
OT3bIB
oSuquanrnoro ourroHeHTa o Ar4cceprarlpru Arexcan.upa Cepreesuqa flaHesa

<IrlccreAosaHl,Ie ABI,IxeHr,r, TeJra no ropl{3oHtamnofi rrJlocKocrlr [oA BnLITHI,IeM [epeMeIrIeHH,

BHyrpeHHefi uaccrr>, npeAcraBneunofi Ha corrcxaHue y.renofi crerreHll KaHA[IAara QLr:raxo-
MareMarr,rqecKLtx HayK no cneqlraJrbHocrpr 01 .02.01- TeoperuuecKa.,I MexaHLIKa

O6rexr uccneAoBaHr.rr Ar4ccepraquouuofi pa6oru A.C. Ilauena - nu6paqrloHHarl noKoMoIIuoHHa,

cr{creMa, cocrorrqur r.r3 xecrKoro Koptryca, MoAeJII{pyeMoro a6coruotno rBepAbIM TeJIoM, LI

.qe6alaHcsoro nu6ponoa6yAr{TeJrs, pacronoxeHHoro BHyrpI{ Kopryca. ,{e6alauurufi
nu6poeos6yAurenb - 3To porop, Bparqaroquficx norpyr ocu, xecrKo css:aHHofi c KopuycoM,

lpuqeM ueHTp Macc poropa He Jrexr.rr Ha ocu ero Bparqeuua. Kopnyc crlcreMbl I{Meer $opry
rrprMoyronbHoro napannene[[[eAa, o.{Ha v3 rpauefi Koropofo JIexI4T Ha Necrxofi

ropl{3oHTanurofi ulocKocrlr, rro Koropofi 4nuxercfl noKoMorIproHHaJI cl,IcreMa. Eyaeu Ha3blBarb

gry rpaHb Hr,rxHr,rM ocHoBaHr{eM, rrapilJrJrenbHyro efi rpaur - BepxHrIM ocHoBaHIaeM, a ocriIJIbHbIe

rpaHr.r - 6oxosrrN,rr,r rpaHrMr{ Koplyca. Ocr npauqenua au6ponos6yAurenr npoxoAur qepe3 ueHTp

Macc Koplyca v [eprreHA[rKyJrrpHa oAuoft [r3 ero 6orosrx rpaHefi. flpe4uolaraercfl, rrro IIeHTp

Macc poropa Jrexrrr B rrJrocKocrlr, rpoxoA.rrqefi vepe: IIeHTp Macc Kopuyca v nepneHAllKyrupuofi

ocr{ BparqeHr{.rr poropa, a ocb BparrleHlrfl poropa ecrb ero rJIaBHzuI ocb I,IHepIIuu. B groM cnyqae

nu6ponos6yAprrenb MoxHo MoAenr.rpoBarb Marepnamnoft tourofi, 4nuNyqefic.u orHocI{TeJIbHo

Kopryca no oKpyxHocTpr 3aAaHHoro paAr,ryca BoKpyr ocr{ BparqeHl{s poTopa nu6ponoz6ylurett;
Macca uarepualrnofi TorrK[r paBHa Macce poropa. Onucannas cucreMa Moxer coBeplxarb

ABuxeHr,r.rr, [pu KoTopbrx Kopnyc nepeMeruaerc, flocTyfiarenbHo BAonb upruofi,
neprreHAr.rKynapuofi oclr Bparrlenux eu6ponos6yAurers. IrIIueHuo raKLIe ABLIxeHLL l,rccneAylorc,

Ar.rccepraHTovr. flpe4noJraraercfl, qro MexAy Kop[ycoM r.r rrJlocKocrblo, ro roropoft oH ABllxercfl,

4eftcrnyror KynoHoBo cyxoe rpeHlre Lr lznefiuoe ((Bs3Koe) TpeHI.Ie. flpeguolaraercfl., qro

nu6ponos6yAr{Tenb Bparqaercfl c rrocrorHHofi cxopocrbro I,I rrro ABVxeHLIe cl{creMbl rIpoucxoAI,IT

6e: orprma Koplyca or floBepxHocrl{ [epeMeuIeHI.Iq.

Ilenr Ar{ccceprarluoHHoro r4ccneAoBaHr.rfl Aarb uacczSr.rxaIII4Io Bo3MoxHblx 4aIlxeuufi
onucasHofi lorououzoHuoft cLrcreMbr, olpeAenr.rrr o6racrz B npocrpaHcrBe rrapaMerpoB

cr.rcreMbl, orBeqaloqI,te ABr,rxeHr,rflM KaxAofo KJracca, u I43fII,ITs ocHoBHbIe csoficrsa Lr

oco6euuocru 3Tr.rx 4nnxenuft. lauruas upo6neua [peAcraBn.,Iercfl arryalruofi. K
noKoMorluoHHbrM crrcreMaM nu6paquonHoro npl{Htluua AeficrBLIfl I,IMeerc, 3Hatluremuufi LIHTepec

y r.rHxeHepon, paspa6arbrBaroulux Mr{Hrrarropurre uo6uJrbHbre po6oru, nepeMelrlalouuecs 6es

BHeruHr.rx ABr.rxr.rreJreft sa c.rer ABr{xeHr.rs BHyrpeHHr.Ix reJI rlpu KoHTaKTe Koplyca po6ota c

sueuHefi colporr4Bnsrourefic.s cpeloft. Taxue po6otrt npocrbl KoHcrpyKTLtBHo, ne tpe6ytor
cnoxHblx MexaHr,r3MoB Anfl nepeAarru AnuNenufi or ABlrrarerefi r ABLIxvrenrM, I{x Koplyc Moxer

6srrr cAelaH repMerrdr{HbrM r,r reoMerpr,rqecKr,r rJraAKI,IM, 6es nrrcryuarcqux Aeralefi. flocleAuee

o6crosremcrBo Aenaer nepcleKTr.rBHbrM ucnonb3oBauue su1parluoHHbrx po6oron B (paHI,IMbIx)

cpeAax, Haupr4Mep An, flepeMeureHr.rfl B ToHKr,rx rpy6ax c BHyrpeHHe[ nonepxHocrblo, norpmofi
3arrIr,ITHbrM cJroeM, rlenocrHocrb Koroporo He Aonxua 6ntm HapylxeHa, I,InI{ BH}'Tpu rena qenoBeKa

l\fl AOCTaBKT,T Ar4arHooTr.rqecKoro AaTr{r.rKa il|il4 MeALrKaMeHTa K nopaxeHHoMy yrracTKy.

.(uuauuuecxue csoficrsa noKoMorluoHHbx cr.rcreM nu6paquonuoro flprlHulrna Aefictsuq Lt

rrpr4Hur.rrrrdaJlbHbre Bo3MoxHocTI4 ynpaBneHr.L TaKr,rMrr crIcTeMaMIi K HacToglueMy BpeMeHI4

r{3f{eHbr HeAocraroqHo rroJrHo, rrro flpenflTcrByer rrporpeccy B co3AaHI,Iu s$$ercrnnnbrx LI

HaAexHbrx an6paquounrrx po6oroB AJUr BbrrronHeHu, pa3nr.rr{Hbrx rexHLIqecKLIx 3aAaq. Peurenue

3aAaq, [ocraBJreHHbrx B Ar,rcceprarlul,I A.C. IIaneBa, BHoclrr garueumtft BKnaA B co3AaHI{e HayqHblx

ocHoB MexaHr.rKr{ noKoMour{oHHbx cr.rcreM nu6paqnonHoro npl{Hrluua Aeficrsu.f,. flo cBoeMy

oErrlu



co.qepxaHl{Io LI MeroALIKe pelueHvrfl, gru 3a2.aqu orHocrrc{ K TeoperurrecKofi MexaHr,rKe. Taxnna

o6pa:orra, Allcceprallprs A.C. llanena aKTyanbHa c nayruofi u uHxeHepnofi ro.reK 3peHrlfl r,r BrronHe

coorBercrByer crreqlaanbHocrr,r 0 1 . 02.0 1 - TeoperuuecKaJr MexaHr,rKa.

Ocuonuofi Marepllan Al..Icceprallulr H3JroxeH B rpex puBAenax. B pa3AeJre I ucclegyercr
noBeAeHI{e paccMarpl{naeuofi MexaH}rqecxofi cucreMbl B IlpeAnonoxennur, rITo B Ha.ramHrrfi
MOMeHT BpeMeHI,I CKOpOCTb Koprryca OTHOCT.TTeJTbHO noBepxHocrr.r nepeMerrleHlrfl paBHa HyJrro, a
nu6poao:6yAl,ITenb HaxoArITcfl B o[peAeJreHHoM rroJroxeH]ru, trptr KoropoM flpoeKuru

Ueurpo6eNuoft culu BpalrleHut nu6ponos6y1ilTenfl Ha HanpaBneH[re AB]rxeHu, Kopnyca paBHa no
BenuquHe MaKcI,rMiIJIbnofi crle cyxoro TpeHr.rf,. BseAeur.reNr 6espasnaepnbrx rrepeMeHHbrx qlrcJro

napaMerpoB, oflpeAen.t{rolrlux noBeAeHue clrcreMbr, cHaxaerc.,r Ao rpex. 3u,r rpu [apaMerpa cyrb
orHoIIreHLIe cI{JIbI T.,Ixecun, .4eftcrnyrouefi Ha Bcro cr{creMy K BeJrr4r{r,rHe uenrpo6eNuofi culu
BpaIrIeHI,L nu6ponos6yAL{Tenfl, orHorrreHr.re roe$Suuueura rulnefinoro 4euurpupoBaH:zfl. K

lpol{3BeAeHI{Io uomtofi MaccEI cucreMbr Ha Benuqr.rHy yuonofi cKopocrr4 BparrleHr{,
nu6poaos6y.urlren, v xoeSQuqraenr cyxoro rpeHr.rr. Cuaqara paccMarpr.rBaercfl noBeAeHr{e

cl4creMbl B orcyrcrBue Bf,3Koro rpeHLIs. B ulocxocrr,r AByx [apaMerpoB cr.rcreMbr Bbr.{enrrorcfl'tpu
o6lacru, B Koropblx ABr.rxeHlre cr4creMbr Hocr.rr KarrecrBeHHo pa3nr,rtrHuft xapaxrep. B oAnofi l.rs

o6lacrefi Koplyc cprcreMbr coBeprlaer [eplroALrqecKoe ABr.rxeHr.re c flepr{oAoM, coBlaAaroqr.rM c
neplaoAoM BpaIrIeHLIf, nu6ponos6yAr{Tenr, npprqeM Ha [epr{oAe r.rMerorc, ABa r.rHTepBana

(3iIn[naHLIt) Kopnyca, Ha KoTopbrx ero cKopocTb paBHa Hynro; cpeAHff cKopocTb ABr.rxeHut
JloKoMoulrounofi cucreMbl B srofi o6racrr.r paBHa Hynro. B gpyrofi o6lacrrn cKopocrb ABr.rxeHtrs
Kopnyca I'I3MeH.f,eTct [eppIoALIqecK[ c [epIIoAoM, coBnaAaIOq[IM c IIepuoAOM BpaIIIeHLL

nn6poeos6yI.urenfl, rIpLI groM sa r(axAHfi rrepproA Koplyc nepeMerrlaerc.f, Ha onpeAeneHHoe
paccrorHl{e B oAHoM I,I ToM xe HatrpaBneHvrv; s grofi o6racru Ha rreprroAe ilMeerc.f, TonbKo oAr.rH

I'IHTepBaJI 3urutilanw.fl. Koplyca. Haxoueq, n rperueft o6racru cKopocrb Kopnyca u3MeHsercfl ro
HelepploAllqecKoMy 3aKoHy I,I .(BlrxeHr.re npoucxo.{ur 6es 3aJwfiraHufl c Apefi$our B orrpeAeneHHoM

HalpaBneHuu. HanpaBJIeHLIe apefi$a eo nropofi u rperlefi o6lacrsx 3aBucr.rr or HarrpaBJreHufl

BpaIIIeHI{fl nz6pono:6yAllTens. AHaror[.rHaq Kaprv Ha ua6ruogaercfl u B cnyqae Haruttr4r- B.f,3Koro

TpeHI,Ig Hapfl,Ay c cFxI{M TpeHileM, ToJrbKo rpu o6racrI,r, B Koropblx ABI,IxeHr,re r,rMeer Kar{ecrBeHHo
pasruvurtfi xapaKTep, onpeAenrlorcs He Ha rrJrocKocrr.r, a B TpexMepHoM rrpocrpaHcrBe
napaMeTpoB.

B pasgele 2 aHarusupylorcfl rlHTerpanbHbre Kpr{Bbre ypaBHeHr.r, ABr.rxeHn, paccMarpusaeN,rofi

lorouoquounofi cllcreMbl s xax,4oft I,Is nocrpoeHHhrx B rrpe.{brAyrrlerr,r pa3Aene o6lacrefi
IIJIocKocrLI [apaMerpos. floKa3aHo, rrro B AByx u3 3Tr,rx o6racrefi mo6oe ABraxeHr.re clrcreMbr 3a

KOHeqHOe BpeM.[ BbIXOALIT Ha COOTBeTCTByTOUUe [eplroAr{rrecKr4e ABI,rXeHufl, rrocTpoeHHble B

pirAene 1, a B rperreft o6ractu cyrqecrByer neplroAr,rqecKoe ABr,rxeHr.re, K KoropoMy
acl,IMrrrorr,rqecKr.r cxoArrrcs ruo6 o e ABLIxeH[re cucreMbr.

B pargere 3 uccneAoBanvlfl, aH€IJIorrIqHbre rrpoBeAeHHbrM B pirAene 2, upone4eHbr .{nr cnyqas,
KorAa Ha Kopnyc co cropoHbr rroBepxHocrr.r ro xoropofi ABuxercf, cilcreMa, KpoMe cyxoro
KynoHoBa rpeHufl geficrnyer ruueftsoe Br3Koe rpeHr.re. MeroAnra uccJreAoBaHr,r, vt

MareMarl{r{ecrufi a[[apar, rrcnoJrl3oBaHHbre B pa3Aene 3, aHaJron{qHbr vcloJrb3oBaHHbrM B

pazaerc2.

,{uccepraqur A.C. flauena npeAcraBnfler co6ofi 3aBeprrreHHyro HayqHo-KBalraQuxaquoHHyro
pa6ory, trocBrIrIeHHyIo npo6reuau MexaHuKLt noKoMorluoHHbx cr,rcreM nz6paquounoro
flpuHul{fla Aeftcts[s. Pa6ora BbrrronHeHa Ha BbrcoKoM HaytrHoM ypoBHe. B neft AeraJrbHo r{3freHa
ALIHaMUKa nOKOMOUrrOnnOft CprCreMbr c Ae6alanclrtura nu6ponos6yAureleu, Kopnyc roropofi
rlepeMelrlaerc, BAoJrb npxuoft Ha rrJrocKocrr{, B rrpeAnonoxenvtla, rrro MexAy KoprrycoM u



rrJrocKocTbro AeficTByroT cyxoe KynoHoBo TpeHr.re u nr.rHefiHoe Bs3Koe TpeHLIe, a poTop

Br,r6poBo36y[ATenfl Bparqaercs c [ocrorHHofi cKopocrbro. Sror cnyqaft [peAcraBnter LIHrepec KaK

C HAYIIHOft TOqKI,I 3PEHI'I.f,, TAK I,I C NO3I{IIUU BO3MOXHbIX IIPHNOX{EHI,Ift, TAK KAK BPATUEHI,IE POTOPA C

rrocrorHHofi cxopocrbro - (ecrecrBeHusrfi>l pexrrM nn6pono:6yxAeHlIt, roropstfi AolNeu 6urr
BcecropoHHe r.rccneAoBaH AJr.lt uocrpoeHr,r, Teopuu JIoKoMoII[oHHbrx c[IcreM c ru6paquoHHblM

oos6yxAenuerra. Ha N{ofi egrrgA, A.C. Ilanes nonyqun [paKTLIqecK[ ucqepnblBaloqee pelreHlIe

3a.[aqu, flonoxeHHofi e ocHoey Ar,rcceprarlrloHHoro uccneAoBaHus. Bce BbIHoct4MbIe Ha 3aIqI,ITy

pe3ynbTaTbr rlpeAcTaBnflroTc, HoBbrMr{, }rx AocToBepHocTb rapaHTl.IpyeTcfl AoKa3aTeJIbcTBaMLI

coorBercrByrouux MareMarlrrrecKrrx yrBepx,ueHufi o cnoftcrBax peruennft au$tfepeuqrlaJlbHoro
ypaBHeHlrfl, orrucbrBalouero Ar,rHaMr,rqecKoe rroBeAeHr,re paccMarpr{naeuofi cllcreMbl, B coqeraHuu c
Lrr.rcJreHHbrMV pacqeraMu. .{ncceprauu, AeMoHcrpr{pyer BbIcoKyIo KBanlrtfurcaquro ee aBTopa B

o6lacrn reoperzvecxofi MexaHrdKr{ u 4uSQepenqpraJrbHbrx ypanneuufi. floryueuusle A.C.

flasenruu pe3ynbrarbr BHoc.f,T sar,rerHHfi BKnaA B Teopruo JIoKoMoII[oHHbIx cucreM z po6oron c

nu6paquonnrru aos6yxgenuen ABr{xeHr.rr. C Aprcceptaquefi A.C. flaHeea qelecoo6pasno

o3HaKoMrrrbc.,r HafrHbrrvt pa6ouruxau h raHxeHepaM, 3aHI{M€troqI4Mc, upo6leuauu
nn6paquouHoto nepeMeIrIeHI,Ig reJr, a raKxe co3AaHLreM I{ I,IccneAoBaHI,IeM JIoKoMouI,IoHHbIx

clrcreM (uo6ranrnrx po6oroe) nu6paquounoro npr{Hur{fla Aeitcrr.ufl., nepeMeularcul4xcf, B

colporr.rBnsroqlrxcfl cpeAax 6eg nneurrux ABr,rxlrrenefi. IlonyrreHHble ALIccepraHToM pe3ynbrarbl

Moryr 6urr ucuoJlb3oBaHbl B HayqHo-r{ccneAoBareJlbcKl,Ix [IHcrLITyrax I,I By3tx, B Koropbrx

BeAyrc.f, noAo6nue uccJleAoBaH[rr, B qacrHocrl,I s MocroncxoN,I aBLIaIITIoHHoM I,IHcrI{Tyre,

MocxoscKorvr Qusuro-rexHr,rqecKoM prHcruryre, I4ncrzryre upo6neu MexaHLIK[I ]IM.

A.IO. I4ruluncxoro PAH, IOro-3analHoM rocyAapcrBeHHoM yHI,IBepcLIrere, a raKxe B HayqHo-

r.rccJreAoBaTeJrbcKr.rx oTAeJrax v KoHcTpyKTopcKrrx 6ropo npegupuxrufi, npoeKTllpytouux
ruo6umurre po6orsr.

llo pesynrraraM AprcceprarlrroHHoro Iaccne.(oBauua ouy6nuKoBaHbr rprt crarbv B xypHanax,

peKoMeHAoBaHHbrx BAK P(D AJu coucKarerefi yrreHbrx crenesefi ro creuplaJlbHocrll 01.02.01 -
Teoperuuecxaa MexaHr.rKa, kr rpr{ crarbr.r n c6opnurax rpyAoB MexAyHapoAHbIx HayqHbrx

r<ou(fepeuuuit; oltra us crarefi ony6mrxonaHa Ar,rccepraHroM B xypHilne pI3 ctlucKa BAK 6es

coaBTopoB. Kpoue roro, 9Tr.r pe3ynbrarbr HeoAHoKparHo AoKJIaAbIBaJI[Icb Ha ceMllHapax a

rouSepenuu.,rx ro reoperr,rqecxofi ra rrplrKnaAHofi rrrexauuxe n po6ororexHl,IKe u B Aocraro.IHofi
lrepe aupo6upoBaHbr Hayuuofi o6ruecrnenHocrblo.

Anroperf epar Aprcceprarl[u npaBz JrbHo orpaxaer ee coAepxaHl,Ie.

CyulecraenHbrx 3aMeqanuft uo HayrrHoMy coAepxaHlrro Arlccepra\vLr y MeHfl Her. Ectr ne6olblrlue

3aMerlaHrry no crr,rnro Lr3roxeHlas u o6ocnosaHr,rro HeKoropbx uoroxenufi pa6orrt pI, KpoMe roro,
B TeKcre Bcrpetlalorc, oleqarKlr t4 rpaMMarl,rqecKl,Ie uorpernHocrrz. Yacrr grlrx 3aMeqaunfi

npr,rBoAuTc, Hrlxe.

1. B Qopuyle (1.13) MexAy repBbrM u BropbrM cJraraeMbrMz n resofi qacrrl, tlo-

Br.rAr{MoMy, AoJrxeH 6rtrr gnax (T ), a He (-).

2. B coornoureHu.f,x (1.21), a raKxe B qr{cJrurene BToporo coorHorueuut (1.22).

TaHreHc AonxeH 6Hrr sssr n uepnoft crerIeHLI, a He Bo nropoft.

3. Heuonsrno, 3aqeM npr.rBeAeHo Vclonue A na crp. 35. flo-uoeuy, oHo HI{rAe He

l,rcrronmyercs B AiurbHefi rueu.

4. flo-uoervry, n lpoprvrynupoBKe Teopenru I na crp. 36 uuerorcfl JII,IIuHLIe crosa. B
[epBoM npeAnoxeHr,ru AocraroqHo Harrncarb: Ilycmu s o6racmu G npa*an qqcmb



yparHeHw (2.1) ydoenemloptem ycnoruto B. Ocranrubre rrpeArloJloxeHllr, nepequcneHHble

B 9TOM rrpeAnoxeHr.ril B TeKcre Ar{ccepTarlurr, BxoMT B o[peAeJIeHLIe Ycnos[s B.

5. I,IsrIlruHe cJroxHo AoKa3brBaerc.,r MoHoroHHocrb rrocJreAoBarenbHocrll u(t +2ltn)
rnfl peueuufi ypaBHeHr,rfl (1.15).3ro csoftcrso crpaBeAnLIBo l^nfl ruo6oro

an(f(fepenqlraJrbHoro ypaBHeHlu nepBoro nopflAKa c npanoft qacrblo, 2lt - nepuo4u.recroft

uo $a:onoft [epeMeHHoit, atn Koroporo ecr6 TeopeMa cyqecrBoBaHl{, Ia eAI{HcrBeHHocrI{,

a He roJrbKo Anfl ypaBHeHr.rs (1.15). OHo sHrexaer r,r3 roro, rlro Qyuxqnx u(t +2tt) ecrt

perxeHue 3roro ypaBHeHr.rf,, ecJrr{ u(t) - perneHr,re, HerlpepblBHocrl{ pelueHl{t pI ero

eAr.rHcrBeHHocrr.r rtpta 3aAaHHbx HaqaJrbHbx ycnoBl.rflx. Atts AoKtBarenbcrBa groro

cnoftcrsa He HyxHo cpaBHr.rBarb ABa peueHl,I.s u") (t) 
^ 

uQ) (t) .

6. Ha crp. 36 n $opnayrrr.rpoBxe Ycrosus B Brrrecro f (t,*) AoJrxHo 6urs F(/,x).

7. B crpoxe 2 cnepxy Ha crp. 41 sN{ecro <o6parurrcr)) AonxHo 6rrrr <o6paulrc.r>. B

crpoKe 9 cuusy Ha crp. 44 sN,recro <ToNe caMoe) AoJIxHo 6rttr <To xe caMoe)).

flepeuucleHHbre 3aMeqaHr.rq HocflT TexHlrqecKuft xapaxrep [r He cHlaxilror sHcorofi oIIeHKLI

Aucceprauur{ KaK HayqHo-KBanu(f nraquonnofi pa6orul.

Cuularo, qro Auccepra\ufl <ZccreAosaHr{e ABr,rxeHr,rfl TeJra no ropl{3outarusofi nnocKocrl,I IIoA

BJrr,rflHHeM flepeMerrleHr,r, nnyrpeuuefi Maccbr) yAoBnerBoprer BceM rpe6onauuxu,

flpeAbsBn.f,eMbrM BAK Poccuficxofi (DeAepaquu K Ar{ccepraqr{.f,M Ha coucKaHple yuenofi cre[eHI,I

KaHArrAara $usuxo-uareMarr{qecKr,rx HayK rro cneqranbHocrll 01.02.01 Teopetuuecxa-x

MexaHr,rKa, a ee aBTop, Alexcauap Cepreesru IIaHen, 6esycronHo, 3acJIyxLIBaer rlpucyx,ueHlafl

eMy lrcKoMofi crenenu.
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