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PASPABOTKA NTPOI'PAMMHO-AIIIIAPATHOTI'O KOMIIVIEKCA
JIJII ABTOMATHU3UPOBAHHON OBPABOTKH CIIEKTPOB OKE-3JJEKTPOHOB

B cmamve npedcmasnenst peynibmamsl pazpadomKu, mecmuposanus u anpo-
Oayuu 6 IKCnepumeHme NPOZPAMMHO-ARNAPAMNOZ0 KOMRAEKCA 051 A6MOMA-
MU3UPOBAHHOI 00PAOGOMKU CREKMPOE 0XCe-)TIEKMPOHO8, NOIYUEeHHbIX HA NpU-
oope PHI-590 ¢ nabopamopuu ¢uzuku nogepxmocmu HayuHo-o0pazoeame’n-
HO020 yeHmpa.

Knrwouesvie cnosa: cnekmpul 03ice-31eKMPOHO8, cAMOnucey, KOHGEpmep CUZHA-
J108, ONRMPOHbBL, MUKPOKOHIMPOJLIEDP, OUYUPPOBKA CHEKMPOE.

SOFTWARE-HARDWARE COMPLEX FOR AUTOMATED PROCESSING
OF THE AUGER ELECTRONS SPECTRA

The paper presents the results of development, testing and validation experiment
of hardware and software for the automated processing of the Auger electron
spectra obtained on PHI-590 device in the Laboratory of Surface Physics of the
Educational Center.

Key words: Auger electron spectra, the recorder, signal converter, optocouplers,
microcontroller, digitization of the spectra.

Beenenue

B naboparopun ¢usnku nmosepxHocta HOLL anst dopMupoBaHus M HCCIIENOBaHNUS TOHKUX IJICHOK
MeraiioB Ha Si mcnonbdyercs npubop PHI-590, oGopymoBaHHBIH 0Ke-37IEKTPOHHBIM CIIEKTPOMETPOM.
CdopmupoBanHbie B cBepxBbicokoBakyyMHOH (CBB) kamepe o0pasubl HccieayoTess METOIaMH 3JIEKTPOH-
Hol oke-criekTpockonuu (DOC) M CHEKTPOCKONMHMH XapaKTePUCTUUYECKUX TOTEPh DHEPTHil DIIEKTPOHAMH
(CXII2D) [1]. PesynbTarhl TakKuX MCCICAOBAHUNA MPEACTABISIIOTCS B BUJC IPpaKOB, MOJTYYEHHBIX Ha caMo-
nucue Hewlett-Packard mogenu 7010A. 3aneuatineHnsie Ha Oymare CrieKTpbl TPEOYIOT OU(BPOBKH LIS TOTO,
9TOOBI B JAJIbHEHIIIEM WX MOXKHO OBLIO MCIIONB30BATh MPH aHAJIN3E SKCIIEPUMEHTANBHBIX JaHHBIX HA TIEPCO-
HaJbHOM KOMIIBIOTEpE. DTOT MPOLIECC TPYAOEMOK M OTHUMAeT MHOTO BpeMEHHU y uccienoBarenei. [ns pe-

MICHUA HpO6ﬂeMI>I MBI IIpeajiaracm pa3pa60TaHHLII71 HaMu HpOFpaMMHO-aHHapaTHLII‘/II KOMIIJICKC.

CocTtaB u npuHIMI padoThI YCTPOiicTBA

Hus  dopmupoBanus rpadukoB Ha camonucue HP-7010A w3 npubopa PHI-590 (Momyinb
ESCA/AUER System Control) depe3 pazbem CENC-24M [2] nmomaroTcsi mapHble aHAJIOTOBBIC AJICKTPUYEC-
CKHE CHTHAJIbI, COOTBETCTBYIOIINE KOOpAMHATAM «X», «Y» 1 KoMaHJe «Starty, Kak IoKka3aHo Ha puc. 1.

B kauectBe ycrpoiicTBa Ui OUM(POBKM aHAJIOTOBBIX CHUTHAJIOB MBI BBIOPAIM MHUKPOKOHTPOJLIED
ATmega 328 na matpopme Arduino UNO.

CymiecTByeT MHOKECTBO Pa3HBIX MUKPOIPOLIECCOPHBIX MIaT(opM, AJIS OCYLIECTBICHUS yIpaBJe-
HUSl QU3NYIECKUMH TIpoleccaMu, HO Arduino uMeeT psiJi IPEUMYLIECTB: HU3KYIO 1IeHY, MPOCTYIO Cpey Mpo-

rpaMMUpOBaHM BKYIIC C BIIMTBIM IO YMOJIYAHUIO 3arpy34MKOM, da TAKKC MHOXKECTBO IUIAT PaCIIMPCHUA [3]
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Puc. 1. CxemaTnueckoe U300payKeHUE Pa3beMOB, 00CCTICUMBAIOIIMX MMOKITIOUCHHE
camornuciia HP-7010A x mpubopy PHI-590.

[Tnardopma Arduino npepHa3HadeHa JUIs yrpaBieHus (U3HUSCKUME MPOIECCAMU ¢ UCIIOIb30BaHU-
€M DJIEKTPOHHO-BBIYMCIUTEIBHON MAIIMHBI C OTKPBITBIM MPOrpaMMHBIM KOJIOM M MOCTPOEHA Ha MPOCTOM
MEYaTHOW TUIaTe C COBPEMEHHOW Cpeloi i HamucaHWsl mporpammHoro ooecreuenus. [lnater Arduino
CTPOSITCSI HA OCHOBE MUKPOKOHTPOIIEpoB (hupMbl Atmel, a Taxke 3J1eMEHTOB OOBSI3KM JIJIsl TPOrPaMMHUPO-
BaHUS M MHTETPaLlUK C IPyTUMH cxeMaMu. Ha miatax mpucyTcTByeT JTMHEHHBIN CTa0HIM3aTOp HAPSKEHUS
+5 B umu +3,3 B. TaktupoBanue ocyiiecTBisieTcs: Ha yactotax 8, 16 wiu 87 MI'11 kBapIieBbIM pe30HATOPOM.
B MuKpoKOHTpoIIIep IpeBapUTENbHO MPOIIMBAETCS 3arpy3uuK, TOITOMY BHEIIHUN MTporpaMMaTop HE HY-
kel [3].

Brmonnenne komanas! «CTapT» Ui 3allycka caMONKcIia OCYLIECTBISETCS yTeM peleitHOro 3aMbl-
KaHMsI TIapbl KOHTAKTOB. V3MepeHue ypoBHEW CHTHAJIOB KOOPAMHAT, MOCTymarwmux u3 npudopa PHI-590,
MoKa3ajo, YTO CHUTHAJ JJIs KOOPAMHATHI «X» NHHENWHO Bo3pacTaeT oT -10 B 1o 0 B, a curnan ans koopau-
HaThl «Y» U3MEHseTCS B mpefenax ot -5 B 1o -3 B. B 1o e Bpemsi pabouee HanpsoKEHHE 10 aHAJIOTOBBIM
BxoaaM 1utatdopmbl Arduino, mo TpeOOBaHHUIO pa3padOTUYMKOB, HE JOJDKHO mpeBbimaTh +5 B. [ToaTomy cre-
JYIOIIMM IIaroM Haiied paOoThI CTAI0 CO3AaHue MTOACUCTEMBI COMPSUKEHHST pa3padbaThiBaEMOro YCTPOUCTBA
¢ npubopom PHI-590. Ha puc. 2 nokazana npruHIMIHATIbHAS DJIEKTPUUECKasl CXeMa KOHBEpTEpa CUTHAIOB.
Ha Bxoze ycTpoiicTBa Assl KaXKI0r0 CUTHAA OBbUT HCIONB30BaH ACIUTENb HANPSHKEHUS Ha OCHOBE IepeMeH-
Horo pezuctopa 100 kOm. UToOBI HHBEPTUPOBATH CUTHAJIBI, & TAKKE UCKIIIOYUTH B3aUMHOE BIUSTHHE IPUOO-
POB ApYT Ha Apyra, HaMu ObLJIM UCTIONB30BAHbBI TPAH3UCTOPHBIE ONTOMAPHI.

TpanuuoHHO onTonapsl MIMPOKO MCIOAB3YIOTCS JJIs 3aIMTHOW ralbBaHWYECKOM pa3BsI3KH Majo-
MOIIHBIX, YYBCTBUTEIBHBIX M JOPOrOCTOSIINX SJIEKTPOHHBIX KOMIIOHEHTOB OT MOIIHBIX Iiereil. BpoGaBok
ONTPOHBI BEJTHKOIEMHO MOAXOIAT ISl CONMPSDKEHHsS LeNed ¢ BBICOKOH Pa3sHOCTHIO MOTEHLUANIOB OOLIEro
MPOBOAA, 3aIMUTHI LENel OT BHICOKUX CHH(A3HBIX HANMPSHKEHUH W MOAABICHUS IIIyMOB M TIOMEX, BBI3BAHHBIX
MPOTEKaHUEM HEKENaTeNbHBIX TOKOB 4Yepe3 Mapa3uTHbIE KOHTYPHI C 3aMbIKaHHUEM Ha «3eMito». ONTpPOHBI
TaKKe MPUMEHSIIOTCS JJISl YCHIJICHHsI CUTHAJIOB, BKJIIOYEHUS/BBIKIIOUEHHS Pa3IMYHBIX LENed M H30JALUN
JIIOJIEH OT MOTEHIMAIbHO ONMACHBIX HCTOYHUKOB MUTAHUS M TOKOBEIYIIMX YaCTEH BBHICOKOTO HAIPSKEHUS, —
HampuMep, MalUeHTOB OT BBICOKOBOJNBTHBIX MEAMLUMHCKHX NpuOopos. IIporpecc B o0iacTu TEXHOJIOTHH
KOHCTPYMPOBaHUSI U M3TOTOBJICHUS ONTPOHOB OTKPBUI BO3MOXKHOCTHU ISl Pa3pabOTKK HOBBIX CHELUAIN3HU-
POBaHHBIX THIIOB 3TUX YCTPOWCTB, pacIIMpeHUs (YHKIIMOHAIBHOCTH M COBEPIICHCTBOBAHMS WX TEXHUYE-

CKUX XapaKTepHuCTHK [4].
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Puc. 2. IlpunnunuanbHas 2JIeKTpUUecKas cxeMa KOHBepTepa CUTHAJIOB.

TpaH3ucTopHas onTonapa BBIIOIHICTCS ¢ (HOTOMPUEMHBIM 3JIEMEHTOM Ha OCHOBE ()OTOTPAH3UCTO-
pa. Kak npaBuiio, B onTomnapax HCHONIb3yOTCs (POTOTPAH3UCTOPBI CO CTPYKTYPOId N-p-N HAa OCHOBE KPEMHHS,
YyBCTBUTEIIBHBIC K M3IYYCHHIO C JJIMHOW BOJHBI OKOJNO 1 MKM. M3mydaTensiMu OOBIYHO CITYXKaT apceHUI0-
rajuTMeBbIe AUO/bI WU JMOJbI Ha TPOMHOM COCIUHEHHUH, MAKCHMYM CIIEKTPAJIBHOTO M3IY4eHHs KOTOPBIX
JNEKUT BOIM3M 00JacTH HauOOJbIIEH YyBCTBUTENBHOCTH (hoToTpaH3ucTopa. M3mydaTenbHbI AMON KOHCT-
PYKTHBHO PacIOJIOXKEH TaK, 4TO OONbIIast yacTh CBETa HaIpaBisieTcsl Ha 0a30Byr0 00J1acTh (POTOTPAH3UCTO-
pa. Kak u B ipyrux ontomnapax, u3jiydatellb ¥ IPUEMHUK U30JIMPOBAHBI IPYT OT Ipyra ONTHYECKH Mpo3pad-
HOI1 cpemoi [5].

MBI NCTIONB30BANIN MOAKITIOYEHHE TPAH3UCTOPA ONTPOHA IO CXeMe ¢ O0muM KoyiekTopoM. Koag-
(ULMEHT YCHIICHUS TI0 HANPSHKSHHUIO 3TOM cXeMbl MeHblie 1. Takas cxema MpUMEeHSeTCsl ISl COriIacoBaHHsI
KacKaJIoB OO B ClTydae MCIOJIb30BaHHs UCTOYHHKA BXOIHOIO CHI'HAJa C BBICOKHMM BXOJHBIM COIPOTHBIIC-
Huem. [l moakitoueHus KouBeprepa curHanoB K Arduino UNO ObuIH MCIIONB30BaHbI OHOTUITHBIC C BXOI-
HBIMH JCITUTENN HAIIPSKCHHSL.

OxoHuaTeNbHBIN BUJT yCTPOMCTBA MpECTaBlIEH Ha pHC. 3.

Puc. 3. ®ororpadust ycTpoicTBa B KOpITyCe.
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Jyis TecTHpOBaHUS YCTPONCTBA ObLIa MCIIOJIb30BaHa ITpOrpaMma, JIMCTHHT KOTOPOU MPEICTaBICH Ha

puc. 4.
int analogPink = 407
int analocgPin¥ = Al;
int uX, u¥;
int iz

flocat wvoltX, volt¥:

void setup{) |

Serial.bkegin{9600); // HMEMOMAIO{IMEPYEM [OORT, CHOPOCTE 2600
i=1;

void loop() |
uX=analogRead{analogPinX) ; // uTeHMe xoma Hadanma 1
voltE = {flcatjuX * 5. / 1024.; // nepecueT 5 HaOpAESHHE
u¥=znalogResd{analogPinY); // 4YTeHHe Kola HadHala 2
voltY = (flocatlu¥ * 5. / 1024.; f/ [OEpeCcUeT B HalOpCEEHHE
Serial.print{voltX, 0)r Serial.print(™ ™):; // BdB0O Ha MOHMTOD OODTA
Serial.println{volt¥, 0):

}
delavy {10} // samep=xa Ha 10 Mo

Puc. 4. JluctuHT nporpaMMbI-00pabOTYHKa aHAJIOTOBBIX CUTHAJIOB.

AnpoOanuro mprudop Mpomen Ha dTare OIEeHKH CTENEeHH BBICOKOTEMITEPaTypHOH OUYMCTKHA KpEeMHHe-
Boii moaoxku B CBB-kamepe npubdopa PHI-590 [1]. Ha puc. 5 npencraBieHbl 0ke-CIIEKTPbI, TOIy4eHHbBIE
Ha camonucie HP-7010A u ¢ momomipio pa3paboTaHHOro MporpaMMHO-annapaTHoro komiviekca. [Ipu cpas-
HEHUH TpaduKOB 1oCiIe OIU(GPOBKH ObLTO YCTAHOBJIEHO WX OYEBUJIHOE CX0/1cTBO. Ha oOoux rpadukax npu-
CYTCTBYIOT JiBa OOpaTHBIX MHKa, TIOJyYEHHbIE TPU OJJMHAKOBBIX SHEPTHUSX: MEPBbI COOTBETCTBYET KPEMHUIO
(87 3B), a BrOpOIT — yriepoay (264 3B). AHanu3 Mody4YeHHBIX TPaUKOB CBUJCTEIBCTBYET, 4TO 0Opasell
TpeOyeT JOMOTHUTENFHOIO BBICOKOTEMITEPATYPHOTO MPOrpeBa sl TIOJIHOW OYMCTKH.

dN/dE
<

= = = Camonucew,

Arduino UNO

70 120 170 220 270
E, 3B
Puc. 5. Oxe-crieKTpsl, OJy4YEHHBIE Ha CAMOITUCIIE U C TIOMOILBIO Pa3paboTaHHOTO
MpOrpaMMHO-aIIapaTHOro komijiekca Ha 6asze Arduino UNO.
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IMosrydyeHHBIE Pe3yJabTATHI H HX 00CY:KIEHHE

B utore npozenaHHoN pabOThl HAM yJIAlI0Ch pa3padoTaTh MPOrpaMMHO-AIAPATHBIN KOMITJICKC IS
ABTOMATHU3UPOBAHHOW OOpPAOOTKH CIIEKTPOB OXKE-3JICKTPOHOB. [Ipu 3TOM OBUIM HCIIOJIb30BaHbI PEIICHUS,
MMO3BOJIUBIIME OCYIIECTBUTh HAJISKHYIO TaJIbBAHUYECKYIO Pa3Bsi3Ky HAaydHOro OOOpYIOBaHHS C IUIATON
MHUKPOKOHTPOJIJIEpa U COTJIacOBaTh YPOBHM UX CHTHAJIOB. BBUT OCYIIIECTBIICH BHIOOP HEAOPOron miaTdopMbl
— Arduino UNO, 1no3BouBILIEi B MOJHOW Mepe pean30BaTh MPOIECC OLU(POBKHU 0XkKe-CIIeKTPOB. Y CTaHOB-
JICHO, YTO pa3pab0TaHHOE YCTPOWCTBO MO3BOJISCT MOJIYYUTh I'padUKy, WICHTUYHBIC TpaduKam, OCTPOCH-
HBIM C MOMOIIBIO camonucna. JlanpHelnas pabota OyAeT BECTHCh B OOJIACTH COBEPUICHCTBOBAHUS IMPO-
TPaMMHOTO 00ecTIeueH s KOMILIEKCa.

JlaHHBIN TpOrpaMMHO-aIIapaTHBI KOMILIEKC MOXKET OBITh B3ST 3a OCHOBY IPH MOJICPHU3AIIMHU JIFO-

00ro Hay4HOro 00OPY/I0BAHHMS, TJIC HCIIOIB3YOTCS CAMOITHCIIBI.
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