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(57) Pedpepar:

BumiptoBanbHa TexHika, BuHaxig Mmoxe 6yTu BUKOPUCTaHWUA AN NPOBEAEHHS rPaBiMETPUYHKX BUMIPIB
Ha niTanbHUX anaparax y reofesii, reonorii, iHepuianbHUX cuctemax Hasirauii.

ABiauiiHa rpaBiMeTpu4Ha cucTema Ans BUMIpIOBaHb aHOManil MPUCKOPEHHS CUMU TSHKIHHA MICTUTb
CUCTEMY BU3HAYEHHS HaBiralinHUX napameTpis, BUMIpOBa4Y BUCOTU Ta BCTAHOBMEHW Ha LBOBICHIN
nnatcopmi rpaeBiMeTp, BUXOAM SIKMX MIAKMOYEHI A0 BxoaiB OopToBOI LMdpoBOi obyucrtoBanbHOI
MalmnHW. YyTnvBuiA enemMeHT rpaBiMeTpa PO3MIlleHUA Yy repMeTUYHOMY KOPMyCi i BUKOHAHWN Yy
BUrMAA4i ABOX BEPTUKaNbHUX CTPYH. BepTukanbHi CTPYHU € iAEHTUYHUMU i NPUKPINIEHT OOHUM KiHLEM
[0 Bepxy i HW3y iHepuiiHOi mMacu. |HepuiiiHa maca npukpinneHa 40 NPOTUMEXHUX OiYHMX CTOPIH
repMETUYHOrO KOPMyCY MPYXHUM enemMeHTOM. BinbHi KiHUi BepTukanbHUX CTPYH 3'€4HaHi 3i
CTPYHHVUMW reHepartopamMu, BUXoau sikux 3'€e4HaHi 3 Bxogamu cymartopa.

MigBULLEHHSA TOYHOCTI BUMIpPHOBaHb aHOManiil MPUCKOPEHHS CUMU TSKIHHSA.
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BuHaxig HanexwTb [0 ranysi BUMIpIOBaNbHOI TEXHiKM | Moxe OyTu BUKOPUCTaHWUA ANns
NpoBedeHHA rpaBiMETPUYHMX BUMIPIB Ha niTanbHWX anapatax y reogesii, reonorii, iHepuianbHux
cuctemax Hasirauii.

Hanbinblw 6nn3bkol 3a CyKYMHICTIO CYTTEBMX O3HAK A0 BUMHAxOA4y € asiauiiHa rpaBiMeTpuyHa
cuctema Ans BUMIpIOBaHb aHOMari MPUCKOPEHHS CUMW TSXIHHSA, Lo BUBpaHa sk npototun [1].

CninbHUMK CYTTEBUMW O3HAKaMu CUCTEMU-NPOTOTUMNY Ta CUCTEMU-BUHAXOAY € Te, L0 BOHM
MICTATb CUCTEMY BU3HAYEHHS HaBirauilHUX napameTpiB, BUMIptOBa4Y BUCOTW Ta BCTAHOBMEHWA Ha
ABOBICHIM nnatdopmi rpasBiMeTp, BUXOAW SKWMX MigKNIOYeHi [0 Bxodie ©GopToBoi  uLupoBoi
obBuyncntoBanbHoi MawmHu (BLIOM).

lMpoTe, Ha BiAMIHY Bif CUCTEMU-BUHAXOAY, B CUCTEMI-MPOTOTUNI YYTNUBUIA €NEMEHT rpaBiMeTpa
BWKOHAHWA Ha OCHOBI [ABOX TpUCTEneHeBWUX ripockoniB. PesynbTaTv BUMIpOBaHb, OTpUMaHi 3a
[OMOMOrol Takoro rpasiMeTpa, MICTATb 3HaYHi NOXUOKW, BUKWKaHI, B NepLly Yepry, BepTUKansHUM
NPWUCKOPEHHAM h niTaka [2]. ToMmy Bi4OKPEMMEHHS KOPUCHOIO CUrHaNy NPUCKOPEHHS CUMW TSXKIHHS Big
h y npototuni BiabyBaeTbCca 3a gonomoro BLIOM wnaxom noAaBinHOro gndepeHuitoBaHHS AaHuXx,
OTpUMaHux BumiptoBayem BMcCOTU. OfHak, ICHYKOMYI Ha CbOrOAHILLHIA AeHb 3acobu He CMpPOMOXHI
3a6e3neynTn HeobXxigHy TOYHICTb BUMIPIOBAHHA h, SIKe MepeBULLyE KOPUCHWIA CUrHam NpUCKOPEHHS
cunn TsxiHHa y 10° pasiB [2]. Ak Hacnigok, 3MEHLYETbCS TOYHICTb BUMIPIOBAHHA aHoManin
MPUCKOPEHHSA CUIMIN TSXKIHHS.

B eKkcTpemanbHUX ymoBax, AKUMU XapakTepu3yTbCA rpaBiMETPUYHI BUMIPIOBAHHA Ha NiTaky, B
CUCTEMI-NPOTOTUMI BUHWKAE pPAL IHCTPYMEHTanbHUX noxuboK YyCix cknagoBux 1 enemeHTiB. Lle
noxXunbKkK, BUKITMKaHI 3MiHaMu TemnepaTtypu, aTMOCHEPHOro TUCKY, BOMOroCTi.

TakuM 4YMHOM, CYTTEBMM HE[ONIKOM asiauiiHOI rpaBiMETPUYHOI CUCTEMU-NPOTOTUMY € HU3bKa
TOYHICTb BUMIPIOBAHHSA aHOMarin NPUCKOPEHHS CUMU TSXKIHHS.

B ocHoBy BuHaxoay noctasneHo 3agady BAOCKOHANEHHS aBiauiiHOl rpaBiMeTpUYHOI cucTemu Ans
BUMIpIOBaHb aHOManii NPUCKOPEHHA CUMU TAXKIHHA, O MICTUTb CUCTEMY BU3HAYEHHS HaBirauitHux
napameTpis, BUMipOBa4 BUCOTW Ta BCTAHOBMNEHUN Ha ABOBICHIA nnaTdopmi rpasiMeTp, BUXOAMN SAKUX
nigkntoYeHi 4o Bxodis 60pToBOi UMMPOBOI 0BYMCAOBANBHOT MALLUWMHK, LUMASXOM TOro, WO YyTNnBUIA
erneMeHT rpasiMeTpa PpOo3MilleHWA y TrepMeTUYHOMY KOpMnycCi | BUKOHaHWA Yy BUMMSAl ABOX
BEPTUKANbHUX CTPYH, WO € IAEHTUYHUMMW | NPUKPINAEHI OAHUM KiHLUEM A0 BepXy i HU3y iHepuinHoi
Macwu, Lo npuKpiniieHa 4o NpOTUNEXHUX BIYHUX CTOPIH rePMETUYHOrO KOPNYCy MPYXXHUM €EMEHTOM,
a BiNbHI KiHUI BEpTUKanNbHUX CTPYH 3'€4HaHi 3i CTPYHHUMU reHepaTtopamMu, BUXOAWU SKUX 3'€AHaHi 3
BXogamu cymaropa, wob 3abe3neynTu NigBULLEHHSA TOYHOCTI BUMIPKOBaHb aHomanii npuckopeHHs
CUNU TSKIHHS.

MocTaBneHa 3ajaya BUPILLYETLCA TAKUM YNHOM.

YyTnuBuiA enemeHT rpaBiMeTpa BWKOHAHWA y BUrNsSAi ABOX BepTUKaNbHWX CTPYH, WO €
IAEHTUYHUMU | 3aKpinneHi O4HMM KiHLUEeM [0 Bepxy i HU3y iHepuitHOi Macu. Y npoueci BUMIpHOBaHHSA
OfiHa BepTuKanbHa CTpyHa CTUCKAETbCSH, a iHWa - pO3TAryeTbCHA Bif NEpPEMILLeHHs iHepuiHoi Macw,
CMPUYMHEHOrO AI€t0 MPUCKOPEHHSA CUNWU TSXKIHHA. BuxigHi curHann oBox BepTukanbHUX CTPYH
NiACYMOBYIKOTbCA Y CymaTopi. Pe3ynbTyounini KOPUCHUIA eneKkTpudHUiA curHan 6yae nofBOEHUM i He
Oyae mictutm  curHanis  noxwbok Bi4 BNNUBY BEpPTUKANbHOMO MPUCKOPEHHS,  3anWLLKOBOI
HeifeHTUYHOCTI KOHCTPYKLIA OQHAKOBUX BEPTUKANbHUX CTPYH, BNAMBY 3MiHW TeMnepaTypu, BONOrocTi
Ta TUCKY 30BHILLHBOrO cepeoBuLLa (TOBTO IHCTPYMEHTanbHUX NOXUBOK), AKi MOXYTb BYTU 3HAYHUMU.

IHepuiHa maca rpasimeTpa npukpinneHa 4o NpoTUNEXHUX BiYHUX CTOPIH rEpMETUYHOro Koprycy
NPY>XHUM ereMEHTOM, Hanpuknag niockuMu npyxuHamu. Taka dikcauia iHepuiinHoi macu [03BONSE
i pyxaTucb nuLle y BepTUKanbHOMY Hanpsami, MikBigyroun UMM BNAWB NepexpecHnX npucKopeHb Ha
BUXiAHI NOKa3u rpasiMmeTpa.

YyTnuBuiA enemeHT rpasiMeTpa PO3MILLEHUIA Yy repMeTUYHOMY KOpnyci, WO NikBigye BMAMAMB Ha
HbOro Takux HakTopiB 30BHILLHLOrO CEPEefOBULLA, AK TEMNepaTypa, BOMOrCTb, TUCK, AKi CIPUYUHSIOTH
NOSIBY iIHCTPYMEHTANbHNX NOXUBOOK.

3a JONOMOroK CTPYHHUX reHepaTopiB HanalTOBaHO YacTOTy BMACHMX KONMMBaHb rpasiMeTpa Tak,
o6 BoHa aopiBHioBana 0,1 ¢ - yacToTi NepeTuHy crnekTpanbHUX LWiNbHOCTEN KOPUCHOrO curHany
NPUCKOPEHHSA CUNK TSHXKIHHA Ta HanbinbLLoro 36ypeHHs - BEPTUKANbHOIO NPUCKOPEHHS h. Togi, 3rigHo
[2], wyTnvBUIA enemeHT rpaBiMeTpa BUMIPIOE NULLE MPUCKOPEHHSA CUMW TAXKIHHA | He BUMIPHOE
BEPTUKANbHE MPUCKOPEHHS.

Takum 4MHOM, 3anponoHOBaHa asiauiiHa rpaBiMETpMYHA cucTemMa Ans BUMIPHOBAHb aHomanii
NPUCKOPEHHA CUNN TAXIHHA 3abe3nedye cyTTeBe NiABULLEHHS TOYHOCTI BMMIPIOBaAHHA aHoManii
NMPUCKOPEHHSA CUMNN TSXKIHHSA.

CyTb BUHAxo4y NOSICHIOETbCH KpecneHHAMN. Nepenik KpecneHsb:

dir. 1 - CTpyKTypHa cxema asiauiiHol rpaBiMETPUYHOI CUCTEMU AN BUMMIPIOBAHb aHOMarin
MPUCKOPEHHA CUMN TSXKIHHS;
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oir. 2 - rpaBiMeTp asiauiiHOl rpaBiMETPUYHOI CUCTEMU ANS BUMIPIOBaHb aHOMani NMPUCKOPEHHS
CUMN TSKIHHS;

dir. 3 - cxema posnoginy cwun Bi4 BAAWBY KOPWCHOrO CUrHamy MPUCKOPEHHS CUMW TSXKIHHA 9,
30ypOKOYOro BEPTUKANBHOMO MPUCKOPEHHSA h Ta CYMapHUX IHCTPYMEHTanbHUX NOXMOOK Ai.

ABiauiHa rpasBiMeTpuyHa cuctema Ans BUMIpOBaHb aHOMAnIn MPUCKOPEHHSA CUMW TAXIHHA (dir.
1) MiCTUTb cucTemy 1 BU3HAYEHHS HaBirauinHUX napameTpis, BUMiptOBaY 2 BUCOTW | BCTAHOBMNEHWI Ha
[OBOBICHI nnaTtdopmi rpasiMeTp 3, BUXOAMN SKuX nigkrtoveHi 4o sxoais LIOM 4.

YyTnueuin enemeHT rpasimeTtpa 3 (ir. 2) po3MiLLEHNA Y repMeTU4HOMY KOpMNyCi 8 | BUKOHaHWUA Y
BUMNSAAI OBOX BEpTUKANbHUX CTPYH 6, 7, WO € iAeHTUYHMMKU. BOHW npukpinneHi ogHUM KiHUuem Ao
BEpXy | HU3y iHepuinHOi mMacu 5, Wo npukpinneHa A0 NPOTUNEXHUX BiYHUX CTOPIH repMeTU4HOro
kopnycy 8 npyxHuM enemeHTom 12. BinbHi KiHUI BEpTUKanbHUX CTPYH 6, 7 3'€4HaHi 3i CTPYHHUMU
reHepaTtopamu 10, 11, BUxoan skux 3'efHaHi 3 Bxogamu cymartopa 9.

ABiauinHa rpaBiMETpUYHa cucTemMa Ans BUMIPIOBaHb aHoOManini NMPUCKOPEHHA CUMKU TAKIHHS
npaue HaCTyMHUM YUHOM.

Ha iHepuiiHy Macy 5 fie NpUCKOPEHHNA CUNN TSXKIHHA 9, BepTukanbHe NPUCKOPEHHS h niTaka Ta
CyMapHi iHCTpyMeHTarnbHi NOXnBKN Ai Bif BNAWBY 3anULIKOBOI HEIAEHTUYHOCTI KOHCTPYKLIN O4HAKOBUX
CTPYH, Bi4 BMAVWBY 3MiHW TemnepaTtypu, BOMOrocTi Ta TUCKY 30BHIWHbOrO cepegosuia (dir. 3).
PiBHSIHHA cun y3gosx oci Oz 4yTnMBOCTI rpaBiMeTpa, CNpsiMOBaHOl y3[40BX BEPTUKANbHUX CTPYH,
Oyne matu Burnag [2]:

fz:f1+f2:mg+mAH+Ai+mg—mAH—Ai:2mg, (1)

ae /i - BuxigHui curnan 3i CTpYHHOro reHeparopa 10;
f> - BuxinHuit curnan 3i CTPYHHOro reHepatopa 11;

Iz - BUXiAHWIA curHan 3 cymartopa 9;

m - gara iHepLuinHoi macu;

3 piBHAHHS (1) BUAHO, WO BUXIAHWUA curHan 3 cymartopa 9 MiCTuTb JloABOEHE 3HAYEHHSI KOPUCHOTO
CUrHany MpUCKOPEHHS CUMW TSXKIHHA Ta HE MICTUTb BepTMKarbHE NMPUCKOPEHHS h niTaka Ta CyMapHi
IHCTPYMEHTarnbHi MOXnBKK Ai.

BuxigHuin curHan = 3 cymatopa 9 nogaetbest y BLIOM 4, Kyan Takox NoAarTbCs BUXIAHI CUrHanm
Bif cuctemu 1 BU3HAYEHHS HaBirauiiHUX napamMeTpiB Ta BumiptoBada 2 Bucotn. Y BLIOM 4
0BUYUCTIOETLCS 3HAYEHHSA aHoManii A9 NPUCKOPEHHSI CUMK TSXKIHHA 3a hopmynoto [2]:

Ag=f+E+A-y,, (2)

_f

ne 2 - BUXigHW# curHan rpasimeTpa 3;
E - nonpageka ETselua;
A - nonpaeka Ha BUCOTY;

% - [O0BIAKOBE 3HAYEHHSA NMPUCKOPEHHA CUNn TSKIHHSA.

3 piBHSIHHS (2) BUAHO, LU0 B HbOMY BiACYTHS cknagoBa noxubku /. Takum 4mHOM, asiauiiiHa
rpaBiMeTpuYHa cuctema-suHaxig 3abesnevye CyTTeBe MiABULLUEHHS TOYHOCTI BMMIpIOBaHb aHoManin
NPVCKOPEHHST CUMW TAXKIHHSA.
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POPMYJIA BUHAXOY

ABiauiiHa rpaBiMeTpuyHa cucTema ANs BUMIPIOBaHHA aHoMarnii NPUCKOPEHHS CUMW TSXKIHHS, LWO
MIiCTUTb cucTemy (1) BU3HaYEHHS HaBirauiiHWX napameTpis, BUMiptoBaYy (2) BUCOTU Ta BCTAHOBMNEHWI
Ha [ABOBICHI nnatdopmi rpasimeTp (3), BUXOAW AKUX MiAKMOYEHI OO BXxoaiB ©opToBOI UMMPOBOI
obumncntoeanbHoi mawwmnHu (BLIOM) (4), sika BiApI3HAETbCA TUM, O YyTNUBUIA eNeMEHT rpasimeTpa
(3) po3milieHuin y repmeTuyHOMY Kopnyci (8) i BUKOHaHWIA y BUrMSiAI ABOX BEPTUKaNbHUX CTPyH (6),
(7), WO € iAEHTUYHUMK | NPUKPINMEeHi OAHUM KiHUEM OO0 BepXy i Hu3y iHepuinHoi macu (5), wo
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npuKpinneHa 4o NpoTUNEXHUX BiYHUX CTOPIH repMeTUYHOro Kopnycy (8) npyxHum enemeHTom (12), a
BiNbHi KiHLI BepTUKanbHUX CTpyH (6), (7) 3'eaHaHi 3i cTpyHHUMU reHepaTopamu (10), (11), BUXoan SKMX
3'egHadi 3 Bxogamu cymatopa (9), npu UbOMYy 3a AONOMOroK CTPYHHUX reHepatopie (10), (11)
HaNaLLTOBAaHO YaCTOTy BMACHWUX KOMWBaHb rpasimeTpa (3) Tak, Wob BoHa gopieHioBana 0,1 ¢ -
4YacToTi MEepPEeTUHY CrnekTpanbHUX LUINbHOCTEA KOPUCHOMO CWUrHamy MPUCKOPEHHS CUMNU TAXIHHA Ta
Hanmbinblioro 30ypeHHsi, a came BepTUKaNbHOro MPUCKOPEHHS, kpim Toro, BLIOM (4) BukoHaHa 3
MOXITMBICTIO OBYMCNEHHA 3HAYeHHs aHomanii 3a opmyno Ag=f+E+A-y,, A& f - BUXIOHWUNA

curHan rpasimeTpa (3), £ - nonpaeka ETeewa, A - nonpaska Ha BUCOTY, y, - AOBIAKOBE 3HAYEHHS
NPUCKOPEHHS CUMN TAXKIHHS.
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