
OT3biB 

(jH1ItHcUlhHOro onnn11ettTC1 Ha f~HccepTat~HtO MHTHua ;\u;~pcs. IOpi>CBII'ta 

< HecTaUHOHapHbie KOHTaKT a6comoTHO TBepnoro Tena H UHJIHH JJ.pw~ ecKo i:i 

o 6 o 04Kl1» , npeJJ,cTaBneHHYlO Ha co11cKaH11e ylleHol1 cTeneHI1 KaHJJ,I1 JJ,aTa cPI1 311KO-

MLlTCMLlTI·I'ICCKi'IX ttayK 110 CIICLJ.H [}J lbiiOCTH 

0 I .02 .04 . - MCX<IIIHKCI ~crj>npMHpyeMnro Tncpn orn TCJi il . 

)lHCCepT3U115! nOCB5!W,CH3 TCOpCTI14CCKOMY HCCJICLJ,OB3H HID 

HCC'l' U HOHapHOfO KOHT3KTHOrO B33HMOJJ,CMCTBH51 MC)I<JJ.Y TBepJJ,bl M y LI.C1 ptH1 KOM 1·1 

y 11 p) ml·i l lt-IJt HIIJlPH •tccKol,i oGoJtO'tKol1 THIIa Tt,tMouJeltKo . P <npa Go ' <Ill 11 

peaJl 30B3H HOBbif;i t.IHCJICHH0-3HaJli1TI1 4CCKHH MCTOLJ, pewet-H15! HCCT3\lHOH apt-lhl X 

KTHbiX 38)1<'1'1 ~ npHBC)JCHhl pe3yJihT3Tbl p<lClfCTOn , rtOJl Y 'I CIIII hi C C 

HCnO 1b30B3HHCM :HOf'O MCTOLJ,a. 

A1nyaJ1bHOCTb TCMbl D,HccepTaUHH o6ycnosn eHa 6onhWHM KOJI HLJ e cTBOM 

KO lle· ·pyK i ltli1 T llllil oooJIO'ICK , ItpHMCttHCMhi X II!HI H'li 'OTOIIJICIIItl·t ,,·o p11 y c <ll l 

JieTa CJibHbiX annapaT OB, paKeT, MOJJ,yJieM KOCMR4CCKI1X CT3 HU11H VI 30 Hn OB . 

KY30 OB aBTOM06HneH 11 Kopa6nei:1 , 11 Heo6xOJJ.I1MOCTbiD npo rH 0 '1Hp0 13 3Th '" x 

IIj.)Olf -JOCTb 11 pecypc pa6oThl np11 3 Kcnn yaTaUl1.11 c yYeT OM BHeWH.HX B03JJ.C HCT BH H, 

R lf a THOCTH , COyJJ.apeHI1H C JJ.pyrl1MI1 TCJI8M I1. MOJJ,CJI 11p0133HHC T3KHX npOUCCCO I\ 

CT p<lCCMOTpCIII~SI KOIITilKTIIhiX '111 / lil'l / lJI 51 ) l C(jlOJ1MHpyCMhlX OO()JI()'I CI\ II 

Ul10H3pHOf;i fiOCT3HOBKC, CpCL1,11 KOTOpblX H311MCHee HCC.nC)10 B3HI-IbiMH II CI 

H5!WHI1M )J,CHb OCT31DTC5! npOCTj.)3HCTBCHHbiC HCCT3U1101-13pHblC KOHT8KT Hb!C 

Ja)J,a t 11 . J TO rOBOj.)I1T 06 atnya JlbHOCTH TeMbl )l.l1CCepT3Ul111 , a T3K)Ke 0 

COO T CTCTBHH ,QHCCepT3UHH H3YLIHOH cneu,l1aJihi-IOCTH 0 ].02 .04 -- « Mexa t!HJ< (l 

flC cPO JMHpyeMOrO TBCJ!)lOro TCJia ». 

HpaKTH~ecKa51 3Ha~HMOCTh JJ.I1CcepTaLJ.HH COCTOlH B B0 3 MQ)KH OCTI'i 

HCnO b30BaHH5! pa3pa60T3HH0f0 MeTOJJ,a )],JIB aHanl13a Hanp5!)J<e HHO-

JlC<j)o JMHpOB<:liiiiO t·o c o cT05IHH51 :JJlCMeiiTOIJ KOHCTPYKU11H o6oJtOlf C' tll o r o THIIa . 

KOTO biC B npouecce 3 KCnnyaTaUHH nOJJ,Bepra!DTC5! HeCT8UHOHapHh!M BH CIIII!IH\1 

B03Jl HCTBH5!M , LITO HMeeT npaKTH4eCKYID 31-13411MOCTb )J,Jl5! 3 BYI3KOCMH4 e CKOH, 

3BTO 0611Jibi-IOH , cyJJ,OC'TpOHTCJibi-IOH 11 JJ.pyrHX O'Tp3CJieM npOMbJWJ! e HH OCni 

fi OJIY ICHHble pe3yJibT3Tbl TaJOKC 6yJJ.yT fiOJie3Hbl B KalfCCTBe Be pYIQJHK3U HOHHbi X 

JlCli-IIII!X npH paJpa60 T I<e naKCTOB rtpHI<JI3)..ll l bi X 11 p OrpaMM l-lJ I51 'IH CJICII II OI 0 

060JIOL!el.Jf-lbi X 3JleMeHTOB 6onee CJIQ)J<HOH reoMeTpwreCKOM CjJ Oj.) M bl , 

pa6o a~OW.11X B yCJ10Bl15!X HeCTa U110Ha p HOr O KOHTaKTH OrO B33.11M O,lle§~Mtf~.UEJI MAI1 
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Hay•-HUHI HOBIUHa pe3yJ1bT3TOB JlMCCCpT3UvHi COCTOMT npC)K)-lC BCCJ~O B 

IIOC' 'J10CIIHH MCTO/ ti1 j)CI IICHvl$1 KJIHCC;l IICCT~llU.-fOII a pllhiX n pOCTpall CTBCIIIIhl \ ' l ll)lll'l 

o arpy)KCHMM ynpyroi.i UVIDHH,npHYecKoi.i o6onoYKH nma T11MOWCHKO , B 

tJ aC HOCTH , B 

!ICC' 'ClU110HapHO~l 

OOJ1YL1CHMH 

(j)yHKUMM 

aHaJlHTM YeCKHMJii 

I3Jl 1151 H 1151 .li,J151 

MeTO.D,aMM npoc-rpa HCTBe H HO H 

o6onoLIKJ1. I-loubiMI1 }IBJI}tJ OTC 5l 

n oc at-tonKa 3Cl/Hl'IH o KOt-ITC\KTC oooJIOlfKH c nocOJIIOT IIO TIICPJlhiM YJliljiiiHIWM .. 

ri OJl . l!CHHhiC fi.JI5l I-ICC pa3pC!IJCli·OI Il i1C COOTHOIIICJ-111ll, a T(liOKC riO CTJ1 0CHIIhi C 

YHC CHbiC peWCHH51 HCCTaUHOHapHbiX 33)].34 0 H3rpy)I<CHH H 060Jl0tfKH BJ-ICIJJH11M 

Jl3BJ CHI1CM M 0 ee KOHT3KTC C T BCp.D,blM y,napHMKOM. 

) ~otTOBCJHIOl'Th IIHY'IIIt.IX pc·ly.JthTHTOB. IIOJI())KCIIIIb tc 1..1 OC I IOuy p cl i! CIII I>I 

Tp3HCTBCHHOH HCCT3UHOH3pHOH KOHT3KTHOH 33)l3LJH 11 3BCCTH b!C MCTO!lhl 

M(lTHKI1 H MCX81-IHKI1 ,UCCj)OpMHpyeMOrO TBCpJJ.OrO TCJIH, M(lTCM clTH'ICCKI·I 

CTP r351 nocT3HOBI<3 33)l3LJH, npHMeHeHHe K peweHHlO anpo6HpO B3HHhi X 

MaT MaTW·lCCKHX MCTO.li,OB M r!O.li,XO.li,OB, a TaK)KC HCCJlC)lOBaHM C CX0Jl11MOCTI1 

IIOJI ' IC llllhiX pcJ yJII>HlTOll 06CCIIC 111HlaCT )lOCTOUCpiiOCTb 

JlHKOB3HHblX B .ni·iCCepT3UHOHHOH pa6oTe COMCK3TCJ151. 

AsTope~epaT .U3CT l! CTKoe npe.ucT3BJICHHe o )J.HccepTaUH11 11 n n on HOH 

m-pmKaeT ee conep)K3H11e. C3M3 nHccepT3U1151 rp3MOTHO ocj:>opMneHa 11 

CO.ll, p)KI1T JlOCT3TOlJHOe KOJ1J1lleCTBO 11J1mOCTpaUMH. 

C o ; ~cplt\llttttr ; ~uccetna 1 ~~~ o 11110 II pa fioTt.J. 

~11CCCpTaU110HH351 p360T3 COCTOHT 113 BBC)lCH1151 , Tpex rii3B, 33KJ110l!CHI151 11 

K3 mnep3Typbr 113 102 no3HUHH . Conep)K3HHe p 360Tbi H3JW)KCHO Ha I 09 

CTp H11U3X M3WHHOIIJ1CH0f0 cp0pMdT3, BKJ1lOlfaCT 41 HJIJHOCTpdUHIO. 

80 66ef)eltUU , 13 COOTBCTCTI311H C Tpe6oBaHH51MH I< CO)JCp)K3 IIVIIO If 

ocj)o )MJieHHIO ;~HccepnntHOHHhix p aooT, a BTopoM o6ocHOBhiRacTc5l aKTY<Ui t. II OCTh 

I HCCJlC)J.OB3HH51, cPOPMY11HpylOTC51 UCJlH )J,I1CCepTaUHOHHOf0 HCCJlCJlOB<H-IVIll 11 

COHCKaTeneM pe3yJ1bT3Tbl , 060CHOB3H3 )J.OCTOBepHOCTb , 

TeO CTYIIJCCIG:l51 H llpaKTI1 lJCCKa51 :3 1ld1111M OCTb pa60'l'hi , nepe l lJ1CJICHbl II OJIO>l<CHl-UI , 

13biH CI1Mb!C 1-13 33UlMTY )J. I1CCepTaUI10H HOi1 pa60Tbl , rtpHBC)lCHbl CBCJJ.elll151 06 

3llp 63UI111 pe3yflhT3T013 .ll.11CCCpT31(110HHOrO HCCJlCJI.OB3HVIll VI 0 n y6.rH1KC11li1HX 11 0 

TCM )J.MCCepT3!li10HHOf0 11CCJ1C)J.OB3HI151 , 0603Ha4CH J1J11-I.HbiH BKJl31l 3BTOp3. 

B nepaoii z.;wae nposeneH o63op 11 3HaJJH3 p360T, nocB51Il.l.eH Hbtx peweHHIO 

'3() JW I MCX3HI11<11 KOII T3KTHOrO B:33VIMO)lCHCTBVIll, 13 'laCT HOCTH , OC06oe BHI11\13 1111 C 

yne CHO MCTO.D,aM 11 pe3yJ1bT3TaM peweHH51 HCCTa!li10HapHbiX KOHT3KTHbiX 33)J(llf , 

a Ta OKC 3a,nay KOHTaKTHOH MCXaHI1KM )].1151 TOHKMX 060J104C K. 0630p JlOCT3TOYHO 



H 11 03B0Jl 51 10UJ,V!H C!-\eJlaTb Bbl BO/-\ 0 TOM , l(TO llOCT813Jl CI111 3 51 

CO I·1 KilTCJIC M · ~il ) liJII i l 511\JIH CTCH 11 0 1\0i-1 . rlOMHMO JIHTCJ1cl'l')'p 1101 '() ofi·wp;l, a 11 Cp11 0 i·i 

)],aHa o6w,a5T MaTeMaTHYeCKa 51 llOCTaHOBKa n pOCTp a HCTBe HHbl X 

IJ,HOHapHbiX KOHT3KTHbiX 33,U3Y ,UJUI ynpyrOH UHJ111H,Up11YeCKOi1 0 6 0Jl 0 11KI1 

T H il l THMOiliCIII<O , IIOCTULIJICIILI J1 (1 1JUJI LIILIC H r pUIIJ.-JI IIILI C )'CJIO UI·I }I , a J'(I J(ii(C 

OOC )1</ Ul10TC51 yc.nO IHI51 KOIITC1KTI-IJ1011Cl11H5l T(II<OJ:J OflOJI0 11KH C )f( CCT I( III\1 

HHJJ. - HTopoM H noJ MmKI-JOCTb Hx 11HHeapH 3aLLHH. Y)l<e Hn JTOM ·n ;l!JC rHt Jtll <l 

6 0 11 Wa5T C110)1<H0CTb Bbi 6paHHOrO COHCKaTe11eM 06beKTa )],1151 HCC11 e )J,OBa HH 5T -

MO.ll Jlb 060J104KH, YYVITbiB31{)UJ,351 C.llBHfOBbl e JJ,eCpOpM3UVIVI H OflHCbiBCle M3 51 

c t tCT 'MOI·i JIHIIdtllht X ).LH<IHI>cpc 11LLH <Uih llhiX ypHBIIC itH i,i I 0-m IIOjlH Jll\ <1, 

HeCT UHOH3pHbl~ xapaKTep KOHTaKTHpOB3HVI51 , 11pV1 KOTOpOM 0 6 JI Cl CT b KOI-ITCl KTa 

·>ap<l ·ree 1rewmecTHCl H MeH5TCTC51 no npe Mer-IH . 

BmopaR ZJWBa nocBJTw,e Ha nocTpoeHHJO HecTaUHOHapH OI'-1 cpy H Kll HH 

BJIVIJIHVIJI .111151 UVI11VIH.llpWieCKOH 060Jl0YKVI VI VICCJle.llOB3HVII{) HeCT3 UH OH8 p1-1 0rO 

) ~ IIIDI CIIIISI qJ-Jn llll ) ~p H IJ CCI<O~t OOOJI0 11J< H IIO)l )LCHCTI\"ICM '1il )l( l ii ii ()J '(\ IIII CIIII IC I 0 

,Q1151 llOC1'pOeHH51 cPYHKUHH B11H51HVI51 HCI1011 b30BaHbl HH TCrp <lJlbllbi C 

npco6pa3osaHH5T nan naca 1<1 ct>ypbe no npoA OJJbHOH Koop;lHHaTe , a Ta ro r< c 

pa:.m )I<eHH51 B p5l).lh1 <L>ypbe . B pe3)'J1bTaTe Ja).laYa cse)J,eHa noHcKy H3o 6 p a )I<e H HM 

110 ypbe VI J1an11acy K03C})cPVIIJ,VIeHTOB p51.[1,3 cDypbe VICKOMOH cj) yHKUHH BJ1 H5111 H51 . 

nepCXOJl(l l·n ll pOCTpiliiCTI\11 11:100J1(l)KCIIH H flO (j)yphC II J lannn cy II 

OpHrHH8J10B, COHCK3Te11eM n peAnmr<e H p ea11H 30 B(l II 

H3JlbHbiH aH3J1HTHYeCKHH anrOpJ.-JTM , OCHOBaHHbiH Ha CB 51 3H 

pa3ouaH H51 cDypbc c p }I.LJ.OM cD y pLc Ha ucpeM CHHOM HHTCpBcU Je . C JJe11yer 

OTMCfHTb yBepeHHOe BJla)leHVIe COHCKaTeJICM M3TeMaTVItJCC KVI M 3IIfl8p8TOM 11p V1 

B 

)leH HH BCChM(l C11 ())J<J-IhiX npeoOpc:nOB(lHHH C !leJih iO nony'I CIII151 pc ·~yJJhT ilTOn 

811HTHYeCKOM BH.llC. npoBe)J,CHO cpasHeHHC C Apyr HMI1 'IHCJIC !-11-1 0-

TWI CCKYfMYf MCTO)J,3MJ.-1 o6paW,e HJ.-J5T , KOTOpoe ll0K333Jl 0 3CjJQJCKTHBHOCT b 

ll j)CJl i O>KCHH OI'O ai iUJI J.-JTWieCKOrO anrOpHTMa. 0CHOBbiB351CL HU IJ OJIY LJ CHII OM 

owemm .[1,11 51 cf>YHKU,J.-11-'1 B11 H51HJ.-151 , llOCTpOeHO peweHHe TeCTO Bbi X 3a Jl(l'l 0 

HCTBHH Ha 060JI0 1H<Y BHeiJJHero HeCT3UHOHapHOr O .llaB11eH J.-1 51 VI VICCJi e)lOBCl H Zl 

MOCTb pe3y11bTaTOB flO YHC11 Y yAep )KHBaeMbi X YJ1 eHOB p51)J,a. 

B mpembeii ZJlaae Ha ocHose no11y4eH Ho r o B npeD.bJ D.y w e i1 r n a s e 

COOTII OIUC IIIU I )lJ15l ci>YIIKilHH BJIHHHH51 pa3paGcHal-l H peaJIHJOB(lll clJirOp HTM 

npOCl'paH CTBeHHOH HeCTa UJ.-JOHapH OH KOHT aKTHOH 3a)J,(ll l f1 )1J l 51 

U J.-JJIH )l, j)VIYeCKOH ynpyro~ 0601104KH H a6COJ11{)THO TBep.noro y.napHI/IKa , 



Ot-p· Hl14eHHOrO IIOBepXHOCTbl{), l1MelOW,eH cpOpMy rrapa60JIOI1,lla Bpaw,eHl151 . 

Pac MOTpe H CJiy4aH HOpMaJibHOrO y .aapa IIO 60KOBOH IIOBepXHOCTH 060JI0t!Kl1 . 

Anr j)l1TM OCHOB3H H3 MeTOJJ,e MeXai-1HlfeCt01X I<B8.lljJ3Typ, COrJlaCHO KOTOjJOM Y 

BXO B CHCTeMy pa3pewalOW}IX ypaBHeHI1H 11HTerpaJibHbie onepaTOpbl 

'3aM HeHbi 11x YMcneHHbiMH aHanoraMM . DocT}JoeHbr 3aBMCHMOCTM pa.a11yca 

o6m CTl1 KO ITI'aKTa l1 pe3yJi bTl1iJY IOW,e H KOI-I'I'aKTHOM Cl1J1bl OT BpeMeJ-111 , a TatoKe 

pacn p e;J,eJieHl151 KOHTaKTHbiX ).~aBJt e t il1i1 l1 nepeMeW,eH HH llOBepXHOCTH Ul1Jil1 H,llpa B 

pa3Jl 4Hbte MOMeHTbl BpeMem1. 

B 3UIUliOileHuu np11se.aeHbi o cHOBHbte pe3yJi hT3Tbi .llHCcepTaUHOHHOH 

pa6oro1. 

'laMC11UIUI SI 110 pa60TC . 

1. 0630p J1l1TepaTyphl , npMBe,lleHHhi H B nepBOH rJtaBe, 5IBJ15IeTC51 XOT51 11 

llO.Up06HbiM , I-10 He CTjJyKTypHpOB3HHbi M llO T l1IIaM paCCMOTpeH HbiX 33.[1,34 

( (.;T3' l14eCKl1e, I< B33 l1CT3T l1LfeCKl1 e l1 ,Ul1HaMl14eCI<l1e KOHTai<THbie 3a)J,a411, 33.ll34l1 

)..l,Jl>l f OJtynpOCTpaHCTBa, fi0J10Cbl H 060J10lJKl1 l1 T . .ll.), tiTO 3aTpy.llH51eT B0Cflj)l151T l1 e 

TCI\C ·;1. )~pyntM tt e)~OCTaTI<OM oG3opa HLIJIHeTC>I OTCY I'CTI:H·IC U II CM pn GO'l 

VI HOC -pa t-IH bl X aBTOjJOB . 

2. He.aocTaT04H hri1 aHanl13 npHse.ueHHblX B TpeTbei1 rnase 4HcneHHbtX 

pe3yJ bT<.lTOB . 8 llaCTI-IOCTl1, l1HTepeCHO 06b51CHeHH e Ml1J-Il1M y Ma I-Ia rpaQmKe 

3cll3H HM OCTH KOHT3KT HOH Cl1Ji bl OT BpeMeHH (p11c J J J) l1 HeCHMMeTpl14HOrO 

X<lp!ll Tepa pncnpe;~ene ttl1H )l(.1 BJIC I IH i1 H ynpyrt~X nepCMClllC II I-tM 060Jt0 '1I<H 

( p 11 C. .3 .4-3 .3 .17) HeCMOTJJ51 Ha Cl1MMeTp11lO y ,llapHHKa, l<OTOpbl H r:tpe.Ll,CTaBJI5IeT 

co6o · n apa6o nOH.ll spaw.eHH51 . 

l. XoT>I I IOCTUHU I.IIW 3<1)U:tlJH Ylf~-'IT b i iH l eT BJIH >tHHe Cl1JI I<Otn ·aKTllo~\ pcm<U¥tvt 

CO C 'OjJOI-lbl 060JIOl!Kl1 1-la CKOpOCTb y.LJ,apHl1Ka, B npe,llCTaBJ1eHHblX B TpeTbeH 

f'JI(-lB p e3yilbT3T3X paclfeTa n apaM eTpbl B351Tbl TaKHe, liTO 3TO BJII~HJ-IH e 

He3m LtHTeJtbHO, 11 cKopoCT b y.llap1-111Ka ocTaeTC5! nocT051HHOH ( p11c. 3.3. 1 ). 

ripe.ll 'TaBn5IeT HHTepec, KaK 113MeHHTC51 peweHHe 3a,JJ,a4l1 B cnyLiae, KOr .lla 

Cl<Op y.nap1111 t<a Gy.LJ.eT cyLUeCT uet-11-IO Mel-l >tT bCH t-ta t tpoTmt<eiii-IH 

11'3!111 O~C I~ CT !)l· l51 rt0Jl .llCi1CTIJI'ICM l<OIITtlKTIIbi X C~IJI. 

npHBe,lleHHbJe 3aMeLiaHr151 He BJi r15II{)T I-!3 o6u~yro llO.nQ)Kl1TeJihHYID OL~em<y 

pTaUHl1 , KOTOpa51 npeLI,CTaBJ15leT C060H 3aKOHLieH HOe HayLIHOe l1CCJie.LJ,OBaHHe, 

Bbl flO 11-IeHI-We Ha BbiCOKOM HayLIHOM ypOBHe, IlO B3)I<HOH 11 aKTyaJlbHOH npo6neMe 

TCOp<: l'l'i 'I C(.; I<O I 'O HCCJIC/lO [} <1 11 1~ H I ICCTilllHO I I<lp l lOl 'O I<OI IT(IKI'a )J.Jl>I y I I p y I '0 j:I 

060n LIKH l1 )KeCTKOfO y.napH11K3. 



Pe3yJ1hT3Thl BbJDOJIHeHHhJX HCCJJe)J,OBaHHH nonHOCTbiD OTJJ31KeHbi B l 0 

ny6 IHKaUH5IX asTopa, H3 HHX )J,Be pa6oThJ B )KypHa.nax, BXO)J,51W,HX B cnHCOK BAK 

P<D , 11 O)lHa pa6oTa, BXO)J,5IU{a51 B 6a3y )J,3HHbiX SCOPUS, ocTanbHbie 7 s npoYHX 

113)], Hl15IX . 

}1,11 ccepTaiJ,l15I y)J,OBfleTBOp5IeT BCeM TPe6osaHH5IM BAK Pet>, 

11pe 'LJII3JI5ICMbiM I< I<ati)J,l1)J,3TCI<I1M )J,l1CCepTaLJ,l151M fLO Cj)l13I1KO-M3TCM 3Tl1t!CCKI1M 

Hay1 aM, a ee asTop, MHTI1H AHApeti lOpheBHY , 3aCJIY)I<HBaeT npHCYIK)J,eHH51 

y q e OH CTeneHI1 K3H)J,I1)J,3T3 qm311KO-MaTeM3Tl14eCKl1X HayK no cr:reLI,I1anbHOCTl1 

0 1.0 .04 - MexaHMKa )J,ecpopMHpyeMoro TBep)J,oro Tena. 

C r<q umi1 Hay 111Ibii1 cmpy,LJ,IIHK ci)rGYH 
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