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ocpHUHanbHOro OililOHeHTa 

TeMnoea AJieKcanApa HuKoJiaeeu뗄 

Ha ,D;HCCepTaUHIO 

IlaK Couru 

«CTaTHqecK邸 H ,D;HHaMffqeCK때 ycTOffqHBOCTb TOHKOCTeHHbIX KOHC마>yKUHH, 

co.n;ep)Karn;HX )Klf,nKOCTb>),

npe짜CTaBJieHttyIO Ha COHCKaHHe yqeHOH CTeneHH KaH,D;H,D;aTa TeXHffqeCKHX HayK 

no cneu11anbHOCTH 

1.1.8 - «MexaHHKa ,necpopMHpyeMoro TBep,noro Tena» 

AKry3JlbHOCTb TCMbl 

B COBpeMeHHbIX TeXHHqecKHx yc-rpoHCTBax H coopy)KeH血X qacTO 

npHMe曲]OTC.ff oceCHMMe-rpHqHbie TOHKOCTeHHbie KOHCTJ))'KTHBHbie 3JieMeHTbl, 

HecymHe 3HaqHTeJibHbie 061,eMbl )Klf,nKOCTH. 3-rH 3JieMeHTbl Moryr B pa6oqeM 

COCTO.HHHH IlO.ZJ;BepraTbC.ff 3HaqHTeJibHblM CTaTffqeCKHM CHJIOBbIM Harpy3Ka.M JIH6o 

,D;Hffa.MffqeCKHM nep110,n11qeCKHM B03,D;eHCTBIDIM. 8 CB.ff3H C 3THM 

paccMaTJ)HBa.K>TC.ff )];Ba BH,n;a HeycTO硏HBOCTH. IlpH H邸WIHH npHJIO)KeHHOH K 

KOHCTJ)YKUHH IlOCTO.HHHOH Harpy3KH HMeeT MeCTO B03MO)Kff0CTb BbIX.O,D;a ee H3 

CTaTffqeCKoro paBHOBeCHoro COCTO.HHIDI, Kor,na CKOJib yro,n;Ho Manoe OTKJIOHeHHe 

npHBe,neT K HeorpaHffqeHHOM)' onaCHOMY poc-ry 庫ecpopMaUHH, qTo xapaKTep113yeT 

IlOTepIO CTaTffqeCKOH ycToHqHBOCTH. C11-ryauIDI ,D;HHaMffqeCKOH HeycTO硏HBOCTH

KOHCTJ))'KUHH MO)KeT npo.HBHTbC.H, KOr,n;a OHa HaxO.ZJ;HTC.ff B .ZJ;BH)KeHHH, 

xapaKTepH3)7K)IUeM HOpManbHbIH pa6oqHH CTaUHOHapHblH KOJie6aTeJibHbIH 

npouecc. B ,D;HCCepTaUHH paCCMOTJ)eHa B03MO)KHOCTb p83BHT血 B 

ocecHMMe-rpHqHoH KOHCTJ)YKIJ;HH 3HaqHTeJibHOH aMilJIHT)',D;bl 

HeoceCHMMeTJ)ffqffbIX. BH6pau때, o6ycnoBJieHHbIX MexaHH3MOM HX 

napaMe-rpffqeCKoro B036y)K)].eH血 no,n ,neHCTBHeM nepHO,D;HqecKHX BH)'TJ)eHHHX 

ynpyrHX CHJI. Tipe,n;JJ.O)KeHbl 켜)cpeKTHBHbie MeTO,lJ;HKH HCCJie,noBaH血 YK83aHHblX 

npo6JieM npHMeHHTeJibHO K oceCHMMeTJ)ffqffbIM KOHCTJ))'KUIDIM, HaxO邸~HMC.ff

no,n ,neHCTBHeM oceCHMMe-rpHqffblX Harpy30K. 

Hay-.u때 HOBH3H8 AHCcepTal(HOHHOH pa60Tbl 

K HOBbIM HayqHbIM pe3yJibTaTaM ,n;HccepTaUHOHHOH pa6oTbl MO)KHO OTHeCTH: 

1. MeTo,n; Hccne,n;oBaHIDI CTaTHqecKOH ycTOffllHBOCTH OilHCaHHoro KJiacca 

KOHCTl)YK[(HH, OCHOBaHHblH Ha npOC'I'paHCTBeHHOM <l>ypb5-aHa.JIH3e cneK a 
TAB/1 AOKYMBHTa~~OHHJ;t) 

CTaTfflleCKH Harp}')KeHHOH KOHCTl)YKUHH. o6ecne曲eH~R MAvl 

2. MeTO.ZJ; lJ:HCJieHHOfO HHTerpHpOBaH血
沼~ f p{_,- 2ra3-. ~-

HeJIHHeHHbIX MO惡a.JlbHblX

ypaBHeHHii, BKJIIO때IOI.UHX KaK K03<pq>HUHeHTbl oceCHMM하pHl.lHblX TOHOB 



KOHCTJJYKUHH, TaK H HeocecHMMeTJ)ffqH1>1x TOHOB, 血il IlOCTJ)OeH血 o6nacTeii 

napaMeTJ)ffqeCKoro Bo36y)l(AeH血 HeoceCHMMeTJ)HqHI,IX Kone6aH때. 

IlpanuqecKaH 1uaqnMOCTb 

1. PeanH30BaHH때 B Ta6nHqHoM npoueccope Excel MeTOAHKa noKa:Jana 

BbICOK)'IO 3cpq>eKTHBHOCTb npH MHOfOq>aKTOpHOM aHanH3e CTaTHqecKOH 

ycToiiqHBOCTH Ha npHMepax IlOCTJ)OeHHil o6nacTeH ueyCTOHqHBOCTH B 

OAHOMepHOM, ABYMepHOM H TJ)eXMepHOM npOCTJ)aHCTBaX BapbHpyeMbIX 

napaMe-rpoB. 

2. C Hcnon1,30BaHHeM 따ICJieHHOro HHTerpHpoBaHIDI noc-rpoeHbl rpaHH叫

o6nacTeH napaMeTJ)ffqeCKHX pe30HaHCOB He TOJlbKO OCHOBHOro 1-ro nopx,nKa, HO 

H pe30HaHCOB 6onee BbICOKHX nopMKOB. 

3 . p怒pa6oTaHa H anpo6HpoBaHa Bepc血 nporpaMMI>I pacqe-ra 

AHHaMffqeCKHX xapaKTepHCTHK oceCHMMeTJ)H따lbIX TOHKOCTeHHbIX ynpymx 

KOHCTJ)YKQHH, COAep)KaI.QHX 061,eMbl HAeanbHOH HeC)KHMaeMOH )KHAKOCTH, C 

HCilOJlb30BaHHeM MeTOAa KOHeqHI,IX 3JieMeHTOB, peanH30BaHH책 B cpeAe Oq>HCHOH 

nporpaMMI>I Excel ua X3bIKe nporpa.MMHpoBaHIDI Visual Basic for Applications 

(VBA) H Il03BO꼬IOI.Q때 npOBOAHTb HCCJieAOB떠IDI 6e3 HCilOJlb30BaHIDI 

AOpOrOCTOXmHX cneQH邸H3HpOBaHHbIX nporpa.MMHO-annapaTHbIX KOMilJieKCOB. 

CoAep*auue u oct,opMneuue AHCcepTanuouuoii pa6oTbI 

~ccepTaQIDI COCTOHT H3 BBeAeHIDI, 4 rnaB, 38.KJllOqeHIDI H CilHCKa 

Hcnon1,3yeMoii JIHTepaTYPbI. 06血IH 061,eM AHCcepTaQHH COCTaBnXeT 144 

CTJ)aHHQbl. 

Bo BBeAeHHH o60CHOBaHa aKT)'anbHOCTI, npo6neMbl, c<pop찌JIHpOBa.Hbl 

uayqHa.H HOBH3Ha, npaKTffqeCK때 QeHHOCTb H AOCTOBepHOCTb IlOJI)며eHHblX 

pe3yn1>TaTOB, a TaIOKe npHBeAeHbl 惡HHbie O CTJJ)'KTYPe H 061,eMe AHCCepTaQHH. 

B nepeoii rnaee npeACTa助eH JIHTepa-rypHbIH o63op no TeMe AHCcepTaQHH, 

paCCMOTJ)eHbl pa60Tbl no BonpocaM HeJIHHeHHOH TeopHH ynpyrocTH H 

COBpeMeHHbie pa60Tbl, IlOCB血meHHbie 3KCnepHMeHTanbHblM H qffcJieHHbIM 

HCCJieAOBaHIDIM o6onoqeK c )K~KOCTblO. 

BTopaH rJiaea IlOCBilmeua q>OpM)'JIHpOBKe OCHOBHblX ypaBHeHHii, 

OilHCbIBaJOmHX COBMeCTHI>Ie KOJie6aH血 ynpyroro Tena H uaxo邸merocil B 

KOHTaKTe C HHM orpauHqeuuoro 061,eMa )KHAKOCTH. Kone6aHIDI nonaraIOTCX 

ManbIMH, HO 血ii yqeTa BJIHXH血 uaqan1,uoii cTaTHqecKoii Ae<popMaW{H ua 

co6CTBeHHbie qacTOTbl paccMaTJ)HBaeMOH CHCTeMbl HCilOJib3YJOTCil HeJIHHeHHbie 

reoMeTJ)HqecKHe ypaBHeHIDI TeopHH ynpyroCTH, KOTOpbie JIHHeapH3YJOTCX B 



OKpeCTHOCTH 

ynpyroro Tena. 

CTaTWiecKoro HaIIp.Sl)KeHHO-~e<popMHpOBaHHOfO COCTOjiHIDI 

B TpeTbeH rJiaBe ,[(HCCepTaQHH OilHCaHa MeTO.ZJ;HKa HCCJie.ZJ;OBaHH.SI 

CTaTHl-IeCKOH ycTOHl-IHBOCTH oceCHMMeTJ)Hl-IHblX TOHKOCTeHHI,IX KOHCTPY~때, 

KOHTaKTHpyiomHx C O~'beMaMH HeC)KHMaeMOH )KH,[(KOCTH, npH ,r,;eHCTBHH 

rpaBHTaQHOHHOro IlOJI.SI H ocecHMMeTJ)Hl-IHblX CHJIOBbIX q>aKTOpOB, OCHOBaHH때 Ha 

npOCTl)aHCTBeHHOM <l>ypbe-aHaJIH3e cneKTpa Harpy)KeHHOH KOHCTl))'KUHH. 

Ilpe.ncTaBJieHbl npHMepbI HCCJie.ZJ;OBaHIDI CTaTHl-IeCKOH ycTOH따HBOCTH 

ocecHMMeTl)H따HbIX KOHCTJ)YKQHH, B3aHMO.ZJ;eHCTByK)InHX C orpaHHl-IeHHblMH 

6 。 1>eMaMH )KH,[(KOCTeH. 

B "leTBepTOH rJiaBe npHBO.ZJ;HTC.SI MeTO血Ka HCCJie.ZJ;OBaHIDI .ZJ;HHaMHl-IeCKOH 

ycToii따HBOCTH rapMOHHl-IeCKHX KOJie6aHHH oceCHMMeTJ)Hl-IHblX TOHKOCTeHHbIX 

KOHCTPY~때, KOHTaKTHP)'IOinHX C 061>eMaMH HeC)KHMaeMOH )KH,[(KOCTH, 

B036y泣aeMbIX npo,r,;OJibHbIM nepHO.ZJ;砲eCKHM B03.ZJ;eHCTBHeM. 

11ccne.noaaHa ,r,;HHaMHqecK책 ycToH따HBOCTb oceCHMMeTJ)Hl-IHblX KOJie6aHHH 

TOHKOCTeHHOro QHJIHH,r,;pa C IlJIOCKHM ,[(HHineM H .ZJ;HHaMHl-IeCK책 YCTOHl-IHBOCTb 

oceCHMMeTJ)Hl-IHbIX KOJie6aHHH TOHKOCTeHHOro QHJIHH짜pa c nonycq>epH1-IeCKHM 

.ZJ;HHIQeM no OTHOIIIeHHIO K OCHOBHOMY TOH)' C 4 BOJIHaMH no OKp)')KHOCTH B 30He 

ocHOBHoro napaMeTJ)H1-1ecKoro pe3oHaHca npH noMomH Mero,r,;a rapMOHH1-1ecKoro 

6anaHca. 

B JaKJiro"leuuu nepe따HCJieHI,I OCHOBHI,Ie pe3yJihTaTbl ,[(HCCepTaQHOHHOH 

pa60Tbl. 

Co.nep)KaHHe 血ccepTaQHOHHOH pa60Tbl B QeJIOM a,neKBaTHO OTJ)a)KeHO B 

aBTOpeq>epaTe H B .ZJ;OCTaTO만HOH Mepe OTl)a)KeHO a OCHOBHbIX ny6JIHKaQ血X.

3aMe"laHHH no .QHCCepTa ... HOHHOH pa6oTe 

Ilo co.nep)K떠HIO ,[(HCCepTaQHOHHOH pa60Tbl MO)KHO c.nenaTb cne.zzyiomee 

3aMeqaHHe. 

1. 11ccne.noBaIIHe napaMeTJ)H1-1ecKoro B036y꼬eHIDI HeoceCHMMeTJ)H따HblX 

KOJie6aHHH BbIIlOJIHeHo c yqeTOM a CHCTeMe JIHIIIb O.ZJ;HOro HeoceCHMMeTJ)Hl{HOro 

TOHa. ,D;o6aBJieHHe a CHCTeMY ypaBHeHHH eme TOHOB c ,r,;pyrHM l{HCJIOM BOJIH no 

OKpy)KHOCTH MOrJIO 61>1 paCIIIHpHTI, o6JiaCTb ,[(HH책1H1-1ecKoii HeycToH따HBOCTH 

oceCHMMeTJ)H따HbIX KOJie6aHHH. 

C,nenaHHoe JaMeqaHHe He CHIDKaeT 
~ 

IlOJIO)I아iTeJibHOH OQeHKH 

,LlHCCepTaI(HOHHOH pa60Tbl. 



3aKJiro'lfeuue 

짜HCCepTaQHOHHrul pa6oTa TiaK CoHrH HBJI.HeTCH caMOCTOHTeJibHOH, 

3aBepIIIeHHOH HayqHO-KB邸Hq>HKaQHOHHOH pa60TOH, B KOTOpOH peIIIeHbl BaiKHbie 

npHKJia,ZJ;Hbie Ha)'llHO-TeXHHtJ:ecKHe npo6JieMbl H IlOJI)'lleHbl peIIIeHIDI p.H,n;a 3a,n;aq, 

CBH3aHHbIX C ycTOH따HBOCTblO TOHKOCTeHHbIX KOHCT})YKUHH H npe,n;cTaBJUieT co6oii 

3aKo~eHHOe Ha)'llHOe HCCJie,n;oBaHHe. ~ccepTaQIDI COOTBeTCTByeT -rpe6oaaHIDIM 

BAK P<l>, npe,n;1>HBJI.HeMbIM K KaH,n;H,n;aTCKHM ,n;HccepTaQIDIM, a ee aBTop, IlaK 

C OHrH, 3aCJIYiKHBaeT npHCYiK,ZJ;eHIDI eH )'lleHOH CTeneHH KaH血惡Ta TeXHffl-leCKHX 

HayK no cneuHa끄bHOCTH 1.1. 8 - «MexaHHKa ,n;eq>opMHpyeMoro TBep,n;oro TeJia>). 

OcJ,nuuaJILHLrii onnoaeaT 

TeMHOB A.JieKcaa자p HuKonaeeu-i 

KaH,nH,naT 4)H3HKO-MaTeMaTHqecKl:IX HayK, 
J!tl?。;;J, {£,23 

,noQeHT Kaq>e짜pbl «KocMHqeCKHe arrnapaTbl H paKeTbl-HOCHTeJIH» 

<l>IoOY BO «M OCKOBCKHH rocy.napcTBeHHI,IH 

TeXHlP:leCKHH )'HHBepcHTeT HM. H. 3. :SayMaHa» (MrTY) 

Mpec MecTa pa60T1,1: 

105005, r. MocKBa, rocrrHTaJibHbie rrepeynoK, ~- 10 

antt45@mail.ru, +7 (916) 428-68-71 

IIo~rrHcb K.<p.-M.H., ~ou. TeMuosa A.H. 3aaep.H10 

,lJ;eKaH <paK)'JibTeTa CM 

,Ha.JibHOe MaIIIHHOc-rpoeHHe 

乙 떠璋仰 깡詞W-M,A 

{{_{l 竝셔 ¢ 

KaJiyrHH B.T. 
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