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Y4ebHoe 1ocoOre TMOCBSIIICHO PACCMOTPEHUIO TPOOJIEM 3JIEKTPOMArHUTHOM
COBMECTHUMOCTH PaJHUOIJICKTPOHHBIX CHCTEM B paMKaxX CICHHAIBHOCTHU
"TexHudecKkasl SKCILIyaTall|sl TPAHCIIOPTHOro paanoodopynoBanus’. IpuBomsarcs
HEOOXOIMMBIE CBEIICHUS 00 3JICKTPOMArHUTHOW OOCTAaHOBKE, HCTOYHHMKAX U
perienTopax moMex, XapakTepe BO3IeHCTBUI Ha 3JIEKTPOMArHUTHYIO COBMECTHMOCTh
pamrocpecTB. bonblioe BHUMaHKE YIEISETCS BOIMPOCAM TOMEXO3AIHIIEHHOCTH
AHTCHHBIX CHUCTEM, CO3/1aBaéMbIM HMH JajJbHHM OOKOBBIM H3IIyYEHHUSM,
BBIHECEHHBIM 3alUTHBIM JKpaHaM. Borpockl SKpaHMpOBaHHS AJIEKTPOMArHUTHBIX
TIOJIEH KaK MCTOYHHKA TIOMEX TAKKE OTPAXKEHBI B 3HAUUTEILHOM 00BeMe. C TTO3HITHiA
3JIeKTpOMaFHI/ITHOI71 COBMECTUMOCTH PACCMOTPECHbBI CHUTHAJIBI W IIOMCXH,
TO/TUEPKUBACTCS BAXKHAS POJIb MHAYCTPHAIBHBIX TIOMeX. OOCYKIAr0TCs BOMPOCHI
COBMECTUMOCTH B PaJIOIICPENAOIINX U MPHEMHBIX ycTpoiicTax. ChopMymmupoBaH
PSI pelIaeMbIX CIHEIMAIMCTAMU B HACTOSILEE BPEMsl MPOOJIEM SJICKTPOMATHUTHOW
COBMECTUMOCTH, OCOOEHHO C UCTOIE30BAHUEM BBIYUCITUTELHON TEXHUKH.

Iocobre mpemHa3HaueHO CTYICHTaM, M3yYaloiM Kypc "IJeKTpOMarHuTHas
COBMECTUMOCTD PaTUOAIEKTPOHHBIX CUCTEM".
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1. TIPUHLUIIBI OBECITEYEHUS DJIEKTPOMAT HUTHO
COBMECTHUMOCTH

1.1. OOmme 3amMeuaHust

B HacTosmee BpeMsi  CTPEMHTENIbHOE  Pa3BHTHE  Pa3IMIHOTO
JNIEKTPOTEXHUYECKOI'O M PaJUOICKTPOHHOIO O0OpYJOBaHUS TMPHBOAUT K
BO3paCTaHUIO YPOBHEH OJJIEKTPOMArHUTHBIX TMOJIEH, CO37JaBa€MbIX HMH B
OKpYKarOIIeM IPOCTPAHCTBE. YKa3aHHbIC TIONS SIBILSIFOTCS TOMEXaMH JUIS IPYTUX
MOJIOOHBIX YCTPOMCTB, YXY/IIas YCIOBHS MX PabOThl U CHIKask 3((HEKTUBHOCTD
npuMeHenHust. CTAHOBUTCSL OYEBHITHBIM, YTO MPOrPECC B TAHHOHM OOACTH TEXHUKH
Bce Ooyiee CAECPKUBACTCS ¢ KOJMYECTBEHHBIM pocToM. ITosToMy manmbHeHmmin
nporpecc TpeOyeT pasBUTHS Ha HOBOM KAueCTBEHHOM YPOBHE, 3aKJTIOUAIONICMCS B
00eCTICYeHHH COBMECTHOTO (DYHKITMOHHUPOBAHHS PA3THIHBIX CPEIICTB.

Hoeoe nonpasnenue  paouosnekmponuKy, yelb KOmopoeo — 00ecneduntv
OOHOBDEMEHHYIO U COBMECHIHYIO  pabomy  PaziudHO20  PAOUOMEXHUYECKO2O,
AMEKMPOHHO20 U NEKIMPOMEXHUYECKO20 — 000PYOOBAHUs  NOIYHWIO — HA36aHUe
AEKMPOMACHUINHOU COBMECHIUMOCITU PAOUoAeKmporHbix cpedcms (OMC POC).

Ipotema DMC oueHb BaKHa, TOCKOJIBKY YiIyUIIICHHE KadecTBa padboTel POC
3aBUCUT HC TOJIbBKO OT HOBBIX CHCTEMHBIX peIHeHI/II;'I, HO U OT OpraHu3aluun
COBMECTHOW pabOThl CPEACTB, H3IYYAONUX WM BOCIPUHHUMAIOIINX
3IIEKTPOMATHUTHYIO SHEPTHIO.

VkakeM HauOoyee CYIIECTBEHHBIC TPUUMHBI, BBI3BIBAIOIINE OOOCTPEHHC
npobiemsr OMC:

— BO3pacTacT OOIIee YHCIO OJHOBPEMEHHO JICHWCTBYIOIIMX pPaUOTEXHHYCCKUX
YCTPOMCTB, B OCOOCHHOCTH Pa3MEICHHBIX HA TIOJIBIXKHBIX O0BEKTAX;

— MOBBIIIIAETCS MOIIHOCTh PAJMOINEPEATIYMKOB BIUIOTH JIO ISCITKOB METABATT,

— pacHIMpsIFOTCS  TOJOCHI  YaCTOT,  WCIOJB3yeMble  COBPEMEHHBIMU
pamocpecTBaMu;

— pacTer 3arpy3ka JiMana3oHa pajfovacToT, XOTsS MHOTHE €ro YYacTKH YKe B
HACTOSIIECE BPEMsI IEPETPYIKCHBI;

— BHEJIPSIOTCS B IIMPOKMX MACIITadax SIEKTPOHHBIE CPEICTBA aBTOMATHYECKOTO
YIIpaBJICHHs], KOHTPOJIS, MarHOCTUKU U T.IL. HA OCHOBE aHAJIOTOBOM M OCOOCHHO
1(POBOI TEXHHKH, B YACTHOCTH MUKPOIBM 1 MUKpOMpOIIeCCOpoB (MOI00HBIE
CPEJICTBA CTAHOBSITCSI UICTOYHHKAMHU HENPETHAMEPEHHBIX MTOMEX M OJTHOBPEMEHHO
MOJIBEPTalOTCs UX JCHCTBUIO);

— BO3pacTacT OCHAIICHHOCTH IIOABMXKHBIX 00BEKTOB cpeacrBaMmu
PaIMOAIIEKTPOHUKH, B 0COOCHHOCTH KOpabIteit 1 camoIieTos;

— YXY/IIAKTCS YCIOBUs (DYHKIMOHHPOBAHKS PATHOCPE/ICTB, YCTAHOBJICHHBIX HA
JIeTaTeNIbHbIX arapaTax, MOCKOJIbKY OHM YacTO OKa3bIBAFOTCS B 30HE MPSMOIA
BIJIIMOCTH 3HAUUTEIBHOTO YHCIA HA3EMHBIX PaJIMOCPE/ICTB, PACIONOKEHHBIX Ha
OOIIMPHOM TEPPUTOPHH.
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Ha HavanpHBIX 3Tamax pa3BUTHS TEXHUKUA OOECIEYCHHUE COBMECTHON pPabOThI
CPE/ICTB PEIIaioch B OCHOBHOM IYTEM COBEPIICHCTBOBAHUS OTICIbHBIX CXEMHBIX U
KOHCTPYKTOPCKUX PCIICHHUI U TUIAHUPOBAHUS PACTIPEACICHUS YaCTOT, HCIOIb3yEeMbIX
OTIICNIEHBIMU paJoCpeicTBaMu. B HacTosIee BpeMsl OTICIBHBIX YaCTHBIX MEp YKe
HEJOCTaTOYHO, a MpoOJieMa B IEJIOM HMMECT BBIPAKCHHBIH CHCTEMHBIH XapakTep.
Kaxnprii crnenuanuct B 001acTH PagHOAIEKTPOHUKH JOJDKEH 3HATh INPHHLUIBI
obecrieuennss SMC POC u ucnons30BaTh 3TH 3HAHUS B paKkTHYecKoi padote. [Ipu
paccmoTpernn OMC fOMKEeH OXBaThIBAaTbCA IIMPOKHUN CIIEKTP BOIPOCOB — OT
cnenupuIeckux O0COOCHHOCTEH PaMOTEXHHYECKHX CHCTEM JI0 KOHCTPYHPOBAHHS U
TEXHOJIOTUU TPOU3BOJCTBA, NPHYEM C YYETOM TEXHUYECKHUX, SKOHOMHUYECKHX,
METPOJIOTHYECKNX M OpPraHM3aIMOHHBIX acruekTtoB [4. 7, 9]. Heobxommmo 3HATH
MPUYMHBl BO3HUKHOBEHHSI TIOMEX, CBOMCTBA W XapaKTEPUCTUKU PA3THYHBIX
aneMeHTOB POC, BImsIONME Ha MPOIECCH CO3/IaHUS IMOMEX M MOJBEPKCHHOCTH WM,
NMPUHIUTIEL W OCHOBHBIC HampaBieHus obOecneuernss OMC, opraHM3aliOHHBIC
aCTIeKThI, CTAHIAPTHI U HOPMATHBHBIC TOKYMEHTEI.

1.2. DnexkTpomarHuTHas 0OCTaHOBKA

I[pu pa3paboTke COBPEMEHHBIX PATUOAICKTPOHHBIX cpeactB  (POC)
HEOOXOJMMO YYHTHIBATh YCJIOBHUSI MX SKCIUTyaTalllH, BKJIIOYAsl AIIEKTPOMAarHUTHYIO
00CTaHOBKY, B KOTOPO# Ha/uIeXXuT padorats POC.

Onexmpomaznumnas 06CmMaHO8KA — MO COBOKYNHOCHb INIEKMPOMASHUMHBIX
usyweHultl 6 mouke uiu pauoue, 20e pazmewaemcs POC. DiekTpoMarHUTHBIC
M3JIyYeHHsT MOTYT CEPbe3HO HapylIMTh KadecTBO pabotsl POC. B TO e Bpems
nosiBrieHHEe HOBOTO POC MeHsSeT 3IeKTpOMarHUTHYI0 0OCTaHOBKY B TOYKaX, TAE yXKe
pacIoNoXeHbl paboTAoMKE CPEACTBA. DTO M3MEHEHNE MOXKET YyXYALINTh KadeCTBO
(YHKIIMOHMPOBAHMS HEKOTOPHIX W3 HHUX. PemieHWe 3ajady  HOPMAaJIbHOTO
¢ynknuonnpoBanust POC B Okpyxaiomied 53JeKTpPOMAarHWTHOW 0OCTaHOBKe, He
OKa3blBasg HEJIOMYCTUMOTO BO3JEHCTBHS HAa HEE M JPYrHe CPEACTBAa, COCTABIIAET
cymectBo mpodiiemsr IMC.

W3BecTHO, YTO AJIEKTPOMAarHUTHBIE BOJHBI HCIIOJNB3YIOTCSI MEHee cTa JIeT.
PanuoBemanue, TeneBUIEHHME, PAIUOCBA3b, PAJUOJIOKAILUS, CYAOBOXKACHUE,
paauoympaBieHUE JIeTaTeNbHBIMU AamnmapaTaMd M MOJBMXXHBIMH CPEICTBAMU —
Hauboyee M3BECTHbIE 00NacTH WX HcCHojib3oBaHus. Celdac 3JIEKTPOMArHUTHBIC
KoJe0aHus MPUMEHSIOTCS B MEIUINHE, XUMHUH, T€0JIOTHH, METEOPOJIOTHH, OCBOCHUH
KocMoca M okeaHa. HaOmopaeTcss TEHICHLUS K PE3KOMY KOJMYECTBEHHOMY H
KadeCTBEHHOMY pocTy paauocpencts. llpmsenem mnpumep pocra POC B pszme
3apyOexubix crpas[l]. CIHA 1936 r. — 600 paguoBeNIaTeNbHBIX CTAHITUH C
AM;

1968 r.-6000 cranmuii ¢ AM, 1400 cranmuii ¢ UM, 600 TB-
nepenatynkoB; 1972 r.— 18000 paguosemarensHpix u TB-
CTaHIINM;
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¢ 1961 mo 1966 rr. uncno PJIC ysemuamnocs ¢ 3000 go 15000;
1950 1. - 100000 MOABMXKHBIX CITYKO pasMOCBsI3Y;
1970 .- 3300000 IToaBrxHBIX CITy>K0 pagroCBs3H;
1975 r.— 5800000 noABM>KHBIX CITy>KO paHOCBsI3H;
1980r— 7000000 TOABHKHBIX CITYKO PAIHOCBA3HU;
1981 r.—9 MyH neperaTINKOB B CAHTHMETPOBOM H
JEIUMETPOBOM AMAaNa30HE Ha MOABHKHBIX 00BEKTaX;
Snonnu 1965 r. — 300000 panno31eKTPOHHBIX CPEICTB;
1981 r—2000000 noABMKHBIX PaMO3IEKTPOHHBIX CPENICTB;
T'epmanun 1960 -1970 rT.—9ucmo Ha3eMHBIX TOJBIKHBIX CITYXKO
yBenuuuiock B 7 pa3; Aarmun - 1960 -1970 rr.—
YHCIIO HA3EeMHBIX ITOJIBHKHBIX CITYKO

yBeNU4MWIOCh B 5 pa3; [lunanazon BoiH oT 10 mo 100 M 3aHumaet mosocy 27
MI'u. Ecnu npuHATH IUPUHY TONOCH PaIdo4acTOTHOrO KaHaja paBHOH 3 kI'1, To B
monmoce 27 MI'n momecturcs 9000 kanamoB. OnmHako cefiyac B MHpE B 3TOM
JMana3oHe HACUUTBHIBAETCS OKOJNO | MIIH mepenaTdyukoB. UMCIIO MepesaTiukoB B
YKa3aHHOM [IMaNa3oHe MPOJOJKAET €XeroaHo pactu Ha 20 ThIC. HECMOTpS Ha
MepeTpy3Ky U MOMEXH.

IMomumo pocra umcna POC ycnoxHmmuch Tarke ux ¢(yHknun. OcoOeHHO
HeTpocTas IEeKTPOMarHuTHAsi 0OCTAHOBKA BO3HUKAET B KOMIUIEKCAX, Pa3MEIICHHBIX
Ha OIpaHUYEHHOM Iulomanu, — cyxaa, camoisietel, MC3. 3pecb uMmeer Mecto
yBenmueHne odbeMa paguoanmapaTypsl U yuciaa POC. Tak KolM4ecTBO aHTEHH, C
KoTopbIMH pabotatoT POC Ha 00BeKTe, MOXKET JAOCTUTATh HECKOJBKHX JIECSTKOB, a
IUIOINAAb OTpaHuYeHa. B pesynbraTe pacCTOsSHUSA MEXKAy aHTEHHaMM HE MIPEBBIIIAIOT
necsaTkoB MeTpoB. bonbmioe xomuuectBo POC M CKydueHHOCTh aHTEHH NPUBOJUT K
IIoMeXaM, a TakkKe HaBOJKaM Ha aHTEHHaX OT NepeaaTyukoB. [locrieaHne BBI3BIBAIOT
Meperpy3ku BXOAHBIX KaHAIOB paanuonpueMHbIX ycrpoiictB (PIIY) u MoryT BeIBeCcTH
ux u3 crpost. OCOOEHHO CHIIbHBI TOMEXH B pajnojokannoHHoM u KB-auanazonax ot
MOIIHBIX HepeaaTdnkoB. OMacHbl TAKXKe HABOJKH MEXy aHTCHHAMH MEpEIaTINKOB.
B pesynpraTe WX B3aMMONEHCTBHA MEXIY COOOH WM C OCHOBHOW YaCTOTOM
W3JTyYeHHs] TIEPEeAaTynka MOTYT BO3HHMKAaTh IIOMEXHM Ha YacTOTaX, OTIMYHBIX OT
pabo4mMx YacTOT MEepelaTYMKOB, U TEM CaMbIM YCIOXHHTH paboty npyrux POC.
Bo3moxHOCTH 00ecriedeH s JOCTUTHYTOH BEIMYMHBI Pa3BI3KH MEXIy aHTCHHAMH 3a
C4eT pa3HOCa MO PACCTOSHUI0 U MX PalUOHAIBHOTO pPa3MELEHHUS CUIIBHO
OrpaHMYEHBI. DTO CBS3aHO KaK C pa3MepaMu caMoro o0bekTa, Tak M ¢ HAIMYUEM Ha
HEM pa3IUYHOrO BHJA HAJACTPOEK, BbI3bIBaOmMX mnomexu PIIY 3a cuer
NePEeOTPaKEHNH HM3JIyuYeHUH TepefaTYMKOB, a TaKXKe MPUBOJAIMIMX K HCKAKCHHAM
JrarpaMM HampaBJIEHHOCTH aHTEHH. B pe3ynbTaTe 4ero BOSHUKAIOT 30HbI 3aTCHEHUS,
B KOTOPBIX M3Ty4aeMbId (MM MPUHUMAEMBbIid) CHTHAJ CHJIBHO OCHabJIeH W MOXET
JlaKe TPaKTHYeCKH OTCYTCTBOBaTh. TakuMm o0O0pa3oM, pelleHHe Bompoca o
pa3MeleHN: aHTeHH Ha OO0BEeKTe ¢ Touku 3peHnmss OMC sBIsSeTcs CIOXKHOM
TEXHUYECKOH 3aaueii.



Poct miotHOCTM cTamMoHapHBIX W HOABIKHBIX POC  compoBoxmaercs
COKpAILIEHUEM TEPPUTOPHAIBHOTO pa3Hoca Mexkay HUMU. [Ipu orpaHM4eHHOM YaCTOTHOM
pecypce pauoiianasoHoB, B KOTOPBIX 3TH CPEZICTBA padOTAIOT, YPOBEHb ITIOMEX Ha BXOJIE
PIIY pacrer u HOpmanbHas pabora POC Hapymaercs. CrieoBaTensHO, YBEIUUCHHE
yucna POC mpu orpaHHUEHHBIX BO3MOYKHOCTSIX YAaCTOTHOTO PA3IEeHHs PaJdoKaHAJIOB
SBIIIETCS OHOM U3 IpuurH 1pobieMbl OMC - KOJIMYECTBO U3MEHMIIO KauecTBO.

B Hacrosmiee BpeMs CYIIECTBEHHO pPAcTyT MOIIHOCTH — PaIHOU3Iy4eHU,
YBENMYMBAIOTCS 4yBCTBUTENBHOCTH PITY u yBenmmuuBaroTcs Ko3(DGHUIMEHTH! yCUICHHS
anTeHH. [lepenaTyvky MIMEIOT MOLTHOCTH, JOCTHTAOIINE 3HAYEHUI B COTHH KWJIOBATT U
€IMHHL] METaBaTT B HETIPEPBIBHOM PEKUME. B MMITyJIbCHOM PEXMME MOIIHOCTA MOTYT
JIOCTMIaTh 3HAY€HUH JIECATKOB MeraBarT. B To ke Bpems YyBCTBHTEIBHOCTb
coBpemeHHOr0 PITY Moxer ObrTh 10 " BT. PocT MOIITHOCTH TTepeTaTINKOB U TIOBBIIIICHIES
YyBCTBUTEIFHOCTH IPUEMHUKOB YCJIOXKHSET X COBMECTHYIO pabory. C yBelInueHueM
MOIIHOCTH IeperaTyrKa PacTeT TaKKe MOIIHOCTh HeXeNaTeldbHBIX M3TydeHHi. Tak,
ecmt PJIC nmeer momHocts Pumn = 5 MBT, To MOIIHOCTE 4eTBEpPTON TapMOHUKHU €€
paBHa 200 BT u nexxur B Auana3oHe 4acTOT, OTBEJCHHOM I BO3AYILLIHON HaBUTallUH.
MorHocTH )e GompinHCTBa POC, paboTarommx B HaBUTaluHu, COCTaBISIOT MeHee 200
Br. B pesynbrare padora moriHoit PJIC MoxeT co3aaTh 3HaUMTENBHYIO TIOMEXY padoTe
HAaBUTALMOHHBIX CPEJACTB. 3HauMTeNbHbIe MoimHOCTH PJIC 00bMHO JocTHraroTcs
UCIIOJIb30BaHUEM MAarHeTpoHOB, KIMCTPOHOB M JIPYTHX TOJOOHBIX mprOopoB. OHM
OTJIMYAIOTCSI B CUITY CIIELM(UKN CBOSH PabOTHI 3HAUNTEIFHBIMI YPOBHIMH HEKEIATENbHBIX
W3IydeHH. B mepByro odepenp 3TO OTHOCHTCS K MarHeTpOHaM, KOTOpBIE Hapsmy ¢
V3Ty4YCHISIMI Ha TapMOHHMKAaX CHOCOOHBI T'€HEpPHpPOBaTh IIMPOKOIIOIOCHBIE MOMEXU.
Hauats! mouckn 3amMeHBI MarHeTpOHOB MOIITHOCTBIO Oornee 5 MBT m3-3a HexenaTenbHBIX
HU3IIy4eHHUHN.

BonbIIMHCTBO COBPEMEHHBIX PaMONPUEMHBIX YCTPONUCTB KPOME OCHOBHOTO KaHasa
(curHanbHOTO) 00JIAIAIOT HEXKENAaTeIbHBIMU KaHaJIaMU TIPUEMa, HalpuMep, 3epKaIbHBIM U
npreMa IPOMEeXyTOUHOH 4acToTel. PocT uyBcTBUTENBHOCTH PITY 10 OCHOBHOMY KaHairy
OOBIYHO CONPOBOKIAECTCSI POCTOM YYBCTBUTEJILHOCTH HEXKENATENBHBIX KaHAIOB, B
KOTOpBIE MOXKET TOMaIaTh W3TyUeHHe nepetaTunka. Hammure HexenaTebHbIX M3TyYeHHH
MepesIaTIMKOB 1 KaHanoB mpuema y PITY , Bo3pacTanue ypOBHS IEPBBIX M YBEITHUYCHHE
YYBCTBUTEJIBHOCTH BTOPBIX, SIBISIETCS €Ile OHOW NpH4YMHOM, mopoausiieli OMC kak
JUCUUILINHY.

Ocobo cremyer OTMETHTH IPOOJIEMY KOHTAKTHBIX IOMEX. VICTOYHMKOM TaKuX
TOMEX SIBISIIOTCS JJIEMEHTHI, KOTOpble B TMoje oOmy4deHHs BemyT ceOs Kak
napaMeTpudeckue W HenuHedHsle. [lomoOHBIE 3J€MEHTHI  MMPeoOpasyloT — CIEKTp
T/IAfOIIETO Ha HUX HM3ITyYeHHs B Ooriee MMpokni. KOHTakTHBIE IOMEXH BO3HHKAIOT Ha
TIOJIBDKHBIX CPEICTBAX, Y KOTOPBIX HPY BHXKEHUH 00pa3ytOTCsl KOHTAKTHI C TIEPEMEHHBIM
COMpPOTHUBJICHUEM, IMOMAJAIONIME B TOJIE YCTAaHOBICHHBIX Ha HUX MEPEAaTUHKOB.
Hanpumep, KOHTaKkTHbIE NOMEXU BO3ZHHKAIOT IIPH Pa3MELICHUU

paavonepesaTiMKOB Ha aBTOMAIlIMHAX, moe3fax M T.OI. Cepbe3Hylo mpoOieMy OHH
COCTaBJISIIOT Ha CyJax U camojeTax [ 2 ].

VBemuuenue mouHocTd POC, HCHONB3YIOMYX HANIPaBIEHHOE U3JIyYEHUE, NMEET
cnezncTtBueM emie oauH A(ddexTt, 3arparuBaronmii npoditemy OMC, a MMEHHO, pocT
MOIITHOCTH, U3TyUYeHHON B HEXENaTebHBIX HAIPABJICHUAX. XO0TS YCUIICHHE COBPEMEHHBIX
HAINpaBJICHHBIX AHTEHH II0 TJIABHOMY JeEIMecTKy MoxeT nocturate 50 nb, ypoBeHB
OOKOBBIX M 3aJHHX" JIETIECTKOB JUarpaMMbl HAIPaBIEHHOCTH OCTaeTCs BHICOKUM. JUiis
rmapaboMMYecKnX aHTEeHH, HampuMep, Uit repBoro Ookosoro (-20 nb), mia 3amgmHero
nenectka (-40 nb) Mo OTHOIIEHWIO K TJIABHOMY JIEIECTKy. JTo o3Hauaet, uto PJIC ¢
MomHocTeI0 P = 10 MBT B mMITynbCe H3ITydaeT B HANPABICHUH, MPOTUBOIIOIOKHOM
OCHOBHOMY, MOLTHOCTb P = 1 kBT.

Cy1mecTBeHHBIH BKJIaJ B (HOPMHUPOBAHUE HIEKTPOMArHUTHOH OOCTAaHOBKM BHOCST
W3Iy9eHHUs CO CTOPOHBI DPA3IMYHOTO pOAA HSHEPreTHYECKHX M IPOMBIILIEHHBIX
YCTaHOBOK, KOTOpble B CWIy CHElM(UKNA CBOel pabOThl SBISIIOTCS HCTOYHHUKAMH
HENpeZHaMepEeHHbIX IOMeX. OJTO TaK Ha3blBaeMble HHIyCTpUalbHble moMexu. K
yCTpOMCTBaM, CO3JAIOIIMM HHAYCTPUANBHBIE IIOMEXH, OTHOCATCS T'€HepaTophl U
JIBUTATENIN MOCTOSIHHOTO M TIEPEMEHHOTO TOKa, JIMHUM 3JIEKTpOIepeaad, CBapOUHbIe
anmaparbl, CHCTEMbl 3a)XKWUTaHHs, OBITOBBIC OJJIEKTPOIPHOOPHI W MHOTHE JpYyTHE.
Hanmmuue uHIyCTpUadbHBIX IOMEX 4YacTo HE MO3BOJSET IOJIHOCTBIO PeaM30BaTh
MIOTEHIMATbHBIE BO3MOXKHOCTH PaJHOaNIapaTypsl U YCIOKHIET COBMECTHYIO padoTy
POC. Biusane MHAYCTpHUATIBHBIX IIOMEX OCOOSHHO 3aMETHO B KPYITHBIX MPOMBIIUICHHBIX
rOpoJax 1 Ha MOABMXHBIX 00BEKTaX - CyAax, CaMoJIeTax.

1.3. T'nmaBHbIe ompeneneHus

ITog DMC pagnodIeKTpOHHBIX CPENCTB MOHMMAIOT CHOCOOHOCTh STHX CPEACTB
OJHOBPEMEHHO (YHKIMOHUPOBATH B pPEAIBHBIX YCIOBHAX OKCIUIyaTallid C
TpeOyeMbIM KadyecTBOM IIpH BO3/ICHCTBHM Ha HUX HETIPEJHAMEPEHHBIX PaJMOIOMeX W He
CO3/1aBaTh HEIOIYCTUMBIX PAJIOIIOMEX JIPYTHM PaMO3JICKTPOHHBIM CPEZICTBAM.

HenpennamepeHHol ~ cUMTAlOT  JIIOOYIO  paavoNoOMeEXy,  CO3/1aBacMyo
HUCTOYHMKOM HMCKYCCTBEHHOTO TMPOWUCXOXJIEHMs, HE IpeJHa3HAueHHYI0 JUIs
Hapymienns:  gyHkimonnpoBanus POC. Yacto BMecto paauorioMex TOBOpST 00
OJICKTPOMArHuTHBIX IMOMEXax.

ONeKTpoOMarHuTHas TOMeXa ONpeNeNsieTcss KakK HEeXeNaTellbHOe BO3/IeHCTBHE
IEKTPOMArHUTHOM SHEPIUM, KOTOPOE YXYALIAET WIM MOXKET YXYAUIMTb IOKa3aTelIH
¢yakmnornpoBanuss  POC. MoxkHO cuuTaTth, YTO paaWolioMexa -  3TO
JIEKTPOMAarHUTHasI TIOMEXa B AWANa30HE PaANOYacToT.

Ion pammosnekrporHsiME cpeactBamMu  (POC) moHMMAOT —TexXHHYECKHE
CpEICTBA, COCTOSIIIME M3 OJHOTO WM HECKOIBKHX PaAMONEpealommXx | (Win)
paMONpPUEMHBIX YCTPOMCTB M BcroMmorarensHoro obopynoBanusi. K POC  orocsT
BEIIATENIbHBIE PAJANOCTAHIMH, paJUOJIOKAllMOHHBIE CTaHOMM © T.J. Takoe
ompenenenre POC noapazymeBaeT, 4To Bce KOMIIOHEHTBI, BXOJISIIIIME B 3TH CPEJICTBA,



HaxoJATCSl TeppUTOpHaIbHO B OomHOM Mecte. IlpuBenennoe omnpenenenne OMC
BBIJIEIISICT B Ka4eCTBE OCHOBHOTO (pakTopa, BRI3BIBAIOIIETO mpobiaemy DMC, momexu
MEXy CpeACTBaMH. 33/1ady yMEHbBIICHHs YPOBHS MOMEX MOKHO pellaTh HE TOJBKO
MyTeM YJIy4IIeHHs KauyecTBa W3JIyYEeHHH pauolepeaTinkoB | IOBBIILICHUS
MOMEXO0YCTOHYMBOCTH TPHEMHUKOB, HO U IIyTEM COBEPLICHCTBOBAHMS OpPTraHMU3AINU
pabotst POC u, B 4YacTHOCTH, palMOHAIBLHOTO PACIPENENCHUS] YacTOT MEXKIY
cpeactBamu. [lodToMy B HacTosimiee BpeMsi NpOOJIEMYy COBMECTHMOCTH 4YacTO
paccMaTpHUBAIOT C IMO3MLUH A(PPEKTUBHOTO MUCIIOJIB30BAHUS CIIEKTPa, & COBOKYITHOCTh
POC — Kkak HEKOTOPYI0O HCKYCCTBEHHO CO3JaHHYIO YEJIOBEKOM OOJBIIYIO
paguocucTeMy.

Jlanee Oynem HCHONB30BaTh TAaK)KE INOHATHE pPaAMOKaHala, MOCKOJIBKY €ro
4acTo ynOoOHO paccMaTpHBaThb B KAdecTBE JJIEMEHTA OONBIION paJrdOCHCTEMBI.
Pagnoxanan, HampuMep, oOpa3yeT JHHHSA CBS3H: MEpelaTYNK— MPOCTPAHCTBO
pactpocTpaHeHuss— npueMHUK. OUH MepefaTiIuK MOXKET 00pa30BBIBATh HECKOJIBKO
panvoKaHaJOB, €CJIM OH NpenHa3Ha4deH JuIsil Iepenadd MH(QOpMaluu HECKOJIBKUM
NpUeMHUKaM. THUIUYHBIM TPUMEPOM SIBISIETCS paJMOBELIATENIbHAS —CTaHIHS,
00CITyKHBaloIasi MHOXECTBO a0OHEHTOB — TpHeMHHUKOB. OCHOBHOW 3ajaueit
paaviokaHaja SIBISIeTCS mepelada W W3BJIeYeHHE HMHGOpPMAIMH C 3aJaHHBIM
KayeCcTBOM. Pa6otaromas coBokymHocTh POC 06pasyer HaOOp paaroKaHaoB,
MEXKAy KOTOPBIMH MOTYT 00pa30BbIBATHCS MOMEXH. [ 0003HaUCHUS 3TOTO Kiacca
HENpEeJHAMEPEHHBIX TIOMEX OyleM HCIOIb30BaTh TEPMUH CHCTEMHas IIOMeXa
(cTaHIMOHHAs TIOMEXa, B3aUMHasl, MeKKaHaJIbHAs).

B 3amavax OMC mUPOKO HCIONB3YIOTCS MOHSATHS: MUCTOYHUKH M PELETITOPHI
moMeX. VICTOYHHKHM 3IIEKTPOMAarHUTHOH IIOMEXH — KJAacC JIOOBIX YCTPOHCTB,
KOTOpBIE MOTYT CO3/1aBaTh JJIEKTpOMAarHutHoe wu3imydeHne. Crofa BKIIOYAIOT
YCTPOWCTBA, HE TMpeJHA3HAuUEHHbIC JUISI H3IY4YeHHs OIIIEKTPOMArHUTHBIX BOJH,
HalnpuMep JABUraTeiad, CUCTEMbI 3aKUTaHud U T. M. PernenTtops! 3J1eKTpoMarHUTHOH
MOMEXH — OTO YCTPOWCTBA, KOTOpBIE OOPAaTHMMO WM HEOOPAaTHMMO H3MEHSIOT
3HAYCHHS CBOMX ITaPaMETPOB O] BIUSIHUEM IJIEKTPOMArHUTHBIX TIOMEX.

IMpu paccMoTpeHUH NPOOJIEMbI COBMECTUMOCTH B LIMPOKOM IUIaHE O[]
PannoYacTOTHBIM PECYpcOM IOHMMAIOT BECh JHMANa30H YacTOT, MPUTOMHBIN Iyt
CBSI3H, JIOKAIMX U T. 1. Ero moTpeOuTensiMu BHICTYNAIOT PETHOHBI, CTPAaHBI, 00J1acTH,
a TakkKe paxuociyxObl, paguocucTeMsl. Llenp pamuocmyxObl — OCYIIECTBIATH
neperady u (WIM) TPUEM pPAIUOM3IYYEHHS B OIpPEAEIeHHBIX paMkax. K
panuocity>k6aM OTHOCST PaJMOJIOKAIMIO, PAJHOHABUTAIINIO, PaJHOBEIIaHue U T. I.
Beck pammodacToTHBIH pecypc yCIOBHO pa3duT Ha auamasonsl (tadm. 1.1) [10].
Kaxxnplif yacToTHBIN [uana3zoH COOTBETCTBYET mojioce yacTotT 0,3 « 10— 3 « 10" 'y
U BKJIIOYAaeT BEPXHIOIO rpaHuily. Homepa 4acTOTHBIX IHana30HOB COOTBETCTBYIOT
MOKA3aTeNIIM CTEeNeHH M Ul KaKAO0ro Juana3oHa. YacTOTHbIE AWAana3oHbl UMEIOT
Y4acTOTHbIE M MeTpH4ecKre HauMeHoBaHus (tabn. 1.1). K uncity HepekoMeHaIyeMbIX K
YIOTPEOICHUIO TEPMUHOB OTHOCSTCS CBepXiiHHbIC BOJHBI (C/IB), IIMHHBIC BOJHBI
(IB). cpennue BomuHb! (CB), kopoTkue BoiHb (KB), ynerpakoporkue BonHsl (YKB),
CYOMUJITTUMETPOBBIC BOJIHBI.
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Tabnmua 1.1
Homep | I'panuust ['panurel Ha3Banue Ha3Banue
Jrara- 4acToT JUTHH BOJIH YaCTOTHOTO JIaria3zoHa BOJIH
30Ha Jiiarna3oHa
4 3-30 kg 100-10 xkm OdeHb HU3KUE MupuameTpoBbIe
(OHY) UIIH
CBEPX/IJIMHHbIE
(CA1B)
5 30-300 k[ | 10-1 xm Huzkue (HY) Kunomerposbie
WU JJTMHHbIE
(/1B)
6 0,3-3 MI't | 1000-100 m Cpennue (CH) I'ekTomMeTpoBEIE
WM CPEJIHUE
(CB)
7 3-30 MI'n 100-10 m Beicoxue (BY) JlekameTpoBble
WITH KOPOTKHUE
(KB)
8 30-300 10-1 m OueHb BBICOKHE Mertpossie (MB)
MI'n (OBY)
9 0,3-31T1x 100-10 cm VYieTpaBBICOKHE JennmMeTpoBbie
(YBY) (AMB)
10 3-30 T 10-1 cm CBepXBBICOKHE CaHTUMeTpOBBIE
(CBY) (CMB)
11 30-300 IT | 10-1 MM Kpaiine Bbicokue MuuMeTpoBbIe
(KBY) (MMB)
12 0,3-3 TT'g 1-0,1 mm T'unepBricokue JenuMuMeTpo
(I'BY) BbIE

Bompockl  HCIONB30BaHUST HYaCTOT PEIIAOTCS MEXKIyHapOAHBIM  COHO30M
anekrpocBs3u (MCD) mpu OOH. Ilpum paccMOTpeHHH BOTPOCOB HCIOIB30BAaHUS
YacTOT pa3iM4aloT TPU MOHATHS: paclpeneieHHe, BBIISICHHE YacTOT WM IOJIOC

YacTOT W TIIPUCBOCHUE. OTHOCHTCA K cny>1<6aM,

ITonsTue

"pacripenenenue”

"BBIZIENIEHNE" — K 30HAM UJIM CTpaHaM, "MPUCBOEHUE"— K CHCTEMaM M CTaHIUSIM.

HcTounnku HCIPEAHAMCPCHHBIX JJICKTPOMAIHUTHBIX IMMOMEX MOKHO Pa3AC/IUTh

Ha [ABC TIpYyNIbL CCTCCTBCHHBIC W HCKYCCTBCHHBLIC.

1.4. VICTOYHMKHM U pEeIeITOPHI AJIEKTPOMATHUTHBIX IIOMEX

npeacrapiacHa Ha cxeme(puc. L1).

Ux xmaccudukanms
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VcTOYHVKY €CTeCTBEHHBIX TIOMEX MOTYT OBITh 3€MHBIMH M BHE3EMHBIMU. 3eMHEIC -3TO, B
MIEPBYIO OdYepensb, aTMOC(HEepHBIE TOMEXH W CTaTHYeCKHWe paspsaabl. McTounmkamm
aTMOC(EPHBIX TOMEX SIBILIIOTCS AJIEKTPHYECKHE Paspsiabl BO BpeMst Ipo3. CHEKTp HoMex,
CO3/IaBacMbId 3THMH HWCTOYHHKAMH, OYCHb IIUPOKWH, W OHHM PACIPOCTPAHSIOTCS Ha
OonpIme paccTosHUS. B CeBEepHBIX MIMPOTAX MCTOYHUKAMH ITOMEX SIBIITFOTCS TOJISIPHEIC
custaus [11]. HakoruieHue 37eKTpUUYEcKHX 3apsoB B OCaAKaxX M TMOCIEAYIOLUN HMX
pa3pdaa Ha 3JIEMCHTAaX aHTCHHBI, 3a3€MJICHUSA WA B6J'H/ISI/I AHTCHHBI TaK)KE€ MPUBOIAT K
OJICKTPOMAaroHuTHBIM TIOMEXaM. K YUCITy C€CTECTBCHHBLIX HMCTOYHUKOB IIOMEX CIICAYCT
OTHECTH Takke BHYTPEHHHE MIyMBI KaHAIOOOPA3yIOIIeH armapaTypbl W HCKaKeHHS
CHTHAJIOB B CPEZIE PacIIpOCTPAHSHUS

K BHe3eMHBIM WCTOYHMKAM TIOMEX OTHOCAT TIIOMEXH, OOYCJIOBJICHHBIC
AIIEKTPOMArHUTHRIM WM3IydeHrneM CONHIfa, IUTaHET, 3Be3] M T. 1. B meproj BBICOKOM
aktuBHOCTH CONHIIA Ha HEM MPOHMCXOAAT BCIBIIIKA C OOJBIIONW SHEPTHEeH, KOTOpHIC
TIPUBOMAT K PE3KOMY POCTY 3JIEKTPOMATHHUTHBIX TIOMeX Ha 3emire. PammomsmydeHus
TUTaHET COJIHEYHOW CHCTEMBI, 3BE3/l M JPYIHX HEOECHBIX TeJ SBISIOTCS MCTOYHHKAMH
JIOTIOJTHATEITFHBIX KOCMHUYECKHX TIOMEX W WX CIEAyeT YYWTHIBATh TPH OMNPEICICHUN
XapaKTEePUCTUK TPHEMHHUKOB, OCOOCHHO paboTtaronmmx B auarnazoHax YBY, CBY wu Ha
6oJ1ee BBICOKHX YaCTOTaXx.

VcTounmkamy HCKYCCTBEHHBIX AJIEKTPOMAarHUTHBIX TToMeX sBIsitoTcs POC, mpuHImim
PabOThI KOTOPBIX CBSA3aH C M3IIyYEHHEM 3JIEKTPOMArHUTHOM SHeprun. Hekoropble 13 HUX
yKa3zaHBI Ha cxeme puc. 1.1.

OnexTpomarHuTHele ToMexd st POC  co3maloT  TakkKe yCTpOiicTBa, He

NpeIHa3HAYCHHbIE  JUI1  W3IydYeHHWs  DJIEKTPOMArHUTHOM  JHEPTUM:  HCTOYHHUKU
JNEKTPUYECKONH JHEPrHH, OOOpYAOBaHHE W MAIIWHBI, CHCTEMBI 3a)KUTaHUS
JIBUTATENICH, ammaparypa TpOMBIINICHHOTO M ObIToBoro motpebnenus. Ilomexw,

CO3/1aBaeMble ITUMU 00BEKTAMH, 00PA3yIOT HIMPOKHI KIIACC MHAYCTPUATIBHBIX TIOMEX, C
KOTOPBIMH HEJIb3sl HE CUMTAThCS MPU OIICHKE DKCIUTYaTalMOHHBIX Xapaktepucthk POC.
MHTCHCUBHOCTh MHYCTPHAJIBHBIX TMOMEX W IIMPUHA CICKTPAa Pa3INyYHbl JUI Pa3HBIX
UCTOYHUKOB. C WHIYCTPHAIBHBIMUA TOMEXaMH TPHXOIUTCS CUYMTATBCS JIO YacTOT B
HECKOJIbKO COTEH Merarepil. PacCTOSHHsSI OT MCTOYHMKA, HA KOTOPBIX PaTHONPUEMHUKA
OIIYIIAIOT BO3CHCTBHE IOMEXH, MOT'YT IOCTHUIaTh HECKOIBKMX KUIOMETPOB.

YpoBeHb MOMEX U3MEPSIIOT JIMO0 B eMHHIIAX HAapspkeHHOCTH nouist (B/M; MkB/M;
nbMkB/M 1 T. 4., TOe mocnemHsAs O3HAYaeT W3MEpeHHe B JennOenax OTHOCHUTENBHO 1
MKB/M), mu6o B equMHMIAX IUIOTHOCTH MomHocTd (Bt/™m? , abBt/M? u T. 1.). 371ech
nbBT/M?> 03HaYaeT MOTOK MOIIHOCTH, W3MEpEeHHO! B JeIMOenaXx OTHOCHUTEIBHO BaTTa,
gepe3 mwiomanky B 1 M2 JIId XapaKTepHCTHKH 3aTPy3KH CIEKTpa 4acTOT IIOMEXOMH ee
M3MEPSIOT TAKXKE B CIMHUIAX, IMOKA3BIBAIOIIMX PACIpEICICHHEe YPOBHSA IMOMEXH TI0
4acToTe, Harpumep, AbMBT/M? * KT ).

Knaccudukarus, mnpuBCNCHHAS BBINIC, YYUTHIBACT CBS3b IIOMEXH C €€
UCTOYHHKOM. [0  CHEKTpadbHBIM ¥  BPEMCHHBIM  XapAKTCPUCTUKAM  BBUICIISIOT
COCPEJIOTOUCHHBIC, HIMITYJIbCHBIC, (PIIYKTyallHoHHbIE ToMexu. COCcpeoTOYCHHAS oMexa
MPECTABISICT COOOM Y3KOIMOJIOCHOE KOJeOaHHe, IapaMeTphl KOTOPOIo
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MEJIUIEHHO MEHSIOTCSA (IO CPaBHEHHUIO C LEHTPAIBLHON 4YacTOTOH KoeOaHWi) WU
OCTAlOTCsl MOCTOSIHHBIMU BO BpeMEHHU. Ee CIeKTp cocpeloTOoueH B Y3KOHM IoJjoce
yacToT. McTOYHMKaMH TOMEX TaKoro poja SABISIIOTCS MHOTHE CPEACTBa CBSI3H,
HalpuMep CBSA3HBIE MIEPEJATUNKN AMILTUTYIHO-MOLYTMPOBAaHHBIX KOJICOaHHH.

WUmnynecHass u  (QUIyKTyauMOHHas IIOMEXH  OTHOCSTCA K  paspsgy
[IMPOKOMOIOCHBIX. VICTOYHNKaMU UMITyJIECHBIX TIoMeX sBisttoTes POC, paboraromue
C UMITyJbCHBIMH CHUTHAJaMH, HEKOTOpPhIE HCTOYHWKH WHAYCTPHAIBHBIX ITOMEX,
MOJIHAY BO BpeMs I'PO3BI U T. 1. DIIyKTyaMOHHYIO TIOMEXY MOXHO PacCMaTpUBATh
KaK MpeenbHbIM clydall UMITyJbCHOM MOMEXH, KOTZa MPOMCXOAUT HAJ0XKEHHE BO
BPEMEHU CIIy4yallHOTO 4YHCIa HMIYJIbCOB CO CIyYaWHBIMH aMIUIUTYIAaMH.
CnenoBatenbHO, (IyKTyallMOHHAs IIOMEXa €CTh CIydaiHbId mponecc. Takoit
TIOMEXO0I MOT'YT ObITh KOCMHUYECKHE LITYMBI U BHYTPEHHHUE IIyMbI PaIMOaIIapaTyphl.

ITomexu MCKYCCTBEHHOTO NMPOUCXOKICHHS Pa3AeaioTCs Ha peHaMepeHHbIe
U HempenHamepeHHble. [lepBble CHELMAIBHO CO3MAIOT C LEJNBI0 HapyIICHUS
HOpPMAaJFHOTO (PYHKIMOHHPOBAHMS HEKOTOPHIX KOHKpeTHBIX POC. Cozmanme mx U
MPOTUBO/EIHCTBAE UM BXOAWT B KPYT 3aad CHELHAIbHONW OOIACTH PaJHOTEXHHUKH -
PagrodIeKTPOHHOE IPOTUBOAEHCTBHE.

K HempennamepeHHBIM ITOMEXaM OTHOCSTCS IIOMEXH, BBI3BAHHBIC M3ITyUCHHEM
panuoycTpoicTB (MHOYCTpHAIBHbIE, KaK OTMedaloch Bhiie). K HenperHaMepeHHbIM
IoMexaM MOXKHO OTHECTH TakkKe BHYTPEHHHE IIYMBI YCTPOMCTB W mpuOopoB. OHH
00yCIIOBIICHBI (IIYKTYaI[IOHHBIMH MPOLIECCAMH M BCErJa CYIIECTBYIOT B peallbHBIX
LEeNAX HapsAy ¢ MOJIE3HBIMM CUTHAJIaMH, OTPaHUYMBAs BO3MOKHOCTb UCIIOJIB30BAHUS
cabbix curHanoB. lIymbl B MpoBOISIINX MaTepHaiax IMOPOXKIAOTCS XaO0THYECKUM
TEIUIOBBIM KOJI€0aHHEM KpHCTaIMYecKod perreTkd. LIIymbl B 2JeKTpOBaKYyMHBIX
npudopax, IOMHMO TEIJIOBOI'O, BBI3BaHBI JAPOOOBBIM 3(dexToM, NIyMaMu
TOKOpAacCIIpe/ICIICHNs, HABEICHHBIMH IIyMaMHU CETKH M IpyruMu (axkropamu. [Ilymer
TBEPAOTENBHBIX MPUOOPOB MPEACTABISIIOT CO0OH KOMOWHALIMIO TEIUIOBBIX LIyMOB B
COIPOTHBIICHNH MEPEX0/Ia, TPOOOBBIX IIYMOB B 0aphepPHOM U B TOIYHIPOBOIHUKOBOM
ciosx. [lepeuncieHnsle GIyKTyalMOHHBIE TPOIECCHl MMEIOT CIy4YaifHbIN XapakTep U
HOPOSIBIAIOTCS B COBOKYIMHOCTH KaK HOPMANbHBIM MPOLIECC CO CIEKTPAIbHON
IUIOTHOCTBIO, MPAaKTUYECKH pPABHOMEPHOM B TMOJOCE MPONYCKaHHUS pPEaTbHOIO
YCTpOMCTBA.

ITockonabKy SIEKTPOMarHuUTHBIE TIOMEXH, BHELIHHE 110 OTHOIICHUIO K
HEKOTOPOMY YCTPONCTBY, U BHYTPEHHHE IIyMbl YHEPreTUYECKU SKBUBAJICHTHBI, UX
4yacTO OLIEHUBAIOT C MOMOIIBI0 €JUHOTO MapameTpa, Ha3bIBAEMOI0 LIYMOBOM
TemnepaTypoil. s aHTeHHBI 3Ta Temmeparypa T, m3Mmepsiercs B KenbBuHaxX.
[ITymoBas TemiepaTypa aHTEHHBI IPHUIHCHIBACTCS BHYTPEHHEMY COIPOTHBIICHUIO
AQHTCHHBI U TIO3BOJISICT OMNPENENUTh IMOABOANMYIO K COTJIACOBAHHOMY IPHEMHHUKY
MOIIHOCTh MPHHSTBIX AHTEHHOW IIYMOBBIX ITOMEX P, MPUXOASNIyIOCS Ha IOJIOCY
gactoT B, 1o crnexytromeit popmye:

Pua = k Ta*B,

rae k = 1,38 102 JIx/K- noctosHHas bonsumana.

Beenennem mrymoBoii temmneparypsl  Tp | R
AHTCHHBI OCYLIECTBIETCS OKBUBANIGHTHAS T |\ _
3aMeHa KaK BHEIIHUX IIYMOBBIX ITOMEX, TaK . N i
Y BHYTPEHHHX LITyMOB TEMJIOBBIMU LIyMaMH, N {
CO3/1aBa€MBIMH B I10JIOCE 4acTOT B
BHYTPEHHUM COITPOTHBIIEHHEM aHTECHHBI,
HaXOJISIIIIMCS TTPU TUIIOTETHYECKOH
temieparype Ta.

Ha pumc. 1.2 IIPUBEICHBI
yCpeIHEHHBIE 9KCTIEpUMEHTANIbHbIE
YaCTOTHBIE  3aBUCHMOCTH ITyMOBOH
TeMIIEpaTypbl AHTEHHBI To
COOTBETCTBYIOIINE  Pa3IHYHBIM BHJAM
TIOMeX: BHyTpeHHHE ImyMmel (1),
MHIyCTpHaJbHBIC TIOMEXH B ropozxe (2)
" CEITbCKOM MectHOocTH  (3),
paaronoMexu KOCMUYECKOro MPOHUCXokaeHus (4) 1 atMocdepHble paguornomex, To
=273 K (5). Kak BuiHO 13 CpaBHEHHUS] HHTEHCUBHOCTEH pa3MYHBIX BU/IOB IIOMEX Ha
pHuCyHKe, TmpeoOnagaroliee 3HAYCHHE HWMEIOT  HeNpeJAHAMEpPEHHbIE IOMEXHU
HCKYCCTBEHHOTO NPOUCXOKICHHUS.

Ilomexu  BO3LNEUCTBYIOT Ha  pa3iUM4HbIE CHCTEMbl U YCTPOMWCTBA,
00BeTMHEHHBIE 0000IEHHBIM MOHATHE ""PEeNTOPHI IEKTPOMATHUTHBIX IToMeX" (CM.
BeIIe). To €CTh pafuOTEXHUIECKHUE, NIEKTPOTEXHUUECKHE U 3JIEKTPOHHBIE CPEACTBA,
CO3JIaloIKe B TpoIecce paboThl NICKTPOMATHWUTHBIE TIOMEXH, HA3BIBAIOTCS
ucrounnkamu momex (MII), a ycrpoiicTBa, moaBepraromyecss WX IEHCTBHIO —
penienTopamMy moMex wim npocto perenropamu (PIT).

PenenTopbl 31€KTPOMarHUTHBIX TOMEX, TaK K€ KaK M HCTOYHHWKH IOMEX,
MOXHO pa3[elNTh Ha eCTeCTBEHHbIE W HUCKyccTBeHHble (puc. 1.3), B paspsan
€CTECTBEHHBIX PELENTOPOB BXOJAT: YEJIOBEK, )KUBOTHBIE M PACTEHHs. YUHUTHIBATH
BOCIIPUUMYHMBOCTh €CTECTBEHHBIX PEIENTOPOB K 3JIEKTPOMArHUTHBIM IOMEXaM
BRKHO KaK C TOYKH 3PEHHs COXPAHEHHS 3JI0POBbSI YENOBEKA, TaK M JUISl 3aIIUThI
OKpYXarolel cpepl. Y CTaHOBJIEHBI HOPMBI [T ypoBHEH paano u CBY-obmydyenus,
KOTOpBIE  OPHEHTHPYIOTCS Ha  HEJONMYCTHMOCTh MNCHUXO(QHU3HOIOTHYECKHX U
OMOMOrMYECKNX U3MEHEHNH B OpTaHU3ME.

HcKycCTBEHHBIE PELENTOphl MOXKHO pPa3OMTh Ha 2 TPYyMIBL PELENTOpH,
paboTaroniye Ha NPUHIMIIAX W3BJICUCHUS ITOJIE3HOW MH(OpMANU U3 OKPYKAIOIIETo
3JIEKTPOMArHUTHOTO TOJISA, U PELENTOPbl, KOTOphIE IO MPUHIMUITY CBOCH pabOTHI He
JIOJDKHBI pearupoBaThb Ha BHEIIHHE OJJIEKTpOMarHuTHele mons. IlepByro rpymmy
COCTaBJISAIOT  paguonpuemubie  ycrporictBa (PITY). J[Ins wHux  Hambomee
TPY/ZHO3AIIUTUMBIM OT IIOMEX SIBJISICTCS AHTEHHBIH TPAKT, MMOCKOJBKY MOJIS BCEX
paboTarNKX MepeAaTIuKoB CO3Jal0T B aHTCHHE MPUEMHUKA TOKH CBOUX CHTHAJIOB.
OyHaKO aHTEHHA M MPUEMHOE YCTPOWCTBO 00Ja/Ial0T U30MpaTENbHBIMUA CBOMCTBAMHU:
pearupyroT Ha CUTHAJIBI, 3aHUMAIOIIHE ONPEeTICHHYIO MoJIocy dYacToT.  CHTHaBL,
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JICKAIMUE BHE ITOJIOCHI ITPOITYCKaHHA, CHJIBHO IMOMABIAKOTCA H, €CJIM HUX MOIIHOCTH
HEBCIIMKA, TMPAKTUYCCKU HE TMPOXOAAT HaA BBIXOM. OI[HI/IMI/I nu3

OCHOBHBIX
xapakrepuctuk PIIY sBastorcsa: mosoca mpoIycKaHus,

YYBCTBUTCJIBHOCTH 110

- OCHOBHOMY M  BOCIPHHUMYHMBOCTE II0 HEXEJNATEIbHBIM KaHajJaM IpHeMa.
| : YyBCTBUTEIHHOCTH ONPENEIeTCS] 3HaUCHNEM MUHIUMAJIFHO HEOOXOANMOM MOIHOCTH

3 . (MxBT, MB u T. 11.) curHana Ha BXOZe IIPUEMHHUKA (BBIXOJC MPUEMHOM aHTEHHBIX MIPH

| S = §- KOTOPOM Ha BBIXOA€ TIPHEMHHKa oOecrieuuBaeTcsi TpeOyemMoe OTHOIIECHHE
ik - 'g- 3 curHai/myMm. [log BOCIPHMMYHMBOCTBIO HEXEJAaTENBHBIX KaHaJIOB ITOHUMAIOT
/ é- § i YYBCTBUTEILHOCTh IPUEMHHUKA K YPOBHSAM IIOMEX, YaCTOTHI KOTOPHIX HE MOMNaJaloT B

MOJIOCY YacTOT, 3aHUMAaeMbIX MOJE3HBIM CUTHaJIOM. M3MepstoT ee B nenubenax mo
OTHOILIEHUIO YyBCTBUTEIBHOCTH IIPUEMHHKA K ITOJIE3HOMY CHUTHAIY.

ITomexu MOTYT IPOHHUKATH HE TOJIBKO Yepe3 aHTEHHBIN TPaKT, HO M BCIEACTBUE
HAaBOJOK Ha 3JIEMEHTHl YCTPOWCTBA, a TAKKe IO LEISIM NHUTaHWUS M YNPABICHUS.
CHIDKeHHE YPOBHS TaKHX MOMEX OCYIIECTBISIETCS] SKPaHHUPOBAaHUEM U (HIbTpaLUeh
neneil nutanus. Kak ykas3pBaJoch BbINIE, B Ipolecce paboThl HCTOYHHMK ITOMEX

OKa3bIBACT HEXKEIATCIIBHOC BOSHeﬁCTBHC Ha peUenTophbI. DTO BIUSHHE MOKET OBITh
HEMMOCPCACTBCHHBIM MJIN KOCBCHHBIM.

Koarposus # ynpasieuns

Buomeanuniickoe
Cpencrea orobpaxeans
UyBcTn BT€ L HbIE 3NCMERTE]

‘ anneperypa
Tenedornt

| OBM

ofopynosaune

| Beujaresmuun

|

Henocpencrsennoe BiusiHEE OOYCIIOBICHO IIepefadeil 3JIeKTpOMAarHUTHOU
SHEPrUM IIOMEXHM OT HMCTOYHHKA K PElENnTopy, KOTOpas MOXKET OCYLIECTBIATHCA
pasnmuuHeiM  obOpazoMm. Tak, ecim WII sBnsercs pammonepenatunkom, a PII
paZuMONpPUEMHUKOM, TO TIpeoOiajgaloT H3Iy4YeHHEe ¢ IpUeM HeXKelaTelbHBIX
KoJeOaHUH STHX YCTPOMCTB. B Ipyrux ciydasx 3JeKTPOMarHWTHBIE MOJS HOMEX
CO3JAI0TCS TOKaMH, IPOTEKAIOUIMMHM B Pa3iIM4YHBIX 3JeMEeHTax KoHcTpykuuu HII,
CYILIECTBYIOT B OKpPY>KaIOIIEM IPOCTPAHCTBE B BUAE CBOOOJHO PaCIpOCTPAHSIOLINXCS
WA HAINPaBIIIEMBIX JIEKTPOMArHUTHBIX BOJIH M BO3ICHCTBYIOT Ha PELIENTOP 3a CYET
nosiBnieHust HaBeeHHOW DJIC B anmeMeHTax ero 3JeKTpudeckux nemneit. KoHkpeTHsrit
\ CIOCO0 OCYIIECTBICHHUSI 3TOM HEXEIAaTeNbHON Tepeaun SHEPTUH OmpenelsieTcs
TIOHATHEM ITyTH BO3JICHCTBHA (PacpoCTpaHeHHs1) IOMEXH. B oTimune oT pagnocssa3u
HaJIMYME TUX MyTel HeXeIaTeabHO U JUIl YCTPAHEHUS HEMOCPEICTBEHHOTO BIIMSHUS
TpebyeTcst 3HAUNTENIbHOE 0CIIa0ICHNE TOMEX Ha Iy TH PaCIIPOCTPaHEHHS.

B cmyyae CcBOOOZHO  pacmlpoOCTPaHSIOMIMXCS BOJH  YPOBEHb  IOMEX,
BO3JICHCTBYIOIIUX Ha penentop, 3aBucuT oT MomHuoctu UII, paccrosuus r no PII,
JUTMHBI BOJIHBI IOMEXH A, TAPAMETPOB CPEJIbI U PAa ApyTHX (akTopos. B
3aBHCHMOCTH OT MECTa pacloiokeHus penentopa otHocutensHo UIT npoctpancTBO
. BOKPYT HCTOYHHKA TIOMEX LieJeco00pa3Ho pa3ieuTh Ha 6mmkHio {r £ A /7 2&),

\ T IIPOMEKYTOUHYIO U JAJIBHIOI 30HBI.

\ JanbHsAs 30Ha XapakTepuszyeTcs TEeM, 4YTO B HEW »JHeprus nepeaaercs
\ 3JIEKTPOMArHUTHBIMH BOJIHAMH, CBOOOJHO PAacIpOCTPAHSIIOIIUMHUCS B OKPYXKAIOIIEM
\ IPOCTpaHCTBE. [ HUX CBOWMCTBEHHBI MONEPEYHAs CTPYKTypa DIIEKTPUYECKOTO H
MarHuTHOTO NOJEH, PaBEHCTBO IUIOTHOCTEH HHEPIMU JTHX TOJNEH, 3aBUCHUMOCTb
M3MEHEHHsI 00CHX COCTABISIONIMX IIOJISI OT PAacCTOSHHMS, NMPOTOpPLUHOHATIBHAS 1/1, U
MOCTOSIHCTBO YTJIOBOTO PACHpee/IeHUs HHTEHCUBHOCTH IEKTPOMArHUTHBIX TOIeH

Tpomexy rovime

HACTOTH]
| BHASOYSC TOTHI

3nyxonmx

Youwnmrenn
SRCTOT
Puc. 1.3

i

Pamrosnexrpoaunie

——

—

NpREMALIE YoTpoiicis

Paruopeneit uas
CaRIHBEE CHCTCME]

' Pummoneinanmne
\Husnrage
'PJIC

!

Yenonex
AnnorHnie
Pacrenus

Ecrecmaennnie

L
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(11 aHTEHH — [uarpaMma HalpaBlI€HHOCTH) IPH W3MEHEHHWH pacCTOSHHA T.
Wznyuenne w mpueM pagdoNoOMEX MOTYT OCYMIECTBISTBECS KaK aHTEHHAMH
pagvoNepenalomX U PaJloNPHEMHBIX YCTPONCTB, TaK M KOPIyCaMH pPa3INYHBIX
YCTPOWCTB, KabensiMu (BCIIEACTBHE HEAOCTATOYHOTO IKPAHUPOBAHMS), HJIEMEHTAMH
MOHTa)KHBIX CXEM, LETISIMH JJIEKTPOITUTAHMS U YIIPABIICHUSI.

K mpomexyTo4dHO} 30HE OTHOCUTCA O00JACTh HPOCTPAHCTBA B YCIOBHEIX
rpanunax A /2% <1< [qax/ A, 1€ Fmec— HanGOMBIIHIL U3 PA3MEPOB 0OTACTH, B
KoTopoi Jokann3oBanbl TOKK WIT wiam PIT  (anst aHTEHH fyey — HAMOONBIINI U3
pa3MepoB  amepTyp). OJEKTPOMArHUTHbIE TIOJIA, H3JIydaemble OTIEIbHBIMHU
y4acTKaMH TOKOBBIX oOxacrteit NI, mMeIoT MpakTHYECKH NOMEPEIHYIO CTPYKTYPY H
MPEACTAaBISIOT  COOOHW  pPacHpOCTPaHSIONINECS JJIEKTPOMAarHUTHBIE BOJHBL, a
pe3yNbTHPYIOIIEE TI0JIE B TOYKE MpHEMa SBISETCS CyIeplno3uuuel 3Tux BoiH. B
OTJIMYME OT Ciydass JaibHEH 30HBI, ()a30BbIe COOTHOIICHHS ISl JaHHBIX
UHTEP(EPUPYIONINX BOJIH OINPEACIAIOTCS KaK YIJIIOBBIMH KOOPAWHATAMH, TaK H
paccrosnueM Mmexny HWII u PII. Ilo3romMy HampsKEHHOCTh JJIEKTPUYECKOTO U
MarHuTHOTO TIOJIEH UMEIOT 0OBIYHO HEMOHOTOHHYIO 3aBUCHMOCTH OT PacCTOSIHUS T.

bmwxHAs 30Ha  XapakTepusyercss TeM, UYTO IUIOTHOCTH  SHEPTUH
SJIEKTPUYECKOT0 M MAarHUTHOTO TIOJIeil He paBHBI JApYr Apyry B 3aBucumocTtH ot
THIIA HMCTOYHUKA B OJNVMKHEH 30HE TpeoOiagaerT JubOO 3JICKTPHUECKOEe, JHOO
MAarsuTHOC IIOJIC. CprKTypa QJICKTPOMArHuTHOI'O0 II0JIsI HE ABJISCTCA YUCTO
MONIEpeYHO. 3HAueHHs COCTABISAIOIINX HAMPSKEHHOCTEH 3JIEKTPUYECKOTO U
MarHUTHOTO TOJIEH B OJIKHEN 30HE U3MEHSIFOTCS C PACCTOSIHUEM MPONOPIIMOHAIBHO
1/12m1 /1. [Ina manHOM 30HBI XapakTepHO BiuAHME Ha PII MHIyCTpHAIbHBIX
TIOMeEX.

HampaBnsieMble  37€KTPOMarHMTHBIE BOJIHBI CYIIECTBYIOT B  KaOemsx,
BOJTHOBOJIAX W JPYIMX JMHHUAX Tepepadd. /i HHUX XapakTepHa BO3MOXKHOCTb
pacnpocTpaHeHns1 0€3 CyIIECTBEHHOTO OCIaOJICHNS] HAa 3HAYMTENbHBIC PACCTOSHHMS.
Bausinne ucrounnka nmomex Ha PII MoxkeT Takke MPOUCXOIMTH M U3-3a HATHYUS
OO0IIMX 3JIEMEHTOB B 3JIEKTPUYECKHX IEIsIX MCTOYHHMKA IOMEX M perentopa. B atom
cinydae roBops! o rameBanuueckoi cBs3u rmeneit MIT u PII. Ona oOycnoBicHa
TOKaMHU MPOBOAMMOCTH U MOXKCT BO3HHMKATH H3-3a HECUACAJIBHOCTU U3O0JIANHNOHHBIX
MaTepuaioB, HaJIU4YUA O6HH/IX Y4aCTKOB B INCIAX 3a3€MJICHUA W T. 1L
l'anpBannueckas CBA3b HMCTOYHHMKOB IIOMEX H PEUCTITOPOB ABJIACTCA OHHOﬁ us3
CYIIECTBEHHBIX MPUYNH BO3JCHCTBHUS MHIYCTPHAIBHBIX IIOMEX Ha OOBEKTaX.

IIpu kocennom BiausHuu WII wHa PII HemocpencTBeHHas mnepenaya
3IEKTPOMArHUTHOM 3HEPIUU pELEeNnTopy OTCYTCTBYET. Bo3nelcTBUE NOMEXH B 3TUX
CITy4asix MPOUCXOJUT M3-32 M3MEHEHHS IIapaMeTpoB CPEIbl, TapaMeTpOB JIEMEHTOB
YCTPOWCTB WM pexuMoB paboTel nox aericreuem WII. Hampumep, mon nelictBuem
M3JIyYeHHUS MOIIHOIO pPaJHONEpeaaTInKa M3MEHSIOTCS 3JIEKTPOIUHAMHYECKHE
napameTpsl MOHOC(EpHl, NPHUBOJS K M3MEHEHUIO YCIIOBHH paclpoCTpaHEHUs
pPajvMoOBOJIH B paJUOJMHMU, COOTBETCTBYIOLIEH peuentopy mnomex. Jpyrum
npuMepoM  sBisietcst  BozgeWctBue  Ha  PII pasnmuHBIX  GOPTOBBIX
NEKTPOTEXHUUECKUX YCTPOICTB 3a CUET M3MEHEHHS PeKUMa SHEPronoTPeOIeHHS:
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IIPU BKJIIOYEHUH MOIIHOM HArpy3kn H3MEHSIOTCS YCIOBHA pPaOOTHl Pa3IMIHBIX
3JIEKTPOHHBIX YCTPOWCTB M3-32 M3MEHEHUS HANPSDKCHUS SJICKTPUIECKOTO MUTAHUSA U
BO3HUKAIOIIKX IIPU ITOM MEPEXOJHBIX MTPOLECCOB.

1. 5. Bo3xeilicTBre moMex Ha paJMOdJICKTPOHHBIE CPEACTBA

XapakTep BO3IEHCTBHA MOMEX Ha PELENTOp pa3iHyueH B 3aBUCHUMOCTU OT
CTPYKTYpBI, CIIEKTPaJbHOIO COCTaBa M 3Hepruu nomexu. Ilpum Bo3gelicTBuUM Ha
pelenTop MOIIHON MOMEeXHM BO3MOXKHBI HEOOpaTHMBIE OTKAa3bl amnaparypsl, B
IIEPBYIO O4Yepelb M3-3a MU3MEHEHMsI CTPYKTYpPbl IOJYNPOBOJHUKOBBIX MAaTEpUalIOB
BILUIOTh 10 MX YaCTHUYHOIO WM IIOJIHOTO paspylleHHs. MollHas MoMeXa MOXKET
CyIIECTBOBaTh B BHJE  OJMHOYHOIO  UMIyJbCa MWIM  IOBTOPSIOILEHCS
[IOCJIE0OBATEIBLHOCTH UMITYJIbCOB, a TAK)KE B BHJIE TAPMOHUYECKOIO WM LIYMOBOIO
HEIPEPBIBHOTO IpoLecca.

B Tabn. 1. 2 mpuBeeHEI JaHHBIE 00 SHEPTHH OJUHOYHOTO HMITYJIBCA,

MIPUBOJAAIIECTO K paspyHICHUIO pa3IMYHbIX 3JICMCHTOB 3JICKTPOHHBIX CXEM.

Tabmnwuma 1.2
Tun smemenTa OHeprust UMmynbca, MKk
ToueuHbIii KOHTAKTHBIA JHOM 0,01-12
HuskonoTeHuanbsHple HHTETpalbHBIE 10
MHKPOCXEMBI
MaJTOMOIITHBIE TPAH3UCTOPHI 20-100
MoIHbIe TPAH3UCTOPBI 1000
DNIEKTPOIMTUYCCKIE KOHACHCATOPbI 60-1000
Pesuctopst (0.25 Br) 10000
Pene 1000-100000

IIpu moBTOpsIFOIIEHCS MOCIEN0BATEIBHOCTH HMITYJILCOB WM HENPEPHIBHOM
KOJICOAHWM BBIXOJ M3 CTPOS 3JICMCHTOB JJICKTPOHHBIX CXCM IPOUCXOIHT IPH
3HAYUTENBHO MEHBIIECH YHEPTUU TIOMEXH, COCTABJISIIONICH €TUHUIIBI MPOIEHTOB OT
3HAa4YeHUH, yKa3aHHBIX B Ta0I. 1.2.

Ecnu peiictByromas moMexa He BhI3BIBAET HEOOPATUMBIX U3MEHEHUH B LIETISAX
penenrTopa, TO TPH JOCTATOYHOW WHTCHCHBHOCTH OHAa MOXET TIPUBECTH K
(YHKIMOHATHHBIM HapymeHusM. CBOWCTBO perenitopa OBITh MOIBEPKCHHBIM
NIeHCTBHIO TOMEX, PearnpoBaTh Ha HUX. HA3BIBAETCS BOCIIPUUMYHUBOCTHIO.

[Ipossnenune peakuuun POC paznuyHO B 3aBUCUMOCTH OT MOIIHOCTH IMOMEXH.
Ecnu ona npuBoIuT K meperpyske, K HACBILICHUIO aKTUBHBIX 3JIEMEHTOB, TO B 3TOM
clyyae CYLIECTBEHHYIO pOJib UIparOT CBOICTBA ITHX 3JIEMEHTOB, UX HEJIMHEHHbIE
XapaKTepucTuKu. BceneacTBue 3Toro kauecTBeHHble mnokazatenu POC, Hampumep
PITY. yxymmaroTcst Aaxke B TOM ciyd4ae, KOTJIa 4YacTOTa IMOMEXH 3HAYUTEIHHO
OTJIMYAETCSl OT YacTOThl HACTPOMKH MpuUeMHHKA. Bo031eHCTBHIO TaKUX MOMEX
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MOJBEPKEHBl ~ TAKXKE€  MHOIOYMCIEHHBIE  3JEKTPOHHBIE  YCTPOMCTBA. HE
MpeJHa3HAYeHHBIE IS IpHeMa BHEITHUX JIeKTPOMArHUTHBIX mosedl. CyIecTBeHHO
M TO, YTO BO MHOTHX CIydYasx BO3JCHCTBHE MOMEXH 00JamaeT Tak Ha3bIBAaCMbBIM
MOCNeAeUCTBUEM, 3aKIIIOYAIOIIMMCS B TOM, YTO €€ BIUSHHUE MPOSBISIETCS HEKOTOPOE
BpeMsl TIOCIIEe MPEKPAICHHUs BO3ICHCTBUS U TPeOYyeTCsl ONMPENCICHHOE BpEeMs JUIs
BOCCTaHOBJICHUSI HOPMATBHOTO pekuMa pabOTHI perenTopa.

[Ipu BO3meWcTBUM MOMEX €lll€ MEHbIIEH WHTEHCUBHOCTH, COU3MEPHUMBIX IO
MOIIHOCTH C IIOJE3HBIMU CHTHaJIaM{, OTMEUEHHbIE HEJIUHEHHBIC SBJICHUS
OTCYTCTBYIOT W TMpPUHHMAEeMbIE PEIEeNTOPOM MeEIIAIONINe 3JIEKTPOMarHUTHbBIE
KoyleOaHus AEUCTBYIOT B €TO IEMSIX HapsIy C MOJE3HBIM CHTHAJIOM KaK aJUTHBHBIC
ITOMEXH.

B KoHe4YHOM cueTe BO3IEICTBHE HENPEAHAMEPEHHBIX NOMEX INPUBOIUT K
YXYIIIEHUIO KadecTBeHHbIX Tmokazatened POC. Crenenb 53TOro BIHAHHA
ONpENENAeTcs YPOBHEM IOMEX, UX CIEKTPaJIbHBIM COCTAaBOM, CTaTUCTHUYECKUMU
XapaKTepUCTUKAMH, BHIOM allaparypel M CIIOCO00M 00pabOTKH WH(OPMAITHH.
ITocnencTBusiMu 3TOrO BIMSHUS B 3aBUCUMOCTH OT THUIIA M HAa3HAYEHHs anmnapaTyphbl
MOXET OBITh, B YACTHOCTH, CHI)KCHHC KadecTBa paJUOINepeNadd, OIIHMOKU
HABUTAITMOHHBIX KOMILICKCOB, CIy4aifHOEe cpa0aThbIBaHHE paJMOB3pHIBATEICH M3-3a
npreMa JIOKHBIX KOMaH/I U T. 1.

1. 6. ®akrops! Bo3aekicTBus HAa OMC pairodAEKTPOHHBIX CPEICTB

B 3aBucumoctu oOT Mecra pacnosnoxeHus noreHnuansHeix WII u PII
1esiecoo0pa3Ho pasnuuaTh 3amaud oodecredeHuss OMC POC, pa3MelieHHBIX Ha
OIIHOM 00BeKTe (KOpabiie, JITaTeIbHOM arnapare, y3Jjie CBsi3u u T. 1.), u OMC POC
Pa3IMYHBIX OOBEKTOB MIIM CPEJCTB, PACIIONIOKEHHBIX Ha 3aJlaHHONH MECTHOCTH. JTO
pa3zfeneHne CBsI3aHo ¢ pas3iauyHbIM XapakrtepoM onacHbelx MII u ux BnusHuem Ha PIL
Kpome Toro, B 3a8BHCIMOCTH OT NTOCTABJICHHBIX IIEJICH BO3MOXKHO PaccMaTpuBaTh 3TH
3a7a4M Ha CIICITYIONINX YPOBHSIX:

— JJIEMEHTa, OJIOKa;

— yCTpoOiicTBa,  TPEICTABIISIOMIETO  COBOKYITHOCTH  3JEMEHTOB,  OJIOKOB
(pazmmonpUeMHUKOB HITH PaIHONEPEaaTINKOB);
— KOMIUJIEKCa, PaJHOCHCTEMbl — COBOKYMHOCTH (DYHKIIMOHAIBHO CBS3aHHBIX

YCTPOMCTB, IpeAHAa3HAUCHHBIX IS ONpPEICTICHHBIX Lenel, uin ke rpymmsl POC.
BBITTOJTHSIOIINX COOTBETCTBYIOIINE 3a0a4H:

— pagMociIy>KOBl — COBOKYIHOCTH YCTPOHCTB (CHCTEM), OCYIIECTBIISIOMINX
nepenady ¥ NpUeM U3Iy4eHU B ONPEACICHHBIX LESX.

Heobxommmocts  obecneuernmss DOMC POC  cymectByer Ha  Bcex
NEPEUNCIIEHHBIX YPOBHAX, M Ha KaXIOM W3 HHMX HMMEIOTCS CBOM OTJIMYHUTEIBHBIE
0COOEHHOCTH. DTH OCOOCHHOCTH CBSI3aHBI C KOHKPETHBIMH ITyTSIMH BO3JCHCTBHUS
HelpeiHaMEPEHHBIX 3JIeKTpoMarHuTHEIX roMex (HOMII) Ha penenrop, mMeromamu
ananmza BausHuss HOMII, meromamu u criocobamu ocnabienus Bausaus HOMIT na
pernenTop.
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Ha mo6oM u3 paccMoTpeHHBIX ypoBHel Bo3neiictBuss HOMII Ha HEKOTOpEIi
PELEenTop ONPENEIISIOTCS CIELYIONMMU 00CTOSTEIbCTBAMU:

1. CymecTByrOT HCTOYHHUKU MOMEX XapaKTepU3yeMble 3HAUCHUSMHU MOIIHOCTEH
Pjyn Ha mOOBIX wacToTax, B TOM uncie W Ha paboumx. CosnmaBaembie POC
3JIEKTPOMAarHUTHBIE TOJSI MOXKHO YCIOBHO Pa3/ieNuTh Ha OCHOBHBIE, OIpeesieMble
Ha3HAa4YeHHEeM CpeJCTBA, M HeXeJarellbHble, OOYCIOBJIEHHbIE €ro TEeXHUYECKHM
HecoBeplIeHCTBOM. Hampumep, paauomnepenaroiiee yCTpPOWCTBO JOJDKHO CO3AATh
W3Ty4eHHEe TOJBKO B OINPEAETICHHOM IOIOCE YacTOT, OJHAKO B CHIIy pAla IPUYUH
HMEIOT MECTO HE)XKENNaTeIbHbIE PAANON3TYICHH 3 IPEeIaMy 3TOH MOJIOCH.

[pu yuere Bmusamss HOMII  Ha penentop HEOOXOIUMO CUUTATHCS

co Bcemu BugamMu HOMII: wu3nyyaemMbIMH Ha OCHOBHOM 4acToTe U
YacTOTaX HEXKeJaTeNbHBIX M3IyUeHHMH; TOMeXaMH, CO31aBaeMbIMU LEISIMU TTUTAHUSA,
yIpaBlIeHUs, KOMMYTAllMM W  3a3€MJICHHS, a TaKKe JpYTUMH  BHIAMH
MHAYCTpHAIBHBIX NOMeX. HexenaTenpHblE 3lE€KTPOMAarHUTHBIE MOJIS, CO3/1aBaeMbIe
HekoTopbiMU POC, yacTHYHO 0cnadisioTes B caMOM UCTOYHUKe Tomex. Ocnabiienne
HOMII B Mecre WX BO3HHUKHOBEHHSI OyleM XapaKTepu3oBaTh KOI(PQPHUIEHTOM
ocnabneHust £un TOE WHIEKC | Ompenensier NPUHAIISKHOCTh H3JIYyYEHUS K
OCHOBHOMY H3ITy4EHHIO WM OJHOMY M3 BUAOB co3aaBaemMbix HOMIIL.

2. Mmeer mecTo mepenada snekTpomarHutHoi sHepruu ot MII x PII. Otot
MIPOIIECC OMPEENACTCS MHOTHMMHU (haKTOpaMu: CBOMCTBAMM CpeAbl, HapaMeTpamu
aHTeHH, paccrosHueM Mexnay PII m MII, B3aumHON OpHeHTauuedl uX AaHTEHH,
noysipu3anuedl wu3nydeHns W T. A, M3myuenme u npuem HOMII moryr
OCYIIECTBIITHCSA aHTEHHAMH PAAHOYCTPOICTB B HANPAaBICHHUAX, COOTBETCTBYIOLINX
TJIaBHBIM, OOKOBBIM WJIM 3aJHUM JIETIECTKaM JIHarpaMM HalpaBICHHOCTH aHTCHH
(JHA), a Taxxe KopIycaMu yCTpOICTB, 2JIeMEHTaMU (HICPHOIO TPaKTa, KaOeIsIMu
u T. 0. Ocnabnenne HOMII B cpenme pacmpocTpaHeHHs OyleM XapaKTepu30BaTh
koo durmentom £, rne k—Homep nyTH Bozaeiictus HOMII Ha penenrop.

3. DJeKTpoOMarHuWTHas OSHEPrusi TOMEXH TPUHUMAETCS pELENTOpoM |
OKa3bIBaeT BIMSHUE Ha ero (yHKIMOHMpOBaHHE. Penentop MOXET pa3udyHbIM
00pa3oM pearMpoBaTh Ha BHEIIHHE JIEKTPOMArHUTHbIC Bo3lercTBYs. [1o aHanoruu ¢
UIT MOXHO TOBOPUTH 00 OCHOBHOM MEXaHHM3ME BO3ICHCTBUS, NPHHIUIHAIHHO
HEOOXOIMMOM KOHKPETHOMY YCTPOMCTBY, M HEXEIaTeJIbHOM, OOYCIOBICHHOM
TexHuuyeckuM HecoBepieHcTBOoM PII. Tak, nns paguonpueMHOro ycTpoilcTBa
OCHOBHBIM SIBIISIETCSI IIPUEM CUTHAJIOB B IIOJIOCE YACTOT, COOTBETCTBYIOIIEH CIIEKTPY
TiepesIaBaeMoro COOOIICHNUS, & K HEOCHOBHBIM (HEXXENaTeIbHBIM) OTHOCST MPUEM 10
moOOYHBIM KaHaJaM, ITpPHEeM TOMHUMO aHTeHH U T. 1. Ocmabmenme HOMII,
HaOmofaeMoe NpU MPOXOXKICHUH ee 4epe3 uenu PII. MOXXHO XapakTepu3oBaTh
KO3(pGUIMEeHTOM £,55, TJAC S — HOMEp KaHajla MpueMa. 3HAYCHHE MOIIHOCTHU
HOMII, npusenennoe xo Bxoxy PII ¢ ydyerom Toro, uto aeifctByer momexa l-ro
BU/Ia 10 k-My MyTH BO3JEHCTBHS U S-My KaHaIly pueMa, OyAeT paBHO

T’uu I’mm' £un| By L;m- .
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r11€ Puno - MOILITHOCTH MCTOUHMKA [TOMEX Ha paboyeil yacTore.

Hnsa konkperHoro POC M KOHKpETHOro THUIa MOMEX MOXHO YKa3aTh TaKOM
npenensHbld  ypoBeHb 1oMexu (Ppr non), MPH KOTOpOM coxpaHnsieTcsi TpeGyemoe
Ka4ecTBO €ro PyHKIHOHUPOBAHUS : Ppry € Pprr pon . TaKue MOMEXH HA3BIBAIOTCS
JormyctuMbiMiu. OMC B Tpymie CpeiacTB BBINOJIHSAECTCS, €CIH BCE CO3/1aBacMble
HEIPEAHAMEPCHHBIC IIOMEXHU SABIISIFOTCA JAOITYyCTUMBIMHA JIIsL BCEX PI1
paccMaTpuBaeMOM IPYIIIIEL.

Hapymenne OSMC ms U1 u PII moxet ObITh 00YCIIOBICHO:

— HecoBepuIeHCTBOM xapakrtepucTuk HWII (Hampumep, Hapsgy ¢ OCHOBHBIM
M3ITyYeHHEM paJHollepeIaloliee yCTPOHCTBO CO3/1aeT HEKeNaTeIbHbIEC H3TyUeHUS
3HAYUTEITbHON MOIITHOCTH);

— HECOBEpUIEHCTBOM  xapakrepuctuk  PII  (Hampumep, w®3-3a  Majoi
M30UpaTENbHOCTH MPUEMHHKAa MOTYT MMETh MECTO NMOOOYHbIE KaHalbl MpueMa
CHUTHAJIOB);

— HEJOCTaTOYHBIM  OCJIa0JeHHEeM  IIOMEX  BCJIEACTBHE  HECOBEPIICHCTBA
SKpPAaHUPOBAHMS ammaparypbl, y3ioB, OsokoB POC, ¢uaepHbIX TpaKTOB
NEPEeaaTINKOB U ITPUEMHHUKOB;

— HepalOoHAIBHBIM Pa3MEIICHUEM alllapaTypbl, PUAEPHBIX TPAKTOB;

— HepaIuroHaJIbHBIM pacipenenacHneM dactot Mexay POC.

Hus obeciedennss OMC oOdeHp BaXKHO BBISIBUTH KOHKPETHBIE ITPHYMHEI
BO3/CICTBUSI HENpPEIHAMEPEHHbIX IIOMEX: HAaWTH HCTOYHMKH HX M IIyTH
pactpocTpaHeHHsI W ONpPENEIWTh MPUYMHBI, BBI3BIBAIOIINE IIOABEPKEHHOCTD
penenTopoB AEHCTBHIO ompeneneHHBIX nomex. C 3Toi menpio HeoOxoauMmo Ooiee
MoJPOOHO PACCMOTPETh CBOWCTBA pasnHYHBIX POC M MX 3J€MEHTOB C TOUYKH 3pEHHS
cosnanusi, pacnpoctpanenust HOMII u noasepskeHHOCTH UM. B nanbHeiieM B cBs3u
co crenu(pUUecKUMH OCOOCHHOCTSIMUA 00pa3oBaHus paziau4HbIXx Buao HOMII
BBIZIETIMM citydau co3zianusi U npuema HOMII paanoTeXHUYECKHMMHU CPEACTBAMH U
CIIy4ad CO3/1aHUs U BO3JEHCTBUSI HA PELENTOPbI UHIYCTPUAIIBHBIX IIOMEX.

2. AHTEHHBIE CUCTEMBI C YUHETOM 3AJTIAY OMC
2. 1. AaTeHHBI U TpeOOBaHUS K HAM

PaGoter mo mpobmemam OMC Brmo4aroT B ceOs Kak pa3paboOTKy Oosee
MOMEXO3AIIMIICHHBIX PATMOCUCTEM, TaK U BOIIPOCHI ONITUMAJIBHOT'O IPOCKTUPOBAHUA
HX C TOYKHU 3PCHUA YMCHBIICHHSA CO3/1aBACMBIX ITOMEX. Bosbnioe BHUMaHHE B 3THX
pabortax yaemsiercs aHTeHHaMm. JIeficTBUTENBbHO, OCYIIECTBIsIEMas aHTEHHAMH
MPOCTPAHCTBEHHAs M B PsAAC CIIy4yaeB YaCTOTHAS CEJCKIUsl ITOMEX, MO3BOJISIET
cymectBeHHO ymyummuTh OMC. Ecim eme HemaBHO Tmpu  pa3paboTke U
KOHCTPYHPOBAaHUU HOBBIX aHTCHH OCHOBHOE BHUMAaHHUE YCISIOCHh WX BHYTPEHHHUM
mapamMeTpaM, TaKuM KakK YCHJICHHE, COTJIacCOBaHUE, JHATIA30HHOCTh U T. I. TO ceifuac
HEBO3MOXHO IPE/ICTAaBUTH ceOe COBPEMEHHYIO aHTEHHY, ITPU pa3paboTKe KOTOPOi
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He ObutM OBl yureHbl Borpockl OMC 1o OOKOBOMY HM3IIyYCHHIO WIM IPHUEMY Ha
pabounx YacToTax, N0 M3Iy4YeHHI0 (MM NpUeMy) Ha TapMOHHKax W T. 1. B psne
cilyyaeB TpeOOBaHMsS K IOMEXO3aIIMIIEHHOCTH pa3padaThiBaeMbIX aHTEHH
OKa3bIBAIOTCS CTOJIb JKECTKHUMM, UYTO BBINOJHEHHE HMX INPHUBOJUT K HEKOTOPOMY
YXyALUICHUIO BHYTPEHHUX JJIS1 CHCTEMBI TApaMeTPOB, C 4YeM IPUXOANUTCS MUPUTHCS.

Bbonee Toro, B Hacrosiiee BpeMs HMHTCHCHBHO pa3BHUBACTCSl HOBBIH Kiacc
AQHTEHH — TaK Ha3bIBacMbIE aJaNTHBHBIC, NMEIOIINE BO3MOXXHOCTh MOACTPONUKH MO
JTAHHYIO TTOMEXOBYIO OOCTAHOBKY TaKUM 00pa3oM, 4TOOBI CBECTH BIHMSHHE MTOMEX JI0
MHHHUMYyMa. Bce 3TO TOBOpHT O TOM, HACKOJIBKO BEJMKA POJIb AHTCHH B 0OECTICUCHNH
OMC. Kak oOnapyxwunoch, n3 30 OCHOBHBIX TapaMETPOB PaAANOIIEKTPOHHOTO
00opynoBaHus, OKasbIBarOmMX BiusHHEe Ha OMC, 12 mapaMeTpoB ONpenemsiroTcs
AQHTEHHOW CHCTEMOH.

CyIIecTBYIOT JBE OCHOBHBIC TMpOOJIeMBbI B 3TOW oOmactu. Bo-mepBsix,
HEOOXOZMMO TOYHO 3HATh BCE XapaKTePHCTHUKH NPUMEHSEMBIX aHTEHH, KOTOpBIE
MOTYT OKa3arh BiusHHe Ha DMC (HampaBjeHHbIE CBOHCTBA B OCHOBHOM pabodeM
JUarna3oHe, BHEMOJOCHOE U3Iy4YeHHe, TOJIIPU3ALMOHHBIE  XapaKTePUCTHKH,
BO3MOKHOCTh HCKa)KCHUS HAINPaBJICHHBIX CBOWCTB M3-3a BIHMSIHHUSA HOCTOPOHHHX
MPEAMETOB, CTAOMIBHOCTh XapaKTEPUCTUK BO BpPEMEHM M T. I.). MHorme wu3
MIEPEYNCIICHHBIX XapaKTEPUCTHK, K COXXAJICHUIO, B PAJE CIy4acB BbHINANAIOT U3 OIS
3peHus, TaK KakK SABILSIFOTCS ONPENCNAIOIUMM A7 HOPMAalbHOH  paboThI
paaroCHCTEMBI, TIE WCIONB3YIOTCS JaHHbIe aHTeHHb. OJIHAKO HX pOJb IpH
HBIHEIITHEM TTOJIOXKEHHUH B 3()Mpe HEBO3MOXKHO MTE€PEOLICHNTD.

Bo-BTophIX, MakcuMajabHOE BHUMAHHE JIOJDKHO OBITH YNENICHO YIy4IIEHHIO
MIOMEXO3aIIMIIEHHOCTH KaK BHOBb pa3padaThIBaeMbIX aHTCHH, TaK M aHTEHH, YXKe
pa3pabOTaHHBIX U HAXOJSIIUXCS B OKCILTyaTaluy.

2. 2. Tlapametps! anTeHH Kak (pakrop OMC
2.2.1. N3ny4enue aHTeHH

[ToMex03alIMIIEHHOCT, AHTEHHBl OIpENeNseTcss B MEPBYI0 oOdepeab ce
JUarpaMMOW — HampaBIEHHOCTH —  (yHKIOMEH, XapakTepH3YIOIEH  YIJIOBYIO
3aBHCHMOCTh aMIUIUTYABI, (a3l U NoIpu3auuu Hojsl u3nydenus. [Ipu paccmorpenuu
JuarpaMMbI HalpaBJICHHOCTH 3€PKAJIbHBIX AHTCHH O6BI‘-IHO BBIACIIAIOT 1 pu
MpOCTpaHCTBeHHbIe obnacTu. B mepBoi 3 HUX Auarpamma HampasieHHoctd ([IH) B
OCHOBHOM  OIIpeJeNgeTcs] TOKaMH Ha H3Iyd4arolmedl IOBEpPXHOCTH, TOYHEe,
PaBHOMEPHOHN YacThI0 TOKOB. JTO TaK Ha3bIBacMasi 00JIACTh anepTypPHOTO M3IIydCHHUS.
OHa comep>kKUT TIaBHBIN 1 HECKOIIFKO TIEPBBIX OOKOBBIX JierecTKoB. Jlist pacuera (11 B
9TOH O0NIaCTH WCIIONB3YIOT alepPTYpHBI M TOKOBBIM MeToApl. Bo BTOpoil oOmacti
(manpHero OokoBoro wmamydeHus) [IH ompexpensercs W3IydeHHEM pPaBHOMEPHOH H
HEpaBHOMEPHOH COCTaBIISIONINX TOKA, MPSIMBIM IToj1eM oOurydarens u T.J1. [t pacdera
noJs B 3TOM 00NAcTH HMCHONB3YIOT AW(PPAKIMOHHBIE METOIBI, B OCHOBHOM METO]
reomerpuueckoit Teopun nudpaxuu (I'TH). B Tperbeit
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obmacty, OONACTH 3aHEr0 M3IIyYeHHs, [AuarpaMMa B OCHOBHOM  OIPENENsIeTcs
madpakiorHeiME  dpdexkTamr Ha KpoMKax aHTeHHbL J[is pacuera ee Taroke
ucnone3yercst metoq [T [ 5, 8 ].

B Hacrosee BpeMsi METO/IBI aHAIN3a M PacyeTa HAIPABJICHHBIX CBOICTB aHTEHH
Pa3BUTHI IOCTaTOYHO XOpotuo. bosee Toro, st HEKOTOPBIX THIIOB aHTEHH pa3padoTaHbl
nporpaMmbel  pacdyeta Ha OBM, yuuThBaronmme  OONBIIMHCTBO  BO3MOXKHBIX
MCTOYHHMKOB M3iydeHus. OJHAKO CIeAyeT UMETh B BHILY, YTO pacuyeTHbIE (JOpMYIIBL,
KaK IPaBUJIO, OTHOCSTCS K MICATU3UPOBAHHON aHTEHHE, 110 CYILIECTBY, K €€ JIEKTPUUECKOM
cxeme. HampapneHHble cBOWCTBa pealbHBIX QHTEHH M3-3a MOSBJISIIONINXCS HETOYHOCTEH B
PAacCIONIOKEHUH  AJIEMEHTOB, OLIMOOK IPU HW3TOTOBJICHHH MOBEPXHOCTEH M APYrux
MOTPELIHOCTEN B TOM WM MHOM CTENEHM ODIMYAKOTCA OT Pe3yJbTaToB pacuera. [lpum
MPaKTUYECKOM  HCIOJIB30BAHWM  AHTEHHBI MOSIBJITIOTCS  JJONOJHUTENBHBIC  TIPHYHHEL,
WCKKAIOIINE € HAmNpaBlICHHBIC CBOMCTBA, BBI3BAHHBIC HAIMYMEM OMOPHl U
TIOJVIEP’KUBAIOIIMX OTOPY KOHCTPYKIWWH, BIMSIHAEM PACTIOJIOKEHHBIX PSIIOM aHTEHH U T.
I
Ha puc.2.1 BKauyectBe

FOLABTTS T ] | womoctpamm

N h ' | crmommo#t  5MEMelt  mpuBeneHa

-5 e paccumTaHHasI 1o TOYHBIM

e (dopmynam  orumbarorasi  GOKOBOIO

-80 < U3ITydeHus JUTSE pynopHo-

\ L P -’1/ \ MapaboTIeCcKO AHTCHHBI c

-70 N ps 5 2 / yewnenreM 40 nb. Ha stom ke

/ pUCYHKE  IyHKTHPOM  TPHBEICHA

-80 i orubaromass  OOKOBBIX  JIEIIECTKOB
0 20 40 & 0 Brras Ppeamol

Habmomaemoe
Pre. 2. 1 HANpaBlICHHBIX  €¢ CBOWCTB

OOBSICHSIETCS. MHOTOYHCIICHHBIMH
MPUYUHAMHE - 3TO HETOYHOCTD BBITIOJIHEHNUS TOBEPXHOCTH AHTEHHBI, BIMSAHHE 3aIIHUTHOH
KpBIIIKA, OMOpPBI, pPaMbl KpeIUICHWSI W Jpyrux mpeameroB. llpu oneHke BIMSHUA
HANPaBIICHHBIX CBOMCTB aHTeHH Ha OMC, HEOOXOIMMO YUWTHIBATH BCE 3TH (PAKTOPHI,
MHOTHE M3 KOTOPBIX MOTYT OBITH OIpEIeNeHbI TOIBKO SKCIepUMEHTaTbHO. lloatomy
OeccriopHa HeOOXOMMOCTh UCTIONB30BaHUST M3MEPHUTEIIbHBIX AHTEHHBIX TIOJIMTOHOB KaK Ha
JTarne pa3paboTKy aHTEHH, TaK U Ipu onpeneneHrd OMC.

Jenamich MONBITKM YCTAHOBUTh KaKUe-TUOO TapaHTUPOBaHHbIC —Orubarorye
OOKOBOTO HM3JTy4eHHsl ISl aHTEHH TOrO WM MHOTO Kiacca. B wactHocTH, st
anepTypHbIX aHTEHH C KPYIVIBIM PacKpbIBOM MPEIOKEHO OINMCHIBATH OrHOAIONIyI0 B
TIepe/THEM TOJTYTIPOCTPAHCTBE (OTHOCHTENIBHO H30TPOITHOTO M3ITyydarestst) Gopmyon

FK(®) =52 - 10lg(d /1) - 25 1g®, nb .

rae d - quamerp anTeHHsl; & - yron B rpagycax.
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JlaHHOE BbIpa)keHHe CIpaBEAJIUBO MPU @< ® <E roe O, 100 = d.
t‘)-_- OIIpEALIACTCA pHUC. 2.2. HpI/I (=) > (2. BeJIMUMHA  [( (=) 0 ab.
e{? .--‘p"f:‘ ':-:FI:"";:E |_ | [ SR i
35 30 ~ | S |
|
30 | I
0 { | \\ [ |
25 ! | |
- f{ I i |
|
2C 0 i I \ i
i 3 10 30 8reag
Puc. 2. 3

B Tex ClIydasaX, Koraa pa3M€p aHTCHHbI HCU3BCCTCH, IMPCAIaracTcsa
HCIOJIb30BAaTh BBIPAKCHUEC

3B- 2530, PO <33
F(®) =
0, e @ > 33,
Yka3zaHHas 3aBUCHMOCTB H300paXkeHa Ha puc. 2. 3.

2.2.2. Kpurepu mnOMEXO03aIlIMILIEHHOCTU

FEcnu 06030290 Th HOPMHUPOBAHHYIO THarpaMMy HarpaBiIeHHOCTH aHTEHHBI
yepes F(p . A)rge @ u AcoorsercrBenno a3UMyTaIbHBIN YTOI M yTOJ MECTa, TO
BEPOATHOCTB TOTO, YTO YPOBEHb U3IyueHHs OYyIET IPEBOCXOJUTD ¥ . COCTABIIAET

T = PLF9. A > ).

VHTerpanbHbIil 3aKOH pacipeieIeHuUs ¢ %) JOCTaTOYHO IOJHO XapaKTepu3yeT
pEeTBPHYI0 MOMEXO3alIMIICHHOCTh aHTCHHBI  IPH YCJIOBHH, YTO HAIpaBJiICHHE
NPHUXO0/Ia TOMEXH PAaBHOBEPOATHO MO yriiaM @ ¥ A. B npoTuBHOM citydae B
nocienHei Gopmyne nomkHaA OBITH BBEACHA COOTBETCTBYIOIIAS BeCOBast (DYHKIIHS,
XapaKkTepu3yolas BEPOITHOCTHBIE XapaKTEPUCTHKN IIOMEXOBOH 0OCTaHOBKH.
Hcmnone3oBanue IIOCJICAHETO BBIpAXXCHUA JJIA PCaIbHBIX AHTCHH
3aTpyIHUTENHFHO U3-32 CIIOXKHOCTH 00OparieHHss HeMOHOTOHHOHM yHkuuu Fep, A,
3a}IaBaeMOﬁ K TOMY XK€ 06I)I‘IHO TPOMO3AKUMH aHATUTUYCCKUMU BBIPAKCHUAMU.
OpHako, ecClnM  OrpaHHYUTBCA  CIIydyaeM _ ACCHMETPUYHOM  aHTEHHBI U
[PEIONIOKUTE, KpOMe Toro, uto Gpyukius F(®). onuceiBaiomas ee auarpamMmma,
MOHOTOHHO YOBIBAeT ¢ pocToM & (5mo mpenonoxKeHue SKBUBAICHTHO IEPEXOLY OT

H
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JTMarpaMMBI K ee 01"I/I62112H.[617[), MOYKHO TIOJIYYHTh TOCTATOYHO MPOCTOE BRIPAKEHUE JUTS
MHTErpaTbHOTro 3aKkoHa f (%)

f(x) = PIF®) > x] = P[® <t(x)] =1 & C(x).

rae Gyukumst © = t(y) sBstercst o6parHoii K QyHRumu I{@) = ¥ .
Orubaromme JIH 3epKajbHbIX AHTEHH BO MHOIHMX CIIy4asX MOXKHO C
JOCTATOYHOW TOYHOCTHIO alIPOKCHMHUPOBATH BBIPAKEHHEM

F®) = 1.°{(1+B- &,
rae Bu P—YHUCJIOBBIC TapaMETPhI. I[J'IH TaKOﬁ JAnarpaMmbI

feo = 172 (17 - 1)/B]™.

ITocenHee BEIpaKeHue cpaBemnBo, ecaut (1) < 1, ecomxe 1/ 2’y - 1)

B] ® s> 1,710 cnemyer cunutath, uTo f (%) = 1. Hapuc. 2. 4 B kagecTBe
WUTIOCTpaIiy npuBeneHa orudatomas npu B=3300u p- 2. Otmerum, d9TO

~—

Flg T — - T |
&2 T TN J ] 1]
-40| || 1 aEANINEEN
_ | N T T
-80 H\| I : 1" : ' | | —
|_ \‘l\lﬁ { | I i ] '
0 30 60 90¢ 120 Brma -0 -30 -50 -7X,ab
Pue. 2.4 Puc. 2.5

no06Hy10 J[H MMEIOT aHTEHHBI ¢ OYEHE, BRICOKOH MOMEXO03alUIIEeHHOCTRI0. Ha puc.
2. 5 npuBeeHa MHTErpaibHas kpusas f () aus ool auarpammel. U3 Hee, B
YaCTHOCTH, BUIHO YTO YPOBEHb M3iIydeHus Boime - 50 n1b moxker HaOmomatscs ¢
BeposTHOCTHIO 0,01.

HeobxomumMo wMmeTe B BHOy, UYTO TIpU 33aHHOM KO3 QHUIUEHTE
HalpaBJIEHHOTO JICHCTBHS BO3MOXKHOCTH YTIpaBieHHs (OpMOI IIaBHOTO JIEHecTKa
OTpaHMYEHBI, a TaK KakK, KpOME TOro, BEPOSTHOCTh IPUXOAAa MOMEXU B CEKTOpE
[JIABHOTO JIENEeCTKa OOBIYHO MaJia, TO MOMEXO3aIHIIEHHOCTh BBICOKOHANPABICHHOM
AQHTEHHBI B OCHOBHOM OIIPEJIETAeTCsl yPOBHEM ee O0koBoro uimydenus. CymecTByer
MHOKECTBO KPUTEPUEB, MO3BOJIIIOLIMX C TOW WIM MHOM NOJIHOTOM 0XapaKTepHU30BaTh
MIOMEXO03AIIUIIIEHHOCTb aHTEHHBI B CEKTOpe ee 00KOBOro M3myuyeHus. V3 HUX crexyer
OTMETUTD CIEAYIOUIHE:

25

K, = max; Flp. Aj: K.= [l Fi¢. \) - dG]"*: Ks = [ Fle, A) - dG.
rae G—o0macTb OOKOBOTO U3JIyYCHUS aHTCHHBI U P, A € .

Kpurepuit K; kmaccuduimpyer aHTEHHBI HO YPOBHIO MaKCHUMAaIbHOTO
00KOBOTO JerecTKa; kputepuit K, — mo MourHocTH, u3nydenHoi B oonacta G; Kz —
[0 WHTErpally HampsbKeHHOCcTH 1moiisi B obnactu G . Eciam momexoBas oOcTaHOBKa
XapaKTepU3yeTcsl HAIUYUEM OJIHOM MOMEXH, TO HauboJiee TOYHBIE Pe3yIbTaThl MPU
CpaBHEHHHU aHTeHH obecrieunBaeT kpurepuil K3 . Eciu ke mmeercst 6oJbIIoe 4nciio
IIOMEX, HampaBlIeHUS MPHUXOJa KOTOPBIX pPAaBHOMEPHO paCIpeNeieHbl B
MIPOCTPAHCTBE, TO JyYIlle CPAaBHUBATH aHTEHHBI IO KpuTepuio Ko .

Ecim He WCKIIOYAaTh BO3MOXKHOCTH MPHUXOJAa TIOMEXH B CEKTOpE TIIaBHOTO
JIETIeCTKa aHTCHHBI, TO CPaBHEHHE TIOMEXO3ANUIIICHHOCTH IBYX aHTCHH MOXKET OBITh
nposeaeHo mo KH/I mpu Hanmumauy MHOTHX TIOMEX, a TIPH HAJIMYAN OJTHOU IMTOMEXH —
mo Tak HazpBaecMomMy KHJI mo 3JIC. Bribop Toro mim WHOTO MOIXOAa K
ONPEIETICHUIO CPAaBHUTEIBHOW IMOMEXO3alIUIIEHHOCTH AaHTEHHBI OIpEeAeNseTcs
Ha3HAYE€HUEM U OCHOBHBIMHM TapaMeTpaMH paJUOCHUCTEMBI M CYUIECTBYIOLIEH
IIOMEXOBOI1 00CTaHOBKOA.

2. 2. 3. Bousaue NMOMCXO3alIUIICHHOCTH aHTCHH HA XapaKTCPUCTUKU PAAUOCUCTEM

[ToGouHOe wW3ITyYeHHE aHTEHH BBI3BIBACT IOMEXH NPYIMM paIrociyk0am,
paboTaroIyM B TOM XK€ WM CMEXHOM JIMara3oHax 4actoT. [IporHo3upoBaHue Takux
IOMEX W MX perlaMeHTalusl JIOCTAaTOYHO CIIOXKHBI, TaK KakK TpeOYyIOT aHaiu3a
COBMECTHOH palOOThl ABYX WM Oojiee paauocityk0, OTHOCAIIMXCA K pPa3HBIM
BEAOMCTBAM M pEHIAOIUX PA3JIMYHBIC 3ajia4u. bonee IIPOCTO BOMNPOC O BJIIMAHUU
MOMEXO03alIMIIEHHOCTH MPOUUTIOCTPUPOBATh Ha NpHUMepe COOCTBEHHBIX TOMEX B
panuocucTeMe, KOTAa HEAOCTATOYHas MPOCTPAHCTBEHHAs CEJEKTHBHOCTh AHTCHH
MIPUBOJUT K yXYIIICHUIO XaPaKTEPHUCTHK TOH cucTeMbl. Hanbomee ymoOHO ams 3Toi

AQ B{ 82

: — d_..- ‘B o C
B o D
' A' f '." w7 1 -G ’_‘_'__5@

A ) : r B Yo J
" Paes Puc.2.7 L

eI paccMOTpeTh paauopeneitayio auauio cBss3u (PPJI), mpencrasnsronyro coboit
[IENOYKYy TIpHeMOollepearomux myHkToB. Ha puc. 2. 6 m3obpaxen ydactok PPJL
cocrosumid ux Tpex cranuuii A, B u C. Kpome mone3Horo curaana oT aHTEHHBI A;
craHuM A, anteHHa B cranuuu B npunumaer nse nomexu ot anteHH A u C;. B



26

CBSI3M C UCTONB3yeMbIM Ha PPJI iByX4acTOTHBIM IIAHOM pacrpe/ielieHrst 4acToT (Tiepeada
Ha KaKIOW CTaHIMKM B 00a HampaBieHUs WJET Ha OJMHAKOBBIX YacTOTAX, YacCTOTHI
MepelaTYMKOB MOBTOPSIIOTCS Yepe3 CTaHIMIO) BCE 3TH TPH CHIHAJIa MMEIOT OJMHAKOBBIE
4acTOThl M (uibTpaimsi omex ot anteHH A; u C; MoXeT ObITh oOecriedeHa TOJILKO
HaIpaBJIeHHBIMU CBOMCTBaMU CaMuX aHTeHH. HeronHast GuiabTpaius moMex npruBOANT
K TIOSIBJICHHIO B TeJIC(OHHBIX KaHAJIaX JOMOJHHUTEIBHOTO HHTEP(HEPEHIIMOHHOTO
mryma. J{iis Toro 9To0bl ATOT JOTIOIHUTENBHBIN IITyM HE OKa3bIBAJT 3aMETHOTO BIMSHUS
Ha KaueCTBEHHBIC TTOKAa3aTelN JIMHUK, HEOOXOAUMO, YTOOBI 3AIMUTHOE JEHCTBHE aHTCHH
PPJI, To ecTb ypoBEHb M3ITyUeHHSI aHTCHH B 3aTHEM IIOJIyTIPOCTPAHCTBE, HE MPEBHIIIAI
- 65%=75 nb. ObecnieueHne CTONb HU3KOTO YPOBHS M3JIYYCHHS B IIMPOKOM YITIOBOM
CEKTOpE SIBIISIETCS CII0KHOM TEXHUYECKOU 3aaueH.

Ha puc. 2. 7 noka3aHa emie ogHa BO3MOXHas IpudrHa nomex Ha PPJI. Anrenna
craHuuu D Hapsny ¢ mone3HsIM cUrHaIoM OT cTaHmuu C NpUHUMAET U MOMEXy OT
ctanuuu A. IIpy ABYX4YaCTOTHOM IUIaHE 3TH CUTHAIIBI MMEIOT OJIMHAKOBBIE YacTOTHL
OObI4HO ypoBeHb NoMexu AD HeBenvK, Tak Kak ctaHimu A 1 D He pacriofiokeHbl B 30He
npsiModi  BuauMocTH. OIHAKO MPU OCOOBIX YCIOBHSIX PAacCIpOCTpaHeHHs (OoJibiast
TIOJIO’KUTENNbHAS pedpaKknyst PaJroBONH) YpOBEHb moMexu AD MOXeT CylecTBEHHO
YBEIWYUTHCS, YTO HPHUBEAET K POCTY MHTCP(EPCHLMOHHBIX IIYMOB B KaHAIAX CBS3H,
MpUYEM BEIMUYMHA JONOJIHUTENIBHOTO ITyMa HpsSMO IPOTIOPLMOHATIEHA YPOBHIO IEPBBIX
OOKOBBIX JICTIECTKOB aHTCHHBL

2.2. 4. AHTEHHBI C BLICOKOH ITOMEXO03aILHILIEHHOCTRIO

Jdns  obecriedeHuss BBICOKOH ITOMEXO3AIIMIICHHOCTH B Clydae aHTCHH
arepTypHOTO THIIA 3a7a4ya MOXKET OBITh C(OPMYJIMpOBaHA CIEIYIOIIMM OOpasoM: NpH
3a7aHHOM  (opMe  amepTypbl HEOOXOIMMO TOMOOpaTh Takoe —paclpesereHue
BO30Y)K/IAIOIIETO MOJIsI, YTOOBI MOIIHOCTH Pr , M3/IydeHHas B HEKOTOPYIO 00JacTbh
npoctpascTBa I, Obu1a Ob1 MUHIMATHEHOM. HeoOxoamumo mono0path pacipeieiicHue HoJisl B
packpbIBe - 3TO JeflaeTcd MaremaruueckuM myteM [ 5 ]. B pesymbsrate cosgarorcs
CHocoObl cuHTe3a crenuaibHbix JIH, KOoTopble yaydInaloT MOMEXO3allUIIEHHOCTD
AHTEHH, OJIHAKO peallh3aliis X TPeOyeT CYIIECTBEHHOTO YCIOXKHEHHUSI CXEMbl aHTCHHBI.
IlosToMy CylecTBYIOT uHblE NOAXOIbL. Paccmorpum, Hanpumep, BO3MOMKHOCTb
TIOJIABJICHHS] M3ITYYCHUSI B KAKOM-TMOO IIOMEXOOIACHOM HalpaBJICHUH ITyTEM 3aTCHEHHS
YacTH pacKphIBa aHTEHHBL [lycTh Kpyrias areprypa 3areHeHa B ABYX obmactsix Gi u G
CHMMETPHIYHO PACTIONOKEHHBIX OTHOCHTEIHHO TIeHTpa (puc. 2. 8). JJoOUThCS omaBiIeHust
M3ITy4EHHMS B 33JJaHHOM HAIPaBJICHUH MOXKHO M ITyTEM 3aTeHEHHUsI OTHOW 00JIacTH, OJHAKO
TIPY CHMMETPUYHOM 3aT€HEHHH CEKTOp TO/IAaBIICHHSI MOXHO czienaTh Oonee mmpokiM. Ha
NPaKTUKE Le1ecoo0pasHo  yTOuHHMTh BenmnunHy G skcmepumeHTanbHO. st
YMEHBIIEHHS MTapa3uTHOTO OOKOBOT'O M3ITyUCHHS! 3aTCHSIOIIIE JIEMEHTHI 11eJIeco00pazHoO
BBITTOJIHATD U3 ITOTJIONIAIOIIET0 MaTepuara.
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AnepTypa B HEKOTOPBIX CHTYAIMsIX MOXET OBbITh 3aT€HEHa MOJIOCKaMH TaK, Kak
9TO MMOKa3aHo Ha puc. 2. 9. rie K M =— COOTBETCTBYIONINE KOAPPUIHEHTHI.

Puc.2.8 Puc. 2.9

B xauectBe mpumepa Ha puc. 2. 10 mpuBeneHa UCXOmHAS AWarpamMma (CIUTOIITHAs
JIMHUSA) U TUarpaMmMa ¢ 3aTeHeHueM (yHKTHp). Hampasnenue nojaBieHus OTMEYCHO
CTpPEJNKOH, re T - nomexoonacHoe HampasJieHUe, a caM YI'OJlu = B R Sin®,

F4ab 2kR 2kR

Puc. 2. 10 Puc.2. 11

CymecTByeT Takxe CIOCO0 MCIOJIB30BaHUS JOMOIHUTENBHBIX U3ITydaTenei
JUIsl TIOJIaBJICHHSI M3JIyYCHUs] aHTEHHbI B KakoM-IIMOo Hampasienuun. Ha puc. 2. 11
n3obpakeHa  Kpyrjias — amepTypa € JONOJHHUTEIbHBIMH  H3JIydaTeNIsIMU.
HanpsxeHHOCTB TIOJISI B OCHOBHOM U JIOTIOJTHUTEIBHOM PacKphIBax, a TAKXKe pa3Mepsl
JIOTIOJTHUTEIBHBIX PACKPBIBOB MOAOMPAIOTCS AKCHEPUMEHTANBHO. /ISl yMEHBIICHHUS
pa3MepoB IOMOTHUTEIBHBIX AHTEHH HEOOXOIMMO YBEIHMUNBATH HAMPSKEHHOCTD OIS
B HHX.
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2. 3. lanbHee OOKOBOE M3ITyUYCHUE

Bornee cnoxHO# 3amaueil sBIsSETCA OTHICKAHUE PACHpeeNeHls HHTEHCUBHOCTU
W3JIyYeHHsT B YIJIOBOW 00]acTH, JOCTaTOYHO JAJIEKO OTCTOSALIEH OT TJIABHOT'O
HalpaBJeHUs] M3Jy4YeHUsl aHTeHHbl. B 3ToM o0macTd HMcKoMash XapaKTepHCTHKA
CHJIBHO 3aBHCHUT OT CXEMBI aHTCHHBI, €€ KOHCTPYKIIIH, CTOPOHHHUX JIEMEHTOB (B TOM
yucie 3emnn). IloaToMy mpuBecTH €IMHBIN alrOpUTM pacyera JalbHEro OOKOBOTO
U3JTy4YEeHUs aHTEHHBI HE MIPECTAaBISETCS BO3MOKHBIM.

OcHOBHBIE (DaKTOPBHI, ONPENEISIONINE MOJIe W3ITYyYeHUsT aHTEHHbI B JaIbHEM
OGOKOBOM HampaBJIeHUH, 3TO KpaeBble d(dexTrl. YdeT BIUSHUS Kpas arnepTypbl Ha
XapakTep pacmpeneiaeHuss Moyis (WIM TOKOB) MOXHO TPOU3BECTH Pa3IUYHBIMU
cnoco0aMu: METOJaMH MOMEHTOB, aCUMIITOTHYECKUM NpUOImKeHrueM (uzndeckoin
ONTHKH, OOOOIICHHMEM METoJa 3CepPKalIbHBIX H300paKCHUH, pelieHremM
UHTETpalbHbIX YpaBHEHUH [ 5 ].

CHWXEHHE YPOBHS JAIBHETO0 OOKOBOTO H3JIyY€HHs aHTEHHBI MOXXET OBITh
00€ecIeyeHo MyTeM YMEHBILICHUS aMIUTUTY bl BO30YKAEHNSI KOHTypa packpbiBa. s
CHIKEHHS YPOBHS JAIbHETO OOKOBOTO M 3aIHETO M3Iy4eHHs] aHTEHHBI MOTYT OBITh
UCIIONIF30BaHbl CHENMAIbHBIE 3KpaHbl, ocialmsiomue aeldcTBre AU(PaKIHOHHBIX
nojel. DToT crocold Ha IpUMepe pPyTIOPHOM aHTEHHBI MTOKa3aH Ha puc. 2. 12. 31eck: a
- OOBIYHAs PYNOpHAs aHTeHHa, O — pYyIOpHas aHTEHHA CO CIICIHATBHBIMH

FELaB ] % I

’
a 6 ¢ 30 55559 {20 B,reag
Puec. 2. 12

9KpaHaMH, BBINIOJIHEHHBIMU B BHJIC YacTH MOBEPXHOCTH MapabOIMUYECcKOro MIUHIPA.
OKcIepUMEHTaNbHbIE JaHHBIE, IPUBEICHHbBIE Ha puc. 2. 12, B (pynopHas aHTEHHA —
CIJIOIIHAS JIMHUS, PYIIOPHAs aHTEHHA C MapaboJIMYeCKUMH dKpaHaMU — ITYHKTUpPHAsI
JIMHUS), TOATBEPKIAIOT CKa3zaHHoe [ 5 ].

CymectBioT emie aBa 3()(EeKTHBHBIX Crocoba CHIDKEHUS YPOBHS IajbHETO
OOKOBOT'0 M3JIy4eHHUS] aHTEHHBI — JAe(opMalisi KOHTypa €€ PacKpbiBa M pa3MelieHne
BONM3M  Kpas amepTyphl  CIEIMAIBHBIX  pAacCeMBAIOMIMX  TEJN,  HalpHMep,
MEePEen3IyqaolinX MacCUBHBIX JJIEMEHTOB, HArpyXEHHBIX Ha peryiupyemble
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pEaKTUBHBIE CONMPOTHBICHHUS. B mociemHeM ciydyae B KaueCTBe MACCHBHBIX
DJICMCHTOB MOKHO HUCIIOJIb30BAaTh TIOJTYBOJIHOBBIC JUIIOJIN NN Apyruc
C1abOHAPABJICHHBIC AHTCHHBI.

2. 4. [Tomex03aIMIIeHHOCTh aHTEHH PA3JIMYHOTO TUIIA
2.4. 1. O6ny4atenu

[Tomexo03anMIEeHHOCTh HANPAaBIECHHOW aHTEHHOW CHUCTEMBI, 3€pKaJbHON WIN
pEIIeTKH, BO MHOTOM OTIPENIENIeTCs] XapaKTePUCTUKaMH ClTaboHaNpaBIeHHBIX aHTCHH
— o0nydJatens WM 3JEMEHTOB pENIeTKH. PaccMOTpuM o00aydarenu 3epKaabHBIX
aHTCHH B BUE pymnopoB. [IpeanodreHue, oTnaBacMoe MOCACIHINM, OOBICHICTCS TEM,
yTO B IIOJAaBJIIHOLIEM 60J'[I)HII/IHCTBG cnyqaeB B CaHTHMeTpOBOM U CMCKHBIX
JUATa30HaX  HWCHOJNB3YIOTCS  Pa3UYHbIe MOIU(GUKAIMH  PYIOPHBIX  aHTCHH,
MO3BOJISAIONIME TIPU CPAaBHUTEIHHO TPOCTOM M TEXHOJOTHYHOW KOHCTPYKIIUU
oOecrieuuTh Xopomme xapakTepucTuku. CaM BBIOOp THITA PYHMOPHOTO OOJIydaTens U
€ro TEOMETPHsI OMPEICIIOTCS TTOCTAHOBKOW 3amaun. Ecii 0cHOBHBEIM TpeOoBaHHEM
IIpU KOHCTPYUPOBAHUH aHTCHHEI SBISETCS BBICOKAs A(PPEKTHBHOCTH, TO TUArpaMMa
HATIPaBJICHHOCTH OOydJaTeNss MOJDKHA OBITh ONMM3Ka K CToiooOpasHoil. Ecmm ke
ompenersomuM (HakTOPOM SBISIETCS TOMEX03aIIUIIIeHHOCTh, PYHOPHBIA 00IydaTenh
HEOOXOAWMO BBIIONHHATH TaKUM o00pa3oM, dYToOBI OH obecrednBan 3aJaHHOE
BO30YXIEHHE amlepTyphl aHTEHHBI, NpPUYeM KPOMKY aHTCHHBI JKEJaTelIbHO
BO36y)K}IaTI) Ha OYCHb HU3KOM ypOBHe.

Ilpocmetiwue pynoprule 0byuameny — CEKTOPUAIIBHBIC M TTHPOMUIATIBHEIC,

Puc. 2. 13

MUTaeMBbI€ ITPSIMOYTOIEHBIM BOJTHOBOJIOM, U KOHUYECKHI PYIIOP, IINTAEMBIA KPYTJIBIM
BOJIHOBOJIOM (puc. 2. 13a)

Cneyuanvnvle pynopuvie obayuameny MOTYT OBITH BBIIIONHEHBI C KaHABKAMH,
(puc. 2.13,6), dYTO TO3BONAET TMONYYUTH OCECHMMETPHYHYIO OHarpaMMmy
HAIpaBJIEHHOCTH C KyIoJI000pa3HOi (hOpMOH TITaBHOTO JIETIECTKA U HU3KUM yPOBHEM
60koBbIX. Takue aHTEHHBI MPUMEHSIOTCS B PAJANOCHUCTEMaX C HEMIMPOKUM padodnM
nrara3zonoM. Jlydmie pe3yabpTaThl C TOYKH 3pSHMST ONTUMHU3AIMN [TapaMeTPOB MOTYT
obecrieunTh pPYMOpPHBIE AHTEHHBI C IMAJICKTPUYECKOM BTynkod (puc. 2.13, B).
[TogoOHBIE aHTEHHBI TO3BOJSIIOT CHHTE3MPOBATh MPAKTHYECKH JoOyro (opmy
TJIABHOTO JICNIECTKA JJarpaMMBbI M Bce OoJiee IIMPOKO NpUMEHSIoTcsi. OCHOBHBIE UX
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HeTO0CTATKHM TaKHe K€, KaK U y PYIOpPOB C KaHABKaMH: CJIOKHOCTb KOHCTPYKLIUH,
BBICOKHC Tpe6OBaHl/IH K TOYHOCTH BbIIIOJIHCHMNA, y3KPll>1 YaCTOTHBIN Juaria3oH,
HEBO3MOKHOCTH UCIIOJIb30BaHUA IPHU 6OHbU_II/IX MOIITHOCTAX.

Pynopnvie anmennvt ¢ usnomom obpasyroweti MOTyT OBITh KaK CHH(A3HBIMU,
Tak U pacazupoBanHbIM (puc. 2.13,r). CuHazHbIE PyIOPHI C H3TOMOM MO3BOJISIOT
MONyYUTh OCECUMMETPUYHYIO IHMarpaMMy HAIpPaBIEHHOCTH C HU3KUM OOKOBBIM
n3mydeHneM. OJHAKO OHM Y3KOIIOJIOCHBI M IO3TOMY NPHMEHEHHE HX OTPaHWYEHO.
PactasupoBaHHble pPYMOpBl ¢ HM3JIOMOM KOHCTPYKTHBHO MPOCTHI H  OOJIaaroT
XOPOIIMMH JJIEKTPHUECKUMH TIapaMeTpaMd B IMHMPOKoH monoce. OHM aKTHBHO
MIPUMEHSIOTCS B OTEYECTBEHHBIX PaANOPENIEHHBIX JINHHUSAX CBS3H.

OpuuM u3 HamOosnee S(PQPEKTUBHBIX M IKOHOMHYECKMX MyTeH yIy4IIeHUs
TIOMEXO3AIMUINCHHOCTH PYINOPHBIX AHTCHH ABJIACTCA YCTAaHOBKA 3a PaCcKpLIBOM
pynopa NMPOMMIAIbHOW WIM KOHUYECKOM HAcCaJKu, BHYTPEHHSS IIOBEPXHOCThb
KOTOpPOM TOKpbITa TorjomaomuM MaTtepuasoM. Ha puc. 2.14a moxaszana
KOHCTPYKIHWS YKa3aHHOW aHTEHHEBL re | —pymop, 2—mnacagka. Ha puc.2. 14,6

94 FlEab
-G
-20
-30
4 -60 - -20 50 20 ©,rras
Puc. 2. 14

CIUIOIIHOM JINHNWEH 0003HaUeHa HKCIICPUMEHTANIbHAS AUarpaMMa HalpaBICHHOCTH B
IJIOCKOCTH £ MUPOMUJANIBHOIO PYNOpa, a MyHKTUPHON — pymHopa ToH ke TeOMETpUI
¢ TorJIoImaromel Hacaakoil. M3 prucyHka MOXHO BHIETh BBICOKYIO 3()(heKTHBHOCTH
HacajKW, TPH OTOM 3aMETHOTO YMEHBIIECHHS KOI(QQHUIMEHTAa YCWICHHS He
MIPOUCXOIUT.

2. 4. 2. OcecuMMeTpHYHBIE 3e€pKaJHHBIC aHTCHHBI

JlaHHBIA Klacc aHTCHH MIMPOKO WCIIONB3YeTCs B CHUCTEMax CBS3HM W JPYTHX
paanocmyxbax. Hanbonee mpoctsl mapabonmmueckue (ITA), omHaKo MOTYYHTH B UX
packpbIBe XOpoOIlee paclpeAeieHde IOl TPYAHO. DTO a TakkKe yTedka MoJs
oOmyyarenss MUMO 3€pKaja M 3aTeHEHHWE pacKpblBa OIPE/CISIOT HEBBICOKYIO
MOMEXO03aIUIIeHHOCTh [TA. Heckonbko JTydlliie pe3yNbTaThl O YPOBHEO OOKOBOTO
H3Y4YCHHS] MOYKHO IOJYyYWTh TMPH HMCIOJL30BAHUH ABYX 3€PKaJbHBIX AHTCHH —
Kaccerpena umm I'peropm (JAK wmm JIAT). CkazaHHOoe OTHOCHTCS TaKXke U K
JIByX3€PKAJIbHBIM aHTCHHAM C MOJU(PHUIIMPOBAHHBIMH TMOBEPXHOCTSMH. 37eCh
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CJICAyCeT OTMETUTL, YTO O6I)ILIHO MO[ll/I(i)l/IKaLII/IH 3€pKaJI B TaKUX aHTCHHaX
MIPOM3BOJUTCS C IETbI0 OOeclieueHHs: MaKCUMaJIbHOW 3()()EKTHBHOCTH, NPH 3TOM
06111351 IIOMEXO03alIUIIICHHOCTD AHTCHHBI MOXKET )41 YXyAUIUTBCA.

Kak ormeuanoch, cymiecTByeT OOJBIIOE 4YHCIO TMPHYKMH, BBI3bIBAIOIINX
OOKOBOE  W3Iy4YCHHWE  AaHTEHHBI W YXyAMIAOMWUX TEeM  CaMbIM €€
MTOMEXO03aIIUIICHHOCTb.

Pecynapusie anepmypho-ougpakuuonnvie nenecmku, TO €CTh IICTIECTKH,
BEI3BIBACMBIC TOKAMH Ha pabodnX TOBEPXHOCTAX AaHTCHHBI, OMIpPEHCIIIOTCS
pacmpeneneHueM aMIUTUTYA U (a3 dTHUX TOKOB. UTOOB YMEHBIINTH MOOOYHOE
M3JTyYeHHe 3TOTO THUIIA, HaJ0 MoJo0paTh HEOOXOAMMOe paclpejesieHne TOKOB. Jliist
napaboIMYecKuX aHTEHH CO3JaHHe HEOOXOIMMOIO PACHpENeNICHHs TOKOB MOXKET
OBITH JTOCTHTHYTO TOJBKO IIPH HCIOJBb30BAaHMM MEPBHYHOTO oOOJIydarens co
CIeIMAJIbHON JuarpaMMoil HampaBJIeHHOCTH. WM MOTYT OBITH HCIOJIb30BaHBI
aHTEHHBI CO CIEIHaIbHBIM KOHTYPOM 00pes3a.

Paccesinue sunepeuu na obnyuarouem ycmpoicmee u e2o KpenieHuy Kaxk 10
MOJII0 O0JTydaTelsd, TaK M 1O TOJIO 3epKajia MOXET OBITh 3HAUYNUTEeNBFHBIM. MeTomIoM
GOpBOBI C yXyIIMIEHNEM OMEXO3AIIUIIEHHOCTH H3-32 YKa3aHHOTO (aKTopa SBISIETCS
BEIHOC ~ OoOmywarenss W3  amepTypsl  aHTEHHB, TO €CTh  Iepexox K
HEOCECUMMMETPUYHEIM aHTCHHAM.

Ilepenusnvie nenecmxu, onpenenseMble YTEUKOH OIS 00IydaTeis, OKa3bIBalOT
OTPHUIIATENEHOE BIMSHUEC HAa TOMEXO3AIIUIICHHOCTh AHTEHHBL. OTH JICTIECTKH
YCTPaHSIIOTCSI YCTAHOBKOM JIONMOJIHUTENBHBIX 3KPaHOB B BuUje (raHIeB wiu OneHp,
MepexXBaThIBAIOIIMX TPsIMOE TONe OoOJydaTeds WIM oOiydaroumied CHUCTEMBI.
Jocrarouno 3¢ pekTHBHOE MMOJABICHHE YPOBHS MAIBHIX OOKOBBIX JICIECTKOB MOYKET
OBITh JOCTHUTHYTO YCTAaHOBKOM Ha KPOMKE OCHOBHOIO 3epKajia WM cyopediiekropa
IIENIEBOTO JKpaHa B BHJE ABYX IMiacTuH (puc. 2. 15,a). 3aocTpeHne KOHIIOB TOJOC
9KpaHa YMEHbBIIACT TU(PPaKIIHOHHBIE 3(P(PEKTHI B IUIOCKOCTH TTOIaBICHUS.
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[TomaBuTh W3NTy4eHHE B 3aJaHHOM HANPaBICHUM MOJXKHO, HCIIONB3YS
JOTIONTHUTENbHBIE oTpaxkaremn 1 um 2 (puc. 2.15,6, B). B o0omx ciyuasx
KOMITCHCAITHOHHBIN OTpa)kaTeTellb BO30YKIACTCS TI0JIeM U3ITydaress, IpHYeM pa3Mephl
OTpa)kaTelslsl ¥ ero0 MECTOIOJIOKEHUE MOAOUPAIOTCS SKCIIEpUMEHTaNIbHO. Ha mpakTike
KOMITCHCAllMOHHbIE OTPaXaTelnn YAOOHO YCTaHAaBIMBAaTh Ha KPOMKE 3epKaia.
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Ciexyer uMeTh B BHAY, YTO HMHTETPAJIbHAS [TOMEXO3ALIMIICHHOCTH aHTEHHBI IPH
TaKOM CII0CO0€ TIOABICHUS M3ITYYCHUS YXYALIASTCS.

Ha puc. 2.15.r m300pakeH pacKpblB aHTCHHBI C IUIACTHHAMH S; U Sy w3
panuoHernpo3payHoro Mmarepuana. [1o160poM pasMepoB IIACTHH W UX MOJ0KEHHS
MOYKHO ITOJIaBJISITh YPOBEHb TOIO WIIM MHOTO OJIMKHETr0 OOKOBOTO JIETIECTKA.

OcecHMMETpHYHOE MOAABIICHHE GOKOBOTO M3IIyYEHHS MOXKHO OCYLIECTBUTH C
ITOMOIIIBIO KOJBIEBBIX 3aTCHSAIONINX dKpaHoB (puc. 2.15, m). OueBuIHO, YTO MOTEPH B
3¢ (GEeKTUBHOCTH B 3TOM ciIydae OyayT Oojiee 3HAUUTETbHBIMU.

2.4. 3. MeTopl yydllIeHus TOMEX03alUIIIEeHHOCTH aHTEHH B 33 JHEM
MOJIyIPOCTPAHCTBE

Jannas mpoGrneMa ¢ TOYKM 3peHHs IOMEXO3aIlUIIEHHOCTH BaKHA JUIs
panuopeneiHbIX JIMHUN, I7le HeoOXOAMMO o0ecredyuTh BO BCEH TEHEBO# o0macTu
ypoBeHb u3nydenus Ha 20 - 30 a1b HKe U30TPOMHOTO. METOIbI CHIYKEHUS TEHEBOTO
W3JTyYeHHs] BKIIOYAIOT CIIEIYIONIME: YMEHBIIEHHUE YPOBHS BO30Y)KAEHHS KPOMKH U
T PaKIIMOHHON CHOCOOHOCTH KPOMKH, JIOTIOJTHUTEIBHOE 3aTeHEHHe
T (PaKIMOHHOTO TI0JIs, KOMIIEHCAIHS TI0JIEH KPOMKH, pac(a3upoBKa MOJIEH KPOMKH.

YMeHbIICHHE YPOBHS  BO30YXKIAIOIIETO KPOMKY TIIOJISI MOXET OBITh
OCYIIECTBIEHO JHOO CO3JaHWEM B PACKpPBIBE CIENHAIBHBIX paclpeleleHui, Iroo
HaHECEHNEM IOTJIOMIAIONINX MaTepHajIoB Ha pabodyIo OBEPXHOCTh 3epKaIa, IPHYEM
B 000MX Cilydasix MagaeT yCWIeHHe aHTeHHBI. JlocTaTodHo 3((eKTHBHO IMOKPHITHE
MOTJIOTUTENIEM BHYTPEHHEH MOBEPXHOCTH MWIMHApPHYecKoW OmeHnel. [lpm 3TOoM
CYIIECTBEHHO OCNIA0IIeTCsl YPOBEHbD MOJIA OT aHTEHHBI Ha KPOMKE OJICHIBI.

i :

Wit

A, e

W 3 H
Puc. 2. 16

CoOTBETCTBYIOIIIEC KOHCTPYKIIMY aHTSHH TIPEICTaBIICHBI Ha puc. 2.16:
1. B psage ciyuyaeB nemecooOpa3sHO HCIIONB30BAHME CKPYTJICHHS KPOMOK, HpPUMEp
oKa3aH Ha puc.2. 16,a.
2. JludpakunoHHOE H3Iy4YEeHHE KPOMKH MOXKET OBITh CYIIECTBEHHO YMEHBIIECHO,
€CJIM TIepeXoJl OT MeTaia K CBOOOJHOMY MPOCTPAHCTBY BBIITOJIHUTD IUIABHBIM, TO
ecTh nepedepuiiHyto 001aCTh AaHTEHHEI CJIeNaTh MOMyNpo3pauHoi (puc. 2. 16,6).
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3. DdodexruBHOE ocnabneHue TUPPAKIMOHHOTO TIOJSI KPOMKH MOXET OBITh
JIOCTUTHYTO MCHOJIb30BaHUEM JJMCKOBBIX METANIMYECKHX 9KpaHOB (puc. 2.16, B).

4. Ecmm npoduip 5KkpaHa BBINOJHUTH MapabONMUecKMM ¢ (DOKYCOM Ha KPOMKE
aHTeHHHI (puc. 2.16,T), TO OTpakeHHOE OT HEro MoJie OyAeT CKOHIIEHTPUPOBAHO B
OKPECTHOCTH IIABHOTO JICTIECTKA aHTCHHBI U €T0 BIUSHUE OyIeT He3aMEeTHBIM.

5. KommeHcanust AU(QpakIHOHHBIX IMMOJEH KPOMKH MOXET OBITh OCYIIECTBICHA C
MTOMOIIBIO IIIENEBOTO dKpaHa (puc. 2.16,7), IpH OMpEeNeNeHHBIX pa3Mepax ero
IuGpakKIUOHHOTO TONg Ha Kpomkax A, B, C koMmeHCHpYIOT IOpyT Ipyra B
Hanpasjienny @ = 0.

6. DdQeKTHBHO HCIONB30BaHUE IIEJICBOrO SKpaHa COBMECTHO CO CIUIOUIHBIM
JIMCKOBBIM 3KpaHoM (puc. 2.16,e).

7. TlomaBieHWe TEHEBOTO M3JIy4YeHHS pac(a3supoBKOW JUPPAKIHOHHBIX MOJeH
KPOMKH CO3/]aeTCsl IPUMEHEHNEM TaK Ha3bIBaEMBIX CKOLIEHHBIX OneHn (puc. 2.
16,x).

8. VHTeHCHBHOE MOJaBIICHWE HM3IYYEHHs B 3aJHEH MOJYIUIOCKOCTH MOXET OBITh
OCYLIECTBIICHO C TIOMOLIBIO 9KpaHa (WM (IaHma), COCTOSIIEr0 M3 JABYX
noyaquckoB (puc. 2.16,3X pa3Mepsl KOTOPBIX MOJOOpaHbI TAKAM 00pa3oM, 4TO
JudpakIMOHHbIE MO OT BEPXHEro MOJyJHCKa CIBHHYTHI O (ase Ha yrodi J 1o
OTHOIIEHHUIO K II0JIAM OT HikHero nonyaucka (AK; - BK; = L/2).

9. OmpeneneHHBI HHTEPEC MPEACTABISAIOT YCTPOHUCTBA C IDIAaBHOHM pacda3mpoBKOi
IU(paKIMOHHBIX ToJied Ha Kpomke. Tak , ecnu oOpe3 KDOMKH BBINOJHEH II0
cimpanu (puc. 2.16,u), To dasa mosei B manpasnennn ® = Ousmensiercs mo
3aKoHy € ¥ (s p = | MMeeT MecTo MojHas pac(a3HpoBKa).

10. OcoObIif MHTEpPEC MPEACTABIAIOT MHOIOYTOJBHBIC SKPaHbI, KOTOpbIC Hamboiee
LenecooOpa3Ho HUCIOIb30BaTh B BHUJE (aHIa Ha KPOMKE aHTEHHBI. XOpOIIHe
pe3ynbTatbl MOTYT OBITh TOJY4YEHBI, €CIM BBHIMOJHUTH OKpPaH B BHJE
MHOTOYTOJIbHO# 3Be3/bI (puc. 2.16,k). [Ipu 6ombimux N (YUCI0 yIioB) 3Be3q4aThie
9KpaHbl 00ECIIeYNBAIOT HHTEHCHBHOE M IIMPOKOYTOJIEHOE TTOJIaBJICHNAE M3TYYCHHS,
IIpUYeM 4eM O0oJIbIle JMaMeTp aHTEHHBI, TeM OOJIbIIe JOJDKHO ObITh 3HaYeHHE N.

2. 5. BriHeceHHbBIE 3aIUTHBIE YKPAHbI

Beiie 1octaroyHo MOAPOOHO OOCYKAAINCH PA3IUYHBIE METOJbI CHIDKEHUS
OOKOBOTO M3JTy4YECHUsI AaHTEHH KaK BO BCEM MPOCTPAHCTBE, TaK M B OJTHOM MU 3apaHee
M3BECTHBIX HECKOJBKUX HAPaBICHUSIX.

[TocnenHio0 3a1a4y MOXHO TaK)Ke PEIINTh U MHBIMH METO/JaMH, a HIMEHHO, C
MTOMOIIBI0 BHIHECEHHBIX 3aIUTHBIX JKPAHOB, PACIHOIOTaeMBIX ITIepel aHTCHHOW IT0
HaTpaBJICHUIO Memmatoriero curaana. ClieayeT OTMETHTh, YTO Hes IPUMEHEHHUS
3aIIUTHBIX KPaHOB Ui TOHABIICHUS M3IYUCHHS B HEKEIATEIBHBIX HAIIPABICHHUIX
JIaBHO U IUIOJOTBOPHO MCHOJB3YETCSA B AHTEHHOM TeXHUKE. Tak, MOXKHO YHOMSHYTb O
3amuTHOM okpaHe s PJIC. Hampumep, mnomoOHBI skpaH BbicoTOH 30 M,
pacnosiokeHHbli Ha pacctosHun 150 M ot PJIC, ocymiecTBisieT moaaBiieHUE
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oTpakeHHOro OT 3emuu nmyda Ha 20 nb [ 5 ]. 'poMO3AKOCTh MaHHBIX KPAaHOB,
CTOMMOCTh KOTOPBIX HEPEIKO COM3MEpHUMa CO CTOMMOCTBIO CaMOW aHTEHHBI HIIH
MIPEBBIIIAET €€, 3aCTaBIISIET MCKATh 00JIee IIPOCThIE M SKOHOMUYHBIE PEIICHHUSI.

Kombiesoit JKpaH. Moxer
CYIIECTBEHHO YCHJIMThH I0J€ B HalpaBlICHUU
OCH CHUCTeMBI HU3-3a Hanuuusg 30H PpeHens,
JUIS YCUJICHHS JTOJDKHA OBITH BBIOpaHa BTOpast
30Ha. VICTOYHHMKOM H3Iy4YeHHS CIY)KUT caM
skpan (puc. 2. 17). Ilpu mpyrux pasmepax
9KpaHa MOXKHO TIOJyIHUTH 0OpaTHBIN 3 hexT—
IyOOKOE TT0IaBIICHHUE M3y ICHUS.

CexropHnblii 3kpaH. [TokasaH Ha puc. 2.
18,a. Pagmyc cekTopHOro 3KpaHa JOJDKEH OBITH paBHBIM PaANyCy IEPBOI 30HBI
Openens. B camom gene, ecian cyMMapHOE TT0JIe H3Ty4eHHs Bcex 30H Ppenens,
HayuHasi co BTOPOM, JaeT BKJIaJ, paBHbIN - [J,, a Bkiiag nepBoit 30H6I DpeHers paBeH
+ 2U,, To 1OCTaTOYHO 3aTE€HUTH TIOJOBHHY
TIepBOH 30HBI, YTOOBI IOJITYYUTh HYJICBOE 3HAUEHHE PE3yIbTUPYIOMIETO TI0JISl Ha OCH

6

Puc. 2.

cucrembl. [ToaToMy paboTOCTIOCOOHBI M APYTHe MOTU(HUKAIMH CEKTOPHOTO IKpaHa,
HampuMep, IoKa3aHHbIe Ha puc. 2. 18,0, B, T.

[IleneBoit skpaH. Pacnpenenenue momust
3a DKpaHOM C 3aJaHHbIMH NapameTpamu (puc.
2.19), mnpu ycinoBuM BO30YXAEHHS €ro
IUIOCKOM BOJIHOM, MOKHO paccuuTaTh IO
(hopMyiaM, KOTOPBIC BBIBEACHBI AHATUTUICCKU
[ 5] . IIporsmxkeHHOCTH TONOC JKpaHa 37eCh
NPUHATHL OeCKOHEYHbIMHU. {1 yMeHbIIeHHs
Iudpaknnd Ha OOKOBBIX KPOMKAx dJKpaHa B
ClTydae KOHEYHOH MPOTSHKEHHOCTH TOJIOC, YTO
NMEET MECTO Ha NPAKTHKE, HMX BBIITOIHSIIOT
CKOIIICHHBIMH.

(DI/I! YPHBIC 3alIIUTHBIC SKPAHbL. I'Ipl/l

BO30YKJIEHUM 3KpaHa c(hepudecKoil BOTHOM
MHTEHCHBHOCTb I10JISI HA OCH 32 DKPAHOM MOXKET OBITh OIpejeeHa 0 GopMyiIam.
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TaKKe IOJYYeHHBIM aHamuTHdeckh [ 5 ]. PaccMOTpeHO TATH pasiUyHBIX
KOH(UTypauuii 5KpaHoB, KOTOpble n3o0paxensl Ha puc. 2. 20. [lpodumu  3kpaHOB
3aar0TCst 100 (yHKIMEH, 1100 ypaBHEHHEM, THO0 CUCTEMOH ypaBHCHHH.

a

Ha puc. 2. 21 B kauectBe mnpumepa
IIyHKTUPHOHN JHMHMEH IOKa3zaHa Auarpamma
HaNpaBJIeHHOCTH pPYINOPHOH aHTEHHBI C
packpbiBoM 24 x 2X.CIUIOIHOI TMHHEH-
JarpaMMa TOH >ke pyIOpHOW aHTEHHBI , HO
¢ o9kpanoMm Tuma "B" Ha puc. 2. 20,
YCTaHOBJIEHHBIM Ha paccrosaun 20 A

nepen Heit. Kak BugHO U3 rpadukoB 3KpaH

THUIA BOCBMEPKH obecrieynBaeT
3¢ (GeKTUBHOE  TOJABICHHE  HU3IYUYCHHUS:
[INPUHA npoBaja B JarpaMme

HaIpaBJIEHHOCTU 1O ypoBHIO -15 u -10 nb
COCTaBJISIET COOTBETCTBEHHO 10° 1 16°.

YcTaHOBKA 3alIUTHOTO SKpaHa Ha MPAKTUKE MO3BOJISIET CYIIIECTBEHHO CHU3UTh
YpOBEHb IOOOYHOTO W3Iy4YeHUs] aHTEeHHBI (ocobeHHO c3aam). Ilpu mocraTodHO
OOJIBIIIOM pacCTOSHUM OT pyMHopa A0 DKpaHa ero IOBEpXHOCTh INPAaKTUYECKH HE
3aTEHSET 36PKaJIO AaHTCHHBI.

MHOTOCBSI3HbIE 3aIIUTHBIC 3KPaHbl. PacCMOTPEHHBIE BBIIIE 3aMIUTHBIC KPaHBI
HUMEIOT HEJOCTaTOK: CEKTOP IMOJABICHHS W3ITyYCHUS] CPABHUTENHHO HEBENIHK. OTO
00CTOATENBCTBO 3aTPYAHSACT MX WCIIONIB30BAHUE [UIS 3AIIUTHI OT BO3JICHCTBHS MOMEX
aHTeHH C OospiMM packpeiBoM. C IEIbI0 PaCIIUPEHHUs] CEKTOpa IOJaBICHUS
H3JIYYCHU UCTIOJIB3YIOTCA MHOT'OCBA3HBIC OKPAaHbI.

MHO20KONIBYe6oU  3auwumnbiti okpan. OH cocTouT u3 N paJHOHENPO3pauHbIX
KOHIIGHTPUYECKUX KOJIeL], BHyTPEHHUE U BHELIHUE PaJIUyChl KOTOPBIX PaBHBI Pni U Pr2
cootBercTBeHHO(pHC. 2. 22.m).CymectBytoT Qopmynsl [ 5 ], IO KOTOPBIM MOKHO
ONpPENENUTh paclpeAeiIeHre HOJII 32 DJKpaHOM, OO0Jy4aeMbIM HCTOYHHKOM
cepryeckoll BOJHBI, PAacIOIOKEHHBIM Ha paccTosHMM R,. OT IeHTpa >paHa.
MHOTOKOJIBIEBBIM PKpaHaM CBOMCTBEHHAa MHOTO3HAYHOCTh BEIOOpA PAIIMYCOB Pni U
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Pr2 "DTa M30BITOYHOCTH MOXET OBITh HCIOJIb30BaHA JUIS INPUJAHUS HAIpaBICHHBIM
CBOWCTBAM CHCTEMBI JIOTIOJHUTENBHBIX BO3MOXHOCTEH, B YAaCTHOCTH pacCIIMPEHHs
CEeKTOpa IMOJIaBIICHHS.

Mnuoeowenesoii sxpan. Kondurypanusi 1aHHOTO THIA 3KpaHa IpHUBEJCHA Ha
puc . 2. 22,5. OH AOCTAaTOYHO JAWala3oHe M 00ecHedYrBaeT CYIIECTBEHHO Oosee
LIMPOKUH CEKTOP MOJIABJICHUS 3Ty YEeHUSL.
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Puc. 2. 22

OkpaH 3 _(azocasuraroniero marepuana. OOBIYHO BBIIONHACTCS W3
pagHonpo3pavHoro MaTepuaia, GpazoBasi CKOPOCTh BOJH BHYTPH KOTOPOTO OTJIMYHA
OT CKOpOCTH cBeTa. KOHCTPYKIIMM 3TOr0 3KpaHa OBIBAIOT Pa3iIMYHBIMH, HO Yalle
BCero oH 0()OpMJICH B BUZE KPYTJIOTO JAMCKA.

PaccmoTpeHHBIE  BBIIIE  BBIHECEHHBIE  3alUTHBIE  OKPAaHbl  HaXOIAT
pasHooOpa3Hoe mpuMeHeHne. OfHa M3 BO3MOXKHBIX O0JIACTEH WX WCIONB30BaHUS -
MOIaBJICHUE U3JIyYEHHs 3epPKaJIbHBIX aHTEHH B TEX HAINPaBJICHUSX, B KOTOPBIX I10JIE
MPAKTUYCCKHU IMMOJTHOCTBIO OMPEACIIACTCA TTOJIEM HU3JTYyYCHUS 06nyanenﬂ AHTCHHBI.

3. S(KPAHUPOBAHUE DJIEKTPOMATHUTHBIX ITOJIEN

1 T

3.1. UcxonHbie cooOpaXkeHus

OKpaHHpOBaHWE  SIBIACTCS  KOHCTPYKTOPCKAM  CPEACTBOM  OCNAOIeHHS
JIEKTPOMAarHUTHOTO TIOJII TOMEX B IIPEAETaX OMNPEIEICHHOTO IPOCTPAHCTBA M
MIPeAHA3HAYCHO JUTS YBEIMYCHUS IIOMEXO03aIUIIeHHOCTH U obecrieuenns OMC POA.
KoHcTpykimuy, peanusyronye yKa3aHHble TpeOOBaHUs, HA3bIBAIOTCS DKpPaHAMH.
DKpaHbl NMPUMEHSIOTCS KaK JUIS OTJENBHBIX DJIEMEHTOB, (PyHKIMOHAIBHBIX Y3JIOB,
OJIOKOB ammapaTypsl, TaKk W ISl PaJHOdJIEKTPOHHBIX YCTPOWCTB B LEJIOM, KOTOPBIE
MOTYT OBITh JIMOO WCTOYHHKAMH, JUOO pelenTtopaMyd MOMeX. IJKpaHUPOBaHUE
siBJIsieTCs OMHUM U3 3 (eKTHBHBIX cpeacTB 3aumThl POC u anmaparypsl OT AeicTBHs
MOIIHOTO ~ AJIEKTPOMArHUTHOTO H3JIy4eHHs, BO3HUKAIOLIETO IPHU AaTOMHBIX U
TEPMOSZICPHBIX B3PBIBAX, a TAKKE OT M3ITYyUCHUSI PaJHOJIOKAMOHHBIX YCTAaHOBOK.
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paboTammMxX B UMIIYJIBCHOM pexknMe. HeoOXoAnMOoCTh SKpaHHPOBAHUS HOJDKHA
OBITh O00OCHOBaHa W pAcCMaTPHUBATBCS TOJNBKO IOCIE TOTO, KaK IIOJIHOCTBHIO
HcYepIiaHbl KOHCTPYKTOPCKUE METO/bI ONITUMAIbHON KOMIIOHOBKH aIllaparypsbl.

B oOmem ciydae neficTBHe 3JICKTPOMAarHHUTHOTO OJKpaHA KakK JIMHCHHOM
CHCTEMBI XapaKTCpU3yeTcs CJICayroIumMu OCHOBHBIMU napaMeTpamMu n
XapaKTePUCTUKAMHU.

Koaddumment sxpanupoBanms K, mpexncraBiser co0oil  OTHOIICHHE
HANPsHKEHHOCTH AJIeKTpudeckoro E; wim mMarautHoro H; momst B kakoi-nmmbo Touke
3alMIIAEMOT0 NPOCTPAHCTBA MPU HAIMYMK SKpaHa K HampsbkeHHoctd E; umum H
BO3JIEHCTBYIONIETO IOJIS B TOM K€ TOUKE MPU OTCYTCTBUU dKpaHa

s
K =Ke= Ey/Ey wm K, = Kg-m.H /H,
-

Ha npaktuke pfeiicTBMe OKpaHa MpPHHSATO  OLEHHMBaTh  A(PQPEKTUBHOCTHIO
9KpaHUPOBaHU (3KpaHHBIM 3aTyXaHueMm) [ 3 |

"A=20lg | 1/K, 1 =20lg | E2/E, |, 5B,

O heKTHBHOCTh IKPAHUPOBAHUS SKpaHa KaK JMHEHHOM CHCTEMBI OCTaeTCs
HEU3MEHHOH HE3aBUCHMO OT PACIIOJIOKEHUS MOMEXOHECYIIEro JJIEKTPOMarHUTHOTO
HoJIi BHYTPH WIM BHE 3KpaHa. PaccMOTpeHHBI mpHHOMI OOpaTHMOCTH SKpaHa
MO3BOJIIET TPH pacderax 3PPEeKTUBHOCTH SKPAHUPOBAHUSA B CIIydae HEOOXOIMMOCTH
MEHATb MECTaMU HCTOYHHUK M PELENTOP 3JIEKTPOMArHUTHOTO OIS,

DNEeKTPOMAarHUTHBIA JKpaH OJIHOBPEMEHHO C BBHITIOJHEHHEM OCHOBHOM
GyHKIMM, TO ecTh OCJIaOJeHUs MOl TIOMEX, OKa3blBaeT BO3JCiiCTBHE Ha
COOCTBEHHBIE MTApaMeTPHI 1ieNeil 1 KOHTYPOB DKPaHHPYEMOro 00BEKTa, YTO CBS3aHO C
nepepacrnpeneneHueM 3JIeKTPOMAarHUTHOTO IIOJIT TP yCTaHOBKE OJKpaHa. ITo
BJIMSIHUE OIIEHMBACTCS C MTOMOIIbI0O KOA(PQUIIMEHTa Peaknnuy 3KpaHa, Moa KOTOPhIM
MIOHUMAETCsl OTHOIIECHHUE HAIIPSHKEHHOCTHU 3JeKTpHdecKoro Eqr, mimm marautHOTO Horp
OTPaXEHHOTO TOJS B KaKOH-TMO0 TOYKE MPOCTPAHCTBA IMOMEXOHECYIIEro MO MpU
HaJIMYMHU DKpaHa K HalpsDKEHHOCTH Bo3JelcTByroniero nosst E mim H B Tol ke Touke
IIPU OTCYTCTBHU JKpaHa

P=Ew'E mm P = Hyp'H

[MomunanbHoe 3HaueHue 3(H(GEKrMBHOCTU IKPAHMPOBAHUS PACCUMTBHIBACTCS HCXOJs
nus3 Tpe6yeMoro IMOJaBJICHUSA QJICKTPOMAariuTHBIX IIOMEX u OINPECACIIACTCA
KOHKPETHBIMH  YCJIOBMSIMM IIPDOEKTHpOBaHMs anmnaparypbl. Ho  HalineHHOMY
3HaueHHI0 S((GEKTHBHOCTH OSKPAHUPOBAHHS, a TaKkKe C YYEeTOM JOMYCTHMbIX
NpEeNeNioB HM3MEHEHUs MNapaMeTPoB DKPAHHPYEMBIX DJIEMEHTOB  ONPEACIAIOTCS
MaTepHai, eOMEeTPUYSCKHe pa3Mepbl SKpaHa M YCIOBHS pa3MEIICHHUs 3JIEMECHTOB
BHyTpH Hero. [Ipm sTOM HeoOXoaWMO HWMETh B BHAY, 4YTO 3(PPEKTHBHOCTH



38

9KPaHUPOBAHUS B 3HAUUTEIHHON CTETICHN 3aBHCHUT OT HEOJHOPOIHOCTEH M Pa3phIBOB
9KpaHa, BO3HUKAIOIIHX 3a CUET CBapHBIX IIBOB, COCAMHEHUH, OTBEPCTHH H T. 1.

[Tomumo oGecnieyenus 3aaHHON 3(PGEKTUBHOCTH U KOI(PHHUIIMEHTA pEeaKuy K
9KpaHy MOI'YT NPEABSIBISATHCS JONOJHHUTENIBHBIE KOHCTPYKTOPCKHE TpeOOBaHMS,
CBSI3aHHBIE C OCOOCHHOCTSIMU MPOEKTHPYEMOH armapaTyphl.

1. DkpaH sBIsETCS BHEIIHHM KOXKYXOM aIlliapaTypbl U coriiacHo obdmemy T3 mpu
€ro TMPOEKTHPOBAHMU MJOJDKHBI YUUTHIBATHCS TPeOOBaHHS HOPMAaJIBHOTO
TEIJIOBOTO PEXHMa, TMbUIe- M BJIAro3allUIIEHHOCTH, YCTOHYMBOCTH K
BUOPALMOHHBIM W yJapHBIM Harpys3kaM, O3prOHOMHKH, TEXHOJOTHYHOCTH
KOHCTPYKIHUH U T.JI.

2. DKpaHHPYIOTCS OTHENbHBIC 3JIEMEHTHl M Y3JIbl amlmaparypsl, GopMa U pa3Mepbl
KOTOPBIX OMNPEACIAIOT KOHCTPYKUIMIO OSKpaHa. IIpm 3TOM 3KpaH IOIDKEH
KOMITOHOBAaThCSI B OOIIEM YCTpOICTBE M 00ecIeunBaTh HOPMAIbHBINA TEIUIOBOH
PEKUM, TEXHOJIOTHYHOCTh KOHCTPYKIMH, PEMOHTOIPUTOAHOCTD H T. .

3. DKpaH NpPOEKTHUpPYETCS KaK CaMOCTOSITEIbHOE COOpPYXKEHHE sl 3aIUTHl OT
BHEIIHUX  OJEKTPOMAarHWTHBIX  MOJEeH  WIM  JIOKAUIM3AIMK  IEJIoro
PaaNOdIIEKTPOHHOTO KOMILIIEKCa, MPOBE/ICHNUS CIEIMATBHBIX
PaJHOTEXHMYECKUX U3MEPEHUH B YCIOBHAX, OJNM3KHX K YCIOBHSM CBOOOJHOTO
MPOCTPAHCTBA, a TAK)Ke VI HACTPOMKU M PETryIMPOBKH amapaTypsl.

3. 2. Xapakrep 2JeKTPOMAarHUTHBIX MOJIEH KaK HCTOUHUKA ITOMEX

B obmem ciyuae ¢yHkipoHaneHble y3isl POC MOXHO TpEICTaBUTH B BHUIE
COBOKYIIHOCTH JIEMEHTAPHBIX 3JEKTPUIECKUX U MarHUTHBIX n3iaydaTeneid. [Ipu stom
MEKTPUUECKUMH ~ M3IyYaTesIMH  SIBIISIOTCSL eI amlmaparypsl € BBICOKHM
HanpsHKEHHEM M MalbIM TOKOM, & MarHUTHBIMH HM3JIy4aTelsIMA — IIEMH C OOJBIINM
TOKOM W MaJOH Pa3HOCTHIO MOTCHIHANOB. [IpakTHUECKW TOKHM, MPOTEKAIOIINE IO
STHM 3JEMEHTAapHBIM M3Iy4aTelsiM, MOTYT HMETh CIIOXKHYIO 3aBHCHMOCTH OT
BpemeHu. OnHaKO HAa OCHOBAaHMM NPHUHIMIA CYNEPHO3UIMHU OyaeM CUuTaTh, YTO
W3TydaTend  BO30OYXKHAIOTCS  CHHYCOMJAIBHBIMH  TOKaMH,  SBJISIOIIMMUCS
rapMOHMKaMH OOLIEr0o TOKa MW JCHCTBHE KaXIOH TapMOHUKH JIOMYCTHMO
paccMaTpuBaTh OTAEIBHO.

ITomexoHecyle AIEKTPOMAarHUTHBIE MOJS CO3JAIOTCSI TOKAMHU CMEILEHHUS,
BO3HMKAIOIIMMHU 3a CYET PA3HOCTH IMOTEHIMAJIOB MEXIY JIEMEHTAaMH KOHCTPYKIHU
(anexTprveckuii BUOpPATOpP) ¥ TOKAMH MPOBOJAUMOCTH, TEKYIIMMH MO 3TUM JJIEMEHTaM
(MarHUTHBIA BHOpaTop). AMIUTMTYIBl 3THX HOJEH MNPONOPIHOHAIBHBI Pa3HOCTH
MOTCHIIMAJIOB M TOKAaM TPOBOAMMOCTH M B  OKPY)KAIOIIEM MPOCTPAHCTBE
CKJIaJIBIBAIOTCS C YUETOM (a3 M HampaBIeHHUi [ 6 ].

Kak moka3aHo B Kypce OJEKTpOAMHAMHKH, Ha PAacCTOSHHM OT MecTa
U3Iy4YeHHs, OOJbIIEM Ao (IaNbHsIs 30Ha), 00pa3yeTcs MIOCKas OJHOPOIHAS BOJIHA, Yy
KOTOpOi B mo0oi Touke mpoctpanctea Bektopel B w H cundasubi,
MepHEeHANKYJISIPHBI IPYT IPYTY U HAPaBICHUIO U3Jy4YeHus, a oTHolueHue £/ H
PaBHO XapaKTEPUCTUUYECKOMY CONPOTHUBICHUIO cpenbl (Bo3ayxa) 7. 120 n
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VMHTEeHCUBHOCTh 3TOTO MOl HPH TapMOHHYECKHMX KOJIEOAHMSAX YBEINUUBACTCS
MPONOPIMOHANIBHO YacTOT€ M YMEHBIIAETCS IPONOPIHOHAIBHO PACCTOSHHUIO 1O
MecTa M3JIy4eHHs T

Ha paccTosiHun T < As ¢ 2% (OIMOKHAS 30Ha) 3aMETHO YBEIMYUBAIOTCS

OTHOCHTENILHO JPYIHX COCTABJSIOUIMX PaJHalbHbIe COCTABISIONINE JIEKTPUUECKOTO

nons E. (anexkrpuueckuit BuOpatop) 1 MarHuTHOTO 11oJist Hy (MarHuTHBII BHOpaTop),

B CBSI3H C YE€M CTPYKTYypa I0JIsl CHIIBHO MEHSETCSl 1 HaYMHAET HAIlOMHHATh CTPYKTYPY

CTaTUYECKOTO 3JIEKTPUYECKOI0 ¥ MAarHUTHOTO MOJEH COOTBETCTBEHHO. AHAIN3UPYS

YpaBHEHHUsI JUIS 3JIEMEHTapHOTO OJIEKTPHYECKOTO BHOpaTopa W MAarHUTHOTO

BHOpaTOpa, MOXKHO CIIENIaTh CIIeIyIOIIHE BHIBOIBI:

1. Tloms OmwKHEH 30HBI DSJIEMEHTAPHOTO JIIEKTPHYECKOTO H3IIydarels |
3JIEMEHTAPHOTO MAarHUTHOTO M3JIydaTels CYIIECTBEHHO HEPaBHOMEpHBI, a HX
WHTEHCUBHOCTH OBICTPO yOBIBaeT ¢ paccTossHHEM (0OpaTHO MPOIOPIIHOHAIBEHO
KyOy ¥ KBapaTy PacCTOSHUS).

2. Cocrapnsonye HanpsHKEHHOCTH JJIEKTPUYECKOT0 W MAarHUTHOTO TMOJed B
6mmkHel 30He caBuHYTHI 1o ¢ase Ha 90°. Tlostomy Bektop IloiiHTHHTa
OKa3bIBa€TCsA YHUCTO MHHUMBIM CO Cp€AHUM 3HAYCHUEM pPAaBHBIM HYIIIO, H,
CJIeIOBATENILHO, PACCMATPUBAEMBIE TTOJIS SIBJISIFOTCSI peaKTUBHBIMU. B pesynbraTe
MIEpEeHOC TIOMEX B OJIMDKHEH 30HE MPOUCXOINT 3a CUET SBJIEHHH AIIEKTPHUUECKOM 1
MarHUTHOM WHTyKIWH.

3. BOmm3u 3JIEMEHTapHOTO IIEKTPUIECKOTO N3ITydaTems co3JaeTcs
3JIEKTPOMArHUTHOE TI0JIe, OCHOBHAs JHEPIUs KOTOPOTO COCpEeNOTOYEeHa B
JMEKTPUIECKON COCTABIIONICH (IIEKTPUIECKOE TI0JIe).

4. Xapakrepuctudeckoe conporuBienue cpenpl  (Zg) B OmmkHel  30HE
JJIEMEHTAPHOTO dJIeKTprdeckoro usnydarens: Zg = Eg/ Hy = 1/ jog,r.

5. BOmm3u 31eMEHTapHOTO MarHUTHOTO M3TydYaTeNs CO3JAaeTcs IEKTPOMATHUTHOE
ToJie, OCHOBHASI SHEPIHsl KOTOPOTO COCPENIOTOUYEHA B MArHUTHOW COCTaBIISIIOIIEH
(MarHuTHOE TIOTIE).

6. XapakTepuCTHYECKOE CONpOTHBiIeHHE cpeabl (4m) B OmmKHEHd 30HE
SIIEMEHTAPHOrO MATHUTHOTO u3nydaress: Ly = Fa/ Hy = = jou,r.

7. XapaKkTepuCTHYECKOE  CONPOTUBIICHHE  Cpelbl Ui DJIEMEHTapHOTro
JJIEKTPUYECKOTO u3nyyarens Zg C YBEIMYCHHUEM pacCTOSHHUS OT HETO
YMEHBIIACTCS, a  XapaKTEPUCTHYECKOE  CONPOTHBICHHE  CPelabl  JUIA
3JIEMEHTApPHOTO MAarHUTHOTO M3JIy4atels Zy yBelIn4uBaeTcs, U 00a CTPEeMSTCS K
3HAYEHUIO Zgo = 120 %, JocTHras ero B manbHel 30HE mpH > Ay / 21, Tae
CTPYKTypa TOJIeH TpeoOpa3yercss B CTPYKTYpY MOJS IUIOCKON BONHEIL [padux
3aBHCUMOCTH Zg U Zy OT pacCTOSIHAA AaH Ha puc. 3.1.

B cootBeTcTBMHM C PacCMOTPEHHBIMH OCOOEHHOCTSIMH 3JICKTPOMAarHUTHOTO

NoJist B JiajibHEll U ONMDKHEH 30Hax dKpaHbl, MpeHa3HaueHHbIC I ero ocialieHus,

JACIATCA Ha DJICKTPOMArHMUTHBIC, DJICKTPOCTAINYCCKHUE W MAarHUTOCTAaTUYCCKUC. HpI/I

3TOM HE TPOUCXOIUT KaKOIO-J'[I/I6O MPOTUBOIIOCTABJICHNUA OTACIBHBIX BHI0B

9KpaHUPOBAHUS, MOJJOOHO TOMY KakK 3JIEKTPO- U MArHUTOCTATUYECKHUE TIOJIS SIBIISIOTCS

YAaCTHBIMH CIy4asiMH 3JIEKTPOMAarHUTHOTO TOJIS.
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IIpu pacuere  HJIEKTPOMArHUTHBIX  ODKPAaHOB  MCIOJIB3YETCS  TEOPHS
JJIEKTPOMArHUTHOTO TIOJIs, OCHOBAHHAs Ia pPEUIeHWH YypaBHEHWH MaxcBesa.
OCOOCHHOCTBIO aHalM3a 3KPAHOB, MPEIHA3HAYCHHBIX U OCIa0JCHUS B ONMKHEH
30HE TPAKTHYECKH CYHIECTBYIOIINX OTAENBHO JIEKTPUUYECKUX M MarHUTHBIX ITOJIEH,
SIBISIETCSI BO3MOXKHOCTh MPHUMEHEHHUSI 00Jiee MPOCTHIX METOJOB TEOPHH LEemed C
HCIIONIb30BAHHEM COOTBETCTBEHHO MPEJACTABICHUA O B3aMMHBIX EMKOCTSAX H
HHIYKTUBHOCTSAX MEXKIY SKPAHHUPYEMBIMH JPYT OT JPyTa dJIEMEHTaMHU.

[Ipu xoHcTpynpoanmu POC B mpenmenax OXHOTO yCTPOHCTBA B OOJBIIMHCTBE
CIly4aeB BBINOJIHAETCS YCIOBUE OJIMKHEN 30HBI Ty < A, / 27, UTO MO3BOJISET
OILICHMBATh IMEPEHOC MOMEX MEXIy JIIEMEHTAMH AalllapaTypbl, MOABEPKECHHBIMHU
BIMSHHIO, U D(P(PEKTUBHOCTh IKPAHUPOBAHHS C TMOMOIIBIO YKBHUBAICHTHBIX CXEM C
COCPEIOTOUEHHBIMH MapaMeTpamMH.

3. 3. DkpaHupOBaHHUE IJIEKTPOMATHUTHOTO OIS

KBasucrarnueckre MarHUTHBIE IOJIS CHOCO6HI)I BOS6leI/ITB B MCTAJNIHYCCKOM
9KpaHe OOJbIIME TOKHM, KOTOpbIE TIPH TOJIIIMHE OKpaHa MEHbIIE TIyOWHBI
MPOHUKHOBEHUS MOJIS B IAHHBINA METaIlT B¢ CO3/aI0T MATHUTHBIE TIOJIS 1O 00¢
CTOPOHBI METAIIMYECKOW MOBEPXHOCTH OJKpaHa, dYTO CIIOCOOCTBYeT mepenaye
SHEPrUM STOTO MO Yepe3 METANIMYECKYyI0 CTEHKY OJKpaHa. OJTo TpedyeT
CHEHaTbHBIX MT0JIX0JI0B P CO3JIaHWHU SKPAHOB JJIs KBa3UCTATHYECKUX MOJIEH

OKpaHUpPOBaHUE KBA3UCTATUYECKUX OSJICKTPUIECCKUX IOyl obecreunBaeTcs
METANTMYECKUM SKpaHoM ¢ = lu Tommmuoit d << &, uT0 06BsACHSETCS
LIYHTUPYIOLIMM JIefICTBUEM METa/UIOB, O0JIafaoIUX OOJBIION NMPOBOAMMOCTHIO O,
P KOTOPO# cornacHo Jup = 6E anexrpuueckoe mosne HaE = Jyp / © Merammaecknx
CTEHKaX JKpaHa NMPaKTHUYECKH OTCYTCTBYET M JHEPIUs ITOTO IO HE IepeaaeTcs
yepe3 MeETaUTMYecKHe CTEHKH JKpaHoB. B 3ToM cimywyae mro0as KOHCTPYKIHA
3aMKHYTOT'O METAJUIMYECKOTO JKpaHa YJIOBJIETBOPSIET OCHOBHBIM TPEOOBAaHHUSAM U
MPaKTHYECKH OIPENCISIIOIIMMU  MOTYT OKa3aThCs TPEeOOBAHUSI JKECTKOCTH W
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YCTOHYMBOCTH K MEXAHHYCCKHM BOGICHCTBHAM, CTOHKOCTH NPOTHB KOPPO3HH,
TEXHOMOTHIHOCTH KOHCTPYKUHHE ¥ 1. 1.

i i
PaccmoTpum npoiiece Enagl Maag

3peKTHBHOIO IKPAHHPOBAHHA En Zof Zet
3NCKTPOMArHHTHOIO mons Hnag M E
nambrelt 3085 (NIOCKOH BOMESI) Moo # .
npu HopMankHOM (HamGonee "
noMexooBpasyiomeM) ee " £ Mg Mne
NAiCHHH HA MeTALTMYECKYIO oTp oTP Haoe
nnacTuHy TommmMEOM $d  m Nore H £
GeCKOHETHO Gomsmoit M e
NpoTEXCHHOCTH (pHC. 3. 2). He ’

B xypce anexTpoaMHaMEKE ore "Eorp Puc. 3.2

OTMEYANIOCh, IT0 MPH DAACHHH

IUIOCKOH BOJIHBI Ha TTOBEPXHOCTh METAINTMUECKOH TIACTHHBI OCHOBHAS SHEPIHs OTPA3UTCs
OT ee TIOBEPXHOCTH, W JIMIIb OYECHb HeOOJbIIas YacTh MPOHIET BHYTPh MeTajlia,
PacCTpOCTpaHssiCh B HeM ¢ OOJbIIMM Kod(duImeHToM 3aTyxaHus. Ta yYacTe 3SHEpruu,
KOTOpasi JIOCTUTaeT IMPOTUBOIIOJIOKHON MOBEPXHOCTH IUIACTHHBI, ITOBTOPHO OTPAa3HTCs B
MIPOTUBOTIONIOXKHOM HarpaBieHuH. Takue otpaxkeHus (puc. 3.2) BHYTpH IUIACTHHBI OyIyT
MHOTOKpaTtHbiMH. OO0mmast 3P(EeKTHBHOCTh IKPAHUPOBAHUS METAUTMYECKON IIaCTHHOM
Ao SBISETCS CyMMOH DKpaHMPOBAaHHSA 3a CUET MOIJIOLICHHS DHEprud B TonmuHe d
MaTepHaia SKpaHa

4,=869d =869/, =369 [nflc .

JIBYX IIEPBBIX OTPAKEHUI

4, =1gl_/r..-P. ) 20!;[}/6‘ .-‘)]‘ mhw,

A2 B

a TaKiK€ MHOT'OKPATHBIX MOCJICAYIOIINX OTpa)KeHI/Iﬁ
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UYarme Bcero BHyTPHY 3KpaHa W BHE €r0 HAXOIUTCS BO3AyIIHAs cpena ¢ Zq = 377 Om.
Mertammdeckne 3KpaHbl UMEIOT Zy << Z1 . B aTOM cirydae

4, =201g(94,25/  2u a7 )

Ecnu BoCIonIb30BaThCs BRIPAKECHUEM O, = —= 1/y#fu,0 . TO IOCIEAHIO (OpMyITy

MOJKHO IIPUBECTH K cieayroneMy Bumy [ 2 1:

4, = 201g(6750)

PesynbraTel pacueToB 3((EKTHBHOCTH SKPAaHUPOBAHUS 3IEKTPOMArHUTHBIX
moJiell ITIOCKOM MeTauTMYecKOW IUIACTHHON IO IPHUBEICHHBIM BBHIIIE (hopMyIam
MO3BOJISIIOT C(OPMYITHPOBATH CIIEAYIOLINE BHIBOBI
. Meramnuyeckne SKpaHbl TNpPH  MPAKTHYECKH IPUEMIIEMBIX  TOJIIMHAX

obecrieunBaroT XOpomyo 3(GQEKTHBHOCTh SKPAaHMPOBAHHUS Ha BCEX YacTOTax
paaromana3oHa, B TOM YHCIIE M Ha HIOKHUX YacTOTaX PafMOBEIIaHMI.

2. DddhexTHBHOCTD SKPaHUPOBAHUS PACTET C YBEIMYEHHEM YacCTOTBHI, MarHUTHOMH
MIPOHUIIAEMOCTH i, IPOBOIMMOCTH O M TOJIIMHBI 3KpaHa d.

3. B nmanazone CBY TonmmHa MeTalUIMYECKOTO SKpaHa MOXKET UMETh HECKOJBKO
MHUKPOMETPOB W BBIINIOJHACTCA B BHIC TOHKOH METaJUIMYECKOMN IIJICHKH,
HaHECEHHOW Ha KPaHUPYEMOE H3JIeNHe.

4- Tipu d << 8 ocuoBHas uacTh >)PEKTHBHOCTH IKpAaHHpOBAaHHS  Ag
METALTMYECKHUX YKPAHOB OIPEENSETCS TIEPBBIMU JIBYMSI OTPKCHHUSMH OT HX
nosepxHocreif; npud >> 8:, umeromem mecto B auanazone CBY. A, cunbHO
BO3pacTaeT M3-3a HOTEPh B TOJIIIMHE IKPAHA.

5. IloBTOpHBIE OTpa)k€HUSI B METAJUIMYECKOM TOJILIE HKpPaHa IPAKTUUECKU HE
YBEIMYUBAIOT OOIIYyI0 A(PPEKTHBHOCTh OJKPAaHUPOBAHUSA W A3 MOXHO HE
YYUTHIBATH NPH MPOBEACHUH PACUETOB.

6. bonbmoe 3HaueHne oOmel >hQPEeKTUBHOCTH SKpaHUpoBaHH Ao = A} + Ay
JIONTYCKAeT yMEHBUICHUE TOJNIIMHBI dKpaHa JJisi HU3KUX YacTOT NPUMEPHO Ha
MOPSIIOK IO CPaBHEHHWIO C TJIyOMHOW NPOHUKHOBEHWS. OTO IPHBOIUT K
CHIDKEHHIO 3aTyXaHWsl dKpaHa A| U CHIKEHHIO Zc, a CIeJ0BaTeJbHO, K POCTY
3aTyXaHHs 3a CUeT OTpaxxeHH A, . OgHAKO TOCIEAHEEe OCTAETCS JOCTATOYHO
OONIBIIMM Ui TOTO, 4YTOOBI OOECTe4nTh HEoOXOAUMYH A(h(PEKTHBHOCTD
OKpaHUPOBaHHA BO MHOTHX IMPAKTUYCCKUX IPUMCHCHUIX.

7. B paccMmaTpuBaeMbIX Ciydasx ObUIO MPHHSATO HOPMAlbHOE ITaJICHUE BOJHBI Ha
MOBEPXHOCTh 3KpaHa, HO C M3MEHEHHEM TOJIIPU3alMK M yIila MageHus OymyT
MEHSThCA KOX(PPHUIHUEHT OTpakeHUs (YBENWIMBATHCSA) H  KOIPPHUIMEHT
TIpeoMiIeHUs (YMEHBIIATHCSA), @ CIIE0BATENBHO, U3MEHHUTCS Ay.
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3.4. DxpaHHpPOBAaHHE MaTHUTHOTO TIOJS

B pannossekTponHOW amnmaparype (YHKIIMOHAJIbHBIC Y37l M 3JEMEHTHI, B
KOTOPBIX UMECIOTCA 6OJ'II)LHI/IC TOKH U MaJIbIC HAIIPSAXKCHUA, CO31al0T B 6J'IPI)KHCI>1 30HC
AIEKTPOMArHUTHEIE TIOJIS C Mpeobiiafaroeid MarHuTHON cocTapistomeii. [Ipu sTom
paccMaTprBaeMble TIOMEXH ONPEACIIIOTCS B ONMIDKHEH 30HEe MAarHUTHON MHIYKLIUEH,
Kak IT0OKa3aHO Ha pHc. 3.3, TIe MpelcTaBlIeHa 3KBUBAICHTHAS CXeMa MHIYKTHBHON
CBSI3M MEXK/Ty SJIEKTPUIECKIMH LETSIMI UCTOYHNKA U PELIENITOPA TIOMEX.

[IpenmyIieCTBEHHOE BIUSHIE ﬂ o
MAarHUTHBIX rosiei Ha Zu 4 | -
J g H “"H"‘
ammapatypy UMeeTCs TaKKe B @Eu iy ‘/
clyyae, €ClId paccMaTpuBaeMoe 1 AT 0
v n
YCTPOUCTBO HEBOCIPHUUMYHBO K " rin :
3JIEKTPUYECKOH  COCTaBIIIOLICH Zp = Z
WJIM TIOCJICTHSSI MHOT'O MEHBIIIE 3a @e ~p D Hp
CYEeT CBOWCTB W3IydaTels WiIH i 3 - i
COOTBETCTBYIOWIEH MOJSPU3AIIUI Puc. 3.3

JJIEKTPOMArHUTHOTO TOJIS IOMEX.
Teoperndeckue cooOpakeHHsI M HAKOIUIEHHAs: NPaKTHKA JIAl0T OCHOBAaHHE

chopMyIHpOBaTh OCHOBHBIE TpPeOOBaHMS, NpENBSIBISEMBIE K

MarHUTOCTAaTHICCKUM dKpaHaMm [ 3 ].

1. MarHuTHas NPOHUIAEMOCTh MaTepHaJIOB W JKpaHa JIODKHA OBITH BO3MOXHO
Gounee BbIcokoil. Hanbounbiast 3¢ ekTHBHOCTh SKpaHUPOBAHUS 0OECIIeYnBaETCS
IIpHU UCIOJB30BaAHMU MArHUTOMATKHUX HU3KOYACTOTHBIX MAaTCpUaioB C BBICOKOH
MarHUTHON TPOHHUIIAEMOCTBIO (3JEKTPOTEXHIUUECUE CTATTU U TIEPMAILIION ).

2. Pocr TONIIMHBI CTEHOK AKpaHa NPHBOAUT K YBEIMYCHUIO 3(PPEKTUBHOCTH
DKPAaHMPOBAHMs, OJHAKO TPU JTOM CIEAyeT MPUHMMATh BO BHHUMAaHHE
BO3MO)XKHBIE KOHCTPYKTHBHBIC OTPaHHUYCHNUS 110 Macce U rabaputam

IIpu xoucTpynpoBannu BU (QyHKIIHOHATEHBIX Y3JI0B almapaTypsl B KadecTBe

MaTepuala JKpaHOB Yallle BCEr0 MPUMEHSIOT HEMAarHUTHBIE METaJbl, TaK KaKk Ha

BBICOKHX YacTOTaX OHHM 00ECIEUHBAIOT T0CTAaTOYHYIO AP (PEKTHBHOCTD 3KPaHUPOBAHHMS

IPY PalMOHAIFHOM BBHIOOpE TOJIIMHBI MaTepHasla M BHOCAT B SKpPaHHPYEMBIC y3IIbI

amnmnapaTypbl MEHBIIINE TOTEPH 110 CPABHEHUIO C MAaTHUTHBIMHU METaJIJIAMU.

OKBHBaJIEHTHas TNIyOMHA NMPOHMKHOBEHUS ISl pa3sHbIX METAJUIOB B 00JIaCTH

BBICOKHMX YacTOT JIOCTaTOYHO Maja, CJIEA0BATeNbHO, KpaH M3 JII0OOro Merauia

CPaBHUTEIBHO HEOOJIBIION TOJNIIMHBI AeiicTByeT BronHe dddexTrBHO. [ToaTomy npu

BbIOOpE MaTepuajia dKpaHa M ero TOJIIMHBI Hapsay ¢ TpeOOBaHMSAMHU OOeCHeYCHUsI

3a71aHHO 3((EKTUBHOCTH DKPAHUPOBaHHS U JOMYCTUMBIX AJIEKTPHUYECKUX IOTEPh

OTIPEIEISIIONIMMH MOTYT OKa3aTbCsl TPEOOBAaHHS YCTOMYMBOCTH K MEXaHHIECKUM

BO3JIEHCTBUSAM, CTOMKOCTH POTUB KOPPO3HU U T. 1.
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CremoBaTenbHO, OCHOBHBIE TPeOOBaHMS, KOTOPbIE MPEIBABISIOTCS K SKpaHaM,
JEHCTBYIOLIHMM II0 MPUHIAITY BBITECHCHUsSI MATHUTHOTO TIOJIS MOJIEM BUXPEBBIX TOKOB
B 9KpaHe, MOXHO C(HOPMYITHPOBATH CIIEIYIOIINM 00pa3oM.

1. TonmmHa 5KpaHa J0HKHA BEIOMPATHCSI MHOTO OOJIBbINE SKBUBAJICHTHOW TTyOWHBI
MIPOHUKHOBEHUS. DTOMY YCIOBHO MOTYT YJIOBJIETBOPSITH KaK HEMarHUTHBIE, TaK U
MarHUTHBIE MaTE€pUaIbl, OJHAKO TPHMEHEHUE MOCIIEAHUX BO3MOXHO B CIydae,
€CJIM BHOCUMBIMH MMH IIOTEPSIMU B DKpPaHUPYEMBIE Y3JIbl ammapaTrypbl MOKHO
IpeHedpeys.

2. CuumxeHue QJICKTPUYECKOI'O  COINPOTHUBJICHUA BUXPEBBIM TOKaM B DJKpaHE
noBbInIaeT ero adgpexkruBHOCTh. [I03TOMY Hale Bcero BHICOKOYAaCTOTHBIE HKPAHEI
W3TOTaBIHMBAIOT U3 AIIOMUHMS, MEIH U JIATYHH.

3. CrbIkn, pa3pesbl, MIBEI JOJDKHBI PACIIONAraThesl B HAIIPaBJICHUH BUXPEBBIX TOKOB
B OKpaHe.

4. 3azemiieHHe SKpaHa, pabOTAIOLIEr0 3a CUET OOpa3oBaHMS BUXPEBBIX TOKOB HE
BJIMSIET HA 9 PEKTHBHOCT MATHUTHOTO YKPAHUPOBAHHSI.

3.5. DKxpaHHpOBAaHHUE IITEKTPUIECKOTO OIS

B POC ¢yHKIIFIOHATBHBIE Y31l M 3JIEMEHTHI, B KOTOPBIX MMEIOTCS OOoJbIme
Halps>KCHUA U MaJlbl€ TOKH, CO3Jar0T B 6HH)KHeﬁ 30HC DJICKTPOMArHvUTHBIC TIOJIA C
npeoOyiaiaHueM DIIeKTPUUYECKOi cocraBisitolneil. [Ipu 3ToM paccmarpuBaemble
nmoMexu B OMKHEH 30HE OMPEENIOTCS dJEKTpHuUecKor uHayknuen. IlepeHoc
MoMeX d3JIeKTpHYecKod uHAykuued (puc. 3. 4) Hambonee pacmpocTpaHeH B
ammaparype.

[MpeumymecTBeHHOE BIIMSIHUE
IEKTPUIECKUX nosei Ha
anmapaTypy HWMeeTcs TaKkke B

] A

L_ ’1\ ¢ % P ClIydae, €CIH paccMaTpHUBaEMOe
R~ — > YCTPOWCTBO HEUTYBCTBUTEIBHO K

: - V.4

-9y Lidliiah > PR

,E,r W~ == IH A MarduTHOM COCTaBIIAIONICH WIIH
LI ]
| é\ : “" \1 MOCHCOHSS 3HAYMTSILHO MCEHBIIIE
| 'f‘ | o
s ”,ﬁ . f,,* ”j ” u 3a CUCT CBOMCTB VI/I3nleaTensI W
i COOTBETCTBYIOIICH MOJIspU3ALUU
Puc. 3.4

OJICKTPOMArHuTHOI'O II0JIA ITOMEX.

Juis 3KPAHUPOBAHUS
JJIEKTPUYECKOTO TI0JI1 BCE METAUTMYECKHE DJIEMEHTHl KOHCTPYKIHMHU JIOJDKHBI OBITh
COCIUHEHBI ¢ 00mM KoprmycoM min 3emieir POC. OCHOBHOE BHUMAaHHUE IPU ITOM
JTOJDKHO OBITH OOpAIIeHO HA KOHCTPYKTUBHOE BBHITIOJTHEHUE MPUCOSANHEHHS YKPaHa K
KOpIyCy NnpHOOpa, KOTOPOE B 3HAYMTEIHHOW CTEIIEHH OIpPEAEIseT dKpaHUpyIolee
nedicteue. CrenyeT u30erats MPUMEHCHUS JITMHHBIX COCTUHHUTEIBHBIX TPOBOIHUKOB
IUTSE 3a3eMJICHHUS DKpaHa Ha KOPIYC OCOOCHHO B TUAara3oHEe BBICOKMX YaCTOT M3-3a
WHAYKTUBHOTO XapaKTepa WX COMPOTHBIICHHUS.
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Takum 00pa3oM, OCHOBHBIE TpeOOBaHMS, KOTOpBIE IPEIBABISIIOTCS K

IIEKTPUYECKIM 3KpaHaM, MOXKHO C(OPMYITHPOBATH CIEAYIONIIM 00pa3oM.

1. KOHCprKHI/ISI OKpaHa JOJIKHa BI>I6I/IpaTI)CSI TaKOﬁ, YTOOBI CHJIOBELIE JIMHHH
QJICKTPHUYCCKOI'O IOJId B OCHOBHOM 3aMbBIKAJIUCh Ha CTCHKU DKpaHa, HE BbIXOIs
3a €ro npeacibl.

2. B obmacti mm3kmx wactor (mpm t < B rme t— Tommmma Skpama)

3¢ PEeKTUBHOCTD IEKTPOCTATUIECKOTO 9KPaHUPOBAHUS MPaKTHYECKN
OIIpeZIeTIsIETCST KadeCTBOM 3a3€MJICHMSI 3KpaHa Ha KOpIyce mpubopa U Majio
3aBUCHT OT MaTe€pHaa 1 €ro TONIIUHBI.

3. B ob6nactu BbicOKMX wactoT (nmpu t >  ©) sddexTUBHOCTL 3KpaHa,

pa60Ta}0H_[er0 B JJICKTPOMAIHUTHOM PEKUME, HAPAAY C KaYC€CTBOM 3a3CMIJICHUS
ONpeneIACTCS €T0 TOHmHHOﬁ, IIPOBOAUMOCTBIO U MarHUTHOM TIPUHUIIAEMOCTBIO

skpaHa. Ha OCHOBe pacueTHBIX NaHHBIX HCCIEIyeM 3aBHCUMOCTb A(P(PEKTHBHOCTH

9KPaHUPOBAHHMS TIOCKOTO METAJUIMYECKOTO dKPaHa, U3rOTOBICHHOTO M3 MAarHUTHOTO
Y HEMarHUTHOTO METAJUIOB, Uil PA3IMYHOTO BHJA TOJIEH OT 4acTOThl MpH Yy = 1 M
(paccrostame) u t = 1 MM. Ha puc. 3. 5 kpuBble 1| —nams Mmeau; KpuBble 2 —IJIs CTaJIH,
= 1000; xkpuBble 3— s ctanu, Be = 100; MO3UIUSA @ — IS DJIEKTPUICCKOTO TIOJIS,
0 — JUIs 3JIEKTPOMArHUTHOTO TOJISL M B — JJISl MATHUTHOTO TTIOJISL. Ananusupys
MOJyYCHHBIE PE3yJAbTaThl, MOXHO  3aKJIIOYHTh, HYTO

Ao

250

Puc.3.5

ANEKTPUIECKOE TI0JIE AKPAHUPYETCsl CYIIECTBEHHO Jy4Ile, YeM MarHHTHOE, a II0Je
IUIOCKOW 3JIEKTPOMATHUTHOW BOJHBI JydIlle, YeM MAarHUTHOE, HO XyXe, YeM
anekTpuueckoe. [l03TOMy KOHCTPYKTHBHO CIIOXKHEE OOECHeYHTh 3alluTy OT
BO3I€HICTBUSI MAaTHUTHBIX MOJIEH.
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3.6. OgHOCIIOWHBIE PKPAHBI

[psMoyroneHble ¥ IMAMHAPUYECKHE 3KpaHbl. OCHOBHBIE MX KOHCTPYKIHH
npuBesieHbl Ha puc. 3.6. dopmMa ITHX OKpaHOB BIMSET Ha KOIPPHUIHEHT
9KPaHUPOBAHMs, IOCKOJbKY OT Hee 3aBUCAT KOI(DOHUIUCHTHl NPEIOMICHHS U
OTpa’keHsI BOJIH Ha TPaHHIIaX pa3ziera OByX cpen'

Puc. 3.6

HpPeKTHBHOCTL IKPAHHPOBAHHS HKPAHOB MOMHO OTIPEIEIHTL 10 BOPMY.Iam

%@n |+

rae m=— 1 JUTA TIPAMOYTOJIBHBIX DKpaHOB U M = 2 JJI MUWIMHAPHUYCCKUX OKPaHOB,
D—paccrosHue Mexy CTeHKaMM SKpaHa WiId JUaMeTp LINHApa.

U3 npuBeneHHbIX (OPMYJI CIIEAYET, 4TO BO BCEX ClIydasx 3 PeKTHBHOCTh

9KPaHUPOBAHMS OOJIbIIE B IUIOCKOW KOHCTPYKIMH 53KpaHa II0 CPaBHEHHUIO C

IUIMHAPHYECKON 1 9(h(hEeKTHBHOCTH SKPaHUPOBAHHUS CHIILHO BO3pacTaeT B 00JIacTH

d >3,

B mpaxTtrdecknx 3amadax 4acto TpeOyercsl ONpeneinuTh TOJIMMHY dKpaHa d

TaK, 4TOOBI SKpaH INpH 3aJlaHHBIX YacTOTe M pazMepe odecneuyrBan HEOOXOIUMYFO
3¢ dexTUBHOCTH SKpanupoBaHus. CoriaacHo mociaenHuM GopMynam it A, tMeeM

(mmds ‘V;ZAL [ sonig/ A 1B, <
’ D
&| Ao = Ungyz Timae| #7147 %

ITpu onpenenennn d pacyer HEOOXOAMMO HAYaThH C BHIOOpA MaTepHana, 3aTeM
onpenenuTs B, 3amarbes BeauuMHOW D W B 3aBHCHMMOCTU OT TOTO, KakOH OyIeT
BenmmurHa d , BEIOpaTh I pacdera oaHy U3 (GopMyn. 3aMeTHM, UTO NPHUBEACHHBIC
¢dopmyisl cripaBeanuBsl pu d<<D, 4TO Ha MpaKTHUKE BCEra UMEET MECTO.

IIpn KOHCTPYMpPOBAaHMM 3KpPAaHOB CJIEAYyEeT YYUTHIBATE BO3MOXHOCTh
BO3HHKHOBEHHS PE30HAHCHBIX SBJICHUH B 3KpaHe. JIFo00i# 3JeKTpOMarHUTHBIA 3KpaH,
Kak OOBEMHBIH pe30HATOp, 00JaJaeT pSAIOM PE30HAHCHBIX YacTOT, KOTOPHIM

! .
COOTBETCTBYET Ap = 2 ranen=1, 2, 3...; |—pa3mep BHyTpeHHEH 00J1acTH dKpaHa

B OZHOM M3 HampasieHuHd. Kpome 3Toro, 3HaueHNne Pe30HAaHCHBIX YaCTOT 3aBHCUT OT
KOMITOHOBKH, pa3MepoB M MaTepHaja, pa3MellaeMbIX BHYTPH JKpaHa 3JIEMEHTOB U
y31I0B anmaparypsl. Ecii 4acToTa 37€KTPOMAarHUTHOTO IOJISI TTOMEXH COBIIAZAET C
OIHOM M3 PE30HAHCHBIX YacTOT JKpaHa WM OJIM3Ka K HEH, TO HaNpsHKEHHOCTh
9JIEKTPOMArHUTHOTO TOJIS B 9KPaHUPYEMOH 00JIacTH BO3pACTAET MPONOPHUOHAIBHO
JOOPOTHOCTH D3KpaHa M, CIeA0BaTes]bHO, 3((EKTHBHOCTh SKPAHUPOBAHHS PE3KO
CHIDKAeTCH.

[psmoyronpHelid  3kpan  (puc. 3.7) u3 ¢deppOMarHUTHOrO Marepuaja
HCMOJB3YETCA IJIA OKpAaHUPOBAHUA KBA3UCTATUUYCCKUX MAarHUTHBIX MOJICH. HpI/I 3TOM
MIPOMCXOIUT UIYHTUPOBAHHE MAarHUTHOTO IOJISI SKPAHOM BCIIEACTBHE €r0 MaJloro
MarHUTHOTO COTPOTHBJICHWSA. BenWdnHa MarHUTHOTO — CONPOTHBIICHUS Rm

OKa3bIBACTCSI MArHUTOIPOBOAOM C MarHUTHOU OPOHHUIIACMOCTBIO ’-L:l, I[J'IPIHOfI 1
BJ0JIb JIMHUH MarHUTHOH HHAYKOUA W HOOINCPEHYHBIM CCYCHUCM S, OIMPCALIIACTCA

COOTHOIICHHUEM
Rie= 1/ wa§.
3(1)(1)6KTI/IBHOCTI> OKpAaHUPOBAHUA OMPCACIACTCA OTHOLIICHUEM MArHUTHOT'O IMOTOKa B

9KpaHHpyeMoOl 00JIacTH B OTCYTCTBHE 3KpaHa D, K MarHNTHOMY IOTOKY B 3TOH e
oOnacty pu Hanuuuu dkpana ®,,. B paccMaTpuBaeMoM ciydae IHOIEpeuHOe



48

CEYEeHHE OHKpaHUpyeMoil obiacTm 0003Ha4eHO S, . a TONEepeYHoe CeueHHe
MarHUTONPOBOJa—S ;| . YUHUTHIBAs, YTO PACHpPE/ICIICHHE MArHUTHOTO MOTOKAa 00paTHO
MpOoNoOpUOHAJIBHO MArHUTHOMY CONIPOTHUBJICHUIO, OKOHYATCJIbHO HaXOJAUM

4, =20k 22 = 01g](u5, - 5, /sl 201g] 1. 41
(bh 5\ S: F
rneS = S, + S,
Hununapuueckuit JKpaH, [IPUMEHSIEMBII npu SKpaHUPOBAHUU
BBICOKOYACTOTHBIX MarHUTHBIX I0JIEH, IOMEIIAIOT TaK, YTOOBI HAalpaBJIeHHE €T0 OCH
COBIIAJAJIO C HAMPABICHUEM JIMHAN MarHUTHON HHAYKImH(puc. 3.8,a). B aTom cirydae

e

e eeed U ==
—_— / | | \

§
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> W@J" prrsvriireccserrererss: Bl
== N
6— -]

Puc. 3. 8

B HEM, Kak B KOPOTKO3aMKHYTOM BHTKE, COTJIACHO 3aKOHY OJJIEKTPOMarHUTHOM
uanaykiuy, Haoautcs OJIC, cozparomias TOK, MarHUTHOE TOJie  KOTOPOTo
HalpaBJieHO BHYTPH LMJIMHApA BCTPEYHO, a 33 €ro MpefeiaMu — B Ty )K€ CTOPOHY,
yTo U Bo3Oyxkpmatomiee mosne (puc. 3.8,a). PesympTupytomiee mone oOKa3bIBaeTCs
0CJIabJICHHBIM BHYTPU DKpaHa M yCUIICHHBIM BHe ero (puc. 3. 8,0) uro ompenesnser
3¢ PEKTUBHOCTH IKPAHUPOBAHHUSL.

Pacuer »ddexTHBHOCTH  IKpPaHMPOBAHMS  IIMIMHAPHYECKOTO  3KpaHa,
BEITIOJTHEHHOTO M3 HEMarHUTHOTO MaTephana ¢ OOJBIION MPOBOJMMOCTHIO (Memn),
MOXXHO OCYIIECTBUTH, HCIIOJIB3YS CIIEAyIOUIe (QHU3NYeCKHE W aHAJTUTHYECKHE
BbIBO/IbI. OCHOBHBIMHM TNIPUYMHAMH HETOJHONW KOMIIGHCAIlMM I0JIed BHYTPH
SKpaHUPYyEeMOH 00JIaCTH SIBIISIETCSI, BO-NIEPBBIX, HAINYNE aKTUBHBIX IIOTEPh SHEPTHHU B
9KpaHe, YTO HE I03BOJISIET HABEJCHHOMY B DKpaHE BHXPEBOMY TOKY I, IOJIHOCTHIO
KOMIIEHCHPOBATh IOMEX000pa3ylomMii MOTOK CBOMM IPOTHBOHAIIPABICHHBIM
MOTOKOM; ¥, BO-BTOPBIX HAIWYME KpaeBHIX 3(PQEKTOB, MO-pasHOMY HCKa)KaIOIINX
CTPYKTYPY KOMIEHCHPYEMOI'O W KOMIICHCHPYIOILEro Mojied Ha Kpasx dkpaHa. Eciu
JUIMHA dKpaHa 1 BeIOpaHa JOCTaTOYHO OOJIBIIOHN, TO KpaeBbIMU dddekTaMu MOKHO
npeHeOpedb W MPEIoNIOKUTh, YTO KOI(DGHUIMEHT dKpaHUPOBAHUS ONpEACIACTCS
TOJIBKO aKTHBHBIMH HOTEPSIMU 3JIE€KTPOMArHUTHON SHEPTHU B SKPaHe
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DKpaHHpyOIIee NSHCTBHE 3a CYET BBITECHEHUS MAarHHUTHOTO IIOJS ITOJIEM
BUXPEBBIX TOKOB B 3KpaHe, M3TOTOBJIEHHOM M3 JIIOOOTO MeTaia, B 3HAYHUTEIbHOM
CTENEHM XapakTepu3yeTcs MpousBeaeHneM MO . B pesynbrate cTaib qaet
OonpmmMit  SKpaHUpyOmMUKA APQEeKT, YeM HeMarHUTHeIe MeTauibl. OmHaKko
MNPUMEHCHHUE CTAJIbHOT'O 3KpaHa BO3MOXKHO B TC€X PCIAKHX ClIydasdaX, KOrja BHOCUMBIC
MOTEpH HE CKa3bIBAIOTCS Ha pabOTOCIOCOOHOCTH SKPaHUPYEMBIX Y3JIOB U 3JIEMEHTOB
POA. Hanpumep, ctayib He IPUMEHSETCS ISl IKPAHOB BHICOKOYACTOTHBIX KOHTYPOB
anmnapaTypbl H3-32 OOJIBIINX BHOCHUMBIX MOTEPH 32 CUET MaJOH 3JIeKTPONPOBOTHOCTH
W TOTeph Ha THUCTEpe3uC TpH TNepeMarHMYnBaHMHM. CTBIKM W IIBBl JIOJDKHBI
pacriojiarathCsi B HalpaBIEHHH BUXPEBBIX TOKOB B DJKpaHe, IPOTEKAIOIIMX B
TIOCKOCTH, TpelleHTUKyYISIpHON HAIpaBICHHUIO IOMEXOHECYIIEr0 MarHUTHOTO IIOJIS.
Ilpu osTOoM oOecreunBaeTcsi MEHbIIEE CONPOTHUBICHHE BHXPEBBIM  TOKaM,
orpeAeIIonM 3P HEKT IKPAaHUPOBAHUSL.

OCHOBHBIE PEKOMEH/IAIMH 10 KOHCTPYHPOBAHHUIO OJHOCIOMHBIX 3KPAHOB IS
BBICOKOYACTOTHBIX MArHUTHBIX MOJEH MOXHO C(HOPMYJIHPOBATh  CIEAYHOIIM
obpazom:

1. HM3roraBnuBaTh MX HAJO U3 ATIOMUHHMS, ME/IH, JTaTYHU KaK UMEIOIINX OOJIBIIYIO
MIPOBOAUMOCTb.

2. PocT TONIIMHBI CTEHOK 9KpaHa yny4maeT 3G (GeKTHBHOCTh IKPAaHUPOBAHHUS, HO
CHOCOOCTBYET yBEJIMYCHUIO MacChl U rabapuTOB HKpaHa.

3. CTbIKH, LIBBL. pa3pe3bl JOJDKHBI OBITh NEPIICHIUKYIISPHBI JIMHUSIM MarHUTHOH
WHIYKIHMA TOMEXOHECYIETO MOJIS.

Ceruatple  dkpaHbl. [leiicTBe ceTUaTOro ONHOCIOHHOTO DJKpaHa Ha
IIOMEXOHECyIllee MarHWTHOE II0jie, KaKk W CIUIOIIHOTO OJKpaHa, OCHOBAHO Ha
BO30Y’KAECHHH TOKOB, HABOJUMBIX MAarHUTHOW COCTaBJISIOLICH IIOJI1 B HAIPaBIICHUH,
MIEPIEHANKYIIPHOM JIMHUSM MAarHUTHOH MHAYKIWMH. B pesynbrate MpPOBOJIOKH,
pacIiojio)KEHHbIE B  HANpaBiICHHM [OMEXOHECYIIEro TMojs, NPaKTHUYeCKH He
OKa3bIBAIOT BIMAHMSA Ha OS(QGEKTHBHOCTh JKPAaHMPOBAHUS CETYATOTO OJKpaHa.
MaruutHoe ~— moie  BO30Y)XKJaeMbIX ~ TOKOB  BOJM3M  MEPIEHIUKYJISIPHO
OPUCHTHPOBAHHBIX  TPOBOJIOK  CYLIECTBEHHO OTJIMYACTCS OT  OJHOPOJHOIO
MarHuTHOTo NoJIs, CO3/1aBAEMOr0 TOKOM, PAaBHOMEPHO PACIIPEACIICHHBIM MO CEUSHHUI0
CIulonrHOro 9KkpaHa. OJHAaKO Ha pacCTOSHHHM, TNPEBBIIAIONIEM IIAar CETKH, 3TO
pasiMyue yMeHbIIAeTcsi W TPH JalbHEHIIeM ero yBeNMYEHHH IIepecTaeT
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cKkas3biBaThcs. IIpoBeneHHble HccienoBaHus S(QPEKTHBHOCTH HSKPaHUPOBAHHUS

CeTYaThIX 3KPaHOB HO3BOJIMIIM BBISBUTH CJIEIYIOIIHE OOIIHe 3aKOHOMEPHOCTH.

1. TIpm mare cetku b = Const ¥ OJHOM M TOM >XK€ MaTepHajie CETKA H3 TOJCTOM
MIPOBOJIOKH PagycoM Ty 3(pQPEeKTUBHEE CETKM M3 TOHKOH IPOBOJIOKH KaK B
o6macty Hu3KuX (OS¢ > 21,). Tak M BBHICOKHX (S < 21,)uacToT.

2. Ilpum b /1o = Const penxue ceTKu U3 OAHOPOIHOTO MeTajlla Ha HU3KUX YacTOTax
Oonee A(PEKTUBHBI, 2 Ha BHICOKMX YacTOTaX MeHee d((PEKTUBHBI, YEM T'yCThIE.
OT0 OOBACHIETCS TEM, YTO HAa HU3KUX YaCTOTaX OCHOBHOE BJIMSHHE OKa3bIBAaET
aKTHBHOE CONPOTHUBIICHUE IPOBOJIOKH, a Ha BHICOKHX YacTOTaX- WHIAYKTHBHOCTS,
KOTOpasi MaJIO 3aBUCHT OT To.

3, Ilpu oauHAKOBBIX b U 1o B 00IaCTH HU3KUX YACTOT MeIHbIE CeTKH d(derTrBHEE
CTaNbHBIX 3a cyeT 0ojee BBICOKOH YHENbHOH IPOBOJMMOCTH MEIH, OJHAKO C
POCTOM HacTOTHI 3TO pa3INyie YMEHbIIACTCS.

4, Jns HopMmampHOW pabOTBI »dKpaHa CleAyeT obOecrednBaTh HaJeKHBINA
ANEKTPUYECKUI KOHTAKT B MECTaX COSTMHEHUN OTACIBHBIX YaCTeH CETKH.

3.7. MHOTOCIIOMHBIE SKPAHBI

MHorocnoifHple KOMOMHHUPOBAaHHBIE KOHCTPYKIIMH 3KPaHOB, COCTOSIIHE W3
MIOCIIEOBATEFHO YEPEAyIOMUXCsl HEMarHUTHBIX (MeIb, ANTIOMUHHH, JaTyHb) H
MarHUTHBIX (CTaTh, MEPMAIUION) CIOEB, MPUMEHSIOTCA Ui IOJyYCHHS BBICOKOM
3G QEKTUBHOCTH SKPaHUPOBAHUS B IIMPOKOM 4YacTOTHOM [Hara3oHe, BKIIOYas
00J1aCTh HU3KHX YacTOT, U 00eCHEYEHUsI MAJIBIX BHOCUMBIX IIOTEPh B SKPaHHUPYIOIIHE
nermn  POA.  Ilpu  paccMOTpeHMHM — TpHHIMNA  pabdOTBl  OJHOPOJHOTO
JJIEKTPOMArHUTHOTO DJKpaHa paHee II0Ka3aHo, 4YTO OJKpaHUpPYyHOmHid et
OIpesieIsiercs COBMECTHBIM OCIa0JICHHEM SHEPrHd 3a CUeT IOIVIOIIEHMS B TOJIE
MeTa1ia )41 OTpaXCHUs, O6yC.HOBIIeHHOFO Ppa3IMIHBIMHA 3HA4YCHUAMU
XapaKTEPUCTHIECKUX CONMPOTHBICHUH CPEbl Ha TPAHUIIAX BHEIIHSS Cpela— METaT
1 MeTaJUI—)3KpaHupyromas oomacts. C mageHneM 4acToThl KOA(PPHUINUEHT 3aTyXaHHS
3 MeTajuie yMEHbIIaeTcsi U 3PPEKTUBHOCTh IKPAaHHPOBAHUS 3a CUET MOTJIOIICHHS
TaKke yMmeHbmaercs. [109ToMy 3KpaH, COCTOSIIMI M3 HECKOJIBKHX TOHKHX CJIOEB
Pa3IMYHbIX METAUIOB, B HU3KOYACTOTHOM OOJIACTH 3a CUET YBEJIMUYCHHUS OTPAKCHUH
oOmagaer OONBIIMM SKPAaHUPYIOIIMM JIEHCTBHEM MO CPAaBHEHUIO C OIHOPOIHBIM
9KPaHOM TOM K€ TOJIIIUHEL.

O hexTHBHOCTh IKPaHUPOBAHHMS MHOTOCIOHHOTO JKpaHa 3aBUCHT OT
MMPUMEHACMBIX MaTCPUAJIOB, UX PACIIOJIOKCHUA U COOTHOMICHUSA TOJIIINH. HaHpHMep,
coYyeTaHHe CTalb — MeJb — AIIOMUHUN 00ecreynBaeT MeHbIIY0 3(P(EeKTHBHOCTh
9KpaHHPOBAHMSA, YeM MeIb— CTalb— amoMuHHN. Kpome Toro, 3a cueT BHYTpEHHEro
CJIOSI 9KpaHa, BHINOJHEHHOTO M3 HEMAarHWTHOTO METajlla, YMEHBIIAOTCS BHOCHMBIE
MOTEpH B OJKPAaHMPYyEMBIE IIEMH aNMapaTypbl IO CPaBHEHHIO CO CIIIOIIHBIM
MarHUTHbIM 3KPAHOM TaKOH e TOJIIMHBL. MHOTOCIIOIHAas KOHCTPYKLMS 3KpaHa
OKa3bIBaeTCsi 0COOCHHO S((GEKTHBHONW IpH OSKPAHHUPOBAHUM KBAa3MCTATHUECKHUX
MarHUTHBIX TOJIEH OOJBIION HANPSKEHHOCTH. B cirydae 0THOCIOHHOTO MarHUTHOIO
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9KpaHa HpH OONBIIOM 3HAYCHHUH HANpPSHKEHHOCTH MAarHUTHOM COCTaBIIIOUIEH ITOJIS

Marepuai 3KpaHa BXOAWT B HACBHIIIEHWE W MarHWTHAas IMPOHUIIAEMOCTb CTO PE3KO

cHwkaercst. UToOBI  MCKIIOYWTH  HACBHILIEHWE, TIEPBBIA  CJIOH  COCTaBHOTO

JIBYXCJIOHOTO 3KpaHa, 0OpaIleHHbIH K HCTOYHUKY MAarHUTHOTO TOJIS, BBIOJIHSIETCS

U3 MarHUTHOTO MaTepHaja ¢ HHM3KOM MAarHUTHOW IPOHUIIAEMOCTHIO, MMEIOIIEro

BBICOKHI ypOBEHb HACBHIIIEHUS, MJIM HEMAarHUTHOTO METallja, a BTOPOM ciod — u3

MaTepuaja C BBICOKOM MarHUTHOH TIPOHHUIAEMOCTBIO M HHU3KHM YPOBHEM

HacebleHus. IIpy 3TOM mepBBIM CIIOM 3KpaHa yMEHbUIAET HANPSKEHHOCThb

MarHUTHOTO TIONISL IO BEJIWYMHBI, HE BBI3BIBAIOIIEH HACBHIIIEHHE BTOPOTO CIO,

KOTOPBIN 00€CIIeYNBacT B OCHOBHOM 9KPaHUPOBAHHE.

Ha ocHOBaHMM 3KCIIEpUMEHTOB MOXHO C(OpPMy/IHpOBATH OCHOBHBIC

PEKOMEHIANNH 10 TIPOSKTUPOBAHNIO MHOTOCIIONHBIX KOMOMHHUPOBAHHBIX KPAHOB.

1.  BHyTpeHHHE CcIOM MHOTOCIOMHOTO »3KpaHa Juii oOecriedyeHus OOJbIIero
9KPaHHUPYIOWIETO ASHCTBUS U TOCTHKEHHUS MUHUMAJIBHBIX II0TE€Ph, BHOCUMBIX B
9KpaHHUpyeMble Y316l POA, ciienyer BBHINOMHATH W3 HEMarHUTHBIX METaJUIOB.
Hawunyumme pe3ynpraThl JaeT 9KpaH C COYETAHHEM CJIOEB U3 HEMAarHWTHBIX H
MarHUTHBIX MaTepHaJoB (HaIlpUMep, Melb-CTaTh, MEb— CTalb—Me/b U T. 1.).
D10 CBfA3aHO € TeM, 4TO HamOoumbinas 3(PQPEeKTUBHOCTh AKPAHUPOBAHUS
obecrieunBaeTcsi 3a CYET BBICOKOH OTpaXkaTelbHOH CIIOCOOHOCTH Menu H
MOTJIOATEIbHON — CTAaJIH.

2.  llpumeHeHHE AMANEKTPHUUECKUX TMPOKIANOK (TTACTMAcCHl, KapTOHA, OyMaru)
I BO3YIIHbBIX 3a30pOB MEXKIY METAJUTMYECKUMHI CJIOSIMU
KOMOMHHPOBAaHHOTO 3KpaHa MOXET MPUBOAUTH K pocTy 3ddexkTuBHOCTH
9KpPaHHPOBAaHMS B CIydYae, €CIM WX TOJIIMHA 3HAYUTEIHHO IPEBBIIIAET
TOJIIMHY METaJUTMUecKuX cioeB. [1o3ToMy Takme cocTaBHBIE HKPaHBI MOTYT
HCTIONB30BaThCs, €CIU 0 YCIOBHUSIM MPOEKTUPOBAHUS JOIyCKAEeTCsl HEKOTOPOe
yBEJIMYCHUE ra0apuTOB U MACCHI.

3. Ilpu BbIOOpE ONTHMAIBHOTO COOTHOLIEHHUS TOJILIUH CIIOEB B JKpaHE MEIb—
CTajb JAJsi HauboJyiee CIOXKHO 00ECHEeYMBAEMOIO IKPaHHUPOBAHHUS MAarHUTHBIX
HOJICH CIIeyeT paccMaTpPHUBaTh CIISIYIONINE XapaKTepHbIe YaCTOTHBIE 00IacTH:

0—0.5 k', rae Haubonbiast 3G HEeKTUBHOCTh IKPAHUPOBAHUS
o0ecrieunBaeTCsi OTHOPOAHBIM CTAbHBIM 3KPaHOM;

0,5 — 10 xI'm, toe nHambonbmas A(PGEKTHBHOCTh IKPAHUPOBAHUS
obecrieunBaeTcsi pH PaBHOM TOJIIMHE MEIHOTO U CTAIBHOTO CJIOEB:
10 — 50 xI'm, roe wnambonbmas 53((PEKTHBHOCTb 3KPAHUPOBAHUS

JIOCTUTaeTCsl TMPU YMEHBIIAIOUICHCS TONIIMHE MEIHOIO CJIOS JKpaHa U
YBEIMYMBAIOIIEHCS TOJIIMHE CTAILHOTO;
cbimie 50 k[, rje MPUMEHEHUE COCTABHOIO 3KpaHa Hellelieeoo0pas3aHo,

raKk  Kak  JIOCTaTOYHO  Ooubinas  3()(HEKTUBHOCTH  IKPAHUPOBAHHUS

O6CCHG‘II/IBaeTC${ OAHOPOJHBIM METAUIMYECKUM 3KPAHOM M3 MEAH, AJIIOMHUHHA

WJIN JIaTYHH.

Heo6x0auMo OTMETHUTD, YTO KOHCTPYKTHBHO COCTaBHbIE KOMOMHUPOBAHHbBIE
9KPAaHBI CIIOKHBI ¥ TPOMO3JKH. [103TOMY ITpH MPOEKTUPOBAHUH CIEAYET PACCMOTPETh
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BO3MOKHEIE CIIOCOOBI M3MEHEHHMS KOMIIOHOBKHM PDA JJId YMCHBIICHUA BJIUSAHUA
MMOMCEXOHECYIICI0 3JICKTPOMArHUTHOTO MOJIA C LEJIbIO obecneueHust HeO6XOZ[HMOI7[
3(1)(1)6KTI/IBHOCTI/I OKpaHUPOBaHUsA C MIOMONIIbIO OﬂHOCJ’IOﬁHOI‘O OKpaHa.

3.8. TlepdopupoBaHHBIE SKpaHbI

D heKTUBHOCTh SKPAHUPOBAHUS 3aMKHYTOTO METAJUIMYECKOTO IKPaHa MOXKET
OBITh TOJNyYeHa CKOJb YroJHO BbICOKOW. OJHAKO TPAKTUYECKH MOJHOCTHIO
CIUTOIIHBIMH JKPaHbI He OBIBAIOT M3-32 HAJIMUMS KPBIIIEK IS JOCTyMa K y31am POA,
JKAIIO3K JUIA OTBOZAA TEIUIa, IIBOB, OTBEPCTHH LIS BBHIBOJIOB M BBOJOB CHUTHAJOB,
OKOH JUTS pa3MeIIeHns] N3MEPEeHHBIX MPHOOPOB, MepeKiTrouaTenel, BEHTWISIAN U Ip.
Bce 310 3ameTHO cHIKaeT 3 PEeKTHBHOCTD SIKPAHUPOBAHUS IKPAHOB.

Ecnm obparutscs x cBoiictBam CBY nampaneHHoro orserBurens [ 3 |, To
W3BECTHO, YTO B HEM IPOUCXOAUT BO30YXKIEHHE ODICKTPOMATHUTHOTO IIOJIS
OTBepCTHEM B BONHOBOZE. OYEBHIHO, aHAJNIOTHYHBIC PE3yJlbTaThl OYIOyT B CIydae
oTBepcTHd B OJKpaHe. CoOrnacHO 3aBHCHUMOCTSIM, KOTOpBIE OIHUCBIBAIOT IIOJE,
B030y’K1aeMoe OTBEPCTHEM, TO 3TO TI0JIE MPONOPLIUOHAIILHO OTHOIIEHHIO r/ e,
TIe I —paauyc OTBEPCTHS, A = UIMHA BOJHBI BO30YKIAIOMETO MO, 13 31X
3aBHCHMOCTEH MOJKHO CHENAaTh BBIBOZA, YTO MPH MPOYHX PABHBIX YCIOBHAX
MPOHNKHOBEHHE TIONeH MOMEX uepe3 OTBEpCTHE IPOIMOPIHOHAIBFHO KyOy ero
panuyca. OTBepcTHE SBISETCS NEKTPUIECKUM U MarHUTHBIM H3nydaresneM. CuibHee
BO30Y’)KAaeT Ta COCTAaBIISIOIIAS IIOJISl, KOTOpask B MECTE PACIOJIOKEHUSI OTBEPCTHUS
UMeeT OOJNIBIIYI0 aMIUIUTYAy. JJis yMCHBIICHHS H3JIyuYeHHs H3 OTBEPCTHHA HX
HEOOXOAMMO pacrmojaraTh B MeCTaX CJIA0bIX OJJEKTPUYECKHX W MAarHHTHBIX
COCTABJISIFOIIUX 3JIEKTPOMAarHUTHOTO TOJISI.

Taxke u3BectTHO [ 3 ], 4TO MIENb SIBISETCA MArHUTHBIM H3JIydaTeleM
HW3nyueHue Leny Iponopuronansio otaomennol / Ay, rne 1 — muna menu.
Ilens He wu3mydaer, eclid OHAa pacrojaraeTcsi BAOJNb JMHUN TOKa B JKpaHe,
NEPHEHIUKYJSIPHO TAaHT€HUUAIBbHON cocTaBisitolmied MarHuTHoro mnons Hr vy
MOBEpXHOCTH d3KpaHa. CKa3aHHOE OTHOCHUTCS K Y3KOW MIENH, MIHPHHA KOTOPOH
3HAYUTEIHHO MEHBIIE ITUHBI BOJHBI BO30OyKmaronmx kojiebanuid. C yBeImdeHHEM
OIMPUHBI IeNM OHA HAaYMHAET PearnpoBaTh M HAa JIEKTPUYECKYIO COCTABIIIOLIYIO
MoJisi U BO30YXKAAETCsl IJIEKTPUUECKON COCTABISIOIICH TOJIS Tak jKe, Kak JIdoe
OTBEpCTHE.

Wznyyernne W3 OTBEPCTHI pacTeT MPHMEPHO MPOTOPIHOHATIBHO HX UHCIY.
IToCKONBKY M3IydEHHE OHOTO OTBEPCTHUS MPOTOPIMOHAIBHO I° , TO 3aMEHA OHOTO
OONBLIOI0 OTBEPCTHS 1 MalbIMU C TOH e OOLIed IIOmanpl0 MPUBOJUT K
0CJIabJICHUIO OIS, TPOHUKAOIIAr0 B KPAaHUPYEMYIO 00J1acTb, B v/ pa3. 3aMeTHM,
4TO U3TydEHUE OTBEPCTHH U IIENeH pazMepaMu, OIM3KEMA K A / 2 . CHIIBHO
BO3pacCTaeT M3-3a PE30HAHCHBIX SBICHUHA, MOATOMY OOJBIINE OTBEPCTHS B IICIH
HE00X0ANMO CHA0XKAaTh TIEPEMBIIKAMH.
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O¢ddextuBHBIM cpeacTBOM ocnabneHus saekTpoMarauTHoro CBY-moss,
XOpOIlla POHHUKAIOIIETO Yepe3 OTBEPCTHS B HKpPAHE, SBISCTCS MX KOHCTPYKTHBHOE
BBINIOJIHEHNE B BHJE 3alPEICIBHOTO  BOJHOBO/A.

PaccMoTpeHHbIE CIOCOOBI  MOBBIIIECHUS
5 (PEKTUBHOCTH SKPaHUPOBAHUS B 3aBUCHMOCTH
OT KOHKDETHBIX YCJIOBHUH IIPOEKTHPOBAHUS
MOTYT OBITH pea30BaHEbl Ppas3IndHO:
yriryOieHHeM OTBEPCTHH 3a CUET BBITSDKKHU (pHC.
3.9), npumeHeHreM NarpyOKOB, HACAKEHHBIX HA
OTBEpCTHS, WIH INeppOpUPOBAHHBIX BCTABOK,
W3TOTOBJICHHBIX W3 MeTala ¢ Oosbliel
TONMIMHOW dYeM OdKpaH. J[ng Oompmmx 1o
pa3mepaM KopiycoB PDA MoryT mpuUMeEHATBCS
COTOBBIE METAJUINIECKHE YKPAHBEI.

Takum 00pa3oM. AJsl MOBBIIICHUS 3(PQPEKTUBHOCTH SKPAHOB C OTBEPCTHAMH
PEKOMEHIyeTCsl MPOBEJCHUE CIEIYIONIEro KOMIUIEKCA MEPOIPHATHIH:

1) pacnonaraTh OTBEpCTHsI B 30HAX CO CIAOBIMH 3JIEKTPOMArHUTHBIMH TIOJISIMH;

2) mpW 33aHHOM MIomaan nepdoparyu, NCXoIsl N3 KOHCTPYKIMH, YMEHBIIAT
JIUaMeTp OTBEPCTUH, YBEIUUHUBASI UX KOJIUYECTBO;

3) 1IeneBble OTBEPCTUS pacrojaraTh BJOJb JIMHUH TOKOB, HABOJAUMBIX B CTEHKAX
9KpaHa (MepHeHANKYIISIPHO CHJIOBBIM JIMHHUSIM MarHUTHOTO TIOJIS);

4) BBINOJHATH OTBEPCTHS B BUE 3alpeeIbHBIX BOJIHOBOJIOB.

4 CHUTHAJIbI B YCJIOBUSX BO3AEMCTBUSA HEITPEJJHAMEPEHHBIX
ITOMEX

4.1. Ouenka TOMEXOBOH 0OCTaHOBKH
B mepenaue nHbpOpMAIMK YYACTBYIOT OTIPABUTENh (MCTOYHUK MH(DOPMAIUH),

nojiyyateiab U TEXHMUYECKHE CpPEACTBa CBSI3M, KOTOPHIE HA3bIBAIOT KaHAJIOM CBS3U
(puc. 4. 1) OrpaButensMu 1 nosrydyaressiMi HHGOpMauK MOTYT OBITh KakK JIFO/IH.

!OT'}"A%MTEJBH‘ | ~ NOYYATEAD|
i i |
|

Puc. 4. 1
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TaK ¥ TEXHHYECKHE YCTpOWCTBa (IPHUOOPHI, HHAMKATOPHI, MamuHbl). MHpOpMAaIms,
nojJIexalas nepejade M BBIPAKEHHAs B ONpENENCHHOH (opMme, Ha3bIBaeTCs
coobmenreM. CooOIIEHHsT MOTYT NpPUHMMAaTh CaMble Pa3iM4YHble (OPMBL 3BYK,
TEKCT, u300pakeHne W 1p. Pasmuums B (opme COOOIIEHMH ONpenessioT BBIOOP
TEXHUYECKHX CPEACTB sl ux mepenaun. s sddexTrBHOI nepenaun nadopmanyun
Ha OOJIbIIME PACCTOSIHUS COOOIIEHHE IMPEJBAPUTENHLHO Mpeodpa3yercs B CHUTHAI,
KOTOpBIN sABJIsI€TCS (U3MUECKMM HOCHUTEJIEM, IEePEHOCUMKOM cooOuieHus. B
pamMOTEXHUKE TaKUM IEPEHOCYHMKOM COOOILIEHHH CIIy)KaT BbICOKOYACTOTHBIC
9JIEKTPOMArHUTHBIE KoleOaHus — paanoBOJiHBEL. OTCIOOAa MPOMCXOAUT M Ha3BaHHUE
— paJHOCUTHAIL

IToMHMO CcHrHAJIOB, HECYIIMX HYXHYIO U HOJy4aTens HH(opMauuio, B
MPOCTPAHCTBE PACHPOCTPAHSIOTCS TMOCTOPOHHUE OSJIEKTPOMATHUTHBIC IPOLECCHI,
KOTOpbIe HE CojepXaT HH(popManuu (IIyMbl) WM COACPXKAT HHPOPMALHIO, HE
HHTEPECYIOIIYIO MOJTydarelis (CUrHAIBL IPYyTHX PaldoCTaHIMH), a HHOT/IA COACPIKAT
Jne3nH(pOopManuoo. OTH TOCTOPOHHHE 3JIEKTPOMAarHUTHBIE IIPOLECCH  SIBIISIOTCS
roMexamu. [IpoucxoxaeHne nmomMex MoxeT OBITh caMbIM pa3nuyHbIM. OHH MOTYT
MOSIBUTBCSL B pE3yJIbTaTe €CTECTBEHHBIX (IIPUPOJIHBIX) IPOIECCOB KakK pPaspsiabl
aTMoc(epHOro 3JeKTpudecTBa paauousnydenrne CoNHIA M 3Be3] WM MOTYT OBITh
CO3aHbl UCKYCCTBEHHO, HAIIPUMEDP, B BUJAC UCKPEHUs B TEXHUUYECKHUX yCTPOMCTBAX
W3ITy4YeHHs APYTHX PaJHoCTaHUWH U T. 1. [loMeXu MOTryT BO3HHKHYTH Kak B cpeze,
HCIIOB3yeMO ISl PAacIpOCTPAaHEHHs CHUTHajla — BHENIHHE IIOMEXH, TaK U B
JNIEKTPUYECKHX ILIEMSX, BBITOJIHAIOIMX NpeoOpa3oBaHUs CHTHajla — BHYTPEHHHUE
rmoMexd. OHM MOTYT MMETh caMmble pa3IH4YHbIe (POPMBI MPOTEKAHUS BO BPEMEHH
(Tmagkve, WMMITYJIBCHBIE) M B TOM 4HCJIE OYeHb OnM3kue K (opMaM IOJIE3HBIX
curHanoB. TakuM oOpa3oM, BMECTE C MOJIE3HBIM CHUTHAJIOM B NPUEMHHUKE ACHCTBYIOT
TIOMEXH, WHTEHCUBHOCTh KOTOPBIX MOKET OKa3aThCsl COM3MEPHMOHN C CUTHajoM, B
pe3yJibTare 4ero IOCIECJHWH  OKa3bIBAE€TCSl YaCTHYHO WM  IOJHOCTBIO
3aMacKMpPOBaHHBIM. DTO MPUBOJUT K MOTEpsIM HHPOpMAIMM, colepkalieiics B
CHUTHaJIe.

[IpenoTBpamienne notepb HHGOPMAIMH, WM, HHBIMH CIIOBaMH, Oopnba c
NOMEXaMH, SIBJISETCS OJIHOM M3 TIaBHBIX MpoOsieM pamuoTexHUkH. st ocnabneHus
JEHCTBUS IOMEXHM YBEIMYMBAIOT MOINHOCTh CHIHAja, YMEHBINAIOT MOIIHOCTh
NIOMEXH, BO3JCHUCTBYS HAa HCTOYHHUKH CE BO3ZHHKHOBEHHs. OIHAKO 3THM IyTeM
JaJeKo He BCerga MOXHO JOOUTBCS peanpHOro ycmexa. [IpMHIMOHAIBHO
HEYCTPaHMUMBI BHYTPEHHHE LIyMBI, a TaKKe IIYMBbI aTMOC(EPHOTO M KOCMHYECKOTO
TIPOHUCXOXKICHNS. B CBSI3M ¢ 3TUM BO3HMKaeT 3ajaya HaJeJIeHHs CHTHAla, HECYIEeTOo
MH)OPMAIHIO, CBOWCTBOM MPOTHUBOCTOSTH BPEAHOMY JACHCTBHIO IOMEX TO €CTh
CBOIMCTBOM TOMEXOYCTOWYMBOCTH K TOMY WIJIM MHOMY Buay romex. J{ms perieHus
MoJOOHON 3ajJauM HEeoOXOJUMO BBIOpATh TaKHe BUABI MOAYJSIIMH U CIIOCOOBI
KOJIMPOBaHMsI, KOTOPBIE B JJAHHBIX YCJIOBHUSX WM IPH 33AaHHBIX OrPaHHYCHUSIX HMEIH
Obl HEOOXOJMMYIO ITOMEXOYCTOWYMBOCTb. B 00IIeM cilyyae MONy4YHTh TaKoe
pELICHUE HeJb3sl.
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4.2. Cur"aibl ¥ IOMEXH
4.2. 1. O6uue cBeaeHns 0 CUrHaIax

CHadvaia pacCMOTpPHUM HOHSATHE CUTHAJIA CBSI3U. YKa)XXeM Ha ero Haubosee

Ba)KHBIE KJIAaCCU(HKAMOHHbIE IPU3HAKH:

1. CymecTByloT ciayyailHle M  JE€TepMUHHpPOBaHHbIE cHUrHaibl. llepBble
OTIMCBHIBAIOTCS CIyYaWHBIMH (PYHKIUSMH, BTOpbIE — 3aJaHHBIMH (QYHKIHSIMH
BPEMEHHM, 3HAYCHUS W NapaMeTphl KOTOPBIX IIPEICKa3bIBAIOTCSA C OONBIION
ompeneneHHocThlo.  Cpenmu  AeTepMUHUPOBAHHBIX  CHUTHAJIOB  BBLIENSIOTCS
MIEpPUOANYECKUE U HENIEPHOANIECKHE.

2. Bce curHansl IensTcs Ha AUCKPETHBIE M HETIPEPHIBHEIE.

3. B 3aBUCHMOCTH Or OCOOEHHOCTEH CIIEKTPaIbHOTO NPEACTaBICHUS BCE CUTHAJBI
JIETATCS. Ha Y3KOIOJIOCHBIE W IMUPOKOIOJIOCHBIE (IO IMIMPUHE CIEKTpa CUTHaa
OTHOCHUTEJIBHO CpEIHEeW YacTOThl CIEKTpa), a TaKKe HHU3KOYaCTOTHbIE |
BBICOKOYACTOTHBIE (10 BEIMYMHE YaCTOTHI CIIEKTPAIbHBIX COCTABIIAIOINX).

4. Tlo mpuHaMUISKHOCTH K TOMY WJIM MHOMY BHIY CBSI3M pa3jiMyaloT TeserpagdHbIe,
panuoBemaTenbHble, TeNe()OHHbIE, TENCBU3HOHHBIE, PAJHOIOKAMOHHbIE U JP.

4. 2. 1. CriexTpajibHOe NpeICTaBIeHUE CUTHaIa

JleTepMUHUPOBaHHBIH CUTHAJ MOJHOCTBIO ONPE/ENIeH, €ClU 3a/laHa (QYHKIIHs
{(1). onpenensromas ero MrHOBEHHBIE 3HaUEHHUs, WM QyHKIHS S(j® ) 4acTOTHIE
OIpeJeNnsonas BCe €ro CIeKTPaJbHBIE COCTaBISIOIINE. OTH (PYHKIUU CBSI3aHBI
npeodpazoBanreM Dypoe

SU= | St j) = | Sox = do

DyHKIMS 4acTOTHI S(j ) ABISETCS KOMIUIEKCHOU BETMYUHOM. Ecin onuchiBaer t{t)

cHUrHaI, TO S{j®) MPHHATO Ha3BIBATH KOMILIEKCHON CIIEKTPATbHOM TNIOTHOCTHIO HITH
CHEKTPOM CUTHAJIA.

Mo ¢pyuximsim f{tyuS(jm ) Mmoxuo onpenenuts mmureabHocTh T 1 mmpuny F
cnekTpa curHanma. VlHorga 5To He BBI3BIBaeT 3aTpyaHeHuid. Ho mHorme Qynxuny,
OMMCHIBAIOIIME CUTHAJIBI, HE UMEIOT YeTKUX BPEMEHHBIX U CNIEKTPAJIbHBIX TpaHull. B
9THUX CIy4asX IIUPUHY CIEKTpa (JJIMTENBHOCTH) YCIOBHO OIPEAEISIOT KaK I10JIOCY
4acToT (MHTEpBaJl BPEMEHM), B KOTOPOH COCpeNOTOYEHA 3aJaHHas JIOJsl DHEPrHH
curHana. Ha nmpakTuke cauTaeTcs JOMYyCTUMBIM OTOPAcHIBaTh BBICIINE CIEKTPAIbHBIC
COCTaBJIAIOIINE, SHEPT U KOTOPBIX He mpeBbimaeT 5—10 % sHepruu curaania.
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Hampumep, npsMOYTOJIEHBIN UMITYJIBC BO BPEMEHHON 00JaCTH MMEET YETKHE
TpaHUIIBI

OTH TpaHUIBI YKa3aHBI HA puc. 4. 2. VI3 pucyHKa Taxke BUAHO, YTO CIIEKTpaTbHAS
- 1 FI. na LI | —— —_—

| 1 St

| - \_ﬁ“ oF 5 /;\ e
o = T — ol _4T L2 n 2% 41 6%
EGE”' 'rfwt‘og\‘/r-r' W
Puc. 4.2

IUIOTHOCTH JJAHHOTO UMITyJIbca Kak mpeobpazoBanue Oypoe ot pynkmun f(t)

S(w)= jlm"“'ﬁ = hr—dﬁ(m)

HE UMEeEeT IPaHUYHbIX JacToT. [ToaToMy 3a mupHHY CrieKTpa MPUHUMAIOT MOJI0CY
TIOJIOXKHUTENBHBIX YAaCTOT, B KOTOPOH cocpenoToueHo 95% sueprim: F =2/ 1

Wnorna mmpuHON CIEKTpa CYUTAIOT 00JacTh IOJIOKUTEIBHBIX YacTOT OT
MakCHMyMa JIO TEpBOTO HYyJsl CHOEKTpaibHOW KpuBoi. I[lpu stomF = 1 / t
OTtpunarenbHele YacTOTHl NPHU HMOCTPOCHHM CHEKTPAJbHONH KPUBOW B pacueT He
MIPUHHAMAIOTCS, TaK KaK OHM HE SIBJISIOTCS (PM3NYECKON PEeaIbHOCTBIO, a TOSIBUINCH B
pe3ysbTare NMPUMEHEHHsT MHTETPANbHBIX NpeoOpazoBanuii dypbe B KOMILIEKCHOU

dopme.
4. 2. 4. llupuHa creKkTpa peanbHbIX CUTHAJIOB

[upuHa cmexTpa CcUTHaNa omnperensercs TpeOOBaHUAMH TMONy4aTens K
CKOpPOCTH Tiepeiaud WH(OpMAIMKM M KadecTBY BOCIPOM3BEICHUSI COOOIIEHHH.
Hanpumep, npu Tenerpaduy CUrHaN NPEACTaBISET OO0 MOCIeN0BaTENbHOCTh
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MOCBUIOK W Tay3  pa3iuyHOH  uTensbHOCTH — CHEeKTp — MepHoIuvecKoit
rociuenoBareIbHOCTH pssMoyTonbHBIX (ITTIIT) nmiynbcos

e

IIpu rpaduyeckoM MOCTPOSHUH ITOTO CIieKTpa (puc. 4. 3) BUIHO, YTO OTHOAIOIIAs
cnekrpa I uMITyIbCOB COBMAAAET CO CIEKTPOM OJMHOYHOTO MPSIMOYTOJIBHOTO
AMIyJbca. OJTO OKAa3bIBACTCS CIPABEUIMBBIM IS CIIEKTPOB IEPUOIUICCKUAX
AMITYJIBCHBIX TIOCJIEIOBATENIFHOCTEH ¢ JtoOoi ¢opmoii mmirynsca. CoxpaHeHUE
MPSIMOYTOJIBHOM (HOPMBI MMITyJIbCa HE BCETAa SBISICTCS 00s3aTeNbHBIM. [IJis TOTO
‘-ITO6I)I MOJIy4aTejib MOI' OTJIMYWUTHL IMOCBUIKY OT IIay3bl, JOCTATOYHO COXPAaHUTH B
CIIEKTPE CUTHAJIA JIUIIb TICPBbIC TPH FAPMOHUKH, KaK 3TO CACIaHO Ha puc. 4. 4. TO

Ut) vt

R
HARRERE N AREY

Puc. 4.4

ectb F = 3 fi, rne fi — wacrora cnemoBaHus KOPOTKHX TOCBUIOK, pa3JielIeHHBIX
KOpOTKUMH Tay3amu. Ecnu, Hanpumep, npu nepemade 100 cioB B MUHYTY CpeaHee
yucino OykB B ciioBe 0, a cpeqHee 4mciio Touek Ha OykBy 10, TO ecTh CKOpOCTh
tenerpaduposanus cocrasisier 100 6o (1 601 — ckopocTh TenerpapupoBaHusi, Mpu
KOTOpoit B 1 ¢ mepemaeTcss OXWH 3JIEMEHTApHBIA HMMITYyJIbC), TO IIMPHUHA CHEKTpa
takoro curaana F=3f=150 I't. B pagnoBemanmu 17151 BBICOKOKaYECTBEHHON TIepeIadn
My3BIKH TpeOyercss moyoca dactoT oT 30 mo 15000 I'm. Opmmako mepemada Takoro
IIMPOKOTO CIIEKTpa 0e3 B3aMMHBIX IOMEX OOJBIIOro YHWCia paguoCTaHIHMH B
JWana3oHe JUIMHHBIX, CPEAHMX W KOPOTKMX BOJH TEXHWYECKH BeCbMa
3arpynHuTensHa [103ToMy NpH pagroBeIaHuH Ha STHX BOJTHAX OTPaHMYMBAIOTCS
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nepenavyell CeKTpalbHBIX cocTaBisromux B mojoce 50 — 4500 I'm. Ha YKB u B
YaCTHOCTH, NPU 3BYKOBOM COIIPOBOXKAECHHHU TEJICBHICHUS TIEPEIAIOT OoJee IUpPOKHe
cnektpbl (30— 10000 I'm), yvem mocturaercst Oosee BBHICOKOE KauyecTBO Hepeladu
MY3BIKH.

B uMITyIbCHBIX pafiMONMHMAX TEIEMETPUH, TENEYIPABICHNS U PAANOIOKALUH
IUTSL TOCTIDKEHMST HEOOXOMMMOH pa3pemaromeil CiocCOOHOCTH U TOYHOCTH W3MEpEeHUH
HCIOJIB3YIOTCA KPATKOBPEMCHHLIC HUMITYJIbCHI MJIHUTECJIBHOCTBIO ~ 1 Mkc. ]_HI/IpI/IHa
CIeKTpa CHUTHajla, COCTABJICHHOTO W3 TaKMX HMIIYJIbCOB, JI&KUT B mpepenax 1 - 2
MI'11. B TeneBuaeHnu Ui IETaIbHOTO BOCIIPOU3BEACHHS H300paKEHUSI HEOOXO MO
Pas3JIOKUTh 3TO M300pa’keHHE Ha JOCTATOYHO OOJBIIOE KOJMYECTBO JJIEMEHTOB U
nepeaTh HHPOPMAIMIO O IPKOCTH KaXKJOro 3jeMeHTa. Kpome Toro, ajist cIMTHOTO
BOCTIPHATHS TJIa30M JIBIDKYILETOCS M300pakKeHHs 4YacTOTa CMEHBI KaJpoB JOJDKHA
OBITH /IOCTAaTOYHO BBICOKOW. OTH TpeOOBaHWS NPHBOMAT K TOMY, UYTO BEPXHSIA
TpaHMIa CIIEKTPa CUTHAJIA BEICOKOKAYECTBEHHOTO TEJIEBUACHHS JOJDKHA MPEBBIIIATh
6 MI'u. ¥V HWwKHEW rpaHULbl CHEKTPa TEJIEBU3HMOHHOTO CHUTHAIA PACIOJIAraroTcs
CIEKTPAIbHBIE  COCTAaBIIIOIIME  3BYKOBOTO  CONPOBOXKICGHUSI W CHIHAJBI
cuaxpoHmanuu (50 I'm). [ToaTomy, B 3aBHCHMOCTH OT TpeOOBaHMI K KaHATY CBS3H
TICPBUYHbIE CUTHAJIBI MOTYT UMETH IIIMPHUHY CIIEKTPA OT COTEH 10 MUJUTHOHOB I'E€pII.

4. 2.4. Ilomexn

TTomexu MIPEJICTaBIISIIOT coboii MIOCTOPOHHHE 3JIEKTPOMArHUTHBIC
BO3MYIIICHHS, KOTOPBhIC HAKIAJBIBAIOTCS HAa CHTHAIBI U MEIIAIOT MX mpuemy. Ilo
dbopMe STH BO3MYIICHHS MOTYT OBITh CHHYCOWAATBHBIMH, HMITYJbCHBIMUA WA
(ITyKTyaIl[MOHHBIMH. XapaKTep MEIIAIOIIEro ICHCTBUS TOMEXHU 3aBUCHT HE TOJBKO OT
€c CBOMCTB, HO M OT OCOOCHHOCTEH KaHalla CBSI3M, BU/Ia MOIYJIIAN, METO/IA TIpHeMa,
mapamMeTpoB MpHEMHUKA U T. N. HamprMep, ecii Ha BXOJE MPHEMHHUKA C IIHPOKOH
ITOJIOCO TPOIYCKAaHWS ACUCTBYIOT pPEAKHUEC HMITYJIBCHI TIOMEXH, TO TEPEXOIHBIH
MPOIECC, BBI3BAHHBIA IJIFOOBIM HMITYJBCOM, YCIIEBAaeT 3aTyXHYTh MO0 MPUXOAa
CIIEAYIOIIEr0 MMITyJIbca M ITOMEXa Ha BBIXOJIE OCTaeTcsd MMITYJIbCHOH. [Ipm wacThIx
AMIyJIbCaX HAa BXOJE W Y3KOW IMOJIOCE MPOMYCKAHHS II€PEXOTHBIE MPOIECCHI
MEPEKPBIBAIOT Pyl Opyra BO BPEMEHM M B pe3yjbTare IIOMEXa Ha BBIXOIE
CTaHOBUTCH "TiaaKoii".

[Momexy n(t) Ha3BEIBAIOT JATUTHBHOM, €CIHM B KaHAJIC CBSI3M OHA CKJIA/IBIBACTCS
¢ curaanoMm X(t) = §(t) + n(t). Ecnu xe Bo3meiictBHe momexu Ha curHanm  S(t)
CBOIIUTCA K YMHOXKCHUIO KOMIUICKCHOH orubaromieii M(t) curHaia Ha KOMILUIEKCHYIO
orubaroniyro E(t) HEKOTOpOro ciy4aifHOro mporecca

M(t)=E(t)-M(1).
TO TaKyIO IOMEXY HAa3bIBAIOT MyJ'II:THHJIPIKaTHBHOﬁ.

AmmiTuBHBIe TToMexd. B pagmokananax waiie BCEro BO3SHHUKAIOT CIEIYIOIINE
aJTUTUBHBIE TOMEXH (0 HEKOTOPBIX U3 HUX YITIOMHHAJIOCH BBIIIIE).
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Tlomexu coceonux padouonomex b
BO3HHMKAIOT B PE3yJbTaTe MEPEKPBITHSI
CIIEKTPOB COCEITHUX 1o 4acToTe
paJMOKaHAIOB WM TONAJaHusi B MOJOCY
4acTOT OJAHOTO KaHajla FapMOHMK HeCyIlen i \
YacTOTHI pyroro kanana (puc.4.5)rue -L L -
MO3UIHUS a — B3AUMHOE MEPEKPHITHE To 3] &
CIEKTPOB, O—TIONaJaHNe TAPMOHHK. Puc. 4.5
Ipomviutniennvie nomexu

MPECTABISIOT COOOW  AIEKTPOMATHUTHOE M3IYyYCHUE PAa3IMYHBIX TPOMBIIUICHHBIX
YCTaHOBOK, JIMHUH Mepeladll U TPAHCIIOPTa.

Ammocghepuvie nomexu BBI3BIBAIOTCSI TPO30OBBIMH Pa3psiiaMH M JPYTUMH
JIEKTPOMATrHUTHBIMH aTMOC()EPHBIMH SIBICHHSIMH.
Kocmuueckue nomexu SBIIAIOTCSL  AJIEKTPOMArHUTHBIMHU ~ U3JIy4EHUSIMU

lanaktuxu, Connua, JIyHsl.

Buympennue ¢paykmyayuonnsie urymsl B OTININE OT BCEX MPEABIIYIINUX TOMEX
HE BBI3BIBAIOTCA BHEIIHUMH HWCTOYHWKAMH, a BO3ZHHKAIOT B paguoamnmaparype. Ilox
STHUMH IIyMaMH MOAPa3yMEBAIOTCS CIIydaiiHble KOJeOaHWs TOKOB W HANpPsDKEHUH B
JJIEMEHTaX PaJHOoaIapaTypbl, 00YyCJIOBICHHbIE AMCKPETHOW NPHUPOJIOI BellecTBa U
anekTpuuecTBa. K HHUM OTHOCATCS (IIYKTYalldM MOCTOSHHOIO TOKa JJIEKTPOHHBIX
npuOOpOB  HM3-32 CIIyYalHBIX KOJEOaHW YuClia ODJIEKTPOHOB, NPHUXOJSIIMX K
KOJUICKTOPY TPAH3UCTOpPA WM aHOJY JIAMITBI B OJMHAKOBBIC MPOMEKYTKH BPEMCHH
(mpoboBoit 3 dekT), PaykTyanuu HanpsHKEHUS Ha KOHIAX aKTHBHBIX COMIPOTHBIICHHIMA
W3-32 CIyYaiHBIX TEIUIOBBIX TEPEMEIICHUN 3JCKTPOHOB B IMPOBOJHHKE (TEIUIOBOM
myM) u np. OIyKTyallMOHHBIE TMOMEXH TIPEICTABISIOT cOOOW IMOCIIeAOBATEIFHOCTD
KOPOTKHX HMITYJIbCOB CO CIyYalHBIMA MOMCHTAMH TIOSBJICHUS U CIyYalHOW
BennuuHOH. CTONh KOPOTKHE WMITYJIBCHI HMEIOT IIHPOKWH W MPaKTUICCKH
paBHOMepHbIi criekTp. CIEKTPaNbHYI0 IUIOTHOCTH MomHOCTH Ssaf®) 5THX moMex
CUHATAIOT TIOCTOSHHOH BO BCEM [HMANa3oOHE pPaJHOBONH — Oenmblid myM. Takum
00pa3oM MOIIHOCTh (PIYKTYalMOHHBIX TIOMEX OKa3bIBACTCS IIPOIIOPIIHOHAIEHON
nojgoce mnpomyckanus npuemHuka Al Kpome TOro, MOIIHOCTh TEIIOBHIX
¢mykryanuu Tem Gonbiue, yeM Gonbiue abcommoTHas Temmnepatypa T "mymsiero”
conporusienns. Cpennuii kBaapar « w IJIC, 00yCIOBICHHOI
TEIUIOBBIMH ~ (UIYKTyaIisIMH B "IIymsimeM' CONpPOTHUBICHWH R, MoxxeT OBITH
BbIUMCICH 10 popmyne HailikBucra

)
e . [y
Fmep 4KTAIR.
AMIUTUTY 1Bl UMITYJIBCOB TEIUIOBBIX (DIYKTyaluu HeoIuHaKkoBbl. Hanbosee BeposTHbI

MeJKHie BBIOpOCkl. YeM Oorbiiie 3HaueHne (UIyKTyalny, TeM MEHbBIIE €ro BEpOsITHOCTD
riosiBiieHus. CTydaifHbIif XapakTep CYMMHPOBaHHS IPOMaJIHOTO YHCIIA
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MENKHX OJICKTPUYECKHX BO3MYLICHHH, BBI3BaHHBIX TCIUIOBBIM JIBU)KCHHUEM
9JIEKTPOHOB, O00YCIIOBIMBACT COTNIACHO LIEHTPAJIBHOM MpeneibHOM TeopeMe TeopHH
BEPOSATHOCTH HOPMAJbHBII 3aKOH PACIPEACICHUs] BEPOSTHOCTH  TEIUIOBBIX
¢buykryanmii

<

)= —=e 7,
cr\frZJr

—
ret- CpeiHee KBaAPaTUIECKOe OTKIIOHCHUE LITYMOB, o = [kTAf .

@OnyKTyallMOHHBIE TIOMEXH CUUTAIOTCSI HanOoJiee BPEAHBIMH M B TO JK€ BpeMs
Hem30exxHBIMH. [lo3TOMY TIpM aHaiIM3e MOMEXOYCTOMYMBOCTH DPAIMOCBA3M dHalle
BCETO UCXOMAT U3 HAMYHUS HMEHHO 3TOH IIOMEXH.
3amupanus. JUisi HEKOTOPBIX KaHAJOB CBs3W, Hampumep HoHocheprHoir KB-
paauocssi3u, Tponocheproit YKB-panuocsssu, Moelb ¢ HE3aMHPAIOIIAM CHTHAJIOM
U aAAUTUBHBIM CTAallMOHAPHBIM TayCCOBBIM IIIYMOM ABJIACTCA He}IOCTaTO‘IHOﬁ.
Wsmenenus YpPOBHA CUI'HAJIa, TaK Ha3bIBaCMbIC 3aMUpaHUsA, B HOL[O6HI)IX KaHaj1ax
BBI3BIBAIOTCS. MHOTUMH MIPUYIMHAMH. MeodnenHsle 3amupanus MOTYT UMETh MECTO H3-
3a U3MEHEHHUH YPOBHS MOTJIOMICHHUS PaJUOBONH, KOdQHIreHTa peppakiny WIN U3-
3a U3MEHEHMS COJIHEYHOW WIM I'€OMarHMTHON aKTUBHOCTU. VX cpenHuil mepuon
HU3MEpSIETCS MHUHYTAaMH HIM JaXe 4JacaMH. bwicmpwie 3amupanus TIPOHCXOAAT 3a
CeKYH/ABl WIM JONH CEeKyHJIBl H3-3a SIBICHHS MHOTOJIYYEBOCTH, TO €CTh H3-32
pacIpocTpaHeHus] PaJvoOBOIH OT IEpelaTdnka K TPHUEMHHKY MO HECKOJIbKUM
Pa3IMYHBIM Iy TAM. OTH MyTH WINA PaJroiydn 00pa3yloTcs B pe3yabTaTe OTPaKEeHHs
pamvoBOIH OT MHOTOYHCICHHBIX HeogHoponaHocTtedl B wnoHochepe (KB) wnm
tporochepe (YKB). Takum o00pa3om, curHaj, BO3ACUCTBYIONIMIA Ha MPUCMHUK,
NpeACTaBIsieT COo0OM CyMMy HECKOJBKHX COCTAaBISIONMX. MX — amIMTyIst
ONpeaeIsIIoTCsT KOA(PPUIMEHTaAMH OTpPaKEeHUs HEOTHOPOMHOCTEH M MEHSIOTCS BO
BPEMCHH CPABHUTCIIBHO MCIJICHHO. da3zp1 COCTaBJIAOMIUX 3aBUCAT OT IJIMHBI ITYTH,
IPOXOJUMOI0 PaJUOBOJIHOM, TO €CThb OT MECTOIIOJIOKEHUS HeomgHopoaHocTed. Ilpu
M3MCHCHUH ITyTH Ha OAHY [UTHHY BOJHBI (paza MEHsETCS Ha 2R paguaH. ITO MOXKET
MIPOUCXOJUTH MPU OTHOCHTEIHPHO HEOONBIINX TEPEMEIICHUAX HEOTHOPOIHOCTEH U B
pEaTbHBIX YCIOBHSX IPOMCXOMUT CpaBHUTENbHO ObicTpo. IlosTomy OblcTphle
3aMHUpaHusi 00yCIIOBJICHBI TMIaBHBIM 00pa3oM CIIydailHBIMH W3MEHEHHSMH BpPEMEHU
3ama3/bIBaHus Jydei wim (a3 ciaraeMblx, BO3JCHCTBYIONIMX Ha TpUeMHHUK [ 12 ].

B pesynprare OBICTPBIX 3aMHpaHUi Hecyllee KojeOaHHE II0/BEpraeTcs
MYJIBTUIUIMKATUBHOM Mopmynsaiuu. Ecium B KaHale HMMeeTcss 3HAuMTEIbHOE YHUCIIO
HEOJHOPOAHOCTEH CPaBHUMBIX pa3MepoB, a (pa3bl OTpaKeHHBIX OT HUX CHTHAJIOB
MEHSIOTCSI  CIy4aHO M HE3aBHCHMO, TO B O3TOM cIy4yae aMIUIUTyJa
pe3yJIbTHPYIOIIEr0 CUTHAlla HWMEET pelieeBCKoe pacnpejeneHue, a (aza —
paBHOMepHOe. PeneeBckue 3aMupaHuss Orubarmeld paauoCUrHajga TOCTOSTHHO
nMeroT Mecto mnpu  gansHe KB - paamocBs3u. OHHM  HOCAT Ha3BaHUE
unmepgepenyuonnbix 3amupanui. IIpu TOM 4acToO OIUH U3 Tydel 3epKaIbHO
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OTpaXkaeTcst OT YCTOMYMBOTO HMOHOC(EPHOro CiIos, a OCTalIbHBlE — OT
(GIYKTYHpYIOIIMX ¥ TIEPEeMEMIAlOIIUXCs HEOTHOPOTHOCTEH. Pe3ympTupyromumii
CHUTHAJI B 3TOM CJIyd4ae COCTaBJICH M3 PETYJSIPHON M PEIEEBCKON COCTaBIISIOIINX, TO
€CTh OH UMeeT 0000IIEeHHOE perieeBcKoe pacipenenenue [11].

Ilpn y3KOMOIIOCHOW MOAYJSIMKM MOXKHO JOIYCTUTh, YTO 3aMHPaHUs
OJIMHAKOBBIM 00pa30M M3MEHSIOT aMIUIUTYbI CIIEKTPaJIbHBIX COCTABIISIONINX HA BCEX
yacToTax. B 3ToM ciywyae 3amMMpaHHs Ha3bIBAaIOT 2naokumu (B TpaHULAX IIHPHUHBI
CIIEKTpa CUTHAJIA).

IIpy MIMPOKONOJIOCHON MOIYJISILIMK KapTUHA YCIIOXKHAETCA, IIOCKOJIBKY
CTETCHb M3MEHEHMS aMIUIUTY[ CIIEKTPAIBHBIX COCTABIAIOIIMX CHTHAlTa HAa Pa3HBIX
JaCcTOTaX OKAa3bIBAETCA PA3/IMYHOM, a 3aBHCHUMOCTh (Da3pl OT YacCTOTHI CTAHOBUTCS
HenuHeHHOH. Takue 3aMHpaHus B OTIMYHME OT TNIAAKHX Ha3bIBAIOT CEACKIMUGHLIMU.
OHM TpUBOIAT K CHJIBHBIM CIIydJalHBIM HW3MEHEHHSAM (OPMBI TI€pEaaBaeMoro
CHUTHaJA.

INomexoycroiunBocTh. Ompenensercss Kak CIIOCOOHOCTb CHCTEMBI CBSI3H
OCYIIECTBIISATh NPUEM IT0JIE3HBIX CUTHAJIOB B YCIOBHUAX IMoMeX. MOXXHO TOBOPUTH HE
TOJIBKO O TIOMEXOYCTOWYMBOCTH CHCTEMbl CBS3M B [EIOM, HO H O
HOMeXOyCTOﬁ‘IHBOCTI/I €€ OTACIBbHBIX 3BC€HLEB, OCYIICCTBJIAIOMIMX TO WIM HHOC
npeoOpa3oBaHUe CHTHaa, HAPUMEpP, MOMEXOYCTONYMBOCTH NMPUEMHUKA, KOJa, BHIa
MOAYyJISAIUU U T. A.

KonuuecTBeHHas Mepa IOMEXOYCTOIUMBOCTH, €ANHAS IJIs1 BCEX BHIOB CBSI3H,
orcyrctByer. Ilomexm  WCKakarOT  TEpeNaHHBIl  CHUTHAI, ¥ IO3TOMY
MIOMEXOYCTOWYIHNBOCTh CBSI3M TEM BBIIIE, YeM OOJBIIE CTENCHb COOTBETCTBHSA MEXKIY
NIPUHATEIM M TEepeJaHHbIM cUrHajmoM. OfHaKo KpUTEpHH 3TOrO COOTBETCTBHUS HE
MOXeET OBbITh eIUHBIM. BBIOOp ero 3aBUCHT OT TpeOOBaHMI MONydaTens W
0coOeHHOCTEeH BOCTIpHATHS UM HH(MOPMAIMH (CIyXOBOE, 3pUTEJBFHOE U T. II.), OT
KJiacca MCIOJIb3YeMbIX CUTHAJIOB U OT 0COOCHHOCTEH AEHCTBYIONINX B KaHAJEe MTOMEX
B 3aBucuMoOCTH OT yCnoOBHil CBSI3M W TpPeOOBaHMH Moiy4arenass WHPOpPMAIMU B
KayecTBE KPUTEPHsS COOTBETCTBHS MOXKET OBITh HCIIOJBb30BAaHBl BEPOSTHOCTD
OIINO0YHOIO mnmpueMa, MAKCUMaJIbHOC OTKJIOHCHUE TIPUHATOTO CHUrHajga oOT
MEepEeIaHHOr0, CPEJHEKBAIPAaTHYHOE OTKIIOHEHHE W MHOTHE JpyrUe KpPUTEPHH.
Kaxxnpiii 13 HUX ompenessieT CBOI0 Mepy MOMEX0YCTOMYHUBOCTH.

[Ipu mepenave auckpeTHOW MH(pOpMANMK yHOOHO CUMTATh, YTO COOOIICHHE
MepefacTcss TeM TOYHEE, YeM MEHbBIIE BEPOSTHOCTh OIIMOOYHOTO IpHUEMa HIIN
HUCK@KCHMS  JJIEMEHTapHOro CcuUMBOyia. 1lo3TOMy  KOMHUYECTBEHHAs]  OIEHKA
ITOMEXOYCTOWYNBOCTH B 3TOM CIydae MOXKET OBITh JjaHa C TOMOIIBIO BEIWYHHBI,
00paTHOH BEPOATHOCTH MCKaKECHHS.

[Tpn nmepenade HETIPEPHIBHBIX COOOIIEHUH T KOJMYECTBCHHON OIICHKH
IIOMEXOYCTOWYHMBOCTH YaCTO MCHOJIB3YETCs CIOCO0, OCHOBAaHHBIN Ha CPaBHEHUU
OTHOUICHHH CPeTHIX MOIIHOCTEH CHrHaja U MOMEeXH Ha BbIxoje npueMHuka (Pc/
P.)BBIX IIPU YCIIOBHH, YTO Ha BXOJI€ CPABHUBAEMBIX IPUEMHHUKOB 3TH oTHOIEHUS (P,
/Py)BX OTUHAKOBBI.
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4. 3. UapycTpuaabHbIe TOMEXH

JlaHHBIE ~ TIOMEXM  CO3JAlOTCSl  pa3IMUYHBIMM  JJIEKTPOHHBIMH U
NIEKTPOTEXHUUECKUMH YCTPOICTBAMH, IPUMEHSIEMBIMU B OBITY, TEXHHKE H T. A. JTH
TIOMEXH HE TOJIBKO YXyAHIAOT IOKa3aTeJIM Ka4€CTBa CPEACTB paalOBCIaHNs, CBA3H,
TeneBuaeHus, OBM, cpencTB 3IEKTPOHHOI aBTOMATHKH, YCTPOUCTB IPeoOpa30oBaHuUs
nHpOpMaNMK, HO M SABJIAIOTCS OHOW W3 BAXHEHIIMX INPHYMH HapyLICHUS
ANEKTPOMArHUTHON COBMECTUMOCTH PaINO3IEKTPOHHBIX CPEICTB HA 0OBeKkTax [ 6 .

CymiecTBYIOT [B€ TJIaBHbIE IIPUYMHBI BO3HHUKHOBCHHS WHIYCTPHAIBHBIX
panuonomex. Bo-miepBhIX, B HEMSAX pa3lUYHBIX yCTPOWCTB NMPOTEKAIOT IIEPEMEHHBIE
JJIEKTPUYECKHE TOKM W CO3/aHHE IIOMEX  OOYCIIOBICHO  H3IIyYCHHEM
JJIEKTPOMArHUTHBIX ~TOJIEH, CO37]aBaeMbIX JTHMH TOKaMH, B OKpY)Karoliee
npoctpaHcTBO. CIIEKTP TakMX IOMEX COOTBETCTBYET CHUTHAJIaM, HCIIOJIB3YyEMBIM B
WCTOYHMKE TOMEX JUIsl Tepefayd Moie3Hod mHpopManuu win o0pabotku ee. Bo-
BTOPLIX, MPOUCXOAUT U3MCHCHUEC 3HepFOHOTpe6J'[eHI/IH Harpyskamu, IpEepbIBAHUEM
KOHTaKTOB M IEPEeXOJHBIMH IpOLleCCaMH B IEMsiX. B 3ToM cilyyae CreKTp momex
OKa3bIBAETCSl IIUpPE CHEeKTpa KojeOaHMM B LEeNH TPH YCIOBHUHM PETYISIPHOCTH
IpoTeKaromero Toka. [loMexm W3My4aloTcs W paclpoCTPaHSIOTCS B LEMAX
IIEKTPOITUTAHHUS.

Cpenu pa3nuyHBIX MCTOYHHUKOB HWHAYCTPUAIBHBIX MOMEX MOXHO BBIACIUTH
CIIEAYIOIIHE:

— YCTpPOWCTBA, TEHEPHUPYIOIIHE HENPEPHIBHBIE 3JIEKTPOMArHUTHBIE KOJeOaHUs
(MeIMIIMHCKUE U TIPOMBIIIJICHHBIE BEICOKOYACTOTHBIE YCTaHOBKH, T€HEPATOPHI
Pa3BEpPTOK IEKTPOHHO-ITYYEBBIX TPYOOK H T. 11.);

— DIIEKTPOTEXHUYECKHUE yCTpOWHCTBa, BbIpadaThIBaIOIINE Xa0THYECKHE
HUMITYJIbCHBIC TOCJICI0BATCIBHOCTH (J'[I/IHI/II/I nepeaadn  SJICKTPOSIHEPTHUU C
BBICOKUM HAIIPSKCHUEM, CHUCTEMbI 3allyCKa WK 3a)XUraHus, KOHTAKTHO-
KOMMYTHUPYIOLIME YCTPOMCTBA, BBICOKOBOJIBTHAS ammaparypa Al IyroBOU
CBapKH, TOKOCBEMHHKH 3JIEKTPOTPAHCIOPTAa, Ta30pa3psiIHbIE YCTPOMCTBa,
JIBUTATENN ¥ TE€HEPATOPHI IIOCTOSHHOTO IEKTPUIECKOTO TOKA H T. 11.);

— TMpOLECCHl CBSI3aHHBIE C MPE0oOpa30BaHMEM MEXaHWYECKOW OSHEPTUH B
NIEKTPUUECKYI0  (9JIEKTpU3alMs  KOPIYCOB  JBIDKYIIMXCA  OOBEKTOB,
NepeMelIeHne NPUEMHOTO KOHTypa BO BHEIIHEM MAarHUTHOM  IIOJe,
be303QdeKTs 1 Ap.);

— KOHTaKTBl JJIEMEHTOB KOHCTPYKIIMH, COIPOTHBIICHHE KOTOPBIX B IpoIlecce
JABHXXCHHUA MCHACTCA (HpI/I 06nyqu1/m KOHTAKTOB JJICKTPOMArHuTHBIM I10JIEM
MPOUCXOJUT MEPEU3IyICHHE €ro ¢ MOIYJISALUEH 110 aMILIUTY/IE U YacTOTe).

4.3. 1. McTOYHMKH HENPEPBIBHBIX UHIYCTPHAIbHBIX TIOMEX

WcTtouHnKaMu Takux TIOMEX SBISIOTCS TPOMBIIIJICHHBIC Harpe€BaTC/IbHbBIC
YCTAaHOBKH, BBICOKOYAaCTOTHBIE NHAYKIITUOHHBIC DJIEKTPUICCKUE TTI€YN, MEAUIITHCKOE
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000pyIOBaHUE, IJI€ €CTh BEICOKOYACTOTHBIC TEHEPATOPHI, a TAKKE I'eTEPOTUHBI
MPUEMHHUKOB, TEHEPATOPhI HAKAYKHU JIa3€POB U JIp.

McTOYHHMKM yKa3aHHOIO THUIIA TI'€HEPUPYIOT PErYJSIPHBIE BBICOKOYACTOTHBIE
konebanus. Co3maBaeMble UMW TMOMEXH OJM3KH K TapMOHHYECKHUM, UX CIEKTPHI
Y3KOIOJIOCHBI U UMEIOT MaKCHMAIIbHYI0 WHTEHCHBHOCTH BOJIM3M YaCTOT OCHOBHOTO
KonebaHus ¥ oOT4acTh ero rapMoHWK. OHHM ONM3KH K JETEPMHUHHPOBAHHBIM.
VCTOYHMKHM JaHHOTO BHUJAA JIETKO OMNpPEACIHNTh, WX XAPaKTEPHUCTHKH MOXKHO
mporao3upoBatb. OmHAKO 3HAYUTETBHOE UHCIO WCTOYHUKOB WHAYCTPHATBHBIX
MOMEX TeHEPUPYET IIUPOKOIMOIOCHbIE MEPHOANYECKUEe TOMexu. Takue TOoMexu
CO3/IalOT TEHEPATOPhl Pa3BEPTOK TEICBU3MOHHBIX TMPHUEMHUKOB W WHAUKATOPOB
PaIMOJIOKAIIMOHHBIX CTAHIWN, Pa3UYHBIC 3JICKTPUYCCKUE U PATUOIICKTPOHHBIC
YCTPOWCTBA, B YACTHOCTH, MOTYJIITOPEI, YCHIUTEIH CUTHAIOB H300paKCHUS, CPEIICTB
ABTOMATHUYCCKOI'O praBHeHI/ISI HT. O.

4. 3. 2. ICTOYHUKHN UMITYJIbCHBIX IOMEX

WNHuaycTpuanbHble paguoNOMeXH CO3[AI0TCs, KaKk MPaBUIIO, B BUIE OJUHOYHBIX
UMIIYJIbCOB WM TOCIEJOBATEIFHOCTH MMITYJIbCOB. XapaKTEPUCTHKH JTaHHBIX ITOMEX
ompenessIoTess GOPMOI U 9aCTOTON MTOBTOPEHUS HMITyTECOB. YaCTOTHBIA CIEKTP WX
OBIBaeT MIMPOKHUM, TaK KaK HEPrusl TaKUX MOMEX pacIipefesieHa B IHPOKOH Mojoce
gacTtoT. DopMa UMIYITHCOB ITUX MMOMEX, UX JIUTEIHHOCTh M 9YaCTOTHI IOBTOPEHUS B
OCHOBHOM pa3IMYHBI U CITy9aiHBI.

Cucremnl  3akuraguda. K HuM
OTHOCSTCS CHCTEMBI 3a)KATaHUS
JIBUTaTeNled  BHYTPEHHEr0  CTrOpaHus.
DNIEKTPOMAarHUTHBIE TMOMEXU CO3JAI0TCS
HMMITYJIbCHBIMH TOKaMH, MPOTEKAIOIUMHU
B IEMsIX 3aXHUraHus, W TMEePEeXOIHBIMHU
mpoueccaMd B yKa3aHHBIX  IIETISX.
JmATeNbHOCTE WMIYJIBCOB  COCTaBISET
OT JOJeW MHKPOCEKYHABI 10 EIMHUI
HAHOCEKYHJ, BCJEICTBHE YEro CIEKTP
IIOMEXH OKa3BIBaeTCs MIHPOKHM,
3aHUMAIOIIUM OO0JIACTh YaCTOT MPUMEPHO
no 1 I'Tm. MHTEHCHMBHOCTHL MOMEX OT
CHCTEM 3aKUTaHUs 0OBIYHO
MakcuMallbHa B mosioce yactoT oT 30 1o
300 MI'u. TunuuHelif BHJ CHEKTpa
MIOMEXH TOKa3aH Ha puc. 4.6.

ITomexu OT cHCTEM 3a)KUTAHUS SBISIOTCS OJTHON M3 CEPhE3HBIX MPUUNH
HapymeHus OMC Ha oObekTax. PeanbHbIE IEMM CHCTEM 32)KUTAHUS SBISIOTCS
HNCTOYHUKAMH DJICKTPUIECKOTO THIIA ¥ II03TOMY B ONIIDKHEH 30He HamboibIee
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3HAYEHHE HMMEET CO3[JaBacMOE€ HMH DJIEKTpUYecKoe Imone. Bxmajg MarHutHON
COCTaBISIIONIEH MO B o0Inee M3IydeHHE Mall M MMEET MECTO TOJBKO Ha CaMbIX
HHU3KHX YacToTax. HampsykeHHOCTh 3JIEKTPUYECKOro IIOJISI 9THX MOMeX Ha 00beKTe
MOXET JIOCTHI'aTh BBICOKHMX 3HaueHHd. Tak, Ha aBToMOOmMIIe 6€3 OMEXONOoaBICHUS
E = 500MkB/Mm.

J1n1st HEKOTOPBIX CITYk0, B YACTHOCTH CYXOIYTHOM NOABHKHOW CBSI3H, OOJIBIIOE
3HAUEHWE HWMEIOT MOMEXH, CO3JaBaeMble TpPYNIOH aBTOMOOWIIEH, Tak Kak Ha
pacctossaun 60 — 80 M OT IIOCCE C MHTEHCHBHBIM aBTOABM)KEHHUEM DTH MOMEXHU
MPaKTHYECKU IPE00TaJatoT HaJl OCTAIBHBIMHY. JJaHHBIE TIOMEXH MPEACTABIIIOT COO0M
MOTOK TPYHN HMMITYJIbCOB, JUIMTEIBHOCTh KaXIOW M3 KOTOPBIX KOJeOyeTcs OT
HECKOJIBKUX MHKPOCEKYHJ IO HECKOJIBKMX MUJUIUCEKYHJ, AIUTEIBHOCT OTHEIbHBIX
MMIyIbCOB OT 1 10 6 HC. IHTEHCUBHOCTB 3TUX MOMEX IMOJABEPKEHA 3HAUYUTEIbHBIM
(mo £16 nb) M3MEHEHUsM B COOTBETCTBHHM C M3MEHEHHEM IUIOTHOCTH JIBIDKCHHS.
BnusiHHEe OMEX OT CHCTEM 3a)KMTaHUsl OOBIYHO OIEHMBAIOT MCXOAS M3 CTAaTHCTHKH.
Tak, HMHTEHCHBHOCTH IIOTOKa IIOME€X OT CHCTEM 3aKUTaHHUsS OIHUCHIBACTCA
Jorapu()MUYECKH HOPMAJBHBIM paclpezielIeHHEM, a BEPOSTHOCTh BO3HHUKHOBEHUS
TPy UMIYIbCOB — pacipenenenueM Ilyaccona.

Jluauy  mepenauM  3IEKTPO3HEPTHUMU.
BricokoBonbTHas — ammapaTypa WM JIMHHHU
nepenayn DIIEKTPOSHEPIHU CO3Jar0T
UMILYJIbCHBIE TTOMEXH MaKCHUMAaJIbHOI
WHTEHCUBHOCTH BO BpeMs JOXKIfA, CHera,
TyMaHa H BBICOKOM BIQXHOCTH, a B
3aCyNUIMBEIX pallOHaX — TIpH  OOJBIION
TypOyJEeHTHOCTH BO3/yXa | TIOBBIIICHHON
conHeyHoM paamamuu. HemocpeactBeHHOM
MPUYMHOI BO3HUKHOBEHHUS JaHHBIX IIOMEX
SBISIFOTCSL  IEPEKThl  M30JIATOPOB  OMOPHOU
MauThl, a TakXe IepeXOaHbIe IPOIECCHI,
BBI3BIBAEMBIC  AJICKTPUYECKUMH  pa3psaaMu,
XAOTHYECKH BO3HHUKAOUIMMHU Ha TIOBEPXHOCTAX
MPOBOJHHUKOB M U30JATOPOB JTHHUM.

Ilomexu oOT JMHMI 3JEKTponepenay
MIPEICTABISIOT COOOH CITy9alHBIN MOTOK UMIYIbCOB. [10o XapakTepucTHKaM 3TOT BUA
MOMEX aHAJIOTMYeH MOMEXaM, CO3AaBa€MbIM CUCTEMaMH 3aKUTaHUS, HO OTIUYAETCS
OousibIiell  cpemHEH AMMTENBHOCTHIO HMITYJbCa M MEHBIIEH cpemHeld 4acToToi
cnenoBanusa. CHEKTp 3TUX MOMEX 3aHMMAET MOJIOCY YacToT OT npuMmepHo 14 xI'x go 1
I'Tu(puc. 4.7)

ITomexu oT nAMHUI S3JeKTpomepenad M3JIydalOTcsl B OKpY’Karoliee
MPOCTPAHCTBO, a TaKX€ PACHPOCTPAHSIOTCS HAa 3HAUUTEIbHBIE PACCTOSHUS BJOJb
KOaKCHaIbHOW (MOJ3eMHBIN Kalelnp), IByXIPOBOIHON MM MHOTONPOBOJHON JIMHUU
nepeaayy (BO3AYIIHAS JIMHHS AJIEKTPONepeaatn).
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Homexu or snekrpoxBurareneid. Hambonmpmmme moMexw cpemu BCEX THIIOB
3JIEKTPOJBUTATENEH  CO3JAI0T  JABWUTATENM  KOJUIEKTOPHOTO  THMA,  IIHPOKO
UCTIONb3yEMbIe KaK B OBITOBBIX NPHOOpax, TaK M B PA3IMYHBIX HMCIOJHUTEIBHBIX
MexaHu3Max. [IpranHOi BOSHUKHOBEHHS ITOMEX SIBISIETCS MPEPhIBAHIE KOHTAKTOB U,
KaK CJEICTBHE, BO3HMKHOBEHHE HUMIIYIbCHBIX TOKOB B JJIEKTPHUUECKOW IEMH
neurarensd. Ilomexu HMEOT BUA XAaOTHUECKOTO MOTOKA MMITYJIbCOB, MX CIIEKTp
3aauMaer moinocy dactor 10 k[m— 1 I'Tu. [lomexw, co3maBaembie mpu pabote
ANIEKTPOABHUraTeNe, pPACHpOCTPAHSIOTCS B CETH OJIEKTPONHUTAHUSA, a TakKxke
U3ITY4aloTCs B OKpY KaroIiee MPoCTPaHCTRBO.

JyroBble cBapoyHble amnaparbl. [loMexu OT HUX OOYCIIOBICHBI U3ITyYEHUEM
JOYTOBOTO paspsja Ha YacTOT€ CETH M €€ TapMOHHMKAX BCIEICTBUE IEPEXOIHBIX
MPOLIECCOB M SBJIIOTCS  IIMPOKONOJOCHBIMH ~ HMITYJbCHBIMH — TTOMEXaMH.
VIHTEHCHBHOCTD MX BEChbMa BEJIMKA M HEPEIKO MPEBBILIAET JOIYCTHMBIE YPOBHH Ha
40 nb u Oonee, 4TO HaeT OCHOBAaHME CUNTATH TAKOH BUJA IIOMEX OJHHMM M3 Hamboiee
OTIAaCHBIX. Pe3ynmbTaThl M3MEpEHUil CIIEKTPOB ITHX IOMEX YKa3bIBAIOT HA HaJM4He
TpeX IIMPOKHUX PE30HAHCHBIX IOJIOC, IIEHTPHI KOTOPBIX COOTBETCTBYIOT YacTOTaM,
npuMepHo paBHbIM 750 kI'm, 3 m 20 MI'm, XOTS CHEKTp H3Iy4YEeHHUS KaKIOro
OTZAENBHO B3SITOTO ammapaTa He 00s3aTellbHO BKIIOYAeT B ce0sl Bce 9TH Pe30HAHCHBIC
MOJIOCHI.

I"a3opaspsaHble MCTOYHUKM cBeTa. JlaMmIbl JHEBHOTO CBETa M HEOHOBBIE
JIAMITBl CO3JAI0T HETPEphIBHbIE (DIYKTYyallMOHHbIE TOMEXH, a PTYTHBIE IYTrOBBIE W
HaTpPUEBBIE JIAMIIBI — UMIYJbCHbIE IOMeXU. HenocpenacTBeHHONM NpPUYMHON
BO3HUKHOBEHHs IIOMEX SBIISIETCS HEPETYIAPHBIH XapakTep TOKa INpH Ta30BOM
paspszae. B memsix sneKTpONHMTaHHUS MOIIHBIX JIAMIT IPOTEKAI0T MHTEHCUBHBIE TOKH,
CO3/al0IMe 3HAYUTENbHBIA YPOBEHb pPaJUONOMEX B MIMPOKOH MOJIOCE YacToT.
Hanpumep, 1roMUHECHIEHTHBIE JTaMIIBl MOTYT CO3/1aBaTh IOMEXHU B JUaNa30He 4acTOT
10 —100 MI't u Gosee.

KonrakTHas cerb. VICTOUHHMKOM MHAYCTPHAIBHBIX MOMEX MOXET OBITh Jr00as
JJEeKTpUUECKas Lelb, B KOTOPOH NPOUCXOMAT 4acThle M PE3KHE H3MEHEHHUS TOKa,
OOBIYHO CBSI3aHHBIE C Pa3pHIBOM KOHTAaKTOB, HCKPOOOpa3OBaHWEM, IOSBICHUEM
YTEUKH TOKa dYepe3 H3OJALMI0, MOHM3anueil raza. MOIIHBIM HCTOYHHKOM ITIOMEX
SBIISIETCS  AJIEKTPOTPAHCIIOPT, JBIIKEHHE KOTOPOTO CONPOBOXKIACTCA YACTHIM
MpepBIBaHIEM KOHTAKTa MEXIY BO3AYIIHBIM IPOBOJOM M TOKOCBEMHHKOM. OTH U
Jpyrue osieKkTpuyecKhe YCTpoiicTBa (peleHBIE CXEeMBI, NpPeAOXpPaHHUTEIbHBIC
BBIKITFOUATEIH M T. 7.) CO3JAIOT MOMEXH M BHIE OJMHOYHBIX HMMILYJIBCOB, TPYIII
UMITyJIbCOB WJIM HETIEPHOJMYECKNX MMITYJIBCHBIX IOcienoBaTenbHocTeld. Hampumep,
TIOMEXH MPH KKJIOM IPOXO>KACHUN 3JIEKTPOTPAHCIIOPTA MPECTABIISIOT COO0H TTOTOK
uMIynbcoB B TeueHne 20—30 ¢ AMUTEAbHOCTBIO UMITYJIbCA OKOJIO 4,5 MC U CpefHen
yacToToil crnepoBanus okono 220 I'm. ChekTp 3TUX NMOMEX 3aHUMAeT HIMPOKYIO
MOJIOCY, @ YPOBEHb 3aBUCHUT OT THUIIA YCTPONCTBA. B kauecTBe MILTIOCTpAIMM Ha PHUC.
4. 8 mpezcTaBieHA 3aBHCHUMOCTh YPOBHEH IOMeEX, CO3[JaHHBIX pa3MarHUYMBAIOIINM
(1), mepexmovatomuM  (2) M DIEKTPOMEXAHUYECKUM




66

nepekirovaomuM  (3) yCTpOWCTBaMH, OT YaCTOTHI, ONPEICICHHAS Ha PACCTOSHUH 7,
5 M OT UCTOYHHKA ITOMEX.
HcTounuku JJICKTPOIIUTAHUA.
S. i Y IlepBuunble ¥ BTOPUYHBIE  LIEIH
My B [ f | NHUTAHUA JIEKTPO-
MKy f -{ u
10 [ pannooOOpyIOBaHUST MOTYT  CIY)KUTh
HCTOYHUKOM  WIMITYJIGCHBIX  TIOMEX,
00yCITOBIICHHBIX TIEPEXOTHBIMH
IpoLeccaMu U3-3a PE3KUX H3MEHEHUI
TOKA. CyTb 3TOr0 MexaHu3Ma
3aKIIFOYaeTcss B TOM, YTO  TPH
W3MEHEHHU ANIEKTPONIOTPEOICHHS
OAHMM U3 CPEACTB (Hampumep, IpH
Y ] 10100 LM m BKJIFOUEHUHU 3JIEKTPOJBUTATENIEH,
HCIIOJTHUTENBHBIX MEXaHU3MOB W Ip. )
Puc. 4.8 W3MEHsIETCS HalpspKeHHe, IeHCTBYIOIIEe
B Lenu iekrponuranus PII.
OTO0 W3MEHEHHE, a TaKXKe COMPOBOXKMAIOIINE €r0 IMEePEeXOIHBIC IPOIECCH B BHIE
CKa4YKOB TOKA WM KOJIEOATENBHBIX IPOIIECCOB HEPEAKO MMEIOT OOIBIIYIO aMILTUTY LY
U IUPOKWHA criekTp. Tak, WHOrHa B OOpTOBOH ammaparype HaOMIOMAIOTCS CKAYKH
HATPSDKEHUSI C aMIUTATYIOM IO COTSH BOJIBT U JUTUTEILHOCTBIO OKOJI0 10 MKC.
3HAYUTEIbHBIC YPOBHH IMOMEX MOTYT CO3/1aBaThCsl CAMHMU HCTOYHHKAMH
aNeKkTponuTanusa. Hampumep, mpu paboTe MOIIHBIX THPHUCTOPHBIX BEIIPIMHUTEICH
HEPEIKO BO3HMKAIOT TIEPHOAMYECKHE IIOMEXH Ha YacTOTe BTOPOH TapMOHUKHU
MIepEeMEHHOro Toka. J[aHHBIE MOMEXH 3aHUMAIOT OOJIACTH YACTOT, MPEBHIIIAOIIYIO
HECKOJIBKO JECATKOB Merarepl. Jlpyras »OpuYuMHAa BO3HUKHOBEHHUS IIOMEX OT
HMCTOYHHUKOB DJIEKTPOIUTAHUS CBS3aHa C TEM, YTO IPU Meperpy3Kax TpaHCPOPMATOPHI
BXOJST B PEKUM HACHIIICHUSA, TPOTEKAIOIINE B HUX TOKH MMEIOT HECHHYCONIATBHYIO
¢dbopMy, TO ecTh coaepkaT TapMOHUKH. B 3TOM cilydae WCTOYHHK SIIEKTPONHUTAHUS
CO3/1aeT MMOMEXH Ha YaCTOTaX TAPMOHHK CETH ITEPEMEHHOTO TOKA.

4. 3. 3. JlononHUTENbHBIE HCTOYHUKH HHAYCTPHAIBHBIX TOMEX

WHnycTpuanbHble TTOMEXW MOTYT BBI3BIBATHCS ICKTPU3ALUECH ABHKYIIUXCS
00BEKTOB B Pe3yJIbTaTe TPEHHUS UX KOPITYCOB O BO3IYX U B3BEUICHHBIC B HEM YaCTHIIBI
IIBUIMA, JAbIMa, CHEeXWHKM M T. A. [IIOTHOCTH MHAYIHMPOBAHHBIX 3IEKTPUUYECKUX
3apsiI0B MaKCUMaJIbHa B MECTaX, IJIeé UMEETCS MaJIbId pajuyc U3ruba MOBEpXHOCTH
WIN OCTpble KPOMKH. Tak, y KOHIIOB KpBIJIbEB CaMoOJIeTa WIIM JIONACTeHd BHHTOB
BepTojeTa oHa B 5 — 8 pa3 BhbIllIE, YeM Ha IMOBEPXHOCTHU CpeAHeil yacTn (dro3emnsoka.
YpoBeHb AIIEKTPH3ALMK KOPIyca camoJieTa, BEpTOoJieTa WIH
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aBTOMOOWJIS OBIBAaET HACTOJBKO BBICOKHUM, YTO MOXET IPOM30UTH KOPOHHBIH pa3psiy,
CO3JAIOIIMHA IOMEXH C IOUPOKUM cHeKTpoM. CTelmeHb JIIeKTpU3aUuM M,
ClIeIOBATEILHO, MHTEHCUBHOCTD 3TOTO BUJIAa TIOMEX 3aBHCST OT CKOPOCTH JBHIKCHHS
U TPUMEPHO IPOMOPIHOHANBHBI KyOy ckopoctu (puc. 4. 9) Ha pucynke mokazax
CIIEKTp IMOMEX 3a CYeT OJJISKTPH3allMd caMojera: 1)TOKaMH C HElpOBOILINX
Y4YacTKOB; 2)CTEKaHHEM TOKOB C IIPOBOSALINX YYACTKOB; 3)3JIEKTPUIECKIM IIPOOOEM.
K oroit ke rpymnme
CllelyeT ~ OTHECTH  IIOMeXH,
BO3HUKHOBCHUEC KOTOPBIX
00YCIIOBJIEHO npoleccamu
mpeoOpa3oBaHus MEXaHUUECKOU
SHEPTUH B IEKTPUUYECKYIO U HE
CBSI3aHO HENOCPEICTBEHHO C
HCIONB30BAaHUEM  KaKOW-IHOO0

3IEKTPOMArHUTHOM SHEPTUU
HCTOYHHUKOM IIOMEX. Puc. 4.9
Tax, IIEpEMEHHBIC

MEXaHWYEeCKHEe Harpy3kh B DJJIEMEHTaxX paJnOyCTPOWCTBA CIOCOOHBI BBI3BAThH
MOSIBJIGHHE ITOMEX H3-3a Mbe30-3dderra u apyrux ¢usudeckux npuiyuH. K maHHOM
rpynme ToMeX TaKkKe MOXXHO OTHECTH U HaBeJCHHbIE IIEpEeMEHHbIE TOKH,
o0OpasyeMble BCIEICTBHE NEpeMeEIlleHHs] IPOBOJAHUKOB B MarHUTHOM moune. [lomexu
3TOr0 BUAA OOBIYHO BO3JEHCTBYIOT TOJBKO Ha YCTPOWCTBA, B KOTOPHIX OHH
BO3HMKIIH, ¥ MaJIOCYIIIECTBEHHBI [UIS IPYTUX PaJUO3IEKTPOHHBIX CPEICTB.

KoHTakTHBIMM Ha3bIBAlOT HETPEIHAMEPEHHbIE IIOMEXH, BO3HHUKAIOUINE B
pe3ysibTaTe MEPEH3IyUCHHS 3ICKTPOMArHUTHOTO IO JJIEMEHTAMH KOHCTPYKIMH
00beKTa, UMEIOIMMH KOHTAKTHI, CONPOTHBICHHE KOTOPHIX B IMPOILECCE IBIKCHUS
o0beKkTa M3MEHSIOTCS. BO3HMKHOBEHME  KOHTAKTHBIX TIOMEX  OOBSICHSAETCS
crenyromM obpasom. Ilox melcTBHEM BIIEKTPOMAarHWTHBIX IIOJIEH, CO3MaHHBIX
NepefaloIUME  aHTeHHAMH, Ha J3JeMEHTaX KOHCTPYKLIMH OOBEKTa BO3ZHHMKAIOT
3HAYUTENbHbIE JJEKTpUYecKUue TOKH. J[pyroil mpuuMHON MOSBIEHUS TOKOB MOXET
OBITH 3JeKTpH3alysd 00bekTa. Eciii 00beKT HaXOIUTCS B TIOKOE, CHEKTP BTOPUYHOTO
M3JTyYeHHsi, 00YCIOBIEHHOTO ITUMH TOKaMH, COBIAJAaeT CO CIEKTPOM MEPBUYHOTO
n3nydeHus. B mporiecce MBMKEHUS yKa3aHHBIE TOKH, a CIEOBATEIBHO, M TOIS ITHX
TOKOB OKa3bIBaIOTCS TPOMOJIYJIMPOBAHHBIMHU MO aMILIUTY/EC U (aze B COOTBETCTBHHU C
3aKOHOM M3MEHECHUS KOHTaKTHBIX CONpOTHBICHMH. llosBisiomuecs Npu 3TOM
JIOTIOJTHUTEIbHBIE YaCTOTHBIE COCTABIISIOIINE U SIBJISIOTCA KOHTAKTHBIMH ITOMEXaMH.
KoHTakTHBIE TIOMEXH BBICOKOTO YPOBHSA MOTYT 3aHMMAaTh HIMPOKHE IMOJOCHI 4acToT,
HEepeIKO MpEeBBIMIAIOINE HECKOJIbKOo Merarepl. CTpykTypa MX Ha OOJNBIIMHCTBE
00BEKTOB MMEET KBa3UMMITYJIbCHBIM XapakTep. MrHOBeHHOE 3HAa4YeHHE Orudarouiel
HaNpsHKEHHOCTH CYMMAapHOTO TIOJISI COJICP)KUT (UIYKTYal[MOHHYIO M HWMITYJIbCHYIO
cocTaBisifole. XapakTepHbIM s HUX SBJSIETCS TO, YTO OHHU HCUE3al0T IpHU
MPEKpaIIeHNH JIBUKEHHS 00bEKTa.
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5. COBMECTHUMOCTSD B IEPEJIAIOIIUX U IIPUEMHBIX YCTPOMCTBAX
5.1. IIpencraBiaeHne NoMex Ha ypOBHE UCTOUHUKOB B 3agadax OMC

HcrouHnky HempegHaMEPEHHBIX MOMEX JeliAT Ha ABe Ipynnsl. K mepBoi
OTHOCSIT pajauolepeNalonie ycTpoicTBa. SIBISsIC MO CBOEMY Ha3HAYECHHIO
N3JTydaTeqsiMi  3JIEKTPOMAarHUTHBIX KojeOaHWH, OHM MOTYT CO3/1aBaTbh ITOMEXH
PafnO03IeKTPOHHBIM YCTPOMCTBAM M cHCTEMaM, He IpeAHA3HAYEeHHBIM JUIs IpUeMa
CUTHaNa JaHHOro nepenatduka. [loaroMy mpu pemieHuu 3anad 3JIeKTPOMarHUTHOM
COBMECTUMOCTH HEO0XOJMMO TNepeJaTUMKd pPacCMaTpHBATh KakK ITOTEHIMAIbHBIE
HCTOYHHUKM 3JIEKTPOMArHUTHBIX IIOMEX, IMPOTHO3UPOBATh YPOBHH MOILHOCTH U
YUUTBIBAaTh BECh CIEKTP UX U3ITyYCHUH.

VcrouHukn momex BTOpOH TpyHmbl 1O CBOEMY (DYHKIMOHAIBHOMY
Ha3HAUYEHUIO HE BCErJa CBA3AHBI C HU3Iy4YEHHEM JJIEKTPOMArHUTHON SHEpruM B
OKpy’Kalolllee  IMPOCTPaHCTBO. B 3Ty  Tpynmy  BXOmAT,  HampuMep,
UIEKTPOIHEPTETUIEKOE 000PYAOBAaHNE MPOMBIIIJIEHHBIX U MOJBIKHBIX OOBEKTOB U
MHOTOUYHCIICHHBIE KOMMYHHKAaIIMOHHBIE YCTpoiicTBa. Pe3kme W3MeHeHHMsS TOKa B
JNEKTPUUECKUX UEMSIX MPUBOIAT K U3MEHEHHIO JJIEKTPOMAarHUTHOrO TMOJs B
OKpPY>KaIOLIeM MPOCTPAHCTBE U BO3HUKHOBEHUIO TOKOB M OJIC B MeTalIMUeCKUX
KOHCTPYKIMAX. OTH TOkH U OJIC MOryT CIOyXHTb HCTOYHUKOM PaJHONOMEX.
[TpuurHON BO3HMKHOBEHHWS TOMEX MOTYT OBITh MHOTOYHCIICHHBIE MEXaHWUYECKHE
KOHTaKThl, XapaKTepHbIE Ui IOJBIKHBIX 00BbEekToB. [lomMexum BTOpO#l TpymIbl
OTHOCSIT K UHyCTPUAJIBHBIM ITIOMEXaM.

5. 2. Knaccudukanus usmydeHni nepeaTaika

OcCHOBHOHM ~ (yHKIMEH pajnoINepelaTYMKOB  SBISIETCS  T€HEPHPOBAHUE
BBICOKOYAcTOTHOW fHepruu. OJHAKO HapsAy C OCHOBHBIM H3JIydeHHEM paboTa
paguonepeaIaTInKOB COITPOBOXIACTCA MHOT'OYHCIICHHBIMHA HEXKEJIaTCIIbHBIMU
H3TYYCHUSAMH, KOTOPBIE JISXKAT 3a IpeaeaMu He0OOXOIMMOM MOIOCH pagnoyacToT U
He TpeOyIoTCs I Tiepeadl nojie3Hol HHPOPMaIHH.

Pagmonepenatoniiie  yctpoiictBa (OPMHPYIOT PpPaAHOYACTOTHBIC CHTHAIIBL,
MOJIyJIMPOBAaHHBIE B COOTBETCTBUH C TiepenaBaeMoil HHPOpMaIel, B OpeeieHHOM
mojoce 4YacToT. MuHHManbHas mojoca By s mgaHHOTO Kilacca COOOIIEHMH,
oOecrieunBaromas Inepeaady CHTHaJIOB C TpeOyeMoll CKOpOCTbIO M KadyecTBOM,
HA3BIBACTCS HEOOX0OUMOTL NOJOCOU PAOUOHACHION.

Wznyuenuss B mpenenax HEOOXOIMMOM IOJOCHI 4YacTOT —HAa3bIBAIOTCS
OCHO6HLIMU, A BHE HEOOXOOUMOH TNOJOCBI — HedceramenvHuimu. llocnemHue
BKJTIOYAIOT B ce0s n0O0UHbIe U 6HENOIOCHbIe U3ITyUCHHS.

PaavousnyyeHue Ha TrapMOHHKE MpeACTaBIsIeT co0oi  moOouHOe
paaromM3IIydyeHre Ha YacTOTax B IEJIO€ YHCIO pa3 OOJBIIMX YaCTOTHI OCHOBHOTO
PaINON3ITyYCHNUS:
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Kak TMoka3aHo Ha puc. 5. 1. HM3mydeHuss Ha TapMOHMKaxX IIPUCYIIH BCEM
panuonepearoIM YCTPOHCTBAM U 00YCIIOBIEHBI HENMMHEWHOCTHIO aMIUTUTYAHBIX U

| | OcHoBHOE Bropas Tpersa
HATYIEHHE rapMOHHKa rapMOHHKa
f
Puc. 5. 1 .

(ha30BBIX XapaKTEPUCTUK AKTUBHBIX OJJIEMEHTOB. KOHEYHBIM pe3yJbTaTOM JTHUX
HEJIMHEHHBIX CBOWMCTB SIBJIAETCS TO, YTO BBIXOJHOE HEMOAYJIHPOBAaHHOE KojieOaHWe
U(t) umeet popMy OTIIMYHYIO OT FapMOHHYECKOM

Ut)=U, + U,Cos(m, + 9, )+ XU, Cos(mar,t + @, )

mal

rae Uy — xoddunments! pasnoxernus U(t) B pag @ypre; m=0,1,2,...

Pamnomsnyuenne Ha cybGrapMoHHKax. ITO MOOOYHOE paTHOM3IyYCHHE Ha
4acTOTax, B IEJ0€ YKCIO pa3 MEHBIIMX YaCTOThl OCHOBHOTO PAaIHOU3IYUYCHUS, TO
ecTh paoM3Iydenne, Hecymas qyactora KoToporo f qee = fo / m | e fo—necymas
4acTOTAa OCHOBHOTO pajMOM3IyudeHus, m = 2, 3, Panvousnyuenuss Ha
CyOrapMOHHKAX CBOWCTBEHHBI DPaJHONEPEAAaTUNKAM, HCIOIb3YIOIMM YMHOKCHUE
gacToTel. CxemMa yMHOXKCHHS TMpPUMEHSETCS HE TOJNBKO B  OTHOCHTEIBHO
HHU3KOYaCTOTHOM [JHaIa30He, TAE HCIONb3YIOTCS CTaOWIIM3HPOBAHHBIC I'€HEPAaTOPBI
OMOPHBIX  YacToT, HO W B nuanazone CBY, TOCKOIbKY  MOIIHOCTb
MOy TPOBOTHUKOBBIX MJIM TUOAHBIX TEHEPaTOPOB, 0COOCHHO B BepxHeil uactu CBY-
JIMama3oHa, HEMOCTaTOYHO BbICOKA. Hampumep, B M3MYYAIOIMX MOMIYJISX AKTHBHBIX
(a3upOBaHHBIX AHTEHHBIX PEUIETOK CAHTUMETPOBOTO JHANA30Ha BOJIH HCTIOIB3YHOTCSI
MAaJIOMOII[HbIE TPAH3UCTOPHBIC TCHEPATOPHI M YMHOXKUTEIN YaCTOTHI Ha BaPAKTOPHBIX
JIMO/IaX WJIH JIMOJIaX C HAKOIUICHUEM 3apsijia.

[apasutHoe paauomsnydeHue. SIBisercs MOOOYHBIM ¥ BO3HHKAET B
pe3ysbrare caMOBO30YXKICHUS PaaUONepeaTunKa U3-3a Mapa3uTHBIX CBs3ed B €ro
TeHEPATOPHBIX MJIM YCUIIUTENBHBIX Kackanax. sl JaHHOTO M3JIyYeHHsl XapakTepHO,
YTO €ro YacTOThI HE KPATHBI YACTOTE OCHOBHOT'O PaJTHOH3ITYYCHUS:

fop # M-fa, m=1,23,.,1213,...

[Tapa3uTHbIe WM3MyYEeHUS! MOTYT UMETh MECTO Ha 4acTOTaX KaK HIDKE, TaK M BHIIIE
OCHOBHOM 4YacTOThl. B 1aMIOBBIX M TPaH3UCTOPHBIX TI'eHepaTopax H3JIy4YeHHE Ha
0ojiee HU3KHUX YACTOTaX OMpPENENIIeTCS CaMOBO30YKICHHEM H3-3a Mapa3sUTHBIX
PE30HAHCOB B LIETIAX MUTAHUA. YacTOTHI TaKMX KOJIeOaHU OOBIYHO Ha TIOPSAIOK
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MEHbIIIe OCHOBHON 4acTOTHl. CaMOBO30YKII€HHE Ha BBICOKHX YacTOTaX BO3HHKAET,
HalpuMep, NpH MapaJUIeIbHOM COEJANHEHUH HECKOJIBKUX BBIXOIHBIX T€HEPATOPHBIX
npubopoB. B 3TOM cilyyae mapasuTHbIE PE30HAHCHI OOYCIIOBICHBI HATWYHEM
WHIYKTUBHOCTH COEAMHHUTENIBHBIX MPOBOJIOB, BBIBOAOB, MEXKIICKTPOJIHBIMU U
KOHCTPYKTHBHBIMH €MKOCTSIMH.

KomOuHanmmoHHOe paguonsaydeHne. SBiseTcs Takke TOOOYHBIM M BOSHUKAET
IpU BO3JCHCTBMU Ha HEIWHEHHBIE JIIEMEHTHI PaJHUONEePENAIONIero yCTPOHCTBA
KoyieOaHMi Ha 4acToTax Hecylled Wi (OPMHUPYIOIIUX HECYIIYI0 YacTOTy, a TaK¥kKe
rapMOHHK 3THX KoyiebaHuid. KoMOMHAIIMOHHBIE M3TyYeHHsST MMEIOT MECTO IJIaBHBIM
o0pazoM B paanoliepeiaTYNKax, B KOTOPBIX IPUMEHSETCS BO30YANTENb, CO3IAIOIINHA
CeTKy paboyKMx 4YacTOT IyTeM HEIWHEWHBIX NpeoOpa3oBaHHN BCIIOMOTATENbHBIX
CTaOMIM3MPOBAHHBIX [0 YAacTOTe KoJieOaHWH. 31ech Ha HEJIMHCHHBIA JJIEMEHT
paauonepenaTuMKa MOCTynarT Kojaedbanus ¢ yactotamu (fi, £, f3, ... , HaxomsamuMecs
00brHO B nekagHoMm cooTHomreHum: f, = 10f; ; f3 = 10f, ... . B pesympraTe mx
CMEIIEHNSI BO3HUKAIOT Pa3JINYHbIE KOMOMHAIIMOHHBIE COCTABIAIONINE C YaCTOTAMHU
fkoMs =+ m1f1 £ m,f24...]- BbIxomHolt ¢GUIBTp BEIIENSIET HEOOXOIUMYIO YacTOTY,
OCYIIECTBIISSA BO30YXKIICHHUE IIPOKOIIOIOCHOTO OKOHEYHOTO Kackajna
crabmmm3upoBaHHBIM KoniebanueM. [1ocKobKy W30MpaTenbHBIE CBOWCTBA JIFOOOTO
¢UIbTpa KOHEYHBI, OH JIMIIb YAaCTHYHO IOJABISIET OCTAJIBbHBIE HEHCIOJb3yeMbIe
KoJieOaHMsI.

HutepMonynsaimonnoe paauonsaydeHne. OTHOCHTCS K MOOOYHOMY THILy U
BO3HHKAET B Pe3yJIbTaTe BO3ACHCTBHU Ha HENMHEWHBIE 3JI€MEHTHI BEICOKOYACTOTHOTO
TpaKkTa pPaJHOINepealoIero yCTPOHCTBa T'eHEPUPYEMBIX KOJIEOAHWH M BHEIIHETO
9JIEKTPOMArHUTHOTO MOJIsA (OT APYroro mepefaryuka). B ompeneneHHOM cMbICiIe OHU
SIBIIIIOTCSL  PE3YJIbTaTOM HapyIIeHWs pPa0OTHl paauolepenaTdduka IO BISTHHEM
paauomoMex OT APYTHX paJruoNepelaTINKOB, HMMEIONINX C pPacCMaTpPHBAaeMBIM
CHIIBHYIO CBSI3b. Takas CHUTyaIlusl COOTBETCTBYET JHOO ONU3KOMY PaCIIONIOKECHUIO
HECKOJIBKUX paJNOIICPEIaTYNKOB C Pa3/eIbHBIMM aHTEHHAMH Ha OIpeesICHHON
TEPPUTOPHH, HAIlpUMep, Ha Kopabiie, camoiere, y3ie CBs3W, JIMOO TpH padoTe
HECKOJIBKUX PaNOTIEePEIaTINKOB Ha OOIIYIO aHTEHHY.

BuenonocHoe paauousnydenue. OnpenemnseTcss Kak HeXkeslaTeIbHOE B I0JIOCE
YacTOT, NPHMBIKAIONIEH K HEOOXOIUMOM ToJioce paguodacToT, W SBISIETCS
pe3ysbTaToM MOAYJISIMU curHana. OHO MOKET OBbITh BBI3BAHO PSIIOM IIPHYHH.

1. IlpumeHeHue JyUiss mepeladyd CUTHAIOB C OOJBbILIEH HIMPUHOM CIIEKTpa
(Hanpumep, AJIsl UMITYJIBCHBIX CHCTEM C Ype3MEPHO KPYThIMH (DPOHTaMH U Cpe3amu
HMITYJIBCOB), YEM ITO TpeOyeTcs AJisi HOpMallbHOM paboThl. B aTHX cilydasx mupuHa
MOJIOCHI YacTOT, B KOTOPOH COCpPEeNoTOYeHa OCHOBHAS JOJSI MOIIHOCTH, OyHer
MPEBHIIIATh HEOOXOAMMYIO MOJIOCY dYacTOT. OOBIYHO CHTHANBI MPSIMOYTOJBHON
(OpMEBI TIO CPaBHEHHIO C IPYTUMH TIPH OJMHAKOBOH JTUTEIEHOCTH B 3aBUCHMOCTH OT
paccTporWKM XapaKTepu3yloTcsi 0Oojiee MEUICHHBIM YOBIBAHHEM CHEKTPaJIbHBIX
COCTaBJISIFOIIMX, a 3HAYUT, 3aHUMAIOT OoJsiee MIMPOKYIO mojiocy yactor. Ilocnennee
0OCTOSITENECTBO WILTIOCTPUPYETCST pUC. 5. 2, TAe TMpeicTaBiIeHbl OTHOarolye
CHEKTPOB UMITYJIbCOB OJIMHAKOBOM JUTUTEIILHOCTUT = | MKC, HO pa3inuHON (GopMBbl.
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2. Hamuume HeNMMHEHHOCTH AaMIUIMTYIHBIX XapaKTePHCTHK IIepeaTynka
(ycunutens MoOmynsATOpa, BIEMEHTOB ¢uaepa). B pesynbraTe B BHIXOZHOM CIIEKTpe
TOSIBJISIIOTCSL  JIOTIOJIHUTENIFHBIE ~ YacTOTHBIE — COCTABJSIOLHME,  OOYCIIOBJICHHBIC
6I/leHI/l§IMI/I YacTOT OTACIBHBIX CIICKTPAJIbHBIX COCTABJIAIOIIUX IEPCIaBacMOro
CHT'HAJIa, KaK B TIpefenax HeOOXOAMMOW ITOJIOCHI 4acTOT (HEIWHEHHBIE MCKaXKEHHs
CHTHaNa), TaKk ¥ BHE ee (BHEMOJOCHBIE M3NMydeHHs). K aHaNOTWYHBIM pe3yibTaTaM
NPUBOIUT HENMHEHHOCTh ()a30BBIX XapaKTepHCTHK. Hampumep, B HMITYJIBCHBIX
MarHeTPOHHBIX aBTOI€HEpaTopax HaOlronaeTcs AeBHalys (asbl KoJeOaHus BO BpeMs
HapacTaHHs M Cllaja OrHOaloIleld MMITyNbca, a BO BpeMs (OPMHPOBaHHS IUIOCKOH
YacTH UMITYJIbCa HEPEIKO MPOUCXOIUT ITapa3uTHAsl aMIUTHTYIHAS MOAYJISILUS, TaKKe
MIPUBOJSIIME K TOSBICHHIO BHENOJOCHBIX PAIMOM3IYIEHHH.
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Puc. 5.2 Puc. 5.3

B aToMm ciyyae ciekTp M3NydeHus paguonepeIaTinka HECUMMETPUYEH U 3aHUMAET
MI0JIOCY YacTOT, 3HAYUTEIHHO TIPEBOCXOAIIYI0 He0OX0UMYyI0 puc. 5.3)

3. Hanwume HENMHEHHOCTH B TpakTe (POPMUPOBAHUS MOMYIHUPYIOMINX
curHanoB.  JlaHHO€  sBJI€HUE  BBI3bIBACT  PACUIMPEHUE  IOJIOCHI  YacTOT
MOAYJIHUPYIOIIErO CUTHala BCJICAACTBUE o0pazoBaHust JIOTIOJTHUTEIIbHBIX
CHEKTPAJIBbHBIX COCTABIAIOIMX. MOIyIUPYIOIUI CUTHAI B 3TOM CIIy4ae 3aHUMAET
Oostee IIMPOKYIO MOJIOCY YaCTOT, YTO HEU30EKHO MTPUBOJHUT K PACIIMPEHUIO CIIEKTPa
PaavoU3IIydYeHUs.

4. Hcnonp3oBaHne KBAaHTOBAaHUS TaKXe€ BBI3BIBAET pacmupeHue CHoekTpa 1o
CPaBHEHHUIO CO CIIy4acM, KOTrJa KBAHTOBAHUE HE UCIIOJIB3YETCA.

HeszaBucumo ot KOHKPETHOI0 MEXaHW3Ma BO3HUKHOBEHUSA BHEIIOJIOCHBIE HW3ITYYCHUSA
XapakTepU3yloTCs HIMPUHOM 3aHUMAeMOM TIOJOChl YacTOT M OTHOCHUTENIbHBIM YpPOBHEM.
[ocnenuuit mpenctaBnsier co0OH OTHOIIEHWE CHEKTPAJbHOM IUIOTHOCTH MOIIHOCTH
BHEIIOJIOCHOI'O U3JIYYUCHUS K MAKCUMAJIbHOMY 3HAaUCHUIO CHeKTpaIIBHOﬁ IIJIOTHOCTH MOITHOCTHU
OCHOBHOI'O pa/IMOU3TYyYCHHS, BBIPDA’)KEHHOC B /:[euI/I6enax. ]_HI/IpI/IHa 3aHAMAeMON ITOJIOCHI
9acToT Bm
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OIIpeJieIIsIeTCsl KaK IIUPUHA TO0JIOChI 4acTOT, 3a MIPeeIaMu KOTOPOH H3ITyyaeTcs He
Gonee uem 3anannas (B)uacts cpenneii MomnocTr nsnydenus. [pu onpeneneHun
3aHUMAEMOM [IUPUHBI TOJOCHI  Baay, HHOTIA OTCUET MPOM3BOIAT pU B =1 % oT
obmeit cpexneid wu3nmywaemod MomHoctd. Ha puc. 5.4 IIPEICTaBICHbL
XapaKTEepPUCTHKN BHEMOJIOCHOTO M3JIy4eHUs MepeiaTuuKa.

Jns oueHKH  yObIBaHUS
BHETOJIOCHBIX COCTaBJITIOIINX
BBOJUTCS TaKke IOHATHE

-

| MOJIOCHI YacTOT Ha ypoBHE X
ta nb (By), moHmMaeMoe Kak
ke 3HAYCHUE TIOJIOCHI, 3a
bk npeaeaMu KOTOPO#

! WHTEHCUBHOCTD JFOOBIX
i CIIEKTPAIBHBIX

COCTaBJSIIOLIIMX  ocjabiieHa
OTHOCHUTENBHO 3aJJaHHOTO
YPOBHS OCHOBHOT'O

U3Ty4YeHUS HE MEHee 4eM Ha
X nb (puc. 5.4) (HIKHIM
YPOBHEM n3MepseMon

Puc. 5.4

MOIIHOCTH W3IYYeHUS YacTo cumuraloT - 60 nb OT MakCHMalbHOTO 3HA4YEHUS,
npunsToro 3a 0 nb). 3annmaemas nomoca 9actoT Bsaw 1 psin monoc By Ha ypoBHe X
b ciyaT [ KOJMYECTBEHHOTO ONMCAHMS BHEMOJIOCHBIX M3JIyYeHHUH IpU aHanu3e
OMC, a Takxe I KOHTPOJIS U HOPMUPOBAHHUS.

Ha npaxTuke MCHONB3YIOT TakXKe MOHSATHE KOHTPOJIBHOW IOJIOCHI 4acToT By
OTCUMTHIBaeMOU Ha ypoBHE - 30 1b oTHOCHTENBHO UcXOAHOTO YpoBHS 0 1b; BHE ATHX
rpaHUI] MOIIHOCTh BHEMOJIOCHBIX M3ay4deHui ociabiena B 1000 pa3s OTHOCHTEIBHO
MaKCHUMaJIbHOTO 3HAYCHHS MOIIHOCTH W3NIyYeHHA. 3HAYCHHWE IIHPHHBI MOJOCHI
n3My4deHus: Ha ypoBHe - 30 nb, B 4aCTHOCTH, UCIIONB3YyeTCA TPH PacHpeieieHHN U
MIPUCBOCHUM HOMHHAJIBHBIX YACTOT TepeJaTduka W TpPU pacderaX dYacTOTHOTO
pa3zHoOCa MEXIY COCEIHUMH paguonepeJaTunKaMHy.

I[lymoBoe wW3nydeHHE TIepenaromero ycrpoiictBa. IlpeacraBisier coboit
HeKenaTeNnbHOe pPaJMOM3JIydYeHHe, OOYCIIOBJICHHOE COOCTBEHHBIMH IIyMamu |
MapasuTHOM MOJYJSMEH TeHepHUpyeMOoro KojeOaHusi HIyMOBBIMH ITPOIIECCAMH
nepenatynka. Jns Hero xapaktepHsl ypoBHu Ha 60 — 80 nb Himke ypoBHs
OCHOBHOTO M3JIyuYeHHs W BECbMa INHPOKas TII0JI0Ca YacTOT, IIPEBBIIIAIONIAs
HEOOXOIUMYIO B AECATKH M COTHH pa3. HecMOTpst Ha OTHOCHTENBFHO HU3KUH YPOBEHb,
HIYMOBBIE ~ W3JIyYyeHHWss  MOTYT B  psAe  clIydaeB  Hapymiath  padoTy
OIMM3KOPACIONOKECHHBIX PAJHOCPENICTB, MCIIONB3YIONINX COCETHIE PaIIOKaHAB.
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TunmyHeIi CIICKTP LIYMOBOT'O HU3JIYUCHHS paJgUOIICpEAaTUMKa IMOKa3aH Ha puUcC. 5.5
Hcrounnkamu HITYMOBBIX I/I3J'Iy‘{€HI/II‘/'I SIBJIAKOTCSA Pa3/IMYHBbIC 3JICMCHTDI IIEPECAATUNKA:
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3JIEKTPOBAKYYMHbIE WM TBEPJOTEIbHBIE NMPHUOOPHI B BBIXOAHBIX aBTOTCHEPATOpPAX
WM YCUIIUTENSAX MOIIHOCTH, BO30YyIUTENb, HU3KOYACTOTHBIE TPAKThHI MOAYJISITOPOB,
UCTOYHUKH 3JeKTponuTanud. [IlyMoBbIe H3TydeHHUs 4acTO CO3/AI0T IOMEXH IpUeMy
B COCEJHMX YACTOTHBIX KaHaJaX, 4YTO OCOOCHHO TMPOSBISETCS B CHCTEMax
PaTuOCBS3H.

5. 3. Ilomexu B paAMONPUEMHUKAX

OMC wu3nyuareneil ¥ peuentopoB (IPHEMHHUKOB) 3JIEKTPOMAarHUTHOTO IOJIS
OTIpEIeTSIETCS] HE TOJNBKO 3JEKTPOMATHUTHOM OOCTaHOBKOHM B TOUYKaxX pa3MEIICHHMS
penenTopoB, HO ¥ WX BOCIPHUMYUBOCTBIO K IOJIO. BocmpuuMUYMBOCTH
paaroNpHEMHOTO YCTpOiicTBAa — 3TO CBOWCTBO YCTpOMCTBa pearnpoBaTh Ha
PaIMONIOMEXH, BO3ICHCTBYIOIIME Yepe3 aHTeHHY M IIOMUMO Hee (Yepes dKpaH, I10
HeIsIM MUTaHus U KoMMmyTtanum). K mapaMerpam, onpeaessromuM BOCIIPUIMYHBOCTb
NPHEMHHKA, OTHOCSATCS] 4yBCTBUTEIILHOCTE OCHOBHOTO U MOOOYHBIX KaHAJIOB IpHEMa,
M30UpPaTENbHOCTD; HEeNMMHEeWHbIe dQdeKThl OIOKMPOBAHUS, TIEPEKPECTHBIX MCKAXKEHHH
Y MHTEPMOJYJIALUH, a TAKKe KOIPPHUIUEHTHI CETEBbIX PAJHOIIOMEX, dJICKTPUICCKON
MHIYKLUH U IepeHOoca PaguornoMex.

5. 3.1. BocnpuuMuYMBOCTb PaJHOIPUEMHOTO YCTPOHCTBA IO OCHOBHOMY M IOOOYHBIM
KaHajlaM TpreMa

prOH_IeHHaH CTPYKTYpHad CX€Ma TIJIaBHOI'O TpaKTa CyNeprerepoAnHHOIO
paanornprueMHurKa, OoTpaxaromasi OCHOBHBIC  OIlICpaluu H r[peo6pasoBaH1/I${:
BBIACJICHUC TIIOJIC3HOIO CuUrHajla Hu3 IIOMEX B 3a,£[aHHOI7[ IoJ0OCE€ 4acCToT,
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peoOpa3oBaHUE HECYIIEH 4YacTOTHl, YCWJIEHWE, BbIICICHHE HWH(POPMAIMOHHOTO
CUrHaja (IeTEeKTUPOBAHKE), €ro yCWIEHWE M BblJady Ha BBIXOJHOE YCTPOMCTBO,
nokaszaHa Ha puc. 5. 6. CHnocoOHOCTb TPUEMHHUKA BBIICIIUTD HOJIE3HBIN CUTHAI U3
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COBOKYNMHOCTH COCTABIIIIOIIMX HAMPSDKEHHOCTH JIIEKTPOMArHUTHBIX IOMEX, B
KOTOPOM HaxOAWTCSl aHTE€HHA, Ha3bIBAIOT N30MPaTENbHOCTHI0. Pa3nyuaroT HECKOIBKO
BUJIOB M30MparenbHOCTH. [IpoCTpaHCTBEHHYI0 H30MPaTEIbHOCTh OOBIYHO BBIITOIHSIET
anteHHa. [IpueMHUK MoXeT o00JajgaTh BPEMEHHOW, aMIUTUTYIHOH, (a30BOH,
YaCTOTHOM M30HpaTenbHOCThIO. [locnentsas uMmeeT ocoboe 3HaueHue. B oTiamuune ot
paHee MEPEUYUCICHHBIX BHI0OB H36I/IpaTeHI)HOCTI/I OHa mnmpucyma KaxJaomMy
CyTepreTepoIMHHOMY IPUEMHHKY. XapaKTepPUCTHKA YaCTOTHONH M30UPaTeNbHOCTH -
3TO 3aBUCUMOCTb YPOBHS CUTHAJa HA BXOJE MPUEMHHUKA OT 4acTOTHI IIPHU 3aaHHOM
OTHOIIGHNHM CHUTHAI/IIYM WIA YypOBHE CHTHaJAa Ha BbIXoge. I3mepenue
XapaKTePUCTHKH YaCTOTHOU M30MPATEIHHOCTH TPOU3BOUTCS OJJHO- HIIH
MHOTOKaHalIbHBIMU MeToAaMu. Ha puc. 5.7 npencraBieHa TUIOBas XapaKTEPUCTUKA
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JaCTOTHOW M30MPATENbHOCTH NPUEMHNKA, N3MEPEHHAs! OJHOCHTHAIBHBIM METOIOM.
Ona onuchIBaeT U30MpaTeNbHBIE CBONCTBA NPHEMHHKA B JTMHEHHOM WIIM OJIHM3KOM K
TUHEHHOMY pekuMax pa®oTel. Ha Heil MOXKHO BBIAETUTH OCHOBHOM M HEOCHOBHEIC
KaHaJIbl IPHeMa, KOTOpbIE JEJSATCS HAa COCEAHUE U TOOOYHBIE.

OCHOBHBIM KaHAaJOM IpUEMa Ha3bIBAIOT IOJIOCY YAacTOT, HAXOIIIYIOCS B
MoJI0Ce MPOMyCKaHMs NMPUEMHUKA, NpeHa3HauYeHHYI0 Ul IpueMa curHaina. [lomoca
4acTOT OCHOBHOI'O KaHajia Ha puc. 5.7 o0o3HaueHa BR. OOBIYHO ee ONpeAessioT Ha
ypoBHe 3 b MO OTHOIIEHHIO K 3HAYEHHUIO YACTOTHOW XapaKTEPUCTHUKH HA 4acTOTe
HAacTpPOMKHM IpUEeMHHUKA. JIpyroil XapaKTEpUCTHUKOH OCHOBHOIO KaHajla SBIAETCS
KOX(QPHUIHEHT MTPSIMOYTOIBHOCTH YAacTOTHON xapakrepuctuku. Ko3ddummenrom
npsAMOyroiabHoe™ 1o ypoBHIO @, 1B HAa3bIBAIOT OTHOLIEHHE IIOJIOCHI YacTOT Ha
ypoBHe @, 1b k mosoce Ha ypoBHe 3 n1b. O6pran0 @ = 30 mm 60 1b.

[ToGouHble KaHaNBI MpUEMa COCTABILIIOT IOJIOCHI YAaCTOT, HAXOIIIIMECT 3a
IpesenaMi OCHOBHOTO KaHajla NpHeMa, B KOTOPBIX CHUTHAJ NPOXOJUT Ha BBIXOJ
pamuonpueMHuka. K 1mOOOYHBIM KaHadaM OTHOCAT  3€pKANbHBIN, KaHaJbl
KOMOMHAIIMOHHBIX YacTOT M CyOrapMOHMK YacTOTHl HACTPOWKH IPHEMHHKA; KaHajl
IpHUeMa, CpeiHssA 4acToTa KOTOPOro paBHA MPOMEXKYTOYHOM 4acTOTe MPUEMHHKA U T.II.

HopMmbl ocnabneHus 1o 3epKalbHOMY KaHally B COBPEMEHHBIX MNMpPUEMHHKaX
BBICOKOTO KJjlacca JjexaT B mpeaeidax 70 — 80 b, HOpMBbI ociabieHHS 10
MIPOMEXYTOUHON yacToTe cocTaBisitoT 80—100 ab.

[ToGouHble KaHaNbl MpHeMa o0pa3yroTcss B cMmecHTeNsix. OHM ONpenessiFoTCes
HEIOCTaTOYHOM N30MPaTEeIbHOCTHIO PEAIIECTBYIONINX KAaCKaJ0B M XapaKTEePUCTUKOH
HenuHelHocTH cMecutens. [Ipeanonaraercs, 9To Mpu MepeHoce CIIEKTpa B CMECUTETE
UCKaKEHUSI OTCYTCTBYIOT. B 3TOM cMbIcie omepamnmsi mpeoOpa3oBaHUS 4acTOTBl —
JIMHENHasl.

Wz6uparenbHOCTh MOOOYHBIX KaHAJOB IpHEMa, TaK K€ KaK M OCHOBHOTO,
ompefesieTcss  MOJIOCOM  NpONMyCKaHWs W HPSAMOYTOJNBHOCTBIO — YacTOTHOM
XapaKTepUCTUKU KaHana. B 3amauax OMC xapakTepucTHKa W30MPaTENbHOCTH II0
NMOOOYHBIM KaHallaM OOBIYHO IPHUHUMAETCS TAaKOH ke, KaKk M 10 OCHOBHOMY. OJHaKO
OT  OCHOBHOTO  MOOOYHBIE  KaHANbl  CYIIECTBEHHO  OTJIMYAIOTCS  CBOGH
YYBCTBUTCJIBHOCTBIO. LIyBCTBI/ITC.HI:-HOCTI:- mo OCHOBHOMY KaHalty Ha3bIBAKOT
YYBCTBUTCJIBbHOCTBHIO paanonprueMHHKa. KonunuectBenno YYBCTBUTCIBHOCTDH
OTIPENEISIIOT HANpPsDKCHWEM WM MOIIHOCTBIO CHTHAJNA Ha BXOZE, IPH KOTOPOM Ha
BBIXOZIC TIPHEMHHKA 00ECIEUNBACTCS 33JJaHHOE OTHOIICHHE C / III TP HOMHHAIBHON
MOIIIHOCTH BBIXOAHOTO CHTHAIA.

Paznnyaior peasibHyI0 4yBCTBUTEIBHOCTH, NPEJEIbHYIO M YyBCTBHTEIHHOCTD,
OTpaHMYCHHYIO BHYTPEHHHMH IIIyMaMHt MM TIOMEXaMH.

UyBCTBUTEIBHOCTh HM3MEPSAIOT WIIM PACCUMTHIBAIOT. TaK YyBCTBUTEIBHOCTD,
COOTBETCTBYIOIIAsl OTHOWEHUIO ¢ / 1 = O 1B, BBIYMCIAIOT 1O hopmyIe

Plfe) = FkT By,

rae P(for}— uyBcTBUTENBHOCTB MpHEMHNKA HA paboueii yacToTe fog, Br; F —
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k03 duIMEHT yMa npuemMHuKa (B pasax); k = 1,38- 1023 Br/k['; — nocrosHHas
Boneimana; T—remnepatypa B KensBunax; Bg—monoca npuemHuka.

KoaddummenT nryma npueMHIKa ONpeesnsieTcss B OCHOBHOM KOX(PQHUIIHEHTOM
IIyMa yCHJTUTENS] BBICOKOH YaCTOTHI WJIH TIPH €T0 OTCYTCTBHH—TIIEPBBIM CMECHUTEIIEM.
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OpUEHTUPOBOYHBIE 3HAUYECHUS

BEIMYUHBI F  MOXKHO ITOIy4HTH U3 pHC. 5. 8.
ITockonbKy TOOOYHBIE — 3TO KaHAJIbI, 10 KOTOPHIM Ha MIPUEMHOE YCTPOMCTBO
BO3JICHCTBYIOT BHEIIIHAE TIOMEXH, TO JIJISl OLIEHKHU BO3JIEHCTBUS TIOMEX 110 ATUM
KaHaJaM HCIIONB3YIOT TEPMUH BOCTIIPHUMYHBOCTH  BMECTO YYBCTBUTEIBHOCTH,
KOTOpas XapaKTepu3yeT peakInio MPUEeMHNKA Ha MOJIC3HBIN CUTHAT B OTCYTCTBHE
moMex. BocmpuuMunBOCTE MOOOYHBIX KaHAJIOB IIpHUEMa U3MEPSIIOT B AennOenax
OTHOCHTEFHO YyBCTBUTEIHLHOCTH OCHOBHOTO KaHaA.

5. 3. 2. biokupoBanue, NEPEeKPECTHBIC UCKAKEHUS K UHTEPMOTYJISIIUS

ITpn nmoctaroyHo OONBIIOM YpPOBHE HOMEXa, ACHCTBYIOIIAsS 1O OJHOMY H3
COCE/IHUX KaHAJIOB MPHEMa U He MPOXO/siias Ha BBIXOJ] IPHEMHHKA, MOJKET BBI3BATh
3¢ QeKT OJIOKMPOBaHMS IIOJE3HOTO CUTHajA. bBiloKWpoBaHWE B pPagHONPHEMHOM
YCTPOWCTBE — 3TO M3MEHEHHE YPOBHS CUTHAJIA WIIM OTHOIICHHMS C / III Ha BBIXOJIE MIPU
JICHCTBUM palMONIOMEXH, YaCTOTa KOTOPOH HE COBIA/IAET C YaCTOTaMH OCHOBHOTO U
MOOOYHBIX KaHaloB TipueMa. [lomoca dwactor, B KOTOpOH HMEET MECTO
OJIOKMpOBaHKE, Ha3bIBAeTCsl MOJIOCOH OnokupoBanust Be, . [Ipu OnokupoBanuu moj
BO3CHUCTBHEM PaTHONOMEXH, YaCTOTa KOTOPOW HE COBIAAacT ¢ paboueil 4acTOTOH,
YMCEHBIIACTCA YCUIICHUC IPUCMHUKA. YMeHbllIeHNE YCUICHUA OOBIYHO MpOUCXOJaUT B
MEepBbIX KacKaJax, KOTOPbIe M3-32 HEJOCTATOYHON M30MpaTeIbHOCTH MpECEeNeKTopa
HAaXOAATCS B HAWXYAININX YCIOBHAX [0 TIOMEXO3AIMUIIEHHOCTH. OQQPeKT
OJIOKMPOBAHUS TIPOSIBIISICTCS TEM CHIIBHEE, YEM BBIIIEC YPOBEHD TOMEXHU M YEM OJIIIKE
€¢ JacToTa K OCHOBHOMY KaHally NpPHEMHHKA. bBIIOKMpoBaHHE CONMPOBOXKIACTCS
YMEHBITHIEM YPOBHSI MOJIE3HOTO CHUTHAJIAa HA BBIXOJE U yXYALICHUEM OTHOIICHHS ¢ /
1 . C apyroit CTOpOHbI MOIIHAs [TOMEXa 110 COCeTHEMY KaHally MOXKET BBI3BIBATh
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TaK)K€ W HCKaKEHMS CTPYKTYpBl CHEKTpa CHTHAJA HAa BBIXOJAE PATHONPHEMHOTO
ycrpoiictBa. Takoro poga MCKa)XEHHWs HA3bIBAIOT nepexkpecmuvimu. OHU BBI3BIBAIOT
W3MEHEHHE CTPYKTYpBl CIICKTpa CHTHala HAa BBIXOAE NPHEMHHKA IPHU JCHCTBHH
CUTHala M MOAYJUPOBAHHOM pPAaJUONOMEXH, 4YacToTa KOTOPOM HE COBMAjaeT ¢
YacTOTaMH OCHOBHOTO M TMOOOYHBIX KaHaloB. [lepexpecTHbIE MCKaXEHUs! SIBIISIOTCS
pe3yapTaToOM B3aUMOJAEHCTBHS Ha HEIMHEWHOCTAX MPHEMHUKA CIEKTPAIbHBIX
COCTaBJISIIOIIUX TOJIE3HOTO CHUTHAJIA U MOIYJIMPOBAHHON TOMEXHU U TPOSBISAIOTCS B
TOM, YTO MOJYJISIIIASL MEIIAIOIIETO CUTHAllA, Y KOTOPOTO BCE COCTaBIIIONINE CIIEKTpa
HaXOJAATCS BHE IIOJOCHI NPONYCKaHWS IpPHEMHHKA, NEPEeHOCUTCS Ha IOJIE3HBIN
cUrHaj. Pa3muuuMocTh IIOJE3HOTO CHTHANa IIPU 3TOM yXYZUIAeTcs, a IpH
3HAYUTEIBHBIX YPOBHAX IEPEKPECTHON MOAYISAIMH HOPMAJIBHBIN IPHEM IOJIE3HOTO
CUTHaJla CTAHOBHUTCS HEBO3MOXXHBIM. CaM MENIAloNIMi CHTHANI NPH 3TOM Ha BXOJ
IIPUEMHUKA HE TPOHHUKAET.

Koaddumment nepekpectapix nckakeHnii Knep B pagnonprueMHOM yCTpPOHCTBE
OTIpENeIsIeTCs] OTHOLICHHEM YPOBHS  CHEKTPAIBHBIX  COCTABISIOMNX  Uppx e
,BO3HMKAIOIIUX B pe3yJIbTaTe MEePEKPECTHBIX UCKAXKEHUM, K YPOBHIO CUTHAJA Ha BBIXOZE
nipreMHUKA Ugyx c IPH 33JaHHBIX TapaMeTpax pPaJHoIOMEXH U CUTHANA!

Eme ogHuM BHIOM HETMHEWHOTO B3aUMOJEHCTBUS, KOTOPBIM HAJO YYUTHIBATh
npu a”anmuze OMC, sBhsieTcs unmepmooyasyus . ITO SBIEHHE OO0YCIOBIECHO
BO3HUKHOBCHHEM IIOMEX Ha BBIXOAC HpI/IeMHI/IKa HpI/I I[eﬁCTBHH Ha €ro BXoIec ABYX
win 00Jiee CUTHAJIOB PaIMOIOMEX, YaCTOThI KOTOPBIX HE COBIANAIOT C YacTOTaMHU
OCHOBHOT'O M MOOOYHBIX KaHAJIOB MpueMa. HTepMOIYSIHS SBISCTCS PE3YIbTaTOM
B3aMMOJICHCTBHS HAa HEIMHCHHOCTSX MPHUEMHUKA HECKOJBKHX CHTHANIOB. [Ipu 3TOM
BO3HUKACT HOBBIH CHIHAT C 4acToTOl fge = oify + afy + ... + ool tme £, 6,

.., fn — 9acTOTBI B3aMMOJEHCTBYIOIINX CUTHAJOB, a O, O, ... . Oy — [ENBIC
MOJIOKUTETHHBIC WM OTpUIaTeIbHBIC Yuciia. Eciu yacToTa WHTEPMOIYIISIIIHOHHOTO
CUTHAJIa TOTaaeT B IMOJIOCY MPOITyCKAHUS MPUEMHIKA, TO TaKOH CHTHAN TMPOXOTUT
Ha BBIXOJ M CO3/IaeT MOMEXY Ui MPUHUMAaeMOro Moje3Horo curaaia. Yucmo N =
o] + Jota] + ... + jota| HA3BIBAETCSA MOPAAKOM MHTEPMOAYIAIMOHHOTO CUTHANA.

WHTepMOYISIMOHHBIE TTOMEXH MOTYT BO3HHKATH B YCHIIUTENSX BBICOKOU
qaCTOThI HpI/I 60.HI)HII/IX ypOBHfIX IIOMEXH, KOoraa BXOAHBIC KacCKaJbl HCIIb3s
paccMaTpUBaTh Kak JIMHCHHBIC, TAK U B CMECHUTENIX NpueMHuKa. Hanbosee BeposTHO
00pa3oBaHHEC HWHTEPMOAYIISALMOHHOW TMOMEXH B IIEPBBIX KackKagaX MPHEMHHUKA.
[Toatomy onenuBass OIMC, 4acTo OrpaHUUMBAIOTCS AHATIM30M HHTEPMOIYIISILIMOHHON
ITOMEXH TOJILKO B 3THX KacKajax.

KonuyecTBeHHON  Mepol  MHTEpPMONYNAIMHM  sBAseTcs K03 duiueHt
HHTEPMOAYJISIINHA — OTHOIICHUE YPOBHS PaJMOTIOMEXH, BOSHUKAIOIICH B pe3yabTaTe
HHTCPMOIYJSIIMA B PAJAWONPHUEMHOM  YCTPOWCTBE, K YpPOBHIO  CHTHAJIA,
COOTBETCTBYIOIIETO YyBCTBUTECIFHOCTH IIPHEMHUKA, OTIPE/ICIICHHBIX Ha BBIXOJC €ro
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[lepekpecTHBIE WCKaKeHHS, OJOKHPOBAaHWE M HWHTEPMOIYJLIIUS TPHUCYIIN
MOOBIM  THIIAM  PAJUOTIPHEMHBIX YCTPOWCTB: CYHEpPreTepPOAWHHBIM, TPSIMOTO
YCHUIICHHS, C TapaMeTPUICCKUMU YCHIUTEISIMA U T. 1. OHH TIPOSBISIOTCS B TEM
MEHBIIIEH CTETMEeHH, YeM BBINIE YacTOTHAs W30MpATeNbHOCTh BXOIHBIX IIETiei
MpUEeMHUKAa ¥ TIACCHBHBIX I[IEMEeW ero TepBBIX KacKaJoB ¥ dYeM Oimke
XapaKTepUCTHKH YCHIINTENFHBIX AJIEMEHTOB K JIMHEHHBIM, a CMECHUTENBHBIX - K
KBaJIpaTHYHBIM BO BCEM JMANa30HE BO3MOXKHOTO W3MEHEHHS aMIUTUTYJ CHUTHAJIOB H
momex. Kak MmokasspIBalOT HCCIICAOBAHUs, MHTCHCUBHOCTh ITOMEX, OOYCIIOBJICHHBIX
HHTEPMOIY/SIIMCH ¥ OJIOKAUPOBAHMEM MM TEPCKPECTHBIMH  HCKAKCHUSAMH,
nponopuuonansHa U3, u U2, coorercTBenHo, Tae U, - aMIIIMTy1a HOMEXH. DTHM
OOBSICHSICTCS  TO, YTO TMPHUEMHUK  OOBIYHO  Ooyiee  BOCIPUUMYHUB K
WHTEPMOAYJIAIMOHHBIM TOMEXaM, YeM K IOMEXaM, BBI3BIBAIOIIAM MEPEKPECTHHIC
HCKaXXCHUS U OJIOKUPOBAHHE.
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