Onucanue KOHKYPCHOI pa00Tbl B HOMUHAILIUM
Ne4 «3a cozmanne HOBOM TEXHOJIOTHH»

HaumenoBanue padorhbl: «KoMIIEKC pacUE€THBIX U IKCIIEPUMEHTAIbHBIX
paboT 1o 000CHOBAHUIO JETHO-TEXHUYECKUX XaPAKTEPUCTUK MEPCIIEKTUBHBIX
00pa3IoB OTEYECTBEHHOU BEPTOJIETHON TEXHUKM

B nepuon 2020 r. mpodeccopcko-mpenogaBaTeIbcKiM COCTaBOM Kadeaphl
«IIpoextupoBanne BepronéTos» MAU ¢ npuBneyeHneM ClIENUAIINCTOB U3 IPYTUX
noApazaeiaeHuid  uMHCTUTYyTa 10 3agaHuio  AO  «HauuoHaIbHBIA — LIEHTP
Bepronéroctpoenns uM. M.JLMuns u H.M.KamoBa» ObUIM  BBIMOTHEHBI
TEOPETUYECKHE, pacuyETHbIe U SKCIEPUMEHTaJbHbIE MCCIENIOBaHUS B 00JacTU
a’pPOJMHAMHUKHA BEPTOJIETOB OJHOBUHTOBOM M COCHOW CXEMBbI, HAIPABJICHHBIE HA
CO3/IaHHE MaTEeMaTHYECKUX M (PU3NYECKUX MOJENEH 3JIE€MEHTOB KOHCTPYKIIHMU
BepToieToB Mu-17, Mu-28, Mu-38, Mu-171A3, Ka-226T ¢ uenpto ynydiieHus ux
JNETHO-TEXHUYECKNX XaPAKTEPUCTHK.

1.  HccnemoBanue BAMSHHS HECYIETO BHHTA HA PYJIEBOW BUHT OJJHOBUHTOBOTO
BEpTOJIETA HA pexkUMax Heynpasisiemoro Bpaienus (Tema Ne56140-01020).
2. Pacu€rHple wmccneAOBaHUSA a’POAMHAMHUYECKUX XaPAKTEPUCTUK COOCHBIX

Hecymux BHHTOB Bepron€ra Ka-226T ¢ paznuuHbiMu  BapuaHTaMu
3akoHIIOBOK JiomacTei (Tema Ne 56270-01020).

3. Pa3zpaboTka muHEHOM T0NacTHOM BUXPEBOM Teopun X-00pa3HOro pyJIeBOTO
BHHTA Ha PeXXMMax oceBOro u kocoro oorekanus (Tema Ne 56150-01020).
4. IIpoekTupoBaHMEe U M3rOTOBJICHHME MoOJenu Bepronéta Mu-171A3.

HccnenoBanne €€ xapakTEepUCTHK B a’poauHamudeckoit tpyoe T-1 MAMU.
(Tema Ne 56670-01020).
KonkypcHas padora:

Tema Ne56140-01020

IIpoBeneno YUCJIIEHHOE MOJICIMPOBAHUE a’pOJIMHAMUYECKUX
XapaKTEPUCTUK KOMOMHAIMM HECYIIero M pYJeBOrO BHUHTOB, a TaKke
M30JINPOBAHHOTO PYJEBOIO BHHTA IIPU TOPU30HTAIBHOM IMOJETE BEPTOJIETA C
MaJILIMHA CKOPOCTSIMHU €O CKobkeHueM (oy = 0° By = -180..180°%; V = 6,25; 7,5;
8,75; 10 m/c).

[Tony4yeHsl U MpoaHATM3UPOBAaHBI (OpMA HETUHEHHOTO BUXPEBOTO Clieaa
3a BUHTaMH, CTPYKTypa MOTOKa B oOsactu pacmonoxenus PB. Paccumransl
a’pOJIMHAMUYECKHE XAPAKTEPUCTUKU BUHTOB. [loilydeHbl W mpoaHaIU3UpPOBAHBI
OaJIaHCHPOBOYHBIE 3HAYEHMs YIJOB YCTAaHOBKM Jjomacred PB g ciywas ero
W30JUPOBAHHONW PabOTHI W IS KOMOWHAIIMM HECYIIET0 M PYJIEBOTO BHUHTOB,
oOecrneuynBarone MyTeByto 0anaHCUPOBKY BEPTOJETA.

OO6Hapyx)eHbl 00J1aCTH COYETaHUN MaJbIX CKopocTei monera V = 6,25..7,5
U yIJIOB CKoJIbKeHUs Py = 20..40° B KOTOPBIX HMHAYKTUBHOE BO3JIEUCTBHE CO
CTOPOHBI BUXPEBOTO CJIEA HECYLIErO BUHTA MPUBOJUT K BBOJY PYJIEBOTO BUHTA B
PEXKUMBI «BUXPEBOTO KOJbLA», COMNPOBOXKAAIOIINECS IYJIbCALUAMUA TATH H
KpPYTSIIEr0 MOMEHTa BHMHTA, POCTOM MOIIHOCTH, MOTPeOHOM Ha BpalleHUs
pyJIEBOrO BHHTA, a TaKXe€ POCTOM MOTPEOHbIX OallaHCUPOBOYHBIX YTJIOB
YCTAHOBKH €r0 JIONACTEN.




VYcraHoOBIEHBI OCOOCHHOCTHM IyTEBOW OAJaHCHPOBKH OJTHOBUHTOBOTO
BEPTOJIETA, KOTOPHIE MOTYT MPUBOJUTH K BO3HUKHOBEHUIO HEYIPABIISIEMOTO
BpaieHusi BeptoJiéra. [lomyueHHble MaTepualibl MOTYT OBITh WCIIOJB30BaHBI IS
YTOYHEHUSI PEKOMEHIALUMN JIETUMKY IPU TMOIMAJAAHUM B KPUTHUYECKHUE PEKUMBI
HEYINPABJISIEMOTO BPAILICHUS.

Tema N 56270-01020

Pazpaborana wmeroamka pacuéra pachnpefeiaEHHBIX M CyMMAapHBIX
a’POAMHAMUYECKUX XAPAKTEPUCTUK COOCHOIO0 HECYUIEr0 BHHTA C 3aKOHIIOBKAMHU
pas3nu4yHON (POpPMBI Ha pEKUMaX BUCEHUS B TOTOKAX BSI3KOTO C)KUMAEMOTO rasa.

[TomyyeHa cTpykTypa BHUXPEBOIO Cl€la, MO3BOJIAIOMIAS ONPEACHATh
bU3NYeCKyI0 KapTUHY OOTEKaHMsI JIOMACTEH, OTpaKarolyl0 OCOOEHHOCTH pabOThI
jJomacte coocHoro BuUHTA. [loilydyeHbl CymMMapHblE H©  PacCHpeeIIEHHBIE
XapaKTEPUCTUKH JIONACTEN HECYIIETO BUHTA HA PEKUME BUCECHMS, MO3BOJISIIOIINE
OLICHUTH 3P (PEKT OT IPUMEHEHUS 3aKOHIIOBOK Pa3JIMYHON (POPMBI.

BEISBIIEHO NOJIO0XKHUTEIBPHOE BIMSAHUE OTruOa 3aKOHIIOBKM BHHU3 OT
IJIOCKOCTH BpAIlEHUs] KOHIIEBOWM YacCTH JonacTh Ha oTHocutenbHbd KII/[ BuHTa
Ha OCEBbIX pexuMax oOTekaHus. B pesyiapTare mNpOBEIEHHBIX PaCUETOB
YCTAHOBJICHO, YTO OTIMO BHHU3 HMCCJIEAYEMbIX 3aKOHIIOBOK pPa3iM4YHON (HOpPMBI B

mwiade Ha yroa 20°, HauMHAMOMIMXCS C OTHOCHTENLHOro pamuyca r=0.95, mnpu
yucie My = 0.63, npuBoauT K yBenuueHuro otHocutenabHoro KII/ Ha 2...2,5%.

IIppuMmenenne  CyKarolEWcsT  3aKOHLIOBKH € IEPEMEHHBIM  yIJIOM
CTPEJIOBUIAHOCTH IO IEPEIHEN KPOMKE U OTOTHYTOW BHU3 OT IIJIOCKOCTH BPAILCHUS
Ha OSKBUBaIEHTHBIA yronm 20° 1O3BONSET, 110 CPABHEHHIO C TPAAMIMOHHON
MPSAMOYTOJbHOM HEOTOTHYTOM 3aKOHIIOBKOHM, YBEIWYUTH OTHOCUTENbHBIM KIIJI
HECyLIEro BUHTa Ha BUceHUU Ha 3%...5% npu uucne My=0.63.

BobipaboTanbl peKOMEHAAMH 10 BBIOOPY TIE€OMETPUUECKHX IapaMeTpoB
JIoTIacTeN ¢ Henblo yiyuleHus: otTHocutenbHoro KII/[ Hecymero BUHTa Ha OCEBBIX
pexumax oOtekaHus. OmnpeneneHbl BapUaHThl 3aKOHIIOBOK ISl IPOBEICHUS
pacy€THBIX HCCIEOBAaHUM BIMSHUS HUX (GOpMBI Ha  a’3pPOJMHAMUYECKHE
xapakrepuctuku HB Bepronéra Ka-226.

Tema No 56150-01020

Paspaborannplii Meron pacuéra a’pOAMHAMUYECKUX XapaKTEPUCTHUK
JIBYXPSIAHOTO X-00pa3HOro pyJIeBOrO BHHTAa Ha PEKMMax OCEBOIO M KOCOTO
oOTeKkaHHsT OCHOBAaH Ha HCIOJb30BAaHUM COYETAHUS JHUCKOBBIX M JIOMACTHBIX
BUXPEBBIX MOJEJIEH C JKECTKMM BHXPEBBIM ciegoM. JluckoBas Mojzenb
UCIIOJIB3YETCS 71l BBIYMCIIEHUS YIJOB HAKJIIOHA BUXPEBBIX KOJIOHH BEPXHEr0 U
HUKHETO MOJyJieH, a TakKe MpU OIpeJesIeHUd CKOPOCTH CHOCa CBOOOHBIX
BUXPEU U BUXPEBOMU IEJICHBI B JIONACTHOW MOJIEIIH.

IIpu pacyé€re a’pOAMHAMHYECKUX XapPaKTEPUCTUK MOIAYJIEH METOIO0M
YUCJIEHHOTO HWHTETPUPOBAHUS MCIOJIB3YETCA JIOMACTHAs MOJENb C KECTKAM
BUXPEBBIM CIIEJOM U KpPYrOBblE€ NPOAYBKHA a3POJMHAMUYECKHX HpOoduIeH,
MOJIYYEHHBIE 10 JJAHHBIM UCIBITAHUI B a3pOJIMHAMUYECKON TpyOe MpU pa3InyHbIX
yrcnax Maxa. [Ipeamonaraercsi, 4To JjOomacTd BHHTAa aOCOJIIOTHO >KECTKUE HA
U3rud M KpydyeHHE, UMEIOT COBMEIICHHbI TOPU30HTANbHBIA  IIAPHUD,
OTHOCUTEJIBHO KOTOPOI'O OIPEACISIETCS MaxOBOE€ JBWIKEHHE JIONACcTed B




IUIOCKOCTH TATU. BUHT nmeet o0t 1 nudQepeHuanbHbli mark, 4To Mo3BOJISIET
MEHSTh YTOJ YCTAHOBKM JIOMAcTEd Ha KaXXJOM U3 MOAYJEH B OTAEIBHOCTH.
[{uknnyeckuit mar OTCYyTCTBYET.

AJNTOPUTMBI U NTPOTPAMMBI MPOIUIM TECTOBBIE UCIBITAHUS U MOATBEPANIN
paboTOCTIOCOOHOCTh B IIMPOKOM JHAMa30HE PEKUMOB pabOTHI PYyJE€BOr0 BHUHTA.
3armiaHupoOBaHHbIE MAPAMETPUUYECKUE PACUETHI BBITIOJHEHBI B IOJTHOM 00BEME.

Pe3ynbTaTh pacy€ToB COIOCTAaBJICHBI C MMEIOIIUMHUCS
HKCHEPUMEHTAIIbHBIMA JTAHHBIMU MOJEIBHBIX M JETHBIX HCHBITAHUN PYJIEBBIX
BUHTOB BepTOIETOB Mu-28 1 Mu-38 Ha pexxmmax 0CeBOro M KOCOTO OOTEKaHUSI.
Banmunarus pa3paboTaHHBIX MOJENEH TOATBEPKIAACTCS YIAOBIECTBOPUTEIHHBIM
COBIIaJICHHEM PACUYETHBIX U SKCIEPUMEHTAIIbHBIX JAaHHBIX.

Tema No 56670-01020

BapuatuBHas mnpoayBouHas MOJAENb BbIMOJHEHa B MacmTabe 1:20 mo
OTHOIIICHUIO K peajbHbIM pa3mepaM BepTosiéta Mu-171A3 u npeacrasiser codboi
cOOpHO-pa300PHYI0 KOHCTPYKIIMIO, COCTOSILIYI0 M3 METaJUIMYeCKOro Kapkaca,
U3TOTOBJIICHHOTO M3 JIOPATIOMUHUEBOTO MNpO(uiis NpsIMOYroiabHOM (opMbl, U
KOpIyca,  HW3TOTOBJIEHHOTO W3  XKUAKOTO  (OTOMONMMEPA  METOAOM
crepeostorpadun Ha 3D-npuntepe Viper si2TM.

IIpoekTupoBaHue MNPOAYBOYHOM MOJEIM  BBIIOJHEHO HAa  OCHOBE
pa3paboTaHHON 3aKa3uMKOM BUPTYaJIbHOM 3D-MOJAENIM MOBEPXHOCTH BEPTOJIETA,
paspaboranHoii B cucteme NX. H3rotoBneHwe neTaneil W y3JI0B CHUCTEMBI
ITOJBECKU MOJIECJIA BBINOJHEHO HA cTaHkax ¢ YIIY, a amemeHTOB KOpIyca MOAEH-
C IPUMEHEHUEM AJJIUTUBHBIX TEXHOJIOTHUH.

Koprnyc BapuaTthBHON MOJAEIH COCTOUT CHEMHBIX 3JIEMEHTOB: HOCOBOW
gactu (HY), xBoctoBot Oanku (Xb), xuns (KM) u crabunuzaropa (CT), 2
BapuaHTOB XBocTOBOM uactu (XY1, XY2), 1 Bapuanta cmonconoB (CII1), 2
BapuaHToB 1maccu (L1, 112), 2 BapuaHTOB cUCTEMBl aBapUITHOTO MPUBOIHEHUS
(CAII1, CAII2), 2 BapuanToB 13V (I13V1, [13VY2).

Ha BepxHell MOBEPXHOCTHM METANIMYECKOTO KapKaca pacIoyoxKeH
JUCTAaHIMOHHO YNPABIIAEMbINA AJIEKTPOJBUrATENb, HA Bajly KOTOPOIO 3aKperuieHa
MOJIeJIb BTYJKH HECYIIEro BHHTa COBMECTHO C aBTOMAaToM IIepeKkoca U
BuOporacutTenemM KojieOaHMM, a TakXke JaTdyuk o000poToB. BHyTpu kapkaca
pa3MelleHbl aKKyMYJISITOPHbBIE OaTapeu.

PesynbpraThl paboOT MO M3rOTOBJICHUIO MOJEIU OBLIM OOCYXXJICHBI Ha
Hay4YHO-TEXHHUYECKOM CEMHHape, KOTopbii cocTosuicss B MAU 26 urons 2019 1. ¢
ydacTueM npeacraButeneil McnonHutens, 3aka3uMka M 3aUHTEPECOBAHHBIX
OpraHHU3aIu.

Wcnbrtanust Mojenu ObUTM MPOBEJEHBI B a’poAuHamudeckoil Tpyde T-1
MAMU npu BenuyuHe CKOPOCTH MoTOoKa V' = 47 m/c, obecrieunBaronieil ycioBus
NOJIYYEHHUS] aBTOMOJIETLHOCTH HMCCIEIYEMBIX a3pOJIMHAMHYECKHX XapaKTEPUCTHK
1o unciy PeiHounbaca.

AdBpOAMHAMHUYECKHE  XAPAKTEPUCTUKUM  TOJYYEHbl B  BapuaHTax
KOMILUICKTAllUK MOJICNIA, MPUBEACHHBIX B TEXHUYECKOM 3aJjaHUH, B CJICAYIOIINX
JMana3oHax yIJoB:

e araku (ro3emsixa -30° < oy < 30° ¢ unTepBanoM uepes 5°, npu By = 0;




e  ckousbxkeHus ¢rozensxa -30° < By < 60° ¢ uaTepBaNIOM uepe3 5°, npu oy = 0.
Koapopunuentsl aspoaunamuueckux cwii u MomeHTtoB Cy, Cy, C,, my, my, m,
MPEJICTABJICHBI B CBA3AHHOU C MOJEIBIO CUCTEME KOOPAUHAT U CKOPOCTHBIX OCSIX,
MPUBE/ICHHBIX K YCIIOBHOMY LIEHTPY MacC MOJIETIH.

UccnenoBaHo BIMSIHUE CKOPOCTHM BpalleHUsS BTYJKUM Ha CHUJIOBBIE H
MOMEHTHBIE A3POJIUHAMHUYECKHUE XaPAKTEPUCTUKN MOJICIIH. Y CTAHOBJIEHO, YTO 3TOT
dbakTop HE OKa3bplBa€T CYIIECTBEHHOTO BIWSHHS Ha  HCCJIEIOBAaHHbBIC
a’pOJIMHAMUYECKHE XapaKTEPUCTUKH.

CpaBHEeHUE a’pOJMHAMUYECKUX XAPAKTEPUCTUK MOJEIU BepTosiéTa Mu-
171 A3 ¢ aHQJIOTMYHBIMM XapAKTEPUCTHKAMH MoJeln BepTtoiéra Mu-171 A2,
MOJyYEHHBIMH paHee, IMoKa3ao:

1) MUHUMaIBLHOE a’POJIMHAMUYECKOE COMPOTHUBIIEHUE O00EUX Mojejield B
MOJTHOM BapUaHTE KOMIUICKTALIMY MPAKTUYECKH OJIMHAKOBO;

2) Ha mozenu Beprosnéra Mu-171 A3 MHUHMMYM a’pOAMHAMUYECKOTO
COIPOTHUBJIEHUS CMEIIECH B CTOPOHY MOJIOKUTEIBHBIX YIIJIOB aTaKU;

3) ko3pdunEeHT NMOoABEMHOM CHIIBI MoAenH BepToiera Mu-171 A3 B
Juana3oHe padovMx YIJIOB aTaKk MMEET OTPHUIIaTeNbHbIC 3HAYCHHS, KOTOPHIE IO
aOCOJIIOTHOM BETUYHMHE HECKOJIBKO OOJibllle, YeM Ha Mojenu Bepronéra Mu-171
A2;

4) npu BBHIOpaHHBIX TMapamMeTpax CTa0uiIM3aTopa Mojeiab BepToséra Mu-
171 A3 ob6manmaer OONBIIEH CTATUYECKOM YCTOMYMBOCTBIO IO YIJIy aTakd, YeM
MoJienb Beprosieta Mu-171 A2.

[Tomy4yeHHbIE a’pPOAMHAMMYECKUE XAPAKTEPUCTUKU MOJIENIA  KOpITyca
MO3BOJIWJIM YTOYHUTH MpeanoiaraeMble 0alaHCUPOBOYHBIE U JIETHO-TEXHUYECKHUE
XapaKTepUCTUKUA BEPTOJIETAa U MOATBEPAUTH 3aJaHHbIC B TEXHHUYECKOM 3aJlaHUU
TpeOOBaHUSI 1O JAIbHOCTH W TMPOJODKUTEILHOCTH TOJNETa BEPTOJIETa B
TPaHCTIOPTHOM U O(PPIIIOPHOM BapHaHTAX.

YyacTHUKY pabOThI:

1. Urnatkun FOpuit MuxaidnoBud — JOLIEHT, K.T.H.

2. ApramonoB bopuc JleitzepoBuu — u.0. 3aB. Kaenpoid, MOLEHT, C.H.C.,
K.T.H.

3. Makees I1aBen BsiuecnaBoBuY — JIOIEHT, K.T.H.

4. IllomoB Anekcannp MIBaHOBHY — JIOLIEHT, K.T.H.

5. KoncrantunoB Cepreii ['enHaabeBUY — AOLIEHT, K.T.H.

6. 3aBanoB Osier AHATONBEBUY — BEJI. MHKEHED, K.T.H.

7. Ky3neuoB Anekcanip BanepbeBuy — 3aB. a3pOAMHAMUYECKOM

nabopaTopuen.

CaeieHus 0 couckKareJie

Kadenpa 102 «IIpoextupoBanue BepTonéToB» MAW TroTOBUT HHKEHEPOB
1o crienuanbHOCTH «Bepronéroctpoenuey» s mpodecCHoHaIbHON AesTeIbHOCTH
B 00JacTSIX ~ MPOEKTHUPOBAHUS,  IMPOU3BOJCTBA,  HUCHBITAHUH M HAYyYHBIX
UCCIIEJOBAaHUM  BEpPTOJETOB, BHUHTOKPHUIOB, aBTOXKHUPOB, MpPeoOpa3yeMbIX
JIETaTENIbHBIX aNllapaToB BEPTHKAIBHOIO B3JIETA U MTOCAJAKU C BHHTOBBIMHU HECYIIIE-




TAHYIIUMH CUCTEMAMH, a TAKKE BO3AYIIHBIX BUHTOB, UCIIOJIb3YEMBIX B PA3JIMYHbBIX
00J1aCTSAX TEXHUKHU.

B Hacrosiee Bpemsi kadeapa sBISETCS €IMHCTBEHHOM B MHUpE, Beayllei
KOMILJIEKCHYIO ~ MOATOTOBKY  CHEIMAJIMCTOB B 00JIACTU  BEPTOJETOCTPOECHUSI.
Beimmycknuku kadenper Moryt padotate B HUM, OKDB u Ha npennpustusx,
3aHATBIX CO3J@HUEM ONBITHBIX U CEPUUHBIX BEPTOJETOB U APYTUX THUIIOB
JIETAaTEJIbHBIX annapaToB.
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