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OT3bIB
Ha aBTopedepat nuccepraunu Epemuna Muxaunaa Muxaiiiosnua
«AHAJIH3 IPHVMEHEHHsl HA JIONACTAX HeCylIero BHHTA BEPTO.IeTa
CHCTEMBI yNpaBJIeHHS] TPHMMEPAMH € Ue/IbI0 CHHKEHHSI HATPY30K»,
TpeICTaBIEHHOM K 3alIUTe
Ha COMCKaHHe YU€HOH CTENEHH KaHIu/aTa TeXHHYECKUX HayK IO CIIeLaTIbHOCTH
2. 5. 14 — «IIpOYHOCTB ¥ TEMIOBbIE PEKHMBI JIETATEIBHBIX anmnapaToB

B HacTosiuiee Bpems, npu pa3paGoTke BepTOIETOB MEpPCHEKTUBHON 3ajaueid
SIBJIACTCA CHH)KCHHE HArpy30K B 3a0yCTepHOH YacTW YIpaBIeHUS W Ha JIOMACTSAX
HECYIIIEro M py/leBOro BHMHTOB. | 7aBHast LeNb NpPHU 3TOM — CHH)KEHHE WMEHHO
EPEMEHHOH YacTH HArpy30K ¢ BO3MOXXHOCTBIO YBENWYeHHs pecypca JomacTeld
BTYJIOK HECYIIUX U pyJIeBBIX BUHTOB. [Ipu 3TOM HE06X0aMMO HCKaTh ONpeieIeHHBII
KOMIIPOMHCC MCXO/sl M3 MOPOH NPOTHBOPEYUBBIX TPeOOBAHHIl B YaCTH HArpy30K H
OTCTPOMKE JIONACTH OT PE30HAHCHBIX SIBJICHUH H ¢narrepa.

B nuccepranuu Epemura M.M. paccMOTpeH OIMH U3 BO3MOXKHBIX BapUaHTOB
PCIICHH TI0 CHUXKEHUIO HAarpy30K. O0beKTaMH HCc/IeI0BaHUSA SBIIAIOTCS HECY LIt
BUHT BEPTOJIE€TA, OCHALLIECHHbIM CHCTEMON aKTUBHOIO YIIPaBJIEHUS JIOMACTIMHU U caMma
CHCTEMA aKTHBHOTO ympaBieHHUs yonactsmMu. Tema auccepraumu Epemuna M.M.
SIBJISICTCS HHTEPECHOM M AKTYaJIbHOM ISl COBDEMEHHOT'O BEPTOJIETOCTPOCHHS.

B nuccepranmonHoii pabote ucciaenoBansl MecTa PacIoJIOKEHUs YIIPaBIIAIONIEH
IIOBEPXHOCTH - TpUMMEpa Ha JIONACTH HEeCYIIero BHHTA IS JOCTHIKCHHUS
MaKCHMAabHOr0 3((deKTa YNpaBISIOUIEr0 BO3NEHCTBHA. B xome HCCIeOBaHUS
paspabotaHa KpymHOMacimTabHas Mofeldb aKTHBHOI'O yIpaBJI€HUs MaXxOBBbIM
ABHXKCHHECM  JIOMACTH HECYIero BHHTA M C [OMOIIBIO JAHHOH MOJeu

IPpOAEMOHCTPHUPOBaHA BO3MOYXHOCTHh CHUXXEHUS HaIrpy30K B CHCTEME YyTpaBICHUSA

BEPTONICTOM IPHU COXPAHCHUH 3 (YEKTUBHOCTH YIIPABJIEHUS HA BCEX PEKUMAX IT0JIETA.
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Hayynas HoBH3Ha paGoTBI COCTOMT B TOM, 4TO pa3paGoTaHa KOHLICIILIHS
YIPaBJICHUSA MaXOBbIM IBHKEHHEM JIONACTH HECYLIero BUHTA BEPTOJIETA C IOMOILBIO
PacIioIOKEHHBIX Ha Hell TPUMMEPOB, IPUBOIMMBIX B IBH)KEHHE [Tbe30MPUBOJAMH, YTO
TIOATBEPXKACHO ABYMsI ITATEHTAMH, aBTOPOM KOTOPBIX SBIISETCS COMCKATEb.

Teopernyeckasi 3HAUHMOCTD AHCCEPTALHH ONPEISISICTCS €6 HOBH3HOI.

IlpakTHYeckasi 3HAYHMOCTH PaGOThI 3aKIIFOYAETCS B TOM, 4TO pa3paboTaHHas
CHCTE€Ma yNpPAaBJICHUSI MaXOBBIM JIBUKEHUEM JIONACTH HECYLIero BHHTA BEPTOJIETA
3p(EKTUBHO yYMEHBILIAET IEPEMEHHYK YacTh LIAPHUPHOTO MOMEHTA JIONACTH
HECYILLEro BUHTA, YTO TMO3BOJISET YBEIHYUTh PECYPC J0MAacTeil U BTYJIKH.

B nmuccepraumu npuBeeHB KOHKPETHBIE PEKOMEH[ALUU TI0 BHEAPEHHIO
pesynpTaToB uccineaoBaHusa. OCHOBHBIE Pe3y/IbTaThl HCCIIEOBAHKS IPUMEHSIOTCS B
OKBb AO «KaszaHckuil BepTONETHBIH 3aBOI» INIpH NPOpabOTKe IepCIeKTHBHbIX
pelIeHUH 0 CHIKEHUIO HAarPy30K U BUOpaLuii B 9KCILTyaTallii BEPTOJIETOB.

B kauecTBe 3ameuaHus cleflyeT yKa3aTh Ha OTCYTCTBHE B aBTopedepare
HCCIIC/IOBAHUN CHCTEM YIPABJICHUS! HECYIIMMH BHHTAMH BEPTOJIETA COOCHON CXEMBI.

YKazaHHOe 3aMeyaHWe He BIMSeT Ha OOLIYI0 IOJOXUTENbHYIO OLEHKY.
ABTOpedepar Ja€T OCHOBaHHMs YTBEpXJaTh, YTO JUCCEpTaLUs couckaTens Epemuna
Muxanna Muxaiinopuya sBISeTCS 3aKOHYEHHOH HAyYHO-KBAMTM(DHKALMOHHON
paboToii, B KOTOPO HA BBICOKOM YPOBHE BBINOJHEHO HCCIEIOBAHUE aKTyaJIbHOU
Hay4HOH mpobyemsbl. IIpeAcTaBnenHas JUCCEPTALHS COLEPKUT HOBBIE JTOCTOBEPHBIC
Hay4HBIE PE3yJbTaThl, UMEIOLINE CYIIECTBEHHYIO TEOPETHYECKYI0 H MPAKTHYECKYIO
3HAYMMOCTh JJIs BEepTONETOCTpOeHHs. Pabora orBeuaer TpeGoBanmsm BAK PO,
NPEABSBIAEMBIM K JUCCEPTALMAM Ha COMCKAHHWE Y4YEHOM CTENeHW KaHIuaaTa
TEXHUYECKUX Hayk, a e€ aBrop, Epemun Mmuxaun Muxaiinosuy, 3aciyxuBaer
MPUCYXKJICHUs YUYEHOU CTENEHW KaHIMIaTa TeXHHYECKHX HayK M0 CHelHalbHOCTH

2. 5. 14 — «IIpOYHOCTH M TEMJIOBBIE PEXKUMBI JIETATENbHBIX arnmnapaToBy.
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O13biB

Ha aBTopedepar nncceprauun Epemuna Muxanaa MuxaiiioBuua
«AHAJIH3 NPHMEHEHHS HA JONACTAX HECYIIEro BHHTA BEPTO/IETA CHCTEMbI YIPABJICHHS
TPHMMEDPAMH € HE/IbI0 CHIKEHHSI HATPY30K», MPE/ICTAB/ICHHOI HA COHCKAHHE Y4eHOii
CTENeHH KAHAMAATA TEXHHYECKHX HAYK N0 cnenuaabHocTH 2.5.14. — «IIpounocTsh 1

TEIIOBbIE PEKHMBI JIETATE/IbHBIX ANINApPaTOB»

M3BecTHO, 4TO pexuM mTo7neTa BepTONeTa ¢ MNPOAOIBHONH CKOPOCTHIO XapakTepeH
CYIIECTBEHHO DoJiee BBICOKMM YPOBHEM BHOPALMIl H IHHAMHYECKOTO HArPYKEeHHs! KOHCTPYKLAH
IO CPABHEHHIO C JICTATEJILHBIMH amnmapaTtamMi CaMoJIeTHOro Tuma. [Ipuunna — B HECHMMETpHH
paboThl W OOTeKkaHHs HACTYNAIOUIMX M OTCTYNAIOUIMX JIONACTEH HECYIIEro BHHTA IPH €ro
BPAILCHHH O/THOBPEMEHHO € MOCTYNMATE/IbHBIM ABHKCHHEM BEPTONIETa. YKa3aHHAs HECUMMETPHSI
MPUBOIHUT K MHTCHCHBHBIM BbIHYK/ICHHBIM MaXOBBIM JIBHJKCHHSM JIONACTEl HECYINEro BHHTA,
M3MEHAIOIMMHUCA 110 CJIOKHOMY TapMOHMYECKOMY 3aKOHY. LlMK/IHMyecKH W3MEeHSIOmmecs
MaxoBbI€ JIBUXKEHHUS! JIONACTH MIPUBOAT K YMEHBIICHHIO YIJIOB aTaK¥ HACTYNaloIeH JOmacTH U
K YBEITHYEHUIO YIJIOB aTakKW y OTCTYHarOLIeH jonactH. M3-3a KOHCTPYKTHBHOTO yBeIMYEHHS
YIJIOB aTaK¥ OTCTYNAIOLIEH JIONAcTH ee KOHLEBbIE CEYEHHs TMPHOIMKAIOTCS K KPUTHUECKHM
yrjlaMm aTaku, co3/iaBas yCJIOBHs Ui OTpbIBA IIOTOKa M cXoja BHXped. C poCTOM CKOpPOCTH
MoJIeTa, WHTEHCHBHOCTL MAaxOBOIO JBHIKEHHs yBEIHYHMBAaeTCs. Bosblke CKOpPOCTH mnosera B
JOTIOJIHEHHE K YBEJIIHYECHHIO MaxoBOTO JIBUKEHMS JIONACTH MPHUBOJASAT K JONOJHHUTEILHBIM
ANHAMAYECKHM Harpy3kaM pasHOTrO BHJA — INpPEXKAE BCEro, K YBEIHYEHHIO IIAPHUPHOTO
MOMEHTa B CHCTEME YNPABJICHHS JIONACTSAMH W K YBEIMYEHHIO KPYTSIIEr0 MOMEHTa Ha Bajy
Hecyuiero BuaTa (HB).

PaspaboTannas aBTOpOM pacyeTHO-9KCHEPHMEHTAILHAS OLEHKAa YPOBHS MaxOBOIO
ABHXKCHHS M HArpy30K Ha JIONAcTh HECYLIETO BMHTA BEPTOJETa B 3aBHCHMOCTH OT CKOPOCTH
nojieTa BepTOjieTa NpH (YHKIUHOHHPOBAHMM CHCTEMBI AKTHBHOTO YIPABICHHS, a TAKKe
KOHUEIIHA aKTHBHOH CHCTEMbl YNpPaBJICHHs MaXOBbIM JBH)KCHHEM JIONACTH HECYIIEro BHHTA
BEPTOJIETd HA OCHOBE CHCTEMbl WH/IMBHIYa/lbHOIO YNPABJICHHUS JIONACTAMH, C MOMOIIBIO,
YCTAHOBJICHHBIX Ha HHX TPHMMEPOB O€3yCJIOBHO SIBJISETCS AKTyalbHOH /I COBPEMEHHOTO
BEPTOJETOCTPOCHUS U UMeEeT BBICOKYIO CTeII€Hb HAYYHOH HOBH3HEI.

JlOCTOBEPHOCTL MpE/ACTABICHHBIX PEe3yJIbTaTOB MOATBEPIKAACTCS GOJIBIIAM 0O0BEMOM
SKCHCPHMCHTAIIbHBIX PE3yJIbTaTOB, MOJYYEHHBIX aBTOPOM C NpPHMEHEHHEM OOOCHOBAHHOM
METO/IMKH IIPOBEICHHUS IKCIIEPUMEHTA.

HeoGxoaumo oTMeTnTh, YTO OYeHb GOIBIIOE BHUMAHHE ABTOD YAETHI NPAKTUYECKOMY
BHEJIPEHHIO CBOMX pa3paboTOK. pa3paboTaH, H3rOTOBIEH M Hcmbitan B AJIT JEMOHCTPATOP
AKTHBHOH CHCTEMbI YNpaB/ICHHA MaxoBbIM JIBHXKEHHEM JIONIACTH HECYLIEro BHHTA BEPTOJETA,
PEACTABIAIOMMI COOO0H YeTHIPEX-TONACTHOH HECYIMH BHHT JMaMeTpoM 6 METpPOB, Kax/ias
JOnacTe  KOTOPOro OCHAIleHa JBYMs TPUMMEpPAMH, YIPaBASEMbIMH KaX/Iblii CBOUM
NbE30NPUBOAOM.  PesynbraThl  HccieoBaHMEE  OTMEYEHBI  JMIJIOMAMH B KOHKYypce
«AunacTpouTens roaay 3a 2021 roa u B konkypee LIAT'U «3a aydimne QyHIaMEHTaIbHbIE U
TIOMCKOBBIC TCOPETHYECKHE W SKCIICPUMEHTANIbHBIE HCCIIEIOBAHHS B 00JIACTH a’poJHHAMHKH,
JIMHAMMKH M TIPOYHOCTH JI€TaTe/IbHBIX annapatoB» 3a 2022 rox. OCHOBHbIE pe3ysbTaThl
uccnenosanni Bueapensl B OKb AO «Kazanckuii BepToseTHBIH 3aBOA» B Y4acTH npopaboTok
NEPCIEKTUBHBIX CXEM HECYLMX BHHTOB IPaKIaHCKHX BEPTOJIETOB B KAayecTBE BO3MOMKHOIO
BapuaHTa MyTH CHWKCHHs ypoBHs BHOpauuii B okcrutyaraumn. Beé€ a1o. GesycioBHo,
YBEJIMYHBACT UEHHOCTD IAHHOH paboThl JUIsl OTPACIIH B LIEJIOM.

B pesynbrare BHIICONACAHHON I10JIE3HOH M OYeHL OOBEMHOI paboTbl aBTOpPOM
pa3paboTaHa KOHUENIMs AKTHBHOM CHCTEMBI YIIPAaBIECHHS MaXOBBIM JBH)KEHHEM JIONACTH



HECYILEr0 BMHTA BEPTOJIETAa HA OCHOBE CHCTEMBl MHMBH/YaIbHOTO YIIpaBJIeHHS JIONACTIMH, C
MOMOUIBIO, YCTAHOBIIGHHBIX HA HHX TPHMMeEpOB, obiajatomas Hay4HOH HOBH3HOW H HMeloIas
BaYKHOE MPAKTHUECKOE MPHUMEHECHUE TPU NMPOCKTHPOBAHNHU OYCHB OOJIBIIOTO CIEKTpa W3/C/IHi
BEPTOJIETHON TEXHHKH.

B kauecTBe 3ameuaHuil Kk aBropedepary MOKHO OTMETHTH JAOCTATOYHO MEIKHM IpUPT,
MCTONB30BaHHbIH 1 oopmienuss rpadukoB, AHarpaMM H PHCYHKOB, 4YTO HECKOJBKO
3aTpyAHAET UX noHumanue. ONHAKO B LEIOM, 3TO HE MPHBOAUT K KaKOM-TO KPHTHYECKOM
noTepe CMBIC/Ia H3JI0KEHHOT0 B aBTOpedepate MaTepuaia.

OtmeueHHble HEIOCTATKH HE BIMAOT HAa LEHHOCTb HAY4YHBIX M MPAKTHYECKHX
pe3yJIbTAaTOB, TNOJYYEHHBIX aBTOPOM [IUCCEPTAllMOHHONH paboTel. JIMuHBIA BKIajg aBTOpa.
anpobauus paboTbl M NyONMKAalMH MO TeMe HCCIIeN0OBaHHsA OTpakkeHbl B aBTopedepare
muccepraunn. M3noxkeHHbli B aBropedepare MaTepHan NMO3BOJSET 3aK/IOYUTh, 4TO PabOThI
BaroJIHEHa HA BLICOKOM HAayyHOM ypoBHE, oTBeuaer TpeGoBaHusM 1.9 [lonoxkeHns o mopsiake
NPUCYKJICHUS YYEHBIX cTeneHel, a e€ aBrop, Epemun Muxaun MuxaitioBuy, 3aciyKuBaeT
NPHCYKIEHUS YYEHOH CTENEHH KaHJMjara TEXHMYEeCKHX HayK Mo crneiuanbHocTH 2.5.14. —
«IIpOYHOCTD U TEMIOBbIE PEXKUMBI JIETATEILHBIX AMMAPATOBY.

HouenTt kad. 204 MAMU, K.T.H. /% ITamkos Oner AHatoJIbeBHY
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«YTBEPK/IAIO»
3amecTHTeIh IIABHOIO KOHCTPYKTOPA 110
aBUAIMOHIBIM BUHTAM U BUIITOBLIM
IpcoOpazoBaTelsiM
AQO «IHIT «Aspocuiiay

OT3bIB

Ha asropedepar Jaceepralmm Lipémuna Muxania MuxaijioBuua
1a Temy «AHaliM3 MPUMCHCHUs Ha JIOHACTSX HCCYIICrO BUNTA BCPTOJICT CHCTCMD
YHPaBJICHHS TPUMMCPAMU € IICIBIO CHUKCHUSI HAIPy30K», IIPEJICTABICHIION T11a
COMCKAaHHMC YYCHOM CTCICHM KalM/laTa TCXHHYCCKUX 11ayK 110 ClICIHAIBIOCTH
2.5.14 — (I IpovHOCTb ¥ TCILIOBBIC PEKUMBI JICTATCIHIBIX alaparoB»

AKTYaJILHOCTH TEMbI JIHCCCPTANHONNOI PabOThI

B nacrosiiiee Bpemst JieTaTeibibie aiaparsl BEPTOJICTHONO THIIA UMCIOT psiJL
HC/IOCTATKOB M OIPAHUYCHUH, CPE/IM KOTOPBIX HAUOO0IIEE CYHCCTBCHIIBIME SBJISIOTCS
HAJIAINC TIOBBIIICHHOIO YPOBHsi BUOPAIMA U OIPAHMYCIIHC MAKCUMAJILION CKOPOCTH
IoJjiera. ]lpHMCHCHMC B BeproJicrax CHCTCMBI aKTHBIIOIO YHpaBJICHWs JIoHacTiaiMu
fiecymero Bunra (HB), o3Bosiser HOHU3HTL amIuiTy (bl BUOPAIMIL, 1IOBBICHT pecype
OCHOBHBIX CHJIOBBIX DJIEMCHTOB HpuBojia Jionactei 1B 3a cuer cumkenust yposis
JMMITAMUYCCKUX  TAIPY30K, YBCIMYUTL MAKCUMAJIbHYIO CKOPOCTL 110JICTa 3a CUCT
CHIDKCHUSL TUIONIA)(M 30H 00paTHOI0 0OTEKAHMs U 301 C OTPLIBHBIM OOTCKAIMCM Ha
HOBCPXHOCTH JIONACTCH. B 1pejieiic npuMenenye akTuBHbIX CHCTEM YIIPABICHHS
sonactsmu HB 110380511t MCKIIOYHTL M3 KOHCTPYKIIMH aBroMar IICPCKOCA, a TAKKC
FOPU3ONTAILHBIN IAPHUP, 0OCCHICUUBAIONINIA HOBOPOT JtonacTei 1B B BCPTUKAILHOM
HAIPABJICHMN (MAXOBBIC J(BMIKCHHMS), HYTO YIPOCTHT KOHCTPYKIIHIO, OBBICHT Ce
HAJICKHOCTh U CHU3HUT CC BEC.

Ha ocnosanun Beieusiosxkenoro paGora Epémuna M.M., naupasiennas na
YJIYHIICHHC TaKTHKO-TCXITMYCCKUX XaPAKTCPUCTHK BCPTOICTOB 1IYTCM 1IPUMCHCHHS
AKTUBHOH CHCTCMBI YIPABJICHHS TPUMMCPAMH, SBISCTCS Oe3yCII0BHO aKTyalLIO.



Hay4unast nopusna

Hayunas ioBu3na 3aK104acTes B 1IPC/UIOKCHIIOM aBTOPOM MCTO/IC YIIPABICHHS
MaxoBbIM JiBMKeHHEM Jioniacred B nocpejcrsom  cricimanbipix  TpuMMCpos,
IIOBOPOT ~ KOTOPBIX  00OCCICUUBAIOT  1ILC3OLPHUBOJIbI, YTO  1103BOJSICT  CHU3UTD
JINHAMHYECKYIO HArpy3Ky ot sorracreid HIB.

ﬂ_pa KTHUYCCKAS 3HAMYHMOCTL

lpejutoxkennpiit - aBropom  MeToji  yupasienus Jonactsmu 1B umcior
PAKTUYCCKYIO 3HAYUMOCTE, 1I03BOJISISE CHU3UTE BUOPAIIMH B KOHCTPYKITMH BEPTOJICTOB
U IIOBBLICHTEL KPCHCCPCKYIO CKOPOCTE. Pe3ylibrarsl padornl MOIyT ObITh HCIIOJIB30BAIIbI
OTCHECTBCHHBIMU pa3paborunkamu seproiieToB — AO «HI B Muib u Kamosy.

,HOC']’()BCP"OC'I‘IJ llOJlO?KCHHﬁ, BbIHOCHMBIX Ha 3alIIHTY

Jlocroseprocts  pesyibraroB  JiMcCepTAMONHON  paboThl  HOJTBCPHK/@ACTCS
pe3ysbTaraMu JKCICPUMCHTANBIBIX MCCIIC/I0BANNM, 110Ka3aBIUMU Y(PPCKTUBIOCTD
paccmarpuBacmMoro MceTojla  yupasicnus Jionactsmua  [IB B wactu  cnmkenus
aMILIATY (bl MAXOBOI'O JIBHYKCHUS JIONACTCH.

Ob6mue esejenus o jiuecceprauuonnoii padore

Jluccepranms  cocToMT W3 BBCJCHMS, IICCTH IJIAB, 3aKIIOYCHHS, CIIMCKA
jreparypbl. O0bem Juceepraiuu cocrapiisier 171 crpaiuily, ClMCOK JIMTeparyphl
BKitodaer 117 nanmenosanmii.

Bo BBesennn obocnosanbl: akTyalbHOCTh HAYIHONH paboThI, JIOCTOBEPHOCTD
PE3yJLTATOB  IIPOBCJICHHBIX  MCCIC/IOBANNMA;  cPOpMUpOBANLI  [ICJIM U 3aJ[a4H
UCCJIC/IOBAlINA;  1I0Ka3albl: Hay4dHas [MOBU3HA, TCOPCTUYCCKAS W IIPAKTHUCCKAs
3HAYUMOCTL  PabOThI; CHOPMYIIMPOBAIILI  11OJIOKCHUS, BBIHOCUMBIC HA 3aImTy;
HIPUBCJICHBL - Pe3ylbTaThl  alpodain  paboThl; KpaTKo OlMCalbl  CTPYKTypa |
cojiepakanue paboThl.

B nepsoii ruiaBe npuse/ciio o1mcanue 0CHOBHBIX BHJIOB Harpy3ok 1a Jiornacru
HB ¥ upupojibl MX  BO3HMKHOBCHHS, TAKKC OIMCANBI HIPHIIHIID] COBCPIICHMUSI
MaxoBoro JiBuxKeHus Jiomacreit HEB.

Bropast ruiaBa 10cBsiIICHA UCHBITAHUAM B adPOJIMHAMUYCCKOI TpyOe [[AI'U
Moyiesin siontactu HB, obopy tosannoii yipasisiembiv 3akpsuikoM. 1 Ipejicrasieriinic
pE3yJIbTaThl UCHBITAHUN 1103BOJIMINA KOJMYCCTBCHIIO OICHUTL BIMSIUC OTKIOICIIHS
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3aKpbUIKA Ha 1TyJILCAITUIO adPOJIMHAMUYCCKON CHIIBI, CO3/[aBACMOM MOJICIILIO JIOHACTH.
CJienan BBIBOJI O HEJI0CTATOUHOI dPOCKTUBIOCTH HPUMCHCHHNS 3aKPbLIKA.

B rperbeil riaBe asrop 1pe/UIOKMIL KCIIOJAB30BalNUE TpUMMEpa (IL1acTHHa,
BBICTYIIAIONIASE 3a KOHTYp upodwis Jionactu) kak Oosice spdekrusnoro (1o
CPaBHCHMIO € 3AKPBLUIKOM) CPeJICTBA M3MCHCHUS KOMDPHUITHCITTA 110/IHEMIION CHIIBI
upoduisl JlonacTh. Jis 1poBe/ieus HCIBITANME B adpOJMHAMUYCCKON TpyGe Ghbil
CIPOCKTHPOBAH M H3IOTOBJICH MaKCT JIONACTH C YHPABISICMBIMH TPUMMCPAMH,
IIOBOPOT KOTOPBIX OCYIICCTBISCTCS 1IPU HTOMOIIH 1THC30IPUBOJIOB.

Yerseprasi 1i1aBa COJCPKHT PE3YJBTATHl HMCHBITAIUI HEBPANIAIONICIOCS
MaKera JIOHAaCTH C yHPABISICMBIMH TPUMMCPaMH B adpPOJIMHAMHUYCCKON Tpybe ¢
YCTPOUCTBOM, HMMHUTHUPYIONIEM HOPBIBBI [0 TAPMOHMYCCKOMY 3aKOHY (MMUTAI[MS
Bpamienus). SIcHo BHJINO, YTO IPUMCHCHHC YIPABISCMBIX TPUMMCPOB SIBIISCTCS
SOPEKTUBHBIM CPC/ICTBOM CHIKCIHMS aMILUIMTY/IbI KOJICOAINii MOJICIIN JIOIIACTH, a KaK
CJICJICTBUC M JICHCTBYIONIMX JIMHAMUYCCKUX HAI'PY3OK.

B usroii  ruiase  onMCHIBAIOTCH  IIPUHIMAIIBL  yUPABICHUS TPUMMEPAMH,
HPCJICTABIICHBI OCHOBHBIC 3aKOHBI YIIPABJICHHS.

B miecroii ruase npuBojMTCs OlMCANMC 1poriccca  paszpaboTKM  MOJICIH
Jemoncrparopa HB ¢ 4erbipbms jionacTsiMu, 000py/IOBAHIBIMA TPUMMEPAMH €
aKTUBHBIM yIPABJICHUCM. Pe3ylibrarsl UCIIBITAHUS BPAIIAIONICHACS MOJICIM 110KA3aIu
CHMIKCHUC aMIUIMTYJIbl MaxXOBBIX JIBUKCHUN 1IPU BKJIIOYCHHIOW CHCTEMEC AKTUBHOIO
yupagicuusi Tpummepamu.  lloiyuennnii  ypoBeHb  Hajicnids  JIMHAMUYCCKUX
HALPSOKCHUA  MCHOJIB30BAIl 1IPU OICHKE YBCJIMYCHHS PCCypca IMITOKOB 1ICPCIICIo
Oycrepa asromara nepekoca — 10J1yueHo yBeirucHuce pecypea 6oiee, uem B 100 pas.

B 3akunouennn jmccepranmoniioil paborhl aBrop HPUBOJMT HOMYUCHITBIC
pe3ylibTarhl.

3ameqanus 1o jiuccepTanuonnoii padore

llo odopmiicnnio asropedepara ¥ jiCCCpPTAIMM  MMCIOTCS  CIICILYION[HAC
3amevanusi.

I B pasjieine «O0uas xapakrepucrika paborsi» asropedepara 0TCyTCTBYIOT
CTpYKTYypHbIC ieMenThl «Crelensb pa3padoTaninoctu TeMb» U «MeTojoJorus 1
MCTOJIBI  MCCJICJIOBAHMS», SBISIIONIMCCS  00SA3aTCIHLILIMU B COOTBCTCTBUU  C
TpedoBanusimu 11. 9.2.1 'OCT P 7.0.11-2011.

2 B jmccepramm m o awropedepare  0603HAUCHMS  HILIOCTPATHBIONO
(rpauucckoro) Marepualia i CChUIKN 1A HUX JIalbl ¢ OTKIOHCHHCM OT TpehoBanmil
1. 5.3.9 'OCT P 7.0.11-2011 u 11. 6.9.3 'OCT P 2.105-2019 — BMecro 0603Ha4CHMUS
«Pucynox» ucnosnsyerest oboznaucnme «Puc.y.

3



3 B jwmccepraimu o asropedepare OTCYICTBYCT Hymepaims  (popmyil,
SIBJISIONASCS  O0sA3aTC/ILHON B COOTBETCTBHM ¢ rpebosanmsMu 1. 5.3.11
FOCT P 7.0.11-2011 wu 1. 6.10.4 I'OCT P 2.105-2019. Taxxke B asropedepare
OTCYTCTBYIOT IIOSICHCHHMS CUMBOJIOB (opmyil na crp. 16 u crp. 20 (rpebosanvis
1. 5.3.11 TOCT P 7.0.11-2011 m 11. 6.10.1 'OCT P 2.105-2019).

4 Ha Pucynike 4 (crp. 8) B asropedepare cymma IpUBC/ICHITON Pa3MepHOil Iicu
599+298+599=1496 mm ne coorsercTByeT yKasaimomy obiemy pazmepy 1500 mm.

5 Ha Pucynike 5 (crp.9) B aBropedepare OTCyTCTBYCT BBIHOCKA ¢ yKa3aTclem
HO3UIUHU «».

6 Ha Pucynxe 20 (crp. 18) B aBropedepare TekcToBbIC 0003HAYCHHS M
YHCIIOBLIC 3HAYCHUSI HCHUTACMBI.

7 Ha crp. 19 asropedepara oncuarka B 0003Ha4CIHNU €JIMHUIILI U3MCPCIIUS]
llapaMerpa 4acTorhl Bpamenus — «o0/m» Bmecto «o6/mMum» (1'OCT 8.417-2002,
Tabsma 7).

o CYHICCTBY MOKHO C/lCJ1aTh CJIC/IYIOIIHAC 3aMCcyaius.

I Ilpu onmcanuu pesyibraroB UCHBITAHUE MOJICIH JIOHACTH C YIIPABISCMBIM
3aKpBLIKOM (CTp. 9 aBropedepara, 1nocie/ it ab3air) e npejicraniicio 060CHOBAIUC
BLIOOPA 3a/1aiinoil yacToTel Kosiebarmit pusojia — 3 11, a raxxe yria araku — 15 °.

2 llpun cpaBHenum npupocta 1nojbemMuoi cuiisl (crp.12 asropedepara, 1epsbiii
a03alr) 31a4YCHue PUPOCTA JUISE MOJICIHN JIOHIACTH C 3aKPBUIKOM — 7 % B3SITO JUIs YIUia
araku ~17.5° (cm. Pucynox 8, crp. 10 asropedepara), a juist MOJICIU JIOHACTH C
TpummMepom — 25 % B3sro Juis yrana araku 20° (em. Pucynok 10, crp. 11
asropedepara). Koppekriee 66010 bl (B yCIOBHSIX OTCY TCTBHS HH(OPMAIIAH JUIS YIIa
araku 20 ° 1pu MCUbBITAHMSIX MOJIC/IH JIOHACTH C 3aKPLUIKOM) 1IPOBCCTH CPABHCHHUC
[PUPOCTA OJILEMHIOR CHJILI JUls yIuia ataku 17.5 °.

3 llpu pacucre pecypea HITOKOB Hepe/iero oycrepa asromara 1epekoca 1o
(opmysic na crp.20 aBropedepara e ykazano na OCHOBAUMM PC3YILTATOB KAKHX
BHJIOB UCHBITAHWEI YCTAHOBIICHO 3Ha4YCHUC 110KA3aTCIIsl CTCIICHU KPUBOM yCTAIOCTH —
Ha OCHOBAIMU PE3yJIHbTATOB MCIILITANUN CTAIJI@PTHLIX 00PA3I0B MIIK 1A OCHOBAHUU
pe3yJIbTaTOB MCIHBITAIMK 00pasIoB y3uia 1epejiero oOycrepa. Ecim uenoin30Baimch
pe3yJIbTaThl  MCIBITAHWUN  CTAHJ@PTHBIX 00Pa3ioB, TO, OYCBMJIHO, HCOOXO/MMO
HPCJYCMOTPETh  JIONOJNHUTCHBHLIA Koo umment  3anaca WM OTMCTHTD
HCOOXOJIMMOCTE YTOUHCHHS pacucTa 110CIIe IPOBC/CIIAS UCIILITAN Uil oOpasion y3Ja
1epejero oycrepa.

4 AuUropuT™Mbl paboThl CHCTEMBI ABTOMATHUYCCKOI'O YIIPABICIHUS TPUMMECPAMH,
omucanupie B r1iase 5 (crp. 15-17 asropedepara), ocnoBambl na  3ajanuu

YHPABIISIOINICIO  BO3JICUCTBHA 1A HCIIOJIHHUTCIBHBIC MCXAHMU3MBI, HPHUBOJIAIIINC
-



TPUMMECPBI, B 3aBUCUMOCTH OT TCKYIICI'O a3UMYTAILIIONO 110J10kcnust Jonactu HEB.
lIpu srom me mcronb3yerest Bech HOTCHIMAI TPUMMCPOB, KaK KOMIICIICHPYIOI[HX
YCTPOHCTB B YCIOBHSX KOCOI'0 00,1yBa 1IPH CKOJILKCIHH, KPelie, DOKOBOM BETPE M T.11.
Bosmoxio, asropy neo6xo;mmo 061710 ObI paceMOTPETh GOIICE CHOKIBIC AITOPHTMBI
YHIPABJICHUSL, 1I03BOJISIIONIME CHHXKATL JIMHAMUYCCKHC HAIPY3KH 1A  DJICMCHTBI
koncrpyknun HB, Bre saBucumoctd or BHj@ BO3MYIICHHUS, BO3HUKAIONICIO 1PH
dKCITyaTarnuu Beprojiera. OTcyTcTBIC TAKUX aJI'OPUTMOB 1C HHO3BOJIAT B HACTOSIICE
BPCMSI HOJIIIOCTBIO CHSATL PCCYPCIBIC OIPAHUYCHUS 110 YCIOBUSIM YCTAIOCTH JICTAIICH
HB u aBromara 1iepexoca. CTOUT OTMETHTD, 4TO CO3/IAHUC TAKKX AITOPUTMOB MOXKCT
SIBJISITHCSL TIPEJIMCTOM OTJICIILHOTO HAYYHOI0 TPY/Ia.

5 llpu Bbriosmcnuyu padoTel HE JIMHIHEM OBUIO OBl PACCMOTPETH BOHPOCHI
KPHTHYHOCTH HIOCIIC)ICTBUH OTKA30B DJICMCHTOB CUCTCMBI YIipaBjieius jotactsvu 113,
BKJITOYAsH 1IbC30IPUBO/(bI TPUMMCPOB, & TaKikKC HCOOXO/IMMOCTH JLyOIIMpOBalus YTUX
DIICMECHTOB, OOCCIICYCHHS MX CTOMKOCTH K BO3JICHCTBHIO paspsijia MoJiun. OTKpPBITHIM
TaKKC  ocracres BOLIPOC KOHCTPYKTHBHONW  peall3aliud  yCTpoicTsa,
00CCIICUMBAIONICIO TICPC/ady CUIHAJIOB YIPABICHUS M [IPUCM CHIHAIOB 0OpaTHOM
CBSI3H (CCIIM TAKKUC 1OTPEOYIOTCS ) ¢ HEBPAIIAIOIICHES 4aCTH (301bl pa3MEIICHIs 0JI0Ka
YUPaBICHUS) Ha BPANIAIONLYIOCS 4acTh (HECYIIMA BULT) U 00paTHO.

B [CJIOM MOIKHO CKa3aTh, YTO yKazalllkIC 3aMCYalusd HHUCKOJILKO HE CHHKAIOT
IICHHOCTD ,"IHCCC}'J'I‘aII,HOIlIIOI‘/II }3360']“1;[ W HC BIIHSIOT Ha CC 1OJIOKHUTCIILITYIO OILCHKY.

3akJ/iouenue Mo JIHCCePTANONNOi padore

Jlnccepranmonnas  pabora  nocssniena  uccsc/oBanuio  dPQeKTUBIOCTH
HPUMCHCHHASA  aKTUBHOI'O  YUPABICHUS TPUMMCPAMM JIOHACTH HECYIICIO BHHTA
BCPTOJICTA MU COOTBCTCTBYCT clernmaibiioctn 2.5.14 «lIpounocrs u rciuioBbIC
PCIKUMBI JICTATCIILHBIX allllapaToBy.

Jluccepranmsa Epémuna M.M. sBisictest 3aKOHUCHIION M CAMOCTOSITCIBLIIO
BBIOJIHCHHON HAY4HO-KBaJIM(DUKAIMONHOH paboToif, B KOTOPOH pelena naydias
3a)1a4a 10 CHMKCHUIO YPOBHCH JIMHAMUYCCKUX HArpy30K W BHOpaAIMii OT Hecyniero
BUHTA, HMMCIOIAsS 3HAYCHHUC JUIS PasBUTHs  Beproscrocrpoenus. Jluccepranus
M3JI0KCHA TEXHUYCCKHU I'PAMOTHBIM 3bIKOM, JIOTHYCCKHU CTPYKTYPHPOBAHA 110 I11aBaAM.
ITybimkaimu n asropedepar B 110JIHOM 00BEME OTPAKAIOT COJCPIKANNC U OCHOBIIBIC
PC3YJILTATHI BLITOJIHCHHON padoThI.

Jmccepranus coorsercrsyer seem rpebosanusiv «l lojioxkernus o pucyskjeinm
YYCHBIX  CTCHCHCHY», YTBCPIK/ICHIIONO IIOCTAHOBICHUCM 1IPAaBUTCILCTBA PD o
24.09.2013 Ne842 (B peytakimm ot 16.10.2024 Ne1382), a ce asrop, Epémun Muxauii
MuXaiioB1Y, 3aCIlyKUBACT UIPUCYK/ICHHUS YUCHON CTCIICHH Kall[M)[aTa TeXHHYCCKIX
Hayk 1o cuenuaipnoct 2.5.14 — «lIpounocts U TCINIOBBIC PEKUMBI JICTATCIBITBIX
alrapaTony.



Caejtenust 006 opranusanmm:

Akinoneproe 00mectso «Hayqno-IponsBojICTBCHIOC IPS/UIPHSITHE «ADPOCHIIaY
(AO «HIHIT «Aspocunay), 142800, Mockosekast 06u1., 1. Cryimno, yi. Xjanosa, 6;
Tei:+7 (496) 642-33-30; ¢-mail: vint@aerosila.ru;

ajipec opuumalbioro caira B ceru «Murepner»: www.aerosila.ru

Caejtiennst 06 agropax or3biBa

Usanos Aprem Bukroposuy

Haumenosarme opranusanmm: Akipmorepioce o6uiectso «layuno-1pon3socrsenioe
npejuipusituce « Aspocuiiay (AO «HHITT «Aopocuiiar).

Jlo/pKHOCTL:  3aMecTUTCIb 1IaBHOT0 KOHCTPYKTOpA 110 ABHAIMOHILIM BUHTAM W
BUHTOBLIM 1IPCOOPa30BaTCIISIM.

Yuenas crenenn: Kanjiuj[ar TeXHMYCCKUX HayK.

[Hourossiit ajipec: 142800, Mockosekast 00i1., r. Crynuno, yir. Xanosa, sir. 6

Teu.: +7(496) 642-80-85 106. 4-51, e-mail: vint@aerosila.ru
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OT3bIB
Ha aBTopedepar aucceprauuu Epémuna Muxanna MuxaitioBiya
«AHA/IM3 IPHMEHEHHSs HA JIONACTAX HeCylIero BUHTA BePTOJIETA CHCTEMbI YIIPABJICHHS
TPHMMEPAMH € LEIbI0 CHHKEHHS HATPY30K»,
Ipe/ICTaBICHHON Ha COMCKAHUE YYCHOM CTCIICHU
KaHJu/1aTa TEXHUUYECKHX HayK
10 crieuaIbHOCTH 2.5.14 — «1IpoYHOCTE U TEIUIOBBIE PEKUMEI JIETATE/ILHBIX allapaToBy»

JlnccepTaiys IOCBALIEHa HOBOMY CIOCOOY CHMKCHUS JUHAMHYECKUX Harpysok.
NEHCTBYIOIMX Ha HECYNIyl0 cucreMy Beproséra. Kak HM3BECTHO, NPH TOPU30HTAIbHOM
MojéTe U3-3a HECUMMETPUYHOCTH OOTEKaHWsI HACTYMaKoIIEH U OTCTBYIOLIEH JIOMAcTel Ha
HECYIIYIO CHCTEMY JACHCTBYIOT IEPEMEHHBIE BO BPEMEHU a’pOAMHAMHUYCCKHE HArpy3KH, U3-
3a KOTOPBIX MPOMCXOJUT MAxOBOE JBHKEHHE JIONAcTed. YBeJIMYEHHE CKOPOCTH I0JETa
MPUBOIUT K OBICTPOMY POCTY POCTY MHTEHCHBHOCTH TaKMX Harpy3oK M, Kak CIIe/ICTBHE,
majgeHue pecypca Hecymiei cucrembl. Takum o0pasoM, 3aja4a CHHIKEHHS HHTEHCHUBHOCTU
JMHAMUYECKUX HArpy30K Ha HECYLIyH) CUCTEMbl, O€3yC/IOBHO, SBIAETCA aKTyaabHOW. B
JIMCCEPTALMU M3y4aeTcsi CrIoco0 CHIKEHUS JMHAMUYECKUX HArpy30K 3a CYET UCIOAb30BAHMA
TPUMMEPOB — YTIPABIISIEMBIX KOHIEBBIX DJIEMEHTOB, — KOTOpBIE 3a CYET YIMPaBISIEMOrO
OTKJIOHEHHSI 00€CIeYnBarT CHUKEHNE HECTALIMOHAPHOMN COCTABIISAIONIEN adPOAMHAMUYCCKIX
Harpy3oB.

B nmepBoif riaBe mnpuBoAATcs OOIIME CBeleHMs O padorTe Hecylled CHCTEMBb
BEPTOJIETA.

Bo BTOpoii r7IaBe OKCHEPUMEHTAIBHO HCCIEAYeTCs KpbLIOBOH mpoduiab ¢
MOBOPOTHBIM ~ 3aKPBLIKOM, KOTOpBIH  YINpPaBJISAETCA  IBE30JIEKTPUYECKUM  TIPUBOJIOM.
[IpoBeneHsl u3MepeHus KOdPQUUHMEHTa MOABEMHON CHJIBI IPU PasIMYHBIX YacTOTaX
Kosiebanuii 3akpbuika. [loka3aHo yBeauueHHe KO3(PPUIMEHTA NPHU HEKOTOPHIX YacTOTax
KOJIE0aHMIA.

[TockosbKy Xopaa BEpTOJETHBIX JIONACTEH, KaK NpaBuilo, 10CTaTOYHO Majla, CO3/laHue
B Hell yNpaBisieMOro 3aKkpblUIKa 3aTpyJAHHUTENBbHO. B CBA3M ¢ OTUM, B TpEThE TIJIaBe
paccMaTpUBaAETCs IPyTroil MEXaHU3M YIIPaBIIECHHs — IUIaCTHHA-TPUMMED, YCTaHaBIMBaeMas 3a
npodpuiem. M3mepeHus Iokasajiu, YTO €ro rapMOHMYECKHEe KOJeOaHUs MOIYT CHJIbHEE
MOBBICUTH KO3(PPUIMEHT MOABEMHOMN CHUIIBI.

B 4erBépToii riaBe paccMmarpuBaercs NMPOQHIb KpblIa B MOTOKE BO3/yXa, B KOTOM
MOJIEIUPYETCS TEePHOAMYECKHI TOPBIB. DKCMEPHUMEHTATBHO IOKa3aHo, 4YTO KoJjeOaHus
IUIACTUHBI-TPUMMEpPa B ONPEACIEHHOM MaNa30HEe uYacTOT MPHUBOAAT K CHUKEHMIO
JMHAMUYECKHUX HArpy30K, BBI3BAHHBIX MTOPBIBOM.

B rnaBe 5 viccaeayioTcs BO3MOKHBIE 3aKOHBI YIIPABICHUS TPUMMEPAMHU [IPU CO31aHUK
cUCTEMBI 00paTHO# CBA3H.

B rmmaBe 6 wu3yuyaercs Bpallaromascs JONAacTb B adpoAMHaMHyeckod TpyOe.
VYnpaieHue TpUMMEPaMU MPOMCXOAUT 110 JaTYUKY YIJIOBOTO [MOJIOKEHHUS JIONACTH.
[TpoAEMOHCTPHPOBAHO 3HAUUTCIBHOC CHIKCHUC MEPEMEHHON a3pOAMHAMHUUYCCKON HArpysKu
NMpU BKJIIOYEHHM CHCTEMbl yIpaBieHHs Tpummepamu. [IpoBengH pacu€r 10AroBe4HOCTH



9JIEMEHTOB KOHCTPYKIIMH BEPTOJETA M IOKa3aHO, YTO KCIOIb30BAaHHE CHCTEMBI aKTHBHOTO
VIIPABJACHUS TPHUMMEPAaMH CIOCOOHO CHSTh OrpaHHYEHWS HA BpeMs OSKCIUTyaTaluu
BEPTOJIETA, BEI3BAHHBIE HCUEPIIAHUEM pecypca.

B kauecTBe 3aMe4yaHHUsA MOKHO OTMETHTb, YTO «HACTOsINas» CUCTEMa YIIPABICHHS C
o0paTHO# CBA3bI0 B padoTe HE paccMaTpUBajach, MOCKOJIBKY YIIpaBjieHHE TPUMMEpPOM
MPOMCXOAUT TI0 AATYUKY a3UMYTaJIBHOTO TMOJOKEHHs JIONACTH, 8 He M0 JaTUYUKY CHJIbl WU
yckopenus. B pesyibrare, 3aKOH YIpaB/IeHHUs HE 3aBUCHT OT (PAKTHUECKOTO JIMHAMUYECKOTO
HJIC nomactu win pekuMa nonéra. OJHAKO, JAEMOHCTpalHs MPENIOKEHHOro Crnocoda
VIIPaBJICHUS JMHAMMYECKMMH Harpy3kaMu Jaxe O0e3 (aKTU4eCKOro MCIOJIb30BaHMS
oOpaTHOM CBSI3U NPEICTABIAETCS 3HAUUTEIBHBIM JOCTHKEHHEM.

HeCcOMHEHHBIM JTOCTOMHCTBOM paboThl ABIACTCS €€ IKCIEPUMEHTAIbHBIN XapakTep.
OueBUHO, YTO AaBTOPOM TMpoBejAcHa oOrpomHas paGora IIpU TNPOBEJAEHUH JTAHHOTO
uccienoBanus. [IpakTudeckas HanpaBIEeHHOCTh PabOTHI MIO3BOJISET HAACATHCS Ha BHEAPCHUE
€€ pe3y/IbTATOB B MPOLIECC MPOSKTUPOBAHNS BEPTOJIETHON TEXHUKH.

B mesioMm, cyas mo aBropedepary, MOKHO 3aK/IOUYUTh, YTO JAMCCEPTALUMS OTBEYACT
BCEM TpeOOBaHMSAM K KaHIMIATCKMM JAMCCEpTaLlMAM, yCTaHOBIEeHHBIM «llonoxkenueM o
NOpsiIKe  TIPUCY)KACHHMS ~ YUYGHBIX  CTENeHei»,  yTBepikaeHHbIM  IlocTaHoBjeHHEM
[IpaButesnnctBa P® ot 24.09.2013 r. Ne 842. Asrop auccepraumu, Epémun Muxawui
MuxaiiioBuY, 3aciyKMBaeT MPUCYKIACHHUS YUYCHOH CTENEHM KaHIWJaTa TEXHHYCCKHX HayK
110 crieuaabHOCTH 2.5.14 — «IpoYHOCTH M TEIUIOBbIE PEKUMBI JIETATEIbHBIX AllllapaToOBy.

SI. BeneneeB Bacuiuii BaaaumupoBuy., Jar0 corjiacMe Ha BKJIIOYCHHE CBOHMX
MEePCOHAIBHBIX JaHHBIX B JIOKYMEHTBI, CBSi3aHHBIE C pabOTOH AUCCEPTALIMOHHOIO COBETA U MX
JanbHeIyo 00paboTKy.

/

Benenees Bacunuii BnagumupoBuy
JOKTOp (PU3HUKO-MAaTEMaTHYECKUX HayK, ITpodeccop,
npodeccop Kadeapsl r’HIPOMEXAHUKH
MEXaHMKO-MaTeMaTH4ecKoro GaxybTera,
3amectutenb aupekropa HUM mexanukn
MI'Y umenu M.B. JlomoHocoBa

«lo» M;OM I'.
Anpec opranuzauuu: 119192, Poccus, r. Mocksa, MuuypuHCKHi IpQEHERIeA,
KoHTaKTHbIE aHHBIE: S
Tei.: 7(495) 939-52-83, e-mail: vasily.vedeneevi@mail.ru
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OT3bIB

Ha aBTOpedepar mucceprauun Epémuna Muxanaa Muxaiisiosuua
«AHA/IM3 NPHMEHEHHs Ha JIONACTAX HeCylero BHHTA BEPTOJIETA CHCTEMBI
YHOPpaB/IeHHs! TPHMMePaMH € He/1bI0 CHHKEHHS HATPY30K»,
[PE/ICTABIEHHON Ha COMCKaHUe yYEHOU CTENeH) KaHAUAaTa TEXHMYECKHX HAYK 110
crnenuanbHOCTH 2.5.14-«ITpouHOCT U TETIOBbIE PEXKUMBI JE€TaTEIBHBIX

anmnaparoBy

[Ipouece MpoeKTUPOBaHUSI HeCylIed CHCTEMBI W CHCTEMBI MEXAHMYECKOM
(3a0ycTepHOii) YacTH yrpaBieHHs BEpPTOJIETOM CBSI3aH C MOMCKOM KOMIpOMHUCca
MEX/y MaKCHMMaJbHOH CKOpOCTBIO MoONeTa W 3(P(MEKTHUBHBIMH [10KA3aTelAMU
AOCJTOBEYHOCTH  yKa3aHHOM  KOHCTPYKUWH. MccrnenoBaHus  BO3MOKHOCTH
HCIOIb30BaHUS HA JIONACTAX HECYIIEro BUHTA aKTUBHOW CHCTEMBI YIPABICHHUS C
UCIbIO  CHIKCHMA  JIMHAMMYECKHX  HAarpy30K IO3BOJIMT  pa3paboT4HKam
BEPTOJIETHOH TEXHHKH MPOEKTUPOBATH CKOPOCTHOM BHHTOKPBLIBIA JIETAaTeTbHBII
anrapar ¢ MpUEMJIEMbIMH YCTAaJIOCTHBIMH XapaKTePUCTUKAMU KOHCTPYKIIHH.
[Tootomy Tema auMCCEpPTALMOHHOIO WCCIE0BAHUS NPHMEHEHHS Ha JIOMACTSX
HECYILEro BUHTA BEPTOJIeTa YIPAB/IsEMbIX TPUMMEPOB, IPHBOIAIINX K CHUKEHHUFO
Harpy3oK, BUOpalliK K LIyMa ABJIAETCS, 6e3yCI0BHO, aKTyaIbHOI.

HoBbie Hay4Hble pe3yabTaThl, [OyYeHHbIE COMCKATENEM B XOJe

AHUCCCPTALITMOHHOI'O MCCJ/IeIOBAHUS, 3aK/IKOUYAIOTCS B CIICAYIOILIEM:



- TpelJlokeH ¥ pa3paboTaH HOBBIH CIIOCOO YIIPaBIEHHS MAaXOBBIM
JABHKEHHEM JIOMacTH HEeCYILero BUHTA BEPTOJIeTa C MOMOIIBIO PACIIOIOKEHHbBIX HA
HEH TPUMMEPOB, NPUBOJIMMBIX B IBUKEHHE ITbe30NPUBOJAMH (23pOJHHAMHYECKHUH
aBTOMaT [epeKoca), 4To MOATBEPIK/IEHO ABYMS MMaTEHTaMU;

- B XO/Ie UCCIIeIOBaHHs HEBPAIIAIOIIEHCS MOJENHU JIONACTH HECYLIEro BUHTA
Beprosiera B AJ[T wucmonb3oBaHue reHepaTtopa IOPBIBOB C TI'apMOHHYECKHUM
3aKOHOM YNPpaBJI€HHS TI03BOJIMIIO B IE€PBOM MNPHOMMKEHUH CMOJAETHPOBATH
napameTpbl KosneOanui sonacreit HB mpu momerte Beprosnera. BosneiicTBue co
CTOPOHBI NPO(HIEH reHepaTopa MOPEIBOB FapMOHUYECKH W3MEHSET MTHOBEHHBII
Yyroin ckoca (NpUTEKaHMsA) TOTOKA B pailoHe HEMOABMXKHOM JIONACTH, C
ONpPEe/ICHHOW YacTOTOW, MMMTHpYs MaXoBoe ABWKeHHe Jjomacti HB mpu
MOCTYMATEILHOM I10JIETE BEPTOJIETA;

- HCCIIeIOBAH KPYITHOMACIITAOHBIH BpAIAIOLIMACS IEMOHCTPATOP aKTUBHOM
CHCTEMbI yTpaBICHUS MaXOBBIM JIBUKEHHEM JIONACTU HECYIIEro BHHTA BEPTOJIETA
Ha OCHOBE MHJMBH/YaJbHOIO YIIPABJIEHHUS JIOTIACTAMH C [TOMOLIBIO TPUMMEPOB C
IbE303JIEKTPUYECKUMH PUBOAMH;

- OKCINEPUMEHTAJIbHO YTOYHEHbl (Ha OCHOBE IIOMCKA MaKCHMaJbHOM
3G (QeKTUBHOCTH yIPaBJIEHHs ) 3aKOHBI M aJITOPUTMBI CUCTEMBI YIIPABICHHUS;

- B XO/Ie OLEHKH 3(QYEeKTHBHOCTH aKTHBHOM CHCTEMBI YIIPABIEHUS MAXOBBIM
ABHKEHHEM JIONACTH Ha Pa3W4HbIX peXuMmax padotTel Hecylero BuHTa B AJIT,
MOTYyYEHHBIH pe3yabTaT OT MPUMEHEHUs 3aKOHA Ha OCHOBE CTYNEHYaToro
M3MEHEHUsl yrila OTKJIOHEHHs TpuUMMepa (MeaHApa) IoKasal MaKCHMAallbHbIH
3 dexT;

- B XOJ€ MpPOBEIEHHs IOMCKOBBIX HCCIEJIOBAaHUN OMEPeXEeHHs CHCTEMBI
YUPABJICHHs TPUMMEPAaMK 110 MUHUMYMY MaxOBOIO IBHIKEHHS JIOTIACTH BO BpeMs
UCIbITAHUH NEMOHCTpaTOpa aKTUBHOH cucTeMs! ynpasienus B AJIT omnpenenena
onTUMalbHas (asa yrpasieHus (epeHUN GPOHT MeaHpa);

- IPOBENEHbI MapaMeTPUYECKUE UCCIEAOBAaHUSA BJIUAHHS JUHAMHYECKOTO
OTKJIOHEHHMs] TPUMMEpPOB Ha CHHXKEHHMsS MaxoBOI'O IBM)KEHHsS JIOMACTH HECYILEro

BUHTa Ha pa3JIMYHBIX YIJIaX aTakd JIoMacTen | CKOpPOCTAX IIOTOKa H ObLIa
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NPOJEMOHCTPHPOBaHA  BBICOKAas  3(QQEKTHBHOCTb  YINpaBlIeHHs  MaxXOBbIM
JBUXKEHUEM JIOTIACTH HECYIIEro BUHTA, 00eCIeYHBaoNas H3MEHEHHE aMILTHTY/IbI
MaxO0BOI'0 JBMXEHHUS B 3 - 5 pas,

- NPOBEJIEH aHAJIU3 OKHUIAEMOr0 BIHSHHMSA CHUCTEMbI YIpPaBJIEHHS MaXOBBIM
ABwxkeHreM sonactdk HB Ha 10IroBeYHOCTH BEPTONETHOM KOHCTPYKLIMHM Ha
IIpUMEepe aBTOMAaTa MepeKoca, NMpu CTENEHU KPUBOHM YCTAIOCTH m = 6, yBEeJIUYEHUE
ToKasareJie J10JIr0OBEYHOCTH cocTaBHT 10 100 pas.

PesynbraTel MpoBeJEHHBIX HCCIIEIOBaHMI OBeJeHbl COMCKATENeM [0
MPAKTUYECKOM peanM3alid B BHAE «JEMOHCTPATOpa AaKTUBHOM CHUCTEMBI
YIpaBIeHUs] MaXOBBIM [IBUKEHHEM JIONACTH HECYLero BHHTA BepTOjeTa Ha
OCHOBE MHIUBH/YaJlbHOTO YIPABJIEHHs JIONMACTAMH C IIOMOLIBIO TPUMMEPOB C
MbE303JEKTPUYECKUMH TIPHBOJAMM», KOTOPBIM MPUMEHSJICS MpPU BBIOJHEHHU
Hay4HbIX HccienoBaHui, npoBoauMeix LIAI'M. [lanHblil daxT moaTBepxkaaer
NPaKTHYECKYI0 3HAYHMOCTh PabOThI.

OcCHOBHBIE ~pe3yNbTaThl MCCEPTALMOHHON paGoThl OMyOJIMKOBaHBI B
usnanusax u3 Ilepeuns BAK, a raxke oOcyxaeHbl M anpoOMpoBaHbl Ha
OTPacleBbIX,  BCEPOCCHHCKMX M  MEKIYHapOAHBIX  HAyYHO-TEXHHYECKHX
KOH(epeHLusIX, 0(POPMIIEHO [Ba MIaTEHTA.

JocToBepHOCTH pe3y/ibTaToB paboThI MOJTBEPK/IeHa
IKCIIEPUMEHTAIILHBIMU U PACYETHBIMH JJaHHBIMH.

3ameuanue no padore. M3 aBropedepara He sicHO:

l. NpOBOAMINCH 1M HCCIEIOBAaHUS CHCTEMbl YIPABIEHHS TPUMMEpaMH
JomacTer HECYIEero BUHTA Ha JMHAMHYECKYIO YCTOHYUBOCTS;

2. KakuM 00pa3oM MPOMCXOJWT paboTa MOABIKHBIX YacTel CHCTEMBI
YIpaBJIeHUs  TpUMMepamH  (IIbe3ONMPHUBOJOB, PACIOJIOKEHHBIX Ha
OTHOCUTEIBHOM paauyce 0,6-0,8) B nose neiicTBUA LEHTPOOEKHBIX CHIL.

Tem He MeHee, ykasaHHBIE 3aMEYaHHs He HOCAT TNPHHIUIUATBHOTO
XapakTepa U He yMeHbIIaeT Hay4HYIO 3HAaYUMOCTh PadOThI.

Jluccepraumus conepKUT HEOOXOAUMBIE 3JIEMEHTHl HAyYHON HOBHM3HBI, a ee

pe3y/bTaThl 001aJal0T MPaKTHYECKOH 3HAYUMOCTBIO. IloNydeHHBIE B JAHHOl
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paboTe HOBBIE pE3y/bTaThl MOXKHO [PU3HATH CYIIECTBEHHBIM BKIIAJIOM B
NPaKTHYECKUE MCCIIEI0BAaHUS AKTUBHOTO YIIPaBJIEHHUs JIOMACThIO HECYILEro BUHTA
BEPTOJIETA C IOMOLIBIO YIIPABI/IAEMbIX TPUMMEDOB.

Huccepraumonnas pabora cooTrBeTcTByeT TpeboBanusM BAK PO,
NpeabsBIAEMbIM K KaHAMZATCKUM auccepranusaMm  «[lomoxxeHunem o mopsake
OpUCYXKIE€HHs ~ Y4€HBIX  CTENeHeW»,  yYTBepkACHHBIM  [locTaHOBiIEHHEM
[IpaButensctBa P ot 24.09.2013 r. Ne 842, a eé asrop, Epémun Muxaun
MuxainoBuy, 3acioy’KMBaeT INPUCBOSHHMS  Y4YEHOH  CTENEHHM  KaHAujara
TeXHUYCCKUX HAyK 0 creuuanbHOCcTh 2.5.14 —«IIpo4HOCTh ¥ TEIIOBBIE PEKUMBI

JIETATEJIBHBIX anrapaToB».

HauanbHuk otaena pacuéToB BO3AYIIHBIX
BHUHTOB, K.().-M. H. (E.A. MatBeeB)

Mecto pabotsr: 123308, r. Mocksa, mpocn. Mapmana JKykosa,lcl, www.uwca.ru,

Ten: +7-916-670-63-58, e-mail: zed-math@yandex.ru
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3aMeCTHTENb M'eHePATLHOTIO AUPEKTOPA -
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OT3bIB o LU
["ocymapcTBEHHOrO HAy4HOTrO IEHTPa, HeIepabHOr0 aBTOHOMHOTO YYPEIKICHHS
«lleHTpaIbHBIA HHCTUTYT aBHAIMOHHOTO MOTOPOCTPOCHHMSI
umenu ILU. bapanosa» (PAY «[ITUAM um. [1.1. bapanosa»)
Ha aBTOpedepar AuccepTaluu
Epémuna Muxanna Muxaiiiosuda
110 TeMe «AHalIn3 MIPHUMEHEHUS Ha JIONACTAX HECYIIEro BUHTA BEPTOJIETA CHCTEMBI YIIPABICHHS
TPUMMEPAMH C LIeJIbI0 CHIDKEHHUS Harpy30K», IIPE/ICTaBICHHON HA COMCKAHUE YYEHOH CTCIICHN
KaH/1/1aTa TEXHUYECKUX HAYK I10 CIIeHaIbHOCTH 2.5.14. IIpOYHOCTE U TEIIOBEIC PEIKHMEI

JICTATCIIbHBIX allllapaToB

Jucceprauuss Epémmua Muxawia MuxaiinoBuua INOCBSIIEHAa pa3paboOTKe MeEToJa
TIOBBIIICHUS )KUBYUYECTH DJIEMEHTOB KOHCTPYKIIMH HECYIIETO BHHTA BEPTOJIETA Y€pe3 CHUKEHUE
MEePEMEHHEIX HArpy3o0K, BOSIIE?ICTByIOIJ.[HX HA HHX, IIOCpPEICTBOM TIPUMECHECHHS HOBOTIO
TEXHHYECKOro0 penreHus. TeXHHYEeCKOe pelICHHE OCHOBAHO HA M3MCHCHHM TI'COMETPHH
IIOBEPXHOCTH JIONACTH BUHTA TakKuM 00pa3oM, 4TOOBI CKOMIIEHCHPOBATh CHHIKEHHE TOABEMHON
CHJIBI OT JIONACTH, MPOXOJSIIEH JMHUIO XBOCTOBOH OaJKM INpHM TIOPU3OHTAILHOM II0JIETE
BO3AYIIHOIO cyjaHa. V3mMeHeHHe reoMeTpuH JOCTHraeTcs 3a CYeT IPUMEHEHHUS TPUMMEpPOB ¢
IIBE30IIPUBOIOM, YIIPABIAEMBIM 3JIEKTPHYECKMM HAIPSHKEHUEM, 3aKOH H3MEHEHHS KOTOpPOro
dbopMupyercs ¢ HCIoIb30BaHHeM mepexoaHoi ¢ynxuuu [TA]-perynsitopa Ha OCHOBaHUHM
CHI'HAJIa MarHUTHOTO JaT4YMKa, YCTAHOBJICHHOI'O CHApPYXKH Bajla HECYILErO0 BHHTA CO CTOPOHBI
XBOCTOBOM OaJIKH.

B auccepraimu Ha JOCTAaTOYHOM ypOBHE 00OCHOBAHBI aKTYaIbHOCTh M Hay4YHas HOBH3HA
paboThl. DPPEeKTHBHOCTL IPEUIOKEHHOIO0 METOJa IPOJEMOHCTPHPOBAaHA HA OCHOBAaHWH
MOJICJIBHOTO JKCIIEPUMEHTa B a’3pOJMHAMHYCCKOM TpyOe, 4TO IOATBEPIKIAET MPAKTHYECKYIO
3HaAYHMOCTB paGOTbl.

JlucceprallMOHHOE HMCCIIEIOBaHHE MOXKHO ObUIO OBI YJIy4YIIHTB, YCHIMB TEOPETHYECKYIO
YacTh Pa3JIelIoM C OIICHKOM BIMSHUS TapaMeTPOB CUCTEMBI YIIpaBiieHus Ha e€ 3 (PeKTHBHOCTD, B
4acTHOCTH HE paccMoTpeHa IpobiieMa BpeMEHHOH 3aJIepXKKU B yIpaBieHHH. Majo BHUMaHHA



YIEJIEHO BOIPOCAM pa3MEIIEHHs YKa3aHHOW CHCTEMBl B HATYPHBIX JIOTIACTAX M HM3MCEHEHUS
MAacCOBBIX XapaKTepHCTHK jionacTei. He nokasano, kakum o0pa3oM IMHTAIOTCA MbE30NPHBO/IBI U
riae OyayT pasMelaTbCst JIEMEHThI IIUTaHHs?

OrMmeueHHBIE  3aMEYaHMs  HE  M3MCHSIOT  OOmedl  MONOXKWUTENBHOM  OLEHKH
JccepTalMoHHON paboThl U HE CHUKAIOT €€ HayYHOH U IPaKTHYeCKOH 3HAYUMOCTH.

Huccepranumonnas pabora Epémuna Muxamina MuxaijioBuya Ha COMCKaHUE YYCHOH
CTEIICHH KaHJMJaTa TEXHUYECKUX HayK IpejcTaBisieT co0oil 3aKOHYCHHOE MCCIE/I0BaHKE, B
KOTOpOM TIOJy4YEeHbl HOBBIE DE3yJIbTaThl, KOTOpPHIE B COBOKYIHOCTH IPEJCTaBISIOT coOOH
pelieHue BaKHOH Hay4yHOM mpoOsieMbl, MMEIONIEH 3HAYEHHWE VIS Pa3BUTHS COBPEMEHHBIX
METOJIOB INPOCKTUPOBAHHUS KOHCTPYKIMIH Beprojera. Marepuansl AUCCEPTAlMOHHONW pabOThI
NOJTHO OTPaXEHBI B CTAThAX B XypHaiax u3 cnucka BAK u mpejcrasieHsl B Marepuanax
koH(pepenuii. IlpencraBienHas paboTa COOTBETCTBYET MNACHOPTY cClenuaibHocTH 2.5.14.
[IpoYHOCTE M TEIUIOBBIC PEKUMBI JIETATEIILHBIX annaparos. Takum oOpa3oM, 110 aKTYyaIbHOCTH U
0o0beMy BBIIOTHEHHBIX HUCCIIEI0BaHMM, HOBU3HE, JOCTOBEPHOCTH, HAyYHOH M IIPAKTUYECKOMH
3HaYMMOCTH IIOJIyYEHHBIX pe3yJbTaTOB M BHIBOJOB JiMCCEpTallMOHHas pabora Epémumna
Muxauna MuxaitioBuua «AHaIM3 NPHAMEHEHHWsS Ha JIONACTAX HECYNIEro BHMHTA BEPTOJIETA
CHCTEMBI YIIPaBJICHHS TpPUMMEpaMHM C IEJIbI0 CHIXKEHHMS Harpy3ok» COOTBETCTBYET
tpeGoBanusm, npeabspiasieMbiM BAK PO k kanauaarckum auccepranusmM, a e€ aprop, Epémun
Muxamn MuxailioBUY, 3aciayKHBaeT IPUCYXKJICHUS €My YYEHOHM CTEIEHH KaHIuIaTa
TEXHHYECKUX HAYK I10 CHeHHaIbHOCTH 2.5.14.

HavanpHHK oTaEICHUAS

«JIuHAMHKa ¥ IPOYHOCTD ;
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VTBEPXJIAIO
3aMecTHUTEelb F€HEPaIbHOI'O JIMPEKTOpa —
riaaBHbli KOHCTpYKTOp OKDB —
npejce/iaTe/lb HayYHO-TeXHH4YECKOro

AO <<Ka?é;¢.

"A.O. Tapunos

/2024 r.

AKT

BHE/JJPEHUS pe3yJIbTaTOB AUCCePTALlHOHHOM paboThI
Epémuna Muxauna MuxainoBuua
«AHaJIU3 IPUMEHEHMS Ha JIONACTAX HECYIIEro BUHTA BEPTOJIETA CUCTEMbI
yTIpaBJeHHUsl TPUMMEPaMHU C LeJIbI0 CHU)KEHHUS Harpy30K», IIPeICTaBIeHHYIO Ha
COMCKaHUe YYeHO! CTeNeHU KaHIuaaTa TeXHUYECKUX HayK IO CIelUalbHOCTH
2.5.14 — «ITpo4HOCTD U TEIJIOBbIE PEXKUMBI JIETATEIBHBIX alapaToB»

Komucenst B cocraBe: 3aMeCTHTelss I'eHepallbHOINO AUPEKTOpa — [JIaBHOI'O
koHCcTpyKTOpa OKbB — npencenarens nayuno-rexuudeckoro cosera ["apunona A.O.,
3aMmecTuTens HadanbHMka otaena pacyetoB OKBb bacunoBa ML.E., Bemyiero
UH)KEeHepa-KOHCTpYKTopa Opurajbl nmpoyHocTu otaena pacyetoB OKb — ydeHoro
cekperaps Hay4dHO-TexHu4eckoro cosera Caduyminna A.O.

COCTAaBWJIM HACTOSILIIUH aKT O TOM, YTO Pe3yJIbTaThl JUCCEPTALMOHHOM paboThI
Epemuna Muxaunna Muxaiinosuua BHeipeHsl B OKB AO «Ka3zanckuii BepToJIeTHEIN
3aBO/» B 4aCTU NPOPaOOTOK MEPCHEKTUBHBIX CXeM HEeCYLIUX BUHTOB IPaXKIaHCKHUX
BEPTOJIETOB B Ka4€CTBE BO3MOXKHOI'O BapUaHTa IyTH CHU)KEHHsS! ypPOBHS BUOpaluit

B 3KCILTyaTallhH.

YJieHbl KOMUCCHMU:
3aMecTUTEIb HadaJIbHUKA
oT/ie/la pacyeToB

Y4eHslil cekpeTapb Hay4HO-
TEXHHYECKOro COBETa, K.T.H.

?\'Jk M.E. bacunos

W& - A.©®. Capuynnun




