
OT3hIB 
3apy6e*uoro uayquoro KoucyJILTanTa ua .z.accep'Iao.uouuyro pa6ory 

AcMaFaMOeT ,U:aau1>1 Ken*'.e6aB:~3hl 
ua TeMy <<lfcCJie.Z.OBaHHe H pa1pa60TKa KOHCTpYKIJ.HH IIOBOpOTHOro 

KOHBeiiepa Ha OCHOBe 06ecne11eHHH B38HMO.ZleHCTBHH mapnHpHblX 
coe.z.eueueii», npe.z.craBJieunyio ua concKaeee creneua .ZlOKTopa ct>itJI.ococ)>HH 

(PhD) no uanpaBJieHHIO «Hu*euepeH a eH*euepuoe ,lleJio», no 
06pa1onaTeJILHoii nporpaMMe 8D07101- «Mameuocrpoeuee» 

,[(HccepTaIJ;HOHHruI pa6oThI AcManlM6eT JJ:. K. cocroHT H3 BBe,neHH.sI, 

OCHOBHOH qacTH H3 qeThlpeX fJiaB, 3aKJIIOqeffiU1, CIIHCKa JIHTepazyphI H 

npHJIO)l(eHHH. 

,[(HccepTau;m1 HanpasneHa Ha pemeHHe aicrya.JlhHOH 3a.rt:a~ C03.llaH~ 

IlOBOpoTHoro cI<pefiKOBoro KOHBeiiepa; KOTOphrn Il03BOJUieT o6ecrre~Th 

HenpephIBHoe 'I'paHCIIOPTIIJX>BaHHe yrIDI, 3aJieraIOmero B CJIO)l(HhIX ropHO­

reonorHqecKHx ycnoB~, a TIUOKe MO)l(eT 6hlTh HcnoJih3oBaH .llIDI rp~cnopTa no 

KpHBOJIHHeHHhlM B1>Ipa60TKaM H npH copTHpoBKe TBep.LlhlX MHHepanoB. KoHBeiiep 

H IIpHHUHilhl ero npoeKTHpOBa.HIDI MOryT 6hlTh npHMeHeHhl TaK)l(e .llIDI 

pa3pa60TKH KaJIHHHhlX COJieH H IIOJIHMeTaJIJIHqeCKHX py.n. 

Tio:nOMY a.KT)'a.JlhHOCTh ,[.(HCCepTa.uHOHHOro HCCJie,llOBaH~ o6ocHoaaua. 

AHanH3 cocroHHIDI npo6neMhl BiillIBHJI He.ZlocTaTKH cymecTByIOIUHX cHcTeM, 

pa3pa6o~KH KOTOphlX IlhlTaJIHCh pellIHTh 3TH BOIIpOChI, HO TaK H He C03,llaJIH 

pa60TOCIIOC06Hhle H BhICOKOnpOH3BO,llHTeJibHhie CHCTeMhl. 0,llHaKO, OHH IIOMOfJIH 

aBTOpy HaHTH HOBhle TeXHHlieCKHe pemeH~, o6ecrre~BaIOIUHe B03MO)l(HOCTH 

rrpHcrroca6JIRB~eMOCTH KOHC'fPYKUHH K HOBhIM TeXHOJIOrHSIM rrpHMeHeHJUI, 

rroBhimeHHIO npoqttOCTH H, reM CaMhIM, orrpe.neJIHTh HanpaBneHHH YBeJIHqeHH.sI 

,ZlJIHTeJihHOCTH )l(H3HeHHOfO UHKJia MaIIIHH. 

B KOHC'fPYKUHH TaKOfO KOHBeiiepa OCHOBHOH y3eJI rrpe,llCTaBJUieT H3 ce6.si 

IlOBOpOTHyIO CHCTeMy H3 mapHHpOB, paccpe.noroqeHHhIX c o6eHX CTOpOH 

BepnIKan1>Ho 3aMKHYTuIX pemTaKOB. Pa3pa6oTKa nx Ha.rt:e)l(HOH KOHCTpYKUHH .ZlIDI 

o6ecneqeHH.sI TeXHOJiornqecKHX ycJIOBHH B3aHMO,neHCTB~ HOBhlX mapHHpHhIX 

coe,nHHeHHH c 6opTaMH, c 0,ZlHOBpeMeHHhlM pemeHHeM BOIIpOCOB c6opKH1 

CJIO)l(HOro ycrpOHCTBa H TOqHOCTH BhIIIOJIHeHH.sI TeXHOJIOfH'lieCKHX 3a30pOB Me)l()J.y 

pemTaKaMH, OCHOBaHa Ha C03,ZlaHHH HMHTaI(HOHHhIX MO,lleJieH MHOfOTeJihHOH 

,ZlHHaMHqecI<oli CHCTeMY. CJIO)l(HOCTH co3,naHIUI TaKHX Mo,neneii 3aKJIIOqaIOTcsi B 

,ZlBH)l(eHHH MaIIIHHhI B o6'heMHOM rrpocTpaHCTBe c pa3BOpOTOM B KaMepy, Kor.na 

IIOBOpOT MO)l(HO BhIIIOJIHHTh, Haqmirui OT JII06oro peIIITaKa. Cl>aKTHqecKH TaKHe 

BOIIpOCbl MO)l(HO peIIIHTh TOJibKO Ha OCHOBe HMHTaI(HOHHOfO MO,ZleJIHpoBaHH.SI 

3THX rrpoueccoB, B OCHOBY KOTOphlX 3aJIO)l(eHa TeopH.sI 3linepa-JiarpaH)l(a c 

npH6JIH)l(eHHhlMH Mero,naMH pemeHHii JIHHeapH3au;HH ypaBHeHHH .UHHaMHKH. B 
paccMarpHBaeMOM cnyqae npH HaJIHqffH TeXHOJIOfHqeCKHX pa3phIBOB 

KOHC'fPYKUHH B 30Hax pacIIOJIO)l(eHHSJ mapHHpOB, no KOTOphlM ,llBH~C.SI CKpe6KH, 

Heo6xo,llHM aHaJIH3 H rrpoBepKa pa6oTOCIIOC06HOCTH C03,ZlaHHhlX HMHTaUHOHHhIX 

Mo.neneii, a TaK)l(e orrpe.neneHHe HX o6nacTH cymecTBOB~. HoB1>Ie MeTO.llhI 
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HMHTaU:HOHHOrO MO)leJIHPOBa.HHSI )lJUI HCCJie.D;OBa.HIDI rrpeilnmI<eHHhIX 

KOHCTPYKTHBHhlX pemeHJI:ii H HX pe3yJihTaThI, Korophle nerJIH B ocHoBy MeTOJJ;HKH 

3KCnepHMeHTaJihHhIX HCCJie,noBa.HHH 3THX CJIO)I(.HhIX Hepa.BHOMepHhlX rrpon:eccos, 

H COCTa.BHJIH HayqHyio HOBH3HY BbIIlOJIHeHHhIX HCCJie,noBa.HHH. 

MHoJKecTBeHHOCTh ,nBHJK~HXCSI mapffifPOB o6ecnetrnBa.IOIUHX 

coe,[\HHeHHH H IIOBOpOThI pemTaKOB, H HX CHJIOBOe B3aHMO,neii:CTBHe c TSlrOBhlM 

opraHOM co CKpe6KaMH npHBO,n:HT K Heo6xo,n:HMOCTH C03)l;a.HIDI 6a3hl JJ;a.HHbIX )];JUI 

xpa.HeHlUI pe3yJibTaTOB c HX IlOCJie):\YJOmeii: o6pa60TKOH npH pac-qfu'ax npo"tIHOCTH 

H oco6eHHOCTeii H3Hoca KOHTaKTHhIX 30H pemTaKOB. B 3THX 30Hax o6ecneqeHa 

ycTOHtIHBOCTh ,nBH)l(eHHH ciq>e6KOB H C03)J;aHbI MO,neJIH pacqeTa HX omopa. 

ABTopoM ycTa.HOBJieHo, qTo 6e3onacHoe JJ;BH)l(emie ponHJSa CKpe6Ka 

.n:ocTRraeTca npR ,l\Ha.\i:erpe He MeHee 40 MM, qro o6ecneqlfBaeT 

Manora6apHTHOCTh KOHCTPYKIUrn, pe)l(RM pa60Tu1 c pesepcoM npR OTCYTCTBRR 

30H pOCTa nnacTHqecKOfO .n:e$opMHpOBa.HHH MaTepRana. 

IlpoBe,[\eHhl npOMbIIDJieHHbie liCilbITa.HIDI mapHHpHbIX CliCTeM IIOBOpOTHOfO 

KOHBeiiepa H o6ocHOBaHo ycroii:"tJHBoe ,n:BH)l(eHHe cKpe6KoB o,n:Hon:eIIHoro 

KOHBeiiepa B 30He IIOBOpOTa, qro no,n:TBep,nHJIO pe3yJihTaTbI liMRTan:HOHHOfO 

MO,[\eJIHpOBaHH.SI .D:BH)l(eHHH CKpe6KOB BJJ;OJih 6opTOB peIDTaKa H CTaBa KOHBeiiepa B 

CJie,l\ 3a KOM6aiiHOM npR IIOBOpore CTa.Ba Ha yron JJ;O 90 rpa,nycoB. 

IlonyqeHo COOTBeTCTBHe pe3yJibTaTOB TeopeTHqecKHX pacqeTOB, 

HMHTan:HOHHoro Mo,ne.ITHpOBa.HIDI B nporpaMMe Adams H Ansys c 

npOH3BO.D:CTBeHHbIM 3KCIIepHMeHTOM. 

Ba)l(HhIM 3JieMeHTOM c6opKH HBJUleTcR TeXHonornqecmii: 3a30p Me)l()J;y 

6opTaMH coce.n:HHX peIDTaKOB, . B03HHKa.IOIUliH npH IIOBopoTe pemTaKOB. 

Pa3pa6oTaHa reXHonorIDI c6opKH orpaHHqeHHOH napTHH ( CTaneJibHaJI c6opKa) c 

ynyqmeHHeM ee TOqttOCTH 3a cqeT KOHC'IJ)YKTHBHOH .n:opa60TKli 3a30pa IIO Mecry H 

3,a cqeT rpynIIBpOBa.HIDI .n:eTaneii no OTKJIOHeHIDIM OT cpe,l\HHX BeJIHtIHH pa3MepoB 

c6opO"tIHOH n:enH, HaIIpHMep, JJ:liaMe1'pOB OTBepcTHH di, d2 ... di npoyu:nrn H 

BeJIHtIHH c6JIH)l(eHHH n:eH'I'pa HX oceii: K IIOBepXHOCTH 6opTa KOHBeiiepa. •. 

IlpH cepHHHOM li3fOTOBJieHHH MO)l(eT rrpHMeHRThC.SI c6opKa c IIOCJie):\YJOIUeH 

o6pa6oTKOH CThIKOBhIX IIOBepXHOCTeH pemTaKa B HX co6pa.HHOM COCTO.sIHliH Ha 

KpynHora6apHTHhIX CTaHKax. ,Ua.HHhlH 3a30p orrpeJJ;eJUleTC.SI pacqeTOM 3d­
Mo.n:eneii, co cpe.n;Heii BeJIRlIHHOH 8-9 MM, HBIDleTCH cnyqaii:HbIM c HOpMailbHbIM 

3aKOHOM pacnpe.n:eneHR.sI, npH 3TOM HCIIOJib30BaHRe MeTo,n:a HeIIOJIHOH 

B3aHM03aMeH.sieMOCTH peKoMeH.n;yeTC.SI )l;JIH cepmmoro H3fOTOBJieHHR. 

p33pa60Ta.HHhle rrpHeMhl HMHTan:ROHHoro Mo.n;emrpoBaHIDI H HX 

rrporpaMMhI, HCCJieJJ:OBaHIDI HaIIp.IDKeHHo-.n:e$opMHp0BaHHOfO COCTO.SIHlrn .n;eTaneH 

H 30Hhl HHTeHCHBHOfO H3HOCa li rex:HWiecKHe pernaMeHThl c6opKH yqTeHhl B 

3a,[\aHHH Ha pa3pa60TKY IIOJIHOpa3MepHoro CTeH,n:a ,[\JUI . HCCJie,n:oBaHH.SI 

CKpe6KOBOfO IIOBOpOTHOro KOHBeB:epa B HCIIOJIHemm: c acHHXpOHHhIM 

,!(BkraTeJieM H rH.n;ponpHBO.IJ:OM HaTIDKHoro yc'I'poiicTBa. OIIB TaK)l(e HBJUllOTC.SI 

OCHOBOH )l;JIH C03)l;aHH.si OIIbITHOfO o6pa3n:a IIOBOpOTHOfO KOHBeHepa JJ:IDI 

KaMepHOH BhleMKH. 
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TipaKrnqecKruI 3HatmMOCTh pa60Thl 3aKJllOqaeTC.H B pa3pa6oTKe 6a30BOH 

KOHCTP)7KUHH mapimpHhlX CHCTeM noBopoTHoro KOHBeliepa, yq-reHHhlX B 3a,r{aHHH 

Ha pa3pa60TKY ,nJUI H3rOTOBJieHHH KOHBeiiepa, a TaIOKe B onpe.n.eneHHB peiKBMOB 

c6opKH, KOTOphie npeJI.CTaBJieHhI B BapHaHTax JI.JUI cepHHHO H3rOTaBJIHBaeMoro 

YCTPOHCTBa H JI.JUI OIIhlTHoro o6pa3IJ.a. 

JlH't!HhIH BKJia,n: aBTOpa 3aKJIIOqaeTC.H B noCTaHOBKe 3aJI.aq pa3pa6oTKH 

HMHTaII.HOHHhIX MOJI.eJieH, npoBe.n.emrn MOJI.eJIHpOBaHIDI H KOH'IpOJI.H ero 

pe3yJihTaTOB, pa3pa6oTKe MeTOJI.HKH 3KcnepHMeHTaJihHhlX HCCJie,ZJ;OBaHHH H 

npoBe,ZJ;eHH51: CTeHJI.OBhlX H 3aBOJI.CKHX HCIIhITaHHH rnapm1pHoii nOBOpOTHOH 

CHCTeMhl, onpe.n.enemrn ee HarpYJKeHHOCTH, H3HOCOCTOHKOCTH, pa3pa6oTKe 

pernaMeHTOB H BHJI.OB c6opm, yqeTe cnyqaiiHoro xapaKTepa qmpMHpoBaHH51: 

TeXHOJIOrHl:JeCKOro 3a3opa Me)I(JI.y peIIITaKaMH H o6ecneqeHH51: ero JI.OIIYCTHMOH 

BeJIHl:JHHhI, H3HOCOCTOHKOCTH KOHTaKTHbIX 30H npH noBopoTe KOHBeiiepa B 

Ka.Mepy, o6ecneqemrn 6e3orracHhIX napa.MeTpoB poJIHKOB CKpe6KOB. 

CqHTaJO, ~o JI.HCcepTru:t:HOHHruI pa6oTa AcMaFaM6eT J(HaHhI 

KemKe6aiil(hI3hI Ha TeMy <d1ccne,n:oBaHHe H pa3pa6oTKa KOHCTPYKU.HH 
IIOBOpOTHOro KOHBeiiepa Ha OCHOBe o6ecneqeHH51: B3aJiMOJI.eHCTBH51: mapHHpHhIX 

coe,IUIHeHHii», npe,n:cTaBJieHHYIO Ha COHCKaHHe CTeneHH JI.OKTOpa qmnococpHH 

(PhD) no Hanpa.BneHHIO «l1HJKeHepru1 H RHJKeHepHoe .n.eno», no o6pa3oBareJibHOii 

nporpa~Me 8D07101 - «MarnHHOCTpOeHlie», j!BJI.HeTC.H 3aBepmeHHbIM HayqHhIM 

HCCJieJI.OBaHHeM no aKT)'aJihHOH TeMe, HMeIOII{eM HayqHYIO H npaKnfqeCKYIO 

II.eHHOCTh, KOTOpoe COOTBeTCTByeT HOpMaTHBHhIM Tpe60BaHH.sIM, a ee aBTOp 
AcMaf'a.M6eT J(HaHa KeHJKe6aiiK.I>I31>I 3aC1IYJKHBaeT npHCYJKJI.eHH.si: cTeneHH 

JI.OKTOpa cpHJIOCOtPHH (PhD) no o6pa30BaTeJI.bHOH nporpa.MMe 8D07101 -
«MaIIIHHOCTpOeHHe». 

Hay'IRblii KoucyJI1>TaHT, 
JJ:.T.H. npofi>eccop Ky16accKoro 
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8D07101- «Mamuua ~cay>> 6iJiiM 6epy 6aFJ.J:apJiaMaChIMeH <<lIIDKeuepm1 

~aue HH~euepJiiK ic» 6aFhIThl 6oiihIHma (PhD) <l>HJIOCO<l>HH J.J:OICTOphI 

J.J:ape~eciu aJiy ymiu AcMaFaM6eT ,l(uaua KeIDKe6aii1'hI3hIHhIU: «Tonca 

1'0ChIJihICTaphIHhIU: eJapa apeKeTrecyiu 1'aMTaMaChI3 ery uerhiHJJ.e 

6¥PhIJIMaJihI KOHBeiiepJ.J:iu: KOHCTPYKU:HHChIH JepTrey ~aue aJipJiey>> 

Ta1'h1phI6hIH)la ~a3hIJIFaH J.J:HCcepTaII.HHJihl1' ~hIChIHa 

meTe.im iK FhIJihIMH KeH,ecminiu: 6epreu 

IlIKIPI 

)l;.K.AcMarnM6erriH; .L(HccepTaU:IDIJihII\ ~hIChl Kip icrre,n:eH, TepT Tapay,n:hIH; Heri3ri 

6e:iiri, l\OpnIThIH.[(hl, a.n:efraerrep Ti3iMi , )KaHe l\OChIMIIIa..i1ap,n:aH T¥Pa.z:i:r,1. 

)l;HccepTaU:IDI 6¥Phl.m.fa..Thl KOHBe.H:ep.n:i !\¥PY Anm: e3eKTi MaceJieciH memyre 

6anrrranrnH. l>¥JI Kyp,n:eJii ray -KeH )KaHe reoJIOrIDIJibII\ )KaF,n:a.H:.n:a KeMip.n:i TOJiacchl3 

TaCJill.laJI,n:ay,n:hl K:aMTaMaChI3 e'I)Te MYMK.iH.n:iK 6epe,n:i, COH,n:aH-al\, OHbl l\HCbll\Cbl3hIK,Tbl 

ea::tipi.'1,n:e TaCbIMaJI,n:ay ymiH 1K:me K:aTibl MHHepan.n:ap,n:nI C¥PhIIITay Ke3iH,n:e 

rrarua..1aeyrn 6oJia.[(hl. KoHBe.H:ep :MeH OHhl )K06anay K:ani,n:anapbIH KaJIHH 'f¥3.[(aph1 MCH 

IIO:m.:MeTaJIJI KeH,n:epiH a3ipJiey rTIIiH ;:i:e KOJI.[(aeyrn 6oJia.[(bl. 

CoHJJ:hll\TaH ,n:HccepTaIIIDLThll\ 3epr-rey ,n:iH; e3eKTiJiiri Heri3.n:eJireH. 

-~foceJieHiH; )KaH-I<YitiH Tan,n:ay l\OJI.[(aHhICTaFhl )KyHeJiep,n:iH; KCMIIIIJilKTepiH 

aHnrKra.J;DI, )Ky.H:errep.n:i a3ip:rey miJiep aTaJIFaH MacerreJiep.n:i memyre TaJIIIhIH.ll:hl, 6ipa.K: 

~'™c i CTe.H:TiH )KaHe )KOFaphl ,n:eH;re.H:.n:eri )KyHeJiep )Kaca.H: aJIMa,n:r,1. Ana.H:,n:a, oJiap 

aBTOpFa )KaH;a TCXIIBK8..iThll\ IIIeIIIiM,n:ep.n:i Ta6yrn K6MCKTCCTi, OCbl memiM,n:ep 

KOHCTIJYJ<IUUIHhIH; )KaH;a rraH,n:anaey TeXHorrorIDirrapbIHa 6ei1:iM.n:eny, 6epiKTiriH aprrblpy 

M\~iKTepiH K:aMTaMaChl3 eTe,n:i, )KaHe ,n:e, OChIJiaHIIIa, OJiap MaIIIHHaJiap,n:bIH; eMipJiiK 

rrmcriHiH; ¥3al\ThIFhIH aprrhlpy 6aFn1rraphIH aHbll\Tayrn MYMKiH,n:iK 6epe.n:i. 

Mpma.H: KOHBe.H:ep,n:iH; KOHCTPYKIJ:IDIChIH,n:a Hen3n TYHiH TirIHeH )Ka6nll\ 

acray:rap.n:nIH; eKi )KaFblHa TapaThIJIFaH TOCIIaJiap,n:bIH; 6¥PhIJIMaJibl )KyHCCi 60JIDIII 

ca.Ha..1a,LUJ.. Kyp,n:eJii K.¥PhIJIFhIHhl l\¥PaCThIPY.ll:hIH; 6ip Me3riJI,n:e meminyiMeH )KaHe 

acraynap apacnrn,n:aFhI TeXHOJiorIDIJihII\ Ta3apzy.n:hl )Ky3ere acr,1py,n:hIH; .n:an,n:iri 6ap, 

6oprrapn1MeH )KaH;a Torrca l\OChIJihICTapnIHhIH; e3apa apeKerrecyiHiH; TeXHoJiorIDIJihll\ 

)KaF,n:afilrn K:aMTaMaChI3 ezy ymiH orrap,n:hIH; ceHiM.n:i KOHCTPYKU:IDIChIH :hiprrey Kerr 

ACHerri .[(HHaMHKaJibII\ )KyHCHiH; HMHTaU:IDIJihII\ MO.[(CJib.[(epiH )Kacayrn Heri3,n:eJireH. 

~aH MO.[(CJib)J,ep.n:i l\¥PY.ll:hIH; l\HhlH.ll:hlK:TapbI 6¥PbIJibICTbl KC3 KerrreH aCTay)J,aH 

6aCTa ra 6orraThlH KC3.[(C KaMepara 6¥PbIJiblII, ayK:nIM,ll;bl KeH;iCTiKTe MaIIIHHaHDIH; 

K03Fa ThICDIHaH T¥PaJJ.bI. lllnrn MamH,n:e, M¥HJJ.aH Macerrerrep.n:i ochI rrpou:eCTep.n:i 

IDnrranIDLThll\ Mo,n:errn;:i:ey HerhiH.n:e Fa.Ha memyre 6orra;:i:r,1. l>¥JI rrpou;eCTep JJ:HHaMHKa 

TeH,.:Iey:iepi.HiH; ChI3hil\TaHJJ:hIPY memiM.D:epiHiH; )KYhll\ a;:i:icTepi 6ap 3HJ1ep JlarpaH)K 

TeopIDICblHa Heri3.[(CJireH. K,apaCTbiphl.iThl:II T¥PFaH )KaF;:i:aH,n:a, KOHC'f'PYKIUUIJiap.[(bIH; 

TeXH0_10rIDii1bll\ y3inyi 60JIFaH KC3.[(C, l\blPFbIIIITap l\03FaJiaTDIH Torrcanap.[(blH; opHanacy 

aID!a.I\.-rapDIH,n:a K.¥PbIJIFaH HMHTaIJ;IDIITbll\ MO.[(CJih.[(epiHiH; ~CblH TaJI.[(ay )KaHe 

TeKcepy l\aA<eT, coHhIMeH K:aTap orrap.Ll.hlH: )KapaM.[(hI 6ony aiiMaFhlH aHDil\Tay -K:a)KeT. Ocn1 

apKe.Tici rrpou:ecTep;:i:iH; 3KcrrepHMeHTTiK 3eprrey a;:i:icTeMeciffiH; Heri3iH l\¥PaHThIH 



¥CbIHhIJIFaH ci,rn,n:apJibI memiM,n:ep,n:i )K~me oJiap,n:bIH; HgTIDKeJiepiH 3eprreyre apHaJIFaH 

HMHTaU:IDIJihlI\ MO,n:eJib,n:ey,n:itt; )Katt;a g,n:icTepi ophlH,ll;aJIFaH 3eprreyJiep.n:iH: FbIJibIMH 

)KaH:aJibIFbIH I\aJibIIITaCTbip.D.bI. 

AcTayJiap.n:hlH: I\OCbIJihlCTaphl MeH 6¥PbIJihlCTaphlH I<;aMTaMaChl3 eTeTiH I\03FaJIMaJihl 

TOIICaJiap,n:bIH: Kemiri, )KgHe OJiap.n:hlH: I\hlpFhlIIITaphl 6ap Tapzy opraHbIMeH 03apa 

gpeKerrecyi acTayJiap.n:hlH: rymcrreJii a:H:MaI<;TapbIH.D.a 6epiKririH )KgHe ecKipy 

epeKIIIeJiiKTepiH ecerrTey Ke3iH.n:e KeiiiHHeH eH:.D.eii OThlphrn, HgTIDKeJiepp:i caI<;Tayrn 

apHaJIFaH ,n:epeKTep 6a3aci,rn I\¥PY I<;a)KeTTiJiiriH TYhlH.D.aTa.D.hl. E¥JI a:H:MaI<;Tap,n:a 

I\blpFbIIIITap I\03FaJibICbIHbIH: T¥PaI<;TbIJibIFhl I<;aMTaMaCbI3 eTIJiiII, OJiap,n:bIH: ToiiTapbIC 

6epy .n:iH: ecemey MO.D.eJib.D.epi )KaCaJI.D.bI. 

ABTop I\bipFhlIII ayHaI<;machIHhlH: I<;ayirrci3 I\03Fa.JThICbI .D.HaMerpi KeMiH,n:e 40 MM 

Ke3iH,n:e I\OJI )KeTKi3iJieTiH.n;iriH aHhlI<;Ta,lJ.hl, )KgHe 6¥JI KOHCTpYKD;IDIHhlH: IIIaFbIH KeJieM.n:i 

60JIYbIH, MaTepHaJI.lJ.hlH: IIJiaCT.HKaJibII\ ,n:etjlOpMaD;IDIChlHhlH: ecy a:H:MaI<;TapbIHbIH: 6oJIMayhl 

Ke3iH,n:e Kepi ~hlC pe)KHMiH I<;a\fraMaChl3 eTe.n:i. 

b¥PhlJIMaJihl KOHBeiiep,n:itt; TOIICaJibII\ )KyHeJiepIHlH; eH,n:lplCTiK ChlHaI<;Taphl 

)Kypri3iJiirr, 6¥PbIJIY a:H:MaFhlH.n;a 6ip Ti36eKTi KOHBeiiep I\hlpFbIIIITapbIHbIH: T¥Pal\Tbl 

I\03FaJibICbI ,n:gJieJI,n:eHreH, )KgHe 6¥;1 I\OH,ll;blpFbIHhl 90 rpa.n:ycI<;a ,n:e:H:iH 6¥PFaH Ke3.n:e 

KOM6aiiHHaH KeiiiH KOHBeiiep.n:iH: I\OH.n;blpFhlChl MeH aCTay 6oprrapbIHhlH: 6oiibIMeH 

I\blpFhlIIITap.n:hlH: I\03FaJibIChlH liMHTall;IDIJihll\ MO,lJ.eJib,lJ.ey HgTJi)KeJiepiH pacTa,n:hl. 

8H.n:ipicTiK 3KcrrepHMeHTi 6ap Adams )KgHe Ansys 6aF.n:apJiaMaci,rn.n:a TeopIDIJihII\ 

ecemey Jiep.n:iH:, HMHTaU:IDIJihII\ Mo,n:eJTh,n:ey .n:iH: HgTH)KeJiepiHiH: cgif:KecTiri aJihIH,[(hl. 

Maai,13,z:i:i,1 I<;¥PaCThlPY 3JieMeHTi acrayJiap,n:hl 6¥PY Ke3iH,n:e rra:H:,n:a 6oJiaThIH KepIIIi 

acTayJiap,n:bIH: epHeyJiepi apacbIH.n;aFhl TeXHoJiorIDIJihII\ aJIIIIaI<;ThlI\ 6oJihlII ecemeJie,n:i. 

llleKTeyJii 6eJIIIIeKTi I<;¥PaCThlpy TeXHOJIOrIDIChl ( CTarreJih,n:i I<;¥PaCThlPY) OHbIH; ,n:gJI,n:iriH 

)KeTiJI.n:ipe OTblpbIII g3ipJieHreH. 0Hhl opHbI 6oiibIHIIIa CaH:hlJiay ,ll;bl KOHCTIJYKTHBTi 

)KeTiJI,n:ipy ece6iHeH )KgHe I<;¥PaCTb1py Ti36eri eJIIIIeM,n:epiHiH: opTaIIIa IIIaMaci,rnaH 

ayi,neyJiaphl 6o:H:brnIIIa 6eJIIIIeKTep,n:i TOrrTaCTb1py ece6iHeH )KeTiJipjpreH. Mi,1caJihl, 

TeciKTep.n:iH: d1, d2 ... di CaH:bIJiayJiapbI ,n:HaMerpJiepi MeH OJiap,n:bIH: OCbTepi opTaJibIFbIHbIH: 

KOHBeliep epHey 6eTiHe )KaI<;hIH.D.ay IIIaMaJiapbI. 

CepIDIJihII\ eH.n:ipicTe ipi KeJieM,n:i cTaHoKTap.n:a oJiap.D.bIH: )KJiHaJIFaH Kyii.n:eri 

acTay,n:hIH: TyificKeH 6errepiH KeliiH eH:.D.eyMeH I<;¥PaCThlpy.D.hl I\OJI,n:attyFa 6oJia,[(bI. n¥JI 

caai,may 3 d-Mo,n:eJih,n:i ecemey apI<;bIJihl aHhll\TaJia.D.hl, opTaIIIa maMaMeH 8-9 MM, )KgHe 

,n:e I\aJibIIITbl yJieCTipy 3aH:MeH Ke3,n:e:H:COI\ 60JThIII KeJie,n:i, OHhlH: yCTiHe TOJihlMChl3 e3apa 

aJIMacyIIIhIJihII\ g,z:i:iciH I\OJI.D.atty cepIDIJihll\ eH.n;ipicKe ¥ChlHhlJia,ll;hl. 
liMITTaD;IDIJibII\ MO,lJ.eJib,n:ey .n:iH: g3ipJieHreH g,z:i:icrepi )KgHe OJiap.D.bIH; 

6aF,n:apJiaMaJiapi,1, 6eJIIIIeKTep.n:itt: KepHeyrri-,n:etjlOpMaU:IDIJiaHTaH KyIDHlll 3eprreyJiepi 

)KgHe I<;apI<;blH,[(bI T03Y aiiMaI<;Taphl MeH I<;¥PaCTbIPY.D.hlH: TeXIDilCaJihll( per .:Ia\feHTTep1 

acHHXpOH,lJ.bl I\03FaJITI\bIIIIIIeH )KgHe Kepy I<;¥PhlJIFbICbIHbIH: DLl!JO)KeTerL\1eH ~phlH.n;a~ 
Ke3iH,n:e I\blpFblllITbl 6¥PbIJIMaJibl KOHBeliep.n: 3eprreyre apHa.-rraH TO.:IhlK Ke.1e~ CTeH,l]J'l 

g3ipJiey TarrchlpMaci,rn,n:a ecKepiJireH. CoHhlMeH 6ipre, onap Ka\lepa.Thl Ka3hlll a.ry ymiH 

6¥PhlJIMaJihI KQHBeiiep.n:iH: ci,rnaI<; ynriciH )Kacay Heri3i 6orra,ThI. 
KoHBeiiep.n:i )Kacayrn apHaJIFaH g3ipneMe Tarrci,rpMachlH,Ja e KepLTieH 6+])bL1MaJibI . ~ 



cepIDIJibl )KacarraTbIH l\¥I)hlJIFbl MeH CbIHal\ yJiriciHe apHarrraH H¥Cl\aJiap.n:a· ¥CbIHbIJIFaH 

J\¥paCTbipy pe)KfIM.ll:epiH aHbI}\Tay ~bICThlH; rrpaKTH:Kfillhll\ MaH;hl3bIH 6iJI.ll:ipe.n:i. 

ABTop.n:hIH: )KeKe yJieci RMITTaU:IDIJihII\ Mo.n:eJib.n:ep.n:i ~niprrey.n:eH, OHhlH: H~Tfl)KeJiepiH 

Mo.n:eJib.ll:ey MeH 6a}\bIJiay.n:hl 0TKhy.n:eH, TOIICaJihl 6¥PbIJIY )Kyii:eciHiH; 3KCIIepH:MeHTaJI.ll:bl 

3eprreyJiep ~.n:icTeMeciH ~3ipJiey, CTeH.n:TiK )K~He 3ayhlTThll\ ChlHa}\TaphlH 0TKi3y .n:eH, 

OHbIH; )KYKTeMeCiH, T03yra T03iM.n:iJiiriH, perJiaMeHTTep MeH l\¥I)aCTbipy rypJiepiH 

~31pJiey .n:eH, acTayJiap apachrn.n:arbI TeXHoJiorIDIJihII\ caH;hlJiay .ll:hI Ke3.n:e:H:col\ 

l\fillbIIITaCTbIPY.ll:bl ecerrKe any.n:aH )K~He OHhlH; P¥1\CaT eTiJireH maMaChlH, KOHBeiiep.n:iH: 

KaMepara 6¥PbIJIYbI Ke3iH.n:e ry:H:icy aiiMal\TaphlHhlH: T03yra Te3iM.n:iJiiriH l\aMTaMaChl3 

ery .n:eH, l\bipFhlllITap.n:hlH: ayHa}\IIIarraphlHbIH: l\ayirrci3 rrapaMeTpJiepiH l\aMTaMaChl3 

ery .n:eH T¥Pa.ll:bI. 

8D07101 - «MaIIIRHa )Kacay» 6iJiiM 6epy 6aF.n:apJiaMaChlMeH «11H)KeHepIDI )K~He 

fIH)KeHepJiiK ic» 6aFbITbl 6oiihlHIIIa (PhD) qmJioco<t>IDI .ll:OKTOphl .n:~pe)KeCiH any yIIIiH 

AcMaraM6eT ,[I;RaHa KeH)Ke6afu\hl3bIHbIH: «Torrca l\OChlJihlCTapbIHhlH: e3apa ~peKerrecyiH 

}\aMTaMaChI3 ery Heri3iH.n:e 6¥PhLTMaJibI KOHBeiiep.n:iH: KOHcrpyKu:m1chlH 3eprrey )K~He 

~3ipJiey» Ta}\blphl6hlH.ll:a )Ka3hlJIFaH )UICCepTaU:IDIJihll\ ~bICbI HOpMaTH:BTi Tarramapra 

c~:H:Kec KeJieTiH, FbIJiblMR )K~He rrpaKTRKaJibll\ J\¥H.ll:blJiblFbl 6ap, 03eKTi Ta}\blpbIII 

6oiihlHIIIa TOJihll\ ruil\TaJIFaH FhlJihlMR 3eprrey 60JihlII caHarra,nhI, arr OHbIH; aBTOpbl 

AcMaFaM6eT .D:RaHa KeH)Ke6afu\hI3hl 8D07101 - «MaIIIH:Ha )Kacay» 6iJiiM 6epy 

6ar.n:apJiaMaCbl 6oifhIHIIIa (PhD) <i>RJIOCO<i>IDI .ll:OKTOphl .n:~pe)KeciH anyra JiaHbll\Tbl .n:err 

caHaHMbIH. 
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Ky36ac MeMJieKerriK TeXHRKaJihII\ 

yHRBepcITTeTiHiH: rrpo<t>eccopbI /}\OJibI I 

Mep: PECEH <l>E,[(EPAIJ;I15ICbIHhIH; FbIJThIM )l{8HE 
)l{QF APbI EIIBM MHHMCTP mn I <l>E,[(EPAJI,LJPI 

MEMJIEKETTIK EIO,l]lKETTIK )l{QF APbI EIIBM 

EEPY MEKEMECI I T.<l>.fOPEAYEB ATbIMAf'bI 

KY3EAC MEMJIEKETTIK TEXHMKAJThll\ 
YllliBEPCHTETI I (Ky3fTY) I Of PH 1024200708069 I 

HHH 4207012578 

r . .D:. Ey .smH:tI 

K,oJTuI: Ey.JIJIBra r.,[(. 
KY 8JIAH,[(hIP AMhIH 
Ke:s;ecria F:OIJThIMH xaTIIThIC:OI 

/K,oJTuii T.M. KocTHHa 
08.05.2024 )K. 

Opbzc mi.1li11.e11. ¥13a~ mi.1li11.e ayoap8a11. ayoapMawbz TWl8amo6a /KaH .... "''~~~ 

JIM~ f.fffiULf Coc4¥~ 



I-

.D:Ba,n:u:aT& rrepBoe Ma5! ,n:Be ThIC5!-crn: ,n:Ba,n:u:aT& -qerneprnro ro,n:a 
TeKCT-rrepeBo,n: c pyccKoro 5!3&IKa Ha Ka3aXCKHH 5!3hIK BhIIIOJIHeH nepeBO,[{"l!HKOM TaJirnTOBoH: )KaHap 
EoJiaTK;&I3hI. 
5I H&IrMeT BeHepa · EopaM6aeBHa, ttornpHyc ropo,n:a Acratta, ,n:eH:cTBYJOrn;a5! Ha octtoBamm 
rocy,n:apcTBeHHOH JIHU:eH3HH }{20000351 OT 20.01.2006 ro,n:a, BhI,[{aHHOH M HHHCTepCTBOM lOCTHU:HH 
Pecny6JIHKH Ka3axcTaH, CBH,n:eTeJI&CTBYJO no,n:JIHHHOCTh no,n:nHcH JIH"l!HO H3BeCTHoro MHe nepeBO,[{"l!HI<a 
TanraTOBOH )Kattap EoJiaTK,hI3hI. flH"llHOCTh ee yCTaHOBJieHa, ,n:eecrroco6ttocT& npoBepetta. 
)KH&IpMa 6ipimni MaMblp eKi MhIH. )KHblpMa TepTiHIIIi )KbIJI. 
Op&IC TiJiiHeH K,a3aK, TiJiiHe M8TiH ay,n:apMac&rn ay,n:apMam&I TanrnTOBoH: )Ka.Hap EoJiaTK,hI3hI )I<aca,n:&I. 
Mett, H&IrMeT Bettepa EopaM6aeBHa, Acratta K,anac&IH&IH; HOTapHyc&I, 2006 )KbIJI,[{hIH. 20 K,att.rnp,n:a I\P 
8,n:iJieT MHHHCTpJiiritt.tI;e 6epiJireH N2 000035 1 MeMJieKerriK JIHU:eH3H5! Heri3itt,n:e, MeH TaHHThIH 
ay,n:apMarn&I TanraTOBOH )Kattap EoJiaTK,hI3hI K,OJI Tatt.6ac&IHhIH. TYITH¥CK.aJihIFhIH KY8JiaH,n:&rpaM&IH. Ott&II{ 
)KeKe 6ac&1 aH&IK,TaJI,[{hI, 8peKeT K,a6iJieTTiJii r i TeKcepiJI,n:i . 

PeecTp,n:e N2 1263 tteMepiMeH TipKeJireH 
«HornpHaT Typan&rn 3aH,HhIH. 30 6a6&rn&m 2 rnp~rnnrna C8HKec 
TeJiett,n:rn 

21. 05. 202' 
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