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OBIIAA XAPAKTEPUCTHUKA PABOTHBI

KnroueBble ciioBa: jonacme necyweeo eunma, ynpagienue Maxoeulm OGUNCEHUEM
Jonacmu Hecyuje2o GUHMA 6epmonema, UCHIMAHUsSL 8 A2POOUHAMUYECKOL mpyde, 3aKOHbI
U aneopummsl CUCMeMbl YAPAGIEHUS MAXOEbIM OGUNCEHUEM TONACTI.

AKTYyaJIbHOCTb T€MbI UCCJIEI0BAHUSI:

Pe:xxuM moneTa BEpTOJNIETa C MPOJOJIBHOM CKOPOCTBIO XAPaKTEPEH CYIIECTBEHHO
Oomee BBICOKMM YPOBHEM BHOpPAIMd W JWHAMHYECKOTO HATPYKEHHA KOHCTPYKLHH
MO0 CPABHEHHWIO C JIETATENIbHBIMH anmapataMd  CaMoJIETHOTO THma. [lpuumaa —
B HECUMMETPHH PaOOTHI U OOTEKAHHSA HACTYTIAIOMINX M OTCTYMAIONINX JIONACTEH HECYIIETO
BHHTA TIPH €T0 BPAIIEHUH OJHOBPEMEHHO C TIOCTYMATEIIbHBIM JBM)KEHHEM BEPTOJIETA.
VYka3aHHas HECHMMETPUS TPHUBOJUT K MHTCHCUBHBIM BBIHY)KACHHBIM MaXOBBIM
OBWJKEHUSAM  JIOMACTEH  HECYIIEr0  BUHTA, H3MEHAIOIIUMHCA 10  CJIOKHOMY
TAPMOHHYECKOMY 3aKOHY. L[[MKIMUYeCKH HM3MEHSIOMMECS MAaxOBBIE JIBIKCHHS JIOTACTH
MPUBOJAT K YMEHBIIECHUIO YTTIOB aTaKW HACTYMAIOMICH JIOTIACTH W K YBEIUYECHHUIO YTIIOB
aTaku y OTCTyMameH nomactd. l3-3a KOHCTPYKTHMBHOTO YBEIWYEHHSA YIJIOB aTaKU
OTCTYTAOMIEH JIOTIACTH €€ KOHIICBBIE CEUCHHUS TMPUOMMKAIOTCA K KPUTHUYECKHM YTIIaM
aTaKW, co3JaBas YCIOBHS /IS OTPBIBA MOTOKA W cxoia BHXpeH. C poOCTOM CKOPOCTH
MOJIETA, MHTEHCUBHOCTh MAaXOBOTO JBM)KEHUS YBEIHUMBAECTCA. bobIime cKOpocTH moseTa
B JIONOJHCHWE K  YBEIMYCHWIO MaxOBOTO  JBIKCHHSA  JIONACTH  TPUBOJAT
K JOTIOJTHUTENIbHBIM ~THHAMHYECKAM Harpy3KaM pasHOTO BHAA — TIPEXKAE BCETO,
K YBEJIMUYEHUIO IMMAPHAPHOTO MOMEHTA B CUCTEME YIIPABJICHUS JIONACTAMH U K YBEIIMICHHIO
KPYTAIIETO MOMEHTA Ha Bay Hecymiero BunTa (HB).

IIpumenenne Ha nomactax HB akTUBHOM CHCTEMBI YNPABICHUSA SABIACTCA
AKTyaJbHBIM HANPABICHHEM WCCIIEIOBAHUN MO0 CHMKEHHIO MAXOBOTO JIBIKEHHS JIOTIACTH
BO BpPEMS TIOJIETa BEPTOJIETa, M CBA3AHHBIX C HUM HArpy30K, TaKWX, KaK IMAPHUPHBIN
MOMEHT JIOTIACTH, KPYTAMIMA MOMEHT Ha Bamy HB, ypoBHum BmOpammii m myma ot HB.
Taxoke, paccMaTpUBaeTCA BO3MOJKHOCTH HMCITOJb30BAHUSA AKTUBHOM CHCTEMBI yYIPABICHUA
B Ka4eCTBE JMOTIOJHUTEIIFHOTO aBTOMAaTa mepekoca. Haubopmivii mpakTHIeCKUH WHTEPEC
MPEICTABIAECT HSKCIEPUMEHTAbHAS OTPAOOTKA aIrOpuTMa JEHUCTBUS W TPUHITUIIOB
(YHKIMOHUPOBAHUS AaKTHBHOW CHCTEMBI ympaBieHus JomactsMu HB ¢ memsio
MOBBIICHAUA (PPEKTUBHOCTH €€ MPUMEHEHHA. PemeHnio TaHHOW MpoONIeMBbl MOCBANICHA
HACTOATIAS TACCEPTALHS.

O0bekTOM HCCIeI0BaHHS SIBJISIIOTCSI HECYHIMH BHHT BEPTOJIETA, OCHAIICHHBIH
CHUCTEMOHM aKTHBHOTO VITPABIICHHUS JIOTIACTAMH, M CaMa CHCTEMAa aKTHBHOTO YTIPABICHUSA
JOTIACTSMH.

Ipenmerom mccnenoBaHusl SABIACTCA PACYETHO-IKCIIEPHMEHTANbHAS —OLIEHKA
VPOBHA MAaxoOBOTO JBIKEHHS W HArpy30K Ha JIONAcTh HECYHIETO BHWHTA BEPTOJIETA
B 3aBHCHMOCTH OT CKOPOCTH TIOJIETa BEPTOJETa TNPH (PYHKIMOHWUPOBAHWH CHCTEMBI
AKTUBHOTO yTIPABIICHHUA.

Henso auccepTauMOHHOIO HMCCJAEN0BAHUSI SABIBIETCS CO3MAHUE, NEMOHCTPALUASA
W uccneaoBaHus 3((EKTUBHOCTH PAa0OTHI AKTHBHOW CHCTEMBI YIPABICHHUA MAaXOBBIM
IBUKEHUEM JIOTIACTH HECYIIETO BUHTA BEPTOJIETa HA OCHOBE CHCTEMBI HHIUBUIYATBHOTO
VIIPABIIEHHUS JIOTIACTAMH, C TIOMOUIBIO, YCTAHOBJIEHHBIX HA HUX TPUMMEPOB.

B pamkax ucc/ie0BaHHSI OCTABJIEHBI CJIeYIOLIHE 3aJa9H:

— WCCIIEOBAaHBl HaWOoyee ONArONpHUATHBIE MECTA H CHOCOOBI  PACIIOIOKEHUS
VIPABIHIONIEH TOBEPXHOCTH HA JIOTIACTH HECYIIETO BHHTA BEPTOJETA, 00ECIIEUHBAOIINE
JTOCTIKEHUE MAKCUMATHHOTO d(ekTa ynpaBIsromero BO3IeHCTBHS,



- paspaboTaHa KOHCTPYKIHS JIOTACTH HECYNIETO BHHTA BEPTOJNETa C CHUCTEMOH
WHIWBUAYaJbHOTO  VIPAaBJICHHUA TPU  TOMOIIM  YIPABIAOMIEH  MOBEPXHOCTH,
PacmoJIOKEHHOW HA HEW,

— SKCIIEPUMEHTANBHO YCTAHOBJICHBI d(PPEKTUBHBIE 3aKOHBI M ANTOPHTMBI CHCTEMBI
YIPABIICHHUS AKTUBHBIMU TPUMMEPAMHU, PACTIOIOKEHHBIMH HA JIOMTACTH HECYIETO BUHTA;

- paspaboTaHbl KPYIMHOMACHITAOHAS MOJIENh W METOJWKH AKTHBHOTO YITPABJICHHSI
JOTIACThI0 HECYHIETO BHHTA BEPTOJETa B TMOTOKE adpoauHamuyeckor TpyOosr (AJLT)
0€e3 BpalieHHs U C BPALICHUEM;

- uccnenoBan B AJIT neMOHCTpaTop akTUBHOM CHCTEMBI YIPABICHUS MaXOBBIM
JBIKEHHUEM JIOTTACTH HECYIIETO BUHTA BEPTOJIETA;

- MNPOACMOHCTPUPOBAHA, C TMOMOIIBI0 KOMILJIEKCHOTO aHajih3a Pe3yJIbTaToB
WCCIIEOBAHUM, BO3MOXKHOCTh CHIIKEHHSI HArpy30K B CHUCTEME YMPABICHHUS BEPTOICTOM,
coxpaHeHus 3GPEeKTHBHOCTH YITPABJICHHA BO BCEM AHAMA30HE CKOPOCTEH TOJIETA, 4 TAKIKE
WCTOJIb30BAHUS CUCTEMBI B BUJIC IOMOJIHUTEIIBHOTO aBTOMATa MEPEKOCA.

Metoabl u cpeactBa wucciaeaoBaHusi. OCHOBHBIM METOJOM HCCJIEIOBAHUA
ABIACTCS pa3paboTaHHAS METOAMYECKAas OCHOBA WCCJICTOBAHUW CUCTEMBI AKTHBHOTO
YIPABIICHUs JIOMACTHIO BEPTOJIETA HA OCHOBE TMOCTENEHHOTO YCJIOKHEHHUS TapaMeTpoB
SKCIIEPUMEHTA U MOJIEH «OT MPOCTOTO K CIIOKHOMY». D((HEeKTHBHOCTh TAHHOTO METOIA
JOKa3aHa BCEM OOBEMOM TMIOJIOXKHUTEIIBHBIX PE3yNbTATOB TPOBEACHHBIX PACUCTHO-
SKCIICPUMEHTAIIBHBIX HMCCIICIOBAHUM, & TAaKXKE TIJIJABHOM HOBH3HOM BCEr0 MPOCKTA —
BIEPBBIC TMPEIOKEHO MCIOIB30BATh YNPABIAIONIYI0 MOBEPXHOCTh B BHUAEC TPUMMeEpa
Ha JTOTIACTH.

[Ipu pemeHWH TOCTABIIEHHBIX 3aMa4 OBUT HWCIIONB30BAH METOJ YIPaBICHUS
MaxOBbIM JIBIZKCHHUEM JIOMACTH HECYIIETO BUHTA BEPTOJIETA C MOMOIIBIO PACTIONIOKEHHBIX
Ha HEW TPHUMMEPOB.

Hay4yHasi HoBH3HA paGoThI COCTOUT B CIIETYIOIIEM:

o [IpemnokeHa W pa3padOTaHA KOHIIETIIHS YMPABICHUS MAaXOBBIM JIBHKEHHUEM
nomactd HB BepTtoneTa ¢ TOMOIIBIO BBIHECEHHBIX 34 3aJHIO0 KPOMKY JIOMACTH
YIPABIAOIIUX TTOBEPXHOCTEN — TPUMMEPOB, IPUBOJUMBIX B IBHIKCHHUE MbE30TIPUBOIAMH,
YTO TOJATBEPXKIACHO JABYMsS TIATEHTAMH, aBTOPOM KOTOPBIX SIBIIIETCS COMCKATEb,
W YTO OOECTICYMBAET MAIyl0 HWHEPIMIO CUCTEMBI YNPABIIEHUS W MUHUMAIbHOE
BMEIIATETHCTBO B KOHCTPYKITHIO JIOTIACTH W a3POJHHAMHUKY TPOQUITA TOTACTH.

e DKCNEPUMEHTANBHO JI0Ka3aHA BO3MOKHOCTh MCTIOb30BaTh JAHHYIO CHCTEMY KaK
a3POJMHAMHUYECKUN aBTOMAT MEPEKOCa.

e Ha ocHOBe 3KCHIEpHMEHTAJbHBIX MAHHBIX TMOKa3aHa BHICOKas 3(PPeKTHBHOCTH
YIPABJIEHUS MAaXOBBIM JABMKEHHUEM BPAINAIOIIEHCS JIOMACTH B MOTOKE a3POJIUHAMHYECKOMN
TPYOBIL.

e DOKCNEPUMEHTANbHO YTOYHEHBI 3aKOHBI M AJATOPUTMBI CHUCTEMBI YTPaBJICHUA
AKTUBHBIM TPUMMEPOM.

TeopeTnueckasi 3HAYUMOCTH PAOOTHI 3AKITIOYACTCS B TOM, YTO COBOKYITHOCTH
MPOBEICHHBIX PACUYETHBIX M SKCIIEPUMEHTATHHBIX HCCIICOBAHUN TO3BOJIMIA OOBSICHUTH
MEXAHU3M CHIDKEHHA MaxOBOTO [BIKEHHUS JIOMIACTH W HArpy30K C TOMOIIBIO
TUHAMHYECKOTO OTKJIOHEHHS TPUMMEPOB, BBIIBHUTH BO3MOKHOCTH PaOOTHl AaKTUBHOW
CHUCTEMBI YTPABIICHUS B MPIMOM PEXKHUME U PEKHUME a3POyNpPyroro peBepca, a TaKKe



MOKas3ana BO3MOXKHOCTb HCIIOJIb30BaTh AKTHBHYKO CHCTEMY YIPABICHUA B KayeCTBE
JOMOJHUTEIIBHOIO aBTOMATa IIEPEKOCa.

IpakTuyeckasi 3HAYMMOCTb PA0OOTHI 3AKITIOYAETCS B TOM, YTO paspaboTaHHASA
CHUCTEMA YIPABIICHHA MAaxOBBIM JBWKECHHUEM JIOMACTH HECYIIET0 BHHTA BEPTOJIETA
3¢(eKTHBHO BIMAET HA MAPHUPHBIM MOMEHT JIOTIACTH M KPYTALIHN MOMEHT Ha Baimy HB,
U TIO3BOJIAET HCIIOJIb30BaTh €ro Kak JOMOJHUTEIbHBIM a’3pOJUHAMUYECKHI aBTOMAT
nepekoca. lIpoBelneHHbIE OLICHKM MO BIMAHHUIO YIPABIECHHUS MAaXOBBIM JIBHYKEHUEM
JOMACTH HA DKCIUTyaTAlMI0O BEPTOJETOB HA BBICOKHX CKOPOCTAX IOJIETa TOKA3BIBAKOT
BO3MOKHOCTb YBEJIMYHUTh KPEHUCEPCKYI0 CKOPOCTH IIOJIETA, CHU3HTH YCTAJIOCTHYIO
HAarpy3Ky Ha KOHCTPYKLHIO.

BHenpeHue 3akmrodyaeTcs B TOM, 4TO pa3padOTaH, U3rOTOBNIEH U ucmbiTaH B AJ[T
JEMOHCTPATOP AKTUBHOM CUCTEMBI YIIPABJICHHUS MaXOBbIM JBHKEHUEM JIOMACTH HECYILETO
BHHTA BEPTOJIETA, TPEACTABIAIOMMUN COOOH UETHIPEX-TOMACTHOM HECYIIUH BUHT
JUaMETpOM 6 METPOB, KaKJas JIONMacTh KOTOPOrO OCHAIleHAa ABYMSA TPHUMMEPaMH,
YIPABISIEMBIMH KaKJbIii CBOMM IbE30MPUBOAOM. Pe3ynbTaThl MCCIEIOBAHUN OTMEUYEHBI
JUIUIOMaMU B KOHKypce «ApuacTpoutens roga» 3a 2021 rom u B koHkypce L[AT'U
«3a myumue (yHIAMEHTABHBIE M TIOMCKOBBIE TEOPETHYECKHE M JKCIICPUMEHTAIIbHBIC
WCCIIEZIOBaHUA B OOJAacCTH a’>pOAMHAMUKH, JIWHAMHUKH W TPOYHOCTH JIE€TATEIBHBIX
anmapaTtosy 3a 2022 ron.

OcHoBHbIE pe3ynbTathl HccnenoBanuii BHeApeHsl B OKb AO «Kaszanckuit
BEPTOJICTHBIM 3aBO» B YaCTH NPOPAOOTOK TMEPCHEKTUBHBIX CXEM HECYIIHX BHHTOB
IPaXJAaHCKUX BEPTOJIETOB B KAaYECTBE BO3MOKHOT'O BapHaHTa MyTU CHUKEHHS YPOBHA
BHOpPAIMI B SKCIUTyaTaIlHH.

Ha 3amuTy BbIHOCUTCSI:

— paspaboTaHHas METOJAMYECKAs CHUCTEMA WCCIAEAOBAHWM AKTUBHOTO YIIPABICHUS
JOTIACTBI0 BEPTOJETA HA OCHOBE MOCTEMEHHOrO YCIOKHEHHA MAPAMETPOB 3KCIECPUMEHTA
W MOJIETTH «OT TPOCTOTO K CIONKHOMY», 3(PPEKTHBHOCTh TAHHOTO METOA JOKa3aHa BCEM
00BEMOM TIOJIOKHUTEITFHBIX PE3yNbTATOB MPOBEACHHBIX PACYETHO-IKCTIEPUMEHTATBHBIX
HCCIICIOBAHUM, a TAKXKE TJIABHOM HOBHU3HOM BCETO IMPOEKTA — BIEPBBIC MPEMIOKEHO
HCMOJIB30BATh YITPABIHIOINYIO0 MOBEPXHOCTh B BUAE TPUMMEPA HA JIOMACTH.

— paspaOoTaHHas aKTHUBHAS CHUCTEMa YIPABJICHHS MAaXOBBIM JIBHXKEHHUEM JIOTIACTH
HECYILETO BUHTA BEPTOJIETA, C MOMOIIBIO PACIOIOKEHHBIX HA HEU TPUMMEPOB.

— DKCMEPUMEHTAIBHO yTOYHEHHBIE J(PPEKTUBHBIE 3aKOHBI W AJTOPUTMBI CHCTEMBI
YNPABJIEHHUS AKTUBHBIM TPUMMEPOM.

— pa3paOoOTaHHBIA JAEMOHCTPATOP AKTHBHOW CHCTEMBI YTPABIIEHUS MaXOBBIM
JBWKCHUEM JIOMACTH HECYIIEr0 BHHTA BEPTOJIETA HA OCHOBE HHAMBHIYAJbHOTO
YIPABJIEHUA JOMACTAMH C TOMOIIBIO TPUMMEPOB C MBE303JIEKTPUUECKUMH MPUBOJAMH.

— pe3ynbTaThl NPOBEAEHHBIX MCCICAOBAHMM MO0 CHWKCHHID MaxOBOTO JIBWKCHHS
JOTIACTH B TIOTOKE a3pOJUHAMHYECKOW TPYOBI, TIO BIMAHUIO HA MIAPHUPHBIA MOMEHT
JOMACTH W MNPOJOJbHbIM MOMEHT HB, W BO3MOXHOCTH MCIIONB30BaTh €ro Kak
JOTIOJIHUTEIBHBIA aBTOMAT TNEPEKOCA, a TAKKE BO3MOKHOCTh CHWXKEHHS Harpy3ok
B CHCTEME YTPABIICHHUS BEPTOJIETOM, COXpaHEHHUS >(P(PEKTUBHOCTH YITPABICHHUS BO BCEM
JYara3oHe CKOPOCTEN MOJIETA.



JIOCTOBEPHOCTb  TIOJNYYEHHBIX  PE3yJAbTaTOB M  BBIBOJOB  ITOATBEPKICHA
pe3yapTaTaMM HCIBITAHWW AEMOHCTPATOPA AKTHBHOM CHCTEMBI YNPABICHUS MaXOBBIM
JBWKEHHEM JIOTIACTH HECYLIETO BHHTA BEPTOJETA HA OCHOBE HHAUBHIYAIBHOTO
YIIPABIIEHHUs JIOMACTAMH C MOMOINBIO TPUMMEPOB C IBE30JIEKTPHYECKUMH MPHBOJAMM.
Pe3ympTarel pabOTHI COTNACYIOTCS C SKCIICPUMEHTATBHBIMHA JAHHBIMH M Pe3yJbTaTaMH
pac4€ToB APYyrux aBTOPOB.

Coaep:xaHue AuccepTaLM MOJTHOCTHIO COOTBETCTBYET NACNOPTY CNeluaJbHOCTH
2.5.14. mo nyHktam 1 «MeTonmpl ompeneneHUs BHEMIHUX HArpy30K, AEHCTBYIOIIMX
Ha OOBEKTHl ABUAIMOHHOMW, PAKETHOW W KOCMHYECKOW TexHUKW» H 2 «OlecmieueHue
MPOYHOCTH OOBEKTOB ABHUAIMOHHOW, PAKETHOM M KOCMHUYECKOW TEXHWKH HA OCHOBE
COBPEMEHHBIX AHAIMTHYECKUX M  YUCJIECHHBIX METOAOB, METOJOB  HATYPHOIO
U MIOIYHATYPHOTO MOJCIHMPOBAHWA B YCIOBHAX CTALMOHAPHBIX M HECTALMOHAPHBIX
BHENTHUX BO3JACHCTBHID).

Anpobauusi paGorbl. Pe3ynpTaThl IHCCEPTAMOHHOW PAOOTHI HEOJHOKPATHO
JOKJIAABIBAIACH KaK Ha OT€YECTBEHHBIX, TAK M HA MEKIYHAPO HBIX KOHPEPEHIHIX :

e Hayuno-texnudeckas koHbpepeHuus «[Ipounocts koHCcTpykImi JIA», 12 — 13
nexaops 2012 rona, r. JKykoBckui;

o Jlecarsiii ¢popym Poccuiickoro Bepronernoro oomectsa, MAU r. Mocksa 28-29
HOs0ps 2012 roxa.

e Opunnammaterii @opym Poccwmiickoro Bepronernoro oodmectsa, MAU r. Mocksa
19 - 20 mapta 2015 rona.

o JleBaATHaguaTas MEXKAyHAapoJHas IOKOJa-ceMuHap «Moaenu ©  METOJbI
aspoauHaMukn», 04-11 uronsa 2019 roga, r. EBnaropus;

e Hayuno-texnuueckas koH(pepeHumsa IlpounocTs koHcTpykumin JIA, 08 —
12 mexabps 2022 roxa, . KyKoBCKHii;

e 065-1 Bcepoccmiickas HayuHas koH(pepenims MOPTU, mpuypouennas x 115-
neruro JI.J1. Jlangay, 03-08 anpens 2023 roaa, r. JlonronpyaHsii;

e JlBaguaTh TPEThA MEXKIAYHApOAHAs IIKOJa-ceMHHap «MoJenu W METOJbI
aspoauHaMukmn», 05-09 uronsa 2023 roga, r. XKykoBckuit,

o Otkperteii  cemuHap ['ocHUUI'A «AxTyanmpHBIE BOTPOCHI  00ECTICYECHHUS
YCTaJOCTHOM MPOYHOCTH H PECypca BEPTONETOB IPaKAAHCKOM aBuauumw», 19 mas 2023
roja, r. XMMKH;

o Otkpeiteii cemuHap 'ocHUWI'A um. H.J[. OcunoBa «AKTyanbHbIE BOIPOCHI
o0ecTIeUeHHUs YCTAIOCTHON IPOYHOCTH B PECYPCa BEPTOIETOB TPAKIAHCKOW aBHALANY, 3 1
Masa 2024 roxa, r. MockBsa,

e Pe3ynbpTaThl HCCIEAOBAHUM OTMEYEHBI JUIIIOMAMU B KOHKYpCE « ABHACTPOUTEID
roga» 3a 2021 rox u B xoukypce LIAI'U «3a nyumue pyHmaMeHTaNbHBIE W TTOMCKOBBIE
TEOPETHYECKHE W HKCIIEPUMEHTANbHBIE HWCCIECIOBAHUA B OOJACTH a’pOJAMHAMHUKH,
JWHAMUKH Y IPOYHOCTH JIETATENIBHBIX anmapaTos» 3a 2022 rog.

HMy6nukanun. Ilo pesyapTaraM BBIIOTHEHHBIX HWCCIEIOBAHUN OITyOJTHKOBAHO
O HayuyHBIX pabOT, W3 HUX 2 pabOTel B W3AAHUAX, peKOMeHIoBaHHBIX BAK
pu MunoOpHayku P®, a Taroke nBa [larenTta Ha nzo0pereHue:

1) IMTarent Ne RU 2 603 707 MIIK B 64C 27/615, 2016 rox;
2) [NaTent Ne RU 2 662 591 MIIK B 64C 27/615, 2018 rox.









Ydyer MaxoBOro ABI)KEHHA HMMEET MPUHLUHWMHANbHOE 3HAYEHHE B HCCJIEIOBAHHH
a3POAMHAMHUYECKHX XapPAaKTePHCTHK HECYLIEr0 BUHTA NPH MOJIETE BMEPEN,

Cuiibl, ACHCTBYIOLLHE HA MPOU3BOJIBHBIN JIEMEHT JIONMACTH [LAPHUPHOTO HECYILIETO
BuHTa (Puc. 3): cuna taru AT; uentpobexHas cuna ALl; Bec AG; uHepLMOHHas cuna Al,

NMOABJIAIOLIAACA, KOTJa YIoJl B3Maxa H3MCHACTCA MO BPEMEHH.
AT

Puc.3 — Cunsl, AEACTBYIOILHE HA JIEMEHT JIONACTH.

B BepTHKaNbHOM HaMpaBNEHHH, OTHOCHTEIBHO FOPH3OHTaNbHOrO wapuupa (I'L),
aevicteytoT cuna tard AT, Bec 3nemeHta AG M uHepuvoHHas cuna A). Maxosoe
JBW)KEHHE JIOMACTH MNPEACTABIAET COOOH, MO CYIUECTBY, BbIHYXIEHHBIE KOJIEOAHHA
noja AEHCTBHEM a3POJHHAMHYECKHX H HHEPLUMOHHBIX HAarpy3oK.

H3BecTHO, 4TO Ha OTCTAlOLIECH JIONAcTH, padOTaloLIeH B YCIOBHAX BbIYMTAHHA
CKOPOCTEH MOJIETa H BPAIUEHHA, CYLIECTBYET 30Ha OOpaTHOro OOTEKaHHs, TIe JIONacTh
00myBaeTcs CO CTOPOHBI 3aaHeH KpoMkH. C yBeJIHUEHHEM CKOPOCTEH mojera pa3Mepbl
3TOH 30HBI pacTyT. B naHHOH padoTe B/HMAHHE 3TOH 30HbI HE YYHTHIBAETCS, TaK Kak
MPH U3MEHEHHUH 3HAuYeHHA KOdPdHLMeHTa pexxuma padoThl pu> 0.5 Hecyllero BHHTA,
ONMpeaENAeMOro Kak COOTHOLIEHHE NMPOEKLHH BEKTOPA }” HCTHHHOH BO3AYLUHOH CKOPOCTH
Ha MIOCKOCTb BPALLEHHSA BTYJIKH HECYLIETO BHHTA K OKPY)KHOH CKOPOCTH KOHLIA JIOMACTH,

3THM MOXHO MPEHEOPEYb.
VcosA v

~

WyT" Wil

raoe A - ;/ron aTaku HECYILETO BHHTA, W, — YIJIOBask CKOPOCTh BPALUEHHSA HECYLLETO
BHUHTA, T'; - PAAHYC JONMACTH

Yrnosbie nosioxkeHHa B (MaxoBoe ABWXKEHHE) KAXKAOH JONAcTH B OMPEAENEHHBIX
A3UMYTAJIBHBIX MOJIOXKEHHAX Y OTHOCHTENBHO IUIOCKOCTH BPALUEHHMA BHHTA OJHMHAKOBBI.
MaxoBoe OBHXKEHHE JOMACTEH ABMASIETCS LIMKIHYECKHM C MEPHOAOM, PaBHbIM BPEMEHH
OJHOrO MOJIHOTO 000pOTa BHHTA, M OMUCHLIBAETCS TapMOHHYECKHM pagoM Dypee,
B OCHOBHOM IO MEPBOH rApMOHHKE: S = ay — a,€0SY — bysiny

C poctom CKOpOCTEH TOPH3OHTalIbHOTO TMOJIETA BEPTOJIETA  MPOHCXOAMT
YBEHYEHHE CKOPOCTH MAxXOBOr0 ABWKEHHs, YTO B CBOK OuYEpEAb BEAET K POCTYy yria
aTakd Ha Y=270, Ha 3/E€MEHTax JIONAcTed MPOHUCXOAWT CPbiB MOTOKA, YTO MPHBOIAWT
k nagenuto  Cy npoduna, pocry Cx, CMeWEHHIO UEHTpa JaBiieHHsa npoduns
M HEYCTOHYHBOMY 00TekaHHIO. [IpH yBEJHYEHHH CKOPOCTH H BBICOTBI MOJIETA MaXOBOE
JABW)KEHHE CTAHOBUTCA 00JIe€ HHTEHCHBHBIM, YTO CMOCOOCTBYET PAaCLUMPEHHIO 30HbI CPbIBA
NoTOKa.

Cucrema CHHXXEHHS MaXOBOTO [ABHXKEHHSA JIOMACTH NMpPH MOMOIUH OTKJIIOHAEMOH
NOBEPXHOCTH, PAcMOJIOKEHHOH Ha HEH H3HA4YaNbHO HanpaBjieHAa Ha HebdonbLioe
NpUPALLEHHE TMOJIOKHTENbHOH MM OTPHLATENbHOH MOABEMHOH CHIIbI € OOJBbIIOH
NEPHOAHYHOCTLIO.

Kak y»ke ynmoOMHHanoch BbIIIE, A JOCTHXEHHA OCHOBHBIX LENIEH JAHHOH padoThI
NPUMEHAETCA pa3padOTaHHAss aBTOPOM METOAMYECKAd OCHOBA HMCCIIEAOBAHHH CHCTEMBI
AKTHUBHOTO YNPAaBJIEHHA JIOMACTBIO BEPTOJETA HA OCHOBE MOCTEMEHHOIO YCIOAKHEHHA
NapaMeTPOB 3KCMEPHUMEHTA H MOJAEIIH «OT MPOCTOrO K CIOKHOMY».
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o [lpemmockeHa u pa3paboTaHa KOHLENIMS YNPABICHHA MaXOBBIM JBHKEHHEM
JOMACTH HECYIIEr0 BMHTA BEPTOJIETA C MOMOIIBIO PACIOJOKEHHBIX HA HEW TPUMMEPOB,
MPUBOJUMBIX B JBW)KEHHE THE30NPHUBOAAMH (a9POAHMHAMUYECKHH aBTOMAT TEPEKOCA),
YTO MOATBEPKACHO ABYMsI IATCHTAMH.

e B xoae uccnaenoBaHWsA HEBPAIAKOLIEHCA MOJENM JIONACTH HECYLIErO0 BUHTA
Beproniera B AJ/[T ucnonp30BaHUWE TreHEpaTopa MOPBHIBOB C TAPMOHHYECKUM 3aKOHOM
VIIPABIIEHHUS TTO3BOJIHIIO B TIEPBOM MPHUONMKEHHUH CMOJIETHPOBATh TTAPAMETPHI KOIeOaHUH
nomacted HB mnpu momere Bepromera. Bo3aelicTBue co cTopoHbI mpoduiiel reHepaTopa
MOPHIBOB TAPMOHHYECKH HM3MEHSIET MTHOBEHHBIM YTON CKoca (TMPUTEKAHHUS) TOTOKA
B paliOHE HEMOABW)KHOM JIONACTH, C ONPEACICHHOM YacTOTOM, HMHUTHPYS MAaxoOBOE
JOBWKEHUE jionactTy HB mpu moctynarensHOM nosieTe BEPTOJIETA.

o liccmenoBan kpymHOMAcINTAOHBIM BPAIIAFOIIMUNCS JEMOHCTPATOP AKTHBHOW
CUCTEMBI YIPAaBIECHUS MaxOBbIM JBWKCHHEM JIONMACTH HECYLIEr0 BHHTA BEPTOJIETA
HA OCHOBE HHJUBHUIYaJbHOTO YIpPAaBICHUS JIOMACTAMH C TOMOIIBIO TPUMMEPOB
C IIbE303JIEKTPUIECKUMU ITPUBOIAMHU.

e DOKCIIEPUMEHTATbHO  YTOYHEHHI (HA  OCHOBE TIOWCKA  MAaKCHMAaJIbHOU
3¢ (HeKTUBHOCTH YIPABIICHHS ) 3aKOHBI U ATOPUTMBI CHCTEMBI YTIPABJICHUA.

e B xome oueHkHn 3(QPEeKTHBHOCTH AKTUBHOW CHCTEMBI YIIPABIIEHHS MAaXOBBIM
OBWJKEHUWEM JIOTIACTH HAa PA3NWYHBIX peXuUMax padorel Hecymero BuHTA B AJlT,
MOJTyYE€HHBIN pPe3ybTaT OT MPUMEHEHHS 3aKOHA HA OCHOBE CTYIEHYATOTO U3MEHEHUS yTIia
OTKJIOHEHUS TPUMMepa (MeaH/Ipa) moKa3al MaKCUMAaTbHBIN 3P dekT.

e B Xxozme mpoBeAcHHMs TOHUCKOBBIX HCCIEJOBAHUN OMNEPEKEHHUA CHUCTEMBI
YIpaBJICHUs TPUMMEpPAMU IO MHHHUMYMY MaxoOBOrO JBMKEHHsA JIOMACTH BO BpPEMs
WCIIBITAHUM JIEMOHCTpaTOpa akTUBHOM cuctembl ynpasineHus B AJIT ompenenena
onTtuManbHasa (pasza yrpasieHus (nmepeHUH GPOHT MeaHapa), KOTopas Ha UCCIIEJOBAHHBIX
peKMMax palbOTHl HECYNIETO BHHTA M CKOPOCTSX TMOTOKa cocraBisua 330° - 350°
a3MMYTAJIBHOTO MOJIOKEHUS JIOTIACTH.

e [IpoBeneHbl MapaMETPUYECKHUE MCCIEJOBAHUA  BIMAHUS  JUHAMHUYECKOTO
OTKJIOHEHUS TPUMMEPOB HAa CHUIKEHHMSI MaxOBOTO JBHMKEHHs JIONACTH HECYINETrO0 BUHTA
Ha Pa3TUYHBIX YTJIaX aTaKH JOMACTEH U CKOPOCTIX MOTOKA U ObLIa MPOJEMOHCTPHUPOBAHA
BBICOKAsA 3(PPEKTUBHOCTH YIPABIICHUS MaXOBBIM IBIKCHHEM JIOTIACTH HECYIIEr0 BUHTA,
o0ecreynBaronas W3MEHEHHE aMIITUTY/IbI MAXOBOTO JIBHXKEHUS B 3 - 5 pas.

e [IpoBeneH aHanmM3 OXUAAEMOTO BIUAHUA CHUCTEMBI YMPABIECHUA MaXOBBIM
OBWKeHWEM jonacth HB Ha g0onroBe4HOCTh BEPTONETHOM KOHCTPYKLMH HA MOPUMEPE
aBTOMAaTa IEPEKOCca, MPU CTENEHH KPUBOM YCTAIOCTH M = 6, yBEIWYEHUE MOKAa3aTeIeH
JOJITOBEYHOCTH cocTaBuT 10 100 pas.

OcHoBHbIE pe3ynbTathl HccienoBanuii BHeApeHnsl B OKb AO «Kaszanckuit
BEPTOJIETHBIM 3aBOJ» B YacCTH NPOPAOOTOK TMEPCIEKTUBHBIX CXEM HECYIIUX BHHTOB
IPaXAaHCKUX BEPTOJIETOB B KAaYECTBE BO3MOKHOTO BapHaHTAa MyTH CHWKEHUA YPOBHA
BHOPAIMI B SKCIUTyaTaIlHH.
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