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Ceemnon namamu
Hawie20 yuumens npogeccopa
Llepeovko Eezenus FOpvesuua
noceawaemcs

MNPEANCJIIOBHE

Yyts 6osee 100 et oTaensier Hac OT KpymHeiero coobitus XIX Beka —
n3zobperenus pagro. OHO pagUKaIBFHO MOBIMSIO HA HAYYHO-TEXHUIECKHHN TPO-
rpecc, pasBUTHE IMUBHIM3AINH. DJIEKTPOMArHUTHBIC BOJHBI HAILIN TIPHMEHE-
HHUE He TOJBKO I Ieiel mepenadu cooOmeHnii Ha paccrosiaie. YnTarens 6e3
0Cc000T0 TpyZAa MPUBEAET MHOKECTBO NMPUMEPOB MX NMPUMEHEHHS B CaMBIX pas-
HBIX cdepax aesrenbHocTd. OIUHE M3 HUX — HCIOJB30BAHUE OTACTBHBIX Y4acT-
KOB paZMO4YacTOTHOTO CIeKTpa B -MenunuHe. CeromHs MOXKHO CMEJO YTBEp-
KJIaTh, 9YTO PAJANO BeIHUaiimee 0raro s 4eI0BeUeCTBa.

[[Tupokoe mpUMEHEHNE BOTHOBBIX IEKTPOMArHUTHBIX MPOIECCOB B ITOBCE-
JTHEBHOH JKM3HU IPUBEJIO K TOMY, 9TO K €CTECTBCHHBIM 3JICKTPOMAarHUTHBIM TI0-
JISIM, KOTOPBIE COITYyTCTBOBAJIM 3apOKIACHUIO. M Pa3BUTHIO KHI3HHU Ha 3emiie, 10-
0aBHIIMCh HMCKYCCTBEHHBIC, IPETHAMEPEHHO CO3JaBacMble CAMBIMH Pa3HBIMHU
M3IYYaOIUMH yCTPOCTBaMH, B TEPBYIO OdYepenb, aHTCHHAMH paJuomepe-
JTAIOIINX YCTPONCTB CUCTEM PAaTUOCBA3H, TEICBUICHHUS U PaAHOBEIIAHHS.

OOmIEen3BECTHO, YTO DJIEKTPOMATHUTHBIE BOJIHBI SIBJISIOTCS OMOJOTHYECKH
aKTUBHBIM (axTopoM. Hapaay ¢ yke ymOMHHABIIMMCS FCTIONB30BAaHUEM 3JICK-
TPOMAarHUTHBIX BOJIH B LEJSIX HCIEICHUS OT HEAYTOB, K COXKAJICHHUIO, OOHAPY-
KEHO W HeOJarompuaTHOE BO3ACHCTBHE PagHOYACTOTHBIX M3ITyUCHHN Ha OKpY-
KAIOIITYI0 CPeIy M, B TOM YHCJIE, Ha YEJIOBEKa.

B sxonorun chopMupoBaioch HOBOE HAIPaBICHWE — JIIEKTPOMArHUTHAS
9KOJIOTHSL C PAIOM CIEIU(PHYSCKHX TMpodiieM: OHO(HU3NIECKUX, MEAHUKO-
OMOJIOTHYECKUX M HAYyYHO-TEXHHYECKUX. DJIEKTPOMArHUTHAs SKOJIOTHS — 3TO
pa3nelt 3KOoNOruM, U3yJarouiuil B3aMMOAEHCTBYE YEI0BEKa U OKPYKAIOILEH cpe-
IIBI C 3JICKTPOMArHATHBIMH TTOJISIMH.

[Ipobnemam 3eKTPOMArHUTHON KOJIOTHUHU MOCBSIIAETCS Bce OobIe paboT
— 3TO MOHOTpaduH, AUCCEPTAINH, ITyOIUKAINN B IEPUOINICCKAX HAYIHBIX H3-
JAHWAX, JOKJIAAbl Ha TPEICTaBUTENbHBIX HaydHBIX (hopymax. OgHAKO aBTOpaM
HEW3BECTHHI PaboTHI, T/Ie ObI HAa CUCTEMATHUECKON OCHOBE OBLIH M3IJI0KECHBI BO-
MIPOCHl MOHUTOPHHTA OKPY’KAIOMIEH Cpedpl 1O 3JIEKTPOMATHUTHOMY (DakTopy.
OTOT HEIOCTAaTOK B ONPEACICHHOW Mepe MpH3BaHA yCTPAaHUTH IpelaraeMas
YUTATENSIM KHHTA.

O yeM ke UeT peyb B KHUTE, KAKOBBI KATETOPHUH ITOTEHIINAFHOTO YHTATE-
s1?

Bo-mepBrIX, aBTOpHI MOMBITATNCH ITOKA3aTh, YTO MPOOIEMBI 3JIEKTpOMAar-
HUTHOHM SKOJIOTHH, TPAAWLIHNOHHO SBJISICH CAaHWTApPHO-TUTHCHWYECKUMH, B Ha-
CTOSAIIEE BPEMsI CTAIH YacThIO OOIIEH HKOIOTHYECKOW MPOOIEMBl U TOIYIHIN
0OIIECTBEHHO 3HAYNMOE 3By4YaHne. B 3ToM OTHOIICHNHN nepBas IiiaBa He JIUIIe-
Ha OTTEHKA MOMMYJISPU3alid U MOXET, KaK IPEACTaBISIETCS] aBTOpPaM, 3anHTepe-
COBATh CaAMYIO IIUPOKYIO ayTUTOPHIO.
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Bo-BTOpBIX, aBTOPHI MOCTApalCh paccka3aTh O CHCTEME 3aIlUTHl OT pa-
JIUOYACTOTHBIX M3JIyYCHHH, B YACTHOCTH, O MHPOBOI IIPAKTHKE HOPMHPOBAHUS
9JIEKTPOMArHUTHBIX Tosied. OO 3TOM HIET pedb BO BTOPOH IIaBe KHHUTH. JTa
rJIaBa B IEJIOM paccyhTaHa Ha Kpyr Oosee y3KHX CIEIHaINCTOB — Bpaueil ru-
THEHHCTOB, HH)KEHEPOB CITY>KO TOCYIapCTBEHHOTO HA/A30pa 3a CBS3BIO, MPOECK-
THPOBIIMKOB, CHENHAIHNCTOB IO JKCIUTyaTallul paguocpencts. OmHako, oT-
JIeNbHBIE ()ParMEHTHI TJIABBI, KACAIOIIHECS COIMAIbHO-TICHXOJIOTHIECKUX ac-
MIEKTOB MPOOJIEMBI HOPMHUPOBAHUSA, OYIYT MHTEPECHBI IIUPOKOMY KPYTY UHTa-
Teei.

B-TpeTpux, aBTOPHI MOMBITAIUCH IOMOYb CTYJCHTAM BY30B TEIEKOMMYHH-
KaIlMOHHOTO MPOQIIIA, H3YHAIONINM B paMKaxX ACHCTBYIONINX YYEOHBIX IUIAHOB
TUCIHATUIAHY <«OJIEKTPOMAarHUTHAS HYKOJIOTH», aCIUpaHTaM W Hay9HBIM paboT-
HUKaM, CHEIHAINCTaM TPYII MPOSKTUPOBAHUS PAJHOTEXHIMUYECKUX O0BEKTOB B
(OpPMHUPOBAHUU METOHOIOTUIYECKOM 0a3bl UL PEHICHHS KOHKPETHBIX 3ajad
pPacUeTHOTO IPOTHO3MPOBAHUS DIICKTPOMATHUTHOW OOCTAHOBKH BONH3H H3ITY-
YaOIIUX TEXHWYECKUX CPEICTB PAIMOCBS3HM, PAIMOBEINAHUS W TEICBUACHUS.
VIMeHHO 3TH TEXHUYECKHE CPEICTBA ABISIFOTCS OCHOBHBIMU MCTOUYHUKAMH DJICK-
TPOMAarHUTHOTO 3arps3HEHUS OKPYIKAIOIIEH Cpelsl, IMEHHO IO3TOMY IIEeCTh
TJIaB KHUTH (C TPEThEH MO BOCBMYIO) TIOCBSINCHB! HEMOCPEACTBEHHO BOMPOCAM
MOHHTOPHHTA OKpY’KalOIIel Cpensl 10 AIIEKTpOMarHUTHOMY ¢akropy. B atnx
rJIaBaxX YMTATeb HAiIEeT PelenTsl, HO He 00HApPYKUT «TOTOBBIX OJIIOI» B BHIC
nporpamm it [I9BM. CrenaHo 3T0 BIOJHE OCO3HAHHO W HE MOTOMY, YTO aB-
TOPBI JEPIKAT «CEKPEThl KyXHH» B TaiHE, a TOTOMY YTO IPOTrpPaMMHBIE KOM-
IUIEKCHI M PYKOBOJICTBA TIOJIG30BATENsl B OTHACNBHBIX CIydasX COM3MEPHMEI C
00BEMOM HACTOSIICH KHUTH. BMecTe ¢ TeM aBTOPHI OTKPBITHI IS JIEIOBOTO
MapTHEPCTBA TIPH PEIICHHHM KOHKPETHBIX 3a/a4 MOHHUTOPHHTA OKPYXKAromIeit
Cpensl MO 3JIEKTPOMArHUTHOMY (DaKTOpy BOIHM3M KOHKPETHBIX HM3ITydJaroIlnX
0OBEKTOB.

Pazpensr 4.4u 5.4 10 nmpockbe aBTopoB Hamucansl M.JO. Criomo6aeBbM 1
J.B. ®wmnmnossiM, paszaen 6.4 —M.JO. Ciogo6acBbIM.

ABTOpBI BRIpaXarOT Ty0okyro 6marogapHoctb OAO «TenekoMMyHHUKAITH-
OHHBIE CETH CBS3M YAMypTcKoil pecrmyOmmkm», OAO «CsspuapOpM» Yemns-
ounckoi 061., OAO «BaHOBCKHE TEICKOMMYHHKAIIMOHHBIC CETHY» 32 (UHAH-
COBYIO MOJACPKKY M3aHus KHUTH, a Takke K.M. CaBueHKo, B3BIIEMY Ha ce0s
TPYA KOMIIBIOTEPHOH BEPCTKH KHUTH.

ABTOpPHI OTHAIOT ceOe OTYET B TOM, YTO KHUTA HE JIUIICHa HEJOCTATKOB, KaK
Mo (paKTHIECKOMY CONICPKAHMIO, TaK M 10 METOANKE U3JI0XKEHHUS, U ¢ Oaromap-
HOCTBIO IPUMYT BCE KPUTHICCKHE 3aMEUaHUs U IOKCITaHH.

Om3b16bl U 3aMeUaHUsL NO KHU2E Cﬂe()yem Hanpasejiims no a()pecy:

443010,Camapa, yi. JIea Toscroro 23,IIT'ATH,
E-mail: spod@srttc.samara.ru.
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IJIABA 1

YJEKTPOMATHUTHOE 3ATPSI3HEHUE
OKPY)KAIOIIEI CPEJBI

1.1.3JJEKTPOMATHUTHOE 3ATPS3HEHUE KAK YACTHBIN
CJIYYA SHEPTETHUYECKOI'O 3ATPSI3HEHU A

[Mpupona He gaeT yenoBeKy B TOTOBOM BHJE BCETO TOTO, YTO €My HE00XO-
VMO IJIsI yHOBICTBOPCHHUS €ro moTpeOHocTeil. BosHukima HeoOXoIMMOCTh B
TpyZle ¥ NPON3BOJACTBEHHON AEATEIbHOCTH. [Iporpecc pa3BUTHS YeIOBEUECTBA,
POCT MPOM3BOICTBA, 0Opa3oBaHUC UHPPACTPYKTYPH!I (TPAHCIOPT, CBS3b M T.IL.)
MIPUBEIH K PE3KOMY BO3PAacCTaHHIO OOMEHa BEILECTB M YHEPTHU MEXIY deoBe-
YeckuM 00mmiecTBoM u Omocdepoil. Bo3nelicTBus demoBeka Ha OKPYKAIOIIYIO
cpemy —3TO aHTPOIOTeHHOE BO3/eiCTBHE:

OpHUM W3 BHJOB aHTPOIOT€HHOTO BO3JEHCTBUS SIBISIETCS] aHTPOIIOTECHHOE
3arps3HeHue. 3arps3HeHne BooOIe — 3T0 HeOIaronpusaTHOS N3MEHEHNE HAIIIETO
OKPYXKEHHS, SIBIIIONIEECS TIOJHOCTHIO MIIM B OCHOBHOM MOOOYHBIM PE3YIBTaTOM
JIESITENIFHOCTH YENIOBEKA. 3arps3HCHUE, CBSI3aHHOE C JEATEIbHOCTHIO UEIIOBEKA,
Ha3bIBAIOT AaHTPOIIOTCHHBIM 3arps3HECHUEM.

AHTpONIOTeHHOE 3arpsI3HEHHE — 3TO BEIIECTBO M SHEPTHsl MO0 BOOOIIE HEe
XapakTepHble 11 OHocdepsl, MO0 HE XapaKTepHbI MX KOHICHTPAUU 1 MHTEH-
CUBHOCTH.

B Buzne sHeprum oxpyxaromas cpeia 3arps3HsIeTcs TEIUIOM, HOHU3UPYIO-
UM U3ITy4eHHEM, dIIeKTpoMarHuTHeIME moisiMu (OMIT), cBeToBOIt HEprUEH (B
TOM YHCIE YIbTPahHOICTOBBIM 1 HHYPAKPACHBIM U3ITYUYCHHUEM), aKYCTHUCCKUM
mrymMoM, BuOpanuel, ynbrpa3sBykoM. C Toukn 3penust skosnorun OMII — srto
OJIMH U3 BHAOB SHEPTETHYECKOTO 3arpsi3HeHKs OKpy»Karomieit cpexst (puc. 1.1).

| AHTpOHOI‘eHHOe 3arpsi3HECHUEC |

| DHepreTuyecKoe | | MaTepnaanoel | Buonoruueckoe
| AKKYMyJHpPYOLIeecs | | HeaKKyMynnpy}omeecxl
TennoBoe Pagnannonnoe OMIT Cser, na3epHoe Iym,
3arpsi3HEHHE 3arps3HEHHE U3JTyuCHHUE BUOpanun

Puc. 1.1.Knaccuukarys aHTpONOreHHBIX 3arpsi3HEHHI
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DHepreTUYecKhe 3arpsa3HUTeNd (KpOME TEIUIOBOrO M PaIHAIlMOHHOIO) HE
aKKyMyJIUPYIOTCS B TPHPOJE, a OKa3bIBAIOT BIMSHHE Ha OHOCOEpy JHIIL BO
BpeMsI MX IPOM3BOIACTBA. AKKyMYIHPYIOLICECS 3arpsA3HCHHE — 3TO BPEIHBIC
BEIIECTBA U HEKOTOPHIC BUIBI HEPTHH, CIIOCOOHBIC B OTIHYHC OT HEAKKyMYIIH-
PYIOIIMXCS HAKATUTUBATHCS B OKPYIKAIOIIEH Cpe/ie U JKMBBIX OpraHU3Max.

CoriacHO MEXIyHapOJHOU perjaMeHTalnH, JIEKTPOMArHUTHBINH CIIEKTp 10
3 TI'my memurcs Ha 12 94aCTOTHBIX AHAIA30HOB. DTH JHMAIMa30HBI 0003HAYECHBI
HOMEpaMH, Kak Ioka3aHo B Tabn. 1.1,B KOTopoii mpUBEIEHBI TOJIBKO AUATIA30HEI

HCTIOJIB3YEMBIC IS TCHCKOMMyHPIKaHPIﬁ.
Tabmuna 1.1
YacToTHbIE IHANA30HbI YIEKTPOMATHUTHOI'O CIIEKTPA B M0JI0CE YACTOT
300Tn - 300I'T

Howmep Jlnanazon Bun Bun

JiMana3oHa 4acTOT PaJnOBOIH paguoyacToT
3 0,3...3xI'n TeKTOKHIOMCTPOBBIC nH(ppanuskue gacrors! (MHY)
4 3...30xI' MHPHAMETPOBBIC oueHb Huskue yactorsl (OHY)
5 30...30%I 't KHJIOMETPOBBIC Hu3kue yactoTsl (HY)
6 0,3...3MI'n TeKTOMETPOBBIE cpeanue gactorsl (CH)
7 3...30MTI'g JICKaMETPOBEIE BBICOKHE yacToThl (BY)
8 30...30MTI'n METPOBBIE 04€Hb BhICOKHE yacToThl (OBY)
9 0,3..3T JIELIUMETPOBLIE yabTpaBbicokue yactotsl (YBY)
10 3...30 Ty CaHTHMETPOBBIE cBepxsbicokme yactorsl (CBY)
11 30...300 T MHJUIUMETPOBBIE Kpaiine BbIcokue yacTorsl (KBY)

Jns Toro 4To0bI YMEHBIINTE B3aUMHOE BIUSHHE PA3IHYHBIX TEXHUYIECKUX
CPEICTB APYT Ha Jpyra, a TaKkKe CHU3UTh yPOBEHb PAIHOIOMEX, IPOBEIEHA
MEXKIyHAPOIHAS PETIIAMEHTAIHS KaXKIOTO MCTIOIb3yeMOTo fauanasona [44]. Jlns
KaQXIOTO THIIA W3TYYalONINX TEXHHYECKHX CPEACTB OTBEAEHBI CBOM YYACTKH.
OmnpeneneHHple NOAANATA30HBl OTBEACHBI U PAIMOBEIIAHHSA, IS TeJICBHUIE-
HUS, U pa3iIMYHBIX BUIOB PAJAMOCBS3H, AJS PamuoioKariu U T. 1. CBou yda-
CTKH Hara3oHa MMEIOT TEXHUYECKHE CPENICTBA BOCHHOTO HA3HAYCHUS, OTICIIb-
HO BBIJICJICHBI TIOJINAIIa30HbI AT pagnoroonuTeneil. Y CTaHOBICHHBIE )KECTKUE
TpeOOBaHUS M OTPAHMYCHUS HA YPOBHH, TaK Ha3bIBAEMBIX, BHETIOJIOCHBIX H3ITy-
YeHHH TO03BOJIIOT 00ECIeUNTh AIEKTPOMArHUTHYI0O COBMECTHMOCTH H3IIydalo-
IIUX CPEICTB — BO3MOXKHOCTH OJHOBPEMEHHOI paboThl Min paboTHl Mo rpadu-
KY.

[MonxcunTano, 9TO YEIOBEUECTBO HCMONB3YeT MHJUTHAPABI TOHH MHHEPAJIh-
HOTO CBIPbs, TOIUTMBA, BOIBI, OMOMACCHI, aTMOC(EpHOT0 KHCIOPOa, a B MoJIe3-
HBIA IPOAYKT MEPEXOANT JIUIIb OJWH MPOIEHT 3aTPadeHHBIX IPHPOTHBIX PECyp-
COB. OTO B TOJHOW Mepe OTHOCHUTCA M K AIIEKTpOMarHUTHOMY moio. [IpuBenem
TaKOW THUMOTETHYECKHM mpumep. TexHHuuecKkue cpeicTBa paauoCBs3H, Paauo-
BEIIaHUS M TEJICBHUICHUS M3IYy4alOT OTPOMHOE KOJIMYECTBO 3JIEKTPOMArHUTHOM
9HEprur. MOIIHOCTH TIEPEJaTINKOB HM3MEHSIOTCS OT MWUIMBATT (HarmpuMep,
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MOIIIHOCTE TIepelaTIrKa pagroTeaeOHHOM TPYOKH) 0 COTEH KHIOBATT M Jaxke
enuHMI] MeraBaTT (pamuoBenarensHpie nepeaatarnkn HU u CU auana3oHOB).
DJeKTpOMarHuTHAsl SHEPrus, W3ydaeMas TeJIeKOMMYHUKAIIMOHHBIMH CPEICT-
BaMU, IMEET BIIOJHE OIIpe/ieIecHHOe Ha3HauYeHHE — OHA JIOJDKHA BO3/ICHCTBOBATh
Ha BXOJHBIE IEMH MPHEMHBIX yCTpoicTB. Ecnu mpennoioxuTs, 4To A HOp-
MaJgbHOW PabOTHl Ka)XIOTO MPUEMHOTO YCTPOMCTBa HEoOXoauMa MONTHOCTH 1
MBT, TO HETpyIHO MOICYMTATH, YTO AJIS TOJHOTO HM3BATHS M3 OKPYKArOIIEeH
Cpeabl AIIEKTPOMArHUTHOM SHEPTUH OJHOTO Tepenardnka MoriHocThio 100 kBt
HeoOxoaumMo uMeTh 100 MJIH. MPUEeMHHUKOB. Takux MepelaTduKoB TOJBKO B
Poccun coTHE 1 1a)ke THICSHM. ..

Yro ke MPOMCXOIUT C ICKTPOMAarHUTHOW 3Heprueii? Ha uto oHa pacxo-
nyercsi? Kak mposiBisiercst ee aeiictBie? YacTb ee yXOJUuT B KOCMHYECKOE Ipo-
CTPaHCTBO, & OCTaJbHAs PacceMBaeTCs (IIOTIIOMIACTCS) OKPYKAIOMIEH Cpemoif:
aTtMoc(epoll, OKpPYKAIOMMMHU TIPEeIMETaMHi, B TOM YHCJIE€ U OMOIIOTHIECKUMH
00BEKTaMU.

Crnemyer y4uTHIBaTh, YTO DJICKTPOMATHUTHYIO SHEPTHIO M3Iy4alOT W MHO-
KECTBO IPYTUX TEXHUYCCKUX CPEICTB, OCHOBHBIC (DYHKIIMH KOTOPHIX HE CBS3a-
HBl C TpeAHaMEPEeHHBIM IIPOLECCOM H3IYyYSHHs, HallpuMep, SHEPreTHUECKHUE
YCTaHOBKH, JJIEKTPU(DUIMPOBAHHBIN TPAHCIOPT, | JMHUH AJIEKTpoIiepeiay
(JIDII), ObITOBBIE IPUOOPHI, KOMIILIOTEPHI U T.11.

YpoBeHb ANIEKTPOMATHUTHOTO 3arpsi3HEHUS MOKa HEe MpHoOper IriobansHO
OTIaCHOTO XapaKTepa, €CIM He CUNTATh ITOSBUBIIETOCS B IIOCIENHEE CTOICTHE 1
MTOCTOSTHHO YBEJIMYMBAIOMIETOCS YPOBHA paaro(oHa, MOA KOTOPHIM ITOHUMAIOT
CyMMapHbIii 3)(HeKT BceX M3Iydarommx cpeacTs 3eMHoro mapa [1]. Dmekrpo-
MarHUTHOE M3JIydCHHE BBICOKOTO YPOBHS JIOKAJIH30BAaHO BOJIM3M MCTOYHHKOB M
CYIIECTBYET TOJIBKO B IIEPHOIBI PAOOTHI M3TYJAIOIINX TEXHUIECKUX CPEACTB.

1.2.NCTOYHUKU U MACILITABbI
IJIEKTPOMATHUTHOI'O 3AT'PA3HEHUSA

B mocnenHue HECKONBKO NECATHICTHH NPUMEHEHHE YCTPOWCTB, KOTOpBIE
n3nydatoT OMII, 3HaunTensHO Bo3pocno. Hauano ocBoenus yemoBekom OMII
CBSI3aHO C WCIOJNB30BAHUEM JIMANa30Ha [UTMHHBIX BOJH (AJIMHA BOJHBI
1...10xmM), uTo GBUIO OOYCIOBJIEHO Pa3BUTUEM PAJUOCBA3M M PAIHOBEIIAHHS B
3TOM JHana3oHe. 3aTeM OypHBIMU TEMIIAMHU CTAJIO Pa3BUBATHLCS TEIEBUJICHUE, U
JIMana30H MCHOIb3YEMBIX [UIMH BOJIH CTall PACIIMPSTHCS B CTOPOHY MX YKOPO-
gyeHust. C pa3sBUTHEM PaAMOIOKAINMHU M PaJHOHABUTAIlMN aKTHBHO CTaJM OCBau-
BaThCsl JUANAa30HBI METPOBBIX, JCIUMETPOBBIX M CAHTHMETPOBBIX BOJH. B Ha-
CTOsIIIIEE BpPeMs TPYyIHO Ha3BaTh TaKylo OONacTb HAyKH, TEXHWKH, HAPOIHOTO
Xo03s1iicTBa, r7e OBl HU HCIIOIBb30BANACh PAJHO3IEKTPOHHAS allaparypa, B TOM
gucie uanyvaromas OMII.
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IIpuBenem mpuMepHBIM TEpedYeHb BUIOB TEJIEKOMMYHHUKAIIMOHHOW Jies-
TEJILHOCTH ¥ 00OPYAIOBaHUsI, KOTOPBIE SIBISIFOTCS] MPUYMHON HACHIIIEHUST OKPY-
XKAIOIIEH CPeIbl DIEKTPOMATHUTHOMN SHEPTUEN B Pa3IMYHBIX qUana3oHax [2]:

- 10 300T1 (mo 1000kM) — cTaTHYECKHE IO PA3IUYHOTO MIPOMCXOKIIE-
HUSI, DHEPTeTHYECKHUE YCTAHOBKH, JIMHHUU 3JICKTPONEpeaadt, BUICOAUCIUICHHbIC
TEPMUHAIIBI;

- 0,3...3xI'm (1000...100kM) — MOIYJIATOPHI PAAUONEPESAATIMKOB, MEIH-
[UHCKUE MPUOOPHI, SIIEKTPHUSCKUE YN WHIYKIMOHHOTO HATPEBa, 3aKajuBa-
HUsI, CBAPKH, IIABJICHHUSI, OUNUCTKHY;

- 3...30kI'1 (100...10xM) — cpenctaa cesizu Ha OHY, cucteMsl paanoHaBH-
raiiy, MOAYJISATOPBI PaIUONePeAaTINKOB, MEIHUIIUHCKUE TPUOOPHI, HIEKTPUYE-
CKHE TeYH WHIYKIIMOHHOTO HATrPeBa, 3aKajMBAHUs, CBAPKH, [UIABJICHUS, OYKCT-
KU, BUICOTUCIUICHHBIE TEPMHHAIIBI;

- 30...300xT'x (10...1xkm) — pagwoBeIanue, paIHOHABHUTAINS, MOPCKAS 1
aBHAIIMOHHAS CBsI3b, CpeacTBa cBsizu Ha HY, paanonokanus, BUACOIUCIIIICHHBIE
TEPMHUHAIIBI, 3JIEKTPOPOpPE3, MHAYKIIUOHHBI HALPEB U IUIABJICHUE METAJIIA;

- 0,3...3MTI1 (1...0,1km) — paanoBemnanue, CBsI3b, PAAUOHABUTAIINS, MOP-
cKasi paauoTeneOHus, JTIOOUTENbCKasl PaJHOCBS3b,« HHIYCTPHAJIbHBIE PaIHo-
YaCTOTHBIE TPHOOPHI, MEPEIATINKNA C AMIDIMTYAHONW MOIYJISIMEH, CBApOYHbIC
anmapaTbl, MPOW3BOJCTBO IMOJYNPOBOJHUKOBBIX MAaTEPHAIIOB, MEIMIHCKHE
IpUOOPHI,

- 3..30MTI'1 (100...10M) — pamuoBeruaHue, JFOOUTEIbCKAsE PAAHOCBS3b,
rinobabHast ¢Bsi3b, BY Teparusi, MarHuTHBIE PEe30HAHCHBIC BO30YJAUTENH, -
JNIEKTPUUECKUN HATPEB, CYIIKA U CKIICHKA JepeBa, MIa3MEHHbIE HarpeBaTEIH;

- 30...300 Mr; (10...1 M) — mOIBIKHAsT CBSI3b, HArpeB, YacTOTHO-
MOJYJIMPOBaHHOE paIHOBEIAHUE, TEJICBU3UOHHOE BEIlAaHHUE, CKOpasi MOMOIIIb,
JIMAJIEKTPUYECKUH HArpeB, MarHUTHBIC PE30HAHCHBIC BO30YIUTEIH, CBapKa IUIa-
cTMacc, MIa3MeHHBIA HarpeB,

- 0,3...3[Tu (100...10cMm) — paguopeneiiHbie TUHUH, TOBIKHAS CBSI3b, Pa-
JIHOJTOKAITHS, PAMOHABHUTAIUS, TEICBU3NOHHOE BEIIaHHE, MUKPOBOJIHOBBIC IIe-
M, MEAUIMHCKIE TPUOOPHI, INIA3MEHHbIH HATPEB, YCKOPHUTEIH YaCTHII;

- 3...30ITu (10...1cMm) — paguosokaius, CITyTHUKOBASI CBSI3b, MOJBHKHAS
CBSI3b, METEOPOJIOTUYECKHE JIOKATOPHI, paJAUOpEsICHHbIe THHHUU, 3AlUTHAS CHI-
HATH3a1Hs], TUIa3MEHHBIH HarpeB, YCTAHOBKU TEPMOSIZICPHOTO CHHTE3a;

- 30...300I T (10...1MM) — pagHoIOKaIysi, CITyTHUKOBAst CBsI3b, pagdope-
JIeWHbIe JIMHUU, PaJHOHABUT ALK

[MpuBeneHHbIE JaHHBIC MOKA3bIBAIOT, YTO YEIOBEYECTBO HMCIONB3YET MPaK-
THUYECKH BECh YACTOTHBIN JMAMa30H 3JIEKTPOMAarHUTHOTO u3nydeHus. Co3maH-
Hasl YEJIOBEKOM O3JICKTPOMArHUTHAas 0OCTAHOBKA COCTOMT W3 MOJIEH, KOTOpbIe
M3JTy4aroTCs MPEJHAMEPEHHO WITH SIBJISIFOTCS MPOAYKTAMH HCIIONb30BaHUS JPY-
TUX YCTPOUCTB.
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B pa3BuTHM W3NMydarOmNX SJICKTPOMArHUTHYIO DHEPTHI0 TEXHHYECKHX
CPEICTB, CYIIECTBYET TPH YCTOWYHBEHIC TCHICHIINH, KOTOPBIE 3aCTaBISIOT 00pa-
IIaTh MPUCTATHHOEC BHUMAHNE HA BOIIPOCHI AIIEKTPOMATHUTHON 3KOJIOTHH.

Ilepsas — yBenmueHne KOJIMYECTBA M3MYUIAIONINX CPEICTB 3a CYET TEXHUUE-
CKOTO OCBOCHHS M 0oJiee IIOTHOTO 3allOJIHCHHS YacTOTHBIX IHMANa30HOB, pac-
IIMPEHUS CEeTH PAIMOCBS3U M PATMOBEIIAHMS, YBEIMUYCHUS KaHAJIOB TEIECBU3U-
OHHOTO BEIIaHUS U APYTHX CIYXO.

Bmopas — yBenmueHWe SHEPIETUUECKUX MMOTEHIMANIOB TEXHUIECKUX
CPEICTB IyTE€M YBEIWYICHUS. MOLTHOCTEH MPHUOOPOB M MEpPEelaTINKOB, YBEIHUe-
HU 3()(HEKTUBHOCTH MEpeAAONINX aHTCHH CPEICTB TEIIEKOMMYHHKAIIMA U HX
TEPPUTOPHUATHEHON KOHIIEHTPALUH.

Tpemvss — BHEIPEHHUE CIIOKHOM DJIEKTPOHHON OBITOBOW TEXHUKH, IEPCO-
HAJIBHBIX KOMIBIOTEPOB U IPYTUX JOCTIKEHUI HOBBIX TEXHOIOTHH.

B HacTosmiee BpeMs HaOdromaeTes yXyALICHHE SKOJIOTHYECKOH CHUTyaruu
IO AJIEKTPOMATHUTHOMY (haKTOpy. DTO CIEAYET CBI3BIBATh, B IIEPBYIO OYEPEb,
¢ mpeobaagaHreM BEIOMCTBEHHBIX, YHUCTO KOMMEPUECKHX U MOTPEOMTEITHCKUX
MTOJIXOJIOB K BOMIPOCaM Hcroib3oBarus DMII. U3aydaromuye TeXHIIECKUue Cpe/l-
CTBa M OOBEKTHI Pa3MEMIAIOTCS Ha KPBIIIAaX JKMAIBIX JIOMOB M BOJIHM3H 30H Macco-
BOTO TIpeOBIBaHMS JIF0ZeH 0e3 aHanu3a yke CYIIeCTBYIOHNICH 3JIEKTPOMAarHUTHOM
00cTaHOBKH, MporHo3upoBaHus DMII pasmenraembix cpenactB. Kak mpaswuio,
JUTA pa3MeIIeHUs U3TyJaloluX TEXHHIECKAX CPEICTB MUCTIONB3YIOTCS OIHU U T
e yZOOHBIE C TOYKU 3PEHHS MacCOBOTO OOCTY)KHBaHHS MECTa YCTaHOBKH aH-
TeHH (MaduThl, OAITHU, BRICOTHBIC 3MAHUS U T.1I.). HecMOTpst Ha periameHTanum
W OTpaHUYEHHS 110 WCIOIH30BAHUIO TEXHUYECKUX CPEICTB, M3IYJaIONINX B OK-
pyxatomryio cpexy OMII, B KOMMEpUYECKHX HENSIX HHOTHA pean3yeTcs He cep-
TU(HUIMPOBAHHAS [0 TUTHCHUIECKUM IIapaMeTpaM W IapamMeTpaM 3JIeKTpoMar-
HUTHOHW COBMECTHMOCTH aIlaparypa.

HeOnaronpusiTHasi cUTyaliss C 3JIEKTPOMAarHUTHBIM (DakTOpoM CBsi3aHa
TaKXKe CO C1aboi MaTepHaIbHO-TEXHUIECKOW 0a30# 3KOIOTHIECKOTO 3JIEKTPO-
MarHUTHOTO MOHHUTOpHWHIa OKpy:karouiei cpensl B Poccun. HopmaTusHoit 1o-
KyMEHTaIlMel TPEAITNCAaHO, YTO KaXIbli 00BEKT, peAHAa3HAUCHHBIN I H3IIy-
YeHHS B OKPYXKAIOIIYIO CPEdy JICKTPOMAarHUTHON PHEPTUH, JOJDKEH HMETh Ca-
HUTAPHBII MacopT, B KOTOPOM KpOMeE TPOYNX AAHHBIX, IPUBOIATCS pacueTHEIC
u m3MepeHHble ypoBHH OMII M TpaHHMIBI CaHWTapHBIX 30H 3THX OOBEKTOB.
Kpome Toro, a¢ekTuBHBIX MPUOOPOB IS M3MepeHust napamerpoB DMII, BbI-
ITyCKaeMBIX OTE€YECTBEHHOW MPOMBIIUIEHHOCTHIO, TIPAKTHYECKH HET, a 3apyOek-
HBIE BECbMa JOPOTH.

He cnemyer 3a0piBaTh 0 6€ICTBEHHOM COCTOSIHHUH KOJOTHYECKOTO BOCITH-
TaHWUs, 00pa30BaHUS M MPOCBEIICHUS HACENCHHUS M JaKe CIEHHAINCTOB. JTO
OTHOCHTCSI ¥ K M3YYECHHUIO BOIPOCOB 3JICKTPOMArHUTHOH 3Koyioruu. Jlaxe B By-
3aX PagMOTEXHHYECKOTO MPOMWIT H3ydeHHE BOIPOCOB OICHKH COCTOSIHHS OK-
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pYXarome cpelnpbl Mo 3JIEKTPOMAarHUTHOMY (akTOpy HOCHUT (parMeHTapHBINA
xapaktep. B crpaBoyHOMN, yueOHON M METOAMYECKOH JINTEpaType MO SKOJIOTHH
TONBKO KOHcTaTHpyeTcs ¢akTt Hammaust DMII, kak ¢usmdgeckoro daxropa, 3a-
TPS3HSIONIETO OKPY>KAIOIIYIO CPELy.

OcHOBHBIM <«a10cTaBIKOM» OMII B OKpYyKalollyto Cpeay SBISIOTCS pa-
JMUOTEXHUYECKAE CUCTEMBI TEICKOMMYHHKAIMHA. JTO CBSA3aHO C TEM, 4TO H3Iy-
geane IMII — HeoTheMIIeEMOe SBJICHHUE IS pagrokaHaia. M3myJdaroniue TeXHu-
YEeCKHEe CPEACTBA PAJANOCBS3H, PAIMOBEINAHIS U TEICBUACHUS PACIIPEICIIIOTCS
[0 TEPPUTOPHSIM, KaK MPABHIO, PAaBHOMEPHO. DTO HENaeTcs IUIS TOTO, YTOOBI
co3JaTh HEOOXOAMMYIO MHTEHCHBHOCTh DOMII B MecTax mpeObIBaHUS JIONCH,
(aro0BI paboTaTK MPHUEMHHUKH).  ICTOPHYIECKH CIOKHUBIIASACS CHTYaldsl C pas-
MEIICHHEM TEXHUYICCKUX CPEIICTB 000CTPSIET BOMPOCHI dJIEKTPOMArHUTHOH dKO-
JIOTHH, TIOCKOJIBKY CTPOWIIA M Pa3Melalid M3TyJafolie TEXHIIECKHE CPeacTBa
TakK, 4T00BI OBLIO YHOOHO SKCIUIyaTHPOBATh, HE 3aIyMBIBAsSCH 00 3KOIOTHYE-
CKHX TOCJTEACTBHAX. Pe3ympTaT — M3Mydalomye TEXHUISCKUE CPEACTBA IOIall
B TPaHUIBI TOPOJOB, TENEIEHTPHI — B CaMbIX ‘HaceJeHHBIX MecTax W T.u. Kak
CJIEICTBHE BCETO 3TOTO, IO BEICOKHE YpoBHN DMII nomar He TOIBKO 00CTyXu-
BAaIOIIMH TEPCOHA M3IIyYarOIINX TEXHUIECKUX CPEACTB, HO M HAaceJIeHue Oim3-
nexamux Tepputopuil. OTHAKO PagHOCBA3b, PaIUOBEHIaHUE M TEICBHICHHE —
JTOCTIDKEHHE IIUBIIIM3AINN U HIKTO HE COOMPAETCsl OTKA3BIBATHCS OT HUX.

CyIIecTBYIOT TakXe CO3JaHHBbIe YeloBeKOM HMcTouHukn DMII, ucmonb3ye-
MBbIe HE IS IeNiel TeleKkoMMYyHHKanui. Kak ObTo MepeunciieHo BhINIe, B TPO-
MBIIIUIEHHOCTH, HayKe W MEIUIMHE MPUMEHSIEeTCs 000pyAOBaHME IS Mepenadn
1 KOHIIEHTPAIMHU HJICKTPOMAarHUTHON YHEPTHH B OTPAHWYECHHBIX pabounx obmac-
TAX JUIS CO3JaHUS TIOJIE3HBIX IS YeJoBeKa (PU3MUECKUX, XUMHUUICCKUX M OHO-
nmorndeckux 3 dexTos. YacTOTHBIC TUANa30HbI, BEIICTICHHBIE I 3THX IIeNeH,
npuBeneHsl B Tabn. 1.2 [2]. OgHako B OTHENBHBIX CTPaHAX HCIONB3YIOTCS U
JIOTIOJTHUTEIHHBIE YaCTOTHI JIJISI 3TOTO 000pYIOBAHUS.

W3-3a HECOBEPIIEHCTB KOHCTPYKIMIA BCETAA CYIIECTBYET yTEUKa DIICKTPO-
MarHUTHOH 2HEPTHH OT Takoro obopynoBaHus. Kaxmpli reHepatop IeHCTBYET
Kak uctouHuk DMII, crmocoOHBIX CTaTh MPUYUHON BpeIHBIX d(h()EeKTOoB, 3aBUCH-
IIUX OT YPOBHEW HU3JIy4EeHHOU MOITHOCTH.

OOb1ee KOTMYecTBO MPOMBIIIUICHHBIX, HAYYHBIX U METUIIMHCKUX YCTAHOBOK,
na3nydatormmx OMII, B MUpe OIeHNBaeTCsl B HECKOJIBLKO COTEH MUJIJTHOHOB, M UX
YHCJI0 TIOCTOSHHO YBEIMYMUBaeTCs Ha 3...7 %0B roxI.

[TpompbITIeHHBIE, HAYYIHBIE U MEIUITMHCKHE YCTAHOBKHA OOBIYHO TMPOEKTH-
PYIOTCS C y4E€TOM MHUHMMAJIBHOW CTOMMOCTH IPH BBIMOJTHEHUH HEOOXOIUMOTO
Habopa orepanmid. YacToTHast CTAOMIBHOCTH M CIIEKTPAIbHAS TUIOTHOCTH MOIII-
Hoctrn OMII, m3nmydaeMbIx B paboune OOBEMBI, SBISIOTCS, KaK MPaBUJIO, HE
TJIaBHBIMH TlapameTrpamu. [Ipu 3ToM pabodee MeCTO omeparopa OOBIYHO HaXo-
JIUTCS] B HETIOCPEJICTBEHHON OJIM30CTH OT TeHepaTopa I yCUIIUTEIIS.
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DNEeKTpOMarHuTHas dHEPTHA W3TydaeTcs W3 000OpyIOBaHUS TJIABHBIM 00pazoMm
W3 OKOHEYHBIX YCTPONCTB M TIOAXOSIINX K HAUM MPOBOJHUKOB (Hampumep, pa-
JIMOYACTOTHEIX Kabenei). KonnuecTBo M3IydeHHOH SHEPIHH 3aBUCHT OT OCO-
OeHHOCTEH KOHCTPYKIIUH YCTPOHCTB U pa3MelIeHNs uX Ha paboueM mecte. Ciry-
YaifHO M3y4YEHHBIC ITOJIS SBIAIOTCS CJIEACTBHEM TOKOB, MPOTEKAIONINX TI0 T0-
BEPXHOCTH 00OpPYIOBAaHUS U PA3TUYHBIM OKPYKAIOIIUM MPOBOISIIAM CTPYKTY-
pam.

Ta6nuna 1.2

HeHTpaJ]beIe YaCTOThI U YaCTOTHBIC TUAINIA30HbI U BbI/ICJICHHbIC
JJIAl HCHTOJIB30BAHNUS B MPOMBIIIJICHHOCTH, HAYKE M MeIMIIUHE

LlenTpansHas YacToTHbII Peruon npumeneHus
yacTora JIMana3oH

70kl 60...80kI "1t Poccust

6,78MI'y 6,765..6,795MI'y TToIeXXUT COracoBaHUIO

13,560MI'1y 13,553...13,56 MI'y | PacnpocTtpaneH Bo BceM MHpe

27,120MI'g 26,957...27,283/I'ny |~PacupocTpaneH Bo BCeM MHpE

40,68MI'1y 40,66...40,70MTI'1g PacnipocTpaHeH BO BceM MUpe

42: 49; 56; 61; 66411 ~0,2% BennkoOputanus

84; 168MTI'1g ~ 0,005 % Benukobpuranus, ABctpust, Jluxren-

433,92MTI't 433,05...434,7MI't | wmrreitn, [omnanmust, [lopryramms,
[Beitnapus,
3anagnas ['epmanus, FOrocnaBus

896 MI'1y 886...906MI'11 BenrkoOputanus

915MI'n 902...928MI'g CesepHas u IOxHas AMepuka

2,375IT1g 2,325...2,429 T Anb6anust, bonrapusi, YexocioBakus,
Beunrpusi, Pymbiaust u Poccust

2,451 T 2,4...2,5I'T PacnipocTpaHeH Bo BceM MUPE, HCKITIO-
4asi CTpaHsl, TJie ucmomibsyercs 2,375
I

3,39 T 3,37...3,41T1 Tonnangus

5,8ITh 5,724..5,875I T PacnipocTpaseH Bo BceM Mupe

6,781 T 6,74..6,821T1 Tonnangus

24,025I'T 24,0..24,05I T PacnipocTpaHeH Bo BceM Mupe

40,68I' T 40,43...40,94 T Benukobpuranus

61,251 Tt 61,0..61,5IT1 PacnipocTpaseH Bo BceM Mupe

122,51 122...123[Tu

2451 244...246I T

Bce obopynoBanue OOBIYHO JEHCTBYIOT Kak CBOeoOpa3Has aHTEHHAasl CHC-
TeMa, COCTOAIIas M3 OJHM3KO PACIOJOKEHHBIX H3NIYJaIOMIUX ITOBEPXHOCTHBIX
SJIEMEHTOB, PE30HHMPYIOIIMX HAa HEKOTOPBIX 4YacToTaX. XoTs 3((EeKTHBHOCTH
M3JTy4eHUs] TaKOil CHCTeMbl BeChMa HH3Kas, TeM HE MeHee, U3JIydeHHas MOIII-
HOCTh MOET ObITh 3HAYUTEIBbHOMN, €CIIM BBICOKa HOMHHAJIbHASI MOILIIHOCTh YCTa-
HOBKH.
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B mocnennee Bpems Bce Ooblliee BHUMaHWE MPUBJICKAIOT eIle JBe cheps
JIeATENBHOCTH, KOTOPBIE CO3MIAI0T AJIEKTPOMArHUTHOE 3arps3HEHHE — 3TO dHEp-
TeTHKa U MHPOPMATHKA. DIIEKTPOMATrHUTHEIE TOJISI, COMPOBOXKIAIONTNE UCTIONb-
30BaHHE YEJIOBEKOM OJJIEKTPOIHEPTUH MPOMBIIIJICHHONH YacTOTHl W KOMIIBIOTE-
POB, BBI3BIBAIOT OINPEAEICHHOE OECITOKOMCTBO Y AKOJIOTOB, THTHEHHUCTOB H T.JI.

B mocnennee Bpems MOSIBUIIOCH MHOYKECTBO HAYYHBIX MOATBEPIKIECHUH SIB-
JICHUIO MOBBIMIEHHONW OMOJIOTHIECKOW aKTUBHOCTH MAarHUTHBIX TOJIEH TPOMBIIII-
JIEHHOMW YaCTOTHI MallbIX ypoBHe# [3, 4, 5].EcTh pe3ynbTaThl HAyIHBIX HCCIEIO-
BaHWH, MO3BOJISIIOIINE CUNTATh, YTO TAKWE ITOJIS SBJSIFOTCS MPUYWHOW HEKOTO-
PBIX BHIOB OHKOJIOTUYECKUX 3a00sieBaHUi, 0coOeHHO y neTeit. O4eHb TPEeBOXK-
HBI TEH/ICHIINN PE3KOTO YBEIMYCHHUS KOJTMUECTBA, BUAOB M MOIIHOCTEH OBITOBOI
TexHuKH. OOpa3 >KM3HH IMBIIM30BAaHHOTO YeJOBEKa IpEeIroiaraeT, 4ro Ha
BECbMa OTPAaHMYEHHOW TUIOMIAAN KBAPTUPHI KOHIEHTPUPYETCS OOJBIIIOE KOJH-
YECTBO BCEBO3MOXKHOH OBITOBOW TEXHUKH — OT ()EHOB M KOPEMOJIOK O MOIII-
HBIX CTHPAJBbHBIX U IIOCYAOMOCYHBIX MamuH. Kocserno 06 yenmuernnn SMII B
HAIlleM JI0ME MOXHO CYAWTH II0 TOMY (paKTy, 4TO 3a MOCIIECIHHE IECSTh ISTHA-
JIATh JIET TOKOBbIE HOMHHAJIBI IIABKUX IpPEAOXpaHUTENeH W aBTOMATOB Ha
BXOJIC CHJIOBOW CETH B KBapTHPAX YBEIHUYHIHCH ¢ 5<6 1o 20-25ammep. 310 03-
HayaeT yBenuueHue notpediseMoi MomHocTr B 10-25pa3 u, kak ciencreue,
yBenudenue yposueit OMII B kBaptupax B 5-6 pa3. Kpome toro, snepretuxa —
9TO JIMHHUM 3JieKTporepenad. OHA MPOXOMAT W IO TOJISIM, JiecaM, peKaM U T0J
Bojoil. bromorn moxaszamm, yto OMII oT nHMHUI 3neKTpomepenad BIHSIOT Ha
MOBEJICHUECKAC PEaKIMd HACEKOMBIX (MypaBbH IMOKHIAIOT TMPHICTAONINE K
JIDII yuactku jneca), peid (OMII ot JIDII 1 MOABOJHBIX CHIOBBIX KabOene, me-
PECEKAIOIIUX BOIOEMBI, YaCTO 3aTPYAHIIOT MUTPALIUIO PHIO).

MaccoBasi KOMIBIOTEpHU3AIMS U TPOU3BOJICTBA, M OBITa MpHUBEIA K TOMY,
9TO OOJIBIIIOE KOJMYECTBO JIFOJIEH, B TOM YHWCIE NETH, MPOBOIAT TUTESIHHOE
BpeMsl Y KOMIIBIOTEepa HE TOJIFKO KaK HCTOYHHWKA WHPOPMANNH, HO ¥ MICTOYHHUKA
SHEPTETHUYECKOTO 3arps3HeHHs, IPUUEM HAaXOISCh B HETIOCPEICTBEHHOM OJIN30-
CTH OT HETO.

Henp3s maramueckn 60sThest OMII, HO U HE CileayeT OTHOCUTHLCS K HUM Xa-
satHo. bronornueckas aktusHocTh OMII moka3zana M MOKET OBITH OYEHD BBICO-
KOi.

B mpobaemax 351eKTpOMarHUTHOH 3KOJIOTHH BBIICIIOCH TPU HATIPABIICHYIS:

- Onodu3nvecKoe, 3aHUMAIOIIEECs] BOIPOCAMH HCCIICIOBAHUS B3aWMOJICH-
CTBHS OMOJIOTNYECKUX TKaHelr ¢ OMII;

- MEIHMKO-OMOJIOTHYECKOE, KOTOPOE 3aHMMAETCsl M3YYeHHEM W HOPMHPOBA-
HHEM BO3CHCTBYIONIETO (PakTOpa Ha OKPYKAIOIIYIO CPEy 1 YeTIOBEKa,;

- HAYYHO-TEXHUYECKOE, IENbI0 KOTOPOTO SIBJSIETCS pa3pad0TKa METOI0B U
CpEeJICTB aHaIM3a B OKpyXkaromieh cpeae DMII u 3aUTHI OT HUX B cliydae HEOO-
XOJMMOCTH.
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K HacrosimeMy BpeMeHM HAKOIUIEH OOTaTeHWIINi HaydHBIH MaTephai o
MEPBEIM IBYM HampapieHusAM. OO0 3TOM CBHICTEIHCTBYIOT MHOTOUYHCIICHHEIC
OTEUYECTBEHHBIE H 3apyOe)KHBIE MyOJUKAINM, TOCBSIICHHBIE OWOJOTHYECKIM
appexram DMII m wmccmenoBaHUAM TPUINHHO-CIEACTBEHHBIX CBSI3EH MEXITY
ouonormueckumMu oobekramu 1 DMII. Hanbosiee mostHas U XOpOIIO CHCTEMATH-
3UpoBaHHAs OMONMHOTpadrs Mo STUM BOIIPOCaM, 10 MHEHHIO aBTOPOB, IIPUBE/IE-
Ha B [3, 4, 6]. OnqHako B MOCIEOHHE OBl BO3HHUKIA OCTPas HEOOXOIUMOCTD
aHanmu3a pacmpenerneHnst OMII pa3nTuuHBIX TEXHHYECKUX CPEICTB M B MEPBYIO
ouepens TEICKOMMYHHKAIIMOHHBIX PAIHOCPEACTB B OKpYXKaOIIeH cpene. ITo
CBSI3aHO C MHOTOYHCIIEHHBIMI HKOJOTHYECKIMH M CAaHUTAPHO-TUTHEHUIESCKUMHI
3aJadyaMy, 3aKITIOYAOIIMICS B PEIICHIH BOIIPOCOB 0E30MacHOTO pa3MeEIIeHHUs
M3TY4alonX 00beKTOB. [Ipu 3TOM HCIIONB3YIOTCS ACHCTBYIOIINE HOPMAaTHBHEIC
U METOAMYECKHE JTOKYMEHTHI, B KOTOPBIX NPHUBEIACHBI IPEAeIbHO-IOITyCTHMEIC
ypoBaH OMII 1151 BCex Trama3oHOB YaCTOT:

1.3.BUOJIOTHYECKOE JENCTBHUE 3JIEKTPOMATHUTHBIX
MMOJIEN

B coctaB 6uocdepst Bxogiar DMII ectecTBEHHOI0 M HCKyCCTBEHHOTO HPO-
UCXOXIEHUS. B CHEKTpe €CTEeCTBEHHBIX 3JIEKTPOMArHUTHBIX MOJEH YCIOBHO
BBIJIEJIAIOT HECKOJBKO KOMIIOHEHTOB 3€MHOI'0, OKOJIO3€MHOTO M KOCMHUYECKOTO
MPOUCXOXKACHUSI — 3TO TOCTOSHHOE MAarHWTHOe mose 3eMii (TeOMarHUTHOE
oJIe), 3JCKTPHYECKOe Mojie 3eMIA U MePEMEHHbBIC SIICKTPOMArHUTHBIE MOJS B
qmanasone gactor oT 10° 1o 10 I'u. MCTOYHHKOM IEPEMEHHBIX SIEKTPOMAr-
HHUTHBIX TONEH SBISAIOTCS aTMOc(hepHbIe siBieHus (aTMOC(hEpHOE DIEKTPHUYECT-
BO), a Takke paguonsinydeHue 3emin, CoJHIA U ranakTuK. [lons MCKyccTBeH-
HOTO MPOMCXOXKJIEHHUS H3IIy4aroTcd TEXHUYECKHMHU CPEICTBAMHU, CO3JAaHHBIMHU
4yenoBeKkoM. J[namnas3oH 9acToT usnydaeMsix OMII — npoMelIeHHbIE YaCTOTHI 1
BECh PaJlMOYaCTOTHBIN Juana3oH. IHTEHCHBHOCTb W3IY4€HUs 3aBUCUT OT MOII-
HOCTU TEXHHUYECKHX CPEICTB, MapaMeTpoOB U3ITydaTenell, yAadeHHOCTH TOYKH
HaOmoneHus u T.1. XapakTepHas 0COOEHHOCTb ATOTO BHJa M3IIy4E€HHS — BBICO-
Kasi KOTEepeHTHOCTb, T.€. YacTOTHas M (a3oBas cTaOWILHOCTh, a TaKXe Ipo-
CTPaHCTBEHHAasl KOHIIEHTpaIUsl 2JeKTPOMarHuTHoil sneprun. Kpome storo, BbI-
JIeTSIOT paanodoH, Kak cyMMapHbBIH 3 QeKT BceX N3IydaroluluX paJroCpesCTB
3emuoro mrapa u npexnie Bcero HY, CU u BU nuana3oHoB, B KOTOPBIX HAOIIO-
JlaeTcst TI00aNbHOe pacnpocTpaHeHHe paauoBoiH. B Hacrosmee Bpemst OMII
UCKYCCTBEHHOTO MPOHMCXOXIEHHs CTall HAMHOIO IPEBBIINIATh €CTECTBEHHBII
9JIEKTPOMarHuTHEIA (poH. OHM NIPEBPATUIINCH B ONACHBIN YKOJOTHYECKUH (ax-
TOP.

ITo o6paznomy Beipakenuto H0. Xonomnosa [7] Bce )KHBOE MOCTOSHHO HAXO-
JUTCA B <«QIIECTOM HE3PUMOM OKEaHE BOJIH» —3TO UETHIPE BOJHBIX OKEaHa, BO3-
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JYITHBINA, & TOJT MIECTHIM TTOHUMAETCS OKEeaH JJICKTPOMArHUTHBIX Tojeit. DOMIT
CYIIECTBYET KaK B IIPOCTPAHCTBE, HE COJEpIKAIIeM BemecTa (Bakyyme), Tak U B
MIPOCTPAHCTBE, 3aII0JTHEHHOM BEIIECTBOM, B TOM YHUCIIE M OMOJIOTHYECKIMH TKa-
HaMu. KBanroBas sHeprus OMII Ha pammodacToTax CIWIIKOM Majia M HE CIIO-
co0Ha M3MEHUTHh MOJIEKYJSIPHYIO CTPYKTYpy WIH Pa3pyLINTh JIOOBIE MOJEKY-
JISIPHBIE CBsi3W. MakcuManbHas KBaHTOBas sHeprust DMII Ha gacrote 300 IT1g
cocraBisier 1,2 MsB, B TO BpeMs Kak Ul pa3pbiBa caMoi ¢1aboi BOJOPOIHOM
cBs13u Tpedyetcss 80 MaB. B cBs3u ¢ atum OMIT wactotoit 300 T u Hixe
9acTO HA3BIBAIOT HEHMOHU3UPYIOUINM H3Iy4eHHeM. Jlake BBICOKOMHTEHCHBHOE
HEHOHU3HUPYIONIee H3IyueHIEe He MOJXKET BBI3BIBaTh MOHM3AIMIO B OHMOIIOTHYE-
ckoit cucteme. OTHAKO OHO MOJKET BBI3BIBATH APYyrHe OHooTHIeCKue dPPEKTHI,
HaTpUMep, 3a CYET HarPEeBaHMsI, N3MEHEHNS XUMUYECKUX PEakIiid U HaBSACHU
ANEKTPUYECKUX TOKOB B TKAHAX.

Ha puc. 1.2 npuBenena xapakrepHasi 3aBUCUMOCTh MOKa3aTesel Ku3Heaes-
TEIBHOCTH OPTaHU3MOB OT AOMOTHYIECKOTO (PaKTOpa, B Ka4eCTBE KOTOPOTO 3/1€Ch
BBICTYTIAIOT 3JIEKTPOMArHUTHEIE OIS,

Mennko-0HoIOTHIeCKUMHU  NCCIIETOBAHMAME |JIOKa3aHO, YTO JKMUBBIE Opra-
HHU3MBI HE MOTYT HOPMaJIbHO (DYHKIIMOHHUPOBATh Oe3-ectecTBeHHbIX DMII. [lo-
Ka3aHO Y4acCTHe eCTECTBEHHOH paauanuy u ecrecTBeHHBIX DOMII B 0Opa3oBaHum
13 HEOPTAaHWYECKUX BEIIECTB aMHUHOKHCIIOT, COCTABIIOIINX OCJIOK. DTH MO
COITYTCTBOBAJIM 3apPOKACHUIO M PA3BUTHIO KM3HH HA 3eMJIe, a TaKXKE YIacTBOBA-
JIX B DBOJIIOITUH YeJIOBEKa. B peanbHBIX yCIOBHAX ecTecTBeHHBIE DMII m3mens-
IOTCSI B TEUEHHE CYTOK H IO CE30HaM, 3aBHCAT OT Teorpa(puIecKnx KOOPAUHAT 1
ot 11-tm netHero nukina akTuBHOCTH CoNHITA U APYTHX (hakTOpoB. MOXKHO BBI-
JIeNATh JMANa3oH M3MEHEHUs MHTEHCUBHOCTEH ecTecTBEeHHBIX DMII, KoTOpHIit
c(hOpMHUPOBAJICS U CYIIECTBYET MHOTHE MIJUIMOHBI JIET. DTOT IHAIa30H WHTEH-
CHUBHOCTEH ecTecTBeHHBIX DMII SBIACTCS <«TIpUBBIYHBIM» IJIS KUBBIX OpPTaHU3-
MOB, €70 Ha3bIBAIOT 30HOM ONTHUMAJIBHBIX YCIOBUH.

l'umoreosnekTpoMarHuTHEIC YCIIOBHSA, T.€. YCIOBHUS, KOTAa YMEHBIICHO MIIN
BOBCE OTCYTCTBYET JIEKTPHUCCKOE W/WIM MAarHHTHOE TI0JICc 3eMIIH, MPUBOIAT K
CTPECCOBOMY COCTOSIHMIO OPTaHH3MOB W, B KOHIIE KOHIIOB, K €ro cMepTa (mpe-
nen ycroiansoctr 1). OcoGeHHO OMacHBI THITOTCOMArHUTHBIEC YCIIOBHSI, OHAKO,
HX BEChMa CIIO’KHO Pearn30BaTh TEXHMUECKH. DTOT BOMPOC IMOAPOOHO PacCMOT-
ped B [8]. TaM, B 4aCTHOCTH, CKa3aHO, YTO OOCICIOBAHIE Psi/a CICIHATH3HPO-
BaHHBIX SKPAaHUPOBAHHBIX COOPYKEHHH MO3BONMIO MOJIYYUTH HOBBIE MHTEpEC-
HbIC JaHHBIE, pACKpBIBAIOIIHE Crenuduueckne 0COOCHHOCTH C(HOPMHPOBAB-
meicss B HUX HETIPUBBIYHOM ISl YeJIOBEKa AJIEKTPOMArHUTHOM Cpelibl, U B Tep-
BYI0O OdYepenb, CHIDKCHHE T'€OMAarHHUTHOTO TIIOJIs, €CTECTBEHHBIX IEPEMEHHBIX
OMII, HapymieHre WX MPOCTPAHCTBEHHOW OPUEHTAINY, UCKITIOUEHUE BO3JIEHCT-
BHS Ha OPraHW3M YeJIOBEKa E€CTECTBEHHOI'O OCBEIICHHS, YIbTPa(HOIECTOBOI
pammanuu u ap. IlomydeHHBIE TaHHBIE O CTETIEHHW OCTAOIECHHUS T€OMAarHUTHBIX

14 WWW-=HHer 1 u



oJIeH Ha APYTHX 00BEKTaX W YCTAHOBKAX CBUACTCILCTBYIOT O TOM, YTO THITOTE-
OMAarHWTHBIC YCIIOBHS MOTYT CO3[IaBaThCs HE TOJBKO B CIICIHATH3MPOBAHHBIX
9KPaHHPOBAHHBIX COOPYKEHHUsX. IIoKa3aHO, YTO B IOA3EMHBIX COOPYKCHHSIX
METPOMOJIUTEHA YPOBHH €CTECTBEHHBIX [€OMAarHUTHBIX MOJICH MOTYT OBITh CHH-
JKCHBI B 2...5pas3, B )KWIBIX 3MaHHUSX, BHIIIOTHEHHBIMH M3 JKEI€300€TOHHBIX KOH-
crpykuuidi — B 1,3...1,5pa3a, Ha OcTaHKMHCKO# TenebaliHe B CIIyKeOHBIX I10-
MermeHusx —B 1,5...2,3pasa, a B kabuHax ckopocTHbIX udToB — B 15...19pa3,
B KaOuHax OypOBBIX YCTaHOBOK W dKckaBatopoB — B 1,8...8,5pa3, B camonax

A EcTecTBeHHbIE
G )% 1 | S
1 1
5 1 1
1 1
m ' 1
g I'unoreo- ! ! DJIEKTPOMArHUTHOE
E 3J1eKTPOMATrHUTHLIEC | . 3arpsisHeHHe
4 yCJIOBHS : .
[9) 1 1
T 1 !
g 1 1
1 1
1 I
E 1!
1
g 1 1
g | OnruManbHbe |
1 YyCIIOBHs 1
e} ' 1
l:: 1 1
—> Vposers DMIT
1 1
1 1 A -
-
VeunuBarommiics ‘ ‘ Yeunusarommiics
Ipenen cTpecc cTpecc Ipesen
YCTOMYUBOCTH yCTOWYMBOCTH 2
Jlnamnas3oH yCTOMYMBOCTH

Puc. 1.2. DMII — abuotnueckuii pakTop OKpYKaroIIeH Cpebl

JIETKOBBIX aBToMoOwie — B 1,5...3pa3a u T. 1. YenoBek nomajacT B THITOTE0-
MarHUTHBIC YCIIOBUS U TPH OCYIICCTBICHHA KOCMHYECKHX ITOJICTOB, B CaMOJIe-
TaX, B CIIy)KCOHBIX IMOMEUICHUAX U KAFOTaX PCYHBIX W MOPCKHUX CYIOB, HA IOJ-
BOJIHBIX JIOJIKAX W JPYTUX BOCHHO-TEXHHYCCKHUX CPEICTBaX M 00BEKTaxX, B OaH-
KOBCKHX XpaHWIHIIAX  T.I. JJoOaBuM, 4To paboTa Ha MEPEUHCICHHBIX OOBEK-
TaX COMPOBOXKIACTCS TUIIOTCOIICKTPUUCCKUMHE YCIOBUSMHE, KOTOPEIE, XapaKTe-
PHU3YIOTCSI OTCYTCTBHEM €CTECTBEHHOTO AJICKTPHYCCKOTO MOJS 3eMIH. DTH yC-
JIOBHSI MCHEE OIIACHBI, OJJHAKO TOXXE MOTYT MPUBECTU K TSDKENBIM MOCICICTBH-
M.

B cBs3u ¢ 3THM, 00paTUM 0c000C BHHMAaHHE Ha CYIICCTBYIOIIYIO MTyOOKO
OIMMOOYHYI0 TOYKY 3PCHHS Ha BO3MOXKHOCTB 3alIUTHI HaceneHus oT OMII wuc-
KYCCTBEHHOT'O TIPOUCXOXKICHUS SKPAaHHPOBAHUECM JKIIIBIX MOMEIICHUH U 31aHUH.
B pexoMenpanusx mo 3amure HaceneHus oT OMII gacTo MOXHO BHUAETH Mpe-
JIOXKCHHUS 10 YCTAHOBKE HA OKHA PEUICTOK M METAJUIM3UPOBAHHOTO CTEKIa, 000-
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pyZAOBaHHE BEICOKOYACTOTHOTO 3a3eMJICHHS BCETO 3/1aHMA U T.1. Bce 3To mpuBo-
IUT HE TOJIKO K 3KpaHHpoBaHUIO 0T DMII HCKyCCTBEHHOTO MPOUCXOXKICHN,
HO W CO3/IaeT XY/IIyI0 THIIOTE03JIEKTPOMArHUTHYIO 00CTaHOBKY CO BCEMH BBITE-
KaIOIIIMH TIOCIIEICTBUSIMH.

B cBsi3u ¢ 3TMM BBOAWTCS TOHATHE OCIAOJICHHS MHTEHCHBHOCTH Te€OMar-
HUTHOTO TOJIA. B COOTBETCTBHHU C TPOEKTOM HOPMAaTHBHOTO JOKyMeHTa «Bpe-
MEHHBIE JomycTuMbie ypoBHH (BJIY) ocrnaGiieHHss HHTCHCHBHOCTH T€OMarHHUT-
HOTO ITOJI1 Ha pabodYmx MecTax» ocjalieHne WHTEHCUBHOCTH HE JOJDKHO OBITH
Oosee, YeM B 2 pa3a 10 CPaBHEHHUIO C €r0 MHTEHCUBHOCTBIO HAa OTKPHITOM IIPO-
CTpaHCTBE Ha MPUIIETAIONICH K HCCIeIyeMOMy MecTy Tepputopu [8].

Upe3MepHOe HACKHIIEHHE OKPYKAIOMICH CPEeIbl AICKTPOMAarHUTHBIM 3arps3-
HEHHEM TOXE MOXKET IIPUBECTH K CTPECCOBOMY COCTOSHHIO KUBBIX OPTaHU3MOB.
[IpeBrimenue mpenena ycTonunBocté mo SMII co cTOpOHBI OONBIINX WHTEH-
cuBHOCTEH (mpenmen ycroiuuBoctu 2 Ha puc. 1.2) BeleT K CMEPTH OpraHu3Ma.
JnutenpHOe BpeMs MMOJ MPeAeioM (MOPOroM) YCTOHYMBOCTH B 001acTH GOIb-
[IMX WHTCHCUBHOCTEH MOHUMAIU TEIUIOBOU-IIOpOr. VIHTepBal MHTEHCUBHOCTEH
OMII, BrimroUarouil ONTUMANbHBIE YCIOBUS U 30HBI YCUIIMBAIOIIETOCS CTpecca,
Ha3bIBAIOT JUANa30HOM YCTOMYHMBOCTH, B KOTOPOM €lil¢ BO3MOXHO CYILECTBOBA-
HHUE OPTaHHU3MOB.

OMII MoryT BBI3EIBATH OHOJIOTHYCCKHE YPPEKTHI, KOTOPBIC HE BCET/Ia, IIPH-
BOJAT K HEONArompHsITHOMY BIUSHHIO HA 370POBbE. buonormdyeckuid 3pQpexT
HUMEeT MecTo, eciii moJ neiictBueM OMII B OHONOTHUECKOW CHCTEME IPOUCXO-
T KaKUe-THOO 3aMETHBIC WM BBISBISICMBIC (DU3UOJOTHYCCKHE W3MEHCHUS.
HeOnaronpusiTHOe BiIMSHHE Ha 30POBbE MMEET MECTO, €CIM OMOJOTHUECKHH
3¢ (GeKT BBIXOJUT 3a MPEIeIbl HOPMBI X HE MOXKET OBITh KOMIICHCHPOBAH OpTa-
HU3MOM, NPHUBOJS, TAKUM OOpa3oM, K Pa3BUTHIO MAryOHBIX IS 3IOPOBbBS IIO-
cnenctBuii. HekoTtopelie Onostormyeckne 3QQeKkTsl MOTyT OBITH 0€300UAHBIMH,
KaK, HaIIpUMEp, PEaKIsi OpraHu3Ma Ha YCHIICHHE KOKHOTO KPOBOTOKA MPH Clia-
6om HarpeBanuu nox aeiicreueM DMII. HekoTopsie 3¢ ¢dekThl MOTYT OBITH IO-
JIOKUTEIBHBIMHU, HAIIPUMED, YYBCTBO TEIUIOTHI B XOJIOHBIX YCIOBHUSX, WITH JaKe
MIPUBOJUTH K OJArONPHUATHBIM MOCIEICTBHUAM ISl 3[J0POBbs, HAIPHMeEp, BHIpa-
00TKa B OpraHM3Me MOJ| JICHCTBUEM COJIHEUHBIX Jydeid ButamuHa J[. OmHaKo
BBISIBIICH s OMOIOTH4ecKuX 3()(QeKToB, KOTOPBIC MPUBOAAT K OTPUIATEIBHBIM
MOCTICICTBHUSM JJISI 3JI0POBBSI.

Korpma snexTpoMarHuTHBIE BOJHBI MPOXOJAT Yepe3 OIHY Cpeay K APYroH,
OHHM MOTYT OTPaKaThCsl, MPEIOMIIATHCS, MIEPEaBaThCs WU TOTJIOMIATECS B 3a-
BHUCUMOCTH OT JJICKTPHYCCKHUX MapaMETPOB CpPEM, YaCTOTHI MOJSA M yria maje-
Hus. [lornomieHHass SHEPTUs MOXKET MPEBPAIlaThCs B APYTHE BUIBI DHEPTUU U
CTaTh MPUYUHON BMEIIATEIHCTBA B (DYHKIIMOHUPOBAHHE OMOIOTUYCCKUX CHC-
TeM. bolblias yacTh HEpTUM MpeBpaIiaeTcs B TeIWo. B cpexe, xapakTepusyro-
1ieicst GOMBIIMM TOTJIOIIEHUEM JJIEKTPOMATHUTHON 3Hepruu (MOTepsMU), MpU

16 WWW-=HHer 1 u



3HAYUTENIHHBIX YPOBHAX IMAMAIONINX 3JIEKTPOMArHUTHBIX BOJH BO3MOJKHBI pa3-
JIUYHBIE (PU3UKO-XUMUYIECKUE TIPOIECCHI, BIUIOTh IO OOYTJIMBAHUS, TUTABIICHYS 1
WCTIapeHus BemecTBa. Ecii aTa cpema — KUBOW OpraHu3M, TO €My T'PO3SIT Olac-
HbIE MOCIEACTBUS W Jaxke rudens. OmHako He Bce Omonormueckue dPQeKTshI,
BO3HHKaoImue noj aericteueM IMII, MoryT ObITh OOBSICHEHBI C TOYKH 3PECHUS
TOTJIOIICHHOW SHEPTHH.

H3mensronmecss BO BpeMEHH BHEIIHUE DJIEKTPUIECKHE W MarHUTHBIC TTOJISI
HaBOJSIT JIEKTPHUECKOE TOJIE U COOTBETCTBYIOIIHE JIEKTPUUECKAE TOKUA B OHO-
JIOTHYECKUX CHCTEMaX, MOJBEP>KEHHBIX BO3ICHCTBUIO 3THUX mojiel. MHTeHCuB-
HOCTBH M TIPOCTPAaHCTBEHHOE PacHpeesicHne HaBEJCHHBIX TOKOB M TOJIECH 3aBU-
CAT KaK OT MapaMeTPOB BO3ICUCTBYIOMIETO ITOJIS, TAK U OT XapaKTEPHCTHUK IO~
BEpPKCHHBIX BO3JCWCTBUIO OMOJIOTHMYECKUX CHUCTEM. ODJIEKTPUYECKHE CBOWMCTBA
OHOJIOTHIECKUX CHCTEM Pa3IMYArOTCs I Pa3INIHBIX THIIOB TKaHEH W ompee-
JISIIOTCS. KOMIUIEKCHON JTURJIEKTPUYECKOH » IPOHULIAEMOCTbIO, 3JIEKTPUUYECKOM
MPOBOJIMMOCTBIO M TAHTEHCOM YTl IHAJICKTpUUecKuX moteps (tabin. 1.3).Buo-
JIOTHYECKUE XapaKTEPUCTHKH U d()()EKTHI, OTHOCSIINECS K BO3ICHCTBUIO AJIEK-
TPOMATrHUTHBIX TOJIEH, OOBITHO 3aBUCST OT CHJIBI HABEJCHHBIX TOKOB U YPOBHEH
moJyieii. HaBeneHHBIE mOJIT MOTYT OKa3bIBaTh BIMAHIE HA HEPBHYIO TKaHb, a
TaKKe€ MOTYT NMPHBOJUTh K M3MEHEHHSAM B KJIETKaX TKaHEH W CyOKIETOUHBIX
CTPYKTypax, 9TO OBUIO BHISBIEHO HA MUKPOCKOTIMIECKOM YPOBHE.

JJ151 MJIEKOMMTAIOMINX U YejoBeka nmpu 37C

Ta6muna 1.3
JeKTpHYECKHe XapaKTePUCTHKH TKaHeN ¢ HU3KUM COJlep)KaHUEM BOIbI

JKupoBas TkaHb KoctHast TkaHb
Yacrora
I3 o, Cm/m tgo € o, Cm/Mm tgo
1000y 1,510° 0,03 33 380QG:2000 0,023:0,003 | 109d
1kl 3...510° 0,083...0,2 10...100 100G:500| 0,023:0,003 414
10k 1...2000° 0,083...0,2 2,5...300 640£240 | 0,0130,003 37
100kI'y iulog 0,2 150 28030 0,024:0,003 15
1MI'n 110 0,2 30 87+13 0,020,003 6
10MI'n 40 0,2 7,5 375 0,024:0,004 1,2
100MI'u 4,5...22 0,02...0,2 0,7...1,7 235 0,050,018 0,4
11Tu 4,3...16 0,03...0,3 0,083...0,4 8 0,05 0,1
10ITn 4.7 - 7,5 0,26 0,2
1001 T 3,5...4,0 0,3...0,4 0,014...0,1 8 0,5...0,7 0,1

B panmovacToTHOM JquManasoHe Uil OLEHKH BO3JICHCTBHS UCIIONIB3YETCS IBE
pa3nHYHbIe, HO B3aUMOCBSI3aHHbIC BennuiHbl. Ha 0oJiee HU3KHX YyacToTax (HIKe
npubmmutensHo 100 kI ') 6uosnormyeckue 3PpGHEeKThl OOBIMHO OLICHUBAIOTCS MO
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IUIOTHOCTH TOKa B TKaHAX. DTOT MapaMmeTp sBIsSeTcs Hambojiee 9acTo MCIIOIb-
3yeMBIM, KaK T03MMeTpHuiecKas BennarHa. Ha 6oree BRICOKHX YaCcTOTaxX MHOTHE
3¢ deKTH B3aMMOIEHCTBUS ONPENEIAIOTCS 10 SHEPTHH PACcCEsSHUS Ha AUHUILY
MAacCBHI.

Oueprus OMII pagnodacToT B3aMMOACHCTBYIOT C YEJIOBEKOM W JAPYTHMH
JKUBBIMH CHCTEMaMH MPSIMBIM U KOCBEHHBIM ITyTSMH. | TaBHBIM MPSAMBIM MeXa-
HHU3MOM B3aUMOICHUCTBHS SIBIISIETCS BO3JIEHCTBHE TOKOB, HABOJAMMEBIX B TKaHAX
OpraHn3MOB. BennunHa 1 XapakTep BO3AEHCTBHS 3aBHCAT OT YAaCTOTH U WHTEH-
cuBHocTH DMII, a Takke mapamerpoB TKaHel. [t gacror Hmwke 100 kI'1 Ha-
OJfo/1aeTCsl yBEIMYCHHE YyBCTBHTEIBHOCTH HEPBHBIX TKaHEH K HaBEJICHHBIM
ToKaM. [ToporoBeie 3HAYEHHUS IIOTHOCTH TOKOB CTHMYJISILIMHM HEPBHBIX M MBI-
IICYHBIX TKaHEH 3aBHCAT OT YacTOTHI ¥ Jexar B mpexenax ot 0,1...1A/m° na
gactore 3001 10 10...100A/M? Ha Yactore 100k . Beimue 100k HEPBHBIC
TKaHH CTAHOBATCS MEHEe YYBCTBUTEIBHBIMH K IpsAMoi ctumyismun OMII, u
OCHOBHBIM MEXaHH3MOM B3aMMOICHCTBUS CTAHOBHUTCS TEPMaTH3aLUs SHEPTHH.

KocBenHsle myTH B3aNMOAEHUCTBHS SBISIIOTCS OTPEACISIONIMHI TSI 9aCTOT
Hiwke 100 MTI'n. Takue moiisi B OTAETBHBIX CUTYalUsIX MOT'YT CTAHOBUTHCS MPH-
YUHOU CHEIU(PUIHOTO B3aMMOICHCTBHA. HamprmMep; B ciaydae HaxOXICHHUS B
OMII pa3nu9IHBIX METANIMYECKHX 00BEKTOB Ha HUX HABOMSATCS BHICOKOYACTOT-
HBIE HamnpsDKeHUs. KOHTAaKT Tena 4emoBeKa ¢ TAaKUMH OOBEKTAMH MOJXKET CTaTh
MIPUYHHON MPOTEKAHMUS MECTHBIX BBICOKOYACTOTHBIX TOKOB OOJIBIION IIOTHO-
CTH, CIIOCOOHBIX BBI3BaTh, BO-TIEPBBIX, yIap, KaK CIEICTBHE BO3ICHCTBUSI Ha
nepreprIecKyio HEpBHYIO CHCTEMY, BO-BTOPBIX, 0’KOTH. BennanHa Toka 3aBu-
CHUT OT 4acTOTHl, HanpspkeHHOcTH DMII, pasmepa u hopMer 00BeKTa, IIIOMIA TN,
gepe3 KOTOPYIO MPOUCXOTUT KOHTAKT.

B3aumoneticteue DMII ¢ OHOIOTHISCKUMH OOBEKTaMU PacCMaTPHBAIOTCS
KaK B paMKaX KJIACCHYECKOH 3JEKTPOJMHAMHUKH, YUUTHIBAIOIIEH MaKpOCKOIHYe-
CKHE CBOWCTBA BEUIECTBA, TAK U METOAAMU KBAaHTOBOW 3JIEKTPOAMHAMUKH, KOTO-
pBIE TIPEAIIONaraloT 3HAaHHE MUKPOCTPYKTYPHI BEIIECTBAa U 0a3HPYIOTCS Ha KBaH-
TOBO# Teopuu moisa. Ha ocHoBe kimaccuueckoin Teopuu OMII m3ydaercs mmpo-
KUl KpPYr' BOIIPOCOB, CBSI3aHHBIX C KOJIMYECTBEHHON OIIEHKOM IOTJIONIEHHOM,
MpomIemel U OTPaKeHHOW SHEpruy OWOJNOTHYECKUMH OO0BEeKTaMHh. DPGeKT
BozneiicTBus DMII Ha Onosorndeckrue 0OBEKTHI ¢ TOYKH 3PEHUS KIIACCHICCKOM
DJIEKTPOJAMHAMUKA 3aBUCHT OT KOJHMYECTBA TOTJIOMIEHHON sHeprun OMII 3a
OTIpE/ICIICHHBIN MPOMEKYTOK BPEMEHH, T.€. 03Bl 00Iy4eHus. B mpakTuke »iexk-
TPOMAarHUTHOM ©O€30IaCHOCTH TaKOW MOAXOJX HA3bIBAIOT JO3MMETPHUYECKUM.
MexaHu3M B3aUMOJCHCTBHUS OCHOBAaH Ha SBJICHUAX, MPOUCXOIIIINX B IUDJICK-
TPHYECKOM BEIIECTBE C IMOTEPSAMH, 007IaJaromeM KOHSYHBIMH 3JIEKTPOdhu3nIe-
CKAMHU TapaMeTpaMu — TUIJICKTPUUCCKOW TPOHUIIACMOCTBIO £ WM YACTBHOM
ANEKTPUIECKOH IPOBOAUMOCTHIO .
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IMox nmetictBuem DMII B BeliecTBEHHOH cpelie BO3HUKAST. NBHW)KCHUE CBO-
OOMHBIX 3apsIOB, CMEIICHUE 3apSI0B, CBA3AHHBIX MOJIEKYISIPHON CTPYKTYpOIi,
M3MEHSETCS OPHEHTAIWs OCeil BpalleHHs JIEMEHTAapHBIX 3apsSI0B MarHUTHBIX
MaTepHaJoB.

Kak ocobast ¢popma cymectBoBanus Matepun, DMII onmcriBaeTcs Xapak-
TEPHBIMH [UIS BOJHOBBIX IIPOIECCOB (PM3MUECKUMH BEIMYMHAMHU U TIapaMeTpa-
Mu. K HUM OTHOCSTCS HampsHKEHHOCTH AJIEKTPUIECKOTO M MarHUTHOTO TIOJIEH,
JUTHHA BOJIHBI (YacTOTa), MOJIPU3AIIHS, BHA MOIY/siwy, dasa u T.1. B camom
o0IeM ciydae IoJie MOXKET MPEACTaBISITh COOOW CIOXKHYIO CTPYKTYpY, T.€.
NMETh, HAIPUMeEp, B IEKapTOBOH CHCTEME KOOPIMHAT /10 TPEX KOMIIOHEHT JJIeK-
TPHYECKOTO M TPEX KOMIOHEHT MarHUTHOro moied. CiemyeT MOMHHTH, 9TO
OMII moAYMHSAIOTCS TPUHIUITY CYIIEPIIO3HIINH, T.€. B OJHONW TOYKE IPOCTPAHCT-
Ba MOXKET CYIIECTBOBATh MHOKECTBO pa3zimmaHbIx OMII.

OCHOBHO# H03uMeTpruIecKoi BemuuHoi DMII ¢ gactoToit Beire 300MI 1
SIBIISICTCS MHTEHCHBHOCTH IO, M3MepsieMas KaK IDIOTHOCTh MOTOKAa SHEPTHU B
BATTaX Ha KBagpaTHbIA Metp Br/M? (win MBr/em? u MxBr/em?). st Toro, ro-
OBI IOJIST PaIUOYacTOT MOTJIH BBI3BATH TSDKENBIC OTPUIATEIBHBIC ITOCIEICTBHU
JUIA 37I0pOBBSI, HANPUMEp, KaTapaKThl M OXOTH KOXH, WX IUIOTHOCTH ITOTOKA
sHepruu noivkHa mpesbimats 1000 Br/m?, Takne BEIMYHHBI IPAKTHUCCKH HE
BCTPEYAIOTCSA B ITOBCETHEBHOW JKM3HM UYEJOBEKA, 32 HMCKIIOUEHHEM YYaCTKOB
TEPPUTOPHUIA, MPHUIIETAIOIINX K MOITHBIM PaIOIOKAITNOHHBIM CTAHIIHSIM.

Benmunna moriomenHoi OHOIOrn4eckuM 00BEKTOM SHEPTUH HIIH JI03BI 3a-
BUCHT Kak oT mapamerpoB OMII (MHTCHCHBHOCTH, YaCTOTHI, BHIA MOIYJISIIHH,
CTPYKTYpPHI U T.HI.), TAK U OT XapaKTEPUCTHUK, Pa3MepOB, HOPMBI M MOIOKEHHS
OMOJIOTHYECKOTO 00BEKTa OTHOCUTENBHO pactpocTpanstomerocs IMII. Kpome
TOTO, YaCTO CIIEAYET YUUTHIBATh OKPYKAIOIIYI0 OMOJOTHYECKHid 00BeKT 0bOcTa-
HOBKY — HAJIM4HE TIEPEH3IYYaIONINX KOHCTPYKIHH, 3a3eMIICHHS, MapaMeTpOB
MOACTWIAIOIINX TOBepXHOCTEH M T.1. KOHEYHOM Lenbpi0 aHajiu3a YpOBHS BO3-
nerictBust DOMII sBRseTCs] KapTHUHA paclpene]eHus OTIONCHHON YHEPTHH 10
OUOJIOrHYECKOMY OOBEKTY, MO0 YCPEIHEHHBIE 110 OTAENbHBIM yUacTKaM (opra-
HaM) BEIMYMHBI TIOTJIONICHHON JHEPTHH. B MpakTHKE MHPOBOM JTO03MMETPHH
BBeeH mapamerp SAR (Specific Absorbed Rate) wiensnas moriomnieHHas
mortHocTs (YIIM), KOTOpBIN TIpeAcTaBiseT co0Oil MOTIIOIEHHYIO SHEPTHIO
OMII enunwMIel Macchl OMOJIOTHYECKOTO 00BEKTa, MU UMEET Pa3MEPHOCTh BATT
Ha kwiorpamMm (Bt/kr) wmim mummmmBarT Ha Trpamm (MBT/r). DTOT mapamerp
MOXXHO YCPEIOHATh 1O OOIIed mMacce OMOJIOTHMYECKOTO 00BeKTa, JIMOO TO ero
OTJIEIBHBIM YacTsaM (opraHam), JTu00 ONpenesaTh AudPpepeHIraIbHOe 3HAYEHHE
B BHJC OTHOIICHHS IOTJIOIIEHHON SHEprur OECKOHEYHO MAalbIM JIIEMEHTOM
oOBemMa K ero macce.
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Puc. 1.3 mutrocTpupyeT pacyeTHoe u3MeHeHue cpeaneit YIIM mis cpemme-
r'0 YeJOBeKa B 3aBUCHUMOCTH OT YAacTOTHI MAJAONIEH IIOCKOW BOJHBI I TPEX
BUIOB ToJsipu3ai 1oiist [6]. TITOTHOCT MOTOKA SHEPTHH TMaJafoIei BOJHBI
cocrasmsuia 10 Br/m?. IIpu E-nionsipu3aliiy BEKTOP HAIPSHYKEHHOCTH AJIEKTpHUYe-
CKOTO TIOJii TapajuielleH MpPOAOJbHON OCH MOJEeNu uYejoBeka, mpu H-
MOJISIPU3AITIH BEKTOP HAIPSHKCHHOCTH MarHUTHOTO TOJI MapauiesieH MpOoI0IIb-
HOW OCH MOJENH YeJIoBeKa, a K-Tospu3aIiisi COOTBETCTBYET PAaCIIPOCTPAHEHHIO
BOJIHBI BIOJIb OCH MOJICITH YEJIOBEKa.

W3 aHanmm3a 3THX 3aBUCUMOCTEH MOXKHO CHETATh CIICAYIOIINE 3aKITIOYCHNUS

- cpeanss YIIM 3aBUCHT OT 4acTOTHI M MOJIApU3aLuy MOJIS;

- MakcUMalnbHble 3HadeHus cpexpedt YIIM HaOmomaroTcs Ha dYacTOTax
q0 1 I'T mpu COTIacoBaHHOW C MOJENBIO YelloBeKa Mmojspuzanuu 1o (E-
MOJIIPHU3ALIHH));

- cpennsst YIIM mpu E- 1 K-monsipusanusax uMeeT MakCUMyMBI (pe3oHaH-
CBI) Ha OTPEIEICHHBIX YaCTOTAX MaIafoIICrO.IIOJIs.

Jns Toro 9TOOBI MOJIS PagMovYacTOT MOTJIM BBI3BATH OTPHLATEIHHEBIE I10-
CIICIICTBHS UTS 3M0pOBbst BenmunHa YIIM moymkaa npesbimarts 4 Br/kr.

CpepgHss YIM, Bt/kr

10

E-nonsipusauus

0,1

K-nonsipusaums

0,01T

k\ H-nonspusauus

0,001 : : :

10 100 1000 10 000 YacTota, My,

Puc. 1.3. 3aBucumocts YIIM s cpemHero My »K4YHHBI
OT YacTOTHI MAJIAFOIICH MIIOCKON BOJIHBI Pa3IMYHON MOJISIPH3aLMU
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1 PesoHaHcHasa obnacTb :
Cybpe3soHaHcHass = = = = === = - 1
Bce Teno I Yactntena 1
I (rmosa) 1
1 I

O6nacTb
CBEPXPE30HAHCHOMO

“ropsumx Touek”
nornoLeHus

[
[

—————— 1 AvanasoH 1

obnactb !
1

|

HopmupoBaHHas YMI

2000 Yacrota, My

Puc. 1.4. 3aBucuMocTs HOpMUpOBaHHOK YIIM
OT 4aCTOTHI U COOTBETCTBYIOIIUE XapaKTEPUCTHKH TOTIOIIEHHS B )KUBOM OPraHHU3Me

Ha ocnoBe 3aBucumocteir YIIM uenoBeyeckuM TeIOM paanOvyacTOTHBIMN
JTUara3oH MOXET OBITh pa3/elicH Ha YeThIpe 00IacTH, Kak Moka3aHo Ha puc. 1.4
[6]:

- cyopesonancusiii quana3on (10 30 MI'n), rae mpeobiiafaeT MOTIOMEHUE
SHEPIHU BCEH MACCOM YEIOBCYCCKOTO TYJIOBHUINA 332 UCKIFOYCHUEM IIEH M HOT,
TJIc MOXKET UMETh MECTO 3HAYHUTEILHO OOJIBIICE MOTIIOMICHUE, OBICTPO YBEIUYH-
BaIoIIeecs C YaCTOTOI;

- pe3oHancHbIi quana3o (ot 30 MI'n go 300MI 1) st Beero Tena u qaxe
Ui OoJiee BBICOKMX YaCTOT, €CIH PACCMATPUBAIOTCS PE30HAHCHI YacTed Tela,
0COOEHHO TOJIOBHI;

- IWAana3oH «ropsunx Toyek» (mpubmmsurensHo ot 400MIn o 2 I'T'w), rae
MOJKET OXKHAATHCS 3HAYUTENBHOE JOKAIBHOE MOTJIONEHHE YHEPTHUH YaCTIMHU
(opranamu) UesnoBeKa, MPU STOM TIOTJIONICHAEC YHEPTUH YMEHBIIACTCS TIPH YBe-
JIUICHUN YaCTOTBI M Pa3sMephbl <« TOPSYHUX TOUYEK» M3MEHSIOTCS B Ipeaenax OT
HECKOJBKUX CaHTHMETpoB Ha wactore 915 MI'm g0 1 cm Ha uactote 3 I'T;
JIHaIa3oH IMOBEPXHOCTHOTrO moromenus (6onee 2 I'T), rie MOBBILIEHHE TEM-
TIepaTyphl SBJISETCS JIOKATU30BAaHHBIM TI0 TIOBEPXHOCTH Tea.

Cpennsist YIIM u3MeHsCTCSI B 3aBUCUMOCTH OT OHOJIOTHYECKUX OOBEKTOB,
Kak MMoKa3aHo Ha puc. 1.5171s yenoBeka, 06e3bsHbI U MBIIIH [6].

Pazmmuanbie 3 QexThl BO3ACHCTBYS, BHIABICHHBIE METUKO-OHOIOTHICCKIME
HCCIIEIOBAHMSIMK, XOPOIIO COTJIACYIOTCS C TIOJIOKCHHUSIMH TEOPHUHU DIIEKTPOIH-
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CpegHsaaYTM,
Br/kr

Obesbana /\
+ Yenosek

Mbiwb

10°

10" ) N
10 10 10 YacTtoTta, My

Puc. 1.5Cpennsis YIIM mis Tpex OHONOTHYECKUX 00BEKTOB, TOIBEPIKECHHBIX BO3JEHUCT-
Buro OMII ¢ III0THOCTBIO OTOKA SHEPruy paBHoi 10 BT/m? npu E-nonstpusanuu

HAaMUKHU U aHTeHH. Tak, HampuMmep, Pe30HAHCHBII XapakTep 3aBUCUMOCTEH Jier-
KO OOBSICHSIETCS, @ CaM PE30HAHC BBIUUCISIETCS, IPUMEHEHHEM aHAIOTHH MEXIY
OMoNOrNYecKMMU 00bEKTaMU M BUOPATOPHBIMU aHTEHHaMH. YacTOTHBIH pe3o-
HaHC Y BUOPAaTOPHBIX aHTEHH HAOJIIOAACTCsl B 00JIaCTH AJIMH BOJIH, ITPU KOTOPBIX
JUITMHa BHOpaTopa KpaTHa MOJIOBHHE JUTHHBI BOHBL. Pezonanc YIIM B obnactu
70 MT'1y it 4enoBeka COOTBETCTBYET JJIMHE BOJIHBI paBHOM 4,3 MeTpa (moio-
BUHA JMHBI BonHbBl 2,15 Merpa). C ydetom KkodddHIMEHTa YKOPOYCHHS
(1,3...1,2) nnist BUOpATOPHOM AHTCHHBI, SKBHBAICHTHOW IO pa3Mepam pOCTy H
MIOTIEPEYHOMY CEUCHHIO TYJIOBHIIA CPEIHETO YelOBEKa, PE30HAHC JOJDKECH Ha-
OmronaTees NpH JuMHE BuOparopa 2,15,4to ¢ yuerom koaddummenra ykopode-
Hus coctaBuT 1,65...1,8MeTpa. DT 3HAYEHUS COOTBETCTBYIOT POCTY CPEIHETO
YeNoBeKa. AHAJNOTHYHBIC pacyeThl A Mblell Ha vactote 2450 MI' marot
pe3oHaHCHBIE pa3Mepbl 4,7...5,1 caHTuMeTpa, YTO COOTBETICTBYET pEallbHBIM
pasmepaM MBIIIEH.

WzBectnblit addext yBenmuenns YIIM B oOnmacTé mew W HOT YeJIOBEKa
00BSICHSIETCS YBEIMYCHUEM TUIOTHOCTH TOKOB ITPOBOAMMOCTH 33 CUET YMEHBIIIE-
HUS TIOTIEPEYHOTO CEYEHHMs YeJIOBeKa, KaK BHOpaTropa, Ha 3TUX ydacTkax. [loss-
JIeHue Ha 0oJiee BBICOKHMX YacTOTaX «TOPSYMX TOUEK» BHYTPH OHOIOTHYECKHX
00BEKTOB CBSI3aHO C PE30HAHCHBIMU SIBIICHUSIMM, aHAJIOTHYHBIMU SIBICHUSM,
MIPOMUCXOJSIIIUM B 0OBEMHBIX PE30HATOPAX Pa3IMYHBIX TEOMETPUUECKUX pazMe-
pOB.
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Pe3oHaHCHAs 4aCcTOTa «OPSYUX TOUEK» JIETKO BBIUYUCILIETCS MO TEOMETPH-
YECKUM pa3MepaM Pe30HaTOPOB, B KAYECTBE KOTOPBIX BBICTYMAIOT OJJHOPOIHbIC
IO 3JIEKTPUYECKUM MapaMeTpaM OT/eNbHbIC OpPraHbl OHOJIOTHYECKUX OOBEKTOB.
IToBepxHOCTHOE TOTJIONIeHHe dHeprud DMII Ha gacrorax 6onee 3 I'T'1 0Obsic-
HSETCA CKHH-3()()EKTOM, T.€. YMEHBIIEHUEM TITyOHMHBI MpoHUKHOBeHUS OMII B
Cpefbl C KOHEYHOM MPOBOJMMOCTHIO C YBEIHMYCHHEM YaCTOThI MAJIAI0IEro Mo
(rabm. 1.4).

Tabmuua 1.4
I'nyonna nponuxkHoBeHusi DMII B pasiuyHble TKaHu (CM)
Yacrora, MI'y
Tkanb

100 200 400 1000 3000 10000

KoctHbI# MO3D 22,9 20,66 18,37 11,90 9,92 0,34
T"ooBHOM MO3T 3,55 4,13 2,07 1,93 0,47 0,14
XpycTanuk ria3a 9,42 4,39 4,23 2,91 0,50 0,17
KpoBb 2,86 2,15 1,79 1,40 0,78 0,14
MeInns! 3,45 2,32 1,84 1,46 - 0,31
Kosxa 3,76 2,78 2,18 1,64 0,64 0,18

Vcnonp30BaHNEeM 3KCIIEPUMEHTATBHBIX M TEOPETHUYSCKHX ITaHHBIX OBUIH
BBISIBIICHBI M YCTAHOBJICHBI ITOPOTOBBIE 3HAYCHMS TI0 TPEM BHAAM BO3ICHCT-
ByIOIIero (akropa, BBIIIE KOTOPHIX BPEOHBIE 3M0POBBIO 3(P(PEKTH UMEIOT TO0-
BBILIIEHHYIO BEPOSTHOCTh, M HIKE KOTOPBIX 3TH BpeAHbIC 3P PEKThI, KaK MIPaBH-
710, HEe TPOABISIOTCA. OCHOBHBbIE S(P(PEKThI BO3ACHCTBUS HAUMHAIOTCS HA OTHUX
ITOPOTOBBIX YPOBHSIX.

OmHUM U3 TaKUX ACUCTBYIOMHX GakTopoB sBisieTcss YIIM, ycpeaHeHHas 1o
BCEMY TeJIy WJIH II0 YacTsM Teja. YCcpelHeHHas 1o BceMy Teny YIIM sBisercs
IIMPOKO HCIIONB3YeMBIM KPUTEPHEM TIPH OIICHKE BPEAHBIX 3(P(EKTOB pagrodac-
TOTHOT'O BO3/ieiicTBHS, 0cOOeHHO st 4acToT Bhiie 10 MI'u. YcpennenHbie mo
4acTAM Tena BeInduHbl YIIM sSBISArOTCS HE0OXOAUMBIMH ISt TOTO, YTOOKI Olle-
HUTh M OTPAaHUYUTH PACCESHHE SHEPTHH B MaJbIX WHOTZA OCOOCHHO YyBCTBU-
TEIBHBIX K BO3MCHUCTBHUIO 00beMax Teia (HampuMmep, ToioBa) U TS TOTO, YTOOBI
n30exaTh MeperpeBa YacTeH Telna, MOSBISIIONIETOCS B PE3yNIbTaTe CHeHU(UIHBIX
ycioBuil Bo3aeicTBus. [IpuMepaMu Takux yciIoBUMN SIBIISIOTCS:

- PYKH YeJIOBeKa IPH HACTPOHKE paarodacTOTHOTO 000PYIOBaHNS,

- 3a3eMJICHHBIA YeJIOBEK, MOABEP>KEHHBIM BO3JAEUCTBUIO PaAHO4aCTOTHOTO
TIOJIS B HIDKHEH 4acTH MErarepioBoro AMamas3oHa;

- JIFOZTH, TTOJIBEP>KEHHBIE BO3ACHCTBHIO OMIMKHIM I0JIEM aHTCHH;

- JIO[H, TIOJIBEPKEHHBIC BO3ICHCTBHIO O0JIee BRICOKOTO YYacTKa YacTOTHO-
T'0 AWana3oHa, I/ie TITyOrnHa MPOHNKHOBEHHS PaIi0YacTOTHOTO MO HU3KA.
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B kagectBe BO3IEHCTBYIOIMIETO (paKTOpa MOTYT paccMaTpHUBATHCS Hampsi-
KCHHOCTh HaBEJICHHOTO 3JIEKTPHUYECKOTO TI0JIS WM IJIOTHOCTH TOKa. Pamgmodac-
TOTHBIE TIOJISI MOTYT HABOJIUTH JOCTaTOYHO BBICOKHE INIOTHOCTH TOKa, KOTOPHIE
CTUMYJIHPYIOT BO3OYINMYIO TKaHb (HEPBHYIO HIJIM MBIIICYHYIO) HJIA CO3/AI0T
npyrue BpenHbie 3QdekTsl, ocodenHo Ha dactorax Hmwke 100 k[ IToporoseie
3HaYEHUS s Onostornueckux ) (GexToB 0003HAYAIOTCS B TEPMHUHAX INIOTHOCTH
TOKA W CHJILHO 3aBHUCST OT YaCTOTHI.

B HEKOTOPBIX cIydasx BO3AEHCTBYIOUIMM (DaKTOPOM SIBIISIOTCS KOHTAKTHBIC
TOKH MEXIY YEIOBEKOM H 3apsDKeHHBIM 00BhekToM. Ha mpoBomsmux oObekTax,
HaXOMAMMNXCA B DJEKTPHIECKOM II0JIe, MOTYT HABOAWTHCS BBICOKHE MOTEHIIHA-
nbl. J{nst wactor noss ke 100k[ 11 KOHTAKT YeroBeKka ¢ TAKUM OOBEKTOM MO-
KET MPUBECTH K CTUMYJLIIHN SJICKTPHUECKH BO30YAMMOW TKaHW C OOJEBBIMH
omIymieHusIMA 1 Gonee TsokembiM 3 dexram (0xoram), eciii TUIOTHOCTH TOKa
JIOCTATOYHO BbICOKA. J[iist wacTor, aexkamux Mexxay 100kl u 100 MTI'u, puck
0’K0Ta OT KOHTAKTHOTO TOKa OyAeT mpeo6iia atomiyM.

KomnuecTBeHHbIE 3HAUYEHUSI 3THX MOPOLOB. SIBITIOTCS HEOOXOIUMBIMH IS
obecrieueHnsT MPAaKTUYECKOTr0 METOAa OIEHKH [PaAHOYaCTOTHOTO BO3ACHCTBUS.
HexoTtopbie 3Ha4eHNS STHX TOPOTOB OyIyT MPUBEACHEI B CIIEAYIOIICH I1aBe.

OtmeTnM, YTO B ITOCIEIHEE BpeMs pa3BHBAETCS MH(POPMAIMOHHAS TEOPHUS
BosaerictBus DMII, ocHOBaHHAS Ha KOHLIEMIMH B3aMMOIECHCTBHS BHEIIHUX I10-
JIe ¢ BHYTPEHHHMH MOJISIMH OPTAaHH3MOB. DTO MPOMCXOIWT IPH TOCTATOYHO
MaJbIX YPOBHAX OOJydeHHs. YUCHbIE 0OHApY>KUIIM PE30HAHCHEIN XapakTep He-
TEIJIOBOTO BO3JICHCTBUS, KOTOPOE HAOIIOAAETCsT HAa YacTOTaX, OJM3KUX K cOOCT-
BEHHBIM YacTOTaM KojeOaHWii OMOJOTHYECKHX MOJICKYJ M HaJAMOJICKYJISIPHBIX
cucteM. Bozneticteuun DMII B 3TOM ciydae HOCHT HE DHEPreTUYCCKHUM, a WH-
(dhopManmoHHBIN XapakTep. BeposSTHO, Takoe BO3IEHCTBUE CYIIECTBYET W TPH
OONBIINX MHTEHCUBHOCTSX OOJydeHUs, HO MAaCKAPYeTCs TeIUIOBBIMH d(¢eKTa-
MH.

Takum 00pazoM, MeXITy MOJEeM W OMOJOTHYECKIMH OOBEKTaMHU CYIIECTBY-
IOT CJIOKHBIE IPHYUHHO-CIICIICTBEHHBIE CBSA3H.

B 3aximouenne otmernM, uro OMII Bce-Taku paccMaTpHBarOTCs Kak 0oies-
HETBOpHBIM (akTop. Ha ocHOBaHMM MeIUKO-OMOJIOTHUYECKUX HCCIICTOBAHHN
YCTaHOBJICHBI OCHOBHBIC CHMIITOMBI IIOPaXCHUH, BO3HUKAOIINX IIPH BO3IEHCT-
Bun OMII. MIX COBOKYIMHOCTh MOXHO KJIacCCH(PHUIMPOBATH KaK CIIEIUDUICCKYIO
60J1e3Hb, KOTOPYIO MHOT/Ia HA3BIBAIOT «PaTHOBOIHOBOH OoJe3Hpio». Ee TsokecTh
HaXOJHUTCS B 3aBHCUMOCTH OT MHTeHCUBHOCTH DMII, WIUTETBHOCTH BO3IEHCT-
BHS, OMOJOTHMYECKOW AKTHBHOCTH PA3MYHBIX IHAITa30HOB YaCTOT, BHEUTHHX
YCIIOBHH, a TakXkKe OT QYHKIIMOHAIBHOTO COCTOSIHUS OpPTaHU3Ma, €r0 YCTOHIHBO-
CTH K Bo3xercTerio DMII, BO3MOKHOCTH afanTallyi.

Jlo HEKOTOPBIX 3HAUYEHUI WHTEHCHBHOCTH Bo3JeicTBytoniero DMII B opra-
HU3ME JEHCTBYIOT MAcCHBHBIE MEXaHHM3MBI 3aIUTHl — PEaKIMH HpPUCTIOCO0ITe-
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HUS, ajganTamnys, OOYCIOBICHHas OBICTPO pearupyromei mnepudepruaeckoi
HEPBHOW CHCTEMOH. AaNTallMOHHBIE BO3MOXXHOCTH OTPaHUYCHBI, M U UX pa3-
BUTHS TPEOYeTCS IITUTEIBHBIA YBOTIOIMOHHBIA TIEPHO.

[Ipu mMrTEeNTPHOM W MHTEHCHBHOM OOJyYCHHH 3a IMpeesiaMH aJalTaIlioH-
HBIX BO3MOXHOCTEH OpraHu3Ma BCTYIAIOT B JIEHCTBHE MEXAHU3Mbl aKTUBHOU
3amuThl. X Ha3BIBAalOT KOMIIEHCATOPHBIMHE, KOTJa PETYIHPOBaHHE OHOIOTHYe-
CKHX IIPOIIECCOB OCYIIECTBISIETCS HEHTPAbHON HEpBHOW cucTemoit. OmHako
9TH BO3MOKHOCTH TaKXXe He OecnpeebHbl, OHH OTPAHUINBAIOTCS HCTOIIEHHUEM
3aIIUTHBIX PE3EPBOB OPTraHU3MA.

B pesymbraTte aevictBust OMII BO3MOXKHBI KaK OCTpPBIC, TaK U XPOHHYECCKHE
MOpaKeHMsI, HAapyIIeHHe B CHCTEMaxX W OpraHax, ()yHKIHOHAIbHBIC CIABHUTH B
JIESITEIbHOCTH ~ HEPBHO-TICUXUYECKOM, CEepIIeYHO-COCYIUCTOM, HSHIOKPUHHOM,
KpPOBETBOPHOM M JPYTHX CHCTEM.

OOBIMHO M3MEHEHUSI eSTETLHOCTH HEPBHOW M CEpIAeUHO-COCYIUCTON CHC-
TeM 00paTUMBI ¥, KaK IIPABHJIO, YMEHBINAIOTCS W MCUE3a0T PU CHATHH BO3JCH-
ctBust OMII u yimydmeHun OKpyXalomux yciaoBuii. OJHAKO JIUTEIFHOE U WH-
TeHCHBHOE BozzeiicTBHe DMII npuBOIUT K YCTOMYMBEIM HApYIIEHUSIM H 3200-
JICBAHUSM.
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IIABA 2

CUCTEMA 3AIIUTHI OKPYXKAIOIIEN CPE/IbI
OT PAIMOYACTOTHBIX U3JTYUEHUI

2.1. SKOJIOI'MYECKASA OITACHOCTb TEXHUYECKHUX CPEJICTB
PAIMOCBA3HU, PAINOBEIIIAHUSA U TEJTEBUJIEHUSA

PaboTa TeXHHYECKUX CPENCTB PAAMOCBSI3H, PATIUOBEIIAHUS M TEICBUICHUSA
OXBAaTHIBACT MPAKTHYECKHN BECH PATHOYACTOTHBIA AMana3zoH BoiH. OcoOeHHOCTH
pacmpoCTpaHeHHs PaTUOBOJH, CIEHU(pUKAa KOHCTPYKTHBHOTO BBIIIOJHEHUS U
pa3MeIIeHus] aHTEHHO-(HICPHBIX YCTPOMCTB, a TaKKe MPHUHIUIBI HOPMHPOBA-
HUS 3JEKTPOMATHUTHBIX TIOJEH, KaK (akTopa, 3arps3HSIONICTO OKPYKAFOIIYIO
Cpemy, OIpPENeNIIoT HEOOXOAWMOCTH ~aHallu3a CAHUTAPHO-THTHCHUYECKOH W
9KOJIOTHYCCKOW OMACHOCTH 3THX TEXHHUHYECKUX CPEJCTB MO YACTOTHBIM JHaria-
30HaM.

Texuunueckue cpeacrsa HY u CU nuana3zoHoB, NpeACcTaBIISIONIUE SKOIOTH-
YEeCKYIO OIACHOCTH, PA0OTAIOT B OCHOBHOM [UTS LiENel paauoBeNIaHus, KOTOpoe
B OTHX Auama3zoHax ais Poccum mmMeer ompenensioniee 3Hadenne. Co3maHue
cetu paguoBemanus B HY u CH nuama3oHax HmpaKkTHYECKH 3aKOHYCHO, TEXHH-
YEeCKHe CpeIcTBa pPadOTalOT KPYIVIOCYTOYHO, M PpaIMOBEIIaHHEM OXBaueHa
MpaKTUYecKu Bcs Tepputopus Poccum. Pa3BuTHe ceTw B OCHOBHOM HIET IO
ITyTH YBEIWYCHUS JHEPTETHUECKUX IOTCHIMANIOB, T.C. YBEIMYMUBAIOTCS H3IIYy-
YaeMbIe MOIIHOCTH ¥ 3()()EeKTUBHOCTH TIEpEeNaloINX aHTeHH. B 3Tux muamaso-
HaX UCIOJIb3YIOTCS TEXHUYECKHE cpeacTBa MoImHOCThI0 10 1000kBT 1 Ooee.
Baxwnoit ocooenHocThio BotH HU 1 CY nuama3oHOB SBISIETCS WX CIIOCOOHOCTB
pacpoCTpaHsAThCS BIOJIh 3EMHOW MOBEPXHOCTH — 3eMHas BoiHA. OCHOBHOE
TpeOOBaHUE, TPEABABIICMOS K H3Iy4YarOllUM CHUCTEMaM, pPabOTaroIuM Ha
3EMHOM BOJIHE, — 3TO MaKCHUMAJbHEIN KO3()PHUIUEHT YCHUICHUS BIOJIh TOPH30H-
Ta. ECTECTBEHHO, YTO COYETaHHE TAaKUX PEXUMOB PaOOTHI C OYEHH OOIBIINMHU
H3ITy9aeMbIMA MOIIHOCTSIMH OTIPEACIISIIOT 3HAYUTENBHYIO OMACHOCTh AJIEKTPO-
MarHuTHOTO u3nmydeHus TexHumdeckux cpeacts HU m CYU mmanazonos. boiee
oIpoOHBIE CBEICHUS 00 OCOOCHHOCTSAX PAacIpOCTPAHECHUS PAIHOBOIH U U3IIY-
garommx TexHudecknx cpeactBax HY u CU guama3oHOB coaepKaTcsl B U€TBEP-
TOU TJIaBe.

Texuuueckue cpeacrsa BU nmuama3oHa UCONB3YIOTCS Kak JUIs paJIdoBemia-
HUS, TaK W JJIS PAJHOCBSI3U Ha OOJBIIUE PacCTOSIHUA. [Ipu 3TOM TCHICHIIHS
YBEJIMYCHUS SHEPTETUUYCCKUX TTOTCHIMAIOB TEXHUUCCKUX CPEACTB MPOSBISICTCS
HauOonee ycroiuynBo. Eciii paHee MOIIMHOCTH MEPEAATYMKOB HE IMPEBBIIIATIA
200...250kBT, TO mo3aHee ObUT pa3paboTaH M BHEIPEH MEPEAaTIYUK C MOIIHO-
cteio 10 500 kBT. B 3TOM nuama3oHe BOJIH IIHPOKO HCmoJib3yercs 6oee 100
TUTIOPa3MEPOB aHTEHH, CPEAN KOTOPHIX €CTh aHTCHHBI U aHTEHHBIE CHCTEMBI C

26 WWW=HHe .1 u



OYEHb BBICOKOH 3(P(PeKTHBHOCTHIO (Y3KHE TUArpaMMbl HAMPABICHHOCTH, BBICO-
Kue 3HaueHus koddduimenta ycuienus). OCHOBHBIM BHIOM PACIPOCTPAHEHUS
BouiH BY nmamazoHa SBISIETCS paclpoCTpaHEHHWE ITyTEM OTPaXCHHS OT HOHO-
chepsl (MOHOCHEPHBIE WM MPOCTPAHCTBEHHBIE BOJHBI). 3€MHAas BOJHA TOXE
MIPUCYTCTBYET, HO TOJHKO BONM3M M3ITydaromleil CHCTEMBI, TaK KaK OHAa B IIPO-
I[ECCE PACIIPOCTPAHEHHUS CHJIBHO TIOTJIOMIAETCS B MOJYIPOBOMAIICH MOYBE.
Bonee monpoOHBIe cBeAeHHS 00 OCOOCHHOCTSIX PACIIPOCTPAHEHHS PATHOBOIH H
M3TyYaOIUX TEXHUYECKUX cpencrBax BU nmamasona comepkarcs B TATOU
TJIaBe.

st yeroiunBoii padoTsl paguonuHnii BU nnamazona nquarpamma Hampas-
JICHHOCTH B BEPTUKAIBHOM TUIOCKOCTH IEpefalolieii aHTEHHBI JOJKHA HMETh
5(p(QEKTUBHOE HM3IIyYCHHWE B CEKTOPE YIJIOB BO3BBIIMICHHS, COOTBETCTBYIOILIEM
CEeKTOpy HaumboJliee BEpPOSTHBIX YTJIOB MPHUXOAA BONHBI B TOYKY IpHeMa Ha
JUHAAX PAIUOCBSI3U U U 00CTYy)XKMBaeMOH TEPPUTOPHHU HA JIMHUSIX PaluoOBe-
mraHdsA. Bo MHOTHX ciydasX HHKHSISA TPAHWIIA CEKTOpa YIJIOB BO3BEIMICHHUS —
2...3, Bepxusasg — 20°. [IpakTuka 31€KTPOMAarHUTHON 3KCIIEPTH3HI ITOKa3hIBAET,
YTO HKOJIOTHYECKYIO OMACHOCTh MPEACTABIIOT. KAK MPOCTPAHCTBEHHEIE, TaK M
3eMHBIC BOJHEI. [IpU4eM mpocTpaHCTBEHHBIE BOIHBL OTIPENEIIAIOT OTPaHMICHHS
Ha BBICOTHI 00BEKTOB, B KOTOPBIX PETIAMEHTHPYETCS YPOBEHB I10JIS, a 3eMHBIC —
TpaHHIBI CAHUTAPHO-3AIIUTHBIX 30H.

B otpaciu cBsi3u TexHmueckue cpeactBa BU nmanazona oObeAnHSIOTCS B
KOMIUIEKCHI, PEXXHUMBI Pa0OTHI OTAEIBHBIX TEXHUUECKHX CPEICTB M3MEHSIOTCS B
TEUYEHHE CYTOK M IO CEe30HaM. DTO IMPHUBOAUT K MOCTOSIHHOMY HW3MEHEHHIO
JJIEKTPOMAarHUTHOH OOCTAHOBKHM M, KaK CIEACTBHE, K CIOXHOCTH 3JIEKTpOMar-
HUTHOTO MOHHTOPHHTA.

Hcropuuecku clnoXuiioch Tak, YTO KOMIUIEKCHl TeXHHMUYecKkux cpencts HY,
CY u BY nnana3oHOB pa3Memanick 0OOBIIHO 3a MpeeiaMi CeTUTeOHOH Teppu-
topuu. OgHako OypHOE pa3BUTHE TOPOJOB M HACEJCHHBIX IIYHKTOB, a TaKXKe
MIOCEIKOB W TOPOJAKOB NPOKMUBAHHUS IPOM3BOJCTBEHHOTO IIEPCOHANA 3THUX
KOMIIJIEKCOB, B PsI/ie CIIy4aeB, IIPUBEIO K HAPYIICHUIO HKOJIOTHYECKOW obcTa-
HOBKH B MeCTaxX MpeObIBaHMS JIIOACH 10 (PpaKTopy 3arpsA3HEHHS SJICKTPOMAarHUT-
HBIM TIOJIEM.

Crnenmguka pasMelieHUss 1 PeXUMOB pabOTHI OIPEAETAET U TeXHHYECKHE
cpeactBa TeneBuAcHUS M UM panuoBemiaHus, KaKk MCTOYHUKH 3arps3HEHUS
KPYIHBIX HACEJCHHBIX ITyHKTOB OJJICKTPOMArHUTHBIM ToJeM. Ilepeducium
(aKkTopBl, ONpEAENSAIONINE JKOJOTMYECKYI0 OIACHOCTb JJIEKTPOMAarHUTHOTO
TIOJISI TEXHUYECKUX CPENICTB TeneBuAeHUs 1 UM paanoBeiaHus:

- pa3MelIeHne Ha TEPPUTOPUH HACEIICHHBIX ITYHKTOB;

- OOHOBpeMeHHas paboTa HECKONBKUX TEIEBU3MOHHBIX U PaIHOBEIIaTENb-
HBIX TIPOTPaMM;

- pa3MeleHne aHTEeHH Ha BBICOKHUX OIopax;
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- OpUCHTAIUS M3ITyYCHUs aHTCHH Ha 30HY OOCITYy>KUBaHUsI, B TOM YHCIIC ¥ Ha
MPUIIETAIOIIYI0 TEPPUTOPHIO;

- CPaBHHUTEJILHO BBICOKHE H3ITy4aeMble MOIIHOCTH KaXIOTO0 TEXHHYECKOTO
CpeACTBa — OT HECKOJBbKHUX KiioBarT 10 SO kBT;

- padorta B nuanazonax OBY u YBUY, rae BrisiBieHa HanOOJIbIast OHOJIOTH-
YeCcKasi aKTHBHOCTD JJIEKTPOMArHUTHBIX MOJICH.

PacnipenenurenpHas nepeaaroias TelieBU3HOHHAs ceTh Poccun cocTouT U3
12 teicsiy mepenaTunkoB MOMHOCTEIO 0T 1 BT mo 50kBT, a ceTh pamuosenianus
comepxkut okoiio 1700 pamuonepeqaTdnKoB Pa3InYHbIX IHANA30HOB MOIIHO-
CTBIO OT JICCATKOB BaTT 10 2 MBT. CyMMapHasi MOITHOCTh TOJBKO paHOBEIIA-
TENBHBIX TIEPCIaTYMKOB, pA0OTAOIMX HA BHYTPEHHEE BEUIAHHWE B TIOJOCE
gactot 0,03...300MI1i, cocraBmsier 113 MBT, B pe3ynbrate yero okono 96%
Hacenenust Poccrn oxBadeHo paguosentanveM [73]. Boiee moapoGHbie cBeme-
HUsI 00 0COOCHHOCTSX PACIPOCTPAHSHMS. PAJUOBOIH U H3JIYy4YalONIUX TEXHHYE-
ckmx cpenctBax OBY u YBY nuamazoHoB coaepkaTcs B MIECTOM TIaBe.

IMpu perieHny npoOiieM SJIEKTPOMATHUTHOM JKOJIOTHU JJISi TEXHUYECKUX
CPECTB PaafoCBsI3H, PAJANOBEIIAHHS U TEJICBUICHUS HEOOXOIUMO 00ECIeuUTh
KOMIUIEKCHOE HCCIIEIOBaHUE MPOOJIEMBI C y4eTOM BCEX BaKHEWIINX B3aUMO-
cBsizell. HeTpymHO TpocnenuTh 3TH B3aUMOCBS3H HA OTHCIBHBIX MpoOiIeMax
AJIEKTPOMArHUTHOM 3Konoruu. Tak, Hanmpumep, HOPMHUPOBaHHUE, U3MEPECHUE U
3aIUTa OT AIEKTPOMATHUTHEIX MOJICH TEXHUYCCKUX CPEICTB MOKHO MPOBOIUTH
TOJIKO BMECTE C aHAJH30M CTPYKTYpBI 3TUX IOJICH B 30HE B3aUMOJICHCTBHUA C
OHMOIIOTUYECKUMU O0BeKTaMH. B CBOIO ouepeslb, HOPMHPOBAHUC OIPEACISICT
HEOOXOIMMOCTh M CTCIICHb 3alllMTHI, a TaKXe TPeOOBAaHUSA K H3MEPHUTEIBHOM
anmapatype. AHalIu3 CTPYKTYPHI IOJIei BOBMOXEH COYETAaHHEM TEOPETUUECKUX
M 9KCIIEPUMEHTAIBHBIX METO/IOB HCCIIEIOBAHUIA.

Komruieke penieHHbIX MpooaeM 3JIeKTPOMArHUTHOW SKOJIOTHH COCTABISIET
CHCTEMY 3alIUThl OKPYKAIOIIECH CPEIbl OT SIEKTPOMArHUTHBIX mojiei (puc. 2.1).
OCHOBHBIE AJIEMEHTHI CHCTeMbl — HOpMupoBanue DMII, pacueTHoe NPOTHO3U-
pOBaHHE 3JEKTPOMATHUTHOW OOCTAHOBKHM, WHCTPYMEHTAIbHBIA KOHTPOJIb H
3amura ot OMII [9].

B rurueHnveckoil mpakTHKe MPUHSATO, 9YTO HOpMupoBanue DMII ocyiecT-
BISICTCS, BO-TICPBBIX, B 3aBHCHMOCTH OT YaCTOTHOTO AMamna3oHa. [Ipu 3Tom
MPECIBHO JOMYCTHMEIH ypoBeHbs DMII MokeT OBITh MOCTOSHHBIM Ha KaKOM
MO0 yJacTKe JHana3oHa 4YacTOT, a MOXET ObITh YacTOTHO 3aBUCHMBIM, YTO
0co0eHHO YacTo HabmromaeTcss B 3apyOeKHBIX CTaHAapTaxX. Bo-BTOpEIX, Ipe-
JIeNTbHO JIOMYCTHMBbIE YPOBHU 4YacTO IMPHUBS3BIBAIOTCS K BUIIAM TEXHHYECKUX
cpenctB  (paaMOTEXHUYECKAE OOBEKTHI, TEJICBUICHUE, PaXHOIOKAIIMOHHBIE
CTaHIINH, BUACOAUCIUICHHBIC TEPMUHAIBI U T.1.). B-TpeThbHX, B HOPMATHBHBIX
JIOKyMEHTax POoCCHU BBIACISIOT Pa3iMYHbIe KOHTUHIEHTHI OOIy4aeMbIX JIML —
HaceleHKe, MPOM3BOACTBEHHBIN MEPCOHAN, Mojib3oBarenu. sl KakIoro KOoH-
TUHTEHTA XapaKTePHBI CBOM OCOOCHHOCTH YCIIOBHU OONYYCHHS M 3TO, €CTECT-
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BEHHO, YYHTHIBACTCS MPU HOPMHUPOBAHHWU. B 3apyOeKHBIX CTaHIapTaxX aHAIO-
TOM TaKOT'O MOJAXOJA SBJSIETCS BBIJCICHUE KOHTPOJIUPYEMBIX W HEKOHTPOIH-
PYEMBIX YCIIOBHU OOITydeHHUS.

[Iporuno3upoBanne DMII BOMU3M U3TydaIONINX 00BEKTOB MOXKET OBITH BHI-
MIOJTHEHO TPEeMs Pa3IMYHBIMH METOJAMH. MOJCINPOBAHMSA, aHAJOTHH M HKCTpa-
TIOJISIIHH, 9BPUCTHIECKOTO IIPOTHO3UPOBAHUS.

MeTtoa MoOaeJMPOBAHUSA SBISETCS OCHOBHBIM TIPH NPOBEACHUU CaHHUTAp-
HOW DJICKTPOMATrHUTHOW SKCIEPTU3BI H3IYYAROIUX OOBCKTOB. [IpuMmeHeHuUe
3TOTO METOJa 3AJI0’KEHO B OCHOBY COCTABJIICHHS CAHHUTAPHOTO MACIIOpTa U3INIY-
YarOIIEro 00bEKTa, B KOTOPOM B 00S3aTEIFHOM IMOPSAKE JOJDKHBI OBITh Mare-
puainsl pacuetoB DMII u caHHTapHBIX 30H. MaTeMaTHYECKUE MOJCITU PacyeT-
HOTO MIPOTHO3UPOBAHMUS 3aKIIAJIBIBAIOTCS B HOPMATHUBHBIC METOAMYCCKHE JOKY-
MEHTEI.

Meton aHAJIOTMii M 3KCTPANOJISHIUI MOXXET MPUMEHATHCS U THUIIOBBIX
WIA TOXOXKUX APYT Ha Apyra OOBEKTOB. TakuMu OOBEKTaAMH MOTYT OBITH,
HampuMmep, 0a30BBIe CTAHINI COTOBOHM PaIMOCBS3M, PaAHOJIOKAIIMOHHEIE CTaH-
IIUH, OTJCIEHBIE

Cucrema 3ammTtsl o1 IMIT

HucrpymenTainbHbi
Hopmuposanue SMIT Pacuernoe
PMHP o KOHTpo.1b OMII 3ammuTa or OMIL
B OKpYy:Kalolleii cpeie Iporuozuposanue .
B OKpYysKalowueii cpeae
OcobenHocTn Koutpoias
- TTo wacToTHBIM AKTHBHAs
PacmpoCTpaHeHUs. PacyeTHOTro
Jimana3oHam 3amura
PaMOBOJIH NPOTHO3a
ITo Buam Kourpons
— . OcobeHHocTH P TMaccupHas
TEXHUYECKUX ANEKTPOMArHUT=
KOHCTPYKIIMH aHTCHH - 3ammTa
CDEJICTB HOM 00CTaHOBKHI
- ITo KoHTHHTeHTY
obuydaeMbIx

Puc. 2.1.CtpyKTypa CHCTEMBI 3aIUTHI OKPYXKAIOIIEH cpebl U yenoBeka o OMIIT

paguocTaHnuK | T. 1. IIpy ognHaKoBOM Wi MOAZOOHOM HAabOpe TEXHUIECKUX
CPEACTB M MPUMEPHO OAMHAKOBBIX YCIOBHAX pa3MEIIEHHS 00 3JIEKTPOMAarHUT-
HOH 0OCTaHOBKE HOBOI'O OOBEKTa MOXHO CYIOWTh 10 €€ aHaIM3y Ha paHee
o0cIeIoBaHHbIX 0OBEKTAX.

MeTox 3BpPHCTHYECKOT0 MPOrHO3MPOBAHMS (METOM IKCIIEPTHBIX OLICHOK)
MOJKET UCIIONB30BaThCd Ha ATamax MPeABapUTENBHOrO Pa3MELICHUs HM3Iydaro-
KX OOBEKTOB, JUII KOMIUIEKCHOH OICHKH COCTOSIHMSI OKpYXKalolled cpensl, B
clyvasx, KOrja Apyrue METOIbl HEIPUMEHHUMBI (Hampumep, He pa3paboTaHbl
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MOJICSIM) WIIM HYy)KHA orepaTtuBHas uH(opmanus. B ocHOBe MeToma JexHT
cHCTEeMa TOJYYCHHS U COOTBETCTBYIOUIEH OOpaOOTKM MHEHWH BBICOKOKBAIH-
(UITPOBAHHBIX CIEIMATHCTOB (IKCIIEpPTOB). [IPOTHO3HBIE 3KCIEPTHBIE OIICHKH
OCHOBaHBI Ha MOOMIH3AINH MTPO(HECCHOHATIBHOTO OIBITA ¥ UHTYHIIHH.

PacdetHOe mporHo3upoBaHue SABISIETCS BeCchMa CIOXKHOW 3anaueit. Beerna
BCTaeT BONPOC O TOYHOCTH pacueToB DOMII, KoTopas ompenenseTcs CTEHEeHbBIO
JeTaM3aIMH, KaK CaMHX HM3JIydYarolinX 3JIEMCHTOB (aHTCHH), TaK U OKPYXKaro-
mel 00cTaHOBKU. BBIOOp METOIOB pacuera OmIpenensercsi, ¢ OAHOW CTOPOHEI,
HEOOXOANMOHN TOYHOCTBIO NTPOTHO3UPOBAHUS, C APYTOH CTOPOHBI, CIIOKHOCTBIO
9NeKTpoANHaAMUUecKux Mogeneil. Ctporue pemeHus COOTBETCTBYIOLUX JJEK-
TPOAMHAMUYECKHUX 3a7a4 JOJLKHBI MPUBOAUTH K PeabHBIM MOJETSIM H3IIydaro-
IMX 00BEKTOB. METOABI TOJKHEL OBITH HE TOJBKO MPUHIUIHAIBHO peain3ye-
MBI, HO U peaji3yeMbl C TOYKH 3PCHUS HCIOJB30BAHHS B THTHEHUYECKOU
MIPAKTHUKE IEKTPOMArHUTHOTO MIPOTHO3MPOBAHKS, C TOUKH 3PEHHUS HUCIIOIb30Ba-
HUS JOCTYIHOTO MapKa BBIYHUCIHUTENEHON ‘TeXHUKH. CyIIecTByeT MO3HULUS, U
aBTOPHI €€ PA3JeNsIioT, YTO 3JIEKTPOMArHUTHBIM IPOTHO3MPOBAHUEM TOJDKHEI
3aHUMATHCA TIOATOTOBIIEHHBIE CIICIHATIMCTBI, 3HAKOMBIC C TEOpHEH aHTEHH,
AIEKTPOAMHAMHUKON, PACIIPOCTPAHEHNEM PATMOBOIH, CHCTEMHBIMH BOIIPOCAMH
TeIeKOMMYHUKAIMi U T.4. B 3ToM cityuae Metoast pacueta OMII B okpyxato-
mel cpene MOTYT OBITh JOCTaTOYHO CIIOXKHBIMH, a, ClIeIOBaTeNbHO, U Oolee
tounbiMU. Dopmanuzanus mpolecca 3IEKTPOMArHUTHOTO MPOTHO3UPOBAHUS
XOTS ¥ BO3MOXKHA, HO TpeOyeT MPUMCHEHUS BBICOKOTIPON3BOAUTEIILHON BBIYHUC-
JUTETHHON TEXHUKH U OONBINNX (PUHAHCOBBIX 3aTpaT.

Crnenyer 0OCTOPOXKHO OTHOCUTHCSI M K HHCTPYMEHTAIbHOMY HCCIIE0BAHUIO
ANEKTPOMArHUTHOHM oOctaHOBKH. Eciii mocTaBiieHa 1eb CpaBHEHHUS pe3yibTa-
TOB pacueTa u usMepenuit OMII, To m3MepeHns cienyeT IPOBOAUTE B YCIOBH-
SIX, TIPUOJIIDKEHHBIX K MOJIEIISIM, 3aJI0)KEHHBIM B OCHOBY METOJIWK pacdeTa. Tak,
HamIpuMep, B OCHOBE MPAKTHYECKH BCEX METOAWK pacdeTa JEeKHUT HPEeAIIOIoxKe-
HHE O TJIAJKOW OJHOPOAHOM MOJCTUIIAIOUIEH MOBEPXHOCTU 3E€MJIHM, O BBITIOJIHE-
HUUW YCJIOBHH NMPSAMOW BHIMMOCTH MEXIY TOUKOW HAOIIOACHUS W U3TydaroIH-
MH JIIEMCHTaMU. M3MepeHHs B MecTaX 3aTCHCHHs WM BOJHM3H Pa3IHYHBIX
MEePEeU3NYHaroINX KOHCTPYKIHMA MOTYT IPUBECTH K HETIPEACKA3yeMbIM PE3Yilb-
tatam. C Ipyroil CTOPOHBI, KOHTPOIUPOBATh AJICKTPOMArHUTHYIO OOCTaHOBKY
JUIA TeJed CaHUTAPHO-TUTHCHHYCCKOW SKCICPTU3BI HEOOXOAMMO B JIFOOBIX
YCJIOBHUSIX, HO B 3TOM ClIlydyae CPaBHUBATh PE3YJIbTAThl U3MEPEHUH U PacyeTOB
CJIeyeT C OINpeaesIeHHONH OCTOPOKHOCTBIO, HOO OYEHB JIETKO MPUHATH K HEKOp-
PEKTHBIM BBIBOJAM.

[IpakTrKa KOHTpPOJIA TOKA3bIBAET, YTO MHCTPYMEHTAJbHAs OIICHKA SJICK-
TPOMAarHUTHON OOCTAHOBKHM BOJHM3M KOMIUIEKCOB TEXHHYECKHX CPEICTB IpPH
cMermanHoM BoszaeiictBur DOMII mopoif mpocTto HeBO3MOXKHA. [IpwdauH TOMY
MHOTO: CJIO)HOCTb KPUTCPHEB OLIEHKH 0E30MacHOCTH; HEOOXOAMMOCTh IPOBeE-
JIEHUS U3MEPEHUHN Ha BBICOTAX 3/1aHUN MEPCHEKTUBHON 3aCTpONKH; HEJOCTYI-
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HOCTB OT/CIBHBIX TEPPUTOPHIA JJIs MPOBEACHUS U3MEpPEHHUI; crienupuka pado-
THl TEXHUYECKUX CPEACTB, 3aKIIOYAIONIASCS B TIEPHOAMUECKON CMeHe pabodnx
4acTOT, aHTCHH, HAIpPAaBIIEHUH W3ITy4eHUS;, HENPOTHO3UPYEMbIe, U3MEHSIOMTHE-
cs TI0 CE30HaM U CyTKaM OKPY KAIOIIHe YCIOBHS; OTCYTCTBHE XOPOIIEH H3MepH-
TENBHOM ammapaTypbl, CIIOCOOHOW paboTaTe B MOJEBBIX YCIOBHAX M 4YacTO B
YCIIOBHSIX CIIOKHOH 3JIEKTPOMAarHUTHOW OOCTaHOBKH M MHOT'O€ JIPYTO€.

KoneuHol 11e1pI0 CHCTEMBI 3alllUThl OKPY’KaloOIIed Cpelbl U 4YelloBeKa OT
OMII siBnsieTcst pa3paboTKa ¥ BHEAPCHHUE PA3TUYHBIX 3AIIUTHBIX MEPOTIPUITHH.

Mepompustus no 3ammre ot OMII onpenesrorcs oOIMMMH METOIaMH 3a-
IIHUTHI, pa3pab0TaHHBIMU B TEOPUH OC30MACHOCTH KHU3HEICATCIHHOCTH.

[MepBrrit MeTox (puc. 2.2) OCHOBaH Ha MPOCTPAHCTBEHHOM HIIH BPEMEHHOM
pasziesieHun Hokcocgepubl (IPOCTPAHCTBA, B KOTOPOM JIEHCTBYIOT T€ WA HHBIE
omacHble (HAKTOPBI) W eomocgepsi~ (IPOCTPAHCTBA, B KOTOPOM HAXOIUTCS
YEJIOBEK).

A
A 4

HOKCOC®EPA

TTPOCTPAHCTBEHHOE MJIM BPEMEHHOE
PA3IEJIEHUE

Puc. 2.2. [IpocTpaHCTBEHHOE MIIM BpEMEHHOE pa3JieleHne HOKCOC(hEph B ToMoc(hephl

DTOMY COOTBETCTBYET 3aIllUTa PACCTOSHUEM UL HaceneHHUsI (OpraHu3amust
[P HEOOXOJMMOCTH CaHUTAPHO-3ALIUTHBIX 30H BOKPYT H3IIy4YarONINX OOBEK-
TOB) WIM KOHTPOJb BPEMEHH HaXO)KACHWs MPOM3BOJCTBEHHOIO MEPCOHANA B
OMII ¢ nenpio HE AOMYCTUTH MPEBBIIICHUS PEIEIBHO JOMYCTUMBIX 103 00y~
YCHUS.

Bropoii MeTox cocTouT B oOecrieueHUH Oe30MacCHOTO COCTOSHHUS CPEIbl,
OKpyXaromiei yenoseka (puc. 2.3).

OroT crocob peanusyercs Npu 3amure HaceneHus ot OMII, Hanpumep, uc-
MOJIb30BAHKEM B KAUECTBE IKPAHUPYIOIIUX MPEMATCTBUN JIECO3AIUTHBIX MOJIOC,
UCKYCCTBEHHBIX COOPYXXCHUIl M €CTECTBEHHBIX NPHPOIHBIX peibedos. s
MIPOM3BOJICTBEHHOTO IIEPCOHATA 3TOT CIOCO0 pealn3yercsl 3KpaHUPOBAHHUEM
pabodnx MeCT ¥ TIOMELIEHHUH, TH00 SKpaHUPOBAHUEM UCTOYHUKOB M3TyUCHHUS.
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OKPAH

A

HOKCOC®EPA

A

OKPAHMPOBAHHME

Puc. 2.3. DxpannpoBatue roMocdeps! 0T BpeAHbIX HaKTOPOB HOKCOCHEpPHI

W Ttperuit Meron 3amuThl OT ONACHOCTEH NpeaycMaTpuUBaeT CpeiCTBa,
oOecrieynBarOIIKe aJaNTaIii0 YeloBeKa, B IPOU3BOICTBEHHON Cpesie C MOMO-
IIBI0 CPE/ICTBA HHINBUIYANBHOM 3amuThl (puc.2.4).

HOKCOC®EPA /

—> «—

I

WHIAWBUIYAJIBHAS 3ALIATA

Puc. 2.4. Anantauus yenoBeka B IPOU3BOACTBEHHOM CpPeie ¢ MOMOLIBIO CPECTBA
WH/IUBHUYaJTbHOW 3aI[HTHI

Meponpustus no 3amure oT DMII TpaauLIMOHHO MOAPA3AEIAIOT HA aKTHB-
Hble ¥ MacCCUBHBIE MEpHI 3alllUThl. AKTHUBHAs 3alllUTa MperojaraerT Bo3IeHCT-
BHC Ha caM MCTOYHUK U3JIYYCHHUS U 00CCIICUNBACTCS MEPOIPUATHSIMHE IO CHU-
JKEHUIO HM3J1y4aeMONH MOIIHOCTH, M3MEHEHHUIO XapaKTEepPUCTUK M3IIy4eHHUs aH-
TEHHBIX CHUCTEM, U3MCHCHUIO PEKHMOB PAaOOTHl TEXHHYCCKUX CPEACTB U, Kak
KpaiHss Mepa, BBIHOC M3IYYAroNIero 00beKTa ¢ JaHHOW Teppuropuu. Ilaccus-
Hasl 3aIIMTa 3aKII0YaeTCs B NMPOBEICHUN OPTAaHM3AIMOHHBIX WM TEXHUYIECKUX
MEPOIPUATHA Ha MPHICTAIONINX K H3IYyYalomeMy OOBEKTY TEPPUTOPHUSIXK, HIH
Ha KOHKPETHBIX 00BEKTax, MOABEPIKEHHBIX Bo3aercTBHI0O DMII.

PaccMoTpuM OCHOBHBIE TPWHIIMIIEI, 3aKJaIblBaeMble B CTPYKTYpHBIE 3JIe-
MEHTHI CHCTEMBI 3aIUTHI.
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2.2. HOPMUPOBAHHUE SJIEKTPOMATHUTHBIX MHOJIEA
B OKPY/XKAIOIIEN CPEJE

2.2.1 IIpuHIMNBI HOPMHUPOBAHHUS JIEKTPOMATHUTHBIX MOJIEH
B OKpYy»Kamolleii cpene

HopmupoBanne ¢ TOYKH 3peHHS SKOJIOTHIECKHX MPOOJIEeM — 3TO YCTaHOB-
JICHHE TIPElCIbHO JOMyCTUMBIX YpPOBHEW BO3IelcTBYyIoMmero ¢akropa. I[lo
OTIPEICTICHHUIO TIPEIeTIbHO 1omycTHMBbIN ypoBeHs (ITIY) —3To ypoBeHb BpeaHO-
ro (akropa, KOTOpPbI HE HOJHKCH BBI3BIBATH 3a00JICBAHUN WM OTKIOHCHUU B
COCTOSIHUU 37I0POBbsI, 0OHAPYKUBACMBIX COBPEMCHHBIMHA METOIAMH HCCIICIO-
BaHUI, B OTAAJICHHBIC CPOKH JXU3HM HACTOSIICTO M IMOCICAYIOIIETO MOKOICHUH.
[IpenensHO MOIMyCTUMBI YPOBEHb YCTAHABIMBACTCS MO OMOJOTHYECKU aKTHB-
HOMY TIapaMeTpy BO3IEHCTBYIOMETO (haKkTopa.

DNeKTpOMarHUuTHOE TOJe, Kak ocodas ¢gopma CyIIeCTBOBAHUS MAaTEPHH,
XapaKTepU3yeTcsl IENBIM DPAIOM MapaMeTPOB — YacCTOTOH, HAIPSDKEHHOCTHIO
AIEKTPUYECKOT0 M MAarHUTHOTO TOJEH, (a30d, MoIspu3anuel, BUIOM MOIYJIs-
UM, CTPYKTypo# H Jp. Bronormyeckas akTHBHOCTD IIOYTH BCEX IEPEUHCIICH-
HBIX TIAPaMETPOB yXkKe JOKa3aHa U CTCICHb WX BO3ACHCTBUS YYHUTHIBACTCS B
pa3pabaThIBacMBIX HOPMATUBHBIX JJOKYMCHTAX.

IIpu ouenke BozaeiicTBust DMII Ha opranu3M 4enoBeka JIIIUTEILHOE BPEMsI
HAOJIOaTI0Ch CTOJIKHOBCHHUE IBYX TOYEK 3PCHHUS.

[epBas w3 HUX MpUHAJJICKATA BpayaM THTHEHUCTaM, KOTOPBIE, 3a00TICh O
3I0POBBE UCIIOBEKA, CTAPAIHCh JaTh AOCOJIOTHO HEPEaTbHBIC MPCISIHEHO
JIOTTyCTUMBIE YPOBHH, WHOT/Ia HE 3aTyMBIBAsCh 00 YKOHOMHYECKUX M TEXHUYE-
CKUX BO3MOXKHOCTSIX MX peanuzanuu. Tak, Hampumep, B 1968 roay npenenbHO
JIOMTYCTUMBIN YPOBEHBb HAIPSKEHHOCTH 3JieKTpuyeckoro mojs B BU nuamazone
6601 ycranosieH [10] va yposue 0,2 B/M , ipotus 10 B/M B HacTosiiee BpeMms.
[IpuMeHHUTH Takue HOPMATHBHI K PEaJbHBIM MEPEJAIONINM TEXHUYECKIM Cpel-
CTBaM 3HAYMJIO OBl 3aKPBITh OOJBINYI0 YAaCTh W3 HHUX. 3HAYHTEIHHO KECTUE
HACTOSIINX OBUIM TpENeNbHO JONMYCTHMBIE YPOBHH, yCTaHOBJICHHbIe B 1978
rogy (HY muanazon — 20 B/m, CU auanazon — 10B/m, BU auanazon — 4 B/,
OBUY guamnazon — 2B/wm) [11].

Bropas To4ka 3peHHUS OTCTaWBalach WHXKCHEPAMH, SKCIUTYaTHPYIOIIMMHU
TEXHUYECKHE CPEICTBA, PYKOBOJUTCIIMU PATUOTCXHUUCCKUX OOBEKTOB U
BEJOMCTB, KOTOpPBIE BONPEKH MHEHHIO THTHCHHCTOB TOTOBBI OBIIM HE HWMETH
BOOOIIE HUKAKWX HOPMATHBOB W MPOTIOBENOBAIHM a0COJIOTHYIO O€3BPEIHOCTD
BCETO U BCA.

Pasymnas anpTepHaTHBa peann3yercs HaAyYHO-OOOCHOBAaHHBIMH HOPMATH-
BaMH.

B 1953 roay amepukanckuii ydeHsiit I'. IIIBaH MPEmIOXKHI CUHTATEH IMPeE-
JIEIGHO JIOMYCTUMOM IS Y4eloBeKa IUIOTHOCTh IOTOKa 3Hepruu, paBHyro 100
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MBr/cm?. Takoii YPOBCHB IMOBBIIIACT TEMIIEPATYPy 00Iy4acMOro oObEKTa WIIH
yuacTka He Oosee, ueM Ha 19C, u BeI3bIBacT 3PPEKTH COMOCTABUMBIC C TIPOHC-
XOSIIIUMH B OPTaHU3ME IIPH €CTECTBECHHBIX (DM3MOJIOTHYECKUX MpoLeccax. ITa
pernmamenTanus qaBana 10«paTHbIH 3amac 1O OTHOIICHUIO K YCIIOBHUSM, BBI3BI-
BalOIIMM TEIUIOBOE mopaxenune. B 1956 romy 3TOT mpeneiapHO AOMYCTHMBII
ypoBeHb [yt auana3oHa 4actot ot 10 MI'n mo 100 T 6but BBeieH Amepu-
KaHCKMM HallMOHAJIbHBIM HHCTUTYTOM CTaHAAPTOB KaK IJIsl IIPOU3BOJICTBEHHOTO
MepCoHaNa, Tak M JJIs HACCNICHHs. DTOT KE YPOBEHb OBLI MO3KE IPHHAT B
Ka4yeCTBE MPEACIbHO TOMYCTUMOTO MHOTUMH 3alaIHBIMU CTPAaHAMHU

[IpobremMa HOPMHUPOBaHHS OYCHH CIOXKHA. CIEIHANTHUCTHI CTATKUBAIOTCS C
PA3IMYHBIME ACTICKTAMU 3TOHW MPOOICMEI.

Bo-mepBrIX, 3TO MeTHKO-0MOJIOTHYECKHE ACICKTHI, KOTOPHIC BKJIFOYAOT
HEOOXOMUMOCTh TMPOBEIACHUS TUTHCHHYCCKUX, KIIMHHKO-(DU3HOIOTHUCCKUX H
9KCICPUMEHTAIbHBIX HCCIICI0BAHUMN.

Tuecuenuyeckue ucciedosanus 3aKIOIaroTcs B 00Hapyxeann DMII, obcie-
JIOBaHWHU Pa0OYMX MECT, YPOBHEW W PEKUMOB OOJydUeHHs, BHEISIBICHUH OMOJIO-
IMYECKH aKTUBHBIX MAPaMETPOB H TIp.

Knunuxo-gusuonocuneckue uccie0osanusi BKIIOYAIOT 00CIEIOBaHUE JIIO-
JIeH, TTOJIBEPKCHHBIX OOJNyYCHHIO, aHAN3 CTAaTUCTUKUA W BHJOB 3a00JCBaHUM,
CpaBHEHHE C HEOOMYYCHHBIMU KATCTOPUSIMH JFOICH U T. 1.

Drcnepumenmanvhvie UCCIC008aHUSA 3aKITIOYAIOTCS B MPOBCACHUU HCCIIC-
JIOBaHWH Ha PEaTbHBIX OMOJOTHYCCKUX OOBEKTaX M MPEAIOJIATAIOT BECh KOM-
IUIEKC HAayYHO-UCCIIECIOBATEIBCKIX Pa0OT, CBA3aHHBIX C OONyYCHHEM KHBOT-
HBIX, HAOJIOJICHUEM 32 HUMH, CPABHCHHEM C KOHTPOJHHBIMH TPYIIAMHU H T. 1.
JlJist 3TOTO CO3/aI0T CHelUalibHbIe OOJIydYalollue CHCTEMbI, I/Ie MOMEIIAI0T
ITOIOTIBITHBIX XKHBOTHBIX, B KAYECTBE KOTOPHIX YaIle BCETO MCIIOIL3YIOT OEIIBIX
MBIIIed ¥ KpbIC. BUIBI KUBOTHBIX BBIOMPAIOT, C OJHOW CTOPOHBI, UCXOIS U3
ra0apuTHBIX BO3MOXKHOCTEH OOJIy4arol[MX CHCTEM, &, C JAPYroil CTOPOHBI,
HEOOXOIUMO BBIMOJHUTH TPEOOBAHHE TOCTOBEPHOCTH PE3y/IHTaTOB HCCIICIOBA-
HHU#, KOTOPast, KpOME BCErO MPOYEro, ONpeAessieTCs] MUHUMAIBHBIM KOJINIECT-
BOM JKHBOTHBIX, HCOOXOJMMBIX JJISI CTATUCTUYCCKUX OOpaOOTOK Pe3yIbTaTOB
HCCIIeJOBAHMIA.

Kpome o6mygaeMbIx, JOKHA OBITh M KOHTPOJIBbHAS TPYIIIIA )KUBOTHBIX, KO-
TOpasi pacrojaracTcsi B HEMOCPEICTBEHHON OMU30CTH. Y CIIOBUS jKHU3HEOoOecte-
YeHUsl JUIS BCEX JKUBOTHBIX (TeMIepaTypa BO3/yXa, BIIAXHOCTh, TaBICHHUE,
PEXHMM IHUTAHMS, IPOYKE BHENIHNE (PAKTOPHI) JOJDKHBI OBITH OJAWHAKOBBIMHE. I10
OKOHYAHHUH PEKMMOB OOJIYUCHHSI KUBOTHBIX MCCICAYIOT 10 MHOTOYHCICHHBIM
TecTaM: OepyT aHajau3bl, MCCICAYIOT TKAaHH W (PYHKIHOHAIBHBIC CHCTEMBEI.
Kom4yecTBO TAKUX TECTOB JOCTHUIAET HECKOILKHMX JECATKOB. DTO JEJIAIOT KaK C
00JIy4aeMBIMHU JKUBOTHBIMH, TaK U C )KUBOTHBIMHM KOHTPOJIbHOM rpymmbsl. Cpas-
HHUBasl Pe3yJIbTaThl MUCCICIOBAHHMN U1 OOIy4aeMbIX KMBOTHBIX W YKHBOTHBIX
KOHTPOJBHOHN TPYIIIBI, EAI0T BBEIBOJIBI O CTEIICHU BIIUSHUS WIH HE BIUSHUS
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OMII Ha BBIOpaHHBIH BHJ >KMBOTHBIX. 3aTeéM IO NPUHITEIM B MEIHKO-
OHOIOTHYECKO MpPaKTHKE METOAMKAM IEepPECUMUTHIBAIOT YCTAHOBICHHBIC IS
KUBOTHBIX IPEIEITHHO JOIMYCTHMbIC YPOBHH Ha YeJIOBEKa.

OKcIeprMeHTaIbHbIC UCCIIEIOBAHMS HA YEJIOBEKE, KaK MPaBUJIO0, HE IPOBO-
IATCs. DTO CBSI3aHO C TEM, YTO B HKCHEPHUMEHTaX CO3MAIOTCS YPOBHH IIOJI,
KOTOPBIE MOTYT HaBPEIOWTH 370POBBIO YeJOBeKa. TOJIKO B IMOCICIHEE BpPEeMs
CTald MPOBOOUTH HcCCienoBaHMs Mo BiusHUIo OMII pagmortenedoHOB Ha
JIOOPOBOJBIAX. DIEKTPOMATHUTHEIC YCIOBHUS MPOBEICHUS TaKHX JKCICPUMCH-
TOB MPAKTHYCCKU HE OTIMYAIOTCS OT YCIOBHUA OOBIYHOTO CeaHca TelIe(OHHOTO
pasroBopa.

B mocnenHee BpeMs HIMPOKOE PACHpPOCTPAHCHUE TONYYHIH (AHMOMHbIE
uccredogarnusi. HamoMHuM, 9T0 (PaHTOM — 3TO MOJIEIb YEIOBEUCCKOTO TEIa HIH
€ro 4acTH B HATypaJbHYIO BedMUnHy. PaHTOMBI BBHIIOJHSIOT M3 MaTEPHAJIOB,
MMEIOIINX TaKWe )K€ AIEKTPHUYCCKUE XapaKTEPHUCTHKH, KaK M OHOJOTHYECKHE
TkaHu. OOBIMHO B (haHTOMAaX BOCHPOU3BOIST BCEr0 HECKOJIbKO BH/IOB TKaHEH:
KOXY, )KHPOBOM CJIOH, KOCTHBIE TKaHH. A BHYTpPEHHHE OpraHbl 4eJOBEKa BOC-
MIPOU3BOMAT OJHOPOJHBIM BEIIECTBOM C YCPETHEHHBIMH 3JIEKTPHYECKUMHU
XapakTepucTHKaMH. Yarie Bcero HeoOXOAUMBIE HIICKTPUIECKUE XapaKTEePHCTH-
Ki ()aHTOMHBIX MATEPUANIOB JOCTHTAIOTCS M3MCHCHUEM KOHIICHTPAIIMU PACTBO-
poB comneil. [To dopme m pasmepam (HaHTOMBI MOTYT C BBICOKOW CTEIICHBIO
TOYHOCTH BOCIIPOU3BOMTH TEJIO YeloBeKka miu ero dactu (puc. 2.5) ,a moryr
OBITH MOJICTBHEIC (PAHTOMEI. B 3aBHCHMOCTH OT peIIacMbIX 3a/1a4 UCCIICTYESMBIi
0OBEKT MOXKET OBITh B KaueCTBE TPyOOT0 MPUOIIDKCHUS 3aMCHEH IHIHHIPOM,
ctepoit wmu trapom. ['ooBa denoBeKka, HANpHMEpP, XOPOIIO MOJACITHPYETCS
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Puc. 2.5. ®anTOMBI YeIOBEKA U TOJIOBBI YEJIOBEKA IS HCCIIeA0BaHus BIMsHAS DMIT
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smutuncounoM (puc. 2.6). ITomyd/umHUncouIoM MOASTHPYETCS YEIOBEK MM
KpbIca, HAXOMAIINECS Ha TPoBosIiei moBepxHoctn (puc. 2.7). Ha ¢panromax
MPOBOJSATCS UCCICJOBAHMs, CBI3aHHbBIC C HEMOCPEICTBEHHBIMU ONEPATUBHBIMU
HU3MEPEHUSIMH KaKHUX-JTMO0 BO3JCHCTBYIOIUX (DAKTOPOB MJIM OTBETHBIX peak-
Ui HANpsOKEHHOCTH MOJS BOJNIM3W M BHYTPH (paHTOMa, TOKOB B (haHTOME,
TeMIepaTypbl HarpeBa TkaHeit ot OMII.

Puc. 2.6. DmmnconHas MOJIEIb T'OJIOBBI YelIOBEKa

Puc. 2.7.M0z[ennp013aﬂne YEJIOBCKA U KPBICHI MOJIYSJIIIMIICOMIOM

BypHoe pa3BuTHE BEIYUCIUTEIHHON TEXHUKHU MO3BOJIIIIO CO3/1aBaTh KOM-
MBIOTEpHBIC (PaHTOMBI TeJla YEJIOBEKAa M €Tr0 JacTel M MPOBOAWUTH MaTeMaTh-
yeckoe MonenupoBanue BiausHUS OMII Ha uenoBeka. IlepBblit uymcioBoit
(anToM uyemoBeka coctosm w3 180 xyOmdYeckux sYeeK pPa3HOro pasMmepa
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(puc. 2.8),a nepBbIii YUCIIOBOM (HAHTOM T'OJIOBBI M LIEU YEIOBEKA COCTOST U3 16
sueek (2.9).

Puc. 2.8. UncnoBoii KOMITBIOTEPHBIH “()aHTOM YENOBeKa,
cocrosiuii u3 180xyoukoB

Puc. 2.9. UncnoBoif KOMIIBIOTEPHBIH (DaHTOM TOJIOBBI YETOBEKA

YMeHbIIeHHEe Pa3MepoB SUEeK /10 SIMHUI] MHJUTUMETPOB TIPH MOJEINPOBa-
HHHM TOJIOBBI YEJIOBEKa MO3BOJIMIIO HIMUTHPOBATh HE TOJBKO MO3T, KPOBb, KOXY,
KOCTH, MBINICYHYIO M JKHPOBYIO TKaHb, HO W XPYCTAJHK, CKJIEpY, *KUAKOCThH
rmasa. B ymreparype OIMCHIBAIOTCS YHCIIOBBIE MOJETH TOJIOBBI, COCTOSIIHE
Oonee yeM M3 2,5 MUJUTMOHOB sYeeK Npu uMuTanuu 13 pasHoBHIHOCTEH TKa-
Hel. Jd ka0l siueky 3aat0TCs SJIEKTPUUYECKUE XapaKTePUCTUKH, COOTBET-
CTBYIOIIIME XapaKTEPUCTUKAM MOJCIHpyeMoro oObekra. Takue BO3MOXKHOCTH
IpPEeNOCTaBMIa COBPEMEHHAs MEAMIMHCKAs TEXHHKA — KOMIBIOTEPHBIE TOMO-
rpadbl, KOTOpPBIE MO3BOJSIOT C BBICOKOH CTENEHBIO TOYHOCTH H300paxkaTb U
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KOOPAWHUPOBATh BHYTPCHHEE CTPOCHHUE JIIOOOr0 00BEKTa, B TOM YHCIE Tea
YeoBeKa.

KomnprorepHoe MOIETUpOBaHAE MO3BOJSIET HMUTHPOBATh HE TOJIBKO TEJIO
YelioBeka, HO 1 UMUTHPOBaTh ero oomydenne DMII. [Ipu 3ToM paccUuThIBaeT-
¢, Kak OynmeT pearupoBath ()aHTOM Ha 3TO OONyUCHHE — KaKHe IMOTEKYT 3JICK-
TpUYECKHE TOKH BHYTPH (haHTOMa, KaKWe CO3MaAyTCs IMOJsA, KaK M3MEHHUTHCS
TeMIepaTypa B IEJIOM M Ha OTHENBHBIX 4YacTsIX (paHTOMa, CKOJBKO SHEPTUHU
MOTJIOTHTHCS B PAa3IMIHBIX 4YacTix (antoma. OTBETHI HA 3TH BOMPOCHI U €CTh
Pe3yIbTATHl YUCICHHBIX MEIUKO-OMOIOTHYCCKIX UCCIICIOBAHUN Ha MaTeMaTh-
YECKHX MOACIISIX.

Bo-BTOpEIX, 3T0 TeXHHYECKHE ACTICKTHI, MPEIIOIAraroliue CO3IaHIe TeX-
HUYECKOM 0a3bl MPOBEICHHS SKCIEPUMEHTAIBHEBIX HCCIICOBAHUI — pa3padoTKy
TeHEepaTOPHOTr0 000PYAOBaHHS U OQJYYAIOUIMX CHUCTEM, ONpelelieHne HeoOXo-
JIUMOTO Habopa M3MEPHUTENBHOHM ammaparypsl, CO3/IaHHE CHCTEMBI KH3HeoOec-
Me9YeHUS )KUBOTHBIX U T.1I.

B-TpeTpux, 3T0 3KOHOMHMYeCKHE ACIIEKTHI, T.€. HECOOXOIUMOCTh (PHHAHCH-
pOBaHMI BCETO KOMILIEKca paboT mo HopmupoBarauio SMIT.

B-geTBepThIX, CONMAIBLHO-TICHX0JI0THYECKHe acTieKThl. Pa3paboTka u BBe-
JICHHEe HOPMATHUBOB TNPUBOIAT K TOSBICHHIO B OOIICCTBE Pa3IMYHBIX (HopM
JIEKTPOMArHUTHON (oOuK (HABA3YMBOTO COCTOSIHHMSI CTpaxa). OJTO YacTo
MIPOBOLIUPYIOT U CPENICTBA MAcCOBOW MH(popMaru. Bot, Hanpumep, 3arojoBKH
cTaTel, TMOCBSIICHHBIX ICKTPOMArHUTHOMY 3arps3HEHUIO: razera «3BecTus»
— <«OJEKTPOMAarHUTHOE 3arpsA3HCHHE B KPYIHBIX TOPOAAX MOCTUTIIO KPHUTHYE-
CKOHM uepThI», «OTABIX Ha y4acTKe Moj BhICOKOBOJIBTHOM JIDIT MoxkeT okazaTh-
cs OYeHb KOPOTKHM», «OT MAarHUTHBIX TOJEH B KBapTHUpPE 3a00JHUT HE TOJBKO
rosiopa», MoOuIbHbIE Teae(OHBI CBAPAT Ballid MO3ru», Padorats ¢ Notebook
Ha KOJICHSIX — HeOe3omacHoe 3ansaTue»; razera «CIINI-MH®O» — «OcTaHKHHO
— pait nnsg camoyOwmid»; razera «MOCKOBCKHH KomMcomonen» — <MocKBUYEH
3aIIUTAT OT COTOBOW CBsA3W». YacTo myOIMKYIOTCS HETIPOBEPEHHBIE, MCKAXKEH-
Hble (haKThl, OyaTO OBl OCHOBAaHHBIE HA aBTOPUTETHBIX 3apyOEKHBIX HAYUHBIX
uccienoBanusx. Tak, Hanpumep, B razere «3sectusi» 4.02.986bu1a omy6iu-
KoBaHa cTaths «Tenebamrns 3a okHOM» (aBTop AJjiekceid CaBHH), B KOTOPOH €O
CCBUIKOW Ha WCCIICIOBAHMS, MIPOBEACHHBIC MO PYKOBOJACTBOM XeieH J[oJiK, B
JIOHIOHCKOM MHCTHTYTE THTUCHBI M TPOIIMYECKON METUIMHEI TTOJYYEHBI IOKU-
pYIOIIE CICIHUATICTOB HAayYHBIC JAaHHBIC. B CTaThe TPUBOIATCS KpPaCHBBIC
THECTOTPaMMBI U KOHCTAaTHPYETCS, YTO «3a00JIeBAEMOCTb Pa3INYHBIMH (hopMaMi
JEHKEeMHUH Y KUBYIINX B HETIOCPEACTBEHHOH OJIM30CTH OT TeneOalrHu IPEBHI-
CHJIa CpeIHIE 3HAYCHUS B ACBSITH pa3». DTO HE COOTBETCTBYET ACHCTBUTEIHHO-
cti. OQUH U3 aBTOPOB HACTOSAMICH KHATH BCTpedancs B JIOHIOHE co crienuanu-
cTamu Tpymmsl XeneH JoK, KOTopble MOAEeNIINCE pe3yIbTaTaMi 3TUX HCCIIe-
noBaHui. OMMOOYHbBIE 3aKII0YCHHS OBIIIM CIENIaHbI IO MEePBOM YacTH HAyYHOUN
crateu B «American Journal of Epidemiology» (Vol. 14%1, January 1 1997,
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ctp. 1-9). XKypHanuct He 0OpaTHI BHUMAHUS HA BTOPYIO YacCTh ATOW CTAThH B
sToM ke kypHaie (ctp. 10-17), B KoTOpOi MO pe3yiabTaTaM OO0CIEIOBAHMS
20-Tu TenelneHTpoB BennkoOpUTaHUM HE YCTAHOBJICHA CBSI3b MEXIy 3a0oJe-
BaEeMOCTBIO JIEHKEMHUEH U 3JIEKTPOMAarHUTHBIM HOJIeM 00CYKIaeMOro 9acTOTHO-
T'O Anama3oHa.

B noxnanax MexayHapoJHOW KOMUCCUHM PaJuO3allUThl €CTh TE3UC O TOM,
YTO HE CYyNIECTBYET YPOBHS OONYYCHHS, KOTOPHIH MOXKHO OBIIO OBl IPHU3HATH
a0comoTHO Oe30macHbIM. J{JIs KM3HHM 4YeJoBeKa, KaK WM JJIS CYIIECTBOBAHHS
J000T0 OMOJIOTHYECKOTO O0BEKTa, CYIIECTBYET PUCK, ONPEACIIEMBII BEpOsT-
HOCTBIO THOETH OT KaKWX-TO KaTaKJIM3MOB, BO3JCHCTBUH, ()aKTOPOB OKpYKaro-
miel cpeabl U T 1. Jloka3zaHO, 9TO B JIy4IlIeM CIy4ae PUCK JUIS YCIIOBEKA MOXKET
COCTABIIATH BenuumuHy He MeHee 107, TeXHHUCCKHe JOCTIKCHHS [HBHIN3AIAH
B 3HAYUTEIHHON CTCIIEHU yYBEIUUYMBAIOT TY BEPOSATHOCTb, TOBOJS €€ B HEKOTO-
PBIX CIIydYasX JO SAMHUI] MPOICHTOB. OTpeIeIeHHBIA BKIA]] B BEIUUUHY PUCKA
BHOCAT W DJIEKTPOMATHUTHBIE IMOJS HCKYCCTBEHHOTO MpOUCXOXKAeHHsA. OmHaKo
YeII0BEYECTBO HE COOMPACTCS OTKA3BIBATHCS OT CBOMX JOCTHIKEHUH U JBUTATHCA
Ha3ax K mnpupoje. JIroOsie HOPMBI, CTaHAAPTHI W-PETJIaMEHTAINH, CBA3aHHBIE C
3aIMTOW YeJOBEKa OT OIMacHOTO BozmeHcTBUsS DMII, mpenacTtaBiusoT coboi
KOMIIPOMHCC MEXIy INPEHMYIIECTBAMH, OTYyYaEMBIMH IIPH HCIIOIHb30BAaHUH
TEXHUKH, ¥ BO3MOXHBIM PHUCKOM, CBA3aHHBIM C 3THM HCHOJb30BaHUEM. Jloka-
3aHa TOJIHAS HECOCTOSATEIHHOCTh M COLMANBHAS HEMPUEMIEMOCTh HICOJIOTHH
a0COIOTHOW 0€30TaCHOCTH.

Bocnpusitue pucka. Ha pernieHue yenoBeka o TOM, CIEAYET JTH €My IMPH-
HATh PUCK WJIA OTBEPTHYTH €r0, BIUSACT LENbIH psax ¢GakTopos. Jroam oObUHO
BOCIIPHHUMAIOT PUCKU KaK HUYTOXKHBIC, JOMYCTUMBIC, TEPIIUMBIC WA HEIOIYC-
THMBIE W COIOCTAaBIISIOT WX C IMOJy4aeMoH MoJb30i. YacTo OobImas Imoib3a
WIA BBITOAA 3aCTABIAIOT YEJOBEKAa CYIIECTBEHHO MOBBIMIATh PHUCKH. Takoe
BOCTIPHSITHE MOJKET 3aBHCETh OT BO3pacTa, II0JIa, YPOBHS KYIBTYPHl U 00pa3o-
BaHUS dYeyloBeKa. Hampumep, MHOTHE MOJIOIBIE JIIOAW BOCIPHHUMAIOT PHCK,
CBSI3aHHBIA C MIPBDKKAMU C MapalloToM, KaKk JOMYyCTUMbIH. MHOrHe moXusbie
JIOAW CYUTAIOT 3TO OMACHBIM U, TAaKUM 00pa3oM, BOCIPHHHUMAIOT TaKOW PHCK
KaK HEJOIYCTHUMBII.

Ha Bocmpusitue MoxeT BiusATh Xapaktep pucka. B [12] momuyepkuBaercs,
YTO Ha BOCIPHUITHC PUCKA OOBIYHO BIUSIOT CICTYIOIINE Mapbl XapaKTEePUCTHK.
[epBas u3 HUX OOBIYHO YCHIIMBACT, @ BTOpPasi — YMEHBIIACT BOCIIPUITHE PUCKA.

BoinykaeHHBINH WJIH Z00POBOJIBHBIN PHCK. DTO SBISCTCS BAXXHBIM (ak-
TOPOM BOCHIPHUSTHS PHUCKa, OCOOCHHO B OTHOIICHUH HCTOYHHKOB OMII. Jlronu,
KOTOpPBIE HE MOJB3YIOTCS MOOHWIBHBIME Tele(OHAMH, BOCIIPUHUMAIOT BBIHYXK-
JIEHHBIA PUCK, CBA3aHHBIN C JEHCTBHEM OTHOCHUTEIHHO MaJbIXx ypoBHed DMII,
M3Ty9aeMbIX 0a30BBIMH CTAHIIMSIMH MOOWIIBHOW CBSI3HM, Kak BBICOKHI. OmHAKO
JUIa, JO0OPOBOJIGHO TIOJIE3YIONIUECS MOOWIBHBIMH Telle(hOHAMH, OOBIYHO
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BOCIIPHHHMAIOT PUCK, CBSI3aHHBIA C TOPa3n0 OOJBIIUME YPOBHSIMH IMOJICH, Kak
HU3KHH.

He mogKOHTPOJIbHOCTHh WJIM YYBCTBO BJajeHus cutyamuei. Eciou mrogn
HE CIOCOOHBI KaKUM-THOO 00pa3oM MOBJIUATH, HAPUMEP, Ha CTPOUTEIHCTBO
JIMHUHN DJIEKTporepeaad Wi 0a30BBIX CTAHIMA MOOWIBLHOH CBS3HM, 0COOCHHO
BOJIM3U COOCTBEHHBIX JOMOB, IIKOJ WIJIM 30H OT/ABIXa, OHM OOBIYHO BOCTIPHHH-
MAaIOT PUCK, CBA3aHHBIN C TAKIMH COOPYKECHUSAMH, KaK BEICOKHH.

3HAKOMBII WJIM HE3HAKOMBIi. 3HaKOMasi CUTyallys WM YyBCTBO MOHUMa-
HUSl TEXHOJIOTHU MOMOTAaeT CHU3WUTh YPOBEHb BOCIPUHHMAEMOTO pHCKa. Boc-
MPUATHEC PHUCKA YCUIMBACICS, CCIH CUTYyallds WM TEXHOJIOTHS, HAIpHUMEp
AJIEKTPOMATHUTHOE M3ITyYCHHE, ABISICTCS HOBOM, HE3HAKOMO MM TPYIHOM JUIst
MOHMMaHus. BocmpusaTHe pHCKa MOXET 3HAYUTEIBHO YCHUJIMBATHCS, CCIH
CYIIECTBYEeT HEOOCTAaTOYHOE HAay9IHOE MOHUMAHHE BO3MOXKHBIX MEIUIIMHCKHUX
MIOCJICACTBUM TaHHOM CUTYallMX WIN TEXHOJIOTUH.

YyBcTBO cTpaxa MJIH ero orcyrcTBHe. Hexotopbie 00JIe3HN M COCTOSHUS,
Takhe KaK pakK, TSKeNbIe MPOIAODKATEIbHbIE 00N WM MHBAIAIHOCTh, BBI3HI-
BalOT OOJBINKH CTpax, yeM Apyrue. Takum 06paszom, naxke HeOOIbIIAs BEPOST-
HOCTh pa3BUTHS PaKa, 0COOEHHO y AereH, mon JeiictuemM OMII, craHOBUTCA
00BEKTOM MPUCTATHHOTO BHUMAaHUSI CO CTOPOHBI OOTIIECTRA.

HecnpaBenmmBocTh WIH CHPaBeJIHBOCTh. Eciu iromu moaBeprarorcs
neiicteuro OMII or 0a30BBIX CTAHIWII MOOWIHHOM CBSI3M, HO CAMHM HE HMMEIOT
MOOWIIBHBIX TelIe(OHOB, WU €CIM OHH TOJBEPraroTCs JCHUCTBHIO AJICKTpPHYC-
CKHX W MarHUTHBIX IOJICH OT BBHICOKOBOJBTHBIX JIMHUIA 3JIEKTpOIEepead, KOTo-
pBIe HE TOJAIOT JCKTPOIHCPTHIO B UX HACENCHHBIN MYHKT, OHM CUYHTAIOT ITO
HECTIPaBeJINBEIM M C MEHBIIEH I0Jeld BEpOATHOCTH OyIyT TOTOBHI HPUHSATH
000U CBSI3aHHBIN C 3TUM PUCK.

Jlnst moneit, He Biameronmx MOOMIBHBIM TesedonoMm, aeiictue DMII, us-
JydaeMbIX 0a30BBIMU CTAHIUSIMHU MOOWJIBHON CBSI3M, MOXKET BOCITPHHHMATHCS
KaK BBICOKHUH PHCK TI0 CJICTYIOIINM MTPHIUHAM:

- JIIOJT BBIHY>KJIEHBI ITOABEpraThes nercTBrio IMIT,

- HECIIPaBEUINBO, YTO B PE3YJIbTATEC CTPOUTEIHCTBA TAKUX Oa30BBIX CTaH-
uuid pucky BozaercTBuss OMII monsepraercss Bcsi OOIIMHA, XOTS BBITOAY OT
ATOTO TONYYaeT JUIIb HEOONBIIOE YUCIO JIHII, TONB3YIONIMXCS MOOUIbHBIMH
TenedoHaMmuy,

- pa3BUTHE TAKHUX CETCH HEMOIKOHTPOIBHO KEJIAHUIO 00IMICCTBEHHOCTH;

- TEXHOJIOTHSI MOOWJIBHOW TeNne(OHHOW CBSI3W HE3HAKOMa W HETNOHSATHA
OOJIBIIMHCTBY JIIOJIEH;

- OIIyIIAeTCsS HEAOCTATOK HAYYHOH WH(OpMAIMK Uil TOYHOH OIEHKU CTe-
TIEHU PUCKA JUTS 3I0POBbSI;

- CYIIECTBYET BEPOATHOCTh TOTO, YTO 3Ta TEXHOJOTHS MOXET IMOCIYKUTh
TIPUYMHON pa3BUTH OO0JIE3HH, BBI3BIBAIONIEH CTpax, HapuUMep, JCHKEMHH,
paxa.
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Puick moHOCTBIO HE UCKITIOYAETCs], M PEJIEIbHO TOMMYCTUMBIE YPOBHU BO3-
nericTBust OMIT 3aBUCAT OT TOTO, HACKOJIBKO HAaM M3BECTHBI MOPAKEHUS, HAHO-
CHMBIE OPTaHN3MY, KaKOBBI PHHATHIC TIPH 3TOM KPUTEPHH OLIEHKH OITACHOCTH,
KaKOB YCTAaHOBIICHHBIM 3amac MPOYHOCTH. B KadecTBe KpHTEpHEB OICHKH
OIACHOCTH MOTYT OBITh BEIOPAHBI PA3JINYHBIC (PH3HOIOTHICCKHE WIIH MEIUIINH-
CKHE TIOKa3aTeJIH. DTO MOXKET OBITh TPOIICHT JIETATbHBIX HCXOJIOB UM HeoOpa-
THMBIX OTPUIATEILHBIX MOCIEACTBHMA, KPATKOBPEMEHHOE CHUKEHHE TPYIO0CIIO-
COOHOCTH IO OIPEACICHHOTO YPOBHS, MOSIBICHUEC OOPAaTHMBIX TOCIEACTBUN U,
HaKOHEl, MEpBble BBIPAXXEHHBIE peakuuu Ha BozaeicTBue. C y4yeToM 3TOro
MpeAIaragoch BBOAUTH, HAWpHUMeEp, MOMyCTHMBble (MM OKCILUTyaTallMOHHBIE)
YPOBHH, HPENEIHHO JOMYCTAMBIC W TMPEACIHHO MEPEHOCUMBIE (JIJIs aBapHIHBIX
pexumoB) [74].

B oTedecTBEeHHBIX HOPMATHUBHBIX NOKyMEHTaxX HopmupoBanue OMII mpo-
M3BOJAMTCS OTIENBHO JUIS IMPOM3BOACTBEHHOIO TepcoHana u HaceneHus. Cpenan
MIPOU3BOJICTBEHHOTO II€PCOHANIA WHOTA BBIIEIAIOT KOHTHHICHT IpO(eccHo-
HaJbHO CBS3aHHBIN M HE CBSI3aHHBIN C IPOU3BOACTBOM paboT B OMII. IIpu sToM
YYUTBIBAETCS, YTO HACEICHNE MOXKET 00IydaThCs KPYTIIOCYTOYHO, a MIPOU3BO/I-
CTBEHHBIM TEPCOHAT MOXET Tomamath B OMII Tonbko B TedeHue paboueit
CMeHBI Ha Tpou3BOJCTBE — 8 yacoB. KpoMe Toro; quama3oH COCTOSHHIA opra-
HHU3Ma y HaCEeJICHHS 3HAUYUTENBHO mupe (0T peGeHKa 10 MOKUIOTO YeT0BEeKa, OT
30OPOBOTO YENIOBEKA JI0 TSKENO OONBHOTO0), YeM y MPOU3BOJCTBEHHOTO TEPCO-
HaJia, KOTOPBIH K TOMY e B YCJIOBHsX paboTsl ¢ OMII noasepraercs nepuoau-
YECKHM MEIUIIMHCKAM OOCIICIOBAHMSAM M YaCTO IIOJYYAET PA3UYHBIC BUJIBI
MaTepHagbHOM U colnanbHOM noMomu. B cBszu ¢ atum IIY mns npousBoact-
BEHHOTO TIepCOHaa B 2...3 pa3a BbIIlIe, YeM IS HaCCICHU.

[IpenensHO nomyctuMble ypoBHH OMII Ha MPOU3BOJACTBE HE AOJDKHBI Tpe-
BBIIIATHECSA HAa pabOYMX MecTaxX MPOM3BOJCTBEHHOTO TMEpCOHANa, a JUIsd Hacele-
HUS — Ha CENMUTEOHOH TEpPHUTOPHH, IMOJ KOTOPOH MOHMMAETCS TEePPUTOPHS
HAaCeJICHHBIX ITYHKTOB, OTBEJCHHAs MO JKWJIbIE KBapTalbl, OOIIECTBEHHBIC
3aHus, TApKH, OYIbBAPHI U T.I1.

BBoauMbie TakuM 00pa3oM MpeneNbHO JAOMYCTHMEIE YPOBHU Ha 3JICKTPO-
MarHUTHOC 3arpsi3HCHHE HOCST CAHUTAPHO-TUTMCHHYCCKHUHA XapakTep, a He
9KOJIOTHYECKUA. MHOTMe KOMIIOHEHTBI OKpY>Kalolleld Cpelbl OKa3bIBAIOTCS
Oosiee wyBCTBUTEIbHEIME K OMII, yem 4eloBek, M pe3KO ACTPAIUPYIOT WIIH
HCYe3al0T IPU UHTEHCUBHOM Bo3aekcTBuu. Hopmuposanue OMII it yenoBeka
7 CBEJCHUS 00 JJIEKTPOMATrHUTHOM 3arpsi3HEHWH — OTO Ba)KHAs, HO BCE-TaKH
OJHOCTOPOHHSSI MH(MOPMAIHS JUTsl OIIEHKH €T0 BOo3jaeicTBHs. boree coBepieH-
HBIA ¥ JKeNaTeNbHBIN TMOAX0 3aKIT0YacTcs B U3YYCHUH PEaKIuu JTI0OBIX Ono-
JIOTHYECKUX KOMITOHEHT 3KOCHCTEM Ha BO3ICHCTBHE JIOOOTO 3arps3HSIONIETO
(dakTopa m pa3paboTka Ha 3TOH OCHOBE INKAJIBI OIIEHOK BPEIHOCTH BO3JCHCT-
Busa. TakoW MOAXOM peanu3yercs B CHUCTeMaxX OWOMHIWKAINH, KOTOPBIE IO
ANIEKTPOMArHUTHOMY (haKTOPY B HACTOSAIICE BPEMs HE CO3IIaHBI.
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Jls HaceneHMsl TUTMEHWYECKHE TpeOOBaHUS K 0OBEKTaM, W3ITydarolluM
ANEKTPOMArHUTHYIO JHEPTUI0 B OKPYXAIOIIYI0 Cpeay B pPaanodacTOTHOM
Uara3oHe, onpeAessroTcs [ ocyiapCTBEHHBIME HOPMATHBHBIMH TOKYMEHTaMHU
[13,14].

[IpenensHo momyctumble ypoBHH OMII ycraHaBIMBaIoTCS B AHMAIla30HE
gactoT g0 300 MI'I M0 HaNpPsLKEHHOCTH 3JIEKTpHyeckoro mojis £ B B/m, mo
HAMPSHKEHHOCTH MarHuTHOTO Tonist H B A/m. MHorma B 3apyOeKHBIX CTaHIap-
TaX HOPMHUPYETCS HMHIYKIHMS MarHWTHOTO MOJsI, KOTOpas BbIpaxkaercs B T
(MTa, MxTxi) — IMTx cootBetcTtByeT 800 A/M.

B mnamazone uwacror Beime 300 MI' ipenennbHO JOMYCTHMBIE YPOBHH yC-
TaQHABJIMBAIOTCS MO IIOTHOCTH .MOTOoKa »Hepruu IIIID B Br/m? (MBT/CM2 u
MKBT/cM?).

[Ipu HOpMmpoBanum OMII IS POM3BOACTBEHHOTO MNEpCOHANA IPHUHST,
TaK Ha3bIBAEMBIH, JO3HBIA MOIXO, MPH KOTOPOM IO aHAJIIOTHH C PaJdOaKTHB-
HBIM M3Iy4YeHHEM HOPMHUPYETCS MpeAesipHas 103a JHEPrHH, MOoTJIoImaeMas
TEJIOM YeJIOBEKA B AIEKTPOMArHUTHOM IToJie.. TaKkoi MmoIxo MO3BONISIEeT YIUTHI-
BaTh BPEMEHHON (HaKTOp M OLEHHBATH OMACHOCTh CHUTYaIlld, IPU KOTOPOil
YeNlOBeK B TE€UCHHE pabodell CMEHBI JOJDKEH padoTaTh B 3JIEKTPOMArHUTHBIX
MOJISAX Pa3IMYHBIX YPOBHEW M YaCTOTHBIX AHara3oHoB. J{o3y obOxyuenus DMII
HA3BIBAIOT DHEPreTHUECKON OSKcmo3uieid — DD (MHOrga HSHEPreTHYEeCKOU
Harpy3skoii — OH).

B nmamazone wactor mo 300 MIT sHeprermueckas SKCHO3WIMS UL
snekTprueckoro moms g Hopmupyercst B (B/M)?[H, a a1st 11 MArHHTHOTO
momst Dy B (A/M)’H. B amamasone wactor Beimre 300 MI' sHepreTndeckast
HKCITIO3UIHUSI HOPMHUPYETCS 10 IUIOTHOCTH ITOTOKA SHEPruu Dpms — pasMmep-
HocTh Brld/m? (MxBrE/cm?).

[Tpu mpoBeneHNH NIEKTPOMarHUTHOIO MOHUTOPHHTA HE ClieyeT 3a0bIBaTh
0 CTPYKType IoJIsl, KOTopasi B 00IEM CiTydae MOXET OBITh BEChbMa CIIOKHOH 1
MIPECTABIATh COOOH O IMECTH KOMITOHEHT HANPSKEHHOCTH AJIEKTPHUYECKOTO H
MarHuTHOTO TmoNieil. B oTedecTBeHHOW ™  3apyOeKHOH  CaHUTapHO-
THTHCHUYIECCKOHN MPaKTHKE NMPHHATA SHEPreTHYecKass KOHIETNS ydeTa OTACIb-
HBIX COCTaBISIOMMX TOJs1. EcnM B JaHHOH TOYKE NPOCTPAHCTBAa CO3MASTCS
AEKTPOMArHUTHOE TMOJIe, OMHCHIBAEMOE HECKOJIHKUMH HECHH(Aa3HBIMU MpO-
CTPAaHCTBEHHBIMH KOMIIOHCHTaMH B JieKapToBoit E,, E, u E, (wm H,, Hy u H,)
i nunuHApudeckoii B, u E, (wmm Hy) cucteMax koopauHaT (3T0 XapaKTepHO
JUIsl TIoJiel BOJM3M aHTEHH B BHJIE OJMHOYHBIX BEPTHKAJIBbHBIX BHOPaTOpPOB,
pabotaronx B HY, CHU u BY nuamazonax), To cyMMapHas HampsyKEHHOCTb
nosst Es (wmn Hy) OT KaXaoro TaKOTO TEXHHYECKOTO CPENCTBA OMPEACISIETCS
CIIEAYIONIUM 00pa3oM:

Es = /EX2+E§+E22, E, =E*+EZ;
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Hy =HZ+H2+H?2, H; =H,. (2.1)

C xputepusiMu orieHKH omacHOoCcTH DMII TecHO CBsi3aH XapakTep BO3IEHCT-
BHS, MOJ KOTOPHIM MOHMMAIOT COBOKYITHOE 3arpsi3HEHUE OKPYXAlOIIel Cpebl
OMII u npyrumu pakropamu. Xapakrep Bo3neictBust IMII moxer ObiTh [15]:

1. U3onupoBaHHEIM — OT OgHOTO HcToYHHKa DMII. B 3TOM ciaydae orneHka
OIACHOCTH 3JCKTPOMATHUTHOH OOCTAHOBKH IMPOU3BOIUTCS HEMOCPEICTBEHHO
o TPeAeTbHO IomycTuMoMy ypoBHIO OMII, ompenensemomy Mo BUAY U pado-
Yel YacTOTe TEXHUIECKUX CPEICTB.

2. CoveraHHbIM — OT IBYX U Oosiee HCTOUHHKOB DMII, MMEIoIIX 0AnHAKO-
BYIO BEJIMYHHY MPEAETHHO TOILYCTUMOTO YPOBHS OJHOTO M TOTO XK€ HOPMHpYe-
MOTO ITapameTpa.

3. CMeImaHHbIM — OT ABYX M 00jiee HCTOYHMKOB DOMII, UMEIOImUX pas3ind-
HBIE BEIUYMHBI TPEAETHHO IOMYCTUMBIX YPOBHEH OMHOTO WM PAa3IHIHBIX
HOPMHPYEMBIX [TapaMETPOB.

4. KomOuHApOBaHHBIM — B citydae Bo3zaeiicTBust OMII u xakoro-nubo npy-
roro HeOJArOMPUATHOTO 3arpsA3HSIONEro (GakrTopa (MaTepuaabHOTO WM SHEp-
TETHYECKOTO).

CoueraHHOE, CMCIIAaHHOC W KOMOWHUpOBaHHOE Bo3zzciicTeue DMII npen-
MoJIaraeT BBEJCHUE KPUTEPHUEB U QITOPUTMOB, MO- KOTOPBIM MPOU3BOIAUTCS
OIIEHKA COCTOSHUS OKPYKAIOMICH CPEIBL.

BozpaeiicTBre MOKET OBITh MOCTOSIHHBIM M MPEPHIBUCTHIM. THIIMYHBIM CITy-
YaeM TPEPHIBUCTOIO BO3JCHCTBUSA SBISETCS OONydeHHE OT CKAaHUPYIOIINX
AHTEHH PaJUOJIOKAIIMOHHBIX CTAaHUWNA. BO3AEHCTBHIO MOXKET MOJABEpPraThCsi BCe
Teno venoseka (o0Iuee obiydeHne) WM YacTd Tela (JIOKaJbHOE OOJIyYeHHE),
HampuMep, B cirydae oomydenus DMII paguorenedona.

IMoaBoas utor, otMeTuM, uto HopmupoBanue OMII ocymecTsiseTcs B 3a-
BUCUMOCTH OT 4acToThl DMII (¢ yBenuveHHeM YacTOThl HMEETCS YeTKasl TEH-
JICHIIMS YMEHBIICHUS MPEACIBHO JTOMYCTUMOTO YPOBHS, T. €. HOPMBI CTAHOBSIT-
csl CTPOKE), OT Kareropuu oOIydaeMbix jojel (HacereHue, MPOU3BOICTBEH-
HBIU TIEPCOHAN, MOJB30BATENN), OT BHIA TEXHUUECKUX CPEACTB (TeIeBHUICHUE,
coToBas CBs3b, paguonokatopsl, JIOII, neun CBY, BuaeogucIuieiHbIe TEpPMU-
HaJIBl U T. I1.).

2.2.2. TurueHu4ecKkoe HOPMHPOBaHNE ITEKTPOMATHUTHBIX MOJIei

B tabn. 2.1 npuBeneHsl MPeaeNbHO JOMYCTUMBIC YPOBHHU AJICKTPOMArHUT-
HOTO TOJIS Ui Pa3IUYHbIX YACTOTHBIX AMAMa30HOB. DTU MpeneiabHO JOMyCTH-
MBIC YPOBHH OTHOCSTCS K PaIUOTCXHHYECCKAM OOBCKTaM, pabOTarolMM B
pEXHMME HEMPEPHIBHOIO M3Iy4YeHHs (KpoMe 0OBEKTOB PAJNO M TEICBU3HOHHOIO
Bemanuss B OBU-muamazoHe W TEXHHYECKHX CPEICTB COTOBOM TMOIBHXHOU
ces3n) [13].
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CrenyeT oOpaTHTh BHUMAHKE, YTO C YBEIUYEHHEM YaCTOTHI MPEACIBHO J10-
IIyCTHMBIE YPOBHH CTAHOBATCS CTPOXKE, H CaMBIH )KECTKMH HOPMATHB IPHHAT B
muanaszone 30...300MTI'n. HamomMHMM, 4YTO ATOT OMAma30H 4YacTOT SABIISIETCS
pe30HaHCHBIM s uenoBeka (cM. puc.l.4). IIpenensHo JOMYyCTHMBIH YPOBEHD,
paBubIii 10 MkBT/cm?, COOTBETCTBYET B IT0JI€ TUIOCKOM BOJIHBI HATPSHKEHHOCTH
nons 6,14B/m.

[pexse, YeM TPUBECTH MPEICTIbHO JOMYCTHUMBIE YPOBHH JJIEKTPOMATHUT-
HOTO TIONIA JIUIS TEXHHYECKHX CPEACTB TEJIEBUACHMs, HATOMHMM YaCTOTHBIN
IIJIaH TEJIEBU3MOHHOTO BELAHUS.

Memposuie kanauvt:

- | nnanason (1 u 2 kanamst) — 48,5...66MI 1;

- Il qmamazon (3...5kanansr) — 76...100MI 1;

- lll mranazown (6...12kananer) — 174...23MT 1.

Heyumemposvie kananot.

- IV mmamazon (21...34kanansr) —470...582MI';

-V nuanason (34...60xanane) — 582...79MI 1.

Tabmuma 2.1
IpeaeabHo A0NyCTHMbIE YPOBHH 3J1eKTPOMATHUTHBIX MOJIEi
(KpyrJI0Cy TOYHOE HENpepbIBHOE H3TyYeHHe)
ran S Buz pazwoson Mactor | awmsom | Y

5 JILIOMCTPOBBIC BOIHET 30...300T' 10...1xm 25B/m
(HHM3KHE YaCTOTHI)

6 TeKTOMETPOBBIE BOJIHbI 0.3..3Mla 1..0,Ixn 15B/m
(cpenHue yacToThI)

7 AICKAMETPOBBIC BOJHEL 3..30MI'n 100...10m 10B/ M
(BBICOKHE 9acTOTHI)

8 MCTPOBRIC BOJHEL 30...300MI 't 10...1m 3B/m
(0ueHB BBICOKHE 4ACTOTHI)

9 AICLIMETPOBBIC BOJHI 300...300MI'y | 1..0,1m | 10mxBr/em?
(y/BTpaBBICOKHE YaCTOTHI)

10 CAHTHMCTPOBLIC BOJIHEI 3...30ITn 10..1cm | 10mxBr/en?
(CBEpXBBICOKHE YaCTOTHI)

1 MILIMMETPOBBIC BOTHEL 30...300 T 10..1vm | 10mxBr/em?
(kpaiiHe BBICOKHE 4aCTOThI)

H}IY 10 HAIIPSPKECHHOCTH T10JI TPUBEICHEI B 3(1](1)CKTI/IBHOM 3HAQYCHHH, A IO INIOTHOCTH IIOTO-
Ka SHEpruu — B CPEAHEM 3HAYCHUU. I[I/IB.HaSOHLI, MIPUBEACHHBIC B Ta6J’II/IHC, WUCKITIOYAIOT HUKHUNA U
BKITFOYArOT BCpXHI/Iﬁ TIpeaei 4acTOThI.

B amamasonax 66...74MI'n u 100...108MI't ocymectsasercs OBU UM
paaroBelIaHue, TEXHHYECKHE CPEICTBA KOTOPBIX YacTO Pa3MEIIAloTCsl COBMe-
CTHO C TEXHUYECKHMH CPEJICTBAMHU TEJICBUICHHS.

[IpenensHO momycTUMBIE 3HAYeHWs HampspDkeHHOCTH OMII B muamazone
48,4...300 MI'i B 30HE pa3MEIICHUS PATUOTEICBU3HOHHBIX MEPeIaroNIiX

CTaHLUH 3aBUCSIT OT YACTOTHI U OTMPEACIAIOTCS Mo hopmyre [16]:
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Epgv = 2106 %%, (2.2)

rae Epyy — IpeAenbHo J0MYCTUMOE 3HAYEHUE HANPSHKEHHOCTH 3JI€KTPOMArHuT-
Horo mois B B/M; f —HOopMupyeMas yactoTa 3JIeKTpOMardauTHOro mojst B MI'm.

B Tabun. 2.2npuBefeHbl NpeIeNibHO JI0MYCTUMbIC 3HAUSHHUST HAIPSKEHHOCTH
TIOJIST TSI METPOBBIX TEJIEBU3NOHHBIX KaHAJIOB.

Hopmuposarne OMII, co3maBaemoro texauaeckumu cpeactsamu OBY UM
pPaJMOBEIIAHMS, OCYIICCTBISICTCS AHAJIOTMYHO 3JICKTPOMATHHUTHBIM IIOJISIM OT
TEJEBH3UOHHBIX TEXHUYCCKHX CPEICTB, T.C. MPEACIBHO JOMYCTHMEIC YPOBHHU
YaCTOTHO3aBUCHUMEIL. [IpelelIbHO NOIYCTHMBIC YPOBHHU IIOJICH, CO3TaBacMBIX
TeJIEBU3MOHHBIMU cTaHusMA-Y BU nuamazona (6o1ee 300 MI '), onpenensior-
csi mo Tabm. 2.1 [13].

Tabnuua 2.2
IpeneabHO AOMYCTUMBIE YPOBHH 3JIEKTPOMATHUTHBIX MOJIE HA YACTOTAX METPOBBIX
TeJeBU3NOHHBIX KAHAJIOB

TeneBU3HOHHBINM KaHA Cpennss yactota KaHana, Mrig Enpy, B/m
1 52,5 4,85
2 62,0 4,56
3 80,0 4,15
4 88,0 4,01
5 96,0 3,88
6 178,0 3,09
7 186,0 3,04
8 194,0 2,99
9 202,0 2,95

10 210,0 2,90
11 218,0 2,86
12 226,0 2,83

Takoii nopsnox HopMupoBanusa OMII paanoTeIeBU3MOHHBIX NEpPEAAIOLINX
craHimii paspabateiBajics B cepeauHe 80x romoB. He obGcyxnmas 3mech cam
IIPEAEIBEHO- IOy CTUMBIH YPOBEHB, KOTOpHIH, KcTatH, B 10...20pa3 Hmke peko-
MEHJOBaHHBIX CTaHAAPTAMH APYTUX CTPaH, OTMETUM, YTO BBEJCHUE YaCTOTHO-
3aBUCHMBIX TIPEAETBbHO JOIMYCTHMBIX YPOBHEH MJIsI TEXHHYECKHX CPEICTB
OJHOTO THIIA B 3HAYUTEIILHOI CTENEHM YCIOXKHSIET MHCTPYMEHTANBHBIM 3JICK-
TPOMarHUTHBI MOHHUTOPUHT OKpYykaromiedl cpenpl. IlpuHsitue permieHuss o
CTENICHH OMNACHOCTH 3JIEKTPOMAarHUTHOTO 3arpsi3HEHUsSI CBS3BIBACTCS, BO-
MEPBBIX, C TPUMEHEHHEM TONBKO CENEKTUBHBIX NPHOOPOB M, BO-BTOPBIX, C
MOCNIEAYIOMEH  CIIOKHOM ~ 00paboTKOl  pe3ysnbTaroB IO  CaHWUTApHO-
TMTHEHUYECKAM KPUTEPHUSIM.

B Tabun. 2.3npuBeneHs! NpeiebHO T0MyCTUMbIE 3HAUCHUS HAIPSHKEHHOCTH
TOJIsA, CO37aBaeMOil CCTeMaMu COTOBOIT cBsizn [14].
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Ta6nuua 2.3

Bpemennsbie jonyctumbie yposHu (B/IY) Bo3aeiicTBHs 3/IeKTPOMATHUTHBIX H3JIyYeHHId,
€03/1aBaeMbIX CHCTEMaMH COTOBOM CBSI3H

Ne i/t Kareropus o0myaeHust [IpenenbHO KOMYCTUMBIE YPOBHH
1. IpodeccuonansHoe T3,y = 200IT
BoO37CiCTBHE 200MkBr(d/cM? —TIJTY sHepreTHUecKoil HArpy3KH

3a pabouyIo CMEHY;
T3,y = 1000 MKBT1/cM? T 9TO0 MakcHMalbHO
JIOIyCTUMOE 3HAUCHHUE

2. Henpodeccruonansuoe
BO3JICHCTBUE:

- HaceJIeHUE OT 0Aa30BBIX T3y = 10 MrB1/cm?
CTaHIIN;
- 00JIyueHHUE MONb30BaTeNeH T35y = 100MxB1/cM?
paguoTenedoHOB.

OO6paTM BHMMaHWE, YTO 37I€Ch BBIICICH €Ile OJWH KOHTHHTEHT 00ydae-
MBIX JIIOACH — 3TO TOJB30BATEIIM COTOBBIX PAAHOTEIC(HOHOB, IS KOTOPHIX B
JIECSITh pa3 YBEIMYCH MPECIIEHO JOIMYCTUMBIH YPOBCHb B CPABHCHHUH C Hacele-
HHEM.

B 1abn. 2.4 mpuBeneHa MpeaesibHO JOMyCTUMAs SHEPTeTHYCCKas SKCIIO3H-
Ul KaK HOpMHpyeMasi BEJIHUYMHA 03Bl AIEKTPOMArHUTHOTO H3IYYCHUS IS
MPOU3BOACTBEHHOTO Mepconana [13].

Tabmnuua 2.4
Hpenem;no [lOl'lyCTl/IMble 3HAYECHU s aﬂepreTuqecxoﬁ IKCHO3ULIUHA
I[I/Ial'IaSOH qaCToT Hpe,[[eJ'IBHO JA0mmyCTuMast 3HepFeTI/I‘IeCKa$I DKCIIO3ULIUS
0,03...3MI 20 000 B/m)’@, 200 A/m)*E
3...30MI'* 7 000 B/m)%d
30...50MIt 800 B/m), 0,72 A/m)H
50...300MI'n * 800 B/m)
0,3...300I'T1 200 mxBrE/cm?

* — HOPMATHUB [0 MArHUTHON COCTaBILIIOIIEH He pa3paboTaH

3Hasg YHEPTreTHYECKYI0 HKCIO3HIINI0, MOKHO, BO-TIEPBBIX, ONPEACIIATh Ipe-
JETBHO JIOIyCTHMBIE YPOBHH HANpPSKEHHOCTH JJIEKTPUYECKOTO Epypy, MarHWT-
HOT0 Hjj;y I0JIe U INIOTHOCTH NOTOKA dHEPTuH J1113 7y 1715 3alaHHOTO BpeMe-
HU 00JIydeHUs 110 GOopMYyIIaM:

EE) [50 k)
Ey = TE cHopy = TH 113, =%. (2.3)

Bo-BTOpBIX, MOXKHO OINpEAENsATh BpeMsl HaXOKIEHUSl MPOU3BOJACTBEHHOTO
nepconana 7 B moJsie 3aJjaHHO unTeHcUuBHOCTU E, H wnu I1110:
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l'urueHnveckre HOPMATHUBBI C YaCTOTHO 3aBHCHUMBIMH IIPENEIBHO JIOITyC-
TUMBIMH YPOBHSIMH COCTABIIIONINX HANPSHKEHHOCTH TOJNS WM IUIOTHOCTH
ITOTOKAa MOITHOCTH, OTPAKAIOIIHE JOIYCTUMYIO CTETIEHb BO3ICUCTBUS HIIEKTPO-
MAarHUTHOTO TIOJISI, CYIIECTBEHHO OTIHYAIOTCS B pPAa3IMYHBIX CTpaHaX. B
Tabi. 2.5 B Ka4ecTBe CPaBHEHUS MPHUBEACHBI MPE/IEIBHO AOMYCTUMBIC YPOBHH,
JICHCTBYIOIIUE B PSIZIC CTPAH M YCTAaHOBJICHHBIC MEKIYHAPOIHBIMU PEKOMECH 1A~
IUSMH.

[Mpuzuaetcs [8], uto 3apy6exHbie cTaHmapThl (B OCHOBE OOJBIIMHCTBA Jie-
skat HopMatusel CIIIA) uMeroT gocTaTouHO YeTkoe 0O0ocHOBaHUe. [y yacToT
6osiee 10 MI'11 OHM TIOCTPOCHBI Ha KOHICIIUU YICIHHOTO MOTJIOIMICHUS MOIII-
Hoctn — YIIM. HamoMHMM, 9TO B Ka4ecTBE IMOPOTa BO3MOXHBIX OHOJIOTHYE-
ckux 3¢ dekToB paccmarpuBaercs Benmunnaa YIIM pasuas 0,4 Br/kr. B cran-
nmaprax CIIIA, INIRC/IRPA, CENELECu psga npyrux npussro, uto YIIM He
JIOJDKHA MpeBHIath 4 BT/kr (ycpeaHEHHas BEIMYMHA Ha BCE TEJIO) VIS [IPOM3-
BOJICTBEHHOTO TEpPCOHAa WA KOHTpomupyemsix yeiouit u 0,08 Br/kr mis
HAaceNeHUs WIH HEKOHTPOIMPYEMBIX YCIOBHIL. - DTHM peann3yeTcs eIIHbIA
MOIX0A K THTHCHHYCCKOMY HOpPMHpPOBaHHIO OMII mms mpou3BOICTBECHHOTO
MepCOHaNa W HaceJcHHs. Pa3nuyue B 3HAYCHUSAX MPEICIBHO JOIMYCTUMBIX
yPOBHEH cOCTaBIseT 5 pa3 N0 MOIHOCTU MM /5 10 HATIPSKEHHOCTH HOJIS.

3apy0OesxHbIe HAIMOHAJIBHBIC CTAHAAPTHI U MEKTYHAPOIHBIC PEKOMEHIAINN
JIOITYCKAIOT CyIIecTBEHHO Ooinee BbICOkMe ypoBHH OMII s Bcex Kateropuit
00JTy4aeMBIX JIFOJICH B CpaBHEHUH ¢ HOpMaTtuBamu Poccum. CuuTaercs, 4To 3To
00YCIIOBIICHO Pa3UYUEM B TOIXO0JaX K OICHKE BPEIHOCTU BO3ACHCTBYIOIICTO
OMII, a UMEHHO, OpUCHTAIMCH OTEYCCTBEHHOT'O HOPMHPOBAHUS HA MOPOTH
BPEIHOTO BO3ICHCTBUS, CBI3aHHBIC HE C TEIUIOBBIMHU 3(PPEKTaMH, a cO CIICIH-
¢mueckum nericteueM DOMII, xoTopoe HaOiomaeTcs Ha 3HAYMTENHLHO Oosee
HU3KUX YPOBHSIX.

CoBEpIICHHO OYEBHIHO, YTO BONPOCH HOPMHUPOBAHHUS HJICKTPOMATrHUTHBIX
moyieli TpeOyIoT JambHEHIINX CEepPhE3HBIX WCCISAOBaHUN O00beINHEHHBIMA
YCHIMSIMH CIEIHAIMCTOB pa3iM4YHBIX oOyacTeil. B Hacrosmee Bpems y Hac B
cTpaHe W 3a py0eXoM MPOBOIATCS Pa3HOCTOPOHHHE MEIMKO-OHOJIOTHYECKUE
HCCIICAOBAHUS C IIETBIO MOMYYCHNS HOBBIX M YTOYHCHHS MMEIOIIUXCSI TUTHEHH-
YecKux HOpMaTuBOB. [0 MHEHHIO 3KcriepToB BeemupHO# opranusaimu 31paBo-
oxpanenust (BO3) [8], chopMmynupoBaHHOMY HAa OCHOBAHHH JETATHHOTO aHAIH-
32 COBOKYITHOCTH HMEIOUINXCS MAaHHBIX O OHOJOTHYCCKOMY IEHCTBHIO H
kiuaInYeckuM d3ddexkram OMII, [IY pannoyacTOTHBIX BO3ACHCTBHIA JOJDKHBI
nexath B auamasoHe uaTeHcuBHocTeil 100...1000MkBT/cM® ¢ BO3MOXKHBIM
MOBBIIIICHUEM 11 HEKOTOPBIX YaCTOT M YCIOBHU BO3JICHCTBHS U CHU)KCHUCM
JUTS HAaCEITICHHS.

(2.4)

WWW-=HHer 1 u i



Tabnuua 2.5

HaunoHa/ibHbIe CTAHAAPTHI PAAA CTPAH H MEKIYHAPOHbIE PEKOMEHIAluU

HactotHbIid IpesenbHO AOMYCTHMBIH
CrpaHna, O6macth JHana3oH,
YPOBEHb
OpraHu3aIys pacmpocTpaHeHHs (f, MI'm)
DnekTpuyueckoe MarnuTtHoe
nosne E none H
1 2 3 4 5
0,003...0, 614B/m 163 A/m
0,1..3,0 614B/m 16,3/fAlm
oy S 3...30 1842/fB/m 16,3/fAlm
30...100 61,4B/m 16,3/fAlm
Yo 100...300 61,4B/m 0,163A/M
300...3000 /300 MBt/cm?
CIIA 3000...30000 10 MBt/cm®
ANSI C95.1-91 0,008...0, 614B/m 163 A/m
0,1..1,34 614B/m 16,3/fAlm
oy e 1,34...30 823,8/fB/m 16,3/fA/m
POIHPY 30...100 27,5B/m 158,3/+°% A/m
B Or 100...300 27,5B/m 0,0729A/m
300...15000 /1500 MBt/cM?
15000...3000C 10 MBt/cm®
0,01.... 600B/m 4,9 Alm
1...10 600/fB/m 4.9/f Alm
PaGoTatome 10...30 60B/m 4.9/f Alm
30...300 60B/M 0,163A/Mm
300...1500 /300 MBt/cm?
Kanaga 1500...30000 5 mBr/cM?
0,01.... 280B/m 1,8 A/m
1...10 280/fB/m 2,1/f Alm
Haceneime 10...30 28B/m 2,1/f Alm
30...300 28 B/m 0,07A/m
300...1500 /1500 MBt/cm?
1500...30000 1 mBr/cm?
0,01...0,0 1500B/m 350A/m
Tepmarms 0,03...2 1500B/m 7,5/f Alm
DIN VDE Pa6oraromue 2...30 3000/fB/m 7,5/f Alm
2
No 0848 1984 U HaceJleHue 30...3000 2,5 MBTICM2
3000...12000 0,0008MBT1/cM
12000...3000C 10 MBt/cm?
0,1...1 614B/m 1,6f Alm
1...10 614/fB/m 1,6/f Alm
Pabotarorme 10...400 61B/m 0,16 A/m
400...2000 /400 MBt/cm?
INIRC/IRPA 2000...30000 5 MBt/cm?
Hacenenne 0,1...1 87B/m 0,23f%% A/m
1..10 87/ °B/m 0,23/f% Alm
10...400 27,5B/m 0,073A/M
400...2000 /2000 mBt/cm?
2000...30000 1 mBr/cm?
48
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OxoHuyaHue Tabauip! 2.5

1 2 3 4 5
0,03..0, 1500B/m 2,158
0,1..0,4 1500B/m 4,89/f Alm

o o 0,4..10 614/fB/m 4,89/f Alm
poImpy 10...30 61,4B/m 4,89/f Alm
yemosHs 30...400 61,4B/m 0,16A/M

400...2000 /400 mBt/cm?
CENELEC 2000...30000 5 MBt/cm?
0,03..0,1 300B/m 16 Alm
0,14...0,92 300B/m 2,19/ Alm
o e 0,92...10 275/fB/m 2,19/f Alm
POIHPY 10...30 27,5B/m 2,19/f Alm
yenosua 30...400 27,5B/m 0,07A/M
400...2000 /2000 MBt/cm®
2000...30000 1 mMBt/em®
0,001...53E 64 Alm
0,535...12 18/ Alm
Pabotarorme 12...200 50B/m 0,13A/m
AHrnus u 200...400 0,25¢f B/m 0,00066fA/m
HaceJeHne 400...800 100B/m 0,26 A/m
800...1550 0,125¢f B/m 0,00033fA/M
1550...30000 10 mxBr/cm?

BecpMa akTyaipHBIMH CTAJIH BOIIPOCHI HOPMHPOBAHHS BO3ACHCTBHS DIICK-
TPOMArHUTHBIX MOJICH codeTaHHOro (OT IByX M 0ojee HCTOYHHKOB OIHOTO
Y4aCTOTHOTO IMAna3oHa), CMEIIAHHOTO (0T ABYX M 00Jiee MCTOYHHKOB Pa3iiid-
HBIX YaCTOTHBIX JHAMa30HOB) K KOMOMHHUPOBAHHOTO (B CIyYac OJHOBPEMEHHO-
ro AeicTBHS Kakoro-nubo mpyroro HeGmarompustHoro dakropa). Takue HOp-
MaTHBBI OXBAaThIBAIM OBl KOMIUICKCHI Pa3HOJHAMA30HHBIX TEXHHYECKUX
CpEICTB.

Jlnist HaceNeHusl He PELleH BOMPOC ydyeTa B MPEIeSbHO JAOMYCTUMBIX YPOB-
HsIX (aKTOpa BPEMEHHU TaK, KaK 3TO CIACTAaHO I MPOU3BOACTBEHHOTO IEPCOHA-
Ta.

Emre ogna obcy)xmaemas 3a1a4a — 3TO BBEACHHE B TUTHEHUYCCKUE HOpMa-
THBBl BEPOSTHOCTHBIX IapaMETPOB. JIEKTPOMArHUTHBIE IONS B PEalbHBIX
YCIIOBHUSX PACIpPOCTPAHCHHS, T.€. NPH PACIPOCTPAHCHHH B CTATHCTHYCCKH
HEOJHOPOIHOM cpene, MMEIOT BEePOSITHOCTHBIC XapaKTepPHCTUKH. ECTECTBEHHO,
9TO PACYCTHBIC MOJCTH H PE3yJbTaThl MHCTPYMEHTAIHHOTO KOHTPOJS TOXKE
MOTYT UMETh BEPOSITHOCTHBIC MAapaMETPHl, a, CICAOBATENbHO, U JIFOObIE peria-
MEHTAalUU (YCTAHOBJICHHE CAHUTAPHO-3AIIUTHBIX 30H W 30H OTPaHUYCHHUS
3aCTPOMKH) B 3TOM ciiydae OyOyT BBIMOJHATHCS C BEPOSITHOCTHIO, OMpeensie-
MO BEpOSITHOCTHBIMH MapaMeTpaMy MNpeesbHO JOMYCTHMBIX ypoBHeEH. Ilo-
JNOOHBII MOAXOA K HOPMHUPOBAHHIO YCIICIIHO pa3BHUBAETCsA B paboTax OTedyecT-
BEHHBIX yueHsIx [17,18].
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2.3. METOAOJOI'MYECKHUE NPUHIUIIBI PACYHETHOI'O
MPOTHO3UPOBAHUS DJIEKTPOMATHUTHBIX MTOJIEA
BBJIN3HU N3JIYYAIOIIUX TEXHUYECKHUX CPEACTB

OpmHoM W3 BOXKHEUIIHX TPOOJEM DIIEKTPOMATHUTHOW IKOJIOTHH SIBISIETCS
MIPOTHO3UPOBAHME DJEKTPOMATHUTHOW OOCTAHOBKM BOKPYT HM3ITyYaroIINX
00BbekTOB. OHO MOJDKHO IMPOBOIUTHCS HAa CTaAMAX IMPOSKTHPOBAHMUSA, CTPOU-
TENBCTBA WM PEKOHCTPYKIUU H3IYYAIOMIMX OOBEKTOB M IO3BOJISACT OICHHUTH
AJIEKTPOMATHUTHYIO OOCTAHOBKY C TOYKH 3PCHUS BBITIOJIHEHUS JEHCTBYIOIINX
HOPMATHBOB, HAMETUTh KOMILICKC MEPOTPHUSATHIA OPraHU3allMOHHOTO U TPaIo-
CTPOMTEIBHOTO XapakTepa. KpoMe TOoro, MPaBWIBHBIA TPOTHO3 OIICHUBACT
MIEPCIICKTUBBI Pa3BUTHS 00BEKTOB TEICKOMMYHUKAIMA U 000CHOBBIBACT PECypPC
SHEPIreTUYECKOTO MOTEHIINAala TEXHUIECKUX CPEICTB C TOUKH 3PEHHS HIIEKTPO-
MarHUTHOM 0€30MacHOCTH, MO3BOJISET TIPOU3BOAUTH ONTHMH3ALNIO pa3Melle-
HUS aHTEHHBIX YCTPOICTB.

ONeKTpOMarHuTHOE MPOTHOZUPOBAHUE YIS IeJIeH 3JeKTPOMAarHUTHON KO-
JIOTHH OTIPENeNIeTCs IIUPOKIM JHAa30HOM ITOAX00B M XapaKTEePUCTHK.

C TOYKH 3peHHs TMPUPOIBI MPOTHO3HpPyeMoro oobekTa (DMII) mporHo3s!
AJNIEKTPOMATHUTHON OOCTAHOBKH OTHOCSITCS K 6€POSMHOCMHbIM, B KOTOPBIX
(UKCUPYIOTCS OCHOBHBIC XapaKTCPUCTHKH BEPOSTHOCTHOU cHCTEMBI. OTMETHM,
YTO B HACTOSIIIEE BPeMs, HECMOTPS Ha TO, YTO MPUPOAA pacrpocTpaHeHus DMII
CBs3aHA C BEPOATHOCTHBIMH MMapaMeTpaMd, B MHPOBOW U OTECYECTBCHHOH T'H-
THEHUYECKOM MPAKTUKE MPUHATHI IETCPMUHUPOBAHHBIC ITOIXO/IHI.

ITo mpu3HaKy MacmITaOHOCTH INMEKTPOMATHUTHOE MPOTHO3UPOBAHIE MOXKET
OTHOCHTKCSI, C OTHON CTOPOHEI, K JIOKAIbHBIM W CYNepIOKANbHbIM, KOTIA Pedb
uaetr o mporHo3mpoBaHnu OMII BONM3M OTAETHHBIX AHTEHH M KOMILICKCOB
anTeHH. C Ipyroil CTOPOHBI, AIMEKTPOMArHUTHBIM IIPOTHO3 MOXET OBITH cyOeo-
banonbiv (Hampumep, kapta IMII OTAENBHOTO TOPOa) U 2100aIbHbIM, KOTIA
OIICHUBAETCA AIIEKTPOMArHUTHAS CTPYKTypa Onochepsl B IEI0M.

[To ymciry M3My4aromux CPeiCTB MPOTHO3HMPOBAHUE MOXKET OBITH M)Ibimiu-
njiemHblM W OXBaThIBaTh KOMIUICKCH PAa3HOJUAIA30HHBIX TEXHUYECKHAX
CPEIICTB, & TAKKE CUHSYIAPHbIM, OTHOCIIIAMCS K OJJHOMY OOBEKTY HIIHM H3JTyda-
TEJO.

ITo xapakTepy CBS3U ¢ APYTrUMH OOBEKTAMH WU 3arpsI3HAIOMUAMHA (aKTo-
pamM# 3JICKTPOMArHUTHOE MPOTHO3UPOBAHME SIBISICTCS B HACTOAIICE BpEMs
be3ycnosnvim. Kak HOPMUPYEMBIH 3arps3HSIOMMN  (HaKTOp OKPYXKAroIIeH
cpensl, nporHo3upoBanue DMII He CBI3BIBaETCS ¢ OPYTUMH 3arps3HCHUSIMHU.
Iloka He TUPOM3BOAUTCA TUTHEHHYECKAas OIIEHKAa KOMIUIEKCHOTO XapakTepa
BozneiicTBUs OMII u mpyrux 3arps3HeHui.

[To mpw3HaKy cHCTEMBI 3HAHHUH, JEKAIIUX B OCHOBE 3JIEKTPOMATHUTHOTO
MIPOTHO3UPOBAHMUS, BCE MPOTHO3BI OTHOCITCS K HAYYHbIM, UMEIOIIAM TEOPETH-
4eckoe 000CHOBaHUE U OMPEICIICHHBIC MATEMATHIECKHAE MOJICITH.
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ITo ¢dopme mpexncTaBiaeHUs] pe3yNbTaToOB JIEKTPOMAarHUTHOE MPOTHO3UPO-
BaHME OTHOCUTCS KaK K KOJIUYECBEHHbIM, TAK U K ONUCAMENbHBIM.

ITo mpu3HaKy Ha3HAYEHHS BJICKTPOMAarHUTHOE MPOTHO3MPOBAHHE PAcCUH-
TaHO Ha TPeOOBAaHWs MOTpeOUTENeH — OPraHOB CaHUTAPHO-TUTHEHUYECKOTO U
9KOJIOTUYECKOTO KOHTPOJIS, apXUTEKTYPHO-IUIAHUPOBOYHBIX OpraHM3alMid u
OpraHOB YIPABJICHUS HAPOAHBIM XO3IHCTBOM.

ITo cTenenn 0co3HAHHOCTH M 0OOCHOBaHHOCTH BCE MPOTHO3BI B 3TOII cepe
JIOJDKHBI TI0 BO3MOXXHOCTH OTHOCUTBCS K Jocuyeckum. OONacTb NMpUMEHEHHS
HHTYUTUBHBIX IPOTHO30B JOJDKHA OTPaHMYMBATHCA paMKaMM SKCHEPTHBIX
OLIEHOK II0 YaCTHBIM BOIIPOCaM.

[To cnoco0y mpoBepky TOCTOBEPHOCTH JIEKTPOMATHUTHBIE ITPOTHO3HI B OC-
HOBHOM OTHOCSATCS K KaTETOPUH 6epuduyupyemvix (MPOBEPSEMBIX ONBITHBIM
myTeM).

ITo mpu3HaKy 3aMHTEPECOBaHHBIX O0JIacTell HAayKW NPOTHO3BI B oOmacTu
9JIEKTPOMAarHUTHON 5KOJIOTHHA MOTYT OTHOCHUTBCS KaK K ecrmecmeeHHONAYYHbIM
U MeXHU4ecKUM, Tak U COYUanbHO-IKOHOMULECKUM 1 MEOUYUHCKUM.

ITo mpu3HaKy OTHOMICHMS K OOBEKTY NMPOTHO3MPOBAHUE SIBISCTCS AKMUG-
HblM, TIPEATIONATAIONINM BO3JCHCTBUE Ha M3Mydaromuii o0nekT. Kak mpaswuiio,
MIPOTHO3BI JIOJDKHBI OBITH KOHCMPYKMUGBHBIMU, Ti€. TAIOUMMU BO3MOKHOCTh
N3MEHEHHS OTJIENHBIX CTOPOH 00BEKTa 0e3 U3MEHEHHS ero (PyHKIMOHAIBHOTO
Ha3zHaueHUs. BMecTe ¢ TeM B OTHOLICHUM HEKOTOPBIX M3IIydalOIIUX TeXHHUe-
CKHX CpEJCTB, OKa3bIBAIOUIMX SBHO HEOIAarompusTHOE BIMSHHE Ha JIOJEH,
MIPOTHO3bI JIOJDKHBI OBITH OecmpyKmueHviMu, T.€. TPEANOIaraloluMu B Mep-
CHEKTUBE MEPEHOC WM JIaKe JIMKBUIALNIO 00BEKTA.

PacueTHOE NPOTHO3MPOBAHUE AOHKHO NPOM3BOIMUTHCA IO JOCTOBEPHBIM,
anpoOMPOBaHHBEIM, HAYYHO 0OOCHOBaHHBIM METOJUKAM, KOTOPBIE JOJKHEI OBITh
HEOTBEMIICMON YacThi0 caHuTapHbIX HOpM [13]. Pa3paboTka Takux METOIHK
UL TEXHUYIECKUX CPEICTB PAIMOCBA3M, PAANOBEINAHNSA W TEICBHICHUS CIOXK-
Hasi TpoOsieMa, IMOCKONbKY 3TH TEXHHYECKHE CpEICTBa paboTaloT B OYCHb
IIMPOKOM JHala30HEe dYacTOT, Pa3MEIIAIOTCAd B PA3NMYHBIX YCIOBHAX M HX
N3JTydarolie CHCTEMbI BECbMa pa3HOOOpa3HEI.

WznoxeHne CyTH METOAUK PACUETHOTO MPOTHO3UPOBAHUS H3TYyYaOLINX
TEXHUYECKUX CPEACTB pa3IMYHBIX [UANa30HOB paAMOYaCTOTHOTO CHEKTpa
COJIEPXKUTCSA B OCIEAYIONINX IT1aBax.

CJ0XXHOCTh CTPYKTYpBI panuoBoiH BOnm3n manydarened HY, CH m BY
JIaIla30HOB, @ TAaK)XK€ MHOTOYHCIEHHOCTh BIUSIOMUX (PAaKTOPOB ONPEICISIOT
TPYZHOCTH BCECTOPOHHETO PELICHHs MPOOJIEMBI 3IEKTPOMAarHUTHOTO MPOTHO-
3MpOBAHUS B 3THX [IHaNa3oHaX. YKa3aHHAs CIOXHOCTh OMPEAECNSAET LENeco00-
Pa3HOCTh MPUMEHEHHUS] B Ka4eCTBE OCHOBHOTO METO/A MCCICIOBaHMS MaTeMa-
THYecKoe MofenupoBanne. OIHAKO MaTeMaTHYeCKash MOJIENb, KaKOW OBl CIIOXK-
HON OHa HU OblIa, HE MOXET OTPakaTb BCeX (PU3NYECKUX SIBICHHUH, KOTOpPBIE
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MPOSIBJISIFOTCS. B PEajbHBIX YCIOBHsX. MoOJeNns MOJDKHA BOILIONATh B cebe
HanboJee CyIECTBEHHBIE IS pelIaeMol HaydHOH 3a7aqil CTOPOHBI SIBJICHUS.

CrnemyeT OTMETUTB, UYTO B MPAKTHUKE MPOSKTUPOBAHUS H3ITyUaAIOMNUX 00BEK-
TOB UMEIH MECTO TIONBITKH CO3/IaHMUs MaTEeMaTHYECKUX MOJIeNel Ha OCHOBAHUHU
psna DOMyIIeHUH, MPHOMMKEHUH M YIPOIIEHUH, BEPHBIX TOJIBKO U TaJbHEH
30HBI M3IyYCHHS, HE YUWUTHIBAIOMINX MOJIYIPOBOIIIINX CBOWCTB 3€MHOW IIO-
BEPXHOCTH W OPHEHTHPOBAHHBIX HA PyYHBIE METOMBI pacuera. [IpuOmmkeHHbIC
MAaTEeMATUYECKUE MOJCIH OBUIM TPUMEHHUMBI Uil YACTHBIX CITy4acB, JaBaiik
Pe3ybTaThl OUEHOYHOTO XapaKTepa U HEMPUMEHUMBI JJIs KOMIUIEKCOB aHTEHH.

[IpakTrka MIPOCKTHPOBAHUS AaHTCHHBIX YCTPOWCTB, MPHU KOTOPOH pa3paboT-
YUK OINCPHUPYET C MPUOTMKCHHBIMH MAaTEMaTHYCCKUMH MOJICISIMH OOBEKTa,
MIPUBOAUT K HEBO3MOXXHOCTH Ha 3Talle MPOCKTHPOBAHUS y4YECTh BCE MHOT000-
pasue CBOWCTB 00BEKTa U K OOJBIIOMY 00hEMY IKCTIEPUMEHTAIBHBIX HCCIIEIO0-
BaHUl. PemeHne Bompoca — OTKa3 OT <«TPyOBIX» MoJeNell W HCIIONb30BaHHE
NTOPUTMOB, OCHOBAaHHBIX Ha HEYIPOUICHHBIX KPAaeBhIX 3aa4ax JJIs YpaBHEHUI
MaxkcBema. Hapsny ¢ BBICOKMM YpOBHEM aJIeKBaTHOCTH TaKhe MaTeMaTHde-
CKH€ MOJICTH YHUBEPCANbHEI, T.€. IPUTOIHBI /U MHOTHX 00BeKTOB. B HacTos-
mee BpeMs HeYIpPOIIEHHBIE JIEKTPOJNHAMUYECKIE MOJETH COCTABILIIOT OCHO-
BY CHUCTEM aBTOMAaTH3MPOBAHHOTO MPOEKTUPOBAHUS AHTEHHBIX YCTPOWCTB H
CHCTEM TelleKoMMyHHKarmi [19].

[IpumeHeHne B KauecTBE METO/a UCCIEIOBAHUS MAaTeMaTHYECKOro MoJe-
JIUPOBAaHUS M OPHEHTALMsl PACUYETHBIX METONMK Ha IIUPOKOE MPUMEHEHHE
KOMIBIOTEPOB MPEIONPEACITIIIN HEOOXO0JMMOCT MOMYYCHHS YIOOHBIX IS 3TUX
Lenei pemeHnit COOTBETCTBYIOMINX 3a7au JIEKTPOINHAMUKH.

B mpakTrke caHUTapHO-TUTMEHMYECKON M 3KOJOTMYECKOM 3KCIIEPTU3bI U3-
nmydatonux 00bekToB OBY 11 YBY nuana3zoHoOB 4ale BCEro MPUXOIUTCS UMETh
JIEJI0 C PacyeToM DJICKTPOMArHUTHOH OOCTaHOBKH B JaJbHEH 30HE M3ITy4CHUS.
VckiroueHne cOCTaBiISIOT CIydad, KOTJa MPUXOIUTCS MPOTHO3UPOBATh 0OCTa-
HOBKY B HENOCPEICTBEHHOW ONM30CTH OT aHTCHH — Ha KPBIIIaX 3TaHUH U
MauTax, TJI€ YCTAaHOBJICHBI AHTCHHBI, M T[€ MPEONOJaraeTcs HaX0XKICHHE
00CITy’)KMBAIOIIETO MEPCOHANA.

Jlns manbHEH 30HBI BO3MOXEH PacyeT AJIEKTPOMArHUTHON OOCTaHOBKU TIO
MAcIOPTHBIM MapaMeTpaM aHTeHH. Takas BO3MOXHOCTH ompenensercs B [13].
AHanu3 OmbITa MPOBEIACHHS AIEKTPOMArHUTHOM AKCHEPTU3Bl MOKA3bIBAET, UTO
YacTO TEXHUYECKasi JOKYMEHTAIUs Ha M3JIyYalollue TeXHUYECKUE CPEICTBa HE
nMeeT HeoOXoauMoro Habopa MaHHBIX IO HANpaBIICHHBIM CBOMCTBaM aHTEHH
(nmarpaMMBI HAaIPaBICHHOCTH W KOS (UIIMEHT YCHICHUS), 8 TAKXKE TaHHBIX 110
aHTCHHO-(QUAEPHOMY TPAKTy. B Takumx cirydasx MPOTHO3WPOBAHHE CTAHOBUTCS
BeChMa 3aTPyJHHUTENBGHBIM U JaKe MPaKTHUECKH HEBO3MOXKHBIM. Takas cuTya-
U1 BOHUKACT MPH MPOBEICHUH AIEKTPOMArHUTHOTO IIPOTHO3UPOBAHUS BOIH-
3M TEXHUYECKHX CPENICTB, TIOCTABISAEMBIX 3apyOSKHBIMU (PUPMaMH, CIICIHAIIh-
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HBIX TEXHHUYECKHUX CPEICTB, TEXHHYCCKHX CPEICTB, 00OPYIOBaHHBIX HECTaH-
JAPTHBIMU aHTEHHAMH U T. JI.

CroxuocTh anannza OMII anepTypHbIX aHTEHH, KOTOPbIE UCTIOJIB3YIOTCS B
YBY u CBY nmamazoHax, CBsA3aHa ¢ HEOOXOJUMOCTBIO pacueTa moJiel B OJIxK-
Heii 30He, B TOM 4uciie AU(PAKIUOHHOTO TIOJIs 33 anepTypoil, mpyu MHOrooopa-
3MM  aMIDIMTYIHO-(a30BbIX pPAaCIpeesieHnil, OCOOEHHOCTSAX KOHCTPYKIMN
aHTEHH U HEOOXOIMMOCTH ydeTa U3Iy4eHHs 00Iydares.

Nznygaemomy OMII xapakTepHO HalM4yHe pasIMuHbIX 30H H3ny4deHus. O0-
JacTh BOMU3M uctounrka OMII Ha3weiBaeTcs OyvkHEH 30HOM. B OnmxHell 30He
MOJKHO BBIJICJIUTH JIBE MOMOOIACTH: 00JACTh PEAKTUBHOTO OJIMKHETO MO U
00JacTh M3IMyYaeMoro OmrmkHero moyst. O0JacTh MPOCTPAHCTBA, OKPYKAIOIIAs
aHTCHHY, B KOTOPOW MPEoOJalal0T PCaKTHBHBIC KOMIIOHCHTHI, M3BECTHA KakK
00J1acTh PEaKTHBHOTO OJMXHEro moisi. MHOTAa 3Ty 30HY HAa3bIBAIOT 30HOU
WHIYKIWH, TJIe T0Je C1a00 3aBUCHT OT PACCTOSsIHUS. B oblacTh u3inydaeMoro
OJIDKHETO TMOJISI MOJICIIh U3IYyUYCHUS! U3MEHSETCS C PACCTOSIHUEM OT aHTCHHBI.
brmxHue mosst OPICTPO M3MEHSIIOTCS C PACCTOSTHUEM M MAaTeMaTHYECKHE BbIpa-
JKEHHS TSI TIOJIST OOBIYHO COMEpIKaT COCTABIBIIONINE, TIPONOpIMOHanbHEe 1/,
2. 4" roer — pAcCCTOSHUE OT UCTOYHHMKA 0 TOYKH, B KOTOPOM OTpeess-
eTcs moiie. Ha GONBIINX pacCTOSHUSX OT MCTOYHHKA COCTABIISIONIUE, MPOIIOP-
uonanbreie 1% 15> i Goliee BHICOKHX MOPSIKOB, SBIASIOTCS MAJIBIMH BEIIHYH-
HAMU B CPaBHEHHH C COCTABIIIONICH, MPOMOPLIHOHATbHOW 1/f, u ToNs HOCST
Ha3BaHUC MOJICH MaNbHEH 30HBL. DTH MO MPEICTABISIOT CO00H cheprucckue
BOJIHBI, KOTOPBIC B OTPAaHHMYCHHOM 00JIACTH MPOCTPAHCTBA MOTYT OBITH AIIPOK-
CHUMUPOBAHBI INIOCKUMU BOJTHAMHU. VI3MepEeHUs U BEIYUCICHUS TOJIeH B TAIbHEH
30HE 00BIYHO 00JIee TMPOCTHI, YeM B OJIMKHEH.

Korma naubomnbmiuii pasmep L ucrounnka usnydeHust (aHTEHHBI) OOJBbINE
JUTHHBI BOJHBI A, TPaHUIly JajJbHEH 30HBI OOBITHO OMPEACISAIOT COOTHOIIEHUEM
2L%A. Jlms L< A 510 paccrosue paso A/277 Ha mpakTHKE paccTOSHHE OT
HCTOYHHMKA [0 TPAaHUIIBl JaNbHEW 30HBI BBHIOMPAIOT KAk OONBINYI0 U3 ABYX
semmuun 214 u AI271 Onnaxo rpaHUIla MEXKAY 00JaCTAMU OJIMIKHETO W Jajb-
HETO TOJISl HE Pe3Kasi, MOCKOJIbKY ONmKHUE ToJis (COCTABISIIONINE, MPOMOPIIHO-
HanpHble 1%, 1h° i Gonee BHICOKHX MOPSIKOB) YMEHBIIAKTCS TTOCTEIICHHO C
YBEJIHMUYCHUEM paccTostHus 0T ucrounuka (puc. 2.10).IIpuMeHnTensHO K mapa-
MeTpaM TMPOBOJIOYHBIX U BHUOPATOPHBIX AHTEHH WHOTAA IIOJIE3HO 3HATh, YTO
XapaKTEPUCTUKA HANPABIEHHOCTH C BBICOKOH CTEMEHBIO TOYHOCTH (€IMHHIIBI
npoLeHTOoB) GopMHEpYeTCs yke Ha paccTosHmsx L%/, Oxnako Ha 3THX paccTosi-
HUSIX K03 uIMeHT ycuieHns, Kak napaMeTp aHTeHH B JialibHEll 30He, elle He
c(hopMUPOBAJICS U OTIMYACTCS OT TAKOBOTO B AanbHel 30He Ha 20...30%.

PacueThl 31eKTpOMarHUTHBIX TOJIeH IS JTI0OBIX aHTEHH MOTYT MPOBOJUTh-
Csi MO METOJWKAM, OCHOBAHHBIM Ha JIBYX HPUHIUITAAIGHO OTIHYAIOIIAXCS
cnoco6ax. Bo-mepBbiX, pacdeTsl MOTYT ObITh IIOCTPOCHBI Ha HCIIOJIb30BAHHU
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MACTIOPTHBIX TTapaMeTPOB aHTCHH, KOTOPHIC OMPEACISAIOTCS U JalbHEl 30HBI
nm3nydenns. [Ipu s3Tom mepexon B OIIDKHIOIO 30HY OyZET JaBaTh HOTPEIIHOCTH,
KOTOpble B psifie clydyaeB MOXXHO 3apaHee MPOrHO3UpOBaTh M TPaKTOBATh,
HampuMep, Kak TUTHEeHHYecKuil 3amac. Bo-BTOPHIX, METOAWKHA MOTYT 0aznpo-
BaTbCA HA CTPOTUX PEUICHUSIX COOTBETCTBYIOMIMX 3JIEKTPOIMHAMUYECKUX 3a]1aY,
YTO MO3BOJISET B PAIE CIydaeB YUUTHIBATh IEIBIH pAl GaKTOPOB U, B KOHEYHOM
cYere, MOBBICHTh TOYHOCTH MPOTHO3UPOBAHUSI JICKTPOMArHUTHOW 0OCTaHOBKH.
EcTecTBEeHHO, YTO TakWe pPEIICHHS SBISAIOTCS OoJice OOLIMMH, M BKJIIOYAIOT

COOTHOIICHUSA JJIA z[am,Heﬁ 30HBI, KaK YaCTHBIC CITyYau.
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Puc. 2.10. CooTHOLIEHHE MEXKIY COCTABIISIOUIMMH OIS

B cBOOOIHOM TIPOCTPAHCTBE ICKTPOMATHUTHBIC BOJHBI OT TOYSYHOTO U30-
TPOITHOTO HCTOYHWKA H3IYYCHHS DPACHpPOCTPAHAIOTCS DPAaBHOMEPHO BO BCEX
HampaBJIeHUsX. B aTom ciaydae GpoHT BONHEI siBisieTcs chepudeckum. [pu
VBEJIIMYCHUU PACCTOSIHUAS NI0 TOYKU HAONIOJCHUS IOBEPXHOCTH BOJIHOBOTO
(hpoHTa yBEIMUNBASTCS MPOMOPIIMOHAIBHO KBAAPATy PACCTOSIHHS, ¥ TUIOTHOCTh
MIOTOKA SHEPTUU [] SIBIIsSIETCS OAHOPOIHON BEJIMUNHOM BO BCel HambHEH 30HE.

Ecnm paccmarpuBaeTcst mojie B TajbHEH 30HE W3ITydeHUs] aHTCHHBI, IMEIO-
miel ko3 uueHT HanpaBIeHHOTO AeicTBUSA D, TO IIIOTHOCTH MOTOKA SHEPTUH

B HallpaBJICHUU MAKCHUMAJIbHOT'O U3JIYUYCHUA JICTKO OMPECACIIACTCA COOTHOMICHU-
M.
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I1=PsDI47?, BriM?, (2.5)

rae Ps — n3nyueHHas aHTEHHOM MOIHOCTh, BT; I — paccTOsiHUE OT aHTEHHBI J10
TOYKH HAOJFOCHUS, M.

BennunHa ko3 duUIMEHTa HAIPABIEHHOTO IEWCTBHS aHTEHHBI (MM KOd3(-
¢unuenra ycunenus: G, koropslit ces3al ¢ D cootHomennem G = D7, rne /77 —
KIIT QHTEHHBI) OOBIYHO M3BECTHA IS JIFOOON aHTEHHBI U ABISIETCS MACTIOPTHBIM
napamerpoM. Ecim ke BenmmumHa D HewsBecTHa, TO Al psiia aHTEHH €ro
MOYKHO JIETKO OHNPE/IEINTh, WCIIOJIb3ysS M3BECTHBIE COOTHOLICHHWS TEOPHH aH-
TeHH. Tak, HampuMep, I amepTypHBIX aHTeHH ¢ 3¢ dekTnBHON mIomanso A,
K03()(PMIMEHT HAIIPABIIEHHOTO JAEHCTBUS MOKET OBITH OIpeiesicH 1o (hopMyJIe:

D=4md,/A*. (2.6)

D¢ dexTrBHAS MIOMAAb AHTEHHBI A OTJIMYACTCS OT (HU3UUESCKOH III0Imaan
packpbiBa aHTCHHBI A B MEHBINYIO CTOPOHY u coctaBisier: A5 = (0,5...0,9)4.
OueBuIHO, 4TO 3aMeHa A5 B Gopmyse 2.6 Ha A MPUBEAET K YBEIUYECHHIO MIOT-
HOCTH moToka sHeprum B 1,1...2,0pasza. B [2] cunTaioT nomyctumoil Takyio
3ameny 10 paccrosamii 0,34/ mms Gompumix autenn (L>A), 060CHOBBIBas 3TO
TEM, YTO TIOTPENIHOCTh pacueTa HampaBlicHA B CTOPOHY yBenwucHust I1, T.c. B
CTOpOHY THTrHeHHdIecKoro 3amnaca. Ha paccrosmmsax omke, vem 0,97, smaue-
HUSI TJIOTHOCTH TOTOKA JHEPTHMH, PACCYMTAHHBIE C MOMOIIBIO ITHX (hopmy,
CTaHOBSITCSI HEPEATBHO OOJBITMME U HE MOTYT OBITH UCITIOIE30BAHbI IS OTICHKH
U3JTyYEHHOTO OJIMXXHETO MOJISL.

Jlist mosrydeHust MPOCTPAHCTBEHHOTO PACTIPEeIeHHs IOTHOCTH MOTOKA
sHepruu B Gopmyiy 2.5He0OX0AUMO BBECTH COMHOKHUTENEM KBAJIPAT XapaKTe-
PHUCTHKH HAMPaBJICHHOCTH aHTEHHBI, KaK ()YHKIHIO YIIIOBBIX KOOPAUHAT.

K coxanennio, He CyIIECTBYET aHAJOTHYHOW (HOPMYIIBI JUT PEAKTHBHOTO
OmKHEro mouist st Manbix m3nydareneit (L<A). MakCHMyMbl ¥ MHHUMYMBI
SIICKTPUYECKOTO ¥ MAarHUTHOTO TIOJieH B OJFKHEH 30HE MOTYT HE COBIIaNaTh B
MPOCTPAHCTBE, KaK 3TO UMEET MECTO ISl TUIOCKUX BOJH (HajnbHEH 30HBI), MOJE
MOKET UMETh XapaKkTep HEOIHOPOIHOTO TIOJIS, TIPH 3TOM OOBIYHO HAOTIOAAIOTCS
CYIIECTBEHHbBIE OTKJIOHEHHUS! OT MMIIEJaHCa MJIOCKOM BOJIHBI, paBHOTO 377 OM.
B HEKOTOpBIX 00JACTAX MOTYT CYHIECTBOBATH MOYTH YUCTHIE IEKTPUUECKHE, a
B IPYTUX MMOYTH YHCTHIC MATHUTHBIE MMOJIS. BEIIBUTE OCOOEHHOCTH W3MEHCHHIA,
CTPYKTYPY M KOJMYECTBEHHBIE XapPAKTEPUCTUKU OJIMKHHUX MOJeH ymaercs
TOJIBKO B paMKaX CTPOTHX PEIICHHH COOTBETCTBYIOIINX DIICKTPOTHHAMUYECKHX
3ajad.

Uccnenosanus ONMMKHUX TOJIEH CTAHOBATCS OCOOEHHO BaXKHBIMHU, KOT/IA
OCYIIIECTRIICTCS] CAHUTAPHO-THTHEHNYECKAS DKCIIEPTH3a TEXHUIECKUX CPEICTB
TelneKoMMYHUKaIwii, padortaromux B HY, CU u BY auanazonax.
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Mertonukn pacdera 0OBIYHO pa3padaThIBAIOTCS MO TPyIIaM aHTEeHH, OTIH-
YaIOMMXCS MO0 MPUHIUIAM JEHCTBHS, AHAla30HaM YacTOT M yCIOBHSAM pa3Me-
IIEHUS.

[lepBas rpynma Bxmogaet anteHHs! HY, CY u BY nuamazoHoB, aHAN3 W3-
JyYCHHUsT KOTOPBIX TIPOBOIMTCS C VYYETOM PEaTbHBIX 3JICKTPOYUIHICCKIX
apaMeTpOB 36MHOH IMOBEPXHOCTH. AHTEHHBI 3TUX TUAIIa30HOB MPEACTABILIOT
c000¥i TIPOBOJIOYHBIC ¥ BUOPATOPHBIC KOHCTPYKIMH. METOUKHU pacueTa OJrK-
HUX DMII 0CHOBaHBI Ha CTPOTOM PEIICHUH 33/aYd U3IYUECHHS SJIEMEHTApHOTO
AIEKTPHYECKOT0 BHOPATOpa; PACHOIOKEHHOTO HaJl MOTYIPOBOASAIICH HOBEPX-
HOCTBIO pa3fielna, ¢ MOCIeAYIOUIMM HMCIOJIb30BaHUEM MPUHIUIA CYTIEPIO3ULUH.
OTH pemeHus] OPUEHTHPOBAHHBI Ha UYHCIEHHBIE METOJABI pacdeTra, JaroT BeCh
HabOop cocraBisFoux DMIT 1 npUMEHUMBI TSI pACIIPOCTPAHCHUSI Ha CIIOXKHBIC
M3ITY9afONIHe CUCTEMBI.

Bropas rpymnma anTeHH — 3T0 aHTeHHH! TeneBuaeHust, OBY UM Bemanus u
CHCTEM TOJBMIKHOW CBS3M. DTHU aHTEHHBI PACIIONIaraloTCsl BBICOKO HaJl 3eMJIeH,
CaHHWTApHBIC 30HBI MPAKTHYECKH BCET/a MONAMAl0T B JAJIBHIOK 30HY. [TosToMy
JUTSL 1IeJied DJIEKTPOMAarHUTHOM 3KOJIOTUHU BIOJIHE AocTaTouyeH anainu3 OMII no
JIBYXJIy9€BOH MOJIIENH C HCIOIB30BAHWEM SKCILTYaTAlMOHHBIX XapaKTEPHUCTHK
aHTEHH JIN0O OYCBHUIHBIX COOTHOIICHUI /I Pa3IUYHBIX TUIIOB aHTCHH.

TpeTbst rpynma — 3TO amnepTypHble aHTEHHBI, KOTOPHIE HCIOJIB3YIOTCS B
YBY u CBY mmanazonax. CnokHocTh aHamm3a OMII amepTypHBIX aHTEHH
CBsI3aHA C HEOOXOIUMOCTBIO pacyera MoJici B ONMKHEH 30HE, B TOM YHCIIC U 33
amepTypol, MpH MHOT000pa3sHH aMIUTUTYAHO-(Da30BBIX paclpeneieHnit, oco-
OCHHOCTSX KOHCTPYKIHUI aHTCHH U HEOOXOIMMOCTH y4eTa W3Iy4eHUs o0iyda-
TeJls.

2.4 METOJAblI MHCTPYMEHTAJIBHOI'O KOHTPOJISI
JEKTPOMATHUTHBIX MOJIEN

Hecmotps Ha Goxpmioit o0beM nH(poOpManuy, pacdeTHbIE METOIBI YacTO HE
MOTYT 3aMEHHTh HHCTPYMEHTAJIBHBIH KOHTPOJb, KOTOPBIA SIBISETCS EIIHCT-
BEHHBIM CPEJCTBOM, ITO3BOJIIIONINM B YCIOBUSIX CTaTHCTUIECKHA HEOTHOPOIHOM
cpeabl OLEHUTh OMOJIOTMYECKYI0 OMACHOCTh 3JICKTPOMAarHWTHBIX IOJIEH H3-3a
HEBO3MOXHOCTH y4eTa B MOJIEJISIX M3JIYy4EHHUsI BCETO MHOT'000pa3usl BIUSIOIINX
¢akTopoB. PaznmuaroT 1Ba OTIMYAIOMIMXCS CBOMMH IEJSIMH BHIa MHCTPYMEH-
TAJIBHOTO KOHTPOJIS — 3TO MHCTPYMEHTAIBHBIA KOHTPOJIb PACY€THOTO MPOTHO3a
U IPO(PUIAKTHYCCKUI CAHUTAPHBIA HHCTPYMEHTATBHBIN KOHTPOJTb.

HHCcTpyMeHTaNnbHBIN KOHTPOIb PACUETHOrO MPOTHO3a 3JIEKTPOMATHUTHOTO
IIOJIST IMEET CBOEH IIENBbI0 OICHUTH JOCTOBEPHOCTH PACUETHOTO MPOTHO3a, MPH
HEOOXOIUMOCTH €r0 CKOPPEKTHPOBATh, BBIBUTH W OOOCHOBAaTH HEYYTCHHBIC
(haKTOpHI B YCIOBUSX peajbHOTO pa3MeIeHUs] 00BEKTa.
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MeToauKn MHCTPYMEHTAIFHOTO KOHTPOJISI PacdeTHOTO MpOTHO3a pa3paba-
THIBAIOTCS B COOTBETCTBUU C METOJWMKAMH PACUYCTHOTO MPOTHO3HPOBAHUSA W
BKIIIOYAOT B cec0s HE TOJBKO IEPEUCHb U JKCIUTyaTaI[HOHHBIC TPEOOBAHUS
HM3MEPUTENBHON ammapaTypsl, HO ¥ YYUTHIBAIOT T€ OCOOCHHOCTH U MPEIIOCHII-
KM, KOTOpBIE 3aJI0KEHBI B OCHOBY pacdeTa. Oco00il CII0KHOCTBIO OTIMIAETCs
HHCTpyMeHTanbHbI KoHTpoib B HY, CH u BU auana3onax, MOCKOIbKY KOHCT-
PYKTHBHBIC OCOOCHHOCTH aHTCHH ITHX JHMANIA30HOB W YCJOBHUS PACIpOCTpaHe-
HUS OTIPENIENAIOT BECEMa CIIOXKHYIO CTPYKTYPY OISl BONMM3M m3mydarteneil. Taxk,
Hanpumep, B HY, CU u BY nmmama3oHax aHTEHHBI, W3Iy4alONINe B JAITBHION0
30HY IOJIC MPEUMYIIECTBEHHO FOPU30HTAIFHON MOJIAPU3ALNY, B ONMKHEH 30HE
AMEIOT TPU COCTaBIIAIONIME OJIEKTPUYECKOTO IOJII B JEKApTOBOM CHUCTEMeE
KOOPJMHAT — FOpU30HTalbHbIe Ey Ey 1 BepTuKanbHylo E,. AHTEHHBI, H3ITyYaro-
I¥e B JAJHHIOI0 30HY II0JIe IPEHMYIIECTBEHHO BEPTUKAIBHON IOIAPH3AINH, B
OJMMKHEH 30HE MMEIOT JBE COCTABISIONING: B IMIMHAPUUCCKON CHCTEME KOOp-
JIUHAT — BepTUKANbHYIO E, n mpomonphyio E, . [lpudeM dacto BOIM3M M3IMy-
YAIOIIUX CHCTEM YPOBHH HE OCHOBHBIX COCTABJISIOIINX IPEBBINIAIOT YPOBHHU
COCTAaBIAIONINX TIOJISL, M3IIy4aeMBIX B JAIBHIOI 30HY. DTH 3aKOHOMEPHOCTH
BBISIBIICHBI U MTOJTBEPKICHBl MHOTOYHCICHHBIMU, TCOPSTHICCKIMHU U JKCICPU-
MEHTAJbHBIMHA WCCIICAOBAaHUSAMHA M YYTCHBI B METOIMKAX WHCTPYMCHTAILHOTO
koutpous moneit B HY, CU u BU guanazonax [20]. Anamorndnsie uccienoBa-
HUS A7 TEXHUYECKUX CPEICTB TENEBHUACHHUS 3aJ0XKEHBI B OCHOBY YTBEpPXKICH-
HBIX U [IPUHSITHIX METOJUK HHCTPYMEHTALHOTO KOHTpOJIs [21].

[po¢unaktuaeckuit WHCTPYMEHTAJIBHBII KOHTPOJIb CaHHUTAPHO-
THTHCHUYICCKIMH CITy’)KOAMH HWMEET CBOEH IEeNbI0 MPOBEPKY YPOBHEH MONA B
TMOOBIX TOYKaX, B TOM YHCIIE B 30HAX, HE IOAMAIOIINXCS PACUYCTHOMY IPOTHO-
3upoBaHuio. CIIOKHYIO CaMOCTOSATEIBHYIO MPOOJIEMY COCTABISICT WHCTPYMCH-
TaNBHBIA KOHTPOJb JJCKTPOMATHUTHBIX TMOJCH BOJM3M TEPCH3ITYYAIOIINX
00BEMOB U B 3aMKHYTBIX 00BeMax, K KOTOPBIM CIEQyeT OTHOCHUTH M TIOMeIle-
HUSL.

HrHopupoBaHHE OYEBHUIHOTO CYIIECTBOBAHUSA IBYX BHUJIOB HHCTPYMCH-
TaJTBHOTO KOHTPOJIS MPHUBOJINT, KaK MPABUJIO, C OJHON CTOPOHBI, K HEAOOLICHKE
U OTPHUIIAHMIO PACUYETHBIX METOJOB 3JEKTPOMAarHWTHOTO MOHHWTOPHHTA, C
IPYTOl CTOPOHBI, K TUNEPOOIM3aINNA HWHCTPYMEHTAIBFHOTO KOHTPOJIS OKPY-
JKarIIel cpelibl, HENPAaBWILHOW TPAKTOBKE PE3YJNbTATOB WM3MEPEHUH H, Kak
CJIEJICTBHE, OIIMOOYHOMY 3aKJIFOUCHHIO O COCTOSIHUU OKPYKAIOIICH Cpeabl Mo
ANEKTPOMarHUTHOMY (hakTopy. B kKaduecTBe mpumepa MOXKHO MPHUBECTH IIPOLIECC
9JIEKTPOMAarHUTHOTO MOHHTOPHHTA 3a TeXHUYeckuMH cpernctBamu HY, CYU u
BY nuamna3oHOB, rie pe3yabTaThl H3MEPCHUN MOTYT B 3HAYUTEIBHOM CTEICHH
3aBUCETh OT COCTOSIHUSI 3¢MHOM MOBEPXHOCTH (Cyxasi, ChIpasi, MOKPHITask CHETOM
HT. I.).
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[ToxroToBka K MPOBEICHUIO MHCTPYMEHTAIBHOTO 3JEKTPOMAarHUTHOTO MO-
HUTOPHHTA TEXHUYECKUX CPEACTB TEICKOMMYHHUKAIUI B 005S3aTCIFHOM TOPSI-
Ke JOJDKHA BKIIFOYAaTh HECKOIBKO ATAIOB!

1. [ToaroroBka nHGOPMAITUK 00 UCTOTHHUKE M3ITYICHHS, B KOTOPYIO BXOJISAT:

*  CcOCTaB TEXHHYECKUX CPEACTB — TUIIHI IEPEIATINKOB U aHTCHH,
paboure Tuama3oHbl 9YacToT,

PSKUMBI pabOThl TEXHUUYECKHX CPEACTB (pacmucanue paboOThI, Ha-
TIPABIICHHS H3IIYUIEHNs, CMEHA YacTOT U T.1I.),

*  TeXHHYECKWE JaHHBIC MEePEAaTIMKOB (MOIIHOCTB, KIII, MOIYJISIIHOH-
HBIE XapaKTEPUCTUKH),

*  KOHCTPYKTHUBHBIE OCOOEHHOCTH M TEXHHYECKUE JTaHHBIC aHTECHH (Iua-
rpaMMBbl HATIPABICHHOCTH, KOO()OUIHEHTH YCUICHHS, KIT/, BH OJISPH3AIIIHN).

2. TloaroToBka MHGOPMAIMKA O MECTHOCTH, I/l TUIAHUPYETCS MPOBOAUTH
HU3MEPEHUs. DTO MPEAIoaracT 3HaHUE WM U3MEPECHUC PACCTOSHHUN JO HCTOY-
HUKOB W3JIyUYCHHUH, 3HaHUE penbeda MECTHOCTH U JOCTYIHOCTH TEPPHUTOPHUH,
nHGOPMALIMIO O [PYTMX HCTOYHMKAX W3IYUYCHUH, OIpenesieHHe OOBEKTOB,
KOTOpBIE MOTYT B 3HAUMTEIHHON CTETNICHM BIHUATH HAa PE3yNbTaThl M3MEPEHUIl.
Tak, HampuMep, MepeoTpaxkaroas IOBEPXHOCTh. MOKET YBEIUYUTh PE3yJIbTaT
M3MEPEHUs TMOJIs B JIBAa pasa, a IUIOTHOCTh MOTOKA 3HEPTUU — B UYCTHIpE pasa.
Hannupe yronkoBbIX OTpa)kaTelded WM H30THYTBIX IOBEPXHOCTEM MOMKET
TIPUBECTH K €II1e OOIBITNM ITOTPEITHOCTSIM.

3. M3yveHne HOPMATUBHOW CAHUTAPHO-TUTHEHUYCCKOH JOKYMEHTAIINH, OT-
HOCSIICHCS K JaHHOMY BHy TEXHUYECKUX CPEJCTB U TUATIA30HOB.

4. TTom6op 1 MOATOTOBKA HEOOXOAUMON N3MEPUTEIHHON ammapaTypsl.

5. Pe3ynbraThl pacyeTHOr0 MPOTHO3MPOBAHUS AIIEKTPOMArHUTHOM oOCTa-
HOBKHU. ABTOpBI CYHTAIOT, YTO MPHUCTYMATh K H3MEPCHHUAM CICIyeT TOIBKO
mociue mnpoBeneHus pacueToB OMII mis pexuMoB pabOTHl TEXHUYECKHUX
CPEICTB, 00ECTIEIMBAEMBIX BO BPEMS M3MEPEHHH.

[TpuGops! 11 U3MEPEHUS HNEKTPHUECKIX U MATHUTHBIX ITOJIEH COCTOST U3
TpeX OCHOBHBIX 4YacTel: 30HA (M3MepHUTeNIbHAs aHTEHHA), COCAMHHTEIHHBIMH
Kabelp U U3MEepUTEIbHBIN mpuOop. CIOKHOCTh KPUTEPUEB OIICHKU BIICKTPO-
MarHUTHON OOCTaHOBKHM M CTPYKTYPHI IOJICH ONPEeNesIioT CIenyIomue Tpedo-
BaHUS K W3MEPUTEIFHOW ammaparype Uil WHCTPYMEHTAJIHHOTO KOHTPOJIA
AJIEKTPOMATrHUTHEIX MOJICH BOJHM3M OCHOBHBIX U3JIYYAIOUINX CPEJCTB TEICKOM-
MYyHUKaLUH:

* MPUOOPHI TOJDKHBI OBITH YaCTOTHO N30MPATEIHHBIMU,
30H/ JIOJDKEH pearupoBaTh TOIBKO HA JIEKTPUUECKOE FITH MAarHUTHOE
TOJIC U HE pearupoBaTh Ha 00a OJJTHOBPEMEHHO;

*  30HJ HE JOJDKCH B 3HAYUTEIBHON CTCICHU HCKAXKATh CTPYKTYPY W3-
MepsIeMOTo TOJIS;

* X

*
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* Ka6eJ’IL, COGZ[I/IHHIOHII/Iﬁ 30HA C U3MCEPUTCIIbHBIM l'IpI/I60p0M, HC A0J1-

KEH MCKaXaTh CTPYKTYPY MOJISl U UIMETh aHTEHHOTO 3 dekTa;

*  YaCTOTHBIA JMANa30H 30HAA JOJDKEH COOTBETCTBOBATh HANAa30HY
YacTOT U3MEPSEMBIX MOJIEH;

*  ecllM M3MEPEHHs MPOBOJSITCSI B PEAKTUBHOM OJIMIKHEM TI0JIE, pa3Mephl
30HJA JOJDKHBI OBITh MEHBIIE YETBEPTH UIMHBI BOJHBI JUIS CaMOil BBICOKOMU
HMEIOIIENCS YaCTOTHI,

*  mpuboOp JMODKEH 00ECIeYHBATH U3MEPEHUE OJHOTO WM HECKOJIBKUX
CIIEYIOIIUX MMApPaMETPOB:

- cpeHel MIOTHOCTH HOTOKa SHepruu (MkBT/cM 2),

- CpeHEero 3HaYCHHS dICKTpruecKoro mois (B/m),

- CpeHEero 3HaYCHHS MarHUTHOTO mouis (A/M).

*  mpuOOp NOJDKEH MOKa3bIBATh KOPEHb CPEJHEKBAAPATHUECKOrO 3HAYE-
HUSI TApaMeTpa U3MepseMOTro MOJIs;

* Ui choydas M3MEHSOIMUXCS ‘mojieit (paanoioKaIMOHHbIe CTAHIINH,
usmepenne DMII B IBHKEHNH) JOJDKHO ObITh H3BECTHBIM BPEMS OBICTPOIEHCT-
BUSI TIPHOOPA; JKENaTeIbHO UMETh BpeMsi OBICTPOACHCTBUS OKOJIO 1 CeKyHIbI
WJIM MEHBIIE TaK, YTOOBI MOJIS OBLIHN JIETKO 0OHAPYKUBAEMbBIMHU;

*  30HJ JOJDKCH 00eCmeuMBaTh pPa3NelIbHOEC M3MEPEHUE TPEX OPTOTro-
HAJBHBIX MPOCTPAHCTBEHHBIX COCTABIIIOIINX MOJISI; 3TO MOKET OBITh BBITIOJIHE-
HO JIUOO C TOMOIIBIO MPUMEHEHHS H30TPOITHONW aHTEHHBI WM C MOMOIMIBIO
(hU3MYECKOTO BpallleHusl 30H/a B TPEX OPTOrOHANBHBIX [IOCKOCTSX;

*  mpubOp B LENOM J0JKEH 00J1a1aTh JOCTATOYHON TTOMEXO03aIlUICHHO-
CTBIO JTsl PAOOTHI B MEIIAIOIIUX TONSX OOJBIIMX YPOBHEH, paboTaTh HE TOJIBKO
B CTAI[MOHAPHBIX, HO U TIOJIEBBIX YCIIOBHSX.

B Hacrosiiiee BpeMsi HE CYLIECTBYET M3MEPHUTEIBHBIX MPHOOPOB, IMO3BO-
JSIFOLIMX TPOBOMTH HETOCPEICTBEHHOE U3MEPEHUE CPEeIHEH INIOTHOCTH MOTO-
Ka dHEepruM B OJNIM)KHEM I0Jie, ]a U HET HEOOXOJUMOCTH 3Ty BEIHYHUHY H3Me-
psiTh. IIMOTHOCTH MOTOKA YHEPrHU U3MEPSIOT TOJIBKO B JalibHEl 30HE THOO C
MIOMOIIBIO 30HIIOB JUIS JIEKTPHUYECKOTO M MATHUTHOTO TOJIEH, JINOO ¢ MOMOUIBIO
30H/I0B, MPEJICTABIIAIONINX COOOM anepTypHbIe AaHTCHHBI.

[T10THOCTH MOTOKA PHEPTHM SKBUBAIECHTHOMN MIOCKON BOJIHBI ABIIETCS Oe3
COMHEHUSI yIOOHBIM TapaMeTpOM, HO B PEAKTHMBHOM OJMKHEM MOJIe CHavaia
JIOJDKHBI U3MEPSIThCSI HAMPSKEHHOCTH JJIEKTpUYeckoro E W MarHutHoro H
noJjiei, a TMOTOM WX 3HAYCHUS CPABHUBAIOTCSA C COOTBETCTBYIOIIMMH HOPMAaMU
BO3JICHCTBUSL.

B peakTHBHOM OJMKHEM MOJie W3Nydareneidl, paboTalIinX Ha 4YacToTax
Menee 300MI 1, M3MepHTENbHAS AHTEHHA J0JDKHA UMETh SJICKTPUICCKH MaJIbIe
pasmepsl (He Gonee 0,251), Tak kKak B MOJE€ MMEIOTCS COCTABIISIONINE C 0OJIb-
LIMMH TPaJUCHTaMHU. YBEIMYCHUE Pa3MEPOB SIBISICTCS KPUTUUYECKUM, OOJIbIIHE
30HIBl OyIyT OCYIIECTBISITH MPOCTPAHCTBEHHOE YCPEIHEHHE H3MepsieMoin
BEJINYUHBI, U OOBIYHO PEKOMEHYETCS MCIOJIb30BaHUe H30TPOIHOTO 30HAa. [1o
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PEKOMEHIAIUSIM, IPUBEACHHBIM B [2], H3MepeHHs MEKTPUIECKUX U MATHUTHBIX
ToJIel TIPOM3BOMUTCS Ha paccTosHusAX He Ommke 20 cM OT MeTaUTHYECKUX
00BEKTOB. B Takmx ciydasx pes3yJbTaThl COTJIIACYIOTCS C M3MEPCHHSIMH KOH-
TaKTHBIX TOKOB. HEOTHOPOAHOCTH B BHIIC 3KCTPEMAIBHBIX 3HAUCHHUI B pacrpe-
JICTICHUN TOJICH, SIBIISIOIINECS] PE3yIbTaATOM HHTeP(PEPEHINH TPSIMON U OTpa-
JKEHHOW BOJIH, PACIIONAralOTCsA Ha PACCTOSHHUSX HE MEHBIIE TIOJIOBHUHBI JTHHBI
BOJIHBI.

PasMmenenue anmapatypbl i OTIEpaTopa MpU U3MEPEHHUSX TODKHO OCYIIECT-
BJISITHCSI C YIETOM MHUHUMH3AIIMK UX BIUSHUS Ha H3MepsieMoe noje. Omeparop,
BBITTOJHSIOIIANA U3MEPEHUsl, " TODKEH MO0 BO3MOXHOCTH PACIONaraThCsi Kak
MOXHO Jajibllie OT TECTHpYyeMoil oOmactu. J[is Bcex OOBEKTOB, KOTOPHIE B
MPOIIECCE U3MEPEHUI MOTYT OTPAXKATh WITH MOTJIONIATh YHEPTHUIO, JIOIDKHA OBITh
olpe/ielicHa WX ONTHMalbHas TO3mius. Heo6XoammMo coOmroaaTh mpeaocTo-
POKHOCTH TPU TECTHPOBAHWU MOIIHBIX) SJICKTPOMATHUTHBIX MOJIEH, KOTOPbIE
MOTYT OBITH TIPHIUHOMN PATHOYACTOTHBIX (HaKeIOB U yIapoB.

IMpu mpaBHIIEHOM BBIOOpE MPHUOOPOB U THIATCIHLHOM TPOBEICHUH H3MEpe-
HUI MOKET OBITh JOCTUTHYTa MPHEMIIEMast TOTPEITHOCTD PE3yIbTaTOB H3MEpe-
HUH. 3HAYHTENBHO CIIOXKHEE JOCTHYh 3TOH TOYHOCTH BOJIM3HM HCTOYHHUKOB TOJIS
(aHTeHH MM TIEPEU3TYUYAOIHX MOBEPXHOCTEH) — Ha PACCTOSHUAX OT UCTOYHHU-
ka mosst menee 0,2 M wiu A/2. D1 poGieMbl BO3HHKAIOT NpH aHajanze DMII
BOMU3HM paanoTeieOHHBIX TPYOOK. B TakoM ciydae HEOOXOAMMO OICHUBATH
yJeNbHBIC HOPMBI TOTJIONICHNS Ha (DAHTOMAaxX YeJOBeKa C HCIOJIb30BAHUEM
JIO3UMETPUIECKUX MOJXOJ0B, WM HEMOCPEACTBEHHO H3MEPSATh PaJHOYACTOT-
HBIH TOK, IPOTEKAOMIHI Yepe3 uenoBeka [2].

2.5. 3AIIIUTA OKPYIKAIOILE CPE/IbI
OT JIEKTPOMATHUTHBIX U3JYYEHUI

CyIecTByeT W HayYHO OOOCHOBAH IIENBIA KOMIUIEKC OPraHM3AIllMOHHBIX M
TEXHUYECKUX MEPOIPHUATHH 10 3alIUTE OKPYKAIOMIEH Cpelbl W YeloBeKa OT
BO3JEHCTBHS DIICKTPOMATHUTHBLIX Mojiedl. K HUM OTHOCSTCS, BO-TIEPBBIX, <d1ac-
CHBHBIE» METOIbI 3AIIUTEl — 3TO 3aIIUTA PACCTOSHUEM (OpraHu3als CaHuTap-
HBIX 30H), BpeMeHeM (OrpaHWYeHHe BPEMEHH NpPeOBbIBAHMA B DJIEKTPOMATHHT-
HBIX TI0JISX), DKpPAaHUPOBaHUe (IPUMEHEHUE MOIJIOMIAOIINX U YKPAHUPYHOIIUX
MaTrepuajoB), IPaJOCTPOUTENLHBIE MEPONpPUATHs (O3€IEHEHUE, CHELHaIbHas
[UIAHMPOBKA MPHIIETAIOIIMX K U3IYyYalolUM O00BEKTaM PaiflOHOB, MCIIOJB30Ba-
HHE ECTECTBEHHOIO U CO3/IaHUE 3aTEHSIOIIEr0 UCKYCCTBEHHOIO pelibeda MeCT-
HOCTH) U T. II.

Hacrosimas pabota mocesiiena mpooiemMe 3arpsa3sHeHns OKpYKarolen cpe-
II6I DJIEKTPOMATHUTHBEIMHU TOJIAMH TEXHHYECKUX CPEICTB TEJIEKOMMYHHKAIUH,
MO3TOMY TIPH OOCYKIECHHH CIOCOOOB 3alIMTHI OCHOBHOE BHUMAaHHME aBTOPHI
yIensoT 3amuTe HacegeHusa. C 3TOM TOUKM 3pEHUS SKPAHUPOBAHUE HE MOKET
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paccMaTpuBaThCsl B Ka4ecTBE OJHOTO W3 CHOCOOOB IMACCHUBHOW 3amiuThl. Ha-
IIOMHUM, YTO SKPaHHWPOBAHHE 3/[aHUH, MOMEUICHUI ¥ NPUMCHEHNE MHIUBUIY-
AIBHBIX CPEICTB 3aIIUTHl NMPHUBOIAT K CO3MAHHIO IS YEIOBEKa THUIOTE0dJICeK-
TPOMAarHUTHBIX YCIOBHH CO BCEMH BBITEKAIOIINMHU MOCiIeAcTBHAMU. [Ipobiaema-
TUYHBI U1 HACEIEHUS U METOJBI 3aIlUTHI, CBSI3aHHBIE C OTPAHUYCHUEM BpeMe-
HU mpeObIBaHus YenaoBeka B DMII. CyimecTByrommue B HacTosiee Bpems Iocy-
JTapCTBEHHbIC HOPMATHUBHBIE TOKYMEHTHI HE COAEpKAaT ISl HACEICHUS 1M0J00-
HBIX perjiaMeHTallHii, U TIPEeroaaraeTcsi, YTo HaceJIeHHe MOABEPTaeTCsl BO3/Aei-
ctButo IMII kpyrinocyrouno. Takum 00pa3oM, OCHOBHBIMU BHUIaMHU MACCHBHOM
3aIIUTHI IJIs1 HACEICHUSI SIBJSIIOTCS 3alllMTa PACCTOSIHUEM U TPaJOCTPOUTENbHBIE
MEPOTPUSITHS.

3a cYeT IIaHUPOBOYHBIX U PPAJOCTPOUTEIBHBIX MEPONPUATUN MOKHO CHU-
3uTh ypoBeHb OMII Kak Ha TEpPUTOPHUM KWIOH 30HBI, TAK U BHYTPH 3TaHUIL.
OnpeneneHHass OpHEHTANNS 3MaHMN ‘— TIYXUM TOPIOM K H3JIy4EHHUIO, yMEHb-
IICHHE ATAKHOCTH, YBEIWYCHHE Pa3pHIBOB MEXIy 3AAHUSIMH MOTYT CHHU3UTH
ypoBeHb noiist Ha 3...10ab. K cokanenuio, IiaHUpOBKa M 3aCTpoOiika cennuTeo-
HBIX TEPPHUTOPHH, MPHIIETAIONINX K H3IyYalOmUM OOBEKTaM, KaK IpPaBUIIO,
OCYIIECTBIISIETCS 6€3 y4ueTa MEpONpHATHH o 3amuTe HaceneHus or OMII. Do
MPUBOJUT B AAJIbHEHIIEM K OCJIOXKHEHHUSIM B OTHOIICHUSIX MEXY HaCEJICHUEM U
BIIANICNIBIIAMH U3TYYAIOMUX OOBEKTOB, YTO OOBIYHO KOHYACTCS HE B MOJIB3Y
MOCJICTHUX.

HemnmpumenuMs! AJ1s1 HaceleHNWs] MHAUBUyalbHbIe CPEeICTBA 3alUThI, KaK HE
TOJIBKO CO3JAI0IINE THIOre0dIeKTPOMArHuTHRIE YCIIOBUSI, HO M MPOCTO HE
ACTETUYHBIC U HE CCTCCTBCHHBIC aTPUOYTHI IS YCIIOBEKA.

CpencTBa MTHIUBUAYATHHON 3aIIUTHI IPAMEHSIOTCS] OOBIYHO ISl IIPOU3BO-
CTBEHHOTO TMEpCOHANa, KOTJAa JpyTHWe 3allUTHBIE MEpPBl HEBO3MOXKHBI HIIH
HEIOCTaTOYHO 3((EKTHBHBI. MPH MPOXOJE 4Yepe3 30HBI MOBHIIICHHONH HHTEH-
cuBHOcTH OMII, Ipu peMOHTHBIX M HAJNAJOYHBIX paboTax B aBapHHHBIX CHUTYya-
IUSAX, BO BpeMs KPaTKOBPEMEHHOTO KOHTpolsii W m3MmepeHuss OMII. Takwue
CpeacTBa HEYJOOHBI JJIST YeJIOBEKa, OTPAaHMYMBAIOT €r0 IMOJBHKHOCTD U BO3-
MOXXHOCTh  BBIMIOJIHEHUSI OIEpaluif, yXyImaloT TUTHEHUYECKHUE YCIIOBHSL.
CpencTBa WHAWBUIYAILHOW 3alIUTHl OCHOBAHBI HA MPUHIIKAIC YKPAHUPOBAHUS
YeJIoBeKa MOTJIOUIAIOIIMMHE U OTPAXKAIOIIKUMU MaTepUaJamMH.

JI1st 3a1uThl Tena NpuUMeHsieTcsl 01eXk1a U3 METaUIM3UPOBAaHHBIX TKaHEeH 1
PaaMONOrIOUIAIOIINX MaTepualloB. MeTalmu3upoBaHHas TKaHb COCTOUT U3
XJIOMYaTOOYMa)KHBIX WJIM KAalPOHOBBIX HUTEH OOBUTHIX WM COBMEIICHHBIX C
TOHKOW METaJUTMYECKOW MPOBOJIOKON. TKaHb CTAHOBUTCS TOJO0OHOW METaJTH-
YeCKOU SKpaHUPYIOLIEN CeTKe.

WnpuBrayanpHas 3ammTa He0OXoIuMa JUIs JIIOAEH ¢ HMIUTAHTHPOBAHHBIMU
(BXKHBIICHHBIMHU) KapIHOCTUMYJIATOPAMH — YCTPOMCTBAMH IJIsl PETYIHPOBAHHS
9acTOTHI CEPIACYHBIX COKpamieHHH. PaboTocrmocoOHOCTh KapAHOCTUMYIISITOPOB
MOXET OBITh HapymieHa BHemHWMH OMII. YToOBl 00e30macuTh mrojcH, B
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HEKOTOPBIX CTPAaHAX BBIMTYCKAOT YKPAHUPYIOIIUC PYOAIIKU U3 PagIuo3alUTHON
TKaHU.

[Io MHEHHMIO aBTOPOB, €CIM YTO M MOXET CIOCOOCTBOBAThH YIIYUIICHUIO
AJIEKTPOMATHUTHOM OOCTAaHOBKM CENUTEOHBIX TEPPUTOPHMA, TO 3TO TOIBKO
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Puc. 2.11. CkBO3HOE 3aTyxaHUE, BHOCUMOE JIECOM JICTOM M 3UMOit
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LeJICHAIPABICHHOE HCIIONIBb30BAHUE 3CNICHBIX HACAXACHHH M, B TEPBYIO OYe-
pelb, co3maHue JiecomapkoBbiX 30H. Ha puc. 2.11npuBeeHbl 3aBUCHMOCTU OT
YaCTOTHI CKBO3HOTO (IIOTOHHOTO) 3aTyXaHHMs Jieca JJIsk 3UMBI 1 jieTa [22].

Pa3BuTHE METOIOB aHAIM3a MOJCH BOJM3HM M3ITydaTee TI03BOJIUIIO COBEp-
[ICHCTBOBATh «AKTHBHBIC» METOABI 3alIUTHl, K KOTOPBIM CJIEAYET OTHECTH
YMEHBIICHHE H3Ty4aeMbIX MOIIHOCTEH, MIEPEHOC U PEKOHCTPYKIMIO H3IIydaro-
IIUX BJIEMEHTOB, M3MEHEHHE PEKUMOB PabOTHI TEXHHYECKUX CPEINCTB U T.K.
OueBHAHO, YTO BCE METOJABI AKTUBHOW 3alUTHl MPHUMEHUMBI IS HACCICHUS.
BaxHbIM HampaBleHHEM, CIIOCOOCTBYIOLIMM PELICHHIO 3alad <«AKTHBHON»
3aIUTHI, SBISIETCS KIacCH(HUKAIMA aHTCHH II0 CTENCHU KOJIOTHYECKOH orac-
HOCTH [23,24] 1 pa3paboTka H3IYYaOUIUX CHCTEM C YITy4YIICHHBIMU 3KOJIOTHYE-
CKHMH XapaKTepUcTUKamMu [25,26].
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IJIABA 3

INEKTPOMATHUTHBIE ITOJISI DJEMEHTAPHBIX
HU3JIYUYATEJEN

3.1. CTPYKTYPA DJIEKTPOMATHUTHOT O I1OJIsAA
IT'OPU30OHTAJIBHOI'O 9JIEMEHTAPHOI'O QJIEKTPUYECKOI'O
BUBPATOPA

[Ipu ananm3e OMMKHUX ANMEKTpOMarHUTHHIX moineii anrenH HY, CY u BY
JINAIla30HOB WX MOJKHO CYHTATH TOHKOIIPOBOJIOYHBIMH CTPYKTYPaMH, YTO IIO-
3BOJISIET KAXKABIM M3TydaroLIuil IPOBOJA MPEACTaBUTh COBOKYNHOCTBIO MHOMeE-
CTBa DJIEMCHTAPHBIX JJIEKTpHUCCKHX BUOpaTopoB (DDB). CooTBETCTBEHHO ypoO-
BEHb M CTPYKTYpa 3JIEKTPOMAarHUTHOTO, TOJISI B IPOU3BOJILHON TOYKE MPOCTPaH-
cTBa OyJeT ONMpeneNsiThesl Cyneprno3nieii moiel Bcex DOB. AHnTenHoe mnose
CUNTAETCS INIAAKOH MOBEPXHOCTHIO C KOHKPETHBIMU 3HAUCHHSAMH JAMAIICKTpHYE-
CKOW NMPOHMUIIAEMOCTH M YAEIbHOW MPOBOAMMOCTH MOYBHL. TakuM oOpazom, pe-
IICHUS 3a7a4 00 M3IIydeHHH FOPH30HTAIBHOTO U BepTHKanmbHOro DOB, pacmo-
JIO)KEHHBIX HaJ] peaJbHOW MOYBOH, SBIAIOTCS 0a30BBIMHU I pealn3alliy YHC-
JICHHBIX METOZOB aHaIN3a ONMKHHUX HJICKTPOMArHUTHBIX ITOJIEH BOJIM3M aHTCHH
HY, CY u BY nnamna3oHoB.

E'(HY) Ilycte ropusonTanmeHbli OBB

g OPHEHTHPOBAH BJIOJb OCH X JAeKap-

GH TOBOM CHCTEMBI KOOPAMHAT, a OCh
- Z nepreHIuKYJIsIpHa MOBEPXHOCTH
pasnena XOY —puc. 3.1.B obmem
cly4ae B IIPOM3BOJIBHOM TOYKE
mpocTpaHcTBa Takoir O3B Oymer

>y CO3/aBaTh TPU COCTABJIAIOLINX BEK-
TOpa HANpPsDKCHHOCTH DJICKTpHYe-

— = =TI
ckoro mona E, Ey ,E, mT1pum co-

CTaBJIAIOIIUX BEKTOPA HANPS)KECHHO-

X CTH MAarsmuTHOI'O I10JIA
I gr gr
HILHD L HT.

Puc. 3.1.CTpyKTypa 21eKTpOMarHUTHOTO MO 3amaua 00 usnydennn  DDB,

TOPU3OHTAJIBHOI'O 3JIEMEHTAPHOI'O

MEKTPHUECKOTO BHOPATOpa PacCIoJIOKEHHOTO HaJl CpeaAou € KO-

HEYHOW MPOBOJUMOCTBIO, OTHOCHUT-
€S K YUCJIy KJIACCHYECKHX BO MHOTHX NPHJIOKEHHSX IEKTPOAUHAMUKH, B TOM
YHCIIC U B TEOPHH PACIPOCTPAHEHHUs PaIUOBOIH [27]. Y4eT KOHEUHOil mpoBo-
JIMMOCTH 3€MJIM BO3MOXCH Pa3IMYHBIMH METOJAMHM, CPEOH KOTOPBIX IIMPOKO
MIPUMEHAETCS. METOA PEIICHHS 3a/1au C MCIOIb30BAHUEM I'PAHUYHBIX YCIOBHH
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TUIa TTOBEPXHOCTHOTO MMIlenaHca. [IpuMeHeHne TakuX TpaHUYHBIX YCIOBHH
MO3BOJIIET HE PACCMATPHBAThH JIEKTPOMArHUTHOE II0J€ B HIDKHEH cpexe (mpu
Z<0), a yuecTh €ro NpUOIMKCHHO MYTEM BBEICHHUS MOCTOSHHOH O, Ha3bl-
BaeMOU OBEPXHOCTHBIM UMIIEAAHCOM.

B citydae ogHOpoaHO# ouBkl ipu € 16040 | >>1 00bIYHO MONAraroT

fF_ &' 3.1)
JE+1+i6010
TI€ £ - OTHOCUTEJIbHAA ,HI/ISJ‘IeKTpI/I'IeCKaﬂ HpOHI/IHaeMOCTB IIOYBEI, O — yﬂeﬂb'
Hasd 3HeKTpI/IquKaﬂ HpOBOZ[I/IMOCT]) TTIOYBHI, /] — JJIMHA BOJIHBI.
I/IMHeﬂaHCHLIﬁ METOL Hpeﬂr[oﬂaraeT, 4qTO HpI/I Z = 0 BBIIOJHIECTCS HUMIIE-
JAHCHOC rpaHI/I'{Hoe yCHOBI/Ie:

-JE[%H]T, (3.2)

TJIc MHICKC T O3HaYaeT, uTo YCIoBHE (3.2) CBS3BIBACT TOJNBKO COCTABIISIONIHE

BEKTOPOB, KacaTeIbHBIE K IIOBEPXHOCTH pa3Jeia.

Pemenre 3a1aud O CTPYKType 3JEKTPOMAHUTHOIO TIOJIS MPOU3BOJIBHOM
CHCTEMBI CTOPOHHHMX TOKOB, PACIIOJIOKEHHOM Hal WMIEIaHCHON IOBEPXHO-
CTBIO, IpHUBEEHO B [28].

CocraBasiiommue HANPAKEHHOCTH 3JIEKTPUIECKOI0 IMOJIs

Juist DOB, opHeHTHPOBaHHOI'O TaK, KaK 3TO IOKa3aHoO Ha puc. 3.1, kom-

IIJICKCHBIC aMIITUTY/Ibl COCTABJIAIOIINUX BEKTOpPaA E umeror BU:

R 2 G
E{ = X’oﬁex € :
are, R,
- _ . kP €%
Vo g & R (3.3)
_ N kR,
EF Zo k e_

z Z
a7, R,
3ILCCL 3aBUCUMOCTb OT BPEMCHH UMECT BUJ e""‘ 1 UCTIOJIb30BAHBI CJICAYIO-

mue 0003HaYEeHHUS

27 —
k_— “:O/UO — BOJIHOBOC 4YHCJIO JId CB060L[H01"0 IMpOCTpaHCTBa

A

(CL =2nf - KpyroBas 4acToTa, 50,/.10 — AUDJICKTPUYCCKAdA U MarHuTHas 1o-

CTOSIHHBIE);
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P= i% — KOMIUTEKCHAsl aMIUIMTY/a AUToibHOro MomenTa (I — amminTyna
TOKa, BO30Y>KAaromiero Budparop, | — anuna pudpatopa);

R, —paccrosHue oT eHTpa BUOpaTopa 4O pacueTHOH TOUKY,

€,,€,,€, — CIIOKHBIE (DYHKIHH, 3aBUCSALIME OT TEOMETPUIECKUX MAPAMET-
POB 33/1a41 1 2JEKTPOPU3MIECKAX TaPaMETPOB TIOYUBHI:

€, =€ Cosp —e,sing ;

e, =€ sing +e,cosp ;

e, =e,Cco8p . (3.4)

B stux BI)Ipa)KeHI/IS[X:
= [1+c—A(1+ ¢’ +2ip')-252013) - 2QU (3) + 2QU [%Hcosqﬁ ;

_ , 1 1 o
e, —{1+g—A—Ag + 2l (Ej—zgu(gjunu(a)}smng,
e,=d-Ad' +2iaU(d); (3.5)
c=acos @-bsin°8-1; c' =a'cosd -b'sin*9' -1 ;
aste o L goged L bzii(lu_j;

KR KR KR, KR, KR\ KR

b’ :A(HLJ ;0= arccoEz;hj ©g'= arccoEih] ;
KR KR, R R,

g=ii 14— siné ; g'=ii 1+ sind’ ;
kr kR kr kR,

d =—(a+hb)sindcosd; d' =—(a’ +b')sind cosd';
0 =il 1+—— |cost'; =ie"‘(R2'Ri); Q=L2. (3.6)
kR, R, kr(1-0%)

I'eoMeTprUeCcKHE TapaMETPhl 3ajaud, BXoAAmue B Boipakenus (3.3-3.6),
HAMEIOT BHI:

R =yx2+y2+(z-h) ;R =\/x2+y2+(z+h)2 r=xCHy? L (3.7)

3HaueHue I(5) BBIpAYKAETCsl Yepe3 XOpOIIO HU3BECTHYIO B TEOPUU PaCIpO-

CTpPaHEHHUS PAIUOBOJIH (QYHKIHIO OCTa0IeHUS y(z,r):

y(zr)=1+2/5e™ Texzdx, (3.8)
Js
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) 2

e § =120 g=g| N ) (3.9)
2
R,

o1
B [29] noxkaszano, uro |(0) Oy(zr); U (5) D(I _Ejﬁ y(Z, r). (3.10)
Jlnst BeramCIeHUs GYHKIUH OCTAGIEHUS MOKHO BOCIIONB30BATHCSA CXOJIS-
IUMHUCS U ACHMIITOTHIECKIMHE PA3IIOKEHUSIMHU:

(=29)"
- s |§ <12 y(z,r) =1+iy 78,6 - 2,/S Z ey +1)” (3.11)
- ISt |S|212 pH Im\/§20 y=(zr)=1- \/72 (v =i ; (3.12)

29"

- ]S 2 12mpu |, /S <0y = (z1) =1+ 217 e™ \/72(2" D! (313

OrpaHvyeHre 4Yuciia WICHOB psiia MPOU3BOIUTCS UCXOAS W3 CIEAYIOIIUX
YCTIOBUM:

|<yl(en+2iyzr)|. (3.14)

\/%(Zn—l)!!

rae )y —BEIWYMHA NOIrpPeIIHOCTH, 06YCJ'IOBJ'I€HHaH OTpaHUYCHUCM DA (B Ipak-

- I CXOAAIIECTOC PA3JI0OKEHU L

- U1l aCUMIITOTHYECKUX Pa3JIOKECHAH < y| (28)n y(z, r)‘ , (3.15)

THYECKUX PACUETAX MOKHO MpuHATH ) =107).
3nauenus | (]/5) uU (]/5) MO>KHO IIOJIy4HTh UCIIOJIB3Ys T€ JKE€ CXOMAAIINECS
¥ aCUMIITOTHYECKHE PA3JIOKEHHs C 3aMeHOil BeauunHbl O Ha 1/J npw BhIumCIIE-

HuH 1 Sto popmyiam (3.9):
=ikR,/20%(r/R,f’ ; S=S[1+(z+h)d/R,] 2. (3.16)

CocraBasomune HANMPSKEHHOCTH MATHUTHOTI'O IOJIA

KoMruiekcHbIe aMIIUTY /Bl COCTABIIAIOIUX BekTopa H wumeror Bun:
—r __ kP / g, , e®
Hy = Xo—— _Ohx :

47E0 /'10 Rl

WWW=HHeti 1 u bl




Hy =y —h,—;
° g\ ty * R
—r o k2 P KR,
He =200 [fon, S, (3.17)
arE, \ Hy R
rae h,h ,h, —cnoxubie GyHkimu, 3aBucsuIEe OT TEOMETPUIECKUX MAPAMET-

POB 3a1aui H AIIEKTPO(PU3NIESCKUX TApaMETPOB MTOYBHI:
h, =h cosp —h,sing; h, =h sing +h,cosg ; h, =-h;sing . (3.18)

B OPUBCACHHBIX BBIPAKCHUAX HNCIIOJIB30BaHbL 0603Ha‘-ICHI/I${:
h = —[ip +iAp'-2Q'U (%j +2Q'U (9) +2A'I (%ﬂsin;ﬁ ;

h, =[=ip +iap' +2a01 (8) - 2Q'U(1/8)+ 2Q'U (6)]cosp ;

h, = -ikrg +iAkrg' 28U (/3) ; p=1 (1+ é} cosf ;

AN=0G;Q=0Q/5. (3.19)

Bce ocranbHbie BEJTWYHHBI, BXOISIINE B (DYHKITHH hx,hy,hz, OTIpeeIeHbI

IIPH aHAJM3€ CTPYKTYPHI HANPSHKEHHOCTH IEKTPHYECKOTO OIS,

3.2. CTPYKTYPA DJIEKTPOMATHHUTHOTI'O ITOJISA
BEPTHUKAJIBHOI'O 9JIEMEHTAPHOTI'O JIEKTPHYECKOTI'O
BUBPATOPA

ITycts BepTuKanbHEI OOB
OPHEHTHPOBaH BIOJIb OCH Z
JIEKapTOBOI CHCTEMBI KOOPIH-
HaT, a ocb Z TepHEeHANKYISp-
Ha  TIOBEPXHOCTH  paszjena
XOY —puc. 3.2.CoBmecTuM ¢
JIEKapTOBOM CHCTEMOM LIMJIMH-
JPUYECKYI0 CHUCTEMY KOOpIH-
Har I,@,2 . B obuewm ciydac

B TIPOM3BOJBHOM TOYKE IMJIHH-
JIPUYECKON CHUCTEMBI KOOPIH-
X HAT CTPYKTypy oy OyAyT oIl-
peleNATh ABE COCTABIISIOIINX

Puc. 3.2. Ctpykrypa snekrpomarautoro nonst ~ BCKTOPA HAMPAAKCHHOCTH 3JICK-
BEPTHKATLHOTO 3IEMEHTAPHOTO
3MEKTPHUECKOTrO BUOPATOpa

TPHYECKOTO OIS (ErB,Ef ) u
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OJIHA COCTABJIAIONIAS] BEKTOPa HANPSDKEHHOCTH MarHUTHOTO 1o H ;’ . B nexap-

TOBOW CHCTEME KOOPIMHAT CTPYKTYpa IOJII OYyACT OMPEACTATHCS COCTABIISIO-
. EB EB EB 3B B
IIUMH; EX,Ey,EZ ,HX,Hy.

CocraBasoiimne HANMPAKCHHOCTH JIEKTPUYECKOI0 MOJs

KommiekcHpIe aMIITUTYABI COCTaBIAIONINX BekTopa E B mummuHIpryeckoi
CHCTEME KOOPAUHAT UMEIOT BUJI:

ay & KR L 2 kR,
Ef=roﬂe4e ;Ef=z()kpe5e
a7E, R, 47E, R

B 5Tux BBIpaXXEHHUSX [TOKA HE ONPEACICHB QYHKINU €, U € !

e, =d+Ad' -2iU(J) ;

e, =1+ m+A(-1+m - 2i ')+ 2A0- 52)1(6). (3.21)
B (3.21)ucnonp30oBans! popMabHbIE TTapaMETPHI:
m=asin’d-bcogf-1; m =a'sin’8 -b'cos ' -1.

Bce ocranpHbIe BETUIHHBI, BXOIAINE B BRIpAXKCHUS QYHKIIUN €4 U €5, Ol-
pezeieHbl BhIIIE.

I[J'IH nepexoga K ACKAPTOBBIM COCTABJIAOMINM CJIICAYET BOCIHOJIL30BATHCA
O4YE€BUAHBIMU COOTHOLICHUSIMU.

EY =%,E’ cosp ; EY = ,E” sing. (3.22)

(3.20)

CocraBasioiime HANMPAKCHHOCTH MATHUTHOIO MOJIHA

KoMrekcHast aMImuTy1a a3uMyTaIbHON COCTABIISIIONIEeH BekTopa H nmeer
BU!

HZ = ,(H? cosp—H” sing). (3.23)
B 5TOM BLIpa)KeHI/II/IZ
_ 2 kR,
Hy = %< [f0p sing
are, \ Ko
- KR,
Hy =y~ [fop cosp (3.24)
47E0 /10 Rl

rxe h, =ikrg —iAkrg' +2iAU (9).

Bcee ApYrue BCJINYNHBI, BXOAANIUEC B OTU BbIPpAXKCHUSA, ONPCACIICHBI BBIIIIC.
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3.3. AHAJIH3 BBIITIOJIHEHUSI TPAHUYHBIX YCJIOBUM
HA MIEAJIBHO MPOBOJSAIIEU ITIOBEPXHOCTH

Ha uneansao HpOBOI[HH.lCﬁ ITOBEPXHOCTHU KAaCATCIBbHBIC COCTABIAIOIINEC BEK-

TOpa HAOPSP)KECHHOCTHU J3JICKTPHUUCCKOTO IMOJIA (Er) 1 HOPMAJIbHBIC COCTAaBJIAIO-

IMUEC BEKTOPA HANIPSX)KCHHOCTH MAarHUTHOTO I10JIA (H n) JOJIKHBI OBITH PaBHBIMU

HyI0. B cTpykType monst paccMOTpeHHbIX DOOB TakOBBIMM COCTaBISIOIIUMHU
SIBIISIFOTCSI:

E, =Ae, E; =Be, E’=Ce, H, =Dh,,
roe A B,C,D — dynxkimm, 3aBefoMO HE paBHEIC HYITIO.

Ilpu 0 =c0, z=0 psgBeITUYNH, BXOISIINX B PACYCTHBIC BBIPAIKCHUS IS
€,,€),€,, h,, obpamarorcs B HOmp mim eguHuny: 0 =S, =S=Q =0, A =1,
1(8)=1.

Orrocurensro dyrkimii | (Y3) u U(1/8) samernm cnenyromee. U3 dop-
myin (3.16)mpu g =, z=0 caexyer, 4To |S| :|SO| =co. [lo ¢pusmueckomy
CMBICITYy TIapaMeTp S SBISETCS <«HUCICHHBIM PACCTOSIHUEM» TPH ONpe/eIeHUN
¢byukin ocnabnenus. M3ssectHo [27] , uyrto mpu |S| — 00 BEJMYHMHA

|y(Z,r)| 0, Te.mpn o= uveem |(1/3)=U(1/5)=0. C yuerom m3mo-

JKEHHOT'O MOYKHO 3alucaTh:
e, =(c~c)cos g +(g-g)sin’4 ;
e, = (c—c')cos¢sin¢ —(g - g')cos¢sin¢ ;

€ = (d +d ) ;

h, =-ikr(g-g').

Ecimu ydecTh, 9TO i JE000H TOYKH IUTOCKOCTH Z =0, ChpaBeIHuBBI
paBenctBa R =R,, cosg=-cosfd’, TO HeTpyAHO IIOKa3aTh, YTO

c=c,g=g,d=-d".
CJ'IGIIOBaTeJ'ILHO, Ha uacajabHO HpOBOL[ﬂHleﬁ TMOBEPXHOCTHU pas/icjia HYJICBbIC
T'paHUYHBIC YCJIOBUA Er = Hn = OBLIHOJ'IHSHOTCH, YTO MOATBEPIKAACT KOPPCKT-

HOCTh MPHUBEICHHOTO PCIICHHS 3a1aud 00 M3JIyYCHHH TOPU30HTAIBHOTO U BEp-
THKaJIbHOTO DOB Hax peanbHOH MOYBOH.
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3.4. CTPYKTYPA DJIEKTPOMATHUTHOI'O IMOJIS
SJIEMEHTA I'FfOUT'EHCA

Pemenne 3amaun 06 m3mydeHun dieMeHTa [tolireHca sBIseTCS 0a30BBIM
Ipu pa3paboTKe YHUCIEHHBIX METOIOB aHAIN3a HIEKTPOMATHAUTHOW 0OCTaHOBKH
BOJIM3M amepTypPHBIX aHTEHH TEXHWYECKHUX CPEICTB, pabOTAaromMX B BEpPXHEH
yactu guanazona YBUY, a takke B CBY m KBY nmamaszonax. MakcuMaibsHast
JUTMHA BOJIHBI, COOTBETCTBYIOIIASl YIOMSHYTOMY Y4aCTKy YaCTOTHOTO CHEKTpa
HE TIPEBBIIIACT HECKOJIBKUX JNECATKOB CAHTUMETPOB, a B OOJBINIUHCTBE TCXHU-
YECKHX CPEICTB MCHOIB3YHOTCS IUTHHBEI BOJMH MeHee 10 cM. AHTCHHBI, Kak mpa-
BIJIO, OTHOCATCS K KJIACCY allepTypHBIX U SBISIOTCS OCTPOHAIpPABIEHHBIMH. X
BBICOTA MOJBECA HaJ MOJACTHIIAIONIEH MOBEPXHOCTHIO CYIIECTBEHHO MPEBHIIIAET
JUTMHY BOJHBEI. Bce 3TO IMO3BOJSET CUYUTATh, BO-TIEPBBIX, YTO IMOJCTHUIIAIOIIAS
MOBEPXHOCTH (3eMJIsI, KpBIIIA 37[aHHH M T.[1.) HE OKa3bIBAIOT 3aMETHOTO PEry-
JISIPHOTO BIIMSHUS HAa CTPYKTYPY MOJS B PACUCTHBIX TOYKAX BOJM3M aHTEHHHI,
BO-BTOPBIX, YTO PacdyeTHasl TOYKA BCETIa HAaXOOHWTCSA B JajbHEH 30HE OTHOCH-
TEJNBHO JIF000TO0 31eMeHTa [ Toiirenca, pacoIoKeHHOT0 Ha anepType aHTeHHBI.

ITycts snemenT T'toiiTeHca pacmoIokeH B 1eHTpe aekaptoBoit (XYZ) u co-

BMEIIEHHOH ¢ Hel ceprueckont (r,H, ¢) CHCTEMBI KQOpAHUHAT — puc. 3.3.

OnemeHT
MovireHca

Puc. 3.3. Ctpykrypa nouns snemenra [roiirenca
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B nanpHelt 30He B IMpPOU3BOJILHOM HAIIPaBICHUH, XapaKTepU3yeMOM KOOp-
muHataMd @ W @, KOMIUIEKCHBIC aMILTUTY/IbI BEKTOPA HATPSHKEHHOCTH DIICK-

TPHUYECKOTO TIOJIS PACCYMTHIBAIOTCS 110 hopmyiam [54]:

E, = -6, EOS(1+ cosd)singe™ = G,E,;
2rA
- | EOS —ikr
E, =@, ~ (1+ cos@)cosq)e =@.E,, (3.25)

rie:

E, — 3HaueHHe HaNpsHKEHHOCTU 3JIEKTPUYECKOTO IO, BO30YXKIAIOLIETO
syieMeHT I Toiirenca;

S —muomans 3emenTa [roiirerca.

BekTop HampspKEHHOCTH MAarHHTHOTLO TOJIS B JalbHEH 30HE B JTFOOOM Ha-
MIPABIICHUU OTPEICIITIOTCS BRIPAKCHUCM:

= 1 [=.
H=—-—|E |, 3.26
120 °] (3.26)
rae [, —KOOpAMHATHBIN OPT MEPEMEHHOH [ .

JlexapToBble COCTaBIIAIONINE KOMIUIEKCHOW aMIUIUTYyAbl BekTopa E B TOM
K€ PacyeTHOM TOUKE ONpEAENAOTCs yepes cocrapusomue E, nu E, coepu-

YECKOU CUCTEMBI KOOpJArHAT:.

E, =%(- E, sing + E, cosp cosd);

Ey Yo (E¢ cosp +E, sin¢cos€);

E, = 7,E,cod, (3.27)

rae @ = arctgz .
X
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IJIABA 4

N3IAYYAIOIIUE TEXHUYECKHUE CPEICTBA
HY 1 CY ITUAITA30HOB

4.1. OCOBEHHOCTH PACITPOCTPAHEHUS PAINOBOJIH
HY 1 CY TUAITA30OHOB

B cOOTBeTCTBHU C MEKITyHAPOJHBIM PErJIaMEHTOM PaJMOCBSI3H K JUAna3o-
Hy Hu3kux gactot (HY) otHocsrtcs gactorsr ot 30 mo 300 k['m, k auama3ony
cpenrux gactor (CY) - or 300 mo 3000kt FIM COOTBETCTBYIOT KMJIOMETPO-
Beii (10...1xm) u rexrometpoBbiii (1000...100m) nuama3oHsl pagdoBONH (CM.
Tadn. 1.1).B oTeuecTBEHHOM TEXHUYECKOM JUTEPATYPE PAIUOBOIHBI KHIOMET-
POBOTO JHara3oHa YacTo Ha3bIBAIOTCS [UTMHHBIMH BOJTHAMH, & PaJAUOBOIHBI TeK-
TOMETPOBOTO JUAIa30Ha - CPeIHUMH. PaaioBOJIHBI YKa3aHHBIX TUANA30HOB HC-
MOJIB3YIOTCSI, KaK MPaBHJIO, /IS OPraHU3aLUI PAJIHOBEIAHUS B MOJIOCAX YaCTOT
525....1605«I'y u 150...285kI'11. EcTh 06macTy CrieiuaabHOTO IPUMCHEHHS -
panuoHABUTAINS, PATHOCBSI3b.

Ha pacnpoctpanenne pamumoBons HY m CY 1uama3oHOB CYIIECTBEHHOE
BIIMSIHUE OKAa3bIBACT ITOBEPXHOCTH 3eMIIM M MOHOC(eEepa - HOHU3UpOBaHHAS 00-
JIaCTh aTMOC(epsl, PacIoI0KEeHHasT Ha BBICOTaX, mpepbimatonmx 50 kM. OTtpa-
KEHHE paJUOBOJH YKa3aHHBIX Y
JMana3oHoB B HMOHOchepe 00y- R A
CJIOBIICHO HaJM4YMeM B He#l Ho- g L .
HU3HPOBAHHBIX CJIOEB, KOTOPHIM . . R - .
npucBoeHbl Ha3Banus D u E. . .

PamuoBonnsl HY omnuatror-  * .
Csl TIOCTOSIHCTBOM YCJIOBHIA pac- . .
MPOCTPaHEHHS. IMocrosHcTBO .
BBIPAXKAETCA B TOM, YTO UX IPO- - :
XOXKICHHE HE COMpPOBOXKAAETCS - :
PE3KUMHU H3MCHEHHSMH Hamps- * .
JKEHHOCTH TOJIsI B MECTe MpueMa

WM BHE3ANHBIMM HAPYIICHUAMHE . R K
cBA3U. MOXKHO CKa3aTb, YTO pa- ‘.
muoBonmusl HYU nmamasoHa pac- ‘., ~[Vorochepa .

MIPOCTPAHSIIOTCS Kak ObI B CBOe-
00pa3HOM «c(epUIecKOM BOJI-
HOBOJIE», BHYTPEHHHE CTCHKU
KOTOpOro 00pa3yloTcst 3eMHOU

Puc. 4.1. Pactpoctpanenue paguosons HU
JMarna3oHa B «c()epuuecKoM» BOIHOBOJIE
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MOBEPXHOCTBIO M HIDKHEM rpaHuiei nonocgeps! (puc. 4.1). B nHeBHbIE 9ach
9Ta TpaHUIa HAXOJWUTCS B HIKHEH wactu cios D Ha Beicote 60-70xM, a B HOY-
HbIe achl (korma cioii D wmcuesaer) - B HmKHeH yacTu ciost E Ha BBICOTE TO-
psanka 90-100kM. DiekTpoMarHUTHOE MOJIE, CO3/laBaeMoe Mepeatoniel aHTeH-
HOW, MOXXHO TIPEACTaBUTh COBOKYIMHOCTBIO MHOTHX 3J€MEHTApHBIX JIydeH, KO-
TOPBIC MOCICIOBATEIEHO OTPAXKAIOTCS OT MOHOC(EPH U 3eMHOI IMOBEPXHOCTH,
B3aMMOJICHCTBYIOT MEXIy CO00H M 00pa3yroT HAIpaBIIEMYIO HJICKTPOMArHHT-
HYIO BOJIHY.

PagmoBomasr CU nHEM pacmpoCTpaHSIOTCS KaK IMOBEPXHOCTHBIC - 32 CUET
Iudpaknui Ha chepuIecKOR BEITYKIOCTH 3eMid. J[eJo B TOM, 94TO OTpa)KeHHE
paanoBoiH CY muamazoHa IpOUCXOAWT B oOmacTu ciosg E, mo3ToMy OHH JTBaXK-
161 (pu BXxoze B cioii E 1 mpu BBIXOJe M3 HETO) MPOXOT Yepe3 cioii D, rie
HCTIBITHIBAIOT OYeHb Ooibmioe moriomeHne. C HACTYIUIEHHEM TEeMHOTHI TTOTJI0-
meHre B cioe D cymmecTBEeHHO yMEHBIIACTCS M PAAHOBOIHBI MONYYar0T BO3-
MOYKHOCTh PACIIPOCTPAHATCS W KaK 3EMHBIC, W KaK MPOCTPAHCTBCHHBIE (pHC.
4.2). B 3TOM 3aKIIF0YaeTCs BaXKHEHIIass 0COOCHHOCTD PacIPOCTPAHECHHS PaIo-
BonH CY jgmamnazona. VHrepdepeHnusi MOBEpXHOCTHOW U IMIPOCTPAHCTBEHHOU
BOJIH IPUBOJUT K 3aMUPAaHUIO CHTHAJa B TOYKE NMpHEMa - sSBJICHUE (EIUHTA.
3eMHBIE PaJMOBOJHBI CTIOCOOHBI 00ECIICUNTh HaJbHOCTD CBS3HM HAa PACCTOSHUH
300...400km, a mpoctpancTBeHHBIE - 10 2000KM.

MHorue 0coOEeHHOCTH

et CnomE SN .”.P?CTP:‘O'LCJSGHH“ pacupocTpaHeHus  paguo-

. BOJIH YKa3aHHBIX JHama3o-

". Mosepxwocrian HOB, MMCIOIME HEMOCPEA-
- BOfHa CTBEHHOE OTHOIIIEHHE K Pa-
0oTe cHCTeM paauoBela-
HUSL U PAJMOCBS3H (CITydaii-
HBIE, CYTOYHBIC M CE30HHBIC
KOJICOaHUS HANPSHKEHHOCTH
. roiist, Biausaue ll-tetHero
Mepruojia COJIHEYHON aKTHB-

. ‘. . . HOCTH, MOHOC(HEpHBIX BO3-
. R i e N MyIIeHHi), B HAcTOSMIEH
T KHMTe He pPaccMaTpUBAIOT-
"+, Vowoobepa  .° cs. C TOYKM 3peHHsl dIIeK-
et TPOMarHUTHOM  3KOJIOTHHU

Hac OyaeTr WHTEpecoBaTh
MoJIE B HEIMOCPEJACTBEHHOM

Puc.4.2. Pacnpoctpanenue paguoonn CH 6mm3octy oT antenn HY u
JIMAIIa30HOB B BHJE 3¢MHOI U IPOCTPAHCTBEHHON BOIH CY 1uanasoHoB
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4.2. XAPAKTEPUCTUKA U OCHOBHBIE TIAPAMETPBI
N3JIYYAIOIIUX TEXHUYECKHUX CPEJICTB

4.2.1. PanuonepenaTunKu

K texanueckum cpencteam CU u HY auana3oHOB OTHOCAT PaJdOCUCTEMBI
nepeiauu, npejHa3HaYeHHbIe sl OPTaHU3alMi 3BYKOBOTO BellaHus (paguoBe-
IIaHM).

YpoBeHb MHTEHCHBHOCTH H3IIy4CHHs BONM3M TexHHUYecKux cpeactB CU u
HY nmamna3oHOB ompenessieTess 0OYeHbh MHOTHMHU (PaKTOpaMH, TIIaBHBIE U3 KOTO-
PBIX! MOLIHOCTh M YacTOTa H3JIyHEHHUs, TUN Tepealoniel aHTeHHBI, €e Mpo-
CTPaHCTBEHHAsI OPUEHTALNA U BHICOTA MOJBECAa OTHOCUTEIBHO 3€MHOM MOBEpPX-
HOCTH, 3JIEKTPO(DU3UIECKUC MAPAMETPHL IOYBEI.

[Ipexne, yeM nepenTu K U3I0KEHUIO METO/1a aHaIu3a OLICHKH JIEKTpoMar-
HUTHOH OOCTaHOBKM BOJM3M paguoTexHmdecknx o0bekroB CU m HY amanazo-
HOB, TIPUBEIEM HEKOTOPBIC OOIIUE CBEJCHUS 00 OCHOBHBIX TCXHHYCCKHX CPEII-
CTBaX CTaHIIUH.

Kaxnas paguonepenaroniasi CTaHIUsI OCHAILIAGTCS COOTBETCTBYIOIIMMU pa-
JUOTIepeaTINKAMY, aHTEHHAMH ¥ Pa3lIMYHBIM BCIIOMOTATEILHBIM 000pYyI0Ba-
HueM. PaguonepeaTavky U BCIIOMOTATEIEHOE 000PYIOBaHUE Pa3MEINAIOTCS B
OZIHOM WJIM HECKOJIbKMX TeXHHYECKHX 3HaHusX. [lepenatoniyie aHTEHHBI pa3Mme-
LIAIOTCS Ha CIIEUUANbHON TeppUTOPUH, Ha3bIBAEMON aHTEHHBIM MOJIeM. AHTEH-
HBI CBSI3aHBI C TEXHUYECKUM 3/1aHHEM COCIUHHUTELHBIMU JTMHUsIMU ((huepamu).

DneKTponuTaHue paauocTaHimii ocymectisiercs mo JIDIT (ocHOBHO#M u
PE3epBHO#N), s pE3ePBUPOBAHMS JIUHUN YACTO MPEIYyCMATPUBAETCS aBTOHOM-
Has 3JeKTpocTaHuus. JIuHUM dieKkTponepeadyd Ha paavOCTaHIIMK 3aKaHYUBa-
IOTCSL TPaHC(OPMATOPHON MOACTAHIMCH WM BBICOKOBOJBTHBIM paClpeIeIu-
TEJIHHBIM YCTPOUCTBOM.

OCHOBHBIM 000PYIOBAaHUEM PATUONCPEAAIONINX CTAHIUHA SIBISIOTCS PaJIHO-
nepenaTuuKy sl paAuOBELIaHus U JJIsl PaIUOCBSI3H.

Panuonepenarunku CH u HY nuana3zoHoB - 5TO CIOXKHBIE YCTPOUCTBA, CO-
JiepKanme Bo30yauTeNb, (GOPMUPYIONINA PaIUOYACTOTHBIA CUTHAIN, W YCHIIH-
TEJb MOIIHOCTH 3TOT0 curHana. OHU OCHAIIECHBI CUCTEMOM yIIpaBICHHUS, OIOKH-
POBKHM W CUTHAJIM3AIMH, CUCTEMOM OXJIAXICHHS PaJUONIAMII, KOJeOaTeIbHBIX
KOHTYPOB U JIPYT'HX TEIUIOBBIACIAIOMINX JIEMEHTOB, Pa3INYHBIMU YCTPOUCTBA-
MH 3aIl}ThI.

Tunel HanboJiee pacIpOCTPAHEHHBIX PAJAUONEPEIaTYNKOB auamna3onos CH
u HY npuBenens! B Tabn. 4.1.9tu nanHeie 3aumMcTBOBaHbI u3 [31,32].
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Ta6muma 4.1
PajgnoBemarenbHble neperaTynku qguanasonos CH u HU

Tun HomuHanpHast MOIIHOCTB, Jnanason uactor, kT
pazauonepenaTyuka kBt
IIpuboi-1 1000 526,5...1606,5
IIpu6oii-0,5 500 526,5...1606,5
TIpu6oit-1/1 1000 148,5...283,5
IIpu6oii-0,5]] 500 148,5...283,5
Ipunus-2M 2000 526,5...1606,5
Ipunus-1M 1000 526,5...1606,5
Tpunus-2/] 2000 148,5...283,5
Tpunus-1/] 1000 148,5...283,5
I1CY-150-1 150 526,5...1606,5
ITHY-150-1 150 148,5...283,5
IICUHA-1-1 1 526,5...1606,5
3oHa-CB 0,05; 0,2 522...1710
11C4-0,2 0,2 522...1611

4.2.2. Tlepenaroimne aHTeHHBI

IMepenaromue antennsl nuanazoHoB HY u CY cTposTcs Ha OCHOBE BEpPTH-
KaJIbHBIX MadT, OarreH i npoBojoB [33, 34] .D1o 00BACHAETCS CreU(UKON
pactpocTpaHeHHsT PaaUOBOIH - BIOJH 3EMIIM XOPOIIO PAaCIPOCTPAHSAIOTCS BOJ-
HBI BEPTHKAIBHOHN TOIApU3anui. AHTCHHBI, KaK TPaBUIIO, IPEICTABILIIOT CO00it
OYeHb TPOMO3JKHE KOHCTPYKIMH. [lo CTEemeHW KOHIEHTpAaIuW H3IIydacMoi
AIEKTPOMArHUTHOW SHEPTHH B TOPH3OHTAIBHON IUIOCKOCTH Pa3NYalOT HEHa-
MIpaBJICHHBIC W HANpaBJICHHBIC aHTCHHBI. K HeHalpaBIeHHBIM aHTEHHAM OTHO-
CATCSl aHTEHHBI-MaYThI, [ -00pa3Hbie U T-o0pa3Hbie aHTeHHBI. K HalpaBIeHHBIM
OTHOCSITCSI aHTCHHBIE CUCTEMBI. aHTEeHHA ¢ pediekropom, CB 2+2,CB 4+4,

AHTEHHBI-MAYTBI. Pa3mu4aloT HECKONBKO MOIU(HUKANUN aHTCHH-MAaYT:
AMHII — antenna-mauta HrxHero nutanus, AMBII — anTeHHa-MadTa BepxHe-
ro nutanusi, AMIIII — antenHa-mMayTa mrynroBoro nuranusi, APPT —antenHa ¢
PETYIUPYEMBIM PACTIPEACTHUEM TOKA.

OIMHOYHBIC aHTCHHBI-MAYTHI - 9TO BEPTHKAJIHHBIC HECUMMETPUYHBIC BHO-
paropsl ¢ Beicotoir 100...270M. Bce oHM oTnHMYaroTCst Ipyr OT JApyra cXeMou
CHUCTEMBI MTUTAHUS, KOTOPAasi MO3BOJISICT PEIIaTh PAa3IMYHbIC 33J]aUd. YIPOCTUTH
koHCTPYKIHI0 (AMBII), yny4mmrs coriiacoBaHHE aHTEHHBI C TEPEeIaTYnKOM
(AMILIIIT), moayuuTh HEOOXOIMMBIE HAMPABICHHBIC XAPAKTEPUCTHKUA B BEPTH-
KanpHOU miockocTu (APPT).

Ha puc. 4.3 nokazana AMHII. B xauecTBe m3my4arens ncronab3yercsi KOH-
CTPYKIMS caMoil Ma4Thl. Telo MayThl UMEET U30JIUPOBAHHOE OT 3€MJIM OCHOBA-
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HHe. B BepTHKaIbHOM IOJI0KEHUH MauTa TMOAICPKUBACTCS CUCTEMOI OTTSIKEK,
CEKIIMOHUPOBAHHBIX H30JATOPaMH. [IWTaHMe aHTEHHBI-MAYThl HWXKHETO MHTa-
HHUS OCYILECTBIISICTCS KOHIICH-
TpuueckuM ¢umepoM. BryT-
peHHMIA TIpoBOJ duaepa MOI-
COCIMHEH HETOCPEICTBEH-

HO K OCHOBaHMIO MadYThl, a
BHEIIHUM K CHUCTEME 3a3emJe-

mus  (80...120 paguanbHBIX
NPOBOOB, WMEIOUNX JUMHY,
NPUMEPHO  PaBHYIO  BBICOTE \
MauThl U YJIOKEHHBIX B 3EMJIIO

Ha TayouHy mpumepro 0,5 m).
YacTo Ha BEpXHEM TOpIle Mad- AHKep aaeMHeHme
TBI CTaBAT METAIIMICCKHIA JIUCK

— EMKOCTHYIO Harpysky, KOTO-
pasi TO3BOJSIET YIYYIIUTh He-
KOTOpBIE DJIEKTPHUYECKHE Xa-

W3onsTop

OnopHbIn
n3onsTop

BeToHHOE
OocHOBaHue

Puc. 4.3. KoHCTpyKIMS aHTEHHBI-MaYThI

PAKTEpUCTUKU  AHTCHHBI H S A T ——
YMEHBIIUTh  BBICOTY  MayThl.
Touykn
Beicora AMHII BbiOupaercst KoHTaKTa — }y{
00OBIYHO B npeaenax
05< H//] <07. MepembMKy
’ ! CobupatenbHoe
IIpumenenue OIOPHEBIX r°
HakrnoHH ble
HU30JIATOPOB  IIOBBIIIAET CTOU- npoB ona

MOCTb aHTEHHBI M CHIDKAeT Ha- 3asemneHHoe
JIeHOCTE e paboThl. [ToaToMy Ofw';zi:r ne
3HAUMTENbHBII HMHTEpeC mpen-
CTaBIIIIOT AHTCHHBI-MAUTHl C
3a3eMJICHHBIM OCHOBaHHEM.
CambpIiM pactpocTpaHeHHBIM
TUIIOM TAaKOH aHTCHHBI SIBIISCT-
cs IMana30HHAs aHTEHHA-MaduTa
ryHToBoro mutanus (AMILIT),
OfHA W3 peanu3aluuid KOTOpOH
nokazaHa Ha puc. 4.4. 3azem-
JICHHAs] MadTa OOBCHIMBAETCS CHCTEMOM MPOBOJHUKOB (HAKIOHHBIC MMPOBOIA,
mepeMbIuKa M coOUparenbHOe KONbIo). LIIyHTOM CIy)KHT 4acTh CTBOJA MayThl
OT OCHOBAHUS J0 MEPEMBIYKH, KOTOpPAsi COSAUHSACT CTBOJI C CHCTEMOH M3IIydalo-
KX MIPOBOAOB. Y OCHOBAHMS MayThl HI)KHHE HAKJIOHHBIE TIPOBOJIA H30JIUPYIOT-

Puc. 4.4. KOHCTpYyKIMS aHTEHHbI-Ma4Thl
LIYHTOBOTO MUTAHUS
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Cs OT OCHOBAHHUS MAuThl M COSAMHSIOTCS C COOMpPATENbHBIM KOJBIIOM, K KOTO-
pomy noaBonutcs nuTanue. Cucrema 3azemiieHust nox AMILII BeimonHsercs,
kak 'y AMHII. Beicora AMIIIIT BeiOupaeTcst 0OBIYHO B Mpeaenax
015< H/A<05.

AHTeHHBI-MauThl BepxHero muTanus (AMBII) tawke, kak u AMIIII, He
TpeOYIOT OIOPHOTrO M30JIITOpa. AHTEHHA INPEACTaBIIsieT cOOOW 3a3eMIICHHYIO
Ma4Ty ¢ EMKOCTHOH 4YacThi0 (30HTHKOM), W30JIMPOBAHHOI OT CTBOJIAa MAadyThl
(puc. 4.5). BHyTpu MadThl NPOJIOKEH HECUMMETPHYHBIN KOHUCHTPHICCKHH (u-
Jiep, BHYTPEHHHUI POBOJ KOTOPOT0 MOAKIOYEH K IPOBOJAM 30HTHKA, SKPaH - K
Tesry MauThl. C TOYKH 3peHUSI U3TyUeHHS TeHEpaTop Kak Obl BKIIIOYACTCS MEKITY
BEPIINHON MayThl ¥ 30HTHKOM. ¥ 3a3€MJIEHHOI'O OCHOBAHUS MadThl UMEET Me-
CTO IMy4HOCTH TOKa. [lo cpaBHeHuto c. AMHII »Ta aHTeHHa nMeeT OOMbIINH KO-

SQQUIMEHT yCWICHHS H
Mposog Ooyiee IMIMPOKYIO TIOJIOCY
eMGoSgR nponyckanus. Cuctema 3a-
3emiuenus nox AMBII BwI-
nonHsercs kak y AMHIIL.
[Mupokoe pacmpocTpa-
HeHHe Ul paJUOBEIIaHus B
nuamaszoHax CH u HY mo-
JyYUIM aHTEHHBI C peryiu-
pPYEeMBIM  pacIpeesieHIeM
toka (APPT). Oum o6na-
JAI0T B IIMPOKOM JHAaIa3o-
HE BOJH MOBBIIIEHHBIM KO-
: 3G UIMEHTOM yCHTIEHUS U
| IyymuMH  aHTHQEIHHIO-
BBIMM  CBOiicTBaMH 1O
cpaBHennro ¢ AMHIL
BaxHoi 0COOEHHOCTBIO
APPT sBnseTcs BO3MOX-
HOCTb YIPABICHUS AMAarpaMMOI HalpaBICHHOCTU B BEPTUKANBHOM IIOCKOCTH.
B cnydae HeoOXOIMMOCTH OJJHA aHTEHHA MOXKET HCIIOJIb30BAaTHCS Ha JFOOOH
BosiHe B CY u HY nuanazonax. MMetorcs koHcTpykiuu APPT, kak ¢ uzonupo-
BaHHBIM OCHOBAaHHMEM, TaK M C 3azemiieHHBIM. Ha puc. 4.6 nokazana APPT c
W30JIUPOBAHHBIM OCHOBaHHeM [34]. Teno MauThl U BHYTPEHHSS MOBEPXHOCTh
LIJIMHpA U3 MIPOBOIOB 00pa3yroT BEPTHKAIBHYIO THHUIO nuTanus (dunep), no
KOTOPOM MOABOAUTCS SHEPrUsl K CUCTEME M3IYYarOUINX HAKIOHHBIX IIPOBOJOB.
BHemHsAs 4yacTe HUIMHApPA U3 MPOBOJOB SIBJISETCS HIKHEH H3Jydarolneid ua-
cThio aHTeHHbI. Cuctema 3azemiienus noa APPT Beimonnsercs, kak y AMHIL.

Touku

nnTaHus 30HTa

1

Z1
) D G- - Gl - O

T

3a3eMneHHoe
OCHOB aHue

MayThl \

duge
" aep

|

Puc. 4.5.KoHCTpYKIHs aHTCHHBI-MAUThI
BEPXHETO MUTaHHs
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KoHcTpyKIus aHTeHHBI
MO3BOJISIET M3Iy4aTh DJICK-
TPOMAarHUTHYIO  DHEPTHIO
pPaBHOMEPHO B TOPH30H-
TAIBHOM IJIOCKOCTH W KOH-
LEHTPHPOBATh €€ MAaKCH-
MyM BIOJb ITOBEPXHOCTH
3eMI B  BEPTHKAIBHOM
IJIOCKOCTH.

I' u T-o0pa3Hbie an-
TeHHbI. JTH aHTCHHBI HC-

NMOJIL3YIOTCA B  KAUCCTBC 3

MEepIArOIINX UIS CPaBHH-
TEILHO HEOOIBIINX MOII-
HOCTEH TIepeIaTINKOB JIO
100 kBt B cucremax Be-
JIOMCTBEHHOU cBsizu  (peu-
¢utor, u np.). Hanpasnen-
HBIC CBOMCTBa - KaK y OIH-

HOYHOW  aHTEHHBI-MaYTEHl.
O6mmit  Bug T-oOpasHoii
aHTEHHBl ~ [IOKa3aH  Ha
puc. 4.7.

AHTeHHasi cHUCTeMa ¢
pediexkTopom - 3TO JBe
OJIMHAKOBEIE MaYThI
AMHII, AMBII, AMIIII
unn APPT (puc. 4.8).O1na
MauTa HOAKJIIOYaeTcs K pa-
UOTIEPEIATYNKY, Apyras -
COCIMHSIETCSI C PpEaKTUB-
HBIM COINPOTHBIICHHEM Ha-
CTPOUKH.

AHTEHHast CHCTeMa
CB 2+2 npezacraBiser co-
O0olf  YeThlpe  AHTCHHBI—

Ma4Thl PaCIOJOKEHHBIE B
yriax keagpara (puc. 4.9),
AMEIOIUE MOIIHOE BBICO-
KOYaCTOTHOE  3a3eMJICHHE.
JIBe aHTEHHBI-MAYTHI JIF000H

OnopHbIi
n3onatop

<1 =><

Cuctema
HaKMOHHbIX
npoBooB

< 1 =><>

Uununap
13 NpoBOJOB

ZITSTS2 S

IS

OnemeHThl
geTPONKN

Puc. 4.6.KoHCTpyKIHsl aHTEHHBI C PETYINPYEMbIM
pacrpenencHieM ToKa

e
<7

AT
y—

/

EmkocTHas
Harpyska

\

3asemneHne J

&

It Onopa /

P\

BepTukanbHoe
aHTeHHoe
MOMNoTHO

=><1

Mutanne

R

e i, i

. ™

N

i i - .

Puc. 4.7. Koncrpykuus T-o0pa3HOit aHTEHHEI

MaccuBHas
- MadTa AkTuBHas
(pedbnextop) M« vauta
K anemeHTam OT1 paawo-
HaCTPOMNKN nepepaTymnka
— % O
A A NS LT AL LTS T AL AT AT ETTTSS

Puc.4.8. KoHCTpyKUMs aHTCHHOW CHCTEMBI

¢ pedekTopom
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MaccvBHble
MauTbl AKTUB Hble

(pe hnekTo pbl) MayTbl
K anemeHTam E

HaCTPOWKMN
—

K anemeHTam
HacTPOMnKN

or pa,umonepenamma
——

Puc. 4.9.KoncTpykuust antenHo# cucrtemsl CB 2+2

OT papgvonepefaTuvka
——

CTOPOHBI KBaJpaTa MUTAIOTCS OT MePEAaTIUKa, a JIBE APYTHE BEITONHSIIOT (YHK-
UM MACCUBHBIX peduiekTopoB. HampapneHre MaKCHMAaIbHOTO U3IYYCHUS B TO-
PHU30HTAILHON IIOCKOCTH cKadkoM Mmensercss Ha 90° m 180 mepekmoucHreM
¢unepos. HampasieHHbIE CBOMCTBA B BEPTHKAILHOMN TIOCKOCTH OTIPEICIISIOTCS
HaTpaBICHHBIMI CBOWCTBAMH OIMHOYHON aHTEHHBI-MAYTHI, BXOAAIICH B aHTEH-
Hylo cucreMy. Hambomnee apekTHBHA aHTEHHAsI CUCTEMA, COCTOSIIAs U3 YETHI-
pex anteHH APPT. Takas aHTeHHas cHcTeMa MOXeT paboTaTh B [IHAra3oHE
185...300m (mpm aToM BhicOoTa MadT 257 M, paccTosHHE MEKIy HUMH - 70 M)
wi B auanasone 300...570u (mpu 5TOM BBICOTa MauT 257 M, paccTosHUE MEXK-
ny mautamu 80..90Mm). B auamazone 1000...2000M aHTeHHas CHCTEMa MOKET
OBITH WCIIOJIb30BaHA JJISI HEHANIPABJICHHOTO BeIIaHWs. B 3ToM cirygae Bce aH-
TEHHBI-MAYThl BKJIFOYAIOTCS ITapaUICIbHO U IMUTAIOTCA CHH(A3HO.

Antennas cucrema CB 4+4 npencrapnsier co0oii 1Ba psjga aHTCHH THUITA
AMUUIII no getsipe B psany (puc. 4.10)u uMerOT pa3BeTBICHHOE BBICOKOYACTOT-
Hoe 3asemuieHue. OOmas TUIONIanb, 3aHMMaeMas OJHON aHTCHHOM CHCTEMOM,
cocraBiseT mpuMepHo 25ra. YeThlpe aHTCHHBI-MAUTHI B OHOM PSIIY TMHTAIOTCS
OT paauoIepeaTIiKa, a YeThIPEe JPYTUX - BHIIOIHSIOT POJIb ITACCUBHOTO ped-
nexropa. Paccrosnue mexxay BuOparopamu B psigy 110M, a Mmexnay psaamu - 75
M. Pabounii nuama3oH BOJH aHTEHHOW CHCTEMBI C YKa3aHHBIMH pa3MepamMu
186...572v. KoHcTpyKIust aHTEHHON CHCTEMBI IIO3BOJISIET YIIPABIATH AHArpam-
MO¥ HampaBJICHHOCTH B TOPU30HTAIBHOM IIIOCKOCTH B mpeaenax +30°. Hampas-
JICHHBIE CBOMCTBA B BEPTHKAJIBHON IIOCKOCTH OTIPENEINSIOTCS HAINPaBICHHBIMU
CBOMCTBaMHU OJIMHOYHOM aHTEHHBI-MAYThl, BXOJSIIECH B aHTEHHYIO CHCTEMY.

B mmanmazonax CY n HY npuMeHsIToTcsl HECHMMETPHUYHBIC SKPaHUPOBAaHHBIC
¢umepsl, KOTOPHIE IO MPHUHIAITY CBOETO ACHCTBHSA HE CO3MAIOT 3HAYHTEIHHBIX
YpOBHEW HaNpsDKEHHOCTH TOJSI B OKPYIXKAIOIIEM INPOCTPAHCTBE M MOITOMY HE
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110 m MaccuBHble MayTbl

(pedbnekTop)

AN

110 m

12<1

/IEJ\ /Li]\ AKTVBHbIE MaYyTbl

Puc. 4.10. Konctpykuust anteHHo# cuctemsl CB 4+4

peaACTaBJIAOT 0c000ro HUHTEpECa C TOYKU 3PpCHUA DJICKTPOMArHuTHOI'O IPOrHO-
3UPOBAHUSA U3JTydarOMIUX 00BEKTOB.

4.3. METO/JbI AHAJIN3A BJIM)XHUX
JEKTPOMATHUTHBIX IMMOJER

AHTEHHBI-MAYThI. [IpH pelIeHny 3a/1a4 3IEKTPOMAarHUTHOTO POTHO3UPO-
Banus anteHHB! CYU m HY nnama3oHa MOXHO CYHMTaTh TOHKOIIPOBOJIOYHBIMH
CTPYKTYpaMH, YTO MO3BOJSIET KaXKAbIA HM3IyYarolinii BUOpaTop WM IPOBOI
MPECTaBUTh COBOKYITHOCTHIO MHOYKECTBA AJIEMEHTAPHBIX JJEKTPUUECKUX BHO-
patopoB (DOB). COOTBETCTBEHHO YPOBEHb W CTPYKTypa 3JIEKTPOMArHUTHOTO
OJIsl B TIPOU3BOJILHOM TOYKE MPOCTPAHCTBA OYET ONPENENATHCS CYIEePIIO3HUIIH-
eit momneit Bcex IB.

B pazznerne 3.1 npuBeneHbl aHATUTHYECKHE BBIPAKEHUS JJISI COCTABIISIOIINX
DOMII BeprukamsHOro 9B, OpHEeHTHPOBaHHOTO MapaieapHo ocu Z (puc. 3.2).
Cunras y =r,2, m00yi0 MATHHAPUIECKYIO COCTABISIONTYO0 1oJIst (3.20)MoKHO

3aMucaTh B BUJE Ef .

[Tons HECUMMETPHYHBIX BUOPATOPOB - aHTEHH-MAUT OINPEAEIISIOTCS WHTET-
PHPOBAHUEM COCTABIISIONIIX Ef 10 UX JJIFHE C Y9ETOM PacIpeIeICHU TOKOB.

Jnst antenH tana AMHII (puc. 4.3), AMUIII (puc. 4.4), AMBII (puc. 4.5)
u APPT (puc. 4.6) uuinHapuyecKas KOMIIOHEHTa B 0000LICHHOM Mpe/CTaBIIe-
HHUHU UMECT BHII:

|
E;" = [EJdr, (4.1)
0
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rie uHaekc AM B 0003HaUYEHUM COCTABIIIONICH HANPSHKEHHOCTH ITOJIS B JICBOU
YaCTH YKa3bIBAET HA CBSI3b C THIIOM AHTEHHBI (B JaHHOM ciiydae AM - aHTeHHa-
Maurta), d7 - 3JIEMEHT JJIMHBI AHTCHHBI, PACTIONIOKEHHBIN HA BEPTUKAIBHON OCH
MauThl, | —BBICOTA aHTEHHBI-MAYTHI.

B
Bripaxenue (4.1) B coueranun ¢ popmynamu s pacuera E, npencras-

JsIeT co00i 00OOIIEHHYI0 MaTeMaTHYECKyI0 MOJEb W3JTy4eHUs] aHTEHH-MayT
tuna AMHII, AMIIIT, AMBII, APPT.

IMpakTtrueckoe mpuMenenne monenn (4.1) mpemmonaraer, 4To TpeaBapH-
TENBbHO PELIeH BONPOC O 3aKOHE paclpenesieHus ToKa o anTeHHe. CyliecTByer
MHOTO METOJIOB pacyeTa pacIpelelieHHus TOKa IO UIMHE BHOPATOPHBIX aHTEHH
[35, 36], omHako myst 33124, pacCMaTPUBAEMBIX B paMKaxX HACTOSIINEH MOHOTpa-
(UM, MOXHO OTPAHWIHUTCS MPEANOI0KEHHEM O CHHYCOMIAIFHOM 3aKOHE pac-
npexaeneHus Toka. CiieyeT 3aMeTHTh, YTO OCHOBHBIE (DyH/IaMEHTAJIbHBIE HCCIIe-
JIOBaHHUS IO TEOPHH BHOPATOPHBIX aHTCHH.OBUIM BBIIIOJHEHBI UIMEHHO B TIPE-
MOJIOXKEHUU O CHHYCOMIAIBHOM XapakTepe pachpeAeieHus ToKa. AHaIu3, BbI-
MOJTHEHHBIN B [37] TOKa3ai, 4To yder paclpemeicHHs TOKa, TOIyYeHHOTO Me-
TOJIOM UHTETPANBHBIX YPAaBHCHUH, HE MPUBOJIUT K CYIICCTBCHHBIM U3MCHCHUSIM
B pE3yNbTaTax OICHKH OJIDKHHX TOJICH BUOPATOPHBIX aHTCHH.

Awmmnuryna Toka |, Tekymero mno BHOpaTopy, B HyYHOCTH €ro pacupesele-
HUS [IPY U3BECTHBIX: MOIHOCTH pajuonepenardnka P, kg aHTeHHS! /], u (u-

aepa /], , CONPOTUBIICHUH U3JTy4EHNs] aHTeHHbI Ry, onpenesnsiercs o popmye:

2P/7a’7¢
R,

| = (4.2)

OcHOBHasi TPYITHOCTb HAaXOXICHUSI aMIUIMTYIIbl TOKa 3aKJII0YaeTCsl B Orpe-
JIEJICHUY COTIPOTHUBIICHUS M3JIyICHHUSI aHTEHHBI C yU4ETOM PEaJbHBIX MapaMeTpOB
MOYBbl. AHAJIMU3 BIUSHUS PEAlbHOI MOYBHI HAa CONPOTUBJICHUE M3Iy4EHUS JU-
HEWHBIX POBOIOB AaH B [38]. MHOTONETHSISI HEXKEHEPHAST W IKCILTyaTaIlHOHHAS
MpaKTHKa MOKa3aja, 4yTo Ui pacyeTa CONpOTHUBIIECHUS u3nydyeHus: anteHH CY u
HY nuama3oHOB BIIOJIHE MPUEMIIEMO JIOTYIICHHE 00 WACATBLHOW MPOBOIUMOCTH
MOYBBl. DTUM JIOMYIICHHEM BCerja MOJb3YIOTCS U NPU PELICHUH 3a/ad dJeK-
TPOMATHUTHOU 3KCIIEPTHU3bI U3TyUaronux 00bekToB (B uacTu onpenenenus Ry).

Hcronk30BaHHbIe MPEANOCHUIKH (MACaTbHAS TPOBOIMUMOCTD TIOYBBI H CHHY-
COUIaIbHOE pacrpeieieHie TOKa) CBOJIST 3a/[auy HAXOMXK/ICHUS COMPOTUBIICHUS
M3ITy4eHUs] aHTCHHBI-MAUYThl ¥ aMIUTUTY/IBI TOKA B HEM K XOpOIIIO U3y4EeHHOMH 3a-
Jlade O HECHMMMETPHUYHOM BHOpaTope HaJ HICATBHO MPOBOJISAIICH MOBEPXHO-
CTHIO. 3aMeTUM, YTO TPUHATOE AOMYIIEHUE HACATHLHOW MPOBOJUMOCTH TOYBBI
pacmpocTpaHseTcsl TOJAbKO Ha 3ajady pacuera COMPOTUBIICHUS W3Ty4YeHHs aH-
TEHHBI ¥ aMIUTUTYABI TOKa. HanpsykeHHOCTD SJIEKTPUYECKOTO TIOJIS pacCYUThHIBA-
€TCS C YUETOM peajbHbIX MapamMeTpOB.
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OTaenbHbIE COCTABIISIONTIE Ef (cM. pasgen 3.1) He cuH(a3HBI, YTO 0OBAC-

HSETCS KOMIUICKCHBIM XapaKTepoM MOBEPXHOCTHOTO MMIIEIaHCa ITOYBBL. JTO XKe
MOJKHO CKa3aThb M O COCTABIIIOMINX, KOTOPHIE OIPEAEISIOT IMOJe paccMaTpu-
BaeMBIX aHTCHH EfM . B pamkax 3ama4 3JeKTpOMarHUTHOTO MPOTHO3MPOBAHUS
LeJIeco00pa3Ho paccMaTpuBaTh XYIIINHM Ciydaid - ciiydail CHH(A3HOCTH BCeX
COCTAaBIAIONINX, KOTIAa YPOBEHb CYMMAapHOTO IONIs OyAeT MaKCHMAaJbHBIM.
CyMMapHOe 3HaueHHE HANpPSHKEHHOCTH AJIEKTPHUYECKOTO MO B IPOU3BOIBHOM
TOYKE MOYKHO 3alHCaTh B BUAE:

2 :\/|E(‘M|2 e P2 S " 4.3)
v

I'- n T-o0pa3Hble aHTeHHBI. B 5THX aHTeHHAX HapsAy ¢ BepTUKAIbHOM ya-
CTBIO €CTh M ropru3oHTanbHas1. O00OIIEHHYI0O MaTeMAaTHIECKYIO MOJIEIb H3ITyde-
Husi [ - u T - 0Opa3HbIX aHTEHH YIOOHO CTPOUTH HA OCHOBE BbIpaxkeHui (3.3)
Ul TOPHU30HTAJBHOTO  JJIEMEHTapHOIo- - 3JEKTPUYECKOro  BUOparopa

(E., EyF ,E!) u (3.22) st BeprukansHoro - (E., Ef ). JekapToBble cocTap-
JSFOIIKE, CO3JaHHbIC B MPOW3BOJILHOW TOYKE MPOCTPAHCTBA BEPTHKAIBHBIM H
TOPH30HTAJIBHBIM MPOBOJOM AHTCHHBI MOXKHO 3amUCaTh B OOOOLICHHOM BHIAC
(mpu Y, = X,Y,Z - I BEPTHKAIBHOTO MPOBOJA U ), =X, Y,Z - I TOPU30H-

TAJILHOTO MPOBOJIA):

h

E; = [E}dr,, (4.4)
0
|

E; = [E/dr,, (4.5)
0

rae dT]_I/I dT2 QJICMCHTBI JUIMHBI BEPTUKAJIBHOTO U TOPU3OHTAJIBHOI'O IPOBOJA,

COBITQIAIOIIME C X OCSIMHU, h — [UTHHA BEPTUKALHOTO MPOBO/A, | — mnHa ropu-
30HTAJILHOTO TPOBOJIA.

Pacnpenencaue Toka Ha BepTHKambHOU yacT I - u T - 00pa3HBIX aHTCHH
COBIIAJIACT C PacCIpeCICHHEM Ha BEPTUKAILHBIX HECUMMETPHYHBIX BUOpATOpax
HUKHETO TMHTaHUSI ¢ eMKOCTHOW Harpy3koi. Pacnpenenenue Toka Ha TOpU3OH-
TaJbHOW YacTH AHAJOTUYHO PACIPEACTCHUIO Ha JHMHEHHOM CHUMMETPUYHOM
BHOpaTope ¢ cuH(pa3HBIM TUTAHUEM TLICY.

ﬂeKapTOBI)Ie COCTaBJIAIOIIUC ITOJIA I'-u T'06p33HI)IX AHTCHH E;TA MOJXHO

3anucaTh B BUJE:

E™ =EM +E/". (4.6)
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CyMMapHOEe 3HAa4€HHE HANpSHKEHHOCTH MO TPH YCIOBHHM CHH(pA3HOTO
CJI0’KEHUSI COCTABIIIONTHX

IT4 _
E;” =

(4.7)

AHTeHHbIE CHCTeMbI. aHTeHHa ¢ pedexkTopom, CB 2+2 u CB 4+4. [na
MHOTOBHOPATOPHBIX aHTCHHBIX CHCTEM: aHTeHHaA ¢ peduiekropoMm (puc. 4.8),CB
2+2 (puc. 4.9),CB 4+4 (puc. 4.10)cocTapisrolie HaPsHKEHHOCTH 3JICKTpHIe-
CKOTO MOJIS OMpPEACISIFOTCS  CYMMHPOBAHHEM COOTBETCTBYIOIIMX KOMITOHEHT,
CO3/[aBaCMbIX KaXIBIM dIIEMEHTOM (MauToif). JIrobas UUIMHIPHYECKas COCTaB-
JSFOINASI TTOJISL aHTCHHOM CHCTEMBI MOXKET OBITh MPEACTABICHA B 00OOIICHHOM
BUIE:

k k
=Y B+ D EL “8)
= i

rae y=r,z; K- uncino akTMBHBIX (MACCUBHBIX)/MauT (/I aHTEHHBI ¢ peQIIeK-
topom k=1, 111 CB 2+2 k =2, s CB 4+4 k = 4).
3HaueHus E;’ u E}I,7 OIIPEIENSIOTCS B cooTBeTCTBHU ¢ (4.1).

[Ipu ananuze GIIMHKHUX IOJICH aHTEHHBIX CHCTEM HEOOXOIMUMO MOMHHUTH O
BO3MOKHOM H3MEHEHHH pEeXHMa KX palbOTHI - MEPEeKII0YEHHH HATPaBICHUSI
MaKCHMAaJIbHOTO H3IydeHHs. llepeximoueHne JOCTHUTAETCSl COOTBETCTBYIOIINM
BBIOOPOM aKTHBHBIX M MACCHUBHBIX M3JIydaTesiel, a Takke HeoOXomumoi ¢a3u-
POBKO# MHTaHMSA 3a CUET DJIEMEHTOB HACTPOHKH. Bce 3TO HEOOXOIMMO YUUTHI-
BaTh MPH pacyeTax pacrpeeieHHA TOKOB 110 OTAEIEHBIM BHOpaTopam.

PacripesienieHie TOKOB M0 3JIEMEHTaM AHTEHHBI (AKTHBHBIM W TMTACCHBHBIM
Ma4Tam) OMpPEACICTCS MO0 U3BECTHBIMUA METOJAMH aHaln3a MHOTOBHOpATOp-
HBIX cucteM [36] , b0 3amaeTcst TakKMM, Kak Ha COOTBETCTBYIOIIHX OJHHOTHBIX
MauTax, U3 KOTOPBIX COCTOUT aHTEHHAS CHCTEMA.

CyMMapHOe 3Ha4YeHHE HANPSHKCHHOCTH AIIEKTPUYCCKOTO IOJISI B TIPOM3-
BOJIEHOW TOYKE MOKHO MPEICTAaBUTH B BUJIC

(4.9)

HanomMHuMM, 9TO MCTIONB30BaHHME NPUHIWIA CYTIEPIIO3UINH, MPEIIONaraet
CyMMHUpOBaHHE B €IMHOM KOOPIMHATHOM Oa3uce.
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4.4. JaeKTPOMAarHUTHasI 00CTAHOBKA BOJIM3M TEXHHYECKHX CPEICTB
HY u CY nuanazoHoB

Paccmotpum kak msmensiercst OMII BOam3n paznuansix antenH HY n CH
nuana3oHoB. Ha puc. 4.11a, 6 npuBeseHb! 3aBUCUMOCTH CyMMapHOT'O 3HaYEHHS
HaIpsDKEHHOCTHU OIS OT paccrosiHus utst anteHHs! AMHIT Beicoroit 100 M Ha
e BoiHbl 200 M mpu cyxoi mouBe Ha BbIcOTax 2 1 20 METPOB COOTBETCT-
BEHHO ISl Pa3JIMYHbIX M3Jy9aeMbIX MOIIHOCTEH. DTH 3aBUCUMOCTH MOHOTOH-
HBIE, 1 CyMMapHO€ IIOJIe JJIsi aHTEHH TaKuX THIIOB CJ1a00 3aBUCHT OT BBICOTHI
TOYKH HaOoeHus. EcTecTBeHHO, YTO ¢ yBENWYEHHEM H3JIy4aeMON MOIIHOCTH
II0JI€ BO3PACTaeT HPONOPHUOHAIBHO KOPHIO KBaJIpaTHOMY M3 MOIIHOCTH. Mo-
HOTOHHOCThH 3aBUCHMOCTEH MHOTIa HapyIIaeTcsl Ul KOPOTKUX IUTMH BOJIH B He-
MOCPEICTBEHHOM Omu3ocTr OT aHTeHH' (puc. 4.12), uTo 0OBSCHIETCS TPOSBIIC-
HHEM WHTEP(EPEHIMOHHBIX SBICHUN ITOJIEH OT Pa3INYHBIX YIaCTKOB aHTCHHBI.

Ha puc. 4.13 npuBesieH npuMep BecbMa: BaXKHBIX Ul TMOHUMAHHUS CYTH
AJIEKTPOMArHUTHOTO MPOTHO3UPOBAHMS 3aBUCHMOCTH CYMMAapHOTO MOJIS OT Ta-
pametpoB nousl it AMHII npu uzny4gaemoii mowroctn 500kBT Ha BhicOTE 2
M. Pa3bpoc m HeompeneneHHOCTh apaMeTPOB IIOYBEI TPUBOAAT K COOTBETCT-
BYIOIIEH MOTPEUTHOCTH B ONPEAEICHNH OIS IPU PEATEHOM AJIEKTPOMarHUTHOM
MIPOTHO3UPOBAHNH. DTa TOTPEIIHOCTH B 3aBUCHMOCTH OT PACCTOSIHUS MOXKET
nocturath 6 n1b. C TOuKM 3peHHs CaHUTAPHO-TMTMEHUYECKOW JIICKTPOMArHHT-
HOM 3KcnepTu3bl u3nyqarmux oobekToB HY 1 CU nuama3zoHOB, eciu Il 00-
CIIeyeMBIX TEPPUTOPHIA HE ONpEeIeHBI PEUMYIIECTBEeHHBIE TTapaMeTpPhl 110Y-
BbI, IPOTHO3HPOBAHNE HEOOXOAMMO MPOBOIWTH IS HAMXYAMIETO ciydas, T.C.
Jutst ceipoit mouBsl (€ = 20,0 = 0,1 Cm/m).

CaHMTapHO-3aIIUTHBIE 30HBI ISl aHTCHH B BUE OJMHOYHBIX BEPTUKAIBHBIX
BHOPAaTOPOB M OIMHOYHBIX AHTCHH-MAUT IPEICTAaBISIOT COOOH OKPY)KHOCTH C
LIEHTPOM B MECTE pacroyiokeHust aHTeHHbl. [lo 3aBucnmoctam OMII ot pac-
CTOSIHHS JIETKO OTIpENessieTCs PaauyC CaHUTapHO-3alUTHOM 30HBI MO Tpeeib-
HO jgomyctuMoMy ypoBHIO DOMII, xotopsrii mis nuamaszona HU cocraemser 25
B/M, a mig quanasona CY - 15B/m.

Ha puc. 4.14 noka3aHbl CaHWTapHO-3aIIMTHBIC 30HBI JUIS THIOBOW T-
00pa3HOl aHTEHHBI, [UIMHA TUIeYa TOPU30HTAJIBLHON YacTH KOTOpOoil paBHa 44 M,
BBICOTA BEPTHKAIBLHON 4acTH - 29 M. PacueTsl mpoBOAMINCH HA IUTMHE BOJHBI
850 M miis cyxoit moussl (€ = 3, 0 = 0,001Cwm/m). Kondurypanus 30H coriacy-
eTCSl ¢ MPEACTaBICHHEM O XOpOIIeH PaBHOMEPHOCTH W3JIydeHus T-oOpasHoi
AQHTECHHBI B TOPU30HTAIBHON TIOCKOCTH.
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Puc. 4.11. Pacnipenenenue noist Boam3un AMHII B 3aBHCUMOCTH OT H31Ty4aeMoit
MOIIHOCTH A - Ha BBICOTE 2 M; O - Ha BeIcoTe 20 M.
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Puc. 4.12. Pacnipenenenue nois Boan3u AMHII B 3aBUCHMOCTH OT JUTHHBI BOJIHBI, M
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Puc. 4.13. Pacnipenenenue nosst B6au3n AMHII B 3aBUCHMOCTH OT IapaMeTpoB MOYBHI,
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Puc. 4.14. I'paHuibl CAaHUTAPHO-3aIUTHBIX 30H T-00pa3HOi aHTEHHBI
JUISE Pa3IMYHBIX U3IY4acMbIX MOLIHOCTEH

P =100 kBT, = ==--"~-- P =500 kBT, — - - — P =1000 kBT

Puc. 4.15. I'paHHLIBI CAHUTAPHO-3AIUTHBIX 30H aHTCHHBI C Pe(ICKTOPOM
JUTSL PA3IMYHBIX U3ITy4aeMbIX MOIHOCTEH
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€=3,0=0001, ------£=20;,0=0.1

Puc. 4.16. I'paHuLBI cCAHUTAPHO-3AIIUTHBIX 30H aHTEHHBI C PEPIEKTOPOM
JUIsL pasnuyHbIX THIOB 1o4B (0 B CM/m)

Il

—i

NS,

A =379

Puc. 4.17 I'paHuIbl CaHUTAPHO-3aIIUTHBIX 30H aHTCHHBI C PEIICKTOPOM
Ha pa3IMYHBIX [UTHHAX BOJH, M
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Ha puc. 4.15-4.17 npuBomsiTcs 3aBUCUMOCTH CaHUTAPHO-3AIIUTHBIX 30H
(BbICOTa TOYKM HAOIIOAEHUS 2 M) aHTEHHBI ¢ peduiekTopoM (HampaBiIeHHOH aH-
TEHHBI) B 3aBUCHMOCTH OT HU3JIy9acMOi MOIIIHOCTH, THIIA TIOYBBI U UTHHBI BOJIHBI
B pabouem auamazone. M3aydaemasi MOITHOCTD ISl 3aBUCHMOCTEH, MPUBEICH-
HbIX Ha puc. 4.16u 4.17 cocraBnser 500 kBt. Xapakrep Bcex 3aBUCHMOCTEN
TIOBTOPSIET XapakTep AUarpaMM HampaBJICHHOCTH 3TOM aHTEHHBI C YETKO BhIpa-

JKCHHBIM HAIIPpaBJICHUEM MaKCHUMAJIbHOI'O U3JTYYCHU.
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IJIABA S

N3JIYYAIOIIME TEXHUYECKHUE CPEJICTBA BY
TAATIA30HA

5.1. OCOBEHHOCTHU PACIIPOCTPAHEHNS PAINOBOJIH
BY ITUAITA30HA

K muanazony Bwicokux wactoT (BU) B COOTBETCTBHH C MEXAyHapPOIHBIM
PETJIAaMEHTOM PaAnOCBsI3u OTHOCSTCS yacToTsl oT 3 1o 30 MI'. MIm cootserer-
ByeT auama3oH paanoBoiH oT 10 no 100 M, Ha3blBaeMbIil JEKaMeTPOBBIM (B
OTEYECTBEHHOM TEXHUYECKOW JIMTEPAType OH YacTO HA3bIBACTCSI KOPOTKOBOJIHO-
BeIM). Ha pacmpoctpanenue paguoBoin-BY quana3zoHa CyIeCTBEHHOE BIUSHHE
OKa3bIBaeT MOBEPXHOCTh 3eMJIM M MOHOC(epa — MOHW3UPOBaHHAsl 00IacTb at-
Moc(epsl, pacIONOKCHHAs Ha
BBICOTaX, mpeBbmarmux 50
KM. B coorBercTBHM C 3THUM @ MoHocdepHas
OPUHATO — Pa3id4aTh  3eMHYIO BOMHE
BOJIHY W BOJIHY HOHOC(EPHYIO [
(puc. 5.1). e R .

OCHOBHBIM BHJIOM pacIIpo-
cTpaHeHus: paguoBoiaH BU nua-
na3oHa SIBISIETCS pacIpocTpa-
HEHHUE MYTEM OTPAKEHUS OT HO-
Hocdepsl (HoHOChepHas BOJIHA).
3eMHas BOJIHA CWJIBHO TMOTJIO-
maercss B IOJYNPOBOASIICH
MoYBe: YK€ Ha PacCTOSHHU He-
CKOJIBKUX JIECATKOB KHJIOMETPOB Puc. 5.1Pacnpoctpanenue paguosonas BU
OT WCTOYHHKA I/I3queHI/Iﬂ ee JuariasoHa B aTMoctl)epe Semiu
SHEprusl CTAHOBHUTCS HeIO0CTa-

TOYHOM JJIs pUeMa TepeaaBaeMbIX COOOIIEHHUH C PUEMIIEMBIM KauyeCTBOM.

OTpaskeHne paaroBOJIH B HOHOC(Epe 00YCIIOBICHO HAINYNEM B HEH MOHH-
3MPOBAHHBIX CJIOEB, KOTOPBIM MpHCBOeHBI HasBanus D, E, F puc. 5.2)u npouc-
XOJIUT, KaK MpaBuio, B obnactu ciost F, pacnonoskenHo#t Ha Beicotax 200...400
kM. TpaexTopus pacpoCcTpaHEeHHs! PaAUOBOIHBI OT IIyHKTA IIepeJadr K IIyHKTY
npueMa, MpOXOJKACHHE 10 KOTOPOH COMPOBOXKAAETCS OJHUM OTPaKCHHUEM OT
noHoceps!, Ha3pIBaeTCd MOHOCHEPHBIM CKAYKOM. [IPOTSIKEHHOCTH PaJHOIIH-
HHUH, U3MEPEHHAsI BJOJIb MMOBEPXHOCTH 3EMJIH, B OTOM CIIy4ae MOXET OBITh OT
Heckoapkux coteH KutomeTpoB 10 2000...4000xm. TpaekTopHst paarOBOHBI

HW#HAR rpannLa
MoHoChepk!

MoBepx¥HOCTE
BOMHA FaMK
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MOXeT OBITh 00pa3oBaHa HECKOJILKIUMH HOHOC(EpHBIME cKadukamu. B aToM ciy-
Yae MPOTSDKEHHOCTh PATUOIMHUM CYIICCTBEHHO BO3PACTaCT M MOXKET COCTaB-
JISITh MHOTHE THICSYH KMIIOMETPOB (BO3MOKHO JIaKe OTHOAHUE PaIrOBOIH 3eM-
HOTO IIapa — SIBJIEHHE KPYTOCBETHOTO 9Xa).

Honocdepa obmamaer CymecTBEHHOW MPOCTPAaHCTBEHHO-BPEMEHHOH HEo-
HOPOTHOCTBIO — 3JIEKTPOHHASI KOHIICHTPALUS CIIOEB M3MEHSETCS HE TOJBKO IO
BBICOTE, HO M TI0 CE30HaM, MECAIaM U Jake B TEUEHHE CYTOK. DTO NMPHUBOAUT K
HW3MEHEHHUIO YCIIOBHHA OTPAXKEHUS PAaAHOBOIH OT MOHOC(HEPHI U YCIOBHH MOTIIO-
mieHns. PaquoBONHBI Pa3NUYHBIX YacTOT MPOXOIAT depe3 MOHOochepy Mo pas-
JUYHBIM TPAaEeKTOPHAM M HCIBITHIBAIOT pa3Hoe 3aryxaHueM. C TOYKH 3pEeHHUS
obOecrieueHnsT MHHUMAIFHONH SHEPreTHKH PaJWOIMHHWN BBITOAHO paboTaTh Ha
TeX 9aCcTOTaX, KOTOPhIE UMEIOT HAaHMEHbIIIee OCIablieHne B HOHOChEpe.

Jis Kakaou AeKaMeTpOBOM paguOJIMHUM, KaK NPaBWIIO, BBIAEISETCS He-
CKOJIbKO (DMKCHUPOBAHHBIX PaZM0YacTOT. Ha KaxKaplii Mecsl COCTAaBISIeTCS BOJI-
HOBOE pAacCHHCaHHe, KOTOPOE pEeriJaMeHTHpPYyeT, Ha KaKuX W3 BBIACICHHBIX pa-
UO0YACTOT CIIEAyeT paboTaTh B Pa3IMYHBIC-YAChl CYTOK. UMCIIO TEepexoloB C
OIIHOW YaCTOTHI Ha APYryro (MepecTpoek) st KaKIOTO MepeaaTdrka MOKET
mocturath 5...10 B cyTkw.
ITepexonx Ha HOBYIO PaboUyIO
4acTOTy MOXKET NOoTpeboBaTh
3aMeHBl aHTeHHHL. [lo3Tomy
KaQXIbI MepeaTdrK TOJDKEH

e,

B |, .. - HMeTb BO3MOXHOCTb PaboTaTh

T g ™. Ha OOHy M3 HECKOIBKUX

T = . aHTeHH. JId STHX Ieweil wc-

- HOJIB3YETCS AHTCHHBIH
KOMMYTATop.

3HaHue BOJIHOBOTO

B — / paclucanusi — HENPEMEHHOE

N

yCJIOBHE Uil IPOBEACHHS
AJIEKTPOMArHUTHOM IKCIIEPTH-
3bl TEPEeJAIOUIMX PaJUOICH-
TpoB BY auanazona.

Bech muanazon BU MoxHO pa30UTh HA TPH MOIMANIa30HA!

- nueBHbIE yacToThl (12...30MI'm);

- HOYHBIE YacToTsI (3...8,6MI'm);

- IpoMeXyTouHble YacToThl (8,6...12MI1), HCIOIB3yeMbIE B Yachl IIOJY-
OCBEIIEHHOCTH TOYEK OTPaKEHHSI OT HOHOC(EPHI.

Takoe JelieHne YacTOT SIBJSIETCS YCJIOBHBIM, MOCKOJBKY TPaHHIBI MEXIY
TOITMATIa30HaAMH CHJILHO 3aBUCAT OT BpeMeHH roja, ga3el 11ieTHero neproaa

Puc. 5.21onochepHoe pacripocTpaHeHHEe
pamuoBonH BY nuamasona
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COTHEYHOH AaKTHBHOCTH W Teorpa)udecKoro IMOJOKEHHS KOHEYHBIX ITyHKTOB
pPamuoTPacCHI.

IpuMeHeHne AHEBHBIX (OTHOCHTEIBHO BBICOKHX) YaCTOT BO3MOYKHO BCIICII-
CTBHE TOTO, YTO B JHEBHBIC YaChl OCBEIICHHOCTh MOHOC(EpPhl MaKCHMalbHa,
AJIEKTPOHHAs KOHIIEHTpaLus B ciioe F mocturaer GONBIINX 3HAYCHUIL, H OT 3TO-
IO CJOS MOTYT OTPa)XaTbCs PATHOBOIHBI BBICOKMX YacTOT. DTH PaJNOBOIHEI
HCTIBITBIBAIOT He3HaUMTENbHOE moromeHne B cnoiax D u E. [Ipumenenne Hou-
HBIX (OTHOCHTEIIPHO HH3KHX) YacTOT OOYCIOBICHO TEM, YTO C HACTYIUICHHEM
TEMHOTHI 3JIEKTPOHHAs KOHIIEHTpanus B cioe F ymensmaercst u st 23 peKTuB-
HOTO OTPaXEHHUSI OT MOHOC(EpPHl YacTOTa HCIOJIB3YeMBIX BOJIH JOJDKHA OBITH
nmoHmkeHa. C HaCTYINICHHEM TeMHOTHI YMEHBIIIAETCS 3JIEKTPOHHAsT KOHIIEHTpa-
nus u B cioe E, a cioii D BooO11e ucueszaer. [ToaToMy HOUBIO TIOTJIONICHUE pa-
JUOBOJIH Ja)K€ OTHOCHUTEIHHO HHU3KMX YacTOT HE SBISETCA UPE3MEpPHO OO0Ib-
IITHM.

HopmaisHbie yCIoBUsI pacIipoCTpaHEHHS. HApyIIAIOTCS IPU BO3SHUKHOBEHUN
TaK Ha3bIBaEMOTO CIOPATNUECKOTO C0sl Es, KOTOPHIN MOXXET BO3HUKATH B JIIO-
60e BpeMs CyTOK W 00JIafiaeT B psAIe CIIydacB BEChbMa 3HAUUTEIFHON 3JIEKTPOH-
HOW KoHIeHTparued. OH CTaHOBUTCSA OTPAXKAIOIIMM -CIIOEM, MTOCKOJIBKY pacIo-
JIOKEH Ha ypoBHE HOpMaibHOTO cinosi E — Hiwke cinost F. B atom ciryuae crnoit F
MepecTaeT OKa3bIBaTh BIMAHUE HA PACTIPOCTPAHSHHUE PAIHOBOIIH.

I'paHMIEI YaCTOTHOTO MUANa30Ha, B MpeaeaXx KOTOPOTO MOXKET HaAXOJUTHCS
pabogas gacToTa eKaMeTPOBOM PagHONUHIH, ONPEACISIFOTCSA: BEPXHSI — yCiIo-
BHSIMH OTPaXXKEHHUS OT HOHOC(EPHI, HIKHSS — YCIIOBUAMH MOTIIOIMIEHIS. BepXHsist
rpaHdiia — MakCUMaJbHO npuMeHnMas gactora (MITY), xoTopas Ui JaHHBIX
YCIIOBHH OTpaxaercst oT noHochepsl. HmkHsA rpaHnia — HaNMEHBIIAas IPIMe-
muMast dacrora (HITY), mpu KOTOpOI HaAEKHOCTH PaOOTHI pagUOIMHUN OKa-
3BIBa€TCS MUHUMaNbHO Aomyctumoit. Hapsay ¢ MITU u HITY npu cocraBienun
BOJIHOBOTO PaCHHCaHUs HCIOIB3YeTCs MMOHATHE ONTUMAIBHON paboyei 9acTOTHI
(OPY). O6s1uHO ee BeIOHparoT u3 ycnosust OPY = (0,8...0,9)MIIY u ona sBIIs-
€TCsI BEPXHUM IIpefesioM pabodero quana3oHa 4acTOT IPH COCTABICHUH BOJIHO-
BOTO pacIHCAHU.

0630p metomoB ompenenenuss MITY, pacuera HITY u OPY npuBemeH B
[39]. Tam ke MOKHO TTO3HAKOMHTBCS C APYTHMHU XapaKTEPHBIMH 0COOEHHOCTS-
MU pactipocTpaneHus BojgH BUY nuamasona: Hamuuuem 3aMHUpaHui TpUHUMAe-
MBIX CHUTHAJIOB, 00pa30BaHHEM 30H MOYaHHS BOKPYT MEpEIaTINKoOB, 00pa3oBa-
HHEM panuodxa, BiusHueM 11JieTHero meproaa CONHEYHOW aKTHMBHOCTH, BIHUS-
HHEM T'€OMAarHUTHBIX BO3MYIICHHNA. YUeT 3THX 0COOCHHOCTEH Ba)Ke€H NpPH pac-
YeTe paJuoONMHMAN W HE CYNIECTBEHEH IS PEUICHUS 3a1ad 3JIEKTPOMArHUTHOM
9KCHEPTH3HI.

WWW-=HHer 1 u =



5.2. OBIIAS XAPAKTEPUCTUKA
N3JIYYAIOIIUX TEXHUYECKHX CPEJICTB BU JTUATIA30OHA

5.2.1. PaguonepeaaTyuku

K texnuueckum cpeacrsam BU nuanazoHa OTHOCST pafiuoCUCTEMEI Ilepeaa-
4y, IpeJHa3HaYeHHbIE I OpraHU3alUU JIMHUHA JeKaMeTPOBOH paJuoCBsA3U Ha
pa3IHMYHBIX YPOBHSX B3aUMOYBS3aHHOW CeTH CBs3M Poccuu (MarucTpaibHOM,
30HOBOM), ME)KKOHTHHCHTAJBHOH pamroCBA3H, 3BYKOBOTO BEINAHUS ISl yIa-
JICHHBIX PalOHOB CTPaHBI 1 32 pyOexk, mepenady MporpaMM 3ByKOBOTO BELIAHHS
YAaIE€HHBIM PaJUOCTaHLUAM, PE3EPBHBIX KAHAIOB Pa3IMYHBIX CHUCTEM Mepeaa-
YH, PaJUOCBSI3H C ITOIBIKHEIMU OOBEKTAMH.

Bce pagnocucteMbl IMEIOT CBOO-CHEIU(HKY B (DyHKIIMOHAIEHOM ITOCTPOE-
HUM, TEeXHUYECKHX XapaKTepUCTHUKAaX, BO3MOXKHOCTAX. ONHAKO OHU €IUHBI B
CIEIYIOIIEM — BCE SABISIOTCA HCTOYHHKOM D3JIEKTPOMArHUTHOTO H3IY4EHUs.
YpoBeHb WHTEHCHBHOCTH H3JIy4CHUS! BOJU3H OOBEKTOB OIpENENSeTCS OYCHb
MHOTUMH (DaKTOpaMH, TJIaBHBIE U3 KOTOPBIX: ‘MOIIHOCTD M YacTOTa M3JIydCHUs,
TUI Nepearollell aHTCHHbI, €€ IMPOCTPAHCTBEHHAS! OPUEHTALUSA U BBICOTA MOA-
Beca OTHOCHUTEJFHO 3€MHOW MOBEPXHOCTH, 3JIEKTPOQHU3NYECKHE MNapaMeTphl
MIOYBHI.

IIpexne yeM mepelTu K M3I0KEHUIO METOJa aHallu3a OLEHKU 3JIEKTpoMar-
HUTHOH 0OCTAHOBKH BOJIM3M paguoTeXHHUYecKuX craniuidi BU nuamasona, nene-
co00pa3Ho JaTh XOTsl OBl camble OOIIME CBEICHUS 00 OCHOBHBIX TEXHHYECKHX
CpeAcTBax CTaHUUH.

Kaxnas paguonepenaromas CTaHIKsA OCHALAETCS COOTBETCTBYIOIUMHU pa-
JMoTepeaTInKaMy, aHTCHHAMH W Pa3JIMdHbIM BCIIOMOTATENBHBIM 000py/I0Ba-
HHeM. Panuonepenardanky U BCrioMoraTenbHOe 000pyJOBaHHE pa3MENIaloTCs B
OJIHOM WIJIM HECKOJIBKHMX TEXHUYECKUX 37aHusX. Ilepenaromyie aHTEHHBI pa3Me-
IIAI0TCS HA CHELUAIBHONW TePPUTOPHUHU, HA3bIBAEMOM aHTEHHBIM IOJIEM. AHTEH-
HBI CBSI3aHBI C TEXHUYECKUM 3[JaHHEM COSTHHUTEIbHBIME JTHHIAMHE (DUIepamu).

DneKTponuTaHue paauocTaHimii ocymectisiercs mo JIOII (ocHOBHOM u
pe3epBHOiT), s pe3epBUPOBAHUS JIMHUIA 4acTO MPEIyCMaTPHBACTCS ABTOHOM-
Has 37eKTpocTaHuus. JIMHUM 3yeKTponepenayd Ha PaguoCTaHIUM 3aKaHYMBa-
10TCS TpaHc(OPMATOPHOM MOJCTaHIMEH WM BBICOKOBOJBTHBIM PaCHpeieu-
TENbHBIM YCTPOMCTBOM.

OCHOBHBIM 000PY/IOBaHHEM PAIUOTIEPEAAIOIINX CTAHIMHI SBIISIOTCS Paano-
HnepeaTuuky A pajuoBElIaHus U Ul paguocBs3u. ins nuanazona BY mo-
no0Has KaccuuKays paauonepeaTIuKoB B HEKOTOPOH CTEIIEHH YCJIOBHA H
TIOJTHOCTBIO CIIPABEUINBA TOJIBKO ISl paJMONepeIaTIMKOB OOJIBIIONH MOITHOCTH
(cepime 100 kBt). MeHee MOIIHBIC pamdoNepeNaTYnKH 4acTO HCIOIb3YHOTCS
KaK JUIs IleJied BeIlaHusl, TaK U AJIs paAuOCBA3H.
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Papgunonepenatunku BY nuama3zoHa — 3TO CJIOKHBIE YCTPOMCTBA, COAEpKa-
mye BO30yauTeNnb, (OPMHUPYIOIINI PaaHOYaCTOTHBIN CUTHAJ, U YCUJIUTENb
MOIIHOCTH 3TOro curHana. OHM OCHAILEHbI CUCTEMO#! yIIpaBieHus, OJOKUPOBKU
W CHTHAIN3AIMH, CUCTEMOM BO3YIIHOTO, BOASHOTO HJIH MapOUCIIAPUTEIBHOTO
OXJIXKICHHS PaJHOJIAMII, KOJIEOATEeIbHBIX KOHTYPOB M APYTUX TEIUIOBBIIEIISIO-
IIAX JJIEMEHTOB, Pa3IMYHBIMH YCTPOWCTBAMH 3aluThl. J{Jsi oOecrieueHus BO3-
MOYKHOCTH paboTHI MepeIaTiunKa ¢ Pa3IMIHBIME aHTEHHAMHA (B COOTBETCTBHH C
BOJIHOBBIM PACIMCAaHHUEM) MTPEIYyCMATPUBACTCS CHCTEMa aHTEHHON KOMMYTAIIHH.

JlanmbHOCTh PaJHOCBS3H, HJIM pa3Mephl 30H 00CITYKHBAHUS PaIHOBEIIATENb-
HBIX CTaHI[MH BO MHOTOM OIpEAENSETCS MOIIHOCTBIO pamuonepenardnka. Js
BEINATEJIbHBIX PaMONepeIaTYUKOB Jauana3oHa BY ycTaHOBICHBI BEJTHMYHHBI
nomuHansHOU MomHocTH 50, 100, 250, 508 1000kBT. 15 paguonepeaaTdu-
KOB MaructpajibHoOu pamnocsszu — 1, 5, 20, 10@& 150«Br.

Jlnana3oH pabo4MX 4acTOT [Ulsl BEIATEIbHBIX PaJUuOIepelaTYMKOB B COOT-
BETCTBHM C TOJIOCOH 4YacTOT, OTBEACHHOM. /ISl PaJMOBELIAHHS, COCTABISIET
3,95...26,1 MI'. Ces3Hble paauoNepeIardiky HMEIOT [IHala3oH YacToT
1,5...30,0MTI1.

B T1abn. 5.1u 5.2. npuBeneHbI MEPEYHN THIIOBBIX. CBSI3HBIX U BEIATEILHBIX

paguonepeaaTINnKOB U UX OCHOBHBIC ITapaMETPEI.
Tabmauna 5.1
TunoBbIe MATUCTPAJIbHbIE PAIHONEPEAATYUKHN H UX OCHOBHBIE NIAapaMeTPbl

Pazmonepez[aanKH Mal"HCTpaJ'IBHOﬁ paguoCBA3u

HaumenoBanue
HoKasaTelst [IKM-1 «Dperar» IIKM-5 TIKM;20 TIKM-30C | I[TKM-100
«CHEXAHKa» «Huknon» [«Monnus-3>
Yluana3zon pabounx 220 1,6..27,5 3...30 3...30 2,5...30 4...30
uactot, MI'ny
HomuHaneHast 1 1 5 20 30 100
IMOIITHOCTB, KBT

Ta6muna 5.2
TunoBbIe BelaTeIbHbIE PATHONEPEIATYHKH U HX OCHOBHBIE APAMETPBI

Bemarensabie paguonepeaaTInKua
HaumeHnoBanue nokasaress

TIKB-100 TIKB-250 TIKB-500
[uana3zon padounx yactor, MI' 3,95...26,1 3,95...26,1 5,95...22,4
HomunanbHast MOIIHOCTE, KBT 100 250 500

Ha cersix CyxomyTHOW pamfocBs3d OOIIETO M CICHUAIbHOTO Ha3HAYCHUS
HCTIONB3YIOTCS OTCUSCTBCHHBIC PaIHOCTAHIINH, JAHHBIC O KOTOPBIX NPUBEICHBI
B Tabn. 5.3 [40].
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Tabmauua 5.3
TunoBble paguOCTAHUUU CYXONMYTHON PAHOCBA3U 00LIEr0o H CIENUATIBLHOIO
Ha3HAYEHHsI H UX OCHOBHbIE MapaMeTpbI

HanmeHnoBanue T
P-161- 2 «Karuran»
TIOKa3aTens «Kpucramn - H» P-161-MB-1 (P-161-5) «KamTag-3HX»
Jlnama3oH pabounx 210 1,5...30 1,5...30 2...12
yacToT, MI'ng
Beixonnas 50 umu 30 1000 5000 1000
MOIIHOCTH, BT

5.2.2. Ilepenaroniue aHTEHHBI

OcHOBHBIE TpeOOBaHNUs, MPEIBIBISCMBIC K TICPSIAIONINM aHTCHHAM TEXHU-
yeckux cpeactB BU nnama3ona, cBOAATCS K'CIEIYIOUIEMY:

1. AHTEHHBI JOJDKHBI JHOO MMETh BO3MOYKHOCTh WU3MCHSITH HAIPABICHUC
TJIABHOTO M3JTYYEHHUs! B BEPTHKAJIBHOU TUIOCKOCTH, THOO UMETh JI0OCTATOYHO IIH-
pokyio (ae yxe 10°) qmarpaMmy HampaBIICHHOCTH B BEPTHKAIBHOMN TIOCKOCTH.
Heo06xomuMoCTh BEITIOIHEHHS 3TOTO TPEeOOBaHUS O0BICHICTCS TEM, YTO 3OHEI
ONTHUMANBHBIX YIJIOB U3NYYCHUs U IpHeMa A B BEpTHKAJIbHOU ITNIOCKOCTH 3aBH-
CAT OT MPOTSDKEHHOCTU TPACChl W BBICOTBI OTPaXKAIOIIETO HOHU3UPOBAHHOTO
cnosi. Ha Ttpaccax mporsmkeHHOCThIO 2000...4000 kKM ONTHMAIBHBIC YIJIBI
A =3...27 , a na Tpaccax cBbime 4000km —A = 3...12.

2. Tlonspuzanus U3ITy4aeMbIX PaJHOBOIH IpH paboTe MOHOC(EpHOH BOJI-
HOMW OJDKHA OBITh, KaK MPaBUIIO, TOPH30HTANBHON. JTO BBI3BAHO TEM, YTO aH-
TEHHBI C BEPTHUKAIBHON MOJSApH3alueii TpeOYIOT METALTH3AaUU 3¢MIIA BOJIU3H
aHTEHHBI, UX JUarpaMMbl HANPaBJICHHOCTH CYIISCTBEHHO 3aBHCAT OT Mapamer-
POB TIOYBHI, 3HAYUTEIbHAS JIOJSI SHESPTHH, U3JTydacMast BIOJIb TIOBEPXHOCTH 3€M-
JIH, TIOTJIOIIAETCSI TOYBOM.

3. JluarpaMMbl HAIIPAaBICHHOCTH JTOJDKHBI UMETh MAJIbIii YPOBEHb OOKOBBIX
JICTIECTKOB. DTO CIIOCOOCTBYET YMEHBIICHHIO TIOMEX, CO3[aBaeMbIX IPYIHM pa-
nuoctanuuii BY quanasona.

4. AHTeHHBI JOJDKHEI OBITh MUana3oHHBIMU. JlaHHOE TpeOoBaHHEe OOBICHS-
€TCS €CTCCTBCHHBIM CTPEMJICHUEM YMEHBIIUTH OOIIee YUCIO aHTCHH Ha PaJIHo-
LIEHTpeE.

Ha pamuonepenaronux craninusx BU nuama3oHa MCIoNb3yeTcss OYCHb MHO-
IO pa3HbIX THIOB aHTeHH. VX MOXHO KJIacCH(UIMPOBATH 10 Pa3TUYHBIM MPH-
3HakaM. Hmke paccMaTpuBaroTcs HamOoJee pacipOCTPaHCHHBIC aHTCHHBI. Clia-
OoHamnpaBJICHHBIE, HaNpaBieHHbIE (pOMOMYECKHE, CHH(pA3HBIE) W LIMPOKOIO-
JIOCHBIE (JIOTOTIEPHOTUYECKHE).
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Puc. 5.3. Aurtenna B Bujie qunois Hagenenko

CiiaboHanpaBjeHHbIe aHTeHHBI. OHE MOTYT OBITh HCIIOIb30BAHBI TOIBKO
IpU OTPaHMYCHHBIX MOIIHOCTSX MEPEAaTIYMKOB — 10 5 KBT, MOCKONBKY M3-3a
IIUPOKOW JHArpaMMBbl HATPABICHHOCTH CO3IAIOT MOMEXH APYTHM PaIHOCTaH-
M. VX MOXKHO MPUMEHSTH VTS paTioCBA3U Ha paccTosHusax 10 600km. Cra-
OOHampaBlicHHbIC AHTCHHBI PACIHONATAOTCS Ha TEPPUTOPHU AHTEHHOTO OIS
BOJIM3U TEXHUYECKOTO 3[[aHMs C TeM, YTOOBI AJIMHA MHUTAOIIEro Guaepa He mpe-
Boimana 300 m. TIpuBeneM KpaTkyro XapaKTepHCTHKY OCHOBHBIX THIIOB cJ1abo-
HAMpaBJIeHHBIX AHTCHH.

1. CuMMeTpUYHBIA BUOPATOP C TIOHMKCHHBIM BOJHOBBIM CONPOTHBICHHEM
JUISl WCTOJB30BaHMS B INMPOKOM JHamna3oHe BodH (mumonpr HaneHeHko) —
puc. 5.3. Aarenna mapkupyercs — BI'J[ I/H. 3necs BI'J] — BuGpaTop ropusoH-
TaIBHBIN MUAa30HHbIN; | — yKaspIBaeT quMHy 1ieda BuOparopa, M; H — BeicoTy
mozaseca, M. Hanpumep, BI'J] 10/15 —o00603HayaeT aHTEHHY B BHIE T'OPH30H-
TAJILHOTO JMAana3oHHOro BHOpaTopa ¢ anuHOM rueda 10 M 1 BBICOTOI# Mo/Beca
15m.

Junons HaneHenko BeimomnHsieTcs: u3 6...12 napamiensHpIX OuMeTauinye-
CKUX TPOBOJIOB IriameTpoM 3, 4 mim 6 MM, pacrosioKeHHBIX M0 00pasyrouien
mumHapa ¢ paguycom R=0,5...0,75u.

BonroBoe conpotusierue aumnoist BI'J[ Beioupaetces B npeaenax 250...600
Owm. Pabounii nuanaszon BosH antenus BIJ[ A=(1,7...3,0), T.e. anTeHHa umeer
OUama3oH pabovyMX YacTOT MPUMEPHO C  JBYKPATHBIM  IMEPEKPBITHEM
(fMaKC/ fMl/lH= 2)

2. CUMMETpHYHBIH BUOPATOP C LIYHTOM ISl HCIIOJIB30BAHHS B OTHOCHTEIb-
HO IIUPOKOM auanasoHe BojH. O6o3navaercs BIALI I/H (3mecy LI — miyHT).
Ha puc. 5.4 u3o0pakeH CHMMETPHYHBIH BHOpPATOp C LIYHTOBBIM IHTaHHUEM
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Puc. 5.4. CummerpuyHBIil BUOpaTOp
C IIyHTOBBIM MHTAHHEM

BubpaTop

’7 |

90°

K paguonepepatyuky

Puc. 5.5. YronkoBas aHTeHHa

90°

K paavon epeaaryvky

Puc. 5.6. Aurenna BI'JII 2V

(BT'JIL). Dror BHGpaTOp pe-
KOMEHJIyeTCsl HCIIOJb30BaTh B
nunanaszone A=(1,67...6,25).

3. CUMMETpHYHBIA ~ TOpH-
30HTaJBHBIN BHOpaToOp ¢ TIO-
HIDKCHHBIM BOJIHOBBIM COIPO-
TUBJICHUEM B HIMPOKOM JHara-
30HE BOJIH, IUIEYH KOTOPOTO
HEePIEHANKYISIPHBI IPYT APYTY,
CXeMAaTHYHO U300pakeH Ha
puc. 5.5. O6o3nauaercst 5Ta
anrenna YI'JI I/H — yroakosas
aHTeHHa MW WMeeT Hamboiee

paBHOMEpPHOE W3Iy4YE€HHE B IO-
PH3OHTAIBHOM TUIOCKOCTH TIPH |
= 0,5

Antennst BI'Zl, BIAII u
VYTl wucnons3yroT Ha BHYTpH-
30HOBBIX JIMHUSIX PaJNOCBSI3U
nporspkeHHocteto  400...600
kM. Haubonee mnpumMeHsiemble
TUMBl aHTEHH JTOr0 Kiacca
TPUBE/ICHBI B Ta0II. 5.4

4. Awntenna B 2V,
BBITIOJIHEHHAS! M3 JIBYX aHTCHH
BT I, pacnoioXeHHBIX MOJ
yraom  90° gmpyr k apyry.
IIpyHuMn 1DOCTPOEHHUS TaKoM
aHTEHHBI TOHATEH U3 puc. 5.6.
OnHa umeeT 6osiee paBHOMEPHOE
WU3JIy4€HHE B TOPU3OHTAILHOMU
TUTOCKOCTH.

5. AHTeHHa TypHHKETHas
3enutHOro uaiydenus (AT3U)
oOpazoBaHHa JBYMs Iapamu
antenH tuna BI'J[, pacmono-
xeHHbIMH 1oz yriiom 90° npyr
K JpYyry Tak, KaK 3TO IOKa3aHO
Ha puc.5.7. DNeKTpUUIeCKHit
KOHTaKT B Ka)XIOU W3 YETHIPEX
KpPECTOOOpa3HBIX TPYI OTCYT-
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CTBYeT, TaK KaK II0 BEPTHKAJIH OHU CMe- d

IICHBl. B OTAMYHE OT pPacCMOTPEHHBIX
Beiie anteHH AT3M umeer Goyiee BBICO- ZA
KAl KOA(UIHUEHT YCHICHHS, BO3MOXK-
HOCTh TIOJIy9€HHS BpAIIAIOLICHCS TOJIs-
pU3aIMy, a TaKKe NPUMEHCHHs Ooiee \
Hu3kux omop. OmHako AT3U mmeer 6o- 2l
JIe€ CIIOXKHYI0 CXEMY MHTaHHsA, KOTOpas N\ “«< /
Ha pUCYHKE HE IMOKa3aHa, a TaKXe BBICO- |
KOYaCTOTHOE  3a3eMIICHHE . Pa3MepoM S| >
100100 M® u3 cetku mpoBozoR: [Ipmme- \
asterca AT3U B guanaszone 60...80M mis V
OpraHHU3aI[HA MECTHOTO PaNOBEIIaHMS.
CraboHarpaBIeHHbIC aHTEHHBI
OOBIYHO TOABEIINBAIOTCS HA JECPEBIHHBIX
WM TPyOYaThIX acOOIEMEHTHBIX OMOPax
¢ oTTsKKaMu. OTTSKKM MadT pa30UBAIOTCS HA CEKIUM TAKEIAKHBIMH H30JISITO-
pamu. JlnvHA CeKnuil OTTSHKEK JOJDKHA OBITH He 6oJiee YeTBEPTH caMoOil KOpOT-
KO¥ BOJHBI paboyero nuana3oHa. B Tpocax, MmoJiepUBaronix BUOPATOPhI, HA
paccTosiHuA 2...3 M OT KOHIIOB BHOpAaTOpa BBOJAT JOMOJHUTEIBHBIC H30JISTO-
pol. PaccTosiHue Mex Iy MauyTaMu MpH MOJBECE MEXIy HUMHU OJHOTO BUOpaTopa
BeIOHparoT paBHbiM 2| +(6...8) M.

.

2]

Puc. 5.7. AHTeHHA 36HUTHOTO M3Iy4CHHS

Ta6nuna 5.4
Tun aHTEHHBI PabGouwii 1uanazod BOJIH, M [Ipumeyanue
BI/JILL 6/10 12,0...37,5 A = 2
BIAL 8/13 16,0...50,0 Asare = 6,28
BIJI1116/23 32,0...100,0 | — nuHa wieya BuOpartopa
BI AL 24/24 48,0...150,0
BI'/1 6/10 9,6...22,2 A = 1,6
BI' 8/13 12,8...29,6 Asae = 3,1
BI'116/23 25,6...59,2 | — nnvHa wieya BuOparopa
BI'J] 24/24 38,4...88,7
yrja8/11,5 12,6...21,4 Ay = 1,57
VI’ 12/10,8 18,9...32,0 Ayae = 2,67
YrJ 16/16 25,1...42,7 | — nnuna neya Bubparopa
VI']120/19,5 31,4..53,5
YI']132/21,9 50,3...85,5
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Hanpasnennme AHTEHHBI

1. TpocTeiimeii HanpaBIIEHHOW aHTEHHOW SBISETCS TOPU3OHTAJIBHASI POM-
Oundeckast aHTCHHA, ITOKa3aHHas Ha puc. 5.8.K ogHOMY U3 OCTpBIX yriIoB pomMba
TOABOIMTCS (HIEp, a K IPYrOMY MOAKITIOYACTCSI aKTHBHOE CONPOTHBIICHHUE (T10-
TJIOIIAFOIIAS JIMHUS), PABHOE BOJHOBOMY CONPOTHBIICHWIO aHTCHHBI. [IpH 3TOM
B MIPOBOJIaX aHTEHHBI YCTaHABIMBAETCS peKUM Oerymieit Boinbl. Kak y Bcex an-
TEHH OeryInel BOJHBI, B pOMONYECKOH aHTeHHE 00ECIIeYNBAIOTCSI OHOHAIIPAB-
JICHHOE M3JIy4YE€HHE W MaJIO MEHSIOMIEECs] BOJHOBOE M BXOIHOE COIPOTHBIICHHE B
IIMPOKOM JAMAama30He YacTOT. MakCcHMalbHOE M3IIydeHHE TOIydaeTcs B BEPTHU-
KaJIbHOH IIOCKOCTH, MIPOXOIAIIEH Yepe3 BEPIINHBI OCTPHIX YTIOB poMoa.

Wanyvatowme
nposoaa pomba

Onopa

MornowatoLas
NMHUS
K nepepatuunky \

1l i

Puc. 5.8. Onunounas pombuyeckas anteHHa PI”

[Mpn HagnexameM BBIOOpPE JUIMHBI CTOPOHBI poMOa M TYIOTO yIjla B Ha-
TIPaBJICHHUH, COBIAJAIONIEM C OOJBIION IUAaroHaJ b0 B CTOPOHY HArpy304HOTO
COIIPOTHBIICHHUS, TIOJISI OT BCEX CTOPOH pomOa CKIaIpIBalOTCs CHH(A3HO, T.€. B
5TOM HaIPaBJICHUH MMEET MECTO MaKCHMaJbHOE H3JTydeHHE. XapaKTepPUCTHKU
HAIpaBJIeHHOCTH POMOWYECKHX aHTEHH HMEIOT OOJIBIIOE KOJINYECTBO OOKOBBIX
JIETIECTKOB 3HAUNTEIGHON BEJIMYHMHBI, 0COOCHHO B TOPH30HTAIBHOHN IIOCKOCTH,
YTO TPUBOAUT K PACCEMBAHMIO SHEPTHM H3IyYCHHS. YCIOBHOE 00O3HaUYeHHE
pombuyeckoit antenusl — PI" /A (B), rae @ — nonoBuHa Tymoro yria pomoa,
rpaxycsl; A = /A, | — nmHa croponsr pom0a, M; Ag — ONTUMabHAast JUIMHA pa-
Ooueii BonmHa, M; B = HIAy, H — BhIcoTa momBeca pomMba HaJl MOBEPXHOCTBIO
semnn, M. Hampumep, mapkupoBka PI' 65/4 (1) o3HauaeT — ropu3OHTaNbHAs
poMOunUeCKass aHTEHHA C MOJOBHHOM Tymoro yria 65° mpu A= 4u B = 1 (rak
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npu Ag =12,5m | =50m u H =12,5m). B npakTu4ecKux KOHCTPYKLIHUIX aHTCHH
Ka)kaasi CTOpOHa poM0Oa BBIMONHSETCS U3 ABYX (peKe HECKONBbKUX) MPOBOJOB,
COCTMHEHHBIX BMECTE B BEPIIMHAX OCTPBIX YIJIOB U PACXOISLINXCS K BEPLIMHAM
TYIBIX YIJIOB MO BepTUKanu Ha Bemumyudy h = 0,03,

PoMOunueckne aHTCHHBI, KaK MPABHJIO, MOJIBCLIMBAIOTCS Ha JCPEBSHHBIX
MayTaxX. B ciydae MpUMEHEHHS METAUTHMYECKHX MAuT MX OTHOCSAT OT MOJIOTCH
AHTCHH Ha PacCTOSIHUS He MeHee 5...8 M.

VIydIIeHHBIMU SJICKTPUYSCKAMHE MapaMeTpaMu 00JIagaeT IBoitHas poMOu-
4ecKasi aHTCHHA, COCTOSIIIAs U3 IBYX IMOJOTEH NMPOCTHIX POMOWYECKHX aHTEHH,
CMCLICHHBIX B HAIIPABICHAN MaJIOW JHarOHAIN Ha PACCTOSHUE HOpsiaKa AgH co-
€IMHCHHBIX MapalIeNIbHO B BEPIINHAX OCTPHIX YIJIOB. BricoTa moaBeca monoteH
poMOoB oTimyaercs Ha 2...3 M. Ha puc. 5.9 nmpuBenena cxema, mosiCHsomIas
MPUHIMUII TOCTPOSHHMS TBOWHO#M poMOuyeckoit anteHHsl. O003Ha4YaeTCs 3Ta aH-
TEHHA TaKKe, KaK W IMPOocTasi poMOMYEeCKas aHTeHHa, HO ¢ JoOaBleHHEM OyKBEI
A (mBoitnast) — PL T ©/A(B).

MpoBoga nepeoro
pomba

K norno wato wew
TMHWN
K nepepatumky

MpoBopa
BTOpOro pom6a

Puc. 5.9. JIBoiinas pomOudeckas anteHna PT'/]

PomOunyeckne aHTEHHBI XOpPOLIO COINIACYIOTCS C MHUTAIONIMM (HIEPOM BO
BceM BU nmanazone. [lostomy ux paboumii quana3oH OrpaHHYMBACTCS TOJIBKO
YXYALIEHHEM HallpaBJICHHBIX CBOMCTB M YMEHBIICHHEM KOX((HIMEHTa yCcuile-
HUS 110 MEpEe OTXO0Jla OT ONTUMAJIBHON BOJHBEL. DTO Hamboliee pacHpOCTpaHEH-
HBII TUII IIepe/IaloIiX aHTeHH, IPUMEHIEMBIX B Tuana3zone BU Ha maructpans-
HBIX paanoiauHUAX. [IpocToTa KOHCTPYKIMH, paboTa B IIMPOKOM IHAIa30HE
BOJIH, OTCYTCTBHE HACTPOEK M PETYIUPOBOK, CPAaBHHUTEIHHO HEOOJbIIAsl CTOU-
MOCTb — BCE€ ATH KauecTBa NPUCYIIH POMONYECKUM aHTeHHaM. B Tadn. 5.5npu-
Be/IeHbl HanboJiee pacipoCTpaHEHHbIE ABOIHBIE POMOMYECKHE aHTEHHBI, PEKO-
MEH/yeMble K IPUMEHEHHIO Ha MarkuCTPAJIbHBIX JIMHUSX CBSI3H.
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Tabmauua 5.5

IIpOTsHKEHHOCTH CrpouresnbHas JUTHHA Pabouwnii auamna3on
Tun aHTeHHBI
TPacchl, KM BOJIHBI, M BOJIH, M
Pr'z1 70/6 (1,25) 15 10...21
Carire 4000 25 16,7...37,4
PI'J1 65/4 (1) 40 28...72
12,5 8,76...22,5
2000...4000 Pr'[1 65/4 (1) 22 15,8...40,5
35 25,6...63
PrJ1 65/2,8 (0,6) 22 18,7...37,4
1000...2000 43 32.2..64.4
Prj 57/1,7 (0,5) 20 12...32
600...1000 40 24. 64

2. CuHasHble aHTEHHBI IPEICTABILIIOT CO00I PEIIeTKH, COCTABICHHBIC W3
CHMMETpPHYHBIX BHOpaTopoB (puc. 5.10). Hanudue B 3THX aHTeHHAX pedIieKTo-
pa (aktuBHOTO Auama3oHHOro PAJI, maccuBHOTO HacTpoeHHoro — PH wnmu arme-
puoauIecKkoro — PA) mMO3BOSIET MOMYYHThOJHOCTOPOHHIOK HAIpaBICHHOCTD
n3my4yenus. Ha puc. 5.10 nokazaHo nmoioTHo cuH(a3HOW aHTEHHBI, UMeroUIeH
JIBa 9Taka M YeThIpe BUOpaTopa B KaKAOM dTaxe. KOHCTpyKIus peduiekTopa He
nokaszaHa. B o0mem cirygae MoJIOTHO MMeeT M dTake BUOpaTOpoB M N IMOy-
BOJIHOBBIX BHOPAaTOpOB B KaXJIOM dTa)ke. BHOPATOpHI BEHIMOIHSAIOTCS C IOHU-
KEHHBIM BOJIHOBBIM compoTuBieHreM W, = 280...4700m u3 Tpex mimm Ooiee
mpoBoJoB muamerpoM 4...6 MM. PesoHaHcHas utMHA Takoro BuOparopa 2| =

0,824,
e ‘JIE}HBIﬁ KaHaT
Cropa
Iloneecka
Butpartop [,
2-off sTax
k'—')_H ]
1-rrf sTax
K <—P 4 “
“\“ Dunepw
4
Puc. 5.10. CundasHas ropu30oHTaNbHAS JHAA30HHAS aHTCHHA
102
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CundasHasi Topu30HTaIbHAS JHMAIa30HHAs] aHTCHHA C HACTPOCHHBIM ITac-
cuBHBIM pediekropom o6osnavaercss CIT nVn PH. I1og0THO HAaCTPOEHHOTO
pediekTopa SIBJISETCS TOYHOW KOTHMEW TMOJIOTHA aHTECHHBI. PaccTosHue MexmIy
BUOpaTopaMu aHTEHHBI U pedexTopa BeiGHpatoT paBHbM (0,22...0,25,. AH-
TEHHBI C HACTPOEHHBIM pedIIeKTOpOM TPeOYIOT MEepecTpOrKH pediieKTopa MpH
cMmeHe JuHbl BOJHBI. [Ipodune antenusl CI'J] 2/4 PH cxemaTtuuHo mpencras-
neH Ha puc. 5.17a.

CundasHasi ropu3oHTaJbHAsl AWANa3oHHAs aHTCHHA C alepHOIUYECKUM
pedekropom oboznayaercs CI'ZT m/n PA. Anepuoaudeckuil peduekTop BbI-
TIOJTHACTCS. B BHJE IUIOCKOTO DKpaHa M3 IIPOBOJOB AWAMETPOM 4 MM, pacmolio-
JKEHHBIX IapaJUIelbHO OcH BUOpaTopoB. Pa3mepsl peduiekTopa HpEeBHILAIOT
pa3Mephl MOJIOTHA aHTEHHBI. PaccTosiHMe MexIy MpoBoAaMH peduieKTopa BbI-
ouparor B mpexmenax (0,035...0,07W,. poduns anrennsr CI'JT 2/4 PA cxema-
THYHO TIPEACTaBJICH Ha puc. 5.116.

Pe dnekTtop ﬂ ﬂ

HaCTPOEHH bliA °
(naccus Hble AKTVB Hble ° AK;VIB Hble
BubpaTopbl

B MGpaTopbI Pednektop [

BUBPaTOpH) anepuoaunyeckuin L)

(ceTka 13 NpoBOAOB) :

( 4

K anemeHTam

. K nepepa t4umky
HacTPOWKN

K nepepa tuuky

Onopa Onopa

/

a 0
Puc. 5.)11. Paznuynble THIBI pe(IeKTOPOB CHH(BAZHBIX aH)TeHH
a —anrtenna CI'J] 2/4PH, 6 —anrenna CI'J] 2/4PA
CuHa3Hasi TOPHU30OHTAIBHAS JWANIA30HHAS aHTCHHA C aKTUBHBIM JTHANa30HHBIM
pednexropom obo3navaetcs CI'ZI mVn PAJ. IlonotHo pediexTopa sBiseTcs
TOYHOW KOTMHMEH MOJIOTHA aHTCHHBI. PaccTOsSHHUE MEKIy BHOpaTOpaMu aHTCHHEI
u peduexropa BoiouparoT pasHbiM (0,22..0,25)1). AHTEHHBI ¢ aKTUBHBIM ped-
JIEKTOPOM He TPeOYIOT MEepecTporKH pedIieKTopa MPH CMEHE UTMHBI BOJHEI.
Ipoduns anrenns: CI'I 2/4 PAJ] COOTBETCTBYET NPEACTABIEHHOMY Ha PHC.
5.11a, HO ¢ TO¥# pa3HHUIlEH, YTO MOJIOTHO pedUIeKTOpa Yepe3 COOTBETCTBYIOIINE
YCTPOHCTBA MOJKITIOYEHO K PaAHOTIEPEIATIUKY.
Anrennsl Tina CI'JT ©MEIOT BEChMa CIIOXKHYIO CXEMY IMHUTAHUS (TEM CIIOX-
Hee, 4eM OOJIbIE B aHTEHHE dTaKel W BHOpATopoB B dTaxe). CrenuaibHBIMU
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KOHCTPYKTHBHBIMH PEIICHUSAMH YIAeTCs 00ECICUNTh COTIACOBAHNE aHTEHHEI C
dunepom B quanasone BonH A= (0,8...2)4,.

[[IupuHa rIaBHOTO JICTICCTKA AMATPAMMbI HAMIPABICHHOCTH B TOPH30HTAIb-
HOM TUIOCKOCTH CHH(MA3HOW aHTCHHBI P ONPENEISIETCS YUCIIOM BHOPATOpPOB B
OJTHOM 3Ta)K€ W AIMHOW BONMHBL. C yBEIMUEHHEM UYHCIIa BHOPATOPOB B ATaXE
IuarpaMMa HallpaBJICHHOCTH Cykaercs. Tak, HalpuMep, Ha ONTUMAaJIFHON BOJ-
He npu =4, $,=30°, a mpu N=8, P=15°. C yKOpOUYCHHEM [UTHHBI BOJHBI AUA-
rpaMMa HalpPaBJICHHOCTH CY>KaeTCsl, a C YUIMHEHHUEM — PaCILIHPSIETCS.

JluarpamMMa HaIipaBJIEHHOCTH B BEPTUKAIBLHOM IIOCKOCTH OIpEAeisieTcs B
OCHOBHOM HHCIJIOM 3Ta)KeH, Cpe/THel BBICOTOW MOBECa aHTEHHOTO ITOJIOTHA Hall
3eMiieil ¥ AnMHOW BOJHBEL. C yBENMUCHHWEM 4YHCIa ITaXEH WIM yKOpOYCHHEM
JUTMHBEI BOJIHBI OCHOBHOM JICIIECTOK JMarpaMMbl HalpaBJICHHOCTH B BEPTUKAIIb-
HOH TJIOCKOCTH CY)KaeTCsl, a C YBEIMICHUEM CPEIHEH BBICOTHI T10/IBECA AHTCHHBI
HarpasJIeHHE MaKCUMyMa U3JIy9eHHs TPHOJIVIKACTCS K 3eMIIe.

Jlyist MarucTpanbHbIX JIMHUHA PaguoCBsI3H pEKOMEHIYETCsl MCIIOIb30BaTh aH-
teunst  CTCAL/2PA, CrJ1/2PH, CUJ1/4PA, CUI1/4PH, CIO2/4PA,
CIr'12/4PH, CT' 14/4PA, CT14/4PH. Jlinst BHYTPU3OHOBBIX JIHHUN PaHOCBS3U
(mmmHa  Tpaccer  400...600 kM) pEKOMEHAYETCs. HCIOJb30BATh aHTCHHY
CIr'I1/2PA.

Bricokuii KI1J], Manast HHTCHCUBHOCTh OOKOBBIX JICTIECTKOB M BO3MOKHOCTh
HE3aBHCHMOTO ()OPMHUPOBAHMS JUAarpaMM HAINPABICHHOCTH B BEPTHKAJIBHOW W
TOPU30HTAJIBHOW IUIOCKOCTSIX MO3BOJISIET NMPHUMEHSTh CHH(A3HbIE aHTECHHBI JUIS
panuoBenanus. B 3aBUCHMOCTH OT MPOTSHKEHHOCTH TPACCHI JUTS PaIHOBELIAHHS
PEKOMEHIyeTCs TPUMEHATh CHH(a3HbIe aHTEHHBI B COOTBETCTBUH ¢ Tadi. 5.6.B
Tabn. 5.7...5.9npuBeneHpl JaHHBIC IO COYCTAHUIO MOIMHOCTEH paJuorepenart-
YHKOB U HEKOTOPBIX THITOB aHTeHH BY nuamasoHa.

Tabmuma 5.6
IIpoTsxeHHOCTH T CrpourenbHas | PaGouwmii nuana- Beicorta nojseca
WIT aHTCHHBI
Tpacchl, KM JUIMHA BOJIHBI, M 30H BOJIH, M HIDKHETO 9Taxa
19,5 13,8...19,9 Ao
6000wu Gonee Cra8/8PA 34 24,84..50.84 Ao
12 11,5...19,9 (0,75...1)Ao
4000...6000 CI' 14/4PA 26 24,84...42,25 (0,75...1)Ao
40 48,4...68,2 (0,75...1)A¢
12 11,5...19,9 (0,5...0,75)A0
2000...4000 CrJ14/4PA 26 24,84...42,25 (0,5...0,75)M
40 48,4...68,2 (0,5...0,75)\g
18 13,5...37,0 0,5\
1000...2000 CI' 12/4PA 40 300..82.5 0.5\
21 15,0...0 34 0,5\
600...1000 CI I1/4PA 50 380...76.0 0.5\
24 18,7...36,0 0,5\
400...600 CI 11/2PA 50 390...76.0 0.5\
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Tabnuma 5.7.

MorHocTh
nepenar- BI' I
yuKa, KBT

yIl

PIJL
57/1,7
0,5

PIJL
65/2,8
(0,6)

PIJL
65/4

PI I
70/6
(1,25)

PIJL
7516
(1,2)

1 +

5

20 =

50 =

100 =

150 =

+ [+ [+ [+ [+

+ |+ |+ [+ ]+

+ |+ |+ [+ |+

+ |+ |+ [+ ]+

+ |+ [+ [+ [+

Ta6uuna 5.8

Tun

MoIHOCTh epefaTinKOB PaaHoCBs3u, KBT

AHTCHHBI

20

50

100

150

CIJ] 1/2PA

CrJ] 1/2PH

CIJ] 1/4PA

CIJ] 1/4PH

+ [+ |+ |+ o

+[+ |+ |+

CIJI 2/4PA

CIJ] 2/4PH

CLJ] 4/4PA

CIJ] 4/4PH

+ |+ [+ |+

+ |+ [+ |+

+ |+ [+ |+

Ta6muma 5.9

Tun
AHTCHHBI

MormHocTh TICPECAATINKOB PAAUOBCIIAHUA, kBt

100

250

500

1000

2000

CT'J1 2/4PA

CT'J1 2/4PH

CT'I 4/4PA

CI'J1 4/4PH

CT'JI 4/8PA

CI'J1 4/8PH

I o I R

CrJ] 8/8PA

CrJi 8/8pH

CT/J] 8/16PA

CI /[ 8/16PH

|+ |+ ]+ ]+

+l+ |+ ]+

+l+ |+ ]+

+ o+ |+ ]+

JIoronepuozmquKﬂe AHTCHHBbI

. OTH aHTEHHBI OTHOCATCS K KJ1acCy mmpo-

KOJIMANa30HHbBIX. DIIEKTPHUECKUE TTAPAMETPhl TAKUX aHTEHH CJIa00 U3MEHSIOTCS
B 3aJJaHHOM paboueM auamna3zoHe 4actoT. HecMoTpst Ha Gobioe pazHooOpasue
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KOHCTPYKTUBHBIX periernid JITIA cocTosAT, kKak MpaBmiio, U3 ABYX 4acTeW — Ju-
HUW TIUTAaHUU M TIOAKIIOYEHHBIX K HEeH M3IydalomuX BHOPAaTOPOB MEpEeMEHHOM

JUIVHBL.
. Cxema mpocToii BUO-
5 patopHoit JIITA moka3aHa

Pe3oHaHcHbI
“BuGpatop 1@ PHUC. 5.12 [35]. Auren-

Ha COCTOWT W3 TPYIIIHI I1a-
paJUIeTBHBIX CHMMETPHY-
HBIX BHOPaTOpOB, pacro-
JIOKEHHBIX B OJHOM IIOC-
KocTH. J{mmHa BUOpaTOpoB
U WX pPacCTOSHHE OT Bep-
ITUHBI aHTEHHBI 00pa3yroT
TEOMETPHUECKYIO mpo-
Rt | Ri TPeccCHi0 €O 3HaMeHare-
JeM T, Ha3bIBaGMBIM TIE-

puomom JIITA: R/R,; =7.
[Ipn W3MCHCHWH MIHHBI

paboueii BOJIHBI HW3MEHS-
eTCsl U [UTMHA PE30HAHCHO-

JINHUA NnuTaHusa

Puc. 5.12. Cxema npocToit BHOpaTOpHOH ro BHOpaTopa, a BMecTe ¢
JIOTONIEPUOTUIECKOIT aHTCHHBI STUM ¥ <«aKTHBHAsS 00-
JJaCTb» TIIepeEMEIIACTCA

BroJib JIITA, pacnionarasice Kakablii pa3 B TOM MECTE, I'/ie IONEPEUHbIE pa3MEpPhI
anteHns! 6u3ku k 0,54, Tlpu 3TOM 3JIeKTpUYECKHe pa3Mephl «aKTUBHOM 001ac-
TU» U paclpelesieHre TOKOB B €€ Mpejesiax MPakTUUeCKH COXPAHSETCsS Heus-
MEHHEIM. BcrneicTBie 3TOrO AJIeKTpHYECKHE MapaMeTphl B Mpeaesax padodero
Hama3oHa cjiabo 3aBHCAT OT YaCTOTEL.

PednekTop
anepuognyeckuni
.
L ]
e [onotHo BIMA
o
. MonoTHa
. NPOCTPaHCTBEHHOW
. MonoTHo nnockow -
. ®e . HIMA .
L] [ / /
® ‘e 3 e . ¢ o
N A ® Q/TYA Ce, o %

a) 6) B)

Puc. 5.13. Hekotopble THITBI JIoTONepuoandecKkux anteHH BU auamasona
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Jloromepromuueckue aHTEHHBI MO0 CBOEMY IIPHUHIUITY NEHCTBUS SBILIOTCS
OTHOCHTEIIFHO cJa0OHANpPaBICHHBIMHU, TaK KaK <«@KTHBHAs 00JacTh» BKIIIOUACT
TOJIbKO HEGOJBIITYIO YaCTh BCEX M3NydaTeliei aHTeHHbI (0OBIYHO OT TpeX M0 Iis-
TH). B Hacrosiee BpeMsl B KayeCTBE MEPEHAONIMX aHTCHH JUIS PAJHOCBSI3H H
panuoBemnranus ucnonbdyiorcs BJIIIA — BepTukanbHBIE JOTONEPHUOIMYECKUE
anrennsl (puc. 5.131), mwiockue HIIITA — HaKIIOHHBIE JIOTONEPUOUIECKUE aH-
teHHbl (puc. 5.13) u npoctpancreennsie HIITA (puc. 5.13).

5.2.3. ®uneps! 119 nepenaumux anteHH BU nuana3zona

OJEKTPUYECKYIO LeTb, HO KOTOPOH SHEPTusl paaroyacTOTHOTO CHIHAJIA Te-
penaercst OT paanoIepeiaTIiKa K aHTeHHe, Ha3bIBaloT (unepoM. B nuanazone
BY B kauecTBe Inepemarolix HarQoJiee 4acTO HCHONB3YIOTCSI CUMMETPHYHBIE
JIBYXIIPOBOJIHBIC, YETBIPEXIIPOBOHBIC ‘HETICPEKPEIICHHBIE M YETHIPEXIPOBOI-
HbIC MepeKpenIeHHbIe Bo3aymHbe Ghunepbl’ (puc. 5.14). duaepsl Takoro Tuma
OTJIIMYAIOTCS IMPOCTOTOW W MOITOMY IIOJYYMJIM TPEHMYIIECTBEHHOE pacIpo-
crpaneHre. CHMMETpHYHBIC ABYXIIPOBOIHbIC JIMHUN TPOITYCKAIOT MOIIHOCTD JI0
50 kB, yetsipexnpoBoanbie — 10 100kBT (mpu BoaroBoM compotusnenin 300
Owm) u 1o 250kBt (npu BoHOBOM compoTuBieHnr 120 Om). Ouaepsl BBINOI-
HSIOTCS. N3 OMMETAJUTMYECKUX NMPOBOJOB auameTpoM 4...6 mM. IIpu Gospimmx
YPOBHSIX MOIIHOCTH IPOBOJA 3aMEHSIOT HPOBOJIOYHBIMHU LIMIIMHAPAMH, COCTOS-
IIMMH U3 HECKOJIBKHX MPOBOJIOK. PHIEPHI KPEMATCs Ha BEICOTE HE MEHEE 3 M OT
TIOBEPXHOCTH 3€MJIM HA JEPEBSHHBIX, aCOOLEMEHTHBIX HIIM JKEJIe300€TOHHBIX
omopax. /lnmHa GuaepoB 0OBIYHO COTHH METPOB, HO, KaK MPaBWJIO, HE TPEBbI-
maer 1000m.

lMposona Mpoeopa

MpoBoaa

Mepemblykn Mepembiykm
NPOBOMOYHbIE NPOBOJIOYHbIE

Puc. 5.14. Hekotopsie Tumsl punepos BU nuanazona

VYciaoBHOE 0003HAYCHHE CHMMETPUYHBIX (HUIAECPOB COCTOUT M3 OyKB «D»
(bumep), mudp ¥ OyKB, 0003HAYAIOMIMX YUCIO MIPOBOAOB (YUCIMTEND), YHCIIO
MPOBOJIOK B TPOBOJIC (3HAMEHATENh), BOJHOBOEC COMPOTHBICHHE, OYKBBI «K»
(ecrmu dumep HepeKpemIEHHBIH).
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[Ipumep ycnoBHOrOo 0003HaYCHHWS CHMMETPUYHOTO MHOTOIIPOBOJIOYHOTO
MEPEKPEIeHHOTO (HIepa ¢ YUCIOM MIPOBOJIOK B IPOBOJIE, PABHOM 5, BOTHOBBIM
conporusiernd 1200m: punep ®4/5 120K.

W3 TeopuH OTKPBITBIX CUMMETPHYHBIX JIMHHUM [36] H3BECTHO, YTO YacTh
SHEPIHH, IIepeaaBaeMoii mo Gpuaepy, U3IydaeTcss B OKpyKaromiee MpoCTPaHCTBO.
Takum o0pazoM, GuOepsl OTHOCATCA K YUCIY YCTPOMCTB, KOTOpHIE B 3HAYHU-
TENBHOM CTEINEHH OMPENEIAIOT DJIEKTPOMATHUTHYIO 00CTaHOBKY (IO KpaifHei
Mepe, Ha aHTeHHOM II0JIe).

5.3. METOAbI AHAJIN3A BJINXKHUX
BJEKTPOMATHUTHBIX MMOJIEWA

5.3.1. Banxkane Moy caadoHANPaBIeHHBIX AaHTeHH

[Ipn pewenny 3aga4 371€KTPOMAarHUTHOLO NPOTHO3MPOBaHMS aHTeHHbI BU
JIana3oHa MOXKHO CYHTATh TOHKOIPOBOJOYHBIMHU CTPYKTYpaMH, 4TO MO3BOJISIET
Kbl M3JIydarolluii BHOPAaTOp WM IMPOBOJ < TIPSICTABHTh COBOKYITHOCTBIO
MHOJKECTBa JJIEMEHTAPHBIX JIEKTpUICCKHX BHOpaTtopoB (3DB). CooTBeTCTBEH-
HO YPOBEHb M CTPYKTypa 3JIEKTPOMAarHUTHOTO HOJIST B IIPOM3BOJIEHOM TOUYKe
MIPOCTPAHCTBA OyIET ONPEACIIATHCS CYNEPIo3UIHel moeii Bcex D9B.

B paznene 3.1npuBeneHb! aHATUTHYECKHUE BBIPAXKEHHS IS TOPU3OHTAIBHO-
ro OJ0B, opuentupoBanHoro mapamieabHo ocu X (puc. 3.1). Cuwmras
& =X,Y,z, nwobas nekapToBas cocTapisromas mois (3.2) MokeT ObITh mpen-

cTaBjeHa B 0000IIEHHOM BHU/IE, KaK E; .
[Monst cHMMETpUYHBIX BUOpaTOpOB — HHEHHOTO (prc. 5.1%) u yronkoeoro
(puc. 5.1%) — ompeaensOTCS HHTETPUPOBAHUEM COCTABIISIOIINX E; o JAJHHE

IUIeY C YY4ETOM pacIpeesieHHs] TOKOB 0 BUOpaTopaM.
st anrens tuna BT/ (puc. 5.3)u B (puc. 5.4),ABAsIOMUXCS JTHHCH-
HBIMHA CHMMETPUYHBIMU BUOpATOpaMH, Jiro0ast KOMIIOHCHTa UMEET BUI:

|

E/” = [Eldr. (5.1)
-l

st yronkosoii anrennsl Thna YT (puc. 5.5), sBisromieicst yroaKoBbIM

CHMMETPHYHBIM BHOPAaTOPOM:

| |
E = [E[dr, +[E[dr, . (5.2)
0 0
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Puc. 5.15. JIuHeiiHbIH U YrOIKOBBIH BHOPATOPBI B IGKAPTOBOW CUCTEME KOOPHHAT

CucTeMbl KOOPAMHAT U HAIIPABJICHUS BCIIOMOTATENbHBIX OCeH 7,7;,T, IO-
Kazassl Ha puc. 5.15.Beipaxenns (5.1) u (5.2) B coderanun ¢ popMynamMu st
pacuera E‘f TPEACTABISAIOT cO00H 000OIICHHBIE MAaTEMATHYECKHUE MOJICITH H3ITY-

yeHus cnaboHanpaBieHHbIX anTeHH Tina BI'J[, B u YT .

[MpakTryeckoe MpUMEHEHHE ITUX MOJICIICH, TIPEIoNaraeT anpuopy 3HaHUE
3aKOHa pacHpesieNieHns] TOKa MO JUTHHE Tied BUOpaTtopoB. CyliecTByeT MHOTO
CTPOTHX METOJIOB pacueTa Toka [35,36],0mHako 1y1st 32124, pacCMaTPUBACMBIX B
paMKax HACTOSIIEH KHHUTH, MOXXHO OIDAaHUYUTCS CHHYCOUJIAIBHBIM 3aKOHOM
pacnpezenenust Toka. Ananu3 [38] mokasai, 4To y4eT pacrupeaeseHus TOKa, 1mo-
JIy49eHHBI METOJIOM UHTETPaJIbHBIX YPABHEHHUH, TI03BOJISIET YTOUHUTh CTPYKTYPY
MOJIst JIMIIG B HAMPABICHHUSX OMU3KHX K oceBbiM mpu 1/1>0,3, uto mpescrasis-
€TCSl HE CYIIECTBEHHBIM IMPH 3JIEKTPOMATHUTHOW IKCHEPTHU3E PEATbHBIX 00BEK-
TOB. AMIUIUTYla TOKa, TEKYIIEro MO BUOPATOpPY, B MYYHOCTU €ro pacrpejelie-
Hus onpezensercs no Gopmyie (4.2).

MHOTONETHSISI MH)XKEHEPHAS U SKCIUTyaTAlHOHHAS MPAKTHKa TOKa3aia, 4To
JUTSL pacdera COMPOTHBICHUS H3Iy4eHHs BUOpaTOpHbIX aHTeHH BY nuamnasoHa
IpU BBICOTax mojaBeca BuOpaTopos Gojee 0,251 BOJHE NpHEMIIEMO JOMYILE-
HHUC WIcaTBHON IPOBOIMMOCTH MMOYBEI. VIM BCera MmoJib3yrOTCS U IPH PEIICHUH
3a1a4 3JIEKTPOMArHUTHOM SKCIIEPTH3BI H3JIYYAOIIMX OOBEKTOB, MMOTOMY YTO
MPAKTUYECKH I BCEX KOHCTPYKIMA aHTCHH BBITOJHIETCS YCJIOBHE IOIBECA
BuOparopa Ha Beicote Oosee 0,251

HWcnonp3oBanubie pomylieHus (MaeanbHas MPOBOIMMOCTh MOYBBI U CHHY-
COUIANIbHOE pacrpejieieHie TOKa) CBOJIST 3a/1auy HAXOMXK/ICHUS COMPOTURIICHUS
U3JTyYCHUS] U aMIUTUTYbl TOKA TOPU3OHTAJIBHOTO JINHEHHOTO CHMMETPUYHOTO
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BHOpaTOpa K XOpOIIO HM3YYEHHOH 3amade O ABYX MapaUIeIbHBIX CBS3aHHBIX
BHOpaTOpax ¢ CHHYCOMAAJIBHBIM paclpeaencHneM Toka. [Ipu 3Tom pazHoc BHO-
pPaTopoB B MPOCTPAHCTBE paBEH yABOCHHOH BHICOTE MOIBECA AaHTCHHBI HAJ| 3€M-
nedd. HamoMHMM, 4TO MPUHATOE AOMYIICHHE HACATbHON MPOBOJAUMOCTU IMOYBBI
pacIpoCTpaHsIeTCs TOJBKO HAa 33/ady pacyeTa CONMpPOTHBICHUS M3IY4YCHHUS aH-
TeHHBI. HampspkeHHOCTh AIIEKTPUYECKOTO IMOJIS PACCUUTHIBACTCS C yUETOM pe-
AIBHBIX ITAPAMETPOB.

[Ipu pemreHnn 3a1a4 3JEKTPOMAarHUTHOTO MTPOTHO3MPOBAHUS OOBIYHO TIPE-
MOJIATaf0T CHH(A3HOCTh BCEX COCTABISAIOIINX, (B OTOM Clydae ypOBEHb CyM-
MapHOTO MoJis Oymer MakcumaibHbiM). CymmapHoe (3¢dexTrBHOE) 3HAYCHWE
HaNPSKEHHOCTH 3JIEKTPUUECKOTO II0JIS, CO3/1aBaeMOT0 JIMHEHHBIM CHMMETPHY-
HBIM BUOPATOPOM B ITPOU3BOIHHOHN TOYKE, MOXKHO 3aIACaTh B BUJE!

ETCE =\/‘EfCB‘2 +‘E§YCB‘2 + EfCB‘Z _ Z‘Eg@‘z 5.3)
&
- st antenH Tuna BT u BIJILLL
EVI = ‘Eym
: ; :

- mis aateHasl Y1/,

st anrens tuna BIUL 2Y (puc. 5.6)u AT3U (puc. 5.7) cocrasisronrye
HAIPSDKEHHOCTH DIICKTPUYECKOTO TIOJSI OTPENEISIIOTCS CyMMHUPOBAHHEM COOT-
BETCTBYIOIMX KOMIIOHEHT, CO3/IaBaEMbIX KaXIbIM JIMHEHHBIM CHMMETPHIHBIM
BHOpPATOpOM, BXOJSIIAM B aHTCHHYIO cHcTemy. JIro0as nekapToBas COCTaB-
JISTFOTIAST TIOJTST ATHX aHTeHHBIX cucteM (AC) MOKeT GBITh MPEICTABICHA B BHIIC:

E/ :;E;’CB(i), (5.5)

rne £ =X,Y,Z; K — 4ncno muHEHHBIX CHMMETPHYHBIX BUOPATOPOB, BXOIAIIUAX

2
‘ (5.4)

B anTeHnyro cuctemy (K =2 s anrennst B 2V, k =4 i aHTeHHBI TH-
na AT3N).

CyMMapHOe 3HaUYeHHE HAIPSHKEHHOCTH DJIEKTPUYECKOTO MOJsi B MPOU3-
BOJIBHOM TOYKE MOYKHO TPEICTABUTH B BHIE:

B¢ = > |E
&

Crnemyer MOMHUTH, YTO MCIIOJIG30BAaHHUE MPUHINIIA CYNEPIIO3UINH, TPEAIIO-
JlaraeT CyMMHpPOBAHKE B €AMHOM KOOPAMHATHOM Oa3uce.

Pesyneratel mccienoBaHUs OMKHUX TOJIEH ciabOHANpaBIIEHHBIX aHTCHH
MIPUBEICHBI B OJTHOM U3 ITOCIICAYIOIINX Pa3/ICIIOB.

2
\ . (5.6)
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5.3.2. BanxHue moJsi MHOTOBHOPATOPHBIX AHTEHH

IMone W3My4YeHHs AHTEHHBIX PEUIETOK, COCTOSIIMX M3 COBOKYIMTHOCTH H3Iy-
YaIOIIUX DJIEMEHTOB — JIMHEWHBIX CHMMETPHYHBEIX BuOparopoB (puc. 5.11 m
puc. 5.13), B obmieM ciydae ompezensieTcsi CyMMOM TMOJel 9THX BHOPAaTOpOB C
YYETOM aMIUIATYJHBIX, ()a30BbIX U MOJSIPU3ALUOHHBIX COOTHOIIEHUH. [Ipu aTOM
CIIeyeT yYUThIBATh BHOpATOpbI, OOpasymolue HE TOJIbKO AHTEHHOE IOJIOTHO
(AII), vo u monoTHO pedurekropa (I[IP). IMose Kaxaoro BUOpaTOpa JOJDKHO BBI-
YUCIATRCS C YUIETOM PEalbHBIX MapaMeTpOB MOCTHIAONICH MOBEpPXHOCTH (IT0Y-
BBI) MO METOIWKE, TPHUBEACHHOM B pasmeie 5.3.1. Hamwuwne amepromandeckoro
pediiekTopa y HEKOTOPBIX aHTEHH HE HAPYIIAeT OOIIHOCTH M3JI0KEHHOTO MOXO0-
J1a, TIOTOMY 9YTO €ro BIHMSHHAE MOXXHO 3aMEHHTH BIMSIHHEM 3€pPKalbHOTO 0TOOpa-
JKEHHS] aKTHBHOTO aHTEHHOTO MOJIOTHA. JIpyruMu ClIoBamH, 3epKajbHOE 0TOOpa-
KEHHE MOKHO pacCMaTpuBaTh Kak BUPTYAIIbHOE Pe(IIEKTOPHOE MOJIOTHO.

Jlrobast mexkapToBasi COCTABILSIIONIAs CHH(A3HBIX TOPH30HTANBHBIX AHTECHH
(CI') ompenensiercst o Gopmye:

gq=mxn q=mxn

B = D E/()+ DE/CT (), mpu & =%, 2, (6.7)

i=L i=L
rIe MU N — KOJIMYECTBO ATaXEH BHOPATOpPOB M BHOPATOPOB B dTa)e CHH(a3-
HOIl aHTEHHBI; TIEPBasi CyMMa — BKIaJ B & -YIO COCTABIISFOLIYIO MOJS JIMHEHHBIX
CUMMETPHYHBIX BHOPATOpOB aHTEHHOTO IIOJIOTHA, BTOpas CyMMa — BKJIAJ pe-
AIBHBIX JINHEHHBIX CHMMETPHUYHBIX BUOPATOPOB MOJOTHA pediiekTopa (mis aH-
terd CI'JI PH u CI'l PA/l) win BUPTyalbHBIX BUOPATOPOB — 3¢PKATBHBIX H30-
OpakeHHUit aKTUBHBIX B arnepuoandeckoM pediekrope (mst anternst CI'I PA).
CyMMapHOE 3Ha4eHUE HANps KEHHOCTH MONA B MPOU3BOIBHOI TOYKE IpO-
CTpPaHCTBA IPH YCIOBUU CHH(A3HOCTH COCTABIISAIONINX 3aIUIIETCS B BUE!

ECT = Z‘ng‘z . (5.8)
é

Omnpenenenne aMILUTHTY] TOKOB, MPOTEKAIOIIUX 110 KaKJIOMY U3 BHOPATOPOB
AHTEHHOW PEIIETKH, SBIISICTCS XOPOIIO U3yUIEeHHO 3a1a4eii Teopun anteHH [36].
IIpu pacdere TOKOB MPUXOIUTCS YUUTHIBATH BIMSHHUE HE TOJBKO pediekropa,
HO ¥ 3epKAILHOTO U300paKeHUs BCEH aHTEHHBI OTHOCHUTEIBHO 3€MHOM MOBEPX-
HOCTH (3eMJIs TIPU PEIICHUH 3TOH 3a7a4M MPEIIONAraeTcsi HAealbHO TPOBOIS-
1iei).

Meroauka pacuyera OIMKHHUX IIOJIEH JIOTOMEPHOIUYECKUX aHTEHH, SIBJISIO-
IIUXCS KaK U CHH(pA3HBIE aHTEHHBI MHOTOBHOPATOPHBIMHU, AHAJIOTHYHA [TPUBE-
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JIEHHON — B PacYeTHOW TOYKE CYMMHPYIOTCS IEKapTOBBIE COCTABISIOMINE BCEX
EJTHA .
BHOpaTopoB Ef " ¥ UX 3epKanbHEIX O0TOOPa’KEHUH OTHOCHTEIBHO arepuojIu-

4ecKoro pediiekropa (ecnu TakoBoi umeercs, Hanpumep, BJITIA —puc. 5.13).
B pesynbrare mrobasi cocTaBisromasi Mojs JIOTONEPUOANIECKOW aHTEHHBI
OyaeT UMETh BHI:
- st twiockoit HIITTA (puc. 5.13)

k
EHHJZA z EJICB Al (I) , (5.9)
i=1
rae K — 9mcio JMHEHHBIX CHMMETPHYIHBIX BUOPATOPOB B @HTEHHOM IIOJIOTHE;
- 1ot npOCTpaHCTBeHHOI‘/'I HITIIA (puc. 5.13)

HHJZA ZEJYCB AHl ZEHCB Anz() (5.10)

rae K, — 9MCIO JTMHEHHBIX CHMMETPHYHBIX BHOPATOPOB B IIEPBOM M BTOPOM
anreHHoM nonotHe (ATl u ATI2);
- st BIITTA (puc. 5.13)

EBJTHA Z EJICB All (I) Z E;ICB—HP (i), (5.11)

i=1 i=1

rae K — 4mcio TMHEHHBIX CHMMETPHUYHBIX BHOPATOPOB B @aHTCHHOM IMOJIOTHE.

CyMMapHO€e 3HaueHHE HaNpsDKEHHOCTH T10JIsI, CO3aBaeMoe JIF000i Jiorome-
PUOIMYECKON AHTEHHOHM, B NMPOU3BONBHOW TOUYKE MPOCTPAHCTBA NMPH YCIOBUU
CUH(}A3HOCTU COCTABIISIONINX 3aITUIIECTCS B BUIE:

ESH = ‘E””A‘ , mpu E=XY,Z. (5.12)

Pacuer pacrpesieneHuss TOKOB 10 BUOPaTOpaM MOXHO BBIMOJIHUTH B COOT-
BETCTBHHU C PEKOMEH/IAIMAMHE, IPUBEICHHBIMU, HanpuMep, B [35].

CyMMHpOBaHHE BCEX COCTABJISAIONINX HEOOXOJMUMO BBIMONHATH B €IMHOM
Oasuce.

Pesynbrartel uccieq0BaHUS ONIMKHHUX TMOJEH MHOTOBHOPATOPHBIX AHTEHH
MIPUBEJICHBI B TIOCIEIYIOIINX pa3jienax.
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5.3.3 baukHue Mot poMOMYEeCKUX AaHTEeHH

K amamm3y pomMOnW4eckrnx aHTEHH TakXKe MPUMEHHM IPHHIUI CYIIEPIIO3H-
IIUH TIOJIEH OTAETBHBIX 3JIEMEHTOB — JUTMHHBIX IPOBOJOB, 00TEKaeMBIX Oerymieit
BOJIHOM TOKa. JIFOOYI0 COCTaBISIFOIIYIO OIS, CO3JaBAEMYIO TPOBOIOM (pHC.

5.16), MOXHO ONpPEACTUTh IIyTEM HHTEIPUPOBAHMSA COCTABJISIOIINX EEF
(é=xY,2) mo ero muse | :

|
Ef = [Efdr. (5.13)
0

AHAINTHYECKOE BBIPAKEHNC TOKA B KKIOM MPOBOJE aHTEeHHBI (puc. 5.17)
MOYKHO 3aITHCaTh B CICAYIOIEM BUJIE:

% “ o)

2 o, Lo P
W=t 2, 10Q)=-1e 7 1@ =10 1@=a.e'""" (5.14)

rac IO_ AaMIUIATyAa TOKa, HE 3aBUCAINAs OT KOOPAUHATHI 7 TOYKM Ha OCH IIPO-

BOJIA.
HenocpenctBenHoMy pacyeTy HAMpsHKEHHOCTH o 3JIEKTPHYECKOTO  ITOJIS

MIPEIIECTBYET PEUICHNE 3a4a4l OTPEICICHUS aMIUIUTYAbI TOKa, MPOTEKAIOIIEero

0 TpoBOAaM poMmOMYeckoi aHTeHHBI. Kak m B ciydae BHOpPaTOPHBIX aHTEHH,

IIPHU pacyeTe TOKa KIFOYEBEIM MOMEHTOM SIBIIIETCSI PAacdeT CONMPOTHBICHUS H3-

JMy4eHus: poMOndeckoil anteHHbl. OJHUM U3 BO3MOKHBIX CITOCOOOB €ro ompese-

JICHUS SIBIIICTCS PacdeT KOMOWMHAIMHM COOCTBEHHBIX M B3aMMHBIX CONPOTHBIIC-

HUH TIPOBOJIOB, 00TEKAEMBIX OETYIIe BOTHON TOKA, BXOIAIINX B POMONIECKYIO

aHTEHHY, C YUETOM JIOMYIICHHUS HIeaIbHON IPOBOANMOCTH MOUBHI. [Ipn ananmse

MIPOCTON POMOWYECKON aHTEHHBI C yUe-

TOM BIUSHHUSA HWACATBHO IPOBOMSIICH A

MOYBBI MOXHO BBLICIUTH 8 B3auMoeii-

CTBYIOIIMX TIPOBOJIOB, a IIPHU aHAJM3e

JIBOMHOW pOMOHYECKOW aHTCHHBI — 16.

KommaecTBo B3aMMHBIX U COOCTBEHHBIX |

COTIPOTHBIICHUH TIPOBOAOB pPoMOa, KO-

TOpoe HEOOXOAMMO Y4eCTh IpH pacde-

T€ CONPOTHBICHUS W3IYYECHHUS COCTaB-

msier 32 s mpocroi u 128 i 1Boii- X L —— -

HOll pomOuueckoii amremnbl. B [35]°  TPOEoA

MIPUBEICHO OO0IIee WHTETPaIbHOE BBI- X,

pakeHHe I pacueTa B3aWMHOIO CO-

MPOTUBIICHUS TPOM3BOJILHO OPHUEHTH- Puc. 5.16. I[J'H/IHHEIIZ TpoBO, obTexaeMbIii

POBAaHHBIX JUHEHHBIX BHOpaTopos. Mc- Gerymei Bomoi Toxa
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[0JIb30BaHUE ITOrO BBIPAKEHHS MO3BOJIAET, MOJIb3YACh METOJAMH YUCIEHHOTO
UHTErPUPOBAHMS, PACCYUTATL CONPOTHUBIIEHHE M3/TydeHUs JTH000U POMOMYECKOM
aHTeHHbI. PacyeT aMIUIMTY/Ibl TOKA B IPOBOJAX aHTEHHBI BBINOJIHSIETCS 1O Gop-
myie (4.2).

O0603HAYMM JIEKAPTOBBIE COCTABJIAIOIINE HAIPSIKEHHOCTH DIEKTPUUECKOTO

TIOITSI, CO3/ABAGMBIC KaXKIBIM MPOBOIOM pomba depes E, (,u),Ef/7 (/1),E£7 (/1),

rae (=1,2,3,4a0Mep mpoBoaa. CiieyeT UMETh BBHIY, YTO HCIIOJIH30BAHUE Ma-
TEeMaTHYECKOW MOJICNU TPOBOAA ISl HAXOXKACHHS OISl OAMHOYHOW poMOuye-
CKOM aHTECHHBI BO3MOJXHO 'TOJBKO IPH YCIOBUH MPEOOpa30OBaHUS KOOPIHHAT
TOYKM HAOmIOACHWS Xp,Yp,Zp (puc. 5.17) B KoopamHatel X,Y;,Zj

(puc. 5.16). B urore otraenbHbIC
A COCTaBIIAIONINE KaXIOro U3 ue-
TBIPEX TIPOBOJOB OKAa3bIBAIOTCS
MPUBSI3aHHBIMH K CBOCH (MHAWBH-
NyaJbHO#l) CHCTeMe KOOpAMHAT
XnaYn.Zn.

CocraBnsomuye  HapsHKEeH-
HOCTH 3JIEKTPUIECKOrO TOJISI OHU-
HOYHOH pOMOWYECKONW aHTEHHBI
PI' (puc.5.17) ompenensitorcs
CyMMHUpOBaHHEM TIOJEH OTAEIb-
HBIX 2JIEMEHTOB — UETBIPEX CTO-
poH (mpoBomoB) pomba. Cymmu-
pOBaHUE JOJDKHO BBINOJHITHCSA C
Puc. 5.17. Onunounas pomOuyeckas aHTeHHA YYE€TOM TOTrO, YTO AHATUTHYCCKHEC

B I[CKB.pTOBOﬁ CHUCTEME KOOpAUHAT BLIp&)KeHI/IH COCTAaBJIIIOIIMX Ha-
HOPSDKEHHOCTU  AJIEKTPUYIECKOTO

Pombuyeckas
aHTeHHa

ToJigd OTACJIBbHBIX MPOBOJOB, E>1(7 (,l,t),E;,7 (,u),Ef (,u), 3allMCaHHBIC B CHCTCMC

koopauHat X 7,Y;;,Z;; (puc. 5.16),He06x0aumMo0 mpeoOpa3oBaTh K CHCTEME KO-
OpIMHAT HCClenyeMoil pomOuueckoit anteHHsl Xp,Yp,Zp (puc. 5.17).B pe-

3YyJIbTAaTC BCC MCKOMBIC COCTABJIAIOIIINC 6yﬂyT HUMCTb 06HIPII>1 KOOpI[I/IHaTHHﬁ Oa-
3HC.

B xoHeuHOM HTOIC JACKApPTOBLIC COCTABJIAIONINC HAIPS)KECHHOCTU 3JICKTPH-
YCCKOTI'O ITIOJIA 0[[PIHO‘IH017[ pOM6H‘I€CKOI>i AHTCHHBI 3aITUCBIBAIOTCA B CIICAYIOIICM
BHUIC.

EM = cosﬁi E” (u)+sin ﬁ[— E’(1)+E”(2)+E"(3)-E” (4)] . (5.15)

y
K=l
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E/ =sin Bl-E7 () +E” (2)+E" (3)- E (4)]+ cosﬁi E’(4), (5.16)
H=1

4
B =Y E (W), (5.17)
H=1
rae = 90° — @ (@ — mos0BHHA TYIOTO yriia poMba).
CyMMapHOe 3HAYEHHE HANpPSKEHHOCTH TIOJIs, CO3/1aBAEMOTO POMOHUYECKOM
AHTCHHOM, B MPOM3BOJBHOM TOYKE MPOCTPAHCTBA MPH YCIOBHH CHH(PA3HOCTH
COCTABISIFOIINX 3aITHIICTCS B BHIE:

EX = [S|EX], npn £=xy2. (5.18)
3

B ciyuae ananm3a OpkKHEX mostelt anTeHHBI PT'J] mekapToBBIe cOCTaBIISIO-
e HANIPSDKEHHOCTH HIIEKTPUIECKOTO OIS MOXKHO ONPEAEITIHTE 0 (OpMyIaM:

EfA =E[T +E[2, (5.19)

rae =Xy, PI'1, P[2— niepBblii 1 BTopoit pom6-(puc. 5.9).

CyMMapHOe 3Hau€HHE HampsHKEeHHOCTH MOJis, ‘co3aaBaeMoe anteHHou PT'/]
B MPOW3BOJILHOW TOYKE MPOCTPAHCTBA NPU YCIOBUHM CHH(A3HOCTH COCTABIISIO-
IIHX 3aIUIICTCS B BHJIE:

EPA = 2|E§m|2’ mpu E=XY,Z. (5.20)
g

CyMMPIpOBaHI/Ie COCTaBJIAIOIINX H€O6XO,HI/IMO BBIIIOJIHATH B CAUMHOM Oasmce.
Pe3yJ'ILTaTLI HUCCICOAOBAHUA OMMKHUX TOJEH p0M6I/I‘-IeCKI/IX AHTCHH ITPUBC-
JCHBI B IMMOCJICAYIOIUX pa3aciax.

5.3.4. Bim:xuane noJs puaepon

B ocHOBY MeTo/a aHaM3a OMIDKHUX TIOJIeH (HUISPOB TaKke MOJ0KEHO pe-
IICHHE 3aJadd 00 WM3IIy4eHWH TOPH30HTaJIbHOTO ODB, pacmoiokeHHOro Ham
[MOYBOW C pPEATbHBIMU BJIEKTPO(OU3NICCKUMH MapaMeTpaMH, B COYCTAHHH C
MPUHIUIIOM CYIEPIO3HUILUH TI0JIeH, CO3aBaeMbIX JJIEMEHTAPHBIMHU U3JTydaTels-
mu [41]. Kaxnaeiii ipoBox dumepa — 9T0 IIMHHBIA mpoBox (puc. 5.16)c pac-
MpeacICHHEM TOKA!

I, = Io{e‘” +%e‘”] (5.21)

rae lg — Tok B Touke nutanus; y= [+ ja —xosdduiment pacnpocrpanenus ([
— K03 HUIHEHT TOTEPD, @ — KO3 duIreHT (asbl); K — koaddumuent oeryiei
BOJIHBI XapaKTEPU3YIOIIUiA corjlacoBanue Gpuaepa ¢ aHTEHHOH).
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JIr00y10 COCTaBISIONLYIO HANPSHKEHHOCTH 3JICKTPUYECKOTO TOJIsI, CO3/IaBae-
MYIO OTAEIBHBIM IPOBOJIOM (HIepa, MOXKHO 3amucath B Buje (5.13),a cymmap-
HOE 3Ha4YeHHE HaNpsHKEHHOCTH TOJIS, CO3/IaBAEMOI0 COBOKYITHOCTBIO BCEX IPO-
BOIIOB (huzepa B MPOM3BOJILHOM TOYKE MPOCTPAHCTBA MPH YCIOBHU CHH(pA3HO-
CTH COCTaBIISIFOIINX 3alUIIETCs B BUE!

(5.22)

rae M —4ucio IpoBOJIOB B (bn,uepe.
CyMMPIpOBaHI/Ie COCTaBJIIIOIINX H€06XO,HI/IMO BBIIIOJIHATH B CAMHOM Oasuce.

5.4. 9JIEKTPOMATI'HUTHASI OBCTAHOBKA BBJIN3U
TEXHUYECKHX CPEJICTB BU JTUAITA3OHA

5.4.1. CanutapHblie 30HBI HEKOTOPBIX THIIOBBIX AHTEHH

DJIEeKTpOMarHUTHYI0 0OCTaHOBKY BONM3M aHTeHH BY nmamazona paccmot-
PUM Ha IpUMepe 3aBUCHMOCTH TPAHUIl CAHUTAPHBIX 30H OT Pa3iIMYHBIX (aKTo-
poB [23,42].

Ha puc. 5.18...5.2InpencraBiensl caHuTapHbIE 30HBI CITA00HATPABICHHON
TUMoBoW BuOparoproii antenusl BI'J] 6/10 @3umyranbHblid yron 0° cooTBeTcT-
ByeT HaIpaBJICHHUIO, ICPIICHANKYISIPHOMY OCH BHOPaTOpa):

- puc. 5.18 —3aBUCHMOCTD CAaHUTAPHO-3aIINTHBIX 30H OT U3Ty4CHHON MOII-
HOCTH,

- puc. 5.19 —3aBHCHMOCTb CaHHTapHO-3aIIUTHBIX 30H OT NapaMeTpoB I10Y-
BB,

- puc. 5.20 —3aBUCHMOCTb 30H OTpPaHMYCHUS 3aCTPOWKU OT M3ITy4CHHOMH
MOIIHOCTH;

- puc. 5.21 —3aBUCHMOCTb 30H OTpaHHYCHHUS 3aCTPOHKH OT NAapaMeTpPOB
TIOYBBHI.

Ha puc. 5.22...5.251pencTaBiens! caHuTapHbIE 30HBI CITA00HANPaBICHHON
TUMOBOW BUOparopHoii antenusl YI'J] 8/11,5,k0Topast UMeeT XOpOLIYI0 PaBHO-
MEpHOCTh H3JIy4YCHHUS] B TOPH30HTAJIBHON IUIOCKOCTH (a3umyTanbHbid yrom 0°
COOTBETCTBYET HANPABICHUIO N0 OHCCEKTPHCEYTIIa PACKPHIBA AHTCHHBI):

- puc. 5.22 —3aBUCHMOCTb CAaHUTAPHO-3aIIUTHBIX 30H OT U3Ty4YCHHON MOII-
HOCTH,

- puc. 5.23 —3aBHCUMOCTb CaHHTapHO-3aIIUTHBIX 30H OT NapaMeTpoB I10Y-
BB,
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- puc. 5.24 —3aBUCUMOCTb CAHUTAPHO-3AIUTHBIX 30H OT JUTMHEI BOJIHEI,

- puc. 5.25 —3aBUCHMOCTb 30H OTpaHHYEHUS 3aCTPOWKH OT W3ITyYCHHOMH
MOIIHOCTH.

Ha puc. 5.26...5.29npexacTaBnensl caHUTapHBIE 30HBI THUIIOBOH aHTEHHBI
CI'l 2/4PA (asumyTanbHblid yroi 0° COOTBETCTBYET HAMPABICHHIO MaKCHMAIb-
HOTO U3JTyYCHHUS AHTCHHBI):

- puc. 5.26 —3aBUCHMOCTD CAaHUTAPHO-3aIINUTHBIX 30H OT U3Ty4YCHHON MOII-
HOCTH,

- puc. 5.27 —3aBHCUMOCTH CaHUTapHO-3aIIUTHBIX 30H OT NapaMeTpoB I10Y-
BB,

- puc. 5.28 —3aBHCHUMOCTH CAHUTAPHO-3AIIUTHBIX 30H OT JUIMHEI BOJIHEI,

- puc. 5.29 —3aBUCHMOCTh 30H OTFpaHHYCHHUS 3aCTPOHKH OT IapaMeTpOB
TIOYBBHI.

Ha puc. 5.30...5.32mnpeacraBnenHsl caHUTapHBIE 30HBI THIIOBOW poMOMYe-
ckoit antenHbl PI'J] 65/4 1 @3umytanbHbiid yroa 0° COOTBETCTBYET HampaBlie-
HHIO MAKCHMAJbHOTO U3ITyYCHHUS AHTCHHBI):

- puc. 5.30 —3aBUCHMOCTH CaHUTAPHO-3aIINUTHBIX 30H OT U3ITy4YCeHHON MOII-
HOCTH,

- puc. 5.31 —3aBHCHMOCTb CaHHTApHO-3aIIUTHEIX 30H OT apaMeTpoB I10Y-
BB,

- puc. 5.32 —3aBUCHMOCTb 30H OTpPaHHYCHUS 3aCTPOWKU OT NapaMEeTpPOB
TIOYBHI.

Ha puc. 5.33...5.36npexncraBiensl caHUTapHBIE 30HBI THUIIOBOH aHTEHHBI
CIr'l 4/4PA (asumyTanbHblid yroi 0° COOTBETCTBYET HAMPABICHHIO MaKCHMAITb-
HOT'O M3JTy4CHHUS AHTCHHBI):

- puc. 5.33 —3aBUCHMOCTb CAaHUTAPHO-3aIIUTHBIX 30H OT M3Ty4YCHHON MOII-
HOCTH,

- puc. 5.34 —3aBHCHMOCTb CaHHTapHO-3aIIUTHBIX 30H OT NapaMeTpoB I10Y-
BB,

- puc. 5.35 —3aBUCHMOCTb 30H OTpPaHHYCHUS 3aCTPOWKM OT M3IYyYCHHOMH
MOIIHOCTH;

- puc. 5.36 —3aBHCHUMOCTb 30H OTPaHHYEHUS 3aCTPONUKH OT JIMHBI BOJIHBI.

Ha puc. 5.37u 5.38 npencraBnensl caHuTapHbIC 30HBI THUIIOBOM aHTEHHBI
CI'l 8/8 PA (asumytasbHblii yros 0° cOOTBETCTBYET HANPABICHHIO MaKCHMAllb-
HOT'O U3JTy4CHHUS AHTCHHBI):

- puc. 5.37 —3aBUCHMOCTb CAaHUTAPHO-3aIIUTHBIX 30H OT U3Ty4YCHHON MOII-
HOCTH,
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- puc. 5.38 —3aBHCHMOCTH 30H OTPAHHUYECHHUS 3aCTPOWKH OT HM3JITy4EHHOU
MOIL[HOCTH;

OTMETHM OCHOBHBIC 3aKOHOMEPHOCTH H3MEHCHHSI CAHHTAPHBIX 30H THIIO-
BbIX aHTeHH BY nuamnazona.

1. ITpu yBeTMUYECHNH M3Iy4aeMOil MOIITHOCTH BCE CAaHUTapHbIC 30HBI PACIIH-
PSIIOTCS BO BCEX HAIPABIICHHSIX.

2. lpu mepexojie OT MOYBBI C HU3KOW MPOBOIMMOCTBIO (CyXOi TMOYBBI) K
MOYBE C XOPOIIEH MPOBOJUMOCTBIO (CHIPOW MOYBE) CAHWUTAPHBIE 30HBI MOTYT
PE3KO M3MEHSATHCS. [IprudeM TPYIHO BBISBHTH OOIINE [UIS BCEX AHTCHH M CITyda-
eB TeHaeHImu. Tak, Hanpumep, i anteHd B/l 6/10 puc. 5.19),CT 1 2/4 PA
(puc. 5.27)u CI'T 4/4 PA (puc. 5.34) B OAHWX HANpPABICHUSIX CAHUTAPHO-
3aIUTHEIE 30HBI YBEINUMBAIOTCS, @ IPYTHX YMEHBINAIOTCS, a s anTeHH YI'J]
8/11,5 puc. 5.23) u PTJI 65/4 1 puci 5.31) —yBenmnuuBarOTCS BO BCEX Ha-
npaBieHusaX. MoXKHO ¢ YBEPEHHOCTHIO OTMETHTh, YTO B HAMPABICHUIX MaKCH-
MAaJbHOTO M3JTydEeHUsT HAUXYIIIUM CiTydaeM (MakCHMAIBHbBIC CAHUTAPHBIC 30HBI)
JUTS CHH(A3HBIX aHTEHH SBJIACTCS CyXas TI0YBa.

3. Ilpu yBenMUYECHHH BBICOTHI TOYKH HAOMFOJEHWS CAHWUTAPHBIC 30HBI MO
KOHQUIypalyi TPHOIMKAIOTCS K JAMarpaMMaM HarpaBlICHHOCTH aHTEHH B TO-
PU3OHTAIBHOM TUIOCKOCTH B Janmbhei 3oue — BI'JT 6/10 puc. 5.20m 5.21),CT'/]
2/4 PA (puc. 5.29),PT 11 65/4 1 puc. 5.32),CI'/] 4/4 PA (puc. 5.35u 5.36)u
CI'l 8/8 PA (puc. 5.38). 910 0OBICHIETCS YMEHBIIAKOIIAMCS BIHSHHEM CO-
CTaBJIAIONINX TOJIA, 3aBUCAIIMX OT MAapaMeTPOB 36MHOM MOBEPXHOCTH. 30HBI OT-
paHUYCHUS 3aCTPOUKH 3aBUCAT OT BBICOTHI, XOTS C1a00 3aBUCAT OT IApaMeTPOB
MOYBBI.

4. JIns BCeX HAMpPAaBICHHBIX AHTCHH HaOJIOMacTCsl CHIbHAs 3aBHCHMOCTD
CaHWTApHBIX 30H OT [UTHHBI BOJHEI B Mpeeax pabovero auamnasona. B Hanpas-
JIEHUSX MaKCHMAIIBHOTO M3JIYYCHHUsS B KOPOTKOBOJTHOBOM 4acTh pabodvero aua-
Ma30Ha JUIMH BOJIH CAHUTAPHBIE 30HBI MMEIOT MAKCHMAIBLHYIO TPOTSKEHHOCTD,
YTO €CTECTBEHHO, MOCKOJIBKY 3JIEKTPHICCKHUE Pa3Mephl aHTCHH MaKCHMAJbHBI, &
CIIEIOBATENILHO MaKCUMaJIeH KOO(Q(UIIMEHT YCUIeHHs aHTeHH. HeckoabpKo apy-
THe Pe3yNbTAThl MO CIabOHANpPABICHHBIM aHTEHHAM OOBSICHSIOTCS WX CPaBHU-
TEJbHO HEOOIBIION CPeHEl BRICOTOM I0IBECA, U, CIICJIOBATENIBHO, [IPH HEPEX0-
JIe K JUTMHHOBOJIHOBOM YacTH pabodvero Juana3oHa UTHMH BOJH 9Ta BBICOTA CIIe
0oJiee YMEHBINAETCS, U BIUSHAE 3¢MHOMN MOBEPXHOCTH TIPOSIBIISETCS CHIIBHEE.
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Puc. 5.18. CanurapHo-3amuTHble 30061 aHTeHHbI BI'J] 6/108 3aBucumocTi
OT M3JTy9IEHHOM MOIHOCTH (inHa BOIHBL 16 M, mouBa cyxast)

180
------£=30=0001,

€=20,0=01

Puc. 5.19. CanurapHo-3amutHble 30861 anTeHHBI BI'J] 6/108 3aBucHMOCTH OT IapamMeTpo
B 36MHOM MOBEPXHOCTHU (M3JIydeHHass MOLIHOCTH 5 KBT, /utnHa BoiHbI 22,2M, O B CM/M)
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Puc. 5.20/30HbI OrpannyeHust 3acTpoiiku Ha Bicote 20Mm st antenHsl BI'JT 6/10
B 3aBHCHMOCTH OT M3/Iy4CHHON MOIIHOCTH (mnHa BOIHBI 16 M, ouBa cyxas)

------£g=3;,0=0.001,

€=20;0=0,1

Puc. 5.21. 30oHbI orpannyeHns 3acTpoiiku Ha Beicote 20 M st antennst BI'JT 6/10
B 3aBUCHMOCTH OT [IAPAMETPOB 3EMHOM [IOBEPXHOCTH
(u3nyuenHas MomHoOCTh 5 KBT, [uHa BosHbl 16 M, G B CM/M)
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P=1«BT, ====--- P=5«kBT, — - - —P=20kBt

Puc. 5.22.Canurapro-3amurasie 30661 antennsr Y[ 8/11,5
B 3aBHCHMOCTH OT U3JTy4eHHON MOLUIHOCTH ([tMHA BOJHBI 21,4M, 104Ba cyxas)

------£=3;,0=0.001,

€=20;0=01

Puc. 5.23.CanunrapHo-3aiurHbie 30161 anTeHHbl YI'JI 8/11,58 3aBicuMocTd OT HapaMeTpoB
3eMHO TOBEPXHOCTH (M3ITydeHHast MOMHOCTh — SKBT, mnna Bomusr 12,6m, 0 B Cv/m)
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------ A=126, — - - — A=170,

A=214

Puc. 5.24. Canurapro-3amutHbie 30061 anTeHns Y1 J[-8/11,58 3aBucumocti
OT JUIMHBI BOJIHBL B MeTpax (M3i1ydeHHasi MOIHOCTh — SKBT, mousa cyxast)

P=1kBt, = -~-~--- P=5kBT, — - - —P=20«Bt1

Puc. 5.25. 3oubl orpanndenns 3acTpoiiku Ha Beicore 20 M st antennst Y/ 8/11,5
B 3aBHCHMOCTH OT M3JIy4eHHON MOIIHOCTH (JUIMHa BOJHBI 17 M, 1I0YBa cyxasi)
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P=50kBT, = ====-- P=100kBT, =— - - — P =150«kBT1

Puc. 5.26.CannTapHo-3amuTHbIe 30Hb! 17151 anTeHHb! CI'J] 2/4PA
B 3aBUCHMOCTH OT U3JTy4CHHOW MOIIHOCTH (JUTMHA BOJHBI 25 M, I104Ba Cyxast)

---=---£=3,0=0.001,

€=20;0=0.1

Puc. 5.27. Canurapuo-3amutabie 3061 it antenasl CIJ] 2/4 PA B 3aBuCHMOCTH
OT IapaMeTpoB M0YBBI (JUTMHA BOJHBI 25 M, u3iy4enHas MowmHocTs 100kBTt, 0 B CMm/M)
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------ A=135 — - - — A=250,

A=370

Puc. 5.28.CanntapHo-3amuTHbIe 30HbI 115 aHTeHHBLCIJ] 2/4 PA B 3aBuCHMOCTH
OT JUIMHBI BOJIHBI B MeTpax (u3nydeHnas momsocts 100kBrT, mousa cyxast)

---=---£=3,0=0.001,

€=20;0=0.1

Puc. 5.29. 3oubI orpanndeHus 3acTpoiiku Ha Boicote 20 M st antenssl CI'JT 2/4 PA
B 3aBHCHMOCTH OT ITapaMETPOB TTOYBBI
(mmuaa Bomubl 37 M, m3nydennast momaocTs 100kBT, 0 B CM/M)
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P=20kBT, ------- P=50«kBT, —--—- P =100«kBT

Puc. 5.30.CanutapHo-3aiuTHbIe 30HbI st anTeHHbE PIJ] 65/4 1B 3aBucumocTi
OT U3JTy4eHHO! MomHocTH (utnHa BoiHbI 40,5M, mouBa cyxast)

...... £=3:5=0.001, €=20;0=0.1

Puc. 5.31. Canurapro-3amutHbie 30061 tst antenns! P 65/4 18 3aBucuMocTi
OT [apaMeTpoB MOYBbI ({TMHA BOIHBI 28 M, n3iyderHast MouiHocts 50kBT, 0 B Cm/Mm)
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------£=3;0=0.001,

€=20;0=0.1

Puc. 5.32. 3oHbI orpannueHnst 3acTpoiiku Ha Bbicote 20M juist autennsl PI'J[ 65/4 1B 3aBucumoctu
OT IapaMeTpoB IO4BbI ([UIMHA BOTHE 28 M, n3mydeHHas MomHocTs SOKBT, 0 B CM/M)

P=50kBT, = ===~-- P =100 kBT, — - - — P =150 kBT

Puc. 5.33. CanurapHo-3amutHbie 30161 it antentsl CIJ| 4/4PA B 3aBucuMocTH
OT M3IIYYEHHOM MOMIHOCTH (JUTHHA BOJHBI 42,3M, TIOYBa CyXas)
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....... £=3,0=0001, €=20,0=01

Puc. 5.34. CanurapHo-3amutHbIe 30Hb! it anTeHHb! CI'J] 4/4PA B 3aBuCcHMOCTH
OT IapamMeTpoB MoYBkl ({iHA BOIHBI 42,3M, uzinyuerntas momHocTs 100kBT, 0 B CMm/M)

P=50kBT, = ==~-~-- P =100 kBT, — - - — P =150 kBT

Puc. 5.35. 3oHbI orpanndenust 3acTpoiiku Ha Boicote 20 M st antennsl CI'JT 4/4 PA
B 3aBHCHMOCTH OT M3JTy4CHHON MOIIHOCTH (futiHa BoiHBI 42,3M, 1I04Ba cyxas)
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A=422

Puc. 5.36. 30HbI orpannyeHust 3acTpoiiku Ha Beicote 20M st antennsl CI' T 4/4PA
B 3aBHCHMOCTH OT JJIMHBI BOJHEI B MeTpax (u3mydeHHas MoutHocTs 100kBT, mousa cyxas)

P=250kBT, - ----- P =500 kBT, — - - — P =1000 kBTt

Puc. 5.37. Canurapro-3amutabie 3061 st antenasl CIJ] 8/8 PA B 3aBucumMocT
OT U3JTy4eHHON MOLIHOCTH ({iHa BOJHBI 38 M, 1OYBa CyXast)
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P=250kBT, = -~-~-~-- P =500 kBT, — - - — P =1000 kBT

Puc. 5.38. 30HbI orpanuyeHust 3acTpoiiku Ha BeicoTe 20 miuist antenssl CI'JT 8/8 PA
B 3aBHCHMOCTH OT H3JIy4EHHOM MOLIHOCTH (IIMHA BOJIHBI 38 M, 10YBa CyXasi)

5.4.2. JnekTpOoMarHATHBIE MOJIsI BOJIH3U (pUIEepPOB

Jl1st enelt sneKTpOMarHuTHOM 3KOJOTMH B IIEPBYIO O4EpEab UHTEPECHA Ha-
TPSKEHHOCTH ToJIst BOMM3U (umepoB Ha paccrosausx mo 10...20metpor [41],
4TO B KOPOTKOBOJIHOBO# yacTu BU nmuamnaszona coctasmser (1...2)4, a B qmuHHO-
BonHoBoi — (0,1...0,2). OueBuaHO, 9TO TaKHUE PACCTOSHHUS HEJOIyCTHMO CHUH-
TaTh JaJIbHEW 30HOM.

Psx oOmmx 3akoHOMEpHOCTEH IpoaHaTH3UpyeM Ha IpHMepe ABYXIIPOBOI-
Horo ¢unmepa mmuHO#N 104, pacmonoxeHHOTO Ha BBICOTE 3 M HAJl TIOBEPXHOCTHIO
pasznena. Ha puc. 5.39u 5.40 1uHuAMH MOCTOSHHOTO YpoBHS B B/M u300paxe-
HBI 3aBHCHMOCTH OTHENBHBIX COCTaBIsIOIMX Ey, E, n E, mons, a Takke cym-
MapHO# BenmmuuHbl Es OT KOOPIMHAT TOYKH HAOIIOACHUS (BBICOTHI HaJl MOBEPX-
HOCTBIO paszena H u pacctosHus oT ¢uaepa ) B cepeauue ¢pumepa, B INIOCKO-
CTH, MIePIECHIUKYIAPHOH ero ocu, mpu A=10 M, Toke B pumepe 10A u KBEB = 1.
Ha Bcex pucyHKax TOYKaMH ITOKa3aHO PACIOJIOKEHUE MIPOBOIOB, A 3HAKAMH «+>
U «-» TOKa3aHbI UX (a3bl MUTAHUS.

CucremMa KOOpIMHAT PacIoiioKeHa TaKUM 00pa3oM, YTO cocTapiistroniue Fy
u E, HaxonaTcsl B TOPH3OHTANBHOI MIIOCKOCTH, MpudeM Ey mapaniensHa, a Ey
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MepIeHANKYsIpHa TIpoBojAaM  ¢uaepa, E, mepneHmuKymspHa MTOBEPXHOCTH
paszzena.

H,m Hv SNINY \ \
) E ! E
+ oo — X + oo = h \\ 7 y
o LN ™ V2NN AW
2 ~— 2 /- 4 / /
\‘0,01\ / 00,// LA LT
0 2 4 6 8 v 0 2 4 6 8 nm

HMm L/ Hv[ N\ \
+ oo — h/— “ +o|e— \ \ \\ \\ Ez
—— 1 A A} \ \
8) NN ™~ 2) 100 50 30|20 | 10 5
2 \\ \\‘ \‘~ 2 / f 1 \
30 |15 [10 5 g / \
F} ey LY A Y /
\UARR 7
0 2 4 6 8rm 0 2 4 6 8 rm

Puc. 5.39. Ctpykrypa mosst BONH3M ABYXIIPOBOAHOTO (uzepa,
PAcCIIONOXEHHOTO HaJl HcadbHO IPOBOASIICH ITOBEPXHOCTBIO pasziena
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Puc. 5.40. Ctpykrypa nosst BOIM3H AByXIPOBOAHOIO (uaepa,
PACIIOJIOKEHHOT0 HaJl 3¢MHOM OBEPXHOCTHIO C ApaMETPaMK CYXOM MOUBBI

Ha puc. 5.39paccmoTpen ciaydaii naeanbHOM MPOBOIUMOCTH TIOBEPXHOCTH
paszena: TaHreHIMaIbHbIC cocTapisonue Ey n EyHa camoli TOBEpXHOCTH paB-
HBI HYJTIO, ¥ TIOJIE TIOJTHOCTBIO OTIPEIeSIETCST BEPTHKAIBHOM cocTaBstonei E,.
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C yBenuyeHueM BBICOTBI OT 1 M cocTapisiomas E, pacteT u cTaHOBHTCS COU3-
Mepumotii ¢ E,. Cocrasistromnas Ey Ha paccrosausx 10...20m ot dunepa na 3...4
nopsaka Menbie Ey u E,.

IMepexon k peanbHON 3eMHO# moBepxHOCTH (puc. 5.40)c¢ mapamerpamu cy-
xoit mouBsl £ = 3u 0= 0,001Cm/M, IPHBOIHUT K PE3KOMY YBEIHYCHUIO HATIPSI-
JKEHHOCTH MOJISl HA TIOBEPXHOCTH pa3fieNia 3a CueT cocTaBisomux E, u, rmas-
HBIM 00pazoM, Ey.

OTMeTHM, 9TO COTTIACHO pacueTaM m3Menenune A B npemenax BU nuamazona
MPaKTHYECKU HE BIHSET HA CTPYKTYPY HOJIS IPOBOTHBIX (pHUACPOB.

Puc. 5.41mnmocTpupyeT U3MEHEHHE CTPYKTYPHI TOJIA BONM3H duaepa npu
y4aete cuH(pa3Hoi BOIHEL. [0 cpaBHEHHUIO C PEKUMOM TI0 TPOTHBO(A3HOI BOTHE
(cM. E; Ha puc. 5.40) HaOmromaeTest 3HAYUTENRHOE yBeMUYeHHEe £ B mpeaenax
paccMaTpUBaeMBIX PACCTOSIHHUM, €CIM TOK cHH(pa3Ho# BonHbI paBeH 0,2 oT Toka
npoTuBo(a3Hoi BOJHEL. B 3TOM cirydae HaOronaeTcst pe3Ko BBIpaXKEHHAs ac-
CHUMETpUsI CTPYKTYpHI 1oJist BOyM3H Quaepa. [lpu pacuere Hanps>KeHHOCTH OIS
3aTyXaHHE BOJIH HE YYUTHIBAJIOCHh. OIHAKO MOKHO IPEIIIOJIONKHUTE, YTO MPOTH-
Bo(azHas BoJIHa OyZIeT MMeTh MEHbIlee 3aTyxaHue, 4yeM cuHdasHas. CienoBa-
TEJIFHO, €€ DHEPreTHYEeCKUH BKJIAJ yMEHBHIACTCS 110 MEpe PacHpoCTpaHEHHS
BIOJb (uzepa, 4To, B CBOIO OYEpelb, NPUBOAUT K YMCHBIICHHIO aCCHMETPHU
TIOJIA.
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Puc. 5.41. Ctpykrypa moist BOIU3M JBYXIPOBOIHOTO (hHaepa, pacrooKEHHOTO
HaJl 3eMHOI OBEPXHOCTHIO C TapaMeTPaMU CyXOi MOUBHI, C yIeTOM CUH(A3HOIH BOIHBI

B Teopuu M npakTHKe aHTEHHO-(QHUAEPHBIX YCTPOMCTB XOPOIIO H3BECTHO,
YTO IPH IPOYMX PAaBHBIX YCIOBHAX PabOTa Ha YETHIPEXIPOBOIHBIA MEpeKpe-
IICHHBIN Guaep obecrieyrBaeT 3HAYUTEIHEHO JTyUIIHe SHEPIeTHISCKUE XapaKTe-
PUCTHKH JIMHUHU Ilepeadd, YeM B Cllydae YeTHIPEXIPOBOJHOTO HelepeKperieH-
noro ¢umepa. Ha puc. 5.42u 5.43 mokaszaHo pacmpezeicHue Mo 10 pa3iInd-
HBIM COCTABJIAIOIINM BOJIM3H HETICPEKPENIEHHOT0 YETHIPEXIIPOBOAHOTO (huaepa
U TIEPEKPEIICHHOT0 COOTBETCTBEHHO. [10J pacCUMTHIBANINCE IS OJMHAKOBBIX
YCIOBHUiT M peKUMOB paboThl: moyBa cyxas € = 3u g = 0,001Cm/m, A = 10wMm,
BBICOTA TI0/IBECA HIDKHHX MTPOBOJOB (uaepa 3 M, TOK 110 KaXJIOMy NpoBoay (hu-
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nepa B peskuMe npotuBodasHeix BoaH paBeH 10 A. Tlepexon k mepeKperieHHo-
My puaepy NpUBOANUT MPUMEPHO K ACCATHKPATHOMY YMEHBIIICHHIO YPOBHS BCEX
COCTaBIIAIONINX, B TOM YHCJI€ W Ha IOBEPXHOCTH pasnena. IIpakTHuecku 3To
MIPOSIBIISIETCSI B CHIDKCHHUH IIOTEPh B YETHIPEXIPOBOAHOM (huaepe, BBI3BAHHBIX
CBOHCTBaMH 36MHOW TTOBEPXHOCTH M M3NydeHreM (uepa.
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Puc. 5.42. Ctpykrypa noins BOIH3U 9eTHIPEXIPOBOAHOTO HEllePeKPEIeHHoro (uiepa,
PAcCIIONOXEHHOTO HaJl 3eMHOH ITOBEPXHOCTBIO C ITAPaMETPaMH CyXOi IOUBBI
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Puc. 5.43.CTpykTypa momnst BOIH3U YEeTHIPEXIIPOBOIHOTO IIEPEKPEIIEHHOr0 (uepa,
PACIIONIOKEHHOTO HaJl 3eMHOH MTOBEPXHOCTBIO € MAPAMETPAMHU CYXOH IOYBBI

Kax mokazanu pacuersl, ymenbiieHue KBB B yeTblpexmpoBogHOM mepe-
kpeuienHoM ¢uaepe xo 0,7 ymms Ha 15...20%yBennunBaeT ypoBeHb BCEX CO-
CTaBIIAIONINX, B TOM YHCIIE U CYMMapHOW cocTaBisromeii. CTpykTypa Hos mpu
9TOM IPAKTHYCCKH HE H3MCHSCTCS.
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I'’/IABA 6

N3IYYAIOIIUE TEXHUYECKHUE CPEICTBA
OBY 1 YBY ITUAITA30HOB

6.1. OCOBEHHOCTHU PACITPOCTPAHEHUSA PAJMOBOJIH OBY
N YBY TUAITA30HOB

K muamnazony ouenb Boicokux yactoT (OBY) u ynerpaseicokux gactor (YBU)
B COOTBETCTBUH C MEXIYHAPOIHBIM PETJIAMEHTOM PAJHNOCBSI3U OTHOCSTCS 4acTO-
161 0T 30 o 300 MI'r; (10...1m — merpoBbie BojHbl) U or 300 o 3000 MI'n
(1...0,1m — menmMeTPOBBIE BOJHBL) COOTBETCTBEHHO. B oTeuecTBEHHON TeXHUIE-
CKOU JIUTepaType 3TH JUana30Hbl 9acTO HAa3bIBAIHM JUANA30HOM YIbTPAKOPOTKUX
BoiH (YKB).

PaanoBoSTHBI 3THX JHAaNa30HOB PacHPOCTPAHSIOTCS B OCHOBHOM IO TIPSIMO-
JHHEHHBIM TpaekTopusaM. OHU cnabo audparupyroT BOKpYr 3eMid U ciaabo oT-
paKAIOTCS OT TPONOCGEphl. DT YACTOTHI MPEBBIIIAIOT MAKCUMAIbHO MPUMEHHU-
MBI€ YaCTOTHI P HOHOC(HEPHOM PACIPOCTPAHEHHUHU: PaJHOBOIIH, TOTOMY OHH HE
HCTIBITBIBAIOT PEryJSIPHBIX OTPKEHU OT HOHOC(EPBI, YXOIsl B KOCMHUYECKOE
MPOCTPAHCTBO.

Paguyc neiictBus cucrem
nepenayy, paboTaloMmuX B 3THX [y
[IMaNa30HaX OIPAHHYEH B OC- A h:
HOBHOM TIpejieflaMH  TPsIMOM
(omTHYeCKO#) BHUAMMOCTH Me-
Ky Tepelaome 1 mpueMHoOM
aHTeHHO# (puc. 6.1).

Hesnaunrenbuas audpax-
st paanoBoiiH (orubanue chepuueckoit 3emitn y ropuzonra) u ciabas pedpak-
st (OTKJIIOHEHHE HAMPABIICHUS PACIPOCTPAHCHUS PAJHOBOJH OT TPSMOJIUHEHHO-
r0) B HHJKHHX CJIOSIX TPOTMOC(HEPhI HECKOIBKO YBEIUYUBAIOT PACCTOSIHUE PAIIHO-
BUIUMOCTH (mpuMepHO Ha 15%), KOTOpOe pacCuuThIBACTCS MO (GOpMyIIe:

r, = 412/h, — /), (6.1)

rae fo — PacCTOSIHUE paauoBHIMMOCTH B kM, h; u h, — BBICOTEI mojaBeca mepe-
JIalolIe v MPUEeMHOMN aHTEHH B M.

C TOYKM 3peHUs DIEKTPOMArHUTHON SKOJOTHH TPEACTABIIOT nHTEpec DMIT
B HEIIOCPEICTBCHHONW OJM30CTH OT M3ITYyYAIOIINX TEXHHYECKUX CPEACTB. PacueTst
7 ONBIT AJIEKTPOMArHUTHOW JKCIEPTH3bI M3nydaomux oobekToB OBY n YBU
IMAIIa30HOB ITOKA3BIBAIOT, YTO I DTHUX Iejiell HeoOxommmo 3Hanme DOMII Ha
paccrostHusix npubamsurensio 10 1000 M. B mpenenax Takux pacCTOSHUM IO-

Puc. 6.1.K pacyery paccTosHUs paJHOBHAUMOCTH
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BEPXHOCTh 3eMJI MOXKHO paccMaTpUBaTh KakK IUIOCKYIO TOBepXHOCTh. Ha puc.
6.2 B Touke A Ha BeicoTe hy Hax 3emieit pactooxeHa Tiepeiaronias aHTeHHa, a B
Touke B —npuemHas. PaccrosiHue Mexay HUMH I .

A

h1
h2

> »
< >

Puc.6.2. JIByxiydeBas MOAEIb pacnpocTpaneHus paanooid B OBY u YBY nuanasonax

B Touke mpreMa mmeeT MecTo siBieHue uHTepdhepenimu mpsimoit (1) u otpa-
YKEHHOM OT MOBEPXHOCTH 3eMitH (2) panoBOJIH, KOTOPBIC B 3THX CIIYYasx WHOTIA
Ha3bIBAIOT JTydaMu. MHTephepeHIHs IPUBOANT K TOMY, YTO BOJIHM3H W3TY4aOIIHX
TEXHUUYECKUX CPENICTB 3TOro auanazoHa OMII uMeeT pe3ko oCIUTHPYIOMUH Xa-
paktep. [lonoxeHne MakKCHMYMOB M MHUHHMYMOB HAIPsHKEHHOCTH TIOJIA, a TaKKe
X KOJIMYECTBO 3aBHUCAT OT BBICOTHI IIOJIBECA MEPENAroOUIeil aHTEHHBI, BBICOTHI
TOYKH HAOJIOACHUS M JJIMHBI BOJIHEI. BenmmunHa MakCMMyMOB IOJIS MOKET H3Me-
HATHCS B 3aBUCHMOCTH OT ITapaMEeTPOB TIOBEPXHOCTH OTPAXKEHUS M TOCTUTaTh Y-
BOCHHOT'O 3HA4YCHHs MHTEHCUBHOCTH MPsIMOTO Jiy4a. Ha puc. 6.3mpuBesieHa 3aBu-
CUMOCTh MHTEP(EPEHIIMOHHOTO MHOXHUTEIS F OT paccTosiHns, KOTOpast MILTIOCT-
PHpYeT XapakTep W3MEHEHHS HAIPSHKEHHOCTH MO BOJIH3HM M3TydalOMUX TEXHH-
geckux cpencts OBY u YBY nuana3zoHoB.

FA

2

\ Rl

4h,h, /3\

ah,h, /2x

Y
Y

4Ah.h, /A

- by
-« L

Puc. 6.3. 3aBHCHMOCTH MHOXXHTEIISI PACIPOCTPAHEHHUSI PaIHOBOJIH OT PACCTOSHUS
TIPH IBYXJTy4€BON MOJICIH PaCIPOCTPAHEHHUs
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Ha pacnpocTtpaneHune paavoBOJIH BAMSET M MX nossipusanms. [lomns, co3na-
BaeMbIe Pa3IMYHBIMH MEIIAIOIUMU UCTOYHUKAMH, TAKMMH, KaK MPOMBIIILICHHbIC
YCTPOWCTBA, 38)KUTaHHE aBTOMAIIIMH, a TaKKe CO3/IaBacMbIe 33 CUET OTPAKCHHUS
OT BEPTHKAIBHBIX CTEH 3JIaHWil, AEPEBbEB U JIPYTHX BEPTUKAIBHBIX MTOBEPXHO-
CTel, IMEIOT BEPTHKAIBHYIO TIOJSIPU3AIAI0 paanoBoiH [43]. IToT hakrop sABHUICT
OCHOBHOU TIPHYMHOW BBIOOPA JUISI TEJICBU3MOHHOTO BEIIAHHS, KaK MPAaBUIIO, TOPH-
30HTAJIBHOM MOJISIPU3AIMH TTOJIS.

6.2. XAPAKTEPUCTUKA U OCHOBHBIE TAPAMETPbI
N3JITYYAIOHIUX TEXHUYECKHUX CPEICTB

6.2.1. TexHu4YeCKHE CPENCTBA TeJEeBeIAHUS

B mmamazonax OBY u YBY OCHOBHBIMU TEXHUYECKHMH CPEICTBAMH, CYIIIE-
CTBEHHO BIMSIONIUMH Ha OMOJOTHYECKH 3HAYUMYIO JJICKTPOMArHUTHYIO 00cCTa-
HOBKY, SBJIIIOTCSI TEXHUYECKHE CPEACTBA TEIEBUIEHMSI, YACTOTHO MOIYJIUPOBaH-
Horo (UM) BelaHus ¥ MOABMKHOM CBA3H PAa3INUHBIX HA3HAUCHHUM M CTAHIaPTOB.

30H0# 06cIyKuBaHUS (IIOJIE3HON 30HOM) BEMIATEIBHOIO MEPEAaTIYNKA Ha3bl-
BAaeTCs TEPPUTOpHsA, B Ipeaerax KOTOPOH HaIpsHKEHHOCTh IOJI, co3daBaeMast
MepeIaTINKOM, 00CCIICIUBAET MPHUEM BEIIaHUS Ha MAaCCOBYIO TIPHEMHYIO ammapa-
Typy B L, %, Touek mpuema ¢ ompenereHHBIM KaueCTBOM B TEUCHHE OIpPEecH-
Horo ([oj1e3HOro) mpoueHra BpeMenu Ty, ,% [47].

CornacHO MEXIyHApOIHBIM PEKOMCHIANMAM NMPHHAMAIOT T;,,=90 %, a B
TeueHHe oTpe3ka BpeMeHu 71y, = 10% momyckaercsi HATMYUE 3aMETHBIX TIOMEX.

Kpurepuem kauecTBa npreMa Nnpu HAJIMYUH TOJIBKO MPUPOAHBIX U HHAYCTPU-
aJbHBIX IIOMEX SIBISETCS MPEBBILIEHNE MUHUMAIBHO JOILYCTUMON HAIpsKEHHO-
ctu nons E,y, MojeM noJjie3Horo nepeaatyuka £, — B peaenax nojie3HOW 30HbI
JIOJKHO BBITIOJHATBCS YCIOBUE Koy > Eyyye

B 1a6n. 6.1 mpuBencHs! npuHsATHE B Poccun ypoBHU E,,,, Ha TPaHHIE TOJE3-
HOH 30HBI B 3aBUCUMOCTH OT JHara3oHa.

Tabmuna 6.1
TeneBU3NOHHBIN | I " v -
JHara3’oH
E\uu, 15/MKB/m 50 54 57 70 6

K texnnueckum cpenctsam OBY u YBY nguana3zoHOB, U3IydeHHE KOTOPBIX
BHOCHT CYIIECTBEHHBIH BKJIJI B DJIEKTPOMAarHUTHYIO OOCTAHOBKY TOpPOJIOB M Ha-
CEJIEHHBIX ITyHKTOB, B IIEPBYIO OYepeb OTHOCAT PaJUOCUCTEMBI NIepeauu, Ipea-
HA3HAUEHHBIE U1 OpPraHU3alMM TENEeBELaHMs, PaAUOBELIaHUS M PAaJUOCBA3U C
TIOJIBKHBIMU 00BEKTaMH.
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IIpexae, 4eM MepeiTH K M3JI0KCHHUI0 METOAa aHAIN3a OLICHKH 3JCKTpOMar-
HUTHOU OOCTaHOBKM BOJNM3M pamnoTexHudeckux craniuii OBY nm YBY amamazo-
HOB, 11eJIecCO00pa3Ho JaTh XOTs ObI camble 00IHe CBEACHHUS 00 OCHOBHBIX TEXHH-
YECKHMX CPEICTBAX MEPEIAIOIINX TEXHHYCCKHX CPEICTB ITHUX AUAa30HOB.

JIJist TEJIEBU3MOHHOTO BEIAHUS B COOTBETCTBUH C [44] OTBEIEHBI IIATh y4acT-
KOB "acToT B quanazonax OBY u YBU:

-41...68MI 1t — |-t quanasox;
-87,5...100MI'y — ll-i1 quama3own;
-162...23MI'y  — Ill-# quamasown;

-470..58MI'n  — |V-i1 guanasox;
-582...96MI'm — V-ii nuanasoH.

TemeBu3nonHast cetb Poccun paboTaeT B COOTBETCTBUU C YACTOTHBIM IUIAHOM
pa3MemieHns NepefaronuX TeIeBU3HOHHBIX CTAaHIMHA. JTOT IUIAH CIY)XUT OCHO-
BOM Ui pa3BUTHA Iepenaromiell TeneBu3nOHHOU cetu. Ilpm BeIOOpe MecTa mis
CTPOMTENHCTBA TEPENAIOINX TEIEBU3NOHHBIX CTAHIMK 10 MOCIEIHET0 BPeMEHHU
PYKOBOJICTBOBAJIMCH TOJIBKO TPEOOBAHHUSAMH SIEKTPOMArHUTHON COBMECTHMOCTHU
1 MPAKTUYECKH HE MPUHUMAIN BO BHUMAHHE IIPOOIEMBI 3JEKTPOMAarHUTHOH KO-
JIOTHH.

Opranmu3anus TEIEBU3NOHHOTO BEIIAHUS 00ECIIEYMBACTCS KOMIUIEKCOM pas3-
JUYHBIX TEXHUYECKUX CPEICTB, COCTABISIOMIMX TEJICBU3HOHHYIO MEpEHaonIyio
CeTh, OCHOBY KOTOPO# COCTABISIOT IEpealolire TeJIeBU3HOHHbIC CTaHIKHU. B co-
otBercTBUH ¢ [43] mepemaroniue TEICBU3HOHHBIC CTAHIAKM OOBIYHO HA3BIBAIOTCS
nepenaromeii cranmueii (I[IC), peTpaHCIAMOHHON TEIEBU3MOHHOW CTaHIUEH
(PTC) wmnm paaumoTeleBM3MOHHON Iepenaroneii cranmumeit, mearpom (PIIC,
PTIIC, PTIILI). [epenaromas TeJeBU3HOHHAS CTAHIMS SIBJISETCS KOHEUHBIM 3BE-
HOM TEJICBU3MOHHOH Iepenaroeii ceTu, odecreunBas nepenady pagIioCUTHAIOB
BEIIATENFHOTO TEIEBUACHUS, CO3AaBaeMBIX B TEJICBU3HMOHHOM IIeHTpe. B cocrtar
Mepearonel TeNeBU3NOHHONH CTAaHIIMK BXOIAT TEIEBU3MOHHAS PaIUOCTAHINS,
omopa (Maura wian GanrHs) Uisl pa3MEICHHsI aHTCHH TEJICBH3HOHHONW PanOCTaH-
LU U COOTBETCTBYIOIINE CTPOCHHUS U CIY>KOBI.

[To MomHOCTH pagrocuTHaNa W300paKeHHS Ha BBIXOAE TEICBU3MOHHOTO pa-
JIMOTIepeIaTINKA CTAHIIMA YCIIOBHO MOJPa3aessiioT Ha MomrHbie (6onee 1 kBT) u
Mmatoii MorHocTu (Menee 1 kBr).

Panmuyc neficTBusI iepearomiei TeIeBU3NOHHON CTAaHIIMN, B CHITY CHICTIH(UKH
pacIpoCTpaHEHUsI PaTUOBOJIIH METPOBOTO W JEUHMMETPOBOTO IMANa30HOB, HC-
TTOJB3YIOITMXCS TSl TEIEBU3NOHHOTO BEIIAaHWS, HE3HAYNUTENFHO TPEBHIIIAET pac-
CTOSTHHE TIPSIMOM BUAMMOCTH MEXIY Tepeaaronieil u MpueMHON aHTeHHaMH. JTO
pacCTOSHUE 3aBHCHUT B OCHOBHOM OT BBICOTHI IOJhEMa aHTEHH HaJ MOBEPXHO-
cThio 3emsi. MOIIHOCTD XK€ TepenaTdhKa OMpeAeiIsieT TOJNBKO HANpSKEHHOCTh
IOJIST B 30HE MPAMOM BuaMMOCTH. [1o3TOMY 11l yBENTMYEHUS 30HBI ICHCTBHUS IIe-
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penarolieil TeJIeBU3UOHHOW CTAHIMM aHTEHHY ClielyeT YCTaHaBJIMBATh Ha BBICO-
KHX OIOpax C MCIOJIb30BAHUEM TAaKXKe M €CTECTBEHHBIX BBICOT MECTHOCTH. B Ka-
YECTBE THIIOBBIX MPUMEHSIOT ormopsl BeicoTol 230u 350M 1 TereBU3HOHHBIE pa-
IHOTIEPEIaTIMKA MOIIHOCTRIO B KaHaie u3obpaxenus 5, 25u 50 kBt. B sToMm
cllydae pajilyCc YBEpEHHOTO MpHeMa Tepelatolieil TeIeBU3MOHHON CTaHIUH CO-
crapisieT 60...100xkMm. B cBsi3u ¢ 3TuM 11 00eCIieueHHsI IIOBCEMECTHOTO ITpreMa
TETEBUICHUS Ha OOJIBITNX TEPPUTOPHUAX HEOOXOIUMO COOPYKATH OOJBIIIOE YUCIIO
MepEeIAlONIMX CTaHIUA, OTCTOSIIIMX IPYr OT Jpyra Ha paccTosiHMe He OoJjee
100...150¢m.

B Tabn. 6.2 npuBeseH MepeueHb THIIOBBIX TEICBHU3UOHHBIX PAJAMOCTAHIMN U
NepelaTYNKOB M X OCHOBHbIE TapameTpbl. [10 NpUHATONH TEPMUHOJIOTHN TEJIEBU-
3MOHHAsI PAIUOCTaHIIUS OTIMYACTCS OT TEJICBU3HOHHOTO paJMoNepeaTInKa TeM,
4TO B €€ COCTAB BXO/T BBICOKOYACTOTHBIH (HIep U Nepeaarolias aHTeHHa.

Ta6nuna 6.2
TunoBble TeJleBU3NOHHBIE PAAHOCTAHIHN M NepeIaTYHKH
o IMKOBast MOIHOCTH
Ha3ganue paguoctaHuum TeneBU3HOHHBIN THaNa3oH,
WITH TIEpENATINKA JIMAIIa30H 9aCTOT MIIK KaHAJIbI Bujico/HOMMHATLHAS
MOIIHOCTh 3BYKa, KBT
«SIKopp» 1..5 5/1,5
«Yparau» 1...5 50/15, 50/7,5
«rna» 6...12 5/1,5
«3oHa» 6...12 5/1,5
«3ona-1» 6...12 5/0,6
«Jlen», «Jlou» 6...12 50/15, 50/7,5
«Jlamora» 21...39 25/5
TB-IV-V-20/4 470...638MI' 20/4
TB-IV-V-25 IV...V nuana3oHsl 10-25/1-25
ATPC-I-1I-5/0,5 48,5...10MTI' 5/0,5
ATPC-III-5|0,5 174...23MTI'1g 5/0,5
ATPC-I-lI-1I-50/5 48,5...100MI'n 50/5
«nbMens 2-1» 470...638TI'1y 25/2,5-5
«npMeHb 2-2» 638...79MI 't 25/2,5-5
«Puna» 470...638MI g 5/0,5
«Jlama» 638...79MI' 5/0,5
«CuBar» IV - V nuamna3zodsl 1/0,1
«DIBTOH» 48,5...100MI'g 1/0,1
«backyH4aK» 174...230MTI'1y 1/0,1
TBP-100 Il - Il Tnama3oHsl 0,1/0,01
TBII-IV-V-1 470...790MI' 1/0,1
TBII-IV-20 470...638MI' 20/4
TBII-IV-V-25 470...790MTI' 25/2,5
«Omnera-1» IV - V nuama3oHst 1/0,1
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Pa3HOBHIHOCTBIO TEIIEBU3MOHHBIX PAIMOCTAHIMN SIBISCTCS TEIEBU3NOHHBIN
perpaHciiaTop. Ecim cHrHam BemIaTeNbHOTO TENEBHACHUS UL PETPaHCIATOpa
MOJIy4aloT OT TEepeNaronei TEIeBH3UOHHOW CTaHIMHM OOJBIIOH MOIIHOCTH IO
3¢hupy, TO TAKOH PETPAHCIATOP HA3BIBAIOT F(UPHBIM. B cocTaB ero nomKkHO BXO-
IUTHh TIPHEMHOE YCTPOWCTBO M IEpeIaTdHK, 0OECICUNBAIOMINN IEepEH3ITydeHHE
CHTHaJIa Ha JPyroM TEJIEeBU3MOHHOM KaHaje. Ecnm curHanm BematenbHOTO Tene-
BHICHUS MOJYyYaloT [0 pPaJHOpeNeifHOMY KaHaly, TO PETPAaHCISATOP Ha3BIBAIOT
paanopenedHbIM. TeneBH3HOHHbIE PETPAHCIIATOPH, KaK MPAaBIIIO, HUMEIOT BBIXOA-
HYI0O MOMIHOCTB IT0 KaHAITy M300paxkeHHs MeHee 1 KBT m 0OBIYHO Ha3BIBAIOTCS
peTpaHCIATOpaMu Majioi MotmHocTH [43].

Penelinple peTpaHCIATOPHL YCTaHABIMBAIOTCS Ha MPOMEXKYTOYHBIX ITyHKTaX
paanropeNeHHbIX JINHUN ISl 0OECIIeYeHns TeIeBUACHNEM HeOONBIINX PafOHOB U
MOCENKOB. D(MUPHBIE PETPAHCIATOPHI HCIONB3YIOTCS U1 PACIIMPECHUS 30HBI
mpreMa TEJEBHICHHUS OCHOBHBIX, OOBIYHO:MOIIHBIX, CTAHIMHA. TeneBH3NOHHBIE
PETPAHCIATOPEI YCHENTHO HCTIONB3YIOTCS TakXKe ISl CO3MaHMS HOPMAJBHBIX YC-
JIOBHH IpHeMa B TEHEBBIX 30HAX, 00pa3yeMbIX pelse)OM MECTHOCTH B paanyce
JIeHCTBUS MOITHBIX CTAHIIMH: B IOMaX, PACIOJIOKECHHBIX Y KPYTHIX W BEICOKUX Oe-
PETOB peK WX 32 BO3BHIIICHHOCTAMH B IpeAesiax TOpo/ia, B IIOCETKaX Pa3MeIeH-
HBIX B HM3MHAX M OCOOEHHO TOPHCTON MECTHOCTH, TOe MOCENKH, KaK MpaBUIIo,
HaXOIATCS B yHIenbsax. [IpuemMHas aHTeHHA PETPaHCIATOpPa YCTaHABIMBAeTCS Ha
BO3BBIIIICHHOCTH, TJI¢ YPOBEHb CHUTHAJIA BBICOK M YCTOIUMB. M3mydeHue mepe-
JTAIOIINI aHTCHHBI HAIIPABIISICTCS Ha 3aTEHCHHYIO 30HY.

[[Iupoko HCHONB3YIOTCS TAaKXKE PETPAHCITOPHI, MPUHUMAIONINE CHUTHAIBI,
nepejiaBaeMblc Uepe3 HCKYCCTBEHHBIE CIyTHUKH 3emin [43].

B Tabn. 6.3 npuBeneH nepedeHb COBPEMEHHBIX THIIOBBIX TENEBH3MOHHBIX
3(UPHBIX U PaIHOPEICHHBIX PETPAHCIATOPOB U MX OCHOBHBIC TTApaMETPHI.

Tabnuua 6.3
TunoBBIe TeJIEeBU3NOHHDBIE PETPAHCISITOPBI
HasBanue TeneBU3HOHHOTO

perpancisTopa TeneBU3HOHHBIN TMana3oH Mormnocts, Bt

YUTH TIEpEIaTInKa
I1TB-10 I-I-11-IV-V  mrana3oHbt 10
PTB-1 I-I-1-IV-V  nuana3onsl
PTB-P-1 I-1I-1-IV-V  nuana3onsl
PTB-P-10 I-I-11-IV-V  mrana3onst 10
PTB-P-100 I-1I-11-IV-V  nnana3onst 100
PTB-O-1 I-I-1-IV-V  nuana3ons 1
PTB-2-10 I-I-11-IV-V  mrana3oHbt 10
PTB-2-100 I-1I-11-IV-V  nnana3ons! 100

138 WWW=HHe .1 u



6.2.2. Texan4yeckue cpeacTBa PAHOBEIIAHUS C YACTOTHON MOAyJsiueii

JIyist 3ByKOBOTO paIMOBEIIAHUS C YaCTOTHOW MOJYJISIIACH HCIIONB3YIOTCS JBE
nojiockl yactoT B OBY-muanazone: 66...74MI'n u 100...108MT L.

HcTopryecku CIIOKMIACH CHTYAIHs, KOTJa TEXHHYCCKHIE CPEACTBA PaJHOBE-
IIaHUS C YaCTOTHOM MOJYJISAIUCH U TEICBUACHUS Pa3MEIIAUCh TEPPUTOPHATBHO
Ha OJIHOW IUIOIIA/IKe, a AHTEHHBI YCTAHABIUBAIKCH HA €IUHON omope (MauTe win
GarnHe). B CBsI3u ¢ OypHBIM Pa3BUTHEM 3THUX TEXHUYECKUX CPEICTB U MOSBICHH-
€M OOJIBIIIOTO KOJIMYECTBO KaK TEICBU3MOHHBIX, TAK U PAJMOBEIIATCIBHBIX CTaH-
U, ceyac 4acTo HaOMI0IACTCs pa3IebHOE pa3MEIICHUE TEXHUIECKUX CPEIICTB
TEJIEBUICHUS W PATUOBEIIAHU ¢ YACTOTHON MOIYIISAIHCH.

[Nepenatunku paguoOBEIAHNS C YACTOTHOW MOAYJISIMEH CTPOSTCS Ha TEX JKe
MPUHIIAIAX, YTO M MEPEAaTIYMKH KaHAJIOB 3BYKOBOT'O COIPOBOXKICHUS TEICBHU3H-
OHHOTO MepeaTINKa.

B Ta6n. 6.4npuBeneH nepeueHb HEKOTOPHIX MEPEIATINKOB 3BYKOBOTO Bella-
HUS C YaCTOTHOM MOAYJISAIMEH B M UX OCHOBHEIC ITAPAMETPHI.

Tabnuua 6.4

Tunossle nepegatunku YM pagunoBeumianus
Ha3zpanue nepenarunka Junanason yactot, MI'Ig BrixoHast MOIIHOCTE, KBT
«JloxIb-1» 66...73 3,2
«JTOKIb-2%» 66...73 4
«Men» 67...73 15
«Tenrns-C» 66...74, 88...108 2
«baui-5» 66...74 1,1
«Hei-1» 100...108 1
«Hei-4» 100...108 4
PUM-0,03 66...74, 100...108 0,03
PUM-0,1 66...74, 100...108 0,1
PUM-0,25 66...74, 100...108 0,25
PUM-0,5 66...74, 100...108 0,5
«PocHHKa» 65,9...74, 100...108 0,0010,03
«Poca» 65,9...74, 100...108 0yl0,25
«Poca-25011T» 100...108 0,25
ITYM-30 66...74, 100...108 0,03

6.2.3. Texunveckue cpeACTBA CYXOIyTHOIT MOABUKHOMH CBSI3H

CyxornyTHas [OJBHXHAS CBS3b PEATU3YETCS B BUJIE CETEN COTOBOM, TPAHKUH-
TOBOM M IEPCOHAIBHOM (IEUIHKMHTOBOM CBA3H).
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Cucrembl COTOBOH CBSI3M CO3JAIOTCSI B KPYIHBIX HACEIEHHBIX IyHKTax, Ie
YHCIIO MOTCHIMANBHBIX IOJIb30BATENCH 3aBEIOMO BEJIMKO M CETh OyIeT peHTa-
OenpHOM. JTO HanboJee Toporas pa3HOBUIHOCTD ITOIBIKHOM CBS3H.

CeTh COTOBOIT CBSI3HM CTPOMTCS B BHAE COBOKYITHOCTH stueek (COT), 00CIyKH-
BAIOIIUX OMNpE/eNIeHHYI0 TeppuTopuio. Ha cxemax saeiiku 00BIYHO M300pakaroT
B BHJIE PABHOBEIMKHUX INECTUYTOJBHUKOB, XOTA Ha IPAKTUKE OHM TAaKOBBIMHU HE
SIBISTIOTCSI B CHITY BIIMSTHMS 3aCTPOMKH, penbeda, U T. II.

B mentpe kaxmoii staeiiku Haxommtcsi 6azosas cranuus (BC). OcHOBHBIME
TeXHHYECKUMH cpeacTBamMu bC SBISIIOTCS IpreMoIiepelaTIiK U aHTeHHa. B ciy-
Yyae BBICOKOH IIOTHOCTH HACEJICHHUsS B 30HE pacmojioskeHust bC saeiika pa3ouBa-
eTcst Ha psif cekTopoB (00br9HO 3, pexxe 6). B kaxkmom cexrope $yHKIMOHHUpPYET
CBOW MPUEMOINEPENATINK U CBOS AHTCHHA C XapaKTEPHCTHKOW HAIPaBICHHOCTH
COOTBETCTByIOIIEH (OpMBEL. B ciydae TpeXCEKTOpHOW aHTEHHBI IIMpPUHA IHa-
rpaMMBbl HallPaBIEHHOCTH aHTEHHBI KaXKI0TO CEKTOpa B TOPU30HTANIBHOM IIOCKO-
ctr nowkHa ObITh 12(F, a mectrcekTopHOi. — 6. AHTEHHBI pacroiararoTcs Jiu-
00 Ha KpbllIe 31aHus, 00 Ha crienuanbHON-omope. Kak B 0JJHOCEKTOpHOM stueii-
K€, TaK M B KaXXJIOM CEKTOpE MHOTOCEKTOPHOW @HTEHHBI MOXKET YCTaHABIMBATHCS
HECKOJIKO IPHUEMOIIEPEAaTINKOB Ha pa3Hble HECYIIHE YacTOThL. DTO JAeaeTcs
JUTSl YBETTMYCHUSI EMKOCTH CHCTEMBI.

B Poccumn HambGoisiee pacnpoCTpaHEHHBIMH SIBISIFOTCSI CTaHAAPTHI COTOBOU
cessu AMPS, NMT 450, GSM, CDMAQOcHOBHBIE (¢ TO3ULUK dIICKTPOMArHUT-
HO¥{ 9KOJIOTHH) TEXHUYECKHE XapAKTEPUCTHKU CHCTEM COTOBOM MOJBMXKHOM CBS3U
MIpUBEJICHKI B Ta01. 6.5.

Tabmuua 6.5
OCHOBHBIE XaPAKTEPHCTHKH HEKOTOPBIX CHCTEM COTOBOI CBSI3H
Cranmapt AMPS NMT 450 GSM CDMA
TTonoca wacror BC —MC, MI'. 869...894| 463...467,6935...960| 869...894
TTonoca wacror MC —BC, MI'. 824...849| 553...457,6890...915| 824...849
MaxkcumanpHas MOIHOCTh u3nyuenust bC, Bt 100 50 50 50

MakcumanbHasi BBIXOAHAsE MOIIHOCTh NEpeJaTYNKOB MOOWMIBHBIX CTaHIMNA
(MC), BbImycKkaeMbIX pa3nUYHBIME (GupMaMu HaxoguTcs B mpeneiax 0,5...8 Br
Juil HOCHMBIX BapuantoB u 15...20 BT, ycraHaBiuMBaeMbIX B TPaHCHOPTHBIX
cpexnctBax. Tak, Harpumep, B pamkax crangaptra GSMnpunsito 5 kiaccos MC: 1
Ki1ace (mas TpaHcnopTHsIX cpeacts) — 20Br, 2 kmacc — 8 Br, 3 knacec — 5B, 4
Kinacce — 2Br, 5xiacc — 0,8Br.

CucteMbl TPaHKWHIOBOW CBSI3W TIpeIHA3HAUEHBI JUIS CO3JaHUsl KOPIIOPaTHB-
HBIX ceTedl (CBsI3b B MHTEpecax OTACIBHBIX BEIOMCTB, CIYX0, OpraHu3aluil —
CKOpOH MEIMIIMHCKON TTOMOIIY, MIJIMLINH, IT0’KapHOH OXpaHbI, a3pOIOpTOB, BO-
K3aJI0B U T. 11.). OCHOBHOE OTJIMYHE TPAHKHHIOBBIX CETEH OT COTOBBIX COCTOMT B
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TOM, YTO HH IPEIOCTABISAIOT a0OHCHTAM MEHBIINH HA0OP YCIyT, HO 3a CYET ITOrO
TIPOILIE U JCIICRIIC.

OpHa 13 MePBbIX OTCYECTBECHHBIX CHCTEM TPAHKHMHIOBOM CBSI3H — <«AJITaii» 10
cux mnop paboraer B auanasone 330 MI'u. Camoii ke pactpoCTpaHEHHOMN CHUCTe-
Mo# B Poccuu Ha CETONHAIIHUIA IEHD SBISETCS CHCTEMa cTaHaapra (IpOTOKoJja)
Smartrunk.Ona mMoket paboTath B auamnazonax 160 MI'm, 330MI'u, 450 MI'w.
MomtHOCTh 6a30B0Oil CTAaHIIUU OOBIYHO HE MpeBbImacT 25 BT.

Cuctemsl crangapta MPT 1327 pexomennoBansl ['0CyaapCTBEHHBIM KOMH-
TeTtoM Poccuiickoit @enepauul Mo TEIEKOMMYHHUKAIIMSAM B Ka4€CTBE OCHOBHOTO.
Benymue nosunmu cpeau mogoOHbx cucteM 3aHumaet cucrema «ACTIONET».
Omna MoxeT paborats B auana3zonax 160MI'm, 330MI';, 400MI't, 80QMTI 11. ba-
30Basi CTAHIIMSI UMEET PEryJIHpPYeMyO0 BBIXOIHYIO MOIIHOCTH B mpeaenax 5...50
Bt. Bexoanas momHocTh MC B 3aBHCHMOCTH OT Bapuanrta: 1...5BT mis HOCH-
MOTO BapuaHTa, 5...25BT — npu ycTaHOBKe B TpaHCIOPTHOM cpencTse, 1...25Bt
— IUIsl CTAIIMOHAPHOTO BapHAHTA.

[eifiKMHTOBBIE CHCTEMBI MPEAHA3HAYCHBI; KaK MMPABHUJIO, UL OJHOCTOPOH-
Hell cBsA3M ¢ abOHEHTaMM C LeJbI0 Iepeaadl’ Ha MHHHUATIOpHbIE aOOHEHTCKHE
TpUEMHHKY (eHHKEpBI) KOPOTKAX OYKBEHHO-ITH(POBBIX coobienuit. Hanbomee
W3BECTHBIM HIMPOKO NPHMEHSIEMbIM B MHUpPE SIBISIETCS CTAHIAPT KOIUPOBAHHS
curnanoB s neimkepa POCSAG.B nocieaane rofpl Bce 0oee MMpoKoe pac-
npoctpaHenue Haxomit cranaaptel FLEX u ERMES. Crangapr ERMES peko-
MEHJIOBaH B KauecTBe eAMHOro cTanaapra Poccum.

[Tepenatynky 6a30BBIX CTaHIMKA TEHPKUHTOBOM CBS3H, BBITYCKAaEMBIE pa3-
JUYHBIMA (pupMmamu, paboTaror B muamazoHax 150 MI'm, 170 MI'u, 280 MI 1,
330MTI1;, 400MTI 1, 500MI'L], 930MI 11 ¥ KUMCIOT BBIXOIHYIO MOITHOCTD 5...350
BT. B HEekoTOpBIX ciydasx HUCMONB3YIOTCA YCUIIUTENHU C BBIXOJHON MOIIHOCTHIO
1o 500BrT.

6.2.4. O630p anTeHH TejeBuaenus, YM paguoBelmIaHUsA M MOABHIKHOM CBS3H

TpeGoBaHusi K HANpPaBJIEHHOCTH. TEXHUUECKHE CPEJICTBA TEJICBUACHHS,
paJMOBEIIaHNs ¥ MOABWKHON CBS3M MPEIHA3HAYCHBI JJIS CO3[aHUs dJIEKTPOMar-
HUTHOTO MOJIS B TOYKAaX, Ille HAXOAUTCS TEJCBU3UOHHBIA WM PaIHONPHEMHUK,
T.e. TaM, TJie HAXOIMTCS 4YeNOBEK. [IpH 3TOM periiaMeHTHPYETCs] MUHUMaIbHAsI
HAINPSDKEHHOCTD MO E,,,, Ha TPaHHILE 30HbI OOCITY)KUBaHUsI, & B JPYTUX TOUKAX
1 BOJIN3M aHTSHH HANPSDKEHHOCTD TIOJIST MOYKET OBITh 3HAUYUTENILHO OOJIBIIIE.

XapakTepuCTHKa HAMpPaBICHHOCTH AHTEHH B TOPHU30HTAIBHON IJIOCKOCTH
BBIOHMpaETCs 10 KOH(HUTyparu 30HbI 00cTykuBanus. /|1 paBHUHHOW WM Clia-
OornepeceueHHOW MECTHOCTH, KaK MPaBUIIO, B TOPU3OHTAIBHON TUIOCKOCTH (op-
MHpPYeTCsS HeHampaBieHHas (Kpyropas) XapaKTEpHCTHKA HAMpPaBICHHOCTH. Pe-
aJlbHasl XapaKTEPUCTHKA BCETa OTIAMYAETCS OT KpyroBoi (puc. 6.4).
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g OmeHKH ATOTO OTIHYHSA BBO-
IUTCA TapameTp, XapakTepU3yIONHi
HEPaBHOMEPHOCTH XapaKTEPHCTUKH:

Kpyrosas

A= B
Makc

B ciydae pazMerneHus TeXHUUECKUX
CPEICTB TENCBUICHUS M PaIUOBEIIaHUL
B TOPUCTOI MECTHOCTH WJIH Ha mobepe-
KbE JJIS JTYYIIETO UCTIONB30BAHUS H3ITY-
YEeHHOW MOIIHOCTH W YCTPaHEHHS IIepe-
Puc. 6.4. XapaKTepMcmfa HAaIpaBICHHOCTH OTpaXKCHHH CHUrHANOB GOPMHPYETCS Ha-

Way" &y % MIpaBJICHHAS! B TOPU3OHTAIBHON IIIOCKO-
CTH XapaKTepUCTHKA.

B BepTHKamBHOM IIIOCKOCTH XapaKTePUCTHKA HANPaBICHHOCTH JOJDKHA, BO-
MEPBBIX, YMEHBIINTH H3JIyYEHHE JIEKTPOMATHUTHOW YHEPTUH B CBOOOIHOE TIPO-
CTPaHCTBO B CEKTOPE YTJIOB BHIIIE TOPH30HTA: C 3TOH HENBIO TIABHBIA JIEIECTOK
XapaKTEPUCTUKH HAKJIOHSIOT K 3eMJie Ha yroia @, KOTOPHIH 3aBUCHT OT BBICOTHI
MoJIBECa aHTEHHBI U COCTaBIseT Bemunny 1o 1...2 (puc.6.5). Hakion xapakre-
PHUCTHKH HANPaBICHHOCTH, KaK IPABIIIO, 00ECTICYMBAIOT H3MEHEHHEM aMIUTUTY/I-
HO-(a30BOTO pacHpenecHNs IUTAaHNS aHTEHHOI CHCTEMBI.

PeanbHas

JInaus TrOpHU30HTAa

—f—=" .

Puc. 6.5. I/IJ’IJ’IIOCTpaHPIH HaKJIOHA JuarpaMMbl HAIIPaBJICHHOCTU B BCpTHKaJ’ILHOﬁ IIJIOCKOCTH

Bo-BTOpBIX, (hopMa XapaKTEpUCTHKH HAMPABIECHHOCTH JOJIKHA 0OecreunBaTh
PABHOMEPHYIO HANPSHKEHHOCTH IOJSI B 30HE OOCTyKMBaHUs. Takomy TpeboBa-
HHUIO YIOBJICTBOPSICT, TaK Ha3blBacMas, KOCEKAaHCHas XapaKTepPHCTHKA HaIpaB-
JICHHOCTH, KOTOpasi 00ecreynBacT yObIBaHNE HANPSKEHHOCTHU IT0JIST IPOIOPIHO-
HaJIbHO KBaJPaTy PacCTOSHUSL.

Ko>ddunmenT ycuieHnsi aHTCHH JOJDKCH OBITh KaK MOXHO OoybmmM. Pe-
aJNbHbIe 3HAYCHUSI KOO(QHUIIMEHTOB YCHICHHUS N3MEHSIOTCS B npeaenax 6...10ms
HHU3KOYAaCTOTHOW YaCTH TEJICBM3HMOHHOTO AnanazoHa u 10 50 B BEICOKOYACTOTHON
YaCTH.

Pa3smemenue antenH. Ha puc. 6.6 nmpuBoantcs Kimaccuueckoe pa3MereHne
aHTEHH TEJNEBUJICHNS W PaJHOBEIIAHMS HAa THIIOBOM TEJIEBU3MOHHOW OamrHe.
BepxHIot0 4acTh OalllHU 3aHNMaNa TypPHUKETHAs! aHTeHHA. AHTEHHBI 3TOTO Kiacca
BecbMa 3((EKTUBHBI ISl [ENel MOMydeHHs] KPYTOBBIX XapaKTEPHUCTHK HAIpaB-
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JICHHOCTH. O,Z[HaKO, HUMECTCA BO3MOXHOCTH

pa3MelleHHss Ha OallHe WIM MauTe TOJIBKO aHTeHHa
OIHOM TaKOW aHTEHHBI, IO3TOMY JIO MOCJE/- -
HEro BPEMEHM 3TO OblIa OOBIYHO AHTEHHA  Vronkosas
...V TeneBU3MOHHBIX KaHAJOB, pa3Mephl KO-  aHTeHHa
TOPOH IPU MPOYNX PABHBIX YCIOBHSIX CaMBbIE —
OoJpIie. ITH aHTEHHBI OBUIH pa3pabOTaHBI
B 3-X 1 6-T; dTaxkHbIX BapuaHTtax [45]. Huwke  MaHerbHble
10 Tedy OallHUM pa3MENANUCh MaHEIbHbIC @HTEHHbI
E—

AQHTEHHBI 0o0Jee BBICOKHX  TEIEBU3MOHHBIX
KaHAJIOB, Pa3Mepbl U KOHCTPYKTHBHBIE OCO-
OEHHOCTH KOTOPBIX 3aBUCENH OT YacTOTHI Ka-
Hala W TpeOOBaHWI K 30HE OOCTY>KHBAHWS.
Jst UM paanoBemianus 0OBIYHO HCHOJIB30-
BaINCh JIMOO MAaHEIbHBIE AHTEHHBI, JHOO
CIIeLMaNbHO Pa3paboTaHHas I STHX LeIel
YrOJIKOBAs aHTCHHA.

HHTEeHCHBHOE Pa3BUTHE d(HPHOTO Tele-
BUJICHYS, 3aKJIIOYAIOIIEECs] B OCHOBHOM B I10-
BCEMECTHOM YBEJIHYCHUH KAaHAJIOB TEJICBHU3H-
OHHOTO BEIaHWs, 3aCTaBHIIO IEPeCMaTpUBATDH
pasMelleHHe AaHTEHH Ha THIIOBBIX OaIlrHIX
[26]: cramu ucoap30BaTh HUKHIOK YacTh TE-
na Gaman (yposuu Hike 100 M), paspaboranu u pa3me-
IIAI0T OPUI'MHAJBHBIC KOHCTPYKIMH aHTeHH, OOJbILe HC-
HOJIB3YIOT COBMEIICHHE KaHAIOB B OINHON aHTEHHE, aH-
TEHHBI CTAIN pa3MelaTh Ha KpPHIIaX OMOB, BCIIOMOTI'a-
TENbHBIX MAuTax U T.n.

TypHukeTHasi aHTeHHa. [lepenaromas TypHHUKET-
Hasl AHTCHHA TEJIEBHICHHS — 3TO BEPTHKAIbHA KOHCTPYK-
Iy, cocTosmas u3 Habopa KpecTooOpa3HbIX IUIOCKOCT-
HBIX BHOpaTopoB (puc. 6.7),KoTopbie OBIBAIOT ABYX TH-
noB: [1-o6pasusie u XK-o6pasusie (puc. 6.8).

Kpyrosas xapakTepucTHKa HANpPaBICHHOCTH B TOPH-
30HTAJBHOI IUIOCKOCTH oO0ecmeynBaeTcs MpPOTHBO(dA3-
HBIM TIHTaHHEM OTHACIbHBIX BHOPATOPOB, a YBEIUUYCHHUE
KOO QUIMEHTa YCUIICHUsSI JOCTHIAeTCs YBEIMYCHHUEM
KOJIMYecTBa dTaxel BHOparopoB no 3X win 6-tu. s
CHI)KCHHUsI BETPOBBIX HArpy30K BHOpAaTOpbI H3rOTABIH-
BAIOT M3 TMIPYTHEB.
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TypHuKeTHas

1
[
1
1
1
1
1

Puc.6.6. Pa3sMenienne aHTeHH
Ha THIIOBOU TEJICBU3HOHHOM OarrHe

N2
K
K

Puc. 6.7. Cxema
TPEXITAXKHON
TYPHHKETHOIl aHTEHHBI
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[anennHble aHTEeHHBI. [laHEeTbHAS aHTCHHA — 3TO OJIHA U3 PA3HOBHIHOCTEU
BUOpATOPHBIX aHTCHH. HECKONBKO IMONYBOJHOBEIX WJIM BOJHOBBIX BHOPAaTOpPOB
KOHCTPYKTHBHO OOBEIMHSIOT B OJMH OJIOK, KOTOPBIH KpOME BHOPAaTOPOB COJEP-
KHUT METAUTMYCCKHU perreTdaTeiii pedaekrop. Bubparopsl pacmonararorcs Ha
paccrossaun A/4 ot pedaexropa. PaccrosHie MKy MOTYBOJIHOBBIMU BHOPATO-
pamu  BeiOupaetcs okono 0,51, a mexnay BoinoBbeiMu — 0,5...0,7A. Takoii 610K
HA3bIBAFOT MAHENBI0, a KOJMYECTBO BHOPATOPOB OOBIYHO BBIOMpArOT 2 wid 4 B
METpPOBOM Amamna3oHne U 4 wim 8 B genmuMmerpoBoM nuamazone. Ha puc. 6.9 m3o0-
OpaxeH NBYXBHOPATOPHBIN OJIOK MAaHEIbHOM aHTEHHEI. J[JI yBEeIHUYCHUS HATPaB-
neHHocTr (yBenmdyeHust kod(duimenTa yeuneHns) Ha KaXI0W TpaHu MpU3MaTu-
YECKOH OMOPBI YCTAaHABIUBAIOT HECKOJBKO MaHeNeH npyr Hax aApyroM. Kommuect-

BO dTa)ken BI/I6paTOpOB B MHOTOXTa)KHOW IMaHEIHLHOI aHTEHHE MOXKET JO0CTUTaTh
24.

0'5}\ 0,5}\

'S Y% 06..07A

&

XK - o6pa3Hblii BHOpaTop

11 - o6pasHsIit BUGpaTop

Puc. 6.8. THIBI IJIOCKOCTHBIX BAGPATOPOB, MPUMEHSEMBIX Puc. 6.9. OtzienbHbiid

JUIS TYHHKETHBIX aHTEHH TEICBU3MOHHOTO BEIAHUS ABYXBUOPATOPHBIii GI0K
NaHebHOI aHTEHHBI

Jluist BBITOSTHEHHS TpeOOBaHUI 10 PABHOMEPHOCTH XapaKTEPUCTHKU HAIpaB-
JICHHOCTH ¥ 1151 opMHUpOBaHHs HEOOXOIMMOM XapaKTepUCTHKH HAIIPABICHHOCTH
B TOPU30HTAIILHON MIOCKOCTH IaHENIN OJJHOTO 3TaXka MO-pa3HOMY pa3MeEIlaloT Ha
pa3nuuHbIX rpaHsx npusMel. Ha puc. 6.10moka3zaHbl HEKOTOPEIE BApHAHTHI pac-
MOJIOXKEHHUS TaHeTe OJHOTrO JTaXka B CEUCHUU MPU3MaTHYeCKOl onopsl. Bapuan-
Tl 1, 2, 3 —1i1s1 TOCTIOKEHUS JTyqeld paBHOMEPHOCTH XapaKTEPUCTUKHU HaIpas-
JICHHOCTU B TOPHU30HTAJIBHOI IUIOCKOCTH HA MpU3MaxX pa3IMYHOIO CEUECHUs Ui
pa3IMuHBIX KaHauoB. Bapuantel 4, 5 — s NOMy4YeHUs] pa3iuYHBIX XapaKTepu-
CTHK HalpaBJIeHHOCTU B TOPU30HTAIIBHON MIOCKOCTU. DTOT0 JOCTHTalOT U3MEHE-
HUEM KOJMYECTBa MaHENel B ATa)ke, U3MEHEHUEM HaKJIOHa MaHenel, mepepac-
IpeJeICHUEM MOIIHOCTHU B MAHENAX OJHOTO 3TaXa U T.A.
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Puc. 6.10.BapHaHTLI pasMeIICHnue OJIOKOB MaHEIbHBIX AHTEHH OIOHOTO dTa)ka

VroyikoBasi aHTeHHa. DTa aHTEHHA JI0 MOCIIE/-
HETO BpEeMeHH Oblla caMoil pacIpOCTpaHEHHOH aH-
TeHHO#H it UM panuoBeniaHus B Anana3one 66...74
MTI'. OHa pa3pabaTbiBanach B 3-X W 6-TH:ITaKHBIX
BapuaHTax it TamoBoi Oamuun 3803KM-4 mpu yc-
TaHOBKE ee B ceueHnn 1,75<1,75 Mm% Cxema pacro-
JIO)KEHHsI BUOPATOPOB OJHOTO JTaka IPHBEACHA) Ha
puc. 6.11.

Jis rydnieli paBHOMEPHOCTH - XapaKTEPUCTHKH
HaNpaBJIeHHOCTH B TOPU3OHTAIBHOH  IUIOCKOCTH
MPUMCHECHBI YTOJIKOBEIC BOJHOBEIC BHOpAaTOphI —
yroa Mexay riedamu BuOparopa 12C°. BosHOBO#
BUOpATOp JOMyCKaeT MPUMEHEHHE HernOCPEACTBEH-
HOTO KpEIUICHUs K METAIUTMYECKO# OamrHe, 9To obec-
MEYUBACT KECTKOCTh KOHCTPYKIMU U TPO303ALIUTY.

B Hacrosiiiee BpeMst pyu peKOHCTPYKLUK OallieH
9TH aHTEHHBI TOBCEMECTHO YOUPAIOT, 3aMeHsIs UX Ha
MaHeNbHbIE MPU MHOTOKPAaTHOM HCIOJIb30BaHUM aH-
TEHH.

BuopaTtopHbie aHTeHHBI. B nmxeHepHOH mpak-
TUKe B KauecTBe nepenaromux anreHH OBY u YBU
JUAra3oHOB i TenaeBuacHus, UM BelaHus u moj-
BW)KHOM PaZMOCBS3N UCIIONB3YETCs MHOXKECTBO pas-
HOBHJHOCTEH MPOCTBHIX BHOPATOPHBIX aHTEHH. Ha
puc. 6.12 npuBeaeHBI NPUMEPHI PA3MEIICHUS CHM-
METPUYHBIX 1 HECUMMETPHYHBIX BHOPATOPOB Ha Tele
Metaiumdeckoi Oamrau. OTOeIbHBIE METAIUTHYECKHAE
YaCTH KOHCTPYKIWH OAQIlHM MOTYT BBIIOJHSATH POJIb
MACCUBHOTO pedIeKTopa.

~~

~

Puc. 6.11.Pacmonoxenue
BHOPATOPOB OJJHOTO ITaXKA
YTOJNKOBOM aHTECHHBI

Puc. 6.12. [Tpumepst
pa3MeIIeHus POCTBIX
BHOPATOPHBIX aHTCHH Ha
Tesne OalIHu
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Ha puc. 6.13npuBeneHbl HEKOTOPBIE pacIPOCTPAHEHHbIE KOHCTPYKIMHU MPO-
CTBHIX BUOpaTOpHBIX nepemaromux anteHH OBY u YBY nauanazoHos:

1 — HeCUMMETPHYHBII BEPTUKAIBHBIA BHOpPATOp, MIMHY KOTOPOTO C IIEIHIO
MTOJYYEeHUSI MaKCUMAJIFHO BO3MOXKHOTO K03(duitnenTa ycnineHus: 00bI9HO BBHIOH-
paroT paBHO#t 5/84;

2 — HECUMMETPHYHBIC BePTHUKAIBHBIC BUOPATOPHI C IPOTUBOBECAMU Pa3Iny-
HOW KOHCTPYKIIWY,;

3 — CHMMETPHUYHBIN BEpTHKAIBHBIN BHOPATOD;

4 — HeCUMMETPHUYHBII BEPTHKAIBHBIN BHOPATOP C TMOHIKECHHBIM BOJIHOBBIM
COTPOTHUBIICHAEM U IIPOTHBOBECOM;

5 — cucTeMBl BEPTHKAIBHBIX CUMMETPHUYHBIX BHOPATOPOB U KOJUTMHEAPHBIC
aHTCHHBI.

1 2 3 4 5

Puc. 6.13.HekoTtopsle pacripocTpaHEHHbIE KOHCTPYKIUHU NEPEAloNMX aHTCHH
CHCTEM IOJBH)XHOM CBSI3H

Bce 3Tu aHTEHHBI UMEIOT KPYTOBYIO XapaKTEPHUCTHKY HAIPABICHHOCTH B I'O-
PHU30HTAJILHOM IIOCKOCTH.

6.3. METO/bl AHAJIN3A
BJWKHUX DJIEKTPOMATHUTHBIX ITOJIEN

B npakTuke caHUTapHO-TUTHEHUYECKOW M SKOJIOTUYECKOU IKCIIEPTU3BI U3ITY-
qarommx 00bekToB OBY 1 YBY nuana3zoHoB dale BCEro MPUXOAUTCS UMETh Jie-
JIO C PacueToM 3JICKTPOMArHUTHOW OOCTAaHOBKH B NalbHEW 30HE M3IydeHus. Mc-
KITFOYEHHE COCTABILIIOT CIy4ad, KOTJa MPUXOAUTCS MPOTHO3UPOBATH 0OCTaHOBKY
B HEMOCPEICTBEHHOW OJIM30CTH OT aHTEHH — Ha KpBIIMIaX 3JaHUA W MadTax, IIe
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YCTaHOBJICHBI aHTCHHBI, M T/E MPEIIOJIaraeTCcsl HaXOKICHHE OOCITY)KHBAIOIIETO
MepcoHaa.
PacueT Hamps»KEHHOCTH TOJISI BOJM3W aHTeHH TeXxHmdeckux cpeacts OBY u

VBUY quana3zoHoB pEKOMEHIOBAHO MPOBOANTE [21, 46, 47]no dopmyite:

+/30PGry

R
rae £ — HampsHkeHHOCTh monst, B/M; P — MOIIHOCTh Ha BXOJE AHTEHHO-
¢unepHoro tpakra, Br; G — x03(hGHIUEHT yCUIECHHS AHTEHHBI OTHOCHTEIIHHO
M30TPOTTHOTO M3JTydarelsi B HANPABICHHH MaKCHUMAIILHOTO U3JTydeHUs; /] — Kodd-
(UIMEHT MOoTeph B aHTCHHO-(QUAEPHOM TpakTe, R — paccTostHEe OT aHTEHHBI 10
pacyeTHOH TOYKH (HAKJIOHHAS JaTbHOCTh), M; F(Q) — HOpMuUpOBaHHas TUarpamMma
HAIPABICHHOCTH B BEPTHKAIBHON MIOCKOCTH; F(@) — HOpMHUpOBaHHAs AHarpam-
Ma HalpaBJIEHHOCTH B TOPU30HTABHOW TWIOCKOCTH; @, @ — YIIIOBBIE KOOPAUHATHI
Touku HabmomeHus; Ky = 1,15...1,3%03¢b GHuuenT, yUUTHIBAIOIIHNIA TBYXTy4EBYIO
MOJIEJTb PACTIPOCTPAHEHHS B YCIOBHUSIX CTATUCTUUCCKH HEOTHOPOIHOM CpeIbl.

IMpu mepexome OT HANMPSKEHHOCTH MOJSL K IUIOTHOCTH TOTOKA YHEPTHU
(TII13), uto HEOOXOAUMO, HATIPUMED, IS AHAITU3a AICKTPOMATHUTHON 0O6CTaHOB-
KU BOJHM3U TEXHHYECKHMX CPEICTB TOABMXKHON CBS3M; MOXHO BOCIIOJIB30BATHCS
(dbopmysoit mepecuera IS TabHEH 30HbI:

1113 = E?/ 377, (6.2)

E= k,F(@)F(9), (6.1)

rae E noxacrasmsietcs B B/m, a II13 monyuaercs B MKBT/cM?.

st manbHed 30861 QyHkuun F(Q) u F(@) MMe0T cMBICI MACOPTHON Jaua-
IpaMMbl HalpaBICHHOCTH. AHAJIN3 OIBITA MPOBEACHUS IEKTPOMATHUTHOM HKC-
HEepPTU3bI MOKa3bIBAET, YTO YAaCTO TEXHUYECKas NOKYMEHTALMs Ha H3JIyYarolIye
TEeXHUYECKUE CPEICTBa He MMeeT HeoOX0IMMOro Habopa ITaHHbIX 0 HAIpaBJIeH-
HBIM CBOMCTBAM aHTEHH (quarpaMMbl HAIPABICHHOCTH M K03GQUIUEHT ycuite-
HUS), @ TAKKe JaHHBIX II0 aHTCHHO-(QUICPHOMY TpakTy. B Takumx ciydasx mpo-
THO3HMPOBAaHHE CTAHOBUTCS BEChbMa 3aTPYIHUTENBHBIM U JAXe IPAKTHYCCKH He-
BO3MOXHBIM. Takas CHTyalusi BO3HHMKAeT IPH MPOBEACHUH JIEKTPOMAarHUTHOTO
IPOTHO3HUPOBAHUS BOJM3H TEXHUYECKUX CPEICTB, NOCTABISIEMBIX 3apyOeKHBIMU
¢dbupMaMy, CHEUAIBHBIX TEXHUYECKUX CPEICTB, TEXHMYECKHX CPEACTB, 000pyIo-
BaHHBIX HECTAHAAPTHBIMH aHTEHHAMH U T. 1.

B cBs3u ¢ 3TUM BHOJHE OOOCHOBAaHHBIM MOXKET OBITH IOJAXOX, KOTAA IHa-
rpammbl HanpaBieHHocTd F(a) u F(@) onpenensioTcs B KakIOM KOHKPETHOM
ciiydae U3 Habopa peanbHbIX YaCTO CYIIECTBYIOIINX CHUTYaIHH.

st auarpaMM HampspKEHHOCTH B BEPTHKAIBHOW IUIOCKOCTH MOXKHO BBIZE-
JIUTH YETHIPE TAKUX CHUTYAIIUH.

[epBasi COOTBETCTBYET CIIy4aro, KOTJa B TEXHHYECKOH NOKYMEHTAIUH IMpPH-
BOJSTCS JIMarpaMMBbl HanpapieHHOCTH (0OBIYHO B rpadudeckoM Buae). [IoHATHO,
YTO CJIeOyeT IOJIb30BaThCS ITHMH JUarpaMMamiu. IIpu 3TOM 1uisl MpUMCEHEHHS
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BLI‘II/ICJII/ITeJILHOi/'I TEXHUKU CJICAYCT MOATOTOBUTL BXOIHBIC Q)aﬁnbl, B KOTOPBIX
JAuarpaMMbl HalpaBJICHHOCTH NPCACTABJIAIOTCA B BUAC ABYMCPHBIX MacCCHUBOB
(er.H — 3HAYCHHUC ArarpaMmbl Hal‘[paBJ‘IeHHOCTI/I). 3HaquI/Ie JAuarpaMMbl HallpaB-
JICHHOCTH B HpOI/I?)BOJILHOﬁ TOYKE OMIPEACIACTCA 06])1‘*“{0 HN3BCCTHBIMU MCTOAaMU
HUHTCPIIOIAINHA.

BTOpaﬂ 13 BO3MOKHBIX CI/ITyaHI/Iﬁ BO3HHUKACT IPU UCIIOJIB30BAHUU B KAY€CTBE
Hepe):[alomef/i AHTCHHBI CUMMETPUYHOIO WIN HECUMMETPHUIHOI'O BI/I6paT0p0B C
IIPOTUBOBECOM. HpI/I OTCYTCTBUU B TeXHI/IquKOﬁ JAOKYMCHTAIlUU AuarpamMm Ha-
MPaBJICHHOCTH MOHO pacCUUTATh €€ MO U3BECTHOMY COOTHOLICHUIO IJIA HI/IHeﬁ'
HOTO CHMMETPUYHOTO BUOpATOpA:
codk [sin(a - )| ~cosk

(L—coskl)cos@ - )
rae I — JJIMHAa IIc4Ya BH6paT0pa, k — BOJIHOBO€ YUCIJIO, (//— 31€Cb U HUXKC yroJ Ha-
KJIOHa MaKCUMYyMa JuarpaMMbl HAIIPABJICHHOCTU OT TOPHU30OHTA.

TpeTLSI CUTYyalusl BOSHUKACT IPU HUCIOJBb30BAHMHW AHTCHH B BUJAC PCHICTOK
I/I3quaTe.Hef/i, KOTOPLIC BECbMa MIUPOKO UCIIOJIB3YIOTCA I TCXHUYCCKUX CPEACTB
TCIJICBUACHUSA, PaJUOBCIIAHUA U HO,Z[BI/I)KHOI?’I CBs3U. B 9TOM CJIy4a€ MOKHO pac-
CUUTAThL AUarpaMmMy HaIpaBJICHHOCTH B BepTI/IKaHLHOﬁ IIJIOCKOCTH, B3s1B U3 U3-
BECTHBIX COOTHOIHGHI/Iﬁ TOJBKO MHO>XHWTECJIb, y'-H/ITI)IBaIOHII/Iﬁ HalpaBJICHHBIC
CBOﬁCTBa PCUICTKHU B BepTHKaHLHOfI IIJIOCKOCTH.

sin[n E&E Sin@ —41/)}

n E'l;in[ljj Sin@ —z,//)}

F(a) = (6.3)

F(a) = , (6.4)

r7e N — KOJMYECTBO dTaXKeEH B pelieTke u3mydaresieid, d — paccTosHue MEeXIy u3-
JMy9aTeISIMU.

Haxkonerr, geTBepTas cuTyanusi BCTpeYaeTcs B CIydae IOJIHOIO OTCYTCTBHUS B
TEXHUYECKOH JOKYMEHTAIMU MapaMeTPOB U JUArpaMM HampaBlIeHHOCTH aHTCHH,
a OCMOTp aHTCHH JMOO HEBO3MOXCH, KOTJa aHTEHHBI YCTAHOBIICHBI B TPYAHO
JIOCTYITHBIX MECTax, MO0 OeCIoe3eH, KOTa aHTCHHBI 3aKPBIThI 00TCKATCIISIMH,
CKPBIBAIOIIMMH KOHCTPYKIHIO. B 3TOM ciiy4ae MOKHO PEeKOMEHIOBATh PacyeT I0
(dbopMynaM pacueTa JAMarpaMMbI HANPABICHHOCTH U PAaBHOMEPHO BO30YXKJIEH-

HOM cuH(]a3HON HUTH TOKa B BHE [48]:
F@) =P i u =§Bin(a—z//), (6.5)
u

TJIe @ — BEPTUKAJIbHBIN pa3Mep aHTCHHBI.
ITpu 3TOM BEJIMYUHY a MOKHO JMOO U3MEPHTH, JIMOO PACCYUTATh MO H3BECT-
HOMY K03 GHUITMEHTY HampaBiieHHoro neicTBusa D mo dpopmyne:
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ALD
=== 6.6
a=— (6.6)

[Tpome meno oOCTOMT ¢ IUarpaMMON HANpsHKEHHOCTH B TOPU3OHTAIBHOU
IUIOCKOCTH. 3[1€Ch XapaKTEePHBIMU SIBIIIIOTCS] TPU CUTYaLlUH.

IlepBas He oTIMUAETCA OT PACCMOTPEHHOM AJIS AUAarpaMMbl HaNpaBI€HHOCTU
B BEPTHKAIbHOHM IJIOCKOCTH, KOTAA JUarpaMMa HaIlpaBIEHHOCTU W3BECTHA W3
TEXHUYECKOU JOKyMEHTAalUH.

Bropast — Bo3HHKaeT B TOM Cily4ae, KOrJja aHTeHHa 00J1ajaeT sIBHO HEHAIpaB-
JICHHBIMH CBOMCTBaMH B TOPH30HTAIBHO MIIOCKOCTH U MOXHO mpuHATh F(a) = 1.

Tpetrss cuTyalust BOSHUKAET B CIIy4ae MCIOIb30BAHUS AHTCHH C CEKTOPHBIMU
JIrarpaMMaMy HalpaBJICHHOCTH. JUJIi CEKTOPHBIX JAuarpaMM HaIlpaBICHHOCTH
(aHTeHHBI ¢ TaKMMH AWArpaMMaMH IMUPOKO HCIONb3YIOTCS B COTOBBIX CHCTEMax
CBsI3M), KOTAa W3BECTHA IIHUPHHA JAUATPAMMBI HANPABICHHOCTH IO MOJOBUHHON
MOILHOCTH 25 Pacder B IMpeAeiax IIaBHOrO JICIECTKAa MOXHO BECTH IO IIHPO-
KO pachnpoCTpaHEHHOH B MHKEHEPHOH MPaKTHKE alpOKCUMAIIH BHIA:

F(a) =cos'(¢), (6.7)

IJle BeIM4MHA N onpeensercs mo 2@y s U3 yciosus (COS' (#05)=07.

CrienuarcThl, BIaJCIONINE CPAaBHUTEIHHO CIOKHBIM MaTEMATHYECKUM all-
IapaToM 3JIEKTPOJMHAMUKH, TIPH pacdyeTax HAaIpPaBICHHBIX CBOHCTB anTeHH OBY
1 YBY nuana3zoHoOB MOTYT BOCIOJIb30BaThCS PEKOMEHAALUSAMU [IPUBEAECHHBIMU B

[21].

6.4. KOHHUENIUSA YYETA B PACYETAX BJIMXKHUX MOJIEN
MNOJACTHJAIOIEN MOBEPXHOCTH NJIN KPBIIIN

Crnemyer pa3nu4arh ABa Cirydas: HanpasneHve
- WIeaJbHO TIpoBoAAIIas Oecko- MaKC1MarnbHOro
HEeYHas IUIOCKOCTh (AHTEHHA yCTaHAB- A u3nyveHuns

JIMBAETCS HA 3e€MJIE UIIH OIIOPE);

- HWOCaTbHO MPOBOMAAIIAS ILIOC-
KOCTh KOHEYHBIX pa3MepoB (aHTEeHHa
YCTaHABJIMBAETCS HaJ[ KPBIIIEH).

1. Jlns wWaeanbHO TPOBOJSIICH
0ECKOHEYHOM IJIOCKOCTH HMMEEM CIIy-

W
4ail OOBIYHOW JABYXJIYYEBOW MOIETH

(myan 1 m 2) Ge3 ympormeHus mo pac- Puc. 6.14. [IsyxiydeBas MOZIENb
CTOAHHIO (pI/IC. 6.14). ®dazoBbIi LCHTP pacnpocTpaHeHHUS paIMOBOJIH

AaHTCHHBI HAXOONUTCSA B TOYKEC A.
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@ I 2. Jlns wuaeanbHO TNPOBOJSIICH
- TUIOCKOCTH KOHEYHBIX Pa3MEpOB BbI-
Kporua / JICIIIEM TPH 30HHI, COOTBQTCTBYIOH.II/IC
NPUONMKEHUIO TEOMETPUYECKOH  OIl-
\ tikHd (puc. 6.15).
0 | 30Ha — B 3TOi1 30HE yYUTHIBACTCS
TOJIBKO MPSIMOM JTyd.
Il 30na — 310 30Ha MHTEpDEpeH-
LMY, B KOTOPOW yYHUTHIBAIOTCS 00a JIy-
4a — IpSIMOM U OTpa KeHHBIN.

Il 30na — 30Ha TeHH, B KOTOPOW
MIPEIIOIaraeTcsi OTCYTCTBUE ITOJIS.

3nanue

Puc. 6.15. JleneHue npocTpaHCTBA Ha 30HH,
COOTBETCTBYIOLINE TEOMETPUYCCKON

Teopum andpakim CraBuTcst 3agaya  OIpElesICHUs
YCIIOBHIA HAXOXIEHUSI TOYKU HaOIro-
nerns B 30HaxX |, |l wmm Il 11 peanbHBIX KOHGUTYparid KPBIII M PazIHIHOM

pa3MEIIECHHH AHTEHHBI OTHOCHTEIBHO KpBImHM. [Ipemmosaraercs, 4TO MPOEKIIUs
(a30BOr0 IIEHTPa aHTCHHBI BCET/1a T0NMafacT. Ha [IOBEPXHOCTh KPBIIIIH.

NneanbHo npoBoasimasi 6ecKOHeYHasl INIOCKOCTh. B Touke B mpsiMoii n
OTPaKCHHBIH JIyud OYIyT UMETh PA3IHYHYI0 HHTCHCUBHOCTH 3a CUCT PAa3HBIX yT-
JIOB TIO JMarpaMMe HAaIPaBICHHOCTH MEpEHarolIei aHTCHHBI U Pa3InYHbIX pac-
cTostHu# (puc. 6.2).

Paccrosinuie AB (HakIOHHASI JaTbHOCTH) JIETKO PACCUMTHIBACTCS TIPH M3BECT-
HBIX KoopamHaTax Touek A u B. ITyTh, mpoxoaumsiii otpaxenHon BoaHoii ACB,
BBIYHCIISICTCS:

2 2
ACB = hf+ﬂ +.[hZ + LTI (6.8)
h, +h, h,+h,

B Touke A muenecoobpasHO
MIPEAIOJIOKUATE  CHH(A3HOE CII0-
JKeHHE [UIS HAIPSHKEHHOCTEH ITOJIS.
IInoTHOCTH NOTOKA 3HEPruu pac-
CUNTBHIBAaETCS II0 CYMMapHOH Ha-
NPSHKEHHOCTH TOJsL.  JTO - OyzmeT
HauXyJIIuil ciydaid ¢ TOYKH 3pe-
HUS SJIEKTPOMarHUTHON SKOJIOTHH.

IInockas napaJjuie/ibHas
3emJie Kpoima. Ha puc. 6.168 ne-
KapTOBOM CHCTEME KOOpAMHAT B
mwrockoct  XOY  pacmomaraercs
TUTOCKasl HMICAIbHO IPOBOISIIAS
nosepxuocTh (kpeima) ABCD. Ha
Puc. 6.16. 'eomerprueckas MoCTaHOBKA 3a/1aun BBICOTE N Haj TOBEPXHOCTHIO pac-
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OJIO’KEHA aHTeHHA, (pa3oBBIN MEHTP KOTOpOi 000o3HaueH yepe3 @. Heobxommumo
BBIBECTH YCJIOBHS HaXOXKIECHUS TOYKW HAOJIOJNEHWS B OJHOW M3 TpeX 30H — I, |l
i |l oTHOCHTENBEHO KpOoMOK tw1ockocTu ABCD.

Koopmunatel (a3oBoro 1meH-
tpa @: X, = 0,y = 0,2, =h.

KoopanHatel TOUKH HaOmo-
nerust M- Xy, Yu, Zy-

B HCXOMHBIX MaHHBIX HE00XO-
IUMO  (DUKCHUPOBATH TMOJIOKEHHUE
KpPBIIIK B IIPOCTPAHCTBE. ITO
MOXXHO CJIeNaTh, HalpuMep, OpH-
eHTaner ocu Y Ha ceBep. [Ipu
9TOM CJEXyeT BBIIEIUTh CEKTOpa
a3UMYTaNBHBIX YTJIOB, COOTBETCT-
BYIOIIME OTACIBHBIM ~KPOMKaM D
Kkpbin (puc. 6.17):4¢; — kpomka
AB, A¢, — kpomka BC, A¢; —
kpomka CD, A¢4 —kpomka AD. Puc. 6.17.YrioBble cekTopa KPOMOK KPBIIIN

B BBIOpaHHOH cucTemMe KOop-

JIUHAT HEOOXOMMMO 3a/1aTh KOOPAWHATHI yrioB KPBIK: A(XaYaZs), B(Xo,YniZo)s
C(XeYerZe)s D(Xg:YarZg)- Juist TIOCKOM MapasiebHOM 3eMIle KPBIIIU Zy = Z, = Z. = Z4
=0.

YpaBHEHHS KPOMOK KPBIIIH, KaK YPAaBHEHHUS MPSAMBIX MPOXOISIINX Yepe3 IBe
TOYKH, OyIyT UMeTh By (Ha mpuMepe KPOMKHU A B):

Y=Ys - X7% (6.9)
Yo~ Ya XX
Wnu B npyrom Buje:
y:(Yb_yajx+ ya(xb_)%)_)%(Yb_ya)' (6.10)
Xp ~ Xa Xo ~ Xa
O06o03HaINM:
Ky = [MJ — YIII0BOH KO3 GHUIUEHT ypaBHEHUSI KpoMKH AB,
Xb - Xa
A= ya(% _Xa) _Xa(yb _ya) — cBOOOIHBIN 4ieH ypaBHeHus kpomku AB, (6.11)
%%
B pesynbraTe mosryduM yeThIpe ypaBHEHMS! KPOMOK KPBIIIHU B BUJIE:
Y =KX +8ap, Y = KooX + 8, Y = KeoX + 8ca s Y = KoaX + B - (6.12)
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Hanpasnenue Ha TOUKy HaGMIOAeHUS ¢ SBISIETCS MCXOAHOM BEIMIUHOM, MO~
3TOMY JIETKO 3aIlicaTh YPaBHCHHE MPSIMOW MPOXOMAMICH Yepe3 HAYalo KOOp.H-
HAT IOJ[ yTIIoM @ K ocu X:

y = ky[X,
rae Ky = tgg. (6.13)

Jlanee mosIBUIACH BO3MOXKHOCTD OIPEIEIIUTh KOOPIUHATHL TOUKH K, KaK T04-

Ku mepecedeHms npsamoit (6.13)u oxuoit u3 kpomok (6.12), HanpumMep, KPOMKH
AB:

Kg2ap
= Ao a_abk = ¢_k : (6.14)
¢ Pab ¢ ~ Rab
3anuiieM ypaBHEHHE PAMOM, MPOXoasIeii uepes TOUKu @ u M.

Wnm B npyrom Buze:

VoY
X X,
L L (6.16)

M
Janee onpenenum KOOpAMHATHI TOUKU NepeceueHus npsMou @M u nepneH-
nuKyssipa K mwiockoctd ABCD B touke K (puc. 6.18).0003HauuM 3Ty TOUKY S

LU (6.17)

Xs =X, Yo = Viy Zs =

M

Omnpenenum AauHy oTpe3ka @S

dys =\XC+ Y2 +22 . (6.18)

Omnpenenum anHy otpeska @M (HakIOHHAs TalbHOCTH) M €0 HAIPABIIIO-
MK KOCHHYC 110 OTHOIIEHHIO K ocH Z:

_ [y2 2 2
Aoy =X +y2 +(h-2,)? . (6.19)
— Z,\l B h
7z Cosy(jw - d .
Dy s F. m
- Ilepsoe ycnosue ornpeneieHus
0 T M [OJIOKEHUA TOYKH HaOIIOIEHUS
K M:

ecau dyy < dgs 1 2, > 0, TOU-
Ka M Bceraa HaxoauTcsi B mpe-

Puc. 6.18. K onpeneneHno NOI0XKCHUS TOUKH Aedax KPBIIIH HAJ WJIH HA HEH,
Habmonenus M T.e. B 30He MHTep(epeHunH.
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Bmopoe ycnosue onpeneneHns MOI0KEHU TOYKH HaOmoneHus M.

ecn dyy < dyps 1 Z, < 0, Touka M HaXoguTCs MOJ KpbIleil B mpeaeaax
30aHUS M PacyeTy He MOAIEKUT.

OnpeneniM AnuHYy oTpe3ka @K ¥ ero HalpaBISIONINA KOCHHYC M0 OTHOIIE-
HUIO K OcH Z:

gy =y X2 +Yyi +h*, (6.20)

z_—h
cosy,, = .
dy.
Tpemve ycnosue onpeelieHus MOJIOXKESHUS TOUKH HaOmroneHus M:

z

-Z
M 1) —
d— < COSYy, =
[ (]S
xoauTcs B 30He |||, T.e. B 30He reoMeTpuyecKkoii TeHH.
3anuireM ypaBHEHHE IPIMOH, poxo et uepe3 Touku @ u K

X% DTYRE T (6.21)
X=Xy Ye™Yp Z7Z
O603Ha4nM 4epe3 F Touky ¢ KoopauHaTamMu X; = K, Yr = Yk, Z = Z, = h. O1a
TOYKa HAXOJHUTCSI HAa TPaHUYHOM JIyde Mexay 3oHamu | u || Ha BBICOTE, paBHOM
BBICOTE MojBeca (Ha30BOro EHTPa aHTEHHBI h.
3amumeM ypaBHeHHE IPSMOH, Ipoxoasmiel yepe3 Touku K u F:
XTX o V7Y o 272 (6.22)
X =X Yo=Y Zr~Z
[MpuHOMD onpeneneHus yCIOBUH MOMalaHusl TOUYKK HaOoneHus M B 30Hy I
3aKJII0YaeTcsl B TOM, YTO CPaBHHBACTCS KOOpAMHATA Z, C KOOpJAMHATAMH Z U Z,
COOTBETCTBYIOIIMMH TOYKaM, HAaXOMIAIIMMCS Ha IOTPAaHWYHBIX JIydaX 30H H
HUMCIOIIMMHE APYTHE KOOPIUHATHI, PABHBIC X, H Yy
Bocnonp3oBaBuinck ypaBHeHHsAMHE (6.21)u (6.22)mony4uM KOOPAUHATHI Z 1
Z KOHTPOJILHBIX TOYEK:

z, -2,

ecin > dgy, Ggs 1 COSY, = , TO Touka M Ha-

I = X«" (ZK - h) + h I/IHH ZI = y,"t (ZK B h) + h ,
X Y
B I DU (3 1 DU
X =X, Yi = Ye

Yemeepmoe yciosue OTMPEICICHUS TIONOXKEHUSI TOUKU Habmoaenus M (31o
YCIIOBHE JAyOIUPYET TPETHE):

ecan Oy > dyps M Z, < Z , TO TOUKa M HaxoguTcs B 30He |11, T.e. B 30He
reoMeTpu4ecKoOi TeHH.
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ITamoe ycrosue onpeneNieHnst MOJI0KEHNS TOUKU HAOTroaeHus M:
ect Oy > s M Z, 2 7, , TO TOUKa M HAXOAUTCH B 30He |, T.e. B 30He HH-
TepdepeHIHH.

Lllecmoe ycnosue onipenielIeHIs MOJI0KEHNS TOUKH HabroneHus M.

eca Oy > s M Z < Z, < 7, , TO Touka M HaxoquTcs B 30He ||, T.e. B 30He
TOJILKO MPSIMOro Jy4a.

IInockas HakIoHHasi Kpbima. Ha puc. 6.198B nexapToBoii cucremMe KOOp-
quHaT B iockoctH XOY pacnonaraercsi IUIOCKash HACalbHO MPOBOASIIAS MO-
BepxHOCTh (kpsima) ABCD.-Ha BbicoTe h; Hajl TOBEPXHOCTBIO KPBINIH PACIIONO-
JKCeHa aHTEHHa, (pa3oBBIA IEHTpP: KOTOpol oOo3HaueH yepe3 @. PaccrosHue mo
kpoiam h. Ha sToM prcyHKe coBMeleHsI 1Be cucteMsl KoopauHat — oaua XOY, a
npyras X;Y1Z;. Cucrema xoopauHat X;Y:Z; nmonyderna u3 XYZ napauiebHBIM Iie-
peHocoM B Touky O u moBopoToM B miockoctn YOZ Ha yron a.

CmMeleHne IEeHTpa CHCTEMBI
KOOpIUHAT U3 TOYKH O B TOUKY
O, TpOM3BENECHO HA BEIMYMHBI
Yo.=h, sina [Cosa "

z, =h/sin®a . Paccrosmue ¢a-
30BOTO LEHTPa A0 KPBILIH pac-

cunteiBacTcs h= hy cosx.

CMmernieHue ¥ MOBOPOT CHC-
TEMbl ~ KOOpPAMHAT  IO3BOJIAET
CBECTH 3a/J]auy O HaKJIOHHOU
KpbhIllle K 3a7a4e O IUIOCKOM ma-
paJuIeNbHOM 3eMJIe KpBIIIIe.

HoBsle KkoOpJMHATBI HEKO-
TOPBIX TOUYEK:

Puc. 6.19. ITnockast HaKJIOHHAs KpbIIIa - KOOpAOWHATHl  (ha30BOTO
B JIEKAPTOBOM CHCTEME KOOPAUHAT LIEHTpa aHTeHHbI @: Xp= 0, Vo=

0, z,=h;

- KOOpAWHATHI TOYKU HabmoneHus M.

Xw = Xw 1
— | | H

y,=Yy,cosa+z sina-y,, (6.24)
_ | H | .

z, =-y,sina+z, cosa - z,;

154 WWW=HHeti 1 u



— KOOPIHHATHI YTJIOB KPBIIIIH:

X, = X4, Y, =Y, cosa+z sina-y,, z, =-y! sina +z, cosa-z,;

X =X, Yo = Yp COSO +2 SN —Y,, 2, =-Y, Sina +2z, cosa —z,; (6.25)
X =Xé , Y. =Y. cosa+2z sina-y,, z. =-y. sina+z. cosa -z,;

Xq =Xy, Yq = Yy cosa+zisina-y,, z, =-y,sina+z,cosa-z,.

B 5THX BBIpaKEHHSAX KOOPAWHATHI C BEPXHUM HHIEKCOM | OTHOCATCS K CHC-
TeMe KoopauHAT X;Y1Z;. Jlamee adroputMm pacdera Kak ISl IDIOCKOW Tapauieib-
HOM 3emiie Kpmum.l

1
HpH CMEIICHUU KOOPAMHAT C OBOPOTOM BOKPYI' OCH X U3MEHSIOTCS YIJIOBBIE CEKTOpa KpO-
MOK KpPBIIIIH. HpennaraeTcs{ HC 3arpoOMOXKIaTh aJITOPUTM 3TOM FeOMe’I‘pI/I‘IeCKOﬁ 3a/aueH, a aenaTh
OTO Ha 5Tare 3aJaHus UCXOAHbIX JaHHBIX.
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TIJIABA 7

N3TYYAIOIIUME TEXHUYECKHUE CPEJICTBA
CBY 1 KBY IMAITIA30HOB

7.1.OCOBEHHOCTH PACITPOCTPAHEHMUSA PAJIMOBOJIH CBY
N KBY TUAITA30HOB

B cooTBeTCTBUM C MEXIyHAapOaHOH Kiaccudukarmeil paguodacroram CBY
(3...30ITmm) m KBY (30...300IT) nuama3oHOB COOTBETCTBYIOT AMANA30HbI
JurH paxuoBosiH cootBerctBeHHO U 0,01...0,14 u 0,001...0.044. Takue panuo-
BOJIHBI PAaCIPOCTPAHSIOTCS OT MECTOYHNKA W3TyYSHUs] K MECTY IpHeMa Mogo0HO
BOJIHaM CBETa — B BUJIE MPSAMOJIMHCHHBIX JTydeil. HeoOXoquMbeIM ycioBreM [uist
pacIpoCcTpaHEeHUs palHOBOIH SIBISIETCS OTCYTCTBHE HA MX IYTH 3KPaHUPYIOLINX
(3arensironux) mpensrctBuil. CBA3aHO/ATO ¢ TEM, YTO TAKHE PAAUOBOJIHBI 00a-
AT KpaiHe c1a0oi CIOCOOHOCThIO MH(PArHpOBaTh HA MPEMATCTBUSX (OTHU-
0aTp mpensATcTBUs). CUHTAETCS, YTO paguyC ACHCTBUS TEXHHYECKHUX CPEICTB
CBY u KBY nuana3oHOB OrpaHMYUBAETCS paCCTOSHUEM NPSMON BUIUMOCTH.

Jpyrumu cioBamy, Iepeaaromas ¥ IpueMHasi aHTCHHa JTOJDKHBI HaXOIUTh-
Cs1 Ha OZJHOW IPSIMOI — «BUAETH» NpYT Apyra. Ha Ha3eMHBIX JIMHUAX PaIHoCBs3N
paccTosiHEe MPSIMON BHAMMOCTH OMpPEeIISIeTCs] BRICOTON IOBECa Mepeiaromei
U TIPHEMHO# aHTeHH 1 00b1uHO He npessimaet 40...60kM. [IpaBna, aTo 0bcTOS-
TEJILCTBO HE MEUIAET CTPOUTH Ha3eMHBIC JIMHUM PAIMOCBS3U IPOTSHKEHHOCTHIO
COTHHM U THICSYH KWJIOMETPOB. B 3TOM ciydae Mcnonb3yercst IpUHIKIT MOCIEN0-
BaTEJIbHON PETPAHCISILUK CUTHAJIOB. TaK CTPOSITCS pajuopeseiHble TMHUA CBSI-
31 TpsiMoit BuaumocTu. PaguoBondbl HikHel yactu CBY puanaszona (mo 3...5
ITu) o067amaroT CBOWCTBOM paccesHHs Ha HEOAHOPOTHOCTSIX TPOmocdepsl.
Tpomocdepa — 3TO HWKHAA 4acTh atMocdepsl 3emin (OT HECKOJIBKUX COTCH
MmetpoB g0 10...12xm). B Heil Bcerna ecTh JOKaJbHbIE 0OBEMHBIC HEOTHOPOI-
HOCTH, BBI3BaHHBIC Pa3IMYHBIMH (PU3NYECKUMHU HPOLECCAMH. JTH HEOJHOPOI-
HOCTH 00JIaal0T CBOWCTBOM MNEpEHM3IyYCHHsS! PaJAMOBOJH, TAfaloMUX Ha HHX.
DHeprus Mepen3TydeHus] BOJIH MOKET YJIaBIMBATHCS MPUEMHONW aHTEHHOH, Ha-
XOsIIIeiics TaJleKo 3a MpeAeIaMy NpsMON BUIMMOCTH. MexaHu3M Tponocdep-
HOTO PaccesiHus PaJHOBOJIH MO3BOJIIET CO3/]aBaTh TaK Ha3bIBaEMBIC TpoHochep-
HBIE pajHopeNeiHble JIMHUM C PACCTOSIHUEM MEXIy CTaHIMSMH Tepefadd U
npuema 200...400xm.

Jlyist paccMaTpUBaeMbIX AMANa30HOB XapaKTEpPHO SBJIECHHE MHTEp(EpeHINH
(HaJIOXKEeHUS) PaJHOBOJH MPSIMBIX, HAYLINX K MECTY MpHeMa HEMOCPEICTBEHHO
OT UCTOYHHKA H3JIYy4CHHUS, U OTPAKEHHBIX OT TEX MM HHBIX 00BEKTOB (IIOBEPX-
HOCTH 3€MJIH, 3[IaHUH U T.I1.).

Ha pacnpoctpanenue paguosons CBY u KBY nuana3oHoB 3aMeTHOE BIUS-
HHE OKa3bIBAIOT METEOPOJIOINYECKUE MPOLECCH], IPOUCXOASIINE BIOJIb TPACChI
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PaJMONMHUM; IOK/Ib, CHET, TyMaH. CUMTAETCs, YTO ITH BJUSAHHSA TEM CHJIbHEE,
4yeM BBIIIE YacToTa (KOpoUe JUIMHA BOJIHBI).

7.2.XAPAKTEPUCTUKA U OCHOBHBIE TIAPAMETPBI
N3JYYAIOIIUX CPEACTB

K rexanueckum cpencteam CBY u KBY nuanazona oTHOCSTCS pa3idyuHbIe
PaaMOCUCTEMBI MEPEAAYN U paJUoIOKAlIMOHHbIE KoMILIeKehl. Cpenn paguocuc-
TEeM HamboJee MUPOKOe MPUMEHEHNE HAIILUT PAHopeICHHbBIC CHCTEMBI TIepea-
uyn mpsmoii Bugumoctu (PPCII IIB), TpomocthepHbie paguopeseiiHble CHCTEMbI
nepenaun (TPPCII) u cnytHukoBbie cuctemsl nepeaaun (CCII). Bee onu, kak
MIPaBWIIO, MIpEeIHA3HAYCHBI JIUIsl OPFaHU3aIlMi COOTBETCTBYIOLINX KaHAJIOB CBS3H.
PanuonokaliMOHHBIE KOMILICKCHI HAXOAT MPUMEHECHHE MPH JajdbHEM OOHApy-
JKCHUU 00BEKTOB, B PAIIOHABHUTAIIAH, B PAIUOACTPOHOMHUH H T.II.

Bce pamnocucTeMbl IMEIOT CBOKO CIICHUMHKY B (DYHKITHOHAEHOM MOCTPOE-
HUM, TEXHUYECKUX XapaKTEPUCTHKAX, BO3MOXKHOCTIX. OJHAKO OHU €IMHBI B
CIEeNyIoeM — BCE SBISIFOTCSI MCTOYHHMKAMU SJIEKTPOMArHUTHOTO HW3ITy4YECHHUS.
YpoBeHb WHTCHCUBHOCTH W3JTyYCHHs BOJIW3U PAIUOTEXHUYCCKUX OOBEKTOB OII-
penersieTcs edabM psaoM (aKTOPOB: MOIIHOCTHIO M YACTOTOW W3ITyUCHHUS, TH-
IIOM aHTEHHBI, €€ OPUCHTAIIMEH U BBICOTOH MOIBECA, PEIKIMOM PAOOTHI.

[Ipexxne yeM nepeiTy K U3I0KEHUI0O METO/Ia aHalu3a OLEHKU dJIEeKTpoMar-
HUTHOW 0OCTaHOBKM BONIM3M panuorexHuueckux o0bektoB CBY m KBY nuamna-
30HOB, IIETIECOO0Pa3HO PACCMOTPETh OOIIME TPUHIUIBI NEHCTBHS OCHOBHBIX
TEXHUYECKUX CPECTB.

Paunopeﬂeﬁﬂble CHCTEMBI Nepeaavu l'lpﬂMOﬁ BUJIUMOCTH

puanun ucnons3zoBanus PPCIT T1B mosicusiercs Ha puc. 7.1. HazeMHbie
CTaHIMHM PAa3MEUIAIOTCA OJHA OTHOCHTENBHO APYrOi Ha pacCTOSHUAX, HE Tpe-
BBIIIAIOMINX MPSAMYIO BHIANMOCTb MEXIY aHTCHHaMH. BBICOTHI TIOJ[Beca aHTEHH
00bryHO B mpegenax 15...100m. IIpu 5TOM pacCTOSHHUS MEXKIY CTAHIHSIMHU JIU-
uuii B npenenax 40...60km. Bes nenodka craHiuii COCTOUT U3 OKOHEYHBIX pa-
muopeneitasix craniuii (OPC), mpomekyrounsix (ITPC) u y3noseix (YPC). Ha
KaXXIOM CTAaHIIMHU pa3MeIIaeTcs MpreMoIepeaionee 000pyIoBaHHE U aHTEHHEI.
Ha onHoli omope MOXeT OBITh HECKOJIBKO AHTCHH — BO3MOXHO IPHUMEHEHUE
PPCII I1B pa3nuyHbIX TUana3oHOB, OTBETBIEHUE OT OCHOBHOW JIMHUH.

Uepe3 ogHy aHTEHHY OJHOBPEMEHHO MOTYT paboTaTh HECKOJBKO PaaroIe-
pEaTIMKOB Ha OIM3KHX YaCTOTAX OJJHOTO JUAna3oHa (MHOTOCTBOJBHBINH PEKUM
paboTHI CHCTEMBI) WM JIaKe HAa YaCTOTaX Pa3HbIX AWANa30HOB, HanpuMep, 4 u 6
I'Tu (pexuM COBMEILEHHS qUaNa3oHoB). Bce 3TH (GaKkTopsl ciieayeT yYUTHBATh
TIpH aHAN3e AIEKTpoMarHuTHON obctaHoBku BOMM3M ctanmmii PPCIT T1B. He-
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KOTOpPBIE YaCTOTHBIE M YHEPTETHUECKUE XaPaKTEPUCTUKU THUIIOBOTO 00OpYIOBa-
aus PPCII 1B, a Takxke reoMeTpuIecKie W dJEKTpHIECKUe TTapaMeTphl aHTEHH,
NPUMEHSEMBIX B 3TUX CHCTEMaXx, NpuBeaeHsI B a0, 7.1. [49,50].

- >
/ 40-60km
IToBepxHOCTH i
3€MJ1IHU
Puc. 7.1. Ilpunanun pa6otsr PPCII 1B
Tabmuma 7.1
XapakTepucTHKa TUIIOBOro o6opynosanust PPCII I1B
. Cpennsis | MouHocTs nepe-
1J1\rr_1 Tum PPCIIT JUTMHA JaT4MKa OJTHOTO Tun anTeHHBI ilzaMeTE . KH]L)H’
BOJIHBI, CM cTBOJNA, BT pTyP A

1 |Kypce-2M 15,8 1,6 AJD-5 5 37,9
PITA - 39,5
2 | Kypc-4 8,2 0,5 AID-5 5 43,5
AJlD-3,5 3,5 40,7

PITA - 43
3 | Kypc-6 5,07 7,5 AJl1D-3,5 3,5 44,8

IAC 3,9 40

~ AllD-2,5 2,5 44

4 | Kypc-8 3,7 0,4 TAC 39 43
PITA - 39,5
B AID-3,5 3,5 40,7

5 |Panxyra-4 8,2 4 TAC 39 20
AJID-5 5 43,5

PITIA - 43
6 |Panyra-6 5,07 3 AlR-3,5 3,5 44,8

ITAC 3,9 40

} AlD-2,5 2,5 44

7 | Pakuta-8 3,07 0,6 TAC 39 43

Panan 2,7 0,1 I1A 1,5 45

Kommiekc-5M 2,7 0,5 1A 1,5 45

B Tabm.

7.1 yka3zaHsl

YEThIPE THUIIA AHTCHH!:

PIIA - pymnopHo-

napabonudeckasi anTeHHa; AJ[D — aHTeHHa JByX3epKaJlbHasl C AJUIMITUYECKUM
nepeusnydateneM; [IAC — nepuckonnyeckast anTeHHas cuctema,; I1A — mapabo-
JIM4YecKasl aHTEeHHA OJHO3epKaJlbHasg OCECUMMETPHUYHAS;
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3epkaom aHTeHHB [IA CiyXuT BBIpEe3Ka U3 Mapaboionna BpalICHUS
(puc. 7.2),B dokyce KoToporo nomemieHn obmydarens. Chepudyeckast BoJHA, HC-
xozsmas U3 (hoKyca, OTpa)kaeTcsi OT MOBEPXHOCTH 3epKajia u TpaHCcHOpMHUpyeT-
cs B IUIOCKYIO. B IIOCKOCTH, MpOXOAAIIeH depe3 KPOMKY 3epKajia W Ha3bIBae-
MO amepTypol aHTEHHBI, (ha3a MOJI MOCTOSHHA, a aMIUIUTY/a COOTBETCTBYET
pacIpeieneHuro oISl 10 BOJTHOBOMY (DPOHTY BOJIHBI, TAAIOIICH HA 3epKao.

Bomee BBICOKHE AIIEKTPUYECKHE XapaKTEPUCTHKH OOECIIEYMBAIOT ABYX3Ep-
KaJIbHBIE aHTE€HHbI, Hampumep, tuma AJID (puc. 7.3). Chepryeckas BoJHA, U3-
Jy9qaeMasi MepBUYHBIM OOIydaTesieM, IepeoTpakaeTcsi BCIIOMOTATEIbHBIM 3ep-
KaJIOM B HaIllPaBJICHUH OCHOBHOI'O KBAa3UIIapabOIMIecKOro 3epKaa.

CucreMy <«II€pBHYHBIN OOJlydaTedh — BCIIOMOTAaTEIbHOE 3€pKajo» MOXKHO
paccMaTpuBaTh Kak HEKHi BOOOpa)acMblil (BUPTYalbHbIN) M3Iydarelb, HAXO-
JUIIIANACS B 00J1acTH (POKYyCca OCHOBHOTO 3epKalia.

ITapabonuueckoe
3epKalo

Amneprypa

Puc. 7.2. Ilpuniun paboTsl 01HO3EPKAIBHON MapaboIMYecKoil aHTEHHBI

OCHOBHOE
3epKaio

Obmy4aTens

Puc. 7.3. Ilpunnun paboTsl IBYX3epKalIbHOM MapabonnyecKoil aHTCHHEI

Anrenna PITA npencrasiser coboii mapabosniueckoe 3epkaio (BbIPE3Ky U3
napaboyiona BpalleHus1) ¢ BEIHECEHHBIM PYIOPHBIM 00JTydyareneM, 00beAnHEH-
HBIMHU B €JIMHYIO KOHCTpYKImIO (puc. 7.4).lIupoko ucnons3yemsie bl PITA
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BepxHee

MapaGonuuyeckoe
3epkano

3epkanq

—————— >

Nyun
| g
AN Y .
BawiHsa
O6nyyatens HwxHee L Ob6nyvatens
pYMOpPHbIA 3epkano X i-:-:_:..-.&% 3emns
A
Puc. 7.4. lpunun aeiicteus PITA Puc. 7.5. Ipunnun aeiicteus [TAC

MOJKHO pacCMaTpuBaTh KaK AaHTEHHBl C KBaJIpaTHON amepTypoil pa3Mepa
2,7x2,7v%

[Mpuanun nocrpoenust ITAC mosicusieTcs Ha puc. 7.5. OCHOBHBIE JIEMEHTHI
ITAC - obmy4aTenb, HIDKHEE 3epKaJlo, UMEIoIIee MapaboJIONAHYIO HITH JIUIHIICO-
UIHYIO IOBEPXHOCTh, U BEPXHEE IIIOCKOE 3epKao.

TponocdepHblie paguopeieiiHbie CHCTEMBbI Iepeaayn

Mpunnun peitcteus TPPCII witroctpupyetcs Ha puc. 7.6. OcHOBHBIE 0cO-
OeHHOCTH — 3TO Gosblnne uHTepBanbl Mexay cranmusamu (200...400xm), 60b-
moe ocliablieHue U TIyO0OKHe 3aMUPAHUS PaTHOCHTHAIA.

O6mias xapakrtepuctuka Ttunooro obopymoBanus TPPCII nmpuBenena B
Tabmn. 7.2.

O6bem paccevBaHus

MponéTbl 200....400 kv

Puc. 7.6. [Ipunuun nevicreus TPPCIT
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Tabmauua 7.2
XapakTepucTuka THIOBOro odopynosanus TPPCII

No Tun Cpennsist MomHocTh, BT Pazmep KHJL,

ot TPPCII JUIMHA U 9UCII0 Tumn aHTeHHBI anepTypsl, b
BOJIHBL, CM | TI€pENaTYHKOB M

1 | FopuzonT-M 30 30002 Hecummerpuunas 20x20 43

2 TP-120 30 50002 napaboaudeckas WA

3 JTP-12 30 1000&x2 aHTEHHA 30x30 47

Boinpioe ocnabnenne curHaga KOMIIEHCHPYETCS UCTIOb30BaHHEM MOIIHBIX
panuonepesaTinKoB, YyBCTBHTEILHBIX PAaJUONPHEMHUKOB, BBHICOKOI((EKTHB-
HBIX aHTEHH, CHEeNMaNbHBIX TexHonoruil npuemonepeaaun. B TPPCII mupoxo
IpUMEHSAETCs CIoCco0 Mepenadn, KOTaa. OJHO U TO XK€ COOOIIeHHE meperaeTcs
OIHOBPEMEHHO JBYMS pajuolepesaTyMKaMy Ha ABYX Pa3IHUYHBIX 4acTOTaxX ue-
pe3 Be OTIeNbHbIE AaHTEHHBl. AHTEHHBI HCHOIb3YIOTCS B OCHOBHOM HECUMMET-
pHUYHBIE TTapabOIMYCCKHE OJJHO3CPKANbHBIC-C BBIHECCHHBIM OOIydYeHHeM (puc.
7.7), 9TO TO3BOJISIET YCTPAHHUTh BIMSHUE PEaklldu 3epKajia Ha COIJacOBaHUE,
YMEHBIINTh 3aTCHEHHE PACKPBIBA IO CPAaBHEHHIO OCECUMMETPUUYHBIMU AHTEH-
HaMH.

[Ounarpamma

HanpaBneHHOCTH
AHTEeHHa

v

Obnyyatenb

Puc. 7.7. Ipunuun neiictBus antenHoi cuctemsl TPPCIT

Antennsl TPPCII npenctaBisiioT co00il CII0XKHBIE WHXEHEPHBIE COOpYIKe-
HEst ¢ packpsiBom 20x20 M2 IpH BBICOTE TTOBECA HIDKHEH KPOMKH HaJ[ 3eMiIeil 8
M i 20M 1 ¢ packpeiBom 30x30 M2 mpu BhICOTE HInKHEH KpoMKi 10M i 20 M.

B kavecTBe 00yyaTens MCIOIB3YeTCs MUPAaMHUAANBHBIN PYNOpP C PacKphl-

2 2
BoM 1x1 m“ mim 0,8x0,8m" .
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ClIyTHHKOBLIe CHUCTEMBI Iepeaadu

Ipunun ucnoas3oanust CCII cxemaTnyHo mokasad Ha puc. 7.8.Ilo cy-
mectBy CCII sBrsiercs pasHoBuaHocteio PPCII IIB, B xoTOpO# mpoMexyTod-
Hasl CTaHIUSA-PETPAHCIATOP HaxoauTcs Ha 6opty MIC3.

nca

Puc. 7.8. Ilpunnun pevicreus CCIT

B 0CHOBHOM IpPUMEHSIOTCS 1Ba BHaa opOuthl MC3: sutunTHuecKas u reo-
craioHapHasi. OQHaKO B TOCIeIHEEe BpeMs . MHTEHCUBHO pPa3padaThIBAIOTCS
CHCTEMBI C HU3KMMH M CPEJHUMH KPYrOBbIMH opOuTamu. B kauecTBe nepenato-
mux anTeHH 3eMubix craniui (3C) CCII yame BCEro MCIOIb3YIOTCS OCECHM-
METPHUYHBIE [BYX3€pKaJbHbIE MapaboIrIecKue aHTeHHbI. J(naMeTp OOJBIINHCT-
Ba aHTEHH JIOXKHUT B mpenenax 7...32M, a K03(hGHINCHT YCHJICHHS — B TIpeiesiax
49...601b [51, 52]. Hanpapnenne MakKCHMAIBHOTO H3JIYUCHHS COCTaBISICT HE
MEHee HECKOJbKHX TPaJyCoOB MO OTHOIICHHIO K MMOBEPXHOCTH 3eMJIH. B ToM
ciyaae, xorna CCII paboraet uepes VC3, Haxoasmuiics Ha SJUITHNITHYECKON Op-
OWTe, WCIOJB3YIOTCS MMOBOPOTHBIC AHTCHHBI, 00CCIICYHMBAIOIINE CIICKECHHE 32
CIIyTHHKOM II0 MEPE €ro OPOUTAILHOTO TIEPEMEIICHHS.

HekoTopbie YaCTOTHBIC M SHEPTETUUCCKUE XapaKTCPUCTHKH PaaHOTIepeIaT-
yrKoB 3eMHBIX cTanuuii CCII nmpuBeaeHs! B Tadm. 7.3.

Tabmuna 7.3
XapakTepHCcTHKa THIIOBOT0 000py10BaHus 3eMHbIX cTanumii CCII

Ne nnt HaumenoBanue CpenHsis JIUHA BOJHBI, CM MomHOCTLg:penaanKa,
1 I'pagueHT 4,9 3000 (10000)
2 I'paBuii 48,4 20
3 Tenukon 4,9 4000
4 I'pynt 4,9 200
5 TanmakTuka-1 2,1 1500
6 TanakTuka-2 2,1 240
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7.3.TUIIbI ATIEPTYPHBIX AHTEHH

AnepTypHBIE aHTEHHBI MOYKHO Pa3/IeinTh Ha qBe Oonmpmux rpymmsl. [lepBas
rpylma — 3TO aHTEHHBI C KPYIJIOW amepTypoi, BTopas — ¢ mpsMoyroisHoil. K
MIEPBOIl TPYIIIE OTHOCATCS OJHO- M ABYX3E€pPKAIbHBIE OCECHMMETPHYHBIC aHTEH-
HBI - mapaboronasl Bparierus (cMm. puc. 7.2u puc. 7.3).Ko Bropoit rpyrme oT-

HOCATCSI aHTCHHBI B BUJIC.

- CHMMETPHYHOHN BBIPE3KH W3 mapaboronaa Bpamesns (puc. 7.9);
- HECUMMETPHYHON BBIPE3KH M3 Tapabosona Bpamienus (puc. 7.10);

- IEpaMHAAAIBHOTO pyTiopa (prc. 7.11);
- mapabomnuueckoro mwrHApa (puc. 7.12).

Tak ske KO BTOPO#i TPYIIe MOYKHO OTHECTH PYIIOPHO-TIAPa0OITHIECKYIO (CM.

puc. 7.4)u meprCKONMIECKYI0 aHTeHHBI (cM. puc.7.5).

z

3epkano

Aneptypa (a x b)

T

Ob6nyyartens

3epkano

Obnyyartenb

Puc. 7.10. HecummerpuyHast BbIpe3Ka U3 apadoIon/ia BpaIeHHs
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Z
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b
Y
Y b >
X
a /
X
/" a
Puc. 7.11. ITupaMuganbHeIA pyIIop Prc. 7.12. [Tapabonuueckuii OUIHHAD

7.4. AHAJIN3 DJJEKTPOMATHATHOM OBCTAHOBKH
BBJIN3U AITEPTYPHBIX AHTEHH — OBIIUE ITOJIOKEHUA

Bripaxenne mis pacuera IIIID amepTypHOH aHTEHHBI B  IIPOM3BOJIBHOMN
TOYKE MPOCTPAHCTBA B paMKaX SHEPreTUIECKOro IOAXO0Aa K PEHICHHIO 3a1aud
MOJKHO TIPEICTAaBUTh B CIICIYIONIEM BUJIC:

nzzna+n067+naud)+nnp’ (71)
rae 1, —amepTypHas cocTaBisronIas,

I1,;, — cocrapisromas, onpeaesieMas U3rydeHueM o0IyJaTens,

M oup — COCTABISIOLIAs, 00yCJIOBJICHHAsT TOKAMH, NPOTEKAIOMIUMHU II0
KpoMKe 3epkaina (TudpakiinOHHBIMUA TOKAMHK);

! ,p — COCTABJIAIOLIAs, BO3HUKAIOLIAs B PE3YJIbTATE HPOXOXKACHUS SHEPIUN

CKBO3b OCHOBHOE 3€pKaJI0 aHTCHHBI, €CITH OHO MMEET PEIIeTIATYIO CTPYKTYPY.

Bce mpocTtpaHcTBO BOJMIM3M aHTEHHBI MOKHO YCIIOBHO Pa3leNUTh HA TPH Xa-
pakrepubie obmactu (puc. 7.13).J[1s onpeneneHns mpoaoabHBIX IPAHUI] CaHHU-
TapHO-3alTUTHBIX 30H HAHOOJBIINN HHTEPEC MpencTaBiseT oomacTs |. B Teopun
aHTEHH 3Ty 00JIaCTh MPUHATO HA3bIBaTh OOJIACTHIO TJIABHOTO M OJIMKHHUX OOKO-
BBIX JieniecTkoB. 3Haduenue [111D 3meck onpesensercs, B OCHOBHOM, allepTypHOU
COCTABIISIONIEH M COCTABIISIONIEH OT 00ITyJaTess.
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B 3agHeM mosympocTpaHCTBE aHTEHHBI pacroyiokeHa obmacte Il. B aroit
00yacTH 1mosie 00yCIOBICHO TOJMBKO U(DPAKIMOHHBIMU 3P PEKTaMU TIEPBUIHOTO
noJist o0JydarTesisi HA KPOMKE OCHOBHOTO 3epkaiyia. Ecii 3epKajio BBIMOJIHEHO B
BHUJIC PELIETYATON CTPYKTYpPbI, TO K AU(GPAKIHOHHOMY TMOJIO J00aBHUTCS TMOJIE,
npomenmee B 00acth || ckBo3b sueiiky.

Ill obnactb

Il obnactb

o=n | 06nacTb

3epkano Ill obnactb

aHMeHHb!
6=n-o
Puc. 7.13. O6nactu ananusa 111D
B obmactu |l HEoOXOMUMO YUHTBIBATH M allepTypHYIO COCTABISIONIYIO, U
COCTaBJIAIONIYIO OT 00JTydaTes, ¥ TUPPAKITHOHHYIO COCTABIISIONIYIO.

7
YcmoBuMces, uTto 00MacTh | MMeeT TpaHUIEI ESHSO, obmacte Il —

-, <@< 7, obmacts Il — %<Hs -,

Jlyist perieHus 3aa4 IEKTPOMArHUTHON SKOJIOTHH UCTIONB3YETCs TIOHSTHE
YCpPEIHEHHOW MOJICNIN arepTypHOH aHTeHHBI. Takas MOJeib BIEpBbIE NpEIIo-
’KeHa apTopamu [55] u O6asupyercs Ha psine AOMYIICHHUI:

- aMIDIMTYIHOE pacIipeesieHue TI0JIs 10 anepType 3aaaeTcs B BUAE:

f(r)=0316+0,68 1—[%] , (7.2)

rae: I — TeKyliee 3HaYeHue KOOPIMHATH Ha THaMeTpe anepTypsl, d — muameTp
anepTypsl;

- o0y4aTens ¥ aHTEHHA UMEIOT XapaKTEPUCTUKH HANPABIEHHOCTH C OCEBOM
CUMMeETpHEN OTHOCUTEIBHO HANPABICHUI UX MAaKCUMAIIbHOTO U3ITyYeHNUS,

- XapaKTepUCTHKa HAIlPaBIECHHOCTH OOJydaTelsi 0JHO3EePKaJIbHONW aHTEHHEI
WM CHCTEMBI «O0JIydaTellb - BCIOMOTaTeIbHOE 3€pKajio» ABYX3epKAIBLHOM aH-
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TEHHBI BHE CEKTOpA YTIIOB MEPEXBATa SHCPTUH OCHOBHBIM 3€PKAIOM CUHTACTCS
Hen3MeHHOM 1 paBHOH 0,316 (10 HAIPSHKEHHOCTH TI0JIsN);

- amnepTypa uMmeeT 3arcHenne (puc. 7.14),xapakrepusyemoe K03 huIieH-
TOM 3areHeHms O / d=01 (d;— mmamerp «reHeBoro aucka», d— muamerp

aTepTypPBI).
w
ancK

AmnnutygHoe
pacnpegeneHve ¢

YY4ETOM LieHTPanbHOro
3aTeHeHust

Puc. 7.14. AMmuutyHOe pacopeeneHue o I0 anepType
7.5.METOJ PACUETA III1I9 B OBJIACTH |
7.5.1.0cHoBBI pacueTa

[ImoTHOCTh MOTOKA SHEPTUM ANEepPTypHON aHTEHHBI B pacdyeTHOW Touke M
MIPEICTaBUM B BHJE JBYX COCTaBIISIOIINX

rl > = rl a + rl o061 !
rae M, —ameprypHas cocrapisiontas ITT19 (puc. 7.15,a);

M, — cocrapmaromas I1I13, onpenenseMas HEMOCPEACTBEHHO H3Iy4eHU-

em obmyuarens (puc. 7.156).
B mpeamnosoKeHHH OCEBOM CHMMETPHUH XapaKTePHCTHK HAIPaBICHHOCTH
obuydarens U aHTeHHbI cocTaBistonue 1113 OyayT umeTs BU:

rla :r];ZDOBZ(R)Fz(B’ R)iBT/MZ ; (73)
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o)

M{y, R}

Puc. 7.15. K pacuery aneprypHoit cocrasiustomuieii [1113 (a)
u cocrapistomeit [T obiydarens (6)

P
Mn oon = W D067 F067 (y) BT/M (74)

rae P — momrHOCTS, M3MydaeMas aHTeHHOH, BT;
D, —KH/ anTeHHbI B HalpaBIeHUU MAKCUMAaJIbHOTO U3JLy4eHUs B JAaJIbHEH

30HE;

BZ(R) — ¢yukuus, yautbiBatomas msmenenne KHJ[ mo mepe mepexona
pacyeTHOM TOYKHU U3 OIIIKHEH 30HBI B ANTBHIOK (BOIHOBYIO);

F 2(9, R) — HOPMHPOBaHHAasI XapaKTEPUCTHKA HANPABICHHOCTH aHTEHHBI MO

MOII[HOCTH;
6,R —cdepuueckue KOOPIUHATH pACICTHON TOUKH;

D,,, —KH/ obayuarens B HapaBIeHUH €0 MAKCUMAaIbHOTO U3IyYeHUS,
F2, (y) — HOPMHpPOBaHHAs XapaKTePUCTUKA HAIPABICHHOCTH O0IydaTens

1o MomHoctH (yron y =180 - 8).

CymectBeHHO oTMeTuTh, uro KHJ[ W xapakrepucTuka HamnpaBiIC€HHOCTH
amepTypHl SBISIFOTCS QYHKIMAMHU paccTosHUS R, a Te jke mapaMeTpsl 00mydare-
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JIsI HE 3aBHCAT OT R — CUHUTACTCA, YTO paCcyYCTHasd TOYKaA IO OTHOMICHHUIO K O6J'Iy-
JaTeNI0 BCEraa HaXOqUTCs B JajJbHEN 30HE.

Mertoauka pacuera XapakTEPUCTHKW HAIMPaBIECHHOCTH TpearojiaraeT Hc-
I0JIb30BaHUE TIepeMeHHBIX U 1 X. [Tepemernas U — 00001eHHas yriioBas KOop-
JIMHaTta, NMepeEMEHHasd X — OTHOCHUTEIIBHOC pPacCTOSHUC. OHH 3amMCHIBAIOTCS B
BHJIC:

u=(msing)/A; (7.5)

X = R/Rep ] (7.6)
rae d — InameTp anepTyphl, M;
A — JUIMHA BOJIHBI, M;

R, = 2d2/ A — IrpaHHYHOE PACCTOSHME, HAUYMHAS ¢ KOTOPOr0 MOXKHO CUH-

TaTh, YTO pacueTHAs TOYKA HAXOANTCS B JaJbHEH 30HE.
C y4eToM BBeIeHHs 0000MICHHBIX KOOPANHAT BhIpaxkernue (7.3) mpuHuMaeT
BU:
_ PR Bx) ., 2
» == Dy——F?(u,x), Br/v (7.7)
167d X
Ilepesox pasmepuocti I Br/m? B mxBr/em? ocymectsnsercs B (7.7)
ymHoxenueM Ha 100.
Iepexon ot aOcomOTHBIX 3HaucHWHA BeauuuHBI [1[13 K OTHOCHTEIHEHBIM
(neumbGenam otaocuTensHo 1 MKBT/cM) MO3BONAET 3amHCaTh TOCICIHEE BHIPA-
KEHHE CIIeTyIoInM 00pa3oMm:

M

PA? B(x
n,= 10|gF + 10lg D, + 20Ig[¥} +20Ig F(u,x)+3, 05, (7.8)
. B¥)
rne. — — (bYHKIII/IH, Y4uThIBaromass n3SMCHCHUC KHI[ B 3aBUCUMOCTHU OT OT-
X

HOCHUTEJILHOTO PACCTOSHUA X,
F(u,x) — HOPMHUPOBaHHAsl XapaKTEPUCTHKA HANPABICHHOCTH B 000OIICH-

HBIX KOOpAMHATAX U, X
Pacuernast Touka Bcerma OyJeT HaXOAUTHCS BHE CEKTOPOB YTJIOB MEpexBara
9HEPrHU 00JTydaTessi OCHOBHBIM 3epkasiom 0< )<, (30eCh U HIKE CEKTOPBI

YIJOB MO y Wiy @ 3ammcaHsl Ul BEPXHETO WIHM HIDKHETO IOJTyIPOCTPAHCTBA
OTHOCHTEIBHO OCH CHMMETPUH AaHTCHHBI). B COOTBETCTBUM C KOHIICIIHEH yC-
pPEIHEHHOI MOJeNny aHTeHHBI B CeKTope yrinoB (Y, <y<m F_, (y): 0316, a
F2, (y) =01, u Beipaxenue (7.4) mpu nepexoae K OTHOCHTEIBHBIM 3HAYCHUSIM

(neumbGenam otHocuTenbHO 1 MKBT/cM?) cBOAHTCS K BUAY:

P
n _ =10l +10lgD . +10, nb. 7.9
[ g47R2 g obn Al ( )
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7.5.2.@YHKIHS B(X)/x

Amnanutuyeckoe BeipaxkeHne GyHKmU B(X)/X mis Kpyrioit anepTypsl ¢ aM-
TUTUTYAHBIM pacmpenencHieM tumna (7.2) iMeeT BULI:

B 2% [0 o e 7)o cod 7|
x —m[bl 2b,c sm(SX] 2b2co{sxﬂ , (7.10)

rz{e:b(,:s—’)r(; b =1+a°+2bic®; b,=a+b’c*; c=1-a.

201g[B(x)/x], 06
16

14 PR\ T~

i/

TN/
Y ,

0 0,05 0,1 0,15 0,2
Puc. 7.16. ®ynxuus 20 Ig [B(X)/X]

12

20Ig[B(x)/x], 0b
16

14

\\
12
10 \

4
\\

0 )
0 0,1 015 02 03 04 O5 06 07 08 09 f(

Puc. 7.17. lapantupoBanHas orubatomias 1is Gpyakiuu 20 1g [B(X)/X] (kpyrias aneprypa)
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Pacuer u uccinenoBanue 31oit GpyHkuuu (puc. 7.16)mokas3sBaoT, 4To B 00-
mactd X < 0105 ona ocummmpyromas, a B oogactu X > 0105 — usmensiercst
MOHOTOHHO. BBUy crieruduky 3a1aum ONCHKH DIIEKTPOMArHUTHOW 0OCTaHOBKH
OCHWLIHPYIONIYIO 9acTh (QYHKIIUH MOYKHO 3aMCHUTH OTHOAOINCH ee MakCUMy-
MOB. ['paduk rapanTupoBaHHOW ormdaromen (GyHKINH MpHUBeneH Ha puc. 7.17.

B(x)

B o6mactu X =1 cnpaBeIMBO COOTHOLIEHUE ZOlg{—} =-20Ig x.
X

7.5.3.XapakrepucTuku HanpasjaeHHocTu F (U, X)

Ha puc. 7.18moka3zana kpyrias anepTypa ¢ LeHTPaJbHbIM 3aTeHEHHEM. 3a-
TEHEHHE MOJEIUPYETCs] OTCYTCTBUCM 3JIEMEHTOB [ ToireHca B IIEHTPE anepTypsl
cBeTIbld Kpyr. [lone B Touke M sBISIETCS CyNEpHO3ULMEN IOJIEH 3JIEMEHTOB
Troiirenca AS, pacrmonoXeHHbIX Ha TOBEPXHOCTH PacKpbIBa (amepType).

zA

v

Puc. 7.18. K pacuery pysxuuu F (U,X)

B camom o0rmieM Bujie HANPsHKEHHOCTD JIEKTPHYECKOTO TOJIs, CO3aBaeMast
B TOYKe M Bcell COBOKYIHOCTBIO 3JIEMEHTOB ['loMreHca, HaxO[sIIKXCs B amep-
Type, OTIpeAeISETCS CIeAyIoeH GopMyInoi:

E= HAESds, (7.11)
~ krs
rie AE, = - j#(ﬁ cosd, Jsing, —; (7.12)
_ 2r\?
E(r) =1-0684 - | . (7.13)
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HampagiieHHBIE CBOCTBA allepTypPHI ONPEACTSIOTCS (BYHKIINEH:

AE ds

a{j AEds

Ecmu B (7.14) BBecTn 0000ILICHHBIE KOOPAMHATH U H X, TO HANpaBICHHbIC
CBOMCTBA amepTypbl OYIyT XapaKTepH30BaTHCS (YHKIHEH F(u, X). Cewmeiict-

F(O,R) = (7.14)

BO (hyHKIHI F(u, X) B 0000OIIEHHBIX KOOPAMHATAX U U X SIBISIETCSl YHHBEp-

CaJIGHBIM, TTOCKOJIBKY TT03BOJIICT ONPEICIUTh HAIPABICHHBIC CBONCTBA KPYTIIBIX
anepTyp HauboJiee paclpOCTPAHEHHBIX HA MPAKTHKE pasMepoB (IPU YCIOBHUH,
YTO WX JIMHEHHBIC pa3Mephl CYIIECTBEHHO IPEBHIIIAIOT JJIHHY BOIHBI.

[Ipormece pacuera xaxnon ¢pyHkun F (u, x) TpeOyeT 3HAUUTENBHBIX 3aTpaT

BpPEMEHH, KOTOpPbIe OBICTPO pacTyT ¢ yBenuueHuem otHomienus d/A . [Ipumep
rpaduka QyHKIHN F(U,X) npuBeAeH Ha puc 7.19. dyHkuun F(u,X) CUJIBHO

OCLMIIIMPYIOLINE, MOTOMY B IpakTuueckux pacuerax IIIID ciexyer ucnons3o-
BaTh UX rapaHTUPOBAHHBIE OTMOAIOIINE.

F(u;x)
0
-10 \\
-20
o

M|
MLl
L Pl Y Y

70 f\/\/\m/\ N
|

-90 I

—
-
=
[=
[—]
I —
—
—
—
—
=
—

——]
—
|

-100

-110 u
0 20 40 60 80 100 120 140 160 180 200

Puc. 7.19. I'padpux ¢dyuxmpm F(u,X) s x = 1,0
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ITociie 06pabOTKKM Pe3yabTATOB CEPUH PACUETOB OBLIM TOJYYCHBI TapaHTHPO-
BaHHBIC OTHOAONINE (DYHKIHH F(u,x). [MapaMeTp U M3MEHsUICA B Tpeaenax

0...760, x — B npenenax 0,005...1.TaOynupoBaHHbIe 3HAUCHUS FAPAHTHPOBAH-
HBIX OTHOAIOIUX U KPYTJIOW amepTypsl MpHUBENeHbI B Tabm. 7.4 u Tabm. 7.5,
KOTOpbIE BIIEpBBIE OIMyOmMKkoBaHbl B [56]. UwncioBble mMaHHBIC STHX TaGIIHII
YHHUBEPCAJBHBI B TOM CMBICIE, YTO mpu d >> A OHM CIpaBeTUBHI IS allepTyp
M00BIX pa3sMepoB (I paccMaTpHBACMOro Kiacca TEXHHYCCKHX CPEICTB).
ITpumeps! rpa kOB rapaHTUPOBAHHOM orubaromiell npuBeneHsl Ha puc. 7.20u
puc. 7.21.

Hamomaunm, 4to Bce 3HaueHuUs Gynkunu F(U,X) paccUMTHIBAaIOTCS B Mpen-
IOJI0’KEHNH, BO-TIEPBBIX, CHH(A3HOTO BO30Y)KIECHHS BCEX DIIEMEHTOB arepTypsl,
BO-BTOPBIX, PEAIN3AINN AMILIMTYAHOTO pacIpeAeiIeHHs II0JIsT BO30YXKICHUS
amepTypsl 1Mo 3aKoHy (7.2).

Tabmuna 7.4
®yukuus F(u,X) —kpyraasraneprypa, u=0...100
u ITapameTp.X
0,005 0,01 0,02 0,03 0,04 0,1 0,15 1,

0 0 0 0 0 0 0 0 0

2 -2,32 2,35 2,36 2,36 -1,11 -2,82 -4,12 -4,60
4 -3,75 2,66 2,66 2,66 -1,44 -5,65 -9,46 -16,2
6 -4,25 1,42 1,43 1,43 -2,0 -9,16 -151 -21}9
8 -3,86 0,53 0,66 0,66 -2,46 -12,1 -19/6 -25(4
10 -3,35 -0,35 0,76 0,76 -3,2¢ -15,8 -2213 -27,5
12 -3,67 -0,91 1,36 1,36 -4,5( -19,1 -247 -29,4
14 -5,10 -1,08 2,17 2,17 -6,9¢ -21.9 -26)6 -30,9
16 -5,75 -0,91 2,31 0,96 -10,3 -24,p -28|7 -32,3
18 -6,00 -0,12 2,16 -0,78 -14,1 -26,p -30J1 -33,5
20 -6,36 0,64 1,67 -2,71 -14,3 -27,9 -31(7 -34,8
22 -5,89 1,72 0,71 -4,36) -16,( -29,p -3218 -35,8
24 -4,32 2,28 0,10 -5,93] -18,3 -30,p -34/2 -36,9
26 -3,07 2,37 -0,11 -7,46) -20,2 -32,0 -35/4 -38,1
28 -2,25 2,14 -0,63 -10,0] -22,8 -33,7 -36/9 -39,4
30 -1,78 1,71 -1,18 -12,2] -25,( -35.44 -38/4 -41,0
32 -1,28 0,90 -3,53 -14.4 -26,9 -36,6 -40|1 -42,6
34 -1,07 0,14 -5,50 -16,8] -29,1 -37.7 4114 -43,7
36 -1,21 0,22 -7,48 -19,4] -30,( -38,6 -42|6 -45,8
38 -1,53 0 -9,28 -20,6 -31,0 -39.4 -43,.8 -46}9
40 -1,67 0 -10,7 -21,9 -31,4 -40, -44.[7 -47(8
42 -1,28 0,07 -12,3 -22,2) -32,2 -40,8 -45)2 -48,0
44 -1,07 0,30 -13,8 -23,1] -32,4 -41,11 -45/0 -47,7
46 -1,10 0,32 -15,4 -23,8 -32,9 -41,p -4417 -47,0
48 -1,35 0,17 -16,5 -24,1] -33,] -41,1 -4417 -46,8
50 -1,46 0,05 -17,4 -24.4 -33,2 -41,p -4415 -46,9
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Oxonuanue tabma. 7.4

52 -1,57 0,00 -18,2 -24,8 -33,4 41,1 -4415 -46,9
54 -2,10 -0,25 -19,1 -25,5] -33,4 -41,2 -44.8 -47,0
56 -3,35 -0,70 -20,0 -26,2) -34,3 -41,6 -45[3 -47.,4
58 -3,35 -1,20 -21,1 -26,8] -34,8 -42,0 -45|9 -47,8
60 -3,21 -1,50 -22,1 -27,3 -35,4 -42,9 -46)6 -48,5
62 -2,78 -2,02 -23,2 -28,1] -36,3 -44.0 -4717 -49,5
64 -2,57 -2,78 -24,4 -29,4 -37.6 -44.1 -48]7 -50,6
66 -2,35 -3,59 -25,5 -30,4] -39,( -45,9 -49(7 -51,6
68 -2,46 -4,50 -26,6 -31,1] -40,1 -46.,9 -50}/4 -52,6
70 -2,82 -5,23 -27,5 -32,0) -41,4 -47,8 -513 -53,5
72 -3,21 -6,28 -28,1 -32,3 -41,4 -48.8 -52]0 -54,2
74 -3,46 -7,37 -28,7 -32,8] -42,( -48,7 -52|2 -54,6
76 -3,37 -8,61 -29,0 -33,0 -42,4 -48,f -5216 -55,0
78 -3,46 -9,75 -29,2 -33,2] -41,7 -48,4 -52/5 -55,7
80 -3,72 -11,0 -29,5 -32,9 -41,2 -48,1L -52/5 -54,7
82 -3,89 -12,1 -29,3 -33,0 -41,2 -48,0 -52|2 -54,2
84 -3,64 -12,9 -29,4 -33,0 -41,2 -48,1L -52/)2 -53,9
86 -3,60 -14,4 -29,6 -33,1 -41,3 -48,2 -52/0 -53,9
88 -3,78 -15,8 -30,1 -33,4 -41,4 -48.4 -52/)2 -53,8
90 -4,00 -16,9 -30,7 -33,8 -42,2 -48,9 -52|1 -54,1
92 -4,14 -18,1 -31,2 -34,3 -42.6 -49.8 -52/4 -54.4
94 -4,25 -19,3 -31,9 -35,0 -43,2 -49,9 -52|9 -55,3
96 -4,42 -20,4 -32,5 -35,7| -43,4 -52,0 -53)9 -55,7
98 -4,89 -21,6 -33,2 -36,4 -44 4 -50,6 -55/0 -56,8
100 -4,46 -22,8 -33,0 -37.7 -45,4 -51,p -56[4 -58,1
Tabmuma 7.5
®yukuus F(u,X) - kpyraas aneprypa, u = 100...300 (760)
u [Tapamerp X
0,005 0,01 0,02 0,03 0,04 0,1 0,15 1,0
100 -4,46 -22,8 -33,0 -37,7 -45.6 -51,2 -56,4 -58)1
110 -4,71 -24,3 -33,5 -37,0 -46,] -51,9 -56,5 -57|9
120 -5,14 -25,8 -33,9 -37,5 -46,3 -53, -56,9 -58|1
130 -6,89 -27,1 -34,8 -38,2 -46,7 -53,9 -58,1 -59|1
140 -9,48 -28,5 -35,6 -38,9 -47,3 -54, -58,9 -60}4
150 -13,3 -29,9 -36,6 -39,7 -48,3 -55,9 -597 -61}2
160 -17,5 -30,8 -37,4 -40,5 -49,2 -56, -60,6 -61}9
170 -21,9 -31,8 -38,3 -41,3 -50,2 -57,9 -61,8 -627
180 -24,9 -32,7 -39,2 -42,1 -51,1 -58, -62,1 -63|5
190 -27,3 -33,7 -40,1 -42,9 -52,1 -59,9 -62,9 -64|3
200 -29,1 -34,7 -40,9 -43,9 -563,4 -60,8 -63,8 -65|1
210 -30,8 -35,7 -41,8 -44,6 -53,9 -61, -64,5 -65|8
220 -32,4 -36,6 -42,7 -45,5 -54.9 -62,8 -654 -66|6
230 -33,4 -37,6 -43,7 -46,3 -55,9 -63,7 -66,2 -67|4
240 -34,1 -38,4 -44,5 -47,3 -56.§ -64,7 -66,9 -68|2
250 -34,8 -39,3 -45,3 -48,2 -57,8 -65,7 -67,[7 -68|9
173
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Oxonuanue taba. 7.5

260 | 357 | 400 -461] 491 58, _ -66, 68p 697
270 | 36,9 | 407 | -46,9| 498 594 6756 694 705
280 | 38,1 | -41,7| -479| 50,7 60  -684  -70p 713
290 | 39,4 | 427 | -487| 51,6 61, 692 709 720
300 | 41,1 | -444| 499| 528 61,4 701 718 728
760 | 51,0 | 540 580] 630  -7,d 78, 830 880

0O 10 20 30 ‘40 50 60 70 8 90 100
10
0 u
-10 \ t\ S~ 1
) \ NI\ < ~3 2 N 1-x=0,005
20 ~ x=0,
N N
N 5 ~—T . 2-x=0,010
-30 ~ = ~—— 3-x=0,020
40 S~ _\% 4-x=0,030
Y s [~ 5-x=0,040
o - '_—"\

50 ~ ] 6 -x=0,100
-60 7 -x=1,000
-70

F(u,x), 66

Puc. 7.20. Orubaroruue dyukunii F(U,X)— kpyraas aneprypa, u =0...100

100 120 140 160 180 200 220 240 260 280 300

0 u
-10
-20 \\];\
\\5 2 \ﬁ
-30 —~—_ | T 1-x=0,005

20 —3 T _—— 2-x=0,010

) 2 — ~J 3-x=0,020
2 —— 4-x=0,030
-50 ] — -x=0,

. ~———16_ T 5-x = 0,040
h §§~~ 6 -x=0,100
-70 ! ——— —{ 7-x=1,000
-80
F(u,x), 0b

Puc. 7.21. Orubarornue dynkumii F(U,X)— kpyrmas aneprypa, u =100...300
174

WWW-=HHer 1 u



7.5.4.I'apaHTHPOBaHHAs OrH0AIOINAS XaPAKTEPUCTHUKN HANIPABJIEHHOCTH
AHTEHHBI € Y4eTOM M3JIy4eHHUs 00, 1ydaTes

Ha puc. 7.22 moka3zaHbl CXeMbl COOTBETCTBEHHO KOPOTKO(GOKYCHOMH (a) u
UTHHHO(OKYCHOI1 (6) aHTeHH.

B=n-y,

\
\

Puc. 7.22. KoporkohokycHas (a) u JutiHHO(QOKyCHas (0) aHTeHHBI

JI71s KOHKPETHOTO 3HAYEHHUSI X IO KPUBOM F(u, X) MOYHO BCErja paccyu-

TaTh ¥ IIOCTPOUTH I'APaHTHPOBAHHYIO OTHOAIOIIYIO allepTYPHOH XapaKTepHCTHU-
KU HanpasieHHocTu F, (8) — puc. 7.23a (paccmatpuBaeTcsi ciayyaid KOPOTKO-

(hOKYCHOM aHTEHHBI).
B c0oOTBETCTBUM C KOHIIEMIMEH YCPEeTHEHHON MOJIEITH aHTEHHBI 00Ty4aTelh
B obmactu yrmoB 0< @< [ wuMeer XapaKTepPHCTHKY HAMpaBICHHOCTU

F (9) =const=-10 xb —puc. 7.23p.

o6

COBMECTHM [BE 3THX XapaKTePUCTHKH HANPABICHHOCTU B OIHOI CHCTEMe
KoopauHaT — puc. 7.23p. Ilpy COBMEIICHHH CIEIyeT Y4ecTb, YTO HyJICBBIC
YPOBHH XapaKTEpHCTUK HaNpaBleHHOCTH oTiauyatorcs Ha AD =D, — D, ab.
XapakTepUCTUKH HAIPABICHHOCTH OYAYT HUMETh OAMHAKOBEIA YPOBEHb MpH
6 =6 (B TOuKe HEpECceUCHHI).

B obmactn 0<6<8 yposens F, (9) TIPEBBIIIAET Fom(ﬁ), a B obOmactn
6 <8< [ yposeHp Fom(é’) HPEBHILIACT FG(H). ITpumem, 4to B oGimacTu
0<f <6 xapakTepUCTHKa HAIPABICHHOCTU YCPEIHCHHOW Mojemu OyneT B
OCHOBHOM OIIPE/eIIATECS allepTYPHON cocTaBsitomeii, B obmactn 6 <0< B —

cocTasnstomeil obnydarens, B obnactu [ <@ < 77/2 — BHOBb anepTypHOH cO-
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craBisAomiel. Torma xapakTepucTHKa HaIMpaBJIEHHOCTH YCPEIHEHHOM MOJEIH
OyIeT UMeTh BUI, IPEACTABICHHBIH Ha puc. 7.23,B — CIUIOIIHAS JIMHHUS.

/2 e
AN
>

i

T
)
T
1
1
1
1
1
1
1
1
1
1
1
1
1

Fa(6), 05

\4

6)

A\ 4

Foi(6), 0B

Y

4D =D ;,-Dy _|

4-10  —f------ '

A\
F(8), oF

Puc. 7.23. [lnarpaMmbl HanpaBJIeHHOCTH: anepTypHas (a), obiyuarens (6),
pesyabtupytomast ()

Ecnu antenna jmaHO(OKycHas (puc. 7.22,6) u (U, < 77/2, T0 BTOpOro

CeKTopa yrioB 6O , rie HalpaBJeHHBIC CBOWCTBA OYIyT ONPEICIIATHCS B OCHOB-
HOM amnepTYPHOU COCTaBIISIONICH, HE OyIeT.
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Ha puc. 7.24 criiomHo# JMHUCH MOKa3aHa XapaKTePUCTHKA HAIPaBICHHO-
CTH, B3sTas U3 [57], MPEpPBIBUCTON — MOCTPOCHHAS C WCIIOIb30BAHMEM KOHIICTI-
LUK yCpeTHeHHO Moaenu ot X = 1.

B 3akiroueHne 3ameTuM, 4to dhopmyna (7.8), ucxons u3 GU3HIECKHX c0006-
PaXeHUH, NpUMEHMMa JUIb B cektope yroB 0< 6 < 77/2. Tounocts pacyera

110 Heil GyieT nanartk no Mepe npubmwKenus yrina 6 k 77/2.

-50 ~ . Nchezl}leHHa;{ MOJIeTb
N
p " e s mm

-60 | Aneprypuas TH
F(6),0b

Puc. 7.24. CpaBHeHue JuarpaMM HarpaBIeHHOCTH
7.5.5.00ay4yaTenb YHUBEPCAJIBHONH MO/IeJIM AHTEHHBI

XapaKTepHUCTHKAa HANPaBICHHOCTH OOJIydaTesss mapabosimiecKoi aHTCHHBI
OJHO3HAYHO CBfA3aHa C aAMIUIUTYOHBIM PAaCHpPEACICHUEM II0JIA 110 anepType
E(y) (em. puc. 7.156) [54]:

Ey)=F,..(v)/ p. (7.15)

B yHHBepcalbHOM MOJENN AaHTEHHBI AMIUIMTYIHOE PACHpEEeHHe UMEET
Buj (7.2),mosromy:

2
F.()=pla+(-a) 1—(%] . (7.16)
U3BectHO, UTO:
-2t . (7.17)
1+cosy
r=2ftg( y/2 ); (7.18)
d=4fige. (7.19)

C y4eToM TPHUBEJCHHBIX BBHIPAKEHHUN HETPYAHO MOTYYHThH BBIPAKEHUE LIS
HOPMHUPOBAHHON XapaKTePUCTHKU HAMPABICHHOCTH O0JydaTesst B 00IacTH yr-
0B 0 y<y,:
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2 o'
fo(V)=——<a+(l-a)1- 7.20
)= Treoey 19+ 0-0) — v, (7.20)

2

XapakTepucTHKa HANpaBICHHOCTH OO0JydaTessl, pealn3ylomas aMIUTUTYI-
Hoe pacmpeneneHue Tuma (7.2)u obecrneunBaromas yposeHb 0,3168He cekropa
YIJIOB IIEpEXBaTa SHEPTHUH 3€PKAIIOM ((//o Sys 7T), UMEET BU.

2 <t y=r
()= la+(t-a) 1—tgz—y/2 + 0316 . (7.21)
1+cosy 9" ¢o/2]] y-o y=to

CuMMeTpHs XapaKTePHCTUKN HAIPaBICHHOCTH BOKPYT ocH ) = 0 mo3BoJIs-

eT 3anmcaTth cienyomee Beipaxkenne i KH] obmydarens:
2
Dl =% (7.22)

f2,(v)sinydy

Ot

Ha puc. 7.25npuseneno 3uaucuue Dz, paccduraHHOe ISl YCPEIHEHHON
MOJICJIA AaHTEHHEI C PA3ITUYHBIM 3HAUYCHUEM yTiia (.

B 3akmodeHue eme pa3 OTMETHM, YTO B YHHBEPCAIBHON MOICIH aHTCHHBI
TEPMHH «OOJIy4aTeNb» CICIyeT MOHUMATh KaK COOCTBCHHO O0JIydaTesb B OJIHO-
3epKANLHON aHTEHHE, TAaK M CUCTEMY «O0JIydaTellb-BCIIOMOTATEIIFHOE 3E€PKaio»
B JIBYX3CpPKAILHOW aHTCHHE.

Do6n,06
12

10—

0 %
0 10 20 30 40 50 60 70 8 9 100 110 120

Puc. 7.25. Koo dunuenT HanpaBIeHHOT0 ASHCTBUS 00IydaTels yCpeAHEHHON MO aHTCHHBI
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7.5.6.1lopsanok pacuyera IIIID B ob6aacTu |

IMocTaHOBKY 3a/1a4M WILTIOCTPUPYET puc. 7.26 ,Ha KOTOPOM LEHTP anepry-
pst —at10 O, a ero BeIcOTa Hax 3emiiell — H , . Yron @ xapakrepusyeT OTKIIOHe-
HHE HalpaBJICHUS MAKCUMAJILHOTO H3JIyYEeHUsI OT IUIOCKOCTH ropu3onTa. Och Y
cucteMbl koopauHaT XYZ cOBMeEIIEHa ¢ MPOEKIUel HAlpaBIeHUsS MaKCHMAllb-
Horo m3nmyueHus Ha mwiockocth XOY. [opH30oHTaNBHAS TIOCKOCTh, HA KOTOPOU
onpegnemnsiercs [1119, HaxoauTes Ha Beicote Hy Hax 3emieil. Pacuernas Touka
3aaeTcst INO0 depe3 KoopauHaTel O (paccrosiHue X0 TOYKM M BIOIB TIOBEPX-
HOCTH 3€MJIH) B @ , THOO 4epe3’y H X.

AZ
0 a
7y
6,
H, R
y
N th,
X _v_,'_e___ SO y_
........... TN Y

Puc. 7.26. IlocraHoBKa 3a1auu
3alaHHBIMH TTapaMeTPaMu CUHUTAIOTCSA. P — MOIIHOCTD, U3NTydaemasl aHTeH-
woit, Bt; A — mmmna Bonusr, M; d — auaMeTp aneptypsl, M; D, —KH/I anren-
HBl B HalpaBJICHMN MaKCHMaJbHOTO M3IYYeHUsS B JalbHEH 30He; 2(J, — yroix

pacKpbiBa aHTEHHBI (YroJI epexBara YSHEPTUH 3€PKajIoM).
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B oGsactu | pekoMeHIyeTcs CIIeyIONUi MOPSIIOK pacueTa:
1. BeraucnsieTcst paCCTO}IHI/Ie OT IIEHTPA anepTyphl 0 PaCUETHOU TOUKHU M
R=+(H, +p? (7.23)

2. PaCC‘II/ITBIBaeTCH YroJ MeXAy HalpaBJIeHUEM MaKCHMaJIbHOTO W3ITy4eHUS
1 HalpaBJICHUEM JINHAHU «ICHTP arepTyphl - pacyeTHast Touka M»:

6y = arccoﬂpcosq]) cosqa — (HA - HT)sina]/ R} . (7.24)
3. Onpezensiercs rpanuyHoe paccrosiane R,
R, =2d%/A. (7.25)
4. BBIYHCIIAIOTCS TTapaMeTpsl U, X 1Mo hopMyiam:

=(msing)/A n x=R/R,- (7.26)

5. Ilo rpaduky puc. 7.17 HaxoanuTcs 3HaUCHHE (QYHKLIUH ZOIQ{@}, ab
X

(ee orubaroieit).
6.I1o Ta6mn. 7.4unu tabn. 7.5Haxonurcs 3Ha4YeHUE F(u, X) , ob.
7.11o ¢popmyne (7.8)paccuntsiBaeTes 3HaUCHNE CocTaBirommei 1,
2
M, =10lg d" +10lg Dy + 20Ig[ B(x )} +20Ig F (u, x) + 3, 1b. (7.27)

Pacuer III1D mns otHocutensHBIX paccrosHUi X < 0,005 MoxHO BBITION-

HSTH ¢ TIoMoIIbio uHTepnosinuu [56]. [t aToro cHadana mo dopmyse (7.27)
Beruncisiercs 11(0,005) —pennuuna IO mpu X = 0,005. [lanee onpenensercs

IT g —ycpennennas senyunna 111D na aneprype [22] mo dopmye:
I1,=400P/(/d? 065) = 200P/d?, mMxBt/cm? . (7.28)

[Tpu 5TOM HHTEpHIOISILIMOHHAs (QopMyna IPUHUMAET BHT:

O[lg”(o 005)+o§g§—5x (n(géos)ﬂ 2
n,(x)=1 ' , MKBT/cMm”. (7.29)
8.Ilo rpaduky puc. 7.25ompenensercs D, ,nb=10lgD . .

9. C momouisio dhopmyist (7.9) HaxoquM 3HaUCHHE COCTABISIOMEH 1 :

P
n,, =10lg e +10lgD,;, +10, nb. (7.30)

10. Cymmapnas 111D paccunthiBaeTcs 1o Gpopmyoie:
ﬂa[()E] Mo [‘)E]

My =10 © +10 ° , mxBr/em” (7.31)

[IpennoxxenHass METOAMKA U MOPAIOK pacuera UMEIOT OrpaHMYEHHE M0 MU-
HUMaJIBHOMY yAAJICHHUIO PaCUCTHOM TOYKH OT LeHTpa aneptypsl — R, >d /2.
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IToBTOpSsIsST omepanuy, MperycMOTPpEeHHbIE TopsakoM pacdeTa I1T13, mocme-
JIOBATEIIBHO UISI PA3IMYHBIX TOYEK BBIOPAHHOTO asuMyTa @ = CONS, MOXKHO,

BO-TIEPBBIX, ONpeAenuTh kak MeHsercs [II1D Bmoms maHHOrO asmumyra, a BO-
BTOPBIX, HAUTH Ty TOUKy, rae 11D paBHa mpenenpsHO IOMyCTUMOMY YPOBHIO.
Ecnu nogoOHble TOUKH HAMTH Ha PYTUX a3UMYTaIbHBIX JIMHUSAX, IPOBEICHHBIX,
Harpumep, depe3 10°, To reomMeTpuiyeckoe MECTO TaKMX TOYEK OYyAET 4acThIo
I'PaHHUIIBI COOTBETCTBYIOIIEH CAHUTAPHOW 30HBI.

[IpakTryeckoe BBHIIOJIHEHHE JTHX onepanuid 0e3 ncronbs3oBanus [19BM
OYCHb HENPOU3BOJMTEILHO: ABTOMATH3alUs IPOLECcCa PAacdyeTOB HE CIOXKHA.
OcHOBHasi TPYAHOCTb CBs3aHa ¢ ONpPEEICHUEM 3HAYEeHUI orubdaromei F(u, X).
ITockosbKy ormaroinye, NpUMEpsl KOTOPBIX NpHBEACHHI Ha puc. 7.20u puc.
7.21, yHuBepcaibHbl, TO LElecOO0Pa3HO M3 YHCIOBBIX 3HA4YeHHH Tabn. 7.4 u
Tabn. 7.5 chopMUpOBaTE COOTBETCTBYIOHIYIO 0a3y NaHHBIX M pa3padoTaTh ai-
TOPUTM TIOWCKa 3Ha4yeHWid F u,X) 10 IPEAABAPUTEIIHFHO BBIYMCIICHHBIM I1apa-

MeTpam U, X .

7.6.PACYUET IINTOTHOCTHU IIOTOKA DHEPI'MA
B OBJIACTU |l A Il

7.6.1.IlpnMeHeHne MeTOAa reOMETPHYECKOI Teopun Tupakunn

W3BecTHO, YTO anepTypHBIN METOA HE NMPUTOJCH AJISI ONpeeICHUs Hos B
obnactu Tenu (06xacts ). B aToit obmacti mone o0ycnoBieHO AubpPaKIHOH-
HBIMH SIBJICHUSIMH Ha KPOMKE OCHOBHOTO 3epkaina. HeqocTaTtoyHo TOUYHEBIE pe-
3ynbpTaThl AaeT Takxke Metox Kupxroda. He coBcem KOppekTHOH siBMIach I10-
IIBITKA HCHOJIB30BAaTh IJISI 3THUX Iedeld KOod((HUIMEHT 3aIUTHOTO JACHCTBUS,
npennpuHaTas aBTopamMd B [56]. BmonHe ymoBIETBOPHUTEIBHBIC PE3yIbTATHI
OLICHKH II0JIS1 B OTOM OOJIaCTH JaeT METOJ I'eOMETPHIECKON TeOpHUH AN paKun
(TTH). B coOTBETCTBHU € 3TUM METOIOM HAIPSHKCHHOCTH MOJIS mapabosnde-
CKOW aHTEHHBI B oOmacTu TeHH E; ompenensercs B OCHOBHOM HaIpsKEHHO-

CTBIO TOJIS KPAeBHIX TU(PAKIMOHHBIX JIydel, BOSHHKAIONINX HPH MaJIleHAH BOJ-
HBI, HAYIIEH OT o0iydaress, Ha KPOMKY 3epkana. Ou3ndecKky HarsIHbIN CIo-
co0 HaxoxaeHuss E; mpemnoxen I'.3. Aizendeprom [54]. CyTs Takoro cnoco6a

cBomutes K crnenyomemy. Hanpsokennocts mnosst dE, , ompenemsiemoro au-
¢pakmueil myda Ha mpousBoibHOM dneMeHTe dl, KpoMKM aHTEHHEI, paBHa Ha-

MPSKEHHOCTH TOJIs, CO3/aBaEMOT0 TAKKUM K€ DJIEMEHTOM 0ECKOHEUHOro pebpa
MOJYIIOCKOCTU TPU YCIOBUM, YTO OHA OPHEHTHUPOBAHA MO KACATENbHOMN K I10-
BEPXHOCTH aHTCHHBI y aemenTa dl_, a HanpasneHne 6eckOHEYIHOro pebpa CoB-

nagaet ¢ HanpasiaeHueM anementa dl (puc. 7.27).I1pu sToMm npenmonaraercs,
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YTO Ha MOJYINIOCKOCTh MafaeT IIOCKasl BOJHA, HAIPaBJICHUE PAaCIPOCTPAHEHUS
KOTOPOIl COBIaJaeT ¢ HAIPABICHHEM Jiy4a, qudparupyromiero Ha snemente dl ,

a HaNpsDKEHHOCTH TIOJIST TUIOCKOM BOJIHBI Takas ’ke, KaKk HaIpsDKEHHOCTH TIOJIS
Jy4a.

Pe6po
KacaTenbHoOWm
nonynnockocTun

OnemMeHT KpOMKM

Y

»
>

Puc. 7.27. Unumoctpanust kK merony ['T/]

I/ICXO,HHI)IMI/I JaHHBIMU JI pacyeTa ABJIAIOTCA CIACAYIOIHNC MapaMETPhl TEX-
HHUYECKOI'0 CpPEJCTBA: MOIIHOCTh M3JIyYCHMS P, BT, JJIMHA BOJIHBI A M, Iua-

METp aHTEHHBI O, M; MOJIOBHMHA YIJIa pacKphIBa 3epkana {f, ; KodQGUIMEHT HC-
MOJIb30BaHUsI TIOBEPXHOCTH 3epKajia K, ; & — YPOBEHb HAIPSDKCHHOCTH JJIEK-

TPUYECKOTO IOJIsl Ha KpOMKe 3epkaina. [locTaHOBKa 3a/1a4i WILTIOCTPUPYETCs Ha
puc. 7.28.

B camom o0meM Buzie 00yCIIOBIICHHBIE BCEMH 3JeMEHTaMH pebpa mapabo-
JIMYECKOM aHTEHHBI COCTABIISIONINE AU(PPAKIIMOHHOTO TIOJISI UMEIOT BHI;

Vo]
E, = jdEg;
0
o (7.32)
E, = [ dE,.
0
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B cBoro ouepeny cdepuueckue cocrapnsomue dE;u dE,, coznapaembie

,un(bpaKuHeﬁ JIyda Ha MPOU3BOJIbHOM 3JICMCHTE pe6pa AHTCHHBI, SABJIAKOTCA J0C-

TaTOYHO CJIOKHBIMH q)yHKIII/IﬂMI/I.

%,

9

Puc. 7.28. K pacuery 1113 meromom I'T/{

ITocnenpoBaTenbHOCTh pacyeToB Npu Mcmoyib3oBaHuu metona I'TJ ciexyro-

mas:
1. Onpenensiercst psi BCIOMOTATEIbHBIX BEINIHH:
n f—
b = 2‘/’0 '
P =0+, +0;
M2 =7T_(¢1$¢0);
signyg,, (signg =1, ecmm 7721, signg =-1, ecmu 77 <1);
L= % . (7.33)
2. Boraucnsrores: pyHKIHH:
; . A ¢1 — ¢o .
= signg, exg i cos ;
m, = signy, F{ sing, >

WWW--RHeri.1u

183



- ﬂj it ).
m, = signy, exg i %cosz( 5 ﬂ

T
—ex;{|4j .
Ms = sing, \/ 27rsing, (7:34)

3. Beruucinsiores crenuanbHble GYHKINH — HHTErpajibl OpeHers:

01 = 225" - )il (7.39

B KOTOPBIX:

\/7 {¢1 + ¢o (7.36)
\) sing,
C(X) J.COS7 dt— xocunyc nnrerpata Openers;
X ]IZ
S(X) = J.Sin7 dt — cunyc unTerpana Openens. (7.37)

0
4. PaccunthIBaroTcsi KoapQuImeHTH! AN paKnum:

D, = my(®,m - d,m,);
D, =nk(q)1ml+¢2mz)- (7.38)

5. PaccumnthiBaloTcs HEKOTOpbIe (DYHKIMH, ONpEAesomue JU(PaKIIIO
MEPBUYHOTO MOJIS 00IIyJaTeNs Ha PEryIsIpHON («IHCTOI») KPOMKE 3epKaa:

V= _([ {Dlsir(%s]cosesin(¢—%sj+ D, co{%sjco{¢—%sﬂ—exd:ﬁ ) ds
_ f: . (2s _2s 2s
Y, = j[ D, sm(?j co{¢ F) +D, CO{FJ cosé x
o . (7.39)

x co{¢ —%) ]_exp(— isr,) ds

I’n
B stux BBIPAKCHUAX rn— pacCcTosAsHUC OT NPOU3BOJILHOI'O 3JICMCHTA KPOMKHU

ds 10 pacueTHOM TOUKH:

2
r, :\/dj+r2—drco{¢—%jsin9, (7.40)

rae I —paccTosHKE OT LICHTPA alepTypsl 10 pacyeTHol Touku (puc. 7.28).
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6. Ompexnensercs ycpennenHoe 3naueHue [1113 B nenTpe anepTypst:

Mo =—0F (Bl (7.41)
b7
un
7. OnpenensieTcs BeTUIrHA HAPSHKSHHOCTH TI0JIS B IIEHTPE alepTyphI:
E, =4/ 3771, , McBr/cm®. (7.42)

8. PaccuurhiBatoTcs cdeprieckue KOMIOHEHTHI IH(PAKIHOHHOTO ITOJIS
Ey E, mo dopmynam:

a
By = Eoﬁyli
E,=E 2Ly (7.43)
4 ﬁ 21 )

rae a— YPOBCHb MOJIAA Ha pe6pe KpOMKH (IU'IS[ ycpez[HeHHOﬁ MOJCIN aHTCHHBI
a=0316).

9. Onpenensitorcest coctapisitorue [1113, 06ycnoneHHble AUBPAKIHOHHBI-
MU KoMIIOHeHTamu moiist E, uE, , mo Gpopmynam:

E2€ 2
n,= , MKBT/CcM?;
377
E2¢ 2
n,= 377 , MKBT/cMm” . (7.44)

10. B tom ciyuae, korga TpeOyeTcsi HAaWTH JeKapTOBBIE COCTABISIOIING U~
(paKIMOHHOTO MO, TO CIEAYET BOCIIONB30BATHCS CICAYIOIUMH (HOPMYITaMU:

E, = E,cosdcosp —E, sing ;

E, =E,cosfsing + E, cosg ;

E,=-E,sing. (7.45)

W3noxeHHBI MOPAIOK pacuera cHEepHUCCKUX COCTABIIIONIMX MOJS OCHO-
BaH Ha MeTojauKe, npuBegeHHON B [54]. Onnako kod(pduIMEeHTs AuppaKIUn
PACCUUTHIBAIOTCS HE 1O MPUOIMKECHHBIM (OpPMYJIaM, a MO CTPOTHM, MOITydYCH-
ubiM Kyrommkanom u Iarxakom [30].

B cekrope yrioB, mpHHAamIeKammx obmacth  77/6< 6 < 180° -y,
(o6macts 111), TITID ompexesseTcs anepTypHOU COCTABIISAIOIIEH, COCTABIISIOMIEN
OT M3JIy4eHUs 00ydaTens U AuPpakKImOHHON COCTaBIISIONICH:

My =N,+M,+M0,,. (7.46)

Bxian anepTypHO# COCTaBIISIIOIIEH M COCTaBIISIIOIIECH OT oOy4aress onpe-

JIEJIICTCS B MTOJTHOM COOTBETCTBHH C PECKOMCHIAIMSIMY, U3JI0KCHHBIMHU B pa3zie-
e 7.5.
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AmneprypHast coctapisromas 1115 B 3Toif 006JacTH XOTS U CYIIECTBYET, HO HE
SIBJISIETCSL OTIPEACIISIONICH MPH OIIEHKE OOIIEH AIEKTPOMArHUTHONH 0OCTaHOBKH.

JudpakmmoHHas COCTABIISIONIAs onpeaeseTcs no GopmysaaM, MPUBEACHHBIM B
HacTosImeM Toapasaene. Ee 3HadeHHne omnpeenseTcss B OCHOBHOM BEJIHMYHWHOU
M1, . Coenyer 3aMeTUTh, YTO 3Ta COCTABILAIOMIAS OCOOEHHO 3HAUUTEIbHA B CEK-
TOpE YIJIOB, MPUMBIKAIOIINX K HAMPABICHUIO «O0JTydaTeab-KpoMKka». [Ipu aTom
sHadenne [1,, MOXeT ObITh COM3MEPHMBIM M @K€ NPEBBILIATE CyMMapHOE

3Ha"YeHue coctaBiprronux 1119 anepTyps! u oOydaTens.
7.6.2.Pe3ynsTatsl pacueros IIIID B odaactu Il u lll

AnHanu3 pe3ynbTaToB pacueToB 113 B o0macTy 3aJHEr0 MoIyNnpOCTPaHCTBA
MTOKa3bIBa€eT, YTO Haubobinne 3Hayenus: [1[1D nadmomaercs npu 6 =180 u B
00JIaCTH YIJIOB, NPUMBIKAIONIMX K HAMPABICHUIO <«OOIydarenb-KpoMka» &
=180C- .

B Tabn. 7.6...7.8npuBencHs! 3HaueHus I1I1D, paccuyuTaHHBIC IS HAMpPaB-
nenus €= 180 (B Tabnuuax 3amucaHbl OKPYIJICHHBIC 3HauYeHHs). [lapameTpsl
TexHuyeckoro cpeacrea; P = 1000Bt; A = 0,05M; k,, = 0,65; ¢ = 80C°, 90,

10C°; a = 0,316.
Ta6nuua 7.6

11(180°) MKBT/cM? npu: P = 1000Br; A = 0,05m; ¢ =80, k,, = 0,65;0 = 0,316

d Paccrosaue 1, m
' 3 5 7 9 11 13 15 17 19 21 23 25

1 330 | 121 62 379 25 18 13}j5 10,5 84 6|9 .8 4.9

3 271 | 112 60 37 24, 17 13|14 10,4 8} 619 q,7 4,9

5 200 | 98 55 35 24 174 132 10,3 8B 6/8 5,7 4.8

7 144 | 82 50 33 23 17 13 10{1 8,2 6.[7 5/6 48

9 104 | 67 44 30 22 16 124 99 8 6,p 5/5 417

11| 78 55 39 27 20 15 12 9,6 7.4 6,1 5B 46
Tabmuua 7.7

I1(180) MKBT/cM? mpu: P = 1000Br; A = 0,05m; ¢ = 9C, k., = 0,65;a = 0,316

d Paccrosinue 1, m
M 3 5 7 9 11 13 15 17 19 21 23 25

1 264 [ 96 50 30 20 144 11 8,5 6,8 56 416 39
3 217 | 90 48 29 19, 148 10/8 84 6,7 5|5 4.6 3,9
5 160 | 78 44 28 19 14 106 8.3 6,6 56 416 3,85
7 115 | 66 40 26 18 13,p 103 8,1 6,p 54 a5 3.8
9 84 54 35 24 17 13 10 7,9 6,4 538 45 3(7
11| 62 44 31 22 16 12,8 9,6 7,1 6,8 52 4|4 3,7
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Tabnuua 7.8

11(180°) MKBT/cM? npu: P =1000Br; A = 0,05m; ¢ = 100, k,, = 0,65;a = 0,316

A Paccrosinue r, M
3 ) 7 9 11 13 15 17 19 21 23 25

1 232 | 85 44 27 18 13 9,5 7.4 6 4,9 41 3|4
3 191 | 79 42 26 17% 12p 94 7,4 5p9 4|8 41 3,4
5 141 | 69 39 25 17 12, 9,3 7,3 5,8 4,8 4 3,4
7 101 | 58 35 23 16 12 9 7,3 5,1 4,y 39 3|4
9 73 48 31 21 15 11,4 8,8 7 5,4 a4y 39 3{3
11 | 54 39 27 19 14 11 8,4 6,1 5% 4.6 3[8 3,2

JlaHHbIe, TIPUBECHHBIC B TAOJIMIAX, XOPOUIO ANIPOKCHMUPYIOTCS BbIpa-
KCHUEM

25P
7(r + 03d sing,

Ha paccrosuusx I > 2d morpemsocts paciera mo 3Toil Gpopmyie He mpe-
Beimaet (15...20)%imo cpaBHEeHHIO ¢ pacdetoM momeToxy I'T/I.

B Tabn. 7.9 npusenens 3nauenns 1, (180 —¢,), paccuntannbie s Ha-

npaenenus 6 = 90°. IlapameTpbl TexHuueckoro cpeactea: P = 1000Bt; A =
0,05wm; k,, = 0,65;¢ = 9C°; o = 0,316.

nasae) =

; [O,lsinwo - 20Ig[sinw—2‘3ﬂ, wkBr/en?, (7.47)

Tabmuma 7.9
11(90°) MKBT/cM? npu: P =1000Br; A = 0,05m; % = 9C, k., = 0,65;a = 0,316
Paccrosinue r, M

dw 3 5 7 9 11 13 15 17 19 21 23 25
1 498 | 177 90 54)% 36,4 26|]1 196 1%2 1p,2 10 8,3 7
3 567 | 180| 89 53,2 354 257 189 14,7 11,8 9,6 B 8 b,
5 1110 201 | 93 54,4 358 254 19 147 11,7 9)6 8 Q,77
7 - 264 | 102| 57 36, 25B 19|12 14,8 11,8 96 § 6,75
9 - 596 | 121| 61,4 38% 266 196 14 119 97 § ®,7
11 - - 167 | 69,4 41,1 27f 20/1 153 121 938 g 6,8

AHanmM3 pacyeTHBIX NAHHBIX MOKA3bIBACT, YTO MAaKCHMAJIbHOE 3HAYCHHE
[II13 B HampaBIeHHH «OOTydaTeIb-KPOMKa» XOPOIIO ANIPOKCHUMHUPYETCS BBHI-
paKeHHEM:

- = —L i ﬂ 2
n, @80 -y,) (r = 01d)? Ig(sm( > D , MKBT/cM”, (7.48)

XapakTepHast kKapTiuHa usmenenus [1113 BOnM3M aHTEHHBI B 00J1aCTH 3a/1He-
O MONYNPOCTPAHCTBA IpHuBeaeHa Ha puc. (7.29....7.31).
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I1, MxBt/ev?
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Puc. 7.29. Pesynbratsl pacuera [1119
(d=1wm; ¢ =80C; P=1000BT; r =9m; A = 0,05m)

11, MmxBr/em®
40

30!

20

10

60

060 80 100 120 140 160 180 200

Puc. 7.30. Pesynbrats! pacuera [1I1D mst cnydast
(d=1wm; ¢o=10C; P = 1000BT; r = 9m; A = 0,05m)
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11, MxBt/cM?
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Puc. 7.31. Pe3ynbratsr pacuera [1113D mns enydas
(d=1wm; ¢o=10C; P =1000BT; r = 9m; A = 0,05m)

T1, MxBt/em?
60

50

AN

30—* \

\

. d
v S ‘
i

N\ /

L oot

[
%08, &, 80 100 120 G5 140 160 @ 180 200

Puc. 7.32. [lpumeHeHune TMHEWHOW HHTEPIOSLUHK IpU pacuere [1119
(d=1wm; ¢o=10C; P =1000BT; r = 9m; A = 0,05m)
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OnHako Hpy MPaKTHYECKOM IIPOTHO3UPOBAHUH CIIEAYET UMETh BBHY, UTO
MakcuManbHOe 3HaueHne 11D MOXeT He COBHAJaTh TOYHO C HAIPABICHHEM
«Ha KpoMky» 8 = 18C0—¢p (puc. 7.30m puc. 7.31).910T 3 deKT mposiBiseTcs
TEM 3aMETHEE, YeM MEHbIIEe oTHOoLeHne /4.

[pakTrHIecKkoe IMPOTHO3UPOBAHKE HIEKTPOMArHUTHONW 0OCTAHOBKH B CEKTO-

pe yrioB 180 — ¢, -15° <6 <180 moxHO MPOBOAUTH TyTeM ITHHEHHOH HH-

TEPIOJIAINA MEXKIY SHAYCHUAMHU HH9, PpaCcCUYMTaHHBIMU JJI YIJIOB:

6,=6 4180 =0, 6, =180".

91 =186) _l//O _150 1 02 = 0 Makc 2

Mmakc !

[Tpumep moaoOHON MHTEPIONSILMY NPUBEICH Ha puc. 7.32.

7.7.0COBEHHOCTHU PACYETA 11113 BEJIN3U ATIEPTYPHbIX
AHTEHH C IPAAMOYI'OJIbHBIM PACKPBIBOM

7.7.1.AHTeHHA ¢ KBa/IpaTHOW anepTypoii

B [55, 56] st pacuera III13 anepTypHBIX aHTEHH .C KBaJPaTHBIM PacKphI-
BOM MIpeAJIaraeTcs UCIOIb30BaTh KOHIECTILHUIO «yCPEIHEHHOW MOJIETIH aHTCHHBI»
(Mo aHamormM ¢ amepTypHBHIMH aHTCHHAMH KPYIIOro packpbia). [Ipu 3ToMm,
B YaCTHOCTH, Npe/JIaraeTcs CYNTATh XapaKTEPUCTUKY HAIPABICHHOCTH arlepTy-
pBI He 3aBucsLIei OT koopanHaThl @ (puc. 7.33).DT0 03HAUAET, YTO pacmpee-

JICHUC aMIIJIUTYAbI IOJIA IO allepType aHTCHHBI TAKXKC HE 3aBUCUT OT KOOpAUHA-

THL @ .

AnepTypa R

v

[

Puc. 7.33. K pacuery XapakTepHCTHKN HAIPABICHHOCTH TPSIMOYTOJIBHOI anepTyphl
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OOmas pacueTHas Gopmyna s HaxoxaeHus I1I1D umeer Buxg (7.1). Ou-
3UYECKUI CMBICIT OTIENbHBIX COCTABIIAIOIINX NPEXHUNA. B npeanonoxenun oce-
Boii cumMmetpun JIH oGiyuatens w anteHHs! [111D He 3aBHCHT OT KOOPAMHATHI
¢ . Ilpu stom cocrapnsronme 1, n [l . B nenubenax oTHocuTensHO 1

a

MkBT/cm? OyAyT UMETh BULI:

2
n, =10ig™2 +10igD, + 2062+ 2019 F(ux) + 3 15, (7.49)
a X
o p
| o — 10|gr]ﬂ2 ar 10|g Doﬁn +10, b, (750)

rae: P —MOIIHOCTb, U3llydyacMasi aHTeHHOM, BT;
A — IUIMHA BOJIHBIL, M;
a —CTOpOHA KBaJipaTa anepTyphbl aHTECHHBI, M;
D,— KH/I aHTeHHBI B HAapaBICHUH ;MAKCHMAIBHOTO H3JIydCHUs] B BOJHO-
BOH 30He (BemMurHa Ge3pa3MepHas);
B(X)
X
PBI B 3aBUCUMOCTH OT PACCTOSHHUS,;
F (u, X) — HopmupoBaHHasi XH kBaapaTHOM amepTypbl B KOOpAMHATaX
u, X,
6, R— chepuueckue KoOpAMHATHI PACUETHOW TOUKH;

— Qynkmms, yuuThBatomas m3Mmenenne KH/I kBagpaTtHoit amepty-

u= (msiné’)/ A — 06001IeHHAs] KOOPIUHATA YIJIa;

X =R/R,,— 0THOCHTENILHOE PACCTOSHHE;

R, = 2a? | A — rpaHMYHOE PACCTOSHUE,

D,,, — KHJ oGxiydarens B HanpaBJIeHHH €r0 MaKCHMAIBHOTO H3JTy4eHHS
(BemmurHa Oe3pa3mMepHas).

W3 teopuu antenH [54] U3BECTHO, YTO IS ANIEPTYPHI, MPUBEIACHHON Ha PHUC.
7.33, pacuer GyHKIHH F(u,x) B OIHOW M3 TJIaBHBIX ILIockocTed (XOZ) umu
(YOZ) cBomutcst K pacdyeTy XapaKTepUCTHUKH HATPABICHHOCTH JMHEHHOTO CHH-
(a3HOTO MCTOUHHKA. PacmpesieneHne aMIDIUTYIbl TOKa BIOJIb MCTOYHHKA COB-
majgaeT C paclpeieieHHeM aMIUTHTYABI OISl BIOJb COOTBETCTBYIOLICH oOCH
arnepTypsl.

B [55,56] npuHsTOo pacnpeaeieHne B BUIE «KKOCHHYCA Ha ITbEIECTANIEN;

f(7) = 0,316+ 0,684c0s ™, (7.51)
a

IJIe. a — CTOpOHA KBajpaTa, I — TeKylllee 3HAYCHUE KOOPIMHATHI BIOJb JIFO00#
CTOPOHBI alIepPTYPHI.
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chHKHI/II/I F(U, X) CUJIBHO OCHWIJIMPYIOIINUE, IOOTOMY B MPAKTUICCKUX pac-

yerax [I[1D cremyeT UCMOIB30BaTh MX TapaHTUPOBaHHBIE ormbaromue. Ilocie
00paboTKK Pe3yNIbTATOB CEPUU PACYETOB OBLTH MONYYEHBI TapaHTUPOBAHHBIC
orubaromnye GyHKIHHA F(u, x). ITapameTrp U m3mensuics B npenenax 0...760, x

— B mpeaenax 0,005...1. TaOyiaupoBaHHbIE 3HAYCHUS] TapAHTHPOBAHHBIX OTH-
OarolIMX Uil KBaJpaTHOM anepTypbl TpuBeAeHb! B Tadn. 7.10u Tadn. 7.11,ko-
TOpBIE BIIEPBBIC OMyOIMKOBaHbI B [56]. UnciioBEIe MaHHBIC ATHX TAOIHUIl YHHU-
BEpPCAJbHBI B TOM CMBICIIE, UTO TIPH d >> A OHH CHpaBEMIUBHI TSI AlepTyp
JFOOBIX PasMEpoB (IJI1 paccMaTpUBaEMOro Kiacca TEXHHYECKHX CPEICTB).
[Tpumeps! rpaKOB rapaHTHPOBAHHOM orubaroniel MpuBeneHbl Ha puc. 7.34n

puc. 7.35.
Tabmuma 7.10
®yukuus F (U, X) — kBagparHas aneprypa, U =0...100

u ITapamerp X

0,005 0,01 0,02 0,03 0,04 0,0% 0,1 0,15 10
0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 -0,71 -1,89 -5,6
4 0 0 0 0 0 -0,21| -2,73  -5,9(¢ -13,8
6 0 0 0 0 0 -0,97 -6,73 -11,4 -20,4
8 0 0 -0,16 | -0,30| -0,76  -2,06 114 -17)2 -234
10 0 0 -0,31 -0,48 -1,81) -3,59 -14.B -20{3 -26,0
12 0 0 -047| -095| -283 574 -18p -22]9  -28,0
14 0 0 -0,53 -1,70 -4,73 -8,62 -21.4 -25/4 -29,5
16 0 -0,12 | -0,74] -252] -6,94 -11,8  -24)0 -27,4 830,
18 0 -0,36 -1,02 -3,67 -9,53 -14,8 -25/8 -29,1 831,
20 0 -0,54 | -1,45| -519 -12,2 -16,9  -27)3  -30,1 732,
22 0 -0,62 -1,77 -6,95] -14.7 -19.¥ -28)3 -30,9 633,
24 0 -0,78 | -231] -837 -17,1 21,2 -29)0 -319 234,
26 0 -0,82 -3,15 -10,7| -19,3 -22,8 -29/8 -32,6 834,
28 0 -0,86 | -3,81] -13,6/ -21,8 -249  -30,5 -334 635,
30 0 -1,00 -5,34 -15,4] -22.9 -26,2 -313 -34,1 236,
32 -011 | -112] -6,96] -17.§ -251 -274  -31}9  -34536,7
34 -0,31 -1,26 -8,83 -19,5 -26,2 -28,2 -324 -35,0-37,1
36 -036 | -138| -10,6] -21.§ -27,3  -2983  -32|]8  -35,4-375
38 -0,42 -1,60 -11,6 -22,4 -28,1 -29.9 -33|1 -35,8-37,9
40 -048 | -1,76| -14,1] -23,7 -28,9  -306 -336 -36,1-38,2
42 -0,48 -1,90 -15,9 -25,1 -29,8 -31,1 -34|1 -36,4-38,5
44 -048 | -2,04| -17,5 -26,4 -30, 316 -34}4  -36,9-38,9
46 -0,55 -2,20 -18,9 -26,8 -30,4 -32 -34|9 -37,2 9,43
48 -055| -2,40| -19,9 -27.6 -30,8  -326 -35[4 -31,6-39,8
50 -0,64 -2,88 -21,2 -28,1 -31,2 -33,2 -35|6 -3§8,1-40,0
52 -0,67 | -3,08| -22,3] -285 -31% -33p  -36[1  -3§,3-404
54 -0,77 -3,30 -23,6 -28,9 -32, -33,9 -36/4 -38,6-40,6
56 -0,79 | -356| -24,4| -29,7 -32,3  -348  -36/8 -39,1-41,0
58 -0,89 -3,94 -25,2 -29,6 -32,% -34,6 -37|1 -39,4-41,3
60 -095| -4,46| -258 -30(4 -32,9 -349 373 -39,6414

192

WWW--RHeri.1u



Oxkonuanue tabda. 7.10

62 -1,01 -4,94 -26,8 -30,3 -33,8 -35/1 -37}4  -39,8-41,6
64 -1,06 -5,56 -27,4 -30,6 -33,% -354 -37|8 -40,0-41,8
66 -1,11 -6,44 -27,9 -31,1 -33,8 -35,6 -37,9 -40,3-42,1
68 -1,15 -7,26 -28,4 -31,5 -34,1 -36,0 -38)2 -40,5-42,4
70 -1,18 -8,38 -28,8 -31,6 -34,8 -36,2 -38|5 -40,6-42,6
72 -1,29 -9,36 -29,3 -31,9 -34,6 -364  -38|6 -40,9-42,7
74 -1,35 -10,6 -29,8 -32,3 -34,9 -36,6 -38/8 -41,0-42,8
76 -1,39 -11,9 -30,0 -32,7 -35,1 -36,[7 -39,0 -41,2-43,0
78 -1,45 -13,0 -30,2 -32,9 -35,8 -36,8 -39i1 -41,5-43,3
80 -1,68 -14,2 -30,7 -33,2 -35,% -36,9 -39i3 -41,7-43,5
82 -1,77 -15,5 -30,9 -33/4 -35,7 -372 -39i5 -41,8-43,5
84 -1,96 -16,5 -31,4 -33,6 -35,4 -378 -39/6 -44,0-43,7
86 -2,13 -17,4 -31,9] ~ -34,0 -36,1 -375 -39/8 -42,3-44,0
88 2,34 | -18/4 -32,2 -34,2 -36,2 -378 -39}9 -44,4-44,2
90 -2,58 -19,8 -32,5 -34,5 -36,4 -37)7 -40(0 -43,5-44,5
92 -2,64 | -20,8 -32,9 -34,1 -36,6 -38,0 -40i1 -43,7-44,7
94 -2,77 -21,8 -33,3 -34,9 -36,7 -38,0 -40(3 -42,9-44,9
96 -3,05 -22,7 -33,6 -35,1 -37,1 -38,8 -40j4  -43,0-45,1
98 -3,06 -23,7 -33,8 -35,5 -37,8 -38,5 -40(5 -43,1-45,3
100 -3,44 | -24.8 -34,1 -35,8 -37.7 -38,8 -40,6 -43,3-45,4
Tabmuma 7.11
®yukuus F(U,X) - kBagpaTHas aneptypa, u = 100...300 (760)
u ITapametp X
0,005 0,01 0,02 0,03 0,04 0,0% 0,1 0,15 1,0
100 -3,44 -24,8 -34,1 -35,7 -37.7 -38,8 -40(6 -43,3-45,4
110 -3,75 -27,1 -34,8 -36,8 -38,8 405 421 -45,0-46,4
120 -4,53 -29,3 -35,4 -37.4 -39,5 -413 -42(8 -49,8-47,2
130 -5,74 -30,5 -36,0 -37,8 -40,1 -41.9 -43(4 -46,5-47,9
140 -8,14 -31,4 -36,6 -38,5 -40,7 -425 -44(1 -41,2-48,7
150 -11,4 -32,3 -37,2 -39, -41,2 -43,0 -44(5 -41,9-49,3
160 -15,6 -33,2 -37,8 -39,7 41,7 -43,5 -44(9 -48,7-49,9
170 -19,7 -34,1 -38,4 -40,0 -42,1 -44.0 -45(7 -49,1-50,7
180 -22,9 -35,0 -39,0 -40,4 -42,5 -44,5 -46(3 -49,6-51,4
190 -25,6 -35,6 -39,4 -41,0 -42,9 -45,0 -46(8 -50,0-52,1
200 -27,5 -36,2 -39,9 -41,5 -43,8 -45,6 -47\5 -50,6-52,6
210 -29,0 -36,8 -40,4 -42,2 -44,0 -46,3 -48|3 -51,5-53,1
220 -30,3 -37,4 -41,1 -42,9 -44.4 -47,0 -49(1 -51,9-53,6
230 -31,3 -38,0 -41,8 -43,6 -45.4 -47.0 -49\8 -53,5-54,1
240 -32,2 -38,6 -42,4 -44,3 -46,0 -48.4 -50(6 -53,0-54,6
250 -33,1 -39,2 -43,1 -45,0 -46,6 -49,1 -51}4 -53,8-55,1
260 -34,0 -39,8 -43,8 -45,9 47,2 -50,0 -52|2 -54,5-56,1
270 -34,9 -40,8 -44,5 -46,5 -48,4 -51,0 -53j1 -55,5-56,8
280 -36,2 -41,7 -45,9 -47,6 -49,7 -52,0 -54/0 -56,5-57,6
290 -37,5 -42,9 -47,2 -48,6 -51,0 -53,2 -54/9 -51,4-58,7
300 -38,7 -44,3 -48,5 -49,9 -52,8 -544 -56(1 -58,7-60,0
760 -50,0 -53,5 -57,5 -62,0 -65,0 -67,0 -70{0 -73,0-74,0
193
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Puc. 7.34. ®yuknus F(u,X) —xBagparuasaneprypa, U= 0...100
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Puc. 7.35. Oyukus F(u,X) —xBagparnas aneprypa, U= 100...300

AHaTNTHYECKOE BBIpAXCHNE (YHKIUN B(X)/ X IUIS KBagpaTHOH amepTypsl

C aMINTUTYIHBIM pacupeacICHUEM THIIA «KKOCHHYCAa Ha MbEACCTAJIC» ITOJTYYCHO B

[53]:
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g J77ele) i) sclueoss s[5 st
| eyt

m

{‘ 208(u)+ (L~ a){[c(uz) +C{ug)lsin 7 - [S{u,) + S(us) CO%XH |

+

+ 2 5 , (7.52)
{Za T p (1— a)}
rie: u1=2—j;, u2=%+ x,u3=2—j;—\/;; (7.53)
C(u) = j.cos%zdt —KocuHyc nnHrerpaita-dpenens; (7.54)
.
S(u) = J.SIHTdt —cuHyc nHTerpaia ®Openens. (7.55)
0

Pacuer u wuccnenoBanme ¢yHkiwmn (7.52) mokaseiBaeT, 4to B o6nacTH
X < 0,150Ha ocrmmmupyrormas, a B oomactu X > 0,15 —u3MeHsieTcss MOHOTOHHO.
BBuay cnenuduky 3amauu OLEHKH 3JIEKTPOMArHUTHOH OOCTAHOBKH OCLIMILIH-
pYIOLIyI0 YacTh (YHKIMM MOXKHO 3aMEHHTh OTHOaromeld ee MaKCHMyMOB
(puc. 7.36).B obnactu X = 1 cnpasemnuBo cootHomenue 201g[B(X)/x] =-20Ig x.

Pacuer [1I1D B oGnactu 3axHero nosynpocrpanctsa MeroxoM I'T/I, kak 310
CeNaHO Ul KPYTJIOW anepTyphl, MPeNCTaBisieT co00il JOCTaTOUYHO CIOXKHYIO
3a7ady. B aToM cirydae HE0OXOMMO PEIIUTh 3a1auy MudpaKunuy BOJIHEI, CO3/1a-
BaeMoil oOirydarteneM, Ha KPUBOJIMHEHHOW KPOMKe, INpeicTaBisronied coOoi
COBOKYITHOCTb YeThIpeX JUHUN. Kaskias muHus — pe3ynbTar nepeceyeHus napa-
0O0JIMYECKOIl MMOBEPXHOCTH IUIOCKOCTHIO. [10TOOHBIN TOAXO0M OYEHb YCIOKHHT
METOJUKY.

Just pacuera III1D B obmactu 3aaHEro MOJYNPOCTPAHCTBA MpEAIaraeTcs
BBECTHU TIOHATHE HKBHBAJICHTHON KpPYyIJIOW amepTypbl. J[namerp SKBHBaJIEHTHOH
anepTypsl ONpeNessieTCsl U3 YCJIOBUs PaBEHCTBA IUIONIa e KBaApaTHON U KpyT-
JIOH anepTyphl:

q = 2a

©n

YT05 packpbIBa SKBUBAJIEHTHON anlepTyphl ONpEAeisieTcs o (popmMyIie:

d
Y, = chtg{ﬁ} , (7.57)

(7.56)
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rae f — pokycHoe paccrositue 3epkana.

20Ig[B(x)/x], b

14

12 ‘\

10 \\
8

4 N
: AN
: .

0 0,1 0,15 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Puc.7.36. I'pacdux ysxun 2009[B(X)/X] st kBagpaTHOI anepTypsl
7.7.2.AHTeHHA ¢ NPSIMOYTO0JILHOIi anepTypoii

B ciygae npssMoyronbHO#M anepTypsl co ctopoHamu a u b pacuerHas dop-
MyJia JJIsl allepTypHOU COCTaBIISIONIECH OyIeT UMETh BUI:

2
N, =10g—""_ +10igD, + 2| 2019 B 4 2016 B) .
Lo ® o & (7.58)

+%[20Ig F(u, xl) +20lg F(u, xz)] + 3,15,

rme:

x1=&2, X, =&2. (7.59)

2a 2b

TakuMm o6pasom, Beipaxkenue (7.58)B couerannu ¢ (7.50),a taxke 6Gasoi
MAHHBIX TapaHTHPOBAHHBIX OTHOAIOIINX, TMPUBEACHHBIX B Tabm. 7.10u Talul.
7.11,mo3BousteT paccunrarh 3Hauenue II1D (7.46),anepTypHoii cocTaBisomen
1 COCTaBIISIIONICH OT 00JTydaTes.

JlnameTp SKBHBAJICHTHOHN amepTypbl, HEOOXOMUMBINA s pacdera audpak-
IMOHHOH cocTtaBisttonieit 1115, ompenensercs U3 yCIIOBUS pPaBeHCTBA ILIOMIA-
JIel IpSIMOYTOJIbHOM W KPYTJION anepTyphl:
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d =22 (7.60)
T

Vron packpbiBa onpezessercs no gopmyne (7.57).

7.7.3.Pexomennanum no pacuery ITID BOJIM3U aHTEHH
Pa3IHYHBIX KOHCTPYKIUH

Ecnu aHTeHHA BBINIOJNIHEHA B BUIE CUMMETPUYHON BBIPE3KU M3 mapadononia
BpameHust (puc. 7.9), ToO B IepeiHeM IMOIYIPOCTPAHCTBE PacUeT BEHETCS MO
dopmymam (7.49) u (7.50) mors kBagpatroii ameptypst wiu (7.58), (7.59)mms
MPSIMOYTONBHOM anepTypsl. Pacyer 1113 B obiacTn 3agHET0 MOTYIPOCTPAHCTBA
BEJIETCS C MCIOJIb30BAHUEM IOHSTHS AKBUBAJICHTHON KPYTJIOH aHTEHHBI U Me-
TOJIMKH, U3JI0XKEHHOH B paszene 7.6.I eoMeTprueckue XapaKTepUCTHKN KBUBa-
JIEHTHOM amepTyphl onpeaessiroTest o Gopmyiam (7.56)u (7.57)u (7.60).

AHTEHHBI B BUJIe HECHMMETPUYHOU BBIPE3KM M3 Mapaboionsa BpalleHUs
(puc. 7.10) XOTs ¥ HE OYCHB TUIUYHBI, HO HAXOMAT MPHMEHEHUE, B YACTHOCTH,
Ha TpomocepHBIX JIHHHUAX CBA3W (CM. paszmen 7.2). B aHTeHHBIX cucTeMax
TponchepHbIX paJnOpETIeHHbIX JHHUNA 00IyYaTeb HaXOMUTCS HA PACCTOSIHUH
JIECSITKOB METPOB OT 3€pKaJla aHTEHHBI. JTO OOCTOSATENECTBO HEOOXOIMMO
yauTeBaTh mpu pacuere [I[19. Meroamka pacdera cocrasimomeii I,
COOTBETCTBYET  MNpPUBEICHHOW  BBINIE Ui KBAApaTHOW  amepTypel ¢
pachpesieleHHeM THIIA «KOCHHYC Ha Ibejpectane» [55,56]. Bo Bcex Toukax,
JeXaIMX BHE OONACTH TiepexBara DHEPTHH 3epkajoM (BKiIoYas 00JacTb
3aJIHETO TIONYIPOCTPAHCTBa 3epKaia), coctapistomast [1,;, paccuuTsIBaeTCS MO
dopmyie (7.50).

Y tunosoit PITA (puc. 7.4) amepTypy MOMKHO CYHTab KBaIpATHOW C
pasmepom 2,7x2,7 M. Meronuka pacuera coctasistomedt Il,;, COOTBETCTBYET
NPUBEICHHON BBINIE JJIs KBaIpaTHOW amepTypsl C pacrpeieseHHeM THIa
«kocuHyc Ha mbepectane» [55,56]. Bo Bcex Toukax, JieKallux BHE 00JIaCTH
nepexBara SHEPIUH 3€pKajioM, CIIeeT YYHUThIBaTh cocraBisiomyo 1119
o0y4arensi, COBMEIIEHHOTO KOHCTPYKTHBHO C 3€pKajOM aHTEHHBL.  JTy
COCTAaBJISIOLIYI0 MOYKHO paccuuTath 1o ¢popmyie (7.50)B nmpeamonokeHuu, 9ro;

2, =35 (7.61)

Ipu pacuere III1D BOAM3KM pymopHO# aHTeHHBI (cM. puc. 7.11)mMeroamka
pacdera B 00JIaCTH HIEPEIHErO MOIYIPOCTPAHCTBA COOTBETCTBYET ITPUBEICHHON
BBIIIIE IS TIPSIMOYTOJIBHOM anepTyphl. OHAKO TpH pacdeTe cocTapisomei 11,
mo ¢opmyie (7.58) HEOOXOAUMO YUMTBIBATH, YTO PACHPEICIICHHE AMIUIATY/IbI
MoJsi BIOJb OJHOW U3 CTOPOH  amepTypbl MOXET OBITh OJHU3KUM K
paBHOMepHOMY. B 3TOM citydae cooTBeTcTByMOMmas GyHkmus B(x), BXOAsAIas B
(7.58),paccuntsiBaetcs 1Mo Gopmyiie:
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B(x) = 4x[C?(v) + 2 (v)), (7.62)

rae. v=%; C(v)=£cos%2dt; S(v):isin%zdt. (7.63)
Wzmenutcs u oqua u3 pyukimii F(u, X) , Bxomsmx B (7.58):
F(u,%) = 2V/x[C(q) ~iS(@) + C(w) ~iS(w)] (7.64)
1 2u/x. 2u\/_

=—+

(Y 2/x 7

C(v), C(g), C(w) — kocurycsl nHTerpaia OpeHers;

(7.65)

S(v), S(g), S(w) — curycs! uaTerpana Openerns.

B ob6mactu 3amgHero mnosympoctpaHcTBa pacder 1[I0 cienyer Bectn 1o
dopmyse (7.50),yanTsIBast, 9TO MUISL aHTEHHB! fanHoro tima D, = D, .

KoHcTpyKIHst aHTEHHBI THITA TTapabomdecKuii mumuaap (cM. puc. 7.12)mo-
3BOJISICT MPEIIONOXKHUTE, YTO PACIPEACICHHE aMIUIUTYABI MOJIS BAONb CTOPOH
amepTypsl B TIIABHBIX IUIOCKOCTSX GJIM3KO K paBHOMepHOMY. Pacder anepTypHoii
COCTaBIISIIOLICH B IEPEIHEM HOIYIIPOCTPAHCTBE (B 4aCTH BBIYHCICHIUS 3HAYCHHUI
obyakuuit B(X)/X u F(u,X)) He oTnnyYaeTcs OT MPUBEACHHOTO BBINIC CIIy4dast

paBHOMepHOTO pactpeneneuusi. Onauako B Gopmyre (7.58) Heobxoaumo 3ame-
HUTH 00¢ QyHkin B(X)/ X u 06e pyukmmu F(uU,X), mpumenus Gpopmyist (7.62)
u (7.64).

B obGmactu 3agmero mosymnpoctpancTBa pacder I[II1D cimemyer Bect mo
dopmyne (7.50),yuantsiBas, uto D, =D, .

[epuckonnueckre aHTEHHBI OOBIYHO CTPOSTCS MO TPEXDIEMEHTHOM cXxeMe
(puc. 7.37) —mepBuuHBIit 00nydaTens (Kak OPaBUIIO, KOHHIECKHI PYIIOp), HIXK-
Hee 3epKajlo U BepXHEe 3epKalo.

Juametp BepxHero 3epkana 3,9 M, HikHero 3,2M. Hinknee 3epkano npu-
MepHO 75% sHeprun KOHIEHTPHUPYET B HANpPaBJICHUHM Ha BepXHEE 3epKaJlo, I10-
3TOMY BOJIM3M IOBEPXHOCTH 3€MJIM OCHOBHOM Bkian B ¢opmupoBanue [1I10 na-
€T MepBUYHBIN 00mydaTens. [loaromy pacuer IO B Toukax MpocTpaHCTBa, TAE
BeINONTHsETCS yeoBre Y<O (3a HCKITIOUCHHEM 00JaCTH KOHCTPYKIUH aHTCHHBI),
MOKHO BECTH 10 popmyne, aHajsoruynoi (7.50):
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BepxHee
3epkaro Y
]
anepTypa

HwkHee

3epkarno />—_\__::-~~“ obnyuarene
— 1 ::::-}

Puc. 7.37. K pacuery 1113 B61H3U nepreKONu4eckol aHTCHHBI.

P
47R?

Pacuer IIIID B obmacTu mepeqHEro MOIYMPOCTPAHCTBA BEPXHETO 3epKajia
MOXHO BecTu nyreM cymmupoBanus 11, u Il Ilpu sTom aneprypHas cocrtas-
JISIOIIAsl BEPXHETO 3epKajia pacCUMTHIBACTCSA 10 (hopMyie s KPYTion amepry-
pbt (7.8) B TIPEMONIOKEHIH, YTO AUMETP anepTypsl coctamsier 0,7 mnamerpa
3epkaja (yU4TeH HaKJIOH 3epKaja).

11, =10lg +10igD,,, +14,1b. (7.66)

7.8.AIIEPTYPHBIE AHTEHHbBI
C PELIETYATOM CTPYKTYPOM 3EPKAJIA

7.8.100mue moaoKeHus

B uensix o6seryenus 3epkaa, a TakKe yMEHbIIEHHUs JaBIeHHs BETPa Ha He-
r0 3€pKajo HOTA BBINOJIHAKOT HE U3 CIUIOMIHOTO METAIMYECKOTO JIUCTA, A U3
CETKH TPOBOJOB WM MAapajUIENbHbIX IUIACTHH, a TAKKe M3 NMep(HOPUPOBAHHBIX
mcToB (puc. 7.38).

ITono0Hast KOHCTPYKIIMsI CO3AET NOBBIIEHHbIN (10 CPABHEHHIO € 3€PKAIOM
U3 CIUIOLIHOIO JIUCTa) ypoBeHb 111D B 001acTH 3aHETO MONYIPOCTPAHCTBA aH-
TEHHBI. DTO OOBACHAETCS OYEBHMAHBIM (PAKTOM MPOCAYUBAHKS DHEPTHU BOJIHBI,
MaarolIel Ha 3epKaJjio co CTOpoHsI 00myuaTens (puc. 7.39).
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Puc.7.38. DieMeHTbI KOHCTPYKIIHHU 3epKaja aHTCHHEI

®dparmeHT
napabonuyeckoro
M R . M o 3epkana
3epKano\ PO KacatensHasi s >

: Y nnockas = 2

/ - pelueTka Y

g ~

L 2w y / vi2

Pokyc

Puc.7.39. IIpoxoskieHHe YHEPTUH Yepe3 3epKalo Puc. 7.40. K pacuery cocrapnsontei I1,,

[Tpu oGiyueHnn 3epkaia IEKTPOMArHUTHON HEPTHEH IPOUCXOANT €€ OT-
paxenune (moye3Hbli 3PdeKT, CBAZAHHBIA ¢ (HOPMHUPOBAHHEM JHArPaMMBI Ha-
TIPaBIEHHOCTH AHTEHHBI) ¥ YaCTHYHOE IMPOXOXKICHHE B 00JIACTH 3aHETO MMOIy-
npocTpancTBa. 3Hadenue cocrapistonieii I1,, (cMm. dopmyny (7.1)) B Touke M,
Haxomsmencss B 001acTH 3aIHETO TOIYIIPOCTPAHCTBA, OIPEAEIACTCS 10 GopMy-
ne:

p
47R

rl np = T 2 (y) 2 Doﬁﬂ F026,7 (y) ' BT/MZ’ (767)
rae: 7(y) —xo3bduuueHT MpOXOXKICHUSI BOIHBI Yepe3 PELICTYATYIO CTPYKTYpPY
(mo moiro); P — MomHOCTS U3IMy4eHus obmydarens, Br; D ., — koaddumnuent
HAIPAaBICHHOTO AeHCTBHs 00mydatens (Bennunna Ge3pasmepHas); F . (y) — xa-

paKTepuCTHKA HAMpPABICHHOCTH oOmyuarenss (BeqwumHa Ge3pa3MepHas),
R — paccrostaure ot pazoBoro meHTpa o0IydIaTeNs 10 paCIeTHON TOUKH, M.
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KoadhunmenT npoxoxxaeHust sBisieTcss GyHKIMEH yriia ) . YTioBas 3aBU-

CUMOCTh K0d((huIMeHTa MPOX0XKACHUS CIICIAyeT U3 HPEANOI0KCHUS HAKIIOHHO-
rO MaJeHHs BOJHBI Ha IUIOCKYIO 0E3rpaHMYHYIO PEelIeTYaTylo CTPYKTYpy, Kaca-
TENbHYIO K TIOBEPXHOCTH 3epKaja B TOUKe majaeHus ayda (puc. 7.40).
[Tpu maseHNH BOJHBI HAKIOHHO Ha PEIISTKU M3 IPOBOJIOB MM IUIACTHH KO-
3 QUIHUCHT MPOXOXKACHHUSI OyIeT MEHbLIE, YeM TIPH HOPMAJIbHOM maaeHuu [75].
[Ipu pemeHny 3axad IEKTPOMATHUTHOTO POTHOZUPOBAHUS B pacdeTHOH (op-
MYyJIe MOXKHO MCKITIOUHTH YIJIOBYIO 3aBUCHMOCTD KO3((DHIMEHTA IPOXOXKICHUS:
p

_ T2
nnp_T 2

D, Foi” (1), BTV, (7.68)

rae 7 cooTBeTCTBYET KO3 (GHIHUEHTY NPOX0XKICHUS 110 MO0 PH HOPMATBHOM
IaJICHUH TUIOCKOH BOJIHBI Ha 0€3rpaHnYHYIO INIOCKYIO PELIETIATYIO CTPYKTYPY.
XapaKkTepUCTHKa HalIPaBICHHOCTH o0iydaTes B obnactu yriaoB 0< y <y,

HMEECT BU/I.
/4
tg° =
2 2
F =——a+(l-a)|l-——|;. 7.69
V)= Troog 7t 2) . (7.69)
2 2

XapakTeprCTHKA HAMPABICHHOCTH O0O0JIyYaTessl, Pealnu3yrommas aMIUTUTY/I-
HOE pachpeielieHe THIA «1apaboja Ha meegectane» (7.2)u obecrneunBaronas
ypoBeHb 0,316BHe cexTopa yriIOB MEepexBaTa YHEPrHU 3ePKaIoM (gl/o Sy< IT) ,

HUMeEET BUI.

2 y<wo y=m
Fo0)=—2loaieroeed1-9 V2 UV o316] . (7.70)
. 1+ cosy 92, /2

0 y=0 Y=o
CI/IMMeTpI/IH XapaKTECPUCTUKHU HANPaBJICHHOCTH BOKPYT OCH ) = 0 mo3Boums-

€T 3amucaTh cieayromiee Beipakenue st KHJ[ obmygarens:

D = 2 (7.71)

F2,(v)sinydy

O =y

Takum oOpa3om, A MPAKTUYECKOTO MPUMCHCHUS PACUCTHON (hopMyisl
(7.68) ocraercs pemmMTH BOIPOC, KACAIOIIUMCSA HaXOXAeHHs Kod((HUIHeHTa
MIPOXOKJCHHUS Yepe3 Pa3InYHbIC PEIICTIATHIC CTPYKTYPHI.
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7.8.2.Pacuer ko3¢ dunueHTa NPOX0KIEHUS

ITycTh HAa IPOBOJIOYHYIO CETKY CO CTOPOHBI OTPULATENLHBIX 3HAYEHUHN X
majaeT Iwiockas BonHa (puc. 7.41):

E=%E,e™. (7.72)
Dopmyna g pacyeTa K03 duimenTa mpoxoxKIeHH 10 OO UMEET BUJ
[76]:
A
T=1- \ (7.73)

| Hy” (ko) + 2> H,” (nkd)
n=1

rne Hn)(Z)(nkd) 4 Héa (ko) — ummMHIpHYE-

ckue ¢yHkmun beccenst 3To poma (GyHKIMH v 2
lankens), K — BoJIHOBOE YHCIIO It CBOOOA-
HOTO TIPOCTpaHCTBa, O — paccTOsHHUE MEXIY
MPOBOJIaMH, 0 — PaauycC MPOBOJOB B CETKE.
B mpakTHueckux ciydasx ITOCTPOCHHS
3epKaJIbHBIX AHTEHH BBIMOJHACTCS YCIOBHE X
P << A .IIpu 3TOM CIIpaBeUINBO: I y

.2 A
H (ko) =1+i=In 7.74
o (ko) 7" 1781 (7.74)
IIpu onpeneneHud cymmbl psaa B (7.73)
CIIeyeT y4ecTb, 4TO:

D HP (nkd) =>"J,(nkd) =i > Y, (nkd) , @
n=1 pury )
(7.75) Puc. 7.41. Tlanenue nockoi

BOJIHBI HA ITPOBOJIOYH CCTK
rae Jo(nkd)u Y, (nkd) — mmmuHIpudeckue P yio cety

¢yuxuuu beccens 1-ro poma u 2-ro poaa (hyukius Hefimana).
IMpu d <A, 9To Beeraa BBITIONHAETCS TP MPOEKTUPOBAHUHM OTPaKaTENlh-
HBIX 3€pKaJl, HUMEIOT MECTO COOTHOIIEHHUS:

- 1

J.(nkd) =—-05; 7.76
Z olnkdl) == (7.76)
~ 1, 1780 1%

Y,(nkd) =—-=In=—-=— 7.77
Z o(nkd) == =222 (7.77)
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Psiz, crosmuii B ipaBoit yactu (7.77) CXOAUTCSA JOCTATOYHO OBICTPO (MOXK-
HO OTPaHMYUTHLCA He DoJIee ueM z[ec;m)}o YJIeHAMH).

Ipuseaem npumep pacuera. ITycTs: ; =0} §— 06, A=10cw™m, rorna:

0

1
, J,(nkd) =—-05=1,092,
le o(nkd) =~ 1

H52>(kp):1+i7%|n 17;1110

ZY (nkeh) = =~n —1781”' ;11

n=1

|7| = 0,255.

B citywae BBIMOJHEHHUsI OTPaKATEIHHOr0.3¢pKaia B BUAEC  MTOBEPXHOCTH CO
messivu (prc.7.42) ko3(hGUIMEHT IPOXOKACHHS pacCUnThIBacTCs nHaue. Ecm
JUIMHA IIeJIeil MOBEPXHOCTH, U300paKeHHOM Ha pHUC. 7.423, IPEBOCXOAUT UTUHY
BOIHEI (t > A), TO 0OGBIYHO CYMTAETCSI, YTO MOJOCKH M IIEIH UMEIOT Oe3rpaHmny-

Hyto mmny (puc. 7.426). Jlnsa npaktudeckd Baxxaoro cmydas d < (04....05) A
dopmyra pacuera Ko3hpUIEEHTa TIPOXOKICHIS uMeeT BHUL [76]:

__ege(%)
gl )

e 4 =2a/d

. %777?
L

7z

(7.78)

o
A
o

A
A
v

<

2a
a) 0)

Puc. 7.42. K pacuery kodpdunueHTa MpoxoxKaeHHs Yepe3 IMOBEPXHOCTh CO MIENISIMU
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Ipusenem npumep pacyera. Ilycts f/’y""
%Z 05, M= 08 , rornma |T| = 005.

/ . //J/ V.
s 0

A

2

e

s
i

N\

JInst IOBEPXHOCTH € KPYIJIBIMH OT-
BEPCTUSMU M PACCTOSTHUM MEXKY II€H-
tpamu otBepctrii d < (03...04)A dop-

sy

S
N

MyJa Uil pacuera KodpQuIueHTa mpo-
XOXKIeHHs UMeeT Bux [76]:

2rD° | 165
|T|=Wuo b. (7.79)
. Puc. 7.43. K pacuery koaddunuenra
rae: d —paccrosHue MexTy memsimu, D — IIPOXOXKIEHUS YEPE3 OBEPXHOCTh
JAUnaMeTp MICIIH, t— TOJIIWHA OTpa)Xaro- C OTBEPCTUSIMU

el TOBEPXHOCTH.

Ipusenem npumep pacuera. ITycts: D=1cm,d=2cm, A=8cmMm, t=050CmMm,
TOraa T= 0,01.

B 3axmoueHue 3aMeTHM, UTO B T€X CIydasxX, KOTJa TeOMETpPHUYECKHE Mapa-
METpBI peIIeTdyaTol CIPYKTYPHI HE MO3BOJLIIOT PACCUUTATh KOA(PPHUIMEHT IIPo-
XOXKIEHUS WM CTPYKTypa OTJIHMYaeTcs OT PACCMOTPCHHBIX, CIEAyeT OpaTh
T = 001..002. Corxacuo [77] 3epkaio MOXKHO CUHTATH XOPOIIINM, €CITH KO3(-
¢urmeHT nmpoxoxxacuus He npessiraet 0,01.

7.9.9JIEKTPOMATHUTHASI OBCTAHOBKA
BbJIN3U TEXHUYECKUX CPEJACTB CBY JJUAITA3OHA

7.9.1.Pacuer IIIID Bo1u3n cranmuu PPCII npamoii BuauMocTn
ITocTanoBka 3amaun

Texunueckoe cpenctBo — obopynosanue PPCII 1B «Panyra-4» Ha oko-
HEeYHO# paamopeneiiHoi craniuu. PaboTatoT Tpu paguocrtBoia. Vcroms3yercs

antenna AJID-5 ¢ yriom packpsisa 3epkana 2, = 210 . Autenna naxomutcs

Ha BeIcoTe S0M.

Cpasnurts I1I19 B Touke M ¢ [IJY. Touxa M pacronoxeHa B HarpaBIeHHN
Ha COCEJIHIOI0 CTAHIIMIO, €€ BHICOTa HAJ MOBEPXHOCTHIO 3eMIIM — 2M, a yna-
nenue oT ocHoBaHust MauThl — 100 M. IlocTaHOBKa 3a1auul MILTIOCTPUPYETCS
puc. 7.44.

Iopsnok pemieHus:

1.Tlo Tabu. 7.1onpenensrores:
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3epkano, d=5m Hanpasnenve
MaKCMMarnbHOro
/ n3nyyeHus
o)
»
A "
G
Ru
Ha= 50m
M
v £HT =2u
= 100u

Puc. 7.44. Unmoctpanus k npumMepy pacdera 1115 or anrenust PPCIT 1B

- CyMMapHasi MOIIHOCTb, H3/ydaeMas aHTeHHoi, P =3x4=12 Bt (pa6o-
TafOT 3 CTBOJIA, KII aHTEHHO-(QUICPHOTO TPAKTA CUUTACTCS PaBHBIM 1);
- JUITMHA BOJIHBI /]Cp =0,082vm;

- nuametp aHTeHHs! O = 5m;

- KH anrennsr A/1D-5 D, = 43,51b.

2. Haxonutcs paccrosuue R, <«aweHTp ameprypsl —Touxa M» u yron g, :
Ry =y(Ha—H; F+ 02 =4(50-2f +100° =111 u;

Gy = arccoﬂpM [tosp [tosa - (HA -H; )sina]/ Ry }

Mpu ¢ =0u a=0: 6,, =arccoyp,, /R, =arccod00/111=257°.

3. Haxoamres rpannanoe paccrosnue R
R, = 2d*/ A =2[%° /0,082=610 m.

4. OnpenemnsroTcss KOOPAUHATEI X U U :
x=R, /R, =111/610=0182
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u=(rdsing, )/ A = (7Bsin257°)/0082=83
5.Tlo tabn. 7.4onpenensercs 3Hadenue ¢pyuxuuu 201g F(u, X) =-53 1b.
6. I1o rpaduky puc. 7.16onpenensercs 3HaUeHHE (YHKIUH
20dB(X)/q =1315.
7.Tlo dopmyre (7.8)paccuntsiBactcst anepTypHas coctapisommas [TT13:

1, =10Ig1;—/12 +10Ig D, + 20Ig# +20lg F(u,x)+3=

= 10Ig(12 0,082 /54) +435+13-53+3=-324 nb.
8. Ilo rpaduky puc. 7.25ompenensercs KH/I oomyuarerns:
D,.05=10lgD, =25 nb.
9. Tlo popmyie (7.9) paccuntsiBactes cocrasisioniast 1119 ot obaygares:
11,,, =10lg(P /147R2 )+10Ig D,,, +10=

=10lgh2/(arr1 )|+ 25+10=~286 15,

10.TTo popmyse (7.31)paccuntsiBaercss cymmapsast I1119 B Touke M:
n,[os] My5[05]

My, =10 © +10 2 =10 %**+10%°=0,002 mxBr/cM® .
Beisox: TII1D B Touke M menbmie [ITY, pasaoro 10 MkBt/cM? .

7.9.2.Pacuer IIIID BOom3u cranuuun TPPCII
ITocTanoBKa 3a1a4u

Texuuueckoe cpeactBo — obopymoBanme craniwu TPPCIT TP-120. Hc-
moJe3ytorest e anteHHbl HITA 30x% 30Mm°. Pasnoc Mexay anteHHamu 40 M,
LEHTPHI allePTyp aHTEHH HAax0siTcs Ha BbicoTe H , = 25M Hax 3emueii.

Onenuth 1D B Touke M, KOTOpasi PacIoNOKEHA B HANPABJICHUU Ha CO-
CEIHIOI0 CTAHIMIO, a €€ BBICOTA HAJ 3eMJIe — 2 M. Y najleHue TOYkd M OT Jid-
HUM TMPOCKIMHK aHTCHH Ha moBepxHOCTh 3eMin 100 M. [TocTaHOBKA 3aMa4u M-
mocTpupyercs puc. 7.45.

Iopsinok pemenus

1.TIo Tabn. 7.2 onpenenstoTcs:

— MOIIIHOCTh, H3ydaeMasi oHo# antenHoit P = 5 kBt = 5000BTt (npu kiia
aHTEHHO-(HUIEPHOTO TPaKTa paBHOM 1);
— JUIMHA BOJIHBI /]Ep =0,3wMm;

— pasMepsI anTeHHEBl axa = 30x30 m%
KH/ antennst D, = 47 nb.
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Puc. 7.45. Unmoctpanus k npumepy pacdera I1I1D ot antennst TPPCII
2. Haxonutcs paccrosuue R, uyron6,, :

Ry :\/(HA_HT)2+pI\2/I = \/(HA_HT)Z"'ZZ"'VZ =

WWW=HHeti 1 u 201



= /(25— 2] +100 + 207 =1045 u;

6, = arccoﬂpM [tosp [tosa — (HA - HT)sina]/ RNJ .

Juis @ =0, ¢ =arctdy/z) = arctd20/100 =1131°,

pu =2 +y?)° =102, 6, =arccoffl021t0s1131°)/1045]=168°.

3. Haxomurcst rpaHIYIHOE paccTosIHIE

R, = 2a’ /A = 2[B0° /03=6000 m.

4. OnpenensroTes KOOPAUHATEL X B U !

x=R, /R, =1045/6000=0,017;

u=(rasiné, )/ A = (7 B0sin168°) /03=91 .

5.1lo rpaduky puc. 7.36 onpezensercs 3HauYeHHE QYHKIUH

201g[B(x)/ x| =126 ub.

6. ITo Tabx. 7.100mpenensercs 3nadenue pyukmun 20Ig F(u, X) =-29 nb.

7.Tlo dopmyre (7.49)paccuanThiBacTcst aniepTypHas coctasistoras [TI19:

2
%““10'9 D, + 20Ig¥+ 20Ig F (U, x)+3=

=101g(500003? /301 )+ 47+12,6 - 29+ 3= 105 1B,
8. Vron packpbiBa 3epKala aHTEHHBI ¢ pasmepamu 30% 304/ 2, paBeH
40, Tlo rpaduky puc. 7.25 onpenensiercs D,;, 06 =10lgD,;, =96 nb.

9. Mo dopmyie (7.50)paccuntbiBaetest cocrapistomas 111D ot obayyare-
TS

n,, =10ig(P/4/R% )+10igD,,, +10=
=10Ig[5000/ (477110457 |+ 96 +10= 522 15.
10.TTo dpopmyne (7.31)paccuursiBaetes 1119, co3naBacmast B Touke M aH-

TEHHOH A !
n,[o5] Mygn[05]

I7,=10 © +10 1 =10""+10"%= 46 mxBr/cm’.

11.B cwry ciMMETpHUH pacTioIOKEHHUS TOYKH M OTHOCHUTENBHO aHTeHH Ay 1
A, TITID, co3maBaemasi anTeHHOU A, B Touke M, Oymer paBHa [1I13, coznaBae-

I1, =10lg

MO B 3TOH TOYKE aHTCHHOK A: I, =11, =46 MKBT/cM?.

12. Cymmapnas IIIID B Touke M OT COBOKyMHOCTH aHTeHH A u A, Oy-
ger pasHa I[1=1II, +II, = 46+46=92 MKBT/cM?.

Bereon: I3 B Touke M 6mms3ka k. [IY, paHOMY 10 MKBT/cM?.
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7.9.3.Pacuer HIID Boam3u cranmun CCII
ITocTanoBKa 3a1a4u

Texamueckoe cpenactBo — cranius CCII. Tlepematank paboTaeT Ha JIHHE
BonHbl A = 005M. MormnocTs nepenaturka P = 3 kBr. Hcmone3yercs aByx-

3epKalibHas mapabonuueckas aHTeHHa (aHTeHHa KaccerpeHa) ¢ yriiom packpbiBa
2, =180 n D, =50 nb. Jlnametp aneprypsi d = 7 m. BbicoTa ienTpa armep-

Typbl Hag 3emnel H , = 7 M. HampaBneHne MakCUMalbHOTO M3IyYCHHUS COCTaB-

JSIET € TIOCKOCTHIO Topu3oHTa yron @ =10°. Paccunrars III1D B Toukax M u
N. Ucxomusre mannsie: Hy = 2 M, @, = 50, P, =300 M, Hy=4wm, ¢ =120,
Py =17m. Onpenenuts Takxke rpanuity C33 B 00macTH 3agHEro IOIYHpO-
CTpAHCTBA B HAINPaBJICHHW MPOTHBOIOJIOXHOM HAIPABICHHIO MaKCHMaJIbHOTO

usnydenns (6 =180F) . [locraHoBKa 3amaun WIUOCTPUpyeTCs puc. 7.46.

Puc. 7.46. Unmoctpanus k npumepy pacdera III1D ot antennst CCIT

Pacuer IIIID B Touke M
1. Haxonurces paccrosaue R, u yron8,, :
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Ry =(H,—H,, F + 0% =4/(7-2) +300° =300;
6y = arccoé[pM (tosp,, [tosa - (HA -H, )Bina]/ Ry } =
= arccof[3001¢0ss° [Eosi ¢° - (7 - 2)in0°|/30d =12°
2. Haxomutcst TpaHIYHOE PacCTOSIHUE
R, = 2d?/A =2[7% /005=1960 wm.
3. OmpeaensoTest KOOpAUHATEL X U U B Touke M:
x=Ry /R, =300/1960=0153;
= (msing,, )/ A = (7 5in12°) 1005=914.
4.Tlo rpaduxy puc. 7.17 onpenensercs 3HauYCHHE (YHKIIH
201g[B(x)/ x| =14 b.
5.Tlo Tabx. 7.4onpenensiercs 3Haucune Gyuxuun 201g F(u, X) =-525 1b.

6. ITo dopmyre (7.8)paccuntsiBaetcs ameprypHas cocrasisroras [T19:

2
—1OIg 24 -—+10Ig D, +20lg B(x )+20Ig Flu,x)+3=

= 10|g(3000[0,052 17*)+50+14- 52,5 +3=-105 B
7.Tlo rpaduky puc. 7.25 ompenensercs D, ,n6 =10lgD,, =3 nb.
8. Ilo popmyite (7.9) paccuntsiBaercs cocrapisioniast 111 ot o6mydarers:

-10|9(P 141R;, )+10Ig D, +10=

= 10Ig[3000/(477[3002)] +3+10=-128 1b.

9.IIo dopmyie (7.31)paccuurbiBactcss cymmaphas IIIID B Touke M:
M,[o5] Mysa[05]

M, =10 © +10 0 =10"°+10"*= 014 mxBr/cm’.
Beisoa: TIT1D B Touke M mensiie ITJ[Y, pasaoro 10 MKBT/cM>.

Pacuer IIIID B Touke N

1. Haxomurcs paccrosiaue Ry u yrox 6,
Ry = \/(HA - HN)2 + P :\/(7_4)2 +17° =192 m,
6, = arcco%[,oN [tosp, [tosa — (HA -H, )E'l;ina]/ RN} =
= arccod[7 [Gos1 20’ [Bost (P - (7 - 4)5in10°] 19,238 =102 .

2. llpumenenne metona I'TH (7.33...7.44)naet 3nauenue I1I1D B Touke N,

paBHOE 0,149mkBT/cm?.
Berson: TIT1D B Touke N mensbie [1/]Y, papaoro 10 MKBT/cM?.
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Onpenesenue rpanunsl C33 npu §=18C¢

[pumenenne metoma I'TJT (7.33...7.44)s 6 =180 u pasnuunbIx 3HAYE-
uuii R (OHH OTIIOKEHBI B METPaX 110 OCH abCIUCC) MO3BOJISET OCTPOUTD IpaduK
sapucuMocTd 1 = f(R) u mo Hemy onpeaennTs UCKOMOE PAacCTOsIHUE, KaK 3Ha-

genne R, mpu xotopom I = 10 mxBr/cm?. U3 rpaduka puc.7.47 BUIHO, 4TO
HCKOMOE pacCTOSHHE PaBHO 27 M.

I1, MxBt/cm?
50

4
\

20

N
\\

10 125 15 175 20 225 25 275 30 325 35

Puc. 7.47. K onpenenenuto rpanums: C33

IMpumenenue Gpopmyssl anmnpoxkcumaruu (7.47)aer 3navenue 1119 B sToi
TOYKeE, JOCTATOYHO Oyn3koe Kk 10 MkBT/cM?

25P . W )|
n@asd) = 0 -20I O =
A e sinwo)z{ Asndo g[sm 2 ﬂ

2503000
314027+ 017 [3in90°)?

[015in9¢° - 20ig(sin45°)] = 9,68 mKB1/ew

7.9.4.PacueT CaHHTAPHO-3ALINTHBIX 30H

Ha puc. 7.48u300pakeHa arepTypHasi aHTCHHa, IOAHATast Ha BBICOTY Hj oT
nosepxHoctr 3emiik (mtockocts XOY ). HampasieHne MakCHMaIbHOTO H3ITY-
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YCHUS aHTCHHBI COCTABISAET & °C IUNIOCKOCTHIO TOPU30HTA U MIMEET TPOCKIIUIO Ha
TOPHU30HTAIBHYIO IUIOCKOCTh, coBmamaromyio ¢ ockio OY. IlycTe TexHHMYecKoe
CPEICTBO M aHTCHHA MMCIOT CIICAYIOIINE XapaKTCPUCTUKU: MOIITHOCTh Tepeaar-
yuka P, kBT; cpeanss aauHa BoIHBI A, M auaMeTp anteHHsl d, M; koaddumment
HarnpaeieHHoro aenctBus Do, AB; yron packpsiBa anTeHHbI 2{J, °.

A
YA
AHTEHHA a’ \y
A7
X H
AH
X v Y
7
X

Puc. 7.48. TToctaHoBKa 3a1a4u

[MocTtaBuM cleyIONIYIO 3a/1a4y — ONPEACITUTh JIMHAU MOCTOSIHHOTO YPOBHS
[II13, pasroro 10 MKBT/CMZ, B JIt000# U3 miockocTed Z = Zj, OTBEYAIONIUX yC-
JIOBHIO:

2<Z,<H,. (7.80)

OTH TUHUU OyIeM ONPEACiTh B BHIAC (DYHKIIUU R(¢) — 3aBHCHUMOCTH pac-

CTOSAAHUA OT a3UMYTAJIbHOI'O YTJIa. 3aMeTI/IM, YTO pacCCTOAHHUC R orcuuthiBaeTcs
ot ocu Z , @ YIoJl ¢ — OT IPOCKINU HAIIPABJIICHNUA MAaKCUMAJIbHOT'O U3JTYUYCHU

aHTEHHEI Ha IUIOCKOCTE Z = Z; JIunusg IIID = 10 MKBT/CMZ, ompejeNieHHas! Ha
IUIOCKOCTH Z = 2 M , SIBJSIETCS TPaHHUIIeH CaHMTapHO-3alIUTHOM 30HbI, BHE KO-
topoii 111D He mpeBbImaeT MpeaeabHO AOMYCTUMOTO YPOBHS ISl HACEICHUS U
00CITy)KMBAIOIIETO IepCoHaa.

Mertonuka pacdera [111D B MecTax pa3MenieHHUs] TEXHUIECKUX CPEJICTB, I10-
JIOOHBIX OMHCAHHOMY BBIIIE, PETJIAMEHTHPYETCSI TOCYAapCTBEHHBIM HOPMATHB-
HBIM JOoKyMeHTOM [56] 1 moapo6GHO m3noxkeHa Beire (pazmen 7.5). ABropamu
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CO31aH BapHaHT CHCTEMbBl aBTOMATH3MPOBAHHOIO MMPOTHO3UPOBAHUS 3JICKTPO-
MarHUTHON 0OCTAaHOBKH BOJHM3M OOBEKTOB, CONEPIKAIINX KOMITIEKC IMOJTOOHBIX
TEXHHYECKUX CPEICTB. B cOoCcTaB KOMILIEKCa MOTYT BXOIWTH A0 25 pagroTexXHu-
YECKHMX CPEICTB, PACIOIOKEHHBIX IPOM3BOJBHBIM 00pa30oM Ha TEPPUTOPHUH
00BEKTA.

Ha puc. 7.49mpuBeneHs! pe3ynbTaTsl paciera QyHKIUH R(¢) B IIJIOCKO-
cti Z = H, Uit TEXHUYECKOTO CPEICTBA — CITYTHUKOBOM CUCTEMBI mepeaayn. B
pacyerax HCIIOJIB30BAINCH CIEAYIOIHEe HCXOaHble ganHbie: P = 10 kBT
A =0,05m; d = 12m; Dy = 56 1b; 2, =180; a =5°; H,= 20m (ycmoBumcst
Ha3bIBATh 3TO TEXHUYECKOE CPEACTBO — MepBbiM). Ha 3TOM e pucyHKe mpuBe-
JICHBI PE3YJIbTAThl HKCIEPUMEHTA. Pe3yabTaThl aHAIIOTHYHOTO CPABHEHUS IS
TEXHHYECKOrO cpencrBa ¢ mapamerpamu: P = 5 xBt; A = 0,05m; d = 2,5m;

PaccTtosaHne,m

250 7

200 Pacuet OKCnepuMeHT

1
)
150

100

N

0O 10 20 30 40 50 60 70 80 90 110 130 150 170

Yron, rpagycel

Puc. 7.49. 30Ha 31eKTPOMarHUTHO! 0€30MaCHOCTH TEXHHYECKOro cpejcTaa 1
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Do = 42,31b; 24, =116"; a =10"; H, = 20Mm; npusenenst Ha puc. 7.50 fc-

JIOBUMCA Ha3bIBATH OTO TCXHUYCCKOC CPEACTBO — BTOpBIM).

PaccrosiHne ,m
140

120

Pacyet JkcnepumeHT
100 < H—

60

40 ~

20

S r
g

0 10 20 30 40 50 60 70 80 90 110 130 150 170

Yron, rpagycbl
Puc. 7.50. 30Ha 21eKTpOMarHuTHOH 6€30IIaCHOCTU TEXHUYECKOTO CPEACTBA 2

CpaBHeHHE pe3yIbTaTOB pacyeTa M HKCIEPUMEHTA MMOKA3BIBAET, YTO MaTe-
MaTu4ecKkas MOJieJlb, 3aJI0KEHHAsh B HCIOJBb3YyEeMYI0 CHCTEMY aBTOMAaTH3UPO-
BAHHOTO MPOTHO3UPOBAHUS DJICKTPOMATHUTHOW OOCTAHOBKHM, [aeT BIIOJHE
YIIOBJIETBOPHUTEBHBIC PE3yJIbTATHI.

Ha puc. 7.51npuBenena cepust KpUBBIX — CEMEHCTBO (PYHKIUAN R(¢) , Kax-
Jiast ©3 KOTOPBIX COOTBETCTBYET MEPBOMY TEXHHUUECKOMY CPEJICTBY M PACCUUTHI-
Bajach B miockoctd Z = H, - AH. Benmnunna AH w3Mensnmach B mpenenax
0...16M. AHamoruyHasi Cepusi KPUBBIX MPEACTABICHA Ha puc. /.52 st BTOporo
TEXHUYECKOTO CPEJICTBA.

214 WWW=HHeti 1 u



PaccrtosiHne, m

250 | | |
0 4am 8m
200 —— - —O0— [
12m 16m

150 —

¢ —— ¥
100 S

50
0 T
0 10 20 30 40 50

Yron,rpagychl

Puc. 7.51. 30HbI 31CKTPOMArHUTHOH 6E30ITACHOCTH TEXHUYECKOTO cpecTBa 1

PaccrtosiHue, m
140

120 (o} 4am 8m -
’\ —— B A
100

12m 16m
80

60 I

40

20

0 10 20 30 40 50
Yron, rpagycsl

Puc. 7.52. 30HbI 21eKTPOMAarHATHON 6€30MACHOCTH TEXHUYECKOTO CPe/ICTBa 2
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Kaxxmas M3 KpHUBBIX, IPUBEICHHBIX Ha STHX PUCYHKaX, COOTBETCTBYET Tpa-
HUIIE 30HBI 3JEKTPOMArHUTHON 0€30IacHOCTH B COOTBETCTBYIOMIEH IIOCKOCTH
Z. s mutockocT Z = 2 M Takas 30Ha OyIeT CaHUTapHO-3AIMUTHOM, a IS JTI0-
6011 APYTOH TIOCKOCTH — 30HOW 3JIEKTPOMArHUTHOM Oe3zomacHocTH. V3 aHanm3a
KPHUBBIX CIEAyeT, YTO TPAHHUIIBI ATHX 30H B 3aBHCHMOCTH oT AH cymecTBeHHO
M3MEHSIOTCS JINIIb B cekTope yrioB @ =+ (0...25) . D10 m3menenue 06yciIoB-

JICHO MpeobIamaHueM anepTypHO COCTaBISAIONICH IMIIOTHOCTH IMTOTOKA YHEPTUH
[0 CPaBHEHHUIO C COCTABISIONMICH, OMpeensieMoi o0irydaTeraeM aHTeHHBI. J{ist
OpUEHTHPOBOYHON OICHKH FPAHMIBI CAHUTAPHO-3AIMUTHOI 30HBI B CEKTOpE yT-

noB 25° < ¢ <180° -, mepeiHero MOMYNPOCTPAHCTBA AHTEHHBI MOYKHO PEKO-

MEHJIOBAaTh MPOCTOC COOTHOILICHME:

Reyy =40y P [kBm]10700%5% (7.81)

rae P[KBT] — MOIIHOCTh MEepelaTYhKa TEXHUYECKOTO CPEJCTBA B KUIJIOBAT-
Tax, {J,— MOJOBUHA YIiIa PaCKphIBa aHTCHHBI B rpagycax (xumerp anteHHsl d ,

yron Y, u dpoxycHoe paccrosiuue f B3aumocsszansr- d =41 tg(y, /2)).

B cextope yrmos 180 —¢, < $ <180 s3maucume R.,, kak mnpasmio,

MEHBIIIE TI0 CPAaBHEHHUIO CO 3HAYECHHEM, ompeeisieMbiM Gopmysioit (7. 81).Uc-
KJIFOYEHHUS] MOTYT COCTABIISITh HAIIPABJICHUS HAa KDOMKY aHTCHHBI.

B panmopeneiHbIX cucTeM mepegady npsMoi BUIMMOCTH MOIITHOCTH Tiepe-
JIATYMKOB OOBIYHO HE MPEBBILIAIOT SUHUI U JaXke JoJiei BaTT. BeicoTa mmoaBeca
aQHTEHH Ha MarucTpaibHBIX U BHYTPU30HOBBIX JIMHUAX 00br4HO 15...100M. Pac-
YeThl IIOKa3bIBAIOT, YTO Ja)Ke P MHOTOCTBOJILHOM PEXHUME pabOThl CHCTEMBI Y
MOBEPXHOCTH 3eMJIH (Ha BBICOTE 2 M) CAHHUTAPHO-3ALMTHOW 30HBI HET, YTO MOJI-
HOCTBIO COOTBETCTBYET (PM3NYECKUM IPEICTABICHHUSIM.

Pannopenelinple cuCTEMBI Iepeaadyr MpsIMOM BHIMMOCTH YacTO NPHUMEHS-
I0TCSL JUI OpTaHU3alMU coelMHUTENbHBIX auHUM Mexnay ATC. Ilpu sTom al-
TEHHBI MOTYT yCTaHABIIMBATHCS Ha KPBIIAX 3/IaHUI ¥ BOHUKAET BOIIPOC O pa3-
Mepax HMX 30H JJIEKTpOMarHuTHoi Oe3zomacHoctu. Ha puc. 7.53. npuseneHs
JaHHBIC pacueTa MOJOOHBIX 30H JUIA PaJHOpENICHHONW CHCTEMBI Iepenayd,
uMeroniei ciaenyromue xapakrepuctuku: P = 0,5BT; A = 0,027m; d = 1,5Mm; Dy
= 45nb; 2¢, = 160; a = 0°; Hy = 4m; m = 2; (M —aucno paboTaromux paamuo-
CTBOJIOB). I'paHUILIBI 30HBI PACCUUTBHIBAIIMCH B IIOCKOCTH Z = H,, mpoxomsiei
Yyepe3 HAMpaBlICHHE MaKCHMAaNbHOTO HW3YYCHHS AHTCHHBI (BEpXHsS KpUBas
AH =0), rae 30Ha uMeeT HauOOJbIIKE Pa3Mepsl, U B wiockoct Z = Hy- 0,8 M
(uwxkuss kpusast, AH = 0,8m).

[MockonbKy Ha MHTEpBaIaxX paauoOpeIeHHBIX JIMHUI NpeAronaraeTcs npsmMas
BUIMMOCTb MEXJY aHTEHHAMH, TO B CEKTOpE YIJIOB OJM3KHX K HallpaBJICHHIO
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PaccTrosiHne,m
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Yron, rpagycbl

Puc. 7.53. 3oubl anekTpomarnutHoi 6e3omacHoct PPCII 1B

MaKCHMAabHOTO m3nmyueHus (+ 6°) He TOJDKHO OBITH 3aTEHSIOUINX 0OBEKTOB, B
TOM YHCJIC JKWIIBIX M MIPOU3BOJCTBCHHBIX 3/1aHMA. VIMEHHO B 3TOM CeKTope yT-
JIOB MOXHO TOBOPHTH O CYIIECTBOBaHUH CaHUTAPHO-3aIIUTHOW 30HEL. BHe nmaH-
HOTO CEKTOpa e€ TPaHUIIBl U3MEPSIOTCS SAMHUIIAMHA METPOB U CHCTEMY MOXKHO
CYHTATh JKOJIOTHIECKH Oe3omacHoi. OCHOBHOH BBIBOJ CBOIUTCS K CIICAYIOIIE-
My. Pamuopeneiinbie cuCTeMBbl mepenadd NpsiMOM BHAMMOCTH MOKHO CUHMTATh

SKOJIOTHYECKH 0e30IacHBIMH BCHONY,

32 HCKIIOYEHHEM CeKTopa YIIOB

+(3...6°), HENOCPEICTBEHHO MPUMBIKAIOMMX K HANPABICHHIO MAKCHMAIbHOTO

U3JlydeHHs] aHTEHHbI. B 5TOM Cllyyae yJaJeHHOCTh IPAaHMUIIBI 30HBI 3JIEKTpOMAr-
HHTHOM O€30MaCHOCTH MOYKET COCTABIIATH HECKOJIBKO JIECATKOB METPOB.
Hacrosiuii pasnen Hanucan o Matepuaiam [59].

WWW=HHeti 1 u

217



I'IABA 8

KOMILIEKCHI U3JIYYAIOIIUX TEXHUYECKHUX
CPEACTB PAIMOCBA3HU, PAAUOBEIIAHUA
U TEJIEBUJAEHUA

8.1. COCTAB 1 OCOBEHHOCTH KOMIIJIEKCOB
N3JOYYAIOIIUX CPEACTB PAJJMOYACTOTHOT' O JUAITA3OHA

CoBpeMeHHbIH H3TyJarouiiii TeIeKOMMYHUKAIMOHHBIN IIEHTP MPEICTaBIIsI-
€T co00i KOMIUIEKC TEXHHICCKAX CPEACTB, B COCTaB KOTOPOTO BXOMAT IepeaaT-
YUK, aHTeHHBI, Qumepsl. Bee 9TO MOKeT pa3MernaThesl Ha BBIICICHHON (Tex-
HUYECKOM) TEPPUTOPHH, Ha KPBIIIE 3HaHus, Ha MauTe Wik Gamme (puc. 8.1wu
puc. 8.2).Ha KpyIHBIX paaroIeHTpax KOJIMIECTBO aHTEHH JOCTUTAET HECKOIb-
KHUX JIECATKOB, TUTOIIAIN AaHTCHHBIX TOJIeH — AecaTku rekrap. OMHOYHbIE U3ITy-
JaTeNld B OTPACIH CBS3HM NMPAKTHYECKU HE BCTPEUAIOTCS 32 UCKIIOYCHHUEM, OBITH
MOXET, CITA0OHANPABICHHBIX aHTCHH Ha BBIJICIICHHBIX PaIHOCTAHITHIX.

Al Al
-

A2 A3
r / A2

| A3

A4

Puc. 8.1. Pa3mMenieHne aHTEHH Ha KpPBILIE 3AaHUA U MA4YTE

OdeHb 4acToO B COCTaB PaJUOLCHTPOB BXOJAT TEXHUYECKHE CPEICTBA pas-
JUYHBIX Iuana3oHoB. Tak, HampuMep, BeCbMa paclpoCTPAHEHHOU SIBISIETCS CH-
Tyauus, MpH KOTOPOH Ha PaJUOLIEHTPE Pa3MEIIAIOTCS TEXHUYECKHE CpeAcTBa
BY, CY u HY pmanazonoB nub0 TexHm4eckue cpeactsa BU muamazona pasme-
IIAFOTCS B HEMOCPEACTBEHHOM OJIM30CTH WIIM HA OMOpPaX TEXHUYECKUX CPEICTB
TeJeBUACHUS U paauoBemianus B auanazoHe OBY. B kpymHbeIX ropogax Ha
YIOOHBIX C TOYKU 3PEHHS MaCCOBOTO O0OCTY)XUBaHUSI MecTaX (KPBIIIU BHICOTHBIX
3MaHui, pasau4Hble OAIIHU M MayThl) YCTAHABIMBAIOTCS AHTCHHBI BEChMa pas-
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HOPOJHOTO TEJICKOMMYHHUKAITMOHHOTO 000py-
IOBaHUA — DTO AaHTEHHBI 0A30BBIX CTAHIIMHA CO- Tyg::'ﬁ::a“
TOBOW CBSI3M, IEHJKUHTOBOW CBSI3M, AHTCHHBI
TenepuneHnss 1 OBY UM Bemanus, aHTEHHBI
CIICIMATIEHON CBSI3M U PAJUOPENIEMHBIX CUCTEM
nepejayn mpssiMOi BHAMMOCTH, aHTCHHBI CIyT- ... ¢
HUKOBBIX CUCTEM IIepenadu H T. II. HTEHHb)

TpynHocTH aHanm3a >IEKTPOMArHUTHBIX
CUTyalluii KOMIDIEKCa TEXHHYECKHX CpEICTB
oueBuAHBL. OHM 00YCIIOBIEHB! OTHOBPEMEHHOMN
paboTOl MHOKECTBA PA3HOTHIHBIX M3IYYATE-  g,6amopmme
JIeH, JEKTPOMArHUTHBIEC IOJII KOTOPBIX MOTYT — @HTEHHEN(
OTIIMYAThCA HE TOJHBKO KOHCTPYKIIMEW W IIPHH-
[AMIAMH JEHCTBUS, HO U MHTEHCHBHOCTBIO, ‘T10-
JIIpU3aIel, 9acTOTaMH, 3aBUCMOCTRIO OT Ia-
paMeTpoB TOYBHI, @ CAMH aHTEHHBI MOTYT IPO-
M3BOJIEHBIM 00pa30M pacrioyiaraThCsi Ha aHTCH-
HBIX MOJISX.

HecMoTpst Ha TO, 9TO GOJIBITMHCTBO TEXHU-
YECKHUX CPEICTB, B TOM YHCIIE M aHTEHHBIX YCT-
pOMCTB, AJId TEIEKOMMYHHUKALIUA THIIOBBIE, OHU Puc. 8.2.Pa3Melienne aHTCHH
Pa3sMENAIOTCS B HETHIIOBBIX YCIOBHSAX. VHu- Ha TE/ICBU3HOHHOM baliHe
BHIyaJbHOCTh PEATBHBIX OOBEKTOB C TOYKH
3peHHS ANEKTPOMATrHUTHOW SKOJIOTHH TMPOSBIACTCS B PA3IMINH Pa3MEIICHUSA 1
OpHEHTAIlH OTHCNBHBIX aHTCHH, B OCOOCHHOCTSX penbeda MECTHOCTH, B He-
COBMNAJICHUN PaCHCAaHW{i CMEHBI BOJIH, B HEOJMHAKOBOM Ha0Ope TEXHUYECKUX
CpencTB U T. 1. Bce aT0 ompenensier 3HaYUTENbHBIC CIIOXHOCTH U JaKe HEBO3-
MOYXHOCTh OOOOIICHHS JJCKTPOMArHUTHBIX CUTYallMid MO OOBEKTaM, B COCTaB
KOTOPBIX BXOJSAT TEXHHUYECKHE CPEICTBA PA3IMIHBIX JHAma3oHOB. MeTos aHa-
JIOTUH W DKCTPANOJIAINN MPAKTHISCKH HEMIPUMEHUM JIJISi KOMIUIEKCOB TEXHHYE-
CKHX CPEJICTB.

Eme ogHnM BaXHBIM MOMEHTOM B HCCIIEIOBAHUHU JIEKTPOMArHUTHOW 00-
CTAHOBKHM KOMIUIEKCA TEXHHUYECKHUX CPEICTB SIBIISCTCS B3aWMMHOE BIHMSHUE aH-
TEHHBIX YCTPONCTB, KOTOPOE MOXKET TOBIUATH HA TOYHOCTH JIEKTPOMATHUTHOTO
MIPOTHO3UPOBAHUS. DTO BIHMSHHE MOXKET TIPOSABIATHCS, BO-TIEPBBIX, BO B3aUMHOM
3aTCHEHUW aHTEHH W, BO-BTOPHIX, B DJCKTPUUECKOM BIHUSHHH, PH KOTOPOM B
9JIeMEHTaX KOHCTPYKIIMHM TACCHUBHBIX aHTEHH HABOMATCS TOKH, CIIOCOOHBIC CY-
MIECTBEHHO U3MEHUTh DJICKTPOMArHUTHYIO 00CTaHOBKY.

MaremaTrueckoe MOJEIMpPOBaHKE, KaK OCHOBHOW BBIOpaHHBIM METOJX WC-
CIIeIOBaHUS, SIBJISICTCS MOIIHBIM H, TTOKaTyH, €MWHCTBEHHBIM METOIOM, Iaro-
ITUM BO3MOYKHOCTh aHAJIN3a JICKTPOMAarHUTHOW 0OCTAHOBKH KOMITJIEKCA TEXHU-

\epkaanble
/ aHTeHHbI
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4ecKuX cpeacTB. s 3Toro HeoOX0aMMO 0OBEAMHEHUE OTACIBHBIX MOJIEICH B
eIMHYI0, TaK Ha3bIBAEMYIO, MOJIEIIb aHCaMOJIeH, OMUCHIBAIOIIYIO CUCTEMY B IIe-
nom. MccnemoBanue 3JIEKTPOMArHUTHOH OOCTaHOBKH TEXHUYECKHX CPEICTB pa-
JIMOCBSI3W, PAIMOBEIIAHUS U TEICBUACHUS — 3TO TIPpoOJIeMa He MPOCTO CIOXKHA,
a KOMIUICKCHAsl, B OCHOBE KOTOPOW JIe)KAT pa3IMIHbIe SBJICHUSA, U JJIS aHAN3a
KOTOPOH MOJDKHBI HCIIONB30BATHCS Pa3IMYHbIC, HO CBA3aHHBIE MEXIy CO00it
MozeNr. MeTO bl HCCIIeMOBaHMSI TAKUX MPOOJIEM OTHOCATCS K CHCTEMHOMY aHa-
TH3Yy.

8.2. CAHUTAPHBIE 30HbI U CAHUTAPHBIN ITACIIOPT
N3JYHAIOIIUX OB BEKTOB

KoneuHOl 1ieNbI0 3IEKTPOMAFHUTHOTO MPOTHO3MPOBAHUS TEXHUUECKUX
CPE/CTB TEIEKOMMYHHKAIMH SBISIETCS TOJyYeHHE MH(POPMAIHMH, 10 KOTOPOU
MOJKHO CYIHUTH O KayecTBE OKpY’Karolleh Cpeabl 1 BO3MOXKHOCTH NPEOBIBaHMS
TaM 4YeroBeka. Takas MH(OopMaLus 3al0’kKeHa B KapTax JICKTPOMarHUTHOH 00-
CTaHOBKH, B CUTYal[HOHHBIX IUIaHAX OOBEKTOB.C HAHECEHHBIMH T'PAHULIAMH Ca-
HUTapHBIX 30H BOKPYT W3iy4aronmx o0bekToB. [lojyueHrne Taknx marepuaioB
CBSI3aHO, C OJHON CTOPOHBI, C 3IEKTPOMArHUTHBIM MPOTHO3UPOBAHUEM, C IPY-
TOi CTOPOHBI, C KPUTEPUSMH OLEHKHM KauecTBa OKpY>Karollel cpeibl, KOTOphIE
BBOJATCS] THTUEHUYECKUMU HOPMaMU U CTaHAApTaAMU.

B memsax 3amuTsl HaceneHus oT Bo3neiictBus OMII, cozmaBaemoro paauo-
TEXHUYECKUMH OOBEKTaMH, TIPH HEOOXOIMMOCTH YCTaHABIMBAIOTCS] CAHUTAPHBIC
30HBL. Pa3nuuaroT 1Ba BHJOA CAaHUTApHBIX 30H — CAHUTAPHO-3AILUTHBIE 30HBI
(C33) u 30HbI orpannyeHus 3acTpoitku (303). ABTOPHI CYUTAIOT HEOOXOJUMBIM
YTOYHHTH ONPENIEIICHNS] CAHUTAPHBIX 30H U3JIyYaIOMNUX OOBEKTOB IO 3JIEKTPO-
MarHuTHOMY (hakTopy, IPUBEICHHBIC B HOPMATHBHBIX JOKyMeHTaX [13].

CaHMTapHO-3aIINTHOM 30HOM SBIIAETCS IUIOMAAb, IPUMBIKAOIMAS K TEX-
HUYECKOW TEPPUTOPHU PAJHMOTEXHHUECKOTO OO0BEKTa. I'paHHma caHWTapHO-
3aIIMTHOW 30HBI ONpEAENSAETCS Ha BHICOTE A0 JBYX METPOB OT IOBEPXHOCTH
3eMJIM TIO TIPEJENBHO JOMYCTUMBIM ypoBHSM OMII npu M301HMpPOBaHHOM U CO-
YETaHHOM XapaKTepe BO3ACHCTBHUS WM 1O KPUTEPHUSIM OLICHKH KauecTBa OKpY-
JKAIOLIeH cpelpl MPH CMEIIAaHHOM M KOMOMHHPOBAaHHOM XapaKTepe BO3ICHCT-
BUSL.

30HOM OrpaHWYeHHsl 3aCTPOIKH SBISCTCA TEPPUTOpPHUS, IJI€ Ha BBICOTE
OoJiee IByX METPOB OT IMOBEPXHOCTH 3EMJIM NPEBBIIIAIOTCS MPEIETIbHO JOIMyC-
tumble ypoBHU OMII npu M301MPOBAaHHOM M COYETAaHHOM XapakTepe BO3JeicT-
BUSI WIIM HE 00ECIICUMBAIOTCSI KPUTEPHH OLICHKH KaueCTBa OKPYKAarOIIEH CpeJIbl
IPY CMENIaHHOM U KOMOMHHPOBaHHOM XapakTepe Bo3AeHcTBus. BHemHss rpa-
HULIA 30HBl OTPAaHUUYCHHS 3aCTPOMKHU ONpeneNseTcsl M0 MaKCUMalbHON BBICOTE
31aHUH NePCIEKTUBHON 3aCTPOUKH.
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CaHuTapHbIe 30HBI H3TyJalonX 00BEKTOB YCTAaHABIUBAIOTCS 110 PE3yJIbTa-
TaM AJIEKTPOMArHUTHOTO MPOTHO3UPOBAHUS B COOTBETCTBUU C METOANKAMH, KO-
TOpBIE SIBIISIOTCS OOS3aTENBHBIMH TPIIIOKEHUSAMH COOTBETCTBYIOIIMX HOPMa-
TUBHBIX JOKYMEHTOB U CTaHIAPTOB.

Crnemyer oOpaTuTh BHUMAaHHE HA TO, YTO CAHUTAPHEIC 30HBI OMPEICISIIOTCS,
KaK TePPUTOPUH, KOTOPBIE MOTYT HaXOAUTHCS BOJM3M TEXHUIECKOHN TEPPUTOPUH
H3Iydaronero oobpexra. Eciny mpoBoanuTCs 31eKTpOMarHUTHEI MOHUTOPHHT Ha
9THX TEPPHUTOPHUSX, TO COTJIACHO BCEM METOIAMYECKAM yKa3aHwusM (IS Bcex
YaCTOTHBIX JMAIA30HOB W TEXHUYECKUX CPEACTB) VIS OMpPEACIICHHUS CaHHUTAp-
HBIX 30H PacdeThl W H3MEPEHHs CIEAyeT MPOBOIUTH IS YCIOBHHA OTKPBITHIX
IUTOIAA0K. BeckMa 9acTo cyTh 9JICKTPOMAarHUTHOTO MOHHTOPHHIA HCKaXaeTcs,
1 B Ka4ECTBE €ro pe3yibTaTOB MCHOIB3YIOT TOJIBKO PE3YNbTaThl M3MEPEHHUN B
KBapTHpax, 30HaX 3aT€HEHNs, He IPUHUMAsi BO BHUMAaHHIE CE30HHBIE U CYTOYHOE
HM3MEHEeHNe HANPSKEHHOCTH IIOJIS.

Kaxprii pagioTeXHHYECKHA 00BEKT, M3ITyJaroIliii B OKPYKAIOIIYI0 CPELy
AJIEKTPOMArHUTHYIO SHEPTHIO, TOJDKEH MMETh CaHWTapHBIA MAcIOpT, COAepIkKa-
it cneyrormue naunse [13]:

- HAaIMEHOBAaHHE 00BEKTA U €r0 aJpPECHEIC JaHHBIC,

- TOJ BBOJIa OOBEKTA B HKCIUTYaTAIHIO U CBEJICHUS O PEKOHCTPYKIINU 00bEK-
Ta,

- MOIIHOCTb, PEKUMBI MOIYJISIIUN U pabodHe YacTOTHI KaXKIOTO Iepenat-
YHKa;

- THITBI IPUMEHSEMBIX aHTEHH, MECTa U BBICOTHI MX YCTaHOBKH, KO3 GHUIm-
€HTHl YCWJICHUS, HAIPaBICHUS W3TyYCHHS M JHarpaMMBbl HAIIPAaBICHHOCTH aH-
TEHH B TOPU30HTAIBHONU U BEPTUKAIBHOM TIOCKOCTSIX;

- CUTYallUOHHBIH IUIAaH OO0BEKTa C YKa3aHWEM TPAaHWIBI CAHHUTApHO-
3aIIUTHOX 30HBI ¥ 30HBI OTPAHUYECHUN 3aCTPOUKH;

- MaTepHaibl pacueTa pacupeaeieHus yposueit OMII Ha Tepputopus, mpu-
JieTaromei K paInoTeXHUIECKOMY O0BEKTY;

- MPOTOKOJIBI C pe3yibTaTaMu M3MepeHuid ypoBHer DMII ¢ ykazaHuem uc-
MTOJIE3yEMBIX H3MEPHUTENBHBIX TPHOOPOB;

- 3aKIIIOYEHHUE CHEIUANCTa CAHUTAPHO-3IHAEMHOIOTHIECKON CIYyXOBI 110
pe3yabTaTaMm o0ciieIoBaHns 00BEKTa,

- PEKOMEHAINK 10 HOPMAJIN3AINK 3JIEKTPOMArHUTHOW OOCTaHOBKH (IpH
HEOOXOAUMOCTH);

- pPE3yNbTaTHl BHIIIOJHEHUS TIPEINHCAaHIH CAaHUTAPHO-3THAEMHUOIOTHIECKON
CITYXOBI;

- JaTa o0cieToBaHNs OOBEKTA.

CaHUTapHBII TacOPT COCTABISIETCS aIMUHUCTPANNEH pagioTeXHIYECKOTO
00BEKTa, TMOIMHCHIBACTCS €r0 PyKOBOAWTEIEM W TIPEICTABUTEIEM CAaHUTAPHO-
SIHUIEMHOJIOTHIECKOH cIyKObI. [TaciopT XpaHuTCS Ha 0OBEKTE U NPETBABIICT-
s IO CTICIIHAIbHOMY TPEAITMCAHUIO B YCTAHOBJICHHOM ITOPSAKE.
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8.3. KPUTEPUH OLIEHKH SJIEKTPOMATHUTHOM OBCTAHOBKHA
KOMIIVIEKCOB TEXHUYECKUX CPEJACTB

OdeHp YacTO W3IyYaIOUINe PAaAHOTEXHUYECKHE CPEICTBA PA3MUYHBIX Ha-
3HAYEHUH U YaCTOTHBIX JAUANA30HOB Pa3MEMAIOTCsl HEAANEKO JAPYT OT IpyTa JH-
00 B mpenenax OXHOW TEXHHYECKOW TeppHUTOpHH. B 3TOM ciryuae HE0OX0AUMO
YYUTBIBaTh COBMECTHOE Bo3zeiicTBre DMII, oTaMYaromuxcsi HHTEHCHBHOCTBIO,
YacTOTOMH, MOJLIPU3AIHEH, IPEeIeIbHO JOMYCTUMBIMA YPOBHSIMH U T.1.

Ecmu pagroTexandeckuii 006eKT 000pyI0BaH HECKOJIBKUMH W3TYJalOIIHMU
TEXHUYECKUMH CPEACTBAMH, PAOOTAOMINMH B OJJTHOM HOPMHUPYEMOM JHAIa30He
YacTOT, TO CyMMapHasl HalpsKEHHOCTh Nonsd £y win H ;B 5TOM AMamna3oHe

ompezensercs o Gopmye:

Ey =yE2+E2+. +E? , Hy=\H?+HZ?+. .+ H? (8.1)

rae Ey,E,,....E,, Hy,H,...,H,— HaIPsUKCHHOCTH IOJIs, CO3/laBacMas Ka-

SKIBIM TEXHUYECKUM CPEACTBOM B OIPEAEISIEMOM TOUKE.

Ecnu B nmanHOM Touke mpocTpaHcTBa co3naercs DMII, onmcbiBaeMoe He-
CKOJIbKUMH HEeCHH(A3HBIMH MPOCTPAHCTBCHHBIMU KOMIIOHCHTAMU B JCKAPTOBOM
EE y,E . H H y JH , nma mamuanpraeckoi E,, E,u H # CUCTEMAX KOOpJH-
Hat (3TO XapaKTepHO JUIs MOJIeH BOJIN3U aHTEHH KUJIO-, TEKTO- M JEKaMETPOBOTO

JHUaIia3oHoOB BOJ'IH), TO HAOPsDKCHHOCTH IIOJISL OT KaXXJI0Tr0 TAKOro N-ro TeXHU4e-
CKOI'0 CpCACTBA ONPECACTACTCA CICAYIOIIUM 06p330M:

E,=\E+E}+E} H,=\|H+H;+H: nm

E,=JE*+E} H =H,. (8.2)

Jlis cnydasi HSCKOJIBKUX TEXHUYECKUX CPEJICTB, PabOTAIOMIUX TIPU OJTHOW U
TOW K€ HOPMHUPYEMOU IUIOTHOCTH MMOTOKA IHEPTHH, CyMMapHasl INIOTHOCTH TO-
ToKa 3Hepruu /11135 onpenensercs mo Gpopmyie:

113 = I3, + [I19, +...+ [I13, (8.3)

roe [1113,,11113,,...,I1I12, — NIOTHOCTh MOTOKA SHEPTUH, CO3/aBaeMast Ka-
JKIBIM TEXHUIECKUM CPEACTBOM B OINPEAEIAEMOM TOUKE.

IIpy HanMMYUM HECKOJIBKUX MCTOYHUKOB M3ITydeHHsI, pabOTAIONMUX B Pa3HBIX
HOPMHPYEMBIX  paJoYacTOTHBIX  JHAla30HaxX,  HAMNpPsHKEHHOCTh  ITOJIA
EEs,...E,, H,H,,. . H, u IJIOTHOCTh MOTOKA JHEPIUUu

113, II13,,..., 1113

TApHOW 30HBI, MOJDKHBI COOTBETCTBOBATh KPHUTEPHIO OIEHKH KadecTBa OKPY-
JKaroIei cpebl, KOTOPBIN HHOTIA Ha3bIBalOT KputepueM Oe3omacHoctu (KB):

CO31aBa€MbI€ BCEMH HCTOYHHMKAMHM HA T'paHUIIC CaHU-

n?
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2

KB - El + E2 + En +
EIHZVI EH,ZZYZ EIHZVn
2 2 2
+ Hy + H, + ...+ L + (8.4)
H my1 HH,ZZVZ H yn
ieh o, yole;
+ + +...+ n_ =1,
I3 pyy - THID 1y Iio

tne Eppvrs Epgyoseo Eggyes Hpgyas H gy ose- H gy, — TPEICIBHO IOIYCTH-

Mast HaIpsHKEHHOCTD TIOJIst TSt KaXKJIOTO HWCTOYHHKA;
HHQHEM,HHQHWZ,...,HHQMW —TIpeAENIbHO JOIyCTUMAas MJIOTHOCTh IOTOKA
SHEPTUU ISl KAXKIOT0 HCTOUHHUKA.

AHam3 KpUTEpUEB ONCHKH JJIEKTPOMArHUTHOW OOCTAHOBKH H3ITy4YarOIIUX
00BEKTOB ITOKA3bIBACT, YTO YCTAHOBICHUC MPAHUIl CAHUTAPHBIX 30H JJISI CITydast
BBIJICJICHHON PaMOCTAHIIMK ¥ JUTS CIyYacB, OMUChIBacMbIx (opmynamu (8.1) u
(8.3), mpu HaMMYKMK METOIMK pacyeTa HATPSHKEHHOCTH MOJISL U TUIOTHOCTH MOTO-
Ka SHEprHY BOJIN3W aHTECHH HE MPEICTABIISICTCS CIOXKHBIM. MeTOIbl HHCTPYMECH-
TaJbHOIO KOHTPOJISI CAaHUTAPHBIX 30H I 9TUX CIy4yaeB OCHOBaHbI Ha HETO-
CpEICTBEHHOM M3MEPEHUH HOPMHUPYEMOT0 MapaMeTpa.

JIist CIIOYKHBIX M3ITy4YaroIuX 00BEKTOB, IPH aHATN3e KOTOPBIX HCIOIb3yeT-
cs1 kputepwii (8.4), pacueT rpaHuI] CAHUTAPHBIX 30H BO3MOXKEH TOJBKO C HIUPO-
KHM HCITOJIb30BAHUCM BBIUHCIUTEIBHON TEXHHUKH, TIOTOMY YTO HEOOXOIUM HE
TOJIBKO MHOTOKPATHBII MPOCYET HAIMPSHDKEHHOCTH MOJS M IUIOTHOCTH IOTOKA
SHEPIHU KAXKJIOTO TEXHHYCCKOTO CPEJICTBA, HO U 00pabOTKa ATHX 3HAYCHHUH IO
(8.4). Onpenenenne TpaHUIl CAHUTAPHBIX 30H HHCTPYMEHTAIBHBIMH METOIAMHU
BechMa 3aTPYIHEHO, MOCKOJBEKY TPEOYST COOTBETCTBYIOIIETO KOMILICKTa U3Me-
PUTEIBHO anmapaTypbl U ONEPATHBHON 00pabOTKH pe3yIbTaTOB U3MEPCHUH IO
YCTaHOBJICHHOMY KPUTEPHIO.

Bormpochl ycTaHOBIIEHUS! KPUTEPUEB OLIEHKHA CAaHUTAPHBIX 30H KOMILIEKCOB
Pa3HOAMANA30HHBIX TEXHUYECKHX CPENICTB, TAKXkKe KaK U BOMPOCHI HOPMHUPOBA-
HUS BO3ACUCTBYIOIIETO (pakTopa, SBIAIOTCS OOBEKTOM HENPEPHIBHBIX MEIUKO-
OHMOJIOTUYECKUX HCCICIOBAHUM, TIPOBOAMMBIX KaK y HAC B CTpaHe, TaK U 3a Py-
6exoM. OHAKO KaKUMH ObI HM OBUIA HOPMATUBBI H KPUTCPUH, OCHOBOW aHAIH-
3a 3NIEKTPOMATHUTHOW OOCTAHOBKU BOJHM3HM H3IYyYarONIero OOBEKTa SBISACTCS
pacueT HanpsHKEHHOCTH OIS MM TUIOTHOCTH TOTOKA SHEPTUH BOJHM3H OTUHOY-
HOTO TEXHHUYECKOTO CPEeICTBA.

WWW-Hefr.u 523



8.4. MPUHLUUIIBI MOCTPOEHUSI CUCTEMBbI
ABTOMATHU3UPOBAHHOI'O ITPOI'HO3UPOBAHUSA
JEKTPOMATHUTHOM OBCTAHOBKH

KoHTposib 32 COOMIOICHHEM MTPEETbHO JOMYCTUMBIX YPOBHEH 3JIEKTpOMar-
HUTHOTO IOJIsI OCYIIECTBISIETCS KaK MPH 3KCIUTyaTal[Md U PEKOHCTPYKIUH pa-
JMOTEXHHYECKAX OOBEKTOB, TAK U HA CTAJMU WX MPOEKTHPOBaHus. B HOpMma-
THUBHOW OKyMEHTAIIMH BBEIECHO TPEOOBaHKE, YTO MPOEKTHAS JOKYMEHTALUS Ha
U3JTydarolme 00beKThl B pasjere «MeponpusiTus o oXpaHe OKpyKaromiel cpe-
JIbI» JIOJDKHA COJIEPIKATh PE3YNIbTAaThl pacueTa dJICKTPOMATHUTHOW 0OCTaHOBKH,
TPaHUI] CAHUTAPHBIX 30H, a TAaKXKe HCXOJHBIC JAHHbIE, WCIOJIb30BAHHBIC MPU
BBIMOJIHEHUH 3TUX PACUeToOB. KaXIplii pajMOTEeXHUYECKH OOBEKT, U3Iydaro-
M B OKPYKAIOIIYIO CPEAy DJICKIPOMATHUTHYIO SHEPTHUIO, COTJIACHO HOpMaM
JOJDKeH WMETh CAHUTAPHBIA MAcMOpT, 'KOTOPBIA KpPOME OPraHHU3alMOHHBIX U
TEXHHYIECKUX CBEJCHUI 00 0OBEKTE COMEPIKUT «CUTYAI[HOHHBIN TUIaH 00BEKTA ¢
yKa3aHHEM TPaHUIBl CAHUTAPHO-3AIMUTHON. 30HBI M 30HBI OTPAHHUYCHUI 3a-
CTPOMKH, a TaKKe€ MaTepHalbl pacuyeTa PacHpeie/ieHUus] YPOBHEH 3JIeKTpomar-
HUTHOTO IOJIsI Ha TEPPUTOPHH, IPUIICTAIONICH K PAANOTEXHUIECKOMY OOBEKTY»
[13].

TakuMm 00pa3oM, pe3yIbTaThl MPOrHO3UPOBAHMUS DICKTPOMATHUTHOM 00CTa-
HOBKHM - HEOThEMJIEMasi YaCTh MPOEKTHOM JOKYMEHTAIUU M3TyYaroliX O0BeK-
TOB. PacyeTsl 2JIEKTPOMArHUTHBIX MOJICH BOIM3HM aHTEHH JAXe IO YIPOIIEHHBIM
METOIUKAM IPEACTABISIFOT CO00H TPyIoeMKyI0 paboTy. B ¢Bsi3u ¢ OypHBIM pas3-
BUTHEM PaJHOCHCTEM U BBEJCHUEM B JCHCTBHE HOBBIX HOPMATHUBHBIX M METO-
JIMYECKUX JOKYMEHTOB 3HAYMTEIHLHO YBEIHIMINCH 00BEMBI pabOT TIO 3IEKTPO-
MarHUTHOMY MPOTHO3UPOBaHuUI0. CyIIECTBEHHO TTOBBICHTH KAYECTBO U TEXHHUKO-
HSKOHOMHUYECKHH YPOBEHb MPOCKTUPYEMBIX OOBEKTOB, & TAK)KE MOBBICUTH IMPO-
U3BOJMTEIILHOCTE TPY/d, COKPATUTh CPOKH, YMEHBIIUTH CTOUMOCTh U TPYAOEM-
KOCTh TPOEKTHPOBAHUS MOXHO, ABTOMATH3HPYS MepepaboTKy WH(OpMAIHH,
HEOOXOJMMOM Ul TPOEKTHUPOBAHUS, W HCIOJb3YS CHUCTEMBI aBTOMATH3AI[HU
MPOEKTHO-KOHCTPYKTOPCKUX paboT. ['aBHAs poOJib MPH 3TOM OTBOJUTCS COBEP-
[IEHCTBOBAHMIO MPOCKTUPOBAHUS HA OCHOBE MPUMEHEHHS MATEMATUIECKUX Me-
TOJIOB U CPEJICTB BBIYUCIUTELHON TeXHUKU. [IpuMenenue 3G hexTHBHBIX, aaeK-
BaTHO OTPAXAIOIUX CYIIECTBEHHbIE OCOOCHHOCTH MAaTEMATHYECKUX MOJeIei
MPOEKTUPYEMBIX 00BEKTOB SIBISIETCS HEOOXOJUMBIM YCIOBHEM JTOCTHKEHHUS Iie-
Jieli CO3/1aHMsT aBTOMATH3UPOBAHHBIX CUCTEM.

OObeauHeHNE OTAENBHBIX METOJHMK pacyera ONMKHHUX TOJICH Pa3THYHbIX
u3jy4yaresieii B paMKaxX eIHHOW METOJMKH MMO3BOJSIET MOJYYHUTh MaTeMaTHue-
CKYIO MOJIENIb M3IYYAIOIIUX CPEJCTB PEabHOIO TENEIEHTPA WU PAHOLIEHTPA,
KOTOpasl B COYETAHUH C PSAIAOM JAPYTHX BCIOMOTATEIbHBIX AJTOPHUTMOB JaeT
BO3MOXHOCTb CO3/IaTh CHCTEMY aBTOMATH3UPOBAHHOTO MPOTHO3UPOBAHMUS DIICK-
tpomarautHoU 06ctanoBku (CATIP D0).
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CrpykrypHas cxema meroamdeckoro obecnedenuss CAIIP DO mpuBeneHa
Ha puc. 8.3.Ee ocHOBa — 3TO MO/CUCTEMBI pacyeTa ToJICH pa3INuHbIX AUAa3o-
HOB M KOHCTpYKIMii: mojcuctema pacueta moseii HU, CU n BY nmamazoHoB,
nojcucremMa pacdera noneii OBY u YBU nuana3oHOB M HoAcCHCTEMa pacueTa
I10JIEH allepTypHBIX AHTEHH.

Brigaua npoexra
IlomcHcTeMa HCXDJHBIX
JaHHbIX ]

TloacucTenma
HOPMATHBHLIX JaHHbIX

CHTYaIHCHHBIE MaH obbekta
OnucaHKe UaTTydar e
Pafiouee pacicanme
IlomeTHIaIas OBEPRHOCTE

TloacucTema ydera
BIAMMHOTO BIELTHHA

TToackcTenma pacuera
moneii HY, CY uBY
MArIa30HOB

TIoackcTena pacueTa
roneti OBY 1 YBU
IMAria3so0HOB

TloacHcTeMa p acieTa
ranel arepTYPHBIX
AHTEHH

Moxenn THIN OB BIX AHTEeHH
BIO, YI'O PL,PTO
TIaHemEHEIe AHTEHHEI B EHAE
T, T, AT yramcee e
ITEB, uh :a LI TypHHKETHEIR amepTyp
“ TR ’q,y ug;?fp, KonmiHeapHELe L&, FITA
AMHIT yAlv’an PAMJJJI[ Bubparopribie ALD
APFT, CB(2+2), CBE+4) CeKTOopHEIe TIAC

AN
-~

\\
( SIeMEHTapHbIE ) ( C[/]CTEMI:]- ) ( J— ) ( BHSMEHI )
BHGpATOPBI VYA Tesei T1ofirenca

BEazoBRBIe MOJeldH

Puc. 8.3. CtpykrypHas cxema Metoanueckoro obecnedeHus CAIIP 50

Jnsa moxcuctemsr pacuera moneit HY, CU u BU namana3oHoB, a Takxe BHO-
paropubix antenH OBY u YBY nnana3zoHos, B kadecTBe 0a30BOi MoJenu Hc-
TIOJIB3YETCSI CTPOTOE pEIleHNE 3aJadll W3JIydeHHUs SIEMEHTapHoOTo BHOpaTopa B
JBYXCIOWHOM cpene [28]. DTo naeT BO3MOXKHOCTH pacyeTa IOJICH IO BCEM CO-
CTaBJISIOUINM, YUUTHIBATh JIEKTPO(PH3NIECKHE MapaMeTphl NOACTHIAIONNX I10-
BEpXHOCTeH (3eMIIH, KPBILI 3JaHHUIT, 3a3¢MIICHHUS), HCIIOIb30BATh (Pa30BBIC COOT-
HOIIEHHUS OTAENBHBIX KOMIIOHEHT Il OTy4€HHs acIOPTHBIX MapaMeTpoB aH-
TEHH U T. 1. MOJIeNIM TUIIOBBIX aHTEHH MOJIYy4YEeHBI U3 0a30BBIX ITyTEM OJIHOKpAT-
HOTO JINOO MHOTOKPAaTHOTO NMPUMEHEHHUS NPHHIMNA CYNEepIO3UIUH Ul 3aa-
BaeMBbIX allPUOPHO WJIM ONpPENENIIeMbIX U3BECTHBIMU METOJAMHU pacIpeAeiIeHui
ToKOB. [losne3nas Bo3moxkHoCTh npencTasinsercs B CAIIP D0 BBeaenueM B ka-
yecTBe 0a30BOM MOJENM pEIICHHS 3a7ayd M3IyYCHHS HUTH C PaBHOMEPHBIM
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pacmpezeneHreM Toka. Takoil MOJENbI0 MOKHO IPEICTABUTh XapaKTEPHCTHKU
m3nydenust anteHH OBY m YBUY nmama3oHOB HEW3BECTHOW KOHCTPYKIIUK B
OmmxHEl 1 TanbHEH 30HaX.

ITopcuctema pacdera moneil amepTypHBIX aHTEHH OOECIEYHMBACT 3JIEKTPO-
MarHUTHOE IPOTHO3MPOBAaHME BOIM3M TEXHHYECKUX CPEACTB pPaaMOpeNeHHBIX
cucreM mepenaun npsmoi Bumgumoctu (PPCII I1B), tpomocdepHbIX pamauope-
nerHpx cucteM nepenaur (TPPCII) u crytHukoBeix cucteM nepenaun (CCIT)
paguoOBELIAHUs,  TEICBUACHHS W  pPAAWOCBSI3M  JMAla3oHa  4YacToT
700MIn...3001Tu. Monens M3mydeHHs! allepTYpHBIX aHTEHH Oa3upyercsl Ha
KOHLIETIIUHA YCPEAHEHHONW MOJEIIN aHTEHHBI. PaclpeliefieHue B PAaCKphIBE KpPyT-
JIOM aHTEHHBI — IapaboJia Ha MbEeCTalIe», B paCKphIBE KBaPAaTHOW aHTCHHBI —
«KOCHHYC Ha NbEJecTaje»; YPOBEHb BO30Y)KIEHHS OCHOBHOTO 3€pKaja B Ha-
npaBiIeHHu ero KpoMkwn — MuHyc 10 nb; 3areHenue kpyrioi aneprypsl — 10%
1o JuaMeTpy; 0OKOoBoe HM3iydeHHe obOmyyarens — Ha ypoBHe muHyc 10 nb or
MakcuMyMa. Takas MOJAENb J0CTaTOYHO XOPOILIO OIMKCHIBACT XapaKTEPHCTHKU
peabHBIX aHTEHH PAJANOCUCTEM.

Konkperuzanus 00bekta B CAITP 30 mpousBoauTCs 3aTaHUEM HCXOIHBIX
JaHHBIX (MOACHCTEMa HMCXOIHBIX JAaHHBIX), KOTOPbIE OIMHCHIBAIOT TE€OMETPHIO
M3JTy4alonero OO0beKTa, KOHCTPYKTUBHBIC W DJIEKTPUUECKHE XapaKTEPHCTHKU
AHTCHH, YCJIOBUSI MX DPa3MEIICHHUs, JIEKTPO(U3IMYECKHE MapaMeTphbl IOJCTH-
JAIOMIMX TTOBEPXHOCTEH, BpeMEHHBIE ITapaMeTpsl paboTsl U T.4. Bee aTo momon-
HSIETCsI MOJICHCTEMON y4eTa B3aMMHOTO BJIMSHMS. J[1s mOCTpoeHmst TpaHuL ca-
HHUTapHBIX 30H BBOANUTCS MH(OPMALIMOHHAS ITOICHCTEMA HOPMATUBHBIX TAHHBIX,
KOTOpasi BKJIIOYACT IPEAEIbHO JonmycTuMble ypoBHE OMII 1 kputepun rurue-
HUYECKOH OLICHKH 3JIEKTPOMAarHUTHONH 0OCTaHOBKH.

PazpaboTtanHas k HacTosieMy BpeMeHM 3akoHueHHas Bepcus CAIIP DO
MO3BOJISIET pElIaTh IPaKTHUECKH BCE BOIPOCHI CBS3aHHBIE CaHUTAPHO-
THTHEHUYECKOW OLICHKOM AJIEKTPOMAarHUTHOM OOCTaHOBKM OOBEKTOB TEJICKOM-
MYHHKAILIUH.

Bosmoxxnoctu coepumieHcTBoBaHus CAIIP 30 BecbMa HIMpPOKHE — 3TO
yBEIMYEHHE HOMEHKJIATYphl aHATM3UPYEMbIX aHTEHH, JICTANbHBIM aHaln3 B3a-
MMHOTO BJIMSIHHS, YTOYHEHHE DPACIpENeNICHHI TOKOB, y4ET PEXHMOB palbOoThI
TEXHUYECKUX CPEJCTB, paclIMpeHHe IIEIEeBbIX BO3MOXKHOCTEH U T.4. Kpome To-
ro, nepcrektussl pazButust CAIIP 30 onpenensiorces: OOIMMHU HANpaBICHUSIMA
CO3JJaHUSI CHCTEM aBTOMATH3MPOBAHHOTO INpoekTHpoBaHus. K Hambomee Bax-
HBIM HaIPaBJICHUSM Pa3BUTUSI OTHOCHTCS COBEPILIECHCTBOBAHUE TIpaHyecKuX,
MMHTALMOHHBIX U TUAJOTOBBIX MPOLEIYP.

Opnnako obcyxnas Bompoc co3manuss CAIIP D0, yMeCTHO OTMETHTH, YTO
OHHU JIOJDKHBI CO3/1aBaThCS C TAKUM PacyeToM, YTOOBI MOTJIM BBOJUTHCS B CTPOU
M0 Mepe TOTOBHOCTH OT/AEJBHBIX MJIEMEHTOB, OJIOKOB, IIOACUCTEM, T.€. TaK, YTO-
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Obl (YHKIMOHMPOBAHUE, SKCIUTyaTalus YacTH CUCTEMBI MOTJIHM HaYMHATHCS 10
3aBEpIICHHS BCEH CHCTEMBI. JTO MOJIOKEHUE OMPEEICHO B KAYECTBE OJHOTO U3
OCHOBHBIX pHHIUTIOB co3manust CATIP.

Texnnueckue xapaktepucTuku H Bo3MoxkHocTH CAIIP 30. Ilepen
CAIIP 50 mocTaBieHBI B OCHOBHBIC 33Ja4yM. pacyeT II0JIeH BOJIM3HM H3Iy-
YAIONIUX CUCTEM, IPUMEHSIEMBIX B TEJIEKOMMYHHUKALUSX, ¥ TIOCTPOCHUE TPAHMIL
CaHUTAPHBIX 30H U3JTYYaIOMNX 0OBEKTOB.

OpHaKo OpHEHTaIWs Ha afeKBaTHBIE MaTeMaTHYECKUE MOJEIN 3HAUNTEIb-
HO pacIIMpHia BO3MOXXHOCTH CHCTEMBI. AHAJIM3 B3aHMMHOTO BJIMSHHMS, pacyer
IapaMeTpoB M3JIydaTesel, OTTHMHU3ANMs UX Pa3MEIIeHUs] — 9TH U JIpYyTrue mpax-
TUYECKH Ba)KHBIC W HCCIIECAOBATEIILCKHE 337a4M MOXKHO peIlaTh C MOMOUIBIO
paspadorannoit CAIIP 50.

Komrurekc cpencTB aBToMaTu3alyy IPOSKTHPOBAHUS BKIIIOYAET B ce0st Me-
TOJMYECKOE, TPOrPaMMHOE, TEXHHYECKOE, MH()OPMAMOHHOE U OpraHU3alnuoH-
HOE oOecredyeHHe.

Meroguueckoe obecnedenne CAIIP DO cocTonT M3 METOMK, aIrOPUTMOB
W MOJIeJIeH, ONMCaHHBIX B HACTOSIIEH padoTe.

B nmoxacucreme pacuera noxeit antenH HY, CH-u BU nuana3zoHoB umeetcs
BO3MOXKHOCTb 3JIEKTPOMArHUTHOTO NPOTHO3UPOBAHMS /IS ABAALATH IISITH THIIOB
antens: BI'JIUI, YI'I, CT'1 PH, CT'1 PA, PT', PT' I, AT3U, npoBona, o0Tekae-
Moro Oerymielf BOJIHOH TOKa, MPOM3BOJIEHO OPUEHTUPOBAHHBIX JIMHEHHBIX CHM-
METPUYHBIX ¥ HECUMMETPHYHBIX BUOPATOPOB, JIOTONIEPHOINYCCKUX aHTEHH, aH-
TeHHbIxX cucteM CB(1+1), CB(2+2), CB(4+4), pa3au4HbIX pa3HOBHIHOCTEH aH-
TEHH-MauT ¥ T.1. Pacyer noJeit Bcex aHTEHH NMPOBOIMUTCS C YYETOM IIOJIyIIPOBO-
JUIIINX CBOWCTB MOBEPXHOCTH paszea.

Kommnekc texanueckux cpeacts HY, CH u BU guanazonos B CAIIP D0
npencraBiseTcss B BUIe Habopa aHTeHH Aj, A,...,A,...A, (puc. 8.4), npuuem
N <30. Kakaast aHTeHHA MOXET OBbITh JTFO00H 13 MEPEUNCIICHHBIX BBIIIC TUIIOB U
ompenemnsieTcss HA0OPOM KOHCTPYKTHBHBIX M TEXHUYIECKUX ITapaMeTPOB.

Koopmunatel anTeHH B cucteme koopawHat XYZ pamuorentpa — X, Yi, Z.
OpueHTalus aHTCHH 3a/1aeTCS YCTAHOBOYHBIM a3UMYTOM @, KOTOPBIA OTCYHTHI-
BaeTcs OT ocd Y Ha HampapJIeHHE ONHOH M3 FOPU30HTANbHBIX oce (X wim Y,)
WHIMBHUAYaJIbHBIX CHCTEM KoOpauHaT. Touka HaOmoaeHus M nmeer KoopauHa-
THI X, Y, Z Ocu Z; MHANBUIYAJILHBIX CHCTEM KOOPAWHAT MapauleNIbHbI OCH Z,
MI03TOMY IpeoOpa3oBaHre KOOPAMHAT TOYKH M B KaXKIyro M3 MHAMBUIYAIBHBIX
CHCTEM OCYIIECTBISIETCS C YYETOM MapajIeJIbHOTO CIIBHIa M MOBOPOTA B IIJIOC-
koctu XOY cucTeMbl KOOpAMHAT PaJIMOIEHTPA.

Jlanee st KOOpAMHAT X;, Vi, Z B Touke M paccUuTBIBaeTCs 10JIE OT KaXKAOH
aHTEHHBI 110 BCEM COCTaBIIIIOIINM, a Takke E; n Hj, KoTopsie B 3aBUCHMOCTH OT
THIA aHTCHH OMpeelsifoTes o hopmynam (8.2).
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Puc. 8.4. [Ipencrasnenue usnyyaromero oosexra-HY;CY u BY nuanazoHos
B JICKaPTOBOM CHCTEME KOOPIAMHAT

T z

Al

A2

An

Puc. 8.5. IlpeacraBnenue usny4atomero oosekta OBY n YBY nuanazonos
B LIMIMHAPHYECKOH CHCTEMe KOOPUHAT
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Jlis pemieHnst BOIPOCOB 3JICKTPOMArHUTHOM SKOJIOTUH PACCUUTHIBAIOTCS
SKBUBAJICHTHBIC 3HAYCHUSI HANIPSDKCHHOCTH TIOJIST B KaXKJIOM janana3one Eyy, Ecy,
Epy ¥ KpuTepHii 6€30IMaCHOCTH B COOTBETCTBHU ¢ (8.4).

Kommnekc texanueckux cpeacts OBU u YBU muanazonos B CAIIP D0
TIpeICTaBIsIeTCsS B BHIe Habopa aHTeHH Aj, A,...,A,...A, , pa3MeniaeMbIX Ha
Mmaurte mwiM 6amHe (puc. 8.5).

JIist KaXKOOM aHTEHHBI 3a/Ial0TCS] KOHCTPYKTHBHBIE, TEXHUYECKHE U YCTaHO-
BOYHbIEe mapamerpbl. KosmuectBo antenH He 6omee 20. s Touek HaOMOACHNS
M ¢ koopanHaTamu R, @, Z paccuuThIBaeTCS MOJIE OT KaKIOH aHTCHHBI ¢ TOCTIe-
JYIOIIAM BBIYHCIICHHEM KpUTEpHst 6e3omacHocTH 1o (8.4).

Takum oOpa3oM, B Jr00OH TOYKE IPOCTPAHCTBA BO3MOKEH aHAIN3 OIS,
CO3/1aBa€MOr0 KOMIUICKCOM aHTEHH, a TAaKXK€ OLCHKA BKJIAJa Ka)KAOW aHTCHHBI
o BceM cocTapisitomuM. CAITP 30 ‘naeT Bo3MOKHOCTh MOCTPOSHUSI CaHUTAp-
HBIX 30H H3JIY4al0uX OOBEKTOB.

Opnna n3 BerBeit CAIIP D0 obecneunBaeT pacuyeT U pOpMHUpPOBAaHHUE CaHH-
TapHBIX ITACIIOPTOB AHTEHH, B KOTOPBIX 10 XKETAHHIO IT0JIb30BATEISI MOXKHO I10-
Jy9UTh 00BEMHOE pacIpeeIeHHE MOl 10 BCEM COCTABIISIONINM C MPOU3BOJIb-
HBIM II1arOM KBaHTOBAaHUS KOOPIUHAT.
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3AK/IIOYEHHUE

HWrak, korma v mOCIeIHssI TJIaBa MPOYUTAHA, YHTATEIhb BMECTE C aBTOPaMHU
MOJKET IOJIBECTH HEKOTOPHIC UTOTH B YaCTH UH(POPMATUBHOCTH KHUTH, OLICHUTH
CTEIIEHb €€ HEOOXOIUMOCTH U MTOJIE3HOCTH.

MBI MO3HAKOMWIMCH CO CIEMU(UISCKAM BHIAOM aHTPOTIOTCHHOTO 3arps3-
HEHHsI OKpY’KaloIeH cpelnsl — 3JIeKTPOMArHUTHBIM 3arpsi3HEHHEM, €ro OCHOB-
HBIMH BUAaMH, Macmrradamu. [loxydnnm obmiee mpencTaBiieHHe 0 Onoiormye-
CKOM JCMCTBUHM 3JIEKTPOMArHUTHBIX TOJEH.

Mp! y3HaNH, 94TO HE BCe Tak O€3HAIE)KHO — CYIIECTBYET Ileflasi CHCTeMa 3a-
IIUTHI OKPYKAIOMIEH CPEebl OT PAJMOYACTOTHOTO M3JIydeHUs. [ TaBHOM IHHUEH
«OOOpPOHBI» B CHCTEME 3alllUTHBIX - MEPONPHITHH SBISCTCS HOPMHUpPOBAHHE
AJIEKTPOMArHUTHEIX moJiel. C mpoOJieMol HOPMHUPOBAHHS TECHO CMBIKAIOTCS
MPOOJIEMBI PACUYETHOTO MMPOTHO3UPOBAHUSL AL MHCTPYMCHTAIBHOTO KOHTPOJIS.

MBI AOCTaTOYHO MOAPOOHO PACCMOTPEIIH METOIOJIOTHUCCKUE OCHOBBI pac-
YETHOTO MPOTHO3UPOBAHMUS DJICKTPOMATHUTHON OOCTAHOBKU BOJU3U PaHOTEX-
HHUYECKHUX 00BEKTOB, pabOTAIONINX B AMANA30HE OT HU3KUX J0 KpaifHe BEICOKHX
yacToT. [Ipr 3TOM aHANIM3UPOBAIMCH HE TOJBKO OTIEIbHbIE (H30JIMPOBAHHBIE)
00BEKTHI, HO M MX KOMILIEKCHI.

HakoHelr cocTosutoch 3HAKOMCTBO € KOHIIENTYaJIbHBIMH OCHOBAaMH ITO-
CTPOCHHUS CHCTEMBl aBTOMAaTH3UPOBAHHOTO MPOTHO3MPOBAHUS 3JIEKTPOMArHUT-
HOM 00CTaHOBKH.

Ecim 1ath COBOKYNHYIO OIICHKY, TO MOXHO CKa3aTh, YTO MBI MO3HAKOMHU-
JIUCH C CETOJHSIIHUM COCTOSIHUEM MOHHUTOPHUHIa OKPY>KAIOLIEH CPebl MO IJIeK-
TPOMArHUTHOMY (aKToOpy.

ABTOpBI HE HACTOJILKO HAWBHBI, YTOOBI HE MPEIyrajaTh CCPUI0 CKEHTHYC-
CKHX BOMpOcoB. He siBIsieTcs Jn Bce 3TO HAAyMaHHOM MpobieMoii, cBoeolOpas-
HOW «CTpaIIMIKoW»? A Hy)XHA JIU Takas KHHWTa CErojHs, korma B Poccuu MHO-
JKECTBO APYTHX MPOOJIEM, B TOM YHCIIC ¥ HKOJOTHUCCKUX ?

Ha taxne n mogoOHBIE BOIPOCH! aBTOpaM HEOAHOKPATHO MPUXOAMUIOCH OT-
BeUyaTh B MPHUCYTCTBUU CaMOW pa3HOOOpa3HOU aymuTopuu ciymarenei. OTBeT
TaKOB - MBI TBEPJIO YBEPEHBI, YTO B DKOJOTHHU Menodei HeT. CoBceM HEJaBHO
(M0 MCTOPUYECKMM MepKaM) aHTPOIOr€HHOE 3arps3HEHHEe MHPOBOTO OKEaHa,
aTMoc(epbl, KOCMOCa TOXE CUATAIIOCH HE 00JIee YeM <«CTPAIIMIKON» I 00bI-
BaTellsl, a CETOJIHA ATO OOUICPU3HAHHBINA (DAKT, U MPUXOJUTCS KOHCTATUPOBATH
OCIICTBEHHOE MOJOXKCHHUE C COCTOSHHEM OKPYXKAIOIIeH Cpelbl B OTACITHHBIX
peruonax 3emHOro mapa. OTCro/Ia Hallla YBEPEHHOCTh B MIOTCHIMAILHOW HE00-
XOJUMOCTH U ITOJIE3HOCTH KHHIH.

Hapmeemcsi, 4To Hall CKpOMHBIN Tpya OyAeT Kpymuiei BKIIaJa B CTaHOBIIC-
HUE W Pa3BUTHE OTHOCHUTEIHHO HOBOTO HAYYHOTO HAIPABJICHUS B DKOJIOTHH —
AJIEKTPOMArHUTHOW SKOJIOTHH.
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