
OT3hiB O<l>II:QHAJihHOrO OllllOHEHTA 

)J,OKTopa <I>n3HKO-MaTeMaTnqecKnx uayK, npo<I>ecco ~ a, 

HryMnoBa Jleoun)~a AJieKcan)J,poBnqa 

ua ,ll;HccepTau:uouuyJIO pa6oTy ApyTioHHHa Apoua Mapa oBuqa 

Ha TeMy: «HecTaUHOHapHO«~ KOHTaKTH.Oe B3aHMOt~;eiiCTBHe JKeC KOH) IIITaMna 

H ynpyroro DOJiynpOCTpaHCTBat C 33fJiy6JICHHhiMH DOJIO HMH», 

DpC)J,CT3BJICHHYIO Ha COHCK3HHC yqeuoii: CTCDCHH KaH)J,H)J,aT <I>H3HKO­

MaTCMaTHqecKHX uayK DO CDCIJ,JIIaJihHOCTH 01.02.04- «M XaHUKa 

,~J;e<}lopMupyeMoro TBep)J,oro TeJia» 

AKTyaJibHOCTb pa6oThl 

Ha cero,n:H5IIIIH¥rH: ,n:eHb MHonw Ba)I(Hbie rrpaKnPieCKHe 3a,n: 1:m CB513aHbi c 

HCCJie)J;OBaHHeM )J;HHaMHqecKOrO KOHTaKTHOrO B3aHMO,n:ei:J:cTBH5I rpaHHqeHHbiX 

TeJI C ITOJiyorpaHHqeHHbiMH. yrrpyrHMH 06JiaCT51MI1 CJIO)I(HOrO CTpOeHIDI, B 

KaqecTBe KOTOpbiX B COBpeMeHHOM CTp011TeJ!bCTBe MO)I(eT BbiCTYIT Tb rpyHTOBbiH 

Macci1B. B rpyHTOBOM Macc11ne 1IaCTO rrp11cyTCTBYIOT 

(HapyiiieHI151 cTpyKTYPbi) KaK ecTeCTBeHHoro (KapcTOBbie rronocTH, onee )l(eCTKHe 

BKJIIOqeHH.si), TaK H HCKYCCTBeHHOr O (pa3JIHqHbie KOMMYHHK HH, TOHHeJIH 

MeTpOI10JII1TeHa, 3ar ny6neHHbie xpaHI1JII1I.IJ;a OTXO,ll;OB 11 ,n;p.) I1 OHCX0)1(,ll;eHI151. 

il03TOMY CyllleCTBeHHbiM 5J[BJI51eTC51 BOIIpOC 0 CTeiieHI1 BJII151 H51 IIO,ll;06HbiX 

HeO)J;HOpO,ll;HOCTeH Ha reHepnpyeMbie B MaCCHBe C HeO,ll;HOpO)J;HOC blO BOJIHOBbie 

IIOJI5I. B CB513H C 3THM, Bbii5op B KaqecTBe TeMbl ,ll;I1CCepTaiJ;HH HCCJ!e)J;OBaHI151 

HeCTaiJ;110HapHoro KOHTaKTHOrO B3aHMO,ll;eHCTBH51 )l(eCTKOrO IIITaM a H yrrpyroro 

rronyrrpocTpaHCTBa c 3arny6n:eHI-IbiMI1 rronocT.siMI1 rrpe,n;cTaBn.sieTc.si 

KpaTKoe co)J,ep~auue pa6oTbi 

,lJ,uccepTaiJ;I151 COCTOI1T 113 BBe,n;eHH.si, Tpex rJiaB, 3aKJIIOqeHH5I, 

CIIHCKa JIHTepaTypbi 113 167 HCTOqHHKOB. 06IIIHH o6neM pa60Tbi COCTaBJI5IeT 97 

cTpaH11IJ; TeKcTa. B TeKcTe ,n;11ccepTau;1111 11MeiOTC.si 28 pucyHKOB. 

0TA8n OKyMeHT3U~OHHOf0 
o6 cneYeHIMI MAlll 
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Bo BBe,[J,eHHH H3nmKeHa 11 o6ocHoBaHa aKTyanhHOCT Bhi6paHHoro 

HanpaBneHH51 HCClle,[(OBaHHit, ccpopMynMpOBaHbi IJ,eJIH, IIOCTaBneH hie B pa6oTe, 

3a51BneHa ee HayqHa51 HOBH3Ha M npaKTJ1qecKa51 3HaqHMOCTb. 

B nepsoii r JJase onHcbmaeTC}I cospeMeHHOe cocT051HHe ccne,[(oBaHHM, 

HaqHHa51 OT perneHH51 3a,[(aq JlHHei.fHOM TeOpHH ynpyrOCTH C npOCT 

HaqaJihHhiMH H rpaHHqHhiMH ycnoBH51MH .n;o TeKyru;ero rrep o.n;a. KpaTKO 

orrHChiBaiOTC}I 3a,n:aq11 EyccrmecKa (1885 r.) H <l>naMaHa (189 r.) , KOTOpbie 

OTHOC51TC51 K CTaTHqecKHM 3a,[(aqaM. TaK)I(e OIIHCbJBaeTC51 3a,[(aq 0 ,[(HHaMMKe 

yrrpyroro H30TpOIIHOrO rronynp OCTpaHCTBa IIpH 3a,[(aHHH B BH,n:e ,[( J1bTa-cpyHKQMH 

HopMaJihHoro Hanp51)1(eHM51 Ha ero rpaHHQe - 3a,n:aqa fl3M6 . HpHBe,n:eHhi 

CBe,n:eHH}I 06 yqeHhiX, KOTOpbie 3aHHMaJ1HCb pa3BHTHeM MeTO a rpaHHqHbiX 

3lleMeHTOB. rnaBa TaK)I(e CO~~ep)I(HT aHaJIH3 COBpeMeHHhiX pa60T, IIOCB51IJJ;eHHhiX 

B3aMMO,[(elfcTBHIO ynpyrHX Ten C rronynpOCTpaHCTBOM, OIIHCaH biX B Tpy.[(aX 

ropiiiKOBa A.r., I1ryMHOBa n .A., TapnaKOBCKoro ,[(.B., <De,[(O eHKOBa r .B. , 

CeliMOBa B.M., A neKCaH,n:poBa B.M. , B opOBMqa I1.I1., Ea6eiiiKO B.A., ranHHa 

JI.A. H ,n:pyrHX yqeHbiX. )~aiOTC}I IIOCTaHOBKH HeCTal(HOHapH IX 3a,n:aq .lJ:J1}1 

O,[(Hopo,[(Horo ynpyro nonynpocTpaHCTBa y ~ 0 , HMeiOru:ero arny6neHHYIO 

IIOllOCTh, orpaHHqeHHYIO rna,[(KOM KpHBOM y, npHBO.lJ:51TC51 ycno 1151 KOHTaKTa, 

HaqaJ1hHhie H rpaHHqHbie ycJJOBH}I. 

BTopaH rJJasa nocmiiJJ;eHa MeTo,n:y 11 anropHTMY peiii HH51 nnocKHX 

HecTaiJ,HOHapHhiX 3a,[(aq ,[(n51 o6nacTeif npoH3BOnhHOM reoMeTpHH. B ,[(aHHOM rnase 

IIOCTaHOBKH ,[(ByMepHbiX HeCTal(HOHapHbiX 3a,[(aq TeOpHH ynpyro TH CBe,[(eHhl K 

pa3peiiiaiOIJJ;HM rpaHHqHhiM fllHTerpaJihHhiM ypaBHeHH51M OTHOCHTe hHO HCKOMhiX 

3Ha4eHHH II0J1}1 nepeMeiJJ;eHHH H Hanp51)1(eHHM Ha rpaHHI.J,e r pac Ma1'pHBaeMOH 

nnocKoli o6nacTH D, 11 nonyqeHhi <PopMynhi ,[(n51 onpe,[( neHM51 none:H 

nepeMeiJJ;eHHM H Hanp51)1(eHHH BO BH)'TpeHHHX TOqKax o6naCTH D . nonyqeHa 

CHCTeMa pa3peiiiaiOIJJ;HX ypaBHeHHH HeCTai.J,HOHapHbiX 3a,[(aq ,[( 5I ,n:ByMepHbiX 

o6nacTeH npOH3BOJ1hHOH reOlvle1'pHH 

TpeThH rJJaBa noc:BHll.J,eHa nocTaHOBKe H anropHT y perneHH}I 

HeCTaQHOHapHOH KOHTaKTHOH. 3a,[(R4H .lJ:ll51 a6coniOTHO 



yrrpyroro rronyrrpocTpaHCTBa c rronocTbiO. AnropHTM OCHOBaH Ha 

11p51MOM MeTOJ(e rpaHWIHbiX HHTerpaJIOB. fipH 3TOM B Kaqe TBe rrpo6HbiX 

perneHIIH IICITOJib30BaHbi <iJyH,n:aMeHTaJibHbie II CIIHfYJI51pHbie perneHII51 ,I(JI51 

yrrpyroii rrnocKOCTH. OcoEieHHOCTbiO rrpe,n:no:>KeHHoro anropHTMa 

pacLI(ha 51BJI5IeTc51 pa3pa6oTanna51 IITep au;IIoHHa51 rrpou;e,n:ypa, rr 3BOJI51IOI.U;a51 B 

rrpouecce perneHII51 yLIIIThiBaTb L£aCTIIL£HhiH oTpbiB rpaHIIL£Hhi X m:mepxnocTe:H. 

y,n:apHIIKa II rronyrrpocTpancTBa B 3one KOHTaKTa. TaK:>Ke rrpiiBO TC51 rrpiiMepbi 

pacL£eTOB IIJIOCKOH HeCTal(IIOHapi-IOH KOHTaKTHOH 3aJ(aL£II 0 BHe,n:pe IIH a6COJIIOTHO 

:>KeCTKoro y,n:apHRKa, HMeiOII(ero rrp51MoyronbHoe B c eqeHRe B 

rro nyrrpocTpancTBO c 3JIJIHIITHqecKoH: rronocTbiO. ITpoanaJIH3Hp BaHo BJIH51HHe 

naJIHL£II51 rronocTH B yrrpyi'OH cpe,n:e. Pe3yJihTaThi xoporno ornacyiOTC51 c 

perneHH51MH H3BeCTHbiX CTaTHqecKIIX II J(IIHaMIIqecKHX KOHTaKT biX 3a,n:aq J(JI51 

yrrpyroro rronyrrpocTpaHCTBa 6e3 rronocTR. iloKa3aHo, qTo a J-m qaJihHOM 

BpeMeHHOM 3Tarre, KOrJ(a J(O r paHHI(bl ITOJiyrrpOCTpaHCTBa He J(OXOJ(51T 

OTpa:>KeHHhie OT IIOJIOCTH E:OJIJ-Ibl, KOHTaKTHhie J-Iaiip51)1{eJ-III51 II rrepeMell(eHII51 

rpaHHI(hi nonyrrpocTpan cTBa HMeiOT xapaKTep, anaJioriiL£Hh :H. p erneHH51M 

KOHTaKTHbiX 3aJ(aL£ 6e3 IIOJIOCTeH. B ,n:aJibHeifrneM HaJIIIL£He IIOJIO TH OKa3biBaeT 

Cyll(eCTBeHHOe BJIH51HHe, B 1IaCTHOCTH, n a6JIIOJ(aeTC51 HeCHMMeTpH H :OIH xapaKTep 

pacrrpe,n:eJieHII51 KOHTaKTHOrO J(aBJieHH51 H OTCJIOeHHe rpanHqHbiX OBepXHOCTeM B 

30He KOHTaKTa. 

HayquaH HOBH3Ha pa60Thl H npaKTHqecKaH 3HaqHMO Til:. COCT051T B 

BbiiTOJIHeHHbiX aBTOpOM ,n:eTaJibHbiX HCCJieJ(OBaHH51X H ITOCTpO HIIH perneHHM 

HOBOrO KJiaCCa J(ByMepHhiX HeCTal(HOHapHbiX KOHTaKTHbiX TeOpHH 

yrrpyroCTH, BKJIIOqaiOII(He: IIOJiyL£eHHYIO CIICTeMy p a3pernaiOII(H ypaBHeHHH C 

HCITOJib30BaHIIeM J(HHaMHqe:cKOH Teop eMbl B3aiiMHOCTII pa6o H <lJyHKI(HH 

BJIH51HH51 J(JI51 yrrpyrofi IIJIOCKOCTH, pa3pa6oTaHJ-IbiH OpHrHHaJib aJiropiiTM 

pacq eTa, rrpoBe,n:ennoe rrapaMeTpHqecKoe Hccne,n:oBaHII rrpouecca 

HecTal(HonapHoro KOHTaKTa a6coJIIOTHO TBep,n:or o rrp5IMoyroJib oro B rrnaHe 

IIITaMrra C IIOJiyrrpocTpaHCTBOM C 3arny6neHHOH ITOJIOCTbiO. IJonyqeHJ-Ihie 

pe3yJihTaThl MOryT 6hiTb IICl10Jih30BaHHH Ha rrpaKTHKe 11p11 pacL£eT q>yH,n:aMeHTOB 



3,n:amrH: II IIH)I(eHepHbiX coopy)l(eHIIif c yi.JeToM HaJIIII.JII5l nonocT :H: B rpyHTe, B 

3aJJ,ai.Jax cei1:cMo3a:W:IIThi II cei1:cMopa3Be,n:KII. ITocTpoeHHbie anr pHTMhi MoryT 

IIOCJIY)I(IITb OCHOBOH .ZJ:JI~ perneHII~ o6paTHbiX 3a,n:ai.J 0 ,n:IIa HOCTIIpOBaHIIII 

HaJIW:III~ , paCIIOJIO)I(eHII~ II BOCCTaHOBJieHII~ reoMeTpii"L:leCKIIX apaKTepiiCTIIK 

ITOJIOCTeM B rpyHTe. 

IIy6JIHKau;uu B rrorrHo:H: Mepe OTpa)l(aiOT co.n:ep)l(aHIIe pa6oThi. OcHOBHhie 

MaTepiiaJihi ,li;IICCepTal{HII ony6JIIIKOBaHhi B BOCeMHa,z:t;.QaTII nel!aTH IX p a6oTaX, II3 

HIIX 2 B peu;eH3HpyeMhiX )l(ypHanax, BKJIIOl!eHHhiX B IIepel!eHh AK P<l>, 1 7 B 

c6opHIIKaX Tpy,z:t;OB KOH<PepeH.QIIH II Te3IICOB .ZJ:OKJia,z:t;OB. 

Anpo6au;uH pe3yJihT:aToB uccJie.[I;OBanuH. Bee ocHOBHh e pe3yrrnTaTbi 

pa60Tbi 6biJIII npe,n:MeTOM .ZJ:OKJia,n:oB, o6cy:M,n:eHIIH II ,IJ;IICKYCCIIH H 7 pOCCIIHCKIIX 

II Me)l(,n:yHapO,II;HhiX CeMIIHapax, KOH<PepeH.QII~X II CIIMII03IIyMaX. 

TeKCT asTope<f>epaTa cooTBeTcTsyeT co.n;ep)l(aHIIIO ,z:t;HccepTa HII. 

CTeneuh o6ocuosaHHOCTH u .[I;OCTosepuocTH uayquhl noJio*euuii, 

BhiBO.[I;OB H peKOMeH)1;3QHii pa60Thl orrpe,z:t;eJI~eTC~ KOppeKTHOCT 

3a,n:all, CTpOrOCThiO IIpiiMemieMhiX MaTeMaTIIl!eCKIIX MeTO,z:t;OB, 0 HOBaHHhiX Ha 

H3BeCTHhiX ypaBHeHII~X MeXaHIIKII ,n;e<PopMIIpyeMOrO TBep,n:oro T JI3l, II MeTO,lJ;OB 

MaTeMaTIIl!eCKOH <PII3IIKII. 

3aMeqaHHH no pa6oTe 

1. Crre,n:osano 6ni 6orree no,n:po6Ho paccMoTpeTb sonp c o nop5I,n:Ke 

OC06eHHOCTeH, B03HIIKaiO:W:HX B OKpeeTHOCT~X yrJIOBbiX TOl!eK lliTa na. 

2. B Kal!eCTBe rrpHMep a pacl!eTa MO)I(HO 6hmo 6hi paccMoTpeTh 

KOHTaKTHOe B3aiiMO,IJ;eHCTBIIe lliTaMna, orpaHHl!eHHOrO IIpOII3BO bHOH rrra,IJ;KOH 

BbiiiYKJIOH IIOBepXHOCTbiO. 

3. B Kal!eCTBe <PYH.lJ:81MeHTanhHhiX perneHHH MO)I(HO 6biJIO HCIIOJih30BaTb 

cpyHK.QHH BJIII~HH~ ,lJ;JI~ yrrpyroi1: IIOJIYIIJIOCKOCTH. 3TO II03BOJIHJIO hi yMeHhlliHTh 

o6oeM Bbll!HCJieHHH, IIOCKOJihKY rrpH 3TOM B Kal!eCTBe KOHTypoB II uerpiipOBaHII~ 

BhicTynaiOT JIIIllih KOHTYP rroJIOCTH H KOHTYP o6rracTH KOHTaKTa. 

0TMel!eHHhie 3aMeqanH~ He CHII)I(aiOT IIOJIO)I(IITeJibHOr BrreqaTJieHH~ 

0 npe,n:cTaBJieHHOH .lJ:IICcepnli~IIOHHOH pa6oTe. 
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06u•ee 3aKJuoqeuue no pa6oTe 

~uccepTaiJ;I10HHa~ pa6oTa ApynoH~Ha ApoHa MapaTo wm ~Brr~eTc~ 

3aKOJiqeHHOM HaylJHO-KBamn}mKaU:HOHHOM pa60TOM, B KOTOpO co.n;ep)KHTC~ 

peiiieHHe HaylJHOM 3a,n:alJH 0 HeCTaU:HOHapHOM KOHTaKTHOM B a:HMO,n:eMCTBHH 

)KeCTKOfO IIITaMIIa H yrrpyroro rrorryrrpOCTpaHCTBa C 3arrry6rreHHhi H IIOrrOCUIMM, 

H COOTBeTCTByeT crreu:uarrbHOCTH 01 .02.04 - «MexaHHKa ,n:e OpMHpyeMOfO 

TBep,l(oro Terra». 

~HCCepTaU:H~ BhiiTOITIWHa Ha BhiCOKOM HaylJHOM ypoBHe H COOTBeTCTByeT 

KpHTepH.HM <<l1orrO)KeHM51 0 rrpHCY)KJ(eHMH ylfeHbiX CTeiieHeM», TBep)K,l(ei-IHOfO 

IlocTaHoBrreHHeM IlpaBHTerrbCTBa P<D OT 24 ceHT~6p~ 2013 r. N2 8 

ABTop ,l(HccepTaU:HI1, ApynoH~H ApoH MapaTOBHlJ, 3acrry)KHBaeT 

rrpHCy)I(,Il;eHH~ eMy y11eHOH CTerreHH KaH,l(H,l(aTa <PH3HKO-MaTeMaTH eC:KHX HayK ITO 

crreu:HarrbHOCTH 01.02.04- «1v1exaHHKa .n;ecpopMHpyeMoro TBep,l(or Terra». 

OcpHU:HarrhHbiH orrrroHe:HT: 

.ll:OKTOp 

HayK, 

HaylJHbiH 

MeXaHHKH 

<PH3HKO-MaTeMaTHlJeCKHX 

rrpo<J?eccop, r JiaBHbiH 

COTPY )J,HHK HHH 
HryMuo 

rocy,l(apcTBeHHoro 

Hn)Keropo.n;cKoro 

YHMBepcHTeTa 

Jio6alJeBCKOfO, 

Kalpe.n;poii 

Aeouu~ ~eKcau~posuq 

HM. H .H. 

3aBe,n:yi-O II(HH 

TeopeTH'1eCKOH, KOMflbi-OTepHOH H 

3KCrrepHMeHTMhHOH MeXaHMKH 

HH)Keropo,l(cKoro 

rocy ,l(apcTBeHHoro YHHBepcHTeTa 

MM. H.H. Jio6alJeBcKoro (HH1Y) 

A):(pec: 603950, r . HH)l<HHii 

HoBropo.n;, rrp . rarapHHa, 23 . 
ferrecpoH: +7 (831) 462-30-85; 
E-mail: unn@unn.ru, 
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