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BeAyuieH Opranu3anuu
Ha aucceprauuio ['openosa Anekces BauyecnaBosuua
«Pacuer HanpsizKeHHO-1e(POPMHPOBAHHOIO, MPEACTBHOI0 COCTOSIHHS U
AeMN(PHPYIOUIAX XAPAKTEPHCTHK 2JIeMEHTOB KOMNO3HTHBIX KOHCTPYKIH
Hecyuel CHCTeMbl BepToJieray»
IpeACTaBIEHHYIO Ha COMCKaHHE YYEHOH CTeNeHH KaHIMuaaTa TeXHUYeCKUX HayK
no crneuuanbHocTi 05.07.03 — [Tpo4yHOCTH U TEIJIOBLIE PEKUMBI JIETATE/IbHBIX arl-
napartos.

PaGora [I'openoBa A. B. BhimonHeHa Ha Kadelape TeOpPeTHHECKOH U
MPUKJIAJAHOH MeXaHMKH M MareMaTHku (DejepanbHOr0 roCyAapcTBEHHOIO
Oro/pKkeTHOr0  00pPA30BATENBHOIO YUPEXJAEHUs BBICHIEro TPOQeccHOHAIBHOrO
obpaszoBanus «Ka3aHCKMI HalMOHAJIBHBIH HMCCIIEIOBATENILCKHHE  TeXHHYECKH
yausBepcurer uM. A.H. Tynonesa - KAM». Anpec: 420111, r. Kazans, yi.
K.Mapkca, 1.10, KazaHckuii HauMOHanbHbIM HCCIIENOBATENILCKHHA TEXHHUYECKHUI
yuausepcurer uM. A.H. Tynonesa-KAW. Hayunsiii pyxoBomutens: 3aBemyronuiuii
kadenpoii TullMuM KHHTY-KAH, nokrop ¢usHKo-MaTteMaTHYeCKUX Hayk,
npodeccop Cupopos HMrops Hukonaesuu. OdmiimanbHbie ONMOHEHTHI: JOKTOP
¢usuko-maremaTuueckux  Hayk, npodeccop KaomosP. A,  kanaunar
TeXHHYECKUX Hayk, 3akues @. K.

Huccepraumus ['openosa A. B. nocssiieHa MerosaM pacdera HalpskeHHO-
neopMHPOBAHHOIO, MPEIEILHOIO COCTOSHHA M JAEMI(UPYIOIIHX XapaKTePHCTHK
KOMITO3MTHBIX TOPCHOHA U JIONACTH HECYIEeH CHCTeMbl BEpPTOJIeTa.

AKTYaJIbHOCTH TEeMBbI HecaexpoBanui. Pacuery HanpsKeHHO-
nedopmuposanHoro coctosiuust (H/IC) crepxkneit U cTepKHEBBIX KOHCTPYKIMIA
HECYIIEH CHCTEMBbI BEPTOJIeTa, IOCBAIIeHa OOIIMpHAs JUTepaTypa, B TOM YHCIe H
C NpHBJIeYEHHEM MeTosa KoHeuHbIX aemeHToB (MKD). Ilpu atom pabor, nocss-
LIEHHBIX OLEHKH Hecyllel crnocoOHOCTH U IeMIUPYIONIMX XapaKTePHCTHK KOM-
MO3MTHBIX KOHCTPYKIIMH HECYyILel CHCTEeMbl BepToJieTa, KpaitHe mano. B sroii css-
3U MOCTPOEHHE HOBBIX H YTOYHEHHME YK€ CYILIECTBYIOUIMX AIrOPUTMOB pacyera
XapaKTePHCTHK KOMIO3HTHBIX KOHCTPYKLIMH HECyLleil CHCTeMbl BEpTOieTa ocTa-
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eTCs aKTyalibHOM 3aja4eid. D10 00yCOBIEHO TaK JKe BCe BO3pacTaroIuMK Tpebo-
BaHUSMH K MTPOYHOCTH, HA/ISKHOCTH M JIOJITOBEYHOCTH KOHCTPYKLIMIA, 10sB/ICEHHEM
M TPUMEHEHHEM HOBBIX KOHCTPYKTOPCKMX PEIIEeHHH, a TaKKe HCMOJIb30BaAHHEM
KOMIO3HUTOB.

Ilpesnaraemas jacceprauus sBisSeTCs JajdbHEHIIMM pa3BuTHeM pabot, ro-
CBSILUEHHBIX pacyeTy KOMIO3HTHBIX KOHCTPYKIIMH Hecylllel CHCTeMBbl BepToieTa.

Heasio paGorer sBasercs llensio pabotel  sBnsercs paspaborka
QIFOPUTMOB M MX YHCIEHHAs peajMsalys U8 pacyeta HanpsKeHHO-
J1e(hOpMHPOBAHHOTO, MPEAENBHOIO COCTOSHUA W AeMI(UPYIOLIHX XapaKTePHCTHK
JIEMEHTOB KOMITIO3UTHBIX KOHCTPYKLIMHA HECYLIEH CHCTEMBI BEPTOJIETA.

Hayunas woBu3Ha uccaegoBanmii. B pabGore nonyuensl cneayiomiue
Hay4Hble pe3y/bTaThl:

|. Paspaboran anroputm pacuera napameTpoB NpeAeibHOr0 COCTOSHUA J10-
MacTH HECYIEero BUHTA BEPTOJeTa U MPe/UI0KEeHAa UTepPaLIMOHHAs METO/IHKA ollpe-
JeIeHUs TPAHULIBI IOIYCKAeMON HArpy3KH Ha KOMIO3HTHYIO JIONACTh B KOMJIEBOM
CEYECHHH:

2. lpeanoxenHa KOHCTPYKTHBHAS MOAH(HUKALUSA TOPCHOHA HECYIIEro BUHTA
Beproneta «AHCAT», no3BonuBIIas CHU3UTL HATNPSIKEHUS B PE3MHOBBIX CJIOAX
TOPCHOHA 3a CYET IJIABHOIO H3MEHEHHS KEeCTKOCTH B MeCTaX Nnepexojia KOMIIeBoi,
KOHIIEBOH 4acTel Ha ynpyro-aedopmupyemyio pabouyio 4acTh Npu HE3HAUUTE]Ib-
HOM YBEJIHYEHWH KECTKOCTH TOPCHOHE;

3. Pazpaboranbl MTEPALMOHHBIH ANrOPUTM PEILeHUs] YpaBHEHHI MareMaTH-
YECKOH MOJIEJTH IMHAMHYECKOIO [MOBEICHHUs TOPCHOHA NMPH LUKIHYECKOM CHIIOBOM
Harpy>XeHHH ero KOHUEBOH YacTH C MOMOLIBIO KOHEHHO-3JIEMEHTHOI'0 MPOrpaMM-
HOro komruiekca «ANSYS» 1 MeToamKa pacyera XapaKTepUCTHK AeMII(HPYIOLHX
CBOMCTB KOMIIO3UTHOI'O TOPCHOHA HECYILIEro BUHTA BEPTOJIETA.

JlocToBepHOCTL pPe3y/ibTATOB HecaeoBaHHsA. J0CTOBEPHOCTH OCHOBHBIX
HaY4HbIX pe3y/IbTaToB 00eCneynBaeTCsi KOPPEKTHOCTHIO MPHMEHEHHS CTPOIHX Ma-
TEMaTHYECKUX METOJ0B JUlsl NOCTPOEHHSI OCHOBHBIX COOTHOIICHHH, XOPOLIO anpo-
OMpOBAHHBIX 3aKOHOB M MOjleNlel MeXaHWKH NeOPMHPOBAHUS TBEP/BIX TeJ, HC-
[10JIb30BAHHEM anpoOHPOBAHHBIX KOMMEPYECKHX MMPOTrPAMMHBIX KOMIUIEKCOB KO-
HEYHO-2/IEMEHTHOIO MOJIEJIMPOBAHHNS, COTIACOBAHHOCTBIO MMOIYYEeHHBIX pe3yJibTa-
TOB YMCJEHHBIX PAacHeTOB C Pe3yjbTaTaMH HKCINEPHMEHTAJIBHBIX MAaHHBIX U W3-
BECTHBIMH pe3yJibTaTaMH, MOTy4eHHBIMU APYTHMH aBTOPaMH.

IIpakriyeckas 3HAYMMOCTDL JIMCCEPTALIMU 3aKIIOYaeTcCs B pazpaboTke W
peanuzauuu Ha [[DBM:

1. AnropuTma, MO3BOJIAIOIIErO MPOBOIUTE PACHETHI CTATHYECKOH MPOYHO-

CTH KOMITO3UTHOM JIONACTH HECYIlero BUHTA BEPTOJIETA;
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2. AnropuT™Ma MO3BOJISIOLIEr0 ONPEeIHTh XapaKTePHCTHKH JIeMI(pUpyLo-
IIIMX CBOHCTB KOMIIO3UTHOIO TOPCHOHA HECYIIEro BHHTA BEPTOJIETA.

A TaKKe MpeUIOKEeHbl OTACNIBHO MOAU(UKAUMK TOPCHOHA TO3BOJISIOLIHE
CHU3HTh HATIPSDKEHUs B PE3MHOBBIX CIIOSAX M YJy4IIUTh AeMI(UpPYIOLIMe XapakKTe-
PHCTHKH.

Anpobauusi paborbl. OCHOBHBIE Pe3yJbTaThl AHCCEPTALMOHHONW pPaboTh
NOKJA/bIBAIMCh: HA  KOHKYpPCE  BBIMYCKHBIX  KBaIM(UKALMOHHBIX  paboT
Bcepoccuiickoif cryaeHueckod onummuanbt (r. Cankr-IlerepOypr, 2005 r.); na
MeXayHapoaHoi mononexHo# koHdepenuun XIII Tynonesckue urenmss KI'TY
uMm. A.H.Tynonesa (r.Kazaub, 2005 r.); Ha OTKpPBITOM KOHKYpCE Ha JIy4IlYIO
paboTy CTYJEHTOB MO €CTECTBEHHBIM, TEXHUYECKMM H YMAHUTAPHBIM HAyKaM B
Bysax Poccuiickoii ®egepanun (MunucrepcTBO 00pa3oBaHMS W HAYKH
Poccuiickoit  ®@enepauud, 2006r.); Ha 3a04HON  HAyYHO-NPAKTHYECKOM
koH(pepenunn «Hayka wu Ttexuuka XXI Beka» (r. HoBocubupck, 2011 r.).

Myb6ankanuu. [lo marepuanam aucceprauuu onyGiuKoBaHbl 3 Hay4Hble
CTaTh B HM3JAHMAX M3 TIEPEYHSl PELEH3HPYEMbIX HAy4YHBIX IKYPHAIOB
pekomenyembix BAK, a Takxke 2 nybiamkaunu te3ucoB KoH(pepeHumii 1 1 crathbs
nenonuposannas 8 BUHUTH.

I'panTel. UccnenoBanus npoBOAMINHCH M0 CIIEAYIOIAM FPAHTAM:

1. KoMIuieKcHbIH MPOEKT MO CO31aHUIO0 BBICOKOTEXHOJIOTHYHOTO POM3BOI-
ctBa ¢ OAO «Kazanckuii BeproneTHsiii 3aBoa» comectHo ¢ KHUTY-KAW (Bbi-
MOJIHEHUE TeM COTIaCHO KajieHaapHoMmy miany pabor Ha 2010/2011 rr. no pacuery
HANpPsHKEHHO-/16(POPMHPOBAHHOIO COCTOSIHUS M JeMII(UPYIOLIMX XapaKTepUCTHK
MOH(HLMPOBAHHOIO TOPCHOHA Hecyero BuHTa Bepronera KAHCAT» B pamkax
peanu3saiiyu nocranosneHus [Ipasurensctea PM No218);

2. AnanmTHuyecKas BeJOMCTBeHHas Lienesas nporpamma (ABLIT) «Pa3sutue
HAy4YHOro noreHiuana seiciiei wxons» Ha 2011 r. [Ipoekt «Marematuueckoe
MOZIe/IHPOBAHME W YMNpaBie€HHE B 3a7a4aXx MEXaHHKH CIUIOUIHBIX Cpeay.
Ne2.1.1/13290;

3. DyHjiaMeHTaNbHbIe MNPUKIAHBIE WCCIENOBAHMS [0 IOC. 3aJaHHI0 Ha
2012-2013rr.: Ilpoekt "MaTemaTH4eckoe MOJIEITUPOBAHUE W YIIPABICHHE B HEJH-
HEeHHBIX 3a/la4aX MeXaHWKH cromHsiX cpea” Nel.3100.2011.

Crpykrypa u 06beM pabotbi. Jluccepraius COCTOMT M3 BBEIEHHs, Tpex
rnas, 3akio4eHus, Oubnuorpaduueckoro cmucka M comepxut 159 crpanun
MaIIMHOMTMCHOTO TekceTa, 23 tabunn, 58 pucynkos. bubnuorpadus skmouaer 112
HAMMEHOBAHUH.

Bo BBeaeHHH 1pe/ICTaB/IeH aHAIW3 COBPEMEHHOTO COCTOSHMS UCCIIeIyeMOii
npobiieMbl, 0OOCHOBaHHBI AKTYalbHOCTh M MPaKTHYECKas LEHHOCTh AUCCEepTalliy,

cpopMy/IHpOBaHbl Ledb W 3a1a4d paboThl, €€ Hay4yHas HOBH3HA U OCHOBHbIE
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Hay4HbI€ TIOJIOXKEHHs, BBIHOCHMbIE Ha 3allUTY, NPUBOMAMTCA KpaTKuii 0030p
JTATEPATYPBI.

IlepBas riiaBa mocCBsillieHa pacyeTy Kod(@uiMeHTa 3arnaca CTaTH4YecKou
NPOYHOCTH JonacTyu Hecyulero BuHTa Beprosera « AHCAT», npeacrasisionyio
co00#i KOMIO3UTHBIA CTEPKEHb C MHOIOKOHTYPHBIM 3aMKHYTBIM IOMNEpPeYHbIM
ceyenueM. [lpemioxeH  WTEpalMOHHBLIM  AJITOPUTM  JUIS  HAXOXKIEHUS
O/IHOBPEMEHHO HW)XXKHEH W  BepxXHeH rIpaHMIbl MPeAE/bHOH  Harpysku,
aeicTBylomei Ha nonacth. Ha ocHOBe npeuioxKeHHOro anroputMa peanu3oBaHa
nporpamma Juisi [IDBM, kortopast no3sojser onpenensite Bce HeoOXoaumble
UHTErpajibHble  XapaKTEePUCTUKH  [IONEPEYHOro CEeYEeHHUsl, HaNpsHKeHHs 110
BHYTPEHHHM YCHJIHMSM M MOMEHTaM, a Takke KO3(QQHIMEHT 3anaca CTaTu4yecKoi
MPOYHOCTH JIONACTH B 3a/laHHOM ceveHWH. [lpeacraBnensl pesylibTaThl pacyeToB
OJIHOTO W3 THUITOBBIX CEYEHUH JonacTH Hecylero BuHTa Bepronera «KAHCAT» na
pPa3IHYHBIX CKOPOCTAX FOPU3OHTAIBLHOIO MOJIeTa U PeKUMa BUCEHHSL.

Bo Bropoii raase wuccinenoaHo HJIC kxomnosutHOro TopcHoHa
G6ecmapuuproro Hecymiero BuHTa Bepronéra «AHCAT» ¢ nomousio MKD B
komruiekce «ANSYS». Ilposesena oueHka [A0OCTOBEPHOCTH pe3yJbTATOB M
KayecTBa KOHEYHO-3JIEMEHTHOH ceTkH. lIpeiokeH BapuaHT KOHCTPYKTHBHOIO
MCTIOJIHEHHSA TOPCHOHA MO3BOJIAIOIMH CHU3UTh HANpPSKEHHUS B PE3UHOBBIX CIIOSX
3a CHET IUIABHOIO W3MEHEHHS XXECTKOCTH B MEeCTaX Mepexo/ia KOMIEBOM, KOHIIEBOH
yactedl Ha ynpyro-aedopmupyemyio pabodyio 4acTb, NpH HE3HAYUTEIILHOM
YBEIIUYEHHU JKECTKOCTH KOHCTPYKIMM M COXPAHEHHH [IPEXHEro YpOBHS
HAIPsHKEHHHE B CTEKJIOMJIACTHKOBBIX C/10sX. PacueTsl mpoBeeHbl B reOMeTPHYECKH
JIAHEHHOM W HEJIMHEHHOM MMOCTAHOBKE.

Tperbsi riaBa [MOCBAIIEHA pacyeTy AeMMI(GUPYIOMINX XapaKTePUCTHK
TopcoHa Hecymero BuHTa Bepronera «AHCAT». [llpennoxen weron, ¢
MOMOIIBIO KOTOPOIO MOYKHO IPOBOJIMTE PACUeThl XapakTepUCTHK AeMI(pUpyommx
CBOMCTB KOMIIO3MTHOIO TOPCHOHA, YHYHTBHIBAIOIUWH €ro KOHCTPYKTHBHBIE
ocobeHHOCTH. MeTol OCHOBaH: Ha MTEPAllHOHHOM AalfOPHTME peIIeHMS
YPaBHEHHH MaTeMaTHYECKOH MOJIENH JHHAMHYECKOTrO MOBEACHMs TOPCHOHA MpH
LMKIIHYECKOM CHJIOBOM Harpy»€HUH €ero KOHILEBOH 4acTH ¢ nomoiusio MKD
Komiuiekca «ANSYS»; uCronb30BaHHH IKCIEPUMEHTANBHBIX JaHHBIX TIAPaAMETPOB
CABHIOBOH (DYHKLMH MOJI3yHECTH MaTepuaa Pe3HHOBBIX CJIOEB; OINpE/IEICHHH
norapu(MHUUECKHX JEKPEMEHTOB 3aTyXaHMs KOHILIEBOM YacTH TOpPCHOHA B
MUIOCKOCTSAX BpAIlEHHs1 ¥ B3Maxa no (a3oBoMy CABHIY €€ KOMIIOHEHTOB BeKTOpa
MepeMelleHHii M0 OTHOLIEHHWIO K COOTBETCTBYIOLIMM KOMIIOHEHTaM BEKTOpa
CHJIOBOrO HarpykeHus. [Ipemnoxkensl KOHCTPYKTHBHbBIE MOAM(DUKALIMKM TOPCHOHA,
MO3BOJIAIOUIHE YIYYIIUTE ero AemMndupyioiine cBoicTsa.
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PexoMeHJallHH N0 HCNOJIL30BAHHIO PE3YJILTATOB AHCCEPTANHOHHOMH
paborel. CozmanHbie B pabotre  MeToAbl  pacueTa  HanpsiKeHHO-
neOpMUPOBAHHOTO, MPEIENIBHOIO COCTOSHUS U JEMIQUPYIOIIUX XapPaKTEPUCTHK
2JIEMEHTOB KOMIMO3HUTHBIX KOHCTPYKLIMI Hecylluel cucTeMbl BEpToieTa MOryT ObITh
MCIONIB30BAHBI MPH MPOSKTHPOBAHWH PALIMOHANBHBIX CXEM TaKMX KOHCTPYKLHH B
aBMa U BEPTOJETOCTPOCHUH, OOECHEYMBAIOMIMX 3a/IaHHbIE [IPOYHOCTHBIE H
JAMHAMUYECKHE SKCIUIyaTallHOHHbIE XapaKTepHCTUKH. B 4acTHOCTH 3TH MeTojibl
MoryT ObITh MCTOIB30BaHbl B Takux opranusauusx kak OAO «Tynones», OAQO
«Hn», OKB um. M.J1.Muns, OAO "Ka3zauckuii BepTonéTHsiii 3asoa".

Juccepraums opopmieHa B COOTBETCTBHM ¢ TpeboBanusmu BAK PO.

Ilo nuecepranHonHOl padoTe MOKHO CAENATH CJIEAYIONHE 3aMeYAHHS

1.B mepBoii rnaBe Npe/iCTaBleHbl Pe3yNbTaThl pacyeToB Kod(pduimenTa
3anaca CTaTHYECKOH NMPOYHOCTH JIOMACTH HECYIEro BHHTA BEPTOJIeTa OIHOro U3
THIOBBIX CE€YE€HMH JlonacTH Hecymlero BuHTa sepronera «KAHCAT» Ha pasinuuHbix
CKOPOCTSX TOPH30HTAIBHOIO [I0JIeTa M peXHMa BHCEHMS JUis  cliy4as
OHOTIAPAMETPHYECKOTO HM3MEHEHHSI OJIHOBPEMEHHO BCEX IIECTH 00O0OIIEeHHbIX
yeuimid. OnHaKko B peasbHOCTH MOJIET BEPTONETa MPOHCXOAMT MPH MOCTOSHHbIX
obopoTax Hecywlero BHHTAa W MNpEACTaBlseT MHTEpec pacdyer Koaduimenta
3araca npu 3a/laHHOH OCEeBOH CHIIe B KOMJIEBOM CeueHMH sonacti. B pabore takoii
pacyeT He [POBeJIeH.

2. B mepBoii riaBe 1pH aHaNM3e NONS HANPHKEHWH B 2JIEMEHTaX Ce4YeHus
JIONacTH He JaHO [OSICHeHHWE [IOYEMY HE YUYMTHIBAIOTCS HANpPSHKEHUs B
3aroJIHUTEJIE XBOCTOBOH 4acTH JIOMACTH.

3. B Tperbeil rinaBe NMCCEPTALMM HE JAHO JETANBHOTO OOBSICHEHHS KAKUM
obpazom  nomydyeHa  MACHTH(UKALHH  [APAaMETPOB  HKCHOHEHLMANBHOIO
NpeAcTaBleHus CIABHIOBOI GbyBKumn MOJA3y4eCTH pe3yiabraram
SKCMEepHMEHTAIbHBIX [epeMelleHHii pykaBa pabouyero TopcuoHa npu usrube B
[JIOCKOCTH B3Maxa.

3akuwuenue.

CrhenanHple 3aMeuaHus HE CHWIKAIOT MONOXKHTENbHYIO OLEHKY paboTbl.
Huccepraumst ['openosa Anekces BsuecnaBosuua «Pacyer HanpsokeHHO-
Ae(pOPMHPOBAHHOTO, MPE/IENIbHOIO COCTOSHUS ¥ AeMIIHPYIOLINX XapaKTEePHCTHK
JIEMEHTOB KOMITO3HTHBIX KOHCTPYKLIMH HECyllleH CHCTEMbl BEPTOJIETa» SABJISETCS
3aKOHYEHHOM Hay4HO - UccrenoBarenbekoi pabotoii. B pabore npennoxkena me-
TO/IMKA ONpe/Ie/IeHHs HWKHEH IPaHMLIbl 10IyCKaeMOH HArpy3Ki Ha KOMITO3HTHYIO
J0MacTh B KOMIIEBOM CEY€HHH, MO3BOJISIONIas paccuuThiBaTh napamerpst HJIC u
onpeaensaTs Ko3(PQHUIMEHTh! 3araca CTaTHYECKOH MPOYHOCTH B KOMJIEBOM ceve-
HHH JIONacTH B peKHUMax BHCEHMA W TOPU30HTAJIBHOIO [10JieTa BEpTOIE-
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ta. [Ipe/utokeHa KOHCTPYKTHBHAsi MOAM(UKAIMA TOPCHOHA, MO3BOJIMBILAS CHMU-
3UTh HANpPSHKEHHUsS B PE3MHOBBLIX CJIOSAX TOPCHOHA 3a CYET IUIABHOTO M3MEHEHHS
MECTKOCTH B MeCTax Mepexojia KOMIIeBOHW, KOHLEBOW dacTedl Ha yrpyro-
nedopmupyeMyio pabouyio HacTh MPH HE3HAYMUTEIBHOM YBEIIMYEHHH KEeCTKOCTH
TopcuoHa. PaszpaGoraH mMeTo] pacyera XapaKTepHCTHK AeMM(HUPYIOIHX CBOHCTB
KOMITO3UTHOTO TOPCHOHA Hecyllero BuHta Beprosiera. [IpeanoxkeHsl KOHCTpPYK-
THBHBIE MOJH(HUKAIMH TOPCHOHA, MO3BOJIMBLIME YIYYIIUTH €ro JAeMnupyoiime
xapakTepucTuku. Pe3ynbpTaThl paboThl MOTYT OBITH MCMONB30BaHbl TaKKe B yuel-
HOM MpoLecce.

OuenuBas paboty B LENOM, ClelyeT KOHCTaTHPOBATh, YTO AUCCEepTaLUs
['openoBa A. B. orBeuaer coBpeMeHHbIM TpeboBauusm, npeabasisembivy BAK
K JICCepTalMiM HA COMCKAaHME YYEHOH CTeNeHH KaHAMWJaTa TEXHHYECKHUX HayK
no crnenuanbHocTH 05.07.03 — [IpoyHOCTh M TEIIOBBIE PEKUMBI JI€TATENbHbIX
annapaTtos, a e€ aBTOP 3aC/y)KHBaeT NPHUCYKACHHUSI €My YUYEHOH CTEreHH
KaHMaTa TeXHUYECKHX HayK.

TexHu4eckuil MpexTop
Ka3aHckoro HHXKEeHepHOTo LIEHTpa

OAO «Tynones», o

KaHKAAT TeXH. HayK %L.fw A" B Haiiynep
Jupexrop no UT

Ka3aHCcKoro MHXEeHepHOro LeHTpa

OAO «Tymnoney,

KaHIM/IaT TeXH. HayK B. H. Kypiuun
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