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PEDEPAT

KeaniikayiiHa poboTta Ha Temy “CTpyKTypHa ifeHTuiKauisa 6araToByMipHOro
AVNHAMIYHOrO CTeHAa-imiTatopa KYyTOBWX MOMOXEHb MO KaHaly KpeHy” MICTUTb: 52
CTOp., 24 puc., 5 Tabn., 7 nitepatypHUX .LKepen.

OO6’eKT [OCNIA>XKEHHS — 6araToBUMIPHWIA AUHAMIYHWIA CTEHA-IMITaTOP KYTOBMX
MOJIOXEHD.

MNpeameT [AOCNIAXKEHHA — npouedypa NPOBeAeHHS iAeHTUdiKauil cTeHay-
IMiTaTopa no KaHany KpeHy.

MeTa poboTn — BU3HAYUUIM HAKI € BWAM CTEHAIB-IMITATOPIB, UMM BOHM
BIAPI3HAOTLCSA Bif CUMYNATOPIB, BU3HAUNTY AKI € &NTOPUTMM Ta METOAN I4eHTUIKaLT.
[ocnigntn T1a npoBecTn igeHTUikalito 6araToBUMIPHOrNo CTeHAa-imiTatopa 3a
KaHa/loM KpeHy. B pesynbtati igeHTUikayii otpumatn nepefasBasibHy (YHKLUIHO
CTeHAa, po3paxyBaTu CMeKTPasibHy LWIIbHICTb  HEKOHTPO/bOBAHOIO  30YPeHHS,
BU3HAYNTX  OWUCMEPCI0  Ta BIAHOCHY AWMCMEpCito  MOMUAKM  6aratoBUMIPHOIO
AMHaMIYHOro CTeHAa-imiTaropa.

MeToan pocnif>KeHHsA — MeToA4 CTPYKTYPHOI ifeHTudikauii  npu
HEKOHTPO/IbOBAHNX 30YPEHHSIX.

Y po6oTi NpoBefeHO JOCNIMKEHHA CTPYKTYPHOT iAeHTUdiKaLiT 6araToBUMIpPHOIo

AVNHAMIYHOro CTeHAa-iMmiTaTopa Mo KaHany KpeHy.

KAHAJT KPEHY, IAEHTU®IKAUIA, CTPYKTYPHA IAEHTU®IKALIA,
CrMNEKTPAJIbBHA WIIbHICTb, B3AEMHA CIrEKTPAJIbBHA LWI/BHICTb,
NOrAPNeMIHHO  YACTOTHA  XAPAKTEPUCTWKA, TIEPEOABAJIbBHA
PYHKUIA, ANCTIEPCIA MOMWNKWA, BIAHOCHA ANCTEPCIA NMOMUNTKIA.
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NMEPEJTIK YMOBHWX CKOPOYEHb
AMC — JnHamMiYHWiA CTeHS;
NA — NiTanbHWin anapar;
FMS — (Full Mission Simulator) rpynosi TpeHaxkepu;
FFS — Full Flight Simulator komnneKcHi TpeHaXepw 3 KofliMaLiiHAMK crucTeMamm
Bi3yasnisauii;
FTD - Flight Training Device KOMMNIEKCHI TPeHaXKepw 3 NPOEKLinH1MK crucTeMamu
Bi3yasnisauit;
FPTD - Flight Procedures Training Device npoueaypHi TPeHaXepwu;
KT/1 — KoMnnekcHi TpeHaxepu NiTakis;
MHK — MeTof HailMeHLUNX KBaapaTiB;
M3 — MeToa AOMOMIKHUX 3MIHHMX;
MM — MeTog MakcuMaibHOT NpaBAonoAi6HOCTI;

MCA — MeTop CTOXaCTUYHOT anpoKcuMaLit;



BCTYTI

Y 3B’A3Ky 3 TEXHO/OrYHUM MPOrpecom, POCTOM TOYHMX BUMOr [0 AKOCTI
OOPTOBMX HaBiraLuinHMX i KEPYKOUMX CUCTEM, B AaHWI Yac y npoLecax CTBOPeHHS abo
MOAEpPHiI3aLil CUCTEM | KOMMEKCIB, HEObXigHO 3A4iCHIOBATM TaK 3BaHi eTanu ix
AMHamivyHOT atecTauii. CeHc Takoi artectauii nonsrae B HacTyrnHomy. OO6’eKT
BUNPOOYBaHHA BCTAHOB/IOETLCA Ha [AMHAMIYHMIA  GaraTOMipHUIA  cTeHA-imiTaTop|
HaTYpHUX PYXiB PYyXIMBOro 06'eKTa B 3afaHOMy Kpencepcbkomy 06YpeHOMY pyci.
CurHanm, WO XapakTepusylTb 30ypeHuMid pyx o6eckta — Ue GaraToMipHWiA|
CTOXaCTUYHWI NPOoLEC i3 BiJOMUMM 3a pe3ynbTaTamn BUNpobyBaHb NPOTOTUMIB
06'eKTa AMHAMIYHUMUW XapaKTepucTKamu, [0 Npuknagy, MaTpuusaMy crnekTpaibHuX
| B3aEMHMX CNEKTPa/IbHUX LWiNIbHOCTENW BEKTOpa BUXIAHWX CUMHaNiB AMHaMiyHOrof
CTeHfa-imiTaTopa. 3a pesynbTaTamy eKCNepuMeHTY iAeHTUIKYIOTbCA  Mogeni
AVNHAMIKM 06’€eKTY, BK/IOYaK04un marpuui CNEKTPaIbHUX L iNIbHOCTEN
HEKOHTPO/IbOBAHOro 30yproBaHb, WO Ait0Tb Yy BUPOGI Npu 1MOro (yHKUioHYBaHHI B

ANHaMIYHUX yMOBaX, 6/1M3bKUX [0 iIMITOBAHUX Ha CTEHAI.

Posymitoun, WO, NO-nepLue, XBWIKOBaHHA OKeaHy (MOps) XapaKTepusyeTbCs
eNiNTUYHUM LUMKAIYHUM PYXOM YaCTUHOK BOAW 1, MO-ApYre, OKeaH HaCTI/IbKM MOTYTHSA
CTWXIiSl, WO HasABHICTb Ha MOro MOBEPXHi HaBiTb “TAXKKOro” Kopabns maidke HifK He
BN/MBAE Ha AMHaMIYHI XapakKTepUCTUKM  XBWIKOBAHHA CaMoro oOkeaHy (Mops).
BisbMeMO [0 yBarm TakoX Te, LIO MPW YacTOTHIA CMy3i KaHaniB [itovoro creHAal
npu6an3Ho 1 'y, To6To Ha NopAAOK OGiibLL BALLMIA, HIXXK OCHOBHA YacTOTa XBU/THOBaHHS
OKeaHy, Ana imiTauii “xutaHHA” Kopabnd Hemae MOTPedbU 3MIHIOBATU ICHYHOUY
CTPYKTYpPY YynpaBniHHA cTeHAoM. [1ng npoBedeHHA eTany CTPYKTYPHOT iI4eHTUdikawii
06’eKTa [OCMI[PKEHHA, MNOro 4aCTUH 3 YypaxyBaHHAM LIEHTPOBaHUX BUMALKOBUX
CUrHanIB «BXif-BMXig» HE0OXiAHO: NO-nepLue, 3apeecTpyBaTy 3a3HayeHi CUrHaau; no-

apyre, 3p06UTY NEPBUHHY 0OPOOKY 3apeECTPOBaHUX CUTHANIB i CKNAcTW CrEKTPasbHI i

R33EMHO COEKTNAOKHI

Kagegpa AKCY HAY 23.13.73.000 M3
BukoHae. €EnaziH [.A. Jlim. ApK. Apkyuwis
KepigHuk Epmornaesa O.B. | | 7 51
BCTYTI
HopmKoHm. AusHuy M.II. 151_401_Cy
3ae. Kag. MenoHuk HO.B.




WINbHOCTI; MO-TPeTe, anpoKCMMyBaTW OTpPWUMaHi  rpadiyHi  3anexHocti. [licns
NnpoBeAeHHA MEePBUHHOI 00pPOBKM BXIAHUX |1 BUXIAHWUX CUrHaniB 1 BigNOBIAHOI
anpokcMmMauii oTpMMaHuX rpaivyHMX 3aneXXHOCTEN CKMafeHO CNeKTpasibHi | B3aEMHI
CNeKTpasibHI LWiNIbHOCTI BEKTOpa BMXIAHWUX CUTHa/IIB KaHaly KpeHy TPUCTYMeHeBOro
CTeHJa-imiTaTopa KyTOBUX PYXIB.

PesynbTatn KBanigikayinHoi poboTu 6y anpoboBaHi Ha MiXXKHAPOAHI KOH(epeHL,iT
“MoniT 2023”

OG6’eKT A0CNIAXKEHHSI — 6araToBMMIpHWIA ANHAMIYHWUIA CTEH/-IMITAaTOP KYTOBUX
MOOXEHD.

MNpeameT [AOCNIA>KEHHA — npouedypa NPOBeAeHHS iAeHTUdiKauil cTeHay-
IMiTaTopa rno KaHany KpeHy.

MeTa poboTwn — BU3HAYMAM AKI € BUAW CTEHAIB-IMITATOPIB, UMM BOHM
BIAPI3HAKOTLCS Bif CUMYNATOPIB, BU3HAYNTY AKI € &NTOPUTMM Ta METOAM I4eHTUdiKauii.
focnigntn Ta npoBecTn ifeHTUMIKaUilo 6araTtoBUMIpPHOrO CTeHAa-imiTaTopa 3a
KaHa/loM KpeHy. B pesynbtati igeHTUikauii oTpumatn nepefasasibHy (YHKLIHO
CTeHfa, po3paxyBaTW CMEKTPabHY LWiMIbHICTb HEKOHTPO/IbOBAHOIMO  30YPeHHs,
BMU3HAUYMTL  OWCNEpPCit0  Ta BIJHOCHY [AMCNEpPCit0o  MOMWAKKM  6araToBMMIPHOIO
AVNHaMIYHOro CTeHAa-imiTaTopa.

MeToan pocnif>KeHHsA — MeTOA4 CTPYKTYPHOI igeHTUdikayii  npwu
HEKOHTPO/IbOBAHMX 30YPEHHSIX.

PesynbTat KBaniikauinHoi pobotn 6ynu anpoboBaHi Ha MiKHAPOAHIl

KOHMepeHUiT CTyaeHTCbKMX pobIT “MoniT 2023”.



PO34l1J11

SACANbHI BIAOMOCTI NPO CTEHAW IMITATOPU | CUMYNATOPU 1X
APUHLUWMA AIT TA 3BACTOCYBAHHSA

1.1 CknafoBa YacTHa CTeHAIB iMITATOPIB Ta iX BUKOPUCTAHHSA B PI3HUX rasy3sx.

CteHp imiTaTop (iHOAI TaKoXX Ha3MBalOTb TECTOBMM CTEHAOM) - Lie NPUCTPIn abo
cucTeMa, CTBOpeHa ANnA iMiTauil peasibHUX YMOB, MpoueciB abo CUCTEM 3 METOH
AOCNIIKEHHSA, BUNPoOyBaHHS abo HaBYaHHA. BiH [03BONSE CTBOPUTN KOHTPO/IbOBaHE
cepeaoBuLLe, LLLO HacNiaye peanbHICTb, ane B KePOBaHIii Ta 6e3rneyHiin opmi.

CTeHOM iMiTaTopy MOXYTb OYTW 3aCTOCOBaHI B PI3HMX Tany3ax, Takux §K
aBTOMOOI/NIbHa MPOMMCNOBICTb, aBiauif, MPOMUC/IOBE BUPOOHULITBO, MeAMLMHA,
eNeKTPOHIKa Towo. BoHU [103BONAIOTL BUNPOOYBaTK abo aHani3yBaTu pob0TY CUCTEM,
BIATBOPIOBATY peasibHi YMOBM abo po3ropTaTtu CueHapil, SKi MOXYTb 6YTU CKnagHUMK,
Hebe3neyHnMKM abo 4OPOrMMU B peasibHOMY XXUTTI.

CTeHgM IMiTaTOpy 3a3BU4Yall BK/IOYaOTb (I3WUHI  KOMMOHEHTWU, CEHCOpM,
aKTyatopu, nporpamMHe 3abe3rneyeHHs Ta ENIeKTPOHHY CUCTEMY KepyBaHHSA. BoHM
MOXXYTb CUMY/NIOBATK PI3HI NapameTpn Ta YMOBW, TaKi K pyX, Bibpauisi, Temneparypa,
CUW, peakuil Ha 30BHILUHI MOApPasHWKM TOLWO. 3a LOMOMOroK CTeHAIB iMiTaTopiB
IHKeHepwW, AOCNIAHMKN Ta HaBYasIbHI 3aKnagn MOXYTb

BMBYATW, aHanilyBaty Ta BLOCKOHa/OBATU PI3HI CUCTEMU Mepef iX peasibHUM
BUKOpUCTaHHAM. OCHOBHa nepeBara CTeHAIB IMITaTopiB MONArae B TOMY, WO BOHM
[03BONAKOTL NPOBOAUTU €KCMEePUMEHTU, TecT abo HaBYaHHS B KOHTPO/IbOBAHOMY
cepeaoBuLLi 6e3 pu3nKy Ana noaein abo peasibHUX 06'EKTIB.

CTeHAM IMITaTOPW MOXYTb MaTW Pi3Hi PiBHI CKNagHOCTI, Bif NPOCTUX MOAeNen 3
[eKifIbKOMa KOMMOHEHTaMW [0 CKNafHMX CUCTEM 3 UWUCNEHHWMM iHTepdeicamm Ta
(OYHKLIOHa/IbHICTIO. [lesKi CTeHAW IMITaToOpu MOXYTb OyTW nporpamMoBaHUMM, L0

[03BO/IFE HA/IALITOBYBATW Pi3HI CLieHapii Ta yMOBW 415 BUNPOOYBaHHS.

Kadegpa AKCY HAY 23.13.73.000 M3
Bukotaa. Engeit 4.A 3ArA/IbHI BIZOMOCTI MPO Jim. ApK. Apkywis
Kepisnux | Epmonaeea O.B. CTEHAMN IMITATOPU | [ | 10 51

CUMYNATOPU IX NPUHLLAM AT

HopmKoHm. Aueruy M.TI. TA 3ACTOCYBAHHHA 151'401'Cy

3ae. Kag. MenbHuK 10.B.




BOHM MOXYTb TakoX IMITyBaTU B32aEMOAII0 3 IHWMMKM CcUCTeMaMu abo
KOMMOHEHTaMW AN151 aHani3y TXHbOi CyMICHOI poboTu. B uinomy, cTeHAM imiTatopun €
MOTY>KHUMM IHCTPYMEHTaMu A/19 BUBYEHHS, BUNPOOYBaHHA Ta PO3POOKN Pi3HUX CUCTEM
I IPUCTpPOIB.

BoHM [03BONAOT:

Bunpobysatn Ta aHanizyBatu (QyHKUIOHaNbHICTL cuctemun: CTreHan
IMiTaTopy [03BONAIOTL IHXEHepaMm | AOCNiAHWKAM MNepeBipATM Ta TecTyBaTu poboTy
CUCTEMU Y KOHTPONbOBaHOMY CepefoBuLli. BOHM MOXYTb IMITyBaTK Pi3HI YMOBW,
noApasHUKM abo B3aEMOAII0 3 IHLLIMMW CUCTEMaMU A/1F BUBYEHHS peakLiil Ta OLiHKK
(PYHKL,IOHa/TIbHOCTI.

BukoHyBat aHani3 Ta onTtumisauito: CTeHAW iMiTaTopu [03BONAIOTH
NpoBOANTU  AeTallbHWUA  aHani3a  poboTM  CUCTEMM, BUSBNATM  npobnemn Ta
BLOCKOHa/0BaT 11 yHKLUIOHaNbHICTL. LLINAXOM MoAentoBaHHA Pi3HMX CLeHapiiB Ta
YMOB P0O60TH, iHXEHEPU MOXYTb 3HANTM ONTMMAa/IbHI HafalTyBaHHA Ta PilLleHHsA Ans
MONIMNLIEeHHSA CUCTEMMN,

HaBuyaHHA Ta HaBuuku: CTeHAM IMITAaTOPU BUKOPUCTOBYIKOTLCA A4
TPeHyBaHHA Ta OTPUMaHHA MPaKTUYHUX HABUYOK. BOHW [03BOMAKOTL CTYAEHTaM,
iH)KeHepam Ta ornepaTopaM O3HaMOMUTUCA 3 POOOTOK CUCTEMU, BUBUUTU TT DYHKLIT Ta
BUpiLIEeHHSA Npo6/ieM, L0 BUHMKAIOTD.

TecTyBaHHA Ta Bepuikauisa: 3a AONOMOroK CTeHAIB IMITaTopiB MOXXHA
BUKOHYBaTK BUMNPOOYBaHHA Ta Bepuikauito cucteMun nepef il BNpPOBaKEHHAM abo
BUKOPUCTAHHAM B peasibHUX yMoBax. Lle [03BONSE BUABUTUM MOX/MBI Npobiemu,
MOMUNKN abo HedonikuM i BHECTU BIAMOBIAHI 3MIHM 0O cuUCTeMM, 3abesnedyroum Ti
HafinHy poboTy.

EKoHOMIs Yacy Ta pecypciB: BUKOPUCTaHHA CTeH/iIB IMITaTopiB [03BOSE
3eKOHOMMWTW Yac Ta Pecypcu, OCKINIbKN EKCMEPUMEHTI Ta BUNPOOYBaAHHA MOXYTb BYyTU
npoBefeHi 6e3nocepeHbO Ha CTEHAI.

3acTtocyBaHHA CTeHfiB iIMITaTopiB LIMPOKI 1 pi3HOMaHITHI. Hanpuknag, B
aBTOMOOGINbHIA  NPOMUC/IOBOCTI  CTEHAWM  IMITaTOpPX  BMKOPUCTOBYKOTbCA  ANA

BUNPOOYBaHHSA Pi3HUX CUCTEM aBTOMOOINIB, TaKUX AK ABUTYHW, TPaHCMICIT, cucTeMu
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KepyBaHHA Ta 0e3neku. BOHW MOXYTb [OMOMOITA BUABUTKM MPO6GIEMM, OLIHWTU
e(DeKTUBHICTb, NPOBECTU AOCAILKEHHA Ta NOKPaLWNTN PYHKLIOHA/IbHICTb LUX CUCTEM.
Y MeauUUHI CTeHAM iMIiTaTopy MOXYTb BUKOPUCTOBYBATMCS ANS CUMYNAUIT (yHKLUIN
NIOLCbKOro Tifla ab0 KOHKPETHUX MeAMYHUX Npouesyp ANA TPeHYBaHHA Ta HaBYaHHSA
MeVYHOro nepcoHasny. BoHW [103BONAKOTL CTYAEHTaM Ta /liKapaM OTPUMATK NPaKTUYHI
HaBUYKN 6e3 pU3NKY ANA MauieHTiB. 3aCTOCYBaHHA CTEHAIB IMITATOPIB TaKOX MOXe
OyTV 3HaideHO B asiauii, BAPOOHWULTBI, €NEKTPOHILI Ta IHWKX rany3sx, e BaXK/MBO
BMBYMTU Ta TECTyBaTW POBOTY CUCTEM Ta KOMMOHEHTIB Mepes X BUKOPUCTAHHAM B

pea/ibHUX yMOBax.

1.2 BIiAMIHHICTb CTEH/IB IMITATOPIB Bif TPEHaXepIB.

TpeHaxep — 3aci6b Ha3eMHOI MiAroToBKM, WO fAa€ 3MOry AO0CTaTHbO MOBHO
MOAENoBaTN AisNbHICTb NbOTUMKA B NOMLOTI, YAM Mpuaae NpogeciiHoMy MUC/EHHIO
KypcaHTa UifiCHUIA XapakTep. Y nNpakTuLi TPEHaXEPHOro HaBYaHHS MepeBaXXHO
npodpecioHaniaMm po3rnafarTb i3 Mo3uLiT BAOCKOHaIEHHA CTPYKTYPU BUKOHABUMX
()YHKLIIA CTOCOBHO (DOPMYBaHHSA 3HaHb, YMiHb Ta HaBM4YOK. MeTOoAMYHMM 3MiCTOM
TPEHaXXePHOI MIArOTOBKM  3a/IMLLAETLCA  BiAMpautoBaHHA BUCOKOABTOMATU30BaHMX
HaBMYOK i 3aaaHNX (HOPMOBaHKX) Aii, a NeaaroriyHUM — AKiCTb BUKOHaHHS.

CTeHAN IMITATOPU | TPEHAXKEPU € CXOXMMU KOHLENUIAMK, ane € Aeski pisHuL B
X PYHKLIOHaNbHOCTI | 3acTOCyBaHHI. OCb KiflbKa K/Tt0YOBKX BiAMIHHOCTEA:

CTeHamM imiTaTopn 3a3BMYail BUKOPUCTOBYHOTHLCA A1 CUMYASLIT po6oTK
KOHKPETHMX CUCTeM abo MPUCTPOIB, TakKMX AK [ABWUFYHW, EEeKTPOHIKA, KepyBaHHSA
aBTOMOGiNAMM TOWO. BOHM [03BONAIOTL NEPEBIPUTU (hYHKLIOHA/IbHICTb, BUKOHYBATH
BUNPOOYyBaHHA Ta AOCNIMKEHHSA. TpeHakepwu, 3 IHWOro 60Ky, NpuU3Ha4YeHi Ans
HaBYaHHA Ta TPEHYBaHHS, 3a3BUYail Ha NPaKTUYHUX NPUKNagax abo cueHapisax.

TpeHaxepn 3a3BuYali CTBOPHOKOTL OifbLL peanicTUYHE CepeaoBuLLe, LL0O
3a6e3neynT MpakTUYHI HaBUYKM |1 TPeHyBaHHA. BOHM MOXYTb BUKOPUCTOBYBATM
BIpTya/lbHYy peasibHICTb, CUMYNIATOPM pPealbHUX YMOB ab0 >XWMBY IHTEpaKkLuito 3
QisnyHMMK npuctpoamn. CTeHAW imMiTaTopu, HesBaxaruu Ha Te, L0 BOHW MOXYTb

CAMYNOBaTM POBOTY pealbHUX CWUCTEM, He 3aBXAM CTBOPHOKOTb MOBHOLLiHHE
12



peaniCTUyHe cepefoBuLLE, a 30Cepe;pKeHi Ha TecTyBaHHI ab0o aHasi3i MeBHMX acrnekTiB
CUCTEMM,

TpeHaxkep MOXYTb OyTM 3HAYHO OifbWMMW  Ta  CKAAQHILIMMU
NPUCTPOSAMM, SKI MOXYTb BK/OYaTKM  (DI3UYHI  MOAeni  TpaHCMopTHMX 3acobis,
BIpTYa/lbHI CcepefoBuLla, iHTepdencn KepyBaHHA Ta 6araTo iHworo. CTeHan imiTaTopu
MOXYTb OYyTM MeHWUMKU Ta Oifibll Cnewiasni3oBaHMMKM, 30CepeKeHVMU Ha MEBHUX
acnekTax poboTu CUCTEMM.

CTeHgm  imiTaTopy  3a3BMYail  BUKOPWUCTOBYHKOTbCH B HAYKOBMX
AOCNIIKEHHAX, pPO3po6Li, BUMNPOOYBaHHAX Ta OMNTMMI3auil PISHUX cUCTeM. BOHM
[03BONAIOTL [HXeHepam | JOCMigHWKaM AOCNifKyBaTU Ta BUpillyBaTX npobremu,
MoB'A3aHi 3 KOHKPETHMMM KOMMOHeHTamy abo npucTposimn. Hanpuknag, CTeHAu
IMITaTOPU MOXYTb OYTW BMKOPUCTaHI ANs BMNPOOYBaHHA ePEKTUBHOCTI Pi3HMX TUMIB
ABUTYHIB, CUCTEM KepyBaHHS abo CeHCOopIB.

TakMM UYMHOM, X04a ICHYE MeBHE MEePekpUTTA MDK CTeHZamMu imitatopamu i
TpeHaXkepamu, X BUKOPUCTaHHA Ta (DYHKLIOHa/IbHICTL BapitooTbea. CTeHAW imiTaTopu
3a3BMYali CrpsiMOBaHi Ha PO3PO6KY Ta AOCNIMAKEHHSI CUCTEM Ta KOMIMOHEHTIB, ToAi AK
TPeHaXepwn HafaloTb NPaKTUYHE HABYaHHSA Ta TPEHYBAHHSA Ha peasliCTUYHUX CLEeHapIisX.
O6uasa Ui IHCTPYMEHTM rpatoTb BaXK/MBY pPOSb Yy po3pobui, BMMPOOYBaHHI Ta

NiAroToBLi A0 peanbHOro 3aCTOCYBaHHS Pi3HWUX TEXHO/ON i Ta CUCTEM.

1.3 O1HOOCLOBWIA, IBOXOCLOBUIA, TPLOXOCLOBUI Ta M’ ATUOCLOBUI iMITaTOPW.
OfHOOCbOBI CTEHAWN MNPU3HAYeHI AN1A CTBOPEHHSA iMiTauil KyTOBOI LUBMAKOCTI,
MPUCKOPEHHA 1 MO3MLIOBaHHA AN1A [OaTUMKIB KYTOBOrO MepeMillleHHs, Takux, fK
ripoOCKONY i aKkcenepoMeTpu. Y KOHCTPYKUii 6yab-AKOro CTeHAY MPUCYTHI 3a3Bu4al
Taki efieMeHTU, K NpeumnsiriHi, 3a3ganerigb HaBaHTaXeHI NIAWNMHUKA, NiaH-wanbta 3
M/IOCKOK MOBEpPXHEK 3 OTBOpaMW 15 YCTaHOBKM BUMPOOOBYBAHOr0 HaBaHTaXKEHHS,
KONEeKTOp AN NiABeAEHHS | 3HATTA CUTHa/TIB 3 HaBaHTaXXeHHS. CTeHAW NPUBOAATLCA B
PyX [ABUTYHamMy 3MIHHOrO i MOCTIMHOro CTpymy. [N 3HVKEHHS LiHW CTeHay
BUKOPUCTOBYETLCA TaKOX PEMIHHWA NPUBIA | KOHTPOMEP, WO MOXHa npuaoatu

OKpeMo.
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3a3BMyaini KOHTPOJIEPM OCTaHHLOrO MOKOMIHHA MOXYTb MpautoBatv B CUCTEMI
aBTOMaTUYHOrO  YNpaB/iHHA BWNPOOYBaHb, MPU  LbOMY BOHW  YNpPaB/sSETLCA
KOMM'HOTEPOM KOpUCTyBaya yepes iHTepdeiicn leee-488, abo Ethernet. Takox AOCTYIHI

[0LAaTKOBI ONUiT y BUrNs4i TeMnepaTypHOi Ta BaKyyMHOT Kamep.

Puc. 1.1 3oBHiwwHii Burnsg cteHgy BD 125.

Tabnuusa 1.1
XapakTtepucTtuka cteHgy BD 125

[liana3oH KyToBUX LWBMAKOCTEN |°/C 10 2000

MpUCKOpeHHs 6e3 HaBaHTaxeHHs°/c® 4200

TOYHICTb KyT. cek|1l

[BOXOCbOBUIA CTEHA IMITATOP - Le NPUCTPIA, SKUIA BUKOPUCTOBYETLCHA A1
CUMYNAUIT Pyxy TPaHCMOPTHUX 3aco6iB 3 ABOMa OCHOBHUMW OCAMW, TaKUMWU K
aBTOMOOINI, BaHTaXXIBKW, aBTOOyCK TOwO. Llen cTeHp imiTaTop [03BOMISE BiATBOPUTH
Pi3Hi PyXO0Bi CLeHapil i BNAMBaTK Ha TPAHCMOPTHWUIA 3aci6, W6 BUBUNTY AOr0 peakLito
Ha pi3Hi ymoBWu. Bennka TemnepatypHa Kamepa i BMCOKAa LWBUAKICTb OOepTaHHA €

HeoOXiAHVMMN YMOBaMU A1 BUTOTOB/IEHHSA AaTUMKIB | MiKPO-MeXaHiYHUX TipOCKOMIB.
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Puc. 1.2 isoxocboBuin cteHg DC 2267-TCM.

Tabnuua 1.2
Xapakrtepuctukn cteHga DC 2267-TCM
XapaKTepUCTUKn BHyTp. Bicb |30BH. BiCb
LLIBuAKiCTb °lc 1000 400
MpUCKOpeHHs °/c* 1000 80
TouHicTb, CbKO KyT.CeK.[1 1
Cwmyra nponyckaHHa [y, 45 25

TpbOXOCLOBUIA IMITATOP PYXY A€ MOX/IUBICTb IMITYBATU TPAEKTOPIHO MOSILOTY
J1A B peanibHOMY Yaci. TpbOXOCbOBI CUCTEMM NPU3HAYEHI /19 BUKOHaHHSA BUNPOOYBaHb
Ha TPbOX OCHAX OfHOYacHO. BOHM 3a3BMYali BMKOPUCTOBYHOTHCA A/19 KanibpyBaHHS
IHEPUIVHMX BUMIPHOBa/IbHUX MPUCTPOIB, IHepLia/ibHUX HaBirauiiHUX CUCTEM, KYpPCOBUX
CUCTEM | IHAMBIAYaANIbHUX IHEPLINHMX AaTYMKIB ANA PiHUX pyxommux o6’ekTiB. Onopa
MOXKe BIATBOpOBAaTM  KOAMBaHHSA CKopcbi ana imiTauil  pisHMX TUNIB  pyxy

(nepemiLLeHHsA 06°€KTa B MOpI, MONIT Ha BEPTO/LOTI TOLLO).
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Puc 1.4 Ctenpg BD 357-TCG.
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Tabnnyq 1.3
Xapaktepuctuku cteHgy BD 357-TCG

~ |CpegH.  [30BH.
XapakTepucTukm BHyTp. BICb | )
BiCb BiCb
LLIBMAKiCTb °lc 100 100 100
MpuckopeHHs  |°/c? 50 50 50
TouHicTb, CbKO |kyT.Ccek. |5 5 5
Kyt nosopoty  |° +185 +185 +185

[1BO- Ta TPUBICHI TPeHaXepu pyxy Ha AaHWi MOMEHT € HalnonynsapHiMMm
BUAaMN 00nafiHaHHA A4 TeCTyBaHHSA IHEPUINHUX CUCTEM HaBefeHHs. CuMynsaTop
MOXKe npautoBat B PeXxuMi MOo3MLIOHYyBaHHA, 36epiraloum neBHY KyTOBY abo
OpbiTa/lbHy LWBWAKICTb, 3 KAIMAaTUYHOK KaMeporo abo 6e3 Hel Ans TeCTyBaHHS
TepmMouMKNiB. Taknil BWUL MOAENOBAHHA ONTUMa/bHMIA Ha BCIX eTanax peasizauil
MPOEKTY CTBOPEHHS iHepLia/lbHUX HaBirayinHNX CUCTEM,

BK/IHOYAKOUN JOCNIAKEHHS, pO3P06KKN, BUPOBHULITBO, MOYATKOBI BUMPOOYBaHHS
Ta HaNaLLTYBaHHS.

AK npasuio, N’ATUOCLOBI TECTOBI CUCTEMW BUKOPUCTOBYHOTLCA ANS IMiTauil
NonbOTy 06°eKTIiB. Taki TeCTM 3HAYHO 3HVDKYKOTb BapTICTb (PaKTUYHOIO TECTyBaHHS
repeA noyaTkom BMPOOHMLTBA MPOAYKUiT. BaXKKi HaBaHTaXXeHHS BUNPOOOBYHOTLCA Ha
cTenaXkax, BMMarato4m BUCOKOT TOYHOCTI Ta ANHAMIKW B MOELHAHHI 3 NPUCKOPEHHAM Ta
LUBMAKICTIO. NSt UMX LiNein BUKOPUCTOBYHOTLCS FigpaBnivHi npuBoan i 6e3K0NEKTOPHI

eNeKTPOABUTYHMN.
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Puc.1.5 IT'aTnocboBa cMcTemMa HaniBHaTYpHUX BUNPOOYBaHb.

Tabnuusa 1.4.

XapakTepucTukm n'atnocbosoi cuctemm gipmm ACUTRONIC AG

XapaKTepuCTUKK Oga.i3m. |KpeH PuckaHHs | TaHrax |A3mmyT |[TigHeCceHHs
3cyB rpag MocTiHe | £60 +110 +60 +45
LLIBNAKICTb °lc 1,500 400 400 100 100
[MpuCKOpeHHA °/c? 32,000 |15,000 {15,000 |1,200 |1,200

CmMmyra nponyckaHHA
Hz 40 30 25 10 10
CepPBOKOHTYpa

1.4 OcobnMBOCTI KOHCTPYKLUIT Ta ANHaMIYHI XapaKTepUCTUKKU CTeHAa, Lo
BUKOPUCTOBYBaBCS Yy PoOOTI.

OfZHIE0 3 TO/IOBHUX YMOB, LLIO MPeAa’aBNA0TLCA 40 CydacHUX IMITaTopiB pyxy €
Halbifbla 6/M3bKICTb PyXiB, WO IMITYHOTbCA CTEHLOM, [0 pealbHUX PyXiB 0O'EKTY.
Taka 33agavya BUHWKAE MPU CTBOPEHHI KOHKYPEeHTHO34ATHWX IMITYHOUMX KOMMJIEKCIB
HaTypHOro Ta HaniBHaTypHOro MOJentoBaHHA. [nd  ynpaeniHHA  imiTatopamu
(AUHaMiYHMMK  CTeHZaMKn) B Cy4aCHUX YMOBax HeoOXifHI HOBI afropuTtMu, AKi

3abesneyarb OMTUMaJibHe 3HAYEHHA KPUTEPIAM  AKOCTI, TOOTO 3abesnedvartb
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MaKCUMasibHy TOYHICTb IMiTauil nporpamHUX pyxiB 3 ypaxyBaHHSAM CTOXaCTUYHUX
36ypeHb Ta 3aBaf, BMMiptoBaHb. Tomy Taki AMC imiTayii Heo6XigHO po3rnagaTv sk
CKnafgHi 6araToMipHi AMHAMIYHI CMCTEMM 3 BpaxyBaHHAM BMNAAKOBUX BMNAMBIB. HAK
noKasan TEeOPeTUYHI Ta eKCrepuMeHTa/IbHI BUMPOOYBaHHA, TOYHICTb O6ibLUOCTI
rPOCKOMIYHNX CUCTEM 3a/1eXKUTb BiJ PYXOMOro XapakTepy X YCTaHOBUMX MOJSIOXKEHb
Ha 60pTy nig yac pyxy. Kpim Toro, 6i/iblIiCTb (DaKTOPiB 3aHEMOKOEHHS, 3YMOBEHNX
TEXHO/IOTIEKD BUPOOHULTBA Ta OnepauinHUMK cucTeMamu, 3’ SIBNAKOTLCA NnLLe Y pasi
BUMaLKOBOrO  MepeMmileHHa MiCcUb  YCTaHOBKW. TOMY MakCUMa/IbHO  TOYHe
MOAENIOBAHHA peasibHUX YMOB (PyXy) € OCHOBHOKH BMMOMOH A1  Ha3eMHUX
BUNPOOYBaHb 60PTOBUX KiGEPHETUYHUX KOMIJIEKCIB.

OCHOBHOK 0CO6/MBICTIO 3aMpPONOHOBAHOIO CTEHAY € Te, WO BiH ABNSE COOOH0
ONTUMA/TbHUIA eIEKTPOMEXAHIYHMI (POPMYHOUUIA PINbTP, AKNIA NEPEeTBOPIOE CUTHAN i3
BeKTOpa MPOrpamMHOro CUrHasy B BEKTOP MeXaHIYHOro pyxy naargopmu.

Po3rnsHyTi 0C06/AMBOCTI KOHCTPYKUIT, NPUHUMN 41T 334aHOT 4aCTUHU CTeHAa
(ctoam BxoAuTb MnaTgopmMa B TPUCTYMNEHEBOMY KapAaHOBOMY MiABiCi, MO OCAM AKOro
BCTAHOB/IEHI [BWUTYHW 3 NpUBOAaMM | AaTuMKKM BUXIQHWX peakLin, nigcuntosadi
MOTY)XHOCTI) Ta MOro nNpuHUMNoBa cxema. 3 U0 OUiHKMA (DaKTy JIiHIapM30BaHOCTI
MoZeni 3afaHoi YaCTMHM CTeHAa | KOHKpeTu3auil napamMeTpiB AOUiNIbHO MPOBeAeHHS
eTany igeHTU®IKauii mMogeni AvHamiku cteHaa. Po3pob6neHi anroputMmn i MeTofmka
IAeHTU®IKAUIT npy rapMOHIMHMX BMAMBax, WO A03BONAKOTb OTPUMYBATU MOAENI
GaraToMipHUX eneKTpoMexaHiYHNX 06'EKTIB 3 ypaxyBaHHAM MeXaHiYHMX (iHepuiiHKX,
riPOCKOMNIYHNX) NepexpecHnX 3B'A3KIB.

CTeH, Mae ONTUMasbHY CUCTEMY YMpaB/iHHS, peali3oBaHy Ha aHasorosil
eNeMeHTHI 6asi. Lig X cuctema ynpaBniHHA TakoX MOXe OyTu peasizoBaHa i B
ANCKPETHOMY BUI/ISAI, OCKiJIbKM [iana3oH poboyMx 4acToT MNPOrpamMHuX CUrHasise
CTeHAA Ha MOPALKW HWKYe MOX/IMBMX YacToT AuckpeguTauii. Ond onTumanbHO
TOYHOrO MOZEN0BAHHA BUMAAKOBUX PYXiB JIA HABKO/O LEHTPY Mac y XaoTUYHOMY
pyci 3anponoHoBaHo DMS, i Ti CTPYKTYpHY Cxemy nokasaHo Ha puc. 1.6.

Ocob6nueicTio 3anponoHoBaHOl DMS € Te, WO Ti CTPyKTypa fBMASE CO60KO

ONTUMA/IbHUIA  e/IEKTPOMEXaHIYHMIA ~ (hopMytoumini -~ iNbTP, SAKKUKA  6e3nocepeHbO
19



NMepeTBOPIOE BEKTOP «O6INOro» LWymy B 3anporpamoBaHuiA NAaThopMOoK BEKTOP

MeXaHIYHOro pyxy BiAMOBIAHO 3 peasibHUM KYTOBUM PYyXOM CyAHa B XOL0BOMY PeXUMI.

TOYHICTb MOZENtOBaHHA MIABULLYETHCA 328 PaXyHOK BpaxXyBaHHS (DaKTUYHOI AMHAMIKU

3a3HaYeHOl MeXaHIYHOI CUCTEMW, AUHAMIYHMX XapaKTepucTUK 30ypeHb Ta 3aBaj

BUMIpPHOBaHb.
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Puc. 1.6 CtpykTypHa cxema DMC.
ne 1, 2, 3 —3agatodi reHepatopu wymy; 4, 15 — 6710KM CUCTEMU YNPaB/liHHS;
5, 6, 7 — nigcuntoBadi NOTYXXHOCTI Ta Hanpyru; 8, 9, 10 — BUKOHaBYI ABUTYHN;
11 — nnatopma cTeHAa; 12, 13, 14 — gaTumKm 3BOPOTHUX 3B’ A3KIB;

16 — peectparop a6o MEOM.
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1.5 ABiauinHi nporpamHi CUMYIATOPU, WO BUKOPUCTOBYIOTLCA [J15
NiAroTOBKW MPOgeCimHNX JIbOTUUKIB.

[MporpamHi  CUMyNATOpU  MNOAINAKOTL  Ha  MpouefypHI Ta  KOMMJEKCHI.
MpoueaypHWUA aBiauiiHAA CUMYNATOP MPU3HAYeHWIn Ans MPOMEeCiMHOT NiArOTOBKM
NbOTHOrO cKnagy. Lle TexHiYHWiA 3acib HaBYaHHS, WO Aae 3Mory hopMyBaTh HaBUYKM
Ta BMiHHS, HEOOXIiAHI B pea/lbHNUX YMOBaX AiANbHOCTI NbOTYMKA. BiH Mae Taki OCHOBHI
B/IACTMBOCTI: IMITaLif Ha CUMYNATOPI OKPEMUX (PparmMeHTIiB YMOB peasibHOT AifNbHOCTI
NbOTYMKA; MOXMBICTb BifgnpautoBaHHS OKpemmx orepauiii i gii peanbHOI po6oTu
NbOTYMKA 3 06/1aAHaHHAM KabiHW; MOXMBICTb 06’€KTMBHOIO KOHTPO/IO pe3ysnbTarTiB
yCiX onepawiin, WO BiANpaLbOBYHOTLCA Ha TPeHaxepi, Ta Ai i3 BOKY IHCTPyKTOpa.
MpoueaypHi cumynaTopn 3abesnevyroTb HaBYaHHS KOHKPETHUX Aiid, Hanpuknag
KepyBaHHSA NiTakoMm, ABUTYHOM W aBialiiHAMW LUTaTHUMW CUCTEMAMW, KePyBaHHSA
pafioeneKTPOHHUM yCTaTKyBaHHSIM, 60MOBOro 3aCTOCYBaHHS TOLLO. K npaBuno, Yy ix
CKNag BXOAATb AWCNEWHI IMiTaTopy NpWNagoBMX AOLWOK Ta imiTatopu BaxeniB
KepyBaHHS, AKi 332 CBOIMW TPAHUYHUMWU MEPEMILLEHHAMMU, XapaKTepucTMKamm
3aBaHTAXEHHS 1 TaKTU/MIbHUM BifyyTTAM BIAMNOBiAat0Tb peaslbHUM Ha BCiX eTanax i
pexrmMax nosboTy. YacTuHa npunagis, Wwo 6e3nocepefHb0 HaseXarb [0 BUKOHaHHS
onepawii, — peanbHa.

KoMnnekcHWin  aBialinHAA  CUMYNATOP peaidye HaBYaHHA aHanoriyHo [0
NnpouUeiypHOro CUMYNATopa, afe Ha [O0CKOHaMiWOMYy pPiBHI i BOJMIOMIE TaKMMM
OCHOBHVIMM BfIAaCTUBOCTAMU, AK MaKCUMasSIbHE HAOVXKEHHS YMOB LiSNIbHOCTI SIbOTYMKA
Ha CUMYNATOPI [0 YMOB peasibHOT AiSNIbHOCTI B NO/MbOTI; 3a06e3neveHHs BiAnpawtoBaHHS
Ha CUMynATopi B LINOMY BCIX 3aBfaHb peasibHOl AIANbHOCTI NIbOTUMKA, AKY BiH
30INCHIOE B NOMbOTI; 3a6e3neUeHHst MOX/INBOCTI 06’ EKTMBHOIO KOHTPO/IKO pe3y/bTaTiB

BUKOHaHHA BCIX 3aBfaHb, LL{0 BiANpaLboBYHOTLCA.
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Puc. 1.7 3oBHiwHiin Burnsg FPTD TpeHaxepa.

KOMNNEKCHWIA CUMYNATOP — HaNBULLIMIA PiBEHb TEXHIYHMX 3aC00iB HaBYaHHS A1
NiAroTOBKN NbOTHOMO CKNafy, a TakoX e(heKTMBHWUIA 3aci6 NiATPUMKM HAaTPEHOBAHOCTI
NbOTYMKIB. KOMMNIEKCHMIA CUMYNIATOP BIATBOPKOE peasibHUI [HTep’ep KabiHu i [ae
MOX/IMBICTb BifNpPaLtOBaHHS BCiX 6e3 BUHATKY PeXuMIB eKcrnayatauii fiTaibHOro
anapata. CvMynsaTopy HalBULLOINO Keasli(pikaliAHOrO PiBHA MarOTb MOBHWIA HabIp

3ac00iB, WO 3a6e3neyyoTb afeKBaTHY [it0 Ha BCi KaHa/IM CIPURHATTA KypcaHTa.
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ABiaLiiiHi TpeHaXXePHI KOMMNIEKCKM MOXHA PO3A4IINTA Ha YOTUPW OCHOBHI rpynu:
Full Mission Simulator (FMS) — rpynosi TpeHaxepu; Full Flight Simulator (FFS) -
KOMIM/IEKCHI TpeHaXkepn 3 KofiMauinHuMu cuctemamu Bisyanisauii; Flight Training
Device (FTD) — KOMMMeKCHI TpeHaXepu 3 MPOEKUiMHUMW cucTeMaMmn Bisyanisauii;
Flight Procedures Training Device (FPTD) - npoueaypHi TpeHaxepn. KabiHa
KOMM/MIEKCHOIO TPEHaXepa BWKOHYETbCA Y BUMNAAI peasibHOT KabiHW niTaka. Ha
KOMM/IEKCHI TPeHaXKepyn BCTAHOB/IHOKOTLCA NepefoBi cuctemu Bisyanisauii. MNpouenypHi
TpeHaxkepn (FPTD) npusHayeHi [Ans  BignpaubOBYBaHHS  eKimaXem npoueayp
MiArOTOBKN I BMKOHAHHA MONLOTY. Y TpeHakepax TakKoro Mpu3HayYeHHs MynbTw,
npunagnm 1M opraHn ynpaeniHHA 3BUYaHO IMITYHOTbCSA 3@ [AOMOMOIOH) CEHCOPHUX
MOHITOpIB. [Na 3pYy4YHOCTI OKpemi NynbTWU Ta OpraHy YynpaefiHHA MOXYTb OyTu

npeAcTaBfieHl y BANA4I MOBHOPO3MIPHUX MaKeTIB.
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Puc. 1.10 Trnosa KOHCTPYKUiA FMS moayns, Wo BUKOPUCTOBYETLCA Y NiTakax AHTOHOBA.

Puc. 1.11 FMS TpeHaxep Ans NinoTiB 60/0BOro nitaka n’sToro nokoniHHa F-35.
pynosi TpeHaxxepn (Full Mission Simulator — FMS) npusHaveHi Ans
BiAMpaLboBYBaHHA rpynoBmx 6o0MoBMX fiA. BoHWM 06’efHaHi B €AMHY Mepexy 3a
aoriomoroto iHTepdeiicy HLA, SiKnil aae 3mory noegHyBaTu Pi3HOPIAHI TpeHaxXepn —

aBiauiiiHi, TaHKOBI, apTUepPiACbKi M iHWI. KOMMNNeKCHUMU TpeHaXepamun fiTakis
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(KT/1) Ha3uBalOTb TPeHaXkepw, Lo, 3a3BW4ail, 0bnafHaHi CUCTEMOKO PYXIMBOCTI. Lle

TPEHaXXepPU HaliBULLIOTO PiBHS.

BucHOBKM 10 po3giny.

B ubomy posgini 6yno BM3HA4YeHO, LLO Take CTeHA-IMITaTOp Yy Cy4vacHOMY
PO3YMiHHI LibOro C/10Ba Ta NPUHUMM MOro poboTu, AeTaslbHO PO3ISAHY/IM OCHOBHI BUAM
ANHAMIYHUX CTEeH/iB-IMITAaTOPIB KYTOBMX MOMOXeHb (OAHOOCLOBWIA, [1BOXOCHOBUNA,
TPbOXOCbOBWI, M’ ATUOCLOBUIA) Ta A€ BOHW BUKOPWUCTOBYHOTLCH, WO SABMSE COOOHO
HaBYa/IbHWI  CUMYNATOP Ta MOro BIAMIHHICTb Bif CTeHAa-iMiTaTopa, a TaKoX
PO3rNAHYBWN CTPYKTYpHY cxemy DMC (Puc 1.6), BU3HA4YWAN KOHCTPYKUiMHI
0Cc06NMBOCTI Ta 3arajibHy iH(opMauito npo AWHAMIYHWWA CTEeHA-IMITaTop KYTOBMX

MOOXEHb SIKMIA BUKOPUCTOBYETHLCA MPU CTPYKTYPHIN ifeHTU IKaLLiT.

25



PO34lJ1 2

METOAN TA ANTOPUTMU IAEHTUDIKALLIT
2.1 OCHOBHI NOHATTA NPO igeHTUgiIKaLito Mogeni Ta 06’eKTa.

B pgaHuit 4yac npo6Gnema CTBOPEHHSI MaTeMaTUYHMX Mofene 06’eKTiB
TEXHOMNOTIYHUX, EKOHOMIYHUKX | MPUPOLHUX MPOLECIB € OAHMM 3 OCHOBHUMX HanpsMKIB
HayK/ 1 TeXHIKM - MOJentoBaHHA. Lle MOACHIOETHCA TWUM, WO MaTemaTUyHi Mogeni
00’EKTIB LUMPOKO BMKOPWUCTOBYHOTLCH SK MPU CTBOPEHHI CUCTEM YMNpPaBiHHA LMK
06’ekTamm, Tak i npu ix ekcrnyatauii. O6’eKTM Ta CUCTEMM SBNAKOTL COOOH0
CYKYMHICTb (i34HUX Tin, SKi 6e3nepepBHO B3aEMOAIOTb OAMH 3 OAHUM | 3
HaBKOMMLLHIM cepefoBullem. [MobyayBaTn MatemaTMyHy MOAeNlb 06'eKTa MOXXHA
KiflbKOMa MeTodaMu: aHaniTUYHWUIA, eKCnepuMeHTalbHUA Ta  eKCnepuMeHTaIbHO-
aHa/TI TUYHWNA.

MeTo/ aHanizy nondrae B OTPUMaHHi MaTeMaTUYHOro Onucy 06’eKTa Ha OCHOBI
3aKOHIB (i3nKK, MexaHiKu, XimiT Towlo. Takuin nigxig Aae 3a40BifbHI pe3ynbTaTy,

AKLLO NpeaMeT, WO Po3rnafaeTbCs, Mae AOCUTb NPOCTY CTPYKTYPY i A06pe BUBYEHMA.
AKL0 00°€KT BUBYEHUIA HE [0 KiHLA ab0 HaCTINIbKN CKNaAHWIA (K PO3rNsaHYTUIA B

AaHi AMnnoMHiiA poboTi), Wo onmnc Moro aHasnizy MateMaTUYHOK MOJENHO

MPaKTUYHO HEMOXKNIMBUIA, OYAYTb BUKOPUCTAHI eKCNepUMEHTa/IbHI METOAMN, CYTb AKUX
nonsarae B TeXHONOrii CTaTUCTUYHOI 00pobKM pdaHMX. 3a [0NOMOro  MeToay
eKCMepUMeHTaNIbHOro aHanily aHaniTUYHO OTpPMMaHa anpiopHa MoAesb 3aBepLUYETHLCS

Yy BiAMOBIAHNX EKCepUMeHTax.

Po3rnsHemo [oknafHile BNAvMB cepefoBulla Ha 00’eKT. CYKYMHICTb TaKuX
BMN/MBIB HABKO/MLLIHLOIO CBITY Ha OO'€KT MOXHa pO34iIMTKM Ha ABI rpynu 3a
XapakTepom BIMMBY CepefoBULLA HA MepeTBOpPeHi CTaHM o06’ekta. [Mepwa rpyna

BK/1KOYAE BM/IMBK, AKI 40AATKOBO 3MIHIOKOTbL CTaHM TpaHcqopmaulii.

Kadeapa AKCY HAY 23.13.73.000 M3
BuKoHas. €nazin 4.A Jlim. Apk. Apkyuwis
KepigHuk €Epmonacesa O.B. METOAVI TA | | 26 51
AJNTOPNTMW
HopmKoHm. AusHuy M.TI. . 151'401'Cy
3a6. Kacp. MesbHuK 10.B. IJEHTN®IKALLII




Lle 03Hauae, Lo curHaau, nNponopuiviHi uum edekrtam, 40Aa0TbCA 10 CUrHanIB,

NPONopLiiHNX BIAMOBIAHNM 3MIHHUM CTaHy.

Puc. 1.1

Puc. 2.1 B3aemogis 06’eKTa ynpasniHHA 3 HABKO/IMLLHIM CepeoBULLEM.

Mepexig Big etany nobyaoBu MoAeni A0 1i 3aCTOCYBaHHA BMMarae OLHKY
AKOCTI OTpMMaHOT Mofeni, TO6TO NnepeBipKY aaekBaTHOCTI mogeni 06°ekTy, abo Ti
IAeHTUiKauil. 3po3yMino, WO MOAeNb He MOXe MOBHICTIO CriBnagaTn 3 06°€KTOM,
TOMY OCHOBHOK YMOBO afleKBaTHOCTI MOZeNi € MOXX/IMBICTb 3aCTOCYBaHHS OTPMMaHOI
MOAeni AN po3B’sA3aHHA TOI 3ajadi, 33418 Kol mogens Oyaysanack. CTyniHb
afleKBaTHOCTI Mogesii Ta 06°eKTa OLIHIOKTL LUIAXOM MOPIBHAHHA X BUXIAHUX CUTHASIB
npu nofadi 0fHaKOBMX BXIAHWX CUMHaNIB Ha 06’€KT i 1MOro mogenb. Lle nopiBHAHHSA

BKNaAaeTbCs B HACTYMHY CXEMY:

| 00 exT nle) |
u ”I Bexrop . |

I napamerpie b

L o — | s el yir)
~Mogpens
B —Vis (1) elr)

em'op. M . -
napameTpis _f

Puc. 2.2 Cxema cnoctepexeHb npu igeHTUgIKaLii.
MeToan Ta anropuTMun igeHTUIKaLiT BMKOPUCTOBYHOTHCA O/19 BU3HAYEHHS

XapaKTepUCTUK 06’'ekTa abo CMCTEMU Ha OCHOBI CMOCTepeXyBaHMX AaHux. Lii meTtoam €
27



BaXX/IMBMMM THCTPYMEHTamM1 B 6GaraTbOX 061acTsAX, BKIHOYaouuM 0OPOOKY CUrHanis,
aBTOMaTU4YHe KepyBaHHS, MalLMHHe HaBYaHHA Ta CTaTUCTUKY.

MeTtoan igeHTMikayli - uUe 3arasbHi  cTpaterii  abo nmigxoaw, AKi
BUKOPUCTOBYIOTLCA A1 BUPILLEHHS 3afadi igeHTudikayii. BoHu HafaloTb paMku Ans
nobya0BK a/irOPUTMIB iAeHTU(IKALIT Ta BU3HAYEHHS KPOKIB NpoLecy.

AnroputMu igeHTUQIKaLii - Ue KOHKPeTHI KpoKuM abo npoueaypn, Aki
BUKOHYIOTbCA A1 BUKOHAHHA 3aBAaHHA igeHTudikauii. Lie MoXyTb O6yTh mateMaTUYHi
MoAeni, ONTUMI3aLiiHi anropuTMm, CTaTUCTUYHI METOAM, PEKYPCUBHI Npoueaypn Ta
6araro iHLIOroO.

MeToau i anroputmn igeHTU@IKaLii MOXYTb BapitoBaTUCA B 3a/1eXKHOCTI Bif,
TUNY CUCTEMW, AOCTYMHUX [aHWX, MNPUNYLEeHb MPO MOAenb Ta 6aratbOX IHLUKX
(hakTopiB. OCHOBHI KPOKW Mpouecy ifeHTUdikayii BKIYatoTh 30ip AaHuX, NobynoBy
MOZeni, OUiIHIOBaHHA napameTpiB, MepeBipKY afeKBaTHOCTI Mogeni Ta, npw

HeobXi4HOCTI, MoAM(iIKaLito Mogeni.

2.2 OCHOBHI 3agadi igeHTudiKawil.

Po3rnsHemo pi3Hi NOCTaHOBKM NPOG/IEMU TOTOXHOCTI. HAK 3a3Havasocs BULLE,
3ara/loM 3aBflaHHs ifeHTUiKalii nonsirae y BM3HAYeHHI orepatopa 06’eKTa, KW
NMepeTBOPUTL BXIAHI BN/IMBY Ha BMXIiAHI. B 3B'A3Ky 3 LM BUAINATL 3a4a4i CTPYKTYPHOI
I NapamMeTpUYHOT igeHTUgIKaLil .

Mpn CTPYKTYPHIN igeHTUdiKalil BU3HAYAETLCSA CTPYKTYpa i TN onepaTopa
00'eKTa, IHaKWe Kaxyyu, BuA MaTemaTMyHOI mogeni o6'ekrta. llicnd BU3HAYeEHHS
mMaTeMaTU4YHOI MOAeni 06’eKTa MPOBOAMTLCA BM3HAYEHHSA MapameTpiB, fKe BK/IHOYAE
BWU3HAYEHHA YMC/IOBMX MapamMeTpiB MaTemMaTuyHO! Mogfeni. 3aBfaHHA pOo3ri3HaBaHHS
CTPYKTYpU NONArae B MNPeACTaB/eHHI peabHOro 06’€KTa YNpaBiiHHA Yy BUMNALI
mMaTeMaTU4HOI mMogeni. KOHKPeTHWIA BMGIp MaTemMaTUUHOT MOAeNi 3aneXxuTb Big Tuny
o6'ekTa. PiweHHa Bulle3rafjaHMx 3afady igeHTUdiIKauii 34IACHIOETLCH MeTOAaMu
napameTpMyHOi W HenapaMeTpuyHOT igeHTUdiIKauil. Mpu BUKOPWUCTaHHI MeTOAIB
napaMeTpuyHOl igeHTUIKaii Bigpasy BM3HAYatOTbCA KOe(iUIEHTM MepeaaTHbOTl

(yHKUIT abo piBHAHHA o06ckTa. [lpyra rpyna MeToAiB BWUKOPWUCTOBYETbCA A4
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BW3HAYEHHSA YacoBUX ab0 4YaCTOTHUX XapaKTEPUCTUK 06’EKTIB, a TaKOX XapaKTepucTuK
BUMaKOBUX MPOLLECIB, L0 reHepytoTbcA 06'ekTamu. 0 OTpUMaHUM XapaKTepucTuKam
MOTIM BM3HAYalOTbCA nepedaTtHa (QyHKUiA abo piBHAHHA 060'ekTa. Y Leil uac
MOLUNPUANCE METOAM NapameTPUYHOT igeHTUIKaL T

MapameTpuyHa igeHTUdikalis mogeneil 06'eKTiB A03BONSE Bigpasy 3Haxo4nTw
3HaYeHHA Koe@iuieHTiB Mofeni 06'eKTa 3a BUMIPHOBAHUM 3HAYEHHAM KepOBaHOro Y i
Kepyro4oro u curHasis o6’ekta. Mpu LuboMy nepeabdayvacThbes, WO CTPYKTYpa il MopsgoK

mMogeni 06’eKTa BXKe BiOMUIA.

2.3 LLinpoko Bigomi Nigxoam i MeToan ifeHTuUdiKaLil.

B octaHHI  gecatuvpiyya  NpUAINAETbCA  BeNMKa  yBara  MUTaHHAM
eKCNepUMEHTa/IbHOr0  BM3HauYeHHA (igeHTudikayii) Mogenerd AMHAMIYHMX CUCTEM
ynpaB/iHHA Ta X TAHOK TOMY, L0, AK NpaBu/Io, anpiopHa iHhopmMaLis Npo BacTUBOCTI
CUCTEM, L0 AOCNIMKYHOTLCA, Ta peasibHI YMOBM X PO6OTU € HEMoBHOK abo B3arasii
BIACYTHbLOI. Y 3B'A3KY 3 LM BUHWKAKOTb BE/IMKI TEOPETUMYHI | NPaKTUYHI TPYLHOLLI
npu nobyaosi ONTUMaNbHOI 3 TOYKM 30pY TOYHOCTI CUCTEMM KepyBaHHA. Tomy
HeoOXifHO 6yn0 onucatn cMcTemMy Ta AUHaMIKY MigKIHOUYEHHS HA OCHOBI JaHUX «BXif-
BUXiA», AKI BIGHOCHO /Ierko MOXXHa OTpumaTty Mif 4yac TeCTyBaHHS.

Y po3rngHyToMy BMNagKy iHopmauito Npo AMHamiYHI BNaCTUBOCTI BXIAHUX |
BUXIAHWX CUTHaNIB LOCNILKYBaHOT CUCTEMM MOXHA OTpMMAaTK 6e3nocepeaHbO Mif yvac
TecTyBaHHSA Ha OCHOBI BMMipHOBaHb 3 30ypeHHAMU, TOOTO He € ifeanbHUMN.

Bumora CTIMKOCTI 06’eKTa, WO [AOCNIMKYETbCA, € He0oOXigHOW, ane He
YXOPCTKOK TOMY, L0 ICNUTK NPOBOAATLCA 3 eKCr/yatoBaHMK 006°eKTaMu, AKIi MatoTb
BiAMOBIAHI 3acobm X cTabinizauii. 3po3ymMino, WO BUKOPUCTAHHA NIHINHUX MOAenen
ANHaMIKM 06’eKTa JOMYCTMMO, 0COB/IMBO Ha PaHHIX eTanax AoCNipKeHHSA. HAK npasuso,
30BHILLHI 36YpPeHHS Ha JOCNiAKYBaHMIA 06’ EKT He MOXXHa KOHTPO/OBATMU.

2.4 OCHOBHI MeTOAN CTPYKTYPHOI IA4eHTUIKauii.
MeTog HanmeHwmnx keagpartieB (MHK) — ue matemMaTtu4yHWin MeTOf, SKWM

MiHiMi3yBaTK CyMYy KBafpaTiB BifXW/NeHb MEBHUX (PYHKLUiM Bif LIyKaHWX napameTpis.
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loro  3acTocoBylOTb  Anf  PisHMX  Linell, 30kpemMa, AN anpokcumauii
eKCMepUMeHTa/IbHUX AaHNX NEBHOK (PYHKLIEH.

PeKypeHTHWI anropmuTm MeTofy HaimeHwwnx keagpatis (MHK) peanisyeTtbcs B

HaCTYMHI NOCNiJOBHOCTI:

1. 3aal0TbCsA NOYATKOBI 3HAYEHHS BEKTOPaA OLIHOK napamMeTpiB Moeni i

BekTopa fgaHux: #(0) =0; P(0) = « ;

2. BMpo61st0TbCa BUMIPU BXIAHOTO i1 BUXIAHOTO CUrHasiB 06’eKTa, | POPMYETHLCH
HOBW BeKTOp faHunx: W(k + 1);

3. O6umcnroeTbCA BeKTOP Kopekuil : ¥ (k);

4. MNepebyBae HOBa OLiHKa napameTpis: #(k + 1);

5. O6uncntoeTbea HoBum BekTop: P(k + 1);

[ng npoMmncioBnx 06'eKTIiB XapaKTepHa KOpPenboBaHICTb B Yaci WYMIB, WO Ail0Tb
Ha 00'eKT.

MeTog LONOMDKHUX 3MiHHUX (M/3) BUKOPUCTOBYETLCA, KOW ICHYE KOpenayis
MK curHanom wymy e(k) i enemeHTamu Bektopy. AdaHux P(k + 1) i mogenb 06'ekTa 1
LUYMY NpefcTaB/eHa y BUrNsS4l MOBHOT MOAENI:

B D
y(z) = %Z_HH(Z) + %e(z).

ANropuTM igeHTUgikayii no Metogy AOMOMDKHUX 3MIHHUX aHa/IoriyHum
anroputMy MHK. M3 [03BONSE 06YMCANTM TiNIbKU OLIHKMA NapameTpiB 00'eKTy
IJeHTUIKaUIl. Y ToMy BuMMagKy SKWO MNOTPIOHI OUiHKM napameTpiB  Mogeni
(hOpMYHOHOro (ifibTpa WyMy MOXHa ckopuctatuca MHK.

MeTon MakcuMmasibHOT npasgonogioHocTti (MMI) nondrae B TOMy, WO B
AKOCTI OUiHKM napameTpiB 6 6epyTbCA TakKi TXHI 3HAYeHHA, MpU AKUX QYHKLIA
npaBAoMoOAIOHOCTI  AocArae  CBOMO  MakCUMyMmy. MeTog ~ MakcuMManbHOT
npaBAonoAIOHOCTI Jae TOW >ke BMpas AN1a (PYHKUIT BTpaT, WO I METo[ HanMeHLnX

KBaparis:
N
I~ .
L(O) = EZ e? (k)
k=1
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OCKIifIbKM Yy (DYHKLit0 npaBaonofibHocTi (PyHKLi0 BTpaT) napameTpu Mogeni
BXOAATb HENIHINHO, Te ANS TXHIX OUIHOK HeoOXigHO MiHIMI3yBaTU (PYHKLiO BTpar
BUPILUMBLUN CUCTEMY HeNiHIMHMX anrebpaiyHnX piBHSAHbL. Ha BigMiHy Big MeToay
AOMOMDKHUX 3MIHHUX Yy MeTOAI MakCMMasibHOT MpaBAOMNoOAIOHOCTI BEKTOP AaHuX
KOpPEesoe 3 MOMUIKOK i4eHTUdikauir.

MeTog ctoxacTuyHoi anpokcumauii (MCA) po3pobneHuii ans BU3HAYEHHS
KOpPiHb PIBHAHHA, KOAW 3HAYeHHA (YHKUIT Npy 334aHOMYy 3Ha4eHHI aprymeHTy
cnocTepiraoTbca 3 nepewkogoto. MCA nerko nepeHocMTbCs Ha 3afadi BU3HAYeHHS
napameTpiB B CTOXaCTUYHUX CUCTEMAX B YMOBaxX MOCMIAOBHOI0 OfepXaHHS OLiHOK
(peKypeHTHa igeHTugIKaLig).

Heponik MCA — noBinbHa 36DKHICTb OLiHOK 8 (k) , HaBiTb aKwo aucnepcis e(k)
ictoTHO MeHwe aucniepcii y(K). Hessaxaroun Ha MOBINIbHY 36DKHICTb  OLIHOK,
anroputmn MCA 4yepe3 CBOKHO MPOCTOTY 3Hax0AATb 3aCTOCYBaHHA Y MNPaKTUYHUX
3afavax ifeHTUgIKaUil NIHIMHUX 1 HeNiHIMHUX Mofeneit 06G'eKTIB 3 HEe3a/IeXHUM
afiTUBHUM LLYMOM.

2.5 3agadi CTPYKTYpPHOI igeHTUiKauii Mogeneit AMHaMiKKA NiHINHOIO
CTaLioHapHOro 06’eKTY NPV HEKOHTPO/IbOBAHNX 30YPEHHSX.

Mig 4ac  eKcnepuMMEeHTaNbHOI  OUIHKM  [AMHaMiYHMX  BNAcTUBOCTEN
GaratoBUMipHOro o6’ekta (puc. 2.3) MOXKHa BUMIPATK NALLe NOro BXiAHI CUrHaNN U i
BUXIgHI X. AK npasuno, wWwym Y, WO A€ Ha O0O'€KT, HEMOXIMBO BUMIPATY
6e3nocepefHb0. OYEBNAHO, LLO BUMIPHOBAHHS CUTHANIIB U | X HE € «HEeAOCKOHAIMMU |
He CynpOBOLKYHTLCA 3aBafjamu. N5 OUIHKA CTabiflbHUX PeXumis poboTu Cy6'eKT
MOBMHEH OYTW CTiKMM. [MPUNYCTUMO TaKOXX HEKOPE/IbOBAHICTb BXOAY U i3 30YPeHHAM
P (ue cnocTepiraeTbCa B PO3IMKHEHUX cucTeMax abo B OMNTMMa/lbHUX CUCTEMaX
cTabinisauil) 1 HeKopenbOBaHICTb 3aBaf | 30ypeHb (BOHM 3YMOB/EHI Pi3HUMM
(isnyHUMK - (hakTopamm). 3afady OTPUMaHHA HalKpawmMx 3a TOYHICTIO OLIHOK
ANHAMIYHUX XapaKTepuUCTUK NIHIMHOro cTauioHapHOro o6’ekTa i BeKTopa 30ypeHb 3a
[AaHVMU BUMIPIOBaHHS BXIAHOIMO i BUXIAHOIO BEKTOPIB PO3rNSAHEMO 3 NO3ULINA Teopil

BIHEPOBCbLKOI ONTUMa/IbHOT (iSibTpaLii.
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PO3rnsgHeMO CMeKTPa/IbHUIA afiropuTM  CTPYKTYPHOI ifeHTudikauii mogenein
ANHaMIKM 6araTOBMMIPHMX CUCTEM. 3a UMM anropMTMOM MOZeNlb 6araToBUMIPHOIO
ANHaMiYHOro 06’eKTa BU3HaYal0Th Yy BUIMISAI MaTpuLi nepefaBasbHMX PYHKLINA, a horo
3aBagn — AK MaTpuui CreKTpPa/lbHUX Ta B3aEMHUX CMEKTPa/ibHUX LWinbHOCTeW. [ns
BU3HAYeHOCTI 06’€KTOM ifeHTUiKalii 6yaeMo BBaKaTW OAWH 3 6aratoBUMIPHUX

BUMIiptOBadiB napameTpis pyxy J1A.

Ob'exT ineHTUdikauil

Cuctema oBpobkun gaHnx

Puc.2.3 CTpyKTypHa cxema 06’eKTa ifeHTUdiKawii

Pyx 06'eKkTa iieHTM(iKauiT 6yaemMo onmcyBaT CUCTEMOIO MEPETBOPEHUX MO

dyp’e 3BMYAHUX ANDepeHLiaibHNX PIBHSAHb i3 NOCTIMHUMK KoedilieHTamn BULY:
P(s)x(s) = M(s)u(s) + P(s),

ae X(s) — N-BUMIpHWIA BEKTOP BMXIiAHOIO CUrHany BuMiptoBayva (BEKTOP CMOCTEPEXKEHD);

u(S) — m-BUMIPHWIA BEKTOP BXIAHUX CUTHAMIB BUMIpHOBaYa;

P(S) — N-BUMIpHWIA BEKTOP 36YpeHb, L0 NpeacTaB/se CO600 N-BUMIPHWUIA LIEHTPOBaHWI

BUMaKOBUA CTaliOHaPHWA NPOLUEC i3 BiAOMUMU CMEKTPA/IbHUMWN XapaKTepuUCTUKamMu;

P(s) i M(s) — matpuui, po3mipHOCTI nNxn i nxm BIAMNOBIAHO, AKi Tpeba BU3HAUMTU 3a

pesynbrataMu igeHTUiKauii; eneMmeHTamMy MaTtpuub € NONIHOMM aprymeHTy S = jw;

BU3HaYHMK maTpuui P(S) 3a40B0oMbHAE yMoBaM [Mypsiua.
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PO3B'XemMO pIBHAHHA BIJAHOCHO BeKTopa X 1 [Ana 3pY4YHOCTI MojasibLUnMX

nepeTBOPeHb BBEAEMO MO3HAYEHHS:
@ = (P 'M,P'®) = (KW); y= 14",

ae K — wykaHa matpuus nepefasanbHUX PYHKLIA BUMIpIOBaya;

W — maTpuus nepefaBasibHUX PYHKLINA Bif 36yYpeHHs A0 BUXOAY;

Y — y3araJisHeHWin BEKTOP BXIiAHWX B/MBIB,

' — 3HaK TPaHCMOHYBaHHS MaTpPW1Lb | BEKTOPIB.

To6TO Ans BU3HAYeHHA MoAeni AMHaMiKi 06’eKTa HeOOXIAHO BMKOHATK TaKy
NOCNIA0BHICTb AiNA:

1). BUKOHaTV igeHTuiKaliiHWiA eKcrnepuMeHT (puc. 2.3);

2). O6uMCcNnTM CNeKTpasibHI Ta B3aEMHI CMeKTpasibHi  LWifIbHOCTI BEKTOpIB
BXIHOr0O | BUXIAHOrMO CUrHanis i cdopmyBaTy MaTpuui CNeKTpasibHUX | B3AEMHUX
CMEKTPATIbHUX TYCTUH: 8, , 8, ,8: 8y

3).MiagcTaBnTI OTPMMaHi MaTpuLi B PIBHAHHSA 3B'A3KY | BUSHAUMTU MaTPULIO §',a

4). BusHaumtn matpuui: 8’y = [35 .S'aJ 18y = I;"ZJ;

5). 3 piBHAHHA DD, = 8’y 3HaliTn matpuui D, D+, a Takox D~1, D1,

6). BusHauntv matpuuio N = IS, D;Y;

7). BukoHaTu cenapauito matpuui N i HanTy matpuuio Ng+ N.;

8). BusHauunty 6nokoBy mMatpuio @ = (K, W) =T Y(Ny+ N,)D!;

9). 3 cniBBigHOWEHHA P~IM  3HaiiTn maTpuLto P;

10). B3HauMTN MaTPULIO CNEKTPaSIbHUX TYCTUH NepeLLKos .5';}J =P WP

[Ona  OAHOBMMIPHOT CUCTEMM MpaKTU4YHA peani3auis  anroputMmy  3HayHo
CMPOLLYETHCA, TOMY LLO AesKi 064MCOBa/IbHI Onepawii B HbOMY OyAyTb BUKOHYBATUCS

He 3 MaTpuuUaMK, a 3 4pPo60BO-paLioHaIbHUMK (DYHKLISMM Bif, 3MIHHOT S = jw.
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2.6 CnekTpasibHNn MeTof CTPYKTYPHOI ifeHTUMiKauii
MoZesni  AuHaMikKu  6araToBUMIPHOro 06’eKTa Yy LUTATHUX
pexxumMax poboTv Ta NPU KOHTPOSIbOBaHUX BMIMBaXx.

MpunycTMo, WO i3 nonepeaHLOro LOCBiAY YW 3a pe3y/ibTaTamy BUMIPHOBaHb
BijOMa yca HeobxigHa iH(opmaLisa Npo AMHAMIYHI XapaKTepUCTUKM BXOAIB, BUXOAIB i
36ypeHHs iaeHTU(iKoBaHOrO 006°ekTa. Xail 30ypeHuini pyx 06’eKTa OMUCYETbCA
CUCTEMOIO 3BUYAMHUX ANPepeHUIAHMX PiBHAHb. 3adady igeHTudiKalii chopMyHeEMO
TakKMM Y/MHOM. BMKOPUCTOBYHOUM OLIIHOYHI XapaKTePUCTUKKN (CNeKTpasibHI Ta B3aEMHI
CNeKTpasibHI LWILHOCTI) CUrHaniB y i y, He0bXIiAHO BMOpaTU CTPYKTYPY MaTpuui Tak,
{06 AOCTaBUTM MIHIMYM (PYHKLIIOHANY SKOCTI IAeHTU(IKaUIT BUrNsaay:

e =M (OADW] = I, ti[S's (HAE)

ne A(s) — dyp’e-06pa3 BaroBOi CUMETPUYHOI NMLLE MO3UTUBHO BM3HAYEHOT
maTpuui po3Mipy n- n.

MigcTaBMBLUM  BMpa3 TPAHCMOHOBAHOI MaTpULi  CMeKTPasIbHUX LW iSIbHOCTEN

noMusikn 8, (s), AKi HEBXKKO CKNacTy 3a Teopemoro BiHepa-XiHuiHa, B (DyHKLUiOHaN,

NepenunLIeEMO NOro y BUTNAAI:
Ji
e=% j t| (o5 @ —§',,@ —®S'y, +5'y )Ald |
1
g g
5y = [3;’: 5,: } ,
Sy =[5 Su ],

CoopmynboBaHa BULLE 3afadva BIAMNoOBigae 3adadi MiHimizauii gyHKUioHany Bij,
Knacy [Apo60BMX pauioHasIbHUX QYHKUIA i3nyHoi peanisayii P(s), AKI MaroTb
aHaniTMyny Tinbkn B MMM Bapiauito dP(s). 3agady MiHimizaLii MOXHa BUPILINTK 3
ypaxyBaHHAM ifei meToga BiHepa-Konmoroposa. BignoBigHO 40 npouenypu mMeToaa
BiHepa-Konmoroposa 3HaingemMo nepuly Bapiauito (0yHKLiOHay i, BpaxoByrun yMOBY
(i3nYHOT peasni3oBaHOCTI  (PYHKUIT &P, 3a6e3neynmo TOTOXKHY PIBHICTb HY/IO

BU3HAYeHOoI Bapiauir.
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MepLly Bapiauito (hyHKLUIOHaNY 3anuLiemo y BUrnagi:
1
8 :]L ti[(Aa s, —A8') )é® +8 (§'y @ A—-5y A)d ,
dakTopK3yBaBLUM MaTpuLi A | 8’y Ta 3a3HaUMBLUK:
IT=A; DD =5y ,
npeAcTaBuMO MaTpuuto T AK Cymy TPbOX MaTpuULb:
T=Ty+T,+T_=T18, D',

ae To— maTpuus, eNeMeHTN SKoT — NoIHOMK abo uncna;

T, — mMaTpuus, efleMeHTN AKOT — NpaBu/bHI Apobu 3 nosiocamu Tinbku y JIMM;

T. — maTpuus, eneMeHTU SKOT — NpaBubHI A4pobu 3 nontocamu Tinbku 'y M,

Togal wykaHa matprusd F BU3HAUMNTLCA 3a BUPA3OM:

&=TrY(T,+7,)D 1,

KOTpWIA ABNSiE COOOK0 a/irOPUTM A1 BUSHAYEHHS ONTUMa/IbHOT OLIHKN PyHKLIT F
3a JaHNMW eKCMePUMEHTY | fiae HY/IbOBE 3HAaYeHHS Bapiauii.

MigcTaBmBLUM MaTPULKD B (PYHKUIOHAN , BM3HAYMMO MIHIMaIbHY [MCMEPCito
MOMMWAKM iAeHTU IKaLIT €.

TakuMM YMHOM, 3afaya, WO cTaBuiacs, BUpiLleHa. Y npoueci pilleHHs HeobXigHO
BpaxoByBaTW Taki BaXK/MBi 06CTaBMHWU. [No-nepLue, OCKiNbKM 3aBafM BUMIPHOBaHb €
HEKOpeNnbOBaHMMK, MOX/IMBO BBaXKaTW, WO MaTpULi B3aEMHUX CMEKTPaIbHUX
LWiNbHOCTEN, $KI BUKOPUCTOBYHOTBCA Y (YHKLIOHaN , SBNAKOTb COO0K  OLHKM
AVHAMIYHMX ~ XapaKTepuCTMK  TOYHO  BUMIpHOBaAHMX  curHanis.  [o-gpyre,
eKCnepuMeHTaNbHI OLHKM MaTpuup §'y (s) , 8"y (5) 1 8y (8) MOXHa noninwmnTy,

KONW BiOMi OLIHKW CNeKTpanbHUX LiNbHOCTEN 3aBaj, BUMipHOBaHb.

2.7 CnekTpasibHUA MeTOof CTPYKTYPHOI igeHTudikauil mopenen
ANHaMIKN 6araToBMMIPHOro 06’€KTa | HEeKOHTPO/IbOBAHUX BIMJ/IMBIB, L0
AI0Tb HA HBOI0 B LUTATHUX PeXXxnmax poboTu.

Mpn  eKcrnepvMeHTa/IbHIN  XapakTepUCTULi  AMHAMIYHUX  BMacTUMBOCTEN

GaraToBMMIpHOro 06'eKTa , HanpUKnag fitaka abo nisiota B KOHTYPI KepyBaHHSA, MOXXHa
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BUMIPATU TiNIbKX AOr0 BXIAHWA CUTHaN U | BUXIOHWA CUrHan X. 30ypeHHs, Wo [ie Ha
06'eKT. 3a3BMYail MOro HEMOXXNMBO BUMIPATY Ge3nocepeHbO.

OueBNAHO, WO BUMIpW MPOBOAATLCA “HeifgeasibHO" 1 TOMY CYNpPOBOAXKYHTLCH
3aBafamu. LLLo6 ouiHMTK cTani pexxummn poboTn, HeobXiaHO, Wwob 06'eKT BYB CTINKUM.
MpUnyCTMO TaKOXX HEKOPE/IbOBAHICTb BXOAY U i3 30ypPeHHSM Y, Ta HEKOPe/bOBaHICTb
3aBaj | 30ypeHb. 3ajayy OTPUMaHHS HaWKpawmx TOYHICHUX OLIHOK [AMHAMiYHUX
XapaKTepUCTUK NiHIMHOro cTauioHapHoOro o6'ekTa i BeKTopa 30ypeHb 3a [JaHUMWU
BUMIpPIOBaHHS BXIAHOrO | BWXIJHONO BEKTOPIB PO3r/ISHEMO 3 MO3MLIA  Teopil
BIHEPOBCbKOI ONTUMa/IbHOT (inbTpayii. Hexail 06'eKT igeHTUIKaLiT ONUCYETLCS
CUCTEMOLO 3BUYANHNX ANDEPEHLIAHNX PIBHAHBb 3 MNOCTIAHUMW KOediLieHTaMn BULY:

P =M +,
ge P i M — wykaHi matpuui po3mipHOCTel BIAMOBIAHO n”n Ta n” m, €/lEMEHTU

AKX p;j(s) 1 m;j(s) — onepaTopHi NofiHOMYU Bif S = jw;
X — N-BUMIPHWUIA BEKTOP-CTOBMeELb BUXIAHWX peakLiin 06'eKTa;
U — M-BUMIPHUIA BEKTOP-CTOBMELb KEpYOUNX BMN/UBIB;

Y — N-BUMIPHWIA BEKTOP 36YpeHb, KNI SBNSIE COO0LO N-BMMIPHWIA CTaLiOHapHWIA
BUMAAKOBMIA NpoLec i3 HYNbOBMM MaTeMaTUYHWM CMOAIBAHHAM Ta  LUYKaHOH

MaTPULIEI0 CMEKTPaIbHUX LLiNIbHOCTEN Syy;

|P| — noniHom IMypsiuga.
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Rl B

Cuctema 06po6Ku gaHnx

Puc. 2.4 CTpyKTypHa Cxema, L0 MOSCHIOE METO[, L0 0O6rOBOPHOETHCS.

[icna nigctaHoBKM 1P = W& B piBHAHHA 00°€KTa | NPUKIafaHHA 40 pe3y/bTaTis
nepeTBOpPeHHs dyp’e MAEMO:

P(s)x(s) = M(s)u(s) + W(s)A(s) ,
ne A(s) — ymoBHe dyp’e-nepeTBopeHHs BekTopa &(t).
x =dy
AKLLO B PIBHAHHI BUKOPUCTaHI OLIHKM ANHAMIYHMX XapaKTepuUCTUK BEKTOPIB
x 1 0, AKI ofepXaHi 3a [JaHUMW EeKCMepMMeHTY, TO PIBHSAHHSA He 6yae

BMKOHyBaTuCA. 3agady (OPMY/HOEMO TakMM YMHOM. BWKOPWUCTOBYHOUM  OLLIHKM

OVHAMIYHNX XapaKTEPUCTUK BEKTOPIB % i Y, BUOMPAEMO 6M0YHY MaTpuLo-psaaok F

Tak, Wo6 fgocTaBuTK MiHIMyM gucnepcii BekTopa (5.50) nomMunkm igeHTudgikauii e.
PyYHKLUIOHaN AKOCTI Ma€ BUTNAL;

e = ]l_ﬁ:” t [§': Rld
[Micnsa nigctaHOBKK 8’ Yy BMpa3, 04ep>KMMO PIBHAHHS:

_ 1 _h . - - - .
e=_J, t |(8'y —§'y @ —®S', +DS', @ )R|d ,pe

s sy s 5w O
Sy =6 w8y =0 g s
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[N po3B’A3aHHA 3afa4i HE0OXILHO BUPA3UTUN MaTPULLKO B3aEMHMX CMEKTPa/IbHNX
LWiNbHOCTEN S, Yepe3 BUXiAgHI daHi. [N uboro, BpaxoByruu MaTpuui, Ta CTPYKTYpY
CUCTEMM | NPOBOAAYM [eAKi NepeTBOPEHHS, OLEPXKYEMO PIBHAHHSA 3B’ A3KY:

S:aSpaSax = Sy — ¢ 538y

Ona  BigWYKyBaHHA (QYHKUIT 8, HEOOXIAHO (hakTOpU3yBaTM MaTPULO
BPaxoByoUM crneundiky BekTopa d AK BEKTOpa OAMHUYHUX “6inX” LWyMIiB. 3HaKO4M
MaTpuuto S,, , MOYHEMO PO3B’A30K 3ajadi ideHTUMIKaLIT, AKa eKBiBasieHTHa 3ajadi
MiHiMi3auil yHKUiOHany Ha Knaci yHKUin F, wo gisnyHo peanisytoTbCs Ta MatOTb
aHaniTMyHy Bapiayito dF Tinbkn B MMM, 3agavy nowyky QyHKUiT F, aKka goctaBnse
MiHIMYM (DyHKLIOHaNa, 6yemo po3B’A3yBaTh 3a MeTo4om BiHepa-Konmoroposa.

3a [0MOMOrow asroputMy BM3HAYatOTbCA ONTUMaIbHI CTPYKTYPU MaTpuUub
nepefaTodHNX (DYHKLIN 06’ ekTa igeHTudikayii Fi; 1 (inbTpa, aKnii popmye AnHaMIYHI
XapaKTepuCTUKN 30YPEHHS, MPUBELEHOIO [0 BUXOAY cucTemu — F ;.

[Mpn HeOOXIAHOCTI BU3HAYMTU AMHAMIYHI BaCTMBOCTI 6e3mnocepefHb0 MaTpuLb
P, M i Y B [esakux BunagkKax, 3aCTOCOBYHOUM Onepalito OAHOGIYHOTO BUAASIEHHSA
nontocie MaTpuup F1; i Fip, MOXHa 0fepyXaTyi NoNiHOMia/ibHY MaTPULIKO P.

[licna Lboro 3HaxoAnMMo MaTpULLto:

M= Pd, ,
| LUyKaHY MaTPULIO CNEeKTPasIbHUX LLiTIbHOCTER 30yprooY0oro Br/nBY:
$'y =Pd, &, P

106 BM3HAUYNTM 3HAYEHHS MiHIMa/IbHOT AMCnepcil MOMWUIKK iAeHTUdiKauii, Ham

NoTPi6HO MigcTaBuTK MaTpuLo D i matpuuo @ = (d, @, )+ Ry} (T, +T,)D !,

y pyHKUiOHan 87 .

2.8 ANroputM  CTPYKTYPHOI  ifeHTUgiKauii  6araToBMMIpHOro
AVHaMIYHOI0 cTeHfa-imiTaTopa npuv BUNaAKOBUX BN/nBax,
HEeKOHTPO/IbOBaHNX 30YPeHSAX i BIACYTHOCTI 3aBaj BUMIpIOBaHb.

B cutyauisix, WO NOACHeHI B MYHKTI 2.7 , 1 NpY 3HeBaXKaHHI 3aBaf BUMIPIOBaHb
MOX/IMBO 3HAYHO MNOMErWNUTM aIropuTM CTPYKTYPHOI ifeHTUIKauil mogenei
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ANHaMiKM 6araToBUMIPHOro CTIMKOro 06’eKTa Ta HEKOHTPO/IbOBAHOIO 30YPEHHS, L0
AI€ Ha HbOT0 Y LUTATHUX pexxmmax poboTu. MpunyckKaroum HeKOpeiboBaHICTb CUTHaNIB
36ypeHb P i ynpaBniHHA u 06°ekTa (purc. 2.4), a TaKOX MOX/MBICTb ONuUcaTy Masi pyxu
06’ekTa cuctemoro piBHSHb Burnagy  P(s)x(s) = M(s)u(s) + WP(s)A(s) i
MPeACTaBUTU BEKTOP Y 4epe3 HeBigoMUA  opmyrounii - inbTp 3 MaTpuLero
nepefaTodHMX (QYHKUIA Y , PIBHAHHA MO)XKHa pPO3B’A3aTW BIAHOCHO BEKTOpa X |
pe3ynbTaT 3anuMcaTu K
x=P M +Plwp,
fe D — dyp’e 06pas n-BMMIPHOrO BeKTOpa “6innxX” WyMIB.
3a pornomoroto TeopemMu BiHepa-XiHYiHa, 3HalOUM BMpa3 Ta BUpa3 WMoro
EpPMITOBOr0 CMNPSHXKEHHA, MU MOXEMO 3anucaTh HaCTYMHI MaTpuLll CreKTpaibHUX |
B3aEMO-CMEKTPA/IbHUX LLibHOCTEN ANs IAeHTU(IKOBAHOT CUCTEMM:
S, =P M5, M P 1+ plps, wp1t;
5, =P M8, ; 5§, =5, MP?!,;
Sy =P'WS\\; 8y =8, PP
3 BUpasiB MOXHa, 3Hatoun matpuui 8, (s5), 8’y (s) Ta §', (5) 3 pesynbTatis
06pO6KN BIAMOBIAHUX AaHWUX EKCNEePUMEHTY, 0Apasy >X 3HaNTW LWyKaHi maTpui
nepefaTodHMX (PYHKLIA 06’€KTa 3 CUrHaiB YNpaB/iHHA U Ta i epMITOBOCMPSKEHI
maTpuLi fK:
PIM=8" (84 ) M PV =(8y )18y
Xoya matpuuys W ana dgopmyrodoro inbtpa 30ypeHb Lie He BU3HAYeHa,
(GopMa/IbHO 3 PiBHAHL MOXHA BUNKUCATM BUpasu Matpuuys P 1w |y p-l
nepefaTovHNX QPYHKLiM 06°eKTy 3a 36ypeHHsM Wy BUrnsai:
PlW=5, ()", wP1=(,)"8,
Ans BU3HaYeHHs MaTpulb Tpeba sKoCcb 3HAUTU MaTpuui 8"y Ta §' .
BesnocepeHbO X 3HANTN HEMOXK/INBO TOMY, WO W He € KOHTPO/IbOBAHUM.
Micna UbOro MiACTaBUMO BMPa3n B PiBHAHHA S8, =P IMS', M P~ 1+
P~lws W P~ i 0TpUMAEMO PiBHAHHA 3B’A3KY Y BUTNSI:
S =8y (8 )18 48y (8'2)78y
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B piBHAHHI HeBigoMi nuwe matpuuyi 8y Ta 8’y  (matpuus 8’y =E, ).
MepennLlemo piBHAHHA TaKUM YAHOM:

Sy 8y =8, =8, (8) 'S, .

[MpaBa 4acTMHA BMpasy BifOMa MOBHICTIO 3a JaHUMW OOPO6GKM pe3ynbTaTis
EKCNepUMEHTY.

dakTopu3yBaBLK Ti 3a BiHepowm, BM3HaYMMO matpuui 8’y 1 8", , nicns
MifCTaHOBKU AKNX Y BUPa3M Bigpasy OTPUMAEMO LyKaHi Matpuui P~iw | w p-1,

Matpuui nepegatouHnx yHKLii 06’ekty P IM i P~'W 3a pesynbratamu
IAeHTUIKaLIT BU3HAYeHI 04HO3HAYHO.

[na 6aratoBMMIPHOIO 06’€KTY ICHYE [OCUTb BeMKa KiNIbKICTb €KBIBa/IEHTHUX
CUCTEM PIBHSAHb, SKMMM MOXKHA OnuncyBaTn pyxu 06’ekTa. 19 BU3HAYEHHS 3a3HaYeHNX
CUCTEM MOXX/IMBO BMKOPUCTATK Onepauito 04HO6IYHOro BUAIEHHS MOJKOCIB MaTpULb
PMi Py,

BucHOBKM 10 po3ainy.

Y [Opyromy posgifi HagaHo BIAMOBiAb Ha nnTaHHA “LLLO Take CTPYKTypHa
IAeHTUdpiKaLia Ta AKa 1i OCHOBHa 3aaya”, OrnMcaHO OCHOBHI 3arajibHO BifOMI METOAM
CTPYKTYpHOI ifeHTudikauii (MHK, M43, MMTI1, MCA). Bu3HauyeHi meToamn Ta 3ajadi
CTPYKTYPHOI i4eHTUiKauil npu HeKOHTPONbOBaHWX BMAMBaxX (36YpeHHsX), AeTaslbHO
OMMCaHO a/IrOpUTM  CTPYKTYPHOT iAeHTU®IKauil AkuiA  6yae BUKOPWUCTAHO Mpw

PO3B’A3aHHI 3afa4i y NPaKTUYHIN YaCTUHI KBanigikaliinHOi poboTu
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PO341J13

IJEHTU®DIKALIA BATATOBUMIPHOI O ANHAMIYHOIO CTEHAA
IMITATOPA IO KAHANTY KPEHA

3.1 Po3paxyHOK CneKTpPasibHOI LWLiINLHOCTI BXIAHOM0 Ta BUXILHOMO CUrHany
MO KaHany KpeHy.
|oeHTMMIKaLis B LUMPOKOMY PO3YMIHHI - Lie NPOLEC B1U3HAYeHHS, po3ni3HaBaHHS|
abo niaTBepaKeHHS IAeHTUYHOCTI nNpeamMeTa abo CUCTEMM.
|neHTMMiIKaLis BaXKMBa B 6araTbox cpepax XUTTSH, TakKMxX K 6e3neka, oiHaHCcK,
MeauuMHa, TpaHcnopT i 6arato iHWuX. BoHa [03BONAE NepeBipsATX npasBa AoCTyny,
3anobiraty LWaxpaincTey, 3abesneyvyBaT¥ KOH(IAEHUINHICTb AaHWX |1 3abe3nevyBaTy
6e3neky KopucTysadiB. ETanamu guHamivyHoil atecTauii €:
1. MepuHHa 06pobKa (BM3HAYEHHS KOPeNALiiHUX Ta B3aEMHO
KOpenAuinHnX QyHKUiN, BU3HAYEHHS CMEKTPY LWiNbHOCTI BXIAHWX Ta
BUXILHWX CUTHAsIB).
2. be3nocepefHbO cama npoleaypa CTPYKTYPHOI iAeHTUdiKaLis.
Ha ertani HanmiBHaTypHOro MOAENIOBaHHA OTpUMasM MacuBW BXIAHWUX Ta BUXIAHUX
curHanis.  fani  6yayemo ocuwmsorpamum  BXiIHOrO Ta BWUXIAHOIO  CUrHasiB
6araToBMMIPHOTO CTeHAa-iMiTaTopa MO KaHa/ly KpPeHy Ta CrekTpasbHi Ta B3aeMHa|

CNeKTpasibHI LWibHOCTI 6aratoBUMIpPHOro CTeHAa iMiTaTopa no KaHany Kpery.

Kadgegpa AKCY HAY 23.13.73.000 M3
BukoHas. €Enaein 4.A. Jlim. ApK. Apkyuwis
Kepistuk Epmonacsa 0.8B. IAEHTU®IKALLISA BAFATOBVMIPHOIO [ | 41 51

ONHAMIYHOIO CTEHOA IMITATOPA

HopmkoHm. LAusHuy M.TI. MO KAHAJTY KPEHA 151'401'Cy

3a8. Kag. MenbHuk f0.B.
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Puc 3.2 Ocumnorpama BUXifHOr0 CUrHaTy No KaHany KpeHy.
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3.2 Po3paxyHOK B3aEMO-CMEKTPasSIbHOT LLiSIbHOCTI MK BXigHUM Ta BUXILAHUM,

BUXIAHUM Ta BXIZHUMW CUTHa/1aMK MO KaHasy KpeHa.

1075} ! 5
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10° 10’ 10 10’
fr. Hz

Puc. 3.3 CnekTpasbHa LWibHICTb BXIAHOro CUrHany 6araTtoBUMIpHOro CTeHAa-imitatopa rno KaHany

KpeHy
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Puc. 3.4 CnekTpasbHa LWibHICTb BXIAHOr0O CUrHany 6aratoBUMIpHOro CTeHAa-imitatopa no KaHany
KpeHy
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AMnNNiTyaHa Ta (ha3oBa XapakTePUCTUKN B3aEMHA CNEKTPA/IbHOT LLIIHOCTI MIXK BXIAUM

Ta BUXIAHUM cUrHanamm 306paxkeHi Ha puc. 3.5 i puc. 3.6.
5

ey

107 ; ;

1ot b — i

1077

109 E 1 - -
1072 10" 10" 10
fr, Gz
Puc.3.5 AMNNiTyHa XapakTepucTrKa B3aEMHa CNeKTPasibHOT LWiNIbHOCTI MK BXIAHWUM Ta BUXiAHUM

CUrHanamm 6araToBMMIpHOIro CTeHAA-iMiTaTopa No KaHany KpeHy
Ph .

Go00 :
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4000 | I -

2000 3

phase
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1000 .
10~ 107 i 10!
fr, Gz

§

Puc. 3.6 ®a3oBa xapaKTepuCT1Ka B3aeHa CNEKTPA/IbHOI LLiIbHOCTI MDK BXIAHUM Ta BUXIAHUM
CUrHanamm 6araToBMMIpHOro CTeHAa-iMiTaTopa No KaHany KpeHy
AmMnniTygHa Ta (asoBa XapaKTEPUCTUKM B3aEMHA CMEKTPa/IbHOI  LWiJIbHOCTI  MiXK
BUXIANM Ta BXiAHUM CUrHanamu 306paxkeHi Ha puc. 3.7 i puc. 3.8
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Punc.3.7 AMNANTYHa XapaKTepuCTUKa B3aEHa CNEKTPASIbHOT LWiIbHOCTI MDK BUXIAHWM Ta BXiAHUM
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curHanamm 6aratoBMMIipHOro CTeHAa-iMiTaTopa No KaHany KpeHy
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Puc. 3.8 ®a3oBa xapaKTepuCT1Ka B3aeHa CNEKTPa/IbHOI LLiIbHOCTI MiXK BUXIAHUM Ta BXiAHUM
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BXigHUMKW faHUMKU 418 NPOBeAEeHHA NpoLeaypyr CTPYKTYPHOI ifeHTudgikauil ue
mMaTeMaTU4HI Mofeni y BUrNa4i CNeKTpasibHMUX Ta B3aEMHO CMEKTPa/IbHUX LLiNIbHOCTEMN,
AKI 6y OTPUMaHI Ha eTani NepBUHHOI 06POOKK CUrHasiB GaraToBMMIPHOIO CTeHAa-

IMiTaTopa no KaHany.

3.3 Po3paxoByemo nepegaBasibHy (OyHKLIKO CTeHAa-iMiTaTtopa, CNeKTpasibHYy
LLiI/TbHICTb  HEKOHTPONbLOBAHOIO  30ypPeHHs, AUCMNEPCIt0 MOMWUNKW  Ta
BiJHOCHY AMCNeEPCiHY NOMWIKY.

CnekTpasibHa LWibHICTb BXIAHOr0 CUrHany cTeHga-iMitatopa no KaHany KpeHy

_ 077 (535 +1) :

a — 2 .
Srere (1765 + D)(1L142s2 + 2. 032 11ds +1)| (& ¢

i

CnekTpasibHa WibHICTb BUXIAHOI0 CUrHaNy CTeH4a-iMiTaTopa no KaHany KpeHy

(3545 + 1) ‘
(1,68s + 1)(1.14%52 + 2 - 0.32 - 1.14s + 1)

.18
5, =

(rpag? - cek)

i

B3aeMHa crnekTpasbHa WiNbHICTb CUrHaNY BXif-BMXif CTeHAa-iMiTaTopa no
KaHany KpeHy
S 07-18 (3545 +1)(—53s5+1) 5 ce
Wy = T [(L7s + 1)(L14%s7 + 2. 032 11ds + D)2 (& TPaA - ceK)

B3aeMHa crekTpasibHa LWIMLHICTL CUrHany BUXIA-BXi4 CTeHAa-iMiTaTopa Mo
KaHany KpeHy
_07-18 (—354s5+1)(5.35 + 1)
e @ |(1.7s +1)(1.142s52 +2-0.32 - 1.14s + 1) |2

(B - rpag - cek)

[Nna BUKOHaHHSA 3afadi CTPYKTYPHOI ifeHTudikauii, 6yn0 BUKOPUCTAHO NakeT
nporpamn Matlab 2014b. BUKOpMCTOBYEMO aifOPUTM CTPYKTYPHOI ifeHTudpikauii [1],
AKWIA 6yNo onucaHo y nonepeaHboMy posgini (n.n. 2.8).

B pesynbTaTi  BUKOHaHHA  npoueaypy  CTPYKTYPHOT  iAeHTUgiKauil

OTPUMYEMO NepefaBasibHy (YHKLIHO 6aratoBMMIPHOro AMHaMIYHOIO CTeHfa-

IMiTaTopa no faHUMm HaniBHaTypPHOro MOJeNHBaHHS:

2.5 ((3.54 +1)|(1.8 + 1)
L (5.3 +D|(1.7 +DIJ?
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Byayemo JT4X guHamiyHOro cteHga-iMmiTaTopa no KaHany KpeHy:

Bode Diagiam

MAngrituce (0]

Bhase ideg)

Frequency iz

Puc. 3.9 JlorapuhMivyHO-4aCTOTHa XapaKTepucTuKa CTeHa-imiTatopa KaHasly KpeHy.

CnekTpasibHa LWifIbHICTb HEKOHTPO/IbOBAHOTO 30YPEHHS, AiF0UNX HAa CTEH-IMITATOP:

; U6 2 (3.54 +1) 4
T |75+ 1)2(11 %sE+2.0.3 -1.14 +1)
[ncnepcis NOMUIKK NO KaHay KpeHa:
'|'j':':'
1 .,
e= I f b [S: ]d
_joo
e=01

BigHocHa aucnepcia noMUKu cteHay-imitatopa (KaHan KpeHy):

BucHOBKM 0 po3giny:
Y po3aini 6yno noetanHo BMPILLEHO 3a4a4y CTPYKTYPHOT iAeHTU®iKaLiT cTeHaa-
IMiTaTopa 3a KaHa/ioM KpeHy MO AaHWM HaniBHaTYpPHOro ekcrnepumeHTty. Byno

OTPUMAHO CreKTpasibHi WiNbHOCTI (BXIAHOr0, BUXIAHOIO, MiXK BXIAHUM Ta BUXIAHUM Ta
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BUXIAHUM | BXIAHUM CUrHasiamu), WO Ai0Tb Ha 6araToBUMIPHMIA AUHAMIYHWA CTEH[,
IMITaTOP KYTOBWUX NOJIOXKEHD.

[Micns  BWKOHaHHA  npoueaypy  CTPYKTYPHOT  ifeHTudikauii  oTpumaHo
nepegaBasibHy (YHKUIIO CTeHZa MO KaHa/ly KpeHy Ta CReKTpaibHY LWiSbHICTb
HEKOHTPONbOBaHNX 30YypeHb, [AilYMX Ha 06°eKT YynpasniHHA (CTeHA-iMITaTOp).
OTpumMaHi gucnepcia NOMWIKMA Ta BIAHOCHA AMCNepCia NMOMWAKM MO KaHa/y KpeHy.
TobTO nocTaBfeHa 3afaya CTPYKTYPHOI IAeHTU®IKaLil BMKOHaHa MOBHICTIO.
Pe3ynbTatu ieHTU IKaL T MOXHa BUKOPUCTOBYBaTM Ha NOAa/bLUNX eTanax CUHTe3y Ta
MOAEepPHI3aui’ AMHaMi4YHOro 6aratoBUMIPHOro CTeHAa-iMiTaTopa KyTOBMX MOMOXEHb Mo

KaHany KpeHy
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BNCHOBKW O POBOTU

B ksaniikauiiHin  poboTi B MOBHIA Mipi 6yno pO3rNAHYTO MOHATTA
“baraTOBMMIPHOINO  AWHAMIYHOro  CTeHAa-imiTatopa KyTOBMX  MOJIOXKEHb”  Ta
NnpeAcTaBfeHO pPi3Hi  1oro Bepcii  (04HOOCLOBMWI, [BOXOCbOBWIA, TPbOXOCLOBUIA,
N’ATUOCLOBWIA) Ta B AKMX rasly3six BOHN BUKOPUCTOBYHOTLCS Y Halll Yac.

PO3rnsaHyTO MNOHATTA “HaBYa/lbHUA CUMYNATOP” Ta WOro BiAMIHHOCTI Bif
CTeHZOM-ImiTaTopoM. [NpefcTaBneHa CTPYKTypHa cxema AuvHamiyHoro cteHga DMC,
[03BONMMIA  Ai3HATUCA WOr0  KOHCTPYKLID Ta npuHUmMn  Ail, Y nofabliomy
igeHTU®iKauia usoro DMC 6yae pocnigpkyBaTuca Yy MPaKTUYHIA YacTUHI poboTu.
OnucaHo Taki METOAN CTPYKTYPHOT I4eHTUIKaLiT, AK:

MeTo/ HaiMeHLUNX KBaApaTiB;

MeTon AONOMIKHUX 3MIHHUX;

MeTof MakCcMManbHOI NPaBAoNo4i6HOCTI;

MeTo/ CTOXaCTUYHOT anpoKcumaLit;

CnexkTpasibHUIA MeTOZ, iAeHTUMDIKaLT.

BusHayeHi  meToaM  Ta  3afjadi  CTPYKTYpPHOI  iAeHTUgiKauil  npu
HEKOHTPO/IbOBaHMX 30YpeHHAX. HagaHo NoBHUIA anropuTM CTPYKTYPHOI igeHTudikau it
6araTtoBUMIpPHOIO  AMHAMIYHOrNO  CTeHAa-imiTatopa  KYTOBUX  MOJIOXEHb  Mpw
HEKOHTPO/IbOBaHNX 30ypeHb, BWMaAKOBMX BMaMBax Ta 3a BIACYTHOCTI 3aBaf
BUMIPIOBaHHA. BupileHo 3agadvy CTPYKTYPHOT igeHTU®IKauii cTeHga-imitatopa 3a
KaHa/lOM KpeHy MO AaHuWM HariBHATYPHOro ekcrnepumeHTy. OTpMMaHO CreKTpasibHi
WiNbHOCTI (BXIAHOMO, BUXIAHOMO, MiXX BXIAHWM Ta BUXIAHMM Ta BUXIAHWMM i BXiAHUM
CUrHasamu), WO [AitloTb Ha 6araToBUMIPHUA AUHAMIYHWA CTEHA IMITAaTop KYyTOBUX
MOMOXeHb, NepefaBaibHy (DYHKLIKO CTEHAA, CNEKTPaSIbHY LW INbHICTb, WO BUHMKAE
NPV HEKOHTPO/IbOBAHUX 30YPEHHSAX, AMCNEPCito Ta BILHOCHY AUCMEPCIHO MOMU/KW.

[Ticns BUKOHaHHSA NpoLeiypy CTPYKTYPHOT iAeHTMMIKaLIT OTpUMaHO nepeaasasibHy

Kacegpa AKCY HAY 23.13.73.000 M3

BuKkoHas.

€EnaeiH [.A

KepisHuk

Epmornaesa O.B.

HopmKoHm.

HusHuy M.TI.

3as. Kag.

MenbHuK 10.B.

BCTYTI

Jlim.

Apk.

Apkyuwis
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(PYHKLIO CTeHAa MO KaHany KpeHy Ta CMeKTpasibHYy LWibHICTb HEKOHTPO/IbOBaHUX
30ypeHb, AitouMx Ha 06°eKT ynpasniHHA (CTeHA-imiTaTop). OTpumaHi Aaucnepcis
NMOMMW/KK Ta BiAHOCHA AMCnepcia MOMUIKN MO KaHany KpeHy. TO6TO nocraeneHa 3agava
CTPYKTYPHOI iAeHTU(IKaLIT BMKOHaHA MOBHICTIO. PesynbTaT iAeHTU®IKaLIT MOXKHa
BMKOPWUCTOBYBATM Ha MOAa/bLUMX eTanax CUHTe3y Ta MOZAepHisauii AMHaMIYHOro

6aratoBUMIpHOro CTeHAa-imiTaTopa KyTOBUX MOMOXEHb MO KaHa/ly KpeHy
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