AHTEHHDI




Conep:xaHue

IlpepucnoBue

1. daeKTpOMarHUTHBIE BOJHbI
1.1

2. PacnpocTpaHeHHe 3I€EKTPOMArHHTHBIX BOJH
2.1. Atmocdepa 3eMiu

2.2

23.

24.

2.5.
2.6.
2.7.
2.8.

3. IIpuHUMN neifcTBUS M XapaKTEPUCTHKH AaHTEHH
3.1.

3.2.

33.
3.4.
3.5.

SJIEKTPOMBFHHTHOQ noJje

1.1.1. Snexmpuueckoe nore

. Maznummnoe noze

. Ilepementoe anexmpomaznumroe none

. 3asucumocmo MeJICa_l/ BNEKMPUUECKUM U MAZHUMHBIM NOSAMU

. ITnocxue sonmwt

. Hanpmlcennocmb ANEKMPU1eCcKozo nost

. Ilonapusayus anexmpomazHumHbIX 60IH

NN RN
e
N W

. Knaccuguxayus paduosonn

2.1.1. Tponocgepa

2.1.2. Cmpamocgepa

2.1.3. Honocgepa
IloBepxHOCTHAsI ¥ IPOCTPAHCTBEHHASI BOJIHBI

2.2.1. Pacnpocmpanetue nosepxHocmuot 801HbL

2.2.2. Pacnpocmpanerue npocmpancmeentol 60aHbL

PacnipocTpanenue KOPOTKUX BOJIH

2.3.1. Conneunas axmuenocmo

2.3.2. Coaneunasn axmusnocmy u uornocgepa
2.3.3. Pacnpocmpanenue éoan nobumenvcxux KB duanasonoe
Pacnpoctpanenue METPOBBIX BOJIH

2.4.1. Keasuonmuuecxoe pacnpocmpatnenue 8011

2.4.2. Ceepxdanvhsis céssb

PacnpocmaHeHue CBEPXAJIMHHDBIX PaAUOBOJIH

OTpaxenue, pedpakuus u Audpaxuus
3amupanue (deamur)

Pasunecenue

ITonyBonHOBbIT BUOpaTop

3.1.1. Pacnpedenenue moxa u Hanpsxcenus 8 noiyeoaHosom eubpamope

3.1.2. Hmnedanc anmennos

1.3. Conpomuenenue uanyuenus

4. Ionyeonnoswiil subpamop xax xonebamenvHoill KOHmMyYpP

3.

3.1

3.1.5. Koagpgpuyuenm yxopouenus
3.

1.6. Ipgexmusnvie druna u 8vicoma noayeon06020 eubpamopa

Hal'lpaBJleHHOCTb " yCUJIEHHWE AaHTCHHbBI

3.2.1. [uazpamma nanpasnennocmu

3.2.2. 3axonomeprocmu uanyuenus noaye0aH08020 subpamopa

3.2.3. Yeunenue u xoaghgpuyuenm nanpasnenrnocmu

HIymb1 aHTEHH

IletsieBoit BUGpaTop
Bonnoserit Bubpatop




6 ‘ Conepxanue

4. Tunbl aHTeHH 69
4.1. BBeznenue 69
4.2. Knaccudukaiusi aHteHH 69
4.3. DneMeHTD! U3nydaTeneii 70

4.3.1. Ipocmeiwue usanyuameau 70
4.3.2. Jlunetinvie anmeno 70
4.3.3. Queypnvie anmennol 70
4.3.4. Pamounvie anmennut 71
4.3.5. Illenesvie anmentvl 71
4.3.6. Axmusnvie anmentol 71
4.4. Tpynnosble U3nyvaresin 71
4.4.1. Jlunetinve epynno. 72
4.4.2. IInocxocmuoie epynnot 72
4.4.3. IIpocmpancmeennvie epynnwvt 72
4.4.4. Ipynnot c cemegolM numanuem 72
4.5. CrpoeHue usmyyareeit 72
4.5.1. ITrnocxkue cmpyxmypo 73
4.5.2. Ipocmpancmeennvie cmpyxmypot 73
4.6. AnepTrypHble U3JTyyaTeau 73
4.6.1. Pegrexmoprvie anmennot 73
4.6.2. Pynopwuvie anmenmol 73
4.6.3. Jlunsosvie anmentot 73
4.6.4. [uanexmpuueckue anmentiol 74
4.6.5. Anmenmvl Ha PacCesHHbIX BOIHAX 74

5. Ilutanue aHTEHH 76

5.1. Oupepnt 76
5.1.1. Boanosoe conpomusaenue nposodnuxa 76
5.1.2. Jlsyxnposodnas runus 80
5.1.3. Koaxcuanvnoi xabens 81
5.1.4. 3amyxanue 8 8bICOKOUACTOMHBIX NUHUAX 82
5.1.5. Pexomendayuu no npuMeHeruI0 8biCOKOUACTMOMHbLY AUHUL 84
5.1.6. Xapaxmepucmuku svicoxouacmommbLx AUHUL 85
5.1.7. Oononpoeodnwiii pudep 86

5.2. DOusnyeckue CBOHCTBA BHICOKOYACTOTHBIX JIMHUN 88
5.2.1. Pacnpedenenue nanpsxcenus 8 06yxnpoeoonou runuu 88
5.2.2. [lobaeounvie nomepu 6 rutuu 6credcmeue Cmosuux 60an 90
5.2.3. Jleyxnpogodnas aunus 8 xauecmee CoznaCyouezo 3eMeHma. 93

5.3. Criocobbl mUTaHMsi aHTEHH 96
5.3.1. Coznacosannwiii pudep 96
5.3.2. Hacmpoennvuii pudep 97

6. Coraacyomue u TpancopMHpyIOLIHE ITTEMEHTBI 101
6.1. [Jenpra-corsiacoBanue 101
6.2. Cornacyomuii T-rpanchopmaTop 102
6.3. Tamma-corsacoBaHue 103
6.4. OMmera-coryiacoBaHue 104
6.5. YeTBepTbBOJIHOBBIH TpaHcpopMaTop 105
6.6. Cornacyroumii ueiic 107
6.7. CorsacoBanue ¢ TOMOLIBIO AMCKPETHBIX PAIMIOKOMIIOHEHTOB 112

6.7.1. I-obpasnviii anemenm 112
6.7.2. Mocm Bywepo 6 xauecmee coziacyouezo nemenma 114
6.7.3. T-o6pas3mbiii anemenm 115
6.7.4. II-o6pasnviii anemenm 115
6.7.5. Pesonarchoe npeobpasoearue 115

6.8. IIupoxononocHstit TpaHchopmaTop 116

7. CuMMeTpHpYyIOIHe H 3anHpaloLHe LeNH 118
7.1. BBenenue 118

7.2. OCHOBHBIE IPUHIIMIIBI «.ceoneevevreerennseressscerecns 119



Conepxanne 7
7.3. CuMMeTpupyOIIHe Lenu 120
7.3.1. Tpancpopmamopot 120
7.3.2. Ilemnesvie wnetighot 123
7.3.3. Cummempupyrowue wreiigo: 125
7.3.4. Cummempupyrousue mocmoL 129
7.3.5. Cummempupyrowsue obvemmuvle KOHMYpPoL 130

7.4. Baokupyomue 1enu 132
7.4.1. Pesonancnoie grunompot 132
7.4.2. Illupoxononoctovle 3ameopot 134
7.4.3. Iozromumenu 136

7.5. CrieunaspHble criocobst 138
7.5.1. Cummempuposarue nodbopom conpomusnenutl 138
7.5.2. Cxema X/2 139
7.5.3. Cummempuposanue no sneKmpuuecKomy nomo 139
7.5.4. Cummempuposarue ¢ nNOMOUbIO pe3oHamopa 139
7.5.5. Cummempuposanue c noMoup10 066eMH020 KOHMYPA 139
7.5.6. Kaunoobpasuvie cummempupyiousue mpancgopmamoput 140
7.5.7. Tpancghopmamop na omeemeumensx 140
7.5.8. Ilonyeonnosuiii 6apvep 140
7.5.9. Cummempupyrowui mpancgopmamop na 6ase nemneozo SUCPAMOPA ...........ceewverven. 141
7.5.10. Iamma-cozracosarnue 141
7.5.11. Omeza-coeracosanue 141
7.5.12. L-coenacosanue 141
7.5.13. Emxocmmouii mpancgopmamop 142

8. Cas3b (uaepa c OKOHEYHBIM KaCKaJIOM NEepeNaTinKa 145
8.1. Momwtouenue cornacoBanHbIX (pUIEPOB 146
8.1.1. ITodkntouenue xoaxcuarvmorx xabeaei 146
8.1.2. ITodkniouenue cummempuunozo coenacoéanozo guoepa 149

8.2. TloaxoyeHue CorIacoBaHHbIX (humepon 151
8.3. Corsacosanue nepenatyuka ¢ punepom 155
8.3.1. Basosvui CJIIT 155
8.3.2. T-obpasnvui CJIIT 155
8.3.3. CJIII na nocredoeamensro-napaiienbioix eMKocmsx 155

8.4. TIpoMblLIJIEHHOE COrIACOBAaHUE AaHTEHH 156
8.5. TlpumeHeHue COrnacyommx yCTpoicTs 157
9. IlpakTHKa BBICOKOYACTOTHBIX AHTEHH 159
9.1. O6sop 159
9.1.1. Honyeonnosutit usnyuamens 159
9.1.2. Jnunnonposoonvie anmenmot 160

9.1.3. Ilonepeunvie (pamounvie) uanyuamenu 160
9.1.4. Bpawarowuiics nanpaenennoil uanyuamens 161

9.1.5. Bepmuxanvtoie anmennot 161

9.2. Jlyywias aHTeHHa fajibHel CBA3U 163
9.3. JlokasaTesbHOCTb OLIEHOK YCHJIEHHSI 164
9.4. 3atparsl Ha HanpaBJIEHHbIE AHTEHHBI 165
10. HoxyBonHoBBIE H3TyYaTENH 167
10.1. OnHonmanasonHble BUOPATOPHI ... 167
10.1.1. Y-obpasnas anmenna 167
10.1.2. Bubpamop c xoaxcuanvrvim Gudepom 167
10.1.3. Cyppozamnvui eubpamop 168
10.1.4. ITemAEBOU GUOPATNOP  .......veeevereeereressensrssssssssssssssassssssssssssssssssasssssssssssssssssssssssssssssssssensions 168

10.2. MHoroamanasoHHble BHOPATOPDI 169
10.2.1. Aumenno muna <Llenneaun» 169
10.2.2. Aumenna Bundoma 172
10.2.3. Coznracosannuviii mpexduanasonnvii éubpamop 178
10.2.4. Coznacosanmviii uemoipex0UANAIOHHOIL BUOPAIMOP  .......vverversesseessessssssssesssssssssssssens 178
10.2.5. Mnozoduanasonnwiii 6ubpamop 179




8 Conepxatme

10.2.6. Mnozoduanasonnas anmenna G5RV . 181
10.2.7. Bubpamoput ¢ 3anupanouum xonmypom 184
10.3. KommakTHble aHTEHHbI 189
10.3.1. Baoacennvte mrozoduanasonmoie subpamopol 189
10.3.2. Yxopouennvie subpamopu: 190
10.3.3. Iposorounas nupamuda i 191
10.4. Yrnosbie BUOpATOpHI 192
10.4.1. Boanoewuil y2n080i 8ubpamop ¢ Kpyz080tu OUAZDAMMOU HANPABAEHHOCTU ........vve..... 193
10.5. HakJoHHBIE aHTE€HHBI 194
10.6. InupokonoJocHble BUOPATOPLI 194
10.6.1. Boatosvie subpamopul 194
10.6.2. Anmenna T2FD 195
10.6.3. 3amxnymoui wupokononocrvili eubpamop 197
10.7. AnTtenns! oco60ii hopmsl 198
10.7.1. Onmumusuposannvetii subpamop 198
10.7.2. Yorunennviii eubpamop 198
10.8. Hacrpoiixa Bubpartopa 199
11. JINMHHONPOBOAHbIE AHTEHHbI 202
11.1. T-obpa3Hble aHTEHHBI 204
11.2. Anrtenna Qykca 206
11.3. Muoroauarna3onHast antena DL7AB 207
11.4. V-ob6pa3uasi anTeHHa 208
11.4.1. 3ee30a us V-ob6pasnvix anmenn 210
11.4.2. Cocmasenvte V-obpastvie anmento. 211
11.4.3. Tynoyzonvras V-obpasnas anmenna 211
11.5. OTkpbiTast poMbuYecKasi aHTeHHa 212
11.6. YanunHenHslit apoiiHoi «enmnenun» 212
11.7. InunHONpOBOAHAs WecTHAMANa30HHas anTeHHa KAEF 214
12. AnepnoauyeckHue JIMHHONPOBOJHbIE AaHTEHHbI 217
12.1. 3aMxHyTast JJIMHHONPOBOHASI aHTEHHA 217
12.2. OnHonpoBozaHast aHTeHHa Geryueii BOIHbI 218
12.3. 3amxHyTbIE V-00pa3Hble aHTEHHDI 220
12.4. 3amMKHYTHIE POMOMYECKHE AHTEHHBI 221
12.4.1. ITumanue pombuuecxoii anmenmu 222
12.4.2. Haepysounoe conpomuenenue 222
12.4.3. Yempoiicmeo pombuueckoi anmeniol 223
12.4.4. Mnozoduana3onnvii pexcum 224
12.4.5. Cneyuanvhvte munot
pombuueckux anmenn 224
13. UaayyaTenas c nonepeyHbIM H3TyYeHHEM 227
13.1. BubpaTopHbie psibl 227
13.2. BubpartopHsiii cTosnben 229
13.3. Bubpartopsbie rpymisl 230
13.4. IlpakTHyeckye BapHAHTBI IPOBOJIOYHBIX HAIIPABIEHHDBIX QHTEHH ....cvvecvmemsersecuseenserasense 231
13.4.1. Jeyxaremenmuuiti korruneaphoiii subpamop ... 231
13.4.2. Aumenna Opankruna . 232
13.4.3. Cungasnas zopusonmanvrasn anmenna OOV O RO R TP OTP ORI 233
13.4.4. Keadpamnas pamounas anwmenna DJ4VM 235
13.4.5. Zeycmoponnuii usnyuamens ..................... ; ..236
13.4.6. Mnozosmaxcnvuii 801106011 ubpamop 238
13.4.7. ILllecmusnemenmnas anmenna .. 238
13.4.8. Anmenna Bproca 239
13.4.9. Anmenna Cmep6ut : 239
14. IlponoabHble H3My4aTEaH 242
14.1. HanpaBnenunas antenna W8JK reene 243

14.2. OnpHoHanpaBJIeHHbIE MPO/OJIbHBIE U3IyYaTeNN 246




CoaepxaHue 9
14.2.1. Ocmponanpasnennas anmenna ZL 246
14.2.2. Aumenna HBICV 248
14.2.3. Iepexnouaemotii 08yxsnemenmmublii HANPABIEHHOLE UITYUATMERD ....concveecenererrenserrecns 251

15. HanpaBiieHHbIe aHTEHHBI C BOJHOBBIMH METIEBbIMH BUOPATOPaMH 253

15.1. KBanparHasi paMKa Kak 3JIeMEHT aHTEHHBI 253
15.2. Topu3OHTaJIbHBII NIPSIMOYTOJIBHUK 255
15.3. densroo6pa3Hast paMka 256
15.4. BonnoBble pamkH ¢ pedieKTopamMu 258
15.4.1. Keadpammnoui xy6 258
15.4.2. Konvyesas ocmponanpaenennas anmenna 262
15.4.3. Anmenna «<nmuuvs xremxa» 263
15.4.4. Bonnosvie pamoutvie anmenmsl ¢ AKMUBHbLM PePrexmopom 265
15.4.5. Hanpaenennvie anmennsi ¢ 0enbmoobpasiblmu pamxamu 269
15.5. CpaBHeHue BOJIHOBBIX IETJIEBBIX U3JTyYaTeieit 272
16. HanpaBiieHHbIe HOBOPOTHBIE H3TYYATENH C TACCHBHBIMH 3IEMEHTAMH ........ccvnvmncrnecrnnenne 274
16.1. O pacxonax Ha co3zaHMe HalpaBJIeHHbIX IOBOPOTHBIX aHTEHH 276
16.2. Topu3OHTAJBHBII JBYX3JIEMEHTHBII IIOBOPOTHBIT HANIPABJIEHHDI U3JTyYaTeb ........ 278
16.3. TopusoHTasbHast TPEXdEMEHTHAs! AMPEKTOPHASI aHTEHHA 279
16.4. TlutaHue HaNpaBJIEHHBIX BPAIAIOMAXCS AHTEHH 280
16.5. Hecymas TpaBepca aHTeHHBbI 281
16.6. MoHTax HanpaBJIeHHO# aHTEHHBI Ha Hecy1ei onope 281
16.7. Ocobble THIIBI OJHOANANA30HHbIX HANPABIEHHBIX BPAIIAIOUINXCS AHTEHH ..ooovvreeeeees 282
16.7.1. X-ob6pasnas nanpasrennas anmenna 282
16.7.2. Aumenna G3LDO 283
17.HanpapJieHHbI€ aHTEHHBI C YKOPOYEHHBIMH 3JIEMEHTaMH 286
17.1. MunnariopHas HanpaBieHHas aHteina VK2AQU 287
17.2. MunuariopHas HanpasJeHHast aHTenHa W8YIN 289
17.3. YkopoueHHpblii u3nyyaresnb 10-MeTpPOBOro AMANA30HA HA YAMIMIIAX «.coureereemsersscrasernsens 290
17.4. YxopouyeHHas paMOYHasi aHTEHHa 290
18. MHoroauana3oHHbIe HaNpaBJIEHHbIE H3IYYaTeIH .293
18.1. Tpexauamnasonnast HanpasseHHast TOBOPOTHAst aHTEHHA G4ZU .......cccvivrcnnenccnnecnncces 293
18.1.1. Obpasey, dns xonuposanus ocmpoHanpasieHHol mpexouanasonHol
anmennor G4ZU 297
18.1.2. Modugurayus anmennvt G4ZU 300
18.2. Tpexnuana3zoHHasi oCTpOHarnpaBieHHass aiteHHa VK2AOU 301
18.3. Tpexauana3onnasi octpoHanpanseHHast antenHa DL1FK 304
18.4. TpexnuamnasonHast OCTpOHaNpaBJieHHast antenHa W3DZZ 307
18.5. Tpexauanasonnasi pamoyHast anteina VK2AOU 309
18.6. MHorozxuanasonHasi pamousast anredHHa DJ4VM
18.7. MHoropuanasonssle anteHHsl Delta-Loop ¢ npocTbiMu paMkaMu
18.7.1. Yxopouennas deyxouanaszonnas anmenna Delta-Loop 317
18.7.2. Tpexouanasonnas anmenna Delta-Loop ....... 317
18.7.3. Mnozoduanasonnas anmenna Delta-Loop HBIADQ .......ccoveenrcecnecnnens 318
. 18.8. BiioxxeHHble MHOTOJMAMA30HHBIE JUPEKTOPHBIE AHTEHHBI .....ovecvueerrenerraecraseessnmmsnsasssans 320
18.8.1. Jeyxduanasonnas dupexmopras anmenna KHGOR Ha 20 U 15 M ..euneenccernccenecnnnne 320
18.8.2. Jeyxduanaszonnas Oupekmopras GHMEHHA C BLONCEHHBLMU INEMEHTIAMU
W8FYRna20u 15 m 321
18.8.3. Jsyxduanasonnas dupexmopnas anmenna c BRONCEHHLIMU INEMEHMAMU
WAKFCHA 15U TOM et sisesesssasessessrassssesesssssssscsnsens .321
18.8.4. Koncmpyxyus ocmponanpaerennoi anmennor VK2ABQ 321
18.9. BroxeHHble TpeXiMaNa30OHHble BOHHBIE PAMOYHbBIE AHTEHHDI 324
18.9.1. Tpexouanasonnas pamounas anmenna WANNQ 324
18.9.2. Tpexouanasonnas pamounas anmenn@ CQ-PA ......eoreuveemeenseeneeneenseseesersseissesnns 327
18.9.3. Banmoeas mpexouanasonnas pamounas aHmenna ... 329
18.9.4. Mnozoduanasonnvie pamourvie anmentvl ¢ Oupexmopamu 332
18.9.5. Tpexduanasonnas anmenna muna «<nmuubs Kiemxa» 336




10 Cogepxatue

18.10. ITpoume MHOrogmanasoHHsle aHTeHHbl Delta-Loop 337
18.10.1. Brosxcenmvie Mro200uanasonibie 0eAbMOOOPAIHIE AHMEHHDL ....ereeeeerevnseesersensees 337
18.10.2. Kombunupoeannas muozoouanazonnas anmenta Delta-Loop ........eoeceevecennnes 338

18.11. Pamxka c HU3KUM HOKOJIEM 340

18.12. JloronepuoanyecKue aHTEHHBI 341
18.12.1. Beedenue 341
18.12.2. Jlozonepuoduueckue eubpamopivie anmentol 341
18.12.3. Jlozonepuoduueckue dupexmoprole anmenu 347
18.12.4. Jlozonepuoduueckue anmentvL C Y2ONKOBLIMU BUOPAMOPAMU .....vevvevreersessessrsseaseen 348

19. KopoTkoBOJHOBbIE aHTEHHBI BEPTHKAJIbHOMH MOJIsSpH3alHH 351

19.1. BricoxoyacToTHOE 3a3eMJIeHHE 351
19.1.1. Cemo 3a3emnenus 352
19.1.2. ITpomusosec 354

19.2. ITapaMeTpbl BEpTUKAJIBHBIX aHTEHH 354

19.3. CaoiicTBa U3JIy4eH!si BEPTUKATIbHBIX aHTEHH 356

19.4. KoHCTpyKLUMY BEPTHKAIbHBIX QHTEHH C KPYTOBBIM M3JIYUEHHEM ....oerurmrucmsnncsenssnsancnns 359
19.4.1. Anmenna Groundplane 359
19.4.2. Bepmuxanvtivle nonyeoan08ble USNYUAMENU U BUOPATIOPHDLE PAODL ..cueeneereerrersenns 372
19.4.3. T- u I'-o6pa3nvie anmenbl BePMUKANLHOU NONAPU3AUUU 376
19.4.4. Koaxcuanvhbie sepmuxanvrbie anmenvl 378
19.4.5. Jeyxduanasonnas T-o6pasnas anmenna 379

19.5. BepTukaabHO MOJISIPU30BAHHbIE AHTEHHBI
1151 paboThl B MHOTOAMANA30HHOM PeXXuMe 380
19.5.1. Mnozoduanasonnoie anmennvt Groundplane

C NEPEKNIOUACMIMU YONUHAIOUUMYU KAMYWKAMU 380

19.5.2. Ilepexntouaemvle MHOZOOUANAZOHHDIE BEPIMUKANOHBIE AHIMEHHBL .ou.eveernersseressensesnsens
19.5.3. Mnozoduana3sonnsie 6epmuxansvrbie anmenv 6e3 nepexniouenui
19.5.4. Bepmuranvtvie MHo200uana3onyie aHmerHblL C MHO200UANA30HHLIMU KOHMYPAMU .... 388

19.5.5. Jsyxduanasonnas eepmuxanvras awmenna WIJFOna 30 u 12 M ...eveevcenvcunnennees 392
19.6. BepTUKaJIbHO NMONSIPU30OBAaHHbIE KOJIbL[EBbIE AHTEHHBI 393
19.6.1. Aumenna DDRR 393
19.6.2. Iloayeontnosas xonvyesas anmenua 396
19.7. BeprukasabHO NOJSIPU30BAHHBIE LIMPOKONOJIOCHBIE aHTEHHBI 396
19.7.1. Bepmuxanvras muozoduanasonnas anmetnna T2FD 397
19.7.2. Jucxo-xonycras anmenna 397
19.7.3. [Jsyxxonycuvle wupoxonoaochvle anmenHbot 402
19.8. Antennsl Delta-Loop BepTHKaIbHOM MOSIPU3ALUK 403
19.8.1. Aumenna Delta-Loop ¢ xonyeeoii emxocmuvio (@Hmenna TLDL) ........eoveveveurecnennnne 404
19.8.2. ITonosunuamas anmenna Delta-Loop 405
19.9. HampasnieHHble aHTEHHbI BEPTMKAJIbHOM MOJISIpU3ALHK 406
19.9.1. Jeyxaremenmnasn sepmuxanvias GHMeHHA CO CMEHHUIMU INEMEHMAMU. .....conenneenne 407
19.9.2. Ocmponanpaenrennas anmenna ¢ 6oLCMPOU CMEHOU OPUCHMAUUU ......eevenererreeeresens 408
19.9.3. Aeyxsnemenmnas anmenna Delta-Loop na 3,5 M1y, 409
19.10. CneunanbHble TUIIBI aHTEHH 412

19.10.1. Kopomxosontosute cnupanvtvie aHmenHbot 412




IIpequcioBue

PanyoniobuTenu yxe MHOTO JIeT HEM3MEHHO
06palaonTcs K CnpaBoYyHoOMy focobuio Pot-
XaMMeJisi, CTaBlIeMy CTAaHJAPTOM TeXHMYec-
KO JINTEepaTypHI.

Kunura seinepxana 11 wmspganmit 8 [P
1 9 nmuuensupoBanHbix u3gauuii B OPL. Ta-
KOl CIIPOC U YacThle CCHUIKM HAa KHUTY CBUJIE-
TEJIbCTBYIOT O TOM, YTO NPUHSATHIN B HeH cro-
06 M3JI0XKEHNs] MaTepuajia — OpPUEHTAlUs Ha
PaKTUYECKOe NPUMeHeHUe — HAaXOUT IpH-
3HaHUE He TOJIbKO CpelM paguoodburesneit.

Kapn PorxamMmesns yayymian kaxzaoe usga-
HHe CBOe# KHUIH, CO 3HAHNEM JeJia epepaba-
THIBAJI M PaCLIMPsLI ee, He NO3BOJISLT eif ycTa-
peTh, BKJIIOYAsi B Hee BCe HOBblE MJUIIOCTPA-
1M, TaBIMIbl ¥ CCHLIKN Ha OPUTHMHAJIbHBIE
paGotsl. O6beM cripaBouHyKa BeIpoc ¢ 1959 1.
TNOYTH BTpOeE.

Knura Porxammerist 06 aHTeHHax — 370 1e-
Jblit 3Tan B McTOpuY TeXHUKU. CokaTbie yIpo-
IleHHBIE TeOpEeTHYeCKUe CBEeEHUsI B coyeTa-
HUY C TIOZPOOHBIM ONMCAHMEM MTPAKTUYECKUX
pellleHU#T O3BOJSIIOT YCIEUIHO CTPOUTD OIM-
CaHHBIe B KHUI'€ aHTEHHBI IaXKe TeM, KTO CJia-
60 pasbupaercs B Texuuxe. OHaKO U npodec-
CHOHaJIbl HAMIYT 3/1eCh HEMAJIO MHTEPECHOrO
2151 COOCTBEHHBIX Pa3paboToK.

IIpu GelireHoM TeMIle pa3BUTHsI COBPEMEH-

HOH TeXHHKM TepsieT CMBICJ KyCTapHOe M3ro-
ToBJIeHMe annaparypsl. HanpoTus, camocros-
TeIbHOE ITOCTPOEHME AHTEHH MO-TIpeXXHEMY
npHBJeKaeT paxuosobuTenel, mobyxmast ux
x TBopyecTBy. HekoTopsle TuIb! anTeHH (Ha-
npuMep, PAMOYHbIE C MX MHOTOYHMCJIEHHBIMH
BAPHAHTAMH ), BOBHHMKHYB KaK MECTHOE JJOCTHU-
KeHne, mpuoOpenn MexIyHApOIHYIO U3BeCT-
HOCTb OJ1arofapsi OMMCAHMIO B JIIOOMTEBCKOM
JHTEpaTypE.

CornacHo BoJie aBTOpa CoJepXKaHHe HACTO-
SAETO JIMIIEH3MOHHOIO M3JaHUs BHOBb pac-
WIHPEHO U JIOTIOJTHEHO 32 CYET HOBEMIIMX TeX-
HIYeCKHX Pa3paboToK. YcTapeBluye CBEfeHUsS

ONYILEHDbI, a YCTOSIBIIMECS] NpeNCTaBJIEHMUs
Y IaHHBIE IIPUBEIEHbl B COOTBETCTBHE C HOBOM
uHdopmanueit. Ilpu arom coxpaHeHo mnpe-
JKHee pasjiesieHyie IO TPeM IJIaBHBIM HalpaB-
JIEHUSIM: OCHOBHbBIE HOHSITHS, THUIbI aHTEHH
Y X KOHCTPYKIHUH.

B kHure nosiBuIMCh HOBBIE IJIaBbl, OCBSI-
IEHHble MUKPOBOJIHOBBIM anTeHHaM (36), aH-
TEHHBIM ycuauTessim (37), ONacHOCTSIM MUK-
POBOJIHOBOTO M3nyyeHus (38), a Takxe ykasa-
Tesb ureparypsl (40).

3aHOBO NepeNuCcaHbl [JIaBbl O TUIIAX aHTEHH
(4), cMMMeTpHPYIOIIX U 3aNMPAIOIINX 3BEHb-
six (7), annaparype ¥ MeTogax U3MepeHuit na-
pamMeTpoB aHTeHH (31).

JlonosHeHreM K Pa3JIMYHbIM IVIaBaM ITOCITy-
JKHJIM CBEJIeHUsI O PaclpOCTPaHEHUU OYeHb
HU3KHUX YaCTOT, 3aMUPaHUsIX, pa3HeCeH!H, pe-
30HaHCHBIX TpaHchopMaropax, BubOpaTopax
C 3N PAIOLINM KOHTYPOM, YKOPOYEHHbIX B1O-
paropax, CeTH 3a3eMJIeHMsi, [POTHBOBecax,
OIITUMM3MPOBAHHOM BUOpPATOpE, PACTSIHYTOM
Bubparope, AByxananasoHuoil T-o6pasHoii
aHTeHHe, aHTeHHax ThIa X-KBaJpaT U ABYXIIO-
JIOCHOM KBaJpare, aHTEHHaX NePCOHAIbHOM
PaZMOCBsI3Y, MeJIEHTATOPHBIX AaHTEHHAX JABYX-
METPOBOI'O ZMala30Ha, paCXOLHBIX MaTepHa-
J1ax, koppo3uy, nepegaonyx Y KB u renesu-
3MOHHBIX aHTEHHAX, a TakXe O ITPUHIMIIAX
pacnpoctpaHenusi paguososiH. Kpome Toro,
NpuBeJeHbl YKa3aHUsI MO NPOEKTHPOBAHUIO
MarHUTHBIX U aKTUBHBIX QHTEHH.

.Bo Bcex riaBax 06HOBJIEHBI CIMCKY INTEPA-
TYPBI, 2 B CBEIeHHsI O NaTeHTaX BKJIOYEH IOx
N0/1a4yM 3asiBKM (JjaTa IPUOPUTETA).

Mpl ¢ 671aroJapHOCTBIO IIPUMEM COBETHI
U HpeJJIoXKeHUsl, HallpaBJeHHble Ha COBEp-
IIEHCTBOBAHUE KHUTH.

Nsnarenbctso Anous Kpuilike,
. DJOTR/OE 8 AK



KopoTko 006 aBTopax

Kapn Porxammens (1914-1987). Bo Bpems
BOJHBI CJTY>KMJI PAIICTOM B aBUALIMH, 3aTeM ObLI
BJIaJIeJIbLieM TOCTUHHUIB! U (pepmbl B Basapuu.
B teuenue 10 et pyKOBOAMI paJMOBEIAHAEM
U TeJieBUIEeHMEM B MoyToBoM BepomcTie [/IP,
niotoM 25 net pabotas B oraene naopManum
U JOKyMeHTanuu pazauosasopa «llItepu-Pa-
1vo». Paanomoburens ¢ 1932 r. (DE 3040/L);
c 1954 r. ero mosmBHBIM cTan DM2ABK,
ac 1980 - Y21BK. [losnroe Bpemsi PoTxammernb
BO3IVIABJISLT KJIyOHYIO PAIOCTAHIMIO B 30HHE-
6epre (TrOpHHIHsT), BXOAWII B COCTAB KBAIUGH-
Kal[MOHHO} KOMHCCHM OKpyra 3yJib. 3a JOCTH-
JKeHUsI B 00JIACTH Pajio ObLI YOCTOEH 30JI10TO-
ro HarpyJHoro 3Haxka. B paamomoburenbcTse
orasa1 npexnoytenue pabore Ha YKB. B re-
YeH¥e JUIMTEJIbHOTO NIepUOJia sIBJISUICS pehepeH-
tom 1o YKB, nucan 0630psl Ha 3Ty TeMy ans
xypHasia Funkamateur. ABrop kuur «Yisrpa-
KOpOTKHe BOJHBI» U «IIpaKkTuka TeseBU3NOH-
HbIX aHTeHH» (4actu 1 u 2). CoaBTOp KHHT
<«IIpakTika paanomoOuTeNbCTBay U «IDJIEeKTpo-
HUKYM», a Taroke «KapMaHHOTO CripaBoYHKKA KO-
POTKOBOJIHOBHKA-TTI0OUTEIs1», «CrIpaBOYHMKA pa-
Anomo0uTe s>, «INEKTPOHHOIO €XKErOAHUKAY.

Anons Kpumxe (1936), nnxenep no obpa-
30BaHUIO, U3y4yaJl TEXHUKY CBsI3M B BeHckom

TEXHUYECKOM MHCTHUTYTE U yXKe TOrZa CIelH-
anuaupoBaics 1o anteHnam. C 1968 r. pabo-
TaJl B MIOHXeHCKOi kommanuu Rohde &
Schwarz, 3atem — B TexHHYECKOM LiEeHTpE.
MHoro sieT 3aHuMaeTcsi pa3paboTKOii aHTeHH,
a TaKXxe CObBITOM CUCTEM M IPOLYKTOB, CHC-
TEMHBIM NPOEKTHPOBAHUEM W peayu3anueit
IIPOEKTOB B 06JaCTH pagroobHADYKEHHs
Y pauoJioKanuy, 6yay4n OTBETCTBEHHBIM M0
BOMpPOCaM 3JIEKTPOMAarHUTHOH COBMECTH-
MocTu. Pagnonoburens ¢ 1956 r. (OE8AK,
ac 1968 r. - DJOTR). Hapsiny ¢ obumpHoit
61bIMOTEKO U BIEYATASAIOMUM COOpaHueM
JOKyMEHTAllMM 1O MpOodeCCHOHANIBHBIM aH-
TeHHaM eMy [IPUHA/IJIeXKUT 3aMeyaTebHas ya-
CTHasi KOJUIEKIMsI IATEHTOB, HAYMHAS OT Nep-
BbIX aHTEHHBIX NMaTeHTOB Mapkonu (AHIIus,
1896 r.), bpayna (Iepmanus, 1898 r.) u Dec-
cengena (CILIA, 1899 r.) u BiIOTH 10 COBpE-
MEeHHBIX 3as1BOK. IIpu3ep MHOrosIe THUX COpEB-
HOBaHu# 1o «Oxore Ha JuC». B TeyeHue nstu
JIET COCTOMT YJIEHOM PErMOHAJIBHOI OpraHu3a-
LM IO paJHONIOMeXaM HEMELIKOTO Pai oKy~
6a (DARC). Umeer pasnuunble mybaukanuu
[0 aHTEHHaM, aHTEHHbIM HOBMHKaM M IHa-
teHTaM. CoaBTOp CNpaBOYHMKA «Antennen-
Lexicon», Beimymennoro B 1988 r.



1. JJeKTpOMarHUTHbIE BOJIHbI

OHeprusi, U3ayyaeMasl Iepefaioulefl aHTeH-
HOH, paclIpOCTpaHseTCs: B IPOCTPAHCTBE B BU-
[ie 3JIeKTPOMarHMTHBIX BOJIH.

O6pa3oBanue BOJIH IpOIIE BCero Habo-
IaTb Ha CIOKOMHON BOJHOI IOBEPXHOCTH,
Korga GpOLIEHHDIH MpeaMeT MOPOXAAET ee
KoJe6aHMst, HO TIPOABIIKEHNE BOJIH HE BbI3b-
BaeT TEYEHUsI BOAbL ITO JIETKO 3aMETHUTD 110
NOBE/IEHMIO MOIJIABKOB B 6€3BETPEHHYIO I10r0-
Ly: OHY HIOZHMMAIOTCSI U OIYCKAIOTCSI B PUTME
BOJIH, HaXOJsICh Ha OZHOM U TOM K€ MeCTe.
Cepust BosiH pacnpocrtpatsiercsi B ¢popMme Ko-
Jiel, TOrJa KaK MOBEPXHOCTb BOZAbI OCTAETCS
HEMOABMKHOIA.

Cepusi BOIH ONHCBHIBAETCS CJIEAYIOIUMHU
napameTpaMu:

* JUIMHA BOJIHBI A — MUHHMMAJIBHOE PacCTOs-
HUe MEeXy IBYMsl TOYKAMH, IPUHAIJIEXKA-
UMMM OJMHAKOBBIM YYacTKaM BOJIHBI, Ha-
npuMep Mexay Oamxaiimmu rpeGHsAMU
WK 61MKaflIMK BIIAANHAMM BOJIH;

* yacToTa f — YMCJIO BOJIHOBBIX JABUXXEHUH 32
CeKyHay;

* CKOPOCTb PAaCIPOCTPaHEHHsl C — CKOPOCTb,
€ KOTOPOIi rpebeHb BOJIH yAalsieTcs OT UC-
TOYHUKA SHEPIUH.

CooTHOUIEHHE 3TUX MTAapaMeTPOB BbIpaxa-
ercst popmyioit

C

h=3 (1.1)

Jlns anexTpoMarHuTHLIX BosH ¢ = 3 108 M/c
(ckopocTb cBeTa).

ITH COOTHOLLIEHSI TI0 aHAJIOTHHU C KOJIeOIIo-
1eiicss BOJHOM MOBEPXHOCTBIO MOXKHO NpUMe-
HUTh K PacIpOCTPaHEHMIO 3JIEKTPOMArHUTHBIX
BosiH. OHM TaKXKe XapaKTepU3YIOTCsl JUTMHON
BOJIHBI, M3MepsieMOi B MeTpax B Juara3oHax
JVIMHHBIX, CPEZHUX, KOPOTKUX X METPOBBIX BOJIH.

JliMHA BOJIHBI — 3TO PACCTOSIHUE MEXIY
AByMsl BOJIHOBBIMU (POHTaMM OIZMHAKOBOMH
daspl. O6BIYHO NEPEMEHHBINH TOK CHHYCOU-
HanbHOM (OPMBI NMpeCTaBISIOT B BUIE Ipa-
¢uka, npuBeeHnoro Ha puc. 1.1.

Ecan no ropusoHTanu otkiazbiBath Bpe-
M$, a IO BEPTHKAJM — HAIpPsKeHNe, KOTOpoe

WA A A TA 24
oo 2w w0 70

N\ i
Q ; ' V !
I N—al i
F 1A i/ \d { Hanpasnexue
ga | H |  pacnpocTpatenus
s1 1 N\i/i |
X I: : : : 1 ) !

3 i '

PaccrosHue nnu spems —

Puc. 1.1. Ipadux 3mekTpoMarHuTHON BOJTHBI

U3MEPEHO B KaKOH-AMbO TOYKe IPOBOJAA, TO
OKQXKeTCsl, YTO 3TO HaNpsDKEeHUe C TedeHUueM
BpeMeHM OyneT M3MEHSTbCS 1O CHUHYCOM-
JaJIbHOMY 3aKOHY, KaK Moka3aHo Ha puc. 1.1.
Ananornysbiif rpaduK CIy>XHUT «MTHOBEH-
HBIM CHUMKOM» He3saTyxaolleil ajnekTpomar-
HUTHOI BOJIHBL: €0 MOXHO MOJYYHTh, €CJIU
OJHOBPEMEHHO U3MEPHTD HAIPSIKEHNE B KaXK-
Jo¥ TouKe 1mpoBojga. MrHoBeHHOe 3HaYeHue
HamNpsiKeHUsI U3MEHSIeTCs MO BeJNYHHe U
3HaKy co BpeMeHeM (¢ paccrosinuem). Ove-
BUIHO, YTO JJIMHY BOJHBI ZOMYCTUMO H3Me-
PSITh Ha HYJIEBOM WM JIOOOM MHOM ypOBHE
MEXXIy NPOM3BOJBHBIMU COCEHUMH TOYKa-
MU oxnHakoBo¥ ¢assl (otpe3ku A-B u C-D
paBHBI).

ITpunsiTo Bblpaxkath a3y B YIJIOBO# Mepe,
T0J1arasi, YTO MOJIHbII KoJiebaTebHbIH MpoLecc
(oxHa jnHa BosHbl) cootBetcTBYeT 360°. Bata-
rofapsi 3ToMy JIerkO CpaBHMBaTb (a3bl U Xa-
paKTepu30BaTh (Ha3oBble CABUTH.

YacroTta KosebaTeJpHOro npouecca usme-
psiercs B repuax (I):

1 I't = ogHoMy kosiebanmio 3a 1 c,
1 kT (1 xumorepu) = 103 I,

1 MTu (1 merarepu) = 108 Iy,

1 ITu (1 rurarepu) = 109 Iy,

B 6e3B03/ylIHOM MPOCTPAHCTBE CKOPOCTh
PaCIPOCTPAHEHHUST SJEKTPOMArHUTHBIX BOJIH
cocrasisier 300 000 000 m/c (ckopocTb cBe-
ta). Ilog 6e3BO3YIHBIM IPOCTPAHCTBOM MO~
HUMAIOT aGCONIOTHYIO ITyCTOTY, HEKOE Meallb-
HOe, HecyulecTBywolee coctosinne. OmnHako
JaXke KOCMUYECKOe IIPOCTPAHCTBO HE SIBJISET-
cs1 abCOMIOTHO IMyCTHIM, MIO3TOMY peajibHasl
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1. SnekTpomarHuTHsIE BONHbI

CKOPOCTb 3JIEKTPOMATHUTHBIX BOJIH OKa3bIBa-
ercs Menbie 300 000 000 m/c. YMeHblIEHME
CKODOCTH 3aBHCHUT OT CPelbl PacIpOCTpaHe-
HUs BOJIH. B ciyyae atMocdepHoro so3ayxa
3TO yMEHbUIEHHE MAJIO U OObIYHO UM TpeHes-
PEraor.

B pagMoTeXHHYECKUX pacyeTax HCIOJIb3y-
10T 3HayeHue ¢ = 300 000 000 m/c, yto npu
nozactaHoske B ¢popmyay (1.1) naer

3
)‘M=3X10 .
fl'u
WJIH
3x10°
l =
M

ko

", COOTBETCTBEHHO,

Ay = 300

fMl‘u

W3 dpopmynsl crenyer Takxe, 4TO

3x10° 300
fxl'u = H fMl'u ="

M )'M

B npuioxxeHny npuBeeHbl TabIMIIBI LIS Tie-
pecdera YacTOThl B JUIMHY BOJIHBI M HA0OOPOT.

1.1.

IJIeKTPUYECKH TOK, MEHSIIOLIMIACS BO Bpe-
MEHH, IOPOX/JA2eT 3JIeKTPOMAarHUTHOE IoJjie
BOKDYT IIPOBOJHMKA, B KOTOPOM OH HPOTEKa-
eT. JTO 10JIe UMeeT 3JIEKTPUYECKYIO U Mar-
HUTHYIO cocTaBisiiomue. UTo6bl HATIALHO
npeacTaBUTh (OPMUPOBAHHE 3JIEKTPOMAr-
HUTHOTO I0JIs1, 10 CUX TIOP NOJIb3YIOTCS HPU-
emoMm Maiikia Dapaznes, npenyoxusuiero
1300pakaTh CUJIOBOE 110JIE C TOMOUIBIO CHJIO-
BbIX JIMHUH.

CuJioBoe mosie XapaKTepU3yeTcsl BeJUYH-
HOH M HamlpaBJEeHUEM CUJI, MEHSIOIINXCS
B npoctpaHcTBe. Hanpasyenye cHIOBBIX JIH-
HU{ nepefaeT HallpaBJieHUe NeiCTBYyIOLIEH
CHUJIBL, @ PACCTOSTHUE MEXIY HUMH, WU TYCTO-
Ta JIMHUH, OTOOPAXKAET €€ BEIMIUHY.

CusioBoe nosie, B KOTOPOM BEJIMYMHA M Ha-
IIpaBJIeHHe CUJIbI BCIOLY OJMHAKOBBI, Ha3bIBa-
10T ogHopoaHbIM. Ecin ke HanpaBJieHue u Be-
JIMYMHA CUJIBI MEHSIOTCS (CUJIOBbIE JIMHUU
pacrnpezesieHbl HepaBHOMEPHO), TO FOBOPSIT
0 HEOJHOPO/IHOM II0JIE.

IJIeKTPOMarHMTHOE ToJie

1.1.1. Jxaexrpuueckoe nmoje
Ecyn 1Ba pa3HOMMEHHO 3apsIKEHHBIX TIPEAME-
Ta, HaIPUMep LIapbl MM IUIACTHHBI, IOMEC-
TUTb Ha HEKOTOPOM PACCTOSTHIH OUH OT APY-
TOro, TO MEXAy HUMHU 0Opa3yercs 3JIeKTPH-
yeckoe nosie. Koraa sapsin u, ciienosaresibHo,
110Jle HEM3MEHHBI, 110JI€ Ha3bIBAIOT 3JIEKTPO-
CTaTHYECKHM.

Ha puc. 1.2 npencraBjieH KOHAEHCATOP
C Pa3HOUMEHHO 3aPS’KEHHbIMHU IJIAaCTHUHAMU.
Hanpasyenne u cuma 371€KTPUYECKOTO MOJISt
OTOOPAXKAIOTCS CUJIOBBIMH JIMHUSMU.

TSI

(«

Puc. 1.2. DnexTpudecKoe nojie KOHAEHCATOPa

3nech MOKA3aHO CeYeHHUE MTACTHH KOHMIEH-
caropa. Cuja 3J1eKTpUYecKoro MoJjsi mpsMo
IPONOPIMOHANbHA PA3HOCTH MNOTEHLHAJIOB
MEXy IJIacTHHaMu (HanpspKeHuIo) u obpat-
HO NPONOPUUOHAJIbHA PACCTOSIHUIO MEXIY
Humu. HanpsokeHne ogHOpPOAHOTO 3J1€KTpHU-
4eCKOTO I10JIs1, OTHECEHHOE K eMHHIE JTUHBI,
Ha3bIBAIOT HANPSKEHHOCTDIO 3JIEKTPHYECKOTO
nosst. Cie10BaTeIbHO, HANIPSIKEHHOCTD 3J1EK-
Tpuyeckoro noJisi E paBua pasHocTy noTeHuu-
aJI0B Ha OTpe3Ke JIMHUHM MNOJIsSI eJUHUYHOU
JUTMHBI M BBIPQXKA€TCsI B BOJIbTAaX Ha METP.

IIpumep

JlBe MJIacTHHBI OTCTOAT OAHA OT APYroi Ha
0,2 M, ¥ K HUM NpUJIOKeHO Hanpspkenue 10 B.
Torna HanpsKEHHOCTH 3JIEKTPHUYECKOTO TIOJIS
COCTaBJISICT

9 _soBm.
02
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Ecnn k myacTiHaM KOHIEeHcaTopa NpHJIOo-
KUTb NIepeMEHHOe HaNpsDKeHHe, TO BMeCTe C
HuM GyNyT MEHSATbCSA HANpaBJeHHE M CHJIa
anexrpuyeckoro noss. IIpu sTom nepemen-
HBIIl TOK B NPOBOJAX MeXAY IJIACTUHAMU U
TeHepaTopoOM MOXET CJYXHTb Mepoil nepe-
MEHHBIX 3apsI0B, TEKYIIMX K [JIACTUHAM.

1.1.2.

MaruuTHOe noJsie BO3HUKAeT BOKPYT NPOBOJ-
HHUKa ¢ TOKOM. Ec/iM TOK IocTOsiHeH, TO cuJia
M HalpaBjieHHe MarHUTHOTO MOJISI OCTAIOTCS
Hen3MeHHBIMU. Takoe 110sie Ha3bIBaIOT MarHu-
TOCTaTHYeCKUM. BOKpyr npsiMmosiMHeiHoro ot-
pe3ka NPOBOJHMKA MarHUTHbIE CUJIOBbIE JIU-
HUHU 00Pa3yIOT KOHIIEHTPUYECKHE OKPY>KHOCTH
(puc. 1.3) u B 11060M ciry4ae sIBJISIOTCS 3aMK-
HYTBIMH.

Cuia ¥ HampaBJjieHHe MarHMTHOTO NOJIsI
BOKPYT NPOBOJHHUKA C NEePEeMEHHBbIM TOKOM
MEHSIIOTCsI BMecTe ¢ TOKOM. HanpsikeHHOCTbIO
MarHUTHOrOo mnoJsiss H Ha3bIBalOT BeJIHYUHY
MarHUTHOM COCTaBJISIIOLIEH 1epeMEHHOrO 3J1eK-
TPOMArHMUTHOTO ITOJISI, 3aBUCSLLYIO OT KOOPIH-
Hat. HanpsikeHHOCTh MarHUTHOTO NOJISE U3Me-
psercst B amnepax Ha metp. Ilpu cunycoun-
HaJbHOM XapaKTepe M3MEHEHUS IIOJISI ero
XapakTepu3yIoT 3Q(PeKTHBHbIM 3HAYEHHUEM
HANpPsDKEHHOCTH.

MaruuTtHOe noJye

1.1.3. 3aBucuMocCTb MEXKIY

IJNEKTPUYECKUM H MAarHUTHBIM
MOJAAMH

Hanpﬂmeﬂne TIOPOXAAET JIEKTPUYECKOE I10JIE,
TOrjza KakK SJIeKTpPI‘{CCKHﬁ TOK BbI3bIBAE€T Mar-
nutHoe nojie. Ho Tok crnocoben IIPOTEKATh
JIMUIb ITPU HAJTMYUU Pa3HOCTH ITOTEHIIAJIOB, TO
€CTb HaAIPAXEHUA. V3mMeHeHne MarHUTHOTO
noJisi 00S3aTENBHO BJIUSET HA 3JIEKTPUYECKOE
nosie. JIio6oe u3MeHeHHe TOKa HABOJUT 3JIEKT-
POMAarHUuTHOE I10JI€.

I[Be COCTaBJIdIOINEe 3JEKTPOMArHUTHOIrO
NoJist BCeraa B3aMMHO MEPIEeHANKYJISIPHBI.

1.1.4. Ilepemennoe

3JEKTPOMArHUTHOE I10JI€

WsnyyeHue /1€KTPOMArHUTHBIX BOJH OOBsIC-
HSETCS CBOMCTBAMH 3JIEKTPOMArHUTHOTO 110JIsA,
NOPOXJAEMOro IIePEMEHHbIM TOKOM B IIPO-
BojiHKMKe aHTeHHBI. JIo6oe 1oJie HeceT aHep-
10, MOCTYNAOLIYIO OT reHepaTopa NnuTa-
nus. Yepes HekoTopoe BpeMsi (IIOCKOJbKY
3eKTPUYeCKasi IHePrusl pacnpocTpaHsaeTcs
He MTHOBEHHO, a CO CKOPOCTbIO CBeTa) MocJe

>

Puc. 1.3. MarHuTHOe n0JIe TPOBOJHMKA C TOKOM

BKJIIOYEHHUS] F€HepaTopa NMPOBOJHUK OTAAET
3HEPruio OKpyXalolled cpene, MHULUMHUPYS
nosiBjienre 1noss. IIpu BBIKJIIOYEHMH reHe-
paTropa MCYe3HeT M IoJie, TaK KaK 3Heprus
HepeMeHHOr0 3JIEKTPOMAarHUTHOIO 110JIs pac-
XOJlyeTcsl Ha Bo30y»K/JIeH1e B IPOBOIHUKE ITe-
peMeHHOro ToKa. JIaHHBII IIPOLIECC TAKKE TPe-
OyeT BpeMeHH, NO3TOMY CaMble ylajeHHbIE
0061aCTH 110JIs1 BEPHYTCSI B IPOBOJHUK IOCIE-
JHUMHU.

Hcuesalomiee MarHUTHOE I10JIE BbI3OBET Ha-
NpspKeHHe B IPOBOJHUKE, KOTOPOE BHOBD IO-
POIUT 3JIeKTpUYeckoe noJie. Takoe Hampske-
HUe, BO3HHMKaloLlee IPU NpPepbIBAaHUU TOKa
B 3aMKHYTO#H 1emy, AeiCTByeT, K NPUMEDY,
B CUCTEME 3aKUTAHUs ABUTaTe/Isl BHyTPEHHE-
ro CropaHusl.

IIpoxoxaeHue NOCTOSSHHOTO TOKa He Ha-
PYIIAET COCTOSIHUSI IIOKOSI 3JIEKTPHUYECKOIO
¥ MarHuTHOTrO noJieil. OnucaHHble U3MEHEHUS
IPOUCXO/IAT JIMLIb IIPU BKJIIOYeHUH (11oJe 06-
pasyercsi) U BBIKJIOYEHHH (I10J1e 1CYe3aeT)
HCTOYHHKA TOKA. Bo Bpems npoTekaHus nepe-
MEHHOI0 TOKa B IIPOBOJHMKE ITPOLECC BKIIIO-
YeHHSI-BbIKTIOYEH U] IOBTOPSIETCS HEIPEPHIB-
HO B 3aBUCHMOCTH OT YacTOTBI.

Hapacranue nepeMeHHOIo TOKa ITOPOX1aeT
(C HEKOTOpPOH 3alePXKKOH) yCHJIEHUE DJIEK-
TpomaruuTHoro noas. Koraa Tok yObiBaer,
SHeprusi moJisi (TakXke C 3aAePKKOH) yMeHb-
maercsi. Ho BciencTBue 3anepXKKu HE BCS
3Heprusi yCrneBaeT UCYE3HYTh, YTO OKA3bIBAET
BO3Ji€fiCTBME Ha IPOBOJHUK aHTEHHbI, HABOMS
B HEM TOK 3JIEKTPOMarHMTHON MHIYKLMHU.
ITOT HOBBIii TOK BbI3bIBAET NOSIBJIEHUE HOBO-
ro 1oJisi, KOTOpoe INpensiTCTBYeT UCYE3HOBE-
HUIO pexHero. «OTBepruyThie» IMHUU 3JIeK-
TPUYECKOrO MOJIsi 06Pa3yIoT 3aMKHYTbie KOH-
TYpbl, 00BUTBIE JIUHUSIMH MariuTHOIO IO
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IMockosbKy HaHHBIH NMPOLECC HOCTOSIHHO
HOBTOPSIETCS C IEPUOUYHOCTBIO TEPEMEHHO-
ro TOKa, PacIpOCTPaHEHHE JIEKTPOMArHUT-
HOM BOJIHBI IIPOMCXOIUT C YaCTOTOH (TO ecTh
Ha JITHHE BOJIHBI), B TO4HOCTH COOTBETCTBYIO-
wei BO30YXAAOIEMY [EPEMEHHOMY TOKY.
BosHa ynasnsieTcst OT IPOBOJHMKA B OKpyXa-
fOl1e€ TPOCTPAHCTBO CO CKOPOCTDHIO CBETA.

ITOT MeXaHU3M JeHCTBYET, €CJIM TFeHepaTop
B CTPOrO OIpeje/ieHHble MOMEHTbl BpEMEHH
BHIPA0bATHIBAET TOK IIPOTHBOIOJIONKHOIO Ha-
IIPaBJIEHNs], YTOOBI HE JOMYCTHUTh UCYE3HOBE-
HHUS1 yOBIBAIOIETO I10JIS M BBITOJIKHYTH €r0 00-
PaTHO B OKPY’KAIOLIYIO CPELy.

DJIeKTPOMArHUTHBIE BOJIHBI PACIPOCTPAHSI-
I0TCS1 B CBOOOHOM NIPOCTPAHCTBE B HAIPaB-
JIEHUH, TEPHEeHINKYJSPHOM BEKTOpaM Ha-
IIPSDKEHHOCTH 3JIEKTPUYECKOTO M MAarHUT-
HOrO IoJieil, Kak 3To NokKa3aHo Ha puc. 1.4
(E 1 H 0603H24aI0T HANPSXKEHHOCTH 3JIEKT-
PHYECKOTO M MarHUTHOTO 10JIei COOTBETCTBEH-
HO). VIX BEKTOpHOE NPOU3BEAEHUE HA3BIBAIOT
BekTOpoM YmoBa-IloiiHTHHra S. ITOT BEKTOp
OIUCBIBAET IIEPEHOC SHEPTHH B HAIPABJIEHUH
PacIpOCTPaHEHHsI BOJIH, NMEPHEHAUKYJISIPEH
E u H ¥ onpejensieT KOJMYECTBO SHEPIUH,
IIEPEHOCHMOIT 32 OJIHY CEKYHAY B YKa3aHHYIO
CTOPOHY CKBO3b IJIOAAKYy pasmepoM 1 M2,
HOPMAJIbHYIO K HallpaBJeHHIO PaCHPOCTpaHe-
HUSI PaJIHOBOJIH.

1.1.5.

DJIEKTPOMAarHUTHbIE BOJIHBI OT TOYEYHOTO UC-
TOYHHKA PACIPOCTPAHSIOTCS C OJMHAKOBOMN
CKOPOCTBIO BO BCex HanpasieHusx. [Ipouecc
MOXHO NpeacTaBuTh cebe Kak HelpepbsIBHOe
obpa3oBanue pacluupsiomuxcs cepuyec-
KuX 000JI0YeK, LEHTP KOTOPbIX COBHAAaeT

IInockue BOJHBI

BexTop IT

Puc. 1.4. HanpaBiieHye BeKTOPOB HANpPsIXKeHHOCTH
W PacnpoCTpaHeH st BOJIH B CBOGOIHOM
NPOCTPaHCTBE

C TOYEYHbIM UCTOYHUKOM sHepruu. Ecau 6b1
060JI0YKM YIANIOCh YBUAETD, TO BOJIU3M HC-
TOYHMKA, KOTJIa X PainycC Maj, OHU Obl BbIr-
asaenn Kak chepol. OxHaKo BIajeKe OT UC-
TOYHMKA (pamnyC BeluK) 000JI0YKa yxKe He
Ka)KeTCSI MICKPUBJIEHHOH M BOCIPUHHUMAETCs
KaK IIJIOCKOCTh — TOYHO TaK K€, KaK I10BepX-
HOCTh 3emuid. I103TOMY 3JIEKTPOMArHUTHBIE .
BOJIHBI Ha IOCTAaTOYHOM yJaJl€eHUH OT UCTOY-
HUKAa CYUTAIOTCS IJIOCKMMH. MrHoOBeHHas
KapTHHA IIJIOCKOH BOJIHBI C IMHUSIMH 3JIEKT-
PHYECKOTO M MarHUTHOTO I10JIeH NpeJCTaBle-
Ha Ha puc. 1.5. 3mech CTpesKH YKa3blBaIOT
MTHOBEHHOE HalpaBJIeHHe 1101 BOJHBI, U/Y-
el U3 pUCYHKa K HabJIio1aTesTio B BUAE I1JI0C-
KOCTH. B Takux ciry4asix roBopsiT O ILJIOCKOM
BosiHOBoM (poHTe. Hanpasnenue JuHUI
3JIEKTPUYECKOr0 YU MAarHUTHOTO IOJIeHd H3Me-
HsieTcs Ha 180° kaxaple nosmeproaa Kosueba-
HUI (HampasJieHUe CTPEJIOK CTAHOBUTCS 00-
PaTHBIM ), HO BOJIHOBOM (PPOHT pacnpocTpaHsi-
€TCcsl B IIpeXXHeM HalpaBJIeHUH, OCTaBasiCh
NepIeHAUKYISPHbIM K HEMY.

1.1.6. HanpsxeHnHocts

AJNEKTPHYECKOro Inoaa

B ciyyae myockux BOJIH HaNpsSKEHHOCTb
371eKTPOMArHUTHOrO 10JIs1 COOTBETCTBYET Ha-
IPSDKEHHOCTH aseKkTpuyeckoro noss E. Ona
BBIPAXKAETCsl HAIpsDKEHHEM, NeACTBYIOIUM
BIOJIb OTPE3Ka JIMHUM IOJI OIlpeJesIeHHOM
JUIMHBI B IIJIOCKOCTH BosiHOBOro ¢ponra. Ha-
NPSKEHHOCTD 3JIEKTPHUYECKOTO 110JIs1 U3Mepsi-
eTcs B BosibTax Ha meTp (B/M) u B cBoGoaHOM
IIPOCTPAHCTBE JIMHEHHO yOBIBAET C PaccTosi-
HueM. ITockosbKy NO Mepe ynajeHust OT 1o-
CTOSIHHOTO MCTOYHMKA OJIHA M Ta K€ 3HEeprusi
NOJKHA paclipefesisiTbcsi 10 Bce Gosblueit

dnekTpuyeckue
cunosbie INHUK
7
\ MarHutHble
CWUNOBbIE NMHUN
/7

Puc. 1.5. ITnockuii BosHOBOI HpOHT
¢ BePTHKaJIbHOIT noJisipH3anueit
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WIOIWAX TOBEPXHOCTH Cepbl, ee IUIOTHOCTh
Toxe ybbiBaer ¢ paccrosinueM. K npumepy,
€CJIH UCTOYHUK M3JIy4eHUsI B CBOGOHOM 11PO-
CTPaHCTBE HAa PAaCCTOSIHUM 1 KM CO31aeT Ha-
npspxerHocTs E = 1000 MxB/M, To Ha ynaneHnn
10 kM oHna cocraBut 100 MxB/M, na 100 kM —
10 MxB/M 1 Ha 1000 kM — 1 MxB/M. Tak kax
YCJIOBHSI PAaCcPOCTPAHEHUsI PAIMOBOJIH B OKO-
JIO3EMHOM IIPOCTPAHCTBE NAJIEKH OT UME€ANb-
HBIX XapaKTEPUCTHK CBOOOJHOrO TPOCTPAH-
CTBa, peasibHOe OCJIabieHne HANPSKEHHOCTH
C yBeJIM4eHHeM PaCCTOSTHUSI OKa3bIBAETCSI ellle
6oJee GBICTPBIM.

1.1.7. Tloasspusauus

JJIEKTPOMArHUTHHIX BOJIH

MMonspusanus a1eKTPOMarHUTHON BOJIHBI O~
pezesisieTcsl HalpaBJieHUEM 3JIeKTPUYecKOi
coctassistionteit nosst. Y13 npeacraBienusi 06
3JUIMNTUYECKOI MOJISIPU3ALUH, COIJIACHO KO-
TOPOMY BEKTOP 3JIEKTPUYECKOTO I10JIsI OIMChI-
BaeT 3JUINIIC, CJIEAYIOT 0COOble CTy4an Kpyro-
BOM M JIMHEIHOI MOJISIpHU3aINy.

OuyeBHHO, YTO NPU KPYroBoii Mossipu3a-
LMY KOHEL[ 3JIEKTPUYECKOro BEKTOPA OIHMChI-
BaeT Kpyr. Pasjnyalor npaBo-KpyroByio 1o-
Jpu3auuio (BEKTOp 3J1€KTPUYECKOro IMOoJIst
BpallaeTCsi 10 YacOBOH CTPeJIKe, eCIU CMOT-
peTh B HaNpaBJIEHUU PACTIPOCTPAHEHHSI BOJI-
Hbl) U JIEBO-KPYroBYyIO (BEKTOp BpallaeTcs
NPOTUB YaCOBOM CTPesIKH). DJIMITHYECKast
noJisipu3anusi He Urpaer ocoboit poau npu
npHUeMe B Juana3oHe KOPOTKUX BOJIH, HO BCe
upe npuMeHsieTcsl Ha 6ojiee BBICOKUX 4ac-
TOTaX, 0COOEHHO B KOCMMYECKOM TeJieBuUjie-
HUYM U PaIMOACTPOHOMHH.

[Ipn nuHeiHO nosipU3aury JMHUH 3JIeK-
TPHYECKOIO I10JIs1 NIPSIMble U OIlpeJesIcHHBIM
06pa3oM pacIoJI0KEeHbI 110 OTHOLIEHHIO K 3eM-
HOIl IIOBEPXHOCTH KaK ONOPHOM IJIOCKOCTH.
B cooTBeTCTBUM C UX HalIPaBJIEHHUEM pa3Jinya-
I0T TOPU3OHTAJIBHYIO MOJSAPU3aNUI0 (JIMHUU
3JIEKTPHYECKOTO I10JIs1 IIapaJlylesIbHbl NOBepX-
HOCTH 3eMJI) U BePTUKAIbHYIO (JINHUU Tiep-
NeHANKYJISAPHBl noBepxHOcTH 3emun). Tak,
BOJIHA Ha puc. 1.5 mossipu3oBaHa BepTHKAIb-
HO, TTOCKOJIbKY JIMHUM 3JIEKTPHUYECKOTrO MOJIsI
MIYT 110 HOPMAJIM K ropu3onty. OHaKko Bo3-
MO>KHBI CJIy4au IIPOMEXYTOYHOIO HarpaBJie-
HUA NOJISIPU3aLMM, B TOM YHUCJE O] YIJIOM
45°. Taky1o IOJISIpU3ALIMIO MHOTIA IPUMEHSIIOT
B YKB paanosemanun (Hanpumep, B Benu-
KOOPHUTAHNH), OCKOJIbKY 1TOZOGHOE U3JIyye-
HY€ OIMHAKOBO XOPOILO IPHHUMAETCsI CTallU-
OHapHBIMHM FOPU30HTAJbHBIMH M BEPTHKAJb-
HBIMM LUTBIPCBHIMUA @aHTEHHAMH (B YaCTHOCTH,

aBromoOubHbIMK ). HenasHo nocTpoexs! ne-
pezalolye aHTEHHbI C KPYTOBO# IOJISIPU3aLH-
eif, OIMHAKOBO PUTOJIHbIE IJIsl peleHus obe-
ux 3anay. Ha puc. 1.6 usobpaxkeHo anekTpu-
4ecKoe I110JIe BePTHKATBHOTO TUITOJSL.

a

Puc. 1.6. JIunuu nosst BepTUKaIbHOTO AUIIOJS
B nipezicTaBjienny lepiia (MrHOBeHHast KApTHHA
B MoMeHT t = 0)

Tabu1. 1.1 HarJIsAAHO IEMOHCTPUPYET M0Te-
PH NIPY Pa3NMYHBIX COOTHOWIEHUSX MOJISIPU-
3aLMH [10JI ¥ aHTeHHBIL. [loTepy OTCyTCTBYIOT
(0 nB), ecin osie ¥ aHTEHHA XapaKTEPU3YIOT-
Csl OIMHAKOBOI noJsipusauueii. Ecim xxe nx
NOJISIpU3aLUsl B3aUMHO MepIeHAUKYJIsIpHas
JIMHEIHAast UJIM KPYroBasi IIPOTHBOMNOJIOKHBIX
HarnpaBJIeHUH, TO Ip1eM TeOPeTHYeCKH HeBO3-
MOXEH, TaK KaK 3aTyXaHue OKa3biBaeTcs bec-
KOHEYHO OOJIbLINM.

Koraa nonsipusauus noss kpyrosasi (npes-
CTaBJsieT COOOU pe3ysIbTaT CIOXKEHHs OJH-
HAKOBBIX COCTaBJISIOUIMX C TOPU3OHTAIBHON
Y BEPTUKAJbHOI MoJisipu3anueit), a aHTeH-
Ha NOJISIPU30BaHa JIMHEHHO, OyJeT MPUHSATO
Jauwb 50% cUrHana, Tak yTo IO0TEPU COCTABSIT
3 nb.

OTO CIpaBelIMBO W IJIsI AMAroHaJbHOM
NOJISIPU3ALUH TIOA YIJIOM 45°, Ipu KOTOpOIt
Jo0ble aHTEHHBI C JIMHEHHON MJIM KPYroBOM
nosnspusaumeil Tepsior 3 1b. Ectb smwb asa
UCKJIIOYEHHUST: TIOJISIPU3ALIUsT AaHTEHHbI 1 MOJIS
onuHakoBbl (notepu coctapasior 0 1B) nan
UX MOJISIPU3a1IMH B3aUMHO IePIIeHANKYJISIPHBI
(noTepH TEOPETUYECKH MOTYT ObITh OeCKOHEY-
HO BesIKK). Bo BpeMst pacnpocTpaHeHus Ko-
POTKHX BOJIH B MOHOC(epe UX NOJsIpU3alus
HeNpepbsIBHO MEHSIETCS, YTO IIOPOXJAET TaK
Ha3bIBaeMble IOJISIPU3ALMOHHbIE 3aMUPaHUsL.
IIpensATcTBMS Ha NYTH paclnpoOCTPaHEHHs
BOJIH TaK)Ke CIIOCOOHBI U3MEHSITh UX MOJISIPH-
3aLHMI0; TAKOH NPOLECC Ha3bIBAIOT JENoJIsipu-
3anuel.
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Ta6muua 1.1. IloTepu Npu HeCOBNAAEHHH NOIAPUIALMH

Monspusauus aHTeHHbI, 1B IMonspusauus nons
BEPTHKIbHAs | FOPH3OHTalbHas | NMPAaBOKPYroBas | JIEBOKPYroBas
BeprukansHas 0 nb o 3 1B 3 16
T'opusoHTansHas oo 0 1b 3 1b 31b
IpaBokpyroBas 3 nb 3 nb 0 b oo
JleBokpyroBas 3 nb 3 nb oo 0 1b

Tun nosnsipusaniiu KOPOTKMX BOJIH HE Urpa-
€T POJIY BCJIEACTBHE HEIIOCTOSTHCTBA IOJISIPU3a-
MM Ha IIyTH pacnpocTpaHeHusi. B MeTpoBoM
Juana3oHe, HaIPOTHUB, OH BaKeH, HO U 37€Ch
€/1Ba JI1 BO3MOXKHO IIOJIHOE rallleHue CUTrHajla
IIPY B3aUMHO IePIEeHANKYJISIPHON MOJIsIpU3a-
LIMHU: KaK TIPABUJIO, 3aTyXaHHe COCTABJISIET OKO-
510 20 1B (cm. pazzmen 2.6.5). Boobiue rosopsi,
aHTeHHa TOPU30HTAJILHON KOHCTPYKIUUH U3JTY-
4aeT FOPHU3OHTAIbHO MOJIIPU30BAHHYIO BOJIHY,
2 OTBECHBII aHTEHHBIH NIPOBOJ — BEPTHKAJIBHO
nossipu30BaHHyI0. OHAaKO XapaKTep HOJspH-
3alMY HE BCEra MOXHO MPEACKa3aTh 10 BULY
AQHTEHHBI: HalpUMep, 3TO 3aTPYJHHUTEJIbHO B
Cilyyae IIEJIEBOM MM KyOMYecKOH paMOyYHOH

Ta6mua 1.2. Knaccudpuxauus paginoBois

aHTeHH. CTOJIb JXe CJIOKHO NPEIJIOKUTDh YHU-
BepCcaJIbHOE MPABUJIO IS SJIMIITUYECKOM Mo-
JISIPU3ALMYL.

1.1.8.

O611iee TOHATHE PAMOBOJIHbI OTHOCHTCS K IUa-
na3oHy ajauH BojH ot 100 km 1o 1 MM U uH-
tepBasny yactoT oT 3 k1 1o 300 I'Tu coor-
BercTBeHHO (Tabu1. 1.2). OnHaKo wKana ayiex-
TPOMarHUTHBIX KOJeOaHMil OXBAaThIBAET He
TOJIBKO PaJfio-, HO U CBETOBBIE BOJIHBI, KOTO-
pble pa3JNyaloTCs JUILIb JJIMHON BOsHBL [To-
3TOMY PaZAMOBOJIHBI, KaK ¥ CBET, UCIBITHIBAIOT
OTpaXkeHHe, npesioMyeHne U qu¢pakLHIo.

Knaccudukauus pagnoBonH

O6o3Hauenne |CoxpaieHHoe| AHrauiickoe HazBanue | AHramickoe | [luanason yacror | JluanasoH
COKpalleHHe | JUIMH BOJIH
Extremely Low ELF Huxe 300 ' | Bonee 1000 km
Frequencies
— — Ultra Low Frequencies . ULF 300-3000 I' 1000-100 xm
MupnameTpoBbie OHY Very Low Frequencies VLF 3-30 xI'n 100-10 xm
Kunomerpossie HY Low Frequencies LF 30-300 kI'n 10-1 xm
I'ekToMeTpoOBBIE CY Medium Frequencies MF 300 kI'u~3 MI'u | 1000-100 m
JlekameTpoBbie BY High Frequencies HF 3-30 MI'n 100-10 M
MertpoBsie OBY Very High Frequencies VHF 30-300 MI'n 10-1m
JleuumeTpoBeie YBY Ultra High Frequencies UHF 300 MI'u-3TITn 10-1 am
CanTuMeTpoBble CBY Super High Frequencies SHF 3-30ITn 10-1 cm
MunnuMerpoBsie KBY Extremely High EHF 30-300 I'T 10-1 mm
Frequencies




2. Pacnpocrpanenue

JJICKTPOMArHUTHHIX BOJIH

2.1.

3HAUYMTESbHYIO POJIb 1P PACPOCTPAHEHUU
3JIEKTPOMArHUTHBIX BOJIH UIPAeT 3eMHast aT-
Mocdepa. Ira rasosas 060704ka 3eMin 10-
cruraet BbICOTHI 2000-3000 kM M cocTouT
IJIaBHBIM 00Pa30M M3 230Ta, KHCJIOPOAA U BO-
AAHOro napa. Atmocdepy pasgessiorT Ha TpH

AtMocdepa 3eman

OCHOBHBIX CJIOs1: Tponiocdepy, cTparocdepy
1 noHocoepy (puc. 2.1).

2.14.1.

Tponocdepa npocrupaercst ot nosepxuocTi
3emu ipuMepHoO 10 BbicoTh 11 KM U coxep-
KUT NPUOIU3NTENBHO 75% Beeil BO3ayHOlM

Tponocdepa

100
o
a2
= 89
S0 g S
: &
=<
80 ______________________________
70 —
g PacnpeneneHue
g 60 Temneparypsl
[*)
Q
4 ]
@ aQ
|
! &
o
[
3
wh  gyWap-nunor 030HOBbIM 5
@ cnoi
Wap -
- C perucTpupyioiei =
annaparypoi Cop,ep);xéluﬁ'e
L2 030HA s
NepnamyTposbie o6naka
- 3oHa =
NOCTOSHHON -
TeMneparypbi
7 L i Tpononaya A
gmonyurma O6nauHocry O0nauHocTe Cumulus 2 g
‘i%{ecﬂ \Cirrus %=’ 06nauHocTs § g
) MoHGnaH ey Stratus £zz»
-60° -4° -20° 0° +20° +40° +60°

Temnepartypa, °C

Puc. 2.1. Paccsioenne arMocdeps! 1 n3aMenenue TeMnepaTyphl B ee HUXKHeil yacTh
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Macchl. Ee nasbiBaoT Takxke mereocdepoii,
TaK KaK MUMEHHO B Hell IPOMCXOIST METeo-
POJIOrYecKye IPOLeCChl, ONpeessiiouye 1o-
rony.

Temneparypa Tponocdepbl, Kak IpaBuJIo,
[ajaeT C yBeJHNYEHHEM BBICOTHI IPUMEPHO HA
6—8 rpanycos Ha kaxxzabie 1000 MeTpoB noxwe-
Ma. Ha cBoeil BepxHeii rpaHule, B TaK Ha3bl-
BaeMOil Tpolonay3e, OHa IOCTUraeT MMHU-
myMa (okoso —50 °C). Beicota Tpononayss
MoxeT MeHsTbcs. Ha Hamux muporax B map-
T€ OHa HAXOIMTCS B CBOEH HMXHEH TOuKe
(B cpenseM Ha BbicoTe 9,7 KM), a B HIOJIE —
B BepxHeii Touke (11,1 km).

Cocrosinue Tponocdepbl UMeeT ocoboe 3Ha-
YyeHue ISl PaclipOCTPaHEHHsI METPOBbIX BOJIH.

2.1.2.

Ha BoicoTe 11-80 kM pacnosioxxeHa cTparoc-
¢epa — cJioif, XapaKTepHU3YIOLINICS TOJHbIM
OTCYTCTBHEM BOJsIHBIX MapoB. Temneparypa
BO3JyXa 3[1eCh OCTAETCsI IOYTH HEU3MEHHOIH
npumepHo 10 20 kM (30HA NMOCTOSIHHOM TeM-
nepatypsi). [lanbluie OHa HENPEPHIBHO MOBbI-
aeTcs U Ha pacCcTosiHUM 50 KM OT noBepx-
HOCTH 3€eMJIM DOCTHUraeT NPUOIU3UTENBHO
+50 °C. 3ty obacTb pocTa TeMIIEPATypbl Ha-
3BIBAIOT TAK)KE O30HOBBIM CJIOEM, ITOCKOJIbKY
TaM JOBOJIbHO GOJbLIAs KOHIEHTPALHSI 030-
Ha. O30HOBBIA CJIO BaXkeH 1J1s1 Pa3BUTHS
Y NOJIEPXKAHUST XKU3HU Ha 3eMJle: OH I10IJI0-
aeT 3HAYMTEJNbHYIO 4acTh yJbrpaduoJe-
ToBoro uanyyenuss CosHua, ryGUTEIbHOrO
1Jis1 pacTeHuit, 6aKTepuil M )XUBOTHBIX Opra-
HHU3MOB.

Bsimre 50 kM TemnepaTtypa BHOBb CHHXa-
ercs, a Ha Bbicote 80 kM — npu nepexoze
K MoHOC(epe — OISATh HAaUMHAET PacTH.

Crpatocdepa

2.1.3.

Ha paccrosinnu 60see 80 kM OT 3eMHOI 110-
BEPXHOCTH pacroJaraercsi HoHocdepa, KOTo-
past npoctupaercst 1o BbicOThl 450-800 kM
M ITOCTENEeHHO NePeXOaUT B KOCMUYECKOe I1po-
CTPaHCTBO (3Ty IEpexoaHy1o 06iacTb Ha3bl-
BaloT 3k3ocdepoii). Honochepa usobunyer
3JIEKTPUYECKH 3aPSIKEHHBIMHU YacTHLAMU —
MOHAaMHU U 9JIEKTPOHAMH, BO3HUKAIOIHUMHU
BCJIeACTBUE pacnazia (MOHU3AUMK) HEHTpasb-
HBIX MOJIEKyJI Bo3ayxa. Vlonusauus B nepsyio
oyepesb BBI3BIBAETCS YJIbTPadUOJIETOBBIM
U peHTreHoBCcKMM u3ityyernsimu Comnna. Koc-
MHYECKHE JyYyd M NMOTOKH METeOPUTOB, KO-
TOpble GecrpepbiBHO CropaioT B atMochepe
3eMJH (IeCATKH MUJJIMApAOB METEOPUTHBIX

Honocdepa

YaCTHL B CYTKH), TAKXXE yYaCTBYIOT B HOHH-
3alHMU.

V3nyyeHne B BEPXHUX CJIOSIX aTMocdepsl
o61amaet 6obLION SHEPTHEN U MOXKET BbIOU-
BaTbh 2JIEKTPOHBI U3 aTOMHBIX CTPYKTYP ra3os.
ATOM, JNUINEHHBI OIHOrO 3JIEKTPOHA, 00-
pa3yeT ¢ OCTaBLIMMUCS 3JIEKTPOHAMHU I10JIO-
KHUTEJbHO 3apsKeHHbIH HMoH. CBOGOAHDIIH
3JIEKTPOH YCTpPeMJIsieTCs] K HeHTpaJbHOMY
aToMy M 00pasyeT OTPHLATEJIbHO 3apsiKeH-
Hblif HOH UK OOBEAUHSIETCS C ONOKUTEb-
HBbIM MOHOM, NpeBpaLiasi ero B HeHTpaJbHbIN
arom. Takoil mpouecc HOBOOOPa3OBaHUs ATO-
MOB Ha3sbiBaeTcsi pekoMmOunanueil. Konnye-
CTBO CBOOOIHBIX 3JIEKTPOHOB B €IMHULE
obbema (KOHUEHTPALMS) 3aBUCUT OT MHTEH-
cuBHOCTH 00syyeHus. Biaromapst npucyrt-
CTBUIO 3JIEKTPHYECKH 3aPSIKEHHBIX YACTUI[ —
HMOHOB — BepXHss 30Ha aTMocdepbl CTaHO-
BUTCS 3JIEKTPUYECKUM IIPOBOJHUKOM, KOTO-
pbiif OTpaxkaeT 3JIEKTPOMArHMTHBIE BOJIHBI
OIpeneIEHHOH YacTOTHI.

IIpu 6oee nogpoOGHOM pacCMOTPEHUH OKa-
3bIBAETCS], YTO 3TOT IPOLECC HEJIb3sT Ha3bIBATh
OTpaXe€HHEM, TaK KaK 3JIEKTPOMAarHUTHbIE
BOJIHBI B MOHOC(epe OTKJIOHSIIOTCSI He Ccpasy,
a IIOCTETNIEHHO, B COOTBETCTBUH C IIOCTOSTHHO Me-
HSIIOIUENCs 11O BBICOTE KOHIIEHTPalMeil HOHOB
Y UI3MEHEHHEM CBSI3aHHO C 3TUM AU3JIEKTPH-
yeckoil nocrossHHoil. [ToaToMy HyXHO ro-
BOPUTD cKopee 0 pedpakiyy (IIPeIOMIEHHH )
PaZOBOJIH.

Eme B 1902 r. npodeccop lapsapackoro
yHuBepcutera amepukaHen A. E. Kenueis-
au (A. E. Kennelly) u aurnuniickuii pusuk,
yyieH JIOHTOHCKOro KOpOJIEBCKOTO 00ecT-
Ba O. Xesucaiin (O. Heaviside) He3aBucumo
APYT OT Apyra NpeanoJoXKUIN CyLIeCTBOBA-
HUe Ha OOJIBLIOI BBICOTE 3JIEKTPOIIPOBOSIIIE-
ro cyost. AHramyanam Imnmitony (Appleton)
u Bapuery (Barnet) B 1925 r. ynanocs skcne-
PMMEHTAJIbHO [0Ka3aTh HajJIH4Me OTPaxaro-
IMX CJIOEB B BepXHeii yact arMocdepsl, nox-
TBEPAMB Te€M caMbiM runoresy Kennesu
u Xesucaiaa. ITozgHee ¢ moMombio 3X0J10Ka-
MK OBUIO YCTAHOBJIEHO, YTO B BEPXHEil YacTH
aTMocepbl HAXOAUTCS HE OJIMH TaK Ha3bIBae-
Mol cioii Kennesutu-XeBucaiina, a uesast cu-
crema noJo6HbIX cJ10eB. 3HaHUst 06 0cOBEeHHO-
cTAX MOHOCGhEPDHI ObLIN TOMOJHEHBI U YTOY-
HEHbI 61aroapst U3MEPEHHUSIM, IIPOBEIEHHbBIM
C UCKYCCTBEHHBIX CIIyTHUKOB 3eMJIN 1 reou-
3UYECKUX PAKeT.

Ha BbicoTe okxoso 70-90 kM B gHEBHOE
Bpemsi 06pa3yeTcsi Tak Ha3blBaeMbIi cJ0it D,
OTCYTCTBYIOIMH HOYblo. B cienyomeMm 3a
HuM cinoe E (cnoit Kennennu-Xesucaiina)
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Habuonaetcst 60JbIIast KOHUEHTPALHS DJIEK-
TPOHOB Ha BbIcoTe mpumepHo 90-125 km.
Bbiue nexurt cioit F (Snmaron-cioit), koto-
PBlii JIETOM B THEBHOE BPEMsI Pa3fiesisieTCsl Ha
ciou F, u F,. [locratounas (ans obecrneyeHust
OTpaXKalomux CBOMCTB) HOHM3auus B cioe F,
BO3HHMKaeT Ha BblcoTe 0k0J10 200 kM, a B cjioe
F, —200-400 xm. Monusarus pacTeT oT cJ10s1
K CJIOIO Y IOCTHTAaeT CBOEro MaKCHMYMa B CJI0e
F, (na Bbicote npubmuautensto 400 k). 3a
cioeM F, HOHM3alMsA yMEHbIIAGTCA M HAKO-
Hell COBEPIIEHHO HCYEe3aeT.

[TocnexHue ucciaenoBaHUsl MOKa3aid, YTO
TOBOPHTD O CTPYKTYpe HOHOCGhEPDI KaK O CHC-
TeMe CJIOEB HEBEPHO, IIOCKOJIbKY MeX Ay 00J1a-
CTSIMHU C Pa3/IMYHOIN KOHLIEHTPalKei 31eKTpo-
HOB HaOJII0AI0TCSI OCTENEHHbIE NEPEXOIbL.
Ho nockosibKy runoresa o CJIOUCTO# CTPYKTY-
pe yxe IpeBpaTUIACh B yCTOSBIIYIOCS T€O-
PMIO, IOIYCTHUMO I0JIb30BAThCS €10 U JaJIbLIE.
ITokazanHoe Ha puc. 2.2 ctpoeHue HoHocde-
PBI HEJIb351 PACCMATPHBATh B BH/E 3aCThIBIIEH
CHCTEMBI PACIIOJIOKEHHBIX APYT Hal APYrom
ciioeB. CTeneHb MOHNU3ALMH TIOCTOSTHHO MEHSI-
€TCsl M 3aBUCHUT OT CE30Ha, BPEMEHHU CYTOK,
LMKJIMYHOTO MI3MEHEHHSI COTHEYHOM aKTUBHO-
CTH, reorpapuyeckoii LHPOTHI ¥ APYrUX Bak-
TOPOB. ’

2.2. IloBepxHOCTHas
U NPOCTPAHCTBEHHAS BOJHBI
Ecmn nepenaTyrukK U IpUEMHUK HaXOAATCA Ha

3eMJie, TO PaAMOBOJIHBI MOTYT PaclpocTpa-
HATHCS ABYMs myTsimMu (puc. 2.3):

Puc. 2.2. Ciioun noHocepst

* B Tponocdepe BIOJb 3€MHOI ITOBEPXHOCTH
KaK [IOBEPXHOCTHbIE MJIM 3eMHbIEe BOJIHBI;

* yepe3 OTpakeHHe B HOHOc(eEpe Kak Mpo-
CTPaHCTBEHHbIE BOJIHBL.

WNoHocdepa

2R
v N0
ne' \
'
MosepxHocTb 3emnun
Puc. 2.3. IlyTu pacnpocTpaHeHHst TOBEPXHOCTHOM
Y MPOCTPaHCTBEHHOH 3JIEKTPOMarHUTHBIX BOJIH

2.2.1. PacnpocrpaHenue

ﬂOBerHOCTHOﬁ BOJIHBI

TToBepxHOCTHast BOJIHA CJleLyeT KPUBU3HE 0~
BEPXHOCTU 3eMJIM Y IIPH 3TOM IOIJIOLAETCs
IIOBEPXHOCTbIO, HAJl KOTOPOii OHa PacIpocTpa-
HsieTcs. IlorsionieHne BOJIHBL yCHUJIMBAETCSI
C yBeJIMYEHHEM YaCTOTHl CHTHAJIA, NMO3ITOMY
OYeHb HU3KHE YacTOTh! (HalpuMep, IJIMHHbIE
BOJIHBI) MMeIOT GoJbLIOil paxuyc aeicTBus
MOBEPXHOCTHBIX BosiH. Ha pacnpocrpaneHue
NTOBEPXHOCTHOH BOJIHBI CYILECTBEHHO BJIMSIET
3JIEKTPONIPOBOJHOCTb ITOYBBI M CTPYKTYpa
3eMHO¥ TOBEPXHOCTH (3aCTPOIKa, pacTUTE b~
HOCTb Y T.XI.); AQJBHOCTb 3aBUCHUT TaKXe OT
MOIIHOCTH U3JIy4eHHsI.

IToBepXHOCTHbBIE BOJHBI KOPOTKOBOJIHOBOTO
IMana3oHa MMeT HeGOJIbIIYI0 DaTbHOCTD
neiictus. IIpu MouiHoOCTH, XapakTepHO# n1st
JIIOOUTEIBCKOTO IepefaTYnKa, B IHANa3oHe
80 M MOXHO pacCcYMTBIBATh Ha paguyc AeH-
CTBMsI TOBEPXHOCTHOM BosIHBI 10 100 kM; pu
TOI ke MOII[HOCTH NepeJaTyuKa B IUANa3oHe
10 M ee panbHOCTH Nagaet a0 15 kM. Jlus yse-
JINYEHUST JAJIbHOCTH IIOBEPXHOCTHBIX BOJIH
AHTEHHBI JOJKHBI UMETh BEPTHKAJIbHYIO I10-
Jsipu3auuio. Bosbline paccTosiHUs B METPO-
BOM [MaIla30HE MOTYT OBITh IIPEOIOJIEHBI ITy-
TeM UCKDHUBJIEHUsI, OTPAXKEHHSI 1 PacCeMBaHUS
PaaMoBOJIH B Tponocdepe.

2.2.2. PacnpocrpaHeHue

MPOCTPAaHCTBEHHOI BOJIHBI

PacnpocTpaHenne KOPOTKMX BOJIH Ha 60Jib-
IMe PACCTOSIHUS IIPOUCXOAUT Gyaromapsi oT-
PaKEHUIO TTPOCTPAHCTBEHHBIX BOJIH B MOHO-
cdepe. CxopocTb pacnpocTpanenust GpoHTa
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BOJIHBI B MOHOCdepe (($asoBasi CKOPOCTB) V,
HECKOJIbKO GoJIblire TOif Xe CKOPOCTH B Tpo-
nocgepe U 3aBUCUT OT KOHIIEHTPALUHU 3JIEKT-
ponoB N (cm~3) u paboueii yactots f. U3 co-
OTHOILEHUS

—-:@ 2.1

rae k; — nocrostHubli Koadduumen,

C — CKOPOCTb CBeTa,
CJIEN[Y€ET, YTO POCT KOHLEHTPALMH 3JIEKTPOHOB
IIpH IAHHOM YacTOTe yBeJH4YMBaeT HasoByiO
CKOPOCTb. ‘

Ecan xe Bos1HOBO# DPOHT BXOAMT B HOHOC-
(depy nox yryiom, To Jexaiude Boie «6osee
OBICTPBIE» YacTH (PPOHTA OBTOHAT HUXKHHME.
Bcnencrsue Takoii pasHuus! hazoBbIx CKOpO-
- CTeil PPOHT BOJIHBI OTKJIOHSIETCS U IIPH J0C-
TaTOYHOH KOHILEHTPALUH 3JIEKTPOHOB MOXXET
OBITh OTPaXKEH B HANIPABJEHUU 3eMJIH.

CyuiecTByeT cieyiomast B3aMMOCBA3b: st
OTpaXkeHHsI KOPOTKHUX BOJIH B MOHOC(hEpPE KOH-
LEHTPauus 371eKTPpoHOB N 10JKHA OBITH TEM
Gosbiue, yem Bbiwie paboyast yacrora f. ITpo-
CTPaHCTBEHHAsI BOJIHA OTKJIOHAETCS K 3emJe
TEM JIeT4Ye, YeM MEeHbIIe YToJl U3JIyYeHusI q aH-
TEHHBI, TO €CTb YeM GoJiee 110JI0ro BOJIHA BXO-
ZIUT B HOHOCDEPY.

9Ty 3aKOHOMEPHOCTb PaCHpPOCTPaHEHHUsI
IPOCTPAHCTBEHHBIX BOJH KOPOTKOBOJIHO-
BOTO JMana3oHa XOpOIUO HJIIIOCTPUPYET
puc. 2.4.

Bosna 1, xoropyio nepenamoiuas aHTeHHa
U3JTyYaeT 10 MaJIbIM yIJIOM 6, OTHOCUTEJILHO
I10JI0TO BXOJMT B MOHOC(EpY HOx yriom ¢

=
I

Makcumym

UoHMn3aunn

WoHocdepHbiii
cnon

NosepxHocTb 3emnu

1 OTKJIOHSIETCSI B Hell TaKiM 00pa3oM, YTo J0-
CTUraeT 3eMHOU TOBEPXHOCTH JIMIb HA 3HAYM-
TEeJIbHOM yJla/leHMHM: MaJIblil yroJ U3nydyeHus 0
COOTBETCTBYET CKA4YKy GOJIbIIOH MpPOTSAXKEH-
HOCTH. DTOT CKa4yoK OynerT TeM AJMHHee,
YEM BBILIE PACIOJIOXKEH OTPAXKAIOWUHA CJIOM.
B camoit Bbicokoi#t o6sactu nonocdepn —
cnoe F, — MakcumanbHOe PacCTOSIHHE Ipe-
BocxoauT 4000 kM, B cioe E oHo cocrasnser
He Gozee 2000 km.

OTcioZla NOHSTHO, HACKOJIbKO BaXKeH JJIsi
JlaJIbHEro pacpoCTPaHEHUsI KOPOTKUX BOJIH
yTOJI U3Jy4YeHUsl aHTEeHHBI 0 (ero HasbiBa-
IOT TaKXe€ BEepTHKaJbHBIM YyIJIOM BO3BbI-
IIeHNS): er0 HYXKHO BhIOMPATh KaK MOXHO
MEHDbLIUM.

Ha puc. 2.5 cxemaTnyecku n306paxxeHbl He-
KOTOpbl€ THUIIMYHbIE IIyTU PACHPOCTPaHEHHUsI
BoJH GJ1arofaps otpaxenusm B caoax E u F

Mexny nyHKTaMH U3JIy4€eHUsI BOJIHBI U ee
HOBOH BCTPeYM C 3eMHO¥ IOBEPXHOCTHIO Ha-
XOIUTCSI MEPTBasi 30Ha npueMa (CM. puc. 2.4).
IIpu 61mxaiiliemM pacCMOTPEHNM OKa3bIBaeT-
Cs, 4YTO PagMOBOJIHA PACIPOCTPAHSIETCS OT
006J1aCTH 3aTyXaHusl TIOBEPXHOCTHOH BOJIHBI
Z10 TOYKH, Ile OTPaXKeHHasl POCTPAHCTBEH-
Has BOJIHA CHOBa gocturaetr 3emuu. Eciu
XKe npeHebpeyb MOBOJBHO MaJOH JaabHO-
CTbIO MOBEPXHOCTHOH BOJIHbI B KOPOTKOBOJI-
HOBOM JMamna3oHe, TO IPOTSIKEHHOCTh MEpPT-
BOM 30HBI MO’KHO CYUTATh COBIAAIONIEH C MU-
HUMaJIbHOM AMCTaHLMel cKauka BosiHbL. BosHa
CHOBa OTPa3UTCsl OT 3€MHOMH NOBEPXHOCTH
B HanpaBJleHUH MOHOcdepbl U NMpH moCTa-
TOYHOH KOHIIEHTPAaLMX MOHOB B HOHOChEpe
Gyner BropuyHO oTpaxkeHa. Kak mpasuo,
JaHHbIH IIPOLIECC MHOTOKPATHO HOBTOPSIETCH,

Ckonb3siwan BonHa

Puc. 2.4. Biusinue yria usnyyeHus Ha OTKJIOHEHHe BOJIHbI B MOHOChepe: 6 . — TPAHIYHBI yrod;

® — yroJ nazieHus NpH BXOJIe B CJI0i HOHOChEpPbI
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Puc. 2.5. CxemaTnyeckoe u3o6paxkeHite HEKOTOPBIX HOHOC(HEPHDIX OTPaXKEHHIA PAJIMOBOJIH

¥ CJIyYaeTcsl Jake, YTO BOJIHA HECKOJILKO Pa3
ornbaer 3eMHO# wap. B uwesom MexaHu3M
MHOTOKPAaTHBIX CKQYKOB BOJIHBI OY€Hb CJIO-
KeH, TaK KaK COCTOsIHMe HoHOocdeps! naMe-
HSeTCsl OT TOYKH K Touke. IIpu 3TOM HHOTAA
BOJHA, YK€ OTpa)keHHas ot cjosl E, BHOBb
oTpakaercsa cnoeM F, unm ckayer Mexmy
HUMM.

Y Bosnsl 2 yros usasnydeHus 6 6osplue, oHa
HECKOJIBKO IJIyO)Ke IPOHUKAET B OTPaXkalo-
i COH, M NMPOTSKEHHOCTD ee CKayKa 3Ha-
YUTebHO MeHblue. TpeTbsi BOJIHA U3JTy4YaeTCst
yke 0BoJIbHO KpyTO. OHa KOJI’KHA ZOUTH NO-
YTH /10 00JIACTH MaKCUMAJIbHOM MOHM3ALMH,
4T06BI GBITh OTPAXKEHHOM, U HYXKAAETCS B IBYX
ckaykax (TOrZa OHa CMOXET IPeoJoJIeTh Ta-
KOe JKe PacCTosiHue, Kak rnepsast BosiHa). Oco-
Oblit ctyyait — ato BosmHa 4. OHa gocTHraer
HIDKHEH!! KDOMKH 30HBI MaKCUMaJIbHOH KOH-
LEHTpalMU 3JIEKTPOHOB U ycleBaeT mpobe-
KaTh BAOJIb Hee GOJIBIIYIO AUCTAHLHMIO JO MO-
MEHTa, KOrZa KakuM-JIu00 BO3MyLIEHHEM
B 9TOM CJIOE He OTPA3UTCst CHOBa K 3emire. Ta-
KYI0 BOJIHY Ha3bIBAIOT CKOJIb3SIILEH MM «CY-
nepmoze» (Supermode).

IToutn oTBECHO M3/y4YeHHbIE BOJHBI 5 U 6
OyAyT JMIUb HE3HAYUTEJHHO OTKJIOHSITHCS
C7105iMH HOHOC(EPBI, T03TOMY OHU NPOOBIOT
30HY MAaKCUMaJIbHOH HMOHHM3aLMU U YyXKe He
BepHyTCcst K 3eMite. Ecan ke monmyctuts, 4to
B OIIUCHIBAEMOI CUTYalMH peyb UIeT o ciioe E,
TO BO3MOKHO, YTO 9TH BOJIHBI OyIyT OTpaske-
Hbl JexawM Bbiwe ciaoem F Boaubr 1-4
B 3TOM CJIy4ae OKKYTCS IIOKPBITHIMU cioeM E

BMecToO cJos1 F. Takoe nmokpbiTHe Urpaer Hera-
THUBHYIO POJIb IIPH PacHPOCTPAHEHHH KOPOT-
K{X BOJIH Ha JaJIbHUE JUCTaHLHHU.

Vros uasiyyeHus nATOH BOJIHBI 0003HaYaeT-
Csl KaK KPUTHYECKHii yroi 6. 3JT0 O3HayaeT,
YTO MOC/IaHHAS 110]] TAKUM yTJIOM BOJIHA OyneT
NepBOii, KOTOpasi IPOHAET CKBO3b BECh MOHHU-
3UPOBAaHHBIi CJIOM.

B tabn. 2.1 ykasaHbl AMCTAHUMHM CKayKa
BOJIHBI, OTPaXkeHHOI B cnosix E u F,cootser-
CTBEHHO, B 3aBUCHMOCTH OT BEPTHKAJIBHOIO
yria uanyderus 6. IIpu aToM BbICOTa OTpaske-
Hus ot cyost E npunsta paBHoii 105 kM, a oT
cnos F, — 320 km.

Kpm‘uqecxau 4acToTa ¥ MAKCHMAJIBHO
NnpUMEHNMas 4acrora

Kpurunueckoif yactoroil f, HasbiBaioT Hau-
GOJIBILYIO YACTOTY, IIPU Koropou U3JTy4YeHue,
NpOHUKaloLIee B MIOHOCHEPY 110/ NPSIMBIM YT-
JIOM, ele OTpaXkaeTcsl OT JaHHOro cjosi. Pa-
IMOJIOKALMS [I03BOJIAET ONpenensTh f, u oue-
HUBaTb BBICOTY OTPAXKAIOLIET0 CJIOS 110 3a/1ep-
JKKE H3MepSeMOro OTPAXEHHOTO CHTHaJIa.
B pesysibraTe HaXOAAT KaXYILILYIOCS BBICOTY.
Ha camoMm zmese HHXKHSISI TPaHHMLIA OTpaXKalo-
LLIETO CJIOSI 3AJIETAET HECKOJIBKO ITyGKe Kaxy-
IEHCST BHICOTHI, IIOCKOJIbKY NPH H3MEPEHHU
3ana3/blBaHUs] HE YYUTHIBAETCS HeGOJIbIIAs
Pa3HHLA CKOPOCTEi 37IeKTPOMarHUTHON BOJI-
HbI B IIpEJle/IaX 1 BHE MIOHM3MPOBAHHOTO CJIOSL.
Kpurunueckast yacToTa nponopuoHaIbHa KBajl-
paTHOMY KODHIO U3 KOHLIEHTPALMHU 3JIEKTPO-
HOB N; OHa MMe€ET CMbICJI IPUMEHHUTEbHO
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Ta6auua 2.1. JIHCTaHIMH CKAa4YKa BOJIHbI

VYron 1-ii ckayok, 2-i1 cKayoK, 1-# ckayok, 2-i cKa4oK,
H3JIy4eHHs, Tpaj. cnoit E, kM cnoit E, kM cioit Fp, kM cnoit F7, kM
0 2250 4500 4025 8050
5 ' 1400 2800 3010 6020
10 980 1960 2315 4620
15 700 1400 1800 3600
20 540 1080 1475 2950
25 430 860 1205 2410
30 350 700 1000 2000
35 280 560 835 1670
40 240 480 700 1400
45 205 410 585 1170
50 . 170 340 500 1000
55 140 280 420 840
60 120 240 345 690
65 95 190 280 560
70 75 150 220 440
75 55 110 160 320
80 35 70 100 200
85 20 40 -+ 50 100

K yriiy uasnyudenus 0 = 90°, xorna ny4 Bo3Bpa-
II2eTCsI B TOUKY McnycKanust. [Ipy Menblem
3HAYEHWH YIJia TMOSIBJSIOTCS «CKauyKu», WJIN
MEepTBbIE 30HBI, 1 C yObIBAHNEM yIJia PacTeT
4aCcTOTA OTPAXKaeMoro usnyuenusi. Takast yac-
TOTa Ha3bIBAETCSI MAKCHMAJIbHON MPUMEHM-
Moit (MITY) u cBsizaHa ¢ KPUTHUECKOI YacTo-
TOIl 3aKOHOM CeKaHca:

MIIY = f_x seco (2.2)

[Tockosbky sece = 1/cos@ u secg = sin@
(6e3 yueta KpMBM3HBI 3¢MHOI NOBEPXHOCTH ),
noJyyaem:

MITY = f_x 1/cos@ = f_x 1/sine.

Boipaxkenusi 1/cos@ 1 1/sinB Ha3bIBAIOT KO-
apduumnenrom MITY. Ha puc. 2.6 npexcras-
Jen poct koabduumenta MITY m ¢ ymens-
LIeHVeM yria uaiydenust 6. MakcumanbpHas
IIPUMEHUMAasT 4aCTOTA, NIPH KOTOPOI 3JIeKTPO-
MarHMTHasi BOJIHA IIPOXOJMT 4epe3 3aJaHHble
KOHEUHBbIe TOUKH MCKJIIOUNTENIbHO BCJIEACTBHE
TIpesioMJieHtst B HoHOChepe, Ha3bIBAETCsI KJIAC-
cnueckoit. Crannaprias MIIY - aro Hekoe
npubJIIKeHHe K KJIaCCHYECKOM, MoJydyaemoe
IIyTeM I1epecyeta N3 KPUTHIECKOI YaCTOTBI.

Ha puc. 2.6 nokasana ynpoiieHHasi 3aBUCH-
MOCTb MEXIy KpUTHYecKoii yacToroii f, n
BepxHeif yactorHoii rpanuueir MIIY, Bsipa-
XKeHHOoit yepe3 koadduunent MITY ot yrmia
U3y4eHus 6.

IIpumep

ITpu 6 = 30° monyyaem m = 2 (BbIAEJIEHO MyH-
ktipom). Iycts f, = 3 MIL, Toraa Bepxuss
rpaHuia yactotsl cocraBut: MITY = fc Xm=
= 6 MIu. Benexcrsie KpMBU3HBI 3eMHOIT T10-
BEPXHOCTH, YYMTHIBAEMOIT IIPH pacyerax my-
TeM MoavdHKaIMK 3aKOHA CEKAHCa, BEJIMYH-
Ha m npy 6 = 0 MOXXeT MPUHUMATD JIMIIb MaK-
CHMAaJIbHblE 3HAYCHMsI — NpUMeEpHO 5,6 u 3 st
caoes E u F, cootercTBEHHO.

3aTyxaHue NPOCTPAHCTBEHHbBIX BOJH

ITagaromast 37eKTPOMATHUTHAST BOJIHA BbI3bI-
BaeT B MOHOC(hEpPE COrIaCOBaHHbIE KOJIeOaHUsT
CBOOOHBIX 3JIEKTPOHOB U MoHOB. OHM cTa-
KUBAIOTCsI ¢ OIMKARIIMMY MOJIEKYJIaMH ra3a,
M B pe3yJIbTaTe 4acTh SHCPIiH KostebaHuii 1e-
PEXOAUT B TEIJIO. JTO NMPUBOAMT K 3aTYXaHUIO
BOJIH, PACTyIeMy NPONOPLHOHATBHO KBAIPATy
JUIVIHBI BOJIHBL. 3aTyXaHue, WK IOIJIOLIeHHUeE,
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Puc. 2.6. 3aBucumoctsb koapduirenta MITY ot yria usnyyenus

BOJIH YBEJIMYMBAETCSI C [TOBBILIIEHNEM KOHIIEH-
TpaLMK HOCHTeJIel 3apsiaa: ueM GoJIblie dJieK-
TPOHOB, MOHOB M MOJIEKYJI ra3a NPUXOAUTCS
Ha eIMHNILY 0O6bEMA, TeM BEPOSITHEE CTOJIKHO-
BEHMsI, CBsI3aHHBbIE C MPeoOpPa3oBaHIEM JHep-
run. OTCIOA2, B YACTHOCTH, CJIEAYET, UTO I10-
IJIOIEHKE JOJDKHO OBITh TEM 3HAYMTEJIbHEE,
yeMm GoJblIMit 0OpaTHBIA MyTh B HOHOChEpE
NPOXOAUT OTPAKEHHAsT 3JIEKTPOMArHUTHAsI
BOJIHA.

Kocsennoii Mepoii 3aTyxanns B notnocdepe
CJIY>KUT HaUMEHbLIAsi IPUMEHNMAsT YacTOTa
(HITY), nnm yacrora 3aryxanusi. OHa Xapak-
Tepu3yeT caMyio HU3Kyio yactory B KB ana-
nasoHe, KOTOPYIO ellle MOXHO MCIIOJIb30BaTh
47151 CBSI3M HA [IPOCTPAHCTBEHHBIX BoJIHAX. Ta-
KM 00pa3oM, AMAIa30H IPUMEHNMBIX YaCTOT
orpannden MITY csepxy u HITY cuuay.

2.3. Pacnpocrpanenue

KOPOTKHX BOJIH

Bo3MO:XHOCTh KOPOTKOBOJIHOBOI CBSI3M Ha
NPOCTPAHCTBEHHBIX BOJIHAX 3aBUCUT OT COCTO-
SIHUSI HOHOC(EPDI, KOTOPOE MPSIMO CBSI3aHO
c aktuBHOCTbIO Cosnita (cTpoeHiuie norocge-
pbi o6cy>kaanoch B pasaede 2.1.3).

2.3.1.

To, yro Mb1 BocripunMaeM Kak Couttile, Ha ca-
MoM JieJte siBisieTcst poTocdepoid, TO ecThb cioeMm
tomuunoit 300 KM, OTAEJISIIOIMM BHYTPEHHHE

CoJHeyHast aKTUBHOCTD

00J1acTH CBETHJIA OT COJIHEYHOIT aTMocepsl.
Dorocepa okpysxeHa xpomochepoii, TpocTH-
patoiueiicst 10 Boicotbl 10 Thic. kM. XpoMocde-
pa coBepleHHO He3aMeTHa Ha one ¢orocde-
PBI, M YBUJETb €€ MOXKHO JIMIIb PU IIOJTHOM
COJIHEYHOM 3aTMEHMH JIMOO C TOMOILBIO CIIeLH-
aJIbHOI anmapaTypsl. BeirsiauT ona posoBa-
TOI CBETAILEHCA KaeMKOMH.

Han xpomocepoii npocripaercsi kopoHa —
BHELIHMIT CJIOH conneunoit armocdepst, MpoTsi-
JKEHHOCTbh KOTOPOTO MHOTI'OKPATHO TPEBbILIAET
mvamerp Cosnia. Hoefinmmu ncceenoBanm-
SIMM yCTAQHOBJIEHO, YTO OpOUTAa 3eMyin mpo-
XOJUT BO BHEIIHEH 4aCTH KOPOHbBI. JDTOT CJIOM
TaKJKe He BUJieH Ha (poHe orocdeps! u Habo-
JIAeTCs1 TOJILKO MPH ITOJIHOM COJTHEYHOM 3aTMe-
HMM KaK HUMO BOKPYT COJTHEYHOrO AMCKA.

Oneprust CosiHua BBICBOOOXKAAETCS NPU
sIIEPHBIX IIPOLIECCAX B €0 BHYTPEHHUX 06aa-
CTSIX, OTTYZA EPEHOCUTCSI HapYy Ky U U3JIyda-
eTcsi CoyHeuHoit atMocdepoii. Takoe uanyye-
HHe COCTOMT M3 3JIEKTPOMArHUTHBIX BOJIH
U 4YacTul (KOPIYCKYJISIPHOTO M3JIy4YeHHsI)
U COINPOBOXJAAETCSI MOTEpPEeil MacChl CO CKO-
pPOCTBIO 5,3 MJIH TOHH B CEKYHAY, NpUYEM
4,3 MJIH TOHH NPUXOJUTCS] HA KOPIYCKYJISIp-
Hoe nanyuenne. Oxnako 3anac sxneprun Cosu-
1A HACTOJILKO rPAHMO3€H, YUTO aXe MPH HbI-
HellHeil CBETMMOCTH OHO YTPaTHUT MeHee
0,1% cBoeit Mmaccer 32 10 MUJLIMAPIOB JIET.

H3nyyeHne 31€eKTPOMarHUTHBIX BOJIH

Bosplast yacTh COIHEeYHOM 3Hepruy UCIyCcKa-
ercst portocepoit B popme cBeTa B auanaso-
He muvH BosH 400-700 HM ¢ MakCHMyMOM
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npu 470 HM. DJIEKTPOMArHNUTHbIE BOJHbI HC-
MYCKAIOTCsI BO BCEM CIEKTPe OT raMMa-Jiyyeit
JIO PaJMOBOJIH — Yepe3 PEeHTTEeHOBCKOE, YJIbT-
padmuonerosoe, BuaMMOe u HHbpPaKpacHoe
nanyyennss. OHAKO CTPOEHUE U COCTOSIHUE
voHocepbl ONpe/ieNsIeTCst FIIABHBIM 06pa3oM
PEHTTEHOBCKUM U YJIBTPabHOIETOBBIM U3JY-
yenusimu ConHua.

PenrrenoBckoe nanyyenue GpopMUpyeTcst
B KOPOHE M HOHM3MpPYeT 3eMHYI0 armochepy
IperMyIecTBeHHO Ha BbicoTax 50 u 150 kM
(cou D u E).

YnbrpadmoneToBsle JIy4H HCITYCKAIOTCS XPO-
Mochepoii. OHu CIOCOOCTBYIOT 0OPa30BAHMIO
cnost F 1 B Kakoi-To crenmeHn MOHM3UPYIOT
okuco azora (NO), exBa npeacTaBieHHYIO B
cioe D.

[Tponukasi B 3eMHyI0 aTmMocdepy, yabTpa-
(proneToBOe M PEHTreHOBCKOE WH3JIy4YeHMUsI
HOHM3MPYIOT aTOMbl W MOJIEKYJIBl BO3AyXa
U 1ocTerneHHo norjomatorcs. [To mepe yriny6-
Jienyist B aTMochepy BO3AYX CTAaHOBHTCSI IIJIOT-
Hee U usJyueHne ocsablisieTcst BCe CHUIbHee,
TaK YTO B KOHIIE KOHIIOB MOHN3NPYIOIINE JIY4YH
MCYe3aIoT.

B nonocdepe cion o6pasyroTcsi 10TOMY,
4T0 ynsrpachroNeTOBOE U PEHTTEHOBCKOE W3-
JIyYeHUs! n30UPATENIbHO TIOIJIOIIAIOTCS HEKO-
TOPBIMM ATOMAaMHU U MOJIEKYJIaM¥ (Harpumep,
O, 0,, N,, NO), a cam nporecc HeOANHAKOBO
IPOTEKAET HA PAa3JIMYHbIX BbICOTAX.

ConHeyHblii BeTep

KopnyckynspHoe usnydenue cnabo Biusier
Ha noxocdepy. B Hacrosiniee Bpemst ero npu-
HSITO Ha3bIBATb COJTHEYHBIM BETPOM, TOCKOJIb-
Ky pedb UJET O MOCTOSIHHOM MCTeYeHHH MaTe-
PMH 13 KOPOHBI, TPOMCXOJISIIEM COTJIACHO 3a-
KOHAaM MarHuTornapoarHaMuky. ConHeuHblit
Berep ObLT OOHAPYKEH U U3MEPEH KOCMHUYEC-
KHMMHM JieTaTebHbIMM annapataMu. CKopocTb
U cTenenb TypOyJIEHTHOCTH COJTHEYHOIO BET-
pa 3aBucsit ot aktusHocTH CoJHIA.

TemmnepaTypa COJHEYHOH KOPOHBI COCTAB-
nser 108 K. YacTuisl, cpeay KOTOPbIX 11peob-
JIAAIOT MPOTOHBI (sipa BOXOPOAA), HAXOMAST-
Cs1 3]16Cb B COCTOSTHNM T1JIA3MbI M ABMXKYTCSI CO
cxopoctbio 6osee 600 km/c. JaBnenune raza
B 4pe3BbIYAHHO ropsiueM BellecTBE KOPOHBI
CTOJIb BEJINKO, YTO TsiroteHne ConHIa He cro-
coOHO ero ypaBHOBecHTh. Biaronapst aTomy
BELIECTBO MOCTOSIHHO MCTEKAaeT M3 KOPOHBbI,
noxuaaer CosiHIle M YXOAUT B MEXKIJIAHETHOE
npoctpancTBo. ComHeuHbIi BeTep XapaKTepy-
3yercst cpenHeii ckopoctbio 320 kM/c, moT-
HOCTBIO YaCTHI 5 CM™3 M B OCHOBHOM COCTOMT
u3 Bogoposia npu Temnepatype 104-10° K.

JIBy>keHMe 3apsiKeHHbIX YACTHIL COTHEYHO-
ro BeTpa IOPOXKAAeT MarHNTHOE IoJie, KOTO-
pOe CTAJIKMBAETCSI C MATHUTHBIM I0JIEM JTHEB-
Hoif cropoubl 3eman. [Ipu 3TOM Ha yraieHun
okos10 100 TbIC. KM OT 11eHTpa 3eMyu GOpMu-
pyercst yiapHast BOJIHA, IOX0XKas HA yAAPHYIO
BOJIHY CaMmoJieTa, NMPeoJ0JeBaIoIIero 3ByKo-
BOI1 6apbep. 3aTeM COHeYHbli BETep nonajaa-
€T B NepexXOofHyI0 06JacTh, rae TypOyausu-
pYeTcsi, Iocjle Yero, HaKoHell, OKa3bIBAETCs
B MarHuronayse u obrekaer maruurochepy
3emumn.

UckyccrBenHble CyTHHKM 3eMJIM NO3BO-
JISLIOT U3y4aTh CTPOeHHe 3eMHOI MarHurTocde-
Pbl, IOJIBEP)KEHHON CUIBHOMY BIIMSIHUIO COJI-
HeyHoro Betpa (cM. puc. 2.7).

[TorpaHUYHBIH CIOH MarHUTONAY3bl MEXILY
Tniepexo/iHoi 06acTbio 1 MarHurocepoit 3a-
MeyaTeJieH TeM, YTO B HeM YCTaHaBJIHBAETCSI
paBHOBECHE MEXAY SHeprueil MarHUTHOro
NoJist 3eMJIM M 9Heprueil IBMKEHUsI COJHeY-
Horo Betpa. [loaTomy conneuHblit BeTep 1160
BOBCE He NPOHMKaeT B Maruurocdepy, 1mubo
MOMAJIaeT TYAA TOJBKO B ONpeeIeHHbIX MeC-
Tax ¥ MPH 0COOBIX yCIIOBUSIX.

ConneuHslit BeTep CKMMaeT MarHUTHOE ToJie
3emun co cropobt Connia. C npoTHBOMNONIOK-
HOIf CTOPOHBI JIMHUM TIOJISI BBITSITMBAIOTCS OT
ConHIia B BUfie XBOCTa, TPOCTHPAIOIIETOCS ia-
JIeKo 3a JiyHHYI0 opbuty. Ha ynanenuu okoso
130 ThIC. KM OT LIeHTpa 3eMyin obpasyeTcs rmapa
napaJuleJibHbIX, OJIMHAKOBO MHTEHCHBHBIX, HO
MPOTHBOIOJIOXKHO HAIPABIEHHBIX MarHUTHBIX
11oJ1ei, pa3ie/IeHHbIX HEUTPaJIbHbIM CJIOEM, KO-
TOPbIif OKPY’>KEH CJI0EM IJIa3Mbl COJHEYHOrO
npoucxoxaenns. Ee cocTaisiioT 4acTHIBI
COJIHEYHOTO BETPa, NPOHMKAIOIYE Yepe3 OT-
KPBbITble KOHI[bI XBOCTOB MarHuTocdepst. Ha
HOYHOIT CTOpOHe 3eMJIH CJIOit 11J1a3Mbl Pacipo-
CTpaHsieTcsl BILUIOTh JO 3eMHOH aTMocdepsl
M CJIMBAETCS C Heil B KOJIbIEBOI1 30He — TaK Ha-
3pIBAaEMOM OBaJIe ceBepHoro cusinust. Ho u Ha
JHEBHO# CTOpPOHe 3eMJi COJHeyHasl Mijasma
criocobHa 3arekarb B ee arMocdepy yepes Heid-
TpaJibHble TOYKH ITOrPAHMYHON ODNACTH MEX-
Ny 3aMKHYTBIMM M Pa30OMKHYTBIMM JIMHUSIMH
TIOJISL B MarHUTomnayse.

«HopMmanbHblil» NMOCTOSHHBIH COMHEYHbII
BeTep, UCIyCcKaeMblii criokoinbiM ConHiewm,
MIOUTH He MPENsSTCTBYET PACIHpPOCTPAHEHHIO
KOPOTKHX BOJIH, TIOCKOJIbKY He IPOBOLIUPYeET
KaKux-1u60 ocobbix cobbITHi B MoHochepe.
Hapyuiesusi BOSHMKAIOT JIMIIb TOTAQ, KOTAA
Contie BbIOPACHIBAET JONOIHUTEbHbBIE T10-
TOKHM MaTepuH B pe3yJibraTe NeiCTBMsI Orpe-
JeJieHHbIX LeHTpoB akrtuBHOocTH. O6 3arom
U MOMJET peyb AaJIbLIe.
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CoJHeyHbl€ NISATHA

OnucaHHbIe BbIILIE IPOSIBJIEHUST TPHCYILH CTIO-
koitnomy Coanny. Takoe cocrosiHue BOBCE He
ABJISIETCS. HOPMAJIBHBIM U B JIy4llleM ciiydae
MOXeT OBITh 0XapaKTepPU30BAHO KaK Hempo-
NOJDKUTENbHBINA TIepUOA MUHUMYMa COJIHeY-
Hbix msited. Yaie Bcero NpUXOAUTCA UMETb
IIeJI0 C MOBBILIEHHOM COJHEYHOT aKTUBHOC-
ThIO, HATIPSIMYIO CBSI3aHHOM C BO3HUKHOBEHM-
€M COJIHEYHbIX MSITeH.

IIaTHA NOSIBNISIIOTCS IOOAMHOYKE U IPpyTna-
mu. Bpemst ux )KU3HU onpezensieTcst pa3amepa-
MM 1 COCTABJISIET OT HECKOJIBKMX JHeH 0 MHO-
rux MecsiieB. OOBIYHO MSITHA 3apOXKIAIOTCA
B 30ne Mexay 20° k ceBepy u 20° K 10Ty OT 3K-
Batopa CoJIHIIa 1 ABMKYTCS BMECTe B Bpaiie-
HUEM CBETHJIA. DTO 3HAYUT, YTO NPH HabIIIO-
JIeHUM C 3eMJIM JOJITOXKUBYIIHE ITSITHA OKa3bl-
BAIOTCSI B TOYKE CBOEr0 OOHAPY KEHHS KasK/ble
27 cyTok.

CyuiecTBOBaHHE COJHEYHBIX MSATEH OBLIO
ycrarosyieHo ente 2000 et nasax B Kurae.
[outn 3a 400 ner go nammx aHeit lannneit
Ha6J110/1aJ1 TEMHBIE MISITHA HA COJTHEYHOM JIHC-
ke. IX 4ucno v BpeMsi XKU3HH PerucTpu-
pywotcs BoT yxe Gosee 200 set. ACTPOHOM-
nwobutens I C. HIsabe (H. S. Schwabe) u3
[Jleccay npoaHaM3upoBas AgHHbIE O CONHeY-
HBIX NSITHAX, COOpaHHbIE 32 %0 Jet Habmoze-
Huid, 1 B 1843 r. 3aKI04NJI, YTO OHU MOABJIA-
J0TCS1 C MEpUOAMYHOCTBIO oKoslo 10 seT, oT-
KPbIB T€M CaMbIM IIMKJIMYHOCTb COJIHEYHbIX
nsteH. Braroaapst perysisipHbM HabI0eHU-
AM BCKOpE BBISICHUJIOCH, YTO fieproj Koseba-
HUI YKCTIEHHOCTH TISITEH COCTaBJIsIeT B CPea-
HeM 11 sieT U MOXXET BapbUpPOBaThCS OT 7 JI0
17 net. P. Bossd (R. Wolf), anpextop obcep-
patopuu B Llopuxe, obpaboTas 6osee panHue

Ha6JIIoleHUsl COJIHEYHBIX NsATeH (BILUIOTH 10
1749 r.), onpeaenuy UUKJAbl UX YUCIEHHOC-
TH M OTHeC Hayayso nukyga Ne 1 k ¢espanio
1755 r. (MUHUMYM COJIHEYHBIX IISITEH).
C 3TOoro BpeMeHM BeJeTCSl CYeT IUKJIOB,
HpUYeM KaKAbIN LUK HAYUMHAETCsl C MUHU-
MyMa.

Paau equnoo6pasusi pe3yabraToB HabIo-
JIEHU I IPUHSITO BbIPAXKATh YUCJIEHHOCTh COJI-
HEYHBIX MSTEH UX OTHOCHUTEJIbHBIM YUCTIOM:

R=k(10g+),

rae k — ronpaBoyHblif MHOXKHTENb U3 T1apaj-
nenbubix onpenenennit (k= 1);
& — YHUCJIO TPYIII MSTEH;
f — uncno 060co6IEHHBIX TISTEH.

Aror meroxa 6sin paspaboran Boabdom
B 1849 r., 1 MOTOMY OTHOCUTEJIbHOE YHCJIO
COJIHEYHbIX IsiTeH R Ha3bIBAIOT TaloKe YUCIOM
Bonbda. R, onpenensiercst Kak cpexHee 3Ha-
YyeHUe U3 JBEHA/LATH CpeHeMeCSYHbIX.

B mae 1947 r. oTHOCHTEIBHOE YUCJIO COJI-
HEYHBIX MATEH AOCTHIJIO BenunHbl R = 151,8
(mukn Ne 18), e HabmoznaBureiicss yxe Ha
MPOTSKEHUM COTHH JIET. ITOT MAKCUMYM ObLI
npes3oiizeH B crenyouieM nukie Ne 19, xor-
n1a B centsibpe 1957 r. 6pu10 3abMKCUPOBAHO
pexopaHoe uucso R = 201,3. B unxne Ne 21,
B konue 1979 r., orMeyeH MakcuMyM R = 164.
Jlo cux nop 06bsiCHEHNEe NUKJIMYHOCTH COJI-
HEYHBIX TSITEH He HaiAeHO, la U CaMHM OHH
TasIT HEMAJIO 3arajioK.

Cunrtaercs, YTO MATHA NPEACTABISIOT CO-
6011 BUIMMOE NPOSIBJIEHE MATHUTHBIX TTOJIeH
UCKJIIOYMUTEIbHON MHTEHCUBHOCTH, NPUYEM
CMEKHbIE MATHA JOCTATOYHO YaCTO pasjiuya-
JOTCSL CBOEH IOMIIPHOCTBIO (YHUIIONSIPHbIE
GUIoJIsIpHbIE TT0JIS IISATeH ). MarHuTHbIe NoJs
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XapaKTepU3yTCs HanpsikeHHocThio 0,45 To
(HanpsHKEHHOCTh MATHUTHOTO ITOJIst 3eMJTH CO-
crapnset 0,5 x 10~4 Tu).

Conneynble nsTHa Ha 1200° xonoaHee ok-
pyxamoreit horocdepst ¢ ee Temneparypoit
5670 °C. ConneyHoe MSITHO — 3TO JIMIIb Ma-
JIbII TIPOCTPAHCTBEHHBIH U BpeMeHHO# (par-
MEHT MOUIHOTO LIEHTPa aKTUBHOCTH, 3aJIeraio-
ero noJ ¢orocdepoit ¥ NOTOMy HenOCTYII-
HOTO NMPSIMBIM HAOJTIOAEHNSIM.

[To BHEeUIHMM TpaHMIIAM COJIHEYHOTO MSIT-
Ha (OPMUPYIOTCS TaK Ha3blBaeMble 0OJACTH
(pakesnios, HabIIONAEMbIX B OMNpEHEIEHHBIX
cnexTpaibhbix Junusx. Qakennl cseriee
W, CJIeI0OBATENBHO, FOPsiyee CBOEr0 OKpYyXe-
HHsI, OHU MMEIOT TMTAHTCKYe pa3Mephl U Io-
SIBJISTIOTCSI Kak B ¢porocdepe, Tak U B XPOMO-
cepe.

BuyTtpwu obnacreii ¢akenos B xpomocdepe
4aCTO MPOUCXOMAT BbIOPOCH! (M3BEPIKEHMUS),
BbI3BIBAIOIiE€ BHE3AMHbIE «BO3IOPAHUS» C
ONHOBPEMEHHbIM yBeJaNYeHneM NMOBEPXHOCTH
(bakenos. Takye BbIOPOCHI HA3bIBAIOT BCIIBILI-
kamu. OHH pa3IMYaIOTCs SPKOCTBIO, pa3Mepa-
MM 1 BpeMeHeM XUu3HU. Benbliky pasropaiot-
cs1 32 HECKOJIbKO MMHYT 1 yracaiot 3a 30-60
MMHYT, HO HAOJIIOJAIOTCSI U APYTHe, ropas3ao
60Jiee KOPOTKME WIIH JTHTeNbHbIe. BO3HMKHO-
BEHMe BCIIBILIEK TaKXKe OODbSICHSIETCS MHTEeH-
CUBHBIMM MarHUTHbIMH nosisiMU. CostHeyHble
M3BEPKEHNsT MOPOXKAAIOT 3JIeKTPOMArHUTHbIE
M3JTy4eHMsi BCEX THIIOB, & TP OCOOEHHO KPYII-
HBIX BHIOPOCAX YCHIIMBAETCSI KOPIYCKYJISIpHOE
U3Jy4eHue.

HeobxoauMo 3aMeTHTh, YTO CBETMMOCTD
CounHiia, onpesiesisieMast BULUMbIM M3JTy4eHHU-
eM ¢otocdepsl, He MOJBEP>KEHA 3aMETHOMY
BJIMSTHMIO COJTHEYHOH aKTMBHOCTH U CYMTAET-
CsI TIOCTOSTHHOM.

2.3.2. ConHeyHast akTHBHOCTB ¥ HOHOCepa

Jlaxke 1p¥ MUHUMAJIBHOI COJIHEYHON aKTHB-
HOCTH HaGJII01AETCsI CYyTOYHASE X CE30HHAsI U3-
MEHYMBOCTb MoHocdepsl. Ecayt 651 oHa Oblra
CTPOrO PEryJsipHOI, TO /JIst J11060ro MecTa Ha
3emsie 1 J11060ro CPoOKa MOXKHO GbLI0 GBI CO-
CTaBUTb «PaclMCaHKeE YACTOT» Ha BCE CIIydau
KOPOTKOBOJIHOBOH cBsi3n. OJHAKO CHJIbHAS
HeTpeacKadyeMasi JOJTrOCPOYHAsi M3MEHUYM-
BOCTb COJIHEYHOH aKTMBHOCTH CYLIECTBEHHO
CHMXKAET PeaTn3yeMOCTh 10JJ0OHBIX MPOTHO-
30B. TeM He Mexee ONBITHBIA PaANOTIOOUTENb,
buKCHpyst TeKylIMe YCJIOBUSI PafNOCBSI3N
Y ONMPasiCh Ha pasNMYHble PU3HAKH, CyMeeT
pacro3HaTh GOJIbLIMHCTBO BO3MYILEHMNI HOHO-

cepbl.

CrpoeHue ¥ CBOHCTBa HEBO3MYIIIEHHOMH
HoHocdepbl

JHeprusi CONHEYHOro yJabTpacduoIeTOBOro
U PEHTTEHOBCKOTO M3Jy4eHWi MaKCHMMaJbHa
IIPH BTOP>KEHNH B BEPXHIOIO YaCTh 3eMHOIf aT-
Mocdepsl. OfHAKO TaM BO3AYyX elle KpaiiHe
PaspexeH, U B HeM IPHCYTCTBYET COBCEM MAJIO
MOHM3UPYeMBbIX MoJieKyJt. [To Mepe IpoHMKHO-
BEHMsl U3JydeHusi B atMocQepy CTAaHOBHUTCS
BO3MOKHBIM 00pa3oBaHye BCe OOJIbIIEro Yuc-
112 cBOGOHBIX 3JIEKTPOHOB, [IOCKOJIbKY OHA YII-
JoTHsieTCs1. B TO XKe BpeMst SHEprust U3JTyYeHust
rccsikaeT. B KoHIe KOHIOB GyfieT JOCTHIHYTa
30Ha, I/Ie IVIOTHOCTb MOJIEKYJI ra3a KaK pas Ta-
KOBa, 4TO OCTaBINENCs SHEPTMU M3NYYeHMsT 10
CTaTOYHO [ UX I1OYTH ITOJHON MOHM3ALMH.
ITpu aTom popMupyercst 061aCTb MAKCUMAIIb-
HOIf KOHIIEHTPAIUU CBOOOAHBIX 3JIEKTPOHOB,
Ha3BaHHasl 110 MMeHU yyeHoro Yermena, Brep-
Bbl€ OIMCABIIETO JAHHBIH IPOIECC.

TonmmHa cnost YenmeHa 3aBUCUT OT ABYX
(baKTOPOB: BHICOTHOTO XO/1a [IVIOTHOCTH ATMOC-
bepbl 1 ee CrIOCOGHOCTU OCHAABJNSATH CONHEY-
Hoe usnydyenue. [locnennsisi BBIPAXKAETCS B
TOM, YTO YABTPa(HOJIETOBOE ¥ PEHTTEHOBCKOE
M3JTydeHUs PA3NUYHBIX JJIMH BOJH M3bupa-
TEJIbHO OIJIOIAIOTCS HA PA3HBIX BBICOTAX OII-
peleseHHbIMM aTOMaMM U MOJIeKyJamu (a30-
TOM, KMCJIOPOJOM, BOASIHBIM MAapoM U Ap.).
MHTEHCMBHOCTD COTHEYHOTO U3JTyYeHHSI BIIH-
sIeT He Ha TOJIIMHY CJIOs], @ Ha KOHIIEHTPALHUIO
3J7IEKTPOHOB B HeM. IIpu OTBECHOM majeHHH
nydeil KoHUeHTpauust MmakcumanpHa. C npu-
6mkenieM COJHIA K TOPU30OHTY MOHM3ALMS
IIOCTENEHHO cnabeeT M3-3a MOCTOSIHHOM pe-
KOMOMHAINY 3aPSIKEHHBIX YACTHIL, U B KOHIIE
KOHIIOB MOHM30BAHHBII CJIOH Mcye3aer.

[IpUMHATO BBLAENSTD CJAELYIOUME MOHU3NPO-
BaHHBIE CJIOU:

* caou F:

—teopust Yenmena vnib npubIN3NTEIbHO
obpsicHsIeT IpONCXOXeHNe c10s F,), naxo-
asumerocst He Bbiute 200-400 kM. 3xech
KOHIIEHTPAIMsI 3JIEKTPOHOB MaKCHUMaJsbHa
(OKOJIO MUJIHOHA CBOOOIHBIX YACTUIL Ha
1 cM3), 3TO CaMblit MOHM3UPOBAHHBIHA CJIOI
n3 Bcex. KopoTKoBOIHOBAsI 1asIbHsAS CBA3D
(DX) ocyuiecTBsieTCs raBHbIM 06pasoM
Gnarogapst orpaxeno ot cosi Fy. Benen-
cTBME HEGOMBUIONH CKOPOCTH PEKOMOMHA-
MM OH CYyILIECTBYeT ¥ B HOYHOE BpeMs,
XOTs1 B HECKOJIBKO ocabnerHoM Buze. He-
3azosro 1o Bocxoaa CosHIla KOHLEHTpa-
L[S DNIEKTPOHOB IPOXOJUT Yepe3 MHUHH-
MyM; II0CJIe BOCXOZIa MIOHM3AIMS PacTeT U
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cryctst 1-2 4 gocTHraet CpeHeCy TOYHOro
ypostsi. Jlerom cioit F, Bech sienb mpe6oi-
BaeT Ha BbicoTe 400 KM, 3MMO# U B HOY-
Hble Yachl oH onyckaercst 10 250-300 k.
Croto F, coiicTseH psix aHomasmii. /[HeB-
Hasi aHOMaJIMsi COCTOUT B TOM, YTO MAKCH-
MyM KOHIIEHTDALMH 3JIEKTPOHOB HE OOHA-
PYXHMBAETCSI IPU MaKCUMAJIbHOH BbICOTE
CoJHIa ¥ OSIBJISIETCSI IPEUMYILECTBEHHO
Bckope nocJie nosyaHst. Hounas anomanus
3aKJII0YAETCS B NMPOAOJIKAIOLIEMCST POCTe
MOHM3AIMU B OTCYTCTBHE COJIHEYHOTO M3-
nyuenust. [lonsipuasi anomanusa cnos F,
HabJTIOAETCs B 30HE IOJISIPHOI HOYH, KOT-
J1a COTHEYHOe M3JIy4yeHH e B Te4eHHe T0JITo-
ro Bpemenu orcyrcrByet. Haxowner, ocra-
€TCs HeMOHSATHOM Ce30HHasi aHOMAJIUSI, BbI-
PaXkaroIasiCsi B TOM, YTO KOHIIEHTPALMsI
3JIEKTPOHOB 3UMOIi OKa3bIBaeTcst GoIblIe,
yem neroM. Kpome Toro, Bonpeku oxuza-
HUAM, JETHUH MaKCHMyM MOHW3ALUM Ha-
CTymaer He IIPU MAKCHMAJbHBIX BBICOTAX
CouHia, a BCKOpe MocJjie PaBHOACHCTBUIA,
10 ectb nocne 21 mapra u 23 ceHrtsOps,
KOrZa AeHb ¥ HOUb UMEIOT OJMHAKOBYIO
NPOJOJIKUTENIBHOCTb. Ecu npu paBHO-
nexncteuu CoJiHIe HAXOXUTCST HaJl 9KBaA-
TOPOM, MOHM3ALYSI MAaKCUMaJIbHa HaJ ce-
BEPHBIMH 1 I03KHBIMH Hiporamu. O61acTn
NOBBIIEHHOH KOHIIEHTPALUU 3JIEKTPO-
HOB pa3fieJIeHbl y4aCTKOM MWUHMMAaIbHOM
MOHM3ALMH, TPOCTUPAIOLIUMCS BIOJIb Mar-
HHTHOTO 9KBaropa. Takoe IOOXeHHe Ha-
3bIBAIOT TEOMarHUTHOM aHOMasuel;

—caoti F, ¢bopmupyercst 1muib B TeYyeHUe

ana Ha sbicore 200-280 kM. Jletom on
BCTPEYAETCS Yallle, 4eM 3MMOIt, M OT HUXK-
neii rpannusl cros F, oTaenen o6jacTbio
NOHMKEHHOH KOHIEHTPALMH 3JIEKTPOHOB
(tomumnoit 50 km). Crnoit F; obpasyercs
B COOTBETCTBMHM C Teopueii Yenmena u co-
nepxut e Gomee 400 ThiC. CBOOOXHBIX
anektponos B 1 cm3. DToT cnoil Hexea-

eJIeH Ul pacHpOCTPAHEHHUs] KOPOTKMX
_OJIH, TaK KaK TIOTJIONIeH1e B HeM NpensT-
CTBYET UX POXO3KAeHMIO K cnioto F,. Croit
F, Bcerna conytcrsyer (pOpMHUPOBAHHIO
cniost F,, Tak uTo 06a OHM COCTABJISIOT €U~
HbII KOMILIEKC c1oeB F;

» croti E. MakcyiMyM KOHUEHTPaLMK 3JIEKTPO-
HoB B cnoe E npuxopurcest Ha Beicoty 110-
130 kM. CunTaercst, 4TO OH BO3HMKAET COTJIac-
Ho Teopuu Yenmena (Chapman). IIpu cpen-
Heii KoHuenTpaiy anextporos 100 000 v
MOHM30BaHO TONbKO 0,1% NMPUCYTCTBYIOMMX
atomoB. Ciyoii ¢opmMupyercsl Ha JHEBHOH
cTopoHe 3emJiv; BCKOpe IMoCje BOCXOJa

Cosnnua voHusanust ObICTPO pacTeT, K NOJy-
JIHIO JIOCTMraeT MaKCUMyMa M 3aTeM MeJjieH-
HO CIa/IaeT BILIOTh JI0 3ax0fia cBeTIa. ITocne
3TOr0 MHTEHCHBHAs PEKOMOMHALMS B Teye-
HME Yaca IIPUBOJWT K IIOYTH IIOJIHOMY HCYE3-
HoBenuio caios. iHorza cioit E cymectsyer u
HOYBIO, HO M3-32 OTCYTCTBHSI COJIHEYHOIO M3~
JlyyeHMsT KOHLIEHTPALs HOHOB B HEM Kpaiite
mana. Kpntndeckas yacrora f, ueBHoro ciost
E noury Bceraa nexut B npenenax 2—4 MIt,
NpUYEM OHa TTOBbILIAETCS B IEPHOJ MaKCHMY-
Ma COJTHEYHbIX MSATEH M OHMKAETCS B [IEPHOI
mummnmyma. Criopaamdecknii cioit E (coit E)
TIpeACTaBJsieT cob0il YacToe, HO BeChbMa Hepe-
rynsipHoe sisnerue B nonocdepe. Crpykrypa
ITOrO CJIOSL He SIBJISIETCS CJIOUCTOI 1 bobiIe
noxoxa Ha obnayHocTh. [ToaToMy ero creny-
€T OTHOCHTb K BO3MYIUEHMSIM MOHOC(hEPDI
(cM. pasnen «Boamyuuenyst nonocepst» );
caoti D. Pacnonoxen Ha Boicore 70-90 kM
OT 3eMHOI MOBEPXHOCTU B CPAaBHUTEJIHHO
nnotHo# obsacti atmocdepnl. KonnenTpa-
LMs 9JIEKTPOHOB B HeM Kpaiine Mana (CM.
pHc. 2.2), ¥ TOTOMY 371€Chb MOTYT OTPaXaTh-
Cs1 INILb CaMble JJTMHHBIE BOMHBEL KopoTkue
BOJIHBI IPOXOJISIT CKBO3b CJIOH, HO IIPX 9TOM
MHOT/IA CUJIBHO OCNAbJISIIOTCS], @ B KpaiiHnx
CJy4asiX MOJIHOCTbIO norsomaiorcs. Iloro-
1eH1e 06 paTHO MPOIOPLMOHAIBHO KBa/Ipa-
Ty yactoTsl IloaTomy cnoit D o6p1uno He
npensTcTByeT pacnpocrpaneduio 10-, 15-
1 20-MeTPOBBIX IPOCTPAHCTBEHHBIX BOJIH,
st 40-MeTpOBBIX BOJIH 3aTyXaHHUE€ CTAHO-
BUTCS 3HAYMTEJIbHBIM, 2 GoJiee BCEro cTpa-
natot 80- u 160-merposbie quanazoHsl. Io-
[JIoIEHKEe TeM OoJiblle, YeM MeHblIe yroJ
najeHust BoJHbl Ha caoit D (cM. puc. 2.4)
M 4eM BbIIIIE B HeM KOHIIEHTPALMs JIEKTPO-
soB. [TockonbKy 3TOT Cioit crocoben ¢op-
MMPOBATbCSI JIMIIb MOJ AEHCTBUEM COJIHEY-
HOTO U3JTyYeHUs ¥ IPOLECC PeKOMOHHALIMH
B HEM IIPOTEKaeT 0YeHb OBICTPO, OH UCYe3a-
et nocne 3axona ConHua B TeyeHue He-
ckonbkuX MuHYT. CpaBHUTENBHO Masblif
paauyc aeiicrsust 80- 1 oryacty 40-merpo-
BBIX BOJIH B JTHEBHOE BPeMsi OOBSICHSIETCS HX
3aryxaHueMm B cioe D. OH HUCKONBKO He
CII0COOCTBYET JaIbHEMY PaCcTIpOCTPaHEHUIO
KOPOTKHX BOJIH 32 CYET OTpakeHMH M J0J-
KEH PacCMaTPUBAThCSi KaK YMCTO MOCJIO-
AKIMH CJI0H, IPENsITCTBYIOIMIL- pacpo-
CTpPaHEeHHIO MPOCTPAHCTBEHHBIX BOJIH.

Boamyuenus nonocgepbl

- bonee nnu MexHee BbIpAK€HHbIC BO3MYLIEHHMA

I’IOHOCCbepr TIPOUCXOAAT IMOCTOSAHHO U SABJISI-
IOTCA CIeACTBUEM COJIHEYHOU aKTHBHOCTH,
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TIEPBUYHBIM [IOKa3aTesieM KOTOPOit CIIy>KaT CoJt-
Heunble nsiTHa. CTpoenne noHocdepb! 3aBUCUT
MOYTH UCKJIIOYUTENIBHO OT yJIbTpacHoIeTOBO-
TO U peHTreHoBcKoro nanyyennii Comntua, Taxk
4TO BCIUIECKM ITHUX M3JIyYeHUI BBI3BIBAIOT
B Hell COOTBETCTBYIOIINE BO3MyIliieHHUs1. Takue
BCILJIECKH, KaK JIIOOBIE 3JIEKTPOMArHUTHBIE KO-
nebanusi, paCpOCTPAHSIIOTCS CO CKOPOCTHIO
CBETa M JOCTUAIOT 3eMJIN NPUOIU3UTETHHO
3a 8 MUH.

MHTeHCcHBHbIE BBIOPOCHI 3JIEKTPOMArHUTHO-
TO U3JIy4eHHsT HepeKO COIPOBOXKAAIOTCS U3-
BEPKEHUSIMM COJIHEYHON MaTepyH, TO eCTh
KOPNYCKYJsipHbIM M3nydyeHueM. ITorok yac-
THI IBHXKETCSI HAMHOTO MeJJIeHHee 3JIeKTPO-
MarHMTHBIX BOJIH. B 3aBucHMOCTH OT CBoei
CKOPOCTH 4YaCTHIBI NPUXOASIT B 3EMHYIO aT-
mocdepy 3a Bpemst ot 15 muH 10 40 4 nocne
BbIGpoca. Boamyienust 3a cuet KOpIycKyJIsip-
HOTO M3JIyYeHMUs] IPOUCXOJSIT B CBSI3U C BO3-
MyIIEeHUsIMU OT GoJiee MOLIHOI ysTpaduoe-
TOBOW M PEHTTEHOBCKON pajMallMy, HO C 3a-
ZePKKOM OTHOCHTEJIBHO MOCIEAHNX.

Bue3sanHbie BO3MYyILEHHS HOHOCEPDI

Tax Ha3bIBAIOTCsI JIIOOblE BHE3AIHO BO3HHMKA-
I0I1e BO3MYIIIeHNs noHochepsl, 00YCIIOBIEH-
Hble YCUJIeHVeM yJIbTpadHoeTOBOI U peHTre-
HOBCKOM pazmanuu. Jta pajualusi Norjoma-
eTcsl B MoHOChepe, BHI3bIBAST ZONONHUTENbHYIO
MOHM3ALMIO, OCOOEHHO 3aMeTHYIO B cioe D.
C noBbllIeHNEM KOHIEHTPALMH DJIEKTPOHOB
PacTeT U TMOrJomeH e KOPOTKMX BOJIH B CJIOe.
Kpaiitee nposiBieHre AaHHON 3aBUCHUMOCTH
HaspiBaloT a¢dexkrom Mérens-umHakepa
(MDE) unu 3aMupaHueM KOPOTKUX BOJIH
(3KB). B 1927 r. I. Mérenns (H. Mégel) Briep-
Bble HAOJI0/1a)1 KPaTKOBPEMeHHbIe HapyIIeH s
KOPOTKOBOJIHOBOM najibHeil csiau. B 1935 1.
k. I Anmnpxep (J. H. Dellinger) ormeruu,
4TO TIpeKpaleHne BCEX KOPOTKOBOJHOBBIX ce-
aHCOB CBsI3M COBIAJIO ¢ U3BepxenneM xa Con-
Hite. B aToM ciiyyae KOPOTKOBOJIHOBASI Pajino-
CBs13b Ha JHEBHOI CTOpOHe 3eMJIM NpeKpalia-
ercsi Ha nepuof Aeiictus addexra. OObIaHO
3KB anuTtcsi OT HECKOJNIBKMX MMHYT 10 He-
CKOJIbKHX 4YacoB. B aro Bpemsi ysyuyuiaercs
[IpUEM M YCHJIMBAIOTCS NMOMEXM Ha JJIMHHBIX
BoaHax. Takoe BHe3aNHOe BO3MYyILEHNE HOHO-
cepbl pacCMaTpMBAETCS KAK IepBast peaKIust
aTMocgepbl 3eMiM Ha MOsIBJIEHNE COJTHEYHOM
Berbluku. OGBIYHO AEN0 He JOXOAMT IO HOJ-
HOTO 3aMHpPaHust KOPOTKHUX BOJIH ¥ OTPaHNYM-
BaeTCS TEM, YTO MX IOrJoleHne 6osee Man
MeHee ObICTPO BO3PACTAET, & OTPAKEHMe Majia-
eT, B cuty yero MIIY u fC HEOXXHMJJaHHO yMEHb-
watorcst. HanpoTus, npu nosHoOM pasBUTHH

apdexra 3KB npueMHMK MOXET «OHEMETb»
HACTOJIBKO, YTO NMOKAXKETCS] HEMCIPABHBIM.

Addexr 3KB nabnopaercss daie Bcero
B IIEPUOJl MAKCUMYMa COJTHEYHBIX MSITEH U TOJIb-
KO Ha JIHEBHOM CTOPOHE 3eMJIM.

Honocdepusie 6ypu

Kak ysxe ormeuasnocs B paszese «ConmHeyHslit
BeTep», co cropolsl CosHIa HAa PaCCTOSTHUH,
MHOTO 60JIbIIEM 36 MHOTO PajinyCa, TPOUCXO-
JIUT CJIOKHOE B3aUMOJENCTBUE MarHMTHOIO
noJsisi 3eMJIM M COJHEYHOMH IJIa3Mbl, BbI3bI-
Bamoliee KosebGaHMs TeOMarHUTHOTO IOJIsL.
B Hacrosiiiee BpeMsl Takyie BO3MYIIEHUS pe-
TUCTPUPYIOTCS. MHCTPYMEHTAIBHO U OLIEHH-
BalOTCs MO0 MarHurorpammam. Bemneck (u3-
OBITOK) KOPIYCKYJISIPHOTO U3JIy4YeHUs OTO-
O6pakaeTcss Ha MAarHUTOrpaMMe Kak pe3Koe
u3MeHeHHe reoMarHuTHoro noJs. Takoe co-
O6bITHE HOCUT Ha3BaHWE TeOMArHWUTHOH (MM
MPOCTO MarHUTHOM ) Gypu. VI36bITO4HAs ConHey-
Hasl 171a3Ma, OTKJIOHEHHAast TEOMarHUTHBIM I10-
JieM, Pa3HbIMH ITyTSIMU TIPOHUKAET B aTMocepy
3eMiM U BbI3bIBAET B Hell MOHOCGhEPHDIE OypH.

Bri6poc contedHoM nia3Mbl, COCTOSIIEH U3
MPOTOHOB U 3JIEKTPOHOB, BU3YAJIbHO MPOSIB-
JISIeTCsl KaK MHTEHCUBHAs BCIBIIIKA U JTOCTHU-
raet 3emsu 32 20—40 u. [ToaTomy cumuraercs,
yto yepe3 1-3 aus nocne cunbuoro 3KB cay-
yaercsi uoHochepHas 6ypst. OHa cONpoBoXKAa-
€TCs1 MarHUTHO# Oypeil U AJIMTCst MHOTHE JTHH,
TO ecTb ropaszio nosnbue 3KB.

OCHOBHBIMU TpPHM3HAKaMKU HOHOCEPHOI
Oypu ciiysKar majieHue KpUTHYECKOH YacTOThI
cnost F, M0 TONOBMHBI OT <«HOPMAJIbHOTO>
YPOBHSI ¥ pocT noriomenus B coe D. B nenom
CIIEKTP NPUMEHMMBIX KOPOTKHMX BOJH CHJIBHO
cyaercsi cBepxy (3a cyer mommkenus f) u
cuusy (6naronapsi 6oJsiee CUIBHOMY TMOLJIOLLe-
HUIO, KOTOpOoe ocnabisieT UIMHHOBOJIHOBYIO
4acTh KOPOTKOBOJIHOBOTO Jiuana3oHa). Bo Bpemst
6ypb, Pa3HbIX MO0 UHTEHCUBHOCTH Y AJIMTEIb-
HOCTH, TIPUHUMAEMble KOPOTKOBOJIHOBbIE CHT-
HaJIbl KpaiiHe cs1abbl M 4YacTO CTPAaialoT OT
NnyJabCUPYIOMX 3aTyXaHuit. [Ipy cHIbHBIX
noHocgepHbIX OypsiX 3aMUPAHUE MOKET ObITh
HaCTOJIBKO [JIyGOKMM, YTO JQJIbHsIsI CBSI3b OKa-
3bIBAETCSI HEBO3MOKHOI Cpa3y BO MHOIMX peru-
oHaX. 3acIy’KMBaeT BHUMAHUS TOT (hakT, uTo
HENOCPEACTBEHHO Mepet MOJOOHBIM 3aTyXaHH-
€M JJAJIbHSIST CBSI3b YacTO OCYLIECTBJISIETCS OCO-
Genno ycnewno. Pagrosno6uTesb MOXeT BOC-
TIOJIb30BATHCST ITHM, ECJIH Yepe3 HECKOJIKO JHel
nocne ray6okoro 3KB Gyzner vaiue paborath B
JMANa3oHax JajbHeil KOPOTKOBOJIHOBOI CBSI3H.

Brnsinue nonocgepHbix 6ypb MpoOsIBISET-
Csi M IHeM, M HOYblo. B mepnox Makcumyma
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COJIHEYHBIX IISITEH OHO YCHJIMBAETCS], HO JUIUT-
Cs1 MEHbIIle, HEXEJIH BO BPEMst MUHUMYMA.
HonocdepHble Bo3MylLIeHUs], CBsI3aHHbIE
C FeOMarHUTHBIMHM HAPYIIEHNSIMH, COIIPOBOXK-
J2I0TCsE TOOOUYHBIMU SIBIEHUSIMHU, B TOH MU
MHOIL CTENIeHN BIMSIIONIMMHU Ha PaclpocTpa-
HeHHe KOPOTKMX BOJH. JTO TeM 6osiee crpa-
BEJIMBO, €CJU VoHOCGhepHble BO3MYUIEHHSI
10 CBOEH WHTEHCHBHOCTU NPUOJIMKAIOTCS
K nonochepusim 6ypsim. K takum siBneHusim
OTHOCHUTCSI KMBOINMCHOE CEBEPHOE CHSIHUE,
06BIYHOE HA BBICOKMX FEOMArHWUTHBIX IIMPO-
Tax, HO CPABHMTEJIHHO PEJIKOE HA yMEPEHHBIX.
Ero BbI3bIBAIOT YacTHI[BI C IHEPrUAMHU, OK3-
xumu K 104 5B (anepruio B 1 3B — anexTpon-
BOJIBT — IPUOOPETAET JIEKTPOH, [IPEO0JIeBa-
o pasxocts norednuanos B 1 B). ITona-
aast B noHocdepy, aTH 4acTUubl Giaroxapst
yIApHOM MOHM3AUMMK IMOBBIUIAIOT KOHLEHT-
PalMIO 3JIEKTPOHOB, 3HaYeHUs KOTOPO# Jo-
cruraior 108 cm~3 B6usu cnos E. Tem ca-
MbIM YBEJINYUBAETCS 9JEKTPOIPOBOLHOCTD
MOHU3MPOBAHHBIX 06JIACTEH, U MO BIVISIHU-
€M 3JIeKTPUYECKHUX MoJieil BO3HUKAIOT MOII-
HbI€ CUCTEMBI TOKOB, TTOOOYHBIMY SIBJIEHUSIMH
KOTOPBIX U OOBSICHSIOTCSI CEBEPHbIE CUSTHMUSI.
B oxpecTHOCTSIX CeBepHOro CUsIHMsI, B ce-
BEPHOM PaJMOCHSIHUM, KOPOTKUE BOJIHBI MO-
TyT npereprners o6parHoe paccesiune. Ho ecan
reOMarHuTHOe BO3MYyIleHUe CINIIKOM Besu-
KO, HabJIO/IaeTCsI CUJIBHOE UX 3aTyXaHue B 00-
JIACTSIX TIOTJIOIIEHMUSI, TIPUJICTAIOINX K 30He
ceBepHOTro cusiiust. [Ipu kpaiiHe MOIIHBIX reo-
MarHUTHBIX BO3MYILEHUsIX 00J1aCTH NOTJOLIe-
HHUSI COCOOHBI POCTUPATHCSL 10 YMEPEHHBIX
IIMPOT M CYIECTBEHHO MEIIATh PacrpocTpa-
HEHMIO KOPOTKUX BOJIH B MoHOC(hepe.
CesepHoe paiMocHsiHie CIIy4aeTcst B AHEB-
HOe M HOUHOE BpeMsi, MaKCUMYyM 4YaCTOTHI ero
TNOSIBJIEHUS. TIPUXOAUTCA HA WHTEPBAJBI OT
01.00 10 03.00 1 ot 17.00 xo 19.00 o MecTHO-
My Bpemenu. Yaie Bcero Takue CHstHMsL Obl-
BAIOT BECHOI1 1 ocenbio. Camble HHTEHCHBHbIE
CeBepHbIE CUsIHMSI HAOMIONAIOTCA B TEPUOI
MaKCHMYyMa COJIHEUHBIX MSTEH.
KopoTtkoBosiHoBast cBsi3b Ha 0GpaTHOM pac-
CesTHUH OT CEeBEPHBIX CUSTHUIN He UMeeT 0co60o-
ro 3HAYEHHUs B JESATEJBHOCTH pagronobuTe-
Jeil. B nepuoxbl MMHMMAaNbHON COJNHEYHOIt
aKTMBHOCTU ynoGHee monb3osatbest 10-, 15-
1 otyacti 20-MeTpoBbIMM Auanazonamu. Ho
IUIs1 IpUBep KeHIleB 2-MeTPOBOI1 MOJIOCH Ta-
Kasl CBSI3b — NMOJJIMHHBIIA NMPa3aHuK (CM. pas-
nen 2.4).
IIpu HEoObIYHO MOIIHBIX U3BEPIKEHMSIX HA
CouHlte, Kak NPaBUJIO, BO3HNKAET M3JIy4YeHHue,
cocrosillee MPeHMyIeCTBEHHO M3 NPOTOHOB

n anpda-yacTul (siaep aToMoB ressi). B atom
cJIyyae pedb UIET O ObICTPBIX YaCTUIIAX, KOTO-
pble MPMHAIEXAT K KOCMUYECKMM Jiyuam
1 obnazaloT sueprueii Gonee 10° 5B. 3a Bpems
oT 15 MHH 0 HECKONIBKMX 4ACOB OHM MPOHHU-
KAIOT CKBO3b MOJISIPHblE MAarHUTHBIE IIAMKH
B 3eMHyI0 aTMochepy. [TosTomMy Ha BBICOKHX
FEOMArHUTHBIX UIMPOTAX MPOMCXOAUT UHTEH-
CHBHAsi MOHM3auMs cjos D, 4TO NMpUBOAMT
K CWJIBHOMY TOIJIOIIEHNIO KOPOTKHX BOJIH.
SIBnenus1, cBsi3aHHbIe C MOTJIONIEHMEM B MO-
JISIPHBIX LIANKaX, OObIYHO ANATCA 2-3 aHsd,
pexe — no 10 aHeii.

Crnopannueckuit cnoit E (cnoit E) cymre-
CTBEHHO OTJIMYAeTCsi OT OCTAJIbHBIX CJIOEB
noHochepbl CBOEH IPOTSIKEHHOCTBIO M MTPOSIB-
JIEHVSIMA. DTH CJION Pa3pO3HEHHBI Ha BBICOTE
cyost E, ¥ noaToMy ero BbIAENSIOT CPeH Apy-
I'MX, Ha3biBasl criopaanyeckum cioem E wmm —
kpatko — cnoeM E.. Jlanru (Dungey) u Yaiir-
xen (Whitehead) aBbiaBuHY M TEOPHIO CABHU-
FOBBIX BETPOB, YACTHYHO OOBSICHSIIONIYIO BO3-
HUKHOBEHHE JaHHOTO CJIOSL.

Bprmre cost D Ha paccrosiium okoso 90 kM
HA/ 3eMHOI NMOBEPXHOCTHIO AYIOT CHJIbHBIE
BeTpbl. VIX cKOpOCTh M BapHalMu HanpasJie-
HUST IOCTUTAIOT MaKCUMyMa Ha BbicoTe 95 KM.
31eCh CMEHSIIOTCSL yparaHsl, HAYIIME Ha CMeX-
HBIX BBICOTAX TO C 3amaja, To ¢ cesepa. Ilpu-
4MHA B TOM, 4TO B obs1actu E peificTByioT npo-
Heccol nepenoca pasHoit npupoast. Ha 25%
OHH 06YCJIOBJIEHBI PETYJISIPHBIMU TIPUJIMBHBI-
MH BeTPaMM U Ha 75% — HeperyJsipHbIMU rpa-
BUTALMOHHBIMU BoJHaMH. CusibHble BETpBI
Pa3HbIX HANpaBJieHWii, e[Ba OTCTOsIINE APYT
OT Apyra Mo BbICOTE, NOPOXKAAIOT BEPTUKAIIb-
Hble CABUTH B NOJIe CKOpoCcTH BeTpa. IToatomy
VIMEIOIIMECS] TaM MOHBI U 3JIEKTPOHBI KaK Gbl
cobupatoTcst B 06J1aKa C NOBBILIEHHBIM COJIEP-
JKAHHWEM 32PsKEHHBIX 4acTHI. JTH TOHKHe,
CUJIBHO MOHM3HpOBaHHble cnou E  cocroar
TIPENMYIIECTBEHHO U3 JOJITOXKUBYIIMX NOHOB
METaJLJIOB U 37ieKTPOHOB. IOHBI MeTas10B Mo-
CTaBJSIIOTCSI CrOPAIOLIMMY 3/1eCh METEOpUTa-
MH (cM. paszent «OTpakeHUs OT METEOPHTHBIX
CIIEIOB» ).

Tunuunerit cnoit E neontoponen. B cpasin-
TeJbHO PaBHOMEPHOE pacnpejiesieHne NOHOB
BKpaIIEHbl CIYCTKH TIJIa3Mbl, MeJIKHE TOJIst
COKATOIA 1171a3Mbl MJIM T1J1a3MBI C CUJIBHO KoJieh-
JHOIIMMCSL TIOKa3aTesieM NpesioMJIeHHUSI.

H3-3a cBOETO CHCTEMATHYECKOrO MOrpysxe-
nus B 6osiee MIOTHbIE CI0M BO3AYyXa cion E
3aBMXPSIIOTCSL BCJEACTBYE TYpOYJIEHTHOCTH
3THX CJIOEB U B KOHIIE KOHIIOB HCYE3aI0T.

Ce3onHble 1 CyTOYHbIE BAPUALIMH BO3HMKHO-
BCHHs crioeB E onpenensiorces yCToituuBbMHU
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MOJISIMU 3JIEKTPUYECKOI nosisipu3anuu. B 3a-
BUCHMOCTH OT reorpaduueckoii 1MpOTHI
MOXKHO BBIIEJIUTH [IBE UX.OCHOBHbIE (DOPMBIL

ITepBast o6pa3dyercst B 06J1aCTH CEBEPHBIX
CUSIHM, 2 TaK)Ke Ha OTHENbHbIX reOMarHuT-
HBIX UIMPOTaX K CEBEpPY W 10Ty OT Hee. JTy
¢dopmy naswiBaloT cnoem E ceBepnoro cu-
ssHust. OHa KOppesMpyeT C reOMarHUTHBIMU
BO3MYIIEHMSIMM M CEBEPHBIMM CHSTHUSIMM.
Yem MolIIHee reOMarHUTHOE BO3MYILEHHE, TEM
Janblile K 3KBATOPY cMelaercs cnoit E  cepep-
Horo cusiiusi. OH MHTEHCHBEH U [IepeKpbIBAeT
BCE BbILLEJIEXKAIIINE CIOMU.

Ha ymepennbix muporax ciou E Boznmka-
IOT KpaiiHe HeperyJisipHO, OTPAHNYEHBI B MPO-
CTPaHCTBE U HANMOMMHAIOT 06JIaKa MOBbILIEH-
HOM KOHIIEHTPAIM JIEKTPOHOB Ha BBICOTE
100-130 kM. ITopo6HO OOBIYHBIM OOJAKaM,
OHM BeCbMa Pa3HOOOPa3HBI U MEPEMEHYMBDI
10 BeJIMUMHE, XapaKTepy ABMXKEHMsI, CKOPOC-
TH ¥ KOHUEHTPAIlM¥ MOHU3OBAHHBIX YACTHIL
BbLIO yCTaHOB/IEHO, YTO HA YMEPEHHBIX IINPOTAX
OHY JBWIKYTCsI TIPENMYILECTBEHHO K 9KBATOPY.
B xone nanpHelmmx HabMIONEHWI BbISICHN-
JIOCh, YTO TaKye obsiaka 06pa3yloTcst IPenMy-
[IECTBEHHO B JIETHME MecsIibl (C Masi [0 CeH-
Ts0pb), UX MOsIBJIeHHEe Haubosiee BEPOSITHO
B MIOHE-UIOJIe M B KOHIIe rofia. st cyTouHoro
X0/Ia XapaKTePHO BO3pacTaHHe NX KOJMYECTBA
C IIPEANONyIEHHOrO IO NpeJiBeYyepHero nepu-
onoB (¢ 10.00 xo 19.00 o mecTHOMy Bpeme-
HH) C MAKCMMYMOM BCKOpe I0CJie MTOJYIHS.
[To-BuaMMOMY, CBSI3M MEXIy COJIHEYHON aK-
TUBHOCTBIO U NosBnennem obnakos E_ ne cy-
I[ECTBYET.

Jnyna «CKavyKoB» IPK OTPaXKEHUAX OT cniost E
nocturaer 2300 kM. BbIBAIOT 1 MHOTOCKAYKO-
Bble oTpaxkenusi. [Ipu kpaiine mManbIx 3Haye-
HUSIX KPUTHYECKUX yacToT, korga KB auana-
30H ISt IAJIbHEN CBSI3U «HEMEET», B olpele-
JIEHHBIX PErMoHax YAAeTCsi YCTAHaBJIMBATD
CBSI3b Ha CPaBHUTEJIbHO HeGonbLInX (MOpsij-
ka 500 kM) nuctaniysx. MIx Ha3bIBalOT KOPOT-
KUMHU CKauKaMH M OOBSACHSIIOT OTPAKEHUSIMU
ot o6makos E_. IIpu nckounTenbHo CUNbHOM
HOHM3AIMH, HabMoAaoIIeiics Kpaiite peako,
TaKye OTPKEHMS] BOSMOXKHBI U B 2-METPOBOM
ananazone. OTpaxenusmu ot caoes Eg yac-
THYHO 0OYCJIOBJIEH TAKKe CBEPXAABHUIL TPU-
€M TEeJIEBU3MOHHBIX Tepejay, 0COOEHHO Ha
MIepBOM KaHaJe.

O6parHoe paccesinue

[Tocsie oTpaxkenusi ot noHocdepsl 1 MepBo-
r0 CONPUKOCHOBEHMS C IPYHTOM (IIEPBOTrO
CKayKa) JMLIb OYEeHb MaJsias 4aCTb S9HEPruU
pacceuBaeTcst 0OpaTHO M, OTPA3UBUINCH OT

noHocdepsl, BO3BPAILAECTCS B UCXOAHYIO TOY-
Ky. Ha o6paTHOM paccesinny B pejiesniax Mep-
TBOI1 30HBI BO3MO€EH, HAlIpUMep, IpHeM LIu-
POKOBeIaTeIbHOI KOPOTKOBOJIHOBOH Pavo-
CTaHIUN.

2.3.3. PacnpocrpaHeHue BOJH

mo6urensckux KB quanasoHos

Pajviomoburesb He UMeeT BO3MOKHOCTH OII-
penessiTb COCTOsIHME HOHOC(EDPBI, XOTsI ITO —
pettaonuii GaKTop AaJBbHEr0 pacrnpocTpaHe-
HUSI KOPOTKMX BOJIH. OH Takxe He B COCTOS-
HUM BBIOMPATDH YACTOTHI, ONTHMAJIbHBIE IS
nepeadu, Tak KaK MPHUBSI3aH K JIIOOUTENbC-
KnM auanasonam. IlocrosiHuble HabMOAEHHS
B COYETAaHMM CO 3HAHMEM MEXaHM3Ma PacIpo-
CTPaHEHUsI PAZIMOBOJIH TOMOTAIOT [OHSTD, Ka-
KHUE yCJIOBHUSI CBsI3U QOECTIEYNT OTIpeieIeHHbIi
KB xnanasoH B TOT MJIM MHOI MOMEHT Bpe-
MeHH. JlonrocpoyHsle NPOrHO3bI M NpPaBHIIA
0JIb30BAHUST JIIOOUTEIBCKUMU JNANA30HaMU
He 3aMEHSIOT TaKyIO NPAaKTHKY, IOCKOJbKY
MCXOJSIT U3 NIPEACTABJIEHUIT O «<HOPMATBHOI»,
CpPaBHUTEJIBHO CIOKOITHOI noHocdepe u mno-
TOMY CTPaJIaloT HEKOTOPOIi HeoIpeeseHHOC-
TBIO M3-32 HelPepPbIBHO MeHstiolelicst coney-
HOIf aKTUBHOCTH.

Pacnpocrpanenue B 160-meTpoBoM
NO6GMTEIBCKOM AHana3oHe

CornacHo MeXIyHapOAHBIM COIJIALIEHMSIM,
160-meTpoBbIit AMana30H 3aHUMaeT 4aCTOThI
or 1800 xo 2000 xIt. ITourn BCce cTpaHbl
MOJIb3YIOTCS IPABOM TPEJOCTABJSITh PajiHo-
JIOOMTENSIM JIMIb ONpeJesieHHble yYaCTKH
B INpefeJiaXx 9TOH IOJIOCH, MPHYeM KaKaas
CTpaHa JieJ1aeT 3To no-cBoeMy. O THAKO MOXXHO
paccuuThiBaTh Ha y4yactok 1810-1850 kI,
KOTOPBII MPAaKTHYECKU BCErAA OTAAIOT JIOOU-
TeJISIM.

Y paccMaTpMBaeMOro AMana3oHa ecTb CBOU
nounraresn. [IocKonbKy OH NPUMEHUM IS
JaJIbHEll CBSI3U JIMLIb B HOYHOE BPeMsi, Paito-
JOOUTE N IIPO3BAJIH €0 «COBUHOM MOJIOCOM».

3a MCKJIIoYeHHeM HOYHOTO BpeMeHH 3MMOii
B II€PHOJL MUHMMYMA COJTHEYHOH aKTUBHOCTH
160-MeTpoBasi mosioca BCerja JEXKHUT HIDKe
IPaHNYHOIl 4yacTOThl. 3aTyxaHue B cjoe D
BeCbMa 3HAYMTEJIBHO, TAK YTO HA NIPOTSKEHUH
CYTOK CBsi3b BO3MOXKHA TOJIbKO B IIpefesiax
JAJIBHOCTH JIEeHCTBYSI ITOBEPXHOCTHBIX BOJIH.
Bsicok 1 ypoBeHb aTMOC(hEpPHBIX TOMEX.

B HOYHOE BpeMsi 10CTYIIeH painooOMeH Ha
GoJsiee IUIMHHBIX TPaccax, IpUYeM HAUIyy-
IIMe YCJIOBMSI JaJbHEro paclpoCTpPaHeHUs
KB cnenyer oxuaars 3umoit. B HopMasnbHoit
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CUTYAalMX HET MEPTBBIX 30H. B nauHoii nono-
C€ PaIMOBOJIHBI PACIIPOCTPAHAOTCA BO MHO-
TOM TaK €, KaK 1 B COCEHEM CPEIHEBOJIHO-
BOM JMalla30HeE.

Pacnpocrpanenue B 80-meTpoBOoM
JOGUTENHCKOM HANIa30HE

B nHeBHOe BpeMsi CBsi3b YCTaHABIMBAETCSI
JIMIIb HA CPABHUTENIBHO KOPOTKUX PACCTOSTHU-
X, TaKk Kak 80-MeTpoBble BOJIHBI CUJIBHO TIO-
romanTes croem D. 3umoit paauyc nei-
CTBMSI HECKOJIBKO 6OJIbIIE, YEM JIETOM, U JIOXO-
T 1o 400 kM.

3aTyxaHue yMeHbUIAeTCsI M AAJbHOCTD pac-
TET 10 Mepe ncye3HoBeHys cnosi D nocse 3a-
xona Conxua. B HouHble yackl paguyc eii-
cTBUst MoxkeT npeBbimath 1000 kM, ecnu He
MEUIAIOT COCEHNE CTAHIMH B «TYCTOHACEJIEH-
HOM» JMana3oHe W CUJibHble aTMochepHbie
IIOMEXM B JIETHEE BpPeMsl.

B npenpaccBeTHble Yachl U paHHUM YTPOM
3UMOIA, OCOGEHHO B IEPHOJIBI MUHUMYyMa COJI-
HEUHBIX IISITEH, 4YaCTO YAAETCSI OCYIIECTBIISATh
MEXKOHTHHEHTaJIbHBIH paanoobmeH. Bnaro-
napsi o6pasyioIMMCs TP 3TOM MEPTBBIM 30-
HaM C AJMHOIt ckauka okono 1000 kM eBpo-
nefickye CTaHIMM MeIAIoT IPUEMy JIMIIb
B Npejenax JaJdbHOCTH JEHCTBUS CBOMX MO-
BEPXHOCTHBIX BOJIH.

Pacnpocrpanenue B 40-meTpoBoM
MOGHUTETHCKOM AHaNa30He

3zech Bce elle BEJIMKO 3aTyxaHue B cjoe D
JIHEeM, OTHAKO JaXKe B 3TO BPeMsl yKe JOCTH-
JKHMa JaJbHOCTb PACIPOCTPAHEHMsT BOJH 1O
1000 xM, a 1pu GAATONPUSITHBIX YCIOBUSIX —
1o 2000 xm. InuHa MepTBOiT 30HBI JHEM CO-
craBasiet 100 km.

B03MOXKHOCTh MEXKOHTHHEHTAJIBHOTO pa-
JMooOMeHa CyLIeCTBYET [JIaBHbIM 00pa3oM
B I1€PHOJbI MHHMMYMA COJIHEYHBIX TSITEH,
Yalule B ITO3/AHEE ITOCJICIIOJIYAEHHOE BpeMs, OJ1-
HaKO €10 TPYAHO BOCMOJIb30BATHCSI 3-32 IIOMEX
oT coceaHnx cranimii. [To HoyaM, 1 0cobeHHO
3MMHHUMM BeuepaMM, BO3PACTaeT JUIMHA CKay-
koB. Ee MakCHUMyM NPUXOAUTCS HA MOJHOYb.
[Tockonbky B 3TO Bpems EBpona nHaxommrcst
B MEPTBOI 30HE, YAAETCS YCTAHABJIMBATD pa-
JIMOCBA3b 6€3 MoMeX CO BCeMHM KOHTMHEHTaMH.
HauMenbliee 3aTyxanue 1 Hanbosblasi Aajb-
HOCTBb CBSI3W PEIM3YIOTCST, KOTIA PAIIOCUTHA
PacrpoCTpaHsIeTCs B IpeJiesiax HOYHOM CTOPO-
Hbl 3eMJIH, TJle HEeT norJomamniero cios D.

ATMocdepHble TOMeXH 371eCb MeHblIIe, YeM
B 80-MeTpOBOIi MoJioCe, OHAKO OHM CIIOCOO-
1Ll CEPhE3HO OrPaHUYMBATH BO3MOKHOCTH pPa-
;u1000MeHa B JICTHHI Nepuo.

Pacnpocrpanenue B 30-mMeTpoBOM
JOOHUTEILCKOM HANa30He

Bcemupnasi koHdepeHIMsI M0 PagMOCBSI3H
1 ssnBapst 1982 r. BHOBb OTBEJIA ITOT AMANA30H
paanonwoburensim. CTpaHaM MpefocTaBiIeHo
IIPaBO PACIOPSDKATBHCSI MM 110 CBOEMY yCMOT-
pernio. IToCKONbKY 1IMPHHA MTOJIOCH! COCTAB-
nsier Bcero 50 kI 1 oHa JOJKHA 3KCIUTya-
THPOBATHCSI COBMECTHO C MHBIMHU CIyX06aMu
PannocBsiay, B GONBUIMHCTBE CTPAH ee WUC-
MOJIB3YIOT B TeserpaHOM pexume.

IMoaxonsiiuas 1Jist CBsSI3N AHEM M HOYbIO, 3Ta
NI0JI0Ca COYeTaeT MHOTUe mpenmyiecTsa 20-
U 40-MeTpOBBIX AMANa30HOB. B nepuozs! cia-
60i1 conHeyHoll akTusHoCTH, Korga 10-, 12-
M 0T4aCTH 15-MeTPOBBIMH MOJIOCAMU JAJIbHEH
CBSI3M 110JIb30BATHCSI HEBO3MOXKHO, OHA CIO-
COOHa MX 3aMEHUTb.

JlasIpHIOI0 PAZIMOCBSI3b YAAETCsT OCYIIECTB-
JSTh B II060E BPEMS TOfla M CYTOK, AHEBHOE
3aTyxaHye 32 cyeT cJosi D oTHOCUTENBbHO He-
BEJIVIKO.

PacnpocrpaHenue B 20-MeTpoBOM
JIOOUTENILCKOM AMaNa30He

ITOT IMANa30H TPAAMLIMOHHO NPEJOCTABIISIETCS]
PaIMONIOOUTENSM st aJibHeid cBsizu. Kpyriibsie
CYTKM NPAaKTHMYeCKH B Joboe Bpemst roxa 20-
METpOBasI I10J10C2 MPUTOHA JUISI CBSI3H C APYTHU-
MU KOHTHHeHTaMH. VICKioueHye CoCTaBstioT
IepMObI MUHUMYMA COJTHEUHbIX TISITEH, KOraa
OHA «OTKPbITa» JIMLIb THEM U B CyMEPKH.

ITouTtH BCerna umeeTcst MepTBasi 30Ha, JJH-
Ha cKauka B koropoii cocrasisier 1000 kM B
JTHY MMHUMAaJIbHOI COJIHEYHOI akTMBHOCTH. B
1epHOJi MAKCHMYMa COJTHEYHBIX ITSITeH CKauOK
cokpamaercsi 10 400 kM u MeHee. B serHue
MecsiIbI MepTBasi 30Ha nHorxa orcyrcrByert. C
HACTYIJIEHHEM CyMepeK OHa ObICTPO pacliu-
psercs, U AJIMHA CKavyKa MOXeT AOCTHraTb
4000 xM. OcobeHHO 61aronpHsITHbIE YCIOBUSE
CKJIQJBIBAIOTCsI, €CJIM 4aCTh TPACCHl Pafno-
CBSI3Y IPUXOAUTCS HA HOUHYIO CTOPOHY 3eMJIH.

Hcnonb3oBanmne 20-MeTpoBOro Avana3oHa
JUIsT PAINOCBSI3N B 1pesiesiax EBpornbl orpanu-
YeHO MePHOJIOM MAKCHMYMa COJIHEYHBIX I1si-
TEH B JieTHee BpeMsi. ATMOC(hepHble TTOMeXH
[OYTH MOJIHOCTBIO OTCYTCTBYIOT.

Pacnpocrpanenue B 17-MeTpoBoM
JIOGUTETBCKOM JMANa30He

[To pemeHuio BcemMpHOil KoHpepeHUMN mo
paauocss3u 1 ssuBapst 1982 r. 17-merpoBast no-
JIOCA CHOBA OT/aHa pajMomobuTesam. Pexum
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SKCILIyaTallui BBIOMPAETCsT KaXA0i CTPaHOM
TI0 CBOEMY YCMOTPEHHUIO. DTO TUIIUYHbIN Ana-
Ma30H JajIbHel CBA3Y, CUJIbHO MOJABEPXKEHHBbII
BJIMSAHUIO UKJIMYHOCTH COJIHEYHOI aKTHBHO-
cti. O6BIYHO CBA3D C JT0OBIMU KOHTHHEHTaMHU
BO3MOXHa B JHEBHOE BpeMsl. YCJIOBMsS pac-
NPOCTPaHEHUs] aHAJIOTHYHBI YCJIOBHAM B 15-
MeTPOBOM JIMaNa3oHe.

B mepuos MakCHMyMa COJIHEYHBIX NATEH
3TOT AMANA30H IPUMEHUM NPAKTHYECKH KpyT-
JIble CYTKH, a B IepUOJi MMHUMYMa — TOJIbKO
nHeM. ATMocepHbIe TOMeXH 04eHb PeJKH.

PacnpocTpanenue B 15-MeTpoBOM
MOOHUTENBCKOM AMANa30He

YcnoBus pacnpoCTpaHeHHs BOJIH CUJIbHO 3aBH-
CAT OT UMKJIMYHOCTH COJTHEYHOU aKTUBHOCTH.

B nepuoabl MakCHMyMa /11alia3oH MOYTH Bee-,

r7ia IPUro/ieH A7 fasbHel casu. Beneacrsue
c1aboro 3aTyXaHMsl Y/AeTCsl yCTAaHABJIMBATh
CBA3b Ha OYeHb JUIMHHBIX TPaccax MpHU MaJoii
MOLIHOCTH [lepeiaTyrKa. B neproab MUHUMY-
Ma COJIHEYHBIX MSATEH MOJIOCa NMPUMEHHMa B
JIy4IlIeM CJTy4ae B JIETHHE MeCSI(bl IHEM U Tpe-
UMYIIECTBEHHO Ha KOPOTKO€ BpeMs; HOYBIO
JajibHsIsl CBSI3b CTAHOBUTCS HEBO3MOXKHOH,
a 3MMOM I0JI0Ca 3aKphiTa KPYIJIble CYTKH.

WHorza ciyyaioTcst OTPaKeHusl OT Cropa-
anyeckoro cnost E, 4To Mo3BoOJIAET yCTaHO-
BUTb CBsA3b Ha Tpaccax AauHOoit 10 2000 kM.
AtmocdepHsle momexy B 15-MeTpoBoii noso-
ce He BJIMSIOT Ha paboTy.

Pacnpocrpanenne B 12-MeTpoBOM
OOUTETHCKOM JHANa30He

ITOT AMana3oH Take 6bl1 3aHOBO IpPeAoC-
TaBJieH paauosobuTensm BcemupHoit KoH-
depenuneit no paanocsssu 1 stuBapa 1982 r.
1 3KCIUIyaTHPYETCsl B peXKHMe, KOTOPbIi ompe-
ZeJIs1eTC MECTHBIMU BJacTsIMU. Takou «aHeB-
HOM» ZIMana30H JiajibHell CBSA3U CXO/IEH I10 CBO-
UM 3KCIJIyaTallMOHHBIM XapaKTePUCTHKaM
¢ 10-MeTpoBBIM: OH B GOJIBIION CTeNeHH MoJ-
Bep)KEeH BJIMSIHUIO COJIHEYHOH aKTMBHOCTH.
VckoyeHre CoCTaBIsIOT JMIIb painoobMe-
HBI Ha CNOPaJIMYeCcKuX cnosax E, Bo3aMoxHbIe
B J1060€ BpeMsl.

B nepuoabl MakCHMyMa COJIHEYHBIX MATEH
JMana3oH oueHb yao0eH nHeM (a Hepeako U
PaHHUM BEYEpPOM) JJIs1 YCTAaHOBJIEHUs Aajib-
Heli cBA3U co Bcemu KoHTuHeHTaMu. IIpu oc-
nabJIeHUU COJIHEYHOU aKTHUBHOCTH YCJIOBUS
JlajibHeil CBSI3M yXYAIIAIOTCS, ¥ OHA OKa3blBa-
€TCs1 OCYLeCTBUMOIi JIMIIb Ha KOPOTKOE Bpe-
Ms B MEpBble MOCJIENOIyAeHHbIe Yachl. B ne-
pHOABl MMUHUMYMA COJIHEYHBIX NATEH MEX-
KOHTHHEHTAJbHbI OOMEH HEBO3MOXKEH.

PacnpocrpaHnenue B 10-MeTpoBOM
MOOMTENBCKOM AHana3oHe

Jlnana3oH NOAXOAUT ISl CBSI3M HA OTPaXKEHU-
sIX POCTPAHCTBEHHBIX BOJIH TOJIBKO B II€PUO-
ZIbl CUJIBHOM COJIHEYHOH aKTMBHOCTH, KOT/a
B JIHEBHBIE YaChl Y/Ia€TCs1 yCTAaHABJIMBATh Jajlb-
HIOIO CB#A3b Jla’ke MPH MaJIO} MOILHOCTH Iepe-
naryuka. [Ipu 3TOM MepTBasi 30Ha JOCTUTAET
4000 kM. BostHbI 10JIKHBI paclipoOCTPAHATHCS
Ha JiHeBHOM cTopoHe 3emiu. VMHaye rosops,
NpY NOJb30BAaHUM JAHHON IOJIOCON YTPOM
CBSI3b YCTAHABJIMBAETCS JIyyllle BCEro CO CTaH-
uuamu Jlanbaero Bocroka. IIpu MakcuMarb-
HOM COJIHEYHOU aKTMBHOCTH JIETOM AHana3oH
I03BOJISIET MOJAEPXKUBATH CBSA3b BILUIOTD JI0 M0~
3/Hero Beyepa. XapaKTepHa O4YeHb CHUJIbHas
3aBHCHMOCTb OT COJTHEYHOTO IIMKJIA.

B mepuoasl MUHUMyMa COJIHEYHBIX NATEH
10-meTpoBast 10J10Cca MOJHOCTbIO HEMPUTOAHA
JLJIA AasibHel cBA3U. JIMb OTpaXkeHus Ha CIIo-
panuyeckux cnoax E; MHOTa Mo3BOAIOT yc-
TaHaBJMBAaTh HEMPOAOJDKUTENbHYIO CBA3b Ha
Tpaccax cpefiHeil MpOTSKEHHOCTH.

2.4. Pacnpocrpanenue

METPOBbIX BOJH

MeTpoBble BOJHBI 3aHUMAIOT YYaCTOK 3JI€KT-
poMarHuTHbIX Kosiebanuii ot 10 10 1 M, yTo co-
otsercTByeT uHTepBaty dacrorT 30-300 MIi.
MexayHapoiiHbiM 0003HauYeHHEeM METPOBBIX
BoaH cayxut cokpamerne VHF (Very High
Frequency), poccuiickum — YKB (yabrpaxo-
porkue BosHbl) wi OBY (oyeHb BbicOKHE Ya-
crotbl). Ilo MexayHapOAHO! HOMEHKJAType
JIMaNa30HOB YaCcTOT U BOJIH 3TOMY AManas3oHy
MPUCBOEH HoMep 8.

Pacnpocrpanenne Y KB npoucxoaur o 3a-
KOHaM, OJIM3KUM K 3aKOHaM reoMeTPHYeCKOi
ontuku. [Toaromy ¥ KB yacTo Ha3bIBaloT KBa-
3MONTUYECKMMH (CBETONOJOOHBIMU) BOJIHA-
mu. OIHAKO NHIIb IeLIMMETPOBBIE, CAHTHMET-
POBBIE U MIJIMMETPOBBIE BOJIHBI TPABOMEPHO
Ha3bIBaTh KBa3HONMTHYECKUMH, TOT/1a KaK MeT-
POBBIH AMAaNa30H B CBOEH JJIMHHOBOJHOBOIM
YaCTH ABJAETCS NEPEXOHOI 061aCThIO K CBe-
TONOAOGHBIM BOJIHAM.

2.4.1. Ksasuonruyeckoe
pacnpocrpaHeHHe BOJIH

B o6aactu YKB paauonoburenio Haunbo-
Jiee moJjie3eH 2-MeTpoBblit quanazoH (144-
146 MTIu). Kak npaBuso, B 3TOM 4acTOTHOM
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MHTepBajie HOHOChepHBIe OTPAXEHHUs yxe
HEBO3MO>XHBI.

YKB ocobenno ahdekTHBHBI 1451 CBA3M
B IIpe/iesIax TEOPETUYECKH BO3MOXKHOM NPAMOi
BuaMMOCTH. Ha Takux paccrosiHuax mpaxrtu-
YECKH OTCYTCTBYIOT KOJIeOAHUS HHTEHCHBHOC-
TH NIOJIS1 ¥ JaXKe NP MaJION MOLIHOCTH Mepe-
AaTYMKa peajusyeTcsi yCTOMYnBasi CBA3b, HA
KOTOPYIO HE BJMAIOT HOHOChEpHBIE UIH TO-
TOZIHbIE YCTIOBUSL.

DaKTHYeCKU 1aTIBHOCTb CBA3U Ha 2-MeTpo-
BOM JMana3oHe BCeraa NMpeBbIIIAET PacCTos-
HHE N0 ONTUYECKOTO TOPU30HTA MO KpaliHell
Mepe Ha 15%. Hogeiiiune uccnenoBanus moka-
3aJIH, YTO OTKJIOHEHHE METPOBBIX BOJIH K 3eM-
Jie 06y CIOB/IeHO yOBIBAHMEM MOKA3aTEJIs [Ipe-
JIOMJICHHSI BO3JlyXa C BBICOTOM. JTOT MoKa3a-
TEJNb 3aBHCUT OT COJIEPXKaHMUsI BOJSIHOTO Napa,
ZlaBJICHMsI 1 TeMIIepaTypsl Tponocgepsl. YBe-
JIM4€HHE IAJIbHOCTH YBEPEHHOM CBA3H Ha MeT-
POBBIX BOJIHAX OTHOCHUTEJIBHO JAJIbHOCTU OIT-
THYECKOrO rOPU30HTA ONUCHIBAETCS NPUOIM-
XKeHHoH dopmyioi

d =412 (b, + ;)

rae d — nanpHOCTH YCTOUYMBOM CBA3H, KM;
h, — BeIcoTa nepenaromeit aHTeHHDI, M;
h, — BbIcoTa IpMeMHOi1 aHTEeHHBI, M.

Ora (popMyJia JIEKUT B OCHOBE TaK Ha3blBa-
€MBIX YEeThIPeX TPETbUX PaZnyca 3eMJIH, KOr-
Jla B pacyeThl 3aKJIa/bIBAETCA HEe UCTUHHBIH
cpennuit paauyc (6370 kM), a yBenMueHHbI
Ha OfIHY TPeTb 3P PeKTUBHBIN paauyc 3emn
(8500 k™).

(2.3)

2.4.2.

Wuorna na YKB peanusyercs cBepxaanbHsis
cBsi3b Ha 1000 kM 1 Gostee, He 06BACHMMAZd 32-
KOHOMEPHOCTSIMH HOPMAaJIbHOIO KBAa3HONTH-
YEeCKOro pacnpoctpaHeHus. Takue aHOMamuu
MOTYT MUMETb pa3jINyHble PUYMHBI, HO Yale
BCEro OHM 00YCJIOBJIEHBI 0COBBIM COCTOSTHHEM
Tponocdepsl.

Caepxaainbuss cBa3b

CBepxJabHss CBA3D,
obycioBiaenHas Tponocdepoii

B obuem cnyuae Temmneparypa Tponocde-
pbl yObIBA€T NPH YBEJIMYEHHH BBICOTHI C IPa-
anenToM 6-8° Ha kaxasle 1000 M nmogbema
(puc. 2.1). IHOrza u3-3a BeTpa ¥ APyTHX [OTO/-
HbIX SIBJIEHHMI1 TeMnepaTypa ¥ OTHOCUTeJIbHasI
BJIOKHOCTb MEHAIOTCS1 CKaYK0OOPasHo, OTKJIO-
HAACh OT HOpMasibHOro xozia (puc. 2.8). Takoe
olpallieHue BBICOTHON 3aBUCHMOCTH TeMIepa-
TYPbl, WM UHBEPCHS], IPUBOAUT K U3MEHEHHIO

OTHOCUTENLHANA BNAXHOCTL, %
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Puc. 2.8. nBepcus TeMnepaTypbl M BJIaXXHOCTH
B Tponocdepe

IJIOTHOCTH BO3/lyXa, IPH 3TOM TEILIbIA BO3AyX
(opmupyer 6osee paspekeHHYIO Cpefy, Yem
XOJIOJHBIH.

OnTHyeckuit 3aKOH NPeJIOMJICHUS! [JIACHT,
4TO JIy4y CBETA IIPU MEPeXo/ie U3 ONTHYECKH
Gosee NIOTHOI Cpe/ibl B MeHee TIOTHYIO OT-
KJIOHSIETCSL OT HOPMaJiM K TpaHUle pasjena
Cpez, TOrla KaK B peaynbTaTe 06paTHOrO nepe-
xo1a B Gosiee IUIOTHYIO OH NpHGIMKaeTCs
K HOpMaJIi.

Eciau MIOTHOCTb Cpeabl M3MeHsieTCs, TO
METpOBbIE BOJIHBI BeayT cebsi MOR06HO Jyuy
CBeTa 1 BOJHOBOM (DPOHT, Nlepexozisi B HHBEp-
CHOHHBIH CJIOH, OTKJIOHSIETCS K 3eMHOIA nosep-
xHocTH (puc. 2.9).

VHBepcHOHHBIE CIOM HAXOAATCA HA CPaB-
HUTEJIHO Masloi BbicoTe Hax 3emJieid, Oyab
TO IPHUIIOBEPXHOCTHBIE MHBEPCUU BOAU3U
rpyHTa (Manblif paguyc AeiACTBUA) MK BbI-
COTHbI€ MHBEPDCMU HAa TOPU3OHTax MO He-
CKOJIBKUX TBICAY MeTpoB (60JbILON paauyc
JNeicTBus).

Kak nokasano na puc. 2.9, npu nepenaue
B IIpe/iesiax NpsIMOM BUAMMOCTH Ha IPUEMHHUK 1
TNOMAAYT JIMLIb PaAUOBOJIHbI, PACIPOCTPAHSIIO-
l1Mecs MOYTH 10 KacaTeNIbHO K 3eMHO#t nosep-
xHocTH. Ecsiu cocrosiHue Tponocdepst nomycka-
€T OTKJIOHEHHE BOJIH H, CJIe/IOBATEIbHO, YBEJH-
YEeHHe paauyca JeACTBHUs, TO U B 3TOM Cly4ae
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HBEPCHbI CNOWA
NpuemHuk 1
Tponocdepa MpuemHnk 2

Puc. 2.9. PacipocTpaHeH€ METPOBBIX BOJIH B Tponocdepe

Tpebyercs, 4TOOBI BOJIHbI M3/Iy4amiCh MO/ Ma-
JIBIM YIJIOM K TOPH3OHTY (Tpacca K INpHeM-
HUKY 2). s yBeJuyeHus: paauyca neiicTBus
0COBEHHO BaXHO MMETb aHTEHHBI C XOpOUIEH
HaIpaBJIEHHOCTBIO B IJIOCKOCTH 3JIEKTPHYEC-
KUX KOJIeGaHuit IpU TOPU30HTAJIbHOMN MOJIsIpH-
3aLMH.

[lepenaya mo Tponoc(hepHOMy BOTHOBOAY
npeacTasasieT coboii ocoboe siBIEHNE, KOTO-
poe BO3HMKAET NPH HATHYMH HECKOJIbKNX HH-
BEPCUOHHbIX CJI0eB. BoJiHa, MonasIuas Mexay
napoit TaKuX CJI0€B, PaCIPOCTPAHAETCS TaM
6J1aroaapsi OTPKEHUSIM /IO TEX NOP, I0Ka TOY-
Ka OTpa’kKeHHsl OT HIDKHETO CJIOs He NIPU/ETCs
Ha ero paspwiB (puc. 2.10a). TponocdepHbiit
BOJIHOBOJ ZIa€T BO3MOXKHOCTb YCTaHaBIMBaTh
CBsI3b MEX/y BECbMa yJa/leHHbIMU CTaHLMUSA-
MH, HO TIpUEM CHTHAJIa MPH 3TOM OCYLIECTB-
seTCs TOJIbKO Ha yYacTKaX OYeHb OrpaHu-
YeHHBIX pa3MepoB. B mpoMexyTKe HaXOAUTCA

. Wueepcws Il

MepTBas 30Ha. BoJIHOBOJHOE pacnpoCTpaHe-
HUe paJMOCHTHA/a BEPOSITHO TaKXke MEXAY
3eMHOI1 MOBEPXHOCTbIO ¥ NPUIIOBEPXHOCT-

'HBIM MHBEPCHOHHDBIM cjloeM 60O TOI-

wuHb (puc. 2.106). OTanyuTeabHBIM PHU-
3HAKOM NPUIMIOBEPXHOCTHOTO BOJHOBOAA 5B~
JisieTCsl OTCYTCTBHE MEPTBBIX 30H Ha BCEM
ero npoTsbkeHu. Eciu nokasaTesb NpesioM-
JeHusa Tponocdepbl HaCTOJbKO BEJIHK, YTO
PaAMOBOJIHA, KOTOpas M3Jy4aeTcd napas-
JIeJIbHO 3eMHOi MOBEPXHOCTH, BHOBb OTpa-
aeTcsl K Heil, FOBOPAT O cyneppedpakiui.
B OMMCAHHOI CUTYAlMH METPOBBIE BOJHBI Oy-
AYT MOJHOCTbIO OTPaXKeHbl MHBEPCHOHHBIM
cJI0eM.

CBepXJaTbHOCTb 61aro1apst pacCessHHIO
Ha HEOJAHOPOJHOCTAX

B Bepxuux cJjosx Tpornocgepsl, NMpeumy-
LIECTBEHHO Ha paccTosHuy okoso 10 xM Hazx

WNusepcus

Puc. 2.10. [epenaya curuasia no TponocgepHoMy BOTHOBOLY
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NIOBEPXHOCTBIO 3EeMJIH, MPOUCXOISIT MUHTEH-
CHBHBIE BEPTHKaJIbHbIE BIKEHUS BO3/yXa —
TaK Ha3bIBa€MbIE NPOLIECCH CMeleHus. Baau-
MONPOHUKHOBEHME IOTOKOB BO3lyXa pas-
HOM TeMIIepaTypbI IOPOKAAET AOTOKUBYILYIO
TypOynenTHOCTD. [IpH 3TOM noABAAIOTCS Ma-
Pa3uTHbIE HEOAHOPOAHOCTH, WJM BO3AYLI-
HbI€ CBUJIM, OT/IMYAIOIMECS] OT OKPYKAIOLHX
00beMOB BO3/lyXa TEMIepaTypoii, aBaeHueM
1 BlaxHOCTbIO (puc. 2.11). IIpu npoxoxze-
HUU PaZiHOBOJIHBI CKBO3b 00JIACTh TAKUX He-
ONHOPOJHOCTeH HeBOJIBINAST YACTD 3Ty eH s
paccenBaerca. ITockosnbky paccestHHble BOJI-
HbI PaCXOZSITCS BO BCE CTOPOHBI, YAaCTh U3 HUX
BEPHETCsl K 3eMJie BHE TPAacChl MPSIMOM BU/H-
Mocti. IHTeHCHBHOCTb TaKOrO OCTATOYHOTO
1071 MCKJIIOYMTENIbHO MaJia, HO o61anaer orn-

PEAECJIEHHBIM ITOCTOSIHCTBOM.

Puc. 2.11. Paccesinyie BbICOKOYaCTOTHBIX BOJIH
B Tponocdepe

Mns TponocdepHoit casu Ha paccesHnu
NPUMEHAIOT YacToThl OT 100 MIy 10 HeckoJb-
KuX rurarepu (NPerMYMIECTBEHHO OKOJIO
500 MTi). IIpu 9TOM NPOTSIKEHHOCTD 3JIEKT-
POMarHUTHOrO moss nocruraer 800 u naxe
1000 kM. KauecTtpo mpuema NOJIyYaeTCsl HU3-
KiM, a T10J10Ca MepeaaBaeMoro CUrHaja — Cy-
keHHoM. Takoe cysxenue o6ycoBeHo 6ecro-
PANOYHBIMM caBUTaMU a3 BOJIH, NMOMANAI0-
UIMX B NIPUEMHUK OT Pa3IM4YHbIX HCTOYHUKOB
paccesinus. Kpome Toro, u3-3a HenoctosHcTBa
TNOJIOKEHNA PACCENBAIOIIMX SIYEEK B TPOIMOC-
epe BosHuKatoT Goslee MM Menee rayGokue
3aMMpaHus.

Bonee crabunbubie munun cBasu crposit
Ha MoHOChepHOM paccesinuu. B atom ciy-
Yae UCIMOJIb3YeTCs U3BECTHasA CIOCOOHOCTD
HUKHUX CJIOEB MOHOChEPBI BBICOTOI OKOJIO
100 kM pacceuBaTh pafOBOJIHbI U NIpUMeEHsI-
foTest yacToThl 25-60 MIT1. [TpoTsikeHHOCTD
nons cocrasnsier 1000-2500 km. ITpu pac-
crogHuM MeHbineM 1000 KM MHTEHCUBHOCTD
T0JIS PACCESTHHOTO U3JTyYeHUS CYIIeCTBEHHO
najaer.

OTpakeHHst OT METEOPHTHBIX CJIE10B

3eMJIa Ha CBOEM MYTH TMOCTOSIHHO CTAJKHBA-
€TCsl C HEBEPOSATHO GOJNBIIMM KOJIHYECTBOM
MeJIKHX NBLNIeNnogo6HbIX MeTeopuToB. OHu
NPOHHMKAIOT B aTMOC(Epy Ha BHICOKOH CKOpPO-
CTH, CrOPAIOT U UCNAPSIOTCS BCIEACTBUE Tpe-
HUA 0 yacTUUbl aTMOchephl Ha BbicoTe 100—
200 kM. JIMwb OueHb HEMHOTME METEOpPHTHI
AOCTaTOYHO BEJIMKH, YTOObl OCTAaBUTb BHU/M-
Mblii ciez ipu croparuu. Y ysk coBceM peako
BCTPEYAIOTCSI TAKKE, MacCa KOTOPHIX NTO3BOJISI-
€T MM He CropeTh B aTMocdepe 6e3 ocTaTKa.

Pasnuyaior aBe rpynner meteoputos. [Ipes-
CTaBUTEJIM NMEPBON U3 HUX PACIPOCTPaHEHbI
MIOBCEMECTHO B KOCMMYECKOM IMPOCTPAHCTBe,
pacrnpezesisisicb B HeM CJIy4aifHbiM 06pa3oMm.
MeTeopuTsl BTOPOIi rpymiist ABIXYTCS 1O O1I-
pe/le/IeHHbIM OpOUTaM, BCE B OJHOM HArpas-
JIEHHH ¥ € OJAMHAKOBOI ckopoctbio. Cyte-
CTBYIOT METEOPUTHbIE MOTOKU (TaK Ha3bIBae-
Mble METEOPUTHBIE JIMBHH), MEPUOANYECKH
nepecekaoue opoury 3emu.

Mereopur, cropatomwuii B atmocdepe, oc-
TaBJISIET MOCJe cebs1 He TOJIbKO CBETSIIMCH
cnen. Ha mocnenneit cramuu ero wucmape-
HUs1 06pa3yeTcst HOHU3ALMOHHBII KaHa, DTOT
VIOHU30BaHHBIN HIeiid XKUBET coBCeM Hexo-
JITO, TAK KaK MOYTH CPady PacCeuBaeTCs B Pas-
pexeHHON aTmocdepe u paspymaercs. Ho
TI0Ka OH HE COBCEM PaCCeslICs, MHTEHCUBHOCTh
MOHM3alHUH B Lleiide HACTONIBKO BeJIMKa, YTO
METPOBBbIE BOJIHBI MOTYT UM OTpaxaTbcs. Yem
KpyITHee METEOPUT, TEM MOLIHEE U CTabuIbHee
MOPO’K/JaeMbIi KaHaJl.

Pannocsasp Ha oTpakeHusIX OT MeTeopuT-
HBIX C/IeJIOB Halllla KOMMEPYECKOe IpUMeHe-
HMe B KaHaJICKOM MeTozie Janet. Paguomio6u-
Tesy, paboTaolye B 2-METPOBOM HANa30He,
TOXeE I0JIb3YIOTCS TAKUM CIIOCO6OM pagoos-
MeHa. IIpu sTOM OHM onuparoTca He Ha ciiy-
YaiiHble COOBITUSA OT. ANU30ANYECKH BCTpeya-
IOIMXCsl METEOPUTOB, a Ha MEPUOANYECKH
TIOSIBJISIIOLIMEC METEOPUTHBIE NOTOKH. ITo-
CKOJIbKY MX OPGMTBI M CKOPOCTb HETJIOXO H3Y-
YEHBI, MOXHO /IOCTAaTOYHO TOYHO PACCYUTHI-
BaTb BPEMA MepeceyeHst OpobUT 3eMJH U Me-
TEOpUTOB (pHc. 2.12).

[TockosibKy BpeMs M3HYM HOHH3ALUOHHBIX
KaHaJIOB Ha IIyTH METEOPUTOB MaJIO, BO3MOX-
HOCTH CBSI3H HA OTPAXKEHUSIX OT METEOPUTHBIX
CJIe/IOB PEAIU3YIOTCA TONBKO B T€UEHUE KO-
poTtkoro nepuoja. Jlaxke eciv CKomIeHue na-
AQAIOLIMX METEOPUTOB IOPOXKIAET BCE HOBBIE
VIOHM3AaLUMOHHbIE KaHaJbl, TAK Ha3biBaeMbie
NPOGJIECKH AJISTCS JIMIID OT HECKOMbKUX Ce-
KYHJ 10 2 MHUH.
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O"rpaxcelma OT C€BEPHOr0o CHAHUSA

MexaHu3M BO3HUKHOBEHHUSl CEBEPHbIX CHSI-
HUit onucaH B paszesie « BosmyueHusi HOHOC-
depsi». O6MacTb PaAnOCUSIHUS, BO3HUKAIO-
1asi B OKPECTHOCTSIX BUAMMOTO CEBEPHOTO CH-
SIHUSI, OOBIYHO HACTOJIBKO MOHM30BaHA, YTO
crocobHa OTPaXKaTh Jjaxke 2-METPOBbIE BOJIHBI.
Cnoit E ceBepHOro CUsIHUSA OTpaXKaeT yJbTpa-
KOPOTKME BOJIHBI B CPeiHEM Ha BbicoTe Gosiee
100 kM (CcM. puc. 2.2), HO TOJILKO TpU cobTIO-
JIeHUM YCJIOBHsI NEepHeHAMKYJISIPHOCTH, CO-
[JIACHO KOTOPOMY 2-METpOBasi BOJIHA JOJKHA
nazaTh Ha LEHTPbl HOHM3aLuK cnos E cesep-
Horo cusiuus noa yraom 90 + (2-3)°.

JlaHHBII IO KpaitHe HeOAHOPO/IEH, TO3TO-
My OTpa)X€HHOE MM U3JTydeHHE sIBJISIeTCS MO~
HocTbio Aubdysusm. [lo sToit nmpuunHe B
Cc/lyyae CBA3M Ha OTPaKEHHU OT CHSHMIL CHUT-
HAaJIBI UCKAXKEHbI LIyMaMH JI0 Hey3HaBaeMOCTH
M COTPOBOXIAIOTCSA CBUCTOM M LIMMEHHEM.
Takum 06pa3oM, 31ech 3pPeKTHBHA JTUILID Te-
nerpadHasi ¥ OTYaCTH OJHOIIOJIOCHAsI CBA3Db
(SSB). B nepuos neicTBUs paaAHOCHAHUA yC-
JIOBHS paclpOCTPAaHEHHUs OTPaXXEHHOIO CUTHA-
Jla UBMEHSIIOTCS] HeperyJispHO.

Takoro poaa CBsi3b €/Ba JId OCyLIECTBUMA B
HenTpanbhoit Esporne ioxuee 50° c. u. Bepo-
ATHOCTb €e YCTaHOBJIEHHsI PACTeT C IUPOTOi,
1 B CKAH/IMHABCKIX CTPaHaX 9TO y>ke 06bIdHOe
apnenne. CyTOYHbI MaKCHMYM BEepOATHOCTH
npuxoauTcs Ha unrepsa ¢ 17.00 no 19.00 no
MeCTHOMY BPEMEHH, a OKOJIO MOJIyHOYH BO3-
MOXEH BTOPOM, MeHee BbIpaKeHHbIH, MakK-
cumyM. Ce30HHBIE MaKCHMYyMbl HaCTyNaioT
B MapTe-anpene u ceHtsabpe-oktabpe. Kpome
toro, HabmonaeTcs 27-yacoBas ¥ 27-CyToY-
Hasl IePUOAUYHOCTb. ITO OOBACHAETCS TEM,
yT0 Garogaps Bpauenyio ComHua A0roXu-
ByuMe 06JaCTH M3BEPXKEHMil OKa3bIBaIOTCsA
Ha OIHOM ¥ TOM K€ MeCTe BUJIMMOTO COJIHEeY-
HOro IMcKa Kaxjsie 27 cyTok. B mepuoabl
MaKCHMyMa COJIHEYHBIX MATEH PajHOCHAHUE
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Puc. 2.12. Op6utbl 3eMJIM U IOTOKA METEOPUTOB

BO3HMKAET Yalle BCEro ¥ OTJIMYAETCsl HanboJIb-
meld MHTEHCUBHOCTBIO.

OTpaskenue Ha cropannieckom cioe E

B paszene «Boamymenns noHocdepsl» yxke
OMKMCHIBAJIOCH BOSHUKHOBEHHUE 061aKoB cios E.
[17I0THOCTb MOHOB B HUX Pa3JM4yHa U JIMIIb
B MCKJIIOYMTEJIbHBIX CUTYalUAX JAOCTATOYHO
BeJIMKa, YTOOBI OTPaXKaTh 2-METPOBbIE BOJIHBI.
[TockoJbKy OTpaXkeHHe IPOMCXOAUT Ha BBICO-
te 100—-130 KM, HETPYJHO PaCCYUTATb, YTO OT-
pakeHHOe U3JydeHue BO3Bpalaercs k 3emie
B TOUKe, yJaJeHHoii oT nepexaTuuka Ha 900
2300 xm.

[Ipu OCYlIeCTBIEHUH CBA3U C yyacTHEM
ciaoa E_ 3aTyxaHue BOJH OYeHb Majo, YTO
no3posger paboTaTh ¢ MaJOMOIUHBIM Nepe-
JIATYMKOM U MPOCTOI aHTeHHOW. Benenctaue
CPaBHHTENBHO GBICTPOrO MepeMenienus oba-
k0B E paniocssi3b OKa3bIBAeTCA HeperyJIsIpHO’
¥ KpaTKoBpeMeHHON. CBepxanbHHil npueM
VKB unu TeleBUBMOHHBIX lepeJay yKa3blBa-
€T Ha BEPOSATHOCTD YCIEIIHOi CBA3Y B 2-MET-
POBOM JMaNa3oHe € UCIoJIb3oBaHMeM ciost Eg.

Pacnpocrpanenne YKB c oTpaskennem
ot JlyHbl 4 CIIYTHHKOB 3eMJIH

Meron yCTaHOBJIEHHS PaAMOCBs3H IO Tpacce
3emna—Jlyna—3eMaIs UCXOAUT U3 JOKa3aH-
HOIl CTOCOOHOCTH METPOBBIX BOJIH BBIXOAUTD
B KOCMOC CKBO3b 0G0JIOUKY HOHOC(EPHBIX
cnoe. C noMompio mepeie/IaHHOro pajapa
yoke B 1946 . ynanocs Ha yacrote 111,5 MIut
TIPUHHMATb MMILYJIbChI, OTPAXKEHHBIE JYHHOM
noBepxHOCTbIO K 3emute. Ilepsast mobuTenbC-
Kasl JBYCTODOHHsISI CBA3b Ha OTPaXK€HUH OT
Jlyusl 6pna ycraHosnena 21 mions 1960 r.
Ha yacrore 1296 MI'u mexxny W6HB (Can-
Kapioc, Kanudopuns) u WIBU (Mendunz,
Maccauycerc). OGa no6uresis noJb30BaINCh
napaboJIMYeCcKIMU aHTEHHaMH 1 Tepe/iaTyu-
kaMmu BbIxoaHoit mommHocTbio 400 Br. Cran-
LIMK OTCTOSLIM OfiHa oT Apyrod Ha 4320 km,
a CBSI3b MEXAYy HHMM OCYLIECTBJIANIACh IO
Tpacce anuHO# 768 Thic. kM. B 1964 r. moce-
JI0BAJIA LeJ1ast CepUsl yAAYHBIX JIOOUTEbCKUX
OTBITOB B 2-METPOBOM JIIOOUTEILCKOM 1AMa-
30He u B 70-caHTHMETPOBOI1 10JIOCE, KOr/a o~
CTOSIJIOCh MHOECTBO PaJlO0OMEHOB MEXIY
Esponoii 1 aMepMKaHCKUM KOHTHHEHTOM I10-
CPeJCTBOM OTPa)KEeHMs CUTHAJIA OT MIOBEPXHO-
ctu JIyHbl.

OnHaKo peanu3alus CBSI3U N0 Tpacce 3eM-
na-Jlyna—3emist TpebyeT 3HaUUTEIBHBIX Ma-
TepHaJbHO-TEXHHYECKUX 3aTpaT. 3a/epxKa
CMrHajIa Ha BpeMs Gosiee 5 € CIMIIKOM BeJlrKa
7151 HEKOTOPBIX KOMMEPYECKHX NPUMEHEHHU .
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Oco6ble epCneKTUBbI JJIs Nepeaay B u-
anazoHe YKB OTKpHIBAIOT HCKYCCTBEHHBIE
cnyTHUKM 3eMid, o0Opalaioim1ecs Ha 3a-
JaHHbIX opburtax. Hapsny ¢ paauocnyTHu-
KaMM JJI HAYYHBIX MCCJIeZ0BaHUH (Hampu-
mep, OSCAR) zmeiicTBYIOT CIyTHUKH IJIs1
MEXKOHTHHEHTAJIbHOTO TeJIEBU3HOHHOTO Be-
IaHUs.

C nepmaBHux mop auanazon YKB cran re-
PSAITb IPUBJIEKATEILHOCT /1711 KOMMEPYECKOI
paauocssasu yepe3 VIC3; reneps Bee yane 06-
pauaoTcs K 6osiee BHICOKUM 4aCTOTaM B JiUa-
nazonax 300-3000 MTIi u 3-30 I'Tu. 3zecs
10Ji0ca NMPOMYCKaHUs IIUpE, TOITOMY YAaeT-
cs1 paboTaThb € CYECTBEHHO GOJIBIIUMHU MOTO-
KaM¥ MH(OpMalu.

ITaccuBHble CIyTHUKHM AJIS1 PAAUOCBSI3H,
KaK MPaBUJIO, IPEACTABIAIOT cob0it Gomblne
LIapel C METAIIM3MPOBAHHBIM MOKPbITHEM
(uanpumep, wap ECHO), kotopoe obecrieyu-
BaeT aPeKTUBHOE OTpa)keHHe KBa3HOINTH-
YeCKHX BOJIH, KaK OT TaCCUBHOTO OTpakaTeJisl.
AKTHBHbBIE PafIMOCIIyTHHKH HECYT arapaTy-
Py ZUIsl TpHeMa PaiMOCUTHAJIOB € 3eMJIH, YCH-
JIeHUsI UX MOIIHOCTH M Iepen3IydyeHus Ha
npyroit yacrore. IHorza Ha TAKMX PaziMoCIyT-
HUKAX MPUMEHSIIOT 3JIEKTPOHHbIE HAKOMUTE-
JIY, 3aIOMUHAIOLIME PAIMOCUTHAIIBI IS TIOC-
Jefyloleil epeiayy B 3aJaHHOE BPeMSsI.

2.5. PacnpocrpaHeHue
CBEPX/UIMHHBIX PaJIHOBOJIH

Ocobo cienyetT OCTAHOBUTbCA HAa HU3KOYAC- -

TOTHBIX CBEPX/UIMHHBIX PaJMOBOJIHAX — aT-
Mocdepukax. OHHU CBSI3aHbI C JIEKTPHYECKHU-
MM pa3psiilaMy B aTMOc(depe 1 CJIBILIHBI B IPH-
eMHHKe KaK IMOLIeJKHBaHMUSI, TOTPECKUBAHHsI
¥ KJIEKOT.

ATMochepuKkH — 3TO HEAOJro KUBYLIHE
3JleKTPOMarHUTHbIE MOJIsl, PacNpOCTPAHSIO-
1MeCsT MeX/ly 3eMHOI NMOBEPXHOCTBIO U HUX-
Heli rpaHuLieit noHocdeps! (cnoeM D). Paspsin
(Monuus1) mopoxxaaer atMochepUKr BMeCTe
¢ 1060YHBIMH SIBJIEHUSIMU:

* Tweeks — HanmoMMHAIOT 3ByyaHWe My3bl- -

KaJbHOrO HHCTpyMeHTa. [lo-BuauMomy,
BO3HMKAIOT BCJIEICTBHE MHOTOKPATHBIX OT-
paxxeHU aTMOCGHEPUKOB MEXAY 3eMHOMU
NIOBEPXHOCTBIO ¥ cy10eM D;

* ITHYMi webeT — MOX0Xe Ha MeHWe MTHIL.
JtoT 3pdeKT MOosIBASETCS] PpAHHUM YTPOM,
¥ NIOTOMY €ro 4acTO Ha3bIBAIOT <Ipejpac-
cBeTHBIM X0poM». [Tosoca yacror 1-5 kI

* IIENOT — BOCHPUHMUMAETCS KaK LIENOT U
06BIYHO CONMPOBOXKAAET CEBEPHOE CUSIHUE.
3anuMaert yacToThsl oT 2 10 30 kIig;

* CBHUCT — 3BYYUT KaK CBHUCT MeHsOLIeNHCs
BbICOTBL. CJIBIIIIEH HOYbIO WJIM B Npeapac-
CBETHbIE Yachl MPEUMYLIECTBEHHO Ha yMme-
PEHHbIX reorpapuyecKux MHPOTax.

B ornnune ot arMocdeprkos, atu mobou-
Hble sIBJIEHHs] Pa3BUBAIOTCS He B HOHOC(epe,
a BHe ee, B 06JIaCTH, KOTOpasl PaCIOJIOXKEHa
BI0JIb MarHUTOCGHEPHBIX BOJIHOBO/IOB, BBITSI-
HYTbIX MOJAKOBOH B KOCMHYECKO€ MPOCTPaH-
CTBO Ha paccTosiHue 710 10 ThiC. KM.

ConyTcTByolee 3JeKTpPOMarHUTHOE MOJe
IIPOHM3BIBaeT HOHOCDEPY U, CJIeays 3a JIMHU-
SIMYM T€OMarHUTHOTO MOJIsl, JOXOAUT 0 PYro-
ro nosnyumapust. IIpy 3ToM BBICOKME YaCTOTBI
MOMajaloT B TOYKY NpuemMa ObICTpee HU3KHX.

BpeMeHHOIT MHTepBas MeXAy NPUXOJOM
BBICOKMX M HU3KHX YaCTOT Ha3bIBAIOT JiMCIep-
cueit. HabmoneHus 3a aucnepcueit o3BoJisi-
IOT JieJlaThb BBIBOJBI O COCTaBe HOHOC(epH
U MarHuTocdepsl.

2.6. Orpaxenue, pedppakuus

U nudpakuust

ToBopsi 06 OTpaXkeHHH, Pa3INyalOT 3epKaJib-
HOE OTPaXkeHHe OT IIocKocTu U Auddy3Hoe —
OT HEepOBHBbIX NOBepxHOCTeH. B nepsom ciy-
yae MajZaloMIMii U OTPa’KeHHBIN JIy4H JieXKaT
B O/IHOI IJIOCKOCTH C HOPMAJIBIO K TOYKe Ia-
JIleHMsl, a YIJIbl NaJIeHUsl U OTPaXKeHHsl, OTCYU-
ThHIBaeMble OT HOPMaJIH, PaBHbI MeXy CO0Oil.
Koadduument orpaskeHust 3aBUCUT OT Npo-
BOZIMMOCTH, JM3JIEKTPUYECKON! MOCTOSIHHOMN
Y NIPOHULIAEMOCTH OTPAXKaIOIIero MpeaiMeTa.

Pedpaxuus (npesomienne) Habionaercs
IIpH Nlepexozie 371eKTPOMAarHUTHBIX BOJIH B Cpe-
Jly C APYroit 1MaJIeKTPUYECKON MOCTOSIHHOM.
70T npouecc 6C0GEHHO BasKeH /1JIsl pacrpoc-
TpaHeHHUs1 MeTPOBbIX BOJMH. CKOPOCTh UX pac-
IIPOCTPAHEHHUST 3aBUCUT OT AUDJIEKTPUYECKOM
IIOCTOSIHHOM CpeAbl U, CJIeIOBATENbHO, MEHsI-
eTcsl IpH Nepexozie B MHyIo cpeny. Vismenenue
CKOPOCTH BbI3bIBaeT H3MEHEeHHe HalpaBJIeHHs
pacrnpocTpaHeHus, To ectb pedpakiuio. [Iua-
JIeKTpUYecKasi MOCTOsIHHasi aTMocdepHoro
BO3/lyXa MEHsIeTCs BCJIeZl 3a €ro IJIOTHOCTBIO
¥ OTHOCHUTEJIbHOM BiaxkHOCTbIO. HarnmsaaHsit
IIpUMep IpeJIOMJIEHUS: CTePXKeHb, HAKJIOHHO
CTOSIIIMI B NPO3PAYHOM COCyJie U HANOJIOBU-
Hy NOTpY>KeHHBbII1 B BOAY, KaXKeTCs U3JIOMaH-
HbIM Ha IpaHHMlle pa3jiesia BOJa-BO3/YX.
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Judpaxkiys 2J1eKTPOMarHUTHBIX BOJIH BO3-
HUKaeT Ha KPOMKaX INpeNsTCTBUH MO MyTH
pacnpocTpaHeHust BOJIH. B pesysbrate npuem
PaMOBOJH OKa3bIBaeTCS1 BO3MOXHBIM Jake
B 30HE BOJIHOBOI1 TEHH, HATIPUMED OT rOp HJIH
3panmii. {udpakius yobIBaeT ¢ 4acTOTOM.

2.7.

Ioxn 3aMupaHueM IOHUMAETCs1 BpeMeHHoe OC-
JabeHye HaNpsKEHHOCTH NIOJISl B MECTE TIPH-
€Ma, BbI3BaHHOE yCJIOBUSIMHM paclpoCTpaHe-
HUS BOJIH, IP1 HEH3MEeHHOM (DyHKIIHOHHPOBa-
HHUM NepefaTyMka ¥ npueMHuka. [IpnunHoii
3aMUPaHUl Cy>KaT ABUXKEHUs B MOHOC(hepe
UM U3MEHEHMs Ha MYTAX PacnpoCcTpaHeHUs
paznoBosH. PaznyaroT cienyromue THITBI 3a-
MHDPaHHUI:

3amupanue (¢eaunr)

» MHOronyresoe (MHTepdepeHuronHoe). [To-

SIBJISIETCS] BC/IEICTBUE MHTepGhEepPEeHLH BOJIH,

pPacnpoCTpPaHsBIIKUXCS OT IepeiaTyhka K

IIPUEMHUKY IO PasHBIM [lepeMeHHbIM Tpa-

eKTOpHUsIM. Bo3HHKalo1e Ipy 3TOM pasHo-

CTH aMILUIMTYA U a3, HanpuMep MexXay

IIPSIMBIM U OTPa)KEHHbIM JIy4aMH, CIOCOOHBI

CYHIECTBEHHO BJIMSTb Ha TPOMKOCTb 3ByYa-

HUs1 TPHEeMHKKA. BO3MOJXHBI Tak>Ke MCKaXe-

HHSI 32 CYET NePeMOAYJISIIIUY, KOT/ja Hecy1ast

YaCTMYHO WJIM MOJIHOCTBIO NoJaBJieHa (3a-

Mupanue Hecyeit). UutepdepeHiiioHHble

sIBJIEHUS] HABJTI0/IAI0TCS TAKKE TIPU HAJIOXKe-

HUM NOBEPXHOCTHBIX M NPOCTPAHCTBEHHBIX

BOJIH;

ceJIeKTUBHOeE. SIBJIsieTCsl pa3HOBUHOCTBIO

MHOTONYyTEeBOr'0, NPX KOTOPOM BOJIHBI pa3-

HBIX YACTOT HEOAMHAKOBO OCJaBJIATCS

B IpezieJiaX MoJOChl Nepenayu. braronapst

uHTepdepeHH NpU CeJeKTHBHOM 3aMU-

pPaHUH MOTYT BbINAJaTh BHICOKHE MJIK HU3-

Kye 3ByKH. BOKOBBIe IOJIOCHI CUTHAJA I10-

JaBJISIIOTCA HEOAMHAKOBO (3aMupaHue 60-

KOBOi1 mosiochl);

« niorsiowatesbHoe. [Ipoucxoaut no npuynHe
BpPEMEHHBIX BapHallHil OIJIOMEH ST CpeIor
Ha ITyTH PaclpoCTPaHEeHHs BOJIH, HAllpUMep
13-3a 3aTyXaHus B cyoe D;

* noJsipu3anMoHHoe. Bpi3biBaeTcs Bpaule-
HHEM HampaBJieHUs! NOJISIPU3ALUN CPeoir
Ha IIyTH PacIpOCTPaHEHHUS BOJIH, 0COOEHHO
B HOHOC(hepe. DTOT BUJ 3aMUPaHHil Xapak-
TepeH JJs1 JAMaNa3oHa KOPOTKHX BOJIH,
TaK Kak B MOHOc(epe OHM NMPaKTUYECKU
BCer/a npeTeprneBaioT U3MeHeHU s OIS pU-
3auuy;

* nudpakunonHoe. ObycioBneno xosueba-
HUSIMU HaNpPsDKEHHOCTH JU(PaKIMOHHOTO
I10J1s1, KOTOpBble MOPOX/JAIOTCSI BPEMEHHBI-
MU BapHalUsIMM TPafiMeHTa IOKa3aTess
IIpeJIOMJIEHHS B OKOJI03eMHOI1 aTMocdepe.
Takue 3aMHpaHUsl MELIAIOT CBSI3U NPEUMY-
[IECTBEHHO Ha METPOBBIX U 1€ LMETPOBBIX
BOJIHAX;

nyabcupyiome. OTHOCcATCA K uHTEpde-
PEHIIIOHHBIM SIBJIEHUSIM U XapaKTePHBI JJIsT
30H CEBEPHBIX CUSHNUIL. BbI3bIBaIOTCS MaJIbI-
MU HeogHoposHOocTsAMH B cioe F. ITprHuma-
eMBIi CHTHAJI MyJIbCUPYeT € yacToToi 10—
100 Iy :

3aMHUpaHHe-TIePeCKOK BO3HUKAET B Pe3yJIb-
Tare BpeMeHHoro uaMenenuss MITY. Ecau
npu paboTte JMHUHM PAAUOCBA3M HA YACTO-
te, 6su3koit k MITY, npoucxonur usMene-
H1e KOHIIEHTPALMH 3JIEKTPOHOB, BO3MOXKHO
npekpaiieHue cBsi3u. BepositHoCcTh 3amMupa-
Hus BerencTsue yxona MITY ocobenHo Be-
JuKa Ha Bocxojzie u 3akare CosHua. 3mech
nomoraet BbIOOp paGoueil 4acTOTHI Cyle-
ctBeHHO Hwke MITY.

3aMupaHUsT XapaKTepU3YIOTCsl CJIeYIOLIU-
MM NTapaMeTpaMu:

* ry6uHoit. KosebaHust HanpsiKeHHOCTH 0-
Jisl B TOYKE MpHEMa 3aBUCST OT YaCTOTHI
U JIaJIbHOCTH nepenauu u gocruraiot 40 ab,
a nHoraa u 80 nb;

* IOBTOPSIEMOCTHIO, cocTaBsouteii ot 10 xo
20 B MUHYTY;

* IIUTEJBHOCTBIO. BpicTpble HHTEpdepeHLu-
OHHbIE 3aMUpaHus aasiTcs oT 4 1o 20 Mc;
MeJIJIEHHbIe TOrJIomAaTebHble MPOAOJIXKa-
orca 200-4000 mc.

2.8.

Mertozbl pasHeceHus peJHa3HAYEeHbI IS 110-
BbIIIEHUs1 KayecTBa mpuema. Ha KopoTkux
BOJIHAX HAINpPSDKEHHOCTb MOJA KoJsebyercs
BCJIE/ICTBUE 3aMHMPaHUK, a B CJiyyae MOOUJIb-
HOW cBsA3U B Auana3oHe Y KB ona mMensercs
BCJIe/l 32 U3MEHEHUEM DPacCTOsIHUS 10 Iepe-
Jnatydka ¥ Omarozaps audpaxkuuud M oTpa-
JKEHUIO.

Bce mMeToabl pasHeceHHs! CBOJSITCS K TOMY,
4TOOBI MNOBBICUTH KAYeCTBO MEpeiaYy Ha MpH-
€MHOM CTOPOHE NyTEM MHOXKECTBEHHOT'O IPH-
eMa cooOmeHui U UX BOCCTAaHOBJIEHHUS C HC-
1101b30BaHUEM OTOOpa U KOMOMHUPOBAHHUS.
B pesyJsibraTe 1OMexu BCTPEYAIOTCS pexe,
a KOJIMYECTBO OIIMOOK Majaer.

Pa3necenne
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Bonnpl, npumenmmue B Touky npuema, 06-
JIaA10T Pa3HBIMU aMIUIMTYAaMH, dasamu
1 nosapusauueit. ITpu ogHokpaTHOit oTNpaBke
COOGLIEHHS y/IaeTCsl OCYLIECTBISATh pa3Hece-
HUEe NIPOCTPAHCTBEHHOE, AHTEHHOE, YIJIOBOE
WM TIOJISIPU3aLMOHHOE, @ TP MHOTOKPATHOI!
TIEPECBIIKE MPUMEHSIOT YaCTOTHOE UMM Bpe-
MEeHHoe.

Tepmun «pasnecenue» Gbin BiepBbie npes-
JIOXEH B repMaHcKoM naredte 1928 r., nocss-
IIEHHOM IOJIAPU3AIMOHHOMY pa3HeCeHHIO.
IIpocTpancrBerHoe pazHecenne 6bLI0 OMiCca-
Ho B 1931 r. BeBepemxem (H. H. Beverage)
u Ilerepconom (H. O. Peterson), CIIIA, ko-
TOPBIM Y/1aJIOCh yMEHbIIUTh 3aMUPAHUE C I10-
MOLIBIO NPOCTPAHCTBEHHO Pa3HECEHHBIX aH-
TEHH. N

IIpoctpancreennoe pasnecenne

Meron npoctpancTBenHoro (nmm amnmnaparyp-
HOI'0) pa3HeceHMsl OCHOBAaH Ha MCIIOJIb30Ba-
HUM IByX NPUEMHUKOB U JBYX Pa3HECEHHBIX
aHTEHH C OIMHAKOBOM nossipusanueit. Curua-
JIBl Pa3/ie/IbHO 1€MOAYIUPYIOTCS, CPaBHMIBa-
10TCs1 B G/IOKe Pa3HeCeHus U TIpU Orpe/iesieH-
HBIX yCJIOBUSIX CKJIa/IbIBAIOTCSI 1/Isl IOJTyYeHUsI
pesynbTupyiomero curiana. Ecau pasiuna
YPoBHeii curHasoB npesbimaer 10 1B, To Ha
BbIXO/ TOJAETCs CUTHaja 6oJjiee BBICOKOTO
ypoBHs1. IPGDEKTUBHOCTb pa3HECEHHS 3aBH-
CHT OT PacCTOSIHUA Mex 1y aHTeHHaMu. Cyme-
CTBEHHOE yJIy4llleHHe KauecTBa IpueMa A0C-
TUTaeTCsl IPU PasHOCe aHTEHH Jalibllie, YeM Ha
J1Be ITIMHBI BOJIHBI.

AnTennoe pa3HeceHue

Bapuant npocrpancrsennoro pasuecenus. Ha
KOPOTKHX BOJIHAX NPUMEHSIETCA eJUHCTBEH-
Hblil IPUEMHHK C aHTEHHBIM NIEPEKITIOYaTesIeM,
K KOTOPOMY IMOJCOCAMHSIIOT HE MeHee JABYX
MaKCHMaJIbHO Pa3HECEHHBIX AHTEHH OJIMHAKO-
BOIi rosisipuaaumu. IIpn aToM aHTeHHBI MOTYT
ObITb BEICTPOEHBI B DS/l HA OZHOM JTUHUY HITH
onHa 3a Apyroit. K npueMHuKy aBToMaTHuec-
KU IIO/IKJII0YAeTCsl aHTEHHa C JOCTAaTOYHOI Ha-
NPSXKEHHOCTBIO M0JI B JAHHBIA MOMEHT. [lo-
POr MepeKJIIOYeHUs: AHTEHH DPEryJupyeTcs.
B kauecrse KpuTepus ucromb3yercs Tak Ha-
3bIBACMO€ HAMNpPSDKCHHUE HYJIEBOM YaCTOTHI.
PazHoc aHTeHH Ha yABOEHHYIO MTHHY BOMHBI
obecrieduBaeT CyIecTBeHHOe yIyYIIeHN e Ka-
YecTBa IIpUeMa.

AHTeHHOe pa3sHeceHue B amanaszone YKB
Ha3bIBAIOT MHOTOAHTEHHBIM Pa3HECEHUEM, Pa3-
HECEHHEM C OTIPOCOM aHTEHH MJIM Pa3HeCeHU-
€M C 0IIPOCOM, 0T60POM M KOMOUHMPOBAHHEM.
[IpuMensiior 1o yerThipex aHTeHH, KOTOpble

PacrosaraioT 1o Kpyry 4 CHabKaioT [1pesapy-
TeNbHBIMK yeruTensimu. [Tponeccop pasnece-
HUS! IOAKJIIOYAET K NIPUEMHHKY aHTEHHY C ca-
MBIM JIYYLINM CUTHAJIOM.

YrnoBoe pasnecenue

SBnsieTca yacTHBIM c1ydaem anTenHoro. [Tpu-
€M CHTHAJIOB BEJIETCS Pa3fesIbHO MOj pas-
HbIMM YTJIAMH NaJleHUsI BOJIH IOCPeCTBOM
IIPUEMHOrO yCTPOICTBA C IepecTpanBaeMoii
HarpaBleHHOCTBIO UM KOMOWHALMY OCTpPO-
HaIlpaBJIEHHbIX aHTEHH, YbW AUATPAMMBI Ha-
IPaBJICHHOCTH [10C/IEN0BATE/IbHO CABHHYThI
Ha Maublid yros. B auanasoxe KB rakue ycr-
poiicTBa 0bo3HavatoT aG6pesuarypoit MUSA
(multiple unit steerable antennas). [Tpu Tpo-
nochepHOil PainoCBA3M YCTAHABIMBAIOT JBE
AHTEHHbI C Pa3/IMYAIOIMMHCS YIJIaAMU BO3BbI-
HIEeHHS.

Honxpuaauuom{oe pa3HeceHue

Osnavaer npueM C NOMOIIBIO aHTEHH AJIs
BOJIH pa3Hoii mossipusauun. Hanpumep, uc-
MO/Ib3YIOTCSI /IBE AHTEHHDI, OfHA U3 KOTOPBIX
TNOJIsIpU30BaHa BEPTUKAJIBHO, @ Apyras — ro-
pusoHTainbHO. IIpeMHUK coennHeH ¢ aHTeH-
HaMu yepe3 MepeKoyarTesib, i BbIGOD aHTeH-
HbI, IPHHUMAIOIIEN JOCTATOYHYIO HAIPSIKEH-
HOCTb MOJIsA, IPOU3BOJAUTCS aBTOMATHYECKH.
Kpurepuem BbiGOpa cryuT HanpsokeHue
MIPOMEXYTOYHOM yacToThl. OHUM M3 10CTO-
UHCTB METOJla ABJSIETCSI KOMIIAKTHOCTb aH-
TEHH.

YacrorHoe pa3Hecenue

B aToM ciyuae coolenne nepeaaercs ogHo-
BPEMEHHO Ha JBYX YacTOTax C IMOMOIIbIO
ABYX NepelaTYMKOB U MPUHUMAETCS ABYMs
npueMHuKamu. {15 ToHanbHoro Tenerpadu-
poBaHus B Auanazone KB ucnonssyior asa
KaHajla peyeBOii M0JIOCH OAHOIOJIOCHOMH IIe-
penaun, 4To6bl OJHOBPEMEHHO OTIPaBJATh
OJIHO U TO e Coo01eH e eAMHCTBEHHBIM T1e-
pelaTYMKOM.

Bpemennoe pasnecenue

3aKkJI04aeTcs B TOM, 4TO coobuIeHHe mepe-
MaeTCsA ABAX/bI C 3aep>xkoit okoso 100 mc,
AJIs1 Y€ro CyskaT OAMHAKOBble aHTeHHbI. Ha
IIPHEMHOMN CTOPOHE CHTHAJIbI CPAaBHHUBAIOTCH,
a 1aiee 06pabaThIBAETCA TONLKO HEUCKAXKEH-
HBII CUTHAI. 3/1eCh NPUMEHSIOT OHY Yac-
TOTY.

ITyreBoe pasuecenue

Ogsnavaer HCII0JIb30BaH e HAa3eMHOM CBA3U 110
HECKOJIbKMM pa3HEeCEeHHbIM TpaccaM.
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Pa3sHneceHnue no Mmecry

OcymecTBseTcss Al PaAloCBA3d 3eMasa—
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3. Ilpunnun peiicrBus

M XapaKTePHCTUKH aHTEHH

AHTEHHa NpejHa3HayeHa /i M3BJICYCHUS
SHEPTMM MMEIOLIETOCs 3JIEKTPOMAarHUTHOIO
1014 (NpreMHasi aHTeHHa) UJIN JUis Ipeobpa-
30BaHUA 9HEPTUHM BBICOKOYACTOTHOTO TeHe-
paropa (mepefaTyMKa) B 3JI€KTPOMarHUTHbIE
BOJIHBI [IyTeM U3Jy4yeHHs (Iepezarouias aH-
TeHHa). CorsiacHO TeopemMe B3aHMHOCTH, OfIHY
U Ty )K€ aHTEHHY JOMYCTHMO HCIOJIb30BaTh
B KayeCTBe NPUEMHOI1 U Nepeaouei: ux xa-
PaKTEpHbIE CBOWCTBA U MapaMeTPbl OCTAIOTCSA
B 000MX CIyyassx OAWHAKOBbIMU. IloaToMy
MOXHO TOBOPHUTb O ABOMCTBEHHOCTH AHTEHH.

AKTHBHbIE aHTEHHBI CO BCTPOEHHBIMH TpPaH-
3UCTOPHBIMHM YCUJIUTEJISIMUA HE NOAYMHAIOTCSA
TeopemMe B3aUMHOCTH. B npuHiune aktupHas
Iepesiaolliasi aHTeHHA BIOJIHE OCYLIECTBUMA,
OJIHAKO JI0 CUX NOP LIMPOKOE MPUMEHEHHE Ha-
UM JIMIUb aKTUBHbIE MPHUEMHbIE aHTEHHBI.
OHnu ropas/io KOMIaKTHee CPaBHUMBIX C HIMH
II0 XapaKTePUCTHKAaM MACCUBHBIX AHTEHH.
[IpeanocpuIKoii MPaKTHYECKOTO NPUMEHEeHHs
AHTEHHBI ABJISETCS] YCTOWYUBOCTD K GOJIbLINM
CUTHaJIaM, TIOCKOJIbKY 3TO rapaHTHPYeT OT-
CYTCTBHE IIOMeX OT NMEePeKPeCTHON U B3auM-
HOM MonyanMu (CM. Takxe raaBy 21 Toma 2

u [3]).

3.1.

[onyposnHoBBIi AunONb, MM BUGPATOP, AB-
JIAETCA MPOCTEHIIMM U BMECTE C TEM CaMbIM
pacnpoCcTpaHEeHHBIM Pe30HAHCHBIM YCTPOii-
CTBOM cpeay aHTeHH. OH CJIy>KUT UCXOJHBIM
9JIEMEHTOM JJIs MHOTHX UX THIIOB, a TaKe
00pa3ioM 1pH oueHKe ux ycueHus. [oato-
My, [IpeXk/ie YyeM MepeiTi K XapaKTepuCTUKaM
U NIPUHLMIY JeiCTBUS aHTEHH, HEO6X0AUMO
O3HAKOMMTBCSI C TEOpHell IOJIYBOJHOBOTO
BUOparopa.

[onyBonHOBBIA BUGpaTop, Kak cleayer u3
€r0 Ha3BaHMsl, UMEeT JUINHY, PABHYIO I10JIOBU-
He Z/IuHe BosHBI (A/2) cOOTBETCTBYIOMIEH Yac-
TOTBL. B aTOM Ciyyae BuGpaTtop HaxoauTCcs B
pesoHaHce ¢ 1/IMHOi BosiHbI (puc. 3.1). Tepmun
«IUIIOJIb» TIEPEBOAUTCS KaK «ABYXIIOJIOCHBIH»

ITonyBoHOBBII BUGpaTOp

Y 03HAYaeT, YTO IOJIYyBOJHOBBIN U3JyyaTeb
paspesaH B CBOE reOMETPUYECKOI CepeiHe.
K obpasyomuMcs AByM <«I0J10caM», WK
KJIEMMaM IHTaHUA, NMOAKIYAoT Gunep ot
niepeaTyMKa WK IPUEMHHMKA.
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Knemmbl nutaHus

Puc. 3.1. TTonyBoiHOBbIi BUGpaTop

3.1.1. Pacnpenenenue Toxa

H HANPSKEHUA B TOJyBOTHOBOM
BHOpaTope

J1060i1 NPOTS>KEHHBII IPOBOHUK 3JIEKTPU -
YECKOTO TOKa, 6yb TO IPOBOJIOKA, CTEPKEHD
unu TpyOKa, XapakTepu3yeTcs BIOJIHE OIl-
pe/ieIeHHbIMY 3HAUYEHUSIMH UHIYKTUBHOCTH
U eMKOCTH, PaBHOMEPHO pacrpe/iesieHHbIMH
10 €ro AJauHe. JTO NosicHsietr puc. 3.2a, rae
npeacraBieHbl MHAYKTUBHOCTH L1 — L7 co
CcBOMMHM eMKocTsAMU U emkoctu C1 — C4, pac-
npejeieHHble MeX/1y y4aCTKaMH IIPOBOJHMKA.
IlycTb B onpesiesieHHbIt MOMEHT BCe eMKOCTH
3apsAJATCA, TO €CTb NPUOOPETYT MOTEHIIMAI.
Bcnen 3a TeM oHM HayHYT paspskaTbes yepes
CBOU UHJYKTUBHOCTH, B Pe3YJITAaTe MOSIBUTCA
TOK MU BO3HUKHET COOTBETCTBYIOIEE MAarHUT-
1oe none. [1pu paspsine emxoctu C4 uepes un-
JYKTUBHOCTDb L4 noteyer Tok I4; C3 paspaaut-
cayepes L3, L4 u L5 npu nporekannu toka I3;
paspsaa C2 yepes L2 — L6 Boizoser Tok [,. Ha-
xonen, C1 paspsaaurcs uepe3 L1 — L7 npu
Toke I;. Otciona cienyer, 4To HauGOMBIINIA
TOK, PaBHbIif CyMMe TOKOB Juana3oHa Iy — Iy,
NOTEeYeT B CPeAHEell 4aCTH M3JyyaTess; TOK
Gyner yObIBATb K €ro KOHL@AM, I/ie i OGPaTHT-
ca B Hyab. Paau Gosnbuwieil HarnspHocTH
toku I; — I npencrasnenst Ha puc. 3.26 B
uHo# dopwme. [Tox seiicTBuemM TOKa BOKpYT
MHIYKTUBHOCTE# 0OpasyioTca MarHMTHBIE
noss. OHM BHOBB COOOILAT EMKOCTAM 3apsi-
Zlbl IPOTUBOTIOJIOXKHOMN MOJISIPHOCTH, II03TOMY
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Puc. 3.2. PacnipeziesieHye TOKa B II0JIyBOJTHOBOM IIPOBOJHUKE

CMeHHTCS 3HaK Hanpshxenust. Teneps npouecc
IIOBTOPHUTCS, HO B HAallpaBJIeHUH, IIPOTHUBOIIO-
JIOXKHOM IIOKa3aHHOMY Ha pHc. 3.26 ¢ nomo-
mpbio TokoB I — I4. IIpu Bcex ynpoueHusx
KapTHHa, u3obpakeHHass Ha puc. 3.2, Aaer
NpejCTaBjieHre O Pe30HaHCHOM paciipelerie-
HUM TOKAQ M HalpsDKEHUs B MOJyBOJHOBOM
usJyyarere.

Hanpsixenue ¥ TOK CABUHYTBI 110 (aze Ha
90°, Torna Kak pasHocThb (a3 HaNpsKeHUH Ha
KOHLIAX u3ayuateJist cocrasisier 180°.

W3 pacnpenesieHust TOKa U HaNpsKEHUs B
110JIyBOJIHOBOM M3JIyyaTeJie CeNyeT, YTO B €ro
cpeniHeil 4acTu TOK MaKcuUMaieH (Iy4HOCTb
TOKa), a HampsbkeHdne paBHO HyJo (ysen
HanpspkeHust). Ha xoHuax usiyyatesst COOT-
HOIIEHHMA IIPOTHUBOIOJIOXHDBI: IyYHOCTb Ha-
NpsKEHUs COBIA/AET ¢ y3JoM Toka. 13 pac-
npe/ie/ieHUs] HANPsKeHUs TakXke sICHO, 4TO
I10JTyBOJIHOBbIE 3JIEMEHTbI MOXKHO B FeOMETPHU-
4ecKOM cepeinHe MPUKPEIIATb TOKOIPOBO/S -
HIMM KPOHIITEHHOM HernoCpeACTBEHHO K 3a-
3eMJICHHOI OIIOpe aHTEHHBI, TAK KaK KpeIll-
JleHHe B TOYKe HYyJIEBOrO HANpsKeHUs He
tpebyer uzonsunu. IlosTomy nosyBOJHOBbIE
3IEMEHTbI JOMYCTUMO 3a3eMJIATh B TEOMETPH-
yeckoM lieHTpe. Ho Torza HampsixkeHue B ce-
peavHe U3JydaTesisl OKa3blBAETCs HECKOJIbKO
OTJIMYHBIM OT HyJsi. TO e NPOUCXOAUT U
C TOKOM Ha KOHIIaX U3JyyaTeJs, e OH He J10-
CTHMTaeT HyJisl BCIEACTBUE KOHIEBOro addex-
ta. Tak 4TO NpaBUJibHee ObIO OB FOBOPUTDH
0 MHHMMYMaX TOKA U HaNpPSXKeHU.

Kak BuaHo u3 puc. 3.2B, TOK BCeraa MaKcu-
MaJleH B CpeJiHeil YacTH M0y BOJIHOBOTO BU6pa-
TOpa, KOTOpbIii IIPeGbIBaET B COCTOSHUM COO-
CTBEHHOTO pe3oHaHca. Tok yMeHbLIAeTCs 1o
CHHyCOMJIe K KoHLaM BuGpatopa, e obparia-
eTcsa B HyJib. 3/1eCb HAOJMIONAETCs MAKCUMyM

HamnpsiKeHHUsl, CHHYCOMIAIbHO yObIBAIOIEro
K cepeauHe BuOparopa. TaM OHO CTaHOBHUTCS
HACTOJIPKO MAJIBIM, YTO B IIEPBOM I1pHOIIKeE-
HUH ero MOXXHO MPHHSTH PaBHBIM HYJIO.

CTporo roBopsi, HaNMPs>KEHUs] ¥ TOKH pac-
npeJeJieHbl 10 BUOPATOPY He BIIOJIHE CHHYCO-
UAaabHO U (Ha3oBbIif CABUT MEXKIY HUMU JIMLIb
npubmxento pased 90°, HO OOBIYHO TAKUMH
OTCTYIJIEHUSIMU JOIYCTHMO IpeHe6perars.

B corsiacoBaHHOM I10JIyBOJIHOBOM BUOpaTo-
pe MakcumaibHoe HanpsikeHue Up,y U TOK
I nax CBSI32HBI 32aKOHOM:

Umax = ZDImax (31)
rae ZD — BOJIHOBO€ COIIPOTHBJICHHE BH6paT0-
pa, Om.
Omno PacCcYMTBIBAETCA 110 CbOpMyJIe:
Zp =1201n (0,575 é) (3.2)

HecMoTps Ha 3aMeTHbIt pocT Zp K KOHIIaM
AHTEHHBI, Pe3yJIbTaThl U3MEPEHUH U PacyeThbl
C MUCIIOJIb30BAHMEM CPeJHero 3HaueHus BOJI-
HOBOTO CONPOTHBJIEHHUS] XOPOILO COTNIACYOTCS
IS aHTeHH ¢ GombimuuM oTHoweHueM 1/d.

MaxkcuMabHbI# TOK I, OTIpenessieTcs Bbl-
paxkeHHeM:

f 2Py
Imax = '
(Rr + RI)

rre Py — BXOnHasi MOLIHOCTD, BT;
R, — conpoTHBJeHUe U3Ty4YeHuUs],
R, — conpotuBieHue 10Tepb.
ITu TepMMHBI OOBSCHAIOTCA B pasjere
3.1.3. [Tpumenenue popmyJi IPOULIIOCTPUPY-
€M pacyeToM.

(3.3)
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IIpumep

CorJracoBaHHbIi OJTyBOJIHOBBIIT BUOPATOP 11K~
Hoit 40 M 151 80-MeTPOBOro AKMana3oHa BOJIH
BBITNOJIHEH U3 MEIHOrO MPOBOAA AUAMETPOM
d =2 mm. TpeGyercst onpeaenuTs MaKCUMaib-
HOe HalpshKkeHue Ha KoHuax Bubpatopa Uy,

€CJIM MOIIHOCTb Ha €ro BXOJEe COCTaBJSIeT
50 Br.

Pewenue
O6parusuiuce Kk dopmyJe (3.1), onpeaenum
cHavyana Zp u ,,. Paccuntaem otHoueHue
I/d = 40000/2 = 20000 u, nombayscs (3.2),
HaiineM Zp = 1122 Om. [ns I, cripaBensiu-
BO ypaBHeHue (3.3), B KOTOPOM IIPUMEM CO-
NPOTHBJIEHUE U3JIyYeHHs] I10JYBOJHOBOIO
Bubparopa R, = 73,2 Om (cM. pasnen 19.2)
1 conporusJienye norepb Ry = 2,8 Om. Torga
R;+ Rj= 76 Om u I,x = 1,147 A. Hakosel,
corzacHo (3.1) nonyyum apdexTuBHOE 3HaYe-
Hue Hanpspkenust: 1122 x 1,47 = 1287 B.
MakciMabHOe HarpshKeHHe Ha KOHI@AX Io-
JIyBOJIHOBOTO BuOparopa st 10-MeTpoBoro au-
araszona (/= 5000 mm) cocrasut smmb 1000 B,
TaK Kak NpPH IIPOYMX PaBHBIX YCJIOBHSIX OH Xa-
PaKTEpHU3YeTCs] MEHBIINUM OTHOLIeHHeM [/d.

3.1.2.

[lo pacnpeznesieHUssM TOKA M HANPSDKEHUS B
TOJIyBOJIHOBOM BHOpATOpe CyAST TaKXe O Co-
OTHOLIEHUH corpoTuBJieHuii. CoriacHo 3ako-
1y OMa, conpoTuBJieHUe OlIpe/iessIeTCst OTHO-
1lIeHHEM HalpsiKeHHsI K TOKY.

HMnenanc aHTeHHbI

[ToaTomy MoJIHOE KOMILIEKCHOE COMPOTHB-
JieHne (MMIeIaHC) U3JIydaTesisi MOXKHO OIpe-
JIeJIUTh B KaXJOH ero TOYKe 110 3HAYEeHUAM
TOKa U Hampsbkenus. IIpu pe3oHaHce 3To co-
MIPOTHUBJIEHUE CTAHOBUTCSI IECTBUTEJIbHBIM, 2
BHE Pe30HaHCa B HEM IOSIBJISIETCS PEAKTUBHAs
COCTaBJISIONIast, TO €CTh HHAYKTUBHOE UJIH EM-
KOCTHOe conpotuByenue. KapruHa, uaobpa-
>KeHHasi Ha puc. 3.2B, IO3BOJISIET CI€JIATh BaX-
Hbl€ BBIBOJIbL: BHICOKMI UMITeJaHC CBOMCTBEH
KOHIIAM U3JIyYaTeJisi, rie TOK MaJl, a Hanpsixe-
HHUe BEJIMKO, B TO BPEMsl KaK /il CepedHHbI
u3Jjiy4areJisi (HU3KOe HalpsiKeHue U 60JIb1Ioi
TOK) XapaKTepeH MUHMMaJIbHbI MMIIE[AHC.

PeakTHBHOE COMPOTHBJIEHNE HETPYIHO Haii-
TH B JIIOO0I TOYKE IIOBEPXHOCTH U3JIydaTeis,
OJHAKO OOBIYHO UMIIEJAHCOM AHTEHHBI CYNTA-
€TCsl ee CONPOTHUBJIEHHE B TOYKE IOJKJIIOYe-
Hust uzepa. B ciyyae nosysosiHoBoro Bubpa-
TOpa 3Ta TOYKA COBIAZAET C MMYYHOCTHIO TOKA,
Y [IOTOMY UMIIEAHC TAKOrO BUOPATOpa MaJl —
Bcero 60 Om. TouHee 6b110 6bI HA3bIBATD 110J1-
HO€ COIPOTUBJIEHHE B IAHHON TOYKE BXOAHBIM
HUMIIEZIAHCOM.

Teopernyecku BXOIHOE CONPOTUBJIEHHE I10-
JIyBOJIHOBOTO BHOparopa coctasiser 73 Om.
O/Hako Takast oleHKa ClipaBe/InBa JIUIb 17151
6ECKOHEYHO TOHKOTrO MPOBOAHUKA (OTHOILE-
Hue A/d 6eCKOHEYHO BEJMKO) HA GECKOHEYHO
GOJIBILIOM yIAJEHUH OT 3€MHOM IIOBEPXHOCTH.
Kak BuzHO 43 puc. 3.3, BXOZHOE CONpPOTHBIIE-
HUE MOJYBOJHOBOrO BUOPAaTOpa 3aBUCUT OT
COOTHOILEHHsI J/TMHBI BOJIHBI U IMAMETPA MPO-
BOJHHUKA.
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OTHOLWEHWNE ANnHbI BONHLI K anamerpy, A/d

Puc. 3.3. 3aBICHMOCTb BXOAHOTO CONPOTHBJIEHHS TI0JLyBOJIHOBOTrO BUGpaTopa OT OTHOUIeHUs A/d
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OtHoumenue A/d (06e BeIMYUHBI JOJIKHBL
OBbITb BBIPAXKEHBI B OJMHAKOBBIX €IMHHULAX
JUIMHBI) XapaKTepU3yeT CTeleHb yTOJIIEeHHs
subpaTopa. B anrennax KB u YKB auanaso-
HOB PEJIKO BCTPEYAIOTCS U3JIyyaTenu JuaMeT-
pOM MeHblle 2 MM, TaK 4TO BIIOJIHE Pa3yMHO
[IPUHSATD, YTO B 9TUX JHaNa30HaX BXOLHOE CO-
IIPOTHBJIEHHE TIOJyBOJIHOBOrO BubpaTopa He
npesbiuaet 65 OM.

3.1.3.

ComnpoTHBJIEHHE U3TYYEHHUST IBIISIETCS PACYETHOM
BEJIMYMHOM, U3 KOTOPOI1 BbIBOAATCS MHOTHE Xa-
PaKTepUCTHKY aHTeHHbI. OOBIMHO OHO OTHOCHTCS
K MaKCHMyMy TOKa U Tpe/ICTaBIIsieT co0oit 3KBH-
BaJIEHTHOE COIMPOTHBJIEHHE, Ha KOTOPOM pacceu-
BasIach Gbl M3JTy4aeMasi MOIHOCTD. I1pu pesoHan-
e BXOJ[HOE COIPOTUBJIEHUE aHTEHHbI CTAHOBHTCS
aKTMBHBIM U COOTBETCTBYET CyMME COIPOTHBJIE-
Huit n3mydenust R, 1 norepb Ry npu BO3OysxeHrm
yammyyaresst (B TOM YHCJIE [0JTyBOTHOBOTO BUOpa-
TOpa) B Iy4HOCTH TOKa. Kak npasiio, CorpoTHB-
JieHye noTepb Ry 00yCIOBIEHO IIOBEPXHOCTHBIM
CONpPOTHBJIEHHEM IIPOBOJHMKA aHTEHHDbI U JIH-
3/IEKTPUYECKUMU TIOTEPSIMU B M3osATopax. st
II0JTyBOJIHOBOTO BUOPaTOpa B LEJIOM JIOITYCTUMO
1071araTh COMPOTHBJIEHUE U3TyYEeHHsT BECbMA Ma-
JIBIM TI0 CPaBHEHUIO C CONPOTUBJIEHUEM IIOTepb.
O6a cONnpOTHRJICHHUS 3ABUCAT OT OCOOEHHOCTEN
pasMelleHys] aHTeHHbI (BBICOTA Hajl 3eMHOIT 110-
BEPXHOCTBIO, OKPY>KeHHe, OT30CTb 3aHHI 1 T.AL.)
1 raGapyTOB UAUTy4aTeIs], TO €CTb ero KoadduLm-
€HTa YTOJILIEHHSL.

3Has U3Jy4eHHYIO MOIIHOCTb Py U Makcu-
MaJIbHYIO BEJIMYMHY TOKA aHTEHHBI Ipay, CO-
NpPOTUBJIEHHE U3JTy4eHHUs PACCYMTHIBAIOT 11O

dopmye:
2P, '
12

max

ConporuBieHHe H3Ty4eHHs

R, =

r

(34)

Koaduuuent nosesnoro aeiicrsus (KILT)
aHTEHHBI 1) OIIpeIeJIsIeTCs 10 OTHOUWEHHIO CO-
NPOTUBJIEHHS] U3JIYYEHUSI K CONPOTHUBIICHHIO
HOTEPb:

n=—=x (35)

3.1.4. TlonyBoaHOBBI Bn6parob
Kak KoaebareabHbliil KOHTYP

B paauoTexHUKe HIMPOKO MCNOJIb3yeTCs KO-
siebaTebHbIl KOHTYP € COCPellOTOYEHHBIMH

asemeHTaMu. Ha cxeme Takoro KOHTypa MH-
JYKTUBHOCTb H300paXkaeTCsl B BU/E KaTyLIKH,
a eMKOCTb — B BHJIe KOHeHcaTopa. Pacnpsm-
JIeHHBIi1 IPOBOIHUK TaKKe 00JafaeT UHIYK-
TUBHOCTBIO U €MKOCTBIO, pacnpeaejeHHbIMU
no Bceil ero aiauHe. Korga npoBOAHUK HaXo-
AUTCS B Pe3oHaHCe ¢ Bo30yXAalomei 4acTo-
TOM, ero MOXHO paccCMaTpUBaTh Kak Kojeba-
TeJIbHbI KOHTYP. DKBHBAJIEHTHYIO CXEMY I10-
JIyBOJIHOBOTO BUOpaTopa H306paXaioT B BU/e
NOCJIeZ0BATEIbHOTO PE30HAHCHOIO KOHTYP3,
IZie conpoTuBJeHue R cocTouT u3 nocsesosa-
TeJIbHO BKJIIOYEHHBIX COIIPOTHBJEHUI U3JY-
yeHHs1 U notepb (pHc. 3.4).
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Puc. 3.4. IlosysoiHOBbIIT BUGpaTOp Kak
HOC/el0BaTe IbHbII PE30HAHCHBIA KOHTYD
(3KBMBaJIEHTHAs! CXeMa JUIS CJTy4ast PE30HAHCa)

Pe30oHaHCHYI0 4acTOTy KozebaTeabHOro
KOHTYpa HaXOJsT [0 BeJMYMHE UHIYKTHBHO-
CTH 1 €MKOCTH, 110JIb3YsICh COOTHOLIEHUEM:

oL =1/wC,

rae o =2nf =6,28f — Kpyrosas 4aCToTa;
oL — MHAYKTHBHOE CONPOTUBJIEHUE;
1/0C — eMKOCTHO€E CONPOTHBJIEHHUE.

TeM e yCJIOBUSIM NOAYUHSETCS] U PE30HAH-
CHasl 4acTOTa N0JIyBOJIHOBOro Bubpartopa. feo-
MeTpusl U3Jyyaress CyUIeCTBEHHO BJIMSIET Ha
€ro MHAYKTHUBHOCTb M €MKOCTb, a C/Ie/l0Ba-
TeJIbHO — U Ha PE30HAHCHYIO YACTOTY.

Bes yuera notepb B Lienu J06POTHOCTb KO-
nebaTeJbHOrO KOHTYpa OnpejesisieTcsl Inpe-
UMYIIECTBEHHO OTHOIIEHUEM €r0 MHAYKTHUB-
noctu K emkoctd — L/C. Uem oHO BbIme (4eM
GoJibllle HHAYKTUBHOCTb ¥ MEHbIIIE eMKOCTD),
TeM YKe MoJioca [poIycKanus Kontypa. Ilpn
manbix L/C (Manas MHAYKTUBHOCTb IPH
6oJibllIeli €MKOCTH) MO0JIOCa NMPOINYyCKaHUA
OKa3bIBaeTCs KMpe U Pe30HaHC KOHTYpPa Tepsi-
eT ocTpoTy. PesonancHbie kpusble (puc. 3.5)
NI03BOJIAIOT HAXOJUTh UIMPUHY IOJIOCHI MPO-
NyCKaHUs Kojie6aTeNbHOTO KOHTYpa, 3aBH-
CANYIO OT ero A06POTHOCTH. AHAJIOTHYHbIE
Pe30HAHCHbIE KPUBbIE XapaKTePU3YIOT MOy~
BOJIHOBbI BUOPATOP B OJHOPOJHOM 3JIEKT-
pOMarHMTHOM moJjie (ciydail paguomnpie-
ma). [Ipu MocTOsIHHON HaNpPsKEHHOCTH MOJIA
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NIepecTPanBaIOT YACTOTY U ONpEAEJSIOT Ha-
npsbKeHue Ha Bbixozie anTeHHs! U. Ero makcu-
MaJIbHOE 3HauyeHHe COOTBETCTBYET PE30HAHC-
HoIt yacToTe anTeHHb! fy. [IprMeM ero paBHbIM
1,0. ITycts f; u f; 0603HAYAIOT YACTOTHI, COOT-
BETCTBEHHO MeHbluue u Gosbuiue fy, npu Ko-
TOPBIX HalPsKEHHE aHTEeHHB! yObiBaeT 10 0,7,
To ecth Ha 3 aB. Torza abcosoTHas WMpUHA
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Puc. 3.5. Pe3oHaHCHast KpuBasi M3JIyyaTeis
¥ mupuHa nosockt B = f,— f,: a — mpu 6onbmom,
6 — npu MasioM otHoweHuu L/C

PesonancHast kpuBas Ha puc. 3.5a cooTBer-
CTBYET KOHTYPY ¢ 6osbuunm otHOwteHuem L/C
WK BUOPATOPY € y3Koii moJstocoit B; puc. 3.56
WITIIOCTPUPYET 0OPATHYIO CUTYALMIO.

OcraeTcsl BBISICHUTb BJIUSIHUE FEOMETPH-
YeCKHMX pasMepoB U3JlyyaTesist Ha ero OTHolle-
Hue L/C u, cienoBaresibHO, HA LIUPUHY 11010~
cbl. [TosryBOIHOBBIIT BUGPATOP C OTHOCHTEb-
HO TOHKUM NPOBOJHUKOM XapaKTepH3yeTcsl
HEKOTOPBIMU ONpelleleHHBIMU 3HaYeHUSIMU
unaykrusHoct L u emxoctu C.

Ecsu nath o1MHaKOBBIX TOHKUX [TPOBOJHU-
KOB BKJIIOUUTD MapajjiebHO, 4TOObI 06pa3o-
BaJIcst TOJICTBIA BuGpatop (puc. 3.6), To eM-
KOCTb I10CJIe/{HET0 OyeT paBHa CyMMe eMKOC-
Teit npoBoaHUKOB 5C, a €ro MHAYKTUBHOCTD
NATUKPATHO YMEHBIUUTCS 110 CPAaBHEHUIO C
MHIYKTUBHOCTBIO OTHEJIbHOTO MPOBOAHMKA.
Jlaxe 13 3TOrO MpOCTEMNILIero MpuMepa BUHO,
YTO TOJICTOMY BHOPATOPYy NPUCYLIM MEHbIee
otHourenue L/C u 6GoJee mupokasi nosoca

NPOIyCKaHUs], HEXKETH TOHKOMY.

II1pOKOIOIOCHBIE aHTEHHBI JIEFKO Y3HATh
110 60/IbLIUM [TOBEPXHOCTSIM U3Jiydaresieit (Ha-
npumep, 1MJaOCKHe, IHJIHHAPHUYEeCKHEe HITH ,/'IBOﬁ—
Hble KOHYCHbI€ aHTeHHbI). Biiaroaaps 6obuioi
eMKOCTH OHHU MpeICTaBJAT coboil Koneba-
TeIbHBII KOHTYP ¢ MasbiM oTHoweHuem L/C.

A2V

y
Puc. 3.6. ToscThlil 1101y BOJIHOBBII BUGpaTop,
COJlep>Kalliuii 110 MATh MPOBOJHMKOB B KaX/IOM
nieye

3.1.5. Koadduuuenr ykopouenus

Jlo cux nop Mbl He fejiaiy pasIu4yridi MeXIy
3JIEKTPUYECKOH M MEXaHMYeCKOH AJIMHAMU
usiny4aress. Ha camoM zeste asiekTpuyeckue U
MeXaHHUYeCKUe IJIMHBI DaBHBI JHUIIb B TOM
CJlyyae, KOr/ia IIPOBOHUK aHTEeHHbI GeCKOHeY-
HO TOHOK U HaXOJHUTCsi B 6e3BO3/LyILIHOM IIPO-
crpancTBe. Ho peasyibHble NPOBOXHUKY HMEIOT
OTIpe/ieJIEHHYIO TOJIIMHY U IOJKHBI ObITh Me-
XaHMYEeCKU MPUKPEIIEHbI K ONOpe Ha KOHeY-
HOM PacCTOSIHMM OT 3€MHOM IIOBEPXHOCTH U
ApPYrux oObEeKTOB.

CxopocTb pacnpocTpaHeHUst 3JIeKTpoMar-
HUTHBIX BOJIH B NPOBOJHUKE aHTEHHBI MeHb-
1€, YeM B OTKPBITOM [IPOCTPAHCTBE, U Onpesie-
Jsiercst otHoweHueM [/d (nuHbl anTenHs! [
K ee nonepeyHomy ceyenuo d). Crenyer yuu-
TBIBaTh, YTO KOI(PDUIMEHT yTOJIIIEHUS BbIPA-
xaercsi v uepes [/d, u yepe3 (A/2) / d.

Hapsiny ¢ ko3¢ duiiieHToM yToJIeHus: Ha
PE30HAHCHYIO JUIMHY aHTEHHOI'O NPOBOAHHUKA
BJIMSIET TaK Ha3bIBaeMbli KOHLEBOH adexT.
OH neiicTByeT Kak KOHLIeBast eMKOCTb U 3aBU-
CHUT OT BXO/JHOI eMKOCTH aHTEHHBI U EMKOCTH
U30JISITOPOB ONOPHI M pacTspkek. KoHueBoit
ad ekt ocobeHHo 3amMeTeH, KOTa IIPOBOAHUK
AHTEHHBI KPEMUTCSI CBOUMM KOHIIAMH yepe3
U30JISITOPBL. DTHU JIEMEHTBI BMECTe C IIpHcoe-
IMHEHHBIM K HUM TPOCOM DAaCTSKKH CO3HAIOT
JOTIOJIHUTEJIbHYIO eMKOCTHYIO KOHILIEBYIO Ha-
rpy3Ky, OJjarozapsi KOTOPOH TOK Ha KOHLAX
AQHTEHHBI He JOCTUTAeT HyJIeBOrO 3HAYeHUs —
yepe3 KOHILIEBYIO eMKOCTb Te4eT CJ1abblil TOK.
Konuesoii addexT ycunupaercs ¢ 4acToToi 1
MO>eT ObITh OLEHeH TOTBKO ONBITHBIM ITyTeM,
NIOCKOJIbKY pasHOOOpa3ue KOHCTPYKUMI aH-
TEHH U YCJIOBUI OKpyXaloulel cpepl (BbICO-
Ta aHTeHHBI Hajl 3emJei, 6JM30CTb 31aHUi,
BO3/yLIHAs! IPOBOJIKA U NPOYME BAUSHUSA ) HC-
KJIIOYRIOT BO3MOXHOCTb TOYHBIX PACYETOB.

B cuny atux 06CTOATENBCTB HIPHXOAUTCS
YKOpaYyuBaTbh MExaHHYeCKHe Pa3Mepbl, Heo6-
XOAHMbIEC AJIA OCYLUEeCTBJCHHUA pE3OHaHcCa,
OTHOCHTEJIbHO 3JIEKTPUYECKOI JIHHbL. JeM
MeHble K03(UIHEHT YKOPOYEHHS IIPOBOJ-
HHMKA aHTEHHDI, TeM OOJIBIIMM JIOIXKHO ObITh
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ykopoueHue. IIpu onuHakoBoil pe3oHaHCHOM
4YacToTe TOHKUI U3JIyvaTesb OyxeT AIUHHee
TOJICTOTO. ;

DJNEeKTPUYECKYIO JIMHY IIPOBOJHUKA aHTEH-
HbI Ha3bIBAIOT TAKXe JJIMHON B IYCTOTE WU
TEOPeTUYeCKOl ATMHON, a MeXaHU4YeCcKyio —
pe30HaHCHOM UM dhu3uyeckoit (MHOrIa — reo-
MeTPUYEeCKOil, IeHCTBUTENbHONM WU UCIIPAB-
JIEHHOI1). YKOpOYeHHe — 3TO Pa3HULA MEXIY
obeumu giuHamu. Takum o6pasom, koacbbu-
UMEHT YKOpoueHust V npencrasisier coOoi oT-
HOLLIeHHe Pe30HAHCHO JUIMHBI K UIMHE B ITyC-
tore. OH BCeraa MeHbILE eMHULBL.

Puc. 3.7, nocrpoennbiit no gauHbsiM Iles-
kyHoBa u Dpuuca, nosicHsieT 3aBUCUMOCTD
K03 dunreHTa YKOPOYEHUS 110JYBOJHOBOTO
Bubpatopa ot otHoutenusi A,/d. Kpusasi A crpo-
uach 6e3 yyera KoHLeBoro addexra, Kpu-
Basi B — c ero yuerom. Kak BuzHo, eciu nosy-
BOJIHOBBIN BUOPATOD XapaKTepPU3YeTCst MATbIM
oTHoueHueM A/d, To KoH1EeBOI 3 deKT crib-
HO BJIMsIeT Ha KO3 DUIHMEHT YKOPOYeHHsl. ITO
BJIMsIHUE yOBIBAET ¢ pocToM A/d.

IIpumep

Haiinem MexaHU4eCKyIO IJIMHY [10JTyBOJIHOBO-
ro BubpaTopa Ha 145 MI11, BHIIIOJIHEHHOTO U3
ATIOMUHUEBOU TPYOKH JamerpoM d = 25 MM.

4

~

B 3TOM ciyyae AJiMHA BOJIHBI A COCTaBHUT
2,07 m = 2070 MM 1 otHomenne A/d = 83. Ilo
KpuBoil A Ha puc. 3.7 nis A/d = 83 onpene-
auM Koaddunuent ykopodenus V = 0,928.
Toraa MexaHuueckasi pe3oHaHCHas! IMHA 110-
JIYBOJIHOBOTO BUGpatopa 6yeT paBHa

A 2070
2

Zv=

2

JlvHa aHaJIOrMYHOTO BUOpaTopa 13 TPYOKH
JnuameTpoM Bcero guuib 10 MM okaxercs pas-
Holt 977 mm (A/d = 200, orkyna V = 0,944).

Wcnosb3oBaHue KpUBOii A, He yYHTHIBAIO-
meil koHueBoi addekT, npeanosaraer, 4ro
BUOPATOP CBOOOJHO BUCUT HA GOJIBLION BbI-
CcOTe M BOKPYT HEro HeT HUKAKUX COOpY-
>KeHUi. 3HayeHus Ha puc. 3.7 crpaBeIuBhI
TOJIBKO JUJIs1 «TOJIOrO» HOJIyBOJHOBOTO BUOpa-
TOpa U HENPHUTOJAHBI, HAIPUMEP, /ISt BUOPa-
TOPOB B COCTaBe HalpaBJEeHHON aHTEHHOMH
CHUCTEMBL.

Imnupuyeckast bopmyia

% 0,928 = 960 Mm.
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Pric. 3.7. 3asucumocTb K0abiumenTa ykopouenus V MoyBoJIHOBOro Bubparopa ot oTHomenus A/d

6e3 yuera (A) u ¢ yuetom (B) koHuesoro apdexra
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IMPOKO NPUMEHSIeTCsI IPY pacyeTax noJyBoJ-
HOBOro BHOparopa mjis yactor 6osee 30 MITL.
Yrobb! yyecTdb Bausinue A/d, B Hee BBEEHO He-
KOTOpOe Y1cIIo, 61u3Koe K 150, COOTBETCTBYIO-
HIee NOCTOSIHHOMY KO3(M(GHLUEHTY yKOpoUue-
Hust V = 0,94. [TosatoMy OHa npuMeHKUMa JIULIb
TIpU OTIpeZie/IeHHbIX YCIOBUSIX.

Hanporus, mist pacyeToB NOJYBOJHOBBIX
BHOPaTOPOB B KOPOTKOBOJIHOBOM JMana3oHe
(f < 30 MTIx) Takue sMnupuyeckue GopmyJibl
HOIXOJSAT OYEHDb XOPOLIIO.

ITockombKy a5t poBoJIOYHbIX anTeHH KB
auanasoHa o6sruHo A/d > 5000 u KpuBble J10-
CTaTOYHO TOJIOTH, B 3TOM CJIyYae BHOJIHE 10~
IIyCTUMO MPHUMEHSITb NOCTOSIHHBII K03pdu-
IUeHT yKopoyenusi. B popmyy

1425

fMl'u

(3.7)

BXOAMT ko3dduuueHT ykopoueHus V = 0,95
(4TO COOTBETCTBYET YKOPOUYEHHIO Ha 5% ). DTa
¢opmya ynoBieTBopsieT JiroOble paKTHYec-
KHe 0TPeGHOCTH, HO CHPaBe/JIMBA JIULIb JJIS
TIOJIyBOJTHOBBIX M3JLyyaTejiei.

3.1.6. IAddexTHBHDBIE HHA U BBICOTA

NOJIYBOJHOBOIO BUOpaTOopa

Benuynna HanpAXEHHUs1 XO0JIOCTOro X0aa, BbI-
pa6aTbIBaeM01"O AHTEHHOH B JJIEKTPOMArHuT-
HOM 110J1€, 3aBUCHUT OT:

* HaNPSDKEHHOCTH  3JIEKTPUYECKOrO  IOJIs
3JIEKTPOMarHMTHOM BOJIHBI B MECTe Pacro-
JIOXKEHHS aHTEHHBI;

* 3¢>peKTUBHOMN NMHBI U BBICOTHI AHTEHHBI.

B nmpoBoxHuke (HanpuMmep, B HOJYBOJIHO-
BOM BUOPaTOpE) HABOAUTCS HANPsKEHHE, KaK
TOJIbKO OH MOMNaJaeT B 3JIEKTPOMAarHUTHOE
noste. I1pu 1060 1/11He BOIHBI 3TO HANPsKe-
HUe TeM BBbllIe, YeM JUIMHHEE MPOBOJHUK aH-
TEHHbI.

BubpaTop B COCTOSIHUM pe30HaHCa XapaKTe-
pU3YyeTCsl CHHYCOUZAIbHBIM pacipe/ieseHneM
ToKa. ITocKoJIbKY 3JIEKTPOMArHUTHbIE BOJHBI
Haubosiee HUHTEHCHUBHO U3JIyYalOTCH Ha y4acT-
Ke IIPOBOAHMKA C MAKCUMYMOM TOKa, 3pek-
THBHasl [JIMHA BUOpaTOpa He TOXIEeCTBEHHA
MexaHuyeckoil. st nmosmyBoJiHOBOro Bubpa-
TOPA OHA COCTaBJISIET:

=2 (3.8)

lo=—

T
IToxcTaBUB BMECTO AJIMHBI BOJIHBI A 4aCTO-
v f, nosyunm:

4. 3aka3 Ne K-5454.

L 958
o fMl‘u '

(39)

ITo HanpspXeHHOCTH 3J1eKTprYecKoro nosist E
B Me€CTe PaCIIOJOKEHUsI aHTeHHBI U addek-
THBHOIA JIMHE [ NPUEMHOTO BHOpaTopa pac-
CUMTBIBAETCSI HABOAMMOE B HEM HanpsKeHue
U=El,, oTkyna

E

U, = 95,5 —eB/w. (3.10)
Mrlu

u

U, =955%10° B

MkB
xlu

HanpspxeHye, HaBeileHHOE B [OJIYBOJTHOBOM
BHOparope, NocTynaer B npueMuuk. Ilepenaya
MOLIHOCTH C MUHMMAJIbHBIMU MOTEPSIMU pea-
JIU3YeTCsI IPU PaBEHCTBE COMPOTUBJIEHHSI BUO-
paTopa B TOYKe NOAKJIIOYeHHUsT (u/aepa K BXOI-
HOMY COIIPOTUBJIEHHIO NMpUeMHUKa. B arom
clly4ae UMeeT MECTO COIVIaCOBAHME 10 MOIIHO-
CTH, M Ha NPUEMHHK T0/IaeTCsl [I0JIOBUHA 10T
HOTO HanpsiKeHusi, UHAYLMPOBAHHOTO B BUO-
paTope. [Ipyrast oJIOBUHA [1€PEU3IIy4aeTCsI B
BHUJIE 3JIEKTPOMarHUTHBIX BOJIH. Takoe paszee-
HMe NMPOUCXOIUT HOTOMY, YTO CONPOTHUBJIEHUE
AHTEHHBI ¥ BXOJHOE CONPOTHBJIEHUE IPHEMHH-
Ka BKJIIOYEHBI OCJIeIOBATENbHO. A MOCKOJIbKY
OHY PaBHBbI, NOJIHOE HANPsIKEHUeE Pacrpeesi-
€TCs1 MEXAY HUMH TIOPOBHY.

IIpu corylacoBaHuHM MOJTYBOJHOBOIO BMOpa-
TOpa HanpsDKeHHe Ha BXOJe NMPUEMHUKA pac-
CYuTBIBaeTCs 1o dhopmyie:

A

U=E . (3.11)

[ToncraBuB yactory f BMecTo A, nosyuum:

LT (3.12)

Ml

U,p =4775

TaxuM 06pa3oM, Bce pacyeTsl HaNpsHKeHUI
npueMa onupaioTcs Ha ahPeKTUBHYIO ATUHY
aHTeHHbI. JbdeKTHBHAS BBICOTA I10KA HE pac-
CMaTpHUBaJIACh NIPOCTO MOTOMY, YTO OHA pac-
CYMTBIBAETCA TOYHO TakK Xe, Kak ajuHa. Ho
TIO/IXO/ K HUM pPa3Hblii: 00 3¢ deKTUBHOM 1u-
He TOBOPST IIPUMEHUTENbHO K CUMMETPHUY-
HbIM aHTeHHaM, a 00 addexTuBHOI BbICOTE —
NPUMEHUTEJBHO K HECUMMETDUYHBIM. JTa
BBICOTA He MMeeT HUYero obIIero ¢ BbICOTOM
KOHCTPYKLIMH HaJl 3¢MHOM IOBEPXHOCTHIO MU
C JUIMHOIA OIOPBI.
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Bormenpusesnentsie GopMyJibl CBUAETENb-
CTBYIOT O TOM, YTO IIPH PAaBHOI1 HANPSAXKEHHO-
CTH aj1eKTpudeckoro nous E Hanpsxenue Ha
Bxoze npuemuuka U TeM Bbilie, yeM GoJibLie
JUIMHA BOJIHBI.

3.2. HanpasiaeHHOCTH

U YCHJICHUE AaHTEHHbBI

AHTeHHa, U3JIy4aloiasl SHEPTHIO OJUHAKOBO
110 BCEM HanpaBJIeHUSIM, Ha3biBaeTcs cde-
PUYECKMM, UJIH U3OTPOIHBIM, U3JIyYaTesieM.
IIpyMep 13 ONTHKH IOMOXET YCBOMTD JAaHHOE
NOHATHUE: €CJIU IIOMEeCTUTh TOYEUHBIH UCTOY-
HMK CBeTa B LIEHTP CTEKJISTHHOTO LIapa, TO ero
NIOBEPXHOCTb OKa)XeTCsi PaBHOMEPHO OCBe-
IIEHHOH 3TUM MCTOYHHUKOM, TO €CTb IJIOT-
HOCTb U3JIyyeHust OyZeT OAHOM M TOH e B
_mob6oit Touke nosepxHocTu chepur. OgHaKO
HEBO3MOKHO IIOCTPOUTD CTPOTro ChepruieCKHUit
uanyyatesb. OH CYIIECTBYET TOJIbKO B TEOPUH
U CJIy>KUT UeJisiM cpaBHeHust. Hu oxHa peass-
Hasl aHTeHHa He crocobHa ob6ecneynTh OJu-
HAKOBYIO IIJIOTHOCTb U MOJISIPU3ALMIO U3JIY-
4eHMd MO BCeM HampasieHUsiM. Iloatomy y
JI000i aHTEHHBI UMEETCs OllpefieJieHHas Ha-
NpaBJIEHHOCTDb, ONUMCbIBaeMasi COOTBETCTBYIO-
et gruarpamMmoii. [l71st To4HOro oToOpaxeHus
HAIPaBJEHHOCTU HEOOXOAUMO IIOCTPOUTH ee
TpexmepHoe (IIPOCTPaHCTBEHHOe) u3obpaxe-
Hue. Ho npocTpaHCcTBeHHOE pacnpenesiedne
IJIOTHOCTU TPYZAHO M300pa3uTh rpapuyecky,
I103TOMY OOBIYHO JOBOJILCTBYIOTCSH MPECTaB-
JIEHMeM JMarpaMMbl HalpaBJIeHHOCTH aHTEH-
Hbl B BEPTUKAJIbHON U TOPU3OHTAIbHOIM 11J10C-
KOCT#IX.

JluarpamMma HanpaBJIeHHOCTH U yCUJIEHUE
aHTeHHbI B3aUMOCBSA3aHbl. BHOBb MOsICHUM
UX CBSI3b Ha NpUMepe CTEKJSHHOrO Iuapa.
Ecin UCTOYHUK cBeTa B LEHTpE iapa cHab-
IUTh oTpaxateseMm (Hanpumep, napabo-
JIN4ECKUM 3€PKaJIOM), CBET MOMAET B BUIE
Ny4yKa U U3JyyeHHe CTAaHEeT HAIlPaBJIEHHbIM.
Takum 06pa3oM, OCBELIEHHOH OKaXeTCsl TOJb-
KO 4YacCTb IOBEPXHOCTH 1L1apa, OrPaHUYEH-
Hast 6J1aroapsi HANPaBJEHHOCTH U3JyYEHUS.
IIpy 3TOM MJIOTHOCTH NMOTOKA SHEPTHH U3JLY-
4YEeHUs B NpejieslaXx HAIpPaBJIEHHO OCBeleH-
HOI YaCTH IIOBEPXHOCTU HAMHOTO MPEBBICUT
COOTBETCTBYIOIee 3HayeHUe [IpYU paBHOMeEp-
HOM OCBEIIeHUH IIapa, MNOCKOJIbKY Ha daH-
HbII Y4aCTOK YNanyT U Te JIy4YH, KOTOPbIE 10
II0SIBJIEHUS OTPa’kaTesisl CBETHJIM HA Apyrue
Y4acTKH 1osepxHocTd. II10THOCTH MmoTOKA
9HCPIMHM M3JIydelHusl TeM BBILIe, YeM OCTpee

HaINpaBJIeHHOCTb u3ayyeHus. [lostomy ycu-
JIeHHe 10 IJIOTHOCTH MOTOKa 3HEPrHH OT-
HOCUTEIbHO U30TPOITHOTO O0JIy4eHHUs IIPSIMO
3aBHCHUT OT AMarpaMMbl HarpasjeHHoct. Kak
yCUJIeHHe, TaK U AuarpaMMma HanpaBieHHOC-
TH BBHIPXAIOT KOHLUEHTPAUIO U3JIyYeHUS B
oInpeJielecHHOM HalPaBJEeHUH.

3.2.1.

ITpu onmcaHuy CBOHMCTB U3JIy4YEHUs UCIIOJb-
3YIOTCA /B2 IOYTHU PABHOLIEHHBIX MOHSITUS
TPeXMEpPHON U JBYXMEPHON QuarpamMMm Ha-
NPaBJEHHOCTH, KOTOPbIE CIYXAaT IJs Mpej-
CTaBJIEHUS] CBOIMCTB HM3JIydeHUs] B CHCTEME
NPOCTPAHCTBEHHBIX koopauHaTt. Ilepsas us
3TUX AMarpaMM BOCIIPOM3BOAHUT paclipeje’ie-
HHUE U3JYYeHMs MO BCEM HANpaBJeHUsM, a
BTOpasl — IO HAIPABJIEHUSIM, JIEKAU[MM B Ka-
Koii-1160 miockoctu. B [1] pekomenayercs
IIPOCTPaHCTBEHHYIO 3aBUCUMOCTb CO3/1aBae-
MOIl aHTEHHOH B PasHBIX HANpaBJIEHUSX HA
OJIMHAKOBOM PacCTOSIHMHM B JajbHEM IOJie
HaNpsKeHHOCTH I10JI51 110 aMIUIUTY e, hase u
MoJIIpU3aLK 0003HAYaTh TEPMUHOM <«XapaK-
TEPUCTUKA HalpaBJeHHOCTH». J[uarpamMmoit
HanpasJleHHOCTU Ha3bIBaIOT rpaduyeckoe npex-
CTaBJieHHe CEeYEHHsI XapaKTePUCTHKHY Halpas-
JIEHHOCTH.

JluarpamMma HanpaBJIeHHOCTH aHTEHH MO-
XKeT n300pakaTbCsi B MOJAPHON CHCTEME KO-
OPJIMHAT UM B CEYEHUN ITON CHCTEMBI, & TaK-
e B ICKapTOBBIX (ITPSIMOYTOJIbHBIX ) KOOPH-
HaTax.

B mossipHpIX KOOpAMHATAX IIPUMEHSIETCS
CeTKa KOHIEHTPUYECKUX KPYrOB U UCXOISA-
KX U3 UX neHTtpa aydeit (puc. 3.8). Konuen-
TPUYECKHe KPYTM IPeACTaBJSIOT Hampsixe-
HHe, IPHYEeM B UX LEHTPe OHO TPUPABHUBAET-
¢ K Hymo. JIydu nokaspiBaioT HanpasJeHue,
OTCYMTHIBaeMoOe B YIJIOBOif Mepe, KaK IIpaBu-
JI0, OT OCHOBHOTO HallpaBJjIeHUs Tepeiayy uin
npuema. OT 3TOro NpaBUJIa YaCTO OTCTYIIAIOT
IIPU NMOCTPOEHHH JIMarpaMMbl HaIIPaBJIEHHOC-
TH B BEPTHKAJIbHOI NIIOCKOCTH.

Ha puc. 3.8a npencrasiena HOpMHUPOBaH-
Hasl IMarpaMMa HalpaBJeHHOCTH [10JTy BOJIHO-
BOro BMOpaTOpa B TOPM30HTAJIbHON IJIOCKO-
ctu (naockocts E, ropusonTanbHas mmpuHa
110JI0BUHHOI MomHocTH 80°); Ha puc. 3.86 —
AurarpaMma B FOPU3OHTAJIBHOI MJIOCKOCTH AH-
PEKTOpHOI1 aHTeHHbI (110cKoCcTh E, ropuson-
TaJIbHas IMPHUHA 27°) B IMHENHDIX NTONSPHbIX
KOODAMHATaX.

IIpencTraBieHne guarpaMm HanpaBJeHHO-
CTH B JIEKapTOBbIX KOODAMHATAX MEHEe Ha-
raaano (puc. 3.9), 0iHaKO ero NpeHMyIEecTBO

JlnarpamMma HanpaBJIeHHOCTH
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Wwvpuxa JAunarpammbl Mo NONOBUHHON MOLLHOCTH

0
WuvpuHa
AvarpaMmbl

No NOIOBUHHOM
MOLLHOCTH

2

Puc. 3.8. TopusoHTasbHBIE IMarpaMMbl HAllPaBJIEHHOCTH

COCTOUT B 0O0JIbLIIEM YIJIOBOM paspelueHnu 6o-
KOBBIX JIEIIECTKOB (3TO BUAHO IPU CPABHEHUU
puc. 3.9 u 3.86). O6bIYHO MAKCUMYM H3JLyye-
Hust orBevaet yrity 0°. ITo ocu abcuucce orkiia-
apiBatoT yriiel ot 0° 1o £180°, a no ocu opau-
HaT — npoueHTbhl ot Makcumyma (0-100%)
MJM 3HaYeHHUsl 0TOOpakaeMoi BeJIUYUHBI B
neuubenax.

0

a8

-5

-0

=20
=25
-180°

&

-%0° 0° 0° Bo°
Puc. 3.9. /lnarpamma HanpaB/ieHHON aHTEHHbI

B IEKApTOBbIX KOOpJAUHATaX

MaxcumasnbHOe BBIXOZHOE HanpsiKeHHe aH-
TEHHbl, U3BMEPEHHOe B [JIABHOM HaIpasJe-
HHUHM U31y4yeHust, npupasHusaercs k 1 (100%)
i 0 1b u HaHocutcst npu yriae 0°. Bee noc-
Jleyiolle HanpsKeHUs mpueMa, u3MepeH-
Hble 110 Pa3HBIMU YIJIaMHU K TJIABHOMY Ha-
npasJieHUIo B npezesax 180°, oTkIaabIBaOT-
Csi IPY COOTBETCTBYIOMIMX YIJIaXx B HOJSIX OT
MaKCHMaJbHOro HanpspkeHus. Kpusas, cBs-
3bIBAOIIAsl TOYKH Pe3yJIbTaTOB U3MepeHUil,

it
%
&

npeacrasisier co60i GyHKUHMIO HampasJie-
HUS U CTYXKUT IUarpaMMoii HallPaBJIeHHOCTH
U3JIy4eHusl.

ITo nuarpamMe HanpaBJIeHHOCTH ONpezeis-
IOT Psifl BAXKHBIX NTaDAMETPOB PaccMaTpHBae-
Moit aHTeHHbI. [10JIOBUHY MMPHHBI IJIaBHO-
ro JienecTka Ha3bIBAIOT YIJIOM MOJOBHHHOTO
YPOBHSL. DTO yroJl MEXAY HallpaBjieHHeM MakK-
CUMYMa M3JIyyeHMs M HalpaBJieHueM, rie
IJIOTHOCTD [IOTOKA 3HEPT MU COCTABJISIET 10JIO-
BUHY OT MakCUMaJbHOI. UTOOBI OnpesesuTh
TaKOIt yroJi, TOYKe HauOOJIbILEro HAMIPSKEHUST
B [JIABHOM HaIlpaBJIeHUH IPHCBANBAIOT 3HaYe-
Hue 1,0 1 no o6e CTOPOHDI JienecTKa U3Jjyde-
HHs1 HAXOJSIT TOYKH, B KOTOPBIX HaNpsKeHue
cocrasisier 0,71 oT MakCUMaJbHOrO. YMeHb-
meHue Hanpsixenus B 0,71 pas (1/42 ) coot-
BETCTBYET CHMXKEHUIO MOLIHOCTH Ha 50% min
Ha 3 n1b. 3artem, kak mokasaHo Ha puc. 3.8a,
Yyepe3 3TU TOYKH NPOBOAAT U3 LEHTPA IpK-
Mble, KOTOPbI€ M CJIyXKaT CTOPOHAMU MCKOMO-
ro yrJia M0JOBMHHOrO ypoBHs. O6BIYHO npes-
IIOYUTAIOT MOJIb30BATbCS MOHSATHEM MIUPUHBI
AMarpaMMsl 10 NOJOBUHHOH MOIIHOCTH UJIH
mupuHbl 0o yposHio 3 ab. [lupuna nenectka
JMarpaMMbl HanpaBJIEHHOCTH 110 II0JIOBUHHOM
MOIIHOCTH paBHa CyMMe 000UX YIJIOB I10JIO-
BMHHOTO yPOBHs1 U 0003Ha4YaeT UHTEpBa yr-
JIOB, B KOTOPOM IIJIOTHOCTDb IOTOKA SHEPTHU
COCTaBJIsieT He MeHee TOJIOBUHBI CBOErO MaK-
cuMmasipHoro 3HaveHust. Hapsiny ¢ Tepmu-
HOM <«ILIMPHHA IO MMOJOBUHHON MOUIHOCTH»
II0JIb3YIOTCS] M TOXAECTBEHHBIM — «yTOJI pac-
KpbIBa».
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CMBICJI yIJ1a ITOJIOBUHHOTO YPOBHS HETPY -
HO TNOHSATb B NPSIMOYTOJIbHOI CHCTEMe KO-
opauHat. ITockonbky amarpaMMbl Hampas-
JIEHHOCTU CTPOSIT B TOPU3OHTAJILHOM U Bep-
THUKAJIBHOM MJIOCKOCTSIX, CJeLyeT pa3in4yaThb
TOPU3OHTAJIBHYIO U BEPTUKAJIBHYIO LIMPHHY
JMarpaMMm Mo NOJIOBUHHON MOUIHOCTH.

KoadduunenTom 06paTHOro M3JyyeHUs
Ha3bIBAETCsI OTHOILIEHHEe MAaKCHMAJIbHOTO Ha-
npshKeHUst, mojydeHHoro npu yrie 0°, Kk Mak-
CUMaJIbHOMY HAaNpsDKEHUIO, HABEeIEHHOMY C
obparHOro HanpasyeHus1. IToT KoaduumeHT
BBIPAXKaeTCsl B elibenax.

Pexe nonb3yorcs nonarueM koadduiu-
eHTa GOKOBOrO M3JLy4eHHsl, KOTOPIH BbIpaXKa-
€TCsl OTHOLLIEHHEM HanpshKeHust npu yrie 0° k
HanpspkeHusiM pu yrie 90° uu 270°.

Touka auarpaMMbl HanpaBJeHHOCTH, Izie
HanpspKkeHue yObIBaeT 0 HyJIsl, HOCUT Ha3Ba-
Hue HyneBod. Ee nosnoxenue onucpiBaeTcs
YIJIOM HYJIEBOTO 3HAYEHUsl, TO €CTb YIJIOM
MeX[y HamnpaBjieHMeM MaKCUMYMa HU3Jy-
YeHMs M HanpasjieHHeM Ha INepBYIO HyJe-
By10 To4Ky. [IInpuHOii o HyIeBOMY YPOBHIO
Ha3bIBAlOT UHTEPBaJl YIJOB MEXIY MepBbl-
MU HYJIEBBIMH TOYKaMHU 110 00e CTOPOHBI OT
[JIaBHOTO JIEMEeCTKA JIarpaMMbl HarpaBJieH-
HOCTH.

Kax noxasano Ha puc. 3.86, Hapsiny ¢ rias-
HbIM JIETIECTKOM BO3MOXHBI 60JIee U1 MeHee
BbIpaKeHHble 60KOBBIE JenecTky. Yame Bce-
rO OHU HEeXeJIATeIbHbl, MOCKOJIbKY yXyAlla-
10T HalpPaBJIEHHOCTb U OCJNABJISAIOT IIaBHBII
nenectok. OTHOUIEHMEe MaKCUMAJIBHOTO Ha-
NPsDKEHMs], OTBeYalouero Ir’IaBHOMY Hanpas-
JIEHUIO U3JTy4eHUs], K HANPSKEHUIO B 60KOBOM
JieriecTKe Ha3biBaeTcst koaduinenToM ociab-
JieHus: GOKOBOro Jierectka. Bmecre ¢ aTum Ko-
addULMEHTOM 1Py onucaHuu 60KOBOrO Jie-
IeCTKa NPUBOJST M €r0 yrojl OTHOCUTEJIbHO
rJIaBHOTO HaNpaBJIeHHUsI.

JuarpaMMa HanpaBJIEeHHOCTH SIBJISIETCSI
HOPMHPOBaHHOI, KOTZla BCe 3HaYeHUsI Hanpsi-
JKEeHUs 1ojeJieHbl Ha ero MaKCUMAaJIbHYIO Be-
JINYMHY U Pe3yJIbTaT [eJeHHs BhIPAXeH B 10-
JISIX eIVHULBI UM B ripoLieHTax (cM. puc. 3.8a
u 3.9).

3.2.2. 3aKOHOMEPHOCTH HIJIY4YEHHs

NOJYBOJHOBOrO BUGpaTOpa

TpexMepHasi AuMarpaMma HanpaBJeHHOCTHU
uMeeT (popMy TOpa C IPOBOJHUKOM AHTEHHBI
Ha OCH CUMMeTpuH. B ciyyae, nokasaHHOM Ha
puc. 3.10, BuOpPaTOp rOpU3OHTAJILHO I10JISIPU-
30BaH, TaK KaK OCb aHTEHHBl TOPU3OHTAJIbHA.
TopuzonTasnbHblil pa3pe3 Topa B IJIOCKOCTH

ero ocu Ha puc. 3.10 (Bux cBepxy) AaeT Ha-
JISIIHOE [IPEICTABJIEHHE 00 3TON XapaKTepuc-
THKe. 3alITPUXOBAHHbIE IIJIOCKOCTU CEYEeHUs
U300paxkaloT [MarpaMMy HalpaBJEeHHOCTH,
cootBeTcTBYlomyio puc. 3.8a. BuznHo, uto
[JIABHBIA JIyY TIOJIYBOJHOBOTO BUGpaTOpa B
CBOGOHOM TPOCTPAHCTBE BCETAA IepreH/In-
KyJISIDEH OCH NPOBOJIHUKA. ITO CIIPABELIHNBO
U sl MHOM mJlockocTH cevenust. Hanpumep,
€CJIM TOp pacceyb NepHeHANKYISIPHO ero oCH,
AuarpaMMa HanpaBlIeHHOCTU OKaXeTCsi Kpy-
TOM, B IIEHTPE KOTOPOTO HAXOAUTCS CedyeHue
nposoxuuka (puc. 3.11). [anHoe ceueHue
CJTy>XWT BEPTUKAIbHON AMarpaMMoil Hanpas-
JIEHHOCTY TOPU30HTABHOTO IOJIYBOJHOBOIO
BUOpaTOpa B CBOGOIHOM IPOCTPAHCTBE U Jie-
JKUT B IUIOCKOCTH, NEPNEHAMKYJSIPHOR OCH
npoBoguuka. Eciu Bubparop copueHTHpO-
BaTb BEPTUKAJILHO, TO KPYyToBasi AuarpaMMa Ha
puc. 3.11 npeBpaTuTcs B TOPU3OHTAJIbHYIO
JMarpaMMy HarpaBJI€eHHOCTH BePTUKAIbHOIO
BHODATOPA, a IBYXJIENECTKOBAs iMarpaMma Ha
puc. 3.8a craHeT BepTUKAJIbHOM AMAarpaMMoit
HaNpaBJIeHHOCTHU TOTO Xe BUGpaTopa.

Ocesas
nuHua
aHTEHHbI

Puc. 3.10. TpexmepHasi avarpamMma
HaIpaBJIeHHOCTH FTOPU3OHTaIbHOTO BMGpaTopa
(BepXHss YacTh TOpA y/aseHa)

MNonepeyHoe ceueHne Bubpatopa

Puc. 3.11. InarpaMMa HanpaBJIeHHOCTU
FOPU30HTAIBHOrO N0J1yBOJHOBOTO BUGpaTopa
B BEPTUKAJIBHOI IJIOCKOCTH
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Panu npocToThi OGBIYHO NOJIB3YIOTCSI IOHSI-
tusimu ockoct E u miockoctu H. Ilepsas
U3 HUX COOTBETCTBYET HAIPaBJIEHUIO JUHUN
3JIeKTPUYECKOTO MOJISI B MJIOCKOM BOJIHOBOM
¢dpoHTe, BTOpasi — HaNMpaBJIeHUIO JUHUK Mar-
HUTHOTO nosis (cM. paszen 1.1.5). Y nuHeiino
TIOJISIPU30BAHHBIX AaHTEHH NPOBOJHHUK BBITSI-
HYT B IUIOCKOCTM BEKTOpa HAIPS’KeHHOCTU
anexTpuueckoro nossi E . [loatomy auarpam-
Ma HalpaBJIeHHOCTU THUIA TOM, YTO MOKa3aHa
Ha puc. 3.8, Bcerma oto6paxkaer guarpaMmy
HaIpaBJIeHHOCTH B IutockocT E He3aBucuMo
oT HaksIoHa Bubparopa. COOTBETCTBEHHO, -
arpamma Ha puc. 3.11 cayxur auarpammoii B
miockoctd H, Tak kax OHa NPUHANJIEXUT
IIJIOCKOCTH BeKTOpa MarHuTHoro 1noss H. Co-
rnacho [1], amarpamma Hanpasnensoctu E
unu H siBasiercs rpadguyeckum npencrasie-
HHMeM JMarpaMMBbl HalPaBJIeHHOCTH aHTEHHBI
C MpeMMYUIECTBEHHO JIMHEHHOH nosasipu3sa-
1Med A71st JIOCKOCTH, B KOTOPOIt JIeXaT IJ1aB-
HbIH JIy4 Y 2JIEKTPUYECKUH MM MarHUTHBIH
BEKTOD.

3aBHCHMOCTD HaNPaBJIEHHOCTH
TOPH30HTAJIBHBIX AHTEHH
OT OKpY>KaIOIHUX NPEAMETOB

o cux nop obCcyXaaauch AuarpaMMbl Ha-
TPaBJIEHHOCTH aHTEHH, HAXOASIIUXCS B CBO-
60HOM IPOCTPAHCTBE MJIK XOTS Obl Ha 60JIb-
IOM BBICOTE BJAJIA OT MOCTOPOHHMX IpeaMe-
ToB. PadyMmeeTcsi, «Ha GOJbIION BbICOTE» M
«BJIaJIN» — TIOHATHSI OTHOCUTEJIbHBIE U JOJIXK-
HbI PACCMaTPUBATHCS C y4eTOM paboueit nnu-
Hbl BOJIHBI M3JIydeHMs. TakK, aHTeHHY JIJs
2-mMeTpoBoro auamnaszona Ha 10-merpoBoii
MauyTre JOMYCTHMO Ha3biBaTh BBICOKOM, MO-
CKOJIbKY BbICOT2 ONIOPHI MATUKPATHO MPEBOC-
XOIMT IJIMHY BoJiHbL IIpu kemaHum pasmec-
TUTh 40-MeTPOBYIO aHTEHHY Ha PACCTOSTHUM
IISITH [JIMH BOJIH OT 3€MJIM II0TpeboBasiach Obl
200-MeTpoBast MayTa, Tak Kak gnauna 10-mer-
POBO¥i OITOPHI OKA3a1aCh Obl BUETBEPO MEHbILE
JUINHBI BOJIHBL SICHO, YTO pagunosnobureny He
B COCTOSIHUM pa3MelaTb KOPOTKOBOJHOBbIE
AHTEHHbl HAa CTOJIb GOJIBUIOM yJAJEHWH OT
3eMJIM M TOCTOPOHHMX MPEIMETOB, 4YTOOBI
MOXHO ObL10 IpeHebperaTb BAMSIHUEM OKPY-
KaomuX 06HEKTOB.

Ecnu anTeHHa pasmelaercs BOMIU3U TPyH-
Ta, ee MapaMeTpbl U3MEHSIOTCS BCJeNCTBUE
oTpaxeHuii ot 3emin. Ilpexxae Bcero 3To Ka-
CaeTcsi COIPOTUBJIEHUs] M3NY4eHHs, Koad-
¢dunpeHTa yKOPOYeHUs M TUarpaMM Hampas-
JIEeHHOCTU. BrIcOTa aHTEHHBI IO CpaBHEHHIO
¢ paboyeil AIMHOM BOJIHBI, OPUEHTALUS OT-
HOCHUTEJIbHO 3€MHOM MOBEPXHOCTH, a TaKXe

3JIeKTPUYECKHEe CBOMCTBA FPYHTA U OKPYXKalo-
X OOBEKTOB ONpPEeNEesIsioT, B KaKOii CTeneHu
U3MEHSITCS 3TH TTapaMeTPhL.

BosHpl, U3Ny4yeHHBle AHTEHHO!N K 3emJe
BEPTUKAJILHO MJIH ITOJl MAJIBIM YTJIOM K BEPTH-
KaJIy, OTPa3siTCs OT MOYBBI ¥ MPOHAYT CKBO3b
CTPYKTYPY aHTEHHBI, HABOZsI TOK B €€ ITPOBOJI-
HyKax. (Dasbl ¥ aMIVINTYAbl HaBEICHHBIX TO-
KOB 3aBUCSIT OT PAaCCTOSIHUSI MEX/Ly aHTEHHO#H
U OTPaXXaIMM rpyHTOM. Takum o6pasom,
CyMMapHbI#i TOK aHTeHHbI 06Pa3yIoT JBe CO-
CTaBJISIIOIMX. AMIUTMTY/IA IIEPBO# U3 HUX OII-
pezesisieTCsl MOIHOCTHIO NepeJaTuynKa U co-
NPOTHUBJIEHUEM U3JyyeHuUs.. Bropas cocrasisi-
IOlIasi CBsI3aHa C M3JIy4YeHNeM, OTPXKeHHBIM
OT IPyHTa K MPOBOJHMKAM aHTEHHbI. B 3aBu-
CHUMOCTH OT BBICOTbl aHTEHHB! Haj 3eMJeii
¢asa aT0#1 cocTapisioOlIeli O-Pa3HOMY COOT-
HocuTcs ¢ (asoii riaBHOro koMnoHeHTa. Ilpu
O/IMHAKOBBIX (ha3ax Toku ckiansBaloTCs. Econ
(ha3s! TPOTHUBOMOJIOKHDI, Pe3yNbTUDPYIOLIMIT
TOK aHTEHHBI paBeH Pa3HOCTH COCTABJISIOIMX.
ITockosbKy MOIIHOCTh MMTAHMUSI QHTEHHBI OT
nepenaTyuka P nocrosinHa, Beiies 3a Bapuanu-
SIMM TOKa aHTeHHB!I | 3a cueT oTpakeHys Koj-
JKeH MeHsiThes M ee umnenanc R: P =1°R. Ilo-
3TOMY C NMpUOJIKEHHEM aHTEHHbl K TDYHTY
3HayeHUe ee UMIIE[AHCA OTKJIOHSETCS OT Teo-
PeTHYECKOTro.

Ha puc. 3.12 noka3aHa 3aBUCUMOCTb BEPTH-
KaJIbHOW JMiarpaMMbl HalpaBJieHHOCTH TOPHU-
30HTAJILHOIO IIOJIyBOJIHOBOrO Bubpartopa oT
COOTHOIIEHUSI €r0 BBHICOTHI HaJl HUAEAJIbHBIM
TPYHTOM M JJIMHbI BOJIHBI U31y4yeHus. [Ipu mo-
CTPOeHUH rpaduKoB UCHOIB30BaH K03t du-
LMEHT, JOCTUTAIOLMIi TEOPETUYECKH BO3MOX-
HOT'O MaKCMMAaJILHOTO 3HayeHus 2,0 I pu
coBnajgeHny $Hasbl ¥ HANPABJIEHHUS IPAMOI 1
OTPa’X€HHOH BOJIH.

Ha puc. 3.12 nsobpakensl AuarpaMmsl Ha-
[IPaBJIEHHOCTH FOPU30HTAJIBHOIO BubpaTopa
TIDY Pa3HOM €ro BO3BBIILIEHUHN Hajl bGeckoHey-
HO IPOBOJsiIIEH TOBEPXHOCTBIO [Jisl IJIOCKO-
CTH, [epIEHANKYJISIPHO ocu Bubpatopa. Boi-
coTa cocTaBsisieT B ciyyaea — 1/8 4,6 — 1/4 A;
B—-3/8Mr-1/2M1-5/8N,e-3/4X; %~
7/8M3-1Mu-5/4x-3/20-7/4M\
M-2A

Yo K FOpM30HTAIN HAa3bIBAIOT YIJIOM BO3-
Boienust. Corsacho puc. 3.12r, yrosa Bo3Bbl-
HIEHUsT MAaKCUMYMa IMarpaMmbl TOPU30HTAb-
HOTO T10JTyBOJIHOBOIO BMOPATOpa, HaXoAsIIe-
rocsi Ha BbICOTe A/2 HaJl MI€abHBIM IPYHTOM,
cocrasaisiet 30° (koaddunuent 2,0). Ilpu yr-
nax 10° u 55° koapdunment 6ansox k 1,0.

HeTpynHo oLeHUTh BaXKHOCTb yrjia BO3-
BBILIEHHMS] AHTEHHbI JJIsI PEalbHOM AajibHel
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Puc. 3.12. BepTHKa/bHble IMarpaMMbl HAPaBIeHHOCTH TOPH3OHTATIBHOIO MOy BOJTHOBOTO BUOpaTopa



3.2. HanpasnenHocTs 1 ycuneHme aHTeHHs!

55

PanMOCBS3H, €CJIH BCIOMHUTbH O 3aKOHOMep-
HOCTSIX PacIIpOCTPaHeHHsi IPOCTPAHCTBEHHBIX
BoJiH (cM. raBy 2). Kak usBectHo, rio6ans-
Hasl KOPOTKOBOJIHOBAsI CBSI3b OCYIIECTBIISETCS
6arogapst oTpaskeHusM B voHochepe. Ytobbl
OTPa’kaThCs1 OT HOHU3UPOBAHHOTO CJI0SI C POC-
TOM YaCTOTHI, JIy4 AOJIKEH MAaTh Ha HETO BCe
60.1ee HaKIOHHO. ONTUMAIBHBIE YTJIbI BO3BBI-
IIEHUs] [JIs1 OTAEJIbHBIX JIIOOUTETbCKUX AHUAla-
30HOB JIEXAT B CJIEAYIONUX HHTEPBAJIAX:

* 40 M - (12-40)°;
*30 M- (11-30)";
* 20 M — (10-25)";
* 17 M — (8-22)"
* 15 M — (7-20);
12 M- (6-17)"
* 10 M - (5-14)".

Otciona crenyert, 4TO dHEPrHsl, U3JTydaeMast
aHTEHHOW MOJ yrjaMu Bo3BbleHUst 6osee 40°
1 MeHee 5°, HeahdeKkTHBHA /IS NAJbHEl CBSI3U.
OO6bIYHO M3JIy4YeHHe, PACIIPOCTPAHSIIONIEECS [0
KacaTeJIbHOM K 3eMHOI NOBEPXHOCTH (YToJI BO3-
BBILIEHUST MEHbIIE 5°), CHJIbHO MOIJIONIAETCS
rpyutoM. JlosiroBpemMeHHble KOJIeOaH s HOHOC-
(bepbl YUYHTBIBAIOTCS MHTEPBAJIAMH ONTHMAJIb-
HBIX yIJI0B. Beslen 3a u13MeHeHneM ee COCTOSTHUST
MEHSIeTCSI M ONTHMAJIbHBIM YIOJI BO3BBIILIEHHS.
[TomecTuTh aHTEHHY KaK MOXKHO BbIllIe BCEraa
BBITOZIHO, HO YK€ IpH BbicoTe 12 M MOXHO pac-
CYUTBHIBATh HA MPHJINYHYIO JAJIBHIOO CBSI3b B
noburtenbckux auanasonax 10, 15 u 20 M, B TO
BpeMs Kak anTeHHa 40-MeTpOBOTO iMana3oHa He
JIOJDKHA HAXOAUTHCS HIDKE 15 M, MprdeM 3Toro
JIOCTATOYHO JIMILB TIPH OTCYTCTBUH OKPY>Kalo-
LMX OOBEKTOB.

Haxonsimuecst mo6ansocT# OTpaxkaroue
COOPY>KEHHsI YMEHBIIAIOT 3P (EKTUBHYIO BbI-
COTY QHTEHHBI U BbI3BIBAIOT MHOTOYHCJICHHBIE
U3MEHEHUs] ee TMAarpaMMbl HalpaBJIeHHOCTH.
AHTEHHBI C TOPH3OHTAJIBHOIH NONApU3aLHei
0COOEHHO YYBCTBHUTEIbHBI K HAJIMYUIO PA3HOTO
pOZia MOCTOPOHHUX MPOBOJHUKOB, METAJIU-
YeCKHUX BOAOCTOKOB M FOPH3OHTAJIbHBIX dJjIe-
MEHTOB rpoMOOTBOAOB. ONHAKO AOMYCTHMO
npeHe6perath BIUsIHUEM MOTOOHBIX 06BEKTOB,
€CJIM MX NMPOTSPKEHHOCTh HAMHOTO MEHBIIE 110-
JIOBMHBI IJIMHBI BOJIHBL, IPUBEIEHHOI K pabo-
yeit yactote. Tak, OObIYHbBIE TEIEBH3NOHHBIE
aHTEHHBI He BJMSIOT Ha HANpPaBJIEHHOCThb CO-
CeHUX KOPOTKOBOJIHOBBIX aHTEHH. OCOOEHHO
CHJIBHO CTPaZaeT M3JIyYe€HHE BEPTHUKAJIbHBIX
AHTEHH IPH HAJIMYMU OTBECHBIX OOBEKTOB, Ha-
NpUMep Pa3TMYHBIX METALTMYECKHUX OIIOP.

YMepeHHO HampaBJieHHast aHTE€HHA C FOpH-
30HTaJIbHOI1 MOJISIpU3aLeil XapaKTepU3yeTcst
TaKUM K€ YIJIOM BO3BBILIEHHUS] MAaKCHUMyMa

MarpaMMbl HalPaBJIEHHOCTH, KaK TOPU30H-
TaJIbHBII TOJyBOJIHOBBIA BHOPATOp, €CIn aH-
TEHHA ¥ BUOPATOP HAXOMSTCS HAa OAUHAKOBOH
OTHOCHTEJIbHOI BbIcOTe OT 3eMun. Hanpumep,
IUJIS1 TPEXdJIEeMEHTHOM IUPEKTOPHON aHTEeHHBI
«BOJIHOBO#l KaHaJl» Ha BbIcOTE 3/4 NJIMHDBI
BOJIHBI HAJ] U€AJIbHBIM TPYHTOM H [JIS TOJLY-
BOJIHOBOTO BHOpATOpa Ha TOil 3Ke BBICOTE Xa-
PaKTEePHbI OZIHY U Te Xe JIENEeCTKU AHArPAMMBL
HanpaBJEeHHOCTH Npu yriax okoso 20° u 6o-
see 60°. OHAKO COOTHOLIEHUSI AMILTUTY Jie-
MIeCTKOB aHTEHHBI M BHOpaTopa pasJiMYHbI
(puc. 3.13). I3 auarpamMmpl HanpaBJeHHOCTH
JIUPEKTOPHOI aHTEHHBI CJIENYET, YTO ee U3Jy-
JeHue Mox yriaamu 6ossiie 60° CHIIBHO MozaB-
JIEHO 1O CPABHEHHUIO C U3JIyYEHHEM TOJ YTIIOM
20°. KoH1leHTpalus U3JTy4eHHs] Ha MAJIBIX YT-
JIax BO3BBIIIEHHUS] OCOOEHHO BRXKHA TPH JaJIb-
Heil cBsi3y. ONUCAaHHOMY MPaBUJIY MOXYUHSI-
I0TCSI TaK)Ke MHOTO3TaXKHbIE AHTEHHBI C TOPH-
30HTaNbHOI moaspusauueil. [Ipy MoHTaxe
TaKHe aHTEHHBI PAa3MeLIAIOT Haz 3eMHOIi Mo-
BEPXHOCTBIO OTHOCHUTEJIBHO CPeHEro paccro-
SIHUSI MEXIY MJIOCKOCTBIO U3JTy4eHHs] aHTEH-
HBI U TPYHTOM.

x° & W & N 4°
A — TpexaneMeHTHas
[AMPEKTOpHas aHTeHHa |
i B — nonyBonHOBbLIN
) Bubparop
A

20°

0 05 10 15 20 25 30 35 4

Puc. 3.13. BeprukanbHas guarpaMma
TOPU3OHTAJIBHOMN TPeX3JIeMEHTHO# IMPEKTOPHOIA
AHTEHHbI ¥ TOPU3OHTATBHOTO IOy BOJIHOBOIO
BubpaTopa Ha BbIcoTe 3/4 A OT MAEAILHOTO IPyHTa

Ilpumep

CornacHo puc. 3.14, HUXKHSIS TIOCKOCTH U3JTy-
YeHUsI IBYXITaXKHON HANpPaBJIEHHON FOPU30H-
TAJIbHOM aHTEHHBl HAXOAUTCS HA PaCcCTOSIHUU
A/2 ot 3emiau. PaccTosiHue MEXAY TaXaMu
aHTEHHbI Takxe cocrasisier A/2. CienoBa-
TebHO, 3¢ HEeKTUBHAST BHICOTA AHTEHHBI HAZ
TPyHTOM paBHa 3/4 A.

3aBHCHMOCTH HaNPaBJIEHHOCTH
BEPTHKAJIbHBIX AHTEHH

OT OKPYXKAIOIMX NPEIMETOB

VckJo4asi BEpTUKAJIbHBIE QHTEHHBI C OO
HHUTEJbHBIMU OTPAKAIOIIUMH 3JEMEHTAMH
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CpepgHsas
BbicOTa
10A QHTEHH
A
%A
777

Puc. 3.14. ITpumep onpenenenus a¢ppeKTHBHOM
BBICOTbI MHOIO3TaXXHOI TOPU30HTabHOM aHTEHHbI
HaJl WIeIbHBIM FPYHTOM

B HWXKHeit yactu (cM. pasnen 19.4.1), paguo-
J06UTEIN-KOPOTKOBOJTHOBHKH PEKO TIpHMe-
HSIIOT aHTEHHBI C BEPTHKAJIBbHOMN 1OJISIPH3AIH-
eil. B 2-MeTpoBOM JTI0OUTETIBCKOM JHAIa30He
BEPTHKAJIbHAS OJIIPU3alMsl BasKHa NIPH nepe-
Jayax C 4YaCTOTHOI MOAYJIsILIUeH.

YcTaHOBKA aHTEHHBI ¢ BePTUKAJIbHOH 110151~
pu3anueil Ha HEKOTOPOM yIJIEHUH OT 3eMJIU
NpUBOAUT K AedopManuy auarpaMmbl Ha-
npaBJeHHOCTH B Iuiockoctn E Beienctsue
oTpakeHHil oT rpyHta. B naHHOoM ciyvae
HMEHHO 3Ta XapaKTepUCTHKA SIBJISIETCS BEP-
THUKAJbHOI AUAarpaMMoOil HanpaBJE€HHOCTH
(puc. 3.15). HixHss 3alITpUXOBaHHast YacTh
AMarpaMMmbl 0TOOpaXkaeT MHTEepBaJ YIJIOB, B
KOTOPOM 4aCTb U3JIy4eHHs NIPH yMEHbIIEHUU
BBICOTbI aHTEHHBI HANPABJISAETCS BBEPX U3-3a
oTpaxkeHHit oT rpyHTa. Kak yxe roBopuiocs,
OTpaXKeHHasI BOJIHA BEKTOPHO CYMMHUPYeTCH €
NpsIMOIT BOJIHOIA, M pe3yJibTaT 3aBUCHUT OT BbI-
COTBI CpeiHeil MIIOCKOCTH U3JTyYeHHs] aHTEHHBI

0
w1

woes 0 05 0 15

Bbicota 6onee 5 A

Puc. 3.15. BeprukanbHas AuarpaMma
HaIlpaBJIeHHOCTH I10J1yBOJHOBOrO BUOpaTopa
Ha GOBLIOM yaTleHUH OT 3eMHOM TOBEPXHOCTH

HaJ WIEAIbHBIM TPYHTOM, NPHBEIEHHOH K
auHe BoJHbL. COOTBETCTBYIOUIME NPUMEPHI
nokasaubl Ha puc. 3.16. 3nech 3a BbICOTY BHO-
paropa MPUHSITO PaCcCTOSHUE MEXY €ro reo-
METPUYECKON cepenuHoil 1 3eMJIeil: B cyyae
a BbicoTa cocTaBasier 1/4,6 —3/4X,8—1/2);
r — 1 A. MuHHMMaJIbHBII yTOJI BO3BBILLIEHU Pa-
BeH 0°, 4TO yKa3bBaeT Ha PaclpoCTPaHEHHE
[JIAaBHOTO JIy4a MOYTH MO KacaTeJbHOM K 3eM-
HO# noBepxHOCTH. K coxanenuio, Takas I10-
JIorast TPacca, BHITOAHAS [JIs paclpocTpaHe-
HHsI BOJIH B MOHOCOeEpe, XapaKTepU3yeTcs or-
paHH4YeHHOH 3(PPEKTUBHOCTDBIO, IOCKOJIBKY
YacTh U3JIyYEHHUs] IPU yIJIax MeHee 5° TepsieT-
cs1 U3-3a norJjouenus rpyHToM. IIyHkTHpHbIE
KpPUBbIE JAIOT MpPEACTABJIEHHE O MOTEPsSX 3a
CYeT MOIJIOIEHHUS.

Biusinue rpyHTa Ha XapaKTepUCTHKH U3JTyye-
HHUsI KOPOTKOBOJIHOBBIX aHTEHH C BEPTHKAIbHON

L
.gs\\‘ilvlffé’e. |

Puc. 3.16. BepTukasibHas [MarpaMMa BEPTHKATBHOTO NOJTyBOJHOBOTO BUOpaTopa
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TOJIAIPU3ANUEil TOCTATOYHO OAPOGHO 06CY K-
naercsa B riase 19,

3.2.3. Vcunenue u k03 pHIHEHT

HanpaBJI€HHOCTH

Yeunenne u koahumueHT HampaBJIeHHOC-
TH — Ba)KHble NapaMeTpsl aHTeHHBL. B cuiy
MPHHIMIA B3AUMHOCTH CJIeYIOLIHe HHXKe 110-
JIOKEHHsI OMHAKOBO IPUMEHHMBI K TIpHeMy U
nepezaye pajruoBOJIH.

Yeunenuem Gg npueMHOH aHTEHHB! HA3bl-
BAE€TCsI OTHOLIIEHUE MON[HOCTH, IIPHHSATOMH aH-
TEHHOIf, KOTOPasi ONTHMAJIBHO OPHEHTHPOBA-
HA 10 HANMpaBJIEHHOCTH U HNOJSIPU3ALMH B
IJIOCKOM BOJIHOBOM IoJsie Pg, K MOIIHOCTH,
MPUHSATOH OJTy BOJHOBBIM BUOPATOPOM, B TOM
e MIOCKOM BOJIHOBOM HoJe Pg:

(3.13)

U3 pasencrBa P = U?/R cienyer, 4To ycu-
JieHre aHTEHHbI BBIPAXKAETCS TAKXKE Yepe3 OT-
HOILIEHUE HANPSIXKEeHHIA, €CJIM CONPOTHBIEHHUS
Harpysku R oboux usmydareseit OnMHAKOBBI:

2

6o = Ve
Uk

Yeunenue ynobHee mpencTaBisTh B BUAE

JiorapigMa OTHOUIEHHS ¥ BBIPAXKATh B JCIH-
Genax:

(3.14)

P
Gg =10lg—E nsm 201gLJL (3.15)
Py ¥]

K

KoadduireHTom HanpaBIeHHOCTH pUeM-
HOI aHTEeHHBbI, U K0d(pdHUIIEeHTOM ee Ha-
TPaBJIEHHOrO eHCTBUSI, HA3bIBAETCS OTHOILE-
HHMe MaKCUMAaJIbHOI MoutHocTH Pg, npuHuMa-
eMOil aHTEHHOIl B IOJIe IJIOCKOH BOJIHBI, K
MOIIHOCTH Py, MpuHUMaeMOH M30TPOMHBIM
U3JlyyaTesIeM B TOM XK€ 1oJie:

=P (3.16)

Py

Takum 06pa3oM, k03 bHUIIHEHT HaNpaBJIeH-
HOCTH OTJIMYaeTcs oT KoadduuueHTta ycuue-
HUSI TEM, YTO CPaBHEHHE B ITOM CJIy4ae Ipo-
M3BOAUTCSI C U30TPOIHBIM H3ydaTeseM. ITo-
CKOJIBKY TOJIyBOJIHOBBIH BHOPATOp sIBIsIETCS
HanpaBJIeHHOH aHTEHHOI M MMeeT MO OTHO-
UIEHUIO K U30TPONHOMY H3JIy4aTesio yCuJe-
nue 2,14 1B, koaumeHT HanpaBJIeHHOCTH

KaKoi-1n60 anTeHHsl Gosble ee K0addurm-
eHra ycuienns Ha 2,14 1b wim B 1,28 pas nmo
HAIMPSKEHUIO:

D = 1,28 G no HanpspkeHuIo

wim D=G+ 2,14 1b 3.17)

Ha puc. 3.17 noka3anbl COOTHOLIEHUS Ha-
NPsKEHUs], TOKA 1 MOUIHOCTH, BbIPaXKEHHbIE
B genubenax. IJoCKoJIbKY B TEXHHKE aHTEHH
HeoOXOMMO pacCYMTHIBATH 3aTyXaHMs, Ha
puc. 3.18 npezncraBieHbl COOTHOILEHHS TEX XKe
BEJIHYMH JJIS 3aTyXaHHUS.

TIpeumy1ecTBo BBIYHCIEHHH B nenubenax
COCTOHUT B TOM, YTO B 3TOM CJiy4ae BETUYHHBI
NPOCTO CKJIaAbIBAIOTCS U BhryuTatorcs. IIycts
uMeeTcs anteHHa ¢ ycunendeM 12 n1b u nore-
psimu B hunepe 7 nb. Toraa ycujenue Bcero
ycrpoiictsa 12 — 7 =5 1b.

B ycrapesBuueit sMTepaType BCTpeYaroTCs
COOTHOLIEHHS HANPSKEHUS], TOKA U MOIIHOC-

- TH, BoipakeHHble B Henepax (Hm). Ilpu onu-

CaHUM AaHTEHH 3TH EIMHHIIBI U3MEPEHHUS yXKe
MOYTH He mpuMeHsiioTcs. {13 nepecyera ciy-
XKaT CIeAyIole COOTHOLICHUSI:

1 Hn = 8,686 nb;
«115=0,1151 Hm.

MHorouncaeHHbie Ta6JIH[IbI B [IPHJIOKEHU U
JAI0T BECbMaA TOYHbIE 3HAYECHU A Ta6yJII/lpOBaH-
HbIX BEJIMYHH. :

ITanoHHbIe AHTEHHBI (TEPMHHOJIOTHS)

Corsacuo [1], npenycmoTpen psin 6a3UCHBIX
MOHATHH IJIS1 ONpe/ieJIeHNs] YCUICHHUS.

Coepuueckuii (u30mponmbiii) UCMOUHUK

IT0 TOYEYHbIH UCTOYHUK Ge3 moTeph co che-
PUYECKO# AuarpaMMoil HampasjeHHOCTH. Te-
OPETHUYECKH €r0 MOJSIPU3ALHST MOXKeT OBITh
MPOU3BOJIBHOI (JIMHEHHOH, 3TMITHYIECKOH,
KPYTOBOI ), HO OGBIYHO BBIOMPAIOT IHHEHHYIO.
Takoif HICTOYHUK MPAKTHYECKH HE pea3yeM
U IOTOMY OCTaeTcsl runoreruyeckum. Ero
ycusierue obosnayaercs sutepoit G [1] u BbI-
paxaetcs B aenubenax o yposuio i (dBi).

Ionyeonnoswiii subpamop (0unonv)

Jlunosp npencTasser coboil usayyaresn, He
HUMEIOLIHIA TOTEPb ¥ HACTPOEHHBIH B PE30HAHC
C 4aCTOTOMH CHTHaJa, JJIMHA BOJIHbI KOTOPOTO
NIPUMEpPHO BABOE GOJIbILE JJIMHBI BUGpPATOpA.
VYcunenue OTHOCUTEIBHO H30TPOIHOTO U3JTY-
yaTesis cocrasiser 1,28 no Hanpspxenuio, 1,64
10 MOLIHOCTH MJIH, COOTBETCTBEHHO, 2,14 nb.
Ono ob6osnavaercss kak Gp M BbIpaxkaeTcs
B nenubenax no yposHio d (dBd).
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Puc. 3.17. CooTHomeHYs TOKa, HANPSXKEHHs] 1 MOLIHOCTH ISl YCHJIEHUsT
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Puc. 3.18. CooTHOMEHMSI TOKa, HANIPSKEHUsT 1 MOIHOCTH 151 3aTyXaHWsI

Crenyromue aHTEHHBI HCIIOJIb3YIOTCS B Ka- € KOAKCHAJIBHBIM CUMMETPHPYIOIIHNM 3BEHOM
4eCcTBE TAJIOHHBIX MPH CPABHUTEJIbHBIX H3Me- HJIM TpyTITa BUOPATOPOB C OTpakaresieM. Ycu-
PEHUSX MapaMeTPOB aHTEHH: senue 7,7 dBd (cBenenust o cranaapTHol aH-

tenHe NBS Hannonanshoro Biopo cranzap-

* B IMaNa30He METPOBBIX BOJIH — MOJYBOJIHO- toB CIIIA npuBeznens! B paszaese 22.5 Toma 2);
BbIil eTIeBOI BUGpATOp; * B TMTarepiieBoM AHanasoHe — CTaHAApTHbIE

* B/IMAIa30He JELIMETPOBbIX/METPOBbIX BOJIH — PYNOpHBIE AHTEHHBI, B YACTHOCTH C YCHIIE-

CTaHAAPTHBIH TEJEeCKONUYECKH BUGpaTop HueM 16,5 dBi.
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(MexnyHaponHoe onpesiesieHUe YCUTEeHHsT
B coorBerctBuM ¢ CCIR Radio Regulations
No.100/101,1990t.)

Abcomommuoe, unu usomponnoe, ycurenue Gi

YcuneHne aHTEHHBI B OonpeneseHHOM HarpaB-
JIeHUH OTHOCUTEJIBHO 3TAJIOHHOM aHTEHHBI B
BHJE€ U30TPOITHOr0 MCTOYHHUKA B CBO60lIHOM
NPOCTPAHCTBE.

OmmnocumensHoe ycunenue

Ycunenue (Gy) aHTeHHBl B ONpEAEIEHHOM
HaNpaBJIeHUH OTHOCHTEJBLHO MOJYBOJIHOBO-
ro Bubparopa 6e3 norepb B CBOGOAHOM NPO-
CTPAHCTBE, KOrAa BHIOPAHHOE HANpaBJIEHUE
JIEXKUT B 9KBAaTOPUATIBHOM MIOCKOCTH BHO-
paropa.

(OKBHUBaJIEHTHBIE MOUIHOCTH U3JIy4EHUSI CO-
rnacHo ITG 2.5/02, pexomennarnuu 1987 r.)

ERP (anen. Effective Radiated Power)

IddexTUBHAS M3TyYeHHAs] MOUIHOCTb — T10-
CTYMAONast HA aHTEHHY MOIIHOCTD Mepeaar-
YUKa, YMHOXEHHas1 Ha YCHJIEHUE aHTEHHBI B
JaHHOM HAlpaBJIeHUH U PHBEJEHHASI K OJIY-
BosHOBOMY Bubpatopy (Gp).

EIRP (anen. Effective Isotropically Radiated
Power)

dddexTrBHAS M3TyYeHHAs MOIIHOCTb — TO
ke, 4To U ERP, HO OTHOCHTEIBHO U30TPOIHO-
ro uany4daresst. CorsmacHo Radio Regulations,
PEKOMEHIyeTCs] MCIOIb30BATh TEDMUH «9KBHU-
BaJIEHTHBIN» BMECTO «3(h(EKTUBHBIIN».

OKBUBAJIEHTHOH MOIIHOCTBIO H3JIy4YEHHUsI
Ha3bIBAETCS] MOIIHOCTD, KOTOPYIO HA/I0 TPHJIO-
XKUTb K 9TAJIOHHOMY HM3JIy4aTesio 6e3 norepb,
4TOOBI B HAMPABJIEHNH [JIABHOTO JIy4ya CO3/1a-
Jlachb Takasl e IJIOTHOCTb MOTOKA dHEPrHH,
KakK OT UCIBITYeMOIl aHTEHHBI.

JTaJIOHHBIE AHTEHHBl CYUTAIOTCS JIMHEHHO
nossIpu30BaHHBIMU. [Ipu uccenoBaHuy aHTeH-
Hbl C KPYroBOH MosispH3auueil JuHeRHO mo-
JISIPU30BAHHBII U3JIyYaTesb BOCTIPUMET JIMLIb
TIOJIOBUHY MOIIHOCTH 1OJs1 (YMEHBILIEHHYIO Ha
3 1B). [ToaTtoMy ycuneHne aHTEHHBI KPYrOBOM
NOJISIPU3ALMH  11EJIECOOOPA3HO COOTHOCHUTD C
YCHJIEHHEM TaKOTO K€ STaJIOHHOTO M3JIy4aTesist
TPH YCJIOBUH, YTO AaHTEHHA M U3JIy4aTesIb XapakK-
TEPU3YIOTCs] ONMHAKOBBIM HAIPAaBJIEHHEM ILJIOC-
KOCTH BpaleHHUsI MOJISIPH3AIIHH.

OGBIYHO TAJIOHHBIE AHTEHHBI PACCMATPUBA-
I0TCS KaK U3JTy4YaTesln B CBOOOIHOM MPOCTPaH-
CTBE. ITO 3HAYUT, YTO YCHUIIEHHE TPUBOIUTCS K

ITAJIOHHOMY H3JIyyaTeJsio B CBOOOIHOM 1po-
crpanctBe. Ha caMoM Xe nese rpyHT aeii-
CTBYeT B KayeCTBe OTpaXkaTeJis, U H3JIyyeHHe
COCpPefoTauuBaETCsl B BEPXHEM MOJYMPOCT-
panctBe. IIpu uneanbHo nposoasiiei U OT-
pakaronieil 3eMHOI1 TOBEPXHOCTH UHTEHCHUB-
HOCTb MOJISI B MeCTe MpHUeMa yIBauBaeTcs,
IOTOJIHUTENbHOE yculeHue cocTaBisieT G = 4
unu coorsetctBeHHO 6 ab. [TosyBonHOBBIM
BUOPATOP Ha BBICOTE A,/2 OT FPYHTA XapaKTepPH-
3yeTCst TEOPETHYECKUM yCHIeHHeM 6 + 2,14 =
= 8,14 1b npu yrye Bo3Bbilenus: okoyo 30°
(conmpoTHBIEHHE U3JTy4Y€HHSI HA TAKOil BBICO-
Te, KaK 1 B CBOOOJIHOM IPOCTPAHCTBE, COCTAB-
asiet 73,2 OMm). B cayyae ropu3aoHTaIbHOrO
TI0JIyBOJIHOBOTO BUOpATOpa Hal MIAEeaJbHBIM
TPYHTOM TEOPETHYECKH MAaKCHMAaJbHOE yCHU-
nenue 9,2 1B nocTUraeTcst Ha BBICOTE OKOJIO
0,6 A npu yrie BO3BBILEHHUS] TPHMEPHO 235°.
Ho na npaktuke u3 6 1b orpaxaresnbnoro
ycusienHs ocraercsi ot 3 10 5 1b — B 3aBucH-
MOCTH OT COYETAHHUSI YaCTOTHI M IIPOBOAUMO-
CTH IPYHTA.

Ecan BeprukanpHyio aHTEHHY BO30yXnaTh
0 HOPMaJIH K IPYHTY, TO 61aroxapsi cundas-
HOMY OTpaXKeHHI0 oOpasyeTcst H3JyyaTesb
B CBOOOZHOM MPOCTPAHCTBE, XapaKTepusye-
MBIl TeMH Xe COOTHoleHNsIMU. TTockobKy
M3Jy4eHHI0 B HUXKHEE MOJYINPOCTPAHCTBO
NpPEeNSTCTBYET IPYHT, U3Jy4yaeMasl MOIHOCTh
B BEPXHEM IOJIYIIPOCTPAHCTBE y/BaHBaETCs
U ycuseHue Bo3pactaet Basoe (Ha 3 n1b). Bep-
THUKQJIbHBIE aHTEHHBI OCOOEHHO YYBCTBHUTEJIb-
HBI K OTpa’kaTeJIbHBIM CBOICTBaM IpyHTa (CM.
riaBy 19). Kak npasuiio, npeanosaraercs, 4To
TPYHT SIBJISIETCS] UAEANBHO TMPOBOMSIIUM, U
yCUJIeHHE TPUBOAUTCS K 9TAJIOHHOMY H3JTy4a-
TEJIO B CBOOOZHOM [TPOCTPAHCTBE — OOBIYHO K
M30TPONHOMY HM3Jyyareso. Tak, aneKTpuyec-
KU KODOTKasi BEPTUKAJIbHAsI aHTEHHA CJIYXKUT
STAJIOHHOH B Ipolecce OnpeneNeHus: Hpo-
mbiieHHbIx moMex (CCIR Rep. 258-4) uinu
HCIOJIb3YeTCs] B KAyeCTBE H3MEPUTEJIbHOM
MIPH HAXOXIEHHH HAMNPSHKEHHOCTH MOJIST WU
Mapa3sHTHOTO U3JyYEeHHUSI.

BepTtukanbHble aHTEHHBI MaJIONPHUTOAHBI
IJ1s1 PaKTHYECKUX 1Liesieil BCJIeoCTBHE HEOO-
XOIMMOCTH NPUGEraTh K Ha3eMHOIl CETKE HIIH
AHTEHHOMY NPOTHUBOBECY U M3-32 BJIHSAHHS
okpyxeHusi. [ToatoMy, Hanmpumep, NMpU U3Me-
PEeHUsSIX B AMAMA30HAX OT CBEPXIAJIHMHHBIX 40
KOPOTKHX BOJIH PaMOYHbIE aHTEHHBI Tpearno-
YUTAIOT LITBIPEBBIM.

YeTBepTbBOJIHOBYIO BEPTUKAJIBHYIO aHTEH-
HY C TOPU30HTAJIbHBIMU OTPAXKAIOLIUMHU dJIe-
MEHTaMU B HUXKHEH YacTH OObIYHO NIPUPABHU-
BAIOT K YeTBEPTbBOJIHOBON HEHaIlpaBJIEHHO
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BEPTUKAJIBHOIN NMPOBOJOYHOH HECUMMETPHUY-
HOIt aHTeHHe ¢ abCOJIOTHBIM ycueHueM 3,28,
wnu 5,16 dBi, Haxonsmeiicst Ha UAEATBHBIM
rpyHToM. OnHako 3TO HempaBuJbHO. Bep-
THKa/lbHas AaHTEHHa C TOPU3OHTATbHBIMH
3JIEeMEHTaMHU, pa3MellleHHas] BOJIU3HU 3eMJIIH,
3JIEKTPUYECKH COOTBETCTBYET BEPTHKAIBHO-
My BHOpATOpy ¢ BO3GYXKIEHUEM OTHOCHTEb-
HO IPyHTa. YcuJieHne BUOPaTopa COCTaBIsieT
4,82, unu 6,83 dBi.

3aBHCHMOCTb MEXKAY yCHICHHEM
H HANPaBJIE€HHOCTbIO

IIpu paBHOI MOIIHOCTH H3JIyYEHHs ILIOT-
HOCTb ITOTOKA HEPrHu 0OpPaTHO MPOMOPIHO-
HaJIbHA U3JTYYaIOIMM [TOBEPXHOCTSIM (ITOBep-
XHOCTb MEHbILEH IUIomanl aaer GOMIbIIyIo
IJIOTHOCTD [OTOKA 3HEPTUH). ITO MO3BOJISIET
BBIPAa3UTb KO3(PbHUIIMEHT HANIPAaBJIEHHOCTH Ye-
pe3 OTHOLIEHHUE TTOJIHOTO TPOCTPAHCTBEHHOTO
yIJa 4T K 3KBUBAJIEHTHOMY MPOCTPAHCTBEH-
HOMY YIJIy Q, B KOTOPOM PaBHOMEDHO pacripe-
ZensieTcsl MAKCHMAaJIbHAsl MJIOTHOCTh MOTOKA
9HEPrUU NMPU JAHHOH MOIIHOCTHU U3JTyYEHHUSI.

Yron Q onpexessieTcst Kak ABOITHOH HHTer-
paJl o KBaJpaTy OTHOCUTEJIBHOIM U HOPMHPO-
BaHHOI1 (TpPeXMepHOil) nuarpamMMbl Halpas-
JIEHHOCTH:

p=4F (3.18)
Q

WHTerpan paccCyUTBHIBAETCS AJIs1 MPOCTBHIX
THUIIOB AaHTE€HH, a B CJIO’KHBIX CJIy4YasdX BO3MOX-
HO JUIb rpadpuyeckoe HHTETPUPOBAHUE, TO
€CTb IJIAaHUMETPHUPOBAHHUE.

B npubmxennom merozne Kpayca (Kraus)
9KBHBAJIEHTHAs] MOBEPXHOCTb MPOU3BOJIbHOM
(opMBI 3aMeHsIeTCs] MOBEPXHOCTBIO YeThIpe-
XyroJbHUKa CO CTOPOHAMH, PaBHBIMHU I1OJIy-
IIMPUHAM Jy4a B miockocTax E u H:

p~ 41253 (3.19)
ag Xay

Te agHay — LIHpUHAJIYYa B IuockocTsix En H

COOTBETCTBEHHO, BHIPAXKEHHAS B FPALyCax.

[IpubaMKEHHBIH METOM, IPUMEHHM JIMLIb K
AHTEHHAM C He CJIMIIKOM Y3KUM IJIABHBIM Jie-
neCTKOM U 6€3 CylIeCTBEHHBIX OOKOBBIX JIeTie-
CTKOB Ha JHarpaMMe HallpaBJeHHOCTH.

B npyrom npubimxenHom merozne — Jomo-
posckuit (Dombrowski) 1 Opp (Orr) — akBu-
BAJIEHTHAsl TIOBEPXHOCTb 3aMEHSIETCS] KOHH-
4ecKoi. DTO MOBBIIIAET YCHIEHHE, TAK KaK
TIOBEPXHOCTD 3JIJIMIICA MEHBLIE IOBEPXHOCTH
OINUCHIBAIOLIETrO YETHIPEXYTOIBHUKA C 3HAYEHH-
SIMH IIMPHHbI AUArPAMMBI B KaYyeCTBE CTOPOH:

_ 52532
ag xaH

D (3.20)

Koadbduuuent B yncaurene apobu B 3THX
dbopmynax npexcraBiser coboil pesysbraTr
BBIUTPBINIA B MoJjoce mnpomyckauus. IIpak-
THUYECKU [JIs] aHTEHH XapaKTepHbl 3HAYEHUsI
32000-38000. I[Ipyu HaM4uK 3aMETHBIX GOKO-
BBIX JIETIECTKOB OHU MOTYT OKa3aThCsi MEHbLIE
30000.

IIupoko ucnosnpayeTcs: onpepesieHue ycu-
JIEHUs1 Y€Pe3 UIMPHHY AHATPAMMBI 110 MOJIO-
BHHHOH MOLIHOCTH C TOMOubio (HopMmybl
Kpayca (3.19). Ona npeobpasyeTcst Tak, YTo
BBIPKAET TEOPETHYECKH MAKCUMAJIBHOE YCHU-
JIeHue B flennbesiax, pUBeIeHHOE K COrJIaco-
BaHHOMY [OJIyBOJHOBOMY BuOpatopy [3, 4]:

25154
ag Xay

24pa =101g 3:21)

Ira dopMyra cripaBennInBa A1 YCHIEHHS
AHTEHH C MeaTM3UPOBAHHBIMU JUAarPaMMaMHU
6e3 u3IyyeHUsl «Ha3ag» M OOKOBBIX JIETECT-
koB. [ToaToMy pacuert 1o Heit AaeT MpefeabHO
BBICOKOE 3HaYeHHe, HEIOCTIKHMOe Ha NpakK-
THKE, TaK YTO U3 PE3YJIbTaTa PEKOMEHIYEeTCsI
BeruutaTh 1-2 nb. Yem Gosbiie 60KOBbIE Jie-
NEeCTKU ¥ 3HAYMTEIbHEee 0OpaTHOe 3aTyXaHHue,
TeM MeHbllle ycunernue [4].

Ha puc. 3.19 npencraBjieHa HOMOrpamMMa,
MOCTPOEHHAsI 110 9THM NPUOIHKEeHHBIM (op-
mysnam. OHa M03BoJISIET ONpenesTh npubiu-
JKeHHOe 3HayeHue K0dbPuIMeHTa Hampas-
JIEHHOCTH B frennbeiax, eciu H3BeCTHBI 3Haye-
HHs IIMPUHBI IMArpaMM HaMpaBJI€HHOCTH IO
MOJIOBHHHON MOIIHOCTH, a TaKXXe HaXOAUTD
IWHPUHY OXHOM M3 AMArPaMM MO M3BECTHBIM
Apyroii auarpamMe M ycujenuio. B xayectse
npuMepa Ha HOMOIPaMMe [TOKa3aHo OIpeseJe-
uue koaduimenta HanpasiaeHHoctn 13 n1b
IJ1s1 3HAYeHUH LIMPUHBI AMArpaMM Halpas-
JeHHocTH ag = 34° u ag = 37°.

3aBHCHMOCTb MEXAY YCHICHHEM
U AelicTBYIONEl MOBEPXHOCTBIO AHTEHHBI

J1st XapaKTepUCTHKH HAMPABIEHHOCTH aHTeH-
HbI UCMIOJIL3YETCSl TAKXKe TMOHSTHE AeHCTBYIO-
IIeil MOBEPXHOCTH. JTa MOBEPXHOCTD, MepIIeH-
IOVKYJISIDHAST HAMPABJIEHUIO PACIIPOCTPaHeHHUs
BOJIH, OIPEIEJISIETCS] YePe3 OTHOILEHHE MOLIHO-
CTH Ha BXOJI€ AQHTEHHBI K NJIOTHOCTH MOTOKA
aneprui [1]. [leifcTByIo11as TOBEPXHOCTb MEHb-
e reoMerpuyeckoil. OTHoueHne GUKTHBHOI
ZIEWCTBYIONIEH MOBEPXHOCTH A K reomMeTpuyec-
KOl IJIOIIQM Ha3bIBAETCsl KO3(GDUIHEHTOM
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Puc. 3.19. HoMmorpamma au1s1 onpeseieHUst
ko3 PuIMeHTa HanpaBJeHHOCTH

ucnonp3oBaHus miomand. OUKTUBHAS neii-
CTBYIOLIAs! MOBEPXHOCTh BBIBOAMTCS U3 Teope-
TUYECKOiT MOLIHOCTH NpHEMA, KOTOPYIO aHTeH-
Ha, COIJIACOBAHHAsI 1I0 MOLIHOCTH, CIIOCOOHA U3-
BJiedb U3 nosist uamydenus [1]. Koagdunuenrst
YCWJIEHHSI IBYX aHTEHH BenyT ce0si KaK UX Jeit-
cTBYyIoLMe noBepxHoctH. CripaBesuInBo Cleny-
I0lllee COOTHOLIEHHE MEXAY AeHCTBYIOLIEH mo-
BEPXHOCTBIO A, M1 YCHIIEHHEM:

}\.2

A =2
¢ 4n

(3.22)

Hanpumep, nefcTByomast HOBEPXHOCTB I10-
JIyBOJIHOBOTO BuGpatopa 6e3 nmotepb coCTaB-
JSeT:

kz

A, =164 =0,1305)2 (3.23)
4z

B kauecTBe ycuIeHUst TOJTYBOJHOBOIO BUO-
paTopa OTHOCHTEJILHO U30TPOIHOIO M3Jyya-
TeJIs 31eCh NOACTaBJIeHa BesnyuHa 1,64.

Kak nokasano na puc. 3.20, aeiictByomnast
NOBEPXHOCTb IOJIyBOJHOBOIO BUOPATOpA PaB-
Ha [UIOIIAH TIPSIMOYTOJIbHMKA CO CTOPOHAMH

NonysBonHoBbLIE BUGPATOPLI

2

Af2

A4

Puc. 3.20. [eiicTByIowmas MoBepXHOCTh
TIOJIyBOJIHOBOIO BUOpaTOpa

A/2 u A/4 unu annnca ¢ ocsimu 3/4 A u A/4.
C pocToM 4acToThl yOBIBAIOT AeiicTByIOMmAst
MTOBEPXHOCTH H, CJIEOBATENIbHO, OTAABaeMast
MOIIIHOCTD ITpUeMa.

IIpu nepenaye MONUIHOCTD U3JIy4EHHS ITOJTY-
BOJIHOBOTO BuGparopa 6e3 norepb He 3aBUCHUT
oT yactoThl. K mpumepy, mpu paBHBIX MOIIHO-
cTax nepenayn 40-MeTpoBblil BUGparop Ha Ya-
crote 3,5 MI1 co3aaer Takylo e HanpspKeH-
HOCTb M0JIsA, KaK ¥ BuOpaTop mjauHOi 1 M Ha
yactote 144 MTIt. OgHako npu npueMe B noJe
ONMHAKOBOI1 HAMPSIKEHHOCTH MOJYBOJHOBBII
BuGparop aanHou 40 M Ha 3,5 MI1t usBieder
13 moJist B 40 pa3 GoJIbIIyI0 MOLIHOCTD, HeXe-
Ji1 BUGpaTOp TOTO e TUIA METPOBOM ATTHHBI
Ha yactore 144 MI. Takoe cooTHOLIEHHE BbI-
TEKaeT M3 YaCTOTHOH 3aBUCHMMOCTH 3ddek-
THBHBIX IUIONIa/eil. Masiast MOLIIHOCTB NpHeMa
Ha BBICOKHMX 4YacTOTaX JOJIKHA KOMIIEHCHPO-
BaThCsl TMOBBIUIEHHBIM YCHUJIEHHEM AHTEHHbI
IpU IIpYeMe U nepenaye uiu Gospuieil Mou-
HOCThIO nepenauu. Hapsany c nonstuem neii-
CTBYIOIIEH MOBEPXHOCTH MOJIb3YIOTCS MOHS-
THeM Iomany paccesHus. CoryacoBaHHast
NpUEMHast aHTEHHA BbIIAET MOTPEOUTEIIIO He
BCIO MOIIIHOCTb IIPHEMa, TEOPETHYECKHU H3BJIe-
KaeMYyIo 13 M0JIsk U3JLy4YeHHs], a JIUIIb [TOJIOBU-
Hy. Takum 06pa3oM, OHa MepensiyyaeT B po-
CTPAHCTBO TY e MOIHOCTD, YTO PaccenBaeT-
Cs1 Ha Harpy3o4HoM comnporusieHuu. [Ipu
KOPOTKOM 3aMBIKaHUU IUIOIAAb PACCESHUS
CTAaHOBUTCS MAaKCHMAaJbHOI (IIpuMep: JIEHTHI
u3 GO KaK MOMeXH panapy).

Jli1st anTeHH 0co60ro Tina (PyMOpHbIX, JIMH-
30BbIX, B BUJE MapaboIMYecKnx 3epKaj U T.4.)
CYHIECTBYIOT CBOH (POPMYJIBI, CBSI3BIBAIONIHE
yCUJIeHHE C AeiCTBYIONIEH ITOBEPXHOCTBIO.

(Dopuym nepecyera yCHICHUA

[l nepecyeTa yCUJIEHUs! Pa3lIUYHBIX AaHTEHH
HCIOJIB3YIOTCS Clefytoure GopMyJIbL:

B yUCJIaxX B JiorapudMUIECKOM
Buze (nb)
Gy xGE=Gg;  g3+ec =8¢ (3.24)
1/G4 =G§ -gh =g (3.25)
Gh =1; ga=0 (3.26)
IIpumep

HaiizeM ycuiieHne 04eHb KOPOTKOro BUGpaTo-
pa A d4epes nosyBosHoBbI BuOpatop C u
M30TPOIMHBII u3ny4aresb B:
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Gh =15,
G§ =1,64,

G& =G xGE =G4 x1/G§ =1,5x1/1,64=0,92,

G=092
HJIN

gh =1,76 1B,

g5 =2,15 nb,

gl =gh+gl=g5-25=1,76-215=-039,
g8 =— 0,4 1B.

Takum 06pa3oM, OueHb KOPOTKHH BUOpaTop
obiamaet JulIb Ha 8% MEHBUINM YCUIIEHUEM,
HeXeJsH MoJayBoJHOBBIH. OqHAKO npexarnosa-
raercsl, 4TO aHTEHHa COTJIacoBaHa U ee addek-
TUBHOCTH coctaBiisiet 100%, a aT0O npakTHyec-
KU HEBBIMIOJTHUMO.

Ta6auna napaMeTpoB aHTEHH

B taba. 3.1 npeacraBiieHsl mapaMeTpsl psiaa
3JIEKTPHYECKN KOPOTKUX M PE30HAHCHBIX aH-
TeHH. [[apamMeTpbl COOTBETCTBYIOT CUTYAIHSIM,
korza anteHHbl 1—7 u 13—16 HaxonsTCs B CBO-
60HOM TPOCTPAHCTBE, a aHTeHHbI 8—12 ycTa-
HOBJIEHB! HaJl UA€AJIbLHO MPOBOASIIEH MJIOC-
KOI 3eMHOI TOBEPXHOCTHIO. Bce aHTeHHBI co-
rJ1acoBaHbl 6€3 NoTepb.

Ycusenue naHo MO OTHOUIEHHUIO K U30TPOIT-
HOMY H3JIy4yaTesio B CBOOOJHOM MPOCTpPaH-
CTBE M COOTBETCTBYeT K03GOHIHMEHTY Ha-
MIPABJIEHHOCTH, 3 OTHOCUTEJIBHOE YCHJIEHHE —
110 OTHOILEHHIO K MTOJIYBOJIHOBOMY BUOPATOpY
6€3 norepb B CBOOGOIHOM IIPOCTPAHCTBE.

ConpoTHBJIeHHE U3JITYYEHHUST NEKTPUIECKU
KOPOTKHX aHTEHH NPHBEIEHO K TOYKaM BBOJA
¢unepa, a pe30HAHCHBIX AaHTEHH — K TOYKAM
MYYHOCTHU TOK2. B ci1yyae HECKOIbKUX Iy4YHOC-
Teil CyMMapHO€ COINpPOTHBJIEHHE H3JIyYeHUsI
PaBHO CyMMe COINPOTUBJIEHHUI TPH OTAEIbHbBIX
MYyYHOCTSIX, €CJIM OHU He mpeBbiaioT 73,2 OM.
ITO 3HaYEeHHE NPUMEHUMO TOJIBKO K OfMHOY-
HOMY [IPOBOJHHUKY B CBOGOZHOM IIPOCTPAHCTBE.

B 4nc10 CXOXHBIX THUIIOB AHTEHH, HE YKA3aH-
HbIX B Tabu1. 3.1, BXOAAT:

* neTJeBoii BUOpATOp. 3HAYEHUS TApAMET-
POB aHAJIOTHYHBI XapaKTePUCTHKAM IOJIY-
BOJIHOBOTO BUOPATOPa; y OAMHOYHOI MeT-
JIM C MOCTOSIHHBIM CeYeHHEeM INPOBOJAHHKA

COMpPOTHUBJIEHHE M3JTyYeHHsI BYETBEPO BhI-
1le, YeM Y TOJIyBOJHOBOro BUGpaTopa;

* ITOJIyBOJTHOBAsI 1eJIeBast aHTEHHA C ABYCTO-
poHHUM u3iydeHueM. [TapameTpsl aHao-
TMYHBl XapaKTEPUCTUKAM II0JIyBOJHOBOIO
BuOpaToOpa, CONPOTHBJIEHHE U3TYYEHUS B
ceMb pas Bblllle, YeM y BUOPaTOpa, MOJsIpH-
3aiust 06paleHa, Tak YTO TOPU30HTAIbHAS
1Ieb JAeT BEPTUKAJIBHYIO MOJSPU3ANHUIO
(cM. paszen 26.4).

KpaTKne BbIBOJIbI:

K03 UIHEHT HAMPABJIEHHOCTH M yCHJIE-

HHE XapaKTEePH3YIOT HANPaBJEHHOCTh aH-

TeHHbl. V3/1yyaemMasi MOIIHOCTb pacTeT B

MPEUMYIIECTBEHHOM HANpaBJIeHUHU 32 CYET

ee NaJIeHUs B OCTAIbHBIX;

* IUIs1 TOBBILIEHUS] YCHJIEHUSI HeoOX0mumo
YMEHBUIUTD IIMPUHY IJIABHOTO JIENECTKa U
OZHOBPEMEHHO YBEJHMYHTb AEHCTBYIONLYIO
MOBEPXHOCTD. [[ByKpaTHOE CHUXKEHHE IIHPHU-
HBbI [arpaMMBbl B PACCMaTPHUBAEMOI IIOCKO-
cTH npubIM3UTENBHO YABAUBAET YCHJIEHHE
6Jiarozapsi BO3pacTaHHIo AeHCTBYIOMWEH 1Mo-
BEPXHOCTH B 1Ba pa3a. [IpuMeneHue orpaxa-
TeJleid ¥ IUPEKTOPOB WJIM TPYIIHPOBAHUE
AQHTEHH MO3BOJISIET MMOBBICUTb YCUJIEHHE 32
CYET yBEJHYEHHUST UX rabapuTOB;

* Ip1 ONTHUMAJIbHBIX pa3Mepax aHTEHHBI ee

ycusieHne 1 K03(pbuimeHT HanpaBJeHHOC-

TH MOAYUHSIOTCS] HEKOTOPBIM (PU3HYECKHM

COOTHOILIEHUSIM, CBSI3aHHBIM C MeXaHUYeC-

KUMH rabaputamu. Tak, NpeuMynIeCTBEHHO

MPOAOJIbHOE MOCTPOEHHE AHTEHHBI obectie-

YHMBAET OMNpesesIeHHOe YCUIEHHE TIPH OTHO-

CUTEJIbHO MaJIbIX MOMepeyHbiX pasmepax. B

caydae GOJIBLIOTO MOMEPEYHOro pasMepa

YMEHbBIIAETCs rabapUTHas IJIMHA AHTEHHBI.

ITostoMy maccuBHast MUHHATIOPHAS] AHTEH-

Ha HUKOrza He OyneT 06JanaTh OXHOBpeE-

MEHHO M XOpolIeil HanpaBJeHHOCTLIO, H

BBICOKHM YCHUJIEHHEM.

3.3.

Ha 11060M aKTHBHOM CONPOTHBJIEHUH BO3-
HHUKaeT OnpefeseHHOe HANpsDKeHHE 1IYMOB.
HIymossie IC BO3HUKAIOT BCIEACTBHE He-
PaBHOMEPHOCTH TEMJIOBBIX ABHXKEHUI CBO-
6OMHBIX ITEKTPOHOB IIPOBOIUMOCTH.

HIyMbl mpUCYIIX ¥ RHTEHHAM, TOCKOJIBKY B
HHX, KaK U B K0JeOaTeIbHOM KOHTYPE, HMe-
I0TCSI aKTUBHBIE CONPOTUBJIEHUS. VIHTeHCHB-
HOCTb IIYMOB aHTEHHBI ONPEAESIETCS AaKTUB-
HOI1 cocTaBJsiiomeil Ry ee conpotusienus,

IIymbl aHTeHH
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Ta6amua 3.1. Ilapamerpsi antenH (1o [2])
Tun aHTeHHBI Pacnpenenenne Toka | Koapduuuent Koapduuuenr | Conporusienue
P!
HarnpaBJIeHHOCTH yCHIICHUS n3nyyeHus Rs,
Gi g, 1b Gy g4, 1B Om
H3oTponHas aHTeHHa 1 0 0,61 -2,15 -
DNeKTpHYECKH KOPOTKHil 1,5 1,76 0,92 -0,39 197 (UA)*
BuGparop é E
(1< V5) L
Bu6parop I'epua 1,5 1,76 092 | -0,39 790 (UA)?
(3MeKTPHYECKH KOPOTKHH - I | - |
BHOPATOp C EMKOCTAMH [
Ha KOHLaxX)
[TomyBomnHoBHI# BHOpaTop é& 1,65 2,15 1 0 73,2
BonHosblii BuGpaTop ﬁ 2,41 3,82 1,47 1,67 199,2
A
Y ANTMHEHHBIH «CIBOEHHBIH - 33 5,18 2 3 98
uenneanH» | ?
(1,28 L =5/4 )
TypHukeTHas aHTeHHa & 0,82 -0,86 0,5 -3 326,6
T A2
ONeKTpHYECKH KOPOTKast 3 4,77 1,83 2,62 395 (WA)?
BEpPTHKANbHAs AHTEHHA L[\ th
(h<M/10) 7777777
OneKTpHYECKH KOpOoTKas ]"'I 3 4,77 1,83 2,62 1579 (WA)?
BEPTHKANbHAs AHTEHHA t t"
C KOHLIEBO} €MKOCTHIO 7777777
YerBepThBOJIHOBAS d\ v 3,28 5,16 2 3 36,6
BEPTHKANIbHAs aHTEHHA ;
[TonyBonHOBast IM 4,28 6,83 2,94 4,68 99,6
BEPTHKAJIbHAsA aHTEHHA ]
7777
BeprukansHas aHTeHHa 1 " 6,6 8,19 4 6 49
0,641 =581 v F
2
Manas paMoyHas aHTEHHa — 1,5 1,76 0,92 -0,39 31171 (A/AY)?
(nnowanb A, \Qf
nepuMeTp <<A)
Konsuo (oxpyxHocts 1 A) O 2,23 3,49 1,36 1,34 133
N o
KBanpaTHbiii 3neMeHT @ 2,06 3,14 1,25 0,99 117
1A | I
C NEpPUMETPOM L N
Delta-Loop — 1,91 2,82 1,17 0,67 106
(paBHOCTOPOHHHI Q_‘?
TPEYTONbHHUK, \\ /
nepumerp 1 A)
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KOTOpasi paBHa CyMMe COIPOTUBJIEHUI U3JTY-
yeHust Rg v morepp Ry anTeHHsbI.

st m06oro conpoTUBIEHUsT MOLIHOCTD P,
€ro IIYMOB OMNpeJesieTCsi TONBKO abCcomoT-
Hoii Temnepatypoii T (B rpanycax KenbBuna)
M IMPUHOM YacTOTHOTO Auanasona Df (8 rep-
ax):

P, = 4KTAf (3.27)

rae k — nocrosinHast BosbliMaHa, XapakTepH-
3yIoas MOIHOCTH IIYMOB Ha 1 rpaxyc
u 1 repi

k=138x102 2T _138x10-3 BIXC (3 9g)
TuxK K

L1 mpakTHYeCKuUX 1esieil BaXKHO 3HATh Ha-
npsbkenue mymoB U, onpejessieMoe BeTMYHU-
HO CONPOTUBJIEHUSI:

U, = J4kT R ,Af (3.29)

[Iym, 06ycnoBIeHHbIH aKTUBHBIM COIPO-
THBJIEHMEM aHTEeHHbl R,, Ha3bIBAIOT ee CO6-
cTBeHHBIM IyMoM. OH cyMMuUpyercs ¢ uy-
MaMH OT JPYTMX MCTOYHHUKOB, HanpuMep at-
MochepHbIMH U KocMU4YecKuMU. Hekotopeie
sobuteny, paboTalye B 2-METPOBOM 1Ha-
1asoHe, UCIOJb3YIOT ISl NPOBEPKU KayecTBa
cBoeit mpueMHo# anmapatypsl myM ot ConH-
113, TPOCJIYUIMBAst €r0 HapaCTaHUe PU BOCXO-
Jie CBETUJIA.

B cootBercTBMM ¢ dhopMyamMu LIS onpene-
JIeHUs1 OOLIEro HAMPSKEHUS IYMOB C IIpUMe-
HeHHeM TOJIbKO CONPOTUBJIEHUS aHTEHHBI Ry
ceayeT BIOpaTh HACTOJIBKO BBICOKYIO IIyMO-
By10 Temneparypy T, 4ToObl OHa KaBajia BeJu-
YHHY, paBHYIO CyMMe COOCTBEHHbBIX LIYMOB aH-
TEHHbI 1 MUPOBOTO npocTpancTsa. B [6] npexn-
JlaraeTcsl IPMMEHATb B pacyeTax Clexylouiie
cpennue TeMnepatypsl T aHTEHHBIX LIIYMOB:

Cepenuna Temmnepatypa
JiHala3o0Ha 4acCTOT

10 MI'x T=0,2-2x106 K
100 MI'u T=0,6-6x10% K
1000 MTIix T=3-7K

3.4. Iletnesoii BuOpaTop

(P. S. Carter — matent CLIIA Ne 2283914, 1937 r.)

[TeTneBoii BuGpaTop obpasyerca npu napan-
JIEIbHOM BKJIIOYEHUH JBYX MOJYBOJHOBBIX
3JIEMEHTOB, Pa3lieJieHHbIX MaJbIM IpoOMe-
xyTkoM D (puc. 3.21). XapakTepucTuKky ero

HanpaBJIEHHOCTH B OCHOBHOM COBMNAJAIOT C
napaMeTpaMu MPOCTOTO paspe3Horo BHOpa-
Topa (cM. puc. 3.10), a rmaBHOe OTJIHYHE CO-
CTOUT B IOBBIIIEHHOM BXOJHOM UMIIefaHCe
1 OTHOCHTEJIbHO H0Jiee IUPOKOii moJoce va-
ctoT. [{nst koadbdunuenta ykopoueHus V
060uX IPOBOAHUKOB CIIPaBeNIMBbI Ipaduky,
n3o6paxkeHHble Ha puc. 3.7.

A2y

d
0<0054

b

X X
dy=d, ~ 240 OM

Puc. 3.21. ITetneBoit Bubparop

ConpoTHBlieH!Ee U3JIYYEHUST Pa3BEPHYTOTO
BUOpaTopa paccuuThiBaeTCs 1o opmye (3.1).
Ecnu k Takomy BUGpaTopy 100aBUTDb napy mna-
PAJLIENIBHBIX 37IEMEHTOB TOTO K€ CeYeHHs], TeM
cambIM c(OPMHPOBAB METJIEBOH BUOPATOP, TO
AHTEHHBIH TOK PAaCIPEIeNIUTCS 110 IBYM BETBSIM
nocsextero. [Ipy paBHbIX MOLIHOCTSIX H3yYe-
Hust P Tok 1 B Touke moxximouenust punepa
B NETJIEBOM BUOPATOpe OKAa3bIBAETCSI BIBOE
MeHblie TOKa pa3pe3Horo BuGparopa. [Toatomy
JUIsl pacyeTa BXOAHOTO UMIIEAHCA I1eTJIEBOIO
BUOpaTopa R” TpeOyercsi U3MEHUTb BbIpaxke-
uue (3.1) creRyoumm obpasom:

PS
(1r2¢

[ocie nepecTaHOBOK MOJYYUM JJIs paspes-
HOro BUOpaTopa:

P, =R,I?

R:= (3.30)

M U1 NIETJIEBOIO BuépaTopa:
P, =RZ(1/2f.

[ockomnbKy B 060MX CIyyasix U3JydaeMmble
MOIIHOCTU Pg 0MHAKOBBI, CIpaBe/IUBbI pa-
BEHCTBA:

R,I* =R; (172,

RY=4R,.
TakuM 06pa3oM, BXOJHOE CONPOTUBIIEHUE
neTJieBoro BUGpaTopa B ueThipe pasa 60Jib-

e, yeM y paspe3Horo. [Ipu 110601t Bennyn-
He npoMexytka D u npu d; = d, Bxoauoe
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CONPOTUBJIEHHE IE€TJIEBOr0 BUOPATOPA JOINY-
CTUMO nos1arath paBHbIM 240-280 Om.

I[TosryBOJIHOBBIE 37IEMEHTBI HEOAMHAKOBOTO
AuaMeTpa MPUMEHSIIOT B I€TJIEBOM BHOpaTope
pazu M3MEHEHUs! ero BXOJIHOIO CONPOTHBJIE-
Hus (puc. 3.22). Korzna nuamerp uesbHoro no-
JIyBOJIHOBOTO 3JiemeHTa dy Gosblie quaMeTpa
paspe3Horo aumoss dy, BXOAHOE CONpOTUBIE-
HHUe MeTJIeBOro BUOPATOpA NPEBBILAET HOP-
MaJIbHYIO BEIMYMHY, XapaKTEPHYIO 1JIs1 KOHCT-
PYKLHHU C PaBHBIMHM AUAMETPAMH 3JIEMEHTOB.
Hanpotus, BXojiHOe COIPOTUBIIEHHE MEHbLIE
HopMasbHoro, eciu dy > dy. B o6oux ciyuasx
KPaTHOCTb U3MeHeHHsl k 3aBUCUT OT BEJUYU-
HbI IpoMexyTKa D.

T g )

Puc. 3.22. TTetzneBoit BUGpaTop ¢ 3/1€eMeHTaMH
HEOTMHAKOBOTO MaMeTpa

BxonHoe conpoTuBienue netTieBoro Bubpa-
TOpa, BBINOJIHEHHOTO M3 CTEPXKHE# pasHoro
auaMeTpa, koraa dy > dy, MOXHO OnpenenuTh
C IOMOMIBIO K09(PPUIIMEHTA KPATHOCTH, TpeJ-
CTaBleHHOro Ha puc. 3.23. ObpaTtHbIii cayyaii
(d; > d,) nokaszan Ha puc. 19.23.

KoadduinueHT KpaTHOCTH MOKa3bIBaET, BO
CKOJIBKO Pa3 BXOJJHOE COINPOTUBJIEHHE ITETJIEBO-
1o BUOpATOpA C 3IEMEHTAMM PA3HOTO JUaMeTpa

1
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OtHowenwe D/d2

Puc. 3.23. Koappunment kpathocTu
netnesoro BuGparopa mpu d,> d,

5. 3aka3 Ne K-5454.

60J1B11IE BXOJHOTO COIPOTUBIIEHUS PA3PE3HOTO
BUbGparopa.

IIpumep
Ipu dy/d; = 3 u D/d, = 6 umMnenanc nerseso-
ro Bubparopa cocrasisier 360—-420 Om, npe-
BOCXO[IsI €T0 3HaueHHe /It Pa3pe3HOro BUOpa-
Topa B 6 pas.

KpatHocTts k uamMenenust umnenasca onpe-
nessieTcst cootHolueHneM PoGeprca:

2
k= (1 + E‘-]
Z

Y MIPUBOJUTCS K Pa3pe3HOMY ITOJIyBOJHOBOMY
BUOparopy. 31ech Z; NPUPABHUBAIOT K BOJIHO-
BOMY CONPOTHBJIEHHIO BUOPATOpPA C MAPHBIMM
MPOBOHMKAMH JuaMeTpoM dy M pacCTosHUEM
Mexzay HuMu D. BonnoBoe conpotuBieHue Z

napbl NPOBOAHUKOB C BO3/YIIHOM U30JsHei
(cM. paszen 5.11) paccuuThIBAIOT 10 HopMyJe:

(3.31)

2D

Z=276 lg-d— Om (3.32)

Z, onpeziesisieTcst aToii xe popmyioii ¢ moxa-
cTaHoBKoii dy u D.

3aBHCUMOCTh KPAaTHOCTH Kk OT pa3mepoB
neTneBoro BUOpatopa moxuuHsieTcss obuei

¢opmye:

(333)

Pa3HOBUAHOCTBIO METIEBOrO BUOpaTOpa
SABJsIeTCsl JBOITHON meTsieBoil BUOGpaTop
(puc. 3.24).

st GyHKUMOHMPOBAHUS ABOMHHOTO TeTJe-
BOro BUOpaTopa 6e3pa3/iMyHo, K pa3pbIBy Ka-
KOTO M3 3JIEMEHTOB NoJKJoueH dunep (cm.
puc. 3.24). ITo KOHCTPYKTUBHBIM CooOpaxe-
HUSIM y00Hee MCIOoJb30BaTh HUXKHUM 3Jie-
MEHT, TOrIa CPeJHUI CIIYXKUT IJIS KPeIIeHHs]
BHOpaTOpa K MayTe.

ITpu paBHBIX JHaMeTpax NMPOBOIHMKOB TOK
aHTEHHBI PACIIpeAessieTCs MO0 TPeM OXUHAKO-
BBIM IIOJTYBOJIHOBBIM. 2JIEMEHTaM, U, CJleZI0Ba-
TeJIbHO, B KAX/I0i U3 BeTBell BUOpaTopa Teder
1/3 cymmapHoro Toka. [loatoMy BxoznHoe co-
MPOTUBJIEHHE R ABOMHOIO METJIEBOro BUOpa-
TOPA ONHUCHIBAETCS BhIPAKEHHEM:

: (3.34)
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a) Al2-V

'\;’ )

o s

<! L iiﬁ!ﬂloOM ] S
t dy=dy = d,

o . M2-v

Y

il J| <
} L J a

i
dy=dy =d; x x =~5400m

Puc. 3.24. [IBoiiHoii neTneBoii BUGpaTop:

a — JUIst TMTaHHS MCITOJIb3YeTcsl Pa3pbiB B CpellHEM
aseMeHTe; 6 — MUTaHKe MOABOAMTCS K Pa3phbIBY

B HUXHEH BeTBU

¥ B 9 pas npeBbIIIaeT BXOJHOE CONPOTHUBIIEHHE
IIPOCTOTO Pa3pe3HOro BUOPaTopa — OHO COCTAB-
nset 540-630 Om. OxHako HeoOX0AMMO yuu-
THIBaTh psiZi orpanuyennit. Kparnocts k = 9
npu d; = d; uMeeT MecTo, MLIb KOTZA TPU HO-
JIYBOJIHOBBIX 9JKeMEHTA PACIIOJIOXKEHBI TaK, YTO
HX TONepeyHble Ce4eHUst HaXOAsTCsl B BEPILUH-
HaxX YIJIOB PaBHOCTOPOHHErO TPEeyroJbHUKA.
ITpu MoHTaXKe 371EMEHTOB B OJIHOM IJIOCKOCTH,
KaK [oKa3aHo Ha puc. 3.24, kpatHoctb k =9 yr0-
cruraetcs Tonbko npu d; = 2d, npu mobom
npomexxyTke D. 1o BuaHO 1 U3 puc. 3.25. [Ipu
IPYTUX COOTHOIIEHUSIX IUaMETPOB KPaTHOCTb
3aBUCHAT OT BEJIMYMHBI TPoMexyTKa D.

IIpumep
[pu dy/dy = 1,25 u D/d, = 6 umnenanc yse-
JMunBaetcs B 16 pa3 OTHOCUTEIBHO Pa3pe3Ho-
ro BubpaTtopa u cocrasiser 960-1120 Om.
Yucio n napauiesbHbIX MOJLYBOJHOBBIX 3Jie-
MEHTOB JOIYCTHMO YBEJIUYUTb HACTOJIBKO,
4TOODbI TOCTPOMTD AHTEHHY LMJIMHAPHYECKOM
¢dopmsl. [Ipu 9TOM ee BX0J1HOE CONPOTUBIIEHHE
IIOJYMHSIETCS TIPABUJLY: IPU PaBEHCTBE JHa-
METDPOB NIPOBOJHUKOB M IIPOMEXYTKE MEXIY
numu D < 0,05 A kpaTtHOCTD k pocTa BXOAHOTO
CONMPOTUBJIEHUS] OTHOCUTEJILHO Da3pesHOro
BUOpaTopa NpUOIN3UTENBHO IPONOPLHOHATB-
Ha KBaJ[paTy YMCJia IPOBOAHUKOB N

k=n2
ComnpoTHBaEHHE ABOXHOIO IETJIEBOrO BUG-

partopa 3MeHsIeTCsl TaK)Ke BCIIEICTBHE PasJyu-
ynit auaMerpos dy (3JeMeHTa C Pa3pbIBOM)
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OtHowenue D/d2

Puc. 3.25. KoauumeHt kpaTHOCTH ABOHHOTO
TneTJIeBoro BUGparopa

u d, (uensHoro anementa). Kpusbie Ha puc. 3.25
WJUIIOCTPUPYIOT 3TH 3aBUCHMOCTHU. B manHOM
cayyae B COOTBeTCTBUM ¢ dopmynamu (3.31)
1 (3.33) nosyuaercs ciexymouiee pacieTHoe
COOTHOIIIEHUE:

(3.35)

B netneBbix BUOpaTopax J060ro TUIMa 1o-
MYCKAaeTCsl 3a3eMJIATb CpefHHe TOYKHU IieJib-
HBIX TOJIYBOJIHOBBIX 9JIEMEHTOB MUJIM UCIIOJIb-
30BaTh UX IS KPEIJIEHUsI aHTEHHBI K MeTaJl-
JIMYECKOM omope.

3.5.

BuGpatop, a/eKTpudeckasi AJIMHA KOTOPOro
PaBHa JJIMHE BOJIHBI A, HA3bIBAETCS BOJTHOBBIM
BuGpatopoM (puc. 3.26).

O6e noyBOJMHOBBIE BETBM BUOpATOpa BO3-
OyXMa0TC CUH(A3HO B MyYHOCTH HAIpsiKe-
HUsA. BbicOKOe HampsKeHue NPy MajioM TOKe
O3HayaeT GOJbLUIOE CONMPOTUBIIEHHE, TAK YTO
BOJIHOBbIA BUOPATOP OTJINYAETCS CPABHITEb-
HO BBICOKHM BXOZHBIM HMIIE/IAHCOM.

BoaHoBbIi BUOpaTOp
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Takoii BUOGPATOp MUTAETCSI B MAKCUMYMe Ha-
IPsKEHHUS, IOSTOMY €ro Ha3blBaloT BUOpaTO-
POM C IUTaHHEM MO HanpspkeHuio. BxoxHoe
CONpPOTHBJIEHHE Ry M UIMPUHA MOJIOCH! YaCTOT
BOJIHOBOTO BUOpaTOpa B O0JIbLiIei CTENeHH 3a-
BUCAT OT COOTHOLIEHUs A/d, yeM y mosyBos-
HoBoro Bubparopa. Kpussie Ha puc. 3.27 Boc-
MPOU3BOAAT 3aBUCUMOCTH BXOJHOTO COMPO-
TUBJEeHUs Ryu koadpuumenta ykopoyenus V
BOJIHOBOrO BUbGparopa ot A/d.

Al2-V A2V
{ Tok Hanpsaxexne| |Tok Hanpsxenu
| I— L _——

XX

Puc. 3.26. BonHoBblii BUGpaTOop

BxonHoe conpoTuBieHue Ry 3aBucHT Takxke
OT PacCTOSIHUSI MEX/Y IMOJIOBUHKaMU BUOpa-
TOpa B MecTe nozkoyenuns punepa XX. 3ua-
yeHus Ry Ha puc. 3.27 TeM TouHee, Y4eM MEHb-
I1Ie Pa3HULIA MEXKY 3HAYEHUSIMU TPOMEKYTKA
XX u quamerpa uanyyarens d.

Koadduument ykopoueHus: V BOJHOBOro
BMOpaTOpa OT/IMYAETCS] OT AHATOTMYHOrO Ma-
paMeTpa IoJIyBOJIHOBOro BUOpaTOpa CBOEi 3a-
BMCUMOCTBIO OT A/d; 1JIs1 JOCTHXKEHHST pe30-
HaHCa BOJIHOBBIN BUOPATOP JOJKEH YKOpA4HU-
BaThCs B GOJIbIIEH CTENEHHU.

IIpumep

TpebyeTcs OCTPOUTH BOJHOBBIN BUGPATOP Ha
yacroty f = 150 MIt (1yinHa BosHb A = 2 M),
npumeHsist TpyO6ky nuamerpom 20 mm. OTHO-
menue A/d = 2000/20 = 100. Ina A/d = 100
13 puc. 3.27 HaX0IUM, YTO BXOJIHOE COTTPOTHB-
nenve Ry paBHO mpubsmmsurensHo 800 Om.

:
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5000

50 80100 200

500 1000 2000
OrtHowewve A/d

[Ipu TakoMm oTHoweHun A/d xKoabbHLHeHT
ykopouenus coctaBut 0,868.

He creayeT myTtaTh BOJHOBbI BUGPATOp U
BOJIHOBBII M3JIyYaTeNb C KOHIIEBBIM BO30YX-
nexueM. B BoIHOBOM BUGpaTope € MOABOJAOM
MUTAHUS K IPOMEXYTKY B €ro cpeHeil 4acTu
IIPOMCXOJHUT BbIHYXXIEHHOEe CMH(}a3HOoe BO3-
OyxneHue oOenx BeTBei, BCIEACTBUE Yero
B mockocty E dopmupyercs ruarpamMma Ha-
IIPaBJIEHHOCTH, TIpeJICTaBeHHast Ha puc. 3.28a.
OHa cxo/iHa C AMArpaMMo¥i MOJIyBOJTHOBOIO
BUOpaTOpa, HO OTIMYAETCS OT Hee HoJiee Y3KHU-
MM JieneCcTKaMu (TOPM3OHTAJIbHBIHM U BepTU-
KaJIbHBIH YIJIbI packpbiBa 65° U 45° cooTBeT-
CTBEHHO), a IJIaBHBINA JIy4 MeplneHAMKyJIspeH
ocu BubGparopa. B BosHOBOM H3syyatese
NMoAKJIoYeHueM ¢unepa K KOHIY LEeJIbHOro
npoBeaHUKa (aHteHHa Tuna «llennenuns, cM.
paszen 10.2.1) nanpaByieHre TOKa MEHSETCH B
ero cpexaneit wactu (puc. 3.286) u obe nomy-
BOJIHOBbIE BETBU BO30YyXKIAIOTCSI B MPOTHBO-
(ase, a raaBHBIE JYYd MAYT MOX YrJIOM 54°
K NpOAOJIBHOM ocu u3nyyaress. Iloatomy
B 1uiockocty E ¢opmupyercsa nuarpamMma Ha-
NPaBJIEHHOCTH C YETHIPbMsI IJIABHBIMU JIETIEC-
TKaM¥, YbM OCH HAKJIOHEHBI TOJ yrjioM 54°
K NPOAOJbHOM ocH u3iydaTess. BosrHOBbIH
BUOpaTtop obecnieunBaer ycumnenue 1o 1,67 1B,
TOrAa KaK yCUJieHHe BOJHOBOTO M3JIydaTess
cocTtaBJigeT auib okoso 0,5 nb.

[ToyBOHOBBIN BUOPATOP IO CBOMM XapaK-
TEPUCTUKAM I10400eH MOCIeN0BaTebHOCTH
pe3oHaHCHBIX KOHTypoB. Hanpotus, BosHO-
BbI BUOPATOP Y U3MEHEHUH YaCTOThI BEIET
cebs B6JIM3M pe30HaHca KaK KOHTYP C nmapaj-
JIeNIbHBIM PE30HAHCOM.

B cusy cpaBHUTEIBHO IUPOKOH YaCTOTHOM
I0JIOCHI BOJIHOBBIN BUOPATOP MCHONB3YETCs

[
§ 8
conpotuenexve, Om

g
S

10000

Puc. 3.27. Bxonsoe conpoTupenue ¥ KoadGUUHEHT YKOPOUeHH s BOIHOBOTO BuGpatopa
KK (hYHKIIMS] OTHOLIEHHS! ITMHbI BOTHbI K AMaMeTpy MPOBOLHUKA (IIPUOIU3UTETbHbIE 3HAYEHHS)
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Puc. 3.28. /lnarpamma HarpaB1eHHOCTH
B IIockocTH E M pacnipesesienue Toka
B BOJIHOBBIX H3JIy4aTessix

NPEUMYIIECTBEHHO B LIMPOKOIMOJOCHBIX aH-
TeHHbIX cucteMax. IIpu atom monyctumMo kpe-
IUTD M 333eMJISITh BUOPATOpP B 060UX MUHUMY-
Max HanpspkeHHUs: (pacripeziesieHre HalpsiKe-
HUsl IOKa3aHo Ha puc. 3.26). OxHako yaue
BCETO y3JIbl KPEIJIEHUsI HE 3a3eMJISIOT, a MOH-
TUPYIOT BUOPATOP HA M30JATOpaX. DTO Jea-
€TCsi BO u30exaHue NnoTepb, CBA3aHHBIX C Yac-
TOTHOIf 3aBUCHMOCTBIO PacrpeiieJIeHUs Ha-
TPsIKEHUSI.

YBennueHHe IPOMEXYTKA MEXKITY KJIEMMaMU
mutanus XX M03BOJISIET NMOBBIILIATH YCUIIEHHE.
Ono nocruraer 5 1b npu npomesxytke 0,2—0,6 A,
HO 3TOT CHOCOO ITOBBIILEHHS] YCUJIEHUS] TTOYTH
He NMPUMEHSIETCS U3-32 AIEKTPOTEXHUYECKUX U
KOHCTPYKTOPCKHMX TPYAHOCTEH.
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4. Tunbpl aHTeHH

4.1.

AHTEHHBI BOUUIM B CETOAHSIIHUI 06MXO..
Ony npUMeHsIOTCS B paMOBeLAH!H 1 Tesle-
BUZIEHHH, JI7Is1 CBA3H, HABUTALUH U OMpesiesie-
HUS MECTOMNOJIOXEHUS], B PAUOIOKATOPaX U
panuoMasKax, B CIlyTHUKOBOIf TeXHHUKe, pa-
ZIMOaCTPOHOMUHU M MeJUIIMHE.

VcTopust aHTeHH HACYMTBIBAET OKOJIO CTa JIET.
B 1877 r. nemenxuit pusnk I Tepu (H. Hertz)
B Kaprcpys nocrasun kiaccuueckue ombiter
AJIA TIPOBEPKHM TEOPUM DPACIPOCTPAHEHMS pa-
AMOBOJIH, IPEATOKEHHON aHTIUiCKUM usu-
koM [{x. Makcsesom (J. C. Maxwell). ITepena-
IOILle aHTEHHOM B €T0 ONbITAX CIYKHUJI IPSIMOIt
TIPOBOJI C MKOCTHOM Harpy3Koii Ha KoHUE (KOH-
AYKTOP), 8 IPMEMHOI! — KBaJpaTHast IPOBOJIOY-
Hast neTJIs.

[IpenmecTBeHHMKAMK 3TUX aHTEHH ObLIK
TIpOBoJIoYHast aHTenHa b. Mpankiuna (B. Frank-
lin), ncnons3osanuas uM B 1752 . 118 10Ka-
3aTeNIbCTBA 3JIEKTPUYECKOH NPUPOABI MOJI-
HUM, ¥ cripoekTupoBannas T. A. dxaucoHoM
(T. A. Edison) sasemnennas BeprukanbHas
AHTEHHa, 3anaTeHToBaHHas B 1885 r. 1 cuc-
TeMbI TIepe/iay COOOLIEHHIA.

TepMuH «aHTeHHa» 3aMMCTBOBAH U3 300,10-
TUH, IIe TATUHCKUM CJIOBOM <antennaes Ha-
3bIBAIOT JJIMHHbIE TOHKUE YCHMKM HaCEKOMBIX.
CHauana y antent Gbu1M ¥ Ipyrie Ha3BaHUs:
JMHEHHBIA OCUMILIATOP, BOSAYIIHBI TPOBO/-
HUK, TPOBOJIOYHDIN JaTYUK UK BO3OYUTEID.

Bseaenue

4.2.

AHTEHHBI MOXHO TO/IPA3/E/ISATh Ha TPYIIIbI 11O
pasHbIM npusHakaM. [lo popme — na anexrpu-
YECKME MJIM MarHUTHbIE, 1O BUAY NONSAPU3a-
UMM — Ha aHTEHHbl TOPU3OHTAILHOM, BEPTHU-
KalbHOM MM KPYroBO# MNONAPU3ALMH, MO
lIMpUHE YaCTOTHOTO AMANa30Ha — Ha Y3KOMO-
JIOCHBIE U IIUPOKOIOJIOCHBIE, M0 YaCTOTHBIM
CBOIICTBaM — Ha PE3OHAHCHBIE U AllePUONH-
YeCKHe, 110 HaNpaBIeHUIO U3JIyYeHHs] — Ha Ha-
IIpaBJieHHbIE U HEHANPAaBJIEHHbIE.

Knaccudukanus anrenn

o criocoby Bo3Gyxaenus u ycuneHus au-
TEHHBI JEJISITCA HA YeThIPe KATETOPUH:

* MPOCThI€e UsMyyatenu (puc. 4.1);
* IPYMNIOBbIE U3NTYYaTENH;

* M3JIy4alol1e CTPYKTYPhl;

* anepTypHbIE U3JTy4aTeN .

Takast knaccudukauus He Bcerza OKasbl-
Ba€TCs O/HO3HA4YHOH. Mexny oTaeabHBIMU
KaTeropusiMi Hepenko HabJIoaAI0TCA nepece-

YEHHUA.
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Puc. 4.1. TIpocteie usiyyatenu: a — BuGparop
Tepua; 6 ~ Bu6patop; B — Konnyeckuit BUGpaTop;

T — IMCKOHYCHasl aHTEHHa; JI— MOHOIOJIB;

€ — KOHMYeCKasl aHTeHHA; 5 — OJHONMPOBOAHAST
anTeHHa Gerymeit Bo/bl (anTenna Besepenxa);

3 — YTOJIKOBbIif BUGPATOD; M — aHTEHHA «B3Max
KPblJIa»; K — YallleYHbIH H3/IyyaTeJib; J1 — NeT/ieBast
aHTEHHa; M — TeT/1eBoit BUGPATOp; H — KBaIpaTHast
PaMOYHas aHTEHHa; O — le/ieBasi AHTEHHa;

1 — Tpy6yaTo-1e/ieBas aHTeHHA
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4.3.

I/IstyaneJm COCTOAT U3 OTACJIBHBIX 2JIEMEH-
toB. K ux YUCJIY OTHOCAT:

4. Tunbl QHTEHH

4acTh). Takoe ycTPOHCTBO NPUMEHAETCST IS
OIpe/ie/IeHUs] HATIPABJIEHUs IPH pajuore-
JleHrauuu. J{MarpaMMbl HanpaBJE€HHOCTH
B TOPU30HTAJIbHON M BEPTUKAJIBbHOM IJIOC-

JJiIeMeHThI H3JIyyaTeaei

* IpocTeiile U3My4aTesy;

KOCTSIX BBITJISIIAT KAK KapAMOUABI U UMEIOT
OJIHY HYJIEBYIO TOYKY.

* QHTEHHBL:
~ IMHENHBIE, 4.3.2. JIuHeiiuble aHTEHHbI
— ¢durypHsle;
— paMouHbIe; - K inHeitHbiM aHTEHHAM OTHOCSITCSI OTKPBIThIE
— lIeJIeBbIE; (3/IeKTpHYECKHE) AHTEHHBI C TPSIMOJIMHENHBI-
— aKTHBHBIE. MH 3JIeMEHTaMHU:
.- L] 7 71 -
43.1. Tpocrefimme uanyuaremm Juronb, uau Bubparop. Ilpocreiieit anten

K atoMy TNy mpUHaaIexaT:

* cpepryeckuit U3IyyaTesib, Ha3pIBaeMblil TaK-
’Ke M30TPONHO aHTeHHOH. IIpeacraBaser
co0oii aHTeHHY 6e3 ToTepb, PABHOMEPHO U3-
JIY4AIOUYIO BO BCE CTOPOHBI UJIM NPMHUMa-
IOLIYIO CO BCeX HanpasyeHUi. JluarpaMmoit
HANpPaBJEHHOCTU AaHTEHHBI SIBJIsIETCS cepa.
Takasi aHTeHHA HEOCYIIeCTBMMa, HO MC-
MOJIb3YEeTCs1 KAK TEOPETUYECKUIA 3TATIOH;

* qumnouis Tepua. M3nyyaresnb HOCUT UMA He-

Mmenkoro ¢usuka I. P. Tepua (1857-1894);

€ro Ha3bIBAIOT TAK)KE 3JIEMEHTAPHBIM 2JIeK-

TPUYECKHM H3JIyyaTeseM WUJIH 3JIeMeHTap-

HBIM 37IeKTpUYeCKUM BuOpaTopoM. [Lis pe-

a/IM3alMK IMTIOJISL UCTIOJIb3YETCst BUOPATOp

C KOHIIEBbIMU €MKOCTSIMH, YKOPOYEHHBIiH

OTHOCHUTENIHO [JIMHBI BOJIHBI U3JIy4YeHHUs.

ITo cpaBHEHMIO C U3OTPONHBIM U3JIyyaTe-

JieM OH 00JiaJiaeT HaNpaBJeHHOCTHIO, Nep-

MeHAUKYJIApHO# ocu BUGparopa. [luarpamMma

HanpaBJIEHHOCTH MMeeT BUJL BYX OKDPY>KHO-

cTell ¢ HyJIeBbIMM 3HAUeHUsIMU B HalpaBJie-

HUSIX OCH AUIIOJS;

nunonp Durumxepanbra. Hassan B yecTb

upnanzackoro ¢usuxa @. Jx. Ourumxe-

pansaa (F G. Fitzerald) u Taxoke usBecten

KaK 3JIeMeHTapHbIi1 MAarHUTHBIH U3JTyyaTeslb

WM 3JIeMEHTapHbIf MArHUTHBIA BUOPATOP.

PeasnusyeTcs B BUJie TOKOBOI PaMKH, pa3Mep

KOTOpOH MeHblue JIMHBI BOJIHbL B oTinune

OT M30TPOITHOTO U3JIyyaTeJsst XapaKTepusy-

€TCs1 HAaNPaBJIEHHOCTBIO, COOTBETCTBYIOLIEH

IJIOCKOCTH paMKu. /luarpaMma HanpaBJieH-

HOCTH COCTOMT U3 JIBYX OKPY>KHOCTEH C 1By~

Msl HyJIEBBIMU 3HAYeHHUSIMU B HalIPaBJIEHUSX,

NePIEHAUKYIISIPHBIX TIJIOCKOCTH PaMKH,

usnyyares [toitrenca. Hocur umst nunepian-

nckoro ¢usuka X. Noitrenca (Ch. Huygens);

TnpeAcTaByseT coboil coueranue HeOOIb-

WO paMKH (MarHUTHas 4acTb) U KOPOTKOTO

BUOpaTOpa B €e IUIOCKOCTH (9JIeKTpUyecKas

4.

HOM C CUMMETPHYHBIM NTUTAHUEM SIBJISETCS
JIBYXITIOJIIOCHUK (ZIMII0JIb) C CHHYCOMIAIbHBIM
pacnpenesieHeM Toka. [ToyBonHOBBI BUO-
paTop XapaKTepu3ayeTcs IJIMHO# A/2 (cTapoe
HasBanue — ayrer). JiMHa BOJHOBOTO BUG-
partopa paBHa A (nBoiinoi «Ilennenuns ). An-
TeHHy JUTMHOM 1,28 A Ha3bIBAIOT YUIMHEHHBIM
nBoiiHbM «llennenunoms. [Iupoxonomnoc-
HbIit BUOPATOP MPEACTABIISIET COO0H AUIOTb B
BUZIE KOHyCa (KOHU4eCKUI BUOpATOp, ABO-
HOI KOHMYECKHiT BUOPATOP) MIHM IJIOCKO-
CTHOI AUIIONb (BeepHbI BUOPATOP, ILIIOCKHUIA
Bubpatop). K HecumMMeTpUuHbIM (TIpeuMye-
CTBEHHO BEPTHKaJIbHbIM) BUOpAaTOpaM OTHO-
CATCS KOAKCHATBHBI BUOPATOP, KOHYCHO-1{H~
JIMHAPUYECKAST M JMCKOHYCHAsI aHTEHHBI,
MOHOTII0JIb, [[pyrue Ha3BaHUs — YHUIIOJIb, I10-
JyauIosnb, antenHa Mapkonu (Marconi). K
NPOCTEHIIMM TUIIAM AHTEHH C HECUMMET-
PUYHBIM NMUTAaHUEM TNPUHALJIEKUT ORHOIO-
JIOCHUK (MOHOIIONb) UJIM TIOJIYUIIONb C CH-
HYCOUIAIBHBIM paclpe/ie/ieHHeM TOKa Haj
npoBoAsiieit ToBEpXHOCTbIO (3emueit). Ju-
Ha anTeHH cocrassieT A/4. [TonobHble aHTeH-
HbI npuHaziexar k tuiy Groundplane, ecu
MPOBO/SILIAST TOBEPXHOCTb 3aM€HeHa IIPOTH-
BoBecOM. M Cronb3yloTcst TakxKe BePTHKAJIb-
Hble aHTeHHb! AuHoi A/2 u 5A/8. K mmpo-
KOTIOJIOCHBIM MOHOIIOJNSIM OTHOCSITCSI KOHU-
4yecKHe U IJIOCKHE BeePHbIE aHTEHHb;
JUIMHHBIA npoBoJ. [{nMHa 3TUX NPOBOJIOY-
HBIX aHTeHH OoJibiue paboyeil JTMHBI BOJTHBL
OHH ObIBAIOT CUMMETPUYHBIMHM UJIM acUM-
METPUYHBIMHU, TIUTAIOTCSI CTOSIYUMU UJH Ge-
TYUIMMM BOJIHAMH, MOTYT ObITh PE30HAHCHDI-
MU UM anepuoauyeckumu. Ilpumepamu
CJIy’KaT 3MeNHKOBast ¥ adPOCTaTHAsI aHTEHHBI,
anTenna Besepemxa, TFD, T2FD.

3.3. Durypubie aHTEeHHBI

ITO OTKpbITHIE (3JIEKTPUYECKHE) aHTEHHBI
¢ GUTypHBIMH 3JIEMEHTAMHU:
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* BHIPOXKeHHBIA BiOpaTop. Taknue aHTeHHBI
CILy>KarT 1J1s1 obecrieyeHust IMPOKOIOTIOCHO-
cTH (B YaCTHOCTH, IIUTMHIPUYECKHUIT BUOpa-
TOp) WJIM JIJISI IOJIy4YEeHUs] KPYroBOH aMar-
paMMBbI HaNpaBJIe€HHOCTH, HAlIpUMep yTOJ-
KoBbIit BUbGpartop Squalo;

* BBIPOXKAEHHBI MOHOMOJb. CIyXUT I
obecreyeHus: MHUPOKOIOJIOCHOCTH, CKaXeM
B JIBOMHOMN KOHUYECKOH UM LMIMHAPpHYEC-
KO aHTeHHax;

* U30THYTHIA BUOpaTop. ObecrneynBaer Mmu-
POKOIIOJIOCHOCTbD, B YaCTHOCTH B YaLIEYHOM
ubpatope. Vcnosb3yercs 11 ONTUMU3a-
UM yCUJIEHNs! B Ka4eCTBe MOy TOPHOTO AU~
nons no Jlauacropdepy (Landstorfer) —
aHTeHHA «B3Max KpbLJIa»;

* U30THYTHIIT MoHomob. IIpuaaer mwupoxo-
HOJIOCHOCTb, K TIPUMeEPY, YalleYHOMY U3JIy-
4aTeJtio.

4.3.4.

PaMOYHBIMUM Ha3bIBAIOTCS 3aMKHYTbI€ aHTE€H-
HbI C 2JIEMEHTAMHU B BUJI€ PAMOK, 3 UMEHHO:

PaMoyHbIe aHTEHHBI

* Masiasi paMKa. YcTapeBlilee Ha3BaHUe — Mar-
HUTHas1 aHTeHHa. Ee mepuMeTp Mai 1o cpas-
HEHMIO C JIUTMHOM BOJIHBI U COCTABJISIET NIPU-
6ausutensuo 1/10A. Ilpumep aHTeHHB
3Toro Tuna — oOMOTKa KaTyMKN uian ¢ep-
PUTOBas CTEP)KHEBAsI AaHTEHHA;

* 6osbiuas paMka. IlepuMerp Gonbloit paMKu
COCTABJISIET IPUMEPHO 1 A; K TAKUM aHTEHHaM
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OTHOCATCS NETNeBOI BUOPATOP, AUCKOBAS U
KBajlpaTHas aHTEHHbI U aHTeHHa THna Delta-
Loop.

4.3.5.

3aMKHyTble aHTEHHBI CO IIEJIeBBIMU dJIeMeH-
TaMu Ha NpoBofsieil nosepxHocTu. [inHa
meseit cocTaBasgeT ot A/2 10 A, a CaMH OHHU
ObIBAIOT JIMHEHHBIMM (LIEJIH HA IJIOCKOCTH
WY LUIUHAPE) WM KPecTooOpasHbiMHU (Ha-
npuMep, Ha IMCKOBOIi 1eJIeBOIT aHTEHHE).

IlleneBbie aHTEHHBI

4.3.6.

AKTMBHas aHTEHHA NPEACTaBJsieT coboit mac-
CHBHBbIH 5JIeMeHT (BUOPATOP HJIN MOHOIIOJIb) CO
BCTPOEHHOH <«aKTHBHOH 4acTbio» (yCHIMTE-
neM). B pesynbrate nomydaercst Manoraba-
pPUTHasl YYBCTBMTEJbHASI U IUMPOKOMNOJOCHAS
aHTeHHass CHCTeMa, OJHAKO JIMHEHHOCTb ee
OrpaHNUY€eHa U He COOJTIONAETCST IPUHLIMIT B3aUM-
HocTu. [IprMep: aKTUBHbIE IPUEMHBIE AHTEHHBL.

AKTMBHbIE AHTEHHBI

4.4.

Wsny4atens oOpasyercst rpynioi oTAebHbIX
u3nyyaromux ycrpoitcts. CBoiicTBa M3iyye-
HUS OTIPENIENISIOTCS] PACHONIOKEHNeM U3Jy4a-
Tesiell ¥ 0COOEHHOCTSIMU MX MUTAHUs Mo ¢ase
u ammutyae. braronaps ynpasnenmio ¢asoit

VA VA VA VAN
AV VA VAV

IpynnoBbie u3My4yaTeax

x)

—

Puc. 4.2. IpynnoBble U3 yyaTeau — aHTeHHbL: a — Opankiuua; 6 — Bpioca; B —Ctep6sr; r — Ilupa-Mesnu;
1 - Yna-SIru («BosiHOBOiT kKanasi» ); e — HBICV; x — nosoTHO BUGpaTopos; 3 — V-06pasHas;

- pOM6H‘[eCKaﬂ; K — KBaJI[paHTHas
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4. Tunsl QHTEHH

JOCTUTAETCsI 3JIEKTPOHHOE CKAaHUPOBAHHE I1PO-
CTPaHCTBA IJIABHBIM JIy4oM (rpymnmna ¢ pa3oBbIM
ynpassieHueM). KonuecTBo oTAeNbHBIX U3y~
yareJieif MOXeT ObITh IPOM3BOJIBHBIM, YTO I10-
3BOJISIET MOJIYYaTh NPAKTHYECKH J0boe pac-
npezieJieHre U3JIy9eHUsl B TPOCTPAHCTBe.

3ITa KaTeropust aHTEHH IOJPA3/IeNIsIeTCs Ha
CJIe/yIoLIye TPYIIbL:

* IMHEHHBIE;

* IJIOCKOCTHBIE;

* IPOCTPAHCTBEHHBIE;
* MaTpUYHBIE.

4.4.1. Jiuneiinbie rpynmsl

OtaenbHble U3JTyYaTeau IPYIIIbI BBICTPOEHDI
B JIMHUIO (OZHOMEPHOE NOCTpPOeHHe). DTOT
THII BKJIIOYAET B Ce0sl U3JTydaTesH:

* mapajutesibHble — CMH(ba3HO Bo30yxaaeMast
KOMOUHALMSI TOC/IEA0BATENBHOCTH OT/ENb-
HBIX 3JIEMEHTOB (B YaCTHOCTH, BUOPATOPOB),
U3JTy4aloulasl Mo HOPMAIH K IIOCKOCTH, B

KOTOpOH OHM Jiexat. IIpumepsl: aHTEHHBI .

DpaunkiuHa, bpioca (Bruce), Hlupa-Mesuu
(Chireix-Mesny),

NPOZOJIbHbIE — MOCIEAOBATENbHOCTD OTIEb-
HBIX 3JIEMEHTOB (B YaCTHOCTH, BUOPATOPOB),
BO30YXKIaeMbIX B IPOTUBO(DA3E U U3JTYYaIO-
wux B obuweM HanpasieHuu. [Ipumepsr:
<BOJIHOBO KaHaJI», CKPEIEHHbII «BOJIHO-
BOI KaHaJ», peeyHast aHTeHHa, Creluab-
Has ZL, HBICV.

4.4.2. TIInockocCTtHbIE TPYNHbI

OT/ie/1bHbIE U3JTyYaTeNH PaCIosIaraloTcsi B O~
HOIA IJIOCKOCTH (ZIByXMEpPHOE pacIipesieNieHue),
KakK [IpaBuJIo, Iiepex oTpakaresneM. Ipymnmna Mo-
XET COCTOSITh U3 HECKOJIbKUX Moarpynm (2x2,
4x4 n 1.1.). Croaa BXOAAT:

* nosntotHa. J{st paboThl B KOPOTKOBOJIHOBOM
JIMana3oHe CTPOSITCS AHTEHHbIE MOJIOTHA U3
BOJIHOBBIX MJIH [I0JIYBOJIHOBBIX BUOPATOPOB;

« pemterku. Ilpumensiorcs B YKB u TeneBu-
3MOHHOM BeLIaHUU M COCTOSIT 13 BOJIHOBBIX
MJIH [IOJLyBOJTHOBBIX BUOPATOPOB, HAPUMEP
B BHJAE YeThIpeX- WM BOCHBMU3HAYHBIX
MaTpuiy;

* MJIOCKOCTHBIE aHTeHHbI. Vcrmonb3yloTcs B
MHMKDPOBOJIHOBOM /IMala3oHe B Ka4yecTBe
cnyTHUKOBBIX. OXMHOYHBIMU U3JyYaTess-
MH CJLY’KaT BUOPATOPHI, IJIOCKOCTHBIE (TIpsi-
MOYTOJIbHbIE MJIM CKPElleHHbIe U3JydaTe-
Ji1) 160 1esieBbie AaHTEHHBI;

* cymmupyionie nsnyyarenu. OauHOYHbIE
M3Jly4yaTeNy B BUjie BUOPATOPOB MM JUTMH-
HOTPOBOJIOYHBIX aHTEHH pa3MeIIaloTCs B

OJIHOM U TOM K€ IJIOCKOCTHU B Pa3IMYHBIX
koHdurypauusx. Obuiee usznydyeHue sB-
JISIETCSI CYMMOM COCTaBJISIOIIUX U3Jyye-
uuii. [Ipumepsr: TypHUKeTHas, V-00pasHas
U poMOUYECKass aHTEHHBI.

4.4.3.

XapakTepu3yioTcsl TpeXMePHbIM Pa3MellieHneM
OIMHOYHBIX U3JIyyaresell. BKIoyaioT B cebst:

* KOJIblieBble M3nyyaTenad. OnUMHOYHbIE U3JTY-
YyaTesIM 3TOH TPYINIbl PasMeIlaIoTCsl 110 OK-
PYKHOCTH 1M 00Pa3yIOT NPaBUIbHBII MHO-
TOYTOJNbHUK;

* BCEHAINPaBJIeHHBIH U3nyyatenb. braroxaps
cUH(pa3HOMY TUTAHHIO OAMHOYHBIX U3JTyya-
TeJiei yZiaeTcst JOCTUYb PABHOMEDPHOTO UJIU
[IOYTH PAaBHOMEPHOTO PaclpoCcTpaHeH!s U3-
JIy4yeHHsI 10 BceM HampaBieHusiM. IIpume-
PbL: KBaIpAHTHAs aHTEHHA, AUTIOJIbHAST PaM-
Ka, YeTbIPEXYToJIbHasl PaMKa, aHTEHHa TUIIa
«KJIEBEpHBIi JIUCT»;

* HarpaBJeHHbIi n3nyyarenb. [Ipy npaBusb-
HOM BbIOOpe (a3 OMHOYHBIX M3JIyyaTeei
KOJIbLIEBOH BUOPATOp CIOCOGEH NeACTBO-
BaTb KaK HalpaBsieHHasl aHTeHHa. [Ipumep:
KOJIblLieBasi aHTEHHAsl PElIeTKa;

* KoH(popMHbIe rpynbl. OUHOYHbIE H3JTyYa-
TeJM Pa3MelaloTCsl Ha MOBEPXHOCTH cde-
Pbl, IMJIMHIPA UM KOHYCA.

IIpocTpancTBeHHbIE IPYTIBI

4.4.4.

I/ICIIOJIb3leTC$I AB€ CUCTEMbI NINTAHUS:

* MarpuuHast. [Ipu Bo30OyxieHUM Ha OJHOM U
TOI1 )K€ 4acTOTe CUCTEMA ITO3BOJISIET OHO-
BpeMeHHO (opMHPOBaTh MHOXXECTBO HE3a-
BUCUMBIX OJIHa OT APYroOH AuarpamMM Ha-
npaBaeHHOCTH. CBA3b BXOLOB U BBHIXOIOB
obecrieunBaeT MaTpuyHasi peurerka Giaro-
napst (pasoBpanaTesnssM U HalpaBJIeHHBIM
otBerButessaM. [Ipumep: Marpuua Batiepa;

* anantuBHast. ITonoxeHus rIaBHOrO Jyya u
HYyJIEBbIX TOYEK AMArpaMMbl HalpaBJIeHHO-
CTH TPYIINOBOI aHTEHHBI AOCTUTAIOTCS 3a-
nanveM tTpeGyeMbix ¢a3 u amruiutyx. Ipu-
Mep: aJIANTUBHAsI aHTEHHAs! CUCTeMA.

Ipynmsl ¢ ceTeBbIM IUTAaHHEM

4.5.

W3ny4aTeny cOCTOAT U3 U3MYYAIOUUX CTPYK-
TYp pa3iauyHbiX popM. B paMmkax arToii karero-
PHH BBIIENSIOT J(Ba IIOJ(BUAA CTPYKTYP:

* IJIOCKHE,;
* IPOCTPAHCTBEHHBIE.

Crpoenue uanyyareuei
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4.5.1. TInockue CTPyKTYpHI
K HuM oTHOCSTCS Cemyonme CTpyKTyphi:

¢ nnpsiMoJiuHeHble. OTaesbHbIE 3JIEMEHTI
TaKuX U3JydaTeseil pacroJiaraloTcs BAOJb
npsaMoit nunauu. IpumMep: noronepuoauyec-
kas (LP) BubpatopHas uiu MOHOMOJbHAS
AHTEHHA;

e cornyTnle. IIpumep: noromnepuopndeckas
V-06pa3Has aHTeHHa;

* cknapyateie. Ilpumep: antenHsl B dopme
MeaH/Jpa UJIM 3UI3ara;

* ¢ usrubamu. IIpumep: soronepuoanyeckas
BUOPATOPHAsi aHTEHHA C KOHTYPOM ONTHMH-
3auuu ycunenus (no Jlanacropdepy);

* 3aKpyyeHHble (00JACTb CIMpPAbHBIX aH-
TeHH). [Ipumep: apxumenoBs! ciupanu, o-
rapuMuyecKue CIUpay, CIUpaabHO-IIe-
JIeBble aHTEHHbI;

* niockoctHble. [Ipumep: Joronepuoaunyec-
Kasl [TaHapHast aHTeHHa.

4.5.2.

ITa rpynmna BKJI0YaeT B cebs:

* CTPYKTYpPHI ¢ u3jaomoM. /[Be Joronepuosu-
4eCKHe aHTEHHbI, CONPUKACAIOIIHECST ITepe-
JHUMU KOHIIAMHU;

* UMJIMHAPUYECKHE CIIUPaJIbHble aHTeHHbL. B
3aBMCHMOCTH OT rabapuTOB CIUPA/IU Pa3Jiv-
YaIoT J1Ba PeXHMMa U3JIYIEHUs:

—HopMasibHbIA. HasbiBaercst Takxke pexu-
MOM BCEHaIllPaBJE€HHOIO0, UJIH pajyiabHO-
ro, usnyvyenus. Ecau pasmep crnupanu
MaJl 110 CPaBHEHUIO C JJIMHOM BOJIHBI, TO
U3JlyYeHHe CTPYKTYPbl PaclpOCTpaHsieT-
Cs1 [IEPIEHAUKYIAPHO ocy criupanu. [Ipu-
Mep: BUTas aHTeHHA PAZIMOMUKPOGOHa;

—aKcuasbHbli. Ecu pasmep criupau npu-
6yKaeTCs K AJIMHE BOJHbL, TO CTPYKTYpa
U3JIy4aeT BJOJb OCH CIUPATH, HPUYEM
CTPOro Ha OCH — € KPYTOBOii NOJIsIpU3aIu-
€if, a BHe ocH — ¢ aJuunTuyeckoit. Ipu-
Mep: CIMpaJibHble aHTEHHb! METPOBOIO U
JeIMMETPOBOr0 JUaIa30HOB;

IIpocTpaHcTBEHHbIE CTPYKTYPBI

* KOHUYECKHe CIUpaJibHble aHTEHHbL. B 3aBu-
CHMOCTH OT rabapUTOB CIIUPAJIU Pa3NTHyaloT
/B2 PeXUMa U3JIyYEHUSI:

—HopMasbhbii. Ha3biBaetcst Takxke pexu-
MOM BCEHallpaBJIeHHOTO, UM PAAUaIbHO-
ro, uaaydenus. Ecnu auamerp cniupanu
MaJl 110 CPaBHEHHIO C JJIMHOI BOJIHBI, TO
U3JIy4eHHe CTPYKTYDbl PaclpOCTpPaHseT-
Cs1 IEPHEHAUKYAPHO ocH crivpasu. [lpu-
Mep: CliupajibHasi aHTEHHA C NePEMEHHbBIM
JIMaMETPOM, CITUPAJIbHbIH BUOpaTOp;

—aKkcuanbHblil. CTPyKTypa U3Jjly4aeT BAOJb
0CH, €CJIM AUAMEeTP CIIUPAIY OIU30K AJIH-
He Boanbl. IIpumep: xkoHuyeckas cru-
pasIbHasI aHTEHHA.

4.6.

Wanyyartesp 06pa3oBaH MOBEPXHOCTHIO pac-
KpbiBa (aneprypoit). Jluarpamma HanpasJen-
HOCTH TaKMX aHTEHH 3aBUCHUT OT (HOPMbI U
Pa3MepOB alepTyphl U pacrpenesieHus Ha Helt
noJsis usayyenus. K atoit kateropuu oTHOCAT-
Cs1 TAK)XKe aHTEHHbI, U3/Ty4aloLIHe BbICUIKE rap-
MOHUKU. /laHHasa KaTeropus noapasiesercs
Ha CJIeyIOLIHe aHTEHHBL:

* 3epKaJIbHbIE;

* DYIODHBbIE;

* JIMH30BBIE;

* IU3JIEKTPHYECKUE;

* Ha PaCCesSIHHBIX BOJIHAX.

AnepTypHble H3y4aTenu

4.6.1.

HaspiBatoTcs Takxke 3epkanbubiMu. Manyde-
HHe, NaJalolee Ha HUX, OTpaxkaeTcs 6e3 11o-
Tepb. 3epKajia MOryT ObITh:

* ockuMu. B naHHyio rpynmy BXoasT, Ha-
IpUMep, NMJIOCKHi1 OTpakaTeJib, HOJOTHO OT-
pakareJieit, 0bopaynBaioLiee 3epKaJo;

* CJI0KHBIMU. BKitroyaroT B cebGst yronkoBblii
U NpPSMOYTOJBHBII OTPaXKaTeH, OTpaXka-
Tesnb Ban Arra (Van Atta).

PedaexropHbie aHTeHHBI

4.6.2.

IHeprust, KOTopast HOCTYINH1JIa B BOJIHOBOJ, U3-
JIy4aeTcs yepe3 ero OTKPBIThIA KOHell.
K nannomy Tuny otHocaTcs:

* aHTEHHA U3 110JI0r0 npoBogHHKa. OTKpHI-
ThIM I10JIbII IPOBOAHUK KPYIJIOTO MJIM KBajl-
PaTHOrO NOINEPEYHOTo CeYeHHs AeiiCTByeT
KaK aHTEeHHa;

* pynopHblit uanydatesns. Bopoukoobpasnoe
pacuIMpeHue 1oJoro NpoBOAHUKA ITOBbIILA-
€T €ro U3/Iy4aTeNbHyIO0 ClIocoOHOCTD. [pu-
mepor: E- 1 H-nuockocTHble cexTopualn-
HbI€ DYNOPbI, MMPAaMUAAIBHbII U KOHUYEC-
KHi1 pynopsl.

PynopHbie anTeHHDbI

4.6.3.

Hns npeo6pa3oBaHusl MCKPUBJIEHHOTO (Ha3o-
BOTO (PPOHTA NPUMEHSIIOTCS JIUH3DBI CJIELYIO-
IL1X THUIIOB:

JIHH30BbIE€ aHTEHHBI
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Ny

a)

n n)

X)

JUA!

B)

3)
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K) n)

Puc. 4.3. Ctpoenue uanyyateneil. AHTEHHbL: a — JIOTONEPHOAMYECKAs BUOpaTOpHasi;

6 — noronepuoauueckas V-obpasHasi; B — B popme MeaHpa; I — 3ursaroobpastas; I — JI0rornepuouyecKas
pubpartopHas mo JlaHactopdepy; e — apXMMeA0Ba CIIMPaJib; X — JorapudmMuyecKas Clupab;

3 — JIOrOMNepHOANYeCcKast IUIaHapHast; U — JIOTONepUOIYeCKHe, COMPUKAcalolMecs epeIHUMH KOHLIAMH;

K — LIMJIMHAPUYECKasi CIMPaJIbHAs; J1 — KOHMYeCKasi ClIMpajibHast

* YCKOPSIOLIHKE, TO €CTh YBeJ4uBaoiue ¢a-
30BYI0 CKOpOCTb. IIpumep: IMH3BI U3 MeTAN-
JINYECKUX ILJIACTHH, U3 IJIACTHH C OTBEPCTH-
sIMU, BOTHYTble TU3JEKTPUYECKUE; CTYIEH-
4aThle;

* 3aMeJIAIONINE, TO €CTh YMeHbIIaomue ¢a-
30ByI0 CKOpOCTb. IIpuMepbl Takux JHMH3:
BBIITYKJIblE JUIJIEKTPUYECKHE, U3 METAILIH-
YEeCKHX 110J10C, 00XOHbIE;

* mupokoyrosbabie. DazoBass CKOPOCTh B
HUX 3aBHCUT OT KOOPJAMHAT Jy4ya B JIMH3eE.
I pumep: munssl Jlynebepra (Luneberg);

» 6mmxknero nosi. Ipencrasisiior coboit Ko-
POTKHE NU3JIEKTPUYECKHEe U3JIy4aTeH C o-
4TH OAMHAKOBBIMM NMPOAOJBHBIMU U IIOME-
PEYHBIMU pa3MepaMH.

4.6.4.

Peub uaeT o NpoaOJbHOM U3jyyaree, Aeil-
CTBHME KOTOPOrO OCHOBAHO Ha MPOBOAMMOCTH
MOBEPXHOCTHBIX BOJIH. BbIBaeT AByX THIOB:

I[PISJICKTPH‘ICCKHC AHTEHHBI

* KOPOTKHI — TO e, YTO U JIMH32 OJIMKHETO
MOJIST;
* JUIMHHBIH:

— CTEP>KHEBOM, COCTOSIIMI U3 KOHUYECKUX
WK UMJIMHIPUYECKUX CTepKHel (Hanpu-
Mep, IMOJHMCTUPOJIOBasl CTEpP>KHeBas aH-
TEHHA);

—TpyGuaThiil — 06pa30BaH LMJIMHApHYEC-
KO TpyOKOH;

— CTYNEHYaTblif — BBIIOJIHEH U3 CTEPXKHEH,
TOJILIMHA KOTOPBIX MEHSIETCS CTYIIEHYaTo;

— ILIACTUHYATBIA — COCTaBJeH M3 Iiac-
THH, TOJIIMHA KOTOPBIX MEHSETCS CTy-
IeHYaro.

4.6.5. AHTEHHBI Ha pacCesAHHbIX BOJHAX

VznyyeHue pacrnpocTpaHsIOIMXCs BOMH Bbl-
XOJHUT CKBO3b OTBEPCTHS BOJHOBOJR, pPacro-
JIOXKEHHbIEe Yepe3 paBHble UM NEPHOAUYECKU
MeHsiolrecs: npomexxyTku. K takum aHTten-
HaM OTHOCSITCSL:
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Puc. 4.4. AnepTypHble U3nyyatesnu: a — IIOCKOE 3ePKaJIO; 6 — yroJIKOBBII OTpaXkaTeslb;

B — OCECMMMeTPUYHasi TapaboIMyecKast aHTeHHa; I — napabosnyeckuii pyrnop (Bbipeska napabosionna

C pynopHbIM 0butyyatesem); 1 — odceTHas napabonMyeckas aHTeHHa; e — aHTenHa Kaccerpena;

X — anteHHa I'peropy; 3 — E-nutockocTHOl cekTopuaiblblit pynop; U — H-1I0cKoCTHOMN ceKTopuanbHbII
PYTIOP; K — MMPaMUAaIbHbII PyIIop, J1 — KOHUYECKUH PyNop; M — yCKOPSIOLIasi IMH32; H — 3aMeUIsiouiast
JIMH33; 0 — JIMH32 GJIMKHErO M0JIst; I — MOJIMCTUPOJIOBAs CTEPXHeBast aHTEHHa; P — Le/leBast aHTeHHa
KOaKCHaJIbHOM JIMHUM; C, T — BOJIHOBOZHBIE IleJleBble aHTEHHbI; Y — rodpUpOBaHHAast aHTEHHA

* U3nydaromas KoakcuasabHas Juuus. M3any-
YeHHe OCYIECTBJISIETCS] TOCPEICTBOM [epU-
OfIMYECKHUX IUesel WiIu OTBepCTUil B 060-
JIOUKE KOAaKCHAJIbHOM JTMHUY;

* IPOZOJIbHBIE IEJIM B BOJIHOBOgE. V3myye-
HUe NMPOXOAUT CKBO3b JIMHHYIO NIpOpe3b B
NPAMOYTOJIbHOM MJIM KPYIJIOM BOJIHOBOJE;

* [IONIePeYHble MPOPE3H B IPSIMOYTOJbHOM
BoMIHOBOZE. VI3nydeHue npoHukaer yepes
psil NOTepeYHbIX pope3ei;

* aHTEHHa [IOBEPXHOCTHbIX BOJH. M3myyenue
YXOUT U3 OTKPHITOrO BOJHOBO/A Y NEPHUO-
QUYECKU PACIIOJIOKEHHBIX METaIHYEeCKUX
yray6JieHnit uiu BHICTYIIOB JIMGO U3 MUKPO-
TI0JIOCKOBOH JIMHUU ¢ npope3simu. IIpumep:
aQHTEHHBI € TodpaMu.
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5. IIutanue aHTEeHH

CorsiacoBanue peakTHBHOTO CONPOTHBJIEHUS
reHepaTopa (OKOHEYHOTO KacKa/ia nepeaaryu-
Ka) ¥ PeaKTUBHOTO COTIPOTUBJIEHUSI IOTPeOU-
Tesist (RHTEHHBI) ABJISIETCS YCIOBUEM Iepeaa-
4y HaubOJIbIIEeH MOIHOCTH.

B 60JIbIIMHCTBE CIy4aeB MEXAY IepeaaTdu-
KOM M aHTEHHOH YCTaHOBJeH (uaep —Takoi,
4TOOBI HE HAPYIIATIOCh UX COIJIACOBaHUE. ITH
C000OpakeHUs] NPUMEHUMbI U K PAJHONIPHEMY,
TOJIBKO 37IeCh AaHTEHHA UCTIOJIHSET POJIb FreHepa-
TOpA, a IPUEMHUK — IOTPEOUTEISL.

5.1.

Hasnauenue ¢unepos — nepeaaBatb BbICOKO-
YaCTOTHYIO 9HEPTUIO C MUHUMAJIbHBIMU T10TE-
PsIMH, He JOIyCKasi COOCTBEHHOIO 31y YeHHUsI.

@Dunepoi

5.1.1. BoxHOBOe CONPOTHBICHHE

NPOBOAHHKA

BaxxHoi1 XxapaKTepuCTHKOI BBICOKOYACTOT-
HBIX NPOBOAHUKOB SIBJISIETCS BOJHOBOE CO-
HpoTUBJIEHUE Z. ITO NOJHOE CONPOTUBIEHHE
¢unepa onpenensieTcst OTHOIIEHUEM Hampsi-
xenust U k Toky I B 6eCKOHEYHO AJTUHHOM
JIMHUU. :

BbICOKOYACTOTHYIO JIMHUIO MOXKHO PaccMart-
pUBaTh B BUAE COBOKYNHOCTHU IOCJEJOBa-
TeJIbHO BKJIIOYEHHBIX MHAYKTUBHOCTEH U ma-
paLIeJIbHBIX €MKOCTeH, YTO COOTBETCTBYET
pacnpocTpaHEHHOMY YIPOILEHHOMY Ipen-
CTaBJIEHUIO Mapbl MapaljieJbHbIX NPOBOAHU-
KoB (puc: 5.1).

Ecnu, cornacHo NnpuHATOMY Ha INpakKTH-
K€ NPUHLUILY, peHedpeyb MOTEPSIMU B 11PO-
BOJIHUKAX, TO BOJIHOBOE CONPOTHBJeHHE Z

AL AL AL AL AL

IIAC IIAO IIAC IIAC IIAC

AL AaL AL aL aL

Puc. 5.1. DxBuBaseHTHast cxema ¢uaepa
U3 MapajulebHbIX IPOBOJIOB

BBICOKOYACTOTHOI IMHUKM MOXHO ONpENETUTh
o gopmy.e:

2=k
C

.1)

B arom npubiuxenuu Z sIBASETCS aKTHB-
HbIM COTIPOTHBJIEHHEM, TAK KaK HE 3aBUCHT OT
YaCTOThI UJIM JIJIMHBI TIPOBOJHHUKA.

U3 dopmyant (5.1) crepyert, uto 6oJibiuasi ca-
MouHayKuMs L u manas emxocts C co3maior
BBICOKOE BOJIHOBOE conporusiieHue Z. Ha npak-
THKE 3TO 03HAYaeT, YTO TOHKHE NpoBoza (60Jb-
mast L) Ha 3HAaYUTEIbHOM PacCTOSIHMHU APYT OT
npyra (Masast C) IpUBOSIT K GOJIbILIOMY BOJIHO-
BOMY COINPOTHUBJIEHUIO Z, 2 TOJICTblEe IPOBOJA
(Manast L) B6sm3u apyr ot apyra (6osbiuast C)
COOTBETCTBYIOT HU3KOMY BOJIHOBOMY COIIPOTHB-
Jenuto Z. Takum 06pa3oM, BOJHOBOE CONPOTHB-
JieHue Z onpeesisieTcst Ipesx/ie BCero reOMeTpH-
4YeCKMMH pa3MepaMu ceyeHus duzepa.

B anTeHHOI1 TEXHHKE IPUMEHSIIOT ITperMyie-
CTBEHHO (huzepsl B BU/E Napbl NapasliebHbIX
IIPOBOJIOB, CEYEHHE KOTOPBIX NMOKA3aHO Ha PHC.
5.2, ¥ KOAKCHAJIbHBIX IPOBOJHUKOB (puc. 3.3).
YerpoiictBo Takux ¢uaepos Oyzer noapobHoO
PacCMOTPEHO B CJIEAYIOIIEM pa3fere.

Ecau nuaeKTpUKOM MeXAy NMPOBOAHMKA-
MM CJIY?KUT BO3/YX, BOJIHOBOE COIPOTHBJIEHUE

d d
D

Puc. 5.2. [Tonepeynoe ceyerne ABYXIPOBOIHO#M
JIMHUU

d

Puc. 5.3. IlonepeuHoe ceyenre KOAKCHATbHON
JIMHUU
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PacCYMTHIBAETCS 110 CJeYIOUM IPUBIHKEH-
HbIM (hOpMYyJiaM.

ITapansenpHble TPOBOAHUKU C BO3AYUIHOMH
U30JISTIUEH:

Z=120 mzd2 (5.2)
HIu

(5.3)

KoakcuanbHast TMHUS C BO3LYIIHOM U30J151-
uuei:

Z2=276 lngD OmMm (mnst -g—>2,5)

Z=60 mg Om (5.4)
i
Z=138 1g% Om (5.5)

3uavenust D v d 1o/KHBI OBITH B3SITHI U3
puc. 5.2 u 5.3 ¥ BbIpaXK€Hbl B OAMHAKOBbIX
eIMHUIIAX.

BosHoBOe conpoTUBIeHHe Z BbICOKOYAC-
TOTHBIX (PUAEPOB PA3JUYHOrO IMONEPEYHOro
Ce4eHUs] C BO3JYIIHOW H30JsLMEH Jerko
ONpeReNuTDb 110 KPUBbIM, H300PXKEHHBIM Ha
puc. 5.4-5.7.

JIna1eKTPHK AJIsSE BBICOKOYACTOTHOIO
bunepa

OHU CyuecTBYIOT. B Boznyxe v = ¢ = 3x108 m/c
(cKOpOCThb CBeTa). DTa <«IpefesbHasA» CKO-
POCTb JIXKUT B OCHOBE OIPEAEIEHUsI OTHOCH-
TEJIbHON AM2JIEKTPUYECKOM NOCTOSIHHOM €, B
BaKyyMe UM B atMmocdepe, KOTOpasi Mpej-
craBisieT coGOH IPUPOHYIO Pa3MEPHYIO KOH-
CTaHTY, YUCJEHHO paBHYIO 1. OTHOCUTENIbHAS
JM3JIEKTPUYECKasi TOCTOSIHHASI €, BCEX OCTaJIb-
HBIX BELIECTB Bcerza 60Jiblle eIMHUIbL
W3 cooTHOmIEHUS

ve—e (5.6)

CJIelyeT, YTO 3aMEHa BO3/LyXa APYTUM JHITICK-
TPUKOM CHUXKAeT CKOPOCTb PacNpOCTPaHEeHHUs
3JIEKTPOMarHUTHBIX BOJIH.

3HayeHus] OTHOCUTEJNBHOM AUdJieKTpryec-
KOU MOCTOSIHHOW PasjIMYHbIX U30JISILIMOHHBIX
MaTepHaJIoB NPeACTaBJeHsl B Tabur. 5.1.

Kak npaBuJio, Takue MaTepuaJsibl IPpUMeHs-
I0TCS JJIsI U30JISILIUH IIPOBOAHUKOB B BBICOKO-
YaCTOTHBIX JIMHUSX MMPOMBILIJIEHHOTO U3ro-
ToBJeHus1. [oaToMy BiMsiHME AM3JEKTPUKA
Ha CKOPOCTb PacipoCTPaHeHUs BOJH He0b6Xo-
JIMMO Y4YUTHIBATh B pacyeTax BOJHOBOIO CO-
NpPOTHBJIEHUS, PACIIMPUB ypaBHEHUs 5.2—
5.5.

IMosockoBasi JUHUSL C AUIJIEKTPUKOM M3
CHHTETUYECKHX MaTePUAJIOB:

CxopocTb pacnpocTpaHeHHs 3JIEKTPOMarHuT- 7 = 120 ,,2D o, 5.7
HBIX BOJIH V OIIpEJeJISIeTCsI CPEeNoit, B KOTOPOi ,/E,— d
10 I — —
3
7
50 ﬁ D + P
7
Phe
I «
3¢ o
210
y
3 7
3 5 P
Zt
L
7
1
100 200 300 400 500 600

BonHosoe conpoTuenexue, Om

Puc. 5.4. BonnoBoe conpoTHB/IeHHE ABYXIIPOBOAHOI JIMHHHU C BO3LYLIHOH U3onALHeit
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BonHoBoe conpotusnexune, Om
Puc. 5.5. BosHoBoe conpoTuBIieHne KOAKCHATbHON JIMHUM € BO3LYLIHOM U30J1siLMeit
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3 p
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Ve
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BonHoBoe conpotusnenune, Om

Puc. 5.6. BonsoBoe conpoTuBieHe 9KpaHUPOBAaHHOMN ABYXIIPOBOXHOM JIMHUH C BO3LYILHOM U30JsLMel

UJIn
. z=J£2_ m% Owm (59)
z==21g== Om (5.8) Er
Je, o d 7807
Koaxcna.nbnag JIMHUSA C JUSJIEKTPUKOM U3 138 D

CHHTETHYECKUX MAaTepUaJIoB: , Z= ‘F lg— Om (5.10)
r
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Puc. 5.7. BonHoBoe conpoTuBieHHe KoaKCHaIbHOTO $uaepa U3 KpyrJioro BHyTPeHHEro NpoBoJa
1 BHELIHEro MPOBOAHHMKA KBaJPaTHOIO CEYeHMsI C BO3IYIIHON 30 LHEt

IIpu ucnonb30BaHUM BCIIEHEHHBIX U30J5-
LUMOHHBIX MaTEPHAJIOB, KAaK B COBPEMEHHbIX
KabeIbHbIX M3JeJHsIX, CJIeLYeT YYUTHIBATH
yMEeHbLIEHUE U3IEKTPUYECKOH MOCTOSIHHOM
3a cyer f00aBIEHUs] BO3AYXa OTHOCUTEJIbHO
CIJIOIIHOTO 3aMOJHEHUS.

ITo auanexkTpUYecKoil MOCTOSIHHON MpUMe-
HAEMOTO M30JIILIMOHHOIO MaTepyasia HaXoAsT
koabduuuent ykopouenus auauu V. OH 1o-
CTOSIHEH, BCEr/ja MEHbIIE eAMHUIIbI U Orpeje-
JIIeTC OTHOIIEHHEM CKOPOCTH PacrpocTpa-
HeHHs B TMHUU K CKOPOCTH PaCIPOCTPaHEHUS
B CBOOOJIHOM MPOCTPAHCTBE COIJIACHO BbIPA-
HKEeHUIO:

(5.11)

Koadduuuent ykopoueHus: noutu Bceraa
yKa3bIBaeTCs1 B criennUKauuyu BbICOKOYAC-
TOTHO# JiuHKuU (cM. Tabu. 5.2). On TpebyeTtcst
B Ka4ecTBe pacyeTHOro xkoadhduuueHTa npu
pasbUeHMH TaKOii IMHUKM Ha OTPE3KH ONpesie-
JIEHHOI 3JIEKTPUYECKOMN JJIAHBL.

Onpenenenne BOIHOBOIO CONPOTHBIEHHS
IyTeM MPOCTHIX H3MEPEHHH

BosroBoe conpoTusienye 060i JIMHUH OITpe-
AeNSICTCs MyTeM H3MEpPEHHsI ee eMKOCTH Ha eJiu-
nuuy AnuHbl. IIpu 3TOM oneHuBaeTcst cymMap-
Had eMKOCTb TOYHO OTMEPEHHOIO IPOBOAHMKA

U paccuntbiBaetcst eMkoctb C (B mukodapanax
Ha 1 cM ero anuHbt). Torza BOTHOBOE CONPOTHB-
JIEHMEe HAaXOJUTCSI C XOPOILMM NPUOIIKEHNEM

o opmye:

100,/5
7 ~¥% _333 1 On
cv

= (5.12)

BosiHoBoe conpoTuBieHue Kabeseil 1 no-
JIOCKOBBIX JIMHUH OMNpEREeNSIOT C MOMOIIbIO
uameputesnbHbix MocToB LC. it aToro pacts-
TMBAIOT KaK MOXHO 6oJiee UIMHHBIA OTPe30K
KabeJisi 1 Ha CBOOOTHOM KOHIIE U3MEPSIIOT M-
KOCTb MEXZy LEHTPAJIbHBIM IIPOBOJOM U 3K-
paHoM. 3aMKHYB UX Ha JIPyTOM KOHIIEe KabeJst,
U3MEpSIIOT MHAYKTUBHOCTb MEXAY NPOBOJOM
u akpaHoM. IIponeaypa npuMeHuMa U K Ju-
HUM M3 NapajienbHbix npooauukos. Ilo-
JIy4eHHble 3HaYEHUsI MOJACTaBSIOT B Hopmy-
ay (5.1).

Ewe onuu crocob onpezesieHyst BOJHOBOrO
CONPOTUBJIEHUS] COCTOUT B TOM, YTOOBI H3Me-
PHUTb EMKOCTb OTpe3Ka KabeJist 1 HalTH HHTep-
Bas1 4acToT Af Mexy AByMsl COCETHUMU O~
HAKOBbIMU pe30HaHcaMu (HanpuMep, MEXIY
muauMyMamu). OTciona

_ 500000 (5
Af xC '

rae €MKOCTb BbIpaX€Ha B nuxoq)apa,aax, a UH-
TepBaJ 4aCTOT — B Merareplilax.

Z
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TaGmuua 5.1. [lnanekTpHYecKHe NOCTOSHHBIE PAa3IHYHBIX H30IATOPOB
OtHocHuTeNnbHAs OTHocuTenbHas
H3onsaunonuslit MaTepuan JIMINEKTPHYECKast H3onsunonHsi# MaTepuan JIM3NEKTpHYECKast
TMOCTOSHHAsA € NOCTOSIHHas €
AnkuaHas cMona 1,2 ITonucTHpon BcrieHEHHBIR 1,05
AMeHHUT 3,5 Honuctuponosas nieHka 25
Bymara 2,6 [MonusTnnen 23
Bbymara GakenusupoBaHHas 4,0-6,0 Monusupuas cMona 4,5
bymara usonsannonHas 2,2 IMyenuHsl# BOCK 2,4
Bo3nyx 1 Camona 4,0-8,0
Ietnnaxc 5,6-6,5 Crearut 5.8
Kanur 6,5 Crexsio 4,0-10
Kayyyk cMnukoHOBbIH 4,2 Crexnorxars 4,3-53
JIaMUHHPOBaHHas

Jlynonex 2,3 Crewio iieHckoe 4.5
Munonam 2,9 TpancdopMmaTopHOE Macno 2,2
ITapadun 2,2 TpuanerarHas nueHka 43
ITeHoctekso 3,5 Tponuryn 2,4
ITnaBnensi KBapL 3,78 Yastpadapdop 6,3-7,5
ITnexcuraac 3,0-3,6 ®apdop TexHHYeCKHi 6,5
[MonuBuHMAXIOpH 3,1-35 ®roponnact 2
ITonun3obyTunex 2,2-2,6 OnokcuaHas cMona 3,5
IMonuctupon 2,2-2,6 Surape 2,6

Ta6muua 5.2. Koadduuuenrst ykopouenus V 5.1.2. /IByXmpoBOAHAasi THHMS

Pa3IHYHbIX JIMHHI B 3aBHCHMOCTH
OT HCITOJIb3YEMOI'0 JHIJTEKTPHKA

Tun nuuuu Koapumpenr
yKopodeHus V
Bo3zayuiHas U3 napauienbHbIX 0.95-0,98
NPOBOJHUKOB
JIByxnposoanas, 75 OM 0,68-0,71
JiByxnpoBoaHas, 150 Om 0,76-0,77
JIByxnposojHas, 300 Om 0,82-0,84
KoakcuanpHolii kabens, 0.66
CIUIOLIHOM NMOJUITHIIEH ’
KoakcuanbHblit kabens,
0,71
¢dropornuact
Koakcuanu‘l'bm kabeunb, 0,78-0,89
BCIICHEHHBIH NMOMUITHIICH
KOaKCHaJ'lefIH kabenb 0,87-0.96
C BO3AYLIHOH MOJOCTBIO

Emkoctb C usmepsiercst Ha yactore 1 kI, a
untepBai Af — na yacrore 200 MIt.

Bo Bpemst u3MepeHHii ABYXITPOBOAHYIO JIH-
HUIO HEOOXOMMO PACTSIHYTh TaK, YTOObI 0bec-
NeYUTh MaKCUMAJIbHOE yJaleHue OT APYrux
IpeAMeTOB, HO IJIsl KOAKCHAJIbHOro Kabesst
3TO TpeGOBaHHE HECYIIECTBEHHO.

BeicokoyacToTHbie (uaepsl C BO3LYLUTHON H30-
Jsiumeii 061aaI0T HAUMEHBIIUMU TTOTEPSIMU.
[ToaroMy paauo06UTeN-KOPOTKOBOJHOBH-
KU TIPEIIOYUTAIOT 110Jb30BaThcst uaepamMu
COOCTBEHHOTO M3TOTOBJIEHUSI U3 MapaJliesb-
HbIX HIPOBOZOB. [[JIs1 COXpaHeHus] HeU3MEHHO-
IO PACCTOSIHUSI MEXAY HUMH HUCIOIb3YIOTCS
PAcCIIOPKH U3 U30JISIIMOHHOTO MaTepUaJia ¢ Ma-
apiMu notepsiMmu (puc. 5.8). Takast suHus,
00bI4HO Ha3bIBaeMast (pUEpPOM, Ha KaproHe He-
MEUKUX paauoJobuTeseil O4eHb yiauHo uMe-
nyercsi Huhnerleiter («xypumnsiit Hacects).
Jlnst usrorosieHust 1ogo6HOro uzepa c ornpe-
JieJIEHHBIM BOJIHOBBIM COTIPOTHBJIEHHEM HAJIO C
IIOMOLIBIO PHC. 5.4 ONpeeuTh HEOOXOAUMOe
OTHOILIEHHE PACCTOSIHUSI MEXY OCSIMH IIPOBO-
108 K ux auamerpy (D/d). ITo mexannyeckum
IpUYMHAM BOJIHOBOE CONpPOTHBIEHHUE duaepa Z
orpanuyuBaercss 3HadeHusMu 500-600 Om.
IIpy MeHbLIMX BOJHOBBIX COIPOTUBJICHUSX
PacIopKH CTAHOBSITCS CJIMIIKOM KOPOTKUMH,
4TOOBI 06ECIIEYUTD €r0 JOCTATOYHYIO CTaOUIIb-
HOCTb.

Ilnockas neHToYHas auHus (puc. 5.9) oTiu-
4aeTcs JIErKOCTHIO U ielieBu3HOiL. Harue Beero
JU3JIEKTPUKOM CJIY>KUT NMOJU3THIEH. B TOp-
rOBOH CETH BCTPEYAIOTCS JIEHTOUHbIEe Kabeu
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U3onupyowme Pacniopka
pacnopku ph 13 N30NALUOHHOIO
Orsepctue matepwana
[~ B pacnopke
™~ Mposona Kpennenue
CKPYTKOM
6)
a)

Puc. 5.8. OTKpBITHI IBYXTIPOBOAHBIIt buep:
a — yCTpOIicTBO; 6 — BO3MO3KHBIi1 C110cO6
KpeIleHUs: PacliopoK

L d

|

MpoBoaHukn

CuHTeTMYEeCKan nsonsaums

Puc. 5.9. ITnockuit 1eHTOuHbBIiH Kabesb
YKB auana3zona

¢ BOJIHOBBIM comnpotuBjieHueM 120, 240 u
300 Om.

Jln1s1 coBpeMeHHBIX MJIOCKUX JIEHTOYHBIX Ka-
Geneil xapakTepHO Masioe 3atyxanue. OnHako
JUIUTEJIbHOE BO3JIEHCTBHUE MOTOHBIX YCIOBUI
CyHIECTBEHHO YXYAIIAeT I1apaMeTphl 3aTyXa-
Hus. Ilon BavsiHuem ysnbrpaduoseToBoro us-
nydenust CoslHIIA CO BpeMEHEM HACTYMAIoT He-
6n1aronpusiTHbIE U3MEHEHHSI BEKTPUYECKUX
CBOMCTB 1U3JIeKTPHKA. Takoe cTapeHue MbITa-
I0TCSI IPEJOTBPATUTD UJIH, 1I0 MEHbBIIEH Mepe,
3aMEAJIMTh NOCPEJCTBOM MUIMEHTHPOBaHUS
MJIaCTMACChl CaXKed WJIM APYTMMH MaTepua-
JIaMHU.

OcobeHHO CUJIbHBIE U3MEHEHUsI HOMUHAJIb-
HBIX [TapaMeTPOB JIEHTOYHOU JIMHUM TPOMUC-
XOJSAT NOJ BO3AEHUCTBUEM JAOXAS, UHES WJIH
TYMaHa, TOCKOJIbKY JIMHHUSI MOKPBIBAETCS ILJIEH-
KOif BJIary, KOTOpasi HeKOHTPOJIMPYeMbIM 00pa-
30M CIIOCOOCTBYET M3MEHEHMIO BOJHOBOIO
COIIPOTUBJICHHUSI U, KDOME TOTO, YBEJIUYUBAET
3aTyxaHue. BosHOBOe CONpOTUBIIEHHE TaKXKe
M3MEHSIETCS C MPUOJIMKEHUEM K CTPOUTE b~
HBIM KOHCTPYKUHUSIM, METALTUYECKUM MayTaM
1 T.4. [loaToMy JIeHTOuYHbIE JUHUM CIeRyeT
TNPOKJIaZbIBATh KAaK MOXHO Jajbllie OT APYTMX
00beKTOB, 0O€ecIieyBasi HEU3MEHHOCTD UX pac-
TOJIOXKEHHUSL.

B MeHbl1€li cTeneHn noxBep>KeHbl BAUSIHUIO
NOTOZIHBIX YCJIOBUH CHMMETPUYHBIE JIMHUU
B [IJIAHTOBBIX 000JI0YKaX, [Jie IPOBOJA MPOXO0-
IST B CTEHKe TPyOYaToro AuajeKTpuka. Bos-
AYUIHBIE TOJIOCTH 3aHHUMAIOT 3HAUYUTEJIbHYIO
yacth 0ObeMa JIMHUI CO LLJIaHroBOl 0607104-
KO, KOTOpbIE€ BBIFTOJAHO OTJIUYAIOTCS OT JieH-
TOYHBIX MEHbBIIINM 3aTyxaHueMm (puc. 5.10).

Puc. 5.10. CummeTpruHbIif 1JIAHT

OKPaHUDPOBAHHblE CUMMETPUYHBIE [BYX-
npoBozHble Kabeau (puc. 5.11) ucnonbayror-
cs1 penko. OHU JOpOXKe, a 3aTyXaHUe B HUX
HECKOJIbKO 60JIblile, 4eM B CDaBHUMOM HEIKPa-
HMPOBAaHHOM JBYXIPOBOAHOM Kabese. TeM He
MeHee 9KPaHMPOBaHHbIE JMHUU OTJIHYAIOTCS
6osbIeil MOroHON CTORKOCTHIO M COXPaHSIOT
HOMHHAJIbHbIE NAapaMeTPhl B TeueHue Oosee
JAouTesbHoro nepuoaa. Kpome toro, npu ux
IPOKJIaZIKE HET HYXAbl 00palaTe BHUMAaHUE
Ha IOCTOpPOHHMe npeaMeThbl. Takue kabesu
U3rOTaBJIMBAIOT C BOJIHOBBIM COIPOTHUBJIEHU-
eM 120-240 Om.

Okpanupylowas
onnetka [lpoBoaHWKK
O6onoyka n3 NBX

AuvanexTpuk

CuHTeTuyeckas
cnupanb

Puc. 5.11. DxpaHupoBaHHasi ABYXIPOBOXHAS
JIMHUS

Kpatkue 0603Hayenust TUIOB Kabeneil npu-
CBaMBaIOTCS COIJIACHO PEKOMeHalMsIM Mex-
JLYHAPOJHOM 3JIEKTPOTEXHMYECKONH KOMUCCHHI
(IEC); onu nosicusiiores B paszede 5.1.6.

5.1.3.

(C. S. Franklin — 6putanckuii natent Ne 284005,
1926 r.)

Koaxkcuanbnslii kabean

OcecHMMETPUYHbIH KOAKCHAJbHBIH Ka-
6esb BriepBblie 6bL1 npeioxked B. Cumencom
(W. Siemens) B 1884 r. OTHOCHUTENBHO 3€M-
Ju ot Kabeau acummerpudHbl. Takoil ka-
6€eJib COCTOUT U3 BHYTPEHHErO IPOBOJHUKA,
PacIOJI0XKEeHHOrO 110 UEHTPY AUINIEKTPUKA, U
BHEIIHEr0 POBOHMKA C 3aLMUTHOI 060/104-
kot (puc. 5.12). Yame Bcero BHYTpPeHHUIH
IPOBOJHUK BBITOJHEH W3 OJHOIO MEJHOTrO
NPOBOJIa, peXXe — MHOTOXKUJIbHBIN. J[HaseKT-
PHKOM CITyKUT BBICOKOYACTOTHBIH H30JIUPY-
IOWUHA MaTepua C MaJbIMU MOTePSIMU (T10-
JIMATUJIEH, TIOJUCTUPON U Ap.). Pasnnyaior
KabeJ o CILIOIHOM u3osiuuei (puc. 5.12a)
¥ C 110JyBO3AYy1IHO# (puc. 5.126).
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Okpanupyouwas
ONNeTka  Usonauns

O6onouyka

a)

NpoeoaHnk

Puc. 5.12. Koakcuanbhblii kabesb:
a — CO CIJIOIIHOM U30JIALIMEI];
6 — ¢ NOJIyBO3AYLIHOI U30ALMeEl

Kabenu co cruiomnoit usonsuueit obnana-
10T 6OJIBIIMM NOCTOSSHCTBOM CTPYKTYPhl U
6s1aronapsi 3ToMy Xopolueil CTabUIbHOCTBIO
3JIEKTPUYECKUX CBOMCTB B YCJIOBUSIX M€Xa-
HUYeCKUX Bo3jeicTBUit. CriomHas u3ois-
1Ms obecrednBaeT AyYIIYIO dNEKTPUYECKYIO
IPOYHOCTb M IPEJOTBpAIaeT MPOHUKHOBE-
HYe BJIar.

Kabenn c¢ nonysospymmnoit usonsnueit
XapaKTepHU3YIOTCs1 0OCOOEHHO HU3KUM 3aTyXa-
HUEM, OIHAKO HYXAAIOTCS B TILATEJbHOI
3al(uTe OT IONajaHus Bjiaru. B kayecTse
JAU3JIEKTPUKOB HauJydlive pPe3yJbTaThl Aa-
10T BCIIEHEHHbIE CHHTETUYECKUE MaTEPUABbI,
YZAAuyHO COoYeTalouHe PEUMYIIECTBA CILIOII-
HOM U NMOJNYBO3AYIIHON u3oassuuu. Cambim
60/IbIIMM BO3/YIIHBIM TPOCTPAHCTBOM Xa-
paKTepuayeTcst u30Jisilus Kabese, BbIIO-
HEHHas B BUJE LUMJIMHIPUYECKOH CrUpau,
KOTOpast 0OBHBaeT LEHTPAJIbHbII POBOAHUK
(puc. 5.13). TakuM KabeJisiM IPUCY LU MUHU-
MaJIbHbl€ NTOTE€PH, HO OHU OTJIMYAIOTCS Hau-
MeHbllIeif MeXaHUYeCKoi MPOYHOCTDIO.

(N ey /s

Puc. 5.13. KoakcuanbHblit kabesb co CIUpabHOi
u3onsAuuei

Y TOHKMX KOaKCHaJbHBIX Kabeneit BHe-
IIHUH IPOBOAHHUK CILIETEH U3 MEJHOTO POBO-
113, Y TOJCTBIX — CleJaH U3 MeAHbIX JeHT. B
0c060 MOUIHBIX Kabensix NMpUMeHseTCs Meji-
Hast GosIbFa UJIU IPYTHE CIIEMATbHO U3TOTOB-
JIEHHbIE MaTepUaJbl.

3amuTa KoaKCHanbHbIX Kabeneit oT BHe-
IIHUX BO3/EACTBUIA OCYLIECTB/ISAETCS CUHTe-
THYECKOI 000109KOH U3 NONUBUHUIXJIOPU-
na (IIBX). Oua obeperaetr xabenb oT Mexa-
HMYECKUX NOBPEXNAEHUN U NPOHUKHOBEHUS
Baaru. Criennasnbable Kabeau, HanpuMep AJs

NPOKJAAKK TOZA 3eMyiei, CHabXeHbl elle U
CTaJIbHOM OIJIETKOH, IIOKPBITO BTOPBIM 3aLLUT-
HbIM CJIOEM U3 CUHTETHYECKOrO MaTepuaa.

B coBpeMeHHBIX KOaKCHAbHBIX KabeJsix co
CILIONIHON U30JISIIMeE UCTIONb3YIOTCS U30JIsI-
LUOHHbIE MaTePHAJIbI C AUINEKTPUIECKOU MO~
CTOSIHHOH €; 0k0J10 2,3. [ToaTomy pe3ynbratsl,
nonyyeHHble U3 rpacduka (puc. 5.5), ZOCTATOY-
HO YMHOXHTb Ha 1/42,3 =0,66. Takum o6pa-
30M, KoaddULUeHT yKopoyeHust V OTHOCH-
TEJIbHO JINHUYU C BO3IYLIHBIM AU3JIEKTPUKOM
B 3TOM Ciyyae cocTanisier 0,66. Y kabeeii ¢
NOJIyBO3AYMHON u30ssiiueit koagduuueHt
yKopoyenus JexuT B npezesnax 0,8-0,9. B ka-
6eJIsiX ycTapeBIIMX MapoK NPUMEHSIACh 30~
JIALMS U3 CTEATUTOBBIX OYCUHOK. [uaneKTpu-
Jeckasi IOCTOSIHHAS CTeaTuTa €, = 6,5, TaK 4To
371eCb MHOXXUTEJIb paBeH 1/,/6,5 =0,39.

Koakcuanbhble kabeu 06b14HO 0603HaYa-
I0TCSL corsacHo noJioxenusiMm B IEC-Publi-
cation 78 (cM. pasaen 5.1.6). Crannaptst
Pa3HbIX CTPAH PA3JHYAIOTCSl M NMPUBOAATCS
B cnenuUKalusax Ha KabelbHble U3ZENUsL.
B Poccun o6o3nauenne kKoakCcHaldbHBIX Ka-
6eneit coorBerctByer TOCT 11326.0 — 79
«Kabenu paauouactotnnie. Obmue TexHu-
4ecKue yCIOBUSI».

5.1.4. 3aryxaHue B BBICOKOYaCTOTHBIX

JIHHHSAX

B oTnnyue oT BOJHOBOro CONPOTUBJIEHUS U
K03 PULUEHTA YKOPOYEHHUSs1, 3aTYXaHHUE B Bbl-
COKOYaCTOTHOM JIMHUM 3aBUCHUT OT 4aCTOTbI U
pacrtet BMecTe ¢ Heil. Ecau 6b1 munus Gblna
3aMKHYTa CBOUM BOJIHOBBIM CONPOTUBJIEHHU-
€M, TO NOTePH OINpelessiiuch Obl UCKIIOYH-
TeJIbHO MOTOHHBIM CONPOTUBJIEHUEM IPOBOJI-
HUKOB U yTJIOM IOTEPb UCIIOJIb3YEMOrO U30-
JIALLMOHHOTO MaTepuaJa.

Pasymeertcs1, TOrouHoe CornpoTuBJIEHUE JI-
HUM Ha BBICOKOH YaCTOTe 3HAYUTEJbHO OOJIb-
e ee CONPOTHBIEHUS IOCTOSIHHOMY TOKY
BCJIEICTBUE TIOBEPXHOCTHOrO adekrta (Bbl-
TECHEHHs TOKa Ha TIOBEPXHOCTb [IPOBOJHUKA).
ITO CONpPOTHUBJIEHHUE JIJIsI MEAHOTO NMPOBOJA B
3aBMCUMOCTH OT YaCTOThI OOBIYHO MOKHO OII-
penenuTsb no caenymouiei opmye:

R

=9’—°§§-‘/_?- Om/m (5.13)

rae f - vactora curnana, MIig;

d - nuametp nposoza, MM.
O6111ee TOrOHHOE CONPOTUBJIEHHE MOJTYYAIOT
CYMMMPOBaHHEM COIPOTHUBIEHUIT IPSMOTO U
obpaTHOro npoBoaHKKOB. [1py Hcnoab30BaHNH
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BMECTO MOHOJIMTHOTO TPOBOZA WJIH TPYOKH
IJIETEHBIX IPOBOJHUKOB CONPOTUBJIEHUE yBe-
JIMYMBAETCS TIPUMEPHO Ha 25%, a U1 OOBIYHOM
IKPAHUPYIOLIEN OTUIETKH KOAKCHAIBHOIO Ka-
Gesist OHO Bo3pacraet B 2—3 pasa.

M3roToBUTENN MOYTH BCETZA YKA3bIBAIOT
3aTyXaHUe ISl PSIZia YacTOT, BHIPAXKEHHOE B
neiubenax Ha MeTp (B aHIJTIOCAKCOHCKHUX CTPa-
Hax — B nenubenax Ha ¢yt). B Tabu. 5.3 naunnt
MHOXUTEJH IEPECYETA 3aTyXaHUs], IPUBENIEH-
HOTO B YCTapeBIIUX eMHUIIAX.

Ta6mua 5.3. Koaduuuenrs: nepecuera eaunmiy
3aTyXaHHus

1 nb x 8,686 1 Hn
116/100Mx 1,15 1 Ho/km

1aB/ 100 ¢yros x 3,78 1 Hn/xm

1 Hnx0,1151 1 nb

1 Hn/km % 0,867 1 x5/ 100 M

1 Hn/km x 0,2645 1 nb/ 100 ¢pyTos

YucTble noTepu Ha 3aTyXaHHe BBICOKOYAC-
TOTHOM JIMHUM MOTYT HOCTUraTh GOJbLINX
3HayeHu . IToaToMy npu HEOGXOAUMOCTH HC-
T0JIb30BAHUS JTMHHBIX JIMHUHA PEKOMEHAYeT-
csi 06eCIIeYUTh IHEPrETUYECKUH GalaHC aH-
TeHHOro ycTpoiicTa. luarpamMma Ha puc. 5.14
MO3BOJISIET OYEHDb OBICTPO U MPOCTO OIpese-
11h 3¢ PEeKTUBHOCTb UJIM TIOTEPU Hampsixke-
HUSI 1 MOLIHOCTHU (B NPOLIEHTaX), MO0 U3BECT-
HOMY 3aTyXaHHUIO JTUHUH (B nenubenax).
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3aryxanue, nb
Puc. 5.14. [Iluarpamma s pacueTa notepb
110 HaNPsKEHUIO ¥ MOLLIHOCTH

Ipumep 1

[lepenaTyuk METPOBOrO AMANA30HA C BBIXOJ-
Hout MouHOCTbIO 100 BT noymken nutath nepe-
JIaloLLyI0 aHTEHHY Ha yactoTte 145 MTIix no ko-
aKCHAJbHOMY KabeJtio UIMHOM 25 M ¢ BOJIHO-
BbIM conpotuBiieHreM 50 Om. [{ns kabens
JQHHOTO THIIA IOTOHHOE 3aTyXaHHe Ha 4acTo-
te 145 MTit coctasasier 0,091 1B na 1 m. Cie-
JIOBAaTEJIbHO, 3aTyXaHUe OTpe3Ka JJIUHOM 25 M

coctaBuT 0,091 x 25 = 2,3 1B. Ha ocu abciuce
(cM. puc. 5.14) HaXOAMM COOTBETCTBYIOLIYIO
TOYKY U BOCCTAHABJIMBAEM U3 Hee MepreHau-
KYJISIp O TMepeceyeHus C KPUBOU MOLIHOCTH.
Ha neBoii ocu opauHaT NPpOTHB TOYKH Tepece-
4YeHUs] CUUTHIBaeM 3HaueHue 60% — 3To Ta
JI0JIst MOIIHOCTH, KOTOpasi JOMUAET 10 aHTEHHBI
npu 3atyxaHuu 2,3 1b. Otcuet Ha npaBoii ocu
IPOTHB TOif K€ TOYKU HACT OLIEHKY NOTepb B
KoakcHanbHOM Kabese paBHyto 40%. Takum
00pa3oM, Ipu MOIHOCTHU nepeaatyrka 100 Br
notepy B kabese gocturaiot 40 Br.

B 1aHHOM ciiyyae HCIHOJIb30BaHUE BBICOKO-
KaueCTBEHHOrO KabeJisi IPUBEJIO Obl K yJIyy-
IIEHUIO TTOJIyYyeHHOro cooTHowenust. [Ipu 3a-
TyxaHuu B kabesne 1,4 1B acbdexTusHOCTD CO-
CTaBUT 73%, a MOTEPU MOUIHOCTH YMAnyT N0
27 Br.

IIpumep 2

TeneBU3MOHHBIH MPUEMHUK MOAKJIIOYEH K Te-
JIeBU3MOHHOI aHTeHHe 30-MeTPOBBIM JIEHTOU -
HbIM KabesieM ¢ HM3KOKaYeCTBEHHBIM H30-
asuuoHHbiM MaTeprasoM (IIBX). Anrenna
HacTpoeHa Ha cpeaHioo yacrory 200 MIng
BOCbMOr0 KaHazna auanasona I1I. Hanpsxe-
HHeE T0JIE3HOr0 CUTHAIA B TOYKAX MOAKJIIOYe-
Hus dunepa k anteHse cocrasiser 500 MxB.
TpebyeTcs onpenenuTs MOTEPH MO HAMPS-
JKEHUIO, BbI3BAaHHbIE JIEHTOYHBIM (HUAEPOM,
KOTOpBI XapakTepusyercsi ocjabieHuem
0,156 nb Ha 1 M npu yactore 200 MIu. 3arty-
XxaHue B JuHUM AiauHOi 30 M cocrtaBiser
0,156x30=4,71b.

W3 touku 4,7 b Ha ocu abcumcc (cM.
puc. 5.14) BoccTaHaBIMBaeM NepIeHIUKY ISP
Y [IPOTHB TOYKHU €ro MepeceyeHust ¢ KpUBOH
HaNpsDKEHUsI CYUTHIBAEM Ha JIEBOM OCU ODAU-
Hart oueHky addekruHocTH (58%), a Ha mpa-
BOi — OIIEHKY [OTEPb MO HanpsKkeHuo (42%).
3TO 03HAYAET, YTO HANPSDKEHHE CHIHala Ha
BXOJI€ TeJIEBU3HOHHOTO IIPHEMHHKA COCTaBJIS-
et He 500 MxB, a sump 58% ot aToro 3Haye-
Hus, To ectb 290 MxB. Ilotepu no Hanpsixe-
Huwo pocturaot 210 MxB. A nockosbky peub
uzet o puaepe ¢ UCTEKIIUM CPOKOM XpaHe-
HMs1, TIOTEPH NOJDKHBI OBITH elle GOJIbIMMH
BCJIEACTBUE U3MEHEHHs KayecTBa KabeJs.

Bouiee 61aronpusTHbIE NapaMeTpbl obecre-
4YKMBAET JIEHTOYHAS JIMHUS C CONPOTHBJIEHHEM
240 OM, HampuMep Iapa NPOBOJHUKOB B
KpyrJioM KabeJie. IloroHHoe 3aTyxaHue Takoii
auauu Ha vacrote 200 MIt cocrasiser
0,067 15/M, yto s 30-MeTpOBOro oTpesKa
naet 2 n1b. Cornacho puc. 5.14, atomy 3aryxa-
HUIO COOTBETCTBYET CHU)KEHHE HAIPSIKEHHs
suuib Ha 20%. VIHBIMU CJIOBaMH, HaNpsDKEHUE
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CUTHAJIa Ha BXOJI€ TeJIeBU3UOHHOTO IIPUEMHMU -
Ka coctaBut 400 MxB.

Ha puc. 5.14 06a npuMepa BbieIeHbI TYHK-
THPHBIMU JMHUAMH. BUIHO, 4TO 3aTyXaHHeE B
dunepe 0CO6EHHO CYECTBEHHO B IXANa30HAX
MeTpPOBbIX U JEUUMETPOBbIX BOJH. [loatomy
€JleflyeT MCII0JIb30BaTh 10 BO3MOXXHOCTH KO-
POTKHE U BBICOKOKayeCcTBEHHbIE (PUIEDHI.

YacTo umMeroleecst paccorjiacoBaHue aHTeH-
HBIX YCTPOMCTB 100aBISAETCS K IOTEPSIM 32 CYET
3aTyXaHMUs, 9TO €lle GoJblie YXyaaeT Koad-
¢dunmentr nosesxoro neiicrausi. Ilorepu paccor-
JIACOBAHUSI PacCMaTpPUBAIOTCs B paszesne 5.2.2.

Tabsuubl ¢ napaMeTpamMu CTaHIAPTH3OBAH-
HbIX BbICOKOYACTOTHBIX KabeJeil npeacTase-
HbI B IIPHJIOKEHUH.

' 5.1.5. PexomMenanuu no npuMeHeHHUIO |

BbICOKOYACTOTHBIX JIMHUIH

OTKpBITHIE ABYXIPOBOJHbIE JIUHUU (<KYDH-
HbIH HACECT») HE3aMEHMMBI /ISl PAIMOIIO0U-
TeJIsI-KOPOTKOBOJIHOBHKA, B OCOOEHHOCTH KOT-
Jla IPUMEHSIeTCsl COrjlacOBaHHbli duznep (cm.
paszen 5.3.2). B aTom ciyyae UX noTepu HUY-
TOXHBI [0 CPABHEHHUIO C TOTEPSIMU B JPYTUX
JIEHTOYHBIX JIMHUSIX, €CIM B PUAEpe UCTIOJIb-
30BaHbl PACHOPKHU C HU3KUMHU noTepsmu. [1Iu-
pOKuii BbIOOD cpencTB AJist hUKCAlMH poMe-
JKYTKa MEXKAY TPOBOJHHKAMH MPEAOCTABIISAIOT
HOBelflIMe CUHTeTHYecKue MaTepuansl. OHU
OTJIMYAIOTCSI HUI3KUMH MOTEPSIMU, MaJIOif Mac-
coii u Jierko obpabaTeiBaiorcs. [liiHa pacno-
pok Bbibupaercs B npezxenax 50—150 mm. Tor-
12 1151 OObIYHOM MPOBOJIOKH JUAMETPOM 2 MM
BOJIHOBOE COTPOTHBJIEHHE OKA3bIBAETCSI B U-
anasoHe 480-600 Om (cM. puc. 5.4). Jlunuu
¢ GOJIbIIMM PACCTOSTHUEM MEX/Y MPOBOAAMHU
6aaroaps AJIMHHBIM pacrlopkaM 00JafaoT
0cobeHHO MastbiMu TotepsiMu. OTHAKO Ha BbI-
cokux yactoTtax (Hampumep, 28 MIn) cyue-
CTBYET OMaCHOCTb HEOOMBLIOrO COOCTBEHHOTO
U3JIyYEHHUs] «IIUPOKUX» HUAEPOB. ITO PUBO-
JUT K OTEPSIM HA M3JIyYeHHUE U BEPOSITHOCTH
MOSIBJIEHUS TIOMEX ITIPH NpUEMe Paguo- U Te-
JIEBU3UOHHBIX Mepefay. Pacnopku AJMHOM
okosio 100 MM BIOJIHE MPHUIOAHBI A1 (uze-
POB B JII0OBIX JIIOOUTENTLCKUX KOPOTKOBOJIHO-
BBIX JMana3oHax. He cTOUT 9KOHOMUTDb Ha KO-
JIMYECTBE PACMOPOK, MHaye (Haep OKaKeTCs
HEZI0CTATOYHO XKECTKUM B BETPEHYIO TIOTOXY.
ITpu mpoknanke puaepa «KypuHblii HacecT»
cnenyer uzberatb ero pe3kux usrubos. Cre-
LMaJbHO CJIeAUTE 32 TeM, 4yTobbl ¢unep He
6bLJ TapasLIesieH APYTUM ITPOXOAS MM IIPOBO-
nam. Ecnu He yaaetcs usbexarsb cOJIMKEHUs]
C BOZOCTOYHBIMH KeJI06aMH, BOJOCTOKAaMHU H

[IPOYMMHU KPYIHBIMH METANIMYECKUMH NPex-
MeTaMH, OOecIeybTe NPOMENKYTOK MEXIY
HUMU U buIepoM, paBHbIH KaKk MUHUMYM
TPEM IJIMHAM PacHoOpOK.

MaJiou3BeCcTHbIM, HO TOYTH UAEAIbHBIM 5IB-
nsietcsi punep, COCTOSIUIMN U3 YeThIpeX Nnapa-
JIeIbHO MPOTSIHYTHIX OTAEJbHBIX NPOBOJOB,
KOTOpbIE Yepe3 paBHble IPOMEXXYTKH 3aKperl-
JIEHbI 110 OKPY>KHOCTH MCKOB WJIM 1O yIJIaM
KBAJIpaTOB U3 JU3JIEKTPUKA (YEThIPEXIIPOBOL-
Hblii hunep).

OcHoBHOe Ha3HayeHHe CHHTETHYECKHUX JUC-
KOB, MpEICTABJISAIIMX COOOM Kpyrjble pac-
HOPKH, 3/ieCh TaKoe Xe, KaKk U B JIBYXIIPOBOJ-
HOM JINHUM, — YIEP>KUBATDh [IPOBOJIA HA HEU3-
MEHHOM M PaBHOM PacCTOSIHMHU APYT OT ApyTa.

Ha Bxoze u Bbixosie Takoro ¢puziepa npoTH-
BOIIOJIOXHBIE [IPOBOZ(A IOMAPHO COCAUHSIIOTCS
Mexny coboit (puc. 5.15). ITumM obecneynBa-
€TCsl ero 3JIEKTPUYECKOe COOTBETCTBUE JBYX-
HPOBOAHON JMHUHU. J/IHaMeTp AMCKOBBIX pac-
[IOPOK HJIM PACCTOSIHUE MeXJYy HPOBOAAMHU
BoIOUpaT ot 50 1o 200 mm. 3TOT dunep noO
CPaBHEHHIO C ABYXIIPOBOIHBIM NP TAKUX XKe
PACCTOSIHUSIX MEXAY NpoBojaMu obiazaer
MEHBIINM BOJHOBBIM CONPOTHBIEHUEM (TIPU-
6smusutensio 180-200 Om).

YeTrIpeXnpoBOAHBIH (UAEp OTJIHUYAETCA
CTpPOroii cUMMeTpHell U He3HaYUTEeJbHbIMHU
TIOTePsIMU Ha u3nydenue. K Tomy ke oH MeHee
4yBCTBUTENEH K BIHMSHHMIO OKPYXAIOUIMX
IIPEMETOB, YeM ABYXIPOBOJHAs JUHUs. [pa-
¢uku Ha puc. 5.15 NO3BOJAIOT ONpPEAEATh
BOJIHOBOE CONPOTHBJIEHHE TAKOTO PUAEepa NPH
Pa3JIMYHBIX JHaMETPaX MPOBOIOB B 3aBUCHMO-
CTH OT PAaCCTOSIHUS MEXIY HUMH.

Pajono6uTesio yyilie BO3EPXKUBATHCS
OT HCNOJIb30BaHUA JICHTOYHbIX Kabesnei st
YKB nuana3oHa, MMEIOIUXCS B IPOAaXe, HO
06J1a1aI0IIUX MHOXECTBOM HEIOCTATKOB, U
npuberaTb K HAM JIMIIb MPH HEOOXOLMMOCTH,
HanpuMep B NMEPEHOCHBIX YCTPOHCTBaX.

Koakcuasnbhbiii kabenb B kauectBe dune-
pa — HaWiIyyliee, XOTs1 ¥ CaMoe JJOPOrocTosi-
uiee peuteHue Juisi paauosoburess. O6 anext-
PUYECKUX TOCTOMHCTBAX KOAKCHAJIbHBIX JIU-
HHIA y3Ke ynoMuHaIoCh. VIX MOXKHO IPUMEHSATD
B Ka4ECTBE CETEBBIX Kabeseil UM MPOKJIaIbI-
BaTh B TPAHILESIX, ECJIM OTCYTCTBYIOT MOBPEsK-
JIeHUs1 BHEUIHel 060mouky. IIpu aToM Hexomny-
CTUMbI KPYTble U3THOBL, YpeBaThie CMEIEHHEM
lleHTpasbHOro nposoaa. KaGenu ¢ ueHTpaib-
HbIM [IPOBOJHUKOM, BBIIIOJIHEHHBIM U3 MHOTO-
JKHJILHOTO MEJHOTO MPOBO/A, OCOGEHHO THOKHY,
ONIHAKO MM CBOMCTBEHHbI HECKOJBKO 06OJib-
LIME NIOTEPU B CPAaBHEHUH C KabeJsIsiMU CO CILIO-
IIHBIM KPYTIJIBIM LEHTPAJIbHBIM MPOBOJOM.
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Puc. 5.15. BoHoBoe conpoTHBIIeH1e YeTBIPEXTIPOBOHOTO (uepa

[Iponukinyio B KOaKCHaIbHBIH Kaberb Biary
He yJ1aeTCsA YAIUTb, U KabeJib CTAHOBUTCS He-
TOIHBIM K YIIOTPEBIEHHIO.

9.1.6. XapakrepucTuxu

BbICOKOYACTOTHBIX JIMHUH

BbICOKOYACTOTHBIM JIMHUSAM TPHUCBAUBAIOT
KPaTKM€ YCJIOBHble OG03HAYEHHMS COTJIACHO
cranaapram IEC-Publication 78. B rtakux
0003HaYeHHAX [EPBOE YUCIIO BBIPAXKAET BOJI-
HOBOE CONPOTHUBJIEHHE IUHUY (B OMax).

Y KoakcuanbHbIX Kabeneit BTOpoe 4ucIo,
crenyoulee nocye aecduca, 03HayaeT AUAMETP
AM3JIEKTPUKA C OKPYTJIEHHUEM 10 MUJIUMETPA.
TpeTbe 4UCII0 — MOPSIAKOBBI HOMEP N0 PeKo-
merpauuam IEC 96-2. Hanpumep, ecnu yka-
3aHO, yTO Kabesb OTHOCHTCA K Tumy 75-7-8,
3T0 paciuM(POBLIBAETCS TAK:

75 — BosHOBOe conpoTusaenue 75 Ow;

7 — IMINIEKTPUK AUAMETPOM 7 MM;

8 — nopsiakossit Homep IEC.

Obo3Hauenne MaTep1ana BHELIHEl 3aLUT-
HOi1 060JIOYKH, OTIMYAIOMIErOCs OT MOJIMBH-
HUJIXJIOpU/Ia B HOPMATILHOM MCIIOJIHEHUH, OT-
IeJiSieTCsl TOYKOH OT MOPSAKOBOrO HOMEpa M
MMEET CJIeYIOUIHI BUJ B 3aBUCUMOCTH OT UC-
TOJIHEHUST:

* 0 — 6e3 3aUMTHOrO MOKPBITHS;

* 3 — C CHHTETHYECKOM 3aIUTHOI 060JI04KOi
1 6poHei;

*4 — ¢ CUHTETHYECKOi 3amUTHON 060J104-
Koif, 6poHeii U BHeUIHeH 3auuTHOMH 060/104-
KOif U3 CHHTETHYECKOIO MaTepHuaJa;

* 40 — ¢ CMHTETHYECKOH 3aLIUTHON 060J104-
KO, 3KPaHOM M BHeLIHel 3amuTHOK 060-
JIOYKOH U3 CHHTETHYECKOTO MaTepHaJa.

Y CUMMETPUYHBIX BBICOKOYACTOTHBIX Kabe-
Jieit 32 BEJIMYMHOM BOJHOBOTO COIPOTHUBJIE-
HKA (MIepBoe YUCJIO) cieayeT OYKBEHHbIH KOX
opmbI ceuenus:

* A — cHMMeTpPHYHbIil HEIKPaHMPOBaHHBIN
BBICOKOYACTOTHBIIT Kabesib C TOHKOM U3-
JIEKTPUUYECKO MEPEMBIYKOI MEXY U30JIM-
POBaHHBIMH NPOBOHUKAMH;

* B — cuMMeTpuuHbIiT HE3KPaHUPOBaHHBIM
BBICOKOYACTOTHBIIT Kabeab ¢ HEM3MEHHOM
TOJIIMHOM TU3IEKTPHKA, B KOTOPOM IIPOXO-
JST 062 IPOBOJIHMKA;

* C — cUMMeTpUYHBIHl HEIKPaHUPOBAHHBIH
BBICOKOYACTOTHBIH Kabenb C Tpy6uyaThiM
(ITAaHTOBBIM) IM3JIEKTPUKOM;

* D — aKpaHMPOBaHHBI CHMMETPUYHBIH BbI-
COKOYaCTOTHBIii KabeJb.

TTocie 6yKBEHHOTO KOAA CEYeHUs UAeT -
POBOIf KOJI TPOMEXKYTKa MEX/1y POBOXHUKAMMU
CHMMMETPHYHOTO HEIKPAHHPOBAHHOTO BHICOKO-
YaCTOTHOrO KabeJisi UJIM UaMeTp AUINEKTPH-
Ka 5KpPaHMPOBAaHHOTO CUMMETPHYHOTO KabeIst.

O6o3HayeHHe 3aKaHIMBAETCS MTOPSAIKOBBIM
HOMEPOM M LM(POBBIM KOZOM BHEIIHETO 3a-
IMTHOTO CJIOSI, AaHAJIOTHYHBIM KOAY KOaKCH-
aNbHbIX Kabesei.

Tak, HaAMKUCb «BBICOKOYACTOTHBIH Kabesnb
300A7-1» pacindpoBBIBAETCA CleayIOLIMM
ob6pazom:

* 300 — BostHOBOe conporuBerue 300 Owm;

* A — He3KpaHUPOBAHHbIA CUMMETPUYHBII
BBICOKOYACTOTHbIN Kabeslb ¢ HeU3MEHHOi
TOJIIMHON TU3JIEKTPHKA, B KOTOPOM IIPOXO-
AT 062 IPOBOAHUKA,;

* 7 — paccTOsTHHE MEXLy IIPOBOXHMKAMH 7 MM;

* 1 - nopsiaxoBbiit Homep no IEC.
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5.1.7. Onnonposoausiii punep
(G. 1. E. Goubau — natent CILIA Ne 2685068, 1950 1.)

Jlns mepefayy BHICOKOYAaCTOTHOTO CUTHAJA
Ha 6OJIbILIME PACCTOSIHUS C MAJIBIMH NIOTEPAMHU
MHOTZA MPUMEHSIOT OXHONPOBOAHBINA Gunep.
ITo umenu usobperarensi, GU3MKa JOKTOpa
I. Iy6o (G. L. E. Goubau), on nasbiBaercs ¢u-
nepom Iy6o.

ITosepxuocTHblit punep [y60 BLIrIAIUT IpO-
c1o. OH COCTOUT U3 METAITTUIECKOTO MPOBOJ-
HMKA, HOKPHITOro G0JIee Ui MEHEE TOJICTHIM
cyioeM nuasieKTpuka (puc. 5.16).

CuHteTnyeckas obonouka

BHyTpeHHui
NPOBOAHUK

MonepeuHoe MpoaonbHbIv
cedyeHve paspes

Puc. 5.16. YerpoiictBo dunepa Iy6o

M3onsuMoHHbIi MaTepran KOHUEHTPUPYET
3JIEKTPOMArHUTHOE I10Jie BOKPYT MPOBOHUKA.
Kak H3BecTHO, CKOpPOCTb PacHpOCTpaHEHHUsI
3JIEKTPOMArHUTHBIX BOJIH B U30JIUPYIOLIEM [~
3JIeKTPUKe MeHble, 4yeM B Bodayxe. [Toaromy
MOJKHO CYHMTATh, YTO U3OJISILIUOHHbIIT MaTepu-
aJl AM3NEKTPHKA KaK Obl YAEPKUBAET OKOJIO
cebs1 aneKTpOMarHuTHoe noJe. B cunretuyec-
KOi 000JI04Ke-AU3JIEKTPHKE PACIPOCTPAHSI-
€TCsl JIMIIb He3HAYUTesIbHAsi YacTh SHEPrUU
niosist. OCHOBHAsI JKe ee YacTh PaCloJaraeTcs
BOKpYT NPOBOZA B LIMJIMHAPHYECKOM 0oObeMe
BO3/YIIHOTO NPOCTPaHCTBAa paguycoMm 2-3
JUIMHBI BOJHBI B 3aBUCUMOCTH OT UCITOJTHEHUST
NPOBOIHMKA (CEYEHUS METAJIMYECKOro Mpo-
BOJIa, TUIIA M CEYEHUSI OKPYXKAIOWIEro ero au-
ayieKTpHKa). OZHAKO HANPSI)KEHHOCTb MOJIst
BOKpYT IIPOBOJIa HACTOJILKO OBICTPO YOBIBAET C
yznaneHdeM oT Hero, 4yTo 90% mnepeHOCHUMOii
3Hepruu cocpenoTodyeHo He panee 0,7 A ot ocu
¢unepa. IlepeHoc aHepruM B OKpysKaioweM
BO3JYIIHOM HPOCTPAHCTBE MPOUCXOAUT Oe3
U3JIy4eHHst, B CUity yero jsuuusi [y6o otnnya-
eTcst KpaiiHe ciabbiM 3aTyxanueM. Ilpexro-
CBUJIKOH TOMY CJIYXHT, €CTECTBEHHO, OTCYT-
CTBUE METAUIMYECKUX UJIM KPYIHbIX IH3JEK-
TPHYECKUX OOBEKTOB B IPOCTPAHCTBE BOKPYT
takoro ¢uaepa. /luamerp BO3ZYUIHOTO MpPO-
CTPAHCTB, B KOTOPOM cocpenoToyeHo 90% me-
PEHOCHMOI1 9HEPTHH, HA3bIBAETCS TPAHUYHBIM.

Jlunmio Iy60 cresyeT mMpoKianblBaTh Tak,
4TOOBI OHA TOJIYYUJIACH TI0 BO3MOXKHOCTH TIps-
MOJIMHEHOM, CO CMEHON HanpasyieHuit He 6o-
siee yem Ha 20°. [ToBepxHOCTHBIN (uaep yao6HO

MOZIBEIIMBATDb Ha JEPEBSHHBIX OIIOPAaX C MIOMO-
IIbIO KPOHIITEHHOB, KaK OKa3aHO Ha puc. 5.17.
Heob6xonumoe ynanenue dunepa ot onop obec-
reynBaeTcst V-06pasHbIM TPOCOM U3 CHHTETH-
4eCKOro MaTepuana.

CuHTeTUYeckni
TPOC

Y

®upep Nybo

Puc. 5.17. PauuonanbHoe kperenue dpuaepa Iy6o

Jlunust Ty6o siBisieTcss HECUMMETPUYHOM
cuctemoil. OYeBUIHO, YTO IJIsT HOAKJIIOYEHHUST
€ee K MICTOYHHMKY 3HEepruH 11es1ecoo6pa3Ho BoC-
TI0JIb30BAThCSI KOAKCHAIbHBIM KabesieM C Me-
TAJIMYECKUM KOHycoM (pHc. 5.18). IkpaHu-
PYIOLLYIO OIUIETKY Kabessi NPUIanuBaIOT K KO-
HYCY, a LEHTpPaJbHbIiI NMPOBOJ Kabessi — K
nposoxy ¢duzxepa Iy60 y BepuMHbl KOHyca.
[Torepu B MecTe couseHeHust kKabens u bune-
pa 6yayT MaJbIMU TIPU HOCTATOYHO GOJIBIIMX
rabapurax konyca (auHa 1 A U nuamerp oc-
HOBaHHUS A/2 CYUTAIOTCS ONTHUMAJIbHBIMHU ).

Maitka ueHTpanbHOM Xunbl

Mavika onnetkun kabens
n KoHyca ¢puaepa Nyéo
MeTtannunyeckuin

KOHYC ®dupep Nyéo

Puc. 5.18. [Tepexon 0T KoakCcHaIbHOTO Kabesst
K simnuu Iy6o

XopoIo 3apeKOMeHI0BAMN CeOst HIKCIIOHEH-
uManbHble KOHYCHI. 10 cpaBHEHHIO ¢ KOHYCa-
MH, HUMEOUMMH NPSIMOJMHEHHYI0 06pasyio-
11y10, OHY 00ECIIEYUBAIOT IJIABHOCTD MEPEXO/A
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EE <_KoaKcuansHsiii kabenb
MepexonHblit KOHYC

dupep Fybo

KoakcranbHbiit
kabenb

Puc. 5.19. IIpoxnanxa ¢punepa Iy6o

1 MEHBIIIHE IIOTePH Ha CThIKe KabeJsIst U IMHUMU.
Yerpoiicteo ¢unepa [y6o mokasaHo Ha puC.
5.19. Takast 1uHUS NIEpENAYH TIO3BOJISET TIPU-
HUMAaTh TEJEBU3UOHHBIN CUTHAJ B CEJIbCKOM
MECTHOCTH Y TIOJHOXHSI TOPbI C MOMOIIBIO aH-
TeHHbI, YCTAHOBJIEHHOI1 Ha ee BepIIUHE.

CurHa NpMHUMAETCsi aHTEHHOI 6e3 Besi-
KHX 3aTPYAHEHUH, YCUJIMBAETCS aHTEHHBIM
ycunureaeM u no ¢unepy Iy6o nepenaercs
OTZEJIbHBIM [OTPEOUTEISIM.

WHTepecHO cpaBHUTb MO BeJUYUHE 3aTy-
xanust punepsr Iy6o u pacnpocrpaHeHHble
KOAKCHAJIbHblE MJIM CHMMETPHYHbIE Kabean
C CHHTETHYECKUM NU3NEKTPUKOM. Tabu. 5.4
CBUIETEJIbCTBYET O MUHUMAJIBHBIX MOTEPSIX
B unepax Iy6o.

Tabmmua 5.4. CpaBHUTENIbHBIE XaPaKTEPHCTHKH
3aryxanus ¢ugepon

MepexoAHbIl KOHYC

7,

CJienyetr OTMETHUTD, YTO H30JIstiMelt B bune-
pax [y60 06bIYHO CIIyKAaT CHHTETHYECKHE Ma-
TepUasbl Ha OCHOBe mosyuaTuieHa. [Ipu aTom
OTHOLIIEHHE UAMETPOB NPOBOZA U IU3JIEKTPHU-
4ecKoit 060I0YKH COCTaBJIsIET MpUMepHO 1:2,5.
Jns npenoxpaHeHuUs MOJM3TUJIEHA OT paspy-
IIEHHUs] COJTHEYHBIMHU JIyYaMU B TeyeHHUe JJIU-
TEJILHOTO BPEMEHH €ro OOBIYHO OKPAUIUBAIOT
caxel, co3aBast 3 GEeKTUBHYIO 3aLIUTY OT 10~
roJHbIX Bo3AeHcTBUI. OHAKO 3TH MepbI yXyI-
UIAIOT 3JIEKTPUYECKKE CBOKCTBA MOJIHATHIIEHR,
U 3aTyXaHue JIMHUU yBerauuuBaercs. [loaTomy
B IOCJIe[iHee BPeMsl CTAJIM YEPHUTD JIMLIb Ca-
MbIif BHELIHUI CJIOM TIOTMATHIIEHOBOM 0607104~
KM, 4TO MO3BOJISIET NPHUIABaTbh MPOBOIHOMY
BOJIHOBOZly TIOTOJIHYIO CTOHKOCTb 6e3 3aMeT-
HOTro pocTa 3aTyxaHus. B Tabi1. 5.5 npuBeneHbl
napaMeTpbl ABYX THIOB KaGejst st JIMHHUIH
Iy6o.

s

3aryxauue,
115}/')1(00 M Ta6mua 5.5. ITapamerpbt kaGeneit st it Iy6o
Tun auHUM
Ha 200 Tun nuuun Tun 2/5 Tun 4/10
MI'y MeIHBIH, MeIHBIH,
Jinuns 'y6o NpOBOJ KpPYTJIbIH, KpYTJIbli,
BuewHuii quametp 060104KH 25 MM 0,29 AMAMETPOM 2 MM | IMaMETPOM 4 MM
B . 1 TONHATUIIEH, TMOJMITHIIEH,
HeWwHUH guameTp 06onouku 10 MM 0,69 JIHINIEKTPHK ZMameTpom 5w | nuamerpom 10 M
BuewHuit quametp 060n04yku 8 MM 0,81
CpenHee 3aTyxanue, 16/100 m
Bhemmnuii nuamerp o6onouku 5 MM 1,06 f=150 My 0.89 0,58
KoakcHanbHblIi kabenp f =200 MI'y 1,09 0,73
BbicokokayecTBeHHbIH, AHAMETPOM 495 f=250 MI'y 1,27 0,87
22 MM C H30IMPYIOILEH MONOCTHIO ’ f =500 Ml 23 1,61
Cpennero kauecTBa, cO CIUIOMIHON 10-17 I'paHMYHBIA AHAMETP KOHYCa, M
H30AALMEH f=150 MI'n 2,3 2,1
Inockuit kabeab s nHanasona YKB f =200 MI'n 1,6 1,5
OKpaHUPOBAHHBII, 10-25 f =250 MI'u 1,3 1,2
€ CHMMETPHYHBIMH TTPOBOJAHHUKAMHU f =500 MI'y 0,6 0,56
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5.2. @Dusnyeckue CBOMCTBaA

BBICOKOYaCTOTHBIX JIMHUM

Jl1s1 nepenaym MaKCUMaNbHOH MOILHOCTH He-
06X0IMMO COTJIaCOBaTh CONPOTHBJIEHHE reHe-
paropa R; (HampuMep, OKOHEYHOro Kackaja
nepeiaTiuKa) C CONMPOTUBJIEHUEM NIOTPEOHTE-
st R, (ckaxeM, aHTeHHbI). B aHasioruuHoM co-
IJIaCOBaHUM HYXJAeTcsl U aHTeHHBIH ¢unep.
Ero BOJIHOBOE CONPOTUBIIEHUE Z JOKHO ObITh
paBHo U R;, u R

R,=Z=R, (5.14)
B ciyuyae Takoro corjacOBaHHUsl IOTepH

SHEPIrUM TPH Tepesiaye OrpaHMYUBAIOTCS MO-
TepsIMU B MeH U AU3JIEKTPUKe Kabess.

Puc. 5.20. Yc10BHUS ONITUMAJIBHOTO COTJIACOBaHUSA
5.2.1. PacnpeneseHne HaNpsiKEeHHs
B By XIIPOBO/IHOI JIHHHU

EcM K KOHILy ABYXIIPOBOZHOM JIMHUM Ge3 1o-
Tepb MOAKJIOYUTb HAarpy304yHOe CONPOTUBJIE-
Hue R, COOTBeTCTBYyIOLlee BOJHOBOMY CO-
NPOTUBJEHUIO JUHUM Z, TO nepenaBaeMas
MOLIHOCTb OYET MOJHOCTHIO MOIJIOLIEHA CO-
nporuBjaeHueM R,. IIpu atoMm Hanpsxenue
(a Takxxe U TOK) BO BCEX TOYKAX JIMHMH OKa-
XKyTcst onuHakoBbIMU. IIpuMep Takoro coria-
COBaHUS NOKa3aH Ha puc. 5.21.

Ui

z E]Ra-z

Puc. 5.21. Pacnipenenenye Hanpsi>KeHUs B TMHUU
TIpH COrJIACOBAaHUH

Ecau yaanuth Harpy3o4Hoe CONpOTHBIIE-
HUe, TO Ha OTKPHITOM KOHIle JUHUHU COIl-
POTUBJIEHHE TOKY OKaXeTcs 6ecKOHeyHO
6onbinuM (R, = ). Bosina, nocianuas nepe-
JaTYUKOM K KOHILY JIMHUH, HE HARAET TaM Ho-
TpebUTEJIsl U OTOMY MOJHOCTBIO OTPA3UTCA
K ucxoxHou touke (puc. 5.22). Tem camMbiM
B JIMHUYM (POPMUPYIOTCS NpsiMasi U obpaTHast

BOJIHbL. IIOCKOJNBKY Bpemsi mpoGera JIMHHH
BOJIHAMH KOHEYHO, OHM HaKJIa[bIBAIOTCS APYyT
Ha 1pyra, uHtepdepUpyIoT, 1 Ha oTpe3ke hu-
Iepa AMMHON [ MOSIBISIOTCST MaKCUMYMBbI U
MHHHUMYMBI HAIIPSDKEHHU 1, IPUYEM Ha Pa30OMK-
HYTOM KOHIIEe BCErAa o6pa3yeTcsi MaKCUMYM
HanpspKeHKs], KaK OKa3aHo Ha puc. 5.22. AHa-
JIOTHYHbIE COOOPA’KEHUsT IPUMEHUMBI U K pac-
npezesenuio Toka. IIporekanle Toka Ha pa-
30MKHYTOM KOHIle HEBO3MOXHO, [IOTOMY TaM
Bceraa 6yner MUHMMYM ToKa. Biarozapst ato-
MY MaKCHMYM HaIMpsXEeHUs B IMHUY COOTBET-
CTBYET MUHMMYMY TOKa U Hao6OpOT, TO eCTh
Hanpsi)KeHWe U TOK CABUHYTHI 110 hase Ha 90°.
B cOOTBETCTBUM C CHHYCOUAANbHOMN GopMoit
TOKA U HaMNpsDKEHUS] UX MAKCUMYMBl 1 MUHH-
MyMbI CMEHSIIOT ApYT aApyra uyepe3 A/4. Takoe
pacnpesesieHie TOKa U HaNps>KeHUs! Ha3blBa-
€TCs CTOSTYMMH BOJTHAMH.

)

Puc. 5.22. PacnipesiesieH1e HanpsikeHUst
B Pa30OMKHYTOMH JIMHUH

IIpy HanMMYMKM OTPA’KEHHBIX BOJH BCerza
BO3HHMKaeT CTosiyast BojHa. Hanpsokenue B
KaXKI0# TOYKE JIMHUU SIBJISIETCS BEKTOPHOM
CYMMO# HanpsKeHUH NpsiMON U 06paTHOM
BOJIH. BekTopHoe mpescraBienre OnMpaeTcs
Ha BPEMEHHOH XOJ paclHpOCTpaHeHHs! 3JIEKT-
POMarHUTHBIX BOJIH (cM. puc. 1.1). Pacnipene-
JIEHHE TOKAa M HaNpSKEHUS] CTOSIYMX BOJIH
(opMHUpyeTCst B COOTBETCTBUU C 3aBUCALIUM
OT BpEMEHHM COOTHOlIeHHeM (a3 mpaAMoil u
oTpakeHHOU BoJiH. IIpu aTom mosiHoe conpo-
THUBJIEHHE B IPOU3BOJIbHO TOYKE JIMHUH PaB-
HO OTHOLIEHUIO HATIPSIKEHUS K TOKY.

CornacoBaHue JUHHHM BbIPAXaeTCs KO-
¢unuentoM crosueit Bosansl (KCB):

s Unax (5.15)

Umin
rae Upax ¥ Upin — HauGoJibliiee ¥ HauMeHb-
I11ee HarpsDKEeHKs B IMHUU COOTBETCTBEH-
HO, TaK YTO Bcerna s > 1.
Ecau MHUS corlacoBaHa, B Heil BO3MOXHA
TOJILKO MpsiMasi BOJIHA, TOCKOJIbKY Ha Harpy-
304HOM CONPOTHBJIEHUH R, oTpaxkeHus He
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npoucxoauT. B atom ciiyyae KCB cocraBnsier
s=1.

Bennunna, obpatHas koadbduumMenTy cro-
sYell BOJIHBI S, Ha3bIBaeTCs KO3aUIMEHTOM
Geryueit Boupsl (KBB) m:

Umin
m= Um—ax— (516)

(Bcermam < 1),

IIpu KOPOTKOM 3aMBIKAHHUM Ha KOHLE JIH-
HUH MAaKCHUMYMbl H MUHUMYMbI HanpsIXKEeHHs
B HEH cMewanTcst Ha A/4 OTHOCHTEIBHO CBO-
UX TNOJIOXKEHUH B DAa3OMKHYTOH JIMHH, IO-
CKOJIbKY Ha HyneBoi Harpy3ke (R, = 0) Ha-
NpsDKEHUE paBHO HYJIO (puc. 5.23).

u

<
NS

{—

Zz Rg=0

Puc. 5.23. Pacnipesenenne Hanpsxenus
B KOPOTKO3aMKHYTOH TUHUM

XonmocToii XOX U KOPOTKOE 3aMbIKaHHe sIB-
JISTOTCSl TIPEJIEJIbHBIMU CUTYAllUSIMU B JINHUM
nepezayu sHepruu. OHU NPOSIBJASIOTCS B TOM,
YTO Yepe3 Kaxkaple A/2 B JIMHUU CIEAYIOT YeT-
KHe HyJIeBble TOYKH.

Ecnu conpotuBiienue Harpysku R, npesbi-
UIAeT BOJHOBOE COINPOTHBJIEHUE JMHUU Z
(puc. 5.24a), oTpaxkeHHEe OKa3bIBAETCS HETOJI-
HBIM, TaK Kak 0oJiee WM MeHee 3HaUYUTeJIb-
Hasl 4aCTb 9HEPIHHU NMOTPebIISETCS HArPY3KOIA.
JIumb «M36BITOK> 9HEPrUH, KOTOPHIil He Mo-
KeT ObITb OTPEbIIeH Ha Harpy3ke R, u3-3a ee
BEJIMYMHBI, CBA3aHHOI C PaccorjacoBaHUEM
(R. > Z), oTpasutcst 06paTHO K UCTOYHUKY U

Dyp e o) y
5:
0 Al2_ | M A/ A2

—= (—
z | IR,>Z Z l |ﬁ¢<z

Puc. 5.24. Pacnpenesenyie HanpsxeHust B TMHUH
TIpY PaccorIacoBaHUU

TIOPOAMT CTOsiyMe BOIHBL. Ho Teneps oThome-
HH€ MAaKCHMaJIbHOTO ¥ MUHUMAJILHOTO Hanpsi-
xenuii, To ectb KCB, Gyzer ropasao menble
CBOETO 3HAYEHUSI IPU KOPOTKOM 3aMbIKaHUU
UJIM Ha XOJIOCTOM XOZY, U HYJIEBbIE TOUKHU HC-
4e3HYT.

Cnyuait R, < Z npezcrasiien Ha puc. 5.246.
Ha koHIule IMHUK MOSIBISETCS MUHUMYM Ha-
NPSKEHMs, TOTA2 Kak npu R, > Z tam 6bL1
MakcumyM (puc. 5.24a). Beruuuny otpasxen-
HOM cocTaBJIAIOLIel XapaKTepusyeT koadpu-
IIUEHT OTPaXKEHUSL:

R
r= RZ (5.17)
—2+1
Z
WU
R,-Z
r= R.7Z (5.18)

B ciydae yicTO aKTUBHOTO CONPOTHBIICHUS
Harpy3ku R, (6e3 peakTuBHOIl cocCTaBisiio-
mei) k0apPUIMEHT OTPaXKEHHS T TaKXKe aK-
tuBeH. OH nonoxxutesneH npu R, > Z u otpu-
uatened py R, < Z. B obuieM ciyyae r aps-
€TCs1 KOMIIJIEKCHOH BEJTMYHUHOM.

IIpumep

@unep ¢ BOJHOBBIM CONPOTHBJICHHEM Z =
= 240 OM noaxJIOYeH K nepejaroieii aHTeH-
HEe C aKTMBHbIM BXOIHBIM COINPOTHBJIEHUEM
R, = 480 Om. Pacuer koacduinenta orpase-
HUA T 10 ypaBHeHuIo (5.17) naer:

480
_240  _2-1_1
480 ;| 2+1 03
240

UK

r=+0,33.

Taxum 06pa3om, aMILIUTY 2 OTpaXKeHHOI BOJI-
HbI COCTaBJIsAeT 33% OT aMILUTUTY/Ibl AZAIOLIIeH, 2
UX MOJIIPHOCTH OJMHAKOBBI (3HaK «t+», R, > Z).

Ecu K To¥t 5ke JINHUN NOAKJTIOYMTD Harpys3-
Ky R, = 60 Om, To 1151 k03¢pduunenTa orpa-
XKEHUS MOIYInM:

60 _,
240 025-1_-075 -3
r= = = =—=-0,6.
60 ., 025+41 125 5
240
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5. MutaHme aHTeHH

B 3toMm ciydae aMILIMTyZA2 OTPa’keHHOMH
BOJIHbI paBHa 60% OT aMIUIUTY /bl Majaoniel
U TOJISIPHOCTH MPOTHBOTIONIOXKHBI.

Haxownern, paccMoTpum cirydaif, Korza Bbl-
[IOJIHSIETCS1 YCJIOBUE COrjlacoBaHus R, = Z =
= 240 Om:

240
_240  _1-1_0
”E'Hl”f"
240

PagencTBo k03 dunnenTa oTpaxkeHus Hy-
JII0 O3HA4aeT OTCYTCTBHE OTPA’KEHHbIX BOJIH.

CyuiecTByIOT clleyouye 3aBHCUMOCTH MEX-
2y pa3MepHbIMHU K03(pPHILIMEHTaMH M, T, U S:

_ 1+|rl

s=—- (s=1..) (5.19)
1-r]
a TaKxe }
m=1"M =01 (5.20)
1+]r]
u
bom sl 0 0-1009
Ir= T ooy (= 0-1mmm0-100%) (5.21)
Eciu R, < Z, umeem:
=Z (5.22)
u
R
=2a 5.23
m== (5.23)
Ecisu, nanporus, R, > Z, To:
Ra
u
Z
m=p- (5.25)

B ta6n. 41.5.5 npunoxenus (cM. ToMm 2)
NpUBENEeHa CBOZIKA KOJMYECTBEHHbBIX B3aUMO-
3aBUCHMOCTEIA.

IIpu 4KMCcTO peaKTHMBHOI HAarpysKe JIMHUHK
(eMKOCTHOI MJI MHAYKTHBHOI ) ipeo6Jianaer
TO Xe pacrpeieJIeHHe HanpspKeHUst, YTO U Ha
XOJIOCTOM XOJY WJIM IPH KOPOTKOM 3aMbIKa-
HUH, IOCKOJIbKY PEaKTHBHAs HArpy3ka JIMIIb
oTpakaeT, a He pacxozxyer aHepruio. OHa
CABUTaeT pacrpejiesieHue HanpsiKeHHsi BIOJb
HPOBOJHMKA HACTOJIBKO, YTOOBI HAMPSIKEHHE

Ha KOHILle IMHUU COOTBETCTBOBAJIO HAMDSIXKE-
HMIO Ha KOH/IEHCATOPe UJIN KaTYIIKe.

Hapsiny ¢ akTHBHBIM CONPOTHBIIEHUEM, Te-
HepaTop U MOTPEOUTEIb YACTO XaPAKTEPH3Y-
IOTCS1 pEaKTUBHOIi cocTaBisiiomeil. PeakTus-
HOe CONPOTUBJIEHHE 0603HaYaeTCsi 6yKBOH X
€O 3HAKOM <IIIOC» (MHAYKTHBHOE COTIPOTHB-
Jenue, uin X;) mub60 «MUHYC> (EMKOCTHOE
CONpOTHUBJIEHUE, UK Xc). PeakTHBHBIE CO-
CTaBJISIIOLIME OKOHEYHOTO KacKaja Iepe.ar-
4UKa YCTPAHSIOTCS Pa3HbIMU CriocobaMu co-
I71acoBaHUsl. PeakTBHbIE COCTABJISIONIME BXO/I-
HOTO COTNIPOTUBJIEHUS] aHTEHHbI BO3HHKAIOT,
KOIJla OHa He HaXOJUTCSl B COCTOSIHMM pe3o-
HaHca ¢ Bo3bysxxamouei yactoroit. B atom
cJIydae cieyeT uiK 106UThCsl PE30HAH A My-
TeM H3MEHEHUs JVINHbl AaHTEHHbI, HJIU CKOM-
MEeHCUPOBATbh €EMKOCTHYIO PEAKTHBHYIO CO-
CTaBJSIOUYI0 HHIYKTUBHOCTbIO U HA0GOPOT.
ITonHoe cornmacoBaHue OCYECTBUMO JIUUIb
NpPHU KOMIEHCALUH PEAKTUBHbIX COCTABJISI-
IOLIUX.

5.2.2. [o6aBou4Hble OTEPH B IMHUM

BCJI€ACTBHE CTOAYHUX BOJTH

Kak 6b110 nokasaHo B paszese 5.1.4, Ha oTpes-
Ke eAMHUYHOM JUIHHbI 000N BBICOKOYACTOT-
HOH JIMHUM BO3HMKAET YaCTOTHO-3aBUCUMOE
3aTyxaHue, 00yCIOBIEHHOE TOTEPSIMU B MPO-
BOZHUKE (B MEJIU) U B AUIJIEKTPUKE MEXIY
HPOBOAHUKAMH (JH3JIEKTPUYECKUE MOTEPH).
Takoe 3aryxaHue npucyuie J00i JUHUKA 1
Ha3bIBAETCS 3aTyXaHUeM JIMHUM CBs3U. Eciu
(uzep HarpyxeH cCo CTOPOHBI NepeaaTyuKa 1
aHTEHHbl CONPOTHBJIEHUSIMH, PaBHBIMH €ro
BOJIHOBOMY (MHBIMHU cJiOBaMH, ¢unep coria-
COBaH), TO IEHCTBYET TOJIbKO 3aTyXaHHe JIH-
Huu. ITycTb, HanpuMep, 3aTyXaHue JJMHUU CO-
crasssiet 3 1b; Torna aHTeHHAa MOJTYYUT JIMIIb
MOJIOBUHY MOLIHOCTH, NMOCJIAHHON reHepaTo-
pOM, a ocTasIbHas1 ee yacTb pacceercsi B uze-
pe B Buzie Teruia. [locTaBuiMky BbICOKO4ACTOT-
HbIX KabeJeii Bceraa npefocTasisioT JaHHbIE
00 X 3aTyXaHHH, I0ITOMY HECJIOXKHO PACCUH-
TaTh NOoTepu npu corsacoBanuu. Hecormaco-
BAaHHOJ INHUY CBOMCTBEHHBI 1060aBOYHbIE MO~
TEpH.

O6cynast IPUYMHBI TAKUX TIOTEPD, CIIENY-
€T YYUTBIBATb, YTO B COBPEMEHHbBIX JIIOOUTEb-
CKUX MepeJaloluX YCTPOHCTBAX yale BCero
NPUMEHSIIOT COIIaCOBaHHbIe (PUAEPBI HA OCHO-
Be KOAKCHAJIbHBIX Kabesei C BOJHOBBIM CO-
nporusnendeM 75 uiu 50 Om. B coBpemen-
HBIX JIIOOUTENHCKUX IMEPeJaTYMKAX KOHTYD
OKOHEYHOIro KacKaJa yCTPOeH TaK, 4TO NpH
NOAKJIOYEHUH KOaKCHaslbHOro ¢uxepa ero
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COrJIAaCOBaHUE C BBIXOIOM II€peNaTyHKa OCy-
IECTBIISAETCS MOL60POM COOTBETCTBYIOIIMX
cormacyroumx anemeHtoB. Korza aHTeHHa,
NOAKIIOYEHHAs! K KOHLY dunepa, HaXOAUTCS B
pe30HaHCe ¢ YacTOTOl NepefaTynKa, OHa CIIy-
KUT [ HEro YUCTO aKTHBHOM HArpysKoi,
€CJIM aKTHBHOE BXOJHOE CONPOTHBJIEHUE aH-
TEHHBI PaBHO BOJTHOBOMY CONIPOTUBJIEHHIO Ka-
Genst punepa. OxHako aTa uieanbHasi CUTya-
1Ms IOYTH HUKOT/IA He PeaTM3yeTcs Ha MpaK-
tke. HeBO3MOXHO mpenoTBpaTuTh paboTy
aHTeHHbI 6OJiee UM MeHee B CTOPOHE OT ee
pe3oHaHca, TaK KaK 4acToTa NepesaTIuKa no-
CTOSIHHO U3MEHSIETCS B IPeJieIaX BCEero Jobu-
TEJIbCKOTO IUana3oHa. ITO O3HAYAET, 4TO C U3-
MEHEHMEeM YacCTOThl NlepeflaTyMKa Ha BBIXOJE
¢ugepa BO3HMKAET €MKOCTHOE WJIM WUHIYK-
TMBHOE PEaKTHBHOE CONIPOTHBIIEHUE AaHTEHHBI.
IlockosIbKy peakTHBHOE CONPOTHBIIEHHE HE
noTpe6IisieT MOUHOCTH, AaHTEHHA TIePecTaeT
ObITb YHCTO AKTHBHON HArPY3KOM JIS Tepe-
JaTYMKA U OTPa)kaeT Ty WJIM UHYIO 4acTh
TepeNaHHoM eif MOLHOCTH OOPATHO K BXOLY
¢unepa. Pacipoctpansisicb B HeM, mpsiMasi U
obpaTHasi (OTpa’keHHas) BOJIHBI HAaKJIabIBa-
I0TCSI IPYT Ha Apyra, u B dbunepe obpasyercs
CTOsT4as! BOJIHA, KAK 3TO OBLJIO MOKAa3aHO B pa3-
nene 5.2.1. PeakTuBHbIE COCTaBJSAIOLINE, 110~
cTynaiomue 13 ¢ugepa Ha BbIXOJ MEPEAAT-
YMKa, MOTYT OBITb CKOMIIEHCUDOBAHBI TaM
CPe/CTBAMHU COTJIACOBAHMSI MJIM JOMOJIHH-
TeJIbHBIMH COIVIACYIOUIMMH LIEMOYKAMH.

Crosture BOJIHBI MOSIBJSIIOTCS M B TOM CJIY-
yae, KOTZa YUCTO aKTUBHOE BXOJHOE COIPO-
THUBJIEHHE TOAKJIIOYEHHON aHTEHHbI HE COOT-
BETCTBYET BOJJTHOBOMY CONIPOTHUBJIEHUIO ue-
pa Z, u3-32 4ero MPOUCXOAMT YACTUYHOE
orpaxkenre. OGbIYHO 06G€ MPHUYHMHBI MOSABJIE-
HHUSI CTOSTYUX BOJIH BO3HUKAIOT OJXHOBPEMEH-
HO. 371ecb HEOOSI3aTEIbHO paCCMAaTPUBATD pac-
COrJIacOBaHUe NepefaTyuka ¢ GUuaepom, Imo-
CKOJIBKY BCErZia eCTb CHOCOO BBINOJIHUTD UX
COrJIacOBaHHe IyTeM MOACTPORKH NepesaTiu-
Ka WJIM C OMOIIBIO JIOTIONHUTENbHBIX 1eTeil.
YnayHoe corsiacoBaHHe CO CTOPOHBI Mepesart-
4MKa UCKJIIOYAET MOTEPH Ha €ro BbIXOJE He3a-
sucuMo ot KCB ¢unepa. 1o 06¢cTosTebCTBO
YaCcTO He MPUHHMMAIOT B PaCcyeT.

IIpu HaMUYKMK CTOSTYUX BOJIH PACTET 3aTyXa-
HUe JIMHUM 32 CYeT yBeJUdyeHUs Koadduuu-
€HTa CTOsTYeii BOJIHBI S, IOCKOJIBKY C yBeJIHYe-
neM KCB Bospacraiot a¢deKkTuBHbIE 3HaYe-
HUSl TOKa M HampsixeHus. IIpu atom poct
3(PEeKTUBHOTO 3HAYEHHsI TOKA MPUBOAUT K
YBEJIMYEHHIO OMUYECKHUX TOTEPD B JIMHUH (110-
TepU B MeIH), a NoBbleHHe 3¢(deKTUBHO-
IO HalPSKEHUSI — TUAJIEKTPUYECKUX MOTEPb.

Tem caMbIM yBeJIMUUBAETCS U CYMMapHOE 3a-
TyxaHHe TMHUHU. Takoii poiecc CTaHer sicHee,
€C/Id MMeTb B BHUIY, UTO OTPa)KEHHasi NOJIsi
SHEpPrMM NPHU IOBTOPHOM mpoxone uaepa
HOJBEpraeTcst AEHCTBUIO 3aTyXaHUs B HEM.

C nmomoubio puc. 5.25 MOKHO ONpPeAEIATh
CYMMapHbI€ MOTEPHU B ieliubesiax, BO3HUKAIO-
1Me B paccorjacoBaHHoM dunepe. Kpusbie
MIPUBEJIEHBI [ BCEX PEAIbHO BCTPEYAIOLIUX-
cs1 3Havenunit KCB, a npomexytounsie Besu-
YMHBl HETPYAHO TOJYYUTh MYTEM HHTEPIIO-
M. MHOTHe pagroio6UTeNU CUIBHO TIe-
PEOILIEHUBAIOT BJIHMSIHUE JOOABOYHBIX MOTEPH
U3-32 PaCcCOIJIACOBAHUS HA dHEPreTHYECKH it
6ananc anrenssl. Ilonb3ysich puc. 5.25, uc-
crnenyeM GoJjiee OAPOGHO peanbHbIE COOTHO-
LIEHHSL.

Ilpumep 1

Ilepenatoniast anTeHHa, HACTPOEHHAST Ha Yac-
toty 3600 kI'1, muTaeTcss Mo KOAKCHATLHOMY
kabesio o 40 M. CorslacHO IaHHBIM HO-
CTaBIIMKA, 3aTyXaHHe KabeJisi Ha 3TOi yacToTe
cocrapnsier 0,02 1Bb/M. Jlunus cormacosa-
Ha, CTOsTYMEe BOJIHBI OTCYTCTBYIOT. CymMmap-
Hple notepu 40-MeTPOBOro OTpe3Ka paBHbI
40 x 0,02 = 0,8 ab. Yacrora nepenarynka us-
MEHSIETCS B NpeiesiaX JI0OUTEIbCKOrO JUara-
3oHa, npuyeM KCB, usmepsiemnlit Ha punep-
HBIX KJIEMMax aHTEHHbI, COCOOEH BO3PacTH
MakcumyM 70 s = 3. ITonb3ysick puc. 5.25, Ha-
XOJHMM, 4TO IJIs 3TOrO pexuMa 106aBOYHbIE
TMIOTepH BCJIEACTBHE CTOSIYMX BOJIH COCTABJIS-
10T 0,45 1B u He npeBbimator 1 1B naxe npu
s = 5. [IpakTuka NMOKa3bIBAET, YTO CHUIKEHUE
MOIIHOCTH MakcuMyM Ha 1 1b He ckasbiBaet-
Cs1 Ha TPOMKOCTH IPUHUMAeMOIi Tiepenayu.

IIpumep 2

Ilepenaromiasi aHTEHHA HACTPOEHa HA HEKYIO
PE30HaHCHYIO YacToTy B 20-MeTpoBOM AHana-
30He ¥ BO30YXKIAETCS 110 KOAKCHAIbHOMY Ka-
6eso HOM 15 M. B COOTBETCTBHH C IAHHDI-
MM HU3rOTOBHTEJISI 3aTyXaHHe KabeJsst Ha 9T
yacrote coctasisier 0,028 1B /m. Takum oGpa-
30M, 3aTyXaHHe COIJIACOBAHHOM JIMHHU PABHO
15x 0,028 = 0,42 1b. Kak caenyer u3s puc.
5.25, paboTa aHTEHHBI [IPH S = 2 CONPOBOXKA-
eTcsi 106aBOYHBIMH NOTEPSIMU OT PACCOTIACo-
BaHus BesuuHo# 0,1 B, npus =3 - 0,25 1B,
npu s =5 — okoJo 0,55 1B u TosbKO NpHU s = 8
TaKKe MOTepH AOoCcTUraloT npeznena B 1 xb.

V3 npuBeneHHBIX NPUMEDPOB CJEAYET, YTO
BO MHOTHX CJIy4yasiX He UMEeT CMbIC/a J00u-
BaTbcsl HauMeHbuero KCB u yTo 3HayeHue
KCB camo 1o cebe ete He ABAsSETCSA [JTABHBIM
KPUTEPHEM IIPU BbIGOPE aHTEHHBI.



92 5. MMutaHue aHTEHH

L/
——
s").ﬂ "] = mm
L% § /8‘1 ’—p—"
z rerd &/ -
8 / LA 21 L.—-T—
2 ) A 1
Ex R ———
5 / / ///5‘5 ///
5 / / // “ / e
’5 . V] Y, /‘—_
< W~ AT
% //L 4 P /'l L, '.-5//
6 [/ A A1) P
o ol 7 T XA B
§ // N 7 vd ,/"
L A T
s / /
<]
& Yy )
/ / /// 5#\5 /”—‘
gl
a 10 i

MoTepw OT 3aTyxaHus npu cornacosaHnu, Ab
Puc. 5.25. [Totepu B inH1H, 00y CIOBIEHHBIE PACCOTIaCOBaHUEM

B 3T0i1 CBA3U CTOUT OTMETHUTD, YTO <HCTHH- Ha BXojfie puaepa 6yAeT MOJIyYeHO 3HaYeHHe
ubiii> KCB Hazo uaMepsiTh TOJIBKO TaM, e s = 4 BMecTo s = 2 (Ha puc. 5.26 mokaszaHo
3apOXIAIOTCS CTOSIYME BOJIHBI, TO €CTh B TOY-  [IyHKTUPOM).

KaX IOJAKJIIDYEHHUS (bl’lllepa K aHTeHHe. Kak

NIPaBUJIO, HA TIPAKTHKE TaKUe U3MEepPEeHUs He-
BO3MOJXKHbI WJIM 3aTPyAHEHbl. Panu jerkocTu S0

pab6oTsi ¢ npubopom usmepurenb KCB yacto wor

MOAKJIIOUAIOT MEXY BBIXOZOM IlepelaTyuKa 30}

U BxonoM ¢duznepa. B atom ciaydyae oueHku 16

KCB Bcerza okasbiBalOTCS 3aHUXKEHHBIMHU 20k L nb

NPOTHB UCTHHHBIX 3HaYeHHH. ITO OOBSACHS- 35

€TCsl TeM, YTO CTOSTYMe BOJIHBI Ha MYTH OT g 216

MeCTa 32pOKAEHHUs 10 TOYKH U3MepeHHuit 3a- 2l =

TYXalOT B COOTBETCTBHH C BeJIMYUHOI 3aTyxa- 5 9F g

Hus auaun. Ha puc. 5.26 moka3aHo, HaCKOJIb- & g: (%A

KO CyIECTBEHHbI TAKHE OLIMOKU H3MEPeHHUIL. % 6 085
Onu 0coO6EHHO ONMacHbl B METPOBOM U J€IIH- 8 SF——41-/-7~

METPOBOM JAMANa3oHax, rae BEJIUKO 3aTyXa- = 4 ;

HUe JIMHUM, BHITIOJHEHHBIX U3 KOAKCHAJIbHO- 2 5l '

ro kabensi. O6bIYHO PAAMOIIOOUTENN IPHUMe- |

HstioT kabenu ¢ 3aryxanuem 0,07-0,1 1b/m | !

Ha yacrote 145 MTIT1, Tak yTO Npu JJMHE Ka- 2 :

Gens 30 M 3aTyxaHue ¢uiepa cocTaBjsgeT :

3 1B6. Ecaiu B 3TMX YCJIOBUSIX M3MEPEHUS |

KCB na Bxoze ¢uiepa 20T 3HayeHHe s = 2, 77 2’ ; ‘; ; ; ;‘;; ;0
To uctunbii KCB Ha BX0/ie aHTeHHBI IOCTHU- KCB Ha BbIx0ae nepeaarinka

raer s = 5 (puc. 5.26). IIpu 3amene kabes

6onee cosepuennbiM (¢ notepsimu 0,5 1B Puc. 5.26. 3aBucumoctb ouenok KCB na Bxoze
u npexxunm uctuHabiM KCB Ha Bxozie aHTeH- aHTeHHBI ¥ BbIXO/Ie IePeaTYHKa OT 3aTyXaHHs
Hbl s = 5) B pesyibrare onpenenenus KCB ¢dbunepa
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Ilorepu ¢punepa Ha usrydeHue

JIByXIIpOBOiHbIE INHUY TIPU Tepeadye BbICO-
KOYaCTOTHOIO CUTHAJIa CKJIOHHBI BECTH Ce0s
Kak aHTeHHbl. V3nydeHue, ucrnyckaemoe uMH
B OKPYXaIOILYyIO CPely, MOPOX/JIaeT Hexea-
TeJIbHbIe NTPOCTPaHCTBeHHBIE 3(beKThI U HO-
Tepu. Kak ysxe ormeyasocs, uanydenue duse-
POB BbI3bIBAaeT [IOMEXU PaJHO- U TeNeBU3NOH-
HoMy npuemy. Takue no6ounsie 3ddexTst
06BIYHO GOJIee CYLIECTBEHHDI, HEXEU MaJible
TNOTepH Ha U3Ny4eHHe.

C oz1HOIT CTOPOHDI, HEXENATENBHOE H3TTyde-
Hue GpUIepoB 3aBUCHUT OT CTEIEHH paccorJa-
CoBaHMA JIMHUHU U Bo3pacraeT Bciaen 3a KCB.
C npyroii CTOPOHBI, U3/Ty4aeT AaXe UAEATBHO
COTJIACOBAaHHAsI ABYXIIPOBOJHAS JIMHUS.

JIByXnpoBoJHasi IMHUS CUMMETPUYHA OT-
HOCHUTEJIHO 3€MJIM, IPOBOJAHUKH B Heil uMe-
10T OJMHAKOBOE CeYeHYe U OJMHAKOBO COOT-
HocATCA ¢ 3emuieit. IToaToMy M TOKM B HUX
OMHAKOBBI, XOTsI TEKYT B HPOTHBOINOJIOX-
HbIX HanpaBsieHus1X. CXoxHbIM 06pa3oM BeayT
cebst MaruutHble monsi. Ilpu coBMmereHuu
IIPOBO/IOB OHU ObI B3AUMHO IOAABJISITIUCD, HO
Ha [IPaKTHKe 3TOro He MIPOUCXOoauT. B3auMHoe
10/1aB/leHHe HEMOJIHO, TaK KaK Bcerjga uMeer-
Cs1 pacCTOsIHUE MeXAy nposoxaMu. Mamyue-
HYe NOTepb ABYXIPOBOAHON JUHUU MPONOP-
LIMOHAJIBHO KBAJIPaTy BeJIMYHHBI ITOTO IPOMe-
KyTka U paboueit yacrore. Cie0BaTebHO,
HEeoOXOAMMO YMEHBIIATb PACCTOSTHUE MEXKIY
IIPOBOJIaMU C TOBBIIIEHUEM YACTOTHI.

IIpakTHyeckue COBETHI IO CaMOCTOSITEJNb-
HOJ NPOKJIaJKe JIUHUK U3 Mapbl napajiesb-
HbIX IPOBOJIOB C YYETOM ITOTEPb Ha U3JIyYeHHe
yXe u3Jjarajuch B paszesne 5.1.5.

Koakcnanphbiit kabesib Mo4YTH HE U3JIyYa-

et 6narofiapsi CBOeH OCECHMMETPUYHOCTH U
BBIMTPBIBAET 3a CYET MAJIBIX [IOTEPb HA U3JY-
yenue. OJHaKO U B 3TOM CJIydyae MOTYT NOs-
BUTBCS TaK Ha3bIBaeMble IIOBEPXHOCTHbIE BOJI-
Hbl, KOTOPble MPEACTABASIOT COO0H ypaBHU-
TeJIbHbIE TOKH, 00pa3yiouiuecsi Ha BHELIHEM
NPOBOAHMKE KabeJis, YTO ¥ HOPOXK/JAeT Cob-
CTBEHHOE M3JIyYeHue ero 06osouky. IToBepx-
HOCTHbIE BOJIHbI BO3HMKAIOT Ha HapyIIeHUsX
CMMMETPUYHOCTH, HAallpUMep IIPU NPSIMOM
COeIUHEHUHM CMMMETDUYHOI aHTEHHBI C He-
CUMMETPUYHBIM KabesieM HJIM KOrZa BeCh
KOMILIEKC aHTEHHBI M KOAKCHUAJILHOTO Kabesst
¢unepa HAXOAUTCSI B PE30HAHCE C BO3OYXa-
owmeit 4acToTol (pe3oHaHC HA 06epPTOHAX) U
U3/y4aeT cUCTEMA LEeJTUKOM. 31ech IIOMOTYT
CHMMETPUPYIOIIHEe 3JIeMEHThl, YCTPOHCTBa
U151 IOAABJIEHUST TOBEPXHOCTHBIX BOJH U U3-
MeHeHUe JJIMHBI KabeJst.

5.2.3. IByxnpoBojHasi IMHHSA B KaYeCTBE

COrJIaCyiounero 3JeMeHra

Y>ke yKa3bIBaJIOCh, YTO CTOSTYHE BOJHBI BO3HHU-
KaloT B NepealoLieii TMHUH, eCJIM ee BOJTHOBOE
conpoTHBJeHHe Z U Harpy3ka HEOJHWHAKOBBIL.
BosHb! IPOSIBIAIOTCS B HAIMYUU MAaKCUMYMOB
TOKA U HalIPSDKEHHUsT, CIBUHYTHIX MO ¢ha3e OTHO-
CUTeJIbHO APYT Apyra. IToaToMy kaxnoii Touke
JIMHUU JIOMYCTUMO MPUIIUCATD IIOJIHOE COMpPO-
TUBJIeHHe (MMIIEJaHC) KaK OTHOLIEHHe Halps-
JKeHus! K ToKy. BesiencrBue pasHoctu ¢as Mex-
Zly HUIMH JIMHUS IlepeJjaqy XapaKTepu3yeTcs He
TOJIbKO aKTUBHBIM, HO U PEaKTHBHBIM COIIPO-
tuBjeHreM. OHO MOXeT ObITb UHIYKTHBHBIM
(XL) uin eMkocTHBIM (X¢) B 3aBUCUMOCTH OT
3Haxa $a3oBOro CABUra.

Ha puc. 5.27 nokasan rpaduk MoJyHOro co-
IIPOTUBJIEHUs] 3AMKHYTOI Ha KOHIE JIMHUH Te-
pezayy, rie MHAYKTUBHAsI COCTaBJISIIONIAsT OT-
JIo)KeHa BbIlle ocu abcuuce (+), a eMKocT-
Has — Huxe (—). Haunnas c 3akopoyenHoro
KOHLA JIMHUH, UHAYKTHBHAsI COCTaBJISIONIAsT
HMIIeZlaHca HapacTaeT U JIOCTUraeT HecKoHey-
HOCTH Ha paccrosthiu A/4 ot konua. Ho 3zecs
il IPOTUBOCTOMT CTOJIb JKe HOJIBUIONH EMKOCT-
HBIi MMIlelaHC, U TIOJIHOE COINpPOTHBJIEHHE
CTaHOBUTCS YUCTO aKTUBHBIM. CIipaBelInBa U
JIpyrasi TPaKTOBKa: Ha PACCTOSIHUHU A/4 OT KOH-
1la 3aKOPOYEHHOIl JIMHUU UMEIOTCs Iapaj-
JIeJIbHO BKJIIOYEHHble MHAYKTUBHbIN (Xp) 1
eMKOcTHbIH (X ) MMIIeZIaHChl PaBHOH BeJYH-
Hbl. ITogo6Has 1enp sIB/IsieTCst XOPOLIO U3BeC-
THBIM Napajljle/IbHbIM Pe30HAaHCHBIM KOHTY-
pOM, a KOPOTKO3aMKHYTBIH Y€TBEPTbBOJIHO-
BbIi OTPE30K 00J1azilaeT BCEMM CBOMCTBaMU
TAKOro KOHTYpa.

Ha otpeske Mexay A/4 u A/2 eMKOCTHBII
MMIIe/[aHC [aflaeT, JOCTUrasl B TOYKe A/2 Hy-
JIEBOTO 3HaYeHHUsI, rie BHOBb CTAHOBUTCS YHC-
TO aKTUBHBIM (TEOPETHYECKH — HYJIEBBIM).
KopoTko3aMKHYTOMY I10JIyBOJTHOBOMY OTpE3-
Ky IMPHUCYIIH BCe CBOIMCTBA ITOCIEA0BATENBHO-
ro Pe30HaHCHOTO KOHTYDa.

CuMTaercs, 4TO CONPOTUBJIEHHE TAKOro
KOHTypa 6e3 10Tepb PABHO HYJIIO — TOYHO TaK
Ke, KaKk GECKOHEYHO BeJMKO CONpOTHBJEHHE
napaJjljieJIbHOrO Pe30HaHCHOrO KOHTypa 6e3
HOTepb.

Jlasee xox MMIIeaHCa OBTOPSIETCS B CTPO-
roif mocsenoBaTeJbHOCTH. B 3aBUCMMOCTH OT
cBOeil JJIMHBI, BBIDQXKEHHOR B AOJAX JJIVHBI
BOJIHBI A, KOPOTKO3aMKHYTas! IBYXIIPOBO/IHAsI
JIMHYS TIepeladyy HaCTPaUBaeTCsl MK KaK MH-
AYKTHBHOCTb, HJIH KaK EMKOCTb, TOZ06HO IT0C-
JIeJI0OBaTeJbHOMY JIHOO0 MapajliebHOMY pe3o-
HaHCHOMY KOHTYPY.
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P - napannensHblit pe3oHaHc

R - nocnepnoBaTenbHbi PE30HAHC

Puc. 5.27. 3aBUCHMOCTD NOJIHOTO CONPOTHUBJIEHUS KOPOTKO3aMKHYTOH JIMHUH OT €€ JJTHHBI

CxontbiM 06pa3om BezieT cebst 1 pa3OMKHY-
Tasl JBYXIPOBOJHAsl JHUHUS. B atoM ciyyae
COOTHOIUEHHs] UMIleflaHca CABUHYTH Ha 90°
OTHOCUTEJIBHO KOPOTKO3aMKHYTOIO pexuma
(puc. 5.28). OTKpBITOMY KOHIly JIJMHUU COOT-
BETCTBYET II0YTH OECKOHEYHO DOJIbLIOE EMKO-
CTHOE COIPOTHBJIEHUE, CIIafalolIee 10 HyJle-
BOil JinHUU Yepe3 A/4. B aroii Touke MMHHUS
BelleT celsl KakK MOCJIeI0BaTeIbHbI Pe30HaH-
CHBIif KOHTYP C YHCTO aKTUBHBIM ITOJTHBIM CO-
nporusieHueM. Mexay Toukamu A/4 u A/2
UMIIEAHC HOCUT MHAYKTHBHBIH XapaxTep, a
Ipu A/2 BHCBb YCTaHABJIMBAETCS PEXHUM Ma-
PaJLTEIBHOTO Pe30HAHCa U T.JI.

OTpe3ku JUHUH, NpelCTaBasoue coboit
9KBUBAJIEHTbl HHAYKTUBHOCTU €MKOCTH HJIH
KoJIe6aTeIbHOrO KOHTYPA, MOTYT UMETb JJIH-
Hy, He PEBBIIAILYI0 A/4. DTO 03BOJISET 32

360° 270° 180°

WHAYKTUBHbIA
“UmMnenaHc X,

Ot reHeparopa
e ————————————

cyet noa6opa AJIMHBI TMHUY PEATH30BaTh JIO-
6bie ee HeobxonuMble cBoiictBa. Hampumep,
MHJIYKTUBHOCTb IOJIy4aeTcsl C MOMOLIbIO KO-
POTKO3aMKHYTON JIMHUM IJIMHOH MeHee A/4.
PazomxHyTast IMHUA TaKoOH ke JJIMHBI COOT-
BeTcTBYeT emKocTU. HakoHel, 3amkHyTas n-
HHSI, dJIEKTpUYECKasi AJIMHA KOTOpOH paBHa
A/4, npexcraBisieT coboii MapaleabHbIH Ko-
JebaTeIbHBIA KOHTYP, HACTPOEHHBII B pe3o-
HaHC. JTa e JUHUI B PA30OMKHYTOM COCTOSI-
HHUM NPEBPAIIAETCS B MOCTIE0BaTEIbHBIN pe-
30HAHCHBII KOHTYD.

Ha puc. 5.29 HarsisiaiHO npecTaBIeHbl BeCh-
Ma pa3HOOOpa3Hble BO3MOXHOCTH MCIIOJIb30~
BaHUSI Pa30OMKHYTOH MJIM KOPOTKO3aMKHYTOi
JIByXIIPOBOIHO# JIMHUYU B KayecTBe COrJacy-
foutero ajemeHnra. IlocpencTsoM rtakoil Jiu-
HUM ylaeTcsl KOMIEHCHPOBATh PeaKTHBHbIE

-
!

P RINP| RINPl RI\P
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P - napannenbHblihi pe3oHaHC

R - nocnenoBartenbHblii pe3oHaHC

Puc. 5.28. 3aBUCUMOCTD NIOJTHOTO COTNPOTHBJIEHUS PA30OMKHYTOM JIMHUH OT ee AJTHHbI
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KopoTko3amkHyTas nuxus Pa3oMkHyTas nuHus
OnekTpudeckas Pacnpenenenve SKBUBANEHT || JnekTpuyeckas Pacnpegnenenve JKBUBANEHT
ANUHa NUHUN HaNpsXeHua B TMHUU NNHUN ANMHA TMHUA Hanps>XxeHus B IHUA JINHUN
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Puc. 5.29. Micniosib3oBaHye pa3oMKHYTOI 1 KOPOTKO3aMKHYTO# JIMHHI B Ka4eCTBE COLJIACyIOLIEro aJIeMeHTa

CONMPOTHUBJIEHUsI U NpPeobpa3oBaTh MOJHBIN
UMIEJAHC aHTeHHBl. Ecau OTpe30ok JHHUM
CJIY>KMT B Ka4eCTBe peaKTHUBHOIO COIIPOTHUBJIE-
HUSI, TO €r0 BeJIMYMHA OIIPE/IENISIETCS 3JIEKTPH -
YecKoil JJIMHOU JMHUM [ U ee BOJHOBBIM
conporuBneHnueM Z. [Ipu orcyrcTBuM Wiy 10-
CTaTOYHO MaJIBIX MOTEPSIX B KOPOTKO3aMKHY-
TO! JIMHUM JJIMHOK N0 A/4 ee MHIYKTUBHBII
UMIEZIaHC pPacCYUTHIBaeTcsl Mo ¢GopMmyJe:

X, = Ztgz—;:[- OmMm

(5.26)

W3 aToro cOOTHOLIEHHUSI CleLyeT BaXKHbIH
BBIBOJI: TOCKOJIBKY TaHreHC 45° (T/4) paBeH
e[IMHHIIE, UHAYKTUBHbII UMIlefilaHC X Ha y/Ja-
nennu B 45° (I = A/8) OT KOPOTKO3aMKHYTOrO
KOHII2 BCer/ia paBeH BOJHOBOMY CONPOTHBJIe-
HUIO JIMHUM Z.

Jlns eMkocTHOrO UMNenanca X pa3oMKHY-
TOM JIMHUM IJIMHON MeHee A/4 crpaBelMBO
AHAJIOTHYHOE COOTHOIIIEHHE:

Xe =thglel Om (5.27)

ITockonbky KoTaHreHc 45° = 1, eMKOCTHBIH
umnenanc Xc Ha ynanenuu B 45° (A/8) or pa-
30MKHYTOr0 KOHUA JIMHUM TaK)XXe pPaBeH ee
BOJTHOBOMY COIIPOTHUBJIEHHIO Z.

Bripaxxenust (5.26) u (5.27) no3Bossior Ha-
IVISIHO TPEJCTaBUTh 3aBUCUMOCTb PEAKTHB-
HBIX CONPOTHBJIEHUI OTPE3KOB JIMHUU KOpOYe
A/4 oT 351eKTPHYECKOi AJIMHBI B BUE OTHOLIE-
uuit X/Z nnst pasoMkuyToro (Xc) U KOPOTKO-
3amkHyTOro (X, ) orpeskos siuann (puc. 5.30).

IIpumep
Tpebyercst HANTH UHIYKTUBHOE CONPOTHBIIEHHE
X OTpe3Kka KOPOTKO3AMKHYTO#1 IMHUU C BOJIHO-
BbIM conpotuBJieHueM Z = 400 OM u anexTpu-
ueckoit uinHo# [/12 = 30°. VI3 rouku 30° Ha ocu
abcuuce BOCCTAHABIMBAEM IIEPIEHINKYJISIP
10 mepecedyeHus C KpUBON X| Y Ha OCH OpIH-
HaT CYMTHIBAEM COOTBETCTBYIOLIEE 3HAYEHHE
X/Z =0,6. Orciona Xy = 400 x 0,6 = 240 Om.
Ecsu 661 3TOT OTPE30K OblLJI Pa3OMKHYTHIM,
€MKOCTHOE CONpOTHBJIEHHE X ¢ OlIPeesoch
6Bl 110 NIEpecevYeHHIO TePIEH/IMKYIIpa C KPU-
Boii X¢. Torna X/Z =1,75u Xc =400x1,75 =
=700 Om.

50

KopoTko3amkHyTan
45F AMHUS
40f- Pa3omkHyTas

NnHUA
39 X
301 \Z

25+ z

201

5r

101
05

OTHOwWweHue X/Z
53

L 1 | 1 1 1
0 W 20 3 4| 60 ™ 80 %

A8 Al4
JnekTpuyeckas gavHa NUHWK, rpag.

Puc. 5.30. I'pacuixu st onpeneneHnst
PEeAKTIHBHBIX COnpOTlll’l.’lO”l”“l
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Pasymeercs, Te e KpUBbIe FOJSITCS U [U1s1 00-
paTHbIx pacyeroB. [lycTs, Hanmpumep, HCIOJL3Y-
€TCsI OTPE30K JIMHUM C 33JaHHBIM PEaKTUBHbIM
conporyBieHreM X. 3Hasi BOJHOBOE CONPOTUB-
JieHHe oTpe3Ka, onpezensieM X/Z, U3 cOOTBeT-
CTBYIOLIEH TOYKM HA OCH OPAMHAT MPOBOIUM
JIMHHUIO NTAapaJJIeIbHO OCH abCuucc 10 epeceye-
HUSI C HY>KHOW KPUBOMH, U3 TOUKHU IIepeceyeHust
ollycKaeM INepHeHUKYJsIp A0 ocu abcuuce u
CYMTBHIBAEM TaM HCKOMYIO 3JIEKTPHYECKYIO
JUIMHY JIMHUU @ B rpaaycax. Hakonen, nmoib-
3ysich coorHouenueM [ / ¢ = A / 360, orkyna
[= @\ / 360, HaxomMM HCKOMYIO JUTHHY JIMHUH,
BBIPKEHHYIO B JIOJISIX OT JJIMHBI BOJTHBL

VHAYKTUBHOCTH U €MKOCTH, 9KBUBAJIEHT-
Hble MHAYKTUBHBIM U €MKOCTHBIM DEaKTHB-
HBIM COIIPOTHBJIEHUSIM, 3aBUCAT OT YaCTOTBI.
OHH pacCYUTHIBAIOTCS UCXO/ST U3 U3BECTHBIX
COOTHOIIEHMIA:

X, =L =2xfL (5:28)

u

1 1
Xe=—=
oC 2xnfC
WJIM ONPEAENAIOTCS IO COOTBETCTBYIOIUUM

HOMOTpaMMaM, HanpuMep HMPUBEJIEHHBIM Ha
puc. 6.20 u 6.21.

(5.29)

CnocoObl NUTAHUSA AHTEHH

3.3.

Kak npaBuJio, aHTEHHBI CJIeflyeT yCTaHaBJIH-
BaTh KaK MO)KHO BbIlE U JAJblIe OT IOCTO-
POHHHUX OOBEKTOB, I03TOMY IPHXOUTCS TIPU-
MeHSATDb 6oJiee I MEHee TPOTSKEHHbIE JIU-
HUM CBSI3W JJIS1 Tepefayd 3HEepPruu Mexay
riepeJaTyuKOM UM IPHEMHUKOM U aHTEHHOH.
JIMIIb B MCKIIOUUTEIbHBIX CyYasix 00X0oasT-
ca 6e3 ¢puaepos, HanpuMep B paauoresedo-
Hax HJIM MPUEMHHUKAX ISl «OXOTBI Ha JIMC.

PaguoniobuTesio JOCTYIHBL ABa crnocoba
MUTAHUSA AaHTEHH: YePe3 HACTPOEHHBIIT UM Ye-
pes corstacoBaHHbli ¢unep. MHoraa ueneco-
06pa3Ho npuberatb K CMEUIaHHOMY ITUTaHHUIO,
HCII0JIb3Ysl CoueTaHHe 0O0UX CIIOCOOOB.

B nuanasoHax METPOBBIX U A€IIMMETPOBBIX
BOJIH pabOTaIOT MCKJIOYMTENBHO C COIJaco-
BaHHBIMHU (pHJIEPaMH, U TOJBKO Ha KOPOTKUX
BOJIHAX PaJIMOJIIOOUTEH TOJIB3YIOTCS HACTPO-
€HHDBIMH JIMHUSIMU TIepeJjadi MJIM CMelIaHHbIM
[IUTaHHEM.

5.3.1.

IIpu BbImOJNIHEHHH YCJIOBUA COIJIACOBAHUSA
(paBeHCTBO 5.14) aMNIMTYAbl HAIPSXKEHUA U

CornacoBannblii uznep

TOKA MO BCeii A/uHe puaepa NOCTOAHHBI (CM.
puc. 5.21). ITockonabKy HH B OLHON TOUYKE
(dunepa Her CTOSYUX BOJH, €ro JJIHHA MO-
et ObITh IIPOU3BOJIBHOM. 31€Ch IPOSIBJIAETCS
TOJIBKO HEeM30eXHAst YaCTOTHAs 3aBUCHMOCTD
3aTyXaHUs1 IMHKUM, 12 ¥ TO JIMIIB 171 puaepoB
U3 KOaKCHAJIbHOrOo KabeJIst Ha JOCTaTO4YHO Bbl-
cokoii yacrore (cM. paszen 5.1.4). B ciyvae
CUMMETPUYHBIX HEIKPAaHHPOBAHHBIX JBYX-
NPOBOJHBIX JTMHUI UMEIOT MECTO TaKXe He-
60bILIKEe TOTEPU U3TyYeHus (CM. pasfen 5.2.2).
ITpu npo4YMx paBHBIX YCJIOBHUSIX CTPOroe CO-
riacoBanue ugepa Bcerza INo3BOJISAET J0-
6UTHCS TIEepenaYy MOUHOCTH C MUHHMAaJIbHbI-
MU NOTEPSIMU.

Oxnako HebobIIME OLMOKH COTIaCOBaHHUS
MOYTH HeU36eXKHBI, B pe3yJIbTaTe Yero poxa-
I0TCs TaK Ha3blBaeMble NCeBOOeryiine BOJI-
HbI — Geryiue BOJIHbI, B TOH UJIM HHOH CcTerne-
HY OTATOLIEHHbIE CTOSTYMMHU BOJHAMH, NPHU-
MepHO u300paxkeHHbIMM Ha puc. 5.24. Kak
npasuJo, 3HayeHre KCB = 2 eme npuemnemo
IUIsL JIIOOUTENBCKUX Lieteit.

PaccorsiacoBanusi Ha BxoJie ¢puzepa, BO3HH-
Kalol[{e U3-32 OKOHEYHOTO KacKajia Iepejar-
yuKa (WM BXOZHOM LlelTH IPUEeMHHUKA), JIETKO
YCTPaHMMBI, TIOCKOJIBKY COBpEMEHHBIe JI06H-
TeJIbCKME MePeNaTYUKHU OCHAIIEHbl AOIOJ-
HUTEJbHBIMU CXEMHBIMH 3JIEMEHTaMH JJIs1 CO-
rJIacOBaHHMs COIPOTHBJIEHMH. 31ech TaKxe
ylaercss KOMIIEHCHPOBaTb PeaKTHBHbIE CO-
CTaBJIAIOLIME, KOTOPbIe Yepe3 Guiep A0XoaaT
J0 TNepelaTydKa OT BXoJa aHTeHHbL Ecau
CpPeICTBa COrJIacoBaHKsI B IepefiaTuiKe Heso-
CTATOYHBI, IPUXOAUTCS MOAKIIOYATD JOIOJI-
HHUTEJbHbIE LENIOYKH, YTO B JIIOOOM Cilyyae
[O3BOJISIET HATPY3UTh MepejaTIUK YUCTO akK-
TuBHOM Harpy3koii. [logxmodenue Gpuaepos K
nepenaTyMKam onucbiBaercs B riaase 8. Ciox-
Hee UM KaKk MUHUMYM MeHee yZI0OHO KOMITeH-
CHpOBaTh PacCOIIaCOBaHHs, 00YCNOBIEHHbIE
TPYAHOLOCTYITHBIM BXOJOM aHTeHHbL. MaHu-
NyJIALUKM Ha KOHUe (uaepa co CTOPOHBI Iepe-
JlaTuMKa 3/1eCh HE OMOTYT MJIY OKaXyTCs He-
JIOCTaTOYHBIMH, YTOOBI TTOTHOCTBIO MOJIAaBUTh
crosiure BosiHbL [loaToMy paccorsacoBaHus,
CBsA3aHHbIE C aHTEHHOIA, CJIelyeT YCTPaHSATh Ha
camoii aHTeHHe. /1719 9TOro UCIOJIb3YIOTCS CO-
rJ1acyiolue 3JeMeHTbl U TPaHC(HOPMaTOPH,
peub 0 KOTOpBIX et B r71aBe 6. Coracosanue
CONPOTUBJIEHUI JaeT MOJOXHUTENbHBIR pe-
3yJIBTAT, €CIH KOMIIEHCUPYIOTCSA WHIYKTHB-
Hble U €MKOCTHblE DeaKTHBHbIE COCTaBJIAIO-
mue. OHM BO3HMKAIOT BCSKHIT pa3, KOrAa HeT
CTPOTOro pe3oHaHCa aHTEHHbI ¢ BO30YX/aio-
mei yacroroil. KomneHncauusi peakTHBHBIX
COCTaBJIAIOIIMX TAKXe 00CyxkaaeTcs B raase 6.
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Kak yxe ormeuasnocs B paszaesie 5.2.2, 1oJHoe
YCTpaHeHHe PacCOIJIacOBaHHOCTH Ha BXOJE
aHTEHHBI He Bcerza onpasaaHo. K tomy xxe ram
Heu30eXKHBl PaccOrJIacOBaHMsI 32 CYET Peak-
THBHBIX COCTaBJISIIOLINX BCJIEICTBHE yX0/a da-
CTOTBI TIepeflaTyhKa B Mpejesax JoO1TebC-
KOTo0 ManasoHa.

B kauecrse corsiacoBaHHbIX (PUAEPOB MOXK-
HO NPHUMEHSTD JII0Oble JABYXIIPOBOIHBIE JIH-
HUY, B TOM YUCJI€ CaMOJIeJIbHBIE C PACIIOpKa-
mu. CaMblii JTy4iuit BApHaHT — UCIIOJIb30Ba-
HUe KOAaKCHaJILHOTO KaDeJsisl, MOAKIII0YaeMOro
K CHMMETPUYHOH aHTeHHe (Halpumep, K BUO-
paropy) uepe3 CUMMETPUPYIOIIUH npeobpa-
3oBaresib (r1aBa 7).

B obnactu MeTpOBBIX U JEHHUMETPOBBIX
BOJIH IPUMEHSIIOT TOJIbKO COIJIacOBaHHbIe (pu-
repol. PexoMeHyercst BbiGVpaTh Takue ume-
Pbl M U1l OXHOAHANA30HHBIX KOPOTKOBOJIHO-
BbIX aHTeHH. CorylacoBaHHble puaepbl HOAX0-
JAT JIMWb TIPH ONpeIeJeHHBIX YCJIOBHUSX: B
clyyae NepeialoliuX aHTEHH s paboThl B
MHOTO/IMANa30HHOM PeXHUMe NpU BO30yxIe-
HUU BBICUIMMH rapMoHukamiu. Kak moxasano
najee, MPU TaKOM BO30OYXAEHUU MEHSIETCS
BXOJHOE CONPOTUBJIEHHE U MOJIOXKEHNE PE30-
HaHCa aHTEHHbI, TAaK YTO M 3/eCb TOYHOe
COIJIaCOBaHUE BO3MOXHO TOJIBKO /ISl €[lUH-
CTBEHHOTO JIIOOUTEIBCKOro Auanasona. B oc-
TAJIbHBIX II0JI0CAX COXPAHSITCS PacCOrIacoBa-
HUA ¥ PeaKTHBHBIE COCTABJISIIOLINE.

Ha puc. 5.31 npencraBiieH npaxTHyeckuit
npuMep camozenbHoro duaepa.

5.3.2.

B paszese 5.2.3 6110 060CHOBAHO MCIIO/IB30Ba-
HYe OTpe3Ka JIMHUHM B KaYeCcTBe HACTPOEYHOrO

Hacrpoennbiii punep

oy

3BeHa. C nomoribio puc. 5.27-5.29 nokasaHo,
4TO [TOJIHOE CONPOTHUBJIEHHE HACTPOEHHOM JIH-
HHUM B KQXJOM Y3Jle TOKa UJIH HalpsKEeHUsI
HMeeT TOJIbKO aKTUBHYIO COCTaBJSIOLIYIO.
OTH y3JIbl MOCJAEN0BATENbHO YepPenyIoTCs
BIOJIb JINHUY. Yepe3 MPOMEXYTKH 3JIeKTPH-
yeckoil JMHBL, paBHble A/4. JInnuio nepena-
41 Ha3bIBAIOT HACTPOEHHOM, €CJIU ee 3TIEKTPU-
yecKast JUTMHA COCTABJIAET YETBEPTb JJIUHBI
BOJIHBI MJIM KpaTHa el (To ecTb paBHa 2A/4,
3\/4 u 1.1.). HecMOTpsl Ha HaJIMYME CTOSYMX
BOJIH B TaKOIl HAaCTPOEHHOH JINHUH, ee BXOX-
HOe M IMOJIHOE BBIXOAHOE CONPOTHBJIEHHUS
SIBJISIIOTCSI aKTUBHBIMH, MJIM YHUCTO OMHYEC-
KHMH.

PacnpezneneHue HanpspKeHUsT U TOKa B Ha-
CTPOEHHOH ABYXIPOBOAHON JIMHHK H300pa-
’KeHO Ha puc. 5.32. CTpeJKy MOKa3bIBAIOT, YTO
TOKH B IPOBOAHUKAX TEKYT B HPOTHBOIIOJIOX-
HBIX HaIpaBJIEHHUSIX, YTO POSIB/ISIETCS U B IO-
JIoxKeHuH nyyHocreil Toka. Kak yxe yka3biBa-
JIOCh, MO JAHHOM MPUYMHE IIOJIsI B3aUMHO
YHUYTOXAIOTCS, U U3J1y4eHHe JMHUU CUJIBHO
ocsabisiercsi. Ito ocjabyieHne TeM MEHBIIIE,
4em GJiHKe TPOBOAHMKH U YeM HHXKe 4acToTa.
ITockonbky GJAM30CTh MTPOBOJHUKOB PaBHO-
3Ha4yHa MaJIOM BeJIMYKMHE BOJHOBOIO COIIPO-
THUBJIEHHUs], CIPAaBEIJUBO YTBEPXKIEHHE, YTO
IIPY 33ITaHHOMN YacTOTe JIMHUS C HU3KUM BOJI-
HOBBIM CONPOTHBJIEHHEM XapaKTepPU3YeTCsl
MeHee UHTEHCHUBHBIM U3JIyYeHUEM B OKpYKa-
jonee MPOCTPAHCTBO (MEHBIIMMU H3Jyya-
TEeJIbHBIMU MTOTEPSIMU ), YEM JINHUSI C BHICOKUM
BOJIHOBBIM COIIPOTHBJIEHHEM.

Kpowme Toro, rpaduxu Ha puc. 5.32 cBue-
TEeJICTBYIOT O PaBEHCTBE UMIIEZ]aHCa Ha BXOJIE
¥ BBIXOZI€ TTOJIyBOJTHOBOIA JIMHUH, TAK YTO M OTHO-
IIeHVe HANPSDKEHUs! K TOKY XapaKTepu3yeTcsl

Puc. 5.31. Duuziep ¢ BooBsiM conportuBaeHnem 300 OM
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Hailpﬂx(eHMe Tok
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HanpsixeHue

Puc. 5.32. Ctostuvie BOJIHBI B IMHUY U3 Naphl
HapaJuie/IbHbIX POBOJOB 3/IEKTPHYECKON
JUTMHOM A /2

OIVHAKOBbIM 3HAaYEHHEM B OOOUX CIIy4asiX.
ITpu atom casur dassl HanpsixkeHus Ha 180° He
urpaer posu. 113 cka3aHHOIO BbITEKAIOT CJIeLy-
IOLIMe MPaKTUYeCKH BaXKHbIe IPaBUJIA.

Hacrpoennstii ¢dunep, ubst 31€eKTpUYeCcKast
JJIMHA PaBHA MJIM KpaTHA IMOJIOBUHE IJIMHBI
BoJiHbI (2A/2, 3A/2 ¥ T.11.), BOCTIDOU3BOAUT Ha
CBOEM BBIXO/IC OTHOIIEHHE HaIPSKEHUS K
TOKY, uMeloleecs: Ha Bxoze. [Toaromy Bxoz-
HOU MMIIEJIaHC aHTEHHDI NepeNaeTcst Ha BXOX
¢unepa B macurrate 1:1.

CJienoBareibHO, He TpeOyeTcsi HaCTPauBaTh
BXOJHOE CONPOTHBJIEHHE Ha CaMOii aHTeHHe,
TaK KaK OHO Mepelaercs K Hayany ¢uzepa B
nponopuuu 1:1 He3aBUCHMO OT CBOeH BeJIUYHU-
Hbl. TaM OHO corsacyercst ¢ UMIIEZJaHCOM OKO-
HEeYHOro Kackajia nmepefaTyuKa MM BXOZHOM
Lenu NpUeMHHKa IPOCThIMH cpencTBamu. Ha-
CTPOEHHBIH Guiep NPUMEHUM M IJIS1 aHTEHH
¢ BO30yXieHHeM BBICIIMMHU TapMOHHUKaMH,
TOrZa KaK COIJIaCOBAaHHBIH ¢uaep NMPUTrOJeH
3/1eCh JIUILb NIPU ONpeJieJIeHHbIX YCJI0BUsX. Ta-
KO# pexxum paboThl HacTpoeHHOro duiepa
uumoctpupyer puc. 5.33. IlosyBosHOBBIN BUO-
paTop C pe3OHaHCHOI 4acTOTOi, HalmpHMep

7 MI1, Bo36y>xzaercst yepe3 HaCTPOEHHBII I10-
syBosiHOBbIH duzep (puc. 5.33a). BxozxHoe co-
NpoTHBJeHHe ZZ MOJyBOJHOBOro BUGpaTopa
60 OM nepenaercst HOJTYBOJHOBBIM (HUAEPOM B
otHouenuu 1:1 kak Z'Z' k Havany ¢uznepa (8
JIAHHOM CJIy4yae ero BOJHOBOE CONPOTHBJIEHHE
He Urpaer 0co60il posu). AHATOTHYHBIH BHO-
paTop Ha yaBoeHHoIi yactore 14 MI1i okaxert-
CS1 BOJIHOBBIM C GOJIBILIMM BXOHBIM COIPOTHB-
JenneM ZZ (cM. pasaen 4.2), a NOyBOJHOBBI
¢dunep — BonnoBbIM bugepom (2A/2), uto u
noka3saHo Ha puc. 5.336. BricokoomHoe BXxoz-
HOe COIPOTUBJIEHUE aHTEeHHbI ZZ 1epefaercs
Ha BxoJ ¢uzepa kak Z'Z’ paBHOH BEJIMYHHBI U
JOJDKHO OBITH COIJIACOBAaHO TaM C BBIXOJOM
nepefaTyMKa.

W3BecTHO, 4TO BXOAHOH U BBIXOHOI HUMIIe-
JIAHCBI INHUM U3 Napbl apaJliesIbHbIX IPOBO-
JIOB JUIMHON A/4 SIBNSIIOTCSI aKTUBHBIMH (CM.
pasgen 5.2.3). IloaToMy 4eTBEpTHBOTHOBYIO
JIMHUIO TaKKe MOKHO IPUMEHSITb B Ka4eCTBe
HacTpoeHHoro ¢unepa. Pacnipenesenne Toka
Y HaIIPsDKEHHST B TAaKOU JIMHUMY TPE/CTaBJIeHO
Ha puc. 5.34. Ee Hayasio ¥ KOHeN OTJIMYAIOT-
cs1 0OpaTHBIM COOTHOIIEHHEM TOKAa M Hamps-
xenus. OTciofa cienyer, YTO BbICOKOOMHBbIi
HMIIEJaHC B Hayase JIMHUM CTAaHOBUTCS HHU3-
KOOMHBIM B ee KOHLe U Haobopor. [Toatomy
4eTBEPTHBOJHOBYIO JIMHUIO Ha3bIBAIOT TaKxXKe
4eTBEPTHBOJIHOBBIM TpaHcopMaTopoM (MOA-
pobHee 0 HeM paccka3biBaeTcs B riase 6). B
CJIyyae YeTBepPTbBOJHOBOMH JIMHMU €€ BOJIHO-
BO€ CONPOTHBJIEHHE Z BHOBb CTAHOBUTCS BaX-
HBIM, TTOCKOJIbKY OHO OIIpe/iesisieT CTeleHb
11peo6pa3oBaHUsl COIJIACHO BBIPAXKEHHUIO:

Z=\ZgZ, (5.30)
rae Zg v Z, — BXOIHOI U BBIXOAHOH uMIle-

JaHChl TMHHH.

a) A2 - 6) s o
Tok| Tok Tok
2 o 27 ——
alki
/f {
Tok Tok ToxK f ‘ Tok
A2 ZZ* HU3KOOMHaa n 77 = BLICOKOOMHBbINA
Ny4HOCTb TOKA y3en Toka
27 HM3KOOMHas Z7'= BLICOKOOMHbIiA
Ny4HOCTb TOKA y3en Toka
22-77' 2-27
A 5
—_—, e e
77 77

Puc. 5.33. Bu6patop ¢ HacTpoenHbiM GHAcPOM: a — JITHHA NHHOI A/2; 6 — aHa1orHyHblil BUGpaTop npi

B036y'1i(.'ICHHII Ha )'ilBOCHHOﬁ 4yacToTe
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Puc. 5.34. PacnipesiesieHye Toka M HanpspKeHUst
B JIMHUM JUTHHOM A/4

{151 HaCTPOEHHOH YeTBEPTHBOJHOBOM JIH-
HUH CIIPaBeJJIMBO CJeAyIoLlee IPaBUjIO: Ha-
CTPOeHHBIN duaep, ubst INEKTpUYECKAsT JTH-
Ha paBHAa MJIM KpaTHa HEYETHOMY YHMCJIY YeT-
BepTedl paboueit mauHbl Boubl (A/4, 3A/4,
SA/4 M T.11.), XapaKTepU3yeTcsi 06paTHBIMH CO-
OTHOLUEHHSIMH TOKA U HAIPsDKEHUs! Ha CBOUX
KOHIIaX, T03TOMY B HEM IIPOMCXOAUT Ipeobpa-
30BaHHe UMIIENaHCa.

Ha puc. 5.35 nzoOpaxkeHbl aHTEHHBI C YerT-
BepPTHBOJIHOBBIM (huaepoM. Huskoe BxonHOe
conporusienue ZZ (okosno 60 Om) nonyBos-
HOBOT0 BUOPATOpa NPOSIBJISETCs B BUZE BbICO-
KOOMHOTr0 uMInezaHca Z'Z' Ha KOHlle JIUHUHU B
cooTBeTcTBHH C ypaBHeHMEeM (5.30) — cM. puc.
5.35a. U3 pacnipenesienus Toka Ha puc. 5.356
ceslyeT, YTO BBICOKOOMHOE BXOJIHOE COIIPO-
THBJIEHHE BOJIHOBOTO BUOpaTOpa CTaHOBUTCS
HM3KOOMHBIM CONPOTHUBJIeHHEM Z'Z' Ha KOH1Ie
unepa.

HacrpoenHnstii puzaep nonycrumo paccmar-
pUBaTh KaK HeW3sydaiollee NPOAOJKEHUE
anrenHsl. Hazo, yto6bl dbuzep v aHTeHHa OT-
Be4aslld YCJIOBUSIM pe30HaHCa Kak leJioe.
CrenoBaTesIbHO, U3/IyYalOIIMit U HEU3TyYa-
IOIMH y4acTKU MOPO3Hb HE JIO/KHBI HAaxo-
JIUThCSI B PE30HAHCE, YTOObI IIPU MOAKJIIIO-
4YeHHH UX ADPYT K APYTy HacTyIHJO pe30-
HaHCHoe cocrosiHue. I10aToMy peakTHBHBIE

W3onupyiouwme pacnopku

KaTyuka CBsi3n C OKOHEYHBIM KAaCKaAoM
Puc. 5.36. IToaimouenue punepa

COCTaBJISIIOI[E U3JTydaTessl CIAUIKOM 6oJb-
UIUX WK MaJIBIX Pa3MEPOB MOTYT OBITH yCT-
paHeHsb! yAJIHHEHHEM UJIH YKOPOYeHHeM KOH-
1a ¢puaepa, IpOTHUBOIOJOXKHOIO aHTeHHe. Ha
HPaKTHKe HU3MEHSIOT He MeXaHHYecKylo, a
3JIeKTPHYECKYIO JMMHY (uiepa, NpUMEHss
MOIXO/ISIIee aHTEHHOE 3BEHO Ha KoHIe du-
nepa. Ha puc. 5.36a noka3aHo nmopkjiodyeHue
¢dunepa x mepexaTyUKy ¢ HU3KOOMHBIM BBbI-
X00M (CBSI3b 11O TOKY ), Ha puc. 5.356 — k me-
peaaTyuKy ¢ BHICOKOOMHBIM BBIXOJOM (CBSI3b
10 HANpsIXKEHHUIO), a Ha puC. 5.36B — yHUBeD-
CaJIbHOE MOJKJIOYeHHE Ha BbI6OD (IO TOKY
UJIM HaTPSHKEHUIO). :

Ha npaxtuke mpexie Bcero Onpenessior,
BbICOKOOMHBIM (y3€JI TOKa) UM HU3KOOMHBIM
(yuHocTb TOKR) siBJIsieTcs1 KoHel ¢unepa. Ipu
HOJKJIIOYEHNH [0 TOKY WJIM HAIIPSKEHHIO TIPU-
MEeHsIETCSI COOTBETCTBEHHO I10CJIEJOBATEb-
Hoe (puc. 5.36a) WM napajsiesbHOE MUTaHUE
(puc. 5.366). [I1s1 MHOrOBOJIHOBOH aHTEHHBI
1es1eco06pasHO HCIOIB30BATh YHUBEPCATIbHOE
3BeHO (puc. 5.368), no3BossiioLIEe BLIOMPATD
Mexay o60MMH croco6amH MUTaHus. 31ech
TaroKe BecbMa yo6Hs! I1-dbunerpsl, niu Guib-
tpbl Kosunza (Collins). 3w yerpoiictsa onu-
caHbl B paszede 8.1.1. CMelianHoe nuTaHue, co-
yeTalollee HACTPOFKY U coracoBaHue dhuzepa,
paccMOTpEHO B IJ1aBe 8.

a) ¥4 | 6), 12
Tok Tok Tok
2 7 — Z Z —
Tok Tok Tok ’ Tok
O
2'2' z' 7

ZZ = HU3KOOMHAR NY4YHOCTb TOKA
Z'7' = BLICOKOOMHBIV y3en Toka
27<27'

ZZ - BbICOKOOMHbIY y3en Toka
Z7'= HU3KOOMHAs NYYHOCTb TOKA

22>

Puc. 5.35. BuGparopsl ¢ HacTpoeHHBIMH (HAEPaMH: a — TIOJIyBOJHOBBI BUGPATOP C 4€TBEPTHBOTHOBBIM
¢riepom; 6 — BOSHOBBII BUGPATOP C YeTBEPTHBOJHOBBIM (IiIepoM
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6. Coraacylomue u TpaHchOpMHPYIOLIHE

IJIE€EMEHTDI

Takue 371eMEHTBI IPUMEHSIIOTCSL HA BXOJIE aH-
TEHH, KOTOPbIE NOJIXKHBI MIUTAThCSI YEPE3 CO-
IJ1aCOBaHHBIH ¢uep, HOCKOJbKY JHIIb B JaH-
HOM CJIy4ae TPebyeTcs COrIaCoBaHUE MOJHBIX
conporuBieHuil. IIpu ucnonb3oBaHum Ha-
CTPOEHHBIX (QUAEPOB 3TH NEMEHTHI HE HYXK-
HbI: puzepsl caMu cayxar TpaHchopMupyo-
IUMU 3JIEMEHTaMH.

AHTeHHa 6e3 JOMONHUTENBHBIX COTJIACYIo-
IUX 3BeHbeB 3JIEKTPUYECKU U MEXaHUYECKH
TNpOLIE U, CJENO0BATENBHO, SIBSETCS JYYIIUM
pemenyeM. K Tomy ke HekoTopbie TpaHChOp-
MHUDYIOILIHE 3JIEMEHTb! BBI3bIBAIOT HeEXKeJsa-
TeJIbHOE CyXKEeHHe I0JIOChl YaCTOT aHTEHHBbI.
IloaTomy Bcerna xesaTenbHO MPUMEHSTD Ta-
KHe aHTEeHHbI, BXOZAHOE CONPOTHUBJIEHHE KOTO-
PBIX 32B€IOMO COBIIAJIaeT C BOJHOBBIM COIIPO-
THBJIEHHEeM npexamnosnaraemoro ¢buzaepa. B 06-
JIACTM METPOBBIX BOJIH 3TO peayu3yercs
CPaBHHUTEJILHO MPOCTO, B YACTHOCTH C ITOMO-
b0 TeTyeBoro Bubparopa. Ilpu ero cosaa-
HUH yZaeTcst MOAOUPATh NPaKTHYECKH JI060e
TpebyeMoe BXOAHOE CONPOTHUBJIEHHE (CM. pas3-
nen 3.4). OnHako B KOPOTKOBOJIHOBOM JiMara-
30He MOCTPOUTD TAKOI BUOPATOP TPYAHO UM
Jlake HEBO3MO’KHO.

Cornacyroniye 1 TpaHchopMuUpyowue aJie-
MEHTBI HCIIOJIb3YIOT HE TOJbKO Ha BXOJaxX aH-
TEHH, HO U B KayeCTBe CBS3YIOIUX 3BEHHEB
MeXy HeCKOJIbKMMHU BHOpaTOpaMu.

6.1. leabra-coriacopanue
(J. E Morrison — natenr CIIIA Ne 2153768, 1936 1.)

Cornacyiomnii aensra-rpancdopmarop (puc.
6.1) oxoTHO MpUMeHSIIOT, Korza TpebyeTcs nu-
TaTh KOPOTKOBOJIHOBBIN BHOparop uepes
JBYXIIPOBOAHYIO JIMHUIO C BOJIHOBBIM COIPO-
tubjaenuem 400-600 Om. ITo anamorum c
pacnpenieJieHUeM ITOJIHOTO COIPOTHBJIEHUS B
T0JIyBOIHOBOM BHOpatope, GOpMHPYIOIIMM-
cd U3 pacnpelieJieHU TOKa U HaNpPsDKEHUs,
TIpH JIe/IbTa-COIJIACOBAaHUM HAXOJSAT JBE TOUYKU
TNOK/IIOYEHH 1, CHMMETPHYHO PACIIOJIOKEHHbIE

OTHOCHUTEJIbHO CepefMHBbl H3Jydaress, Tie
IIOJTHOE CONIPOTHBJIEHHE PABHO BOJIHOBOMY CO-
nporuByeHUIo ¢uzepa. PasaBuras a1 aToro
nposoza duzepa, cornacyomeMy 3BeHy Mpu-
JIAIo0T JieJI5T006pa3nyo ¢hopmy.

IMonxmoyenue dhurepa paBHOCUIBHO YU~
HEHHIO NPOBOJHMKOB aHTEHHbI M, CJIEl0Ba-
TeJIbHO, CHUXKAeT ee Pe30HAHCHYIO 4acTOTY.
ITosromMy Ha pacyeTHOi 4acToTe M3JIydaTesis
6€3 J1eJ1bTa-COrIACOBAHMUS B MeCTe MOAKII0Ye-
HUsl duzepa MosBJSETCS UHAYKTHUBHAS CO-
CTaBJIsIIOMIas, a B GUziepe BOSHUKAIOT CTOSTYHE
BOJIHBL VIX yraercst 0c1abuTh UM MOJTHOCTBIO
HO/IaBUTh MOCPEACTBOM HeGOJIBUIOTO YKOPO-
YyeHHs IPOBOJHMKA aHTEHHBI B pacyeTe Ha 4a-
CTOTY, HECKOJIBKO 6O0Jiee BBICOKYIO, HEXENH
pabouyasi. BosHMKaomas 1Py 3TOM EMKOCTHasI
COCTaBJISIIOIIAst aHTEHHBI MTO3BOJISIET I1y6OKO
KOMIIEHCUPOBATh MHAYKTHUBHYIO COCTaBJISIO-
IO JieJIBTa-COIIaCOBAHMSI.

Boob6ue rosopsi, cootHomenue AauH x:D
no/kHO cocraisth 1:1,25. Tlpu cornacoBa-
Hun 600-oMHOro dumepa ¢ M0JTyBOJHOBBIM
BHOPaTOPOM MCIIOJIB3YIOTCSI CJIEAYIOLIME TIPU-
6iKeHHbIE (POPMYJIBL:

36000

fMl'l.l

(6.1)

AJIs1 KODOTKOBOJIHOBbBIX aHTEHH,

L=Af2-V

CepeauHa nanyyarens

1
1
D
x:D~1:125
L
M30nAumoHHbIe
Dugep, pacnopku
Hanpumep 600 OM

Puc. 6.1. Cornacyrommuii gensra-Tpancgopmarop
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34500
o = (6.2)
Mlu
AJIs1 aHTeHH METPOBOro Juala3oHa,
D, = 45100 (63)
fMI‘r.l

Mexanuyeckoe IPEUMYLIECTBO COTJIACYIO-
ILErO ieIbTa-TPaHCcHOpMaTOpa COCTOUT B TOM,
4TO IIPOBOJIHMK aHTEHHBI B OTJIMYUE OT OObIY-
HOTO Pa3pe3HOro MoJIyBOJHOBOrO BUGpaTopa
OCTaeTCs LeJIbHbIM, a ero CPEHIOI YacThb 63
BCAKUX ONaCeHHH MOXHO 3a3€MJISITh MJIU UC-
TI0JIb30BATh JIsT KPEIUIEHUs] K METAJLIMYECKOM
orope.

6.2. Coraacylompmii

T-tpancdopmarop

T-tpancdopmarop (puc. 6.2) sBisiercsa mexa-
HUYECKHU KECTKOI PasHOBHIAHOCTDIO JIEJIbTa-
TpaHc(opmMaTOpa M MOITOMY OCOBEHHO YI0-
GeH 171 TpyGYaThIX U3JIy4aTeIel, TO ecTh Ipe-
UMYIIECTBEHHO B JMama3OHE METPOBBIX MU
JleIMMeTPOBBIX BOJIH. B Heckosbko mpeoGpa-
30BaHHOM U 3JIEKTPUYECKH YJIyyIlleHHO dop-
Me OH NPHMEHSETCSI MU BO BPALIAIOLIUXCS KO-
POTKOBOJIHOBBIX M3JIy4YaTeJsix (raMma- 1 oMe-
ra-Tpanc¢opmaropax).

B merpoBoM nuanasone T-rpancdopma-
TOP He JIaeT HUKAaKUX IIPEUMYLIECTB IO CPaB-
HEHHIO C TeTIeBbIM BUOPaTOpOM, KpoMe He-
KOTOpO# axoHOMUMN MaTepuaia. Hanporus,
BCJIEICTBHE OTBOJOB OT M3J1yyaTesisi 06pasy-
I0TCS1 PEaKTUBHBIE COCTAaBJISIOIIHUE, KAK U B
caydae fejbra-TpaHchopMaTopa, HO HU3-3a
napajjeJJbHOCTH OTBOJAOB M IPOBOAHHMKA
aHTEHHBI OHU OKA3bIBAIOTCS €llle OOJIbUINMH.
Bosuukalomye npu aTom TpyaHOCTH yaaeT-
s 06X0/(1Th, IPUMEHSS IETJIEBOIl BUGPATOp

L=Ap2-V

a)
MepemMelaemble xXoMyTuk1

Cepeavna
Il

D X

== dz

Monuctupon

Wnu apyron usonatop

-]

®dunep, Hanpumep
nnockuit 240 Om

~Af3
D—o010,01 200,04 \ ”
=dp

6)

COOTBETCTBYIOLIMX Pa3MepOB, KaK yXe yIo-
MUHAJIOCh B HayaJle IJIaBbl.

Bxopanoe conporusnenue T-Tpancdopmaro-
pa, U306pakeHHOro Ha puc. 6.2, 6yner aKTuB-
HBIM, €CJIM NIPOMEKYTOK X coctasiser 0,475
avHbl BuGparopa L Ilpu aToM npexnonaraer-
cs,4ro D =0,0334,d;=dyu A/ d;=150. Batux
YCTIOBUAIX BXOJHOE cONpoTHBJeHue T-a1eMeH-
Ta B TOYKe BBOAA MUTaHUs coctasisier 650 Om,
€CJIM U3JTydaTesNeM CIYKUT OObIYHBIN 1OJTy-
BOJIHOBBIi1 BuGparop. Ilockosbky BxoaHoe co-
NIPOTHBJIEHHE TI0JIyBOJHOBOro BHOparopa Je-
Ut B pegesax 60—70 OM, paccynTaHHBIH Ta-
kuM o6pasoM T-tparcdopmarop obecnieunBaer
npeo6pa3oBaHKe CONMPOTUBJIEHUS B NpPOIOP-
uuu 1:10. Bece npoyne Toukyu oTBONA Ha U3ITY-
JaTeJie IPUBOJST K IOSIBJIEHHIO KOMILIEKCHOTO
BXOJIHOTO CONPOTUBJEHYsL. VX peakTuBHbIE CO-
CTaBJISIIONIHE YCTPAHAIOTCS ITyTEM YKOPOUYEHHUS
JMHBI U3Myvarens. Takum coco6oM ¢ momo-
mpio T-TpancdopMaropa ycraHaBauBaioT pe-
aJIbHOE BXOJHOE CONIPOTHUBJIEHHE BEIMYMHOMN
270-680 Om.

Ilpu BeIIEyKa3aHHBIX YCJIOBHAX M NPOMe-
xkyTke x = 0,5 / kpatHOCTb Npeo6pazoBaHust
CONpPOTHBJIEHHUS Oy/ieT paBHa NPUOJIU3UTENb-
HO 1:6, eciM IPUBECTH 3TO CONMPOTUBJIEHUE K
BXOZHOMY CONPOTHBJIEHUIO PAa3BEPHYTOTO IO~
JyBosiHOBoro BubOparopa (okosno 400 Om). B
JlaHHOM CJTy4ae JUIMHA u3Jydaress | paccuu-
TbIBaeTCs1 0 GopMyJIe C y4eTOM HEOOXOUMO-
0 YKOpOYeHHUst u3ayyaress, koraa A/d = 150:

_ 138250

qu -

(6.4)

fMl'u

Jlns nmpomexyrka x = 0,7 / kpaTHOCTB Ipe-
00pa3oBaHHsl CONPOTHUBJIEHUS] COCTaBJAET
1:4,5 (oxos10 300 Om), u / paccunThIBaeTcs 10

dopmye:
_ 130580

fury

I (6.5)

MM

cAxAg

Puc. 6.2. Cornacyiommuii T-Tpancdopmarop: a — pexomeH/lyeMast KOMIIOHOBKa; 6 — 3a)HMHble CKOGbI
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Heo6xonumo mpemycMaTpuBaTh BO3MOX-
HOCTb CMEHIeHHUs TOYEK OTBOIOB B HEGOJIbLINX
npeznenax (puc. 6.2). 3nauenue x = / cOoTBET-
CTBYeT OGBIYHOMY IMETJIEBOMY BUGPATOPY.

Qopma T-tpancdopmaropa neynobua aus
IPMMEHEHH S B BBICOKOYACTOTHOMH 06IaCTH JI0-
OUTENBCKUX KOPOTKOBOJIHOBBIX JIMANa30HOB. B
3TOM CJIy4yae MPEANOYUTAIOT YMEHbINATh JHa-
Metp d u mpomesxxyTok D. Pasmepsl, nokasaH-
Hble Ha pHC. 6.3, MO3BOMIAIOT MPAKTUYECKHU 10~
JlyyaTb BXOZHOE COINPOTHBJIEHUE BEJIUYUHOIM
oxosio 300 Om. 3xech HeT HEOOXOOMMOCTH B
JIOTIOJIHUTEIbHOM YKOPOYEHHH H3JIyyateis,
NIOCKOJIbKY PEaKTHBHAsI COCTaBJISAIONIAS KOM-
NEHCUPYETCsI EMKOCTBIO C ITOMOIIBIO TAPBI KOH-
JIeHCaTopoB Ha Bxofie nutaHust. COrIacHO M-
NHPUYECKOMY TpPaBHJIY, MAaKCUMAJbHAsl €M-
KOCTb KaXIOTO NepeMEeHHOro KOHAeHCaTopa
coctapysieT 8 n Ha 1 M J/IMHBI BOJIHBI, TAK YTO
A1s 10-mMeTpoBOro JiIo6UTEIbCKOrO ANANa3oHa
Tpebyetcst eMkocTh 40 80 n®D. Mimeer cMbica
3aMEHSATb TaKHe KOHIEHCATOPbl OOBIYHBIMH
10CJIe TOYHOTO ONpefesIeHUs] 3HAYEHNH eMKOC-
TH IIPU HACTpOiike. [[JIs1 3alUTHI OT MOTOHBIX
YCJIOBUI PEKOMEHYETCS 3aKJII0YaTh KOHIEH-
CaTOppl B BOAOHENMPOHHILAEMBI KOPMYC M3
CHHTETHYECKOTO MaTepuaa.

(=A[2-V
X AL8
X/1=0.24)

D d !
CEFC :%Z

d,=025d,
dunep ¢ BOAHOBLIM D=4d
CONPOTUBNEHWUEM
240—3000m

Puc. 6.3. EMKOCTHBIE KOMIIEHCATOPBI
B cornacyiouieM T-anemMeHTe

6.3.

TaMMa-coracoBanye MpUMEHSIETCS TIPEUMy-
HIECTBEHHO /151 MUTaHHs] CHMMETPUYHBIX Bpa-
HIAIOHIMXCST HATIPABJIEHHBIX H3JIy4aresieil He-
MOCPEACTBEHHO Yepe3 KOaKCHaJIbHbINA Kabesb
6e3 crenHaNbHbIX CUMMETPHUPYIOIHUX TIpe-
obpasosaresneil. [Ipu sToM cTaHOBUTCS OCY-
IIECT-BUMBIM COIJIACOBAHHE COMPOTUBJIEHHIA
T-rpanchopmaropom. DAKTUYECKH COITIACYIO-
ILIMM FAaMMa-3BEHOM CJIY>KHUT IOJIOBHHA T-TpaHc-
dopmaropa (puc. 6.4). Takoe peuleHue npea-
CTaBJIsieTCs] HCOE3YNPEYHBIM [0 CBOMM DJIEKT-
PUYECKUM KayecTBaM, MOCKOJIbKY CJIE0BAJIO
OBl OXXHIATB, YTO 1JIeYH BUGpaTopa GymyT BO3-
Oyxnmatecsi HeonuHakoBo. OfHAKO Ha aene
raMMa-corJIaCOBaHHe 3apeKOMEHAOBAJIO cebsi
oyeHb xoporuo [2-7].

O6b14HO raMma-TpaHcHOpMaTOp PaCCYMThI-
BaeTCs Ha MpeobOpa3oBaHKe CONPOTHBJIEHUH B
nponopuuu 1:3, Tak Kak B KOPOTKOBOJIHOBBIX
HAlpaBJIeHHBIX BPALIAIOIINXCS U3IydaTesIsix
BXOJHbI€ CONPOTHBJIEHHS COCTABJSIOT BCETO
20-39 OMm u3-32 MaJIBIX [IPOMEXKYTKOB MEKLY
neransamu. Tem cambim obecnieunBaercs ad-
(exkTHBHOE MOAKIIOYEHHE OOIIENOCTYITHBIX
KOAKCHAJIbHBIX Kabeseil. PeakTHBHbBIE COCTAB-
JIAIOIHE KOMIIEHCUPYIOTCS C TOMOIIBIO EMKO-
CTHBIX 3JIEMEHTOB.

B Ta6u1. 6.1 npuBeneHs! pa3Mepsl JeTaseit 11
peayM3alMHU COIacyIouiero raMma-Tpaucgop-
Martopa 1o cxeMe, U300pa>keHHOH Ha puc. 6.4.

ITpu HacTpoiike MOJIOXEHUE -MeTaJInyec-
KOI1 CKOOBI MEXKY M3JIyyaTesieM ¥ TpaHcgop-
MAaTOPOM U3MEHSIETCSI U (PUKCHPYETCS] B MOMEHT,
KOTrJa yAaeTcs HaiTH MHHHUMYM CTOSYMX
BOJIH B KOAKCHaJIbHOM Kabesie ¢ MOMOUIbIO
peryiupyeMoro KoHzencaropa. B atom no-
JI0OKEHHUH HAcTPOHKOH KOHJEHCATOpa yCTpa-
HSIOT PEAKTHBHYIO COCTaBJSIONIYIO H, Cle-
OBATEJIbHO, OCTATOYHbIE CTOSIYHE BOJIHBI.

TamMma-coriacoBsanue

t=AR2-V
5 CepepauHa nanyyarens Perynnpyemas ckoba
£
[ S
<
L - [ ¥+
|
; -
KoakcuanbHbiit i 3axum
kabernb, | AN nanyyarens
60—750m ! A
| 3axum
! AN ramma-
i - TpaHcpopmaropa
! Scku3
= CKOObI

Puc. 6.4. Y3eJl raMMa-COIJIacOBaHUS C IIPOM3BOJIbHBIM KOAKCHAIBHBIM KabesieM, BbITOJIHeHHBIi U3 TPYyGOK
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Ta6auua 6.1. IIpuGiu3uTenbHbIE Pa3MePBI COIACYIOILETO FaMMa-TpaHcopMaTopa
Jmuna 1, ) MakcumanbHas
JlnamnasoHsl cornacytomeit Ipy6ku | IIpomexyrok D, MM €MKOCTh Orxomenue d;:d;
TpaHchopmaropa, MM KOHZIeHcaTopa, nd

10m 800 100 50 0,15-0,25

15™ 1200 140 80 0,33

20m 1700 160 150 0,15
6.4. OMera-corjiacoBaHue 30 n® ana 10-, 15- u 20-MeTpoBoro auanaso-

Owmera-TpancdopMaTop — YCOBEPIIEHCTBO-
BaHHBIM BapHaHT ramMMa-tpancdopmaropa —
0COOEHHO MOAXOAUT JISI T€X KOPOTKOBOJIHO-
BBIX aHTEHH, IZl€ TI0A00P IIOJIOKEHHUS 3aKUM-
HOI CKOOBI raMMa-3BEeHa Ha KA4alolelcs May-
Te CIMIIKOM HeymobeH u onaced. B omera-
TpaHcopMaTope 3Ta CK0Oa HEMOABHXKHA, a
corjiacoBaHHe OCYIUECTBJISIETCS IBYMS Tiepe-
MEHHbIMH KOH/IEHCATOPaMU BOJIM3U ceperu-
Hbl Uasyyarens (puc. 6.5).

Q@ )

G2

G1

|
[
I

Puc. 6.5. [Ipunuun neiicTBust
omera-TpaHcopmaTopa

Jpyroe mpeumMyuiectBo omera-Tpascgop-
Maropa 3aKJII04aeTCsl B TOM, YTO COIJIacyolast
TpybKa BABOE KOpOYe, 4eM y raMma-TPaHC-
¢dopmaropa. Hapsxy ¢ sxonomueii Matepuana,
3TO YJIYYLIAET MEXaHUYECKYIO IPOYHOCTH CH-
CTEMBI.

PekoMenayeMast KOMIIOHOBKA OMera-TpaHC-
dopmatopa npexncrasneHa Ha puc. 6.6. Kon-
nencatop C1 KOMIEHCHPYeT UHAYKTHBHYIO
coctasusiomyio, a C2 3aMeHsieT peryJupye-
MYIO 32KUMHYI0 CKOOY U [03BOJISIET OBICTPO U
IIPOCTO YCTAHABJIMBATH BEJIMYMHY UMIIENAHCA,
OTBEYAIOIYI0 BOJIHOBOMY CONPOTHBJIEHHUIO
[PUMEHSIEMOTO KOAKCHAIBHOIO KabeJrst.

Jlanusle 1151 raMMa-Tpancgopmaropa (Tabin
6.1) crpaBeasIUBBI U B CJIy4ae OMera-3BeHa ¢
TOW pasHHIEH, 4TO IAJIMHA [{ yMeHblIaeTcs
BBoe. Peryspyemslii kouneHcatop C2 poa-
eH 06J1a1aTh npeaebHol eMKocTbio 20, 25 n

HOB COOTBETCTBEHHO.

B kauectBe C1 u C2 npuMeHsI0TCS A0C-
TAaTOYHO NPOCTble KOHAEHCATOPHI C MaJIBIM
PacCTOSIHMEM MEXAY MJIaCTMHAMHM, TaK Kak
B MecTe COYJIEHEHHUs] U3JIyyaTessl C ONopoii
He 6bIBaeT BHICOKMX HanpspkeHud. Heobxo-
IMMO 00€ecneyuTh TOYHOE U3MepeHHe eM-
KOCTH KOHIEHCATOPOB B XOJ€ HAaCTPOHKH, a
TI0CJIe €€ 3aBEPIIEHHUS 11€7IeCO06Pa3HO 3aMe-
HHUTb NepeMeHHble KOHAEHCATOPBI TOCTOSH-
HBIMH TeX XK€ eMKOCTeH, YTO OBLTH Onpese-
JIeHBI IPU HacTpoiike. [I/1s1 TOyHOrO BOCIIPO-
U3BeZIeHUs] ITUX eMKOCTeil KOHAEHCATOpHbIe
c6opku C1u C2 nenarot U3 NOCTOSIHHBIX KOH-
ZIEHCATOPOB C MAJIBIM TEMIEPATYPHBIM K03d-
dunnentom emxoct (TKE) — ¢ Bo3aymHbM
AU3JIEKTPUKOM, CaltoAsiHble. B cbopkax nomy-
CTUMO NPUMEHSTH OPOrHe IMOJCTPOEYHbIE
KOH/ZIEHCATOPBI, pa3MeNiast UX B [IJIACTUKOBBIX
KOPIIycax Il HaJIeXKHOit 3alllMThI OT aTMOC-
¢epHbIX BO3AEHCTBUI.

Kpemenue cornacyroleit TpyOkH 0OKOJIO
BBOJIa MUTAHUSI AOJDKHO GBITH BBIIIOJIHEHO
M3 M30JISIIIMOHHOTO Marepuaa J1bo ¢ npH-
MEHEHUEM HU30JISIUOHHON JieHThl (puc. 6.6
u6.7).

Cornacyromuii omera-tpanchopMaTop 6su
paspaborat B 1955 r. B. Oppom (W6SAI).

L=A2-V
CepeguHa  PukcuposaHHas
usny4arens ckoba
-6‘ ] D)1

KoakcuanbHbiii
kabenb,
60—75 Om

Puc. 6.6. Cornacyrouuit omera-Tpancgopmarop
[UISL aHTEHH C 11eJIbHBIM M3J1y4aloLHM 3IeMEHTOM
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CepeayHa XKecraHas
uanyyarens o6oima ”3"\943Teﬂb
. ¢
Koakcganbnuﬁ
kabenb
WU3onaumoHHas UensHo-
noﬁoca“a MeTanmyeckas
Z ] ckoba
AN
\ J
Mnactmaccoesiii  XKectawas Cornacyowas
Kopnyc oboiima TpybKka

Puc. 6.7. PexoMeHIyeMoe yCTPOMCTBO COI/IaCyIomero 3peHa

6.5. UYeTBepTHBOJIHOBBIMH

TpaHcdopmaTop

(H. O. Roosenstein — repmasckuii matent Ne 515121,
1928 1.)

Cornacio Bbipaxenuto (5.30), BoHOBOE
CONPOTUBJIEHHE Z JBYXIPOBOAHOM JMHUHU C
3JIEKTPUYECKOH MJIMHON A/4 cBsizaHO C ee
BXOAHBIM (ZE) U BBIXOAHBIM (Z,) CONPOTHB-
JIEHUSIMU COOTHOLLIEHHEM:

z2=\2:2, .

ITO 3HAYUT, YTO HEOOXOAMMOE BOJTHOBOE
CONPOTHBJIEHHE YE€TBEPTHBOJHOBOH JIMHUH
BCEr/Ja I0/DKHO PaBHSATHCS CPEIHEMY FEOMET-
pHYECKOMY ODOHX COLJIACYEMBIX PEaKTUBHBIX
COMPOTHBJEHUI Zg U Zp.

Ecnu nosoxuth Zg paBHBIM BOJIHOBOMY CO-
NPOTUBJIEHHIO UMelouerocs ¢uzaepa, a Z, —
BXO/IHOMY COIIPOTHBJIEHHIO aHTEHHBI, TO yKa-
3aHHOE COOTHOIIEHHE IIO3BOJIUT OIPENETHTD
BOJIHOBOE CONPOTHBJIEHUE Z YeTBEPThBOJIHO-
Boit TpaHcopMUpyIOLIe JTHHIH, HEOOXOAH-
Moe /1711 TOYHOTO corsacoBaHust. I1peoGpasyst
COOTHOLIEHUE, TOTYYHUM:

(6.6)

[Tono6Hblii yeTBEPTHBOIHOBDIN TPaHChOP-
maTop npezacrasjeH Ha puc. 6.8. Ero BTO-
poe Ha3dBaHHe — coracyomuii Q-rpancdop-
matop (ot aHria. Quaterwave — yeTBEpTb
BOJIHBI).

Takas nmuHUA-TpaHCHOPMATOP MOAXOAUT
UL TOOBIX AHTEHHBIX CUCTEM C CHMMETPHY-
HBIM IUTAHUEM H JIIOObIX THIIOB CUMMETPHY-
HbIX puaepoB. HyxHo juuib, 4TOGH B COOT-
BETCTBUHU C BEJTMYMHON BOJIHOBOTO COIIPO-
TuBJNEHUsT Z TpaHcdopmaTopa TpeboBaIHCh
Takue ee rabGapuThl, KOTOPble MO3BOJHIN

6bl BOIJIOTUTb YCTPOMCTBO «B Xxesese». Ha
IPaKTHKE 3TO YCJIOBHE BBIIOJHSAETCA IS
BOJIHOBBIX COIIDOTHBJIEHHUIi B mpenenax 50—
600 Om.

Ipumep

AHTeHHas1 CHCTeMa C BXOJAHBIM COIPOTHBIIE-
HueM 120 OM nuTaercs yepe3 CHMMETPUYHY IO
JIBYXIIDOBOJIHYIO JINHUIO C BOJHOBBIM COIIPO-
tusneHueM 280 Om. CnenoBatesibHO, BOJHO-
BOE CONPOTHUBJIEHHE Z COrJIaCyIOIEero yeT-
BEPTbBOJHOBOrO TpaHCc(OpMaTopa IOJIKHO
COCTaBJISITD:

Z= ‘[120x280 =,/33600 =183 Om.

JlaHHble Ha puC. 5.4 NMOKa3bIBAIOT, YTO MOXK-
HO TIOCTPOUTb ABYXIPOBOAHYIO JIMHHIO C Z =
=183 OM, ecnu pacCTOSTHHE MEXIY OCAMH
IIPOBOJHUKOB B 2,5 pa3 6oJibllle UX AHAMETPA,
a IN3IEKTPUKOM CJIYXKHT BO3AYX.

Wsrorossienne aHamoruyHoro tpaHchop-
MaTopa IIpPU HUCIOJb30BAaHUH CTAHAAPTHOTO

\ (=Af2-V .

l |

PTbBOSIHOBLIN
TpaHchopMaTop
N

W3onsaTopbl

YeTae|

Ze

dupep ] M3ongaTopel

NPon3BoNbHOMN
AJIIHbI

Puc. 6.8. UeTBepTbBONHOBBII TPaHCchOpMATOp
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BBICOKOYACTOTHOTO KabeJist C MOAXOMSIUIMM
BOJIHOBBIM COINPOTHBJIEHHEM DPEAJIbHO, €CITH
NOMTH Ha HECKOJIbKO Gosibuiue notepu. Kpo-
Me TOTO, IapajljieJIbHOe BKJIIOYEHHE TAKUX Ka-
Geneil 103BOJISIET OCYIIECTBUTD MMOKYIO MO
FOHKY BOJIHOBOTO conpoTuBieHusi. Hampu-
Mep, NpH NapajjebHOM BKJIOYEHUU Maphl
4eTBEPTHBOJHOBBIX MJIOCKUX 3BEHbEB IO
280 OM nostyynTcst Tpebyemoe BOJTHOBOE CONPO-
Tuaenne 140 OM, a 3Benbs no 240 u 300 Om
JaflyT BOJIHOBOe conpoTuBieHue 133 Om.

Heo6xonumo y4uThiBaTh KO3(OHUMEHT YKO-
pOUEeHUs IJIOCKUX JUHUIA KW HCKJIIOYATh MX
B3aUMHOE BJIMSTHHE ITPU NapaJLIeJIbHOM BKJIIO-
yeHHH (JIMHUM JOJDKHBI ObITh Pa3HECEHbI KaK
MOXXHO J[aJiblile APYT OT Apyra U 3aHKCHPO-
BaHbl). KoadduuueHt ykopoyeHuss npuso-
IUTCSI B JOKyMEHTAUMH K Kabeo (OH coCTaB-
aset okoso 0,8 /1T CHHTETUYECKOro AHaJIeK-
TPHKA).

Henocratok TpaHchopMupyrouei JTHHUN
COCTOHUT B TOM, YTO COIJIACOBAHHE HEBO3MOX-
HO MO/ICTPanBaTh 1ocJie CO0PKH, TaK KaK Jist
3TOTO HajI0 MEHSITh €€ BOJTHOBOE CONPOTUBJIE-
HHUe B Y3KUX Ipeziesiax.

YeTBepTHBOJIHOBBIE TPAHCGHOPMATODSI IJIST
METPOBOI'0 AMANa30HA MOXKHO U3TOTABIUBATh
camocrosTeabHo (puc. 6.9). C aToil nensio
HCIIOJIb3YETCsT OCHOBaHHeE U3 IJIACTHKA C 110-
HiepeyHbIMH 11a3aMH Ha JIEBOH CTOPOHE B Ka-
YeCcTBe HANPABJIAIOUIMX st GJIOKOB Kperie-
HHsI JIEBOH NapajuiesibHOW TPYOKH, KOTOPbIE
nepeMelnaioTcs NpH ee roctuposke. Ha npa-
BOI CTOPOHE UMEETCsI 110 TPH OTBEPCTHUS AJISI
KpeILIeHHsl Onop npaBoi TpyOKH, yueMm obec-
[eYUBAETCs] M CTyNeHYaTras IOCTHPOBKa.
Camu 6JIOKH BBINIOJHSIIOTCS M3 CTOMKOTO
CHHTETHYECKOro MaTepHala C MaJIBIMU IOTe-
PSIMH U CHa0XAIOTCSA NMOJYKPYT/IBIMUH KaHAB-
KaM# st pukcaunu TpyboK pasHOro aua-
MeTpa. JTa KOMIIOHOBKA [I03BOJISIET obecrie-
YMBATh BOJIHOBbIE CONPOTHUBIEHHS OT 150 110
500 Om.

Pasymeertcs, cornacyoumii 4eTBepTbBOI-
HOBBII TpPaHC(HOPMATOD OCYIECTBUM U B He-
CUMMETDHUYHOH ¢dOopMe I COrJacoBaHUS
KOAaKCHaJbHOTO KabeJsisi ¢ HECHMMETPUYHOM
aHTeHHoO (Hanpumep, Tuna Groundplane).
OpHako He BCeraa yAaercss nonobparb cTaH-
JNAapTHBIA KOAKCHANbHBIA Kabesb C BOJIHO-
BBIM CONPOTHUBJIEHHEM, TOAXOSAIINM JIsI YeT-
BEPTHBOJIHOBOrO TpaHcdopmaTopa, u 060ii-
THCh 6€3 IOCTPOEHHs] KOAKCHAJIbHOH dYert-
BEPTHBOJIHOBOI JIMHUM CBOMMHU CHJIaMH (CM.
puc. 5.5 u 5.6). OnHako paguoaOUTENH NO-
YTH HE NPUMEHSIIOT TaKHe JIMHUU U3-3a TPYa-
HOCTell UX M3TOTOBJIEHHSL.

a) rllas Oraipcmq 6) i
/4@?\ :IJ$

AN A
FetuHakcosas

nnura,
500x200 mm

Als-¥

Tpybka \F

Y3en
KpenneHus

—CF- T

MapannenbHbie
TpyOku

B) . BonT kpennexus
TPYOKH
/
Pesbba ans kpennexus
TOHKOW TPY6Ku

OcHoBaHue
/

[ e - a —

Bont kpennenns

Puc. 6.9. Icku3 4eTBEPTHBOIHOBOrO
TpaHcdopMaTopa ¢ peryanpyeMbIM BOJTHOBBIM
CONPOTHBJIEHHEM: @ — BHJ criepeny; 6 — Bux c6oKy;
B — paspes 6J10Ka

B oTaesnbHBIX CIy4asix KOAaKCHAJIbHbII Ka-
6esib BeCbMa INOJIe3€H NPHU CO3JAaHUH YeT-
BEPThBOJIHOBOIO TpaHcGOpMaTopa — HaNpu-
Mep, Koraa TpeGyeMoe 151 npeo6pa3oBaHuUs
BOJIHOBOE COINIPOTHUBJIEHHE HACTOJIBKO MaJIo,
YTO €r0 HEBO3MOJXKHO MOJIYYUTh C HOMOLIBIO
JIMHUHU M3 Napbl MapaJljieIbHBIX NTPOBOJIOB.
[Ipu napajuiesbHOM BKJIIOYEHHUU ABYX OJIM-
HAKOBbIX CTAHAAPTHBIX KOAKCHAJIBHBIX Kabe-
JIeit ©X BOJIHOBOE CONPOTHBIIEHHE YMEHbIIA-
€TCsl BBOE, MO3BOJISIA CTPOUTH YETBEPTh-
BOJIHOBBIE TpaHchopMaTophl Ha 25-37 Om
6e3 oco6oro Tpyza. JJocCTOMHCTBO TaKUX JIU-
HHUU 3aKJII0YaeTCsl B TOM, YTO UX BOJIHOBOE
CONpOTUBJIEHHE OJUHAKOBO Ha BCEM IIPO-
TSDKEHHH M YTO JJIMHA JHHUU (C yYyeToM
K03 duLneHTa yKOPOYEHHST KOAKCHATIBHOTO
Kabens V = 0,66) cyumecTBeHHO ycTynaer
IPOTSIKEHHOCTH [BYXIPOBOAHON JIMHHH C
BO3/YIIHOI U30JsILKelt.

Ha puc. 6.10 nokasansl Tpu o6pasua Yet-
BEPTHBOJTHOBBIX TPaHC(HOPMATOPOB: & — CUM-
METPUYHOE I10CJIe/IOBATEIbHOE COEAHHEHME,
Z=2 Zy; 6 — CHMMETPHYHOE MaPALIETbHOE
coenuHenue, Z = Zy / 2; B — HeCHMMETPUYHOE
napaJejibHoe coefiuHenue, Z = Zg / 2.
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Puc. 6.10. UeTBepThBONHOBBIE TPAHCGHOPMATOPHI,
M3TOTOBJIEHHBIE U3 KOAKCHAIBbHBIX Kabesteit

IIpu nocnenoBaTeILHOM COETUHEHUH IBYX
OTpe3KOB KabeJisi CyMMapHOe BOJIHOBOE CO-
NpOTUBJIeHHE Zg OKa3bIBAETCSI HECCUMMETDHY-
HBIM. IIpH 3TOM HECJI0XKHO MOJIyYUTh BOJHO-
Bble cOnpoTHBIeHus B mpeaenax 100-150 Om.

TeopeTnuecku Bce JTHHUH, ITEKTPHYECKAsT
JJIMHA KOTODPBIX KpaTHa HEYETHOMY YHCIY
yetBepreit auunbl Bosubl (1/4, 3/4, 5/4, 7/4
¥ T.I.), SIBJSIIOTCSI TpaHC(OpPMaTOpaMu TOrO
e KAYeCTBa, YTO U YETBEPTHBOIHOBBII TPAHC-
¢opmarop.

6.6.

YeTBepTHBOJHOBBIN COIJIACYIOIUH 1Ielid
coyeraeT y1006CTBO yCTAHOBKH C ONITHMAJIbHO-
CTBIO COTJIACOBAHHS M INPEACTAaBJsIET COOOM
3JIEMEHT, TpeOyomui MUHIMANBHBIX 3aTPaT
Ha peasM3alHIo.

Cornacyiommii uuieig

a) <A4 6)
a
Z‘ Z =
ZA <Z b

Ineitd npuMeHsieTcss B NepBYI0 OYepelb
TSI COTJIaCOBAaHUsI KOPOTKOBOJIHOBBIX [TPOBO-
JIOYHBIX QHTEHH C JIIOOBIMH CUMMETPUYHBIMU
¢dunepamu. B cuity cBoeil yacToTHO#M 3aBUCH-
MOCTH I17Teiid npomyckaeT He Bce 4aCTOTHI
paboueii 10JI0CH! AHTEHHDI, [I0ITOMY €TI0 Helle-
J1eco06Pa3HO KCMOJIB30BaTh BMECTE C IIMPO-
KOITOJIOCHBIMH aHTEHHAMH.

B pazzaene 5.2.3 npu 06CyKAEHHH BO3MOXK-
HOCTeH COIJIacOBaHHUsI OCPECTBOM JBYXIIPO-
BOJZIHOI1 JIMHMHU Tlepesiayy ObLIO YCTAHOBJIEHO,
4TO OTPE30K JIMHHH, AJIMHA KOTOPOIro MeHble
A/4, Bcera nposBiseT ceba Kak YUCTO peak-
THBHOE COIPOTHBJIEHHE. B KOPOTKO3aMKHY-
TOI IMHUM OHO SIBJISIETCSI UHAYKTUBHBIM (X1 ),
a B Pa30MKHYTO# — eMKOCTHBIM (Xc) — cM.
puc. 5.29.

Ecnu nunuio, kotopast kopoye A/4, Harpy-
3UTb AaKTUBHBIM COIPOTHBJIEHHEM Z,, MEHb-
KM ee BOJHOBOTO COIIPOTHBJIEHHS Z, TO HA
JPYTOM KOHLE JIMHHUH 00Pa3yeTcsl KOMILIEKC-
HO€ CONpPOTHBJIEHHE Zp B_BUAE MapaJuiesb-
HOTO COEAMHEHHs CONPOTHBIEHUH — aKTHB-
Horo Rg u peaktuBHoro Xg (puc. 6.11a). Yro-
6bl clienaTh Zg YHCTO aKTHBHBIM, TPeOYyeTCst
CKOMITEHCHPOBATh HHAYKTHBHYIO COCTaBJISIO-
Y0 PABHOBEJIMKHM NapajlieJIbHbIM €MKOCT-
HBIM cornpoTuBieHueM (puc. 6.116).

O6paTHbIii CIyyaii KIMeeT MeCTO, KOr/ia Harpy-
304YHOE CONPOTHBJIEHHE Z, TPEBBIIIAET BOJ-
HOBOE conpoTuBieHne JuHun Z (puc. 6.12a).
B atoM ciyyae Zg npruoOperaer 3aMETHYIO eM-
KOCTHYIO COCTaBISIOLIYI0 Xc, AJIs1 KOMIIeHCa-
LMK KOTOPO#l HEOOXOAMMO IApaUIebHO MOJ-
KJII0YaTh MHAYKTHBHOCTD (pHc. 6.126).

Zg=Re,ecnuXe = Xg

Puc. 6.11. KomneHcauyst HHIYKTHBHOI COCTaBIISIOLIEi THHHUelH IIHHOM MeHblle A/4:
a — 3KBHBAJIEHTHas cxeMa; 6 — kommeHcauus X mocpencTsom X

a) <A/4 a 6)

|
Lz _”f-l-_

2

a
X
b

2>z Ls

Zg = Reecnm X, =Xe

Puc. 6.12. KomneHcanust eMKOCTHOM COCTaBISIIOLIEH TMHNEN ATHHON MeHblle A /4:
a - 3KBHBAJIEHTHAsA cxeMa; 6 — komnencauus X, nocpencTsoM X
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IIpu 3TOM BXOAHOM MMIenaHc Zg Gyaer co-
CTOSATh TOJIBKO U3 aKTUBHOM COCTaBJIsIIOLICH
RE. B 3aBucuMoctu ot auHb! TuHUU RE = Zg
NpPUHUMAET 3HaYeHUs OT Z, (AJIMHA JIUHUHU
paBHa HyJI0) 10 Z2/Z  (3MeKTprUecKas -
Ha JIMHUH COCTaBJIsIeT A/4).

Cornacyromuii mieiid siBasieTcss mpaxkTu-
4YeCKUM IPUMeHeHHeM 3TUX nosoxenuii. Co-
riacHo puc. 6.13, dbuaep ¢ BosmHOBBIM compo-
THUBJIEHHEM Z NMOAKJIIOYAeTCs] HelOCPeACTBEH-
HO K BXOZY aHTEHHBI Z,, NPeJCTaBJIEHHOMY
HeKHM conpoTuieHneM. Eciiit Z He paBHO Z ,
COIJIACOBaHMsI HE NPOUCXOAUT U BO3HHKAIOT
cTostuue BostHbl, npuyeM KCB npsiMo onpene-
JISI€TCS OTHOILIEHHEM Z /7.

Ha paccrosinuu C oT kj1eMM MUTaHUS 10J-
HO€e CONPOTHBIIEHUE Z 5 COOTBETCTBYET BOJIHO-
BOMY comnpotuBieHHio Z ¢dunepa, HO 371eCh
OHO OTSITOLIEHO PEAKTHBHOH COCTaBJISAIOIIEH.
Ecau cKOMIIEHCHPOBATh 3Ty COCTABJISAIONIYIO
uuteiioM, To Z CTaHeT aKTUBHBIM, a aHTEH-
Ha — COIJIACOBaHHOM.

IIpu Z, < Z xoMneHcauust OCyIIeCTBIISeTCS
pa3oMKHYyTbIM nureiiom (puc. 6.13a), a npu
Z, > Z ucnosb3yercss KOPOTKO3aMKHYTbIN
e (MHAYKTHBHOCTD) COIJIACHO puc. 6.136.

a)
7 2y Z2a<Z

Sl

Pa30MKHYTbI LB
wnend

6)
V4 ZA Z‘>Z

8

KopoTko3aMKHYTbIin L
wneind Y

Puc. 6.13. CxeMma corsacyiomero uureiida:
a — pa30MKHYTBIH 1Teiid;
6 — KOpPOTKO3aMKHYTBIi1 LTeiic

CrienoBaTesibHO, HEOOXOIHUMO IPEX/IE BCErO
YCTaHOBUTb, HACKOJIBKO PA3nyaloTcst Za U Z.
CrenaTb 3TO HECJIOXKHO, MIOCKOJIbKY BOJHOBOE
conpoTuBiieHne Z ¢huaepa J0/KHO ObITh BCe-
raa u3BectHo (cM. paszen 5.1.1), a BxoaHoe co-
npoTuByieHue Z, 0ObIYHON KOPOTKOBOJHOBON
aHTEHHbI Yallle BCEro NaeTcs B ee ONMUCAHHH
WJI TOYHO onpezensiercs. BxoaHoe conpoTus-
JIeHHEe aHTEeHHBI, IUTAeMOii B IIyYHOCTH TOKA,
OOBIYHO XapaKTEPU3YeTCs] HUBKUMHU 3HAYEHUSIMH

(HanpuMep, MOJYBOJHOBBIA BHOPATOp), Tak
YTO B 3TOM CiIy4ae oyt Beeraa Z, < Z. Eciu
Xe peusb ufeT 06 aHTeHHe C MUTaHHEM I10 Ha-
NPSKEHHUIO (BOJIHOBbIN BUGPATOP UJIH H3J1y4Ya-
TeJIb C KOHLIEBBIM ITUTAHHEM), TO HMEET MECTO
60J1b11108 BXOAHOMN uMnieniauc (Z, > Z).
Paccrosiiue C MeXay BXOAOM aHTEHHBI Z,
M TOYKaMH MOIKJIOYeHHUs meiida, a Takxe
nnvHa meiida B 3aBucAT oT BOJIHOBOTO CO-
npoTuBIeHus Z pumepa H COOTHOMIEHHUS MeX-
ny Za v Z. lockonbky Zs/Z wnu Z/Z 5 onpe-
nesstiot Takxke KCB = s, paccrostue C u nu-
Ha B aBasrorcst dynkuusmu s. I1pu paBeHcTse
BOJIHOBBIX CONPOTHBJIEHUH duaepa u meida
1pu Z, > Z BBINOJHSAIOTCS] COOTHOILEHHS:

tgC=+s (6.7)
b4
ctgB= ST—;I (6.8)

Hdnsa Z, < Z nnuHbl PaCcCYUTBHIBAIOTCA II0
dbopmynam:

ctgC=s (6.9)
n
tgB =57‘_S-‘~ (6.10)

C u B BpIpaxaroTcs B rpagycax H nepecyu-
TBIBAIOTCS HA JIMHY BOJIHBI C TIOMOLIBIO COOT-
HOLIEHHUSL:

JUtiHa B rpagycax = 360° x muHa BA (6.11)

I'pacduku Ha puc. 6.14 1 6.15 mocTpoens! 1o
3TUM (OpMYJIaM H NO3BOJISIIOT JIETKO Haxo-
nuth 3HaueHus A, Bu C (A = B + C) no Benu-
yune KCB (s).

Tak Kak nmpeznoJiaraeTcst paBeHCTBO BOJHO-
BBIX CONPOTUBJIEHHH coryacyolero mueiida
u ¢duznepa, BXOJHOE CONMPOTHUBJIEHHE AHTEH-
HBl Z, He HMeeT PEaKTUBHOH COCTaBIOLICH
M aHTEHHA JIOJDKHA HAXOIUTCS B pe30HaHCe C
paboueii IJIMHON BOJIHBI.

IToCKOJIbKY IIPH Y€TBEPTHBOJIHOBOM COIJIA-
COBAaHHUHU TPUMEHSETCS COIJacOBaHHAsS JIH-
HHS, HEOOXOAUMO yYUTHIBATh KO3duimest
YKODOYEHHUS UCIIOJIb3yEeMOro OTpe3Ka JIMHHH.
B cpennem o cocrasnser 0,975 pist auHHIL U3
HapajieJIbHbIX POBOJOB C BO3AYIIHON H30-
JISILMeH, TAK YTO PACCYUTAHHBIE IJIMHBI CIIENy-
€T yMHOXHTh Ha 3TO 3HayeHHe. Benuunna
K03 pHUUHEHTA YKOPOUYEHHS] CTaHJAPTHBIX
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Puc. 6.15. 3aBHCHMMOCTD ATHH KOPOTKO3aMKHYTOTO LiLjeticda

Kalenieil ¢ CUHTETHYECKHM IM3JIEKTPUKOM yKa-
3bIBAETCS B MX CrieLU(DHUKALHUAX.

Ipumep

[TonyBosnHoBBIN BuGpaTop A5t 40-MeTpoBOro
Jvana3oHa (pesoHaHcHas yactorta 7025 kI,
JUIMHA BOJIHBI OKOJIO 42,7 M) HMeeT BXOJHOM
umnenanc 65 Om. TpeGyercs cornacosath ero
C CMMMETPHYHOH JBYXIIPDOBOAHOH JIMHHUEMH
(BonHoBoe comnpotusienne Z = 300 OM, Ko-
apduument yxopouenus V = 0,8) ¢ nomouso
cornacyiomero nuieiiga, BbIIOJHEHHOrO U3
TaKOM ke IBYXTIPOBOJHOM JINHUH.

IIpexzie Bcero BbISICHsiEM, YTO BOJIHOBOE CO-
NPOTHBJIEHHE TPEBOCXOAUT BXOLHOE, IOTOMY
1eo6X0MM Pa3OMKHYTHIH 1eiid, K KoTopo-
My NPUMEHHMbI rpaduKH, H306pAXKEHHbIE HA
puc. 6.14.

Onpezensiem KCB o cootHomenuio Z/Z =
=300 / 65 = 4,6. Ha ocu opauHaT Haxoaum
TOYKY 4,6, IPOBOJMM U3 Hee TOPU3OHTAIBHYIO
JIMHUIO 10 NlepeceyeHus1 ¢ KpuBoii C, U3 TOYKH
riepeceyeHys ONyCKaeM IEePIeHINKYISAP A0
ocH abCLUCC U Y €ro OCHOBAHMUS JeJIaeM OT-
cuet: C = 0,068 1. Tem xe croco6oM 110 KpH-
Boii B Haxonum piuny mwuteitda B = 0,165 A.
TornaA=B+C=0,233A.

Jns novHbl BOJIHBI 42,7 M noTy4yaeM:

C=42,7x0,068 = 2,9036 M,
B =42,7%x0,165 = 7,0455 m.

C yueToM ko3 duLneHTa yKOPOYEHHSL:

C=2,9036x0,8=2,32288 m,
B =7,0455% 0,8 = 5,63640 M.
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Orcrona ciezyert, 4To COTJIaCOBaHHE peatu-
3yetcs1, Koraa ¢huzep MOAKIIIOYAETCSI HA PACCTO-
aHuu C = 2,32 M OT BXOAHBIX KJIEMM aHTEHHbI
U K TOYKaM MOAKIIOUeHHs (uiepa MpHIasH
Pa3oMKHyTbIH nutelid anuHoH B = 5,64 M. Ta
KoHurypaius nokasaHa Ha puc. 6.14.

Haunnyuee cornacoBanue obecriednBaercs
npu Hanuyuu uaMepurenss KCB. Cravana on-
penensitor KCB anTeHHs! ¢ duznepom, HO Ge3
nuteida. 3uanne KCB mo3BosisieT HaxoauTh
ToyHble 3HayeHus1 C u B ¢ momousio puc. 6.14
usu 6.15. He otcoenuuss dunep, K ero oto-
naM npunausaoT mieitd B Ha paccrosnuun C
OT BXOZa aHTEHHBI — U 3BEHO COIJIACOBAHHS
rOTOBO.

W3-3a pasHuubel Mexay rpadpuuyeckuMu
npexacTaBaeHusiMu meitgos Ha puc. 6.13-
6.15 co3maercsa BneyaTJeHHE, YTO TaM I10-
KasaHbl [1Ba TUMNA cornacosaHus. Ha camom
Xe felle OHHM CJerka pas3juyalTcsl KOHCT-
PYKUHUSAMH, OyAy4H COBEPIIEHHO PAaBHOLIEH-
HBIMHM 1O 3JIeKTpUYeCcKUM cBoiicTBaMm. Ha
puc. 6.16 nzobpakeHbl BAPUAHTHI IPUMEHE-
HHS COTJIacCOBaHMH, a Ha puc. 6.17 — mpumepsl

a) A2y

.

AHAJIOTMYHBIX JJIEKTPUYECKU TOXAECTBEH-
HBIX THIIOB COrJacyomux uueiicos. s us-
JIyyaTteJsieil ¢ KOHLIEBbIM IUTaHUEM XapaKTep-
HO BBICOKOE BXOJ[HOE COIIPOTHBJIEHHUE, T103TO-
My UM TPebyeTCst BBICOKOOMHBIH uIeid.

Ineiip B momxkeH MOAXOAUTH MOA INpH-
MbIM yrioM K ¢uznepy. B coorBercTBUM C
3TUM TpeGOBaHHEM W MECTHBIMHU YCJIOBUSIMH
BbIOMPAETCs] KOHCTPYKTHBHOE HCIOJHEHHE
COIJIACYIOLIEro 3BeHa B BUJE COTJIACOBAHUS
(puc. 6.16) unu corsacymouero muieiida
(puc. 6.17).

B s1106b1X COrJIACOBaHHBIX JIMHUAX HMEIOT-
cs crosiuve BoJHbL. Bo u3bexaHue 3Hayu-
TeJIbHBIX O0Tepb oTpe3ku uHui B 1 C ron-
JKHBI OBITH M3TOTOBJIEHBI M3 TOJICTOTO IIPO-
BOJA C NIPUMEHEHHEM BBICOKOKaYeCTBEHHbIX
H30JISITOPOB. DTO OCOGEHHO BAXXHO MPHU 6OJIb-
KX OTHOWeHUsAX Z, / Z unu Z / Z . OnHako
Br1oTh 10 KCB = 5 ncnosp3oBaHie TOHKOrO
IPOBOAA U M3O0JISITOPOB CPEIHEro KauecTsa
NpaKTHYEeCKU He CKa3bIBAETCS Ha NMOTepsX,
TaK 4TO JOIMYCTUMO IPUMEHSATD CTAHAAPTHBIH
mwrockuit YKB kaben.

Pic. 6.16. BapHaHTBI COIIaCOBaHMSI: a — MOJIYBOHOBbIII BUOpaTOp; 6 — BOHOBLIIH BUbOpaTop;

B — aHT€HHA C KOHIIEBbIM ITUTAaHUEM

Puc. 6.17. BapuanTs! corsacyioulero uieiica: a — noxyBoJTHOBbLI BUGpaTop; 6 — BOIHOBBIIT BHOpaATOp;

B — aHT€HHA C KOHL€BbIM NUTaHUEM
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Cornacyromuit uuteii obecrnieynBaer co-
r71acoBaHue, Jaxke KOrJa CONMpOTHUBJIEHHE Ha
BBOJI€ [TUTAHHsI AHTEHHBl Z, UMEET PeaKTHB-
HYIO cocTaBsiolyo. B atoM ciyyae pacrpe-
JiefleHHsl TOKa U HamNpsDKeHUs] CMeLIAloTCst
BJIOJIb IMHUU B 3aBUCUMOCTH OT BEJIMYUHBI U
3HaKa 3TOH COCTaBJISIOLIE, 2 HX MAKCHMYMBI
¥ MUHUMYMBI YXOJSIT OT TOYEK, CTPOrO OTCTO-
AMMUX Ha A/4 (unu n X A/4) OT BXoJa aHTeH-
HBI, KaK Y [IPY aKTUBHOM BXOZTHOM COIIPOTHB-
Jenuu aHteHHsl. [loatoMy HeoGxonumo Haii-
TH TOYKY PaclOJIOKEHHs IEePBOM MyYHOCTH
WJIM y3J1a TOKa OTHOCUTEJIBHO BXO/Ia AaHTEHHB,
TN0JIb3YSICh COOTBETCTBYIOLIEH anmnapaTypoi.
JIBUrasch U3 3TOit TOYKH B CTOPOHY Iepear-
yyKa (MJIM IPUEMHHKA), OTKJIA/[BIBAIOT OTPE3-
k1 C u B. Ecii HayasioM oTcyeTa CIryXur 1myy-
HOCTb TOKa (MHHMMYM HarpsixkeHus), To C u
B paccuutbiBaioT 10 rpadukam Ha puc. 6.14;
€c/IM y3es ToKa (MaKCHUMYM HaIpsKEHUs ) —
no rpadpukam Ha puc. 6.15. toT MeTox enBa
JIK IOCTYTIEH JIIOOUTEJISIM, He PACIoaramiuM
annapatypoil. BripoueM, Bceraa crapaiorcs
HCI0JIb30BaTh aHTEHHY B pe30HaHce ¢ pabo-
Yeil yaCTOTOM, KOTrla BXOAHOE CONPOTHBIIEHHE
AHTEHHBI Z A SIBJISETCS AKTHBHBIM.

Hecummetpuunslif cornacyiomuii nuieitg

Jlist BO30Y>X/IeH ST AHTEHHBI C KOHIEBbIM ITH-
TaHUeM 4epe3 corviacyoui et ocobeH-
HO y/100eH HECUMMETPUYHBII KOAKCHaNbHbI
Ka0eJib, C KOTOPBIM M/EAJILHO CTHIKY€eTCs He-
CUMMETPUYHBIN BBOJ nUTaHusl. OH OT/IMYaeT-
€5l TAKXKE CTOMKOCTBIO K IIOTOJIHBIM YCJIOBUSIM,
a barozapst €ro COBepIIEHHOMY 3KpaHHpOBa-
HHIO IPEOTBPAILAIOTCS IIAPA3UTHBIE U3JTyye-
Hf, CO3/IAI0L1e TIOMEXU TEJIEBUIEHUIO U pa-
avoBemanuio. Pasymeercss, B 3TOM ciyyae
coracyomuii meid u bunep nenaoT U3 Ko-
aKCHAJIBHOTO KabeJIst O[HOrO ¥ TOTO Xe€ THIIA.
Bce ckasaHHOe Bbille 06 HCIIONHEHHH LIJIEH-
(oB OTHOCUTCSI U K Y4ETBEPTHBOJIHOBOMY CO-
IJIACOBAHHIO HA KOAKCUATbHBIX Kabensix.
IMockosbky Ha CBOGOAHOM KOHIIE COTJIAaco-
BaHHOro uaepa AMUHOMK A/2 (1au n X A/2)
BCEr/la MMEeTCst MAaKCHUMYM HATIPSKEHHUST, BXOJ
AHTEHHbI C KOHLEBBIM NHTAHUEM TaKXe JO0JI-
XeH GbITh BHICOKOOMHBIM. Ho BoTHOBOE CO-
NPOTUBJIEHHE KOAKCHAJIBHOTO Kabesist CocTaB-
aser b 50 OM, Tax yTo B J1I06OM citydae Z,
HamHoro npesbitaeT Z. OTciofa BbITEKAeT He-
06X0IMMOCTb TIPMMEHEHUsI KOPOTKO3aMKHY-
TOro corsacyoero uuieica, aauasl B u C
KOTOPOTO omnpezessiorest no puc. 6.15. Bxoa-
HOt MMIIeJaHC TAKOHM aHTEHHD! C KOHIIEBBIM
niTanneM Beeraa 6ombime 1000 Om, nosTomy
ccrectBeHHO TpuHATE KCB = 20. 310 3n1a4urT,

4TO TOYKA OTBOJA COrjacywouero uueiica
JOJXHA OTCTOSITH OT TOYKU BBOJA MUTAHHS HA
0,216 A (ayuna C) ¥ 4TO BKJIKQYEHHDIH TaM KO-
POTKO3aMKHYTbI COracyomui mueid nos-
*eH uMeTb JuHy B = 0,034 A.

B pacuerax TpeGyembIx 1jMH Kabeseil u To-
YeK OTBO/IOB CJielyeT YYUThIBaTh Koaduuu-
€HT YKOpOYEeHHsI KOaKCHaJbHOro Kabess. B
cpenHeM oH coctasiser 0,66 (cM. nepeyenn
kabesieil B IPUJIOKEHHMH ), TAK YTO PACCYUTAH-
Hble 3HAYEHUSI HaZ0 YMHOXATb Ha 3Ty BeJHU-
YKHY.

OTpe3oK KOaKCHAIBHOTO Kabesisl 718 CorJia-
cyoulero meida KomKeH UMETb 3JEKTPU-
yeckyio 1uuHy 0,034 A. CrasiB BHYTpeHHIOI0
XKHJIy C 9KPAaHOM Ha HHXKHEM KOHIIE OTDe3Ka,
MOAYYalT KOPOTKO3aMKHYThIH uuneiid. s
6€e3yIpeYHOro MOAKIIIOYEHHUS €r0 B TOYKE OT-
BOZia TpeGyeTcsi HeKoTopoe Be3eHue. Ha mec-
Te MpeJIoJIaraeMoro OTBozIa ¢ KabeJst yaas-
IOT IPUMEPHO 1CM 3aIUTHOI TOJTUBUHHIIXJIO-
PUAHOH OOOJIOYKH M, PA3IBUHYB KaK MOXHO
IIKpe NP 3KPaHa, 0OHAXKAIOT AUIJIEKTPU-
4ecKy1o 060JI04Ky BHYTPEHHEH XUJIbl (06bIY-
HO M3 NOJTHM300yTHJIEHA WM NIOJUITHIEHA).
3areM yJaisioT 4acTb 3TOM OGOJIOYKH TakK,
4TOOBI MOXKHO GBUIO NIPUINASTH BHYTPEHHIO
Xumy kKabens uuteiida K 06HaXKeHHOH BHYT-
peHHell xuse kabens dbumepa. Janee Mecto
oTBOJA 1uTeiida HALEKHO U3OMUPYIOT, MOJIb-
3ysCh NOAXOASIIUM KJIeeM U He I0MyCKast Co-
NIPUKOCHOBEHHS BHYTPEHHHX JXKHJI C 9KpaHa-
mu. HakoHeln, B MecTe OTBOZIa HAYNCTO MpHU-
NauBaloT 3KpaHbl wuIeitda u dunepa onux
K JIPyTOMy ¥ BCE COYJIEHEHHs IJIOTHO oOMa-
TBHIBAIOT JOOPOKAYeCTBEHHOM M30JIALHMOHHOM
JIEHTOM 1151 0becrieYeHns! BJIArOHENPOHHKIIae-
MocTu. Pacnaiika koakcuanpHoro ueiiga no-
Ka3aHa Ha puc. 6.18.

Zz
_________ ==
A
2,-Z | %
ZA>Z ZL | 8
|
!

KopoTko3aMKHYTbIN KOHew,

Puc. 6.18. KoakcnanbHblii cornacyomuii ueiid

Heckosbko pacTounTenbHOE, HO 3EKTPH-
YeCKM M MEXaHMYEeCKH HJealibHOEe pelieHHe
COCTOHMT B TOM, YTOOBI BOCIIO/Ib30BATbCS CTAH-
JapPTHBIM TPOMHUKOBBIM I€PEXOJHUKOM JIJist
KOaKCHanbHbIX Kabescii BMCCTC C COOTBCT-
CTBYIONUIIMI Pe3b00BRIMI PadbeMaMH.
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Cpob6onHblit KOHel liteitdha HaMaThIBAIOT
Ha KOJIbLIO, a Kabesnb usepa NpOKIAbIBAIOT
[POU3BOJIBHO, IOCKOJIBKY HA HEro He BIIHSIOT
BHELIIHHE BO3/eHCTBUS.

Hepeaxo koakcHanbHBIN COrJIacyoOHi
e MPUMEHSIOT IJIs1 COIJIaCOBaHUS YeT-
BePTHBOJIHOBBIX U3JIydaTeJieil, yCTaHaBI1Bae-
MbIX BEPTHKAIbHO B anTeHHax Tuna Ground-
plane. B Hux BBOA nMUTaHMs BCeraa acCHMMeT-
PHYEH, 2 BXOTHOE COIPOTHBIIEHUE COCTaBISET
okojio 30 Om (cM. pasaen 19.4.1). Onucanue
PacyeToB C HUCIOJIb30BAHHEM KOMILJIEKCHBIX
YKceN U pelleHUs 3a/1ay COIJIaCOBaHHs C IO~
Moo auarpamMm CMHUTA IPUBOIUTCS B IJ1a-
Be 32 (ToM 2).

6.7. CornacoBanue ¢ NOMOUIBIO

AHCKPETHBIX
PaAHOKOMIIOHEHTOB

Ilenoykx peaKTHBHBIX COIPOTHUBJIEHHH, TO
€CTb KaTylleK HHAYKTUBHOCTH L 1 KoHzeHca-
TopoB C, NO3BOJISIOT CO3AaBaTh Pa3inyHbIE
coryacyiouue cxeMsl (3seMeHThl). Cpeau HuX
pa3INyaloT:

¢ I'-06pa3HbIii 3JIEMEHT;

* moct Bymepo;

* T-06pa3Hblii 31€MEHT;

* [I-00pa3Hblil 3JIEMEHT;

* DE30HAHCHBIH TpaHCHOPMATOD.

6.7.1.

ITpocreiimas cxeMa coracoBaHHsI COCTOUT U3
nByx peaktusHbix kommoHeHtoB (L u C),
OJIMH M3 KOTOPBIX BKJIIOYEH MOCJIE/IOBATEIbHO,
a apyroit — napasutenbHo. K menbuemy co-
NPOTHBJIEHUIO Rg moxkioyaeTcs nocjaenosa-
TeJIbHBII KOMIIOHEHT, a K 6osbiemy R, — ma-
pamensHbiit [13-15].

3uavenus peaktuBHocTeit X u X, paccun-
THIBAIOTCS 110 33/IaHHBIM 3Ha4eHUAM R; u Ry

Rs<Rp, RsxRp=szXp,

T-o6GpasHblii 31eMeHT

IIpumep
Ilnst 20-MeTpoBOro AMana3zoHa Hy»KHO COIIaco-
BaTh YETBEPTHBOTHOBYIO AaHTEHHY C BXOAHBIM'

conpoTuBieHreM 36 OM 1 KOaKCHAIbHBIH Ka-
6eJib ¢ BOJIHOBBIM conporuBieHneM 50 Om:

R, =36 Om,
f= 14,15 MTIu,
w = 2pf = 88,91-10% pan/c,

X, = 36‘, 0-36 _ 45 Owm,
36

36
i 50-36

Ry, =50 Om,

=80,18 Om.

IMosyunm 1ans1 cxembl, NPUBEJEHHOH Ha
puc. 6.19a:

224
X, =ol; L=2s =228 __753.10;
© 889110
L =0,253 mxI'n;
Xp =L" C= 1 =———1 3 =140'10_12;
oC’ 7 eX,  8018x8891-10

C=140n®

IS cxeMbl Ha puc. 6.196:

X, -1, C=L=——J———6=501~10"2;
oC oX, 22,45x8891-10
C=501nd;
X
X, =oL; L=—"—=L’18;=0,902-10'6;
o 889110
L=0,902 Mx['H.

Ha puc. 6.22a 1 6.226 n3o6paxeHbl CXeMbl
I'-06pa3HbIX JIEMEHTOB C PaCCYUTAHHBIMHU HO-
MHUHAJIaMH eMKOCTeil KOH/EHCATOPOB M MH-

NYKTUBHOCTEH KaTyIleK.

ITpoBepka:

RsxRp=szXp,

36 x 50 = 22,45 x 80,18, 1800 = 1800.

CornacoBanue no cxeMme puc. 6.196 HasbiBa-
10T TaKkxe V-06pasHbIM MM (eTa-Coriacosa-
HueM. Ecsii u3syyatesib MHOrO2JIEMEHTHOI aH-
TEHHBI YKOPOTHTb, OH IIPHOOPETAET eMKOCTHOM
XapakTep, B pe3yJIsTaTe yero obpasyercst nocie-
JI0BaTEIbHOE COEANHEHNE M3IyYaTeJbHOIO CO-
nporusienust Z, u emxocty C. Ilapannensho
3TO 110CJIEOBATENIBHOI LIeMOYKe BKJII0YAETCs
karymka L. TeM caMbIM ynaercs cormacoBaTb
aHTEHHY C BOJIHOBBIM conpoTuJenreM 50 Om
(Z,). Ecnv 3Ty napansesbHyio HHyKTHBHOCTb
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a) L 6) ¢ a) 0253 mxTH 6) 501 no
o XL ro ch O_MVI_Q o__l
Rs XCT" Re Rs "X3LR 36 Om T 500m 360m 500m
2 +—0 O nd O
140 n® 0,902 MxlH
Puc. 6.19. T-06pasHblii cornacyomuii aeMenT Puc. 6.22. T-06pasHblii coracyrouuii a1eMeHT
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Puc. 6.20. 3aBHCMMOCTb MH/IyKTHBHOTO CONPOTHBIEHHS X OT MHAYKTHBHOCTH KaTylmKH L 1 oT yacToTht

1’% AN N 3 I
800 3 T T 117
70—\ ] PR
600 AN ¢* Zxrc []
500 \\ \\
[‘00 \
] 300\ \\ ‘\ \\
8 \ \\ N N
200
9 \\ \\¢ N \\ N
x
2 N \\
5 00 ———F—- 2 pumep )\ \,
] N
S & % ~ N AN T N N
E n % \& \\\ AN
g o % AN NS SIS IS
[ < AN NNV N
S o * N\ NN A
‘é’ 30 AN \\\ N \\: \\;\\ \‘:\\
8 \ N
"Ej 2 \\\\ + \\\\\\\\\ A
) NN u \§\\ N
. N \\\ N
" N N NWY
©1 2 3 4 5678910 20 30 40 506078090700 200 300 400 600 800 1000

EMkoCTb, N® ——»

Pitc. 6.21. 3aBICIMOCTh €MKOCTHOTO CONPOTHBIEHHS X, OT EMKOCTH KOH/IEHCAaTopa C ¥ 0T 4acTOoTHI
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BBITIOJIHUTD B BUJIE KOPOTKO3AMKHYTOH IBYX-
HPOBOJIHOM JIMHUH, TO OHA IPUMET V-00pasHyio
dbopmy [16].

ITpu yanunenuu usnyyatesns popmupyercs
[10CJIeJOBaTeIbHOE HHAYKTHBHOE COeITHEH e
(cm..puc. 6.19a). Torna cornacosanue obecre-
YMBAETCS IOCPEJCTBOM NapasieJIbHOMH eMKO-
cTu. B oboux ciyyasix HeOOXOMMM CUMMETPH-
pyomuit TpancopmaTop.

HenocpezcreHHoe corsiacoBaHye U3myyare-
JIsi MHOTO3JIEMEHTHOIi aHTEHHBI C COIPOTHBJIE-
HueM uanyyerust 30 OM u cummerpuynoro 300-
OMHOT0 ILJIOCKOTO KabeJist [I0Ka3aHo Ha puc. 6.23.

Zx 30 0Om

1,023 1,023
MKH  MKTH,

X
c 227 n®
z 300 Om

Puc. 6.23. CornacoBaHue ¢ mOMOIIbIO
cUMMeTpHyHOro [-06pa3Horo aseMeHTa

ITpu aToM ncnosnb3oBauCch GOPMYJIbL:

X =R Ry=Ry
s 2 Rs ’
X =EP— ___lzi___
P2 yR,-R{"
Ipumep
R, =30 Om, R,=3000m, f=7MIy,
o = 2nf = 44-10° pax/c.
X, =15 300230 _ 450m;
30
X, =300 30 1000
300-30
X, =oL; L=—)—(i=——£’—-6-=l,023-10'6;
©  44-10
L=1,023MkI'H;
x,,=i;c=——1 =——l——=227~10“2;
wC oX, 44-10°x100
C=227nd.
ITposepka:
RxR,=X,xX,,  30x300 =2 (45 x 100),

9000 = 9000.

Juarpammsr Ha puc. 6.20 u 6.21 nossossior
COKPaTHTh pacyerhbl. TOYHOCTh OJy4EHHOrO
pesyabrara (1 Mx['s u 227 n®@) BriosniHe nocra-
TOYHA IJ1s NpakTuyeckux uesneit. IIpumep
0603HayeH Ha 06eUX AUarpaMMax.

6.7.2. Mocr Bymepo B kauecTBe
COIJIaCyIOLIEro JIeMeHTa

(R. Wundt, H. Hornung — repMaHckHil maTeHT
Ne 603816, 1932 1.)

ViMnenaHc aHTEHHBI MOXeT ObITh IPeobpaso-
BaH TaKXe C IOMOIbI0 KOMOUHAIINU KaTyLIEK
MHIYKTUBHOCTH U €MKOCTEeH KOH/IEHCATOPOB
no cxeme mocrta Bymepo (puc. 6.24).

a)

6)

TpexaneMeHTHas ANPEKTOPHAA aHTeHHa
C BXOAHbIM conpoTusieHnem 20 Om

¢

L no 0,87 mklH

C no 145 n® Mnockwii

300-0MHbin
kabenb

Puc. 6.24. CornacoBanue ¢ NOMOUIbIO MOCTa
Byiepo: a — NpHUHIMIHATbHAS CXeMa;
6 — npakTHYeCKUit TpUMeEp

Pacuer napamMeTpoB KOMIIOHEHTOB CXEMbI
HecsoxeH. CHayaia onpeznessiior TpeGyemsli
ummnenanc Mocra Zt:

Zy=\Z\Z,-

ITockonbky Zt= X = Xc, no rpadpukam
puc. 6.20 1 6.21 cOOTBETCTBEHHO HAXOIAT 3HA-
yeHusi X 1 X B OMax, a 3aTeM — KaTYIIKU HH-
INYKTUBHOCTH B MUKPOTEHPHU U eMKOCTH KOH-
neHcatopa B nukodapanax ajs pabouei yac-
TOTBL
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Ilpumep

TpexasieMeHTHast AMPEKTOPHAST aHTEHHA AJISI
20-MeTpoBOro AMana3oHa 06J1aiaeT BXOAHBIM
conporuyienneM Z = 20 Om. Ee Hago nutats
yepe3 IJIOCKHUi Kabeslb C BOJHOBBIM COIpPO-
TUBNeHUeM Zy = 300 Om. Onpenenum umme-
JIaHC MOCTA:

Z; =420x300 =+/6000 ~77 Owm.

IMockonbky Zt = X = X¢, HHAYKTUBHbIE
COIPOTUBJIEHUsT KAXKIOM KaTyIIKH X[ U Kax-
JIoro KoHaeHcaTopa X ¢ CocTaBsAoT 10 77 OM.
C nomousio puc. 6.20 u 6.21 nerko ompe-
JIeUTh, yTO B 20-METPOBOM JAMana3oHe co-
nporusyaeHusM Xy = 77 Om u X¢c = 77 Om
OTBEYAIT MHAYKTUBHOCTH okoxao 0,9 mkIH
1 eMKocTb nnpuMepHo 150 n® cooTBeTcTBEH-
Ho. Tounstit pacuer maer Zt= 77,46 Om,
L=10,87 mkI'y, C = 145 n®D.

6.7.3.

ITO ellle 0JJHA COIIACYOIIAsl LIENIOYKA U3 JUC-
KPETHBIX paMOKOMIIOHEHTOB (pHc. 6.25), npu-
MeHsieMasi BCIOZLY, T/ie TpeGyeTcst COrsIacoBath
HEeCUMMeTPHYHBIN dusep ¢ HeCUMMETPUYHON
aHTeHHOU (HampUMep, C YeTBePThBOJHOBOI
IITBIPEBOIl AHTEHHON HJM aHTEHHOW THIA
Groundplain).

T-06pa3sublii 31€eMeHT

L L
X X
V4 Xc -1_ Cc 2y

0
Zr

Puc. 6.25. T-06pa3Hblii cormacyouHii 31eMeHT

Wmnenanc npeobpasosatesist Zt pacCYUTHI-
BaeTCsl 10 U3BECTHOI opmyue:

Z:=2,2,

1 paBeH UHAYKTUBHOMY X| U eMKOCTHOMY X
conporusienusim. Vicnonesaysi puc. 6.20 1 6.21,
B COOTBETCTBUHU C YAaCTOTOIN HAXOAST MHAYK-
THBHOCTH L Kaxk/1oit u3 kaTymuek (B MHKPOreH-
pu) U eMkocTb KoHJeHcaTopa C (B nukodapa-
nax). HeoGxoxumo npocienutpb 3a TeM, 4To6bI
KaTyIIKKU He UMEH HHAYKTUBHOM UJIH €MKOC-
THOM CBSI3M MeXAy coboii. Pexomenmyemast
KoHburypauus usoopaxxesa Ha puc. 19.15.

6.7.4.

Jra cxema corsiacoBanus (puc. 6.26) noxoxxa Ha
T-00pasHblil 97IEMEHT, U 3/€CH CIPABEIUBBI

I1-06pa3ubiii a;1eMEHT

L

I X I
Z; C I Xc Xc I C2Z
Zr
Puc. 6.26. IT-06pasHbiii cOrIacyoIHii 371eMeHT

COOOpakeHus1, U3JI0XKeHHbIe B pasfene 6.7.3.
Wmnenanc II-o6passoro TpanchopmaTtopa
paccuuTbIBaeTcs 1o Gopmy.e:

Zp= w/ZIZz ’
-— . l
ZT = (DL, ZT = E .
I/IHJIyKTPIBHOCTb U EMKOCTb HaxXoJsT IO CO-

OTBETCTBYIOLIMM DEAKTHUBHBIM COINPOTHBIIE-
HUSIM:

LoZreo L
[0} wZr
IIpumep

Tpebyercsi cornacoBath BXOAHOE COIPOTUBIIE-
Hue Z; = 36 OM BepTHUKaJIbHOI aHTEeHHBI 20-
METPOBOIO [1ala30Ha C BOJHOBBIM CONIPOTHB-
neHueM Z, = 50 OM KoaKCcHAJIbHOTO KabeJsl.

Z, =36 Om, Z, =50 Om, f = 14,15 MTty,
® = 2nf = 88,91x106 pan/c.

Zy =+36-50 =4/1800 =42,430m;

=265nd.

L=—Z—T—=o,477mxru, C=
[ T

ITH 3HAYEHU IPUTOAHBI U 1151 T-00pa3Ho-
ro asemenTa u3 paszena 6.7.3 (cM. pacyer co-
rnacopaHus aHTeHHsl TMna Groundplane B
ryage 19).

6.7.5.

ITOT crocob NpUMeHsieTCst 1Jisi Ipeodpa3oBa-
HUsI HU3BKOOMHOIO COTIPOTHMBJIEHHS B BBICOKO-
OMHOe M Hao6opoT. B ycioBusix pesoHanca
®?LC = 1, a HCX0OAA U3 PaBEHCTBA MOILHOCTEH
OTHOLIEHHE CONPOTUBJIEHUN PaBHO KBaZpaTy
OTHOLIEHUs HATIPSIKEHHIT Ha BXOJIEe U BBIXOZIE:

Ry _(U,Y
Rl Ul

UupykTiBHas cBsi3b (6e3 B3aUMHOI HHAYK-
THUBHOCTH MexXxay Kartymkamu). Ciaenyromue

Pe3onancHoe npe06paaoBaHue
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npubkeHHbie GOPMYIIBI CIPABENIMBb! PU
R’ > 10XLA

2
U L L,+L

il I.7. N R2=R{—A——§-) .
U, Lp+Lg

EmkocrHast cBsi3b. Crenytonine npubimxeH-
Hble HOpMyIbI cripaBe/UTUBBI TpU Ry > 10X ca:

2
_U_l=___CA R, = RI(_C.AC"'CB ] .

U, C,o+Cy’

A

Ha puc. 6.27 noka3ansi uenoyku o6oux Tu-
THOB.

>
l &
it
S
P
e
o

Puc. 6.27. Pe3onancHoe npeobpa3oBaHue:
a — MHAYKTHBHAs CBs3b; 6 — eMKOCTHAs CBA3b

6.8. IIInpoxonosocHsIii

TpancpopMarop

IITupokonosnocusle TpanchopmaTops! Ha dep-
PUTOBBIX KOJBIAX NPUMEHSIOTCSI B KAYecTBe
JIMHERHBIX (IepexoaHbIX) TPaHCHOPMaATOPOB
A5 COTJIaCOBaHUs.

B nunelinbIx TpancdopMaropax nepBUYHas
¥ BTOpUYHAsi OOMOTKH HE M30JMPOBaHBI OAHA
ot apyroii. Pa3Bsizka ocyuiectsisiercst 61aro-
Jiapsi COOTBETCTBYIOLLEH JJIMHE TIPOBOAHUKOB U
3HAYUTEIbHOMY ITOBBILIEHUIO UHAYKTUBHOCTH.

CornacHo [ 18], pasnuytsie k0apbUIMEHTDI
TpaHcdopMalu MOTyT obecneynBaThCs pas-
HBIMHM CX€MaMH I0CJIeOBATEIbHbIX UJIM Ma-
pasLesIbHBIX coequHeHuit. C NOMONIBIO ABYX-,
TpeX- U YeThIPEXIPOBOAHBIX 0OMOTOK OZHOTO
HanpasJIeHHs NOJy4YaloT OTHOLIEHUS COIpPO-
TuBnenuii 4:1, 9:1 m 16:1.

CooTBeTCTBYIOIIEe OTBOABI MO3BOJISIIOT I0-
JIy4aTb U Jpyrue OTHOLIEeHUs1, HanpuMep 1,5:1,
2:1 u 3:1 [19]. JIuneiinsie TpancopmaTOpbI OT-
JIMYaIOTCsl PasHOOOpasHeM MCIOJHeHUs (Ha-
MOTKa CKDYTKOIii, Tapa/ule/IbHbIM IPOBOZOM,
KOaKCHaIbHOI nnueit) [20-23].

HMmeetcst on1caHye HIMPOKOITOJIOCHOIO TPAHC-
dopMmatopa ¢ koabdpuumenTom Tpanchop-
Mauuu 1:9 as1s1 cornacoBaHust AJIMHHONPOBO/-
HOI1 aHTEHHBI C KOAKCHAIBHBIM KabesneM [24].

50 Om 450 Om
1a 2 a 12 22 32

Cepbra v raiiku
A 7 U3 HepXxaselowen cranu

\\Tuj,aTeano NPOKNenTL
1 06MOTaTb M30NALIMOHHOMN
NeHTon

T=— Pasuem ans noaknio4eHus
xoakcuansHoro kabens

O6MoTaTh U3ONALUMOHHON NEHTOR
nocne ycTaHoBkn KabensHoro paswema.
He ponyckars nonapaxus Bnaru BHYTpb kabens.

Puc. 6.28. YcTpoiicTBo 1 cxeMa IHPOKONONIOCHOrO
TpaHcgopmMaTopa

Puc. 6.29. IlInpokonosnocHble TpaHCHOpMaTOPBL
ceBa — obpasen u3 [24], cnipaBa — pupmenHoe
usnenue

Ha ¢eppuroBom cepaeynuke tuna Amidon
FT 50/30 nomerieHo 9 BUTKOB CKPYTKH IJIH-
HOit 25 cM M3 Tpex MeIHbIX JAaKMPOBaHHBIX
npoBojoB fuameTpom 0,25 MM (cM. puc. 6.28).

Ha puc. 6.29 uzobpaskeH rotoBsiii TpaHc-
¢$opmMaTop CaMOCTOSITENILHOTO U3TOTOBJIEHUST
panom c usgenveM «MLB» (Magnetic Long-
wire Balun — MarHuTHBIH AMHHONPOBOAHOM
CUMMeTpUpyoIuit Tpanchopmartop) GupMsr
RF-Systems. CBenenust 0 LIMPOKOIONIOCHBIX
TpaHcopMaTopax NpUBeneHbl TaKxke B [19—
22, 25, 26].
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7. CuMMeTpupyionue

H 3alIMpPaoue necim

BoJIbIIMHCTBO aHTEHH NpeacTaBisieT coboil
CHMMETDPHYHYIO 110 OTHOLIEHHUIO K 3eMJIe KOH-
CcTpyKuuio. B TO xe BpeMs 4acTo BO3HHMKaeT
000CHOBaHHAs1 HEOOXOAUMOCTb OCYLIECTBUTD
COefMHeHe aHTEHHBI C PaiUONepefaTYNKOM
WJIM NIPUEMHHUKOM [PU MOMOIUH HECHMMeT-
PUYHOrO KoaKcHaIbHOro Kabessi. B aTux ciy-
4asx BO M3bexaHHe HeXeNaTebHbIX M0CTel-
CTBHIi TpeOYeTCst UCHOIb30BATh CHELHAIbHBIE
CHUMMETPHpYIOLIHe U 3aMPaloLIKe YCTPOii-
CTBa.

7.1.

ITpu nuTanuu cUMMeTPUYHON aHTEHHBI (Ha-
npumep, BUOpaTopa) M0 HECUMMETPUYHOMY
dunepy (koakcuaipHOMy Kabes0) aHTEHHA
Harpy»aeTcsi HeCUMMETPHYHO, JlaXke ecu ee
BXOJIHOE COIPOTUBJIEHHE COIJIACOBAHO C BOJI-
HOBBIM CONpOTUBJIEHUEM Kabessi. B pe3ynbra-
Te BO3HMKAIOT yPaBHUTEIbHbIE TOKU (TaK Ha-
3bIBaEMbIe TIOBEPXHOCTHBIE BOJIHBI), BbI3BIBA-
olKe U3yyeHre 060J0YKH KOAKCHATBHOTO
Kabess u, KaK CJie[ICTBHE, IOMEXHU PaZiio- U Te-
JIEBU3HOHHOMY IIpUEMY.

HecummerpuyHoe BO30yXAeHHEe aHTEHHBI
IPUBOAHUT K JedopMaluy ee AHarpaMMbl Ha-
[pPaBJeHHOCTH (QHTEHHA <«KOCUT»). ITOT
¢daxr ussected ¢ 1930 r. [1], a B1usiHue acum-
MeTpuyHOCTUH (uzepa ObLIO OMMCAHO YXKe
B 1931 r. [2].

Ha puc. 7.1 npeacrasieHa AuarpaMma Ha-
IPaBJIEHHOCTH IOJYBOJHOBOTO BHUOpaTOpa,
HOJy4YeHHasl ¢ IpUMeHeHeM CHMMETPHPOBa-
HUA (3anMpaoIMi 06bEMHBII KOHTYD) U 6€e3
Hero Ha yactorte 1600 MI npu oTcyTcTBUU B
IIOMEIEHNUH OTPAKEHUH AN TeCTHPOBAHUS
anteHH yHuepcurera CeBepHoii Kaposuubt
(CIIA) B 1980 r. [3].

YerpoiictBa fust obecriedeH st CHUMMETPHY-
HOCTH Harpy3ku NPU HECUMMETPUYHOMH JIH-
Huu (1 Ha060POT) Ha3bIBAIOT NPeOHpa3oBaTe-
JIIMM CUMMETPUYHOCTH, CUMMETDPHUPYIOIIH-
MH CXeMaMH, CUMMETPUPYIOIIUMH y3JaMH
WJI CUMMETPUPYIOIIMMHU TpaHchopMaTopaMu.

Bseaenne

Topaszo kopoue Tepmut «Baluns (BALanced
to UNbalanced — ot cbanancupoBasHoro K He-
cbanaHCUPOBaHHOMY), IIMPOKO PacpoCTpa-
HEHHbII BO BCEM MHUDE.

ITOT TepMUH, NPUAYMAHHBIH H3BECTHBIM
aMEPUKAHCKUM CIIELUAIMCTOM 110 aHTEHHAM
A. Andopnom (A. A. Alford), Buepsbie nosisu-
cs1 B siuteparype B 1947 r. [4]. IlepBoe 06006-
I[EHHEe 110 CHUMMETPUPYIOLIUM YCTPOHCTBaM

Puc. 7.1. InarpaMma HanpaB/IeHHOCTH BubpaTopa
C MCIIOJIb30BaHHEM CUMMETPHPYIOIIEro YCTPOiCTBa
¥ 6e3 Hero
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ony6smkosano B 1939 r. [5]. Toraa xe Gbina
CO3/1aHa 1epBasi YCTAHOBKA /IJIsi U3MEPEHUS
noBepXHOCTHBIX BONH [6]. Camoe paHnee
YyIOMHHAH1E CHUMMETPHUPYIOIET0 YCTPOM-
ctBa matupyercs 1928 r. u npuHagIexRUT
X. O. Poosenmraitny (H. O. Roosenstein), u3-
BECTHOMY I'épMaHCKOMY KOHCTPYKTOPY aHTEHH
(4eTBEPTHBOJHOBBIN TpaHcdopMaTop, 3KCHO-
HeHUHAIbHAs IMHUS, OJTyBOJHOBBIN HIelid,
(peppUTOBBIil NOTTIOTUTEB).

Ha puc. 7.2 nokasaHa HeCUMMeETPUYHAsI
BUOPATOPHAsI aHTEHHA C MUTAHUEM 10 JBYX-
npoBozHo# suHUM. OfMH NPOBOX HAET K aH-
TeHHe A, a Apyroii 3a3eMJIsieTCs1 Yepe3 KOH/eH-
catop C, C HOMHHAJIOM, PaBHBIM €MKOCTH aH-
TeHHbL. KoHaeHCcaTop mofGHparoT Tak, YToOb!
CTOsIYMeE BOJIHBI B [IBYXIIPOBOJHON JIMHUM J0-
CTHUIJIN MUHUMYMA.

b

]

Puc. 7.2. Camoe nepBoe cHMMeTpHpyIolLiee
YCTPOICTBO

7.2.  OcHOBHbI€ IPHHIMIIBI

Haunewm c onpenenenuit.

ITox cMMMETPUYHOCTBIO U HECUMMETPUYHO-
CTBIO JIMHUU [OHMMAIOT OTHOLIEHHE €€ IPO-
BO/HMKOB K 333€MJIEHUIO.

CummeTpu4HbIi (IIPOTHBOGhA3HBII) PEXUM:
HANPSDKEHHE M TOK B 000X IPOBOZAX O/{MHA-
KOBbI [10 BeJIMYKMHE, HO IPOTHBOITOTIOKHBI MO
¢ase. Ha HEKOTOPOM yzaJleHUH OT [IPOBOXOB
3JIeKTPOMArHUTHbIE IOJISI B3aUMHO racsitcs,
¥ U3JlyYeHHEe CTAHOBUTCSI IPEHEOPEKMMO Cl1a-
6biM. TakoB OOBIYHBII PEXUM BBICOKOYACTOT-
HbIX JIMHUH Nepefayu.

HecumMmerpuunsiit (cuHdasublil) pexum:
HANPSDKEHUE M TOK B OOOMX IIPOBOZIAX OfAMHA-
KOBbI 110 BeJMyKHe 1 (a3e. DIeKTPOMArHUT-
Hble I10JIsl YCUJIUBAIOTCS, U JIMHUSI TEHEPUPYET
U3Jy4eHHe.

CundasHsle (TOBEPXHOCTHBIE) BOJIHBI: CyM-
MapHasi MOI[HOCTb pPaBHa CyMMe MOIIHOC-
Teit mpoTuBo(da3HbIX U CHUH(pA3HBIX BOJIH.
Konebanus n1060ii popmbl MOTYT GbITH IIpES-
CTaBJIEHBI B BU/lE€ CYMMBI [IPOLIECCOB 000MX
THMNOB.

ITpu nepexone OT CUMMETPUYHBIX JHHUIA K
HECHUMMETPHYHBIM B TOYKe [lepexoza TOK pa3-
BetBisiercs. [losiBnenye npsiMoii 1 o6paTHOR
BETBEil TOKA OonpenessieTcs: JJIMHON JIMHUU U
pasHMLel UMIeJaHCOB Ha KOHLE JIMHUM AJIs
npoTuBoGda3HbIX U CHHGA3HBIX BOJH. JTO
BJIeYeT 3a coOOil HeonpeieeHHOCTh COOTHO-
IIEHUS] MEXY TOKOM U CONIPOTHBJIEHHEM.

Caencrsus:

* CTENeHb Pa3BUTHS CTOSIYUX BOJIH 3aBUCHUT
OT JJIMHBI JTIUHUH;

* [UarpaMMma HanpaBJeHHOCTH AedopMupy-
€TCsl U3JlyYeHHeM MOBEPXHOCTHBIX BOJIH;

* U3JIy4eHHe MOBEPXHOCTHBIX BOJH MOPOXK-
JlaeT MOMeXH pPafuo- U TeJeBU3HOHHOMY
npuemy.

Pacnpenenenue cuHpa3HOrO U MPOTHUBO-
¢asHoro TOKOB IPH HENOCPEJCTBEHHOM Iepe-
Xo/ie OT KOAKCHAJIBHOM JIMHUH K ABYXIIPOBOZ-
HOi II0Ka3aHo Ha puc. 7.3.

CuHdasHbit

N

Puc. 7.3. Pacnipenesienyie Toka npu nepexoze
OT KOaKCHaJIbHOI JIMHUHU K IBYXIIPOBOIHOM

K cUMMETpUYHBIM CHCTEMaM OTHOCSITCS
aunosnbs (BUOpAaTop) U ABYXIIPOBOJAHAS JIH-
HUsl; K HECHMMETPUYHBIM — MOHOIOJb (He-
CUMMETPUYHBIN BUOPATOP) M KOAKCHAJIbHBIIT
Kabes.

PaHpbllle MOHOIIOJIb MUTATH YEPE3 ABYXIPO-
BOAHYIO JMHMIO. Tenepb nuTaHue oCylIeCTB-
JISIIOT € IIOMOLIBIO KOAKCHATBHOTO Kabesst. Ta-
KOIi C110c0O0 OTJ/IMYAETCS PSIIOM [IPEUMY LIECTB:
KOAKCHaJIbHbIH KaGesb He U3JyyYaeT, IPUro-
JIeH [/l BBICOKHX YacTOT U He CO3/aeT TPyA-
HocTelt npu npoksiaaxke. CUMMeTpUYHAsI aH-
TeHHa (BUOPATOP) XapaKTepU3yeTcsi, HapsiAy C
npunnunbiM KIIJ, onpeneneHHbIM U 3HaYH-
TEJIbHBIM UMII€ZIAHCOM U U3BECTHOH AHarpam-
MOI HalPaBJIEHHOCTH, NOYTH He 3aBUCSIUMU
OT OKPYIOUHUX IIPEAMETOB.
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TakumM 06pa3oM, AJIs IIepexosa OT KOAKCH-
abHOTO Kabesst K ABYXIPOBOAHOH JIMHUH
TpebyeTcsi BBECTH CHMMETPUPYIOLLEE YCTPOt-
CTBO C HECUMMETPHYHOI UM CUMMETPUYHOH
CTOPOHBL

B nnuHHO-, cpesHe- 1 KOPOTKOBOJIHOBOM
[Mana3oHax, rae rabapuTsl aHTEHH MaJIbl 110
CPaBHEHHIO C JJIMHAMH BOJIH, UCIOMb3YIOTCS
TpaHcdopMartopsl. B ananasoHax MeTPOBBIX U
JeUMMETPOBBIX BOJH NPUMEHSIOTCA KOAKCH-
ajJibHBle MJIM CUMMETPHYHbIE BapUaHTBI JIH-
HMIi, 2 B MMKPOBOJIHOBO 00JIaCTH — HECHM-
METPUYHBIE MUKPOIIOIOCKOBbIE M CUMMETPUY-
HbIE NOJIOCKOBbIE IMHUY MepefayH.

YcnoBust CHMMETPHPOBAHHUS:

* UMIIEJAHC OTHOCUTENbHO 3eMJIH AJIsl 1IPO-
THBO(A3HBIX BOJH OJUHAKOB;

* HanpsiXKeHUs NPOTUBOGA3HBIX BOJIH OJUHA-
KOBBI 110 BEJIMUKHE, HO NPOTUBOGA3HBI;

* TOKHM NPOTUBO(A3HBIX BOJH TaKXKe OJUHa-
KOBBI 10 BEJIMYMHE, HO NPOTHBOQA3HEI;

¢ cuH(a3HbIi (IIOBEPXHOCTHBIM) TOK PaBeH
HYJIO.

YcnoB1si CUMMETPUPOBaHHUS 110 TOKY HOJY-
YalOTCs M3 YCJIOBHIL 110 MUMIIEAHCY U HaNpsi-
KEHHIO.

Ecnu cobmnonaercs TonbKo TpeboBaHue 1o
HaNpsLKEHUIO, TO YCTPOUCTBO Ha3bIBAETCSI CHM-
METPUPYIOLIEH LIENBIO HIH CAMMETPUPYIOLIIM
TpaHchOPMaTOPOM 11O HANPsiKeHHIo [8].

YcTpoiicTBO, yAOBIETBOPSIONIEe JHIIb YC-
JIOBHIO 110 TOKY, HOCHT Ha3BaHUe 3an1parouieii
ey UM CUMMeTpHpyIoliero Tpanchopma-
TOpa 1o Toky [8].

HesbinosiHenye TpeboBaHuii CHMMETPUPO-
BaHUsl [0 UMIeAaHCy (HanpuMep, AUIONb C
HECUMMETPUYHBIM MHUTAaHUEM) NPHUBOAUT K
HapyIIEHHIO YCJIOBUIH MO TOKY M Hampsixe-
HUio. B 3TOM ciiyyae cuMMeTpHpYIOLIast Lenb
paboTaeT HEOCTATOYHO XOPOILLO, HO C MIOMO-
LbIO 3aNMpaloLeil 1enH yaaeTcst 00ecrednTsb
colJriofieH1e YCIOBHIA 1O TOKY.

Ecnun maciutab npeo6pasoBanust 6obite 1:1
(B antentne Bunnoma (Windom) — 1:6), To nmoc-
JIEIOBATEIBHO BKJIIOYAIOTCS CHUMMETPUPYIO-
it TpancopmaTop U GJOKMPYIOLIasi Lelb.

ITonpasaenite CUMMETPUPYIONINE *TPaHC-
¢opmaTopsl Ha cUMMeTpUpYIOLIME HJIH 3a-
nupawlye Uenyd 3aTPyAHUTENbHO. Tak, Ha-
IIpUMeEP, PsAl JTUHEHHBIX U IINPOKOMOJOCHBIX
TpaHchHOPMaATOPOB 10 CYLIECTBY SIBJISIOTCS 3a-
nupaomumu tensmu. Hamnune nononuurens-
HBIX JIMHUH UJIM BUTKOB (KOMIIEHCHPYIOLIMX
WM YPAaBHUBAIOUIUX) NPEBPAILAET UX B CUM-
metpupyioliue uenu. Y Haobopor, pu noce-
JIOBATeJbHOM COEAMHEHUH CUMMETPHUPYIOIMX

1 3anuparolux ueneit obpasyercs 610KUpyIo-
1ee 3BEHO.

B nuTepaType onncaHO MHOXECTBO Pa3HBIX
TUIOB CUMMETPUpYIOIHUX ycrpoiicts [9-13].

7.3.

ITpyHUMI CHMMETPUPOBAHUS COCTOUT B [IOBO-
porte ¢a3zsr Ha 180°, yToObI CHH(A3HBIE BOJIHDI
FaCUJINCh, a NPOTHBO(da3HbIE YCUIMBATIUC.

Peannsaiuysi BO3MOXHA CIeYIOIUMHU CIIO-
cobamu:

CuMMeTpHpYyIOmMe [enu

« onuH TpaHcdopmarop (0°/180°);

« oauH TpaHcdopmarop (—90°/0°/90°);

* oziHa nosyBosHOBast iuHus (0°/180°);

* JIBe YE€TBEPTHBOJIHOBBIE JTUHUH (2X90°);

« 1Ba cornacytomux T- nmu II-tpancdopma-
Topa (2x90°);

* oauH casoeHHsblil T- unu II-tpancgopma-
top (180°).

Ha HU3KHX YacTOTaXx NMPUMEHSIIOTCS JUCK-
peTHbIe 971eMeHThI (TpaHchOpMaToOpB!, KaTyll-
KU UHAYKTUBHOCTH M KOH/IEHCATOPBI), 2 Ha BbI-
COKHMX — JIMHMM Mepeflayd U3 MapasjesIbHbIX
IIPOBOJ{HUKOB MJIM KOAKCHAIBHOTO Kabess.

Pasnnyarot HacTpoeHHEIe ¥ HIMPOKOIOJIOC-
Hble CUMMETDPUPYIOLIME LIENH, a TAKXKE CHM-
MeTpHpYIOLIHe LelH ¢ TpanchopMalueii v 6e3
Hee. Hepenko BBOAUTCSI OJHOBPEMEHHOE CHM-
MeTpupoBaHue U TpaHchopmauus. Cyuect-
BYIOT CUMMeTpHpyole TpaHcGopMaTopsl
6e3 TpaHcdopMauuu (COOTHOUIEHHE COIPO-
tuBsenuii 1:1) u ¢ Tpanchopmaumeii npu co-
OTHOIIEHUH cONpOTUBIeHHt oT 1:4 1o 1:6. Ha
pHc. 7.4 moOKa3aHbBl BO3MOXHbBIE CXEMBI I
nosopota ¢a3bl Ha 180°.

7.3.1. Tpaucdopmaropsr

Tpancdopmaropsl npeaHasHauYeHbl AJ1s1 1pe-
00pa3oBaHusi U CHMMETPUPOBAHHUS, A TAKKE
J71s1 pa3fieieHus] 1eneif 10 NOCTOSIHHOMY TOKY.
HactpoeHHbIMHU TpaHchOPMaTOPaMH SIBASIOT-
Csl, HaIIpUMep, aHTeHHoe 3BeHO CcBsi3u U LC-
uenoyka. COOTHOIIIEHHE YaCTOT HEHACTPOeH-
HBIX, WM HIMPOKOMOJIOCHBIX, TPaHchopMaro-
POB C «BO3AYIUIHON» CBsi3bI0 coctasisieT 10:1,
a ¢ marHuTHO#M nocruraer 100:1 u Gonee. Ha
CaMbIX BBICOKHMX YaCTOTaX NPUMEHSIIOT JIMHeH-
Hble TpaHcOopMaTOpbl 6e3 pasjiesieHus nep-
‘BUYHOI U BTOPUYHOIA LieTleii C COOTHOILIeH!eM
yacrort o0 1000:1.

lenb cBA3M C aHTEHHOH

B 1928 r. B [epmaHuu Obisia 011y6/IMKOBaHA CTa-
Tbsl O HACTPOEHHOM 3BEHE CBSI3H C AHTEHHOI
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0 - 180°

Puc. 7.4. Ciocobb! nonyyenus ¢asosoro casura
Ha 180°

B KayecTBe CHMMETPUPYIOIIEro TpaHcdopma-
Topa. B Hem ucnosb3oBascst koHzaeHncatop,
BKJIIOYEHHBIH MOC/Ie0BATEIBHO C HECHMMET-
PUYHOH CTOPOHBI.

CraBine yxe NPUBBIYHBIMU CXEMBI CBSI3U C
AHTEHHOH, KOTOpBIe COJep)aT MocjesoBa-
TEJIbHO BKJIIOYEHHBIH KOHJEHCATOP C HECUM-
METPUYHON CTOPOHBI M MapajieSbHO BKJIIO-
YEHHBI! — C CUMMETPHYHOH, pa3paboTaHbl B
CIIIA ewe B 1932 . [15]. Ha puc. 7.5 uso6pa-
XKEeHbI IBa BaDMaHTa TaKUX CXE€M, e, ecTe-
CTBEHHO, KOH/IEHCATOD HECUMMETPUYHOI CTO-
POHBI COEAMHEH C MACCOii.

c1 LZE
KoaxkcuanbHasi  Koakc
HUR nHUR L7 C:

Kuctounmky LI e

curvana  Mocr N

N

JnHna

k

\L

r=C1 Harpyaka

Jr
Kmoory “TEX (23| 301

Puc. 7.5. BapHaHTb! 3BeHbEB CBA3M C AHTEHHOM

PesonaHcHbIi cornacyiomuii
tpaHcopmartop

Cornacyromas LC-uenouka ucnosb3yercs
AJiS KOMIIEHCAllMM PEaKTUBHOCTEH, mpeos-
Pa3oBaHuUs UMIIEJAHCA U CHMMETPUPOBAHUS.

K subparopy

50-0MHbIi
KOaKkCuanbHbIi
kabenb

—ct Knemmbl
aHTEHHbI

Puc. 7.6. PesoHaHcHbIH cornacyromuii
TpaHcpopmarop ¢ LC-uenoukoit

ITpu 3TOM 3KpaH KOaKCHaIbHOTO Kabesst moz-
KJIIOYaeTCsl CTPOTO K CPeHell TOUKe KaTylIKH,
4TO U [I0Ka3aHO Ha PUC. 7.6 B IBYX BapHaHTaXx.

JIuneitnpiit Tpancdopmartop

(G. Guanella - msBeiuapckuit natent Ne 233 050,
1942 1)

Bepxnss paboyast yacToTa OGBIMHBIX TpaHC-
(opMaTOPOB HEBENMKA M3-32 HATHYUS MEX-
BUTKOBOH eMkocTH. B nuHeitnom tpancdop-
Marope 3TOT HeJOCTaTOK yCTPAHEH, [I0CKOJIb-
Ky €MKOCTb, BPeZIHasi B MHBIX YCTPOHCTBAX,
BXOJIUT B XapaKTePUCTHYECKHUI UMITEIaHC JTH-
HUH (€€ BOJHOBOE CONPOTHBJIEHHUE).

B nuneiinprx tpancdopmartopax nepsuynas
Y BTODUYHasl lleNH pasBsi3aHbl He rajJbBaHHU-
YECKH, a Yepe3 3JIEKTPUYECKyIo Auny [16].
Vcnonnenue MMHNK B BUIE BATKOB TPUBOIUT
K POCTY ee CyMMapHO# MHAYKTHBHOCTH, TIPHU-
4eM HaMOTKa Ha (DepPUTOBBII CEPAEYHHUK yCy-
ry6Jisiet 3ToT 3 deKT.

PasMyHble BapUaHTBI UCIIOHEHUS JTHHE-
HBIX TPaHC(OPMATOPOB NpEACTaBIEHB Ha
puc. 7.7.

Kak noxasan Iyanenna, pasnoo6pasubie
npeo6pa3oBaHusi CONPOTUBJIEHUH Peanusy-
IOTCS C IOMOWIBIO COOTBETCTBYIOIMX COYETA-
HUH [0CTIe/IOBATEIbHBIX U NMAPAJIIENbHBIX CO-
eAMHeHuH IMHelHbIX TpaHcdopmartopos [17].
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JNhmsa A"““j [ o6

13 napannenbHbiX

MPOBOAOB o j’_—_‘i D

A 4
Buras
SMHKS
8 D
A c
KoakcuanbHas
SMHUS
8 D
Butan A ¢
KoaKcuasibHas
KNS
B D
Nwrma A c
¢ deppuToBLIM
CTepXHEM D
T A 4
¢ dpeppuTOBbLIM
KONbLUOM D

Puc. 7.7. BapnaHTb! HCIIOJTHEHHS JIMH CIHBIX
TpaHcOpMaTopoB

2p=22

-2 X ] Z2=42%

=22,

‘xxxxxlﬂ AsyxnposopHas
NNHUAR

Koaxcuanbuau
MHUR

Puc. 7.8. [IpeoGpa3soBatue CONPOTHBJICHHs
B nponopuuy 1:4

Ha puc. 7.8 nzobpaxeH psizt ycTporicTs, obecre-
YHBAIOIIMX T1Pe0OpPa3OBaHie CONPOTHBIIEHUS B
nponopuyu 1:4.

IlInpokomnonocHsie TpaHCHOPMATOPBI

IInpokornosiocHsle TpaHchOPMATOPLI, KaK I1pa-
BUJIO, SABJISIIOTCSI CUMMETPUPYIOIMMH JIMHEH-
HbIMM, CO CTEP>KHEBBIMHU MJTH KOJIbLIEBLIMU (ep-
PUTOBBIMH cepziedrnkamu [18-23].

YcTpoiicTBO cCMMETpPHUpPYIOIUX TpaHcdop-
MaTOpOB I0Ka3aHo Ha puc. 7.9. Passs3aHHbli
JNUHEHHBIH TpaHchOopMaTop npeBpalnaercs B
CUMMETPHUPYIOIHUIT TOCPEACTBOM KOMIIEHCH-
pyloleit TMHUU.

Pa3Ba3aHHbIiA,
HO HE CUMMETPUPOBAHHbIV
BbIXOA,

a)

HecummeTpuuHbiit
BXOA,

CUMMETPUYUHBIA BLIXOA,

6)

KomMneHcupytouwias
NUHUS

Pa3asszaHHas
NUHUA

HecummeTpudHbIi BxoA,

Puc. 7.9. CummeTpupyowmuii Tpancdopmarop:
a — ONMHOYHBII Pa3BA3AHHBII TUHEHHBII
TpaHcgopMarop; 6 — OH Xe nocne
CHMMEeTPHPOBaHHS TOCPEICTBOM
KOMIIEHCUpYIOLel INHUH

ITo npuHIMITY CHMMETPHPYIOIETO KOHTYpPa
C NOMOIIBIO JOMOJHUTENbHON JIMHUU WU
BUTKa POPMUPYETCsE CHMMETPHUPYIOLIAsI LiEMNb.
Butku mist KOMIeHCalMy UM YPaBHUBAHUS
n300paxens! Ha puc. 7.10.

Tpaucdopmatopsl Ha HEpPUTOBBIX KOJIb-
Hax npejcrasyeHsl Ha puc. 7.11. Cummerpu-
pyoiuii TpaHcdopmaTop ¢ koaddureHToM
tpancopmauun 1:1 obpasoBan TpuduIsAp-
HOMI 0OMOTKOW, BCE TPY HUTH KOTOPOH yJI0XKe-
HBI B OZIHOM Hanpasyienuu (puc. 7.11a).

Taxkotii xe Tpanccopmarop, HO ¢ Koapduiu-
eHToM 1:4 cOCTOMT U3 6UBUISAPHOIH OOMOTKH
C OZIMHAKOBO HAMOTAHHBIMH IPOBOZaMH ( puC.
7.116). BosiHOBOE CONPOTUBJIEHHE JTHHEHHOTO
TparchopmMaTopa B HOpMe JOIKHO PaBHATHCA
reOMETPUYECKOMY CpellHeMY CONPOTHUBJIEHHUI
Ha KOHLAX, YTO B JAHHOM CJIy4ae COOTBETCTBY-
et 100 Om.
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BubparopHas

DeppuToBbIin
cepae4HuK

AKTUBHbIN
Koakcuan

nyxoit
abens

Puc. 7.10. IlInpokonosnocHslii TpancdopMaTop
¢ koadpunrentom tpanchopmauuu 1:1

Cummerpupyomuii Tpanchopmarop (cM.
puc. 7.11B) BHIMOJIHEH MO ABYXCTyNE€HYa-
TOH cXeMe, rie nepBasi CTYIEHDb CIYXUT s
npeoOpa3oBaHusi, a BTOpas SABAsETCS OJIO-
kupyoumei. BonHoBoe conporuBienne npe-
obpasymoueii yactu ¢ koadbunuentoM 1:4
cocrabsier 25 OM, 610kupyiomeii — 50 Om.
Brokupylomue nenu BbIIONHAIOTCS TakXe

a) T o
50 Om 50 Om
CUMMETPUYHbINA HECUMMETPUHHBIIA
6) T

-0

©
2000m 500m

8) 1 2

12,50m
CMMMETPUYHBIY_

CUMMETPUYHDBIA

I~~~
- 3 4 o
CUMMETPUYHBIA HECUMMETPHNHBI
-0

50 Om
HECUMMETPUYHBIA

Ha @nape pa3le/IbHBbIX KOJIBLIEBBIX CepAeY-
HHKOB.

7.3.2.

ITeTneBsle nLteiidpr 06pasyOTCS TUHUSAMH C
3JIeKTPHYECKOi AMHOI A/4. Braronaps ato-
MY BO3HHKaeT cABHUT ¢a3bl Ha 180°. s mo-
JaBJIEHHUST OTPA’KEHUST CHMMETPHYHYIO M He-
CUMMETPHYHYIO CTOPOHbI IIPH COTJIACOBAaHUH
3aMBIKAIOT HAKOPOTKO.

ITerneBbie uueiipu

IToxyBoaHOBBI NeTeBoi uuteiid

(A. Gothe, H. O. Roosenstein, L. Walter — repmanc-
kuit mateHT Ne 568559, 1931 r.)

IToyBOHOBBII NET/IEBOl HUIEHE — 3TO CHM-
METPHUPYIOIIMI 3/IeMEHT ¢ K03 bHUIIHeHTOM
TpancdopMmanmu 1:4 [24].

Koakcnanbnast muuns (puc. 7.12) ¢ Bono-
BbIM COIIPOTHBJIEHHEM Zy pPa3fBauBacTCH B
Touke G Ha /iB€ JIMHHU C CONPOTHBJIEHUEM T10
2 Zy, 13 KOTOpbIX O/HA JJHMHHEE APYTroii
Ha A/2. ITocKOJIBKY MOJIYBOJIHOBAS JIMHMS Ha-
CTPO€Ha, Npeobpa3oBaHUe CONPOTHBIICHHUS He
3aBHCHUT OT BEJIMYMHBI BOJHOBOTO COIPOTHB-
nexust. Hanbosbinasi mypuHa nosocs nosy-
4aeTcs, Korja 3a/laHHoe 3HaYeHue 2 Zy, aBiid-
€TCsS TEOMETPHYECKHM CpeHUM Zw U 4 Zy,.

TopoupanbHbii
cepaeyHUK

1
3
5

TpudunapHas
642 oBmorka > 10 BuTKOB

1
3
BudunapHas
42 obmoTka > 10 suTkOB
BudunsapHbie
o6MoTkm 50 Om
VM napb!
o7 kabenei1 50 Om

127086 42 1n-12

Puc. 7.11. TpanccopMaTop Ha KoJIbLEBbIX CepAEYHHKAX: @ — 50-0MHBlit Tpudmasp, 1:1; 6 — o 200-oMHO#
CHMMETPUYHOI CTYTeHH K 50-oMHO#t HecuMMeTpHYHOM, 1:4, Gudunsp; B — 12,5-oMHbIIt IBYXCTyNEHYaTHI
cuMMeTpHyHblii (1:4)
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Puc. 7.12. IIpunnun neficTBYUsI HOJYBOJHOBOTO
nineiida

IIpakTHYeCKOe HCIOTHEHHE MOy BOJTHOBOI
HeT/IM NoKa3aHo Ha puc. 7.13, a puc. 7.14 wi-
JIOCTPHPYET ITaNbl €€ OCTPOCHHSI.

OnHo conpoTuBieHHe Z 3aMeHSIETCS ABY-
Msl, COeIMHEHHBIMH NapaJjiiesibHo, no 2 Z
kaxzpoe (a). Ecaim Mexay HUMH BCTaBUTH

(C— )

Puc. 7.13. Peanu3sauus nonyBoSHOBOM NETIH

Z
————1 7z
il z
a)
Z A2,

—

V74

4

7

B) z

..
~N
2
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Puc. 7.14. IlocTpoeHue noyBOJHOBOM NMeTIN

MOJIYBOJIHOBYIO JIMHHIO, TO (a3a H3MEHUTCS
Ha 180° (6). Teneps cieBa U cnpaBa OT MOJY-
BOJIHOBOW JIMHHMHM HaXOJATCSI CHMMETPHY-
Hble TOuKH. IIpu cBOpayMBaHUM JMHHM B
netio (mreiid) 3To MO3BOJISIET CBECTU BOE-
JUHO BCE MOAKJIOYEHHS COMPOTHBJIEHHI
K Macce. A IByM CONDOTHBJIEHHSIM BEeJIHYHU-
HO# 1Mo 2 Z COOTBETCTBYET CONPOTHBJIEHUE
4 Z (B). lns nepexofa K reoMeTpHYECKOH
JJIMHE TETJIH YMHOXAIOT €€ 3JIEKTPUYECKYIO
JUTHHY, BBIPAXKEHHYIO yepe3 A/2, Ha KO3(-
¢uuuent yxopouennss V (0,66 nns nmosu-
ITHJIEHA).

PeaKTHBHBIIi CHMMETPHPYIOIIMIt
TpaHcdopMaTop

OTa CHMMETPHPYIOIIasl LeNb BHIIOIHSIETCS B
BHJIE NMEYaTHOI NJIAaThl U COCTOMT U3 pacipe-
JIeJIUTENsI C BXOAHOH JIMHHEH M IBYX BBIXOJ-
HbIX 1LtelidoB. BosHOBBIE CONPOTHUBJIECHMS
JIMHUK 1 1teiidoB oxuHaKoBs (Zg = 50 Om).
OnuH 13 BBIXOAHBIX LLIEi(OB IIUHHEe Apy-
rOT0 Ha NMOJIBOJIHBIL.

Wnaue cornacyioTcst HeCHMMETPHYHBIE JIH-
HUHM C CUMMETPUYHBIMH, UMEIOIMMHU BOJIHO-
Boe conpotusaenue 50 Om. Ha puc. 7.15 yer-
BEPTbBOJIHOBBII 1nelid-TpanchopmaTop ¢
BOJTHOBBIM CONpOTHBIeHHeM Zg = 50/N2 =
= 35,35 OM CayXuT AJIs1 COIJIACOBAHMS Ha
HECHUMMETPUYHO!H CTOPOHE C LEJBIO MOyye-
HUSI Y PacHpeneIUTess BOJTHOBOTO COMPOTUB-
nenus 35,352 /50 = 25 Om, paBHOTO CONPOTUB-
JIEHHIO JIBYX MapajlJIeIbHO COEAMHEHHBbIX
50-oMHBIX THHUI. B CHMMETPHYHBIX BETBSX
HPUMEHEHBI IMHAH AMHHOM A/4 1 30 /4.

B cxeMe Ha puc. 7.16 cTynenyaroe BKJIo-
yeHHe CHMMeTPHYHBIX JuHHI ¢ 11 nmo 20
(59,4; 70,7 u 84,1 OM) ucnosnb3yeTcss npu
COTJIAaCOBAaHHU BOJTHOBOTO CONPOTHBJIEHHUS,
4TOOBl 06ecneyuTh Ha pacnpenesnureie 21
conporusiaerue 50 OM, paBHOE CONPOTUB-
JIEHUIO [IByX NapaJjJjesbHO COeXMHEHHBIX
100-omubix guuuii [26]. B obe cummer-
pHYHBbIE BETBH BCTPOEHHI CBSI3aHHBbIE (a30-
Bbie GbuabTpsl 23/24 u 25/26 B KayectBe
meiioB, pa3HOCTb JJIHH KOTOPbIX COCTaB-
asiet A/2.

®a308bIit TpaHcPOpMaTOp

IonyBonHOBSI el crienuanbHOM hopMbl
npezcrassiet coboii pa3oBbiil TpaHchopma-
TOP, BBIMOJHEHHBIH B BH/E HaCTPaUBaeMOil
nuHud. OH paboTaeT aHAJIOTHYHO ITOJTYBOJIHO-
BOMY LLIEH(}Y, OMHAKO yA0OHEE MOCIIEHETO B
6osee BbICOKOYAcTOTHON obaactu. Ha puc.
7.17 noka3saH ¢asoBslii TpaHchopMaTopa A4
JIeIUMETPOBBIX BOJIH.
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1/4\

Puc. 7.15. PeakTHBHBIIT cMMMeTpHUpYOLIHii
TpaHchopMaTop

Puc. 7.16. PeakTMBHBI# CHMMETPHPYIOILMIA
TpaHcdopmaTop

Ilreitd Kaprepa
(P. S. Carter — natent CIIIA Ne 2,115,764, 1936 r.)

IIpumenenne mneiicda Kaprepa (P. S. Carter)
wimoctpupyert puc. 7.18. Ot nepegatyuka or-
XOIMT AByXnpoBoAHast 1uHus TL k cornacy-
oueMy 6;10ky M. K touke E BepxHero nposo-
Jia IMHUM MOAKJIIOYEH aHTEHHBIH MpoBox A.
Huxuuit npoBoa obpasyer nerao U aauHokH
A/2, xotopas cosaaet (a3oBblii caBur Ha 180°
1 COEIMHSIETCSI C BEDXHHUM [IPOBOJIOM B TOYKE
E, rne asbl 0ka3bIBAIOTCS YK€ ONMHAKOBLIMU.

ITOT cnoco6 CHMMETPHUPOBAHHUS HENABHO
ObL1 OTKPBIT 3aHOBO [27].

TubpuaHoe KobUO

Cummerpupyiom#ii TpaHchOpMaTop 3TOr0 THIa
paboTaeT noA06HO MOJYBOJHOBOMY ULIEH(Y:
MEXJy Mapoii CHMMETPHYHBIX IIJIEY CO3/AETCSI
pasHocTb (a3 180°, cooTBETCTBYIOIAS TOIOBH-
He anmHb! BosiHbL Ha puc. 7.19 msobparkeHst
ru6puanbie Konbla AByX THIOB. OHO M3 HUX
HMeeT JUIMHY OKpYy>HocTH 6A/4 = 3)/2, a npy-
roe — 2A/2 = A. Vicnonb3yemasi osioca 4acToT
cocrasistet 10—-15% ot Hecyweid.

Konbuesoit wneiid

[N
[}
/ :
/ i
MNposopsias 0"
nnockocTs 7,/ v
42y

Puc. 7.17. ®asossiit TpancdopMaTop

AHTEHHbIN
TL + E_, NpoBog,
N A
N\
Bbicoko4acToTHas
annaparypa
JlvHna nepepayun

Puc. 7.18. llneiip Kaprepa

7.3.3.

Cummerpupyonuii nuteiicd cCOCTOUT U3 YeT-
BEPTbBOJIHOBOTO OTPe3Ka KOAKCHAJIbHOM JIH-
HHUH, BHEITHUH POBOJHUK KOTOPOIA JI0MOJIHS -
eTcsl 10 CHMMETPUYHOM NEeT/IM KONHel 3ToH
JINHUM.

CumMmerpupyiomue nureidnl

HecummertpuyHas

CornacosaHHast
Harpyska

MmbpupHoe
KOMbLO

B CummeTtpuyHas

CornacosaHHast
Harpyska

HecummeTtpuyHas

NNHNA
6A

Puc. 7.19. Tubpuaunoe xonbio
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ILneitp EMI

(W. S. Percival, E. L. C. White — 6puTaHckuii na-
TeHT Ne 438 506, 1934 r.)

Ilneii Hocut Ha3BaHUe GPUTAHCKOI HUPMBI
EMI (Electric and Musical Industries Ltd.).
Ha puc. 7.20 on npeacTaBiaeH B KOJbLEBOM,
BBITSIHYTOM M YKOPOYE€HHOM BapuaHnTax. B noc-
JIeIHEM U3 HUX HCIOJB3YETCS] HACTPOEYHbIH
kongeHcarop. C CHMMETPHYHOI CTOPOHBI TOK
TeyeT Mo BHeUIHeH onieTKe Kabeast pumepa u
konuu N. Pagy cuMMeTpHpPOBaHHsI IPOTUBOJIE-
XKalllasg TOYKa 3a3eMJieHa, 062 TOKa B3aHMHO
KOMIIEHCUPYIOTCSI, U OIJIETKA JIeBee 3TOT0 Mec-
Ta 06eCTOYHBAETCS. )

Ipunuun geiicTBus meida noscHsaercs
Ha puc. 7.21 (creBa), nocepeHe JaeTcs Ba-
PUAHT UCTIOJIHEHHSI C OTPE3KOM KabeJIst, 3aMK-
HyTOro Ha 060X KOHI[AX, a CIIpaBa — KOHCT-
PYKL¥SI MEXaHUYECKH JKECTKOrO UCIIOJTHEHUS
uteida.

JlnuHa mneiida HeCKOJMIBKO KOpoYe YeTBep-
TH JJIMHBI BOJIHBI (KO3(pHUIIMEHT YKOPOYEHHS
V = 0,95). CuMMeTpUpOBaHH€e He CONPOBOXK-
naetcsi mpeoOpasoBaHHeEM, TaK 4TO Ko3apdu-
uuedt Tpancdopmanuu pase 1:1.

L

Puc. 7.20. Llneitp EML: a — konblieBoi;
6 — BBITSIHY THIif; B — YKOPOUEHHbIi

Ineii¢p IToan

(E. C. Cork, J. L. Pawsey — GpUTaHCKHii TTaTeHT
Ne 462 911, 1935 1.)

Ineiid Iosu (J. L. Pawsey) — aTo cCHMMETpH-
pyiouiee u TpaHchopMupyoLiee yCTPOHCTBO,
KOTOpOE IO3BOJISIET CUMMETPUPOBATh OYE€Hb
KOPOTKHE WJIH JUIMHHbIE aHTEHHBI, OTSITOLIEH-
Hbl€ peakTUBHOCTAMHU (PHC. 7.22).

Hacrpoiika ocyiecTBasieTcsl myTeM nepe-
MemeHus 3ambikaomeii nepembrdku C, 3a
CYET Yero KOMIEHCHPYETCsI peaKTHBHas CO-
crasisomas. CornacoBanue obecnevynBaer-
cs BbIGOpoM ToukM noakiodeHnss B. Tem
caMbIM aKTHBHAsl COCTABJSIONIas CONPOTUB-
JIeHUs1 aHTEeHHBI TPaHC(OPMHpYeTCs 10 BeJIu-
YHMHBI BOJIHOBOTO CONPOTHBJICHHS KOAKCHAIb-
HOrOo Kabers. .

IlInpoKonoxocHsii CHMMETPHPYIOIHIA
uureig

(W. Buschbeck, H. J. v. Baeyer — repmanckuii na-
teHT Ne 724 131, 1937 r.)

ItoT cummMerpupyromuil uueiid obpasyercs
ZIByMsI KOJTbIIAMM U3 KOAKCHAJHHOTO Kabess
(ureiid EMI B ¢popMe BUTKOB) U IO3TOMY
OKa3bIBAETCsl IIMPOKOMOTIOCHBIM [28].

Ha puc. 7.23 npeacraBieHO yCTPOHCTBO,
a Ha puc. 7.24 — ucnosHeHue meida.
VknaaKy BUTKOB mnosicusieT puc. 7.25. B
CIIA mneiid mupoxko npumeHsicst B 60-e
rojibl U U3BECTEH MOJ] Ha3BaHNEM CHUMMET-
pupywoomero tpaHcdopmaropa Komiunsa,
tak Kak B. Bpione (W. Bruene) u3 ¢upmor
Collins nonyyun natenr CHIA Ha xombu-
HallMO0 MHMPOKOMOJOCHOTO CUMMETPUDYIO-
wero uueiida u tpancopmaropa Iyanen-
asl [29].

Iorenuunan-rpancpopmaTop
(W. Buschbeck — mBeiiuapckuii narent Ne 228 100
¢ npuoputerom Tepmanuu ot 1941 r.)

INotenunan-rpanchopMaTop HPeEACTaBIsSET
coboii coueranue uuteiipa EMI u cummerpu-
pymoweii uenu ¢ koahduunenTom Tpancdop-
mauun 1:4 (puc. 7.26). Cnesa usobGpaxen
meiip EMI S, a cpaBa — CMMMETPHYHBI
tpancopmatop T (1:4), BBIIOJHEHHbI} M3
KOAKCHAJIbHOM JIMHUH C Y{BOEHHBIM UMIIE/[aH-
coM 2 Z. B aToM ciyyae BbIXOZ CHMMETPHUYEH
no 4 Z. Hactpoiika ocymecTBIseTcs ¢ IOMO-
1bIO 3aMbIKAIOLIEH [epeMbIYKH A.
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8) CummeTpusHas
_» BUOpaTopHas aHTeHHa

L (= ]

a)

=l

KoakcuasibHas MeTtannunyeckasn
MHUS nnacTvHa

Puc. 7.21. Illneitd EMI: a — npunuunn feicTeust; 6 — BapuaHT ¢ OTPe3KoM kabesisi, 3aKOpPOYEHHOTO ¢ 060uX
KOHILIOB; B — BAPHAHT MEXaHUYECKH 3KeCTKOI'0 UCIIOTHEHUS

K Bubparopy

Puc. 7.24. Peanu3aiusi LINPOKONOJOCHOTO
—————| Fee—————2 - cUMMeTpupyiolero meiga

Puc. 7.22. Hlneiid Io3u
A

Puc. 7.25. Pacnosio’keHue BUTKOB
HIHPOKOHOJIOCHOTO CUMMETPHPYIOLIEro eida

- ‘ "

Puc. 7.23. YcTpoicTBO LIMPOKOIOIOCHOTO
CUMMeTpHpYIoLero 1uelida Puc. 7.26. Ilorentman-rpanchopMarop
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Puc. 7.27. PaMOYHbBIii CHMMETPHPYIOILHii
TpaHcgopMmarop

PaMoyHbIif CHMMeTPHpYIOLIHii
Tpancdopmarop

(W. Buschbeck — repmanckuii natent Ne 753 484,
1942 )

Hannsrit tpancdopmarop (puc. 7.27) ssasiet-
Cs1 YNPOIEHHBIM MEXaHUYECKH HECUMMETPHY-
HbIM BaDUaHTOM CUMMETPHPYIOLIEro uuteiida.
BripaBHMBaHHE TOCTHIAETCS MYTEM IepeMe-
meHust paMku N.

Pa3pe3noii cuMMeTpupyomuit
TpancdopmaTop

IIpencraBnenHblii 3/leCh BADHMAHT UCHIONHEHHUS
BOCXOJIUT K aHIJIO-aMePHKAaHCKOMY o0pasiy.
BuGpatopHasi aHT€HHa HMOAKJII0YEHA K 06enM
IIOJIOBUHKAM OIUIETKH, TOTZA KaK BHYTPEHHHIA
NPOBOJI COEIMHSIETCST TOJIBKO C OJXHOM M3 HUX
(puc. 7.28) [30]. Bennunna koacbduumnenta
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Puc. 7.29. OTkpbITHIT cUMMeTPUPYIONHii Iteiid
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Puc. 7.28. Pa3pe3noit cuMMeTpHpyomuit
TpaHcgopMaTop

TpaHcopManK BappUpyeTcsi BBIGOPOM 1OJ-
PE3aHHOH YaCTH OIUIETKH, HAaNpUMep MyTeM
MpHJaHUs el oBajb-HOi (opmbl. IIpn paBHbIX
BOJIHOBBIX COIPOTHBJIEHUSIX JI0CTUraeTCs npe-
ob6pasoBanue B nponopiuu 1:4, a npu AByKpar-
HOM pa3iuyuu — 1:1.

OTKpbITHI cHMMeTpHpYIOmMii nuteiid

(E. Gerhard — repmanckuii nateut Ne 891 863,
1943 r.)

ITa IpoCTasi B U3TOTOBJIEHHH CHMMETPHPYIO-
111251 [1enb paboTaeT 10 HPUHLHUILY CUMMETPUPY-
fomero uieiida (puc. 7.29). Ot Topua sxpaHa
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KOAQKCHATBHOTO KaGeJist OTXOAUT napa naoc-
KMX BBIBOJIOB K BUOPATOpHOIi aHTeHHe. BHyT-
PeHHHUIT TPOBO/ KABeJIst TAKXKe IPOJIOJIKEH IIIOC-
KUM ITPOBOJHUKOM M HAa PAcCTOSIHUM A/4 co-
eMHEH C OAHHUM U3 BBHIBOJIOB 3KpaHa.
[TonGOpOM MIUPUHBI OTBOAA OT BHYTPEHHEH
KUJIbI focTUraeTcs Koagdunuent rpancdop-
Mauuu 1:1 gast BuGpatopa.

CummeTpupyiomuii Tpancgopmarop
¢ 060104KON-NONYLHANHAPOM

Tpancdopmarop npeaoxen O. Hunke (O. Zin-
ke) B 1943 r. [31, 32]. B sTOoM cummeTpupyio-
1IeM 3JIeMEHTe 9KpaH KabeJisi OXBayeH OTAENb-
HBIM ITOJIYLIMJIMHPOM H CBSI3aH C [IEHTPAJIbHOM
xunoit. Ha apyrom xoHue noyuuauuap npu-
nasiH K 3KkpaHy. Takass KoHCTpyKuus a¢dek-
THBHA TaM, Irzie TpebyeTcst 0becneunTb HU3KYIO
BEJIMYMHY BOJHOBOTO CONPOTHUBJIEHHS MEXIY
3KpaHOM KabeJist 1 060IOYKOM- IOy IUIHHA-
POM, HarIpUMep JJ1s1 KOMIIEHCAIU . YCTPOHCTBO
3JleMeHTa IeMOHCTpUpyert puc. 7.30.

CumMMeTpuUpyloWwmin
nonyumnuHap
———

Puc. 7.30. Cummerpupylomuii TpaHchopMaTop
¢ 0607104KO1- IOy IUJTMHAPOM

JluHuA Nepenayn ¢ CHMMETPHPOBaHHEM

1 Tpancdopmauueit

JInHus SIBJIsIETCS IMUPOKOMOIOCHOM H COYeTaeT
CUMMETPHPOBaHHE ¢ TPaHC(HOPMUPOBAHUEM
(muuus CT) [33]. Ilepexox OT KOAKCHAIBHOTO
KxabeJIst K ABYXIPOBOJHOM IMHUH, CHMMETPHY-
HOIf OTHOCHUTEJIBHO 3EMJIH, IPAKTUYECKH HE 3a-
BUCHT OT YacToThl. JIuHust CT cOCTOUT U3 CUM-
MeTpHpyiouiero nuieida u 3KCNOHEHIMAIbHOM
smnuy (puc. 7.31). IlpumensieTcst npeuMmyiue-
CTBEHHO /ISl MUTAHUSI POMOMYECKUX AHTEHH.
[oBTOpHO 3anareHToBana [34].

13.4.

IlenM 13 peakTHBHBIX KOMIIOHEHTOB TAKXKe CITO-
COOHBI CIYXXMTH CHMMETPUPYIOLIMMHU TpPaH-
cthopmaropamir. B Takoit uenu BcTpevaercs

CuMMeTpHpYIOLHE MOCTBI

50 Om
450 Om

Puc. 7.31. JIunua CT

JI0 MSITH PeakTHBHOCTeH. B 3aBucuMocTH OT
pelIeHusl ypaBHEHUI MOCTa MOJYYaloT pas-
JINYHbIE BADUAHTBI €r0 UCHOMHEHus [35].

B Aurnuu nogo6Hble CXeMbl Ha3bIBAIOT MO-
cramu Crappa (Starr) [36]. CyuecTByioT ux
BEPCHH C YETHIPbMS HJIM HATHIO PEAKTUBHOC-
TSIMU; [ISITYIO0 OOBIYHO MCIIOIB3YIOT KaK HOCIe-
JIOBATEJIbHBIA KOMIIEHCATOp C HECUMMETPHY-
HOI CTOPOHBI MJIM KaK NapajlJIeJIbHbIIl KOM-
HEHCATOp — C CHMMETPUYHOIL.

Mocr Bymepo

(H. Hornung, R. Wundt — repmaHcKuii naTeHT
Ne 603 816, 1932 1.)

Bynyuu oxHoil M3 nepBbIX CHMMETpPHpYIO-
LIMX LeNei, MOCT CTPOUTCS M3 YeThIpex IHC-
KDETHBIX KOMIIOHEHTOB (PEaKTHBHBIX CONPO-
THBJIEHUH ). MocTy npucyur BpeaHsiii no6oy-
Hblil 2¢DeKT: ecau BXOAHOE HaNpPSDKEHUE
MOCTOSIHHO, TO B CONPOTUBJIEHUH HArpy3Ku
TeYeT TOK, He 3aBUCSIILUI OT BEJUYUHBI ITO-
ro CONpOTHUBJIEHUs. B mpouioM croneTuu
3toT 3¢ PeKT UCIIONb30BaIN NIPH MOCTIEN0BA-
TEJIBHOM BKJIIOYEHHHU IYTOBbIX JaMI (MOCT
Byuepo). Ilone3noe cBoiicTBO MOCTa COCTO-
HT B BO3MOXHOCTH NOJIy4aTh Jio6Oble K03bh-
(uunentsl npeobpasosanus (TpaHchopma-
LMH) IPH HAJJIEXKAIEM BBIGOPE PEaKTHBHBIX
CONPOTUBJECHUH.

Ha puc. 7.32 nokasano ¢popmupoBaHue Mo-
ctoBoro 3neMeHTa (X-a1eMenTa). OnHa BEeTBb
xapakrepu3ayercsi 3ana3siBaHueM Ha 90°, npy-
rasi — onepexeHueM Ha 90°, yto B cymMme zaet
180°. Ha acumMMeTpuYHOE CONPOTHBJIEHUE Ha-
IPY3KH ONMHUPAIOTCS NapalIeIbHO BKJIOYEH-
Hble eMKOCTb U HHAYKTHBHOCTb. Ha pe3onan-
CHOI1 yacToTe OHH 00OPa3yIOT BHICOKOOMHBIN
MapalIe/IbHbIA KonebaTeNbHblil KOHTYD, 1 U3
IIECTH PEAKTHBHBIX KOMIIOHEHTOB OCTAIOTCSI
TOJIbKO yeTbIpe. PacyeTbl KOMIIOHEHTOB CXEMBI
NpUBEJIEHBI B I1aBe 6.

Eute ogHO npexacTtaBieHHe MOCTa MOXHO
yBuUIeTh Ha puc..7.33. Moct Byuepo Ha3biBa-
10T TaKkxe cxeMoit 1llups. CumMMmeTprpoBanue
IPOUCXOIUT U NIPH UCNOJb30BAHUU B CXEMeE
TPeX HHAYKTHBHOCTEH K eMKOCTH WJIU TPEX eM-
KocTeit U MHAYKTUBHOCTH.
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Puc. 7.32. ®opmuposanue Mocra Byniepo

CummMeTpuyHas
NUHUA
HecummeTpuyHasn
NUHWA

Puc. 7.33. Ipyras popma Mocta Bymepo

Cxema Andopaa
(A. Alford — natent CIIIA Ne 2,165,086, 1936 r.)

Jrta cxeMa peajnsyeT CUMMETPHPOBAaHHUE C
HoMoIIbIo Tpex peakTuBHoctel [37, 38] u mo-
IYCKaeT YeThIPe BapHaHTa MX COEIUHEHHS
(puc. 7.34).

o

Puc. 7.34. Cxema Andopna
7.3.5.

CumMmeTpupyiouue 06beMHbIE
KOHTYPBI

ITO CUMMeTpHUpYIOLIee YCTPOHCTBO Ha3bIBa-
10T TaK)Ke CAMMETPHUPYIOIINAM 0OBEMHBIM KOH-
Typom JIuHAeH6aa 12 ITH IBOIHBIM OI0KUDY-
10IMM 0GbEMHBIM KOHTYPOM.

X

1]
D

X

IloayBosHOBBINi CHMMETPHPYIOIIHIt
00bEMHBIA KOHTYD

(N. E. Lindenblad — narent CIIIA Ne 2,231,839,
1936 1)

Jnsi cHMMeTpUPOBAHMST YeTBEPThBOJHOBBII
3amUpanIuil 00beMHBINA KOHTYP (CM. paszen
«YeTBepThBOMHOBBIN 6JIOKUPYIOUINIT pe30Ha-
TOP») CUMMETPHYHO JOMOJNHSIETCS A0 MOJY-
BOJHOBOTO CHMMETPHUPYIOIEro 00beMHOro
KoHTypa (puc. 7.35).

) —o+180°

e 135 —of lo—— A1
s
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- Puc. 7.35. IlonyBONHOBBI CHMMETPUPYIOILHI

00BEMHBDIIT KOHTYD

Ha puc. 7.36 nokasan yKOpO4€HHBIii eMKoc-
THIO CUMMETPHPYIOLIUT 0OBEMHBIN KOHTYP B
BuJle pesoHaTopa c rabaputamu [ < A/4. Bue
pe3oHaHca 06e MOJIOBHHBI HMEIOT PAaBHYIO pe-
AKTUBHYIO Harpy3ky. CUMMeTpHsI COXpaHseT-
Cs1, HECMOTPS Ha NMOsIBJIEHHE HEeKOTOpOii pac-
corsacoBaHHOCTU. CHH(ba3Hble BOJHBI KOM-
HNEHCUPYIOTCS B 3aBUCUMOCTH OT YaCTOTBI.

V-06pa3ublii CHMMETPHPYIOIIHi
TpancdopmaTop

CoueTaHue cuMMeTpUpyioiero meiida c 3a-
NUpaIKUM 06beMHBIM KOHTYPOM aaeT V-00-
PasHbIil CHMMETpPUPYIOLUI TpaHchopMaTop
(puc. 7.37). B yacTHOCTH, TPU NOCTPOEHUH pe-
30HAHCHBIX YETHIPEXITPOBOJIOYHBIX CITHPAJIBHBIX
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Puc. 7.36. YkopouyeHHbIi1 101y BOTHOBBI
CHMMETPUPYIOILMIT 06bEMHBIIT KOHTYD

HecummetpuyHas
NnHUA

]e CvMMeTpuuHas
AMHUR

h——%—ﬂ

Puc. 7.37. V-06pastblit CHMMETPHpYIOILHi
TpaHchopMaTop

muuit (Kusrye, C. C. Kilgus) npumensiiorcst
yeThIpe TpaHchopMaTopa.

CroMneHCHPOBaHHbIi CHMMETPHPYIOLIHIi
TpancdpopmMaTop

OTKpBITBIE M 3aMKHYTBIE OTPE3KH JIMHUH CITy-
XKaT B CHMMETPUPYIOIHMX 0ObEMHBIX PE30HA-
TOpax 1T KOMITEHCALMH PEAaKTHBHON COCTaB-
nsitouteit. [TaTenTHast 3as1BKa Ha KOMIIEHCALMIO
noxasanach U. Tonamannom (J. Goldmann) B
Tepmanuu B 1949 r. [39] u B CIIIA B 19411
[40]. Mapman (N. Marchand), e ynoms-
HyB H300peTaTeJis, OnyOIMKOBaJl TEXHUYECKUE

Pa30MKHYTbII KOHEeL,

HecuMMeTpI HbI CUMMETPHYHBIN
3aMKHY Tbii
KOHeL|

Puc. 7.38. IlpuniunuanbHas cxema
CKOMIIEHCHPOBAaHHOTO CHMMETPHPYIOLIETO
TpancgopMaTopa

noxapo6Hocty B xypHase Electronics 3a 1944 1.
[41], moaTtoMy TakKoil CHMMETPHUPYIOLIHI
TpaHc(opMaTop B INTEPATYPe HOCUT €r0 UMSL.
IIpuHnunuanpHas cxeMa TpaHcgopMmaro-
pa nokasaHa Ha puc. 7.38. KoakcuansHoe
HCIIOJTHEHHE CKOMIEHCHPOBAHHOTO TPAaHC-
¢opmaropa npeacrasiaeHo Ha puc. 7.39, a
€ro 3KBUBAJIEHTHasI cxeMma — Ha pHc. 7.40.
CaezieHHUs 0 KOMITEHCALUH ONy6IMKOBaHbI B
[42-46]. CxoMIIEHCUPOBAaHHBIH CUMMETPH-
pylouu¥i TpanchopMaTop Haxoxut Bce 6o-
Jiee HIMPOKOE NMPUMEHEHHE B MUKDPOBOJIHO-
BO# 00J1aCTH B BHJE MJaHAPHOro 6JIOKa C
HNOJKJIIOYEHHBIMHU JTUHHSIMH.

Pa3spes koakcuansHoro
TpaHchopmaropa
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Puc. 7.39. KoakcuanbHoe HcoiHeHHEe
CKOMIIEHCMPOBaHHOI'O CHMMETPHPYIOLIETO
TpaHchopMaTopa B pa3pese
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Puc. 7.40. JxBuBasIeHTHasI cXeMa
CKOMIMEHCHPOBaHHOT'O CUMMETPHPYIOLLETro
TpaHcgopMaTopa
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7.4.

[TpuHIHUN 1€fCTBUS: TOBEPXHOCTHDBIE BOJHBI
BO BHELIHEM MPOBOJAHUKE KOAKCHAJILHOTO Ka-
Genst 6okupytotesi Gaaroaapst 06oI0uKe U3
U30JISIIMOHHOTrO MaTepUaa, YTo NpeaoTBpa-
WAeT U3NyYeHHe JUHHUHU mepenayn (6I0Ku-
POBKa IOBEPXHOCTHBIX BOJIH). Biiokupyromue
HENHU NMOAPA3ENSIOTCS Ha:

* Pe30HaHCHBIE 3aTBOPHI (paauabl, GIOKUPY-
IOLHIA PE30HATOP, HACTPOEHHBIN KOHTYD);
* IIMPOKONOJIOCHBIE 3aTBOPHI (cHH(Da3HbIE U

KabenbHble poccenyt ¢ GheppUTOBBIM cep-
JIEYHUKOM WK Ge3 Hero);
« noraorutenu (deppur, rpadpur).

DeppuToBble CEPAEYHUKN HUCHONB3YIOTCS
IUIsL HOIJIOLIEHHSI 9HEPIHH, YBEIUYEHUS UH-
JNYKTHBHOCTH U MOJABJIEHHS PE30HAHCOB.

Biokupywonme nenu

7.4.1.

IlepBble yKa3aHUs HA TO, YTO YETBEPTHBOIHO-
BB IPOBOJ PSIIOM ¢ pHIepOM MOJIABJISIET NTO-
BEPXHOCTHBIE BOJIHBI, COJIEPKAJIUCDH YXKe B Na-
teHTe oT 1929 r.,, BeiIanHOM Ha uMs bBpioca —
uzoGperaressi poMOuyeckoii aHTeHHbI [48].

Pe3onancHblie HIBTPBI

PaguanbHble MPOTHBOBECH

B nmarenre 1933 r. Ha ums Ilonre (Ponte)
(u3obperatens aHteHHsl tna Groundplane)
B KayeCTBe MPOTHBOBECA U 3ALIUTHI OT NOBEP-
XHOCTHBIX BOJIH (DPHUTYpUPOBaJ FOPU3OHTAIb-
HBI JKMCK IOJYBOJHOBOIO [IMAaMeTpa HJIH
cepust paauajbHbBIX TOPU30HTAIBHBIX HPOBO-
JIOB 4eTBEepPTbBONIHOBOM AnuHBI [49]. Ha3sa-
HHE «pafuansl» nossunock B 1943 r., mpexnae
OHH Ha3bIBAJIMCH OTTSKKAMHU, YETBEPTHBOJIHO-
BBIMU CTEPXKHSIMH, CTEDPKHSIMHU 3a3€MJICHUS
WJIH IPOTHBOBECAMH.

JlonycTMO He TOJIBKO FOPU3OHTAIBHOE, HO
Y BEPTUKAJILHOE PAaCHOJIOKEeHHE ITPOBOIOB. JI10-
6onbITHBIM BapuaHT ObL1 npemioxen K. Baii-
uepoM (K. Weiner, DJ9HO): cnupasnbHo Hama-
THIBaTbh YETBEPTHBOJHOBBIA MPOBOJ Ha BHE-
IIHIOIO 060JI0YKY KOAKCHAIBHOIO KabeJrst.

B 1937/38 rr. B BenukobpuraHuu 6oL BbI-
JlaH MaTeHT Ha BEPTMKAJIbHYIO aHTEHHY CO
CNUPAJTbHBIMU PAMaiaMU, HACTPOEHHBIMH C
HOMOILBIO KOHLEBBIX EMKOCTEH.

YeTBepTHBOIHOBBIA GIOKHPYIOMHI
pe3oHaTop

(N. E. Lindenblad - narentr CIIA Ne 2,131,208,
1936 1)

YeTBepTbBOMHOBBINA GJOKUpYIOIUIT 06bEM-
HBbI KOHTYp, MK pe3oHatop JluHaenbiaga

(N. E. Lindenblad), 6b11 ony6aukoBaH B yxa-
3aHHOM naTeHTe (u306pakeH Ha puc. 12 npu-
MEHHUTENBHO K aHTEHHOH CHCTeMe Ha Kpbille
IAmmnaiip Creiit bungunr).

Pe3onarop aeiicTByeT KaK KOPOTKO3aMKHY-
Tasi IMHUSI C BOT<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>