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1 NMNocTaHOBKa 3agaun

PaCCManMBaeTCFI npoaoJibHOE yhnpasridemMmoe ABNXXeHne rmnoTeTn-
YECKOrlo sieTaTesibHOro armnaparta.

[HaHbl:
1. MacCcoOBO-UHEPLMOHHbIE U TEOMETPUYECKNE XapPaKTEPUCTUKU
6ecnnnoTHoro
netareneHoro annaparta (bJ1A);
2. aspoanHamMmmnyeckue xapakrtepmctukn (AX);
3. XapaKTepPUCTUKMN CUNOBON YCTAHOBKM;
4. anropuUTtMbl yrpasneHusa ABMXEHUEM annapara (anropmMTmbl aBTonunoTa);
5. Ha4anbHble YCNOBUSA ABMXKEHUA (Cxoda) annapara.

TpebyeTcs:

CdopmunpoBaTtb U CKOPPEKTUPOBATL C YH4ETOM AaHHbIX NETHbIX
NCNbITaHUN MOAESb NPOAOSIBHOIO YNpaBnsieMoro ABMmxeHna 6ecnnnoTHOro
netarenebHoro annaparta (bJ1A). OueHnTb CKOPONogbEMHOCTL U
BblpaboTaTb peKOMeHAaUnmn No ee yBENNYEHUIO.
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2 AcxoaHble gaHHble Ansa moaennmpoBaHus
2.1 MaccoBO-MHEPLUUOHHbIE U a3poaANHAMMNYECKMNEe XapaKTePUCTUKHN
m, ba, S, Jzz
AlpoanHaMnyeckme xapaktepucTmKn NpoaosibHOro ABUMXEHUA annapara.
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Puc. 1. AspogmHammyeckme xapakTepucTukn ¢ yuetom/6es Puc. 2. 3aBucumocTb 3¢ eKTMBHOCTN OpraHoB
y4yeTa notepb Ha 6anaHCcUpoBKy NPOAONBLHOIO ynpasneHus oT pexunma paboThbl
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2.1 MaccoBO-UHEepPLUOHHbIE U a3poanHaMUYECKne XxapakTepucTUku

OBUIATENIb HE PAEOTAET MONHbIN FA3
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Puc. 3. KoahdpuumeHT momeHTa TaHraxa n 6anaHcupoBovHasa KpuBas
NpW pasnUYHbIX yrrax cTperoBnaHOCTU Kpbina
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2.2 XapaKTepuCcTUKN CUITOBON YCTaHOBKU

[na pasnuyHbIX pexxnmMmoB paboTbl ABuUraTens B cneunanbHO BbINOSTHEHHbIX
NCNbITAaHUAX ONPeaEeNnAnnUCh: pacxon TonnmMea, MOLLHOCTbL N TAra CUNOBOU
YCTaHOBKW B 3@aBMCUMOCTM OT CKOPOCTN OBUXEHUA OTHOCUTESTIbHO BO34YLLHOW
cpenbl npu Hynesomn BbicoTe (H=0), a Takke B 3aBUCMMOCTU OT BbICOTbI Npw
HyrneBoun ckopocTu asmxkeHus nsgenus (V=0).

Tabn. 1. Xapaktepuctuk pabotsl CY (V=0, H=0) "

pee | O ot P Al
MT | 5190 1512 | 0,295 £ o ' i e
KpP 6230 26,76 0,326 ?
nr 6680 32,93 0,382

0 500 1000 1500 2000 2500 3000 3500

BbiCOTa

Puc. 4. UameHeHune Tarm asuratens ¢
POCTOM BbICOThI NofneTa
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2.3 AnroputmMmbl ynpaBrneHUsa ABUXKeHUEM annapara

YVem.o
Pexxum B3néTa O =Ky -9'(0.5'p+1)+cn:13+530 [ep],
p
PexnM M3aMeHeHus 1 cTabunmsauum BbICOTbI
Kap
D+

2.4 HavyanbHble ycnoBus ABUXEeHUA annapara

Mop HavyanbHbIMK YCIOBUSMU ABWKEHUS OyaeM NoHMMaTb napamMmeTpbl
cxofla annaparta CO CTapToOBOW YCTaHOBKWU. B npouecce moaennpoBaHus B
KayecTBe napaMeTpoB Cx04a BBOASATCS COOTBETCTBYIOLLME NapaMeTpbl
KOHKPETHOro noreTa.
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3 MaTtemaTuuyeckass moagenb OBUXeHUSA

Mopenb AX: Y=C,-q-S X=C_-q-S M_=m_-q-S-ba

YpaBHeHUs NPOAONbHOTO ABWKEHMS:
mV = Pcosaa— X —mgsin6
mV6O =Psina +Y —mg cos 6
JZZd)Z — MZ
H =Vsin6f
L=Vcos6
i =—p1

O=0,
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4 AMutTaunoHHasa Mogernb NPoAoSiIbHOIO ABUXEeHUS
B cpeae nporpammupoBaHua MATLAB/Simulink
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Puc. 5. UmutaumonHas mogens asmxeHuns BJTA B Simulink
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4 AMutTaunoHHasa Mogernb NPoAoSiIbHOIO ABUXEeHUS
B cpeae nporpammupoBaHua MATLAB/Simulink
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Puc. 6. bnok pacyeta AX

Puc. 7. bnok pacyeta xapakTepucTuk CUNOBON YCTAaHOBKN
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4 AMutTaunoHHasa Mogernb NPoAoSiIbHOIO ABUXEeHUS
B cpeae nporpammupoBaHua MATLAB/Simulink

o M - M
L gmm e
@ s (> -
am.eg P
-.. 4 Pt
T —_
e
i P T
i e L]
‘ — —®
o o
[posaa>- -
M - )
i N CE
@ r s r—® tl
R > Famewr (D>« v o @
,E}““’ @"b‘“"' | U o ®’» T '@m B T _’_—
2ot e LT we s B L@ S o |,
Poacory) PEMSER L o @ N e
> - | = [mwe>
i [+
i —r{ [HED g
TEEe
o |

Puc. 8. bnok mogenupoBaHus paboTel asTonunota  Puc.9. brnok nHterpyupoBaHnga ypaBHEHUN OBMKEHUSA
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5 Pe3ynbraTtbl MOAernIMpoBaHUs

Ha cocTtaBneHHOW HeNMHENHOW MoAdenn NPoaoSbHOro ynpaBnsgemMoro
OBWXXEHUA annapara npoBoAnNoCL MoaenMpoBaHue ABYX MNOMeToB
(kpacHbIM). Pe3ynstatbl MOAENUPOBaHNS CpaBHUBANNCL C MUMEKLLENCS
TenemMeTpuyeckon nHpopmauymen (CUHUM).

PeaynbsraThl MOgennpoBaHUa nepsBbix y4acTKoB rnosieta Ne1 npeacras-
neHobl Ha puc. 10-15, noneta Ne 2 Ha puc. 16-21.

700 ; T ; ; T ; 170,

I | | | | | | 110 | | | | | |
0 50 100 150 200 250 300 0 50 100 150 200 250 300

Puc. 10. U3ameHeHue BbICOThLI NosieTa no BpemMeHu Puc. 11. iaMeHeHe CKOpOCTU MOMEeTa o BpeMeHm
(nonet Ne1) (nonet Ne1)
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Puc. 13. AameHeHune yrna TaHraxa rno BpemMeHu
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Puc. 12. U3ameHeHune yrnoBou CKOPOCTU TaHraxa
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Puc. 15. NameHeHune yrna oTKNoHeHNs pyrs

Puc. 14. NameHeHe yrna ataku rno BpeMeHu
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Puc. 16. AlameHeHne BLICOTbI NosieTa no BpeMeHHU Puc. 17. lameHeHne ckopocTu noneTta rno BpeMeHu
(nonet Ne2) (nonet Ne2)
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Puc. 18. lameHeHMe yrnoBon CKOPOCTU TaHraxa Puc. 19. ameHeHne yrna TaHraxa no BpeMeHu
no spemeHun (nonet Ne2) (noneT Ne2)
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Puc. 20. NameHeHune yrna ataku no BpeMeHu Puc. 21. NlameHeHne yrna oTKIIOHEHNA pyns
(nonet Ne2) (nonet Ne2)

Mo pe3ynbTatam cpaBHEHUS ObIN CKOPPEKTUPOBAHbI UCXOAHbIE JaHHbIe

no annapary:
- B YacTu KoadhdpunumeHTa nogbeMHOU cunobl: Cya(a)= Cya(a) + 0.1;
-B YacTu 3aBUCUMOCTU TATN CUITOBOU YCTAHOBKKU OT TeMMepaTypbl.

B ntore Bugmm npmuemnemoe cosrnageHue pesynsrtatos Mo4ennpoBaHus

N NETHbLIX UCMbITaHUN.
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Ha puc. 22-23 npuBeaeHbl pesynbsratel MogenupoBaHus noneta Ne2  6e3
noTepb NO TAre, 006yCrnoBNeHHbIX BbICOKOM TEMMEPATYPON OKPYKatoLLEN
cpeabl N CHMXKEHUEM Kna BUHTA. BUamMm, 4TO CKOPONOOAbEMHOCTb N3aeNnus
npeBbiwaeTt nonet Ne2, yto obycnosneHo 6onbLUMMKM 0bopoTamMu ABuraTens.
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Puc. 22. VismeHeHune BbICOTbI NoneTa no BpemeHy Puc. 23. /iameHeHWe ckopocTU NoneTa no BpeMeHu

(nonet Ne2 6e3 noTepb No Tsre) (nonet Ne2 6e3 notepb no Tsre)

Tak Kak B paMmkax npoBoaMMbIX paboT He NpeaycMOoTpeHa 3aMeHa CUNo-
BOM YCTAHOBKW, NOTEPU MO TAre npu BbICOKNX TEMMepaTypax oKpyxarLlen
cpeabl ocTalTcs HenameHHbIMU. C Opyron CTOPOHbI, CKOPONOAbEMHOCTb
MOXET BbITb YBENMYEHA 3a CYET YMEHbLUEHUA CTPENOBUOHOCTU Kpbina, B
pes3ynbraTe YMeHbLUEHNA 3anaca npoaonibHOM CTaTUYeCckou YyCTOMYNBOCTU U

YMEHbLLEHNSA NOTEPb NTOOOBOIro CONPOTUBNEHUSI HA DanaHCUPOBKY.
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CpaBHeHMe pesynbraToB MogenupoBaHma noneta Ne2 ¢ nsMeHeHHbIM
YrIIOM CTPEenoBUOHOCTM ¥=1° ¢ TenemeTpuyeckon nHgopmaumen noneta Ne2
(x=2°) npeacrtaBneHo Ha puc. 24-29.

CpaBHeHMe pesyneratoB MogenmpoBaHus noneta Ne1 ¢ usMeHeHHbIM
YrIIOM CTPenoBnaHoCcTU ¥=1° ¢ TenemeTpudeckon nugopmaumnen noneta Ne1
(x=2°) npeacrtaeneHo Ha puc. 30-35.

CpaBHeHMe pesyneraTtoB MogenmpoBaHus noneta Ne2 ¢ nsMeHeHHbIM
yrrom ctpenosmgHocTtu ¢=0° ¢ TenemeTpunyeckon nHgopmauunen nonera Ne2
(x=2°) npeacrtaBneHo Ha puc. 36-41.

CpaBHeHMe pesyneraTtoB MogenmpoBaHus noneta Ne1 ¢ usMeHeHHbIM
yrrom ctpenosugHocTtn ¥=0° c TenemeTpudeckomn nugopmaumnen noneta Ne1
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Puc. 24. IameHeHuMe BbICOThI MosneTa rno BpeMeHu 16/25 Puc. 25. lameHeHne CKopOoCTY norneTa no BpeMeHm
(nonet Ne2 y=1°) (nonet Ne2 y=1°)
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Puc. 29. NameHeHue yrna OTKNOHEHNA pyIis
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Puc. 27. AsameHeHune yrna TaHraxa rno BpemMeHu
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Puc. 26. NameHeHne yrnoBon CKOPOCTU TaHraxa
no BpemeHu (nonet Ne2 y

10+

1°)

(monet Ne2 y

0

17/25

300

50 150
(nonet Ne2 y=1°)

0

Puc. 28. NlameHeHune yrna ataku no BpeMeHu
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Puc. 31. UameHeHne ckopoCTu Nosieta No BpeEMEHMU

Puc. 30. MameHeHMe BbICOTLI NoneTa no BpeEMeHU
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Puc. 33. NlameHeHue yrna TaHraxa no BpemMeHu

~o

18/25

100 150 200 250 300

50

no spemeHu (nonet Net y=1°)

~o

Puc. 32. 3ameHeHune yrnoBon CKOPOCTU TaHraxa
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Puc. 35. NlameHeHue yrna oTKNoOHEHNA pyris
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Puc. 34. NlameHeHue yrna ataku no BpeMeHu

0

]

| | | = |
I I i = I
| | | —=- |
I I | —— |
| | | ul“l’ |
I I I = I
| | | = |
o o o o o o o
N~ [lo] wn < ™ N ~
- - — - — — -~
B T T T T T
I I I I I I
I I | I I I
I I I | I |
N [ = N
I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I |
[~ (I T S T
I I I I I
I I —1 I I
I I = I I
o~ | | | =T | |
o I I I = I I
P [ N . R
I | I I | |
I I I I I I
= I I I I I I
I I I I
~ I I 1 I I
ol I I I = I I
Z o . T — R R R
| I I e | |
I I I i I I
m I I I I I
I I I I I
= | | | | | |
o I I I I I I
| | I I I |
c | I | | | |
S | I I — I
I I I I = I
I I I I E I
I I I I I I
I I I I | I
\\\\\ - ____t____L____ — l____
| I | | | ==
I I I I I =
I I I I I =
I I I I I |
I I I I I
I I I I I |
| | | | | | =
o o o o o o o o
o o o o o o o
N~ © Yol < ™ N ~

50 100

0

Puc. 36. AlameHeHune BbICOThI NnosieTa rno BpeMeHu

=0°)

Puc. 37. AameHeHne cKopoCTM noreTta no BpeMeHu
(monet Ne2 y
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Puc. 39. NameHeHue yrna TaHraxa no BpemMeHu

Puc. 38. N3ameHeHne yrnoBon CKOPOCTU TaHraxa
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Puc. 41. NameHeHue yrna OTKNOHEHNA pyris
(monet Ne2 y

20/25

=0°)

Puc. 40. NameHeHue yrna ataku no BpeMeHu
(monet No2 y
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Puc. 43. lameHeHne CKopoCTM NosieTa No BpEMEHMU

Puc. 42. \ameHeHne BbICOTLI NoneTa no BpeMeHU
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Puc. 45. NlameHeHune yrna TaHraxa rno BpemMeHu
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Puc. 44. lameHeHne yrnoBon CKOPOCTU TaHraxa

~o

=0°)

21/25 (monet Ne1 y

no sBpemeHu (nonet Ne1 y=0°)
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Pmc 46. \ameHeHne yrna atakn no BpeMeHu Puc. 47, ViameteHne yrria OTKIOHEeHUs pyns

(nonet Ne1 ¥=0°) (nonet Ne1 ¥=0°)
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O606LuEeHHbIE pe3ynbTaThl MOAENMPOBaHUS NpUBeAEHbI B Tabn.2-4. Buguwm,
YTO YMEHbLLEHWE yrna CTPENoBMOHOCTU Kpbifa AENCTBUTENBHO NPUBOAUT K POCTY
CKOponoAbEMHOCTU annapaTta. [JononHUTENbHO YMEHbLLATCHA NOTEPU TAMM
CUCTEMBI «BUHT B KOMbLE» U NPOAOsibHble KonebaHns, Bbi3BaHHbIE CPbIBOM
NoTOKa Ha pyne npu 6onbLKX yrnax OTKNOHEHUS.

22/25



Tabn. 2. Xapaktepuctuk annaparta Tabn. 3. Xapakrepuctuk annapata  Tabn. 4. XapakTrepucTuk annapara

npw y=2° npu x=1° npn x=1°
x=2° x=1° x=0°
nonet Ne1 Ne2 nonet Ne1 Ne2 nonetr Ne1 Ne2
Habop BbICOThI Habop BbICOThI Habop BbICOThI
AH, m 500 280 AH, m 500 485 AH, m 500 523
Vy, m/c 3.45 1.75 Vy, m/c 3.45 2.36 Vy, m/c 3.45 2.56
OB, rpan -11.5 -13 OB, rpaa -1.7 -8.5 OB, rpan -2.5 -3
a, rpaa 7 8.5 a, rpaa 6.5 7 a, rpaa 6.5 7
v, rpag 12 9 v, rpag 12 11.5 v, rpag 12 11.5
UdB, rpag -10 -10 UdB, rpag -6 -6 UdB, rpag -1 -1
rOpu3oHTasbHbINA MNOMAET rOpU30HTasrbHbIA NONET rOpu3oHTarnbHbIA NONET
OB, rpan -11.5 -15 OB, rpan -2 -3 OB, rpan 2 1.5
a, rpaa 4 4.5 a, rpaa 4 4 a, rpaa 4 4
Uds, rpaa -8 -8 Uds, rpaa -5 -5 Uds, rpaa -8 -8
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6 BbiBOAbI

B pesynkrate komnnekca paboT no moagenupoBaHuio aosmxkeHnsa bJ1A B
cpene MATLAB/Simulink 6b1nun pelueHbl cnegyowmne OCHOBHBIE 3a4auu:

1. CKOPPEKTUPOBaHbI a3poANHaMUYECKMNE XapaKTEPUCTUNKN U
XapaKTepUCTUKN CUINOBOW YCTaHOBKM annapara;

2. cdopmmpoBaHa MMUTaALIMOHHAsA MOAENN NPOAONBLHOIO YNpaBnsieMoro
OBUXXEHUs annapara Ansi CoOnpoBOXAEHNS NETHbIX UCMNbITAHUN;

3. BblpaboTaHbl pekoMeHaaLnn No YBENMYEeHUO0 CKOPONOAbEMHOCTH
annapara.
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bnarogapto 3a BHMMaHue !
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