Ka MPSIMOM 0 MPOU3BOJIbHOMY 3aKOHY
(puc. 6.2, g). PaBHopelcTByIOmAss Q— TaKuX CHJI, IO aHAJIOTUU C CUJION TSKECTH, TI0
MOYJIIO paBHa Tiomaan Gurypsl ABDE, n3aMepeHHON B COOTBETCTBYIOIIEM MaciiTade,
Y [IPOXOAUT YEPE3 LIEHTP TKECTU ITOM IUIOLIAIN

6.3. Akcuomol cmamuku

B ocHOBe cTraTuKu JexkaT HEKOTOPbIE MMPOCTHIE MOJI0KEHHS, HE TpeOyrolue J0Ka3a-
TEJbCTB, - 3TO aKCHOMbI. OHM BO3HHUKIIM B PE3yJIbTaTe OMBITOB M HAOIIOACHUN 32 MOBe-
JIEHUEM TeJ, HAXOSAIIMUXCS B PABHOBECUU MO IEUCTBUEM CUJI, U CHOPMYITHPOBAHBI
HprotoHOM. PaccMOTpUM 3T aKCUOMBI.

Axcuoma I (akcroma nHepuuu WK nepebii 3akoH HeroToHA).

Bcaxoe meno coxpansiem ceoe cocmosinue noKosi uOU NPAMOTUHEUHO20 PABHOMEPHO20
08UdICEHUsl, NOKA KAKUe-1ub0 CUNbL He 8b18e0YVN1 €20 U3 IMO020 COCOSHUA.

CnocoOHOCTh MaTepUAIBHOTO TeJIa COXPAaHATh ABUKEHUE MPU OTCYTCTBUH JIEUCTBY-
IOLMX CHJI UJIU B IOCTETIEHHOM U3MEHEHUU 3TOrO
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JIBUKEHUS, KOT/Ia Ha TEJI0 HAYMHAIOT JIEHCTBOBATH CUJIbI, HA3bIBACTCS UHepyuell Un
unepmHrocmoio. UHEpTHOCTb €CTh OHO U3 OCHOBHBIX CBOWCTB MATEPUHU.

Ha ocHoBaHUM 3TON aKCUOMBI cOCMOAHUEM PABHOBECUS CUUmMAeM maKoe COCMOosIHUe,
K020a meJjlo Haxo00Uumcst 8 NOKoe Uil 08UNHCEMCsl NPAMOJUHEUHO U PABHOMEPHO, M. €. NO
uHepyuu.

Axcuoma |l (axcuoma o AByX cunax). s pasrnogecus 08X Cuil, NPUNLONCEHHBIX K AD-
COJIIOMHO MBePOOMY meiy, He0OXO00UMO U OOCMAMOYHO, YMOoObL SMU CUTbL OBLIU PABHDI
1O MOOYTI0, 0EUCMBO8ANIU NO OOHOU NPAMOU U HANPABTIEHbL 8 NPOMUBONOONHCHBIE CINO-
ponvl (puc. 6.3). Takue CHIIbI HA3bIBAIOT B3aMMHOYPABHOBCIICHHBIMH:

Fi=-F2, F=F,.

Axcuoma III (akcmoma npucoenuHenus). Jeticmaue 0anHHOU cucmemul CUlL Ha abCo-
JIOMHO MBepooe Mejlo He USMEHUMCSl, eCllu K Hell 000a8ums (OMHIMb) COBOKYNHOCHb
(cucmemy) ypasHoBeULeHHbIX CUIL.

PaccmoTtpum TBepaoe Teno (puc. 6.4), HaxoasIeecs Mo AeMCTBUEM CUCTEMBI CUJT
F—1, F—9, F—s3, ..., F—y, npubaBum eme n8e cuibl F—pi1 1 F—n12, KOTOpBIE SABISIIOTCS
B3aMMHO YpaBHOBEIICHHBIMH. OUEBHIHO, YTO MOTYYHIaCh HOBasK CUCTEMA, YSKBUBAJICHT-
Hasl TaHHOM.

=3 2
F,

Puc. 6.3. PaBHbIE 1 TPOTUBOIIOJIIOKHO HAIIPABIICHHBIE CHUJIBI

F, .
. Fj

-
F,

F,

Puc. 6.4. TBepaoe Ten0 Noja IEMCTBUEM CUCTEMbI CHIT

AHAJIOTUYHBIN pe3yJIbTaT MOJYYUM MPU OTOPACHIBAHUU ITUX YPABHOBEIICHHBIX CHIL.

N3 I u III akcrom BBITEKAET KaK CIAEACTBUE clienyroniee nojaoxenue: Ciaeacreue.
Mexanuueckoe cocmosiHue abCcontOmMHoO meepoo20 meia He HapyWumcs, eciu npuio-
JHCEHHYIO K HeM) CULY NepeHOCUmb No JTUHUU ee OetiCmausl 8 T100YI0 MOoYKy meid, UHbIMU
cnosamu, cuia ecmov ckoawbssawutl sexkmop (puc. 6.5, cunel F—1 = F—’1, F—1 = F—')

' 1= -F, 1= JF:
Puc. 6.5. IlepeHoc cUiibl 1O TMHUM €€ ACHCTBUA
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Puc. 6.6. [TapamienorpamMmm cui

Axcuoma IV (akcuoma mapasienorpamma). Pasrooeticmsyrowas 08yx cui, npuio-
JHCEHHBIX K aOCOIIOMHO MBepOoMY meity 8 0OHOU MouKe NOO Yeiom opye K Opyey, PaeHa
UX 2e0Mempudeckoll Cymme, m. e. 8blpaxicaemcs no MoOYut0 U HanpagieHuio OUA2OHAIbLIO
napannenocpamma (puc. 6,6), nocmpoenno2o Ha smux cunax. Touka npunodceHus pasgHo-
oeticmsyrowetl cognaoaem ¢ MmouKoUu NPULOHCEHUST OGHHBIX CUTL:

F,

— i,

FI Fj
Puc. 6.7. PaBHOBecue Tena nog AEMCTBUEM TPEX CHII

CaencrBue (Teopema o Tpex cuiax). Eciu mpu nenapanienvHuvle Cunwl, iexcaujue 8
0O0HOU NJIOCKOCMU, NPEeOCMABIAIOM COO0U YPABHOBEUIEHHYIO CUCIEM), MO TUHUU Oell-
CMBUSL IMUX CUTL NepeceKaromcs 8 0OHOU MoUKe.

ITycth k Temy (puc. 6.7) B Toukax A, BuC npuioKeHbl COOTBETCTBEHHO YPaBHOBEIIIH-
Barome cuibl F—1, F—,, F—3. [Ipogomxum muanm necteus cuin F—1u F—) 10 ux
nepecedyeHus B Touke O, IepeHeceM B HEE AT CUJIbI M HalJIEM WX PaBHOJICHCTBYIOIIYIO
R— = F—1’ + F—,’ paBHOBecHE Tela Npu 3TOM He HapymuTcs. [103ToMy BEKTOpEI CU-
761 R— ¥ F—3 J0JDKHBI OBITH paBHBI 110 MOJTYJIIO, JIKATh HA OJTHOM MPSMOM M HAIIpaB-
JIEHBI B pa3HbI€ CTOPOHBI. CIEA0BATENBHO, JIMHUS ACUCTBUS CHIIbI ['—3 TaKKe JOJKHA
MIPOXOAUTH yepe3 ToUuKy O, T. K. OHA COBIIAJIAET C JIMHUEWN NIEVCTBUSA CUIIBI R—.

Axcuoma V (akcuoma B3aumozenctBus). Cuibl 83aumooeticmeus mexcoy coboi 08yx
meJ 8ce20a pasHvl N0 MOOYIIIO U HANPABJIeHbL N0 0OHOU NPAMOU 8 NPOMUBONOJIOIHCHBLE
CMOPOHBL.

F, F,

1 2
Puc. 6.8. B3aumonencTBue 1ByX Tell

CI/IJ'IBI, KOTOpPbIC I[CﬁCTByIOT Ha CUCTEMY TCJI CO CTOPOHBI APYIr'UX TCJ, HC BXOJAIIUX B
JaHHYIO CUCTEMY, HAa3bIBAIOTCA 6HEULHUMU. CI/IJ'IBI, C KOTOPBIMHM OTACJIBHBIC TCJIa CUCTC-
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MBI JICUCTBYIOT JPYT Ha IpyTa, Ha3bIBAIOT sHympernumu (peakiusiMu cBsizeit). Ha puc.
6.8 cunel F—3, FF—4 - BHeIHUE, a F—1, F—12 - BHyTpeHHUE. B 1100601 cucmeme cymmbl
BHYMPeHHUX cull 6ce20a pasivl Hyio (F—1 = F—o1, F—91 = - F—1).

BennunHa ¥ HanpaBiieHUE peaKUUid CBSI3€M 3aBUCAT OT BEJIUYMHBI U HAIIPABJICHUS
CWUJI, IEUCTBYIOIMX HA HUX CO CTOPOHBI TEJIA, a TAKXKE OT BUA ONOP U XapakTepa 3a-
KpEIUICHHS Tena.

6.4. Cea3u u peaxkyuu ceaseil

B pa3znene 2 Mbl yCTaHOBHIIH, UTO B MPOCTPAHCTBE CBOOOTHOE TEJIO MMEET LIECTh He-
3aBUCHMBIX JBHKECHUM: TPU MOCTYIIATENIBHBIX ITEPEMEIICHUH BIOJIb ocer X, Y, Z 1 TpH
BpallaTeIbHbIX BOKPYT 3THX K€ OCEH, TO €CTh B IPOCTPAHCTBE CBOOOAHOE TEJIO UMEET
HIeCcTh cTeneHe cBo6op1. Ha mimockoct cBOOOIHOE TENO HUMEET TPHU HE3aBUCHUMBIX
JBIDKEHUS: TMHEWHOE TIepeMeIeHre BIoJIb oceld X Y U BpallleHne BOKPYT KaKon-1100
TOYKH. J[pyrumMu cioBamu, CBOOOJHOE TEJIO HA MJIOCKOCTH UMEET TPU CTENEHU CBOOO/IBI.

Ha npaktuke 00bIYHO BCTpeUaroTCs TeNa, KOTOPbIE CONPUKACAIOTCS WM CKPEIUIEHBI C
JPYTUMU TEIAMMU, MPENSATCTBYIOIKMH IIEPEMELIEHUIO JAHHOTO TEJIa B TOM WM HHOM
HarpaBieHuu. Tena, oepanuyugaroujue 08UNRCeHUe OAHHO20 Meid, HA3bLBAIOM CEA3AMU.
Taxum oOpa3om, CBSA3M NPEACTABIAIOT COO0I OrpaHUYEHHUs, HAalaraéMble Ha MOJOKEHUS
Y CKOPOCTH TOYEK MEXaHUUECKON CHUCTEMBbI, KOTOPBIE JTOJIKHBI BBITOJIHATHCS PU JTHOOBIX
JEUCTBYIONIUX Ha cucTteMy cuitax [10].

[Ipumepom cBsi3eld MOTYT CIIYKHUTh PEJIbChI, HA KOTOPBIE OMMPAETCS BarOH; TPOC, Ha
KOTOPOM BHCHT I'py3; HANPABIIAIOINE, 10 KOTOPHIM CKOJIB3UT MOJ3YH; OMOPBI MOCTa U
APp.

CBsi31 IPOTUBOJIECUCTBYIOT CTPEMJICHUIO T€Ja IBUTATHCS MO IEUCTBUEM aKTUBHBIX
cui. B coorBerctBum ¢ I 3akoHoM HbproTOHA 0 paBeHCTBE NEMCTBUS U IPOTUBOICUCTBHUS
CO CTOPOHBI CBA3EH K TEITy IPUJIOKEHBI CHJIbI, KOTOPBIE HA3BIBAIOT peakyusiMu Ces3ell.

Paznuyarot crenyroire OCHOBHBIC BUBI CBSI3€H M X peakiuii (0e3 yueTa TpeHus):

1. I'ubkmue cBsI3U (HUTH, TPOC, IIeTh, KaHAT) (puc. 6.9, a). Peakuuu ruGkux cBsazei
HaIpaBJIEHbI BJIOJIb UX MPOJIOJILHOM OCH U MPHIIOKEHBI K TeNly B TOUKe KperieHus. Pado-
TarOT OHU TOJIBKO HA PACTSKEHUE.

Puc. 6.9. HanpaBneHnue peakiuii pa3inuHbIX CBA3EH
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2. Ecnu, HaripuMep, TeJo OnupaeTcs Ha IJI1aIKyI0 OBEPXHOCTh B Toukax A u B u
YAEPKUBAETCS OT CKOJIb)KEHUS HUThIO CD, TO R—a 1

R—p - peakuuy ONOpHBIX MMOBEPXHOCTEN, a R—¢ - peakuys HUTH - HalpaBJIEHBI Tak,
KaK MoKa3aHo Ha puc. 6.9, 6.

3. Ecnu Teno onupaercs Ha pedpo ABYTpaHHOTO yriia (omopHasi Touka) (puc. 6.9, B),
TO peakius peOpa R—p HalpaBjieHa HOPMAJIbHO K TTOBEPXHOCTH TeJla B TOUKE KaCaHMUS.

4. CB43b, OCYLIECTBIISIEMAS HCECMKUMU CINEPHCHAMU C UWLAPHUPHBIM 3AKPENIeHUEM
koHyoe (puc. 6.9, r). Peakunu crep>KHel HapaBIeHbI 10 UX NPOAOIBHBIM OCAM; R—p -
peaKUus PaCTAHYTOTO CTEPKHS U R—p U R—¢ - p€aKUM CKAThIX CTEPHKHEM.

S. HemoaBMKHBIN IIAPHUP (IIAPHMPHO-HENOABHKHAS OII0PA).

Taxast onopa cOCTOUT U3 IBYX 000HM, MEXTy KOTOPBIMH PACIONIOKEH IHIINHIApUY -
ckuii crep>xkerb. OmHa oboriMa (puc. 6.10, a) 3akperuieHa Ha 6anke AB, a qpyras - Ha He-
MOJIBMXKHOM OCHOBaHUU. Kpome TOro, mapHUPHOE COETUMHEHNUE MOXKET BBITTOIHSITHCS C
NOMOIIBIO naybla O, BCTABJIEHHOIO B IWJIMHAPUYECKUE OTBEpCTHA cTepkHA C 1 Onopsl
D (puc. 6.10, 6). banka AB u ctepxxkerb C MOTYT TOJIBKO TOBOPAYUBATHCS OTHOCUTEIILHO

ocu mapHupa. [pyrue nepemMenieHus HCKI0UeHBI [8].
a) >3 L

?‘f‘ AT,

I =

s

Puc. 6.10. [llapanpHO-HENOABU>KHASL ONIOPA: & - CXEMBI; 6- HAIIPaBJICHUS PEAKIUN;
B - YCIIOBHBIE 0003HAYCHUS

e
; K&

Hanpasnenue peakuuu cBA3M 3apaHee HEU3BECTHO. Peakus CBsA3M IEUCTBYET B
IJIOCKOCTH, IEPIIEHANKYJIAPHOW OCH mapHupa. 11 HemoABM>KHOTO IIapHUPA OHA MOYKET
OBbITh MPEACTABIICHA IBYMSI COCTABIISIOIIMMU IO KOOPAMHATHBIM OCSIM:

Ra=Rax +Rar (6.4)

6. [MoaBukHBII WapHUP (ITApHUPHO-TIOBUKHAS onopa). HikHss o0oiitma B omope
A (puc. 6.11, a) ycraHoByiieHa Ha nUIUHApUYEcKre kaTku. [loatomy 6anka AB nmeer
BO3MOKHOCTb IIOBOPAYMUBATHCS BAOJIb OIIOPHOM INIOCKOCTHU KAaTKOB. Peakuus cBsA3u
HaIlpaBJICHA NEPIEHANKYIAPHO K OIOPHOU INIOCKOCTH KaTKOB.

VY caoBHbIE M300paXkeHUs IIAPHUPHO-TIOABUAKHOM OMOPHI OKa3aHbl Ha puc. 6.11, 6.

—- o ]_;-" —_
B} / F l RA ‘( IR ”E"‘

A B L o .

——

By D
- € gl

Puc. 6.11. IllaparpHO-TIOABIKHAS OTIOpA: a - CXeMa U HaIlpaBJIEHUS PEakInii; O - yCIoB-
HBIE U300paKEHUS
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7. Chepuueckuii mapuup. Takas cBsA3b JOMYCKAET BPAILIEHUE COCTUHSAEMBIX TEJI OT-
HOCHUTEJIBHO TPEX KOOPJIMHATHBIX OCEH, HO 0€3 MepeMeNIeHus BJ0Jb ATUX OCel
(puc.6.12). Peakuus cBsi3u MPOXOAUT Yepe3 LIEHTP MAPHUPA, a €€ HAIPABJICHHUE B MPO-
CTPaHCTBE MOKET ObITh JT100BIM. [ToaTOMY peakiiust R— cdepruueckoro mapHupa onpe-
JETSETCS COCTABISIOMIUMU IO KOOPJIMHATHBIM OCSIM:

Puc. 6.12. Chepuyeckuii mapHup, €ro ycIOBHOE N300paKEHNE U HAIIPABJICHUE PEAKIIHI

8. HoansaTHUK (puc. 6.13). YopHbIN NOAIUIHUK WK TOAMSTHUK, IPETSTCTBYET
OCEBBIM U paJHaIbHBIM IIEPEMEILECHUSM TEN, HAIPUMED Bajla. Peakuys moamsaTHUKA MO-
JKET UMEThb IIPOU3BOJIBHOE HAIIPABJICHUE B IIPOCTPAHCTBE U ONPEACIIACTCS YePE3 COCTAaB-

msomue R—yx, R—y, R—7z.
z

F Febo.

4y Al
7 R,y

— X x R,

.

%i‘“

"

'

Puc. 6.13. [loanaTHUK, ero ycaoBHOE 0003HAYEHNE U HAIIPABJICHUE PEAKLIAM

N

9. 3apenku. ['myxas 3amenka, uiM kecTkoe 3amemiienue (puc. 6.14, a), uckirodaer
mto0bIe iepeMentienus Tea. [[puMepom Takoil CBSI3H SIBISETCS COSIMHEHUE IBYX CTEPIK-
Hel ¢ TapaHTUPOBaHHBIM HATATOM. [Ipu neficTBUM Ha OaNKy MIIOCKON CUCTEMBI CUJT B 3a-
JIeJIKE BO3HUKAET Mapa CUJI C pEaKTUBHBIM MOMEHTOM Ma ¥ POM3BOJILHO HAMpPaBIICHHAS

peakiusa R—a ¢ COCTaBISIOIMNMUA R—ax 1 R—ay .

a)

M( R,

A
Puc. 6.14. 3anenku: a-rimyxas, 6- CKOJIb3s111asi, B-CBOOOHAS, M YCITOBHBIC M300paKCHUS

HAaMpaBJICHHS PEAKUUNA NPU NEHCTBUU IUIOCKON CUCTEMBI CHJT
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Cxonp3sias 3anenka (puc. 6.14, 6) nomyckaeT oceBoe nepemMenieHue CTepIKHS, CH-
CTeMa peaKIuil COCTOUT U3 CUJTbI R—a U Mapbl CHJI ¢ MOMEHTOM Ma.

CBoOoanas 3anenka (puc. 6.14, ) He IPENSATCTBYET MEPEMELICHUSIM CTEPKHEH B0
CBOMX OCEH, HO MCKIIIOYAET BO3MOKHOCTh UX MOBOpoTa. [loaToMy, eciiu He yUYUTHIBATh
Maccy Oaliku, B TaKOM 3a/ieJIKe BO3HUKAET TOJIbKO PEaKTUBHBIN MOMEHT Ma.

KoHTpoJibHBbIE BOIPOCHI

Kakue Bonpockl pemaer craTuka’?

Yro Takoe cuiia U KakoBa €UHUIA €€ U3MEPEHUs?

Yem xapakrepusyercs cuna?

Kakas cucreMa cui Ha3bIBa€TCsl ypaBHOBEIICHHOM, KaKasi - HEYpaBHOBEILIEHHOM?
B yeM oTiinume I0CKON U MPOCTPAHCTBEHHOM CUCTEM CHII?

Kakue cuibl Ha3bIBAIOT AKTUBHBIMU, KaKUE - PEAKTUBHBIMU?

B 4yem oTiamumne cocpe1oTOYECHHOM CUJIbI OT PACTIPEAECICHHON?

UYT0 Takoe paBHOAEHCTBYIOIIAS] CUCTEMBI CHJI?

B kakoM ciy4ae Teso nox JeMCTBUEM TOJIBKO JIBYX CHJI HAXOJIUTCS B PABHOBECHUU

CoNaRWNE

10.KakoBO HEOOXOIUMOE YCIOBHE PAaBHOBECHS TeJa MO/ ICHCTBUEM TPEX CHIT?

11.V3MeHUTCS T MEXaHUYECKOE COCTOSIHUE TeJla, €CIU MPUIIOKEHHYIO K HEMY CHUITY T1e-
PEHOCHTH 10 €€ JIMHUU JCUCTBUA?

12.Kak onpenenuth paBHOJAEHCTBYIONTYIO ABYX CHJI, PUIOKEHHBIX K TEITY TOJT yTIIOM

JApYT K Apyry?
13. IlepeuncinTe OCHOBHBIE BUABI CBSA3EM U YKAKUTE HAIIPABICHUE UX PEAKLIAN

6.5. Ilpoexyusa cunvl Ha 0Cb U HA NIIOCKOCHLDb

Cnpoenupyem cuibl F—, N—, T— u P— nHa ocb x (puc. 6.15). Ilpoexyus cunvt (kak
U 1106020 OPY2020 BEKMOPA) HA OCb X eCMb aneedpaudecKds 8elUdUHA, PABHASI NPOU3Ee-
OEHUI0 MOOYISL CUNbL HA KOCUHYC Yelld MeNHCOY CUNOU U NOLONCUMETbHBIM HANPABLEHUEeM
ocu x. ECIIV 3TOT YTOJI OCTPBIN - npoeKkyusi NOI0JHCUMenbHA, €CIA TYTIOW - ompuyamens-
Ha, €CJIM CWJIa TIEPIICHINKYIISIPHA OCH, - ee NPOeKyusl Hd 0Cb PAGHA HYJI0, €CITH CHUJIA T1a-
pajuIeNIbHA OCH, - ee NPOeKyuUsi pagua Mooynio cuivl. Tak, U CUIT, H300paKCHHBIX Ha

c T K I

P
|
0 ; i m _— X
Fy N, T, P, =0

Puc. 6.15. MI3MeHeHnEe MPOEKLMHU B 3aBUCUMOCTH OT yTJjla HAKJIOHA CHJIBI K OCH

puc. 6.15:
F 0
cosa =—%; cos f=—L
AB p édB

]

— —
— —
—
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MOokHO 1aTh emie OJJHO ONPENEIICHUE POEKIUU CUJIbI Ha OCh: NPOeKyuel CUlbl Ha
0Cb HA3bIBAEMCS PACCMOSIHUE MeHCOY 08YMs NEPNEHOUKVIAPAMU, ONYUWEHHBIMU HA 1)
0Cb U3 HAYAla U KOHYa 8ekmopa cuivl. ECIV HalpaBJIeHUE CUJIbl COBHAAAET C TOJIOKHU-

TEJIbHBIM HANPaBICHUEM

OCH, - €€ MPOEKIIMS MOJOKUTEIbHA, €CJIU HE COBMAJAET - OTpuilarenbHa. [Ipoexius
CWJIbl HA OCh B OTJIMYME OT CHJIbl BETUYMHA CKaJISIpHAsL.

Monynb 1 HanpaBJIEHUE CUIIbI MOXKHO ONPEIETUTH 1O €€ MPOEKLIHAM Ha JIBE B3aUM-
HONEPIIEHIUKYISIpHbIE ocH (puc. 6.16):

F,=Fcosa, F, =Fcosfl=Fcos(90°-a)=Fsina. (6.6)

N3 tpeyronbauka ABC, nockonbky AC = Fx u EC = Fy, cnenayeT, 4To MOAYJb Cuiibl F
paBeH

F=\F;+F". (6.7)

HaHpaBJIeHI/Ie CHJIbI OIIPCACIIAIOT KOCUHYCHI YIJIOB!:

0
Puc. 6.16. HaxoxneHnue cuiibl o €€ NpOeKUMsAM Ha OCH KOOPJAWHAT

IIpoexyueti cunvl F— na nnockocme Oxy Hazwvieaemcs eéekmop F—xy = OB—1, 3a-
KAFOYEHHbIU MeHCOY NPOeKYUAMU Ha4ana u KoHya cuivl F— na smy niockocms (puc.
6.17). Takum 00pa3oM, B OTIIMYHUE OT MPOCKIIUU CHJIBI HA OCh, TPOCSKITUS CHJIBI Ha IJI0C-
KOCTb €CTh BEJTMYMHA HE CKAJISIPHAsI, @ BEKTOPHAs, TaK KaK OHA XapaKTepU3yeTcs He
TOJIbKO CBOMMH YHCJIOBBIMH 3HAYEHHUSIMH, HO U HarpaBieHueM B tuiockoctu Oxy. [1o mo-
nyio F—xy = F—cos0, tnie 6 - yroi Mex1y HarpaBiieHreM cuiibl F— 1 ee npoekiuei

Fxy . .
| B

Rl

Puc. 6.17. IIpoexiius CUibl HA IJIOCKOCTh
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B HekoTOpBIX Citydasx JiJIsl HaXO0XACHHS MPOEKIIMKU CUJIbI Ha OCh yJI00HEee HalTH CHa-
yaJia ee MPOEKIUIO Ha MJIOCKOCTh, B KOTOPOM 3Ta OCh JIEKUT, a 3aTEM HAlJACHHYIO MPOEK-
[IMIO Ha IJIOCKOCTh CIPOEKTUPOBATH Ha JJaHHYIO Ooch. Hampumep, B cinyuyae, n300pakeH-
HOM Ha puc. 6.17:

F, =F, cosp=FcosOcosp, F, =F,, singp=Fcosfsing.(6.7)
[Tpoekiuu cuiTbl Ha KOOPAUHATHBIC OCH MOKHO 0003HAa4aTh COOTBETCTBYIOIIMMH 3a-
riiaBHbIMU OykBamu X, Y, Z, To ectb Fx = X, Fy =Y,

6.6. Momenm cuiblt OMHOCUMEIbHO MOYUKU

PaccMoTpuM raiiky, KOTOPYIO 3aTSATHBAOT a€4HBIM KJIFOYOM OIIPENEIICHHOM JJIMHBI,
IIPUKJIAABIBAs K KOHIYy KJII0Ya MYCKYJIbHOE ycuiue. Eciau B34Th racyHblil KJIIOY B He-
CKOJIBKO pa3 JUIMHHEE, TO Mpujaras TO Xe yCUIHME, TailKy MOXHO 3aTSHYTb 3HAUUTEIBHO
cuibHee. M3 3Toro ciegyer, 4To OfHa U Ta XK€ CUJla MOXKET OKa3blBaTh Pa3IMYHOE Bpa-
IaTeJIbHOE JeUCTBUE. BpamarenbHoe NeNCTBUE CUIIBI XapaKTEPU3YETCS MOMEHMOM CU-
JIbl.

[loHATHE MOMEHTA CUJIBI OTHOCUTEIBHO TOYKH BBEJI B MEXAHUKY UTAIbSIHCKUN yde-
HBIN ¥ XyJOXKHUK 3110XH Bo3poxnenus Jleonapno na Buaun.

—

Puc. 6.18. MoMeHT CHJIBI OTHOCUTEIHHO TOYKHA

Momenmom cunbt OMmHOCUMENbHO MOYKU HA3bI8AEMCSL NPOU3EE0eHUE MOOYISL CUNbL HA
ee nieyo (puc. 6.18):

M,(F)=F-h (6.8)

Touka, OTHOCUTEIIBHO KOTOPOW OepeTcs MOMEHT, Ha3bIBA€TCS YEeHmpPOM MOMEHMA.
Ilneuom cunvl omHocumenbHO MOYKU HA3LIBACMCA Kpam-dauuiee paccmosiHue om yeH-
mpa MOMeHma 00 JTUHUU OeUCEUs. CUJIbL.

Ennnuiia MoOMeHTa CHJIBL:

[M]=[F]-h=curaxdoruna = Heromon x memp = H - m

VY cnoBUMCS CUUTATh MOMEHT CHIIBI 1OI0HCUMENIbHBIM, €CITA CUJIa CTPEMUTCS BpaIllaTh
CBOE IICYO BOKPYT LICHTPa MOMEHTA [IPOTHB YaCOBOi CTPEIKH, X Ha000poT (puc. 6.19).

/F‘:;/@' -r"”‘fwo F,
\ TA® L.
“‘ho: LOJ @ Q..

Puc. 6.19. Onpenenenre 3Haka MOMEHTa
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W3 onpenenenus MOMEHTa CHJIbl OTHOCUTENLHO TOUKH OYEBUJIHO cieaytoiee: 1) ogHa
Y Ta K€ CUJIa OTHOCUTENIBHO Pa3HbIX TOYEK MOKET

JlaBaTh U MOJIOKUTEIBHBIN, U OTpHUIIATEIbHBIN MOMEHT (puc. 6.19, cuna F—3); 2) Mo-
MEHT CHJIBI OTHOCUTENBHO TOUKH, JICIKAILIEH Ha JIMHUU ACHUCTBUS 3TOW CUIIBL, pageH HYINIO,
TaK Kak B 9TOM CJy4ae IJIeYO PAaBHO HYIIO; 3) MOIYJIb U 3HAK MOMEHTa HE U3MEHSTCS
IIPU MEPEHOCE CUJIBI IO JIMHUM €€ ACUCTBUS JIMOO LIEHTpa MOMEHTOB MO IPSIMOM, Tapa-
JIETIbHOW JINHUU JCUCTBUS CUJIBI.

IIpumep 1. Onpenenuts MomenThl cun Fi; Fo; F3; Fi4 oTHOCcuTENnsHO TOUKHM A (puc.
6.20), eciu AB=0,7 m; AD=0,4 m; AC=02m; F1 =10H; F,=25H; F3=5H; F;, =
8 H; a=45°

Puc. 6.20.

Pemienue: 1. MomeHT cunbl F1 oTHOCUTENBHO TOUKH A OTpUIIATENBHBIN, a MJIEYO CH-
JIbl paBHO 4B, mosTomy

M (Fi)=-FAB=-10-0,7=-7 Hu.

2. MomeHT cuibl F2 OTHOCHTENBHO TOYKH A TOJIOKUTEIbHBIN, TaK Kak cuiia F2 cTpe-
MUTCS BpalllaTh TeJIO AB NpoTUB 4acoBo# ctpesiku. 13 TpeyronbHuka ADE 11e40 CUIIbI
F, : AE = AD cos 45° , cmenoBaTelIbHO:

M (F:)=F,-ADcos45°=25-0,4-0,707 = 7,07 Hu
3. MomenTt cuitbl F3 oTHOCHTENBHO TOUKK A oTpunaTenbHbid. M3 Tpeyronbanka AKC
ieyo cuibl F3 - AK = ACcos45°, cnenoBaTeNbHo:

MA{F-‘) ==~F;-AK =-F;- ACcos45° =
==3-0,2-0,707 =~0,707 Hyu

4. JIunaus nercTBus cuibl F4 mepecekaet EHTP MOMEHTOB, 3HaYUT, Ma(F—4) = 0.
6.7. Momenm cuibt OmHOCUmMEIbHO OCU

Momenm cunvt P— omnocumenvHo ocu z pagen MOMEeHmy Npoekyuu 3moi CUibl Ha
NIIOCKOCHb, NEPNEHOUKVIAPHYIO OCU Z, omHocumenbHo mouku O (TOUKHU TIepecedeHus
pHC Z. TUNIOCKOCTBIO T (puc. 6.21))

M, (P)y=M,(P:y=+Ph=1tPhcosa, (6.9)

rae P—; - IpoeKIust CHitbl P— Ha IJI0CKOCTD NEPIEHANKYIIPHYI0 ocH Z; h - mnHa
HepIEHANKYIISIpa, OMyIIeHHOro U3 Touku O Ha JIMHUIO AeHCTBUS npoekuun P— [9].
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Puc.6.21. Ilpoekius cuiibl Ha MIIOCKOCTh

OTMeTHM, 9TO TIPOEKITUS CHITBI HA OCh - CKAIAPHASL 6eUYUHA, TIPOSKIIAS CHUIIBI Ha
TUTOCKOCTb - 8eKmop. MOMEHT CUNUTACTCSI NOJIONCUMENbHBIM, €CITH, TIISIIS ¢ KOHIA MOJI0-
KUTEIILHOTO HAMPaBJICHUS OCH, BHJIUM BpallleHHe TUIOCKOCTH, 7 TIOJ] ICWCTBUEM COCTaB-
asitoteid P— ;. MPOTUB YacOBOU CTpENIKU. B MpOTHBHOM cilydae MOMEHT CUUTACTCS OM-
PpuUyamebHuIM.

W3 Beipaxkenus (6.9) cienyer, 4T0 MOMEHT CHJIbI OTHOCUTEIBHO OCH PaBEH HYIIIO, €C-
au cuia nepecekaet och (h = 0) i mapaensaa ocu P— = 0).

IIpumep 2. K tBepaomy Tery, umeromemMy dhopmy kyda co croponoit a = 0,5 m, rpu-
noxeHs! yetbipe cuibl: P1 =10 H, P, = 20 H, P3 = 30 H, P, = 40 H. Haiitu cymmy mo-
MEHTOB 3THX CHJI OTHOCUTEIHHO KOOPJIMHATHBIX OCEH, COBIMAIAIONIUX C peOpaMu Kyda
(puc. 6.22).

TR

X
Puc. 6.22.

Pemenne. VickoMbie CyMMbl MOMEHTOB OTHOCUTEILHO KOOPAWHATHBIX OCEN PABHBI:
ZM; =0-Pacosd45°—- Pa+ F,acos45° =
=(~-20-0,707-30+40-0,707)0,5 =-7,93 Hm,
ZMP = Ra+ Pacos45°+ 0~ Facos45° =
=(10+20-0,707-40-0,707)0,5 = 2,07 Hm ;
> M, =0+0+0+P,acos45°=40-0,707-0,5=14,14 Hu.

KonTposbHbIe BONPOCHI

Yemy paBHaA IPOEKLIHNSI CHIIBI HA OCh?

B kakux ciydasx mpoeKIHs CUJIbl Ha OCh PaBHA HYJIO, & B KAKUX - MOJYJIIO CHUJIbI?
Kak onpenensieTcst 3HaKk NPOEKLIHUH CUJIbI HA OCh?

Kak HaliTu MOZlyJIb U HAIIPABJIEHUE CUJIBI, €CJIM U3BECTHBI €€ MMPOEKLINH HA JIBE B3a-
VMMHO NEPIEHINKYISPHbIE OCU KOOPAUHAT?

5. YUTo Ha3bIBaE€TCs MPOCKIMEN CUIIbI HA TUIOCKOCTh?

P
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6. B uem oTnmune IMPOCKI KWK CHUJIbI HA OCh U HA IJIOCKOCTh?
1. quy paB€H MOAYJIb MOMCHTA CUJIbl OTHOCHUTCIIBHO TOUYKH

8. Uro mpexacraiseT co0oii miaedo?

9. Kak onpenenstoT 3HaK MOMEHTA OTHOCHUTEITHHO TOUKH?

10.VI3MeHuTCS 1 3HaK U MOJIYJIb MOMEHTA, €CJIM CHUITY TIEPEHOCHUTD BJIOJIb €€ JINHUU AeH-
CTBUSI?

11.Yemy paBeH MOMEHT CHJIbI OTHOCUTEIBHO TOYKH, JIEKAIIEH HA IMHUU ACHCTBUS ITOU
CUJIBI?

12.Yemy paBeH MOMEHT CHJIbI OTHOCUTEIBHO OCU?

13.Kak onpenensercs 3HaK MOMEHTa CHJIbI OTHOCUTENBHO OCU?

14. Koraa MOMEHT CHJIBI OTHOCUTEIIBHO OCH PABEH HYIIIO.

6.8. Ilonamue naput cun. Ceoiicmea nap

Cucmemy u3 08yx paguvix no Mooy, NapaiielbHblX U HaNpPasieHHbIX 8 PA3Hble CIO-
POHbL cunl Hazvleatom napoi cun (puc. 6.23). Ilnockoctb, B KOTOPOU JEHCTBYET Mapa Cuil,
Ha3bIBAIOT NIOCKOCMbIO Oeticmaust napul [9].

4

Puc. 6.23. ITapa cun

Cuuibl, U3 KOTOPBIX COCTOUT Tapa, He JeKaT Ha OJTHOW MPSAMOM, CIIeI0BATEIbHO, OHU
HE YPAaBHOBELIMBAIOT APYT Japyra. Teno noa 1eMcTBUEM Napbl CTPEMUTCS BPaILlaThCs B
MJIOCKOCTH €€ JeHCTBUA. BemoMHUTE pyJieBoe KOJIECO aBTOMOOMIISI, MaXOBUYOK KpaHa,
OTBEPTKY, IAKy, Ha TPaHU KOTOPOM AECUCTBYET KIIIOY, U JIP.

[Tapy Henb3st 3aMEHUTH OJHOM CHIION (PaBHOAEHCTBYIOIICH ), TOTOMY YTO MO/ JACH-
CTBHUEM TOJILKO OJTHOM CHJIBI TEJIO JOJKHO OBLIO OBl BUTaThCsl MOCTynaTenpHo. [lapa
CWJI B OTJIMYHE OT JIFOOOW Jpyroil HeypaBHOBEIIEHHOW CUCTEMBI CHII HE MOAIAE€TCS alb-
HEWIIEMY YIIPOIIEHUIO U Cama SBJISICTCS TPOCTEUIIINM 3JIEMEHTOM.

Kpamuaiiwee paccmosinue medxrcoy nuHuamu 0elicmeus napsl HA3b18AeMcsl NAe4OM
napult h.

[ImockocTh, B KOTOPOH JIekKaT CUIIbI, 00pa3yIolye Mmapy, Ha3bIBalOT IJIOCKOCTHIO JeH-
cTBUs mapsel. [IponsBenenre Moaysst OJTHOW U3 CUII Iaphbl HA €€ IJIEY0 Ha3bIBAIOT MOMEH-
TOM I1aphbl 1 0003HAYAIOT

M=iﬁ-h=iﬁ"*k (6.10)

Ecnu mapa cun BpamaeT Teno NpoTUB YaCOBOM CTPEIKH, TO MOMEHT TaKOW Mapbl CUU-
TAETCS NOJONCUMENIbHBIM, ECIIA T10 YACOBOM CTPEIKE - OMPUYAmeabHbIM.

ITapa cuo obJ1agaer ciaeAyOIMMHU CBOMCTBAMM:

1. Tak kak napy HeJib3 3aMEHUTh OJTHOW CHUJIOH, TO €€ HEJIb3S U YPAaBHOBECUThH OJHOM
cuiiont. [lapy MOXKHO ypaBHOBECUTH TOJIBKO NApOM, UMEIOIIEW PABHBINA 10 MOIYJIIO U
ITPOTHUBOMOJIOKHBIN IO 3HAKY MOMEHT.
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2. CyMMa MOMEHTOB CHJI Tapbl OTHOCUTEJIBHO JIF000H TOYKH, B3SITOM HA €€ MIOCKOCTH
NENCTBUS, €CTh BEIMYMHA MIOCTOSIHHAS, PaBHASI MOMEHTY JJAHHOM Maphbl.

3. CyMMa npoekuui cuj napbl Ha JitoOyIo OCh paBHa HYJIIO.

4. JIBe mapsl, aexKaliyre B OJHOM MIIOCKOCTH ¥ UMEIOITUE PaBHBIC 110 MOJIYJIIO U 3HAKY
MOMEHTHI, - 9KBUBAJICHTHBI, T. €. OKa3bIBAIOT Ha TBEPJIOE TEJIO OJJMHAKOBOE MEXaHUYe-
CKO€ BO3/ICHCTBUE.

5. He u3MeHss IeUCTBHS Ha TEIIO, APy CHII MOYKHO:

a) KaK YroJTHO MepeMelaTh B €€ MI0CKOCTH;

0) MEepEeHOCUTH B THO0YIO IIIOCKOCTh, MAPAIIIEIBHYIO IIJIOCKOCTH JIEUCTBUS STON NapHI;

B) U3MEHSITH MOJIYJIb CHJI ¥ TUIEUO Tapbl, HO TaK, YTOOBI €€ MOMEHT (T. €. TPOu3BeIe-
HUE MOJIYJISI CHUTBI Ha TUICUO) U HaIlPaBJICHUE BPAIICHHS OCTABAIMCh HEM3MEHHBIMH.

Caoxenne nap. Cucmema nap, nedxcawjux 8 0OHOU NAOCKOCMU UTU NAPALIETbHBIX
NIIOCKOCMIAX, 9K8UBAIEHMHA 0OHOU PAGHOOeUCmEyIowel nape mr, MOMeHm KOmopou pa-
8eH aneebpauieckol cymme MOMEHMO8 Cla2aemvlx nap, m.e.

Mp=Y M. (6.11)
PaBHoBecue nap. /lnockas cucmema nap Haxooumcs 8 pagHogecuu, eciu aieeopau-
UeCKas CymMmma MOMERMOE 6cex nap pasHa HYnio, n.e.

> M=0.

IIpumep 3. Ha Ganky, cBOOOTHO ONMUPAIOUTYIOCS HA TJIAJKUNA YCTYI 4 U MIapHUPHO
YKpEIUICHHYIO B TOUKe B, aeiicTByert nmapa ¢ momeHToM M = 1500 Hum. Onpeaenuts pe-
aKIMK B oropax, eciu | =2 m (puc. 6.24, a).

a) -~ 8) f_?:} l

L

Puc. 6.24

Pemenue. [lapy MOXeT ypaBHOBECHTH TOJIBKO JPYyTas Mmapa ¢ paBHbIM, HO TIPOTHBO-
TIOJIOKHO HaIpaBJIeHHBIM MOMEHTOM (puc. 6.24, 6). CnenoBaTenbHO,

R,=R =£=1500=?50H.
A==

OTMeTUM, 4TO HE3aBUCUMO OT TOTO, II€ MPUJIOKEH BHEIIHUA MOMEHT, PEaKL[UHU B
oropax He u3MeHsroTces (puc. 6.18, 6, 2).

IIpumep 4. Ha uzornyryto noa yriaom 30° 6anky, cBOOOAHO ONUPAIOIIYIOCS B TOUKE
A ¥ UMEIONIYI0 IIApHUP B TOUKe B, AeiicTByroT MomeHTsl M1 = 1000 H, M3z = 2500 H.
Kaxkoit MomeHT M, He0OX0AMMO MPUITOKUTE K Oaike, 4ToObl peakius B onope 4 paBHs-
nack 100 H (puc. 6.25).

Pemenne. Jlomyctum, uckoMblii MOMEHT M, coBmaziaet o HampaniieHuto ¢ M1 u Ms.
Torpa Ha 6anky IeWCTBYIOT TpHU 3aJaHHBIX MOMeHTa: M1, My u Ms. VX ypaBHOBecHUT ueT-
BepTas mapa, cosz/ilaBaeMasi paBHbIMH peakiusiMu ornop N— (puc. 6.25, 6). Tak kak peak-
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1us onopsl A nepneHAnKysipHa AC, TO ¥ peakius B mapHupe B Takxke NepreHIuKy-
JsipHa

Puc. 6.25

AC. ]_IJ'ISI PaBHOBCCHUA CUCTCMEI I1ap H€O6XOI[I/IMO, YTOOBI CyMMa UX MOMCHTOB PaBH-
JlaCb HYJIIO, T.C.

YM=0: -M,-M,-M,+Nh=0,

OTKya HCKOMBI MOMEHT

M, = Nh=M, - M, =100-7,8-1000 2500 = —2720 Hw,
rac h - meuo MOMCHTA, CO31aBaACMOro pCakiuusiMU,

h=5cos30°+ =7.8Mm.
cos 30°

MomeHT M2 HMCCT 3HAaK MHUHYC, CJICAOBATCI/IbHO, IICPBOHAYAJIBHO BI)I6paHHOG HallpaB-
JICHUC HAaA0 U3BMCHUTDH Ha IIPOTHUBOIIOJIOKHOC.

6.9. Cucmema cxooauwguxcsa cun

PaBHonelicTByIOmas cucremsl cuil. Cucmema cui, TUHUU OeticmBUsl KOMopblX nepece-
Karomes 8 00HOU moyKe, Ha3bl8aemcsi CUCmeMou cxooawuxcs cui. PaBHOIEMCTBYIONLYIO
CUJIy TaKOM CUCTEMBI MOKHO ONPENENUTh epaghuiecku ¢ TOMOUIBI0 TOCTPOEHUS CUIIOBO-
0 MHOTOYyroJibHHKa. JlJis 3TOoro u3 npou3BoiabHoi Touku O; (puc. 6.26, 6) B BBLIOpaHHOM
MaciTade yr MPOBOIAUTCS BEKTOP, PABHBIM MO MOIYJIO U TapauielbHblid cuie Fi. U3
KOHIIa 3TOTO BEKTOpa CTPOUTCS BEKTOP, paBHbIA cwie F, u T.1. CoequnuB touky O; ¢
KOHIIOM TOCJIETHETO BEKTOPa, MOJyYUM 3aMBIKAIOIIYI0 CTOPOHY MHOTOyroibHuKa O1N,
KOTOpas

B JJAHHOM MaciuTabe MpeAcTaBisieT cO00W MCKOMYIO PaBHOJICHCTBYIONIYIO CHUCTEMBI
R—. Touka npuioxeHus: paBHOAECHCTBYIONIEH COBMAIAET C TOUKOHN A.

Monyiib ¥ HampaBJICHUE PAaBHOAECHCTBYIOIIEH HE M3MEHHUTCS, €CIM U3MEHHUTH IOpPS-
JIOK, B KOTOPOM OTKJIAJBIBAIOTCSI BEKTOpa CUJI MPHU MOCTPOCHUU CUIIOBOTO MHOTOYTOJIb-
HUKAa.

Puc. 6.26. Cucrema cxoasuuxcs cui (a) 1 MHOTOYTOJIBLHUK cHUJI (6)
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Jlomanas JIUHN, 3BCHbIA KOTOpOI\/'I PaBHBI U IIAapalJICIIbHBI BEKTOPAM 3aJdaHHBIX CHIJI,
HAa3bIBACTCA CUJIOBbIM MHO20Y20/IbHUKOM, UJIIA MHOT'OYT'OJIBHUKOM CHII.

Paeﬂodeﬁcmeyiou;aﬂ cucmembvl CXOO}ZI/L;LDCC}I CuJjl onpedeﬂﬂemc;z 3Cljl/lblKCli0M/;€1/7 cmo-
pOHOlZ MHO20Y2OJIbHUKA CUJl, NPUIOIHCEHA 6 MOUKE nepecevdeHusl JUHULL OeUCMEUsL UCXOO-
HblX CUl U paBHa UX zeOMempuquKoﬁ 8€Km0pHOL7 cymme.

e — _— n —

R=Fi+F:+Fs+..+Fn=) F, (6.11)

J-1

Ecnu xoHen nocnennero Bekropa F—p coBmamaer ¢ Hadyanom nepBoro Bekropa F—
(mocneaHssl BEpIIMHA MHOTOYTOJIBHUKA CHJI COBIIAJAET C MEPBOM), MHOTOYTOJIBHUK CHJI
MOJIYy4YaeTcsl 3aMKHYTBIM, U, CJIEIOBATEIIbHO, pABHOACHCTBYIOIIAs paBHA HYJO (R— = 0).
B stom ciiyuae cucrema cxonsmuxcsa cull (F—1, F—; ... F—y) sBusgercs ypasnoseuwen-
HOU.

66

3aMKHYTOCTh CHUJIOBOTO MHOTOYTOJIbHUKA SIBIIIETCSl 2€0MEMmpuUiecKum yCcio8uem paes-
HO8ecUsi NIOCKOU CUCEeMbl CXOOAWUXCS CUl. DTO YCIOBUE UCIIOIB3YIOT MPU PEIICHUU
3a/1a4 Ha paBHOBECHE.

Merton npoekumit uisi ONpeAeIeHNs] PAaBHOACUCTBYIOLIEH. PaBHOAEHCTBYIOIIYIO CXO-
JSIUXCST CHJT MOYKHO OTPEJCIUTDh U aHaiumudeckum crnocodooM. [Ipoenupys Bce CUilbl,
BXOJISIIIME€ B MHOTOYTOJIbBHUK CHJI, HA MPOU3BOJIBHYIO Och X, nmonyyaeM X1, X2, X3, X4 -
MPOEKIMK COCTaBIsOMMX cuil F—1, F—3, F—3, F—4; Ry - npoekius paBHOIEUCTBYIO-
1Iel Ha 3Ty OCh.

U3 puc. 6.26, 6 cienyet, uto Ry = X1 + Xo + X3 + Xy = 2ZX.

PaBHOIEMCTBYIONYIO MJIIOCKOW CUCTEMBI CXOSIIUXCSA CUJI MOYKHO OIPEICIINTh aHATU-
TUYECKH 110 U3BECTHBIM €€ MpoeKIMsM Ry u Ry Ha 1Be B3aMMHO NEpNEeHIUKYIISIPHBIE OCU
KOOpAUHAT.

Monynb paBHOAECUCTBYIONIEH HA OCHOBAaHUM BhIpaskeHUs (6.7) MOKHO HalTH 10 Gop-
MyJie:

R=\Rx*+Ry’, (6.12)

rae Rx = ZFix, Ry = ZFiy.

JI71s1 MpOCTpaHCTBEHHOM CUCTEMBI CHJT

R=Rx*+ Ry’ +RZ*, (6.13)

rne Rz = XFiz.

6.10. I'eomempuueckoe u ananumuyieckoe yci06us pasHoeecus CUCHemobl CX00-
wuxcs cu

Heobxooumvim u oocmamounwvim ycnosuem pasHosecus HIOCKOU CUCMEMbl CX0O0si-
WUXcs CUll A61Aemcsl paeHCmeo HYII0 PABHOOeUCmEyowel 3mou cucmemsl cul. ITO
YCJIOBUE MOYXHO BBIPA3UTh OJJTHUM BEKTOPHBIM PAaBEHCTBOM

Rx=) Fix,Ry=) Fiy.
WM IBYMS alireOpandecKuMHu (CKJISIPHBIMU ) paBEHCTBAMMU:
>X=0,>Y=0. (6.15)

BekxtopHoe paBeHCTBO (6.14) BbIpakaeT yCJIOBHE 3aMKHYTOCTU MHOTOYTOJbHHKA
JAHHBIX CUJI, T. €. YCIOBHE PABHOBECHSI TUIOCKOW CHCTEMBI CXOSIINXCS CHII B 2eoMem-
puueckotl ¢opme. PaBeHctBa (6.15) BeIpakaloT yCIOBHE PAaBHOBECHSI TUIOCKON CHUCTEMBI
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CXOIIUXCS CHJI B QHAIUMUYECKOU (opme W WX HA3BIBAIOT YCIOBUSMH PaBHOBECHS
IJIOCKOM CHCTEMBI CXOJISAIIUXCS CHIL: 015 PABHOBECUSL NAOCKOU CUCEMbL CXOOSUWUXCSL CUIL
HeoOX00UMO U OOCMAMOYHO, YMooObl aleedpaudeckue CymMmvl NPOEeKYUll 6cex CUuil Ha Ko-
OpOUHamuwvle ocu ObLIU PABHBL HYJIO.

6.11. Memoouueckue yKa3anus K peuieHuIo 3a0a4 Ha pasHosecue CUCMeMbl CX0-
osawuxcsa cua [9]

[Ipu pemienuu 3agau eeomempuueckum (rpaduyeckum) cnocoOoM HEOOXOAUMO MPHU-
JIEPKUBATHCS CIEIYIOLIEro MOPSIIKA:

Breiienuts Teno (WM TOYKY), pABHOBECHE KOTOPOTO CIIETYET PACCMOTPETD.

N300pa3uth Bce akTUBHBIE (3a/1aHHBIC) CHIIBI, IEHCTBYIONINE Ha BBIJEICHHOE TETIO.

OcBOOOIUTH ATO TEIO OT HAJIOKEHHBIX HA HETO CBA3EH, 3aMEHUB HX JCHCTBUE pEaK-
ASIMH CBSI3€EH.

[TocTpouTh 3aMKHYTBII CUJIOBOM MHOTOYTOJIBHUK (MJIM TPEYTOJIBHUK - €CIIU JIEUCTBY-
10T TpH cwiibl). [Ipy 3TOM cienyeT cHavasa CIOKUTh BCE 3a/laHHBIE, a 3aTEM JIOCTPOUTH
HEU3BECTHBIE CHJIBI.

[Tpu peweHun 3anad auarumuyeckum CIOCOOOM PEKOMEHAYETCS MPHUAECPKUBATHCS
CJIEIYIOLIETO MOpsI/IKa:

1 . Beiienuts T€10 (WK TOYKY), paBHOBECHE KOTOPOTO CIIEAYET paCCMOTPETh.

N300pa3uth akTUBHBIE (3a/1aHHBIE) CHIIbI, IEHCTBYIONINE Ha BBICICHHOE TEJIO.

OcBOOOIUTH TENO OT HAJIOKEHHBIX HA HETO CBSI3€l, 3AMEHUB UX JCHCTBUE pEAKIUSIMU
CBA3EH.

BreiOpars cucteMy koopauHat. KoopauHaTHble OCH CIIEAyeT IO BO3MOYKHOCTH
HaIPaBJIATh 10 HEM3BECTHBIM CHJIaM, TOT/Ia MPOEKIUsSI HEM3BECTHOM CHJIBI HA TIEPIICH/IN-
KYJSIPHYIO € OCh OKa)KeTCsl paBHOUM HyJt0. briaronapsi 5ToMmy B ypaBHEHUE PaBHOBECHS
BOW/JIET TOJBKO OJJHO HEU3BECTHOE.

CocTaBUTh ypaBHEHHS paBHOBeCHS TUIOCKON cucTembl cui: X = 0, Y0 = 0. Ilpwm
IIPOEKTUPOBAHUM CUJIBI HA OChb MOJAYJb CHJIBI CIEQYET YMHOXAaTh HA KOCUHYC OCTPOTO
yria He3aBUCUMO OT TOTO, C KaKMM HaIlpaBJICHUEM OCH (ITOJIOKUTEIbHBIM MM OTpHULla-
TeJbHBIM) OH 00pa3oBaH. IIpoekiys, COOTBETCTBEHHO, MOJIOXKUTENIbHA WA OTPULIATENb-
Ha (cM. puc. 6.15).

PemuTe ypaBHEHHS paBHOBECHUSI OTHOCUTENBHO HCKOMBIX BEJIMYMH.

[Tpenmy1iecTBa aHAIUTUYECKOTO crioco0a MpOeKLUUi nepes; TeOMETPUIECKUM CIOCO-
OOM CHJIOBOTO MHOTOYTOJIbHMKA OCOOCHHO 3aMETHBI B 3aJladyaX Ha PABHOBECHE CUCTEMBI
Oonee Tpex cuil. J[eHCTBUTENBbHO, pEIIEHUE CHIIOBOTO YETHIPEX-, MATH- U N-yrOJIbHUKA
MPEICTABIIIET U3BECTHBIE TPYJHOCTH, B TO BPEMs KaK PEIIEHUE METOJOM IMPOCKIUN He
YCIIOKHSIETCA MPU YBEJIIMUEHUN YUCIIA TPOSKTUPYEMBIX CHIL

IIpumep 5. B mapuupe B kponureiitna ABC noasenieH rpy3 cuioi tsbkectu G = 100
H. Onpenenuth ycuivsg B CTEpKHSX KpoHIUTeWHa, ecnu o = 110 °, f = 30°, v = 40°.
CTep KHH MPUKPEIUICHBI K CTEHE IIap-HUPHO (puc. 6.27, a).

Pemenue. Paccmorpum paBHOBecue mapuupa B (puc. 6.27, 6). K Hemy mpuioxeHa
aktuBHas cmiia G— . OTOpOCUM CBSI3U, 3aMEHHUB UX PEAKIHSIMU
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6) B)
Puc. 6.27

S—1 u 2—. llpennonoxum, 4to crepxeHs AB pacTsanyT, a BC cxar. Torna S—1 Oy-
JIeT HaIpasjeHa OT WapHupa B, a S—; - kK HeMy. WMrtak, Ha y3en B AeicTByeT cucrema
TPEX CXOMSAIIUXCS CUIIL.

JIns penieHnst IpUMEHUM TeoMeTpuYecKuid cnoco0. I1ockobKy mapHUp HaXOIUTCS B
PaBHOBECUHU, TO CHJIOBOM TPEYTOJIbHUK, COCTABIECHHBIN M3 3TUX CWJ, AOJDKEH OBITh 3a-
MKHYT. 13 HekoTopoit Touku O (puc. 6.27, ) B BHIOpaHHOM MacilTabe CTPOUM BEKTOP
G—, a 3aTeM U3 €ro Havaja 1 KOHIA MPOBOJUM IpsMbIE, MapajieJIbHbIE HAIIPABICHUSAM
S—1 u S—» o ux nepecedenus. [lo macmrady Haxogum S; = 130 H, S = 190 H. Cosep-
masi 00XoJl MO TPEYroibHUKY B HampasiieHMu cuibl G, 3aMedaeM, 4TO MOJYyYCHHbIE
HaIpaBJICHUS] peakluil CTep)KHEN COBIAAAIOT C IEPBOHAYAIBHO BbIOpaHHBIMU. Clie0Ba-
TEJIBHO, CTEPKEHBb 4B pacTarusaercs, a BC cxxuMaeTcs.

Monaynu S; 1 Sp MOXKHO ONPEAETUTh TAKXKE [0 TEOPEME CHUHYCOB:

G 5§ _ 8

sinf siny sina

OTKy):[a' '

Ot AT b i
sin sin30°

Szstma:H}{)Em“D ~188 H

sin # sin30°

HecoBnanenue pe3ynbTaToB, MONMYYCHHBIX T'paUUeCKUM W PACUCTHBIM MYTSIMH, HE
npesbimaet 1 %o:

- 190 133_100:1%’ i 130-128,6

188 128,6

Ipumep 6. banka AB u3 onHOopoaHOTO Marepuana maccoi m = 100 kr yaepkuBaercs
B TOPU30HTAIIHLHOM TIOJIOKEHUH ¢ TIOMOIIBI0 cTepkHs CB, oOpa3zytomero yroia a = 30° ¢
ochio Oanku (puc. 6.28, a). Heobxoaumo onpenenuTs peakiuu B mapaupax A u B.

-100=1,1%.
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Puc.6.28.

Pemenue. J{ns1 pemeHuss NpUMEHUM aHaTUTHYECKU cnocob. Paccmorpum ycinoBust
paBHOBecus 6anku AB. Ha nee neiictByror cuna tspkectu G = mg = 100 - 9,81 = 981 H,
NPWIOKEHHAs! B cepeinHe Oanku, peakius R— p, HanpaBiieHHast BIOJIb ocH cTepxkHst BC
ot B k C, u peakiusi R—p, HarpaBiieHHEe KOTOPOH MOKa HEM3BECTHO (pHC. 6.28, 0).

basika HaxoIUTCS B pABHOBECUU NIPU JIEUCTBUU TPEX CUJI, IMHUM JEUCTBUS KOTOPBIX,
COTJIaCHO TEOpEME O TPeX Cujiax, JOJDKHBI IepecekaThes B 0jiHOM Touke (Touka O). Ilo-
ATOMY peakius mapHupa 4 HamnpaiieHa B0 TuHUU AO (puc. 6.28, 6).

BBeneM B cucteMy KOOpAMHAT AXy U COCTAaBUM YpaBHEHUS PAaBHOBECHS:

Y Fix=0,R,cosa—R,cosa =0;
Y Fiy=0,R,sina+R,sina-G=0.

PewmmnB 3Ty cuctemy ypaBHEHUMN, HAUJIEM:
R, =R, =G=981H.

TpeyroJbHUK CHII U300pakeH Ha puc. 6.28, 6.
6.12. Ycnoseus paenosecus meepovix mei

IIpocTpancTBeHHas cucTeMa CWl. /[1a pagHogecus mena 6 NpoCmMpancmee Heooxo-
OUMO U 00CMAMOYHO, YMobbl CYMMbl NPOEKYUL 8CeX CUN HA KOOPOUHAMHbIE OCU U CYM-
Mbl MOMEHMOB 8CEX CUl OMHOCUMENILHO MPeEX KOOPOUHAMHBIX OCell PABHAIUCH HYJIO.

D Fix=0; ) Fiy=0; ) Fiz=0;
Y M (F)=0; Y M (F))=0; Y M,(F)=0.

B ynpoiienHo# ¢popMe 3TH yCIOBUS UHOT/IAa 3alUChIBAIOTCS TaK:

2. X=0; 3 Y=0; ) Z=0;

DM, =0; Y M =0; ) M, =0.

VYenoBust (6.16 wnu 6.17) HaA3BIBAIOT YpaABHEHUAMU PABHOBECUSL NPOU3BOILHOU NPO-
CMPAHCMBEHHOU CUCTEeMbL CUIL.

Ecnu Ha Teno, kpome cull, IEUCTBYIOT U TIaphl CUJI, 3a/IaHHBIE UX MOMEHTAMH, TO OHU
BXOJSIT B MOCJIEHUE TPU YPaBHEHUS.

Yacrable caydau. 1. [[ns npocTpaHCTBEHHON CUCTEMbBI CXOISAIIUXCS CHUJT TOJIYYUM
YK€ U3BECTHYIO CUCTEMY:

D.X=0,>Y=0, Y Z=0.

2. J171st IpOCTPaHCTBEHHOM CUCTEMbI CUJT, TApaNIETbHBIX OCH X:

(6.16)

(6.17)
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ZX =0, ZMJ,:U, ZM:=0;

ocu ¥:

>Y=0,>M=0>M,=0;

ocHu Z;

>.Z=0, ) M, =0, ) M, =0.

B mpoctpaHcTBe BCsiKO€ CBOOOJHOE TEJIO MMEET IIECTh HE3aBUCHMBIX JIBHOKCHUU -
IIeCTh cTeneHel cBo0oabl. Kaxaoe ypaBHEHHE paBHOBECHS JTUIIAET TEJIO OJIHON CTEIICHU
CBOOO/IBI, IIECTh YPAaBHEHUM JIUIIAIOT CBOOOTHOE TBEPJOE TEJIO BCEX IIECTH CTENEeHEH
CBOOO/IBI.

Ilnockast cucrema cui. M3 miectd ypaBHEHUMH PABHOBECHS B IUUJIOCKOM CHCTEME
OCTaIOTCsI TOJILKO TPU, KOTOPBIE MOKHO MPEJCTABUTh B TpeX (hopMax 3aIucCu:

- nepBas (ocHOBHas) (popma:

Y X=0,>Y=0,>M,=0; (6.18)
- BTOpas ¢opma:
Y X=0,YM,=0 Y M,=0, (6.19)

npudeM ock OX He JI0JDKHA OBITh MEPIICHIUKYISIpHA psMon JIB;
- TpeThs (hopma (ypaBHEHHUS TPEX MOMEHTOB):
Y M, =0, > M,=0, Y M.=0, (6.20)

371eCh JII0ObIe Tpu TOUKU A, B, C HE TOJKHBI JIeKaTh HA OJTHON TIPSIMOM.

6.13. Memoouueckue yxazanus K peuieHuio 3a0a4 CmamuKu Ha pagHosecue meep-
oblX meJi

[Ipu pemennn 3a1a4 Ha paBHOBECHE TBEPAOTO TeNa, K KOTOPOMY ITPUJIOKEHA TIIIOCKAs
CHUCTEMA CHUJI, HAJI0 BBITIOJHUTH TPHU MEPBHIX MyHKTA, yKa3aHHBIX B M. 6.1 1. [Ipu stom
HE00X0MMO YOeIUThCS, UTO TaHHAsI 3a]ja4a SIBJISIETCSl CTATUYECKU OMPEIETUMOM - YUCIIO0
HCHM3BECTHBIX BEJIUYMH JOJDKHO OBITh HE OoJiee Tpex (/s CHCTeMbl MapayliebHBIX CHIT -
He OoJiee ABYX).

3arem:

4. HanpaBUTh OCH KOOPJIMHAT U BHIOPATh MOMEHTHBIE TOUYKH.

5. CocTaBUTh ypaBHEHHUS PAaBHOBECHSI.

6. PemmmTh cucteMy MOJYyYEHHBIX YpaBHEHUW PABHOBECHS OTHOCUTEIHLHO HEH3BECT-
HBIX BEJIMYMH.

Ecnu B pe3ysbTaTe pelIeHUs: HICKOMAsi peaKkiusl MOJy4rIach MOJ0KUTEIBHOM, TO 3TO
3HAUYUT, YTO HAIpPaBJIEHUE €€ BHIOPAHO MPABWIIBHO, €CIM OTPULIATEIBHOM, TO HaIpaBJe-
HHUE PEaKIIMUA HEOOXOIUMO 3aMEHHTh Ha MPOTHBOIOJIOXKHOE (MOIYJb €€ IPU 3TOM OCTa-
eTCS TIPEIKHKM).

[Tocne Toro kak 3ajaua perieHa, HEOOXOAMMO TIPOU3BECTH MPOBEPKY. [l 3TOTO CIte-
JIyeT COCTaBUTh HE MPUMEHSBIIYIOCS IPU PEIIEHUA CyMMY MOMEHTOB WM ITPOEKIIUU.
[Tpu 5TOM HEOOXOMMMO YYUTHIBAThH YK€ UCIPaBJICHHBIC HAMpaBlIeHUs peakiuid. PaBeH-
CTBO HYJIO anreOpandecKkod CyMMBbI MPOEKIUNA WJIM MOMEHTOB TOJTBEPAHUT MPABUIIb-
HOCTb PEIICHUA 3a/1a4H.
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IIpumep 7. Ha puc. 6.29 cxematnuecku u300pakeH moabeMHbIi kpaH. B Touke D Ha
paccTossHUM 5 M OT ocu AB kpana nojasemieH rpy3 P = 50 xH. Cuna 1sbkectu kpaHa G =
30 kH. OnpeaenuTsb peakiuy MOAMSITHUKA A U MTOITUITHUKA B.

| SM___ |

Puc. 6.29

Pemenue. PaCCMOTpI/IM PaBHOBCCHC KpaHa. PeaKI_[I/IH RB IIOAIINITHHUKA B HallpaBJICHA
MNCPIICHANKYIIAPHO €TI0 OCH, PCAKIHIO ITOAIIATHHUKA A Pas3Io’KHUM Ha ABC COCTABJIAKOLIUC.
Xym YA. Takum 06p330M, K KpaHy IIPUJIOKCHA IINIOCKasd CUCTCMaA ILATH IIPOU3BOJILHO pacC-
IMOJIOKCHHBIX CHJI, U3 KOTOPBIX TPU HCU3BCCTHEI. HpI/IMeHI/IM K 9TOM CUCTEME aHaJIMTHYe-
CKHE YCJIOBH PAaBHOBECHA M COCTAaBUM TPHU YPaBHCHU.

> M,=0; +R,-7-G-1,5-P-5=0,
D X=0; -R;+X,=0,
>Y=0;¥,-P-G=0.

Pemast nepBoe ypaBHEHUE, MTOTYUYUM:

R,=(G-1,5+P-5)/7=(30-10°-1,5+50-10-5)/7 =
=42,1-10° H=42,1xH.

N3 BTOpOro ypaBHEHHUS CIEIYET:

X,=R,=42,1kH .

N3 TpeThero ypaBHEHUs HAXOIUM

Y,=P+G=50+30=80«H.

[IpoBepum pelieHrEe, COCTaBUB KOHTPOJIBHOE YPABHEHHME MOMEHTOB OTHOCHUTEIIBHO
TOYKHU B

Y My=0; -G-1,5-P-5+X,-7=
=-30-1,5-50-5+42,1.7=-295+294,7=0

IIpumep 8. Ha ropuzonTanbhyto 6aiky 4B, 3a7ielaHHyI0 B CTEHY B TOUKEe A JeiCTBY-
et cuna P = 400 H, npunoxxennast B Touke B nox yrioM o = 30° K BEpTHUKaId U MOMEHT
M = 3000 Hm. Ha yuactke BC neiicTByeT paBHOMEPHO pacHpejesicHHash Harpys3ka HH-
TeHCUBHOCTBIO (| = 250 H/m. Onpenenuts peakiuu B 3azeinke (puc. 6.30).
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Puc. 6.30

Pemenne. 3aMEHHM PaBHOMEPHO pacIpe/ielICHHYI0 HArpy3Ky COCPEIOTOYCHHON CH-
nou Q, mpuioxenHoi B Touke D (cepeaune BC) u paBHO#

O =gBC=250-4=1000 4 .

Paccmotpum paBHOBecue Oanku. K Hell mpuitokeHbl akTHUBHBIE Harpysku: P, Q, M.
OcBoOoaUMCS OT CBSI3M - 33JI€JIKH, 3aMEHUB €€ BEPTUKAIBHOUN peakiueit Y —p , TOPU30H-
TaJBHOMN peakiue X—a 1 MoMeHTOM M3 (puc. 6.30, 6).

3amaua cTaTHYECKH ompenenuMma. HampaBuM ocu KOOpJIWHAT U COCTABUM ypaBHEHHS
paBHOBECHS:

Y M, =0; —Pcos30°-6-Q-4+M+M, =0 (a)
>.X=0; X,~-Pcos60°=0; ©6)
> Y=0; ¥,—~Q-Pcos30°=0. (8)

VYpaBHenwue (a) MO3BOIMT OMPEACIUTE MOMEHT 3aICIKH

M, =Pcos30°-6+Q-4-M =400-0,866-6+
+1000-4-3000 = 3075 Hm.

W3 (0) HaXoA¥M rOpU30HTAIBHYIO PEAKIIHIO

X ,=Pcos60°=400-0,5=200H.

W3 (B) onpenensieM BEPTUKAIBHYIO PEaKIIHIO

Y, =0+ Pcos30°=1000+400-0,866 =1346 H .

[TpousBeneM mpoBepKy, COCTABUB CYMMY MOMEHTOB OTHOCUTEIHHO TOUkH C:

> M, =M,-Y-2+M~Q-2-P-4c0s30°=
=3075-1346-2+3000-1000-2~-400-4-0,866 =
=6075-6077=0.

Ipumep 9. I'pys Q = 500 H mognumaeTcss mpu MOMOIIM BEPTHKAIBHOTO BOPOTA.
Omnpenenutb TOPU3OHTATBHYIO CUTY P, PHIOKEHHYIO K PYKOSTKE BOPOTA MO YTIIOM 0.
= 30°, a TaKKe peakluu MOJIIMIHUKOB A U B, ecnu ydacTok BepeBkU EK mapajuieneH
pykostke CD. Cuna tsbxectn 6apadana G = 200 H, r = 0,1 m, a = 0,25 m, b =0,35 cm, ¢
=0,15muCD =1=0,5m (puc. 6.31, a).
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Pac. 6.37

Pemenune. PaccMoTpum paBHOBecue BopoTa (puc. 6.31, 6). K Hemy mpuiiokeHbl ak-
TuBHBIE cuiIbl: G—, Q—, P—. OTOpocuM cBsI3U, 3aMEHHUB UX peakiusiMu. Peakius Be-
PEBKH MPUIIOKEHA K BOPOTY B Touke E u uncienHo paBHa Q. [loamsatauk 4 naer tpu pe-
aKkuu Z—a, X—a, Ya, a oropa B - n1Be X—g, Y—p. Bcero nmeercs mectr HeM3BECTHBIX
(uckoMass P— u maTh peakuuii) - 3aJaya CTaTUYSCKU onpeaeanMa. HampaBum ocu Koop-
JIMHAT U COCTABUM IIECTh YPABHEHUI PaBHOBECHS:

ZX::O; Psina+X,+X,=0; (a)
2.¥Y=0;  -Pcosa+Y,+Q+Y¥,=0; (6)
3Z=0; -G+Z,=0; (8)
Y M, =0; Pcosa(a+b+c)-Y,(a+b)-Qa=0; (r)
ZM,, =0; Psina(a+b+c)=X,(a+b)=0; (n)
> M,=0; Qr-Plsina=0; (e)
Permas (e), monyuaem

Pt _50010 oo

Isina 0,5-0,5
W13 ypaBHeHus (T)
i P(a+b+c)cosa—~Qa 200-0,75-0,866—3500-0,25
g a+b 0,25+0,35
U3 (B) mHaxomum Zp = G = 200 H.
Permast (1), momydaem

X __P(a+b+c)sina _200:0,75-0,5 125 H
? a+b 0,60 '

W3 ypaBHEHUA (a) (6), COOTBETCTBEHHO, IMEEM:

= Psina—- X, =-200- 05+]25 25 H,
YA=Pcusa—Y3—Q-200 0,866-8,3-500=335H

Taxkum 00pa3oM, TPUHATHIC HAMIpaBICHUS Xg U Y ClIETyeT U3MEHUTH Ha MPOTHUBOTIO-
JIOXKHBIE.

=83 H.
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Nk owdPE

9.

KoHTpoJibHBIE BOPOCHI

Kakyto cucteMy Ha3bpIBalOT Mapout cui?

Kaxkoe nelicTBre Ha TeJI0 OKa3bIBAET Mapa CUi?

Kak onpenensitor Moayib U 3HaK MOMEHTA Maphi?

KaxoBsI cBoiicTBa nap?

UTo Ha3bIBaCTCSI CUCTEMOW CXOMSAIINXCS CUIT?

Kak ompenenuts paBHOICHCTBYIOIIYIO CUCTEMBI CHIT?

KakoBbl yci0BHsI paBHOBECHUSI CUCTEMBI CXOASIIUXCS CUTT?

[lepeuncinre MOCIENOBATENLHOCTh PEIICHMS 33]1a4 HA PAaBHOBECUE CHCTEMBI CXOJIf-
IIUXCS CHIL.

Yrto HE0OXO0AUMO /IJIsi paBHOBECHS TEJIa B IPOCTPAHCTBE

10.HazoBuTte Tpu popMBbI ypaBHEHUN PaBHOBECHS TIIIOCKON CHCTEMBI CHIL.
11. Kak BBINOJIHUTH IPOBEPKY MPHU PEIICHUH 3a/1a4 HA PABHOBECUE TUIOCKOW CUCTEMBI CHII
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7. OCHOBbI KHHEMATUKHA

7.1. Ocnoeénbvle nonamus u 3a0a4u KUHEMAMUKU

B kuHemaTuke M3y4yaroT JBHKEHHE MaT€pUAIbHOW TOUYKM M CHUCTEMbI MaT€pUATbHBIX
TOYEK, B YACTHOCTH, a0COJIFOTHO TBEPJAOIO TeJla HE3aBHCHUMO OT JCUCTBYIOIIMX HA HUX
cw. JIBUKEeHHE, KaK U MOKOM, - MOHATHE OTHOCUTEIBHOE; OHO 3aBUCUT OT BhIOOpa CH-
CTEMbI OTCUETA U U3y4YaeTCsl B IPOCTPAHCTBE U BpeMeHUu. Cucmema Koopounam, cesa3aH-
Has ¢ MEePObIM MeNOM, N0 OMHOULEHUIO K KOMOPOMY ONpeoesiemcs NoA0dCeHue Opyeux
mel 8 pazHvle MOMeHMbl 6peMeHU, Hazvieaemcsi cucmemotl omcuema [9].

Crnenyer paznuyaTh TEPMUHBI - 'MOMEHT BpEMEHHU'"' U 'MTPOMEKYTOK BpEMEHU "

Ilpomedsicymkom epemenu HA3v18aiom pasHOCMb Medxcoy 0Oonee NO30HUM U PAHHUM
MomeHmom epemeru. IIpOMEKyTOK BpEMEHU - BCET1a MOJIOKHUTEIIbHAST BEJIMYHHA.

B MexayHapo HO# cucTeMe eAMHUIL 32 CIUHUITY BpEMEHH MPHHATA CeKyHAa (C).

OnpenenuTs JBUKEHUE TOYKHU - 3TO 3HAYUT 334aTh MOJOKEHHE 3TOM TOYKE OTHOCH-
TEJIbHO BBIOPAHHOI CUCTEMBI OTCUeTa B JIFOOOH MOMEHT BpeMeHH. OnpeleanTh ABUXKeE-
HUE Tella - 3TO 3HAYUT 3a7aTh MOJOKEHUE KaXIOW TOUKH 3TOTO TeJa OTHOCUTEIBHO BbI-
OpaHHON CHCTEMBI OTCUeTa B JIEOOOM MOMEHT BpeMeHu. CrocoOOB 3aJaHusl ABUKEHUS
TOYKU TPH: ecmecmeenuvili (3a1aeTCsl TPACKTOPHS TpapUUeCcKy WU B BUJC YPaBHCHHUS);
KoOpOuHammuwill (331aeTCsI 3aKOH JABIKCHUSI TOYKH B KOOPAMHATHOH (opMme, T.€. KOOp/Iu-
HAThl TOYKH KaK (QYHKIIUU BPEMEHU); 6EKNMOPHbIIL.

I'eomempuueckoe mecmo NOROACEHUU OBUNCYWELCS MOYKU 8 PACCMAMPUBAEMOU CU-
cmeme omc4ema Ha3vleaemces mpaexmopuel mouKu.

Momenmom epemenu t cuumarom yucino cekyHo, onpeoensioujee OaGHHOEe MSHOBEHUe
OM HEKOMOpPo20, YCI08HO NPUHAMO20 HAY4AIbHO20 Momenma (Hayana Osudicenust). Mo-
MEHT BPEMEHH MOXET MPUHUMATH JIFOObIC 3HAYCHUS: HYab (HaYallbHBIH MOMEHT); NOJ0-
orcumenvivle (MOMEHTBI, CICIYIONIUE 3a HAYAIBHBIM), ompuyamenvhbie (MOMEHTHI
NpebIAYIIHE HA4aIbHOMY).

Ecnu TpaekTopus - npsiMasi JIMHUS, IBHKEHUE TOUYKH HA3bIBAIOT NPAMOIUHELHbIM, €C-
JIM 5K€ TPAEKTOPHS - KpUBasl JIMHUS, TO ABMKEHUE HA3bIBAIOT KPUBOJIUHEWHBIM.

Paccmosnue, npoiidennoe moukoi 3a paccmampusaemvlil. NPOMeNCYMoK 6peMeHuU,
uMepeHHoe 8001b MPAEKMOPUY 8 HANPABIEHUU O8UICEHUs MOYKU, NPeocmasisem co-
oou nyms mouku. BekTop, mpoBeeHHBIN U3 OJHOTO MOJIOKEHUSI TOUKU B IPYroe, Ha3bl-
BaeTCs NEPEMEIICHHEM TOYKH 3a COOTBETCTBYIOIIMM TPOMEKYTOK BPEMEHH. 33 €AMHUILY
paccTostHUs TPUHAT MeTp (M).

BenuunHy, xapakTepu3yloulyto ObICTPOTY M HallpaBJICHUE ABM)KCHUS Teja MO Tpack-
TOPUHM C TEYEHUEM BPEMEHH, HA3bIBAIOT CKOPOCTBHIO JBMKEHHs. CKOpPOCTh - BEIUYMHA
BEKTOpHasl.

B o6miem ciydae, eciii MOZyJib M HalpaBJIE€HUE BEKTOpPa CKOPOCTH C TEUEHUEM Bpe-
MEHU H3MEHSIOTCS, TO JABUKEHUE SIBIIACTCA HEPAGHOMEPHbIM W KpugoauHetHviM. Ecnu
MOJAYJIb W HANpaBJIEHUE BEKTOPA CKOPOCTM HE M3MEHSIOTCS C TEUEHHUEM BPEMEHH, TO
JBUKEHUE OYAET pagHOMepHbIM U NpAMOIUHElHbIM. BO3MOXHBI U ApyrUe 4acTHBIE CIIy-
Yyau JABWKEHUS, IPU KOTOPBIX MEPEMEHHbI JUOO MOJYJb, JUOO HAMpaBIEHUE BEKTOPA
CKOPOCTH. 32 SUHHILY MOJYJISI CKOPOCTH PUHUMAOT M/C.

54



bvicmpomy usmenenuss ckopocmu no epemenu HA3bIBAIOM YCKOPEHUEM OBUNCEHUS.
YckopeHue, Kak U CKOPOCTh, SIBJISIETCA BEKTOPHOM BEIMYMHOW. ENWHULIEN H3MEpEeHUs
yCKOpeHus siBisieTcs M/c?,

B xnuHEMaTHKe paccMaTpUBAIOTCS JBE OCHOBHBIE 3a4a4H:

1) mony4eHue 3aKOHA JBUKCHHS TOUKH (Tea);

2) ompejeiieHne KMHEMAaTHYSCKUX XapaKTePUCTHUK ABMXKEHUs Teda (CKOpOCTH, YCKO-
PCHHSI, TPACKTOPHH, ITyTH) IO H3BECTHOMY 3aKOHY €TI0 JIBMKCHUS.

7.2. Ilpocmeiiuiue osuxcenus meepoo2o mena u mouku

IocTtynareabHoe aBM:KeHUe. [locmynamenbHblM HA3bLIBAIOM MAKOE OBUNCEHUE
meep0ooco meid, K020a 6ce e20 MOYKU 08UAIOMC NO MPAEKMOPUAM 0OUHAKOBOU (hop-
Mbl U 8 KadHCObLUL MOMEHM 8PEMEHU UMEIOM CKOPOCMU U YCKOPEHUsl, paBHble NO MOOYIIO U
Hanpaegienuio.

[Ipu mocTymatenbHOM IBYKCHHH JTF00as MpsiMasi, COSTUHSIONIAs IBE TOUKH Teja, Te-
peMeniaeTcsl napajvielbHO caMoi cebe, a BCe TOYKH €ro OMUCHIBAIOT TOXKIECTBEHHBIC
Tpaektopuu. Tak, mpu nepeMeIeHuy TBeporo Teia u3 nonoxenus | B 1V(puc. 7.1) nps-
Masi AB, coenuHsIONas JBe €ro To4ku A u B, mocienoBaTeabHO 3aHUMAET MOJI0KEHUS

AlBl, Asz 51 AgB3 [8]
I

I

I V., [ 4

[

%

Puc. 7.1. IloctynarenbHOE IBUAKEHHUE TBEPIOTO TEIIA

B 3aBucumoctu oT (GOpMBI TPACKTOPUHU MOCTYHATEIbHOE JBIKEHHUE MOXKET OBbITh
NPAMOJIUHEUHBIM WA KPUBOIUHEUHBIM.

CKOpOCTH M YCKOPEHUSI BCEX TOUEK MOCTYyNATEIbHO JBIKYIIETOCs Teja Mo MOAYJ0 U
HaIPaBJICHUIO PABHBI MEXK]Ty COOOI:

V—ar=V—p=...\V—,, a—>a=a—p=...a—.

CrnemoBaTesibHO, €CIIM BCE TOUKHU JBUXKYTCS OJJMHAKOBO, TO H3YYEHUE MOCTYNATEIbHO-
ro JIBIDKCHHSI TeJa CBOJMUTCS K M3YYCHHIO JBIKEHUS KaKOW-TMOO OJHOM M3 €r0 TOYEK.
Yame Bcero B Ka4eCTBE ATOM TOUKH BEIOMPAIOT LIEHTP TSHKECTH Tela.

OnHako HEOOXOAUMO Pa3INUuaTh HOCMYNAmenbHoe 08UdNCeHUe Mmeepio2o mena v npsi-
MoOnuHetiHoe 0gudceHue moyku. TOYKH TBEpAOro Teja, ABUKYLIErocs MOCTYyHaTelbHO,
MOTYT OMHCHIBATH JIIOOBIE TPACKTOPHHU, B YACTHOM CJIy4dae ITH TPACKTOPUU MOTYT OBITh
IIPSMOJIMHEUHBIMU.

OCHOBHBIC KHHEMATHYECKHUE AJIEMEHTHI MOCTYNaTEILHOTO JIBH)KEHUSI TBEPAOrO Tea:
JUHEHHOE mepeMenieHue S (m), TuHeHas CKopocTh V— (m/c) TMHEHHOE yCKOpEeHHEe a—>
(mlc?).

B o6uiem cnyuae (puc. 7.2)

a=an+a., a=a’+a’, (7.1)
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rie a—n - HOpMajabHOE yckopeHue. OHO XapakTepu3yeT U3MEHEHUE CKOPOCTH IO
HaIpaBJIEHUIO, T—, - TAHTCHIMAIbHOE yckopeHue. OHO XapaKTepU3yeT U3MEHEHUE CKO-
POCTH 110 MOAYJIIO.

y

7.2. llpsimoe, HOpMaJIbHOE U KacaTeIbHOE YCKOPEHUE TOUKH

Moaynbs TaHT€HIUAIBHOTO YCKOPEHUS OMPEAEISIETCS BTOPOM MPOU3BOJHOM PACCTOS-
HUSI 110 BPEMEHU:

d’s dv
=E—= " 7.
a, i (@) (7.2)

Bektop a—; HampaBJieH 10 KacaTeabHON K TPACKTOPUH.
Ecm a, > 0 u V> 0 wm a, < 0, V< 0, TO IBWXKEHHE yCKOpeHHOe W BEKTOP a—;

Puc. 7.3. Yckopennoe (a) u 3ameyieHHOe (6) TBHXKEHUE TOUKHU

Ecmu a, <0 u V>0 unu @, > 0 u V< 0, To IBHKEHUE 3aMeldIeHHOe U BEKTOp a—; HalpaB-
JICH B CTOPOHY, MPOTHUBOIOJIOXKHYIO BEKTOPY CKOpocTH (puc. 7.3, 6).
Moynb HOpMaJbHOTO YCKOPEHHS paBEH OTHOIICHUIO KBaJpaTa MOAYJSI CKOPOCTH K
panuycy KpUBU3HBI B JAHHOM TOUKE TPACKTOPUHU
V?
a =—. (7.3.)

HopmanbHOE yCcKOpeHHEe BCerna MOJI0KUTEIbHO U HANPABJICHO K LUEHTPY KPUBU3HBI,
IIO3TOMY €r0 MHOTJA HA3bIBAKOT YEHMPOCMPEMUMENbHBIM YCKOPEHUEM.

Yacruble ciayyan. 1. Ecnu Touka ABMKeTCS TPSIMOIMHENHO U HEPABHOMEPHO, TO p =
00, M, CIeJIOBaTENIbHO, dn = 0, a = a..

2. Ecnu Touka qBuKeTCS MPSIMOJIMHEWHO U paBHOMEPHO, TO an = 0, a;, = 0 u a =0.

3. Ecniu Touka ABMKETCS 1O KPUBOJIUHEWHON TPAEKTOPUHU PaBHOMEPHO, TO @, = 0 1 a
= an= 0. [Ipy paBHOMEPHOM KPUBOJMHEWUHOM JIBUKEHHHU TOUYKU 3aKOH JABMXKEHUSI UMEET
Bua S = Vi. Ecim ske Touka coBepIiaeT paBHONEPEMEHHOE KPUBOJIMHENHOE ABUKEHUE, TO
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2
at
— — T

V=V,+at, s=Vit +-—:-?—- (7.4, a)

npudeM, eciau V> 0 u a, > 0 (i V< 0 u a,< 0), To IBIKEHUE pa8HOYCKOPEHHOE; €CIIN
V>0, a,<0 (um V<0, a,>0), To IBIKECHUE pagHO3aMedNIeHHOe.

CpenHI0I CKOPOCTh MPU PaBHOMEPHOTICPEMEHHOM ABM)KCHHUH OIPEACISIOT KakK IO-
JYyCyMMY HAa4aJIbHOM U KOHEYHON CKOPOCTH:

Vo +V,
K: o _..'?._2._.‘.‘..’ (7.4, 6}
KacaTelIbHOE YCKOPEHHE
V=V
a = = conslt (7.4, B)
[
Torna, pemast coBmectHo (7.4, a) u (7.4, 8) moydum
2 2
s=teto
2a

T
BpamaTe.ﬂbHOQ ABHIKCHHE. ﬂ@uofceﬁue meepdoeo mena Hasovlearwn epauiamelbHbimM,

eciu 8 0BUNCYWEMC mejle UTU He €20 UMEEeNnCsl OCb 8PAujeHUsl, KOMOpas Npu epaujeHuu
ocmaemcsi HenOOBUICHOU, a NJIOCKOCMb, NPOBEOCHHASL Yepe3 M) OCb U NPOU3BOJILHYIO
MOYKy mea, cosepuiaem nogopom 80Kpy2 OCU.

3aKOHOM, WJIM YpaBHEHHWEM BpAIATEIbHOTO ABUKEHUS TeJla BOKPYT HEMOJIBHKHOMN
OCH, Ha3bIBAIOT PABEHCTBO, MIPH IMOMOIIM KOTOPOIO 3a/1a€TCs yToj MOBOPOTA Tela ¢ Kak
¢byukuus Bpemenw, 1.e. ¢ = f(t). Yromn noBopora usmepsiercs B paguanax (pam) - 0e3pas-
MEpHBIX €IMHUIIAX. BrICTpOTY U HampaBieHUE BpaleHUsl Tella XapaKTepU3yeT YriioBas
CKOPOCTb v, paBHasi IEPBOU MPOU3BOTHOM 110 BPEMEHHU OT yIJia MOBOPOTA:

_do _
@ = v f(@).

TpaexTopueii 11000M TOUKU A, TpUHAANEKAIICH Bparmiaroniemycs Teny K u oTcTos-
nie ot ocu BpauieHus: O Ha PacCTOSIHUU I, SIBIISIETCS

Puc. 7.4. CkopocTs (a) u yckopeHue (0) TOUKH BpaIIaroIerocs Teia

OKpPY>XHOCTb panuycoM I (puc. 7.4). Eciu 3a Bpemsi ¢ Tel0 MOBEPHYJIOCh Ha yroyl ¢ U
UMEET B 3TOT MOMEHT BPEMEHH YIVIOBYIO CKOPOCTb (» U YIJIOBOE YCKOPEHHUE &, TO:
a) TMHENHOE MepeMeIleHre TOUKH (JIJTMHA TYTH)

S=rp; (7.6)
0) ee NTMHEITHAas CKOPOCTh
V=rw (7.7)

57



W HampapjieHa IO KacaTeJIbHOM K OKPYKHOCTH U B CTOPOHY BpailleHHs. Tak Kak @ =
7n/30, TO IS OnpeaeIIeHUs JIMHEHHOM CKOPOCTH Ha 000/e auaMmeTpoM d 9acTo HCIOJIb-
3YIOT BhIpaKEHUE:

d-w ndn
V= = : (7.8)
2 60
B) TaHIMeHIIMAJIbHOE (KacaTelbHOE) YCKOPEHHUE
a =re (7.9)

I10 HaIIpaBJICHUIO COBIIAZacT CO CKOPOCTHIO \Y IIpU YCKOPC€HHOM BpaIll€CHHUU U IIPOTH-
BOITIOJIOKHO BEKTOPY CKOPOCTH IIPHU 3aMCIAJICHHOM BPAIlICHUH,

F) HOpPMAJIBHOC ngOpeHI/Ie

2
a = V = (m) = mjr (?.10)
r r

M BCEraa HaIpaBJICHO IO paanuyCy I' K OCH BpalllCHUS,
,Z[) YCKOPECHUE TOYKH A paBHO FCOMeTpI/I‘IGCKOﬁ CYMM€ HOPMAJIBbHOTO U KaCaTCJIbHOI'O

CKOpPEHUH, T.€. a— = a—>; = a—n. MOIYIb YCKOPEHUS OIIPEACISIIOT IO (hopMyIIe:
b

2 232 2 4
a=+J(er) +(@*r) =rfe* + o' . (7.11)
VYckopeHne OTKIIOHEHO OT HOpMajiid K TPAeKTOPUM Ha HEKOTOPBIN yroJl, onpesessie-
MBIA U3 COOTHOIIEHHUS.

rga:-g-"-=—&%. (1.12)

"
OCHOBHBIC KHHEMATHYECKHE DJIEMECHTHI BpaliaTCJIbHOI'O ABMKCHUS: YITIOBOC IICPC-

metenue ¢ (pao), yriaosas ckopocTs o (¢t), yrimosoe yckopenue ¢ (¢?), uncio 060poToB
n (o6/mumn).

Ecnmu @ u ¢ HanpaBiensl B 0HY cTopony (o > 0, ¢ > 0 wmn w < 0, & < 0), To Bpare-
HUE YCKOpeHHOoe, €CITU HaTpaBIlIeHbl B pa3Hbie cTOpoHB @ < 0, & 0 wm » > 0, € < 0), TO
BpaieHue 3amedieHnoe. OTMETUM, YTO TOJOKHUTEIbHBIM U OTPUIIATENbHBIN 3HAKHU @, O,
€ ONPENENSIFOTCS COBIMAJCHUEM WM HECOBIAJACHHEM WX HAIpaBJICHUN C BBIOPAHHBIM
HaIpaBIIEHUEM OTCYETa yTJIOB MOBOPOTA.

YacTHble cJyyan BpallleHus Tena:

1. Ecin @, = ® = const, T.e. ¢ = 0, TO BpalieHue mena pagnomeproe. B 3Tom ciydae
@ = wot, TIIE ®o - HAYaJIbHAS YTJI0Basi CKOPOCTb.

2. Ecniu & = const, To BpaleHue Teia Ha3bIBalOT pagHonepemennsim. B 3TOM cityuae

Wy = @y + &l @:a)ﬂt+-£—;-. (7.13)

IIycts HEKOTOPOE TEJIO 3a BpeMs { MOBEPHYJIOCH HA YTOJI ¢, YBEIUYUB CBOIO YIIIOBYIO
CKOpPOCTh C HAYAJIIBHOTO 3HAYECHUS (o A0 KOHEUHOIO, IIPU 3TOM YIJIOBOE YCKOPEHHE CO-
ctaBiisio ¢. [lonHbli yros moBopoTa omnpeaenum 1o (7.13) wiu, BBeAsl CPEAHION YTII0-
BYIO CKOPOCTb (¢p = (@, + @0)/2, U3 BEIPOKEHUS:

@, + @)t
p=a,l= LAl g .
Tak kak t = (wx - wo)/2, TO yroj MoBOPOTa MOXKHO BBIPA3UTh HHAYE:

_ (o, +a)@, -a,) _ w: —“’:
2¢ 2¢

[ (7.14)
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7.3. Cnoacnoe osusricenue mouKku

Jlo cux mop paccMaTpuBaJIOCh JBUKEHUE TOUKM IO OTHOLIECHHUIO K OJHOM CHUCTEME
KOOPAMHAT, KOTOPYIO CUMTAIM HEMOJBMXXHOW. B Mupe Bce HaXoauTcs B HENMPEPHIBHOM
JIBM>KCHUM, W HEMOJBH)KHASI CUCTEMA KOOPAWHAT B JCHCTBUTEIBHOCTH HE CYIIECTBYET.
[ToaTOMy Hepenko BO3HHMKaeT HEOOXOAMMOCTh paccMaTpUBaTh JABUKEHUE TOUYEK OJIHO-
BPEMEHHO K JIByM CHCTEMaM OTCYETA, OJIHA U3 KOTOPBIX YCIOBHO CUUTAECTCS HEMOABUXK-
HOMH, a BTOpas ONpe/IeICHHbIM 00pa30M JIBUXKETCS M0 OTHOUIEHUIO K MepBoil. [IBrkeHune
TOYKH B 3TOM CJIy4dae Ha3bIBacTCs Cr10dcHbIM [8].

JIBr>kKeHUE TOYKHM MO OTHOIICHUIO K HEMOJABUYKHOM CHUCTEME KOOPAMHAT Ha3bIBACTCS
abcontomuvim. JIBKEHWE TOYKH TO OTHOIICHHWIO K TIOJIBMDKHOW CHUCTEME KOOpPIWHAT
Ha3bIBAETCA OMHOCUMENbHbIM. JIBUKEHNE TOUKU BMECTE C MOJABUXKHON CUCTEMOU KOOp-
JIMHAT 10 OTHOIICHUIO K HEMOABUKHON HA3BIBACTCS NEPEHOCHbIM.

Jns mpuMepa pacCMOTpPUM JBH>KCHUE MOAHMMAEMOTO MPHU MOMOIIM KpaHa rpys3a B
YCIOBUSIX, KOTJIa CTpela KpaHa OJHOBPEMEHHO MOBOPAYMBAETCA BOKPYI CBOEHM OCH.
JBrKymencs: CHCTEMOIM OTCUETa B 3TOM Cllydae SIBIsieTCs cTpesa KpaHa. OTHOCUTEIbHO
HEE Ipy3 ABUKETCA MPSAMOJMHENHO BBEPX - 3TO OTHOCHUTENBbHOE JBMkKeHUE. OQHOBpeE-
MEHHO BMECTE CO CTPEJION TIpy3 COBEPIIAECT ABMIKEHHE IO AYre OKPYKHOCTHU OTHOCH-
TEJIbHO "HENMOABWKHOM" 3eMJIN - 3TO IEPEHOCHOE JABMKEHHUE I'Py3a.

HabGmronatens, crosimuii Ha 3emiie, BUIUT aOCOJIOTHOE JIBMIKEHUE I'Py3a, CKIIaJIbIBa-
IOIII€ECs U3 JIBYX MPOUCXOAIIUX OJJHOBPEMEHHO JABUKECHHUIA.

CloKHBIM TaKXe SIBISETCS ABMXKEHHE YEJIOBEKa MO JBMKYIIEHCS JICCTHUIE dCKajia-
TOpa: IBMKEHUE YEJIOBEKA MO0 OTHOIICHHUIO K CTYNEHSM SBJISIETCS OTHOCUTENIBHBIM, a Tie-
pPEMEILIEHHE €r0 BMECTE CO CTYNEHSMU OTHOCHUTEIHHO HEMOJABUKHBIX CTEH TOHHENS SIB-
JSIeTCSl EPEHOCHBIM. AOCOIOTHBIM OyEeT ABMIXKEHHE YelIOBeKa OTHOCHUTEJIBHO HEIO-
JIBU>KHBIX CTEH.

Takum o0pa3zoM, aOCOJIIOTHOE JBUKEHUE TOYKU - COBOKYIMHOCTh JBYX JIBH)KCHUU: OT-
HOCHUTEJIBHOTO M TiepeHocHOro. [Ipu 3TOM paznuuaror abCOMOTHYIO, OTHOCUTEIBHYIO U
MEPEHOCHYIO TPAEKTOPUH M, COOTBETCTBEHHO, TAKHUE K€ CKOPOCTH U YCKOPEHUS TOUKHU.

PaccMmoTpum, Kak omnpenesstoT aOCOM0THOE NBM)KEHUE TOUKH (T. €. a0COIOTHBIE Tie-
pEMEILIEHHS], CKOPOCTh U YCKOPEHUE), €CIIM €€ OTHOCUTENIBHOE U MEPEHOCHOE JBUKECHUS
MPSIMOJIMHEWHBI U HAMPABJIEHBI MOJT YTIIOM APYT K JIPYTY.

[Tycteb rpy3 M (puc. 7.5) IBUKETCSA MO HAKIOHHOW TJIOCKOCTH U 332 IPOMEXYTOK Bpe-
MeHHU Al mepemeniaeTcss OTHOCUTENbHO Hee Ha AS,q,. 3a 9TOT e MPOMEKXYTOK BpEMEHU
HAKJIOHHAS IJIOCKOCTh JABUKETCS MPSMOJUHEWHO, U TPY3 BMECTE C HEW COBEpIIIAeT mepe-
HOCHOE repemenieHue AS,,.

M

POer v

V"' <.v.:_

(@) (@)
T7777777 77777777, Vﬁ’////////{‘/.‘./tz;-’////ﬂ///////}

P

Puc. 7.5. CnoxxHoe nocTynaTeabHOE IBUKEHHE

Ecnn n300pasuts 3TH nepeMenieHnst B BUJe BEKTOPOB AS,., u AS,., , HanpaBiIeHUs
KOTOPBIX COBIMAJAIOT C HAMPABJICHUSAMH COOTBETCTBYIOIIMX ABWUKEHUH, TO JIMAaroHAJb
napajuiesorpaMma, HoCTpOECHHas
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Ha ATUX BeKTopax (puc. 7.6, a), OyaeT abCOMOTHBIM MEPEMEIICHUEM I'py3a U3 TOYKU
MB TOUKY M.

AS osc = AS omu + DS nep (7.15)

3Has At, B Te4eHHEe KOTOPOro NPOUCXOIUIIO0 JBUKEHUE, TOTyYUM

V abe = V..;+Vw (?.16}
.ﬁSm-,p ﬁ_’lep M
iz A
_._.'&.‘E'.EE - Vorn Vate
Vnﬁc
a) 6) B)

Puc. 7.6. Cnoxxenue nepemenieHuii (a) u ckopocrei (0, B) IpH CII0KHOM MOCTYTATEIb-
HOM JIBHKCHUHT

CiemoBaTelbHO, B ClIydae, €CJIH OTHOCHTEILHOE U MEPEHOCHOE IBIIKEHUS IIPSIMOJIH-
HEHHBI, a0COIIOTHAS CKOPOCTh B Ka)KIbIii MOMEHT BPEMEHHU ONPEAC/IIeTCS KaK reOMeT-
pudecKas cyMMa OTHOCHTEIbHOW W IEPEHOCHOH ckopocteid. I'paduuecku abCOIIOTHAS
CKOPOCTh TOYKH MOKET OBITh OIPEIEICHA 110 IIPaBIITy HapajuieorpaMMa Wi TPEyTroib-
Huka (puc. 7.6, 6, 6).

Jliis ompeencHus MOIyJIs aOCOTIOTHOM CKOPOCTH MOYKHO HCIIOIB30BaTh TEOPEMY KO-
CHHYCOB:

V.. =\/V,§W +V2 +2V, -V,. -cosa, (7.17)

IZI€ o - YTOJ MEXIy HalpaBJICHUSIMHU OTHOCUTEIBHON M EPEHOCHOM CKOPOCTEM.
[Ipu o = 90°

V., = ,{V;P +V2 (7.18)

89
AHaJIoTH4YHBIC PaACCYKACHMSA ITO3BOJIAIOT IMMOJYYHUTDH BBIPAKCHUC IJI1 YCKOPGHHﬁ:

Ho cienyer nOMHHTB, YTO 3TO BBIPAKEHUE CIPABEIJIMBO JIUIIb JIJIA CiIydasi, KOTJa me-
PEHOCHOE IBM)KEHHE SIBJISICTCA MOCTYIIATEIIbHBIM.

PaccMoTpum BTOpOM ciydai, KOrja CJIOKHOE JBUKEHUE COCTOUT U3 OTHOCUTEIBHOIO
BpallaTeJIbHOTO M MEPEHOCHOI0 MOCTYIMATEIbHOrO0. B TEXHMKE WMIMPOKO BCTPEUAETCS
OJIMH M3 BUJIOB CJIOKHOTO JBMKEHUS Tela - nI0CKonapaienvHoe osudicerue. OHO TOIY-
4aeTcsi B TOM CJIy4dae, KOT/Ia BCE TOYKH ABHMXKYIIETOCS Teja MEPEMEIIAOTCS B IIOCKO-
CTSIX, MapauIeIbHBIX JAHHOW HEMOJBM)KHOM MJIOCKOCTH. TakoBO, HaIpUMEpP, ABHKEHHUE
IaTyHa B KPUBOLIMIIHO-TIOJI3YHHOM WJIM KPUBOILIMIIHO-KOPOMBICIIOBOM MEXaHHU3MeE, Ka-
YEHHE KOJIECa MO MPSIMOJIUHEHOMY PENBLCY U T.I.

BBenem nonsitue mostroca. [lonrocom Hazwlearom mouky, 80Kpy2 KOMOpoUu 0CYuecmes-
Jisiemces nogopom meJa.

Ha puc. 7.7 noka3aHo CII0)KHOE IIIOCKONIApAIUICIIbHOE JBUKEHUE TEJIA, COCTOSAIIECE U3
BpaIllaTeJIbHOTO0 BOKPYT MOJIOCa (3a HEro MpUHSTAa TOYKa A) ¢ YIrJI0BON CKOPOCTBIO @, U
MOCTYIATEIBLHOTO BMECTE C IMOJIIOCOM CO CKOPOCTBIO V—». IlocTynarenbHoe BUKEHUE
ABJISIETCS EPEHOCHBIM, BPAIlaTEIbHOE - OTHOCUTEIBHBIM [4].
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Haiinem aOcoIOTHYIO CKOPOCTh JIF0O0M APYrol TOUKM Tella, HalpuMep, TOUKH B Kak
F€OMETPUUECKYIO CYMMY JIBYX CKOPOCTEH:

IIEPEHOCHON CKOPOCTU MOCTYNATEILHOTO JABUKEHHUS, PABHOW CKOPOCTH I10JIFOCA

V.Bmp =Vai,n

OTHOCHUTEJIbHON CKOPOCTH BPAILATEIILHOTO JIBUKEHUS BOKPYT I1OJIFOCA

Vﬂomw = VBA,

—

V asc =V 4+ V pa.
[Ipnuem BeKTOp V'—pa NEPIEHAUKYISPEH paanyCy BpalleHus AB 1 HanpaBJeH B CTO-
poxy BpareHus. Moaysib OTHOCHTEIBHON CKOPOCTH
Vea=AB -@.
[Tpu nccnenoBaHMM MEXAHU3MOB WM IIPU PEIICHUH TAaKHX 337a4 OOBIYHO B Ka4€CTBE
IIOJIKOCA IPUHUMAIOT TOYKY, CKOPOCTb KOTOPOU B TAHHBIM MOMEHT BPEMEHH U3BECTHA
— =

B’ v,

(7.20)

Puc. 7.7. CKOpoCTbh TOUKH T€JIa COBEPIIAIOMIIETO CIOKHOE MIIOCKOMAPAIIICIIBHOE ABHUXKE-
HUE

AOGCOJIIOTHOE YCKOPEHHE TOYKU A B CIOKHOM IUIOCKOMAPAJUIETbHOM JIBUKEHUU PaB-
HO TGOMETPHYECKON CyMME IIEPEHOCHOT0 M OTHOCUTEIbHOTO YCKOPEHHH

Aatc = Anep + Aomn (7.21)

B ciydae, korjia OTHOCUTENIbHOE JBUKEHUE BpaLIaTEIbHOE, YCKOPEHUE aomH, B CBOIO
o4yepeib, COCTOUT U3 JIBYX YCKOPEHUI:

- HOPMAJIBHOT'O @n = I, HAPABJIEHHOTO BIOJIb IMHUU BA K UEHTPY BpalleHHs,

- KacaTeJbHOTO d, HAMNpPABJICHHOTO MepHneHAUKYIsIpHO BA (Ha puc. 7.7 a—omn =
a—»BA).

Takum o6pazom, BeipakeHue (7.21) npumer BuU:

Qatc = Anep +An + ;¢

91

[IpumenuTensHO K puc. 7.7

ap =4 +H;A 2 ﬂ;ﬁ

Takum 00pa3oM: cr1odcHOe NI0CKONApaiebHoe 0BUMNCEHUE MBEPO020 MeNd MONCHO
PA3nodcums Ha 08a NPOCMbIX: OMHOCUMENbHOEe - 8paujamenbHoe 8oKpye nonoca (mouy-
Hee, BOKpY2 OCU, NPOX0OsWell Yepes Noioc) U NePEeHOCHOe - NOCIYNAMENbHOE 08UICEHUE
emecme ¢ NOJCOM U CO CKOPOCMbIO NOIOCA.

CrnenyeTr UMETh B BUJY, YTO 3THU JIBa MPOCTHIX JIBHXKEHUSI COBEPILIAIOTCA OJTHOBPEMEH-
HO, a HE TIOCJIeIOBATEIhHO, KaK ObLJI0O HAMH PACCMOTPEHO BHIIIIE.
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KoHTpoJibHBIE BONPOCHI

=

Kaxkoe nBuxeHue Tena Ha3bIBaIOT MocTynareabHbiM? [IpuBeauTe npuMepsl.

2. Kakoe nBuxeHue Tesia Ha3bIBalOT BpamiareabHbiM? [IpuBenute npuMepsl BpanaTeiib-

HOTO JBUKCHUSI.

Kakue yrioBbie BEIMYMHBI XapaKTEPU3YIOT BpallaTesIbHOE ABUKEHUE Tena?

4. Kak ornpenenuThb YTiI0BYIO0 CKOPOCTh U YIJIOBOE YCKOPEHHUE Teja, €CIIM U3BECTEH 3aKOH
€ro BpalleHus?

5. Kakoe BpamarenpHO€ JBUKEHHWE Ha3bIBAlOT PABHOMEPHBIM UM  PAaBHOMEPHO-
IEPEMEHHBIM?

6. Kak onpenensroT yriaoByto CKOPOCTh MPU PAaBHOMEPHOM U PaBHOMEPHOIEPE-MEHHOM
BpaleHun?

7. Kakoe nBmXeHHE Ha3bIBAIOT YCKOPEHHBIM, a KaKOE€ - 3aMEIJICHHBIM?

8. Kak ompenemnsitoT MOy HOPMAJIBHOTO M KacaTelIbHOTO YCKOPEHUN TOUKU?

9. Uro xapakTepu3yroT HOPMAJIBLHOE U KaCaTEIbHOE YCKOPECHHUS?

10.Kax HanpaBiieHbl HOpPMAJILHOE U KacaTeIbHOE YCKOPEHUS?

11.]1aiiTe onpeneneHne NEPEHOCHOTO, OTHOCUTENBHOTO U a0COJIFOTHOTO IBH)KEHUH Tela.

12.Kak omnpeaenuTb BeIUYUHY aOCOTIOTHON CKOPOCTH TOYKH TeJa, €CIIU €€ OTHOCUTEIb-
HOE ¥ NIEPEHOCHOE JABUKEHHUS MPSIMOJIMHENHBI?

13.YeMy paBHO aOCONIOTHOE YCKOPEHHE Tejla MpH CIOKHOM  BpalaTEeNIbHO-

MOCTYIATEIbHOM JIBHOKCHUU?

w

8. KUHEMATHUKA MEXAHU3MOB

Oo0mme cBegenns. Kunematnueckuil aHanu3 MEXaHU3MOB MPOBOAAT O€3 ydera Cuil,
BBI3BIBAIOIINX €r0 JBMKEHHE, aHAIMTUUYECKUM WM rpaduueckuM meTtojoM. Ilpu stom
pELIatoT B OCHOBHOM TPH 33Ja4M:

1) onpenenenue nepeMelieHnii 3BEHbEB U TPACKTOPHM 3aJaHHBIX TOYEK;

2) ompenesieHHe CKOPOCTEN TOUEK 3BEHBbEB U YIJIOBBIX CKOPOCTEH 3BEHBEB; 3) OIpe-
JIEJIEHNE YCKOPEHHM TOYEK 3BEHBEB U YIVIOBBIX YCKOPEHUN 3BEHBEB.

AHaNMTUYECKUNA METOJ MO3BOJIAET YCTAHOBUThH B BUJI€ MAaTEMAaTUYECKOTO ypaBHEHUS
3aBUCUMOCTh KHHEMATUYECKHUX MTapaMeTPOB MEXaHU3Ma OT Pa3MEPOB 3BEHHEB.

['paduueckuii MmeTo, Oosee MPOCTOM, OCHOBAH HAa HEMOCPEICTBEHHOM T'€OMETpUYe-
CKOM MTOCTPOCHUH IJIAHOB TMOJIOKEHHM, CKOpOCTE U ycKopeHuil. OH MO3BOJISIET HATJIAI-
HO MPEJACTAaBUTh JBUKEHUE 3BEHBEB MEXaHN3Ma.

8.1. Ilocmpoenue nianoe nonoiceHull 36eHbes

PaccmoTpum nocTpoeHue Tpex MOJI0KEHUM 3B€HbEB KPUBOIITUITHO-KOPOMBICIIOBOTO
MexaHnu3Mma (puc. 8.1, a). UcxoqHbIMU JaHHBIMU ABJISIIOTCS: YTOJI HAKJIOHA KpuBoluna 1
K TOPU30HTAJIbHON OCH @; pa3Mephl 3BeHbEB (M), Loia = I, Lag, Lozs; paccrosnue mexny
cToitkamu Loio2 (M).

JI71st mocTpoeHMsI HCXOAHOTO MOJ0KeHUs 3BeHbeB (14 BO2 13 TPOU3BOJIBHO BEIOpaH-
HOM ToukH O TIOJ] YIJIOM ¢ TIPOBOJIMM JIMHUIO U HA HEH OTKJIabIBacM OTPe30K loia (MM)
MPOU3BOJILHOM JTMHBI. OnpeaesnsieM MaciiTad MjiaHa MoJjJoKeHUH

_Lou( M

loa \ M
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Takum 006pazom, B Macitade (, MOCTPOEHO MOJ0KEHHE HaYaIbHOTO MEXaHU3Ma, CO-
cTosiiero u3 Kkpuoiumna 1, BpamarensHoit napsl O u croiiku 4. Tak Kak KPUBOIIUITHO-
KOPOMBICJIOBBIA MEXaHU3M COCTOUT

elie U3 rpymnmsl Accypa nepBoro Bujia (3BeHbs 2-3), CTPOUM MOJI0KEHUE ITUX 3BEHb-
€B, HO YK€ B BbIOpaHHOM MaciiTabe uj. st aToro Haxoaum nojoxenus Touek Oy u B,

MpeABapUTEILHO ONIPEACIIMB ¢ yueToM MaciuTaba yy paccrossaue O10; U ITTHHBI 3BEHBEB
AB u O,B:
L L § 4
- 00, e an ers. L
! Hy 1
3Hag rmonokeHus Touek 4 u Oy, METOJ0M 3aceucK HaxOJIUM IT0JI0KeHue Touku B. Ta-

KUM 00pa3oM, IOCTPOEHO UCXOJAHOE MOJI0KEHUE BCeX 3BeHbeB MexaHu3Ma 014B80;.

OnpenenuM TpacKTOpHUH IBUKEHUS ToueK A U B. Touka A, nmpuHajuiexamas oaHo-
BPEMEHHO KpUBOIIMIY 1 ¥ mIaTyHY 2, ABMKETCS IO OKPYKHOCTHU paauyca I. TpaekTopu-
€1 TOUKU B ABIISIETCA Ayra OKpyKHOCTH paauyca O,B. [loctpoeHne Ipyrux monoxKeHun
3BEHBEB MPOBOIUTCS aHATOTUYHO. J[71s1 3Toro KpuBomun O1A moBopadnBaeTcs Ha HEOO-
xoauMblid yroi B monoxkenne O1A” umu O1A. 3aTem onpenensercs mojiokeHue Touek B’
nu Bo.

8.2. Ilocmpoenue naanoe ckopocmeli u ycKOPeHuil

HarnsnHoe npencraBieHre 0 HAIPABIEHUN BEKTOPOB MU MOIYJISIX CKOPOCTEUW U YCKO-
PEHNI TOYEK MEXAHU3MA MOJIY4aloT MPY MOCTPOCHUU IIJIAHOB CKOPOCTEN U YCKOPEHHUM.

ITnanom cxopocmeti (YckopeHuil) Mexanuzma Ha3vleaemcest U300paxdceHue KuHemamu-
YeCKUX napamempos 6 uoe NioCKo20 NyyKka eKmopos abcontomuvix ckopocmei (ycko-
PeHuUll) MmoueK 36eHbed MeXAHU3MA, eoe npsamble, CoeOuHsowue KOHYbl Tyyell, XapaKme-
pusyrom ux omuocumenvhvle ckopocmu (yckopenusi).

[TocTpoeHue maaHa BeAyT B COOTBETCTBUU C (POPMYJION CTPOCHMSI MEXaHU3Ma: CHava-
Jla ONIPENEIISIIOT CKOPOCTH U YyCKOPEHMS TOYEK, MPUHAMIEKANIMX HaYaIbHOMY MEXaHU3-
My, 3aT€M NPUCOECIMHEHHOM K HEMy rpynnbl AcCypa, CIEAyIOLIEd NPHUCOECINHEHHOU
IpyNIbl 4 T.A.

Tak kKak BO BCeX IUIOCKHMX IIAPHUPHBIX MEXAHMW3Max KakKI0€ 3BEHO COBEPIIAET IUIO-
CKOIIApAJUIENbHOE IBUKEHUE, TO I ONPEACIECHUS CKOPOCTEN U YCKOPEHUN Pa3JIMYHBIX
TOYEK 3BEHbEB MOXKHO BOCHOJB30BATHC (hopmynamu 7.16 u 7.21 u rpaduyecku pemmTh
OTU BEKTOPHBIE YpaBHEHUA. PacCMOTpHM IMOCTPOEHHUE IUIAHOB CKOPOCTEW M YCKOPEHUU
Ha MpUMepax KpUBOIIMITHO-KOPOMBICIOBOTO (pucC. 8,1, 6, 8) U KPUBOIIMITHO-TTOJI3YHHOTO
(puc. 8.2, 6, 6) MexaHu3MoB [6].

KpuBOoINITHO-KOPOMBICI0BbIN MEXaHU3M
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Puc. 8.1. Ilnansl nosoxeHuit (a), Iian ckopocTeit (0) 1 ycKopeHui (B) KpUBOILIMUITHO-
KOPOMBICJIOBOTO MEXaHHU3Ma

Ilinan ckopocreii. AOCOIOTHAS CKOPOCTh TOYKU AV—, = w1, (I - 1yinHa 3BeHa O014);
BeKTOp A—a L O1A u HampaBieH Mo YIJIOBOW CKOpOCTH «i. BrIOpaB Haudano oTcuera,
noJroc TaHa CKOpOCTed - TOUKy py (puc. 8.1, 6), OTKIIagbIBaeéM OT Hee OTpe3oK (Pva) B
HarnpasJieHUH V—, . JInuHa oTpeska ( pyd) onpeaenseT MaciTad miaHa CKOpOCTEH:

u, =V, (p,a), 8.1

KOTOPbIN MOKa3bIBAET, CKOJBKO KaXIbli MUJIUMETP YepTexa H300paxaeT KoJIuye-
CTBO €JMHUIl CKOPOCTH; €AMHUIIA 3TOro Maciurada (m/c)/mm. Jlns onpeneneHus adco-
JIOTHOW CKOPOCTH TOYKHM B pacCMOTPHUM JIBHKEHHE 3B€HA AB Kak CyMMy MOCTYIATEIb-
HOTO TIEPEHOCHOTO JBMKEHHS BMECTE C MOJIOCOM 1 - TOUKOM A - ¥ OTHOCUTENBHOIO Bpa-
HIaTeJIbHOTO BOKPYT mnontoca 4. BekTopHoe ypaBHEHHE, OIpeAelnsoliee adCOIOTHYIO
CKOPOCTb TOUYKU B NJi pacCMaTpuBaeMOro JIBHXKEHHsI, aHAJOTMYHO BbhIpaxeHuto (7.16) u
MMEET BUL:

Ve=Vai+Va. (8.2)
Th0, L84

B HEM BeKTOpHI, M3BECTHBIC 10 MOAYJIO U HAIMPABIICHUIO, MMOAYEPKHYTHI JBAXKbI, a
BEKTOPBI, Y KOTOPBIX U3BECTHA TOJIBKO JTMHUS IEHCTBUS, TIOJYEPKHYTHI OJIMH pPa3.

Ho touka B npunamiexut u 38eny 3 (BO,). Ecnu paccMoTpeTh ero IBUKECHUE U TIPHU-
HSATH 32 MOJIOC HETOABMXKHYIO TOUKY (J2, MOYKHO TOJIYYUTH €IIIe OJHO YpaBHEHHE a0Co-
JFOTHOM CKOPOCTH TOYKH B:

Ve=Vo,+V 5o, (8.3)

= 180,

s rpaduueckoro pemeHus 3tux ypasHenuit (8.2 u 8.3) u3 touku a miana (puc. 8.1,
0), KoTOpasi U300pakaeT KOHEI| BEKTOpa V—na , TPOBOAUM JIMHUIO JEHCTBUS BEKTOpa
V—pa L AB, a gepes monroc py 11aHa - TuHUI0 aeictBus V—g L O,B. Touka b nepece-
YEeHUSl dTUX JIMHUU JEHCTBHS ONpEeNsieT oTpe3ok (pyh) m3oOpaxkarommii Bektop V—p.
Otpe3ok (ab) uzoOpaxaer BeKTOp V—pa, HAIpaBICHHUE STOTO0 BEKTOPA - OT TOYKH a K
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Touke b. BekTopHblii TpeyroabHUK pab - rpaduueckoe perieHne NCXOIHOTO YPaBHEHUS.
Monyiu HaliIEHHBIX BEKTOPOB CKOPOCTEN:

VB - (pvb).#v; VBA = (ab).#v 3

VYTII0BBIE CKOPOCTH 3BEHBEB 2 M 3 B UX JIBIDKCHUH OTHOCHUTEIBHO Touek A u Oy:

_Va, Vs

12 13

rne | = Lag, I3 = Loz - UIMHBI COOTBETCTBYIOIIMX 3BeHBbEB. [l ompesaencHus
HaIPaBIICHUS YTJIOBBIX CKOPOCTEH w2 U w3 BEKTOPBI ab— U pvb— TIEPEHOCUM MBICIICHHO
C TUTaHa CKOPOCTEH Ha IJIaH MEXaHW3Ma B TOYKY B W BHIIUM, YTO 3BE€HO 2 BpallaeTcs OT-
HOCHUTEJIBHO TOYKH A 1O JABM)XCHUIO YAaCOBOW CTPENIKH, & 3B€HO 3 OTHOCHTEIHHO TOYKHU
O TaKXKe 1Mo JBMKCHUIO YacOoBOM CTpeiku (puc. 8.1, a).

CBoiicTBa mi1aHa ckopocreii. 1. Bextopsl, uaymye u3 noroca py iIaHa CKOpOCTeH,
NPECTaBISIIOT co00il B MacmiTade (, abCOMIOTHBIE CKOPOCTH COOTBETCTBYIOIIMX TOYEK
MEXaHHU3Ma; BEKTOPHI, HE TPOXOISIINE Yepe3 TOI0C, €CTh OTHOCUTENBHBIE CKOPOCTH TO-
YeK 3BEHbBEB.

2. Orpesku (01a), (ab), (02b) Ha mnane ckopocreit otobpaxaiot 38eHbs AO;, AB u O,B
MeXaHu3Ma. JTO 03HAYAET, YTO €CJIM 3BE€HO MMEET KaKyI0-TU0O JIOMOJIHUTEIbHYIO TOUKY,
Harpumep, Ha 3BeHe 2 (puc. 8.1, a) Touka Sy (LIEHTp Macc 3BeHa 2), TO 0TOOpaXKarolas ee
Ha TIaHe ckopocTei Touka S2 (puc. 8.1, 6) OyAeT HaXOAUTHCS TAKXKE HA CEPeNHE OTPE3-
ka (ab), HpH ITOM BEPHO COOTHOHIGHI/IG ab/as; = lag/las2. DTO BBITCKACT U3 ypaBHCHMIA:

Vea = @)l 45 = p1,(ab); Vs 4 = 4=l = p,(as,).

Bennuuna abCcomoTHON CKOpOCTI/I Touku Sy 3BeHa 2 Vsp = (pyS2) * v

3. OtoOpaxxeHusl TOUEK 3aKperieHHbIX mapHupoB O1 u Oz Bcerja COBMANAIOT C MO-
JIXOCOM IUIaHA CKOPOCTEM py.

Ilnan yckopenuii. MicXoaHpIMU JaHHBIMU ISl TOCTPOEHUS IJIaHA YCKOPEHUH MeXa-
HHU3Ma, MOKAa3aHHOTO Ha puc. 8.1, a, ABJISIIOTCS U3BECTHHIE

abCOJIIOTHOE YCKOPEHHE TOYKH A BEIyIIEero 3BeHa 1 M yke MOCTPOCHHBIN IJIaH CKO-
pocreii (puc. 8.1, 6). Yckopenue Touku A npu @i = CONSt paBHO €€ HOPMAILHOMY yCKO-
peHuto aa = a A= wloia ¥ HampaBiieHO OT TOYKU 4 K Touke (1. BriOpaB momtoc p, miaHa
YCKOPCHUH W MAacHITad ia, OTKJIAJbIBaeM OTPe30K (paa)||O1A, KOoTOphIH 0TOOparkaeT

H, =24 (m/c?) mm.
YCKOPEHUE d 4; TPU HTOM P4
J{nst onpeiesieHust yCKOPEHUsI TOUKU B paccMOTpUM a0COTIOTHOE JIBI)KEHUE 3BeHa AB
KaK CyMMy MEPEHOCHOIO 1 OTHOCHTENILHOTO nBrKeHui (cMm. popmyiy (7.21):

ag -a +am+au. (8.4)

IIAQ WBA  LBA
BekTop HOpMAJIBHOTO YCKOPEHUSI UMEET MOYJIb d
NBA=V 2BA/Lag 1 Ha3bIBaeTCs IICHTPOCTPEMHUTEILHBIM, TaK KaK HaIlpaBJIcH 110 Mpsi-
Mo AB OT TOYKH B K UCHTPY OTHOCHTEIBHOTO BpamlleHus - Touke 4. Bexrop kacarens-

T
Horo yckopenus 9s4nepnennuxynsapen npamoit AB. B ypasuenun (8.4) 1Byms uepramu
MOAYEPKHYThI YCKOPEHHSI, U3BECTHBIE IO MOAYJIIO U HAIIPABJIEHUIO, 4 OJTHOW YEPTOM - KO-
I/1a U3BECTHA JIMILb JIMHUS JEUCTBUA. TaKk Kak HU MOJYJIb, HU JIMHUS IEUCTBUSA BEKTOpA

a—pg HC MU3BCCTHLBI, 4@ Y BCKTOpa aﬂ HN3BC€CTHA TOJIBKO JIMHUS )ICP'ICTBHH, TO BCKTOPHOC
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ypaBHeHuE (8.4) peluTh Helb3s, TOITOMY HEOOXOAMMO UMETh BTOPOE BEKTOPHOE ypaB-
HeHue. OHO MOXET ObITh MOJIYYEHO CIAEAYIOIHUM 00pa3oM.

Touka B npuHAJIEKUT OJJHOBPEMEHHO 3BeHBsIM AB u BO, (puc. 8.1 , a). Paccmatpu-
Bas JIBIDKEHHE 3BeHa B(O; W MpUHHUMAs 32 MOJIOC HEMOJBIKHYIO TOUKY (J1, 3amlMIlIeM
cieyroniee ypaBHeHHe a0COIIOTHOTO YCKOPEHUSI TOUKH B

98

Ay =ag + g, +ag, =dg, +ay, (8.5)

= W0, 180
rane an BO2=V 2B

T

/l3; BexTOp a;oz napauienieH BO,; muHHS neiicTBUS BEKTOpa @50, 1 BO,

CoBMecTHOE rpaduyeckoe pelieHrue BEeKTOpHBIX ypaBHeHui (8.4) u (8.5) maeT BO3-
MO>KHOCTb OTPEAECIUTh UCKOMBIN BEKTOpP aO0CONMIOTHOTO YCKOpeHUs: Touku B. OOpatumces
K CTposileMycs IJiaHy yckopeHudt (puc. 8.1, ) u BektopHomy ypaBHeHuto (8.4). Otpe-
30K (pad) MPEICTABISICT COOOM MEPBOC ClaracMoe BEKTOPHOTO yPAaBHEHHS - YCKOPCHHC

n
a—a . OT TOYKH @ OTKJIABIBAIOT OTPE30K (an1) = a NBA/uus , m306paxaromuii Bextop 984
, KOTOPBIM HaIlpaBJieH NapajijieabHO 3BeHYy BA oT Touku B Kk Touke 4 (Tak Kak 3BEHO 2

——

n
BpamacTCsa OTHOCUTCIBHO TOYKH A, d BCKTODp aBA- HCHTPOCTPCMHUTCIBHOC YCKOPGHHG).

4
Jlanee depe3 KOHEI] OTpe3ka (any) MPOBOIAT JTUHHIO neiicTBus 948 1 4B '. AHQJIOTUYHO
rpaduuecku peanusyetcsi ypaBHeHue (8.5). Ha nepeceueHun nuHUN NEMCTBUSI BEKTOPOB

4 T
a H a
BA BO; naxonuTcst uckomas Touka b; oTpe3ok ( pab ) u300paxaer BEKTOp a—p ; OT-

T T
pesku (N1b) 1 (Nzb) n306paxarot, cooTBeTcTBeHHO, BekTops: 284 M @80, * Tlonyuennsiit
IJIaH yCKOpeHW M cucrteMa ypaBHeHuid (8.4) u (8.5) B3aMMHO OJHO3HAYHO COOTBET-
CTBYIOT JIpYyT APYTY, T.. HalJIcHHOE Tpaduueckoe pelieHue yI0BICTBOPSIET HCXOIHBIM
ypaBHeHUsM. CTpeNKd BEKTOPOB Ha TUTAHE YCKOPEHHH JOJDKHBI OBITh TTOCTABIICHBI B CO-
OTBETCTBUU C BEKTOPHBIMH YPABHCHUSIMH.

CBoiicTBa IUIaHa YCKOPEHUW aHAJOTWYHBI CBOMCTBaM IulaHa cKopocTel. OTpesku
(01a), (ab) u (026) BeIpaxkaroIe YCKOPCHHS 3BEHBEB MIPH UX BPAIIATCIHBHOM JIBHKCHHH,
0TOOpakaroT COOTBETCTBYIOMIHME 3BeHbS MexanuzMa O1A, AB u O,B. CrnienoBarensHo, ec-
JIM Ha 3BEHBSIX UMEIOTCS JOMOJHUTEIbHBIC TOYKH, HAPUMEp, Ha 3BEHE 2 TOYKa Sy, TO ee
oTOOpakeHHE Sy Ha IJIaHe YCKopeHwid (puc. 8.1, 6)

HAXOAWTCI Ha cepeirHe oTpe3ka (ab) ¢ ydeToMm coOmroaeHus ycioBus ab/as, =
Las/Las>.

VYTI0BBIC YCKOPEHHUS 3BEHBEB B UX OTHOCHTEIHLHOM BpAIaTeIbHOM JIBH)KEHUH MOYKHO
HAWTH, WCIOJNB3YsI COOTBETCTBYIOIIME KacaTelbHBIC YCKOPCHUS W3 IJIaHA YCKOPCHUM.
Hanpumep,

& =apy/ Lyp; &5=ap, [ Ly, .

__Jlns onpesenenus HaPaBIEHUs. YITIOBOIO YCKOPEHHUS &2 3B€HA A B IEPEeHOCHM BEKTOP

T
patouky B (puc. 8.1, a) Ha TIaHe MeXaHM3Ma M BHIUM, 9TO BEKTOP MOBOPAYMBAET 3BE-
HO BOKPYT TOYKHU A MPOTUB JBUKEHUS 4acoBOM cTpenku. CienoBaTeabHO, 2 HalpaBiie-
HO B Ty € CTOpoHY. COMOCTaBIIsisl HANPABIEHUS W2 U &2, 3aKIIOYAEM, UYTO 3BEHO 2 JIBU-
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JKETCS OTHOCHUTEIIbHO TOYKU A 3aMelJIEHHO. AHAJOTMYHO OIpe/eisieM HalpaBiIeHHE
yckopeHus €3 38eHa OB 1 Xxapakrep ero ABMKEHUSI.

KpuBommnHo-nmo3yHHbI Mexanu3Mm. J1Jis 3a1aHHOTO MOJIOKEHUS MeXaHu3Ma (puc.
8.2, a) mpu MOCTOSHHOM YTJIOBOM CKOPOCTH 1 BXOJHOTO 3BeHa 1 IjiaH cKopocTelt (puc.
8.2, 6) TOCTPOCH COIIACHO yPABHCHHIO!

Vg= I=/=A‘+ Z_B:i .

104 LBA
a IJIaH ycKopeHuu (puc. 8.2, 6) - COrJlacCHO YPaBHEHUIO

— —

riae Vg - adCONIOTHAsE CKOPOCTh TOYKU B (MMapaijie/ibHa OCH HampaBJIsomei x - x); Va
- a0CONIIOTHASI CKOPOCTh TOUKU A; Vpa - BpaliaTenbHasi CKOPOCTh TOUYKH B OTHOCUTEILHO
TOUYKU A, a8, - a0COIIOTHOE YCKOPEHHE TOYKU B (TMapaiensHo X - X); @, - aOCOMIOTHOE
(HOpMabHOE) YCKOPEHHUE TOUKU A, aa = a NA

(w1 = const); anBA=V 2BA/l, (m/c,) a tBA

- KacaTeJIbHOE YCKOPEHUE TOUYKU B OTHOCUTEIBLHO TOUKH A.

[TocTymarensHas mapa moia3yH 3 - CTOWKa 4 ompenenseT JUHUU JCHCTBUS CKOPOCTH
Vg U yCKOpeHUs ag, MOTOMY B OTIMYHME OT YETHIPEXIIAPHUPHOTO MEXaHWU3Ma AJIs TO-
CTPOCHHMSI TUIaHA YCKOPEHHH 3/1eCh OCTATOYHO OJHOTO BEKTOPHOTrO ypaBHeHHUsS. CKo-
POCTh M yCKOpEHHE TOYKU M HaWeHbl HA OCHOBAHHM BTOPOTO CBOMCTBA IJIAHA CKOPO-
CTe METO/10M NOJ00us:

AM am AM -ab
—— =—, 0TKYyZla am = 1
AB ab AB

VYTr0BbIE CKOPOCTh M YCKOPEHUE IIaTyHa 2:

g/ B)
S
m
xx \b
b
n
2
,,48
a (% \\Q\* a

Puc. 8.2. Kunemarnueckoe ncciaeoBaHue KPUBOIIUITHO-TTOJI3YHHOIO MEXaHU3Ma

KonTposbHbIe BONIPOCHI

Kakune 3agaum pemaror npu KHHEMaTUYECKOM MCCIIEN0BAaHUN MEXaHU3MOB?

Ha yem ocHoBaH rpaduueckuii meton?

UTo Ha3BIBAIOT IIJIAHOM CKOPOCTE?

Kakas Touka npu rpadudeckoM UCCIeI0BaHUU MEXaHU3MOB IPUHUMAETCS 32 TOJIIOC?
[Iepeunciure CBOMCTBA MJIaHA CKOPOCTEM.

Kak nmpy momomu 1iaHoB CKOPOCTEW U YCKOPEHUM OIPENEIINTh HAIPABICHUS YIJ10-
BBIX CKOPOCTEN U YCKOPEHUI 3BEHBEB?

oohkowdE
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9. HEKOTOPBIE CBEJAEHUSA O MEXAHU3MAX

9.1. Illapnupno-poruasxcruvie Mexanumol

LllapHupho-pbluadicHbiMu HA3618AI0M MEXAHUIMbL, COCMOAUWUE U3 36€HbEE-PblUa208,
COCOUHEHHbIX HU3WUMU KuHemamuyeckumu napamu (waprupamu). Takue MeXaHH3MBI
MOTYT OBITh IPOCTPAHCTBEHHBIMH U TUIOCKUMHU. [IpocTeiiniye mapHUpHO-PhIYaKHbIE ME-
XaHU3Ma COCTOSAT M3 YETHIPEX 3BEHBEB: TPEX MOJBHUKHBIX (BEAYLIErO0 M CTPYKTYPHOM
TPYIIIbI, COCTOSIIEN U3 ABYX 3BEHBEB) M HEMOJIBHIKHOIO 3BeHa-cTOMKH. [loBH>KHOE 3Be-
HO, COCJMHEHHOE CO CTOMKOW M Bpamjaroiieecsi OTHOCUTENIbHO Hee Ha 360°, Ha3bIBAIOT
KpUGOWUNOM, a 3B€HO, Ka4aroUIeecsi OTHOCUTEIBHO CTOMKHU, - KOpOMbICIOM. 3BEHO, CO-
EAUHSIONIEE MOIBUKHBIE 3BEHbS, COCIMHEHHBIE KNUHEMAaTUYECKUMU TIapaMu CO CTOMKOM,
Y COBEPLIAIOIIEE CIIOKHOE ABWKECHHE, HA3BIBAOT WIAMYHOM, TIOJBUKHYIO HAIPaBIIAIO-
LIYIO - KYAUCOU; 3BE€HO, IBIXKYILEECS MO HAMPABJISIOWIEH, - nOI3YHOM.

Ha puc. 9.1 npuBeaensl HanOosiee pacIpOCTPAHEHHbIE IUIOCKUE YETHIPEX3BEHHBIC
HIaPHUPHO-PHIYAKHBIE MEXAHU3MbI: KPUBOIIUITHO-TIOJI3YHHBIA MEXaHU3M, TPUMEHSIEMBbII
JUTSL IpeoOpa3oBaHus BpallaTeIbHOTO JBUXKEHUS KPUBOIIIUIIA B MMOCTYNATEIbHOE MOJI3yHA
WIN TIOCTYTATEBHOTO JIBHXKCHHUS TOJI3YHA BO BparmaTteinbHoe KpuBommmna (puc. 9.1, a);
KYJMCHBIM MEXaHU3M, CIy>Kallui i1 mpeoOpa3oBaHus BpallaTeIbHOIO JBUKEHUS KpH-
BOIIMIA B KAauaTeJIbHOE KYJMCHl WM BpPAIIATEIbHOTO PAaBHOMEPHOTO KPHUBOIIMIIA BO
BpalllaTeJIbHOE€ HEpaBHOMEPHOE Kynuchl (puc. 9.1, 6); mapHUPHBIA YETHIPEX3BEHHUK,
npeoOpa3yrouuil BpalaTeIbHOE JBUKEHNE KPUBOIIMIA B Ka4aTEIbHOE WM BpallaTelb-
HOe Kopombicia (puc. 9.1, B) [6].

[[TaTyHbl IIAPHUPHO-PBIYAKHBIX MEXAHM3MOB TAaKKE HCIIOIB3YIOT ISl MOJTYyYECHUS
JBUKEHUSI 110 33JJaHHOMY 3aKOHY WJIM MepeMeIleHus1 KaKoH-1100 ero TOUKH 10 3aJaHHON
TPAEKTOPUHU, HA3BIBAEMOW WUAMYHHOU KPUBOU.

[[TapaupHBbIE MEXAHWU3MBbI HAIILUIA CaMOE IIMPOKOE MPUMEHEHHE B JIBUTaTENIIX BHYT-
PEHHETO CrOpaHHus, CEJIbCKOXO3SMCTBEHHbIX MalllMHAX, CHETOyOOpPOYHOW TEXHUKE,
IIBEMHBIX MAIlIMHAX U T.J.

Us

Puc. 9.1. llapaupHO-phIYaKHBIC MEXAHU3MBI & - KPUBOIIIUITHO-TIOMI3YHHBIMN, O - KyJIHUC-
HBIU, B - KPUBOILMITHO-KOPOMBICIJIOBBIN
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9.2. Mexanu3zmvl npepvl8UCHOZ0 OBUNHCEHU

Ha puc. 9.2. uzobpaxen manvmutickuii mexanusm, PeoOpasyroIuil HEMPEephIBHOE
BpallleHUE BEAYIIEro 3B€Ha - KpuBowmMna 1 ¢ majableM WK pOJIMKOM B Ha KOHIIE B Ipe-
PBIBUCTOE BpAIllEHHWE BEIOMOTO 3B€HA - MAIbTUMCKOTO KPecTa 2, UMEIOIIETO paihaibHbIe
nasbl (Ha3BaHUE BO3HHUKJIO OT CXOJICTBA BEJAOMOIO 3BEHAa C H3MOJEMON JIyXOBHO-
pBIIApCKOro MajmbTHIHCKOTO OpJIcHA).

BpameHnne ManbTHIICKOTO KpecTa MIPOUCXOJUT MPU TOBOPOTE KPUBOLIMIIA HA YOI ();
OCTaJIbHAsA 4acTb 000OpOTa KPHUBOILIMUIIA HA YIOJI ¢x COOTBETCTBYET OCTAHOBKE BEIOMOIO
3BeHa 2. HemoaBmxHOE MOJOKEHUE MaTbTHICKOTO KpecTa (PUKCHPYETCsl €ro CerMEHT-
HBIMU BBIpE3aMU A, 0 KOTOPBIM CKOJIB3UT JUCK 3, )KECTKO CBA3AHHBIN ¢ KpUBOIIHUIIOM 1.
Yucno na3oB MaIbTUHCKOTO KpecTa ObIBaeT B mpejaenax ot 3 ao 12.

ManbTuiickue MeXaHu3Mbl MPUMEHSIOT B METAIO00pabaThIBAIONINX CTaHKaX, IHU-
IIYIIMX MaIIMHAX, KHHOMPOEKIIMOHHBIX ammapaTax, Iprudopax TOUHON MEXaHUKH U JIp.

Puc. 9.2. Mexanu3Mbl IPEepHIBUCTOTO JIBHXKEHUS: a - MAIbTUHCKHI, O - XpamoBbIi

Ha puc. 9.2, 6 mokaszaH ouH U3 BUIOB Xpanogo2o mexaruzma. Takoil MexaHU3M Tpe-
oOpasyeT BO3BpaTHO-KauaTeJIbHOE JABMYKEHUE BEAYIIEro 3BeHa - peiuara 1 ¢ padoueit co-
0aukoil 2 B IPEPBHIBICTOE OJJHOCTOPOHHEE BpaIaTebHOE JBHKEHHE BEOMOTO 3BEHA 3,
Ha3bIBa€MOE XparnoBbIM KojecoM. [Ipu Bo3BpaleHuu periyara u padodeil codauku B HC-
XOJIHOE TIOJIO’KEHHME XPAIoOBOE KOJECO OCTAETCS HEMOABMXKHBIM. /(s mpenoTBpalieHus
€ro NoBOpOTa B 0OPaTHOM HAIpPABIIEHUHU MTPEAYCMOTPEHA CTONOPHAs cobauka 4.

XparnoBble MEXaHU3Mbl IPUMEHSIOT B TPY30IO0bEMHBIX MallMHAX, MEXaHU3MaX 3a-
BOJIa NIPY’KHH, MUIIYIIMX MallMHAaX, B MEXaHW3MaXxX IMOJayd aBTOMATUYECKHUX JUHUN U

T.J.
9.3. Kynaukoevie mexanuzmol

KynaukoBble MexaHU3MbI TpeHA3HAYEHBI JIJIsl TPe00pa30BaHus ABMXKEHUS BXOJHOTO
3BEHA, OOBIYHO BPAILAIOLIETOCS KVJIauKd, B 3aJlaHHBbIM BUJ ABMKCHUS BBIXOJHOTO 3BEHA
(moaxamenss unu kopomvicia). [IpeuMyIIECTBEHHO MPUMEHSIFOTCS TUIOCKUE KYJTa4KOBBIC
MEXAHU3MBI.

PaccMOoTpuM yCcTpOMCTBO U MPUHIUIT ACHCTBUS MTpocTeinero Mexanusma (puc. 9.3).

[Tpu Bpamenuu Kymnauka 4 ¢ yrioBoi CKOPOCTBIO > TOJKATeIb 3 COBEPILAET ONpeie-
JICHHO€ BO3BPATHO-TIOCTYNATEIbHOE JBWKEHUE OTHOCUTEIBHO CTOMKHM 2. IlocTOsSHHBIN
KOHTAKT TOJIKATEJIS C KYJIAYKOM
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Puc. 9.3. Inockuii KyJa4yKOBBIN MEXaHU3M C TOYECYHBIM TOJKATEIEM

oOecrieuynBaeTcs Npy>XKMUHOU 1. DTO TPEX3BEHHBII MEXaHU3M C IBYMSI HU3IIUMU (KyJIa4uoK
- CTOMKa, TOJKATeJIb - CTOMKA) U OJIHOM BbICHIEH (KyJIadyoOK - TOJKATeNb) KUHEMaTHye-
ckumu napamu. CteneHs cBoOO bl MexaHu3Ma 1o Gopmysie UeOrblmeBa sl MIIOCKUX Me-
XaHU3MOB:

W =33-1)-2-2-1=1

KynaukoBeie MeXaHM3MBI JAlOT BO3MOXHOCTH JIETKO BOCIPOHM3BECTH TPEOYEeMYIO
¢byHkmuo S = S (@) MOJ0KESHUS BBIXOJHOTO 3BEHA, €CIIU NMPUIATh KYJauKy COOTBETCTBY-
101U pod b (¢ - yroj noBopoTa Kynauka). Hanpumep, Tonkarens 3 (puc. 9.3) Mmoxer
JIBUTATHCS C TEPUOJIMYECKUMH OCTAHOBKAMM TIPH HEMPEPHIBHOM BpAIllEHUH Kynaudka 4.
J1i1st 3TOrO0 YacTh nmpoduis abC BHIMOIHSIOT B BHIE AYTH OKPY)KHOCTH C IICHTPOM B TOUKE
O. Korna octpue A compukacaercs ¢ xyroi abc, Tonkareiab OCTAHOBUTCS, TaK KakK B 3TOM
cinyyae paguyc-Bektop OA = ro = const. biarogaps mogoOHBIM KaduecTBaM KYyJIauKOBBIE
MEXaHU3Mbl TOJYYUIIM IIMPOKOE MPUMEHEHHE B NMpUOOpax MU OCOOCHHO B MalllMHaX-
aBToOMaTax Jyisl IpUBOJIa pabOYMX OPraHOB, a TAKKE MPOrPAMMHOTO YIIPaBICHHUS.

[Inockue KymaukoBble MexaHU3MbI. PaccMarpuBasi cxemsbl (puc. 9.4, a-0) HauboJiee
IIUPOKO MPUMEHSEMBIX TUIOCKUX KYJIAQUYKOBBIX MEXAHU3MOB, HETPYIHO 3aMETHUTh, UYTO
NBIDKEHUE Kynadka 4 W ToiKaTenss 3 WIM KOPOMBICIA 5 MOXET OBITh BO3BPATHO-
MOCTyNaTeIbHbIM, BpaIllaTeJIbHBIM WM CJIOKHBIM (Ha CX€MaxX BHJ BO3MOXKHOTO JBHKE-
HUS 3BEHBEB MOKa3aH CTpesikaMHu) [6].
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Puc. 9.4. CxeMbl KyJauKOBBIX MEXaHU3MOB

JIJ11 HOpMaJIbHOTO IEUCTBHUS KYJIaUKOBBIX MEXaHU3MOB HEOOXOIUM MOCTOSTHHBINA KOH-
TaKT KyJjauKa C BEJOMbIM 3BEHOM. Takoil KOHTAKT TOCTUTaeTCsl B PE3yJIbTAaTEe UX CUIOB0-
20 WM 2ceomempuyecko2o 3amvikanus. CUIOBOE 3aMbIKaHHE B OOJBIIMHCTBE CIy4yacB
obecrieunBaeTcs npyxuHou 1 (puc. 9.4, a, 6), a reomerpuueckoe (puc. 9.4, 9) - ¢ nmomo-
IIbIO Ma3a B KyJIauKe, KOTOPbIN HAMpaBJIseT JBUKEHUE POJIMKA TOJIKATEIIS.

3BeHBS KYJIAYKOBOTO MeXaHW3Ma (KyJauoK M TOJIKATENb) MPU IBUKEHUH CKOJB3SIT
OJTHO TI0 APYTOMY, YTO BBI3BIBAET WX M3HOC. [Ipn 3TOM HanbompIIEMy H3HOCY TTOJIBEPIKEH
OCTPOKOHEYHBIN TOJIKaTeNb (puc. 9.4, ). B 1ensx ymeHbIIeH!s U3HOCA YacTO B KAYECTBE
IIPOMEKYTOUYHOTO 3B€HA BBOJAT PONHK (CM. puc. 9.4, 6, 6, 0), KOTOPBII MepeKaThIBACTCA
no Kynauky. OHako npu OOJBIION YIJIOBOM CKOPOCTH KyJlauKa POJMK MOXET IMepeKa-
THIBATHCA CO CKOJIbKEHHEM. [[03TOMy B HEKOTOPBIX CiIyyasx I1esiecoo0pa3HO 0hOPMHUTH
TOJIKaTeNb B Bujie "rpubka" (puc. 9.4, a) wiu npunath eMy BUJI IITIOCKOM Tapesiku 3 (puc.
9.4, °2).

KynaukoBble MeXaHU3MBbl, NpelIHAa3HAaYEHHbIE JUIs MpeoOpa3oBaHUsl BpaIIATEIbHOTO
JBMKEHMS KyJlaukKa B BO3BPATHO-NOCTYNATEJIHOE JIBUYKEHUE TOJIKATeNs, ObIBAIOT IICH-
TpaJIbHbIE U CMEIICHHbIC, U JIe3aKCHalIbHbIe. [[enmpanbHblv HA3bIBAIOT TAKOM KyJsad-
KOBBI ME€XaHM3M, Y KOTOPOTO JIMHUS JEHCTBUS BEKTOPa CKOPOCTH TOJKATENS MPOXOIUT
yepes LEHTp BpalleHus Kynauka (puc. 9.4, 2). Ecnu sxe nuHusa JeiUCTBUS CKOPOCTH TOJ-
KaTessl MPOXOAUT Ha HEKOTOPOM PACCTOSIHUU e OT OCHM BpallleHHs Kyladka (puc. 9.4, s,
0), TO MEXaHU3M Ha3bIBACTCA CMeljeHHbIM; CMEILIEHNE e IPUHATO Ha3bIBaTh IKCUEHTPU-
CUTETOM MEXaHU3Ma.

IIpocTpaHcTBeHHbIE KYJAYKOBBbIe MeXaHU3Mbl. HaunOoinbliee npumMeHEeHHE OHH
HAIIUTH B CYETHO-PEIIAIOIINX YCTPOWCTBAX M MalllnHax-aBToMaTtax. Ha puc. 9.4, e npuBe-
JIeHA CX€Ma KOHOMJHOTO MEXaHU3Ma C TOJIKATeNeM, KOTOPbI UMEET JIBE CTENEHU CBOOO-
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JBI: TIepeMellieHre S ToJkaTens 1 sBisieTcss pyHKIMEH IBYX HE3aBUCHMBIX MEPEMEHHBIX
@ 1 X(¢ - yroj nmoBopoTa KoHOUa 2).

OCHOBHBIM JIOCTOMHCTBOM KYJIQYKOBBIX MEXaHHU3MOB SIBIISIETCS BO3MOXHOCTH C HX
HIOMOIIBIO BOCIIPOM3BECTH IIMPOKUN KJIACC 3aKOHOB JBMIKEHHMS, YIOBJIETBOPSIOIINX
OMPEEICHHBIM YCIIOBHSM, B TOM YHCJIC IBM)KEHHE C OCTaHOBKaMu. KymadkoBble Mexa-
HHU3MBI IPOCTHI 110 KOHCTPYKITUK U MMEIOT CPABHUTEIBHO BHICOKHMN KIIJI.

K HemocTaTkaM KyJIadKOBBIX MEXAHH3MOB OTHOCSTCS: OOJBIINE IABJICHUS B MECTE
KOHTaKTa BBICIICH Maphl, M3-3a YEr0 MEXaHU3M MOJKET IepeaaBaTh JIUIIL CPABHUTEIHHO
MaJlble YCHIINS; OOJbIINE TUHAMUYCCKHE HArpy3KH MPH OOJBIIHX CKOPOCTIX; BBICOKAS

TPYIOEMKOCTh U3TOTOBIICHUSI KYJIAYKOB CO CJIIOKHBIM MPOQHUIEM.
S, M

T Im|
60
50 1 v
40

: t,run(c)
Wy 734567630 12 1% 15 18 20 27 24cx,qpad

Puc. 9.5. Jluarpamma nepemelieHuii TonkaTesns (a) U cxema MocTpoeHus 1o Hel npodu-
7151 Kynnauka (0)

JuarpamMmmsbl nepemMenieHuii ToJkareassi. OObIYHO 3aKOH JBUKEHHUS TOJKATENS
MJIOCKOTO KYJIAYKOBOTO MEXaHW3Ma, 3a/IaHHbIA TEXHOJOTUYECKUM TPOIECCOM, BhIpaXka-
€TCSl 3aBUCHMOCTBIO MEXIY XOJOM TOJIKATeNIsI W YIJIOM (MM BPEMEHEM) MOBOpPOTa KY-
Jayka. JTa 3aBUCUMOCTb, 3aJlaHHasi B rpaduueckoi popme, Ha3bIBACTCS duazpammou ne-
pemewenuti moakamens. 1lycts nana guarpamma (puc. 9.5, a), mo KOTOpod Haao MO-
CTpouTh Tpoduib Kysauka. Ha ocn abcuce OTIIONKEHBI YIiIbl TTIOBOPOTA WIIH ITPOIIOPIIH-
OHaJbHOE MM BpEMS MOBOPOTA KyJauka, a Ha OCH OpJMHAT - COOTBETCTBYIOIIIUE UM pac-
CTOSIHUSI KOHIIa TOJKATellsl OT OCH BpalleHusi Kyiadka. [locTpoeHue ocymiecTBisercs B
CJIEITYIONIEM TIOPSIJIKE: TIPOBOJIUTCS OKPYXKHOCTH (puc. 9.5, 6) n genutcs Ha paBHbBIE Ya-
CTH, COOTBETCTBYIOIIME yriiaM (MM BPEMEHH) MOBOPOTA Kyjadka, OTOOpaKEHHBIM Ha
JTUarpaMMe; Jiyau (paguychl), IPOXOIAIIUe Yepe3 TOUKH JIeTICHUs, HyMEPYIOTCS ¥ Ha HUX
OTKJIAJIBIBAIOTCSI COOTBETCTBYIOIINE PACCTOSIHUS, B3SAThIE C JUArpaMMbl; KOHIIBI TOJY-
YEHHBIX OTPE3KOB COCAUHSIOTCA. [10ydeHHBIM KOHTYD | sIBIsETCS TpodriieM a KyJadka.
YacTo my1si yMEHBIIICHUSI TPEHUST TOJIKATENS O KyJIadOK Ha KOHIIE TOJKATENsl YKPEIUISIIOT
posiik. B 3TOM ciyyae nmocTpoeHHbIN MPOopuiIb @ COOTBETCTBYET JBUKEHUIO OCH POJIHKA,
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a OKOHYATEIbHBIM MPOGUIL O, BCE TOYKH KOTOPOTO PACIOJIOKEHBI OJIMKE K IEHTPY KY-
Jadka, OyaeT nojio0HbIM eMy [4].

9.4. Mexanu3zmut nepeoau
9.4.1. Knaccupukanuss MexaHU4eCKHX Mepeaay

W3 mkonpHOro Kypca (PM3MKH U3BECTHO, YTO MOIIHOCTh P npu paBHOMEPHOM Bpallle-
HUHU TPSIMO MPONOPLMOHAIBHA MPOU3BEICHUIO BPAIIAIOIIEr0 MOMEHTa I Ha YIJIOBYIO
CKOPOCTb (» WJIM 4acTOTy BpameHus N. CiieqoBaTeNnbHO, MOTYT CYIIECTBOBATh HECKOJIBKO
JIBUTATENICH OTHOTO THMA (HApUMEp, SICKTPUUYECKUX ), UMEIOIUX OJHY M Ty XK€ MOII-
HOCTb, HO OTJIMYAIOMIMXCA BPAILAIOIIMM MOMEHTOM M YIJIOBOW CKOPOCTBIO (WMJIM 4acTo-
TOW BpaimieHus). B OONBIIMHCTBE ciydaeB IejiecooOpa3Hee HCIOIh30BaTh OBICTPOXOI-
HBIE IBUTATENH (C OOJBIION YIIIOBOM CKOPOCTHIO): Y HUX MEHBIIINE rabapuTHBIE Pa3Mephl
u 6oJiee BHICOKHHM K. II. /1., OJHAKO BPAIIAIOIINI MOMEHT Ha Baly HEOOJBIIIOH.

JIJis BBIIOJTHEHMSI TOJIE3HOW PaOOTHI YIIIOBasi CKOPOCTh Bajla MAIIMHBI-OPYIHS, Kak
IPAaBUJIO, AOJKHA OBITh 3HAUUTENIBHO HUXKE YTJIOBOW CKOPOCTH Baja JBUTATEeNs, HO Bpa-
IIAIOIIME MOMEHTHI TpeOytoTcs Oonbiue. [1o3ToMy oueBUIHO, YTO B OOJIBLIIMHCTBE CIIY-
4aeB HENOCPEACTBEHHAs CBS3b BaJOB JABHUrareist U pabodeil MallMHbI HEBO3MOXKHA U
MEXJly HUMU HEOOXOJIMMO PACIIONIONKHUTh MEXaHU3M JAJIsl peoOpa30oBaHUs BpalllarolInX
MOMEHTOB U YIJIOBBIX CKOPOCTEM, KOTOPBIM HOCUT Ha3BaHUE MEXAHUUECKOU nepeoayu.

Mexannyeckue nepeaadn KJIacCUPUIUPYIOT:

110 B3aUMHOMY PACIIOJIO0KEHUIO BEIYIIET0 U BEAOMOIO BajJOB B MPOCTPAHCTBE - MEpe-
Jla9d MEXKIY BallaMH, T€OMETPUUYECKUE OCH KOTOPBIX MapaICIbHbI, TePEeCeKatOTCs WU
CKpELINBAIOTCS;

10 MIPUHIIMITY TIepeaun IBMKCHUS - TIepelaud TPEHUEM U TIepeaduu 3alelICHUEM;

M0 Croco0y KOHTaKTa MEXIy BEIyIIMM M BEIOMBIM 3BEHBSMHU - MEpenadyd ¢ Hero-
CPEICTBEHHBIM KacaHWEM U Mepeaadu C THOKOU CBS3BIO.

[epenaun xapakTepu3yrOTCs MEPEAATOYHBIM OTHOIIICHUEM | WIIH MEePEeIaTOYHBIM YHC-
JoMm U.

9.4.2. llepenatounoe otHomeHue. [lepenarounoe 4ucsio

Baxneiien xapakTepuCTUKOM JTI000H Tiepenayuu sSBISETCS MepeaTOYHOE OTHOIIICHHUE

Ilepeoamounvim omHoulenuem i HA3bIBAEMCS 83AMOE CO CEOUM 3HAKOM OMHOULEHUE
Y2ll0801i CKOpOCmU 8e0yuie20 36eHa 1 K Y2080l CKOPOCMU 6e00M020 36€HA (2.

To ecTb, epegaToOuYHOE OTHOIIEHUE MOKA3bIBAET, BO CKOJIBKO Pa3 yrioBasi CKOPOCTh
WJIM 4acTOTa BpalleHusi N BeIyIIero Bajia nepeaadyn OOJbIIe WM MEHBIIE YIIIOBOM CKO-
pocTH (WJIM 4aCTOTHI BpaIlleHHUs1) €€ BeAoMOro Bana. Eciu 0603HaunTh mapaMeTpsl Beay-
IIero 3BeHa Mepeiayu MHAEKCOM 1, a BeAOMOro - MHIAEKCOM 2, TO MepeaaToyHOE OTHO-

IICHHUE:
)

hy=t A =4 ©.1)
@, n,
Ecnu HampaBiieHMst yIJIOBBIX CKOPOCTEW COBMAJAIOT, TO MEPEAATOYHOE OTHOLICHUE
Oepetcs co 3nakoMm "+" (puc. 9.6, 6), eciu He coBmagaioT (puc. 9.6, a) - co 3uakom "-"
[lepenaToyHoe OTHOIICHWE B Iepefadax pa3IMYHbIX THUIOB ((PPUKIIMOHHOM, pEeMEH-
HOM, 3yOuaToil, 4epBAUHOI), 0 yeM Oy/eT CKa3aHO Jajee, BRIPAXKAIOTCS Yepe3 OTHOIIIe-
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HUS IMAMETPOB JUCKOB (KaTKOB), IIKUBOB, YHCEN 3yObeB 3yOUaThIX KOJEC, T.€. COOTBET-
CTBYIOIIMX MapaMEeTPOB BEIYIIETO U BEJOMOTO 3BE€HbEB (KOHCTPYKTHUBHBIX 3JIEMEHTOB)
nepeaau:

d r Z
j,=t—2=t2=422 9.4
s d, h Z, e

a)

Puc. 9.6. Ilepenauu ¢ oTpuniaTeabHbIM (B) U MOJIOKHUTEIbHBIM (0) MepeaaTOYHBIM OTHO-
HICHUEM

[lepenaToyHoe OTHOIIEHUE MOKET OBITH 0OJIbIlIE MEHBIIE (W1 < 2) WIK PABHO €]IU-
Hutle (w1 = wy).

[lepenaToyHoe OTHOIICHHUE JIFOOOTO MEXaHM3Ma 3aBUCUT OT TOTO, KaKO€ W3 3BEHHEB
MPUHATO B KauecTBe Benymiero. CrenoBarebHO, EPEJaTOYHOE OTHOIICHUE XapaKTepH-
3yeT MEXaHHU3M IIPHU OMPEICICHHOM HaIMpaBJIeHUU Niepeaadyu 3Hepruu. bosnee obmieit xa-
PaKTEPUCTUKON MEXAHU3MOB, MPEJAHA3HAUCHHBIX IS MPEeoOpa3oBaHMs BpallaTEIbLHOIO
JIBUKEHUS, SIBIIACTCS nepeodamodtoe Yucio.

llepeoamounvim quciom O08YX CONPANCEHHBIX 38€HbEE HA3LIGAEMC OMHOUIeHUE
Oonbulell y2nosol ckopocmu Kk Meuvuieli. Muaue, nepedamounoe 4ucuo - 83amoe no Mo-

0YJI10 nepedamovHoe omHoueHue, pasHoe uiu 6ovule eouHuye.
w

u=-—= (9.3)
Wi
u =max|[i,|; i, ] 21. (9.4)

B oTnuume ot mepenaToYHOTrO OTHOIICHHS MapaMmeTp U He 3aBUCHUT OT HaIpaBJICHUS
MOTOKA SHEPTHH W BHIOOpA BXOJHOTO 3BEHA, a TIOKA3hIBACT JIMIIb, BO CKOJILKO pa3 Mexa-
HU3M CIIOCOOEH M3MEHHTH YTIIOBYIO CKOPOCTh. [lepemaTounoe 4nciao HE COACPKUT WH-
dbopmanyy 0 B3aMMHOM HAMpaBJICHUH YTJIOBBIX CKOPOCTEM M O TOM, YMEHBINACTCS WU
YBEITMYHUBACTCS CKOPOCTb.

C momomisto Gopmyi (9.1)-(9.3) pemarot 3aa4ri KHHEMATUKU B OCHOBHOM JIsI MeXa-
HU3MOB C IMOCTOSTHHBIM TEPEJATOYHBIM OTHOIIICHUEM.

9.4.3. IIpeoOpa3zoBaHue BpalaIiuXx MOMEHTOB B nepeaayvax [4]

Kak y»e ObI10 OTMEUEHO, MEXTy JBUTaTelIeM U MAIIMHOW-OpYyAreM 0OBIYHO HEO0XO-
JTMMa MeXaHu4veckas nepeaada. Eciau it yrnpoIieHus He YYUThIBATh MOTEPU YHEPTUH B
nepegaye (ee B TaKOM Cllydae Ha3bIBAIOT HJEabHOMN), TO MOJIBOJUMYIO U OTBOJHUMYIO
MOIITHOCTH MOHO CUMTATh paBHbIMU. [[prcBOMB BeaylieMy Bally epeaadu, CBI3aHHOMY
C JBUTareyieM, UHJEKC 1, a BEJOMOMY, CBS3aHHOMY C MAIllMHOW-OPYAHEM, UHJIEKC 2,
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MOJKHO 3TO PaBEHCTBO 3amucarh Tak: P; = P;; orcioga Tiwi = Towy (mmm Ting = Tany),
cienoBarenbHo, 12/ T1 = w1 [ w, (wmm To [ T1 = ny / ny). TIockonbKy mpaBbie YacTH ABYX
TIOCITICIHUX BBIPAKCHUU SIBISIFOTCS MEPEIaTOYHBIM YHCJIOM, TO MOXKHO CJIelaTh BBIBOJI,
qTO

U, =N/1.

Credosamenvho, 6 udeanvnoil nepedaue (be3 nomepv d3Hepeul) UMEHeHUe Yen08ou
ckopocmu (uiu yacmomsl 8pawjenuss) 0OpAMHO NPONOPYUOHATLHO USMEHEHUIO 8PAUAIO-
WUX MOMEHMOS.

OOBIYHO OBIBACT HYXKHO OIPENEIUTh MOMEHT 72 Ha BEJJOMOM Bajly Tepefadu MpH 13-
BECTHBIX MOMEHTE 11 Ha BEIYyIIEM BaJy W MEPEAATOYHOM OTHOIICHHH Ui.p. OUeBHIHO,
yTo 0€3 ydera norepb 3Hepruu 7> = TqUip. C ydyeToMm 3TuUX noteps, T2 = TiU1p i, T1I€ U -
K. II. JI. TIepEeIaYHu.

[Tpm uU1-2 > | mepenaua Ha3pIBaeTCs MOHMDKAIOMIEH (peaxykTopoM). B aTom citydae w; <
w1; Nz < Ng; T, > Ty, [pw Us2 < | mepenava Ha3pIBaeTCs MOBBIMAONMIEH (MYIbTHILUIHKATO-
poM). B aToMm ciyuae wz > w1; Nz > Ng, T2 < Ty

9.4.4. ®pukuuoHHbIe nMepenavu [7]

DpuUKYUOHHBIMU HA3BIBAIOM NEPeoayl, 8 KOMOPbIX IHEP2Us Om 6X00H020 36€Hd K 8bl-
X00HOMY nepedaemcs cunramu mperus. [IpuMeHsIOTCS nepeayu Kak ¢ MOCTOSHHBIM I1e-

penaTouHbIM OTHOIICHHEM (puc. 9.7, a, 6),
112

Puc. 9.7. ®pukunoHHbIE IEpeIaun

Tak 1 (PPUKITMOHHBIC BaApUATOPHI, KOTOPHIE 00ECIICUNBAIOT TIJIABHOE M3MEHEHUE Tepeia-
TOYHOTO OTHOMLIEHHS (puc. 9.7, 6, 2).

OxpykHasi cujia, KOTOPOH MOKET OBITh HarpykeHa (pUKIHMOHHAs Tepenada sl ee
HOpMaJIbHOUM PaboThl (0€3 OyKcOBaHUS), JOJKHA ObITh MEHBIIIE CHJIbI TPEHHUS, BO3HUKA-
IOl B 30HE KOHTAKTA.

o<l Fpm foBG BAF; (9.5)

rae Ft - okpyxHas cuia,

Fr - cuna Tpenus,
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Fn - cua HopMaabHOTO JaBICHUSA,

f - ko3 PunHeHT TpeHus.

To ectb anst paboOThI 6€3 MPOCKATB3BIBAHUS B MaKux Tepeaadax J0JHKHO COOIII0IaTh-
Csl YCIIOBHE

F,>F!f

Ilepeoamounoe omuowerue GpPUKYUOHHOU nepeoayu 8vipaXicaemcs uepes OmHoule-
HUe OUAMempo8 6e00M020 U sedyujeco ouckos (kamkos).

C y4yeToM ynpyroro ¥ KHHEMaTH4e€CKOTO CKOJIBKEHHS MEePeIaTOYHOE OTHOIICHHUE AJIs
(PHUKIIMOHHBIX TIepe1ay

Iy = i___ﬁ’_z___, (9.6)
dl (1 —-& )

rjae di u d; - TmaMeTpsl KaTKoB (IIIKUBOB);

@ - Ko purmeHT ckoapxkeHus. st cunoBeIX miepenad @ = 2 ... 6 %, s KnHeMaTH-
yeckux mexaun3mos w = 0,1 ...2 %.

Pabora Bapraropos (puc. 9.7, 6, 2) XapakTepu3yeTcs IMana3oHoM PeryInpOBaHHUsL:

D= Dymax _ im_v_‘ ; 9.7

Din ~ Tmin

Jlst Gonbiieit yactu BapuatopoB D <4 | nng nexoropsix D =12 ... 14,

Ha puc. 9.7, 6 nokazan 10060BO# BapraTop, B KOTOpOM OeccTyneH4YaToe peryiupoBa-
HUE yTJI0BOW CKOPOCTH M IOCTUTAETCS N3MEHEHUEM BEJIMUUHBI 2.

g

y o
Imin
B BapHuaTopc, nNpcacTaBJICHHOM Ha pHC. 97, r, IepcaaTo4YHOC OTHOIICHUC PECTYINPY-
CTCA OJHOBPCMCHHBIM HM3MCHCHHCM PAAMYCOB KdK BCAYHICTO, TAK U BCAOMOI'O 3BCHLCB
IIyTCM IICPCMCHICHU A ITPOMCIKYTOYHOI'O POJIMKA 2:
: _"ulmu_ r2max gty _a)lmin ...___'.2_1_!3'3___ 9.8
Inax = T > Imin = - - . )
. (1-¢) r_ (1-¢)
mem rlmm ( (ozmu Imax
HpI/I CHMMeTpI/ILIHOM perHHpOBaHHH, KOFI[a r]_max = r2max nu r]_min = r2min:
I 2 — 2
D= 72 max /rlmm = Tmax (99)

9.4.5. PemeHHbIe nepeaavyu

llepeoaua mexanuyeckoii 3Hepauu, 0CywjecCmensiemas 2UOKOU C853b10 NOCPeoCmEoM
MpeHUus. MedxHcoy pemMHeM U WKUBOM, Hazvieaemcs pementou. OHa COCTOUT U3 JIBYX WIIU
OO0JIBIIIero YKciia MKUBOB U OECKOHEUYHOTO PEMHS, HaJIETOTO Ha IIKUBBI C HATSHKCHHUEM.

B 3aBrucuMocTH OT OPMBI MMOMIEPEYHOTO CEUCHUS PEMHS Pa3IUYalOT CICIYIOIINE BU-
JIbl PEMEHHBIX TIepenad: n10CKOpemMeHHble C TPSMOYTOIBHBIM MPOQUIeM MOTEPEYHOTO
cedeHus peMHs (puc. 9.8, a); KTMHOPEMEHHBIE C TPANELEeBUAHBIM MPOPUIEM MONEPEUHO-
ro ceueHus peMus (puc. 9.8, 0); nonuxiunopemennvle ¢ OECKOHEUYHBIMH TUIOCKUMHU PEM-
HSIMHU, UMEIOLUMH MPOJOJIbHBIE KIMHOBBIE BBICTYIBI-peOpa Ha BHYTPEHHEH MOBEPXHO-
CTU PEMHS, BXOJISIINE B KOJIBIICBBIC KIIMHOBBIC KAHABKHU MIKUBOB (puc. 9.8, 8); kpyanope-
MeHHble ¢ KPYTIBIM TipoduiieM momnepedHoro ceuenus pemus (puc. 9.8, 2). Kpome yka-
3aHHBIX BUJIOB PEMEHHBIX Iepeiad, IUPOKOe MPUMEHEHNE OMYyUMIN U NIepeladul C 3)0-
yamuiMy PEMHSIMHU, OOECIEUYHUBAIOIINE MOCTOSHCTBO MEPEAATOYHOTO OTHOILEHUS U XO-
POIIIYIO TATOBYIO CTIOCOOHOCTb.
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Puc. 9.8. Tunsl pemuen

PaccMmoTpum paboTy MIIOCKOPEMEHHOM Iepeadyn, CXeMaTHUeCKH M300paKeHHYIO0 Ha
puc. 9.9.

[lepenaya MIOCKUM peMHEM (M10CKOpeMeHHAs) COCTOUT U3 JIBYX TJIaJKUX IIKUBOB U
OXBAaThIBAIOIIETO X peMHs (puc. 9.9). IIIKMBBI KECTKO 3aKpeIieHbl Ha BEIYIIEM U Be-
JoMoM Banax. HaTsokeHue peMHs oOecredrMBaeT Ha ydacTKaX KOHTaKTa CO IIKMBAMHU
BO3HUKHOBEHHWE cvJI TpeHus. [Ipu BpaleHny Bexyiero mkuBa | 3a cyet cuir TpeHus 10-
MTOJTHUTEITLHO

HATATUBACTCS OJHA W3 BETBEW PEMHs, Ha3bIBaeMasl BEAYIICH; OMATh K€ BBUIY HaJIU-
YU CUJI TPEHUS OHA BPAIAeT BEIOMBIN IIKUB 2.

Jlnst ompeenieHrs MepeaaTovYHOr0 OTHOIICHHSI PEMEHHOHN Mepeaaddl YCIOBHO Tpe-
CTaBUM, YTO PEMCHb HE BBITATUBACTCS M HE MPOCKaIh3bIBaCT HA IIKWBAX. Takoe MOmy-
IICHUE 3HAYUTEIHHO YIIPOCTUT HAIIIA PACCYKJICHUSI M HE BHECET CYIIECTBEHHOM Morpeni-
HOCTH B pacueTbl. Kak M3BECTHO, JIMHEHHAs CKOPOCTh (m/c) Mr000# TOUKH, JIeKAIICH Ha
MOBEPXHOCTH BpaIaloIIerocs Tejia (B HaleM ciydae BeAyliero mkusa), Vi = zDin1/60
nmu Vi1 = @1D1/2, rne Dy - ntuameTp mkuBa, m; Ny - 4acTOTa BpalieHUs, 00/MHUH; @1 - yT-
JIOBasi CKOPOCTh, pajn/c. CrnenoBaTenbHO, U Jt00asi TOYKAa PEMHsI, COBIaJaromas ¢ pac-
CMaTPUBAEMOM TOYKOM BEAYIIETO IIKHUBA, JIBUKETCS C TOW K€ JIMHEMHOW CKOPOCTHIO, a
3HAYUT, U T€ TOYKH PEMHS, KOTOPhIE KOHTAKTUPYIOT C BEIOMBIM IIIKMBOM, M COBIIaJIaf0-
1€ C HUMU TOYKH CaMOTO BEAOMOTO IIKMBA UMEIOT Ty K€ JIMHEHMHYIO CKOPOCTH [4].

Puc. 9.9. Cxema peMeHHOU nepeayn

Jluneitnast CKOPOCTh JF000H TOYKH BEIOMOTO IIIKMBA OMIPEIETISETCS U3 BRIPAKCHUIN

V,=nDyn, /60 win V, =D, /2.

ConocraBuB (pOpMyIIbl JMHEHHBIX CKOPOCTEH TOYEK BEAYIIETO M BEAOMOTO IIKHBOB,
IOy YUM

Dyny = Dyn, win Diay = Dy,

a 3uauut, m,/n, =D,/ D, wn @/ @, = D,/ D,

Tak Kak JIeBbI€ YaCTU BBIPAKECHUH SIBIAIOTCS MEPEIATOYHBIM OTHOIIEHUEM, TO MOYKHO
c/ieNiaTh BBIBOJ, YTO 0€3 y4eTa MPOCKaIb3bIBAHUS PEMHSI 10 IIKMBAM MEPEJaTOYHOE OT-
HOLIIEHWE PEMEHHOM Nepeaun
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iy =za:-=D2/D, =u,. 9.10)

CrnenoBatellbHO, nepeoamounoe OMHOUIeHUE PEMEHHOU Nepeoadu Gblpaxicaemcs ye-
pe3 omuouieHue Ouamempos 6e00Mo20 U 8e0yue20 WKUBOS.

Yriel a1 1 a;2 (cM. puc. 9.9), COOTBETCTBYIOIIUE AyraM, MO KOTOPBIM KacaroTcs pe-
MEHb W HIKUB, HA3bIBAIOT yeramu obxeama. 11ockoJIbKYy peMeHHas Iepeaada nepenact
BpaIlleHUE 32 CUET CUJI TPEHUSI MEXKy PEMHEM M IIKMBOM, €€ paboTOCIIOCOOHOCTH CYyIIle-
CTBEHHO 3aBHCHUT OT YIJIOB 00XBaTa, OMPEACIISIONIMM U3 KOTOPBIX SIBJISIETCS YroJl 00XBaTa
Ha MEHbIIIEM IIKUBE. Ero BeaudrHa B MEPBYIO OYEpEIb 3aBUCHT OT PACCTOSIHHS MEXKIY
[EHTPaMH IIKUBOB (MEXOCEBOTO PACCTOSHUA) U TIEPEeIaTOYHOro OTHOIIeHus. [IpakTuka
noKasajia, 4yTo rnepejadya padoTaeT HOpMaJbHO, €CJId Yrojl 00xBara He MeHbIe 120°. D10
TpeOOBaHUE BBIOJHACTCS, €CIIU coOroatoTes ciemyromme ycrmoBus: (1/3) < i1 < 3;
MEKOCEBOE PACCTOSIHUE HE MEHBIIIE yIBOCHHON CyMMBI JHaMeTpoB MKUBOB (aw = 2(D; +
D,)). MoxHo obecieunTh pabO0TOCIOCOOHOCTh INIOCKOPEMEHHOM TMepeayu U mpu 00Jib-
IIMX TEPEeaTOYHbIX OTHOLIEHUSAX, MPUMEHHUB HATKHOM posmk (puc. 9.10), xoTOpHIii
YBEJIMYHMBAET YroJl 00XBaTa Ha MEHBILIEM IIKUBE.

Puc. 9.10. Cxema peMeHHON Nepeayu ¢ HaTSKHBIM POJIMKOM

Bosee coBepiieHHBIM BUIOM TIEpEIau ABUKCHUS THOKOW CBS3BIO SBIIICTCS Tepeaada
KIIMHOBBIM peMHeM (KimHopeMeHHas). Ha o0ome mkuBa cienaHbl KaHaBKH, B KOTOPHIC
BXOJUT PEMEHb, UMEIONINI B MomnepeyHoM ceueHun Gopmy Tpanenuu (puc. 9.8, 6). B
ATUX Tepeavyax MoJie3Has Harpy3ka mepenaercs 3a CUeT CUJI TPEHHsI MEXy OOKOBBIMU
MOBEPXHOCTSIMU PEMHSI M KaHABOK IIKKBA. TpamnerueBuIHOEe CeYEeHUE PEMHS 3a CUeT 3a-
KJIMHUBAHUS YBEJIIMYMBAET €r0 CIETUICHHE CO IIKWBOM U TOBBIMIAET TITOBYIO CIIOCOO-
HOCTh Tepelayu.

Ha kuHemaTH4eckux cxemax peMeHHBbIE Mepeadyl UMEIOT COOTBETCTBYIOIIEE YCIIOB-
HOe oO0o3HadeHue (puc. 9.11).
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Puc. 9.11. YcnoBHble 0003HaueHUs TIepeiay TUIOCKUM (a) U KIIMHOBBIM (0) peMHSIMU

B nocnennee BpeMst cTany MIMPOKO MPUMEHATh NIepeiadu 3y0uaTbiMU peMHIMU (3y0-
yaTo-peMeHHbIe). Ha paboyeil HOBEpXHOCTH PEMHSI UMEIOTCS BBICTYIIBI - 3yObsi, KOTOPBIE
BXOJIST B 3alICTVICHUE C AHAJIOTMYHBIMU 3yObsIMM Ha IIKKMBaX. Takue nepenayu padoTaroT
0€3 CKOJIBKEHHMSI, 4eM 00€CIeurnBaeTCsl HOCTOSHCTBO NEPEAATOYHOTO OTHOIICHHUS.

B HekoTOphbIX ciyyasx NPUMEHSIOT 00Jiee CIOKHYIO PEMEHHYIO Mepeaady - MHOIO-
cTtyneH4aTyo (puc. 9.12) cocTosiiyro U3 HECKOIbKUX CTymneHen (map mkuBoB). [lepena-
TOYHBIC OTHOIICHUS OTACIBHBIX CTYNEeHEH (I1-2, 13-4, I5.6) BEIPAXKAIOTCS Yepe3 OTHOIICHUS
nraMeTpoB BeloMbIX (D2, Da, Dg) u Benymux (Di, D3, Ds) mikuBoB. IIpuMeHUTEIBHO KO
Bcell nepenade Dy - 3T0 nuameTp Beaylero mkuBa, a De - BeAOMOTo, OAHAKO UX OTHO-
nieHue He OyleT MCKOMBIM NepeNaTOYHbIM OTHOIIEHMEM BCeM Mepefadd, TaKk Kak ITH
IIKUBBI HE CBSI3aHbl €IMHBIM peMHeM. OnpenenuM TpedyeMoe COOTHOLIECHUE, IPUHSB BO
BHHUMAaHHE, YTO BEAYIINUA BaJ (HE IIKUB) KaXKI0W MOCIEAYIOMIEeH CTYIIEHH OJJHOBPEMEHHO

ABJIACTCA BEAOMBIM BaJIOM npem;mymeﬁ.
<

Q

96

Puc. 9.12. Cxema MHOTOCTYIIEHUYATOW PEMEHHOM Mepeiadn

[TepenaTouHOE OTHOLIEHHUE TIEPBOM MApPhl IIKMBOB
: D D
1,_2=ﬂ=—2—,m‘xyna n2=nl L.

D, D
! 1 2

[lepenaToyHoe OTHOUIEHHWE BTOPOM Maphl IKUBOB
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n, D,
Tak Kak IIKWBBI AnaMETpaMu D3 41 D2 3aKpECIICHBI HA OTHOM Bally, N3 = Ny, CiI€a0Ba-
TCIIbHO, HaCTOTA BpalllCHUSA

— n,D,
, =

D,
[lepeaTOYHOE OTHONIEHHE TPETHEH Maphl INKMBOB
I,_6=—-=—,a ng =n,, ng =—=,

D D

g s CJIeI0BaTEIBHO 6
I[lepeaToYHOE OTHOIICHUE BCEH IepeIaun
P L n =
hs ="

ng nD;/D; nD;/D, D,/ Dy

©9.11)
n, _D, D, D _.

=1
“wD /D, D./D, D,/D, D, D, D, s

Taxum obpazom, nepedamounoe OMHOULEHUE PeMEHHOU MHO20CMYNeHYamou nepeoa-
YU PABHO NPOU3BEOEHUI0 NepedamoyHblX, OMHOWEHUU omoenbHblx ee cmyneneu. OTMe-
THUM, YTO ATOT BBIBOJI CIPABEJIUB IS 000N MHOTOCTYIIEHUATON Mepeiauu, a He TOJIbKO
JUTS. PEMEHHOM.

C y4eToM CKOJIbKEHUA JIJISl IPOCTOM pEMEHHOM nepeaayun

; d,
= — 9.12
h, d(-¢) (9.12)

9.4.6. 3y0uaTbie nepeaaqu

Ecnu Ha pa®ounx MoBEpXHOCTIX (PPUKIIMOHHBIX KATKOB CAENATh YePEAYIOUINECs BbI-
CTYIIbI U BIAJAWHBI, PABHO OTCTOALLME IPYT OT APYra TaK, YTOObI BBICTYIIBI (3yObs) OHO-
ro BXOJWJIM BO BIAJMHBI APYroro, MojydyuM 3yOuaTyro nepefady, COCTOSIIYIO0 M3 JIBYX
3yOuaThIX Kosiec. MeHblliee 13 3y0uaThix KOJeC, HaXOAAIIMXCS B 3alI€TNIEHUH, Ha3bIBAIOT
wecmepnetl (e npucBanBaeTcs WHIEKC 1), Oombliee - 3ybuamvim Korecom (MHIEKC 2)
puc. 9.13.

VY 3y0uaroro kojeca yCIOBHO paziM4arOT TeJIO W 3yO0daTblil BEHEl, OTAEISEMBbIH OT
TE€Ja COOCHOW MOBEPXHOCTHIO BIAANH (COOCHON Ha3bIBAOT MOBEPXHOCTH BpallleHUs, OCh
KOTOPOM COBIAAAET C OCBIO KOJIECA).

Puc. 9.13. 3yOuaras nepenaua
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JIunus nepeceueHusi 00KOBOM MOBEPXHOCTH 3y0a ¢ KaKOW-TMOO 3aJJaHHOM MMOBEPXHO-
CThIO (HaNpUMeEp, IJIOCKOCTHIO, MEPHNEHAUKYJISIPHON OCH KoJieca, U T. I.) HA3bIBACTCS
npocghunem 3yoa.

Koneco, paauyc KoToporo paBeH 0€CKOHEYHOCTH, HA3bIBAIOT 3y0Uamoul peuxoi (CM.
puc. 9.14).

Puc. 9.14. Tlepenaua 3y0uaToe Kojieco perka

3yOuaTtbie iepeaun MOKHO KJIaCCU(PUIIMPOBATS.

1. ITo xapaktepy ABUKEHHS OCEl:

a) OOBIUHBIC TIEpe/Iau, UMEIOIUE HEMOABMKHBIE TE€OMETPUUYECKUE IIEHTPHI (OCH) BCEX
KOJIEC,

0) mIaHeTapHbBIC TIEpeIadH, IICHTPHI OJTHOTO MJIM HECKOJBKUX KOJIEC TTOABHKHBI.

2. Ilo B3anMHOMY pacCIIOJIOKEHUIO OCEH:

a) MWIMHAPUYECKUE niepeaayn (epeaadn ¢ napajieabHbIMU OCsIMU, puc. 9.15);

0) KOHMYECKHE nepenauu (mepeayu ¢ nepecekaronuMucs ocsiMu, puc 9.16 a);

B) THNEPOOIONAHBIC TIepeaaun (Mepeaadn ¢ MePEKPEIIMBAIOIINMUCS OCSIMH: YEPBSU-
Hele (puc 9.16; 0), BuHTOBBIC (pUC, 9.16 ), TUTIOUAHBIE U JIP.).

3. Ilo oTHOCUTENHLHOMY PACIIOIOKEHUIO TIOBEPXHOCTEH BEPIIUH U BIAJIUH 3yObEB KO-
Jec:

a) mepefavyy BHEIIHETO 3alleTUICHHs], 00pa3yIOTCs MpPU 3alleTUICHUH KOJIEC C BHEIIHU-
MU 3yObsimu (puc. 9.15);

0) mepenaun BHYTPEHHETO 3alleIICHUsS, 00pa3yroTCs MPHU 3alleIUICHUH KOJIeC, OJTHO U3
KOTOPBIX UMEET BHYTPEHHUE 3yObs, a Ipyroe - BHemHue (puc. 9.16, ).

Puc. 9.15. Tlpamosy06as nunmHApUYECKas mepeaava

VY Koseca ¢ BHEIIHUMU 3yObSMU MOBEPXHOCTh BEPILMH HAXOAUTCS BHE MOBEPXHOCTHU
BIIAJIMH, a Y KOJIeCa C BHYTPEHHUMH 3yObsIMU - BHYTPH TTOBEPXHOCTH BIAJMH.

4. Tlo Tumy 3yObeB:

a) rmepeavM ¢ NpsIMbIMU 3yObsiMU (TIpsiMO3yOble, cM. puc 9.15), uMeroT NpsMyIo Ju-
HUIO 3y0a;
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0) mepenayn ¢ BUHTOBBIMHU 3yObsiMH (puc. 9.16, ), TMHUM KOTOPBIX Ha COOCHOM TO-
BEPXHOCTH SIBJIIFOTCSI BAHTOBBIMH JTUHUSIMH JIFOOOTO BHUJIA.

B) Mepelayu ¢ KOCHIMU 3yObSIMU WM IICBPOHHBIMU 3yObSMH (SIBJISIFOTCS Pa3HOBHUIHO-
CTBIO BUHTOBBIX 3YOBbEB).

5. ITo npoduinsam 3yObeB KoJiec:

Puc. 9.16. 3yOuatble nepeayu: a - KOHUYECKas, 6 - UepBsUHas, B - BUHTOBAS, T - I[UJIUH-
JIpUYECKasi C BHYTPEHHUM 3alCIJICHUEM

a) TIepelauu ¢ dBOJLBEHTHBIM 3allCTUICHUEM,, B KOTOPOM IPO(HIN 3yOheB SBISIOTCS
ABOJILBEHTAMHU OKPYXKHOCTEW;

0) mepemauu ¢ MUKIOUIATBHBIM 3alleINICHHEM, B KOTOPOM PO Ui 3yObeB SBISIOTCS
UHUKJIOWIAMU;

B) mepenauu ¢ 3arerieHneM HoBukoBa, B KOTOPOM BBITYKJIBIN MPOdUIIb 3y0a 0JHOTO
KOJieca U BOTHYTBIN Ipoduiib 3yda Apyroro Kojeca O4epueHbl JyraMHi OKPY>KHOCTEH.

OcTaHOBUMCS Ha KHHEMAaTHKe 3yOuaThix nepeaay [4].

9.4.6.1. Kunemaruka nepeaay4

[Tpu BpameHnn BeayIiero 3youaroro Kojeca ero 3yobs B3aMMOJICHCTBYIOT C HAXOIsI-
IIUMHUCS C HOIMU B KOHTAKTe (3alleTJICHUH ) 3yObsIMU BEIOMOT0 KoJieca, B pe3yJibTaTe ue-
r'0 OHO TAaKK€ HaUMHAET BpamiaThcs. Hanbomee pacmpocTpaHeHbI Iepeaadn ¢ IBOJIbBEHT-
HBIM 3alleIJICHUEM, TIPU KOTOPOM TTpoduiiH 3yObeB BBITOTHEHBI 11O BOJIbBEHTE. TaKou
PO HITb MTO3BOJISET 3yOhsIM TIPH BPAIICHUH KOJIeC 00KATHIBATHCS APYT IO APYTY, BCIC-
CTBHUE Yero 3youaras nepegada paboTaeT IIaBHO, ¢ HEOOJIBITUMU MTOTEPSIMU DPHEPTUU HA
TpEHHUE.

KocozyOrie u meBpoHHbIe Kojeca (puc. 9.17. 6, B) obecrieunBaroT 0oiee MIaBHbIN
XOJI TIepe/Iauu, TaK KaK B 3alETUVICHUHA OJJHOBPEMEHHO HAXOJUTCS OOJIBIIIEE YUCIIO Tap
3yObEB MO0 CPAaBHEHHIO C MPsIMO3y00it epenayeii. B ornuumne ot peMeHHON U PpUKITHOH-
HOM mepenay B 3y0uaToil mepeaade mpoCcKaab3bIBaHHE HEBO3MOXKHO, TIOITOMY Tepe/ia-
TOYHOE OTHOIICHUE, a CIICOBATEIIBHO, M YacTOTa BPAIIICHHUS BEIOMOTO Bajia BCET/Ia Io-

CTOAHHBI.
a) 6 &)

Puc. 9.17. YcnoBHble 0003HaYEHUS 3y0UaThIX KOJIEC C IPSIMBIMH (), KOCBIMH (0) U 11eB-
POHHBIMH (B) 3yObsIMU
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Ecnu npu BpanieHnn 3y0uaThiX KoJiec IpeICTaBUTh ce0e B Iepeaayde JBe Kacarouue-
cst okpykHOCTH 1 1 2 nuamerpamu 0 u d; (M. puc. 9.13.), KOTOpBIE KaTATCS Ojia 1Mo
JpYyroit 6e3 CKOJIbKEHUs, ITO MO3BOJIUT PACIIPOCTPAHUTD HA 3y0UaTyIo repeady OCHOB-
HbIEe KHHEMATUYECKHUE 3aKOHOMEPHOCTH GPUKIIMOHHOM niepenayn. Takum oOpazoM, aiis
3yO4aToi nepenayu nepe1aToyHoe OTHOIIEHKE

OpaHako BOCHOB30BAThCS MPUBEACHHBIM COOTHOIIEHUEM JJIS MPAKTUUECKOTO OIpe-
JIEJTICHUS TIEPEIaTOYHOT0 OTHOIICHUS HEJb3sI, TaK KaK THaMETPhl BOOOPAKaeMBIX OKPYXK-
HOCTEH (WX Ha3bIBAIOT HaYaJIbHBIMH OKPYKHOCTSIMH) TPYIHO 3aMepuTh. [loaTomy mepe-
JATOYHOE OTHOIICHHE HEOOXOMMO BBIPAa3HUTh Yepe3 Apyrue, 6oee yaoOHbIe 1 U3Me-
PEHHI WU ONIPEJCIICHUN BEIIMYUHBI.

3areruieHne 3y04aThIX KOJIEC B epeaade TpedyeT COOII0ICHHSI OCHOBHOTO YCIIOBHS:
3y0 OIHOTO KoJieca JOJHKEH TOUYHO BXOJUTH B COOTBETCTBYIOIIYIO €MY MPH 3alleTNIEHUU
BITAJIMHY ApyToro kojeca. [Ilupuny 3y0a u BaguHbl, a TaK e APYTHUE dJIEMEHTHI 3aIlell-
JICHUSI PACCUUTHIBAIOT 10 TaK HA3bIBAEMBIM OeumeibHbIM OKPY>KHOCTSIM Ha KOTOPBIX
OCHOBHBIE AJIEMEHTHI 3y0UaTOro 3alleryIeHHus] paBHbI aHAJTOTUYHBIM TEOPETUYECKUM dJIe-
MEHTaM 3y0Ope3HOr0 MHCTPYMEHTA (BCJIEICTBUE ITOTO JCIUTEIbHBIE OKPYKHOCTHU HC-
MOJIB3YIOT MPU pacyeTax sl HACTPONKU 3yOOpE3HOTO €TaHKA).

[Ipu M3roToBIEHNUM CTAaHAAPTHHIX 3y0OUaTHIX KOJIEC IETUTEIbHAs OKPYKHOCThH COBIIa-
JaeT ¢ HadanbHOM. Takum 00pa3oM, MOKHO CKa3aTh,

Puc. 9.18. DnemeHTHI 3y04aTOro 3arerieHus

4T0 3y0UaToe 3areTuIeHHe BO3MOKHO JIMIIb TTPH PABEHCTBE OKPYKHBIX IIAar0B p, U3Me-
PEHHBIX 1O JIyTaM JIEIUTENbHBIX OKpy)kHOCTEN (puc. 9.18). (Oxpyorcnoti wazp - omo onu-
Ha ompe3Ka 0yeu 0eumenbHOU OKPYHCHOCMU, PABHAs OJIUHe 8Cell OeIUMeNbHOU OKPYIiC-
Hocmu, pazoeneHHol Ha 4ucio 3yoves 7). Ha omHoM komece p = rd /z1, Ha APYTOM p = td>
| Z,. CnenoBarenbHo, nd, [ Z, = ndy/ ze, otkyna d2 ldl-= z2/z,. Tak kak i1.,£d>/d;TO0 OKOH-
JaTeJIbHO MOXKHO C/EJIaTh BBIBOJI, UTO

i ,=%

2 =12,/ 2 9.13)

u_, =212

CrnenoBatesibHO, nepedamoyHoe OmHouleHue (nepedamoutoe yucio) 3youamotl nepe-
oauu evlpajicaemcs uepes OmHoueHue yucei 3y06e8 6e00M020 U 8e0yuleco KoJec.
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Puc. 9.19. YcnoBHoe o603HaueHUE 3y0UaTol MWIMHIPUIECKOH Mepeau ¢ HapyKHbIM
3alerIeHHEeM (ITOKa3bIBAIOTCS TOJIBKO JIETUTEIbHBIE OKPYKHOCTH)

3y6uatsie HUIMHIPUUECKHE MTepeiadll MOTYT ObITh KakK ¢ Hapy>KHbIM (puc. 9.15), Tak
U C BHYTPEHHUM 3auereHuem (puc. 9.16). Ilpu Haubonee pacnpocTpaHEeHHOM cIocooe
U3TOTOBJIEHUSI 3y0UaThIX KOJIEC METOJIOM OOKAaTKU 3yOOPE3HBIM HHCTPYMEHTOM YHUCIIO
3yObEB HE MOXKET OBITh MEHbIIE 17; B IPOTUBHOM Cllydae HHCTPYMEHT OyJIeT MOApe3aTh
OCHOBaHHE 3y0a 1 0cnalIATh €ro.

Haubonbiiee uncino 3y0beB TEOPETUUECKH HUYEM HE OTPAHUYEHO, OJJTHAKO U 3/1€Ch
€CTh pa3yMHbId Ipeaeit. C y4eToM 3TUX OrpaHUYEHUI YCTAHOBIIEHBI HOMUHAJIBHBIE BE-
JMYHMHBI IEPEIATOYHOTO YKCIIA IS aphl 3y0UaThIX KOJIEC:

1 (1
g' 7 Su,_2 S5(7)

benu nmeTs B BUAY HanboJjee pacipocTpaHeHHBIC TIOHMKAIOIINE Teperayu (T. €. me-
penauu ¢ Uy >1), To HAMHOT'O YBEJIMYUTh MEPEIATOUYHOE YHCIO MOXKHO TOJIBKO IyTeM
CO3JIaHHsI MHOTOCTYIIEHUYAThIX nepenad. Hanmpumep, 11 TpexcTyreHdaroi 3youaTon me-
penaun (puc. 9.20) obimee nmepeaaToyHOe YMCIO PABHO MTPOU3BEICHUIO TIEPEIaTOUHBIX
YqHUCeJI OT/ICIbHBIX CTYNCHEH, T. €.

U g = Uy Uy gUs g5

Kpome npocThix 3y0uarsix nepeaad, COCTOSIIIMUX U3 OAHOW Maphl KOJIEC, U MHOTOCTY-
NIEHYAThIX NIEpead NHOTA UCIIONb3YIOT 3y0UaThIe nepeoauu ¢ npomedcymouyHbiMu 3)0-
YamviMu KoJecamu.

[lepenauy, moka3zanHyto Ha puc. 9.20, 6 MOXHO NMPEJACTABUTh KAK ABYXCTYNEHYATYIO
CO CTYNEHSIMU Z1 - Z2 U Z2 - Z3 , T. €. CYUTATh, YTO KOJIECO Zp JUIsl IEPBOM CTYNEHHU BEAO-

Moe, a JUIsl BTOpOi - Beaymiee. B aTom cirydae o0iiee nepeaToqHoe Yuciio

126 s 7. 2
= 2.3 -3
Z, 2 %

AHanoruyHo nepeaavy, nokazanuyro Ha puc 9.20, 3, Oyaem cuutatb COCTOSILEN U3
TpeX CTYIICHEWU: Z1 - Z2; Zp - Z3; Z3 - Z4. [l Hee
W R,

5L 5 3 %

[lepenauu, B KOTOPHIX MPOMEKYTOUHBIE 3yOUaThIe KOJeca HE U3MEHSIOT MepeaToy-
HOT'O YHCJIa, IPUMEHSIOT B IBYX Cllydasdx: 1) MeKOCeBOe PacCCTOSHHE MEKIY BEAYLIUM U
BEJIOMBIM BaJIaMU BEJIMKO JIJIsl OJHON Mapbl KoJiec; 2) Ha BEIOMOM Baly HE0OXOUMO CO-

XPaHUTh HAMPaBJICHUE BpalIEHUs BEAYIIETO Bajia (B 3TOM CIy4dae YMCIIO IPOMEXYTOU-

U _4
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HBIX KOJIEC IOJKHO OBITh HeueTHbIM) [[pomexxyTouHoe 3youaToe Koiaeco, 0IHOBPEMEHHO
3aterisonieecs <: AByMsl IpyTUMH TaK, YTO MO OTHOLIEHHUIO K OJTHOMY SIBJIIETCS BEO-
MBbIM, a 110 OTHOUIEHUIO K IPYTOMY - BEYIIUM, Ha3bIBACTCS NAPA3UMHBIM,

Z;
- X - X
2,
- 2
- X -J
a) 6) 8)

Puc. 9.20. Cxembl TpexcTyneH4aTou (a), ¢ OJHUM Mapa3uTHBIM KoJiecoM (0) U ¢ IByMs
napa3uTHBIMU Kojiecamu (B) 3yOUaThIX mepenay

Ecnu B 01HOIM KOHCTPYKIMH OOBEIMHUTD paccMaTpUBaeMble cXeMsl (cM. puc. 9.20, 6
U B), TO MOJIYYUTCS PEBEPCUBHBIN MEXaHU3M, C TIOMOIIIBIO KOTOPOTO MPU HEM3MEHHOM
HaIpaBJICHUH BPAIICHHS BEIYILIETO

Bajia BeIOMbIN Baj Oy/eT U3MEHATh HAIPaBJICHUE BPAIIEHUS B 3aBUCUMOCTH OT YHUCIIA
BKJIFOUEHHBIX KOJIEC - YETHOT'O MM HEYETHOTO.

9.4.6.2. 'eomeTpHUYeCcKHe 3J1eMEHTHI 3y04aTOro 3anenjieHust

N3BecTHO, uTO wae 3yOuaToil nepenauu p = nd/z OTCI0a MOXKHO OMPENETUTh Oud-
memp OenumenvbHoll oxkpydchocmu (cM. puc. 9.18.): d=pz/m. Jlnga mepBoro komeca
di=pzy/z, nast BTOpOro Oz = pz2 / 7 . [ToCKONBKY BETUYMHA p/7 , UMEIOIIAsACA B 000OUX BbI-
paKeHHSIX, HE MOXET OBITh MOJCYMTaHA TOYHO, OoJiee YOOHO B3aMEH €€ BBECTH BEJu-
yruHYy M (MM, Ha3bIBAEMYIO MOJyleM 3y04aToro Kojeca:

m=plnx (9.14.)

3HaYeHUs MOJYJIS, SBJISIONIETOCS OCHOBHOM T€OMETPUYECKON XapaKTEPUCTUKOUN 3y0-
4aToro KoJjeca, CTaHJAapTHU30BaHBI, YTO OOJETYaeT M3TOTOBJICHHE W IMOAOOP 3yOdYaThIX
KoOJIeC.

PaccrosiHue OT menuTenbHOM OKPY)KHOCTH JO BEPIIMHBI 3y0a HA3BIBACTCS 6blLCOMOIN
2onoexu 3yoa hy (cM puc. 9.18), a OT JenuTeIbHON OKPYXKHOCTH 0 OCHOBAHHUS 3y0a - BbI-
coToi HOKKH 3y0a h¢ . [Ipr H3roTOBIEHUH HEKOPPETMPOBAHHBIX KOJIEC CTAHIAPTHBIM 3Y-
OOpEe3HBIM MHCTPYMEHTOM BBICOTA TOJIOBKH 3y0a TOJydaeTcss paBHOM M; a BBICOTa €ro
HOXKH - 1,25m. Takum o06pa3om, mosHas BeicoTa 3yoa h = 2,25m. Iy HUIHHAPHIECKOTO
3y04aToro Kojeca MOKHO JIETKO OTPEIeTUTh OCHOBHBIE pa3Mephl

JTMaMeTp JACIUTEeIbHON OKpYKHOCTH d = mz ,

auaMeTp okpykHocTH BepmuH da =d + 2h, =m(z + 2)

nuaMeTp okpykHoctr Briaauu df =d - 2hs-m(z - 2, 5) .

Paccrosinue Mexay LeHTpaMu KoJjiec (MEKOCEBOE PACCTOSHUE)

a‘,=d’+d2 =m(z,+zl). 9.15)

2 2
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Ha J1Ba (C TOCIEAYIONINM OKPYTJICHHEM 0 OJIvKaiIel CTaHIapTHON BEIMYUHBI), T €.

m=d, (z+2). (9.16)

[IpuBeneHHBIC BBITIE BBIBOJBI CIPABEIJIUBBI TOJIBKO JJII HEKOPPE-TUPOBAHHBIX 3y0-
YaTBIX KOJIEC C MPSMBIMU 3YOBSIMHU.

3y0uatsie mepeaadn MOTYT HCIIOTHITHCS B BUE KOPOOOK IMEepeMEHbI Iepenad, peaykK-
TOPOB ¥ MYJIbTUILITUKATOPOB.

Kopoobka nepemenvt nepeoau (KIIII) - ycmpotiicmeo, 8 KOmopom cKOpoCmb 8bIX0OHO20
eana pezynupyemcs cmynenyamo. B KIIII nu3MeHeHue nepenaTouHoro 4yuMcia J0CTUTraeT-
Csl TEM, YTO B 3alleIUICHUE BBOAST TO OJHH, TO APYTHe 3yOdUaThie Kojieca B Pa3sIUIHBIX
KOMOHMHAIUAX. JTO 00ECIIeYMBAETCS Yallle BCETO MepeMeNICHHEeM OJIOKOB 3yOUaThIX KO-
JieC 10 BaJiaM, UMEIOIIMM HAIMPaBJISOIIYIO IITOHKY WK IUKIET (puc. 9.21, a).
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Puc. 9.21. KopobOxka nepemensl nepeaad (a), peaAykTop (6) 1 MyJbTUILITUKATOD (B)

Peoyxmop - ycmpoiicmeo, nonudcarowee yeno8y cKopocms (4acmomy epaujeriis)
8bIX00H020 6ana. J{nst penykTopa U = /w2 > |; (01> w2) Ipy 3TOM MOMEHTBI Ha BEJOMBIX
Banax yBenuuuBarotcs T2>T1)(puc.9.21,0).

MyJbTHININKATOP - YCMpOoUCcmeo, nosvluiaioujee 4yacmomy epaweHus e00Mo20 6a-
aa. s mynpTunmukatopa U = /w2 < 1; o1<wz, T>T; (puc. 9.21, B).

1111
U
lh.

Puc. 9.22. [IpuBoa "DIeKTpOABUTATEND - YEPBSIYHBIA PELYKTOP"

Takum 00pa3oM, OCHOBHBIC Ha3HAUYCHHS PEIYKTOpPA - TTOHIKEHHUE YTIIOBOM CKOPOCTHU
U, COOTBETCTBEHHO, MOBBIIICHUE BPAIIAIONIET0O MOMEHTA Ha BEJOMOM Bajly IO CpaBHE-
HUIO C MOMEHTOM Ha BelylleM Baiy. B 3aBHCMMOCTM OT BHJa mepegayu, KoTopas uc-
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MOJIB3YETCSI B PEIYKTOPE, Pa3IMyaloT 3yOdarble HUJIMHIPUYECKHE, 3yOdaTble KOHHYe-
CKH€, YepBSIYHbIE 1 KOMOMHUPOBAHHBIE peayKTOphl (puc. 9.23). OHM MOTyT OBITH OJHO-
¥ MHOTOCTYyTNeH4YaTbiMU. OO1uii BUI IPUBOIA, COCTOSIIIIETO

)Hi;_]

T“a

Puc. 9.23. CxeMbl peAyKTOPOB:

- odnocmyneﬁltamoeo c uuﬂuHOpuquKumu Konecamu, o - OC)HOCmyneHLlCZWIOZO C KOHU-
YecKumu KoJjiecamu, 6 - oanocmyneﬁqamozo uepeAdHoco

U3 DJIEKTPOABUTATENSI U YEPBAYHOTO PEAYKTOPA, BaIbl KOTOPHIX COCTUHEHBI My TOM, 1MO-
Ka3aH Ha puc. 9.22

9.4.7. UepBsiuHas nmepeaaya

UYeppsuHas nepeaya, sBJstoNIascs 3y04aTo-BUHTOBOM, COCTOUT U3 YEPBSIYHOTO (KO-
co3y0oro) kojeca ¢ 3yObsIMU CHELUAIBHON (OpMBI U uepBsika (BUHTA C Tpameluenaib-
HOM pe3b00il). OHa npuMeHsieTCs AJis Iepelayl BpallleH!sl MKy BajlaMu, TeOMEeTpHUY e-
CKHE€ OCH KOTOPBIX ckpemuBatorcs (puc. 9.24). Jlnsa oOecrieueHus 3alerieHus mar yep-
BsIKa JIOJDKEH OBITh paBEH OKPY)KHOMY IIary 4epBSIYHOTO KoJeca.

Puc. 9.24. YUepsiunas nepenava (a) u ee yciioBHOe 00o3HaueHue (0)

Uepssik, kak U OOBIYHBIA BUHT, MOXKET OBITh OJJHO- M MHOT03aXOHBIM. Ecnu moBep-
HYTh OJIHO3aXOJHBIA YEPBSIK HA OJUH OOOPOT, TO CBSI3aHHOE C HUM YEPBIYHOE KOJIECO
IOBEPHETCS HA YroJjl, COOTBETCTBYIOIIUM OJHOMY LIATY; IPU JABYX3aXOJHOM YEPBAKE MO-
BOPOT OyJET paBeH YTy, COOTBETCTBYIOIIEMY JIBYM Iiaram, u T. A. YToObl, Hampumep,
OJIHO3aXOJIHBIN YEPBSK MOBEPHYJ KOJIECO Ha OAMH TMOJIHBIM 000POT, OH JOJKEH CaM CO-
BEPILUTH CTOJIBKO 00OPOTOB, CKOJIBKO Ha KoJiece 3yObeB. Clie10BaTeabHO, nepedamoyroe
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OMHOULEHUE YEePBAYHOL nepedayll 8blpaxcaemcs uepe3 omHouleHue Yucia 3yoves Koueca
K YUCTY 3aX0008 pe3bObl Ha YepssiKe, T. €.

u,=21,2,.

Yeppsiunas mepenada MO CPABHEHHIO C APYTHMH UMEET TaKWe MPEUMYIIECTBA, Kak
IJIABHOCTh M O€CIIYMHOCTh pabOThl, BOBMOXHOCTh MOJy4YaTh OOJIbIIKME MEpeIaToOYHbIe
oTHoueHusi. Harpumep, BIiosiHe BO3MOXHA YEpBSYHAs nepeaaya, y KoTopou z, = 50 u zy
=1,T.e.

M1, == 50, Torza KaK JJIsl OJHOM Maphl 3y0UaThIX KOJEC OOBIYHO HE MPEBBIMIAET S5-7.
Opnako B 4yepBAYHOM Nepegadye Hanbosiee HU3KUH K. M. J. U3-3a OOJBIINX MOTEPh MOII-
HOCTH Ha TpEHHUE; YTOObl UX CHU3UTH, JUISI U3TOTOBJICHUS PAOOYMX YacTed YEepPBAYHOTO
KoJieca 0OBIYHO HCIIOIB3YIOT aHTU(DPUKIIMOHHBIC MaTepUalIbl (HarpuMep, OpoH3y).

9.4.8. llennas nepegayva

[lenHbie mepenaun, Kak U PEeMEHHBbIE, OTHOCSITCS K MPUBOJIaM C THOKOW CBSI3BIO U
o0ecrneunBaloOT Mepeiavy Bpalariero MOMEHTa MEXy BajlaMu, KOTOPbIe MOTYT Haxo-
JTUTHCS Ha 3HAYUTEILHOM (710 8 M) paccTostHuM Jpyr ot apyra. Ha Benymiem u BeaoMoM
BaJlax Mepeaadyu YCTAHABJIMBAIOT 3BE3J0UKH C YHCIIOM 3YOBbEB Z| U Zy, CBSI3aHHbBIE OECKO-
HEYHOW NMPUBOAHOMN Lenbio (puc. 9.25) Kpome 3THX OCHOBHBIX 3JIEMEHTOB, OOJIBIIMHCTBO
KOHCTPYKIIMH LENHBIX Mepeay UMEIOT HATSKHBIE U CMA304YHBIE YCTPOWCTBA, KapTEPHI U
OTPaXKICHUS.

[enubie nepenayn pabOTAIOT MO MPUHIIUITY 3alleTUICHHS, @ HE TPEHHUS, KaK PEMEHHBIE.
D10 obecreynBaeT MOCTOSHCTBO MEPEIaTOYHOr0 OTHOIICHUs. [IpuHIMN 3anernieHus: He
TpeOyeT MpeBAPUTEIHHOTO HATSHXKEHUS 1IETH, B CBSI3U C YEM YMEHBIIIAETCA Harpy3ka Ha
BaJIbl M OMOPHI, a Takke nosbimaercs KITJI nepenauu (10 0,98).

VYron o0xBaTa 3BE€370YKH IEMBI0 HE UMEET CTOJb PEHIAIOIIEro 3HAYEHHUs, KaK yroj
oOxBaTa mIkuBa peMHeM. [loaToMy 1enHble, mepegayl MOTYT HaAeKHO padoTaTh mpu
MaJIbIX MEXKIEHTPOBBIX PACCTOSHUSIX W MPU OOJIBIIUX MEPENaTOYHbIX OTHOIIeHUsX. [1o
CPaBHEHHIO C PEMEHHBIMHU IIEITHbIE TIepeIadi UMEIOT 3HAUUTEIHLHO MEHBIIINE FTa0apUTHBIC
pa3Mephl, MOTEPU Ha TPEHUE U HKCILTyaTallMOHHBIE pacXobl"

[lenu Mo CpaBHEHHUIO C PEMHSIMU OTJIMYAIOTCS MOBBIIIEHHOW MPOYHOCTHIO. DTO MO3-
BOJISICT LIETIHBIM TE€pe/layaM Iepe/laBaTh 3HAUUTEIIBHO OOJIBbIINE MOIIHOCTH MPU MEHb-
IMX rabapuTHBIX pa3Mepax Mo CPAaBHEHUIO C PEMEHHBIMHU.

[lenHble Mepeiavn BBIMOIHAIOT KaK MOHMKAOIIMMU, TaK U HOBBIIAIOMIUMY (HAIpH-
Mep, MOBBIIIAOIIAs MEpeaada K 3aJHEMY KoJiecy Bejocuneaa). X mmupoKo UCrnoiab3yroT
B TPAHCIOPTHBIX CPEACTBaxX (MOIEbI, MOTOIMKIIBI), B TPAHCHOPTUPYIOMIMX MaIlMHAX
(KOHBEHEepHI, ICKATATOPHI), a TAKKE B CETLCKOXO3SUCTBEHHOM M aBTOMOOMIIBHOM Mallly-
HOCTPOCHUU. MOXKHO BCTPETUTH ATH IEpeladyd B CTAHKOCTPOCHHH, B TOPHOPYIHOM,
HEePTIHOM, XMMUYECKOM, METAJUTYPTUUECKOM U APYTUX OTPACIISIX MAITUHOCTPOCHUS.
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Puc. 9.25. llennas nepenaya

[lepenaToyHoe OTHOIIIEHWE IIEITHON Tepejaul BhIpaKaeTCsl Yepe3 OTHOIICHUE 3yObeB
BEJIOMOI U BEAYIIEH 3BE3/10UEK, T. €.

Uiz = Z2/7y

VYcnoBHOE 0003HaUEHNE LIETHOM Mepeiaun MpruBeIeHo Ha puc. 9.26.

B
4,>—-—-—-€€s-

Puc. 9.26. YcnoBHoe 0003HaueHUE IIEMTHOM Mepeavn

S il
—~—

9.5. /lemanu u coopounvle eOUHUYBL nEPEOAY 8PAULAM ETbLHO20 OBUICEHUA

9.5.1. OcHu 1 BaJbI

Ocu u Banbl - AeTajau, HECYIMe Ha ceOe Bpalllaroluecs YacTH MaIlluH: 3y0daTsie KO-
Jeca, MKUBbI, OapabaHbl, 3Be3709KHU U T. JI. OCh 00BIYHO MPEACTABIACT COOOH CIUIONTHOE
WJIU TI0JI0€ CTYIIeHYaToe (pee IiaaKoe) Teno muimHApudeckoi hopmel (puc. 9.27). Ocu
OBIBAIOT @paujarowuecs U HenoosudcHvle. HampuMep, BaroHHass OCb BMECTE C 3aKper-
JICHHBIMH Ha HEH KoJiecaMH BpaIllaeTCs, OCh BEJIOCUIIEIa HETIOBIKHA, a KOJIECO Bpalla-

€TCA OTHOCUTCIIBHO HEC.
edna
Won %7

%
Puc. 9.27. Ochb

Hauboinee pacnpocTpaHeHHbIE npsmble 6aibl, IO GOpPME HE OTIMYAIOLIUECS OT OCEH,
CYILLIECTBEHHO OTJIMYAIOTCS OT HHUX MO Xapakrepy padoTel. OAHO U3 OTIMYMIA: BaJibl HE
MOTYT OBITh HEMTOABUKHBIMH, OHU 00s13aTeNbHO Bpaiatorcs. Ho riiaBHoe oTinuue B Ipy-
rOM: OCH TOJIbKO HECYT Ha ce0e 4acTu MalluH, a ClIeJ0BaTeIbHO, OIBEPratoTCs TOJIBKO
u3rudy, a Bajbl, KPOME TOTO, €lIe U NMEePEeatoT Bpallatouiii MOMEHT, a 3HAYUT, UCTIBITHI-
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BaIOT OJJHOBPEMEHHOE JielicTBHE M3ruba U KpydeHus. Hanmpumep, mmuHAeb TOKAPHOTO
CTaHKa IMpeJCTaBIISIET cO00M MOJBIN MpsMoii Bal. BpararomemMmy MOMEHTY, KOTOPBIH Tie-
penaeTcs Ha IMUHIEIb OT JEKTPOABUTATENS (Yepe3 MPOMEKYTOUHbIE BaJibl), MPOTHUBO-
JEWCTBYET MOMEHT, CO3/1aBa€MbIil CUJION pe3anus. OaHa U3 COCTABISIOIIMX CHJIBI pe3a-
HUS, KPOME TOT'0, M3rudaeT MnuHIAeb [4].

9.5.2. Onopsl oceii 1 BaJIOB (MOAIIUITHAKH)

Bpamaromuecs ocu ¥ Bajibl CBOUMH ITUTIAMU U mIekamu-tiandamu (puc. 9.27) onu-
paroTCsl Ha HETOIBUXKHBIEC OMOPHI (MOAIMIHUKH). B 3aBucuMocTH

OT XapaKTepa TPEHUS MEXAY BPALIAIOIIMMHUCS W HENOJABWIKHBIMU JETAAMU Pa3JIv-
YT MOAIIUITHUKYN CKOIbIHCeHUs. N TIOAIIUITHUKHA KaYeHUs.

IMoamMMHUKH CKOJIbKeHUs1. [[pocTeHiii MOAMUITHAK CKOMBKECHHS 1T arndbl Ba-
JIa BBITIOJIHAETCSA B BUJIE OTBEPCTHS B CTAHWHE WJIM KOPITYCE MAIIMHBI, OJJHAKO MOCJE U3-
HOCa OH HE MOXET ObITh BoccTaHOBJIeH. [[oaTOMy 1iesiecooOpa3Heit AenaTh MOAIIUITHUKI
B BHUJIE CaMOCTOSITEJIILHOTO y3ia - BTyJNKU ¢ (ianueM. Emie Oosee coBepilieHHa KOH-
CTPYKLMS, B KOTOPOW BHYTPb TaKOI'O IOAIIMIIHUKA 3aIPECCOBBIBACTCA CMEHHAs BTYJIKA
U3 CHEIHUATBHOTO0 aHTU(GPUKIIMOHHOTO MaTepuaia (Hampumep, OpOH3bI), YTO MO3BOJISET
IIPY U3HOCE 3aMEHSATh HE BECH MOILIUITHUK, a JINIIb BTYJIKY.

A
Puc. 9.28. PazbeMHBIN MOAIIUIHUK CKOJIBKEHUS

Haubonee yacto, 0ocoOeHHO Mpu OOJBIIMX HArpy3kax, OIPUMEHSIOT MOAIIUITHUK C
pa3pe3Hoi BTYJKOM - pa3beMHBIMU BKJIaJbIIamMu (puc. 9.28). OH cocTouT U3 kopiyca 7,
Pa3beMHOr0 BKJIabIIa 2, KpbIIKU 3 u 001TOB 4. Uepe3 0TBEPCTHE B KPBIIIKE HA TPYLIH-
ecsl IOBEPXHOCTH MOCTyMaeT Macio. Takoil pazbeMHBIN MOAIIUITHUK yI00HO yCTaHABIIH-
BaTh Ha JItOOOM ydacTKe Bajia (HEpa3beMHBI MOXXHO YCTAHOBHUTH JIMIIb HAa KOHLIEBOM
OIIOpE - IIMIE); B HEM TAK)KE€ MOKHO PETyJIMPOBATh 3a30P MEXKIY BAJIOM M BKJAJIBIIIEM,
nopKUMasi 0osTaMu 4 KpbIIIKY C BEpXHEH MOJ0BUHOMN BKJIAbIIIA.

Y1006cTBO MOHTa)xa M J€MOHTaXa, a TaK)Ke OTHOCHTENbHAs! MPOCTOTa KOHCTPYKIUH
SBJIAIOTCS JIOCTOMHCTBAaMH IOIIMITHUKOB CKOJIbKEHHs. OJHAKO y HHX €CThb W Cylle-
CTBEHHbIE HEJOCTAaTKH, U, B IEPBYIO OYEpeb, OOJBIINE NOTEPU MOUIHOCTH HA MPEO0-
JICHUE TPEHUSI CKOJIbKEHUS.
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Puc. 9.29. IloamumnauKy KaueHus: a - MapUKOBBIA paguaibHbIA OJHOPSIHBIN, O - pOIH-
KOBBIM KOHUYECKUH PAIHAIBHO-YIIOPHBIN, B - IIAPUKOBBIN YIIOPHBINA OJVMHAPHBINA

[Topmmnuauku kadyenus. llupokoe npuMeHEeHUE MOAMMITHUKOB Kau€HUs O0OBACHAETCS
MaJIol MoTepel MOIHOCTU Ha mpeojosieHue TpeHus. [logmmnuuk kauenus (puc. 9.29)
COCTOMT U3 BHYTPEHHETO 2 U Hapy>kHOro 1 Kosel, Ten kaueHus 3 (B JaHHOM ciiy4ae Iia-
puKoB) U cenaparopa 4. BHyTpeHHee KoJbL0 OOBIUHO ’KECTKO HacakKMBAaeTCsl Ha Ball, a
HapY>KHOE 3aKpeIursIeTcs B Kopiyce. Mexly BpalllarolMMCsl U HETIOIBH>)KHBIM KOJIBLIAMHA
PaCIIOJIOKEHBI TEIa KaUYEHUs, yIEPKUBAEMbIE HA TIOCTOSTHHOM PAaCCTOSIHUM APYT OT ApyTa
cenapaTopoM (cioBo "cenapamop” o3HayaeT pasznenuTens). B 3aBucumoctu oT (Hopmbl
T€J KaueHHsI MOJALIUITHUKY JENSATCS Ha WAapUuKossble U poauUKosble, a B 3aBUCUMOCTH OT
Yyucia pAgoB TeN KaYeHUs - Ha OJIHO-, 08yX- U MHO2opsiOHble. 110 HanpaBleHUIO Harpy-
30K, JUJIsl BOCOPHUATHUS KOTOPBIX MpeAHa3HAYEHbl MOAIIMITHUKY, PA3INYal0T paduaivhbie,
ocegvie (ynopuvie) U paoudibHO-YHOPHble TIOALIMIIHUKU: PaJHalibHbIE MpeIHA3HAYCHBI
JUTSl IPOTUBOACICTBUS TAKMM BHEITHUM CHJIAM, KOTOPBIE HAMPABIIEHbI EPIEHIUKYJIISIPHO
MPOJIOJIBHOM OCH MOAIIMUITHKKA (Bayia), T.€.NO JIMHUU, COBMAJAIONICH ¢ OTHUM U3 paguy-
COB 3THUX JI€Tajeil; OCEeBbIE YIAEPKUBAIOT Bajl OT OCEBBIX MEPEMEIICHUH, T. €. IepeMellie-
HUIl B HaIpaBJICHUU NPOAOJIBHON OCH MOAIIMITHUKA (Baja); paaualbHO-YIIOPHbIE OJTHO-
BPEMEHHO NPOTUBOACHCTBYIOT KaK paJuaibHbIM, TaK U OCEBBIM NIEPEMELIEHUSAM BaJIOB.

Bce nmoqmmnHuKy cTaHAapTU30BaHbl. B 3aBUCHMOCTH OT COOTHOIIEHUS paJgHalIbHBIX
U OCEBBIX Pa3MEPOB UX Pa3AelAlOT Ha CEPUU - 1e2KyI0, cpedHioro N madxcenyro. 1lpu onu-
HAaKOBOM BHYTPEHHEM JMaMETPE MEHBIIYIO LIMPUHY U HAPY>KHBIN JHAMETP UMEIOT NOJ-
IIMITHUKH JIETKOM cepuu. [ToaIMMMHNKYN pa3indaroTcsl TakkKe M0 Harpy304HOM ClIOCOOHO-
CTH (IMHAMHYECKOW TI'py30MOIbEMHOCTH), T. €. IO CIIOCOOHOCTH B TEUEHUE OIpPEACIICH-
HOTO CpOKa BbIIEPKUBATH 0€3 pa3pyllIeHUs 3aJaHHYI0 Harpy3Ky MpH 3aJaHHOW YTJIOBOU
CKOpPOCTH BpaleHus Bajia. B cipaBouHbIix Tabnuiax (KaTajaoroB MOAMIMITHUKOB) YKa3bl-
BaeTcs IMHAMHMYECKas TPy30M0AbEMHOCTh, IO KOTOPOIl BEIOMPAIOT MOJUIUITHUK JIJIsl KOH-
KPETHBIX YCIOBHUM paOOTHI.
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Puc. 9.29. [Tonepeuno-cBepTHas (a) U MPOA0JILHO-CBepTHAS (6) My ThI

9.5.3. My¢rsI

MydThl peaHa3HayeHbl 1S HNepelayd BpallleHHUs ¢ OJHOIO Bajla Ha JPYroM, pacro-
JIO’KEHHBIN ¢ HUM coocHo. Ecnu MydTa paccuutana Ha NOCTOSIHHOE COCIMHEHUE BaJlOB,
TO OHA Ha3bIBACTCS nocmosanHou. K MOCTOSHHBIM OTHOCSITCS nonepeuHo-ceepmuasi (puc.
9.29, 0) u npo-doavro-ceepmuas (puc. 9.29, 6) mydTHI, COCTOAIIME U3 ABYX MOIyMy(DT,
COeIMHEHHBIX OonTamMu. Bpaiaroniuiics MOMEHT nepeaeTcst

mmoHkamu. [Togo0Hbie MydThI, Ha3bIBAEMbIE TITYXUMH, TPOCTHI MO KOHCTPYKIIUH, OJ1-
HAKO UMEIOT CYIIECTBEHHBIN HEAOCTATOK - TPEOYIOT TOYHOTO IIEHTPUPOBAHUS COEIUHSC-
MBIX BaJIOB IIPH COOpPKE.

Puc. 9.31. KynaukoBas my¢dra
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DTOro HEJOCTaTKa HET y KOMICHCHPYIOIUX MOCTOSHHBIX My(]pT. KoHcTpykmms mx
CJIO’)KHEE, OJTHAKO M BO3MOXKHOCTH IIMPE - OHU MOTYT COCIUHSTH BAJbI, HIMEIOIINE CMe-
IICHUE U TEPEKOC TeoMeTprudIecKuX oceil. Eciu B Takoil My(Te CMEIIeHHEe U MePEKOC Ba-
JIOB KOMIICHCUPYIOTCSl YIPYTHMH 3JI€MEHTaMU, HAPUMEDP CTAIbHBIMH IJIACTUHYATHIMU
NpYXKHHAMH WIA PE3MHOBBIMH KOJIBIIAMH, TO €€ Ha3bIBAIOT YHpYeoll, €Cli Ke YIPYTUx
DJIEMEHTOB HET, My(]Ta HazbIBaeTcs orcecmkou. V3 ynpyrux KOMICHCHUPYIOIIMX MYQT
HanOoJIee MMPOKOe TPUMEHEHUE TIoyduiiuemynouno-nanvyessie (puc. 930 o). He menee
4acTO HCIONB3YIOT Jcecmkue Kpecmoso-uiapHupusvie Myptol (puc. 9.30 6), cocrosimue
U3 JIBYX BUJIOK U KPECTOBHUHEI.

[Tpr HEOOXOIUMOCTH B TIpOIECCe paOdOThI MHOTOKPATHO COCTUHATH M Pa3beIUHATH
BaJIbl IPUMEHSIOT cyenuvie Myghmol, U3 KOTOPHIX Hanboee

Y4acTO UCHOJIB3YIOT Kynauxkogyio (puc. 9.31) OaHa u3 momyMydT KECTKO COSTMHEHA C
BaJIOM, a BTOpas MOXKET IMEpPEeMEeIaThCs BIOJIb HETO 1O MIIOHKE WIX Mo numnaMm. [Tpu
BKIIFOUCHUU MY(THl KYJIauK¥, UMCIOIIMECS Ha TOPIIOBBIX MOBEPXHOCTSIX OIHOW IOJTY-
My(TBI, BXOAST BO BIIAIUHBI APYTOH U MEPEIAIOT BpaIllCHHE.

KoHTposbHBIE BONPOCHI

JlaliTe onpeaeieHrue KPUBOIIINIIA, IAaTyHa, KOPOMBICIIA, KYJIUCHI, TOJI3yHA.
Kakne mexaHu3Mbl OTHOCATCS K PhIYaKHBIM?

Uto Ha3bIBAaETCS MIATYHHOU KPUBOM?

K xakomy Ty OTHOCATCSI MaJIbTUHCKUE U XPAOBBIE MEXAHU3MBI?

N3 kakux NOABMKHBIX 3B€HBEB COCTOUT KYJIAUKOBBIN MEXAHU3M?

B dem 3akirouaercs OTIMYME TIIOCKUX U IPOCTPAHCTBEHHBIX KYJIAUKOBBIX MeXa-
HHU3MOB?

7. Ot yero 3aBUCUT TPOPHIIb KyJauka?

8. Kakyro 3aBHCHMOCTh Ha3bIBAIOT JHArPAMMO TIEPEMEIIICHUS TOTKATE?

9. UYro Ha3bIBAIOT MEXaHMYECKOHW Tepeaadeii?

10. ITo xakuM mpUHIMIAM KJIaCCUPUIIUPYIOT MEXaHUUECKHUE TIepe1adu?

11. [aiiTe onpeseneHne nepeaTouHoro Yrciia u Iepe1aToqyHoro OTHOIICHHUS.
12. Kakyto nepemady Ha3bIBAIOT MOBBIMIAIOIICH, a KAKyIO TOHMKAIOIICH?

13. Kak onpenensieTcst nepenaTroyHOe OTHOIIIEHUE B CJIOKHOM 3yOuaToit nepenaye?
14. HazoBuTe 351eMeHTHI 3y0UaTOTO 3aleTICHUS.

15. Kaxkoe ycTpoicTBO Ha3bIBAIOT PEAYKTOPOM?

16. U3 xakux neTanei COCTOWT uepBsIuHas nepemaada’

17. TlepeuncnuTe HEAOCTATKU U MPEUMYIIECTBA PEMEHHBIX U IIEMHBIX Mepe/ay.
18. U3 xakux 371€MEHTOB COCTOUT Ba?

19. Yewm ornuuaercs och OT Bana?

20. Jlnst yero npUMEHSIOT MOAIIUITHUKH?

21. Ha kakue TUIBI MOAPA3ACISIOT MOAIIUITHUKH?

22. B dewm 3akiroyaercs HazHaueHue Myqpt?

ook wnE

10. OCHOBHBIE ITOJIOKEHUA TUHAMHNWKHU MEXAHU3MOB

10.1. Cunwi, oeiicmeyrouiue 8 Mexanuzmax

JIBr>KeHME 3BEHBEB JIFDOOTO MEeXaHW3Ma MPOUCXOIUT MO ACHCTBUEM PA3IUYHBIX 110
CBOEH MpUPOJIE CUJI, KOTOPBIE 00YCIABIMBAIOT ONPEACICHHbIE IEPEMEIICHHUS], CKOPOCTH
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U yCKOpeHHUs 3BeHbeB. Onpe/eneHne 1eiCTBYIOINUX Ha 3BeHbs CHJI UMEET BaXKHOE MIPaK-
TUYECKOE 3HaYEHHUE KaK /i oOecrneueHus 3aJaHHOTO JIBUJKEHUSI MEXaHU3Ma, TaK U s
pacyeTa 3BeHbEB Ha MPOYHOCTb, KECTKOCTh U M3BHOCOCTOUKOCTD.

Bce cuiibl 1 MOMEHTBI CHII, KOTOPBIE MOTYT JIEWCTBOBATh HA 3BEHbSI MEXAHU3MOB,
yA00HO KJIacCU(UIIMPOBATH CIACAYIOIIMM 00pa3oMm.

1. Heuorcywue cunvt Py u momenmot cun T, IPUIOKEHHBIC K BEIYIIIUM 3BEHbSIM MEXa-
HU3MOB M 00€CTICUMBAIONITUE 33JaHHOE IBIKCHHE. K HIM OTHOCSTCS KpyTSAIIHi (Bpaia-
IOIIIHMI) MOMEHT, pa3BUBAEMBbI 3JIEKTPOABUTATENIEM, JABJICHUE BO3/lyXa HA MOPIIEHb
MMHEBMOJIBUTATENS U T. . J[BroKyIas cuiia cCoOBIagaeT mo HampaBIECHUIO CO CKOPOCThIO
NEPEMENICHHS TOUKH €€ MTPUIIOKEHUS WU COCTaBIIAET ¢ HEH yroy MeHble 90°, mostomy
paboTa IBUXKYIIEH CUIIbI BCET/Ia MOJI0KUTENIbHA.

2. Cunvt Fe u momenmot cun M. nonesnvix uiu paboyux conpomugieHuit” IpuaoKeH-
HbIE K BEJIOMbIM 3BEHBSIM U HAMPABJICHHBIE TaK, YTO MPEMSITCTBYIOT UX JBUKEHUIO, T. €.
CHUJIBI MTOJIE3HBIX COMPOTHUBJICHUI HAIPABIICHBI IPOTUB CKOPOCTH MEPEMEIICHUS BEOMO-
ro 3BeHa. [loaromy paboTa cuil moJIe3HOT0 COMPOTUBIICHUS OTpHIlaTeNbHa. K mojge3Hbm
CONPOTUBJICHUSIM, HAIPUMEP, OTHOCSATCS IaBJICHUE Ta3a UIN KUJKOCTH HAa MOPUIEHb
Hacoca, CUJIbl MPOOUBKUA OTBEPCTHI B MaTepHalie U T. 1.

3. Cunvt maxcecmu 36enves (G, IPUII0KEHHBIE B IEHTPAX MACC 3BEHBEB. DTH CUJIbI
MOTYT KaK ClIOCOOCTBOBATh, TaK U MPEMSATCTBOBAThH ABUKEHUIO 3BEHHEB B 3aBUCUMOCTH
OT HaMpaBJIEHUS CKOPOCTU UX LIEHTPOB Macc. PaboTa cuil TSXKECTH 3a OAMH IIUKIT JIBHOKE-
HUSI MEXaHU3Ma paBHA HYJIIO, TO3TOMY MPHU PEHICHUH HEKOTOPHIX 3a/1au JUHAMHUKU UX HE
YUYUTHIBAIOT.

4. Cunbl Fy u MomeHTHl My ciT MHEPIIMM 3BEHBEB, BO3HUKAIOIINE PU U3MEHEHUHU
CKOPOCTH IO MOJYJIIO WK HampaBieHuto. [Ipu 1BH>KeHUU ¢ OOJIBIIUMHU YCKOPEHUSIMU
JIaBJICHHS 3B€HbEB B KWNHEMATUUECKUX MapaxX U HAMPsHDKEHUST OT HHEPIITMOHHBIX HArpy30K
MOT'YT 3HAYUTEIBLHO MPEBOCXOIUTH IABJICHUS, HAMPSHKEHUS U CUJIBI TPEHUS OT JICUCTBUS
JIPYTUX CHUJL.

{15 3BeHa, COBEpIIAIOIIETO TI0CKONapaIeIbHOE IBU)KEHUE, BCE AJIEMEHTAPHbBIE CH-
JIbl UHEPITUU MOTYT OBITh CBEJIEHBI K OJTHOM CHJIe MHEPIUU Fy - TTITaBHOMY BEKTOPY CHJI
WHEPLUH, IPUII0KEHHOMY K LIEHTPY MacC 3B€HA, U K TJIABHOMY MOMEHTY CHJI HHEPIIUU

M.

Puc. 10.1. HanpaBnenue cuibl THEPIIUM ¥ MOMEHTA CUJI MHEPLIUM B IIATyHE

F,=ma,, F,=-a,-m, (10.1)
rjae m - Mmacca 3B€Ha; Os - YCKOPCHUC LICHTPA MAaCC 3BCHA. MoMeHT cui HHCPIHNHA

(HampaBJieH MPOTUBOIOJIOKHO YTIIOBOMY YCKOPEHUIO) HAXOAT U3 YPABHEHUS:

M,=J,-& Mu=—¢-J, (10.2)
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rjae Js - MOMEHT MHEPIMU 3B€Ha OTHOCUTEIBHO OCH, MMPOXOASIICH uepe3 eHTP Macc U
NEPHEHANKYIIAPHOMN TIIOCKOCTH JBUKEHUS 3BEHA; € - YIIIOBOE YCKOPEHHE 3BEHA.

Onpenenenue BeTUYUH U HAMPABICHUH &si U &j,. U3JI0KEHO B pasnene 8.2. [l ToHko-
ro OJIHOPOJIHOTO CTEPKHSI ITTMHOM | U ¢ MajIbIMK MONIEPEYHBIMU pa3MepaMu MOMEHT
WHEPIUH orpeesieTcs no Gopmyie

1

J, = -]-Emlz . (10.3)

PabGora cri1 1 MOMEHTOB CHIT HHCPIMU 3a BPCMs LIUKJIA paBHA HYJIIO.

5. Bpeonvie conpomuenenus, BbI3bIBAIOIINE HEIIPOU3BOUTEIBHYIO 3aTPaTy JIBHXKY-
1ieil sHeprum. ITo, TIIaBHBIM 00pa30M, CUJIbI TPEHUS Fr 1 MOMEHTBI M; CUJl TPEHUS B KU-
HCMATHUYCCKHUX IIapax. Pazmuuaror ABa BUAA TPCHUA: mMpeHUE CKONbIHCEHUA N MPEHUE Ka-
YEHUAL.

B ciydae TpeHUs CKOMBKEHHS CUITy TPEHUS IPUHSITO ONMPEACIIATh o popmye:

Ff =f:-N=T, (10.4)
rae Fs- cuna TpeHust ckoapKeHus, C KOTOPO OAHO U3 TPYIIUXCS TeN IEUCTBYET Ha
APYToE,

f - KO dUIMEHT TPEHUS CKOIBKEHYS,

N- cra HOpMaJILHOTO JTaBJICHUS HA TPYIIMXCS MOBEPXHOCTSX;

1- cnsuraromas cuia.

PaBHopelicTByrontas cuit Fru N, T. e. cuna R HakioHeHa noj yIiioM ¢ K Cuiie Hop-
MasbHOTro Aasienus N. Yron ¢ HazwsiBatoT yernom mpernus (puc. 10.2, a).

F
t == f, 10.5
& s = f (10.5)
a) 6

. ‘\.‘

oy

F,FE.KJ
Puc. 10.2. Tpenue ckoybxeHus (a) u kaueHus (0)

B Tex ciydasx, korga Tpymmecs NOBEPXHOCTH Pa3AeiICHbl TEIAMU Kau€HUsI, HAJ0
YUYUTBIBATh CONMPOTUBJIEHNUE, BOZHUKAIOIIEE PU NIEPEKATBIBAHUU, - CUTY MPEHUSL KAYEeHUs.
F.. PaboTa cuibl TpeHHs KaueHUs pacxoayeTcs Ha AedOopMaIriio KOHTAKTUPYIOIINX TE:

F;:ﬁ-N:%-N, (10.6)

20e f, - OTHOCUTENbHBIN KO3(PGULIUEHT TPEHUS] KaUeHUs, KOTOPbII UMEET 3HAUUTEIb-
HO MEHbIlIee 3HaUeHHe, yeM KO (PUIIMEHT TPEHUsT CKOJbKEHUSI.

6. Peaxyuu 6 kunemamuueckux napax Rij, CBI3bIBAIONINX I-¢ U j-e 3BEHbsI, - ITO YCH-
JMsl, C KOTOPBIMH OJTHO 3BE€HO BO3ECHCTBYET Ha IPYro€ B MECTaX UX COMPUKOCHOBEHHS.
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R, 1

Puc. 10.3. Touka mpuioXeHus peakiiy BO BpallaTelbHOM mape (a); IMHUS ACUCTBUS pe-
aKIMU B MTOCTyINaTeabHOMU mape (6)

Tak Kak KaxJas cuja , CIeJOBaTeIbHO, KaXKask peakuus OnpereseTcs Tpems na-
pameTpamu (BEJIMYMHOM, HAIPABJIEHUEM U TOUKOW MPUIIOKEHUS), TO, IpeHeOperas Tpe-
HUEM B KUHEMATUYECKUX Mapax, MOKHO OTMETHUTh CIIETYIOIIEE.

Bo BpamarenbHoit mape u3BecTHa TOUKa MPUIOKEHUS peakuuii - ee neHTp (puc. 10.3,
a). B Hell nojuiexxat onpeaeneHuIo 8euyuna U HanpaesieHue peakuu.

B nmoctynatenbHOI nape peakiys HalpaBiieHa NEPIEHINKYIISIPHO K HAIIPaBIIAIOMIEH U
OTIPEJICIICHUIO TIOJIIKAT 8eluUUHA U mouKa npunodicenus peakuuu (puc. 10.3, 6).

10.2. Cunoeoit (kunemocmamuueckuil) aHaaIu3 polyaicH020 MEXAHUIMA

[Tpu cunoBoM aHalIM3e MEXaHU3MOB ONPEJEIISIIOT PEAaKLIMK B KHHEMAaTHYECKUX Napax,
ypaBHOBEUIMBAIONIYIO cuily Fy min ypaBHoBemmBaromuii MomeHT My . 1100 ypasnosewiu-
sarowjeli CUNOU NOHUMAIOM CUTLY, ONPEOeNaemMylo U3 YCl08Us obecneyeHus mpeoyemozo
3axona osudicenuss mexanuzma [10].

CuJpl TpEeHUS TIPU BBHITIOTHEHUH CUJIOBOTO aHAIN3a HE YUYUTHIBAIOT.

CunoBoil aHaNIKM3 BBIMOIHSIOT 0€3 yueTa CUJl MHEPLIMH (Cmamuieckuti) i ¢ y4eToM
CUJI UHEPLUU (KUHEMOCmamu4ecKut).

CuioBo# aHaM3 PHIYAXKHOTO MEXaHNW3Ma yI00HEe MTPOBOANTD, Pa3ACissi ero Ha
rpynmsl Accypa. [Ipu aTom onpenenenne peakiuii B KHHEMaTHUECKUX Tapax BBITTOTH -
10T CHayasa Jijisl HanOoJiee YJaIeHHOM TPYIIbI, MOCTETIEHHO MEePEXO/Isl K MOCIEIYOIIM
¥ 3aBeplliasg pacCCMOTPEHUEM HAa4aJIbHOTO MEXaHU3Ma.

[Tpu cunoBoM aHanu3e rpynmnbl Accypa BHadaje ONpenessioT peakliMi BO BHEIIHUX
KMHEMaTHYEeCKUX Mapax, a 3aTeM - BO BHYTpeHHUX. Bo BpamiarenbHON nape peakiuio
3aMEHSAIOT JBYMsI COCTaBJISIIOIIMMU: HOpMaJIbHOU R, KOTOpas HampasiieHa BAOJIb OCU
3BEHA, U TAHT€HIIMAJIbHOM Ry, meprneHauKyIsspHoi K Ry . DTO MO3BOJISET ONpPEeIUTh TaH-
TeHIUAJIBHYIO COCTABIISIONIYIO PEAKIIMHN U3 YPAaBHEHHS] MOMEHTOB CHJI, IEHCTBYIOIINX Ha
JaHHOE 3BEHO, OTHOCUTENBHO IIEHTpa BHYTPEHHETO mapHupa. HopmansHas coctaBisito-
11asi B 9TOM CITydyae MOMEHTa He JIaeT, TaK KaK OHa HaIlpaBlieHa BAOJb OCH 3BEHA.

PaccMOoTpuM KpUBOMIMIHO-TION3YHHBIA MexaHu3M (puc. 10.4, o)), hopmyna ctpoeHus
koToporo uMmeet BUI: 1) -" 1l 2-3).

Ha 3BeHbst MexaHu3Ma JeHCTBYIOT CUIlbl TskecTu G1, Gz u Gs, Mpuito)keHHBIE B UX
neHTpax Tsokectu. Cuiia moJie3HOTO CONpOoTUBIeHUs F¢ mpunokeHa k 3BeHy 3.

HanpasnieHust 1 MOy M CHJT MHEPILIMHU OTIPEICITUM, UCIIONIB3YS TJIaH YCKOPEHUH (puc.
10.4, 6) mexanusma, o 3aBucumoctsm (10.1,10.2).
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CuuTaem, 4TO 3BeHO / COBepluaeT BpallaTelbHOE ABUKEHHE C No-
CTOSIHHOM yrjioBOH ckopocThio, Toraa F,, = 0 u M,, = 0. Jins 38eHa 2,

COBEPLUAIOLIEro NlocKonapannenshoe aswienne F, =-myag , F, =

=—I; &, . I'nasupiii BexTop cun uHepuun F, nNpunoxeH B ueHTpe

Macc 3B€Ha 2 W HanpasieH NPOTHBOMOJIOXKHO BEKTOPY YCKOPEHHS LEH-

Tpa Macc 3Toro 3sena. ['aBHbIi MOMEHT cun uHepuun M, uMeer Ha-

npaBneHKe, NPOTHBOMNOJIOKHOE YIJIOBOMY YCKOPEHHIO 3BeHa 2. Tak kak
TpeThe 3BEHO COBEPLUIAET NOCTYNaTeNbHOe ABHKEHHE, TO

. =0.

—

Uy

6)

Pas S, e, S;

Puc. 10.4. K cunoeomy aHanusy spynnei Accypa

I'pynna Accypa. U3o06pasum B macwirabe 4, rpynny Accypa, co-
CTOALLYIO W3 3BEHbEB 2 M 3, NOKaXeM JAeHCTBYIOLME HA 3BEHbA CHUIIbI

(puc. 10.4, 6), a Takxe peakLMH OTCOEMHEHHbIX 3BeHbeB R, U R, .

Peakuuio R,, B lapHupe B pa3snoxuM Ha [B€ COCTaBNAIOLINE: HOp-

—_—

ManbHyi0 R[, , HanpaB/ieHHYIO BAONb OCH 3BeHA 2, 1 TAHTEHUHANbHYIO

—- e

R}, , NepnesauKynapHyio K Hei.
97



BexTopHoe ypaBHEHHE paBHOBECHA PACCMaTPHBAEMOM rpynnsl

,’;+——,72.+Gz+ﬁ;,+ﬁ3+(_};+f;+f;=o (10.7)

CONICPIKHT TPU HEU3BECTHbIE BENIMYUHBI: peakunn R, , R, u R, .

H3BECTHO, 4TO BEKTOPHOE YPaBHEHHE MOXHO peliuTh rpaduyecky
B TOM CJIy4ae, €Cjii OHO COAEPKUT TONBLKO JABE HEH3BECTHbIE BEJIHYHHBI.
IToaTOMYy M3 ypaBHEHHS MOMEHTOB CWJI, ACHCTBYIOUWMX HA 3BEHO 2, OT-
HOCHUTEJIbHO apHupa C

. 1'2 'IBC "‘Mu

, +Gh—F h =0
Onpenenum

1
2 ='I_‘(‘Mu, ~F, h+Gh).

BC

Tenepes MOXHO pelinTh rpaduyeckyd BeKTOpHOe ypaBHeHnue (10.7)
NnyTeM NOCTPOEHHs nnaHa cui. s aToro nposenem npsamyio /—I7, na-
npaBJieHHe KOTOpO# coBnajsaeT ¢ Hanpasnenvem R, , 1 Ha Heli npous-
BOJILHO BbiGepem TOuky a (puc. 10.4, 2). OT TOUKH @ NOCNEAOBATENBHO

B Macwutabe 4, oTnoxum Bektopw F, , G,, F,,, Fy;, G, u F, . Ye-

pe3 koHeu BekTopa fg, uzobpaxaiowero B macwitabe . cuny F_,
nposeneM npamyro //—I7I, nanpaBnenue KOTopoi coBnajaeT ¢ Hanpas-
nexnueM BexTopa Ry, , W HailieM TOuKy nepeceuyeHus npameix /—I u
II—II. Torna R, =ha-u., Ry = gh- .. YuntsiBas, uto R, = R, +

—_—

' —
+R), , 13 nana cun Haxoaum R, = hb- u, .

Jlna onpeneneHus peakumyd BO BHYTPEHHEH KMHEMaTH4YeCKOH nape
C cOCTaBHM BEKTOPHOE YpPaBHEHWE paBHOBECHS 3BeHa J3:

Ry + R, +F, +G,+F + Ry, =0. (10.8)

CpaBuuBas ypaBHeHua (10.7) u (10.8), MOXHO 3aMETUTH, YTO pe-
akuus F>;3; YMCNEHHO paBHa pe3yJibTUpYIoLed cuil, NeHCTBYIOLMX Ha
3BE€HO 2, U NPOTUBONONIOXKHO el HanpasieHa. [loromy npamas, coenm-

HSIOIIAs Ha IUIaHe CHIT Hadajo BekTopa R ¢ KoHIoM BekTopa Fy; , onpenenser Hampas-
nenue Ros ,a Ry = hd-ﬂp.

Onpenenus peakiiuym B KHHEMATUYECKUX MTapax rpynisl Accypa, epexoauM, coriiac-

HO CI)OpMYJ'IC CTPOCHUS MCXaHHU3Md, K CUJIOBOMY aHAJIU3Y HpOCTCfIHIGFO Ha4YaJIbHOI'O M€C-
XaHHu3Ma.
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HavanbHbiii Mexanu3M. [lepenaya BpamaTeabHOro IBHXKEHHS HAYaJIbHOMY MeXa-
HU3MY MOXET OCYIIECTBIATHCS MOCPEIACTBOM MY(PTHI MIIM C MOMOUIBIO 3y0UaToi nepeaa-

qH.
a) - 6) -
Kol e R a
== 7; ROI -
1 74 G, 2
" R,
— [
G,

Puc. 10.5. K cunoBoMy aHaJiu3y Ha4yajabHOTO MEXaHU3Ma

Ecnu nepenava BpamareabHOro JBUKEHHS OCYLIECTBIISIETCS TIOCPEICTBOM MY(TBI, TO
K 3BeHY | mpocTeiiero MexaHu3Ma IpujIoKeH YpaBHOBEIINBAIOINNA MOMEHT Ty (pHC.
10.5, o). Ero Motysib MOYKHO HATH U3 YPaBHEHHS] MOMEHTOB CUJI, IEHCTBYIOIINUX Ha
3BeHO 1, oTHOCHTENbHO mapHupa A: -Ty + Ry1h = 0. Peakuto Rojonpenenum u3 miana
cui (puc. 10.5, 6), nocTpoeHHOro B MacmTade |F, COTJJACHO BEKTOPHOMY YPaBHEHHIO
paBHoBecHs kpuBomuna Ry + G; +Ro1 = 0, oTkyna Ro1 = ca * ur.

10.3. JIBmkeHre MexaHU3Ma MO AEHCTBUEM ITPUIIOKEHHBIX CHJI

[Ipu paccMOTpeHHH ABMKEHUS MEXaHM3Ma Pa3IMyYalOT TPU OCHOBHBIE CTaJuu (puc.

10.6): pa3roH 10 HOMHUHAJILHOW CKOPOCTH 3a BpeMs t,, ycTaHOBUBLIEECS ABUKEHUE B Te-
yeHue BpeMeHHu ty u BeiOer 3a BpeMs t,. YcTaHOBUBLIEECS IBUKEHHE HauOoJee MpoaoJi-

JKUTCJIbHO U XaPaAKTCPU3YCTCA
PaBCHCTBOM pa60T1>1 CUJI ABMIXXYIIUX W CHII COHpOTHBHGHHﬁ 3a BPCMs, KPaTHOC IJIN-
TCIBHOCTH HHUKJIIA tu . BCJ'IGI[CTBI/IG 9TOI0 MIHOBCHHAsA YIJIOBAsA CKOPOCTb  BXOJHOI'O

3BEHA XOTS M U3MEHACTCS B MPeeaax OT Wmin 10 Wmax, OJHAKO €€ CPeIHEe 3HAUCHUE W -
const [6].

() '..'
Wingr,
el 0% ¢
7
Wl
o -
) T | ¢

Puc. 10.6. Taxorpamma mexaHu3zma

BCHI/I‘II/IHY KoaeOaHus CKOPOCTH B CTAAWN YCTAHOBUBIICTOCA ABHIKCHHUA XapaKTCPHU-

3YIOT KO3ghhuyuenmom HepasHomepHoCmuy X0J1a o:

0, @, -0,
S=—t=—Du _mn (10.9)

wm wm
TJI€ (0, - AMIUIATYAA KOJIeOaHUHN YTI0BOM CKOPOCTH PACCMAaTPUBAEMOTO 3BEHA!
w, =0,5(w,,, +0,;,)- (10.10)

T€ W - CPEAHSISE CKOPOCTh €r0 YCTAHOBUBILETOCS JBUKECHHUSL.
KonebGanus yrioBoil cKOpocT BXOJHOTO 3B€HA MOTYT OBITh nepuoouieckumu, Hene-

puoduwecxwwu u Cﬂyqadnbmu. HepUOOU'JECKUMU Haszvlearomcia maxKue KOJZ€661HU}Z, Ko20a
SHAYEeHUA y2ﬂ0601:2 CKopocmu noemopAaromcs 4epe3s paeHble NPOMESINCYMKU 6pPEeMEHU,
00bIYHO KpaniHole dYacmonie e6paujeHusl 36€Hd. HepI/IOI[I/I‘-IeCKI/Ie KOJIEOaHHM S CKOpPOCTH
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HaAOJIIOAI0TCS B MEXaHU3MAaX, B KOTOPBIX CUJIbI U PUBEICHHBIE MOMEHThI HHEPLIUU - T1e-
puoanyeckre (PyHKIMHU yrilia MOBOPOTAa BXOJHOIO 3BeHa. Hemepuonuueckue u ciydai-
Hble KOJICOaHUsSI YTJIOBOM CKOPOCTH BBI3BIBAIOTCA COOTBETCTBYIOIIMMH HW3MEHEHUSIMU
MPUTOKA JABMXKYIIEH SHEPTUU U CHII COIIPOTUBIICHUS.

[Tpu nepuoguyeckux KojlebaHUsIX CKOPOCTU KOIPPUIIMEHT HEPABHOMEPHOCTH MOKHO
o0ecreyuTh MyTeM YCTaHOBKHM HAa OJHOM M3 OBICTPOXOJIHBIX BAJIOB ME€XaHW3Ma WHEPIIU-
OHHOTO KOJIeCa, HA3bIBAEMOTO Maxosuxom. J{is perynmupoBaHUsS HEMEPUOIUYECKUX U
CIIy4allHbIX KOJ€OaHUN CKOPOCTU MIPUMEHSIOTCS pe2yisamopbl CKOPOCHU.

MaxoBuk npezacTasiseT coboit koneco (puc. 10.7, rae 1 - o6ox, 2 - neHTp, 3 - CTYIH-
11a) CO 3HAYUTEIHHHIM MOMEHTOM WHEPIUU JM OTHOCHTEIIBHO OCH BpaIieHus. BriusHue
MaxOBHKa Ha YMEHBIIEHUE aMIUTUTY bl KOJIeOaHWil YTIIOBON CKOPOCTH CBOJUTCS K ClIe-
nyrorneMy. MaxoBUK yCTaHABIMBAETCS Ha OBICTPOXOTHOM Baly MEXaHU3Ma M BPAIIaeTCs
C YIJIOBOM CKOPOCTHIO . BCsikoe M3MEHEHNE CKOPOCTH BJICUET 3a COO0H BOSHUKHOBEHUE
MOMEHTa CWJI MHepuuu MaxoBuka My = J,dw/dt, KOTOpBI NPEnaTcTBYyeT W3MEHEHUIO
CKOpocCTH Bajia. YeM O0JbIlle MOMEHT UHEPIIMU MaXOBUKa, TEM O0Jibllie MOMEHT cuil My,
a CclieIOBaTEIbHO, U COMPOTUBIICHUE N3MEHEHHIO YTIIOBOW CKOPOCTH BaJia.

MaxoBHK SBJISIETCS aKKyMYJISITOPOM KHHETHYECKOM 3Hepruu. Eciu B MexaHudeckoi
CHUCTEME Pa3HOCTh paboT Ay CHUT ABIKYITUX U Ac cun corpoTuBiieHust A4 = Aqg -Ac > 0,
TO YIJIOBasi CKOPOCTh BO3pacTaeT, U MaxOBUK HAKOMUT dHepruro. Hamportus, npu Hemo-
CTaTKe JBIDKYIICH SHEPTUU YIJIOBAasi CKOPOCTh MaXOBHKA CHW)KACTCS, U OH CTAaHOBUTCS
JOTIOTHUTEIHPHBIM UCTOYHUKOM JBIDKYIIMX CHJI. DTO CBOMCTBO MaXxOBHKA JAET BO3MOXK-
HOCTh HMCIIOJIB30BaTh €0 B TEXHUKE KaK IS PETYIMPOBAHUS CKOPOCTH JIBIKCHUS B Me-
XaHU3MaxX, TaK W B KauyeCTBE WHEPIMOHHOTO JBHUTATEIS PA3JIMYHBIX TPaHCIIOPTHBIX
CpPEICTB.

OcCHOBHOM napameTp MaxOBHKa - MOMEHT MHEPLIUHA OTHOCHUTENIBHO ocH BpanieHuss OO0
(puc. 10.7).

J = L
Y [0l e,
Ct)cp
r71e AAmax = (Ad - Ac)max - HanOOJIbIIIast H30BITOYHAS PA0OTA IBMIKYIIUX CHJI U CHII CO-

MPOTUBJICHHUS 32 TPOMEKYTOK BPEMEHH U3MEHEHUS YTJIOBOM CKOPOCTU OT Wmin A0 Wmsx-
Maccy u pa3mepbl MaxoBHKa OINpPESTsOT Ha OCHOBAaHUU HAWJEHHOTO MOMEHTa

(10.11)

UHEPIUH
2
J, = -”-’:?—, (10.12)

rie M- macca MaxoBHWKa (MpeAroiaracTcsi, 9To OHa pacmpeseseHa mo o0oay paBHO-
MepHO); D - nnameTp nHepuMM MaxOBHUKa, KOTOPBIN paBEH TUAMETPY OKPY>KHOCTH, OMH-
ChIBAEMOM IIEHTPAMU TSHKECTU ceueHui o0oaa. Bennunny mD? MPUHSATO HA3bIBATh MAXO-
8bIM MOMEHMOM.

Huametp D Ha3zHa4yaroT KOHCTPYKTUBHO C YUYE€TOM YCIOBUSI TPOUYHOCTU MaxoBuKka. Ec-
JIY TIPUHATH Maccy 060/1a MaxoBHKa M,; = 0,9 m, miotHoCTs MaTepuana 7800 xe/m3, co-
oTHoIlIeHHe pa3mepoB o6oaa ¢ = 0,4b (cMm. puc. 10.7), To mmpuna odoaa B (m) onpene-
JIUTCS U3 BBIpaKEHUS,

b=0,01Ym/D. (10.13)
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¥

A
TS, Z

Puc. 10.7. MaxoBuk

10.4. Kosghgpuyuenm noneznozo oelicmeus mexanusmos

KauecTBO MexaHM3MOB MPUHATO OLIEHUBATH [10 COOTHOIICHUIO PaOOT ABHXKYILIUX CHJI,
CHWJI TIOJIE3HBIX U BPEIHBIX CONPOTUBIEHUN. JlJI1 3TOro paccMaTpuBarOT NEPUOJT YCTAHO-
BUBILIETOCS IBM)KEHUS, TAK KaK MPU Pa3roHe 4acTh padOThI IBIKYIIMX CHJI paCXOAyeTCs
Ha IpHUpaleHue KUHETUYECKOW SHEPTUH MEXaHU3Ma, a IPU BblOere padboTa ABMKYIIUX
CWJI paBHA HYJIIO.

B nepuoa yctaHOBUBLIErOCs IBUKEHUS

Aﬂ = Ape + Age (10.14)

rae A, - pabota IBXKYIIUX cuil; Az, - paboTa CUJI MOJIE3HBIX COMTPOTUBIICHUM, JJIs
MPEOJI0JIEHHSI KOTOPBIX CO3/aHa MAIlIMHA; de, - PA00Ta CUJI BPEIHBIX COIPOTUBIIEHUH, 3a-
TpaurBaeMasi Ha IPEOJ0JICHUE CUJI TPEHUS B KWHEMAaTUYECKHUX NTapax U CONPOTUBIIEHUE
Cpelbl.

PaznenuB neByto u nmpaByto yactu ypaBuenus (10.14) na Ay, monyuum

ﬁ’-7-C-+i'£=l. (10.15)
4, A,

Otromenue A,./A, = 11 Ha3BIBAIOT K02¢hhuyuenmom nonesrnozo oeticmeusi (KI111), a
As/Ay = v - K02 PuUYyUEeHmoM nomepe.

U3 (10.15) cnenyer, uro n + y = 1 . CnenoBarensHo, yeM 6onbiie KI1/1, Tem mensbime
koa(duieHT noreps, B uaeanbHOM ciyyae, KOr/ia BpeHbIe COTPOTUBIICHUS OTCYT-
CTBYIOT, # = 1 . Ecniu ipu ycTaHOBUB-

[IeMCS IBUKECHUU N3MEHEHUE KMHETUYECKOW SHEPTHH HE3HAYUTEIBHO, TO OTHOIIIEHUE
paboT MOKET OBITh 3AMEHEHO OTHOIIICHUEM MOIIHOCTEH

n = Pnc-Pd;l/j = P@c/Pd'

[Tpu poeKTHPOBAHNN HOBBIX MEXaHU3MOB HEOOXOIUMO YMETh OTIPEICISATh MIPEIITO-
naraembiid KITJ] pacdeTHBIM ITyTeM B 3aBUCUMOCTH OT CXEMBI COCTMHCHHSI OTIACITBHBIX
MEXaHU3MOB MeX 1y co0oii u oT 3HaueHust ux KII/I (3Tu qaHHbie UMEIOTCS B COOTBET-
CTBYIOIIMX CIIPABOYHHUKAX ).

OTnenpHbIE MEXaHU3MBbI, 00pa3yIOIIKe CIOKHBIA MEXaHU3M, MOT'YT ObITh COSUHEHbI
MoCIIeI0BaTEIbHO, apaIeIbHO WIM UMETh CMEIIaHHBIA XapaKkTep coequHeHUs [7].

P’ 1 P’ 2 ,} K] ’;7 PH'? I %-1 n P”C
7y T2 I K n

Puc. 10.8. IlocnenoBarenbHOE COENMHEHNE MEXAHU3MOB
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Ha puc. 10.8 nokazaHa cxema nociedogamenibHo20 COSIUHEHUS MeXaHu3MOB. [
Kaxjaoro mexanusma 3Hauenue KIIJ[ onpenensiercs ypaBHEHUSIMU:

m=RI/P; m=RIR; ny=P/F; n,=PF/F,,.

[TepeMHOXKast MOYJICHHO ATH PABEHCTBA, MOJYIHM

M3, = B, | F,

Otnomenue P / Py = 5o npeacrasiser coboit KI1J] cioxHOro MexaHu3ma

o = 2713+~ T], (10.16)

Takum 006pa3om, MpH MOCIe0BaTEILHOM COeTMHEHNN Mexann3mMoB oomumit KI1J] pa-
BeH npousBeaennto KI1JI oTensHbIX MEXaHU3MOB.

Ha puc. 10.9 nmokazana cxema napa/iieibHo2o COSTUHEHHS OTACIbHBIX MEXaHU3MOB.
Kaxk npaBuiio, 3a1at0TCsl MOIIIHOCTD MOJIE3HOTO conpoTuBIIeHUS Pinc 11 KIIJI #; kaxkaoro

MECXaHHu3Ma.
rpr

Finc Prc Psac FBn-tme  Fanc
Puc. 10.9. [TapamienbHOE COEIMHEHNE MEXAHU3MOB

OO6muit KITJI Takoi cuctemsl

P4 - MOIIIHOCTE ABUTATEIISL.

Kax b1l cCOCTaBISIONIMN CUCTEMY MEXaHU3M MEPEAAET JUIIb OMPEICICHHYIO TOJI0
HHEPrUu JBUTATEINS, KOTOPYIO MOYXKHO YYECTh C MOMOUIBIO0 KO PUIIMeHToB Py :

Mo =P/ P, (10.17)
PabGouue opranbl mOTPEOJISIIOT MOITHOCTB:

"
Pnct - Z Pncl

i=]

[ToncraBuB 3HaueHue P hopmyiy (10.15), momyuum

B =hF,/F; B,=F,/F,; B,=F,/F,;npnstom Zﬂ: =1.
i

10.5. Ypasnosewueanue 36enves

[Ipu BpallieHnH 3B€HA Ha €ro ONOPbI JEHCTBYIOT IMHAMUYECKUE PEAKIINH, T. €. peaK-
[[MU, 3aBUCSIIHNE OT YCKOPEHUM (MHA4e, OT CUJI MHEpIuu). J[Jisl MOJTHOTO yCTpaHEHUs
ATUX PEAKIUN HEOOXOAUMO, YTOOBI IIIaBHBIA BEKTOP FU U riIaBHBIA MOMEHT CHJI MHEP-
1 MU ObLTH paBHBI HYJIIO B JTFO00N MOMEHT JIBU)KCHUS:

B =P =PF,Bn; P, =F,m =Fpmn,;

Pncn = 0n’7n = Poﬂn”n;
153
NHoraa orpaHnyMBarOTCS BBIMOJHEHHEM TOJIbKO ycsioBus (10.19), koTopoe paBHO-
CHJIBHO YCIIOBHIO TIOCTOSIHCTBA ITOJIOYKEHUS IIEHTpa Macc 3BeHa, WJIH, 4TO TO XKe, YCII0-
BHUIO PACTOJIOKEHUS IIEHTPa Macc Ha OCH BpallleHus 3BeHa. PacnpedeneHue maccol 36eHa,
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nepegoosiujee e2o YeHmp MAacc Ha 0Cb 8PAUEHUs, HA3bIBAEMC CIMAMUYeCKUM YPagHo8e-
WUBaHUeM 8paujarujecocs 36eHa.

HeobxoauMocTh CTaTUYECKOT0 YPaBHOBEIIMBAHUS OBICTPO BPALIAIOIIUXCS 3BEHHEB
MOSICHUM YHCJIOBBIM ITPUMEPOM.

B coBpeMeHHbIX OBICTPOXOHBIX MEXaHU3MAaX WHEPIIMOHHbBIEC HATPY3KH Ha 3BEHbSI MO-
I'yT 3HaYUTEIBHO MPEBBIIATH paboure Harpy3ku. Hampumep, eciau 3yduaToe Koyieco
Maccoii m - 1 KT Haca)XE€HO Ha BaJ C HKCLIEHTPUCUTETOM Ecm = 0,5 mm u BpaiaeTcs pas-
HoMepHO ¢ yactoToit n = 20 000 06./mun., TO ipu yriioBoM yckopenuu ¢ = () Ha BaJl Aei-
CTBYET IICHTPOOCIKHAS CHJIa HHEPITUH

F, =ma" =ma’e,, =1(3,14-2x10*/30)*-0,0005=2193 H .

JleficTBHE CHJI 1 MOMEHTOB CHJI MHEPIIMH YBEITUINBACT IOTEPU ABUKYIIEH dHEPTUN
Ha TPEHHE, BBI3BIBACT YIPYTHE KOJICOAHUS U TTPU HEOJArONPHUATHBIX YCIOBHIX MOXKET
CTaTh NPUYMHOMN pa3pylieHus 3BeHbeB. [103TOMY npu KOHCTPYHUPOBAHUU MEXAHU3MOB U
pUOOPOB UHEPLIMOHHBIE HATPY3KU CTPEMSITCS YMEHBIITUTh. ITOM K€ 1NN CITYXKUT cma-
muyeckas U OUHamuyeckas OaiaHcuposka OTACIbHBIX 3BEHbEB U YPABHOBEIIMBAHUE ME-
XaHU3MOB B 1I€JIOM C MIOMOIIIBIO CIIEIUATBHBIX MACC, HA3bIBAEMbIX KOPPEKTUPYIOITUMHU.
PaccMmoTpum 6anaHCHpOBKY 3BEHBEB, BPAIIAOIINXCS OTHOCUTEILHO HEMOIBHKHOU OCH
[6].

Craruueckas 0anancupoBka. [lycts nentp S macc aucka (puc. 10.11, a) cmerien ot-
HOCHUTEIIBHO OCH BPAIIIEHUS HA BETUINHY Ecm.

[Tpu Bpamienuu aucka ¢ yriaioBoi CKOPOCTHIO @ BO3HUKAET IIEHTPOOeKHAs CHiia
unepuun Fy = -m(w%em). B 061meM ciaydae ruaBHbli BekTop aucbanancoB Doy = Megn
XapaKTepU3yeT CTAaTUYECKYI0 HEYPaBHOBEIICHHOCTh 3B€HA. Y CIIOBUE CTATUYECKOM ypaB-
HOBEILIEHHOCTH JIF0OOT0 3BEHa

Dem = megn = 0 (10.21)

a) 6) A tF P . b

Puc. 10.11. Cratnueckas (a) u guHamudeckas (6) 6anaHCUpOBKa 3BEHbEB

ObecniedyeHne 3TOTO YCIOBUS MOKET ObITh JOCTUTHYTO MyTEM YCTAaHOBKH KOPPEKTH-
pytomieit maccosl M (puc. 10.11, a) Ha paccTostHUM I'c OT OCH BpaIleHus TakK, YTOOBI CO3/1a-
BaeMasi €10 CHJIa MHEpUMHU F¢ = mcw?l OIHOCTBIO yPaBHOBEIIMBAIA CHITy UHEPLIUH JIUC-
ka Fy = mw?ecy. 3HaYeHne CTATHUECKON KOPPEKTUPYIOLIEH MAaCcChl Mg OIPEENISIOT 13
yCIOBUS

mJr, =me,; m. =me,/r.. (10.22)

[TonoxeHue TOUKHM Ha TUCKE JIJIS pa3MEIeHUs] MaCChl MC HAXOST C MIOMOIIIBIO CIie-
IIUAJTFHBIX YCTAHOBOK JIJISl CTATUYECKOM OalaHCHPOBKH.
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JIuHaMuveckas 0ajaHcupoBKa. [Ipy ypaBHOBELIMBaHUY CUJI UHEPLIUHU 3BEHbBEB,
MMEIOIINX HEOOJBIIYIO JJIMHY MO CPABHEHHUIO C TMAMETPOM (POJIMKH, IIKUBBI, 3y0UaThie
KoJIeca | JIp.), MOKHO OIPaHUYUTHCS TOJIBKO CTaTUYeCKOM OalancupoBkoi. OaHaKo npu
3HAYUTENBHOU JIMHE BPAIIAIOLIUXCS 3BEHBEB JOMOJHUTEIBHO BO3HUKAET MO-MEHMHAS
HeYpagHO8euleHHOCMb, CYyTh KOTOPOU pacCMOTPUM Ha MPUMEPE YPABHOBEIIMBAHUS POTO-
pa (puc. 10.11, 6). JommycTuM, 4TO CTATUYECKOE YPAaBHOBEUIMBAHUE POTOPA IOCTUTHYTO
YCTaHOBKOM JOTIOJTHUTEIILHON MacChl MC B TUNIOCKOCTH A, B pe3yJbTaTe Y€T0 MEHTP S
Macc poTopa CTall COBMAAATh C OChIO BpaiieHus. Ho nmpu BpamieHuu poropa Macca M,
yAaJieHHas Ha paccrosinue e oT ocu (puc. 10.11, 6), coznaer

HEYPaBHOBEIIECHHEI MOMEHT CHJI HHEPLMU OTHOCUTEIILHO OCH y: My =mcr/w? , KOTo-
PBII JOTIOJIHUTEIBHO HArpy»aeT onopsl Baja potopa. Bemmuwnna D,y = mcrl, xapakrepu-
3yIoIasi MOMEHTHYIO HEyPaBHOBEIICHHOCTh 3BE€HA, HA3BIBACTCS OUHAMUYECKUM OUCOA-
JIQHCOM.

Jlna ypaBHOBemBaHusi MoMeHTa My (0e3 HapylIeHHUs! CTaTHYeCKOTro paBHOBECHS)
pa3MecTUM B IJIOCKOCTSX KOppeKUHH Au 5 poTopa ABE paBHbIE JOTOJIHUTEIbHBIE MACCHI
M,, KOTOPBIE CO3aMyT Hapy CUI HHEPLUK ¢ MOMEHTOM My = mylyLw?. U3 ycnosus M,y =
My nosryuum

Mool w? = Merlw?, oTKy A

m,=m.url/(r,L). (10.23)

[TomenieHHbIE B TIIIOCKOCTH A POTOpA IBE MACCHI M U My MOXKHO 3aMEHUThH OJHOMN
KOPPEKTUPYIOIIEH Maccoil My pacrookuB €€ Ha YA00OHOM 0 TEXHOJIOTHYECKUM yCIIO-
BHSIM PACCTOSIHHH I, OT OCH BpamieHus. U3 paBeHcTBa M, I w? = Merw? - Myl yw? Haxoaum

m,=(mcr-myry)/r, (10.24)

JuHamudeckasi 6alaHCUPOBKA 3BEHbEB OCYIIECTBIISIETCS HA YHUBEPCAIBHBIX OajiaH-
CUPOBOYHBIX CTAHKAaX.

KonTpoJsbHBIe BONIPOCHI

KaxoBsI 3a1a41 1 aKCHOMBI JITMHAMHUKHN ?

B dem 3akiroyaeTcs KHHETOCTaTUYECKOE HCCIIeI0BAaHUE MEXaHU3Ma?

Kakue cuiibl J€HCTBYIOT B MEXaHU3MAX ?

Kak onpenenuTs HanpaBiI€HUs CUJIbl MHEPLIUH, CHIIBI TTOJIE3HOTO COMTPOTUBIICHUS,
MOMEHTA CHJI HHEPIIUU?

UeM xapakTepusyeTcs peaklivsi B KHHEMaTU4eCKOil nape?

KakoBa nocienoBaTebHOCTh CUIIOBOTO aHAIN3a MEXaHU3Ma?

Kaxkue BuspI TpeHUS BbI 3HAETE?

B dem oTinuue cuiibl TpeHUS TTOKOS U CUJIBI TPEHUS JBUKCHUS ?

. VI3 xakux ctaguii COCTOUT ABMKEHHUE MEXaHU3Ma?

10 Kak onpenensiercst koadGuireHT HepaBHOMEPHOCTH X01a?

11.Kakwue ObIBatoT KoJieOaHUsI YTIIOBOM CKOPOCTH 3BeHA?

12.J1514 yero mpuMeHsIeTCs MaXOBUK?

13.Yto Ha3bIBaIOT KOA(PPHUITUEHTOM MOJIE3HOTO ACHCTBUSA?

14.Kaxk onpenensierca KII/ mpu napamieqbHOM U MOCIEI0BATEILHOM COSIUHEHUH Me-
XaHU3MOB?

15.B gem 3akmrouaercs cratudeckas 0ajaHCHpOBKa 3BeHa?
16. B kakux ciydasx MpOBOJAT JHHAMUYCCKYIO OATaHCHPOBKY?

R A\

©o~NoO
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YACTbD 2. CONIPOTUBJIEHUE MATEPUAJIOB
BBEJIEHUE

ConpoTuBIIEHHE MAaTEPUAJIOB - €CTh HAyKa O pacyeTe 2JIEMEHTOB KOHCTPYKIUHI Ha
MPOYHOCTH, )KECTKOCTh U YCTOUYUBOCTb.

OCHOBHBIMM 337]Ja4aMH COITPOTUBJICHUSI MAaTEPUAJIOB SIBIISIOTCSI:

1) BBIOOpP PacUYETHOM CXEMBI KOHCTPYKITUH;

2) TIO BHEIIHUM Harpy3KkaM, JICHCTBYIOIIMM Ha KOHCTPYKIIUIO, ONIPECIIIOTCS BHYT-
pEHHUE yCUIIUS;

3) 10 BHYTPEHHUM YCHJIMSAM TIOJ0OUPAIOTCS MONIEPEYHBIE pa3Mephl 3JIEMEHTa KOH-
CTPYKIIMH WX, HA000POT, IPOBEPSIOT MPOYHOCTH 33/IaHHBIX PA3MEPOB AIEMEHTOB KOH-
CTPYKIIUHU.

§ 1. OcHOBHBIC IOHATHS, ONIPeIeJICHUS U JONMYIIeHUsA

ConpoTHBIIEHHE MAaTEPUAJIOB B CBOMX MCCIIEIOBAHUSIX UCIIONIB3YET 3aKOHBI U TEOPEMBI
TEOPETHUYECKON MEXaHUKH, U, B IEPBYIO OUEPE/b, 3aKOHBI CTATUKH, a TAK)KE IKCIIEPH-
MEHTaJIbHbIE TAHHBIE, TOJYy4YaeMbI€ IPH UCTIBITAHUSAX MaTepHaa.

B T0 ke BpeMsl HMEIOTCS OTJIMYUS OT TEOPETUUECKON MEXaHUKHU:

1) TeopeTHUeCcKasi MEXaHUKa pacCMaTpUBAET a0COMIOTHO JKECTKHUE TeJla; CONPOTUB-
JIEHUE MaTEpHAJIOB - 1eOopMUpYEMbIE TENA;

2) B TEOPETUYECKON MEXaHUKE CUITy MOXHO IEPEHOCUTH 10 TUHUU €€ IEUCTBUS, UETO
HEJb34 ClIeJaTh B CONPOTUBICHUHU MaTe-

P . g pactikerme  PHAJIOB, T.K. IEPEHOC CHIIBI MOXKET U3-
MEHHTh XapaKTep HArPYKEHHUS (CM. pHUC.
[ } He 3arpy:KeH 1) ;
£ . _ o 3) B TEOPETUYECKON MEXAHUKE CHU-

CAaTHe CTEMY IapaICAbHBIX CHJI MOXXHO 3aMe-

HUTb PAaBHOJICUCTBYIOLIEH; B COITPOTHB-

Puc.I JICHUW MATEPUAIOB 3TOTO CAENATh HEJlb-
3s1 IPY OTIPEICTICHUN MMPOTUOOB (CM. pHUC.

2au 20).

a Y 74 P98

PN 4
% :_iﬂ*’; e »3
SN = ATy ¢ Jy—-;%
Puc.2

Kaxx b1l pacueT HauMHAETCs ¢ BIOOpA pacueTHOM cxembl. Be1OOp Takol cxembl 3a-
KJIIOYAETCsl B CXEMATU3alMU pacCMaTpUBAEMOI0 OOBEKTA ITyTEM OTOpaChIBaHUsI HECYILIE-
CTBEHHBIX (PAKTOpOB.
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Bce Tena npuBoATCs K cxeme Opyca, IUTaCTHHKY WM 000JIOYKH. bpycoM Ha3bIBaIOT
TEJI0, OJTHO U3 U3MEPEHHUI KOTOPOTr0 MHOTO OOJIBIIIE IBYX IPYTUX. bpyc MokeT UMeTh
CCUCHHE ITOCTOSTHHOE MJIM TIEPEMEHHOE BJIOJIb OCH. bpyc, MMEIOIUil IpSIMOJMHEHHYIO
OCh, Ha3bIBaeTCs cTepkHeM. CTep)keHb, pabOTarOIIMI TJIaBHBIM 00pa30M Ha U3ruo0,
Ha3bIBacTCs 0ATKOH, HA KPYUCHHUE - BAJIOM.

[Tox IIACTUHKOW MMOHUMAIOT TEJI0, Y KOTOPOTO OJHO M3 U3MEPCHHH (TOJIINHA) MHOTO
MEHBIIIE ABYX ApyTruX. VICKpUBIICHHAS ITACTUHKA B OJTHOM WJIA JIBYX HAIPaBICHUSIX
Ha3bIBAeTCsI 000JI0YKOM.

BHemmHMe CHITBI, IO CBOEMY XapakTepy MPHIOKEHHUs, TOAPA3ISISIFOTCS Ha IOBEPXHO-
CTHBIE, JEHCTBYIOIIME MO TOBEPXHOCTH Tea, W OOBEMHBIC, JCUCTBYIOIINE IO BCEMY
o0beMy Tena.

[ToBepXHOCTHBIE CUJIBI JIETISATCS HA COCPEIOTOUYCHHBIC U pacnpeiesieHHble. Cocpeio-
TOYEHHBIE CUJIBI ICUCTBYIOT HA BEChMa MaJIbIX IJIOMIAASX TOBEPXHOCTH  Tena. Pacmpe-
JIeJICHHAas Harpy3Ka MpUJIoKeHa HEMPEPHIBHO HA MPOTSXKEHUU HEKOTOPOU TUIOIIAAN W
JUIMHBI Tena. BennunHa pacnpeeneHHON Harpy3Ky, MPUXOIAIIAscs Ha €AUHULLY TI10-
a1 UK JJIMHBI Tella, Ha3bIBA€TCS MHTEHCUBHOCTBIO HArPY3KHU U o0o3HavaeTcs (. [Ipu
JEWCTBUU HArpy3KH Ha KOHCTPYKLHIO BOBHUKAET MPOTUBOJICUCTBUE B BUJE PEAKIIMI CBS-
3eil. Harpy3ku BmMecTe ¢ peakiisiMy COCTaBIIIOT BHeIIHUE cuibl. [Io xapakrepy aei-
CTBUS HArpy3Kd OBIBAIOT CTATUYECKUE, KOTOPBIEC MPUKIIAIBIBAIOTCS OT HYJIS 0 ONpeie-
JIEHHOT'O 3HAYEHUS U 3aTE€M HE MEHSIOT CBOEH BEJIMYMHBI, U ZUHAMHUYECKHUE, NEUCTBYIO-
[[Me B 0YEHb KOPOTKHUE MPOMEKYTKH BPEMEHH; KOT/1a B 2JIEMEHTaX KOHCTPYKIIMU BO3HU-
KalOT 3HAYUTEIbHBIE YCKOPEHUSI.

[Ton neficTBMEM BHEIIHUX CUJI BCE TBEPJIbIE TeJla U3MEHSIOT CBOIO (hOPMY U pa3Mephl.
Takoe U3MeHeHUe Ha3bIBaeTCs aedopmainei.

Paznmuuaror nedopmaiinio abCoMOTHYIO U OTHOCHTENBbHYIO0. Jledopmarius, Xxapakrepu-
3yIoIiasi U3MEHEHHE JIMHEWMHBIX Pa3MEPOB TeJla, Ha3bIBaeTCs JIMHEHHOM, a aedopmarnus,
CBSI3aHHAs C U3BMEHEHUEM (POPMBbI, Ha3bIBAETCS YIJIOBOM.

B comportuBiennn MatepuaioB, B OCHOBHOM, pacCMaTpPUBAIOTCS ynpyrue nedopma-
L[MU, KOTOPBIE SIBIISIFOTCS BEChbMa MaJIBIMU 110 CPABHEHUIO C pa3MepaMu TeJa.

OcTaHoBUMCS TeTephb Ha ONPECICHUA BHYTPEHHUX CUJI B JIIOOOM cedueHuu tena. J{ms
OTIpe/IeIICHNs] BHYTPEHHUX CHJI B JTFOOOM CEYEHHH TeJla CIIYKUT MeToa ceueHui. Cymi-
HOCTB 3TOTO METOJia 3aKiaouaercs B ciaeayromeM. (Cu. puc. 3).

MBICIEHHO eNIaeTCsl CEYEHUE B TEII€, B PE3YJIbTATE YErO TEJIO PACCEKAETCS Ha JIBE
yactu. OTOpackiBaeM OJIHY U3 YacTel, Hampumep, JIeByr0. [l Toro 4ToObl OCTaBIIASICS
(mpaBasi) yacTh HaxXOAWJIaCh B PABHOBECUH, 10 BCEMY CEUEHUIO TPUKJIIAIbIBAEM CHUIIBI,
paBHBIC CHJIaM B3aUMOJICHCTBHUS JICBOM YaCTH Ha MPaByl0. 3HAYEHUSI DTUX CUJI OTIpejie-
JISIFOTCSL U3 YPABHEHUM CTaTUKH, COCTABJICHHBIX JIJISI PABOM YacTH. AHAJOTUYHBIN pe-
3yJbTAT MOJYYUM, €CJIM OTOPOCUM MPaBYIO YaCTh U OyJeM paccMaTpuBaTh JeBYI0. CHUIIBI
B CEUCHMH, OyIyUd BHEITHUMHU CUJIAMHU, JIJIS BBIICIICHHON YaCTH, SIBJISIOTCS BHYTPEHHHU-
MU CUJIAMU JIJIS LIEJIOTO Tela.

Meton ceyeHuii JaeT BO3MOXKHOCTh ONPEIETUTh TOJILKO CYMMY BHYTPEHHHX CHJI B
KakoM-HHOyAb ceueHnn. COrIacHO 3aKOHAM TEOPETUIECKON MEXaHUKHU BCE CUIIBI B ceUe-

HHUHM MOYKHO IPMBECTH K IIaBHOMY Bektopy R u rmasnomy momenty M . Packnanpi-

Bads R u M 1o xoopmunaraev ocsaim X, Y u Z ¢ Ha9aaoM KOOPJAMHAT B LIEHTPE TsI-
’KECTH CEUCHUSI, TI0JIyIUM TPH COCTaBIIstomIre riaBHoro Bekropa Nz, Qx, Qy u Tpu co-
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CTaBJISIOIIME ITIaBHOIO MOMeHTa My, My u M;. Bce mects COCTaBISIOIMX IPUHATO
Ha3bIBaTh BHYTPEHHUMU CUJIOBBIMU (hakTopamu. Kakpiii U3 1MeCTH CHUIIOBBIX (DAKTOPOB
HMeEET CBOC Ha3BaHME.

N; - HOCUT Ha3BaHUE MPOIOIbHOM cUiibl, Qx, Qy - momepeunsie cuiibl; My, My -
H3ruOaroIMe MOMEHTBI; My - KPYTSIIIHIT MOMEHT.

NnmrocTpanivs MeTo/1a CEUEHUI U IPUBEICHUE BHYTPEHHUX CHJI B CEYEHHUH K TJIABHO-
MY BEKTOPY U TTITaBHOMY MOMEHTY M UX COCTaBJISIONINE, TPUBOIUTCS Ha puc.30, 3B, 3T,
31, 3e.

! Py
& N el
. i Z -
A i
PS {I
Puc.3a

PaCCMOTpI/IM CCYCHHC HCKOTOPOI'O TCJIa, pUC. 4a.

a), | /F} 5)

Pz

Puc.4
3a cpenHee HaNPsDKEHHUE Ha dJIeMEHTapHOH 1iomaake AF npuHumaeTcst OTHOIICHHE:

AR
—AF = F_,, AR - BHyTpeHHss cuia B mpejenax miomaaku AF.

- AR dR
B mpezene noayunM: I AE = dE =P

AF —0
rae P - monHoe HanpsiKEHNEe B TOYKE pacCMaTPUBAEMOI0 CEYEHU.
Bekropnas BenuuuHa P - eCTh ITOJIHOE HANPSIKEHUE B TOUKE.
[TonHoe HanpsikeHrue P MOXeT ObITh pa3JI0’KEHO Ha COCTaBIISIIONINE, pUC. 40.
[Ipoekuus BEKTOpaA MOJHOTO HANPSKEHUS HA HOPMaJilb HAa3bIBAETCS HOPMaJIbHBIM
HaIpsHKEHUEM M 0003HAYaEeTCsl Yepes3 o, a COCTABIIAIONIAs], KOTOpas paclojoKeHa B
MJIOCKOCTH CEYEHUSI, HA3bIBAECTCS KAacaTEIbHBIM HAIIPSKEHUEM U 0003HAYAETCs Yepes 7.
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PACTSKEHUE U CKATHE
§ 2. BHyTpeHHMe CHJIBI U HATIPSIKEHUS

[Tox pacTsxeHueM (CokaTHeM) MOHUMAETCS TaKOW BUJT Ae(OpMaLMK, KOrJa Npu
Harpy>kK€HUM B NONEPEYHBIX CEUEHUSAX Opyca BOSHUKAIOT TOJIbKO HOPMaJIbHbIE HAMPSIKE-
HUS.

[TpumepoM pacTsKEHUSE MOKET CIIY)KUTh OpyC, pacTsTUBaeMbli CUJIaMU, IPUIIOKEH-
HBIMHU K €0 KOHIaM.

Jliig onpeiesieHnss BHyTPEHHUX CUJI U HAIPSDKEHUS )1 IPUMEpa pacCMOTPUM CTep-
KEHb C MOCTOSHHOM IUIOIA/BIO TIOTIEPEYHOTO0 cedeHus F cM?, KOTOpBIif mojBepraeTcs
pacTspkenuto cunamu P, puc. 5. [Ipu 3Tom npeanonaraercs, 4To MI0CKUE CEYEHMsI, HOP-

MaJIbHbIE K OCH CTEPXKHS 10 Aeopmanuu,
4

~ay,

OCTAIOTCS U TIOCJIE
D p nedopMaliu MIOCKUMH U HOPMaJIbHBIMU
. RN R K €ro OCH. JTa TMIIOTE3a Ha3bIBAETCS IH-
IIOTE30M IUIOCKUX CeJIeHN. BHyTpeHHune
CUJIbl U HAIIPSDKEHUS B JIIOOOM CEYEHUU
_ Opyca onpeaenstoTcs ¢ TOMOIIBIO METOIA
5} CEYCHUH.
P ' = & A [110CKOCTBIO, NEPIEHAUKYJIIIPHOMN K
e ocH Opyca MBICIIEHHO Pa3pexkeM €ro Io
JAHHOMY CEYEHUIO U OTOPOCUM OJHY U3
Puc.5 IOJIYYECHHBIX JIBYX 4aCTEW, HallpuMep,
npaByto. i oOecriedeHust paBHOBECHS
OCTABILIEHCS YaCTH MPUIOKHUM II0 BCEMY CEYEHUIO B KaXK/I0M €ro TOYKE BHYTPEHHUE CH-
JIbl, KOTOPBIE TOJHKHBI 3AMEHUTH IEUCTBUE OTOPOLIEHHOM YaCTH HA OCTABIIYIOCS YacCTh
Opyca.
PaBHonelicTByI0Iast BHYTpeHHUX cuil N JIETKO onpeesnsieTcsl U3 yCIOBHs paBHOBECHS

oy,

— e —

il

C IIOMOIIBIO YPABHCHHUS CTAaTUKU: X=N-P=0 , oTkyza N=P.
y

Ecnu cunTath, 4TO BHYTPEHHHE CHIIBI PABHOMEPHO PaCIpeIeICHbI 10 CEYCHUIO, TO
HOpPMaJIbHBIC HAPSDKEHHSI BO BCEX TOYKAX CEUCHUS OYIyT OJUHAKOBBIMU U MOTYT OBITh
ompeeNieHbl 1o hopMmyIie:

N P

G:F:E’ (2.1)

rac F-— omaap MoICpeUHOro CCUYCHU:A.

§ 3. lIpoaoabubie u nonepeunbie Aedpopmannu. Kodypduunent Ilyaccona. 3akon
I'yka.

[Tpu neiicTBUM pacTATUBAIOIIMX CUJI IO OCH Opyca JTMHA €T0 YBEJIMYMUBAETCS, a T0-
IIEpEYHbIEC pa3Mepbl yMEHbIIAOTCS. [Ipy AeNCTBUH COKUMAKOIINX YCUITUA TPOUCXOAUT
oOpatHoe siBiieHue. Ha puc. 6 nokasan Opyc, pactsruBaeMbiii 1Byms cuiiamu P. B pe-
3yJIbTaTe PACTHKEHUS OpyC yIIMHUICSA Ha BeimuuHy Al, KoTopas Ha3pIBaeTCs aOCOJIOT-
HBIM VJUIMHEHUEM, Y TTOTYyYrUM a0COJIIOTHOE MOMEPEeUHOe CyKeHue Aa.
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OtHo1IeHHE BEIUYNHEI a0COJIFOTHOTO

P H- - = 2 YIUTMHEHUSI U YKOPOUCHUS K TIEpPBOHAYAIIb-

- 41 R ¥ HOW JjMHE WK MUpUHE Opyca Ha3bIBACTCs
7 B OTHOCHUTENbHOH nedopmarueii. B ranaom
d-pa . ey Cllyyae OTHOCHUTEJbHas e opmarius
o g + 4 e "‘ Al
£ = —/ Ha3bpIBacTCs IPOAOIBLHON Je-
Puc.6 |
Aa

’ —
Sl}O[!Ma!!I/IeI/I, a & = - OTHOCHUTCJIb-
a

HOM nonepeuyHoi nedopmaipeit. OTHOLIEHUE OTHOCUTEIBHOM MornepeyHon AedhopMaivu

K OTHOCHUTEJIbHOM HpOI[OJIBHOﬁ IIG(l)OpMaHI/II/I Ha3bIBACTCA KOC—)d)d)I/IHI/IGHTOM IIyaccoHna:
’

_<
H =" (31)

KOB(b(bHHI/IGHT HyaCCOHa I KAXKA0TO MaTCpHrallia KaK YIIpyras KOHCTaHTa OIIPCICIIA-

eTCsl ONBITHBIM IyTeM U Haxoautcs B npenenax: £ = 00,5, nna cramn
w=0,3,

B npenenax ynpyrux aedopManuii yCTAaHOBIEHO, YTO HOPMAILHOE HAIPSHKEHUE P S-
MO IIPOIOPIHMOHAIBHO OTHOCHTEIBHOM IPOJOIBHOM aeopManyu. JTa 3aBUCHMOCTD
Ha3bIBacTCA 3aKoHoM ['yka:

o=E-¢g, (3.2)

rae E - koopGUIUEHT NpOnopLUHOHAILHOCTH, Ha3bIBAEMBIN MOJIyJIEM HOPMAJILHOM

YOPYTOCTH.

Al P

Ecnu Mb1 B popmyity 3akoHa ['yka mojcTaBuM BeIpaKeHHE & = —l nuo = _F ,

TO TIOJTy4uM (popMyIy JiJist OnipeAesieHUs] YAJIMHEHUS UM YKOPOUCHHUS TIPU PACTSIKEHUU
Y CKATHUU:

P
E-F’

rac Mpon3BCACHUC EF Ha3pIBaeTCs )KECTKOCTHIO IIpH paCTsAKCHUH, CKATHUU.

Al = (3.3)

§ 4. llonsitue 0 fonyckaemoM HanpsikeHnu. Koaguumenr 3anaca
NPOYHOCTH.

Belmie yka3bIBaaoch, 4To JjIs o0ecreueHust HaJeKHONW paboThI TI000TO COOPYKEHHUS U
€ro JOJTOBEYHOCTH HEOOXOIMMO, UTOOBI KaXK/1asi €ro COCTaBHAs 4acTh (9JIEMEHT KOH-
CTPYKIIMU) OblJIa MPOYHOM, T.€. YTOOBI OHA ObLJIa rapaHTUPOBAHA OT pa3pyIICHUS 3a BCE
BpeMs dKcIuTyaTaruu. [1o3TomMy neficTBUTEIbHBIC HAPSOKEHUS BO BCEX YAaCTIX COOPY-
YKEHUS HE JOJKHBI ITPEBBIIIATH OMPEACIICHHOTO TIpeIesia AJIs TOTO WM HHOTO MaTepra-
Ja, a UMEHHO, OHH JIOJDKHBI OBITh 3HAYUTEIPHO MEHBIIIC TaK Ha3bIBACMBIX OIMACHBIX (IIpe-
JEBHBIX ) HAMPSOKCHUH, KOTOPBIMU SIBIISTFOTCS TIPEIeIT IPOYHOCTH Gy - IS XPYIKUX Ma-
TEPHUAJIOB U TIPEACI TEKYUESCTH Oy - JIJIS TUTACTUYHBIX MaTePHAJIOB.

HauGonbiee HanpspkeHHe, P KOTOPOM 00eCIieuynBaeTCs JUITUTENbHAs paboTa KOHCT-
pyKIuu 6€3 prcKa ee pa3pylieHusT Ha3bIBACTCS IOMyCKaeMbIM HanpsbkearuemM. OHo 000-
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3Ha4YaeTCsl TOM ke OYKBOM, UTO M JIEHCTBUTEILHOE HAMIPSHKEHNE, HO 3aKJIFOYCHHOH B
KBaJIpaTHbIE CKOOKH [G].

TakxuMm oOpa3om, BeTMYHMHA JOITYCKAEMOTO HOPMAaJILHOTO HAIPSDKEHUS [0 ] TOIKHA
COCTaBIISITh HEKOTOPYIO YacTh OT Mpejielia MPOYHOCTH Gy HITH TIPEiesia TEKYIeCTH Or.
UYwcro, moKa3bIBaloIee, BO CKOJIBKO pa3 JI0IMycKaeMoe HalpsHKEHUE MEHBIIE TIpe/iena
IPOYHOCTH WU TIpeJiesia TEKy4eCTH, Ha3bIBaeTCs KOG GUITMEHTOM 3araca IpOYHOCTH
o0o3Hauaercst OykBoi K.

CrnenoBaTelbHO, BEJTMYHHA JTOTTYCKAEMOTO HANIPSDKCHUS JIs1 XPYIKUX MaTepPHAIOB
MOKET OBITh BhIpaXKe€Ha (HOPMYJIIOW:

66
le]=% (4.2)

JInst MIIaCTUYHBIX MaTEPHUAIOB, KOTOPhIE MOTYT MOJIY4YaTh 3HAUYUTEIIbHBIE OCTATOYHBIC
nedopMauu nepes pa3pyuieHrueM, 3a OMacHOe HaMPsDKEHNE MPUHUMAETCS TIpeien TeKy-
YECTU G;. TaK KaK BEJIWYMHA MpeJena TEKy4eCcTH MPU PaCTSHKEHHH W COKaTUU y IIac-
TUYHBIX MAaTEPUAJIOB MIOYUTH OJIHA U Ta K€, TO U JIOMYCKAEMbIC HAMPSKEHUS 11 HUX TIPU
PACTSKEHHUM M CKaTUU YacTO HA3HAYAIOTCS OJMHAKOBBIMHU, T.€.

[o]= K (4.2)

[Ipu BBIOOpE IOMYyCKAEMOIO HANPSLKEHHSI, YTO SIBISETCS KpailHE OTBETCTBEHHOMW 3a-
Jayeil, He0OXOAMMO YUYHUTBIBATh MHOTHE (PAKTOPHI, BIMSIOLIIME HA €r0 BeIUYuHy. OUueHb
BAJKHOE 3HAYCHHUE UMEET, HAIPUMED, PO IIPUMEHIEMOI0 MaTepraia. Xpylnkue MmaTepua-
JIbl, TIOYTH HE JTAIOIIME OCTATOYHBIX AePOpMALMiA, pa3pylIatOTCs BHE3AMHO, & MO3TOMY
KO3 GUIMEHT 3amaca IPOYHOCTH JJII HUX Ha3HayaeTcsl OoJblle, YeM JJIs MIaCTUYHBIX
MaTEepUAJIOB, UMEIOIIMX TUIOIIAKY TEKY4YECTH.

JIns mitacTHYHBIX MaTepuanoB KodpguiueHT 3amnaca npouyHoctd "K' npuHuMaercs
paBHbIM 1,5 ... 2,0, s xpynkux — 3 ... 4.

§ 5. Pacyersl HA IPOYHOCTH NPH PACTHKEHUM U CKATHHU

[Tox pacueTroM sJeMeHTa KOHCTPYKIUU OyJeM MOHUMATh COBOKYITHOCTh JIEUCTBHI, B
pe3yJibTaTe KOTOPBIX MOKHO MOJIYYUTh OTBET HA BONPOC, YIOBIETBOPSET JIM KOHCTPYK-
U WIA €€ DJEMEHT TpeOOBaHUAM HAJEKHOCTU U JIOJITOBEYHOCTH, KOTOpHIE OBLIN
chopMyIHpOBaHbl B CaMOM Hauajie U3J0XKEeHUs npeamera. HamomMHuM, 4To 11si 1OCTHU-
YKEHUSI TIOJTHOM TapaHTUH HAJEKHOCTHU U JIOJITOBEYHOCTH COOPYKEHUSI HEOOXOAUMO, UYTO-
OBI BCE €r0 AJIEMEHTHI ObLIU MPOYHBI, )KECTKU U YCTOUUUBHI.

PaccMoTpum cHauanma BOmpoc pacyeTa 3J€MEHTa KOHCTPYKIIMU Ha MPOYHOCTh IPU
PACTSIKEHUU U CKATHUU:

HNmeroTes 1Ba METOAA pacueTa Ha MPOYHOCTH;

1) wMerox pacyera o AONMYCKaeMbIM HANPSIKCHUSIM,

2)  MeToJ pacueTa Mo MPeIeIbHBIM COCTOSHHSM (JIOMyCKaeMbIM HArpy3KaMm).

[IepBbIit MeTO (MO JOIMYCKAEMBIM HAIPSKEHUSM) IPUMEHSETCS JJIsl pacyeTa 3JIeMEH-
TOB KOHCTPYKLMH, B KOTOPBIX I10 YCJIOBUAM JKCIUTyaTalMy JOIIYCTUMBI, KaK IPAaBUJIO,
JUIIb BEChbMa Majible yIpyrue neopmManuu, Hanpumep, JUisl IeTajaeil Maliid U Mexa-
HU3MOB.
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Bropoii Mmeto (110 A0mycKaeMbIM Harpy3kam) NpUHAT JJIsl pacyeTa 3JIEMEHTOB KOHCT-
PYKUUNA MPpaXKJAHCKUX U IPOMBIIUIEHHBIX 3/IaHUM, a Tak)Ke ISl pacyeTa ONpeaesIeHHbIX
WHXCHEPHBIX COOPYKEHUN U KOHCTPYKIIUI, U3TOTOBJISIEMBIX U3 IIACTUYHBIX MaTepHa-
JIOB.

CymHocTh METO/Ia pacyeTa Mo JOIMyCKaeMbIM HAMPSKEHUSIM CBOJIUTCA K TpeOoBa-
HUI0, YTOOBI IEUCTBUTENILHOE HANIPSHDKEHHUE B TOYKAX JIFOOOTO MOMEPEYHOr0 CeYEHUs
AJIEMEHTa KOHCTPYKIMIA HE MPEBBIIIAIO JOMYCKAeMOI0o HANpsHKEHUs JIsl JaHHOTO Mate-
puana. [ToaToMy yciioBre MPOYHOCTH JIJISl PACTITUBAEMOTO HIIA CKUMAEMOT0 Opyca
MO>KHO BBIPA3UTh CIEAYIOMEH pacueTHON (HOpPMYJIIOi:

o= % =[e] (5.1)

[Toy4yennast hopmysia 94uTaeTCs TaK: HOPMAJIbHOE HAMPSHKEHUE B KaXKIO0W TOYKE JIFO-
O0ro NMOMEePEeYHOro CEUeHMsI Opyca He JI0HKHO MPEBBINIATH JI0MTYCKAEMOTO HAMPSKEHUS
Marepuana.

[IpakTH4eckue pacueThl Ha PACTSKEHUE U CXKATHE CBOJASATCS K OMPEIECTICHUIO OJTHOM
13 HEM3BECTHBIX BEJIUYUH, BXOSIIHNX B 3Ty (DOPMYITY MO JBYM HM3BECTHBIM WUJIU JIETKO
ompeeIIeMbIM U3 YCIOBUH 3a/1a4 (BeJIMUMHA [G] 00bIYHO M3BecTHA). [IpruMeHenue pac-
YeTHOU (DOpPMYJIBI MO3BOJISIET PEIIUThH TPU POJIa 33/1a4 Ha pACTSHKEHUE, CKATHE.

1. daHbl pa3mMepbl NONEPEYHOro CEUEHUsI CTEPkKHS (WK ero miomaas F) u Be-
Ju4uHa MpoaoiabHoM cuiibl N (MM UMEIOTCsl BCe TaHHbIE JIJIs ee onpeaeneHus). Tpe-
OyeTcs onpeeauTh BEIUYHHY HauOOJIBILIEro HAMPSKEHUSI B CEYEHUU cTepKHA. s
JAHHOTO CIIyYasi IpH pelIeHUH 3a7a4H CIeAyeT MOIb30BaThCA (POPMYIION:

N
o =—= [G] _
E

B pesyinbrare pemenus MOXKeT OKa3aTbCs, YTO BEJIUYMHA JEHCTBUTEIIBHOTO HAIIPS-
KEHHS B CEUEHUU G MPEBBILIAET JIOMYCKaeMoe HaNpshKeHHe [G], Toraa Heo0X0AMMO WK
YBEIIMYUTH ILIONIAb ONIEPEYHOIO CEYEHUS, NI, €CIIU 3TO BO3MOXKHO, YMEHBIIUTD
HarpysKy.

Pazpemiaercs npeBpIlIEeHUE WIM NOHWKEHUE NEUCTBUTENBHBIX HAIPSIKEHUN 10 CPaB-
HEHUIO C JoMmycKaeMbIM J10 £+ 5%.

2. MI3BecTHA UM MOKET OBITh ONpe/ieeHa U3 YCIOBUS 3a1a4M BEJIMYUHA MPOJI0JIbHON
cuibl N B ceueHnU U T0NycKaeMoe HamnpsKeHWe Matepuana [G]; TpedyeTcsl onpeaenTh
HEO0OXOAMMYIO IIIONIa/lb F monepeyHoro ceueHus: CTEPKHS WK, KaK TOBOPSAT, NOA00pATh
ero ceuenue. B aToM ciyuae 3aaya pemaercs o popmyiie:

N
F=— (5.2)
o]

3. JlaHbl pa3Mephl MOMEPEYHOTO CEUEHUS, a TAKXKeE J0MyCKaeMOe HAMPsHKEHUE Ma-
Tepuaia; Tpedyercs OnpeneauTh 3HaueHNe HanOOJbIIEH HATPY3KH HAa CTEPIKEHb.
N3 popmyet (5.1) momyqaem:

N=[c]-F. (5.3)
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CIABHUI' U KPYYEHUE
§ 6. Ilonsitue o caBure (cpese)

[Tox cniBUroM moHUMaeTcs yrioBas iedopmalus, KOTopas YUCICHHO paBHA U3MEHe-
HUIO BEJIMYMHBI IEPBOHAYAIBHO MPSIMOTO YIJIa B pajiaHax U 0003HaYaeTcs .

JI71s1 IeMOHCTpaIiK SIBJICHUS CABUTA PACCMOTPHUM 3JIEMEHTAPHBINA MPSMOYTOJIBHUK
ABDC, puc.7.

[Tocne nedpopmanuu npsimoyroasHuk ABDC
a a npespaiaercs B napamienaorpamm ABD/C’ Be-
P c D D' mwunna CC'=a, na KoTopyto ceuenne CD cipu-
A HYJIOCh OTHOCHUTEIBHO COCENHETO ceueHus AB,

' Ha3bIBaeTCsI A0COMIOTHBIM CIBUTOM.

{ Yrou y, Ha KOTOPBI U3MEHUIICS IIPSMOU yIOJI
napajuiejenunea, Ha3blBaeTCsl OTHOCUTEIbHBIM
P 4 CBUTOM M sIBJIAE€TCSA Mepol ciura. B obnactu

////////f/’///ffﬁ////////z:z ynpyrux fedopmanuii 3TOT yrojl O4eHb Mall U
Pac.7 MOJKET OBITh OIpENETICH Kak:
cC’" a t0 v ~
AC h gy =y

311ech B CHIIy MQJIOCTH yTjla TAHTE€HC €r0 MOKHO 3aMEHATh caMuM yriiom. 13 gpopmy-
Jbl BUJTHO, YTO OTHOCUTEJIBHBIN CABUT - €CTh OTHOIIEHHE a0COIIOTHOTO CABUTA K PACCTO-
SHUIO MEX/1Yy pacCMaTpUBaeMbIMU CIBUTAEMBIMH CEUCHUSIMH.

Jlist onipeiesieHnst BHYTPEHHUX CHJI B CEYEHUU CTEPIKHS, MEXAY JBYMS CPE3bIBAIO-
muMH cuiamu P npumenum meroa cedenuid. Jljig 3Toro oTOpocuM OJIHY 4acTh Tejla OT-
HOCUTEJILHO MHTEPECYIOIIETO HAC CEUEHHUs, a IeHCTBUE OTOPOIICHHOM YacTH Ha OCTaB-
IIYIOCSl 3aMEHUM BHYTPEHHUMH CUJIaMU, PHC.S.

@) §) | |
P | p
/

{ ”i {14
{

pii P
Puc.8

CorunacHo puc. 80 BHYTpEeHHUE CUIIbI JOJKHBI BHI3bIBATH KAaCATEIbHbIEC HAMIPSKEHUS,
KOTOPBIE IPH YCIOBUU PABHOMEPHOTO X PACIIPEIEIECHUS IO CEYEHHUIO MOXKHO OIpeie-
JIUTH!

W

rzE, (6.1)

riae F - miomaas momnepeyHoro CeUeHus;
P - casuraromias (cpesbiBaroras) cuia.
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3KCHepI/IMeHTaHBHO MOATBCPIKACH AJIA ClIydasa CABHUI'd 3aKOH FYKaI

_P-h
G-F
1
riue 6 - K03(QGUIMEHT TPOMOPLIMOHATEHOCTH, 3aBUCAILIUN OT MPUPOJIbI MaTepUaia.

a__ P
3Has, 9yTo h 7V n =
=G-y, (6.2)

rae G — ecTh MOJYJIb CIIBUTa WJIM MOJTYJIb YIIPYTOCTH BTOPOTO POJa.

= T MoOXeM NEPeUTH K CIeayIoIeMy BUay 3akoHa [ 'yka:

Monynb ciBuUra 00bIMHO COCTaBIISIET HEKOTOPYIO YaCTh OT MOAYJISl HOPMAaJIbHOM
yrpyroct E:

G=0,4-F, (6.3)
a TOYHAasA 3aBUCHUMOCTb MCKAY YIIPYTHUMH ITOCTOAHHBIMU:
O E
2 @A+ ) (6.4)

rae | - koapdunrent [lyaccona.

Monyns cisura g ctamu G = 8- 10° kr/cm?,
PacyeTHOE ypaBHEHHE IIPH CIBUTE:

P
c===[7], (6:5)

rae [T] - IOITyCKAeMO€ KacaTeJIbHOE HAIPSKEHHUE.

YuCThIM CABUTOM HA3bIBACTCS TAKOW CIy4al IUIOCKOTO HAMIPSIKEHHOTO COCTOSHUSA,
IIPU KOTOPOM TI0 JIBYM B3aUMHO-TICPIIEHIUKYJIAPHBIM IUIOMIAJKaM JICHCTBYIOT JIUIIb Ka-
CaTeJIbHbIC HANPSIKECHUS, @ HOPMAJIbHBIC HANPSIKEHUS PaBHBI HYJIIO.

§ 7. Kpy4enue

[Tox kpydeHHEeM MOHUMAIOT TaKOW BUJ JePOopMalliy, KOT/Ia B MOMEPEUHBIX CEUCHUSIX
Opyca BO3HUKAIOT KPYTSIIINE MOMEHTHI.

Pe3ynbpTaThl OMBITOB HAJ KPYYEHHEM KPYTJIOTO Opyca MO3BOJWIN MPHHSITH CICAYIOT
JOMYIIECHUS TIPU U3YYCHUH TEOPUH KPYUCHUS:

1) mIockHe TMOMepeyYHbIe CEUCHHUS KPYIJIoro Opyca OCTAalOTCs IUIOCKUMHU M IOCIIE
nedopmManuu (rurnoresa MIOCKUX CEUEHUN);

2) paauychbl, MPOBEICHHBIC B MOMEPEYHBIX CEUCHUX, MOCE AePOopMalIiii COXPaHs-
IOT CBOIO JITTUHY;

3) YIUIbI OBOPOTA CEYCHUS TEM OOJIBIIIE, YeM JIANIbIIE CEUCHHE OTCTOUT OT MECT 3a-
KpeIJICHUS;

4) o0pa3yionye CTEPXKHS MPEBPALIAIOTCA B BHUHTOBBIC JIMHHH, T.C. HMPOUCXOIUT
C/IBUT YaCTHII, ¥ B IONIEPEUHBIX CEUCHUSX BO3HUKAIOT KacaTeIbHbIC HAMPSIKCHMUS;
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5) npunumaercs 3akoH ['yka, T.e. COOJIIOIAETCS MPONOPIIMOHATILHOCTh MEXIY KpY-
TSALIMM MOMEHTOM M YTJIOM 3aKpy4YHBaHUA B MpeJenax ynpyrux aehopmanui.

Jl1st onipesiesieHnst KacaTeNbHBIX HANPSDKEHUM MPUMEHUM METOJ] CeueHUd. MBICIIEHHO
BBIPEKEM U3 KPYTJIOro Opyca 3JIeMEHT panuycoM I u JutuHou dz (puc.9a), u3 KoToporo B
CBOIO OY€peIb, BRIPEKEM JAPYroi 3IEeMEHT MPOU3BOIBLHOTO paauyca p (puc. 90).

a )
) ) r [Tomoxum, 4TO Pa3HOCTH MOJIHBIX CJIBUTOB
. I ay JIBYX CEUEHU Ha OECKOHEYHO MaJIOM PacCTOs-
HUM dZ OyneT nnj, TOrAa OTHOCUTEIIBHBIN CJIIBHT

- - ’ f
--\--— - , =
- ' dz -

7 . 4az Ecnu 0603HaYnTh BEChMa MaTyIO PasHOCTh

IOJIHBIX YIJIOB 3aKpy4nBaHus Ha JiuHe dZ de-
Puc.3 pe3 de MoxkHO Hanucaty NN, = O - @,
Toraa BbIpaskeHHe IS OTHOCUTEIILHOTO CJIBUTA MPEICTABUTCS B BUJIE:
Y- nn, _ s de

dz dz

Hcnonssyem 3akon I'yka nipu casure © = G - 7 [loacrasus B 9Ty hopMyny

BBIPpAKCHHUC JIXI OTHOCHUTCJIBHOI'O CIABHIA, ITOJYYHUM IIOKa CIONC HC OKOHYATCIBHYIO
(bOpMyJ]y KaCcaTCIbHOI'O HAIIPAKCHUA B HpOHBBOJ’IBHOﬁ TOYKC pacCMaTpuBacMoOro ccuc-
HUA:

do

dz '’
TJI€ p - PACCTOSIHUE OT ATOM TOYKH J0 OCH Opyca.
BennuuHa sneMeHTapHOM BHYTPEHHEN KacaTelbHOM CUIIbI B IPOU3BOJIBHOM TOYKE Ce-

YyeHus paBHa T - dF ; MOMCHT 3TOM CHWJIBI, JedcTByromed mo rmiomanake dF oTHo-

cutensHo ocu 6pyca AM =z -dF - p

[TonHBIN MOMEHT BHYTPEHHUX KacaTeJIbHBIX CHJI OTHOCUTENIBHO OocH Opyca OyaeT pa-
BCH:

=G p- (7.1)

M, =[z-p-dF (72
F

do

atakkak £ = G- O+ —dZ , TO MOYXHO HAITNCAaTh

do
M =G po- - o-dF
-! dz

do 2
170101 MK:G'd J./O -dF (7.3)
Z ¥
[ p?-dF =1 N N
Ho unrerpan | 2 p TPEACTaBJISICT COOOM MOISPHBI MOMEHT UHEPIUH
F

IJIOIIAIA CEUCHUS, TTOITOMY
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d
M, =G-=2Z.1 (7.4)

" dz 7’
de M,
OTKyJa dz o G- | ; , (7.5)

rae do - aIeMeHTapHBIN YroJl 3aKpyYuBaHus Ha JTnHE dz.
[TosHBIN yTroJ 3aKpyYHBaAHUA:

| [ [
g — [ M M gy Mt
s 2 G-I, G-1, % G-1,
M, -1
WM OKOHYATEIHHO P = G-1_ (7.6)

p

[IpousBenenue G-I p Ha3bIBAIOT JKECTKOCTHIO CEYEHUS Opyca Ipu KPYYEHUH.

N3 nosmydyennoi Gopmyisl (7.6) ciaemyet, YTO BEIMYMHA YIJia 3aKpYYUBaHUS (O MPSIMO
NPOTNIOPIIMOHANIFHA KpPYTSAIeMy MOMEHTYy My, um mmHe Opyca | m oOparHo mpo-

ImopnruoHalibHa ) XKCCTKOCTH CCUCHUA IIPHU KPYUYCHHUHA G - | p -

BenuunHa yria 3akpyduBaHus @ u3MepsieTcs B paguanax. UToObl mOLy4uTh ¢ B rpa-
Jycax, HE0OX0IMMO MPUMEHSATH POPMYITy:
M- 180°
CD_G-Ip. 7T (7.7)
[Toncrasnss B Beipaxkenue (7.1) 3nauenue (7.5), noryuum GopMyIty IJisl ONPEAEIICHUS

KacaTeJIbHBbIX HAIIPSIKCHUN:

_G-p-M, M,

4 P
G-I 0 | 0 ’
M,
OKOHYATENLHO - T = 1 P (7.8)
p
M,
B dopmyne (7.8) Benuuuna | MOCTOSTHHAS [ pACCMATPUBAEMOI0 CEUCHMUS,

p

CJIEI0BATEIBHO, KACATEJIbHbIEC HANPSKEHUS U3MEHAIOTCA IPSAMOIIPOIIOPLIMOHAIBHO pac-
CTOSIHUIO p.

HauGoubiiee 3HaueHNEe BETMYMHBI KacaTelIbHbIX HAMPSXKEHUN Oy1eT B KpalHUX TOY-

Kax cedeHus opyca, T.e. Ipu L2 = Prax — I

F M M, M,
max " FPmax T - 7.
I, I, w, (7.9)
r

|
Beanunna Wp = paspIiBaeTcs IMOJIAPHBIM MOMCHTOM COIMPOTHUBJICHUA CCUCHUA 6DV-
r
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§ 8. IlosisipHBIE MOMEHT CONPOTUBJIEHHUS KPYTra U KOJIbIA, pacyeT KPYIrJiabIxX
OpychbeB HA MPOYHOCTDH U KECTKOCTh MPU KPYyYeHUH

Benuuuna MMOJIPHOIO MOMCHTA MHCPIHHU IIIOIIAIN Kpyra:

-d?
I =?EO,1-d4(CM4) (8.1)

p

BLIpa3I/IB BGJ'II/ILII/IHy HOJ'ISIpHOFO MOMCHTAa COHpOTHBJICHI/ISI TOXKEC qepes I[I/IaMGTp, I10-
JIYYUM:
| z-d* 2 7-d3
W =-P°_— = ="_—_=0,2-d3(ca®)
P d 32 d 16 (8.2)

N3 hopmymel (7.8) cienyer, 9To KacaTelIbHbIC HAMIPSHKCHUS B TOUKAX CEUYCHUs, OJIN3-
KUX K LIEHTPY, T.€. IPU MAJBIX p, HE3HAYUTEIbHbIL. 3HAYUT, KPYTAIIUNA MOMEHT 00YCIIOB-
JIeH, TJIABHBIM 00pa30M, HANPsHKEHUSIMU, IEHCTBYIOIIMMHU B YaCTH CEUCHHMSI, HauboJee
yAQJICHHOM OT LIEHTPa, a MaTepuall LIEHTPAJILHON YyacTu Opyca (Bajia) UCTIOJb3YETCs Ma-
70. [TosTomy ¢ menpio 06eryeHus Bajia HEPEeIKO U3TOTOBIISIIOT MX MOJIBIMH (KOJIBIIEBOTO
ceuenus) (puc. 10). st pacuera nuaMeTpa TaKOro Bajia Hy>KHO YMETh ONPEAEIISITh BEJIH-
' D YIHY TOJIIPHOTO MOMEHTA COTIPOTHUBIICHUS €TI0
. o CeyeHus.

/ O0603HauuM HapyxHbIi quametp D, a BHyT-

pennuii d. Toraa moJspHBIA MOMEHT UHEPITUH
KOJIBLIEBOT'O CEUCHMUS OIIPEACIIUTCS KaK Pa3HOCTh
MIOJISIPHBIX MOMEHTOB MHEPLMU BHEIIHETO U
BHYTPEHHETO KPYI'OB:

.
r ——
X

7

Prc 10

z-D* x-d* z-(D*—-d?)

| — - ~0,1-(D* —d*)

P 32 32 32
ITonsApHBIM MOMEHT COIPOTUBIICHUS KOJIBLIEBOT'O CEUCHUS:
| . 4 44 4 44
w, - e _z(D*-d*) _,, D*-d
Lo 16- D D
d

B =Cymd=C-D, nosydaum (op-

3a7aBIIMCh OTHOIIIEHUEM JINAMETPOB
MYJIbI:
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7 -D*

|p=3—2(1—c), (8.3)
-D° 4
Wp —T(l—c ). (8.4)

ECJII/I HN3BCCTHA BCJIIMUYUHA HOJ'I?IpHOFO MOMCHTAa COHpOTI/IBJ'IeHI/IH CC‘-IGHI/I?I, MOKHO
OTpeeIUTh HAauOOJIbIIIee 3HAUCHNE KacaTeIbHOTO HanpsokeHus 1o ¢hopmyie (7.9); npu
9TOM, IIO YCJ'IOBI/IIO HpO‘IHOCTI/I OHO HE JOJIZKHO 6I>ITI> 6OJII>HIC I[OHYCKaeMOI‘O, T.C.

T = ke <[ 7]
max =~ L71. (8.5)
p

[TonyueHHoe ypaBHEHHE (8.5) SBISETCS paCUCTHBIM YPaBHEHUEM TIPU KPYUCHUHU.

[TonGop nuameTpa Bajia U3 yCJIOBHS MIPOYHOCTH MPOU3BOAAT MO GopMyJie:

M K
W, = (-] (8.6)
[ToacraBuB B 3Ty (popMyIly 3HaUEHUE TOJIIPHOTO MOMEHTA CONTPOTUBIICHUS
_ m-d?® z-d®> M,
p T , IIOJIYYHM: 16 - [T]
OTKYyJIa d (8.7)
wu  d (8.8)

[To dhopmyiie (8.5) MOKHO TakKe ONPENETUTh HAUOOIBIITUN KPYTAIIUNA MOMEHT:
M, =W_-[7]. (8.9)

Kpome ycrioBust npoYHOCTH, K Bally MPEABSBIAIOT TpeOoBaHHUE KecTKOCTH. OHO co-
CTOUT B TOM, UTOOBI yTOJI 3aKpyUHBaHUS Baja Ha €IMHUIIC €T0 JITMHBI HE TTPEBBIIIAI
ONPEAEIECHHOW, Hanlepe 3aJaHHON BenuuHbL. [Ipy pacueTe JIIMHHBIX BAJIOB yCIOBUE
YKECTKOCTH NPEABSIBISACTCS B IEPBYIO OYEPED.

PacueTHoe ypaBHEHUE U3 YCIOBHS )KECTKOCTH OY/IET:

M, -1
= —<
=z =lel (8.10)
p
rae [¢] - mormyckaemblit yroJ 3aKkpy4druBaHUSL.
IlepeaeM K yrily 3aKkpy4uBaHus Ha JUIMHE OJHOI'O METpa Baja:

o_ M, -100 180°

@ | .
G1, (8.11)
HO}ICTaBHﬂH B OTO ypaBHCHI/IC BBIpa)KeHI/IC JJIs1 HOHHpHOFO MOMCHTAa I/IHepHI/II/I
z-d*
p 3o - MOTYTHM PaCcueTHyIO dbopMyITy IS OTIpeIeTICHHS TuaMeTpa Baja U3

YCIIOBUA KECCTKOCTU:!
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M

32-|\/|k-:|.00-1800 « ;
G . [(D] (*/mor.m). (8.12)

d = =15,3-
4 G-7z'2-[§0] 4

I[J'I)I ITIOJIBIX BAJIOB PaCHYCTHAA (l)OpMy.TIa 6YI[GT HUMCTb BU.
M K

riae D - BHemHu quamerp Baja;

d

C = - OTHOIICHUC BHYTPCHHCTO U BHCIIHCTO JHUAMCTPOB BaJid.

D

D=15,3-4

HAITPAKEHHOE COCTOSHHUE

§ 9. Hanpmlcemm B HAKJIOHHBIX CECYCHUSAX ITPH OAHOOCHOM PaACTAKCHUHU (cma-
Tl/ll/l). 3akoH MapHOCTH KacaTECJIbHbIX Hal'[pﬂ)KCHl/Iﬁ

Bce ckazaHHOe 0 CUX MOP O HANPSIKEHUSAX, BOSHUKAIOIIUX B CEYEHUSIX PACTIHYTOTO
(cxxaroro) 6pyca, OTHOCHIJIOCH K IMOMIEPEUHBIM CEYEHHSIM, KOTOPBIE MEPIICHIUKYIISIPHBI K
ocu Opyca. Tenepb paccMOTpPUM HaNPSHKEHUSI, BOSHUKAOIINUE ITPU OCEBOM PACTSHKEHUU U
C)KaTHH B HAKJIOHHBIX (KOCHIX) CEUEHHUAX. ITO MO3BOJIUT BBISICHUTDH OOIIYIO0 KAPTUHY
HaIpsHLKEHUN, BOZHUKAIOIINX B PA3JIMYHBIX CEYEHUSIX, TTOTYYUTh 3aBUCUMOCTH JJIsI OTIpe-
JIeJICHUS HAPsDKEHUs1, BOSHUKAIOIIETO 10 JI000H IIJIOIMIAIKE, U ONPEICIUTh, O] KAaKUM
YTJIOM pacrojaratoTcs T€ CEUeHUs, B KOTOPBIX HAMPSKEHUS JOCTUTAIOT HAMOOIBIITUX
3HAYCHUM.

BossMem npsimoit 6pyc (puc. 11a), pactsaruBaemsiii cuiioit N, u onpeenum Ha-
MPSKEHUSI B HEM 10 HAKJIOHHOMY CEUEHUI0, COCTABIISIIOIIEMY C MOMEPEUHBIM CEUCHUEM
yTod o.

a

R IR, RN |
N¢ : "~ Puc.1l ' N

BremHsst HopMalib COCTaBUT C OChIO Opyca TakyKe yroi o, Mpu4eM, MOCIEeTHUN OT-
CUMTHIBACTCS B HAMPABICHUU MPOTHUB JIBIDKCHUSI YaCOBOW CTPETKU OT JIMHUU JECHCTBUS
cuiasl N 10 HOpMaJH K INTIOCKOCTH HaKJIOHHOTO cedeHus (puc. 110).

PacceueM MbICIEHHO OpyC cedueHrneM 2-2, 0TOPOCUM BEPXHIOIO YaCTh €r0 U 3aMEHUM
JEeHCTBHUE OTOPOIICHHON YacCTH HAa HIDKHIOK BHYTPEHHUMU CUJIAMH, ITApaJUICIbHBIMU OCH
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Opyca 1 pacrpeneneHHIMA PaBHOMEPHO TI0 BCEMY CeueHHI0. PaBHOIEHCTBYIOIIAS STHUX
cui Oyner paBHa pactaruBaronieit cuie N.
Ecnu yepes F 0003Ha4uTh MI0Ma/16 TONIEPEYHOT0 cedeHus | — 1, To miomanp

|:
HAKJIOHHOTO ceueHus 2 - 2 - Fa — COSa , 4 IIOJTHOC HAIIPSAKCHHUC B CCUCHUU !
N N -Cosa Coscr N
p = = = o -Cos o =—
F, F > 1AC =

Bennuuna P, ciemoBateabHO, 3aBUCUT OT yTJIa 0O Y€M MEHBIIIE YTOJ o, TeM OOJIbIIe
HanpsiokeHue P.
[Ipu o = 0 ceuenue 2-2 conagaet ¢ ceyeHueM 1-1, Cos a = 1, Torma

N

P = = = O | T.e. BOITOM Cllydae IMOJIHOE HANPsDKEHHE OyIeT PaBHO HOPMaJIbHOMY

OCEBOMY HaIpPsIKEHUIO.

[Ipu yBenuuenuu yria o 10 90°, Cosa = 0 u, ctano O0bTh p = 0; T.€. IO TUIOLIAIKaM,
napajieIbHbIM OCH Opyca, MOJTHOE HANPSKEHUE, a 3HAYUT, © HOPMaJIbHOE HAINPsHKEHNE
PaBHO HYJIIO.

Pa3no0xum HanpsiKEHUE p Ha COCTABIIAIOLIUE B INIOCKOCTH 2-2 ¥ NEPIEHIUKYIISIPHO K
Hel (puc. 11B). Cocrapisitonasi, HOpMaJibHas K IJIOMIAIKE 2-2, IPEICTaBIsAEeT COO0M
HOPMAaJbHOE HAIPSKEHHE 10 HAKIOHHOW IIIOMIAJKE, a COCTABIISIIONIAs, IEUCTBYIOMIAS B
camoii momaike 2-2 - kacarelibHOE HAPsHKEHHE.

BenuurHa HOpMaJIbHOTO HANIPSIKEHMUS:

o, = p-Cosa =c-Cosa-Cosax = o -Cos’«,

a BCJIMUYMHA KaCaTCJIIbHOI'O HAIIPSAKCHUA:

7, = P-Sina = o -Cosc - Sina = Z-SinZa ,
NI OKOHYATCJIBHO.
o, =o-Cos’x (9.1)
T, = : -SIN2« (9.2)

N3 nonyuennbix Gopmyn (9.1) u (9.2) cnenyet, uto 06a Buaa HAMPSHKEHUM 110
HAKJIOHHOMY CEYEHUIO 3aBUCAT OT BEJIMYMHBI YIJIa 0. YeM MEeHbIIIE yroJ o, TeM OOJIbIIe
OyJleT HOpMaJibHOE HaIPsIKEHUE.

[Tpu o = 0 0HO paBHO OCEBOMY HOPMAJILHOMY HANPSKEHUIO, TOCKOJBKY
Cos’0=1.

C yBenM4YeHHEM YIJIa 0. HOpMaJIbHOE HaNPshKEHHUE G, yObIBaeT u npu o = 90°;

o, =0, rak xax C0S90° = O . [Ipu o =45° HOpPMAJIbHOE HANPSIKEHUE B
HaKJIOHHOM CEYEHHU:
2
V2 o
o, =0-Cos’a =0c-Co0s?45° =& - - | =%
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KacarenbHoe HanpspkeHue ¢ uameHenueM yriia o oT 0 1o 90° cHauana Bo3pacTaeT oT
Hyss1 (mpu o = 0) 10 HaMOOJIBIIIETro CBOEro 3HaueHus (mpu o = 45°):

o 2P o 2P o
Tonax = -Sin2-45° = —-Sin90° = — .
a 3aTeM C YBEJIIMYEHUEM yTIia 0T 45° xacaTenbHOE HANPsKEHUE YObIBAET U MIPU
0=90° cCTaHOBUTCS paBHBIM HYJIIO:
o .. o .
Tomax = > -Sin2-90° = 5 -Sin180° =0

Takum 00pa3om, HauOOJIbIIINE HOPMAJIbHBIC HAMPSKEHUSI BOSHUKAIOT T10 TUIOIIAIKaM,
NEepPHEeHANKYIIIPHBIM K OCH Opyca, a HauOOJbIINe KacaTeIbHble HAMPSKEHUS - 10 TII0-
11aIkaM, pacrojoKEHHbBIM O] yriioM 45° K ocu Opyca ¥ paBHBI ITOJIOBUHE OCEBOTO HOP-

(o)

2

ITo ruIoIIaAKaM *e, HapauienbHbIM ocH 6pyca (pu o =90°), o, =7, =0, re.B

MaJIBHOI'O HAIIPSPKCHUA, T. €. Tmax _

MIPOJIOJIBHBIX TUIOCKOCTSX Opyca He BO3HUKAET HU HOPMAJIBHBIX, HA KacaTeIbHBIX
HarnpspkeHui. OTCIoa ClIeyeT, YTO MKy MPOAOILHBIMI BOJIOKHAMH PACTSIHYTOTO
(cxxaToro) Opyca HEe BOSHUKAET HU B3aUMHOI'O HaXKAaTHsl, HU OTPHIBA.

B nm060oM HakJIOHHOM ceueHuu Opyca OyayT BO3ZHUKATh OJJHOBPEMEHHO 00a BU/Ia Ha-
MPsHKCHUI: HOpMaJIbHBIC U KacaTelIbHBIC.

Teneps ornpeaeuM HaNpsHKEHUS M0 CEUSHUIO 3-3, MepIEeHIUKYIIPHOMY K CEYEHUIO
2-2 (puc. 12a, 6). Hopmais k miommazke 3-3 coCTaBuT ¢ ocbio Opyca yron — ag =270%+ a.

% 3

g,
=270 e
2
\s
N N ; Puc.Iz

Jly1st onipeiesieHrust HOpMaJIbHOTO U KacaTeJIbHOTO HAIPSKEHUH 1O Tiomanake 3-3
npumeHuM Ghopmyrst (9.1) u (9.2). [loacTaBuB B HUX 3HaYEHUE yTia

o, = 270° + &, onyunm:
o, s =0 -Cos°a = o -Co0s’(270° + @) = o - Sin« |
KacarenbHble HanpsiKEeHUS:

O

~-Sin2-(270° + &) = =

-SIN2« |
2

T3 3

CpaBuuBas ¢opmyisl (9.1) u (9.2) ¢ moTydeHHBIMU, MOKHO CHENATh CIAEAYIOIINE BbI-
BOJIbI:
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a) BEJIMYMHBI HOPMAJIbHBIX HANIPSHKEHUH MO JBYM JIFOOBIM B3aUMHO MEPIIEHIUKYJISP-
HBIM CEUEHHUSIM Pa3JIMYHbI, HO CyMMa MX MOCTOSIHHA U PaBHA OCEBOMY HOPMAJIbHOMY
HaIpsHKEHUIO, T.€.:

2 . 2 a2
o, ,+0,,=0-Cos’a+oc-Sin“"a=0c-(Cos“a+ Sin“a) =oc
6) KaCaTCJIbHBIC HAIIPAXKCHUS 110 ABYM JIFOOBIM B3aHMHO MNCPIHNCHANKYJIAPHBIM CCUCHU-
SM paBHBI 110 BCIIMUYUHC, HO ITPOTHUBOIIOJIOKHEI I10 3HAKY:

f2-277 "33

CrnenoBatelbHO, €CJIM MPEACTaBUTh ceOe Opyc pa3pe3aHHbIM CEKYIIUMU IO IKaAMU
2-2 u 3-3 (puc. 12B), TO KacaTtenbHbIC HAPSOKCHUSI IO HUM WJTH CXOSITCS K BEPIITUHE
IPSIMOTO YIJia, WU PACXOAATCS OT Hee. DTO MOJI0KEHHE, CIIPABEIMBOE HE TOJIBKO B CIIy-
YasX pacTsHKEHUS WK CKATHSL, HO U JUIA IPYTUX AeopMaliuii, pu KOTOPHIX BOSHUKAIOT
KacaTeJIbHbIE HAIPSKEHUSI, Ha3bIBAETCS 3aKOHOM MTAPHOCTH KacaTeJIbHbIX HANPSHKCHHM.
OH uMTaeTcs Tak: KacaTeabHbIE HAMPSKEHUS, JEHCTBYIOUIUE IO JBYM B3aUMHO MEPIICH-
JUKYJSIPHBIM IJIOMIAJKAM U MEPIEHANKYISIPHBIE K UX 001IeEMY pedpy epeceueHusl, Yuc-
JIEHHO paBHbI MeX 1y cOO0M U HampasieHbl 00a 100 K pedpy, 1100 oT pedpa (oOpaTHBI
10 3HaKY).

§ 10. Hanpsmcemm B HAK/IOHHBIX CCYCHUSIX IPH IIJIOCKOM HAIIPHKECHHOM COCTO-
SAHUN

W3 Hanps>KEHHOTO TeNa BBIAEINM 3JIEMEHTAPHBIN 00BbEM B BUJIE TPEYTOJIBHOMN Npu3-
MBI U pAaCCMOTpUM €€ paBHOBecue (puc.13).

Byaem cuuTaTh, 4TO TOPU3OHTAIbHAS U BEPTUKAJIBbHASI TPAHU MPU3MBI SBIIFOTCS HC-
XOJHBIMH IUIOIIAIKAMU, TI0 KOTOPBIM JEHCTBYIOT 3aJaHHBIE HANPSIKECHUS Txy U Tyx.
O Onpenennm HOPMaJIbHBIE M KaCaTEIbHbIE HANps-
KEHUs Gy U Ty, JEUCTBYIOINE B HAKJIIOHHOM IIJIOIIA/I-
Ke. [lns aToro cripoexkTupyeM Bee CUIIbl, 1EHCTBYIO-
M€ Ha [IPU3MY, Ha HAIIPABJIEHUE G

o,-AC-b—oc, -AB-b-Cosa —
—o,-BC-b-Sine -7, - AB-b-Sina -
—7,,-BC-b-Cosa =0

Ecnu BeIpa3um Bce CTOPOHBI IPU3MBI UEPE3 OHY
cTopoHy AB 1 yMHOXkuM Bce wieHsl Ha Cosa, moury-

Prc.I3 YUM IPU ‘Txy = ‘Tyx
o, =0,-Cos’a+o,-Sina+1, -Sin2a . (10.1)

Oty (popMyy MOKHO TIpeoOpa3oBaTh, yUUTHIBAS, YTO

) 1-Cos2 1+ Cos2
Sin?g ==——=>2% . Cos’a = it
Urak, monyyum:
o,+0 o, —O )
To =— L + 5 ~.Cos2a +17,, - Sin2a | (10.2)
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Tenepb cipoeKTUPYEM BCE CHIIbI HA HATIPABJICHUE Ty

7,-AC-b—o,-AB-b-Sina+o,-BC-b-Cosa +
+7,,-AB-b-Cosa —7,, - BC-b-Sina =0

Jlenas ananornyHeie Mpeodpa3oBaHus, Kak U MpH BeiBoAe Gopmyrsl (10.2), Oynem
UMETh:

Oy

_O-y .
T = T-Sana—er -Cos2ax (10.3)

o

§ 11. I'naBHbIE IUIOMIAJAKY U IJIABHbIE HATIPSKEHHUS.
O000mennbIi 3akoH I'yka.

['J1aBHBIMU IIJIOMIAJIKAMH HA3bIBAIOTCS TAKUE B3AMMHO MEPIEHANKYIISIPHbBIE TUIOIIa]-
KH, 110 KOTOPBIM JICUCTBYIOT HAMOOJIBIIINE U HAUMEHbIIINE HOPMAJIbHBIC HATIPSIKEHUS, a
KacaTeIbHbIE HAMIPSKEHUS paBHbI HYI10. HanpsiokeHus, 1elCTBYONUE TT0 3TUM IIJI0IIA/ -
KaM Ha3bIBaIOTCS [JIABHBIMU.

JInsl Hax0XKIEHUS yrila HaKJIOHA IJIaBHBIX IUIOIIAI0K HYKHO HAWTH MAaKCUMYM U MU-
HUMYM HOPMAJIbHBIX HAIpPsDKEHUM. [{J1 3TOro BO3bMeM NMEPBYIO MMPOU3BOIHYIO OT BhIpa-
»kenus (10.1) u npupaBHsieM ee K HYJIIO:

d : :
O _ 2-0,-Cosax-Sina+2-0, -Sina-Cosax + 27, - Cos2a =0 (11.1)
da ’
do, :
o =—(o,—0o,)-Sin2a+2-7,,-Cos2a =0 (11.2)
ITociie nenenust KaxxaI0ro 4jieHa ypaBHeHUsI HaA Cos2a MOJIyYUM:
do,
da =—(o,—0,) t92a+2-7,, =0 (11.3)
T
tg2a = —2—
OTKYyJa 9 o, —0, (11.4)
YunteiBad, uto Ty, = — Ty, TOTYIHM:
2- Ty
920 = ———— (11.5)
o, —O,

[Tonyyennsie popmynbi(11.5), (11.4) garoT BO3MOKHOCTH OMPEAEIUTH YO HAKIOHA
TJIaBHBIX TUIOMIA/IOK — (L.

Ecnu o moy4uTcst NOJI0KUTENIbHBIM, €TI0 CJIEIYET OTIOKUTH MPOTUB YaCOBOM CTpEI-
KH; U1 HA00OPOT, €CJIM 0L OTPUIIATEIIbHBIN - TI0O YaCOBOM CTpEJIKE.

Tak kak yron 2 orauyaercst ot Apyroro 3HadeHus Ha 180°, To o OyaeT oTanyaThCs Ha
90°. Otcrona ciieyeT, 4To TJIaBHbIE TUIOMIAIKH B3aUMHO NEPIEHIUKYJISPHBI.

[Toncrasus Beipakenue (11.4) B (10.1), Oynem umeTsb hopMyty Ui ONIpEACIICHHS Be-
JIMYUHBI TJIABHBIX HAMPSKCHUN:

_o,+to, 1

Gm;a;( _Tii'\/(ax_ay)2+4'z-xy2 . (116)
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Kak HNCXOOHBIC HOPMAJIbHBIC HAIIPSXKCHUS Ox, Oy, TAK U I'NTABHBIC CUUTAIOTCA I10-
JIOXKHUTCIbHBIMHA, €CJIM OHU PACTATMBAIOIINC U, HaO60p0T, OTPULATCIIbHBIMHU, €CJIN OHU
ABJIAIOTCA COKMMAIOIIMMM.

3a MoJI0KUTENIbHOE KacaTeJIbHOE HAIIPsKCHUC Txy IPUHUMACTCA TAKOC, KOTOPOC MO-
JKET OCYIICCTBUTH BpAlICHUC I10 4acOBOU CTPCIIKC, U, HaO60p0T, IIPpOTUB 4acOBOU CTpCJI-
KH - CHUTACTCA OTpUIATCIIbHBIM.

I[OKa)KeM, 4TO B I'NIaBHBIX INIOMAAKAX KACATCIBbHBIC HAIIPSIKCHUA PaBHBI HYJIIO. I[JISI

1

ATOTO YMHOKUM BCe 4jieHbl ypaBHeHus (11.2) Ha _E )
o,—0, ..
— Sin2a +7,,-Cos2a =0

[ToryueHHOE BBIpAKCHHE JIJIs1 KaCaTEIbHBIX HAMPSHKEHUN PaBHO HYIIO, UTO U TpeOo-
BaJIOCh JA0Ka3ath (cm. 10.3).

Paznuyaror Tpu Bu1a HANPsHDKEHHBIX COCTOSTHUI

1. O6BeMHOE - KOT/ia BCE TPH TIABHBIX HAMPSHKCHUS OTIIMYHBI OT HYJIA (puc.14B).

2. I11mockoe - Korja oJHO U3 TJIABHBIX HANPSOKEHUH paBHO HYIO (puc. 140).

3. JIuHeiHOE - KoTrJa ABa IIaBHBIX HANPsHKEHUS paBHBI HYIIO (puc. 14a).

['maBHBIC HANpsKEHUS 0003HAYAIOT Yepe3 G1, G2, G3. PaccmaTpuBas ux

B NIOPsAJIKE yOBIBaHMUS, OyIeM UMETh: Oy = O, = Oy . [Ipy TMHERHOM HAIPSKEHHOM CO-

CTOSIHUW €IMHCTBEHHOE OTJIMYHOE OT HYJIS TJIABHOE HANPSHKCHUE 0003HAYUTCS TNOO 1e-
pe3 61, €CIHM OHO TOJIOKUTEIBHO (Torna 6,=0; 63=0), 1100 Yepe3 o3, €CIIM OHO OTPHIIA-
teapHO (Torna 61=0; 6,=0). ITpu mIocKOM HaNPSHKCHHOM COCTOSIHUH JIBa OTJIWYHBIX OT
HYJIS TTIAaBHBIX HaNPsDKEHUST 0003HAYAIOTCS JTMOO0 Yepe3 1 U G, €CIIH 00a MOJIOKUTEITBHBI
(03=0), mn6o uepe3 o, U O3, eciii 00a oTpunaresbHbl (61=0), MO0 Yepe3 61 U G3, €CIIH
OHH pa3HO3HauHbI (62=0).

B obgerwac

5/ raocege z‘/c?fy_yp,y(g,c,wjp

P COCITIOTHUE
@) sured Hge f &2 &2 3
e /

@, &y &7 | Gy ?'f | 1 &
o - e

63
e o

Ppc.T4

Jledopmariiu B HanpaBJICHUH TJ1a3HBIX HAIMPSKEHUH - TJIaBHBIE Te(OpMaIliy B JIaH-
HOU TOUKE - ONPEeETIAI0TCS Ha OCHOBE 0000IIIeHHOT0 3akoHa ['yka:

1

& = E'[O-l —u-(o, +63)] : (11.7)
1

& = E : [(72 —u- (o3 +(71)] , (11.8)
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&=z loa-n(o+ar)], (11.9)

rae | - koapdunuent Ilyaccona.

B yacTHBIX ciydasx MpUBeACHHbBIE (POPMYIIBI yIIpoIaloTcs. Tak, s JMHEHHOTO Ha-
HPSHKEHHOTO cocTOosiHUS ¢ 61>0; 6= 63=0:
P S < 1

L= %2 3 E

B ciyuae, korya Hanps>KeHHOE COCTOSIHME BO BCEX TOUKAX Tejla OJIMHAKOBO, TAKOE
HANPsHKEHHOE COCTOSIHUE HA3bIBACTCSA OJHOPOIHBIM.

O000111eHHBIH 3aK0H ['yKa OTHOCHUTENBHO TJIaBHBIX HaNPSKEHUH, IS IJIOCKOrO Ha-
NPSHKEHHOTO COCTOSHUSI UIMEET BUL:

O-lziz'(gl"',u'gz); O, :iz'(gz'*‘ﬂ'gl)
1-u 1—u

OTtHocuTenbHast o0beMHas AedopMaliysi BEIYUCISIETCS TT0 OJHOU U3 (OpMYII:

2- 1
& =——"—-(0,+0,+0,). (11.10)
E
Hal'lpil)KeHI/IH Ha HAKJIOHHBIX IIJIOMAIKAaX BBIYUCIIAKOTCA I10 (I)OpMyJIaM:
IIpH INIOCKOM HAIIPAKCHHOM COCTOAHHU:

— 2 H 2
. + . I
Op =0y COS“ 0'25n a,

. _ (11.11)
Ty :2-(01—02)-sm 2a;
IIPY JIMHEMHOM HAIPSKEHHOM COCTOSIHUU:
2 01 «;
o,=0,-Cos’a, 7, =?~Sln2a , (11.12)

rae 0,; 7, - COOTBETCTBEHHO HOPMAJIbHOE U KacaTeJIbHOE HAIPS)KEHUE B HAKIIOHHOM
IJIOIIA/IKE, TPOBEAEHHOM MO/ YIJIOM Q.

TEOMETPAUYECKHE XAPAKTEPUCTUKH IJIOCKUX CEYEHUI

FCOMCTpI/I‘—IeCKI/IMI/I XapaKTCPHUCTHUKAMU IIJIOCKHUX CEUYCHUM SIBISIOTCS iomaab, cTa-
THYCCKHMEC MOMCHTHI IINIOCKHX CequHﬁ, MOMCHTBI HHCPIIHH.

§ 12. CraTtuveckue MOMEHTHI U HEHTPHI TAKECTH IVIOCKUX CeYeHU

CTaTH4ecKMM MOMEHTOM IJIOCKOTO CEUCHHUS OTHOCUTEIIBHO OCH, JICKAIICH B IJIOC-
KOCTH CEUYCHMSI, HA3bIBAETCS B35Tas IO BCEH MIIOMIAIN CEYEHUSI CyMMa MPOU3BEACHUN
TJTOIIAJIeH AJIEMEHTAPHBIX TJIONIAI0K Ha UX PACCTOSIHUSA J10 9TOM ocu (puc.15).
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y‘ Ecnu u3BeCTHBI KOOPIMHATHI IIEHTPA TAKECTH Ce-
YEHHSI, TO CTATUYECKHE MOMEHTBI ONPEAEIISIOT 10
dbopmynam:

SX=F-yC; Sy=|:'XC

rae F - minomans ceyeHus.

CraTtnyeckre MOMEHTHI IUIOCKUX CEYEHUI MOTYT
OBITh MOJOXKUTEIBbHBIMU, OTPULIATEIbHBIMU U PABHBI-
MH KYJIIO.

CraTtnuyeckre MOMEHTHI CEYEHHsI paBHBI HYJIIO OT-
HOCHUTEIIBHO LIEHTpaJIbHbIX ocel. [Ipn npakTnyeckux
pacyeTrax peiKo NPUXOAUTCS BBIUACIATh CTATUYECKUE MOMEHTHI ITyTEM UHTETPUPOBAHUSI.
CnosxHbIE CEUEHHS] MOKHO pa30UTh HA MPOCTEMIINE YACTH, IS KaXKI0M U3 KOTOPBIX U3-
BECTHBI IUTONIAJb U KOOPAUHATHI LICHTPA TSKECTH, T.€. CTATUYECKUE MOMEHTHI. CTaTnye-
CKHMM MOMEHT CJIOKHOTO CEYEHUS PABEH CYMME CTaTUYECKMX MOMEHTOB COCTABIISTFOLINX
4acTeu:

4 = Y
Puc. 1% X

S, =F-y+FK -y, +.+F -y,
S, =R -x+F X +.+F X,
rae  Fi, Fo,..., Fy - IUIOIIau OTACIBHBIX YaCTEH CEUCHHMS, HAa KOTOPBIC pa3OoUTO
CJII0’KHOC CEUCHHE;
X1, X2,..., Xn - KOOPJAUHATHI UX IICHTPOB TSHKECTH OTHOCUTEIHLHO BRIOPAaHHBIX
Y1, Y25+, Yn oceil.
3Has CTaTHYEeCKHUE MOMEHTHI TJIOCKOTO CEUCHHUSI, MOYKHO BBIYUCIIHTH KOOPAMHATHI
IIEHTPA TSDKECTH CEUSHUST OTHOCUTEIHLHO BRIOPAaHHBIX OCEH:
X, =i: I:1')(1-|_I:Z')(Z-I_"'-I_I:n'Xn .Y, i: Fl'y1+F2'y2+“'+Fn'yn
F F+F+..+F ’ F F+F+..+F

§ 13. MoMeHTbI MHEPUMH, MOMEHTbI CONPOTUBJICHUS U PAANYChl HHEPIUH
IUIOCKHUX CeYeHHH

OceBbIM MOMEHTOM MHEPIMH IJIOCKOTO CEYEHUSI OTHOCUTEIIBHO JaHHOW OCH Ha3bIBa-
€TCs B35Tasl O BCEW IUIOMIAN CEYEHHS] CyMMa MPOU3BEACHHM TUIOIIAAEH 3JIEMEHTAPHBIX
IJIONIAJI0K HAa KBAJPaThl UX PACCTOSHUMN 10 ITOM OCH:

l, =Jy2 AF (en), (13.1)

F

=X dF (o). (13.2)

F
OceBble MOMEHTBI MHEPIIUHU BCET/Ia TTOJIOKUTEIIbHBI U HE MOTYT OBITh PaBHBI HYIIIO.
[{eHTpOOEKHBIM MOMEHTOM MHEPIIMH TJIOCKOTO CEUEHHUsI Ha3bIBACTCS B3sTas 1O BCEi

IJIOIIAIM CEUCHUSI CyMMa MPOU3BEACHUH TIIONIAACH 2JIeMEHTapHBIX IIJIOIIAI0K Ha UX

pacCTOSIHUS 70 JIBYX B3aUMHO MEPIICHIUKYISIPHBIX OCEH:

Ixy :JX' de (CM4). (133)

F

125



[{eHTpoOEKHBII MOMEHT UHEPIUU MOKET OBITh MOJOKUTEIbHBIM, OTPUIIATEILHBIM U
PaBHBIM HYIIIO.

OceBble U IIECHTPOOEKHBIE MOMEHTBI MHEPIIUU TUIOCKOTO CEYEHHUsI OTHOCUTENLHO OCEH,
napajieIbHbIX EHTPATBLHBIM OCSIM, OITPEAEISIOT M0 (hopMyJiaM:

=1, +a"F,  (134)
I, =1, +b*-F (13.5)
l, =1, +a-b-F, (13.6)

rac |xc u ch - OCCBbIC MOMCHTBI HHCPIHH OTHOCUTCIIbHO LICHTPAJIBbHBIX 006171;

Ixcyc - HCHTpO6€)KHBIﬁ MOMCHT MHCPIHUH OTHOCUTCJIIBHO OCHTPAJIbHBIX oceﬁ;

a, b - PacCCTOAHUA MCIKIAY BLI6paHHBIMPI OCiAMM U ITapaJIJICIIbHBIMHA UM LICHT-
PaJIbHBIMH OCSMU.
HpI/I ITIOBOPOTC oceH Ha yroJj d MOMCHTBI HHCPLIMU OIIPCACIIAIOT I10 (IJOpMYJIaMI

l, =1,-Cos’a+1,-Sin“a -1, -Sin2a (13.7)
|, =1,-Cos’a+1,-Sin"a+1,-Sin2a (13.8)
-1,
Ly, = Ty-Sana +1,,-Cos2a (13.9)

KOF,Z[EI 3HAYCHHUC YyI'JIa IIOBOPOTA ocen JOCTUTHET BCIIMYHNHBI, OHpeﬂeﬂﬂeMOﬁ q)OpMy-
JIOM:
2.1
_ Xy
920 =-—-, (13.10)
X y
TOr1a OCEBBIC MOMCHTHI I/IHepHI/II/I AJOCTUT'AKOT CBOCTO MaKCI/IMYMa nu MI/IHI/IMYMa, a
LHEHTPOOEKHBI MOMEHT HHEPLIUU CTAHOBUTCS paBHBIM HYI0. OCH, 3aHUMAIOIINE TAKOE
ITOJOXXCHHUEC, HA3BIBAIOTCA I'NITABHBIMH OCAMHW MHCPIIMH, a COOTBCTCTBYI-OH_II/Ie 3KCTp€MaJ]B-
HBIC OCCBBIC MOMCHTHEI I/IHepHHI/I - I'NITABHBIMHW MOMCHTAMMU MHCPIINHN. FHaBHBIe ocHu I/IHep-
ouu, HpOXOI[?IH_II/Ie HepeB I_[eHTp TAXKECTHU IINIIOCKOT'O CEUYCHM A, HA3bIBAOTCs I'JIABHBIMU
HCHTPAJIbHBIMHW OCSIMU MHCPIINH.
Benuuuny riaBHBIX MOMEHTOB MHEPIIMH OMPEACIIAIOT Mo (hopmyie:
L+l 1
2

iE.\/(|X_|y)2+4-|fy_ (13.11)

MomMeHTOM COIIPOTUBJICHHUS CCUCHUS HA3BIBACTCA OTHOIICHUC OCCBOI'O MOMCHTA
WHEPIIUU K PACCTOSHUIO OT HEHTPATBbHOM OCH 10 HanboJee yaaleHHOW TOUKH CeYeHUS:
|
_ X
W =—= (cmd), (13.12)
max
|

Wy =~ (o). (13.13)

max

max
min

Pannycom mHepIuy ce4eHus OTHOCUTEIHLHO OCH Ha3bIBACTCS BEIMYWHA, OTIpEIe-
asieMas 1o ¢hopmyIie:
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|
;? (cm), (13.14)

B
i, = ﬁ-@M) (13.15)

§ 14. BeiBoa popmyJ1 3aBMCHMOCTH MEKAY MOMEHTAMU MHEPUHMHU
NpH Napa/uieIbHOM IepeHoce H IIOBOPOTe OCei

[TycTh y Kakoro-HUOYAb CEUCHUS | TUIOLL2/IbIO F (puc. 16) ocb X OyaeT 1ieHTpajabHOM, a
0ch Xj - apajuieNbHas €l Ha PacCTOSTHUH
a. Beiienum B ceueHUM 3JIEMEHTApHYIO

J ronianky dF Ha pacCTOSHUM Y OT OCH X,
X X Torja pacctosiaue rromaaku dF ot ocu X
- oynery:r =y +a.
£ g S Hanumewm BbipakeHue MOMEHTa UHEP-
X # WY TUJTOIIAJN CEYCHUSI OTHOCUTEIBLHO OCH
{ x, Xi:
Puc. 16

=jy12-dF :J(y+a)2-dF =j(y2+2-a.y+a2)-dF :jyz.dFJrz.a.jy.dF +a2-'|‘dF |
F E = F r v
B nosrydeHHOM BbIpakK€HUU MEPBBIA UHTETPAJ MPEACTABISET COOOM 0CEBO MOMEHT

WHEPIIMU OTHOCUTENBHO OCH X, MPOXOASAIICH Yepe3 UEHTP TSKECTH, T.€. _[ y-dF =1,
F

BTOPOI MHTETPaJl BEIpaXkaeT COOOM CTaTUHYECKUI MOMEHT BCEH IUIOIIAIN CEUCHUS OTHO-
CUTEJILHO OCH, IIPOXOAIIECH Yepe3 LIEHTP TSIKECTH CEUECHUS, U, CIIEAOBATEIbHO, paBHBIN

HYJIIO, T.€. 2'a'_[y'dF =0,

F

dF

[Tocnenuuii ©HTErpa j
F

pa3oM, MOMEHT UHEPIIUU CEYEHHUSI OTHOCUTEIHLHO OCH X!
_ 2
I, =1,+a"-F, (14.1)
[Tomy4yennast hopmysia 4uTaeTcs Tak: MOMEHT HHEPIIUHU TIJIOMIAU CEYCHHSI OTHO-
CUTEJIBHO JTF000M OCH paBEH MOMEHTY WHEPITUU OTHOCUTEIHHO OCH, €M MapaijIeIbHON U
MPOXOASIIEN Yepe3 UEHTP TSHKECTU CEUCHU, TUIFOC MPOU3BEACHUE IUIOIAIN CEYECHHS Ha

KBaJpaT paccTOSHMS Mex 1y ocsiMu. [Ipu momoru 3Toit GopMyIibl MOKHO BBIYHCIIUTh
MOMEHTBI UHEPLIUHU JTH0O0TO CII0KHOTO CEUEHHUS.

BbIpaxkaeT coOoi momaab Bcero ceueHus F. Takum o00-

AHJIOTUYHO 3aMKChIBAIOTCS (hOPMYIIBI Iepexoa sl 0CEBOTO | y, 1 LEHTPOOEKHOTO

1

I % y; MOMCHTOB MHCPLUH:

l, =1,+b*-F, (14.2)
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l,, =1,+ab-F. (14.3)

Xiy1

B dopmynax (14.1) u (14.3) BenmuumHa a - paCCTOSIHUE OT IEHTPATBLHON OCH WHEPITUU
X 10 ocu X1, a Benu4MHA D - paccTostHre OT LEHTPaIbHON OCH HHEPIIUH ) 10 OCH 1.

Jlns onpeiesieHrs MOMEHTa MHEPIIMH CJIOKHOT'O CEUCHHS €ro pa3OUBalOT Ha JIEMEH-
TapHbIe ceueHUs (MPSIMOYTOJIbHUKU, TPEYTOJIBHUKH U T.1.), 3aTEM BBIUYHCIISIOT MOMEHTHI
MHEPIIMHU 3JIEMEHTAPHBIX CEYCHUI OTHOCUTENIBHO IIEHTPAJIBHOM OCH CIIOKHOTO CEUCHHUS U
CYMMHUPYIOT HX.

[IpuBenem 6e3 qoKkazaTeabCTBA POPMYJIBI IEPEX0/ia Il MOMEHTOB HHEPIIUH TPH T10-
BOPOTE OCEM Ha HEKOTOPBIN yroi o. ITpeanonoxkum, 4To Kakoe-HUOYy1b CCUCHUE UMEET

MOMEHTBI HHEPIIUH |X, |y, |xy OTHOCHUTENIBHO oceit koopauHat X,V (puc.17). TpeGyercs
OTIPENECTUTH MOMEHTBI HHEPIIUU TOTO KE CEUEHUSI OTHOCUTENHHO oceil X; V1, moBepHY-

THIX Ha HEKOTOPHBIHA yroJ o (puc.17).
MoMeHTBI HHEPIIUU CEYEHHS] OTHOCUTEIHHO HOBOTO TOJIOKEHUS OCEH OMPEIeTTI0TCS
o GpopMyIiam:

|, =1,-Cos’a+1,-Sin“a—1-Sin2a, (14.4)
I =Iy-Cosza+IX-Sin2a+IXy-Sin2a, (14.5)

I —1
| _%.SinzaHXy-CosZa (14.6)

Punc. 17.

§ 15. 'naBHbIE OCH HHEPUMH U IJIABHbIE IEHTPAJIbHbIE MOMEHTbI
HHepuuu (BbIBOA popmy.n)

BenuuuHbl MOMEHTOB 1505(50) 005051 I X1 I y, 4 I X1y, OTHOCHTCIBHO IIOBCPHYTBIX oceu

1
3aBUCST OT yrJia d.
[IpakTH4ecKkn 0YeHb BaXXKHO 3HATH TAKOE MOJIOkKEHUE ocel X1 V1, TpU KOTOPOM Oce-

BbIC MOMCHTHEI HHCPIIUHU I Xq I Y1 6y,[[YT HMCTb OKCTPCMAJIbHOC 3HAYCHHUC, T.C. OWH U3

HUX OyZeT UMETh HanOOoJIbIIIee, & APYTON - HAUMEHBIIIEE 3HAUCHUE.

Ecnu y cedennst ocb CMMMETpUHU TIPUHSTA 32 OCh X WA OCh Y, TO IIEHTPOOEIKHBIN
MOMEHT MHEPIIMK PABCH HYIIIO, TaK KaK B 3TOM cliydae KaxaoMy siaemeHTy dF ¢ momoxu-
TEJBHBIM Y COOTBETCTBYET PaBHBIM U CHMMETPHUYHO PACIOJIOKEHHBIH eMeHT dF ' ¢ oT1-
pULaTeNnbHBIM Y. DieMeHTapHble npousseaenus X-Y-0F B3auMHO yHMYTOXAKOTCS M MH-

Terpan _[X' y-dF oGpautaercs B HyIb.
F
[TokaxxeM, 4TO AJ1s OO0 TOYKU MTPOU3BOIHBHOTO TIOCKOTO CEYCHUSI MOKHO HAWUTH
TaKWe JIB€ B3aUMHO NIEPICHANKYJISIPHBIE OCH, OTHOCUTEIHLHO KOTOPBIX IIEHTPOOECIKHBIH
MOMEHT UHEPIHH OyAeT paBeH Hym0. [IycTh 17151 TPOU3BOIBHOTO CEUEHUST KOOPIUHAT-
HbIE OCH X U ¥ NMOBEPHYTHI MPOTUB JABUKEHUS YaCOBOM CTPEIIKK BOKPYT Hauajia KOOPIH-
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Hat Ha 90° u 3ansu nonoxkenue X' u V* (puc. 18).
Eciu Terneps BbIpasuTh HOBBIE KOOPMHATHI Y€PE3
iy crapele, momyunm: X =+Y; Y =X
gt Torna neHTpOOESKHBI MOMEHT HHEPIIMHA OTHOCH-
dF TEJIBHO HOBBIX OCEH:

\ Ix,y,=J'x’-y’-d|:=—J'x-y-d|:=—lxy
F F

+Y g +X T.€. MOJY4YaeTCsl, YTO IPHU MOBOPOTE KOOPAUHATHBIX
\ X / oceil Ha 90°, IEeHTPOOEKHBIA MOMEHT UHEPLIMK MEHSIET
' 3HaK. [ToaToMy Bcernma OyeT 1 Takoe MOJIOKEHUE OCEH,
Puc. 18 0"HOCHUTEJIBHO KOTOPBIX BETMYHHA [IEHTPOOESIKHOTO
MOMEHTa MHEPIIMU PaBHA HYIIIO.

Ocu, OTHOCUTENBHO KOTOPBIX LIEHTPOOEKHBI MOMEHT MHEPIIUHU TIJIOCKOTO CEUCHUS
PAaBEH IyJII0, HA3bIBAIOT [NIABHBIMU OCAMM MHEpUWHU. ECiy Havano KOOpAUHAT COBIIAJAET
C LICHTPOM TSKECTH CEUYEHHUSI, TO COOTBETCTBYIOIINE IVIABHBIE OCU HA3bIBAIOTCS I[JIABHBI-
MU LHEHTPAIBHBIMU OCSIMU UHEPLIMH, 3 MOMEHTBHI HHEPLIMA OTHOCUTEIIBHO TJIABHBIX OCEH

Ha3bIBAIOTCs I'NITaBHBIMH LICHTPAJIbEHBIMHY MOMCHTAMM MHCPIIHMH.
I'maBHBIE MOMEHTHI HHCPIHUHN UMCIOT IIPCACIIBHBIC (BKCTpeMEUIBHI)IG) 3HA4YCHUA: OANH

Xs
g

Y3 HUX Imax , 4 IPyrou - Imin :

Ocu cuMMeTpuH JH000TO CEUCHUS SIBJISIFOTCS TJIABHBIMU OCSIMH UHEPIIUU. Y TaKHUX Ce-
YEHUM, KaK TaBp, WIBEJUIEP U T.J., OCb CHMMETPHUH SIBIIACTCS IJJABHOM OCHIO MHEPLIMH.
Jpyroii rimaBHOM HEHTPaIbHOM OChIO HHEPLIMU OyIET MEePIECHIUKYISIpHAsS K HEH OCh,
IIPOXOAsIIasl Uepe3 UEHTP TIKECTU CCUCHUS.

UToOBI onpeAenuTh MOJOKEHUE TJIaBHBIX OCEH CEUeHHs, HE MMEIOIIEro OCeH CUM-
METpHUH, HEOOXOIMMO HAWTU BEIMYMHY YTJIa, HA KOTOPBIA HYXKHO MOBEPHYTH MEPBOHA-
yasibHbIe OcU. BriBenem dhopmyiy aist onpeaenenus 3toro yria. [lonoxum, yto Ham u3-

BCCTHBI MOMCHTBI HHCPIIUU I X s I Y I Xy KaKoro-Jm00 ceYeHUsI OTHOCUTEIBLHO IIpouns-

BOJIBHBIX ocet X u V. LleHTpoOeXHbIE MOMEHT MHEPIIUUA CEUCHUSI OTHOCUTEIBHO IPYTHX
KOOpPJIMHATHBIX OCeM X1 M V1 ¢ TEM ke HayajgoM KOOPAWHAT, HO MOBEPHYTHIX OTHOCH-
TeapHO ocedt X U V Ha yrou o, moiydum 1o dhopmyre (14.6):

(|
| =2—Y.Sin2a+1. -Cos2«
2 X

XY
Jlyis ompeniesieHus yriia, Ha KOTOPBI HY)KHO ITOBEPHYTH IIEPBOHAYATLHBIC OCH, YTOOBI
clIeNaTh MX TJIaBHBIMH, HEOOXO0IMMO MTPUPABHATH K HYJIIO IEHTPOOCKHBII MOMEHT HHEP-

I, —1 ]
107041 IX1Y1 : Ty-8|n2a+ |Xy .Cos2a =0

21 21

_ Sy Xy
OTKYyZa 1920 = T (15.1)
y o xy

[ToncraBuB B nonyueHHywo dhopmyiy (15.1) 3Hauenus I X s I y I xy , HAUJIEM I

yria 20, 1Ba 3HaueHus, oTianyaromuxcs Ha 180°; camu ke yriibl OyAyT OTIUYAThCS JPYT
ot apyra Ha 90°. IlosTomy rinaBHbIe OCH OyTyT MEPHIEHAUKYIISIPHBI IPYT K APYTY.
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- 2 2 -
Ecau npu u3BeCTHBIX IX : Iy, Ixy pemmunas OlN“a ,COS“ar, SIN2cx

B popmynax (14.4) u (14.5) BeIpa3uth uepes tg2c , OTIpeJiesieMbli 1o hopMmyIie
(15.1), To momy4nm cieayromyto Gopmyiy Ui ONpeeIeHUs TIABHBIX MOMEHTOB MHEP-
1107078

2

l+ 1 I —1
__X y X y 2
w2 Tz ) 152)
1.+ 1 1 2
_ _X y 2

§ 16. Onpenenenne MOMEHTOB HHEPUHMHU NMPOCTEHIIINX CeYeHUI
OceBoii MOMEHT HHEPUHMHU NPSIMOYT0JIbHUKA

Pa30uB MpsAMOYTOJIBHUK C OCHOBaHKEM D M BBICOTOI h

Iy | £ S (puc.19) Ha 6€CKOHEYHO Y3KHE TOPU3OHTAIIbHBIC MMOJOCKH,
T ’ BO3bMEM OJTHY M3 HUX Ha PACCTOSIHUH ) OT ocH Z. [llupura
df 3TOM ToJIockH b, BeicoTa dy. MOMEHT HHEpILIUHU €€ OT-
- ¢ b7 HOCUTENBHO ocu X OYyJIeT paBeH MPOU3BEICHUIO IO
g e s -
| nonocku O-dY wa KBaJpaT PacCTOSIHUS V-
3 o 2
N di, =b-dy-y
Y ”
X - MoMeHT MHEPIHUH MPSIMOYTOIBHIUKA OTHOCUTEIEHO OC-
e} )
HOBAHUS BBIPA3UTCS CyMMOW MOMEHTOB MHEPITUH BCEX
Puc.I9 O0eckoHeuHO y3kux nojioc. [Tpumensis hopmyny (13.1),
TIOJTYYHM:
h 3|" 3
2 2 y b-h
| :j -dF:J' b-dv=b- _
=Y y'-b-dy=b-1 o == (16.1)
F 0 0

Ucnonb3ys dopmyny (14.1), HaliieM MOMEHT UHEPIIMM OTHOCUTEILHO IIEHTPATbHOMN
ocu Xo:

_b-h® b-h® bR

2
l, =L-aF 3 2 o (16.2)
rae a= E
X
O4eBUIHO, YTO MOMEHT MHEPLUH IPAMOYTONEHUKA OTHOCHTEILHO 0cH Yo
b
Yo 12 (16.3)

[IpunsaB b=h=a , TOJIy4uM (hopMyITy AJisl ONpEesIeHUs MOMEHTa HHEPLIMU KBaJl-
paTHOTO CEYEHUS CO CTOPOHOH a.
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L, =1y, "1 (16.4)

MoMeHT uHepUMHU Kpyra

CHauasa onpe/eNuM MOoNSPHbI MOMEHT HHepLHH Kpyra. [ aToro 6epem Kpyr pa-
myca r (puc.20) 1 pa3buBaeM ero Ha 6ECKOHEUHO MaJlble KOHIIEHTPHUECKHE KOJbIa IIIH-
o Y puHO# dp. B3gB 011HO U3 KO panycoM p,
OTIPEIENNM €ro MOJIAPHBIH MOMEHT HHEPIHH:

mp:24rp4hrp2=24rpgdp.

Jiist onipeenieHys MoJISIpPHOTO MOMEHTA
MHEPIUHU TUIONIaAN Kpyra He0OX0AuMO Mpo-
CYMMHPOBAaTh MOMEHTHI HHEPIIUH BCEX DJIC-
MEHTapHBIX KOJIEI], HAYWHas ¢ KOJbIIa, y KOTO-
poro p=0, u KoHYas KOJBIIOM C p=I, T.€.

r
r U o2zrt mr

| =[2-7-p°dp=2-7-] =
= [2rp o= ===

0 0

Pro.20

zrt

WJTH OKOHYATEIIHHO Ip - 2 (16.5)

BBIpa)KaH HOJ'IHpHBII?I MOMCHT MHCPIHH INIOIAIX Kpyra 4epe3 JUaMCTp, IOJTYIHNM:
4

4
o \2 _zed”
P 2 - 32 (166)
m-d*
WM OKOHYATEIHEHO | p 30 =0,1.d° (em*)  (16.7)

BBuay cummeTpun Kpyra OTHOCHTENBHO JTI000T0 INaMETPa, OCEBBIE MOMEHTBI HHEP-
LIMA OTHOCUTEJBHO JIOOBIX OCEH, IPOXOAAIINX YEPE3 LIEHTP KPyTra, PaBHBI MEXIy COOOH,
IIO3TOMY IX = Iy =1 , & TaK KaK I P I x T Iy , TO BEJIMYMHA OCEBOT0 (IKBATOPUAIBHOIO)

MOMEHTA WHEPIINH IUTONIAIA KPyTra OTHOCUTEIIBHO JIFO00H OCH, MPOXOIAIIEH Yepe3 IEHTP
Kpyra, paBHa MOJIOBUHE MOJISIPHOTO MOMEHTA UHEPIINH, T.€.

7-d*
|X=|y:W:o,o5.d4 (cM?). (16.8)
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OceBoii MOMEHT HHEPUMH KPYTOBOI'0 KOJIbIIA

OceBoit MOMEHT UHEPLIUU KPYTOBOIO

metpom d (puc. 21):

YroJjbHHuKa

22).

[nomaae 35reMeHTapHOM MOJIOCKHU:

dF :x-dy:bTy-dy_

OceBoil MOMEHT MHEPLUH TIJIOMIAN TPEYTOJIbHUKA OTHOCUTENIBHO OCH X!
h

KOJIbLIA ONPEIENSIETCS KaK pa3HOCTh Oce-
BBIX MOMEHTOB UHEPIIMU OOJBIIOTO KpPY-
ra auamerpom D u Manoro kpyra aua-

|X = |y EO,O5-(D4—d4).(16.9)

OceBoii MOMEHT UHEPLHMHU Tpe-

Paz0buBaeM 1uiomiaap TpeyroabHUKA
Ha OECKOHEYHO y3KHE MOJOCKU MIUPUHON
dy ¥ BBIZICTTUM OJIHY U3 HUX, HAXOIAIILY-
I0CSI Ha PACCTOSTHUU ) OT ocH X1 (puc.

W3 monobust TpeyronsaukoB ABC u
aBc onpenensem paccTosHue X:

h h 4 4 3
b-y b b |y b h® Db-h
| =|v?.dF=|—"2Vv?.dy==-|V3 .- dy=—=.]1| ==. ="
xlly !hyyhgyyh4oh44
b-h®
OxoHYATETHHO: le :T (16.10)
X1
X
X2

Puc.22
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Taxxe IMIyTEM MHTCTPUPOBAHHA HAXOAAT MOMCHTBI MHEPIHUHN TPCYT'OJIbHHUKA OTHOCH-
TCIIBHO OCH Xz, COBHaI[aIOH_ICﬁ C OCHOBAHHEM, H OTHOCUTCJIIBHO HeHTpaHBHOﬁ ocu X 1o

dbopmyne (14.1):

b-h?
I, = ETH (16.11)
b-h?
l, = 36 - (16.12)

N3Irub
§ 17. OcHOBHBIC IOHATHS U ONIpPeIeICHUs

Hedopmarus nzruda xapakTepu3yeTcsi TEM, UTO B MONEPEUHBIX CEUCHUSIX OaKU BO3-
HUKAIOT U3rudaronme MOMEHTBI U 4acTO, OJTHOBPEMEHHO C MOCIEIHUMH, - TONIEPEUHbIE
CHJIBI.

M3rub Ha3bIBAIOT YHUCTHIM, €CJIA B CEYEHUAX OAJIKM BO3HUKAIOT TOJIBKO U3rMOaromme
MoMeHTHI. Ecim sxe Hapsiy ¢ u3ru0ariyMi MOMEHTaMH B CEYEHUAX OAJIKU BO3HUKAIOT
Y TIONIEPEYHBIE CUJIbI, U3TH0 HA3bIBAIOT HOMEPEUHBIM.

Jedpopmanus n3ruda UMEET MECTO B pe3yJsibTaTe ACUCTBUS BHEITHUX CUJI, ITPU-
JIOKEHHBIX MEPIEHAUKYIISIPHO K OCH OaJIKH, a TaKXkKe OT Map CUJI, INIOCKOCTh IeHCTBUS
KOTOPBIX IPOXOIUT YEPE3 €€ OCh.

[110cKOCTH, B KOTOPBIX JIEKAT IIABHBIEC EHTPAJIIBHBIE OCH HHEPLIUHU ITOIIEPEYHBIX Ce-
YEHU, Ha3bIBAIOT IJaBHBIMU [IJIOCKOCTSIMU OaJIKu.

Ecnu minockocTs AeMcTBUS CUil (CHUIIOBAs TUIOCKOCTh) MTPOXOIUT YEPE3 OJIHY U3 TJIaB-
HBIX IJIOCKOCTEH Oanku 1 och ee neopmupyercs (MCKpUBIIAETCS) B 3TOM K€ MIIOCKOCTH,
U3ru0 HA3bIBAIOT INIOCKUM WJIU OPSIMBIM.

Ecnu ke cuioBas INIOCKOCTh HE COBNAJAET HU C OAHOW M3 IJIaBHBIX MJIOCKOCTEH Oall-
KM, U3TUO HA3BIBAIOT KOCBIM.

JIunus nepecedyeHnsi CUIIOBOM MIIOCKOCTH C MIIOCKOCTBIO MOMEPEYHOI0 CeUEHUs OanKu
Ha3bIBAETCS CUJIOBOW JUHUEH (puc. 23).

BHelrnue cuibl, NpUIoKeHHbIE K Oalke,
OOBIYHO TIPEICTABIIAIOT COOOM pe3yabTaT
BO3JCUCTBUS OTAEJIBHBIX YACTEW KOHCTPYK-
IUH, ONUpaoIuXcs Ha Hee. VIX MOXKHO cBe-
CTH K COCPEIOTOYEHHBIM CHJIaM, paBHOMED-
HO WJIM HEPAaBHOMEPHO PaCHpEeIEICHHBIM 110
JUTMHE OaJIKy Harpy3KaM U K rapam Cuil.

Pacnipenenennbie HArpy3Ku MOTYT JICH-
CTBOBATh Ha OAJIKy paBHOMEPHO WJIM HEPaB-
HOMEPHO I10 BCEM €€ nHe. M3mepsroT ux
BEJIMYMHOM HArpy3KH, MPUXOIALICHCS Ha
eIMHUILY JUTMHBI OAJTKU 1 BRIpAXKAIOIICHCS B
T/M, KI/CM. DTy BEJIMUUHY [TOTOHHON
Harpy3Kku Ha 0anky 0003HauaroT ( U Ha3bl-

Ra Puc.23
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BalOT MHTEHCUBHOCTBIO paclpeie]IeHHOU Harpy3Kku (puc. 24a).

A

-
51 1
@) z n
1ttt Xy ~—
™ “—._ﬁ-—-—.—_—- 3
N D e T S -ﬂ-""‘——\ T
A S o B A
—— = = A
Prc.24

IIpy HepaBHOMEPHO paCIpENEICHHON Harpy3ke WHTEHCUBHOCTb €€ MEHSETCsA I10
juHe Oanku. B aTom cimyuyae ee 0003Ha4aroT (; - MHTEHCHUBHOCTb pPACIpeneIeHHON
Harpy3Ku JJIsi CeUeHus: OAlKu Ha pacCTOSIHUMU OT onopbl. Hampumep, naBineHue BOAbl Ha
CTOMKY TUIOTHHBI B CEUEHUU Ha JUIMHE OT onophl A (puc. 240) wiu JaBleHUE 3€MJIM Ha
IIOATNIOPHYIO CTCHKY.

[Tpu u3yyenun n3ruda OyneM paccMaTpuBaTh JIMIIb TaKKE OANIKH, CEYCHUS] KOTOPbIX
VMMEIOT OJIHY WJIM IB€ OCH CHMMETPHH, a IEUCTBYIOIINE BHEIIHUE CHJIbI JIEKAT B OJTHOU
13 IUIOCKOCTEN CUMMETPHH.

[Ipu onpenesieHnu OMOPHBIX peaKIUn
a} g Oasiku OyZieM MOJIb30BaThCsl YPABHEHHUSI-
MH CTATHKH, BBIPAKAIOIIUMU YCIOBUS
0 0, l ? PABHOBECHS BCEX BHEIIHUX CHUJI, IPUJIO-
R Y ¢ KeHHBIX K Heil (B TOM 4UMCII€ U PEAKIUNA).
Takux ypaBHEHUN JJIs1 CHIIL, JISKAIIUX B
A y IJIOCKOCTH, MO>KHO Hanucath Tpu. Cre-
2 s JOBATEIIbHO, B CIIy4ae HAIMYMS TPEX He-
e U3BECTHBIX PEAKIIMM UX MOYKHO OIIpeze-
JIUTH IIPY ITIOMOIIY YPABHEHUN CTATHUKH.
[ToaTomy Gaisiku, B onopax KOTOPBIX BO3-
HUKAeT He 0OoJIbIIIE TPEX peakuuid, Ha3bl-
BAIOTCS CTATUYECKH ONPEACTUMBIMH.
banku, 11t onpeneneHns ONMOPHBIX peak-
LU KOTOPBIX YPABHEHUMN CTaTUKU HEMO-
CTAaTOYHO, Ha3bIBAKOTCS CTATUYECKHU
HEOIPEAETUMBIMHU.

§ 18. [lonepeunas cuia Q u u3ru-
O0aromuii MmomenT M. IIpaBuiia 3HakoB
Qu M.

[TycTs Ganka AB, cBOOOHO JiexKalas

Puc.25
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Ha JIBYX OMOpax, HAXOAUTCS MO IelcTBUEM IBYX cuil P11 Py, pacnonoeHHbIX B MJ10C-
KOCTHU ee cuMMeTpuH (puc. 25a). OTOpoCHB OMOPHI M 3aMEHUB UX OMOPHBIMU PEaKIUIMU
Ra u Rg, Oynem paccmaTpuBaTh OaJIKy Kak HaXOJSAUIYIOCS MO IEHCTBUEM BHEIIHUX CHUJI
P1, P2, Ra 1 Rg. DTu cuibl BHI3BIBAIOT B CEUEHUSIX OaKi BHYTPEHHUE CHIIBI YIIPYTOCTH,
KOTOPBIE OMPEIEIIUM MPHY MTOMOIINA METOAa CEUYCHUH.

CeuenueM |-1 Ha paccTosIHMM Z OT JIEBOM OMOPHI pacceyeM OalIKy Ha JBE YacTH U, OT-
OpOCHB MpaBYIO YaCTh, PACCMOTPUM YCJIOBUSI PABHOBECHS OCTaBILICHCs YacTH (puc. 250).
O4eBHUIHO, YTO OCTABIIASCA YACTh Oanku OyJeT HAXOAUTHCS B PABHOBECUH IO/ ACHCTBU-
€M BHEIIHUX cW Ra, P1 ¥ BHYTpEeHHUX cUJl IO cedueHuto -1, 3KkBUBaNeHTHBIX 1EMUCTBUIO
OTOpOIIEHHOM YacTH OaJIku Ha ocTaBInytocs. [1o ycroBHio paBHOBECHUSI BHYTPEHHHE CH-
JIbl B pacCCMaTPUBAEMOM, CEYEHUN 00EUX YacTei Oaku OyIyT YMCIEHHO PaBHBI, HO MIPO-
THUBOIOJIOKHBI 110 HAMPABJICHUIO.

3amMeHuM JeicTBUE OTOPOILIEHHOM NPABOM YaCTH HAa OCTABIIYIOCS BHYTPEHHUMH CH-
JlaMU, paBHOJICHCTBYIOIIAsE KOTOPHIX JIOJKHA OBITH PACIIONIONKEHA B TIIIOCKOCTH JICHCTBUS
BHEIHUX clll Ra 11 P1. OG03HaYUB MPOEKIUIO 3TOM paBHOJAEHCTBYIOIIEH HA OCh ) Uepe3
Qy, a €6 MOMEHT OTHOCUTENBHO IIEHTpa TSHKECTU paccMaTpuBaemoro cedenust 0-Z yepes

My, cOCTaBHMM YpaBHEHMSI pABHOBECHS E ,Y =0y E , M =0 (Tak kak criibl Ra 1 Py

MePIICHIUKYJISIPHBI K OCH Z, ypaBHEHHE PaBHOBECHUSI z Z=0 oOpaiaercs B TOX1e-
ctBo Buaa 0=0).

>Y=R,-R-Q,=0,>M=R,-z-F,-(z-a)-M, =0,
OTKyJa Qy :RA_Pl; Mx:RA'Z_H'(Z_a)-

Takum 00pa3om, BHyTPEHHUE CUJIBI B PACCMAaTPUBAEMOM CEUEHUU OKa3aJluCh MpUBE-
JeHHbIMU K cuiie Qy 1 mape cuii ¢ MoMeHTOM M.

[Ipoekuust paBHOJAEUCTBYIOIIEN BHYTPEHHUX CUJI B CEUEHUU HA OCh, IEPIICHIUK YJISIP-
HYIO K OCH OaJIK¥, Ha3bIBACTCS MOMEPEYHON CUIION B paccMaTpUBAEMOM ceueHus U 000-
3Hayaercs Qy uimm Q.

MOMEHT paBHOACHUCTBYIOIIEH BHYTPEHHUX CHJI OTHOCUTEJIBHO LIEHTPA TSXKECTH pac-
CMATPUBAEMOTO CEUYCHHS HA3bIBAETCS M3TMOAIOIIMM MOMEHTOM M 00o03HadaeTcss My win
M.

N3 paBHOBecus mpaBoi yacTu Oanku (puc. 250) MOXKHO 3aKJIIOYUTh, YTO TOTEepeyHast
cmia Qy m3rubaronmii MOMEHT My B cedeHnu OyAyT UMETh T€ K€ 3HAUCHHS, YTO U IS
JIEBOW 4aCTH, HO HAIpaBJICHUs UX OYAYT MPOTHUBOIOIOKHBI.

[TonepeuHas cuna B paccMaTpUBAEMOM CEUYEHUU OaJIKW YHCIIEHHO paBHa anreopau-
YECKOW CyMME TMPOEKIUN BCEX CUJI, AEUCTBYIOIINUX MO OAHY CTOPOHY CEYEHUS Ha OCh,
NEPIIEHIUKYISIPHYIO K OCH OAJKU.

N3rubaromuii MOMEHT B pacCMaTpUBACMOM CEUEHUHN OAJIKU YUCIIEHHO PaBEeH alreo-
panyecKoil CyMMe MOMEHTOB BCEX BHEITHUX CHUJI, ICUCTBYIOLIUX MO OJIHY CTOPOHY CeYe-
HUSI, OTHOCUTEIBHO €0 IIEHTPA TSHKECTH.

UT0OBI MOTYYUTH B OTHOM U TOM K€ CEUEHUS OAKH OJIUH U TOT K€ 3HAK JJIS 110
MEPEYHON CUJIBI MJIM U3TUOAIOIIET0 MOMEHTA HE3aBUCUMO OT TOTO, KaKasi 4acTh OaIKu
(JieBast uM TIpaBasi) pacCMaTPUBAETCS MPU BBIYUCICHUSIX, IPUHSTHI CIEAYIOLIME MpaBuia
3HAKOB:
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1) momepeyHas cuiia B JIFOOOM CEUCHHH CUUTACTCS MOJOKUTEIBHOM, €CITH PaBHO-
JIEHCTBYIOIIAS JICBBIX BHEIIHUX CUJI HAIIPaBJICHA CHU3Y BBEPX, a MPABbIX - CBEPXY BHU3
(puc. 26a). B mpoTuBHOM ciy4ae, rmornepeyHas cuiia OyAeT oTpuliaTeIbHOM (puc. 260);

9 1t

; |
! |
d i
Vg ¥R "
-Q - a
gt 4 Y
1 i MU F 1M
¢ R LN “a ™

Puc.z26

2) w3ruOaronii MOMEHT B JIFOOOM CEUCHHUH OaJIKH, HAIPUMED, B CCUCHUU -6
(puc.26B) cunTaeTCs MOJNOKUTEIBHBIM, €CJIA PE3YJIBTUPYIOLIUI MOMEHT OT AEHCTBUS
BCEX, JIEBBIX BHEUIHUX CHJI HAIIPABJIEH 10 YACOBOW CTPEJIKE, a OT IPABBIX BHEIIHUX CHII -
IIPOTUB YaCOBOM CTPENIKH; B MPOTUBHOM citydae (puc. 26r), u3rudaroimii MOMEHT CUUTa-
€TCSl OTPULIATEIIbHBIM.

Ha ocHoBanuu puc. 26 MO>XHO OJYyYUTh HaOO0JIee MPOCTOE MPABUIIO 3HAKOB JJIS U3-
ru0aroluX MOMEHTOB, CBA3aHHOE C XapaKTepoM JedopMaliuu Oajaku, a UMEHHO: U3TH-
OaroIuii MOMEHT MOJIOKUTENEH, €CIU Oallka U3rndaeTcs BHITYKIOCTBIO BHU3; €CIH e
OaJsika U3rudaeTcs BHITYKIOCTHIO BBEPX, U3rMOAIOUIMI MOMEHT OTPHUIIATENEH.

§ 19. 3aBucuMocTH MexKIYy M3rH0AIIIMM MOMEHTOM, MONEPEeYHON CHJIOH U UH-
TEHCUBHOCTBIO pacnpeaejeHHoi Harpy3ku (Teopema /I, U. ZKypasckoro)

Ecnu u3rnbaemast 6anka HaXO0IUTCS B PABHOBECHH, TO M JIFOOOH 3JIEMEHT, MBICJICHHO
BBIPE3aHHBIN U3 HEe, JOJDKEH TaKKe HaXOJAUThCSI B PABHOBECHUH.

[Ipennonoxum, uto u3 6anku AB, HaxopasIencs Mo AeHCTBUEM TPOU3BOJIBLHON
Harpy3KH, BBIPE3aH AJIEMEHT OeCKOHEYHO Maioi aiuHbl 2 (puc. 27a). Harpysky Ha 3TOT
AJIEMEHT, BCIIE/ICTBUE OECKOHEUHO MaJIOH €ro JIJIMHBI, MO’KHO CUYUTAaTh PABHOMEPHO pac-
npeeIeHHONM NHTEHCUBHOCTRIO ( (puc. 270).

JeticTBue J1€BOM YacTH OAJIKK Ha 3JIEMEHT 3aMEHUM rornepeunon cuiioit Q u uzruda-
FOIIMM MOMEHTOM M. Tak Kak Ha 3TOT 3JIEMEHT JIEUCTBYET TOJBKO PABHOMEPHO pacIipe-
JIe/IeHHast Harpy3Ka, To Ha ydacTke dZ monepeunas cuia Q u u3rubaronuit MoMmeHT M
SIBJISTFOTCSI HEMTPEPBIBHBIMU (QYHKIUSIMH OT Z. CIe10BaTeNbHO, B CECUCHUH HA PACCTOSTHUU
(z+dz) nomepeunast cuia U U3rUOAKOIINH MOMEHT OJy4YaT OECKOHEYHO Majible TIprpa-
IeHus 1 0yayT coorBeTcTBeHHO paBHbl: (Q+dQ), (M+dM). CoctaBuM ypaBHEHHUE paB-
HOBECHSI CUJI, ICUCTBYIOIIMX HA 3JIEMEHT:

DY =Q+q-dz—(Q+dQ)=0
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OTKY/[a [OIYHHM: . =q
a)
TRA 1 F 7
%( ”? {H +,{t' _f (mdm)
' ‘t!{ Mﬂ +da)
'**.'—i—»—-r_'"c’;z

\
Pnc,27 9’

T.C. POU3BOJIHAS OT IOMEPEYHOMN CHIIBI ITO a0CITUCCE CCUCHUS paBHA HHTCHCHBHOCTH
CIUTOIIIHOM HAarpy3KH B TOM K€ CCUCHHH.

Tenepb cocTaBUM ypaBHEHHE MOMEHTOB BCEX CHJI OTHOCHUTEIBHO IICHTPA TSHKECTH
paBoro cedeHus sementa (touku C):

ZMC =M +Q-dz+q-dz-d—22—(M +dM) =0

2

Q-dz+q-%=dM’

50)0%1

OTKyJla, TpeHeOperas Majoi BETUYMHOM BTOPOTO MOPSIKA, TTOTYIHM:

dM

—=0Q 19.2
dz (19.2)
T.C. HpOI/ISBOI[HaH oT I/I3FI/I63}OHICFO MOMCHTA I10 a6CHI/ICC€ CCUCHUA paBHa HOHepe‘{HOﬁ
cHuJia B TOM K€ CCUCHUU.
W13 npenpiayimx GopMysT mojydaeM 3aBUCHMOCTb:
2
d M g
2 19.3
dx (19.3)

[Tomy4yennsie qudPepeHnmanbHbIe 3aBUCHMOCTA MEKTy U3THOAIOIINM MOMEHTOM M,
nornepevHoi crioit Q 1 MHTEHCUBHOCTBIO HArpy3Ku (|, Ha3pIBatoTcsa Teopemoii /1. U.
JKypasckoro.

§ 20. ITocTpoeHue >MOP NONEPEYHBIX CUJI U U3THOAKIINX MOMEHTOB

['paduku, BeIpaXkaroniye 3aK0H U3MEHEHHUS MTOTIEPEUHBIX CUJT WIIH U3THOAIOIIIX MO-
MEHTOB TIO JIJTUHE Oajiku, Ha3bIBAtOTCs dmtopamu Q nmm M.

[TocTpoenue >miop NPOU3BOIUTCS CASAYIOMUM 00pa30oM: JIMHUIO, MAPATIIEIbHYIO OCH
OaJIKul, MPUHUMAIOT 32 OCh a0CIIUCC, OT KOTOPOW B MPOM3BOJILHOM MaciTade oT-
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KJIaJIBIBAIOT OPJIMHATHI, COOTBETCTBYIOINIME 3HaUeHUsIM Q uiu M, nelcTBYyIOIUM B pas-
JUYHBIX ceueHusX Oanku. CoeuHsIsl KOHIIbI OTJIOKEHHBIX OPJMHAT, Mody4daem 3mopy Q
uu M.

OpauHaThl, BBIpAKAIOIINE BEIUYMHBI MOJOKUTEIBHBIX IMOMEPEYHBIX CUJI, TPHUHATO
OTKJIaJbIBAaTh BBEPX OT OCH, a OTpHUIATEIbHBIX - BHU3. OpJIUHATHI, BRIPAXKAIOIIUE T0JIO-
KUTEJbHbIE M3TrM0aroe MOMEHTBI, OTKJIAJAbIBAIOT BBEPX, T.€. B CTOPOHY CKATOTO BO-
JIOKHA OaJKH.

[tpuxoBath 3mropsl Q U M cieayer TOMbKO BEPTUKAIBHBIMU JTHHUSMHU, TTOCKOJIBKY
KaKJast TWHUS MITPUXOBKHU B MPUHATOM MaciiTade BeipakaeT BenmmunHy Q wiu M B j1aH-
HOM CCUYCHUU.

[Moctpoum smropst Q u M s Ganku mposerom |, HarpykeHHOH cocpeT0TOYCHHOM
cuioit P (puc. 28).

Onpenenum BeIMYMHBI ONOPHBIX peakinili Ra u Rg:

dYM,=P-a-R;-1=0; Rg=—-,

P-b
> My =R, 1-P-b=0. Ry =—

ITocTpoeHue 3MIopkL.
o Bo3bmem cedyenue 6anku Ha pac-
Ra A @ _ é 4 Rs  crosmum z o nesoi OTIOPBI U OTIPEICTIM B

P-a
|
|

A R HEeM Toniepeunyo cury Q u m3rudarontuit
8 MoMeHT M. CreBa OT ce4eHus JEeUCTBYET

7 Wf};; TOJIBKO OJTHA CHJIA - OTIOpHAs peakius Ra.
z CrienoBartesbHO, 10 OMPEACIICHUIO MTOIIe-

l ' PEYHOI CUJIbI MPOEKIUS HA BEPTUKAIBHYIO
OCh ONIOPHOU peakiuu OyaeT BhIpakaTh
nonepeunyro cuty Q B ceueHuu, T.e.

P-b
QZ1 =R A=
I .

Omnopnast peakiusi Ra HanpaBieHa
BBEPX, CJIEJIOBATEIHHO, TIOTIEpEYHas CUjia
OyJeT MOJOKUTENbHA, TTIOITOMY OTJIOKUM
OpIWHATY, BRIPAXKAIONIYIO €€ BETMYUHY B
MIPOU3BOJILHOM MacITade, BBepX. YpaB-

P-b

HEHMUeE Qz1 = | Tpencrasiier co0oii

ypaBHEHUE MPSAMOM, TAPAILIEITLHOU OCU
adcuucce, cineoBaTesbHo, dopa Q Ha Jie-
BOM ydJacTke OyJeT UMETh BUJI ITPSMO-
yTOJIbHUKA.

Jlist moctpoenust mopsl Q  Ha BTOpOM
ydacTKe OaJIKi BO3bMEM IPOM3BOJILHOE CEUCHNE HA PACCTOSIHUM Z2 OT JICBOM OIOPBI.
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CneBa OT 3TOro ce4eHus ﬂCﬁCTBYIOT ABC CHUJIbI: OIIOpHAas pCaKInsa RA n Ccujia P, CIIpaBa -
OJHa OIIOpHAaA pCakuusd RB. I[J'ISI OmpcCaACIICHNA nonepeqﬂoﬁ CHJIBI B CEYCHHHU Z2 MOXXKHO
BOCIIOJIB30BAaThCA CHUJIaMH,

PaCIIOJIOKCHHBIMHU CJICBA WJIH CIIpaBa OT CCUCHUS. HOKEDKCM, YTO BCIIMYHMHA Q B 000HMX
ClIy4dasax 6YI[CT OJHa " Ta TC.

[Tonepeunas cumna B ceueHuH Q OT JICBBIX CHII: sz - RA -P= RB , OT TIPABbIX CHUJI:

= sz :_RB.

Br[}opa IMOIICPCUYHBIX CHUJI B TOUYKC C umeer CKA4oK, IIpUICM a0COJIFOTHAsS BEJIMYMHA
CKa4Ka paBHa BCINYHNHC HpHJ’IO)KCHHOﬁ B 9TOM CCUCHHNU COCpCﬂOTOquHOﬁ cuJibl P.

IlocTpoerue >nropsl M.

CocTaBuM BBIpa)KE€HHE U3rMOAIOIIET0 MOMEHTA B CEYEHUH Z1, KOTOPBI paBeH ajreo-
pandecKoil CyMMe MOMEHTOB BCEX JIEBBIX WJIM MPABBIX CUJI OTHOCUTEIIBHO 3TOT0O ceve-
Hus. [1o 1eByro CTOpOHY Z1, IEHCTBYET TOJIBKO OMOPHAs peakuus Ra, KOTopas CTpeMUTCS
BpaliaTh JIEBYIO YaCTh OAJIKU MO JBUKEHUIO YACOBOM CTPENKH UM U30THYTh €€ BBIITYK-
JIOCTBIO BHU3 (CXKaThle BOJIOKHA CBEPXY), CJIEI0OBATEIbHO, N3THOAI0IINIA MOMEHT M Oyner
MOJIOKUTEIbHBIM:

M, :RA-zlsz'b-z1

[TomyueHHOE BBIpa)KEHHUE MPEACTABISAET COO0M ypaBHEHHE MPSMOM JIMHUH, CIIE0Ba-
TEJIbHO, U3THOAIOIINIA MOMEHT U3MEHSIETCS 110 3aKOHY MPSAMOM.
Bennuuny z; MoxHO Opath B nipeaenax ot Z;=0 10 z;= a:

nipu 21 =0 MA:O;

P-b-a
pu Z1= a MC:RA'a:—

OTknaapiBas oJydeHHOE 3HauyeHrue M B mpuHATOM MaciuTade BBEpX U COEUHSS KO-
HEIl OPAMHATHI MPSIMOU C TOUKOU A1, MMOTYYHM JIEBYIO YacCTh AIIOPHI M.

JI71st nocTpoeHus MpaBoi YacTH MIOPbI U3TMOAIOIUX MOMEHTOB MOXHO pacCcMaTpu-
BaTh JIEBYIO WJIM MPABYIO OTCEYEHHBIE YACTH OaJIKU. B JaHHOM ciy4yae BhIpaKeHHE U3TH-
OaronIero MOMEHTa B CEUEHHH Z2 TIPOLLIE COCTABUTH OT MPaBbIX CUJI, T.€. OT OAHOM OMop-
HOM peakuuu Rp:

Mz2 =Ry -(1-2,)
P-a-b

M.=R,-(I-a)= T

npuz; =a

npu 2, = | MBZRB'U—'):O

CoeanHuB IpsiMOi IMHUEN KOHELl OpJIMHATHI ¢ TOUKoi B1, rae Mp= 0, nony4um mnpa-
BYIO 4acTh 3mtopbl M it Oanku. Kak BugHO U3 3mtopsl M, 1o Beeit anuHe
OaJIKK U3ruOAOIINII MOMEHT IMOJIOKHUTEIEH U IOCTUTAeT HanOOJIbIIEro 3HAUeHHSI B TOUKE
C, T.e. mox rpy3om P.
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_P-a-b

max I

M

B gyactHOM clIydac, Koraa COCpC,HOTOquHLIfI I'Py3 PacCIIOJIOKCH B CCPCAUHC ITPOJICTA

OaJIKy, T.€. Korma a=b= E , HanOoJIpllIee 3HaUYeHHE U3rn0aronero MOMeHTa B ceue-

M :P-a-bzp'%'%:P-l
4

max I I

HHUMH:

§ 21. HopMaJibHble HATIPSKEHUS NIPU U3ruode

Ciolt BOJIOKOH M-N, pacroJIOKEHHBIN B cepeiluHe BBICOTHI Oanku (puc. 29a) He MeHsI-
€T CBOCH JIMHBI (HE paCTATMBACTCS UM HE CXKUMAETCA), a TOJBKO MCKpPUBILETCS. Takoit
CIOM HA3BIBACTCSI HEUTPAIBLHBIM CIIOEM.

BouiokHa, nexaiue gaiapuie OT HEUTPaJIbHOTO CJIOS, YIUTUHSIOTCS WK YKOPAauMBaIOT-
cst 00JIbIIEe, YEM BOJIOKHA, PACTIONIOKEHHBIE OJIMKE K HEMY. A U3 3TOTr0, COrJIaCHO 3aKOHY
['yka, crenyer, 4TO BEJIMUMHA HANPSKEHUH IO BBICOTE MONEPEYHOTO CEUCHUS U3-
MEHSIETCS ITPONIOPLUMOHAIIBHO YUIMHEHUIO BOJIOKOH, T.€. HAIIPSKEHUSI HAPACTAKOT C yaa-
JIECHUEM OT HEUTPAIBHOIO CJIOS.

Pre.29

Crnenyer 3aMETUTBh, YTO B JAHHOM CJIy4ae HEUTPaAJIbHBIN CIOM HAXOIUTCS MTOCEPEANHE
BBICOTBI CEYEHHSI IOTOMY, YTO Oasika UMeeT ABe ocu cummeTpuu. [Ipu apyroit popme
IIONIEPEYHOr0 CEYEHUSI HEUTPAIBHBIN CIIOM MOXKET JIEKATh HUKE WIIU BBILIE CEPEAUHBI
CEYECHUS.

JIuaus nepecedeHuss HEUTPaIbHOIO CJI0s C TNIOCKOCTHIO MOMEPEYHOT0 ceYeHHs Oaku
Ha3bIBAETCA HEUTPAIIbHOW JIMHUEN WK Ocblo. OHA, Kak U HEUTPAJIbHBIN CJION, TPOXOIUT
yepe3 LEHTP TSKECTU CEUCHUS U MEPIICHIUKYIISIpHA K TUIOCKOCTH CUMMETPUU OalKu, T.€.
K IUIOCKOCTH JIEMCTBHUSI CUII.

IlepenneM Teneps K ONPENEIIEHUI0 HOPMAJIbHBIX HANIPSKEHUH B IONIEPEYHBIX CeYe-
HUSAX OAJIKU MPU YUCTOM U3THOE.
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[TycTs k 6asike AB npunoxeHsl 1Be paBHbIE COCPEIOTOUEHHBIE CUiibl P Ha ofuHa-
KOBOM paccTtosiHuu oT onop (puc. 30). Kak Buano u3 smtopsl Q, cpenHuii yuacTok 0aiku
CD ucnbIThIBaeT AePpOopMalidio YUCTOTO U3-

Ra=P * a # fa A s~ ruba, Tak Kak MonepeyHast cuja Bo BCEX I0-
) ¢ 12 oy " NEPEYHBIX CEUCHUAX OAIKH HAa 3TOM y4acTKe
paBHa HYJIO.
)’; 7 8 JIByms monepeyHbIMU ce4eHUAMH 1-1 u
7 70 2-2 BBIpEKEM U3 OAJIKU 3TOTO y4acTKa dJie-

MEHT JUIMHOU dZ M mpecTaBuM ero B Oosee
KpynHoM Mactrade (puc. 29a). Ilocne us-
a4 THENN al ruda Toplibl OaTKU HECKOJIBKO HAKJIOHSTCS,
0.0 18- o6pasys yroia df. O6o3HaunM pagnyc Kpu-
TN BU3HBI U30THYTON OCH OaJIKH p, a JUIUHY Of-
‘l [ HOTO U3 MPOJIOJIHBIX BOJIOKOH, JIEKAIIUX B

HENTpaIbHOM CJIO€, MN; TaK KaK 3TH BOJIOK-
f’mc 30 — Ha HE U3MEHSIIOT CBOEH JJIMHBI TP U3THOE,
MO’KHO HaIlUCaTh:
mn=dz=p-dé

JIro6oe apyroe BOJOKHO BBIIIE WM HUKE HEUTPATILHOTO CIIOSI U3MEHHUT CBOIO JUIHHY.
PaccmoTpum BOIOKHO M1Ng, JIeXKaIee B pacTSIHYTOW 30HE HA PACCTOSIHUHA Y  OT
HEUTPaJIbHOTO CJI0s, ¥ CIIEA0BATEIbHO, YUTMHSIOMIEECS TP U3ruoe.

Jl5is ompenienienrs BEIMUMHBI YAJIMHEHHUS €T0 MPOBEAEM Yepe3 TOUKY N JTUHHIO, IMa-
paIeNbHYI0 MMy, 10 MIEpECeUeHus ¢ BOJIOKHOM MyN1 B TOUKeE Np. Torjga MOXKHO CYUTATh
MiN2= mMn, a oTpe30kK NiN, OyeM NPUHUMATH KaK a0COJIIOTHOE y/IJTMHEHHE BOJIOKHA M1N;
WIH, YTO TO K€ caMoe, BOJIOKHAa MN. OTpe30K NiN; MOXKHO IPUHATH 3a YTy KpyTa pajany-

M

ca Y, Torna abcomotraoe yumunenne N, = Y- d& | a orrocuTenBHOE YUTHHEHHE TOTO
K€ BOJIOKHA M1N, OyaeT:

L_nn _y do
mn p-do
sy
WJIH, COKparas Ha db. o D’ T.€. OTHOCUTEJIbHOE YIJIMHEHUE BOJIOKHA IIPSIMO

MPOMOPIIMOHAIIBHO PACCTOSHUIO OT HETO 0 HEUTpaIbHOU JTUHUU (OCH) OAJKH.
Tak kak BOJIOKHA OaJKU MPU YUCTOM M3rHOE€ UCTIBITHIBAIOT TOJIBKO PACTsLKEHUE WIIH
CoKaTHe, MOATOMY IS OIIPENEIIEHN HOPMAJIBHOIO HAIIPSKEHUS B PACCMaTPUBAEMOM BO-

JIOKHE MOKHO BOCIIOJIb30BaThCA 3aKOHOM ['yka: O = E-¢.

y

&=
yo,

BOJIOKHA 6aJ'IKI/I, IMOJIYYHUM BCIIMYNHY HAIIPSIKCHUS B HCM:

HOI[CTaBI/IB CroJ1a BbIPAXKCHHUC OTHOCHUTCIIbHOT'O YAJIMHCHUS ITPOU3BOJIBHOT'O

y
G:E'EZE'; (21.1)
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T.€. HOPMQJIbHBIE HAMNPSIKEHUS U3MEHSIOTCS MPSAMO MPONOPILMOHATIBHO PACCTOSHUIO OT
HEUTpaJbHOM OCH OajKH, a B TOYKAaX, HaXOJAIIMXCS HAa caMOW HEHUTpaJbHOW OCH, OHU
PaBHBI HYJIIO.

Teneps NOJIyduM 3aKOH pacHpeaeeHUs] HOpMaJIbHbIX HANPSXKEHUN MO BBICOTE IOTIE-
PEYHOTO CEUCHHS OaJIKU MPU YUCTOM U3THMOE B 3aBUCUMOCTH OT BEJIMYMHBI M3THOAIOIIETO
MOMEHTA.

J171s1 5TOTO BBIZICIMM Ha MOMIEPEYHOM CeUeHUH (prc. 290) MPON3BOIBHYIO dJIEMEHTAp-
HYIO ITomaaky dF Ha pacCTOSHUM Y OT HEUTpaIbHOH OocH. BeimunHa 35ieMeHTapHOM CH-
JIbl, KOTOpasi BOBHUKAET Ha IUIOMIAJIKE:

o-dF = E-=-dF
Tenepb PaCcCMOTPUM PABHOBCCUC JIEBOM OTCEUYCHHOM YacTH 6aJIKI/I, 3aMCHUB OT-
6pOHl€HHYIO 4aCTb CHUJIaMM, JJI 4CTO HAIIMIICM YPAaBHCHUS PABHOBCCHA!

>Z2=0.>M=0

YpaBHEeHHE pPaBHOBECUS ZY =0 oOpaiaercst B ToxkaectBo Buga 0=0. Cymma npo-

EKIIMI BCEX DJIEMEHTapHBIX CUJI Ha OCb Z OyIeT BbIpaXXEHA HWHTETpajoM, pac-
MPOCTPAHEHHBIM HA BCIO TUJIONIAAb CEUYCHUS, T.€.

E
>Z=[c-dF ==-]y-dF =0
F P F
Benuuuna monyns ynpyroctu E He paBHa Hysio, a paanyc KpUBU3HBI p -BEIMYMHA

KOHeYHad, T.€. E#0; p=#0, CI€I0BaTEIbHO:

[y-dF=s,=0
F
[Toy4yeHHBINM HHTETPA IPEACTABIISACT COOOM CTATUICCKUI MOMEHT IIJIOIIAIA CCUCHUS
OTHOCHUTENBHO HEUTpAIBHOU och. OTCIOAa CIEAYET, YTO HEUTPAIbHAS OCh IIPOXOJINT Ye-
pe3 LEHTP TSHKECTU NONEPEYHOTO CEYEHUSA, TOTOMY YTO TOJIBKO B 3TOM CJIy4dae CTaTh4e-
CKHI MOMEHT PaBEH HYJIIO.
DJleMeHTapHas HopMasiabHas cuiia paBHa O ° dF , €€ MOMEHT OTHOCUTEJBHO

HEUTpabHON OCH dM =o-dF - Y . YToOBI OnpeieMTh MONHBIA MOMEHT, HEOOXO0IH-

MO CYMMUPOBATH JJIEMEHTAPHbIE MOMEHTBI, PACIIPOCTPAHUB CYMMY Ha BCIHO ILTIOLIAIb I10-
NEPEYHOr0 CeYeHus Oalku, T.€.

M, =[c-dF-y
F
oc=F- Y
HJIK, 3aMCHHUB G PABHBIM eMy BBIPpA’KCHHUCM o p ) HOJ'Iy‘—II/IMZ
E
M, ==. j 2. dF
Pt |
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B IMOJIYYCHHOM BBIPAXKCHUHU HWHTCTPAll ABJIACTCA MOMCHTOM HMHCEPILHHUHU CCUCHHSA OTHO-

2 _
CUTEIBHO HEUTPAILHOU OCH, T.€. j y dF = IX.
F

E-I 1 M,
0 =M , WA ;_ E-I, (21.2)

I7i€ p - KpUBU3HA U30THYTOW OCH OAJIKH; IPOU3BEICHHE E- I, naspsaercs xectkocTsio

CJ'ICI[OB&TGJ'IBHO, MOJXHO HaIlnuCaThb.

CEUYCHHH OaJTKH WJTH J)KECTKOCTHIO cedeHUs mpu n3rude. OHO XapaKTepu3yeT CTENeHb CO-
MPOTUBIIIEMOCTH OAJIKU UCKPUBIIECHUIO OCU IIPU U3THOE.

[TomyuenHoe paBeHCTBO (21.2) ynTaeTcs Tak: KpUBU3HA U30THYTOM OCH OaiIKy MPSMO
IPOMOPIMOHANIbHA U3rH0AI0IEMY MOMEHTY M 00OpaTHO MPOMOPIHOHAIBHA KECTKOCTH
CeUeHHMs OATKH.

[ToncraBuB 310 BhIpakenue (21.2) B popmyiny (21.1) nomyuum:

o MoE M,
E-I, N
_M,
OKOHYATEeJIbHO 0= | Yy (21.3)

[Tonyuennas dhopmyia cipaBeyinBa Jjis JTr000i (OpMbI ONEPEYHOTO CEUEHHUSI, HO
MIPU YCIIOBUH, €CJIM CEUCHUE UMEET OCh CUMMETPHUH, B IJIOCKOCTU KOTOPOU ACHCTBYIOT
u3rubaroiue 0ayky rnapsl CUl.

®opmyna (21.3) sBisieTcss ypaBHEHUEM MPSIMOM, CIIEIOBATEIbHO, HOPMaJIbHbIC Ha-
MPsHKEHUS 110 BBICOTE CEUEHUS M3MEHSIOTCS 10 3aKoHY MpsiMoii. Hanbounbiine Hanpsoke-
HUs OyIyT B HanbOoJee YJaIeHHBIX OT HEUTPAIbHONW OCH BOJIOKHAX.

X _—
Bennuuna y X Ha3bIBACTCSI MOMCHTOM CONPOTHUBJICHHUS CCUCHUSI U SABIACTCA
max

r€OMETPUYECKON XapaKTePUCTUKON MTPOUYHOCTHU MOTMEPEYHOTO CeUeHUsI OaIKu.

X
HOI[CTaBI/IB B ITOCJICAHCEC BBIPAKCHUC BMECTO y BCIIMYMHY MOMCHTA CO-
max

npotuiieHus Wy MoaydyuM OKOHYATEIbHYIO (DOPMYITY IS Gmax:

Tmax =\ (21.4)

MOMEHT CONPOTHBIICHUS U3MEPSIOT B M, CM°.

®dopmyna (21.6) BeIBeeHA IS Cydasi YUCTOTO U3ruba, Mpu KOTOPOM IONEPEUHbIC
cedeHus 0aTKi OCTAIOTCA IIOCKUMU U Tiociie aedopmaruu. B ciyyae momepeyHoro m3-
rrba ceueHus UCTIBITHIBAIOT CABUT, O0YCIOBICHHBIA HAJTMYUEM B HUX MTOTIEPEUHOMN CHUIIBI,
Y UCKPUBJISIIOTCSL. 3HAUYUT, B 3TOM ClIydae JOIMYUIECHUS], TOJ0KEHHbIE B OCHOBY BBIBOJA
dbopmyas (21.3), okaxyTcst HecipaBeIMBbIMUA. OTHAKO, UICKPUBJICHUE CEUCHUM U
HaJIaBJIMBAaHWE BOJIOKOH APYT HA APYra HaCTOJIbKO HE3HAYUTEIbHbBI, YTO OHU HE MEHSIOT
CYIIIECTBEHHO YCTAHOBJIEHHOTO BHIIIE 3aKOHA pacmpeeiaeHus JeGopMalinii BOJTOKOH.
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[TosTomy opmyna (21.4) MoxeT ObITh IPUMEHUMA U JIS CTy4as IIOCKOTO MONepeYHo-
ro u3ruda OanKku.
BriBegem hopMysibl MOMEHTOB COMPOTUBIICHUS IS 2JIEMEHTAPHBIX IJIOCKHUX Ce-
YCHH.
[TpsimoyronbHuK co ctoponamu b u h (cm. puc. 31a)

b-h®
_ Ix _ 12 _ b- h?
W, = v = % " 6 (21.5)
b*-h
| 12 b*-h
W = X = =
X A 6
KBampat co croponoii a (cm. puc. 310):
2
12 _ &
W W ;y 6 (21.7)
2
Kpyr (cm. puc. 31B):
z-d?

3
W, =W = ﬂd ~0,1-d°

_ 64 _
x — My (y / ! (21.8)

Kpyrosoe komnb110 (cM. puc. 31r):

z-(D*—=d?)
4 44 4 44
%% '
d
Ecnu 3apaqumcst OTHOLLIEHUEM THAMETPOB B =C awm d =C-D , TO TIOJIyYUM:
z-D*
I =1 = .(1-C*
=l = ( )
z-D°
W, =W, = - -(1-C*=01-D°-(1-C* (21.10)
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§ 22. KacaresibHble HANIPSIKeHUS NP U3rude

KacaTenpHble HaNpsKEHUS, TPU U3THOE ONpeIeNaoTes 1Mo hopMyIie:

Q-S,
T h (22.1)

X

IZIe: T - KacaTeJIbHOE HANPSUKEHNUE Ha IUIOMAAKE, NapaJlIeIbHON, HEUTPAIIBHOMY
CJIOIO U B IIOIIEPEYHOM CCUYCHUU;

Q - nonepeyHas cuia B paccCMaTpUBaEMOM CEUEHUH OaJIKu;

Ix - MOMEHT HHEPLMH OTHOCUTEIILHO HEUTPAJIbHOM OCH BCETO MOMEPEUHOT0 CEUCHUS
OaKu;

Sx - cTaTMYECKNit MOMEHT OTHOCUTENFHO HEUTPATbHOM OCH TOM YacTH MOMEPEIHOTO
CEYEHUs1, KOTOpas JIEKUT BHE WIIM HHKE pacCMaTpPUBAEMOM TUIOIIAKH;

b - mupuHa cevyeHus Ha ypOBHE TUIOIIAJIKH, IT0 KOTOPOU ONPEIENSIOTCS KacaTelIbHbIC
HaIpsHKEHUS.

®dopmyna (22.1) nazeiBaetcst popmynoit [. N. XKypasckoro ajist onpeneneHust Ka-
caTeJIbHBIX HANPSHKEHUN MPU U3ruoe.

§ 23. Onpenesienne KacaTeJbHbIX HANPSKEHUI B 0aJIKaX NPSIMOYT0JIbHOTO Ce-
YeHHs

[ToncraBnss B popmyiy (22.1) 3HaueHUS Sy U pa3IMUHbIX 3HAYCHHUH Y, MOKHO
YCTaHOBUTH 3aKOH U3MEHEHUS BEIMUMHBI KacaTeJIbHbIX HAMPSYKEHUM M0 BBICOTE MPSIMO-
YTOJIbHOTO ceueHus (puc. 32).
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A\. ‘f’max

~ommr
Prc.32

I[JBI 3TOr0 BBIACIMM Ha PacCTOSHHU Y OT HeﬁTpaHLHOﬁ OCH 49aCTb IIPAMOYI'OJIbHOI'O

h b h
CEUYCHMS BHICOTOU (E -y ),ILTOIAab KOTOPOIO: F=Db- E -y :

a pacCTOsTHUE OT IIEHTpa TSAMKECTU FTOH TUIoMAIu 10 ocu X:

y _n_;.(n_yj_g(nwj
© 2 212 2 (2 :

CraTuyeckrii MOMEHT 3TOM YaCTH CEUYEHUSI OTHOCUTEIBHO HEMTPAJIbHOU OCH:

2
AR, )b ¥
2 2 \2 2\ 4
[ToncraBuB 3HaueHue Sy B hopmyiy (22.1), momydnm:
2
Q bfh .,
’Z' o _— y
l-b 24
370 - ypaBHEHHUE KBaJPaTUIHON NapaboJibl, U3 KOTOPOTO CIEAYET, YTO KacaTeIbHOe
HaNpsDKEHUE T UMEEeT HanOoJIblllee 3HaUeHUE B TOUKAX Ha HEUTpaibHOU ocH

(mpu y = 0):

S,=F-y. =b-

2
Q b-h
T = :
max
.-l 8
[ToacraBuB BMecTO |y BoIpakeHHE MOMEHTA MHEPLUU JJI IPSMOYTOJIbHOTO CEUYEHUS
b-h°
x 12 HOJTY4YHUM:
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. _Q bh _3Q 3Q
™ b-h® 8 2bh 2F,
12
3 Q
rie F =D-h wm oxonuarensno: Tmax = EE (23.1)

. =+ —
B KpanHHX K€ BCPXHUX U HUKHUX TOYKaAX CCUHCHUA, T.C. IIPU y - 2 , BEJIMYHMHA

KaCaTCJIbHbBIX HaprDKeHI/Iﬁ paBHA HYJIIO.
Br[}opa KaCaTCJIIbHBIX HaHpH}KeHI/Iﬁ IT10 BBICOTC CCUCHMA IIOKAa3aHd Ha PUC. 320.

§ 24. IloTtenHunanbHast 3Heprus AegopMannu NpH U3ruoe

Pabota BHemHero MOMeHTa (Maphl CUJI), KAK U3BECTHO U3 TEOPETUUECKON MEXaHUKU,
paBHa MPOU3BEICHUI0 MOMEHTA Ha COOTBETCTBYIOIIUMA YTroJl TOBOpoTa. B 1aHHOM ke
ClIy4dae mapa CWJI MPUJIOKEeHa CTaTUUECKH, T.€. BO3PACTAET OT HYJIS 10 KOHEYHOTO CBOETO
3HAYCHUS, CICAOBATEILHO, pa0OTy BHEIITHETO MOMEHTA OIpeAeIIsieM KaK MOJ0OBHUHY IPO-
M3BEJICHUA BEJIMYMHBI MOMEHTA Ha yTOJI IOBOPOTA CCUCHUS:

du=1-M -dg
2

Ho u3 puc. 33 BugHO, 4TO

p E-L
M, -dz

TO, CIICOOBATCIIBHO. E . I u
X

My TaK Kak CoriacHo ¢popmyie

2
du=—|vIX
2-E-1,

Tak kak mpu YUCTOM M3rude U3rudaro-
M MOMEHT - BEJIMYMHA TIOCTOSTHHASI, TO
noJiHasl paboTa BHYTPEHHUX CHJI YUCJIICHHO paBHA MOTCHIIMATBHON YJHEPTHH HA yYaCTKe
uHOM |:

-dz

Puc. 33

MZ
:—Z-E-IX (24.1)

[Tpu nonepeynom u3rude, Kak M3BECTHO, B CEYCHUSIX 0aTKU BOSHUKAIOT €IIIe ToTe-
pEYHbIE CUJIBI, OJTHAKO, UMU MOYKHO MPEHEOpeyb, TaK KaK OHM MOYTH HE BIUAIOT Ha pa-
00Ty, MPON3BEICHHYIO U3THOAIOIIIMM MOMEHTOM.
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§ 25. JIuneiinble U yIiI0BbIE NlepeMelleHus PU u3ruoe

Mp1 3HaeM, 4TO TIpU U3rude OCh OATKU UCKPUBIISACTCS U, CJIEIOBATEIIBHO, TOYKH, JIe-
JKalllie Ha Hel, MOTy4aroT HEKOTOPhIE MEPEMEIIEHHUS, KOTOPBIE, OJTHAKO, HACTOJIBKO Ma-
JIBI TI0 CPABHEHUIO C JUTMHOW OaJIKH, YTO HAMPABIICHUS UX MOYKHO CUHTATh MEPIICHIUKY-
JSIPHBIMH TTEPBOHAYATEHOMY TIOJIOKEHHUIO OCH OaIKy. DTH MTepEMEIICHIUS Ha3bIBAIOTCS
nporudamu.

KpuBas, B KoTOpyI0 oOpalaercs nepBoHadaibHas 0Ch OaIKy MO JeHCTBUEM BHEII-
HUX CHJI, HA3bIBACTCS U30THYTOU OCBIO OAIKU WJIM YIPYTo# JimHueH (puc. 34).

[TporuOnI B pa3HBIX CEUCHHSIX PA3TUYHBI U 3aBUCAT OT PACCTOSIHHS Z OT IPUHSITOTO

Hayayia KOOPMHAT, HallpuMep, COBMAAIONIEro ¢ TOUKoi A, T.e. Y, = f (Z) . Ipu z= 0,

L= E OH JIOCTHTAeT HAaHOOJIBIIEr0 CBOETO 3HAYCHH, T.€. Ymax — f , Te

y=0, anpu
f — HanOOBIIHIA TPOTUO MJIK CTpEIIa Mporuoa.

Ocu KOOpauHAT yCIOBUMCS
- 8 pacriosiararh CJieayromum odpa-
R - 30M.
Havano koopauHaT mpuMeM Ha
,f ' JIEBOM KOHILIE OAJIKH, OCh Z -

i * ’ i i . ? l ﬁ HaHpaBI/IM BHpaBO I10 OCH 6aJIKH, a
' P4

y 0 och Y - BBepx. Takoe pacrnoiioxe-
S — HUE OCeU KOOPAMHAT JACT BO3-

A MOKHOCTb CUYUTATh MPOTHOBI OaI-

Ve fs KM BHU3 OTPHIIATEILHBIMH, a MPO-

Puc. 34 __ OBl BBEPX — MOJIOKUTEITHHBIMH.

VYroun, cocTaBieHHBIN Kaca-
TeNBbHOM K JIF000 Touke K M30rHyTO# OCH ¢ MepBOHAYAIBHBIM €€ MOJI0KEHUEM, YCIIO-
BUMCs1 0003HauuTh 0. Ha ocHOBaHUUM rUNIOTE3bI IJIOCKUX CEUEHUM, MpeHeOperas NCKPUB-
JIEHUEM CEYEeHHUH OaJKM NP NMONepeyHOM U3rude, 0yieM cuuTaTh, 4TO NOMEPEYHOE Cce-
YyeHue O0aJIKu, MPOBEACHHOE Yyepe3 Mpor3BoIibHYI0 TOUKy "K" nepBoHayasibHON OocH, 11O
BOpauMBaeTCs Mpu U3rude 6ayiku Ha TOT ke yroi 0. CrnegoBaTenbHO, yroi 0 BeIpakaer
YIII0BOE NepeMELICHHE MTONIEPEYHOro CeUeHUs OaJIKU MpHU U3rude U Ha3bIBaeTCs YIIOM
noBopoTa ceueHus Oanku. OH paBeH NepBOH MPOU3BOIHOM 0 Z OT nmporuda B 3TOM ce-
YEHUH, T.€.

Jliig onpenenenns BUja U30THYTON ocu 0ankyu HeoOX0UMO COCTaBUTh €€ ypaBHEHNE,
T.€. BBIPA3UTh OPAUHATHI (IPOruObI OaNKK) B GYHKIMU OT MOJOKEHUS TOUEK MO JITTUHE

OaJIky, IPyTMMH CIIOBAMHU, HAWTH 3aBUCUMOCTE Y = f (Z) . UToOBI HAWTH ATy 3aBU-
CUMOCTb, HCTIOJIb3yeM PaBEHCTBO (21.2), momydeHHOe mpu BhIBOJE (OPMYIThI HOPMAallb-
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1M
H3FH6&IOHII/IM MOMCHTOM H HOHCpC‘IHOﬁ KCCTKOCTBIO CCUCHUA.

HBIX HamnpspKEHUH npu u3ruoe: E.| Y BBIPaXaomee CBA3b KPHBH3HbI Oanku ¢
X
dopmyra KpUBHU3HBL, TOTyyaemas U3 AuQQepeHnaibHON TeOMETPUH, BRIPAXKAET €€

! "
CBA3b C MPoU3BOAHBIME Y W Y OT opaMHAT KPUBOIA.

1 y

— =+ -
0 [1+(y’)2]4 (25.1)

3aBUCHUMOCTB 3Ty MOXHO YIPOCTHTb, UMES B BUAY, UTO MPOTHUOBI OAIOK OUEHBb MAJIbI
10 CPaBHEHMIO C JJIMHOM OaJIKH, a YIJIbl IOBOPOTA TAK)KE HE COCTABIISIIOT BEJIMUUHBI,

4

n2
Oonpieit 1°. B 3HamMeHarens e npaBoil 4acTH 3TON (HOPMYJITbI BXOIUT (y ) - TAHI'€HC
yIJIa HaKJIOHa B KBaJApaTe, ﬂBJ’ISIIOIHHﬁCH MaJIOW BEJIUMYUHOU MO CPaBHCHHIO C 1, BXOIA-

meﬁ B IBYWJICH 3HAMCHATCIIA, a4 IIOOTOMY €C OT6paCI>IBaI-0T, B PC3YJIBTATC YCTO (bOpMYJ'Ia
IIPUHUMACT BU:

2
i ~ —|—y” ~ _d y
0 dx? (25.2)
T.€. KpUBU3HA 0aJKy MPUOJIMKEHHO paBHA BTOPOU MPOU3BOJHOM OT nporuda. Teneppb
1 M,
bopmymy ; T E. | MOXHO NPECTABHTE TaK:
+v" = & "
=Y =N I E-l,-y"=M,. (25.2)

X
HamomHMM M3 MaTEMaTHUKH, 4TO 3HAK BTOPOM ITPOU3BOHOM 3aBUCHUT OT HAIIPABIICHUS
oceil KOOpPJAMHAT, 8 UMEHHO: OHA Oy/IeT UMETh MOJOXKUTEIBHOE 3HAUEHHE, €CIIU BOTHY-
TOCTh KPUBOM HAIIpaBJIEHA B CTO-
) 5) POHY NIOJIOKUTEIILHOU OCH, H,
ag ‘ p | Hao0opoT, OyIeT OTpHuaTeanouﬁ,
o] €CJIM B CTOPOHY IOJIOXKUTENBHON
M M OCH HalpPaBJIeHA BBITYKIOCTb KPH-
+M +/ e —— Boli (puc. 35).
L } W3rubaromuii MOMEHT, KaK MBI
YCIIOBUJIUCH, B TIEPBOM ciiydae Oy-
_ ; JIET TIOJIOKUTEIIEH, BO BTOPOM -
>z 7 Z  orpunarenen. Takum o6pasoM,
Puc.35 MIPY HAMpPaBJICHUH OCH Y BBEPX B

+ " — X
YpaBHCHUU _y E . |

HY>KHO OCTaBUTb 3HaK "TUIr0C", a pU HAIMPaBJIEHUHU OCH BHU3 - 3HaK "MHUHYC".
B nanpueiimem Oyaem HanmpaBisiTh OCh Y BCeTia BBEpX, Torna nuddepeHnnanbaoe
ypaBHEHUE TIPUMET BUI:
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" _ M X
Y= (25.4)
X

[TomyuenHoe ypaBHeHnue (25.4) HazpiBaetcs auddepeHIMalIbHbIM YPaBHEHUEM U30T-
HYTOH OocH OaJIKH.

Cy1iecTByeT HECKOJIBKO METOJIOB PELIEHUS TOTO YPABHEHHSI.

AHaTUTUYECKUN METOJ] PEUICHHs COCTOUT B IBYKPATHOM MHTErpupOBaHUU Audde-
pEHLMANBHOTO YpaBHEHUS (25.4), B pe3ynbTaTe 4ero nepBoe HUHTErPUPOBAHUE 1AET
YpaBHEHUE YTJIOB IOBOPOTA:

/
E-l,-y'=[M,-dz+C,
a BTOPO€ MHTETPUPOBAHKE - YPAaBHEHHUE ITPOTUOOB:
E-Ix-yzjdszX-dz+C-z+D.

[Tocne KakJ10ro UHTErPUPOBAHUS MOJYHAIOT MOCTOSIHHYIO HHTErPUPOBaHUS. Takum
o0Opa3oMm, i J000ro yyacTka 0ajaky B pe3ysibTaTe IBYKpPaTHOTO MHTETPUPOBAHUS YPaB-
HEHHUSI U30THYTOW OCH MOJIY4YaroT ABE MOCTOSIHHbIE HHTETpupoBaHus. Claeq0BaTENbHO,
MIPU HAJTUYUU HECKOJIBKUX YYaCTKOB aHAJIMTUYECKUN METOJ TPUBOJUT K PELICHUIO CHU-
CTEMBI YpaBHEHUN C OOJIBIIINM YUCIOM HEM3BECTHBIX MOCTOSHHBIX HHTErpupoBanus. [1o-
CTOSTHHBIE UHTETPUPOBAHUS ONPEACIISAIOT U3 YCIOBUM 3aKperuieHUs1 Oaku (TpaHUYHBIX
YCJIOBHUI), a TAK)K€ U3 YCIOBHUM Ha TpaHUIAX CMEXKHBIX y4acTKOB. [Ipu aToM: a) kaxaas
HETOJIBW)KHAS WJIU TIOJIBUYKHAS OTIOpa AT OJTHO YCJIOBHE - PABEHCTBO HYJIIO MTporuda B
CEUEHUU OaKu Ha orope; 0) OT KaXKJA0U KECTKOM 3aJIeTIKH (3alEMIICHUS ) MOYKHO TTOJTY-
YUTH JIBAa YCIOBUS - PABEHCTBE HYJIIO MPOTHOAa U yIJia MOBOPOTA B CCUCHUU 3aJICJIKH; B)
OT KaXXJI0¥ TPaHUIIbl IBYX CMEXKHBIX YYACTKOB MOJIy4aeM JIBa YCIOBHUS - PABEHCTBO MEXK-
1y c000ii Mporu0oB M YIJIOB MOBOPOTA OOIIUX CEUCHUI HA TPAHUIIE O0OOUX yUaCTKOB.

§ 26. MuTerpaa Mopa u cniocod Bepemaruna

[TycTth TpeOyeTcs onpeaenuTh BepTUKaIbHOE Nepemenienre Touku "A" 6anku (puc.
36a). O003HAYMB JCHCTBUTEIILHOE COCTOsTHUE Oanku P, a pukTHBHOE cocTOsTHUE ee - |,
IPUIIOKUM K HEl eIMHCTBEHHYIO BHEILHIOI CUITY, PABHYIO, €AMHHUIIE, IO HAMIPABJICHUIO
HMCKOMOT0 TiepeMerieHus (puc. 360).

PaboTa BHEIIHUX CHJI paBHA IPOU3BEACHUIO €UHUYHOMN CUIIBI HA UICKOMOE TIepeMe-

IICHHUE: Ap =1- Ya
p PaboTta BHyTpEeHHUX CHUIL:
: |
a M_-M.
) ¥ Upi:Uip:J ——az
E-I
t ¥ Y ¥ 7 ¥ 4 ﬁ 0 X
Y ' Ho ecnu gedopmaniuu Tesia COBEpPILIEHHO

yrapyrue, To paboTa BHEUTHUX CUJT YUCIIEHHO
paBHa paboTe BHYTPEHHHUX CHUJI, T.€.

i Ap = Uip .
é) j o CrenoBaTeIbHO:

/A‘l 717/ 150
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1

E.| dz (26.1)
0 X

®dopmyna (26.1) HazpiBaeTcs hopMyoi (MHTErpagomM) Mopa u Mo3BoJIseT onpeie-
JIUTH TIepeMeIleHHUE JTF000M JIMHEHHO 1ehOpMUPYEMOM CUCTEMBI (MJIH OaJIKK) OT JIH000H
Harpy3ku. [loguHTerpanbHoe BeIpakeHUE B ATOM GopMylie caeayeT CUUTATh MOJI0KHU-
TEJIbHBIM, €CITU 00a N3TUOAIOIIMX MOMEHTA BXOAAT B POPMYITYy C OJJUHAKOBBIMU 3HAKAMU
WJIH, 9TO TO K€, DIIOPHI KX PACTIOJIOKEHBI TI0 OHY CTOPOHY OCH OaJIKH.

Brraucnenne nepemernienuii mo gpopmyie Mopa BechMa ympoIaeTcsi, €Clid OJTHa U3
AMIOP NMPSAMOJIMHENHA, a )KECTKOCTh 0aJKu MOCTOssHHA. Toraa npu onpeaeeHruu nepeme-
HIeHUs] UHTErpai Mopa BeIUUCISIOT rpadoaHaiuTiyecku 1o cnocody A.H.Bepemaruna.

OCHOBHOE MPEUMYIIECTBO 3TOTO CIIOCO0a COCTOUT B TOM, UTO MPHU €r0 MOMOIIU MOXK-
HO 00OUTHCH 0€3 COCTaBIICHUS YPaBHEHUS MOMEHTOB M 0€3 HHTETPUPOBAHHMS HX TIPO-
W3BEJICHUM. DTU TPYJOEMKHUE OTIEpAIIUU 3aMEHSIIOTCS TPOCTEHIITUMU FeOMETPUIECKUMU
BBIYHCIICHUSIMU, 3aKITIOYAIOIIUMHUCS B "TMEPEMHOKEHHUH 3IMI0p" M3ruOaronux MOMEHTOB
OT JEHCTBUTEIHHON U PUKTUBHON (€AMHUYHOMN) HATPY30K.

[Ipennonoxum, uTo Ha yuyacTke AB Oayiku mocTossHHOM xKecTKocTH (puc. 37) amopa

! M.
YA:IMp v

M npsiMOSTMHEHHA U BRIPAXKCHA ypaBHCHHEM M; = K-z+b , BTOpas ke 3Iropa ¢ Mmpo-
U3BOJIBHBIM OuepTaHueM Mp(z).

J M£=k2 +5

,21' k?a*f 14/7'

A 5 A= d

Pne.37  j-— Zo_

[ToxcraBuB BBIpaKeHUE M B MHTErpain Mopa, nonyuunm:

BM M 1 1 B B
—P  l.dz= M -(k-z+b)-dz=——:| k- (M _-z-dz+b-|M -dz
jE.| E-l, I (ezth)-dz=g M, { ;

A X X A

O4eBuHO, YTO MEPBBIM MHTETPAN MPEACTABISAET COO0M CTAaTUUECKUT MOMEHT ILJIO-

I1a]]1 ® OTHOCUTEIBLHO OCU OPJIMHAT, paBHBI @ £y, a BTOpOii MHTErpa - MIOMa/b
smtopel M, B mipesenax ot A 10 B, ciegosarenbHO:
cMo-M, 1 1
j—.dzz—-jM K-w2+b-@)=——- - (k-z, +b)
E-| E-I P E-I o
A X X A X
Ho MmHOXuUTENH k- ZO +b= 1] - opauHaTa MPSAMOIMHEHHOM S1TI0pEI M|, HaXOSIIIasCs
MPOTUB LIEHTPA TKECTH MIomaau. [103ToMy OKOHUATEIbHO UMEEM:
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TMD.Mi dz 1
- . = -
ITEL E-1 m, 26.2)

T.€. IepeMeIlleHre 00 TOUKU MPSIMOTo Opyca paBHO MPOU3BENICHUIO TIONIA/INA
smtopsl My (pOU3BOJILHOTO OUEpPTaHUs1) HA PACIIONOKEHHYIO TPOTUB €€ LIEHTPA TSKECTH
OpAMHATY NMPSAMOJIUHEIHOM A1Iopbl M, TeJIeHHOMY Ha KECTKOCTh CEUeHHS OaKH.

Crnenyer UMeThb B BUJY, UTO OpJIMHATA # OEpeTcs TOIbKO U3 MPSMOJIMHEHHON SIIOPHI.

[Ipumep: onpeaenuTh BEpTUKAIBHOE TIepemenieHre (porud) u yroia noBopoTa KOH-
IIEBOT'0 CEYEHUSI KOHCOJIbHOW OaJIK MOCTOSHHOM 3kecTKOCTH (puc. 38a).

Pemenue: ctpoum smropy U3ru-
6?_) 4 P Oarolmnx MOMEHTOB JIJIsl ICUCTBU-
TEJILHOT'O COCTOSIHUS Oanku (puc.
386). BeiOupaem pUKTHBHOE COCTO-
siHU€E OaJIKU C €AUHUYHON CUJIOHN B
TOYKE MPUIIOKEHUS HATPY3KH U
CTPOUM OT HEE S0Py U3rudaronmx
MoMeHTOB (puc.38B). Onpenernsem
BEPTUKAIBHOE NIEPEMELIEHUE 10
npasuity Bepemaruna. [1ockonbky
00€ 3MIophI MPSAMOJIUHEHHBI U UX
TpaHUIbl COBMAAIOT, IIOIAdh

2) A s { _ q M=f SMIOPHI M OPJAMHATY MOYKHO OpaTh 13
EH“ /l H JU “Hﬂ * M0G0 SITIOPHI.
y [nomans rpy30BOM SIIOPHI:
1
PHC.BB a):_.p.l2
2
I
[leHTp TsHKECTH 9TOM SMIOPHI HAXOIUTCSA B PACCTOSTHUU é OT 3aICJIKH.
OpauHata 31Mopbl MOMEHTOB OT €IMHUYHOM HArpy3KH, pacioIOKeHHAs MO IIEHTPOM
2 |
TSOKECTH TPY30BOH AMIOPHI PaBHA 5 "I =1 nosromy:
_on 1 1p|22|_ p-I°
E-I E-1 2 3 3-E-1l

PesynpTaT mepemenienusi 3Mop MoJI0KUTENCH, TOCKOIBKY 00€ SIIOPHI PACIIONIOXKCHbI
0 OJTHY CTOPOHY OT OCH OaJIKH.

Bennuuny yriia moBopoTa CE4eHHsI ONpeAeiM, BEIOpaB (PUKTUBHOE COCTOSIHHE Oajl-
KM, TIPU KOTOPOM Ha €€ KOHIIE JIEUCTBYET COCPEOTOYCHHAS TTapa CUJI C MOMEHTOM, PaB-
HBIM €IMHUIIC, U CTPOUM JIJIsl ITOTO CIydasi S0Py U3rHOArOIINX MOMEHTOB (puc. 38r1).

[lepemHoOXkast SMIOPY @ HA IMOPY OT €AUHUYHOTO MOMEHTA, TMOJTYYUM yTOJI 110
BOPOTa KOHIIEBOTO CEYCHUST KOHCOJIH:
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1 1 2 p'|2

0:—._.p.| .1:——
E-1 2 2-E-1

Tak K€, KaK 1 B IICPBOM CJIydac, o0e SIIIOPHBI PACIIOJIOKCHBI 110 OAHY CTOPOHY OCH

6aJ'IKI/I, CJICOO0BATCIbHO, PC3YJIbTAT IICPCMHOKCHHUA JITHOP ITOJIOKUTCIICH, T.C. KOHIICBOC
ceueHue Oanku IMOBOPAYMUBACTCA 110 HAIIPABJIICHHUIO CAMHUYHOI'O MOMCHTA.

§ 28. Cioxknoe conporusiaenue. Kocoit usruo

Jlo cux nop ObLIM pacCMOTPEHBI CITydau, KOT/1a 3JIEMEHThI KOHCTPYKIIUN, TTOABEP-
’KEHHBIC IEUCTBUIO BHEITHUX CUJI, UCTIBITBIBAJIN TOJIBKO OJIHY U3 MPOCTHIX JIe(popMalimii:
0CEBOE PACTSKEHUE WIH CXKaTUe, CABUT, U3TU0 U KpyueHue. B neicTBUTENbHOCTH, BO
MHOTHX CITy4asiX 3JIEMEHTbI KOHCTPYKIMM NMpU pabOTe UCIIBITHIBAIOT OJHOBPEMEHHO HE
OJIHY M3 NIEPEUUCIIEHHBIX AedopMaliuii, a 18e Uiu OObIIE.

Hanpumep, Basibl MallTiH UCTIBITHIBAIOT OJHOBPEMEHHO JIe(pOpMaIiiy KpyUeHHUs U 13-
ruba: KOJOHHBI U CTOJOBI, HATPYKEHHBIE BHEIIECHTPEHHO, UCIIBITHIBAIOT, KPOME CHKATHS
WM PaCTSKEHUs, €l U3ruo.

DneMeHThl KOHCTPYKLHA, UCTIBITHIBAIOIINE OJJHOBPEMEHHO I10 ABE U Oosee nedopma-
U1, HAXOJIATCS B COCTOSIHAM CJI0YKHOTO CONPOTUBICHHUS.

PaccMOTpuM HEKOTOpBIE CITydau CJI0KHOTO CONPOTUBIIEHUS, IPUYEM IIPH OIpeIee-
HUU HanpsbKeHUH U edopmaruii Oy1eM mojib30BaThCs MPUHITUIIOM HE3aBUCUMOCTH JeH-
ctBUs cwil. OTHUM U3 BUJIOB CIIO’KHOTO COIIPOTUBIICHUS sIBIIsieTcs Kocoit nu3rud. Coyyvait
u3ruoa, Korjaa CUIoBas INIOCKOCTh HE COBMAAaeT HU C OJHOM U3 IJIaBHBIX IIOCKOCTEN
Opyca, Ha3bIBACTCsI KOCBIM U3rHOOM.

W3 onpenenenus NOHIATUSI KOCOTO M3ruba cieayeT, 4To Opychs ¢ KPYTJIbIM, KBapaT-
HBIM, PABHOCTOPOHHUM IIECTHYTOJIbHBIM, BOCHBMHUYTOJIbHBIM U UM TIOJIOOHBIM CEYEHU SI-
MU, Y KOTOPBIX JIBE JIOOBIE B3aUMHO MEPIECHANKYIISIPHBIE IICHTPAIBHBIE OCH SIBIISIOTCS
TJIABHBIMH, KOCOTO M3TH0a NCTIBITHIBATh HE OYAYT.

Ha kocoii u3ru6 padotaroT 0ajiku ¢ HECUMMETPUYHBIM ceueHueM. PaccmoTpum nie-
dbopmaruio kocoro u3ruba Ha cienyromiem npumepe. IlycTs Ha KOHCOb AEUCTBYET CO-
CpeIoTOYeHHas Harpy3Kka P, mpunoxeHHas Ha CBOOOJIHOM KOHIIE MO/ YTIIOM o K TJIaB-
HoM rutockoctu YOZ (puc. 39a). TpebyeTcs onpeneanTh HanOOIbINE HAMPSIKSHUS B T10-
MIEPEUHBIX CEUCHUAX Opyca, ero mMporuObl, a TaKXe MOJ0KEHUE HEUTpaIbHOUM OcH (HyJe-
BOU JIMHHUH ) U TIOCTPOUTH IMIOPY HOPMAIBHBIX HATPSKCHHM.

UToOBI MPOBEPUTH MPOYHOCTH Opyca MPU KOCOM H3THOe, HY>KHO HAaWTH B OITACHOM €T0
CEUYCHHH TOYKY C HAMOOIBIIIUM HOP-
MaJIbHBIM HanpspKeHUeEM. [[ercTByro-
HIYIO MO yTiIoM cuity P pa3noxxum Ha
nBe cocrapisitomue Py u Py 1o
HAIPaBIICHUSM TJIaBHBIX OCEH MHEP-
mru 0,Xu 0,Y.

Benu4nHbI COCTaBISIONIMX PAaBHBIL:

P =P-Sina; P, =P-Cosc

3amenuB cuiny P nByms cocraBiis-
IOLLIMMU, MBI IPUBEJHU CIy4aild KOCOTO
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n3ruoda K IByM MpsSIMbIM U3ru0am, BbI3bIBAEMbIM COBMECTHO cuiiamu Py u Py B 1ByX riaB-
HBIX IIOCKOCTSIX Opyca.

Jliig onpenenenns HanpsKEHUH B TOUKAX IMONEPEYHBIX CEUEHUI Opyca IpHU €ro KOCoM
n3rude Heo0XoUMO aNredpanyecku CyMMHUPOBATh HANIPSKEHUSI, BOZHUKAIOIINE OT CUII
Py u Py, T.e. oT kaxaoro npsiMoro u3ruoda B oraeiabHocTu. [lepemerienus (mporudsr) mo-
IIEPEYHBIX CEUCHUN ONPEIEIAIOTCI T€OMETPUUECKUM CIIOKEHUEM UX ITEPEMEILECHUH,
MIPOUCXOMSIINX B KAKI0M U3 TJIABHBIX MNIOCKOCTEH.

PaccMoTpum moodepesHO IEMCTBUE COCTABISIONIUX CHUJL.

1. Cuna Py u3rubaer Opyc B INIOCKOCTH TJIABHOM OCH MHEPIIUHU Y, HEUTPaTbHOM OCHIO
ceueHus: Oyner och X (puc. 396). OT geicTBUs 3TOM CHIIBI B CeUEHHUSX Opyca BbIIIE
HEUTpaJIbHOM OCH OyayT BO3HUKAaTh PACTATMBAIOIIME HAIPSOKEHUS, a HHIKE - CHKH-
marome. B nanHom ciydae u3ru6 OyAeT MIOCKUM U BEIMYMHA HOPMAJIbHBIX HampsoKe-

X
. o .= :
HUM onpenenseTcs no Gopmyne: ~ X | y
X

2. Cuna Py nzrubaet Opyc B INIOCKOCTH APYTOM TJIaBHOW OCU MHEPLIMH X; HEUTpaIlb-
HOI OCBIO ceueHHs OyaeT ock y (puc. 39B), 3Hakamu Ha ctopoHax AB u CD ormeueHn xa-
paKTep pacnpe/ereHus HanpsDKeHU: clieBa - CKaTHue, crpasa - pacTsbkeHue. Hopmanb-

M

y
o =——:-X
HBIC HAIPSKCHUS AJI 3TOTO ClIy4das: y l .
y

B nocnennux aByx opmynax Mx = Py 1= p'l -Cosa y My = p'l -Sina

MPEACTABIIAIOT COO0M M3rudaroIMe MOMEHTBI B OTACHOM CEUYEHUHU OalKH, T.€. B IJIOC-
koctu 3anenku ABCD.

Jlnst onipeesieHrs MoJIHOTO HOPMAJIbHOTO HANPSKEHUS G OT IeUCTBUS cHiibl P an-
reOpanyeckd CyMMUPYEM HAIPSKEHUS Oy U Oy

M X M y
o= YT (28.1)
X y

rae I, ly - MOMeHTBI HHepUMK ceYeHUs! OTHOCUTEIBHO I1aBHbIX oceil X, Y, MHOXKUTE-
JM X Uy - KOOPJIUHATHI TOYKH, IJIsI KOTOPOU ONpPENeNseTCs HalpsKEHUE.

[Tpumensia popmyiy (28.1), ciienyetr pykoBOACTBOBATHCS paHEE MPUHATHIM PABUIIOM
3HAKOB JJI HAIIPSDKEHUS G B IPOU3BOJILHOM TOUKE ceueHHsl. B Toukax ceueHus, je-
KallKX BbIIE ocu X, OyIyT AeCTBOBATH PacTITMBAIOIIME HAMPSKEHUS OT AEUCTBUS
My; 3HAUUT, nepen YieHoM, coaepkamum My, Haslo mocTaBUTh 3HaK "MUTIOC” (pacTsHyTast
30HA), a JAJIsl TOUYEK CEUEeHUs, JekKalX HKe ocl X - 3HaK "MuHyc" (cxartas 30Ha). s
TOYEK CEUEHMs], JIEKAIIMX CIIpaBa OT OCU Y, IEpe]] WIEHOM, coAepkamuM My, cienyer
MOCTaBUTh 3HAK "TUTIOC" (pacTsHyTas 30Ha), a JJIsl TOUEK, JICKAILUX CJIEBA OT HEe - 3HAK
"MuHyc" (cxKaTas 30Ha).

HeuTpanpHas och WM HyJieBas JIMHUSA, T.€. JIMHUS, HA KOTOPOM HOpPMAaJbHBIE Ha-
NpsKEHUST paBHBI HYIIIO, HE OyJIeT COBMaiaTh HU ¢ oJHOM U3 oceit X, Y. OHa He Oyner u
MEPIIEHAUKYJIIPHOMN K INIOCKOCTH IEUCTBUS HATPY3KH.

OnpenenuM MoJIOKEHUE HYJIEBOW JIMHUU, JJIsl YETO BBIPA3UM COCTABJISIOIINE MOMEH-
Tel My 1 My uepe3 pe3ynbTupyromuii MOMEHT M, 1eHCTBYIOIINNA B CUIOBOM MJIOCKOCTH:
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M, =M Cosa: M, =M -Sina
[ToncraBus 3Hauenust My u My B popmyiny (28.1), momyunm:
Cosa Sina

X y
Jl1st cocTaBiieHrs ypaBHEHUS HYJIEBOW JIMHUU HEOOXOIMMO IPUPABHSTH 3TO BhIpaXke-
HUE HYJII0; PUYEM ClIaraeMble B CKOOKaxX CJIEeNyeT B3SITh C OOpPaTHBIMU 3HAKAMHU, T10-
CKOJIbKY BO 2 U 4-M KBaJ[paHTaXx, TJie JOJKHA MPONUTH HEUTpalibHAs OCh, KOOPAUHATHI X

u Y UMEIOT pasHble 3Haku (cM. puc. 39r, Touky K); cnenoBarensHo, OyaeM UMETh:
Cosa
. y —_

I, l y

Ho Tak kak n3rubaromuii MOMeHT M = P He MOkeT OBbITh PaBHBIM HYJIO, TO OCTaeTCA
HpI/IHHTB paBHLIM HYJI}O BI)IpaH(eHI/Ie B c1<o61<ax, T.C.
Cosax y Sina

X y

oc=M - X

Sina.

M - x[=0

x=0

y_ Sina 1,

M v Cosa l,

O603Ha4MB yepes B yroy HaKJIOHA HYJIEBOW JTUHUU K OCH X, TOJTYUHM:

2-9p
X

MIOCJIE€ YETO BBIPAKEHUE VISl TAHT€HCA yTila HAKJIOHA HYJIEBOM JIMHUU K ocu X MPUMET
BU/I:

I X
tg,B—tga-I— (28.2)
y

Kak BugHO 13 hopmyssl (28.2), yrasl o 1 § B o0LIEM ciayyae He paBHbI MEXIY COOOM,
T.€. HyJIeBas JUHUS HE NEPHEHAUKYJIIPHA CUIOBOM JIMHUH, KaK 3TO UMEJIO MECTO B CIIy-
yae TI0CKOI0 n3ruda. BzanMHas nepneHauKyIsipHOCTh UX OyAET TONBKO B TEX CIIydasiX,
xorna ly=ly, T.e. U1 KBaApaTHBIX, KPYIJIbIX U IPYTUX CEYEHUMN, YIOBIETBOPSIOLINX
YCIIOBHUIO PABEHCTBA INIaBHBIX LIEHTPAJIbHBIX MOMEHTOB MHEPIIUU CEUECHUS.

B pesynbTate BeiBosa hopmyiisl (28.2) oka3anoch, YTO MpaBasi 4aCTh MOJIOKUTEIHHA,
a 9TO 3HAYMUT, YTO MPUHATHIA HAMH OTCUET yTJia MO ABUKEHUIO YaCOBOM CTPENIKH OKa-
3aJICsl MPAaBUJILHBIM, T.€. COBMA/IAaET C HAIIPaBJICHUEM OTCUETa yIiia 3, CAETaHHOTO TaKKe
10 HAIPABJICHUIO JBMKCHHS YaCOBOM CTPEIKHU.

Teneps, MOAB3ySACH MPUHUUIIOM HE3AaBUCUMOCTHU JEHUCTBUS CUJI, OIIPEAEIINM Iepe-
MeIeHHs Ipu KocoM u3rude. [Iporudsr cBoOOAHOTO KOHITA OaJIKK OT IEUCTBUS CHIl Py 1
Py MoryT OBITh Onpe/eneHbl TH00bIM U3 U3JI0KEHHBIX BbILIE CIOCO00B. OHM MOTYYarOTCs
PaBHBIMH:
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P-I° P,-I°

fo=—t— f=—t—
3-E-l,> Y T3EN

npuyeM, mporud ot aercTBus cuiibl Py HampasieH o ocu X, a mporu® oT 1eUCTBUS
cwibl Py - mo ocu Y. [lonHbli iporu® xKoHIa 0anku BeIPA3UTCS TEOMETPUUECKON CyMMOM

000oux TporudoB:
2 2
f=Jf2+17

Hamnpasnenue noyiHOro nporuda onpeaeisieTcs 3HaYeHUEM TaHTE€HCAa YIJia €ro Ha-
KJIOHA K ocH Y

f. P-1, P-l1 -Sina
07 =4 =P 1 P.1 Cosa
y y ly 1y -L0sa
IX
WIH tg}/=|—-tga (28.3).

y
Conocrasiisist opmyiibl (28.2) u (28.3), HaxoAMM, UYTO MIPaBbIC UX YaCTH PABHBI, a
3HAYUT, PaBHBI U UX JIEBBIC YaCTH, T.€.

9y =190 wm y =

OTKyJla CIIEJyeT, YTO TMOJIHBIN MPOrud HaIpaBieH NEPIECHIUKYISPHO K HYJIEBOM JIu-
HUH, T.€. IPOTU0 OATKHU MPOUCXOIUT B TNIOCKOCTH, MEPIICHIUKYIISIPHOM KYyJIEBOM JTUHUU.
dopmyisl (28.1), (28.2) u (28.3) ObL1H BRIBEACHBI HA TpUMEpE Opyca MPSIMOYTOIb-
HOTO CEYEHHMSI, HO OHM JICUCTBUTEIILHBI U JIJISl APYTUX CEYEHUH, Y KOTOphIX ocu X U Y sB-
JISTIOTCSI TIIaBHBIM OCSAMH MHEpIMU. Hanbospiiue HanpspkeHus B OpyChsX, CEUEHUS KO-
TOPBIX UMEIOT JIBE€ OCU CHUMMETPHUH U OMAacHasi TOYKa MaKCUMaJIbHO yAalleHa OT 00enx
TJIABHBIX OCEH (Hampumep, MPSMOYTOJIBHHK, IBYTaBP ), ONMPEACISIOT o popmyiie:
M X M y
Omx =E0 T (284)
X y
3HaKu nepe KaKIbIM WICHOM paBeil yactu Gopmysiel OepyT B 3aBUCUMOCTH OT I10-
JIO’)KEHUSI pacCMaTpUBaeMOl TOUKH B CEUCHUH. B HaieM ciydae, Hanmpumep, 11 TOYKA
"C” (puc. 39r) Haz10 B3ATH IUIIOC, a 71 TOYKH "A" - MUHYC.
Taxum oOpa3om, pacueTHOE ypaBHEHHE Ha MPOYHOCTH MPH KOCOM M3THOE /st 6AJIOK C
CCUYCHHMEM YKa3aHHBIX THUIIOB OyJIeT UMETh BH/I;

§ 29. BHeneHTpeHHOE C:kaTHE (PACTSIZKEHUE)

Korga cxumaromas (pacTsruBaronias) cujia Wik paBHOACHCTBYIONIAS HECKOJIBKUX
CWJI IEUCTBYET MapajijiesIbHO OCH Opyca, HO TOUYKA MPUIIOKEHUS €€ HE COBNAAAET C LICH-
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TPOM TSAKECTHU MOMECPEUHOI'O CCUCHUA 6pyca, TO TaKOC CXKATHUEC NI PACTAKCHUC HA-

3BIBACTCSI BHEIICHTPEHHBIM.
PaccmoTpum cHavana cirydai, Korja JIMHUS JEHCTBUS CXKUMAIOIIEH (pacTsAruBaroIiei)
CHJIbI HAXOJAUTCS B TNIOCKOCTH, TPOXOISIIEH Yyepe3 TJIaBHYIO OCh MHEPIIMU CEUEHHUS Ha

HEKOTOPOM PACCTOSIHUM OT IIEHTpa TsKecTu ceueHus (puc. 40).
o Paccrosiaue | Toukn npuiioskeHus: CHIIBI 10 IICHTPa

TSKECTU CEYCHUS Ha3bIBACTCS DKCIICHTPUCUTETOM.
o [Iycte cuna P npunoxena B touke A. [IpuBenem cumy
P k LeHTpy TsKEeCTH ceueHus, A1 YEro MPUIOKUM B HEM
(Touka 0) nBE CUIIbI, paBHBIE IO BeIU4YuHE cuiie P, HO
oOpatHbIe 10 HampasjieHuo. B pe3ynbpTare 3TOrO TEnephb
Ha Opyc OyAyT neicTBOBATh TP CHIIbL: cuiia P, nmpuio-
YKEHHas B LICHTPE TSHKECTH CEYEHHUs, U JBe cuilbl P, co-

A

aj

B

l b e
-

[

|

i

| crapistomme napy ¢ momentrom M = P - (mepedepk-
i HYTbIE IBYMs 4yepToukamu). OueBHIHO, 4TO cuia P,
I

I

!

!

0

MPUIOKEHHAsS B IIEHTPE CEUCHUsI, OyIeT pAaBHOMEPHO
CkKMMaTh Opyc, a MOMEHT Hapbl OyJeT ero u3rudars. Ta-
KUM 00pa3oMm, ciiyuaid BHEIICHTPEHHOTO CxKaTusi Opyca
MBI CBEJIH K IIEHTPAIILHOMY C3KaTUIO U U3THOY.

L/
// / X [IpuMeHsst METOJT CeUeHU, HaXOAUM, YTO B JIFOOOM

5 / ///j =2 MOTIEPEYHOM CEYeHHH Opyca BOSHUKAET JIBa BHYTPECHHUX

h 7 CUJIOBBIX (pakTopa:
B - npononeHast cua N = —P | ysrubaroumii MoMeHT

M, =PI
CJ'ICI[OB&TCJ'IBHO, B JaHHOM CJIy4a€ HMCCT MCCTO CO-

YETaHUE YUCTOIO MPSIMOTO U3rnda Cc LEeHTpaJbHbIM ckaTheM. [1ockoabKy COOCTBEHHBIN
Bec Opyca 3/1ech HE YUUTHIBAEM, 3HAUECHHSI BHYyTPEHHUX CHIIOBBIX (PAKTOPOB OYyAyT OJIU-

3)

Puc.40

HAKOBbI BO BCEX MOIMEPEYHBIX CEUCHUSX.
BennunHa HOpManbHOTO HANPSKEHMSI, BOSHUKAIOIIETO B JIFOOOK TOUKE MOMEPEYHOTO

cedeHus Opyca, onpenensercs Kak aareopandeckasl CymMmma JAByX HapsDKEHH: oy - OT
[EHTPAIBHOTO CXKATHUS U Gp OT IPSIMOTO M3ruoa, T.e.
o =0y +0\;
WJIM HA OCHOBAHUM (POPMYIIL:

o=—+—>-X
= | , (29.1)
[Tpu 5TOM Kak0€ M3 claraeMbIX MOJCTaBISIETCS B ATy (POPMYITy CO CBOUM 3HAKOM IO
xapakrtepy aedopmaiuu Opyca, T.€. B JaHHOM cirydae popMmyna OyJaeT UMeTh BU/L;
N M,
o=——+—2-X
F | (29.2)

y
B cnyuae npunoxenus cuisl P B Touke B:
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o=- N +—=-y
F ) (29.3)
Haubosipliiee HAMPsHKEHUE B CEUCHUH:
o N M
T (294

Jlnst onipeesieHns MaKCUMMaJIbHOTO 3HaYEHUs HanpspKeHus (1o rpanu 1-3) nepen BTo-
PBIM WIEHOM MPaBOil 4aCTH POPMYJIBI CIEAYET MOCTABUTH 3HAK «ILIIOCY», TOTJA!

Tmax =~ W (29.5)

a JUIS OTpeICJICHIS] MUHUMAJIbHOTO 3HAUCHUS HANpsDKEHUS (110 rpaHu 2-4) — 3HaK

«MHHYC», TOT' JA:
Omin =~ = ~ 1 (29.6)

Ecnu cuna P 6yner npunoxena B Touke B (puc. 400), T.€. 1o ocu Y, TO PopMyJIibI
(29.5) u (29.6) npumyT BU]I:

_N.M,
Omax = F W (o rpanm 1-2) (29.7)
N M,
Omin = F \\ (morpann 3-4) (29.8)
X
b-h?
Ipuusts as npsMoyrossroro ceuennst - =0-h; W = g Y cnenas npeoOpa-

30BaHMsl, puaaauM Gopmyie (29.4) npyroit Buj, 0osiee yaoOHBIHM /111 HEKOTOPHIX UC-

CJIEOBaHUM:
U NM_ N[ el
min F W F h )
N 6-l
WM OKOHYATENIBHO: Gmﬁ? - E (1i Tj (29.9)
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PesynpTaT uccnenoBanus Gopmyisl (29.9), ¢ TOUKK 3peHUs BIUSIHUS BEJIUUYUHbBI IKC-
LIEHTPUCUTETA HA 3HAK U BEJIMUMHY HAIPSDHKEHHS, MOKHO CBECTH K CIIEIYIOLIUM TPEM
MOJIOKEHHSM (CM. puc. 41):

o g _ 8 p 1) €CIIH TOKA IPHIOKEHUS

"9 P P PaBHOJICUCTBYIOLIEN BCEX CHIL,

! 8<§ ¥ &= é‘ ; /é’)g MPUJIOKEHHBIX K MPSIMOYTOJIb-
HOMY CE€YEHHI0 Opyca, HE BbI-

XOJUT U3 MPEAETOB CPEIHEN

' ‘ ' TPETH CEUECHUS, T.€. IKCIICH-

h
! _ TPHCHTET HE NPEBHIIIAET =,

TO HAIIPSKCHHA B CCUHCHUUA 6y-

[
[

NP ]

red L AP EeF i PRIV L fa'ffi{/[{,‘/

% g . %@' ~ IyT OJIHOT'O 3HaKa, a HyJeBas

S[% “e?,[‘?’ JIMHUS POXOJIUT 3a MPEAeIaMu
x4
ﬁr

Hi1eBaw
IS

ceuenusi. O0IacTh, U3 KOTOPOH

I
y :/l I HC BBIXOIUT paBHOIleI?'ICTByIO-
__.,_.h 1asi, Ha3bIBA€TCA HEQOM ccyc-
ﬁ//
h oy

————

py

HUA,
2) ecny TOYKA MPUIIOKEHUS
- PaBHOAECHCTBYIOIIEH JIC)KUT HA
Jntcpes }"‘5””‘#” SHBY  HRTPIREH ‘ ' IPaHU CpeJiHell TPETH CeueHH s,

TO OJHO U3 KPAeBBIX HAIpPsIKe-
HUW PAaBHO HYJIO, & JPYTO€ - B
' 7Ba pa3a O0JbIIe HANPSKEHUS,

| BO3HUKAIOLIETO PU LEHTPAIb-
Prc 4l HOM CXKaTWU: HyJIEBasl JIMHUS
IIPU ATOM MPOXOAUT MO IPaHu

>

Hyrmeba suped =

z:—%

——r

CCUYCHUS;

3) eciv TOYKa MPUIIOKEHUSI PABHOJICUCTBYIONIEH HAXOAUTCS 3a MpeieslaMH CPEIHEM
TPETH, TO HANIPSDKEHHUE B CEUCHUM OyIyT pa3HBIX 3HAKOB, a HyJIeBask JTMHUS TIEPECEKAET
CEUYCHHUE.

Ha puc. 41 Touka npunoxxeHus cuibl P 1aHa cipaBa OT OCH CEYEHHUSI; COOTBETCTBEHHO
ATOMY MOCTPOECHBI U AMIOPHI HOPMAJIBHBIX HANIPSKEHUI; B CITy4ae PacIoOkKEHHs CUJibl P
CJIEBA OT OCH CEYEHHUSI COOTBETCTBEHHO U3MEHHUTCS U SIIOPHI HOPMAJIBbHBIX HANIPSKEHUH,
a TAKXK€ U MOJI0KEHUE HYJIEBBIX JTUHUM (CM. IMYHKTUP Ha puc.41).

XpylKre MaTeprualibl OYEHb MIIOXO COMPOTUBIISIIOTCS PACTSHKEHUIO, TOMTYCKAEMBbIE UX

HaIIPAKCHUA Ha PACTAKCHUC [G] O4YCHBb MaJIbl. HOBTOMy JJIs1 HUX HeO6XOI[I/IMO TakK

p
no0MpaTh UX MOMEPEUHbIE Pa3MePhl, YTOOBI TOUKA TIPHIIOKCHHS PaBHOICHCTBYIOIICH HE
BBIXOJIMJIA 32 TIPEJIEeTIbl CPEAHEH TPETH CEYCHUS (siIpa CEYeHHs), T.€. YTOOBI AMIopa
HaIpsHKEHU COOTBETCTBOBAJIA AIMIOPE MO (puc. 4a) Wik, B KpailHEM cilydae, - SMI0pe 10
(puc. 4106).
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§ 30. Kpyuenmne ¢ uaruoom

PaccmoTpum ciyyait OIIHOBpeMeHHOFO KpydeHus u u3ruda Bana (puc. 42). [lpumenus
METOJ] CEYCHUM, HAlJIEM, YTO

a) 07 B IIOIIEPEYHBIX CCUCHHSX Baja
l i ' OJTHOBPEMEHHO BO3HHKAIOT
8 g KPYTAIIHA My B H3ru0aronuit
N,
) .X _ | Gy My MOMeHTHI. Boienus n3

. > / N Opyca okoJio Touku "B" ane-
{/fz  MeHTapHBI! KyOHK M pac-
¥ M2 CMOTPEB €T0 PaBHOBECHE,

/ A HAiIeM, 9TO 0 YETHIPEM €I0
Puc .42 IpaHsM BO3HHMKAIOT Kaca-

TEJIbHbIC HAIIPSKEHMUS], a IO
JIBYM U3 HUX - €Ill¢ U HOpMaJibHbIe HanpspkeHus (puc. 426). CrnenoBaTeibHO, KYOUK
HaXOJUTCS B INIOCKOM HAMNPSHKEHHOM COCTOSIHUU.
Takum 00pa3om, B KaK10M TOUKE MOMEPEYHOrO CEYEHUs1 Opyca OJTHOBPEMEHHO BO3-
HUKAIOT:
1) MakcuMaIbHBIC HOPMAJIBHBIC HATIPSHKCHUS OT U3ruoa:

M X
O-max _ W
X
2) KacaTeJbHBbIC HANPSHKEHUS OT U3ruda, KOTOPHIMH BBy HX HE3HAYHTEIHLHOCTH
npeHeoperaem;
3) KacaTeabHOE HANpPSHKEHUE OT KPYUCHHS, TOCTHUTAIOIIee HanOOIbIIIer0 3HAUCHHUS
T = M,
max —\\/ BO BCEX TOUKAX KOHTYPa KPYIJIOTO CCYCHHs H, B TOM UYHCIIE, B IBYX TOUKAX
p

A u B (onacHble TOUKH), B KOTOPBIX UME€EM MaKCcUMajbHOE 3HaueHue. [I[puHsB BO BHU-

MaHUE, 4TO Wp =2-W, , MO’KHO HAIIMCATh:

K __ K

Tmax -
W 2.W,

JIro60e u3 nonydeHHbIX HAMPSHKEHUH ( Opax U Tax ), B3TOE B OTACIBHOCTH, MOYKET

OKa3aThCsl MCHBIIIMM COOTBETCTBYIOIIETO eMy (I10 BHIY €T0 JeGopMaIin) JOIMyCKaeMOTo
HaIPsHKCHUS, HO OJJTHOBPEMEHHO UX JICHCTBHE MOXET OBITh OMTACHBIM JIJ1s Opyca.
['1aBHBIC HATIPSIKEHUS ONPEEstOTCs coryiacHo popmyrie (11.6):

2
(o2 (o2
o =—t. |l = | +7°
min 2 2

HO,Z[CTaBI/IB BMCCTO C U T UX 3HAYCHUA, ITIOJTYUYHUM:
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w2 w,
1

Brinecs 3a ckoOKy 5 .\\_ > MOJYIHM OKOHYATEITLHYIO dbopmyy Uil OnIpeiesIeHUs]
X

2 2
My (LM} (M) I M, 1 .\/|\/|X2+|\/|k2
oW | 2 W, 2w -

X

max
min

1
Oy = =
2

[JIABHBIX HANPSLKEHUHN MPU KPYYEHHUH C U3THO0OM:

1 2 2
O-max_z.—vvx‘(Mxi\/Mx +M, ) (30.1)

min

Tenepb MOKHO COCTaBUTH YCJIOBHUS MPOYHOCTH Opyca KPYyTriaoro CeYeHus sl Hau-
0oJee HaNPSHKEHHOM €ro TOYKU Ha OCHOBAHWU TPETHEN M SHEPreTUUECKON TeOpUil poy-
HOCTH.

1. ITo TpeTheii Teopuu MPOYHOCTH: O, = O; —O3 = [O' ] MOJIb3YACh POpMYyIIOn
(30.1), MOXHO HamMcaTh:

1 1
O'm:m.(MX+JMx2+Mk2)—m-(MX—\/Mx2+l\/lk2)£[0']’
M*+M?> M .
I W w slel, (30.2)

X X

2 2
rac Mpacu:\/Mx +Mk .

2. Ilo »HepreTuyeckoil (UeTBEPTOil) TEOPUH MPOYHOCTH:

O, =\/0'12+0'22—0'1-O'2 S[O']

2

MPOU3BeEAs HEOOXOUMBIE TTOJICTAHOBKH U MIPeoOpa30oBaHUs, MOTYyUHUM:

JMZ2+0,75-M> M, <[o]
O = = S
9K6 W W G y (30-3)

X X

e M .. =M ?+0,75-M2

§ 31. [IpoxoabHbIA H3THO

J1o cux nop onpenesneHre pasMepoB MONEPEYHBIX CEYEHUN CTEPIKHENW MbI IIPOU3BOIU-
JIM U3 YCIIOBUN MTPOYHOCTH M JKecTKoCcTU. Ho mpakTrka paboThl KOHCTPYKIIHI MTOKa3bIBa-
€T, UTO Pa3pyLIEHUE CHKATOTO CTEPHKHSA MOKET MPOU30UTH HE TOJIBKO OT HAPYLIEHUS €ro
MPOYHOCTH, HO ¥ OT NOTEPU MPUAAHHONU €My IPHU U3TOTOBICHUH (POPMBI paBHOBECHSI.

s mpumepa BO3bMEM JIEPEBSHHYIO YEPTEKHYIO JIMHEUKY U IPUIIOKUM K HEH IIPO-
JIOJIBHYIO COKMMAIOIIYIO Harpy3ky. IlocreneHHo ysennuusas ee, 3aMeTUM, 4TO OCh JIU-
HEWKH CHayaja OCTaeTCs MOYTHU MPSIMOJIMHEUHOM, a 3aTEM IIPU HEKOTOPOM Harpyske, u3-
MEHSAIOIIEHCs B JaJIbHENIIEM O4YeHb MaJlo, Oy/IeT BecbMa OBICTPO PacTH Nporuod, u Jiu-
Helika jomaetcs. [Ipy 3ToM oka3bpIBaeTCs, YTO €CIM ONPEIETUCh HANPSHKEHUE B TIOIIE-
PEYHOM CEYEHUH JIMHEUKH, KaK IIPU IPOCTOM C3KATHH, TOJIBKO OT CKUMAIOLIEN CUJIBI, TO
OHO Oy/IeT BO MHOT'O pa3 MEHbIIIE Ipe/iesia MPOYHOCTH MaTepuaa, i3 KOTOpOro oHa Obuia
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u3rorosiieHa. OTcroga cieayer, YTo NPUYUHON pa3pylICHUs JIMHEUKHU SIBISETCS HE
HapyIlIEHUE yCIOBUS MPOYHOCTH, a MOTEPs NPUIaHHOMN €l MPSIMOJTUHENHON (GOpMBI paB-
HOBECHS, T.€. IOTEPSA YCTOMYMBOCTH, BBI3BABILIAS JOMOJHUTEIBHBIC HAMIPSIKEHUS OT MPO-
JOJILHOTO U3ruoa.

W3 U31105KEHHOTO CTAHOBUTCSI OUYEBUJIHBIM, UTO JJIs1 HAJEKHOU pabOoThl KOHCTPYKIIUH,
MIOMHUMO MPOYHOCTH €€ DJIEMEHTOB, HE0OX0AUMO, YTOOBI OHU ObUIM YCTONYUBEI. [loaTOMY
C)KaThle CTEPIKHU, KpOME TIPOBEPKH MX HA TIPOYHOCTH JTOJDKHBI OBITH IPOBEPEHBI U HA
YCTOWYHUBOCTb.

Haubonpimas cxxumaromas cuia, 10 KOTOpO COXpaHseTcsl yCTOWYMBOCTD MEPBOHA-
JabHOU (POPMBI pABHOBECHSI CTEPIKHS, HA3bIBACTCS KPUTHIECKOW CHUIIOW U 0003HAYaeTCS
P..

Jledopmariust CTEpIKHS, BEIPKAIOIIASICS B UCKPUBIICHUH €T0 MO ISHCTBUEM C)KMMa-
IOIUX CHJI, HAITPaBJICHHBIX BIOJIb €T0 OCH, HA3bIBAETCS IPOJIOTHHBIM M3THOOM.

HanpsixkeHue B CeUeHUN CKATOrO CTEPKHS, BBI3BIBAEMOE KPUTHUYECKOU cuiion Py, Ha-
3bIBAETCS] KPUTHUECKUM HANPsHDKEHUEM M 0003HAYACTCS Oy

CrnenoBatesbHO: O, = (31.1)

Tak Kak JJ1s1 CKaToro CTEP>KHS KPUTUUECKUE HANIPSKEHUS SABJIIFOTCS OIMIACHBIMU, TO
JUIs1 00ecTieYeHUsT YCTOMYMBOCTH MIPSMOJIMHEHHON (POPMBI CTEPIKHS, TTOABEPKEHHOTO
cxuMaroriel cuie P, cinenyer 100aBUTH K YCJIIOBHIO MMPOYHOCTH HA CKATHE €IIle YCIIOBUE
YCTOMYMBOCTH:

ngﬁ[ay] (31.2)

rae [ay] - IONYCKAaeMO€E HaIpsKEHUE Ha YCTOMYMBOCTh, PABHOE KPUTUYECKOMY Ha-

NPsHKEHUIO, AeIECHHOMY Ha K03 uuumeHT 3amnaca ycrounboctu Ky, T.e.

Lo, ]= Z—ky (31.3)

§ 32. ®opmyJia JI. Ditiepa 1Jis onpe/esieHusl BeJTUYHMHbI KPUTHYECKOI
cuiibl. Bausinue cnoco0a 3akpervieHusi KOHIOB CTEPKHSA HA BeJIHYUHY KpUTHYe-
CKOM CHJIBI

[Ipu pacuete cTepkHEl HAa TPOJOJIbHBIN U3rMO MHOTAA TPEeOyeTCs ONPEAEIIUTD BEJIH-
YUHY KPUTUYECKOU CHIIbI P KaKk HAMMEHBIIYIO OCEBYIO COKMMAIOIIYIO CUITY, IPU KOTOPOH
MOYHO COXPaHHUTh PABHOBECHE UCKPUBIIEHHOTO CKaTOr0 CTEp:KH:A. Briepsrie 31a 3a1aya
obLa pemena JI. Ditnepom:

P z° E-l_

[TonyueHHoe BhIpakeHHe Ha3biBaeTcs hopmyiioi JI. Diinepa B cirydae coxaTusi CTEPIK-
HS C IIIAPHUPHO 3aKPETICHHBIMHU KOHIIAMHU.

Jns apyrux crnocoOO0B 3aKpeIIeHHUs] KOHIIOB CTEPKHsI (hopMyJia U3MEHUTCS.

DopMyJIbl, ONPEICIISIIONINE BEIMUMHY KPUTHUECKOW CUIIBI IJISI BCEX YETHIPEX CIIy4acs,
MOXHO OOBEIMHUTH B OJIHY:
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P =——-——"
k 2 (32.2)
(-1
B sroii popmyne koadduiiueHT (L HazbiBaeTcs K0dDGUIIMEHTOM MPUBEACHUS JIUTUHBI,

1
KOTOPbIN 3aBUCHUT OT crocoda 3aKPCINICHUA KOHIOB CTCPIKHA 1 YHHUCJICHHO PAaBCH H , TAC

N - YHCJIO MOJTYBOJIH.
[Tpu MapHUPHOM 3aKpereHny Konos L =1;

TIPH OJTHOM CBOGOHOM M JPYTOM 3aIeMICHHOM KOHIax A =2 ;
py 00OWX 3aIEeMJICHHBIX KOHIIaX A = 0,5;

TIPH OJTHOM 3aIEeMIIEHHOE, ¥ ApyroM mapaupHoM konmax L =0,7 .
Benuunna npousBenenust Ko3QGUIMEHTa MPUBEACHUS JUIMHBI HA JCHCTBUTEIBHYIO
JUTMHY CTep kHs | Ha3pIBaeTCsl IPUBEICHHOW WMITH PACYCTHON JUTMHOM CTEPHS U 0003HA-

gaeTcs lpgey, T.€. |pacq =u-l.

§ 33. Kputnueckoe Hanpskenue. ' MOKoOCTb cTepkHs.
Hpeneas: npumenumoctu Gpopmyast JI. Jiinepa

®opmyaa @. C. SAcunckoro. Jlonyckaemoe HanpsizkeHHe MPU NPOAO0IbLHOM M3I'H-
oe

Jlns onpenenieHns BETUYMHBI KPUTHYECKOTO HAIIPSDKEHUST O, CIEAYET BEIINUYUHY
KPUTUYECKOM cuiibl P, pa3aenuTs Ha mioma s nonepeyHoro ceuenus F, t.e.

P, rm*-E-I,

K

o, = 5
F () F
Ha ocnosanuu popmy (13.14) u (13.15) moxuo Hanucats: |, =F 'i;in , TOraa:

2 -2 2 .2
P E-Fiy, 7 -E-iy,

K

O, = 2 2
Fooo(w)F ()
[lepenecs BenuuuHy iriin B 3HAMEHATEb, MOJTYYHUM:
o — 72 E
(e 2 (33.1)

Imin
OTHOIIIEHHE pacueTHO! (IPUBEIEHHOW ) AJIMHBI CTEPKHS K HAMMEHBIIIEMY PaanyCcy
WHEPIIMU Ha3bIBAETCSI TUOKOCTBIO CTEPKHS U 0003HavaeTcst OyKBOM A, T.€.

A
A="— (33.2)
Imin
Brens o6o3naueHue ruOkoctu crepkus B hopmyiy (33.1), nomyuum:
7% -E
O, = I (33.3)
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[ToaTomy, eciiu O, < O s dbopmyiia Ditepa npuMeHUMa, eCliv ke O, =20, ,TO
HenpruMeHuMa. OUeBHIHO, YTO TPaHULICH MpUMEHUMOCTU PopMyJibl Ditsiepa OyeT ciy-
4aii, xorga O, = O, . JInd NpaKTHYECKUX LieIel yno0Hee BRIPasuTh NPe/eiibl IpUMe-
HUMOCTH (popMyJIbl Difsiepa uepes ruOKOCTh A.

3amenum B popmyine (33.3) O, Ha O,, (Ipenen NponopUUMOHATBHOCTH)

2
7°-E
C,, = 7 OTKY/1a ONPEICIUTCS 3HAUCHUE MTPEICTbHON THOKOCTH CTEPIKHS:
2
P 7°-E
npeo
’ o

np

Tpunsis st cramu Cr.3 O, = 2000 kr/em? u E =2-10° kr/em?, nomyunm:

2 6
. 3,14°.2-10 ~100
2000 ’

T.e. ecu ruokocTs crepxkHa A =100 | To popmyna Diinepa npuMennma, ecian xke
A <100, to Henmpumenuma.

OmBITHI TOKA3BIBAIOT, YTO B TEX CIyYasx, KOTJa KPUTUICCKUE HAMIPSKCHHS TTOTY-
qaroTcs 0oJIble Ipeiesia MpOonoOPIUOHATLHOCTH, TO IEUCTBUTEIbHBIE KPUTUUECKUE CUITBI
OKa3bIBAIOTCSl HA MHOT'O MEHbIIIE BBIYMCICHHBIX TI0 (popMmyiie Ditniepa. Ita hopmyia Ha
MPaKTUKE OKa3ajgach MPUMEHUMON TOJIBKO JIJISl OTPEICTICHHONM KAaTeTOPUH CTEPKHEH -
rUOKUX U JUIMHHBIX, T.€. ¢ 00JbII0M THOKOCTHIO A. (ITpomosbHbIN U3rKMO B ipenenax
yapyrux aedopmaruii).

Ha ocnose onbiTHBIX gaHHBIX @. C. AcuHcKkuM ObUTa MpeIoKEHA IMIUPUYIECKas
dbopMyna asis onpeaeneHuss KpUTHUECKOTO HAMPSHKEHHUS B CEUECHUSX CTEPIKHEH HEKOTO-
PBIX KOHCTPYKITHOHHBIX MaTEPHUAJIOB:

oc.=A—-B-1, (33.4)
rae A u B - koadduimenTsl, onpeaensieMble OMbITHBIM ITyTEM.
st cranu Ct.3 dopmymna (33.4) umeeT BU:
o, =3100-11L4- A (xr/cM?). (33.5)
Onpenenus BEJIMYMHY KPUTHYECKOTO HANPSKEHNSI, MOXXHO BBIYMCIUTH KPUTHYECKYIO
cuty o popMmyiie:
P=o0c,F. (33.6)
®opmyina @. C. ScuHCKOTro NpUroIHa HE MPU BCeX 3HaYeHusix rudkoctu A. Ha puc.
43 nzo0paxxkeH rpaduk 3aBUCUMOCTH KPUTUUECKOTO HANIPSKEHUSI OT TUOKOCTH JIJISl CTaIH

Cr.3.
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)
2400 dom rpsaas
| CLIRCEO20
2000 ] , \
1600 .
200 Qurepbara
N e
g0 {0 CCCT | Gy=f-8 N\ Irepa
400 1 - TEE ~
- Lapeg v =
a 20 49 e 0 0 0 40 -2
Puc. 43

st tuoxoctr ot 0 10 40 KpUTHUECKOE HANIPSIKEHUE, IPUMEPHO, TTOCTOSIHHO;

MIO3TOMY CTEP)KHU PACCUUTHIBAIOT HE HA YCTOWYHUBOCTD, @ HA IIPOYHOCTH ITPU OCEBOM
cxatun. CTepskHU co cpeiHeli TMOKocThIo, Haxonsmeiics B npenenax 40 <4 <100,
paccuuThiBatoT 1o Gopmyie @. C. SIcUHCKOTO, TaK KaK MPOAOJIbHBIN U3rud HaOI01aeTCs
B IJJACTUYECKOM CTaJIUU.

[lepeiinem Tenephb K BOMPOCY O IOMYCKaeMOM HAIPSKEHUU TIPU MIPOI0THLHOM U3rHbe,
KOTOPOE MOHO onpeneanTsb npu 60mpmux rudkoctax (A =100 ) o popmyne (33.3), a
npu cpeaaux rubkoctax (40 < A <100) no popmynam (33.4) u (33.5), pasnenus
HallJICHHOE 110 HUM 3Ha4Y€HUEe KPUTUUECKOM CHIIbl Ha Koa(duumeHT 3anaca K.

Koaddunuent 3anaca ycroitunBoctu Ky npunumarot: aiisa crtanu ot 1,8 1o 3; muist ne-

peBa ot 2,8 110 3,2.
CrnemoBaTenbHO, U1 KaKI0T0 3HAUCHUS THOKOCTH A, MOYKHO OMPEICIUTh CBOC 3HA-
YeHHUE JOYyCKAaeMOro HaIPsKEHUSI IIPH MPOJ0JIBHOM H3rHoe:

[Gy] B z—ky (33.7)

§ 34. KosdppuuueHT yMeHbIIEHUS JOMYCKAEMOI0 HANPSIZKEHUS HA CoKaTHE NP
MPOI0JIbHOM U3ruoe.
Pacuer ckaThIX CTEpP;KHEH ¢ MOMOIIbIO TAa0JIHUI

br11o YCTAaHOBJICHO, YTO CIKATbIC CTCPKHU JTOJIPKHBI OBITH IMPOBCPCHBI 110 JIBYM YC-
JJOBUSM:

a) O YCJIOBMIO IIPOYHOCTH - o= = < [6 ], (34.1),

_ O-nped . .
rae [0] - K (anea = Or uin aned - Gg);
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P o,
0) IO YCIOBHIO YCTOWYHUBOCTH - o= = < [Gy:l = 7 (34.2)
op y

B mpenpiaymiem naparpade yka3plBalioch, 9YTO JOMyCKaeMOe HAPsOKEHUE Ha YCTOM-
YHBOCTh HE SIBJSICTCS MMOCTOSIHHBIM ISl OHOTO M TOTO K€ MaTepHala, a 3aBUCHT OT THO-
KOCTH CTEPKHSI A.

BrIsicHUM, Kak CBSI3aHBI IOMTyCKaeMbIe HAMPSKEHHS HA YCTOWYMBOCTD C JIOMyCKae-
MBIMH HallPsDKEHUSMA HA TIPOYHOCTH. [|JIs1 5TOTO COCTaBUM MX OTHOIIICHUE:

[Gy] _ oK
[G] Ky 'O-npea ’

o.-K
OTKy1a |:Gy:| = R-IT—G‘)'[G] :
v npe

OG603Ha4YMB BBHIPOXKEHHUE, CTOSIIEE B PABOH 4aCTH PAaBEHCTBA Tepe [0 depes ¢ mo-

TyIHM: [Gy]:(p'[o'],

o o K
e = (34.3)
Ky ) aned

Koaddumment ¢ HazpiBaercs k03 PUIIMEHTOM YMEHbIIIEHHUS OCHOBHOTO JIOMYCKae-
MOTO Hanpskenus [o| mpu nmpoaoIEHOM u3ru6e (K0o3GPUIMERTOM MPOIOILHOTO H3TH-

0a). BennuuHa ero Bcerja MEHbIIE €IUHULIBI.
Teneps pacueTHyro (GOpMyTy Ha yCTOWYMBOCTh MOKHO MPEACTABUTH B CIEAYIOLEM
BH/JIE:

P
c=z<¢|o], (34.4)

rzie [o] - 0CHOBHOE NOMyCKaeMOE HANPSIKEHHE TIPH OCEBOM CHKATHH.

3ajaun Ha IPOJOJIbHBIN U3rM0 MOYKHO pa3/IeuTh HA TPU CPYIIIIbL:

1. Onpenenenue 10MyCTUMONM Harpy3Ku Ha CTEPKEHb MPU U3BECTHOM JUIMHE, CIIOCO-
0€ 3aKpernyIeHNs KOHIIOB, IUIOIIAIH TONIEPEYHOr0 CEYEHUs U BUla MaTepuraa.

2. TlonGop ceyeHus cTep kKHA MO 3aJaHHOM JUIHHE, CII0CO0e 3aKperIeHHs! KOHIIOB,
BHJIa MaTEpHUaa U BETUYUHE CKUMAIOIIEN CUJIBI.

[IpoBepka Ha yCTOWYMBOCTH NPOJOIBHO-CKATBIX CTEPIKHEN.
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