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B 3akmioueHrne HEOOXOUMO OTMETHTh, YTO B Pe3yJIbTaTe MPOBEICHHBIX HCCIIEI0Ba-
HUI OblJIa OKa3aHa BO3MOKHOCTh CUHTE3a OT/IEIbHO JIOKAIN30BAHHBIX MUKPO- U HaHOYa-
cturr Ge® cocTtaBa «Aap0o—000JI0UKay», MPEANON0KUTEIbHO, CIOCOOHBIX MOJABIATh WIH
yCWINBATh (DOTOJOMUHECIEHIINIO B 3aBUCUMOCTH OT YCJIOBUH MX JIOKAJIMU3AaLMHU U CTPYK-
TYPHOT'O COCTaBa: OMKMCAaHA TEXHOJIOTHS MOITYyYSHUs] MUKPO- U HAHOYACTUL BOCCTAHOBJICHHO-
TO TepMaHHs, PACCMOTPEHA BO3MOXKHOCTh MOIU(HKAIMN MX MOBEPXHOCTH ISl MOTYYCHUS
CTPYKTYp COCTaBa «SIp0o—000JI0OUKa» M IPAKTHYECKOE HCIIOJIb30BaHUE CHUHTE3MPOBAHHBIX
MHKpO- 1 HAaHOYACTHII B ONTOAJIEKTPOHHOM TEXHHKE (ONpeieNieHbl MOBEPXHOCTHBIE AP (EKTHI,
KOTOpPbIE JJAI0T BO3MOKHOCTb MPUMEHHTH MOJy4aeMble SKCUTOH-IUIa3MOHHBIE HAHOMAaTepHa-
Jbl B KAQUECTBE CEHCOPHBIX YCTpOWCTB). OOnacTh JaJbHENIINX MPAKTUYECKUX NPUIOKEHUN
HOJTyYEHHBIX HAaHOCTPYKTYPUPOBAHHBIX BEILECTB — CO3/IaHUE «OECKOHTAKTHBIX» CEHCOPHBIX
YCTPOWCTB HA OCHOBE HAHOYACTHUI] MPABWIBHON T'€OMETPUYECKON (OPMBI ¢ MOIUPHUIAPO-
BAaHHOM MOBEPXHOCTHIO, @ TAKXKE PELICHHUE 334a4 [0 MOJYyUYEHHUI0 THOPUIHBIX MaTepHajIoB
B BUJIE YEpEAYIOLIMXCSI HAHOCIOEB, CPOPMUPOBAHHBIX U3 MUILIEHEH HAa OCHOBE MHUKpPO- U
HAHOYACTHI] COCTaBa «Ap0-000JI0UKay» MO/ JeHCTBUEM BBICOKOIHEPTETUUECKUX ITyYKOB.
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OaHuM U3 BaXHBIX (HAKTOPOB JUIMTEIHHOW M 0e30TKa3HOW pabOThl AaCHHXPOHHOTO
QJIGKTPOJIBUTATEIIS SIBIIICTCS OOECIEYCHHEe HOMHHAIBLHOTO TEIIOBOTO PEKMMa PabOTEHI.
[Tpu 3TOM Ba)XHO, YTOOBI BEHTHJIATOP OOECIEUMBAaI PAcXOJ BO3IyXa, JOCTATOYHBIN IS
3(1)CI)CKTI/IBHOFO BbIBOJIda U3 ABUIAaTCJIA TCIIJIOBBIX HOTepI). HOE)TOMy OOJHUM H3 HyHKTOB nuc-
MBITAHUHA JIBUTATENS JOJDKHBI OBITH TEINIOBEHTHISAIIMOHHBIE NCIIBITAHUS.

I[J'I?I peIHeHI/Iﬂ I[aHHOI\/JI HpO6J’ICMI)I, a TAKXKC IJIAd UCCICOOBAHUS TCIIJIOBBIX pe)KI/IMOB nu
BEHTHJISITOPOB 3JICKTPUYECKUX MAIIMH ObLT pa3pab0oTaH HAyYHO-HUCCIICAOBATEILCKUN KOM-
ruiekc. OOmwmiA BUJT KOMIUIEKCA MPEICTaBIeH Ha puc. 1.
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Puc. 1. HayuHo-HCCIIeI0BaTENBECKII KOMILIEKC

B mponecce HacTpolkHM KOMIUIEKCAa U TECTOBOM IPOBEIEHHH SKCIEPUMEHTA BbISBU-
JHCH CIEIYIOLINE IPOOIEMBI:

— CJIO)KHOCTh KOHCTPYKIMH;

— OO0JIBIIIOE KOJTMYECTBO MAHUITYJISIIMI [TPU BKIFOYSHUH TAHHOTO KOMILJIEKCa;

— 00JIBIIOE KOJMUYECTBO PErUCTPUPYEMBIX BEJTUUUH;

— MeperpyKEHHOCTh KOMITJIEKCa U3MEPHUTEIbHBIMH TPUOOpaMH;

— HEOOXOJUMOCTh PYYHOIO YIPAaBICHHUS HArpy3KH HCIBITYEMOIO0 ACHHXPOHHOTO
JJIEKTPOABUTATENS;

— HEOOXOJUMOCTbh NMPUMEHEHHs] MUKPOIIPOLIECCOPHOM TEXHUKHU JJIsl aBTOMATHU3aLUU
YIPAaBJIEHUS U PETUCTPALMM KOHTPOJIUPYEMBIX BEJIUUHNH.

Jlnis perieHust TaHHBIX BOIPOCOB OBLJIO PELICHO MPUMEHHUTh NIEPCOHAIBHBIN KOMIIbIO-
TEp B KaYECTBE BEPXHETO YPOBHS CUCTEMBI yIPABJICHUS U annapaTypy GupMel «OBeH» IS
(hopMHUpPOBaHUS CUCTEMBI aBTOMAaTU3UPOBAHHOT'O SKCIIEPUMEHTA.

[TepcoHanbHBII KOMITBIOTEP MPEICTaBIAET COOONW BEPXHUI YPOBEHb CHUCTEMBI aBTO-
MaTU3UPOBAHHOTO YNPAaBIEHUS, KOTOPBIN MPEIHA3HAYEH AJIS CIEAYIOIIEro:

— HAcTpoOMKa U MPOrpaMMHPOBAHUE N3MEPUTENIBHBIX, YIPABISIOMUX U KOHTPOIBHBIX
npruOOPOB U TATYNKOB CPETHETO M HUYKHETO YPOBHEH;

— IPOrpaMMUPOBAaHNE TaPaMETPOB IKCIIEPUMEHTA;

— MIPOTrPaMMHUPOBAHHUE PEXKUMa PAOOTHI UCTIBITYEMOTO AJIEKTPOABHTATENSl W €r0 Ha-
Ipy3KH;

— HacTpoiiKa 0TOOpaKaeMbIX ¥ PETUCTPUPYEMBIX BEITHYHH;

— HacCTpOMKa MPOrpaMMUPYEMOI0 JIOTUYECKOTO0 KOHTPOJIIEpa [UIsl YIPABICHUS KOM-
IUIEKCOM.

Jl11 HaCTpPOMKK U TPOrPaMMHUPOBAHUS U3MEPUTENBHBIX, YIIPABISAIOIINX U KOHTPOJIBHBIX
npruOOPOB U JATYMKOB CPEIHEr0 M HIKHETO YPOBHEH INepes] HauaioM 3KCIIEPUMEHTa UCIIONb-
3yercst GMpMEHHOE IporpaMMHOe oOecrieyeHue, LIelee B KOMIUIEKTE C IpUOOpaMHu.

Jns nporpaMMHpoBaHUs MapaMEeTPOB AKCIEPUMEHTA HCIHOJB3YETCS MPOrpaMMHOE
obecnieuenre LabView. C nomouipo AJaHHON MporpaMmbl IpOrpaMMUPYETCsl BpeMs JKC-
NEpUMEHTA, NPOAOJDKUTCIBHOCTD BKIIOYCHHA HCIIBITYEMOTI'O aCHHXPOHHOI'O 3JICKTPOJABHU-
raressi, BBIOMPaloTCsl KaHalbl PErMCTPUPYEMBIX BEJIMYMH U T. 1. [[ng oToOpaskeHus peru-
CTPUPYEMBIX BEITMYMH UCIIOJIB3yeTcs mporpamMma Trace Mode vo.
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B xauecTBe Harpy3Kku i UCIIBITYEMOI0 ACUHXPOHHOT'O JIEKTPOABUraTENsl BBICTya-
€T JBUTaTejb MOCTOSHHOTO TOKA, Y KOTOPOIO SKOpPh 3aMKHYT Ha aKTUBHOE CONpPOTHBIIE-
Hue. [ perynupoBaHusl Harpy3Ku HCIIOJIb3yeTCs KaHall HamlpshKeHus Bo30yxaeHus. Pe-
TYJIMPOBAHUE HArpy3KH 3aKIIOYaeTCsl B PETyJIUPOBAHHM HAIPSDKEHUS BO30YKICHHS
JIBUTATENS TIOCTOSHHOTO TOKA KakK M0 aMIUIMTYJE, TaK U 110 BpEMEHHU. YTPaBIsIoLIas mpo-
rpamma mo3BoJjisieT chopMupoBaTh rpaduk U3MEHEHHS Harpy3KH Jt000# (OpMBI 1 HA BECh
HepuoJI SKCIIEPUMEHTA.

CpenHUM ypOBHEM CHCTEMBI YIPABICHUS SBISETCS MPOTrPAMMHUPYEMbIN JIOTHYECKUN
KOHTpoJuiep U apxuBaTop. CBsA3b MEXAy BEPXHUM M HMKHHM YPOBHEM OCYILECTBISAETCS
HocpeCcTBOM Ipeodpazosarens unrepdeiicos AC-3M (nepexon ot untepdeiica RS-232
unrepdeiicy RS-485).

Apxusarop MCJI-200 siBisieTcst BEpXHUM MOAYPOBHEM U paboTaeT B pexxume Master.
JlaHHBII TprOOp NpeHa3HAYEH 7Sl apXUBUPOBAHUS PETUCTPUPYEMBIX BEITHUYHH.

IIporpamMmMupyeMblii JIOTUYECKUI KOHTPOJUIEP SBIISICTCS HUKHUM IIOAYPOBHEM H
IpeHa3HAYEH:

— ISl YTIpaBJIEHUs] CHJIOBBIMH KaHAJIAMU UCIBITYEMOIO AaCHHXPOHHOTO 3JIEKTPOJIBU-
rarens;

— mepBUYHas 00paboTKa MOoCTynaromIel HHPopMaIiK ¢ TOCIEAYIONeH ee nepeaaueit
Ha CIIEIYIOIINI YPOBEHb;

— YIIpaBJI€HUE Harpy3KoW;

— 3aIyCK/OCTaHOB IKCIIEPUMEHTA.

B paccmaTpuBaeMoM KOMIUIEKCE MPEAYCMOTPEHO HECKOJBKO CHIJIOBBIX KaHAJOB AJIs
UCTIBITYEMOTI'0 3JIEKTPOABUIaTEeIs:

— KaHal Tpex(a3HOro CMHYCOMAAIBHOTO HAINpPsDKEHUs (MPsIMOM MyCK M IMyCK Ha TO-
HU)KECHHOM HalpsyKEeHUH);

— cucrema «lIpeoGpa3oBaTenb 4aCTOThI — ACUHXPOHHBIH IEKTPOBUTATEIIbY;

—cucrema «TupucropHslii mpeobpa3zoBaTeb HANPSKEHU — ACUHXPOHHBIN 3JIEKTpO-
JIBUTATEIIb.

3amycK SKCIEPUMEHTA OCYLIECTBIISIETCS TOJKIOYEHNEM OJTHOTO U3 BBIIICHA3BaHHbIX
KaHaJIOB.

Jannsiii npubop padotaer B pexxume Slave.

s ynoGctBa ynpasienus u coopa uHpopmarmn Bce mudpoBeie mpruOOpsl 00be -
HEHBI B €IMHYIO0 ceTh RS-485.

Bce naTtunku MOKHO pa3/ienuTh Ha TPU IPYTIIIBL:

— U3MEpEHHE TEMIIEpaTyphl MEeperpeBa OTAEIbHBIX YaCTEeH HMCHBITYEMOT0 aCMHXPOH-
HOT'O 3JIEKTPOABHUraTes;

— U3MepeHHe MapaMeTpoB BO3IAYLIHOTO MOTOKA M BEHTUIATOPA UCHBITYEMOIO acHH-
XPOHHOTO JIEKTPOABUTaTENS;

— U3MEpEHHE NapaMeTPOB MUTAIOIIEH CETH U AJIEKTPOMArHUTHOW COBMECTUMOCTH.

Jis u3MepeHusl TeMIepaTypHbIX PEKHMOB HCHOJIB3YIOTCA JATYUKH TeMIIEpaTyphbl
(TepMomniapel), MOHTHPYEMbBIE HAa UCTIBITYEMBIH 3JEKTPOJIBUTATENb. DTH JATUYUKU TTOAKIIO-
4aloTcs K AByXKaHaJbHbIM u3Mepurensim TPM-200. [lns u3mepenus temneparypbl 0OMOT-
KU CTaToOpa UCIOJIb3YETCs OIBIT «BOJIBTMETPA-aMIIEPMETPAY.

B kauecTBe M3MEpHUTENBHOTO 3JEMEHTA JAaBJICHHS BO3YILIHOTO MOTOKA BHICTYyHAeT
THEBMORJIEKTPUYECKH TipeoOpa3oBarens mapneHus tuma PC-28G, pacxoma Bo3myxa —
npeoOpa3oBarenb pasHocTH AaBieHui ra3oB APR-2000G. [laTunk Temnepatypsl yCTaHaB-
JMBaeTCs B TpyOe Ha PacCTOSIHUU JIBYX JAMAMETPOB BEHTHJIATOpA OT Hayaua a3poJuHAMU-
yeckoi TpyOsl. Bee Tpu gatumka nmoakirodatorcst k pacxogomepy OBEH PM-1. Pacxomo-
mep PM-1 npexacrasnsier coboit cpencTBO Ui U3MEPEHMS pacXxoja U JIaBJICHHUS BO3TyXa
BEHTHJIITOPA B PEKUME OHJIAMH.
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Jlnis u3MepeHus CKOpOCTH MOTOKA BO3JyXa B a3pOAMHAMHUUYECKOM TpyOe UCTonb3yeT-
Cs1 aHEMOMETD.

Takum 00pa3zoM, cucTeMa aBTOMATH3MPOBAHHOTO 3KCIIEPUMEHTa I0C]ie HaCTPONKHU
apaMeTpoB AKCIEPUMEHTA CaMa 3allyCKaeT KOMIUIEKC, ABUTaTelb, UHUIMATU3UPYET U3-
MepuTeNIbHbIE TPUOOPHI U KOHTPOJIUPYET NPOTEKAHUE MpolLiecca.

KoHEe4HbIM HTOrOM 3KCIEPUMEHTAIBHBIX HCCIIEOBAaHUM SBIIIETCS MAacCUB COXpa-
HEHHBIX JaHHBIX, KOTOpbII pacnonaraercss B apxuBarope MC/I-200 u coxpaHsieTcs Ha
NEPCOHAIBHOM KOMIBIOTEPE.

B nepcnektuBe mpeanonaraercs pazpadoTaTb MporpaMMHOE oOecredeHue, KOTopoe
MO3BOJIUT B PEKMUME PEAIIbHOIO BPEMEHU I10CJI€ OKOHYAHUS SKCIIEPUMEHTA U OTKIIIOUEHUS
UCTIBITYEMOTO JIEKTPOABHUraTelNsi aBTOMaTHUECKH CTPOUTh IpaUKH dKCIIEPUMEHTAIbHBIX
JTAaHHBIX.
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Llenbto naHHON PabOTHI SBISETCS pa3paboTKa MUKPOIPOLIECCOPHOIO MOAYJIS M HaIMca-
HUE BeO-cepBepa, KOTOPhIE MO3BOJIST aBTOMATU3UPOBATh IUArHOCTUKY KOMOaWHOB. J[laHHBII
BOIIPOC aKTyaJIeH BBUY HEOOXOIMMOCTH MAKCUMAIBbHO ObICTPO THATHOCTHKU U YCTPAaHEHUS
HEHMCIPAaBHOCTH B MOMEHT YOOPKH ypo’Kasi, UYTO B JaHHBI MOMEHT HE BCErJja BO3MOXKHO H3-32
OTCYTCTBHS KaJIpoB 1 (PU3MUECKON BO3ZMOKHOCTH OBICTPO 100paThCst B TpeOyeMoe MeCTo.

PazpaboTka cocTonT M3 IBYX 4YacTeil: pa3padoOTKa 3JIEKTPOHHOTO MOXYJS M BeO-
cepBepa. B mepByto yacTb BXOAUT BBIOOp MHUKPOKOHTPOJUIEPA U yCTPOWCTBA Mepeaayu
JTAHHBIX, HAIMCaHWE JUII MUKPOKOHTpOJIIEpa MPOrpaMMHOTO obecriedeHust U pazpaboTka
JJIEKTPOHHOU cXeMbl. B kauecTBe MHKpoKOHTposiepa ucnonb3yerca STM32F429Z1T6,
OPUMEPOM JUIS OTIAJKH MOXeT ciyxuth 1ata STM32F429 Discovery, koTopast npe-
CTaBJieHa Ha puc. 1.

STMicroelectronics OTIUYaeTCsl OT IPYTHX MPOM3BOIUTEICH IOIYPOBOIHUKOB
IPEKPaCHbIM COOTHOIICHUEM «I1€HA/(PyHKIIMOHA» IPH COXPAHEHUH CAMBIX BBICOKHX
crangaptoB kauectBa. CemeiictBo STM32 — spkuii mpumep 3TOro.

KpaTkune xapakrepucTuku MUKpokoHTposiepa STM32F429Z1T6:
— simpo — ARM Cortex M4;

— IIUPHUHA IIUHBI JaHHBIX — 32 bit;

— MaKCHUMajbHas TakToBas yactoTa — 180 MHz;

— pa3mep nporpammHoit namatu — 2048 kB;

— pa3mep O3V nansbIx — 256 kB;

— paspsaaHocth ALIT — 12 bit;

— TemrnepaTypHbIi pexxuM — oT —40 go + 85 °C;

— JIOCTYTIHbIE aHAJIOTOBbIE/IIU(PPOBBIC KaHATBI — 24;



