
OT3hiB 
oqHIU11aJibHOrO OITITOHeHTa 

Ha ,ll;IlccepTauMIO ITasJioBa ApceHI15I M11xatiJioB11qa 

«Co6CTBeHHbie 11 BbiHY)K,[.(eHHbie KOJie6aHIUI rraKeTa CTep)KHeH», 

rrpe,[.(CTaBJieHHYIO K 3aii..J;11Te Ha COHCKaHHe yiieHOH CTeiTeHH 

KaH,[.(I1,[.(aTa <l>H3HKO-MaTeMaTI1qecKHX HayK 

no crreUHaJibHOCTH 01.02 .04- «MexaHI1Ka .n:e<PopMHpyeMoro TBep.n:oro TeJia» 

A1nyaJ1hHOCTh .IJ:I1CcepTaU110HHOH pa6oThi ITaBJIOBa A.M. o6ycnoBnemt 

lliH]JOKI1M 11CIIOJib30Bai-nieM CTep)KHeBbiX CI1CTeM B KaqeCTBe pacqeTHbiX MO,[.(eJieid: 

pa3JmqHbiX TeXHI1qecKI1X o6neKTOB. B qacTHOCTI1, naKeT ynpyro-coe,[.(I1HeHHbD~ 

CTep)KHeH UIH]JOKO 11CIIOJih3yeTC5I IIp11 aHaJII13e ,[.(11HaMI1KI1 paKeT-HOCI1TeJiei1: 

naKeTHOt1 KOMIIOHOBKI1. f1p11 3TOM cyrueCTByeT p5I.IJ: TeXHI1qecKI1X npo6JieM;, 

B03HI1KaEOII..J;I1X rrp11 II]JOBe,[.(eHI111 rrpaKTI1qeCKI1X pacq(:hoB, KOTO~bie YCJIO)KH5IIOT 

aHaJII13 11 ,[.(aJibHeHrnee 11CITOJib30BaHI1e IIOJiyqeHHbiX pe3yJibTaTOB, qTO B CBOIO 

o qepe,[.(b YKa3biBaeT Ha He06XO,[.(I1MOCTb rrpoBe,[.(eHI15I 11CCJie)J:osaHI1H B ,[.(aHHOi.;f 

o6Jiacnr. 

:QeJlhiO ,[.(aHHOH pa60Tbi 5IBJI5IeTC5I pa3pa60TKa MeTO,[.(OB pacqeTa, aHaJII13a ~1 

KJiaccmlmKaU1111 qacTOT 11 <l:JopM C06CTBeHHbiX KOJie6aHI1H MeXaHI1qecKI1X CI1CTeM, 

npe.n:cTaBJI5IIOIU11X co6otl naKeT cTep)KHeti. 

HayquaSI HOBU3Ha COCT011T B fi]JI1MeHeHI111 TeopeTI1KO-rpyrriiOBOrO 

IIO,[.(XO,[.(a K 11CCJie,[.(OBaHI11:0, aHaJII13Y 11 KJiaCC11<l:J I1KaU1111 <PopM C06CTBeHHbiX H 

Bbi HY)K)J,eHHbiX KOJie6aHI1H CTep)KHeBbiX naKeTHbiX CHCTeM, paccMaTp11BaeMhiX B 

pa6oTe B KaqecTBe MO,[.(eJieH CJIO)KHbi X MeXaHI1qeCKI1X o6neKTOB. 

CTpyKTypa pa60Thl. Jl:l1ccepTaUI15I COCTOI1T 113 BBe,[.(eHI15I, qeTbipex rJiaB 11 

3aKmoqeHI15I. 06neM .n:Hcc epTaU1111 cocTaBJI5IeT 125 cTpaHHU. Cn11coK JIHTepaTypt 

co.n:ep)KHT 113 HaHMeHOBaHHH. 

OcHOBHbie pe3yJibTaTbi ,[.(HccepTaUI111 orry6JII1KOBaHhi B 1 0-TI1 pa6oTax, 3 H3 

KOTopbiX - B peueH311pyeMbiX )KypHanax, peKoMeH.n:yeMbiX BAK. 



Bo BBe~eHuu rrpHBeneHa o6IIJ:a51 xapaKTepHCTHKa pa6oTbi, u:enJJ, ~ 

aKTYaJibHOCTb M MeTOfl:bi HccnenoBaHH51. C<j:>opMynHpoBaHbi 3anaqH, pernaeMbie B 

pa6oTe, M HayqHa51 HOBI13Ha . 

B nepsou r Jiase rro.upo6Ho paccMorpeHa aKryaJibHOCTb pemaeMbiX 3a,LJ;aiJ B 

IIpHJIO)KeHHH K paKeTHO-KOCMHqecKOM TeXHHKe. IlpoBe,ll;eH ai-IaJII13 rry6JIHKaU:HVl 

OTe\IeCTBeHHbiX M 3apy6eJKHbiX aBTOpOB ITO ,ll;11HaMHKe paKeT-HOC11TeJieH rraKeTHOI{ 

KOMIIOHOBKH. PaCCMOTpeHbl c y iiJ:eCTBYIOIIJ:Me IIO,ll;XO,ll;bl K HCCJie,ll;OBaH11IO 

,ll;11HaM11K11 MeXaHHqeCK11X CHCTeM, o6Jia.[(aiOIIJ:MX rrpOCTpaHCTBeHHOM C11MMeTpHeit 

11 rrpoBe.[(eH 0630p COOTBeTCTBYIOIIJ:HX rry6JI11KaU,Hll. ,I(.JI51 11CCJie.[(OBaHWI 

C06CTBeHHbiX 11 BbiHY)K.IJ:eHHbiX KOJie6aHHM rraKeTa CTep)KHeM rrpe.[(JIO)KeHO J~ 

o6ocHoBaHo 11CIIOJib30BaH11e TeopeT11Ko-rpyrrrroBoro rro.n:xo.n:a. 

Bo BTopou rJiane Hccne.n:oBaHa 3a.n:aqa o rrpononbHbiX Kone6aHH51X rraKeT 

CTep)KHeM. flpoBe.[(eH CHMM eTpHHHblll aHaJIH3 HCXO.[(HOM CHGTeMbi ypaBHeHH ~ , 

OII11CbiBaiOIIJ:HX co6CTBeHHbie KOJie6aH1151 paCCMaTpHBaeMOM MexaHHqecKOM 

CHCTeMbi. .lJ:JI51 HCCJie.[(OBaHH51 pacrrpe.n:eneHH51 qacTOT KOJie6a!HHH IIp11Be.[(eHf 

OIIe[PaTOpHa51 IIOCTaHOBKa 3a.[(aqH . .1J:oKa3aHa TeopeMa 0 .[(HCKpeTijiOCTH CIIeKTpa I 

CBOHCTBaX opTOfOHaJibHOCTH C06CTBeHHbiX <j:>yHKU:Hll orrepaTopa HCXO.[(HOH 

KpaeBoii 3a.n:aqH . C<j:>opMynHpoBaHa H .IJ:OKa3aHa TeopeMa o CTPYKType crreKTpk 

paCCMaTpHBaeMOM 3a.[(aqH, OCHOBaHHa51 Ha HHBapHaHTHOCTH orrepaTopa HCXO.[(HO ~ 
KpaeBOH 3a.[(aqH OTHOCHTeJibHO rrpe.[(CTaBJieHH51 CHMMeTp11qecKOH rpyrrrrhif. 

IlpoBe.[(eH qHCJieHHbi H p acqeT 3a.[(aqH 0 C06CTBeHHbiX KOJie6aHH51X .[(JI51 cnyqai 

.ll:BYX 60KOBbiX CTep)KHeH. I10Ka3aHO yrrpOIIJ:eHHe perneH1151 3a.[(aqH rrp 111 

HCIIOJib30BaHHH TeopenrKo-rpyrrrroBoro rro.n:xo.n:a. IlpHBe.n:eHa rrocTaHOBKa 

l 
3BOJIIOU:HOHHOM 3a,ll;aqH, COOTBeTCTBYIOIIJ:eH cnyqaro BbiHY)K,Z:(eHHbiX KOJie6aHnp 

IIaKeTa. fipe.[(JIOJKeH MeTO.[( rrpoeu;HpOBaHH51 BeKTOpa BHeliiHHX B03MyiiJ:eHHM H
1

a 

IIO.IJ:IIpOCTpaHCTBa Heiip HBO.[(HMbiX rrpe.[(CTaBJieHHM rpyrriibi CHMMeTpH11, 

II03BOJI5IIOII~Hll COKpaTHTh qJ1CJIO HCIIOJib3yeMbiX rrpH 3aiiHCH CJia6oro perneH~I 
¢opM C06CTBeHHbiX KOJie6aHHM, 6e3 IIOTepH TOqHOCTH perneHH51. 

B TpeTheii r JiaBe Hccne.n:oBaHa 3a.n:aqa o rrp ocTpaHCTBeHHhi X KOJie6aHIUll~ 

rraKeTa cTep)KHell. B KaqecTBe Mo.n:eJIH .n:e¢opMHpoBaHH51 npHH51ra Mo.n:eJib 6aJII<r 



3H:nrepa-]3epHyJIJIH . .D:mr ormcaHH51 xapaKTepa yrrpyroro 3aKperrrreHH51 6oKOBhDj: 

cTep)l<Heli BBe,n:eH o6o6m(eHHhiH yrrpyn1H: JJieMeHT, ITpe,n:cTaBJI5IIOIIJJ1H co6o:H 

MaTpHU,y )l(eCTKOCTH, CB513biBaiOIUYIO Me)l(,n:y C060H COOTBeTCTBYIOIUHe CTeiTeHH 

cBo6oLI,bi ceqemr0. u:enTpaJibHoro 11 6oKoBoro cTep)KH51. TaK/Ke KaK B rnaBe 2 , 

ITpOBe,n:eH CHMMeTpHHHbiH aHaJIH3 HCXO.lJ:HbiX ypaBHeHHH 3a,n:al,[H 0 C06CTBeHHbi~ 

KOJiy 6aHH5IX, ITpHBe,n:eHa OITepaTOpHa5I ITOCTaHOBKa If .IJ:OK:BaHa TeopeMa q 

.IJ:HCKpeTHOCTH CITeKTpa 3a,n:aqlf 0 C06CTBeHHbiX KOJie6aHH5IX. fipH HCCJie,n:OBaHHH 

CHMiMeTpHH OIIepaTopa HCXO.IJ:HOH KpaeBOH 3a,n:aqlf HCITOJlb30BaHbl rpyiTITbi 

ITpOCTpaHCTBeHHOH CHMMeTpHH ITO illeH<pJIHCy. ,l.(mi cnyqaeB 2-X, 4-X H 6-TPl 

60KOBbiX CTep)I(HeH ITpOBe:,n:eHa KJiaCCH<pHKaiJ,H5I cpopM C06CTBCHEi biX KOJie6aHHH 1 

ITOJiyqeHbl Bbipa)KeHH5I .[(Jl5I OpTOITpOeKTOpOB Ha ITO.IJ:ITpOCTpaHCTBa HeiTpHBO.IJ:HMbiX 

ITpe,n:cTaBJiei-IHH rpyrriT CHMMeTpHH H ITpHBe,n:eHO CXeMaTHqecKOe 11306pa)l(eHHC 

C001[BeTCTBYIOIUHX BeKTOpOB. 

B qeTBepToii rJJraBe ITpoBe,n:eH qJ1cJieHHhiH pacl-IeT co6cTBeHHhiX 

ITpo
1

cTpaHCTBeHHbiX KOJie6aHHH ITaKeTa C qeTblpbM5I 60KOBbiMH CTep)l<H5IMI111. 

ITp, Be,n:eHbi rpa<}mKH cpopM Kone6aHHH .IJ:JI5I KmK,n:oro H3 Bbi5IBJieHHhiX paHee 

THITIOB KOJie6aHHH . .IJ:JI5I perneHH5I ITp06JieMbl, B03HHKaiOIUeH B cnyqae KpaTHhnl 

qac-;roT, 11 3aKJIJOqaJOrue:Hc51 B Heorrpe,n:eneHHOCTH BeKTopa <}_)opM Kone6aHHH, Ha 

oc~oBe TeopeTHKo-rpyiTITOBoro ITo.n:xo.n:a, ITpe.n:no)l(eH MeTO.ll: ITpHBe,n:eHH5I cpop~~ 
KO~e6aHHH, COOTBeTCTBYIOIIJ,HX KpaTHbiM qaCTOTaM, K ITJIOCKOCT5IM CHMMeTpHr 

ITaKeTa. ITpe.n:no)l(eHH~biH Bo BTopo:H rnaBe MeTo,n: ITpoeu,npoBaHH5I Be~Topr 

BHeiilHHX B03MyiUeHHH Ha ITO.IJ:IIpOCTpaHCTBa HeiipHBO.IJ:HMbiX rrpe,n:CTaBJieHHH .ll:Jl51 

Bbl 5IBJieHH5I B036y)l(,n:aeM biX THITOB BhJHY)K.IJ:eHHbiX KOJie6aHH}t 

ITpOHJIJllOCTpHpOBaH KOHKpeTHbiM ITpHMepOM .IJ:JI5I ITaKeTa C qeTblpbM51 60KOBbiMH 

CTep)I(H~IMH, HCITbiTbiBaiOII.(HM ITpO.IJ:OJibHOe B03MyiUeHHe O.LJ:HOI'O H3 60KOBbir 

CTep)I(HCll. l 
B 3aKJIJOqeHHH npHBe,n:eHbi OCHOBHbie BbiBO.IJ:bi ITO .IJ:HCCepTaiJ,HOHHOH 

pa6oTe. 

B .n:HccepTau,HoHHoH: pa6oTe llaBnoBa A.M. 6bmH ITonyqeHbi rrpaKTHqecKrr 

3H,qHMbie pe3yJibTaTbl, cpe,n:H KOTOpbiX Han6oJiee Ba)I(HbiM 51BJI51eTC~5[ 



rrpe.JJ:JlO)l<eHHbiH aBTOpOM MeTO)J, KOJie6aHIIH , 

COOTBeTCTBYIOillJIX KpaTHbi M lfaCTOTaM K IlJIOCKOCUIM CI1MMeTpi1I1 rraKeTa, 

Y Kf aHHhili pe3y Jib TaT aKTyarr e H rrp II rrpOeKTI!pO BaH !Ill paKeT-H OCI!Terreli 

rraKl THOH KOMIIOHOBKH, TaK KaK COOTBeTCTBYIOIItfie KpaTHbiM lfaCTOTaM <iJopMb[ 

rrorrepe"l!HbiX KOJie6aHHH paKeTbi, yqHTbiBaiOTC51 rrpH pa3pa601'Ke arrropHTMOB 

yrrpaBrreHH51, H rrpH rrpoBe,.a:eHHH rrpoqHoCTHhiX pac"l!eToB. ITpHMeHeHHe MeTo,.a:a, 

rrpe.n:rrmKeHHoro I1aBJIOBhi M A.M., rro3BOJI51eT HCKJIIO"l!HTb Heorrpe,.a:erreHHOCTb 
I 

rrorry-qaeMbiX rrpi1 "l!HCJieHHbiX paclfeTax ¢opM rro rrepeqHbiX Korre6aHHH paKeTbli, 

6e3 HaJIO)lCeHH51 )J,OITOJIHHTeJibHbiX rpaHI1lfHbiX ycJIOBHH Ha pacqeTHYIO MO)J,eJih, a 

TaKk e, B cny-qae ee OTCYTCTBH51, rrpHBeCTH HMeiOlll}IeC51 cpopMhl K Tpe6yeMOMr 

BH~. 
ITo ,.a:HccepTaQHH HMeiOTC51 crre)J,yiOIQHe JaMel.faHHSI: 

1. I1pH HCCJie)J,OBaHHH 3a,.a:aq 0 KOJie6aHH5IX CTep)l{HeBbiX CHCTeM , 

pac
1

CM01'PeHHhiX B )J,HCCepTalJ:HOHHOH pa6oTe, aBTOpOM 6hiJia HCI10Jlh30BaHa 

rrpocTetlwa51 Mo,.a:errh ,.a:e1_:>opMHpoBaHH51 6aJIKH (3tlrrepa-EepHyrrrrH) I1 MeTO!A 

Pa3f erreHI151 rrepeMeHHbiX. Bo3MO)l{HO, CTOI1JIO rrpoBeCTI1 )J,OIIOJIHI1TeJibHb&~ 

I1Cf Jie)J,OBaHmi B )J,aHHOM HarrpaBJieHHI1, I1CI10Jib30BaB 6orree CJIO)l{Hbie MO)J,errr:r 

6aJIOK )J,J151 y"l!eTa C)J,BHrOBhiX I1 )J,HCCHITaTHBHhiX 3¢¢eKTOB, a TaK)Ke IIpi1MeHI11~·· 

coBpeMeHHhre MeTO)J,hi pemeHH51 crreKTpaJihHhiX 3a,.a:aq )J,JI51 rroJiy"l!eHI151 6oJie:1e 

I ~ rh 
)J,ef aJibHOI1 HH'±'OpMaQHH 0 perneHI1I1 3a)J,alfl1 Ha CTa)J,I1H ee IIOCTaHOBKH. 

2. I1pi1 aHaJIH3e BJIH5IHH51 CHMMeTpi1H CI1CTeMhi 6hiJI paCCMOTpeH crryqa ~ 

TOJ[bKO H)J,eaJih HOH CHMMeTpi1I1, XOT51 B peaJibHhiX KOHCTpyKI~I15IX, KaK rrpaBHJII!D , 
I 

I1MbiOTC51 OTKJIOHeHH51 oT Hee pa3rrHqHoro ypoBH51 3Ha"l!HMOCTI1. Bo3HHKaeT Borrpc~c 

0 f paHHQaX rrpHMeHHMOCTH rrorryqeHHhiX pe3yJihTaTOB B cnylfae HeH)J,eanhHCif i 

CHrMeTpi1H I1CXO)J,HOH KOHCTPYKU:HH. 

T eM He M eHee, C"l!HTaiO, q To, yKa3aHHhie 3aMeqaHI151 He CHH)l{aiOT HayqHdH 

QeHHOCTI1 I1 He MeH51IOT 06IQeH BhiCOKOH OQeHKI1 )J,I1CCepTaQI10HHOM pa60Thl. 

ABTope¢epaT rrorrHo I1 rrpaBI1JibHO oTpmKaeT co.uep)l{aHI1e )J,I1ccepTaQI1H. 



I 

I H a ocHoBaHHH BbuueH3JimKeHHoro ClJHTaio, lJTO JJ,HccepTar.uur TiaBnoBa 

A.l BbiiiOn HeHa Ha Bb!COKOM HayqHQM ypOBHe If COOTBeTCTByeT nonolKeHI!IO <<d 
ITOl )1Ke np11CY)K!1eHMR yqeHbiX CTeneneli>>, yTBeplK)1eHHOf0 ITOCTaHOBneHI!eM 

Ilp, BHTeJibCTBa P<D N2 842 or 24.09.2013 r., a ee aBTop IlaBJioB A.M. 

3acj y:tiUIBaeT npHCY)KJJ,eHH5I eMy ytJeHOH CTeneHH KaH)J,H)J,aTa <iJH3HKO-

Ma:r MaTHlJeCKHX HayK no cn eu:mUibHOCTH 01.02.04 "MexaHHKa 

JJ,el opMHpyeMoro TBepJJ,or o Tena". 

O<P U:HaJibHbiH onnoHeHT, 
JJ,Hp

1

eKTOp <Dr:6YH I1HCTHTYT aBTOMaTH3aU:HH 

npoleKTHpoBanmr P AH 
)J, .<P.-M.H. 

Is 


