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A. N. CMupHo8 — CTyaeHT kacheapbl ANEKTPOTEXHUKI 1 TEXHUYECKOIN ANarHOCTUKM
B. A. lonyb6koe (kaHA. TeXH. Hayk, AOL.) — Hay4HbIA PyKOBOAWUTENb

KOHTPOJ1b PACCTOAHUA 0 OB BEKTA

PacctosiHue [0 06bekTa MOXET BbITb M3MEPEHO pa3nuyHbIMK cnocobamu, Hanpumep, ¢ UCMonb30Ba-
HWeM ynbTPa3BYKOBOrO W MH(PAKPACHOro U3MyyYeHu, paamnorokaLmm, ¢ NoMOLLb nasepa. JlasepHblid Jarnb-
HOMep WMeeT HanbonbLUYK AAaNbHOCTb U3MEPEHUs, HO OH CMOXEH B NnaHe cOopku 1 BecbMa poporon. Pa-
[vopansHoMep obecneynBaeT JOBOMBHO BbICOKYHO AarbHOCTb 3aMepa, NpUYeM BHE 3aBUCUMOCTU OT METEO-
PONOrNYECKMX YCNOBUIA, HO MMEET GOMbLUYID NOrPewHOCTb. [puMeHeHe 4anbHOMEPOB BECbMA LUMPOKO: MH-
XeHepHas reofesus, Tonorpaduyeckas CbEMKa, CTPOUTENLCTBO NMUHUIM 3NEKTponepesaY, BOEHHOe Aeno, o-
TOorpachmpoBaHue 1 np. B HacTosiLiee BpeMsi Ha pbiHKE NPeLCTaBfeH JOBOSIbHOW LMPOKUA CMEKTP COOTBET-
CTByIOLWMX NpubopoB. MomnMo TpeboBaHMS TOMHOCTW, K HAM BCE Yalle NpeabsBAStOTCA Takue, Kak MHO-
rog)yHKLMOHANBHOCTb, MOBUIBHOCT, LiEHa.

[na pelleHns psaa 3agady no psgy xapakTepucTuK U C Y4ETOM HEBbICOKOW CRIOXHOCTM peanusauum
npeanaraeTcs ynbTpa3BykoBoW darnbHomep. MpuHuun ero paboTbl 3akmoyaeTcs B creaytowem. MNepepato-
Lias yacTb (M3nyyatenb) U3nyvaeT nadvky UMMynbCOB, KOTOPbIe NPY AOCTKEHUN NPENSTCTBUS OTPaXaOTCS Y
BO3BpaLLAKTCA Hasad. 3aTeM 3T MMMYNbChbl BOCIPUHUMAIOTCS NPUHUMAIOLEN YacTbi (MPUEMHUKOM), GnK-
CUPYIOTCS, M N0 BPEMEHM OTMPaBKX 1 NpuemMa 1MNyrbCOB YNbTPa3BYKOBOW AanbHOMEP OnpesenseT paccTos-
HWe 0o obbekTa. B TakoM ganbHOMepe peann3oBaH MPUHLMN 3X0-NOKaLMK — BPeMS OTMPABKU M MOMYYEHUS
3BYKa, CKOPOCTb KOTOPOrO U3BECTHA, NPOMNOPLMOHANTBEHO NPOALEHHOMY PACCTOSHMIO.

OyHKLMOHarNbHas cxema (CM. pUCYHOK) COCTOMUT 13 6MoKa NUTaHUS, MUTAOLLErO KaXabli U3 3rIEMEHTOB;
MWUKPOKOHTPOMIEPa, AalLLero KoMaHay nepefaTyuky Ang Havana nepegadv UMNynbCoB; CaMoro nepegatyn-
Ka, MOCbINAILLEro ynbTPa3BYKOBOM CUTHAI; MPUEMHMKA, KOTOPbIV NOBUT OTPaXEHHBIN OT 06bekTa curHan;
Broka MHOMKaLMK, Ha KOTOPbIA BbIBOAATCA CUMBOSbI NOCHE MOSTyYeHHbIX AaHHbIX OT MMKPOKOHTPOMsepa o
paccTosHUM 10 0bbekTa.
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OyHKUMOHarnbHas Cxema ynbTpa3BykoBOro AarnbHoMepa

Brok nuTaHus coctout u3 cTabunusatopa HanpskeHUs C BbIXOAHbIM HanpsikeHusam 5 B. bnoku nepe-
AaTymka M NPUEMHMKA BbINOMHEHbI MO CXEME YCUNUTENS ¢ 0bWuUM aMUTTEPOM. B KayecTBe camux usnydarte-
nen BblbpaHbl Nbe3oKepaMuyeckine ynbTpassykoBble npeobpasosatenn MYM-3 u MY[-4, pabotatowume Ha
yactote 40 kl'y. OHu nogobpaHbl Takum 06pa3omM, YTOObI PE30HAHCHAsa YacToTa U3ny4atLero coenagana ¢
PE30HAHCHO YacTOTON NPUEMHOT0, 06pa3ys TEM CaMbIM aKyCTUYECKWA BMOK.

Bnok mHaukauum coctouT M3 gelumdpartopa cemucerMeHTHoro nHaukatopa (DD1). OH npeobpasyet
BXOZHOW ABOUYHbIA KOA B CUMBOSIbI CEMU CETMEHTHOIO MHAMKaTOpa. MHAMKaTopbl UMEKOT 7 CErMEHTOB W fe-
LMMasbHYH TOYKY, 3aroparoLimecs npu nogaye npsiMoro Toka. PasnuyHble KOMOMHALMW 3NIEMEHTOB NO3BOMS-
toT BoCmpon3secTn ntobyto undpy ot 0 Ao 9 n aeummancHyo Touky. [aHHble MHAMKATOPbI TaK e Obinu Bbl-
BpaHbl ¢ y4ETOM TOrO, YT0 ByayT 0TOBPaXKaTLCA TOMNBKO UMb, K TOMY Xe 3T0 eLé n LenecoobpasHo ¢ 3Ko-
HOMWYECKOW TOYKM 3PEHUS, TaK KaK Takue MHAMKATOpbI AeLleBne.

Bnok umpoBoro ynpaeneHns npeactaBnseT coboin OAHOKpUCTaNbHbIN MUKpoKoHTponnep PIC16F84A.



BbiBop 3TOro TMna MUKpPOKOHTponnepa obycnosreH psgoM npuynH. Bo-nepsbix, B Hallen paboTe OCHOBHbIE
[ENCTBUSA CBS3aHbI C paboToN Talmepa, BbICHUTLIBAIOWErO BPEMS OTNPaBKKM W NpUéMa curHana, 4vto, cob-
CTBEHHO, W ABNSETCSA OTNNYUTENBHON YepTON JaHHOMO MUKPOKOHTPOSIepa npu pabote ¢ NogoBHbIMM BblYKC-
neHnamn. Bo-BTOPbIX, MUKPOKOHTPOSIIIEP HE COAEPXMUT MULLHWX U HEHYXHbIX HaMm (yHKUMK. OH uMeeT [Ba
HeobxoanMbIx Ham nopta (A n B) ans AOMKHOTO NOAKMOYEHNs 1 PyHKLUMOHMPOBaHUs npubopa. Kpome Toro,
€ro TaKToBas YacToTa B Halen cxeme byaet pasHa 1 MI'L, uto SBnseTCs HeOBXOAMMBIM ANst HAC YCrIOBUEM
MNpu pacyeTax.

lMporpamMma HanucaHa Ha s3blke accembnep 1 CORepPXUT HECKOMbKO BIOKOB.

MMepBble Tpu Grioka crnyxat Ans 3anycka MUKPOKOHTPOMNNepa 1 YCTaHOBKM HEOBXOAUMbIX HayasbHbIX
3HaYeHNN.

[anee cnepyet 0CHOBHas NporpamMma main, KoTopas 0TBeYaeT 3a onepaTopbl nepexoaa no BceM noj-
nporpammam: 370 onepaTtop Bbi3oBa nognporpammbl call u onepatop 6e3ycnoBHOro nepexoga k Heobxoau-
MoWn noanporpamMme goto. Tak e oHa cogepxut B cebe noanporpamMmbl MHULMANU3ALMA, MHANKALMK, Haxa-
TUS KHOMKMW, NOANpOrpamMmmy nepegayu ynbTpassykoBoro curHana. fMognporpammy oxuaanus npuéma nocnas-
HOro Hamu curHana. Cama nognporpamma npuéma OTPaXEHHOro curHana. Y nognporpamMma BblYMCTIEHUS
paccTosHNsa 4o 06bekTa ¢ NocnenyowWwyM BbIBOAOM 3HAYEHNA HA UHOMKATOPbI.

OpHa nognporpaMmMa CMeHsIETCS ApYroit Ans BbINONHEHNUS AaNbHENLUMX HEODXOAUMBIX AENCTBUN NpW
YOOBNETBOPEHMM HEKOTOPbIX YCroBui. Jnbo, npu HecobriogeHun ycrnosms, nporpaMMa Bo3BpalLaeTcs B He-
0BX0AMMYI0 TOYKY ANS NePeBbINONHEHNS AENCTBUS.

[Mognporpamma wHULpManu3aumn. 3aech, cHadvana obHynsTCs, a 3aTeM YCTaHaBNMBAKTCA Heobxoau-
Mbl€ 3HaYeHMs UCMONb3yeMbIX nepeMeHHbIX. K npumepy, KONM4ecTBO nepesaBaeMblX UMMYNbCOB B CUrHane
Mbl 6EpEM paBHoE 5.

[MoanporpaMma HaxaTust KHOMKW pressing. [py BINOMHEHWUM 3TON NOANPOrpaMMbl MPOUCXOANUT TECTU-
pOBaHWe NpucyTCTBMS curHana (+5B) Ha nuHuM. ECnv Ha NUHWI0 NOCTYNaeT HanpskeHue (T.€. KHOMKa Haxa-
Ta) — BbINOMHAETCA KOMaHAa nepexoaa B NoANporpamMmy nepegayun curHana.

B noanporpamMme WHAMKaLMK YCTaHABMMBAKOTCS «OUTbI TOUKM U NUTAHUS» WHAMKATOPOB COMNACcHO CXe-
Me. B nepemenHoi DIGIT1 6yneT xpaHuTbecs 3HaueHune geuumeTpos ot 0 go 9, B nepemenHon DIGIT2 - 3Ha-
YeHne mMeTpoB, B nepemenHon DIGIT3 — 3HayeHue gekameTpoB. BblumcrieHHble oToBpaxaemble 3HaYeHus
BynyT xpaHuTbes B nepemerHbix DIGIT1...3, ans atoro ucnonb3ayloTes nepsble YeTbipe buta kaxgon nepe-
MeHHoM. BTopble YyeTbipe buta 910 NpoBeEpKa Ha nepenorHeHne UHakaTopa.

Moanporpamma nepedauu curHana transfer BbIBOAUT Ha NUHWKO NopTa A MUKPOKOHTpOIepa 5 uMnyrb-
coB yactoTomn 40 kY. Tak Kak TakToBas YacToTa MUKPOKOHTponnepa pasHa 1 MI'L, ogHa KoMaHaa BbINOMHS-
eTca 3a 1 mkc. Yactota Hawero npeobpasosatenst MYM-3 pasHa 40 kW, n nyTEM BbIYMCIIEHWN, NONyYaeM,
4TO OAWH UMMYNbC UMEET MPOLOIKUTENBHOCTL 25 MKC.

[anee naét CYET MMNYNbCOB, ECAN UX KOMWMYECTBO PABHO MATM, KaK Mbl U YCNIOBUNUCH B NOANPOrpaMMe
WHULManu3aLmmn, To Nepexoanm B crnegyroLyto noanporpammy, eCiu e HeT, TO BO3BpaLlaeMcs B Ha4aso A
(hopMMPOBaHUS HOBOTO CUrHana.

B nognporpamme oxwuganus waiting npoucXoanT OXugaHue OTPaXEHHOMo curHana. B HayanbHoM YacTty
noanporpamMmbl Npou3BoanTCs Hebonbluas 3ajepxka Havana cyeTa BPEMEHU OXMAAHWA AN TOro, YTobbl
MPOU3OLLIIO 3aTyXaHue MOMeEX BbI3BaHHbIX U3Iy4YEHWEM CUrHana B npedblayLlen nognporpamme. 3atem 3a-
nyckaetcst Tanmep Ha 100 MKc, T.k. Mbl Byaem cuntaTb npomexyTku BpemeHun no 100 mkc. MakcumanbHbIi xe
nepuog oxuaanus coctasut 1 ¢. MpuHUMas ckopoCTb pacnpocTpaHeHns 3Byka pasHomn 331,4 m/c — aTo bonee
YeM [OCTaTOYHO, T.K. MO YCMOBWMIO 3afaHus MaKkcuMmaribHas u3MepsieMas arnbHOCTb YCTPOCTBA COCTaBMT
20 meTpos.

B kOHEYHOM WTOre, ECMM MO UCTEYEHWIO CYETA BPEMEHU OXMAAHWS, CUTHAMN Tak U He Oblf NPUHAT, Ha
WHAMKATOPbI BbIBOAMTCA TpU AeBATKU. B cnyyae ecnv curHan Bbin NpUHAT, nepexop OCyLLecTBSeTCs B Cne-
AYIOLLYI0 NOANporpaMmy.

[Mognporpamma reception — nognporpamma npuéma OTpaxEHHOro curHana. BHayane npoucxoaut oxu-
[aH1e OKOHYaHMs Npuéma curHana Ha nuHun RA1 nopTa A, kK KOTOPOMY NOAKMIOYEH NPUEMHUMK. 3aTeM npous-
BOAWTCS NpOBEpKa OTCYTCTBMS CUTHama Ha NPOTSXKEHWUM ONPeLEeNEHHOM0 BPEMEHU, €CM 40 UCTEYEHUS AaH-
HOrO MPOMEXYTKAa BPEMEHU CUTHaIN NosIBUNCS, TO AenaeM BbIBOA, YTO MPUHAT He Hall CUrHan v BbIXOLUM U3
noanporpamMmbl U NPOAOMKAEM OXMAaHWe NPaBKUIbHOMO CUrHana B nognporpamme waiting. Mocne atoro npo-



W3BOAMM TECTUPOBAHWE HaMM4YMst CUrHama Ha NpOTSHKEHUM ONPEAENEHHOTO BPEMEHU, ECTN A0 UCTEYEHUS
AaHHOro NPOMEXYTKa BPEMEHU CUrHan nponar, To AenaemM BbIBOA, YTO MPUHAT HE HaLl CUrHas W BbIXOAWUM U3
noanporpaMmbl 1 ONSTb Xe NPOAOKaeM OXaaH1e NPaBMbLHOTO CUrHana B nognporpamme waiting. Ecnm xe
B TEYEHMEe ONpeaeneHHoOro BpeMeH curHana He Obino, a 3aTem B TeYeHue, OnsTb Ke, ONpeaeNeHHOro Bpe-
MeHM curHan Bbin, TO Aenaem BbIBOA, YTO Obin yCNEeWwHo Npou3BeaeH NPUMEM OAHOTO UMMYMbCa HaLLEro cur-
Hana, YMEHbLUAEM CYETYMK MPUHATLIX MMMYSbCOB Ha 1 W BO3BPALLA@EMCS Ha HYXHYI0 METKy paccMaTtpuBae-
MO NOANPOrpaMMbl 1 NMPOM3BOAUM BCE LENCTBUSA NO NpUEMy UMNynbca curHana etle pas. MNpuém umnynbcos
nposoauTcs o Tex nop, noka cyetynk umnynbcos NUMIMP He cTaHeT paBeH Hyno, U Mbl MOXEM CYMTaTb,
4TO MPUHANW BCE UMMYNbChI HALIEro curHana. Mocne aToro nepexoaum B NoanporpamMmy BbluKcCieHUs calcu-
lation.

lMognporpamma BbluMCNEHNs paccTosiHWA calculation siBnsieTca 3aBepluarolleit B onpefeneHun pac-
CTOSHMA [0 0BbekTa. B Hem MOET NOACYET 3HAYEHMI TalMepoB W YUYMTBLIBAETCA MOMPELIHOCTb, 3@ KOTOPYH
oTBeyvaeT nepemeHHas LAPSE.

B pesynbTaTe noAcyETOB, C YYETOM CKOPOCTH 3BYKA M NPOMEXYTKOB BPEMEHM, 3a(hMKCUPOBAHHbIX Tain-
Mepamu, Nony4aeTcs, YTo 3a kaxable 600 MKC HakanMBaeTCs NOrpewwHoCTb B 3,5 MKC, KOTopasi, COBCTBEHHO,
W YYUTBLIBAETCS NPU OKOHYATENbHOM MOACHETE.

3aTeM nony4YeHHble 3Ha4YEHNs MO PACCTOSHUIO BLIBOAATCS HA MHAMKATOPbI B BUAE LMP.



