
oqHIIJ;I1aJibHOf0 OIIIIOHeH I a Ha .IJ:MCCepTaiJJ1IO 

Ko)l{eBHMKOBa Bna,n:MMMpa ~e.n:opoBwra Ha TeMy 

«AHaJIMTMqecKMe MeTO.IJ:bl pacqeTa Ha l~OqHOCTb 60JITOBblX COef-(MHeHMH 

neTaTeJibHOro arrrrapaT~, rrepe,.a:aiOIIIJ1X ycmr e cpe3a», rrpe,.a:cTaBJieHHYIO K 3aW:MTe 

Ha COMCKaHMe yqeHOM CTeiieHM .IJ:OKTOpa T XImqeCKMX HayK ITO CITel~MaJibHOCTM 

01.02.06 - «,[(MHaMMKa, rrpoqHoCTb MJrmm, rrpM6opoB M arrrrapaTypbi» I 

Borrpocbi «MeCTHOH» rrpoqHoc M aBMaQMOHHbiX KOHCTPYKIJ:MH, 

KOHQeHTpaQMM Haiip5DKeHMH B COe.IJ:MHeHmr M oco6eHHO 60JITOBbi X <:Oe.IJ:MHeHM51X, 

pa6oTaiOII.(MX Ha cpe3, HaXO,IJ:51TC51 ITO.IJ: IIOCT 1 51HHblM BHMMaHMeM pa3pa6oTqMKOB M 

3KCITJiyaTaHTOB JIA. 

ITo ,.a:aHHbiM HKAO ,.a:o 85% Bcex pa3pyrneHMH B 3KcrrnyaTaQMM JIA 
rrpMXO,IJ:MTC51 Ha 30HY COe,IJ:MHeHMH. 03TOMY pa60Tbi, CB513aHHbie C 

COBeprneHCTBOBaHMeM MeTO.IJ:OB pacqr· Ta COe.IJ:MHeHMH rrpe,n:CTaBJI51IOT 

3HaqMTeJibHbiH MHTepec . 

Pa6oTbi rrpO<peecopoB C.A.BMr,n:op jMKa, A.I1.5lpKOBQa, A.<P.CeJIMXOBa, 

H .A.EMprepa, H.M.KMcenesa M ,.a:pyrMx M9cne,.a:osaTene:H: rrocmnii:eHbi perneHMIO 

rrpo6JieM TeOpMM M rrpaKTMKM C03.IJ:aHI151 BbiCOKOpecypCHbiX 60JITOBbiX 

coe,.a:MHeHMH. ± 
,[(MccepTaQMOHHa51 pa6oTa Ko)l{eBH KOBa B.<l>. rrocB51n~eHa perneHMIO 

aKTYaJibHOH HayqHo-TeXHMqecKOH rrpo6Jiel bl IIOBbillieHI151 TOqHOCTM pacqeTOB 
~ I 6 30H KOHQeHTpaQMM HaTip51)1{eHMI1 B COe.IJ:MHfHI151X, pa OTaiOIIJ:MX Ha cpe3. 

ITonyqennbre ,.a:MccepTaHTOM pern~HM51 ocHoBaHbi Ha rrpMMeHeHMM 

ypaBHeHMH MeXaHMKM TBep,.a:oro ,.a:e<i_)otMMpyeMOfO TeJia I1 ,IJ:OITOJIHeHbl 

3KCrrepMMeHTaJibHbiMI1 3aKOHOMepHOCT5IMI1 Harrp5I)I{eHHO-,IJ:e<i_)opMI1pOBaHHOf0 
I ~ 

COCT05IHI151 30Hbl OTBepCTI15I IIJiaCTMHbl, Harpy)l{aeMOM qepe3 .IJ:MCK, C rrpMMeHeHMeM 

onTHqecKMX MeTo,n:oB Mccne,n:oBaHH51. B I p a6oTe nonyqeHbi aHaJIMTMqecKHe 

3aBMCMMOCTM Me)J(,n:y BeJIMqMHaMM B3aMMfOfO ,n:e<PopMMpOBaH1151 KOHTaKTHblX 

TIOBepXHOCTeH 060MX Ten, onpe,n:eneHMe KOl OpblX pa3pa6oTaHO B .IJ:MCCepTaQMM, M 

B03HHKaiOW:MMM npM 3TOM pa,.a:HaJibHbiMH l o HTaKTHbiMH Hanp5£)J(eHI15IMH. KpoMe 

TOf O, IIOJiyqeHa 3aBI1CI1MOCTb Me)l{,.a:y TeKyrr. 1l1MI1 3HaqeHI151MI1 rrp0r116a OCI1 60JITa 

11 ITOfOHHOH KOHTaKTHOH Harpy3KI1. 

Bee 3TO rro3BOJII1JIO asTopy pa3pa6oTaTb perneHI15I o pacrrpe,n:enemlm 
~ ~ I ~ ~ 

IIOfOHHOM KOHTaKTHOI1 Harpy3KM M p .IJ:I1aJibHbiX Harrp51)J(eHMH IIO BCeM 

TIOBepXHOCTM KOHTaKTa 60JIT-CTeHKa OTBepc 1151. 
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Ha OCHOBaHIUi 3THX perneHHH B .ll:H cepTaiJ,HH IIOJiy"LJeHbi: 1) Bblpa)l{eH6e 

.ll:Jl51 orrpe.n;erreHIUI MeCTHOH rro,n;aTJIHBOCT CB513H H 2) pa3pa6oTaHa MeTO.ll:MKa 

pac"LJeTa pacrrpe)J;eJieHM51 ycMJillH IIO p5I,l( M MHOrOp5ILJ;HbiX CTbiKOB CJIO)I(HOH 

KOHqmrypa:runL 

B pa6oTe TaK)I{e BbiTIOJIHeH o6neM 3KcnepnMeHTaJibHbiX 

llCCJie)J;OBaHMH Ha1Ip51)1{eHHOfO COCT051Hll coe,n;nHeHHH Ha HX IIJIOCKMX H 

06'heMHbiX MO,n;eJI51X OIITlllfeCKHMH MeTO,n;a+ H, II03BOJ1HBIIIHX, C O.ll:I-IOH CTOpOHbl, 

IIOJIYllllTb He06XO.ll:HMb~e ,n;aHHbie .ll:Jl51 p~~a60TKH 1IpH6JIH)I(eHHOrO perneHH51 0 

KOHTaKTHOM B3aHMO,n;eHCTBHH, a C ,n;pyro~l. - OU:eHHTh CTerreHh .ll:OCTOBepHOCTH 

IIOJiyqeHHhiX B .ll:HCCepTaU:HH aHaJIHTHqeCKH peiiieHHH. 
I 

,lJ,HCCepTaiJ,H51 COCTOHT HX BBe,n;eHH51, BOChMH rnaB, 3aKJIIOqeHH51 H CIIHCKa 

U:HTHpyeMOH JIHTepaTypbl, HaCqlfTbiBaiO ero 108 HCTOlJHHKOB, H3 HHX 19 
llHOCTpaHHbiX, lJTO rOBOpllT 0 TOM, qTo p CCMaTpHBaeMa51 rrpo6rreMa 51BJI51eTC51 

aKryaJibHOH KaK B Poccnn, TaK H 3a • . y6e)I{OM. BBo,n;Ha51 "LJaCTb co.n;ep)I{MT 

060CHOBaHHe aKTYaJibHOCTH rrpo6rreMbl , CTerreHb ee pa3pa6oTaHHOCTH K 

HaCT051IIJ:eMy BpeMeHH, cpopMynHpyeTC u:enh HCCJie,n;oBaHmr, HOBH3Ha, 

rrpaKTHqecKa51 H TeopeTHlJeCKa51 IJ,eHHOCTb, H3Jiarai-OTC51 MeTO.ll:hl HCCJie,n;oBaHH51, 

CTerreHh HX .ll:OCTOBepHOCTH H rrepeqlfCJI IOTC51 IIOJIO)J(eHH51, BhiHOCHMhie Ha 

3aiiJ:MTy. 

IlpaKTUqecKaH IJ,eHHOCTb COCTOHf B TOM, qTO pa3pa6oTaHHhie B 

.ll:HCCepTaiJ,llll MaTeMaTifqecKHe MO,n;ef H:, CBe,n;eHbl K ypaBHeHH51M, 

rrpe,n;CTaBJieHHhiM B 51BHOM BH,n;e, a BCe BXO,fiiU:He B HHX rrapaMeTpbi BKJII-OlJai-OT B 

ce651 3a,n;aHHhie reoMeTpHqecKHe H MexaHJ·I~IeCKHe xapaKTepHCTHKH coe,n;HHeHH51, 

l!TO II03BOAAeT KOHCTPYKTopy rrorrb30BaThCJI norry"LJeHHhiMH perneHmrMH, He HMe51 

crreu,HarrbHoifrro.n;roTOBKH. I 
,lJ;oCTOBepHOCTh IIOJiylfeHHbiX pe3yntaTOB OCHOBbiBaeTC51 Ha .ll:OCTaTOlJHOH 

KOppeKT~OCTH MaTeMaTHlfeCKHX MO,n;errer H CTpOrOCTH~ MaTeMaTHlJeCKHX 

perneHHH, a TaK)J(e Ha cpaBHeHHH norr:~qeHHbiX perneHMM c pe3yJibTaTa¥H 

3KCIIepHMeHTaJibHbiX HCCJie,n;OBaHHH. 

HayqnaH HOBH3Ha o6ocHOBhiBae C5I TeM, qTo pa3pa6oTaHHbie B 

.ll:HCCepTaU:HH peiiieHH51 0 KOHTaKTHOM B3aHMO,n;eHCTBHH rronyqeHhl rrpH 

MaKCHMaJibHO B03MO)J(HOM 1IpH6JIH)I{eHMH p~C1IeTHOH MO,n;eJIH K YCJIOBH51M pa60Tbl 

HaTypHoro CTbiKa. :3TH perneHM51 rronjrlJeHbi BrrepBbie, a no.n;aBJI51I-OIIJ:ee 

60JibiiiHHCTBO 3KC1IepMMeHTaJibHbiX HCCJie,n; BaHHH TaK)I{e BbiiiOJIHeHO BnepBbie. 

B nepsou rJiase BhmorrHeH .n;ocTaT l!Ho rro.n;po6HbiH o63op JIHTepaTypbi, 

IIOCB51IIJ:eHHOH pac"LJeTHhiM H 3KCIIepHM HTaJihHhiM MeTo,n;aM orrpe,n;erremrn 

Haiip51)J(eHHOrO COCT051HH51 60JITOBhiX COe HHeHHH, pa6oTai-OIIJ:HX Ha cpe3. }b 

3Toro o63opa crre.n;yeT, qTo, .n;AA pac"LJeTa p : cnpe.n;eneHH51 rroroHHOH KOHTaKTHOH 

Harpy3Kll HCIIOJib3yeTC51 TeOpll51 6arrKH Ha npyrOM OCHOBaHMH, a .ll:J151 paC"LJeTa 

pa,n;HaJibHbiX KOHTaKTHbiX Ha1Ip51)J(eHHH 1IpH eH51I-OT perneHHe 3a,n;a"LJH 0 ,n;aBJieHHH 

.ll:llCKa Ha CTeHKY OTBep CTll51 IIJiaCTHHbl CO ~B060,n;HbiMH OT Harpy30K KpOMKaMH. 

PacqeT pacnpe.n;eneHH51 ycHJIHH no p51.n;a MHorop51,n;HbiX CTbiKOB orpaHH"LJeH 

TOJibKO crry-qaeM ,n;Bycpe3HOrO CHMMeTpWIHO 0 coe,n;HHeHH5L 
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3KCIIepHMeHTaJibHbie HCCJie.[(OBaHmr 3a HCKJIIOlJeHHeM e.[(HHCTBeHHOfO 

CJiyiJa51, KaCaiOTC51 TOJibKO rrpoyn nm ~rnapHHpH0-60JITOBbiX COe.[(HHeHHH. 

CcpopMyJIHpOBaHa HOBa51 IIOCTaHOBKa KaK TeOpeTHlJeCKOfO, TaK H 

3KCIIepHMeHTaJibHOfO HCCJie.[(OBaHH51 Haiip51 eHHO-,n:ecpopMHpOBaHHOfO COCT051HH51 

60JITOBhi X COe)l;HHeHHH, OCHOBaHHa51 Ha Ma CHMaJihHOM IIpH6JIH)l(eHHH paciJeTHOH 

cxeMDI K ycnoBH51M pa6oTni pearrnHoro 6 JITOBoro coe,n:nHeHH51, nepe,n:aiOmero 

ycnnne cpe3a. 

Bo BTopou rJiase rrpo6neMa KOHTaK Horo B3aMMo,n:eiicTBM51 npe,n:cTasneHa 

B IIJIOCKOH IIOCTaHOBKe M CBe,n:eHa K penr HMIO 3a,n:a"LJM 0 ,n:aBJieHI·IM )l;MCKa Ha 

CTeHKY OTBepCTH51 II.TJaCTMHDI, IIpOH3BOJII HO Harpy)l(eHHOH ITO ee KpOMKaM, 

KOTOpa51 MO)l;eJIHpyeT IIpOH3BOJihHhiH CJIOH r ae"LJeTHOfO 3JieMeHTa, Bhi)l;eJieHHOfO B 

OKpeCTHOCTM IIpOH3BOJihHOH CMJIOBOH TO"l!K MHOrOp51)l;HOfO CThiKa. TaKa51 3a,n:a"lla 

IIOCTaBJieHa M perneHa BIIepBnie. 3Ta rJiaBa IIOCB51II."(eHa yeTaHOBJieHMIO 

aHaJIMTM"lleCKOH 3aBMCMMOCTM, CB513hiBaiOI eJ:i TeKyll."(Me BeJIM"liMHhi B3aMMHhiX 

yrrpyrMX rrepeMell."(eHMH KOHTaKTHpyiOIIJ:M IIOBepXHOCTeH )l;MCKa M CTeHKM 

OTBepCTM51 C B03HMKaiOII."(MMH IIpH l TOM pa,n:MaJihHhiMM KOHTaKTHDIMM 

Haiip51)l(eHM51MM. ,[I,JI51 3TOH U,eJIM HCIIOJih30B'l-HI:.I H3BeCTHDie BDipa)l(eHH51 MeXaHHKH 

TBep,n:oro ,n:ecpopMnpyeMoro Tena, ,n:orrom:reHHDie Heo6xo,n:MMniMM ,n:aHHniMH o 

HeKOTOpniX 3aKOHOMepHOCT51X B pacrrpe,n:e.1eHMM Haiip51)l(eHMH H ,n:ecpopMaU,MH ~ 
30He KOHTaKTa, IIOJI)lLieHHhiMH 3KCIIepHMe TaJihHO Ha IIJiaCTMHe, Harpy)l(aeMOM 

"l!epe3 )l;MCK, MeTO.IJ:aMM <l>oToyrrpyroCTM M M ap a COOTBeTCTBeHHO, "liTO II03BOJIMJIO 

cyll."(eCTBeHHO yrrpOCTMTh MCKOMOe perneHMe 

B HTore rrony"lleHo o6mee ypaBI eHMe )l;JI51 pac"LJeTa pacrrpe,n:eneHH51 

pa,n:MaJihHhiX KOHTaKTHhiX Haiip51)l(eHMH, y HThiBaiOII."(ee COOTHOllleHMe ycHJIMH, 

IIpMJIO)l(eHHDIX K )l;MCKY I1 KpOMKaM IIJiaCTMf hi, pa3JIM"l!Me MX MaTepMaJIOB, a TaK)l(e 

HaJIM"l!Me HaT51ra. 

)l,JI51 KOHKpeTHhiX TMIIOB CTDIKOB, rryTeM 3a,n:aHM51 COOTBeTCTByiOII."(MX 

ycJIOBMH Harpy)l(eHM51 KpOMOK IIJiaCTMHDI 3TO ypaBHeHMe rrpeo6pa3yeTC51 B 

pac"lleTHnie <PopMyJini. B rnase rrpMBe)~ Hhi pe3yJinTaTDI rrapaMeTpM"lleCKMX 

HCCJie)l;OBaHMH TIO BJII151HMIO COOTHOIIIeHM Harpy30K Ha .IJ:HCK H Ha KpOMKM 

IIJiaCTMHhi, pa3JIM"l!H51 MO)l;yJieH ynpyroCTM MX MaTepHaJIOB, a TaK)l(e HaJIM"lll151 

HaT51ra, BhiTIOJIHeHHbiX Ha pac"LJeTHDI 3JieMeHTaX, COOTBeTCTByiOII."(MX 

KOHKpeTHhiX TMTIOB CTDIKOB. )l,JI51 pa3JIM"llif niX BapH aHTOB Harpy)l(eHM51 KpOMOK 

IIJiaCTMHhi I1 3anpeCCOBaHHOfO .IJ:MCKa OJiy"lleHnl ycJIOBM51, npH KOTO)JhiX 

B03HMKaeT TaK Ha3hiBaeMOe pacKpDITMe CThl a , "liTO MMeeT 60JihiiiOe npaKTM"lleCKOe 

3Ha"l!eHMe .IJ:JI51 pac"LJeTa M rrpoeKTHpO coe,n:MHeHMH TOHKOCTeHHDIX 

KOHCTPYKU.MH, o6ecrre"LJMBaiOIIJ:MX nx repMeT l.JHOCTh. 

B rnase ocymecTBJieHa ou,en a ,n:ocTosepnocTM nony-qennniX 

aHaJIMTMl.JeCKMX peiiieHMH rryTeM COIIOCTa JieHM51 HX C 3KCIIepHMeHTaJihHDIMM 

pe3yJinTaTaMM, TIOJiy"lleHHDIMM MeTO)l;OM <PoT yrrpyrOCTM Ha TIJIOCKMX MO)l;eJI51X IIpM 

pa3JIM"l!HhiX BapHaHTaX Harpy)l(eHM51 K]JOMOK IIJiaCTMHhl, IIOKa3aBllia51 

y)]; 0 BJieTBO)JMTeJihHDIH pe3y Jib TaT. 
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B TpeTheii rJiaBe paccMoTpeHa n ocTpaHCTBeHHa51 KOHTaKTHa51 3a,n:aqa, 

IIOCB51IQeHHa51 rronyqeHIUO perneHH51 0 pa
1 

rrpe,n:eneHHll IIOI'OHHOH KOHTaKTHOH 

Harpy3Kll ITO TOlllQHHe Ka)I(,I1;0I'O ll3 Cm',I1;HH51eMbiX 3lleMeHTOB O.IJ:HO - HllH 

.UBycpe3HbiX coe.nHHeHHH. 3a.uaqa perne1 a B ycnoBM51X KOHTaKTa 6onTa c 

peanbHbiMll CTeHKaM~ OTBepCTHH, T .e. 6e3 3' MeHbi HX yrrpyrHMll OCHOBaHH51Mll. 

Ha OCHOBaHHll 3aBHCHMOCTeH, nonyq HHbiX BO BTOpOH rJiaBe, ycTaHOBJieHa 

CB513b Me)l(,n:y TeKyiQHMll 3HaqeHH51Mll nporH a OCH 60JITa ll KOHTaKTHOH Harpy3Kll. 

B KaqecTBe BTOporo ypaBHeHH51, CB513biBaiO er o 3TH )l(e BenHqliHbi, HCnOllb30BaHO 

li3BeCTHOe ,n:mpcpepeHI.I,HMbHOe ypaBHeHHe 30I'HYTOH OCH KOpOTKOH 6anKH. 

B pe3yni>TaTe HeKoTopbiX npeo6pa3o aHHH rronyqeHo ,n:wcpcpepeHI.I,HanbHoe 

ypaBHeHHe li30I'HYTOH OCH 60JITa B C e).J,HHeHHH, pa6oTaiOIQe:M Ha cpe3. 

BomoJIHeHo perneHwe 3Toro ypaBHeHH51, Ha ,n:eHbi KOHCTaHThi HHTerpwpoBaHH51 H3 

rpaHwqHbiX ycJIOBHH, o,n:Ho H3 KOTop IX He TpHBHanhHO w nonyqeHo 

.IJ:liCCepTaHTOM 3KCnepHMeHTMbHO-aHanHTH eCKHM CnOC060M. 

B pe3yni>TaTe ccpopMwpoBaHo 6rn;ee ypaBHeHne ,n:n51 pacqeTa 

pacnpe,n:eneHH51 KOHTaKTHOH Harpy3Kll no TOlllQHHe Ka)I(,I1;0I'O ll3 COe,I1;HH51eMbiX 

3neMeHTOB O,I1;HOCpe3HOI'O COe,I1;HHeHH51, KOTOpOe MO)I(eT 6biTb TaK)I(e 

HCnOllb30BaHO ll .IJ:JI51 HaKJia,I1;0K .IJ:Bycpe3HbiX COe,I1;HHeHHH. ,[(JI51 cpe,n:Hero 3neMeHTa 

.IJ:Bycpe3HOI'O CTbiKa, KaK CHMMeTpHqHOI'O, TaK H He HMeiOrn;ero CHMMeTpHH 

OTHOCHTeJibHO cpe,n:HHHOH nJIOCKOCTH, nOJI eHbi OT,n:eJibHhie perneHH51. Bee 3TH 

perneHH51, nonyqeHHbie BnepBbie, npe,n:cTa;eHbl B 51BHOM BH,n:e ll 3aMKHYTbi Ha 

TOJIIQHHe Ka)I(,I1;0I'O ll3 COe,I1;HH51eMbiX 3JieMeH OB, qTo HMeeT Ba)I(HOe npaKTHqecKOe 

3HaqeHHe IIpH HCnOJib30BaHHll HX .IJ:ll51 BbiiiO HeHH51 pacqeTOB Ha npOl.lHOCTb. 

B 3TOH rnaBe ocyrn;ecTBneHhi napaMe pwqecKwe wccne,n:oBaHH51 no BnH51HHIO 

reoMeTpwqecKHX H MexaHnqecKnx xapaKTep CTHK coe,n:nHeHH51 Ha pacnpe,n:eneHwe 

KOHTaKTHOH Harpy3Kll, pe3yJibTaTbi KOTOp IX MOryT 6biTb HCnOJII,30BaHbi npH 

npoeKTHpoBaHHH coe,n:wHeHHH. B qacTHoc w, npe,n:cTaBneHbi peKoMeH,n:ai.I,HH no 

pai.I,HOHMbHOMY Bbi6opy COOTHOI11eHH51 OlllQHH CTbiKyeMbiX 3n eMeHTOB H 

,n:naMeTpa 6onTa. Ocyrn;ecTBneHa OI.I,eHKa .n: CTOBepHOCTH nonyqeHHbiX perneHHH 

0 pacnpe,n:eneHHll KOHTaKTHOH Harpy3Kll B a:mwqHbiX THIIaX coe,n:HHeHHH rryTeM 

HX COnOCTaBJieHH51 C 3KCnepHMeHTMbHbiM ,n:aHHbiMH, nonyqeHHblMll MeTO.IJ:OM 

cpOTOynpyrOCTll Ha 06beMHbiX MOl en 51X coe,n:HHeHHH, nOKa3aBI11a51 

y,n:oBJieTBopwTeJihHhie pe3yJII>TaThi. j 
B qeTBepToii: rJiaBe, OTKpbiBaK rn;eH: pa3,n:eJI 3KcnepwMeHTMhHhiX 

HCCne,n:oBaHHH HaHp51)1(eHHO-,I1;ecpopMHpO aHHOI'O COCT051Hl151 6onTOBbiX 

coe,n:wHeHnli, o6ocHoBaHa I.I,enecoo6pa3H CTh npwMeHeHH51 ,n:n51 3TOH I.I,enw 

MeTO.IJ:OB cpOToyrrpyroCTH H MyapOBbiX II flOC COOTBeTCTBeHHO. Pa3pa6oTaHbi 

MeTO.IJ:liKll npOBe,n:eHH51 liCCJie,n:OBaHHH H . nnOCKHX ll 06beMHhiX MO,n:en51X 

COe,n:HHeHHH. ,[(JI51 HCCJie,n:oBaHH51 nJIOCKH MO,n:eJieH pa3pa6oTaHbi ll C03.IJ:aHhl 

CTeH.IJ:bi, n03BOJI5110IQHe peanH30BaTb O.IJ:HOB eMeHHOe Harpy)l(eHHe MO.IJ:eJIH qepe3 

.IJ:HCK ll no KpOMKaM nnaCTHHhl, n03BOJI51101 He BapbHpOBaTb COOTHOilleHHe 3THX 

Harpy3oK. 
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C u;enbiO IIOBbiiiieHJUI ,[(OCTOBepHOC H rronyqaeMbiX 3KCIIepHMeHTMbHbiX 

3HaLJeHHll pa):(HallbHbiX KOHTaKTHbiX Haii~51)KeHUfi, ,[(HCCepTaHTOM rrpe,n;nOJKeH 

HOBblll CIIOC06 pa3.IJ.eJieHH51 pa3HOCTell rrraBHbiX Haiip51JKeHHll (H3Mep51eMa51 

BeJHII.JIIHa) HeiiOCpe,llCTBeHHO Ha KOHTaKTHOll IIOBepXHOCTH ):(HCK-CTeHKa 

OTBepcTH51. ITpe.n:rro)J(eHa MeTO.IJ.HKa orrpe.n:e 1eHrr51 rrepeMeil(eHrrll: B 30He OTBepcTH51 

C IIOMOII(blO MeTO,[(a MyapOBbiX IIOJIOC. p p a6oTaHa H rrpHMeHeHa MeTO,[(HKa 

HCCJie,[(OBaHH51 Haiip51)J(eHHll B 06'beMHbiX M O,[(ell51X 6onTOBbiX COe)J;HHeHHll C 

rrpHMeHeHHeM MeTo,n:a «3aMopa)J(HBaHH51» e~popMau;Hll:. Pa3pa6oTaHbi Mepbi no 

IIOBbiiiieHHIO ,[(OCTOBepHOCTH, KaK II]JH H3 epeHHH OIITHLJeCKHX BenHLJHH, TaK ll 

rrpM MX o6pa6oTKe. 

B nsiTon rJlase H3JIO)J(eHbi pe3yrrbTaTbi 3KcrrepMMeHTaJibHoro 

JiiCCJie.IJ.OBaHH51 pacrrpe.n:erreHIDI pa.IJ.MaJibHbl · narrp51)J(eHJilll ITO BCell IlOBepXHOCTJii 

KOHTaKTa ,[(JiiCKa CO CTeHKOll OTBepCTJii51 rrp ]Ja3llJiiLJHbiX BapMaHTaX HarpyJKeHJii51 

K]JOMOK rrnacTMHbi M ,n:McKa. Eonbiiia51 "l{aCTb Mccne,n:oBaHMli BbiiiOnHeHa rrpH 

ycnOBJiiJii, "l{TO MaTepMaTibi ,[(JiiCKa Jii rrnaCTHf bl O.IJ.MHaKOBbi, a JiiX pa,n;MyCbi paBHbi, 

BrrpoLJeM, B cnyLJae pacT51rMBaeMoll: rrnacTM hi 6bmo Mccne.n:oBaHo pacrrpe,n:eneHMe 

Harrp51)J(eHMli M B ycrroBM51X 3arrpeccoBKM ,n;ncKa. OcHOBHoe Ha3HaLJeHMe 3TMX 

JiiCCJie.IJ.OBaHJilll - 3TO OU:eHKa .IJ.OCTOBepHOCU TeOpeTMLJeCKJiiX pe3yllbTaTOB, O)J;HaKO 

ITOITYTHO, 6binJii rronyLJeHbi rpaqmLJeC Me 3aBJiiCJiiMOCTJii K03<l_><l_>JiiU:MeHTOB 

KOHU:eHTpaU:MJii Haiip51JKeHJilll Ha K]JOMKe 0 BepCTH51 OT COOTHOIIIeHJii51 IIIJii]JJiiHbi 

rrnacTMHbi M ,n:MaMeTpa .IJ:MCKa rrpH pa3nMLJH IX BapMaHTax Harpy)J(eHH51 Mo,n:enell:, 

KOTO]Jbie MOryT 6biTb MCIIOllb30BaHbl II]JH IIp eKTMpOBaHJiiM COe,[(JiiHeHMli. 

,.[.(MCCepTaHT IIpM3HaeTC51, liTO e y He y,n:aJIOCb C03)~aTb CTeH.IJ., 

II03BOn51IOIIIMll O.IJ.HOBpeMeHHO Harpy)J(aTb .z:~ cK M C)J(JiiMaTh rrrracTMHy. O.n:HaKo oH 

HaiiieJI y.IJ.at.IHblll, Ha Haiii B3rrr5I.IJ., BbiXO.IJ., pHMeHJiiB .IJ.IT51 3TOH QeJIJii COCTaBHYIO 

Tpexp51JJ:HYIO MO)J;ellb nonepeLJI-IOrO CTbiKa IT M Harpy)J(eHHH ee C)J(aTMeM, BTO]JOll H 

TpeTHll ]J51,1J;bl KOTO]JOll HaX0):(51TC51 B T:Re6yeMOM COCT051HHH H ll]JH 3TOM 

COOTHOIIIeHH51 YCHllHll Ha 6onT M 06TeKalOII( ro era B 3THX p51,n;ax ]Ja3llHLJHbi. 

B mecToii r JiaBe BbiiiOnHeHo 3KcnepMMeHTaJibHOe nccrre,n;oBaHMe 

pacrrpe.n:erreHJii51 ITOrOHI-IOH KOHTaKTHOH Harp 3KM B o6'beMHbiX MO,[(ell51X 6onTOBbiX 

COe.IJ.MHeHMH, JiiMeiOil(JiiX pa3JIJill.JHyiO KOH<l_>H ypaU:HIO Jii reoMeTpHt.IeCKJii IlO.IJ.06HbiX 

HaTypHbiM rrpoToTnrraM. Hccrre.n:os HMe ocyil(eCTBneHo MeTO.IJ.OM 

«3aMopa)J(MBaHM51» .n:eq)OpMaU:Mli c nocne,n:y ru;eii pa3pe3Koll: Mo,n:enell: Ha TOHKMe 

cpe3bi B pa3nMLJHbiX n n ocKOCT51X, nepneH,n; Kyn51pHbiX ocn 6onTa. B 3TMX cpe3ax 

6binO Hall:,n:eHO pacnpe,n;eneHMe pa,n:Ma bHbiX KOHTaKTHbiX HaiTp51)J(eHMll, 

Bbll.JJiiCJI~Ha JiiX paBHO.IJ.eHCTBYI0~51, KOTo[ra51 Jii 6~bina IIpM~51Ta, B Kat.IeCTB~ 
TeKyil(eJii BellJiiLJJiiHbi KOHTaKTHOM Harp~rKJii, .IJ.eMCTByiOil(eM B cpe.IJ.MHHOM 

rrnocKOCTM cpe3a. ITo 3TMM .n:aHHhi B J<a)J(.IJ.OH Mo.n:enM cTpoMJIM 

3KCnepHMeHTaJibHOe pacrrpe.n:eneHMe KOH' aKTHOH Harpy3KM, KOTOpoe 3aTeM 

COITOCTaBll51llJii C TeopeTJiiLJeCKJiiM peiiieHJileM, rronyLJeHHbiM )J;ll51 3TOll JKe MO)J;ellM. 
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IToMHMO TaKo:H: BeCbMa Tpy,n:oeMKOH onepa~HH HaXO)K,n:eHH51 KOHTaKTHOH 

Harpy3Kll, JJ:MCCepTaHTOM 6biJia pa3pa60Tai-I 21. ynporn:eHHa51 MeTO,!J;HKa, OCHOBaHHa51 

Ha 06Hapy~eHHOH HM ycToHqlfBOH KOppeJI~U;HH Me)K,n:y TeKyn~HMll B~JillqHHaMH 
KOHTaKTHOH Harpy3Kll ll MaKCHMaJibHbiMr 3HaqeHM51MH pa3HOCTeH rJiaBHbiX 

Haiip51)KeHHH Ha KpOMKe OTBepCTI151 B Ka)KJJ:Ot H3 cpe30B. 

TaKHe 3KcnepnMeHTaJ1bHbie Hccne . osaHM51 Harrp5DI<eHHoro cocT051HH51 

60JITOBbiX COe,!J;MHeHMH Ha HX o6'beMHbiX MO eJI51X BbiiiOJIHeHbl BnepBbie. 

B ce)J,:Moii r JI:ase, OTKpbmmorn:eif ~a3.n:en .n:ncc~pTaU:MH, noc~51IIJ:eHHbiH 
rrpaKTW:IeCKOH peaJIH3aU:HH IIOJiyqeHHbl~ BO BTOpOH ll TpeTbeH rJiaBaX 

aHaJIHTW:IeCKHX perneHHH 0 KOHTaKTHOM B3aHMOJJ:eMCTBllll 60JITa CO CTeHKaMH 

6 ~ I ~ 
OJITOBbiX OTBepCTHH, IIOJiyqeHO aH~HTHqeCKOe perneHHe 0 MeCTHOH 

IIOJJ:aTJIHBOCTH CB513ll B O,!J;HOCpe3Hbi X COe,!J;HHeHH51X. 3TO peUieHMe rrpeJJ:CTaBJieHO 

KaK B BHJJ:e ypaBHeHMH, TaK ll B BM,n:e rpaqn-r1eCKHX 3aBHCHMOCTeH, n03BOJI51IOIIJ:HX, 

HCXOJJ:51 ll3 reOMeTpMqecKHX ll MeXaHM'l eCKHX xapaKTepHCTHK COeJJ:MHeHH51, 

orrpe.n:eJI51Tb BeJIHqHHY MeCTHOH IIOJJ:ifJIHBOCTH CB513ll, o6yCJIOBJieHHYIO 

.n:e<l;>opMaU:M51Mll B3aHMHOrO ynpyroro CM51 mi KOHTaKTHPYIOIIJ:HX IIOBepXHOCTeH 

JJ:llCKa ll CTeHKH OTBepCTI151. 

IIpe.n:no)KeHo TaK)Ke yqnTbiBaTb e e .n:se, paHee He yqnTbiBaeMbie 

COCTaBJI51IOIIJ:Me MeCTJ-IOH no,n:aTJIHBOCTH, o6ycJIOBJieHHbie: 1) ,n:enJiaHa~MeH 

nonepeqHoro ceqeHM51 CTbiKyeMoro 311 no ocn p51,n:a, Bbi3BaHHOH 

JJ:aBJieHMeM 60JITa, KaK COCpeJJ:OTOqeHHOH Cl Jlbl B nJIOCKOCTH, I1 2) OBaJIM3aU:HeH 

60JITOBOrO OTBepCTH51, KOTOpa51 B03HHKa T TOJibKO IIpH paCT51)KeHHll CTbiKa. 

BnpoqeM, KaK rroKa3hiBaiOT npnse.n:eH B .n:nccepTaU:HH pacLJ:eThi, 3TH 

COCTaBJI51IOIIJ:He cyrn:eCTBeHHO MeHbllie COCTaBJI51IOIIJ:eM, o6ycJIOBJieHHOH 

.n:e<l;>opMaU:M51Mll CM51Tll51. 

B BOChMOii rJiaBe pa3pa6oTaH MeTO)!I, pacqeTa pacnpe,n:eneHI151 ycnnn:H: no 

p51,l1;aM MHOrOp51,l1;HhiX O,!J;HOCpe3HhiX IIOIIepe HbiX CTbiKOB, CThiKyeMI>Ie 3JieMeHTbi 

KOTOpbiX MMeiOT IIJIOCKyiO, CTyneHLJ:aTyiO HJIH KJIHHOBHJJ:HYIO KOH<l;>HrypaU:HIO. 

PacqeTHhiH 3JieMeHT, rrpn pacrroJio)KeHHH 6oJITOB B JIHHHIO, BhiJJ:eJieH JJ:BYM51 

IIpOJJ:OJihHhiMH CeLieHH51Mll Me)KJJ:Y COCeJJ:HH~ll 60JITaMH B p51JJ:Y, a IIpH UiaXMaTHOM 

HJIH npOH3BOJibHOM pacnOJIO)KeHHH 9 0 I lTOB pacqeTHhiH 3JieMeHT, no 

npe,n:JIO)KeHHIO ,n:nccepTaHTa, cne,n:yeT orpaHHqHTb, ncxo,n:51 H3 KOHCTPYKTHBHhi X 

OC06eHHOCTeH, HarrpMMep, B KpbiJibeBhiX CT~IKaX - 3TO paCCT051HMe Me)KJJ:Y ,!J;BYM51 

coce.n:HMMH cTpMHrepaMH . B o6onx en~, a51x pacqeTHbiH 3JieMeHT cne.n:yeT 

rrpeJJ:CTaBJI51Th B BHJJ:e (K - 1) pa3 CTaT q ecKH Heonpe.n:eJIHMOH CTep)I(HeBOH 

cncTeMbi, r.n:e K - qncno p51JJ:OB B CThiKe. 

PerneHHe OCHOBaH O Ha HCIIOJih3?BaHHH ypaBHeHHH COBMeCTHOCTH 

.n:e<l;>opMaU:HH YLJ:aCTKOB CThiKa, paCIIOJIO)KeHEi hiX Me)KJJ:Y JJ:BYM51 COCe,!J;HHMll p51JJ:aMH 

M nonyqeHHoro B npeJJ:biJJ:yrn:e:H: rnase 9 erneHH51 o MeCTHOH no,n:aTJIMBOCTH. 

,I(nccepTaHTOM rrpeJJ:CTaBJieHO o6o6rn:9HHOe ypaBHeHHe COBMeCTHOCTH 

,n:e<l;>opMa~HH npHT O,!J;HOe JJ:JI51 BCeX ,I paCCMOTpeHHbiX THIIOB CTbiKOB, 

pa3JIHLJ:aiOrn:eec51 TOJihKO co.n:ep)KaHneM Ko3cP,<l;>n u:neHTOB, orrpe.n:eneHHbiX B pa6oTe 

JJ:1151 Ka)KJJ:OrO THIIa CThiKa. 
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Ha OCHOBe 3TOrO ypaBHeHJUI nonyqeJ a yHimepCaJibHa51 CHCTeMa ypaBHeHHM 

,ll;mi pacqeTa pacnpe,ll;eJieHH51 ycHJIHM n; p51,ll;aM nonepeqHbiX O,ll;Hocpe3HbiX 

cThiKOB. BnmonHeH TecTOBbiH pacqeT pat~ pe,ll;eJieHH51 ycHJIHH no p51,ll;aM Tpex 

peryJI51pHbiX 06pa3UOB CTbiKOB, HMeiOill, X O,ll;HHaKOBbie reoMeTpWieCKHe H 

MeXaHHqeCKHe xapaKTepHCTHKH, HO pa3JIULJaiOlll,HeC51 TOJibKO TeM, qTo CTbiKyeMbie 

3JieMeHTbl B HHX HMeJIH COOTBeTCTBeHHO nJr CKyiO, CTyneHqaTyiO H KJIHHOBH,ll;HYIO 

KoHqmrypau,HH. BnmonHeHHhiH pacqeT no ,a3an cnpaBe.[(JIHBOCTb npe.[(JIO)I(eHHOH 

CHCTeMhlypaBHeHHH. 

;J,ocTosepuocTh nonyqeHHhiX TeoptTHqecKMX pe3yJibTaTOB o6ocHoBaHa 

BnOJIHe .nocTaToqHoM: .[(1151 npH6JIM)I(eHHbi X P f iiieHHH cTporocTbiO MaTeMaTnqecKHX 

<l>opMyJIHpOBOK 3a.[(aq, a TaK)I(e nO.[(TBep)l()l(aeTC51 COnOCTaBJieHHeM BblllOJIHeHH&IX 

B .[(HccepTau,nn TeopeTHqecKHX pacqeToB I c 3KcnepHMeHTaJihHbiMM .naHHbiMH, 

noJiyqeHHbiMM Ha nJIOCKMX H 06beMHbiX JiO)~eJI51X MeTO.[(aMH <l>oToynpyrOCTM M 

MyapoBhiX nonoc. .I 
MeTO.[(~:ac~:~:~K:HT~:,q~~:c:::~~~;tB~~=~IXO~=~:~a~::ec:C~~~~:::::M~ 
Han6onee .[(OCTOBepHbiX pacqeTOB Ha ~poqHOCTb 60JITOBbiX COe,ll;HHeHHH 

neTaTeJibHoro annapaTa, nepe.naiOlll,MX y c I me cpe3a M HMeiOlll,MX CJIO)I(HYJO 

reoMeTpHIO, a TaK)I(e OCylll,eCTBJI51Tb pa:U,HOH : b HOe HX npoeKTHpOBaHMe. 

B 3aKJnoqeuHH npHBe.neHbi ocHOBHbif BbiBO.[(bi no pa6oTe. 

llo ,ll;MCCepTa:U,HM HMeiOTC51 CJie,ll;yiOlll,J4e :JaMel.faHHH: 
1. llpH nocTaHOBKe 3a,ll;aqH 0 KOHTaK'TOM B3aMMO,ll;eHCTBMH .[(MCKa M CTeHOK 

OTBepCTM51 nJiaCTHHbl npOHCXO,ll;MT CMelll,eHy e ,ll;HCKa B OTBepCTHM, qTO Bbl3biBaeT 

Ha IIOBepXHOCTH KOHTaKTa CHJibl TpeHM51. 0 o6eHHO rrpH rrepeXO.[(e M3 yrrpyroH B 

yrrpyro-nnacTnqecKyiO o6nacTb. XoTeJI c 1. 6bi 3HaTb HX BJIH5IHHe Ha 

pacrrpe.[(eJieHMe Haiip5I)I(eHMH OKOJIO OTBepCT 51. 

2. PeanbHhie 6oJITOBbie coe.nnHeHM , KpoMe HaT5Ira B EC, HMeiOT H 

IIOBhiiiieHHYIO 3aT5I)I(KY EC. BJIM5IHMe Hanr a B pa6oTe rrpe,ll;CTaBJieHo. BnmmHe 

3aT51)1(KH 60JITOB XOpOIIIO 6bi O:U,eHMTb, T K. 3aT51)1(Ka CHM)I(aeT YCHJIHe cpe3a 

60JITOB. 

3. IT pH 3KcrrnyaTaQHH KOHCTPYKU:HM • npHMeHeHHeM EC, pa6oTaiOlll,HX Ha 

cpe3, OCHOBHbiM BH..[(OM pa3pyrneHH51 5IB~5IeTC51 pa3pyrneHMe JIHCTa B 30He 

MaKCH.MaJibHOH KOHQeHTpaU,HH Haiip5I)I(eHH.r OKOJIO OTBepCTHH. CJie.[(OBaJIO 6b! 
.naTb peKOMeH,ll;aiJ,MM KOHCTPYKTopaM no en )}<eHMIO KOH:U,eHTpa:U,HH Harrp5I)I(eHMM 

OKOJIO OTBepCTMH. 

4. I1MeeTC51 p51.[( 3aMeqaHHH no TeKCTY M TepMHHaM. 

T eM He MeHee, YKa3aHHbie 3aMeqan 5I He CHH)I(aJOT HayqHoH u;eHHOCTM 

rrpe.ncTaBJieHHOM HayqHoM pa6oTbi. B u:en9M:, .[(HccepTa:U,M51 Ko)l(eBHMKOBa B.<l>. 
BblllOJIHeHa Ha BbiCOKOM HayqHOM ypOBH~ II COOTBeTCTByeT BCeM KpHTepH5IM 

noJIO)I(eHH51 «0 nop51.D:Ke npHcy)l(,ll;eHH51 )rqeHbiX CTeneHeH», yTBep)l(.[(eHHoro 

nocTaHOBJieHMeM IIpaBMTeJihCTBa P<l> N2 84) OT 24.09.2013 r. 
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B pa6 oTe rronyl.JeHbl pe3yJibTaTI.I, COBOKYIIHOCTb KOTOpbiX MO)I(HO 

KBanHqli1I.l;I1pOBaTb KaK Hayl.JHOe .IJ:OCTH)I(eHHe B o6rraCTH IIOCTaHOBKH H peiiieHH51 

rrpo6rreMbl IIpOCTpaHCTBeHHOrO KOHTaKTHOITO B3aHMO,[(eHCTBlUI TeJI C KpyrOBbiMH 

rpaHHUaMH KOHTaKTa, KOTOpa51 51BJI51eTC5ll aKTyaJIJ>HOll He TOllbKO .IJ:ll51 

aBHaCTpOeHH.H, HO H .[(JI.H MHOrHX .LJ:pyrHX OTpaerreH MaiiiHHOCTpOeHH.H. 

OcHOBHble pe3yrri>TaTI>I .LJ:HCcepTaU:HH ony6rrHKOBaHbi B 31 -M: pa6oTe, 28 H3 

KOTOp biX - B peu:eH3HpyeMbiX )l(ypHarrax, peKoMeH.[(yeMbiX BAK. 
ABTOpecpepaT .[(OCTaTOl.JHO IJOJIHO H npaBHJibHO OTpa:)l(aeT CO.[(ep)l(aHHe 

.[(HCCepTaU:HH. 

Ko)l(eBHHKOB Brra.[(HMHp <De.D:opoBHq 3acrry)I(HBaeT np«cy)I(.LJ:eHH.H eMy 

y l.JeHOH CTeiieHH .[(OKTOpa TeXHHl.JeCKHX HayK IIO CIIeU:HaJibHOCTH 01.02.06 -
" ,ll;HHaMHKa, IIpOl.!HOCTb MaiiiHH, npH60pOB H arrnapaTypbi

11
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OcpHU:HaJibHbiH orrrroHeHT, 

LineH-KoppecrroH.[(eHT PAH 

.[(OKTOp TeXHHl.JeCKHX HayK, 

rrpo<l>eccop, rrpe3H.r:t:eHT 

H au:HoHarrbHOH TexHorrorHl.JeCKOH 

rrarraTbi 

11 9334, MocKBa, yn . 5apA1t1Ha, A- 4, cTp. 3, oq). 1. 
TenecpoH: +7 985-765-81-54. 

E-mai l : osirotkin@yahoo.com. 

I1o,n:rrHcb CHpOTKHHa Oner a CepreeBHLJa y,rr,ocTOBep.HIO. 
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