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st koutpoJis mapamerpoB PIN-hoToanomnoB npu MacCoBOM MX MPOU3BOICTBE pa3paboTaH BHICOKOIIPO-
M3BOIUTEbHBII aBTOMAaTU3UPOBAHHbBII MHOTO(MYHKLIMOHAABHBII cTeH. CTeHn o0ecrneuynBacT u3Mepe-
HY€ TEMHOBOTO TOKa, EMKOCTHU ITPU paboyeM HamnpsKeHUN 1 BeJIMYMHBI OTKJIMKA Ha CBETOBOM CUTHAJ IIPU
OIHOBPEMEHHOM ITOIKIIOUYEeHUH A0 16-T1 (HOTOIMONOB U IOC/IEA0BATEIbHOM ITPOBEPKE X XapAKTEPUCTUK.
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OITMCAHUME CTEHIA

B Uncturyre snepnoit pnznku CO PAH M. I''U.
bynkepa pa3paboTraH U U3roTOBJIEH aBTOMaTU3UPO-
BaHHbBI MHOTOGYHKIIMOHAILHBIN CTeH, IJIS1 MacCo-
Boro mM3MepeHusd xapakrtepuctuk PIN-dorognonos
[1]. CteHm cocTOUT U3 HE3AaBUCUMBIX 1IeNel n3amepe-
HUS ToKa 1 eMKocTu potoamonos (D). biok-cxema
cTeHaa npuBeieHa Ha puc. 1. @J1 nogkIoyamTcs K
IiaTe yepes mrbipeBoe coenuHenue PLLD1.27-40R.
st KoHTpoust ycraHoBJeH 3TaioHHbIi D/I. TTono-
JKUTEJIbHOE HAIPSIKEHUE CMEIleHUS TOAAETCsl OHO-
BpeMeHHO Ha KaTonbl Bcex M1 oT BHELIHETO UCTOU-
HUKa nuTaHus. Bce aHOABI MPY 3TOM NOIKIIIOYEHBI K
HYyJIEBOMY MOTEHIIMAly Yepe3 yIpaBisieMble KJII04Yr
Ha IoJIeBbIX TpaH3ucTopax (puc. 2). JIis npoBeaeHUs
n3MepeHnit aHonel DJ1 1o odepenn OTKITIOYAIOTCS OT
HYJIEBOTO TOTEHIIMaJla U TOAKIIOUYAIOTCS KO BXOdY
U3MEpUTENTbHOI 1lenu. Takoe pelleHue MO3BOJIsIeT
n306exaTh ObICTPOTo MepeTeKaHUs 3apsiI0oB B MOMEHT
MepeKII0YeH s, TaK KaK pa3HOCTh MOTEHIIMAIOB Ha
®DJI npakTuuecku He uameHsietTcs. CTeHa UCTOb3y-
eT OBYXCTyHeHYaThlii UCTOYHUK nuTaHus. AC-DC-
OJIOK MUTAHUS paboTaeT OT IIEPEMEHHOTO HaIMpsKe-
Hust 220 B ¥ BblgaeT MOCTOSHHOE HaMpsLKeHUeE
+15 B. Bropas crynens nipu nomoimu DC-DC-mipe-
obOpa3oBaresieif ¥ JIMHEWHBIX CTa0OMIN3aTOPOB (hop-
MUpPYeT HEOOXOAUMBII HAOOp HAMPSIKEHUM 1S TTU-
TaHUs KOHTpoJUIepa, YCWIUTeNleii U KoMMyTaTopa
(£2.5 B, £5 B, +10 B).
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Cxema u3MepeHus TEMHOBOTO TOKa MOJKIII0YaeT-
¢ K KaTOIy MCCIIeAyeMOTOo TNOoIa Yepe3 pe3ncTop Co-
npotuBieHueM 1 MOwm (puc. 3), a cxeMa U3MepeHus
€MKOCTU — uepe3 KOHIAeHcaTop eMKocThio 1 MKD
(puc. 4). BeiOpaHHbIE HOMWHAIbI TO3BOJISIIOT HaIeK-
HO pa3feuTh IMTOCTOSTHHYIO M TIePEeMEHHYIO COCTaB-
Jstrone Toka. Ha BeIxonie KaxkKaoil n3MepuTeTbHOU
e GOpMUPYETCS TTOCTOSTHHOE HAIIpsKeHUE, KO-
TOpOe OLMMPOBHIBAETCS BCTPOSHHBIM B yIIPaBIISIIO-
it kontposep ALTI.

CxeMa M3MepeHHsT TEeMHOBOIO TOKa (CM. puc. 3)
cobpaHa Ha OCHOBE IByXKaCKaTHOTO OTepallMOHHO-
ro ycunutenst (OY) AD8602. TeMHOBOIi TOK TIOCTY-
naeT Ha MHBepTUpylolrilt Bxod OY M KOMIIeHCUpY-
€TCsI TOKOM, TIOCTYITAIOIINM 13 1IeTT OTPUIIATETbHOMN
obpatHoit cBsa3u (OOC) yepe3 pe3ucTop COIMPOTUB-
senuem 20 MOwM. Bropoii kackan OY nomoJHUTENb-
HO ycriuBaeT curHal B 25 pa3. KoadpdpunmeHT npe-
00pa3oBaHMsI TEMHOBOTO TOKa B HalIpsSIKEHHE CO-
crasisier 500 MB/HA.

Hns usmepenuss emkoctu @DJ1 (cM. puc. 4) oT
BHEIITHETO TeHepaTropa ITOJacTCsI CUHYCOMIAJbHOE
HanpsekeHnue 1 B c yacroroit 1 MIt. O6ycnoBiaeHHast
eMKocTbio DJI mepeMeHHast CocTaBJIsIIoNIasl TOKa Mo-
CTyITaeT Ha MHBepTUpylomuii Bxom OY ADS065 u
KOMITEHCUPYETCS TOKOM, TOCTYMHAIOIIUM W3 e
OOC uepe3 koHaeHcaTop eMmkocThbio 100 md. Ha
BTOPOM KacKaJie CUTHaJI TOTIOJTHUTETHLHO YCUITUBACT -
ca B 20 pa3 1 rocTynaeT Ha JUHEHHBIN OTHOITOIYIIE -
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CMEIICHUA

GdoTonroaoB

Ncrounuk nuranus AC-DC
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Puc. 1. biok-cxema aABTOMATHU3MPOBAHHOI'O MHOI‘O(byHKL[I/IOHaI[BHOI‘O CTCHIA aJid MaCCOBOIO M3MEPCHUA XapaKTCPUCTUK
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Puc. 2. CxeMa noakiodeHust GOTOAMOIOB U KOMMYTaTopa.

PUMOIHBIN BBITIpSIMUTEb Ha ocHOBe OY ADS829 u nH-
Terpupyoieii RC-11eIH ¢ IIOCTOSTHHOM BpeMeH! 4.4 Mc.
IMTocTosiHHOE HampsiKeHUE Ha BBIXOJAE MPOIOPIIMO-
HajbHO eMKocTu P]I ¢ koaddunmentom 0.15 B/nd.
[Anarra3oH M3MepeHUsT eMKOCTeil MOXHO YBEITHUM-
BaTh IPU MOMOIIN YCTAaHOBKU KOHAEHcATOpa 60Jb-
mero HomuHaa B uenu OOC ycunurenss AD8065.

st usMepeHus OTKJIMKa Ha CBETOBOM CUTHAJT MC-
MOJIb3YETCSI CXeMa U3MepPEeHUs TeMHOBOTO ToKa. Mc-
cienyeMblii DI obiyyaeTcss CBETOAMOIOM OJHOBpE-
MEHHO C 3TaJJOHHBIM (B KOHKPETHOW peajun3aiuun
ucmnonb3yetcsds @ Hamamatsu S10993-05GT [2]), u
€ro YyYBCTBUTEIbHOCTh PACCUUTHIBACTCSI M3 OTHOIIIEC-
HUSI curHaioB. Takoil Moaxomd MO3BOJSET U3MEPSITh
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Puc. 3. Cxema kaHasia usmepeHust TeMmHoBoro Toka /1.
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Puc. 4. CxeMa kaHasa usmepeHust eMxkoct ®/I.

qyBCTBUTEJILHOCTL DI B Auamna3zoHe MIMH BOIH OT
400 mo 1000 HM, UCITOIB3YS CBETOIMOILI C Pa3HBIMHA
CIIEKTpaMM HU3JydyeHUs1. B oTjauuume ot mM3MepeHMit
TEMHOBOTO TOKa U €MKOCTH, KOTOPBEIC IPOBOISITCS
111 Kaxkaoro MJI, OTKIMK Ha CBETOBOI CUTHAJI KOH-
TPOJIUPYETCST BBIOOPOYHO IS HecKOJAbKUX DI u3
naptuu. [ToaToMy 1151 ynoo6cTBa paboThl 1 BO3MOX-
HOCTHU MCIIOJIb30BaHUS OOJIBIINX CUTHAJIOB ObLIa M3-
rOTOBJIEHA YIPOIIEHHAsl BEPCHUS CTeHIa — 0e3 lielu
M3MEPEHMS eMKOCTHU 1 C MEHBIIICH Ha 4 TIOPsIAKA 4yB-
CTBUTEJIBHOCTBIO.

YITPABJIEHUE CTEHAOM

VrpapieHue CTEHIOM OCYIIECTBIISIETCS TIPU I10-
MOIIIM BCTPOEHHOTO KOHTPOJIIepa, B Ka4eCTBE KOTO-
poro HCIIONIb3yeTcsl rotoBas Iurata Arduino Mega
2560 [3]. Ilimata mMeeT HEOOXOIMMOE KOJIMYECTBO
LU (POBBIX BBIXOAOB ISl YIIPaBJIeHUs] TPaH3UCTOP-
HeIMU Kiniodamu, 10-outHbi AL ¢ mmamazoHom
BXOIHBIX HanpskeHu ot 0 1o 5 B 1 HeckopKo aHa-
JIOTOBBIX BXOJOB. YIIpaBJI€HUE KOMMYTAaTOPOM OCY-
IIECTBIISIETCI IIPXA IIOMOIIM LM(MPOBBIX BBIXOOOB
IUIaThl KOHTpOJIIepa, KOTOPbIE 3a1aloT COCTOSIHUE
KJTI04eil. YPOBHM CUTHAJIOB IS YIIPABJICHUS KITIOYaMU
nepenaTcs B KOHTPOJUIEP OT KoMITbioTepa. CUTHAJIBI C
BBIXOJIOB KaHAJI0B U3MEPEHMUSI ITOCTYIIAI0T Ha aHAJIOro-
BBIE BXOJbI 1 KOMMYTUPYIOTCST Ha Bxoa ALLIT.

Jns ynpasieHus miiaToi Arduino HanmmcaHa nmpo-
rpamma st Koutpoiiepa ATmega2560 [4]. st mpo-
IIVBKY MCITOJIb30BAJIUCh BCTPOCHHLIN B IJ1aTy MPO-
rpamMatop 1 IDE Arduino. beiim onpenenensr 34
LU POBBIX BLIXOJA IJISI YIPaBJIeHUS KOMMYTaTOPOM
Ha TTOJIEBBIX TPaH3UCTOpax (Mo 2 BEIBOAA Ha KaXKIbIit
u3 16 + 1 xananoB @JI) u 2 aHaJIOroBBIX BXOIa IS
M3MEPEHMS eMKOCTU M TEeMHOBOT'O TOKa. bhuiu Hamu-
caHbl (DYHKLIMU TOCTYMa K 3TUM BeiBogaM. Ha umd-
POBBIX BBIBOAAX COCTOSTHME “1”° BKirouaet, a “0” BbI-
KJIIOYaeT COOTBETCTBYIOLIIME MOJEBbIE TPAH3UCTOPHI
B KOMMYTaTope. AHAJIOTOBbIE BHIBOIBI MOIKITIOUAKOT-
CcsI K BCTpOeHHOMY B MUKpoKoHTposep ALITT. 13-
MEpEHHbIC 3HAYCHUS TIepeIaloTCs B MEePCOHAIbHbBIMA
kommbiotep (ITK) njs BBIMUCICHUS TapaMeTpOB.
Jlnas GoJplliei aBTOHOMHOCTH M YHMBEPCAJTbHOCTH
MOIK/IIOYEHUSI K Pa3HbIM KOMITbIOTEpaM HCIIOIb30-
BaH USB-unHTepdeiic, uepe3 KOTOPHIA SMYJIUPYETCS
pabora COM-niopra.
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IIporpamma Ha I1K, HanmmcanHas Ha s13bike C++
[5], yripaBisteT peskuMaMu padboThI CTEHAA: BKITIOUAET
€ro B peXXUM U3MEPEHUSI EMKOCTU WUJIN PEXUM U3Me-
pPEHUSI TEMHOBOI'O TOKa, MEPEeKII0YaeT KOMMYTaTOp
KaHaioB. Takske oHa MO3BOJISIET IPOBOAUTH HEOOXO-
JMMBIC U3MEPEHUSsI, BLIYMCISATh 3HAUSHUST U3Mepsie-
MBIX BEJIMYMH C HCIIOJb30BaHMEM KaJTOPOBOYHBIX
mapaMeTpOB M COXPaHATh JaHHBIE B (baiti. BmecTte ¢
M3MEepPEHHBIMU JaHHBIMU B (aiisl 3aIIMChIBAIOTCS OT-
METKM O TEKYyIIeM BpeMEHU U3MEPEHUI U1 KOMMEH-
Tapuu. B maHHOI1 mporpaMme eCTb BO3MOXKHOCTh U3-
MEHSITh CJIENYIOLIMe HACTPOMKM: BEJIMYUHBI MaKCH-
MaJIbHbIX 1 MUHUMAaJbHbBIX OJOMYCTUMbBIX 3HAYCHUIA,
KanmnopoBOYHBIE KO(MPUIINEHTHI, Ha3BaHWE ITOpTa
JJIsI TIONKJIFOUEHUSI CTeHIa K KOMIIBIOTEPY, a TaKXKe
HacTpoiiku nogkiodeHus K TTK.

KAJIMBPOBKA CTEHJIA

st KanuOpoBKU KaHaja U3MEepeHUsI TEMHOBOTO
TOKa OblJla M3MepeHa 3aBUCUMOCTb BBIXOIHOTO Ha-
MPSKEHUsT OT BXOAHOTO Toka. I 3TOoro Ha BXO[
CTeHJa ObUIO MOAAHO MOCTOSIHHOE HAIpsiKeHUE ye-
pe3 pe3uctop conpotusiieHuem 2 'Owm, T.e. 1 B coor-
BeTcTBYeT TOKy 0.5 HA. M3MeHsd HanpsoKeHUe Ha
Bxozae oT 0 1o 10 B, MbI ToJyuymniiv IMHEHHYIO 3aBUCH -
MOCTb U ONpEeNeSVIN YTOYHEHHbI!T KO3(hOUILIMEHT
npeoOpa3oBaHUs TOKa B HarmpsokeHue. B creHne,
npeaHa3HauYeHHOM JIJIsI IPOBEPKY OTKJIMKA Ha CBETO-
BOI CHUTHaJI, KaJIMOPOBKA KaHajla U3MEpEeHUs TOKa
MPOXOAuia aHaJIOTUYHO, TOJbKO KaJMOPOBOYHBIM
TOK TMonaBajicst yepes cornpoTunieHue 200 kKOM.

HOna xaauOGpoBKM KaHajda M3MEpPeHUs eMKOCTH
OBLIM U3MEPEHBI 4 KOHJIEHCATOpa ¢ U3BECTHBIMU HO-
MmuHanaMH. [1o pe3yabrataM KaquOpOBKYU Ompeaeie-
Ha YYBCTBUTEIBHOCTh cTeHIa — 6.7 md/B.

C 1LeNIbIO TIPOBEPKU CTeHOA ObLIM M3MEPEHBI TTa-
pamerpel ¢dortomnona Hamamatsu S10993-05GT.
INony4yeHHbIe 3HAYSHUS B IIpeieaX TOUHOCTH U3Me-
PEHUSI COMIACYIOTCS C MACHOPTHBIMM.

SAKJIIOYEHHME

CozmaHbl JIBa aBTOMaTU3UPOBAHHBIX MHOIO-
¢GYHKIMOHAABHBIX CTEHOA IJISI MacCOBOIO M3Mepe-
Hus xapakTepucTukK PIN-®JI. OnuH cTeH I TT03BOISI-
eT IPELU3NOHHO U3MEePSITh TEMHOBOM TOK M EMKOCTh
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ABTOMATU3UPOBAHHBIM1 MHOTO®YHKIIMOHAJIbHBIM CTEH],

®D/1 ipu 1TomaHHOM OOPAaTHOM CMEILEHUM, BTOPOU —
NpeaHa3HayeH IS IIPOBEPKM OTKJIMKA Ha CBETOBOM
CUTHAJI, pACCYUTAH Ha OOJIBIINI BXOIHOM TOK K 060~
pyZOBaH CBETOIMOAOM CO CBETOMDMILTPOM.

Bouty 1OCTUTHYTHI CllEAYIOLIME XapaKTePUCTUKU:

— JIMara3oH U3MepeHUsl TEMHOBOTO ToKa oT 0 110
5 HA ¢ TogHOCTBIO 0.05 HA;

— JInana3oH usMepeHus eMkocty ot 0 mo 30 md
npu TouHocTu 0.15 nd;

— OTHOCHTEIbHAsI TOYHOCTb U3MEPEHUS OTKJINKA
Ha CBETOBOM curHai 2%;
— BpeMs u3MepeHus mapameTpoB 16-tu DJI cocTas-
JISIET 2 MUH,;

IMPUBOPHI U TEXHUKA ODKCIIEPUMEHTA  Ne 1
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— npeiid cocTaBisgeT He 6osee 1 MIamIIero 3Havalie-
ro paspsiga ALLIT 3a 80 muH.
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