JJ/IEKMpPOMac2HUMHas
UHOYKUUS 8
coepeMeHHOU mexHUKe

BoinonHuna ydyeHuua 11 «A» knacca
MOY nuuesa N258
HeBeagpoBa HaTanbs.




CopepxaHue:

2 OTKpBITHE DJIEKTPOMArHUTHOM
UHIYKIUH;

+ OCHOBHBIEC UCTOUYHUKHU
ICKTPOMATrHUTHOIO T10J1S;

% MeTa1oIeTEKTOPHI.



ABnecHue
3JIEKTPOMArHUTHOU
MHAYKHOAN ObLIO OTKPBITO

29 aBrycra 13831

Mauknom Dapaneem.

Aenenue 3nekmpomazHuUmMHuOU UHOYKYUU 3AKII04AEmCA 8 603HUKHOGCHUU
INEKMPUUECKO20 MOKA 8 NPOBOOAULEeM KOHIYPe, KOMOopblil 100 HOKOUMCS 6
nepemeHHOM 60 6PEMEHU MACHUMHOM NoJle, TUOO0 O8UIHCEMCA 8 HOCHOAHHOM

MACHUMHOM noJle MAKUM 00pa3om, Ymo Yucio JUHUI MACHUMHOU UHOYKYUU,
NPOHU3BIEAIOULUX KOHMYD, MEHACMCA.



Hanpaenenue unOyKuuoHH020 moxa

)
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CUUmMAaemcs noa0XHCUme1bHbIM,
ecjiu OHO coenaoaem ¢ blOPAHHBIM

AD ABS Hanpaegienuem 00xo00a KOoHmypa.
70 - 70

r - ConporuanagHne

Aq = 1At=-

I/ C rnekmpomazHumHuou UHOYKUUU 6
3AMKHYMOM KOHMYpE YUC/ICHHO DAGHA U
NPOMUBONOJI0HCHA NO 3HAKY CKOPOCHU
UZMEHEHUA MAZHUMHO20 ROMOKA uepe3

NOBEPXHOCHIb, 02PAHUUCHHYIO IMUM
KOHMYpOM.




bty | PMW:‘



OCHOBHbIE€ UCTOYHUKN
SN1EKTPOMAarHUTHOrO Morsis

B kauecTBEe OCHOBHBIX HCTOYHHUKOB SJIICKTPOMAI'HUTHOI'O ITOJIA
MO>XHO BBIJICJINTD.

JlnHuu 3nexTponepeiay.

DJIEKTPOIPOBOJIKA (BHYTPH 30aHU U
COOPYKCHHUM ).

BBITOBBIE ANEKTPOIIPHUOOPHI.

[lepcoHaibHBIC KOMITBIOTEPHI.

Tese- u paguonepenaronie CTaHIUNU.

CryTHMKOBAs U COTOBas CBS3b (IIPHUOOPHI,
PETPAHCISATOPHI).

DJIEKTPOTPAHCIIOPT.

PamapHbie yCTaHOBKHW.



IlnHnn anektponepenay

[IpoBoga paboTaroniei IMHUM
3JIEKTpOIepeaad CO34al0T B
APHJICTarOIIEeM IIPOCTPAHCTBE (Ha
PACCTOAHUAX MOPSAIKA ACCATKOB METPOB
OT IPOBOJIA) PICKTPOMArHUTHOE I10JIE
HPOMBIILICHHOM 4acToThI (50 I').
ITpriueM HaAPSKEHHOCTH I10J1 BOJIW3U
JIMHUU MOXKET U3MEHSTHCS B IIIUPOKUX
Ipejienax, B 3aBUCUMOCTH OT €€
ANEKTPUYECKON HArpy3Kku. PaKkTUUYECKHU
IPaHUIIbl CAHUTAPHO-3AIIUTHON 30HBI
yCTaHaBIIMBAIOTCS MO HanOoJjee
YVIAJIEHHOU OT IIPOBOJIOB I'PAHUYHOMN
JIMHUNA MaKCUMAJIbHOW HANPSKEHHOCTH
JICKTPUYECKOT0 MoJIsi, paBHOU 1 kB/M.




ONEKTPONpoBoaKa

K 3JIeKTpOIPOBOAKE OTHOCITCS: Kabenu : M !Uff' |
3JICKTPONHUTAHMS CHCTEM KHU3HEO0CCICUCHUS TR T e ‘
3[IaHKK, TOKOPACHPEASIUTENBHBIE ITPOBO/IA, A DTG SR
TAK)KE Pa3BETBUTENBHbBIC IIUThHL; CHIOBBIE SIIUKH
1 TpaHcHOopMaTOPEL. DIEKTPOIIPOBOIKA i A
SBJISIETCS. OCHOBHBIM MCTOYHUKOM v

JIEKTPOMATHUTHOTO TIOJISI HPOMBIHIJICHHOM

YaCTOTHI B )KUJIBIX noMelleHusX. [pu atom -~
YPOBEHb HANPS)KEHHOCTH JIEKTPUYECKOTO IMOJIS,

U3J1y4a€MOr0 HCTOUHMUKOM, 3a4aCTYIO . ,"
OTHOCHUTEIILHO HEBBICOK (HE mpesbimmaet 500 Py

B/m).



bbiTOBbLIE 3ne|<Tponp|/|6opb|

McTouHMKaMu DICKTPOMAarHUTHBIX MOJICH SBIISIIOTCSE BCE OBITOBBIC
HPUOOPHI, Pa0OTAIOIINE C UCTIOAB30BAHUEM JICKTPpUUECKOro Toka. [1pu
9TOM yPOBEHb U3JTyUYCHHUS M3MEHSETCS B HIMPOYAMHIMX TIpejieiax B
3aBUCUMOCTH OT MOJIEJIU, YCTPOMCTBA PprnOOpa U KOHKPETHOTO peKUMa
paboThl. Takke ypOBEHb M3JIYUYEHUS CUIBHO 3aBUCUT OT HOTPEOIsIEMOM
MOIIIHOCTH MPUOOpa — YE€M BBIIIE MOITHOCTh, TEM BBIIIIC YPOBEHD
9JIEKTPOMArHUTHOTO 1101 TipU padboTe npuoopa. HanpsikeHHOCTh
AIEKTPUICCKOTO OIS BOJIM3HU IEKTPOOBITOBLIX IPHOOPOB HE MIPEBBIIIACT
necsaTtkoB B/wm.



[lepcoHanbHbIE KOMMbIOTEPDI

OCHOBHBIM MCTOYHUKOM
HEOJIaronpusATHOIO BO3JACUCTBHUS HA
3JI0POBBE T10JIb30BATEIIS
KOMITBIOTEPA SIBJISETCS CPEICTBO
BU3yaipHOro otoopaxkeHus (CBO)
MoHHTOpa. KpomMe MoHuTOpa U
CHCTEMHOI0 0JIOKA IEePCOHAIbHBIM
KOMIIBEOTEP MOXKET TaKKe
BKJIFOYaTh B €€0s1 0OJIbIIIOE
KOJIMYECTBO JAPYTUX YCTPOUCTB
(TaKMX, KaK NPUHTEPHI, CKAHEPHI,
ceTeBbie QUIBTPHI U T.11.). Bee aTn
yCTPOMCTBa PabOTAIOT C
IPUMEHEHHEM SIEKTPUYECKOTO
TOKa, & 3HAYHT, ABJISIOTCSA
MCTOYHUKAMM 3JICKTPOMArHUTHOTO
10J141.




DJIEKTPOMATHUTHOE TIOJIE HEPCOHAIBHBIX KOMITBIOTEPOB UMEET
CIOKHEUIINN BOJTHOBON U CHEKTPAJIBHBIN COCTAB U TPYAHO
MOAJACTCS U3MEPEHUIO Y KOJIMYECTBEHHOM OlLleHKe. OHO
UMEET MATHUTHYIO, SIEKTPOCTATUUYECKYIO U JTYUYEBYIO
COCTABJISIFOLINE (B YACTHOCTHU, SJIEKTPOCTATUYECKHAM
[IOTEHIAAJ CUISLIETO IEpel MOHUTOPOM YEIIOBEKA MOKET
KoJie0arbes OT —3 A0 +5 B). YunuThIBas TO yCIOBHE, YTO
MEPCOHAJIBHBIE KOMIBIOTEPHI CENYAC aKTUBHO MCIIOIB3YIOTCS
BO BCEX OTPACIISAX YEJIOBEUECCKOU ACITEIAbHOCTH, UX BIUSIHUE
Ha 3JI0POBBE JIFOACH TTOJICHKUT TIIATEIbHENIIIEMY U3YUYCHUIO U
KOHTPOJIIO



Tene- n pagnonepenatoLime
CTaHUUK

Ha tepputopun Poccuu B HacTosmniee BpemMs
pPa3MEILaeTCs 3HAYUUTEIbHOE KOJIUYECTBO
PAAUOTPAHCHASIIUOHHBIX CTAHI[UN U LIEHTPOB
pa3inyHON TIPUHAIIICIKHOCTH.

Ilepenaroiie/ CTaHIIMA U EHTPHI PAa3MENIAIOTCS B
CHEIMAJILHO OTBEACHHBIX IS HUX 30HAX U MOTYT
3aHUMAaTh JI0BOJIBHO O0JbIIE TeppuToprH (10 1000
ra). Ilo cBoel CTpyKType OHU BKIIIOUAIOT B CEOs
OJIHO UJIV HECKOIBKO TEXHUYECKNUX 3JIaHUM, T
HAXOAATCS pAAMOIICPENATYNKH, 1 AHTCHHBIC TOJIA,
Ha KOTOPBIX PacHoOIararoTCs 10 HECKOIbKUX
JECATKOB aHTEeHHO-PuiepHbIX cucteM (ADC).
Kaxnas cucrema BKIIFOYAET B C€0s M3TYYAIOIIY IO
aHTCHHY U QUIEPHYIO JIMHUIO, TOIBOSAIIY IO
TPAHCIUPYEMBIN CUTHAIL.




CnyTHMKOBas CBA3b

CucTeMBI CITYTHUKOBOM CBSI3U COCTOSAT U3
epeaarole CTaHIUKU Ha 3eMiIe U
CIIYyTHUKOB — PETPAHCIATOPOB, HAXOIAINXCS
Ha opourte. Ilepenaroniye cTaHIUM
CITYTHUKOBOH CBSI3U U3JTy4YarOT
Y3KOHANPABJICHHBIN BOTHOBOU TIYUOK,
IJIOTHOCTH HOTOKA SHEPIUU B KOTOPOM
gocturaetr coteH BT/M. CucreMsbl
CITYyTHHKOBOM CBSI3M CO3AK0T BHICOKHE
HANPSHKEHHOCTH JIEKTPOMATHUTHOTO MTOJIS
Ha 3HAYUTEJIbHBIX PACCTOSHUSX OT AHTECHH.
Harmpumep, cranmys MOIHOCTBHIO 225 KBT,
paboraromas Ha yactote 2,38 I'T'11, co3naer
Ha paccTtosgauy 100 kM DJIO0THOCTH MOTOKA
sHepruu 2,8 Bt/m2. Paccesnue sHeprun
OTHOCHUTEIBHO OCHOBHOTO JIy4a O4YE€Hb
HEOOJIBIIIOC U IPOUCXOAUT OOJIbIIE BCEIO B
pPaiOHE HEMOCPEACTBEHHOTO Pa3MEILICHUS
AHTCHHBI.




CoTtoBada cBA3b \

CotoBas paanoreaeoHus IBAICTCS CETOIHSI OJHOM U3
Han00J1€€ NHTCHCUBHO pa3BUBAIOIINXCS
TEJICKOMMYHUKAITMOHHBIX ciCTeM. OCHOBHBIMU
AJIEMEHTAMU CUCTEMBI COTOBOM CBSI3U SIBJISIFOTCSI 0a30BBIC
CTaHIIMN U MOOMJIBHBIC paAMOTENCPOHHBIC anaparhl.
ba30BbI€ CTAHLIMNA HOAAEPKHUBAIOT PATUOCBI3H C
MOOWJIbHBIMU alIlapaTaMu, BCACACTBHUE YErO0 OHU
SABJISIOTCS HCTOYHHUKAMU SJICKTPOMAarHUTHOTO mosst. B
paboTe CUCTEMBI IPUMEHSCTCS TPUHIMIT ICTICHUS
TEPPUTOPHUM TTIOKPHITHS HA 30HbI, UJIA TaK HA3bIBAEMBIC
«coTh, paguycom [0,5..10] kM.



VHTEHCUBHOCTD M3Jly4eHUsl 0a30BOM CTAHIIUU ONPEICIISIETCS
Harpy3Koi, TO €CTh HaAUUMEM BIaJCIIbIICB COTOBBIX
TeJIe(OHOB B 30HE 00CIYKUBAHMS KOHKPETHOM 0a30BOM
CTAHIIUU U UX KEJaHUEM BOCII0Ib30BaThCs Tee(hOHOM JIJIs
pa3roBopa, 4TO, B CBOIO OYEpEeih, KOPEHHBIM 00pa30M 3aBUCHUT
OT BPEMEHH CYyTOK, MECTA PACTOJIOKEHUS CTAHIINH, JTHS
HEIeIn U ApYrux (pakTopoB. B HOUHBIE Yackl 3arpy3Ka
CTaHIIUM IPaKTUYECKU paBHA HYIIIO. IHTEHCMBHOCTD K¢
U3JIY4YCHHUS MOOMIBHBIX allllapaToB 3aBUCUT B 3HAYUTEIbHOM
CTEIIEHU OT COCTOSHUS KaHaja CBI3H «MOOUIIbHBIMI
paauoTeaedoH — 0a30Bas CTaHIUA» (U4eM OOIbIIIE PACCTOSHUE
oT 0230BOI CTAHIMU, TEM BBIIIEC HHTCHCUBHOCTD M3ITYyUCHUS
arrapara).



ANEKTPOTPAHCNOPT

DIIEKTPOTPAHCHOPT
(TpomnenOychl, TpaMBau, MOE3/1a
METPOMNOJMTEHA U T.I1.) SIBIISICTCS

| ‘2% MOIITHBIM HUCTOYHHUKOM
u " DIIEKTPOMAFHUTHOLO MOJIS B
auara3zoHe gactot [0..1000]I 1.

[Ipu 3TOM BpOIIM TIIABHOTO
U3JIy4vareiisi B TI01aBIISIOIIEM
OOJIBHIMHCTBE CIIYYaeB BHICTYAET
TATOBBIN DJICKTPOJABUTATEIb (IS
TPOJLICHOYCOB U TPAMBAacB
BO3AYIIHBIEC TOKOIIPUEMHUKHU 10
HANPSAKEHHOCTU U3JTy4aceMOTO
JICKTPUYCECKOTO MOJIsl COTIEPHUYAIOT | | '
C DIEKTPOJIBUTATEIIEM). =7 P

”‘



P PagapHble YCTaHOBKU B
W
PagnonokallnoHHBIE M PalapHble YCTAaHOBKH UMEIOT OOBIYHO

aHTCHHBI PEPIICKTOPHOTO TUHAAGTAPEIIKN») U U3TydaroT
Y3KOHAIPaBIECHHbBIN pPaAUOIIy Y,

Ileproandeckoe nepeMENICHNE aHTCHHbBI B HPOCTPAHCTBE IPHUBOJIUT
K IIPOCTPAHCTBEHHOMN NPEPBIBUCTOCTH M3rydeHus. Habmonaercs
TaK)K€ BPEMEHHasl IIPEPHIBUCTOCTD U3IIYUYCHMSI, 00YCIOBJICHHAS
LHUKJIMYHOCTBIO pabOThI painoaoKaTopa Ha u3jirydeHue. OHu
pabortarot Ha yacrtorax oT S00 MI'y no 15 I'T1, ojHako OTIEIbHBIE
CIICLHaJIbHbIC YCTAaHOBKY MOI'YT paboTarh Ha yacTtoTax g0 100 I'T
1 OoJiee.

BceaeactBue 0co00ro xapakrepa u3iydeHus OHU MOT'YT CO3/1aBaTh Ha
MECTHOCTH 30HBI C BEICOKOM IIJIOTHOCTBIO TTOTOKA SHEpruu (100
B1/M2 u 6onee).




MeTannoaertekTophl

TexHonornyecku, TPpUHIIMII ICHCTBUS METALJIOAECTEKTOpa
OCHOBaH Ha SIBJACHUU PETUCTPALMH JICKTPOMATHUTHOIO
10J151, KOTOPOE CO3JIaCTCsL BOKPYT JH000r0
METAJNIMYSCKOIro IpeIMeTa NP IMMOMEIICHUH €ro B
3JIEKTPOMArHUTHOE TOJIE. DTO BTOPUIHOE
AIICKTPOMArHUTHOE I10J1¢ pa3IndacTcs KakK 1o
HaOPSHKCHHOCTH (CHIIC TI0JIS), TaK M 110 IPOYUM
napamerpaM. T IapaMeTphl 3aBUCAT OT pazMepa
peaMeTa U €ro NpoBoJAMMOCTH (y 30J10Ta U cepedpa
IIPOBOJAUMOCTH FOPa3ao JIy4duie, 4eM, HampuMep, y
CBUHIIA) U €CTECTBEHHO - OT PACCTOSHUS MEXKTY
AHTCHHOM METAJINIOASTEKTOPA U CAMUM MPEAMETOM
(1yOMHBI 3a71€raHms ).



BriirenprBeieHHass TEXHOIOTU 00y CIIOBHIIA COCTAB
METAJNIOAECTEKTOPA: OH COCTOUT U3 YEThIPEX
OCHOBHBIX OJIOKOB: AHTCHHBI (MHOIIA M3/IyYarolas u
IPHHUMAIOIIAsl AHTCHHbI Pa3IMYaOTCs, a HHOT/A -
9TO OJHA M Ta YK€ aHTCHHA), SJIEKTPOHHOTO
oOpabarkiBaroLIero 0Ji0ka, 0J10Ka BEIBOA
uH(popManuu (Bu3yaibHou - JKK-gucmiien nim
CTPEJIOYHBIM HHAUKATOP M ayAuo - JTUHAMUKA WU
THEe3/1a JIJIsl HayIIHUKOB) 1 0JI0Ka MTUTaHUA.



MeTannogertekTopbl ObIBALOT :

+ [lounckoBble
+ ocmoTpoBbie
+ HNa cTponTenbHbIX LENEN




[lonckoBble

* JlaHHBIM METAIIOAETEKTOP IIPEAHA3ZHAYECH JIJIS [TIOUCKA
BCEBO3MOYKHBIX METAIINYCCKUX IIpeameToB. Kak nmpaBuiio -
3TO CaMbl€ OOIBINKUE 10 pa3MeEPy, CTOMMOCTH U €CTECTBEHHO
IO BBIHOJIHAEMBIM (QYHKUHUSAM MOAETNA. ITO 00YCIOBICHO TEM,
YTO MHOI/Ia HY’KHO HAXOJAWTH IIPEAMEThI HA INTYOUHE 10
HECKOJIbKMX METPOB B TOJIIIE 3CMJIH.

% MoliHas aHTEHHA CIOCOOHA CO3/1aBaTh OOJIBIION YPOBEHb
JIEKTPOMATHUTHOTO TOJIsi M ¢ BLICOKOW YyBCTBUTEIBLHOCTBIO
OOHapy>KUBaTh ke MaJICHIIINE TOKH Ha OOJIBIIION INTyOUHE.
Hanpumep mouckoBbli METaII0ACTEKTOP, OOHAPYKUBACT
METaJIMYECKYI0 MOHETY Ha IIyOrHE B 2-3 MeTpa B TOJIIIE
3EMJIHA, KOTOPAsi MOYKET JaXe COJCPKATh KEJIC3UCThIC
I€OJIOTUYECKHUE COCIMHEHMUSL.



[locmoTpoOBbIE

Hcrionb3yeTcs Crenciryk0aMmy, TaMOKECHHUKAMU U
COTPYAHMKAMM OXPaHbl CaMbIX PA3IMYHBIX
OpraHu3aIyi Il MoUueKa METaINYECKUX MPEAMETOB
(opyskus, APAroleHHBIX METAIIOB, IPOBOJIOB
B3PBIBUATHIX YCTPONUCTB M T.JI.) CIPSATAHHBIX Ha TEJIe U
B OJIEXKJIE YEJIOBEKA. DT METAJIOAECTEKTOPHI
OTJIMYAIOT KOMIIAKTHOCTH, YIOOCTBO B OOpallleHUH,
HaJIM4Ine TaKuX peKUMOB, Kak 0e33ByuHass BUOpaLMs
PYKOSATKH (4TOOBI 00LICKMBACMBIM YSJIOBEK HE y3HAII,
YTO COTPYAHUK, HPOU3BOISANIUN IIOUCK YTO-TO
Hamien). /JlanbHoCTh (D1yOnHa) OOHApYKEHUS
pyOJI€BOM MOHETHI B TAKMX METAJIIOACTCKTOpaX
noxoautT 10 10-15 cwm.



Taxxe mupokoe pacupoOCTPaHEHUE
Oy YW apOYHBIC —
METaJUIOIETEKTOPHI, KOTOPHIC BHEIITHE
HallOMMHAIOT apKy U TPEOYyIOT
IIPOXOKICHMS YEI0OBEKA Yepe3 Hee.
BoJib NX BEpPTUKAJIbHBIX CTEH
IIPOJIOKEHBI CBEPX4YBCTBUTCIILHBIC
AHTCHHBI, KOTOpPbIC 00OHAPYKHUBAIOT
METAJUIMYECKHE MPCAMETHI Ha BCEX
YPOBHSX POCTa YeJioBeKa. 11X 00OBIYHO
yCTaHABJIMBAIOT TIEPE/ MECTAMHU
KYJIBTYPHO-MACCOBBIX Pa3BICYCHUN, B
OaHKax, ydpexaeHusx u T.1. [ 1aBHas
0COOEHHOCTh apOYHBIX
METAJIOJIETEKTOPOB - BBICOKAS
qyBCTBUTEIIBHOCTH (HACTpauBaemasi) u
00JIbIIAsE CKOPOCTh 00Pa0OTKH MOTOKA
FOIEMN.



LINa cTponTenbHbIX Lienen

JIaHHBIN KJIACC METAUIOAETEKTOPOB IIPH ITOMOIIA 3BYKOBOU
1 CBETOBOM CHUTHAJIM3ANU ITOMOTa€T CTPOUTEIISIM OThICKATH
METAJUIMYECKUE TPYOBI, DJI€MEHTHI KOHCTPYKIIAM WU
IIPUBO/IA, PACIOJIOKEHHBIEC KaK B TOJIIIE CTEH, TAK U 34
neperopoaxkaMu 1 (ajipii-naHeasMu. Hekoropreie
METAJUIOAETEKTOPHI AJIsT CTPOUTEIBHBIX LIEJIEU YACTO
O0BEAMHSIOT B OJHOM TIPUOOPE € AETECKTOPaAMH JICPEBSIHHBIX
KOHCTPYKIIUS, JETEKTOPAMU HAMPSIKEHUA HA TOKOBEIYIIIUX
[IPOBOAAX, AETEKTOPAMU MPOTEUYEK U T.J



