JJ/IeKmpomMa2HUMHasi
UHOYKUUSI 8
coepeMeHHOU mexHUKe

ABTOp: YUepkacoBa AHacracus,
yueHuna 11 knacca



CopepxaHue:

2 OTKpBITHE JIEKTPOMArHUTHOM
MHIYKIUH;

¢ (OCHOBHBIC UCTOYHUKHU
ICKTPOMATrHUTHOI'O T10JIS;

2 MeTaJu1oHeTEKTOPHL.



ABncHue
3JIEKTPOMArHUTHOU
MHAYKIAN OBbLIO OTKPBITO

29 aBrycra 1831

Maukiaom Dapageem.

AHenenue ynekmpomazHuUmMHOU UHOYKUUYU 3AKI0UAemCA 8 603HUKHOBCHUU
INEKMPUUECKO20 MOKA 8 NPOBOOAULEeM KOHIMYPe, KOMOopblil 100 HOKOUMCS 6
nepemeHHOM 60 6PEMEHU MACHUMHOM noJie, TUO0 08UIHCEMCA 8 HOCHOAHHOM

MACHUMHOM NOJle MAKUM 00paA30M, Ymo Yucio JTUHUI MACHUMHOU UHOYKYUU,
NPOHU3BIEAIOULUX KOHMYD, MEHACMCA.



bty | PMW:‘



OCHOBHbI€ UCTOYHUKN
SMEKTPOMArHUTHOrO Mosis

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

JInHuu 3nexkrponepeiay.

DJIEKTPOIPOBOJIKA (BHYTPH 30aHUI U
COOPYKCHHUM ).

BBITOBBIE 3IEKTPOIIPHUOOPHI.

[lepcoHaibHBIE KOMITBIOTEPHL.

Tese- u paguonepeaaronie CTaHIUNU.

ChoyTHMKOBAs U COTOBas CBS3b (IIPHUOOPHI,
PETPAHCISATOPHI).

DJIEKTPOTPAHCIIOPT.

PamapHbie yCTaHOBKHU.



JInHnn anektponepenay

[IpoBoga paboTaroniei IMHUM
3JIEKTpOoIepeaady Co34al0T B
HAPHICTaroIeM IIPOCTPAHCTBE (Ha
PACCTOAHUAX MOPSIKA ACCATKOB METPOB
OT HIPOBOJIA) PICKTPOMArHUTHOE I10JIE
HPOMBIILUICHHOM 4acToThI (50 I').
ITpriueM HaAPSKEHHOCTH I10J1 BOJIM3U
JIMHUU MOXKET U3MEHSTHCS B IIIMPOKUX
Ipejienax, B 3aBUCUMOCTH OT €€
NEKTPUYECKON HArpy3Kku. PaKkTUUYECKU
IPaHMIIbl CAHUTAPHO-3aIIUTHON 30HBI
yCTaHaBIIMBAIOTCS IO HauOoJjee
VIAJIEHHOU OT IIPOBOJIOB I'PAHUYHOM
JIMHUNA MaKCUMAJIbHOW HANPSKEHHOCTH
JICKTPUYECKOT0 MoJIsi, paBHOU 1 kB/M.




ONEKTPONpoBoaKa

K 351eKTpOIpPOBOJKE OTHOCITCS: Kabenu : M !Uff' |
TICKTPONUTAHUS CUCTEM KU3HEOOCCHCUCHMS TR T e ‘
3[IaHKK, TOKOPACIPEAESIUTENBHBIE ITPOBO/IA, A TG SR
TaK)K€ Pa3BETBUTEIABHbIC IIUThL; CUIIOBBIC SIUKH
1 TpaHC(HOPMATOPEI. DICKTPOIPOBOIKA i N
SBJISICTCS OCHOBHBIM HCTOYHHKOM =l || %

SIEKTPOMATHUTHOTO TIOJISI HPOMBIIIJICHHOM

YaCTOTHI B XKUJIbIX oMelleHusaX. [pu atom .
YPOBEHb HANPS)KEHHOCTH IEKTPHUHEECKOTO IMOJIS,

U3J1y4a€MOr0 HCTOYHMUKOM, 3a4aCTYIO . ,"
OTHOCHUTEIIHO HEBBICOK (He mpessimaet 500 Py

B/m).



bbiTOBbIE 3NEKTPONPUOOPHLI
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McTouHMKaMU 3ICKTPOMAarHUTHBIX MOJICH SBIISIFOTCSE BCE OBITOBBIC
HPHUOOPHI, PA0OTAIOIINE C UCTIOAB30BaAHUEM JICKTpUUECKOro Toka. [1pu
9TOM YPOBEHb U3TyUYCHHUS M3MEHSIETCS B HIMPOUYaMX Tpejiesax B
3aBUCUMOCTH OT MOJIEJIN, YCTPOMCTBA IPNOOpa U KOHKPETHOTO PeKUMa
paboThl. Takke ypOBEHb M3JIYUYEHUS CUIILHO 3aBUCUT OT HOTPEOIsIEMOM
MOIIIHOCTH MPUOOpa — YE€M BbIIIIE MOIIHOCTB, TEM BBIIIC YPOBEHb
JIEKTPOMArHUTHOTO T10JIs1 ITpU padboTte npudopa. HanpskeHHOCTD
AIEKTPUYCCKOTO OIS BOJIM3HU IEKTPOOBITOBLIX IPHOOPOB HE IIPEBBIIIACT
necsaTkoB B/wm.



ﬂepCOHaanble KOMMbIOTEPHI

OCHOBHBIM MCTOYHUKOM
HEOJIaronpusATHOIO BO3JACUCTBHUS Ha
3JI0pPOBBE T10JIb30BATEIIS
KOMITBIOTEPA SIBJISIETCS CPEICTBO
BU3yaibHOro oroopaxkenus (CBO)
MoHHTOpa. KpoMe MoHuTOpa U
CHCTEMHOI0 0JI0OKa EePCOHAIbHBIM
KOMIIBEOTEP MOXKET TaKKe
BKJIFOYaTh B €€0s1 0OJIbIIIOE
KOJIMYECTBO APYTUX YCTPOUCTB
(TaKuX, KaK NPUHTEPHI, CKAHEPHI,
ceTeBbie DUIBTPHI U T.11.). Bee aTn
yCTPOMCTBa PabOTAIOT C
[IPUMEHEHHEM AIEKTPUYECKOTO
TOKAa, & 3HAYUT, ABJISTIOTCS
MCTOYHUKAMM 3JIEKTPOMArHUTHOTO
T10JI41.




DJIEKTPOMATHUTHOE TI0JI€ HEPCOHAIBHBIX KOMITBIOTEPOB UMEET
CIIOKHEUIIUI BOJTHOBON U CHEKTPAJIBHBIN COCTAB U TPYAHO
MOAJAETCS U3MEPEHUIO U KOJIMYECTBEHHOM OlleHKe. OHO
UMEET MATHUTHYIO, SJIEKTPOCTATUUECKYIO U JTYUYEBYIO
COCTABJISAIOLINE (B YACTHOCTH, JIEKTPOCTATUUECKUI
MMOTEHIUAJ CUJISLIETO MTepel MOHUTOPOM YEIIOBEKA MOKET
KoJI€0arhbecs OT —3 A0 +5 B). YuuThIBas TO yCIOBHE, YTO
MEPCOHAIIBHBIE KOMIIBIOTEPHI CENYAC AKTUBHO MCIIOIB3YIOTCS
BO BCEX OTPACIISAX YEJIOBEUECKOU ACITEIAbHOCTH, UX BIUSIHUE
Ha 3JI0POBBE JIFOACH TTOJICHKNUT TIIATEIbHENIIIEMY U3YUYCHUIO U
KOHTPOJIIO



Tene- n pagnonepenatoLime
CTaHUUK

Ha repputopun Poccuu B HacTosmniee BpeMs
pPa3MEILAeTCs 3HAYUUTEIbHOE KOJIUYECTBO
PaAMOTPAHCHASIIUOHHBIX CTAHI[UN U LIEHTPOB
pa3inyHON TPUHAIIICIKHOCTH.

[lepenaroigie/ CTaHIIMA U IEHTPHI PA3MENIAIOTCS B
CHEIMAIBLHO OTBEICHHBIX VISl HUX 30HAX U MOTYT
3aHAMAaTh JI0BOJIBHO O0JbIIE TeppuTopuH (10 1000
ra). I1o cBoei CTpyKType OHM BKJIIOUAIOT B CEOsI
OJIHO WJIV HECKOJIBKO TEXHUYECKNUX 3JIaHUI, TIE
HAaXOAATCS PAAMONICPEAATYNKH, U AHTCHHBIC TOJIA,
Ha KOTOPBIX PacHoOIaratoTCs 10 HECKOIbKUX
JIECATKOB aHTEeHHO-puiepHbIX cucteM (ADC).
Kaxnas cucrteMa BKIIIOYAET B CE0S M3TyYAIOIIY IO
aHTCHHY U PUIECPHYIO JIMHUIO, TOJBOSAIIY IO
TPAHCIUPYEMbIN CUTHAIL.




CnyTHMKOBAas CBA3b

CucteMbl CITYTHUKOBOM CBSI3U COCTOSAT U3
IEPEIAoLIeH CTaHIIMKU HA 3eMIIe U
CIIYyTHUKOB — PETPAHCIITOPOB, HAXOASAIIUXCS
Ha opowurte. Ilepemaroniye cTaHIuM
CIIYTHUKOBOH CBS3U U3JTyUYarOT
Y3KOHAIIPABJICHHBIN BOJHOBOM TIYYOK,
IJIOTHOCTh OTOKA SHECPIrUU B KOTOPOM
pocturaer coreH BT/M. CucreMsbl
CITYyTHHKOBOM CBSI3M CO3aK0T BHICOKHE
HANPSKEHHOCTH JICKTPOMAarHUTHOTO MO
Ha 3HAYUTEIILHBIX PACCTOSHUIX OT aHTCHH.
Harmpumep, cTaniys MOIHOCTBHIO 225 KBT,
paboraromas Ha yactote 2,38 I'T'11, co3maer
Ha pacctogHur 100 kM DJIOTHOCTH MOTOKA
sHepruu 2,8 Bt/M2. Paccesnue sHeprun
OTHOCHUTEIBHO OCHOBHOTO JIy4a O4YE€Hb
HEOOJIBIIIOEC U IPOUCXOAUT OOJIbIIE BCEIO B
palioHE HEMOCPEACTBEHHOTO Pa3MEILICHUS
AHTCHHBL.




CoTtoBada cBA3b \

CoroBas paguorenedoHus SBISECTCI CErOIHS OJHOU U3
Han00J1€€ NHTCHCUBHO Pa3BUBAIOIINXCS
TEJICKOMMYHUKATMOHHBIX cHCTEM. OCHOBHBIMHU
9JIEMEHTAMU CUCTEMBI COTOBOM CBSI3U SIBJISIFOTCSI 0A30BBIC
CTaHIMK U MOOMJIBHBIC pAAMOTENCPOHHBIC anaparhl.
ba3oBbI€ CTaHIIUMU TOAAEPKUBAIOT PATUOCBI3b C
MOOMJIbHBIMU afIlapaTaMu, BCACACTBHUE YEr0 OHU
SABJISIOTCS UCTOYHHUKAMU SICKTPOMAarHUTHOTO noJst. B
paboTe cUCTeMbl HPUMEHSETCS TPUHIMIT ICTICHUS
TEPPUTOPHUM TTOKPHITHS HA 30HbI, UJIA TaK HA3bIBACMBIC
«coTby, paguycom [0,5..10] km.



VHTEHCUBHOCTH M3y4eHNsl 0a30BOM CTAHIIMU OIPEICIISIETCS
Harpy3Koi, TO eCTh HaJAWUYMEM BIIaJCIIbIICB COTOBBIX
TeJIe(OHOB B 30HE 0OCIYKHUBAHMS KOHKPETHOM 0a30BOM
CTAHIIUU U UX KEJTaHUEM BOCII0Ih30BaThCs TeIe(hOHOM JIJIs
pa3roBopa, UYTO, B CBOKO OYEpEeih, KOPEHHBIM 00pa30M 3aBUCHUT
OT BPEMEHHU CYTOK, MECTA PACTOJOKEHUS CTAHIINH, JTHS
HeJenn U ApYrux (pakTopoB. B HOUHBIE YaCkl 3arpy3Ka
CTaHIIUM IPAKTUYECKU paBHA HYIIIO. IHTEHCUBHOCTD JKE
U3JIYYEeHHUS MOOMIBHBIX allllapaToB 3aBUCUT B 3HAYUTEIbHOM
CTEIIEHU OT COCTOSHUS KaHaa CBI3H «MOOUIIbHBIMI
paauoTeaedoH — 0a30Bas CTaHIUA» (UeM OOIbIIIE PACCTOSHUE
oT 0230BOI CTAHIIMU, TEM BBIIIC HHTCHCUBHOCTD M3ITYyUYCHUS
arrapara).



ONEKTPOTPAHCNOPT

DIEKTPOTPAHCHOPT
(TposierOycChl, TPaMBau, IOE3/1a
METPOIIOJIUTEHA U T.11.) SABISECTCA
MOILHBIM HCTOUHUKOM

u ' SIEKTPOMArHUTHOTO T10JIS B
anana3zone yactoT {0..1000]I .

[Ip1 3TOM B-pOJIU TIIABHOTO
U3J1y4aTesis B TI0/IaBISIOIIEM
OOJIBIITMHCTBE CAYYAEB BHICTYITACT
TATOBBIN JACKTPOABUTATCHE (JIJISI
TpOJICHOyCOB U TpaMBacB
BO3AYIIHBIE TOKOIIPUEMHUKHU 1O
HANPsHKEHHOCTU U3TY4aeMOT0
QIIEKTPUYECKOTO TIOJISA
COIMEPHUYALOT C
NEKTPOJIBUraTEIIEM).
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P PagapHble YCTaHOBKU B
W
PaanonokallnoHHBIC M Pa/IapHble YCTAaHOBKH UMEIOT OOBIYHO

AHTCHHBI PEPICKTOPHOTO TUHAAGTAPEITKN») U U3TydaroT
Y3KOHAIIPaBJIECHHbBIN pPaAuOIIyy.

Ileproanyeckoe nepeMeneHe aHTEHHbBI B IPOCTPAHCTBE MPUBOIUT
K IIPOCTPAHCTBEHHOM MPEPHIBUCTOCTH M3irydeHus. HabmromaeTcs
TaK)KE€ BPEMEHHAS MIPEPHIBUCTOCTH U3IIYUYEHUS, 00YCIIOBICHHAS
LHAKJIUYHOCTHIO pabOThl paaroaoKaTopa Ha u3inydeHue. OHu
paborarot Ha yacrtorax oT S00 MI'y no 15 I'T, ojHaKko OTIEIbHBIE
CIIE[MAJIbHBIC YCTAHOBKU MOT'YT padoTarh Ha yactorax A0 100 I'T'
u Oosee.

BceaeacTBue 0co00ro xapakrepa u3jiydeHus OHU MOTYT CO3/1aBaTh Ha
MECTHOCTH 30HBI C BEICOKOM IIJIOTHOCTHIO TTOoTOKA SHEpruu (100
Bt/M2 u 6oinee).




MeTtannogertekTophl

Texnonoruyecku, NPUHIIMIL ICHCTBUS METALJIOAECTEKTOpa
OCHOBaH Ha SBJACHUN PETUCTPALIMH JISKTPOMATHUTHOIO
0JIs1, KOTOPOE CO3JaCTCsl BOKPYT JH000r0
METaJIINYCCKOr0o NpeaMeTa NP ITOMEIISHUH €T0 B
3IIEKTPOMArHAUTHOE TOJIE. DTO BTOPUUHOE
3IEKTPOMArHUTHOE I10J1e pa3InyacTCs Kak I10
HaMPSKEHHOCTHU (CHIIC T10J1s), TaK 1 IO IPOYUM
napamerpam. T apaMeTphl 3aBUCAT OT pazMepa
IpeaMeTa U ero NpoBoJAMMOCTH (Y 30J10Ta U cepedpa
IIPOBOAMMOCTh TOpa3ao0 JIy4lle, YeM, HallpuMmep, y
CBUHIIA) U €CTECTBEHHO - OT PACCTOSHUS MEXKTY
AHTCHHOM METAJNIOAETEKTOPA U CAMUM MPEAMETOM
(r1yOMHBI 3a71€raHusl ).



BriienpuBeieHHas: TEXHOIOT U 00y CIIOBHIIA COCTAB
METAJNIONETEKTOPA: OH COCTOUT U3 YEThIPEX
OCHOBHBIX OJIOKOB: aHTCHHbI (MHOTA U3IyYarolas 1
IPUHAMAOINAS AHTCHHbI PA3IMYar0TCs, a HHOT/A -
9TO OJHA W Ta K€ aHTCHHA), SJICKTPOHHOTO
oOpabarkiBaroLIero 0Jioka, 0J10Ka BEIBOIA
uH(popManuu (BusyaibHou - JKK-gucmien nim
CTPEJIOYHBIA MHIUKATOP W dAyH0 - JTMHAMUKA WUJIH
THE3/1a JJIsi HAYyIITHUKOB) M 0J10Ka MUTAHUS.



MeTtannogertekTopbl ObIBALOT :

+ [lounckoBsble
+ ocmoTpoBbie
+ HNa cTponTenbHbIX LIENEN




[ lonckoBble

* JlaHHBIN METAIIOAETEKTOP MPEAHA3ZHAYEH I IIOMCKA
BCEBO3MOYKHbBIX METAJUIMYCCKUX IIpeameToB. Kak mpaBuiio -
3TO CaMbl€ OOIBIINE 10 pa3MeEPy, CTOMMOCTH U €CTECTBEHHO
[0 BBIHOJIHAEMbBIM (QYHKLIHUSAM MOAETNA. ITO 00YCIOBICHO TEM,
YTO MHOI/A HY’KHO HAXOJAWThH IIPEAMEThI HA INIYOUHE 10
HECKOJILKUX METPOB B TOJIIIE 3CMJIH.

% MollHasg aHTE€HHAa CHOCO0HA CO3/1aBaTh OOJIBIION YPOBEHb
JIEKTPOMATHUTHOTO TOJISi U ¢ BLICOKOW YyBCTBUTEIBLHOCTBIO
OOHapy>KMBaTh aKe MaJICHILINE TOKH Ha OOJIBIIION INTyOUHE.
Hanpumep 1mouckoBbli METaII0ACTEKTOP, OOHAPYKUBACT
METaJIMYECKYI0 MOHETY Ha IIyOrHE B 2-3 METpa B TOJIIIE
3EMJIHA, KOTOPAsi MOYKET JaXe COJACPKATh KEJIC3UCThIC
I€OJIOTHYECKHUE COCIMHEHUSL.



[locMoOTpoOBbLIE

M crionb3yeTcs Crenciry>k0aMmy, TaMOKECHHUKAMU U
COTPYAHMKAMH OXPaHbI CaMbIX Pa3IMYHBIX
OpraHu3aIyi 11 MOKMeKa METAINUECKUX MPEAMETOB
(opy2kmsI, APAroleHHBIX METAIIOB, IPOBOJIOB
B3PBIBUATHIX YCTPONUCTB M T.JI.) CIIPSTAHHBIX Ha TEJIe U
B OJIEXKJIE YEJIOBEKA. DTH METAIJIOAECTEKTOPHI
OTJIMYAIOT KOMIIAKTHOCTh, YIOOCTBO B OOpalllcHUH,
HaJIM4Yne TaKuX peKUMOB, Kak 0e33ByuHas BUOpaLIMs
PYKOSATKH (UTOOBI 00LICKMBACMBIM YSJIOBEK HE y3HAII,
YTO COTPYAHUK, HPOU3BOIANIUN IIOMCK YTO-TO
Hamien). /JlanbHocTh (D1yOnHa) 0OHApY KEHUS
pyOJICBOM MOHETHI B TAKMX METAJIOACTEKTOpaX
noxoautT 10 10-15 cwm.



Taxxe 1mupokoe pacupoCTpaHEHUE
Oy YW apOYHBIC —
METaJUIOJIETEKTOPHI, KOTOPHIC BHEIITHE
HAIIOMMHAIOT apKy U TPEOYyIOT
IPOXOKICHMS YEIOBEKA Yepe3 Hee.
Bnosp ux BepTHKaIbHBIX CTEH
IIPOJOKEHBI CBEPX4YBCTBUTCIIBLHBIC
AHTCHHBI, KOTOPbIC 00OHAPYKHUBAIOT
METAJNIMYECKUE MIPEAMETHI Ha BCEX
YPOBHAX POCTa YejioBeKa. 11X 00OBIYHO
YCTaHABIMBAIOT TIEPE/ MECTAMHU
KYJIBTYPHO-MACCOBBIX Pa3BICUCHUM, B
OaHKax, yupexaeHusx u T.1. [ 1aBHas
0COOEHHOCTh apOYHBIX
METAJUIOJIETEKTOPOB - BBICOKAS
qyBCTBUTEIBHOCTh (HacTpanBaeMas) 1
00JIbIIAsE CKOPOCTh 0OPA0OTKH OTOKA
JFOJIEM.



[1Nna cTponTenbHbIX
Lenew

JIaHHBIN KJ1aCC METAUIOAECTEKTOPOB IIPH ITOMOILN
3BYKOBOM M CBETOBOU CUTHAJAM3ALIMU [IOMOIaeT
CTPOUTEISIM OTBICKATh METAIINYCCKHE TPYOHI,
3JIEMEHTHI KOHCTPYKIIMU WIIH TIPUBO/IA,
PACIIOJIOKEHHBIEC KaK B TOJIIIE CTCH, TAK U 3a
Ieperopoakamu u ajabii-naneisiMu. Hekotopreie
METAJIOAETEKTOPHI AJIs1 CTPOUTEAbHbBIX 1IEJIEU YaCTO
OOBEAUHSIOT B OJHOM MPUOOPE € IETEKTOpaMu
JNEPEBIHHBIX KOHCTPYKILIMS, IETEKTOPAMHU
HaIPSXKEHUS] HA TOKOBEAYIIHUX MPOBOJIAX,
JIIETEKTOPAMHU IPOTECYEK U T.J



