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OT3bIB BEAYIIEN OPTAHU3ALIU
Ha JuccepranuoHHyio paboty Epémuna Muxauna Muxaiuiosnya
«AHaJIU3 IPUMEHEHUS Ha JIONACTAX HECYIIEro BUHTA BEPTONETA CUCTEMbI YIpaBJIEHUs
TPUMMEPAMH C LICNTBIO CHIKEHUS HAarpy30K», MPEACTABICHHYIO HA COMCKAHHE YUEHOI
CTENEHHU KaHauaaTa TEXHUYECKUX HAYK 110 CIIELUATLHOCTH
2.5.14 — «IIpOYHOCTE U TEIIOBBIE PEKUMBI JIETATEIbHBIX arnmnapaTroB»

Huccepraumonnas pabora Epémuna Muxanna MuxaiiioBuya [OCBsIIeHa HOBOMY
Croco0y CHWXKEHMsS JUHAMMYECKHX HArpy3oK, AeiCTBYIONMX Ha HECYILYI0 CHCTEMY M
3a0yCTepHYIO YaCTh CHCTEMBI YIIPABIEHUs HECY MM BUHTOM BEPTOIETA. AKTYaTbHOCTh TEMBI
o0yciioB/IeHa HEOGXOAMMOCTBIO CHIDKEHHsS BUOpALMii IpH mosieTe BEPTOJIETAa HAa BBICOKHX
ckopocTsX. Kcrnonb3yemas juls 5TOro akTHBHAsS CHCTEMa YIPABICHHS MaxOBbIM JIBIVKCHHEM
JIONacTH NpHBOAHUT K CHHKCHHIO MaXOBOI'0 IBUJKEHHS JIONACTH BO BPeMsI IOJIETa BEpPTOIETa,
KpyTsllero Momenra Ha sany HB, ypoBHs BuOpanumii u myma or HB, u koTopas Takke MoxkeT
ObITh ~ HCIOJB30BAaHA KaK  JONOJHHMTENBHBIH  SJI€MEHT  CHCTEMBI yIOpaBIeHUs —
a3pOJIMHAMHYECKUI aBTOMAT mepekoca. OcoOblii HHTEpEC MPEeICTABISLET CHOCO0 CHIKEHHS
HAarpy30K — ¢ OMOLIBIO YIIPaB/IAEMBIX TPUMMEPOB, BEIHECEHHBIX 3@ POMMIIB JTOIACTH.

Crpykrypa aucceprauuu BKIIOYaeT B ce0s BBEICHHE, LIECTb IVIaB, 3aKIIOUECHHE U
ciucok sureparypel. O6bem pabotel coctaBuser 171 crpanumy. B pa6ore COAEPIKUTCS
147 pucyskoB u 10 Tabmuu. ChHCOK HCNOTB30BAHHBIX MCTOYHMKOB COCTOMT M3
117 naumeHoOBaHUIA.

Bo BBexeHum npescraBieH OGWIMPHBIA 0630p JMTEpPaTyphl IO MCCJIEI0BAHUAM,
O/M3KMM K TeMe MCCEpTAlliH, a TakKe MaTeHTOB Ha M300peTeHHs, HCTIOJIB3YIOLUX IS
YIPaBJICHHA 3aKPBLIKH M IPEAKPBUIKH, YCTaHOBJICHHBIE Ha JjomnacTu. [IpoBeiaeH aHamn3

CYLIECTBYIOLIHX CIIOCOOO0B YIPaBIeH s HArpy3Koil Ha JTOMacTH B MCTOPUYECKOI NepCIeKTUBE,



H3JI07KEHO COCTOSIHHUE BOPOCA B paccMaTpUBaeMoit 00J1aCTH B 3apy0eKHOM 1 0TeYeCTBEHHOI
npakrike. OG0CHOBaHA aKTYaJIBHOCTh MCCIIEI0BAHMS, C(hopMyJIMpOBaHbI HAyYHAs HOBH3HA U
HpaKkTHIECKas 3HAYUMOCTb JUCCEPTALMOHHON paboThI, MOCTAB/ICHA LETb PaboOThl W 3a1aun
HMCCIICI0BAaHMS, ONPE/IC/ICHBI TI0JI0KEHHS, BBIHOCHMBIE Ha 3aLIUTY.

Ilepsasi raaBa mocBsileHa paccMOTPEHHIO (QYHKUMOHANBHOM KapTHHEI PaGOTHI
JIonacTelf HeCYUIEro BHHTAa BEPTONETA MPH MNPAMOJMHENHOM MoJeTe. I[IpencraBnena
$usnueckas NpUpPOJa BOBHUKHOBEHMS MAaxXoBOTO [BIUKeHHA nomactd HB, u  Kakue
MOCICACTBHA STOrO ABJIEHUS MOTYT ObITh /I KOHCTPYKIHH BEPTOJIETA B 3aBHCHMOCTH OT
peXKHMOB €ro moJjera.

Bo BTopoii riase onucana paspaGoTKa KOHIIEMIMH CHCTEMBI AKTHBHOTO yIIpaBJI€HUs
MaxoBbIM JABMXKCHHEM JIONIACTH — a3pOJMHAMMYECKHI aBTOMar nepekoca. Ha HauaabHOM
ITAallC HCCIIC/IOBAHMS CHCTEMbl AKTHBHOIO YIIPABJICHHS MAaxOBBIM IBHIKEHHMEM JIOMACTH B
KauecTBe paboyeii MOBEPXHOCTH PaCCMOTPEHO UCIIONB30BAHUE KOIEBIIOIErocs 3aKpblIKa Ha
orceke somactu. B npouecce ucnbitanuii B A/IT monydeHsl cpaBHUTENBHBIE pe3yibTaThl
43pO/IMHAMMYCCKHX XapaKTepUCTUK OTCeKa Npopmis Ge3 3aKkpbuika, ¢ HepaGOTAIOIINAM
3aKpBLIKOM 1 € OTKIIOHSEMBIM 110 FApMOHNYECKOMY 3aKOHY B HCCIIEyEMOM JMAMla30He YaCTOT
npusoja. Ilo pesysbratam CpaBHUTEIBHOTO aHAIN3a MOKA3aH MPUPOCT a’pOIMHAMHYECKOI
HOPMAJIbHOH CHJIBI OT paboThl 3aKphlIKa B NpeAenax 7% B CPABHEHHHU ¢ YHCTHIM npoduiem,
YTO T03BOJIAET OOECTeYuTh MHHHMAIBHO HEOOXOAMMOE BO3IEHCTBME HA JIONACTh B
MPAMONMHEHHOM MOJIETE /UTA Pealu3allii YIPABIIIONIEro BO3EHCTBHS OT 3aKpbLIKA.

B Tperbeli riaBe ommcaH aHanM3 BO3MOXHOCTH H3MEHEHHS s dexTuBHOCTH
HCCIIC/I0BAHHOTO YIIpaBJI€MOr0 3aKphIIKa B a3POAMHAMHYECKOM IIOTOKE M pa3paGoTaHbI IyTH
€e NOBBIIEHUA. B pesybrare npoBeIeHO CPaBHUTENIBHOE IKCIIEPUMEHTAIBLHOE HCCITEI0BAHMIE
Pa3INIHOrO pacroIoXKEHUS YIPAB/IAIOLIEH IOBEPXHOCTH Ha OTCEKE JIOMACTH, M KaK 3aKpbLIKa,
U B BUJIC TPUMMEpA BHE MPopuiis onacty. [TokasaHo, 4TO ylpassiomas IOBEpXHOCTD B BHJIE
TpUMMeEpa 3HAYUTENBLHO 3Q(eKTHBHEe BO3AEHCTBYET Ha OTCeK JonacTu. Taike IPOBEIEHO
PacueTHoe mec/e0BaHue no BbIOOPY MeCTa pacroIOKeHHs TPUMMepa B 3aBUCHMOCTH OT
pajuyca Jonactu. IlokasaHo, 4TO MakcHMalbHOE BO3AEHCTBHE TPUMMEp OKa3bIBAET Ha
JIONACTE IpH  pacloI0KEHUH €ro Ha OTHOCHTENLHOM paauyce r=0,6 - 0,8 npu sToMm iHHA
TPUMMEpa OrpaHHYCHa pasMEPOM OTHOCHTENBHOTO panuyca r=0,1, 4ToOBl He y4acTBOBATH B
M3rMOE JIOMAacTH O] HATPY3KOH, COOTBETCTBEHHO HA KAXAyl0 JIOMACTh HEOGXOLUMO

YCTaHOBUTE 10 JIBa TPUMMEDA.



B 1eTBepToii riase onncaHo UCcie0BaHue B rapMOHHYECKOM BO3MYLIEHHOM MOTOKE
aIPOJIMHAMUYECKON TpyObl HEBpalUAIOIIEHCs MOAENHM JIONMACTH ¢ JBYMS OTCEKAMIL
OCHAIICHHBIMU  YIIPAB/IAEMBIMH [IPH TIOMOIM TMHE30NPUBOJOB TpHMMepamu. IlonydeHsr
PE3YJILTATEl THHAMHYCCKAX XapaKTCPUCTHK JIONACTH ¢ HEPabOTAIOLIMMHI TPUMMEPaMH H C
OTKJIOHACMBIMH I10 TAPMOHHYECKOMY 3aKOHY B HMCCIEAYEMOM AMAaNa3OHE YacTOT NMPUBOIA.
WccnenoBansl  mpeaBapuTenbHBle  3aKOHBI W QITOPUTMBI  CHCTEMBI  YIIPaBJICHU.
Oco0eHHOCTBIO UCHBITAHUI OBLIO TIPUMEHEHHE MOJBHKHOIN PEIIeTKH a’3pOAUHAMHYECCKIX
npoduiel, yCTaHOBIECHHONW Ha COIJIO AdPOAHHAMUYECKOIL TpyOBl. YTpaBiisis pemerkoii
MpohuIIeii 10 rapMOHMYECKOMY 3aKOHY, OBLT MOJMYYEeH adpOAMHAMHYECKHII MTOTOK ¢ STHUMH
XapaKTepUCTUKAMH, KOTOPBIH ¢ XOpOLIeH N0CTOBEPHOCTHIO HMUTHUPOBAT paboTy JIONACTH B
peajJbHOM MoJIeTe.

B nsAToi raaee npencraBieHbl pe3yabTaThl 110 MOJICJIMPOBAHUIO  AJITOPUTMOB
ynpasienus. PaccMmorpensl Metonsl cuntesa [IUJ] - perynstopa, UCIIOJIB3YSl JIaHHEIE,
[OJIYHCHHBIC SKCIICPUMEHTAILHO Ha peanbHoOM o0bekre. HaumHas ¢ mpocThIxX ajlroputMoB B
lIpoLecce NIpOBCACHHBIX HCC/ICI0BAHUN, Ha OCHOBE MOMydaeMoi MHpopmaluu o padore
YUPABISIOWEH CHCTEMBI, K MOMEHTY HCIIBITAHHIl JEMOHCTPATOpPa CHCTEMBI AKTHBHOIO
YUPABICHUS MaXOBBIM JIBIKEHHEM JlonacTH B motoke AJ[T mpeuioxken atroputM cucreMsl
YNpPABJICHUS, KOTOPBIH /IS CHHKeHHUs KoneGauuii nomacteii HB no TBepmoTensHoMy TOHY
(MaxoBbIe JBHKEHHUS) OCYIIECTBIAECT OTKIOHEHHE TPUMMEPOB TAKUM obpazoM, yToOBI Ipu
BPaCHUH HECYIICTO BUHTA NIOIbEMHAs CHJIa Ha JI0nacTAX OblIa mocTosHHOI. [Tocie anaau3a
HICPBBIX SKCICPUMCHTAIBHEIX JaHHBIX W3 ucnbitanuii B AT T-104 Ha BunTOBOM NpHGOpE
BII-5 Gputo 3amedeHo, 4To M3-3a (a30BOro 3ama3bIBaHHs BEPTHKAJIbHOTO IE€peMeIeHUs
/I0NacTH MpH OTKIOHCHUM TPUMMEpa M M3-3a HAINYMA HETHHEHHOCTeH B MbE30IPHBOJAX,
HEMHOro 0osee 3Q(HEKTUBHBIM METOAOM YIPABIEHHS SBISETCS JIMCKPETHOE yIpaBJICHHUE.
brita npeanoxkeHa HoBast cxema yrpaBlIeHH .

B wecToii rinaBe npejcraBiensl pe3ynpTaThl HCCIEA0BAHMS b dexTuBHOCTH paboThI
ACMOHCTpaTOpa CHCTEMbI yIIPAB/ICHNs MaXOBbIM ABHKEHHEM onacTd B AJ[T Ha pa3snuyHbIX
pexumMax  ucnelTaHui. KOMIUIEKCHBIH aHAMM3 pe3ylIbTATOB MCCICAOBAHMI  I[OKA3al
BO3MOXHOCTb CHIDKCHMSI HArpy30K B CHCTEME YIPaBICHHS BEPTOJNETOM, COXPaHEHHUE
9 PEeKTUBHOCTH YIIpaBIICHHS BO BCEM JMANa3oHe CKOPOCTEil MoJIeTa, a Takke HCIIOMb30BAHME

CHCTEMBI B BUJIC NOIIOJHUTEJILHOTO aBTOMATa [IepeKoca.



B 3aki0ueHun chopMyTHPOBaHEI OCHOBHBIE PE3yJIbTATH U BBIBOJIBI, [10JIYYEHHBIE B
JIMCCepPTaIiMOHHOM pabore.

Heabio pabothl sBiIsIETCS CO3MaHME, JEMOHCTPALHS U MCCIIE0BAHIS 3¢pdexTuBHOCTH
paboThl aKTHBHOM CHCTEMBI yNpaBJICHHS MaxOBBIM JBHKCHHEM JIOMACTH HECYIIEro BUHTA
BEPTOJICTa Ha OCHOBE CHMCTEMBI MHIMBH/IYaJIbHOTO YNPABJICHHS JOMACTAMM, C MOMOIIBIO,
YCTaHOBIICHHBIX Ha HUX TPUMMEPOB.

Hayunas nosusHa paGoThl 3aK/04a€eTCs B CIEAYIOMIEM:

1) Ilpennioxena u paspaboTaHa KOHLENIHUS YIIPABICHHS MAXOBBIM JBHKEHUEM JIONACTH
HB Beprosieta ¢ MOMOIIBIO BBIHECEHHBIX 3a 3aIHIOI KPOMKY JIONACTH YIPaBJISIOIMX
[OBEPXHOCTEH — TPUMMEPOB, IPUBOIMMBIX B IBHKEHUE ITE30TNPUBOIAMH, UTO MOJTBEPKIEHO
ABYMS IaTEHTaMH, aBTOPOM KOTOPHIX ABJIACTCS COMCKATENb, M YTO OGECIIEUMBAET MAIYIO
MHCPLMIO CHCTEMBI YIIPABJICHHS 1 MUHUMAalIbHOC BMEIIATETBCTBO B KOHCTPYKIIHIO JIOTIACTH U
a’pOJIMHAMMKY MPODUIIS JIOMACTH.

2) DKCIIEPUMEHTANBHO /I0Ka3aHa BO3MOXKHOCTh MCTIOJB30BATH AAHHYIO CUCTEMY Kak
a’pOIMHAMUYECKUI aBTOMAT nepeKoca.

3) Ha ocHoBe JKCIIEpUMEHTAIBHBIX JAaHHBIX IOKA3aHA BBICOKAS 3} HeKTUBHOCTH
YIPABJICHUS MaxOBbIM JIBUJKEHMEM BpAILAIOIIEHCs JIONACTH B MOTOKE adpOAMHAMUYECKOM
TpYOBI.

4) DKCNEpUMEHTAILHO YTOYHEHBl 3aKOHBl M AITOPUTMBI CHCTEMBI yIpaBIeHUs
AKTHBHBIM TPUMMEPOM.

[IpakTuveckas 3HAYHMOCTH PaGOTHl COCTOMUT B TOM, UTO paspa0OoraHHas cucTema
YIPABIICHHA MaXOBBIM JBUIKECHHEM JIONACTH HECYLIEr0 BUHTA BepTOIETa 2((PEKTUBHO BIUSET
Ha LUADHUPHBIA MOMEHT JIONACTH W KPYTAUWMH MOMeHT Ha Bany HB, u mossonser
HCIIONB30BaTh €0 KaK  JIOMOJIHUTE/IBHBIH  a3pOAMHAMHYECKHH aBTOMAaTr —IepeKoca.
IIpoBesicHHBIE OLEHKH IO BIWSHUIO YIPABICHHS MAaxOBBIM JBIDKEHMEM JIONACTH Ha
IKCIUTyaTallli0 BEPTOJETOB HA BLICOKHX CKOPOCTAX II0JIETa I[IOKA3bIBAIOT BO3MOYKHOCTD
YBCIIMYUTL  KPEHCEPCKYIO  CKOPOCTh  I0JIETA, CHM3WTh YCTAIOCTHYIO HArpy3Ky Ha
KOHCTPYKIIHIO,

/loCTOBEPHOCTD IOJIyYEHHBIX PE3yIbTATOB H BBIBOJAOB MOATBEPIK/IEHA pe3ysbTataMu
VCTIBITAHUI JEMOHCTPATOPa aKTHBHOW CHCTEMbI YIIPABJIEHUS. MAXOBBIM JBMIKEHHEM JIOTIACTH

HECYLIEro BHHTA BEPTOJIETAa HA OCHOBE HHIUBHAYAJIBHOTO YIIpaBJICHUA JIONACTIMHU C



[IOMOIIBIO  TPUMMEPOB €  IbE30JJICKTPUYECKUMH TNpHUBOJaMH. Pesyibrarel  paboThl
COTTIACYIOTCS € SKCTIEPUMEHTANBHBIMU JaHHBIMU U PE3Y/IbTATAMHU PAacu€TOB IPYIHX aBTOPOB.

1o muccepraumy UMEIOTCS CIIEAYIOUIME 3aMeYaAHHS

I) He paccmoTpeH BoOmpoc pecypca MCIONB3YeMbIX IbE3ONPUBOIOB U YIIPABIAEMBIX
TPUMMEPOB;

2) OTCYTCTBYET ONEHKA BIMSHHS OTKa3a CHCTEMBl YIPaBICHHS TpUMMEpPaMHU Ha
paboTOCIIOCOOGHOCT CHCTEMBI HECYIErO BUHTA [IPHU T10JIETE BEPTOJIETA.

YKa3aHHbIE 3aMeYaHMsl HE OKa3biBAIOT CYILIECTBEHHOrO BJHMSAHHA Ha OGLIYIO
[IOJIOJKUTE/IbHYIO OLIEHKY paboTEHI.

Kanmnnarckas auccepraims Epémuaa M.M. NOJMHOCTBIO OTBeyaeT KPUTEPUSIM,
IpeyCMOTPEHHBIM «I1010XKEHUAM O NPUCYKIEHUH YUEHBIX CTEIEeHEeH.

B auccepraumu conepikatces cieayromnme NPUHIMUIE COOTBETCTBUSL:

1. lucceprauus aBnseTcs HayIHO-KBATMUKAIIMOHHOI paGoTOiL.

2. Jlucceprauysi HamucaHa aBTOPOM CAMOCTOSTENBHO, COACPKHT HOBBIE Hay4yHEBIE
pe3yJIbTAThI H TIOJI0KEHHUS, BBIHOCUMBIE Ha Iy OIHYHYIO 3aLUTY, U MOKA3bIBAET JIMYHbIN BKJIAl
aBTopa.

3. Jlekapupyemas 1MCCEPTAHTOM Lielb paGoThl AOCTUTHYTA M OTPAKEHa B HayYHbIX
pe3yibTarax.

4. ABropedepaT  COOTBETCTBYET  COLCPKAHMIO  JMCCEPTALMH [0  BCEM
KBaTH(DUKALMOHHBIM [IPU3HAKAM: LEJIAM, 3a1a4aM, HOBU3HE, aKTyaIbHOCTH, JOCTOBEPHOCTH,
HAY4YHOH Y NMPaKTUYECKONH 3HAYUMOCTH.

5. Bce OCHOBHbBIE MONOKEHHsS MCCEPTALMU OTPAKEHBI B JBYX OMYOIUKOBAHHBIX
pabotax B usjanusax us cnucka BAK, aByx nateHtax Ha usoGperenue, u B 9-Tu marepuainax
MEKIYHAPOIHBIX H OTPACIEBBIX KOH(DEPEHIIUA.

6. CTuib auccepTallMi M aBTOpedepara COOTBETCTBYET TPEeGOBAHMAM K MOJOGHBIM
AOKYMCHTaM, JUCCEPTALUS MMEET JOTHYECKYIO CTPYKTYpY, HalHMcaHa rPaMOTHO M XOpPOLIO
oopmiieHa.

7. BBIBOZIBI 110 AMCCEPTALN OQOPMICHBI CTPYKTYPHO M COIEPIKATEIBHO.

8. Tema u cojepxkanue JUCCEpPTAlMH COOTBETCTBYIOT MACHOPTY CIHEHHATBHOCTH
2.5.14 IIpoYHOCTH M TEIUIOBBIE PEXKUMBI JIETATEIBHEIX allapaTosB.

Huccepranuonnas pabotel Epémmnma M.M. sBisercs 3aBeplIeHHOH HaydHO-

HCCIIEIOBATEIbCKOM paboTOM, B KOTOPOH pellieHa CJI0KHas HAyYHO-TEXHHYECKas Mpobiema,



MMCIOIIas BaKHOE IPAKTHYECKOE 3HAYEHHE, a JIMCCEPTAHT 3aC/IyKMBACT NIPUCYIKIAEHHS eMy
YYEHOI CTeleHH KaHIumaTa TeXHHYCCKMX HayK 10 CheumansHocTH 2.5.14 [TpouHocTs u
TEIIOBBIC PEKUMBI JIETATE/IbHBIX aIlllapaTos.

Marepuaibl guccepTainoHHo paGoThl i OT3BIB 0O6CY XK ICHBI U 0/100peHbI Ha 3acelaHiH
HayqHO-TCXHMYeCKoro cosera AQO «Kasanckuit BepronetHbiii 3aBoa» 06.06.2024 .,

poTOKOJI Ne 43,
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