
OT3bIB o$uquailbHoro orrroHenTa
Ha Ancceprarlurc Ha cor{cKaHue yveuofi creneHu

KaHAuAara Quruxo-MareMarr{qecKnx HayK
faAxnesa Marccuma MaroMeAoBuqa

Ila reMy: <<O AeulKeHIrI,I TBepAoro reJra c HerroABuxuofi roqrcofi B rroroKe qacrrrq>>
lro cfleuuaJlblrocrlr 1.1.7 . TeopernvecKafl Mexa HllK a, ilunawr{ Ka Marrr LtH

Izlurepec K 3aAarle AHHaMHKLI TBepAoro reJra c He[oABuxtuofi rovxofi, a raK]r{e

pa3nI{rIHbIM ee o6o6rqeuHxvr (rupocrar, TBepAoe reiro c troJrocrfl:v.vr) coAepxarqlrMl4

xI{AKocr6, a r.A.) B coBpeMeHHoM MI4pe HenpepbrBHo Bo3pacraer. Csssauo aro c
I4[I"reHcI4BI{IIM pa3Bi{TI4eM paKerHo-xocNl[qecKoft orpacJru, aBuacrpoeHprfl,,

po6ororexHaltl4 u MHorI4x Apyrr4x HanpaBneuuit, n Koropbrx a6colroruo rBepAoe reJro

KaK MOIenb peaJlbHofo TeJIa nr4poKo r{c[onb3yercr ilpu r43yqeHna ABux<eHufl

pa3JlHr{Hbtx o6rexron (po6oroB, crIyrHI4KoB, pai(er 14 MHoTHX ApyrHX KoHcrpyKqufi). B
eToft cBtI3I4 Atrcceprau[oHHa-a palor:a M.M. fa4xiaena, rrocBrrrleHHafl u3yr{eHurro

3al\aqu o )-utu)KeHrvr rBep/loro reJla c ueuo4nuxHofi to.txofi, B [oroKe r{acrl4u"

fl RJ.tt erc.{ BecbMa axrya"ilruoil.

B paSore l4ccneAyercn aprHaMI4Ka a6corrcrno rBeproro reJra c He[oABlrxuofi
To'{Koi{, FlaxoAf,tqeroct B rloroKe oAr,rHaKoBbrx rracrrrrl, ABr4xryunxc.rr c rocrotltuofi
cKopocrblo BAonb HenoABHx<Horo B a6colrcrnou ilpocrpaHcrBe HanpaBneHI4s.

Ilpe4no;raraerefl, qro qacrullbr rroroKa He B3ar4MoAeficrnyror Apyr c ApyfoM, a
B3al4MoAefic'reue qacratl c rroBepxHocrbro rBepAoro rerra ilpoacxoAr4T a6colroruo
Heyrpyfo, 'ro ecrb nocJle croJrKHoBeHLrfl cKopocrb r{acrHubl orHocHTeJrbHo reJra paBFra

Hynlo, flpn 3rzx rpeAnonolKeHuf,x B AaaaeprarJnvr o6cyx4arorcr Bonpocbi

Hrrrerpl{pyeMocrl,r ypanueuaft ABVr<eHr4fl TeJra, a TaKXe Borrpocbr ycTofiunaocrr{
craur4oHapHbrx ABnIr(enr4fr r'ela B [oroKe qacr]4rl.

3aAaqa o ABLIIKeHI4I4 TBepAoro reJra c HenoABuNuofi ro.{xofi B IroroKe qacrr4u

.flBrflercs OAHI,IM k13 Bo3MoxFIbIX o6o6rqeHrafi KJracc?rqecr<ofi 3al.a'c'v o .UBuxeHHr4

Ttll(eJloro rBepAofo reJla c HeiloABrzxuoft roqxofi. Bnepnlre MoAenb B3atrMoAefrctsvrs

Tena c rorol(oM r{acrull, rTpr4Htrrafl n pa6ore, 6stna rrpe/{Jto)iena B.B. Feleqxnv u

l{cflorlb3oBaJlacb I4M rIpH HCCIe/{OBaHVTW 3AAaq AHHaMUKW CilyrErl/lKa, ABr{Xtyqefoc{ noA

4efrcrnueu MoMeHToB aspoArlHaMr4qecKrrx avrJr kr evrJr cBeroBoro AaBneHI{"rr. Pauee



3alaqa o !.Bl4)r<eHuvl rBepAofo reJla c HenoABI4]KHoff TorrKofi B noroKe qacrl4q
paccMarpwBalraab B pa6orax A.A. Eypona u A.B. Kapaner.rua. B AaHsofi pa6ore
pe3ynbrarrt A.A. Eypona n A.B. Kapaner.aHa noJryqHnu Aailbuefiuree cyuecrBeHHoe
pa3Br4'r[e u o6o6u]esr.re.

B nepnoft rJraBe Ar4eaeprarryv [pr4Boni4Tcf, rrocraHoBKa 3a1a91vr o ABHXeHr4rr
TBepAoro reJla c HenoABH)Ksofr roqxoft n IIoroKe qacrr4q. llonyueulr cpopruyJrbr AJrfl
fJIaBFIoro BeKTopa 14 fJIaBHoro MoMeHTa BHerrrHr4x cut, geitcrByroul11x Ha reJro c
HerloABI4)ltHoil ro'Ixofi co aropoHbl rloroKa rracrnu. Brrne4euu o6ulue ypaBHeHr4t

ABI'1)I(eHH' reJla c uenoAnaNuofr ro'{xofi B rtoroKe r{acrl4rl, a TaKXe nonyrleHbr
ypaBHellufl ABI4XeHH.SI B ptAe qacrHbrx cryqaeB, KofAa noBepxHocrb T9ra,
noMelueHHoro Il rloroK sacrl4u, npeAcraBJr.f,er co6ofi c$epy, oJrJrarrcolr.q, u6nrr6Ap,
I{eHrpanbl{o - cI4MMerpHtIHyIO nOBepXHOCTb lr noBepxHocrb BparueHHs. O6cyxAaercs
Borlpoc o cyuecrBoBaHnr{ y ypaBHewwit nnu>xeHnrr [epBoro r4HTerpaJrarr4ila nFrrerpaJla
3lIeprI4H. flo:ryueult rocraror{Hble ycrloBrrf, cyrqecrBo Barrvrfl" TaKoro r{HTerpaJra vr

'rloKa3aHo, rr'fo oHz 6y4yr BbrrtoJlHflToefl, Ha[pHMep, B cryr{ae, KorAa rBepAoe rerro c
HenoAnux<gofr touxoft, tIoMeIrIeHHoe B noroK rracruq, orpaHnr{eHo noBepxHocTblo
BpauIenHn. Kponae Toro, nepeqzcreHbr HecKoJrbKo cryr{aeB, Kor,4a ypaBHeHr4f,

ABHX9HI4fl reJla B IIoroKe rlacrllrl .rrBJl.rrrorcq r4HTerpupyeMbrMu. 3ru cry9,au
aHaJIorI4r{I-IbI aHTerpHpyeMbIM cnyr{af,M 3finepa, Jlarpauxa u fecca B Krracazqecxofi
3aAar{e o ABI4}r(eHr4Lr't'-)KeITofo rBepAofo reJla c He[oABuxuofi roqxofi.

Bropan rnaBa A'cceprarluu nocBrrqeHa aocJreroBaHuro 3ar',' o .[Brr]KeH r4vr B

rloToKe qacTIIII AHHaMHTIeOKH Hecr{MMeTpHr{Horo TBep/{ofo TeJra c Heno4nux<noil
tovxofi, oIpaHaqeHHOro rIoBepXHoCTbIo SJLTarlcoHIa Bpa[IeHI,It. B OT9M Cnyqae
ypaBHeHI'III .qBI4XeHI4.tI TeJIa 3atIACbrBaroTc.'I B SOprtae ypanueurafi fauuJ]trroua,
yl(a3blBaerc{ sBHoe Bblpax(eHue Enfl Qyur<qar.r fauulrroHa3a1aqu. B npeAnoJroxeHrrg,
r{ro 3JIJIHTICOT'IA BpaIrIeHHt, ofpaHl4rll4BarorUr4ft rnepAoe TeJro, no Qopvre 6lu:otc K rxapy
(nonyocra a u b 3JIJII{rcovFta cBtr3aHbr coorHorueHneM b=a(l+e)), a uenoABr4x{Has

TorrKa orcrollT Ha MaJIoe (nopx4xa s ) pacc'rorHue or rieHTpa 3rrJrnnc oyr1a, MeroAoM
pactuenneHl'It ce[aparpHc AoKa3aHO, r{TO KaHOHUT{eCr(r4e ypaBHeHHfl ABH}KeHI4f, B

[oToKe LIacTI4tl AI/.HaMVIqeCKH HeClIMMeTpr4r,IHOfO TBepAOfO TeJra c neno4nuxuofi



TOI{KOI4 HC NME}OT AOIIOJIHI4TEJIbHOfO AHAJIVITI,dIIECKOfO LT AHAIIVTI4IICCKI,I 3ABNC'U]E|O OT

rrapaMeTpa t nepBofo lrHTerpana, He3aBr4cr4Mofo oT KnacczqecKl{x, vI Haxon.fltllefocq B

uHBonroq vrv a krHT efpanoM r]nolllaAefr .

B lpertefi tuaee /Ir4cceprarlnpr cHoBa paccMarpnBaelcfl. 3a\aqa o AIllilKeHVH n

noroKe r{acrnrl'rBepAoro reJra o HenoABr.rx<uoff rovxoff, orpaul4r{eHHofo [oBepxHocrb]o

3JrJrr4rrco[Aa Bparqeuus. B orHorrreHnh pacrpeAeJleHns Macc B TBepAoM TeJie cAenaHo

[peA[ono)r(eHHe, rrro rIeHTp SJlnr4ncouAa BparqeHrr{, ofpaHHrll4Barou{efo TBep,4oe reJlo,

Jrexr4T B 3KBaropr4allsofi [nocKoorr4 3nnllncol4Aa wuepr\Lrv, rlocrpoeHHoro Anfl

HerroABr4)r{soft roqxH. flpra sTux irpetrnonox(eHu.r{x rJoJIyqeHbI ueo6xoAaMbte ycnoBns

cyu{ecrBoBatprfl. y ypaBHeHufr Aeu}Kenrfl. Tena Ao[oJIHI4TeJIbHofo nepBoro I4HrefpaJia,

r(BaAparHH]Hafl. rracTb KoTopofo He3aBrrcHMa c KBaApartI.{Hofi qacTb}o $ynxuun
fauulrrona. llora:auo, rrro coorBercrByrorqne seo6xoAzurte ycnoBl{fl He

Bbtrlo,TH.qroTc.rl, ecJrll pacilpeleJreHI,re Macc B TeIIe cooTBeTcTByeT KJIaccHrlecl(oMy

cJry.-rarc r{HTerpnpyeMocrrr C.B. Kona,rencxofi, a onrII4IIcoI'IA BpaqeHr{fl,

orpaHlrqznalorilufi TBepAoe reJro, He rBJlrlercfl Ixapolt. Teu caMbIM, s raHHofi fnaBe

/lor(a3aHo oTcyTcTBrIe HHTefpr{pyeMofo cJlyr{af,, aHalofl,IqHofo cnyqa}o c.B.

Koearencroil, n 3aAaqe o /IBr4)r(eHr4v B noroKe qacrnll AI4HaMI4rrecKI4 cllMMerpur'Iuoro

Terra, ofp a HIILI eHH of o lIoB epxllocrblo 3 JIJIHI c ou/{a Bpa[IeHI{fl .

B uerneprofi rJraBe Ar4cceprarlur4 rrpoBeAeHo lracJle,qoBaune ycroftuunocrl{

nepMaueFrrr{brx BparrleHufi rnepAoro rera c HerloABzx<Hofi ro.{xofi B noroKe rlacruu.

flyrev auailvrca xopuefi xapaKTepr4claqecKoro ypaBHetafl, nvHeapu3onauuofi cl{creMbl

ypannenr.ifr Ro3MyuleHrlofo ABr{xe}rwrr, noryqeFIF,t Heo6xoAI4Mble ycnoBnt

yc'rofiuueocrr{ nepMaHer{THbrx epauleuuft ilvuaMrqecKH HecI4MMerpI,It{Horo rerla,

HaxoAfl[Ierocfl B rloroKe rracr[II. Kpoue rofo, \nfl. AVHaMI4TIecKI,I cr{MMerpl,IrlHofo reJla,

orpaHr.rtreHrroro noBepxHocrbro BparileHi{.q, ocb cHMMerpI{u xoropofi conna.4aer c ocbro

AHHaMHT-recxofi clrMMerpuu, nyreM a:narw3a o$$exrunHofo noreHIII4aJra cncreMbl,

[onyqeHbr Heo6xoAHMbIe v Aocraroqr{bre ycnoBu{ ycrofruneocrl4 nepMaLIeHTI{bIX

npauleun[.

B nsrofi rJraBe ,qnccepra\hu vr3yvaerafl. ycrofivznocrb peryn{pHblx upeqeccHfi

/1t4naMHr{ecKr{ oI4MMerpI,IrIHofo reJra c HeIIoABt'txuofi ro'{xoff B [oroKe qacrlltl.



lloeepxHocrl rerra npe4craBJr{er co6ofi 3nJIHrIcoI,lA Bpalr{eHrlf,, ocb ci4MMerpan

Koroporo coBrraAaer c ocbro [vrlavtuqecxofi cIaMMerpHI4 TBepAoro reJla. llolyueurt
ycJroBr4r Ha orHorrleHr4e nolyocefr 3JrJrr4rrcou.{a, ilpu BrITIoJIHeHI4I,I Koropblx

perynrpHbre [peqecevrr reJra 6y4yr ycroiiunnbl npu Bcex 3Har{eHusx BerrqI4H yrJloBbIX

cKopocreff npeqecevLr v, co6crseHHoro BpaxleHr{fl, npv Koropblx oHI4 cyluecrBylor.

floly.reHuue aHalruru9'ecKr{e BbrBoAbr o5 ycrofiuunocrH perynqpHblx npeqeccHfi

AuHaMlirlecKr4 cr,IMMerpI4rIHoro reJra c uenoAauxuofi touxoft, orpaHl4r{eHHoro

iloBepxHoc'rblo 3JIJII{rcoHAa BpaqeHr,r.fl Lr I-IaxoAtulefoct B lloroKe r{acTI4II

rrollrBepxi-(eHbr rrucreHFro nocrpoeHHbrMlr 6uQypxaul4oHHIIMI4 /lHarpaMMaMI4

flyauxape - r{eraeBa.

B ruecrofi rrraBe Ar4cceprarlprr4 no.(podso paccMorpeH I4HTerpzpyenarrfi cnyuait,

ana.[oru.{uufr cnyqarc fecca B 3aAaqe o ,{BH)KeHI4}r r{xeJlofo rBepAoro reJ]a c

I{e[oABrr]KHoil ro.{xoff. Ypaeueuzfl ABr}Kelulafl, Tena B noroKe r{acrru 3aIIHcaHL'I B

c[eqnanbuofr cucreMe KoopAtr*ar, paHee I4c[oJlb3onanurefics lI.B. XapnauoBblM AJIx

r,r3yr{eHr4r pa3nr4r{Hbrx 3aAar{ Ar4HaMrrKr4 TBepAoro reJla c uenoAnuNHofi ro'Ixofr.

flpone4euutrff 3areM aHaJrr.r3 nonyr{eHHbrx ypanHeHufr IIoKa3aJI, r{To Haxoxq4eHHe

oSulero perueHnr{ ypaBHeHHfi AnnNeur{s ilpLIBo l\krrefl, K peueHu}o oAHoro lusefruoro

an$SepeHrluanbHoro ypaBHeHr4.rr BToporo rropt.qKa c nepeMel-IHbIMI4 xoeQSHulieHTaMLI.

floxa:ario raKxre, qro ecJrr,I HarlarbHble ycnoBl{fl 3a4.aqv BbIOpaI-IbI TaK, r{To nocTo.tIHFIag

HFrrerpana rrJrorqa4efr panr-ra HyJrIo, To ypaBH eHVfl ABHxceHnt reJla c Heno.qBuNgofi

ro.lroft B rroroKe r{ac'rurl B cnyarae fecca Moryr 6t trr npoI4HTerpI'IpoBaHbI B

KBaApa'fypax.

llo rexcry AH acepT ar\vrr4 nMeroTcs cnelyrc ulze 3 aM err aHvrfl,.

1. B pa6ore AorryqeHo HecKoJrbKo orer{aroK, HarIpI4Mep, Ha crp. 20

/l[cceprarl[r4 uMeeT Mecro orrer{arKa B ccbIJIKax. HanucaHo, qro $oprtayna

(9) flBJrsercr oKoHqareJrbHbrM BTIAoM Sopruynnr (7), a AoJIXHo 6r'trr

Soprraynu (8). Ha crpaHl{qe 2l BMecro (reH3op I4HepIII4I4 reJla c

HeiloABHXsofi 'roqxa O >, Ao;rxrgo 6nrrr HarrucaHo ((TeH3op trlueprJwvr rerla

oTFrocHTeJIbHo IrenoABI4XHofi roqxw O>>. Ha crp. 46 rryuueAell TeKcT BbIBoAa

cO cTp. 28 c ynonrgHaH[eM 3JlJII4IIcoI4Aa XoTt yxe per{b llAeT o I]uII{HlIpe. Ha



crpaHr4rle 67 AoryqeHa orer{arKa B Qopnaynax. Buecro

dt=1, dz=0, dz=0 Hyxuo Flarlucarb er=I, dz=0, dt=0, rocKoJlbKy

tseKTOp ([ - eAHHHqHbrft.

2. 'faxrxe B rl4ccepraryvv rIHorAa o[yirreHbr HeKoropble Aeranr4, cyuecrBeHHbre

An.q uoHLIMaHlufl.I4ccneAoBaunfl, HJIr4 rleJrocrHocrn u3noxeHr4x.HanpuMep, Ha

crp.25 n $opuyne (1a) BBeAeHbI rpr4 HoBbrx o6o3HarreHlrr kt, kz, fr3 ra roJrbKo

/lByM H3 HHX AaI{bI orrvrlarzrfl. I{a crpaHnrlax 27, 35 u 45 nMeerc{ Spasa
<Bslqucnl,IM Terepb MoMeHT M outocuTeJrbHo rrpor43BonrHofi Tor{KH Ot,
rIpHIIaAneNauIef TeJry), npn 3ToM rzMeerctr B BrrAy, rrro reflepb HMeHHo

ToqKa O 1 flBnfl}Tcfl HenoAnuNHofi, Ho f,BHo oro He yKa3brBaerc.s. Ha ctp. 47 n
cpoprr,ryne (39) ypallHeHl4fl ABr4xeHHr 3auucbrBarorcr c rroMorrlbro cro6ox
I-lyaccoua, r:o6paNeHHbrx $rarypurrnlu cxo6rc aww, npu 3roM pacurz$poBKrr

AauHoft Horaqr4r4 r-re rpr4Bo AuTafl .

3. Ha crpanuue 40 HMeerct [peAnoxeHr4e: <B sroM cJr]qae Bbrpa]KeHue Anfl
MoMeHTa cwt, geitcrByloqero [Ia c[yrHr4K, oKBr4BaJreHTHo BbrpaxeHuio (31)>.

Ho $oprrayna, o6o3HaqeHFlar B leKcre (31), ue rBJrrercs Bbrpa)KeHr,reM Ant
MoMeFITa cal. O.reBI4AHo, rITo 3Aecb tronyuleHa KaKa.s-To oruudxa B ccbrJrKax.

AHatroru.rHa.s ourudxa noBropeHa Ha crpaHr{rde 52 ilr4ac,epra:g;a4 rAe

cr{a3aHo, .rro (31) - ero ypaBHeHr4e.

BHaecle c reM. yKa3aHFlbte 3aMer{aFrlrg

Al4cceprar{HoHHofo I4ccireAoBanvtr. [fwcceptatlux orBeqaer rpe6onauvfll'r.,

ycraHoBneHHbIM Mocxoscxzu rocyAapcrBeHHbrM yHr4BepcHTeroM r,rMeHr4

M.B.JlorraoFlocoBa K paSoravr no,qo6Horo poAa. Co4epxaHue Anaaeprar\uvr

coorBercrllyer cneqllaJrbFrocrw LI.l. TeopernvecKaf, MexaHI4Ka, avHawvrKa Marur4u

(no Srz:raKo-MareMaruqecKrIM HayKaM), a 'rarNe Kpr,rrepuxu, ohpeAeJreFrHbrrvr uu. 2.1-

2.5 flonolnenvrfl o IIplIcylKreHzrvr yr{eHbrx crenesefi e MocxoncKoM rocyAapcrBeHHoM

yHuBepcrrere I4MeHu M.B.IIoMoHocoBa, a raK)Ke oSopuneHa corJracHo rpe6onaui,rxu

Ilo-uoxenus o coBere no 3auuTe gnccepratlwft Ha cor4cKaHr4e yuenofi cretreHn

KabrlJ.wl-\ara I{ayK, Ha coucKar{He yuenoff creneHr4 AoK'ropa Hayr( MocxoncKoro

rocyAapcrBeHr{oro yHr4Bepcnrera nMeHn M. B. JIoMoHocoBa.

He yMan_f,IoT 3l{arlaMocrH



Taxzlt o6pa:ovr, cor{cKareJrb faAxraen Maxcuvt MaroueAoBl4r{ 3acJlyxHBaer

frpt4gyxA eLLI4fl. yvenofr cTeneHI4 KaHAuAaTa $raeuxo-ir'raTeMaTl4tlecKl4x HayK IIo

C [eUuaJIbHocTI4 | . L7 . Teop errauecKas MeXaH?IKa' AvHa1avIKa MaIUI1H'

O&rzuualbFlbtfr olIIoHeHr:

KaHAI4.qaHr {usnno-MareMarllrlecKl4x HayK,

AorIeHr raseapH MexarpoH vrK:|- vr reopeTr4r{ecKofi MexaHI4KI4 (D e4ep alrHoro
f o cyAap crBe HHoro 6roAx<e'rH oro o5p a:o BaTeJIbHo ro yqpex Aeuufl' BbIcIIIero

o 5pa:onaHrlfl (Mo cxosc rH fr aBI4aIIHoHHbIfi I4H9T uTyr (uaquoualrHrtfr
r4ccJreAoBareJlbcKl4ff yHI'rnepcuTer)))

r{ercuHa EsreH las ArexceeaHa

Konraxrsble AaHHbIe:

.        
,   

     

  . .    

Aapec Mecra pa6orlt:

125993, r, Mocxna, BoloxoraMcKoe uocce,4' 4'
MAH, xa$e.npa MeXaTpoH I4Kw vr TeopeTI4r.IeCK'fi M'XaHIIKI'I
Ten.: +7 (499) 158 44 66; e-mail: chekina-ev@mail'ru

. 

    

. .   

Максим Гаджиев

Максим Гаджиев

Максим Гаджиев


