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Lately the physical models of detachable elements have become widespread.
Physical models and detachable elements should have identical dimensional and
weight parameters, including mechanical and dynamic characteristics. Physical mod-
el should measure the real impact of various physical quantities such as temperature,
pressure, force, magnetic field, measure and record both parameters of external influ-
ences and their derivatives that allow determination the trajectory of detachable ele-
ment by its constituents such as angular rate and acceleration in three coordinates.

The value of the measured parameters should be stored in an indestructible
memory even in the case when the physical model breaks through hard usage and
large separation and fall accelerations.

In this regard, in parallel with the development of physical models the specific
control and calibration equipment (CCA) is developed, which is used both during de-
sign and production, and during prelaunch control of detachable physical model,
reading, decoding, display and interpretation of measurement data.

For measuring transducers with balanced inputs the bridge network simulator is
proposed so that the output voltage is not created by changing the resistance of one or
more arms of the bridge, rather by incorporating serial connection with resistance of
one arm of bridge circuit the additional regulated voltage source from a digital-to-
analog converter, which will function as test values, that is equivalent to the measure
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of non-electrical physical quantity.

Analytical dependences of simulator output voltage on electromotive force power
supply of bridge circuit, output voltage of digital-to-analog converter and all elements
of principle diagram, and error equations for each component of the circuit have been
achieved.

The CPA includes: digital-to-analog converter (16 channels, £ 10 V, 16 bits); ana-
log-to-digital converter NI 9205 (32 channels, £ 0,2 B, £ 1V, x5V, £ 10V, 16 bits);
measuring channel adapter; personal computer; interface converter; software that en-
ables to put testing voltage for all channels of detachable element (DE), read data
from DE memory, find real conversion factors and use them to correct errors, display
resulting flight information in the form of graphs and tables.

The possibility of filtering to reduce noise impact of different types is proposed.
Metrological verification of the CCA is implemented using nanovoltmeter

HP 34420A, which has a resolution of 7% decimal places and the AC/DC calibra-

tor N4-7.

R Ornucanbl 1 0O0OCHOBaHBI IJIaBHBIE MPUHIUIBI IOCTPOCHUS CTPYKTYpP CUCTEM

u U3MepeHuss (PU3MYECKUX MapaMeTpoB OTAEISIEMbIX 3JEMEHTOB, HAXOIAIIUXCS B
CBEPXKECTKUX yCIOBUAX. [IpuBeneH nmpumep nocTpoeHUsI U3MEPUTENIBHBIX KaHAJIOB
JUIsL U3MEPEHMS TPACKTOPHBIX [TapaMeTpOB, NaBJICHUS U TeMIeparypbl. HaBeneH pac-
YeT IapaMeTPOB CHHXPOHM3ALMHU NI BPEMEHHOI'O COIVIACOBAHUS W3MEPUTEIIBHBIX
OTCYETOB (PU3MUECKUX [TAPAMETPOB C OTCUETAMH PEATILHOI'O BPEMEHH.

Beryn

Mo>XJIMBICTh BUMIPIOBaHb (PI3MUYHUX MApaMmeTpiB BIJOKPEMIIIOBAHUX €lie-
MeHTiB (BE) € oani€ro s3 HaBaKIIMBINIKX 3a/1a4, 1[0 BUHUKAIOTh Y XOJ1 MpOBe-
JIEHHSI €KCTIEPUMEHTAIBHUX JOCIIKEHD Tij yac pO3p0Okn HOBUX 3Pa3KiB TEXHI-
KM Y TaKUX Taiy3sx, sk JITakoOyayBaHHs Ta aBlakocMmiuHa TexHika [1]. Ilepesa-
I'd, 110 HaJa€e Taka MOXJIMBICTb, MOJATAOTh y TOMY, IIO 3HAHHS JOCTOBIPHOI
iH(dopmarrii mpo 3HaueHHs (PizuuHuxX mapamerpiB BE mpotsarom ix pyxy mo3Bo-
asie ToOyayBaTH TOCTOBIpHY Mojeib noBeaiHku BE i3 meToro anamizy Ta mpo-
THO3YBaHHS MOBENIHKU 00’ €KTa, i3 skuM 1oB’si3annii BE, Ta ix B3aeMonii. A 1e
y CBOIO UEPry Ja€ MOKJIMBICTb CKOPOTUTH 00’€M E€KCIEPUMEHTAIbHUX BIAIpa-
I[I0OBaHb, MaTepiaJibHI T4 YaCOBI BUTPATHU HAa MPOBEJEHHS SKUX, MOXYTb OYyTH
JIOCUTh 3HAYHUMHU. ¥V JaHIM crarti HA OCHOBI MPOBEAEHOTO aHAII3y BUJILJICHO Te-
penik (Hi3UYHUX MMapaMeTpiB, 3a SKUMU MOXKe OyTH o0y J0BaHa MOJIENIb TTOBEi-
Hku BE, chopmynboBaHi OCHOBHI BUMOTH JI0 TOOYAOBH CHUCTEM BUMIPIOBAaHHS
¢13uunnx napamerpis (CB®II) BE, onucani Ta o0rpyHTOBaHI rOJ0BHI TPUHIIU-
nu no0yaoBu cTpykTypu CBOII.

AHaJi3 npo0JjeMu

Oco6ausictio CB®II BE € te, mo BE npoTsiroM cBoro pyxy 3HaXOAUTbCS
y HQJDKOPCTKUX YMOBAX, a CaMe:
— nepeBanTaxenHs a0 10000 g;
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— 30BHIIIHA TemIiepatypa razy Ha nosepxsi BE Bix -40°C go +2000 °C;

— KJIIMaTU4YHI YMOBH €KCIUTyaTallii BiJ TOMIpHUX JO TPOMIYHUX ab0 MOJIsIp-
HUX.

VY Takux ymoBax BuMOTU 10 cTpykTypu CBOII moBuHHI nependavatu
CXEMOTEXHIYHI 3ac00H 3axuCTy BUMiproBanbHUX KaHamiB (BK) Big BmiuBy Bka-
3aHUX (haKTOpiB. AHai3 MapaMmeTpiB, AKi OMHUCYIOTh moBelniHKy BE, no3Bonus
BUJIUIUTH TIEPEIIIK OCHOBHUX (DI3UYHUX MapaMmeTpiB, Jialla30HU iX 3HAYEHb Ta
BUMOTH JI0 TOYHOCTI BUMIPIOBaHb, a CaM€;

— MpoeKIli JIHIMHOTO TMPUCKOPEHHS Ha 3-X BICHY CHCTEMY KOOpPJMHAT
+ 20000 m/c? y gactotHoMy Aiama3oni 0+2000 I'11 i3 nmpruBeAEHOI0 OCHOBHOIO
moxnokoro +2 % + +5 %;

— MPOEKIli KyTOBOI MMBUJKOCTI Ha 3-X BicHY cuctemy koopaunaTt £20000 °/c y
gactotHOMY miana3zoHi 0 + 2000 ['r i3 mpuBemeHOI0 OCHOBHOIO MOXHOKOIO
+2 % + 5 %;

—  yIapHO-XBHIbOBHIT THCK Ha moBepxHi BE 0 + 120 kre/cm® y 4acToTHOMY Ji-
ana3oHi 100 + 2000 Iy i3 mpuBeIcHOI0 OCHOBHOIO MOXHOKOI0 +2 %0;

— TeMrmepaTtypa razy Ha noBepxHi BE 0 + 2000 °C y gacroTHOMY Jiama3oHi
0 + 2000 I'tr 13 mpuBeeHO0 OCHOBHOO MTOXHOKOI0 12 %0;

— 3ycwis eneMeHTiB kpirieHHs BE 15000 H y wacrotHOMy miama3oHi
10 + 100 I'ty i3 mpuBeIEHOI0 OCHOBHOIO IMOXUOKOI0 +2 %;

— HanpyxeHictb MarHiTHoro mosst 3emii 80 MxT y dacToTHOMY niama3oHi
0 + 100 I'r i3 mpuBeIEHO OCHOBHOO TTOXHOKOI0 2 %.

KinbkicTh TOYOK BUMIPIOBaHHS BKa3aHUX MapaMeTpPiB BU3HAYAETHCS
KOHCTpYKIIi€ro 00’ekTa, oB’s13aHor0 i3 BE, 1 MOXke mocsraTu Kijibka JECSTKIB
JUIsL KOKHOTO TNy (i3udHoro napamerpa. OcoOnauBICTIO BUOOPY CTPYKTYpH
CBO®II € Takox oomexenuit npoctip s po3ramyBaHHs BK CB®II. Oomexe-
HUN TPOCTIp pa3oM i3 HeoOx1aHicTIo 3axucTy BK Bij BIIMBY TakuxX 30BHIIIHIX
bakTopiB, K BUCOKA TEMIIEpaTypa Ta MepeBaHTAKEHHS, BU3HAYAIOTh BUMOTH JI0
npoektyBaHHs cTpykrypu BK CB®II BE, sikumu €:

— MoxayneHIcTh BK;

— aBTOHOMHICTb Ta HE3aJEKHICTh BUMIPIOBAIBHOTO MpoIiecy KoxkHoro BK;

— HE3AIEeKHICTh PYHKIIN 30epeKeHHs JaHUX MPOIECY BUMIPIOBAHb KOKHOTO
BK;

— pesepByBaHHS PyHKIIiH xuBiIeHHS BK;

— BIJIHOBJICHHS TIPOIIECY BUMIPIOBAaHb MICIST MOXKJIMBUX MEPE3aBaAHTAKEHDb 200
300iB 13 30€pEKEHHSIM YaCOBUX MITOK PEaJIbHOTO Yacy;

— KepyBaHHsI MPOIECOM 3apSAKH/PO3PSAIKA aBTOHOMHHUX aKyMYJSITOpDHHX Oa-
tapeil xxuBieHHss CBOII npoTsirom TepMiHy eKcIuTyaTaliii;

— KOHCTpyKTuBHHUH 3axucT BK Bij BruMBYy 30BHIIIHIX (aKTOPIB.
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ITocTanoBka 3agaui

AHani3 MOXJIMBOCTI BUKOHAHHSI ONMMCAHUX BHINE BUMOT J03BOJISIE CHOP-
MyBaTu cTpykrypy CBOII y Bursai Habopy QyHKIIOHATHLHO aBTOHOMHHUX MO-
nyniB BK i3 3rpynoBaHuMu 1mo o3HakaMm OJU3BKOCTI (PI3MYHUMU MMapaMeTpamu,
10 BUMIPIOIOThCS. KUIbKICTh Ta KOOpAMHATHE po3TamryBaHHsa monyiniB BK 3a-
JeKUTh BiA TUMY 00’ekTa, moB’s3anoro i3 BE. YacTtoTHi niana3oHu 3MiH 3HA-
YeHb BUIUICHUX (DI3UYHUX MMapaMeTpiB BUZHAYAIOTh YaCTOTY OMUTYBAHHS KOXK-
HOTO i3 HHX, siKka JeKUTh y Mexkax 400 + 5000 I'r. Koxken i3 BK CBOII nosunen
MaTH BJIACHY CHCTeMy 30epeXeHHsI BUMIipIoBalIbHOT 1H(popMaliii. OcobirBo Ba-
YKJITUBOIO € po3poOKa Takoro opmary 30epexeHHs 1Hpopmallii, IKUil 1a€ MOXK-
JIUBICTh CUHXPOHI3YBaTH BIJJIIKM KOKHOTO i3 TTapaMEeTPIB 3a PEaIbHUM YaCOM.
Heo06xigHoro yMoBow (hopMary 30epekeHHs iHGOpMaIllii € TaKOK MOKIIUBICTD
BUSIBJICHHSI cutyaliii 36010 Ta BinHOBIeHHs y 3alldcax Oe3 BTpaT CHMHXPOHI3aIlli 3a
peabHUM YacoM [2].

Tak sk CB®II mae aBTOHOMHE KUBJICHHS Bl aKyMyJSATOpHUX Oatapei,
aKTyaJIbHUM € BHOIp OCTaHHIX 3a MapaMeTpaMu MOTYXHOCTi, EMHOCTI Ta Oe3rme-
Ki. AHaJi3 ICHYIOUMX THUIIIB aKyMyJISITOpHUX Oartaped HEO0OXITHOI €MHOCTI
800 + 1400 mAron, ctpymy HaBanTaxkeHHs 10 1200 MA Ta Oe3neku ekcruryaTa-
1ii Ja€e MOXJIMBICTh 3yNUHUTH BHOIp Ha aKyMYJSITOPHUX OaTapesx THILY
Li/MnO, i3 xapakTeprcTUKaMu;

— mnanpyra BuxigHa 3,0 B; emnicts 1500 MAroz;

— CTPYyM HaBaHTaXEHHA mocTiiHUN 10 1500 MA, KOpOTKOYacHHM — [0
3000 mMA;

— pobouwnii Temmneparypuumii pexkum —40 °C++70 °C.

Oco06aMBICTIO IILOTO TUIY OaTapeil € BUOYyX00e3neyHICTh, 0 € He0OX1-
HOIO BUMOTOIO IS OUTBIIOCTI 00’ €KTIB, 1TOB’s13aHuX i3 BE. CB®II noBuHHA Ma-
TH MOYJIMBICTh BUSIBJICHHS! KPUTUYHOTO 3HIDKEHHSI EMHOCTI Ta 6€3MevHol mia3a-
PAIKKA aKyMYJISITOPHUX Oatapeil, a TaKoK HEOOXIAHICTh KOHTPOIIO 32 POOOTOIO
BK nmpoTsiroM miaAroToB40Oro TepMiHy BUCYBA€ BUMOTY IHUKJIIYHOTO OMMUTYBAaHHS
BK CB®II 30BHIITHIMU TEXHIYHUMU 3aco0aMu 0e3 BUKOPUCTaHHS (PYHKITIT 30e-
PEXKEHHS.

Baxxmusoro Bumoror 10 CB®II BE € Takox BUKOHAHHS 3aXO/iB METPO-
joriyHoro 3abe3neueHHst BK npoTsaroMm tepminy ekcrutyaraiiii 6e3 HeoOX1JHOCTI
po3oupanns koHCTpYKIlli CB®II Ha cki1agoBi YacTUHU. 3a LIE€H0 METOIO MPOEK-
TyBaHHA CB®Il BHKOHY€TbCS CHUIBHO i3 MPOEKTYBAaHHSAM KOHTPOJIbHO-
nepeBipounoi amapatypu (KIIA), sika KpiM TEXHIYHOTO KOHTPOIO (PYHKIIIIO-

I'osoBHI esieMenTH cTpykTypu CB®II Ta iX peaJisanist

Ha puc. 1 npencrasnena ¢yHkilioHansna cxema po3poosieHoi CB®DIT mis
BUMIpIOBaHHA (Pi3nyHuX napametpiB BE, mo pyxaerbcs 3a 6anicTUYHOIO TPaEeK-
TOPIEIO.
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BJIOK JKUBJIEHHSI
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Puc. 1. ®ynkuionansna cxema CBOIT BE

BK CB®II noaineni Ha AB1 rpyny — rpyna NepBUHHUX BUMIPIOBAIBHUX
nepetBoproBadiB (I1BII) ta rpynma BTOpHMHHHX BHMIPIOBaJbLHUX MEPETBOPIOBA-
4iB. Buxoau nepmmux Ta BXOJM JPYyTrUuX BUBEACHI JO TEXHOJOTIYHOTO PO3’EMY 1
3’€HYIOThCS TaM CIEIlaJJbHUM KPOCOBHUM MOJyJIeM. TEeXHOJIOTIYHUN PO3’€M
3HaXOJUThCS y HOCOBIM yacTtuHi BE, Tak 1m0 10 HBOTO 3aMiCTh KPOCOBOT'O MO-
nyns moxke Oytu min’eqnana KITA. Taka ctpykrypa CB®II no3Bossie mpoBoau-
i 3a nonomororo KITA KOHTpOJIBHI Ta METPOJIOTIUHI 3aX0/Id, MAIOYN OJHOYAC-
Huii goctyn no BuxoniB IIBIT ta Bxomais BBII. BK CB®II 3rpynoBani B JiBa
(GyHKIIHO aBTOHOMHUX Moayis Stress ta Motion. Posmoain BK mo mmum mosy-
JSIM BU3HAYAETHCS YACTOTHUM Jl1alla30HOM 3MiHU (Pi3MYHMX MapameTpiB. Mo-
nynib Stress o0’eqHye BUMIPIOBaJIbHI KaHald TapaMeTpiB, IO 3MIHIOKOTHCS
cTpubKomnoioHo, a Motion — maBHo.

Koxen monyns BK mae y cBoemy ckiiajii 3amam’iITOBYIOUMA TPUCTPIM
(3I1), ne 36epiraeThcst BUMiproBaibHa iHpopmariis. 311 mae BnacHy ¢aitinoBy cu-
cTemMy, OOyI0BaHy TaKUM YHHOM, 110 KOXKeH 301ii abo mepepuBaHHs Oe3nepep-
BHOTO Tiporiecy 3amucy iHdopmartii g0 311 mopomkye HOBHIA (aii.

Le mae MOXIMBICTH MPOBECTH CUHXPOH13al1l1I0 BUMIPIOBAIbHO1 iHOpMa-
1117 3a peaIbHUM YacOM TaK, SIK (pailyii MICTATh B3a€MOTIOB sI3aHI YaCOB1 BIJIJTIKH,
OTpUMaHi OJIWH B1J] OJTHOTO Tl uac BAHUKHEHHs IUX MO, MOXIJIMBICTh TaKO1
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CHUHXPOHI3aIlil IPYHTY€TbCSI HA UMOBIPHOCTI TOTO, 1110 BUHUKHEHHS 3001B OJIHO-
4acHO JIBOX MOJIYJIIB MEHIIIA HIXK 0J{HOTO i3 HUX. Pemra 61mokie CB®II takox
3rpynoBasi y Mmoayii. Kosken Moayiib € GyHKIIOHansHo 3aKIHYEHUM MPUCTPOEM
1 KOHCTPYKTUBHO C()OPMOBAHUI Y MOHOJIITHY KOHCTPYKIIIIO 32 JOIIOMOTOIO 3a-
JTUBKY Bikcuur-68 Ta HanoHiopaua BK-9. Ha puc. 2 ITOKa3aHO 30BHINIHINA BUTJIS
monyinis BK.

Puc. 2. 3oBrimmiii Burmsag moxynis BK

He3Bakaroun Ha TOYHICTh BHYTPIIIHBOTO TaKTOBOro reHeparopa BK He-
MUHY4Y€ BUHHMKAE PO301KHICTh YacOBUX BiMIKIB. Hampukian, mams rereparopa
DSC1101 i3 gactoToro 24 MI'11 abcomroTHa moxubka ckiangae +2,083 mc Toi, Sk
MakcuMaibHa po30DKHICTH MBOX BK cranoButmme At . =4,1671C 1 3a
1 cexynnay ckmane 100 mxc. Onrcana 4acTOTHA MOXUOKa MOXke OyTH CKOMIICH-
COBaHAa BBEACHHSAM KOPHUIYIOUMX KOEQIUIEHTIB A YacOBUX  BIIJIIKIB
(timestamp) 3a popmyiioro:

ti = k¢ T,-timestamp+b,,

ne ki, by — kopuryrodi KoedilieHTH, 1[0 BU3HAYAIOTHCS KaliOPOBKOIO TaKTOBUX
reHeparopis; T, — HOMiHaNbHUM niepion quckperusaiii BK CBOII.
Ha puc.3 nokazano po3mimenns moayiiB BK y kopmyci BE.
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BJiok xuBJeHHS
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H
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Puc. 3. Cxema po3mimenns moayiniB BK y kopmyci BE

Bumora 3a0e3neuenHs cTidkocTi 10 nepeBaHTaxenb 10000 g BUKOHY€Th-
Csl 32 paxyHOK 3allOBHEHHS BCIX MycTOT Koprnyca BE moisyperaHoM Ha OCHOBI
Hexkonact 3. BumiptoBanbHa iHpopmaliiss CB®II 3uuTyeThcsi 3a 10MIOMOIOIO
KITA uyepe3 uentpanbauit Moayis (LIM). Ha puc. 4 noka3zana cTpykTypHa cxema
CUCTEMU 3UUTyBaHHs BUuMiproBaibHOi iHGopmaiii CBOII uepes KIIA Bing BE.
Pesynbratn BumpoOyBanb, 3anucani y 3II CBO®II, npeacramieHi Ha

BE

puc. 5.
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Puc. 4. CTpyKTypHa cXeMa CHCTEMHU 3UUTYBAaHHS BUMIPIOBAILHOT

iHpopmarii CBOIT
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X, Data analysis E=N EE | =)
File name: Dt fincomingfgromzfRecorderControl_binftest. dat Motion speed 1=

Accelerometer [16g]

24
time, ms

Gyroscope [2k]

i |y iRyl g

i e g e

22,5
time, ms

Puc. 5. Pe3ynbratu BUMipIOBaHb TPAEKTOpHUX NapameTpiB BE

BucHoBkn

[TpoBenenwnii anani3z sumor g0 CBOII BE no3Bonus copmyBaTu rosoBH1
OPUHLKIN MOOYAOBU CTPYKTYpP OCTaHHIX, IO 3HAXOISAThCS y HAJKOPCTKUX
yMoBax. 3HalIeH] PIIIICHHS 3aXUCTY BiJl 30BHIIIHIX BIUIMBIB JO3BOJIMIA PO3PO-
outn CB®II nns BuMiproBaHHS TpaeKTOpHUX mMapameTpiB pyxy BE, Tucky ta
TeMIiepaTypy B yMoBax nepeBanTaxkeHHs 70 1000 g Ta 30BHINIHBOT TEMIEpaTy-
pu noBepxHi BE 10 2000 °C. BukopucTtanas po3po0eHOT CTPYKTYpH IS TOC-
JimpkeHHs noBeaiHku BE pyxomux 00’€KTiB, JO3BOJIUTH CKOPOTUTH 00’€M €KC-
NEePUMEHTANBHUX BIAMNPALIOBaHb Ta CYTTEBO 3MEHIIMTH YacOBI Ta MaTepialibHi
BUTPATHU Ha pO3pOOKY HOBUX 3pPa3KiB TEXHIKH.

Cnucoxk BUKOPHMCTAHOI JiTepaTypHu

1. https://www.bea.aero/uploads/tx_scalaetudessecurite/use.of.fdr_01.pdf
—C. 55.

2. Flight Data Recorder. Monitoring Persistent-State Interactions to Improve
Systems Management https://people.cs.uchicago.edu/~shanlu/paper/FDR-
OSDI-CR-FINAL.pdf -C. 14.
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